AKTYaNbHOCTb. Y4eHble U cneunanncTol, paboTatowme B chepe co3gaHna u
MPOn3BOACTBA YMNaKOBOYHbIX MaTepnanoB, HAXOAATCSA B MoOnUcke LenecoobpasHbix
peLlleHnn, HanpaBJieHHbIX HA MPOM3BOACTBO BuoaerpaampyemMbliX YNakKOBOYHbIX
MaTepuanos [1]. 3To BbI3BaHO cneayoLwnMy npnynHamu. B Poccmm, no pasHbiM
oLeHKaM, ro40BOW YpOBEHb HAaKOMJEHUSA NOJIMMEPHbLIX 0TX0A0B cocTasnseT 710 - 750
TbiC. T. W TonbKO 3 - 10 % noaBepraeTca BTOpU4YHOM nepepaboTke, N3 HMX: * bymara u
KapToOH - 25 - 30 %; * ynakoBKM nuLleBbiX NPoayKTOB - 10 - 12 %; « nonumepsl - 20 -
30 %; * npo4mne - 5 - 10 %. NpakKTn4ecKn BCe NoJIMMEpPHbIE YNaKOBOYHble MaTepuabl
MULLEBBLIX MPOAYKTOB nepexondaT Ha ceanky. 2T 10 - 12 % BKAOYAIOT: - MOJINSTUNIEHI
(0o 38 %); - nonmBuHUANXJI0OPUA U ero npoussogHble (00 15 %); - nonunponuneH (o 8
%); - opyrue nnacTukm (nonmateneHTepedTanaT, noaMamMmmabl u ap. - 4o 19 %).
OcCTaNbHble OTXO0Abl 3aX0PaHUBAIOT, CKUraloT, noasepratoT nuponnsy. OgHako
CXKUraHme - 3TO A0POroCTOoSALLMI NpoLecc, NpMeBoaAALWNA K 06pa3oBaHNO
BbICOKOTOKCUYHBbIX, @ TakKXXe CynepTOKCUYHbIX (TakKuX, Kak qdypaHbl N OUOKCUHbI)
coeguHeHunn. Mpun 3ToM yBennvyeHmne o6bLeMOB 0TXOA0B MOJIMMEPHbIX MaTepnaioB
pacTeT bbICTpee, 4eM Mbl YCMeBaAaeM UX YHUHTOXaTb. V1 BCce XXe TpaAuLNOHHbIE
YyNaKOBOYHble MaTepuasbl U3 MOJIMMEPOB 3aMETHO CAAT Mo3uumnu, n Bce bonbLue
Monynsipu3npyeTcsa NCnosib3oBaHne brnopasnaraeMon ynakoBkn. bnopasnaraemolie
YNakKoBOYHbIe MaTepualbl 3aCNyXXWIN Ha3BaHNE MaTepuasioB C peryanpyemMbiMu
CpoKaMu cnyXbbl. 118 nX N3roToBAeHNS NCNONb3YIOT cneynanbHble obasky,
ycKopsouwme pacnaz MakpoMoJsiekysbl nosnmepa. buopasnaraemole nosvmepsl
pa3pyLUaloTCa B eCTeCTBEHHbIX YCNOBUAX Mo4 BIMSAHUEM CBeTa, TemnepaTypbl,
BJIAXXHOCTW, @ Tak>Xe NoA BANSHNEM OeATEeNIbHOCTU XXUBbIX MUKPOOPraHU3MOB. OTU
npupoaHble akTopbl 06YCOBANBAIOT NPOLECC PA3J/IOXKEHNSA BbICOKOMONEKYNIAPHbIX
BeLLeCTB Ha HU3KOMOJIeKYISpHble: BOA4Y, YrNekKucabln ras n 17.4. Camas
pacnpocTpaHEeHHasa TEXHONOMrMA N3roToBaeHNs brnopasnaraemMbliX YNaKOBOYHbIX
MaTepunasioB OCHOBbLIBAETCA Ha BBEAEHUN B CUHTETUYECKUN NoJSIMMepP BeLlecTB
pacTUTEsIbHOro NMPOUCXoXXAeHNA. ICXOOHbIM CbipbeM B LAaHHOM Clly4ae MoryT
BbICTYNaTb KapTodesb, CBeKNA, Tannoka, 3epHoBble 1 60060BLIE KYJIbTYPHI,
uennonosa. O4eHb YacTo UCMNOJIb3yeTCA TaKoM BOCMNPOM3BOAVNMBIN MPUPOLAHbIN
nosimMmep, Kak kpaxmasn. B kayecTse bnopasnaraeMoro KOMNoHeHTa OH BXOOUT B
COCTaB conoamMepa 3TUJeHa 1 BUHUNaueTaTa - 4OCTAaTO4YHO BOCTpeboBaHHOIoO B
bnononMMepHoOm MHOYCTPUN Cbipbs. «Cbef0bHY0» BOAOHENPOHULAEMYIO MJIEHKY
rnosy4atT U3 MOJIOYHOro besika - KazenHa. Ee HaHOCAT HenocpenCTBEHHO Ha
nULEBbIe NPOOYKTbl. TOHKas MOJI0OYHAA YNakKoBKa OTJIMYHO CripaBiseTcs C
BapbepHbIMN PYHKLMAMU U CO30AET HAAEKHYIO 3aLLUMNTY OT MEXaHNYECKUX,
aTMOC(epHbIX N NMPOoYnX BO3AeNCTBUN. OHa XOPOLLO COXPaHAET BJIAXXHOCTb, MO3TOMY
Yalle BCero Ucnosib3yeTcs Npu yrnakoBKe CbipKoB. B npon3ssoacTee buopasnaraembix
YNaKOBOK OJ19 NOrypTOB NPUMEHSETCA TaMUHUPOBAHHbLIN MNJIEHOYHbIN Ka3enH. Lenbto
HacTosawen paboTbl - aHaNNU3 TEHOEHUWW pa3BUTUSA NPoON3BOACTBa
bnoperpagupyemMbix MaTepmasoB Ha OCHOBE NMPUPOOHbLIX MCKYCCTBEHHbIX N XUMUYECKN



MOONPUNLMPOBAHHbBIX NOJIMMEPOB. buononnmepHbie MaTepuasbl Ha OCHOBE
MPUPOLHbIX NONNMEPOB. 1719 YNaKOBOYHbIX Lesie OTpac/in WNPOKO NCMNOJb3YIOT
OMoNAEeHKN N3 LesI0103bl, XUTUHA N XNTO3aHa, XXesaTuHa, NoAnnenTuhoB, MMrHUHA
n apyrux. iccnenoBaH KOHKPETHbLIN BKJla KaXkK4oro KOMMoHeHTa n nx
CUHepreTuyeckoe BJANSAHME Ha NPOYHOCTb, BOOOMOrJIOLLEHNE U NPO3PayvHOCTb
KOMMNO3NLUMOHHbIX NMJEHOK. B nocnenHue rogbl NOBLICUJICA MHTEPEC K KpaxMally Kak K
Hanbonee geweBomMy BUAY Cbipbs A5 MPOMbILLIIEHHONO NPoM3BOACTBa 6BMonNnacTnKoBs
[1]. Buopa3snaraemblie MaTepuasbl U3 PpacTUTESIbHbIX MOJIMMEPOB BrepBblie NOABUINCD
B 70 roabl XX BeKa Ha pbiHKe ynakosku B CLUA, UTanuu, N'epmaHun. o cpaBHeHUIO C
TepMonsaacTtamMmu bnonseHo4YHble MaTepmasbl HA OCHOBE NJACTUMULNPOBAHHOIO
KpaxMmaJsia yaadHo coqeTasim TEXHOJIOFMYHOCTb U BbICOKME 3KCMJlyaTauMOHHbIe
XapaKTEPUCTUKMN, NPUCYLLNE CUHTETUYECKOMY KOMMOHEHTY, CO CMOCOBHOCTLIO K
brnopgecTpykumnm, obycnoBneHHoOnM Haan4Ynem B NxX COCTaBe NPUPOOHOro noamMepa -
KpaxMana [2]. B HacToslee BpeMsa NpoBOAATCA nccaenoBaHus, no paspaboTke
LLMPOKOIro acCoOpTUMEHTa MaTepmnasioB Ha OCHOBE pa3JiMyHbIX BUOOB KpaxMana,
KpaxManocoaep)Xawmx npooyKToB, TEXHNYECKNX NUTHUHOB 1 6enkos [3]. U3BeCTHO
NMPOWU3BOACTBO MJIEHOYHbIX MaTePMaANIOB N3 aMUJI03bl METOLAMM
TepMmonaactTugukauum [4]. ICTOYHUKOM aMuU03bl aBageTCsa Kpaxman. CoOoTHOLWEeHMe
aMNI03bl 1 aMUJIONEKTUHA B KpaxMaJsie 3aBUCUT OT BUAA pacTeHUs U cTagunm ero
pa3sutud. B cpegHem Kpaxman cogepXuT 15 - 25 % ammnnosel n 75 - 86 %
AaMUJIONEKTUHA; B pe3yJibTaTe Cenekunmn BblaeNeHbl CopTa pacTeHUN, Kpaxman
KOTOpbIX oboralieH ogHUM U3 3TUX noancaxapnpos. KaptodenbHbl Kpaxman no
CpPaBHEHWIO C APYrMMM BUOAMUN KpaxMasa UMeeT psag YHUKaIbHbIX 0CObeHHOCTeN:
MOJIeKYNSipHasa 1 Mopdonornyeckas CTpykTypa ¢ 60nblWIMMKN U POBHBbIMWU FpaHyiamMu,
BbICOKOE cofep)XaHne KoBaJIeHTHO CBA3aHHOro pocopa, Hanmyme OJANHHbIX
AMUJIONEKTMHOBbLIX Llenen N BbICOKOMOJIEKYNSAPHOM aMnI03bl. 3TN 0COBEHHOCTK
KapToenbHOro Kpaxmasia No3BOJIAKT NUCMOJIb30BaTb €ro B Ka4yecTBe
dPYHKUMOHaNbLHOrO brononmmMepa AN NMWEBBLIX N TEXHNYECKUX uenen [5]. B
YaCTHOCTW, KapTodesibHbIM KpaxMaJs HaxoauT CBOe NpuMeHeHne B NPON3BOLACTBE
BbICOKOKa4YeCTBeHHOW ByMarun n aonsa obpa3oBaHUS BA3KUX MMOPOKONIONOHbLIX CUCTEM
(3aryctuTenun, KonnounaHble ctabunminpyrowme n Xxenmpytowine BewecTBa,
HanoJIHUTEeNN N BogoynepxmsatoLme sewectsa) [6]. Mo cpaBHEeHUIO C 3epPHOBbLIM
KpaxmasioM, BMoJsiHe yrnopagodYeHHasa 1 NJ0OTHaaA CTPYKTYpa rpaHyn KkapTogesibHoro
Kpaxmasa, AenatT ero pe3ncTeHTHbIM K hepMeHTaTuBHOMY rngponunsy [4, 7].
[OpOXOBbIN KpaxMas MHTEPECEH C TOYKN 3PEHNSA ero HenocpenCcTBEeHHOrro
NCNOJIb30BaHMA U fasibHenwen Mmogudunkaumin, NoCKoIbKY OT APYrMX BULOB
KpaxMaJsla OH OTJIM4aeTCs NOBbIWEHHbLIM cogep>XaHneMm ammnosbl (35 - 75 %). Nopox
TaK>Xe U3BEeCTEH BbICOKUM coaep>XxaHnem 6enkoBbiX BeWeCcTB, cogep>XaHne KOTopbIX
rnpeBbILLIAeT NX CcoAep)XaHMe B 3epHe 3J1aKoBbIX KyNbTyp. briarogaps BeiICOKOMY
coaep>XaHuto aMmuosbl n 6enka ropox MoXXeT pacCMaTpPUBaTbLCA KaK Cbipbe B
npon3Boactee 6uonseHok [8]. HeobxoanMMO OTMETUTb, YTO COAEP>KAHNE aMUNO3bl U



aMUI0NEeKTMHA B KpaxMasie MOXXeT U3MEHATbLCA B 3aBUCMMOCTM OT BUAa, copTa
pacTeHMsa U OT TOro, N3 KakKoM 4acCTu pacTeHUsa OH nonyyeH. Hanpumep, pasnnyatoT
KpaxMan Kpyrjioro n MO3roBoro ropoxa, Kpaxman n3 incTbeB n knybHen kapTodens
NN Ke Kpaxmas U3 3epHa pas/inyHbIX COPTOB KYKypy3bl. Coaep>xaHne ammnaossbl B
Kpaxmasne ns knybHem kaptocdensa coctanseT 22 %. B kpaxmane n3 Monogbix
noberos kapTodena amusiosa paBHa 46 %. Ecnv B Kpaxmase n3 3epHa 0bbl4HON
KYKYPY3bl COOepXXNTCA 22 % aMno3bl, TO B KpaxMaslie BOCKOBUOHOW KYKYpPY3bl (zea
mays carina) ammsao3a OTCYTCTBYeT NoJIHOCTb0. CO34aHbl COpTa KYKYpY3bl, KpaxmMar
KOTOPbIX copepXuUT 00 82 % aMmnno3sbl. B 4NCTOM Buae Kpaxmasa He ABiseTCs
naeHkKoobpasyrowmm BewecTBOM, NO3TOMY ero nepepaboTka Ha CTaHAAPTHOM
TEeXHOJIOrn4yeckoM obopynoBaHnK (3KCTpyaepax, MMTbEBbIX MalUUHAX U APYTUX)
BO3MO>XHa TOJIbKO COBMECTHO C naacTtudmnkatTopamu. C ysesim4eHnem coaepxaHums
Kpaxmasia yBesm4mBaeTCsa U XPYNKOCTb nNaeHKn [9]. NoCcKoNbKy KpaxMan aBaseTcs
TUMUYHBIM TNAPOPUSIbLHBIM NOJIMMEPOM, OH MOoXXeT cogep»xaTb 40 30 - 40 %
CBsA3aHHOW Bnaruv. JaHHoe CBOMNCTBO NO3BOJIAET UCMNOJIb30BaTb BOAY KaK OAUH U3
Hanbonee OOCTYNHbIX NIACTUPUNKATOPOB Kpaxmana. Takasa nnacTtudukaums
npoBOANTCHA NPY OOHOBPEMEHHOM BO34ENCTBUM TeMMNepaTypbl U MEXaHUYECKUNX
Hanps>XeHun. B pe3ysibTaTe NPONCXOAAT 3HAYUTESIbHbIE N3MEHEHUNS (PU3NYECKUX U
MexaHU4YeCKNX CBOMNCTB Kpaxmana. NpnymHa 3TUX N3MEeHEHNW 3aKl04aeTCs B
HeobpaTUMOM pa3pyLUEHMNN KPpaxXMasibHbIX FPaHyl, MPUYEM MexaHn4yeckoe
BO3[ENCTBUE ABNAETCSA OCHOBHbIM (haKTOPOM HeobpaTUMOCTM Npouecca.
MNnactudnumnpyollee oeNCTBME Ha KpaxMall OKa3bIBaOT TakXXe rnuepuH n
onmroMmepHsie NoANrankonn. ObbIYHO NX NCNOL3YIOT B COMETaHUN C BOAOWN. BansaHue
nnacTudmnkaTopa N NOBEPXHOCTHO-aKTUBHbIX BELLECTB Ha (hu3nyeckme CBOMNCTBA
MJEHOK Ha OCHOBE KpaxMasia u3lydasocb B pabote [10]. NneHKn nonyyanu um3
KapToenbHOro Kpaxmasa. B kayectse niactudukaTopa BBOOUAN rnLepuH, Tween
20, Span 80 n coeBbI NeLUNTUH NCMNOJIb30BaJIN B KaYyeCcTBe NMOBEPXHOCTHO-aKTUBHbIX
BewecTs. OueHMBanacb NApoNpPoOHNLAEMOCTb N MEXaHUYeCKne CBONCTBA MJIEHOK.
YCTaHOBMEHO, 4TO MJIacTUPUKATOP YBENYMBAET NPOHNLAEMOCTb MJIEHOK.
NNoBEpPXHOCTHO-aKTUBHbIE BELLECTBA B OTCYTCTBME rnuepmHa BAUSAIOT Ha
MexaHu4ecKme CBOMCTBA MNJIEHOK, MPUN 3TOM NPOHULLAEMOCTb MPaKTUYeCKM OCTaeTCcH
Hen3MeHHbIM. [1neHKn, B cocTaBe KoTopbixX 6bian MAB 1 ramuepuH nmenn CBONCTBa
XapakKTepHble 4as NJeHOK C 6oNblIKMM KOMYeCcTBOM niacTugukaTopa (HU3Kmne
rnokasaTenn NPOYHOCTU NpPU pa3pbiBe, BbICOKME 3HAYEHNS YOJIMHEHNSA U BbICOKASA
MPOHMLLAEMOCTb). BnnsaHmne nnactndurkaTopa Ha MexaHn4yeckne n bapbepHblie
CBOMCTBa MNJIEHOK U3 PUCOBOIro Kpaxmaa usydanockb B pabote [11]. dnsnyeckne
CBOWCTBA MNJIEHOK N3 Ka3enHaTa HaTpus U pacTBOPUMOIro Kpaxmana,
naacTuuumMpoBaHHbIE MOJINONOM U3ydHanuch B paboTe [12]. MNneHKn noayyanu ms
BOOHON CMeCUn KasemHaTa HaTpus U pacTBOPUMOro Kpaxmasia MeTonoM JINTbS,
3KCTPY3UN N ropsayero npeccosaHns. B kadecTse nnactugpukatopa aobasnsanm
rnonuon. Nosiyd4eHHble NAEHKU XPaHUAW MPU pa3HbiX 3HAYEHUAX OTHOCUTEJIbHOWN



BJIAXXHOCTU U N3Yy4a I MEeXaHNYeCKMe, TernoBble CBOUCTBA N MPOHNLAEMOCTb MNJIEHOK.
C yBenmnyeHneM cogepxxaHus nnactngumkaTtopa (Boabl, MoanN0SbI) YBETMYNBAIOCh
OTHOCUTEesNIbHOe YOJ/INHEeHMe MJIeHOK, a NoKa3aTesin MOAYNA YNPYroCTU N MPOYHOCTK
Ha pacTsXXeHne CHUXXanucb. Makpockonnyeckne nccnenoBaHusa rnokasanm, 4To AByX
NN TPpexX KOMMOHEHTHbIE MJIEHKN NMET PaBHOMEPHYIO CTPYKTYpY. MNpn cogep>xaHum
nnactugukaTopa HMXXe, 4eM 17 % TennoBble N MexaHn4yeckme CBONCTBA MNJIEHOK
HaXo4ATCA B 4ONYCTUMbIX npeaenax oasa nojy4yeHus yrnakoBo4YHbIX MaTepmaioB.
N3y4yeHo BAnsaHME NNacTUPUKATOPOB, TaKNX KaK MInLepuH, coponT n

MOJINITUNEHT INKOJIb Ha MeXaHn4yeckne n bapbepHble CBONCTBA MNJIEHOK N3 PUCOBOI0
Kpaxmana [13]. lobaBneHne B COCTaB MJEHOK copbuTa n ramuepuHa genaeT naeHKy
O4HOPOOHOW, NPO3PAaYHON, raaKON N COAEPXXUT MEHbLLIE HEPACTBOPUMbIX YacTuUL, No
CPaBHEHWIO C HEMTACTUMUUNPOBAHHBLIMN MJEHKAMN U3 PUCOBOIro Kpaxmana. MneHkn,
NNacTUPUUNpPOBaHHbIE STUNEHTNINMKONEM, He 061adatoT 3a4aHHbIMU CBONCTBAMMU.
YcTaHOBN1E€HO ONTUMAaIbHOE COOTHOLLEeHMe nacTuukaTopos: ramuepuH 35 % un
copbuT 45 %. NccnepoBaHma nokasanau, 4To gobasneHmne ramuepmnHa n copbmutona B
COCTaB MJIEHOK U3 PUCOBOIro Kpaxmana yJydllaeT rnpoHMUaemMoCTb KNUcaopoaa.
NMoka3aTesnb MPOYHOCTM MPU PACTAXKEHUU MNJIEHOK N3 PUCOBOIro Kpaxmarsna,
NAacTUPULNPOBAHHOIO MINLEPMHOM HMKE MoKa3aTeNs MPOYHOCTU NPU PaCTSAXKEHUN
MJEHOK U3 PNUCOBOIro Kpaxmana, naactndmumpoBaHHoro copbutonom [13]. ABTopbl
pPeEKOMEHAYIOT NJEHKN N3 PUCOBOIro Kpaxmana (c cogep>xaHmnem amunnosbl 30 %)
NCMoJIb30BaTb B NULLEBOW MPOMbILLIJIEHHOCTU, TaK Kak MNJIEHKN U3 PUCOBOIro Kpaxmasa
obnapatoT XopoWMMN MexaHu4Yecknmm n buogerpaavpyowmmm ceoncteamm. B
pe3ysibTaTe NCCNefoBaHNN BANAHNA FAULEPMHA Ha NoBeeHWE aMUJIO3HbIX U
AMNJIONEKTHMOBbIX NJIEHOK, YCTAHOBJIEHO, YTO NPU HU3KUX KOHUEHTpauunsax Tween-20
apnseTca Hanbonee acppekTrBHbIM MAB [14]. Takum obpa3oMm, Hanm4dume
MOBEPXHOCTHO-aKTUBHbIX BELLECTB NOBbILLIAET NJACTUYHOCTb, N YBEINYNTDb
MPOHMLAEeMOCTb MJIEHOK, B COCTaBe KOTOPbIX eCTb rnnuepuH. U3 kpaxmana,
NJacTUPULNPOBAHHOIO BOAOW NN OPYT MU TMOPOKCUICOAepKaLWmMMn BewecTBaMu,
MeToLaMN KOMMPECCUOHHOIr 0 NMPecCcoBaHNSA U 3KCTPY3UN POPMYIOT TEePMOMIacTUYHbIE
MaTepuasibl O4HOPA30BOro Wiv HeLOo/IrOBPEMEHHOro npuMeHeHuns. CyLecTBeHHbIM
HeOOCTAaTKOM TaKMX MaTepunasioB ABJIAETCHA UX NOLABEPXKEHHOCTb AeNCTBUIO BOAbI.
Mo3ToMy 60bLLIOE YACNO UCCAeNOBaHUA MOCeAHNX NEeT NOCBALLEHO CMECcaM
KpaxMmana C Apyrumu npupoaHbIMn rnoamMmepamm, TaKMMn, Kak NeKTUHbI, LLess1tos103a
NN C NPoAYKTaMUu X XumMmnyeckom mogngpumnkaumm [15, 16]. NposeneHsol
NCccneaoBaHNs ra3onpoHNLAEMoOCTM N BapbepHbIX CBOMCTB MJIEHOK,
npeaHasHa4vYeHHbIX 419 YNaKOBKN NMULLEBbLIX MPOAYKTOB C LieJiblo yBEeINYeHNS
COXpaHeHnsa nx NnepBoHavanbHoW ceexecTn [17]. B 0630p CTaTbn BXOAUT UCTOPUS
pa3BUTUSA NOJIMMEPHbLIX MaTepunasioB, CPaBHUTENbHbIE NCCIeA0BaHNA BMONNEHOK C
MNJeHKaMm U3 CUHTeTUYEeCKUX NMoJsIMMepoB. NoKpbITUE NMULLEBbLIX MPOOYKTOB
bnonseHkaMn ansa coXxpaHeHuUs nepBoHavaibHbIX CBOMCTB NPOAYKTa ABASETCSA
aKTyaJlbHbIM HanpasJeHNeM 1 NpencTaBAseT nHTepec ansa nccneposatenen. ABTop



yKa3blBaeT, YTO TakKmMe rnapamMeTpbl Kak XMMu4eckas CTpykKTypa rnosammepa, nioTHOCTb
CBSAA3aHHOW 3Heprun, cBoboaHbIN 06bEM, KPUCTANINYHOCTb, PeryasapHoOCTb
MOJIEKYJIAPHOWN CTPYKTYpPbl, OpUEeHTauus nosvmepa B NPOCTPaHCTBE, CLUNBKA
MoOJINMEPOB, COCTaB N CTPYKTYypa BMONNeHOK, NpoHMULLAEMOCTb Kucaopoaa, bapbepHbie
cBoncTBa BMonieHoK, MUKpobHasa cTabnnbHOCTbL ABAAOTCS onpefenstowmnmn. B
hanbHenwem byayT nly4vyaTb BJIMAHNE aHTUOKCMOAHTOB Ha bapbepHble CBONCTBA U
NpoHNLAeMoCTb BronseHok. NMaponpoHnLaeMoCcTb NJIEHOK Ha OCHOBE KpaxMana
AABNIAETCA CJZIOXKHbBIM NMPOLECCOM M3-3a B3aUMOLENCTBUA MOJIEKY 1 BOAbI C NOJIMMEPHON
CTPYKTYypou Kpaxmana [18]. [poHuLaemMoCcTb, Kak NnpaBuno, 3aBUCUT OT pada
rnapamMeTpoB, TAaKUX KaK TeMnepaTypa, TOJLLMNHA MIEHKU N CoLep)XXaHus
nnactugukatopa. B paHHon paboTe uccnenoBanan NAEHKN N3 BbICOKOAMUIO3HOIO
KYKYPY3HOro KpaxmaJsa. YCTaHOBJIEHO, YTO NMPOHNLLAEeMOCTb YBeINYMNBaEeTCA C
yBenn4yeHnem temnepatypbl oT 5 0o 40 °C, noka3aHa 3aBUCUMOCTb NMPOHULLAEMOCTH
NJeHKN OT codep XaHus naacTudukaTopa B ero coctase. MNuuepnH bnarogapsa cesoeim
rmapodPnNLHOCTN YBENNYMBAET CKOPOCTb AnNddy3umn Boabl B nneHke. B pabote [19]
n3y4anacb gucnepcmsa ontmyeckoro spaweHmns (4OB) aMnno3HbIX NIeHOK MeTo0M
PEeHTreHOBCKOW aAndpakunn. AMmnnosa bbisia BolgesieHa PPakLMOHNPOBAHMEM U3
KYKYPY3HOro Kpaxmana 6yTnnosbiM CAMPTOM. Hannyme mexmMoneKkynsapHbIX
BOLOPOAHbIX CBSA3EN MeXAYy CoOCeAHUMU LensaMn aMunosbl B-CTpyKTypbl 06bsacHAeT
BblCOKMe noka3aTtenu OOB. nsa onpeneneHns KoHpopMaunm MoJsieKy aMuiosbl B
pacTBope TOJIbKO 04HMX 3HavYeHUn OB He pocTtaTo4Ho. Mo pesynbTaTam
nccnefoBaHMM MOXXHO cAenaTb BbIBO O TOM, YTO B HENTPaJsIbHbIX BOAHbIX pacTBOpax
MOJIEKYJIbl aMWU103bl HE UMEKOT CNUpPasibHOM KoOHpopMauun. a-D- (1-4)-rnoko3ngHble
CBA3M aABnsAeTca Hanbonee BepoATHOM POPMOI aMUN03bl B HEMTPAJSIbHbIX BOAHbIX
pacTBopax. HoBble buopasnaraemblie KpaxmMano-riMHHble HAHOKOMMO3UTHbIE MJIEHKMU,
AN YMaKOBKU MULLLEBBLIX NPOAYKTOB Obl/1X MOJIy4eHbl NyTEM JINTbS TOMOrE€HHOrr 0
pacnnasa [20]. UccnenoBaHbl hUsnyeckne n MexaHn4yeckme XxapakTepucTmKin nieHoK,
no eBpONencKMM cTaHgapTaM nposefeHbl TeCTbl HA buopasnaraeMocTb NJIEHOK B
KOHTaKTe C oBolaMu. iccnenosanu Kpaxmano-riMHHble niaeHku v ¢ gobasneHvem B
NX CoCTaB noamnacTepa. [lobaBneHue ravMHbl yBenn4nsaeT MOAYJb YNPYroCcTu
NPOYHOCTb NPU PaCTAXKEHUN, B TO BpeMA Kak fobasneHue noamacrtepa ymMeHbLlaeT
3TW nokasaTtenn. NccneposaHns Ha bnopasnaraeMoCTb NOKa3asan, 4YTO 3TU NJIEHKU
UMET HU3KUIA Npejen Murpaunum n MmoryTt 6biTb NCMOJIb30BaHbl 419 YNaKOBKN
nULLEBbIX MPOAYKTOB. XNTO3aH saBnseTca bnononmmepom, obnagatoLimm
CNOCOBHOCTbLIO K BMOPA3I0)KEHMIO, XOPOLUMMUN XUMNYECKUMUN N (PU3NYECKNMN
cBoncTBaMu, u aBnsgeTca 6e3BpefHbIM AN NULLEBbIX NPOAYKTOB [21]. N3y4eHbl
(pU3MKO-TepMUYeCcKme CBONCTBA XUTO3aHOBbLIX NJIEHOK U XUTO3aHa C KpaxMasiom [22].
XNTO3aH NPUBOAUT K YMEHbLUEHMIO TnApohoOHOCTN KpaxMasibHbIX MAEHOK. Mo
XVMNYECKON CTPYKTYpPE XNTO3aH OTHOCAT K Nosmcaxapuaam, MOHOMEPOM XUTUHA
agnseTca N-auetun-1,4-B-D-rnokonmpaHo3aMnH. Mosiekyna XmTo3aHa COOAEPXXUT B
cebe 60nbLIOE KOMMYECTBO CBOOOAHBIX aMUHOIPYMM, 4TO NO3BONAET eMy CBA3bIBATb



NOHbI BOAOPOAa N NpuobpeTaTb N3ObITOYHBIN NONOXXNTENbHLIN 3apaa. OTcioga n AET
CBOMNCTBO XUTO3aHa, KakK XOpoLwlero katumoHuTa. Xnto3aH cnocobeH obpa3oBbiBaTh
60/bLLIOE KONMYECTBO BOOOPOAHbIX CBA3en. [103TOMY OH MOXXeT cBA3aTb 6osbLuoe
KOJIN4ECTBO OpraHn4YeCcKnX BOLOPACTBOPUMbIX BeLLEeCTB (bakTepnanbHble TOKCUHbI U
TOKCUHbI, obpa3sytowmecs B npouecce nmuieBapeHmns). XmTo3aH rnjaoxo pacTBoOpuUM B
BOo4eE. DTO CBA3AHO C TEM, HYTO CBA3UN MEXAY MOJIeKyaMn XnTo3aHa 6osee npoyHble,
4yeM Mexay MoJieKyslaMu XnTo3aHa U MosiekysiaMu Boabl. [1py 3TOM OH JOBOJILHO
XOPOLLO pacTBOPAETCA B YKCYCHOW, JIMMOHHON, LLaBesIeBOW U SHTAapHOM KUCJI0Tax.
Mo>xeT yaep>XnBaTb B CBOEN CTPYKTYpPeE pacTBOPUTESb, @ TaKXXe PaCTBOPEHHbIE B HEM
BewlecTBa. XMTo3aH obnagaeT BbICOKUMU COPOUMOHHBIMKN CBONCTBaMun. OH
HeToKCu4eH, obnagaeT paHO3a)XUBMAOWNM OENCTBUEM, aHTUKOAryagHTHON,
aHTUTpoMboreHHoW, bakTepMUUAHOW U MPOTUBOOMYXO0J1IEBON CNOCOOHOCTLIO. XNTO3aH
CBSA3bIBaAET COJIN TAXKENbIX MeTaJIsIoB, CNoCobeH BbIBOAUTbL M3 OpraHmM3Ma TOKCUHbI.
YrHeTaeT cekpeumto CoONSTHON KNCOThl U CHUXKaET YPOBEHb X0JieCTepMHa B KPOBU.
XnTo3aH obnagaeT aHTMbaKTepUasibHON aKTUBHOCTbIO U ABNAETCH HE TOKCUYHbIM
MaTepuanoM. PyHKLMOHaIbHbIE CBOMCTBA XMTO3aHa MOryT ObITb yayyLUeHbl Npu
NCNoJIb30BaHUW ero ¢ ApyrnMmu rniaeHkoobpasywmnmm matepmnanamm [23]. Mpupoana v
CBOMNCTBa XMUTO3aHa MO3BOJIAIOT CO3AaTb OMOYNakoBKU C aHTUBaKTepuaabHbIMMU
CBOWCTBaMU C LeJIbi0 COXPaHEeHUs nepBOHaYyasibHbIX CBONCTB NPOAYKTOB NMUTaHUA.
[loKa3aHo, 4TO NMOJIHOCTLIO Buoaerpaampyemsie B BOAHOM cpene nam noyse (3al -3
Hedenn) NoIMMepHbIe NMAEHKN MOryT BbITb NONy4eHbl C UCNOJIb30BAHMEM NPUPOLHOI0
nonnmepa xmTto3aHa [24]. Pa3zpaboTaH 3 PeKTUBHLIN CNOCOD Nosly4eHns xnuTo3aHa us
JeweBoro u OCTYNHOro Cbipbd - NAHUMPS PEYHOr0 paka, OTJIn4atoLWancs MeHbLUen
CTAaAMNHOCTbBIO N BbICOKUM KA4yeCTBOM LieneBoro npoaykTa [25]. U3y4yeHo BAnsaHue
TEeXHOJIOrMyeCcKnx napamMeTpoB Ha CBOMNCTBA XMTO3aHa. [loka3aHo BAUAHME XMTO3aHa
Ha bnogerpanaunio NONCTUPOSIA, BbIPaXKaloLLYHCSA B CHUXEHUN (PU3MKO-
MeXaHM4YeCcKnX nokasartenenm n obpasoBaHUM pasiMdHbiX MUKpoaedekToB. B paboTe
[26] nccnepoBaHbl NIEHKM U3 XMTO3aHa U »XenaTuHa nosiy4eHHble (hopMoBaHNEM U3
BOAHbIX pacTBopoB (pH 4,0) npun 60°C. MNMpouecc CyLKM naeHoK NPpoBOANIIN HU3KO- U
BblCOKOTEMMepaTypHbIMN MeTodaMn nNpu TeMmnepaType 22°C n 60°C. N3yvann
pm3nyeckme (TennoBble, MEXaHNYECKME U MPOHNLLAEMOCTb ra3 / Boga) CBOMCTBA
KOMMNO3UTHbIX MJIEHOK. B KayecTBe nnactudumnkatTopa NCrosib3oBasn NoJNOIIbI.
NccnepoBaHmsa nokasanu, 4To Npu yBeIMYEHUN KOIM4ecTBa naactudumkaTopa
YyMeHbLUAeTCH NnokasaTesib MOAYNISA YNPYroCTU KU MPOYHOCTM Npu pa3spbise (40 50%).
Mpn 3TOM OTHOCUTEsNIbHOE YOJINHEHWE yBennyinnocb Ha 150 % oT nepBOHa4vas/ibHOro
3Ha4YeHns. YCTaHOBJ/IEHO, YTO NpU HMU3KOTEMNepaTypHOM criocobe CcyLKn
yBe/IN4YMBaAETCA KPUCTANJINYHOCTb XXeJlaTMHA, YTO B CBOIO o4epenb NPpUBOAUT K
CHMXeHMo npoHuuaemMocTn CO2 n O2 XNTO3aH->XKeNaTUHOBbLIX NJIeHOK. YCTaHOBJ1EHO,
4YTO NOKasaTeslb ra3onNpPoHNULAEMOCTU NpsAMONponopLmoHaneH obuemy Koim4yecTsy
nnactTudmnkaTopos (Boga, nosanosbl) [26]. NMneHKW, NOSyHYEeHHbIe
HU3KOTeMNepaTypHbIM METOL0M CYLLUKN, UMEIKOT BbICOKUE NMPOYHOCTHbIE



XapaKTePUCTUKK 1 Ny4dLLne rnokasaTes M ra3ornpoHNLAaeMOCTH, YEM MNJIEHKMN,
NnoJly4eHHble BbICOKOTEeMNepaTypHbIM cnocobom cywkn. B paboTte [27] nsy4vann
NJeHKN Ha OCHOBE XeJlaTHa N pacTBOPMMOro Kpaxmana. B kayecTse
nnacTngpukaTopa gobasnanu ramuepuH n caxaposy. Nccnenosanm mMexaHu4yeckmne m
TepMmyecKkme CBOMCTBA NOJTyYEHHbIX MJeHOK. icnosib3oBanu ABa MeToda NnoJlyYyeHus
NMJEHOK: HN3KOTeMNepaTypPHbIV U BbICOKOTEMMEPATYPHbIN MeTo NNTbA NJIEHOK U3
pacTteopoB npu 20 °C n 60 °C cOOTBETCTBEHHO. YCTAaHOBJIEHO, YTO C yBeJINYEHNEM
cofep)XaHus >XenaTuHa yBeM4nauncb rnokasaTesnn npegena npovYHOCTU Npu paspbise
N OTHOCUTEJIbHOI 0 YAJIMHEHUA. [ NnuepnH yMeHbLUIaeT rnokasaTesib MOAY A YNPYyrocTun
N NPOYHOCTU Npun pa3pbiBe. CpaBHUTENbHbIE NCCIEL0BAHUSA MJIEHOK, NMOJTYyYEHHbIX
HU3KoTeMnepaTypHbIM N BbICOKOTEMMNEPATYPHbIM CMOCOBOM NNTbA, MOKa3ann pasHble
TepMunyecKkme n MexaHmn4yeckme CBONCTBA MAeHOK. 3y4YyeHo BAnsHWe nunnpos, Buga
KpaxMasa n nnactuumnkaTtopa Ha MUKPOCTPYKTYPY M Napo-, ra3onpoHNLaeMoCTb
NJeHOK Ha OCHOBe Kpaxmana [28]. Ucnonb3oBanu ABa BUAA KpaxMasa: KYKYpPY3HbIi
Kpaxmas 1 BbICOKOAMUNO3HbIN KYKYPY3HbIA KpaxMas. B KavyecTse nnactudukaTopa
NCMONb30BaN rNNLEPUH U copbunT. PesynbTaTbl UCCNef0BaHUI NOKasasan, 4To rnapo-,
rasonpoHULaeMoCTb MNJIEHOK U3 BbICOKOAMUJIO3HOIMO KpaxMana bbisia HUxXe no
CpaBHEHWUIO C NJIEHKaMN N3 KYKYPY3HOro Kpaxmana. MNneHkn, nnactnpuumnpoBaHHble
copbuToM, Menn HU3KYH napo-, ra3onpPoHNLAEMOCTb, YEeM MIIEHKMU,
naacTUuUUMpPoBaHHbIe rInLepuHOM. PesynbTaTbl NCCNeA0BaHNIA NOKa3anun, 4To
nneHku ¢ gobasneHnem nnacTuukaTopa n AMNNLOB MeHee Npo3payHble, Yem
nneHkn 6e3 gobasok. NneHkn ¢ gobaBneHMemM AMNNLOB MeHee NaponpoHNLaeMsbl, Tak
Kak nunuabl rugpogobHele BewecTsa. B paboTe [29] nccnenosann naeHKM Ha OCHOBE
KpaxmaJsia C Ka3emHOM, XesflaTUHOM 1 anbbyMunHoM. iccnenoBann MexaHn4eckme
CBOMCTBA, raso- N NaponpoHNULAeMoCTb MJIEHOK MPU pPa3NYHbIX YCI0BUAX
OTHOCUTESILHON BJIAXXHOCTW. [NNeHKN nosly4ann MmeTofaMum HeTen1080ro v
WHTEHCMBHOIO TernJioBoe CMeLllnBaHne OCHOBHbIX KOMMOHEHTOB. Pe3ynbTaThl
nccnenoBaHNM Nnokasanum, 4To NPU HEeTEeNJI0BOM CMeLUVMBaHNM KOMIMOHEHTbI MJ10X0
CMeLnBasINCh U MJIEHKN NMeNnN HENPOYHYIO CTPYKTYpY. Mpn TennosBomMm meTone
Habnaann NOSHY MONEKYNAPHYIO CMELAaHHOCTb KOMMOHEHTOB. MMNeHKM Ha OCHOoBE
KpaxmaJsa C Ka3enMHOBbIM 6e1KOM MMenun HN3KYI NapornpoHMULA@eMOCTb N BbICOKNE
nokasaTenu npepena NnPoYHOCTU N0 CPABHEHMUIO C XKeslaTUHOM U asibbyMUHOM.
XapakTepucTuka TepMonaacTUYHbIX MNIE€HOK Ha OCHOBE KpaxMasia 1 3eHa U3y4yeHa B
paboTe [30]. MneHKn Noay4Ynnam n3 TepMonaacTMYHOro KpaxmMana nytem obpaboTkum
pacnsaBa KYKYpPYy3HOro Kpaxmasa 1 3emHa. 3elH - 6enKoBoe BellecTBO C BbICOKUM
cogepXaHnem rugpodobHbIX aMUHOKUCIIOT U COAEPXXNTCA B BONbLUNX KONMYeCTBaxX B
ceMeHax KyKypy3bl. B KavyecTBe nnactudukaTopa NCMosib30Basin rINLepuH.
Pe3synbTaTbl AnddepeHunanbHON CKaHNpyoLen KasopuMeTpum N peHTreHOBCKOM
Anpakumn nokasanum, 4To Kpaxmasa KpUCTanansyeTcsa B CTPYKTYpbl B-Tuna.
YCTaHOBJIEHO, YTO 3eMH He BAUSAET Ha TUM U KPUCTaJIJIMYHOCTb CTPYKTYpPbl KpaxMana.
PaBHOBecHOe mnorsoLweHune BoAabl U KO3 PUUMNEHT NP dPYy3nn yMeHbLLIATCA C



yBenm4eHmnem cogep>xaHms 3enHa. icnosib3oBaHme 3emMHa B TEPMOMIaCcTUYHbIX
KOMMO3ULUMAX KpaxMasia npugaeT Mmatepuanam ruapodobHOCTb U yMeHbLLaeT
BA3KOCTb pacTBOpa Kpaxmana. [lo pesynbTaTaM nccienoBaHuin aBTopbl paboTol
peKkoMeHAYT UCNOJIb30BaTb 3€MH B KOMMJIEKCe C KpaxmasioM O CO34aHNA
brnopasnaraemMbix MaTepmanoB. YTo KacaeTcs nornoweHns soabl, obHapy>XeHo, 4To
JINTHUH 1 KenaTuH 3P PEeKTUBHO YCMINBAOT YCTONYMBOCTb NIEHOK K BOAE, TOrga Kak
BBELEHME BOJIOKOH LLeJIJII0/103bl MMESI0 OrpaHU4YeHHOE NOJIOXKNTESIbHOE BINAHME Ha
rmapodobHOCTb NNEHOK. OQHAKO yBeAn4YeHne goaM Lensn03bl 3aMETHO YMEHbLUAso
rmapodobHOCTL. MPO3payvHOCTb - 3aBUCUT, rNaBHbIM 06pa3oM, OT coaep >KaHus
LLeJITI0I03HbIX BOJIOKOH U NIMTHWHA. bnarogapa oncnepcHoOMy pacnpenesieHuio B
06BbEME NNEHKM LEesN0I03HbIE BOSIOKHA, Bbi3bIBAOT MOBLILLEHHOE pacCenBaHMe CBeTa
N OOHOBPEMEHHOE CHMXEHME MPO3PAYHOCTU NNEHKN. JINTHNH TaKXXe CHMXaeT
NMpPoO3pavyHOCTb MNIEHKKN Bnaronapsa cBoen XpoMoQOpHOM NpMpoae U AenaeT MNAEHKN
TeMHee. BnpoyeM, IUFrHUH NHrnbnpyeTt BamaHue YP-n3nyvyeHuns, gake B HU3KMX
KOHUeHTpaumax [31]. AnbruHaT HaTpusa npenctasnsgeT cobor Conb abrMHOBON
KMUCNOTbl. C XMMNYECKOW TOYKN 3pEeHUs 3TO noamcaxapug npmpoaHoro
MPOUCXOXKXAEHMNSA, COCTOALWMN U3 OCTAaTKOB D-MaHHYPOHOBbLIX U L-rylypOHOBOW KMNC/IOT.
3TO NOPOLLOK KPEMOBOIO CBET/1I0-KOPUYHEBOIO LIBETA, KOTOPbIAN XOPOLLO
pacTBOpseTCA B BOAE, yOep)XUBaeT Bnary, obnagaert ctabunmsnpyrowmm gencTemem
n, B obLieM, ABASETCA XeNnpyowmm BelecTBoM. NpuMmeHeHne anbrnHaTa HaTpUS
(nobaBkun E401) ocHoBaHO Ha crnocobHoCcTM obpasoBbiBaTh renun. NpounssoaaTt
aNlbrMHaT HaTpPUAa N3 KpacHbIX N Bypbix Bogopocaen, AobbiBaeMbiX Ha PUANNNUHaX U B
NHpoHesnn. CLUA, ®paHumsa, Kntam n AnoHna gBasi0TCA OCHOBHbLIMU
NMnpon3BOANTENAMU afiblrMHaTa HAaTpPUA. Tak xe eCTb HebobLUMe NPOV3BOACTBA B
Poccumn, NHanun, Ymnn. B paboTe [32] 6biam nonyyYeHbl KOMMNO3UTHbIE MJIEHKU U3
n3onata 6enka MoI0OYHOM CbIBOPOTKMU, XXeNaTuHa u anbrnHaTt HaTpusa. N3yYanucbh
Takune rnokasaTtesin Kak npenes npoyYyHOCTU Ha pas3pbiB, OTHOCUTEsSIbHOE YOJINHEHNEe
rnpw paspbiBe, NPOYHOCTb Ha Pa3pbIB, MAPOMNPOHNLAEMOCTb U MPOHNLLAEMOCTH
Kucnopogaa. NccnenoBanm MUKPOCTPYKTYPY KOMMNO3UTHbLIX MJIEHOK C METOL,0M
CKaHUPYIOLLLEN 3NEeKTPOHHOWN MUKpOCKonun. MNMposeaeHbl uccnenoBaHns BANSHNUS
MOHOB KaJlbLMA Ha CBONCTBA aJiblrMHATHbIX NseHOK [33]. MNMosly4eHHble NAeHKN
nccneposasn MetoLamMmm TepMorpasumMeTpun. LeKCTpUH, HeCMOTPSA Ha OTCYTCTBME
NPUCyLLEen HaTUBHbIM KpaxManaM njieHkoobpasytoLen cnocobHoOCTr, 4acTo
NCNOb3YIOT MPU NPUrOTOB/IEHUN KPACOK B Ka4eCTBE CBA3YIOLMX U KNeawmx
BewwecTB. OTHOCUTENbHO HMU3KNE BA3KOCTU LEKCTPUHOB MO3BONSAIOT UCMOJIb30BaTb NX
MPW BbICOKNX KOHLEHTPALMUAX, B pe3yJsibTaTe UX BbICyLLEHHbIe MJEHKN Kpen4e v
obecneyvmBatoT 60bLUYIO KNENKOCTb, YEM MJEHKN N3 HATUBHOIMO Kpaxmana.
YCTONYMBOCTb X PaCTBOPOB MPU BbICOKUX KOHLEHTpaUnAaX HAaMHOIo Bbllle, YeM
pPacTBOPOB NCXOAHOro Kpaxmana [34 - 37]. [lo3ToMy AEKCTPUH KYKYPY3HbIN Nerko
obpa3ytoT Knewn. Nosy4eHHbIN KNen nMmeetT HaMHOro ny4wmne paboyme CBONCTBaA, YEM
MPUrOTOBJIEHHbIN TOJIBKO U3 HAaTUBHOIO KpaxMana. PacTBOpMMOCTb B XOJI04HOW BOAE



Yy OEKCTPUHOB BbICOKas, 3TO MO3BOJISET NCMOJb30BaTb UX TaM, rae Tpebyertcs
4aCTMYHO U MOJIHOCTbLIO pacTBOpUMOe cBsa3sytowee. Mpn noayyeHnn dymarm
NCNONB3YIOT TaKXXe OeKCTPUHbI MPOMEXYTOYHOMN N BbICOKON BA3KOCTU, B OCHOBHOM
ONnsa ckpensieHns ¢ bymarom NMrMeHTOoB, TakUX, Kak rinHa, B Npouecce OKpacku
bymaru. B paboTe [38] 6bi11 NosyYeHbl MJIEHKN Ha OCHOBE afiblrMHaTa HaTpuUsa n
OEeKCTpuHa. B KavecTBe nnactudmnkaTopa NCNosb30Baan ramuepuH. Nsyyvyanum snnaHue
CTeapuUHOBOWN KUCNOTbl HA PU3NKO-XNMMNYECKME CBOUCTBA AEKCTPUHO-asIbr MHATHbIX
nneHok. Lenntonosa npencrasnsget cobon nonnmep 6eta-rnokosbl. B oTamyme ot
Kpaxmasia n ranKoreHa 3ToT nojsimcaxapupi BblNOJIHAET CTPYKTYPHYO OYHKLUMIO.
CTeneHb nosimMmepusaunm y Lennso3bl HAMHOro bonblue, 4eM y Kpaxmana.
MaKpoMosieKy bl LLe1t0103bl pacnosiaraloTca B 04HOM HanpaBseHun n obpa3syioT
BOJIOKHa (N1eH, XJ10MokK, KoHonnsa) [39]. B Ka)kaoM oCcTaTKe MOJ1eKY bl MHOKO3bl
cofep>XaTcs TpU rMAPOKCUbHbIE Fpynnbl. Llennnosa - BONIOKHUCTOE BewecTBo. OHa
He NaBUTCH U He NepexoaunT B Napoobpa3Hoe COCTOSAHME: NPU HarpeBaHNn
npuMmepHo ao 350°C uenntonosa pasnaraetcs - obyrnmeaeTcsa. Llenntonosa
HepacTBOpMMa HN B BOAE, HU B BONbLUINHCTBE OPYIrNX HEOPraHNYEeCKNX n
opraHunyeckux pacteoputensax [40, 41]. MoNCK KpUTEpPUEB OLLEHKN PacTBOPSIOLLEN
CnocobHOCTM pacTBOpUTENEN B OTHOLLIEHNW LE0103bl MPOBOONTCS Ha NMPOTAXKEHUN
MHOIMMX sieT. 3HaHWe 04HOW TOJIbKO TePMOONHAMNKKX B3aMMOLENCTBUSA Nosimmepa ¢
pacTBopuUTENEeM He NMo3BoJISeT NpefCcKa3biBaTb BO3MOXXHOCTb PpacTBOpPEHUS
LLeno103bl B TOM UM MHOM pacTBopuTene 6e3 nposefeHUs NnpeasBapuTesibHOro
aKcnepuMmeHTa [42]. Npon3sBeneHa KoJM4YeCTBEHHAs OLEHKa BAUAHUSA CUCTEMBbI
BOOOPOOHbLIX CBSI3EN B LEs/I0S103e U rnapodunibHo - ruagpodobHoro banaHca
MaKpPOMOJIEKYJI MPUN BBEAEHMM aLleTaTHbIX Fpynn Ha TepMoAMHaMMYecKoe CpoacTBO
rnosimMepa C NPOTOHOLOHOPHbLIMN PAacCTBOPUTENSIMU U €ro pacTBOPMMOCTb B BOAE.
Pa3paboTaHbl peKoMeHOaunm No yay4weHnto Prusnko-MmexaHn4eCckmnx CBONCTB MIEHOK
MeTUILENII0N03bl NYTEM LesieHanpas/IeHHOro npeasapuTesibHOro reneobpasosaHms
B pacTBOpax C nocsenyLwmm NoJayYeHneM U3 HUX NOMMEpPHbIX nigenun [42].
Mosy4YeHHble faHHbIE O BAUAHUW NMPUPOAbl PacTBOPUTENS, ero TepMoANHaMNYEeCKOro
Ka4vecCcTBa Ha peoJiormyeckme CBOMCTBA U aCcCOLMaTUBHYIO CTPYKTYpPY pPacTBOPOB
LLeN0103bl U ee NMPON3BOAHbIX, 0 CBONCTBaX TepMoobpaTuMbIX renemn smpos
LLennton03bl MOy T ObITb MCNOJIb30BaHblI B XMMUYeckon, HedTenobbiBatoLLen
MPOMBbILLUJIEHHOCTH, @ TakXXe B KOCMeTUKe, MeAnLnHE U B NULLEBON NPOMbILWIEHHOCTU
[42]. Bbinn NpoBedeHbl KOMMEKCHbIE NCCIe0BaHNS (haKTOPOB, OKa3biBatoLWMX
B/INSAHME Ha PACTBOPUMOCTb Le/I10103bl B HEBOAHLIX cpenax [43]. U3sy4anucbh
peosiornyeckme CBOMCTBaA N accoumaTUBHASA CTPYKTYpPHasa opraHM3aumsa pacTBOpoB
LLeNto103bl U ee NMPOn3BOAHbIX, COPOLMOHHbIE N MEXaHUYECKME XapaKTEPUCTUKN
MOJIy4eHHbIX U3 HUX NJEeHOK. bnononmmMepHbie MaTepmasibl HA OCHOBE NCKYCCTBEHHbIX
NoJINMEpPOB, MoJsly4aeMbliX XMMNUYeCKOW Moandukaumen npupoaHbIX noJnMepos.
OOHMM N3 MeToO0B, MO3BOAIOLWMNX MOYyYaTb MaTepmasbl Ha OCHOBE KpaxMana,
ABNSAETCA ero XxmMmmyeckasa Mmoandukayms, 3akoyatrowascsa B nposegeHnn



noJiInMepaHasiornyHbIX NpesBpaLlleHnin (Yawe Bcero nytem stepmnpukaymnm
rMMAOPOKCUNBbHBLIX FPYMM) Uin BO BBEAEHUM B MAaKPOMOJIEKYJY NoJsiMcaxapuia
hparMeHTOB MHON XUMNYECKOW npupoabl (NoslydeHmne npuBuTbIX cononnmMepos) [44].
3Ha4YNTEsSIbHO MEHbLUEN FTMITPOCKOMNYHOCTbLIO, YeM HAaTMBHbIN Kpaxman, obnagatoT ero
aueTunmpoBaHHble NPoAyKTbl. OQHaKOo aueTaTbl KpaxmMana MeHee CNoCcobHbI K
OnopassioXKeHnto, Tak Kak aTepudmnkaunsa npenaTcTByeT BO3LEeNCTBUNIO SH3MMOB Ha
KpaxMmas. /13 BbICOKO3aMeLlleHHOro aueTaTta KyKypy3Horo kpaxmarsa no
3KCTPY3VMOHHOW TEXHOJIOMUWN NOJyYeHbl BCMEeHeHHble YyNakKoBO4YHble MaTepuansbl, Mo
NAACTUYHOCTU U MPOYHOCTU NPU CKAaTUU NMPEBOCXoAsLME BCNEHEHHbIE NOJINMCTUPOSIbI.
B KayecTBe NepcrneKTMBHbIX KOMMO3NLMIA npegiaranTca CMecu aumnbHbIX
NPON3BOAHbIX KpaxMasa C gpyrum buopasnaraemMbiM NoJMMEpPOM - MosIn-3-
ragpokcmbyTtupaTtom [49]. N3y4eH npouecc aueTunampoBaHmna Kpaxmana [45] ong
NOJIlyHEHUSA TePMONAACTUYHbIX, TMAPOGOOHBIX NNEHOK Ha OCHOBE KpaxMana.
Nccneposanu CBONCTBA MNJIEHOK C Pa3/IMYHbIM COAEP>KaHMEM aueTUIMPOBaHON
aMU03bl U aMUNONEKTUHA. Pe3ynbTaTbl UCCe40BaHUA NOKa3aan, YTO pa3Hoe
cofep)XaHue aueTaTa aMUI03bl N aueTaTa aMUIoNeKTUHA He MOBAUSAIN Ha
nokasaTeslb MOAYNA ynpyrocTun. Npu 3TOM nokasaTesib OTHOCUTENIbHOIO YAJIMHEHNS
YMEHbLUWACA C yBeJIN4eHNeM A0SIM aueTaTa aMuionekTuHa. ABTOpbl OTMeYatoT, 4TOo
aLeTUInpoBaHMe ABNSETCA NpMeMaemMblM MeTOA0M MoauduKaunum ong noayvyeHus
TEePMOMJAaCTUYHbIX, TMAPOODOHbLIX NIEHOK Ha OCHOBE KpaxMasia. YCTaHOBJIEHO, YTO
aueTaT aMUaoNeKTUHA BANAET Ha MexaHn4yeckme CBONCTBA MNJIEHOK, NpuaasBas
NJeHKaM XPYMNKOCTb U XXeCTKOCTb. [Ns Nosy4eHUs nNaeHoOK N3 XXenaTuHa v
rMApoKCcunponuakKpaxmana u3s BOAHbIX paCcTBOPOB UCMOJIb30BaM ABa MeToa:
HU3KoTeMnepaTypHbIA U BbiICOKOTEMMNepaTypHbIn [46]. U3yYanu Tennosble u
MeXaHu4ecKme CBONCTBA, a TakKXxe Nnapo- N ra3ornpoHnLaeMoCTb MNJieHoK. B KavecTse
naacTudukaTopa UCnosib3oBanuv rnuuepuH n sody. YeenudeHume obuiero cogep)xaHus
nnactugukaTopa (4o 25 %) Nnpneeno K 3Ha4YNTENIbHOMY CHUXXEHUIO MOAYSA YNPYroCTun
N MPOYHOCTN Ha pa3pbiB (40 60 %). OTHOCUTENbHOE YAJIMHEHNE yBenndnaoch (go 200
%). NneHKn, NoNy4YeHHble HU3KoTeMnepaTypHbIM cnocoboM nuTbA, nmetoT bonee
NMJOTHO YMNaKOBaHHYO MOJINMMEPHYIO LieMNb, BbICOKUW MPOLEHT KPUCTaJIMYHOCTU n
bonee BbICOKME MOKa3aTeNM NPOYHOCTU Npu pacTsaxeHun [46]. N3yyeHbl [47] npenen
MPOYHOCTU, YASIMHEHME, MAPOMNMPOHMNLLAEMOCTb MNEHOK N3 KapbOoKCOMETUIMPOBAHHIO
KpaxMana. B ka4ecTse nnactugukatTopa NCcrnosb3oBanan COpOUTON, KCUTOJ, MAHHUT U
ravnuepuH. NokasaTtenu npeaesa NPoYHOCTU U YOJIMHEHUE YBENNYUIINCE C
yBeNn4YeHnem Jonum nnactupmkaTopos copbutona, KCMTtona n MaHHUTa. NneHkn,
cofeprxalime B CBOEM COCTaBe HECKOJIbKO NMAACTU(PUKATOPOB, UMESN NyYLLINIA
nokasaTenb, nNpegasia NPOYHOCTU MO CPABHEHUIO C NJIEHKaMn, coaep Kallme B CBOeM
COCTaBe TOJIbKO OOUNH NiacTUmKaTop. PesynbTaThl UCCieaoBaHU NOKa3asan, 4To C
yBesIM4eHnem 40N NNacTUPUKATOPOB MaHHNTA, KCUANTOA U ranLepuHa
NaponpoHMLLAEMOCTb MJEHOK YMeHbLunnack. MNMpn nposefeHNnN JOMOSIHUTENIbHOMN
XnMmyeckom obpaboTkun (Mognukaunm) Kpaxmasia BO3MOXKXHO yBem4eHne



TEenJAoCTONKOCTN, YCTONYUBOCTUN K BO3OENCTBUIO KUCJIOT U Ccpe3atolemMy yCuamnio
naeHoK. MneHKn n3 MoanuUNPOBaHHOIO KpaxMaJsa yCreLwHo OKpallMBaTCH,
NMPUrogHbl K HAHeCeHuo nevaTn [48]. IKCTpy3men cMmecen KyKypy3HOro kpaxmasia mn
MUKPOKPUCTANINYECKOWN LLeN0103bl U METUILE003bI C fobaBKamMun
nnactTudmnkaTopos (MNoNosoB) nnm 6e3 HUX NosyyYeHbl CbenobHble NAeHKN,
npegHasHa4vYeHHble A8 3aWnTbl NMWEBbLIX NPOAYKTOB OT NOTEPU MaccChl (3a cyeT
CHUXXEHNSA CKOPOCTU ucnapenHmns snaru) n nop4m [49]. NneHkn obnanatoT BbICOKOMN
copbLUMOHHOM CMOCOBHOCTLIO (B TOM YMCE K pagNOHYKANAAM, NOHaM TAXKesbIX
MeTaslJIOB N NHbIM BpedHbIM COeAUHEeHUAM), 4TO npegonpenenseTt Nx rnosoxuTesbHoe
dumsmonornyeckoe Bo3gencTeme Ha opraHmusm. CnocobHOCTb CbeA0OHbIX MIEHOK
yaoepXmnsaTb (MMMOBMAM3NPOBaATL) pa3inyHbie COegnHEeHNs No3sonseT oborawaTb
MPOAYKTbI MNTAaHUA NONIe3HbIMN BewecTBaMum (MMHEepPasibHbIMU CONSAMN, BUTAMUHAMMN,
KOMMJIeEKCaMN MUKPOIJIEMEHTOB), KOMMNEHCMPYSA AePNLNT TakuX HeobxoanMblix
4enloBEKY KOMMOHEHTOB NULWK. BO3MO)XXHO BBEAEHNE B CbeA0OHYI0 NEHKY
crneuvanbHbix 06aBOK (apoMaTU3aTOPOB, KpacuTenemn) ona peryanpoBaHuns
BKYCOBbIX M @apOMAaTNYECKNX CBONCTB YyNakKoOBaHHOMO NMULLLEBOro npoaykTa. Metonom
WHXXEKLUMOHHOro hopMoBaHUA Noay4YeHbl naacTunympoBaHHbIe

TpMaLeTUAr IMLEPNHOM TEPMOMNIACTUYHBbIE NNIEHKN U3 CMEeCU KapTodebHOro nan
KYKYPY3HOro KpaxmaJsoB C anaueTom uennonosbl (JAL). o cBOMM MexaHNYeCKNM
CBOMNCTBAM OHU BAN3KKU K NJIEHKAM N3 MONCTMPOAa, HO cnocobHbl K buoaerpagaynm.
Mpouecc brnopasno)xXeHnss KOMMNO3ULMOHHbLIX MJEHOK HaYMHaeTCs C KpaxMana n
naactTudmnkaTopa; nocse 4ero NPONCXoanT HenocpencTBeHHasa gectpykuna OALL.
MAeHKN HeyCTON4YMBbI B MOPCKOW BOAE, MOIYT NPUMEHATLCA Kak buopasnaraemsolie
HEeTOKCUYHbIE MJAaCTUKN 0151 KPAaTKOBPEMEHHOI0 MCMNOJIb30BaHUSA Ha BO3AyXe.
NccnepoBaHo BAMAHME geanbaernaa Kpaxmana (MognpmnumpoBaHHOro Kpaxmana) Ha
CBOMCTBa NJIEHOK U3 n3ongaTta coeBoro benka [50]. B kayecTBe naacTudurkaTopa
MCNonb30Banu ramuepuH. iccnepoBann MexaHn4yeckne CBOMCTBA, MPOHULLAEMOCTb Y
BOOOMNOriolLleHVe rnieHoK. PesynbTaThl UCCIeA0BaHNI NOKa3anun, 4To geanbaerng
Kpaxmasia CHM>XXaeT paCcTBOPMMOCTb MJIEHOK Ha OCHOBE N30/58Ta coeBoro beska B
Boae. [lobaBneHne geanbaermiga Kpaxmasa B COCTaB MNJIEHOK Ha OCHOBE M30/1ATa
coeBoro 6enka NpMBOANT K YBEJIMHEHNID MEXAHNYECKOW NPOYHOCTU. MNMNeHKn Ha
OCHOBe n30NaTa coeBoro benka c nobasneHmem geanbaernpa Kpaxmana MoryT BbiTb
MCNONIb30BaHbl A1 CO30aHUA MYJbY-YNMaKOBOK. [leasnbaerna Kkpaxmana aBnsieTcsa He
TOKCUYHbIM N peKkoMeHayeTCa Kak gobaBka Ons yaydleHna CBONCTB NJIEHOK Ha
ocHoBe 6enkos [50]. N3y4yeHbl KOMMNO3MLUWOHHbIE NJIEHKM Ha OCHOBE
TepMonIacTUYHOro Kpaxmasa C pa3anmdHbiMmn gobaskamu [51]. B ka4yecTBe nobaBok
NCNosb30BaaN LEAIN03Y, reMuuenntonosy n 3enH (benok). PesynbTaThl
MexaHU4YeCKMX UCNbITaHUW NoKa3aaun, 4TOo Lesslios103a HeCoBMeCcTMMa C MaTpuLen
TepMonaacTUYHOro Kpaxmana. PepMeHTaTUBHbIA FTMAPOSIN3 TEPMOMIACTUYHOIO
Kpaxmasia NnpoTeKaeT akKTUBHEE Mo CPaBHEHUIO C TEPMOMIACTUYHBbIM KpaxMaJsioMm,
APMUPOBAHHOIO LE/T103HbIMU BOJIOKHaMU. OTMeYeHOo, 4TO TepMOonaacTUYHbIN



KpaxMana uMeeT Ny4yLyto rngpodobHOCTb, YeM ero KoOMNo3mumnsa ¢ Luenanoson [52 -
55]. Pe3ynbTaTbl UCNbITAHUW NOKa3asan, UCNOSb30BaHNE FreMULLENSII0103bl U 3eMHa
yBeJIM4MBaAET NnokasaTeslb MeEXaHNYEeCKOWN MPOYHOCTU. FeMunLensiniosa u 3emH XopoLlo
COBMECTUMbI C KpaxMasioM 1 MoryT obpa3oBbiBaTb rnapodobHble CTPYKTYpbl. BbiBOAbI
buoperpagupyemble naeHoOYHble MaTepmralsibl Ha OCHOBE MPUPOLAHbIX, UCKYCCTBEHHbIX
N XUMUYECKN MOONPUNLNPOBAHHbBIX MPUPOOHbLIX NOJMMEPOB COOTBETCTBYIOT MO
PU3NKO-XNMUNYECKUM CBONCTBAM YNaKoOBOYHbLIM MaTepuasaM, NpUrogHbIM ans
ONNTENbHOr0 XpaHeHUs NPoaYKTOB NUTaHUSA. DTO YKa3blBaeT Ha TEHOEHUMIO
CO3[aHNA Ha OCHOBE 3TUX brononnMmepos «bmoTapbl» ANA NULLEBLIX NPOOYKTOB.



