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AHHoTauus: [lenvio Oaunoli pabomul ANAemMcs  U3yueHue GIUAHUS Npoyecca
OKUCIUMENIbHOU MOOUDUKAYUU HA CEOUCMEA KVKYPY3HO20 KPAXMAA, C Yelbl0 UCNOIb308AHUE
€20 Kak 3a2ywarowjull KOMNOHEHmM 6 npoyecce neuamauus mkaueu. B ocnose mexnono2uu
OKUCNIEHUS KPAXMAJA NIedHCUum npoyecc oopabomru KpaxmaibHOU CYCReH3UU Ul OUCnepcuu
OKUCTIUMENIbHLIMU PeazeHmamu, Ha npumepe SUnoXaiopuma Hampusi.

KialoueBble c¢jI0Ba: Kpaxman, OKucleHue, 2UNOXaopum, 2enreodpasoearue, CmyoOeHb,
2PaHYL.

Kpaxmain, dBifsCb NPUPOIHBIM TOJUCAXapuUIOM, LIEHEH psAJOM CBOWMCTB U
ocobeHHocted. Pecypcammu uisi ero mojydeHus ciykar: KapTodenb, KyKypy3a, pOXKb,
NUIEHWIA, MaHUOKa, TOpPOX, pUC U JApPyTHe KYJIbTYpbl, IO3TOMY €KEroJHas
BO300OHOBIIIEMOCTh M HEUCCAKAEMOCTb KPaxXMaJICOJEPIKAILET0 ChIPbS CIYKUT XOPOIIMM
CTUMYJIOM [UIsl €ro IPUMEHEHUS B HAPOAHOM Xo03sicTBe. OKHCIEHHBIE KpaxMaJbl
UCTOJB3YIOT U JUI1 TEXHUYECKHX LeJel: B MPOU3BOACTBE OyMaru Jjisi €€ MOBEPXHOCTHOU
MPOKJIEHKH (Ha MOBEPXHOCTH Oymaru oOpasyercs Tiajkas TBeplas IUICHKa, 3aKpbIBarollas
MIOPBI, YTO YJIy4yllaeT KauyecTBO MHUCHbMA W IMEYaTH); B TEKCTUIbHON MPOMBIIUIEHHOCTH IS
INUIMXTOBAHUS XJIOMYAaTOOYMa)KHOM, CMEIIAaHHOW M CHUHTETHYECKOW mpsbku (oOpasyeT Ha
TOHKOM TpsbKe IACTUYHOE IMOKPBITHE); JUIS MOJAKpaxMaliuBaHUs Oelbs B MpayeyHoll U B
OBITY; B CTPOMTEIbHOW NPOMBIIIJICHHOCTH MpPHU MPOU3BOJCTBE H3OJSIIIMOHHOTO KapTOHA,
3BYKOM3OJSIMOHHON TMIUTKA. Ha OTedecTBEeHHBIX TEKCTHIIBHBIX NPEINPUATHIX H3-3a
OTCYTCTBUSL COOCTBEH"HOTO AaCCOPTUMEHTA HCHOJB3YIOTCS JHOO JOpPOrHe HMIOPTHBIE
MOU(UIIMPOBAHHBIE KpaxMalbl, MO0 Ooyiee TOCTYMHBINA M JEHIeBBI HATUBHBIN Kpaxmal,
YTO OTPULIATEILHO CKa3bIBae€TCS Ha KauecTBe rneyaTu. Kpome Toro, mpuroToBieHUe 3arycTok
U3 HeMOAM-(QUIIMPOBAHHOTO KpaxMmayia TpeOyeT IIMTEIbHON TepMUYecKord 0O0pabOTKH, YTO
CBA3aHO CO 3HAUUTEJIbHBIMU dHepro3arpatamu [ 1-32].

B kadenpe oOumieit u Heopranumdeckoil xumus byxapckoro rocyaapcTBEeHHOTO
YHHMBEpPCUTETA IMPOBOJATCS HAy4YHBIC MCCIECIOBAaHMS Pa3paOOTKHA TEXHOJOTHH MOTyYCHHS
OKHUCJICHHBIX KpaxMmaljioB, C LIENbI0 MPUMEHEHHS] €ro B TEKCTUIHLHOM MPOMBIIIJIEHHOCTH.
OxuceHHBINH KpaxMal Mody4yaroT peakiuel Kpaxmaaa ¢ OKUCIUTEIEM IPU KOHTPOIUPYEMO
teMieparype u pH B menodHoi cpene.

Bbbu10 KMCIONB30BaHO HECKOJIBKO OKUCIIUTENEH, OJHAKO T'MIIOXJIOPUT HATpUs SIBIISETCS
Hanboyiee pPacIpOCTPAHEHHBIM XHMHYECKHM BEIIECTBOM, KOTOPBIM SIBISIETCS MPOIYKTOM
npousBoactBa AOO «HaBamazor»[33-57]. B Xxone peakiuu NIPOUCXOJUT HECKOJIBKO
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peaxIuii, KOTOpble NPUBOAAT K BBEICHHUIO KApOOHWIBHBIX W KapOOKCHIBHBIX TPYII H
Pa3I0KEHUIO MOJIEKYJ KpaxMaiia. CxemMa OKHCIEHUS KpaxMalla THIIOXJIOPUTOM B ILEI0YHOU

cpeJie UIET IO CICTYIOMEeMY:

H—C—O0OH + NaOH ———— H—C—0"Na" + H,0

H—C—0 + o —— 2C=—0+H,0 + CI"

Puc.1. Cxema okuclieHHe Kpaxmaiia TUIOXJIOPUTOM HATPHs B IIEJIOYHOM cpejie

Crioco0 mony4eHHsl TaKOro Kpaxmajia BKIIOYAeT MPHUTOTOBIIEHHWE BOJHOW CYCIIEH3HUH
Kpaxmasia KoHIeHTpamuei 25-35%, obOpaborky ee B TeueHue 1 — 3 dacepacTBOpOM
TUIIOXJIOPATA HATpUs IIPU pacxone akTUBHOro xyuopa 6-9% or maccel Kpaxmana u
temneparype 40-50°C HeiTpanuzaiuio (BBEACHUE aHTUXJIOPA) WK IPOMBIBKY.

Otmeuast BaXKHOCTh (PU3UKO-XMMHUYECKOIO MOJX0a, BMECTE C TEM CIEIYyET OTMETHUTH,
YTO yCHEXW OTOT0 HANpaBJIEHHUS BO MHOIOM CBSI3aHbl C pEIIEHUEM psjaa 3aaad
TeXHoOJIoru4Yeckoro xapakrepa [58-74]. IlpeacraBisierca 3aMaHYUMBBIM IPOBEICHUE
XUMHYECKOW Moau(UKali, KaKk 3TO JEeNaeTcss B Clydae €€ CTPYKTYpHOrOo BapHaHTa,
HEMOCPEJCTBEHHO Ha CTaJWM MepepaboTKu moauMmepusaTa (CTaauu KOH(PEKIMOHUPOBAHUS
WM K€ B TIpolieccax rnepepaboTKy MOJMMEpOB B u3fenus). B GOMbIIMHCTBE clydyaeB TaKou
MOJAXO0Jl JIMMUTHUPYETCS HEOOXOIMMOCTBIO TPOBEACHUS OTACNbHBIX CTaJAUd WIM Jaxke
CHEIHAIBHBIX MPOIIECCOB MOAUDUKAIUN C XUMUYECKON aKTHUBAIUEH MaKPOMOJIECKYISIPHBIX
Henei M Cco3JaHusi COOTBETCTBYIOMIMX (YHKIMOHANBHBIX Tpynn Takux kak C=0 u COOH
[75-78]. VI3ydeHbl BIMsIHUE Pa3IMYHBIX (AKTOPOB HA COJIEPKEHUE TAKUX (PYHKIIMOHAIBHBIX
TPyNI B OKKCIIEHHOM Kpaxmaie. Pe3ynbTaTsl npuBeieHbl B TA0IHIIE.

Taboauua
Bausinne pa3iu4HbIX (aKTOPOB HA co/lepKaHNe OKUCIeHHBIX rpynn (Ckpaxman =
30 %)
KonuenTparioHHEILd Texuonorugeckue dhakTops Copeps#aume rpvomn
GaxTop (axTHBHEIE X10D TRy e pH cpeant COOH.w% | -C=0.w %

B oxmciaHTene, W %)
6,24 0,13 0,10
7.18 1 8 0,22 0,14
843 041 0,21
6,24 0,21 0,13
7.18 2 9 032 0,17
843 0,44 0,23
6,24 0,29 0,15
7.18 3 10 0,36 0,22
843 0,54 0,27

HpI/I HECCJIICKTHNBHOM OKHUCJICHUN Kpaxmaja IpoOUCXoauT ACCTPYKIUA
nmoJimcaxapuaHbIX 3BCHBCB ¢ O6paSOBaHI/IeM AJIBACTUHBIX TPYIII, KOTOPLIC OOBIYHO
OKHUCIAKTCA 6I>ICTpeC, UeM THAPOKCHUIIbHBIC. Ha navanpHBIX cTagusaxX KOHICBBIC
AJIBJACTUHBIC TPYIIIBI OKHUCIIAIOTCA B Kap6OKCI/IJ'II>HI>Ie. XoTs AJIBJACTUIHBIX TPYIIL B
HAaTUBHOM KpaxmaJIC OUYCHb MaJIO, B PE3YyJIbTATC T'MAPOJIM3a WX pa3pbiBa nonncaxaplmeoﬁ
eI B IMPOICCCC OKUCIICHHUA O6p&3YIOTC$[ JAOIIOJIHUTCIIBHBIC AJIBACTUAHBIC I'PYIIIIBI, KOTOPHBIC

685



MexxayHapoAHbIH HAay4YHbIHN KypHaJl Ne 20(100), yactp 1
«HoBocTu o6pa3oBaHus: ucciegoBanue B XXI Beke» Anpens, 2024

B JaJbHEUIIEM MOTYT OKHCIATHCA B KapOOKCWibHbIE. TakuMm 00pa3oM, XHUMHUYECKas
00paboTka pUCOBOr0O Kpaxmalia TUIOXJIOPUTAMHU CXOJHA C HECEJIEKTUBHBIM OKucieHuem. K
TOMY € YBEJIMUYEHHE KOJIMYECTB TAKHX 3apSHKCHHBIX TPYNN y OKUCICHHBIX KpaXMajoB
MIPUBOJIUT YMEHBIIICHUIO CKIIOHHOCTH KJIeHCTepa K MpoIeccy peTporpanaiuu [79].

B peakuuu okucieHHs BCTymaeT W aMuio3a M aMUJIONIEKTHH, HO BBEJCHUE
KapOOKCHIIBHBIX WM KapOOHWIBHBIX TPYNH B IEMOYKaX aMWJIO3Bl — SIBISETCS TJIABHBIM
(bakTOpOM B COKpAILEHUU K PETPOrpajallii 1 rejaeo0pa3oBaHMms.

I'eneoOpazoBanne Kpaxmana — CJIOKHBIN MPOIECC, UAYIIUNA B TPU OCHOBHBIC CTaJUU.
CHa-yana KpaxMaJIbHbIE 3€pHa 00OpaTUMO HaOyXaroT, IPUCOEIUHSAS HEOOBIIOE KOIUYECTBO
BoAbl. HaOyxaHue kpaxmana MHpOUCXOJIUT BCIEACTBUE pa3pbiBa BOJOPOIHBIX CBA3EH U
THIpaTallil  MaKpOMOJIEKYJ TMoiucaxapu—aoB. Ha mocriemgHeil crtaamm pacTBOPUMBIC
MOJTUCaxXapuasl M3BIIEKAIOTCA BOJOW, 3€pHA TepSAIOT (HOpMy, MpEeBpamasich B MEIIOYKH,
CYCIIEHJIUPOBAaHHbIE B pacTBope. Takasi CTPYKTypa KpaxMaJIbHOTO TeJisl SIBISIETCS] IEPBUYHON
cTpykrypoii [80].

OKCNEpUMEHTHI TTPOBOJUMbBIE OTHOCUTENBHO (DYHKIIMOHAIBHBIX CBOMCTB OKHCIEHHOTO
HaMU KpaxMaja MOJIyYeHHOW M3 PUCOBOM MYKH YKa3aJd HEKOTOPHIE MOJ00HS KYKYPY3HBIMH
WIH  TIIEHUYHBIMH  Kpaxmanamu. llpenenbHo-momycTuMas — KOHICHTpAIusl — MPH
dbopMupoBaHUs Telisd Il HATUBHOTO KpaxMmaja okazainoch 5 % (m/v) HO IUIsl OKUCIEHHOTO
kpaxMana 7 % (m/v) u BIUsSHHME KOHILEHTPALlUM B 3TOM IMPOIECCE IMOKAa3aHbl HAa HUXKE
MPECTABIEHHOM PUCYHKE 2.

Puc.2. OxyaxaeHHbIe THAPOTeIN KJIeiiCTepOB HATUBHOTO (2) M OKUCJIEHHOT 0 (0)
KpaxMaJia (COOTBeTCTBEHHO U3 S, 6, 7 % HBIX KJIeiicTepOB) PUCOBOM MYKH

Kieiictep OKHMCIIEHHOTO pHUCOBOrO Kpaxmaya MpeJCTaBIIIeT BOJOKHUCTYIO PEOJIOTHIO,
MoA0OHO KIIEHWCTepYy KpaxMala KyKypy3bl. [eaum pHCOBOTO Kpaxmajia OKHCJICHHOTO
TUIOXJIOPUTOM HaTpPHUsl ABJISIIOTCS TUMTMYHBIM [IPUMEPOM CHUCTEMaM, MPOSIBISIONINE CBOMCTBA
HEHBIOTOHOBCKOM KHUJAKOCTU. [ MIpoTenn OKUCICHHBIX KpaXxMaJloB prca 00J1alal0T BBICOKOM
CTPYKTYpHUPOBAHHOCTHIO.

[TacTbl OKMCIEHHOTO KpaxMmalia ObUIM MPO3pavyHbl B XOJIOJHOM U TEIUIOW COCTOSTHUU.
CTaOunbHOCTh TP  OTTAMBAIOIICH 3aMOPAKMBAHWU - BaXKHBIA aCMEKT OTHOCUTEIHHO
OMpeJNieNICHUsl XapaKTepUCTUKU KpaxmanoB [81]. B mpouecce 3aBapuBaHMs Kpaxmania
JTUHEIHBIC MOJIEKYJIBI aMUJIO3bI BBIXOJSIT U3 00BheMa TPaHyIIbl, PABHOMEPHO PACIIPECIISIOTCS
0 BCeMYy OOBEMY pPAcCTBOpa M CBA3BIBAIOT Bjary, MpUiaBas OINPEICICHHYIO BSI3KOCTh.
I'panynsapapie  u  MOpQOJIOTHYECKHE  W3MEHEHUS BHJIHBI B MHUKPOCKOIHUYECKHX
UCCIIeIOBAHUSX.
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Mopdodonorndyeckne XapakTepUCTHKH 00pasloB Kpaxmaja HaOII0Jald C TOMOIIBIO
CKaHHMPYIOIIETO IEKTPOHHOTo Mukpockona JSM-6390 (NTC, Smonus) npu HanpspKeHUH S
kB. Pe3ynaprarel 1MOKa3pIBalOT, YTO OYE€Hb 3AMETHBIX M CEPHE3HBIX MOBPEXKACHUM
KpaxMaJIbHbIX 3€peH B MPOIECCE, UCIOIB30BAHHOM B HKCIIEPUMEHTE, HE MPOUCXOIUT (pHC.
3).

-

a a B I

Puc. 3. Dnexrponnsie MukpodoTorpadms rpanyva HaTHEHOTO [ A ) B oxscnersoro (B —1T7)
xpaxmana (& =40 %) (c eeegennem xomagectea C prog — 0.01 % (B —opmr 30°C), 0.015 %
(B —mpu 35°C) 1 0,02% ( I' — mpu 45° C ) x cyxoi Macce xpaxmana, pH cpeger=8-9)

['paHysibl OKHCIEHHBIX KpaxMaJoB ObuIM OoJiee HEKHBIMM Ha BHJ, YTO, BEPOSTHO,
CBS3aHO C 0oJjiee HU3KOW BSI3KOCTBIO U, CJIEIOBATEIbHO, C HU3KOW MOJIEKYJISIPHOW Maccoi
OKHCIJICHHBIX ~KpaxMajoB. Mukporpaduueckuii aHaau3 OKHUCIEHHBIX KpaxMalloB HeE
OOBSICHSIET PA3JINYMA B YCBOSEMOCTH.

AKTHUBHpYIOLIeE JACHCTBHE OKHUCIUTENS] TMOJATBEPXKAAECTCA MHKPOCKOIMUYECKUMU
HaAOJIOJICHUSMHU, BUJIHO, YTO MO0 MEPE YBEIMYEHUS KOHLEHTPALMN OKUCIIUTENS B pacTBOpE U
TeMIepaTypbl PEaKIMOHHOW CMeCH KpaxXxMalbHblE 3€pHa IpeTepHeBaroT Bce OOJbILINE
WU3MEHEHHUSI, MTOCTENIEHHO TEPSIIOT CBOIO IIAPOBUAHYIO (DOpMY, B HHUX MOSBISAIOTCS TaKkKe
BIIAJIMHBI, CKJIAJKU, U3JIOMBI.

[Tonydyennble MuKpodoTorpaduu 00pa3LOB OKHUCIEHHOTO KpaxMmana MO3BOJSIOT
OOHapyXUTh HM3MEHEHUS HAa TOBEPXHOCTU KpaXMaJbHBIX TpaHyj, KOTOPHIX HEBO3MOKHO
n30eXaTh HU B OJHOM Ipolecce MOIU(PUKALUU MMOTCHINUATbHO CUIBHBIMU OKUCIUTEISIMH,
takumu kak NaClO.

B xpaxmane accoumanusi aMuiI03bl U UX JAeTpafalus IpeBbIIIaeT CHHEPE3UC B CUCTEME,
U T03TOMY MOJIUGUIIMPOBAHHUE I€IECO00PA3HO JUI JAJIUTEIBHOTO XpaHEHHs MPOAYKTOB Ha
OCHOBE OKHMCJIEHHOIO0 KpaxMmajia U KpaxmajaonpoaykToB [82]. M3 Bblllle CKa3aHHBIX BUJHO,
YTO Kpaxmall MpeacTaBisieT coO0i 4pe3BbIYalHO CIOXKHYIO0 cucteMy. CocTaB UM CTPYKTypa
TaKOM CUCTEMBI B KOHEYHOM HUTOTE€ ONPEIENSIIOT CBOMCTBA MAaTEPUAIOB Ha OCHOBE KpaxMaa.
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