AKTyasibHOCTb. [MToniIMMepHasa ynakoBKa NMPOYHO BOLLJIA B HALUy XXW3Hb, CEroaHs
TPYLHO NpencTaBnUTb, YTO B HaYasie NpoLUsIoro BeKa njacTuKoBblie N3genmsa He
cylwiecTBoBasin. YcnewHoe pa3BuTme ynakoBOYHbIX MOJIMMEPHbIX MaTepunasios 414
ONNTENIbHOM0 XpaHeHUs NpPoayKTOB MUTAHUA B NULLEBOW NMPOMbILLIJIEHHOCTW
obycnoBneHo 3pPeKTUBHOCTbLIO MOIMMEPOB, @ UX NPON3BOACTBO - CPABHUTESIbLHO
HeO4opPOrnm N NPakTUYHbIM. BbiICOKMe TeMnbl poCcTa NPonU3BOACTBa N NOTpebneHns
YMNaKOBOYHbIX NOJINMMEPHbLIX MaTepuasioB, XapakKTepHble 419 Pa3BUTbIX CTPaH,
crnoco6bcTBOBaIM BO3HNKHOBEHNIO OTHOCUTENIbHO HOBOM NPOBAEMBI - YHUYTOXKEHUSA U
yTUAN3aLMn MNOJIMMEPHbIX 0TX0O0B. Llenbtio HacTosAwen paboTbl - aHaNM3 TEHAEHLUNN
pa3BuUTUSA Npom3BoacTBa buogerpaanpyemMsix MaTepunanoB. CMHTeTU4YeCcKumne
nonnMepHble MmaTepuasbl. CUHTETUYECKME NOJIMMEPHbIE MaTepmaibl UCNOJb3YIOTCSH B
pa3nnyHbIX 06nacTax aeaTenbHOCTU YesnoBeka. OCHOBHbLIM MCTOYHUKOM CbipbS 014
NMPOU3BOACTBA CUHTETUYECKUX NOJIMMEPOB ABMAITCA YyraeBoaopoabl: HepTb 1 ras.
CnHTeTn4Yeckme noamMmepbl CO34a0T C 3a4aHHbIMU (PU3NYECKUMU U XUMUNYECKUMN
CBOMCTBaMW. ITO, NMoXKaJlyn, rnaBHoe NpenMyLLecTBO CUHTETUYECKUX NOJIMMEPOB, U3
KOTOPbIX U3roToBsieHbl 601ee CcTa ThICAY Pa3/IMYHbIX BUAOB NMPOAYKLWN,
NCNOJIb3yEeMbIX B XXU3HU COBpPEMEHHOro 4yenoseka [1]. Mpon3BoACTBO CUHTETUYECKUNX
NMOJIMMEPHbIX MaTepManoB Ha COBPEMEHHOM 3Tarne pa3BUTUS MPOMbILLJIEHHOCTM
BO3pacTaeT B cpeaHeM Ha 5 - 6 % exeroaHo. MNMotpebneHne nnactMacc Ha aywy
HacesneHns B NHOYCTPUasbHO Pa3BUTbIX CTpaHax 3a nocnenHue 20 neT yaBOMIOCH,
DOCTUrHYB 85 - 90 Kr, K KOHUY TeKyLlero ecatnneTnsa Kak nojsiaratT, 3Ta umdpa
noBbICNTCSA Ha 45 - 50 % [2]. MpPOMBbILINEHHOCTb U3roToBAseT okoso 150 Bnaos
CUHTETUYECKMX NOJIMMEPHbLIX MaTepunasnos B Buae nnactnkos, 30 % M3 HUX SBAAIOTCA
reTeporeHHbIMN Mo cocTaBy. [1Na AOCTMXKEHMA onpedesieHHbIX CBONCTB, Jly4dLlen
nepepaboTku B nosimmepbl BBOAAT 6bonee 20 xuMmndecknx nobaBok, KOTOPbIX
OTHOCSATCS K TOKCUYHbIM BewlecTBaM. Npomn3BoacTBO 4006aBOK HeENMpepPbIBHO
BO3pacTaeT N B HacTosLee BpeMs cocTaBnsaeT bonee 7500 1 [3, 4]. B HacToALWee
BPeMSA CUMHTEeTUYECKne nosiIMMepHble MaTepmnasibl akTUBHO MPUMEHSAIOTCA B
pPaanodIEKTPOHUKE U CTPONTENBCTBE, MO3TOMY MHOIMME XMMNUYECKNE KOHLLEPHDI
BK/1aAbIBaAlOT CyLLECTBEHHbIE OEHEXHbIe CpeaCcTBa B pa3paboTKy HOBbIX peuenTyp 1
TEXHOJI0r M Co34aHnAa NoMMepHbIX MaTepunasos. MNMonmmMepHble MaTepuasbl, KOTOPbIE
MPUMEHSAITCA NPU U3roTOBJIEHNN paanoaeTanen n 6bITOBON TEXHUKMN, MO3BONAAIOT
co3aaBaTb pa3/inyHble Buabl Npmnbopos [5]. CTpouTenbHble CUHTETUYECKME
nonnMepHble MaTepuanbl obnagaroT LUesibiM pagoM YHUKaIbHbIX CBONCTB: BbICOKYIO
MPOYHOCTb MPUN HN3KOM BECe, BbICOKYIO CBETOMPOHULLAEMOCTb, HU3KYIO
TenonpoBOAHOCTb. CMHTETUYEeCKne nomMepHblie MaTepuasbl NPUOAIT YHUKaJIbHblE
CBOMNCTBA N3rOTOBJ/ISEMbIM U3 HUX N3AENAM, CMOCOOHOCTL NPOTUBOCTOATL OJINTENIbHO
BbICOKNUM HarpyskaM Uan He passiaraTbCs nog BO34EeNCTBUEM Pa3/INYHbIX
arpeccmBHbIX cpep [6]. OaHMM 13 BbICTPOpPa3BUBAOLLMXCSA HarNpaBAeHUN
MCMNOJsIb30BaHMA NMaacTMacc ABNsgeTCa yrnakoska [7]. U3 Bcex BbiNyCKaeMbIX NJAaCTUKOB
41 % ncrnonb3yeTCs B YNakKoBKe, U3 3TOoro Konmyectsa 47 % pacxofyeTcs Ha



YMNaKOBKY MULLEBLIX NPOAYKTOB. N5 3TUX Lesien NCMOJIb3YIOT BaKyyMHbIE MJIEHKMN,
3KCTPY3UOHHbIE MOJZIMMEPHbIE MJIEHKN, MOIMBUHNNXNOPNOHBLIE NJIEHKHN,
HEeoOpPMEeHTUPOBAHHbLIE MOJINMPONUIEHOBbIE NJIEHKWU, LBYXOCHOOPUEHTUPOBAHHbIE
(M30TpOMNHbIE) NONNCTUPOSIbHBIE NNEHKN. HN3Kasa LeHa n acTeTmnyeckas
NpUBJ/IEKATENIbHOCTb ABNAITCSA onpeaenaowmnmMmm ycioBMaMm yCKOPEHHOro pocTa
NCNOJ/Ib30BaHMA NMAAaCTUYECKNX MacC NpuY U3roTossieHUn ynakosku [8]. OgHako
CUHTEeTNYEeCKMEe YNakKoBOYHbIE MaTepunasibl UMEKT CyLleCTBEHHble HeJOCTaTKu. B
4aCTHOCTW, 0N UX NPOU3BOLCTBA UCMNOJIb3yeTCs YyraeBogopoaHoe Chipbe, 3amnachl
KOTOPOro ABJAITCS OrPaHNYEHHbIMU B NpUpoae 1 He BO306HOBAAIOTCA.
Mpon3BOACTBO MOHOMEPOB U MNOJIy4eHME CaMUX CUHTETUYECKMX NOJIMMEPOB OTHOCATCS
K dHEProeMKuUM TexHoNormam. bonee Toro, CUHTETMYECKME NOSIMMEPLI NPU KOHTaKTe
C NMLWEBbIMU NPOAYKTAMN CKJIOHHbI 3arpsA3HATbL X OCTaTOYHbIMW MOHOMEpPaMMU,
KOTOpble He BCTYNWU/IN B peakuuto npu cuHTese noanmepos [9]. C yBennyeHunem
MPOnN3BOACTBA CMHTETMYECKNX NOJIMMEPHBLIX MaTepuranosB co3aanacb npobnema mx
yTunnsaumun. Nocne akcnayataumm naacTuKm HensbexHo nonagaroT B OKPY>KAOLLYHO
cpepny, NCNonb3ylTCA pa3/iNyHbIe NMYyTU peweHnsa 3Ton npobnemMbl. K 0CHOBHbIM
cnocobam yTuamsaumsa NnoaMMepPHbIX YNaKOBOK OTHOCATCA: MUPOSIN3, BTOPUYHASA
nepepaboTka 1 3aXxOpoOHEHME Ha NONIroHax. B npouecce nuponnsa B aTtMmocgepy
BbibpacbiBaeTCA onacHbIe U BpeaHble ra3oobpa3Hbie BewecTBa. BTopnyHon
nepepaboTke NnogBepratoTCa HE BCe NOJIMMEPHbIE MaTepurasbl, KpOMe TOro,
3aTpyaHeH ux cbop n CopTUpoBKa. 3aXOPOHEHME Ha NMOJINITOHAX He ABNSAETCA
3(pheKTMBHBLIM CNOCOBOM yTUAM3aUNN, TaK KaK NMepunog pasioxXeHns noanmMmepos
COCTaBAeT OeCATKN NeT. DTo BeAeT K oTeoay 6onblumX nnowanen 3eMmanm ans
3aXOpPOHEHUSA 1 K 3Kosornyeckomy Kpusmcy [10]. NMocne o6 bEKTUBHON OLLEHKM
cUTyauumn, CJI0XXKUBLLENCH C NPON3BOLACTBOM N NMPUMEHEHUEM CUHTETUYECKNX
MOJINMEPHbIX MAaTEPMANOB, YYEHBIMUN N NHXXEHEPaMIN CcAeNaH BbiBOO 0 HEOBX0AMMOCTH
npuaaHusa bunogerpagnpyemMocTn CUHTeTU4YeCkKMM MaTtepumanam [11]. buopasnaraemble
nosiINMepHble MaTepuanbl. Buononmmepsl - 3TO NPUPOAHLIE NN BNOCUHTETNYECKNE
BbICOKOMOJIEKYISIPHbIE COeANHEHNS, ABNAIOWMNECA OCHOBOWN BCEX XMBbLIX OPraHM3MOB -
pPacTeHUN N XNBOTHbIX. K Bruononmmepam oTHOCATCS 6€nKn, HyKNEeNHOBbIE KUCOTHhI,
nosincaxapuabl U UX NPon3BoaHble. MI3BECTHbI TakKXe KOMMo3numm ns bruonoanmepos,
HanpuMep annonpoTenabl (KOMMNAEKChl, cogepxxawme 6enkun n nmnnasl),
rankKonpoTenabl (CoeAVHEHNs, B MOJIeKYJlaX KOTOPbIX OJINIrO- UK nosincaxapugHbie
Llenn KoBaJIeHTHO CBSA3aHHbIe C NenTUAHbIMU LenaMu 6enkos), mnonosncaxapuabl
(coegnHeHUs, MONEKYJIbl KOTOPbIX MOCTPOEHLI U3 NNNUAOB, OJINFO- N MONCaxapnaos)
[12]. B oTanyme ot 6onbIMHCTBA NaacTMacc, bnopasnaraemMmble NOAMMEPLI MOTYT
pacLennaTbCsa B YCJIOBUSAX OKPY >XaloLWen cpefbl MUKpPOOpraHm3Mamm: baktepusamm n
rpubamu. NMonumep, Kak NpaBuio, cyuTaeTca buopasnaraembiM, eCsiM BCSA €ro Macca
pasnaraeTcs B Mo4Yse Uaun BoAe 3a WecTb Mecsues. Bo MHoOrnx cnyyasax npoaykTtamu
pacnaga aBASAlTCA Yr/IeKUCAbIA ra3 n Boaa. Jliobble apyrne npoayKTbl pa3ioXKeHns
NN OCTATKWN O0J/KHbI NCCIeA0BaTbCA Ha HaJIM4YMe TOKCUYHbIX BELLECTB U



be3onacHocTb [13]. BaXHbIM (haKTOPOM, KOTOPLIN onpenenseT CTOMKOCTb noammepa K
Bropa3noxKeHuto, ABNSETCA ero MoJieKyJispHas Macca. B To BpeMs Kak MOHOMepPbI Uau
onmMromepbl MOryT BbITb MOPaKeHbl MUKPOOPraHU3IMaMun 1 CayxaT oS HUX
NCTOYHNKOM yraepona, noammepsbl ¢ 601bLLION MOEKYNAPHOW MAacCON YCTONYUBLI K
OEeNCTBMIO MUKPOOPraHU3MoB. buoaecTpykumio 60NbLLUNHCTBA TEXHUYECKUX
NnoJINMEpPOB, Kak NMpasunio, UHNLMUPYIOT npoueccaMmu Hebnonorm4yeckoro xapakrepa
(TepMmnyeckoe n GoToOKUCIEHNE, TEPMOIN3, MEXaHNYeCKasa gerpajgauns).
YnoMsaHyTble ferpajaunoHHblie Npouecchl NPUBOAAT K CHUXXEHUIO MOJIEKYNSAPHON
Maccbl nonmMepa. lNMpu 3TOM BO3HUKAOT HU3KOMOJIEKYIPHbIe BruoaccmmMmmnnnpyemole
hparMeHTbl, UMeLWMe Ha KOHLaX Lenn rmgpokcuibHble, KapboHMAbHbIE NN
kKapbokcunbHble rpynnbl [14]. He MeHee 3Ha4YnMMbIM (DaKTOPOM, OKa3bIBAKOLLUM
BINAHME Ha bnoperpagaunio, ABNAETCA HaAMOJIEKYSAPHaAa CTPYKTYpa CUHTETUYECKMX
nonnMmepoB. KOMNakKTHOE pacrnosioXXeHne CTPYKTYPHbIX (parMeHTOB
MONYKPUCTANINYECKNX N KPUCTAJIJINYECKNX MOJIMMEPOB OrpaHM4mBaeT ux HabyxaHue
B BOAE M NPensATCTBYET NMPOHUKHOBEHNIO (PEPMEHTOB B MOJIMMEPHYIO MaTpuLy. 3TO
3aTpyaHseT BO3gencTBme (hepMeHTOB He TOJIbKO Ha M1aBHYIO YrnepoaHyto Lernb
nosmMmepa, Ho N Ha buopaspyLiaemMble 4YacTu noanmepa. AMopgHasa 4acTb noanmMmepa
BCerga MeHee ycTtom4dumBa K bnogectpykuumm, 4em Kpuctannmdeckas [15]. B
HacTosLLee BpeMS CHMTAIOT, YTO €QUHCTBEHHbIN cnocob pewnTs npobnemy
NOJINMEPHOro Mycopa B OKpYy>KaloLLen YesioBeKa cpefe - 3TO co34aTb NoJIMMepHble
MaTepwuasnbl, NIPUroaHbIEe NP COOTBETCTBYOLWMNX YCI0BUAX MOABEPraTbCA
bunoperpagaumm, To ectb buopasnoxxeHuto ¢ obpaszosaHueM 6e3BpeHbIX A9 XXUBOW ”
HeXXMBOM Npupobl BewecTs. NMNoaobHble nccnefoBaHna BeAyTCA N HanpasBJ/ieHbl Ha
NCNoJsib30BaHMe B Ka4yeCTBe NCXOOHbIX COCTaBASAOLWMX B NOJIMMEPHbIX MaTepuanax
buononumepos [16]. CywecTByeT HECKOJIbKO Kiaccudmnkaumim NnoaxonoB B peLleHnmn
npobnembl yTuansaumm noammepos. B 4yacTHOCTK, aBTopbl [17] BbIAENAOT HYeTbIpe
OCHOBHbIX noaxopa: 1. Cenekunsa cneunasbHbIX LWUITaMMOB MUKPOOPraHM3MOB,
CMOCOBHbIX OCYLWEeCTBAATb AECTPYKLUMIO MOMMepoB. [laHHOe HanpassieHne
yBEH4YaJ10Cb YCMexoM TOJIbKO B OTHOLLUEHUW MOJINMEPHbIX MaTepunasios 13
NOJIMBUHWIOBOIO CrnpTa. I3 no4YBbl MeTogaMn cenekumm noay4mnnm baktepun poaa
Pseudomonas SP, koTopble BbipabaTbiBaloT PEPMEHT, pacLLennAoLWmni
NOJINBNHWNOBLIA cNupT. Mocne rmaposansa MakpoMosieKkyJ NOJIMBUHUIOBOrO CNMPTa
ee pparMeHTbl MOJIHOCTbLIO ycBamBatoTca bakTepusamn. baktepum Pseudomonas SP
BHOCAT B @aKTUBHbIN U1 HA BOAOOYUCTHLIX COOPYXEHUAX aNns 6bosee noaHOM O4YUCTKU
CTOYHbIX BOA OT 3TOro nosumepa. 2. CuHTes buopasnaraembix noJMMepoB MeTogamm
MUKPOBMOTEXHOOr MK C NOCNeAYIOLWNUM NoJTlyYeHNEM N3 NOJIMMEPHbIX MaTepnanos. B
YaCTHOCTU MONYYeHbl NOJINMEPbl MUKPOONOIOrNYEeCKOro NPONCXOXAEHUS, KOTOpPbIEe MO
CBOMM MJIAaCTUYECKUM CBONCTBAM B/IN3KK K KNTaCCUYECKMM NoJIMMepamMm - NMoJINITUNEHY
n nonnnponuneHy. 3. CuHTe3 brnopasnaraemMbliX NOIMMEPHbLIX MaTepnanos, UMELLNX
XUMUNYECKYIO CTPYKTYPY, aHaNIOrNYHYO0 CTPYKTYpe NPUPOAHbLIX NoaMMepoB. MNpumepom
TaKoOro CMHTE3a ABNseTCA noggatowninca 6noaecTpykumm CIoXXKHbIM NOAN3HOUP



anndaTnYeckoro paga, UMeLWmMn XMMNYeCcKyo CTPYKTYPY, aHaIOrNYHY0 CTPYKType
nosinokcn-aueTobyTnpaTa uenntonosdbl. CUHTETUYECKN NONYYEHHbIA NOANMED -
aHaNor JIMrHNHa (MEeTOKCMOKCUCTUPON); BnoaecTpyKTUpyeMbln NnoavaMmung;
pa3pyLlaoWwmnncsad MMKpPOoOpraHnMaMm CNOXKHbIM Noanadup, B COCTaB KOTOPOTro
BXOAAT MOJI0OYHAsA N heHUIMoN04Hasa KucnoTol. 4. Pa3zpaboTka MaTepunanos,
NMPOU3BOAMMBIX C UCNOJSIb30BaHMEM BO306HOBASAOLWMNXCSA BNONOrnyeckmnx pecypcos. B
CBSA3M C TEM, 4TO TPAANLMNOHHbIE NCTOYHUKM Cbipbs OJ19 CUHTEe3a NoJIMMepoB
OrpaHWYeHbl, aHHOe HanpaBseHne, NO OUEeHKaM CreunanncToB, asnaeTcsa Hanbonee
MnepcneKTUBHbIM U SKOHOMUYECKWN BbIFrOOHbIM. KpOoMe Toro, cHMTaeTcs, 4To
NMPUMEHeHNe TaknX MaTepnanoB YMEHbLUUT «MAapPHUKOBbLIN 3 EeKT», TaK KakK
BblpallMBaemMoe AJ19 X NPOU3BOACTBA PAaCTUTENIbHOE Cbipbe NOrJoLWaeT YrleKUCbIn
ra3. CywecTByeT KJacCnpmnKaumsa NoOUCKOBbIX N MPUKNALAHbIX NCCenoBaHNN Npu
co3gaHum buopasznaraemMbix MaTEPMANOB BKJIOYAOLWAa cnegylowme HarnpaBieHuns:
BbrnopasnaraemMble NOMMEPbI HA OCHOBE NOAMN3KMUNPOB MMAPOKCUKAPOOHOBBLIX KNCNOT;
KOMMO3UTHbIE MaTepunasibl Ha OCHOBE MPUPOAHLIX MOIMMEPOB; MOANPUKALNA YXKe
CYLLECTBYHOLWMNX NPOMbILLUEHHbIX MOJIMMEPOB U NpUAaHME UM HOBbIX CBONCTB [18].
TexHonornsa buogerpagupyemMbix NOMMEPHbIX MaTePMaoB HAXo0OUTCH B CTaanun
pa3BUTUA N, BUAMMO, MO3TOMY B HacTosLee BPeEMS HET e JUHOMr0 MHEHUS
OTHOCUTENbHO KNnaccudunkaunm brnopasnaraembix NoanmepoB. Bce xe Hanbonee
KOPPEKTHOM crefyeT cHMTaTh KJacCUduKaLmo, 0OCHOBAHHYO Ha NMPOUCXOXAEHUN
KOMMOHEHTOB, NCMO0JIb30BaHHbIX B COCTaBe bnononmmepHbix matepumanos [19]. B aton
CBsA3M Buopasnaraemblie NOJIMMEPHbIE MaTepMasbl MO NX KOMMOHEHTHOMY COCTaBy
MO>XHO pa3faesinTb Ha cneaylolmne OCHOBHbIE Fpynnbl: BnonosnmMepHble MaTepuasl
Ha OCHOBE CUHTETUYECKUX MOMMepoB 1 brnononmmepos; buononmmepHblie MaTepurabl
Ha OCHOBE MUKPOBMONOrNYeCKn CUMHTE3NUPOBAHHLIX MOIMMEPOB; BUOMOIMMEpPHbIE
MaTepuasibl Ha OCHOBE MPUPOAHbIX NONMMEPOB (HaTypaibHbIN Kay4dyk, benku,
rnoamcaxapuibl, XATUH, SNOKCUONPOBaAHHbIE Mac/ia, NOJINMEPbl N3 HEHACILLEHHbIX
pacTuUTesibHbIX Macen, IMMFHUH KNeT4yaTkKa); buononmmepHsblie MaTepuasbl Ha OCHOBE
NCKYCCTBEHHbLIX MOJIMMEPOB, NOJyHaeMbIX XMMNUYECKOWN Mogndumnkaumen npmpoaHbIxX
noanmMepoB. bnonosnmepHole MaTepmalibl HA OCHOBE CUHTETUYECKUX NOJINMEPOB U
bnononnmepos. B HacTosLee BpeMS C Lesbio COKpaLWLeHNsa Nepruoaa passioxKeHuns
MoJINMEPOB MocJsie NxX 3KCryatTaunm co3gatnTca KOMMO3ULMN CUHTETUYECKUNX
nonunmepos ¢ gobasneHnem npupoaHsix noammepos [20]. Hanbonee nssecteH cpeamn
CUHTETUYECKUX MaTepmnanos - nonmatuneH (PE). NonnatuneH obbi4HO He
rnoaBepraeTcs pa3yloXKEHND, ero MOXXHO caefiaTb pa3flaraeMbiM, CUHTE3NpPYS C
anndaTnyecKMMmM COMOHOMEpPaMn, KOTopble YyBCTBUTEJIbHbI K Tnapoamn3y. Kpaxman
NCNoJsb3yeTCHA B KaYyecTBe HanoJHUTens ansd bnopasnaraeMbix NOJMMEPOB.
MpoBeneHbl KOMMJIEKCHbIE UccienoBaHus, BKaoYawwme metonbl AMP,
bnopecTpykummn, HabyxaHumsa B BOAHbIX Cpeaax, MO3BOIMBLUNE PELLUUTb Ba>KHYO
3KOJIOMrMYECKYo 3a4a4vy - co3gaHue buopasnaraemMmbiX MOANPULNPOBAHHbIX
KOMMNO3NLUMNI HanoJIHEHHbIX KpaxmasioM [21]. B paboTe [22] nonyyeHsl



TepMonaacTU4YHble KOMMO3NLMKN Ha OCHOBE MOJIN3TUIIEHA N KYKYPY3HOro Kpaxmarsa
(1,5 - 30 %), obnapatowme HeobxoANMbIM KOMMJIEKCOM 3KCMNAyaTaLMOHHbIX CBOWNCTB, a
TakK>XXe CKJIOHHOCTbIO K BropasnoxeHuto n potopaspyeHuto. N3yveHbl nx usnko-
MeXaHM4YeCcKme CBONCTBa U CNOCOBHOCTb K Buogerpagaumm n oTopassioKeHUHo.
Pa3paboTaH HOBbIN MOONGPUNLMNPOBaHHbLIN Buopa3araemMbll KOMMO3ULUOHHbIN
MaTepuasn Ha ocHose PE, 4To obecrneymnBaeTCcs COBMEeCTHbIM BBEAEeHNEM KpaxMasa n
moguncuumpyowmnx obasok [23]. B ka4ecTBe HanosiHUTeENEen NpeanoXeHo
NCMNOoJIb30BaTb PUCOBLIN U KYKYPY3HbIA Kpaxmai. ccnenoBaHbl KOMMNO3ULUMA Ha
OCHOBE TepMOMJaCTUYHOr0 anngaTmn4eckoro noamagupa, NnonmbyTmneH CykunHaTt
agunat (PBSA), ¢ KykKypy3HbIM KpaxMasioM. KpaxmMan paccMaTpuBaIn B KayecTBe
brnopasnaratoLero HanoaHUTensa. U3yyeHbl TEXHOIOMMYHOCTb, MEXaHNYeCKne U
TenJioBble CBOMCTBA KOMMO3ULNIN, N NX CNOCOBHOCTb K BuopasnaxxeHuto. Cogep>xaHue
KpaxMaa B MnJjieHKax BapbnpoBaniocb 0T 5 % 0o 30 % no macce. lneHKn nony4vanm
SKCTpYy3uen C pa3nysoM [24]. YCTaHOBNEHO, YTO yBeNNYEeHNe CoLepKaHNA KpaxMania
yBe/IM4MBaeT nokasaTesib MOAYA YNPYroCTU U YMeHbLIaeT 3Ha4YeHNs NMPOYHOCTUN Npun
PacTSXKEHUN U YOASIMHEHNSA NPU pa3pbiBe. Pe3ynbTaThl CKaAaHUPYOLWEN 3/TeKTPOHHON
MUKPOCKOMNM NOKa3anaun, 4TO rpaHyibl KpaxMasa BKKYEHblI B CTPYKTYPY KOMMNO3ULUN
PBSA-kpaxman, 4To cnocobcTByeT bnoperpagaunmn PBSA. iccnenoBaHUS XXUTKOCTHO-
refnesBon XxpoMmaTorpadun nokasaam yMeHblLeHNne MonekynspHon Maccel PBSA nocne
npebbiBaHMA PBSA-KpaxMasibHOM KOMMNO3ULMW B MOYBE, YTO MOATBEpPXAAET
BO3MOXXHOCTb MCMOJIb30BaHNSA KpaxMasa B KayecTBe bnopasnaratoLwero HanosHuTens
[25]. Pa3paboTaHbl CMHTETUYECKNE anngaTnieckmne nonmadpupsl, KOTopble
NPON3BOAAT U3 Yr1IeBOAOPOLAHOIO Chipbs. 3TN NOJIMMEPbI TaKXe NoAAATCA
BrMonorn4yeckoMy passioXXeHUo, Kak 1 NoIMMepbl, MNOJyYEHHbIE N3 Cbipbs
PacTUTENbLHOr0 N XXUBOTHOIO NMponcxoxaeHus. CaMmbiM 3Ha4YMUTesSIbHbIM YJIEHOM 3TOrro
KJlacca NnoiMMepoB aBnsfeTcsa nonmbytTuneH cykumHat (PBS), obnagatowmn
CBOWCTBaMU, NOEHTUYHbLIMU CO CBONCTBaMu nonumatuneHa (PE). Onsa cHUWXKeHuns
cebecTtommocTn PBS, nponssognTenm CMeLnBatoT ero C KpaxmasioMm nauv rnosyvatoT
conosiuMepsbl U3 MaTepuasa, cogep xalero agunuaTHbele rpynnbl (aAUNMUHOBON
KNUCnoTbl). MonnbyTuneH CykKumMHaT XOpPOLO NEePEeHOCUT TpaanuLunMoHHY 0bpaboTky
nJjaBJieHNEM N HAaXOAUT NPUMEHEHMEe NPU U3roToBJIEHUN MYJIbYUPYIOWNX NJIEHOK,
YNaKOBOYHbIX MJIEHOK N MELWKOB. B K/lacC CMHTEeTUYeCKMX anndaTmnyeckmnx
nonnamnpoB Tak>Ke BKJoYaeTcsa nonmkanposakToH (PCL). PaHee 3TOoT nosinmep
NCNosb30BaJICA B OrpaHU4eHHOM obbeMe 13-3a ero BbICOKOM cebecToMmMOoCTun, HO
cMmecb PCL ¢ kpaxmasioM fenaeT 3TOT MaTepuas KoMMepyecku ycnewHsiMm. PCL
COBMECTUM C APYrMMU NoavMepamu, nepegasas UM CBOK CMOCObHOCTb K
pa3noxeHuto. B yncno npumeHeHuninn PCL BXooAT NogO0OHbI 419 NULWEBbLIX NPOAYKTOB,
nakeTbl U3 NJIEeHKU, CBA3bIBAlOLLME BeLeCcTBa U NMoJIMMepHble MogngunkaTopbl [26].
AnngaTtunydeckune - apoMaTunydeckme cononmagpupsl (AAC) coveTaroT CNoCcobHOCTb
noafaBaTbCA OMONOrMYECKOMY pPassioKEeHMI0, NPUCYLLYO anndaTnyecknm agupam, c
NMPOYHOCTbLIO apoMaTuU4eckux a¢pnpos. HanoMrHasa No CBOUM CBOWNCTBaM NOJNITUNEH



HN3KOM NIOTHOCTU (LDPE). K yncny TMNnM4HbIX MOHOMEPOB OAaHHOI0 KJacca
OTHOCATCS: TepedTaneBas KUCA0Ta, aAnnmMHoBasa KncnoTa n bytaHauon. N3 AAC
yCreLwHo opMyoTCA NJIEHKN 3KCTPY3Men C pa3fyBoM A5 CE/IbCKOro X03AMCTBa U
cafoBOACTBaA, HAHeCeHWe Cs10eB A1 YNAaKOBKM NULLEBLIX NPOAYKTOB, CTONI0BbIE
npnbopsbl, MELKN 09 TUCTBbI N OTX0A40B cagoBoacTsBa [27]. B paboTe [28] n3ayyeHsl
MJEHKN N3 NOJIMBUHWUIOBOIO CANPTa, NOJNBUHWUAXJ0PULA U UX CONOJIMMEPOB C
nobasneHmnem Kpaxmana. B kayecTBe nnacTugmkaTopa NCNOb30BaN MNLEPUH.
MneHkn nonyy4anam MeETOLOM JINTbSA N3 BOAHON ANCNEPCHOW CUCTEMBI U
npenHasHa4yeHbl 419 NCMO0JIb30BaHUA B Ka4YeCTBe MYJib4-yNaKOBOK B
CeNIbCKOXO3ANCTBEHHOM NPOMbIWEHHOCTU. iccnenoBann NpPoYHOCTb Ha pacTsXXeHune,
OTHOCUTESNIbHOE YAJIMHEHUE, CONMPOTUB/IEHNE UCKYCCTBEHHOMY BbIBETPMBAHUIO
naeHokK. MpoBoanan nosieBble UCMNbITaHUA MYJib4-yNakKoBOK. Mo pe3ynbTaTam
nccnenoBaHMM yCTAaHOB/IEHO, YTO CpeaHSa NPOOO/IKMUTENbHOCTb NCMOJIb30BaHUA
MYJIbY-YMAKOBOK MPU YMepeHHbIX MoroaHbix ycnosusax coctasnseT 300 vyacos.
HaHHble MNEeHKN UMEKT YCTONYNUBOCTb K BOAE U NMOALAEPXKMNBAOT ONTUMAJIbHYIO
BJI@aXKHOCTb B npouecce XpaHeHUs npoAyKTOB. MysbY - YNaKOBKN ABAIOTCSA
buopasnaraembiMn. iccnegoBann MexaHU4Yeckme CBOMCTBA MYJIbY-MJIEHOK U UX
B/INAHME Ha COXPAHHOCTb OPYKTOB 1 oBoLLeN. [ToKa3aHO, 4TO NOJly4YeHNe MyJbu-
NJEHOK MEeTOAOM BbiAyBaHUA NO3BOASAET 3HAYNTENbHO CHU3NTbL Ce6eCcToONMOoCTb
NPoAyKTa 3a cyeT npaBusibHOro nogbopa cMelnBaeMbIX MOJMMEPOB C KpaxMasioMm
[29]. Buopasnaraemble NAEHKN U3 NOAUITUIEHA (MK MOSINITUNEHA C aKPUJIOBOM
KMUCJIOTON) C KpaxMasioM MOryT ObITb MOJly4eHbl METOO0M 3KCTPY3UOHHOIO
BblOyBaHWA. YCTaHOBNEHO, 4To aobassieHue 2 - 10 % aMMmaka No3BoasEeT NONy4YUTb
OOHOPOAHbIe N0 COCTaBy rnJsieHKU. bnopasnaraemole NAeHKN Ha OCHOBE KpaxMasa
ABTOPbI TaK)XXe PeKOMeHAYIT UCNOJ/Ib30BaTb B Ka4YeCcTBe MYJibY-yNaKOBKMN B
arponpomsbineHHoM cekTope [30]. JobaBneHne MoOYEeBUHbI B COCTaB Kpaxmano-
MOJIN3TUNEHOBBIX (C aKPUJIOBOW KMUCOTOWN) NJEHOK ANA Co34aHuUA buopasnaraemMblix
MYJ1b4-YNaKOBOK YyJly4yllaeT KayeCTBO COCTaBa Ha NoarotoBuTesbHOM 3Tane [31].
MNeHKn nonyyarT NyTeM 3KCTPY3MOHHOIro BblAyBaHNA. Mo4YeBUHa yay4dllaeT
KNnencrepmsaumio Kpaxmaia rnpm Manablix KoamyecTtBax Boabl. 118 NOBbILLEHNS
npoueHTa bnopasno)xxeHmsa pekomeHayeTca Ao06aBASATb B COCTAB Kpaxmal-
MOJIN3TEIHOBYO KOMMNO3MUWMIO NONMONbLI. BBeaeHne B COCTaB NMAEHOK MNOJIMOJIOB He
B/INAET Ha NX MeXaHu4eckne cBonCTBa. o pesysnbTaTam pacyeToB cebecTomMMoCcTH
MJIeHOK MOXXHO caesiaTb BbIBOA O TOM, YTO coCcTaB rnJjieHoK 13 40 % kpaxmana, 20 %
NOJIN3TUNIEHA C aKPUJIOBOM KNCIOTOMU, 15 % Mo4eBUuHbI n 25 % MNBL 6yneT nmeTb LeHy
6M3KYI0 K NONINITUNEHY HU3KOr0o AaBneHuns. Takum obpa3oM, 3Ha4YMTENbHbIN
3KOHOMUYECKNI 3(hheKT MOXKeT bbITb NONYHEH MPM NCMNONb30BaHNM BropasnaraeMblix
MYJbY - YIIaKOBOK. YCTAHOBJIEHO, YTO MJAEHKN, cogep katwme 40 % bnononnmepos,
noaseprasicb MUKpobMonornyeckoMy paspyLLueHUIo B Te4eHne Tpex Mecsues, TepsiT
0Ko0J10 50 % cBOen Macchbl, U eCTeCTBEHHO yTpavmMBatloT rnepBoHavabHble (husnveckue
csoncTBa [32]. MeHononnctmpon (EPS) - neHonnacTbl LLMPOKO UCMNOb3YOTCA AN



obecneyeHmns 3aWmMTbl TOBapa Npun TpaHCcNopTupoBke n obpaboTke. B paboTe [46]
rMokKasaHa BO3MOX>XHOCTb MUCMOJIb30BaHWA NeHOoMJiacToB C KpaxMasioM A1 CO34aHuA
3KOJIOFMYEeCKM YNCTOro yrnakoBo4YHOro Mmatepuana. laHa NnonoXunTtesibHasa oueHKa
PU3NYHECKNX N MEXAHUYECKMNX CBOWUCTB BCMEHEHHbIX MaTepunasioB N3 Kpaxmasnia u
neHononncTmpona. PazpaboTaHbl GBMOKOMMNO3UTLI Ha OCHOBE TEPMOMJACTUYHbIX
MEeHONOJINCTUPOJIbHBLIX MaTpuUL, C fobaBneHneM Lenntna03bl. BUOKOMNO3UTLI
CpaBHMBaNN C TPAANLMNOHHLIMN KOMMNO3NTaMN U3 CTEKNIOBOJIOKHA [33]. BuokoMno3uTel
rnosy4yanm nytemMm CMewWwrBaHNA KOMMNOHEHTOB B ABYXLWHEKOBOM 3KCTpyLepe.
WccnepoBann mexaHm4yeckoe noseneHve BOJIOKOH B HOpMasibHbIX YC/I0BUAX N Mocne
rnornoweHns Boabl. YCTAHOB/IEHO, 4TO BMOKOMMO3ULNA C LEe003HbIM BOJIOKHOM
yBeIM4MBaeT MexaHn4yeckme CBONCTBa MaTepuanoB. KpomMe Toro, yCTaHOBJIEHO, YTO
BJlara oTpuuaTesibHO BANSET Ha COBMECTUMOCTb TEPMONIACTUYHON MaTpULLbl C
BOJIOKHaMU. [Moka3aHo oTpuLaTesibHOE BAUSHME CBONCTBA NOrjowaTb BOAY
LeIII0N03HbIMU BOJIOKHAMMN Ha MexaHuU4yeckne CBOMCTBA KOMMNO3MUTOB. TepMuyeckas
CTabubHOCTbL TEPMONAACTUYHON MAaTPULLbI CABUIrasiaCb B CTOPOHY BbICOKUX
TeMnepaTyp U3-3a NPUCYTCTBUA LLESITI0N03HbIX BOJIOKOH. M3y4eHo BansHmne nobaBok
HU3KOMOJIEKYJIIPHBIX CUHTETUYECKUX BeL,eCcTB, TeMnepaTypbl 1 MEXaHNYECKOro
BO34ENCTBUA Ha CTPYKTYPY U CBONCTBA KpaxMasa. PacCMOTpeHblI CMecu Kpaxmana C
CUHTETUYECKNMIN MoJINMepaMun, TaKUMN KaK CONOJIMMeEpPbl 3TUJ1IeHa C BUHWU1aLeTaToM,
BUHWOBLIM CMMPTOM, aKpUJI0BOW KNCIOTOW, C MPOU3BOLAHBLIMU LLEesI0103bl U C
ApYyrumMmn npnpoaHbiMK noammMmepammn. Takme cmecn MoryT 6bITb NCMONb30BaHblI 415
CO34aHNA HOBbIX 3KoNorn4yeckn 6esonacHoix bopasnaraemMmblx MaTepmanoB s
N3roTOBJIEHUS NJIEHOYHbIX YNAKOBOYHbLIX MaTepPUasioB U Pa3INyHbIX N3gennn ons
KPaTKOBPEMEHHOI0 NCMOJIb30BaHUA. DKCNepMMeHTasibHO NoKa3aHo [34], 4To
3(hbheKTMBHOCTb NOYBEHHOW Aerpagaunmn obpaboTaHHbIX NOAMMEPHbBIX KOMMNO3ULIKIA
3Ha4YnTeNbHO (B 3 - 4 pa3a) npeBbilWaeT 3PPEKTUBHOCTb Aerpagaynmn
HeobpaboTaHHbIX NOIMMEPHLIX MaTepuanos. B pesynbTaTe KOMMseKCHon 0bpaboTku
MOJINMEPHbIX MaTepMasioB HAa OCHOBE MOJINITUIEHA CHUXKEHME MPOYHOCTHbIX
xapakTepuctuk gocturana 60 - 70 % 3a 120 cyToK npun Ux oenoHMpoBaHUn B no4se. B
paboTe [35] 0oTMEYEHO MHTEHCMBHOE Pa3BUTUE Ha MOBEPXHOCTU KOMMO3UTHbIX MJEHOK
MULENNA MUKPOCKOMMNYECKNX Frpnbos npu oTCyTCTBUM obpacTaHusa nmu M3 - NaeHoK.
[Mocne akcnoHMpoBaHMs B noyse B TedeHme 90 cyTok [139 - naeHOK Npu3HaKoB UXx
buopasznoxxeHnsa He Habnganocb. KOMMNO3ULMOHHbIE MJIEHKM pa3pyLwanancb nog
BJINSAHNEM MOYBEHHbLIX MUKPOOPraHU3MOB, O YeM CBUAETENIbCTBOBAJIN CHUXXEHNE
MeXaHNYEeCKNX XapaKTEPUCTUK, a TaKKe CTPYKTYPHblIe n3MeHeHns obpas3LoB
(obpacTaHme NoYBeHHOMN MUKpPOIoponr, NOPo- 1 TpeLwmnmHoobpasoBaHme). BoisBneHa
3aBUCMMOCTb MHTEHCUBHOCTM BNOAECTPYKUMN OT COCTaBa KOMMNO3MUTOB (COOTHOLLEHUS
Kpaxman - M3BL n npupoabl gobaBok) [36]. PazpaboTaHbl BUALI bropasnaraemMblix
MaTepunanoB pa3/IM4HOro CoCcTaBa N Ha3HA4YeHUA C MPUMEHEHNEM KpaxMasia N apyrux
006aBoOK. YCTaHOBJ/IEHO, YTO MOJIEeKYJa NMoJincaxapmnia Kpaxmana coBMmeLllaeTca C
MaKpOMOJIEKYTaMN CUHTEeTNYeCcKux nonmmepos [37]. OTMeYaeTCH, 4HTO He4OCTaTKOM



TaKUX Kpaxmancogep)xawmx npoayKToB SABASAETCA UX MOBbILLEHHAs CMOCOBHOCTL K
BMUTbIBAHWUIO BNlarn, B pe3ysbTaTe Yero OHM MOryT OKa3aTbCs HEMPUIrOAHbIMU NS
YNAKOBKM NPOAYKTOB C MOBbLILLEHHON BJIAXXHOCTbIO, @ TakKXXe AJ19 N3roTOBNEHUS
CeNIbCKOXO03ANCTBEHHbIX NeHoK. iccnenoBaHbl [38] koMno3numm Ha OCHOBE
nomnponusaeHa ¢ NPUPOAHbIMU LLesITt0/1030CoAePXKALLMMN KOMMOHEHTaMN.
BbisiBIeHbl OCHOBHbIe haKTopbl, onpegensoouwme bunoaecTpyKTMBHbIE CBOWNCTBA
N3y4YaeMblX MaTepmnanoB. YCTAaHOBNEHbI Pa3sIn4yng BO BANAHUN LLEJION03bl U
ApeBECHON MYKW Ha MOPKOsIOrnto NOIMMEPHON MaTpULLbl KOMMO3NLIMOHHOIO
MaTepuana. [NpoBefeHoO KOMMAEKCHOE nccaenoBaHne BO30enNCcTBMA (DaKTOpoB
OKpy>xatuwlen cpegbl (Boga, MUKPOMULIETHI, MOYBa) HA KOMMO3ULMOHHbIE MaTepuanbl.
Noka3aHo, 4TO HanoNHUTeNb, obnafaoLLmnn Pa3BNTON NOBEPXHOCTBIO N HN3KOM
CTeneHblo yNnopago4eHHOCTU CTPYKTYpPbI, ABNseTcs Hanbonee shHeKTUBHON
nobaskon onsa npupaHns brnopasnaraemMbiX CBONCTB UCCeayeMblM KOMMNO3UTaM.
Monyy4yeHne conoiMMepoB, B MONIEKYJIAPHbIE LLEN KOTOPbIX BXOAAT NErKo
paspyLwlatoLmecs non 4eNCcTBUEM MUKPOOPraHM3MOB XMMNYECKNe CBA3N, AOCTUraeTcs
MeTogaMM CONoNMMeEpPU3aLnm NPUPOAHbLIX, IErKO AeCTPYKTUPYEMbBIX N CUHTETUYECKNX
coeguHeHnn. CUHTE3MpPOBaH NMOINypeTaH, CoaepXaLlnin HN3KOMOJIEKYIAPHYIO
Lenon03y nam ammnoly. Metogamm NnpuBMTON CONOIMMEPU3ALNNA N3TOTOBJIEHDI
conosinmepsbl MoJiNypeTaHa C KpaxmMasioM N LesIto/1030M, OCYLLEeCTBJIEH CUHTES
conosimmepa, CoOCTOALWEro U3 NnoandTuaakpunaTa n xxenatuHa. OgHako fo
HacTosLero BpeMeHun He pelleHa npobnemMa gecTpyKumMm CUHTETUYECKOro OCTaTka,
obpa3ytouerocs nocsie NOJIHONO pa3pyLleHnsa NnpupoaHoro noammepa [391].
MNepcrnekTnBHbI paboTbl N0 Co34aHNO BUOMOIMMEPHBIX MaTeEPMaIOB Ha OCHOBE
CUHTETUYECKUX MOIMMEPOB U BTOPUYHbIX PECYpCoB rnepepaboTKn pacTUTENLHOIO 1
XNUBOTHOIO Cbipbs [40]. B paHHon paboTe pewanncb npobaem MnHnMmmilaumm ob6bremoB
MPOMBbILL/IEHHbIX OTXOA0B, MOBbILLEHNIO SPPEKTUBHOCTUN OHYUCTKN CTOYHbIX BOA, U
NCMNOJIb30BaHUIO BTOPUYHbLIX MaTepuasibHbIX pecypCcoB B NMPOU3BOACTBE 3/1aCTOMEPHbIX
komno3nuynin (3K). PazpaboTaH 3KONOrM4eCckn CoOBEPLLUEHHbLIN MpoLEecc yTuamsaumm
OTXOA0B 3/J1aCTOMEPOB 1 0TPpaboTaHHbIX aAcopbeHTOB NpU NCNOJSIb30BaHNN METOA0B
MeXaHMN4YeCKOro n mMexaHo-tepMmuyeckoro obessoxunBaHus. Cos3gaHbl rmbpuaHble
BbICOKOHAMOJIHEHHbIE KOMMO3ULUN C PErYSINPYEMbIMU (PU3NKO-MEXAHNYECKUMU
CBOMCTBaMM Ha OCHOBE CMHTETUYECKUX MOJIMMEPOB, OPraHNYeCKNUX N HEOPraHNYeCKNX
HamnoJIHUTeNen, faHa oueHKa ux bnopasnaraeMocTu Npu MHKYBMpoBaHMKM B NoOYBaXx,
3KCnepuMeHTasibHoe 060CHOBaHME SKOTOKCUMKONOrnyeckom 6e3onacHoCTuU
yTunnsaymm B novBax. MI3y4yeHbl PU3MKO-MeXaHNYECKNE CBONCTBA ABYX- U
TPEXKOMMOHEHTHbIX CUCTEM, MOJIyYEHHbIX C NCMOJIb30BAaHNEM TEPMOMNACTUYHbIX N
TepMOpeaKTUBHbIX NOJIMMEPOB 1 0TX0A0B nepepabaTbiBatowmx oTpacnen AlMNK
(opranunyeckmne otxonbl 06paboTkun 3epHa). Hay4yHo obocHOBaHa MeTo4010r NS
yTUAn3aumm naactMacc n oTxXxonoB nepepabaTbiBaloWMX oTpacsien NpoOMbILWIEHHOCTH
nyTeM Co34aHNSA BbICOKOHAMOJIHEHHbIX TMOPUAHBIX KOMMO3UTOB CO CTEMNEHbIO
3amMewleHnsa nonmmepHom matpuubl 0o 90 - 95 % [41]. ABTopoMm [42] pa3paboTaHbl



HaHOKOMMO3ULUMOHHbLIE MaTepuaJsibl Ha OCHOBE NMoJIM3TUNEHa, obnagatowme
KOMMNJIEKCOM YNY4LEHHbIX TEXHOIOMMYECKUX N (PU3NKO-MEXaHNYECKNX CBOUCTB n
crnocobHble nepepabaTbiBaTbCA B U34S BbICOKONPOM3BOAUTENIbHBIMU METOAaMN.
N3y4eHO BAMSIHME NpoLECcCOB HarMoJIHEHUSA N MPUPOLbl HAHOHAMNOJIHUTENEN:
OpraHoruvHbl, rasanaysmTa, TayHUTa Ha CBOMCTBA HAHOKOMMO3UTOB. BbisiBNEHbI
ONTUMasJIbHbIE YC/IOBUSA MOJTYHEHNSA KOMMO3ULUA N COOTHOLLIEHUSA X KOMIMOHEHTOB.
YCTaHOBMEHO, YTO BBEAEHNE OPraHOrIMHbI NPUBOOUT K YBENIMYEHUNIO (PU3UNKO-
MexaHunyeckmx csoncts LDPE, He3aBncmMMo oT Mapku n npounssoantens [43].
YcTaHoBNEeH MexaHu3M gerpagaunm PE KoMno3numn, 3ak/o4atowmnncs B
amMmopdunsaunm noammepa, B CHUXXEHUN ero MoJieKynsipHOW MacChbl N KoJiIMYecTBa
PYHKUMOHaNbHLIX Fpynn. Taknm obpasom, npu brnogerpagaumnm naeHoK noay4yaemblx
N3 KOMMNO3MLUMIM Ha OCHOBE KpaxMaa, NoJIN3TUAEHA U OPYrUX CUHTETUYECKNX
MnoIMMEpPOB pa3pyLUEHNIO NOABEPraeTCca KpaxMmalsl, a CUHTETUYECKUA noaumMep
4aCTMYHO OCTaeTCA N ONa ero pa3spyweHns Tpebyetca anmTtenbHoe Bpems [44]. B
3TOWN CBA3WN NMEepPCreKTUBHbIM ABNSAETCA CO34aHNe KOMMO3ULMA Ha OCHOBE
brnononnmmMepos, NO3BONAIOLWLMX NOYHYUTb YNAKOBOYHbIE MaTepmasibl NOJOCTbIO
pa3naratLmecs B OKpyxatoLiee cpene B 40CTaTO4YHO KOPOTKUE CPOKMU.
BnononnmepHble MaTepuaibl Ha OCHOBE MUKPOBMOIOrNYeCKN CUMHTE3NPOBAHHbIX
nonnMmepos. bonbWwWMHCTBO BruopasnaraemMbix NaacTMacc OTHOCATCA K KJlaccy
nonamnpoB, XOTA HEKOTOPbIE MPON3BOAATCA U3 APYIrMX MaTepmnanoB, TaKNUX Kak,
HanpuMep, MoaNUUNPOBaHHbLIN KpaxMan. Obnagas XopownMm MeXaHNYeCKUMm
CBOWCTBaMW, apoMaTuyeckme noamaupsl, Takme Kak nonmatuneHtepedTanat (PET),
B TO Xe BpeMs, YCTONYNBbI K MUKPOBHOMY BO34eNCTBUID. AnndaTtnyeckmne
nonnacpupsl, HAaNPOTUB, 3HAYNTENLHO Jierye pasflaratoTcs, HO oHU He obnagatoT
TaKOW NMPOYHOCTbIO, Kakas CBOMCTBEHHAsA apoMaTU4YeCcKMM nonmagpupam. aa Toro
4TOObI YAYHLWNTb (hn3nveckme CBONCTBA anaTUYECKUX Noans3gpupos, pazpaboTymkm
nHoraa pnobasnsann gpyrme MoHoOMepbl K X MONEKYSAPHbLIM Lensam, nnbo
anndaTtnyeckmne, nmbo apomatmyeckue [45]. MonurngpokcrnankaHoaTbl (PHA)
npencrtasnaoT cobonm anndatmnyeckmne nonnsupsl. K yncny Hanbonee 3Ha4yuTesIbHbIX
npencrtaBuTesien 3TOro ceMencTBa OTHOCATCA noanrngpokcndyTupat (PHB) n ero
conosimmep c nonurngpokcuanepaTtom (PHV). Kommepyeckne npoayktbel u3 PHA
4acTo nponssoaAaTcsa u3 conosmmepos PHB n PHV, nnn cononnmepos PHB u gpyroro
PHA, KOTOpbIN Ha3blBaeTCa nonmrungpokcurekcaHoatom (PHH). PHA co3patoTcsa 3a
cyeT bakTepuanbHoOM hepMeHTaLUN CaXapoB PAaCTUTEIbHOIO NPONUCXOXKOEHUSA, TaKUX
KaK rtoKo3a. BHeEK/IeTOYHbIE U BHYTPUKIIETOYHbIE NOSINCaxapuabl CAHTE3NPYIOTCA
bakTepuanbHbIMM KNeTKaMn 1 3aTeM oTaenatoTcs oT bakTepun [46].
Buopasnaraemble yrnakoBo4YHble MaTepuasibl Ha ocHoBe PHA 1 ¢oopmMoBaHHbIe ToBapbl,
HeTKaHble MaTepuasbl, 0OHOPa30Bble CanPeTKn N npeaMeTbl JIMYHON FUIrneHbl,
MJEeHKW N BOJIOKHA, CBA3bIBalOLLME BelleCcTBa U NOKPbITUSA, CBA3YIOLWME MaTepuabl
ONs MeTa/lNINYeCKUX N KepaMNYeCKMX MOPOLLKOB, BOAOOTTasIKMBatoOLME MOKPbITUSA
ana éymarm n kaptoHa. PHA ctabunbHbl B BOAHOM Cpeae, nMpy 3TOM NogaatoTcs



Onosiorn4eckoMy passioXKeHUIO B MOPCKON Bode, No4YBe, B cpefax KOMMNOCTUPOBaAHUA U
nepepaboTkn oTxonos.. MNpencraBuTenn gaHHOW rpynnbl UMeT 6oNbLUYIO
CMOCOBHOCTb K YBJIAXXHEHUIO N NPUrOAHbI K HAHECEHWIO NMeYvyaTun, BbICTymnas, TeM
caMbIM, anbTepHaTmeon PET, PP n gpyrmne, obnagas npm 3ToM CTOMKOCTbIO K YP-
obnyyeHuto [47]. OCHOBHOW NEPCNEKTUBHbLIN N MHOroobeLllalowmn NnaacTuk ans
MULL,EBON MPOMbILWNIEHHOCTU - NONNAAKTUA - BOOOCTONKUI, Bropasnaraemoin oo
yrneKucsnoro rasa, Bogbl U MeTaHa, SpPeKTUBHO KOMMNOCTUpYyeMbIn. CNekTp ero
NCMNO0JIb30BaHUA B NMNLLEBOWN MPOMbILLUIEHHOCTN O06LLINpPEH: NaMnHUpoBaHue bymarm gns
yNakKoBKM, Nocyaa A1 MUKPOBOJIHOBbLIX MeYyen, MewKn aaa oTxon0B, 04HOpa3oBas
rnocyfna, yrnakoska s nuuiesBbiX NPOoayKTOB. Ha OCHOBE MoanIakTUL0B NoJsyvatoT
conosinMepsbl C rMNKOAUAAMUN, KanposaKTOHOM, MaacTUuuumpytoT COBCTBEHHbBIM
MOHOMEPOM 1 osIMroMepoM. MNMosmmosiodHasa (NOIMOKCUMPONMOHOBas) KucnoTa (PLA),
JINHENHbIN anndaTndecknn nonnacup, nosyvaemasa nytem noamMepusanymnm
MOJIOYHOW KNCNOTbI, KOTOPas CUHTE3UPYETCH APOX KaMU U MUl enmnanbHbiMu rpubamm
N3 NPOCTbIX CaxapoB. Hanbonee n3BecTHbIN NPON3BOANTESb NOJMMOSIOYHOW KNCNOTbI
non 6peHgom Ingeo - NatureWorks, noyepHasa komnaHus Cargill [48]. MonnnakTung
MPO3PavYHOCTbIO, MPOYHOCTLIO, MSHUEM, ABASETCA OT/IMYHLIM BJIAroNpoTEKTOPOM, TakK
Xe, Kak 1 MN3T, He nponycKaeT 3anaxu, a ynakoska n3 PLA-nonnmepa cnocobHa
MOJIHOCTbIO pa3slaraTbCH B TedyeHue 45 gHewn nNpu ycsioBMK CO30aHNSA
COOTBETCTBYIOLWLEN CTPYKTYPbl KOMNoCTUpoBaHUA [49]. PLA 4acTo cMeLlnBatloT C
KpaxMasioM OJ18 NOBbIWEHNA CNOCOOHOCTN K BMONOrM4eCcKoOMY pPassioKEHUIO U
peHTabenbHOCTK Npon3BoOACTBa. TeM He MeHee, 3TN CMeCu A0BOJIbHO HENpo4Hble,
MO3TOMY K HUM 4acTo A06aBAA0T NAaCTUPUKATOPLI, TaKMe Kak rnuepuH nnm copbut
Ansa Toro, 4Tobbl caenaTb Ux Bosee anacTUYHbIMKU. BMecTo nnacTugmkaTopos
HeKOTopble NPON3BOANTENN UCMOMb3YIOT ANa cMmardyeHusa PLA co3gaHme cniasa C
ApyrumMun pasnaraeMmbiMn noanagumpamm. PLA cocTaBnsaeT KOHKYpPEeHUUIo MoaINCTUpony
n PET. B HacTosiwee BpeMs PLA nCnosib3yeTcs B MaTepuanax XXeCcTKOW YrNakoBKN ON1A
hPPYKTOB 1 OBOLLEN, ANL, OeSIMKATECHbIX NPOAYKTOB M BbiNe4yKkun. NneHKu,
N3roTOBJIEHHbIE U3 3TOr0 MaTepmana, NCNOJb3YIOTCA AS9 YNaKOBbIBaHUA COHABUNYEN,
neneHuoB 1 UBeToB. K 4nciy npovynx npmMMeHeHuUn oTHOCATCA ByTbIIKKM ANS BOAbI,
COKOB, MOJIOYHbIX MPOAYKTOB U CbefobHbIX Macen, popMoOBaHHbIE C pa3ayBOM U
BbITS)KKON. HeKoTopble npon3sognTen asTtomobmnnen, n, B HaCTHOCTM, KOMMaHUSA
Toyota (AnoHwnn), paccMaTpuBadT BO3SMOXHOCTU NCMNOJIb30BaHUA PLA n opyrumx
brnopasnaraeMbix NaacTU4eckmMx Macc B aeBTomobunbHoM npomnssoncTee [50, 51].
CornacHo gaHHbIM npou3sBoauTenen PLA pa3naraetcs Ao soabl 1 CO2 B TeveHme 90
AOHen nopn Bo3agencTemem TemnepaTtypbl 0Kos1o 60 °C Ha KOMMeEpPYeCcKnx yCTaHOBKax
KOMMOCTUpPOBaHUA. Heobxoanmo oTMeTUTb, YTO Haanexalasa nepepaboTka 6yThiNoK
1n3 PLA BO3MOXXHa TOJIbKO TaM, rge MmyHuunnanmteT cobmnpaeT oTxonbl Ans
KOMMOCTUPOBAHWUSA, B 3TON CBA3M NPOU3BOAUTENN BCE Yallle Ha3blBalOT MOJIMMOJIOYHYIO
KUCJI0TY «KOMMNOCTUPYyeMomn», a He «bnogerpagupyemoin» [52 -55]. BoiBoabl NMoka3aHa
TEeHOEHLUNA CO30aHUA NIEHOYHbIX MaTepmnanoB Ha ocHoBe buogerpagmpyembix



CNHTETUNYEeCKNX noanmmepos " nojinmMmepos, rnoJiy4eHHbIX MVIKpOGVIOﬂOFVI‘-IeCKVIM
CNHTEe30M. [11eHo4YHble MaTepunasibl Ha OCHOBE 3TUX MNOJINMEPOB COOTBETCTBYIOT MO
PU3NKO-XNMNYECKNM CBOWCTBaM YyNakKOBOYHbIM MaTepUaiaM, NpuMroaHbiM Ons
XpaHeEHUA NPOAYKTOB NMMNTaHNA.



