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B craTbe paccmaTpuBaroTCcs GU3NKO-XUMUYECKUE U3MEHEHMST COCTaBa raMMa-00JTydeHHBIX KITyOHEe KapTo-
dens Bruiotsk 10 103 5000 kI'p metogom MK-Dypbe criekrpockonuu. M3ydyeHbl (yHKLIMOHATIbHbBIC TPYIIIHI B
MOPOLIKaX KOXYPhI, MSIKOTU U COKa 00JIydeHHBIX KJIyOHel. YcTaHOBJIEeHa KapOOHM3alMsI MOJIEKYJT BEILIECTB,
COCTaBIISIIOIINX KIIyOSeHb 1 UX pamuanroHHoe okuciaeHue. I1pu mo3ax ceeime 1000 kIp mporcxonuT moaHast
MOTePs TBEPIOCTU KITyOHE, HapyIIaeTcsl IeJIOCTHOCTh MOBEPXHOCTH KOXKYPHl M1 HAUMHAETCS] MTHTEHCUBHOE
BbIIeeHue coka. [TokazaHo, 4to y-paguonus no3o0i 1o 5000 k[p He NPUBOIUT K MOTHOMY Pa3pyLIEHUIO X1-
MUWYECKHX CBSI3ell B CTPYKTYpe OCHOBHBIX COSTMHEHM, COISPKALIUXCS B KITYOHSIX KapTodes.
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BBEAEHWE

HMccnenoBaHusi, mpoBOAUBIINECS B 00JacTU pa-
JIUALIMOHHOTO 00JydeHUs1 KapTodesisi, B OCHOBHOM,
HaIpaBJieHbl HA U3yY€HUE MCIOIb30BaHUsI HEOOb-
IIUX 103 pagdallud B KauecTBe MeToAa IMOoJaBICHUS
npopactaHus Kaprodens npu xpanenun (50—250 I'p
[1—=3]) unu ero crepunusanuu (no 10 kI'p [4]). MeTto-
JUYECKU UCCIIeIOBAaHUE PACTUTEIbHOIO ChIPbSI BECh-
Ma OCJIOXXHEHO H3-32 MHOTOKOMIOHEHTHOCTU €ro
XMMHUYECKOTO cocTaBa. B HacTosilieM cooOlleHuun
3TOT BOIPOC paccMaTpUBaeTCsl HA MPUMEPE paIuo-
JIN3a MHOTOKOMITOHEHTHOTO PACTUTEILHOIO ChIpbs —
KJIyOHeli KapTodeisi, COCTOSIINX U3 Pa3IMIHbIX Opra-
HUYECKUX U HeOpraHM4ecKux BelecTB. i pereHust
3TOi 3amaum ucroiib3oBaHa MK-®ypbe CIIeKTpOoCcKo-
nusi, Mo3BoJIsIoNIasl OOHAPYXKUTh BOJOPOAHBIE CBSI3U,
pasauyHble GYHKLIMOHATBHBIE TPYITIEI U T.1. |5, 6].

Llento HacTosiero ucciaenoBaHUs ObUIO U3yYe-
Hue UK-®ypbe cieKTpoB MSIKOTH, KOXKYPbI M COKa
Y-00J1y4YeHHBIX KIIyOHEN KapTodensi.

OKCITEPUMEHTAJIBHAA YACTb
Mamepuanet

st mccnenoBaHust ObLUT BBIOpaH cOPT KapTodeas
Poccuiickoit cenekumm Meteop. AHanU3 mokasai,

YTO B COCTABE MCCIELYEMBIX KIyOHEH KapTodes Ha
JIOJIIO BOIbI MPUXOAUTCst 74%, CyXOe BEILECTBO COCTaB-
JIIET 0KOJ10 26%, B TOM unciie kpaxmana 10—12%.

s npoBenenuss MK-Dypbe ucciienoBaHust uc-
XOIHBbIE U Y-O0JIy4eHHbIe KIyOHU KapTodens: Obuiu
OUMIIIEHBI OT KOXYpbI, 3aT€M IMOJYyYEHHbIE MSIKOTb
KJIyOHEel M KOXypa ObLIM BBICYIIEHBI TIPU KOMHAT-
HbIX ycnoBusix (24—27°C, armochepHoe naBjieHue,
BIIaXXHOCTb ~50%). IlolyyeHHBIE TIOCNIE CYIIKHU
OCTaTKU KOXYpPbl U MSIKOTU OBLIM U3MEJIbUYECHbI 110
nopouika. B xone pagnonusa u3s KiiyoHeii KapTodest
BBIIIEJISIICS COK, 3(pheKTUBHOE BbIIEIEHNE KOTOPOTO
npoucxoauyio npu no3ax csoeie 1000 xI'p. dast uc-
clieoBaHMs TIOJNYUYeHHBIM U3 KapTodesss CoOK ObLl
MpenBapuTEIbHO BBICYIIIEH TPU KOMHATHBIX YCJIOBU-
SIX O TIOCTOSTHHOTO Beca, a 3aTeM 00pa3oBaBIIUIACS
CyXOli OCTaTOK U3MeJIbU€H A0 MOPOIIIKa.

Takum o6pa3oM, B 3KCIIEpUMEHTaX ObUIN UCIIOJIb-
30BaHbl MOPOILUKU MSKOTU, KOXYPbl U COKa Y-00I1y-
YeHHBIX KJTyOHEH KapToders.

Tamma-obayuenue

lamMa-o6nydeHue KityOHeil kKaprodelsi TpoBO-

JWIOCh Y-Ty4aMU Co® mHa YHY “Tammatox-100”
DOUII TTXD u MX PAH npu MOIIHOCTHU 103bI 001y~
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yeHwus 3.6 I'p/c. OcCOGeHHOCTU TaHHOM YCTAHOBKH U
BO3MOXHOCTH €€ MCITOJIb30BaHUsI TTOAPOOHO Omnuca-
HBI B padorte [7].

Hzmenvuenue

ITopolliky cyXux 0CTaTKOB MSIKOTH, KOXYPBI U CO-
Ka Y-00JIy4eHHBIX KJIyOHEeil kapTodenss moiaydyanu c
KCIOJIb30BAaHUEM J1a0OPATOPHOI METbHUIIBI MapKu
JI3M-1M c MeTannuyeckuM cTakaHoM. [Tomon mpoBo-
JIAJICS TIPY CKOPOCTU BpallleHUsI CTAJIbHOTO HOXKa — 13-
Menpunrenss 16500 06./MUH B TeyeHUe 5 MUH (LIUK-
JINYECKU) MpU KOMHATHO# Temriepatype. B pesynb-
TaTe ucciaeayeMble 00pa3Lbl Y-00IydeHHbIX KITyOHEe !
U3METBbYAIIUCH JO MOPOLIKa C Pa3MEPOM YaCTULL Me-
Hee 200 MUKpPOH.

HK-Dypve cnekmpockonus

MK-criekTpbl mopoliKa MSIKOTU, KOXYPBI U COKa
Kaptodessi perucTpUpoOBaIuCh B TMaNa30He 4acTOT
350—4000 cm~! Ha Dypbe-cniekrpomerpe Bruker
ALPHA, ocHameHHOM IIPHUCTaBKOM HapylIEHHOTO
TOJIHOTO BHYTPEHHEIOo OTpaXeHusl C ajJMa3Hou
npu3Moii  omHoKpaTHoro orpaxenusa (HIIBO,
FTIR-ATR).

PE3VYJIBTATbBI U OBCYXIEHHUE

UK-Dypve cnexmpbi nopouika mMaKomu
Y-00ayuennbix KayoHei kapmogens

O6mwmit Buag MK-cnekTpoB mnopomika MSIKOTH
KIIyOHeit KapTodes, 00IydeHHBIX Pa3IMYHOMN 10301
Y-U3Ty4YeHUs, IPENCTaBIEHbl Ha puc. 1 u 2 co cMmelie-
HUEM BIIOJIb OCU OPJMHAT JIJIsI yI0OCTBa CpaBHEHMSI.

Illupokass U WHTEHCUBHasl Mojoca B 00JacTu
3690—3020 cm~! ¢ uenTpom mpu 3286 cm~!, peru-
cTpupyemas B CIieKTpax MOpOoIlKa MIKOTU He 00Jy-
YEeHHBIX KJTyOHE! KapTodes (CeKTphl @ Ha puc. 1 1 2)
0o0ycCJIOBJIeHa BaJ€HTHBIMU KOJIeOAaHUSIMU TUIPOK-
CWJIbHBIX TPYIIl, BOBJIEUEHHBIX B MEXXMOJIEKYJISIPDHbIE
W BHYTPUMOJIEKYJISIDHBIE BOJOPOIHbBIE CBS3U [§, 9],
Majlo3aMeTHbIN AyOJeT OTBeYaeT aCUMMETPUYHbBIM
(2982 cm~!) u cummerpuuHbIM (2887 cMm~!) BameHT-
HbIM KoJiebaHussM C—H cBsizeit METUJIEHOBBIX U Me-
TUHHBIX Tpymm [10], a mosoca TMOIIOLIEHUST OKOJIO
1700—1500 cmM~! ¢ MmakcumymoMm ripu 1642 cm~!, or-
HOCHUTCSI K NedOpMallMOHHBIM KOJIEOAHUSIM aacop-
OMpOBaHHOM KpHUCTANIM30BaHHOM Boukl [11, 12].

B 1maHHOM CIIEKTpE TaKXKe OTMEYaroTCsl IOJOCHI
MOIVIOIIEHNS ¢ HECKOJBKMMU WHTEHCUBHBIMUA MaK-
cumymamu iipu 1150, 1076, 996 cm~!, u c1abbiMu cur-
Hanamu ripu 930, 860, 761, 707, 575 cM~!' coBMecTHO
C HEYETKO BBIPaXXEHHBIMU HECKOJBLKUMU JIMHUAMH,
MPOSABISAIOIIMMUCS B BUJIE TIJIEY TIOJIOC ITOIVIOLIEH TSI
npu 1596, 1235, 1099 cm~! (Tabn. 1).
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Puc. 1. UK-®Dypbe crieKTpbl MOPOLIKOB MSIKOTH HE 00Ty~
YEeHHBIX (@) U Y-00Jy4eHHbIX KIIyOHeil kapToderns (6, 6,
2, 0). Joza y-obayuyenus (xI'p): 100 (6), 400 (&), 1000 (e),
2000 (0) xIp.

Peructpupyembie B 4yacToTHoit objactu 1150—
850 cM~! moJsIoChl MOMIOLIEHNUS, B LIEJIOM, SIBJISIIOTCS
MOCJENCTBUEM COYETAHUSI BaJCHTHBLIX KOJeOaHMIA
cBsa3eit C—0O, C—Cu O—H [24] cpeny KOTOPBIX TT0JI0Ca
nomomenns mpu 1150 cm~!' cBs3aHa ¢ acuMMer-
PUYHBIMU BaJICHTHBIMU KOJICOAHUSIMU TJIIMKO3UIHOM
cBs3u B-C,—O—C, [25] v uk ripu 930 cM~! 0Gyci10B-
JIEH CKEJIETHBIMM KOJIeOaHUSIMU INIMKO3UIHOM CBSI3U
a-C,—0—C,. BaneHTHbIe U nedOpMallMOHHbIE KO-
nebanusa cBga3ert C—O—H B paccmarpmBaeMom
CHIEKTPE MPOSBISIIOTCA B 00J1aCTHU MOMIOIIECHUS TIPU
1076 cm~! [25].

BonbimHCcTBO BRIIeyKa3aHHBIX ITotoc MK-crniek-
Tpa MOpOoIIKa MSIKOTU KapTodeisi, NepeYnCISHHBIX B
TabI1. 1, HaXoOATCd B IMANa3oHax YacToT, IIPUBEIEH-
HBIX BauTepatype it MK-Dypbe criekTpa Kpaxmaia
[18, 19]. DToro u ciaemoBajio OXHUIATh, IMOCKOJBKY
KpaxMain cocTtasiseT 6ojiee 40% cocTaBa Cyxux Be-
IIECTB MCCJIEAOBAaHHBIX KIIyOHe# KapTodens.

NK-®ypbe cHekTpbl U3MeJIbYEHHOIO ITOPOILIKa
MSIKOTH Y-00JIy4YEeHHOTO Pa3IMuHOI 1030 KapTode-
JIsl B KaU€CTBEHHOM IJIaHE BO MHOTOM UJAEHTUYHBI CO
CIIEKTPOM MOPOIINKA MSIKOTH HEOOJYYCHHBIX KIyO-
Heli kapTodens (puc. 1 u 2). Tem He MeHee, B pe3yJib-
Tare Y-obsydeHud B MK-crnekrpe MIKoTH Tpoucxo-
JIIUT UBMEHEHWE UHTEHCUBHOCTH T10JIOC MOTJIOIIEHUS
(3286, 1642, 996 cMm~') 1 BO3HUKAIOT HOBBIE TOJOCHI
Ne 4
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Puc. 2. Paciiupennsie UK-®ypbe crieKTpbl TOPOIIKOB MSIKOTU He OOIy4eHHBIX (@) U Y-00Jy4eHHBIX KITyOHel Kaptodes (6, 6,
2, 0). Jo3a y-o6iyyenus (kIp): 100 (6), 400 (), 1000 (e), 2000 (0) xIp.

nomowenus (3788, 3661, 2359, 2342, 1022 cm™')
(Tabmn. 1).

B oGnactm BajleHTHBIX KOJIE€OAHUUN THMAPOKCUIb-
HBIX TPYMIT B CIIEKTPE MOPOILIKA MSIKOTH Y-00JTyYeH-
HBIX KJIIyOHEM KpOMe IIMPOKOM ITOJIOCHI C LIEHTPOM
1ipu 3286 cM~! perucTpupyIoTCs elIe IBE IMOJI0CHI IT0-
DJIOLIEHUS ¢ MaKCUMyMaMu ripu 3788 u 3661 cm—'.
IMosiBnenue nonoc nipu 3788 u 3661 cm~! ca3aHo ¢
OCBOOOXKIECHVEM THIPOKCUIIOB OT BOIOPOIHBIX CBSI-
3eit 1 cMeleHueM 1oJioc noromeHus: O—H-cs3eit
B BBICOKOYACTOTHYIO 00JacTh, XapaKTEpHYIO ISl
CBOOOMHBIX TUAPOKCUIIOB. [10CKOJBKY, BOIOPOIHEIE
CBSI3U, U3MEHSISI CHJIOBYIO TTocTossHHYI0 O—H-cBsI31,
MPUBOASAT K YMEHBIICHUIO YacTOThl €¢ KoJebaHusl,
MO3TOMY y4acTue TMAPOKCUIIOB B 0Opa30oBaHUU BO-
JOPOOHBIX CBA3EM MPUBOAUT K CMEIICHUIO ITOJIOCHI
MX TIOIJIOLIEHUSI B HU3KOYACTOTHYIO 001aCTh (I10JIO-
canpu 3286 cM~!), a 0cBOOOXIEHNE TUAPOKCUIOB OT
BOIOPOMHBIX CBSI3eil cMelaeT Moa0Cy MOITOIIEHMS,
Hao0OpOT, B BBICOKOYACTOTHYIO 00JIaCTh (IIOJOCHI
mipu 3788 u 3661 cm~ ).

Takum oOpazoM, mosiBieHue Ioaoc npu 3788 u
3661 cm~! B crieKTpe TTOPOIIKA MAKOTH SBJISIETCA pe-
3yJILTaTOM pa3pylleHUus] BOOOPOAHBIX CBsI3eil ¢ yya-
CTHEM TUIPOKCUJIIOB B Pe3YJIbTaTe Y-O0IyIeHUS.

E1te opHUM oT/IYMeEM CIIEKTpa MSIKOTH OOJTydeH-
HBIX KJIyOHEe# OT crneKTpa MSKOTH He OOJIyYeHHBIX
KIIyOHE#l SIBJISIETCS MOSIBJICHUE CIAaOBIX MOJIOC IpU
235912342 cm~!, cBSI3aHHBIX C BAJICHTHBIMU KOJIEOa-
HHUSIMU KyMYJIMPOBAaHHBIX HBOMHBIX cBs3eit =C=C
(puc. 2, criekTpbl 6—0d). Peructpupytomiuecs B criek-
Tpe MAKOTH ci1abble MUKU Tipu 764 n 699 cm~! xapak-
TEPHBI 1JIs1 CKeJIETHbIX KojebaHuil (—CH,—), u oHu
CBUICTEIBCTBYIOT O HAJIMYUM BEILIECTB C (hparMeHTa-
MU JIMHEWHBIX ankaHoB. IIpakTuyeckass HEM3MEH-
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HOCTh OTHOCUTEJIbHOM MHTEHCUBHOCTU 3THUX MOJOC
MOTJIOIIEHUST OT J03bl OOJIydeHUsI CBUACTEIbLCTBYET
00 YyCTOMYMBOCTHU TaKUX (PparMeHTOB MAaKPOMOJIEKYJT
KapTodens K Bo3nelicTBrio paguainii. CUTHAaIBI 110 -
noc momomeHnss C—H-cBs3ei B cnekTpax moponrka
MAKOTH ITpu 2982 11 2887 cM ™!, cBsA3aHHBIE C COOTBET-
CTBYIOIIUMU CUMMETPUYHBIMU U aCUMMETPUYHBIMU
BaJICHTHBIMM KOJI€OaHUSIMU, MPOSIBIISIIOTCS C OYEHb
MaJloifi MHTEHCUBHOCTbBIO. DTO OCOOEHHO 3aMETHO B
MK-cnekTpe mnopolka MSIKOTH HE OOJy4YeHHOTrO
KapTodens (puc. 1 u 2, ciekTp a).

st ouenku 1o MK-cnekrpaM BIMSIHUST O3kl 00-
JIydeHMsI Ha cocTaB (PyHKIIMOHAIBHBIX TPYIII IIOPOIIKa
MSIKOTH, B KA4eCTBE TECTOBBIX ObUIM BBEIOPAHEI CIICIY-
FOLLME MOJIOCHI IIOMIOIIECHMS: IIIMPOKAsI IT0JI0Ca MOIJI0-
IIEHUS CBSI3aHHBIX TUAPOKCUIIOB C MAKCMYMOM ITpU
3286 cM~!, momoca TIOWIOWIEHMS anCcOPOMPOBAHHBIX
MOJIEKYJI BOABI C LIEHTPOM ITpH 1642 cM~! 1 mosoca no-
IJIOILLIEHUST COYETAaHWM BaJICHTHBIX KOJIEOaHMI1 CBI3eii
C—0O u O—H, a takxe nmecdopMallMOHHBIX U BaJE€HT-
HBIX KoJiebaHuil nmoko3uaHoii csi3u C—O—C ¢ neH-
TpoM I1pu 996 cM~'. Pe3yIbTaTsl CPABHUTEIHLHOTO aHa-
JIN3a UHTEHCUBHOCTU 3TUX IT0JIOC TTOIJIOIICHMS B 3aBU -
CHUMOCTH OT O3Bl OOJIydeHUS TPpUBEACHBI Ha pucC. 3.
BunHo, 4TO ¢ TTOBBILIIEHWEM T03bI O0JIyYeHUS HAOTI0-
AeTcCs MPAaKTUYECKU JTMHEMHOE C NO30M CHUXKEHUE
WHTEHCUBHOCTU TIOJIOCHI TIONIOLIEHMST CBSI3aHHBIX
ruapoKcuIos nipu 3286 cm~! (kpusas a, puc. 3). Bu-
JIMMO, B XO€ pagroar3a IIPoLecC pa3pylieHUsI U OT-
phIBa TUIPOKCWILHBIX (PparMeHTOB IIpeBaIupyeT Ha,
MPOLIECCOM MX 00pa30BaHUS, YTO ITPUBOIUT K YMEHbB-
LIEHUIO B COCTaBe MSKOTU KapTodelsl COmepsKaHUs
TUAPOKCWILHBIX Tpyrn. CHIDKEHUE ¢ J030i 00Iyde-
HUS HAOTIOMAaeTCs U B 3aBUCUMOCTH OTHOCUTETBHOIM

MHTEHCUBHOCTH ITOJIOCHI MOVIOIIEHU ITpr 1642 cM~!,



"OMHEQOIr0 QOHHOUTTEWdOMAT — Q ‘(QOHRUALOWNHIE — S°A ‘OOHRIALOWWID — SA) OMHEQOIrOM QOHLHALRS — A —

9

MWNONQU 9HOhO 9HORO — "I12°0°0 nmd@w.u.a 9HOhO — ‘II9°0 ANNONQU —1r0 ‘BBHId0 — dd ‘BBRHAIIMO —*O ‘BRHAIINO 9HORO —'9°0 190010 9LOOHIUOHILHU — e

2023

0 4

TOM 57

XNUMMUA BBICOKMX SHEPI'NU

2—D0—D [zl sLs I ELS O ELS 10 ¢LS 30 €LS I30°06/8 300 6.6 I3 GLS I3 GLS
"(‘HD) (€11 S0L—S¥L I 669 0 669 I 669 I 669 o L0L I L0L I L0L I L0L
(O-0)A (1l v9L 491 1491 9L 1491 30 19L 190 [9L 191 I 19L
(‘HO)Q ‘(H—(1)D)Q [12] 098 Ir5°0 098 5098 150 098 r5°0 098 1r5°0 098 Ir5°0 098 5098 5098
(O—0—0) [1Z ‘911 0¢6 120 0g6 12 0¢6 ‘119 0£6 I 0€6 ‘906 ‘I 0€6 I 0£6 I 0€6
(H-0-0)A 000T—CL0T T 1001 T [001 €00l €00l - - "I 966 "dd 966
(H-0-0)Q [czl 8101 00 001 070 020l "dozz0l ol "do G701 "do 7z01 g0l -
(H—0—-0)Q [czl vo1 - - - T Zy0l1 - - "do 701 ‘oz 01
(HO—D)Q ‘A [0z] 0801—8L01 "do 9,01 "do 9201 "do 9,01 "do 901 "do9/01 "do 901 ‘o901 "do 9,01
(H-0-D)Q [12] ¥601 T 6601 16601 "I 6601 ‘I 6601 UL 6601 "I 6601 1L 6601 "I 6601
(O—0—D)A [0zl 9pIT—€PIT "do 0511 "do 0ST1 "do g1l "do STl "do 0ST1 "do 0511 "do STl "do 0ST1
(O—0—D)A loz] zLzi—ezen T ee] T CECl T eel T ee] T SeCl T eel et T ee]
. I £9¢1 I €9¢1
& ‘2901 29011 10901 150 901 150 90%1 150 901 150 90v1 150 901
M [61 ‘8110081—0SST "do 9661 "do 9661 "do 9661 "do 9661 "do 9641 "do 9661 T 96ST T 9661
m (0°H)Q [L1 ‘911 ¢¥91 Tyl T Y9l Tyl T Zy9l T Y9l T Y9l Tyl 0TIl
W (0=0)A M GILI 11/l
M (O=0=)"A [ST]€'6vET| 'U0°00GTET| "I'0°0GTET| 'UD'00OCTEL I3 "0 TheT I THeEC TYOTHEC| 'U0°0THET -
(O=0=)"A [ST]€'6vET| 10700 6GET - I 65€C I 65€C I 65¢€C IO 65EC| OO0 65€T —
(‘HO)*A [€1] €¥8T—€98C| 1000 88T | "1r0°0°0 /88T Ir5°0 L88C 50 £88C o /88C Iro°0 L88C 50 £88C Ir5°0 L88C
(‘HO)™A [+1] 0862—186T - - 19 7867 10 7867 do z86t UOTYET|  UOOTYET| MO T6T
(H—0)A [€1] 002€—00¥€ 00 98C¢ 00 98C¢E 0°0 98¢¢ 00 98C¢E 0°098C¢ 00 98C¢ 00 98C¢E 00 98C¢E
- - "do 199¢ "do 199¢ I3 199¢ "do 199¢ I 199¢ -
- - "do 8g.¢ "do gg/¢ I 88LE "do 8g.¢ o 88LE -
309 edAKoM 9LOMBIN
-0 ‘LBIOMh QI9EOHI08
000¥ 0001 0001 01 000¢ 0001 001 0
gQVIHOJOHLO (=10 1Ot d 1 ‘BUHOBAIQO-A BEOYT
HOERLIBUT
QIHHeY d19HdALedaLu|s QIHHEY JI9HIIBLHIWNAILIONEG
~ VIOHOAI eevronTed 90X € BOOIJMABIATIId ‘BY0d 1
Q  -MIAD 91001 OTOHHSRAIIOII ‘BX00 BAIMOdOII IXMEL € ‘BIraoLdest HOHQAI XITHHORAIIQO 9O M MLOMEW eXITOdoIr edIN1I0-3[ ] OOIOIl SUHIDOHLOO)) *| BIHIQR],



NK-OYPBE CITEKTPAJIbBHOE UCCJIEOAOBAHUE BIUSHUA 323
e A
51 5
o] e
= &=
@] o
< 2
g 2
0 2000 4000 0 2000 4000
A, xIp A, xIp

Puc. 3. 3aBucUMOCTb OT J03BI Y-00JIydeHMsT KapTodessi UHTEHCUBHOCTEN MOJoc moromeHus mpu 3286 em ! (a, 6, 6) n
1642 cM™ " (e, 0, €), OTHOCUTENILHO MHTEHCUBHOCTH ITOJIOCHI ITOIIOLIEHMs TTpK 996 cM™ ' B 0Gpasiiax MSIKOTH (a, 2), KOXYpbI (6, 0)

U COKa (6, ) 00JlydeHHbBIX KITyOHel KapToders.

CBSI3aHHOI ¢ Je(OpMallMOHHBIMU KOJIEOAHUSIMU THI-
paTUpPOBaHHBIX MOJIEKYJ BOIKI (pUC. 3, KpuBasie). ITo,
CKOpee BCEro, CBI3aHO C 00e3BOXMBaHUEM KITyOHEH
KapTodeJs B mpolecce 00ydyeHUsI.

B criektpe nmopoika MIKOTH 00TydeHHBIX KITyO-
Heit, momuMo nuka rpu 1076 cm~!, cBsI3aHHOTO C KO-
JIeGaHUSIMU CBSI3€il TMAPOKCWJILHBIX TPYIII, TaKXKe
npossisercd nmuk npu 1022 cM~!, cBI3aHHBINA ¢ ne-
dopMaLIMOHHBIMU KOJIEOAHUSIMY JaHHBIX (PYHKIINO-
HaJILHBIX rpynm [22].

H3BecTtHO [26], 9TO TTOJIOCHI TTONTOMIEHUST KpaxX-
Maja SBJISIIOTCS YYBCTBUTEIbHBIMU K €r0 CTPYKTYP-
Hol kpuctayummuHoctu (1042 cm~!) n amopdHOCTH
(1022 cm™!). ITo3TOMY IO COOTHOLIEHUIO UX UHTEH-
CUBHOCTH 1445/ 197> MOKHO CYTUTh O KPUCTATUTUYHO-
CTU KpaxmaJja WUy KpaxMaJcoIepKallero NpoayKTa.
OnHaKo B CIIEKTpPe MOPOIIKa MIKOTH HEOOTYUYEHHBIX
KiIy6Hei nmuk npu 1022 cMm~! He nmposgsiseTcsa u3-3a
HaJIOXKEHUs IIUPOKOTo nuka npu 996 cm~!. Xors yse-
JINYeHre 103bl 00JydeHus1 KapTodeisi COmpoBOXaa-
€TCsl YCUJIEHUEM B CIIEKTPE MOPOIIKA MIKOTU UHTEH-
cuBHocTH Tiika 1022 cm~!. B pesynbrare gero, mocie
no3bl o6sydeHust 100 kI'p oH mposiBIsIeTCs Kak Iie-
yo, a npu ao3ax obsydyeHusi 1000 xkIp u Bblllle OH
npuobpeTaet BuI ocTporo nuka. K coxanenuto, mo-
BBIIIICHME 103bl OOJIydeHUs MPUBOAUT K MOCTEICH-
HOMY MCUYe3HOBeHMIO muka npu 1042 cm~!. Drtu
B3auMMOUCKIIIOYaolre (GakTopbl HE TO3BOIUIN OfI-
HO3HAYHO KOJMYECTBEHHO ONpPEeAeUTh COOTHOIIIE-
HUSI MTHTEHCUBHOCTU TUKOB 145/ 11027, CIIETOBATEIb-
HO, U BBISIBUTh CTETIEHb BIMSIHUS O3Bl OOJyYeHUS Ha
KPUCTALIMYHOCTb KpaxmaJjia B COCTaBe MOPOIIIKa MsI-
KOTHU OOJIyYeHHBIX KITyOHEH.
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VBenuueHue n03bl 00ydyeHus: KapTodesisi TpUBO-
JUT K OCJIA0JIEHMIO CUTHasIa Tuka 996 cm~! 1 ckasbiBa-
etcsl Ha popme nuka. [Ipu nosax oomyueHust 400 kIp
STOT CUTHAJ yKe PETUCTPUPYETCS He KaK UK, a IIPo-
SBJISIETCS B BUJIE TIJIeUa, YTO OCJIOKHSIET OIpeacie-
HUE MHTEHCUBHOCTU JTaHHOI IMOJI0OCHI MOIIOIIEHMS.
M3-3a 5TOTO HE MONIyYaeTCs OLCHUTh BIUSTHUE JO3bI
00JTydeHMsI Ha JBOMHYIO CIUPaIb B KPUCTALIMYSCKOMN
CTPYKTYpe KpaxMmalia, COIEPKaIlerocs: B ITOPOILIKAX MsI-
KoTH KapToders. JJaHHbIi Crtocob n3ydeHNsT ABOMHOM
CIUPATBHOCTU KPUCTAJIMYECKOM CTPYKTYPHI Kpax-
Majla, MCIOJIb3ysI COOTHOIIEHMUS MHTCHCUBHOCTEM
nosoc lye/ 1y, B UK-criektpax kpaxmaia, onucaH B
paborax [27, 28]. OnHako HaOIIOmaeMoe CHIDKSCHUE
OTHOCHTEJIBHON WHTEHCUBHOCTU IuKa 996 cM~' B
CTIEKTpaXxX MSIKOTH C 10301 00IydeHUSI CBUIICTEILCTBY -
€T O TIpoliecce pa3pylleHUsT ABOMHOMN CIUpalIN B KPU-
CTAJUTMYECKOM 00IacTH Kpaxmala, CoaepKallerocs: B
TTOPOIIKe MSIKOTH OOJIydeHHBIX KJIyOHel KapTodens.
Takzke CTOUT OTMETUTD, UTO TIEPEX0 CUTHAJIA OT BUIA
Ieda K ocTpomy nuky rnpu 1022 cm~! ¢ moBblieHueEM
JI03bI 00JIydeHus Ha (hoHEe ocaabaeHUsI MHTEHCUBHO-
creii curnanos mpu 1042 1 996 cM~! KOCBEHHO yKa3bi-
BaeT Ha aMop(dU3aLMI0 CTPYKTYPhl KpaxMajia B IO-
pOILIIKe MSIKOTH, UTO SIBJISIETCS] Pe3yJIbTaTOM paavali-
OHHOW AECTPYKLIMU MaKPOMOJIEKYJIbI KpaxmaJa.

HUK-Dypve cnexmpbt coka, ebidensiemoeo
8 X00e Y-00Ay"eHUA U KOHCUbl 00NYHEHHBIX
KnybHell kapmoghens

[J1st cpaBHUTEILHOTO aHaJIM3a Ha pUC. 4 TIpUBee-
Hbl MK-Dypbe crekTpbl ITOPOIIKA BBICYIIEHHOTO
coka KapTodelrst, BEIISISIBILETOCS B XOAC PaIuoIn3a,

2023
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1, oTH. en.

JTEMUJIOB u np.

4000 3000

1000

Puc. 4. UK-Dypbe crieKTpbl MOpOIIKa MIKOTH (@, 6), KOXYpHI (8), 10 (a) v 1tociie o6rydeHus KiyoHe kaprodens (6, 6), a Tak-
Ke coka (), BblaessieBLIerocs B xo1e panuonusa. Jlosa y-oomyyenus: 1000 xIp.

MSIKOTU U KOXYpbl, 00ay4eHHBIX mo3oit 1000 kIp
KiyoHel kapTodens. B Hux, BOCHOBHOM, PeTrMCTpU-
PYIOTCSI OTHM M T€ K€ TTOJIOCHI ITOTJIOIIECHMS, 3aMETHO
OTJIMYAIOIIMECS TI0 MHTEHCUBHOCTHU.

B skcrniepuMeHTax OTMEYEHO, YTO MEpBOHAYATb-
HBIIA COJTOMEHHO-KEJThIA LBET KOXYpPhl KIIyOHE B
XOJIe palnor3a MOCTeNIeHHO MEHSIeTCSl cHavajia Ha
CBETJIO-KOPUYHEBBIA, a 3aTeM Ha TeMHO-KOpUYHE-
BBIIi C TTOBBIIIIEHUEM J103bl 00 TyueHus1. OKpacka Msi-
KOTH TaKXe MEHSIETCS C KEJITOrO 10 CBETI0-KOPHY-
HEBOTO LIBeTa IIpU 103ax oodirydeHus cebiire 1000 kIp.
HauGonee 3ameTHOE M3MEHEHME OT J03bI HAaOIIOOa-
€TCsl B LIBETE COKa, BBIAEISIEMOTrO B X0O1e OOJIyYeHUs
KiyoHeii. OKpacka coKa CO CBETJIO-KOPUYHEBOTO
npu no3ax okojio 1000 xI'p mepexoauT B TEMHO-KO-
puuYHeBHI nocie a03bel ooaydeHuss 4000—5000 xIp.
I[Tono6HOe M3MeHeHHe IBeTa IIPU PagroIn3e, CKopee
BCET0, CBSI3aHO C HAKOTUICHUEM B CTPYKTYPE MaKpOMO-
JIEKYJI KiIyOHell KapTodenss pa3IudHbIX XpoModop-
Hbix rpyni (C=C, C=0), a TakxXe UMEIOILIUXCS B UX
cocTaBe aykcoxpoMHoii rpynnbsl OH, BeI3biBatoleit
OoJsice MIYOOKYIO MHTEHCUBHOCTb LIBE€Ta, YCUJIMBas
neicTBrsT XxpoMogopHBIX Tpyr. Merolecs B TUTe-
parype JaHHble 00 00pa30BaHUM PA3IMYHBIX OpraHu-
YECKMX KMUCJIOT M APYTYMX IIPOMYKTOB, COIACPXKAIIMX
>C=0 (pparMeHTHI B XO/I¢ PaaroIn3a MOJIMCAXapUI0B
[29], B TOoM uncie kpaxmaina [30], Takke CBUACTENb-
CTBYIOT B IOJIb3y 00pa30BaHUSI IPOAYKTOB pagOI-
3a, cogepxkamux >C=0 ¢parMeHThI IpU paguoIn3e
KiIyOHel kapTodes.

XUMUSA BBICOKHX DHEPTUM

HecMmoTpst Ha 3TO, mMpu aHaau3e CHEKTPOB Ha
pUC. 5 MOXHO 3aMETUTb MPAKTUYECKOe OTCYyTCTBHUE
XapakTepHOU 1Jisl MorMcaxapua0B MOJ0ChI MOIJIOlIe-
Hus >C=0 rpynn B MK-crekTpax nmopoliika MIKoTH
(crekTp 6) U KOXYpbl (CHEKTP €) Y-OOJy4yeHHbIX
KiyoHeit kaprodens. ITosmoca mormomeHnst Kapoo-
HWJIBHBIX TPYTIM MPOSIBJISIETCS TOJIBKO B CIIEKTpaXx Mo-
polLIKa coKa B Bue nuka npu 1715 cMm~!, cBgzanHoro
C BaJIeHTHBIMU KosiebaHusMu rpynn >C=0 u ero
MHTEHCUBHOCTb PACTET C 10301 Y-001ydyeHust (puc. 5,
CHEKTPHI 2 U J).

Bunumo, opraHnyeckue KUCJIOThI, 00pa3ylolme-
cs B X0OJIe paanoIn3a KIIyoHeil KapTodest, pacTBOPSI-
IOTCSI B COKE KJITYyOHSI, U yIAJISIIOTCS BMECTE C COKOM U3
Hee. IToatomy B MK-criekTpax MSIKOTU M KOXYpPBI
00JTydeHHOTo KapTodelsl He MPOSBISIOTCS MOJIOCH
MOIIOIIEHUS KapOOHMIBHEIX TpyIrl. Kpome Toro,
oOpasyloliyecs B Xolie paauoyiuda KIyoHell KapTo-
denst opraHnYecKue KUCIOThI, COITIACHO JaHHBIM 110
00pa3oBaHUsT KUCJIOT MIPU pagyoIn3e MOoJIcaxapyuIoB
[29], stBAISIIOTCST TOCTAaTOYHO HU3KOMOJIEKYISIPHBIMU U,
cJIeoBaTeIbHO, MOTYT JIETKO YJIETYUYMBAThCS ITPU KOM-
HaTHOI TeMITepaType B XOI€ BbICYILIMBAHUS IIPOTYKTOB
panuoJin3a KiIyoHel KapTodesl.

B pabote [31] 6bLIO TTOKAa3aHO, YTO pacCMaTpUBa-
eMBbI€ B HAaCTOsIIIIeit paboTe MOPOIIKY MSIKOTH, KOXKY-
PBI M cOKa OOJIyIeHHBIX KIIyOHEel KapTodeis He 00-
JIaaloT BBICOKOM TOKCUYHOCTBIO IPU ITePOPATILHOM
KOPMJICHUHU KUBOTHBIX. [10oaTOMY, MX, KaK 1 IIOPOIII-
KM HEOOJIydeHHBIX KIIyOHel Kaprodeist, 6e301macHo
Ne 4
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Puc. 5. Pacimupennbsie UK-®ypbe crieKTpbl Toponika
MSIKOTH (a, 6), KOXYpHI (8), 1o (a) u mociie obydeHust
KITyOHell KapTodenst (0, 8), a Takke coka (e, d), BbIOSIIsI-
eBlIerocs B xofe panuonusa. JJosa y-obaydyenus (xIp):
1000 (a—e), 4000 (0).

HMCMOJIb30BaTh B KAUeCTBE MUTAHUS JJIs XKUBOTHBIX.
Buaumo, uvcue3HOBeHHE B COCTaBe IMOPOIIKOBBIX
MPOAYKTOB paanoin3a KiIyoHel KapTodeass — MSIKO-
THU U KOXYPBbI, a TAKXKEe HU3KOE Cofep>KaHUe B COCTaBe
BBICYIIIEHHOTO COKa OOJIyYeHHbBIX KJyOHeii opraHu-
YECKUX KMCJIOT 00ecreyrnBaeT HU3KYI0 TOKCUYHOCTh
MOPOIIKOB KIyOHeN Kaptodelsi, OOy4eHHBIX MO
5000 xIp.

Kak ObL10 BBIIIIE YITOMSIHYTO, HPOILECC BbIIEIE-
HUST 3aMETHOI'O KOJIMYECTBa COKa B XOI€ paauomn3a
KITyOHel kapTodesisi HAYMHAETCS TI0CIe T03bl 00Iyde-
Hus cepimie 1000 xIp. EcrecTtBeHHO, B X0IIe pamnonm3a
IO 3TUX 103, OOJIbIIIAs YaCTh BONOPOMHBIX CBSI3EH ¢ yua-
CTHEM THUAPOKCWIOB pa3pymiatorcs. [lostoMy B criek-
Tpax TIOpOITKa coka oOmydeHHBIX no3amm >1000 xIp
KJIyOHEM I10JIOCHI MOMIOIIEHMSI CBSI3aHHBIX TUAPOK-
CHJIOB TIpA 3286 cM ™! TIPOSIBIIIOTCA ¢ HU3KOH OTHO-
CUTEIbHOI MHTEHCUBHOCTBIO, a TAaKXKe Ha UX MHTEH-
CUBHOCTb NPAKTUYECKU HE BIUSIET JaJIbHEHIIIee 1O~
BeIIeHue 10361 7o 5000 xIp.

Xon KpuBOI 3aBUCUMOCTHA OTHOCUTEIBHON WH-
TEHCUBHOCTH TIOJIOC TOMIOMIEHns npu 1642 cm~!,
CBSI3aHHBIX C TUIPATUPOBAHHBIMU MOJIEKYJaMU BO-
JIBI B TIOPOIIIKE COKa OOJIy4eHHBIX KIIyOHel (KpuBas e)
aHAJIOTUYE€H KPUBOM 3aBUCHMOCTU OTHOCUTEIbHOM
WHTEHCUBHOCTH MOJIOC MOTJIOIIEHUS CBSI3aHHBIX T'U-
pokcuiioB (kpuBas ¢). [logoOHast aHanorust HabII0-
JaeTCs U JJIsl 3aBUCUMOCTEI B MOPOIIKAaX MSIKOTU U
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KOXYpBI 00JIy9eHHBIX KIIyOHeu (puc. 5). Bunumo, ¢
TTOBBILIIEHUEM J03bI 00JIydeHHS KIIyOHEe KapTodeis
napajjieabHO TMPOUCXOASIT MpOLieCChl 00E3BOXMBA-
HUS ¥ pa3pylIeHre BOTZOPOTHBIX CBI3E ¢ yIacTeM
TUAPOKCUIIOB.

BeposiTHO, 00e3BOXMBaHUEe KIIYOHEN KapTodes
B XOJie paaMov3a U BBICYIIUBAHUSI MPOAYKTOB pa-
JINOJIN3a TaKXKe He TTOBBIIAIOT OCTPYIO TOKCUYHOCTh
00JIydeHHOTO KapTodes.

BbIBOJ bl

Ha ocHoBanum IIPOBCACHHOTI'O UCCIIEJOBAaHMA MOXK-
HO caeJiaThb CJIEAYIOIINE BBIBOIDbI:

* y-001yuyeHUue KIyOHelt KapTodens NPpUBOIUT K
usmeHeHusiMm B MK-cnekrpax mopoliikoB, MoJydyeH-
HBIX TIPU U3MEJIbYEHUU BBICYIIIEHHON MSKOTU, COKa
¥ KOXYPbI OOJTYYEHHBIX KITyOHEH;

» B MK-criekTpe nopolika coka, BIACISIBIIETOCS
B XOJIe pamgroian3a KiyoHei HaOIogaeTcs IMOBbBIIIE-
HUE WHTEHCUBHOCTHU IIOJIOC MONIOLICHUSI KapOo-
HUJBHBIX cBA3eil >C=0 u KyMyJHUPOBaHHbIX CBS3eil
=C=C, a TakKXe CHWXEHNE MHTCHCUBHOCTU II0JIOC
C—OH-cB#3eii, 4TO CBUAETEILCTBYET O KapOOHU3a~
LM MaKpPOMOJIEKYJ BEIECTB, COCTABISIOMINX KIy-
OeHb U UX pagUallMOHHOE OKHCIIEHUE;

* aHaJIM3 CIIEKTPOB MOPOIIKA MSIKOTH, KOXYPbI U
coKa 00JydYeHHBIX KiIyOHel KapTodeas MoKa3bIBaeT
X TOA00OHOCTh, B HUX COXPAHSIIOTCSI CBOMICTBEHHBIE
B OOJIBbIIEH YacTu ToMcaxapyuiaM TI0J0ChI TTOMIOlIe-
Hus B UK obmactu. Takum obpa3oM, moka3zaHO, YTO
Y-panurosu3 no3oii 1o 5000 kI'p He MPUBOAUT K MOITHO-
MY pa3pylIeHUIO0 XUMUYECKUX CBSI3EU B CTPYKTYpE OC-
HOBHBIX COSIMHEHUI, CoIepKallnXcs B KITyOHSIX Kap-
Tobens;

* BHEUIHUN BUMI KJIyOHeU KapTodeas 3aBUCUT OT
o036l Y-obsydyeHud. [Ipu mosax oGnydyeHUsT CBBILIE
1000 kI'p B HUX ITOJTHOCTBIO TEPSIOTCS TIEPBUIHAS TBEP-
JIOCTh, HapyIIaeTcs 1IeIOCTHOCTb TTOBEPXHOCTU KOXKY-
PBI ¥ HAUMHAETCSI MHTEHCUBHOE BBIIEJICHIE COKa;

* BUIOWMO M3-3a HAKOIUICHUS B CTPYKTYype MaKpoO-
MOJIEKYJT KITyOHEel KapTodesl pa3TndHBIX XpoModop-
Heix Tpynn (=C=C, C=0), a Takxke ayKCOXpOMHOI
rpynisl OH, mepBoHAYaTBHBIN COTOMEHHO-KEITHII
IIBET KOXYPBI, MIKOTH U COKa KIIyOHEI ITOCTEIIeHHO
MEHSIeTCsl CHavajla Ha CBETJIO-KOPUYHEBBIi, a 3aTeM
Ha TEMHO-KOPWYHEBBIN C TTOBBIIIIEHUEM TO3BI 00JTy-
YeHUs.

NCTOYHUK OPMMHAHCUPOBAHUA

PaGora BeimoniHeHa mpu nmoaaepxke 'ocynapcTBeHHO-
ro 3agaHus AAAA-A19-119041090087-4.

CIITUCOK JITUTEPATYPBI

1. Nouri J., Toofanian F // Pakistan journal of biological
science. 2001. V. 4. P. 1275.



326

12.

13.

14.

15.

JTEMUJIOB u np.

Rezaee M., Amasi M., Farhani A.M., Minae S., Khoda-
dadi M. //J. Agr. Sci. Tech. 2011. V. 13. P. 829.

Singh S., Singh N., Ezekiel R., Kaur A. // Carbohydrate
polymers. 2010. V. 10. P. 1016.

Mpycuna O.H., Konosanos K.JI. // TIuieBast IpOMBIIII -
JieHHoCTh. 2016. No 8. C. 46.

Cmum A. // Npuknagnas UK-cnekrpockonus: OcHoO-
Bbl, TEXHWKA, aHAJIUT. MPUMEHEHue / TIOA peo.
A.A. ManbsneBa. M.: Mup, 1982. 328 c.

Bacunvese A.B., Ipunenxo E.B., Illykun A.O., ®edy-
auna T.T. // NHdpakpacHast CIIEKTPOCKOITUSI OpraHM -

YeCKMX M MPUPOAHBIX COEOUHEHMI: YueOHOe Moco-
6ue. CI16.: CIIGIJITA, 2007. 54 c.

. Kuproxun JI.11., Kuuueuna I'A., Annaspoe C.P., badam-

wuna D.P. // Xumus Beicokux sHepruii. 2019. T. 53.
C. 224.

Abdelrazek E.M., Elashmawi I.S., Ragab H.M. // Phys-
ica. B. 2008. V. 403. P. 3097.

Wu K H., Wang Y.R., Hwu W.H. // Polym. Degr.
Stab.2003. V. 79. P. 195.

. Hesse M., Meier H., Zeeh B. //Spectroscopic Methods

in Organic Chemistry. Zurich: Thieme 2 edition, 2007.
468 p.

. Sudheesh C., Sunooj K.V., George J., Kumar S., Vikas,

Sajeevkumar V.A. //Radiat. Phys. Chem. 2019. V. 162.
P. 54.

Hcmamosa PA., Amonosa M. M. // Universum: TexHU-
yecKre HayKM: HaydHblii kypHai. 2021. Ne 6 (87).
C. 34.
https://7universum.com/pdf/tech/6(87)%20[15.06.
2021]/Ismatova.pdf

Tpuneesa O.B., Pyoas M.A., lokosa A.A., Cauexkun A.U. //
Bectuk BIY. Cepusi: Xumusa. buonorus. ®dapma-
must. 2018. Ne 4. C. 187.

Allayarov S.R., Rudneva T.N., Demidov S.V., Alla-
yarova U.Yu., Klimanova E.N. // High Energy Chemis-
try. 2022. V. 56. Ne 6. P. 429.

Tapacesuy b.H. // UK crieKTpbl OCHOBHBIX KJIACCOB

opraHuyeckmx coenuHeHuii. CripaBoYHbIe MaTepua-
Je1. XuMudeckuii pakyapTer MI'Y. M.: 2012. 54 c.

16

17.

18.

19.
20.
21.
22.

23.

24.
25.
26.
27.

28.

29.
30.

31.

XUMUSA BBICOKHX DHEPTUM

Santha N., Sudha K.G., Vijaykumari K.P., Nayar V.U.,
Moorthy S.N. // Indian Acad. Sci. (Chem. Sci.). 1990.
V. 102. P. 705.

Wilson R.H., Goodfellow B.J., Belton P.S., Osborne B.G.,
Oliver G., Russell P.L. //J. Sci. Food Agric. 1991. V. 54.
P. 471.

Brasoveanu M., Nemtanu M.R. // Applications of Mod-
ified Starches / edit. E. Flores Huicochea, R. Rendon.
Chapter 5. London: IntechOpen, 2017. P. 49.

Kizil R., Irudayaraj J., Seetharaman K.J. // Journal of
Agricultural and Food Chemistry. 2002. V. 50. P. 3912.

Cedakoéa B.A., Ipomosa E.C. // BecTHUK hapmaLivu.
2011. V. 54. Ne 4. C. 17.

Cael J.J., Koenig J.L., Blackwell J. // Biopolymers.
1975. V. 14. P. 1885.

Capron I., Robert P., Colonna P, Brogly M., Planchot V. //
Carbohydrate Polymers. 2007. V. 68. Ne 2. P. 249.

3ye¢ B.B. // Ilpumenenue MK crmexkrpockonuu Ha
npennpustusix TOK: YueOGHO-MeTOomMueckoe Moco-
6ue. Yausepcurer UTMO: CII6. 2020. 61 c.

Xie X., Liu Q., Cui S.W. //Food Research International.
2006. V. 39. Ne 3. P. 332.

Pearson EG., Marchessault R.H., Liang C.Y. // J. Poly-
mer Sci. 1960. V. 43. P. 101.

Igbal S., Wu P, Kirk T.V.,, Chen X.D. // Food Hydro-
coll. 2021. V. 110. P. 106171.

Shah A., Masoodi FA., Gani A., Ashwar B.A. // Food
Chem. 2016. V. 212. P. 74.

Wang B., Dong Y., Fang Y., Gao W., Kang X., Liu P, Yan S.,
Cui B., Abd El-Aty A.M. // Food Chem. 2022. V. 368.
P. 130804.

Epwos b.I' // Yenexu xummu. 1998. T. 67. Ne 4.
C. 353.

Kopomuenko KA., Ilpucmyna A. U., lllapnamotii B.A. //
Xumust Beicokux sHepruii. 2004. T. 38. Ne 2. C. 107.

Annasaposa A.C., Illumuxosa A.B., @Paiineonvd HU.U.,
Annasposa Y.IO., Kaumanosea E.H., Cawenxosa T.E.,
Hemudos C.B., Yexaauna C.JI., Annaspos C.P. // Xu-
must Beicokux aHepruii. 2023. T. 57. Ne 4. C. 304.

TOM 57 Ne 4 2023



