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BBEAEHWUE

C pa3BuTHEM IUBWIM3AIMHU K cepequHe XX B. ONPEIENTMINCh 4 OCHOB-
HBIX yIIaKOBOYHBIX MaTrepHuaia: Oymara (M KapTOH), CTEKJIO, TUIACTMACCHl U
MeTasuisl. Co BTOPO¥ TONOBUHBEI XX CTONIETHS K HUM TOOABHJIMCH TaK Ha3bl-
BaeMble KOMOWHHMPOBaHHBIE YIIAKOBOYHBIE MaTepHanbl. B 3To ke Bpems
BO MHOTHX CTpaHax OBbUIA CO3JaHbl HAYYHO-HUCCIICIOBATEIbCKHE KOHCTPYK-
TOPCKHE, AU3aiHEPCKHE B YIeOHbIE CTPYKTYPHI B 00JIACTH YIIAKOBKH.

Poccus 3aHMMaeT OTPOMHYIO TEPPUTOPHIO CO 3HAYUTEIHHBIM KOJINYC-
CTBOM HEOOJBIINX HACCIEHHBIX TyHKTOB, B KOTOPHIX MEPCIIEKTUBA IIABUIH-
30BaHHOTO PEHICHUs MPOOJeM YTHIU3AIMH TBEPABIX OBITOBBIX OTXOIOB
(TBO) nocrarouna naneka. 3HaAYUTENbHYIO 100 THO COCTaBIAIOT OTXOBI
IIacTMace, KOTOphIe, C OMHOW CTOPOHEI, SBISIOTCS IEHHBIM CHIPHEM IS
BTOPHUYHOTO HCIOJB30BAHUSA, a C APYTOW — UINTENFHO Pa3iaralolIiMUCS
MaTepualiaMH, CyIIeCTBEHHO 3arpSA3HAIONINMHI IPUPOIHYIO CPELy.

Ha roponckux cBajikax maxke CpeqHero HaceJIEHHOTO ITyHKTa €KeroTHO
CKAIUVIMBAKOTCA COTHHU ThICAY TOHH 6I)ITOBI)IX OTXOO0B. I[I)IMHHII/ICCSI CBaJIKH,
Ky4H BBIOPOIIEHHOTO XJ1amMa, NeperoIHeHHbIe MycopHble Oaku — B Poccumn
TaKHue KapTI/IHI)I 3HAKOMbI MHOT'UM FOpO}ICKI/IM U CCJIbCKUM KUTCIISAM.

B nocnennee gecsatuiieTue 3HAUUTEIHLHO BO3POCIIO KOJIUYECTBO aBTO-
MOOWJIBHOTO TPAHCIIOpPTa, OBITOBOW TEXHWKU, B TOM YHCJIC XOJOIMIHLHOTO
000pyIOBaHUS, DIEKTPOHHOM ammaparypsl, COTOBBIX Tene(pOHOB KOHIH-
IMOHEPOB U Ap. JlanpHeliee pa3BuTHe IprHoOpeTa TEXHOIOTHS TOTYICHHUS
OmopasnaraeMoi MOJIMMEPHON yITaKOBKH, TepepaboTKa JpEeBECHBIX.

OmanM w3 Hamboliee OCA3aeMBIX PE3YyIbTaTOB AHTPOIOTEHHOH aes-
TENBHOCTHU ABJISETCS 00pa30oBaHHE OTXOJOB, CPEIM KOTOPBIX OTXOJBI ILIa-
CTMAacC 3aHIMAIOT 0c000€ MECTO B CHIIy CBOMX YHHUKAIBHBIX CBOHCTB.



Vcnonp3oBanue M3AENMi W3 TMOJMMMEPHBIX MaTepHaliOB HEYKIOHHO
CBsI3aHO ¢ 0Opa3oBaHHEM OTX0J0B. OCOOEHHOCTH MOJUMEPHBIX OTXOJIOB —
HX YCTOMYMBOCTBH K arpecCHBHBIM CpEAaM, OHU HE THHIOT, ITPOLIECCHI AECT-
PYKLIMH B €CTECTBEHHBIX YCIIOBHSX IPOTEKAIOT JOCTATOYHO MEJUICHHO,
HO C 00pa3oBaHHMEM BpEAHBIX BEIIECTB, OTPABIIIOMINX OKPY>KAIOIIYIO
cpeny. Bcé 310 nmemaer mpobneMy yTWIM3alMKM OTXOJOB HOJMMEPHBIX
MaTepHaNIOB aKTyaJIbHOM.

ITmacTMacchl — 3TO XMMHYECKast MPOAYKIMS, COCTOSINAs M3 BBICOKO-
MOJIEKYJIIPHBIX, [UTMHHOLIEIIHBIX TIOJIMMEPOB. [IpOM3BOACTBO MIIACTHIECKUX
Macc Ha COBPEMEHHOM 3Talle Pa3BHTHs BO3pacTaeT B cpelHeM Ha 5...6%
exxerogao u k 2015 r., mo mporuno3am, gocturaer 250 muH. T. VIX moTpeb-
JICHWE Ha AYIly HACEJEeHHs B MHIYyCTPUAIBHO Pa3BUTHIX CTpaHax 3a IO-
cinennue 20 et yaBousioch, NOCTUTHYB 85...90 kr. K koHIy necsTunerus
KaK IMOJIararoT, 3Ta nudpa noBeicutcs Ha 45...50% [1].

HacuutreiBaetcs oxono 150 BugoB miactukoB, 30% 13 UX — 3TO cMecH
Pa3IMYHBIX NONMUMEPOB. [IJIst TOCTIKEHNUS OTIPEIENIEHHBIX CBOWCTB, JIyUIleH
NepepaboTKH B MOJIMMEPHI BBOAAT PA3IMYHbIE XUMUYECKHE T0OaBKH, KOTO-
peIX yxe Oornee 20, a psit U3 HUX OTHOCATCS K TOKCHYHBIM MaTepHasaM.
Brmmyck n1o6aBok HenpepsIBHO Bo3pacTtaet. Eciu B 1980 r. mx OpuT0 IIpom3-
Begero 4000 1, To k 2000 r. 06BEM BEITycKa Bo3poc yxe 1o 7500 T, u Bce
OHH OyIyT BBEJCHHI B IUTACTUKH. A CO BpEMEHEM MOTpeOIIeMble IIIaCTHKN
HEM30€KHO MEPEXOAAT B OTXO/IBL.

OnHuM #3 OBICTPOPA3BHBAIOIIMXCS HAIPABICHUH HCIIOJIB30BAHUS
IUTaCTMACC SIBIIAETCS YIaKOBKA.

W3 Bcex BhIMMyCKaeMbIX IACTHKOB 41% UCTHONB3yeTcs B yIaKOBKe, U3
9TOro KosmuectBa 47% pacxomyercsi Ha YIaKOBKY IHIIEBBIX MPOIYKTOB.
VYno0cTBo M 6€30macHOCTb, HU3Kasl IIeHa M BBICOKAs ICTETUKA SIBIISIOTCS
OIPEICTISIIOIMMH YCIOBUSIMHA YCKOPEHHOTO POCTa MCHOJIB30BAaHUS ILIACTH-
YECKHUX Macc MPH U3TOTOBJICHUH YTIAKOBKH.

Takass BbICOKas IMOIYJSIPHOCTH IUTACTMAcC OOBSICHSETCS WX JIErKO-
CTBIO, SKOHOMUYHOCTHIO M HAOOpOM LEHHEHIINX CIyKEOHBIX CBOWCTB.
[TnacTukn ABISFOTCS CEPHE3HBIMU KOHKYPEHTaMH METallTy, CTEKIy, Kepa-
Muke. Hanpumep, mpu HM3roTOBIEHMM CTEKIITHHBIX OyTbuUIeH TpeOyercs
Ha 21% 0GobIle YHEPTUH, YEM TIACTMACCOBBIX.

Ho napszy ¢ 3TuM BO3HHKaeT mpobieMa ¢ yTHIN3aIied 0TX0/I0B, KO-
TOpBIX cymiecTByeT cBbilie 400 pa3IHMUHBIX BUIOB, MOSBIAIONIUXCSA B pe-
3yJIbTaTe UCIOJIB30BAHUS MPOIYKIIUH MOJIUMEPHOH MTPOMBIIUICHHOCTH.

B namm 1HH, KaKk HUKOTAA MPEeXe, IO 3ayMaJIiCh HaJl OTPOMHBIM
3acOpeHHeM 3eMJIM HEMPEPHIBHO BO3PACTAIOUIMMM OTXOJAaMH ILIACTHKOB.
VY4ebHoe 1mocobre BOCTIONHSET 3HAHUS B OONACTH YTWIM3AIMHA W BTOPHY-
HOH TIepepabOTKM IUTACTUKOB C IENbI0 BO3BpaTa MX B IPOU3BOJCTBO U
yJlydIeHus 3kosoruu B PO u B Mupe.
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1. TBEPObIE BbITOBbIE OTXOAbI.
YTUNU3ALIUA U TTEPEPABOTKA

Kusup mrozmeil xapakTepu3yeTcsi BOSHUKHOBEHHEM OOJBIIOro dYucia
Pa3IMYHBIX OTXOA0B. 3HAYUTEIIFHOE YBEJINUYEHHE OTPEOHOCTEH HACEIEeHHS
3a MOCJIEIHNE TO/Bl Ha IUIAHETE MPHUBENO K OBICTPOMY YBEIHMYEHHIO KOJIH-
YecTBa PA3MMYHBIX BHJOB OTXOJOB, B TOM YHCIE W TBEPIABIX OBITOBBIX
otxoj0B (TBO). B mocnenuue romer Macca THO, mocTymaronmx mOCTOSHHO
B OKPY’KaIOIIYI0 Cpeldy, JOCTUTaeT BCEJNCHCKHX MAacIITabOB U CTPEMHTCA
K 500 MJIH. T B ro.

TBO 3arpsA3HAI0T OKPYKAIOLIYI0 NPUPORY. TakxKe OHHU CIIy>KaT UCTOU-
HHUKOM IIOTIalaHusl BPEIHBIX OMOJOrMYECKUX, XUMUYECKUX, U OMOXUMHUYe-
CKHX BEIIECTB B OKPY’KAIOII[YI0 HAac Cpely. JTH BeIlecTBAa HECYT 3HAUM-
TeJBHBIA BpeJl )KU3HU U 3[0POBBIO JIIOJEH 3eMIH, a TakKe MOCIeAYIOHUM
nokosneHusM. K tomy xe TBO HE0oOX0quMMO MpEeaCTaBIATh KaK MCTOUHHUK
LIEJIOTO Psifia IIEHHBIX BEIIECTB, HEOOXOANMBIX AJIsI IPUMEHEHHS B Hanboiee
Pa3BUTHIX OTPACIAX MPOMBIIIICHHOCTH.

HeB0o3MOXHO NMPOU3BOJCTBO CleaTh OE30TXOAHBIM TaK JKe, KaK JIo-
60e moTpebiieHne HeceT B cebe OTXOIbL. B pe3yinpraTe COBEpIICHCTBOBAHUS
MIPOM3BOACTBEHHBIX IIPOIECCOB, YBEJIUYCHHS YCIYyT DPBIHKA, H3MEHEHHS
YPOBHSI XHU3HM HacelIeHUs, 3HAUUTEIbHO MEHSETCS KOJIMYECTBEHHBIN U
kagecTBeHHBIN coctaB THO. Taxke mpu 3HAYUTEIHHOM CIIafie IPOU3BOICTB
B Poccum B 1enoMm, yBeTHMUMBAIOTCS 3amachl MalOJHKBHIHBIX OTXOJOB,
YXY/IIAOIIIE SKOJIOTHYECKYI0 0OCTaHOBKY PaiiOHOB U TOPOJIOB.

Perrenne HakomuBImxcs mnpobiem mepepadotku THO B HacTosIiee
BpeMsl PUOOpETaeT MepBOCTENEHHOE 3HAaUeHne. Takxke, B pe3yabTaTe I0-
CTENEHHOT0 UCTOLICHUS TAKUX MCTOYHUKOB MIPUPOIHOTO CHIPBS KaK HE(TH,
KaMEHHBIH yIiib, pyJa AJsl Y4EPHBIX M [IBETHBIX METAJUIOB, JJIsl OOJBIIMHCTBA
BHOB HAPOJHOTO XO3SIMCTBA 0COOYI0 BaXKHOCTh MPHUOOPETAET HCIOIb30Ba-
HUE pa3nuIHbIX BUA0B THO B monHOM 00bEMe. BOIBIIMHCTBO CTpaH ¢ pas-
BUTOI SKOHOMUKOM YCIEIIHO CIPABJISIOTCS ¢ TaKUMU 3aaauamu. OcoOeHHO
ato kacaetcs CHIA, Anonnn, [Ipubantuiickux ctpad u I'epmanun. PerHOY-
Hasl HKOHOMHKA CTaBUT I€pe]] MPOMBINUICHHUKAMHI W HCCIIEA0BATEISIMH,
nepes OpraHaMy roCyJapCTBEHHOM BIACTH 3aJa4yd 110 CO3JAHHIO MaKCH-
MaJIbHO O€3BPEAHBIX TEXHOJIOTHH M TOJHOTO HCIONb30BAHUS BCEX BHIOB
TBO, T.e. mpUOMMKEHUS K BO3SHUKHOBEHHIO OC30TXOMHBIX TEXHOJOTHH.
OCHOBHBIMU CJIOXHOCTSIMUA TpH pelleHud 3anad no yrtuiuszauuun ThO
SIBITIOTCSL  OTCYTCTBHE UETKOW HAyIHO-OOOCHOBAHHOW KJIacCHU(UKAIIH
OTXOZIOB, HEOOXOJMMOCTh HCIIOJIB30BAHMS CIO0XXKHOTO JOPOTOCTOSIIIETO
000py/IOBaHUsI ¥ OTCYTCTBHE SKOHOMUYECKOH 0a3bl Al 000CHOBAaHUS KOH-
KPETHBIX pemieHuii [1, 2].



1.1. BUJIBI TBEPJIBIX BBITOBBIX OTXO/IOB

[Ipu BHEMATETFHOM PAacCMOTPEHUH KOMIDIEKCA MPOOIIEM, CBSI3aHHBIX
co cOOpOM, TPaHCIOPTUPOBKOW, yTwiM3alued u obe3BpexuBanueM ThHO,
HE00X0ANMO, B TIEPBYIO OUYepeab, CTABHTH BOIPOC O CBOMCTBAX M COCTaBE
nmaHHOTO Matepuana. Ecim s ¢ dexTHBHOTO cO0pa W TPaHCIOPTUPOBKU
TBO nmocraTtoyHo 0o0MIei HHpOPMANUU 00 UX TUIOTHOCTH M BIQXKHOCTH, TO
IPY BBIOOPE TEXHOJOTHIA U METOJIOB YTHJIH3AIMU U 00€3BPEIKUBAHIS HEOO-
XOJMMO WMEThH IOJIHY0 HH(pOpMAIio 00 3JIEMEHTHOM M MOpPQOIoTHde-
CKOM cocCTaBe M O0OoJbIIMHCTBE cBoiicTBaX THO, B 0COOEHHOCTH TEIIOTEX-
HUYCCKHUX.

OcHoBHYIO YacTh coctaBa ThO moBceMecTHO TPEACTABISIOT Pa3Iny-
HBIC OPTraHWYECKHE MAaTepUalbl. DTO B OONBIIMHCTBE CIlydyacB Oymara u
OCTaTKHU Pa3JIUYHBIX MHIIEBBIX MPOIYKTOB. FIX COOTHOIIICHHE HE3HAYUTEIb-
HO M3MEHSETCS B 3aBUCHUMOCTH OT Ieorpa)MuecKoro pacroioKeHUs cTpa-
HBI, YPOBHS Pa3BUTHA U KyIbTYPHBIX 0cOOCHHOCTEH. B obmieMm cirydae mons
opranundeckux marepuaioB B TBO coctapmsger 60% B pa3BUTHIX CTpaHax.
B pasBuBarommxcs CTpaHax 3TOT IIOKa3aTelb MoOXxeT nocturath 70%.
VYnenbHast TemIoTa cropanus opranndeckux ¢pakmuii ThO moxer moctu-
ratb 1500 kxay/kr.

Mopddonoruueckuii cocrap TBO. ITo mopdonornaeckomy npu3HaKy
TBO MOXHO pa3genuTh Ha CIEAYIOUINe KOMIOHEHTHI: KapTOH, Oymary,
MeTaint (YE€PHBIA U I[BETHOH), IEPEBO, MUIICBBIC OTXOMbI, KOCTH, TCKCTHIIb,
KOXKY, CTEKJIO, KAMHH, PE3UHY M JPYTHE MOJUMEPHBIC MaTECPHUAIbI, TPOULE
(mexnmaccuupyemMple BUABI), B TOM YHCIIe MEIWIIMHCKHE OTXOIBI OOJb-
HUI, MCAMMYHKTOB U CAHATOPUEB CTPAHEI.

Kax noka3zan aHanu3, cocTaB Mycopa B Hallleil cTpaHe HECKOJIBKO OT-
JUYaeTcsi OT COCTaBa Mycopa 3alaJHBIX CTpaH. B HEM MOCTATOYHO BEITHKO
COJIepKaHUE CTPOUTEIBHOrO Mycopa (mocturaet 10%) W BhICOKas IOJS
MUIIEBBIX OTXOJ0B MOTpebaeHuss. KpoMe TOoro, Ha ropofCKHX CBajlKax 4ac-
TO BCTPEYAETCS MPOMBIILICHHBIN MyCOp.

Bonpmoe BmusHMe Ha coctaB TBO oxaseiBaeT opraHm3anus cOopa
B TOPOJIC MHUILEBBIX OTXO0B, YTHIBHON OyMaru u cTekinoTapsl. C TeueHHeM
BPEMEHH, KaK MOKa3bIBaeT OMBIT APYTHX cTpaH, coctaB ThHO mperepmenaer
HE3HAYHTENFHBIC M3MEeHEHUs. [IponcXomuT yBenmndeHne KoinmdecTsa Oyma-
TH, pa3JIMYHBIX BUIOB IMOJIMMEPHBIX MaTEPHAJIOB, OTXOIOB (DPYKTOB U OBO-
e, nBeTHBIX MetawioB. [locme 1992 roma pe3ko BO3POCIIO conepKaHue
OTXOJIOB TIOJIMMEPHBIX YIAaKOBOYHBIX MaTepuasoB. [Ipu 3ToM mpakTHdecku
HE M3MCHWIOCH COOTHOIICHUE COJCPAHUS IMHUIIEBBIX OTXOJOB K 0OIIeH
macce THO.

Coxkpalenye MoToKa 0TX00B KaK cmocod 60pbObI ¢ YBeJIMYeHHU-
em mMaccsl TBO. [lox cokpamieHreM OTXOIOB MNOHMMAIOT 3aIUIAHUPOBAH-
HYI0 CEpHI0 MEPOIPHUATHHA, KOTOPHIC HAIPABJICHBI HA YMCHBIIICHHE KOJIHYe-
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CTBa W BPEOHBIX CBOWCTB NPOW3BOAWMBIX OTXOIOB W YBEIHUYCHHE IOIH
OTXOJIOB, HICTIONB3YEMBIX B KAUE€CTBE BTOPUIHOTO CHIPHSL.

Ha 3anane naHHble KaMIIaHMM BEAyTCs JaBHO M B IMEPBYIO Odepenb
OHM HaIpaBJICHbI IMPOTUB HU3JIUIIHETO 06pa3OBaHI/I$[ OTXOOOB YITAaKOBKH,
KOTOPBIE COCTABIIAIOT 3HaUUTeNbHas yacTh THO:

— oxkoyo 30% otxonoB mo Becy u 50% mo 00bEMY coCTaBIsIeT pas-
JIMYHAs YIIaKOBKa;

— 13% Beca n 30% 00BbEMa yakOBKH M3TOTOBJIEHO M3 MOJMMEPHBIX
MaTepHaJIOB; B TIOCIECTHEE BPeMs B PA3BUTHIX CTpaHaX aOCOIIOTHOE KOJIH-
YECTBO OTXOJIOB W3 TUTACTHKA YABAWBACTCS KAXKABIC ECSTh JIET.

Kak orMewanock paHee, OJHUM M3 BOKHEHWITNX HAMPAaBICHUN paOOTHI
10 COKpAIIEHUIO OTXOJOB SABISETCA yMEHBIIEHHE OTXOJOB, CBSI3aHHBIX
C YIAKOBKOI TOBapoB. B 3HaUMTENBHOI CTENEHU yHakOBKa TOBapOB 3aBH-
CHUT OT HIPEATIOYTeHHH MOTpeduTeNneii, KOTOphIe, B CBOIO o4epens, GopMH-
PYIOTCSI peKJIaMOM, CpeAicTBaMU MacCOBOW MH(GOPMAIIHH, U T.I1.

IIpn noxynke TOBapoB HY>KHO YYMUTBHIBaTh CIIECIYIOIIME PEKOMEH-
JALUH:

— OTZAaBaTh MpPEIIIOYTeHHE NPOJYKTaM MHOTOPAa30BOTO HCIIONB30-
BaHMUS;

— wu30eraTh HEHY)KHOH yITaKOBKH;

— OTHaBaTh MPEANOYTCHHE MUHUMAIBHOHN yIIaKOBKE — IpHOOpETaTh
TOBApPHI B JIETKOW YITAKOBKE M TOBAPHI, MPOAAOIHECS B OONBIINX 00bEMAX;

— OTHOaBaTh TPEONOYTCHHE YIAKOBKE, KOTOPYI) MOXHO BTOPHUYHO
riepepabaThIBaTh U UCIIONB30BaTh;

— OTHaBaTh NPEANOYTEHHE YIAaKOBKE, M3TOTOBICHHON W3 BTOPHUYHO
repepabOTaHHBIX W/MIIN KOJOTHIECKH YHCTHIX MaTEPHAIIOB.

HCO6XOI[I/IMI)IM OJICMCHTOM COKpaIlIC€HUA OTXOHO0B SABJIACTCA YAAJICHUC
u3 notoka ThO 0co60 omacHBIX OTXOJOB, & IMEHHO JCTEPIeHTOB, SIOXH-
MHKATOB, JIAKOKPACOYHBIX MaTepHaJOB, aKKyMYyJSATOPOB U OaTapeex.
JlanHble M3/1eus U BEllecTBa He JOJDKHBI ITOT1a1aTh Ha MyCOPOCKUTATEIhb-
HBIE 3aBOJIBI U OOBIYHBIE MOJMTOHBI. OOpalleHne ¢ ONMACHBIMU OTXOJAMH,
BKJIfoYasi UX cOOp, TPaHCIIOPTHPOBKY M XpaHEHHe TpeOyeT NMpUMEHEHHUs
JIOPOTOCTOSIIINX CIIOKHBIX TEXHOJIOTHH 1, B OOJBITUHCTBE CIIy4aeB, OCYIIe-
CTBIIIETCSI OpPTaHW3AIMAMH, UMEIONINMH TOCYIApCTBECHHYIO JIMIICH3UIO Ha
JESATETHHOCTh TAKOTO THMA, paboTa KOTOPHIX OILIAYMBACTCS MTPOU3BOIUTE-
JIEM OTIaCHBIX OTXOIOB, WM, B HEKOTOPHIX CITydasX, TOCYIapCTBOM H CTpa-
XOBBIMH KOMHIaHUAMH [1].

1.2. OCHOBHBIE METO/Ibl HEPEPABOTKHA
TBEP/IbIX BBITOBBIX OTXOJ10B

Coop u nmpoMe:kyTOUHOE XpaHeHHe 0TX0A0B. YacTo cOop 0TX010B
SIBIISIETCS] HANO0JIEEe JOPOTOCTOSIINM KOMIIOHEHTOM BCETO MPOILECcCa yTHIIH-
3anuu THO. IlpaBunbHas opranm3amus c6opa OTXOJOB ITO3BOJIUT CIKOHO-
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MUTh 3HAYUTENBHBIE CPEACTBA, KOTOPHIE MOXKHO HANPABHTh HA OpTaHM3a-
nuto BropuaHoit mepepabotku THO. Cucrema cbopa ThHO, cymecTByromas
B pOCCI/II/I, C TOYKH 3pCHUA SKOHOMHUYHOCTHU JOJIKHA OCTaBaTbCA CTaHAapTU-
30BaHHOW. OJHAKO JIOMOJHUTEIBHOE TUIAHMPOBAaHHWE HEOOXOIUMO, YTOOBI
pELINTh BHOBb BO3HMKIIHE TMPOOJEMbl (HalpuMep, OTXOJbl KHOCKOB pa3-
JIMYHBIX BUOB, Ha cOOp KOTOPBIX HE XBAaTaeT PeCcypcoB M BpeMeHH). HYacto
Cpe/CTBa [UIsl pelleHHs] BHOBb BO3HUKIINX MPOOJIIEM MOXKHO HaWTH, BBOJS
3a coop Mycopa audhepeHIIUPOBAHHYIO IIIATY.

Ha Teppuropun Poccnn wacto mpuXOauTCs TPaHCIIOPTHPOBATH OTXO-
OBl Ha OoJbImue paccTosHus. [ pemreHust 3TOW MpoOIEeMBI CO3AAIOTCS
CTaHIIMU BPEMEHHOTO XPaHEHUS OTXOJIOB, OT KOTOPBIX Mycop OyAeT BBIBO-
3UTHCS 110 JKEJIE3HOW TOpOoTe MITH OONBIIAMH II0 TPY30TIOABEMHOCTH MAIITH-
HaMH.

Ha 6a3e momuronoB ThO B0 MHOTMX ropojax CO3IaHBI CHEIHATH3H-
pOBaHHbIE MYHHIMMAJIbHBIE TPENNPUATUS 10 COOpY, CKIAAMPOBAHUIO U
BpeMeHHOMY XxpaHeHHi0 TBO. OdeHp 9acTo MOJIMTOHBI KOHTPOIHPYIOTCS
NMpUPOAOOXPAHHBIMU OpTaHU3alUAMHU, ACATCIbHOCTb KOTOPBIX YaCTUYHO
(UHAHCHUPYETCS U3 DKOJIOTHUECKHUX (DOHIIOB.

Mycoponeperpy3ounbie ctanuun (MIIC) u BeiBo3 TBO. B nocnen-
Hee BpeMs B OTEUECTBEHHO M MUPOBOM IPAaKTHKE HAOJIIOAAETCS TEHICHIHS
3aMeHBI TPSIMOTO BhIB03a THO JBYX3TamHBIM C WCHOJIB30BAaHAEM TaK Ha3bl-
BaeMBIX MYCOPONIEPETPY30YHBIX cTaHIui. Hambonbimee pacmpocTpaHeHme
TaKasi TEXHOJIOTHSI MOJTYyYMIa B KPYITHBIX TOPOJaX, B KOTOPHIX CBAJKH U II0-
murons! TBO pacronokeHsl Jaieko OT HacelIEHHOTo IMyHKTa. [Ipu nByxaTar-
HOM BbIBo3e THO Hambosnee MUPOKO MUCTIONB3YIOTCS TPAHCHOPTHBIE MyCOpPO-
BO3BI OOJIBIIION BMECTIMOCTH ¥ ChEMHBIE TIPECC-KOHTEHHEPHI.

JIByxatamHast cucteMa BbiBo3a TBO BkiodyaeT B cebs cClieayromime
TEXHOJIOTUYECKUE ONEePaIH:

— c¢6op THO B MecTax HaKOILUICHHS,

— BBIBO3 OTXOJOB OOBIYHBIMH COOMpPAIONIMMH MYCOPOBO3aMH Ha
Mycoporneperpy3ounyro crannuto (MIIC);

— Teperpyska B TPaHCIIOPTHBIE MyCOPOBO3bI OOJIBIION BMECTHMOCTH;

— mepeBo3ka THO k MecTaM UX YTHIIN3AIINH WA 3aXOPOHCHHUS;

— BhIrpy3ka ThO.

HUcnonb3oBanue MIIC no3Bosisier:

— YMEHBIINUTH PACXOABI Ha TpaHcopTHpoBKY THO B MecTa yTuin3a-
LMY WM 3aXOPOHEHMS;

— CHH3UTH KOJIMYECTBO OOBIYHBIX COOMPAIOIINX MyCOPOBO30B;

— COKpaTHTh CyMMapHbIe BBIOPOCHI B aTMOC(EpY OT MyCOPOBO3HOTO
TPaHCIOPTA;

—  YAYYIIUTh TEXHOJOTHIO ckiagupoBanus THO.

Taxke npumenenne MIIC MONOXKUTETPHO C TOYKH 3PEHUS OXPAHBI
OKpYXKaloIIel Cpesbl, MOCKOJIbKY YMEHBIIAeT KOJIMYECTBO MOJIMIOHOB IS
cxiaamupoBarns THO, cHIKaeT WHTEHCUBHOCTH ABIDKEHHS IO TPAHCIOPT-
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HBIM MarucTpajisM U T.1. YTOObI MOTy4NTHh MPEUMYIECTBA, KOTOPBIE NAET
npumenernne MIIC, He0OX0IUMO PELINTh PsJ OPTaHU3ALMOHHBIX U TEXHH-
YeCcKHX BOIIPOCOB, a UMEHHO BeIOpars Tun MIIC, Tun mpuMeHseMoro Ha
Hell 000pyIOoBaHUsl, BKIIIOUasi MyCOPOBO3bl OOJIBIION BMECTHMOCTH, MECTa
pacnionoxxenust MIIC, e€ mpou3BOIUTENHHOCTh U ONMPEACIUTh KOJTUUECTBO
TaKMX CTAaHLMH JJIs TOpo/a.

3axopoHeHue. D10 Hanbomee cTapsli crocod ynanenus ThHO Bo Beém
MHpe. 3aXOpOHEHHE OCYIIECTBIISETCS B IPUITOBEPXHOCTHON T€0JI0THIECKON
cpexne.

3Has BBICOKYIO CaHHTapHO-3MHIEMUOJIOTUYECKYI0 M XHUMHUECKYIO
OIIaCHOCTh HEOPTaHU30BAaHHOTO cOOpa, cKiaaupoBaHus u xpaHeHus ThO,
Opy BHIOOpE IUIOIIAJKH, TpeIHa3HAaYeHHOH IO/ IOJHIOH, Heo0X0IUMO
TIIATCIIbHO U3YUYUTH PAA BOIIPOCOB:

—  0CODEHHOCTH MECTHOCTH;

— tun (penbed) MECTHOCTH;

— OCOOEGHHOCTH TEOJIOTHMYECKOTO COCTaBa 3EMHBIX CIJIOEB MecTa,
npeaHasHaueHHoro noj nonurod THO;

— 0COOEHHOCTH OKPY’KaIOIIETro MPUPOIHOTO JaHAIadTa;

— TIpeoOiIagaonIyo po3y BETPOB.

ITocme TmATENHHOrO aHaANM3a yKa3aHHBIX (DAaKTOPOB, MPOBEAEHHOTO
KOMITETEHTHBIMU ITPO(ECCHOHATBHBIMH CIEIHATUCTAMH U KOJIOTMIECKON
9KCTEPTU3bl, BBHITOJHEHHON HE3aBUCHMBIMHU 3KCIIEPTaMU-TIPO(eCcCHOHA-
JIaMH, OCYIIECTBISIOT BBIOOp ydacTka mos monurod THO.

TpaauMOHHO NpPUMEHSEMbIE CBAJIKH HECYT B ce0e MHOMECTBO IPO-
OneM — Mycop Ha HUX CaMOBO3TOpaeTCs, OHM 3arpsi3HAIOT atMocdepy U
BOJIOEMBI, SIBISIIOTCSI IPUYMHOW MHOTHX OOJIE3HEH, paccalHUKaMHU TpBI3Y-
HOB ¥ ITHUIl. B koHIe 50-X TOIOB MPOLIIOTr0 BeKa HAYMHAIOT BHEAPSTH TaK
Ha3bIBaEMble «CaHWUTAPHBIE TOJIMTOHBI», HA KOTOPBIX OTXOJbI OMpENeNEH-
HBII TPOMEXYTOK BPEMEHH NEPECHITAIOT TOYBOH.

CoBpeMeHHbIE TTOJUTOHBI MPEACTABISIOT COOOH CIIOKHYIO CHCTEMY,
00ecIeunBAaONIyI0 OTCYTCTBHE KOHTAKTa OTXOJIOB C OKPY’KaloIeil cpeIoi.
OnHako 3TO 3aTPYAHSET MPOILECC PA3I0KEHHUS OTXOMIO0B, U OHU IPEICTAB-
JISIOT CO00H cBOeoOpaszHyro «OoMOy 3aMeIsIeHHOTO AercTBus». [losTomy
0COOCHHO Ba)KHO CIUIAHMPOBATh MEPONPHATHS IO BBIBOAY IOJMIOHA M3
SKCIUTyaTalliH C ero Mocieayromeil peKyIbTUBALUEH.

PaccMoTpuM OCHOBHBIE TpeOOBaHMS, KOTOPHIE MPEIbSBISIOTCS K TO-
nurony ThO:

1. IonuroH nomkeH OBITH PACIOJIOKEH HAa ONPENEIEHHOH BBICOTE
OTHOCHTEJIFHO OJIM3IIeXKaIInuX BOJOEMOB, YTOOBI €r0 HE 3JIMBAJIO MABOJKO-
BBIMH BOJAMH. JTO KpailHe HEOOXOAWMO C TOYKM 3PEHUS] CaHWUTApPHO-
SMHUIEMHUOJIOTUIECKON OTTACHOCTH.

2. lonuroH pomkeH OBITH PACIOIIOKEH B MeCTE, OKPYXEHHOM
COJIMJHBIMU JIECHBIMM MacCHBaMH, W HalpaBJeHUE Mpeolaaaromeil po3bl
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BETPOB JIOJDKHO MCKITIOYATh BO3MOXKHOCTH TOMAIAHMUsI BO3AyXa C IOBEPXHO-
CTH TIOJINTOHA B OJIM3JIE)KAIINE HACEIEHHbIC ITYHKTHI.

3. OcHoOBa MOJUTOHa TOJDKHA UMETh BOJOHEHPOHUI[AEMOE MOKPHI-
THe, obecleurBalollee MHOTOJIETHIOW paboTy MOJUIOHA, OTCYTCTBHE BO3-
MO>KHOCTH OIIOJI3HEH, MpocauynBaHMs NMPOIYKTOB PA3JIOKEHHUS B TOYBY U
TPYHTOBBIE BOJIBL.

4. TBO nomKHBI OBITH CKJIAJINPOBAHBI U PABHOMEPHO paCIpe/esIeHbI
10 y4acTKy CPaBHHUTEIBHO TOHKUM CJIOEM, YIUIOTHEHHBIM Tak, YTOOBI HE
ObBLTO pa3HOCa MEJIKMX M JETKMX YacTHII.

5. OtcyTcTBHE BO3MOXHOCTH TONAJaHUS TPYHTOBBIX BOA Ha OCHO-
BaHHE TOJINTOHA.

6. MakcumanbHas BbIcOTa ciost 3akianku ThO He momkHa MpeBBI-
math 2 M. YwioTHEHHBIE THO MOMKHBI OBITH MOKPHITH MIPOMEKYTOUYHBIM
CJI0eM, TIPEMATCTBYIOINM YHOCY BETPOM Menkux U J€rkux ¢paxuuit THO,
a TaKkKe BBIXOAY Ha CBOOOJHYIO MTOBEPXHOCTh Pa3lWYHBIX BPEIHBIX Hace-
KOMBIX U, IPEKIE BCETrO, MyX.

7. TBO Heo0XOAMMO CKIIAQAMPOBATh, XPAaHUTh U MEpEMeIIaTh Ha 3a-
paHee CIUTaHMPOBAaHHBIE y4acTKH (KapThl) IO MEpe UX Celapalyu U Iepe-
paboTkwu.

8. ObecneyeHne CaHUTAPHO-IMHUIEMHUOIOTHYECKIX HOPM, NPEIbsIB-
JSIEMBIX K DKCILUTyaTallly ITOJIUTOHOB.

9. Jlomxkua ObITh 0Oecnieuena 3aceinka THO (c yuérom pacmomnoxe-
HUSL KapT) ¥ HAIMYME 3amaca MaTepuayia Ui BEPXHEr0 MOKPHIBAIOLIETO
CIIOA.

10. OtcyrcTBHe Bo3MokHOCTH Bo3ropanus THO Ha Tepputopuu mo-
JIUTOHA.

11. O6ecneuenne monauBa THO B meproabl MOBBINIEHHOH MOXapo-
OTIaCHOCTH B 3aCyILUIUBBIM MTEPHOJ BPEeMEHH.

12. OTcyTcTBHE BO3MOXKHOCTH CKIAAMpOBaHUS M XpaHeHuss THO
C €JMHUYHBIMY TPYNaMHU KUBOTHBIX, a TAK)XK€ B3PHIBOOIACHBIMU M TOKCHY-
HBIMH [TPOMBIIUICHHBIMH OTXO/IaMH.

CaHuTapHble 3MUAEMUOJIOTHUECKUE LEHTPhl U KOMUTETHI 10 OXpaHe
TIPUPOJBI OCYIIECTBIISIOT TMOCTOSIHHBIH MOHHTOPHHT 3a NPAaBHIBHON HKC-
mnyaranuei noaurosos ThO.

ITo6ounbIe nponeccsl, mporexkaromue npu 3axoponennu THO. Iox
JIefcTBHEM OKpYy’Karomme cpedpl (B MEepByI0 odepens cBeromoroasl) ThO
MIOCTETIEHHO MOJBEPTa0TCsl €CTECTBEHHOMY CTApEHHIO, & UMEHHO, OpraHH-
YeCKHe ¥ HEOPTraHMYECKHE BEIECTBA, B TOM YHCIIE OTXObI YEPHBIX U LIBET-
HBIX METaJIJIOB.

CrapeHne XHUMHUYECKHX MaTepUalioB, COJEPXKAIIUX CEpy, MBIIIBSIK,
pa3nuyHble TaJOreHbl (XJOp, OpoM W mp.), TSOKENBIE MeTalulbl (Melb,
CBUHELl, XpOM M Jp.), BBI3BIBAET IMOCTENEHHOE, HE3aMETHOE, MEJIEHHOE
OTpaBJIEHHE ITI0YB, MOCKOJIbKY, HalpUMep, TKEIbIE MeTaulbl 001amaroT
MYTareHHBIMHU 1 KaHIIEPOTE€HHBIMH CBOHCTBAMH.
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TBO n3 opraHuKY MPUPOIHOTO MPOUCXOXKICHUS (KapTOH, LEJUTI0N03-
HO-OyMa)kKHBIE MaTepHajbl, OETKOBBIE MaTepHallbl, B TOM YHCIIE Pa3HO00-
Pa3HbIC MUUIICBBIC OTXOAbI, 4 TAKXKC BOJIOKHUCTBIC MaTCPUAJIbI U3 KICTUYATKU
WM U3 e€ NPOU3BOJHBIX), B MEPBYIO OUYepellb, MOJBEPraloTCs CTAPEHUIO
O] BO3JICHCTBHEM OMOXMMHUYECKUX U OHOJOrHYecKuX (GakTopoB. OcoOeH-
HO B TEIUIBIN 1epro]] BpeMeHH (1ipu Temneparypax Boimie 0 °C).

[TpuponHble MaTepHanbl pas3jlararoTcss MOA JEWCTBHEM CIIETYIOMINX
(hakTopoB:

a) OWONOTHYECKUX:

—  MHKpOQIIOpPH — aKTHHOMHMIIET, OaKTepHii, KOTOpbIE Pa3BUBAIOTCS U
pactyT npu temmeparypax Boime 0 °C; Opoxokel; pa3nudHBIX T'PHOKOB;
BUPYCOB U BOAOPOCIIEH;

— MukKpodayHel — depBed, MPOCTEHIINX, IBYIMAapOHOTHX, KIEIeH,
MHOTOHOJXEK;

0) OMOXUMHYCCKHX:

— (epMeHTOB (PH3UMOB) Pa3IMYHOTO MPOUCXOXKIACHUS U XapaKTepa.

B ycnoBusix OMOXMMHYECKOTO M OMOJOTUYECKOTO PA3JIOKEHUST OTXO-
JIOB TIPUPOJHBIX MAaTepHajoB MPOUCXOIAUT 0Opa3oBaHME TaK Ha3bIBaEMOU
MIATOTeHHOW (JIOPBI — OONBIIOrO Yuciia OakTepuil, BHI3BIBAIOIINX CEPHE3-
HbIe WH(EKIIMOHHBIC 3a00JeBaHus (HampuMmep, xoliepy). Haunbonee BbIico-
KyI0 OITaCHOCTH IIPEJCTABISIOT OTXOABI HAyYHO-HCCIIEAOBATEIBCKUX W
JedeOHBIX OpPTAaHM3AIMH, & UIMEHHO CTOMATOJOIMYEeCKHE U XUPYpPTUIECKHUe
0TXOMBI (OTXOABI MOJHMKIMHUK, OOJBHUI], CAHATOPHEB U T.II.), TIOCKOJIBKY
OHH SIBJIAIOTCS] IOTEHIIMATbHBIMI HOCUTEIISIMH M BO3OYJUTEIAMH TKEICH-
X HH(PEKINOHHBIX 3a00IeBaHHH.

Crapenne ThO, comepkamux CHHTETHYECKUE MOIMMEPHBIC MaTepHa-
JIBI, OITACHO 00pa30BaHNEM KaHIIEPOTEHHBIX BEILECTB.

B pesynprarte CIOXKHBIX XUMHYECKHX PEaKIMH U MUKPOOHOIOTHYE-
CKOW JEATENbHOCTH Ha PAa3JIMYHBIX y4acTKaxX CBAJIKM TeMIleparypa Koyed-
netcs B mpeaenax ot 50 go 100 rpamycoB, odecnieunBasi CaMOIPOU3BOIBEHOE
BO3TOpaHUE U OTPABIISISL OKPYXKAIOIIYIO CPEy Pa3IMYHBIMU COEANHEHUSIMA
KJ1acca JUOKCHHOB.

ITon neiictBHeM yabTpadHONETOBHIX Jydel B SICHYIO IOTOIY Ha BO3-
JyXe MpoTeKaeT (GOTOXUMHUYECKAsl peakuusl ¢ BOSHUKHOBEHHEM Pa3IMIHBIX
9K30THYECKHUX BEIIECTB (TIPEXK/IE BCETO I'a30B) C HEM3YUYECHHBIMU CBOMCTBA-
mu. [leproandyeckoe HaxOKIeHHE 4YeJIOBEKa B TaKoil aTtMochepe MOXKeT
BBI3BATh Y HETO B JyHIIEM CIy4ae aJIepTHIO, B XyIIIEM — Pa3In4HbIE HO-
BOOOpPAa3OBaHUS.

ATMOCdepHbIe 0Callku CIIOCOOCTBYIOT B3aUMOJICHCTBUIO XMMHUYECKHX
OJICMCHTOB U WX NMPOHHUKHOBCHUIO B I'PYHTOBBIC BOJLI. Taxxe omacHo me-
PUOANYCCKOE MOCTYIINICHUE XHUMHWYCCKUX BEHICCTB C IMOBEPXHOCTHBIM U
MIOJIIOYBEHHBIM CTOKOM. TOKCHYHBIE Ta3bl, BBLIENSIOMINECS CO CBAJIOK,
pacIpocTpaHsIoTCsl Ha OOJIBIINE PACCTOSIHUS IIPEUMYIIECTBEHHO B HAIPaB-
JICHUH Tpeo0aiatomeil po3sl BETPOB, a TAK)Ke BCTYIAIOT B PEAKINH C BBI-
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OpocaMu OMDKAHIIMX TPOMBINUICHHBIX TPEANPHATHN, YXyamas u 6e3 Toro
TSOKETYI0 IKOJIOTHYECKYI0 00cTaHOBKY. Emé omHuM mo609HEIM 3¢ heKToM
cBasikd TBO MoKeT ObITh BOZHUKHOBEHHE KPBIC M TapaKaHOB, OCOOEHHO
YCTOMYMBBIX K XUMUUECKUM ITpernaparam.

Ha cBankax oTXOABI €XKEeIHEBHO MOABEPraroTCs MpoLeccy OMOXHMHU-
YeCKOro pa3ioeHus. B pesynbprare 3TOro HHTEHCHMBHO (POPMHUPYIOTCS aHa-
9poOHBIE YCIIOBHS, BBI3BIBAIOIINE OMOKOHBEPCHIO OPTaHMYECKOTO BEIIECT-
Ba. [Ipu atom obOpasyercs Ouoras, Ha3piBaeMblii cBaoyHbIM Tazom (CT).
VY aenpHBIN BBEIXOJ cBajJoyHoro rasa cocrasisgeT 120...200 M Ha TOHHY
TBO, n obpasyercss mpeumyecTBeHHO B mepBeie 10 — 50 et paboThI
CBaJIKH, ocoOeHHOo mHTeHcHBHO CI' BBIZEISIETCSI B MEpBBIE 5 JIET — OKOJIO
50% oT moJIHOTO 3amaca.

Omuccrn CI', mocTymaromyie B OKPYKAIOLIYI0 Cpexy, HPUBOIAT
K HETaTUBHBIM (P PeKTaM He TONBKO JIOKAIEHOTO, HO U TII00aIbHOTO XapaK-
tepa. [loaTroMy Ha 3amaje MIMPOKO BHEAPSIOTCS MPOTPaMMBI, HaNpaBJICH-
Hble Ha MUHUME3AIUIO dMuccun CI'. DTo TpUBeENo K CO3aHUIO CaMOCTOSI-
TEJIbHOW OTpaciu MHUPOBOM HHAYCTPHUH, BKJIIOYAKOIIEH YTUIM3ALUIO U
skcrpakuuto CI.

[MpuHnmnuaneHas cxema skcrpakuun CIT Ha TOJMTOHaX MMeeT clie-
JYIOIINI BUJ: BEPTUKAJIbHBIE Tra30peHa)KHbIE CKBXUHBI 00pa3yloT CETb,
COeIMHEHHYIO T'a30IPOBOIaMH, B KOTOPOH KOMIIPECCOPHAsI yCTAaHOBKA CITy-
KHT JUIS CO3aHMS pa3pexeHust, Heo0X0IUMOTo it Tpancnoptuposku CIU
JI0 MECTa yTHUIIN3aliH WIN UCIIONb30BAaHMA. Y CTAHOBKH JUIA cOopa U yTHIIH-
3aruu CI' MOHTHpYIOTCS 3a IpeAeiIaMH IOJIMTOHA Ha CIIEIUAIbHO IMOJTr0-
TOBJIEHHOM IIIOIIAJIKE.

ITpenBapuTenbHbIE TIOJIEBBIE Ta30-TEOXUMHUYECKHE HCCICIOBAHMS
MPOBOJASATCS C LEIbI0 OLIEHKA Ta30NpOAYKTUBHOCTH CYIIECTBYIOLIEH
tomu ThO.

l'azonpeHaXkHasi clcTeMa COOpYIKaeTcsl Kak IeJIMKOM Ha BCeH Teppu-
tTopun cBanku THO mocne okoHuaHMs €€ SKCIUTyaTaluy, TaK U Ha OTIEIIb-
HBIX CEKTOpaxX CBaJKH B 3aBHCUMOCTH OT OYEPEAHOCTH HX 3arpy3KH.
[Tpu 3TOM HY’>XHO NOMHHTB, 4TO [uIs1 10OBIYM CI” 1IenIecooOpa3Ho UCTOIB30-
BaTh MMOJIMTOHBI MOIITHOCTHIO He MeHee 10 M. Taxke He0OX0IMMO HamMedaTh
CTPOUTENBCTBO cucTeMbl coopa CI' Ha peKyNbTHBHPOBAaHHOW TEPPUTOPHUHU
nomurona TBO, T.e. IepekpbITONM CI0eM TIPyHTa TONIUHON HE MEHee
30...40 cm.

OcHoBHBIMH criocoOamu yTunmm3anuu CI sBistroTes:

— (hbakenpHOE CXKHTaHWE, NpOIecC, OOECTeUYMBAIOIINI CHIDKEHHE
MO’KapoonacHOCTH Ha Tepputopun noiaurona ThO u ycTpaneHue HeMpHsT-
HBIX 3allaxoB, IIPU 3TOM BbIACIKIEMAas JSHEPIud B XO3SIMCTBEHHBIX 11(S15:0.¢
HE UCIIOJIb3YeTCs;

— wucnojab3oBanne CI' B kauecTBe TOIUIMBA JUIS TA30BBIX JIBUraTeiei
C LIEJIBIO TTOJTYYEHUsI TeTlIa U AJIEKTPOIHEPTUH;

— mnpsmoe cxxuranue CI' U1 Ipon3BO/ICTBA TEIUIOBOM SHEPTHH;
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— JoBefeHue coiepkaHus meraHa B CIT (mporecc oboraiieHus)
1m0 94...95% c¢ mocineAyromuM ero HCIOJb30BAaHMEM B Ta30BBIX CETAX
001I1ero Ha3HAYECHHS,

— wucnoip3oBanne CIT B KadecTBe TOIUIMBA JUIs Ta30BBIX TypOWH
C LIEeTIbIO MOJTyUEHUsI TEIUIOBOM U AJIEKTpUUYeCcKol 3Hepruu [3].

Buorepmuyeckoe KOMNOCTHPOBaHHe. DTOT OJMH M3 CIIOCOOOB yTH-
mm3anun TBO, OCHOBaHHBI Ha YCKOPEHHBIX, €CTECTBEHHBIX PpEaKIUsIX
TpaHcdopmanuy Mycopa npu Temneparype nopsaka 60 °C B cpene KHCIO-
poZa, IoJaBaeMoro B BHAE IOPAYEro BO3AyXa. B pesynpraTe Takoro Bo3-
nerictBus 6momacca THO mpeBpammaercss B KOMIIOCT B CHEIHAIBHOW Ono-
TepMUYeCKoll ycTaHoBKe (6apabane). Heo6xomumMo oTMETHTb, 9TO I pea-
JIU3ALUHM TAHHOTO TEXHOJIOTHYECKOTO IPOIlecca UCXOIHBIH MycOp IOJDKEH
OBITH OYMIIEH OT KPYITHOTA0apUTHBIX MPEJMETOB, a TaK)Ke CTEeKIa, MeTall-
JIOB, IJIACTMACCHI, KEpaMHKH M pe3uHbl. B Onorepmuueckux Oapabanax
OuMIIeHHass (pakiys Mycopa IO/JIEKHT BBIIEPKKE B TEUEHHE 2 CYTOK
C IETIbIO0 TTOJTyYeHUs] TOBAPHOTO MPOJYKTa. 3aTeM KOMIOCTHPYEMBIH Mycop
CHOBa OYMILAETCS] OT LIBETHBIX U YEPHBIX METAIOB, IOUIC)KUT M3MENbUe-
HUIO ¥ CKJIQJINPOBAHUIO C IENbI0 JAITGHEHIIIEr0 NCIIOB30BAaHMS B KAUECTBE
OMOTOIUIMBA B TOIUIMBHOM SHEPIETHUKE MM KOMIIOCTA B CEIbCKOM XO3IHCT-
Be. [Ipomecc GMOTEPMUIECKOT0 KOMITOCTUPOBAHHS MPOIIE BCETO IPOBOIUTH
Ha TMPEINpUATHAX 0 MeXaHndeckoit nepepadotke ThO, 9To 00BIYHO SBIISA-
€TCSl COCTAaBHOM YAaCThIO TEXHOJOTMYECKOM LENM TaKUX MpPearpHUsITHI.
OnHako CYIIECTBYIOIIME B HACTOAIIEE BPEMsl TEXHOJIOTUH KOMIIOCTUPOBa-
HHS HE ITO3BOJISIIOT M30aBUTHCS OT COJICH TSKEIBIX METAJUIOB, YTO ITPUBO-
JUT K paKTHYECKON HeMPUrogHocTH koMiocta U3 THO mist ucrnoap30BaHus
B CEJILCKOM Xo3stiicTBe. Yamie Bcero, Takue HPEANPHUATHS YOBITOYHBI
B cBsI3M ¢ 3TUM IpeANTPUHUMAIOTCS TIOTIBITKH Pa3padOTKH KOHIENIIHUI 1po-
M3BOJICTBA CHHTETHUYECKOT'O YKHKOTO M ra3000pa3HOro TOIUINBA Ul aBTO-
TPaHCIIOPTa M3 IMPOLYKTOB KOMITIOCTHPOBAHHMS, MOJYYEHHBIX Ha IPEIIpH-
SATUSIX MycoponepepadaTblBaloIIero cekropa. Hampumep, HCroab30BaTh
TIOJYYEHHBIH KOMIIOCT KaK IoiTy(haOpHKaT ¢ Lenbio ero JalbHenIel nepe-
paboTKH B Ta3.

Coxuranue. Mycopockuranue — 3T0 OIWH U3 HambOolee CIOXKHBIX U
«BBICOKOTEXHOJIOTHYHBIX» BHUIOB YTHIM3aLUN OTX0H0B. IIpomeccy cxwura-
HUS TIpENIIECTBYET MpeaBapurenbHas oopadborka THO ¢ momydeHuem Tor-
JUBa, M3BJIEYEHHOrO0 M3 0TX010B. B mpouecce pasmenenuss TBO u3 Hux
YAaJAroT METaJlIbl, KPYITHBIC 00BEKTHI U JOIIOJIHUTCIIBHO WX HM3MCJIbYaroT.
Taxoke U3 OTXOJIOB ClielyeT W3BJIeYbh aKKyMYJISITOPBI M OaTapeiku, JUCTHS,
IUTaCTHK, YTOOBI YMEHBIIUTH BpelHbIe BHIOPOCH. B Hacrosmiee BpeMs mpo-
LIECC CXKUTaHUSI Hepa3leNEHHOTO MOTOKa OTXOJOB SIBISIETCS YpE3BBIYAHO
OTIaCHBIM. B CBSI3M € 3THUM CTaHOBHTCS SICHO, YTO MYCOPOCKHTaHHE JOJKHO
CTaTh TOJIBKO OJJHAM M3 KOMITIOHEHTOB CJIOXHOW KOMIIEKCHON ITPOTrPaMMBbI
yrummsanuu ThO.
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Bec 0TX010B Ipu cKUTaHUK YMEHBIIAETCS B CpEeIHEM B 3 pasa, Takke
YCTPaHSIOTCS HEKOTOpbIe HENPHUATHBIE CBOMCTBA: BBIIENEHHE TOKCHYHBIX
OaKTepuil M KUIKOCTEH, 3amax, IPUBJIEKATEILHOCTD ISl TPHI3YHOB U IITHII.
B cBoro ouepenb, BbIENEeHHAs JOMOIHUTENbHAS YHEPTHS, MOXKET OBITh Ha-
MIpaBJIeHa Ha MOJIy4YeHHE OTOILICHUS U 3JIEKTPUYECTBA.

['maBHO# 1eTBIO CKUTAHUS ABIsAEeTCS yMeHbIIeHne 00sémMa THO mepen
BBIBO30M Ha CBaJIKy. BbIBO3 maka u 3056l cocraBiisieT npumepHo 30%
oT macchl ThO, MOABEPTHYTHIX CKUTAHUIO.

B oTedecTBeHHOW M MHPOBOI MpakTHKE HAaWOOIBIIEE PaclpocTpaHe-
HHUE TOJyYIIN TPU METOJA YTWIN3AIMNA U TEPMUYECKOTO 00€3BPEKUBAHUS
TBO:

— CJIOEBOE CKUTaHHE HEMOATOTOBJICHHBIX, UCXOIHBIX OTXO/OB B MYCO-
POCKUTATENTBHBIX KOTJIAX;

— KaMepHOE WM CJI0EBOE CKHMI'aHUE OOOTaIEHHBIX OTXOJOB (CIeIH-
QIPHO TOATOTOBJIEHHBIX), OYUIIEHHBIX OT OAJUIACTHBIX COCTABISIOIIUX U
HMMEIOLIUX OTHOCUTEIHHO CTaOMIIBHBIN (PPaKIMOHHBIN COCTaB B IIEMEHTHBIX
Ie4ax UM B TOIKAX SHEPreTUUECKUX KOTJIOB,

— THPOJIN3 OTXOAOB, Kak OOOTraméHHBIX (MPOUICAMINX IPEABAPH-
TENBHYIO TTOJITOTOBKY), TaK M HET (MCXOMHBIX, HEMOATOTOBIEHHBIX).

Jnst obecrieueHnst HKOJIOTHIECKONH OE30TaCHOCTH MPU COKUTAHUH MY-
copa HeoOXoAMMO coOIoAaTh psAA NMpUHOKNOB. lloanepKkuBaTh 3a1aHHYIO
TEMIIEpaTypy U MPOAOIDKUTENBHOCTh COKUTAHHS, KOTOPBIE 3aBUCAT OT THUIIA
CIKUTAeMBIX BEIECTB; CO3aBaTh TypOyJIEHTHbBIE BO3AYIIHbBIE TIOTOKH, 00ec-
MEYNBAIOIINE MOJHOTY CXKHUTaHUS OTXOAOB. B cBfA3M ¢ Tem, 4TO OTXOIBI
CHJIbHO Pa3IMYaroTCs MO (M3MKO-XMMHUYECKHM CBOMCTBAM M MCTOYHHKAM
00pa3oBaHys, CYIIECTBYET MHOXKECTBO THIIOB OOOpPYIOBaHHS W TEXHUYE-
CKUX CPEJICTB AJIS CXKHUraHus. B HacTodiee BpeMs BeAyTCs UCCIEIOBaHHUSA,
HalpaBJIeHHBIE Ha COBEPLICHCTBOBAHWE IIPOIecCcOB CxxuraHus. OHu o0y-
CJIOBJICHBI YXXECTOYEHHEM SKOJIOTHYECKHX HOPM M H3MEHEHHEM COCTaBa
TBO. Hanpumep, 3amMeHa BO3ayXa, IOAABa€MOTO K MECTY CKHUTaHHs OTXO-
JIOB Ha KHCJIOPOJI, TIPHBOAUT K YCKOPEHHIO Tpoliecca CXKUTaHMs, 4To o0ec-
NICYUBACT CHIDKEHHE 00bEMA FOPIOYMX OTXOJOB, H3MEHSET UX COCTaB, I10-
3BOJIIET TOJMYYHUTh CTEKJIOOOpa3HBIH MIIAK M MOJHOCTHIO HCKIIOYUTH
(UIBTPALIMOHHYIO TBbUIb, MOAJEXKAILIYI0 MOA3EMHOMY CKJIaJHPOBAHHMIO.
Take K COBPEMEHHBIM CHOCO0aM MOXKHO OTHECTH CXHraHHE Mycopa
B IICEBIOCKIKEHHOM citoe. [Tpu 3ToM croco0e nocTuraeTcst BRICOKast MOJI-
HOTa CTOPaHUS OTXOJOB IPHU MUHUMAJIBFHOM BBIXOJE BPEAHBIX BEIIECTB.
ITo pe3ynbTaTaM HCCIEIOBaHUM YCTaHOBIIEHO, YTO CKUTAHUE Mycopa Iiefie-
c000pa3HO MPUMEHSTH B TOPOJax C HaCeIICHUEM He MEeHee 15 ThIC. xuTenen
MIPY IPOU3BOUTENBEHOCTH Neun okojio 100 1/cyT. [Ipu 3TOM ¢ Kax10i TOH-
HBI 0TX0/10B BhIpadaTsiBaercs npumepHo 300...400 kBT1-4 anexTposHepruy.
B nacrosmee Bpems TorumBo u3 THO mony4aror B BHIe OpHUKETOB M Tpa-
HyJ, a TaK)K€ B U3MEJIBYEHHOM COCTOSTHHUH. [10CKOIBKY CXKHTaHHE TOIIINBA
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B HM3MEJIBYEHHOM COCTOSIHUM CONPOBOXKIAETCS 00pa3oBaHHEM OOJIBLIOTO
KOJIMYCCTBA IIbIJIM, a HUCIIOJIb30BAHUEC TOIIJIMBA B BHJIC 6pI/IKCTOB MPpUBOAUT
K TPYZAHOCTSIM IPH 3arpy3Ke Ie4H W IMOJIep’KaHu| YCTOHYMBOTO Ipolecca
TOpEHHs, MpPEANOYTeHHE OTHAETCsl TPaHYJIMPOBAHHOMY TOILIMBY. Takke
HEOOXOJMMO OTMETHTB, YTO INPU CKUTAaHHH T'PaHYJIUPOBAHHOTO TOILUIMBA
HamHaoro Beime KIIJI kotma. [Ipomecc cxuranuss mycopa oOecreumBact
MHHHMAJIBHOE COJEpKaHHE pa3ararollixcsl BEHIECTB B IIIAKEe U 307e,
HO SIBJISIETCS ICTOYHUKOM BBIOPOCOB B aTMOC(Epy BPEIHBIX BEIECTB.

B coBpeMeHHBIX YCIOBHAX IJIAaBHBIM HAIPaBJICHHEM, OOECIEUHBalO-
IIMM COKpAIlleHHE BBIOpOCa BPENHBIX BEIIECTB B OKPY’KAIOLIYIO CpEny,
SIBIIIETCSL pa3lenbHBIi cOop mimm coptupoBka THO. B mocnennee Bpems
HIMPOKOE PACHPOCTPAHEHHE MOIYYMI Criocod coBMecTHOTro cxuranus ThO
" 1IJ1aMOB CTOYHBIX BOJ. ﬂaHHLIfI METOA MPUBOJUT K OTCYTCTBUIO HEIIPHU-
STHOTO 3alaxa, a TaKke MO3BOJISIET UCIIOJIB30BaTh MOJNYYEHHOE TEIUIO JUIs
CYIIKH OCaJIKOB M CTOYHBIX BoA. M3-3a Toro, 4ro B mocnenHee BpeMs: ObUTH
y’)KECTOYEHBI HOPMBI BEIOPOCOB B aTMocdepy ra3oBoii cocTaBisiome mpo-
Lecca CKUTaHMs, CTOMMOCTB Ipoliecca ra3009HCTKH Ha MyCOPOCKUTATENb-
HBIX 3aBOJIaX Pe3KO Bo3pocia. B cBs3m ¢ yeM, OOIBITMHCTBO MyCOPOCKHTa-
TENBHBIX MPEANPHATHH ABISIFOTCS yOBITOUHBIMH. [lo3TOMy HeoOxommmo
paspabaTsiBath criocoOs! iepepadoTkn ThO, mo3BossIone yTHIN3HPOBATH
1 BTOPUYHO HMCIHOJIb30BaTh IIEHHbIE KOMIIOHEHTHI, COJIEp KaIUecs B MyCOpe.

B nmameii crpane merons! yrmmzamun ThO ¢ ncnonap3oBaHueM THPO-
JIU3a MaJIOU3BECTHBI U3-32 CBOEH JoporoBu3Hbl. CyTh Mpoliecca MHpOIU3a
3aKJIFOYACTCS B HEOOpaTMMOM XuMUYeckoM m3MeHennrd THO mox aewcTBu-
€M TeMIlepaTypbl 0e3 JocTyma KHCiIopoJa. B 3aBUCHMOCTH OT HCIOJIb3ye-
MOW TeMIIepaTyphl MUPOJIU3 YCIOBHO MOXKHO Pa3JelIuTh Ha HU3KOTEMIepa-
typHbIi (0 900 °C) u BeicOKOTeMITepaTypHEIi (cBbie 900 °C).

Huszxomemnepamypuviii nuponuz — 3T0 TIPOLECC, B PE3yJbTaTe KOTO-
poro m3MenpuéHHBIe THO momBeprarTcs TEepMHUYECKOMY Pas3lIOKECHHIO.
CymiecTByeT HECKOJIBKO BapHaHTOB Ipoliecca MUPOJIN3a Mycopa: MUPOIIH3
OTXOJIOB OPTraHMYECKOTO IPOHMCXOKACHHS I0J JIEHCTBHEM TEeMIEpaTyphl
6e3 nmoctyma Bo3Ayxa; muponm3 mpu Temieparype 760 °C B mpucyTcTBHU
BO3/1yXa, 00ECIICUYNBAIONIETO HETIOJHOE CTOPAaHUE OTXOJOB; MHPOJIH3 C HC-
MI0JIb30BAaHUEM BMECTO BO3/yXa KHCIOPOAA C LENbIO MOMYIEHHUs] OOJBIIOrO
KOJIMYECTBa Teria; MUpoiu3 mpHu temieparype 850 °C 6e3 pazneneHus OT-
XOJI0B Ha HEOPTaHWYECKYI0 U OPraHU4ecKylo cocTaBisiromue. [lanpHenmee
YBECJIMYCHUEC TEMIICPpATYPhI MUPOJIM3a MPUBOJUT K YMECHBIICHUIO BBIXOJa
TBEPABIX U JKUIKUX NMPOAYKTOB M K TOBBIIMICHHIO BBIXOJA ra3a. ['JaBHBIM
MIPEUMYILECTBOM THPOJIN3a MO CPABHEHHIO C IMPOLECCOM HENOCPEICTBEH-
HOTO CXKHI'aHUsI OTXOJIOB SIBIISIETCSI €r0 BBICOKAsl d((PEKTHBHOCTh C TOYKU
3peHHUs] TPEOTBPAIEHHS 3arpsiI3HEHUs OKpysKaromei cpeasl. Kpome toro,
C TIOMOIIBIO MTHPOJIN3a MOXHO IepepadaThIBaTh Pa3IndHbIE COCTABIISIONINE
TBO, He momparomyecss YTHIM3aLUHM, a WMEHHO, IUIACTMAcChl, aBTOIO-
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KPBIIIKH, OTCTOMHBIE BeLlecTBa, OTpaboTaHHbIe Macia U 1p. Ilocie mpose-
JICHUSI TUPOJIM3a TPAKTHYECKH He OCTaércsi OMOJIOTHYECKH aKTUBHBIX
BEIIECTB, B CBSI3U C 4Y€M, MOA3EMHOE CKIaJUPOBaHHE OTXOJOB MUPOJIN3A
He Hec€T B cebe Bpena okpyxatomei cpene. OOpasyromuiicsi B pe3ysbraTe
MUPOJINA3a MeNe]l UMEET BBICOKYIO MIOTHOCTh, YTO 3HAYUTENIBHO YMEHBIIAET
00BEM OTXOOB, IOABEPraeMBIX MOA3EMHOMY CKJIanupoBaHuio. [Ipu mupo-
JM3€ HEBO3MOXKHO BOCCTAHOBJEHHE (BBIIUIABKA) TSDKENBIX METaJUIOB.
K npenmymecTBaM MHponnu3a MOXKHO OTHECTH MAITyH0 MOIIHOCTb HCHOIb-
3yeMoro o0OpyIOBaHMS M JETKOCTh TPAHCHOPTHPOBKH M XPaHEHUsS IIOJTy-
YEeHHBIX NPOAyKTOB. [loaTOoMy, muponn3 TpeOyeT MEHBIIMX KalHTalbHBIX
3arpar. [Ipennpusarus mo nepepadbotke THO muponn3om B HacTosiIee Bpe-
ms pyHkunonupyot B CLHIA, [lanuu, Sinonun, ['epmanuu n apyrux pasBu-
THIX cTpaHaxX. HaunbGonee mupoko Hay4HbIe HUCCIEIOBAaHUSA M MPAKTHUYECKHE
pa3paboTku B 3TOU 00JacT Hadaauch B 70-X rogax MpoOIIOro Beka, B Ie-
pHoA Tak Ha3biBaeMoro «HedrsiHoro 6yma». C 3TOro BpeMEHH IIOJydEHHUE
SHEpPruU U Telya MyTEM MUPOJIN3a U3 PE3UHOBBIX, INIACTMACCOBBIX U ApY-
THX TOPIOYUX OTXOAOB CTAJI0 PACCMATPUBATHCA KaK OJUH U3 BAXKHBIX HC-
TOYHHUKOB BBIPAOOTKM SHEPTreTHUYEeCKHUX pecypcoB. Hambompinee 3HaueHWe
3TOMY IpolLecCy NPUIAIOT B SMoHUN.

Buvicokomemnepamypuviii nupoaus, o CyTH, €CTh HE 4TO MHOE, KaK
IIpeBpallleHue Mycopa B ra3. TexHOJIOrus 3TOro Meroja MOoApa3yMeBacT
nmormyderne u3 THO (B mepByro odepenp U3 OMOIOTHIECKON COCTaBIIIONIEH)
BTOPHYHOTO CBIPbSI — CHHTE3-Ta3a, C LENbI0 UCIOIb30BAaHUs €ro AT MOIy-
YEHHUs TOopsYel BOJIbI, Tapa W 3JEKTposHepruu. Takxe B pe3ynbTaTe Mpo-
1ecca BHICOKOTEMITEPATYPHOTO MHUPOJN3a 00pa3yroTcst TBEPAbIE MPOAYKTHI
B BUJE IIUIAKAa U 30JIbl, T.€. HEIMHPOJIU3yeMble OCTaTKU. TexHoyorudeckas
CXeMa 3TOro MeToja YTHJIM3alUH BKIIIOYAeT B ceOsl YeThIpe MOCIeoBa-
TENBHBIX dTala: yAaleHHe U3 Mycopa KpyITHOTrabapUTHBIX MPEIMETOB, YEp-
HBIX U LBETHBIX METAJJIOB C HCIONB30BAHUEM JJIEKTPOMATHUTA U ITyTEM
MHIYKINOHHOTO CETapupoBaHus; o0paboTka moaroToBieHHEIX THO B ka-
Mepe ra3o(uKaTopa ¢ IEIbI0 MOMYIEeHUs] CHHTE3-Ta3a U BTOPUYHBIX 1T000Y-
HBIX XMMHYECKHX COEIMHEHHUN — a30Ta, XJIopa, Topa; OUNCTKA CHHTE3-Ta3a
OT BPEIHBIX MPUMECEH C LENBIO MOBBIIMIEHUS €0 SHEPTOEMKOCTH M HKOJIO-
TMYECKUX CBOICTB, OXJNaXIECHHE U MOCTYIUICHHE CHHTE3-Ta3a B CKpyOOep
JUIA TIOCTIeAyIOIIeH OYMCTKM IEIOYHBIM PAacTBOPOM, B IEPBYIO OuYepelb,
OT coefMHeHui (ropa, XJIopa, IMAHUIOB U CEpPbl; C)KUTAHHE OYHMIICHHOTO
CHHTE3-Ta3a B CHEUHANbHBIX KOTIAaX-yTHIU3aTOPax Ul MOJIy4YeHHs Tops-
yell BOAbI, apa, UM AIEKTPOIHEPTUH.

KoMmOnHMpoBaHHasT TEXHOJOTHS MEpepadOTKH 30JbHBIX M HIJIAKOBBIX
orBasioB TOLI ¢ nobasnenueM wyactu THO siBisieTcs OAHUM W3 BapHaHTOB
IIpoIecca BEICOKOTEMIIEPATypPHOTO MUPOIN3a. DTOT CHOCOO BBEICOKOTEMIIE-
paTypHOTO NMUPOJIH3a MepepaboTKN Mycopa XapaKkTeph3yeTcss KOMOMHaneH
CIEYIOLIMX MPOILECCOB: CYIIKa — MUPOJIU3 — CIKUTAHUE — IIEKTPOILLIAKO-
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Basi 00paborka. OCHOBHBIM O0OOPYZOBaHHEM BBICTYIIAET PYAHO-TEPMH-
YeCKas DJICKTPOIICYb B CIICHHAIBHOM T€pMETHYHOM BapUAHTE, OGCCHG‘II/I-
BalOIIEM pacIUIaBIeHHe OAaBaeMbIX IIUIaKa M 30J1a, BEDKHTAHUE M3 HUX
YIJIEPOIHBIX OCTATKOB, a TAK)XKE OCAKIECHHE METAUINYECKUX BKIIIOYEHHMH.
OnekTporeuyb cHaOXeHa JIIeMEHTaMH, OO0ECIEeYMBAIOIIMMH pa3/eibHBII
BBIITyCK METa/lla, B AaJbHEHIIEM repepadaThIBacéMoro, M IUIaKa, IpexHa-
3HAQYEHHOTO JUIS M3TOTOBJICHUS CTPOHMTENBHBIX OJIOKOB WM TpaHyJsITa
HCIIOJIB3yEMOTO B CTPOUTENBHON MHIYCTpUH. [lapaniensHo B 3IeKTporedb
monatorcst ThO, re oHE mpeoOpas3yroTcs B Ta3 MOA ACWCTBHEM BBICOKOU
TEeMIIepaTypbl PACIUIaBICHHOrO ITaka. KommdecTBo BO3myxa, KOTOpBIH
MMoJaéTcsl B pacIUIaBICHHBIN [UIAK, JOJDKHO OOECTIeUNTh OKHCIIEHHE YTIie-
poxanoro ceipbs 1 THO.

O}IHI/IM N3 NEPCIEKTUBHBIX IMPOLECCOB ABJIACTCA DKOJIOIMYECKHU YHC-
Tasi TEXHOJIOTUSI BBICOKOTEMIIepaTypHO (ruia3meHHoi) nepepadotku THO.
[Ipu ocymiecTBIIeHHN JaHHOTO TIpoIiecca K OBITOBBIM OTXO/AaM IpH TIpe/Ba-
PHUTENBHON MTOArOTOBKE HE MPENbSBILIETCS KECTKUX TPeOOBaHUH O BIIaXK-
HOCTH, XUMUYECKOMY ¥ MOP(]OJIOTHYECKOMY COCTaBaM, a TaKXKe arperat-
HOMY cOCTOSIHHIO. TexHomorndeckoe odecredeHre 1 KOHCTPYKIHS armnapa-
TYpHl TO3BOJIIIOT IIOJydaTh BTOPHYHYIO SHEPTHIO B BHAE IIEPErPETOrO
BOJISTHOTO TIapa WJIM TOpsiyei BOABI C IMojAadeil MX MOTPEeOUTENo, a Takxke
BTOPHYHYIO MPOIYKLIHUIO B BHJE I'PaHyJIHMPOBAHHOIO METa/lla U [UIAKa WIN
KepaMuyeckoil muTKku. I1o cyTu, 3T0 OIMH U3 BUAOB KOMILJIEKCHOM Iepe-
pabotku THO ¢ moxy4eHHeM TEIUIOBOM SHEPIMH M MOJE3HBIX MPOAYKTOB
W3 OBITOBOTO Mycopa, ﬂBHS{}OH.[PIﬁCS[ IIpU OTOM BKOJIOTHYCCKH YHUCTBIM.

Takum o6pa3oM, clieyeT OTMETUTh, YTO BBICOKOTEMIIEPATypHBIN MH-
poim3 siBisieTcss HauOoJiee NEePCHEeKTHBHBIM HalpaBiIeHHUEM I1epepadoTKH
TBO, Kak ¢ TOYKH 3pPCHHUS IKOJIOTMICCKON OE30MacHOCTH, TaK U C TOYKU
3pEHHUs TOJyYEeHUs] TaKMX BTOPUYHBIX MOJIE3HBIX MPOIYKTOB Kak IIIIAK,
CHHTE3-Ta3, Pa3IM4YHbIe METAIIBl M JPYTHe MaTephalibl, KOTOPble MMEIOT
IMPOKOE TPUMEHEHHE B HAPOJHOM XO3SIHCTBE. BBICOKOTEMIIEpaTypHBIH
MTUPOJIN3 TTO3BOJIAET SKOJOTHIECKH YUCTO, SKOHOMHUYECKH BBITOJHO U TEX-
HUYECKH JOBOJBHO MpocTo nepepadbareiBate THO 0e3 nx mpeaBapuTensHON
MIOJTOTOBKH, T.€. COPTUPOBKH, CYIIKH U T.J.

ITpu BEIOOpe TexHONOTHMU AMisi mepepaboTkn THO HEoOxommMo pyko-
BOJCTBOBATHCA CJICAYIOUIMMU Tpe6OBaHI/I$IMI/II IIPOU3BECTU KaK MOXKHO
6OJ'[I)HIC IEHHBIX KOHCYHBIX MNPOAYKTOB, IJId p€ajln3allii WX Ha PBIHKE U
00ecreuynTh MUHMUMAIBHOE KOJIMYECTBO BHIOPOCOB B aTMocdepy BpEIHBIX
BemiecTB. YTOOBI MAaKCHMaJbHO IIOJIHO PEHINTh 3TH 33/1a4d HEOOXOANMO
HCIIOJIb30BAaTh CUCTEMY aBTOMAaTH4eCKOW COPTHPOBKM W pa3ieieHHOH Ie-
pepaboTtku paznuuHbIX THITOB THO ¢ MOMOIIBbI0 COBPEMEHHBIX TEXHOIOTHH.

KoMOnHanmm paccMOTPEHHBIX TEXHOJIOTHI yCTaHABINBAIOTCS B PETrHo-
HE Ha HECKOJBKUX IUIOIAJKax TakuM o0pa3oM, 4ToObl ObLTa oOecrieueHa
MHHHMAaJIbHas TI0 BpeMeHH TpaHcnopTtupoBka THO x mecty nmepepaboTku u
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CBOEBPEMEHHAS TTI0CTABKA IEHHBIX KOHEYHBIX MIPOIYKTOB Ha COIyTCTBYIOLIHE
mpomsBoacTBa. [Ipemmpusarne mo mepepabotke TBO Moxker cocrosrs u3
MOJyJICH Pa3IMYHbBIX THUIIOB U BKIIIOYATh B C€0s COMYTCTBYIOIIHME MPOU3BO/I-
cTtBa. B 3aBucuMoctH ot MPON3BOAUTEIILHOCTH 3aBOda BI)I6I/IpaeTC$[ KOJIN4C-
CTBO TE€XHOJOTHYECKHUX JIMHUM B KaXXI0M MOJIYJIC. HpI/I MIPONU3BOAUTECIIBHOCTH
3aBoza 90 000 T TBO B rox mocturaeTcsi MUHMMAIBHO JOIMYCTHMOE COOTHO-
menue [2 —4].

PeuukauHr (BTopu4HoOe HCNoJAb30BaHue, yTHIU3auus). B HacTos-
mee BpeMs BO BCEM MHpPE CUMTACTCS, YTO CKUTAHHE OTXOJOB M 3aXOpPOHE-
HHUE SIBJIAIOTCS TYNHKOBBIMH TEXHOJIOTHsAMH. HecMOTpst Ha 3TO, OHH Mpo-
JIOJDKAIOT JIOCTATOYHO IMIMPOKO Pa3BUBATHCS M HCIOIB30BaThes. OmHaKo
BO3HHKACT HCOGXOI[I/IMOCTI) B OCO3HAHWHU U MNPOABMIKECHHWU B PA3HBIX CTpa-
Hax WJeil BO3BpalleHHs B OWOJOTMYECKUH M MPOM3BOJACTBEHHBIN IIMKIIBI
MaTepHaaoB, KOTOPEIE MBI IPUPABHUBAEM K MYCODY.

B nocnenHue roapl mpeTepriesia CyIIECTBEHHBIE N3MEHEHUS CTpaTeryst
yIpaBleHUsIMUA OoTXoJaMH. HoBast cTparerust HampaBieHa Ha yMEHbBIIECHHE
obmero konmuecTBa obpasyrommxcs ThO, Ha CHIKEHHE B IEJIOM TOTOKA
3aXOpaHMBACMBIX OTXOJIOB, B OCOOEHHOCTH 3a CUET CO3JAaHMS YCIOBHUH, IpH
KOTOPBIX 3aXOPOHEHHE SIBISIETCS SKOHOMUYECKH yOBITOUHBIM, M HA PAa3BUTHE
HOBBIX METOJIOB YTHJIHM3AIMN OTXOJOB. BaKHBIM 3>JI€MEHTOM SIBISIETCS pac-
LIMPEHNE 3aTOTOBUTENILHON CETH U TOBBILIEHHE KadecTBa cOOpa OTXOMO0B.

B OompmmHCTBE eBpomelckux cTpaH, Hampumep, B [anmm, Hunmep-
NMaHOax, ['epMaHuM MIMPOKO pa3BUTA CHUCTEMa pa3/eNbHOrO cOopa KOMIO-
HeHToB THO.

3axoponenne TBO, ¢ TOYKM 3peHHMS SKOHOMHUKH, SIBISETCS Malo-
3G QEKTUBHBIM, TPEOYIOMINM OOJBIINX KalWTaJbHBIX 3aTPaT MPOLIECCOM.
Tem Gonee, 1 ¢ SKOJIOTMIECKON TOUKM 3PEHHUS, ITH 3aTPaThl HUYEM HE OIl-
paBnaHbl: 0€3BO3BPATHO TEPSIOTCSI HEBOCIIOJIHUMEBIE TPHPOIHBIE PECYPCHI,
BXozasamue B kKoMnoHeHTsl ThO, a MMEHHO, MeTaJuIn4ecKast ¥ TUIACTUKOBas
Tapa, MaKyiarypa u crekino. Ocoboe BHUMaHUE celdac yAEsIoT MEeToaaM
BoiteneHnss M3 THBO IeHHBIX BTOPMYHBIX MarepuaioB, He 3a0bIBas U
00 3¢ dexTHBHON OpraHU3alry Pa3AeIbHOTO COOpa OTXOIOB B HCTOYHHKAX
HakoIuleHud. JlBa 3TMX HaAIpaBIICHHS HE MPOTHBOpEYAT M HE HMCKIIOYAIOT
ApyrT Apyra.

Crioco6b1 pasaensHoro cobopa THO HECKONBKO pa3IHYarOTCs B OT-
JIETIbHBIX CTPaHaxX B 3aBHCUMOCTH OT MECTHBIX YCIIOBUIH: MyCOpPOCOOPHHKU
BOJIM3H JI0Ma, CTIEIMAIN3UPOBAaHHbIE U IUIATHBIE LIEHTPBI cOOpa BTOPUYHOTO
coIpbs. Vicxons u3 crocoba cObopa Mycopa, oCyIIecTBIIsIeTCs] BEIOOp TpaHc-
TopTa Jyisi €ro MepeBO3KU. 37eCh JODKHBI ObITh aKTHBHO 33/1€HCTBOBAHBI
YacTHbIE KOMIIAHWH, KOTOpPBIE SIBISIOTCS Oojiee MOOWJIBHBIMH, 4E€M TOCy-
JapCTBEHHBIE CIIyXObI. [lamee HEOOXOMMMO BBHIOpAaTh THII W MOIIHOCTH
npeanpuaTHs o yruauzanun ThO: HeCKOIbKO MajbIX JIOKAJIBHBIX 3aBOJIOB,
KpYIHas TEPPUTOPHAIbHAS KOMIIAHHS M KPYIHOE PErHOHAIBHOE Ipea-
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npustue. [Ipu 3ToM obecnieyeHne HKOIOTHIECKON OE30IMacHOCTH SIBISIETCS
OJTHMM M3 ONPENENSIONNX (PaKTOPOB MPH CO3AaHHH CUCTEMBI Pa3/ielIbHOTO
cOopa OTXOMO0B.

IMocne ocymecTBieHus mporecca pasaenbHoro coopa THO, otaenpHbIe
(bpakiuu mojIeKaT nepepaboTke B KOHSUHBIH MPpoaykT. Ha ocHOBe mcceno-
BaHMI yCTaHOBNEHO, uT0 13 540 000 M° TEO MOMKET GbITh OPHEHTHPOBOYHO
TTOTYYEHO CIICTYIOMIee KOMMISCTBO [IEHHBIX TOBAPHBIX MTPOITYKTOB:

— 50000...60 000 T Guomacchkl, B BHAE€ KOMIIOCTa B KA4€CTBE YKOJIO-
THYECKH YUCTOTO OPTAaHWYECKOTO MPUPOTHOTO yAOOPEHHUS UL BCEX BHUIOB
MIOYB;

— 10000...12 000 T — u3aeanii U3 CTEKIIA;

— 10000...11 000 T — u3genuii u3 xxenesa;

— 7000 T — u3genuil U3 MIACTUYECKUX Macc, MOJYYEHHBIX SKCTPY3H-
el WM JIUThEM O JABJICHUEM.

3a pyOexoMm OoJblIOe BHHMAaHHE YJENSETCS BBIACICHUIO IIEHHOTO
BTOPUYHOTO CBIPBSl U3 0TX0J0B ymakoBku. Tak B CIIA, U3 ynakoBOYHBIX
MaTepUaJIOB, KOTOPHIE HCIOJB3YIOTCA B KadeCTBE BTOPCHIPHS, ATOMHHUIN
cocraBisgeT 47%, Tapa U3-IOA Ta3sUpOBaHHOW BoOAbI — 17%, KOHCEpBHBIE
Oanku u3 cramm — 15%, crexino — 11%. B Poccuu ceiiyac HU TUTacTuK, HA
ATIOMUAHUN He TepepabaThIBalOTCsA B OONBINNX KOJMUYECTBAX, a UMEIOTCS
JIUIIb MAJIOTOHHAXKHBIE U YKCIIEPHIMEHTATBHBIE IIPOCKTHL.

Crexio mepepabaThBaeTcs MyTEM W3MENBYCHHS W IEPEeIUIaBKH.
IIpruém oTxonsl cTekdIa COPTHPYIOT MO IBeTy. CTEKISHHBIE OTXOJBI
HHM3KOTO Ka4ecTBa IMOCJIe M3MENbYEHHsI MOTYT OBITh MCIIOJIb30BaHbI B Kade-
CTBE HAIOJHHUTENS Al CTPOUTENBHBIX MaTepHanoB (HampuMep, Tak Ha3bl-
BaeMBIi «ritaccabT).

3apyOeXHBII OIBIT Pa3HBIX CTPaH, HarpuMmep, JlaHnu CBUIIETENBCTBY-
€T O TOM, YTO BTOpWYHAs HepepaboTKa CTEKJIa IPHHOCUT OOJBINYIO NpH-
ObuTb. B CcBs3M ¢ ATHM TiepepaboTKa CTEKIIa B HAIICH CTpaHe IMpHoOOpeTaeT
BEICOKYIO 3(QeKTHBHOCTE B pe3ynbraTe Oojiee HHU3KOH CTOMMOCTH
JIOJCKUX PECypPCOB, TPaHCIOPTHO-3aTOTOBHUTENHFHBIX PACXOIOB M 3HEPro-
3arpar. Taxke OTXOJBI CTEKJIa MOTYT CTAaTh MPEIMETOM IKCIIOPTa B CTPAHBI
EBponsl.

ATNIOMUHHEBBIE W CTaJbHBIE OAHKH MEPEIUIaBIIOT C MEIbI0 MOIyde-
HUS BTOPUYHOTO MeTasuia. Hampumep, Ha BBITUIaBKY aIIOMUHUS U3 OTXOA0B
0aHOK JUIs pa3IMYHBIX HAIUTKOB pacxolyeTcs Bcero 5% OT JHEpruu,
3aTpayuBaeMoil Ha IPOU3BOJCTBO TOTO K€ KOJMYECTBA AJIIOMHHUS U3 PY/IbI,
YTO XapakTepu3yeT [aHHBI Mpolecc, Kak OAMH M3 BBITOAHBIX BUAOB
PeLUKIINHTA.

PaznuuHbple BUIBI OyMaXKHBIX OTXOJIOB Yy)K€ MHOTHE JECSTHIETHS
HCTIONB3YIOT BMECTE ¢ OOBITHON LIEJUTION0301 IS IPOW3BOJICTBA ITYIIBITHI —
CBIpbs g Oymaru. M3 HU3KOKAYeCTBCHHBIX W CMEIIAHHBIX OTXOIOB
OyMmaru MpoW3BOAAT KAPTOH, a TaKKe TyaJleTHYI0 U 00&pTouHyro Oymary.
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B Poccun 10 cux mop emé He KCnoib3yeTcs: B 0ONbIINX MaciiTabax TeXHO-
JIOTHA TPOU3BOACTBA U3 BBICOKOKAYCCTBCHHBIX OTXOI0B (HCHOHBSOB&HHOﬁ
Oymaru uisl Jla3epHBIX NPUHTEPOB U KCEPOKCOB, 00pe3KOoB TUMOTpaduii, u
TIp.) BBICOKOKaueCTBEHHOW Oymaru. Takke OymMaKHbIE OTXOJbI MOTYT Haii-
TH IIMPOKOE TIPMEHEHHE B IIPOIECcCe TPOU3BOICTBA TEIUIOM30IISIIHH.

UYro kacaercst nepepabOTKH OTXOJIOB IIACTHKA, TO B IIEJIOM 3TO Ooiree
CJIOHBIA 1 1oporoii mpouecc. BropuuHoil nepepaboTke moaBepraroTces: He
BCE THIIBI MOJIMMEPOB, a TONBKO TepMoruiacTel. Hanbomnee pactpocrpanén-
HbIMU sBIITIOTCS T1B/] (monmuaTuiieH Beicokoro namienwus); [TH/ (mommaTu-
neH HU3KOro maBnerus); [19T (mommstmnentepedranar); [1I1 (momwmpornu-
nen); IIC (momuctupon). Y3 oTAensHBIX BUAOB OTXOMOB IDIACTHKA MOTYT
6I)ITI> TOJIYUYCHBI BBICOKOKAUYCCTBCHHBLIC H3ACINA C TCMH XKE CBOfICTBaMPI,
YTO U U3 NEPBUYHOTO, Ipyrue oTxoas! (Hampumep, u3 [I1BX) nocie nepepa-
60TKI/I HCIIOJIB3YIOTCA TOJIBKO B Ka4€CTBE I[O6aBKI/I B CTPOUTCIILHBIC MaTeC-
puansl. B memoM no crpane BTOpuyHast mepepaboTka 0TX0/10B IMOJMMEPHBIX
MaTepHaJoB HaJlakeHa ci1abo.

B mupe BrOopmuHas mnepepaboTKa IUIACTUKA CYHMTAETCS MaJOpeHTa-
OepHON, OHAKO OIIMOOYHO 3aTpaThl Ha HeE 3apyOe’KHBIX CTpaH aBTOMa-
THYECKH TIepeHocuTh Ha Poccuro, 3apaHee mpenmonarasi € HEBBITOIHOCTb.
W3BecTHO, 4TO IIEHBI HA OTEYECTBEHHBIEC TTOJMMEPHI OJIU3KH K 3apyOeKHbBIM,
a WHOTAA Jaxke mpeBocxomaT ux. OmHaKo 3aTpaThl Ha cOOp U mepepadoTKy
OTXOJIOB U3 IUIACTHKA B HAIlICH CTpaHE B HECKOJBKO pa3 HHXKE, UCXOAs U3
(haxTHYECKOH pa3HHUIIBI B 3apa0OTHOM IUIATE U CTOMMOCTH 3HEPrOPECYPCOB.
B cBsi3u ¢ 9THM BTOpHYHAs TiepepabOTKa OTXOJOB MOJIMMEPHBIX MaTepua-
JIOB MOXET CTaThb 3KOHOMUYECCKHU BLIFOHHOﬁ. HpI/I 3TOM HCO6XOI[I/IMO IIOHU-
MaTh: YTOOBI 3apa®oTayl NMBHIM30BAaHHBIH SKOHOMHYECKHH MEXaHH3M,
JIOJDKHA OBITH 0OecIeYeHa IoIIepKKa OT TOCYAapcTBa Ha HAYaIbHOM JTare
OpTaHH3aIMH TIPOU3BOJICTBA.

I'maBHOW mpoGyiemoii mpu BropuuHON mepepaborke TBO sBusercs
paszieneHre OTX0/M0B Ha ()PaKLIUKM W Ha OTAENbHBIC KOMIOHEHTH. B mmupe
CYIIECTBYET MHOKECTBO PA3IMYHBIX TEXHOJIOT U, MO3BOJISIOMNX Pa3AeiiTh
BTOPCHIPHE U 0TXOABL. CaMbIM JIOPOTUM U CIOXKHBIM SIBIISAETCS U3BJICUCHHE
BTOPCHIPhSI HAa CHENUAIBHBIX MPEANPUATHAX U3 yke chopMHpoBaBIIETOCS
obmrero notoka THO. OmgHako CymecTBYIOT U 00jiee IpOCThIe TEXHOJIOTHU
yIaJIeHUs T€X WU WHBIX KOMIOHEHT u3 mortoka THBO, a umeHHo, oborarie-
Hue TBO c nenpio ycTpaHeHUs! HEeXKENNaTeNbHBIX 3JIEMEHTOB Tepe]] CHKUra-
HUEM U IIOBBIIICHHS €r0 BHCPFGTquCKOﬁ IECHHOCTH. Cnez[yeT OTMCTUTD,
YTO peanu3anus JIOOBIX MPOTPECCHBHBIX TEXHOJOTHI BTOPUYHON mHepepa-
OOTKH CHIpbSl HEBO3MOXHA 0e3 yJacTusi OOIIECTBEHHOCTH — CO3/[aHUs I[eH-
TpoB 1o cbopy THO i Mokynku OTXOMOB y HaceleHHs, pa3paboTKu Me-
POTIPUATHI TI0 pa3ieIbHOMY cOOpY OTXOZOB Ha YJIMIaX TOPOAa C OMOIIBIO
CTEIMAIbHBIX KOHTEHHEPOB, a TaKKe OPTaHH3alHI0 CHCTEMBI Pa3/ielIbHOTO
cbopa 0TXO0ZOB Ha OBITOBOM YPOBHE.
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Ha 3amazge ycTaHOBJICHBI 3aKOHBI, 00SA3BIBAIOIINE TOTPEOUTEINIEH OCY-
IIECTBIATE COOp M COPTHPOBKY OTIENBHBIX BHIOB OTX0AOB. Hampumep,
Bo ®paHIMM TOJHOCTHIO 3alpeNieH0 NPUHUMaTh HecopTtupoBaHHble THO
C IIETBbI0 MX TMOCIEAYIONIel nepepaboTku u 3axopoHeHus. B Hunepianmax
YCTaHOBJIEH 3allpeT Ha 3aXOpPOHEHUE OpraHuueckux cocrtapisitomux ThO
C IETIbI0 TOBBIIEHHS 3((EKTUBHOCTH UX pa3/IeNbHOTro coopa C mocienyo-
MM KOMIIOCTUPOBAaHHEM. B HEKOTOPBIX CTpaHAaX yCTAaHOBJICHBI CIIEIUAIb-
HBIE TIOKa3aTeNd, XapaKTepPH3YIOIIUE PELUUKINHT OTACNBHBIX KOMITOHEH-
toB TBO. Tak, B CHIA BTOpHYHO# mepepabOTKE IMOIBEPraeTcs OKOJIO
17% MyHHIUIATBHOTO MycOpa, M OPraHH3allid MO OXPAHE OKPYIKaIOIIeH
cpembl TpeAyaraloT B KadyeCcTBE HAIMOHAIBHOM LEMU TNPHOIU3UTHCS
IO 3TOMY ITOKa3aTelo kK 25%. B pa3BUTHIX cTpaHaX MOHUMAIOT, YTO PELUK-
JIMHT SIBJISIETCS AOPOTHM IIPOLIECCOM, OJHAKO 3aMEHbl €My MO OOJbIIOMY
cuéry Het. Tak ke, Kak ObUIO CKa3aHO paHee, pa3paboTaHbl MEPOIPHUSITHUS
10 YMEHBIICHHIO 3aTpart, CBA3aHHBIX ¢ pa3nesbHbIM coopom ThO, u ontu-
MHU3UPOBAHBI PACXO/IBL.

O/HUM M3 BaXHEHIINX MOMEHTOB B PEIICHHH HPOOJIEM YTHIM3ALUH
TBO Buautcst GopMUpOBaHHE PHIHKA OTXOJO0B U PHIHKA W3JETHH, TOTydae-
MBIX M3 Pa3JIMYHBIX BUIOB OTXOA0B. B mpoTnBHOM ciydae, He Oyner co3na-
HO TIPEIIOCHUIOK ISl Pa3BUTHA cUCTEeMBI cOopa u coptupoBku THO, a my-
COp 3aI0JIOHUT OKPECTHOCTH TOpooB U mocénkoB. IIoHsTHO, YTO 6€3 CTH-
MYJIHMPYIOIINX IPaBUTEIBCTBEHHBIX IIPOrPaMM M OCO3HAHUS MpobieM odpa-
3oBanusi THO o01ecTBOM, HEBO3MOKHO JOOUTHCS CO3JIAHUSI TAKUX PHIHKOB
C TIPUBJICYEHHUEM YaCTHOTO KaIlUTaja.

B CIIA moacuurtamy, 94TO METaJlIbl, U3BIEUYEHHbIE U3 TBEPIBIX OTXO-
JIOB, MOTYT 00ECHCUUTh HAIIMOHAIBHYIO TOTPEOHOCTh B Jkenese Ha 7%,
B almroMHUHUY Ha 8% u B onose Ha 19%.

3anaya, nmocraBiieHHas Ha (enepanbHoM ypoBHe B CILIA, — noburscs
niepepabotkn 25% 0oTX070B B MacmrTabax cTpaHbl. Bo MHOrMX aMepukaH-
CKHX Topojax M mTarax sTa mudpa — 40%. B Custne nepepabarsiBaeTcst
60% Bcex 0Tx070B. B MacmTabax 0HOTO HACENEHHOTO ITyHKTA YIaBalOCh
niepepabaTeBaTh 10 90% OTXOMIOB.

Ha mecTHOM ypOBHE NpEeNIPHUHUMAETCS P MEp MO COKPAIIECHHIO
KonmmyectBa Mycopa. B Munneanonuce u Cenr-Ilone 3ampemieno mpoza-
BaTh MPOAYKTHI IIUTaHUS B ITACTHKOBON 000JI0YKE, KOTOpas He pasiiaraer-
Cs1 FJTH HE MOXET OBITh IepepaboTaHa.

B CIIA mnepepabatbiBaetcst 98% Bcero NpoOM3BOAMMOIO CTEKIIA.
BonpmuacTBO co00mecTB CIIIA HMCMONB3YIOT KOMOWHHUPOBAaHHYIO TIPO-
rpamMMy TepepadOTKH — YIIaKOBKa M3-110]] HIIEBHIX IPOJYKTOB U OYTBHUIKA
W3-TI0/1 HAIIUTKOB coOmMparoTcsi BMecTe. Jlanee OHU pa3fessioTcst yKe Hero-
cpeIcTBeHHO Ha (pabpuke 1o mepepadboTKe.

B Poccun B HOBBIX SKOHOMHYECKHX M CONUAIBHBIX yCIOBHAX OpraHu-
3aIMI0 3arOTOBUTEIBHOTO MPOIIEcca clIeqyeT HaunHaTh C PabOThI C Hacele-
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HHEM, IOCKOJIBKY, MpEeXJe BCEro, CTENEeHb 3aWHTEPECOBAHHOCTH JIFOAEH
OyzieT onpenensiTh yCIeX CeleKTHBHOro coopa oTxoj0B. HyxHo pa3pabo-
TaTh CTUMYJIBHBIE 1 OECCTUMYJIBHBIE METO/BI COOpa, OPUEHTUPOBAHHEIE Ha
pasnuuHble crienuuuecKue TPYNIbl HaceneHus. B To ke Bpems, 6e3 yda-
CTHSl YacCTHBIX KOMITAaHHMH, T'OTOBBIX BKJIaJbIBAaTh COOCTBEHHBIE CpPEJICTBA
B pa3BHUTHE HHPPACTPYKTYPHI cOOpa, pean3alys MpoeKToB cOopa 1 Tmocie-
nyromert yrmmmsamuu ThO mpencrapisercs ManoBeposTHOW. O0s3aTels-
HOE yCIIOBHE — YETKasi OpraHu3anus mpoiecca coopa U IMOCTETIIEHHOE, CTy-
MICHYAaTOE BBIJIETICHUE BTOPHYHOTO CHIPhS CHAa4asa MO OJHOH—ABYM IO3HIIH-
sIM (HarpuMep, TOJIBKO MaKyJIaTypa, a 3aTeM MaKyJaTypa U METaJuINdecKast
Tapa " T.J.), @ TAK)K€ 3aMKHYTOCTb IETIOUKH, T.€. OIy4YCHNE TIPOAYKIHN U3
OTOOpaHHBIX OTXOJOB. [IpH 3TOM pemaronM MOMEHTOM B ONpelesieHUH
CTpaTeruy NMPUBJICUCHHUS KUTENCH K CENEKTUBHOMY cOOpy OyleT 3KOHOMH-
yeckuil (akTop: LeHa mpruéMa BTOPHYHOTO CHIPbS Ha IepepadaThIBArONIeM
npeanpustad. Ponb enepansHOro HeHTpa 0KHA 3aKITI0YaThCs B MTOJI0-
TOBKE YCIOBMH sl UX YCIEIIHOM peanu3allid NMPOEKTOB CEJIIEKTUBHOIO
coopa u penukiaunra TBO, u, npexzae Bcero, GopMUpOBaHWN HOPMATHBHO-
MIPaBOBOM M HAJIOTOBOI 0a3bl, CIOCOOCTBYIONIEH CTAHOBIICHUIO PHIHKA BTO-
pudHOro ceipbs [1 —5].

B pesynbraTe mpoBeAEHHBIX HCCIENOBaHMNA B 00NACTH IEepepadoTKH
TBO mst cpenHed KaMMaTH4ecKod 30HBI Poccuu OBUTH TONTydeHBI OpHEH-
THPOBOYHBIC CTOMMOCTHBIE 3HAYEHHsI OpraHM3alliid MycopomnepepalaThl-
BAFOIIUX TPEATIPUSTHH, IPeCTaBICHHbIC B Ta0I. 1.1.

ITocne aHanu3a yKa3aHHBIX B TaOJIUIIE JAHHBIX MOKHO CIENATh BHIBO/,
yT0 Hanbonee 3(h(HEeKTUBHBIM pelIeHHeM, He TOJIBKO C TOYKH 3PEHUS oXpa-
HBI OKPYXKaIoILleil cpeapl, HO U SKOHOMHYECKOHM COCTaBISIOIIEH, SBISAETCS
opraHu3aiusi B cpeJHell knumaTtuueckod 3oHe Poccum mycopormepepaba-
TBHIBAIOIIIETO 3aBOJA.

1.1. CpenHeopHeHTHPOBOYHbIE 3HAYEHHS] CTOMMOCTH
MycoponepepadaThIBAIOIIEro NpeANpPUsTHS, MJIH. 1011

P
06cny>?<?:$re):moro Macca TEO Mycopo- Mycopo- |y innexcrbiii
> | mepepabaThl- | COKUTAFOLIHIA
ropoJia UM PEeruoHa, | ThIC. T B FOJ BAIOWLIIT 32O 3aBox 3aBOJ
TBIC. JKUTENCH
320 64 12...15 30...40 20...25
500 100 15...20 40...50 25...35
650 130 20...28 50...60 35...45
1000 200 28...38 60...80 45...55
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2. YTUNIU3ALUA U BTOPUYHASA
NEPEPABOTKA TAPbI U3 XKECTH

Vxe k 2000 r. ypoBeHb BTOPHUYHOH mepepa-
0OTKM METaJUIMYEeCKOW YIakoBKH B EBponelickom
Coroze poctur 50%. OnHa U3 ABYX METaUIMYECKHUX
YIaKOBOK WM B 1enoM | mutH. 670 ThIC. T OBLIO TIE-
pepaborano B 2000 r. B 13 eBpomeiickux crpaHax.
Oto Ha 15% Oonbire, yem B 1999 1., xorma ObLIO
mepepaborano 1 muH. 450 THIC. T. 3HAYHUTENHHBIN
BKJIaJ B 3TOT pocT BHecnu Vcmanus, BenmkoOpura-
Hus (¢ ypoBHeM mepepadotkn 33...34%) u Uranus
(yBemmuenwe ¢ 9,5 o 26%).

ITo cnoBam @wunna Bonnepa, reHepanbHOTo
IupekTopa eBporeiickort accormanun APEAL, un-
IoycTpus He OyJeT «o4MBaTh Ha JIaBpax» M B Jallb-
Heifmem. B Mpnanaun REPAK nawan cBoro mpo-
rpamMMmy paszensHoro coopa orxonoB B JlyOnuHe.
B I'penu crctema cOOpOB OTXOZOB YIAKOBKU y HACENIEHHUS BCE el HaXo-
JIUTCSI B 3a4aTOYHOM COCTOSIHMH, Y TIPOMBIIIJIEHHOCTD BBIHYX/I€Ha KOOIIe-
pUpOBaThCsS C TPOU3BOIUTEISIMH OAaHOK ISl CO3JaHUsI KOHCOPIMyMa
110 TIepepabOTKEe METAJUTMYECKHUX YITaKOBOK.

Bee Gompmiee umcno crpan B EC craHoBuTCcs nmaepaMu Mo Tmepe-
paboTKe OTXOIOB METAJUIMYECKON YMaKoBKH: JIfokceMOypr — HH C 4eM
HE CpaBHHMMBIM IoKazateneM — 93%, 'epmanns u ABCTpHS JOCTHUIIH OT-
metku 80%, bexnprus u Hunepnauner — 77%, lBerus u aHus cienyror
c ypoBHeM okono 70%, Ilopryramms, Wranus u OUHISHAUS TOCTHININ
15 %-HOr0o MHHHMYMa, ONPEACIEHHOTO AUPeKTHBON 94/62/EC, u mposon-
JKAIOT YBEIUYUBATH OOBEMBI.

Bce cucrembl cOopa O0TXOJ0B MeTa-
JIMYECKOM yMakoBKM A €€ AaibHeimen
nepepaboTKU aJanTUPOBaHbl K MECTHBIM
YCIIOBUSIM U BKJIIOYAIOT B ce0sl KOMOWHa-
UM CXeM cOOpa OTXOJOB YNAKOBOK M3
Pa3INYHBIX MaTEepPHAJIOB, OTACIHHOTO COO-
pa METANIMYECKHX YIIAaKOBOK M 0OIIero
cbopa (MeTaumaeckrne OaHKH COOMParoTCs
BMECTE C OTXOJlaMH1 Y HAaCEJICHUS).

JIyisl MEeTaJUIMYECKUX YIaKOBOK OITH-
MaJIbHBIM PEHICHUEM SABJIAKOTCA BCC IKE
CHCTEMBI 00IIero cOopa OTXOIOB, TaK Kak
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CHCTEMBI DPa3JeJIbHOTO cOOpa, MPUBS3aHHBIE K OJHOMY BHAY Marepuala
(HanpuMep, TOJIBKO METATMYECKUX OaHOK W3-110]] HAIIUTKOB), PEKO UMe-
0T HKOJIOTHYECKOE MIIM IKOHOMUUECKOEe 000CHOBAHUE.

Ha MyHHMIUmanbHBIX 3aBOjiaX IO CXXHMI'AHUIO OTXOJOB, COOpaHHBIX
y HaceleHus, B LIEHTpax Mo IepepadoTke U COPTUPOBKE OTXOAOB IPOIIECcC
ABTOMATHYECKOTO OTIEICHUS METALIMYECKHX YIIAKOBOK OOECIIeYnBaeTCs
MIPUMEHEHHEM DJIEKTPOMAarHUTOB, MO3BOJIAIOMHNX 3P (EKTHBHO OTAETATH U3
00I1eif Macchl OTXOOB JKECTSHBbIE YIAKOBKU M3-110J HAITUTKOB, a3p030Jib-
HbIE, NMILIEBBIE U IPYrHe METAIUINYECKHE KOHTEHHEPHI — BCE OHH MOTYT
OBITH TIepepadOTaHbl B HEOTPaHUYEHHO IIUPOKHUH CIIEKTP HOBBIX METaJUIH-
YEeCKHX M3AETHH, NpuuéM 0e3 moTepy KauecTna.

2.1. APEAL: IUPEKTHUBA OB YIIAKOBKE
" YITAKOBOYHBIX OTXOJAX

Crermanuctel  eBporeiickorr acconuarm APEAL, o0wvennHsiomen
MIPOU3BOANTENICH METAININYECKON YIaKOBKU, CYMTAIOT, 4TO AudepeHnna-
Ms ToKasaTeJeld ypoBHs NepepabOTKU 10 BHIAaM MaTepHajoB BbIIagaeT
3 obmieit koHuemnwu dupextuBsl 94/62/EC u mpencTaBisieT cepbe3HBIN
OTXOJ] OT CTPYKTYPHI U IyXa JAUPCKTHUBHI.

CrneioBaTeIbHO, OHM HE MOJDKHBI OBITH BHECCHBI B HEE MPH MPOBEIC-
HUU TEKYyIIeH TUMUTHPOBaHHOU peBu3uu Jupektussl. K ToMy ke BHeceHHE
TMoKa3aTelell YpOBHS MepepadoTKu T epeHINPOBaHHBIX 110 BUAAM MaTe-
pHAJIOB MPHUBENO OBl K PUCKY TUCKPUMHUHAIAN OTACIHHBIX YITaKOBOYHBIX
MaTepHAaIIOB.

Bce kommyecTBeHHBIE TOKA3aTeNHd MOJDKHBI OBITH PEaMCTHYHBIMU,
MPOTIOPIIMOHATBHBIMH U JOCTHXKUMBIMH.

N3-3a GOJBIIOr0 pa3iuuus HAIMOHAIBHBIX HH(PAcTpyKTyp cOopa,
IUIOTHOCTH HACENICHUS U IPYTUX MECTHBIX TApaMEeTPOB JOCTHYB ITOKA3aTeIs
YPOBHS IepepaboTKH METaJUTMYECKUX YMakoBOK 50% Iyl Kakaoro rocy-
napctBa-wieHa EC k 2006 r. HepeaibHO.

[Iporpecc B mepepaboTKe METAIUIMIECKUX YITAKOBOK 3aBHCHUT OT MHO-
rux (haKTOPOB: OT PENICHHWH MECTHBIX BiacTell 00 WHBECTHUIUSAX, OT BO3-
MO>KHOCTEN MCHCIPKMCHTA, OCO6CHHO Ha MYHUIOHMIAJIBHBIX 3aBOoAax IIO
CKUTAHUIO TBEPABIX OTXOMO0B, 0OOPYHOBAaHHBIX 3JIEKTPOMarHuTamu (B Ha-
cTosimee Bpemst okosio 50% o0bEéMa mepepaboTaHHBIX METAILTHYSCKIX yITa-
KOBOK TIOCTYTIAeT MOC/Ie MATHUTHOW SKCTPAKIMU Ha 3TUX 3aBO/IaX).

XOTA MHUPOKO M3BECTHO, KaK BaXKHO YBETUUECHUE YHEPTUIECKUX MOIII-
HOCTel 3a cuér mporecca mepepaboTku otxomoB — Energy from Waste
(EFW), cuanpom NIMBY («TosbKo HE B MOEM JIBOPE») SIBIISIETCS] BXKHBIM
MPETATCTBHEM B STOM Jeiie. BimsHue mpowsBoanTeNnell M MoTpeduTeneit
Ha peweHus: o co3ganuu 3aBojgoB EFW kpaiine HeznauurensHo. U XOTH,
HalpuMep, ATIOMUHUHA JIEHCTBUTENLHO JIETKO IiepepadaThiBaeTcs, YpOBEHb
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nepepabOTKH BO MHOTOM 33aBHUCHT OT CHUCTEM cOOpa, KOTOpble HaXOJSTCs
BHE HAILIETO MPSMOTO MM UCKIFOUYUTEIBHOTO KOHTPOJIA.

APEAL mnpusbiBaeT, 4To0BI BCE YIIAKOBOYHBIE MaTepHalbl OLlEHHBA-
JIUCH CHPAaBEATIMBO, OJHAKO MOJpa3yMmeBas IPH ATOM, YTO €AWHBIH MUHH-
MaJIbHBIM TIOKa3aTeNb YPOBHS NMEPepabOTKH JOJDKEH OBITh JOCTUTHYT JUIS
BCEX BHJIOB YITaKOBOYHBIX MAaTEPHAJIOB.

2.2. BTOPUYHASA NIEPEPABOTKA JKECTHU HA IIPUMEPE
HEPEPABOTKHN ABTOMOBWJIBHOI'O TPAHCIIOPTA

ABTOMOOWJIb SBJISIETCS KPYMHEHIIUM 3arps3HUTENIEM OKPY KaroIIeh
cpensl. HecMmoTpss Ha 3TO, TPyOHO NPENCTaBHTHh JKU3Hb COBPEMEHHOTO
ob1mecTBa 6e3 aBTOMOOHMIIBHOTO TPAHCIIOPTA, TIOCKOJIBKY OTKAa3aThCsl OT TEX
BO3MOKHOCTEH, KOTOpBIE OH MPENOCTABISIET U OOIECTBY, U WHIUBHYaIb-
HOMY BJIaJIeJIbIly, MBI YK€ HUKOTIa HE CMOYKEM.

HeyknoHHO pacT€T KONWYECTBO aBTOMOOWIICH, HAXOASAIIUXCS B JKC-
wiyatauuy. CYMTAaOT, YTO MHPOBOM IMapK aBTOMOOWJIEH NpHOIM3UICS
k 700 miH. egunun. Poccus, Kurait, aaus, apyrie cTpaHbl IEpeXKUBAIOT
aBTOMOOWIBHBIA OyM. ABTOmapk Poccum eXeromiHo yBeIHYHBACTCS
Ha 1,6....1,8 muH aBTOMOOMIeH. Toinpko B MOCKBE €XKErofHBIH MPHPOCT
mapka aBToMoOmIIel cocTaBisieT 6onee 15 TIc. mT., a 00MIIas YHCICHHOCTh
3apErUCTPUPOBAHHBIX JIETKOBBIX aBTOMOOMICH B MockBe U MOCKOBCKOI
obsiactu B 2008 . IpeBbICHIA 5,7 MITH.

IIo MHEHMIO MHOTHX 3KCHEpPTOB, YTHJIM3AIlUS aBTOMOOWJIEH NOTKHA
pa3BHBaThCA B JBYX HAIPABJICHUSX: BOCCTAHOBJICHUS M IOBTOPHOTO HC-
TI0JIb30BAHMS y3JIOB, arperaToB U JIPyTuX aBTOKOMIIOHEHTOB, COXPaHUBILIUX
CBOM pecypc, 1 niepepabOTKH y3JIOB U arperatoB, He MOJIeXKAIIUX BOCCTa-
HOBJICHHIO, BO BTOPUYHBIC MaTepUaJIbHBIE PECYPCHI C LB HX HCIIOJIb30-
BaHMS NP NTPOM3BOCTBE HOBBIX MAaTEPHAJIOB.

3apyOexkHbIii ONBIT yTHIU3ALUH ABTOMOOMIICH

Hensvmu EC, CILA, SlnoHnn u Apyrux cTpaH npu oOpallieHuy ¢ aBTo-
MOOMJISIMH, BEIPAaOOTaBIIUMH CBOI pecypc, SIBISIOTCS:

— yMEHBIIIEHHE 3arpsA3HEHHsS OKpYXKalouled cpenbl (MIOYBBI, BOJBI,
aTMoc(epHOTro BO3/1yXa) MPOAYKTaMH JeTpajallid aBTOMOOHIIEH;

— COKpalleHHe TNOTpeONeHUs MaTepualbHbIX M HHEPreTHYECKHX
pecypcoB;

— YMCHBIIEGHHE 3aTpaT Ha MPOM3BOACTBO MAaTEpHANOB 3a CUET
HCIIOJIb30BAHMUSI BTOPUYHBIX MaT€PHAIBHBIX PECYPCOB;

— COKpaIlleHHe Harpy3KHd Ha OKPYXKalollylo Cpeay 3a CuéT yMeHbIle-
HUSI JOOBIYH MIPUPOIHBIX PECYPCOB.

Pacu€rhl crienuanucToB MOKa3bIBAIOT, YTO YTHIIM3ALMS CpEeIHECTaTH-
CTHYECKOTO JIETKOBOTO aBTOMOOWIS Maccoil 1050 Kr mo3BoIsIeT CIKOHO-
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MuTh 3300 KT IpUPOAHBIX MaTepHAIBHBIX PECYPCOB, CHU3UThH PACcXO]] SHEP-
run Ha 56 000 M/[x, yMEHBIIUTH BEIOPOCHI BPEAHBIX BemiecTB Ha 1950 kr.
3aTparhl Ha YTUIIM3AIUIO TAKOTO aBTOMOOMIS cocTaBisiroT 3000 p.

OreHka BO3AEHCTBUS aBTOMOOWIS Ha OKPYXKAIOIIYI0 Cpeldy, B TOM
YHCIIe 10 TOTPEOJICHUIO TTPUPOIHBIX PECYPCOB, TIPOU3BOIUTCS IO CTaHAAp-
tam UCO 14040-UCHO 14043. C nensio obecrieueHus BBITOTHEHUS TpeOo-
BaHMH 3THX cTaHAapToB B EC pa3zpaboTaH psii TUPEKTHBHBIX JOKYMEHTOB,
00s13aTebHBIX AJISI NCTIOHEHUS] BCEMH CTpaHaMU COOOIIECTBA.

Cpenu Apyrux Mep 3TH JOKYMEHTHI IPEAMICHIBAIOT:

— Ppe3Koe COKpallleHHe 00pa30BaHMs HEYTIIN3UPYEMBIX OTXOJI0B IIPU
3aBEpPIICHUH )KU3HEHHOTO IIMKJIa aBTOMOOWIIS;

— IOBTOPHOE UCIIOJIb30BaHHE JieTanei 1 aBTOKOMIIOHEHTOB;

— Heo0XOIUMOCTh TPOW3BOJICTBA W3 W3HOIIEHHBIX YacTedl aBTOMO-
OWJIst BTOPUYHBIX MaTePHUAIBHBIX PECYPCOB;

— Heo0XO0IMMOCTh TPOM3BOACTBA DHEPIHU IyTEM COKUTAHHS OTXO-
JIOB, HE MOJUIeKAIUX PELUKINHTY.

K npuHATBIM TUPEKTHBHBIM JOKYMEHTaM OTHOCSTCS:

— Jupextusa 2000/53/EC «TpaHCIIOPTHBIE CPEACTBA, BBIMIECIIINE U3
SKCIUTyaTalun», BeTynuBiuas B aericteue B utose 2007 r. OHa onpenensier
TpeOOBaHMS 10 YMEHBIICHUIO 00pa30BaHMs OTXO/IOB IPH BHIBEJCHUH aBTO-
MOOMJISL M3 3KCIUTyaTallid M yCTAHABIMBACT OTBETCTBEHHOCThH IPOU3BOJIH-
TE€JIE aBTOTPAHCIIOPTHOM TEXHUKU 32 €€ YTUIM3aLHIO;

— JupextuBa 2005/64/EC «O06 0100peHNH THITA aBTOTPAHCIIOPTHBIX
CPEICTB B YAaCTH MPUTOJHOCTH K YTUIM3ALUH, PEIUKIUPOBAHUIO MaTepHa-
JIOB ¥ IOBTOPHOMY HCIOJIB30BAHUIO Y3JIOB U JIeTaneil»;

— Pemenune 2003/128/EC o MapKHpOBKE IUIaCTMAacCOBBIX JieTaiei
aBTOMOOWMIIEH, obyerJaromeil X HASHTH(OUKALNIO U PallMOHAIBHYIO YTH-
JIU3A1HIO;

— Pemenue 2005/673/EC o 3ampeTe HCIIONB30BaHUS B aBTOMOOMIIb-
HBIX KOMITOHEHTaX W MaTepHalax TSHKENBIX METaJUIOB: CBHHIA (32 MCKIIO-
YeHHEM aKKyMYJISITOPOB), PTYTH, KaJIMUsI, IIECTUBAJICHTHOTO XpOMa.

HupextuBa 2000/53/EC mpeammcriBaeT BceM CTpaHaM, BXOISAIIAM B
compyxectBo, m0 2006 roma oOecneduTh YTHIM3AIHUIO aBTOMOOWIEH,
BKJTIOYAsl CKUTAHUE C MOJYYEHHEM 3HEprud, Ha 85%, a penuKInpoBaHue,
T.€. BO3BpAT B ITPOM3BOACTBEHHBIH IIMKJ B BHJE BTOPHYHBIX MaTE€PUAIbHBIX
pecypcoB, Ha 80% ux maccel. K 2015 roay Bce cTpaHbl TODKHBI TOOUTHCS
YTHJIM3alMK aBToMoOwmIel Ha 95%, a perukaupoBanus Ha 85%.

B pa3BuThIX cTpaHax yTwin3anuedl aBTOMOOWIEH 3aHUMaeTcs Ccrie-
LUaJIM3UPOBaHHAs OTPACIIb MIPOMBIIUICHHOCTH CO CBOEH MH(paCcTpyKTypon
1 TOCYIapCTBEHHBIM PETYJIMPOBAaHUEM OOpAIEHHUS C BHIBOAUMBIMH M3 JKC-
TUTyaTaluy aBTOMOOHIISIMU.

B mupe yrumzarmeii aBromoOmiel 3anuMatorest 6onee 1,5 MirH. gerno-
Bek. Ha 3aBomax, mepepabaThIBalOIiX YTHIH3UPYEMBIE aBTOMOOWH, pabo-
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taer cBbime 700 mIpelepHBIX YCTaHOBOK (ApoOHioK). CTOMMOCTh MPOAYK-
MU, IPOU3BOJMMON U3 BTOPUUHBIX PECYPCOB, MOTYYaeMbIX NPH YTUIN3AIUN
ABTOMOOWMIIEH, OIIEHUBAETCS B COTHU MIJUTHAP/IOB JJOJIIAPOB.

B CIIIA mepepabatbiBactcss 10 95% W3HOIIEHHBIX aBTOMOOWIICH,
B ctpanax EC — Gonee 70%. Jloxonpl MpenpUsTH, 3aHATHIX TepepadboT-
KO M3HOIICHHBIX aBTOTPAHCIIOPTHEIX CpelcTB, cocTaBisitoT B CIIA Gonee
25 mupa. momn exeromHo. B aroif otpacim nmeiictByrot 6onee 7000 mpen-
MIPUATHHN ¢ gucIoM paboTtaromux okoso 46 000 yenoBek. DTH NpeANPUATHS
©KETOIHO YTWIM3HPYIOT 15 MiH. aBTOMOOMIEH oOmelt maccoii Oonee
20 miH. T [6].

Yruamzauusa asTomooneii B Poccun

B Poccun oOpamieHue ¢ OTXOAaMHU MPOHM3BOJACTBA M MOTPEOJICHUS,
B TOM YHCJIC TAKUMH CJIOKHBIMH, KaK BbIBCJICHHBIC U3 SKCILTyaTallunl aBTO-
TPaHCIIOPTHBIE CPEACTBA, PETYIUPYETCS CIENYIOUMMHU  (elepalbHBIMA
3aKOHAMHU:

— «O0 otxomax mpou3BojacTBa M morpedmeHms» (ot 24.06.1998 r.
Ne 89-@3, pen. ot 18.12.2006 1.);

— «O0 oxpane okpyxatomei cpens» (ot 10.01.2002 1. Ne 7-03);

— «O caHUTapHO-TUTHEHHYECKOM OJaromoirydudl HaceleHus» (0T
30.03.1999 r. Ne 52-@3, pen. ot 31.12.2005 r.);

—  «O0 00X NpUHINIIAX OPTaHU3AIMHA MECTHOTO CaAMOYIIPABICHHS
B Poccwuiickoit @epeparuu» (o1 06.10.2003 1. Ne 131-DD).

DTH 3aKOHBI HaIpaBJICHBI, IMPEXKIAC BCCTO, HA CHMXKCHUEC 3arpA3HCHUA
OKpYXaloIlel cpebl 0TX0AaMU MMPOU3BOJICTBA U MOTPEOJICHUS U TPaKTHIe-
CKH HE PEryJIMpyIOT OoOpallleHHe C HUMH, KaK ¢ MCTOYHUKAMH BTOPHYHBIX
MaTepHaNIbHBIX M YHEPreTUYECKHX pecypcoB. B TO jxe BpeMsi BHIBEICHHBIN
W3 OKCIUTyaTallid aBTOTPAHCIOPT OTHOCHTCS K OTXOJAaM NOTpeOieHwus,
Ha oOpaleHne KOTOPBIMH PAacIpOCTpaHseTcs NeHCTBIE MEXToCyJapCTBEH-
Horo cranmapra 'OCT 30773-2001 «Pecypcocbepexenne. OOpamenue
C OTXOJaMH. JTambl TEXHOJOTHYECKOro IHKIa. OCHOBHBIE ITOJIOKEHUS,
BBenéHHoro B aeticteue ¢ 01.07.2002 r. Ctanmapt rapMOHHU3UPOBAH C MEX-
JIYHApOJIHOM M OTE€YECTBEHHON HOPMATHMBHON NOKYyMEHTaLUEH U paccMar-
pHBaeT JIMKBUIALNIO OTXOJIOB KaK MMOCJIEIHIOI CTaIHI0 KU3HEHHOTO IHKJIa
n3aejivs, BBIBOAMMOI'O U3 SKCILTyaTalluu.

Hecmotps Ha cymecTBymompe QenepaibHble ¥ PErHOHAIBHBIE 3aKO-
HBI, a TaKKe HaJM4Yhe TOCYAapCTBEHHOTO CTaH/IapTa, OIpPEIEIISIONIEro
TIOPSIIOK OOpAILEHNsI ¢ OTXOJAaMH, CJIOYKHbIE, MHOTOKOMIIOHEHTHBIE OTXO-
JIbl, K KOTOPBIM CJIeTyeT OTHECTH W aBTOMOOWIIb, y HAaC B CTpaHe nepepada-
TBHIBAIOTCSI HE3HAYUTEIBHO.

OT0 00BACHAETCS BHICOKOH CTOMMOCTBIO paldoOT 10 MX cOOpy M BHIO-
BOH cemaparuu. JIOCTYTHOCTh NMEPBUYHOTO CHIPhSI M €T0 OTHOCHTEIHFHO
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HH3Kasi CTOMMOCTh TaKKe JENaloT HCIIOJIb30BaHHE OTXOJ0B HEpeHTa0eNb-
HBIM, a CYIIECTBYIOIIME B CTpaHe HOPMATHBHO-TIPABOBBIE MEXaHU3MBI,
peryampyomue oOpallleHHe ¢ OTXOJaMH IPOHM3BOACTBA M TOTPEOJICHUS,
HE CIIOCOOCTBYIOT MX BOBJICUCHHIO B XO3IHCTBEHHBIH 000POT.

IlocranoBnenne IlpaBurensctBa Poccuiickoit ®epepauuu  OT
31.12.2009 r. Ne 1194 mpenycmaTpuBaeT HMPOBEACHUE SKCHEPUMEHTA IO
CTHMYJIMPOBAHUIO MMPHOOPETCHHUsI HOBBIX aBTOMOOMIIEH B3aMEH CHaBaeMBIX
Ha yrunu3anuio. [1o-BuauMoMy, OHO OKaKET HEKOTOPYIO MOIIEPKKY aBTO-
MIPOU3BOUTEISIM, HO Takke He OyAeT CIOCOOCTBOBAThH PEIICHUIO MpobIe-
MBI PalMOHAIBHOTO HCIONb30BaHUS YTHIM3HPYEMBIX aBTOMOOWIEH, sIB-
JIIIONIMXCS] ACTOYHUKOM LIEHHBIX BTOPUYHBIX MaTEPUANIBHBIX PECYPCOB.

YBenuunth 00bEMBI PEIUKINHTAa B PoccHi aBTOMOOMIIBHOW TEXHUKU
MOXHO JIMIIb TPU YCIOBHM CO3JAHMSI OJIarONMpPUSATHBIX HOPMATHBHO-
MPaBOBBIX, 3KOHOMHUYECKHUX U COLUAIBHO-MOIUTHYECKUX MEXaHHU3MOB. DTH
MEXaHHU3MBI JTOJDKHBI YYUTHIBATH MHTEPECHl M OOS3aHHOCTH TPOU3BOJMTE-
JIed aBTOTEXHHKH, €€ morpeduTeneil n nepepabOTUNKOB BHIBEJCHHBIX W3
9KCIUTyaTallk aBTOMOOWIIEH.

IMocne pa30opku aBTOMOOMIIS €ro Ky30B, arperarsl W IeTajld, He IOJ-
JeXKaIINe BOCCTAHOBIICHHUIO, ITOCTYTNAIOT Ha MepepaboTKy ¢ MHENbIo Moyde-
HUS BTOPUYHBIX MaTepuaioB. HanOompInyro IEeHHOCTh U3 HUX IIPEICTABIISIOT
YEPHBIC U [[BETHBIE METAIIJIbI, COCTABIIAIOIINE OCHOBHYIO MacCy aBTOMOOMIIS.

3HaueHHe HCIIOJIb30BAHMS BTOPHYHBIX METAJIJIOB

BbiBouMBIC U3 3KCIUIyaTalldd aBTOMOOWIIM SIBJISIFOTCS KPYIHBIM HC-
TOYHMKOM BTOPUYHBIX METAJUIOB. X UCIIONBb30BaHHE MMEET OOJBIIOE 3HA-
YeHHUe, TaK KaK 3aTpaThl Ha BOBJIEYEHUE METAJUIMUECKUX OTXOJIOB B 000pOT
3HAUMTENBHO MEHbIIE, YeM Ha BBIMUIABKY MeTajula u3 pynbl. Mcnons3oBa-
HUe | T MOATOTOBJIEHHOTO JOMa YEPHBIX METAJUIOB MO3BOJISIET SKOHOMUTH
cBeime 1,8 T pynsl, armomepara u okateimeid, 0,5 T Kokca, 45 xr ¢mrocos,
ok0710 100 M’ ra3a. 3HaUMTENBHO COKPAIIAETCS M PACXOl SHEPTHH, HE0OXO-
JIUMOM JUTsI BRITUIABKK MeTainia (tadu. 2.1) [7].

2.1. DKOHOMMS IHEPTUH NPH HCIO0JIb30BAHUH METALI0JI0MA
BMECTO BBINJIABKH METAJNIa U3 PY/IbI

Mertann DOKoHOMHUS 3HEprud, %
AmoMuHuR 95
Mens 83
Cranp 74
Caunerng 64
Huak 60
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TexHoJi0rusi 4 000pyI0BaHUE
JJISl TOATOTOBKH METAJJIOJIOMA K NeperiaBy

[Ton mepepaboOTKOW OTXOZOB METAJIIOB MOAPA3yMEBAETCA TEXHOJIOTH-
YecKuil mporecc, B pe3ysibTare KOTOPOrO OHHM HPUBOJISTCS B COCTOSIHHE,
MpUroaHoe i UCIIOJIb30BaHNUA B METATYPIrU4€CKOM U JIMTEHHOM Impoun3s-
BOJCTBaX. ABTOMOOWIBHBII METAUIONOM IIPU TIOATOTOBKE K IEPEILIaBY
MIPECCYIOT, IPOOSAT U COPTUPYIOT IO BUIAM.

[epen m3MenbpYeHUEM aBTOMOOMIIBHBIA Ky30B M APYroil KpynHoraba-
PUTHBIN METAIIIONOM MPECCYIOTCA. [ yIIOTHEHHST METAIII0NIOMa UCIIONb-
3YIOT MMAaKETHPOBOYHBIE Mpecchl. OCOOEHHOCTh NX pabOTH B TOM, UTO Mpec-
COBaHME OJJHOBPEMEHHO OCYIIECTBISIETCS B TPEX IIOCKOCTAX, B PE3YJIbTAaTe
Yero MoJIy4yaroT MIPOUYHbIE KOMITAKTHbIE TakeThl. [Ipecc nmeer kamepy mpec-
COBAaHMS C HECKOJIBKUMH IUTyHXXEPaMH, THIPABINYECKYIO allaparypy
c OakoM 111 Macia, MeXaHU3M 3arpy3ku Kamepsbl. [laketupoBaHue oOuer-
YaeT ApOoOJIeHNE METAJUIMUECKOTr0 Ky30Ba M MPUBOJIUT K CHU)KEHHIO MTOTEPh
MeTaJjIa Ha yrap B IIPOLECcCE MOCIE Iy O MIaBKH.

Mopenp npecca u ero pabodne XapaKTEpPUCTUKU OMPENeISIOT JOIMycC-
TUMYIO TOJIIUHY JICTa METAJUIOJIOMa U TapaMeTphl MTaKeTOB CIIPECCOBaH-
Horo Jyioma. [Ipomecc BKIIIOYAET CIIEAYIOLIME OICpalMU: 3arpys3Ky JoMa
B TIpecc, MPECCOBAHNE B PAa3IMYHBIX HAMPABICHHUSAX, CKJIAANPOBAHUE MaKe-
TOB. HpI/I 9TOM HCHOJB3YIOT KpaHBI, pr3OH0}I’BéMHLIe OJICKTPOMArHuThI
U JAPYIyI0 MEXaHH3MPOBaHHYI0 TEXHHMKY. OTedecTBEHHasl IPOMBIIUICH-
HOCTb BBIIYCKaeT THIPABINYECKHE TIPECCHl C YCHIIMEM IIPECCOBAHUS
ot 1 no 31,5 MH.

Ha pucynke 2.1 mokaszana cxema npecca b 1642, npumensemoro s
MTaKeTHPOBAHUS METAIIIOIOMA.

IIponecc mpeccoBaHUs OCYIIECTBISETCA CIEAYIOMUM 00pa3oM.
MerannonoM KpaHOM 3arpyskaeTcs B 3arpy304HyI0 Kamepy 6 Ipecca, OTKY-
Jla TocTymaeT B mpecc-kamepy 2. Kpbimka 3 3akpbIBaeTcs C HOMOIIBIO
MeXaHHM3Ma NprKuMa 4, u oM npeccyercs. [1pu atom popmupyercst OKoH-
yarelibHas BBICOTa MaKeTa. 3aTeM C IOMOIINBI0 MEXaHW3Ma IONEPEeYHOrO
mpeccoBanus / Qopmupyerca mmpuHa makera. [locime 3TOro MexaHu3M
MIPOJIOIILHOTO MpeccoBaHus 7 GOPMHUPYET JAIHMHY MakeTa. B 9To Bpems naB-
JICHHUEC B TUAPOCUCTEME MAaKCUMaJIbHO. Ilo oxonuaHuu IpecCoBaHusA BKIIIO-
YaeTcss MEXaHU3M Pas3rpy309HOTO YCTPOMCTBA 8, M MAKET C MOMOIIBI0 Me-
XaHU3Ma J BBITAIKMBACTCS N3 KaMEphl. 3aTeM OKHO BBIIauHl IaKeTa 3aKpbl-
BaeTcs, U IIpecc rOTOB K 0YEPETHOMY LUKy PaOOTHI.

Jis yniuoTHeHWs aBTOMOOMJIBHOTO Ky30Ba M JPYyroro KpymHoraoa-
PUTHOTO METAUIOJIOMa TIPUMEHSIOTCSl TaKKe THIAPaBINYECKHE IIpecc-
HOXHHUIBI (pHC. 2.2), KOTOPBIE MOTYT paboTaTh Kak B PEKUME IIPECCOBAHMUS,
TaK M B PEKUME PE3KH.
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Puc. 2.1. IlakeTnpoBouHbIii ruapasauyeckuii npecc b 1642
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Puc. 2.2. Ilpecc-HOKHUIBI THAPAB/IMYECKHE:
[ — 3arpy3o4Has kamepa; 2 — y3eJl [10JJa4yd MaTepUaJIoB;
3 — MacnocTaHuyst; 4 — HOX; 5 — THIPOLMIHHAPHI
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[Tpu makeTHpOBaHMM Ky30B aBTOMOOMJIS C TOMOIIBIO MEXaHWU3Ma
momaun 2 momaércs B 3arpy30dHyI0 Kamepy [, rae makeT (hopMupyercs
T0 mUpHUHE. 3aTeM Ky30B Ipeccyercs o Beptukanu. [locne ¢popmupoBanms
MakeT C IMOMOIIbI0 MEXaHU3Ma OKOHYATEeJIFHOI'O MPECCOBAHUS BBITAIKHBA-
€TCsl U3 KaMephl ITEMIIETIEM.

ITpn paboTe mpecc-HOXHHUI] B PEXHMME PE3KH IONepedHasl CTEHKa
KaMepbl, SBJIOIIAsACS HOXKEBOM Oasikoil, MOJHMMAaeTCs, W METaLIoIoM
C IIOMOIIbI0 MEXAaHM3Ma MOAAYM IepeMentaeTcs noa Hox 4. Peska ocymie-
CTBIISIETCSI MEXaHU3MOM pe3a, padOTaIOIINM OT THApOIpuBoa [8].

JlpoGiieHre MO3BOJISIET NMPOBECTH BHJIOBYIO COPTHPOBKY MaTepHajioB,
U3 KOTOPBIX H3TOTOBIEH KYy30B YTHJIH3HUPYEMOIo aBTOMOOWI. B3pbIBo-
OIIaCHBIE CMECH PacTbIIEHHBIX Macel W TOIUIMBA, OCTAIOUINXCS B aBTOMO-
Owte ake MOocIie MOATOTOBKY Ky30Ba K YTHIIM3alUH, TPECTABISIOT OIpe-
JEeNEHHYI0 OMAacHOCTh. UTOOB! YMEHBUINTH €€, MPUMEHSIOT CIIEAYIOIIHe
3alIUTHBIE MEPBI: CMATHE U YIUIOTHEHHE Ky30Ba aBTOMOOMIIS Iepes Apoo-
JIHWEM; T10/1a4y MHEPTHBIX ra3oB B APOOWIKY; NpPEABAPUTEIBHOE OXJIaXK-
JICHUE JIOMa; BIPBICKMBAHUE BOJBI B pabouee MPOCTPAHCTBO JPOOWIIKHU;
CO3JJaHME B HEH INPEJOXPAHUTEIBHBIX KIIANAHOB M OTCACHIBAIOIIMX YCT-
poiicTB.

Jnst 1po0ieHust OTXOAO0B HMCHOJB3YIOT NPOOHIKK pPa3iIM4yHOIO THIIA:
mEKOBBIC, KOHYCHBIE, POTOPHBIC, BAJIKOBBIE U Ap. IIpy yTHIM3anuu aBTO-
MOOMJIEH TIPUMEHSIOT POTOPHBIE APOOHIIKH.

B poTopHBIX ApoOMIKax W3MeIbYEHHE IPOUCXOJHUT 3a CYET ynapa,
MIPOM3BOANMOrO C MOMOIIBIO MOJIOTKOB, KECTKO 3aKPEIIEHHBIX Ha OBICT-
poBpatatoiemcsi porope. Macca monotkoB pocturaet 120 kr. Ilpu ynape
Ha JIpoOMMBII ITpeaMET IEHCTBYET KaK Macca MOJIOTKOB, TaK M Macca camo-
TO poTopa.

PotopHBIE ApOOMIKH TMO3BOJSAIOT IMONYYUTH OONBIIYIO CTENEHb W3-
MEJIbYEHHSI, IMEIOT BBICOKYIO MIPOM3BOIUTEIBHOCTD, YOOHBI B OKCIUTyaTa-
IIUM ¥ TIOTPEOJIIOT MEHBIIIEC DHEPTUH, YeM IPYTUe BUBI APOOHITOK.

Poropable IpoOMIKKM MOTYT HUMETh OAMH WM ABa poTopa. boiee mpo-
CTHI U YHOOHBI B SKCIUTyaTallM OJHOPOTOPHBIE APOOMIIKH, KOTOPBIE U I0-
JYYUIIN OIMPOKOE pacrpocTpaHeHue. JpoOuiky i H3MeIb4eHUs] aBTOMO-
OMIBHBIX KYy30BOB MOTYT Pa3JIM4aThCsl PACIIONIOKEHUEM POTOPA U KOJIOCHH-
KOBOH PEIETKH IS yAAICHHUS N3MeNbuEHHOro mpoxaykra. [1o aTomy mpu-
3HaKy pa3lnyaloT JAPOOWIIKH C BEPTUKAIBHBIM M TOPH3OHTAIBHBIM PacIIo-
noxeHueM potopa. [locinenHne ObIBAIOT ¢ BEPXHUM M HIDKHHM PacIooKe-
HHEM KOJIOCHHKOBOH pemérku. [IpenmMymiectBa qpoOHIOK C BEpXHUM pac-
MIOJIO)KEHHEM PEIIETKH — B CPABHUTEIBHO HEOOJBIIOM PAaCXole 3JIEKTPO-
SHEpruu M Oosiee BBHICOKOW YCTOWYHMBOCTH TPH IONA3JaHUH HEU3Melbuae-
MBIX IIPEAMETOB.
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Puc. 2.3. OgHopoTopHas Apoduika

[Tpon3BoANTENFHOCTh APOOMIIKM 3aBUCUT OT MOILTHOCTH HPUBOTHOTO
JIBUTATEIs, pa3MepoB POTOpa, Crocoba 3arpy3kd Ky30Ba, €ro COCTOSHHS,
KOH(HUTypamn KOJIOCHUKOBOH PEHIETKH (pa3Mepa OTBEPCTHH) U JTOCTUraeT
300 TBIC. aBTOMOOUIIEH B TOLL.

Ha pucynke 2.3 moka3aHo yCTpOWCTBO OTHOPOTOPHOH JPOOHIIKH.

JIpoOnika cOCTOUT M3 CTAHUHBI /, HA KOTOPOH CMOHTHPOBAH KOPIYC 2
C KOJIOCHUKOBBIMU periéTkamu 8§ U 9. MeTtamionom nocTynaer B NpUEMHBIN
KOopoO 6, a 3aTeM IOMaIaeT oA yaapsl OBICTPO Bpalmaromerocs poropa 3,
MMEIOIIET0 MOJIOTKH J, cuasimme Ha ocsix 4. OTOOWHBIC IUTUTHI HA BHYT-
pPEHHEH MOBEPXHOCTH KOPIyca MMEIOT BBICTYIBI /, CHOCOOCTBYIOIINE pPaB-
HOMEpHOH 1oJ1aue OTXOA0B Ha POTOP.

Psin 3apyOexHbIX GUpM IUIs IPOOIICHNS] aBTOMOOMIIBHBIX KY30BOB BBbI-
myckaeT mpenepsl (puc. 2.4), B KOTOPbIX H3MeNbYeHHE IMPOUCXOINUT B JIBE
craguu. Ky3oB aBTOMOOWMIS momaércs MO HAaKIOHHOMY JIOTKY B LIpelep,
CHauaja CIUIIOIIMBAETCS C IMOMOIIBIO MOIIHBIX BpalaIOIIUXCS BaJKOB,
a 3aTeM 3aTATUBAETCS UMM B MOJIOTKOBYIO JPOOMIIKY M N3MENTbYaeTCsl.
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Puc. 2.4. Ulpenep

Portop mipenepa Bpamaercs co ckopoctbio 600 060pOTOB B MUHYTY.
Ha HéM B 1m1axMaTHOM TOPSIZIKE HA LIECTH OCSIX 3aKPEIUIeHbI 16 MOJIOTKOB Mac-
coit oxomo 100 kr xaxnelil. Paguyc BparieHHs: BHEUIHEH 9acTH MOJIOTKOB —
okono 1 M. Koprmyce mpenepa ¢yTepoBaH CMEHHBIMH M3HOCOCTOMKHUMH TIIH-
Tamu. ToJNIIKHA TUTUT B pa3inyHbIX MecTax cocTaBiseT 50...100 mm. Pemér-
Ka, OTOOWHBIE TIMTHI U PSA OPYTHX 3JIEMEHTOB LIpe/epa M3TOTOBJIICHBI U3
MapraHercoaepKalux cTaaei.

[pu yrunm3anum aBToMOOMIIeH ¢ OOIBITUME TabapuTaMu, aBTOOYCOB
U IPYTOi aBTOTEXHUKH Iepex APOOIeHHEM HCIIOJIB3YIOT PE3KYy.

Ha npouecc pe3ku BIUSIOT:

IIPOYHOCTHBIE CBOWCTBA MaTepHaa;

TeOMETPHs U TEMIIepaTypa pa3pe3aeMoro u3aesus;

PacIoJIoXKEeHHE U3/IEIHSI TI0 OTHOIIEHHIO K PEXYILEMY HHCTPYMEHTY;
(hopMa 1 COCTOSIHUE PEIKYIIEr0 HHCTPYMEHTA;

BEJIMYMHA 3a30pa MEXIY HOXKaMHU;

CKOPOCTH IPUJIOKEHUS Harpy3KH (CKOPOCTh pe3aHus);
KOHCTPYKIHSL PEXKYLIETO 000pynOBaHUs (HKECTKOCTH CTAHHMHBI,

TOYHOCTH HAIIPABJIAKOIINX, HAJIUYUC OINIOPHI 1 T.,H.);

BCJIMYMHA TPCHUA MEXKAY METAJIJIOM U PCIKYIIUM MHCTPYMCHTOM.

Jlydium 06opyIOBaHHEM SISl pE3KU KY30BOB aBTOMOOUIIEH SBISIFOTCS
THIPaBINIECKUE HOXKHUIB (pHcC. 2.5).
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Puc. 2.5. I'uapaBauyeckue (ru1bOTHHHBIE) HOKHULBI Moaeau H0340

I'mapaBnrueckre HOXXHHIBI TPEICTABISIIOT COOOW arperar, CoCTosi-
LM U3 CTAaHMHBI, 3arpPy304HOTO M IIOJAIOLIETO YCTPOMCTB, MEXaHHU3MOB
IPWXUMa U pe3a, THIPO- U IIEKTPOIPUBOIA.

KoHCcTpykuuss HOXHHUI[ TO3BOJIAET pe3aTb META/UIONIOM MOPIMSIMH,
00BEM KOTOPBIX OMpENeIsIeTcs] EMKOCTBIO 3arpy304HOTO yCTPOWCTBA.
[Ipomecc cocTonT U3 clAEAYIOMNX ONEpanyii: MOATOTOBKU JIOMA; 3arpy3Ku
JIOMa B HOXKHUIIBI; PE3KH JIOMA.

HoxHu1p! paboTaroT COBMECTHO C MOCTOBBIM KpaHOM, 00OpYIOBaH-
HBIM TIOJIUII-Tpe(epoM MK STEKTPOMAarHUTHOHN Iai00iA.

[TpuHIMO PabOTHI HOXKHUIL COCTOMT B clexytomeM. JIoM 3arpyxaercs
B KOp0O 2, KOTOPHIH MOCHIE 3aM0JHEHHS TTOBOPAYUBACTCS C IIOMOIIBIO THII-
ponpuBoza. [Ipu 3ToM JIoM mepemMeniaercst B 3arpy304Hblil kEno0, o KoTo-
POMy MEXaHHU3MOM I0JIauM 3 MepeABUraeTcs B HOXKHHUIEL BenndnHa xona
MOJI3yHAa MEXaHM3Ma IOJa4YH PEryJIupyeTcs ¢ IyiabTa ympasieHus. Ilepen
cpabaThIBaHWEM DPEXYIIMX HOXKHHI[ JIOM YIUIOTHSETCS C MOMOIIBI0 MeXa-
HU3Ma MpIKaTHud 4, KOTOPBIA yAep)KHBaeT oM BO Bpems pe3ku. Ilocne
cpabaThIBaHMSI MEXaHM3Ma pe3KH J Hape3aHHBIH METaIIoNIOM MagaeT
B NMpHUEMHBIA OyHKep, OTKyJa youpaercss KpaHoM. B 3To Bpemst 3arpy3od-
HBII KOpPOO 3amoNHSCTCs CleAyIome mopiueit MeTamionoma. s ober-
YEeHHUs] MPOIecca PEe3KH 3arpy304HBIH JKEJN00 THIPaBINYECKUX HOMKHHMIL
000pyIOBaH KPBIIIKON / M MEXaHM3MOM NIPEABAPUTEIHLHOTO CMSTHS METall-
nosioma 6 [9].

BunoBas cemapanusi oTX0a0B MeTa/IoB. [Ipu mepepaboTke aBTO-
MOOMJIBHBIX Ky30BOB U arperaToB, CoAepKalux 4YEpHbIe U I[BETHbIC METal-
JIBI, TIOJIMMEPHBIE MaTepUabl, CTEKJIO U T.IL., UCIIOJIB3YIOT PAa3IUYHBIE CIIO-
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cOOBI cemapalii OTXOIOB IO BHIaM MaTepuanoB. BumoBas cOpTHpOBKa
MO3BOJISIET TMPOU3BOJUTh U3 OTXOJOB BBICOKOKAUECTBEHHBIE BTOPHYHBIC
MarepHabl, €€ IpPOBOIST IO:

—  (usmyeckuM TpU3HAKaM (MAarHUTHON BOCIPUHUMYHUBOCTH, TUIOTHO-
CTH, DJICKTPOIPOBOIHOCTH U JIp.);

— BHEIIHUM NIpU3HaKaM (I[BETY, XapaKTepy U3JIOMa | Jp.);

— MpeIMETHBIM IpH3HAKaM (HAaUMEHOBAHUE JICTAIH);

— MAapKHpOBKE [IETAJICH;

— pe3yibTaTaM XHMHYECKOTO, CIIEKTPaJbHOTO, PEHTTEHOBCKOTO,
panuaMoOHHOTO aHAIH30B.

[npoko HCHOMB3YIOTCS CIOCOOBI, OCHOBAaHHBIE HA PA3MUYMAX B Mar-
HHUTHBIX, 3JICKTPUUCCKUX U IPYTUX (PU3HMUSCKUX CBOWCTBAX OTXOJIOB.

MarsuTHble CIOCOOBI MO3BOJISIOT CO3JaTh MOIIHBIE CHIIBI BO3JICHCT-
BHS Ha MaTepUAIIbI, KOTOPBIC MPEBBIIAIOT CHITy TpaBuTanuu B 100 u Gonee
pas, 94To 00JeryaeT MmpoIecchl pa3ieieHus. DT CIIOCOOBI 001aat0T BHICO-
KOH M30MpAaTeIbHOW CIIOCOOHOCTBIO, IKOJIOTHYSCKONW YUCTOTOM, MPOCTOTON
00CITy’)KUBaHUS W HU3KOH ce0eCTONMOCTBIO.

TexHOMOTHsI MarHUTHOW Celapanyy 3aBUCHT, TPEXIe BCETo, OT CO-
CTaBa TOJUICKANINX pa3ICICHUI0O MATEPHaJOB M OIPENENIIeTCS THIIOM
HCTIIOTIB3YEMBIX CEMapaTOpOB.

DJNEeKTPOMarHUTHBIE CETapaTophl, peaHa3HAaYeHHBIC IS H3BICUCHUS
JKENIe3HBIX U IPYTHX (PeppOMarHUTHBIX MPEIMETOB U3 HEMAarHUTHBIX MaTe-
pHUAJIOB, HAIUIM MIMPOKOE TMPUMEHEHUE TPU YTHIN3AIUU aBTOMOOWIEH u
aBTOKOMIIOHEHTOB.

Homenkiarypa aieKTpOMarHuTHBIX CENapaTopoB, UCHOIb3YEMBIX ISt
paszeneHus OTXO/0B, JOCTATOYHO BEIUKA, U OHH MOTYT OBITh KiacCU(U-
UPOBAHBI CICAYIONIMM 00pa30M: MOJBECHBIC JKEIEC300TIACITUTEIIH, DJICK-
TPOMAarHUTHEIC IMAHOBI, 3JIEKTPOMATHUTHBIC IIKWBBI, 3JIEKTPOMAaTrHUTHBIC
OapabaHbI.

Jns yaaneHus MarHUTHBIX MaTEpUANOB U3 IMOTOKA MPOIYKTOB IPOO-
JIEHUST TIPUMEHSIOT IIKUBHBIC 3JIEKTPOMArHUTHEBIE CETapaTophl (MKele300T-
nenutenu) tuma 113 (puc. 2.6), KOTOpble yCTaHABIUBAIOTCS BMECTO IIPH-
BOAHOTO OapabaHa JIGHTOYHOTO KOHBeiepa.

O dexTuBHOCTH PabOTHI ICKTPOMATHUTHOTO IITKUBA 3aBUCHT OT Mac-
Chl, TEOMETPUN W MAarHUTHOW BOCIPHUMMYHUBOCTH H3BIEKa€MbIX MaTepHa-
JIOB, a TaKXKe€ OT IUIOTHOCTU TPAHCIOPTUPYEMOTO MaTepuaia U CKOPOCTH
JIBIDKCHUS JICHTHI KOHBelepa.

[puHIUN pabOTHI AIEKTPOMATHUTHBIX MIKHBOB COCTOMT B TOM, YTO
(eppOMarHUTHBIE MaTepHaNbl, TPAHCIOPTHPYEMBIC JIGHTOW KOHBeWepa,
TIPUTSATHBAIOTCS K HEW B 30HE YCTAHOBKW IITKWBA, 8 HEMarHUTHBIE cOPachI-
BAFOTCS C JICHTHI IO XOAY €€ IBIDKCHHUS.
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Puc. 2.6. Dj1eKTPOMAarHMTHBII IIKHB:
1 — nuCcKU-TIONIOCHl; 2 — KaTyika; 3 — Ba;
4 — ToKOpacpeeIuTeNIbHAs KOPOOKa; 5 — KOPITyC LIKHBA

OcBOOOXIEHNUE JIEHTHI OT (PePPOMATrHUTHBIX MaTEPUAIIOB ITPOUCXOAUT
B TOM MeCTe KOHBeHepa, T/ie OTCYTCTBYeT MarHMTHOE TOJe, T.€. TaM, TIe
MpeKparaeTcs e€ KOHTAKT co MKUBOM. CKOPOCTh ABIKEHHS JIEHTHI TOJDK-
Ha cocTaBmATh 1,25...2,0 m/c. TIpu Oosiee BBICOKOH CKOPOCTH IBHUKCHUS
JICHTBI CHIDKAETCSI TIOJTHOTA Pa3/IeiCHUs] MATHUTHOW M HEMarHUTHOH (pak-
it [11].

[Tpu yTunm3anuy 0TXOJ0B IIUPOKO UCIOIB3YETCS BUAOBAS Cemapanus
B TKENBIX Cpelax, KOTOpasl 3aKII0YaeTcs B pa3fesieHHd MaTepualioB IO
IUIOTHOCTH B TPAaBUTAIIMOHHOM WIIH IEHTPOOESKHOM TIOJIE€ B CYCIICH3UH WIIH
KUIKOCTH, ITIOTHOCTh KOTOPOH SIBIISIETCS] POMEXYTOUHON MEXKIy TIOTHO-
CTSIMH pa3/iesieMbIX YaCTHII.

TspKénble CycrieH3un NPECTaBIAIOT COO0H B3BELIEHHBIE B BOJIE TOHKO-
JICTICPCHBIC YACTHUIBI THKENBIX MHHEPAJOB WM CIUIABOB-YTSDKEITUTEINEH,
B Ka4eCTBE KOTOPBIX HUCIOJB3YIOT ()ePPOCHITHIINIA, TUPHUT, TUPPOTUH, MarHe-
TUTOBBIM M TeMAaTUTOBBIM KOHLIEHTPAThl U APYTHE MaTepUaibl KPYIMHOCTHIO
10 0,16 mm. B kauecTBe TSDKENBIX KHUIKOCTEH MCIOJB3YIOT BOJHBIE PACTBO-
PBI HEKOTOPBIX COJIEH: XJIOpHIa KaJbLUsl U IIMHKA, HOAWIA Kaus U JApPyTHUe,
KOTOpBIE TO3BOJISIOT TONydYaTh CPEAbl C IUIOTHOCTBIO 10 3000 Kr/m’.
Ha pucynke 2.7 nmoka3zaH KoyiecHbIN Tshxénocpenusiid cenaparop CK-12.

Paznensiemast cMmech mocTymaeT IO 3arpy304HOMY JIOTKY B BaHHY,
COCTOSIIIIYIO M3 JBYX COCIMHEHHBIX B HWYKHEW 4acTu oTnaelieHuid. B omHoMm
U3 OTAEJCHUH Pa3MELIeHO 3JIEBaTOPHOE KOJIECO IS BHITPY3KH CYCIEH3MU
BMECTE C TIOTOHYBIIEH, Ooinee Tsokémoit (paxmueii. JIérkas (pakmus BbI-
Tpy’kaeTcs B BepXHell 4acTu BaHHBI. VX mepeMennBaHue B 30HE BHITPY3KU
MpeAOoTBpAILlaeTCs Pa3AeIUTEIbHON IEPETOPOIKOMN.
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Puc. 2.7. KoaecHslii Ts:kénocpeanblii cenaparop CK-12:
I — BaHHa; 2 — 351eBaTOpHOE KoJeco; 3 — nephOprpOBaHHbIC YESPIIAKH;
4 — ckpeOkoBbIif MexaHu3M; I — ypoBeHs cycnensuy; 11 — 3arpyska;
IIT — konuenrpar; IV — cycnensus; V — cauB cyCneH3UU

Takum 00pa3oM, MPU YTUITU3ANUU AaBTOMOOUIIEHOTO METAILIOIOMa OC-
HOBHBIMH CTaJHUSIMHU TEXHOJOTHYECKOTO MPOIECcca SIBISIOTCS: IPECCOBAHUE,
JIpOOJICHWE W BHOBAs CEMapalus MaTepUAOB C MOMOIIBI0 MAarHUTHBIX,
paTHOMETPUIECKUX, THAPO- U adPOJANHAMUUECKHUX CIOCO00B. Mcmonb3oBa-
HUE BTOPUYHBIX METAIUIOB, COCTABILSIIOIIMX OCHOBHYIO YacCTh YTHJIHM3UpPYE-
MBIX aBTOMOOMJICH, NMEET BaXKHOE SKOHOMHUYECKOE U SKOJIOTHYECKOE 3Ha-
yenue [10].

Oemontax  demontax AemoHTax
npHEOPHOR OBAMUOBKK CHOSHWA
MEHENA A

xnoa, 5

OemonTtas  O8MOHTAK JeMoHTax
AKYMYNIATOPE NOKPHILLEK foyia06aKa

Hepusid
METARME
or noa. 3

Puc 2.8. Texnonoruuyeckasi cxemMa yTHIU3AIUU U3HOLIEHHBIX ABTOMOOUJIEH:
1 — aBTOMOOHIIB; 2 — MPECC-HOKHUIIBL, 3 — MOJIOTKOBAsI IPOOUIIKA;
4 — oJIBECHOM MarHUTHBIN cenapaTop; 5 — KOHBelep MIacTHHYAThIN;
6 — MTHEeBMAaTHYECKUH cenaparop; 7 — yCTaHOBKA PaAMOMETPUIECKON Cenapauu
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OCHOBHBIMHU CTaJIMSIMH TIpOLIECCa YTHIM3AIMKH aBTOMOOWIIBHBIX KY30-
BOB SIBJISIFOTCS [TAKETHPOBAaHUE, APOOJICHNE U BUOBAsI CETIapariisl.

Ha pucynke 2.8 moka3aHa NpHHIMNHAIbHAS TEXHOJIOTHYECKAs CXeMa
YTUIN3AIMU Ky30Ba aBTOMOOMIIA.

CornacHo 3To# cxeMe ¢ aBTOMOOWIISI TIepe]T MAaKeTUPOBAHUEM U JIPO0-
JICHWeM CHHUMAIOTCS arperatbl W KpYIHBIE JeTand: Oammepsl, Koiéca,
0eH300aK, CHICHBS | Jp.

Ky30B aBTOMOOMIIS / IOCTYIAeT B MPECC-HOXKHUIIBI 2, TAKETUPYETCs U
n3Menpyaercs B 1poduiike 3. Jlanee npoOnéHblii NpoayKT IoMagaeT Ha Iuia-
CTUHYATHIN KOHBEHep J, Hal KOTOPHIM MOJBELIEH MAarHUTHBIN cernapaTop 4.
C ero moMoImpi0 MPOUCXOAUT BBIJCICHHE W3 MOTOKAa YEPHBIX METANJIOB,
KOTOpBIE MOCTYMAIOT Ha CKIaJ ToToBoi mnpoxykmuu. OcTaBmmiica Ha
KOHBeliepe NpoOJIEHBIH TPOIYKT, COACPIKaIIMi [IBETHBIE METAIIIBI U HEME-
TaJUIMYECKUE MaTepHalbl, IPOXOJUT BUAOBYIO CETApalvio B MMHEBMOCEMA-
patope 6.

IIpu »TOM HeMeTauIMYecKHe MaTepHabl BBIBOAATCS M3 IOTOKA,
a [IBETHBIE META/UIbl PA3JeIIFOTCS 10 BUAAM CIUIABOB B YCTaHOBKE Pajino-
MeTpHuuecKol cemaparuu 7 [12].
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3. YTUNMU3ALUUA U BTOPUYHASA NMEPEPABOTKA
MHOIOKOMIMOHEHTHbIX TBO

B Hacrosmiee Bpemsl, n3-3a MacIITAOHOTO Pa3BUTHS TEXHUKH, CIIAXKEH-
Hasl IeATEIBHOCTh MPENNPUATUS B OONbIIEH CTENEHH 3aBUCHT UMEHHO OT
TCXHUYCCKOTI'O OCHAILICHMUS. Psenue mrara COTPYAHUKOB, a, 3HAYUT, U IIPC-
CTHX KOMIIAHUH, TAKXKE B OTPOMHOMN CTETICHH 3aBHCHUT OT COCTOSIHHUS JJIEK-
TPOHUKH. VIMEHHO MOATOMY COCTOSHHIO OOOpYZOBaHWS HY)KHO YIEISTh
orpoMHoe BHUMaHKe. COOTBETCTBEHHO MK OOHOBJICHUH TEXHHKH B (prupme
BO3HHMKAET BOIPOC, KyJa JI€BaTh YCTApeBLIyI0 TeXHMKY. [IpomaTh Takyro
TEXHHUKY TPYAHO, BEIb MaJl0 KTO MOXET OBITh 3aMHTEPECOBAH B IpHOOpeTe-
HUM ycTapeBliero obopynoBanus. OJHAKO Ha TOT Ciydald, €CIIM TEeXHHKa
HEeHCIpaBHa, COBITH C pyK € He MOJIYYHTCs, 1 OHa Oy/eT BHCETh Ha OajaHce
Bamrero mnpeanpusatus. CaMbM ONTHMAajbHBIM BapHaHTOM SBISIETCS MO
BCEM IIpaBWJIaM CITHCaTh CTAapyl0 TEXHHWKY M TepelnaTb Ha YTHUIN3ALMIO.
OTnpaBnaTh Ha CBAJIKY TEXHOTCHHBIM MycCOp HETpPHEMJIEMO, TaK KakK IpH-
YUHAETCS BPEJ OKpYXKaoel cpene. DTO ciIydaeTcsi MOTOMY, YTO MPU CO3-
JIAHUH 3JEKTPOHHOTO 00OpYZOBaHUSI MPUMEHSIOTCSI ONACHBIE XMMHUYECKHE
JJIEMEHTBI, B pe3yJIbTaTe pPa3ioKeHHs: KOTOpble MOTYT HaHECTH yiiepO HpH-
poxne. Kcraru, moka BBl IpuMEHseTe B padOTe Ja’ke CaMbIil CTaphIii KOMITh-
10Tep, Bpela HU 4eNOBeKy, HH NPUpOJe OH He mpuHocHT. [Ipn Hammumn
BJIMSAHUA TTPUPOAHBIX (l)aKTOpOB BO3HUKAIOT XUMHWYECCKUEC PEAKIINU, UTOI'OM
KOTOPBIX SIBISIETCS BBIAENEHHE 510B. Beap 3T0 HeMUHYyeMo 0OepHETCS 3a-
rpsA3HeHneM npupoasl. HeoOxoauMo 3HaTh, YTO YTHIM3ALMS OPTTEXHHUKH
Ba)KHA MIOTOMY, 4TO 000pYJOBaHHE BKIIOYAET B ce0s1 HEKOTOPOE KOINYECT-
BO parmetasuioB. JIrobas ¢pupMa 1mo 3akoHy 00s13aHa JOKYMEHTHPOBATH BCE
JBIDKCHUS ParolieHHBIX METAIUIOB. Bam OyneT HyXeH TOKYMEHT O COZep-
JKaHUM OJaropoIHBIX METAJUIOB B YaCTH NepeJaHHbIX Ha ad(UHaX 3JIeK-
TPOHHBIX KOMIIOHEHTOB. O00OpyIOBaHKEe, IOMUMO MIPOYETO, MPOU3BOAUTCS
13 TaKUX MaTepHajJoB, KaK IUIACTHK M PA3IMYHBIC METAUIBI, 3 WX HY>KHO
claTh crienuanucram Juisl nepepabotku. [IpodeccroHanbHas yTHiIM3anus
KOMIIBIOTEPOB — 3TO CJIOXKHBIN, HO BaxHBIN nporecc. [Ipoueaypy yrunusza-
LIUM TEXHUKH TPOBOIAT TOJIBKO NMPOQeCcCHOHATIbHBIE (DPUPMBI, TPOIIEAIINE
perucrpanio B [Ipobupnoii [Tanare [1].

3.1. IEPEPABOTKA MHOI'OKOMIIOHEHTHBIX
TBO B POCCHUH

B Poccuu exxerogHo npou3BoauTCs OKOJIO 3,8 MIIpA. T BCEX BUAOB OT-
x0710B. KonmuecTBO TBEPABIX OBITOBBIX OTXOJOB COCTaBISECT 63 MIH. T/TO
(B cpemaem 445 xr Ha "enmoBeka). K cokaneHuto, B HalIeil cTpaHe COBEp-

39



LIEHHO HE Pa3BUTa IKOJOTMYEcKas KylIbTypa, a 0 YPOBHS €BpOINEHCKON
HHPPaACTPYKTYPHI, TI€ MyCOp COOMpaeTcs pa3ieibHo, HaMm naneko. CeromaHs
€IMHUILIBI U3 THICSY COPTHPYIOT OBITOBOW MYCOp U OTBO3AT €T0 B MPUEMHBIE
nyHKTHl. 1 Mano kto rotoB miatuts 1000 p. 3a TO, 4TOOBI IPaBHIBHO YTH-
JIN3UPOBATh CBOM CTAaphlil X0J0AUIbHUK. [Ipollie BEIHECTH €r0 Ha OMOMKY.

Takas xommnaHust kak Onppopano, coBmecTHo ¢ UKO, 3aHmMaercs
B HacToOsIlIee BpeMs yTHIU3aIel ObIToBoM TexHUKH (puc. 3.1 —3.11).

Puc. 3.2. ®oT1o cki1asa 0TX010B CTUPAJIBLHBIX MAILIMH
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=) G
Puc. 3.3. ®@oT1o u3BJIeUeHHS OTAENbHBIX JeTalieil

[lpuHnMas u3enus Ha YTHIN3ALUI0, KOMITAaHHS NPOBOAMT MX TINA-
TENBHBIN pa30op. MakcuManbHO U3BJIEKAeT BTOPUYHBIE pecypchl (INIACTHK,
METaUIbl, PaJHO3IEeKTPOHHbIE KOMIIOHEHTH) U MHHHMH3HPYET OCTaTOK,
NOAJTIeKAIUK Iepeade Ha CIEeNUabHble MOJMIOHBI U 3aXOPOHEHHS.
INocne maHHOrO mMpolecca yTHIM3AlMU Ha 3aXOPOHEHHE OTIpaBiieTcs He
96%, a Bcero okoio 7%. Bcé ocTanpHOE — Ha BTOPUYHOE UCTIONB30BaHUE.

[TepBrIit aTan pabOTHI IO YTWIN3AIMU — IPUEMKA U COPTHPOBKA H3/1e-
T Ha TOBapHBIE TPYIIIIHL.

Jlanee W3 TEXHWKN M3BJIEKAIOTCS y3JIbI, COJCPIKAIUE IIBETHHIE METaIl-
JIBI, QJIEKTPOHMUKA, €CII OHA €CTh, JINKBU/IHBIE TUITACTUKH U CTEKIIO.

BaxHBIH 3Tan yTHIM3alUM XOJIOAWIEHIKOB M KOHAWIIMOHEPOB — 3TO
OTKauKa ()peoHa, BpeAHOTO BEIIECTBA, KOTOPOE Pa3pylIaeT 030HOBBIH CIION.

Puc. 3.4. ®oto oTkaum ¢ppeona
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Puc. 3.5. ®o1o npecca co CTOPOHBI 30HbI 00CIYKMBAHUS
(600-ToHHBIii Mpecc)

Bce xommoHeHTHI nayT Ha nepepaboTky. CTEKI0 H3Menp4aeTcs, Iia-
CTHUKOBBIE JaCTH APOOSATCSI, @ METAII IIPECCYETCSI.

Ha BBIXOz€ Momy9aroTcst BOT TaKue KyOHUKH, KOTOPBIE MPOJAIOTCS IS
NepeIUIaBKl Ha MeTaJUTyprudeckue KOMOMHATHL. IIpo CTOMMOCTB CBHIPBS:
B Poccun onna ToHHa yepmera cTout He Ooiee 9 Thic. p. B AHrmmnu Gonee
15 THICSU.

Kpome ObrToBoit Texaukn, kommanus UKO yTunmsupyer Oymary, moia-
CTHK, 1e/IodaH U NeHomacT. B crenmanbHOM rpecce CMUHAIOT BCIO Maky-
JaTypy U YHAaKOBBIBAIOT €€ B KOMIakTHbIe namiersl, BecoM 300...400 kr.
[TmacTrk mo3e OTHPABIAIOT B APOOHMIIKY, ¥ TTOIYIEHHBIH MOPOIIOK YXOIUT
Ha repepaboTKy.

Puc. 3.6. ®oTo ck1aAMPOBaHNS NPECCOBAHHBIX CTHPAJbHBIX MALIUH
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Puc. 3.8. Cki1aa 0TX010B KOMIBIOTEPHOI TEXHUKHU

OtpenbHas HMCTOpPHMST C  YTWIN3AlMed KOMIIBIOTEPHOW TEXHUKH.
Kommuiextyromue copTupyroT MO CBOEH IIEHHOCTU: MaTepUHCKHE IJIaThl,
MIPOLIECCOphl, ONOKM MHUTaHMs, npoBoaa. CaMoe IIeHHOE B KOMIIbIOTEpE —
MaTepHHCKasl IIaTa.

Paanos1ekTpoHHBIN JIOM MTpoAaloT Ha apHUHAKHBIE 3aBOABI — Mpes-
TIPUATHS, KOTOPBIE 3aHUMAIOTCS TTOJTyI€HHEM BBHICOKOUNCTHIX IPAroIeHHBIX
MeTaioB. Ha BBIXOJE M3 MHKpPOCXEM MHOIydYaroTcsi OAaHKOBCKHE CIIUTKH.
W3 ogHOl TOHHBI MaTEPUHCKUX IUIAT MOJYy4aeTCsl KUIOTPaMMOBBIM CIMTOK
cepebpa u 100 rpamm 30moTta [13].
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Puc. 3.10. ®oT1o0 u3BJIeYeHHS OTAETBHBIX KOMILIEKTYIOMIMX
KOMIIbIOTCPHOI TeXHUKH

Petimune emopcuvipva no e2o yennocmu:

Hparonennpie wmetamibl  (3osnoto, Pomaumit, Ilmatumna, Ilammamwmid,
Cepebpo).

Menpb.

ANMIOMUHIHA.

CauHelr.

Yepwmer.

IInactuku.

Crexkio [2].
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Puc. 3.11. ®oTo oTCiIy:KMBLICH MATEPUHCKOIH IIATHI

ITo 3aKoHY paAMO3NIEKTPOHHBIN JIOM HAJO OTHPABIATH Ha adduHax-
HBIE 3aBOJBL. DTO TaKHWE€ MPEIPHATHS, KOTOPbIE 3aHUMAIOTCS MTOIyIEHHEM
BBICOKOYHCTBIX OJaropoIHBIX METAIIOB IyTEM OTAENEHHS OT HUX 3arpss-
HAIOIUX npuMeceil. Jlagee W3 HUX H3TOTaBIMBAIOT OAHKOBCKHE CIIUTKH.
B Poccuu Takux 3aBosiOB NIEBsITh, Ha «OEIHOM» ChIpbe (IUIaTaX MU MHUKpO-
cXeMax) CIeHHaTU3UPYIOTCs Ba 3aBoja — Y payekTpomenp U KelmTeiM-
CKUI MeJe3TIeKTPOIUTHBINA 3aBOJ.

[TnaTel pa3ouparoTCsi BpyYHYIO U COPTHPYIOTCS IO CBOEW LIEHHOCTH,
TaK KakK KaIas COJAEpP)KUT pPa3HbIE JparMeTauibl. B Oiiokax muTaHus ecTh
HEMHOTO Mequ M cBuHIA. Kak yke paHee ObUIO CKa3zaHO, camoe LIEHHOE
B KOMIIBIOTEPE — 3TO MaTepUHCKas Iu1aTa, 3a Kuiorpamm miat UKO noiy-
yaeT 150 p. 3a ocransuble maaTel — 70...80 p. KoMnanus Takxke MOXET Mo-
KyMaTh TEXHUKY C MYCOPHBIX IOJIMTOHOB, €CIH, KOHEYHO, TaM OTJIaKeHa
IUCHIUTUIAHA COOPKHU M COPTHPOBKH [ 14].

3.2. MTPUMEPHI YTUJIN3AIIUN
MHOT'OKOMITIOHEHTHBIX TBO

YTUau3anus razoBbixX IJIUT

B mpornecce yTunmzanuy ra3oBbIX IDIMT HUCIOJIB3YIOTCS 0COOBIE TeX-
Hojornu. Heo6XoauMo NOMHHUTbB, YTO IMOJOOHBIE MPEIMETHI SIBISIOTCS WC-
TOYHHUKOM IIOBBIIEHHOH omacHOCTH. [lepen TeM, Kak MpUCTYNUTh K YTHIIH-
3aIliH, OTIBITHBIE TPOQECCHOHATIBI BO3EMYT Ha aHAJIM3 IIPOObI BO3AyXa. DTH
JeWCTBHS HEOOXOIMMBI, YTOOBI BEISIBUTH BOZMOXHYIO YTE€UKY ra3a BO BpeMs
JEMOHTa)Ka IJIMTHI. MHOTHE BIAJENbIbl HE MPHUIAIOT OOJIBIIOTO 3HAYCHUS
MOJOOHBIM NIPOIIEyPaM, TIOCKOIBKY YBEPEHBI, YTO NPHOBIBIINE CHEIHAIIH-

45



CTBI JICP)KaT BECh MPOIIECC MO KOHTposieM. [103ToMy IpaMOTHBIE COTPY-
HUKH, HEC BIIEPBBIC 3aHUMAIOIHUECA BOIIPOCaAMHU YTUIIU3alluK T'a30BbIX IUIWT,
JIOJDKHBI 0cO00¢ BHUMAaHHE YIENATh 0€30MacHOCTH Jiroaei [15].

Yrunuzanusa MOHMTOPOB

KonmuecTBO 37IEKTPOHHON TEXHUKH HEYKIOHHO PacTET, MOITOMY €€
YTHIM3AIMS U TIepepadoTKa SBISETCS OJHON M3 MpoOJIeM HACTOSIIETO Bpe-
MeHH. Okupaercs, 4To B OyayIieM 3HAYMTENbHas AOJIS SIEKTPOHHOTO My-
copa OyZeT MPUXOAUTHCS Ha >KUAKOKPUCTAIIMYECKUE U TNIa3MEHHBIE JHC-
nneu. Benp yke ceiluac MOKHO ¢ IIOJTHOW YBEPEHHOCTBIO CKa3aTh, UTO Ha-
CTYNHMII BEK JKUJIKUX KPHCTAJUIOB U IIa3MBbl, & TPOMO3/IKHE KHHECKOIIBI YIII-
U B npouutoe. OfHAKO HUYTO HE BEUYHO U MOXKET HACTYNUTH TOT Medajb-
HBIf MOMEHT, KOI'JIa YCTPOHUCTBO IO T€M WM MHBIM NIPUYHHAM YXKe He MO-
JKET BBITIOJIHATD CBOM (DYHKIIMH M OTHPABIISIETCS Ha CBaIKY. B nyumem e
cllyyae TEXHUKa OTIIPaBUTHCS Ha IIEpepadoTKy.

C nenpr0o MUHUMH3HPOBATh HETaTUBHOE BIUSHUE AJIEKTPOHHOIO Mycopa
Ha OKPY’KaIOILIYI0 Cpefy B psiie pa3BUTBIX CTpaH AKTUBHO MPOBOAATCS IIPO-
TpaMMBI IO ero cOopy U yrwimsarmu. Hanpumep, EBponelickiii cor03 mprHSUT
mupextuBy 2002/96/EC, cormacHO KOTOpPOH yTHIM3AIWK IOJIEKAT BCE YCT-
poticta ¢ XKK-mucruresmu miomansio 6omee 100 oM’ u CCFL-moacBeTKOM.

Kax ace npoucxooum npoyecc ymunuszayuu? Ilpouecc mepepaboTku
HauMHAETCAd C PyYHOTO JAEMOHTAaXa COCTABHBIX YacTEH AIEKTPOHHOH Tex-
HUKHU. [|eMOHTHpOBaHHBIE KOMIIOHEHTHI, KaK IPaBUIIO, COPTHUPYIOTCA Ha
IUTaCTHK, METAJlJI, MeYaTHbIe IUIATHl, MPOBOJA, JIOMUHECIICHTHBIE JaMIIBI,
JKK-mucruten miast maneHeimeit nmepepabotku. Ha gemontax 3—4 emuHuir
TEXHUKU IIPUMEPHO YXOIUT OJIUH Yac.

Kaxk BHAHO M3 HpEACTAaBICHHBIX TMCTOIPAaMM OCHOBHYIO MAaCCOBYIO
JIOJII0 3NEKTPOHHOM TEXHUKM COCTaBIseT MeTamn M miactuk, a JKK-
muctien — ot 6 1o 18% (puce. 3.12 —3.14).

44%

18,5%

14%

Puc. 3.12. ®pakuuonnslii coctaB KK-teneBusopa
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39%

36,5%

Puc. 3.13. ®pakuuonuslii coctaB JKK-monuTopa

35%

Puc. 3.14. ®pakuuoHHbIIi cocTaB HOYTOYKa

Oco0yro omacHOCTh I OKpyXkaromed cpeasl cocrasisitor JKK-
muctien ¢ CCFL (moMuHECHEHTHAsT JaMIla C XOJOJHBIM KaTOHOM)-
MOJICBETKONW. B 3aBHCUMOCTH OT XapaKTEPHUCTHUK JIIOMHHECIICHTHON JIaMIIbI
(puc. 3.15) B Heit MoxeT conmepxkarbes 10 3,5 Mr pryTtH. st cpaBHEHHS,
B 3HeprocOeperaronel JIOMIHECIICHTHOW JIaMIle CONEPKUTCS OKOJo 5...7
MT PTYTH.

IToaTOoMy mpuéM, XpaHEHUE U TPAHCIOPTUPOBKA 3JIEKTPOHHOU TEXHU-
KU IPOBOJMTCS TAKUM 00pa3oM, 4TOOBI N30€XaTh MOBPEKACHUS JIIOMUHEC-
LEHTHBIX JaMi. OJJHaKO 04eHb YacTO TEJIEBU30PbI 1 MOHUTOPHI TOCTYHAIOT
Ha Y4acTOK IO TepepadoTKe ¢ yxke pa3ouTbiMu sammnamu (10 20% pa3ou-
THIX JIaMIT B TeJeBu3opax M 10 5% B MoHHTOpax). Ha yuacTtke B CBs3M
C 3TUM NPOBOJUTCS ITOCTOSTHHBIH KOHTPOJIb U MEPOTIPHUATHS IO HENOITyIIe-
HUIO KOHIEHTPAMK PTYTH B BO3AYXE BBINIE MPEAEIHHO AOMYCTUMOI KOH-
LCHTPALHH.
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Puc. 3.15. BHemnuii BUa JIOMHHECHEHTHBIX JIaMIT
¢ x0J104HbIM KaToaoM s JKK-1ucniieeB

3.1. CpaBHuTesabHas xapakrepuctuka KK-gucriies

I[HaFOH?;;I;IiES{HCHHeﬂ KonugectBo namn Coneprkanue pTyTH (Mr)

15 2 7
17 4 14
19 4 14
20 6 21
26 13 45,5

32...37 16 56
42 18 63

JleMOHTHpOBaHHBIE JIAMITBI, KaK TPABHIIO, YTHIIM3HPYIOTCS 10 TOH ke
TEXHOJIOTUH, YTO ¥ OOBIYHEIC SHEProcOeperaromiye IIOMUHECIICHTHEIC JIaM-
mel. Crenyer ckaszatp, uro JKK-aucmren ¢ LED- wmn OLED-noncsetkamu
CUHTAIOTCSI O€30TIaCHBIMU ISl OKPYXKAOIIEH cpenbl, TOCKOIBKY HE comep-
’KaT TOKCHYHBIE BEIIECTBA B KAKUX-TM00 3HAYNTEIbHBIX KOJIUYECTBAX. YIKe
ceiiyac HaOmronmaercst TeHneHuus Kk nepexony Ha JKK-mucmnen ¢ LED-,
a B Oyaymem u ¢ OLED-noncBetkamu.

Mexay noacetkoit u JKK-nucnneeM HaXOAUTCS MaKeT U3 Pa3InIHbIX
MTOJTUMEPHBIX ONTHYCCKUAX IUIEHOK. DTO YBEIUYUTENh SIPKOCTH, CBETOpAac-
CEHBArOINAs TUIEHKA, MPU3MATHICCKas IJIEHKA, CBETOHAIIPABIISIONIAS U CBE-
TooTpaxaromas TiEHKU. Kak mpaBwiio, 3T TIEHKU OTHPABISIFOTCS HA MY-
COPOCKHTATeIbHBIA 3aBOJl BBHAY WX Pa3HOOOPA3HOTO COCTaBa W HU3KOH
CTOUMOCTH.
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FaWMTHIA NNeHKA

Nopnoxxa Ana nonApu3aTopa
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CTeknAHHan nognoxka

CeeT oT NoACBeTEH

Puc. 3.16. Ynpomiénnoe cxemarudeckoe u3odpa:kenue crpoenus JKK-qucnies

A Tenepr oOpatuMm cBo€ BHuManme Ha camu JKK-mucruren. Ipexne
BCETO, JIaBaiTe MocMoTpuM, U3 4ero xe nenatoT JKK-aucruren, 9To0bI BBI-
SICHUTB, 9TO M KaK yTHIM3HPOBATh (puc. 3.16).

PaccmotpumM Bce coctaBHbIe cion JKK-nucmies o nopsaaxy.

[Monspu3annoHHBIA (QUIBTP MPEOCTABISAET COOOH MHOTOCIOHHYIO
KOMIIO3UIIMIO U3 HOJIMMEPOB OPraHUYECKOT0 U HEOPTaHWYECKOTO IIPOUCXO-
xaeHns1. CuanuTaeTcs 9KOJIOTHYeCKH O€30MacHBIM, HO TPH HEBBICOKHUX TEM-
nepatypax TOpeHHs] MOXKET BBIACTISATH BPeIHbIC BEIIECTBRA.

CrexiisiHHasA noanoxka umeeT tommuny 0,4...1,1 MM 1 u3roraBnuBa-
€TCsl M3 HATPHUEBOTO WIK U3 Oosiee JOpPOrux OOPOCHIMKATHBIX M allFOMOCH-
JIMKAaTHBIX CTEKOJI. SIBISIETCS HKOIOTHUECKH OE30IIacHOM.

DJEKTPOIbl MPEACTABIAIOT CO0OH MpO3padHoe MOKPBITHE U3 In,Os3—
SnO, (ITO). TommuHa COS MOXKET COCTABIATH 10 125 HM, 4TO IPUMEPHO
cocrapisier 234 Mr/M°. BBH/Iy BEICOKHX LIEH HA OKCHJ[ HH/IHS 9TO OKPBITHE
MeeT NMOTEeHINATBHBIA HHTepec I nepepaboTku. Hampumep, yxe cymie-
CTBYIOT TE€XHOJIOTHH BBIAeNeHUs okcuaa uHaust u3 XKK-nucmneeB rugpome-
TaJUTyprU4ecKuM MeTomoM. OmHako SKOHOMHYecKast 3((EeKTHBHOCTD JaH-
HOTO MeToja BCcE eul€ Moj BOIPOCOM IO NPUYMHE MajOd KOHLEHTpaLUu
OKCHJA MHIHA B CBIPBE.

JKuakume KprCTaIuIbl IMEIOT CIIOKHBIA COCTaB M MPEACTABISIOT COOOH
cmech u3 10 — 25 pa3nuyHbIX KOMIOHEHTOB HA OCHOBE apOMaTHYECKUX IO-
nuMepoB. KoandecTBO XKUAKMX KPHCTAJUIOB Ha OIWH KBAaJPATHBIA CaHTH-
MeTp npuMepHo cocraBigeT 0,6 Mr. OCHOBHBIM IPOU3BOJUTENEM JKUAKHX
KPHCTAJUIOB SIBIAETCA HeMenkas kommnaHust Merck, KoTopasi BBINTOJHMIA
pAd  TOKCHUKOJIOTMYECKMX U SKOTOKCHUKOJOTHMYECKUX HCCIEeTOBaHUH.
CorylacHO TONydEHHBIM pE3yJIbTaTaM >KHUAKHE KPHUCTAIUIBI HE SBILIFOTCS
OCTPOTOKCUYHBIMH, KaHIIEPOT€HHBIMHU, MyTareHHbIMH, HE BPEIHbI JJI BOA-
HBIX OPTaHU3MOB U UMEIOT HU3KHH TOTEHIMA ONOAKKyMYJISAIH.
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Puc. 3.17. Beimeamue u3 crpos JKK-gucnien

I[BetoBoit ¢punbTp, TFT cioii, a Takke OpUCHTAI[MOHHAS IUIEHKA HE
HYXJIAIOTCS B yTWIN3AINH, TOCKOJIbKY HE COJIEpKaT KaKue-TM00 TOKCHYe-
CKHUE BEIECTBA.

TakuM 00pa3oM, MOXHO clieNlaTh BBIBOJ, YTO MaTepualibl, KOTOPHIE
ncnonb3yrores B JKK-gucnnesx, He IpeAcTaBIAIOT ONACHOCTH UL OKpYy-
x)aromeit cpensl (puc. 3.17). Oto 3HauwuT, uro KK-gucruien mMoryT OBITH
YTHIM3MPOBAHBI 3aXOPOHEHHEM Ha TTOJIMTOHE WJIM C)KUTaHHEM Ha MyCOpO-
CKHTaTteIbHOM 3aBoje. OIHAKO Takue CHOCOOBI YTIIIM3AINH SBISIOTCS
ManodQQeKTHBHBIMA. J[pyrHe WMeIommecss TEXHOJIOTHH —yTHIH3aluN
JKK-mucrneeB B OCHOBHOM HaIlpaBJIEHBI Ha W3BJIEUCHHE U IOBTOPHOE HC-
MI0JIb30BaHNE OCHOBHOT'O COCTABIISIOIIET0 KOMIIOHEHTa — cTekya. KadecTBo
nepepaboTaHHOTO CTEeKJIa 3a4acTyl0 O4eHb HHU3KOE M €ro KpoIKa OOBIYHO
UCIIONIB3yeTCs KaK Jo0aBKa B acdajbT, OETOH M JIpyrue CTPOUTENbHBIE Ma-
Tepuaisl. boree kauecTBeHHBIE CTEKIIA MOTYT OBITH TOJIyYEeHBI IIPH yalie-
HUH TOJSIPU3ALHOHHOTO (GUIBTPa, HO 3TO 3HAYUTEIBHO YCIOXKHSET U Y/0-
POKaET TEXHOJIOTHIO.

Brmmeynomsiaytas kommannst Merck mpeanoxmia HECKOJIBKO HHBIX
cnioco6oB ytmmuzanuu JKK-mucrutees. Hampumep, crexno XKK-mucritees
MOXKHO HWCHOJB30BaTh Al 3alIUThl (YTEPOBKH MYCOPOCIKHIATEIbHBIX
POTAIIMOHHBIX TI€YeH OT arpecCHUBHBIX BEIIECTB WM YAaCTHYHO 3aMEHHUTH
IECOK B COCTAaBE IIMXTHI I METAJLUIypPTHYECKOTO MpOoIecca BBIICICHUS
ONaropoHBIX METaNIOB. B 000MX cCilyyasx TOpEeHHE MOJISIPU3AIMOHHON
WI€HKH mpoucxoauT mpu Temmeparypax 1200...1300 °C, uro mo3Boisier
C)Ke4db IMOKCUHBI, €CIIH 1a)Ke OHM 00pa30BaIUCh.
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40%

14%

Puc. 3.18. ®pakuuoHHBIi COCTAB MJIA3MEHHOI'0 TeJeBU30Pa

YTniauzanus TeJIeBU30POB ¢ MJIa3MEeHHBIMH NMaHeJsIMH. TeneBu3o-
psl ¢ wrazmenHbivMu guctutesvu (I1JT) (puc. 3.18) cocTaBisioT OTHOCHTENB-
HO HEOOIBIIYIO YacTh CPEIU OCTAIBHBIX THUIIOB TEJICBH30POB, UYTO MOXKHO
OOBSICHUTh MX HE3HAYHTEIbHBIMH 00BEMamu mpomaax. Ilporecc yrummsa-
uH TeneBu30poB ¢ [1]] Taxke HAYMHAETCS C JEMOHTakKa M COPTUPOBKH €TI0
pa3IMYHBIX KOMIIOHEHTOB Ui JajbHeWIIeld mepepaboTku. B omimmume ot
texauku ¢ JKK-gucruieeM, 3HaYNTENbHYI0 MAacCOBYIO JIONIO TENEBH30pa,
KpoMe MeTaljla U 3JIEKTPOHUKH, COCTABIISET CTEKIIO.

l'oBopst 0 TTa3MEHHBIX NUCIUICSX B CBETC NAHHON TEMEI, CIIEIyeT
YIOMSHYTB O TOM, YTO OHH B 0cHOBHOM ObIBatoT AC- u DC-tuma. B cuiy
CBOEI KOHCTPYKIMH IIa3MeHHble nuciuien DC-Tuna comepikaTr pTyTh, KO-
JINYECTBO KOTOPOH MOXKET COCTaBiATh 10 30 Mr Ha oauH auctuieit. [Tpuuu-
HOW BBEICHUS PTYTH B TazopaspsaHble saciiku [1]] sBiseTcs yBennmdueHne
CpoKka CiyXOBI IuCIUIes IMyTEM TMpeNOTBpAIleHHs NOMaJaHus MaTepHaia
Karoaa Ha aHoj. OfHako ceiuac MpakTU4YeCKH Bce Bbiyckaembie [1]] sB-
nstotest AC-THITa, TO3TOMY PacCMOTPHM X TTOTIOIPOOHEH.

U3 pucynka 3.19 BunHo, uto I1/] He comepXuT moimmmMepHbsIe MaTepHra-
JIBl, @ OCHOBHASI €T0 YacTh BBIIIOJIHEHA U3 cTekia. CTEeKII0 Ha OCHOBE OKCHIa
ceuHIa (40...63 mac.% PbO), u3 KOTOPOTO CHACTaHBI AUICKTPHUK U TIEPEro-
pOIlKa, OTHOCUTCS K TOKCHYHBIM MaTtepuanaM. Ero oTHOCHTENbHAs Macco-
Basg JIOJNISl MO OTHOMICHHIO K OCTAJBHBIM COCTAaBILTIONINM 3JeMeHTaMm [1]]
JIOBOJILHO Majia U cocTaBisieT okoso 1,5%. Onsth e, ecliu cchlaThesl Ha
EBponeiickylo AMPEKTHBY 1O OTPaHUYCHHUIO COJACPKAHWS BPEIHBIX Be-
LIECTB, TO IPUMEHEHNE CBUHELICOAep Kallero crekna B I1J[ Ha qaHHbIA MO-
MEHT paspelleHo. Tem He MeHee, HEKOTOphIE IPOU3BOAUTENHN YK€ Hadaln
HCIIOJIb30BATh aJIbTEPHATHBHBIE CTEKIA Ha ocHoBe ZnO mim BaO, koTopsie
HE SBIITIOTCS OMTACHBIMH IS OKPYIKAIOIIEH CPEIIb.
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nepegHee CTEKNO——» —
CHNOBLIE aNeKTPOObL!

npo3paqHble 3aNeKTpoas
T ——————————— [IU3NEKTPUK
- 3AWMTHLIR CNoW
<«———pebpa
-+——[IM3NEKTPUK
f afipecHble anekTpoabl nioMAHoGop

3afHee CTekno

Puc. 3.19. YnpoménHoe cxemaTuieckoe u300pakeHue MJIa3MEHHOT0 JUCILIEs

W3Bnedyenne okcuaa WHAMSA W HEHHBIX MeTayuioB m3 I1/] moka mmeer
JIUIIb TOTCHIMATIBHBIA HHTEpEC.

Ha cerogns BBumy oTcyTcTBHA O0siee 3PpPEKTUBHBIX TEXHOIOTHUH TIe-
pepalboTKy, MIa3sMEHHbBIE AWCIIEH YTWIM3HUPYIOTCSA MyTEM HMX pa3Moia Ha
npobunkax. [losydeHHast CTEKJISTHHASL KPOIIKa, KaK MPaBHIIO, UCIIOIb3YeTCs
B CTPOUTECIIbHBIX MaTCpraiax.

BoiBogbl. B Ommxkaiimem Oynymem cerogusimane JKK-nucnen
¢ CCFL-noacBeTkoll OyAyT COCTaBISITh 3HAYMTEIBHYIO IOJIIO AJIEKTPOH-
Horo Mycopa. OCHOBHYIO OIaCHOCTh JUISl OKpY Karollel cpebl MpeacTaBIs-
eT pryTh, conepxkamasicsi B CCFL-moxacBerke, B TO BpeMs Kak caMu
KK-mucruten siBistrorcst 6e3omacHbIMA. [ma3mMeHHBIE OHCIUIEH COAEpIKat
OKCHJ CBHHIA, KOTOPBIH BXOIWT B COCTaB CTEKJIA M SIBIISCTCS TOKCHYHBIM.
OnHako yxe ceiyac MosBUIIACh TEHACHINS K 3aMEHE CBHHEIICOAEPIKAIIEro
CTEKJIa Ha aJbTepHATHBHBIE CTEKNA. CyIIeCTBYIOIUE TEXHOIOTHH YTHIN3a-
un JKK 1 nia3MeHHbIX AXCIIIEEB MO3BOJISIOT MOMYYaTh HEBBICOKOTO Kaue-
CTBa BTOPCHIPHE 0€3 3HAUMTENBHBIX KalMTaJIbHBIX 3aTpaT. B To Bpems kak
HOBBIC TEXHOJIOTHH OO0Jiee MOJHOM mepepaboTKH AUCILICEB MOKa eIIé TONb-
KO HaXOJSTCS Ha CTaAuU 3apokaeHust [16].

YTI/IJH/I33[II/I$[ XO0JIOAWJIBHUKOB U MOPO3HJIbHUKOB

[Tpumep paboTHI 3aBOJA MO YTHIIM3AIUK OBITOBBIX XOJOIMIBHHKOB U
MOpPO3WIBHUKOB (puc. 3.20 — 3.21).

1. Ymo nepepabamvieaemca?

3aBog USG pacmonokeH B HEOOJBIIOM MPOBHHIMAIEHOM TOpPOJE
Tumenskame (ABCTpHUS), OCYIISCTBISICTCS YTHIIH3AIMS XOJOIMIEHUKOB,
MOPO3WIFHUKOB, CTUPAIFHBIX MAIIiH, TEIIEBU30POB U IPYTOTO AIIEKTpHYe-
CKOTO W DJEKTPOHHOTO OOOpYyIOBaHHWSA, a TAaKKE H3IBIATHE XJIaJarcHTOB
13 CIUTUT-CUCTEM KOHIUIIOHEPOB.
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Puc. 3.21. Pacniosio:xeHune BhILIEAIINX H3 CTPOS X00AMJIbHIKOB HA 3aB0jIe

[TpoekTHast MOLTHOCTH 3aBojAa — 320 THIC. IIT. XOJIOAWILHUKOB B TOJ U
MIPUMEPHO TAKOE K€ KOJUYECTBO €KETOAHO CHAETCS >KUTEISIMU ABCTpHU
(HaceneHue CTpaHbl — MPUOIM3UTEIBHO 8,5 MJIH uenoBek). Becero B ABct-
pUM HaxoaWTCs 2 3aBojla, KOTOPHIE IepepadaThIBalOT XOJOIAMIBHUKH HE
TOJIBKO U3 3TOW CTpaHbl, HO U U3 psifa Apyrux crpaH EBpocorosa (Benrpus,
UYexwus, CnoBakust, Pymerans, ['perst u T.71.).

Jns cpaBku: pabOTHI IO OPraHU3AINH TPOMBIIUICHHON YTHIM3auN
XOJIOAMIFHOTO OO0OpYNOBaHHS pPAa3BOPAYMBAIOTCA M B JPYTUX YaCTIX
cBeTa — HampuMmep, Ha KyOe, He oTHOcAmeHcs K 9UCIy OOraThIX JIATHHO-
aMEpHUKaHCKHX CTPaH, B HACTOAIIECE BPEeMs Pealu3yeTcs rocyJapCcTBEHHAs
IporpamMma 1o 3aMeHe 2 MITH. CTapbIX XOJIOJWILHIKOB Ha HOBBIE.

2. Ymo noayuaemcs?

B pe3ynbrare KOMIUIEKCHOH epepadOTKH XOJOAMIBHUKH Pa3ieisoT-
Cs1 Ha HECKOJIbKO KOMIIOHEHTOB (puc. 3.22):

® CXKWD)KEHHBIE Ta3bl (XJIa1areHThI, BCIIEHUBATEIH TETTIOU30ISIIINH);

® TONMypeTaHOBasi KPOIIIKa;

e cCrains;

e CMEMNIAHHBIH JIOM (AJTFOMUHHH, ME/Ib U TUIACTHK);

® KOMIIPECCOPHL.
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Puc. 3.22. OTcopTHpOBaHHbIC U NepepadoTaHHbIE
KOMIIOHEHTBI X0J10/IHJIbHIKOB

Bce mosyueHHBIE KOMIIOHEHTBI, KDOME M3BSTHIX Ta30B, Aajlee Mpoa-
1orcst. [lommypeTaHoByr0 KpOIIKY 3aKyNaroT CIyKOBbI, 3aHIMAIOIUECs JIHK-
BHJAMEH TEXHOTEHHBIX aBapHii, B KadecTBe 3((PEKTUBHOTO ajcopOeHTa
pa3nuBOB HE(PTENPOAYKTOB, a TAKIKE JOPOXKHUKH — JUisi TOOABIICHHS B pe-
LENTypy JOPOXKHBIX NOKpbITUH. Ha 3aBone B I'epMaHuu, ¢ KOTOpBIM CO-
tpynauyaer ¢upma USG, mpou3BoguTCs pasjielieHue JIoMa C IMOJydeHUeM
TpaHyJIMPOBAHHBIX MEAH, ANIOMUHUS, CTAJIM M IUIACTHKA. 3bATHIE CXKU-
JKCHHBIE Ta3bl OTHPABIIIOTCS Ha OJKOJOTMYECKH Oe30MacHOe CHKUTraHHe.
Komnpeccops! mpoaaroTcss B HEKOTOpbIe CTpaHbl THXOOKEaHCKOTO pernoHa
U PYYIHOH pa30opku 1o 1ieHe mpuMepHo 950 eBpo 3a TOHHY.

3. 3axonodamenvcmso.

[lepepaboTka xoNmoAMMBHUKOB perymupyercs Permamentom (EC)
Ne 2002/95/EC  mo OTpaHMYECHHIO WCIIOJNB30BAaHUS BPEIHBIX BEIIECTB
B DJIEKTPUUYECKOM M IEKTPOHHOM O0OpYZOBaHWH, a Taxke PerimameHToM
2002/96/EC, KOTOphIM HOOLIPSIOTCSA COOp U yTWIM3ALHUSA JAHHOTO 000py-
noBanus. Jletom 2012 roma mociie myOnuKaiuy B OQHUIHAIBHOM JKypHaJIe
EBpocoro3a BcTynmui HOBBIM PernmaMeHT MO OTXOJaM 3JIEKTPUYECKOTO M
JIEKTPOHHOTO 000pynoBaHus. Onepanuy ¢ 030HOpa3pyLIAIONINMH BEIIECT-
Bamu (OPB) ocymectBisitorcss B cootBercTBun ¢ Permamentom (EC)
Ne 1005/2009 o BemecTBax, pa3pymaroniuX 030HOBBIH CIION.

Kpome pernmameHToB cymectByeT u eBponeiickuid cranmapt EN
50574:2012, xoTOpEIA ompeAersieT TpeOoBaHUs K 00pabOTKe, TPaHCIOPTH-
POBKE, XpaHEHHIO, COPTHPOBKE M IepepadoTKe OBITOBOI TEXHHUKH, COAEpIKa-
meit sietyune (GTopcoiep)Kalye raspl, YriaeBOJOPOAs! WM U TE, U APYTHE.
B wactHOCTH, CTaHIApPT MPOMKCHIBAET TPEOOBAHMS K MPOILECCY YTHUIIU3ALMN
C yKa3aHHeM KOMIIOHEHTOB, Ha KOTOPBIE JOJDKHO pa3lelsThcs 000pyAOBaHNE
(4TOOBI HE OBLIO BO3MOYKHOCTH H3JIUIIIHE YICIICBUTE MPOIIECC 3a CUET MOTe-
p¥ KauecTBa repepaboTKH) U ONUCHIBAET TPEOOBAHHSI K MOHHTOPUHTY.

[Mpencrasutens ¢upmel USG oTMeTHN, 4TO Uil ycrexa HeoOXoauma
HMMEHHO Takasl MOCJIeI0BATEIbHOCTD JICHCTBHM, KOTla BHAYale IPUHUMAETCs
3aKOHOZATENBCTBO, a TIOTOM OPTaHNU3yeTCs TPOU3BOJICTBO, @ HE HA00OPOT.
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4. HUcmopus 3aso00a.

3aBoj HAYMHAI C W3BJICUEHHS 030HOPA3PYIIAOIINX XIOPHTOPYTIepO-
n0B (XDVY) u3 kommpeccopos (¢ 1990 o 1998 r.), a Ha BTOpOM 3Tare pas-
BuTHs npeanpuatus (¢ 1999 r. no Hacrosmee Bpems) XDV, a 3atem u rua-
poxnopdropyriepoas! (I'XDY) cranu u3BnekaTs U3 OOMMBKH (yTEIUIATE-
JI51) XOJIOAMIBHUKOB M MOPO3WIBHUKOB. JTa paboTa ObUIa WHUIMHPOBAHA
B paMKax eBpONEWCKOW KaMIlaHMM 10 BbIBoOy u3 obopora OPB.
Ha navanapHOM 3Tame MOMOIIb 3aBOAY OKa3bIBAIM MYHHIUINAIBHBIE CIIYX-
Obl, 3a1a4eil KOTOPHIX OBIIO pelIeHne BOIPOCa HKOJIOTHIECKH Oe30macHOM
YTUIN3AIMK  KPYIHOTabapuTHOTO OBITOBOTO Mycopa  (XOJOAWIEHHKH,
CTHpaJbHBIE U TOCYJIOMOCYHbIE MAIIWHBI, TEICBH30PbI, Ta30BBIC M 3JIEK-
TpU4ecKue IUMTH U T.4.). C MOMEHTa BBOJA 3aBOJA B JKCILTyaTalHIO
B 2003 romy mo momeHta ero mocemeHus [PII Obuio mepepaboraHo
1 mutH 277 THIC. XOJOIUIHHUKOB.

5. Kmo naamum u xax pabomaem?

B EBpocoto3e yTuinm3annoHHble cOOpBI OIUIAYMBAIOTCS TIPOU3BOIHUTE-
JsIMH  00OpYZIOBaHUS 32 KaXIylH YTWIM3UpyeMylo eauHuily. Ha pbiHke
YTUIN3AIMU I€HCTBYIOT 4 OCHOBHBIX BHA HTPOKOB!

® TIPOM3BOJUTENH;

® UCTPUOBIOTOPHI;

e pereiinepsl (KOMIAHNH, BIAACIOINE TOPTOBBIMHU CETSIMH);

e KOMITaHWH, 3aHIMAIOIINECS PEIINKIMHIOM.

KoHTposnb 32 (yHKIHOHMPOBAHHEM CHUCTEMbI YTHIM3ALUH XOJIOUITb-
HOTO 000py/IOBaHHS OCYIIECTBISIIOT PETEHIEPHI.

PerHOK yTHnm3ammu — 3TO cBOOOIHBIN phIHOK. KitmeHT obOpamraercs
B Ty WIHM MHYIO CHCTEMY B 3aBUCHMOCTH OT IIeHBI. PerymmpoBanue xayecTBa
YTUIM3ALUN TPOU3BOAUTCS 3a CYET CHCTEMbI CaMOKOHTPOJSI M BBICOKHX
mrpado. Ecnm rae-nmmbo 1ieHa 3a yTHIIN3ALHIO CHIIBHO MajaeT — y yJacTHH-
KOB PBIHKa BO3HMKAeT ITOJJO3PEHHE, YTO IMPOILECC YTHIN3ALWK YIPOUIEH U
€CTh BOIIPOCHI 1O KauecTBY. HaumHaroTCsi MpOBEpKH, KOTOpbIE JIMOO MOA-
TBEPIKAAIOT, JTUO0 HE TTOATBEPXKIAIOT MOCTYNHUBIIYIO MH(OPMAIHIO, a IO UX
pe3yJibTaTaM NMPUHUMAIOTCS COOTBETCTBYIOIIME Mephl. [Ipu 3ToM TexHoNIOTH-
YECKOC Oq)OpMJ'IeHI/Ie YTWIN3allu HUKaK HE JJUMHUTHUPYCTCA — BaXKHbBI JIMIIb
pe3yibTar (pa3zeneHre Ha OnpeaeIéHHbIe KOMIIOHEHTHI) i 0€30I1acHOCTh IS
OKpY’Karollel cpesl JaHHOTO npolecca. Hammdane oOpaTHBIX cBsi3el M03BO-
JsieT cucteMe 3(hHEKTHBHO MHACKCHPOBATh Pa3Mep YTHIN3AIIMOHHBIX COOPOB
B 3aBUCHMOCTH OT CTOMMOCTH TIOJy9€HHBIX MaT€PUaJIOB Ha PHIHKE.

Crnenyer OTMETHTH, YTO OCEHBIO TEKYIIEro Toja IO WHHIMATHBE
Munnpomropra Poccuu B Hameil ctpaHe BBOIATCS YTHIM3AI[OHHBIE cOO-
pBI Ha BBO3 IMOJCp)KaHHBIX aBTOoMOOMieH. Iloka, mpaBma, HE OYCHb SICHO,
KyZia IOHIYT 3TN AEHBITM M HACKOJBKO IPOLECcC yTHIIN3any OyneT 6e3omna-
CEH C HKOJIOTMYECKON TOUKHU 3PEHHSI.
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6. Hexomopule yugpuol.

OpHUeHTHPOBOYHAST CTOMMOCTb 3aBOjJia — 3,5 MIIH €BpO, B TOM HHCIIE
CTOMMOCTB 1 MOMyJsl Ul N3BJIEUEHUs XJIaJareHTa M3 XOJOAMIBHOTO KOH-
Typa — proIm3uTensHO 250 THIC. €Bpo (MOXKET OBITh KaK B CTAI[HOHAPHOM,
TaK ¥ B MOOMJIEHOM HCIIOJTHCHUH ).

PacuérHerii cpok ciry)0b1 000opymoBanus 3aBosa — 20 JeT.

[IpousBoauTenbHOCTH — 60 XONOAMIBHUKOB B Yac.

OmneparioHHbIe U3JIEPKKU 3aBOJa — OPHUEHTUPOBOYHO 1,0 MITH eBpo
B TOZ.

3arpatbl Ha mepepaboTKy | XomoAMIbHNIKA — OKOJIO 2,5 eBpo.

Ha 3aBome paGotaror 5 (!) paboumx (mpomecc mpodeccrHoHaIbHON
MTOATOTOBKH 3aHUMAET OKOJIO MOJIYyT0/1a).

[Tpubnusutenso 20% X0I0AUIPHUKOB U MOPO3HIBHUKOB MOCTYIIAIOT
yke 0e3 XJlaJareHra.

[TpuOBLTE TpeIPUSTHS COCTABIISIET PUMeEpHO 250 eBpo 3a TOHHY Iie-
pepabortannoit npoaykiun. [Ipu 3tom: 100...120 eBpo — yTHIM3AIMOHHEIC
cOopsl OT mpomu3BoanTeENEH, a 150 eBpo — MPUOBLTE ¢ POJAXKH MOTYIEHHBIX
MaTepuanoB. JleWCTBYeT CIeIyromas CHCTeMa IIEHOOOPa30BaHMs: SCId Iie-
HBI Ha TepepaboTaHHBIE MaTEpUABl Ha PHIHKE YMEHBINAIOTCS, TO B3HOCHI
Ha TIepepaboTKy yBETHMUNBAIOTCS (IPUOBLTH 3aBOJIa HE COKPAIASTCS).

7. OcHnosHble smanvl nepepabdomru X0100UTbHUKO8 U MOPO3UTbHUKOSB
Ha 3a600e (puc. 3.23 —3.27).

1) XonoauibHble arperaTbl OCBOOOXKIAIOTCS OT BHYTPEHHHX CBHEM-
HBIX YacTed (MOJIKH, JOTKH, CTEKJIA), a TaKXKe OT JJIEKTpOIIHypoB. Jlanee
XOJIOAWIIBHBIN arperaT MOMeIaeTcsl Ha KOHBEHEPHYIO JTMHUIO JUIS IPOXO0XK-
JICHUSI BCETO IUKJIA ITepepaboTKH.

Puc. 3.23. U3B1edyenne BHYTPEHHUX CbEMHBIX YacTell X0JI0IUIbHUKA
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Puc. 3.24. 3Bjeyenne xJjagareHra

2) W3BnekaeTcs 3ampaBieHHAsl B XOJOIMIBHBIN KOHTYp CMECh XJaja-
reHTa ¥ Macia. TuI XiagareHTa onpesessieTcs o MIIbINKY Ha KOMIIPECCOo-
pe. Ji1s moNHOTO M3BIICUEHUsI COIEPKUMOTO M3 KOHTYpa BaKHO Pa3MECTHTh
XOJIOAUJIBHUK IIOQ OHpe}IeHéHHLIM YTJIOM K T'OPHU30HTY, YTO OCYIIECTBIIACTCA
C MMOMOUIBIO BJICKTPOMAriuTHOTO MaHUITYJIATOPA. CHeHI/IaJ'H)HI)IM O6)KI/IMHI)IM
YCTPOHCTBOM, OOECIEUMBAIOLIAM IOJHYI0 T€PMETHYHOCTh, MPOKAIIBIBAETCS
TpyOKa XOJIOAWIBHOTO KOHTYpa, M TIPOMCXOJHUT TPOIIECC U3BICYEHHS CMECH
3a cy€T paspexeHus B Maructpau (—1 6ap), a Takke HMEIOIIErocs! JaBIeHHS
B caMoM KoHType (okoio 1 6ap). Oneparst IpOu3BOJUTCS B PYIHOM pPeXXUMe
C BHU3YJIbHBIM KOHTpPOJEM JABJICHUS 10 MAaHOMETPY M CMOTpPOBOTO OKHA,
BPE3aHHOTO B MarucTpaik. IIponecc pasaeneHus cMecH Ha (hpakIyy OCylie-
CTBIISIETCS TIPH HAarpeBe A0 TeMrepaTypbl 0koio 90 °C, 9To crmocoOCTBYET ero
a¢dextuBHOCTH. [lanee XamgareHT, HAXOMSAIINICS B Ta30BOH (asze, KOMIPH-
MHPYETCsl U B CKIDKCHHOM BHJIE 3aKauuBaeTcsi B Oayutonbl. KonndecTBo u3-
BJICUEHHOTO XJIAJIOHA OTCIIKHMBACTCS C TIOMOIBIO AJIEKTPOHHBIX BECOB IPU
HopMe 120 r/xomomuibHuk. s cnpaBku: B MeKCHKEe HOpMa COCTAaBIISIET
159 1, a B Poccuu, o Beeit BuammocTw, Oyaer 150 .

3) Jlanee mpoUCXOAUT pa3BaKyyMUPOBAHHE CHCTEMBI U C MOMOIIBIO
THPABINYECKUX HOXKHHUI] OTJEJICHHEe KOMIIpeccopa OT arperara (KoMmmpec-
COpBI, KaK yIIOMUHAJIOCH BBIIIE, COOMPAIOTCS B CHEINABLHBI KOHTEHHED U
MIPOJAIOTCS OTENBHO OT OCTABHBIX OTXOJIOB).

4) 3arem KopIyc XOJOIWJIBHHKA MOCTYIAET Ha W3MENbUCHHE B TIOJN-
HOCTBIO TepMeTWuHBI mpenep. OtaeneHue ¢pakiuid NPOHCXOAUT IO
CIIOKHOH cucteMe. [lanee XOIOANIBHUK JOENST Ha 4 OCHOBHBIX KOMIIOHEH-
Ta: TOJUYpPETaHbl, CTalb (OTAEIAETCS B 3JIEKTPOMATHUTHOM CETapaTope),
cMeceBOil JIoM (aIIOMHUHUH, Meflb, ITACTHK) U ra3000pa3Hble BCIICHUBATEIN
(XDY-11, I'XDY-141b u ap.). [Ipouecc u3BneueHus ra3oB U3 MoiIMypeTa-
HOBOH TEHbI (Aera3aiys) OCYIIECTBIAETCS TakKe C HCIIOJIIb30BaHHEM Ha-
rpeBa U mpojospkaercs 6—7 yacoB. B cxeme MCMONB3YIOTCS 3alOIHEHHbIE
aKTHBHUPOBAHHBIM YIJIeM ajcopOephl, paboTalolue Mo HUKITY «OXJIaXKie-
HUE—HarpeB—OXJIaXACHUE», YTO MO3BOJIET U3BIeub 10 90% conmepkamux-
csl B IEeHOMarepuaiax ra3oB (MHHUMaJbHAs HOpMa W3BIedeHus — 76,51
n3 | Xr IeHONONIypeTaHa).
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Puc. 3.26. IIpouecc u3mMesibueHUsI KOPNYyca X0J0IUIbHUKA



OTH ras3pl CKIWKAIOTCS C TIOMOIIBIO OXJIAaXIEHHUS U CIMBAIOTCS B CTaH-
nmaptable 200-mutpoBble 60uku. Ppakuuu TBEPABIX OTXOIOB COOMparOTCA
B MEIIIKH TS JajbHEHIIeH epepaOboTKU U peaTn3auy.

8. Cucmema koHmpos.

IIpu mocTymneHnu XONOAWIBHUKA Ha KOHBEHMep BU3YyaJbHO OINpeems-
eTcsl ero TUM (II0 THUIIOpa3Mepy, IO COACPIKAIIIIMCS BEIIECTBAM B OOIIVMBKE U
B XOJOOWIEHOM KOHTYype). [lepepaboTka XOMOIMIHPHUKOB C 3aKJIaJHOM Tel-
JIOM3OTANKEH (M3 CTEKIIOBATHI) OTPAHWIMBACTCS M3BICUCHUEM XJIQJIareHTa 1
KOMIIPECCOpa, a KOPITyC HAIIPABISIETCS HA 3aBOJbI, CIEHUATM3UPYIOIIKECS Ha
yrunuzanuy aBromoomeil. [1odHOCTRI0 KOMIBIOTEpPU3UPOBAHHAS CHCTEMA
MTO3BOJISIET TOYHO OMPEACTHUTh KOJIWYECTBO MONYyYSHHBIX TPH TepepaboTke
BEIIECTB (CKOJLKO TOTO WJIM MHOTO Ta3a, JIoMa, KOMIIPECCOPOB — BCE IO
Becy). KommaecTBo Ha BXOzie M BBIXOZE JOJDKHO COBIAJaTh, BCE 3aHOCUTCSA
ABTOMATHYECKHU B TaOJIMIBI yuéTa U cIaTCs B BUJIE OTYETHOCTH.

Puc. 3.27. KomnbioTepu3upoBaHHasi CHCTEMA KOHTPOJISI
nponecca yTHIH3AIHH X010 IHIbHHKOB

59



Yrunuzauus MoOMIbHBIX Tes1e()OHOB

[TpoGnema yTWiIM3alyMy COTOBBIX TENS(POHOB BO BCEM MHPE CTOUT
OYEHb OCTPO: MHOTHE KOMITAaHHM TPATAT Ha IepepaboTKy «MOOHMIBHBIX OT-
XO0JIOB» COTHH MHJIJTHOHOB J0JUIapoB. UTo ke TasT B cebe Oe30macHbIC Ha
TIepBBIN B3MIIsAA Tene(OHBI U 3a4eM X Bce-Taku yTuinusuposaTh? [locrapa-
eMcsl OTBETUTH Ha 3TU HACYIIHBIE BOIPOCHI.

KonnuecTBO 371€KTPOHHBIX OTXOJIOB — CTAPBIX MOHUTOPOB M KOMITBIO-
TEpOB, OBITOBOM ANEKTPOHUKH — YBEJIMYMBACTCS C KaXKIbIM rogoM. Urto Ka-
CaeTcsl COTOBBIX TeNe(OHOB, TO OHH eI Yalle MPUXOIIT B HETOJHOCTS,
YeM MBUIECOCH! 1a MUKPOBOIHOBKH. 1 BCE OBl HUUETO, A2 TONBKO 3KOJIOTHH
OT 3axXJIaMJIEHHELIX CBAJIOK coBceM He jerde. Ho ectb u emé onuH, Oojee
CYIIIECTBEHHBI MOMEHT: COTOBBIE COZIEpKaT B ceOe AparolieHHbIe METaJLIbI,
B TOM YHCIIE 30JI0TO, cepeOpo, Menp, IUIaTHHY. Tak, HampuMep, U3 OTHOU
TOHHBI OTPa0OOTABIIMX CBOE MOOWIBHBIX TEeJIC(POHOB MOXKHO MONYYUTH 0O
150 rpammoOB 30510Ta.

ITepenoBoii onbIT. BO3MOXHOCT M3BIIEYEHHS BBITOIBI U3 €-OTXO/OB
TIOCTETNIEHHO NPHHSUIA BO MHOTHX CTPaHaX, CO BPEMEHEM JaXe IOSBIINCH
nepenoBUKd 3ToM chepsl. K HUM OTHOCHUTCS ¥ O€NbrHHCKas KOMITAHUS
Umicore. YTunm3anuro e-0TXo10B Ha3biBaloT B Umicore He HHaYe KaK «Hal-
3eMHOH no0bruei». CripaBeaIMBOCTH pamdl HAmO cka3aTb, yTo Umicore He
HOBHYOK Ha IepepadaThIBAIOIIEM PhIHKE: €€ UCTOpUS Hayanach eIié B KOHIe
XIX Bexa. Bo Bpems mapcrBoBanus kopois Jleononpaa II komnanus 3aHu-
Marachk 100brdeit Mmenn B adpukanckom KoHro u mepenpasisiia e€ Ha 3aBOA
6m3 AuteeprieHa. Cerozas ske Umicore onieHHBaeTcs B 2 MIIPA. IO

Opnnako Umicore He ofuHOKA. Yike OoJiee IISITH JIeT TOMY Haszaja KpyTl-
HeWIme IPOW3BOANTENN COTOBBIX TenedonoB — Nokia, Sony Ericsson,
Motorola, Samsung, Siemens, Philips 1 LG — mommmcamu oduitraibHBIN
JOKYMEHT — bazenbCckyro KOHBEHIIHIO, HCXO/ISl U3 KOTOPOW OHH OOSI3BIBAIOTCS
NIPUHAMATh OT IIOJB30BaTeNeil OTCIY)XHBIIME CBOE MOOWIBHHKHA H
«yTHUIM3UPOBATh MX B COOTBETCTBHM C 3aKOHAMU 00 OXpaHE OKpY’Karouiei
cpens». BnobaBok k aToMy B ctpanax EC feiicTByeT qUpEKTHBA IO DIEKTPO-
TEXHUKE W D3JEKTPOHHOMY JIOMY, OOS3bIBaloOIas NPOAABIOB TEXHUKH W
JWJIEPOB COTOBOM CBSI3M 3aHMMATHCS NPHUEMOM OTPaOOTAHHBIX JJIEKTPO-
IprOOPOB.

B Ascrpanuu ¢ 1999 r. npu nognepxke ABCTpaIMHCKONH MOOHIBHOM
TEICKOMMYHHUKAIIMOHHOM aCCOIMAIlMK Hadala CBOIO JEATeNBHOCTH MpO-
rpamma MobileMuster o mepepaboTke MOOMIBHBIX TeiedoHoB. 13 MaTe-
pHaoB OBIBIIMX TPYOOK CO3IAIOT IOBEIUPHBIE U3AENIHS U YCIIEIIHO MPoJia-
10T ux (puc. 3.28).
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Puc. 3.28. U3nenus, moayyaemble U3 0TX010B
BBILIEIIINX H3 CTPOSI COTOBBIX TeJle()OHOB

Hemnoro crarucruxku. VccnenoBanne Nokia, mposenéaHoe B 13 crpa-
Hax (Ouwmsaauy, ['epmanun, Utammu, Poccun, IBerwn, BenvkoOpuranuy,
OAD, CIUA, Hurepun, Wumuu, Kurae, Wunonesun u bpaswmm), cpemn
6500 pecnoHAEHTOB BBIABHIO, YTO TONBKO 3% OT OTpabOTaBIIMX CBOE
MOOWJIBHBIX TENE(POHOB YTHIH3UPYIOTCS.

HecMoTps Ha TO 4TO OOJBUIMHCTBO W3 ONPOLIEHHBIX BIIAJENN He-
CKOJIBKMMH aInaparamu, TOJIbKO 3% W3 HUX OTHPABISUIM CBOM HEHY>KHBIE
MOOHMIIBHUKU B yTHIIb. 4% PECHOHICHTOB INONPOCTY BBIOPACHIBAIN OTCITY-
JKUBIIKE CBOE TenedoHsbl, 15% — oTmaBaiM poACTBEHHHUKaM, 16% — mpoja-
Baid, a OonbmMHCTBO — 44% — mpocTo XpaHWIM HX JoMa. B memom,
74% nropeil, NPUHUMABIIUX yYacTHE B UCCIEIOBaHHUM, 3asBWIH, YTO OHU
HUKOTJIa He Aymaiu 00 yruiusanuu Tenedona, omHako 72% oco3HaBanu
3HaYMMOCTb TOTO MpoLecca.

OCHOBHOM HPHYMHONW CTOJIH MAJIOTO TPOIEHTA YTHIM3auuu Tenedo-
HOB CTaJI0 3JIEMEHTApHOE HE3HaHHE TOTO, YTO 3TO BOOOIIE OCYIIECTBUMO
(v 9T0 mpu ToM, uyTO anmapathl Nokia MOXHO nepepabartbiBath Ha 80%).
[IpumepHO TpH dYETBEPTH OIPOIICHHBIX 3aTPYJHWINCH OTBETHUTBH, TJE
BOOOIIIE MOXHO CIIATh CBOH CTaphIid TeNedOoH Ha mepepadoTKy.

ITo odpurnmaneabiM naHubM, B CIIIA mepepabOaThiBaeTCs KaXKAbIH Iisi-
TBIH TPOAAHHBIA COTOBBIH, a (PMHHBI TOJNBKO 3a mojioBuHy 2006 T. ycmenn
niepepadotath 25 ThIC. Tene(hoHOB, UTO cocTaBiseT 15% oT 00bEMa coToBO-
TO pBIHKA cTpaHsI (puc. 3.29).
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Puc. 3.29. PenuK/JIUHT COTOBBIX Te1¢()OHOB

He meHee nHTEpecHbIe NaHHBIC MPENOCTABIIIA (PPAHITy3CKash KOMIAHUS
Recupyl, cnermmammsupyromasics Ha mepepadoTke e-0TxomoB. Oxas3pIBaeTcCs,
MIPY HBIHEITHEM YPOBHE MOTPEOJICHUs] METAIIOB JJIsl IIPOM3BOJICTBA aKKyMY-
JISITOPOB, 3armacoB Meaum xsatuT Ha 40 Jyier, cBuHIA — Ha 28, a omoBa —
Bcero Ha 17.

CieoBartelpHO, enié 10 TOro, Kak KOHIUTCs HedTh, Y Hac yxe He Oyaer
CBIPbS IS TIPOM3BOZICTBA AKKYMYJISITOPOB M HAKOTUICHUS SHEPIHH OT ajIbTep-
HaTHBHBIX MCTOYHHMKOB TOIUIMBA. UTO y>X TOBOPHTH Ipo Oaraped i COTO-
BbIX. [103TOMy KOMITaHHSI aKTHBHO pa3pabaThIBacT CHOCOOBI M3BICUECHHS Me-
TAJUTOB U3 OTPaOOTaHHBIX aKKyMyJSTOpPOB. [IpuuyéMm yxe ceiiyac el yaanoch
pa3paboTaTh TEXHOJIOTHIO, TO3BOJISIONTY 0 YTIIH3upoBath AKB Ha 98%.

Yro y Hac? Ha Teppuropun OBIBIIETO corpiarepst JydIle BCEro ena
M0 yTWIM3aIMU «O3YIIHBIX» Tele()OHOB UAYT B CTpaHax, MPHUCOSAWHHB-
mMXcs B HelaBHeM rpouutoM kK EBpocorosy. Hanpumep, Nokia coBmecTHO
¢ oneparopom T-Mobile npoBonut B JlatBun akunio «Ycibims bantuiickoe
MOpe»: 3a KaX/Iblii CAaHHBIA Tene(OH OHM OTUYHCIIAIOT IISTh €BPO B CIICIH-
QIBHBIA YKOJIOTHYCSCKUHA (HOH]T.

Hemnnoxo o6crosT nena ¢ yrunmzamueit TenedonoB B Mockse: TaM pa-
6ortaror Ooxnee 500 KoMIaHWH, CIIEMUATU3UPYIOMINXCA Ha mepepadoTke
€-0TXO/IOB, B TOM 4YHCJIE W COTOBBIX TeneoHoB. Kpome TOro, BecHOM
2007 r. B Poccun B pamMkax mporpammbl YTHIIM3alWU CTAphIX Tese()OHOB
3apaboTan Nokia Material Return Center, OCHOBHBIMH 33a4aMHi KOTOPOTO
CTaNM NPUEM W YTHIM3aLUsl MaTepUaoB, HAKAIUIMBAIOIINXCS B aBTOPU30-
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BaHHBIX CEPBUCHBIX LICHTPaxX B IIPOLECCE PEMOHTA: HEUCIIPaBHBIE 3allacHbIE
YacTH U Y3J1bI, BIUIOTH JI0 TeJIe()OHOB B cOOpE.

OpnHako B HEOOTaTHIX CTpaHax €cTh emé OAnH crocod OOpEObI co cTa-
pBIMH TenedOoHaMH, TOpa3io MEHee 3aTPaTHBIMH, 110 CPABHEHUIO C UX YTHIIH-
3anuell. Peub uaér o coope cTapbIX MOOMIBHUKOB U OTHPABKE MX B CTPAHBI
TpeThero Mupa. KpymHelmreil Takoil cTpaHoil — moTpeOuTenbpHUIEH 0/y
armaparoB sBisiercst A¢ppuka. [1o OpHeHTHPOBOYHBIM JaHHBIM, TyJa JOC-
TaBIsIeTCA A0 TPEX 4eTBepTeH OT OOLIEro KONMYECTBA CTAPHIX TENe(OHOB
B BUjAe T'yMaHUTapHOW mnomomu. [IpuyéM BimsHHE coToBOro TenedoHa
B AdpHKe CI0XHO IIEPEOIIeHITh, OCOOEHHO B TE€X PErnoHax, I/ie HeT IOpoT,
a HaceNEHHbIE IIYHKTHI pa3eleHbl IPOMaJHBIMU PACCTOSHUSIMH.

IIpouecc. B kmaccuueckoM citydae yTHIM3aLUs MOOWIBHOTO Tenedo-
Ha HAYMHAETCSl C COPTHPOBKHU. Eciy KOMIaHUs crienuann3upyercst Ha Ie-
pepaboTke ammapatoB ompeaein¢HHoro npomsoautens (Nokia, Hampumep,
HUMeeT IMyHKThl cOopa cBOMX MOOMIBHHMKOB Oosiee yeM B 80 cTpaHax IO
BCceMy MHUpY!), TO COPTHPOBKM HE MPOUCXOAMT. Eciu e KOMIaHusi «MHO-
ronpodwibHas» (OHH, Kak IPABHIIO, JHOO YacTHBIE, JHOO IaTHPYIOTCS
TOCYyJapCTBCHHBIMU KOMHTETaMH), TO HEPEIKO aINapaThl-»CMEPTHUKI
COPTUPYIOTCS B 3aBUCHMOCTH OT KOMITAHUH-TIPOU3BOIUTEIS HIIH IO IPYTUM
KPHUTEPHUSIM.

Bropoii atanm — paz6opka TenedoHOB Ha cocTaBHBEIE YacTu (puc. 3.30).
Janee Tpu camble Ba)KHbIE COCTABIISIONINE — AKKyMYJISITOP, TIACTUKOBBIN
KOPITYC W IIeYaTHAs IuIaTa — WAYT Ha MepepaboTKy CBOUM IIyTEM. AKKyMy-
JSTOPBI HM3-32 OOJIBILOTO COJEP)KaHUS TOKCHYHBIX BEILECTB (HAlpUMep,
MBIIIBSK, CBHHEIl WIX PTYTh) MOCTYIAIOT, KaK MPaBWIO, Ha CIIENUaIbHbIE
3aBojbl o mepepadbotke AKDB mm 3axopoHeHus.

Puc. 3.30. Pyunas pa3dopka coToBbIX Tes1e)OHOB
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[lewyaTHas maTta akKypaTHO OTCOEAMHSACTCS OT DJIEMEHTOB KOpIlyca U
MOCTyNaeT Ha KoHBelep. VIMeHHO 13 He€ MOXHO MOIYy4UTh AparMeTasulbl.
A TITaCTHKOBBIM KOPIyC APOOHTCS Ha MEJIKHE KyCOUYKH U MO KOHBEHepHOU
JICHTE TIOCTYTIAaeT B CHELHUAIBHO OTBEAEHHOE MECTO — YTO-TO BPOJIE XPAHU-
JIUILA.

B xpanwnume (WM 1Mo MyTH M3 HETO) KOPIYCHI M TEYaTHBIE IUIaThI
CHOBa APOOATCS M B JOCTATOYHO M3MENBYEHHOM BUAE — MPAKTHUYECKU Ha
YpOBHE MBUIM — MOCTYMAIOT B COPTUPOBOYHYIO KaMepy, Il MOCPEICTBOM
XUMHMYECKHX PEeaKIUi WIN MEXaHHUECKUX NCHCTBUI MPOMCXOJUT OKOHYA-
TEeNbHAsT COPTHUPOBKA CHIPhs. [lOpOrocTOsIINEe METalulbl SKCTParupyroTCs,
00padaThIBalOTCA, AOMOJIHUTEIBHO OYHUIIAIOTCA U IOCTYIAIOT HA COOTBET-
CTBYIOIIHE MPEAIPUATHS.

Merain neperiaBisieTcss 1 ToXe HAET Ha XO3AiCTBEHHbBIE HYXIbl. UTO
KacaeTcsl IUIACTUKA U PE3MHBI, TO 3TH KOMIIOHEHTHI Yallle BCEro MOCTYNAIoT
Ha JOPO’KHO-CTPOUTEBHBIE 3aBOJIBI U T00ABIISAIOTCS B JOPOXKHOE ITOKPHITHE.

Crumya. 'ocyapcTBeHHOE perylnupoBaHHE — KOHEUHO, BaXKHEHIINI
CTIoco0 BO3JECHCTBHUS Ha MPOM3BOANTENIECH Tese()OHOB M OIEPATOPOB CBS3H,
CTUMYJIMPYIOIINN pa3paboTKy mporpamMm yTuiausamud. OIHAKO €CTh U Kyia
Oouee eiicTBEHHBIE METOIBI, (QopMUpYyIOIIMECs B OONBIIMHCTBE CBOEM IO
BO3/ICHiCTBHEM OOIECTBEHHOr0 MHEHHs. CaMbIM THIIMYHBIM TIPHMEPOM
SIBIIIETCSL €KEMECSUHBIA pedTuHT, mybnmkyemsiii Greenpeace. Bmepsbie
peiituar nosBuiics B aBrycre 2006 . ¥ ¢ TeX MOp HEM3MEHHO OTOOpaXkaer
OTHOIIIEHHUE TOH MIJIM HHOM KOMITaHUHM K OKPY’KaroIeH cpere.

Peiituar mpeacTaBisier co0oi mKamy, OIMH KOHEN KOTOPOH KPacHOTO
1BETa, APYroi — 3e1€Horo. Yem Orke MPOU3BOIUTEN HAXOAUTCS K 3€JIEHOMY
Kparo MIKaibl, TeM JIydllle ero MoyioxeHue B peitunre. Ha mepssiil B3mman —
HHUYETro yAUBUTENbHO. HO B peabHOCTH PEHTHHT €XXeMEeCsIIHO aHAIM3HUpPyeT-
CiH ny6n1/n<yeTC$[ MPaKTUYCCKU BCEMU TEXHUYCCKUMU U3JIaHUAMU, KaK CCTC-
BBIMH, TaK ¥ OyMa)XHBIMH. B citydae cMereHnst KOMITaHUH B KPacHBIH CEKTOP
BO3HMKHET HETaTHBHOE OOLIECTBEHHOE MHEHHE, KOTOPOE BBIHECET IOpHIa-
HHe. B mydmem citydae, 3T0 BCE 3aKOHUUTCS OOIIECTBEHHBIM HEOJOOpPEHHEM,
B XYyJIIIEM — MOTYT yIacTb B LICHE aKLUH, IIOCTPAAAET KBAPTAIbHBIA OTUET
U T.A. A 3TOrO HUKTO U3 BEHI0POB, pa3yMeeTCsl, HEe XOUeT.

C HekoTOophIX mop pedTHHr-mucT (Greenpeace BO3TJIABIIET Sony
Ericsson, B To Bpemst kak Nokia cljaia CBOM MO3UIMK U HAXOIUTCS TOJIBKO
Ha TPEThEM MeECTeE.

«3eqaénbie» Tesedonbl. IlporpaMMbl yTHIM3aLMH yXKe TOKa3ald
CBOIO paboTOCIOCOOHOCTh, HO €CTh €mlé OJMH MEXaHH3M ITOBBIIICHUS
Greenpeace-peiiTuHra: BBITYCK «3eNEHBIX» TenedonoB. K coxanenunto, 3To
HalpaBJIeHHE TOJBKO-TOJIBKO pa3pabaThIBaeTCs M NMPOM3BOAMTENN TOJIBKO
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«IIPUCTPENTUBAIOTCS» K BBIMYCKY «3€JEHBIX» MOOWIBHUKOB, OJHAKO BCE
UAET K TOMY, YTO B CKOPOM OyJIyIIeM KOJIMYECTBO IPaKTH4YeCKH Oe3Bpen-
HBIX TeJe(OHOB MHOTOKPATHO BBIPACTET.

XapakTepHO BBIPAKECHHBIX JIHACPOB «3EIEHOTO TENe()hOHOCTPOCHHUSD
MIOKa HET: MOYTH KaXKAas U3 KOMIAHWH B CBOE BpeMsl OTMETUIIACH BBIITyC-
KOM TMoj00HOTrOo poma ycTpodcTB. Y Nokia TakuM oOka3zajcs KOHLENT
Nokia 3110 Evolve (mHTEpecHO, 4TO HE TOJBKO ammapar OKa3ajcCs JIETKO
YTUIM3UPYEMbIM, HO M €ro ymakoBka!), a y Samsung, Hampumep, cpasy
nBe Monenn — W510 u F268. IepBrlii BEITIOJIHEH U3 OMOIUIACTHKA U ITPUMeE-
YaTeJieH TeM, YTO IPH €ro IMPOU3BOJCTBE HE MPUMEHSUINCH TaKHe TSHKENbIC
MeTaJlIbl, KaK CBHHEI, PTYTh, KaIMHUi, a ObLJIO HCIOJB30BAHO HCKIIOYH-
TEJIBHO BOJIOPACTBOPUMOE TMOKphITHE. Samsung F268 Toxe oTimuaercs
«3eTIEHBIMU» TEXHOJIOTHSMH: TPH €r0 IPOW3BOJCTBE HE HCIIOJB30BATHCH
OpOMHpOBaHHBIE OTHECTOMKHE M00aBKHM W TIOJMXJIOPBUHMI, KOTOPBIE
BCJIEJICTBHE HENPAaBUIBHOM YTHIM3AIlMM BBLACTSIIOT BPEIOHBIE A OKpY-
JKaroIleH cpesibl TOKCHHBI.

Y xoMmmaHuu Samsung TOXe ecTh 3enéHble TenedoHsl. JKanp TOIbKO,
YTO TMPEICTaBICHBI OHU OBLIN TOJIKO Ha a3UaTCKOM phIHKe [17].

3akarouenne. Cepb€3HOE MCCIEJOBAHUE BBISIBUIO MPOCThIE MPUUUHBI
TOTO, IToYeMy TeJIe(OHBI MOTYT TOJBKO MEUTATh O )KU3HH MOCIIE CMEPTH.

[la, MHOTHIE TIPOM3BOIUTENN COTOBBIX AMNapaToB, a TAKKE OMEPATOPHI
MEPUOANYECKH WM TOCTOSHHO 3asBIAIOT O TOTOBHOCTU MNPHHATH Has3al
OTCITY)KMBIIMH CBOE MOOWJIBHUK 332 BO3HArpa)KACHHE, HO JIOKAIBHBIX YCH-
MU KOMIaHUKA HemocTaTo4yHo. [IpoGiiemMy HeoOXOIMMO pemiaTtbh Ha rocy-
JApCTBEHHOM ypoBHe. Ha3zHadaTh eUHYI0 CHCTEMY IOOIIPEHHUS 3a CAAdy
OTCITY)KHMBIIETO anmapara, a B MyHKTaX CIaddl CTEKJIOTapbl U MaKyJIaTyphl
MIPUHUMATH ené ¥ HeHCIPaBHYIO TEXHUKY. JIMIIb B TOM ciydae, KOornia de-
JIOBEK OyzeT MporH(GOPMUPOBAH U CMOXKET TIOJIyYHTh HEOOJBIIYIO KOMITCH-
CallMIO 3a cJlady e-IIPOAYKTOB, MOKHO HAJEAThCS, UTO MaTyIIKa-3eMIs eIé
TIOCITY’KUT HE TOJIBKO HaM, HO M Oy XyIM TTOKOJICHUSIM.
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4. YTUNN3ALMA OTXOOOB OEPEBAHHON TAPbI

[Inpoxo pacnpoCTpaHEHHBIMU U €LIE MAIOYTUIM3UPYEMBIMU KPYIIHO-
TOHQKHBIMHU OTXOJaMU SIBIIAIOTCS TBEPABIE OTXOIBI IIPOLECCOB 3arOTOBKH,
nepepaboTKH U HCIOJIb30BAHUSI PACTUTEIHHOTO CHIPhSI — JIPEBECHHBI U
OOJIBIIOrO YHCIa BHIOB CEJIBCKOXO3SHCTBEHHON MPOMYKIWH. Y THIIH3aIUs
TaKUX OTXOJOB B 3HAUYUTEILHON CTETIEHU OCHOBAaHA Ha MCIOJIb30BAHNU Pa3-
JUYHBIX XUMHYECKHX, MEXaHOXWMHUYECKHX, TEPMOXMMHUECKUX W OHMOXH-
MHYECKHUX NPEBPALICHUN COJAEPKAIUXCSA B HUX KOMIIOHEHTOB B IICHHBIE
BEILECTBA U MaTEPHUAJIBI.

4.1. OBPA3OBAHMUE, KJIACCUDUKALIUA
N UCIIOJBb30BAHHUE OTXOA0B IPEBECHHBI

B HacTosiee Bpemst B cTpaHe 3aroTaBiuBaeTcs 0kojo 500 MiH. M Zipe-
BecHHEL [Ipy 3TOM Ha BCeX cTaausax mpolecca OT 3ar0TOBKH JI0 MepepaboTKu
JPEBECHOTO CHIPBS 00pa3yeTcsl 3HAYNTEIHHOE KOJMYECTBO OTXOMOB. TOIBKO
Ha JIECO3ar0TOBKAX B OTXO/BI yXOIUT 6onee 32% BbIpyOIeHHOTO Jeca.

OO0BEM WCIONB30BAHUS JAPCBECUHBI B PAa3IMUYHBIX ITPOU3BOJCTBAX
IIPUBEAEH HUXKE.

JleconuieHHE U IEPEBOOOPADOTKA ....evvevveevrerreereereereesieeeessenenenens 41%
[emmto103H0-0yMaskHOE TTPOM3BOACTBO . .23%
I'uaponusHoe U TECOXUMUYECKOE TPOU3BOACTBO «..covvennrenveeerenneennen. 4%

Kpome Toro, 3HaumnTeNnbHas 4acTh JAPEBECHHBI HCIIOJIB3YETCSI B HEOO-
paborannoM Buze (32%), B ToMm uucie B kauecTBe TommBa (13%). Han-
OoJIbIIIas 9acTh IPEBECHHBI, KaK 3TO BUAHO M3 MPHUBEAEHHBIX JaHHBIX, pac-
XOMyeTCsl Ha JIECONMIIEHHE, e W oOpasyercst OOJbIIE BCEr0 OTXOIOB:
TonbKO 60...62% HMCXOAHOTO CHIPhSI IPEBPAIIACTCS B OCHOBHYIO MPOIYK-
0. OTX0#aMH JIECONMMIBHOTO MPOU3BOJICTBA SIBIISIOTCA TOPOBIIH, PEHKH,
00pe3Kkn JOCOK, BBIPE3KH JEe(EKTHBIX MECT, OIMIKH, CTPY)KKa M KOpa.
Ha pucynke 4.1 npuBeneHa TeXHOIOTHUECKass CXeMa JIECOIMIBHOTO MTPOH3-
BojicTBa. [Ipu BEIpabOTKE NIIMHHOMEPHBIX OOPE3HBIX JOCOK B TOPOBUIN OT-
xomut 6...10% ot obwvéma OpeBHa, 10...13% mnpeBpamarorcsi B pewku;
2...4% — B 0oOpe3ku mocok; 11...12% — B ommky; 2...3% UnET Ha BRIPE3KY
nedexTHpIX ydacTkoB. Kpome Toro, 0e3BO3BpaTHO NpH CYIIKE TEpsETCs
5...7% wn pacneusterca 1...2%. KommdecTBO KOpBI COCTaBIIET OKOJIO
10...12% ot Bcero odbvEMa OpeBHa (Kopa, TpaB/ia, He BXOANT B OaylaHC ape-
BECHHBI U CUNTACTCS BHEOAIAHCOBBIM OTX0JI0M). B packpoiHBIX mexax mpu
packpoe HEoOpe3HBIX JTOCOK Ha 3aroTOBKH obOpasyercs 7...10% ommiok,
10...15% oOpe3koB. B crporanpHbIX LeXax OTXOIBI B BHJAE CTPYKKH CO-
ctaBisroT 12...20% 00BéMa mocTynaromux muiiomarepuanos. Benencrsue
9TOr0 B c€0ECTOMMOCTH MUJICHON NPOIYKIUH 3aTPaThl HA CHIPHE COCTABIISI-
10T 70...80% ot 3aTpar Ha e€ BeIpaboTKy [18].
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| bpésHa |

Kopa i O6ampka

| BpéBHa, ounieHHbIE OT KOPHI |

T'op6buTH OO0t1écriBanne

| O6técannnie OpEéBHA |

ChIpbé OnmIKU Pacnun

HecTtporasnslil pacninneHHsIl MaTepuan

Cyuika

| Cyxoil HecTporaHslil MaTepual |

Cyxue OIMUIKH Pacru,
Crpyxka, 00pe3KH, KOHIIBI OCTpYTMBaHUC

| IMonumarepuan |

Puc. 4.1. Texnonoruyeckasi cxema JecONUJIbHOT0 MPOM3BOACTBA

N3 Bcero koindecTBa OOpa3yIOMIMXCS APEBECHBIX OTXOJOB TOJIBKO
60...65% wucmonp3yercss B Ka4eCTBE BTOPUYHOTO CHIPbS, OCTAIbHBIE cOpa-
CBIBAIOTCS B OTBAJIBI, OTPUIIATENHHO BIHAS Ha OKPYKAIOIIYIO CPEeay.

3HAUNTENBHOE KOJIMYECTBO OTXOJIOB OOpasyeTcs IpPH HCHOJIB30BaHUH
JPEBECHHBI Ha TPEINPUSITHSIX aBTOMOOMIBHOW HMPOMBIIUICHHOCTH, B TPAHC-
HNOPTHOM  CTPOUTENBCTBE, CTAHKOCTPOEHWH, TOPrOBile, KOMMYHAJIbHOM
XO3SIHCTBE, MEOETBHOI POMBIIUIEHHOCTH U IPYTHX OTPACIIAX SKOHOMHUKH.

JlpeBecHBIE OTXOABI MOXHO KJIaCCH(UIMPOBATh II0 ACCOPTHMEHTY
BBIITyCKaeMOH MPOAYKIHMH (OTXOIBI MIJIOMAaTepUalioB, (haHepsl, IpeBECHO-
BOJIOKHUCTBHIX IUTUT W JIp.), TI0 TOPOJAAM JAPEBECHHBI (OTXOABI XBOWHBIX,
JHMCTBEHHBIX TOPOJ JEPEBBEB), IO BIAKHOCTH (CyXHE€ — C BIAXHOCTBIO 110
15%, momycyxue — ¢ BaaxkHOCTBIO 15...30%, BlaKHbIE — C BIaXKHOCTBIO
Boimie 30%), Mo CTpyKType (KyCKOBBIE, CHIITYYHE) U IPYyTUM IPU3HAKAM.

ITo xonM4YecTBY OTXOJOB JepeB000padaTHIBAIONIAsT IPOMBIIIIICHHOCTD
CTOMT Ha OJHOM M3 MEpBBIX MecT. KolndecTBo OTXOMOB B 3TOI oTpaciu
3aBUCHT OT Ka4yecTBa MepepadaThbIBAEMOro ChIPhs, THUIIA U pa3Mepa U3roTaB-
JIUBAEMOM HPOTYKIMH, UCTIOIb3YyeMON TEXHOJOTHH M NMPUMEHSEMOro 06o-
pynoBanus. KonmndecTBo 0TX0/I0B, 00pa3yIomIuXcsl, HAIpUMep, Ha MeOelb-
HoW (habpuke, mocturaet 60% OT BCel UCTIOIB30BaHHOM IPEBECHHBI.

K oTxonamM, 00bEM KOTOPBIX 3aBHCHUT OT UCIIOJIB3YEMOTO ISl PACKPOS
obopynoBaHus, OTHOCAT omwiIkH. OOBEM JPEBECHHBI, IEPEXOAsIIei
B ONMJIKH, 3aBHCUT OT TOJIIIMHGI ITMJI: YEM TOHBIIE TTHJIA, TEM MEHBIIIE OITH-
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nok. VIx oOpazoBaHue MOKHO BOOOIIE YCTPaHHUTh, €CIIHM UCIIOJIL30BATH JIPY-
rue crocoOsl AeseHust qpeBecuHbl. K oTxomam, 00yCIIOBIEHHBIM KaueCTBOM
HCXOJHOTO CBHIPBSI, OTHOCATCS TOpPOBUIN, TOPLOBBIE CPE3KH, PEiKH, pa3HO-
00pa3Hble BEIPE3KH C IIOPOKAMH U JIePEKTaMH.

Bce oTXomb! IpeBeCHHBI SIBIAIOTCS LIEHHBIM CBHIPBEM JUIS TPOU3BOACT-
Ba Pa3NUYHON NPOIYKIUH, OJHAKO MO BO3MOXKHOCTH YTHJIM3ALUH OHH HE
paBHOIEHHBI. HanOombIIyo IEHHOCTh NPEICTABIISIOT JIETIOBBIE OTXOMbI, U3
KOTOPBIX MOKHO H3rOTaBIMBATh Pa3HOOOPa3HYI0 MEJKYIO MIJIOMpPOIYK-
muro. K HUM OTHOCATCSI TOpOBUTH, PEHKH, KPYIHBIE KYCKOBBIE OTXOJBI.
Wx MOXHO HCHONB30BaTh M U1 HPOU3BOJCTBA IEJUIIONO3BI, JIPEBECHO-
BonokHUCTHIX T ([ABII), apeBecHo-cTpyx)eunsx T (JCII), nemeHnTHO-
ctpy>keunbIx T (JCII) 1 xuMudeckoit NpoayKIuu.

Menee HCHHBI OTXOJbI, BO3MOXHOCTb UCIIOJIb30BAHUA KOTOPLIX OI'pa-
HUYeHa (CTPYXKKH, OMMJIKH, MEJIKHE KyCKOBbIE OTXOAbI, miemna). OmIKu
U CTPYXKH, Onarojaps aacopOHMpyIOIINM, aOpasvBHBIM, H30JISIIHOHHBIM
U IpyTUM CBOWCTBaM, HMIMPOKO HCIIOIB3YIOT B PAa3IMYHBIX NMPOM3BOACTBAX:
JUISL XO3SHCTBEHHBIX LENeH U KaK TeXHOJIOTUYECKOE CHIPHE.

4.1. HanpaBﬂemm HUCIIOJb30BaAaHUA APEBECHBIX 0TX0A0B

Buasr

Hcnonp30Banue 0TXOI0B
OTXOJI0B

Kyckosrsie Jnst BEIpaOOTKU LENbHBIX U KIEEHBIX 3arOTOBOK, MEJIKOW
OTXOJIbI IPOLYKIUH, TEXHOJOTMYECKOW WIembl Ul IPOU3BOJCTBA
LIEJUTIONO03bl U APYTON NMPOAYKLUHU C U3MENbUCHUEM JIpeBe-
CHUHBI;

B JIECOXMMHUYECKOM IIPOU3BOJICTBE;

B Ka4C€CTBEC TOILIIMBa

Onuiku Jnst mpon3BOJCTBA CHMPTA, KOPMOBBIX JIPOKIKEH, LENIIIO-
JI03b1, APEBECHOI MYKH, CTPOUTEIHHBIX MAaTEPHAJIOB;

B JICCOXUMHYECKOM TIPOM3BOJICTBE;
JUTS XO3HCTBEHHO-OBITOBBIX HYXT;
B CEIILCKOM XO3SICTBE;

JIJISL TEXHOJIOTHYECKHUX LIeTIeh

Crpyxka J1s1 U3rOTOBNIEHUS TUIUT, CTPOUTENBHBIX OJOKOB;
B JIECOXUMHUUECKOM IIPOU3BOJICTBE

Kopa Jns nomydennst [yOouTenel B JIECOXUMHYECKOM TIPOU3BO/I-
CTBE;

JUTS U3TOTOBJICHUS yIOOpEHUI
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[lena u MeNKue KyCKOBEIE OTXOIBI SBISIOTCS UCXOIHBIM XHMAYECKAM
CBIDEM TIPH TIPOW3BOJCTBE CTPOWUTEIBHBIX MATEpPHAalOB, BHUCKO3HOTO
BOJIOKHA (a 3aTeM TKaHEH), TeXHHYECKOTO CIHPTa, KOPMOBBIX IIPONIKEH,
YKCyca, IIEeJUTION036], OyMaru, KapToHa ¥ MHOTHX APYTUX MPOAyKTOB. s
MIPOU3BOJICTBA 3TOW MPOAYKIIUH IPEBECHHA M3MEIhUACTCs, a 3aTEM IOCTY-
maeT Ha mepepaboTKy MO CIEIHaIbHON TEXHOJOTHH, MCIIONB3YEeMOH Ipu
NPOU3BOJICTBE KOHKPETHOM MpoAyKIiK. YacTb IpeBECHBIX OTXOAOB B OpH-
KETUPOBAHHOM BUAC NMPUMEHAIOT KaK TOIUIMBO JJId 6LITOBBIX " IIPOMBIII-
JIEHHBIX Tieuel [19].

Heobxoanmo yrmoMsHyTh 00 SHEPTOXMMHUYECKOM HCIIOJIb30BAaHUU OT-
XO/IOB JIDEBECHHBI B ra30r€HEPATOPHBIX YCTAaHOBKaX. [IpHHIUIT SHEPTroXu-
MHYECKOTO HCIIOJIb30BaHMsI OTXOJIOB JPEBECHHBI OCHOBAH Ha rasuQukanmn
JPEBECUHBI U TOyYeHUH W3 He€ XUMUYECKUX MPOIYKTOB M TOPIOYETO Ta3a
C TIOCTIEAYIOMIAM HCITONF30BAHUEM €T0 B KauecTBe TOIDIMBA. [lociie BOWHBI
KaKoe-TO BpeMsI HaXOIWINCh B IKCIUTyaTallid aBTOMOOWIIN C Ta3oreHepa-
TOPHBIMH yCTaHOBKaMH. VICTOYHHKOM SHEPTUU JUISA IBUTATENS TAKHX aBTO-
MoOwmier ObuTa IpeBecHHa. TemmoTa CropaHus BEIPaOAaTHIBAEMBIX H3 OTXO-
OB JIPEBECHHBI reHepaTogmﬂx razos cocrasisier 6400...7200 KI[)K/M3 s
a BeIxox raszos 0,45...0,7 M”/Kr Cyxoro TOILIMBA.

B 00001EHHOM BH/Ie BO3MOYKHOCTH YTHIIU3AINHU Pa3IMYHBIX OTXOJIOB
JICCOTTMIICHHS U IEPEBOOOPA0OTKHY TpEACTaBICHBI B Ta0M. 4.1.

4.2. IEPEPABOTKA KYCKOBBIX OTXOA0OB IPEBECHUHBI
B TEXHOJIOI'HMYECKYIO HIEITY

Jls Mcnonb30BaHUS B JIECOXMMUYECKOH W IIEIUTIOJIO3HO-OyMasKHOM
TIPOMBIIIUICHHOCTH, B TMPOM3BOJCTBE CTPOUTEIHHBIX MAaTEPHAIOB KyCKOBBIE
OTXOJBI ePeBOOOPAOOTKH JOIDKHBI OBITH MepepadoTaHBl B TEXHOJIOTHYE-
CKYIO Iemy. DTOT MPOLECC OCYLIECTBISACTCS B JICCOMMIBHOM IPOU3BOJCT-
BE, a cama LIena SBISIETCS COIYTCTBYIOIIEH TOBApHOM NPOLyKLIHUEH.

[Ifema — OCHOBHOE CBHIPHE IEIUTIOI03HO-OYMaKHOM, THIAPOIUZHOM
NPOMBIIUICHHOCTH U psilia APYTUX oTpaciei, ahdekTHBHOCTh paboThl KO-
TOPBIX 3aBHCUT OT € KauecTBa U OT CTAOMJIBHOCTH MOCTAaBOK. BaskHewiu-
MU TTOKa3aTeJIIMH KaueCTBa ILETbI SBJISIOTCS: COJEep)KaHWe KOPBI, THHUIH 1
MHUHEPAJIBbHBIX YacTHL, ()PAaKIHOHHBIA COCTaB, KaueCTBO ITOBEPXHOCTH M
yTOJI cpe3a YacTHLl, MOpoJa AepeBa, U3 KOTOPOro OHa U3roToBieHa. [Ipons-
BOJICTBO IIIENBI HE TOJBKO JAET BO3MOKHOCTD YTHIIM3HPOBATh OTXOMIBI Ape-
BECHHBI, HO IMEET U Ba’KHOE CaMOCTOSITEIIFHOE 3HAUCHHE.

B 3aBucuMocTH OT Ha3HA4YeHHS K TEXHOJOTHYECKOW IIeTe MpeabsiB-
JISIOTCS pa3nuaHble TpeboBaHUsA. OcoOEHHO BaXKHO, YTOOBI IIema HE Co-
Jieprkaia TIOCTOPOHHMX BKIIFOUCHUI: MeTaa, THIIH, necka u T.11. Cozmep-
KaHHE KOPBI CTPOTO JMMUTHPYETCS B 3aBUCHMOCTH OT AAIbHEHIIEro MpH-
MeHeHus mensl. Hanpumep, 1memna, uaymas Ha BapKy HEJITI0JIO3BI, BOOOIIE
He JOJDKHA cozepkaTh Kopy. CopeprikaHue KOpBI B ILele, UAYIIeH Ha Ipo-
uzBojcTBo JIBIT u JICII, He nomkHo npeBbImath 15%.
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4.2. TunoBble pa3Mepsbl WENbI

Bitgsr TEO Pasmepsl, MM
JUIMHA TOJIIIHHa

emnrono3Ho-6yMaKHBIE 15...25 5
JpeBeCHO-BOJIOKHUCTHIE TUIUTHI 10...35 5
JlpeBecHO-CTpY>KEUHBIE IUIUTHI:

IJIOCKOTO IPECCOBaHUS 20...60 30

9KCTPY3MOHHOTO (hopMOBaHHMS 5...40 30
I'uaponuzHele 5...35 5

JI71s1 UI3roTOBIIEHHUSI CIIEUUATIbHBIX BhICOKOKauecTBeHHBIX JBII npume-
HsIETCs LIENa, COAEp KaHUE KOPBI B KOTOpoi He mpeBbImaeT 3%. Iloatomy
TIPY M3TOTOBJICHUH IIETIBI, HIYIICH B IEUTIOI03H0-0YMaXHOE TIPOU3BOJICT-
BO W Ha m3rotoBieHue Takux JBII, UCTONB3YIOT TOJNBKO OYHIICHHBIC OT
KOpPBbI OTXOJBI JPCBECHHBI, T.C. OTXOIbI, OOpPA3yIOIIUECS OT PACIUIOBKU
OKOpEHHBIX OpEBeH. B 3aBMcHMOCTH OT Ha3Ha4eHHUs (BHIA TPOHW3BOJCTBA)
1Ierna JI0JKHa UMETh pa3Mepsl (Tadi. 4.2).

TeXHONOTHSI TOATOTOBKY IPEBECHBIX OTXOIOB K IepepaboTKe B MICIry
3aBUCHUT OT €€ Ha3HauYeHHs, TaKk Kak TpeOOBaHWUsI, MPEAbSIBISIEMbIE K IIETe
JUTsL pa3IMYHBIX MPOU3BOJICTB, HEOIWHAKOBbI. HanmeHnee mpoctas moaro-
TOBKa OCYIIECTBIIACTCS MPH W3TOTOBJICHHUU IIETHI I THAPOIU3HOW TPO-
MBIIIJIEHHOCTH U TIPOU3BOJICTBA APEBECHO-BOJIOKHUCTBIX IUIUT. TEXHOIOTHS
MIPOM3BOJICTBA IIETIHI BKIIIOYAET HECKOIBKO CTamuil (puc. 4.2).

CoOpaHHBIC JPEBECHBIC OTXOJBI KOHTPOJHPYIOTCS Ha OTCYTCTBHE
B HUX ITIOCTOPOHHHUX IPEIMETOB (TIpekae Bcero — u3 Metauia). [locne u3-
MEJTBUYCHHS KYCKOBBIX OTXOJIOB Ha pyOMJIBHBIX MAIMHAX OHU COPTHPYIOTCS
Ha IIETIOCOPTUPOBOYHBIX yCTAHOBKAX, HOU3MENBYAIOTCS U TPAHCIIOPTHPY-
roTcs Ha ckiaf [20].

| EMKOCT]: C OTXOaaMu |

¢ Vnanenue MeTaIUTMIECKUX BKITIOYEHHN

| MaruutHslii cenapaTop |

KpynnHas
W@ ¢ Usmenbuenme

PyOunpnas mammaa

¢ d)paKLU/IOHI/IpOBaHI/Ie

| BapabannsIii BHOpaTOp

L ] ¢ KonTpoib kauecTBa

| [puémusrii 6yHKep

Ha cxman

Puc. 4.2. Texnonornyeckas cxeMa NpoU3BOIACTBA HIEMbI
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B npouecce npousBoACTBa LIENbl OCHOBHOM OIlEpallMel sIBISETCS U3-
MENIbYEHNE JPEBECHBIX OTXOIOB. DTa ONEpaIys ONpENeNsieT KayecTBO U
BBIXOJl KOHIUIIMOHHON TEXHOJOIMYEeCKOH ILEMNBbl, a TaKXKe YIEIbHBIE dHEp-
ro3arpatsl Ha €€ MpOU3BOACTBO. V3MenbueHne KyCKOBBIX OTXO/OB OCYIIe-
CTBISIFOT Ha PyOWJIBHBIX MamIMHaX. B 3aBucumMocTtu oT GOpMEI poTOpa py-
OWIBbHBIC MAIIMHEI eNATCs Ha OapabaHHbIe, TUCKOBBIE M KOHUYECKHE.

Porop O6apabanHOl pyOMIIbHOIN MallMHBI BHIIOJIHEH B BHe OapadaHa,
HA MOBEPXHOCTU KOTOPOTO yCTAHOBIIEHBI PEXYIIHE HOXU. PoTopoM nucko-
BOM pyOWJIFHON MAaIlIMHBEI SBJISETCS ANCK, HA KOTOPOM pAacIlOJOKEHBI pe-
XKyIIue dy1eMeHThl. PoTop KoHMYeCKo# pyOMIIBHON MalllMHBI MPEACTaBISET
co0o¥ yCced€HHBI KOHYC, Ha 00pa3ylomiell TOBEpXHOCTH KOTOPOTO pa3Me-
mIeHsl pexxymue Hoxu. Ha OapabaHHBIX pyOWJIBHBIX MAIIMHAX IOJydYaroT
IIeNy HHU3KOTO KadecTBa, C HEOJHOPOIHBIM (PpPakIMOHHBIM COCTaBOM W
C IOBPEXAEHHBIMU BOJIOKHAMH, UTO CBSI3aHO C UX KOHCTpykuueil. Takas
mierna MOXET UCIOJBb30BaThCsl Ui THAPOIU3HOTO MPOU3BOJCTBA, HO MaJo-
TIPUTO/IHA JITSI TIEJUTI0JIO3HO-0YMaXKHOHM MPOMBIIIIIEHHOCTH W W3TOTOBIICHHS
JABIT u JICIIL. JIns moyiydeHus 1enbl, MPUTOAHON IS 3TUX MPOU3BOJICTB,
HCIIONIB3YIOT JUCKOBBIE PYOMIIbHBIE MAIIUHBI C IUIOCKMM M TEINKOUIATb-
HBIM JMCKaMHU.

st mepepabOTKM KYCKOBBIX OTXOZOB JIECONHMJIBHOTO IMPOM3BOACTBA
Ha TEXHOJOTHUYECKYIO ILENy NpeJHa3HauYeHbl PyOWIbHBIE MAIIWHBI THUIIA
MP2-20 (puc. 4.3). Ota MammHa MOXET W3TOTAaBIMBATHCS C BEPXHUM M
HIDKHUM BBIOPOCOM IIIETIBI.

2 3 H
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Puc. 4.3. Cxema pyoniabHoii mammasl MP2-20:
1 — cranmnHa; 2 — naTpoH; 3 — KOXYX; 4 — pOTOp; 5 — TOPMO3; 6 — DIEKTPOBUTATENb

71



JluckoBble pyOHIIbHBIE MAIIMHBI BBITYCKAIOT C HAKJIOHHON M TOPU30H-
TaJIbHOI IMojavyel nepepadaThiBaeMOro ChIpbs. B MalmmHax ¢ HaKJIOHHOU
roJjaueil ChIpbsl 3arPy304YHBIH JIFOK TPUEMHOTO ITATPOHA PACIIONAraeTcsl 0.
yraom 45...50° K TOPU30HTATBHON MIOCKOCTH (WJIM MJIOCKOCTH JUCKA Ma-
muHbl). [loaToMy B TakMx MalIMHax IIera BCErjaa Cpe3aeTcs IMOj YoM
B mpezaenax 45...50° K HanpaBJIEHUIO BOJOKOH, B PE3yJIbTaTe Yero 3Ha4u-
TEJIFHO YMEHBILIAETCS PACcX0/1 SJHEPTHU Ha H3MEIbYEHUE APEBECUHBI.

[MTonydeHHast Ha pyOWIBHBIX MaIIMHAX IENa COPTHUPYETCs MO pa3Me-
paM Ha yCTaHOBKaX BHOPAIIMOHHOTO WM THPAIIMOHHOTO (C KPYTOBBIM Ka-
YaHHUEM CHT B TOPM3OHTAIBHOM IUIOCKOCTH) ThMa. Hambomee pannoHansHO
HCIIOJIb30BaHUE TOABECHBIX M HAIlOJbHBIX THPAIMOHHBIX COPTHPOBOYHBIX
MaIlliH, OCHOBY KOTOPBIX COCTABIISIFOT TPH IOCIEJOBATEIbHO yCTAHOBICH-
HBIX TI0 BEPTUKAIN KOpoOa CHTa C OTBEPCTHSIMU Pa3IMYHBIX Pa3MEpOB.
(B mocnemHee BpeMs TOSBWINCH YCTaHOBKH C JAByMs cutamu.) Cwura
COBEpHIAOT KadaTCJIbHBIC IBHXKXCHUSA B FOpHSOHTaJ'IBHOﬁ IIJIOCKOCTH.
Ha BepxHeM cuTe ocTaroTcsi caMmble KPYIHBIE KyCKH JPEBECHHBI, KOTOPhIE
NOCTYMAIOT Ha MOBTOPHOE M3Menb4yeHue. Co CpeHero U HIKHETO CUT BbI-
XOAAT JBe (hpaKIMH IIETIbl, a ONHMIKH M MeJI0Yb, IPOCKOYMBILINE YEpe3 BCe
TPY CHTa, TIOCTYNAIOT B OyHKEp ISl OIIHIIOK.

JanbHeilimas nepepaOoTKa MIENbl, MOXYYEHHOW M3 APEBECHBIX OTXO-
JIOB, TIPOM3BOAWTCSA BHE JICCONMIGHOTO INPOM3BOACTBA Ha MPENIPHUSATHAX
COOTBETCTBYIOIINX OTPACIIEH MPOMBIIIIEHHOCTH (CTpOHMaTepraoB, Jeco-
XMMUH, LEIUTI0I03HO-0yMa)KHOHM | JIp.) TTO0 TEXHOJIOTHSIM, IPUHATHIM B 3THUX
otpacisx [21].

4.3. ITIPOU3BOJACTBO CTPOUTEJIBHbBIX
N KOHCTPYKIHHUOHHBIX MATEPHUAJIOB
N3 OTXOA0B APEBECHUHBI

OOHMM U3 OCHOBHBIX HaNpaBIICHUH yTUIM3AaLUU APEBECHBIX OTXOAOB
SIBJIIETCS IPOU3BOJACTBO PA3IMYHBIX OTPaXTAIONIMX M OTIAEIOYHBIX CTPOU-
TENBHBIX ~ MAaTEpUANIOB:  JPEBECHO-BOJIOKHUCTBIX  IUIUT,  JPEBECHO-
CTPY’KEYHBIX IUIUT, IEMEHTHO-CTPYKEUHBIX IUINUT, IIUTOBOTO MapKeTa u Ip.

[Ipu M3roTOBIEHHM IPEBECHO-BOJOKHUCTHIX IUIUT HUCIHOJIB3YIOT LEN-
JIFOJIO3HBIE BOJIOKHA, MOJYyYEHHbIE MYTEM JajdbHEHIIEro M3MEJIbUEHHUs Lie-
nel. CymecTByeT Ba crocoba mpousBoacTBa JBII: Moxpslii u cyxoit. [lpu
MOKpOM cIT0co0€ TUINTHI MOJTYYaloT IMyTEM OTIIMBA IIEJUTIJIO3HOM Macchl 0e3
BBEJICHUSI CBSI3YIOIIEr0 BEIECTBA, IMPH CYXOM CIIOCO0E B LEIUTIOIO3HYIO
maccy BBOIAT 4...8% cBszytonieit cMonbl. [IToMuMoO cMOJIBI B COCTaB MacChl
BBOJIAIT aHTUCENTHKH, aHTHITUPEHBI U ApyTrue 100aBKH, MTO3BOJISIOMINE TPH-
JaTh MaTeprualy HEOOXOOMMBIE CBOWCTBA: ITPOYHOCTH, BOJOCTOHKOCTD,
rpuOOCTOHKOCT, MOXKAapOCTOHKOCTh M T.I. Ha pucynke 4.4 mpuBeneHa
MIpUHIUTIHATIRHAA cxeMa mponsBozcTsa JIBII cyxum crmocobom.
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Puc. 4.4. IlpunnunuajibHas cxema npoussoacrsa JIBII cyxum cnocobom:
1 — pyOunpHast MaIMHAa; 2 — MUKJIOH; 3 — METOCOPTHPOBOYHAS YCTAaHOBKA,
4 — nesunTerparop; 5 — OyHKep XpaHEHHUs LIEIBI; 6 — PACXOAHBII OyHKEp IIeTbI;
7 — IpONapoyHbIi anmnapar; 8§ — pacXoaHble Oaky mapaduHa U CMOJIBI;
9 — pa3MosibHasl yCTaHOBKA; /() — UKIIOH CYIIWIKU II€PBOH CTYIICHU;
11 — cymmnka Bropoii cryneny; /2 — ¢popmupyroras MaliHa;

13 — NeHTOUHBIH Npecc NpeIBapUTEIbHON NOANPECCOBKY; /4 — roJI0BKa,
(hopMmyroIIast OTAENIOYHBIH C10H; /5 — mrna nonepeyHoi pesky; /6 — nuna
MIPOIONBHOM pe3ky; /7 — 3arpy304yHas sTaxepka; /8 — mpecc;

19 — 3arpy3o4Has sTaxkepka; 20 — kamepa KOHIUIMOHUPOBaHUS; 2/ — NpoJOIbHAS
pe3ka; 22 — nonepedHas pe3ka; 23 — HaKOIUTENb IUTHT; 24 — aBTOIOTPY3UYHK

Texnomormaeckuii mpouecc mpoussoacTea JBII cyxum croco6om co-
CTOHMT M3 CIEIYIOIMX ONepauuii: Mpomapky, pa3Moia IIeNbl Ha BOJIOKHA;
CYLIKH BOJIOKHA; TOATOTOBKH CBSI3YIOIEr0 M J00aBOK; CMEIIMBAaHUS BO-
JIOKHA CO CBS3YIOIIMM W JIpyruMH jao0aBKamy; (GOPMHpPOBaHHS KOBpA;
MIPEABAPUTENLHOTO YIUIOTHEHHUS (TTOJIPECCOBKHM) KOBpA; IPECCOBAHMUSA,
KOHJMIIMOHMPOBAHHMS TUTUT; MEXaHUUECKOI 00paObOTKH TUTHT.

B 3aBucHMOCTH OT CBOMCTB BBIITYyCKAIOT IATh pa3auuHbIX BUA0B JIBII:
TETJION30JSIIMOHHBIEC,  TEeTIOM30JIALHOHHO-OTACIOYHbIE,  ITOJNyTBEPAbIC,
TBEpABIe U cBepxTBEPAbIE. JIBII mIMPOKO NPUMEHSIOT B CTPOUTENIBLCTBE,
MeOeNbHOI MPOMBIIIUIEHHOCTH, MalllMHOCTpoeHnu. Hanpumep, s otaen-
KM TTaHeNeH cajloHa aBTo0yca MCHOJB3YIOT MaclIONpPONUTaHHBIE CBEPXTBED-
nele JIBII ¢ 1akOKpacOYHBIM MTOKPBITUEM.

J1J1s1 IOBBILIEHHSI IPOYHOCTH MPH U3THOE TUIUT HPOMUTHIBAIOT CMECHIO
JIBHSHOTO U TaJJIOBOTO Macel. JlakokpacouHOoe MOKpBITHE HAHOCST Ha 3a-
TPYHTOBAaHHYIO IIOBEPXHOCTh IUTUTHL. DHU3NKO-MEXaHWYECKHE CBOWCTBA
macaonponutadHHoi JIBII ¢ nakokpaco4HBIM MOKPBITHEM, M3TOTOBJIEHHOM
U3 OTXOJIOB JICCONMIICHUS MPUBEICHBI B Ta0I. 4.3.
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4.3. ®u3uko-MexaHuveckue cBoiicrea macjaonponurannoi ABII

3HaveHHE
HaunmenoBanue nokazarens
IIOKa3aTeJst
[Ipenen npounoctu npu nsrude, MIla > 47
Habyxanue B Boze no Tommuae 3a 24 4, % <5
CreneHp CUEIUICHUS JaKOKPACOYHOTO MOKPBITHS >3
C IUINTOM, OaJIIIbI
HEOTrHeomnacHa
OrreomacHOCTh (CKOPOCTH TOPEHUS, MM/MUH)
(ue 6oee 20)

I_IpCBeCHO-Cpr)Ke'-IHBIC IIJTATBI U3TOTABJIMBAIOT TOPAYUM IMTPECCOBAHU-
€M OTXOIIOB IPEBECHHHBI (CTPYKKH) CO CBS3YIOIMIMM — MOYCBHHO- WA
¢denondop- Mmanpaernanoit cmonoii. Ilo cmoco0y Mpou3BOACTBA PAa3THYAIOT
JCII mmockoro npeccoBaHus U 3KCTPY3HOHHBIE, T.€. MOIydaeMble IKCTPY-
3Uel IpEeBECHOCTPYKEUHOM Macchl uepes meneByto rojgosky. JICII Beimyc-
KaroT 0e3 OOJUIIOBKY U OOJIUIIOBAaHHBEIMH IIIITIOHOM ¥ TTOJIMMEPHON TUIEHKOH,
a TaKk)Ke OKPAIICHHBIMH. DTOT MaTepHall IIUPOKO MCIOIb3yeTcs B MeOemnb-
HOU MPOMBIIIIEHHOCTH, CTPOUTEIBCTBE U IPYTUX 00IaCTsIX.

Texnonoruueckuil npouecc npousBonactsa [CII Bkirouaer ciemyro-
IIFi€ OCHOBHBIC ONEpaIiii: HM3MEIbUYeHHE OTXOIOB JIPEBECHHBI; COPTH-
POBKY H3MENbUEHHOW JApPEeBECHHBI, MPUTOTOBIEHHE pabodero pacTtBopa
CMOJIBI, OTBEpAMTENS M J100aBOK; JO3MPOBAHHE W CMEIIMBaHHWE KOMIIO-
HEHTOB CBS3YIOWIETO, THUAPOPOOHBIX M AHTUCENTHYECKHX [00aBOK U
U3MENbUEHHOW JIPEBECHHBI; (OPMHUPOBAHHE CTPY)KEUHOTO KOBpa WIH
MIAKEeTOB; MOAINPECCOBKY (TpeaBapUTENbHOE YIUIOTHEHHE) CTPY)KEYHOTO
KOBpa WJIH TAKETOB; IPECCOBAHME IUIUT; COPTUPOBKY W CKJIaTUPOBAHHC
wmrt. Ha pucynke 4.5 moka3aHa miIaHHpPOBKa IeXa MO MPOU3BOICTBY MSATH-
CIIOWHBIX JIPEBECHO-CTPYKEUHBIX IUIUT CIIOCOOOM IUIOCKOTO MpeccoBa-
Hus [22].

[Ipy M3rOTOBIEHNH IIEMEHTHO-CTPY)KEUHBIX TUIUT WCIIONB3YIOT IpEeBec-
HYIO MYKY, KOTOPYIO CBA3BIBAIOT C IMOMOLIBIO HEMCHTUPYIOIIUX WUJIA CBA3bI-
BAIOIMX BeUIecTB. Tak Ha3bIBAEMBI KCUIIOINUT TPOM3BOIUTCS U3 CMECH, CO-
JeprKaleil JpeBecHyl0 MyKy, MarHe3HaJbHBINA IEMEHT, acOECTOBOE BOJIOKHO
U Apyrue KOMIIOHEHTEI.
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Puc. 4.5. Il1annpoBKa nexa 1o Npou3BoOACTBY NATHCIO0MHBIX
APeBeCHO-CTPY:KeYHBIX MJIUT:
1 — oTneneHue NOATOTOBKH CTPYXKKH; [/ — 3aTOYHOE OTACNICHHE;

11 — cymunbHOE oTAeneHue; /V — npurotosieHue ces3yromux; K — mabopatopus;
VI — mutoBas; VII — popMoBOUHO-TIpeccoBoe oTaeneHue; VIl — otneneHue
00pe3KH, nuIQOoBaHNUs U COPTHPOBKH IUIHT; LX — yCTaHOBKA IIOOTPEBA Maca;
X — OprToBBIC IOMeEWeHus; 1, 6, 7, 10, I, 12 — 6yHKepsl; 2 — ITHEKOBBIN 103aTOp;
3,16,22,23,25, 26 — xoHBeiiepsl; 4 — HEHTPOOCIKHBIA CTAHOK; 5 — MEJIbHHIIA;
8 — IByXCTyNEHYATHIH cenapaTop; 9 — AByXCTyNeHYaTas CyIIHIIKa;

13, 14, 15 — cmecurenu; 17 — popmupyromas Mamuna; /8, 20 — npeccsl;

19 — 3arpy3o4Has dTaxkepka; 2/ — pa3rpy304Has dTaKepKa;

24 — xamepa KOHIUIMOHUPOBAHUS; 27 — 0OPE3HON CTaHOK;

28 — xanuOpoBaNbHO-ILTA(OBATBHBINA CTAHOK; 29 — TMHUS COPTHPOBKU

CmMech IpeBecHOM BaThl (TIPOIYKT, BeIpaOaThIBaEMBbIil N3 XBOM) C Marte-
3UAJIBHBIM LEMCHTOM U APYIMH BEIIECTBAMU HCIIOJB3YIOT IJIA U3TrOTOBJIC-
nus ¢pubposuta. LICII Mcnone3yioT B CTPOUTENLCTBE, B TOM YUCIIE JJIsl U3Tr0-
TOBJICHUS HAPY>KHBIX OIPAXKAAIOIINX MAHENEH.

L[CII o6amaroT XOPOIIMMH TEIJIO- M 3BYKOM3OJISIIMOHHBIMU CBOMCT-
BaMH, BOJOCTOMKH, OTHECTOMKH, MOPO3OCTONKH M OCH30CTOHKH. TexHOII0-
THYECKas CXeMa UX MPOM3BOJCTBA MIPECTaBIeHA Ha pHC. 4.6.

[InTOBOI MapKeT U3rOTOBIAIOT U3 IPEBECHO-CTPYKEUHBIX IUIUT U OT-
X00B (paHepHOro MmIoHa. [IapKeTHBIH HIUT COCTOMT U3 YETHIPEX CIIOEB:
nuineBoro cios, nojacnosi, JICII 1 HIUKHEro cnosi, CKIeUBaeMbIX MEXIY CO-
6011 ¢ MOMOIIBIO Pa3NMYHBIX KiIeéB. Yare Apyrux npuMensercs: Kapoamu-
HBII KJIel Ha ocHOBE cMoutel M19-62. CxiienBaHNe IPOU3BOAMTCS B Ipecce
npu temneparype 110...120 °C u naBnenunn 0,8...1,0 MI1a.

[lupoxoe mpUMEHEHNE HAXOIAT MaTepUallbl, H3TOTOBICHHBIE C MPH-
MEHEHHEM B KaUeCTBE JEIIEBOTO HAMOIHUTEIS IPEBECHON MYKH.
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HOZ[FOTOBK& APEBCCHBIX OTXO40B

!}

[IpuroroBieHue IEMEHTHO-CTPYKEUHON
Mmacchel (LICM)

| 3amuBka LICM B Gopmsbl |

!

IIpenBapuTenbHOE TBEPACHHE TIITUT

!

| Paz6opxka popm |

!

OTI[GJ'IKa IUIAT ACKOPATUBHBIM CJIOEM

!

OKOHYATENIbHOE 3aTBEPACBAHUC IIJIUT

Puc. 4.6. Texnosnornyeckas cxema Ipou3BOACTBA
eMEHTHO-CTPY KeUHBIX IUIUT

JlpeBecHast MyKa, BXOZSIasi B COCTaB TaKUX MaTEPHAaJIOB, U3TOTABIIH-
BAETCsl METOJIOM CYXOT'O M3MENbYEHHUS OTXOJOB JPEBECUHBI XBOMHBIX, JTH-
CTBEHHBIX MOPOA M nX cMecH. CBONWCTBAa MYKH 3aBUCST OT KadecTBa MCXO/-
HOTO CBHIpbsI M €€ TpaHyJOMETPHUYECKOTO cocTaBa. OTXOIbl, MAYIINE Ha
NPOU3BOJICTBO MYKH, HE JIOJDKHBI cojiepath 6osee 5% kopbl U 3% rHUIM.

[TpeaBapuTenbHOE U3MENbYEHHE OTXO0B IIPOU3BOANTCS HA MOJOTKO-
BBIX MEIBHUIIAX, 3aT€M H3MEIbYEHHBIN MPOJAYKT CYIINTCA B NMapOBBIX Cy-
MIMIBHBIX alliapaTax ¥ BHOBb MOCTYIAET Ha U3MEIbYSHHUE 10 HEOOXOAUMO-
ro pasmMepa. Kiaccngukanuio npoayKToB pa3Mosia IIpOBOST JBYMSI CIIOCO-
06aMu: POCEBOM Ha CHTOBBIX MalIMHAX M BO3AYIIHOM cemaparmeit. [pe-
BECHYIO MYKY HCIIOJIb3YIOT, HallpIMep, B KauyeCcTBE HAIMIOJHUTENS TOJIUMEp-
HBIX Komno3uui. Tak, U3 molunponuiaeHa, HaloJIHEHHOTO JPEBECHON My-
KOH, M3rOTaBIMBAIOT JUCTOBOW (POPMYIOIIUICS OOIHIIOBOYHBIN MaTepHal
BYJICTOK, IIMPOKO TPHMEHSIEMBIH B 3apyO0€KHOM M OT€IECTBEHHOM aBTOMO-
ounectpoenuu. Jluctel, copepxkamnpe 10 50% ApeBECHONH MYKH, MOTYYalOT
Ha JIByXIITHEKOBBIX HKCTPYAEpaxX, CHAOKEHHBIX yCTpPOMCTBAMMU JUIS Jeras3a-
nun. HanbGonee 9acTo w31enust U3 JHUCTOBOTO MaTepHaia, HAIOJIHECHHOTO
JIpEeBECHONH MYKOW, M3TOTaBIMBAIOT IITAMIIOBKOW Ha BEPTUKAJIBHBIX TH-
PaBIMYECKHUX MM MEXaHMUYECKHX Ipeccax. JIMcTel nepen GpopmoBaHneM Ha
wramine HarpesatoT 10 180...190 °C.
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W3 ByAcTOKa M3roTaBIMBAIOT BHYTPEHHHE IaHENU JBepeil aBTOMOOU-
JI51, 3aJJHUE CTEHKU CIIMHOK CHJICHWH, NaHenn OarakxHhKa W JpyTHe JeTaju
obsmmoBky. [IprMensieTcs Takoi MaTepuan U B CTpouTenbeTse. [IpranHoi
IIMPOKOTO HCIHONb30BAHUS BYJCTOKA SBIAETCSA HHU3Kas CTOMMOCTH MCXOJ-
HOTO CHIPbs (TIOJMIIPONIMIIEHA U IPEBECHOI MyKH) B COYETAaHUHU C XOPOIIH-
MH TEXHOJOTHYECKUMH ((POPMYEMOCTh) U (PU3UKO-MEXAaHHISCKUMH CBOM-
ctBamu. Kak BumHO M3 Tabn. 6.5, marepuan oOnagaeT BHICOKOW MPOYHO-
CTBIO, TEIUIOCTOWKOCTBIO, HU3KHUM KO3()(OUIIMEHTOM JIMHEHHOTO TEIIOBOTO
pacuMpeHust U JAPYI'UMH HEOOXOAMMBIMH cBoWcTBaMHU. OH BBIJIEP)KHUBAET
0e3 m3MeHeHus JUInTeNsHOe Bo3aeiicTeue Temmeparyp ot —20 mo 140 °C u
TepseT kEcTKocTh b npu 160 °C, HeorHeonaceH, yCTOMYUB K JEHCTBUIO
OpraHuYecKuXx pacTBopuTenei. I10CKOIBKY TpPaHCHIOPTHPOBAaHHE OTXOAOB
JpeBECHHbl Ha 3HAYMTENIbHBIC pacCTOsSHHSA TpeOyeT OOJbLIMX 3aTpar, UX
YTUIN3AIMS Ha TIPENNpUATHSIX, YIAIEHHBIX OT MECT 00pa30BaHUs OTXOJOB,
HepeHTaleNbHa.

Hcnonb3oBaHne JPEBECHBIX OTXOMOB JIODKHO OBITH OPraHW30BaHO
Tam, IJe nepepadaTbiBaeTCsl NCXOHAs ApeBecuHa. J{ist opraHu3anuy nepe-
pabOTKM OTXOJOB JAPEBECHHBI BAXKEH PETMOHANBHBIN MOAX0. TeXHOIOTuu
MIPOM3BOACTBA PA3IUUHBIX CTPOUTEIBHBIX MAaTEPHATIOB IIPEIOCTABISIOT
HIMPOKKE BO3MOXHOCTH MJISl YTHIIM3AIMU OTXOJOB JAPEBECUHBI MMEHHO
B MacmTade pernoHoB [23].
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5. AHAIIU3 COCTOAHMUA BTOPUYHOWU NMEPEPABOTKN U
YTUITU3ALUU NOJIMMEPHbIX MATEPUAJIOB

5.1. AHAJIN3 COCTOSTHUSI BTOPUYHOM NEPEPABOTKH
HHOJIMMEPHBIX MATEPUAJIOB

W13 Bcex BhIycKaeMbIX MIACTUKOB 41% ucnonb3yeTcs B yIaKOBKE, U3
3TOro KonuuectBa 47% pacxomyeTcs Ha YHaKOBKY IMILIEBBIX MPOIYKTOB.
Yno0cTBO M 6€30macHOCTb, HU3Kasl IIeHa M BBICOKAs ICTETUKA SIBIISIOTCS
OTIPEETSTIONIMMH YCIOBUSIMH YCKOPEHHOTO POCTa MCIHOb30BAHUS ILIACTH-
YECKUX MAacC IPH M3TOTOBJICHWH YNAKOBKH. YTAKOBKA M3 CHHTETHYECKUX
nmoauMepos, coctasmsiomas  40%  OblToBOro  Mycopa, MpPaKTHYECKH
«BEYHA» — OHA HE IOJBEpPraeTcs pasjiokeHHio. [lo3ToMy mcnonb3oBaHuE
ITACTMAcCOBOI YIAaKOBKHU COMPSKEHO ¢ 00pa3oBaHMEM OTXOJOB B pa3Mepe
40...50 xr/rox B pacuére Ha OJJHOTO YCIOBEKA.

B Poccun nmpennonoxurensio k 2010 1. momuMepHbIe 0TXOJIBI COCTa-
BAT OOJbIEe 1 MIIH. T, @ TPOIEHT MX HCIOJIB30BaHUs 10 CHUX Top Mai [2].
VYunTeiBas crienu(pUUecKre CBOWCTBA MOJMMEPHBIX MaTepHaIOB — OHH HE
MOJIBEPTAIOTCS THHEHHUIO, KOpPpO3WH, IMpolieMa WX YTHIU3alUH HOCHT,
MIpeXkJe BCEro, HKOJOrM4ecKkuit xapakrep. OOmuii 00bEM 3aXOpOHEHHMs
TBEPABIX OBITOBBIX OTXO/OB TOJHKO B MOCKBE COCTAaBISIET OKOJO 4 MIH. T
B roa. Ot of1mero ypoBHS OTXOAOB IepepadaThIBAIOTCS TONBKO 5...7% mux
Macchl. [To manaeM Ha 1998 1. B ycpeqHEHHOM COCTaBe TBEPABIX OBITOBBIX
OTXOJI0B, ITOCTABISIEMBIX HA 3aXOPOHEHHUE, 8% COCTaBIIAET IIacTMacca, T.€.
320 THIC. T B TOZ.

OpmHako B HacTosmIee BpeMs IMpobiemMa mepepaboTKi OTXOMOB IOJIH-
MEpHBIX MaTepuasioB 00peTaeT akTyajJbHOE 3HaUeHHEe HE TOJBKO C TIO3ULNI
OXpaHbl OKpYXKalollel cpelbl, HO M CBsI3aHa C TeM, YTO B yCIOBHSX nedu-
IIUTa MOJMMEPHOIO CHIPbS IUIACTMACCOBBIE OTXOJBI CTAHOBSTCS MOIIHBIM
CBIPHEBBIM M DHEPTETHUECKUM PECYPCOM.

BMmecTe ¢ TeM pelieHre BONPOCOB, CBSI3aHHBIX C OXPAaHOW OKpY:Karo-
mel cpensl, TpeOyeT 3HAYNTENbHBIX KalNTaJIbHBIX BIOXEHHH. CTOMMOCTH
00pabOTKM ¥ YHHYTOXKEHUS OTXOJOB IIACTMACC MPUMEPHO B § pa3 MpeBbI-
IIaeT pacxoisl Ha 00pabOTKy OONBIIMHCTBA NPOMBIIIIEHHBIX W IIOYTH
B TPH pa3a — Ha YHUUTOKCHHE OBITOBBIX OTXOJOB. DTO CBSI3aHO CO CIICIH-
(uuecKUMH OCOOEHHOCTSIMH IUTACTMAcC, 3HAYMTEIBHO 3aTPyIHSIONIIMHU
WM JIENAOIIUMH HETIPUTOAHBIMHU W3BECTHBIE METOJBI YHHUTOKEHHUS TBEP-
JIBIX OTXOJIOB.

Vcnonp30BaHue OTXOIOB IMOJMMEPOB MO3BOJSET CYIIECTBEHHO 3KO-
HOMUTH MEPBHYHOE CBIPHE (MPEKIe Bcero HeTh) U AIEKTPOIHEprHio [32].

[TpoGnem, CBSI3aHHBIX C YTHIM3AlMed MOJMMEPHBIX OTXOJOB, IOCTa-
ToYHO MHOTO. OHH UMEIOT CBOIO CIIelU(UKY, HO UX HEJb3s CUNTATh Hepas-
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pemrMbiMu. OfIHAKO pellleHHe HEBO3MOXKHO Oe3 opraHu3aiuu cOopa, cop-
TUPOBKH M TEPBHYHOW OOpPaOOTKM aMOPTH30BAaHHBIX MaTepHalioB M H3[ie-
TiA; 6e3 pa3paboTKK CHUCTEMBI 1IeH Ha BTOPUYHOE CBHIPBE, CTUMYIHPYIOINX
MIPEANPUATHS K UX IepepaboTke; 6e3 co3manusi 3p(eKTHBHBIX CIIOCOO0B
nepepaboTKH BTOPUYHOTO MOJIMMEPHOTO CHIPhs, @ TaK)Ke€ METOJOB €ro MO-
Iu(UKAMN C IETbI0 MOBBILICHUS KayecTBa; 0e3 CO3JaHus CHEeHHaTbHOTO
000pyIOBaHUA IJIsl €ro mepepaboTKH; 0e3 pa3paOoTKH HOMEHKIATYPBI H3-
JeJAi, BBITYCKAEMBIX M3 BTOPUYHOTO IIOJIMMEPHOTO CHIPHSI.

OTXO0BI INTACTUYECKUX MAacC MOYKHO Pa3IeNuTh Ha 3 TPYIIIBL:

a) TEXHOJOTHMYECKHE OTXOIbl INPOM3BOJCTBA, KOTOPHIE BO3ZHHKAIOT
IIPU CHHTE3e U nepepaboTke TepMmorutacToB. OHU AeNATCS Ha HEYCTpaHHU-
MBI€ MU YCTPAaHHUMBIC TEXHOJOTMYECKHUE OTXOMbI. HeyCTpaHI/IMBIe — 3TO
KPOMKH, BBICEUKH, OOPE3KH, JINTHUKH, 00JIOH, rpaT U T.A. B oTpacisax mpo-
MBIIUICHHOCTH, 3aHUMAIOIINXCS MPOU3BOJCTBOM U IEepepabOTKOM IuIacT-
Macc, TaKHX OTXOJOB 00Opaszyetcs oT 5 mo 35% [33]. Heycrpanumsie oTxo-
JIbl, TTO0 CYIIECTBY IPEACTABISIIONINE cOO0H BBICOKOKaYECTBEHHOE CHIPBE, MO
CBOMCTBaM He OTJIMYAIOTCS OT MCXOJHOTO NMEpBUYHOTO mojuMmepa. Ilepepa-
00TKa ero B U3/eNHs He TpeOyeT CIelnaabHOTO 000pYIOBaHHS U IIPOH3BO-
IHUTCS Ha TOM )K€ IPEIONPUATHH. Y CTPAHHMBIC TEXHOJOTHYECKUE OTXOMBI
MPOU3BOACTBAa O0PA3yIOTCS MPU HECOOMIOACHUH TEXHOJIIOTHYECKHX PEXKHU-
MOB B IIpOLiecCe CHHTE3a U IIepepabOoTKH, T.€. 3TO — TEXHOJIOTHIECKHH Opaxk,
KOTOPBIH MOXeT OBITh CBEAEH IO MUHIMyMa IJIH COBCeM ycTpaHéH. Tex-
HOJIOTUYECKHE OTXOZABI NPOU3BOJICTBA IepepadaThIBAIOTCS B pa3lIMuHbIE
U3/IeNNsl, UCTIONIB3YIOTCS B Ka4ecTBe 100aBKH K UCXOJAHOMY CBIPBIO U T.JI.;

0) OTXOABI MPOM3BOACTBEHHOTO MOTPEOJICHHSI — HAKAIIMBAIOTCS B pe-
3yJIbTaTe BBIXO/IA U3 CTPOS M3ENHI U3 MOJUMEPHBIX MaTepHajioB, UCIIOIb-
3yeMBIX B Pa3JIMYHBIX OTpacisX HapOIHOTO XO3sHCTBa (aMOpPTH30BaHHBIE
LIMHBI, Tapa W YIAKOBKa, JETaJIH MAIUH, OTXOJbI CEIbCKOX035HCTBEHHON
IUIEHKH, MEIIKU U3-T10J] YIOOpeHuit U T.A.). DTH OTXOMBI SBISIOTCS HAHOO-
Jiee OJHOPOJHBIMH, MAJIO3arps3HEHHBIMU U MO3TOMY NPEICTAaBIAIOT Hau-
OOJNBIINI HHTEPEC C TOUKHU 3PEHHS HX IOBTOPHOM IepepaboTKH;

B) OTXOJBI OOIIECTBEHHOTO TOTPEOICHHS, KOTOPhIe HAKAIUTUBAIOTCS Y
Hac JIoMa, Ha MPEINpUsATUAX OOIIECTBEHHOTO IMHUTAaHHUA M T.1., a 3aTe€M IO-
NaJarT Ha TOPOACKUE CBAJIKH; B KOHEYHOM HTOT€ OHH IEPEXOASAT B HOBYIO
KaTe€Topuro OTXO040B — CMCIIAHHBIC OTXOAbI.

HaubosnpImme TpyIHOCTH CBA3aHBI ¢ IEpepabOTKOM U HCIIOIB30BaHUEM
CMCIIAaHHBIX OTXOIOB. HpI/I‘II/IHa 9TOro B HECOBMCCTUMOCTH TEPMOILIACTOB,
BXOJAIINX B COCTaB OBITOBOIO Mycopa, YTO TpeOyeT MX MOCTaJUHHOTO BhI-
nenenusi. Kpome Toro, cOop M3HOIIEHHBIX M3JEIHH M3 MOJIMMEPOB Y Hace-
JICHUS! SIBIISIETCS] YPE3BBIYAHO CIIOKHBIM MEPOIIPHUSATHEM C OpraHH3aluOH-
HOM TOYKHM 3peHUS U MOKa ell€ y HAC B CTpaHe He HAJIaJKEH.

OCHOBHOE KOJIMYECTBO OTXOJIOB YHHUTOXKAIOT — 3aXOPOHEHHEM B IT0Y-
By WM CkHraHueM. OJJHAKO YHHYTO)KEHHE OTXOJO0B SKOHOMHYECKH HEBBI-
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TOZIHO M TEXHUYECKH CJIOKHO. Kpome Toro, 3axopoHeHUe, 3aTOILICHHUE U
CKUTaHUE TOJIMMEPHBIX OTXOJ0B BEIET K 3arps3HEHUIO OKpY’Karollei cpe-
JIbl, K COKPAIIEHUIO 3eMENTbHBIX YTOIUH (OpraHu3anus CBaloK) U T.JI.

OpHaKO W 3aXOpOHEHHE, M CXKHIAaHHE IPOJOJDKAIOT OCTaBaThCs I0-
BOJIHO IIMPOKO PacTpOCTPaHEHHBIMHU CIIOCOO0aMH YHUUYTOXXEHHS OTXOJOB
racTMacc. Yarie Bcero Tersio, BRIACISIONIESCs IPU CXKUTAHUH, UCTIONbB3Y-
10T JUIS TIOJYYEHHS Tapa U 3J1eKTpodHepruu. Ho KamopuifHOCTh CoKUraeMo-
TO CHIPbsI HEBEJMKA, TOITOMY YCTAaHOBKH ISl COKUTAHUS, KaK MPaBUIIO, SIB-
JISFOTCSL SKOHOMHYECKH Manod(dexktuBHbIMU. KpoMe Toro, mpu cxuraHun
MIPOMCXONUT O00pa30BaHHE CaXW OT HEMOJIHOTO CrOPaHUsl MOJIMMEPHBIX
MIPOLYKTOB, BBIIENCHNE TOKCHYHBIX 'a30B U, CIEIOBATEIbHO, MOBTOPHOE
3arpsi3HeHHE BO3MYIIHOTO M BOJHOTO OAacceiiHOB, OBICTPBIA HM3HOC Medeit
3a cu€T CHIILHOM Koppo3uu [34].

B navane 1970-Xx TT. MHTEHCHBHO HayalM pa3BHBaThCs pabOTHI IO
co3nanuio Ouo-, poTo- M BomOpa3pyIIaeMbIx momMepoB. [lomyyeHue pas-
JlaraeMbIX TIOJIMMEPOB BBI3BAIO HACTOSIIYIO CEHCAIMIO, M 3TOT CHOCO0
YHUYTOXXCHUS BBIMICALINX M3 CTPOS IUIACTMACCOBBIX M3JENUI paccMaTpH-
BaJIcsl KaKk mMaeanbHbIH. OQHAKO TOcieayiomue paboThl B 3TOM Harpasie-
HUM TIOKa3ajH, YTO TPYIHO COYETaTb B H3JENUSIX BBICOKHE (PH3HKO-
MEXaHWYECKHUE XapaKTEPUCTUKH, KPAcHUBBIA BHEIIHUH BHJ, CIIOCOOHOCTH
K OBICTPOMY pa3pyLICHHUIO U HU3KYIO CTOUMOCTb.

Coznanne GoTo- 1 Onopa3pylaeMbIX IIACTMAcC OCHOBAHO Ha BBEZC-
HUM B Ienb monuMepa (OTo- U OMOAKTHBHPYIOUIMX JT00aBOK, KOTOPHIC
JOJDKHBI COACPKATH q)yHKI_II/IOHaJ'[I)HI)Ie rpynribl, CHOCO6HBIC pasjiaratoCs
NOJ JIEWCTBHEM YIbTPA(pHOJETOBBIX JIyueil WM aHa’pOOHBIX OaKTEpHid.
TpymHOCTB 3aKifOYaeTcst B TOM, 4TO J0OaBKU BBOJST B MOJIMMEpP HA CTaUA
CHHTE3a WM INepepaboTKH, a pa3pylieHHe ero JOJDKHO MPOTEKaTh MOcle
HCIIOJIb30BaHMs, HO HE BO BpeMs nepepadoTku. [ToaTomy npobiiema 3akiiro-
YJaeTcs B CO3/aHUM aKTHBAaTOPOB Pa3pyIICHHUs, 00ECIeYNBAIOIINX OIpee-
NEHHBIN CPOK CITy>KOBI TUIACTMACCOBBIX M3/ENUil 0e3 yXyIIIeHHus UX Kade-
CTBa. AKTHBATOPHI JOJDKHBI OBITh TaK)kKe€ HETOKCHYHBIMH M HE IOBBIIIATH
CTOMMOCTh MaTepHana.

CymecTBYIOT TPH OCHOBHBIX HANpaBICHUS Pa3BUTHS MOUCKOBBIX pa-
00T 10 OCBOCHHUIO OMOMAETPAANPYEMBIX IIacTMAcC: MOTUI(PUPHI THIPOKCH-
KapOOHOBBIX KHCJIOT; IJIACTHYECKHE MAacChl HAa OCHOBE BOCIPOW3BOJIMMBIX
NPUPOJTHBIX MOJIUMEPOB; IMpUAaHHE OHOPA3IaraeMOCTH MPOMBIIUICHHBIM
BBICOKOMOJICKYJIAPHBIM CUHTETUYCCKUM MaT€praiaM.

OfHUM W3 CaMBIX IEPCHEKTUBHBIX OHOJIETpaJUpyeMbIX IUIACTUKOB
JUISl TIPUMEHEHHS B YIIAKOBKE B HACTOSIIEE BPEMsl SIBIISIETCS MOJTMIAKTUL —
MIPOYKT KOHAEGHCAUH MOJIOYHON KHCIOTHI.

[Monmmnaktun B KoMmocTe OMopasiaraeTcst B T€IEHHE OJHOTO Mecsla,
yCBaMBaeTCsl OH M MHUKpoOaMu Mopckoil Boasl. Eciu GnonerpaanpyemMsie
o3¢ HUpsl ¢ HEOOXOAUMBIMUA TOBAPHBIMHU CBOHCTBAMH MOJKHO IOJIyYHTh
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Ha OCHOBE THAPOKCUKApOOHOBBIX KHCIIOT, TO IIACTMACCHI, B COCTAaB KOTO-
PBIX BXOJHUT Kpaxmajl, HeJUII0N03a, XUTO3aH WM MPOTEHH, NPEACTaBISIOT
co00ii, kKaK NMpaBUIIO, KOMIO3WUIIMOHHBIE MaTEepHAaJbl, COAEpIKAIle CaMble
pas3nuyuHble TOOABKH.

Hawnbonee mmpoko U3 psiia MPUPOAHBIX COCAMHEHWI B OMopa3ziarae-
MBIX yIIAaKOBOYHBIX MaTepHaiax MCIOIb3yeTCs Kpaxmal.

Jlist osmydeHnst pa3pymaeMol 0akTepusMH BOJIOPACTBOPUMON IUIEH-
KM W3 CMECH KpaxMaJla ¥ MEeKTHHA B COCTaB KOMITO3WIIMH BBOJSAT IIACTH-
(hMKaTOPBI: TIUIEPUH WM MOJIHOKCHATWIEHININKOMb. [Ipn 3TOM oTMeuaer-
Csl, UTO C YBEJIMUYECHHEM COJIEP KaHH KpaxMana XpyHKOCTh IUIEHKH yBEJIH-
YHMBaeTCS.

N3 xomno3unuu, coaepskauiel Hapsay ¢ KpaxmalloM aMujio3y U He-
3HAYUTEIBHOE KOJMYECTBO CNAOBIX KHCJIOT, SKCTPY3HEl MOJy4YatoT JIUCTHI,
U3 KOTOPBIX ()OPMOBAHHEM C Pa3lyBOM W3TOTABIMBAIOT M3CIHS IJIS yIa-
KOBKH.

C uenplo CHWXKEHHS Ce0eCTOMMOCTH OHOpasiaraeMbIX MaTepHalioB
OBITOBOTO Ha3Ha4YeHUs (YIaKOBKa, INIEHKA JUIS MYJIBYMPOBAHUS B arpoTex-
HUKE, TTaKeThl [UII Mycopa) PEeKOMEHIYeTCsl MCIOJIb30BaTh HEOUHIIEHHBIN
KpaxmaJl, CMEIIaHHbIH C TOJMBUHHUIIOBEIM CITUPTOM H TaJIbKOM.

BbropasnaraeMele miacTHYeCKHe MacChl HA OCHOBE Kpaxmaia oOJajia-
IOT BBICOKOH 3KOJIOTMYHOCTBIO M CIIOCOOHOCTBIO pas3liaraTbCsi B KOMIIOCTE
mpu 30°C B TeueHHe IBYX MECSIEB ¢ 00pa30oBaHHEM OJAarONpHSTHBIX UL
pacTeHHil MPOAYKTOB pacnaja.

B xauecTBe BO30OHOBISIEMOTrO MPHPOAHOTO OHMOpa3IaraeMoro Havaia
IpY MOJTyYSeHUH TEPMOIIACTOB aKTUBHO pa3pabaThIBalOTCA U APYTUE TOIH-
caxapHJpl: IIEeJUTI0JI03a U XUTO3aH.

[Tomumepsl, moyuyeHHbIE B3aMMOACHCTBHEM IIEIUTIONO3BI C AMOKCHA-
HBIM COEIMHEHHWEM W aHTHAPHIAMHU TUKapOOHOBBIX KHCIIOT, IOJHOCTBHIO
pasnararoTcs B KoMmnocte 3a 4 Henenu. Ha nx ocHoBe popMOBaHHEM IOJY-
YaroT OyTHIIH, Pa30BYIO MOCYAY, TUIEHKH JJIS1 MyJIbUYHPOBaAHHMS.

Croiike K BBICOKMM U HU3KHM TEMIIEpaTypaM MHOTOCIOWHBIE MaTe-
pHaibl U YIAKOBKH ITOTYYal0T W3 IUIEHKU LIEJITIONO03b], CKICEHHOH Kpax-
MaJIOM CO CTOMKOH K JKHpaM OyMaroi, pa3peIéHHON K KOHTaKTy C ITHIIe-
BBIMU NpOAyKTaMH. Takast yrmakoBKa MOXKET HCIIOJIB30BaThCs IIPU 3ameKa-
HUH IPOJYKTOB B 3JIEKTPUIECKUX MM MUKPOBOJIHOBBIX MEYax.

W3 TpoiiHONM KOMITO3UIMK (XMTO3aH, MUKPOLEIUIIOJIO3HOE BOJIOKHO U
JKEJIATUH) TOJYYaloT IUIEHKH C TOBBIIIEHHOW IMPOYHOCTBIO, CHOCOOHBIC
pasziaratbcs MUKPOOPTaHM3MaMH NPH 3aXOpPOHEHHUHU B 3eMiro. OHU mpuMe-
HSIOTCS JUTsl yIIAKOBKH, U3TOTOBJIEHUS IOJHOCOB U T.JI.

[TpupoHbIe OENKHM WK IPOTEHHBI TAKXKE MPUBIIEKAIOT Pa3pabOTINKOB
OuopasnaraeMbIx ruiactMacc. Jliist 3aBEPTHIBAHUS BIAXHOW NHIIN WU H3TO-
TOBJICHUSI KOPOOOK JUISl MHUINEBBIX MPOIYKTOB CO3/aHA IIEHKA HA OCHOBE
nerHa — ruapodoOHOTO IpoTenHa. HampasieHue 1mo UCTIoIb30BaHHUIO TIPH-
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POIHBIX MONMMEPOB (HoNMcaxapui, OeNKd Uil W3rOTOBIEHUS OHopasina-
raeMbIX IUTACTHKOB), TIPEXKE BCETO HHTEPECHO TE€M, YTO PECYPChl HCXOHO-
IO CBIPbS TOCTOSIHHO BO30OHOBJISIEMBI M, MOXHO CKa3aTbh, HEOTPAaHHYEHBI.
OcHoBHas 3a/1a4a — 3TO pa3padOTKa KOMITO3UIIMOHHBIX OHOJIETPaIupyeMbIX
MaTepHaioB, 0OECTIEYNBAIOIINX HEOOXOANMBIE CBOMCTBA, IIPHOJIMIKAIOIITE-
Csl K CHHTETHYECKIM MHOTOTOHHAa)KHBIM MOJIMMEPaM.

Baxxnoe mecTo 3aHMMaeT mpobieMa MpHIaHus CBOMCTB OHOpa3IoxKe-
HUSL XOpOIIO OCBOCHHBIM TPOMBIIUICHHBIM MOJHMEpaM: IOIMITHICHY
(I13), momumponmnerny (I1I1), mommsuamxNOpuay ([IBX), mommctupory
(ITC) u monmmaytunentepedranaty (I19T). Tak kak mepedrciIeHHBIE TOTUME-
PBI U U3AETHS U3 HUX IIPU 3aXOPOHEHUH MOTYT XPAaHHUTBCSI «BEUHO», TO BO-
NpOC MPHUJIAHUST UM CITIOCOOHOCTH OMOpasiarathCsi CTOMT OCOOEHHO OCTPO.

B Hacrosiiee BpeMsi akTUBHO pa3pabaThIBAIOTCS TPU HANPABIICHHUS:

— BBEJICHUE B CTPYKTypy OHOpaziaraeMbiX IOJMMEPOB MOJIEKYJ, CO-
JIepKallluX B CBOEM cocTaBe (DYHKIIHMOHAJIbHBIE TPYIIIBI, CIIOCOOCTBYIOIIHE
YCKOPEHHOMY (hOTOPa3II0KEHUIO MTOJIMMEPA;

— MOJTyYeHNE KOMITO3UINI MHOTOTOHHA)XKHBIX TTOJIMMEPOB C OMOpasia-
TaeMBIMH ITPUPOJHBIME JOOABKaMH, CIIOCOOHBIMH B OTpENEeNEHHON CTeme-
HU MHULUHPOBATH PACIIa]] OCHOBHOTO ITOJIUMEPA;

— HaIpaBJICHHBIN CHHTE3 OMOAETPaJUPYIOMNX IIACTHYECKUX MAcC Ha
OCHOBE NPOMBIIUIEHHO OCBOCHHBIX CHHTETHYECKHX MPOTYKTOB.

K ¢oropaznaraeMeiM mOJMMEpaM OTHOCSATCSI COIIOJIMMEPHI ATHUIICHA
¢ oKkcuaoM yriepona. GoTOMHHUIIMATOPaMH PasokKeHHs 0a30BOTO TOJIUMeE-
pa 11D wmm TIC sBISIFOTCS BUHUJIKETOHOBBIE MOHOMEpHI. BBeneHue ux
B Kosn4yecTBe 2...5% B KayeCTBE COMOJIMMEPa K STHICHY U CTUPOIY TO3BO-
JIET TOJyYaTh IUIACTHKH CO cBOMcTBamu, Omu3kumu k [13 wmm I[1C, HO
CIOCOOHBIMH K (hOTOJIETpaially MIPX JEHCTBUU yIbTPadruoIeTOBOTO H3Iy-
yeHus B npeaenax 290...320 Hm.

Emé ogHUM moIXo1oM K pEenIeHUro MpoOJeMbl YHHUTOXECHUS IIIacT-
MacCOBBIX OTXO/OB SIBIISICTCS BBIBEJCHHE OCOOBIX MyTalllii MUKPOOPTaHH3-
MOB, CIIOCOOHBIX pa3pymiaTe CHHTETHYECKHE TTOJTUMEPEI.

PaccMoTpuM BIHSHHE CTPOSHHSI M CBOMCTB IOJIMMEPOB HA OHOpa3io-
KEHHE.

YCTaHOBIIEHO, YTO C YMEHBLICHUEM MOJIEKYJISIPHONH MacChl MaKpOMO-
JIEKYJI CIIOCOOHOCTh K OHOpa3NoKeHHI0 Bo3pacTaeT. [[pyroi xapakrepu-
CTHUKOM TOJIMMEPOB, BIHMSIOIIEH Ha CIIOCOOHOCTh K OMOPa3NI0KEHHUIO, SIBIISI-
eTCsl UX KPUCTAIMYHOCTh. Y CTAHOBJIEHO, YTO aMOpQHBIE TOJIUMEpH! OHO-
pasnararoTcs Jydile, Y4eM KPHCTaJUIMUECKHe: C YBEIMYCHUEM CTEIIEHH KpH-
CTAJNTMYHOCTH CIIOCOOHOCTH K OMOpa3okKeHHI0 yMeHbIuaercsi. Kpucramm-
YecKasi CTpyKTypa 00Jiee BEICOKOMOJIEKYIISIPHBIX TIOJIMMEPOB 110 CPaBHEHHIO
C HHU3KOMOJEKYJSIPHBIMH Onopaspymiaercs xyxe. IlosBieHune pa3BerBie-
HUH B MAaKpOMOJIEKYJIax MOBBIIIAET UX OMOpa3IaracMocThb.
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BBeznenne pa3nuyHbIX MOANGHUIMPYIONMX 100aBOK B MOIUMEPHI MO-
KET 3aMETHO YBEIMUYHUTh WIM YMEHBIINTh UX CIOCOOHOCTh K OHOpa3ioxke-
Huro. Tak, ciokHOd(upHBIE MIacTH(PUKATOPHL, KaK MPaBHUJIO, MOBHIIIAIOT
6uopasnaraemocts [IBX. Onmnako mmoxas auddy3us xopomo Ouopasia-
raeMoro miactudukaropa (auOyTmwidranara) K MOBEPXHOCTH ITOJIUMEPA
MIPUBOANT B KOHEYHOM CUETE K TTOXOU dnopazpymmmoctu [IBX.

Buopaznoxenue nonumepa ABISETCS CIOXKHBIM MIPOLIECCOM, HAa CKOPOCTh
1 3aBEPIIEHHOCTH KOTOPOTO BIMSIOT HE TOJIBKO CTPOSHUE M CBOMCTBA ITOIMMeE-
pa, HO U OKpy>Xaroiue ycioBus. Y3 okpyXarlux ycJIOBHHA NMEPBOCTEIIEHHOE
BIIMSIHME OKa3bIBAIOT BIKHOCTh, TeMIieparypa, pH cpempl, cBer, a Tarke
TaKOW KOMILIEKCHBII (hakTop, KaK KOHTAKT C IOYBOM U THII TIOYBHI [27].

B mocnenHue oI MCCIEAOBaHUS B 00JACTH CaMOPa3pyIIArONIHXCS
MOJIMMEPOB 3HAYUTEIHHO COKPATUINCh B OCHOBHOM ITOTOMY, YTO M3EPKKU
MIPOM3BOACTBA TPH TONYYCHWH TAKWX MOJIMMEPOB, KaK IPaBHIIO, 3HAYH-
TCJIbHO BbIIIE, YEM IIPU MOJYYCHUUN OOBIYHBIX IIACTHYECKUX Macc, ¥ 3TOT
CTI0CO0 YHUUYTOXKEHHS SIBIISETCS 3KOHOMHYIECKH HEBBITOIHBIM.

OcCHOBHOM IMyTh UCIOJB30BaHUA OTXOJAO0B IJIaCTMACC — 3TO UX YTHUIIU-
3a1usl, T.€. IOBTOPHOE HCIoIb30BaHue. [1oka3aHo, 9TO KanuTaJIbHBIE U DKC-
I1yaTallMOHHBIC 3aTPaThbl IO OCHOBHBIM CHOCO6aM yYTUJIn3au OTXO0J0B HE
MIPEBBIIAIOT, @ B PANC CIydaeB JaKe HIDKE 3aTpaT HA WX YHHYTOXKEHHE.
ITonoxuTenpHOM CTOPOHON YTHMIIM3ALMH SIBIISIETCS TAKKE U TO, YTO IOJIyda-
eTcsl JIOTIOJTHUTEIHHOE KOJIMYECTBO IOJIE3HBIX IMPOIYKTOB IS PA3IHYHBIX
oTpaciied HapOAHOIO XO34WCTBAa U HE INPOUCXOAUT IIOBTOPHOIO 3arps3He-
HUSL OKpyXatomed cpenpl. [lo 3TUM mNpuYmMHAM yTHIIM3amus SIBISETCS
HE TOJIBKO IKOHOMMYECKH I1eJIeCO00pa3HbIM, HO U 3KOJOTMYECKH MPEnoy-
TUTENBHBIM PEIICHHEM IMPOOJIEeMbl WCIOIB30BAaHHS IUIACTMACCOBBIX OTXO-
JoB. IToacunTano, 9T0 U3 €XETOAHO 0OPA3YIOIINXCS MTOJIUMEPHBIX OTXO0J0B
B BUJEC aMOPTU30BAHHBIX M3JENUN yTUIM3AlUU MOABEPraeTCsl TOIBKO He-
3HAYNTEIbHAS 9acTh (BCETO HECKOJIBKO MPOLEHTOB). [IpudanHON 3TOTO SIB-
JISIFOTCSL TPYJHOCTH, CBSI3aHHBIE C IPEIBAapUTENBHON MOATOTOBKOH (cOop,
COPTHPOBKA, pa3A€leHHE, OYMCTKA M T.J.) OTXOJOB, OTCYTCTBHEM CIICIIU-
ILHOTO 000PYZOBaHUS IS IEPEPadOTKH U T.JI.

K ocHOBHBIM croco6aM yTHIIN3AIMK OTXO/0B IUIACTHYECKHX MAacC OT-
HOCSTCS:

— TEpPMHYECKOE Pa3IoKECHUE MyTEM IHPOIIN3a;

—  Pa3JokKEHHE C MOJyYEHHEM HUCXOMHBIX HU3KOMOJEKYJSPHBIX MPO-
IYKTOB (MOHOMEPOB, OJIITOMEPOB);

— BTOpHWYHas rmepepadoTka.

ITrpoan3 — 3TO TEPMUYECKOE Pa3JI0KEHNE OPTaHMYECKHUX MIPOLYKTOB B
MIPUCYTCTBUH KHCJIOpoJa Wi Oe3 Hero. [IMpoiu3 MONMMEpHBIX OTXOJ0B
TI03BOJISIET MOJYYUTh BHICOKOKAIOPUIHOE TOILUTHBO, CHIPhE U MOy pabpuka-
Thl, UCIOJb3yE€MbIE B Pa3IMUYHBIX TEXHOJIOTMYECKUX IpoLeccax, a TaKKe
MOHOMEDBI, IPIMEHSIEMBIE [UISl CHHTE3a TIOJINMEPOB.
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I"a3000pa3Hble MPOAYKTH TEPMHUUYECKOTO Pa3JIOKEHHUS ITACTMACC MOTYT
UCTIONB30BaThCSl B Ka4YeCTBE TOIUIMBA JUIS MONYYEHHUsS Pabouero BOJSHOTO
napa. JKuakue ImpoayKThl MCHONB3YIOTCS JUIA TOJIyYeHHUs! TEIJIOHOCHTENEH.
CnekTtp nprMeHeHns! TBEPABIX (BOCKOOOPa3HBIX) MPOIYKTOB MHPOJIH3a OTXO-
JIOB IIACTMACC JOCTATOYHO HIMPOK (KOMITOHEHTHI Pa3IMYHOIO POAa 3allHT-
HBIX COCTaBOB, CMa30K, IMYIBCHH, IPOMMUTOYHBIX MaTEpUaIIoB U 1p.) [35].

YroOB!I MOTy4aTh BHICOKOKaYECTBEHHBIE MTUPOIU3HBIE Macia IOCTOSH-
HOTO COCTaBa, HEOOXOANMO COOIIONATh 0CcOOBIE TPEOOBAHUS K MCXOIHOMY
CBIPBI0. DTO MPEHMYIIECTBEHHO JOJDKHBI OBITH OTXOMBI C BEICOKHM COZEp-
KaHHUEM YTJIIEBONOPOAOB. s mpeoOpa3oBaHUsl TAKUX TEPMOILIACTOB, Kak
HU3KOMOJNEKYIIpHBIA [1D mmu ataktrdeckuit 1111, mpUMEHSIOT HU3KOTEM-
neparypHbIid KUIKO(a3HBIH MHPONN3 B HENPEPHIBHO WM NEPHOANYECKH
paboTaronux peaktopax. O0gacTh pabO4YMXx TeMIEpaTyp B 3TOM cCliydae
orpeziensiercs nepepadaTbiBaeMbIM rpoaykroM. Hanpumep, orxonst [IBX u
no6oynsle npoaykTsl Bbime 200 °C OTHICIIISIOT XJIOPOBOXOPOJ, a MpHu
JanpHeHme TepMudeckoit obpaborke (Bbime 400 °C) pasnmararorcs Ha
TEXHHUYECKUH yriiepos U yrieBonopoasl. JKuakodasusiii nmuponus 11C mpu
temneparypax Boime 350 °C BenéT k 00pa30BaHUIO CTHPOJTA C BBICOKHM
BbIxonoM. Huskomonexyisipasiii 115 nupomupyercs npu 400...450 °C, npu
9TOM TIONTy4aroT anudarudeckre doraTsie onepuHaMH Macia 1 anudaTade-
ckue Bocku. Ataktmdeckuit 111 TepMudeckn pa3maraercs B 00JIacTH TeM-
mepatyp 400...500 °C. B HEKOTOpHIX ciaydasx B 00JaCTH HU3KUX TeMIIepa-
TYp HaXoJsT IPUMEHEHNE PEAKTOPHI C TICEBA00KMKEHHBIM CIIOEM.

Jlnist osTydeHnst HU3KOMOJIEKYJISIPHOTO ChIPBSI U3 TAKHMX OCOOBIX BUAOB
OTXOJIOB IOJMMEPOB, KaK CMECH TEPMOIUIACTOB, KaOenbHas H30JSIuS,
NPUMEHSIOT BBICOKOTEMIIEPATYPHBIH MUPOJIU3, IPH 3TOM OOJIbIIAS TPOU3-
BOJIUTENIFHOCTh TOCTUTAETCSI TOJIBKO B CIIydae HEMPEPBIBHBIX METO/IOB.

OOpasytomyecss B IPOLECCe MUPOJIM3a HU3KOMOJIEKYISIpHBIE Tpe-
JIeJIbHBIE YTJIEBOOPOIbI TOJIBEPTatOTCA MOCIEAYIOIEMY KPEKUHTY C IENIBI0
YBEJIMYEHUS BBIXOJa HETIPEIEIbHBIX COeAUHEHHH, NCII0Ib3YEMBIX IIPU CHH-
Te3€ MOJINOICPHHOB.

Pa3paboTaHbl TakKe MPOIECCH KATATUTHIECKOTO THIPOKPEKUHTA /IS
TIPEBPAIIEHHS TOIMMEPHBIX OTXOA0B B OCH3MH U TOIIMBHBIC Maca.

MHorue noJauMeps! B pe3ybTaTe 00paTUMOCTH PEAKIMH 00pa30BaHMs
MOTYT CHOBA pa3jaraTbCsi JO UCXOAHBIX BemlecTB. sl MPakTHIECKOTO HC-
NOJIB30BaHUSI UMEIOT 3HaueHue crocoObl pacuieruieHus [19Td, nonuamu-
108 (ITA) 1 BcrieHeHHBIX MOy peTaHoB. [IpoayKTHI paciienieHns UCIoIb-
3YIOT CHOBa B Ka4eCTBE CBIPbs Ul NMPOBEACHUS Ipoliecca MOJIUKOHAEHC Ca-
UM WK Kak J100aBKH K MepBUYHOMY Marepuairy. OmgHaKO MMEronecs: B
STHX NPOAYKTaX MPUMECH YacTO HE MO3BOJIIOT MOTYy4aTh BBHICOKOKAYECT-
BEHHBIE TOJIMMEpPHBIE U3/IeNNsl, HalpuMep BOJOKHA, HO YUCTOTAa UX JOCTa-
TOYHA JUISl W3TOTOBIICHUS JIMUTHEBBIX MAace, JIETKOIUIABKHX M PAaCTBOPHUMBIX
KJIEEB.
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Iuaponus sBnsiercs peaxmmeit, oOpaTHON mommkoHaeHcarmu. C ero
MOMOIIBIO MPH HANpaBIEHHOM ACHCTBUM BOABI 10 MECTaM COEIWHEHUS
KOMITIOHCHTOB MNOJIMKOHJACHCATHI paspylIaroTCsa 10 UCXOAHBIX COCHHHCHHﬁ.
I'maponu3 npoucxXoauT MO AEUCTBUEM KCTPEMAJIbHBIX TEMIIEPATyp U JaB-
nenuit. ['myOuHa npoTekaHus: peakiuu 3aBUcHT oT pH cpelsl U ucmosb3ye-
MBIX KaTaJINu3aTOpPOB.

OTOT Ccroco0d HCIONB30BaHKUS OTXOIOB DHEPreTHUECKH Oojiee BBITO-
JIeH, 4eM THPOJIN3, TaK KaK B 000pOT BO3BPAILAIOTCSI BEICOKOKAUECTBEHHBIE
XUMHYECKHE MPOTYKTHI.

[To cpaBHEHHUIO ¢ THOPONIH30M AJs paciieruieHus orxonos [19T Gonee
SKOHOMHYEH JAPYrod crmocod — rimkoiam3. JlecTpyKuus MpOHUCXOIUT IpH
BBICOKHMX TEMIIEpaTypaX M JaBJICHUM B IMPHCYTCTBUU STUJICHTIUKONSA WU
C y4acTHeM KaTaJu3aTOpOB O MOIYyYEHHS YUCTOTO JUTIIMKOJIbTepedTana-
Ta. [Io 3TOMy HPUHIMITY MOXKHO TaKke IepedTepu(punrupoBars kapoamar-
HBIC TPYIIIIBI B IOJINYPETAHE.

Bcé€ xe caMblM pacnpocTpaHEHHBIM TEPMHUYECKUM METOIIOM Iepepa-
60Tku 0Tx010B [IDT® siBnsieTcst MX pacIleyICHUE ¢ MOMOIIbI0 METaHoJa —
Metanonus. Ilponecc nporekaer npu temnepatype Boime 150 °C u nasne-
Huu 1,5 MIla, yckopsieTcs kaTanu3aTopaMu mepesTepuuKanum. ITOT Me-
TOJ] OY€Hb SIKOHOMHYEH. Ha npakTrke NpuMeHsIoT 1 KOMOMHAIMIO METO/I0B
TJIMKOIM3a U MeTaHonu3a [36].

B nacrosmee Bpemst Hambosee mpuemieMbiM Uit Poccum siBistieTcs
BTOpPHYHAs IepepaboTKa OTXOAOB IOJMMEPHBIX MaTepHUalioB MEXaHHJe-
CKUM PELHKINHIOM, TaK KaK 3TOT CIoco0 rmepepaboTku He TpedyeT mopo-
TOT0 CIEIHUAIbHOTO OOOPYIOBaHUS M MOXET 0aTh peasu30oBaH B JIIOOOM
MECTE HAKOIUIEHHSI OTXOOB.

Jlarmee paccMOTpPHM OCHOBHBIE METOJBI BTOPHYHON IepepaboTKH Hau-
OoJiee pacpoCTpaHEHHBIX TOJUMEPHBIX MAaTEPUAIOB.

5.2. YTRJIN3AIUA OTXOJO0B TAPBI U YITAKOBKH
N3 NOJIMOJIE®OUHOB

[MonmmoneduHsl — caMBlif MHOTOTOHHAKHBIH BHJ TepMoruiacToB. OHA
HaxoJT MIMPOKOE MPUMEHEHNE B PA3IMYHBIX OTPACISX MPOMBIIUICHHOCTH,
TpaHCIIOpTa U B cenbckoM xozsiictBe. K mommonedunam (I10) otHOcsTCS
TIOJIMATHIICH BBICOKOW M HU3KOH tuiotHocTH ([TOBIT u ITOHIT), ITI1. Han-
6onee »pdexTuBHBIM crocoboM yrmwiam3anun oTxomoB [1O sBisercs mx
MIOBTOPHOE HcTosb30BaHue. Pecypcsl BropuuHbix 110 BenmMku: TONBKO OT-
xoz61 orpedsienust [IDHIT B 1995 r. gocturu 2 miH. T. Mcnons3oBaHue
BTOPUYHBIX TepMOILIacTOB BooOuie u [1O B 4acTHOCTH MO3BOJISIET yBEJIH-
YHUTH CTETIEHb YAOBIETBOPEHUs B HUX Ha 15...20%.

Crioco6sl niepepaboTkn otxon0B [10 3aBUCAT OT Mapku HonuMmepa H
ux mpoucxoxaeHus. Hanbonee mpocTo nepepadaThIBAOTCS TEXHOJIOTHYE-
CKHE OTXOJBI, T.€. OTXO/bI IIPOM3BOJICTBA, KOTOPHIE HE ITOJBEPTIINCH HHTCH-
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CHBHOMY CBETOBOMY BO3AEHCTBHIO B TIpoliecce 3kcIutyatanuu. He TpeOytor
CIIO)KHBIX METOJOB MOIATOTOBKH U OTX0IBI motpebienus u3 [IOBII u III1,
TakK KakK, C OJHOIM CTOPOHBI, U3/AEIHs, U3TOTAaBIMBAaEMbIe U3 3TUX IOJIUME-
pOB, TaKKe HE IPETepleBalOT 3HAYUTEIBHBIX BO3JCHCTBUII BCIEICTBHE
CBOEIl KOHCTPYKIIMHM U Ha3HAueHHs (TOJICTOCTEHHBIE NIETalu, Tapa, QypHuU-
Typa ¥ T.J1.), & C Ipyroil CTOPOHBI — HCXOHBIE MOJIUMEPHI O0JIee yCTONINBBI
K Bo3zaelcTBHIO atMoc(hepHbIX (akTopos, yeM [IOHII. Takue orxoms! me-
peA TMOBTOPHBIM MCIOJb30BAHUEM HYXAAIOTCS TONBKO B M3MEIbUEHHM U
rpanynupoBanuu [37].

5.2.1. CTPYKTYPHO-XUMHNYECKHNE OCOBEHHOCTHA
BTOPUYHOI'O ITIOJIMOTUIIEHA

BBIOOp TEXHONOTHUECKHX MapaMeTpoB IepepadboTku oTrxoxos [10 u
obnacTell MCHOJIB30BaHUS IMOJTYYacMBIX M3 HUX HM3/ENUH OOYCIIOBICH HX
(GM3UKO-XUMUYECKUMH, MEXAQHHYECKHMH W TEXHOJOTHYECKHMMH CBOWCTBa-
MU, KOTOPBIC B 3HAYUTEIIFHOM CTEIICHU OTIMYAIOTCS OT TeX Ke XapakTepu-
CTUK MNCPBUYHOIO IOJHUMEPA. K oCHOBHBIM 0OCOOEHHOCTSIM BTOPHUYHOTO
[I3HIT (BIIDHII), xoTopble ompeaerisioT chnenupuKy ero mnepepadoTKH,
CJIe/lyeT OTHECTH: HHM3KYIO HACBHITHYIO IUIOTHOCTH; OCOOCHHOCTH PEOJIOTH-
YEeCKOro IOBEICHUs paciljiaBa, OOYCIIOBJIEHHBIE BBICOKMM COJEpKaHUEM
refisl; TOBBINICHHYI0 XHMHYECKYI0 aKTHBHOCTH BCIICICTBHE W3MEHEHHH
CTPYKTYpPBI, IPOUCXOIAIMMX HPH HepepaOoTKe MepBHYHOTO IMOIUMEpa H
9KCILTYaTAllM{ MTOTYYSHHBIX U3 HErO U3/ICIH.

B mporecce mepepaboTKH M IKCIDTyaTallid MaTepHall ITOJBepraeTcs
MEXaHOXUMHYECKHM BO3/CHCTBHAM, TEPMHUYECKOH, TEIUIO- U (hOTOOKHCIIHU-
TENBHON AECTPYKLHH, YTO IPUBOINT K ITOSBICHHUIO aKTUBHBIX TPYIII, KOTO-
pble IpH TOCTIEAYIONIHNX epepaboTKax CIOCOOHBI MHUIMHPOBATH PEAKIUH
okucienus [38, 39].

W3MeHeHne XUMUUYECKON CTPYKTYpbl HAUMHAETCS YK€ B IIPOLIECCE IEp-
BUyHOU niepepabotku [10, B 4acTHOCTH NPH SKCTPY3HH, KOTTIA MOJIUMEp MOA-
BEpraercsl 3HaUMTEIbHBIM TEPMOOKHUCIIUTEIBHBIM U MEXaHOXUMHUECKHM BO3-
neiictBusaM. HanOonpimmii BKIag B MU3MEHEHHS], IPOTEKAOIINE NP SKCILTya-
TalK, BHOCAT (POTOXMMHYECKHE MPOLECCHL. DTH U3MEHEHNSI HeOOpaTUMBI, B
TO BpeMsl Kak (PU3HKO-MEXaHUYECKUe CBOICTBA, HAIPHMED, HOJIUITHICHOBOH
TIEHKH, OTCITY)KUBIICH OIMH-IBA CE30HA Ui YKPBITHS MapHUKOB, OCIE Te-
PEIPECCOBKH M SKCTPY3HH TIOYTH MOITHOCTHIO BOCCTAHABIUBAIOTCSA [34].

OO6pa3oBanue mpu 3KcIUTyaTanud B [1D-1m1€HKe 3HAUNTETFHOTO YUCa
KapOOHWIBHBIX TPYII NPHUBOAWT K MOBBIIIEHHOW cnocoOHocTr BIIDHIT
HOTJIONIATh KHUCJIOPOJ, CIEACTBHEM Yero SBISETCS 0Opa30oBaHUE BO BTO-
prU4HOM CLIpLé BUHWJIBHBIX U BUHWINJACHOBBIX I'PYIII, KOTOPbIC 3HAYUTEIIb-
HO CHIDKAIOT TEPMOOKHUCIHMTENFHYIO CTa0MIBHOCTh MOJMMEpa IMpU Tocie-
JYIOIINX nepepadoTkax, HHAIUHUPYIOT Mpolecc GpoTocTapeHus: TaKUX MaTe-
pHAaJIOB M U3/AEINI U3 HUX, CHIKAIOT CPOK MX CITY>KOBI.
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Hanmuune kapOOHWIIBHBIX TPYNI HE ONpEAeIseT HU MeXaHH4YeCKUe
CBOMCTBA (BBeeHHE UX 70 9% B HUCXOAHYI0 MaKpOMOJIEKYIy HE OKa3bIBaeT
CYIIECTBEHHOTO BIIMSIHUSI HA MEXaHUUYECKHE CBOWCTBA MaTepuaia), HU Mpo-
ITyCKaHWe TUIEHKOH COJIHEYHOTO cBeTa (IOTJIOIIEHHE CBETa KapOOHMJIbHEI-
MU TPYIIaMH JIEKHAT B 00JacTH JUIMH BOJH MeHee 280 HM, a CBET TaKkoro
COCTaBa MPAKTHYECKN HE CONEPKUTCS B coHeyHOM criekTpe) [10]. Onnako
MMEHHO HaJlMuue KapOOHWIBHBIX rpynn B [1D o0ycnoBiauBaeT BechbMa Bax-
HOE €ro CBOMCTBO — CTOMKOCTh K BO3JEHCTBHIO CBETA.

Wnanmmatopom ¢otoctapernst [1D sSBISArOTCS THAPONEPOKCHIBI, 00pa-
3yromuecs emeé npyu nepepadoTKe MEepBHYHOTO MaTeprana B MPOoLEcce MeXa-
HOXMMHIYECKOH mecTpykrmu [38, 39]. Vx nuanImmupyromiee qeicTBre 0COOSHHO
9 PeKTUBHO Ha paHHMX CTaAWSIX CTAPEHHMS, B TO BpeMs KaK KapOOHHIIbHBIC
TPYIIIB OKA3bIBAIOT CYIIECTBEHHOE BIIMSHUE Ha 0OJIEe MO3IHUX CTa/IUSIX.

Kak u3BecTHO, IIpu CTapeHHH MPOTEKAIOT KOHKYPUPYIOIIHE PEeaKIHUn
JIECTPYKIUU U CTPYKTypHupoBaHus. ClIeICTBHEM IIEPBOH sIBiIsSETCS 00pa3o-
BAHUE HMU3KOMOJIEKYJISIPHBIX MPOAYKTOB, BTOPOH — HEPACTBOPUMOM TIe€Nb-
¢pakiun. CkopocTh 00pa3oBaHUSI HU3KOMOJIEKYJSIPHBIX IMPOXYKTOB Mak-
CHMaJIbHa B Hayajle CTapeHUs. DTOT MEPUO] XapaKTEepU3yeTcsl HU3KUM CO-
Jiep>)KaHUEM TeJlsl U CHIDKEHHEM (PU3MKO-MEXaHHYECKHX ITOKa3aTelNeH.

B nanpHeiieM cKOpOCTh 00pa3oBaHUS HU3KOMOJIEKYIISIPHBIX MPOIYK-
TOB CHIDKAETCSs, HaOMIOJAaeTcss pe3KOoe BO3PACTaHHE COJCPXKaHUS Telsl U
YMEHBIIIEHHE OTHOCUTENLHOTO YITHHEHNS, YTO CBUJIETENILCTBYET O MPOTEKa-
HHUHM TIpoIlecca CTPYKTYpUpOBaHUs. 3aTeM (IIocie JOCTHXEHUS MaKCUMyMa)
cozepskanue rens B BIID npu ero ¢poTocTapeHur CHIDKAETCS, YTO COBMAIaeT
C TIOJIHBIM HM3pacXOf0BaHUEM BHHIUIHIICHOBBIX I'PYIII B MOJUMEPE U JTOCTH-
JKEHHUEM IMpPeAeTbHO JOMYCTUMBIX 3HAYEHUN OTHOCUTEIBHOTO YJUIMHEHUS.
Takoit 3¢dexT 0OBACHIETCS BOBICUCHHEM OOPA30BABIIUXCS MPOCTPAHCT-
BEHHBIX CTPYKTYp B IpOIecce IECTPYKLHUH, a TaKKe PacTPECKUBAHUEM IO
rpaHune MOpP(OIIOTHIECKHX 00pa30BaHMUM, YTO MPHUBOJNUT K CHIDKCHHIO (H-
3MKO-MEXaHNYECKHX XapaKTEePUCTHK M YXYIIICHUIO ONITHIECKUX CBOMCTB.

CkopocTh M3MEHEHHs (HU3MKO-MEXaHHYECKHX XapakTepucTuk BIID
MIPAaKTHYECKH HE 3aBUCHUT OT COAEPXaHUS B HeM renb-(pakuun. OxHAaKo
cofiepKaHue refist HeoO0XOIMMO BCErJa yUUTHIBATh KaK CTPYKTYpHBIH (ak-
TOp TpH BEIOOpEe croco0a MOBTOPHOH MepepadOTKH, MOOHU(PHUKAINN U TpU
OIpeZIeTICHUH 00JIacTell NCTIONIb30BaHMS IOIUMEpa.

Xapakrepuctuku cBoiictB [IDHII no u mocne crapeHust B TeueHue
Tpéx MecsueB u BIIDHII, nomxydeHHOro 3KCTpy3uei U3 cocTapeHHOH TIEH-
KM, IpUBeeHbI B Ta0mI. 5.1.

XapakTep H3MEHEHUs] (DU3NKO-MEXaHUUECKHX XapaKTepPHUCTHK IS
[I3HIT u BIIOHII HeoauHakoB: y MEpBHYHOTO HONMMEpa HaOIOmaeTcs
MOHOTOHHOE CHIDKEHHE IPOYHOCTH W OTHOCHTEIBHOTO YAIMHEHHS, KOTO-
poie coctaBisitoT 30 u 70% COOTBETCTBEHHO MOCIE CTapEHUsl B TEUCHHE
5 MecsIIeB.

87



5.1. Xapakrepuctuku coiicts IIDHII 10 u nociie crapenus

[IDHIT BIIDHIT
XapakTepUCTHKH Ilocne DKCTpy3H-
Hcxomublit JKCILTya- o
OHHBIN
Tanuu

Coneprxanue rpymnn C-O, Moib 0,1 1,6 1,6
ConepxaHue HU3KOMOJIEKYJISIP-
HBIX IPOAYKTOB, %o 0,1 6,2 6,2
Copeprxanue remns, % 0 20 20
Pazpymaromee HanpsxeHue
npu pactsbkeHuu, MIla 15,5 11,4 10
OTHOCUTENBHOE YIITNHEHNE
IIpH pa3psiBe, % 490 17 125
CTOMKOCTh K pacTpecKUBAHUIO, U 8 - 1
CBeTOCTOMKOCTB, CYT 90 - 50

Jna Bropuunoro IIOHIT xapakrep u3MeHeHHs 3THX NOKa3aTenel He-
CKOJIBKO OTIIMYAeTCS: pa3pylIaroliee HanpsHKEHHE NMPAKTHUECKH He M3Me-
HSIETCSI, 2 OTHOCHTENBHOE YyJUIMHEHHE yMmeHbmiaercss Ha 90%. Ilpuunuoi
9TOTO MOJKET OBITh Hanmuue reib-¢ppakiun Bo BIIOHII, kotopast BEITOIHS-
eT (YHKIHMIO aKTHBHOTO HAIOJHHUTENS MOJMMEpHOW MaTpuubl. Hammune
TaKOTO «HATOJIHUTENSD» — MPUYMHA TOSBICHUS 3HAYNTEIBHBIX HaImpsKe-
HUM, CJIEACTBHEM HYEro SBJISETCS MOBBIIIEHUE XPYNKOCTH MaTephana, pes-
KO€ CHIDKEHHE OTHOCHTEIBHOTO YAJIUHEHHus (BIJIOTH 10 10% oT 3HaueHuit
Juia iepBuuHOro I19), cToMKOCTH K pacTpecKUBaHUIO, IPOYHOCTH IPHU pac-
TsoxeHud (10...15 MIIa), anacTHYHOCTH, MOBHIIIEHHE KECTKOCTH.

B IID npu crapeHNH NPOUCXOAUT HE TOJIBKO HAKOIUIEHUE KUCIOPOJIO-
COJIepXKALUX TPYII, B TOM YHCIIE KETOHHBIX, U HU3KOMOJIEKYJIIPHBIX TPO-
IYKTOB, HO ¥ 3HAUUTENHHOE CHIDKEHHE (DU3UKO-MEXaHMUECKUX XapaKTepH-
CTHK, KOTOpBIE HE BOCCTaHABIMBAIOTCS IIOCIE BTOPWYHON mepepabOTKu
COCTapeHHOH monnoneuHOBOH IUEHKH. CTPYKTYPHO-XUMHUYECKHE TIIpe-
Bpamenust B BIIDHII mpoucxomsit B ocHOBHOM B amop¢HO# daze. 1o
MIPUBOJUT K OCNa0JIeHHI0 MeX(a3HOH rpaHHLBI B IIOJIMMEPE, B PE3yIbTaTe
Yero MaTepuall TepsieT MPOYHOCTh, CTAHOBUTCS XPYIKUM, JOMKHM W MOJ-
BEp)KEHHBIM JallbHEHIIEMy CTapeHHIO Kak IpH IMOBTOPHOM mepepaboTke
B M3JIETIHA, TaK ¥ TPH 3KCIUTyaTallud TaKUX H3JENuil, KOTOpbIe XapaKTepu3y-
I0TCSl HU3KMMU (DM3HKO-MEXaHHIECKMMH MOKa3aTeJSIMU U CPOKOM CITY>KOBI.

J11s1 OLIeHKH ONITHMANIBHBIX PEXHMOB I1E€pepabOTKH BTOPUIHOTO MOJIH-
STHJIEHOBOTO CHIPBS OOJIBIIOE 3HAYEHHE UMEIOT €ro PeoIOTHYECKHEe XapaK-
tepuctuku. Jnsa BIIOHII xapakrepHa HHM3Kas TeKy4ecTh NPH MalbIX Ha-
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MIPSOKCHUSIX CABUTA, KOTOpAs TOBBIIIACTCS MPU yBEIWUCHUH HANPSIKEHUS,
mpruéM pocT Tekydectr s BIID Oompire, uem s nepBudnaoro. [Tputdm-
HOW 3TOro fABIsierca Hamuuue rens Bo BIIDHII, koTopsiit 3HAUUTETHHO
MOBBIIIACT HHEPTUI0 aKTHBALIMK BS3KOTO TEUEHHs Mojumepa. TekydecTsb
MOKHO PETryJIMpOBaTh, TAKXKe M3MEHAS TeMIlepaTrypy INpH nepepaboTke —
C YBEIMYEHUEM TeMIIepaTyphl TEKy4eCTh pacjaBa yBeIUUNBACTCS.

WTtak, Ha BTOpHUYHYIO NepepabOTKy IOCTYIIaeT MaTepHall, IPEIbICTO-
pHsI KOTOPOTO OKa3bIBA€T BEChMa CYIIECTBEHHOE BIIMSHHE Ha €ro (H3HKO-
MEXaHUYECKHE U TEXHOJOTMYeCKUE CBOMCTBAa. B mpouecce BTOpUYHON Ie-
pepabdOTKH MOJIMMEp MOABEPTacTCs JOMOTHUTEIBHBIM MEXaHOXHUMHUUECKIM
U TEPMOOKHCIHMTEIBHBIM BO3ACHCTBHUAM, IPUIEM H3MEHEHHE €T0 CBOWCTB
3aBUCHT OT KPaTHOCTH TIepepadOTKH.

[Tpu wmccnenoBaHMM BIMSHHUS KPAaTHOCTH TepepabOTKH Ha CBOMCTBa
MOJyYaeMbIX W3JeNuil IoKa3aHo, uTo 3 — 5-KpaTHas nepepaboTka OKa3blBa-
€T He3HAYUTENILHOE BIIHMSIHUE (TOpa3io MEHbIIE, YeM IIepBUYHAas ). 3aMeTHOE
CHIDKEHHE TIPOYHOCTH HaunmHaercs mnpu S5 — 10-kpaTHO# mepepaboTke.
B npouecce nmosropHbIx nepepadotoxk BIIDOHIT pekomenayercst moBbIaTh
TeMITepaTypy JUThs Ha 3...5% WM 9nciio 000POTOB ITHEKA IIPH 3KCTPY3UH
Ha 4...6% mis paspyuieHust oopasyromierocs rens. HeodxoquMo oTMeTuTs,
YTO B IIPOIIECCE MOBTOPHBIX IIEpepaboTOK, OCOOEHHO MPU BO3ACHCTBUH KH-
CJIOPOZA BO3/yXa, IPOUCXOJUT CHIDKCHNE MOJIEKYJIIPHONH MaccChl IOJIHOJIE-
(PMHOB, KOTOPOE NMPHUBOJIUT K PE3KOMY TOBBIIICHUIO XPYITKOCTH MaTepHaa.
MHorokpaTHas mepepadoTka Apyroro mojauMepa u3 Kiacca MoaHoae(huHoB —
[T npuBoAUT OOBIYHO K YBETWYEHHUIO IOKa3aTels TEKy4ecTH pacIulaBa
(IITP), xoTs mpu 3TOM NPOYHOCTHBIE XapaKTEPUCTUKHU MaTepHaia He Ipe-
TEpIEeBAIOT 3HAYUTENBHBIX M3MeHeHui. [loaTomy oTxozpl, obpasyromuecs
npu usrorosneHun aeraneil us IlIl, a Taxke camu neTany MO0 OKOHYaHUU
CpOKa JKCILTyaTallid MOTYT OBITh TIOBTOPHO HCIIOJB30BaHEl B CMECH C HC-
XOJIHBIM MaTepHaJIOM JIJIs MOTYUYEeHHsI HOBBIX Aetanel [37].

W3 Bcero cka3aHHOTO BBIIE CleAyeT, 4To BTopuuHoe I1O chipwé cie-
JIyeT MoJBepraTh MOAN(PHUKALIH C [EIbI0 YIy4dIIeHHs KadecTBa U MOBHIIIe-
HUSI CPOKA CITy’KObI M3AEIHI U3 HETO.

5.2.2. TEXHOJIOI'A ITIEPEPABOTK BTOPUYHOI'O
I[NOJIMOJIE®MHOBOI'O CBIPbA B 'PAHVIIAT

Jnst mpeBpalleHusl OTXO0B TEPMOIUIACTOB B CBHIPBE, MPUTOIHOE IS
MOCIeIYIOIIeH TepepabOTKH B H3IEIH s, HEOOXOIMMa €ro MpeIBapHTeIbHAs
o0paboTtka. Bribop cmocoba mpenBaputenpHO 00pabOTKH 3aBHCUT B OC-
HOBHOM OT MCTOYHHMKa 00pa30BaHMs OTXOAOB U CTEIICHU HMX 3arpsa3HEHHO-
ctu. Tak, OJHOpPOIHBIE OTXOABI TMpou3BoacTBa M mepepaborkm [1DHIT
0OBIYHO TIepepadaTHIBAIOT HAa MECTe WX 00pa30BaHUS, IUI 4ero Tpedyercs
HEe3HaUYMTeNbHAsl NpeABapuTeNbHas 00paboTka — TJIaBHBIM 00pa3oM W3-
MCJIBYCHUC U I'PaRYJISAIUA.
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OTX0/b! B BUZIE BBIMICAMINX U3 yIIOTPEOJICHNST H3/IeNUi TpeOyroT 60-
Jiee OCHOBAaTENbHOW MOAroToBKH. IlpenBapuTenbHas oOpaboTKa OTXOIOB
CeIIbCKOXO03SIMCTBEHHON [1D-IEHKM, MEIIKOB U3-110]] YI00peHHH, 0TX010B
13 IPYTUX KOMITAKTHBIX UCTOYHMKOB, a TAKXKE€ CMEIIAHHBIX OTXO0B BKIIIO-
YyaeT cJeOyIOIIMe J3Tarbl: COpPTHUpoBKa (rpyOast) M maeHTHUKaums (Uit
CMEIIAaHHBIX OTXOOB), M3MEJIbUYEHHE, PA3JCICHUE CMENIAHHBIX OTXOJOB,
Molika, cynika. [Tociie 3Toro Marepua moaBepraroT rpaHyJIsIHN.

[TpenBapuTenbHas COPTHPOBKA MPeIyCMaTpUBaeT Tpyboe paszeneHue
OTXOJIOB 10 Pa3IHYHBIM MPU3HAKAM: IIBETY, rabapuram, GopMe U, €CIIU 3TO
HY>XHO ¥ BO3MOXXHO, 10 BUAaM Iutactmacc. [IpenBapuTensHy0 COPTUPOBKY
NPOU3BOJIAT, KaK MPaBHUJIO, BPYYHYIO Ha CTOJAX WM JICHTOYHBIX KOHBeiie-
pax; IpH COPTHPOBKE OJHOBPEMEHHO YAAISIOT U3 OTXOAOB PA3IMYHbIC I10-
CTOPOHHHE TPEIMETHI U BKITIOUCHHSI.

Paznenenne cmermaHHbIX (OBITOBBIX) OTXOIOB TEPMOIUIACTOB IO BHIAM
TPOBOJIAT CJIEAYIOIIMMHI OCHOBHBIMH CIIOCO0aMU: (MIOTAIIMOHHBIM, pa3/IelieHH-
eM B TDKENBIX Cpelax, adpocernapanyieil, IeKTpocenapayei, XUMIIeCKIMA
METOJ[aMH U MeToJaMH Triryookoro oxnaxknenus [40]. Haubosnblee pacmpo-
CTpaHEHHE TOJYYHI METOA (IOTAMH, KOTOPBIN MO3BOJISIET Pa3IesTh CMECH
TaKHUX MPOMBIIUICHHBIX TepMorutacToB, kak [13, III1, TIC u [IBX. Pa3nenenue
TUTaCTMacC TPOW3BOIHUTCS MPH J00aBIEHWH B BOLY HOBEPXHOCTHO-AKTHBHBIX
BEIIECTB, KOTOPbIE N30MPATENBHO U3MEHSIOT UX TUIPO(IIIbHBIE CBOICTBA.

B HekoTOphIX ciaydasx 3QQeKTUBHBIM CIOCOOOM pa3leNeHus IOJH-
MEpOB MOXKET OKa3aThCsl PacTBOPEHHE WX B OOIIEM pacTBOpHTENE WU B
cMmecH pactBopureneit. O0pabarsiBasi pactBop mapom, Beiaessior I[1BX, T1C
U CMECh TIOJIHOJIC(HHOB; YACTOTA MPOAYKTOB — HE MeHee 96%.

Mertoasl (GuoTanuy U paszeneHus B THKEIBIX cpelax SBISIOTCS Hau-
6onee >pGEKTHBHBIME U SYKOHOMHYECKH IIeTIeCO00pa3sHBIMUA M3 BCEX Iepe-
YHCJIEHHBIX BBIILIE.

Bemmenmue u3 ynorpebnenus [10-oTxompl ¢ conep)kaHHEM MOCTO-
POHHUX TpuUMecelt He Oosiee 5% CO CKIaia ChIPhs MOCTYIAIOT Ha y3€l Cop-
THPOBKHM OTXOZOB /, B Tpolecce KOTOPOH M3 HUX YAASIOT CIIydaifHble
WHOPOJIHBIE BKIIIOUEHHS] M BBIOPAKOBBIBAIOT CHIIBHO 3arpsi3HEHHBIE KyCKU
(puc. 5.1).

OTXO4bI 3 4 5 6

rpaHynel
(TpaHynaT)
Puc. 5.1. Cxema BTOpHYHO# NepepadoTKHU M0JIM0/1e(PUHOB B FPAHYJIbI:
1 — y3en COpTUPOBKY OTXOJI0B; 2 — NpoOmika; 3 — MoeuHasl MallliHa,;
4 — nentpudyra; 5 — cymmibHas yCTaHOBKA; 6 — TPaHyJISITOP
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OTX0/Ibl, IPOLIEIINE COPTHPOBKY, U3MEIHYAIOT B HOXKEBBIX IPOOHII-
Kax 2 MOKpPOT'O MJIM CYXOIr'0 M3MEJIBUYCHUA 10 MOJTYYCHUA pBIXJ'IOﬁ MacCcCHI C
pasmepom yactui 2...9 mm [41].

[Tpon3BOANTEIBHOCTh M3MENBYUTENFHOTO YCTPOHCTBA OIPEAEIsIeTCs
HE TOJBKO €ro KOHCTPYKIIMEH, YUNCIOM U JAJIMHOM HOXKEeH, 4acTOTOM Bpaile-
HUS pOTOpa, HO ¥ BHJOM OTXOAO0B. Tak, camasi HU3Kas IPOU3BOAUTEIBHOCTh
TIpH TIepepadOoTKe OTXOMOB MEHOIDIACTOB, KOTOPEIE 3aHUMAIOT OYSHb OOJb-
ol 00hEM U KOTOpPEIE TPYIHO KOMITAKTHO 3arpy3uTh. boiee BEICOKas mpo-
W3BOAMTENBHOCTh JOCTHUTAETCS TP TepepaboTKe OTXOJ0B IUIEHOK, BOJIO-
KOH, BBITYBHBIX U3EIHH.

JIyi1 BceX HOXEBBIX IPOOMIOK XapaKTepPHOW OCOOEHHOCTBHIO SIBIISIETCS
TOBBIILICHHBIH 1yM, KOTOPBIA CBsI3aH CO CIENM(HKON Ipolecca u3Mebye-
HHUSA BTOPHUYHBIX TMOJMMEPHBIX MaTCpPUaJIOB. I[J'IS[ CHWXXCHUA YPOBHS HIyMa
N3MECJIBYUTEIIb BMECTC C ABUTaTCJIEM U BCHTUIIATOPOM 3aKIIIOYAIOT B IIYMO-
3aIIUTHBIA KOXKYX, KOTOPBII MOXKET BBITOJIHATHCS Pa3bEMHBIM U UMETh CIie-
LUaJIbHbIE OKHA C 3aCJIOHKaMH JUIA 3aTPpy3KU U3MENIb4aeMOro MaTepuana.

W3menbuenne — O4eHb BaXKHBIN 3Tall MOATOTOBKU OTXOJIOB K Iepepa-
0OTKe, TaK KaKk CTENCHb M3MENBUYCHUS OmpenensieT 00bEMHYIO TUIOTHOCTD,
CBIITyYeCTh W pa3Mepbl YacTHUI] IOJIy9aeMOTO TPOIYyKTa. PerymmpoBanue
CTETICH! M3METbUCHUS TO3BOIIET MEXaHU3UPOBATh MPOIece MepepadoTKH,
MTOBBICUTH Ka4eCTBO MaTepHaja 3a CUET yCPeIHEHHS er0 TeXHOJOTHYECKUX
XapaKTePUCTHK, COKPATUTH MPOJOIDKUTEIBHOCTD IPYTUX TEXHOJIOTHYECKIX
orepanui, yIpoCTUTh KOHCTPYKIIMIO IIepepadaThIBAIOIIETO 000PY IOBAHHS.

Becbma TMEPCICKTUBHBIM CHOCO6OM N3MEJIBYCHUSA SABIACTCA KPUOT'CH-
HBIM, KOTOPBII IIO3BOJIAET IIOJIy4aTb IOPOLIKM M3 OTXOJOB CO CTEIEHBIO
nucnepcHoctu 0,5...2 MM. Mcnonb3oBaHue MOPOIIKOBON TeXHOJOrHH [42]
UMeEeT P TPEHMYLIECTB: CHW)KEHHE IPOJIOJDKUTEIBHOCTH CMEIICHHUS;
COKpallleHHe pacxoja 3HEPrHu M 3arpaT paboyero BpeMEHH Ha TeKyllee
o0cCITy’)KHBaHUE CMECHTENEH; ITydIliee pacipeaeicHie KOMIIOHEHTOB B CMe-
CH; YMCHBIICHAE TCCTPYKIIHA MaKPOMOJIEKYI U JIp.

W3 n3BeCTHBIX METOAOB MONYYEHHUS IMOPOIIKOOOPa3HBIX ITONIUMEPHBIX
MaTEepHAJIOB, UCTIOJIB3YEMBIX B XUMHUECKOW TEXHOIOTHHU IS U3MEIbYCHUS
OTXOJIOB TEPMOILJIACTOB, HAaHOOJIee MPUEMIIEMBIM SBIAETCS CIIOCOO Mexa-
HUYECKOTO M3MeNbueHUs. MeXaHNuecKoe N3MENbYeHHE MOXKHO OCYIIECTB-
JISITh ABYMsI ITYTSIMH: KPHOTEHHBIM CIIOCOOOM (M3MelbueHHEe B CPEIe KH-
KOT0 a30Ta WM JPyroro XjafoareHra) ¥ IMpu OOBIYHBIX TeMIeparypax
B Cpejie Ae3aryIOMEpPHPYIONIUX HHIPEANEHTOB, KOTOpPhIE SBIISIOTCS MEHee
JSHEProEMKUMH.

Jlanee n3Menbu€HHBIE OTXOBI MOAAIOT Ha OTMBIBKY B MOEYHYIO Ma-
muHy 3. OTMBIBKY BEIYT B HECKOJBKO MPHEMOB CHEIUATLHBIMUA MOIOIIIUMH
cmecsamu. Omxatyio B meHTtpudyre 4 maccy c Biaaxsoctsio 10...15%
MMOJIAIOT HA OKOHYATEIbHOE O0OC3BOKMBAHHWE B CYIIMIBHYIO YCTaHOBKY J
JI0 OCTaTOYHOTO coaeprkanus Biaru 0,2%, a 3aTeM B rpaHyJIsiTop 0.
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Jist CymKM OTXOIIOB TNPHMEHSIOT CYIIMJIKH pPa3IM4YHbIX THIIOB:
TIOJIOYHbIE, JICHTOYHbIE, KOBLIEBBIE, C KKUTLSIIMM) CIIOEM, BUXPEBBIC U T.II.

3a pyOeKoM BBINTyCKAIOT YCTAaHOBKH, B KOTOPBIX €CTh yCTPOWCTBA M
JUIL MOWKH, W JUISl CYIWIKA MPOHM3BOAUTENBHOCTBIO 110 350..500 Kr/u.
B Takoii ycTaHOBKE U3MENbUEHHBIE OTXO/bl 3arpy’Kal0T B BaHHY, KOTOPYIO
3aIlOJHSAIOT MOIOMIAM pacTBopoM. [ln€HKa mepeMemmBaeTcst JIOMACTHOU
MEIIAJIKOH, TIPH 3TOM T'PsI3b OCEeJaeT Ha JHO, @ OTMBITasl IUIEHKA BCIUIBIBACT.
O0e3BOXKMBAaHNE W CYIIKY IUIEHKH OCYIIECTBIISIIOT Ha BUOPOCHTE W B BUX-
peBoM cenapatope. OcTaToqHas BIaKHOCTB cocTaBisieT menee 0,1%.

I'panynauust sSBISAETCA 3aKIIOYUTENBHOM CTaJMed MOATOTOBKH BTO-
PUYHOTO CBIPBS [UIsl MOCIEAyIoIel nepepaboTKu B U3Aenus. JTa CTamaus
ocobenHo BakHa i BIIDHII B cBsA3M ¢ ero HU3KOM HACBHIMHOM IJIOTHO-
CTBIO U TPYIOHOCTBIO TPAHCIOPTUPOBaHMA. B mporecce rpaHyIHMpOBaHUSA
NPOMCXOIUT YIUIOTHEHHE MaTepuana, obyieryaercs ero AajbHeWInas mepe-
paboTKa, yCpeTHsIOTCSl XapaKTePUCTHKA BTOPUYHOTO CHIPBSI, B PE3yJIbTaTe
Yero MoJy4aroT MaTepHuall, KOTOPbIH MOKHO nepepalbaThiBaTh Ha CTaHIApT-
HOM 000py/I0BaHHH.

JInist ItacTUKanyy M3METbYEHHBIX U OYMIIEHHBIX 0TX0a0B 10 Hanbo-
Jee IUPOKOe NMPUMEHEHHE HallT! OJHOYEPBSIIHBIE SKCTPYAEPHI C AIHMHOU
(25...30) D, ocHamiéHHBIe PUIBTPOM HETIPEPHIBHOTO JACHCTBHS U UMEIOIIHE
30Hy gerazanuu. Ha Takux skcTpyzaepax JoBObHO 3P QeKTHBHO mepepada-
TBIBAIOTCSL IIPAKTHYIECKH BCE BUABI BTOPHYHBIX TEPMOILIACTOB IPH HACHIIN-
HOW IUTOTHOCTH M3MENbYSEHHOrO MaTepama B mpegernax 50..300 kr/m’.
OnHako Amst mepepaboTKH 3arpsi3HEHHBIX M CMEIIaHHBIX OTXO/0B HE00XO-
JIMMBI YepBSYHBIC MPECCHl CHENUATBHBIX KOHCTPYKIUH, C KOPOTKUMH MHO-
ro3aXOMHBIMH YepBsKaMHu JUIMHOH (3,5...5) D, MMEIOIMMH IUIMHApHYE-
CKYIO HaCaJIKy B 30HE BBIJABIUBAHMUS.

OCHOBHBIM 0JIOKOM 3TOM CHCTEMBI SIBISIETCS AKCTPYAEP C MOIIHOCTHIO
mpuBoaa 90 kBt, nuamerpom mrHeka 253 MM u otHomeHWeM L/D = 3,75.
Ha BeIxOZ€E 3KCTpYyZHEpa CKOHCTPYHpOBaHa TroprpoBaHHas HAacaaKa JUaMeT-
pom 420 mM. bnarogapst BbLIENEHUIO Telyia IPU TPEHUH M CABUTOBBIM BO3-
JEUCTBUSM MOJIMMEPHBINA MaTepUall IUIABUTCA 3a KOPOTKUM MIPOMEKYTOK Bpe-
MEHH, IPUIEM 00eCTIeuBacTCs OBICTpasi TOMOTe€HM3aLHs paciuiaBa. V3meHss
3a30p MEKTy KOHYCHOM HacaJKoH M KOXKyXOM, MOXKHO PETYIHPOBATh YCUIIHE
CIIBUTA U CHITy TPEHUS, U3MEHS IIPH ATOM PEXUM IepepaboTku. [lockombky
IUIaBJIEHHE MPOUCXOIHUT OYEHb OBICTPO, TEPMOJECTPYKIMH MONUMEpa He Ha-
omomaercst. CructemMa CHaO)KeHa y3JI0M JIeTa3alldH, YTO SBJISICTCS HEOOXOIH-
MBIM YCIJIOBHEM TIPH TTepepadOoTKe BTOPHYHOTO MOJIUMEPHOTO CHIPBSL.

BropuyHble rpaHyMpoBaHHBIE MaTepHalIbl MOTYYalOT B 3aBUCHMOCTH
OT TIOCJIEIOBATEIBHOCTH MPOLIECCOB PE3KH M OXJIAXKICHUS JBYMS CrocoOa-
MH: TpaHYyJSIIMEH Ha TOJOBKE M MOABOAHBIM TpaHyIHpOBaHHEM. BBIOOp
crocoba TpaHyJIMPOBAHMS 3aBHUCHT OT CBOICTB IepepadaThBaeMoOro Tep-
MOILTACTa ¥ 0OCOOEHHO OT BSI3KOCTH €T0 PacIIaBa U afre3ny K METallTy.
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[Ipu rpaHym UMM Ha TOJOBKE pAacIUIaB MOJUMEpa BBILAABIMBACTCS
yepe3 OTBEPCTHE B BUAE IMIMHIPUYECKHX JKI'YTOB, KOTOpPBIE OTPE3al0TCS
CKOJIB3SIIMHU 10 (HUIBEPHOH IINTe HOXKamu. [lomydeHHble TpaHysbl HO-
JKOM OTOpachIBalOTCS OT TOJIOBKM U OXJIaXIAroTcs. Pe3anue u oxiaxaeHue
MOYKHO TIPOM3BOJHTH B BO3IYLIHOW cpefe, B Boje JHOO pe3aHue — B BO3-
IyIIHOH cpexe, a oxnaxaeHue — B Boge. Jus I1O, koTopble UMEIOT BBICO-
KYIO a[re3uio K METaJuTy U TIOBBIIIEHHYIO CKJIOHHOCTH K CIIMIIAHMIO, B Kade-
CTBE OXJIAKAAIOIIEH CPeabl IPUMEHSIOT BOLY.

[Ipu ucronp30BaHUU 00OPYAOBAaHUS C OONBIION €IMHUYHOW MOIIIHO-
CTBIO IIPUMEHSIOT TaK Ha3bIBAEMOE MOJBOAHOE IpaHyIupoBaHue. IIpu sTom
croco0e paciulaB MOJMMEpPa BbIJABINBAETCS B BHUAE CTPEHT 4epe3 OTBEp-
cTrsi QUITbEPHO TUTMTHI HA TOJIOBKE Cpa3y B BOJY U pa3pe3aeTcs Ha TpaHy-
JIBl BpalaoUMUCS HoKaMH. TeMIiiepaTypa oXjaXkaarouiei Boabl Moaep-
xuBaercs B npenenax 50...70 °C, 4to cmocoOcTByeT 00jiee HHTEHCHBHOMY
HCIApEHHUI0 OCTATKOB BJIArM C IMOBEPXHOCTU TPaHyJ; KOIMYECTBO BOJBI
cocrasnser 20...40 M° Ha | T rpanysTa.

Yamme Bcero B TOJIOBKE TI'PaHYJIATOPOB (OPMYIOTCS CTPEHTH WIIU
JICHTBI, KOTOPHIE TPAaHYIUPYIOTCS TOCTE OXJAXKICHHS B BOASHOW BaHHE.
JuameTp nosrydyaeMbIX IT'paHyJl COCTaBIISIET 2...5 MM.

OxJaxIeHne MOJDKHO TPOBOAMTHCS TPH ONTHMAIBHOM DPEXHME,
YTOOBI TPaHyIBl HE 1e(hOPMHUPOBAIICH, HE CIHITAINCh U YTOOBI 00ecTedn-
BaJIOCh yJaJIeHHUE OCTAaTKOB BIATH.

Cy1iecTBeHHOE BIUSHHE Ha pacipezesieHue ITpaHyl [0 pa3MepaM OKa-
3bIBa€T TeMIlieparypa royioBku. J{isi obecriedeHus: paBHOMEPHOI TeMmepa-
TypHI paciiiaBa MeX,Jy 3KCTPYIEpOM M BBIXOJHBIMH OTBEPCTUSAMH T'OJOBKU
pacnonararoT peméTky. Yucno BEIXOJHBIX 0TBepcTUil B rojgoske — 20...300.

IIpon3BoAUTENBHOCTh MpoOLIECCa TPAaHYIMPOBAHUS 3aBUCHUT OT BHJA
BTOPUYHOIO TEPMOITIACTA M €r0 PEOJIOTHUECKUX XapaKTepUCTUK [34].

UccnenoBanus rpanyista BIID cBuaeTeabCTBYIOT O TOM, YTO €r0 BSI3-
KOTEKy4YHe CBOMCTBA NMPAKTUUECKH HE OTIINYAIOTCSA OT CBOWCTB IMEPBUYHOTO
I13, T.e. ero MOXXHO TepepadaTHIBaTh MPU TEX XK€ PEKUMAX SKCTPY3HH U
JIUTHS TIOJL IaBJICHHWEM, 4TO M HepBU4HbIA [10. OgHako momgydaemble u3e-
TSI XapaKTEePU3YIOTCSI HU3KUMHU KaueCTBOM M JOJITOBEYHOCTBIO.

W3 rpaHynaTa HONTydYaroT YMAkOBKH JUIS TOBAPOB OBITOBOW XHMUH,
BEIIAJIKH, JIeTajll CTPOUTENHHOTO Ha3HAueHMs, CEIbCKOXO3SHCTBEHHBIE
OpyAusi, HOAJOHBI JJIsl TPAHCIIOPTUPOBKH I'PY30B, BBITSDKHBIE TPYObI, 00N~
LOBKY JPEHAXHBIX KaHAIOB, O€3HAMOPHBIE TPYObI AJIsl MEJIHOpALUHU U JpY-
rHe u3fenus. OTU U3AENHs MOJydaloT U3 «UUCTOr0» BTOPUYHOTO CBIPbS.
OnHako Oosee MEepPCIEKTHBHBIM SIBISIETCS JOOABIEHUE BTOPHYHOTO CHIPHS
K nepBuuHOoMy B konmdecTBe 20...30%. BBenenue B monuMepHyro KOMIIO-
30 TUIACTU(QHUKATOPOB, CTAOMIN3AaTOPOB, HATIOJHHUTENEH IO3BOJSET
yBenm4uTh 3Ty 1H(py 10 40...50%. IT0 moBHImaeT GU3NKO-MEXaHNIECKHE
XapaKTEePUCTUKU H3[ENINH, OJHAKO MX JOJITOBEYHOCTH (TIPH SKCILTyaTalin
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B KECTKHUX KIMMATUYECKUX yCIOBUSX) cocTaBisieT Beero 0,6...0,75 ot goi-
TOBEYHOCTH W3ACIMH W3 IEepBUYHOrO Tnonumepa. boiee addexTuBHbIN
MyTh — MOJU(UKAIMS BTOPUYHBIX HOJINMEPOB, a TAKXKE CO37aHUE BBICOKO-
HATIOJHEHHBIX BTOPUYHBIX MTOJIMMEPHBIX MaTEPUANIOB.

5.2.3. OIIMCAHUE KOHCTPYKIIMI OBOPYJJOBAHUA
JJ U3MEJIBYEHUW A

O6opynoBaHue JIs W3MEIbUCHUS MPUMEHSICTCS B XUMHUYCECKOW TIPO-
MBIIUTEHHOCTH JIJISl TIPOBENICHHUSI TEXHOJIOTHIECKUX OIEpaIluii: ApoOIIeHs,
pa3laBIuBaHuUs, UCTUPAHUS, PACIUEIUICHNS] BOJIOKHUCTBIX MHIPEIUEHTOB U
OTXOJIOB MOJMMEPHBIX MaTepHalioB IMPH WX BTOPUYHOW mepepadoTke,
a Takxke napyrux omepamnuii. I[Ipumensemoe o0OoOpyaoBaHHE: APOOHIKH,
MEIBHHULBI, T€3UHTEIPATOPEI, I'PaHyJIATOPEI, pe3aTe/IbHbIC CTAHKH, TUCTHII-
JIATOPHI U 1p. B kauecTBe paboyux OpraHoB APOOUIIOK UCIIOIB3YIOT POTOPHI
C XECTKUMU TIPOJOJIHHBIMU OWIAMH, MOJOTKOBBIMH, KPECTOBBIMH, KOH-
COJIbHO-CTEP)KHEBBIMU, HOXKEBBIMH yCTpOHCTBaMuU. THIIOBBIC OMIILHBIC Ba-
JIbI TIOKa3aHbI Ha puC. 5.2.

[lepBblil TUIT POTOPOB XapaKTEPU3YETCS MACCUBHOCTBIO U KECTKO 3a-
KPETUIEHHBIMH Ha HUX OWIaMU pa3nIHON KoHpurypamwn. CiyxaT Ui rpy-
06oro apoOneHnst TBEPABIX TN (Pa3IMYHBIX CMOJ, TBEPIBIX KOMIIOHEHTOB
u 7p.). MOIOTKOBBIE YCTpOICTBA 2 XapaKTepH3yIOTCS HATMYHEM IIAPHUPHO
3aKpeIUIeHHBIX HACaJOK-MOJOTKOB U CITyXKaT JUId ApOOJIeHUs TBEPIBIX Ted,
B TOM YHUCJIE U OTXOJOB IUIaCTMACC.

Puc. 5.2. TunoBble KOHCTPYKIMH OUJIBHBIX BAJIOB:
1 — ¢ mpoonbHBIME OMIIaMu; 2 — MOJIOTKOBBIE YCTPOHCTBA; 3 — KPECTOBEIE
YCTPOICTBa; 4 — KOHCOJIBHO-CTEPIKHEBBIC HACAKU; 5 — HOKEBBIC POTOPBI
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Tperuii THIT HacagOK MPHUTOAEH Ul BTOPHYHOTO APOOJIEHHMS, pa3phiX-
JIHWS M PaCIylIKH TPOAYKTOB XHMHYECKHX Ipom3BoAcTB. KoHconsHO-
CTEp’KHEBbIE HACAAKU 4 XapaKTepH3YIOTCS HaJIMUHeM CTepKHeH, :KECTKO 3a-
KPETJIEHHBIX B JUCKAaX, PACMOJIOXKEHHBIX KOHIIEHTPHUYHO U BPAIIAIOMIUXCA
HaBcTpeuy Apyr Apyry. [IpuMeHsIoTcss B Ie3MHTErpaTopax uisi IpoOJIeHHs
cepsl, TpaduTa, acbecra, otxomoB PTU u apyrux marepumanoB. HoxkeBbie
POTOPBI 5 XapakTepHU3yIOTCS HAJIMIHEM HECKOJBKHX XECTKO 3aKpEIUICHHBIX
HOXell M MCHONB3YIOTCS B JIE3WHTETpaTopax Mo IMepepadoTKe MOIMMMEPHBIX
MaTepUaJIoB U OTXOAOB Iu1acTMacc, muH u PTH.

TumnudHas KOHCTPYKIMS HO’KEBOTO M3METbUMTEIIS TIOKa3aHa Ha puc. 5.3.

IMomMepHBIe MaTepHaibl, TOMIEKAIINE APOOICHHUIO, U3 3arpy304HOTO
OyHKepa & MOCTYIAIOT B W3MENIBUMTENBHYIO KaMepy M 3aXBaThIBAIOTCS Bpa-
LIAFOLIMMCS. POTOpoM 5. M3MenbyeHue IpOUCXOIUT MEXKAY ABYMs HOXKaMU 7,
YCTaHOBJIEHHBIMH Ha BpAILAIOLIEMCs] POTOpPE 5 M HEMOABIKHOM Kopiyce 3.

Puc. 5.3. HosxeBoii u3MeJb4HTeIb:
1 — cranuHa; 2 — (IIaHIEBBIHA JIEKTPOJBUTATENb; 3 — KOPIYC; 4 — TUCK;
5 — poTop; 6 — MINWIbKY; 7 — HOXU; 8 — 3arpy304Hasi BOPOHKA;
9 — cMeHHas KanuOpyromas pemérka; /() — JIOTOK
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KauecTBO M3MenbpYeHHs MaTepUalioB OIpe/IeNsieTCs BEMYMHOM 3a30pa Mex-
Iy HO>kaMu. PerynupoBka 3a30pa IPOU3BOAUTCS IYTEM PaJUalIbHOIO IEpe-
MeleHns Hokel Ha poTtope. CTerneHb M3MENIbUeHUS XapaKTepu3yeTcsl BEJu-
YHHOW OTBEPCTHH KaTMOpoBowHOU peméTku 9. [Ipu meperpyskax (Hampumep,
3aKIMHUBAaHUH HOXKEH TPH TONaJAaHUH METAJUIMYECKUX TPEIMETOB) LU
K1 6 Cpe3aroTcsi, M IUCK CBOOOAHO OyZeT BpamaThcsi OTHOCHTEIBHO POTOpA,
TEM CaMbIM TPEIOXPAHsS AICKTPOIBUIaTeNb OT MEPETPY3OK.

[TepcrieKTUBHBIM HAIPaBIEHHEM B KOHCTPYHMPOBAHHH M3MEITbUHTENCH
OapabaHHOTO THHA SBIAETCS pa3paboTKa BHOpPOBpAmIATENHHBIX MEIHHHII.
Takoe 0b6opynoBaHHE HCKIIIOYAET HEJAOCTATKU MpHCyIIue OapabaHHBIM IIa-
POBEIM M BHOpAaIlMOHHBEIM MENBHHUIIAM: HH3KYIO 3(deKTrBHOCTE Imporecca
HU3MCIIBbYCHUSA, HAJITUYUC 3aCTOMHBIX 30H, 3HAYUTECJIbHYIO METaINIOEMKOCTh U
OrpaHMYEHHUE N0 CKOPOCTH BpaileHusi Oapabana. KoHCTpykTHBHas cxema
BUOpOBpAIATEIbHON MEJIBHUIIBI [TOKa3aHa Ha pHC. 5.4.

Cxema cocrout u3 Oapabana /, ero HOALIMITHUKOBBIX OMOp 2, KOTO-
pBIe )KECTKO yCTaHOBJICHBI Ha CTOMKaxX 3, ONMPAIOIINXCSl Ha BUOPOILIHTY 4,
KOTOpasi MOHTHPYETCSl Ha YETHIPEX LIMIMHIPUUECKUX NpYyKHHAX 6. BubOpa-
TOp 5 KpemwTcs K HIDKHEH TOBEpXHOCTH IUHTHL 4. Bpamenue Oapabana
OCYIIECTBISICTCS. OT OJJEKTPOABHTATENS, 4Yepe3 pPEeAayKTop (BapuaTop)
(Ha puc. 5.4 — yCIIOBHO He MOKa3aHO) U KIMHOPEMEHHYIO repeaady §.
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Puc. 5.4. KoncTpyKkTHBHAs1 cXeMa BUOPOBpaIIaTebHOIl MeJbHHUIbI:
1 — 6apaban; 2 — y3en MONIIMIHKKA; 3 — CTOMKa; 4 — BUOpOIUINTa; 5 — BUOparop;
6 — Ipy’KUHa; 7 — IIUTa; § — KIIMHOPEMEHHAs Nepejada
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CkopocTh BpallieHus: OapabaHa ONpeaessieTcsl 0 AMITUPUYISCKON (hop-
MyJie:

rne R — pagmyc O6apabana, m; ¢ = 0,35...0,45 — Ko3pdUIHEHT 3aTTOTHEHUS
OapabaHa METIOIIUMH TEJIaMH.
Macca mapoBo# 3arpy3ku

rac L6 — JJIMHa 6apa6aHa, M; Py — HACBITHAA IIJIOTHOCTH MEJTIOIUX TECJI, M.
HI/IaMeTp Pa3MOJIBHBIX TEJI

-2
du =i, (53)
0

_ cEy .
8-[R2(n/30)* —2R%(n/30)° + RS(n/30)°]’
CHT MIpHU CYXOM HU3MCIBYCHHUU U C = 5,5 — HIOpU MOKPOM HU3MCIIBYCHUU;

Ey — sHeprust Hauana pa3pyuieHus YacTHIl.
MomntHOCTB, HeOOX0aUMast IS BpamieHus Oapabana:

_ LIMpRs°Lg
6-107*

rne M = 0,5 — smnupudeckunit koo punreHT padoThl MacChl METIONIUX TeEIT.
MormHoCTb, TOTpebIsiemMast 3JIEKTpoIBUTaTeNieM BUOpaTopa:

rae ¢ ¢ =0,57 — koaddurm-

N, (5.4)

N, =—2, (5.5

B o’ KOM G,
107-[G, +Q*(G +G))]
M, — moment BubOparopa, H-m; G; — macca 3arpysku, kr; G, — macca
KOJIEOMIONINXCS y3/I0B m3Menpuntens (0e3 3arpyskm), kr; O =0,4...0,5 —
9KCIepUMeHTANBHBIH K03 dunment; K =1 — xoadduuueHT, xapakrepu-

3YIOIUI lepeiadyy MOIIHOCTH OT OapabaHa K 3arpyske.
CpenHsis aMILIMTYy 12 KojicOaHuit bapadbana

M 1+0?
A, =—2 ————— 5.6
P @VHQM+M) 50

rae u=G;/G, — k0dpPUUKEHT COOTHOLICHNS MACChl 3arpPy3KH U Macchl

. -1
rae N; ; ® — YacToTa KoebaHuit 6apabana, ¢ ;

KOJ'IC6J'IK)H.[I/IXC$I TCJI y3JI0B MCJIIbHUIIBI. OnruManbpHOE 3HaUCHHE n= 1,8
97



CyMMapHasi MOIHOCTh BUOPOBPAIIATEIBHOTO H3MENbYUTENSA
N,=N,+N,, 6.7

T.€. MOIITHOCTB, 3aTpadyrBaeMas Ha BpalleHrne 6apadaHa U ero BUOpaIHio.
bonee monHoe onmcaHue KOHCTPYKLIUHA Pe3KH KaydyKOB M M3MeJbye-
HUSL IPYTUX UHTPEIUEHTOB cMeceil n3noxeHo B [33, 34].

Onpeuenelme OCHOBHBIX MAPAMETPOB HOXKEBOI'0 U3MEJIBYHUTE/IA

st cocTaBieHHsT TEXHUYECKON XapaKTEPUCTUKU HOMXKEBOTO H3MEIIb-
YUTENS CTYIAEHT JOJDKEH ONPEAEIUTh MOLIHOCTh MPUBOJA U MPOU3BOAU-
TEJIHLHOCTh HOXKEBOTO W3METBUUTENS MpU JAPOOJEHUM OTXOJO0B TEPMOILIa-
CTOB, UCIIOJIb3Y$ IPUBEAEHHBIE HMXKE 3aBUCMOCTH M METO/IbI, U3J105KEHHBIE
B JIMTEpATypEe U JEKIUOHHOM Kypce. [Ipu 3ToM 3anaroTcs clieayromue na-
paMeTphl: HAPABJIEHUE U CKOPOCTh BPAlIEHUSI pOTOPA, BEIUYHMHA 3arpy3KU
OTXOJ0OB MOJUMEpPA, BPEMsI M3MENBUYECHUS, BEIMUMHA 3a30pa MEXAYy HOXKa-
MM, CyMMapHasl IJIOIIa b OTBEPCTHH cUTA.
[Tpon3BOAUTENEHOCTE HOKEBBIX M3MENBUUTENCH ompenensiercs mo ¢op-
MyJIE:
G, =3600VSoy, (5.8)

r7e V — CKOPOCTh IBIXKEHHS KPOIIKH Yepe3 CCUCHHE OTBEPCTHH CUTa, M/C;
S — cyMMapHast IUIOMaab OTBEpCTHil cuta, M ¢ = 0,5...0,8 — koo dumment
MOJIHOTHI 3AIOJTHEHUS] OTBEPCTHI CHTA KPOIIKOW; Y — HACKITHAS [IOTHOCTb
KPOIIKH, KI/M.

V= _9 , (5.9)
3600 S
rac Qv — O6'BéMHa$I MIPOU3BOAUTCIIBHOCTb U3MCIIBYNUTCIIA, M3/‘I.
2
S = %k : (5.10)

rae d — AnamMeTp OTBEPCTHI CMEHHOM KanuOpylolei pemeérku, M; k — yuc-
JIO OTBEPCTUI B CMEHHOI KalnuOpyroliel penérke.
MOIIHOCTD Ha Bally 3JICKTPOJBHUIATEIST H3MENbYHUTEIS

PVpZ
71000

il =1 — cuI MaTepHana OJHHM HOXOM portopa, H; tc, —
e P=1,,F — cuma cpesa marepuana o oxom poropa, H; T,

.11

HATpsUKEHMe cpe3a Matepuana, H/m* F =8l — mmomans cpesa, M5 & —
TOJMIIMHA cpe3a, M; [ — [UTMHA HOXa, M; Vp =7tRn/30 — CKOPOCTH BpaIICHUI
potopa, M/c; R — paauyc AEHCTBHs CHJIBI cpe3a (OMpeaeisaeTcs MyTEM

TEOMETPHUYCCKOTO U3MEPEHUS), M; /1 — YHCIIO0 00OPOTOB JABHUTraTEsIsl, 00/MUH;
z — xonudecTBo Hoxkeil;  — KIT/[ mprBozia u3mMenpuuTes.

98



5.2.4. CIIOCOBbI MOJINOUKATLIMN BTOPUYHBIX TTOJIMOJIEOVHOB

Pe3ynpTaThl HccieOBaHUS MEXaHU3MOB IPOIECCOB, MPOTEKAIOIINX
IIpY 3KcIuTyaTanuu U nepepaborke 110, M MX KOMMYECTBEHHOE OIMCAHHE
TIO3BOJISIIOT CHIEJIaTh BBIBOJ O TOM, YTO IMOJIy4aeMble U3 BTOPHYHOTO CHIPBS
TTONMYTIPOAYKTHI TOJKHEI conepxath He Ooxee 0,1...0,5 MOIs OKUCICHHBIX
AKTHBHBIX TPYIII ¥ UMETh ONTHMANbHBIE MOJEKYJSIPHYIO MacCy U MOJIEKY-
nsipHO-MaccoBoe pacnpeneneHne (MMP), a takke o0xagaTe BOCIIPOHM3BO-
JVUMBIMH  (DU3MKO-MEXaHUYECKHMMH W TEXHOJOTHYECKHUMHU ITOKa3aTEIIMH.
Tonpko B 3TOM cily4ae MOJIYyNPOAYKT MOXKHO MCHOJIB30BaTh ISl IPOU3BO/I-
CTBa M3JENUI C TapaHTUPOBAHHBIM CPOKOM CIY>KOBI B3aMeH AC(HUIIMTHOTO
niepuaHOTO [10-chIphst. OTHAKO MONTy4aeMblil B HacTosIIEe BpeMs TpaHy-
JISIT 3TUM TPEeOOBAHUSIM HE yIOBIETBOPSICT.

Hané&xupM 1myTéM perieHnst npodieMbl COo3/1aHNsl KaueCTBEHHBIX I10-
JUMEpPHBIX MaTepHaloB M M3Aenuil u3 BTopuuHbIX [10 sBnsercs momudu-
Kalsi TpaHyiiTa, LEeNb KOTOpOW — O3KpaHWpOBaHHE (YHKIMOHAIBHBIX
TPYIII U aKTUBHBIX LEHTPOB XHUMHYECKUMHU HIH (DUIHMKO-XHUMHYECKHMH
Croco0amMu M co3/1aHHe OJJHOPOJHOTO MO CTPYKTYpE MarepHajia ¢ BOCIPO-
M3BOJUMBIMU CBOMCTBAMHU.

Meroasl Mogudukarmu BTopudHOro [10-ChIphsl MOXKHO pa3feinuTh Ha
XMMHYECKHE (CIIMBaHNE, BBEACHHE PA3INIHBIX 100aBOK, [NTaBHBIM 00pa3oM
OPTraHUYECKOro TPOUCXOXICHUS, 00paboTKa KpeMHUIOPraHUYECKHUMHU
KUIKOCTSIMH U JIp.) U QU3UKO-MEeXaHIHYECKUe (HAIOIHEHIE MUHEPATbHBIMA
1 OPraHUYECKUMH HATIOIHUTEISIMH).

Hanpumep, maxkcumanbHOE cozepxkaHue renb-(ppaxknuu (mo 80%) u
HanboJiee BHICOKUE (hHU3UKO-MEXaHUUCCKUE Mokazareiau cumuroro BITOHIT
JOCTHTAIOTCST TIpH BBeneHHH 2...2,5% mnepokcuaa JUKyMHIa Ha BajbliaX
mpu 130 °C B teyenne 10 muH. OTHOCUTENBHOE YIJIMHEHUE MPU Pa3pbiBe
Takoro marepuana — 210%, mokaszarenb TEKydecTH pacIulaBa COCTaBISIET
0,1...0,3 /10 MuH. CTeneHp CIIMBAHUS YMCHBIIACTCS C MOBBIIICHHEM TEM-
TepaTypsl U YBEIIMUYCHHEM MTPOAODKUTEIHLHOCTH BAIBLICBAHUS B PE3yJIbTaTe
NPOTEKaHHs KOHKYPHPYIOIIETO Mpoliecca IECTPYKIHUU. DTO MO3BOJIET pe-
TYJINPOBaTh CTENEHb CIIMBAHUS, (U3MKO-MEXaHWYECKHE M TEXHOJIOTHYE-
CKHE XapaKTEepHUCTUKH MOJU(UIIMPOBAHHOTO MaTepHasa.

Pazpabotan meton QopmoBanms uzaenuii u3 BIIOHII myrém BBene-
HUS TEPOKCHAA IUKYMHJIA HETOCPEACTBEHHO B IIpoliecce nepepaboTKu U
MIOJY4EHBI OIBITHBIC 00pasbl TPYO M JMTHEBBIX M3ICIHH, COAEPIKAIINX
70...80% resb-hpakium.

Beenenune Bocka u dnmacToruiacTta (o 5 Mac. 4.) 3HAYUTENBHO YITydIaeT
nepepabarbiBaeMocTh BIID, moBbImiaeT mokaszaresid (pU3NKO-MEXaHUISCKUX
CBOMCTB (0COOCHHO OTHOCHTENBHOE YUIMHEHHE MPH Pa3pblB€ U CTOHKOCTh
K pactpeckuBanuio — Ha 10% u ¢ 1 10 320 4 COOTBETCTBEHHO) U YMEHBILAIOT
nX pazdpoc, YTO CBHICTENIBCTBYET O IOBBIIICHHH OJHOPOJHOCTH MaTe-
puana.
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Momudukanus BITOHIT ManenHOBBIM aHTHAPHIOM B JTUCKOBOM 3KC-
TPYJEpe TAKKe MPUBOAUT K IOBBILICHUIO €r0 IPOYHOCTHU, TEINIOCTOUKOCTH,
a/Ire3MOHHON CIIOCOOHOCTM M CTOWKOCTH K (horoctapenuto. Ilpm stom
Moudumpyromuii 3QQeKT nocTHraeTcs NpH MEHBIIEH KOHIEHTpalUn
Mo drKaTOpa ¥ MEHbLIEH MPOJOIDKUTENFHOCTH TIpoliecca, YeM NP BBeE-
JICHUH 3JIaCTOIIIACTA.

ITepcrieKTUBHBIM CITOCOOOM TOBBIMICHHS KAa4eCTBa IOJMMEPHBIX Ma-
TEpHaJIOB, MOTy4aeMbIX U3 BTOpuuHBIX 110, ABIsIeTCS TepMOMEXaHMYEeCKast
00paboTKka KPEeMHUHOPTaHMYECKIMH COEAWHEHHMSIMUA. JTOT CIOCO0 ITO3BO-
JISIET MOJTy4aTh M3JENHsS U3 BTOPUYHOTO CBHIPbS C MOBBIIICHHBIMU MPOYHO-
CTBIO, 3JACTHYHOCTBIO M CTOHKOCTBIO K CTapeHUr0. MexaHu3M Moauduka-
UM 3aKJTI0YaeTCs B 00pa30BaHUM XUMHYECKUX CBSI3€H MEXAY CHUIIOKCAHO-
BBIMU I'PYNIIaMU KPEMHUHOPIaHUYECKOH KUJIKOCTH U HENIPEAEIbHBIMU CBsI-
35IMH C KUCJIOPOJOCOIEPKAIIUMHU I'pynnamMu BTOpUYHbIX 110.

TexHosornyecknii mpouece MoaydeHuss MOANGHUINPOBAHHOTO Mare-
pHaia BKIIOYAET CIEAYIOIIUE CTauu: COPTHPOBKA, APOOJICHNE U OTMBIBKA
OTXO0/I0B; 00pabOTKa OTXOAOB KPEMHHHOPTraHWYECKOW >KHUAKOCTHIO HpHU
90 £ 10 °C B Teuenwue 4...6 4; cymka MOTUPHUIUPOBAHHBIX OTXOMIOB METO-
JIOM EHTpHU(YTHPOBAHHS; TIEPETPAHY IS MOANDUINPOBAHHBIX OTXOJIOB.

[Momumo TBEpHOdazHOTO criocoba MOAM(UKAIIUH TPEATIOKEH CIOco0
moudukanuu BIID B pacTBOpe, KOTOPBIH MO3BONISET MOIYYaTh MOPOLIOK
BIIDHII ¢ pazmepom gactur He 60see 20 MKM. DTOT MOPOIIOK MOXKET OBITH
UCIIONIb30BaH IS epepaboTKU B M3/IENNSI METOZOM POTAIIMOHHOTO opMo-
BaHUA U JJIsI HAHCCCHUS HOKpI)ITI/Iﬁ METOAOM JBJICKTPOCTATHUYCCKOI'O HallbI-
JICHUSI.

Bonpioit Hay4HbIM 1 MpaKTUUECKUI HHTEpEC MPEICTABIAET CO3JaHNe
HAaITOJIHEHHBIX MOJIMMEPHBIX MaTepHajoB HA OCHOBE BTOPUYHOIO ITOJIUITH-
JICHOBOTO CBIpbsl. VICIONIb30BaHNE TOJIMMEPHBIX MaTEpPHAIOB U3 BTOPHYHO-
TO CBIpBsI, copepxanmx 10 30% HANOJHUTENS, TO3BOJIUT BEICBOOOINUTE 11O
40% TepBUYHOTO CHIPHS M HAIPaBHTh €TO HA MPOM3BOJICTBO M3JEIHUH, KO-
TOpBIE HEJB3s MOJIydYaTh W3 BTOPUYHOTO (HAMOPHBIE TPYOBI, YIIAKOBOYHBIC
IUIEHKH, TPAHCIIOPTHASI MHOTOOOOPOTHAS Tapa U Ap.). DTO B 3HAUYUTEIFHON
CTEIIEHH COKPATHUT AS(PUIHUT IEPBUYHOTO ITOJTUMEPHOTO CBHIPBSL.

Jlnist IosrydeHus! HallOJIHEHHBIX MOJIMMEPHBIX MaTepUanoB U3 BTOPUY-
HOTO CBhIPpbA MOXHO HUCIIOJIB30BAaTh JUCIICPCHBLIC U apMUPYIOUIME HAIlOJIHH-
TSI MUHEPAJIBHOI'O U OPTaHUYCCKOT'0 MPOUCXOKIACHHUA, a TAKIKEC HAITOJHU-
TCJIN, KOTOPBLIC MOKHO NTOJIYy4YaTh U3 MOJIUMEPHBIX OTXOJ0B (I/I3MCHL‘IéHHbIe
OTXOJIbl PEAKTOIUIACTOB W PE3WHOBAast Kpollka). HarmomHeHHo MOKHO 1oj-
Beprath INPAaKTUYECKH BCE OTXOJBl TEPMOILIACTOB, @ TaKXKe CMEIIAHHBIE
OTXOJbl, KOTOpBIE /ISl OTOM IIEJM HWCIIONIb30BaTh NPEINOYTHTENBHEH U C
9KOHOMHUYECKOH TOYKH 3PEHUSI.

Hanpuwmep, nienecooOpa3HOCTh MPUMEHEHHS JJUTHUHA CBS3aHa C HaIIU-
yieM B HEM (DEHONBHBIX COCOMHEHHUH, CHOCOOCTBYIOMIMX CTAOWIH3AINN
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BIIOH mpu sKcIuTyaTaiiu; CIroIbl — ¢ MOJYYCHUEM H3ACTHMA, 00J1aIar0IuX
HHU3KOH TI0JI3y4eCThIO, IMOBBIINICHHONW TEIUIO- M aTMOC(EepOCTOHKOCTHIO,
a TaKXKe XapaKTEePHU3YIOUIMXCSI HEOOJBIINM H3HOCOM IepepaldaThIBaloIIero
000py/IOBaHUsI U HU3KOW CTOMMOCTHIO. KaollmH, pakyIIeyHUK, ClaHIEBas
30J1a, YroJNbHbIE CEphl U XKeJIe30 MPUMEHSIOTCS Kak JeNIEBble MHEPTHBIC
HaITOJIHUTEIIH.

[Ipu BBenmennu B BIID menmkoaucnepcHoro ¢ocdorurica, rpaHyIupo-
BAHHOTO B IOJIMATUICHOBOM BOCKE, IOJIyY€HBbl KOMIIO3UIUH, HMEIOIINe
TIOBBIICHHOE YIMHEHUE IIPU paspbiBe. OTOT 3()(HEeKT MOXKHO OOBSICHUTH
ITACTHOUIMPYIOMM JEHCTBHEM TOJMATHICHOBOTO BOCKa. Tak, mpod-
HOCTh Tipu paspeise BIIO, nanmomneHHoro ¢ocdorumncom, Ha 25% Beimie,
yeMm y BIID, a Mogyns ynpyroctu pu pacTspkeHunu 6ombiie Ha 250%.

Ycunuatotuii a3¢dexr npu BBeaenun Bo BIID cirons! cBszaH ¢ 0co-
OEHHOCTAMH KPUCTAIIMYECKOTO CTPOEHHS HAIOJIHUTEINS, BBICOKUM Xapak-
TEPUCTHUECKUM OTHOIICHHEM (OTHOILIEHHEM AHaMeTpa YeIIyHKH K TOJIIH-
He), Mpu4éM MPHUMEHEHHE M3MeNbYEHHOro, nopoukoobdpazHoro BIID mo-
3BOJIMJIO COXPAHUTh CTPOCHHUE YEIIyeK MPH MUHUMAJIbHOM pa3pyIIeHUH.

Kommnosnmmy, copep)xaiye JWTHHH, CIAHIBL, KaoiHH, c(epbl, OTXObI
camporiensi, 00JIafaloT CPaBHUTEIFHO HEBBICOKUMH (PU3HKO-MEXaHMIECKUMU
TIOKa3aTeNsIMH, 3aT0 OHH SBISIIOTCS HanOosee AEmEBBIMA U MOTYT HalTH TIpH-
MEHEHHE TP TIPOU3BOICTBE M3/IENH CTPOUTENHFHOTO Ha3HAYCHHS.

5.3. BTOPUYHAS NIEPEPABOTKA INOJIMBUHUWIXJIOPUIA

B mpormecce mepepaOOTKH TOJMMEPH HOABEPraroTCsl BO3JICHCTBHIO
BBICOKHX TEMIIEpaTyp, CABUTOBBIX HAIPSIKEHUH M OKHCIEHUIO, YTO MPUBO-
JUT K M3MEHEHHIO CTPYKTYphl MaT€pHana, €ro TEXHOJIOTHYECKUX M JKC-
ITyaTalMOHHBIX CBOMCTB. Ha M3MeHeHHe CTpyKTyphl MaTepHana peniaro-
1iee BIMSHUE OKa3bIBAlOT TEPMUYECKHE U TEPMOOKHUCIUTENBHBIE IIPOLIECCHI.

[IBX — ognH 13 HanMeHee CTaOMITbHBIX KapOOIETTHBIX MPOMBIIIIIEHHBIX
nonumepoB. Peakuusa nectpykiuu [IBX — nernnpoxiaopupoBaHue HauuHaeT-
cs1 yxke mpu temrepatypax Boime 100 °C, a mpu 160 °C peakiuist mpoTekaeT
o4eHb ObicTpo. B pesymbrate Tepmookucnenus [IBX mpoucxonsr arpera-
THUBHLIC U AC3arp€raTuBHLIC MPOLICCCHI — CIIUBAHUE U ACCTPYKIIMA.

Hectpykuusa [IBX conpoBoknaercss ©I3MEHEHMEM HayalbHOM OKpPacKU
rojmMepa u3-3a 00pa3oBaHHsT XPOMOQOPHBIX TPYNIHPOBOK U CYIIECTBEH-
HBIM YXyJILIEHUEM (PU3HKO-MEXaHHIECKHX, TUAICKTPUIECKUX U PYTUX KC-
IUTyaTallMOHHBIX XapaKTEpUCTUK. B pe3ynpTare CIIMBaHUS MPOUCXOIUT Mpe-
BpalleHUE TUHEHHBIX MAKPOMOJIEKYT B Pa3BETBIEHHBIE U, B KOHEUHOM CUETE,
B CLINTBIE TPEXMEPHBIE CTPYKTYpbl; MPH TOM 3HAYUTENBHO YXYIIIAIOTCA
PacTBOPHMOCTD TOJIIMEPa 1 €ro CIIOCOOHOCTH K nepepadboTke. B ciywae mma-
cruduippoBantoro [1BX civBaHue yMeHbIIAET COBMECTUMOCTD IIACTU(H-
KaTopa ¢ MOJIMMEPOM, YBEIMYMBAET MUTPALMIO MIacTudukaTopa U HeoOpa-
TUMO YXyIIIAET HKCIUTyaTallHOHHBIE CBOMCTBA MATEPUAIIOB.
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Hapsiny ¢ yuéroMm BIIMSHHS YCIOBUN JKCIIyaTallud U KPaTHOCTHU Iie-
pepabOTKN BTOPUYHBIX MOJMMEPHBIX MaTepHaioB HEOOXOAMMO OICHUTH
paIOHAIFHOE COOTHOILIEHHE OTXOJIOB M CBEXKEro ChIpbS B KOMIIO3UIUH,
MIpeHA3HAuYCHHON K IepepadoTKe.

IIpu skcTpy3un u3nenuid U3 CMEIIAHHOTO CHIPbS CYIIECTBYET Omac-
HOCTh Opaka M3-3a Pa3HOW BA3KOCTH PACIIABOB, MOATOMY IIpeyIaraeTcs
SKCTPYIMpPOBaTh NEpBUYHBbIA M BTOpuuHbIM IIBX Ha pasHpIX MammMHax,
OJIHaKO roporkooOpas3ublii [IBX nmpakTuyeckn Bcerja MOXKHO CMEIINBAThH
C BTOPUYHBIM mosimmMepoM [34].

BaxxHOl XapaKTepUCTUKOW, OMpeNesioneld MPUHIUINAIBHYI0 BO3-
MOXKHOCTh BTOpHuYHOU mepepaborku [IBX-0oTx0moB (momycTmmoe Bpems
nepepaboTKH, CPOK CITyKOBI BTOPHYHOTO MaTepHala HiIH U3/ENHNs), a TaKKe
HEOOXOMMOCTH JIOTIOJHUTEIBHOTO YCUIIEHHS CTaOMIN3HPYIOMIEH TPYIIbL,
SIBIISIETCS] BPEMSI TEPMOCTaOMIIBHOCTH.

5.3.1. METOJBI ITOATOTOBKHM OTXOJ0B ITOJIMBUHMJIXJIOPUJIA

OpHOpOAHBIE MPOM3BOACTBEHHBIE OTXOIBI, KaK IMPaBUIIO, MOJBEPTa-
I0TCS. BTOPUYHOU mepepadoTKe, MpHUYEM B Cydasix, KOrjaa riy0oKoMy cTa-
PCHUIO ITOIBEPTaIOTCS JINIIb TOHKHE CJION MaTepHana.

B HEKOTOpBIX Cilydasx pPEKOMEHIYeTCsS HCIOJIb30BaTh aOpa3HuBHBIH
WHCTPYMEHT JUIS CHATHS AECTPYKTUPOBAHHOTO CJIOS C TOCIEeNyIoIel nepe-
paboTKON MaTepuana B U3AENHS, KOTOPhIE HE YCTYIAIOT IO CBOWCTBAM M3-
JIEIIHSIM, TIOJTYYE€HHBIM U3 UCXOIHBIX MaTepHajIOB.

Jna oTnenenus monuMepa OT MeTaiuia (IpoBoOJa, KaOeln) HCIONb3Y-
10T MMHEeBMaTH4YeCcKui crocob. OOBIYHO BBIACNEHHBIH IIacTH(QUIMPOBaH-
Hbiil [IBX MoOeT MCIonb30BaThCsl B KA4eCTBE U3OJSLMU JJsl NIPOBOJOB
C HM3KHMM HaIlpsDKCHUEM WM JUISl U3TOTOBJICHUS M3JEITUA METOJOM JIMThS
noJ, faBieHueM. s yAaneHus METalIMYeCKUX U MUHEPAIbHBIX BKIIOUE-
HUM MOXET OBITh HCIIOJIB30BaH ONBIT MYKOMOJBHOH HMPOMBIIIICHHOCTH,
OCHOBaHHBIA Ha NMPUMEHEHWH MHIYKLIHOHHOTO Croco0a, MEeToJa pa3zee-
HUSI TI0 MarHUTHBIM CBoMcTBaM. [yl OTHeNeHust aqrOMUHHEBOW (OJIbIu
OT TepMoIIIacTa HCIONIB3YIOT HAarpeB B Boje mpu 95...100 °C.

[Mpennaraercst HEromHble KOHTEHHEPHI C OJTUKETKAMH IIOTPYKaTh
B KHIKUH a30T WIH KUCIOPOJ C Temreparypoil He Boime —50 °C mns mpu-
JIaHUS ITUKETKaM WIN aJre3uBy XPYIMKOCTH, YTO MO3BOJIUT 3aTEM UX JIETKO
M3MENBYNTh U OTJEIUTh OMHOPOAHBIN MaTepHal, Halpumep oOymary.

DHepreTHYeck YdKOHOMUYEH CIIOCO0 CyXOW MOJTrOTOBKH IJIaCTMACCO-
BBIX OTXO/IOB C OMOIIBI0 KoMmakTopa. Criocod peKkoMeHayeTcs s epe-
pabotku orxomoB uckyccTBeHHbIX Kok (MK), munoneymoB u3 IIBX u
BKJIIOYACT PSJ TEXHOJOTMYECKHX OIEepanuii: M3MeNbYEHHE, Cerapamuio
TCKCTUWJIbHBIX BOJIOKOH, IUIACTUKAHUIO, TOMOI'CHHU3AllWIO, YIIJIOTHCHUC U
TPaHyJISIMIO; MOKHO Takke BBOIUTH N00aBkH. IloakimamouHple BOJOKHA
OTAEJISIOTCSl TPWXKABI — IOCJE IEPBOrO HOXKEBOTO JpPOOJICHHs, MOCIe
YIDIOTHEHUS W BTOPUYHOTO HOXeBOro apobienus. [lomywaror ¢opmoBod-
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HYI0O Maccy, KOTOPYI MOXXHO IepepadaThiBaTh JIUTHEM IIOJ JABICHHEM,
COZIEpIKaIYIO el BOJIOKHUCThIE KOMIIOHEHTHI, KOTOPHIE HE MELIAIOT Mepe-
paboTke, a ciIy)KaT HaIlOJIHUTENIEM, YCHUITUBAIOLINM MaTepHal.

5.3.2. METO/IbI IIEPEPABOTKHN OTXOA0OB
IMOJINMBUHWIXJTOPUHBIX TINIACTUKOB

JInThé moja 1aBJE€HHEM

OCHOBHBIMH BHUJIaMH OTXOJOB Ha OCHOBE HeHamoiaHeHHBIX [IBX sB-
JIAIOTCS HEXKETAaTUHU3UPOBAHHBIN MIIACTU30JIb, TEXHOJIOTHUYECKHE OTXOBI U
OpakxoBanHbIe m3nenusa. Ha mpeanpustusax a€rkoil mpomsinuieHHOCTH Poc-
CHUH JICHCTBYET CIICAYIOIIAsl TEXHOJIOTHUS MepepadOTKU OTXOJOB IIACTU30IIS
METOJaMH JIUTHS IO TaBJICHUEM.

VYcraHoBneHo, yTo u3aenus u3 BropuuHbix [1BX-maTepuanos yaoBie-
TBOPUTEJIBHOIO Ka4eCTBA MOYKHO IOJYYUTh IO IUIACTU30JIBHOM TEXHOJIO-
run. [Iponecc BKIOYaeT U3MENbUYEHUE OTXOJIOB TUIEHOK U JIUCTOB, MPUTO-
toBnenue nactel [IBX B mnactukarope, popMoBaHHE HOBOTO M3JEIHs Me-
TOJIOM JIUTBS.

HexenaruHu3npoBaHHbBIN IJIACTU30JIb IIPU OYUCTKE 103aTOpPa, CMECHU-
Tens cobupanu B EMKOCTH, ITOIBEPTANIN KETATHHU3AIHH, TaJIee CMEIIUBAIN
C TEXHOIIOTUYECKUMHU OTXOJaMH M OpaKOBaHHBIMH M3ACTHSIMUA Ha BAJbIAX,
MOJTyYE€HHBIE JINCTHI TOABEPralIv NepepadoTKe Ha U3MENBUUTENSIX POTOPHO-
ro tumna. [loxydeHHyt0 TakuM 00pa3oM IIaCTU30JIFHYIO KPOIIKY Tepepada-
THIBAJIM METOJIOM JIUThS MOA JaBieHueM. [lmacTuzonpHas Kpolka B KOJH-
gectBe 10...50 Mac. 4. MOXKeT OBITH HCHOIH30BAHA B KOMIIOZUITHH C Kaydy-
KOM Ul IIOJIyYEHUS PE3UHOBBIX CMECEH, IMPUYEM 3TO MO3BOJAET HCKIIIO-
YUTh U3 PELENTYP MATYUTEIH.

JIns iepepaboOTKH OTXOJ0B METOJIOM JIUThS IOJ] JTABJICHUEM, KakK Mpa-
BHJIO, IPUMEHSFOT MAIlIMHBI, Pa0OTAIOMINE IO TUIY HHTPY3HH, C TIOCTOSTHHO
BpAIIAIOIIAMCS IIIHEKOM, KOHCTPYKIIMS KOTOPOTO O0ECICUnBACT CaMOIIPO-
HM3BOJBHBIN 3aXBaT M TOMOTI'CHHM3AIIHIO OTXOIO0B.

OnHUM U3 MEPCHEKTUBHBIX METOJIOB MCIONB30BaHUs 0TX0a0B [IBX
SIBIIIETCSI MHOTOKOMIIOHEHTHOE JHUTHE. [Ipm TakoM cmocobe mepepaboTku
U3JIeNNe UMeeT HapYKHBIH U BHYTPEHHUH CIIOM U3 Pa3IMYHBIX MaTepUajoB.
Hapy>Hbiif cioil — 3T0, Kak MpaBWIO, TOBAPHBIE IIACTMACCHI BBICOKOTO
Ka4yecTBa, CTAOMIIM3UPOBAHHbBIC, OKPAIICHHBIC, MCIOIIME XOPOIINKA BHEIII-
HUW BUI. BHyTpeHHUH COH — BTOPUYHOE NOJUBUHUIXJIOPUAHOE CBIPBE.
[TepepaboTka TEpMOIUIACTOB JAaHHBIM METOJIOM II03BOJISIET 3HAYUTEIIFHO
9KOHOMUTH JE(UIIUTHOE TEPBUYHOE CHIPHE, COKpallas €ro MmoTpeOiIcHHe
Ooee ueM B J1Ba pasa.

IKeTpy3us

B HacTos1iee BpeMs oqHAM U3 Haubosee 3pPEeKTUBHBIX CIIOCOOOB Ie-
pepaboTKK OTXOI0B MOJMMEPHBIX MaTepuaioB Ha ocHoBe [IBX ¢ 1enbio ux
YTUITH3AIMHA SBISIETCS METOJ] YIPYToAe(hOPMAIIHOHHOTO AUCTIEPTUPOBAHHS,
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OCHOBAaHHBIM Ha SIBJICHHMU MHO>KECTBEHHOI'O pa3pyui€Hud B YCIOBHUAX KOM-
OMHHPOBAHHOTO BO3JCHCTBHS HAa MaTepHall BEICOKOTO NAaBJICHUS U CIOBHIO-
BOW ie(hopMalMy MIPH NOBBIIICHHOI TeMIlepaType.

YnpyroaehopMaioHHOE AUCIEPTUPOBAHUE MPEABAPUTEIBHO TPy-
601po0aEHBIX MaTepuanoB C pasMepoM dactun 103 MKM TIpOBOIHUTCS
B OJTHOIIIHEKOBOM POTOPHOM JicIieprarope. Vcnonp30BaHHBIE OTXOBI TIIa-
CTU(HUINPOBAHHBIX AyOIMPOBAHHBIX IUIEHOYHBIX MaTEpPHAlOB Ha pa3ind-
HOW OCHOBE (JIMHOJIEYM Ha MOIMA(PHUPHOI TKaHEBOIl OCHOBE, ICHOIUICH Ha
OyMa)kHOM OCHOBE, ICKYCCTBEHHAsI KO)Ka Ha XJIOMYaTOOyMa)KHOW TKaHEBOU
OCHOBE) IepepabaThIBAlOTCS B AUCIEPCHBIA OJHOPOJIHBIN BTOPUYHBIA Ma-
Tepuall, npeacrasistomuil cMech [IBX-1m1acTUKOB ¢ M3MENBbYEHHON OCHO-
BOW ¢ Haubosiee BeposITHBIM pazmepoM uactull 320...615 MkM npeumynie-
CTBEHHO aCHMMETPUYHON (OpPMBI, C BBICOKOH yJENBHOW MOBEPXHOCTBHIO
(2,8...4,1 M*/r). ONTHMANBHBIE YCIIOBHS JIUCIEPIUPOBAHUS, IPU KOTOPHIX
oOpa3yercss HamOoJjiee BBICOKOAMCIEPCHBIH MPOIYKT — TEMIeparypa Iio
3onam gucrepratopa 130...150...70 °C; ctenens 3arpy3ku He Oonee 60%;
MHUHHMMaJbHasl CKOPOCTH BpalleHus mHeka 35 o6/muH. [loBpimenne Temre-
patypsl nepepabotku [1BX-MaTepranoB MpUBOAWT K HEXEJIATEIHHON WH-
TeHCH(UKALMN JeCTPYKLIMOHHBIX IPOLIECCOB B IOJIMMEPE, BBIPAKAIOIIEHCS
B TIOTEMHEHUH NPOAYKTa. [I0BBIICHNE CTENICHN 3arpy3KH M CKOPOCTH Bpa-
MICHWA NIHCKA YXyAIIaeT JUCTIEPCHOCTh MaTepuasia.

IlepepaboTKky OTXO0B OE30CHOBHBIX IUTACTH(HIIUpOBAaHHBIX [IBX-
MaTepuanoB (CeNbX03IIEHKA, M30JSIIMOHHA TUIéHKa, [IBX-1manru) Mero-
JIOM ynpyroaehopMaioHHOTO AWMCIEPTUPOBAHKS C TOJyYCHHUEM KadecT-
BEHHOT'O BBICOKOJUCIIEPCHOTO BTOPUYHOTO MaTepuana MOXHO MPOBOIUTH
0e3 TEeXHOJIOTMUECKHX 3aTpPyAHCHHH TpH Oojee MMPOKOM BapbHPOBAHWU
pexuMoB aucneprupoBanus. O6pasyercs Oonee TOHKOIMCIEPCHBIA Ipo-
IyKT ¢ pazmepoM dactull 240...335 MKM MPENMYIIECTBEHHO CEepHIECKON
(hopMBL

VYnpyroaehopmaioHHOe BO3ACHCTBUE TP TUCIIEPIUPOBAHUH JKECT-
kux [IBX-marepuanos (ymaponpoyHsiii MaTepHual st OyTBHUTOK O] MUHE-
panbHyI0 Boxy, caHTexHHUeckue [IBX-TpyOsl u ap.) HEOOXOIUMO TIPOBO-
IuTh Tpu Oosee Bbicokux Temmeparypax (170...180...70 °C), crenenu 3a-
rpy3ku He Oomee 40% W MHHUMAJIBHOW CKOPOCTH BpAllleHUs LIHEKa
35 00/muH. Ilpu OTKJIOHEHWM OT 3aJlaHHBIX PEKUMOB JHCIEPIUPOBAHUS
HaOJIIOAr0TCSl TEXHOJIOTUYECKHE 3aTPYAHCHUS M YXY/ALICHHE KauecTBa I10-
JIy4aeMOro BTOPUYHOTO NMPOAYKTA 110 TUCIIEPCHOCTH.

B mpormecce nepepabotku otxomoB I1BX-MaTepnaioB 0qHOBPEMEHHO
C IUCTICPTHPOBAHUEM MOXHO OCYIIECTBIATH MOTU(PHKALMIO MOIMMEPHOTO
MaTepuana ImyTéM BBEACHHS B MCXOIHOE CBHIPHE 1...3 Mac. 4. MeTayuicoaep-
xammx TepMmocrabuimzaropoB u 10...30 mMac. 4. ruacTuduKaTopoB. ITO
MIPUBOJUT K MOBBIIICHHUIO 3alaca TEPMOCTAOMIBHOCTH IPH HCITIOIb30BAHUN
cTeapaToB MeTayuIoB Ha 15...50 MUH U yIy4IICHUIO ITOKa3aTelss TEKy4ecTH
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paciuiaBa, nepepadoTaHHOIO COBMECTHO CO CIIOXKHO3(DUPHBIME ILIacTH(U-
karopamu mMatepuana Ha 20...35%, a Taxke yJIydIIeHUI0 TeXHOJIOTHYHOCTH
npolecca AUCIEPrupOBaHUsl.

[Monygaembie Bropnunsle [IBX-marepuans! Onaronapsi BBICOKOH amc-
MIEPCHOCTH U Pa3BUTOW IMOBEPXHOCTU YacTHIl O0JaJar0T ITOBEPXHOCTHOU
AKTHBHOCTBIO. DTO CBOWCTBO 0OPa3yIOLIMXCS MOPOIIKOB IPEIOTPEAEITHIO
HX BECHMa XOPOIIYI0 COBMECTHMOCTh C IPYTHMHU MaTepuaiaMi, 9TO 03BO-
JSIET MCIOIb30BaTh MX A 3aMeHb! (10 45% Mac.) HCXOIHOTO CHIPbsI IPH
MIOTY4YEHHUH TEX XK€ MM HOBBIX MOJMMEPHBIX MaTEpHAIIOB.

Jna nepepabotku otxonoB [IBX MoryT OBITH TakkKe HCIIONB30BaHBI
JBYXIITHEKOBBIE 3KCTPYyAephl. B HUX mocTHraercst mpekpacHasi TOMOTeHHU3a-
IMsI CMECH, a MPOIECC IUIACTUKAIMU OCYIIECTBISIETCS B Ooyiee MSATKHUX yC-
noBusix. Tak KaKk JBYXIIHEKOBBIE SKCTPYepbl Pa0OTAIOT MO MPHHIMITY BbI-
TECHEHHMs, TO BPeMsl NMPeOBIBaHMUS MOJMMEPa B HUX NPU TEMIIEpaType IJa-
CTUKaLUU YETKO ONPEAETICHO U €ro 3aJIeP’KKa B 30HE BBICOKUX TEMIIEPATYp
HCKIII0YaeTcs. JTO MPEeJOTBpAIaeT MEPerpeB U TEPMOJECTPYKIHIO MaTe-
puana. PaBHOMEpPHOCTh MPOXOXKACHUS MOJMMEpPa MO IMIMHAPY obecriedn-
BAaeT XOPOIINE YCIOBHS JUIS AETA3aIMH B 30HE MOHIKEHHOTO IABJICHHS, YTO
MIO3BOJISICT YAANATH BIIAry, NPOAYKTHI AECTPYKLIUH W OKHCICHHUS U ApyTrHe
JIETy4He BEIIECTBA, KaK MPABMIIO, COAEPIKAIIIECS B OTX0/1aX.

Jis mepepaboTKu MONMMEPHBIX KOMOWHHMPOBAHHBIX MaTE€pUaliOB, B
ToM uymcie uckyccrBeHHOH Kkoxku (MK), oTxomoB kabOenmbHOW HW30IAIUH,
TEPMOIUIACTUYHBIX MOKPBITHH Ha OyMa)KHOH OCHOBE M JIPYTHX, MOTYT OBITh
UCIIONIb30BaHbl CIOCOOBI, OCHOBAaHHbIE HAa KOMOWHAIIMU SKCTPY3MOHHOM
NOATOTOBKY U ()OPMOBaHMS METOIOM MpeccoBaHus. [Jisi peanu3anny 3Toro
METOoJa MpeAIaraeTcs arperar, COCTOSIIMN U3 ABYX MAIlHH, BIPBICK Kax-
Joi u3 kotopbix 10 kr. J[ons NpUCYTCTBYIOIIMX B OTXOAAX CIIEHUAIBHO
BBEIEHHBIX B HUX HETIOJUMEPHBIX MAaTepHaIOB MOXET COCTaBIATh 10 25%,
MIPUIEM JTaXke cofeprKaHue MeIH MOXKeT Jqocturath 10%.

Taxoke TpUMEHSIETCS] METOJI COBMECTHOM IKCTPY3HH CBEXKET0 TEpMO-
I1acTa, oOpasyromero HMPUCTCHHBIE CIOH, M IMOJIMMEPHBIX OTXOJOB, CO-
CTaBJIAIOUIMX BHYTPCHHHM CIIOH, B pe3ylbTaTe MOXKET OBITh MOIYyYCHO
TpéxcioiiHoe m3nenue (Hampumep, M€Hka). Jpyroil meron — pa3myBHOE
(¢opmoBanue mpemoxeH B padore [43]. B pa3paboTaHHON KOHCTPYKIHH
SKCTPY3UOHHO-PA3IyBHON YCTaHOBKM B KadecTBE TIeHepaTopa paclulaBa
IPEIYCMOTPEH YEePBAYHO-AUCKOBBIN AKCTPYJEP C Pa3AyBHBIM IPHUBOJOM.
DKCTpy3uel ¢ pa3ayBoOM M3 CMeCH TepBUYHOrO u BTOpruHOro I1BX wm3ro-
TaBJIMBAIOT OyTHIIH, EMKOCTH U JIpyTU€E MOJIbIC U3/IEIHSI.

Kananaposanue

HpHMepOM r[epepa60TKI/I OTXO0AOB MCETOAOM KaJTaHAPOBAHUSA MOKCT
CIIY’KUTb TaK Ha3bIBaCMEIN nponecc «Peraﬂ», SaKHIOanOHIHﬁCﬂ B KaJlaH[-
poOBaHNKU MaTe€prajia U MOJIYYCHUHN IUIMT U JIMCTOB, KOTOPBIE MPUMEHSIOTCS
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JUIsl TIPOU3BOZICTBA Tapbl M MeOesu. Y 100CTBO Takoro Impoiecca Jjist nepe-
PabOTKH OTXOMOB Pa3IMYHOIO COCTAaBa 3aKII0YACTCS B JIETKOCTH €ro pery-
JIMPOBKM MyTEM M3MEHEHHMs 3a30pa MEXIy BAJIKaMH KaJaHapa JUisi JOCTH-
JKCHUS XOPOLIETO CABUIOBOTO M JTUCTIEPTHPYIOIIET0 BO3ICHCTBHS Ha MaTe-
puan. Xopomas IUIACTUKAIMS ¥ TOMOTEHHU3alusl MaTepHuaia IpH Iepepa-
00TKe 00eCIeunBaloT MOMYUYEHUE U3/ACIUI C TOCTAaTOYHO BBHICOKMMH IPOY-
HOCTHBIMH TIOKa3aTeastMU. Criocod SKOHOMUYECKH BBITOJICH JUIS TEPMOILIa-
CTOB, IUIACTUIMPYEMbIX NPH OTHOCHTENIFHO HHU3KHX TeMIlepaTrypax, B OC-
HOBHOM, 3T0 Markui [1BX.

Jna moaroroBku otxomoB IIBX u mmHONeyma paspaboraH arperart,
COCTOSAIINHA M3 HOXKXEBOU IPOOMIIKH, CMECHTENBFHOrO OapabaHa W TpEXBai-
KOBBIX Pa(MHUPOBOYHBIX BalbLIOB. KOMIIOHEHTHI CMecH B pe3yJbTare
00MBIION (PPUKITUH, BBICOKOTO MPECCYIOIIECTO MABICHUS U MePEMEIIHBAHUS
MEX/1y BpaIAQIOIMHUCS TOBEPXHOCTSAMHE €€ OOJbliIe U3METbYaroTCs, Iia-
CTHLMPYIOTCS U TOMOT€HU3UPYIOTCS. YIKE 332 OAMH MPOXOJ] Yepe3 MaIluHy
MaTepHal IpHoOpeTaeT J0CTaTOYHO XOpOoIllee KauecTBO.

IIpeccoBanue

OmHUM U3 TPAOWIUOHHBIX METOIOB MEPEpaObOTKH OTXOIOB TOIHMEp-
HBIX MaTEPHAaJIOB SBISIETCA MPECCOBAHME, B YaCTHOCTH, Hambolee pacipo-
CTpaHEHHBIM MOXeT ObITh Ha3zBaH MeTof «Peram-Konseprep». Ilomon ot-
XOJI0B PAaBHOMEPHON TOJIIUHBI Ha TPAHCIOPTHOH JICHTE MOJAIOT B I€Yb U
pactutaBistor. [lnactunpoBaHHast TakKuM 00pa3oM Macca 3aTeM CIIPecco-
BbIBaeTcsl. [IpeiiokeHHBIM METOIOM TTepepadaThiBalOT CMECH TIACTMACC C
COJIepKaHUEM IMOCTOPOHHUX BemiecTB O6oee 50%.

CymecTByeT HENpephIBHBIA CIIOCO0 1MepepadOTKH OTXOJIOB CHHTETH-
yeckux koBpoB U IIBX. CyTb ero B cnemyromemM: pa3MoJIOTbIe OTXOABI MO-
JAIOT B CMECHTENb, Kyna mobaBiusiror 10% cBsA3yromero mMarepuana, ITHT-
MEHTHI, HalTOJTHUTENH (A7 ycuieHus ). M3 3Toit cMecH mpeccyroT mIacTHHBI
B JABYXJIEHTOYHOM Impecce. Ilnmactunpl umeroT Toamuuy 8...50 MM mnpu
IIOTHOCTH 0KOJo 650 kr/m’. Baronaps MOPUCTOCTH MIACTHHBI 00MAAI0T
TEIUIO- W 3BYKOM3OJIALNOHHBIMU CBOMicTBaMu. OHHM HAaXOISIT IPUMEHEHHE B
MaIIMHOCTPOCHUN W B aBTOMOOMIBHON IPOMBIIIICHHOCTH B Ka4eCTBE KOH-
CTPYKIIMOHHBIX 3JeMeHTOB. [IpHu 0JJHO- WM IBYXCTOPOHHEM KalllUPOBAHUU
9TH IUIACTUHBI MOXXHO HCIIOJIb30BAaTh B MEOENBHOM MPOMBIIIEHHOCTH.
B CHIA npouecc npeccoBaHUs HCTONIB3YETCs U U3TOTOBICHUS TSKENO-
BECHBIX IIJIACTHH.

Tarxke mpUMEHSIeTCs APYrod TEXHOJOTHYSCKUH CITOc00, OCHOBaHHBIN
Ha BcrieHMBaHWK B (popme [36]. Pa3zpaboraHHBIC BapHaHTHl OTIMYAIOTCS
METOJJaMH BBEJICHUS TOPO0Opa3oBaTenieii BO BTOPHYHOE CHIPHE U TIOIBOJIOM
TertoThl. [TopooOpa3oBarenn MOTYT OBITH BBEJCHEI B 3aKPHITOM CMECHTEIIE
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Wi skerpynepe. OHaKko NPOU3BOJUTENIFHEE METO (HOPMOBOTO BCIIEHHBA-
HHS, KOT'JIa ITPOLIECC MOPOoOpa30BaHHUsl IIPOBOJIAT B IIpecce.

CyIeCcTBEHHBIM HEIOCTaTKOM METOAA IPECCOBOrO CHEKaHWs IOJH-
MEpHBIX OTXOJOB SIBJISIETCS Caboe MepeMenInBaHie KOMIIOHEHTOB CMECH,
YTO MPUBOJUT K CHIDKEHHIO MEXAHWYECKHX MOKa3aTeel MojlyJyaeMbIX Ma-
TEpHAaJIOB.

[Ipo6nema pererepanun otxomoB [IBX-mracTiHKOB B HacTosIIee Bpe-
Msl MHTEHCHUBHO pa3padaThIBAeTCs, OJHAKO MMEETCS] HEMaJlo TPYIHOCTEH,
CBSI3aHHBIX IIPEXKJE BCEro ¢ HamuuyueM HamoiHuTens. HekoTtopeie paspa-
OOTUMKM MOILIM MO ITyTH BBLACICHHSA IOIMMEpa W3 KOMIO3UTA C IOCIe-
JYIOIIUM €ro Mcronb3oBaHueM. OJHAKO 3a4acTyl0 3TH TEXHOJIOTHYECKHE
BapUaHTBl HEAKOHOMHUYHBI, TPYAOEMKH U MPUTOTHBI [ Y3KOI'O acCOpPTH-
MEHTa MaTepHaJIOB.

W3BecTHBIE cIOCOOBI IPSMOro TEPMOGOPMOBAHHUSI JINOO TPEOYIOT BbI-
COKUX JIOTIOJIHUTEIBHBIX 3aTpar (MOATrOTOBUTEIBHBIC OINEpaliy, H00aBKa
MIEPBUYHOTO TOJUMEpa, TUIACTU(UKATOPOB, MCIIOIb30BAHHUE CIICIHATBHOTO
o0opyoBanust), MO0 HE TO3BOJSIOT NepepaldaThiBaTh BHICOKOHAIIOIHEH-
HBIE OTXOMbI, B YacTHOCTH, [IBX-1mmacTukoB.

5.4. YTRJIN3AIUA OTXOJ10B
IMOJIMCTUPOJIBHBIX IINTACTUKOB

OTX0/Ibl MOJKMCTHPOJIA HAKAIIMBAIOTCS B BUJE BBIIISIIINX M3 YIOT-
pebnenus uznenuit u3 I1C u ero cononumepos (XJIEOHUIIBL, Ba3bl, CBIPHUIIBI,
pasianyHas ocyaa, pemeéTky, OaHKH, BEIIaJKH, O0IMIIOBOYHBIC JTUCTHI, JIe-
TaJld TOPrOBOTO U JabOpPaTOPHOro OOOPYAOBaHMS U T.J.), a TAKXKE B BHJC
MPOMBIIUICHHBIX (TEXHOJOTMYeCKuX) 0TXx070B [IC 00Imero Ha3zHaueHUs,
ynaponpounoro [1C (YIIC) u ero conoianMepos.

BropuuHOE HCIIOTB30BaHUE TOTUCTUPOIBHBIX IIACTUKOB MOXET UATU
10 CJIC/TYFOILIUM ITyTSIM:

—  YTHIM3AIHsI CUIIBHO 3arpsA3HEHHBIX MPOMBIIUICHHBIX OTXO0/IOB;

— yrumzanus TexHojormdecknx orxomoB YIIC m ABC-mnactuka
METO/IaMH JINThS N0 JIABJICHUEM, SKCTPY3HH U IPECCOBAHMUS,

—  YTWIM3aUHs U3HOIICHHBIX U3CIIHI;

— yTuiauzanus oTxonoB neHononuctupodia (II1C);

— yTujiu3alnus CMCHIaHHBIX OTXOHOB.

CuiibHO 3arpsi3HEHHBIC MPOMBIIUICHHBIE OTXOJIbI 00pa3yroTCs B MPO-
m3BozicTBe [1C M MONMCTHPOIHHBIX IIACTUKOB MPU YHCTKE PEaKTOPOB, IKC-
TPYACPOB M TEXHOJIOTUYCCKUX JIMHUIA B BUJIC KYCKOB PA3JIUYHON BEITHUHNHBI
u (GopMbl. DTH OTXOJBI BCJICJCTBUE 3arpsI3HEHHOCTU, HEOIHOPOIHOCTH U
HU3KOTO KauecTBa B OCHOBHOM YHUUTOXAIOT MyTEM CHKUTaHus. Bo3MoxHa
UX YTUIIU3AlUs JECTPYKIMEH, C HCIONBb30BAHUEM MOTYyYaeMBbIX JKHIIKUX
MPOJIYKTOB B KQUECTBE TOILJIMBA.
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B03MOXHOCTD NMPUCOEIUHEHHS K OEH30JIbHOMY KOJIbIly MOJHCTHPOJIA
MOHOTEHHBIX TPYIII MO3BOJISET MTOJy4aTh HA €ro OCHOBE MOHHTHL PacTBo-
pUMOCTh TIOJIMMEpPAa B IIpoliecce IMEepepadOTKH U OKCIUTyaTallud TakxkKe
He MeHsiercst. [loaToMy auisi MOy4eHHss MEXaHWYECKH MPOYHBIX HOHHUTOB
MOYKHO IPUMEHSTh TEXHOJIOTHYECKHE OTXOJbl W HM3HOLICHHBIE IOJHCTH-
POJBHBIE M3IETHS, MOJEKYJISIPHYIO MacCy KOTOPBIX IYTEM TEpPMHUYECKOM
JECTPYKIMU JOBOAAT A0 3HA4YCHWI, KOTOpHIE TPeOYIOTCS MO YCIOBHSIM
cuare3a wuoHHUTOB (40...50 TeIC.). [loChemyromiee XJIOPMETHIUPOBAHHE
MOJYYEHHBIX MPOIYKTOB NPHUBOAMUT K IIOSIBICHUIO COCIUHEHHH, PacTBO-
PUMBIX B BOJAE, YTO CBHICTEIBCTBYET O BO3MOXKHOCTH HCIIOJIb30BaHMS
BTOPUYHOTO MOJMCTHUPOIBHOTO CHIPhA VISl MOTy4EHHs] PACTBOPUMBIX MOJIH-
AJIEKTPOJIUTOB.

Texunonoruyeckue orxonsl [1C (Tak ke, kak u [10) nmo cBoum ¢usuko-
MEXaHMYECKUM ¥ TEXHOJOIMYECKMM CBOMCTBaM HE OTIMYAIOTCS OT Tep-
BUYHOTO CBIPbSl. DTH OTXO[bl SIBISIFOTCS. BO3BPAaTHBIMH M B OCHOBHOM
WCIIONIB3YIOTCSL Ha TeX MPEANPHATHAX, Tie OHM oOpasyrorcs. VX MOXHO
n06aBATh K nepBuyHoMy IIC mnm Mcronb30BaTh B KadECTBE CaMOCTOS-
TENBHOTO CBHIPhS TIPH MPOU3BOICTBE PA3THIHBIX U3/ICIIHH.

3HAUNTENbHOE KOJIMYECTBO TEXHOJNOTHYECKUX OTXO0M0B (1o 50%)
obpa3zyeTcs B Tpolecce nepepaboTKH HOTUCTHPONIBHBIX TUIACTUKOB JINThEM
MO JaBJICHHEM, SKCTPy3Hel M BakyyM-()OpMOBaHHEM, BO3BpaT KOTOPBIX
B TEXHOJIOTHYECKHE IPOIIECCHI MEPepabOTKH TO3BOJISIET 3HAYUTEIBHO I10-
BBICUTH 3((PEKTUBHOCTD HCIIOJIb30BAHUS ITOJUMEPHBIX MAaTEpUaJIOB U CO3-
JaBaTh 0€30TXOJHBIC TPOW3BOJCTBA B NPOMBIIUICHHOCTH MepepaboTKu
TIacTMacc.

ABC-mnacTUKM IHMPOKO MPUMEHSIOTCS B aBTOMOOHMJIECTPOSHUM IS
W3rOTOBJICHHS] KPYITHBIX JI€Taleil aBTOMOOMJIEH, NPHU MPOU3BOJCTBE CaHTEX-
HHYECKOTO 000pymoBaHMS, TPyO, TOBApOB HAPOJHOTO MOTPEOJCHUS U T.H.
B cBs3u ¢ yBenmmueHneM NOTPeOJICHHS CTHPOJIBHBIX IUIACTHKOB PacTET
1 KOJIMYECTBO OTXOOB, UCIIOJIB30BAHHE KOTOPBIX SBISIETCS SKOHOMHYECKH
1 9KOJIOTUYECKH LIEIeCO00Pa3HBIM C YIETOM BO3pAcTaHUS CTOMMOCTH Chl-
pPbsl ¥ YMEHBILICHUS €T0 pecypcoB. Bo MHOTHX Cilydasx BTOPHYHOE CHIPBE
MOJKHO HUCIIOJIb30BATh JUIS 3aMEHBI IIEPBUYHBIX MaTEPHUAJIOB.

Y CTaHOBIIEHO, YTO MPH HEOTHOKpATHOM nepepadbotke ABC-monumepa
B HEM MpOTEKAIOT JBa KOHKYPHPYIOIIUX TMpOLEcca: C OJHOW CTOPOHHBI,
YacTHYHAsl JECTPYKIUSI MaKpOMOJIEKYJI, C IPYrod — YacTUYHAsi MEXMOJie-
KyJISIpHasl CIIMBKA, BO3PACTAIOIIME IO MEpe YBEIMYCHUs YHCiIa IMKIOB
nepepaboTKH.

ITpu BeIOOpE crocoba mepepaboTkn skcTpy3nonHoro ABC mokazaHa
MIPUHIMIHAIBHAS BO3MOXKHOCTD ()OPMOBAHMS M3/EJIUH METOaMU MPSIMOTO
TIPECCOBAHUS, SKCTPY3UH, JINTHS IO/ AABICHHEM.
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D¢ dexTrBHON TEXHOJIOrHYeCKo! craauei nepepaborku orxonoB AbBC
SIBIISIETCS] CyIIKA IOJNMMEpa, IMO3BOJIAIOINAS JOBECTH COJCpPIKAHHE BIArd
B HEM 710 ypoBHs, He npesblmatoniero 0,1%. B atom cimywast yctpansercs
o0Opa3oBaHHe TakuX Ie()EKTOB B MaTepuaye, BO3HUKAIONIMX OT H30BITKA
BJIary, KaK 4elryiyarasi IOBEpXHOCTh, CEPEOPUCTOCTD, pacCIauBaHUE U3/e-
JMH 10 TOJIIIMHE; OT MPEeABAPUTEIBHON CYIIKH CBOMCTBA MaTepuaa yimyd-
mratores Ha 20...40%.

OpHako crocod MpAMOro MPeccOBaHMs OKA3bIBAETCS MAaJIONPOU3BOAN-
TEJIbHBIM, & SKCTPY3Hsl OJIMMEpa 3aTPYAHSIETCS M3-32 €ro BHICOKOH BSI3KOCTH.

[lepcriekTHBHOM TMpeacTaBiseTCsl epepaboTKa TEXHOJIOTHUECKHX OT-
xon0B ABC-noiuMepa MeTOAOM IUThS MOJ naBieHueM. IIpu stom s
yIY4IIeHUs] TEKy4ecTH MOJMMepa He0OX0IMMO BBOAUTH TEXHOJIOTHUECKHE
no6asku. JlobaBka k monmumMepy oOiierdaer mpouecc nepepadorkun ABC-
MOJIMMeEPa, TaK KaK MPUBOJHUT K YBEIUUYSHHIO TOABM)KHOCTH MakKpoOMoJe-
KyJI, THOKOCTH MOJIMMEPA U CHIKEHHUIO €TO BSI3KOCTH.

[ToydeHHbIE IO TAKOMY CHOCOOY M3/ENUS TI0 CBOMM SKCIUTyaTallHOH-
HBIM TIOKa3aTeNsiM HE YCTYMAIOT H3JENHAM W3 TEPBHYHOTO IOJIIMMEpaA,
a IOpOM Jake MPEBOCXOIAT UX.

bpaxkoBaHHBIE M W3HOIIEHHBIE H3/ENUS MOXKHO YTHIM3HPOBAaTh W3-
MEJIBYEHHUEM C TIOCIEAYIOIIMM (POPMOBAHUEM MOIYIEHHOH KPOIIKH B CMECH
C IEPBUYHBIMU MaT€pUajiaM UJIN B KaUCCTBE CaAMOCTOATEILHOT'O ChIPbA.

3HaunTENIBbHO O0JIee CIOKHAs CHTYallsl HabJroaeTcsi B 00JIacTu yTH-
JIU3alUH U3HOIIEHHBIX n3nenuii u3 [1C, B TOM 4nciie BCICHEHHBIX TUIACTH-
KOB. 3a pyOeoM OCHOBHBIMHM ITyTSIMH UX YTWIN3ALMU SBISIFOTCS TUPOJIN3,
CKuraHue, (Goro- WM OHOpa3lIoKEHUE, 3aXOpOHEHHE. AMOPTH30BaHHBIC
M3ETHS KyJIbTYPHO-OBITOBOTO HA3HAUEHMS, & TaKKe HPOMBIIIIICHHOCTH
MTOJIMMEPHBIX, CTPOUTENBHBIX, TEIUION30SIIMOHHBIX MaTepPUaIOB U JAPYTUX
MOJKHO TIO/IBEpraTh MOBTOPHOW HepepaboTke B M3enus. B ocHOBHOM 3TO
KacaeTcs u3zenuit u3 yaapompoanoro I1C.

Brounsrit [IC HEeoOxonmuMo mepen MOBTOPHOH mepepaboTKoi coBMe-
mare ¢ ynaporpounbiM [1C (B cootnomenun 70 : 30), moaudunmupoBarh
JPYTHMH CIIOCO0aMK HMJIM MOJIBEpraTh BTOPUYHON HepepaboTKe ero coro-
JuMepa C aKpWIOHUTpuioM, MeTwiMeTakpunaroM (MC) unu TpoifHbie
cononumepsl ¢ MC u akpunonutpuiom (MCH). Cononmmepst MC u MCH
OTIINYAIOTCS 0OoJiee BBICOKOH CTOWKOCTBIO K aTMOC(EpPHOMY CTapeHHUIO
(0 CpaBHEHMIO C YAAapONPOYHBIMH KOMIO3UIMSMH), YTO MMEET OOoJbIIoe
3HAUYEHWE TIIpH TMocieayromei mepepadotke. Bropmunsni IIC moxHO
no6aBiATh K [10.

JInst peBpaleHnst 0TXOI0B MOJIMCTHPOIBHBIX IUIEHOK BO BTOPHYHOE
MOJIMMEPHOE CHIPhE MX TOABEPTaIOT arIOMEPUPOBAHHUIO B POTOPHBIX ariyio-
Meparopax. Huskoe 3Hauenue ymapuoii Bszkoctu [IC oOycnoBnuBaeT ObI-
CTpo€ M3MeNbueHHe (TI0 CPaBHEHHIO C OPYTUMH TepMoruiactaMu). OmgHako
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BBICOKasl aJre3uoHHasi criocooHocts [1C nmpuBOAUT, BO-NEPBBIX, K CIIUIIA-
HHUIO YacTHI[ Marepuaja ¥ O0pa3oBaHHMIO KPYITHBIX arperaroB A0 TOTO
(80 °C), xak matepuan craHoBurcsi iacthaabM (130 °C), U, BO-BTOPBHIX,
K TPWINIIAHUIO MaTepruana K ImepepadaThiBaONIEMy O0OPYIOBAHHUIO.
OT0 3HAUMTENBHO 3aTpyaHseT arinomepupoBanue IIC mo cpaBHenuro ¢ I19,
1T n IIBX.

Otxozapr IIIC MOXHO pacTBOPATH B CTUPOJE, a 3aTE€M IOJIMMEpH-
30BaTh B CMECH, COAEpKalled M3MENbUEHHBIH KaydyK M JpyTHe T0O0aBKH.
[omy4eHHbIE TAKMM CIIOCOOOM COIONMMEPHI XapaKTEPU3YIOTCS JOCTATOUHO
BBICOKOM yapHOW MIPOYHOCTHIO.

B nacrosmiee Bpemst mepen nepepadaThIBaromieil IPOMBIIIIEHHOCTHIO
CTOMT MpobieMa nepepaboTKu CMEIIaHHBIX OTXOJIOB TuiactMacc. TexHoo-
rus nepepabOTKH CMEIIaHHBIX OTXOJIOB BKJIIOYAeT COPTHUPOBKY, IOMOII,
MIPOMBIBKY, CYIIKY M TOMOTeHH3aIMI0. [10Jy4eHHbIH 13 CMEIIaHHBIX OTXO-
noB Bropuusblii [1C obnanaer BRICOKMMHU (DU3UKO-MEXaHHYECKUMH TTOKa3a-
TEJISIMH, €T0 MOXKHO B PacIlUIaBIEHHOM COCTOSHHU J00aBIsTh B acalibT 1
6utym. IIpu 3TOM CHMXKAeTcs MX CTOMMOCTB, ¥ TIPOYHOCTHBIC XapaKTEepH-
CTHKH BO3pacTaioT nmpuMepHo Ha 20%.

JIisl TIOBBINIEHWS] KAa4ecTBa BTOPHYHOTO ITOJIMCTUPOJIBHOTO CHIPBS
npoBoAT ero Mmomudukanuro. s 3TOro HEOOXOIMMBI HCCIEIOBAHUSI
€ro CBOMCTB B MpOLIECCE TEPMOCTapeHHs M JKcIuryataiuu. CrapeHune
[1C-rutacTHKOB UMEET CBOIO CHEU(HUKY, KOTOpas HArJLATHO HPOSBISAETCS
0COOCHHO UIsl YIapOINIPOYHBIX MaTepHajoB, Kotopblie omumo [IC coxep-
KaT KayqyKH.

IIpu Tepmoobpadbotke MatepuamoB u3 IIC (mpu 100...200 °C) ero
OKHCIIEHHE HIET 4Yepe3 00pa3oBaHHE THIPOIEPOKCHIHBIX I'PYII, KOHICH-
Tpanys KOTOPHIX B HaYaJIbHOW CTaJIMH OKUCIIEHUs OBICTPO pacTeéT, ¢ moce-
JyIOInM 00pa3oBaHNuEeM KapOOHMIBHBIX U THIPOKCHIBHBIX IPYIIIL.

I'maponepokcuaHbIE TPYHIBI MHUIMUPYIOT MPOLEcChl (OTOOKHCIIE-
HUSI, TIPOTEKAIONIME MpH dKCcIuTyaTaun m3nenuii u3 [1C B ycmoBuax Bo3-
JIEHCTBUSL CONHEYHOW paguanuu. DOTONECTPYKUHS UHULUHMPYETCS TaKKe
HEHACBIIIEHHBIMU TPYIIIaMHU, COAEpXKalIMMHUCA B Kayuyke. CrieactBuem
KOMOMHHPOBAHHOTO BIMSIHUS TUIPOIIEPOKCHIHBIX M HEHACBIIIIEHHBIX TPy
Ha paHHUX CTaJUsIX OKHCIICHHS M KapOOHWIIBHBIX IPYIN Ha OoJiee Mo3IHUX
CTaIMsX SIBJISIETCSI MEHBILAsI CTOWKOCTh K (DOTOOKHCIUTEIBHON JECTPYKINH
uznenuii u3 1IC mo cpaBuenuto ¢ I10. Hanuune HeHaACHIIEHHBIX CBS3EH
B KayuyKkoBo# coctasistouier YIIC npu ero HarpeBaHHM NPUBOAUT K aBTO-
YCKOPEHHIO Ipoliecca JeCTPYKIUH.

ITpu porocrapennn [1C, MoanpUINPOBAHHOTO KayIyKOM, pa3phIB Iie-
1 npeoOragaeT Haja 00pa30BaHHEM IIONEPEUYHBIX CBA3EH, OCOOEHHO MpH
OOJIBIIIOM COJEP)KAaHWM ABOMHBIX CBS3€H, YTO OKAa3bIBAET 3HAYMTEIHLHOE
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BJIMSIHAE HAa MOPQOJIOTHIO TOJIUMEPa, €ro (HU3NKO-MEXaHUICCKUE U PEOJIO-
THYECKHE CBOMCTBA.

Bce atu akTopbl HEOOXOAUMO YUYUTHIBATh NPU TTOBTOPHOM Iepepa-
6otke uznenuii uz I1IC u VIIC.

5.5. HEPEPABOTKA OTXO/J10B NIOJIMAMU 0B

3HaYNTEIPHOE MECTO CPeAN TBEP/BIX MOJIMMEPHBIX OTXOJIOB 3aHMMa-
0T OTXO/IbI OIMAaMHIOB, 00OPa3yIOIUECsS B OCHOBHOM IIPH IIPOU3BOACTBE U
nepepabOTKe B U3EIHs BOJIOKOH (KalpoH M aHWJ), a TAKXKe BBIILEANINE U3
ynotpeOieHus: u3zenusi. Konn4ecTBo 0TX0J0B NP MPOU3BOACTBE M Mepe-
paboTke BookHa mocturaet 15% (u3 Hux mpu npousBoactee — 11...13%).
Tak kak ITA — nmoporocrosmuii MaTepuan, OOJalarOIINi PAJOM LEHHBIX
XMMHYECKUX U (PU3NKO-MEXaHUYECKHX CBOMCTB, pallMOHAIBHOE HCIONB30-
BaHME €ro 0TXO0JI0B IPHOOpETaeT 0COO0YIO BaXKHOCTb.

Mmuoroo6pasue BuaoB BropudHoro ITA TpeOyer cozmanus criennalb-
HBIX METOZIOB MEPEPAOOTKH U B TO XK€ BPEMS OTKPHIBACT IIHPOKNUE BO3MOXK-
HOCTH JJIsl UX BBIOODA.

HaunbGonee ctabuiabHBIMM IOKa3aTedsIMH 00jamaroT oTxonbl I11A-6,6,
YTO SABJIAETCS MPEINOCHUIKON CO3/aHNs YHUBEPCAIBHBIX METOJIOB HX Iepe-
pabotku. Psin oTx0n0B (00pe3uHEHHBIH KO, 00pe3b, N3HOIIECHHBIE 1yJI0U-
HO-HOCOYHBIE H3/EHs) COACP)KUT HETOIHaMHUIHbIE COCTABIISAIOIINE U Tpe-
OyeT cHeuuanbHOro Mojaxoja Npu mepepaboTke. V3HOIIEHHBIE H3AENUS
3arps3HEHbl, NMPUUYEM KOJIMYECTBO M COCTAaB 3arpsi3HEHHUN ompeaensercs
YCIIOBUSIMU DKCIUTyaTalliy M3JIeJIUi, OpraHn3alueil ux coopa, XpaHeHUs 1
TPAHCIOPTUPOBAHUS.

OCHOBHBIMHU HalpaBJICHUSAMH MepepabOTKN 1 UCTIOIB30BAHMS OTXO/I0OB
ITA Mo’xHO Ha3BaTh M3MeENbUCHHE, TEPMOGOPMOBAHUE U3 PacIlIaBa, JETo-
JTMMEpPHU3aIHIO, IEPEOCAKICHUE U3 PACTBOPA, PA3INIHBIE METOIBI MO (DH-
KalliM U TEKCTHIBHYIO 00pabOTKy € IOJTy4EHHEM MAaTepHalOoB BOJOKHH-
CTOH CTPYKTYpHI [45]. Bo3MOXHOCTB, LIenecoobpa3zHoCTh M 3PPEKTHBHOCTH
MIPUMEHEHHS TEX WM WHBIX OTXOAOB OOYCIIOBJICHBI, B IIEPBYIO OYEPEab, UX
(PU3UKO-XUMUYECKUMH CBOHCTBAMH.

Bonbioe 3HaueHHe MMeeT MOJIEKYJIsIpHAs Macca OTXOJOB, KOTopas
BJIMSIET HA IPOYHOCTh PETCHEPHPOBAHHBIX MaTEPHUAJIOB U U3JIENUH, a TaKKe
Ha TEXHOJOrM4yeckue cBoiicTBa BTopuuHOro ITA. 3HauuTeNnbHOE BIMSHUE
Ha IMPOYHOCTh, TEPMOCTAOMILHOCTh M YCJIOBHS NepepabOTKH OKa3bIBaeT
coJiepKaHre HU3KOMOJICKYISIPHBIX coenuHeHnit B [TA-6. Hanbonee Tepmo-
CTaOMIIEHBIM B YCIIOBHUSX TepepaboTku sBistercs [TA-6,6.

Jlnst BEIOOpa METONOB M PEXKHMMOB IEepepabOTKH, a TaKKe HarpaBie-
HUM HCHOJIb30BAHUS OTXO/I0B BaKHBIM SIBIIICTCS W3YyUCHHUE TEPMUUECKOTO
nosezieHust BTopuaHoro ITA. Ilpu 3ToM 3HaYMTENBHYIO POJIb MOTYT MIPaTh
CTPYKTYPHO-XHMHUYECKHE OCOOEHHOCTH MaTepHaa 1 €ro IpeAbICTOpHSI.
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5.5.1. METOJBI ITEPEPABOTKHM OTXOOB ITA

CymiectBytomue crnoco0bl nepepadboTku 0Tx010B [TA MOXKHO OTHECTH
K JIByM OCHOBHBIM TpYIIaM: MEXaHUYECKUE, HE CBSI3aHHBIC C XUMUYECKUMU
MIpeBpaIeHNsIMH, U (pu3nKo-XxumMudeckue. MexaHndeckue crocoObl BKIIO-
YalOT U3MENBYEHUE U pa3lMyHble NPUEMBI U METOJbI, UCIONB3YIOLINECc
B TEKCTHUJIBHON IPOMBIIIJICHHOCTH IS TIOJTyYCHUS M3JIEITUH ¢ BOJIOKHUCTON
CTPYKTYpOH.

MexaHn9ecKol mepepadoTKe MOTYT OBITh TOABEPTHYTHI CIHTKH,
HEKOH/AWIOHHAS JICHTA, JINTHEBBIE OTXO/bI, YJACTUIHO BBITSIHYThIC U HEBbI-
TSHYTbIE BOJIOKHA.

W3MmenpueHue $SBIAETCS HE TOJBKO OIEpaluel, CONpOBOXKAAOLIEH
OOJIBIIMHCTBO TEXHOJOTMYECKUX IPOIIECCOB, HO M CaMOCTOSTENbHBIM
METOJIOM TIepepadOTKH OTXOAOB. V3MenbueHHE MO3BOJSET IOJYYHTh
MOPOIIKOOOpa3Hble MaTepuaibl M KPOUIKY ISl JIMThS IO/ JaBJICHUEM
U3 CIINTKOB, JICHTHI, IIETUHBI. XapaKTepHO, YTO NPH U3MEIbYCHUH (PHU3NKO-
XUMHMYECKHE CBOMCTBA HMCXOIHOTO CHIPbS MPAKTUYECKU HE H3MEHSIOTCS.
Jns monmydeHust MOpPOIIKOOOPa3HBIX MPOIYKTOB IIPUMEHSIOT, B YaCTHOCTH,
MIPOIIECCH KPHOTEHHOTO U3MEIbUCHUSI.

OTX0/p! BOJIOKOH M IMIETHHBI MCHOJNB3YIOT AJSI MPOU3BOJCTBA PBIOO-
JIOBHOHM JIECBI, MOYAJIOK, CyMOUYEK, OHAKO TPH 3TOM TpeOyroTCsl 3HAuYH-
TENbHBIE 3aTPAThl Py4YHOTO TPyAa.

W3 MexaHWYeCKHX METOAOB MepepadOTKH OTXOIOB Hambojee Imep-
CHEKTUBHBIMHM, IMOJYYUBIIMMHU IIUPOKOE PACHPOCTPAHEHHE CIIEAYyeT CUM-
TaTh NMPOU3BOJCTBO HETKAHBIX MaTEpPHAaJIOB, HAMOJIBHBIX MOKPBITHHA U IITa-
nenbHbIX TKaHed. Oco0yIo IEHHOCTH ISl ATUX LIeNed NPeICTaBISIOT OTXO0-
JIbl TIOJIMAMU/IHBIX BOJIOKOH, KOTOpBIE JIETKO IepepadaThIBalOTCS M OKpa-
LIMBAIOTCA.

OU3MKO-XMMHUUECKHE METOABI epepadoTKH 0TX0/10B [TA MOryT OBITH
KITACCU(DHUIIMPOBAHBI CIEIYIOIINM 00pa3oM:

— JICTIOJIMMEPH3ALHSL OTXOO0B C LEIBIO TTOJyYeHUs] MOHOMEPOB, ITPH-
TOAHBIX JUI MPOM3BOJCTBA BOJOKHA M OJMTOMEPOB C MOCIEAYIONIMM HX
HCIIOJIb30BAHUEM B IIPOM3BOACTBE KIIEEB, JAKOB U APYTUX MPOTYKTOB;

— TIOBTOPHOE IIJIABJICHUE OTXOAOB JUIA MONYyYEHMs T'PaHyJIITa, ario-
MepaTa U U3JIeTIui IKCTPY3Uen U JTUTHEM IO/ 1aBJIICHUEM;

— IepeocaxkJIeHHe M3 PACTBOPOB C IOJYYCHHEM IIOPOIIKOB s
HAHECEHMsI IIOKPBITUH;

— TOJy4YEeHUE KOMIO3UIMOHHBIX MATEPHUAJIOB;

—  XUMHYecKas MOJM(HKAIS IS TIPOM3BOJICTBA MAaTEPHAIOB C HOBBI-
MH CBOWCTBaMH (TIOJTy4YEHHE JIAKOB, KJIEEB U T.J1.).

JlemonuMepun3anys IHUPOKO TMPUMEHSETCS B MPOMBIIUICHHOCTH IS
MTOJY4YEHHsI BHICOKOKAYECTBEHHBIX MOHOMEPOB M3 HE3arpsA3HEHHBIX TEXHO-
JIOTHYECKUX OTXOJIOB.
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)lenonHMepmaumo MMPpOBOAAT B IMPUCYTCTBUHU KaTaJIM3aTOPOB, KOTO-
PBIMH MOTYT OBITh HEUTpaJIbHBIE, OCHOBHBIEC WIIU KHCIIbIe coenuHeH s [34].

[[Iupokoe pacmpocTpaHEHUE B HAIICH CTPaHE M 3a pyOeKOM MOITYUHIT
METO/1 ITOBTOPHOTO IIIaBJIEHUsI 0TX00B [1A, KOTOpOE MpOBOIST B OCHOB-
HOM B BEPTHUKAIBHBIX allaparax B Te€4eHHE 2—3 4 W B IKCTPY3MOHHBIX
ycraHOBKax. [IpW AIWTENFPHOM TEPMHYECKOM BO3ACHCTBUM yJeNbHAs
BA3KOCTh pacTBopa IIA-6 B cepHoil kucimore cHmxkaercs Ha 0,4...0,7%,
a coJepkaHWe HHU3KOMOJEKYJISIPHBIX COEIMHEHHH Bo3pactaeT ¢ 1,5 mo
5...6%. IlnaBneHue B cpeae MEPErpeToro mapa, yBIAKHEHUE U IUIABICHUE
B BAaKyyMe YIy4IIalOT CBOWCTBAa PETCHEPUPOBAHHOTO IOIMMEPA, OJHAKO
HE PpEIIAIT NPOOJEMBbI IOMYYECHHUs JOCTATOYHO BBICOKOMOJIEKYIISIPHBIX
HPOJYKTOB.

B mporecce nepepaboTku skcTpy3uei [TA okucisieTcs: 3HaYMTENbHO
MCHbIUIC, YEM ITPU JJIUTCIIbHOM ILIABJICHHUHU, YTO CHOCO6CTByeT COXpaHCHHUIO
BBICOKHMX (DM3MKO-MEXaHMYECKUX IOKa3arenei Matepuana. lloBbiieHue
BJIarOCOJIEPKaHUSI HCXOIHOTO CHIPBS (AJIsI CHIDKEHUS! CTEIIEHH OKHMCIICHUS)
MPUBOJIUT K HEKOTOpOH fnectpykuuu I1A.

[Tonxydenne mopomkoB U3 OTX0A0B IIA TyTéM mepeocaxkIeHus H3
PacTBOPOB TPEZCTaBIsIET cOOOH CIIOCOO OYMCTKH MOJIMMEPOB, MTOIYYCHHS
¥X B BUAE, ynoOHOM [UIa nanpHeimei nepepadboTtku. [lopomku MoryT mpu-
MEHSTBCS, HAIPUMED, JUI YUCTKH MOCY/bI, KAK KOMIIOHEHT KOCMETHYECKUX
CPEACTB U IIp.

[Iupoxo pacnpocTpaHEHHBIM METOIOB PETYJIUPOBAHUS MEXAHUUECKUX
coiictB ITA sBasfeTcss HaAmOJHEHHWE HX BOJOKHHMCTHIMU MaTepuajiaMu
(CTEKJIOBOJIOKHOM, aCOECTOBBIM BOJIOKHOM H T.I1.).

[Tpumepom BeICOK03(h(HEKTHBHOTO HCIIONIB30BaHKS O0TX0J0B [TA sBiIsI-
€TCsI CO3JJTaHKie Ha WX OCHOBe MaTepuana ATM-2, 06maaroniero BEICOKHMU
MIPOYHOCTHI0, H3HOCOCTOMKOCTHIO, CTAOMIIEHOCTBIO Pa3MeEpOB.

[lepcrieKTUBHBIM HampaBieHUEM YIIyUIICHHS (PU3UKO-MEXaHHUECKHUX
U DSKCIUTyaTalMOHHBIX CBOMCTB u3aenuid u3 BropuyHoro IIKA sBisercs
¢dusnueckoe MoauduipoBanre GOpMOBaHHBIX JeTaneil myTéM X 00BEM-
HO-TIOBEPXHOCTHOU 00paboTkn. OOBEMHO-TIOBEpXHOCTHAs 00paboTka 00-
pasnoB u3 BropuuyHoro IIKA, HamoJIHEHHOro KaoJdMHOM M IUIACTH-
(DULMPOBAHHOTO CIIAHIIEBBIM MSTYHMTENIEM B HAarpeToM IJIMLEpUHE IpHU-
BOJUT K POCTY yJapHOU BsI3KOCTH Ha 18%, paspymaromiero HampsKeHUS
npu u3rude Ha 42,5%, 4To MOKET OBITh 00BICHEHO (opMoOBaHUEM Ooee
COBEPIIEHHOH CTPYKTYPBI MaTepHaia 1 CHATHEM OCTATOYHBIX HANPSDKECHUH.

5.5.2. TEXHOJIOI'MYECKHME ITPOLECCHI
ITOBTOPHOMU ITEPEPABOTKU OTXO/10B ITA

OCHOBHBIMH TIPOLIECCAMH, HCIIOJIB3YEMBIMH JUI PEreHepanud BTO-
PUYHOTO MOJTMMEPHOTO CBIPbs M3 0TX0A0B 1A, sBsIOTCS:
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— perenepauust [TA myTéM SKCTPY3uM HM3HOILICHHBIX KalPOHOBBIX
ceTeMaTepualioB U TEXHOJIOTHYECKHX OTXOJIOB C MOJYYEHHEM TpaHylIHpo-
BaHHBIX TNPOAYKTOB, NMPUTOIHBIX JJISI MEpepabOTKH B M3IEIHUS METOJIOM
JIUTHS TIOJT IABJICHHUEM;

— perenepanyst [IA U3 M3HOIIEHHBIX M3/ENUI M TEXHOJOTHYECKHUX
OTXOJIOB KaIlpOHA, COJACPIKAILUX BOJOKHHUCTBIC IPHMECH (HE MOJIHAMHUIIBI),
myTéM pacTBOPEHHMS, QUIBTPAIMM PacTBOpA M MOCIESIYIOIETO OCaXICHUS
[TA B BHzE MOPOIIKOOOPA3HOTO MPOIYKTA.

TexHOJOrMYEeCKHe MpoLeccH IMepepadoTKU N3HOMICHHBIX H3/SNHH
OTJIMYAIOTCA OT IepepabOTKH TEXHOJIOTHYECKUX OTXOA0B HAJTHYUEM CTallH
NpeBapUTENbHON IOATOTOBKH, BKJIIOYAIOIIEH pa300pKy CBIPbs, €ro
OTMBIBKY, ITPOMBIBKY, OT)KAM U CYIIKY BTOPUYHOTO ChIpbsi. [IpenBapurens-
HO IOJITOTOBJICHHBIE W3HOIIEHHBIC W3JICTHS M TEXHOJOTHYECKHE OTXObI
MOCTYNAIOT Ha W3MENbUEHHE, M0CIIE YEero HAIlPaBJIIOTCS B OKCTPYAEp Ui
TpaHyJISIIHY.

BropuyHoe BONOKHHCTOE TOJIMAMUIHOE CHIPBE, COZEpIKalliee Herou-
aMUJIHbIE MaTepHaibl, 00padaTHIBAIOT B PEAKTOpE MPU KOMHATHON TeMIIe-
patype BOAHBIM PACTBOPOM COJISTHOHM KHCIOTBI, GHIBTPYIOT VIS YAAJICHUS
HEMOJMAMUIHBIX BKIIIOUeHUH. [lopormkooOpasHblii MOMHaMUA OCAKAAIOT
BOJHBIM PAcTBOPOM MeTaHoda. OcakAEHHBIA NPOLYKT H3MENbYaloT H
MIOJTyYESHHBIH IIOPOIIOK PAaCCEHBAIOT.

B Hacrosmee Bpems B Hamleil CTpaHe TEXHOJIOTHYECKHE OTXOMBL,
oOpasyromuecs B IPOU3BOACTBE KAaPOHOBOIO BOJIOKHA, JOCTaTOYHO
(G (PEKTUBHO HCIONB3YIOTCSl Ul TPOU3BOJCTBA HETKAHBIX MAaTepUaliOB,
HAIOJIbHBIX TOKPBITUI M TpaHyJsATa Ui JUThst U AKCTpy3uu. OCHOBHOI
MIPUYHMHON HEJOCTATOYHOI'O HCIIOJIb30BAaHMS BBIMICANINX U3 CTPOS U3ICTHN
n3 [TA U3 KOMIIAaKTHBIX MCTOYHUKOB SIBIISIETCSI OTCYTCTBHE BBICOKOI(]EK-
TUBHOTO 00OPYIOBaHUS I UX MIEPBUYHOI 00pabOTKH U mepepaboTKH.

Pa3paboTka ¥ MPOMBIIUICHHOE BHEOPEHUE IMPOLIECCOB MEpepadOTKH
W3HOIICHHBIX M3JCIHA M3 KalpOHOBOTO BOJIOKHA (YyJOYHO-HOCOYHBIX,
CETECHACTHBIX MAaTEpPHAIOB M Ap.) BO BTOPUYHBIE MaTEepPHabl ITO3BOJIAT
JOCTHYb SKOHOMHHU 3HAYUTENHFHOTO KOJMYECTBA MCXOJHOTO CHIPbs U Ha-
NIPaBHUTbH €ro B HanOosee 3 GeKTHBHBIE 00JIaCTH IPUMEHEHUSL.

5.6. BTOPUYHASA IEPEPABOTKA OTXO/10B
HOJMITUJIEHTEPE®TAJIATA

IlepepaboTka JIaBCAaHOBBIX BOJIOKOH M M3HOIICHHBIX M3aeauni u3 [19T
aHaJIOTMYHA BTOPUYHOW mepepaboTKe MOJIMAMHIHBIX OTXOJIOB, MOITOMY
B JIaHHOM pa3Jielie pacCMOTPUM BTOpUYHYIO iepepaboTky [19T-0yThitoK.

3a 6onee yem 10 jer maccoBoro morpeOsieHusi B Poccnu HamuTKOB
B ynakoBke u3 [19T Ha monuroHax TBEPABIX OBITOBBIX OTXO0B HAKOIMIIOCH
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N0 HEKOTOPHIM OLEHKaM Oojiee 2 MIIH. T HCIOJIb30BAHHOMN IJIACTHKOBOM
Tapbl, ABJSIOIIEHCS LIEHHBIM XUMHUYECKUM CHIPBEM.

B3pbIBHOH pocT MpoOM3BOACTBA OYTHUIOYHBIX NPe(OpM, MOBBILICHUE
MHUPOBBIX IICH Ha He()Th U, COOTBETCTBEHHO, Ha nepBuyHbIi [I9T mosmusm
Ha aktuBHOe (QopmupoBanue B Poccun B 2000 T. prIHKA 1O TIepepaboTKe
UCNOH30BaHHBIX [I9T-0yTHUTOK.

CyIIecTByeT HECKOIBKO METOOB MepepabOTKU MCIOIb30BaHHBIX OY-
ThUTOK. OHON M3 MHTEPECHBIX METOIUK SBILIETCS TIyOOKas XMMHUYECKas
nepepaborka BTopuuHoro I[IOT ¢ momydyenumem paumerwnTepedranara
B IIpOllecCE METaHOIM3a WM TepedTaseBOi KHUCIOTHI M ATHUJICHIIIUKOI
B psZie THAPOIUTUIECKHX mporieccoB. OTHAKO TaKHe CIIOCOOBI epepadoTKu
HMMEIOT CYIIECTBEHHBII HEJOCTATOK — JOPOTOBU3HA MpoLiecca ACNOIUMEPH-
3auuu. IlosToMy B Hacrosiiee BpeMsl dalle HTPUMEHSIOTCS JOBOJIBHO
M3BECTHBIE U PACTIPOCTPaHEHHBIE MEXaHOXHMMHUYECKHE CIIOCOOBI IIepepadoT-
KH, B TIpoIiecce KOTOPBIX KOHEUHbIE M3/enus (POPMHUPYIOTCS M3 pacIiaBa
momuMepa. Pa3pa0oTaH 3HAYUTEIBHBIN ACCOPTUMCHTHBIA DSl U3ICITUH,
MOTy4aeMbIX W3 BTOPUYHOTO OYyTBUIOYHOTO MOJNUATHIIEHTEpedTanara.
OCHOBHBIM KPYNTHOTOHHAXHBIM IPOW3BOJICTBOM SIBJISICTCS TTOJTydUCHHUE JIaB-
CaHOBBIX BOJIOKOH (B OCHOBHOM INTAIlCJIbHBIX ), IPOU3BOJICTBO CHHTEIIOHOB
U HETKaHBIX MaTepHasioB. BONBIION CerMEHT phIHKAa 3aHHUMAeT SKCTPY3Us
JIUCTOB ISl TepMO(OPMOBAHHMS HA HKCTPYAEPaX C JIMCTOBATHHBIMH T'OJIOB-
KaMH, ¥, HakoHell, HauboJjee IEepCHEeKTHBHBIM CIOCO0OM IepepaboTKu
MOBCEMECTHO NPHU3HAHO TOJyYeHHE IpaHyJIsITa, MPUTrOJHOTO I KOHTaKTa
C TMHIIEBBIMH NPOAYKTaMH, T.€. TOJY4YEHHE MaTepuana sl MOBTOPHOMH
OTJIMBKH TIpeopm.

ByTBUIOYHBIN TONYNPOAYKT MOXKET OBITh UCIIONb30BaH B TEXHHYECKUX
LeNAX: B Ipolecce mepepabotrku B m3nenus Bropuunsii [19T MoxHO mMO-
0aBJIATH B IEPBUYHBIM MaTepral; KOMIIAyHAUPOBaHUE — BTOpUUHBIH [IOT
MOYKHO CIUIaBJISITh C IPYTHUMH IUIACTUKaMHU (Hanpumep, ¢ MOIMKapOOHATOM,
¢ BIID [88])  HamOMHATH BOJOKHAMH U ITPOM3BOJCTBA JIETalIeH TEXHH-
YECKOTr0 Ha3HAUCHHMS; IOJydECHHE KpacHuTeseil (CylmepKOHIEHTPAToB) JUIs
MIPOU3BOJICTBA OKPALLICHHBIX MJIACTUKOBBIX U3JENUH.

Taxoke ouutniennbsie [IDT-x10mbsS MOKHO HEMOCPEACTBEHHO HCIOJb-
30BaTh U M3TOTOBJICHUS MIMPOKOTO ACCOPTUMEHTA TOBAPOB: TEKCTHIBHO-
r'O BOJIOKHA; HAOWBOYHBIX M LITANEIbHBIX BOJIOKOH — CHHTEIOHA (yTEeIUIH-
TeNb A 3UMHHUX KYPTOK, CHAIBHBIX MEIIKOB U JIp.); KPOBEJIBHBIX MaTe-
pHasoB; INIEHOK U JUCTOB (OKPALICHHBIX, METATIM3UPOBAHHBIX ); YIIAKOBKH
(xopoOku [uIst AuI 1 QPYKTOB, YIIAKOBKA JUIsl HTPYLIEK, CIOPTUBHBIX TOBa-
POB U T.1.); IUTHEBBIX U3ACIHH KOHCTPYKLMOHHOTO Ha3HAYCHMS IS aBTO-
MOOHMIIBHOM ITPOMBIIUICHHOCTH; JETalell OCBETUTENbHBIX U OBITOBBIX IPH-
0OpoB 1 1p.
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B nmo6oM cityyae UCXOAHBIM CBIPbEM [UISl ICTIOJIUMEPH3AIH HIIH TIe-
pepabOTKH B M3[ENUS SBIAIOTCS HE OYyTBUIOYHBIE OTXO[bI, HMPOJIEKABIINE
KaKoe-TO BpeMsi Ha CBaJKe€ M INPEICTaBiIomMe co0oil OecopMeHHBIC
CHIIBHO 3arpsi3HEHHBIC 00BEKTHI, @ YMCThIC XJ0mbsa [19T.

PaccmoTtpum mporece nepepaboTku OyTBUIOK B YHCTBIE XJIOIBS IUIa-
CTHKA.

ITo BO3MOYKHOCTH OYTBUIKH IOJIKHBI YK€ COOHPAThCS B OTCOPTHPO-
BaHHOM BHUJE, HE CMEIINBAACH C APYTHMH IUTACTUKAMH U 3arpsA3HAIOINUMA
ob0bekTamMu. ONTUMAaIbHEIM OOBEKTOM ISl TIepepabOTKU SBISIETCS CIpec-
coBaHHas kuma U3 OecuBeTHbIX [IDT-OyThUIOK (OKpamieHHBIE OYTBUIKH
JIOJDKHBI OBITH OTCOPTHPOBAHBI M NepepaboTaHbl OTAENbHO). ByThuikn He-
00X0IMMO XpaHWUTh B cyxoM Mecte. IlmactukoBeie memku ¢ [19T-0yTeui-
KaMHU HaBaJIOM OIOPOXHSIOT B 3arpy304HbIid OyHkep. Jlanee OyTHUIKH 110-
CTynaroT B OyHKep-nurarenb. [lutaTens KUI UCTIONB3yeTCsS OJHOBPEMEHHO
1 Kak OyHKep XpaHEHHUsI C CHCTEMOW PaBHOMEPHOI 10/1auu, U Kak pa3OuBa-
Tenb Kuml. TpaHcnopTép, pacnoioKeHHBIH Ha 1oiy OyHKepa, MPOJBUraeT
KUIY K TPEM BpAILAIOIIMMCS IIHEKaM, pa30HMBaIOIIMM arjioMepaThl Ha OT-
JenbHbIE OYTBUIKM M TOJAIOIIUM MX Ha Pasrpy30uHbI KOHBeWep. 31ech
HEOOXOMMO pa3lensiTh OYTBUIKM W3 OKPAIICHHOTO W HEOKPAIICHHOTO
[13T, a Takxke yaaiasaTh MOCTOPOHHUE OOBEKTHI, TAKHE KaK PEe3WHa, CTEKIIO,
Oymara, MeTasul, Ipyrie THITbI TNTACTHKOB.

B omHOpOTOpHOIT MpobHITKe, 000PYAOBAaHHON THAPABIMYECKAM TOJIKA-
tenem, [19T-OyTbuiky u3Menbyatorcs, 00pasyst KpynHble Gpakiuu pazme-
pom 1o 40 mm.

N3menbuéHHBIl MaTepuan MPOXOAWT Yepe3 BO3AYIIHBIA BEPTHKAIIb-
HbIi Knaccugukarop. Tsokénble wactuns! (II19T) mamaroT nmpoTHB BO3mymI-
HOrO TOTOKa Ha DKpaH BHOpocemaparopa. JIErkue yacTuipl (ITHKETKH,
IIEHKA, MBUTh U T.J.) YHOCATCSI BBEPX IMOTOKOM BO3AyXa M COOMparoTcs
B CIICIMAIIFHOM TbUTIeCOOpHMKE MMoJ IHKIoHOM. Ha BHOposkpaHe cemapa-
TOpa YacTHIBl pa3/ENSAIOTCS Ha ABE (pakiuu: KpymHble 4yactunsl [19T
«TIEPeTEKalT» 4Yepe3 JKpaH, a MEIKHE YacTHUIBI (B OCHOBHOM TSDKENBIC
(pakiuy 3arpsA3HEHU) TPOXOIAT BOBHYTPh SKpaHa M COOMPAIOTCs B EMKO-
CTH MO/JI CETapaTOPOM.

OnoTauMOHHBI TaHK HCHONB3yeTCS ISl CeMapalid MaTepHalioB
C pa3HBIMH OTHOCHTENbHBIMH IUIOTHOCTAMH. Yactuuer 19T omyckarorcs
Ha HaKJIOHHOE JTHO, U IIHEK HempepslBHO BhIrpyxkaet [I9T Ha BogooTaenu-
TEJIbHBIN KpaH.

OKpaH CIy)XKUT OJHOBPEMEHHO Kak Ul OTJCICHUS BOJBI, HarHeTae-
moii BmMecte ¢ I19T u3 ¢moratopa, Tak W Ui OTIENICHNS TOHKUX (paKIui
3arpA3HEHUN.
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[MpenBapuTenbHO pa3apoOAEHHBI MaTepran 3(p(PEKTUBHO OTMBIBACT-
Csl B HAKJIOHHOM JBYXCTYIIEHYaTOM Bpamiaromemcst 6apabdane ¢ nephopu-
POBaHHBIMH CTCHKAMH.

CylIika XJIOMbeB MPOUCXOMUT BO BpalaromeMcs: 6apabaHe, W3roTOB-
JICHHOM U3 nepdopupoBaHHOrO JucTa. MaTtepuan nepeBépThIBacTCS B MO-
TOKaxX TOpsYEero BO3AyXa. Bo3ayx HarpeBaeTcs JIEKTPHUECKHMH HarpeBa-
TCIIAMHU.

Jlamee XJomesi MOMAAaloT BO BTOpyHO apobmiky. Ha stoit cramgun
kpynuble gactunsl [I9T m3MenpuaroTcss B XJIOMBS, pa3Mep KOTOPBIX CO-
craBisier npubnmnTensHo 10 MM. HeoOxonmMo oTMETHTD, YTO HJies TIepe-
pPabOTKH COCTOUT B TOM, YTO MaTepHall HE U3MEJIbYAETCs B XJIONbS TOBAp-
HOTO IIPOIYKTa Ha MEPBOM CTaANN M3MENbUeHHs. Takoe BeleHHe mporecca
M03BOJISIET U30€XkKaTh MOTEPh MaTepralla B CUCTEME, JOCTUYb ONTUMAaJIbHO-
TO OTJEJICHUS ATUKETOK, YIYYIIUTh MOIOUIMH d(P(HEKT 1 YMEHBUIUTh U3HOC
HOXEH BO BTOPOW IPOOHIIKE, TaK KaK CTEKJIO, IIECOK U MpoYre adpa3rBHbIC
MaTepHabl yIAISIOTCs 10 CTaui BTOPHYHOTO N3MENTbUCHHSI.

KoHeuHsIil mpolecc aHalorudeH Mpoleccy MEePBUYHON BO3MYIIHON
kinaccuukauu. OctaTku 3THKeTOK W mbutb [I9T ymanstorcs ¢ Bo3mym-
HbIM NOTOKOM. KoHeuHslit nponykTt — uuctele I[1O9T-xsones 3acemarorcs
B OOUYKH.

Takum 00pa3oM MOXKHO PEUINTh CEPhEIHBIN BOMPOC YTHIIN3AIUN BTO-
PHUYHOH IUTACTHKOBOH Taphl C MOTYYECHHEM ITPOIYKTa.

[TepcriekTBHBIM criocoOoM BTopu4HOW mepepadoTku 19T sBisercs
MIPOU3BOJICTBO OYTBHUIOK U3 OYTHUIOK.

I'maBHBIMH CTaauSAMHM KJIACCHYECKOTO IIpoliecca pemadKInHra JUIs
peaH3aniy CXeMbl «OYTBUTKA K OyTBIIKE» SIBISIIOTCS: COOp M COPTUPOBKA
BTOPUYHOTO CBIPhsI; MTAKETHPOBAHHWE BTOPUYHOTO CHIPbS; M3MENIbYEHHE U
MIPOMBIBKA; BBIJENICHUE NPOOJIEHKH; OSKCTPY3USI C IOIYyYCHHEM TpaHyll;
00paboTka rpaHys B IIHEKOBOM amIapaTe C LEJbI0 YBEIUUCHUS BS3KOCTH
MpoaAyKTa U o6ecnequHﬂ CTCpUIIM3alli IPOAYKTa AJI1 BO3SMOKHOCTHU IIpA-
MOTO KOHTAaKTa C MHUIIEBBIMH POoAyKTaMu. Ho amst peanmusanuu 3Toro mpo-
necca HeOOXOIUMBI CepbE3HBIC KalMTabHBIE BIOXKEHHS, TaK KaK HEBO3-
MOYKHO MPOBEJICHUE JaHHOTO MPOIIecca Ha CTaHIaPTHOM 000PYI0BaHUH.
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6. TEXHOJNIOT'MYECKUE CXEMbl BTOPUYHOM
NEPEPABOTKU NOJIMMEPHbIX MATEPUAJIOB

6.1. TEXHOJIOTMYECKHI MPOIECC
ITEPEPABOTKH OTXOJ0B IIOJIMMEPHBIX MATEPHAJIOB
11O HEITPEPBIBHOU CXEME HA BAJIBIIAX

6.1.1. OIIMCAHUE TEXHOJIOI'MHU 11 OBOPYIOBAHN A
HEPEPABOTKU OTXOAOB ITOJIMMEPHBIX MATEPHAJIOB
I1O HETIPEPBIBHOU CXEME HA BAJIBIIAX

Paspabotannbiii TexHOMOrHYECKUH mporecc (puc. 6.1) BTOpUYHOM T1e-
pepabOTKH OTXOAOB MOJMMEPHBIX MaTEPHAJIOB 10 HETIPEPHIBHOM TEXHOJIO-
THH OCYILECTBISIETCS CICIYIOMIMM 00pa3oM: OTXOJbl C COJCpPKaHHEM II0-
CTOPOHHHX IpuMecel He 6onee 5% MOCTYIAOT Ha y3€l COPTUPOBKH OTXO-
JI0B /, B TIpoliecce KOTOPOH U3 HUX YAAJSAIOT CIy4daiHble HHOPOJHBIE BKIIO-
YCHUA U BLIGpaKOBbIBaIOT CHJIBHO Sal"pﬂSHéHHl:Ie KYCKH. OTXO[[I)I OJIUMC-
POB 3 HENpEepBIBHO 3arpyKaroTcs yepes 3arpy304Hblil OyHKeEp, ¢ JIeBOil cTo-
POHBI BaJIbLIOB, HA MOBEPXHOCTH BajikoB 2. Ha Banbliax mpoMcXoauT IuiaB-
JIEHUE OTXOJIOB, YAAJICHUE JIETYYHX KOMIIOHEHTOB, IUNIACTUKALIUS, BOZMOXKHO
MOJM(UIIMPOBAHHE PA3IUYHBIMU JTOOABKAMHU M OKpallMBaHHE pPacIUiaBa.
Jns rpaHyIMpOBaHMS BaJbIlyeMOTO MaTepHala paciulaB IOJMMepa Ipo-
JIaBIIMBACTCA Yepe3 0TOOPOYHO-TPaHyIMPYIOIIee YCTPOHCTBO 4 ¢ 0Opa3oBa-
HHUEM TIPYTKOB (CTPEHTOB) 3aJaHHOTO MTOTIEPEYHOTO CEUCHHUSI.

1 2 3 4 5 6 7

Puc. 6.1. Cxema TeXHOJI0THYECKOr0 Mpoiecca
BTOPMYHOI NepepadoTKH 0TX0J0B MOJHMEPHBIX MATEPHAJIOB:
1 — y3e1 COPTUPOBKHU OTXOJ0B; 2 — BAJIBLBI; 3 — OTXOBI TIOJINMEPOB;
4 — 0TOOPOYHO-TPaHYIUPYIOIIEE YCTPOUCTBO; 5 — TAHYIIEE YCTPOKUCTBO;
6 — HOX; 7 — €MKOCTb JJIsl TpaHyJI
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Puc. 6.2. HuxxHee 0T00pOUHO-TpaHyJ/JMpyIoLlee yCTPOHCTBO:
1 — mepenHMiA BaJIOK; 2 — 3aJHHUN BaJloK; 3 — (uubepa; 4 — Gammax
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Puc. 6.3. bokoBoe 0T0OpPOYHO-IPaHY/IHPYIOIIEe YCTPOCTBO:

1 — xppIka; 2 — Gunbepa cMeHHas; 3 — IPUCTABKa; 4 — CTakaH; J, 6 — yToJIOK;

7 — 6ammak; 8§ — mtok; 9 — BUHT; /0 — npykuHa; [/ — nepeIHuid BaJIOK
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Ilony4yeHHbIE CTPEHIM COXPaHAKOT CBOM pa3Mep 3a CUET YCTaHOBKH
TAHYIIEro yCTPONCTBa 5, Jajiee OHU PEXXYTCS HOXKOM 6, IOCIIE Yero moiry-
YeHHbIE TPpaHyJbl coOuparoTest B éMKocTH 7. [1o JaHHOH TEXHOJIOTHU MOTYT
repepabaThIBaTECSl HE TOJNBKO TEXHOJIOTHYECKHE OTXOABI MPOW3BOJCTBA
TEpMOIUIACTOB, HO U IUIEHOYHBIE OTXOJbI MPOHM3BOACTBEHHOTO U OOIIECT-
BEHHOT'O MOTPEOICHHS.

Jns  obecriedeHHsT HEMPEPHIBHOW TEPEpaOOTKH OTXOIOB BaJIbIIbI
CHAaOXeHbI 3arpy30YHBIM OYHKEPOM M OTOOPOYHO-TPaHYJUPYIOUIMM YCT-
potictBoM 4. OTOOPOUYHO-TPAHYNHPYIOIIEE YCTPOWCTBO BBHIIIOIHEHO IBYX
pasINYHbBIX BUIOB.

Hmxaee 0T60podHO-rpaHyIHMpyIOIIee yCTPOHCTBO MOKa3aHo Ha pHc. 6.2.

PacnimaB monmmmepa u3 3a30pa MEXIy BaJKaMH IOCTYNaeT B KaHaN
TUTOCKOIIENICBOIO TUMA MEXIY MEePeHUM BaJIKOM M OaIlIMakoM OTOOPOYHO-
TpaHyJIMPYIOLIETo YCTPOICTBa, Jajiee paciulaB MpOJaBIMBAETCS depe3 Ka-
Han OalMaka KpYyIJIoro THIA, U OKOHYATeNbHOE O(opMIICHHE 3aJJlaHHOTO
MIOTIEPEYHOTO CEYECHHUs] CTPEHTa OCYLIECTBISIETCS B CMEHHOH Quibepe.
@uibeprl BHIIOTHEHBI CIEIYIOMIMX AUAMETPOB: 4 MM, 5 MM, 6 MM.

BoxoBoe 0TO0podHO-TpaHyIHpyoIee yCTPOHCTBO MOKA3aHo Ha prC. 6.3.

Kppika, mTok u geMndupyomas npyxuHa odecreunBaoT Heo0Xo-
JVIMOE JIaBJICHHE MPIDKUMa OaliMaKa K TOBEPXHOCTH BaJIKa.

6.1.2. PACUET IIEPETTAJA HABJIEHWA
B OTBOPOYHO-T'PAHYJINPYIOIIEM YCTPOUCTBE

JIns Toro 4ToOBI 00CCTICYNTh 33JaHHYIO MPOU3BOAMTEIBHOCTD, HEOO-
XOJMMO OIPEICIUTh, MPU KaKUX TCOMETPUYECKHX IMapaMeTpax KaHaIoB
OTOOPOYHO-TPAHYJTUPYIOIIETO  YCTPOWCTBA  BBIMONHACTCSA  CIICAYIOIICE
BEIpaXCHUE!

AP, > AP,

BX.K

+AP + AP, 4 +AF,, (6.1)

rae AP, — mepenaja JaBieHUs B KaHaje IJIOCKOILIENEBOro Tumna; APy , —
Tepenajl NaBJICHUS Ha BXOJE B KaHal Kpyriod Gopmser; AP, — mepenaj aaB-
JIeHUs] B KaHane Kpyrioi ¢opmbl; APy,  — Mepenaj JaBieHUs Ha BXOJe
B KaHal Quibepsl; APy, — nepena 1apaeHus B KaHase QHIbEpPBL.

6.1.3. OIIPEJJEJIEHUME ITEPEITAJIA JABJIEHUA
B KAHAJIE IIJIOCKOIIEJIEBOI'O TUITA

Pacuér Beném kak mns mHEeKa 3KkcTpynepa. CuyuTaeM, 9TO IUIOCKOIIE-
JIEBOW KaHAJI OTOOPOYHO-TPAaHYJIHPYIOMIETO YCTPOWCTBA €CTh HE YTO HHOE,
Kak pa3BEpTKa MOBEPXHOCTH BIAIUH Hape3ku depBsika. OObEM KHUIKOCTH,
NpOTEKAloNIe B €AMHHIy BPEMEHH Yepe3 Y4YacTOK IIMPUHOI b cedeHus
MOTOKa, OMpENesieTcs] WHTETPUPOBAHUEM IPOU3BEJCHUS CKOPOCTH Ha
IUIOMIA/h SKCIICPUMEHTATIBHOTO Y9acTKa F BBICOTOH d).
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Puc. 6.4. K pacuéry nepenaja gaBjieHHsl B KaHAJe NJIOCKOIIEJIeBOro THIIA

bmr h2
= j (6.2)

TIe n U M — PEONOTHYECKUE KOHCTAHTBI; Ty, — HPEASIBbHOE HAPSKCHHE
CIBHTa; /I — BLICOTA KaHAJIA.

1
F= j(l + X)) (=X )"y (6.3)
-1

Ilocne unTerpupoBanus

(1+X)n+2 _(X_l)n+2
n+2

F= —20-x). (6.4)

CKOpOCTh CTEHKH KaHajia (IIepeaHEro Bajika) onpemessiercs mo ¢op-
MyJIe:
n
mt, . h
u=—=20 (6.5)
n+1

rie ®=(1+X)" —(1-X)"". (6.6)
BBCILéM 0003HAYECHHS:

n+1 7+1
.- un _ o (+x)"'-(1-x) ; 67
mtgh n+l n+1

o (1+X)n+z (X =1)""2 = 2(n +2)(1= X )™
bmt;, h2 (n+1)(n+2)

u = ;o (6.8)
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—_m_ O (X)X 1) - 2n+2)(1-X) 69)

¢ b (o) (1 x) — (- x))

IMepema maBiaeHus B KaHale TUIOCKOIIEIEBOTO THIIA OMIPEAEIIETCS 10
dhopmyie:

AP, =" (6.10)

rae / — quMHa KaHaia.

Just onpenenenus T, HE0OXOAUMO 3HaTh X. 3a/1aBasich 3HAUCHUEM X

p
1 TIOJICTABIAA ero B ¢opmyiy (6.9), momyuum u . C apyroit CTOpOHEL, pH
3aJaHHOU NPOHM3BOIUTENBHOCTH () 3HaYCHHWE # SBIAETCS IOCTOSHHON Be-
JMYUHOM U ompenensiercs no GopmyIe:

= (6.11)

/i U — CKOPOCTh BPAIICHHUS IIEPETHETO BAJIKA.

IMocTpous rpadmveckyro 3aBUCUMOCTh U = | (X ), HaiaéM X, mpu Ko-
TOpOM 3HadeHHE u KakK (QyHKOUU OT X OymeT paBHATHCA 3HAYCHUIO U,
HalinenHoMy 1o gopmysie (6.11).

Haiinennoe 3HaueHue X mojcTaBIsieM B BeIpakeHHe (6.6) ¥ HAXOIHUM ¢.

W3 ypaBrenus (6.6) nomyunm GopMyITy ISl ONPEAEIEHUS Typ:

" 1/n
T :{mqh} . (2.12)

[Moncrapnss 3HaueHue T, B BeIpaxkeHue (6.10), HaxoamM mepemnan

np
JAaBJICHUSA B KaHAJIC ITIJIOCKOLICIICBOI'O THUIIA.

OmnpenesieHne nepenajga JaBJIeHUs
HA BXO/ie B KaHAJ KpyrJioi ¢opmbl

[epenag naBieHust Ha BXOJE B KaHAT KPYTioil (hOpMBI orpenessieTcs

o hopmyiie:
1/n
:[Q(””)} K (6.13)
TR’ m n+3

AP,

BX.K

rae O — 3a/laHHasi IPOU3BOUTENBHOCTD; /1 U /M — PEOJOTHUECKUe KOHCTaH-
ThI; R — pajuyc KaHana Kpyrioit Gopmbl; K — MOCTOSIHHAS BENUYMHA.
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OmnpenesieHne nepenajga JaBJeHHs] B KaHaJle KPYTJoi (popMbl

[Mepenasn naBieHus B KaHane Kpyrioil ¢hopmsl ompeaeisercs o dop-
MyJIe:

1/n
| O(n+3)
APK{W 21, (6.14)

rie /| — [yInHa KaHana KPYTiioi (JOpMBL

OmnpenesieHue nepenaaa 1aBJeHHs HA BX0Je B KaHAJ Guiabepsl

ITockonbky kaHanm (GUIbEpBI UMEET KPYIIylo ¢GopMy, TO mepemnan
JTABJICHUS Ha BXOJIC B KaHAT (PIUTBEPHI OMPENEISICTCS 110 POopMyJIe:

1/n
n+3 K
ARy = Qnt3) 3 ) —, (6.15)
TRI'm n+3
rae O — 3aJlaHHas IPOU3BOAUTENBHOCTD; 1 U M — PEOJIOTUUECKUEe KOHCTaH-
TBI; Ry — paguyc KaHana (uibepsl; K — MOCTOSHHAS BEJTMYMHA.

Onpe)_‘le.neﬂne nepenajga AaBJieHUs B KaHaJie (l)l/l.]'lbepbl

Hepenaz[ JaBJICHHUA B KaHAJIC (bnm,epm OIPCACIIACTCS 11O (1)0pMyJ1e:

1/n

AR = g(’i? 2, (6.16)

TCR]n+3 m

rne [, — uiHa KaHana (QUIbephl.

6.1.4. BRIBOP OBOPYJIOBAHMS JIJII BTOPUYHOM
[IEPEPABOTKU ITIOJIMMEPHOI TAPBI 1 YITAKOBKH
HA MOBMJIBHBIX MWHU 3ABOJAX

TpamgummonHoe 00OpyAOBaHWE TPH PELUKINHIE OTXOJIOB — 3TO
IIHEKOBbIE M OHMCKOBO-LIHEKOBBIE MAIlWHBI, ariomepaTtopsl. IIpu sToM
OTXOJIbl OJBEPTralOTCs CTaANAM NpeABapUTEIbHON MOATOTOBKU, TAKUM KaK
cbop, kmaccudukamms, apoONeHWE, OTMBIBKA, CYIIKa, W3MEIbYCHHE.
Hcnonp3oBaHue BCEX ATHX CTaIUN JIEJIAET TEXHONOTHIO YTHIN3ALNUN JOCTa-
TOYHO SHEPro€MKO W B KOHEUHOM HTOTE NMPHBOIUT K IMOBBIIICHUIO ceOe-
CTOMMOCTH TI0JTy4aeMOro BTOpMaTepuana. Bmecre ¢ TeM npu HCHoOIb30Ba-
HUU arJioMepaTropa MOIy4aeTcsl MaTephal Pas3u4HbI MO IpaHyIOMETPH-
YEeCKOMY COCTaBY M HACBIITHOM IIOTHOCTH, YTO HETaTMBHO CKa3bIBaeTCA
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Ipy JanpHeWiel nepepaboTke B MaTEepUANBHBIX IWIHHIPAX HepepadbaTsl-
BAOILIUX MAallUH.

B kauecTBe cnenmasbHOTO OOOPYMOBAaHUS MpeIaraeTcs HCIOIb30-
BaTh BAJIKOBO-ITHEKOBBIN arperar, HanOoiee YCTOWYHMBEIA K IepepadoTke
3arpsA3HEHHBIX OTXOAOB. VCTONb30BaHME JAHHOTO BHIA 00OpPYJOBaHMS
TI03BOJISIET UCKIIIOUUTH APOOJIEHUE, H3MENIbUYEHHE U CYIIKY MaTepuana, 9To
B KOHCYHOM HUTOTC IIO3BOJUT CHHU3UTH TPYAOBBIE H OHEPro3arparsbl.
IIo cpaBHEHUIO C AMCKOBO-YEPBAYHBIMU IKCTPYAEPAaMU BaJIKOBbIE MAllMHbI
005aJaloT CIeIyIOIMMH JOCTOMHCTBAMHU: BBICOKAs MPOU3BOJUTEIBHOCTD
Ha eIMHUIlY KaIUTalI0BI0XEHUI U KaueCTBO KOHEYHOI'0 MPOAYKTa, IPOCTO-
Ta OCYIIECTBJICHHUSI KOHTPOJISA KauecTBa U3JEIUH, CBOOOAHBIN OCTYII K pa-
060YnM opraHaM MalllMHBI, HE3HAYNTEIbHBIE 3aTpaThbl BpEMEHH Ha M3MEHe-
HHUE TOJIIMHBI TTOJy4aeMbIX U3AeNnil 0e3 3aMEeHbl KaTHOPYIOIIEro ycTpou-
CTBa, OTCYTCTBHE 3aCTOMHBIX 30H, YTO 3HAYMTEIHFHO yMEHBIIAET AECTPYK-
MO TTOJIMEDA.

6.1.5. HAYUHO-TEXHUYECKUI 3AJIEJT
B PEINIEHNHN 3AJJAYN CO3JAHIMA
MOBUMJIBHBIX MNHI-3ABO/I0OB

B cooTBeTCcTBUM ¢ MOCTABICHHOM 3a/1a4eii U LeNIsIMH Hay4HOT'O HCCIIe-
JOBaHUS OBLT pa3paboTaH M HCCIEAOBAaH CTAlMOHAPHBIA HEMpPepBIBHBIN
TEXHOJIOTUUECKUH TpOLiecC BTOPUYHOW NepepabOTKU OTXOJO0B TEpMOILIa-
CTHYHBIX MaTEPUAIIOB HA BAJIKOBO-IIIHEKOBOM arperare (puc. 6.5).

1 2 3 4 5

Puc. 6.5. Texnosnornyeckuii npouecc BTOPUYHOI nepepadoTKku
0TXO/I0B TePMOILIACTOB:
1 — y9acTOK COPTHPOBKH OTXOMO0B; 2 — BaJbLbl; 3 — OTXOJ(BI IOJTHMEPOB;
4 — 0TOOPOYHO-ITHEKOBOE YCTPOUCTBO; 5 — Y3€J OXJIAXKICHHUS;
6 — TsHyIEe YCTPOUCTBO; 7 — HOX; 8 — EMKOCTb 11 IPaHyl
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BasikoBO-IITHEKOBBIH arperaT BKIIIOYAeT B ce0sl BaJIbLbl 2; 0TOOPOYHO-
IIIHEKOBOE YCTPOMCTBO 4; y3eNl OXJaXICHUS J; TAHYIIEe yCTPOHCTBO 6;
HOX 7; EMKOCTb JUIs TPaHyl §.

TexHoIorMYecKnii NpoLece OCYIIECTBISIETCS CIEIYIONMM 00pa3oM:
OTXOJBI MOCTYNAIOT HAa YYacTOK COPTHPOBKU /. VI3 HUX yHajsioT cirydai-
HBIE NHOPOJHBIE ¥ METAJUINYECKHe BKJIIOYEHH. [lajee oTX0apl OIMMEpoB
HETIPEpPBIBHO 3arpyaroTcsl 4epe3 3arpy304HbI OyHKep ¢ JIEBOH CTOPOHBI
TTOBEPXHOCTH BAJIKOB BaiblOB. [lon nelicTBreM CIBUTOBBIX HANPSDKEHHH 1
CHJI a[r€3UH OTXO/bI TEPMOIUIACTOB 3aTSATUBAIOTCS] B MEXXBAJIKOBBIH 3a30p U
TPaHCIIOPTHPYIOTCS BIOJb OCH BaJIKOB. B mporiecce mepepaboTKH MPOHCXo-
JWT IUIABJICHHE OTXOJOB, yJAJCHUE JIETYYUX KOMIIOHEHTOB, IIACTHKALIHS.
Bo3MoxHO Takke MOIU(DHUIUPOBAHHE PA3INYHBIMK J00aBKaMH M OKPAIIIH-
BaHHE paciulaBa. [[ng rpaHynupoBaHUS BajbIlyeMOI'0 MaTepuana paciuiaB
MmoJmMepa CHUMAETCA CIICHUaJIbHBIM HOXKOM C HpOTI/IBOHOHO)KHOﬁ CTOPOHBI
MTOBEPXHOCTH BAJIIKOB W HAIPABIIETCS] B MEKBUTKOBOE ITPOCTPAHCTBO IITHE-
Ka OTOOPOYHO-IITHEKOBOTO YCTPOWCTBa 4. 3aXBaThIBAsCh BHUTKAMU ITHEKa,
pacIuiaB IoJIMMepa TPaHCHOPTHUPYETCS K 30HE BBITPY3KH, I/I€ MPOAABINBA-
eTcsi gepe3 (hopmyromee oTBepcTHE ¢ 0Opa3oBaHHWEM NPYTKOB (CTPEHIOB)
3aJ]aHHOTO TONEepPEeYHOro cedeHus. lloydeHHBIE CTPEHTH OXJIaXKAAIOTCS
YCTPONCTBOM 5, OPUEHTUPYIOTCS 3a CUET TSAHYLIETO YCTpPOMCTBa 6, najee
pexyTtest HoxoM 7. [lomydeHHbIe TpaHyIIbl COOMpArOTCS B EMKOCTH §.

Jis ocymiecTBiIeHUsT pa3pab0TaHHOTO TEXHOJIOTHYECKOTo IIpoliecca
BTOPUYHOW NepepabOTKU OTXOAOB IOJMMEPHBIX MaTepHalIoOB ObLI CIPOEK-
THUPOBaH W W3TOTOBIICH JIA0OPATOPHBIN BapUAaHT BaJIKOBO-3KCTPY3HOHHOI'O
obopynoBanus Ha 06a3e BasibioB JI6 80/80 200 (puc. 6.6).

DkcrnepuMeHTanbHast ycranoBka (OY) [46] npeacrasisier coOoi ropu-
30HTAIFHO PACHOJIOKEHHBIE TOJble Banku guamerpoM 80 MM u paboueid
muHor 200 mM. TIpuBOoA BaJKOB OCYIIECTBISUICS OT SJIEKTPOABUTATENS
TTOCTOSTHHOTO Toka AO52/2 1.

TeMneparypa HOBEpXHOCTH BaJKOB IOJICPKHMBATACh B IHANa3oHE
TEMITEpaTyp BA3KO-TEKY4ero COCTOSIHUS Tosmmepa. st moanepxaHus 3a-
JAHHOTO TEMIIEPAaTYypPHOTO PEXHMMa BAJIKW BalbIIOB OBUIM CHAOXEHBI YCT-
POHCTBOM TEPMOCTATUPOBAHUS /4.

s obecriedeHus HETPEPHIBHON MepepabOTKH OTXOAOB BaJbIbl OBLTH
CHa0>XeHbI 3arpy304HbIM OyHKEpPOM W OTOOPOYHO-IIHEKOBBIM YCTPOMCT-
BOM /2, KOTOpOE TMO3BOJISJIIO HENPEPHIBHO IOJpe3aTh U CHUMATh PACIUIaB
HoJIMMepa ¢ MOBEPXHOCTH BankoB. Hamuume oTOOPOYHO-ITHEKOBOTO YCT-
POMCTBa IMO3BOJISIIO JIOMOJHUTEIBHO TOMOTEHH3UPOBATh, IUIACTUIIPOBATH
W UCTIEPIHpOBaTh PacIliaB MOJMMEPA, YTO YJIYUIIaNo KaueCTBO LIEIEBOTO
MIPOJTYKTA.

ITpuBoa 0TOOPOYHO-ITHEKOBOTO YCTPONWCTBA OCYIIECTBIISIICS OT JIEK-
TPOJBHUTATENS MEPEMEHHOTO TOKa § uepe3 MydTy 9 M OJHOCTYyIIEHYaThIA
YepBSYHBIN penrykTopa /() Ha Ball IIHEKa.
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OTOOpPOYHO-IIIHEKOBOE YCTPOHCTBO (pHC. 6.7) mpeacTaBisier coOoi
OUJIUHIAD 1 C PaCIlOJIOKEHHBIM BHYTPU ITHECKOM 2 Ha ABYX IOJUIMITHUKO-
BBIX OTOpax.

4 3 2 1
[} /
15
3ona 3ona 3ona J
|| J03MPOBAHUS IVIACTHKAIMHA  3arpy3KH
| r
p ]
@ i s
! | =1 | |1
6 - xI==]
I
7 = -
u I
l 3ona 12
] 0 t 4| vrpanynsiumn 13
9 ] _:'_ /
8

Puc. 6.6. Cxema 1a00paTOpHOIi YCTAHOBKM:
1 — anexTpoaBuratens; 2, 9 — Mydtsl; 3 — peayKkTop; 4 — HepeaaTouHble IIECTePHH;
5 — dpuKnnOHHAs Nepenaya; 6 — BaJIKH; / — MEXaHU3M PEryJIHPOBKH 3a30pa;
8 — areKTpoABUTaTEIb OTOOPOUHOTO YCTPOUCTBA; /() — YSPBAUHBIN PEIYKTOD;
11 — pemenHas nepesaya; /2 — 0TOOPOYHO-IIIHEKOBOE YCTPOKCTBO;
13, 14 — repmocTatsl; /5 — OrpaHUYUTEIBHBIC CTPEIBI

ZARTY
SR IRZSA
ZERARRRRKIN
£RXBHLIN
of A5 SN

R

Puc. 6.7. lllnexkoBoe 0TOOPOUHOE YCTPOICTBO:
1 — munuHap; 2 — mHek; 3 — popmooOpasyrolee 0TBEPCTHE;
4 — 3arpy304HO€ OKHO; 5 — HOX; 6 — pacIuiaB IoJuMepa
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[ITHek BbIMOMHSIET (YHKIMIO TPAHCIIOPTUPOBAHKS MAcChl U CO3aHUs
3aJ]aHHOTO JaBjeHus nepen (GopMylollei roJoBkor 3, rae npodurpyercs
3aJjaHHOe cedyeHue oSKcrpynara 6. OTOOpodYHOE YCTPOMCTBO CcHaOXeHO
CHEMHBIMU (POPMYIOLIMMH TIPHCTABKAMU C Pa3IMYHBIM KOJINYECTBOM (pritb-
ep pasHoil koH(purypamuu. Ha paspaboranHoe mabopaTtopHoe 000pyIoBa-
HHE MOJIyYeH MaTeHT Ha MOJIE3HYI0 MoAenb [47].

AHanm3 dKCTIepUMEHTAIBHBIX HUCCIIEI0BaHNI Ha pa3paboTaHHOH ycTa-
HOBKe (puc. 6.7) mokazain e€ paboTocImocoOHOCTh, OJHAKO OHA MMEET HEKO-
TOpPBIE HEJIOCTATKU: HU3KYIO MPOU3BOIUTENBHOCTD MPU MepepaboTKe OTXO-
JIOB IUIACTMAacCOBOM Tapbl U YMAaKOBKM 3a CUET HECTAOMIIBHOTO Cpe3a pac-
IUIaBa MOJMMeEpa C TOBEPXHOCTH BaJIKa M HAIIPABICHHS €0 B 3arpy304HOE
OTBEpPCTHE IITHEKOBOT'O YCTPOICTRA.

C 1enpio oOecrieueHHs CTaOMIBLHOMN MepepabOTKH OTXOIO0B TEPMOILIa-
CTOB, BBICOKO MMPOU3BOAUTCIBHOCTH U BO3MOXKHOI'O IMOJYYCHUA IJIMHHO-
MEpHBIX HM3JIENIUH 3alaHHOTO MpoGuIs ObUla MPOM3BEAECHA MOAEPHU3AINS
OITMCAaHHOM BBIIIE YCTAHOBKH.

BankoBo-ITHEKOBBIH arperar MpeJCcTaBiIsIeT co00H BATKOBYIO MAIIHY
¢ muamerpoM BaikoB D = 0,08 M u pabouedi mmHOM L = 0,2 M, Ipuaém
3aJJHAN BaJIOK SBJSIETCSI HETIOABIDKHBIM, B HEM MMEETCS 3arpy3049HOE OKHO
MIPSAMOYTOJIBHOTO CEUYEHHs, PAcloI0KEHHOE B 30HE MAaKCHMAaIbHOTO JaBiie-
Hus Ha pacctosHuu 0,085...0,1 pagmyca Banka OT INIOCKOCTH MHHHUMAITBHO-
TO 3a30pa MOJ YIJIOM, PaBHBIM YTy NOAbEMa BUHTOBOI HApe3KW IIHEKA.
3arpy304HO€ OTBEPCTHE PACIIOJIOKEHO TAK)KE C OJJHOM CTOPOHBI BaJIKa.

BHyTpH 3TOr0 Bayika pacroioxkKeH ITHEK, BpallleHue KOTOporo odecre-
YMUBACTCA OT MHAWBUAYAJIBHOI'O ITPUBO/JA. IIInex 3axBaThIBacT mocTymnaro-
Ui Yepe3 3arpy304HOE OKHO MaTepHaj M TPaHCIIOPTHPYeT ero K ¢op-
MYIOIIeH TOJIOBKE, Ha BBIXOJIE M3 KOTOPOH oOpa3yeTcs npoQuib 3alaHHOTO
MOTIEPEYHOT0 CEUEHHSI.

ITpu >TOoM cTaOMIBHOCTH PAabOTHI 00ECHEYMBACTCS CHHXPOHHU3AINCH
IIOTOKOB TepepadaThiBa€MOro Marephaia B KaHAJIaX BaJKOBOTO M ITHEKO-
Boro obopynoBaHus, a 3(HEKTUBHOCTh — 3a CUET OECKOHEUHOH (pHUKIHMU
MEXIY BaJIKaMu.

Ha pucynke 6.8 mpeacraBieHa cxeMa BaJKOBO-ITHEKOBOTO arperara.
OH coaepuT pabouyuili BaJOK /, MPUBOJA KOTOPOTO OCYIIECTBISIETCS OT
MOTOp-peaykTopa § depes MyhTy 9, 000rpeB — ¢ MOMOIIBIO AIICKTPOOOOrpe-
Batens [/, M 3aHUIA BAIOK 2, KOTOPBIN SIBIISIETCS HEMOABWKHBIM, B HEM Ha-
XOJIUTCS 3arPpy309HOE OTBEPCTHE J, PACHOJIOKEHHOE B 30HE MaKCUMAJILHOTO
JIaBJICHMS T10]] YTIJIOM, PaBHBIM YTIIy TI0JIbEMa BUHTOBOH Hape3KH IITHEKa.

BHyTpu Basika ycTaHOBJIEH IIHEK 3, IPUBOJ KOTOPOTO OCYILECTBIISIET-
csl OT MOTOp-peaykropa 7 depe3 Mmypty 6. lllHek 3 ocymecTBuseT 3axBaT
MaTepHana, TPaHCTIOPTHPOBKY M CO3/aHHE AABICHUS Iepen (opMyromen
TOJIOBKOH 4.
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OO6orpeB BaJKOB OCYIIECTBISIETCSI C IOMOIIbIO TEHOB [/, pacrioio-
JKEHHBIX TI0 00pa3yoIeil BHyTPH OOYKH BAIKOB.

BenmiurHa MEXKBaIKOBOTO 3a30pa PETYIHPYETCs ¢ MOMOIIBIO yCTPOHi-
crBa /0.

BankoBo-1mmHEeKOBBIN arperaT paboTaeT ciaeayromumm obpasom. OTXoas!
TIOJIMMEPHOTO MaTepHaa HelPEPhIBHO 3arpy Kar0TCs Ha OBEPXHOCTH BAJIKOB
C OJITHOU CTOPOHBI BAJIBLIOB, IO/ AEMCTBUEM TEMIIEPATYPhI IPOUCXOIUT IJIaB-
JICHUE MaTepHalia, €ro TPaHCIOPTHPOBKA B/IOJb OCH BAJIKOB 110 HANPABJICHHUIO
K 3arpy304HOMY OTBEPCTHIO 5, TJe 3a CUET MaKCUMAJILHOTO JaBJICHUS pac-
TUIaB TIPOJIABIIMBAETCS B 3arPY304HOE OTBEPCTHE 5 U, 3aXBaThIBAsICh BUTKAMHU
mHeKa 3, TpaHCHOPTHPYETCs B CTOPOHY (DOPMYIOIIEH TOJOBKH 4, Ha BBIXOZE
13 KOTOPOH NoIry4aeTcs mpoQuitb 3a1aHHOTO CEUCHUS.

[TpoBen€HHbBIE SKCIIEPUMEHTAITBHBIC UCCIICIOBAHNS IO BTOPHYHOM Iie-
pepaboTKe IIEHOYHBIX OTXO0B HOJMATHICHa HU3KOU IIOTHOCTH MOKa3aJIH
paboTOCIIOCOOHOCTh YCTAHOBKH C MOJyYEHHEM TPYTKa 3aJaHHOTO CCUCHUS
C BBICOKOH NMPOU3BOJUTEIBHOCTEIO.

6.2. PEIUKJI MATEPHUAJIOB

[MpeanpusTys, CUHTE3UPYIOIIME W TepepadaThIBalOINe IUIACTUKH,
YCIIEITHO YTUIIU3UPYIOT UX, U3MENBYaloT (Ipo0sT), MEeperuiaBiIsioT U Imyc-
KalT CHOBA B PEIMKJI FJIH MOPIMSIMU TOOABJISIOT B UCXOIHBIC MAaTEPUAIIEI,
HCTIOJB3YIOT B BUJIEe cMeceit (puc. 6.9) [48].

JIns yMCHBIICHUS HAIWIMAHWS HAa BHYTPCHHHE CTCHKH PEaKTOPOB
B IIpOIecce MOJMMMEPH3aINY, H30eraHus TPyIOEMKONH YUCTKH W YMCHBIIIE-
HUS TIPOMBIIIICHHBIX OTXOJ0B PEKOMEHIYIOT 00pabaThIBaTh CTEHKH peak-
TOpPOB TIOJMAHWINHOM, KOTOPBIHA, 00Naiasi BRICOKOH anre3neil K MeTasry,
HCKITIOYAeT MPIITUITIAHNE TTOJIMMEPOB K CTEHKaM aInapara.

[Ipu ucronp30BaHNUY 3aTPSA3HEHHBIX OBITOBBIX OTXOIIOB CIEAYET Ipe-
JycMaTpUBaTh LEHTPATH30BaHHBIN cOOp, COPTUPOBKY, OTAEIEHHE OT IIO-
O6ouHOro Mycopa (cTekia, Oymard, MpshKH, HHIIH), TPOMBIBKY, CYIIKY,
U3MeNbYeHne — BCE TO, YTO OTBEUAET SKOHOMHUYECKHM, 3KOJIOTHYECKUM U
TEeXHUYECKUM TpeOoBaHMsIM. [lepepaboTka 3arps3HEHHBIX OTXOJIOB BeChMa
npobiiemMaTnyHa, HOTOMY YTO TPEOYIOTCS:

1. Wpentnduxanus nmoJMMepHBIX 0TXOIO0B ¢ moMouipio [49]:

— HK-cnekrpockonuu (TosydeHHe CHEKTPOB M CPaBHEHHE HUX C W3-
BECTHBIMH);

— yIBTpa3ByKa, T.€. B OCHOBY IOJIOKEHO 3aTyxaHue Y 3.

Onpenensier uHaeKc HL M0 OTHOILIEHUIO 3aTyXaHUs 3BYKOBOW BOJIHBI
K gacToTe. Y3-mpuOop MOAKIIOYAIOT K KOMITBIOTEPY M YCTaHABIMBAIOT Ha
TEXHOJIOTHYECKYIO JIMHUIO YTHIM3allMH OTXOXOB. Hampumep, wuHIEKC
HL TIDHII 2,003-10° ¢ otknonennem 1,0%, a HL TTA-66 — 0,465-10° ¢ ot-
KIToOHeHneM £1,5%;

— PEHTTEHOBCKHUX JIy4YeH;

—  J1a3epHOMHUPOSIU3HON CIIEKTPOCKOIHH.
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B Oymymiem mpemmornaraeTcs KOAWPOBaHHE IOTUMEPOB (yKa3aHHe
HOMeEpa KOJa Ha JTOHBIIIKAX U3IeIUI WIH APYTHX MeCcTax).

Pexomennytor cienyromyo Hymepanuto: [19T-1; I19BII-2; I1BX-3;
TIDHII-4; ITI1 - 5; TIC-6; Bce ocTanbHbIE — 7.

2. YcTpaHeHHE HEMPHUATHOTO 3allaxa PEeHUKIOBBIX MOJUMEPHBIX Ma-
TEePHAIIOB. 3amax MPOSBISIETCS OT MOJOYHBIX OHJOHOB, OYTHUIOK H3-TIO
Macen U T.J. U 00yCJIOBJIEH 00pa3yIOIIMMHUCS allbIeTUIaMU: alleTallbIer -
JIOM, TIporaHajeM, OyranaieM u Jp. [[jis ero yctpaHeHUs B peLUKIAT HEOO-

OTX0[bI MPOU3BOJICTBA OTx0bI TOTPEOICHUS

v v

Cbop 1 XpaHEeHHE OTXO0B
TOTpeOJICHNs Ha TIPENPHATHSX, T7e
OHH 00pa3yroTcst

v v

Cbop 0TXO0B Ha MyCOPHBIX
TIOJIUTOHAX, B ITyHKTaX BTOPCHIPbS, Y
HaceleHus!

v v

. Torpyska 1 TPaHCTIOPTHPOBAHHUE
aspyska OTXO/0B OTXOJI0B K MECTY HX IepepaboTKy

v v

CkiagupoBaHie OTXO0JI0B Ha
NpeanpusITHH-TIEpepaboTIHKe Pasrpyska orxon08

v

CKkJ1aiMpOBaHUE OTXO/IOB Ha
NpenpusITHH-TIepepaboTIrKe

v

CopTHpOBKa OTXOJIOB I10 BUAAM
TIOJIMMEPHOT'O CBIPbSI C YaCTHYHOM
OYMCTKOH (OTpSXMBAHKE, BHICHITAHNC
COZIEPXKUMOT'O METITKOB, CPBIBAHHE
STUKETOK U T.I1.),00pe3Ka MPOLIUTHIX
(xy10IT9aTOOyMaYKHBIMH HITH
JIHSHBIMU HUTKAMH) KpaéB MEILKOB

l WM PacropKa LIBOB
\4

[A]  [E]

Puc. 6.9. CxemMa TeXHOJIOTHYECKOr0 NMpolecca nepepadoTku 0TX010B

C6op 1 XpaHeHHe OTXOJI0B Ha
HPEIIPHUATHSIX, TIe OHH 00Pa3yIoTCst

Torpy3ka 1 TpaHCIOPTHPOBAHKE
OTXOJIOB K MECTY HX ITepepabOTKH
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[a]  [E]

Y Y
U3menpuenne 0TX010B (JIMTHHUKH,
3a0paKOBaHHBIC JINTHEBbIC H3ICIU)

WA +

Motika n3MeITbYEHHBIX OTXO/IOB C
MpeIBapUTEIHLHON OCYIIIKOM

H3menbuenue OTXO010B

Cy1ika 0TX0/10B

Ariiomepanys 0TX010B (TIIEHKA) Arnomepanys 0TX0J0B (ILIEHKa)
IIpomyckaHue BTOPUIHOTO CHIPbS IIpomyckanue BTOPUIHOTO CBHIPbS
9epe3 MeTaII0AEeTEKTOP 9epe3 MeTaI0AETEKTOP
I'panymsimus ['panymsimus
3aTapuBaHUE BTOPUYHOTO CHIPhS B 3aTapruBaHue BTOPUYHOTO CBIPhS B
MEUIKHU C pa3BelIUBaHIEM U MEUIKHU C pa3BelIUBaHUEM U
IPOIIUBKOM OTKPBITOTO Kpasi MEIIKa IIPOLINBKON OTKPBITOTO Kpasi MEIlKa
CxtagupoBaHye BTOPUYHOTO CxtagupoBaHue BTOPUYHOTO
TIOJIUMEPHOTO CHIPhS TIOJIMMEPHOTO CHIPhS

Puc. 6.9. Oxonuanue

XOJMMO BBOJWTH HEMUTPHUPYIOLIMH HA MOBEPXHOCTD U3AEIHN MOJIHAIIKHATIE-
HuMuH. [Ipu sKCTpyAnpoBaHUM Takas cMech MPHOOPETaeT CTaOMIBLHOCTD U
yke He umeer 3amaxa [49].

B Hamieii cTpane pa3paboTaHbl TEXHOJIOTHUECKHE MPUEMBI ITepepadoT-
K{ OT/ENBHBIX MOJIMMEPOB B OTAEIbHBIC U3AETHs PA3IMUYHOTO Ha3HAYCHUS.
Hampumep, orxomnoB I1D-muiéHku B TpyOBI ISl CEIBCKOTO XO3SIMCTBA HITH
BO BroprnuHyio [19-tuiénky [48] (puc. 6.10). Beimenmas u3 ynorpedieHus
[ID5-iéHka ¢ cojepkaHUEM TMOCTOPOHHUX TpuMeceid He Oomee 5%
CO CKJIaJIa CHIPbS NIOCTYTAET HAa COPTUPOBKY /, B Ipoliecce KOTOPOH U3 Heé
YIQIAIOT CITydYaifHble MHOPOIHBIE BKJIIOYEHUS W BBIOPAKOBBIBAIOT CHIIBHO
3arpsA3HEHHBIC KYCKH.
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Puc. 6.10. Cxema npounssoacTsa BTOpu4HOii I19-Tapbl

[onoTHMIIA M KYCKHU IJIEHKH, MPOIIE/IINE COPTUPOBKY, U3MENBYAIOT
B HOXEBBIX JIpoOMIIKaX 2 MOKpPOTO MJIM CyXOTr0 M3MENbYEHUsS! 10 MOITydeHUs
PBIXJION Macchl C pa3MepamMH dacTull 2.9 MM, TOAaBaeMBIX 3aTeM Ha
OTMBIBKY B MO€UHYI0 MamuHy 3. OTMBIBKY BEIyT B HECKOJBKO NMPHUEMOB
CTeUaIbHBIMH MOIOOIMMH cMecaMu. OTxaryio B meHTpudyre 4 maccy
¢ BiaaxHocTeio 10...15% mnomaroT Ha OKOHYATENLHOE OOE3BOKMBAHUE
B CYIIWJIBHYIO YCTaHOBKY J IO OCTaTOYHOTO coaepxanus Biaru 0,2%.

B skcrpyzmepe 6 11D ymmotHsieTcs, TuiaBUTCs M GOPMHUPYETCS B BUE
KT'YTOB, MOJIAaBAEMbIX IOCJIE OXJIAXK/ICHHS B BaHHE B rpanynsarop 7. ['pany-
nel BTopryHOTro 11D B cMecuTesne 8§ CMEIMBAIOTCS C TIEPBUYHBIM CHIPHEM B
cootHotreHnu 6 : 4. Ilpu 3ToM B cMech MOT'YT ObITh BHECEHBI KPacHTEIH,
crabuimzatopbl. [lonydeHHyro cmech nepepalaTbIBalOT METOIOM JKCTPY-
3un 9 B m€HOUHOM arperate /() ¢ MOoIy4eHHEeM rOTOBOM MPOAYKIUH — BTO-
puuHsoil I13-nnéHku.

TexHoNoTH TPaJUIHOHHOTO MaTepHAIBHOTO PENUKIa HE OoOecIeyuu-
BaeT TOJIyYeHNE PEIUKIATOB, CPABHUMBIX IT0 KAUECTBY C NEPBUYHBIMH I10-
JUMEpaMH B OCHOBHOM H3-3a TOTO, YTO HE MOXET yJaJIUTh BCE 3aTrPSI3HEHUA
U TIpUMecH, 0COOCHHO BHyTpeHHHe. HeoOxoanmo oTaeneHne HonmMepoB
npyr ot apyra. Hampmmep, ITOX ot II9T, tak kak OHH HECOBMECTHUMBI
Jaxe, ecnu B Macce mpucyrctByeT 1 Oyteuis u3 [IBX nHa 2000 OyThuteit
[I3T®. K Tomy xe npu nepepadbotke [IBX Bbinensiercs xiop.

3. Ilepecrabunu3aiys pELMKIOBBIX MOJMMEPOB ISl MOJYYCHHS W3-
JIeTIMH BBICOKOTO KadecTBa. JIJist 9THX 11ejIell B pelKiIaT npeaiaraeTcs BBO-
JIUTh TEPMO- M CBETOCTAOMIIM3aTOPHI, TaK Kak 0e3 HUX HOBBIC M3JIEIHS CTa-
PEIOT ¥ pasjiararoTcsi 3HaYUTEIBHO OBICTpee.

W3nenns i BHYTPEHHErO HCIIONB30BaHMSA CTaOMIIM3UPYIOT TEpMO-
crabummzaropamu. Crabmummzarnms [1I1 mo3BosnsieT BBIIEpKUBATh TEMIIEpa-
Typy 150°C 10 Xpynkoro cocTosiHusI B TeueHHe 22 THEW, B TO BpeMs Kak
HECTaOMIIM3UPOBAHHEIN coxpanseTcs 16 mueit [30].
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Otxonpl I1BX 13 OKOHHBIX MPOKIAA0K mocie 15 — 25 ner akcruyaTa-
IIUU TIOCJIe CTa0MIN3alui UMEIOT WHACKC TOXKENTEeHUs B 2 — 3 pa3a MEHb-
I, YeM Y HeCTaOMIM3UPOBAaHHOTO TTOJIUMEPA.

Jlnst  Hapy)KHOTO  WCHOJIb30BaHUSI  (BHELIHEr0) OCYIIECTBISIETCS
cBerocrabunu3anust win Qotocradbmwmzamua. Ot storo mocie 5000 g
B KaMepe MCKYCCTBEHHOH ITOTOIBI yIapHas BI3KOCTh CHIbKaercs ¢ 750 mo
300 xJDx/M>.

6.3. BUOPA3JIAI'AEMBIE IINTACTUKHA
B UHAYCTPHUU YIIAKOBKHN

6.3.1 TIOHITUE U CBOMCTBA
BUOPA3JIATAEMBIX TIJIACTUKOB

CoxpaHEeHHe JKOJIOTHU BBIXOIUT HA TEPBBIH IUIaH M Yy MPOU3BOJMTE-
JIed yrakoBOYHBIX MarepuaiioB. OCHOBHAs 3a/1auya YUEHBIX CETOIHS — H30-
OpecTH MoJauMep, KOTOPBIH CMOXKET caM ce0sl Y THIIM3HPOBATh.

TepmuH «OnopasznaraeMblii MOJUMEP» CTajl HEOTHEMIIEMOI YacThIO
«3enéHoro cioBaps». Eciu paHee ycuius HccienoBateseil ObUIH Hampas-
JIeHBl Ha CO3J[aHHE MATEPUaJiOB, CTOWKUX K BO3JICHUCTBHIO (JaKTOPOB OKPY-
JKAIOIIeH Cpeibl, TO CEroAHsS BO3HHK HOBBIH MOAXOX K pa3paboTKe IMOJH-
MEpHBIX MaTepuaoB. Ero meis — noxyduTh MOJMMEPHI, KOTOPBIE COXpaHs-
10T 9KCIUTyaTalllOHHBIE XapaKTePUCTUKH TOJNBKO B TEYSHHE MepHona Mo-
TpeOJIeHus, a 3aTeM MPETEePIeBaOT HU3UKO-XUMUYECKHE U OUOIOrHUeCcKHe
NpeBpalleHns] NoJ JeHcTBHEM (aKTOpOB OKpYIXKAIOLIeH Cpelbl U JIErKo
BKJIIOYAIOTCS B IIPOLIECCHI META00IN3Ma IPUPOIHBIX OMOCHCTEM.

B cBere pacTymux TpeOOBaHMIA, MPENBIBISEMBIX K OXpaHE OKpY-
Karomied cpensl, HanmOoJee palMOHAIGHBIME METOJAMH YTHIM3alUH U
YHUYTOXXCHUSI OTXOJIOB IUIACTMACC NPHU3HAHBI METO/bI, OCHOBAaHHBIE Ha
Pa3NoKeHUH IDTaCTMACC TIOCTIe ONMPEACIEHHOTO CPOKa MX CIYKOBI O] BO3-
JeHCTBHEM COJTHEYHBIX JIy4eH M aCCHMUISLMU IPOAYKTOB paciaga MUKPO-
opranuzMamu (OakTepusmMu, TpuOKaMH) B aTMocdepe, MOYBE U BOJE.
CrocoGHOCTB IIACTMACC Pa3iaraTbes MO ACHCTBHEM CBETa, TEIUIa U BIaru
JOCTUraeTcs BBEJICHUEM Ha CTalUiX CHHTE3a WIH NepepadoTKu COOTBETCT-
BYIOIINX (POTOUYBCTBUTENBHBIX 100aBOK. M31enus, N3roTOBICHHBIE U3 Ta-
KUX IUIaCTMAcC, HalpUMep YMaKOBOYHBIE MaTepHajbl, MOCIe OKOHYaHUS
3aJaHHOTO CPOKa HKCIUTyaTalluy Ha CBETY, MOTYT pa3jaraTbcs AaXke B TeM-
HOTE, NPU TOTPY’)KEHHH B MOYBY, I/Ie YHUUTOXKAIOTCS OKOHYATEIHHO MHK-
POOpraHU3MaMHu.

3a py0OesxoM (OTOAECTPYKTUPYEMBIE ITOJTMMEPHI HAXOAAT BCE OoIbIee
IIPUMEHEHHE B CEJIHCKOM XO3SIMCTBE MPH MYJIBYMPOBAaHUU PACTEHUH Ha OT-
KPBITOM IPYHTE, a TAK)Ke U3TOTOBICHUH OJJHOPA30BOH IIOCY bl U YITAKOBKH.

CriocoOHOCTh TMOJMMEPOB pa3yaraTbCs W yCBAaMBATHCS MHKPOOPTa-
HU3MaMH 3aBUCUT OT Psla MX CTPYKTYpPHBIX XapakTepucTHk. HamGomee
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BaXXHBIMHU SABJIAIOTCA XUMHYCCKasd MpUpOJa IMoJIMMEpa, MOJICKYJIApHas Mac-
ca, Pa3BeTBIEHHOCTh MAaKpOIEN (HAIUYUE U TpUpoja OOKOBBIX TPYIII),
HaJMOJIEKYJISIpHast CTPYKTYpa.

[TpupoHble ¥ CHHTETUYECKHE TOIUMEPHI, COJEepIKaINe CBSA3H, KOTO-
pBI€ JIETKO MOJIBEPraroTcsi THAPOJIN3Y, 00JI1aJaf0T BHICOKOH CIIOCOOHOCTHIO
K Ononectpykuuu. [IpucyTcTBre 3amecTureneil B MOIMMEPHON LEH 4acTo
CIIOCOOCTBYET MOBBIMIECHUIO OnoaecTpyKIHH. [locaeHs 3aBUCHT TaKkKe OT
CTEINeH! 3aMEICHNS LENH U JUIMHBI €€ yJacTKOB MEXIy (YHKIMOHAIbHBI-
MU TpyTNIaMu, THOKOCTH MaKpOMOJIEKYI.

BaxupM (akTOpOM, KOTOPHIA ONpeAesieT CTOWKOCTh IoJuMepa
K OMOpa3NoXKEHUIO, SIBISCTCS BENUYMHA €r0 MOJIEKYJ. B To Bpemst kak Mo-
HOMEpPHI WJIH OJMIOMEpPhI MOTYT OBITh MOPaX€HBl MHUKPOOPTaHM3MAaMHU U
CIIy)KaT JUIS HUX HCTOYHHKOM YTJIEpOJia, HOJUMEPBI ¢ OONBIIONW MOJIEKY-
JIAPHOM MAaccoyl yCTOMYMBBI K JEHCTBUI0 MUKPOOPIaHMU3MOB. buonectpyk-
LU0 OOJIPIIMHCTBA TEXHUYECKUX MOJIMMEPOB, KaK MPAaBUIO, HHUIMUPYIOT
IporeccaMi HeOMOJIOTHUECKOTO XapakTepa (TepMuueckoe U (POTOOKHUCIE-
HUE, TEPMOJIN3, MEXaHWYEeCKasl Aerpafalus U T.I1.). YHOMSIHYTHIE Jerpaja-
LIMOHHBIE MPOIECCH NPUBOAAT K CHIDKCHHIO MOJIEKYJISIPHOW MaccChl ITOJIH-
Mepa. Ilpm 3TOM BO3HHKAIOT HH3KOMOJEKYJSIPHBIE OHOACCUMMIAPYEMBIE
(parMeHTHl, UMEIOIIMe Ha KOHI@AX MENHW T'MAPOKCHIIbHBIE, KapOOHMIbHBIE
WM KapOOKCHIIbHBIE TPYTIIHL.

He meHee 3HaunMbIM (hakTOPOM, OKA3bIBAIOIIMM BIIMSIHUE Ha OHOe-
rpajaluio, SBISETCS HAAMOJIEKYISIpHAs CTPYKTypa CHUHTETHUYECKHUX IIOJIU-
MepoB. KommakTHOe pacroyiokeHne CTPYKTYPHBIX (pparMeHTOB MOJyKpH-
CTAUIMYCCKUX U KPUCTAJUIMYCCKUX IMOJIUMEPOB OIrpaHUYMBACT HUX Ha6yxa-
HHUE B BOJIE M IPEISATCTBYET IPOHMKHOBEHUIO (PEPMEHTOB B IOJMMEPHYIO
MaTpHily. JTO 3aTpyJHIET BO3AeHCTBHE (PePMEHTOB HE TOJBHKO Ha IJIaBHYIO
YIJIEPONHYIO LENb IOJMMepa, HO M Ha OHOpa3pyllaeMble YacTH LEMH.
Amop¢Has gacTp monmMMepa BCeraa MeHee YCTOHuMBa K OHMOAECTPYKIUH,
YeM KpUCTaIIMYecKasl.

W3BecTHBI pa3nuyHbIe TEXHOJOTHMYECKHE MOAXOIBI K CO3aHHI0 OHO-
pasznaraeMeIx moauMepoB. Cpenu HUX CIEAyeT BBIACIHUTH CIEIYIOLINe Ha-
TIPaBJICHHUS.

1. Cenexius crielIHagbHBIX ITAMMOB MHUKPOOPTAaHU3MOB, CTIOCOOHBIX
OCYIIECTBIISITh AECTPYKLHUIO TOJTMMEPOB.

JlaHHOE HarpaBjeHUE YBEHYAJIOCh YCIIEXOM TOJIKO B OTHOIIEHHWH MO-
JIMBUHUJIOBOT'O CITUpTA. SInonckue y‘IéHBIC BBIJACIUIIN M3 ITOYBBI 6aKTepI/II/I
Pseudomonas SP, koTopbie BbIpabaTHIBAIOT ()epMEHT, PACIIETIISIONIHNHI 110-
JTUBUHUIOBEINA crimpT. [locie pasnoskeHus Makpouenu e€ GpparMeHTsl 110JI-
HOCTBIO ycBamBaroTcsi OakrepusiMu. bakrepun Pseudomonas noGapistror
K aKTUBHOMY HJIy Ha BOJIOOYHCTHBIX COOPYKEHUSX IS O0Jiee MOTHOW 0YH-
CTKH CTOYHBIX BOJ[ OT 3TOTO ITOJIUMEPA.

2. CwuHre3 OHopazIaraeMpIX MOJIMMEPOB METOIaMU OMOTEXHOJIOTHH.
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[Toxy4eH MUKpPOOHBIN NONMOKCUOYTHPAT, KOTOPBIH 10 CBOMM ILIACTH-
YEeCKHUM CBOMCTBaM 6J'II/I3OK K KJIACCUYECKUM IIOJIMMEPaM — IMOJHUITUIICHY N
noyumponuieHy. [1omMoKkcHOyTHpaT U U3JeNHs U3 HEro JIETKO IMOJAI0TCs
Pa3JIOKEHUIO TOJ JEeWCTBHEM MMKPOOPTaHW3MOB, a Takxke (DEepMEHTOB
I1a3Mbl )KUBOTHBIX TKaHEH. DTOT MOJUMEp NMPHUMEHSIOT HE TOJIBKO B Kaye-
CTBE YIIAaKOBOYHOTO MaTepHania, OTXOAbI KOTOPOTO pa3pyIIaloTCs €cTecT-
BEHHOH IOYBEHHOW MHKpPO(MIOpOH 10 MOHOMEPOB, HO M HCIOJB3YIOT
B XUPYpPIruH U (papMaKoJIOTHH.

Amnrnuiickast ¢upma ICI co3mana HOBBIE TOJIMMEpHBIE MaTEpUAIbI,
MoTy4aeMble ¢ TOMOIbI0 OakTepuii Ha HAaTypalbHBIX cyOcTparax: caxape,
sTaHoie, cMecu ra3oB (CO, u H,). CuHTesnpyeMslii OakTeprusMH OITUMEP —
MOJIN-3-THAPOKCHOYTHPAT — OTHOCHUTCS K TEPMOILIACTaM U IO CBOUM
(¢u3MUeCKUM CBOMCTBAM aHAIOTHYCH mojunponwieHy. OHaKoO OH
HE YCTOMYMB K JEHCTBUIO PACTBOPUTENIEH M HUMEET HU3KYHO TEIIOCTOM-
KOCTb. B mosmu-3-ruapokcuOyTupaT BBOIST JIPYrod MpOAYKT OakTephaib-
HOT'O CHHTE3a — IMOJIU-3-THAPOKCHBATIEPHAHOBYIO KUCIIOTY U MOJIy4aroT Mo-
JIUMEPHYI0 KOMIIO3UIMI0 Biopol™, koTOpas MOJHOCTBIO pa3pyllacTcs
MHKPOOPTaHU3MaMH B TEUCHNE HECKOIBKUX HEJETb.

3. CuHre3 OmopasnmaracMbIX MOJIMMEPHBIX MaTEpPHAIOB, HNMEIOIINX
XMMHYECKYIO CTPYKTYPY, CXOIHYIO CO CTPYKTYPOH IPHUPOJHBIX ITOJMMEPOB.

ITpumepoM Takoro CHMHTE3a SIBISACTCS MOAJAIOUIMNCS OHOAECTPYKLIUH
CIIOKHBIH ToNu3(up amudaTruueckoro psjaa, HMEIOMUN XHMHUYECKYIO
CTPYKTYPY, aHAIOTHYHYIO CTPYKTYpE MOJHOKCH-AIeTOO0yTHpaTa LEJIII0-
3pl. CHHTETUYECKHU TMOJIYYCHBI IMOJMMEPLI — aHaJIOr JIMT'HUHA (MeTOKCI/IOK-
CUCTHPOI); OMOAECTPYKTHPYEMBIN MTOTHAMU; Pa3pyLIAOIIUICS MUKPOOP-
TaHU3MaMH CJIOKHBIM MOMM3(Up, B COCTAaB KOTOPOTO BXOJAT MOJIOYHAS U
(eHMIMOIOYHAS KHCIIOTHI.

4. PazpaboTka MarepuayioB, TPOU3BOAMMBIX C HCIIOJIb30BAHHEM
BO300HOBIISIOIINXCS] OMOIOTHYECKNX PECYPCOB.

B cBsi3u ¢ TeMm, 4TO TpaJWIMOHHBIE WCTOYHUKH CBHIPbS IS CHHTE3a
MOJIMMEPOB OTPAaHWYEHBI, JAaHHOE HAIPaBIICHHWE, MO OIEHKaM CIelnalIH-
CTOB, SIBIISIETCS HauOojee INMEPCIEKTUBHBIM M 3KOHOMHYECKU BBITOJHBIM.
Kpome Toro, OpITyeT MHEHHE, YTO IPUMEHEHHE TAKUX MaTEPHAIOB yMEHb-
IIUT «ITAPHUKOBBINA 3((EKT», TaK KaK BBIPAIIMBAEMOE ISl MX MPOU3BOJACT-
Ba PACTUTEJILHOE ChIPHE MOTJIONIAET YIJIEKUCIBIN ras.

3a mocneaHue TOAbI MIUPOKOE PACcIIPOCTPAaHEHHE MOIYUYHMIN HCCIeI0-
BaHMs B OOJIACTH TPOU3BOJICTBA OHMOpa3iaraeMoil ymakoBKH Ha OCHOBE
MIPUPOJHBIX TOIUMEPOB.

B ynmaxkoBouHOM 0oTpaciay MHPOKO PACIPOCTPAHEHBI INIEHKU HAa OCHOBE
LIEJUTIONO03bl, XUTHHA U XUTO3aHa, XKelaTHHA, MOJUNEeNTUAoB U 1ap. B Ha-
CTosIIIee BpeMsI TIOBBICHIICS MHTEPEC K KpaxMaily Kak K OZHOMY M3 Haubo-
Jee NemEBBIX BUIOB CHIPHS UL OPTraHW3aliy MPOMBIIUICHHOTO TTPOU3BOI-
CTBa OMOIUIACTHKOB.
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Kpaxman — monmcaxapuj, HakaluIMBaeMbId B IpOIECCE KHU3HEAes-
TEJBHOCTH PACTEHUH B MX KIyOHsX, CeMeHaX, CTeOIX U JTUCThIX. OCHOB-
HBIMH WCTOYHHMKaMH JJISI €ro HPOMBIIIJIEHHOTO ITPOM3BOJICTBA SIBIISIOTCS
KapTodenp, NIIeHnIa, KyKypy3a, puc. B pacteHnsx kpaxmai NpHCyTCTBYeT
B BUJIE TPaHyJI, IMaMeTp KOTOpbIX kKojieosercst oT 2 1o 100 MmxM. CTpykTypa
TaKUX HaJIMOJIEKYJSIPHBIX 0Opa30BaHMI CIOXKHA M OKa3bIBAET CYIIECTBEH-
HOE BIMSHHE Ha (U3WYECKHE M TEXHOJOTHYECKHE CBOWCTBA Kpaxmala.
B umcrom Buzpe Kpaxman HE SIBISETCA IUIEHKOOOPA3yIOUIMM BEIIECTBOM,
MI03TOMY €ro IepepaboTka Ha CTAaHAAPTHOM TEXHOJOTHYECKOM 000pyHoBa-
HUH (9KCTPYAEPAX, JTUTHEBBIX MAIIMHAX U JAp.) BO3MOXKHA TOJIIBKO COBMECT-
HO C TUTaCTH(PHUKATOPaAMH.

HOCKOHBKy KpaxMaJl sABJIACTCA TUIHWYHBIM FI/I[[pO(bI/IJ'[beIM IIOoJINME-
poMm, oH MoxeT coaepxathb a0 30...40% cBszanHo Biaru. [laHHOe CBOMCT-
BO T03BOJISIET MCIOJIB30BAaTh BO/Y KaK OJWH M3 Haubojiee TOCTYITHBIX IjIa-
cTuuKaTopoB Kpaxmana. Takoro poxa rmiacTuUKanusi MPOBOIAUTCS MPU
OJTHOBPEMEHHOM BO3/ICHCTBHM TEMIEPATYPhl M MEXaHUYECKHUX HAIPSDKEHUH.
B pesynbrare mpoucXomsT 3HAUMTENbHBIE U3MEHEHHs (PU3MYECKHX M MeXa-
HUYECKUX CBOHCTB Kpaxmaina. [IpuumHa TakmX HM3MEHCHHH 3aKII0YaeTcs
B HEOOpaTUMOM pa3pyIICHUH KPaXMaJIbHBIX TPaHyJI, IPHIEM MEXaHHUECKOe
BO3JICHCTBHE SIBIISIETCS OCHOBHBIM (h)aKTOPOM HEOOPATHMOCTH ITpOLiEcca.

[Tnactudunupyromee neiicTBHe Ha KpaxMall OKa3bIBAIOT TaKKe IIIH-
LEPUH U OJIUTOMEPHBIE MOIUIIUKOIH. OOBIYHO MX HCIONB3YIOT B COYETa-
HUU C BOJOM.

W3 xpaxmana, miacTUQUIMPOBAHHOTO BOJOW WM JPYTUMH THAPO-
KCUJICOAEPIKAIMMH BEIIECTBAMH, METOJJaMH KOMITPECCHOHHOTO MpPEeccoBa-
HUSI ¥ OKCTPY3UH (POPMYIOT TEpPMOILIACTHYHbIE MaTepHaIbl OJHOPA30BOTO
WIN HEJOJTOBPEMEHHOTO NMpuMeHeHHs. CylecTBEHHBIM HEJIOCTAaTKOM Ta-
KHX MaTepuasoB SIBJISIETCS UX IOJBEPKEHHOCTh JIEHCTBHIO BOAbL. [loaTomy
0O0JIBIIIOE YHCIIO MCCIIEAOBAHUM MOCIEIHMX JIET MOCBSIIEHO CMECSM Kpax-
MaJla ¢ APYTMMH NPHUPOAHBIMH ITOJIMMEPAMH, TAKUMH, KaK MEKTHUHBI, IIEN-
JII0JI03a WIIM € TIPOAYKTaMHU HX XUMHUYECKOH Moaudukamm.

DKCTpy3uer cMmecei KyKypy3HOTo Kpaxmalla U MHKpPOKpPHCTaJUINde-
CKOW LEJUTIONO3bI M METHIILEIUTIONO03b ¢ J00aBKaMH IUIACTH(PHUKATOPOB
(monmosnoB) nim 6e3 HUX MOJXY4eHB Chel0OHBIe TUIEHKH, TPeTHA3HAYeHHBIe
JUIA 3alUThl MUIICBBIX IMPOJAYKTOB OT MOTEPHU MaCChl (3a CUET CHIIKECHUS
CKOPOCTH WcTapeHus Biark) U nopuu. [Inéuku obnamaloT BHICOKOH copO-
OHHOW CIIOCOOHOCTBIO (B TOM YHCJIE K PAJAMOHYKIHIAM, HOHAM TSDKENBIX
METaJUIOB M MHBIM BPEIHBIM COEIMHEHMSIM), YTO NPENOTNpPEICIsIET UX I0-
JIOXHTENbHOE (Pr3noIOTHUecKoe Bo3aelcTBHe Ha opraHu3M. CriocoOHOCTb
CheNOOHBIX TUIEHOK yIepKHBaTh (MMMOOMIIM3HPOBATH) Pa3IMYHBIE COEIN-
HEHHUS MTO3BOJIAET 000TAIATh NPOIYKTHI MUTAHUS MOJIE3HBIMH BEIECTBAMHU
(MUHEpaTbHBIMU COJSIMH, BHTaMHHAMH, KOMIIEKCAMH MHKPOAJIEMEHTOB
U T.II.), KOMIICHCUPYS NePHUINUT TAKUX HEOOXOIUMBIX 4eJIOBEKY KOMIIOHEH-
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TOB M. BO3MOXHO BBE/ICHHE B CheOOHYIO INIEHKY CICIMATbHBIX 100a-
BOK (apoMaTH3aTOpOB, KpacuTeneil) Uil peryInpoBaHus BKycoapoMaTuie-
CKUX CBOMCTB YIaKOBaHHOI'O ITHIIIEBOTO NPOAYKTa. METOZOM WHKEKIMOH-
HOrO ()OPMOBAHUSI TOJYYEHBI IUIACTU(QHUIIMPOBAHHBIE TPUALETHITIUIEPH-
HOM TEPMOIUTACTUYHBIE IUIEHKH U3 CMecH KapTO(eIbHOTO WM KYKypy3HO-
ro KpaxMaioB ¢ auaretoM memtonossl (JALL). ITo cBomM MexaHHYeCKUM
CBOMCTBaM OHHM OJM3KM K IUIEHKAM W3 MOJIMCTHPOINA, HO CIIOCOOHBI K OMO-
nerpaganyy. [Tpomecc 6nopas3noxeHus: KOMITO3UIIMOHHBIX TUIEHOK HaYHHA-
eTcsl ¢ KpaxMana U ITacTU(GUKATOPa; MOCHIE Yero MPOUCXOJUT HETIOCPECT-
BeHHas gectpykuus JALl. ITnéakn HEyCTOMYUBEI B MOPCKOM BOZE, HO MO-
TYT IIPUMEHAThCA Kak OMopasiaraeMble HETOKCHUYHBIE TUIACTHUKH Ul KpaT-
KOBPEMEHHOT'O MCIIOJIb30BAHUS Ha BO3IYXE.

Emé ogHUM MeToI0M, MO3BOJISIONIMM MOJTYYUTh MaTepHalbl Ha OCHO-
BE Kpaxmaja, SIBJISIETCSl €ro XMMHUuecKkas MOoAM(UKANUs, 3aKITI0Yarouascs
B INPOBEJICHUU TOJIMMEPAHAIOTHYHBIX MpEeBpalleHui (Jamie BCero myTéM
sTepu(UKAIMN THAPOKCUIIBHBIX TPYII) WM BO BBEICHHH B MaKPOMOJIEKY-
Ny monucaxapuaa (pparMEeHTOB MHOW XMMHYECKOW NpUpOs! (TIOydeHUe
TIPUBUTHIX COTIOINMEPOB).

3HAUYNTETHHO MEHBIIEH TMIPOCKOIMYHOCTHIO, YeM HATHBHBIH Kpax-
MaJl, 00JIaJafoT ero areTWIMPOBaHHbIE MPOXYKTEL. OMHAKO ameTaTsl Kpax-
Majia MeHee CIIOCOOHBI K OMOPa3N0oKeHUI0, TaK KaK dTepUPUKAIHS TPEIsT-
CTBYET BO3JECHCTBHIO SH3MMOB Ha KpaxMaJl.

W3 BbICOKO3aMENIEHHOTO aleTaTta KyKypy3HOro Kpaxmaia Mo IKCTpy-
3MOHHOW TEXHOJIOTHUH IIOJy4EHBbI BCIICHEHHBIE YIIAKOBOYHBIE MAaTEPHAJIbL,
MO MJIACTUYHOCTH M TPOYHOCTH MPHU CKATUH MPEBOCXOISIINE BCIIEHEHHBIE
MOJIMCTHPONBL. B KadecTBe NEepCIeKTHBHBIX KOMIIO3WNMI IpeiararoTcs
CMECH allWJIbHBIX ITPOM3BOAHBIX KpaxMaia ¢ APYruM OMopasiaraeMbIM MO-
JMMEPOM — TIOJIN-3-TaJpOKCUOYTHPATOM.

Ha MupoBoM pbIHKE YITaKOBKHM TpyTIa OMopasiaraeéMbIX INIACTUKOB Ha
OCHOBE TPHPOAHBIX MOJMMEPOB TpeAcTaBieHa Marepuanamu Novon™,
Biopac™, Bioceta™, Bioflex™ (ta0. 6.1).

Co3anne KOMIIO3HMLUH, COJIEpPKAIINX KPOME BBICOKOMOJIEKYIISIPHOM
OCHOBBI OPraHMYECKHE HANONHUTENN (Kpaxmal, LeJII0N03y, aMuiIo3y,
aMMJIOTNIEKTHH, NEKCTPUH U Ap.), SIBISAIOIIHECS NMUTATEIbHOM Cpenon st
MHKPOOPTaHH3MOB.

Hanbosnee meméBbIM METOAOM IMOIYYCHUS KOMIIO3HMIIUN «IIOJIMMEpP—
HAIOJTHUTEIIbY SBIISETCS NPSAMOE CMEIIMBAaHNE KOMIIOHEHTOB. B TakoM ciy-
Yyae HaIroJHUTENb IPUCYTCTBYET B IUIACTHKE B BUJE KOHIJIOMEPATOB pa3zMe-
pom 10...100 Mmxm. BennuuHa MaxkpouyacTHUI] ONPeNENeTCsl SJHEPTuen Mex-
(ha3HOTO B3aMMOJECHCTBHS U CIIBUTOBBIM HAIPSDKEHHUEM B IIPOLIECCE IKCTPY-
3un. [lomy4eHHbIH U3 TaKOM cMecH MaTepHhai SBISETCS YacTHYHO Omopas-
JaraeMbIM, TaK KaK MaTpHIla CHHTETHYECKOTO TOJIMMEpa B JIy4IlleM cllydae
pacnasaercsi Ha KyCOYKH.
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[Ipu cMemnBaHUM HAMOJHUTENS C CUHTETHYECKUM IOJMMEPOM Ha
MHKpOYpOBHe (pa3mep udactuil MeHee 10 MKM) KOMIIOHEHTBI cMecu oOpa-
3YIOT B3aUMOIIPOHUKAIOUIYIO CETYaTyI0 CTPYKTYpY, KOTopasi oOecrieunBaeTr
HaIloJIHEHHOMY TonmuMepy 3¢ dexT nonoaauTensHoN aecTpykuun. Kak nuz-
BECTHO, HAIIOJIHUTENIb MOXET CKAaIlIMBAaThCS B MEHEE YIOPSAOYEHHBIX 00-
JacTsx monmuMepa. Kpome TOro, mioTHOCTh YIMAaKOBKH MakKpOMOJIEKYN B
TPAaHUYHBIX CJIOSIX CHUCTEMBI «IIOJIMMEP—HAIIOTHUTEIb» TMPHOIU3UTEIHEHO
BJIBO€ MEHBINIE, YeM B OCTAIFHOM O0BEME HEYNOPAIOUYEeHHOH (a3l momm-
Mepa. [ToaToMy Npy yHHYTOXKEHUH HANIOIHUTENS OaKTEpHAMH o0erdaeTcs
JOCTYII MHKPOOPIaHM3MOB K MEHEE CTOHKOH IO OTHOIIEHHWIO K OHOmecT-
PYKIIMH 9acTH TIOJIUMEpA.

Buopaznaraemeie MaTepuaibl ¢ aKTUBHBIM PACTUTEIHHBIM HAIIOJIHUTE-
JIeM BIEpBbIE MOSIBIIIUCH Ha ynakoBouHoM peiHke CLIA, Utanuu u ['epma-
HuK B 70 — 80-e rr. XX B. DT0 ObUIM KOMIO3UIIMHU Kpaxmala ¢ pa3IndHbIMU
CHUHTETHYECKUMH nonuMepaMu. Ilo cpaBHEHHUIO ¢ TepMOIIaCTaMU Ha OCHO-
B€ IJIACTHU(UIIMPOBAHHOTO KpaxMayia OHHM yJayHO COYETalId TEXHOJOTWY-
HOCTb M BBICOKHE JKCIUTyaTallHOHHBIC XapaKTEPUCTHKH, IPHUCYIIHE CHHTE-
THYECKOMY KOMIIOHEHTY, CO CIOCOOHOCTBIO K OMOAECTPYKIUH, O00YCIIOB-
JICHHOHM HAJIMYMEM B MX COCTaBe IPUPOJHOTO HonnuMepa (Kpaxmaa).

Yamme Bcero KpaxmaiaoM MOIU(GHIMPOBANN MOIHMITWIEH — IUIACTHK,
Hanbosee BOCTPEOOBAHHBIM HE TOJIBKO B MHIYCTPHU YIIAKOBKH, HO MMEIO-
MU IWHAPOKUM IUana3oH NPUMEHEHUS B IUILEBOM M JIETKOM NMPOMBIIIIEH-
HOCTH, MEJUIINHE, CETILCKOM XO3SICTBE, CTPOUTENBCTBE U APYTUX OTpac-
nax. Mg momydeHMs TEpMOIJIACTUYHBIX CMecell  «IoiMMep—Kpaxmain)
noJMcaxapuJi 0ObIYHO IIACTH(UIMPOBAIH TIHLIEPUHOM U Bopoi. Cmern-
BAaHHUE KOMIIOHEHTOB OCYIIECTBISUIOCH B JKCTpyJepe NpH TeMIeparype
150 °C, oOecneuuBaromieil XOPOIIYIO JKEIATHHH3ALHUIO TOJHcCaxapuaa U
oOpa3oBanmne naByx¢asHOi cmecu. buopasznokeHne KOMITIO3UIMOHHOTO
MaTepHaa, NOJIyYeHHOTO 110 TaKOH TEeXHOJIOTHH, HAYMHAJIOCh C MTOBEPXHO-
CTH TUIEHKH, OOOTaméHHON Kpaxmanom. /Ui MHTeHCH(UKau Onomect-
PYKIMH B COCTaB KOMIIO3HLHMI BBOJAT (POTOCEHCHOMIM3ATOPHI MIIM CaMo-
OKHCIIAIOImMeCS 100aBKH, BBI3BIBAIOIINE ACCTPYKLHUIO MOIMMEPHOH Ienu
¢ 00pa3oBaHMEM YYacTKOB, JOCTaTOYHO MalbIX U TOTO, YTOOBI OBITh
YCBOEHHBIMH MUKPOOPIaHU3MaMH.

Cpenn KOMMEpPYECKHUX MPOTYyKTOB, H3TOTOBJICHHBIX HA OCHOBE KOMIIO-
3HIUN «HIOMUATHICH—KpaxMail», ClIieAyeT Ha3BaTh Pa3paOOTaHHBIA (UpMO
Archer Daniels Midland (CIIIA) xonnentpat Pol yclean™ st mpousBoa-
cTBa OnopasnaraeMsix EHOK. Kpome kpaxmaina (40%) B ero cocraB BXO-
JUT OKMCIISIOIAs 100aBKa, NEHCTBYIOIIAs KaK KaTalu3aTop OMoJecTpyK-
LIUM Kpaxmaja He TOJIBKO Ha CBETY, HO U B TEMHOTE. JlecTpyKIms Kpaxmaia
o0Jier4aeT 10CTYN MHKPOOPTaHW3MOB M KHCJIOPOZA K TIOBEPXHOCTH MOJIH-
Mepa, T.e. HaOiroqaeTcsi CHHeprudeckuit 3 dexr.
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dupma St Sawrence Starch (CIHA) npemmaraeT KOHIIGHTPAT
Ecostarplus (1m), pa3paboTaHHBI COBMECTHO CO INBEHIIAPCKOW (upMoi
Roxxo Group. OH cOIEpKUT CaMOOKUCIIUTENh U (POTONETpaiaHT (OpraHo-
METaUIMYECKHUE COJIM), KOTOPBI CHHEPTrHYeCKH B3aUMOJEHCTBYET ¢ OHo-
paspylIaionMM KOMIIOHEHTOM — KpaxMmaloM. Marepuall HCIoJIb3yeTcs
B KayecTBe J00ABKH MPU U3TOTOBJICHUH MELIKOB MO KOMIIOCT.

Kpaxman mioxo cOBMECTHM C HEMOJSIPHBIM MOJIHATUIICHOM, [TO3TOMY
COBPEMEHHBIE HCCIICIOBAHKA MO YITyUYIICHHIO CPOJCTBA IPHPOIHOTO U CHH-
TETHYECKOT0 ITOJIMMEPOB POBOIATCS B IBYX HAIPABICHUAX:

1) momydeHme cMmecelt Kpaxmaja ¢ CONOIMMEPAMHU 3THIICHA WIH APY-
rumH, 6oee IOJIAPHBIMU MTOJIUMEPAMH;

2) MoauduIUpoBaHHE KPaxMajoB C LEJbI0 TMOBBIIIEHHUS UX COBMEC-
TUMOCTH C TIOJIMITUIICHOM.

Hawnbonee yacto B cMecsX C KpaxMajoM HCIOJB3YIOT COMOJIMMEPHI
sTHieHa ¢ BuHWiIaneTatoM (COBA) miun mpomyKThl OMBUICHHUS aleTaTHBIX
TPyl B TakWX comonuMmepax. M3ydeHbl TakKe KOMIIO3WIIMM Kpaxmaia
C COTIOJIMIMEPOM ATHJIEHA U MTPOIHIIEHA — ITOJTUCTHPOIIOM.

OKCTpy3Heil MONYydYeHBl CMECH KpaxMalloB BOCKOBOH KyKYpY3BL,
a TaKkXKe BBICOKOAMHIIO3HOTO Kpaxmaina Mapku Hylon ¢ comonmmepom 3TH-
neHa u BuHMIoBOro crupta (OBC, 56% 3Bense CH,CH (OH)). Xopomio
(bOpMYIOTCS KOMITO3UIIMHM KpaxMasia ¢ CONOINMEPOM 3THIIeHA, IPOIWIICHA 1
MaJICMHOBOTO aHTHIPHUIA, a TAKKE C COMOIMMEPOM IOJMCTUPOIIA U MaJleu-
HOBOro anruapuaa. OHu 00JIaAIOT yIOBIETBOPUTEIBHBIMA MEXaHHUYECKHU-
MH XapaKTepUCTUKaMH M CIIOCOOHBI K OHOPA3NIOKEHHUIO IMOJ JeHCTBHEM
crop rpubkoB Penicillium fimiculogum, npuuém OGuonerpananus odyierda-
eTcsi C TOBBIIICHHEM COAepKaHus Kpaxmana. [Ipu MamoM conepskaHuu
Kpaxmaja €ro rpaHyJibl OCTAaroTCSl KalCyJIMPOBaHHBIMH B CHHTETHYECKOM
MOJIMMEPE U TIOATOMY TPYTHOIOCTYITHBIMH JIJIsI MUKPOOPTaHHU3MOB.

B oTHOIIEHWH ynydYlIeHHs CPOACTBA C HEMOJAPHBIMH IOJIUMEPaMH
THIIA MOJHATHIICHA U MOJHIIPOIIIICHA EPCIICKTUBHBIME SBIISIOTCS S(HPEI
Kpaxmalia ¥ BBICIIHX KUPHBIX KHACIOT. [Ipnuém adupHbIe Tpynmsl ¢ ITHH-
HBIMH aJIKIJIBHBIMH paJuKalaM{d He TOJBKO YBEJIHYHBAIOT COBMECTUMOCTb
KpaxMaja ¢ HEeMOJAPHBIM CHHTETHYECKHM KOMIIOHEHTOM, HO ¥ ACHCTBYIOT
KaK BHYTpeHHHe mactudukaTtopsl. OZHAKO CKOPOCTh OMOAETpagaliil Ta-
KUX KOMIIO3UTOB IO CPAaBHCHUIO CO CMECIAMU ((HOJ'[I/ISTI/IJ'ICH*HCMO)II/I(bI/II_II/I-
pOBaHHBIN KpaxMail» MEHbIIE.

W3 cMecn noJMATUIIEHA BHICOKOTO JAaBJICHUS M KpaxMala, MOAU(HIIN-
POBaHHOTO BBEICHHEM B €T0 MOJIEKYJIbI XOJIECTEPHHOBBIX OCTaTKOB, MOJY-
YeHBI pa3ayBHbIE IUIEHKHU. [10 cpaBHEHUIO ¢ MaTepHalaMH Kpaxmaia IUEH-
K1 Ooiee OJTHOPOJHBI M XapaKTepu3yIoTcs Ooipliel mpoyHocThio. 1x 6mo-
Jerpajganys B KOMIIOCTE MPOXOIUT ObICTpee, YeM IUIEHOK U3 CMECH «IIOJH-
STUIICH—HEMOIU(DUINPOBAHHBII KpaxMai», OYEBHIHO, 3a CUET pa3pbIXiie-
HUS CTPYKTYpPbI Kpaxmaia KpyITHBIMH X0JIECTEPHHOBBIMU (pparMeHTaMu.
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[MTonydeHue u uccieqOBaHUE CBOMCTB CUCTEM Ha OCHOBE XMMHUECKH
MOAM(MUIIMPOBAHHOTO KpaxMalia MoKa el MMEeeT 3HAUYUTEIbHO MEHbIIee
3HaYeHHE, YeM CHUCTEM Ha OCHOBE CMECH HATHBHOTO Kpaxmaya C JIpyTrUMHA
TTOJIMMEPAMH.

HawnGoree U3BECTHBIM M KPYITHOTOHHA)KHO BBIITYCKa€MbIM CHHTETHYE-
CKUM TIPOJYKTOM, COZEp’KallM B KadeCTBE aKTHBHOTO OHOpa3iaraeMoro
HATIOJTHUTENS Kpaxmall, sBisercs marepuan Mater-Bi™ (mapku AT O5H,
AF 05H, A 105H, AB 05H, AB 06H, AF 10H). Ero npowmsInmieHHOE TIpO-
n3BOACTBO ocymecTBisieT ¢pupma Novamont S.p.A (HUrammst). Kommnosur
MOTy4al0T Ha OCHOBE CMECH KpaxMaJla C TIOJIMKAIPOIAKTOHOM HITH 3THJICH-
BuHWIOBEIM crupToM (DBC). OH BBICOKO 3KOHOMHYEH, IOJBEPracTcs
BTOpUYHOMW mepepaboTke. Pazmaraercs B mouBe Kak B a’dpoOHBIX, TaK U B
aHa’POOHBIX YCIOBUSX O€3 BBIJEJICHUS! BPEOHBIX IIPOAYKTOB U TBEPABIX
octaTtkoB 32 60 cyTok. B a’poOHBIX YyCIOBHSX NMpH OHOIETpaalvy IOJ
BIIMSIHUEM MHKPOOPTaHW3MOB COOTHOIIEHHE KpaxMaia K MOJHKaIpoJIaKTo-
HYy COXpaHsieTcsi MOCTOSIHHBIM (54 : 46); B aHa’pOOHBIX YCIIOBUSX OMoje-
rpajanys uAET MPEenMYIIEeCTBEHHO 3a cYET Kpaxmaia. JlaHHBIN Marepuan
CIIOCOOEH TaKXe pas3iararbesi B BoJE U KoMmocTte. B BonHOI cpene miactu-
¢ukarop OICTPO BBIMBbIBaeTcsa. OCHOBHBIE CIIOCOOBI epepabOTKH (B 3aBH-
CHMOCTH OT MapKH) — 9KCTPY3us (B TOM YHCJE C MOCIEIYIOINM pa3lyBa-
HHEM 3arOTOBKH), TEpMOGOPMOBAHHE, JIUTHE MOJ AABICHUEM, IITAMIIOBKA.
ACCOPTHMEHT BBIITyCKAEeMbIX W3EIHH: MAKEeThl; YIAKOBKa AJSI MEJUKAMEH-
TOB, CTaKaHYMKH, TPOOKU; KPBINIKK; (IAKOHBI Ui THaphIOMEpHO-
KOCMETHYECKUX TOBapoOB, MOPOLIKOOOPA3HBIX BEUIECTB, CMa3oK H [Ip.;
TIEHOYHBIE MaTepuaibl C BHICOKOH KHUCIOPOJOHETPOHUIIAEMOCTHIO (MapKa
AF 10H).

Takum 00pa3oM, CIIOCOOHOCTH MOJIMMEPHBIX MaTEepHaIoB K OHOMIECT-
pyKuuu o0ycioBiIeHa IJIaBHBIM 00pa3oM MX XMMHUYECKHM COCTaBOM, CTPYK-
TypOH M CBOMCTBaMH MaKpOMOJEKyJ. Bmecre ¢ TeM Ha yCTOMYMBOCTH IO-
JUMEPOB YIAKOBOYHOI'O HA3HAYCHUS K OMOJOTMYECKOMY DPa3IOKEHHIO
OoJIbIIIOE BIMSIHHAE OKa3bIBAIOT HEKOTOPBIE MAKPOCTPYKTYPHBIE XapaKTepH-
CTHKM (BEJMYMHA IMOPUCTOCTH, PABHOMEPHOCTH pAaCIpeneNeHus] J00aBOK
B TOJHMEPHOI Macce, OCOOCHHOCTH OOpabOTKH ITOBEPXHOCTH W3AEIHN
U T.I1.), @ TAKKE TEXHOJIOTHUECKHE MapaMeTPhl U3TOTOBJICHUSI MaTepHaa 1
ero nepepabOTKH B yIIaKOBKY.

Hawnbosee mOCTynHBI U HaxosT BCE OoJbliee MPaKTHYECKOE MpUMe-
HEHUE B MHAYCTPHUU YIIAaKOBKM MaTepualibl Ha OCHOBE KpaxMalla WJIM €ro
CMecel C CHHTeTHYECKMMH TI0JIMMEPaMH, CBOHCTBA KOTOPHIX, B TOM YHCIIE
1 CHOCOOHOCTH K OMOPA3I0KEHUIO, 3aBHCAT OT COBMECTUMOCTH KOMITOHEH-
TOB M CTPYKTYPHI TIOJTydaeMbIX cucTeM. Llenp HoBeHmmX pa3paboTok B 00-
JacTH co3AaHus OMOpasiaraeMbIX IIACTMACC YMAKOBOYHOTO HAa3HAYCHHMS
COCTOMT B TOM, YTOOBI YCTaHOBHTH OOIIME 3aKOHOMEPHOCTH B IOIOOpe
KOMITOHEHTOB U TEXHOJOTMYECKUX IapaMeTpOB IPH H3TOTOBJICHUU MaTe-
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pHYaoB, COYETAOIIMX BBICOKMM YPOBEHb JKCIUIYaTalMOHHBIX XapaKTEpHU-
CTHK (IPOYHOCTB, HU3KYIO TA30MPOHUIIAEMOCTb, IKOJIOTUUECKYI0 Oe3omac-
HOCTb, XOPOIIYI0 (POPMYEMOCTh H JIp.) CO CIIOCOOHOCTBIO K OMOpasiioxke-
HUIO, ¥ HAYYUTHCS PETYJIMPOBATH IPOLECCH UX JIECTPYKIMHU JJIsl obecrede-
HUsI OBICTPOH M O€301IacHOM JIerpaalliy yIIaKOBKH M0 OKOHYaHWH CpPOKa €€
CITYyKOBI.

OnHako, BcE HE TaK MPOCTO M HE HACTOJBKO ONTHMHCTHYHO, KaK Ka-
XKeTcs Ha mepBblid B3MiA. [lepexon K IPOU3BOACTBY M HOTPEOJICHHIO OUO-
pasaraeMbIX MOJIMMEPHBIX MaTepHAaIOB BOBCE HE 03HAYAET OKOHYATEIbHOE
pelIeHre BOIPOca OXPaHbl OKPYKAIOIIEH cpeabl OT MCIOJIB30BAaHHON MO-
JMMEPHOH YIAaKOBKH, Tapbl M APYTUX BBIMEIMHNX U3 YHOTPEOJICHUS n3ie-
nuit u3 nonumepoB. CylnecTBYeT IENbl pAa HPUYMH, KOTOpBIE SBHO
HE OCTaBIISIIOT MECTO ONTHMH3MY IpH 00jee KPUTHYECKOM PacCMOTPEHHUH
BOIIpOCa:

— TpPYIHOCTh PETYJIHMPOBAHUS CKOPOCTH paclaja Ha CBajJKax MOA
BO3JICHCTBHEM (DAKTOPOB OKPYKAIOIICH CPEIIBL;

— JIOBOJIbHO BBICOKAsl CTOMMOCTb HOJINMEPOB, CIIOCOOHBIX pasiararh-
Csl TIOJ BO3ZCHCTBHEM (haKTOPOB OKPY’KAIOIICH Cpelbl, B TOM YHCIE IO
JeHCTBIEM MUKPOOPTaHM3MOB;

— TEXHOJOTHYECKHe TPYAHOCTH MPOU3BOACTBA OMOpA3NIaracMbIX I0-
JIMEPOB;

— 0e3BO3BpaTHAs MOTEPs LEHHBIX CHIPHEBBIX PECYPCOB, B TOM YHCIE
IMHUIICBBIX, OCO6CHHO C y‘IéTOM HaJln4yuAa rojioga B OTACIBbHBIX PETHOHAX
MHpa, HE JOKa3aHO CHMKEHHE OIACHOCTH OTPHLATEIBHOIO BO3/CHCTBUS
MaTEpHUaJIOB U IIPOAYKTOB UX pacnaaa Ha NpUPOLy U KUBOTHBIM MUP.

[TosTOMYy, IO MHEHHIO psiia CIELHAINCTOB, N30aBIEHHE OT OTXOJIOB
MOJIMMEPOB ITyTEM CO3aHMS U MPUMEHEHHUs ObICTpOopas3iaraeMbIX MaTrepua-
JIOB JIOJDKHO MMETH KOHTPOJIIpYEeMOe IPUMEHEHHUE, a BO3MOXKHO, M OTPaHH-
YEeHHOE.

Kpome Toro B camMoil HHOyCTpUH IUIACTMAcC, Ja M 3a €€ mpeaeiaMi,
Bc€ yanie o0cyxkaaeTcs Bonpoc: «OnpaBaaHo JIM MOPAIBEHO HCIOJIB30BaHUE
CEIIbCKOXO3SIMCTBEHHOTO CHIPBS VIS TPOU3BOJICTBA IUIACTHKOB, €CIIU B MHUPE
cymiecTByeT rojon?» VHBIMU cloBamMH — HE 3a0HpaioT U (PUPMBI-TIPOU3-
BOJUTEIH Y TOJIONAFOLINX ITIICHHITY?

B oTBeT KOMNaHMs NPUBOJMT TapagoKcalibHbIe HU(pbl. OKa3bIBaeTCA,
B IUIy UAET Jumib 1% 3epHOBBIX, MIPOU3BOAUMBIX B Mupe. OKOJIO0 MOJI0BU-
HbI BCCTO YypoOiKasd HMCIOJB3YCTCA B KaUC€CTBEC KOpMa IJIsd KUBOTHBIX. EH.[C
10% unér Ha U3roTOBJIECHUE caxapa U caxapo3ameHnuteneil. «IIpousBoaurs
OuopasnaraeMble MaTepuaibl He O3HAa4aeT B MPSMOM CMBICIIE ClloBa OpaTth
xJ1e0 ¢ uyxoro crona, — yreepxkaaer [lar I'pyOep, npeacraBurens GupMsl. —
EBpomna, CILIA BEIpaminBarOT OrpOMHBIC KOJMYECTBA MIICHUIIBI, HE TPeIHA-
3HaYCHHBIC IS MUIIH. MBI e MOXKEM HCIIONIb30BaTh JakKe CTEONH KyKY-
PY3HBIX pacTeHHH B Ka4ecTBE ChHIpbs. ['0JI0 — OYeHb CJIOKHAsE KOMIUIEKC-
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Has mpobaema. Ckopee, 3TO MOJUTHIECKUI BOIIPOC, HEXKENN TEXHOJIOTUYEe-
ckuii. Ero perieHue BBIXOJUT 32 PaMKH YCHIIHIA 110 CO3JaHUI0 OHOTIOJIMME-
poB». Cdepa npuMeHeHHsT BO30OHOBIISIEMBIX PECYPCOB rOpas/io MIKMpE, YeM
nHIycTpus 1uactMacc. Ha mpou3BOACTBO IUIACTHKOB YXOAWT MeHee 1%
OT MHUPOBOH 10OBIYM HEPTH.

BHe 3aBHcHMOCTH OT TOTO, OyAyT M B OJIDKaiiiee BpeMsi HCTOIIECHBI
MHPOBBIE 3arachl He()TH, OMOAETPagaHThl IPUBIEKYT K cebe emé Oomblie
BHUMaHUS. YKe ceddac IIeHbl Ha He()Th W IMPUPOJHBIN Ta3 M UX MOCTaBKU
KpaitHe HecTaOmibHEL. OmmH 3TOT (hakTOp MOOYXKIaeT MPOU3BOAMTENEH
HCKaTh albTEPHATHBHOE CBHIPHE IS MPOM3BOACTBA HonmnMepoB. ChIpbE ke
PacTUTENbHOE, MPUPOTHOE, JIETKO MOJBEPTAIOIICECs Pa3JIOKEHUIO, — JIyd-
IIMH BBIXOA. A TEXHHYCCKHE XapaKTEPUCTHUKH OMOAETPaIaHTOB Ha JaHHBIN
MOMEHT HE YCTYIAIOT UX «HEPTSIHBIMY aHAJIOTaM.

Amnanus JIATEPATYPHBLIX JaHHBIX ITOKa3bIBAC€T, 4YTO I/IHTeHCI/I(bI/IKaHI/IH
HCCIIeIOBaHUH B 00JIaCTH CO3aHMsI OMOpa3iaraeMbpIX MOJIMMEPOB Ba)kKHA HE
TOJBKO ISl JJbHEWIIEro YCIHEUIHOTO Pa3BUTHs phIHKA OWopasiaracMoin
MOJIMMEPHOHN YITaKOBKH. JTO OJTHO W3 MEPCIEKTUBHBIX HANpaBICHUH perie-
HUS TIIO0AIBHOM 3KOJIOTHYECKOI MPOOJIeMBl, CBSI3aHHOW C 3arpsisHEHHEM
OKpYXKalomIel cpeasl OTXOAaMH MOJIMMEPHBIX MaTepHasoB.

6.3.2 BBAUMO/IE/ICTBUE BOPA3JIATAEMbBIX TJIACTUKOB
C OKPY)XAIOIIEHN CPEJION

Tpa}II/IHHOHHO IJIaCTUKKU U3TO0TABJIMBAIOTCA U3 UCKYCCTBCHHBIX CUHTC-
THYECKUX TOJIMMEPOB, KOTOPBIC UMCIOT CTPYKTYPY, HE BCTPEUAIOIIYIOCST B
NPUPOJIE, COOTBETCTBEHHO, OMOPA3NIOKEHUE HEBO3MOXHO. Tak Kak B IO-
CJIeJTHEE BPEMs SKOJIOTHYECKas MPodiieMa He TepecTaéT OeCITOKOUTh, OBLTH
pa3paboTaHbl HOBBIC MaTePHAIBI, KOTOPBIE HE YCTYIAIOT MO0 CBOUM CBOWCT-
BaM OOBIYHBIM IUTACTHKAM, HO SBJISAIOTCS OmopaszmaraeMbiMu. OHH coxpa-
HSIOT KCIUTYaTallMOHHBIC XapaKTEPUCTHKU TOJIHKO B TEUCHUE MEpHO/a IO-
TpeOJeHus, a Jaiee MOIBEpraroTcs ACUCTBHIO (DaKTOPOB OKpYKaIOMIeH
Cpenbl, B XO/€ Yero MPOUCXOIAT (U3UKO-XUMHUYCCKHE U OHMOIOTHIECKUE
npespaieHus (puc. 6.1).

B 3aBHCHMOCTH OT CTPYKTYPHBIX XapaKTEPUCTUK KaXKIOTO TOIHMEPA,
YCTaHABIMBAIOTCSI CIIOCOOHOCTh pasjaraTbCs M YCBaMBATHCA MHKPOOpTa-
HU3MaMu.

buopasnoxenue — 3To npolece, B pe3ysibTare KOTOPOro NOJIUMEPHBIH
MaTepuan pasiaraercs rnoj JIeiCTBUEM OMOTHUECKUX KOMIIOHEHTOB (3KHMBBIX
opranu3zMoB). Ha 3ToT mporiecc BiusitoT MHOTHE (DAaKTOPBI: IEMOYKH, (hep-
MEHTHI, YYaCTBYIOIIKE B TpoIiecce, YCiuoBus peakmuid. [Iporece, mpu xoto-
POM HEOPTaHWYECKOE BEIECTBO MPEBPAIACTCS B OPraHMYECKOE, Ha3bIBACT-
csl MEHEepanm3anuei [24].

B ocHOBe OHMOpa3IOKeHUs JeKaT PEeaKIMd, OCHOBHIBAIOIIUECS Ha
OKHCIICHUH U THAPOJIH3E.
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Puc. 6.1. Llux1 sku3Hu OHopa3naraeMoi ynakoBKu

[IpupoaHbIC ¥ CHHTETHYECKHE MOJUMEPHI, KOTOPHIC JISTKO MOIBEpra-
FOTCS TUAPOIH3Y, O0NAaTar0T BBICOKOW CIIOCOOHOCTHIO K OHOICCTPYKITUH.
Ecnu B monuMepHO¥H 1ienu NPUCYTCTBYIOT 3aMECTHTENH, TO OHMOACCTPYKTH-
pyeMocTh nioBbImaercs. OHa TakKe 3aBUCHT OT CTETICHH 3aMEIICHUS IIETTH 1
JUTMHBI €€ YJacTKOB MEXAY (PYHKIIMOHAIEHBIMHU TPYIIIIaMH, THOKOCTH MaK-
POMOIIEKYIL.

BenmunHa MOJIEKYJT IIOJTMMEPA ABJISIETCS BaXKHBIM (DAKTOPOM, KOTOPBIH
ompenesieT CTOMKOCTh MOoMMepa K OnopasiokeHuio. Eciu MoHOMEpH! Wi
OJIMTOMEPBI MOTYT OBITh TTOPAKCHBI MUKPOOPTraHM3MaMU U CITYKaT JJIS HUX
HUCTOYHHUKOM YTJIEPOMa, OJMMEPHI C OOJIBIION MOJNEKYJIIPHONH MacCoi sB-
JITIOTCSL CTOMKUMH K JISHCTBUIO MHUKPOOPTaHM3MOB. broaecTpykiuio 60J1b-
[IMHCTBA TEXHUYECKHUX MOJIMMEPOB, KaK MPABUJIO0, HHUIIMHPYIOT Ipoliecca-
MU HEOMOJIOTHUECKOTO XapakTepa (TepMudeckoe W (HOTOOKHCICHUE, Tep-
MOJTU3, MEXaHWYeCKasl Ierpajialiis U T.I1.). YTIOMSHYTBIC JerpadalliOHHBIC
MIPOIECCHI MPUBOMAT K CHIDKCHHIO MOJICKYJISIDHOW Macchl monumepa. [lpu
9TOM BO3HHKAIOT HU3KOMOIEKYIISIPHBIE OMOACCHUMIIIUPYEeMble (DparMeHTHl,
AMEIOIIKE HA KOHIAX IENH THAPOKCHIBHEBIC, KapOOHMIFHBIC WIH KapOOK-
CHJIbHBIE TPYIIITHI.

HaamounekynsipHass CTPYKTypa CHHTCTHYECKHX ITOJUMEPOB SIBJISCTCS
HE MEHEe 3HAYMMBIM (DAKTOPOM, KOTOPBIH OKa3bIBAET BIHSHHE Ha OHOMEC-
rpaganuio. OrpaHnyeHrue HaOyXaHHs B BOJEC M MPEISTCTBUEC MPOHUKHOBE-
HUS (DEPMEHTOB B TOJIMMEPHYIO MATPHILy, MPOUCXOTUT Ojaromaps KOM-
MAKTHOMY PACIOJOXKCHUIO CTPYKTYPHBIX MOJYKPHUCTALUTHUECKUX M KPH-
CTAJUIMIECKUX (PparMeHTOB. DTO 3aTPyIHSET BO3JICHCTBHE (EPMCHTOB HE
TOJIEKO Ha TJIABHYKO YTJICPOJAHYIO IIEMb MOJMMEpa, HO U Ha Omopaspyiiae-
MBbIe YacTH enu. Kpucrammnieckas 4acTh OJIMMEpa Beeraa Ooiee cTorka
K OMOIECTPYKIINH, YeM KpHcTaiuImdeckas [25].

PasnoxeHre monuMepoB HaYMHAETCS ¢ (parMeHTAlNH, KOTJa IOJH-
Mep, B pe3yJbTaTe BO3JCHCTBUS OMOTHUYECKHUX WM a0MOTHYECKUX (HaKTO-
POB IMOABEPracTCs XMMUYECKOMY PACUICHCHUIO, IPUBOIAIIEMY K MEXaHH-
YECKOMY PACIICIUICHHUIO IToJuMepa Ha (hparMeHTsl. Jaree mpoOUCXOIUT MH-
HepaJiu3alys MPOAYKTOB paclieIUICHHsI MUKPOOPTaHH3MaMH.
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CyIIecTBYIOT pa3iinuHble MUKPOOPTaHU3MBbI, KOTOPBIE CIIOCOOHBI pa3-
JlaraTb IOJMMEPhI 6I/IOJ'[OFI/I‘ICCKI/IM HyTéM. OHI/I CHUJIBHO pasInvaroTCsa MEK-
Ny cO0OM, MpOSIBIIsAsT aKTUBHOCTh B Pa3jIMYHBIX YCIOBUsX. [IpuMepoM Mo-
KET CIIy>KUTh rpuOKoBBIe cemeiicTBa Phanerochaete chrysosporium, koro-
pBIE pa3iararoT JIMTHUH B €CTECTBEHHBIX YCIOBHSX MMPU HAIUYUU OKCH[IA3,
KaTATU3UPYIOIINX PA3JI0KEHHE.

Ecnu ckopocth mporiecca OHOPa3IoKeHHs UTPAET POJib, TO ITO KOM-
MOCTUPYEMBIii TIIACTHUK.

KomrmocTrpyemble MIaCTHKH SIBISIIOTCS PAa3sHOBHIHOCTHIO OHMOpasia-
raeMbIX IUIACTUKOB M TOABEPraroTCs OUMOPAa3IOKEHHI0 B ONpPEACTIEHHBIX
YCIOBUSIX KOMIOCTHPOBAHUSI M B TEUEHHE OTHOCHTEILHO HEOOJIBIIOTO Te-
puoaa BpemeHu. OHHU HOABEPraroTcs (parMEeHTAIIMU B TSUCHHUE IMKIIA KOM-
IMOCTUPOBAHHUA U MPOLECCC MUHEPATIU3ALNU TTPOXOJUT BO BPECMCHHBIX paM-
KaX, COOTBETCTBYIOIIMX BPEMEHH Pa3JI0KeHHs: OMOOTXOIO0B.

CriocoGHOCTh IMOJIMMEpPA MM TUIACTHUKA IOJBEPTraThCs OHOpa3IoKe-
HUIO 3aBUCHT MCKJIIOUUTEILHO OT XMMHUYECKOH CTPYKTYpHI IOJUMEpPa
(puc. 6.2). B cBsi3u ¢ 3TUM Ha OMOpPa3IaracMoCTb HE OKAa3bIBAET BIIMSHUS
HCTOYHHK CBIPbS, U3 KOTOPOTO MPOM3BEAEH IUIACTHK, M OTOMY Onopasia-
raeMbie TOJIMMEPBI MOTYT OBITh MMOJYYEHbI KaK U3 BO30OHOBISIEMbIX HCTOY-
HUKOB CBHIpbs (OMOMACCHI), TaK M W3 HEBO3OOHOBIIEMBIX (HMCKOITAEMBIX)
HCTOYHHKOB.

Puc. 6.2. [Ipouecc 6uopa3iio:KeHus YIIAKOBKHU
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[TpousBoaCcTBO OHOpa3naraeMpIX MOJMMEPOB MOXKET BKJIIOYATH B ce0s
pa3IMYHBIe TEXHOJOTHYECKHE MPOIECCHl, HE OKAa3bIBAIONINE BIISIHAE Ha
OuopasnaraeMocts Marepuaia. CrocoObl POW3BOJCTBAa OHOpa3ilaraeMbIxX
HOJIUMEPOB MOTYT OBITh CUHTETUYECKUMH (XMMUYECKUMH) WIH OMOTEXHO-
JIOTUYECKUMH (TI0J] BO3IEHCTBHEM MUKPOOPTaHW3MOB WIH (DEPMEHTOB).
Hamubornee mupoko UCHONb3yeMBbIe CTIOCOOBI IIPOU3BOICTBA!

o HpOI/IBBOI[CTBO IUIaCTUKOB U3 MPUPOJHBIX MOJHUMEPOB IMOCPEACT-
BOM MEXaHHYECKOW 00pabOTKHM WM XMMHYecKOoH o0paboTKM (Hampmmep,
IDTACTUKH, TTOTydaeMble U3 JeCTPYKTYPHPOBAHHOTO KpaxMaa).

e [Ipon3BOACTBO MOJMMEPOB OHOTEXHOJOTMYECKUM CIOCOOOM W3
BO300HOBIISIEMBIX UCTOYHUKOB CBHIPBS (Hampumep, (GEepMEHTAIUs Caxapos,
B IIpoIiecce KOTOPOTO MPHUPOTHBIE MHUKPOOPTAaHU3MBI CHHTE3UPYIOT TEPMO-
IUTacTHYecKue anudaTudeckue MoaMd(UPHl, TaKWe KaK IOJUTHUAPOKCH-
OyTHpar).

e XWMHUYECKHAH CHHTE3 MOJIMMEPOB W3 MOHOMEPOB, MOIYYaeMBIX
B CBOIO oyepenb MyTEM OMOTEXHOJIOTMYECKOTO IIPEeBpAIeHUs] BO30OHOB-
JIIEMBIX UCTOUYHUKOB CBHIPhs (HANIpHMep, UCIIOIb30BaHHE MOJIOYHOM KHCIIO-
THI, TIOJTy9aeMod yTéM (epMeHTanneil caxapos, ISl TPOU3BOICTBA MOJH-
MOJIOYHOW KUCIIOTHI XUMHIECKHM TIyTEM) [27].

o XHWMHMYECKUHM CUHTE3 TMOJIMMEPOB M3 MPOAYKTOB, IMOJIYYACMBIX I10-
CPEICTBOM epepaboTKH HE(PTH U APYTHX HEBO30OHOBISIEMBIX HCTOYHUKOB
CBIPBSL.

buopasnaraeMblie TOJMMEpHbIE MaTepUalbl MOXXHO YCIOBHO paslie-
JIUTH HA TPH TPYTIIIEL:

1. TImacTvku Ha OCHOBE MPHPOTHBIX OHOMOIMMEPOB.

2. XUMHYECKH U MHUKPOOHOJIOTHYECKN CHHTE3UPOBAHHBIE MTOJIUMEPHI.

3. Kommno3unnoHHBIE MaTepHabl.

[TmacTuky mpou3BOASTCSA HA OCHOBE:

KpaxmaJa;

MOJIUMOJIOYHOM KUCIIOTHI;
MTOJTUTUAPOKCHATKAHOATOB;
LEIUTIONO3BI;

® JIMI'HUHA.

B ynmakoBo4HO#M oTpaciu MHUPOKO PaCHpOCTPaHEHBI MNIEHKH HA OCHOBE
[EJUTION03bl, XUTHHA W XHUTO3aHa, JKEJIaTHHA, IIOJICNENTUAOB W JIp.
B nmocnennee BpeMsi 00JIbII0I HHTEpEC BO3HUKAET K Kpaxmaiy, Kak K Hau-
Oonee neméBoMy ChIpbIO (puc. 6.3).

Kpaxman — monmcaxapuj, HaKalUIMBaeMBId B TIpoIlecce >KH3HEICs-
TENIHOCTH PacTeHHH B MX KIIyOHSIX, CEeMEHax, cTeOnsxX u JmcThsax. Kpaxman
MIPEICTaBISAET COOOW YHCTHIN HATYpaJbHBIN OHOMIOTUMEp, KOTOPBIH comep-
JKUTCS B KOPHAX, CEMEHAX U CTEOJIAX TAKMX PACTEHUH, KaK KyKypy3a, IIie-
Huna u kKaprodens. OH NpUroAeH JUIT XUMHYECKOTO NpeoOpa3oBaHMs
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Puc. 6.3. Coipbé 151 co3aaHus GuopasjiaraemMoii ynakoBKu

B TEpMOIUIACTUUECKUI MaTepuan Uil pa3lUuHBIX NpuMeHeHui. Kpaxman
CIIOCOOCH TTOJBEPraThCs MOJHOMY OHOJIOTHYSCKOMY PA3JIOKEHUIO U OCHO-
BbIBaeTCS Ha BO30OHOBIIEMBIX MaTepuaiax. TakuM oOpa3oM, MCIOIb30Ba-
HHE KpaxMaja B COCTaBC TOBAPHLIX aJI€3UBHBIX KOMIIAYHJOB U IlJIaCTMac-
COBBIX MaTEpHaJOB IMO3BOJUT CBECTH K MHHHMYMY yLIepO, HaHOCHMBIH
OKpy>Karorieit cpexne [27].

3a cuér paclIeIeHNs MOJIEKYJI, KOTOPOEe MPOMCXOIUT U3-3a SH3UMHO-
r0 BO3/CICTBHS Ha TIIOKO3HUAHBIE CBS3M MKy IPYIIIaMU CaXapoB, IPOHC-
XOAWT pasnoxeHue kpaxmana. ComepikaHne Kpaxmaia B TaKHX MPOTYKTax
CYIIECTBEHHO paszimyaercs. sl TOro dYToOBl IMOJy4aTh CYIIECTBEHHOE
paciierieHne MaTepuana, HeoOXoIuMOo, 4TOOBI COleplkaHHe Kpaxmala
npeBbiano 60%, nmpu 3ToM y OOJBIIMHCTBA OHOpA3IaraeMbIX HOJINMEPOB
Ha OCHOBE KpaxMmayia cojepkaHue kpaxmana coctasiaser 10...90%.
[To mepe Toro, Kak colepkaHue Kpaxmaja pacTér, MOJMMEP CTaHOBUTCS
Bc€ Oomee CIMOCOOHBIM TIOABEPIaThCS OMOJIOTHYECKOMY DPa3NIOKEHHIO.
[Ipn HU3KOM conepKaHUM Kpaxmaja 4YacTHIBl Kpaxmaina JAeHCTBYIOT Kak
ciaOble CBSI3M B TOJIMMEPHOW Marpulie, ¥ 00eCreunBarOT IUIOMIAKH IS
OMOIOTHYIECKON aTaKy.

Kpaxman MoxxeT ObITh HCXOJHBIM OHOpa3iaracMbIM aIre3WBHBIM Be-
mecTBoM. OH HrpaeT CyHIECTBEHHYIO POJIb B IIPOMBIIIIIEHHOM IPOU3BO/ICT-
Be, 0COOCHHO, B YIIAKOBOYHOH OTpaciu. AIre3nBHBIC BEIIECTBa HA OCHOBE
KpaxMaia, B OCHOBHOM, HCIIONb3YIOTCS I MPOU3BOJCTBA CKPEIUIAIOLINX
OyMaXHBIX MPOJXYKTOB M NPOYHMX MOPHUCTHIX IOJUIONKEK. bonpimas gacth
ro()pIpPOBAHHOTO KOPOOOYHOTO KapTOHA ISl M3TOTOBJIICHUSI KOPOOOK JIETKO
CKPEIUIASTCS C MOMOIIBIO aATe3UBHBIX MaTepHAIOB Ha OCHOBE Kpaxmalia.
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MomudunmpoBannbiii kpaxmana. Kpaxman, noixy4aeMslif U3 ecTecT-
BEHHBIX PAaCTUTEIBHBIX HCTOYHUKOB, OOBIYHO HCIIONIB3YIOT B Ka4eCTBE Ha-
TIOJTHUTENS 711 OMopasnaraeMbIx mojuMepoB. Ecnm kpaxman momudumm-
pOBaTh HaJJICKAIMM 00pa30M, TO OH CaM MOJXKET OBITh HCIIOJIb30BaH Kak
Ouopasnaraemas miactMacca. V3-3a comepkaHust B Kpaxmane THIPOKCHIIb-
HBIX TPYII, TPOUCXOAWT NPEKAECBPEMEHHOE DA3JIOKEHHE IMOoJIuMepa —
KpaxMasia. 3aMeHa 4acTH THIPOKCHIBHBIX I'PYyNIl Ha JApYyrHe, Hampumep,
3¢UpHbIE WIH CIOXKHOI(DUPHBIEC, TPUBOAUT K TOMY, YTO BOJA HE TaK JETKO
CMOXXET Bo3JeiicTBOBaTh Ha monuMep. Co3aars MEXAY pasIHMYHBIMU dac-
TAMU TIOJMMEpa KpaxMmania JONOJHUTENbHBIE CBA3M MOXKHO IpPH MOMOIIU
JIOTIOJTHUTEIBHOW XMMHUECKOH 00pabOTKH, YTO B pe3ysibTare MPUBEAET
K YBEIMUYCHHUIO €T0 TEIUIOCTOWKOCTH, YCTOHYUBOCTH K BO3JICHCTBHIO KHCIIOT
U cpesaroleMy yCuiuio. B pesynpTarte maHHON 00paboTku 0Opa3yercs Mo-
mudumpoBanHelii kpaxmai. OH pasnaraercst B OKpyXarouied cpezae, HO
o0J1aiaeT CBOHCTBaMH KOMMEPYECKH MTOJIE3HOTO TEPMOILIACTa.

MoanpuurpoBaHHBIN KpaxMall BIOJHE TOAXOAUT JUIS MTPOM3BOACTBA
Ha TOM k€ 000pY/JIOBaHNH, YTO U OOBIKHOBEHHas ruiactMacca. [Ipu momou
OOBIYHBIX TEXHOJIOTHH €ro MOKHO OKPAaIlMBaTh, MO)KHO HAHOCUTH I€UaTh.
[To cBoeit mpupoae MOAUPHUINPOBAHHBIN KpaxMan aHTHCTaTH4YeH. 13 Hero
W3TOTaBIMBAIOT: MOJAOHB! I MUIIEBBIX MPOTYKTOB, CEIBCKOXO3SIMCTBEH-
HBI€ TUIEHKH, IEHOIUIACTOBbIE YIIAKOBOYHBIE MaTEepHabl, CTOJIOBBIE MPHOO-
PBI, CETOUKH AJIsI OBOIIEH M (GPyKTOB. JIaHHBIA Kpaxmal TakKe MOXKET OBITh
WCIIOJIb30BaH B KadyecTBE J100ABOK /sl YIYUIIEHUS ITapaMeTpoB KaueHHs
ABTOMOOWJIbHBIX IIMH, BBITECHSSI CAKy U OKCUJI KDEMHHSI, KOTOPbIE OOBIYHO
HCIIONIB3YIOTCSI IS 3TOTO.

Monnmonounas kucaora (PLA) — 310 ynuHeHHbIH anndaTniecKuii
noMuA(GUP, KOTOPHIA MOJIYYAIOT C MOMOIIBIO MOJMMEPU3AIUU MOJIOYHON
KHCJIOTBL. MOJIOYHAs! KHMCJIOTa M3TOTaBIMBAETCS Ha OCHOBE (pepMEHTaINH
caxapoB, IOJy9aeMbIX M3 KyKypy3bl WJIM HWHOH Omomaccel. Pazmokenne
PLA npoucxoaut B nBa 3tana. J{ns ¢popMUpOBaHUsI MOJOYHON KHCIOTHI U
MPOYMX APYTHX MOJEKYN, 3(UpHBIE TPYNNbl IMOJBEPIalOT THUAPOIU3Y
BOJIOH, 3aT€M € TIOMOIIBI0 MHUKPOOOB MX pasiararoT B OIPEACIEHHOI cpere.
Ha pucynke 6.4 mnpexacraBieHa YyIakoBKa, H3TOTOBJIEHHAas Ha OCHOBE
MTOJMMOJIOYHON KHCIIOTHI.

Ecny monmmMonoyHy o KUCIOTY CMemaTh ¢ KpaxMaioM, TO TIOBBICHTCS
CIIOCOOHOCTH K OHMOPAa3JIOKEHUIO ¥ COOTBETCTBEHHO PEHTA0EIbHOCTH MPO-
U3BOJCTBA. TeM He MeHee [UIsl IPOYHOCTH K ATUM CMECSIM YacTo A00aBIISIOT
pa3iIuyHbIe MIAacTU(HUKATOPHI, TaKHe KaK TIUICPUH WIH COPOUT, YTOOBI
crenaTh ux OoJiee IACTHYHBIMU. J[J11 CMSTYEHUSI TIOJIMMOJIOYHOM KHUCIOTHI
CO3JIAI0T CILIaB C APYTHMH pasjiaracMbIMu mosmddupamu [28].
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Puc. 6.4. Konteiinep a1 (ppyKTOB ¢ NPUMEHEHHEM MOJIMMOJIOUYHON KUCIOTHI

_——> Caxap MpouaeoacTeo
l /l nonvmepos
B depmeHTauns l

e

n Bypuii yrons @

Puc. 6.5. Cxema nostyyeHusi 6uopasjiaraemMoro nojimmMepa

Honnrnapoxcuankanoarsl (PHA) mpeacraBnstor coboii anudaru-
yeckue moamddupsl. VX mpUMEHSIOT 11 co3aaHus OnopasiaraeMblx yma-
KOBOYHBIX MaTepHajJoOB, HETKaHbIX MaTepualioB, OJJHOPA30BHIX CaJI(EeToK,
MIPEIMETOB JIMYHON TUTHEHBI, TUIEHKH W BOJIOKOH, CBSI3BIBAIOIINX BEIIECTB
W TIOKPBITHH, BOMOOTTAJIKUBAIOMIAX MOKPBHITHA I OyMard W KapToHA.
B npomutom PHA Obumd chawimmkoM HOpOTH U IIMPOKOTO BHEIPEHUS.
Ha pucynke 6.5 nan npuMep NoaydeHHs: Onopa3iaraeMoro mojuMepa.

IToTeHmansHOE NCXOHOE CBIPBE M ATAmbl mpon3BoacTBa PHA:

e coipbéM aist cuaTe3a PHA moryT ObITh caxapa, OpraHu4ecKHe KH-
cnoThl, cnupThl, cMecu CO2 u H2, npoayKTsl THAPOIH3a PACTUTEIHFHOTO
CBIPBsI, IPOMBIIIJICHHBIE OTXO/IbI IPOM3BOJICTBA caXxapa, HalbMOBOTO Macia,
BOJIOPOACOJIEpXKAIINE MPOIYKTHI MEPepadOTKH OYypBIX yTIIeH U THIAPOIIH3-
HOTO JINTHHUHA;
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e PHA —53T0 ceMeiCTBO MOJIMMEPOB Pa3NUYHON XUMUUECKOH CTPYK-
Typbl. O6pazoBanbl oHu MoHOMepaMu ¢ anuHou C-memu ot C4 no C12 u
BbIIIE, OT BBICOKOKPUCTAIIMYHBIX TEPMOILIACTOB JI0 PE3MHOIOIO0HBIX dJ1a-
CTOMEPOB;

e cBoiictBamu PHA (kpucTaimiM4HOCTh, MEXaHU4ECKasl MMPOYHOCTbD,
TeMITepaTypHbIE XapaKTEePHUCTHKH, CKOPOCTH OHOpacrana) MOXKHO YIpaB-
JSITh, BapbUpys B Tpolecce (pepMEHTAlnU COCTaB CPeIbl U 3a1aBasi Ty WIN
MHYIO XUMHAYECKYIO CTPYKTYPY;

e PHA mnoagepratorcs mepepaOOTKe W3 pPa3IUYHBIX (Ha30BBIX CO-
CTOSIHUH (TIOPOIIKH, PacTBOPHI, TEIH, PACIUIABBI) OOIMICTIPUHATHIMH METO-
JaMH;

e PHA He TUIPOJM3YIOTCS B KHUIKHX CpellaX, TaK Kak Jerpajarius
PHA siBiisseTcsl MCTHHHOW OHOJOIMYECKONH M MPOHUCXOTUT KICTOYHBIM MU
TYMOpPaJbHBIM IyTSIMH; OoJiee TOro, CKOpocThio aerpaganuu PHA moxxHO
YIPaBIISTh.

Heaarono3a — Genoe TBEPIOE, CTOWKOE BelecTBO. [Ipy HarpeBaHuM
He paspymaercs (o 200 °C). Lennrono3a He pacTBOpHMMa B BOJE M B Cla-
ObBIX KHCIIOTax. DTO MPHUPOAHBIN TOJIMMED TIIIOKO3bI, KOTOPAs MOIydaeTcs B
rporecce peakuuu (OTOCHHTE3a, HapSAAy C KHUCIOPOAOM, M3 YIJIEKHUCIOTO
ra3a ¥ BOABI B XJIOPO(MIUTOBBIX 3¢pHAX JIMCTHEB PACTCHUH IPU BO3ACHCT-
BUU COJTHEYHOTO CBETA.

Iennrono3a paspyuraercss HpU COBMECTHOM JAEHCTBHM KHCIOPOAA,
BJIard, KUCJIOTHBIX KOMIIOHEHTOB BO3/1yXa U COJIHEYHOTo cBeTa. KucinotHeie
KOMIIOHEHTHI BO3/1yXa, TaKue, KaK OKCHJABI a30Ta U CEephl, YCKOPSIOT pasiio-
JKEHHUE, 3a4acTyl0 OKa3bIBasi Ooyiee CHIIbHOE BO3/ICHCTBUE, YEM COJTHEYHBIN
CBeT.

Tak Kak B pupojie CUHTE3UpyeTCs 0OJIBIIOE KOINIECTBO 1IEIUTIONIO3bI,
MHKPOOPT'aHU3MBI, KOTOpBIE €€ pasiararoT, UrpaloT OYeHb BAXKHYIO POJIb
B Ipoliecce MUHEPATM3aluH U KPyTOBOPOTE yTIIIepoIa.

Pa3zHooOpasue MHKpOQUIOpHI, CIIOCOOHON pasiaraTh LEJUTION03Y
B I0YBE, MTO3BOJIAET MPOBOAUTH TPAaHC(OPMALIMIO ITOTO BEINECTBA B pa3-
JWYHBIX YCIOBUSAX adpallid, PH KUCIOM WM InenodHoM pH, Hu3Kol nmn
BBICOKOM BJIQXKHOCTH M Temreparype. [[ng OoNbIIMHCTBa MHUKPOOPTaHU3-
MOB, pa3Jaraplix [eJUTI0N03Y, XapaKTepHa BBICOKAs CHEHUPUIHOCTH
[0 OTHOLICHMIO K ’TOMY BEIIIECTBY.

ITonumepsl, noy4YeHHbIE B3aMMOAEHCTBHEM IIEJUTIONO3Bl C AMOKCUA-
HBIM COEJMHEHHWEM W aHTHAPHIAMHU JTUKapOOHOBBIX KHCIIOT, IOJHOCTBHIO
pasnaraioTcs B komnocte 3a 4 Henenu. Ha nx ocHoBe ¢opMOBaHHEM IOIy-
4afoT OyTHIIH, Pa30BYIO MOCYAY, TUIEHKH AJISI MyJIbUHPOBAHMS.

MHorocoiHbIe MaTepHabl, CTOWKHE K BEICOKMM W HU3KUM TeMIIepa-
TypaM, ITOJIy4aroT U3 IJIEHKHU IIEeIUTI0NIO3b], CKIEEHHOH KpaxmMajioM, CO CTOH-
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KO K )HpaM OyMmaroi, pa3peri€éHHON K KOHTaKTy ¢ MUIIEBBIMH MPOAYKTa-
Mu. Takyro yakoBKy UCHOJB3YIOT IS 3alleKaHMs IPOIYKTOB B DJIEKTpUYE-
CKUX U MUKPOBOJHOBBIX NT€YaX.

Jns mpunanust Gosiee BBICOKOHM OMoOpasiiaraeMoCTH MarepualaM Ha
OCHOBE CIIOXHBIX 3()MPOB IEIITIONIO36I B KOMIIO3UIHIO PEKOMEHAYETCS] BBO-
JWUTh MOIM3(GHUPH! IMMOHHON KHCIIOTHI JINOO alleTaT LEJII0I03bl, YACTHIHO
nepeaTepupuIpoBaHHbINA 6%-HOH THAPOKCHKAIIPOHOBON KHCIIOTOM.

JI M3rOTOBNIEHUS OJHOPA30BBIX M3IENHN JUI1 YIAKOBKH U IpeaMe-
TOB TIEPBOM HEOOXOOMMOCTH, B KaU€CTBE MCXOJHOTO ChHIPbSI MPHUMEHSIOT
KOMIIOCTHpPYEMBIE MaTepHallbl, MOJyyaeMble U3 CMECH PACTUTENbHBIX U
HaTypaJIbHBIX UCXOAHBIX MIPOAYKTOB, I/I€ OCHOBHBIM KOMIIOHEHTOM SBJISET-
Cs1 LIETUTI0I03a WU €€ IPOM3BOJHBIE.

JIMTHUH — 3TOT PaCTHUTENBHBIA MPOAYKT, KOTOPHIA 00pasyercs B I0-
BOJILHO OOJBIIMX KOJIMYECTBAX, HO HamOoiee MeIIeHHO IOJBEpraeTcs
OMONIOTHYECKOMY pa3noXeHuto0. [103ToMy OH CITy’>KHT TJIaBHBIM HCTOYHH-
KOM MEJUIEHHO PACHaJalolerocs OPraHu4ecKoro BEIECTBA MOYBBI, B OCO-
OEHHOCTU TYMHUHOBBIX KUCIIOT.

B npoMBIIIEHHOCTH JIUTHUH MOXKHO MOJIYYUTh KaK OTXOJ] IPU MPOU3-
BOACTBE LEIUIIONIO3bl M THJIPOJIH3E PACTUTENBHBIX MaTepHanoB. JIMTHHH
SIBJISIETCSI IEHHBIM XMMHUUYECKUM ChIphEM. Cylb(haTHbIi JIUTHUH MOXHO UC-
M0JIb30BaTh KAK YCHJIUTEIb CUHTETHYECKOTO KayuyyKa, B KauyeCTBE IUIACTH-
¢ukaropa B KepaMHIECKOM IIPOM3BOACTBE M T.I. JIMTHOCYIH()OHOBBIC
KHCJIOTBI IPUMEHSIOT KaK JEeIEBBIE KPEIUTEIN U CBS3YIOIIUE B JIUTEHHOM
MPOMU3BOJICTBE, JOOABKH K LIMXTE IIPU MPOU3BOJCTBE LIEMEHTA U JUI APYTHX
nenedt. 'uaponu3HbIi TUTHUH UCTIONB3YeTCs AJIS MOJIyYeHHs] JUTHUHOBOTO
yIJIs, aKTUBHOTO yTJIsl (KOJUIAKTUBUTA), TP NMIPOU3BOACTBE IIOPHUCTOTO KHP-
nu4a, Ui BBIPAOOTKU HUTPOJIUTHUHA — MOHU3UTENS BSI3KOCTU TJIMHUCTBIX
PacTBOPOB, MPUMEHSEMBIX IIPH OYPEHUN CKBaXKHH.

Takum 00pa3zoM, CrIIOCOOHOCTH MOJMMEPHBIX MaTEpPHAIOB K OHOIecT-
pyKuun o0ycIoB/IeHa IMTaBHBIM 00pa30M MX XMMHUYECKHM COCTaBOM, CTPYK-
TYpO#l M cBOiicTBaMK MakpoMoJieKysl. Ha ycTOHYMBOCTD MOIMMEPOB K OHO-
JOTUYECKOMY Pa3JIOKESHHUIO OOJIBIIOE BIMSHNAE OKA3bIBAIOT HEKOTOPBIE MAK-
POCTPYKTYpHBIE XapaKTEPUCTHKH (BEJIMYMHA MTOPHCTOCTH, PABHOMEPHOCTD
pacnpeneneHus 100aBOK B IOJMMEPHOH Macce, 0COOEHHOCTH 00pabOTKH
MOBEPXHOCTH M3AEIMH W T.II.), @ TaKKe TEXHOJOTHYECKHE MapaMeTphl.
Bcé Gosmpiree npakTuyeckoe MPUMEHEHHE B UHIYCTPHH YIAKOBKH HaXOIST
MaTepuallbl Ha OCHOBE Kpaxmaja WIH €r0 CMeCed € CHHTETHYECKMMU
MOJIMMEPaMH, CBOHCTBa KOTOPBIX, B TOM YHCIJIE M CIIOCOOHOCTH K OMOpas-
JIOXKEHHUIO, 3aBUCAT OT COBMECTUMOCTH KOMIIOHEHTOB U CTPYKTYpPBI MOITY-
YaeMBIX CHCTEM.
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ITpu wm3roToBNeHHM OHOpa3IaraeMpIX MOJMMEPHBIX MAaTEPHAJIOB,
B COCTaB MOJMMEPHOU MaTpHIIbI BBOIST J00aBKH, yCKOpsIOIIUe e€ pacnaj
ot nefictBueM Y ®@-o0mydenus. K Takum g00aBKaM OTHOCSATCS COMOITUME-
PBI Ha OCHOBE STHJICHA M MOHOCAXapH/a yIieposa, BAHWIKETOHBI U Ipyrue
MaTepHabl.

OxHuM M3 Takux OWOIerpaaMpyeMbIX MOJIMMepoB sBisiercss Biopol
(xommanust ICI, Aurmms). OH mpexacTtaBisieT co0OH OMOCHHTETHYECKHI
COMNOJMMEp — MOJIMTHAPOKCHOyTHpaT IuO0 monuruapokcusanepar. Coro-
JUMEp M3BIEKAIOT U3 6MOMAacChl MUKPOOOB ONPEAEIEHHOrO ITaMMa, KOTO-
pBIil KyIBTUBHPYIOT Ha YIJICBOAHBIX IMTATENbHBIX cpenax. Bapeupys
COOTHOIIIEHHE MOHOMEPHBIX 3BEHBEB, MOXKHO MOIydYaTh HONMMA(PUPHBIE Ma-
TepHUaJIbl C Pa3HBIMH Ka4eCTBAMHU.

Biopol cTompoleHTHO OTBe4YaeT TPeOOBAHUSIM, NPENbIBISEMbIM
K YHNaKOBKaM OJHO- JIMOO JBYXPa30BOTO BHEIPEHUsI; IPOCTO pasiiaraercs
10J] BO3JCHCTBHEM OHONPUYMH B aHadpOOHBIX KpHUTEpHsX (HAIpUMep,
BHYTpPY KOMIIOCTa MJIM MO 3eMJIeii), TaK)Ke B aHA3pOOHOM cpejie — Ha MOJIsX
opoIeHus 100 B Boae. Bpemst pa3moskeHus cocTaBisieT oT 6 10 36 Helelb.

JpyruM mpumepoM OHopasiaraeMoro ImojuMepa Ha 0a3ze THIPOKCH-
KapOOHOBOH KUCIIOTH (JInOO €€ JMaKTHaa) MOXKET CIyXHUTh Novon KoMIa-
Hun Wamer-Lambert & Co (CILHA). DtoT MaTepuan B MPUCYTCTBUU BOJIBI
CIOCOOEH pacmafaThCs Kak Ha BO3AYXE, TaK U B aHA3POOHBIX KPUTEPHUSX.
Tak xak Novon mMoCTpoeH U3 OCTaTKOB MOJIOYHOH KHCIIOTHI, €r0 MEeTaboIH-
3UPYIOT HE TOJBKO JIMIIb MellbyUaiilliie OpraHn3Mbl, HO U HaCEKOMBIE.

Marepuan Biocell (Ddpannms) cuHTe3upoBaH Ha Oa3e anerara IesuTo-
JI03bI, B KOTOPYIO BBOJTCSl pa3Hble JOOABKU U IIIACTU(HUKATOPBI, COMIEHCT-
BYIOIIIME€ PAa3/IOKEHUIO Marepuayia MoJ BO3JEHCTBHEM IPUYUH CpEJIbl,
B TOM 4YHCIIE COJHEYHOH paauanmu. [lo cBomM (u3nmko-MexaHHUYEeCKHM
cBoiictBaMm oH nono6eH [IDHII, Ho obnanaer Oojee BBICOKUMH MPOYHOCT-
HBIMH Y€pTaMH M Mpo3padHOCThio. [locie morpyxeHus B BOAY yNAaKOBKa
13 TAaKOTO MaTepHasa Habyxaer, u yxke depe3 6 mecsiueB 10 40% matepuana
pasnaraercsi, IpeBpallasch B yIIEKHCIbIA ra3 u Boay. [loiaHoe pasnoxenue
MaTepHana OCYyLIECTBIsETCS B TedeHHE 18 MecsmeB 3a CU€T MOYBCHHOU
MHUKPODIOPEL.

B CHIA obmmupHOe pacnpocTpaHeHHEe MOIYy4YUiId OHopasiaraeMele Ha
OTKPBITOM BO3IyXe YHMakoBKH moj obmumM 3arnaBueM TONE. OcHoBoit s
UX MPOM3BOJICTBA CIYKUT MOJIMKAIPOIAKTaM, KOTOPBIH OTIIMYHO COBMeEIIIa-
eTcsl MEXaHWYEeCKMM METOJIOM CO MHOTUMH OOLIMPHO IPOW3BOJMMBIMHU
mwiactukamu (119, II1, TIBX, IIC, IIK, II9T®). 3HauuMbIM TOCTOMHCTBOM
9TOH TPYNITBEI MaTepHaJIOB SIBISIETCS MX MPUHAIISKHOCTD K TEPMOILIACTaM,
JIOCTATOYHAS IOCTYITHOCTh M HU3Kas [IeHa, JETKOCTh epepaboTKN pa3HbIMU
CrIoco0amH, BBICOYANIINI ypOBEHb TapaMeTPOB U CKOPOCTh Pa3JIOKEeHNUS Ha
OTKpPBITOM BO3/yXE.
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B cocraB HOBOro Omopaszmaraemoro marepuana Mater-Bi (Mramust)
BXOJIMT B KauecTBe 0A3MCHOro mojmMepa moiuamuna-6 (6,6) U pasHble 110-
0aBku mpupoHOTro TmpoucxoxaeHus (ot 60 no 90%). Takke cuHTeTHYEC-
CKHE HETOKCHYHBIC MOJHMMEPHI C HHU3KOH MOJEKYJSIpHOH Maccoil (momy-
LIEHHBIE Il KOHKPETHOTO KOHTAKTa C MHUIIEBBIMH MPOIYKTaMH), BIIaJIer0-
e HeIUIOXOH THUAPO(IILHOCTHIO M JIOBOJIBHO BBICOYAMIIEH CKOPOCTHIO
pas3JIOKeHUsT O BO3ACHCTBHEM IPHUPOAHBIX OHONPHYMH. YTIAKOBKH W3
3TOr0 MaTeprasla, BHIBE3EHHBIE HA CBAJIKH, CTOIPOLEHTHO paclafaroTcs
(axTuaecku 6e3 octaTka, He HAHOCA Bpella OKPYXKaromIeH cpene.

OCHOBOI1 TaKUX CPAaBHHMO HOBBIX MaTepuanoB, Kak Ecostar, Polyclean
u Ampaset, sisercsa [IOB]] u kpaxmaibl 3MaKOBBIX PAacTEHH B KadecTBE
Ouopasnaraemoii 100aBku. B kpaxmanocoaepiKaiyo KOMIIO3UIUIO BBOJST
TAK)K€ AaHTUOKCUIAHTHI JUIl YMEHBIIEHUs AECTPYKIMU B MpOLECCe Iepepa-
00TKH KOMIO3uLMK B u3nenus. [Ipu nepepaboTke KOMIO3UIMU B YIIAKOBKY
MOYKET TIPOUCXOJIUTh KapaMenu3alus (caMOBO3TrOpaHue) MaTepHaia, moTo-
My NIPUMEHSEMBII KpaxMall BO H30eKaHNe 3TOT0 HYXKHO CYIIHUTH JI0 COAEp-
JKaHUSI OCTATOYHOW BOJBI, paBHOW 1%, Takke KPONOTIMBO AEPXKATh ITOX
KOHTPOJIEM TEMIIepaTypy paciulaBa B IMJIMHAPE SKCTPYAEpa, KOTopas He
nokHa mpeBocxoautb 193...203 °C, mHeka u creH mumuHapa. s co-
KpaleHus] BpEMEHU INpeObIBaHUs NepepadaTbiBaeMOil KOMITO3HIIMH B 3KC-
TpyZepe A0 MHHUMyMa HY>KHO HCIIOJIb30BaTh 3KCTPY3HOHHOE 00OpyHOBa-
Hue ¢ oTHomenueM L/D menee 20.

Bo u3bexanue o0pa3oBaHUsl pa3HbIX CTOPOHHUX BKJIFOUEHHUH («Treiu-
KOB») B TOTOBOW YIIaKOBKE HYXHO, YTOO CKOPOCTbH BpAI[eHHUs LIHEKa Oblia
xoportred. [Ipu uzroropneHnn 6ropasinaraeMbpIX YIaKOBOK M3 KpPaxmajoco-
JiepKalluX MOJMMEPHBIX MaTepHajIoB B Ipoliecce CIeayIomeil repMeTusa-
LM CBapKOW HY>XHO KPOIOTJIMBO CMOTPETH 3a TEMIIEPAaTypOH CBapKH Ipu
MOJTy4E€HHUX KPEIIKOTo CBApHOTO II1BA. Y BEIMYEHHE TEMIIEpaTyphl IPUBOIUT
K JIECTPYKIIMU KpaxXMalbHOH 00aBKH, 4TO MPOCTO HAXOIWTCS IO BO3HHK-
HOBEHHIO apOMaTa CBEXKEBBINIEYEHHOTO XJIeOa.

Ilena Bcex pasnaraeMbIX ITOJIMMEPHBIX MATEpHAJOB U YNAaKOBOK Ha
HUX OIIPEAENsIeTCs LEHOM HadyalbHOrO Oa3MCHOTO MOJHMMEpa, JPYToro Chl-
pbsi, 70OABOK U METO/IOB MOTY4EHHUS.

B texyuiee BpeMs MOTPeOHOCTh B pasjaraeMbIX YMaKOBKaxX JOBOJEHO
BeNMKA. B MpoABUHYTHIX cTpaHax mMupa 0OJIbIas 9YacTh YIIAaKOBKH Pa30BOTO
UCIIONIb30BaHMsl JiesiaeTcsi U3 OmopasznaraeMbix MarepuanoB. OJHaKo mpo-
W3BOJICTBO M NOTpeOieHne OMopasiaraeMbIX YIIaKOBOYHBIX MaTepHaJOB U
YIIaKOBOK IMPAaKTHYECKH HE PelIaeT MpoOJIeMbl OXpaHbl CPeAbl OOMTaHUS OT
WCIIOJIb30BaHHON M W3HOIIEHHOW MOJMMEPHON YIAaKOBKH M Taphbl. [IpuumH
3/1€Ch HECKOJIBKO:

— TPYAHOCTh PETyJIMPOBAaHMS CKOPOCTH pacmajga Ha CBAJKaxX O]
BO37IeHCTBHEM (PAKTOPOB OKPYKAIOLICH CPEBI;
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— JIOBOJILHO BBICOKAsi CTOMMOCTb BBOJAMMBIX J00aBOK;

— TEXHOJIOTMYECKHE TPYTHOCTU IPOU3BOJICTBA;

—  JKOJIOTHYECKHE TPYIHOCTH, KOTOPBIE CBA3aHBI C TEM, YTO 110 JAHHBIM
HEKOTOPBIX MCCIEOBAHUH, HE CHIDKAETCS OIIACHOCTh OTPULIATEILHOTO BO3ICH-
CTBHSI MaTepHaJIOB M IIPOJIYKTOB MX paclia/ia Ha MPUPOJLY U KUBOTHBIX;

— 0e3Bo3BpaTHas MOTEPs LEHHBIX CHIPHEBBIX U TOIUIMBHO-3HEPICTH-
YeCKUX PecypcoB, KOTOPBIE MPH NPABWJIBHOM W TPAMOTHOM PEIIEHHH MOTJIH
OBl PUHOCHTB JIOCTATOYHO BHICOKYIO IPHOBLIH HAPOTHOMY XO3SIHCTBY.

[To >TMM mpHYMHAM JTMKBUIMPOBAHHE OTXOJIOB METOIOM CO3JaHUS U
BHEJPEHUsI OBICTPOpa3IaraeMbIX YIaKOBOK 0053aHO UMETh OIPaHMYCHHOE U
KOHTPOJIUPYEMOe ITpUMEHEHHE.

Bonee onTHManbHBIM METOIOM YCTpaHEHHS OTXOJOB B BHJE H3HO-
LICHHOU TM0O0 UCIIOIb30BAHHON YIIAKOBKHU MPEACTABIACTCS UX YTHIIU3ALHS.

B Hacrosmiee BpeMs CYIIECTBYIOT CIEIYIOLIHE IYTH IIOJIE3HOTO HC-
NIOJIb30BAHUS] BTOPHYHOTO MOJMMEPHOTO CHIPbSI:

— CXWIaHHUE C LENbIO TOJTyYeHUs SHEPTUH;

— TEepPMHUYECKOE Pa3IoKeHUe (IIMPOJIH3, JeCTPYKIHUS, pa3ioxKeHHe 10
HCXOJIHBIX MOHOMEPOB U Jp.);

— TIOBTOPHOE UCIIOJIb30BaHHE;

— BTOpHWYHas mepepabotka [29].

6.4. CAKUHI'TAHUE

Cxurath 1enecoo0pa3Ho TONBKO HEKOTOpHIC THIBI TIACTMACC, ITOTe-
PpABLIMX CBOM CBOMCTBA, IJs IOJIy4EHHUs TEIJIOBOW 3Hepruu. Hampumep,
TEIJIOBas ANEKTPOCTaHIMS B T. BymnbBepremtone (BenmkoOpuranus) mep-
Bas B MHpe paboTaeT He Ha rase U He Ha Ma3yTe, a Ha CTaphIX aBTOMOOWIIh-
HBIX MOKpHIIKax. OCyIIeCTBUTH 3TOT YHUKAIBHBIN MPOEKT, MO3BOJISIOMINI
00ECTICUUTh 3IEKTPOIHEPIUeH 25 THIC. JKWIBIX JIOMOB, IMOMOIJIO AHTJIHIA-
cKkoe YTpaBJeHHe [0 YTUIM3AIMH HEUCKOIAeMBIX BUAOB TOIMBa [S1].

Cixuranmie HEKOTOPHIX BUIOB ITOJIMMEPOB COTIPOBOXKIAAETCS 00pa3oBa-
HHEM TOKCHYHBIX Ta30B: XJIOpPHJA BOJIOpOJa, OKCHAOB a30Ta, aMMHaKa,
LMAHUCTBIX COEIMHEHUH M JIPYTUX, YTO BBI3BIBAET HEOOXOIUMOCTH MEpO-
MIPHUATHH TI0 3aIuTe aTMOchepHOro Bo3ayxa. KpoMe Toro, skoHOMUYecKast
3¢ (GeKTUBHOCTH ATOTO TpOIlecca SBIACTCS HANMEHBIIEH 110 CPaBHEHUIO C
JpYTUMH IpolleccaMil YTUIM3ALUHU IaCTMACCOBBIX OTXOAOB. Tem He Me-
Hee, CpaBHUTENIbHAs MPOCTOTAa OpPraHU3alUd CXKHUTAHUS OINpeNesseT AO-
BOJIbHO LIIMPOKOE €T0 PacpOCTPAHEHUE HA IPAKTHKE.

TunuyHas TeXHOJIOTHYECKAs CXeMa CKUTaHUs OTXOJ0B C UCIOJIh30Ba-
HHUEM TpyOuaToii neun npejcTaBieHa Ha puc. 6.6.
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Puc. 6.6. Cxema ycTaHOBKH TEPMHUYECKOr0 00e3Bpe:KMBAHUS
TBEPABIX NOJUMEPHBIX 0TX010B

OTtxoapl U3 OyHKepa-Hakomuress [ rpelepHBIM 3axBaToM 2 depes
BOPOHKY 3 W 3arPYy309HEIA OVHKEp 4 MMOMaJaroT BO BPALIAIOIIYIOCS TIeUb 0,
IyCK B paboTy KOTOPOH OCYIIECTBISETCS NMPH MOMOIIN 3aIlalbHOIO YCT-
polictBa 5. 30JONIIAKOBBIE MPOAYKTHI CXHIAHUS W3 MEYH IOCTYMAroT
B COOpHUK IIUTaKa 7/, TAE TacsATCs U Jajee 3BaKyHpyroTcs TpaHCIopTEPoM §.
[leunsle ra3el MOCTYHAIOT B KaMepy NOXHIaHUS 9, rae 00e3BpeKHUBAIOTCS
nipu temriepatype Boie 800°C B muramenu ropenku /(0. Jlsimococom /2 nx
3aTeM 4Yepe3 OXJIaAUTENbHbIE YCTpoiicTBa /], KOTEN-yTHIM3aTOpP, BOAOIO-
JIOTpeBaTCib U T.I. U BBIXJONHYIO TpyOy /3 HampasisiorT B arMmocdepy.
O6pazytomryrocst 301y /4 B xonudecTBe 4...6% OT Macchl OTXOJOB MOXHO
UCITIOJIb30BaTh B KaUeCTBE HAIOJHUTEINS MPU IMPOU3BOJCTBE CTPOUTEIHHBIX
MaTepUaJIoB.

6.5. IUHUS 11O HEPEPABOTKE UCITOJIb3OBAHHBIX
II2T-BYTBIJIOK U3-ITIOJ HATIUTKOB B YUCTBIE XJIOIIbA
9T NPON3BOJAUTEJIBHOCTBIO 450...650 xr/4

Iurarens npecc-naketoB / (puc. 6.7) éMkocTbio 20 M° BMEIIAET MpH-
MEpHO JBa Ipecc-akera monumepa. Ilo Mepe HpoABIDKeHHS Marepuana
B ITUTaTElle TPH BPALIAIOIINXCS [ITHEKa Pa3/IeNIsioT CIPECCOBaHHbIE Oy THUIKA
U TOJAIOT MX Ha KOHBeHep mpenBapuTenbHoW coptupoBku 2. Konseliep
MIPEABAPUTENIBHON COPTUPOBKY 2 U3TOTOBIIEH U3 PE3UHOBOM JIEHTHI IIMPUHON
760 MM, uMeeT JUIMHY nproau3uTensHo 4,5 M u Beicoty 750 Mm. [IpuBoaut-
Csl B IBW)KEHHE AJIEKTPOABUIaTeNIeM-BapuaTopoM MomHocTeio 0,37 kBT.

Cucrema npeasapurensioro n3mensuenus [19T coctout m3 HaxioH-
HOTO KOHBeliepa 3, mpeaepa ¢ BO3AYXOAYBKOM 4 W MEPBUUYHOM CHCTEMOM
OTCaChIBaHHS C MBUIECOOPHUKOM. ByTBUIKM M3Menp4atoTCs B YaCTHIBI pas-
MEpOM OKOJIO 2,5 €M, BO3IYIIHBII KiIacCH(PUKATOp yAaIIeT ITUKETKH,
3aTeM Marepuan nogaéres B PIOTaMOHHYI0 EMKOCTB 3.
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Puc. 6.7. lunus no nepepadorke ucnoib3oBaHHbIx [IIT-0yThII0K:
1 — nUTaTENH MPECC-TIAKETOB; 2 — KOHBEHEp MPeABAPUTEIILHONH COPTHPOBKH;
3 — HaKJIOHHBIH KOHBelep; 4 — mpexaep; J — GIoTauuOHHAS EMKOCTB;
6 — criequalIbHBIA KOHBEHep; 7 — cUucTeMa cernapaluy;
8 — cucteMa OTMBIBKU U CYLIKH; 9 — 3arpy304Hblil KOHBeilep;
10 — rpanyinsarop; 1/ — HaMoOJHUTENIbHAS CTaHUUS; [ 2 — LIUKIIOH

®dnoTalMoHHas EMKOCTh 5 MpenHa3HaueHa A yJaleHus OJIUIPOIH-
JICHOBBIX KPBIMICUYEK W JPYTHX BKIIOUYCHWH W3 MaTEpPHAIOB IUIOTHOCTBHIO
mmwke 1 r/em’. TIpu 3arpyske MaTepuana B EMKOCTh IUIABydYHe YACTHIIBI ITe-
peMeniaroTcs B 0JIHY CTOPOHY C MOMOINBIO KpbuthuaTku. [I9T morpyxkaetcst
Ha JTHO U BBITPYXKAeTCsl U3 EMKOCTHU C IPYTOil CTOPOHBI ¢ MOMOILBIO CIIEIH-
albHOIO KOHBelepa 6.

Cucrema cenapaiuy 7 IpeHa3Ha4deHa Ui yAaJeHUS MOCTOPOHHHUX
YacTHILl, 00pa3yIoMmuXcsl PH MpeaBapuTeIbHOM u3MenbdeHun [13T-0yToi-
nok. [IpencraBnsier coboii BuOposkpaH. IlocTopoHHNE YacTHIBI Cenapupy-
1ores ot [I9T, xoTopsiii mogaéTcst Ha CUCTEMY OTMBIBKH U CYIIKH §.

CucremMa OTMBIBKH M CYIIKH & MpeACTaBsseT co00i MHOTOCTyNEeHYa-
TYIO CHCTEMy Bpamjaroumxcs 6apadanos. [lepBast cTyneHb npeqHa3HaueHa
JUIL OTMBIBKH, BTOpas — AJSI MPOMBIBKH, TPEThsl — OISl YAAIECHHUS BOJBI,
a 4yerBépras W mATas — Ui CyIIKH. Morolee YCTPOHCTBO CHAOXKEHO CO-
IUTAMU PACHBIINTENS JUIsl YAAJICHUS MUILEBBIX OCTAaTKOB U MPOUYUX 3arpss-
Henuil. Ilo Mepe mpomBmxeHHsT Marepuana depe3 OapabaH 3arps3HEHHS
OTMBIBAIOTCS M YIAILSIIOTCS BMecTe ¢ Bomod. CucTema BOIOCHAOXKEHUS
MIpecTaBisieT cOOOH 3aMKHYTHIM IMKJI: UCIOJIb30BaHHas BOJa HarpeBaeTcs
1 OYHMIIACTCS TP MOMOIIY CEIEMEHTAINN U (DHIILTPOBAHHS.

Bo Bropom ©0apabane wmarepwad NpPOMBIBACTCS CBEXEH BOJOM.
B tpetbem GapabaHe U3 MaTepuaia yAaiseTcs BOAa, OCTYMAoNIas B 1ajb-
HeHIleM B BOASHOM TaHK OTMBIBKH.

UYeTBepThlif U MATHIA OapabaHBl MPEACTABIAIOT COOOH POTAIIMOHHBIC
cymmikd. Bo3nyx HarpeBaeTcsl 4eThIpbMS HArpeBaTeNIMH MOIIHOCTBIO
30 kBt u nupkynupyer mmo cucreme. Temneparypa Bo3ayxa KOHTPOJIUPYET-
Csl M peTyIHpyeTcsl Ha TIIaBHOW KOHTPOJIBGHON MaHENH. 3allUTHBIE 3JIeMeH-
THI TIPEIOTBPAILAIOT MIEPETPEB MPH cOOE B CUCTEME yNPABICHUS.
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3arpy3ouHblii KOHBeHep 9 MpeacTaBisieT cOOOW IIMHEK IUaMETPOM
200 MM, KOTOPBIH TOAaéT moauMep B TpaHyaTop /0. YCTpoHCTBO CMOHTH-
poBaHO Ha moiy. HHU3KOCKOPOCTHOW MOTOP-PEAYKTOP MOIIHOCTHIO
0,55 kBt obecnieurBaeT HEOOXOAMMBIN BpalalONIMi MOMEHT.

I'panynsarop /0 mepepabaTpiBaeT MaTepuan B TOBAPHBIH MPOAYKT 3a-
JaHHOTO pasMmepa. ['paHynsITOp CHAOXKEH HIIEKTPOJABUTATEIEM MOITHOCTHIO
22 xBt. HanonuutensHast ctanuus // ¢ BTOPUYHBIM OTCACHIBAIOLIUM YCT-
pOWCTBOM U IIUKIIOHOM /2 cityskaT st yaaineHus neuid. CoaepKaHue BIIaru
B KOHEYHOM IIPOIyKTe MeHee 2%, MPOU3BOANTEIHHOCTD JINHAU KOJIeOmeTcs
B 3aBUCHMOCTH OT HACBHIITHOM TUNIOTHOCTH M BJIAXXHOCTH IepepadaThIBaeMOro
Mmarepuara.

6.6. IEPEPABOTKA OTXO/J0B
PE3MHOBOW ITPOMBIIIJIEHHOCTH

CornacHo HOBeHmIel cTatucThke B 3amagHoii EBpore exeromHo o0-
pasyercst OKoJIO 2 MIJIH. T U3HOIICHHBIX IIMH, B Poccuu — mpuOIU3UTEIbHO
1l MJIH. T IIMH U TaKoe e KOJMYECTBO CTAPOH PE3UHBI NAIOT PE3MHOBBIC
texanueckne m3penust (PTU). Ha mpeanpusaTusx mo mpou3BOACTBY IINMH U
PTU oOpasyeTcss MHOTO OTXOJOB, Hemajias JOJISI KOTOPBIX MOBTOPHO HE
UCIIONIB3YETCs, HAIPUMEp OTpabOTaHHbIC OyTHIIOBBIC AuadparMbl Ha IIHH-
HBIX 3aBOJaX, STHUIICHIIPOIIMICHOBBIE OTXO/BI U T.11.

BBuy 0OJBIIOT0 KOJUYECTBA CTAPON PE3HHBI MO-TPESKHEMY JOMUHH-
pyioliee TOoJIO)KEHHUE B YTHIW3allUK 3aHUMAeT CKHTaHUe, B TO BPEeMs Kak
MaTepuallbHas YTIIU3AIM O CHX IIOP COCTABISIeT HE3HAUYNTEIBHYIO AOIIO,
HECMOTpS Ha aKTyaJbHOCTh MMEHHO 3TOM YTWIM3AIUM MOJS yIydLICHHS
9KOJIOTHH M COXpPaHEHUS CHIPHEBBIX PeCypcoB. MaTepuanbHasi yTHUIU3AIIHS
HE TOJyYHja IIUPOKOTO HCIOJIB30BAHUS M3-3a OOJIBIIMX DHEPro3arpar u
BBICOKOI CTOMMOCTH TTONYYCHHST TOHKOIUCIIEPCHBIX PE3WHOBEIX TOPOIIKOB
U pereHepaToB.

be3 akOHOMHYECKOTO peryJUpOBaHUSA CO CTOPOHBI TOCYAapCTBa YTH-
TM3anMs [IMH ToKa ocTaércs yOwiTouHoi. B Poccwmiickoit deneparmu
OTCYTCTBYET CHUCTEMa cOOpa, ACTIOHUPOBAHUS U TIEPEPadOTKU N3HOMICHHBIX
mmH 1 PTU. He pa3paGoTaHsl MeTOHIBI MPaBOBOTO M IKOHOMHYECKOTO
PEeTYINPOBaHMS M CTUMYJIHUPOBAHUS PEIICHUS 3TOU mpoOiieMsl. B Gonpmieit
YaCTH WM3HOILIEHHBIE LIMHBI CKAIUIMBAIOTCS HAa TEPPUTOPHUSIX aBTOMAPKOB
WJIM BBIBO3SATCS B Jieca M Kapbephl. B HacTosIIee BpemMs 3HAaUUTEIbHBIE KO-
JUYECTBa €KETOAHO OOPa3yIOUIMXCS W3HOMICHHBIX IIHH SBIIOTCS OOJb-
IO 3KOJIOTHYECKOHN MPOOIEMOM IJIsl BCEX PETUOHOB CTPAHBL.

Kak moka3piBaeT npakThka, Ha pETHOHAIBLHOM YPOBHE ATy 3ajady pe-
mUTh o4eHb TpynHo. B Poccum momkna ObITH pazpaboTaHa M BHEIpEHA
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®DenepanbHas nporpamma no yrunmsanuu mvH u PTU. B nporpamme He-
00XOJMIMO 3aJI0KUTh MIPABOBbIE M SKOHOMUYECKHE MEXaHU3MBI, 0OecIeun-
BalOIINE BIKEHNE M3HOUIEHHBIX IIUH OT CTAJAWU 0Opa30BaHUS IO YTHIIH-
3aIlMH 10 CXeMe, MPEeACTaBIeHHOM Ha puc. 6.8.

B kauecTBE S3KOHOMHYECKOTO MEXaHH3Ma PabOThl CUCTEMBI TI0 yTHIIH-
3allH IIUH B HAIIIEH CTpaHe 00CYKIAIOTCS [Ba MPHUHIUITHAIBHBIX MTOIXO0/a:

— 32 YTWIM3ALHUI0 IIUH IJIAaTUT HENOCPEACTBEHHO UX BIajenel —
«3arpsI3HUTEIB TIATUTY;

— 34 YTWIM3alWIO IWH IUIATUT U3TrOTOBUTEIL WU HMHOpTép II1UH —
«IIPOM3BOANTEND TUIATHTY.

[TpyuHOMT «3arpsI3HATENH TIATUT» YaCTHYHO Pean3yeTcsl B TAKUX pe-
rHoHax, kak Tarapcran, Mocksa, Cankt-IlerepOypr u ap. PeansHo oreHu-
Basg YpPOBEHb JKOJOTHYECKOTO M SKOHOMHYECKOTO HHITJIN3Ma HAaIIuX
COTrpax</laH, YCIEIIHOe UCIONb30BaHNE NMPHUHLUIA «3arPA3HUTENb IIaTUT»
MOJKHO CUHTATh OECTIePCIEKTUBHBIM.

O6pazoBanne C6op, copTHpOBKa U Vrunuzanus
H3HOILCHBIX TPaHCIOPTHPOBKA N3HOIICHHBIX
IIUH H3HOIIEHHBIX IIHH MIUH
DHepreTu-
Yyeckast
ABTonapku
i IIpennpu-
TPE/NPUATHH K \ peanp MarepHasts-
OpraHu3anui Crienanmusupo- ATAA IO ——y
BaHHBIE (PUPMBIL. nepepa-
IIpennpusitus - GoTKe 1
Penp N B ctpou-
nepepabOTIUKH. yTHim- -
ITonuroxs! ajst 3alUH IHMH
HUHIYCTPUU
JICTIOHNPOBAHUS
O6pa3oBanue
H3HOIICHBIX
HIMH ? Boccranos-
JIeHUe
[lInHOCEpBUCHBIE
HUPMBI
OGpasoBaHue / $up
H3HOILEHBIX
IIMH

Puc. 6.8. Cxema IBH:KeHHSI H3HOIIEHHBIX IIHH
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[orpebutemn mua P  IIpomaBupl IIMH —~ —P»
IIpousBoaurenu
HOBBIX LIHMH.
OnroBble
WMIIOPTEPHI IIVH.
3 HNmmoptépst
locynapcTBeHHBIH GOHA YTHIM3ALUH IUH  [«—— aBTOMOOMIIEH
4 4 4
Dupmbl 10 ®upmbl IO
P Cxnaau- P
COPTHPOBKE, nepepadoTke
poBaHue
cOopy u mepe- f— W yTHIH3AIHA
BO3KE IIUH IIMH
5 5 5

ITone3Hoe UCIIONB30BAHNE IHH U IIPOJYKTOB UX
nepepabOTKH

Puc. 6.9. Cxema (puHaHCHPOBAHUSA YTHIM3AIMN H3HOMIEHHBIX IHH:
/-2 — nnata 3a yTUIM3aLUIo IIHMH TIpH €€ MOKYyIKe; 3 — MepeBo] IeHer
B ['oconn 1yt ornaTel paboT M0 yTHUIM3AIUY IIMH U MHBECTHIIHHI;

4 — omnata pacxoJoB 10 cO0py, COPTHPOBKE, NEPEBO3KE,
CKJIaJIMPOBAHUIO U ITepepadOoTKe IIKH;

5 — IOXOABI ¥ PACXObl OT MOJIE3HOTO UCTIONb30BAHUS

JlydmimM a1t Hamred cTpaHsl ObLIO OBl BBEIEGHHE NMPHHIUIA «IPOU3-
BOAWTEND TUIATHTY». DTOT MPHHIUI ycIemHo pabotaer B CKaHIMHABCKIX
crpanax. Hanpumep, ero ucnosnbs3oBanve B OUHISHANN MO3BOJISET YTUIIU-
3upoBath Oosree 90% IuH.

OuHaHCUPOBAaHUE YTHIM3ALMH HM3HOIICHHBIX IIHMH MOXET IPOHCXO-
JIUTH TI0 CXeMe, IPEJICTaBIeHHOI Ha puc. 6.9.

[TnaTa 3a yTwim3anuio muH I0/bKHA OBITH nuddepeHnrpoBana B 3a-
BHUCHMOCTH OT pa3Mepa LIMH U yTBep)KAeHa (erepalbHbIM IPAaBUTEIBCT-
BOM.

[pemnoxeHHass Mojelb (DMHAHCHPOBAHUS YTHIN3ALUH H3HOIICHHBIX
LIMH TTO03BOJIUT 3 (PEKTHBHO KOHTPOIUPOBATH MOCTYIUIEHHE aeHer B [oc-
(GOHI yTHIM3AlMU IIMH OT UX NPOU3BOAMTENEH, a TakkKe OT UMIIOPTEPOB
IIMH M aBTOMOOWIEH, a NPEeONpHUATHSAM, 3aHUMAIOIIMMCS YTUIIU3aLHeH,
CBOEBPEMEHHO I10JIy4yaTh OIUIaTy 3a CBOIO pabory. B aTom ciydae yka3aH-
Hblit ['ocdonn nmen Obl BO3MOKHOCTh (PMHAHCHUPOBATH Pa3pabOTKy HOBBIX
TEXHOJIOTHH U 000PYIOBAHUSI M0 YTHIM3AINH IIHH.
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6.6.1. IPOBJIEHVE N3HOHIEHHBIX
PE3MHOTEXHUYECKUX W3JIEJINIA

HauanpHass cragusi TMOJydeHHS pereHepara CyLIECTBYIOIIUMH IIPO-
MBIIIJICHHBIME METOAaMH W3 W3HOUIEHHBIX PE3WHOBBIX M3JENHHA (TOKpPBI-
IeK, KaMep U Jp.) — UX U3MeIbYeHHE.

V3MenpueHre IIMHHBIX PE3UH COMPOBOXKAAETCS HEKOTOPOH NECTPYK-
[Mel BYJIKaHM3ALMOHHOM CETKH PE3WH, BEIMYMHA KOTOPOW, OLlEHWBaecMast
10 U3MEHEHMIO CTENICHW PAaBHOBECHOI'O HAaOyXaHHs, IPH IIPOYUX DPaBHBIX
YCIOBHAX TeM OOJIbllle, Y4eM MEHBINE pa3Mep YacTHUIl IOJy9aeMOH pe3HHO-
BOH KpomKkHu. XJIOpo(OpMEHHBII AKCTPAKT PE3HH IPH ATOM H3MEHSIETCS
KpaiiHe He3HauuTenbHO. ONHOBPEMEHHO MPOHCXOAUT TAKXKE NECTPYKLUSA
YIIIEPOIHBIX CTPYKTYP. [poOieHne pe3nH, CoaepKamyx akTHBHBIA TeXHH-
YECKUH YIJIEpOJ, CONPOBOKIAAETCS HEKOTOPOH AECTPYKLHMEW LEMOYEYHBIX
CTPYKTYp TO CBSI3SIM YIJIEPOJ — YIJIEPOJ; B Cllydae MalTOaKTHBHOTO TEXHH-
YEeCcKOro yriaepoja (TepMHYECKOI0) YHMCIO KOHTAKTOB MEXIy YacTHIIAMU
yriepoa HECKONBKO Bo3pacTaeT [52, 53]. B o0mem m3MeHEHUs ByJIKaHH-
3aIMOHHOM CETKH M YIJIEPOAHBIX CTPYKTYp PE3UH MPH IPOOIEHUH JOJKHBI,
KaK ¥ B Cllydae JII000ro MeXaHOXHMMHYECKOTO IpoIiecca, 3aBUCETh OT THUIIa
MOJIMMepa, IPUPOIBI U KOJTUIECTBA HAMOTHUTEIS, COAEPKALIETOCS B PE3H-
HE, MPUPOJBI MONEPEYHBIX CBSI3€H M T'yCTOTHI BYJIKAHM3ALMOHHOMN CETKH,
TeMIIepaTypbl MpoLecca, a TAKKe CTENEeHH W3MEIbUYEHHUs Pe3UHBl U THUIa
NPUMEHSEMOT0 TP 3TOM 00OpyAoBaHUs. Pa3mep dYacTwi moigydaeMoi
PE3MHOBOI KPOIIKH OMNpEAETIeTCS METOAOM JEBYJIKaHU3alWU pPEe3HHBI,
TUIIOM W3MeNbUacMOi pPEe3WHbl W TPeOOBaHMSAMH K KauyecTBY KOHEYHOTO
NpPOJYyKTa — pereHepaTa.

UeM MeHbIIE pa3Mepbl YacTUI] KPOIIKH, TeM Oosee OBICTPO M paBHO-
MEpPHO MPOUCXOIUT HaOyXaHWE PEe3WHBI B MSTUMTEINSIX U HarpeB e€ 10 3a-
JAHHOW TeMIreparypbsl. OTO NPUBOAMT K IMOJy4YeHHIO Oojiee paBHOMEpPHO
JECTPYKTUPOBAHHOTO MaTepHaia, yMEHbBIICHHIO COJICPKAHHS B EBYJIKAHH-
3are HEJOCTATOYHO JEBYJIKAHU30BAHHBIX YACTHI] PE3WHBI («KPYIbI») H,
Kak CIEJCTBHE 3TOro, MOIyYeHUIO 0ojiee OJHOPOAHOTO MO KayecTBY pere-
HepaTa, CHIDKEHUIO KOJIMYECTBA OTXOAOB PA()MHUPOBAHMSA U TOBBIMICHUIO
TIPOM3BOANTENBHOCTH papuHIPOBOYHOTO 000pymoBanHus. OnHAKO MO Mepe
YMEHBIICHUSI Pa3MepOB YaCTHUI] PE3UHOBOM KPOIIKU BO3pPACTAIOT 3aTPaThl
Ha €€ IPOU3BOJCTBO.

B cBs3M ¢ 3THM IpHW CYIIECTBYIOIIMX B HACTOSIIIIEE BPeMs CHOCO0axX
MOJTyYeHHs PE3MHOBOM KPOIIKU NPUMEHEHHE Ul MOJy4YeHHs pereHepara
IIMHHOW PE3MHOBON KpOIIKM ¢ pasMepamu dactun 0,5 MM U MeHee, Kak
MIPaBMJIO, SKOHOMHYECKH Herenecooopa3Ho. I1ockombKy B HM3HOIIEHHBIX
MOKPBIIIKAX HAPSAY C Pe3UHON coAepkKaTcs Apyrue MaTepuansl — TEKCTHIIb
n METalll, Ipu [[pO6J'[eHI/II/I TMOKPBIMICK OAHOBPEMEHHO ITPOU3BOAUTCA OYM-
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CTKa pe3uHBl OT 3THUX MarepuaioB. Ecnu Hammume Merania B pe3MHOBOH
KPOIIIKE SIBISIETCSI HEJOMYCTHMBIM, TO BO3MOKHOE COZAEPXKAaHUE B HEH OC-
TaTKOB TEKCTHJIS 3aBUCHUT OT MOCIENYIOIIEro METo/a AEBYJIKaHU3AIUH pe-
3MHOBOM KPOIIKH U THUIA TEKCTHIIS.

st apo6neHnst M3HOIICHHBIX PE3NHOBBIX M3AEIHUN HanOoJee IMHPOKO
npumMeHstoTcs Banbubl (B PO, [THP, Aurnmm, CIIA) u qucKOBbIe METHHH-
sl (B ['epmanun, Benrpun, Uexun). Mcmons3yroT i 3TOr0 U yJaapHbIe
(MOOTKOBBIE) APOOMIIKH, POTOPHBIE W3MENBYUTENH, HAIIPUMED YCTAHOBKU
«HoBoportop». Pe3snHBI H3MeNpYalOT TaKXKe SKCTPY3MOHHBIM METOJIOM,
OCHOBAHHBIM Ha Pa3pylIEHUH PE3UH B YCIOBUSX BCECTOPOHHETO CXATUs
U CIBHTA.

[TpeanoxeH anmapaT, B KOTOPOM W3MENbUaeMbIi MaTepHal MPOXOAUT
MEXIY POTOPOM U CTEHKOH Kopiryca. DPdeKT u3MeIpueHus IpH 3TOM YCH-
JIUBAeTCS 3a CUET M3MEHEHHs BEMYUHBI U (HOPMBI 3a30pa MEXKIAY POTOPOM
1 CTEHKOHM KopIryca Ipu BpamieHun potopa. COmocTaBieHHe psiaa IeHcT-
BYIOIMX CXEM JpOOJIEHHs M3HOUIEHHBIX MMOKPHIIIEK MMOKa3a1o0, YTO MO Mpo-
U3BOJUTENILHOCTH O0OPYIOBaHMs, JHEPro- M TPYJOEMKOCTH THpolecca
JyJIINEe MTOKAa3aTeNl UMEET CXeMa, OCHOBAHHAs Ha NMPHMEHEHUH BajblLIOB,
YeM Ha IPUMEHEHUH AUCKOBBIX MENBHUI MIIH POTOPHON MaIluHbI.

CymecTByoliast Ha OT€YECTBEHHBIX PETCHEPATHBIX 3aBO/IaX TEXHOJIO-
T'Us M3MEIbYECHUS] M3HOUIEHHBIX MOKPBIIIEK MO3BOJSIET TOJydaTh PE3HHO-
BYIO KPOIIKY W3 OKPBIMIEK C TEKCTHIBHBIM KOPJOM.

I[poﬁ.nelme MOKPLIIIEK ¢ TEKCTUWIBHBIM KOPAOM

CyIIHOCTD TEXHOJIOTHH (OTTMCAHHOM Ha IMPUMeEpEe MOTYIEeHIS Pe3NHOBON
kpormku 0,8 MM TIOMoIIa T IPOU3BOJICTBA PEreHepaTa TePMOMEXaHNIECKIM
METOJIOM) 3aKJItoYaeTcs B cienyromieM (puc.6.10). Y mokperiiek Ha 6opTope-
3aTeNBHBIX CTAHKAX BBIPE3AI0T OOPTOBEIE KOJbBIA, KOTOPHIE BEIBOAAT U3 MPO-
W3BOJICTBEHHOTO NUKIIA. [IpH 3TOM MOKPBIIIKA OTHOBPEMEHHO PEXYT Ha Yac-
TH B NIPOJOJIEHOM HampapJjeHHH. YacTH MOKPHIIIEK 3aTeM pa3pe3aroT Ha He-
CKOJIBKO YacTel, pyosT Ha cerMeHThl mmpuHoi 20..40 MM Ha CTaHKe LIS
PE3KH CTaphIX MOKPHIIIEK ¥ TOAAI0T Ha JPOOMIBHEIC BaIbIIbl IIEPBOH CTaIUH
JpoOJIeH s, Te UX U3MEIBYAIOT A0 YacTHIl pa3mepamu 110 20 MM.

ITpoceB ocyiecTBiseTcs Ha OAHOSPYCHOW BHOpocesuke. Kporika,
MPOIIEImAsl Yepe3 CHUTO, IMOCIe MAarHUTHOW Celapanny IMOCTyIaeT Ha Apo-
OWJIBHBIC BaJbIBI BTOPOH cTamuu apoOieHus. [lociie 3TUX BaNbLOB W3-
MEJIbYEHHBIA MaTepHan HampaBiisieTcss Ha BUOpocesuiky. C BEepXHEro cura
HENPEPHIBHO MTHEBMOTPAHCIIOPTOM OTOMpPAETCs] KOPIHOE BOJIOKHO, MPOCEB
yepe3 BEpXHEE CHTO BO3BpaMIacTCs HA BajlbIbl, IMPOCEB Uepe3 HIDKHEE
CUTO — pe3nHOBas Kpomika (5...7 MM) OMOJIA TIOCJIC MATHUTHOW U TpaBUTA-
LIMOHHOW Cemapanuy MoAaéTcsi Ha OHOSAPYCHYIO BUOPOCESIIKY.
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Heﬂble NOKPBLIUKY

Ipobaénas pezuna

Puc. 6.10. Cxema nosy4eHusi 1po0/1€HOI pe3uHbI U3 H3HOLIEHHbIX
JIETKOBBIX M IPY30BbIX OKPbILIEK ¢ IPMMEHEHHEM MAIIHHBI
JJIS Pe3KH LeJIbIX MOKPBIIIEK:
1 — MammHA IS pe3KH Ha KYCKH IIENBIX MOKPHIIIEK; 2 — IPOOHIBEHBIE BabIIBL,
3 — omHOsIpycHast BUOpOCEsIKa; 4 — MAarHUTHBIE CENapaTophl; 5 — NBYXbIPYCHAs
BHOpOCesUIKa; 6 — TPaBUTALIMOHHBIE CENapaTopbl; 7 — pa3MalbIBAIONIHE BaIbIIbI

C cuTta HenpephIBHO OTOMPAESTCs] KOPIHOE BOJIOKHO, IPOCEB Yepe3 CH-
TO HalpaBIseTCsd Ha pPa3MajbIBalOIlNe BaJbLbl C PHU(IEHBIMU BaJKaMH
(TpOM3BOAMTENBHOCTD BAJBLIOB C PUGIIEHBIMH BaKaMu npuMepHo Ha 30%
BbIINIC MPOU3BOAUTEIILHOCTH BAJIBIIOB C TJIAAKUMH BaJ'[KaMI/I). C BaJIbIIOB
KPOILIKa MOCTYIaeT Ha JABYXbIPYCHYIO BUOpocesKy. C BEpXHEro cuta He-
IPEPHIBHO yJalseTcss KOPAHOE BOJIOKHO, IPOCEB Yepe3 BEpXHEe CUTO BO3-
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BpalllaeTcss Ha pa3MajbIBaloOLIME Bajbllbl, a TPOCEB Yepe3 HIDKHEE CUTO
(0,8 MM TIOMOJT) TTOCJIe MArHUTHON K TPaBUTAIIMOHHON cenapaiuu moaaércs
B OyHKep 3araca roTOBOH KpOIIKH. BbIXo pe3nHOBON KPOIIKK ¢ MacCOBOU
Jonei TekcTuist 10 5% cocTaBiseT okoio 64...65%, KOIU4ecTBO KOPAHBIX
0TX0JI0B, coaepxkammx 10 40% pesunsl, paBHO 13,5...14%, GOpPTOBBIX
koent 17,5...18%, morepu — 3...4%.

6.6.2. METO JNCITEPTMPOBAHUA

CymHOCTh METO/Ia 3aKJIF0YAETCsl B AUCHEPTUPOBAHNH PE3HHBI B BOJI-
HOW cCpeAe NOJ BIMSAHUEM WHTCHCUBHBIX MEXAHMYECKUX BO3JIEHCTBHI
B npucytcTBuu 11AB, o0Gpasyiomerocss B pe3yinbTraTe OMBUICHHS BBEIEHHO-
TO B Pe3UHY PaCTBOPUMOTO B HEll IMyJIbraTopa, 1 akTHBAaTOpa pereHepanun
U TIOCJEYIONIeM BBIICIICHUN pereHepaTra U3 BOJAHON AHMCHEpCHH pPEe3UHBI
METOJIOM JJIEKTPOJIUTUYECKON KOAryJsALIMM WM TEPMUYECKOHW CYLIKOMU.
JucneprupoBaHyue pe3sUHbBl MOMKET OCYILECTBISATHCS Ha BalbliaX WIN
B JIBYXUYEPBSIUHBIX CMECHUTENSIX HENIPEPBIBHOTO JEHCTBUS.

D¢ heKTHBHOCTh Mpolecca JUCIIEPTHPOBAHNS PE3UHBI 3aBUCHT TIPH
MIPOYMX PABHBIX YCIOBHSAX OT CTEIEHH OKA3bIBAEMOT0 Ha HEE MEXaHHIECKO-
IO BO3JICHCTBHS, THMA W COAEPXKAHUS SMYJIbraropa, KOHLIEHTPALUH W
PEeXHUMa BBEIECHHS pacTBOpPa OMBUISIOIIETO areHTa, MPUPOALI U KOINYECTBa
aKTHBATOPA PEreHEPALH PE3UHBI.

[TpuHOMOManbHAsE TEXHONOTHYECKas CXeMa IIOJydeHHs] pereHepaTa
METOZOM HCIIEPTUPOBaHUS TNpHBeneHa Ha puc. 6.11. B nByxdepBsuHbIi
CMECHUTEINb-TIACTUKATOP, CHAOKEHHBIN PyOaIlIKoil, HENPEPHIBHO ITONAETCS
J03aTopaMH pe3nHoBas kpomika u 5...10% (mac.) aMyneraropa win pacTBo-
pa (cycnensun) aktuBaropa [1...1,5 4. Ha 100 4. (Mac.) pe3uHsI| B dIMyJIbra-
Tope. B 3ToM anmnapaTe npoucxoaaT cMelleHne KOMIIOHEHTOB CMECH U Ijia-
CTUKAllUs PE3UHBI BCIEACTBUE IECTPYKLUUH €€ BYJIKAaHU3ALUOHHOM CETKU
TI0]] BIMSIHUEM MEXaHUYECKUX BO3ICHCTBHUIH.

OT creneHu AECTPYKUMH (IUVIACTUYHOCTH) PE3WHBI 3aBUCAT MOCIE-
JyIOIIasi CKOPOCTh TTOTJIOMICHHMS €10 BOJAHOTO PacTBOPA IIENOYH M CPEIHUN
panuyc 4acTHIl OIy4aeMON AUCTIEPCHH.

[InacTuuypoBaHHBIA ~ MaTepuan, BBIXOJALIMM U3 CMECHTENS-
IUTACTHKATOPa, MOCTYIAET B IEPBBIM CMECHTEINb-IUCIIEPraTop, B KOTOPOM
noJ BJIUMAHHUECM MCXaHHYCCKHUX BOSﬂeﬁCTBHﬁ MMPOUCXOAUT BHEAPEHUE B PC-
3MHY MOCTENEHHO BBOJMMOTO (B HECKOJIBKHMX 30HaX IO JUIMHE paboyel Ka-
Mepbl) BogHOTO (5...7%) pacTBopa mENOUH, 00eCeUnBaeTCs JOCTATOUHBIH
KOHTAKT 3MyJIbraTopa U MEI0YM U IPOTEKAeT peaKysl OMBIICHUS IMYJIbra-
Topa mEnoypto. B pesynprare B 3TOM cMecuTene oOpasyercsi IMYJIbCHs
BOJBI B PE3UHE.

Bo BTOpOM cMmecuTene-aucneprarope, paboTaromeM aHaJIOTHYHO Tep-
BOMY, 3aBEpIIACTCS MPOIIECC OMBUICHUS 3MYJIbraropa Mmeénodbio, MPOUCX0-
it obpamierne a3 u 00pasyeTcst JUCTIePCHs PE3UHBI B BOJIE.
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Puc. 6.11. Cxema npou3BoAcTBa JHCIIEPCHOHHOIO IOPOLIKOBOI0
perenepara (aucnopa):
1 — no3atop ApoOIEHOI Pe3nHBI; 2 — 103aTOP IMYIBraTopa;
3 — mo3artop akTHUBATOpa; 4 — 03aTOP PacTBOpa MENOYH;
5 — cMecHTeNb-TIIIaCTHKATOP; 6 — CMECHTEIb-AUCTICPTaTop;
7 — CMECHTEIb-TOMOI'€HH3aTOP; 8 — 103aTOP BOJBL;
9 — nentpudyra; /0 — cymunka; // — ynakoBO4HBIH arperar;
12 — cknaz rOTOBOM MPOLYKIUU
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B nponecce nucneprupoBaHys Ipy B3aUMOAEHCTBUU IENOYH CO CMO-
JISHBIMU U (WJIN) KUPHBIMH KHCIIOTaMH, COAEP)KAIIMMUCS B 3MYJIbraTope,
obpasytorcs [TAB, amcopOupyromecs Ha Mex(pa3HOH MOBEPXHOCTH U
CHIDKAIOIIAE YPOBEHb MOBEPXHOCTHON 3HEPrHH. DTO MPUBOJUT K CHUXKE-
HUIO TIPOYHOCTH M oOierdeHuro aedopmanuu pe3uHbl. OOpasyronmecs
ITAB oka3pIBalOT OAHOBPEMEHHO CTAOWIM3UPYIOIISe NSHCTBHE Ha BOTHYIO
JcTiepcrio pe3uHbl. [ unpodoOHas TOBEPXHOCTh Pe3UHBI aAcopONpyeT U3
BOJHOTO PAacTBOpPa aHHUOH (€r0 HEMOJIPHOHM, YTIICBOJOPOIHON YaCThIO),
BCJIE/ICTBHE YETO MMOBEPXHOCTh PE3UHBI IPUOOPETAST OTPUIIATENEHBINA 3apsi
YU OKOJIO HEro oOpasyeTcs MBOWHOM 3JeKTpUUecKuil cioil. B pesymprare
Tpu CONMMKEHNH YaCTHUI] PE3NHBI BOZHUKAET ANEKTPOCTATUIECKOE OTTAIKH-
BaHHE, MPEMATCTBYIONICE UX CIUMAHUIO (T.€. KOAryJsiuH). 3amuTHas 000-
JIOYKA TPEMATCTBYET TaKKe PEKOMOUHAIINH PaIKaIOB ¥ BOCCTaHOBJICHHIO
BTOPUYHBIX CBSI3€EH.

ITomyueHHas BO BTOPOM CMeCHUTeNe-Aucreprarope BoHas JUCIepcus
PEe3UHBI MIOCTYNAeT B CMECUTENb-TOMOT€HU3aTOP, B KOTOPOM OCYILECTBIIS-
€TCsI TOMOTCHHU3AIUS JUCIIEPCUN U €€ TIOCTEeTIeHHOe pa30aBiIeHUEe YMATUEH-
HOW Bozoit 1o korneHTparmu 50 + 5% (1o Macce cyxoro ocraTtka), odecre-
YUBAOIIEH XOPOIIYI0 YCTOWIHBOCTD AUCIICPCHH.

B BomHOI mucnepcun pe3wHBI MOTYT CONEPKAThCS YACTHUIIHI AUAMET-
pom Goxee 100 MKM, a TaKKe MEXaHHYECKHIE TPUMECH.

Jna ynaneHust TaKUX YacTHIl M IPUMECei BOTHAS OUCTIEPCHS Pe3UHBI
NOZIBEPraeTcsl pas[efieHnuIo B IEHTpH]yre HENpepbIBHOIO HEWHCTBUS Ha
KHUJKYIO ¥ CTYIIEHHYIO (DpaKIHu.

W3 cryménHoii (hpakiyu mociie CyIiKy B BaIblIEJICHTOUYHON YCTAHOBKE
HENPEPHIBHOTO JAEHUCTBHS IOMy4aeTcs HHU3KOCOPTHBIM pereHepar MapkKu
PCI.

W3 xunkoil Gpakiuy JUCHEPCHU MyTEM JIIEKTPOIUTHYECKOH Koary-
TAIAA MOXKeT OBITH TONYYCH IUCIICPCHOHHBIA pereHepaT B BHIE OpHKe-
TOB, a IyTEM TEPMUIECKOH CYIITKH — B BHJIE TIOPOIIIKA.

Bricymennsiit MaTepuat mogaéTcst Ha JIUHUIO (POPMOBKH U YIIAKOBKH,
T/Ie OH YTIAaKOBBIBACTCS B MOJIMATIIICHOBYIO IICHKY.

B nepBoM ciydyae qUCIIEpCHOHHBIN pereHepar MoJly4aeTcs U3 BOJHOMN
JAUCIICPCUHN PE3UHBI 1O TCXHOJIOTUH, aHaJOTMYHOM BBIACJICHUIO KayYYyKOB U3
JIATEKCOB AMYJIbCHOHHOM TOJNMMEpPHU3AIH 110 CXeMe: 3JIEKTPOJIUTHYECKas
KOaryJIsius, OTXKHUM, CyIIKa, OpUKEeTUpPOBaHUE (WIN BaJIbIIEBaHUE).

Koarynsamus ocymecTBiseTcsl Ha KOaryJIsiMUOHHOM KacKaje, COCTOs-
IIeM U3 IBYX KOaryJSIIMOHHBIX éMKocTed. B mepBoii oOpasyercst pereHe-
paTHas KpoOIIKa, BO BTOPOH — MPOLECC KOAryJsIIUU 3aBepILIaeTcs, KpOIIKa
YKPYIHSETCS.

[Tocne mpeaBapUTEIHHOTO 00E3BOKUBAHISI CKOATYJIMPOBAHHOTO MaTe-
puana Ha BHOPOCHTE OH IMOCTYIIAeT B OT)KUMHYIO MamuHy. W3 mocienHei
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pereHepaTHast KpOIIka MOCTYIIAeT B CYMIWIbHYIO MauHy. McnbITanus sto-
ro pereHepaTa IOKa3ald, YTO MO CPAaBHEHHMIO C LIMHHBIM pEreHepaToM
BOJOHEUTPATIBHOIO U TEPMOMEXAHUYECKOTO METON0B OH XapaKTepu3yercs
OoJyiee BBICOKOHW YHCTOTOH, OTCYTCTBHUEM «KPYIIbD», OOJbIIEH YCIOBHOMH
KOT€3MOHHOM MPOYHOCTHIO M HU3KON aAre3sueil K MeTalJIMYeCKUM IOBEpX-
HOCTSIM, a €TO BYJIKAHH3ATHl — OOJIee BBHICOKOH yCIOBHOM HMPOYHOCTBIO NPH
pacTshKeHHH, HO 6oJiee HU3KUM OTHOCHTENIFHBIM yIUIMHEHUEM.

B cBsa3u ¢ 3THM cMecH, copepiKalue ANCIEPCHOHHBIN pereHepar,
MIPEBOCXOMAT CEPUIHBIE MO TEXHOJIOTHYECKUM CBOMCTBaM (MEHBILIAs ajre-
3Ms K METAJUIMYECKUM MTOBEPXHOCTSIM IepepadaThIBAIONIEr0 000py10BaHHS,
JydIast IPeccoBKa KOpJa U PE3NHOBBIX 3arOTOBOK) M YCIOBHOM IPOYHOCTH
BYJIKAaHU3aTOB IPU PACTSKEHHH.

Bosnee IpocThIM M TIEPCIIEKTUBHBIM CIIOCOOOM MOJIYYEHHs] pereHepara
U3 BOJHOM IUCIIEPCHUU PE3UHBI ABJSAETCA €€ CyIIKa IPU MOBBIIIEHHBIX TEM-
repaTypax ¢ HOJyYeHHEM MOPOIIKOOOPa3HOTO JTUCIIEPCHOHHOTO pereHepa-
Ta (IUctopa).

B mporecce cymiku 4acTHIBl PE3MHBI HE MOABEPTalOTCS KAKOMY-
HUOYIb 3aMETHOMY TEPMOOKHCIINTEIFHOMY BO3/ICHCTBHUIO, TOCKOJIBKY M3-32
HaJIMYUs HA X TIOBEPXHOCTH BJIard OHU OKPY’KEHBI TApOBOH «pyOarkoin»,
a TpeOBIBaHME YACTHI[ B CPEAE C MOBBIIICHHON TEMIepaTypoil sBIsSETCS
BEChbMa KPaTKOBPEMEHHBIM.

ITocne cymku MOpPOLIOK MOCTYNAET B arperar Ui yIaKOBKH PE3HUHO-
BOM KpOILIKH, TJi€ YHAKOBHIBACTCA B ITOJUAITUIICHOBBIC MELIKH. XPaHHUTCS
JUCTIOP B YCJIOBHUSAX, UCKIIIOYAIOIINX €r0 KOHTAKT C BJIaroi M MexaHU4YecKoe
MOBPEXJICHUE MEIIIKOB.
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7. AYAIIbHAA CUCTEMA TrEPMAHUA

Hyanpnas cucrema I'epmanun (DSD) Opmia co3mana Kak caMoOCTOS-
TeJbHAsT HeKoMMepueckass opraHmzamus B 1990 r. 3akoHomaTenbHO OHa
perynupyercs HeMEIKUM IOCTaHOBJIeHHeM 00 ymakoBke oT 1991 r. Cucre-
Ma ObUta pa3paboTaHa Kak CeThb, OObEAWHSIONIAs MTPOMBIIUICHHBIE Mpe/-
MpuATHA, TPOU3BOAAIINE CaMbIC pPas3IMYHbIC BHUJAbI HPOAYKIHWHW, U OTBC-
Yarolias 3a Co3laHie MyHHIHUIIAJIBHBIX ITPOTPaMM I10 NepepaboTKe OTXOI0B
1 UX (UHAHCHUpPOBaHHE 3a CUET cOOpa B3HOCOB OT HEMELKUX MPOU3BOINTE-
Jiel POAYKIIMH.

HyanbHas cucrema camo(uHaHCHpYeTCs
32 CuéT IPOJAXHM JIMIEH3WH Ha MCIOIB30-
BaHWE TOBAapHOTO 3HaKa «3eJEHas TOYKay
(B HamIelt cTpaHe 3HaK «3eN€Has TOYKa» Cero-
JHSI JOCTaTOYHO XOPOIIO HM3BECTEH JIIOOOMY
MOKYTIaTeNIl0 — OH MMEETCsI Ha MHOTHX yTia-
KOBKax IPOAYKLHH, UMIIOpTHUpYyeMod B Poc-
cuto u3 cTpan 3anaanoi EBpomsl) (puc. 7.1).
CTOMMOCTD JIMLIEH3UH OTPaXKaeT peallbHbIC
LEHbl N0 OpraHu3aluy IepepaboTKH yHako-
BOYHBIX OTXOAOB B 3aBUCMMOCTHU OT MaTcpua-

Puc. 7.1 JIOB, MacChl M BHJa. JTa (PMHAHCOBAs MOJICIb

HO6y)KI[aCT IMPOMBIIJICHHBIC  MPCANIPUATUA

pa3pabaThIBaTh U MPOM3BOAUTH JIETKO YTHIM3HPYEMYIO YIIaKOBKY, YMEHbB-

mare O0BEMBI HCIOJB30BAHUS YIIAKOBKM M YHAaKOBOYHBIX MAaTepUalioB,
a 3TO, B CBOIO OY€pEb, IPHUBOAUT K CHIKEHHIO SKOJIOTUUECKHX IIIATEKEH.

Hcnonp30BaHne JaHHOW cHCTEMBI B I'epMaHuy PUBETIO, ¢ OAHOM CTO-
POHBI, K OYEBHIHOMY POCTY SKOHOMHUYECKHMX IOKaszaTelel, a ¢ ApYyroi —
K YMeHbIIeHHI0 oTpebieHus ymnakoBku. B 2000 r. peansHoe moTpebieHne
ymakoBkH Obuto Ha 18% MeHbIle, YeM OHO MOTJIO0 OBl OBITH 0e3 mpUMeHe-
HUSI yaldbHOW CHUCTEMBI. DTH JaHHBIE — PE3YNbTaT BIEPBbIC NPOBEIEHHOTO
uccnenoBanus («IIporuo3 AI'y, r. bazens) mpakTuueckoi oTaaun AyaabHON
CUCTEMBI, € yCTOMYMBOCTH U TIEpCIEeKTUB [54, 55].

I'maBHOE 3HaYeHUE NPOBENEHHOTO UCCIIEN0BAHUS 3aKI0YACTCS B TOM,
YTO AyajibHAs CHCTEMa BHECJa MO3UTHUBHBIN BKJIAJ B yCTOHYMBOE Pa3BUTHE
9KOHOMUKH ['epMaHKy, HaNpaBJICHHOE Ha COXPAaHEHUE PECYPCOB CTPaHbI U
3alIUTY OKpy>Karomier cpenpl. [lepepaboTka 0TXOZ0B YIIAaKOBKH CONPOBOXK-
JlaeTcsi TOpa3o MEHBUIMMHU 00bEMaMU BBHIOPOCOB, YEM HMX YTHIIU3ALUS ITy-
TEM COKUTaHMS WJIM 3aXOPOHEHUS Ha CBaJkax. biaromapst myanbHOH cucTe-
MC O6'I)éM OCTaTKOB YIIAKOBOYHBLIX OTXOHOB, YTHUIIU3UPYEMBIX CKETOAHO
(myTéM COKMTaHWS WM XpaHEHHS Ha CBallkax), yMeHbmmics ¢ 1991 mo
2000 r. mpubausuTenapHo Ha 65% (puc. 7.2).
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Puc. 7.2. «3enénas Touka» 1 noTpedieHue YNIAaKOBKH HacejeHueM ['epmanun
(1988 — 2000 rr.)

Oxcneptsl «IIporao3 AI'» B 1omosHEHHE K BBICOKOM 3KOJIOTMUYECKON
3¢ PEKTUBHOCTU TyaJIbHOH CHCTEMBI OTMETHJIHM €€ OOJbIIOE COIHaIbHOE
3HAYCHHE.

3a cu€T MCHONIb30BaHUs WHHOBAIWH, CO3/IaHMS TPUBJICKATEIHHOTO HH-
BECTHIHMOHHOTO KJIMMaTa, COIMAIILHOTO NPU3HAHMSA, Oiaronapsi BHEAPEHHIO
IyaJIbHOM CHCTEMBI B | epMaHuy, CO3/1aHO TOMOTHUTENRHO 17 ThIC. pabodmx
Mect. JKenanne norpebureneil ymakoBKU pa3esaTh U COPTUPOBATH OTXOJBI
TOBOPHT 00 MX BBHICOKOM CO3HAHHH, Y€ro He HaOIIOJaNock B CTpaHax 3amai-
Hoit EBpomsl emé B 90-e rr. XX B. JIeBATh U3 JeCATH IOMAIIHHUX XO35€K
I'epmanuu B HacTosIEE BPEMsI CAMU COPTUPYIOT OTXO/bI YIIAKOBKH.

ITo ouenke ogHOrO M3 MOMyIJSIpHBIX M3naHui «Kundenmonitor 2001y,
norpeduTeny Bc€ B OOJIBIIEH CTENEHH HEHST IUPOKUH KPYyT TpeyiaraeMbIX
JTyaJIbHOM CHCTEMOH yciyr, Giaroapsi KOTOPOH OTXOJbI COOMpAIOTCs Mpsi-
MO OT JIOMOB KOHEUHBIX ITOTPEOUTEIEH.

BbIcOKMe OIEHKM IyalbHOM CHCTEMBI — CIIEACTBHE ITyHKTYaJIbHOCTH
ciryk0, 3aHMMAIOIMXCS cOOPOM OTXOMOB, a TakXke ONM30CTh M JOCTYII-
HOCTb KOHTEHHEPOB ISl OTXOZOB.

B 2000 r. 6maromaps mepepaboOTKe OTXOAOB IUIACTHKOBBIX OYTBUIOK
(B pamkax mIyampHOH cucTeMbl) B ['epMaHMM OBIIO COKOHOMIIEHO OKOJIO
20 mupa. M/Ix sHeprun. Takoe KOJTHMYECTBO MO3BOJSIET CHAOXKATH TEIJIOM
1,8 miH. xuteneit B nomax bepnmna B Teuenune 130 mgueil. Bonee Toro,
yMmeHbleHne BbIOpocoB CO,, TyOHTENBHBIX AJsI OKPY>KArOLIEH Cpesbl,
OyZieT TaKxe OLIEHEHO DKCIIEpTaMHU B JajibHeiieM Ha npenmer 3(hdexTB-
HOCTH pelUKINHTa B [ epMaHui.
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Ilenp myanbHOM CUCTEMBI — IOCTOSIHHOE YJIYUIIEHHE LIEHOBBIX IIPO-
nopuuii. YToObl YMEHBIINTh B3HOCHI M OJHOBPEMEHHO Oo0ecrednTh e€ yc-
TOWYMBOE Pa3BUTHE, HEOOXOJMMO MPUMEHSATh HOBBIE TEXHOJIOTHH cOopa n
nepepaboTkn 0TX0J0B. OO 3TOM TakXKe TOBOPWIIOCH M B HCCIIEIOBaHHU
«IIporro3 AI'». [lyanbHasi cHCTEMa aKTUBHO 3aHUMAETCs 3TUMH BOIIPOCAMU
Ha MPOTSDKEHUH HECKOJIBKUX JIET. B HacTosmee Bpemsi, HampumMep, 00opy-
JoBaHMe THma «near-infrared» siBisieTcst BEICOKO3()(HEKTHBHBIM peLIEeHUEM
JUISl aBTOMATHYECKOM COPTHPOBKHM TaK Ha3bIBAEMBIX (JIETKHX YIAKOBOK).
B pesynpraTe KoomepamMu MYHHIMNAIBHBIX M YaCTHBIX KOMIIAHHMH MO
YNPaBICHUIO OTXOJAMHU IIOJIHOCTBIO aBTOMAaTHU3HMPOBAaHA COPTHPOBKA JaH-
HOTO BH/Ia OTXOJZIOB, U 3TO HOBILECTBO BHEApsieTCs 1Mo Bcel ['epmanuu. Ota
COBpPEMEHHAsI TEXHOJIOTHS MO3BOJIAET MONYyYUTh OONBUIMHA 00BEM U BBICO-
KyI0 YACTOTY MaTepHaJIOB MOCJIE PELUKINHIA U OJHOBPEMEHHO YMEHBIINTh
CTOMMOCTb NepepaboTKN YIaKOBOYHBIX OTXOZOB.

B HacTosmiee Bpems AyaibHasi CUCTEMa peau3yeT HOBYIO IIPOrpaMMy
TaKk Ha3bIBAEMOTO TJIyOOKOTO pPELUKIIMHIa HCIOJIb30BaHHBIX YIIaKOBOK.
Hanpumep, niactukoBble OYTBUIKM MOTYT OBITH Iepepa0doTaHbl B HOBBIC
OYTBUIKH JUTS HAIMTKOB WIIM TIPOAYKIIMIO JJIS1 TEKCTHIBHOW MPOMBIIIIIEHHO-
cru. Taxk, 3aBox ¢upmsl Cleanaway Plastic Recycling GmbH B Poctoke
mpeqHa3sHaueH s eXerogHod mepepabotku 6000 T  mpo3pavHBIX
[I2T-0yThUTOK (M3 COOpPaHHBIX AyaJIbHOW CHCTEMOI) B HOBBIE OYTBUIKU WA
B BOJIOKHA JJIs1 TEKCTHJIBHON MpOMBIIIICHHOCTH. HoBasi TexHONIOTMS TI03BO-
JIIeT JOCTHYB TAKOTO e BBICOKOTO KauecTBa MPOAYKLUH, KaK U MPU H3T0-
TOBJICHUH W3 IIEPBUYHBIX MAaTEPUAIIOB.

bnaronaps MHBECTUIMSIM B HOBBIE TEXHOJOTHH, COBEPIIEHCTBOBAHUIO
000pyIOBaHUsI Ul COPTUPOBKH U NEPepabOTKH OTXO/O0B, «3eN€Hast TOUKa»
C Ka)KJbIM TOJIOM CTaHOBHTCSI BCE IOIyJISIPHEE M JIEIIEBIE JUISl TIPOMBIII-
JICHHOCTH, TOPTOBJIM M KOHEUHBIX NOTpeOuTeneil. B3HOCH 3a nuueH3uu
YMEHBIIMIUCH B 1esioM Ha 440 MIIH. €Bpo MO OTHOIIEHHIO K 1998 r., T.e.
nogeneBeny Ha 20%. DTo yMeHbIICHHE IUIAHUPYETCS M B JajbHEHIIEeM.
[otpeburens mraTuT ToIbKO 1,9 €Bpo Ha YenmoBeka B MecsI] 3a IEHTpaIH-
30BaHHBIN COOp YITaKOBOYHBIX OTXOJOB.

C 1espio yCTOHYMBOTO Pa3BUTHSA JyaJbHON CHCTEMBI U CHHXKCHUS T10-
TEHI[MaJa [IeH Ha OOpallleHHe yIIaKOBOYHBIX OTXOJOB IPEIyCMaTpUBaCTCs
IpUMEHEHHEe JIOTUCTHKM cOOpa APYIHX OTXOAOB I INepepaboTkKu. DTo
NPUHECET OOJIBIIYIO TOJB3Y MOTPEOUTENSIM U OJTHOBPEMEHHO TOMOXKET 3a-
LIUTE OKPYKAIOUIEH Cpeabl.
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8. AKOJIOrMYECKASA MAPKMPOBKA HA YINAKOBKE

8.1. BHAKU, TIPUMEHAEMBIE JUIS1 OBO3HAYEHUA
IKOJOI'NYHOCTHU NPEIMETOB B IIEJIOM
WJIN UX OTJIEJIbHBIX CBOMCTB

[TpumepaMu MOIOOHBIX 3HAKOB, CYIIECTBYIOIIMX B MUpE, MOTYT CIy-
HKHTB!

o «Tomy6oii Anrem» (®PT) (puc. 8.1, a); «bensrit Jlebeap» (Ckan-
JOUHaBCKHe cTpasbl) (puc. 8.1, 6); «Oxonormueckuir BeIOOp» (Kanana)
(puc. 8.1, 6); «Oko-30aK» (Snonus) (puc. 8.1, 2);

® SKO3HAKH Pa3UYHBIX QUPM-TOBAPONPOH3BOJUTENCH, CTPEMSIIIHNX-
Csl BHECTH CBOM BKJIaJ B JeJ0 COEpPeKEHHsT OKpYKAIOMIEH Cpelbl U B TO XKe
BpeMsl ceaTh 3a CYET 3TOr0 CBOK MPOIYKIHMIO Oojiee MpHBICKATEIEHOM
B I1a3ax mnorpedureneii (puc. 8.2);

e 3HAaKM Ha a’pO30JIsiX, OTPAXKAFO-
IIME OTCYTCTBHE BELIECTB, IPHBOIIHUX K
YMEHBIICHUIO O030HOBOTO CJIOSI BOKPYT
3eMid; paziMYHbIE 3HAKM Ha INpEAMeTax
W3 IIaCTUKOB (B OCHOBHOM IOJIMATHIIE-
Ha), OTpaXkarollue BO3MOXKHOCTb MX YTH-
JIM3alMM C HAMMEHBIINM BPEJIOM JUISl OK-
pY’Xarolwen cpenpl.

OTzebHO CTOUT YIIOMSHYTH JJOBOJb-
HO pACIpOCTpaHEHHBIC 3HAKH Ha a’po-
30JIbHBIX IIperapaTtax W JPYrHX Marepua-
JaX, OTpaKalollde OTCYTCTBHE BEIIECTB,
NPHUBOSIINX K Pa3pyLICHHIO O030HOBOTO
ciost BOKpyr 3emi. CyILECTBYIOT caMble
pa3HOOOpa3Hble MX BUIIBI, PHUMEPHI KOTO- '&p,‘;..n‘ow
PBIX MOKHO BUJIETB Ha PHUC. 8.3.

CylmecTByloT ¥ KOMIUICKCHBIC 6) 2)
3HaKH, KOTOPHIE YYUTHIBAIOT JKOJOTHYE- Puc. 8.1
CKHE XapaKTEePUCTHUKH MPOTYKLHU HapsLy
C JPYTHMH, HallpuMep SPrOHOMUYESCKAMHU.
BusyabHO 3TO OYEHb XOpPOLIO JEMOHCT-
pHpyeTcss MapKHPOBKOW ULl KOMIIBIOTEp-
Hoit TexHuku IlIBenmckoil koHbeneparmm
npodeccruoHanbHbX padotankoB (TCO),
3HAKW KOTOPOH MPUMEHSUINCH Ha MPOTSDKE-
HUH HECKOJIbKUX JIET — puc. 8.4. Puc. 8.2
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Puc. 8.5

CraHgapTHBIM MEXIYyHapOJHBIM 3HAKOM, OOO3HAYaroOIMM IPHUTO[-
HOCTb IIpeAMeTa MOTpeOIeHNsT K BTOPUYHOHN repepaboTKe W/MiIH CoaepKa-
HUE B HEM BTOPHYHBIX MAaTepHaJOB, SIBISETCS TaK Has3bIBaeMbIii Mobius
Loop («JIenta MEbuycay, puc. 8.5, a), XOTS B TO ke BpeMs BCTPEUAIOTCS U
MOXO0XKHe (ke BKIIFOYAIOIINE €r0 H300paKeHNe) U OTIMYAIOUINECs OT He-
ro 3Haku (puc. 8.5, 6, ). CyIIecTBYIOT caMble pa3HOOOpa3HbIe U300paXKe-
HUsI 3HAKOB, WCIIONB3YEMBIX B 3THX IEJSIX, IIPU 3TOM Haubosiee pacrpo-
CTpaHEHHBIMU SBJIIFOTCSI 3HAKH, OJMIETBOPSIONINE 3aMKHYTBIH UK CO3-
JaHWe—TIpUMEHEHHe—y TUIIN3aLUI—BOCCO3JaHNEe HHOTIa ¢ YKa3aHHEM MaTe-
pHana, MOAJAOIIErocs nepepadoTke. ITOT MOAXOJ XOPOLIO HILTIOCTPUPY-
10T 3HAKU ISl YIIAKOBOYHBIX MaTepHajoB, KOTOPhIE MOTYT OBITH MOJBEPT-
HYTBI BTOPHYHOH 1epepaboTKe (B ONpeNeNEHHBIX CIydasx — B paMKax cIe-
LUaJIBHBIX TPOTPaMM) JIMOO MTPOMU3BEECHBI 3 HUX (pHC. 8.6).
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Puc. 8.8 Puc. 8.9

B TO ke Bpemsi, HarpuMep, MOX0KECTh UACHTU(PHUKAIUOHHON MapKu-
POBKH 11 TIACTUKOB (OyTBUTOK, KOHTEHHEPORB), pa3paboTanHoit ObmiecT-
BOM IUTaCTHKOBOI mpombiiieHHocTH (SPI), Ha sK03HAKH (T JKe CTPENKH —
puc. 8.7) MOXeT BbI3bIBATh IyTaHUILY Y HEKOTOPBIX TOTpeOHTENEH.

HekoTopble KOMIIaHMM BMECTO CTPEJIOK HCIOJB3YIOT 3HAaK B (opme
TPEYroJIbHUKA, BHYTPH KOTOPOTO /WM PSIOM C HUM Pa3MEIIaloT JaHHBIC
o marepuaie. B Mramiu ynakoBka MapKupyeTcs 3HaKaMH B (popMe LIeCTH-
YroJbHUKA WIIM KpPyra, BHYTPH KOTOPBIX YKa3bIBaeTCs COKpall€HHOe 000-
3HAYCHUE YIIAaKOBOYHOTO MaTepuaia (puc. 8.8).

Tak KkaK IUIACTUKOBBIE OYTBUIKM HM3-TIOJ HAIMHWTKOB COCTABJISIOT J0-
BOJILHO 3HAYUTENIBHYIO YaCTh OBITOBBIX OTXOIOB M 3aHHMAIOT MHOTO MECTa
B KOHTEifHepax JJisi Mycopa, TO, BHIUMO, /U MX 0oJiee PalHOHAIBHOTO
pasMelieHus B Mectax c0opa U Mpu MepeBO3Ke I YTHIM3AIUHA U3TOTOBHU-
TN TAKOH YIMAaKOBKH CTaJIM IPEyCMAaTPUBaTh BO3MOXHOCTh MX CKJIAJIbI-
BaHMs. JTO HAILIO OTPaXKEHHE Ha ITUKETKAX HAMUTKOB B TAKUX OYTHUIKAX,
Ha KOTOPBIX IMOSIBIJIUCH CICIMAlIbHbIC 3HAKH, HH()OPMHUPYIOIIHE 00 3TOM
(puc. 8.9).
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Puc. 8.10

—_— PN
el

a) 0) 6) 2)

Puc. 8.11

ITpu 5TOM onHMM M3 HauboJiee YacTO BCTPEUAIOUIMXCS HA YNAKOBKE
3HaKkoB sBIsiercs 3HAaK «Der Grune Punkt» (3enénast Touka), pasmudHBIC
Moau(UKAIHI KOTOPOTO H300pakeHsI Ha puc. 8.10.

B pamkax pa3zpabaTeiBaeMoii B HacTosiee BpeMs «Jlupextussl CoBeTa
EC 006 ynakoBke u 0TX0IaxX OT HEe» CpPeId MHOTHX BOIIPOCOB COJEPXKATCS
TpeOOBaHUS K MapKHPOBKE YIMAKOBOYHBIX CPEACTB C IETBIO PEIICHHS BO-
npoca uneHTuGUKauu. B cooTBETCTBUM ¢ STUMU TPeOOBaHUAMH YIIaKOBKA
JIOJDKHA MapKHPOBAThCS CIACTYIOIMMH 3HAKAMU:

e VIAaKOBKa TIOBTOPHOTO WJIM  MHOTOPa30BOTO  IOJb30BaHHMS
(puc. 8.11, a);

e BOCCTaHaBnMBaeMas (TIOAJAIOUIAsCS BTOPHYHOM IepepaboTke
C M3BJICYCHUEM II0JIB3HI) yIakoBka (puc. 8.11, 6, 6);

® VIaKOBKa, YACTUYHO WA MOJHOCTHIO MPOM3BEAEHHAS M3 BTOPHU-
HBIX pecypcoB (puc. 8.11, &), mpu 3TOM yKa3pIBaeTCs MPOICHTHOE COOTHO-
[IeHHEe BTOPUYHBIX MaTepPHAIIOB.

[Ipu HEoOXoAMMOCTH I WACHTU(UKAIIMA MaTEPHUAIOB, U3 KOTOPBIX
M3TOTOBIICHA YIIAKOBKA, Ha He€ HAHOCATCS IMU(POBHIe MK OyKBeHHBIE 000-
3HAYEHHs, pacnoyiaraeMble B LIEHTPE WM HUKE MEPBBIX JBYX 3HAKOB U Xa-
paxkTepH3yIole BuA Marepuana. Tak, INIaCTUKH XapaKTepU3yroTcsl nud-
pamu ot 1 mo 19, 6ymara u kaptoH — ot 20 1o 39, merayuisl — ot 40 1o 49,
nepeBo — ot 50 o 59, Tekctuib — ot 60 10 69, crekiio — ot 70 A0 79.
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8.2. 3HAKMU, NPU3BIBAIOINME K CBEPEKEHUIO
OKPYKAIOIIEW CPE/JIbI

3HaKM OTOW TpPyMIBl, HEKOTOPble W3 KOTOPHIX H300pakeHBl Ha
puc. 8.12, garme Bcero BCTpe4aroTcs HA YIAKOBKAX ITOTPEOUTEILCKIX TOBa-
POB, ¥ UX CMBICI CBOIUTCS K IIPU3BIBAM HE COPHTB, MOICPKUBATH YHUCTOTY
U CIaBaTh COOTBETCTBYIOIIHE MPEIMETHI TSI BTOPUIHON IIepepabOTKH.

o-@-@

Puc. 8.12

B kadecTBe OCHOBBI 3TOTO BH/A 3HAKOB 3a4acTYIO UCIIONIB3YIOTCS H30-
Opa’keHHSI COOTBETCTBYIOUIMX 3HAKOB, COIPOBOXKIAEMBIE XapaKTEPHOMH
Ha/IIHCHIO.

8.3. 3HAKH, OTPAJKAIOILIUE ONACHOCTbD ITPEAMETA
JIJIS1 OKPY KAIOLIEN CPEJIbl 1 HAXOSIILIUECS
HA MEPECEYEHHHU OBJACTEI IPUMEHEHUS
MPEAYIPEJAUTEILHOI U DKOMAPKUPOBKH

ITpumepaMu TaKuX 3HAKOB MOTYT CITY KUTb:

e 3Hak «OmacHO Ui OKPY’KAaIOIMIeH CpeasD», UCTIONB3YEMBIH B paM-
Kax 3akoHozarenbcTBa EC 0 kmaccuuKaiuy, yHnakoBKE M MapKHPOBKE
OTIaCHBIX BEUIECTB U Npenaparos (puc. 8.13);

e 3HAKU B BUJE IEpEUEepPKHYTHIX MYCOpHBbIX 0akoB. IloaTBepxaeHu-
€M TaKOro MOHWMAaHUsI CMbICJIA MOJJOOHBIX 3HAKOB MOXET CITY>KUTb, HAIIpH-
Mep, MHCTPYKIMS 1O 3KCIUTyaTtanuu TeneBu3opos kommanuun THOMSON,
Tl TIOCJICHUM U3 3HAKOB CONPOBOXKJIACTCS CJIETYIONIMM TEKCTOBBIM CO00-
LIEHUEM B OTHOUIEHUU JIEMEHTOB NMUTAHUA JUIS MyJbTa JUCTAHIMOHHOTO
ynpasnenus: «Oxpansiite okpyxatomryro cpeny! He BoiOpacwiBaiite Gara-
peliku, oOpamaiiTech B Mara3uH, IpoJIaBIIAi BaM 000pyIOBaHUE, KOTOPHIH
MOJKET 3aHAMATHCS NX IPUEMOM B LIENSIX MOCIIEAYIONIEH TepepadoTKI»;

e  CIENMAIBHBIN 3HAK JUIsl 0003HAYECHUS BEIIECTB, NMPECTaBIISIOIINX
OTIACHOCTH JUII MOPCKOH (propel u dayHbl, IPU UX TEPEBO3KE MO BOJHBIM
mytam (puc. 8.14). K coxanenuto, B Poccun mpoGneMbl 3KOMapKUPOBKU
emeé He MOJYYWIN IIUPOKOro Mpu3HaHuA. /o HemaBHEro BpeMEHM 3HAKU
SKOJIOTUYHOCTH MOSABJUTUCH B Poccuy B OCHOBHOM C MMIOPTHOM NMPOIyK-
el M, yYUTHIBas HE3HAHHE MX CMBICIA M HAJIW4YHE COMNPOBOXKIAIOIIETO
TEKCTa Ha WHOCTPAHHBIX S3bIKaxX, UX d(PPEKTUBHOCTh HA POCCHHUCKON Tep-
puTOpHH OblIIa OYeHb HU3KOH.
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MARINE POLLUTANT

Puc. 8.13 Puc. 8.14

OTtpafaHbM (HaKTOM MOCIICAHETO BPEMEHH CTANIO MOSIBICHHE (B OCHOB-
HOM Ha HPOJIYKIUH 3apyOeXHBIX (PUPM M UX COBMECTHBIX NPEINPHITHH C
poccuiickuMH TapTHEPAMH) SKOJIOTHYECKUX 3HAKOB W KOMIIO3UIIHHA, Ha-
MpaBJICHHBIX Ha C6epC)KCHI/Ie MMpUpoAbl U COMPOBOKAACMBIX HAAIMHUCAMH Ha
PYCCKOM SI3BIKE.

8.4. OBIIUE TPEBOBAHUA K COAEP) KAHUIO
9KOMAPKHUPOBKU B POCCUH

DKOJIOrHYecKasi MApKAPOBKa MOJIMMEPHOH Taphl UL TPUMEHEHUS B paM-
KaxX MEpOIPUSTHHI M0 PAIMOHATFHOMY HCTIONB30BAHHIO PECYPCOB (IIPEAMETEHI,
nouIexane coopy M BropuuHod mnepepabotkn) mo 'OCT P 51760-2001
(¥ OmHOBpPEMEHHO — MACHTH(HKAIIMOHHAS MapKHUpPOBKa TaKOW Tapbl B OT-
HOILICHUH INPUMEHSIEMOr0 KOHCTPYKIMOHHOTO MOJMMEPHOTO MaTrepHhaia)
BKIIIOYaeT B ce0s 3Hak «lletns Mébuyca» (puc. 8.15, a), yka3bIBarommi
Ha BOCCTaHaBIIMBAaEMYIO (TIOCPEJICTBOM BTOPHYHOH IEepepadOTKH) yITaKOB-
Ky, 1 3HaK (puc. 8.15, 6), mpu3bIBalONINiA K OXpaHe OKPYKAIOIIEH Cpesl
(He copuTh, MOJJIEP)KUBATh YUCTOTY M CAABaTh Tapy Jisl BTOPHUYHOM Tepe-
pabotku). [Ipu stom BHyTpH «Iletam MéEOuyca» mnm moj Hel HaHOCST
obo3Hauenne monumepHoro marepuana mo I'OCT 24888-81 (mampumep,
MIONUATIIEH BhICOKOTO AasieHus — [IDBJI, momumponmnen — I, momm-
crupon — [IC, momuatunenrepedranar — [19TD), a Takke undopmanuio
0 BTOPUYHOM mepepadoTKe.

Cpenu 3HaKoOB, IPUMEHSIEMBIX B CYIIECTBYIOUIUX CHCTEMax CepTH(U-
Kally ¥ IIPOYNX CHCTEMaxX 0J00peHHs (PEKOMEHIAINH) 110 SKOJIOTHYECKUM
TpeboBaHusIM, BCTpeYaroIuxcsi Ha Teppuropun Poccun, — 3HaK COOTBETCT-
Busi CrcTembl 00s3aTeIbHON cepTH(GUKAIMN 1O 3KOJIOTHYECKHM TpeboBa-
HUsM (puc. 8.16), Dkonornyeckuit 3HaK MeXAyHapOTHOTO IKOJIOTHIECKOTO
¢doHma M Harpagsl Pa3IUYHBIX BBICTABOK M KOHKYPCOB 3KOJOTHYECKOH
HaIlpaBJICHHOCTH.

176



o
A

Puc. 8.15 Puc. 8.16

B coorBercTBun ¢ ®DenepanbHbM 3akoHOM OT 14 mapra 1995 r.
Ne 33-03 «O6 0co00 0XpaHSIEMBIX PUPOIHBIX TEPPUTOPHUAX) TOCYIAPCT-
BEHHbIC NPHUPOAHBIC 3aMIOBEAHUKH M HALMOHAIbHbIC NAapKHU BIIPaBE HMETh
COOCTBEHHYIO CHUMBOJIUKY ((pmaru, BeIMIENsl, dMOIeMbl U 1p.). Ilopsimox
YTBEPKACHNA, UCTIOJIB30BAHUA U OXPAaHbI TaKON CHUMBOJIMKH yCTaHaBJIMBa-
ercs [IpaBurensctBoM Poccuiickoii @eneparun, a Ha €ro OCHOBE pa3pada-
TBIBAIOTCSI HOPMATHUBHBLIC JTOKYMCHTHI OpPraHOB HUCIIOJTHUTEIIbHOM BJIaCTH,
KOMITETEHTHBIX B JJAHHBIX BOIPOCAX.

8.5. PEKOMEH/JAIINH 11O IPUMEHEHHIO
9KOMAPKHNPOBKHU TOBAPOB

OO0uieii pekomMeHaIMel MOXKET ObITh UCIIOJIb30BaHHE KOPPEKTHBIX 110
(dopme u copepxkaHuio (HOPMYIMPOBOK B3aMeH HEUETKUX M HEKOHKPETHBIX
3as1BJIEHUH, JOITyCKAIOMMX MX pa3inuHylo0 MHTepnperanuoo. Kpome Toro,
IyOJIMYHOE MCIIOJIb30BaHUE TOHSTHH HKOJIOTHUECKOTO XapaKTepa B HauMe-
HOBaHHSX 00BEKTOB X035HCTBEHHON ESTEIBHOCTH, IIPOLIECCOB, MPOAYKIMN
WIN YCIYT, TIPUCTABKH «IKO0» TAKXKE JOJDKHO OCYIIECTBISITHECS B OOOCHO-
BaHHBIX CIydJasX ¥ B GopMmax, 00ecreunBarONINX X OJHO3HAYHYIO MOHST-
HOCTB JJIS TOTpeduTernei (moap30BaTesei).

e CHauanma HYXXHO OIIGHUTH 3KOJIOTUYHOCTH MPOIYKIMH U OIpese-
JIUTh, YTO KOHKPETHO JIOJKHO OBITH COOOILEHO MOTPEOUTEISIM.

e [lpu moAroToBKe TaKOro COOOILIEHHUS CIIEAYeT IOMHHUTB: 3KOMap-
KUpOBKa 0e3 4€TKOro BhIpakeHHs (COOOINEHHSI) OTHOCHTEIBHO JKOJIOTHY-
HBIX XapaKTEPHUCTHK TOBApa, OTJIMYAIOIIETO €r0 OT JAPYTHX, MOXKET BBOJIUTH
norpeduTenei B 3a0IysxaeHHeE.

e [lone3Ho yGemuThes, 4YTO MOTPEOUTENH BBHIIEISIOT MpeAIaraeMylo
MM 3KOMapKHPOBKY M3 Macchl HH(OpMALMK O TOBApe M NMPABMILHO MOHH-
MaroT €€.

e Marepuansl, MOATBEP)KIAIONINE TOCTOBEPHOCTh SKOMAapKUPOBKH,
JOJDKHBI UMETBCSI B HAJIMYIHH, YTOOBI OBITH MIPEbSBICHHBIMH T10 3aIIPOCy.

e [lpu oOpameHun 3a yCIyroi Mo SKOJIOTHIECKON OIEHKE MPOAYK-
LMY U TPEIOCTAaBICHUIO IPaBa HUCIOJIB30BAHUS SKOMAPKUPOBKH, MOATBEP-
JKICHHOW HE3aBUCHUMOMN CTOPOHOM, yOeIUTeCh, YTO OPTraHU3aIlHs, OKa3bl-
Baromas Takue yCJIyru, KOMIETCHTHA U YIIOJJHOMOYCHA Ha UX ITPOBCIACHUC.
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3AKINIOYEHUE

B y4ye6Hom mpouecce Hampaeienus 29.03.03 «TexHonorus nonurpa-
(uvecKoro M YMakOBOYHOTO IPOM3BOJCTBA» IPH MOITOTOBKE CIICIHAIIH-
CTOB B 00JIACTH MPOHM3BOJCTBA Taphl M YHMAKOBKH MO KypCy «YTHIH3aLUs
YHOaKOBKW» M Maructepckoi mporpaMmmsbl 29.04.03 mo kypey «Y Tunmzarust
YU BTOpWYHAs IepepaboTKa TONMMEPHBIX MAaTepUANIOB» 3aHUMAIOT OJHO
73 BEIYIIMX MECT, IOCKOJIBKY pPacCMaTpUBAIOT BOMPOCH YTHIU3AINHA U
BTOPUYHON TMepepabOTKH MOJMMEPHBIX MAaTEPHAJOB U TBEPABIX OBITOBBIX
OTXOJIOB C IO BO3BpaTa UX B IMPOU3BOJICTBO H YIYUIICHHS SKOJIOTHH.

B nmamHOM y4e0HOM MOCOOMH TPEACTAaBICHO OOOOIIEHHE COBPEMEH-
HBIX B3TJBIIOB Ha METOABI M CHOCOOBI BTOPHYHOHM IEepepabOTKH Taphl U
YIaKOBKH U TBEPABIX OBITOBBIX OTXOJIOB.

B y4eOHOM mOCOOHMM OCBEMIAIOTCS OCHOBHBIC METOJIBI M CITOCOOBI pas-
JENBHOTO cOOpa, BTOPUYHON MepepadOTKU pa3IHYHBIX MMOTUMEPHBIX MaTe-
pHAJIOB I Tapbl W YMAaKOBKU M TPEOOBAHUS, MPEIbSIBIAEMBIC K HHM
B IIpoIlecce IKCIUTyaTaluu.

Oco0oe BHIMaHWE YAETICHO HOBBHIM KOHCTPYKIUSAM YCTPOWCTB M TEX-
HOJIOTHYECKUM CXEeMaM, HX COAEPKaIlllM, IUISI BTOPUYHOW MepepadoTKh
MOJTUMEPHBIX MAaTEPUATIOB U TBEPIBIX OBITOBBIX OTXOIOB, KOTOpPBIC pa3pa-
6otansl Ha Kadenpe «[lepepaboTka MOIMMEPOB M YIIAKOBOYHOE ITPOU3BO/-
cteo» ®I'BOY BIIO «TT'TY».

B Hacrosiiiee Bpemsi OCTpO ONIyIIaeTcs HeXBaTka y4eOHO-METOIIHU-
YECKOW ¥ HAyYHOU JIUTepaTypbl IMEHHO B 3TOM HAIPaBJICHHUH.

Bonpmyto momMomp cTyiIeHTaM B KYPCOBOM U AWIIOMHOM MTPOSKTHPO-
BaHMHU OKaXYT NPHUBEIECHHBIE B TIOCOOWN COBPEMEHHBIE KOHCTPYKIIMH 000-
pyIoBaHUs Ha 0a3e BAJIKOBBIX MAIIMH U OCHOBHEIC TEXHOJIOTUYECKUE CXe-
MBI YTHJIU3AIMA W BTOPHYHOU TepepaOOTKH MOIMMEPHBIX MAaTEepPHaloB U
TBEPIBIX OBITOBBIX OTXOOB.
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