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BJIUSAHUE )KEJJATUHA HA CBOMCTBA CBEJJOBHBIX INIEHOK
1 TTIOKPBITUM N3 KAPTO®EJIBHOI'O KPAXMAJIA

O.C.IOYJIbI A", O.A. TIETPVIITIA

HanuoHa/ibHBIH YHUBEPCUTET IUIIEBBIX TEXHOJIOTHH, yiI. Bnagumupckast, 68, 01033 r. Kues, YkpanHa.

B cmamve npeocmagienvl pe3yibmambl U3VIeHUS @IUAHUL HCENAMUHA HA CBOTICMEA CbedOOHBIX NIeHOK U No-
Kpuimuil U3 KapmogheavHozo Kpaxmana. YcomarnoeneHo, 4mo yeenudenue KoHyenmpayuu sxcenamura ¢ 10 0o
20% 6 cocmase naeHKYU NPUGOOUM K Y8eIUHEHUIO 8A3KOCIMU (OPMOBOUHO20 paACMEOpa U MOJUUHBL HOKPbUNUS
HQ NOBEPXHOCIMY KOHOUMEPCKUX UZ0NUT, a MAKICce K NOGIUEHUIO MeMNepamypbl 3acnul8aHUs POPMOBOYHO-
20 pacmeopa (¢ 23,5 oo 25,5 °C) u npounocmu naenxu (c 6,68 oo 14,11 Mlla). Ha noxasamenv yonuHeHUs yae-
Juyenyue KOHYEeHMpayuy JHCelamuna He @nusem U NieHKH UCCaeoyeMo20 coCmaga umeen HU3Koe sSHaYeHus Jmo-
20 noxasameni— 0,44—0,78%. Pempocpadayus Kpaxmaia 6 meueHue CPoKa XPaHeHUs CYUecmeeHHo
3amMe0Naemcs ¢ yeeaudenie KoHyenmpayuy xcenamuna. [loxazamens «aKmugHoCnb 800bl» HAXOOUMCS 8 npe-
denax 0,405-0,500, umo nosgoisem omuecmu ucciedyemple CbeOOOHble NWIEHKU U NOKPLINUL K NPOOYKIMAM

OMUMeIbHO20 XPAHEeHUA.

KitioueBbie ¢JI0BA; XKEIATHH, KPAXMal, CheI00HAS MICHKA M MOKPBITHE, MPOYHOCTb, YITHHCHHUC, BI3KOCTD,
MAPOMPOHHUIACMOCTh, PEHTTCHOTPAMMA, AKTHBHOCTH BO/IbI.

Bpeaenne

B mocnexnme roap! O0IbIIOE BHEMAHHE COCPEI0-
TOYCHO HA WCCICAOBAHIAX, HAINPABJICHHBIX HA 3aMCHE
HE(PTH 3KOHOMHYCCKHA 3(PPEKTUBHBIMH TOBAPHBIMH
IIACTMACCAMH, KOTOPBIC OBLTH OB KOHKYPCHTOCIIOCO0-
HBIMH, COJCpKaIue OHOJOTHYECKH JCCTPYKTHUBHBIC
MaTrepuanbl ¢ HEOOXOJMMBIMH MCEXAaHMICCKUMH CBOH-
CTBAMH. bHOTOMMMEpPBI CUNTAIOTCS HANOOJEEe MEPCIeK-
THBHBIMHM MaTepHaIaMHu 111 3To# nemn. OJHAKO OHH,
KaK MpPaBHUIO, UMCIOT Cla0ble MEXAaHUYCCKHE CBOICTBA,
YTO MOXKET OTPAHHYMBATH MX HMOTCHIMAN IS PUMCHE-
HUA. a8 ToTO, YTOOBI MPCOAONICTh 3TY mpodiaeMy, T0-
6aprsrorcs miactrudukaropsr [1].

C menpro OTpaHAUYCHUS HCIOIB30BAHUS YIIAKOBOY-
HBIX MAaTEPHAJIOB M3 CHHTCTHYCCKOTO CBHIPBSI, KOTOPOE
OTPHUIATEIFHO BIMACT HA 3KOJOTHYCCKYI0 CHTYAIHIO,
[IeJIeCO00PAa3HBIM SBIIETCS Pa3pabOTKa IUICHOYHBIX Ma-
TECPHAJIOB C JOCTYIHOTO M BO30OHOBIACMOTO CHIPhA [2—
4], nampumep, kpaxmana [5], nexkTuHa [6], KIETYATKH
[7], xenaTura [8, 9] u 1. [10]. OaHAKO MICHKH U TO-
KPBITHS HA OCHOBE YKA3aHHOTO CBIPbS MMCIOT PsI He-
JOCTATKOB: MCHBIIYI0 MEXAaHMYCCKYI0 IPOYHOCTS,
Xymmwue OapbepHble CBOHCTBA. ONHAKO KAXKIBIH TPH-
POAHBIN MOJUMEDP MPUAACT H3ACTUSIM CBOUX CBOMCTB,
MO3TOMY MO’KHO IIPEATIONArarh, YT0 KOMOMHHUPOBAHHC
COCTaBa IJICHKU WJIM TOKPHITHSI U3 PA3IIIHBIX MPHPO.I-
HBIX MOJMMEPOB MO3BOJHT YIyYIINTh CBOHCTBA YIIAKO-

BOYHBIX MATCPHAIOB HA OCHOBC MPHPOTHBIX IIOTHMC-
poB.

Ha ceroams y»ke W3BECTHBI Pa3iIHbIC KOMOWHA-
IUH OHOTIOTHMCPOB IS CHCAOOHBIX IICHOK M TOKPHI-
THH, HATPHMEP, COUCTAHNC BHICOKOAMHIO3HOTO W AMH-
JIOTICKTHHOBOIO  KpaxMajloB C JkejdatuHoM  [11],
KpaxMajia MAHHOKH (HATHBHOTO W MOIH(HIHPOBAHHO-
TO) C KCJIATHHOM B PA3HBIX MPOMOPUIAX C TAHICPHHOM
W COPOUTOM, Kak mmacTuuraropamu [12], xurozaHa
U kejatuHa [13], rHAPOKCUIPONKMIOBOIO KpaxMmana H
skematuHa [14], xpaxMana H KETaTHHA ¢ J0OABICHHCM
HAHOKPHUCTAJIIOB ICIOIORH [15], peIOHOTO JKeaaTHHA C
KATCXHH-TH30IHMOM C ICITBI0 MPHIAHHA AHTHUMHKPOO-
HbIX CBOWCTB ymakoBke [16], caroBoro kpaxmana ©
PBIOHOTO JKCJIATHHA ¢ TUIACTH(HKATOPAMH TIIHICPHHOM
wm copouTom [17].

IIpuBeacHHBIE COCTaBbI IUICHOK W MOKPBITHIl TMO-
JMYYAr0T MYTCM JUTHA, OJHAKO M1 HUX TAKKEC MOYKHO
TMPUMCHSATH B CHIOCO0 SKCTpy3un [18].

YYHTBIBAA ONBIT MHPOBBIX YUCHBIX, CUHTACM IIC-
JICCOO0PA3HBIM MPEIIOKATh KOMOMHAIIHEO CJICTYFOIIHX
IUIEHKOOOpazoBaTene — KapTo(eapHBIH KpaxMan H
JKCJTATHH W3-32 HX OTHOCHTCIHHO HU3KOHW CTOMMOCTH IO
CPaBHCHHIO C JPYTHMH IUICHKOOOPA30BATCIAMH, 0-
CTYIHOCTBIO H CBOMCTB 00PA30BAHHBIX IJICHOK HJTH TI0-
KpBITHH HAa UX OCHOBE. Kpaxman obpasyer Oonee Xpyn-
KHC TI0 CPABHCHHIO C JKCJIATHHOM IUICHKH H TOKPBITHL,

* ABTOD, C KOTODBIM CJISIyeT BeCTH mepenmucky. E-mail: shulgaos@ukr.net
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B TO BpeMs Kak >KEJaTHH oOpasyer Oojce MpOYHbBIC
IJICHKH HJIM TIOKPBITHA, OHAKO K HEMY CIICAYCT J00aB-
JATH KPaxXMall C LETbI0 OOJNETYCHHS PAa3KeBHIBAHM.

Hean padoThI — ONPCSACICHUC BIASHUS BHIOPAH-
HBIX KOHICHTPAIMH KEJIATHHA HAa CBOMCTBA CHETOOHOU
IUICHKH W TOKPBITHA KAK B IPOLECCEC MPOU3BOACTBA
(TemMmepaTypy 3acTHIBAHUS W BSI3KOCTb (DOPMOBOUYHOTO
pacTBOpa, TOMIHWHY MOKPBITHI HA MOBEPXHOCTH H3/E-
Jmif), TOTOBOH IUICHKH (IIPOMHOCTH, YJIMHCHHE, MApo-
IPOHUIACMOCTh, dAKTHBHOCTH BOI[I)I), TAK U B TCUCHHH
OTIPEICTICHHOTO CPOKA XPAaHCHUS (M3MCHEHMS KPHCTAI-
THYCCKOHN (ha3hI KpaxMana).

Marepuajibl 1 METO/IbI

OO0pa3us! MICHKH W TOKPBITHS I HCCIICAOBAHHUI
OBLIM H3TOTOBICHBI M3 KapPTOQCIHFHOTO Kpaxmania —
5%, oxematmHa— 10, 15 wmm 20%, xkapOamunma
(E927b)— 3%, nmpHAHOTO Macia — 5%, BOIBI —
ocrambHoe. O0mIee KOIMIECTBO MOIMMEPOB COCTABILLIO
15-25%. TImeHKY TOTOBHIH CICAYIONIMM OO0pazoM:
TJICHKOOOPA30BATEH KPAXMAll U KCIATHH CMCITHBAJTH
B CYXOM BHJE, 100aBIIIIM BOAY W HArPEBajd IO pac-
TBOPCHHS JKCTIATHHA W KJICHCTCPH3AIlMH KpaxMaja, Ja-
nee mobaBsum IUracTugurarop — kapdamuza. Pacteop
oxnakgamn 10 40 °C u go0aBsimM JTHHIHOE MAcIo
B30MBas 10 00pa30BaHNA OTHOPOIHON Macchel. O6paso-
BABIIYIOCS SMYJBCHIO BBUIHBAIH HA TC(IOHOBYIO TIO-
BEPXHOCTh U BbIAcpxkuBamM (10—12 u) 70 MOJHOTO BBI-
cexanmsd. Ha w3aenms (KOHIUTSPCKUE, XTIC000Y IO THEIC
7 T.1.) (POPMOBOYHBIN PACTBOP HAHOCAT IyTEM TJIA3H-
POBaHMA, HCTIOJIB3YS COOTBETCTBYIOIICE 000y IOBAHHE,

Ba3kocTh (pOPMOBOYMHOTO PACTBOPA H3MCPSIIH B
coorsercTeun ¢ [OCT 1929-87 [19].

TemmepaTypy 3acThiBaHHA (DOPMOBOTHOTO PACTBO-
pa ompeaensm B coorsercTerun ¢ [OCT 8285-91 [20].

OU3NKO-MCXaHHICCKUC CBOMCTBA ONMPCICIIN HA
VHHBEpCANIBHON ucmbITarenbHOH Mammue TIRAtest-
2151 B coorBerctBum ¢ TOCT 14359-69 [21] u TOCT
14236-81 [22].

TOMIUHY TOKPBITHS HA M3ACTUAX U3MCPSIH Iy~

1400,0 -

1200,0

TEM CKAaHHPOBAHWS H3ACIHH B pa3pe3e C IOCICAYyIO-
mei 00paboTKoN ¢ MOMOIIBIO /mage) — mporpaMMa ¢
OTKPBITBIM MCXOJHBIM KOJIOM 71 aHAIM3a U 00padoT-
KM W300paKeHUH, HAMMMCAHHAS HA SI3BIKE Java cOTpya-
Hukamu National Institutes of Health pactpocTpanser-
¢t 0e3  JNWMUCH3MOHHBIX  OTPAHMYCHHH  Kak
OOMIECCTBEHHOE JOCTOSTHHUE.

[TaponmpoHHIaeMOCTH IIEHOK HMPOBEPSUTH B COOT-
sercreun ¢ [OCT 7730-89 [23].

PenrreHo(a3oBsIit aHATH3 TPOBOJHIN HA TPHOO-
pe APOH-3M B m3nyuennn CuKa ¢ Ni (uasTpoM;
U=35kV, =20 mA; yron mepeMeImeHus CUCTIHKA
A20 = 0,04; Bpems otcueTa HHTCHCUBHOCTH 3 ¢. Cte-
MCHb KPUCTAJUIMYHOCTH PACCUHTHIBATH IO METOXIY
MbaTh103a [24].

AKTHUBHOCTH BOJBI
HygroLab.

ompeneUTd  HA  TpHOOpE

Pe3yabTarsl H HX 00CY:KICHIE

XKemaruH nmpencTasmsieT cOOOH BOIOPACTBOPUMBIH
TOJIMMEp, KOTOPBIH OyJeT BAMATH HA BI3KOCTH (hopmo-
BOYHOTO pacTBopa. Pe3yibTaTsl WCCIETOBAHUS TIPUBE-
JieHbl Ha rpaduke puc. 1.

I'paduk moKaspIBacT, YTO MPH YBEIMUCHHUH JOJIH
JKEIIATHHA B COCTABE IUICHKH, MPUBOINUT K YBEIMICHHUIO
Bs3KocTH (hopmoBOUHOTO pactBopa. [IpmBeneHHyIO 3a-
KOHOMCPHOCTh HCOOXOJMMO YUYHTHIBATH TPH IOI00PEC
00OpYIOBAHUS 71 HAHECCHHUS CHEIOOHOTO MOKPBITHSA
HA H3ACTIHSL.

H3BecTHO, UTO BA3KOCTH 3aBHCHT OT TEMIICPATYPBHI
H TIpH OOJTBIICH BA3KOCTH pacTBOp OyAeT 00ee TYCTHIM
mpu Ooliee BBICOKHMX TEMIIEPATypax, II03TOMY LEJIECo-
00Opa3HBIM SIBIICTCSl YCTAHOBICHHE TEMIICPATYPHI 3a-
CTHIBAHUS JAHHBIX (JOPMOBOYHBIX PACTBOPOB. Takke
MOYKHO OKHMZIATh, YTO OOMNBINAs BSA3KOCTH IPEAOIPEC-
mseT OoJIee TOJICTHIM CITOM HAHECCHHUSI HA TIOBEPXHOCTH
H3ACTHH, TO3TOMY IIETIECOOOPA3HBIM SIBISICTCS OIpEIe-
JICHUC BINSIHUSI COJCPKAHUS SKENATHHA HA TOIIIHHY
CHEIO0OHOTO TMOKPBITHSA HA H3ICTHAX.

Temmeparypa 3acTeiBaHHS (POPMOBOYHOTO pac-
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Pucynok 1 — Kpussie TeueHnst opMOBOUHBIX PaCTBOPOB ¢ PasTHYHBIM COZICpKaHUEM JKelaTHHA
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TBOPA ABIICTCA BAKHOM TEXHOJOTHYECKOH XapaKTEPH-
CTHKOH CHeTOOHOTO MOKPHITHS, MOCKOJBKY OIPEICISICT
YCAOBHS, TPH KOTOPBIX HCOOXOIUMO HAHOCHTH CTO HA
MOBEPXHOCTh mW3Acimi. JKematuH cmocoOeH mocie
HAarp€BaHWsg1 BHOBb NCPCXOAUTH B JKHUAKOC COCTOSHHUC,
0IHAKO (DOPMOBOYHBINH PACTBOP SIBISICTCS 3MYJIbCHEH, a
SMYJIBCHH IIPU HATPEBAHUH CIIOCOOHBI K PACCIAMBAHUIO,
MO3TOMY BO H30CKAHHUC 3TOTO, CICAYCT padoTars ¢
()OPMOBOYHBIM PACTBOPOM B JHANA30HE TEMIEPATYP,
n30€ras ero 3aCThIBAHUSL

CornacHO MeToAawWKH mpuBEACHHOHN B [20] ObLIA
VCTAHOBJICHA TEMIIEPATypa 3aCTHIBAHUS (DOPMOBOUHBIX
pacTBopoB. Pe3yabraTs! mpuBeacHBI B Ta0I. 1.

Tabmuma 1 — TemmepaTypa 3acTHIBaHHA (POPMOBOUHOTO
pacTBoOpa ¢ pasIMHBIM COTEP/KAHHEM JKeJIaTHHA

CorneprkaHue xKelaTHHA Temmepatypa 3acTIBaHHS
B ()OPMOBOUHOM pacTBope, %o (hopmMoBoUHOTO pacTBopa, °C
10 23,5+0,1
15 25,0+0,1
20 25,5+0,1

Pesymerarsl (Tabm. 1) mMOKA3BIBAIOT, YTO MPH YBC-
JTMYCHUA KOHICHTPALMH KCIATHHA B COCTABE IUICHKH
WM TMOKPBITHS, TEMIEPATYPa 3aCTHIBAHUS IOBBIIIACT-
Cs, UTO SIBISICTCS 3AKOHOMEPHBIM, MOCKOJIBKY H3BECT-
HO, YTO >KEJAaTHH 00pa3yeT CTYACHb NPH IOHIKCHHUH
TEMIEPATYPhL, W MO3TOMY, YEM >KEJIaTHHA B COCTABC
IIJICHKH OOIBINE, TEM TEMIIEpaTypa 3acThiBaHHA (Pop-
MOBOYHOTO pacTBOpa Bbimie. MTak, TeMmepaTypHBIHA
Juamna3oH mpu padore ¢ (POPMOBOYHBIM PACTBOPOM
JODKeH ObITh He Hmke 26-28 °C B 3aBHCHMOCTH OT
KOHIICHTPAIMH JKCIATHHA B COCTABE IJICHKH HIIH TO-
KpbiTHA. J[11 HOAACPKKH YKA3aHHOM TEeMIEpPATyphl
[e1eco00pa3HO MPUMEHATh TEMIIEPHPYIOIIHE 000py-
JOBAHUS, KaK, HATIPUMEP, I TEMIICPUPOBAHUS IOKO-

16 1

14

JAJHOW MAacchl, a C HENbI0 OBICTpOH (pukcarmm Chbe-
JOOHOTO TOKPBITHSA ITOCIIE HAHECCHHS IIETIECO00Pa3HO
MEPEMEIICHAE H3JCIUH B OXJIAKIAOIIMHA TPAHCIOP-
Tep. HaneceHne ChemOOHOTO MOKPHITHSA HE MOTPEOyeT
pa3paboTKy CHEUHATBHOTO OOOPYAOBAHHA, 4, CICIO-
BaTCJIbHO, HE MOTPEOYET MOMOTHHUTEILHBIX KAIHUTANIO-
BIIOSKCHUH.

CpenoOHbIe TIOKPHITHS TIPU 3KCIUTyaTalnuy He Oy-
OyT HWCUBITBIBATH Ac(OpManMi0 HA VAIHHCHHE, IO-
CKOJIbKY TIOTHO HMPUJIETAIOT K MOBEPXHOCTH H3ICIHH.
[NockompKy CheIOOHOE MMOKPBHITHE OTHOCUTCS K MEPBHY-
HOMY YIIAKOBOUHOMY MAarepHay, HEOOXOAUMO Oompese-
JIUTh TPATUIMOHHBIC TOKA3ATCIH YMAKOBOYHBIX Mare-
puanoB —  (U3MKO-MEXaHMUCCKHE, B  YACTHOCTH,
TIPOYHOCTH M Y IINHCHHC.

Pe3ybTaTsl HCCie TOBAHUS IPUBEACHBI HA PHC. 2.

PesyapTaTsl AuarpaMMsl (CM. PUC. 2) MOKA3bIBAIOT,
YTO HAJHYKE KCIATHHA B COCTABE TUICHKH YBEIHMUHBACT
MOKA3aTeb MPOYHOCTH C 6,68 MIla npu coaep:kaHHH
sxematuaa 10% no 14,11 MIla — npu 20% >kenatuHa.
YanuHEHHE NPEIIOKCHHBIX IUICHOK HMEET KpanHe
HU3KOC 3HAUCHHWC M HAJNHYHC >KEJIATHHA CYIICCTBCHHO
HA 3TOT MOKA3aTeIb HE BIIMACT.

TommuHy CBHEAOOHOTO WMOKPHITHS H3MEPSIN HA
KOHIUTEPCKUX M3JCIHISIX, CPOK XPAaHCHUSI KOTOPBIX
OTPAHHYMBACTCS ACCOPOIHOHHBIMHU IPOLIECCAMH M I
KOTOPBIX CIEAYET TNPHUMEHATh CBHCIOOHOE IOKPHITHE:
MPSHUYHBIC WM3ACTHA, IOMAgHbIC KOH(ETHI M MapMe-
TagHble m3aes. [IpuBeeHHbBIC MPOIYKTHI HMEIOT Pas-
HYIO CTETICHb IIEPOXOBATOCTH IMOBEPXHOCTH. Kpome To-
ro, Kak OpUI0O MOKA3aHO HA pucC. 1, 4TO mpH pa3HOM
COJCP)KAaHWH JKEIATHHA B COCTAaBE IUICHKH BS3KOCTh
(hopMOBOYHOTO pacTBOpA TOKE pasHas. Hamed mensro
OBUIO YCTAHOBHUTH BIIMSHHC PA3HOTO KOJIMYECTBA JKENIA-
THHA, HAa TOJIIUHY MOKPBITHA HAHECCHHOTO HA M3ICTIHS.
PesynpTaTsl nCcne10BaHMUS MIPUBEICHBI B Ta0II. 2.
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PI/ICyHOK 2 — 3HaycHue q)HSI/IKO-MCXaHI/I‘ICCKI/IX nokazaTescH HCCIICTYEMBIX CT)CI[OGHLIX IUICHOK
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Tabmuma 2 — Bansinue comep:kanus sKeJJATHHA B COCTaBe
CheI0GHOT0 OKPHITHA HA €70 TOJIHHY HA W3TeTHAX

COZ[Cp)KaHI/IC JKEJIaTUHA B COCTABE MOKPLITHA, %

Wsnenne 10 15 20
TO.]'IH_II/IHa TIOKPLITHA HA U3JACTITUN, MM
IIpgaanunoe 0,078+0,004 0,085+0,005 0,092+0,005
T{‘(’)ﬁ%ﬁi" 0,088+0,005 | 0,096+0,050 | 0,128+0,070
Mapmenansoe 0,056+0,003 0,061+0,003 0,083+0,004

Pesyxbrarsl Tabn. 2 MOKA3bIBAIOT, YTO YBEIHYC-
HHUC COACP)KAHUS KCITATHHA B COCTABE MOKPBITHS IPH-
BOOUT K HC3HAYUTCIBHOMY YBCIHUCHHIO TOJIIHHBI
TIOKPBITHA HA U3ACTIHH, YTO ABJLICTCA BIOJHE 3aKOHO-
MCPHBIM, TOCKOJBKY BI3KOCTH (DOPMOBOYHOTO pac-
TBOpa C OOJBIIUM COJCPKAHHEM >KCIATHHA OOJIbIIE
(cMm. puc. 1). KpoMe TOro, Ha TONIUHY HAHECCHHOTO
TIOKPBITHA BIHACT COCTOSHUC MOBEPXHOCTH KOHAUTCP-
CKHX H3CUH: MapMEIaIHbIC MMEIOT HanboJee I0T-
HYK U I'TAAKYH0 MOBEPXHOCTH, MO3TOMY aATC3HA MCK-
Ay TOBCPXHOCTBIO U3ACTTHA H HAHCCCHHBIM MOKPBITHCM
Oyzaer MaJeHbKOW M, KaK CJICICTBHE, HAa IMMOBEPXHOCTH
MapMCIAAHBIX HW3ACTHH 00pa3yroTca 00Jce TOHKOC
TIOKPBITHE. Bomee Tonkoe TIOKPBITHE HA MOBCPXHOCTH
TPAHUIHBIX I/ISI[GJ'II/IfI 06yCJ'IOBJ'II/IBaeTC}I YACTHYIHBIM
MOTJIOIEHUEM KOPOYKOH w3Aemia (OPMOBOYHOTO
pacTeBopa 10 MOMCEHTA 00pa30BaHUS MOKPHITHSI HA TO-
BEPXHOCTH H3ACIIHIA.

OxaHOM M3 BaXKHBIX MOTPEOUTEIBCKUX XapaKTEPH-
CTHK C’BGI[O6HOI\/II TIJICHKA WA MOKPBITUA ABJLACTCA UX
CIOCOOHOCTH 3aJCP/KUBATh BJATY, 4, CJICAOBATCIBHO,
HHU3Kag MapONpPOHULIAEMOCTh. IMEHHO OT 3TOro CBOM-
cTBa OyIET 3aBHCETH LEICCOOOPA3HOCTh MPUMCHCHHSA
HX AT MHIIEBBIX M3ACIHH CPOK XPAHEHUS, KOTOPBIX
OTPAHMYMBACTCA  JCCOPOLMOHHBIMHM  IPOICCCAMH.
HamomHuM, 4YTO mApONMpOHHULAEMOCTH (Waler vapour
permeability) — 3T0 TPOW3BEACHHEC OTHOCHTEIHHOM
TMAPOTMPOHAIIAEMOCTH M TOIIIUHBI 00pa3la; mapompo-
HHUIIAEMOCTh OJHOPOJHOTO H3ACIHHS XapaKTCPH3YET
CBOWCTBO MaTepHaa M ONMPEACIHIETCA KaK KOJIMIECTBO
mapa, mpoXOJAIEr0 B €OUHHIY BPEMEHH 4Yepe3 €au-
HUIY IUT0Iaan o0pasia mpu Pa3HOCTH JABJICHHS Hapa
Ha JMIOCBBIX TPAHAX H TOJIHHC o6pa3ua, PaBHBIX
SIAMHUIIC.

Y‘{I/ITBIBZI}I, YTO JKCJIATHH YBCIHYHUBACT BA3ZKOCTH
CHUCTEMBI (CM. pHUC. 1) M NOBBINAET MPOYHOCTH (CM.
puc. 2) HEOOXOAMMO YCTAHOBHTH, KAKMM 00pa3oM yBe-
JIMYCHUE COJCP)KAHMSA >KSNIATHHA BIILICT HA TAPOIPO-
HHIIACMOCTh CBHCAOOHOH TICHKH. Pe3ympTaTs uccnemo-
BaHUA MPUBEICHBI HA PHC. 3.

CormacHo TIO Ty ICHHBIX OKCIICPUMCHTAJIbHBIX
JAHHBIX YBEIHMUCHHUE COJACPKAHMS KEITATHHA B COCTABE
IUIEHKH CHOCOOCTBYET YMEHBIICHHIO ITOKA3aTelsl ma-
ponporumacmocta ¢ 5,54 mo 3,88 mr/(muaklla), 4ro
MOXXHO OOBACHHTH OO0pa30BAHHCM OO0JCC TIIOTHOH
CTPYKTYPHI INICHKH 3a CUET Ooubiueil BA3KocTH (op-
MOBOYHOTO pactsopa (cMm. puc. 1).

477

15% sxenatuna 20% sxenaTuHa

10% >xenaTuna

PI/ICyHOK 3 — H3mMeHeHue TmokazaTes TIaponpoOHUTIACMOCTH B 3aBH-
CUMOCTH OT COACPIKaHUs JKEITaTHHA B COCTABE MJICHKH

HszeectHO [25], uTO Kpaxmam B TEUEHHE CPOKa
XpaHEHHs CHOCOOCH BOCCTAHABIMBATH CBOIO IIEPBOHA-
YaAIbHYH KPHCTAJUIMYECKYIO CTPYKTYpy. Perporpana-
oA B 3aBUCHMOCTH OT YCIOBHH MPOHCXOAUT OBICTpCE
HIA MCAJICHHEC. HCCJ'IGI[YGMBIG IJICHKH W TOKPBITHUA
PCKOMCHAYETCA NPUMCHATH I XICOOOYITOUHBIX H
KOHIUTEPCKUX W3Aemi. X1eO00yIOUHbIE HW3ACTIA
HMEIOT HEMPOAO/DKUTENBHBIA CPOK XpaHeHud (1272 ),
KOHIUTEPCKHE M3ACII, CPOK XPAHEHH KOTOPBIX Orpa-
HHYIHBACTCA I[eCOp6I.[I/IOHHI>IMI/I npouncccaMmu (HOM&Z[HI)IG
KOH(ETHI, MPSIHUIHBIC W3ICTHSI, MAPMEIIATHbIC H3ACII
H T.IL), IMCIOT B CPSIHEM CPOK XpaHCHHA 4 Mmec, mo-
OTOMY H3MCHCHHC CTCIICHH KPUCTAJUIMIHOCTH INUICHOK
HCCIIC0BAIN B TCUCHHE ITOTO CPOKA XPAHCHHUS.

[Nomy4erHbIe U(PPAKTOrPAMMBI ITPEACTABICHBI HA
puc. 4.

W3 1abn. 3 BHAHO, YTO B IUICHKEC C MCHBITHM CO-
aepxanueM skenatuaa (10%) HHTCHCHBHOCTH mudpax-
TOMETPHUYECCKUX PEe(ICKCOB YBEIMUMBACTCA B TCUCHHUC
CpPOKAa XpPAaHCHWS W, KAaK CJICICTBHE, CTCTICHb KPHCTAI-
JMYHOCTH YBCIHIHBACTCA C 5 10 9%.

B nneHke ¢ OONBIIAM COACP’KAHWUEM SKEJIATHHA
(15%) yBeMUCHUE KPHUCTAIIMIHOCTH MPOUCXOIHT MC-
HEE MHTCHCHBHO M K KOHIY CPOKA XPAHCHHUS KOJIHYC-
CTBO KPHCTAIIMICCKON (pa3bI COCTABILIET UMb 7 %0.

[MneHka ¢ HAMOONBIIMM COACPYKAHUEM HKEIATHHA
(20%) mmeer Hambosee aMOP(HYIO CTPYKTYPY H, Kak
CIICICTBHE, CTENCHb KPUCTAJUIMMHOCTH COCTABILICT
mawb 3%, MpHYeM B TCUCHHE CPOKA XPAHCHHUSA YBCTH-
YCHHE KPUCTAIAYCCKOH (Da3bl MPOUCXOTUT B HE3HAUH-
TEJIHOM KOJWMYECTBE M B KOHIE XPAHCHUS KOJIMHYECTBO
KpHCTAIIHIecKoH (hazer cocraBmsieT 4%.

B mieHke 6¢3 m0OaBICHUS JKCIATHHA VBCIHICHHC
KPHACTATITHIHOCTH MPOUCXOAUT HAu0O0JICC HHTCHCHUBHO
H K KOHIY CPOKA XPaHCHHSA KOIMICCTBO KpPHCTAI-
maeckoi (hassl cocTaBieT 13%.

[TpuBeneHHAsT 3aKOHOMEPHOCTh COTJACYETCS C
JUTEPATYPHBIME JaHHBIMH [25], uro yBemrueHue Oei-
KOBOW COCTAaBILIOIICH B cOCTaBe XJICOOOYIOUHBIX H3-
Jenui cTiocoOCTBYET YMEHBIICHUIO IIPOLIECCA PETPO-
rpajanuu KpaxMala W, KaK CJICIACTBHC, COXpPAHCHHE
CBEXECTH XNe000yIoUHbIX H3aeuii. Kpome Toro, mpu
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PI/ICyHOK 4 — PCHTFCHOFpaMMLI CT)CI[OGHLIX TUICHOK € pasHBIM COACPIKAHUEM SKEJIaTHHA TIOCIS 4-x MecsIIeB XpaHCHUA

Tabmuma 3 — Pe3yapTaThl anamsa THGPAKTOrPaMM CheTOOHBIX TIEHOK

Cofepixatue CpOK XpaHEHHS, Mec.
JKeJlaTHHA 1 2 3 4
B COCTaBO‘j TLICHKH, 20, HHTeHCUB- 20, HHTeHCUB- 20, HHTeHCUB- 20, HHTeHCUB-
o rpaj. HOCTb, ¢ rpa. HOCTb, ¢ rpaj. HOCTb, ¢! rpa. HOCTb, ¢!
7,49 920,44 7,65 1194,11 7,65 951,21 7,49 916,66
20,64 295,51 20,31 3610,1 20,64 3170,73 20,4 3276,86
- - 24,97 2749,23 24,47 2682,91 25,16 3610,10
10 - - 37,96 11,94,11 38,16 1170,72 36,63 1221,88
- - 45,62 916,41 45,78 829,26 38,16 1388,50
- - 51,61 722,02 51,61 658,53 45,78 985,83
- - - - 55,61 560,97 51,61 860,87
- - - - 57,24 512,19 -
CreneHnb KpH-
CTaJ'IJ'II/I‘IHOC”lI“)I/I, % > 7 8 9
732 1020,83 24,37 2693,65 7,15 916,58 76,59 999,99
19,98 2666,84 38,29 1221,88 20,48 2770,83 20,14 3243,87
15 - - 51,61 749,79 25,14 2395,45 25,14 3170,70
- - - - 38,13 999,84 38,13 1341,45
- - - - 45,78 729,05 45,95 926,82
- - - - 51,61 604,07 51,61 780,48
CreneHnb KpH-
CTaJ'IJ'II/I‘IHOC”lI“)I/IIf % 4 > 6 7
7,99 8487 7,82 1124,68 7,82 977,68 7,82 811,03
20 20,31 2451.8 - - - - 20,97 2755,28
CreneHnb KpH-
CTaJ'IJ'II/I‘IHOC”lI“)I/I, % 3 3 3 4
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HW3TOTOBICHHH IUICHOK MM TIOKPBITHH OKECIATHH
HATPEBAIOT B BOJHOW CpeAe, MOCIC HAHECEHHS HA IO-
BEPXHOCTbH KCJIATHH B COCTABE IUICHKH WIIH ITOKPBITHS
nmpeBpalmaeTcs B rems. M3BecTHO [26], 4TO BOAA B refe
COJCPIKUTCSI HE TOJBKO 3a CYET THAPATALMH TPYIII
COO™ u NH3", moCKOJBKYy OHH CHOCOOHBI CBS3AaTh
ToJbKO 30-60%. CBs3pIBaHUE BOJBI B TEIC JKEIATHHA
00yCIIOBACHO OOpPA30BAHMCM PCIICTOK HHUTCBHUIHBIX
MOJMMEPHBIX MAKPOMOIICKYJ HENMPABHIBHOTO CTPOE-
HUSI, KOTOPBIC 3aMOJHSIOT BCE CBOOOTHOE IPOCTPAH-
cTBO. BO MHOTHX OTHOINCHWSIX 3Ta CBI3AHHAS HEIO-
JBIDKHAS BOJA BEACT O Kak cBoOoHASA [26], U, KAk
CICACTBHE, MOXKET IIOTIOMIATHCSA KPAaxXMaloM, HUTO H
3aMEIIIET €T0 PETPOTPAJALIHIO.

[MoaTeepkaEHHEM TIPHUBEACHHOTO YTBEPKICHUS
SIBISICTCA HWCCICIOBAHME AKTHBHOCTH BOABI IIPEIIO-
JKEHHBIX CHCHOOHBIX MOKPBHITHH. HamomMHHM, 4TO ak-
THBHOCTbH BOJBI COOTBETCTBYET OTHOCHTCIHHOH BIIAXK-
HOCTH, BbBIpakeHHOH B gomax O0...1, xoropas
JIOCTUTACTCA B PABHOBCCHBIX YCIOBHIX B TEPMCTHYIHO
3aKpPBITOM KOHTEHHEpE C MOMEHICHHBIM B HETO THIPO-
CKOTIMYIHBIM TPOAYKTOM. Pe3ynpraTsl mcciaeIOBaHUS
MPHUBEACHBI HA PHC. 5.

P 0:500
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o517 T 0405
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01 /
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0
10% sxenaTuHa 15% sxenatuna 20%KenaTuHa

PI/ICyHOK 5 — Ilokazatenb «aKTUBHOCTH BOIbI» B 3aBUCUMOCTH OT CO-
JICpIKaHus JKETaTHHA B COCTaBE IUICHKH

W3 puc. 5 BUAHO, YTO 3HAUCHHE MOKA3ATEILL AK-
THBHOCTH BOZBI OOIBINE I IUICHKH C OOJBIIAM CO-
JEPIKAHUEM JKEJIATHHA, YTO, BO-IIEPBBIX, COTIACYETCA C
MPUBCACHHBIMA BBIIIEC JTHTEPATYPHBIMH JAHHBIME [26],
a BO-BTOPBIX, H BIHACT HA CTCHCHb PETPOrPagaliH
KpaxMana B IUICHKE B TCUYCHUH CPOKA XpaHeHus. [Ipm-
BCJCHHBIC 3HAYCHUA AKTHBHOCTH BOJBI IJICHOK OTHOCAT
HX K IPOAYKTAM C HH3KOM BIAKHOCTBIO [27], a, cneno-
BATCTBHO, JJMTEIBHOTO XPAHCHHA, MO3TOMY ACCOPTH-
MEHT IPOAYKTOB, A1 KOTOPBIX LIEICCOO0Pa3HO MpHME-
HATh IPEIJIOKCHHBIC CHEIOOHBIC IUICHKH W TOKPBITHSA
MOJKET OBITH PacIIMPEH 3a CUET MPOAYKTOB Oosce AMu-
TEJIPHOTO CPOKA XPAHCHHA.

BriBoani

YCTaHOBIEHO, YTO JKSJIATHH BIHACT Ha HCCICIO-
BAHHEBIC CBOMCTBA C’BGZ[O6HI>IX IUICHOK H HOKpBITHfI, u3-
TOTOBJICHHBIX HAa KAapTO(EIHHOM Kpaxmaie. YBelde-
HHAC KOHOCHTPALIHUU JKCJIATHHA B COCTABC MOKPBITHUA

MPUBOANT K YBEIMUYCHUIO BI3KOCTH (DOPMOBOUHOTO
pacTBOpa M, KaK CICACTBHE, TOMINMHBI MOKPHITHA HA
MOBEPXHOCTH U3ACTHHA. bonblnas KOHIECHTpAaIKA JKela-
THHA MPUBOJUT K MOBBIICHUIO TEMIIEPATYPBI 3aCThIBA-
HU (hopmoBouHOTO pactBopa (¢ 23,5 mo 25,5°C), a
TAKKE YBEJIMUCHUE MPOYHOCTH IUICHKH (C 6,68 10
14,11 MITa). Tloka3arenp YAJMHEHHS IUICHOK MPEAJIO-
JKEHHOTO COCTaBa UMEET OUCHb HU3KUE 3HAUeHU (0,44—
0,78%) 1 >KeTaTHH MPAKTHICSCKH HE OKA3BIBACT BIMIHI
HA 3TOT NOKA3aTeib. YBEIMYCHUE COACPIKAHHA HKEJA-
THHA B COCTABE IUICHKH MPUBOJUT K MPEKPALICHUIO Pe-
TPOrpaJaluy KpaxXMania B TCUCHHUE CPOKA XPAHCHHSA, YTO
JOKA3aHO C MOMOIIBI0 PEHTTCHOCTPYKTYPHOTO AHAIU3A.
CoriacHO YCTAaHOBICHHOMY ITOKA3aTEII0 «AKTHBHOCTH
BoabD» (0,405-0,500) muIeHKH OTHOCATCS K MPOIYKTaM
JUTATCIIFHOTO XPAaHCHMS, W OOJIbIICe 3HAUCHHE HMCIOT
TUICHKH C OOTBINNM COICPKAHNEM >KEJIATHHA.

Jlureparypa

1. Vieira M. G. A., M. A. da Silva, L. O. dos Santos, M. M & Bep-
pu Natural-based plasticizers and biopolymer films: a review //
European Polymer Journal. — 2011. — Vol. 47. — Ne 3. — P. 254~
263.

2. Nayak P. L. Biodegradable polymers: opportunities and chal-
lenges // Journal of Macromolecular Science, Part C. — 1999. —
Vol. 3. —Ne3. - P. 481-505.

3. Shit S. C., Shah P. M. Edible polymers: challenges and opportu-
nities // Journal of Polymers. — 2014. — Vol. 2014. — 13 p.

4. Capurikast T. A. Cpenobubie MOMMMEPHbIE TNICHKA W MOKPBITHS:
HCTOpHS BOIIpOca M COBpPEeMEHHOE coctostHue (0630p) // Ilomm-
MEpHBIE MaTepualibl U TexHosoruu. — 2016.— T. 2. — Ne 2. —
C. 6-36.

5. Kramer M. E. Structure and function of starch-based edible films
and coatings. Edible films and coatings for food applications —
New York: Springer, 2009. — P. 113-134.

6. Chambi H. N. M., Grosso C. R. F. Mechanical and water vapor
permeability properties of biodegradables films based on
methylcellulose, glucomannan, pectin and gelatin // Food Sci-
ence and Technology (Campinas). — 2011. — Vol. 31. — Ne 3. —
P. 739-746.

7. Khan A., Huq T., Khan R.A., Riedl B., Lacroix M. Nanocellu-
lose-based composites and bioactive agents for food packaging //
Critical reviews in food science and nutrition. — 2014. — T. 54. —
Ne2.—C.163-174.

8. Hanani Z. A. N., Roos Y. H., Kerry J. P. Use and application of
gelatin as potential biodegradable packaging materials for food
products // International journal of biological macromolecules. —
2014.— Vol. 71. — P. 94-102.

9. Hanani Z. A. N., McNamara J., Roos Y. H., Kerry J. P. Effect of
plasticizer content on the functional properties of extruded gela-
tin-based composite films / Food Hydrocolloids. — 2013. —
Vol. 31. —Ne 2. — P. 264-269.

10. Yu L., Dean K., Li L. Polymer blends and composites from re-
newable resources // Progress in polymer science. — 2006. —
Vol. 31. —Ne 6. — P. 576-602.

11. Soliman E. A., Furuta M. Influence of phase behavior and misci-
bility on mechanical, thermal and micro-structure of soluble
starch-gelatin thermoplastic biodegradable blend films // Food
and Nutrition Sciences. —2014. — Vol. 5. —Ne 11. — P. 1040.

12. Fakhoury F. M., Martelli S. M., Bertan L. C., Yamashita F., Mei
L. H. L., Queiroz F. P. C. Edible films made from blends of man-
ioc starch and gelatin—Influence of different types of plasticizer
and different levels of macromolecules on their properties /
LWT-Food Science and Technology. —2012. — Vol. 49. —Ne 1. —
P. 149-154.

13. Arvanitoyannis I. S., Nakayama A., Aiba S.. Chitosan and gela-
tin based edible films: state diagrams, mechanical and permea-
tion properties // Carbohydrate polymers. — 1998. — Vol. 37. —
Ned.—P.371-382.

14. Arvanitoyannis 1., Nakayama A., Aiba S. Edible films made



70

O.C. lllynvea, O.A. llempyuwa

15.

16.

17.

18.

19.

from hydroxypropyl starch and gelatin and plasticized by polyols
and water // Carbohydrate Polymers. — 1998. — Vol. 36. — Ne 2—
3.-P. 105-119.

Alves J. S., Dos Reis E. G. T., Menezes F. V. Effect of cellulose
nanocrystals and gelatin in corn starch plasticized films // Carbo-
hydrate polymers. — 2015. — T. 115. - C. 215-222.

Rawdkuen S., Suthiluk P., Kamhangwong D., Benjakul S. Me-
chanical, physico-chemical, and antimicrobial properties of gela-
tin-based film incorporated with catechin-lysozyme // Chemistry
Central Journal. —2012. — Vol. 6. —Ne. 1. — P. 131.

Al-Hassan, A. A., Norziah M. H. Starch—gelatin edible films:
Water vapor permeability and mechanical properties as affected
by plasticizers // Food Hydrocolloids. — 2012. — Vol. 26. —
Ne. 1.—P. 108-117.

Hanani Z. A. N., J. McNamara Y. H. Roos, J. P. Kerry Effect of
plasticizer content on the functional properties of extruded gela-
tin-based composite films // Food Hydrocolloids. — 2013. —
Vol. 31. —Ne. 2. — P. 264-269.

T'OCT 1929-87. Metoab! onpeAcieH s AUHAMAYECKOH BI3KOCTH
Ha pOTaIlIOHHOM BHCKO3HMETpE.

20.

21.

22.

23

25

26.

27.

T'OCT 8285-91. JKupbl ;KUBOTHBIE TOILIEHBIE. [ IpaBuia npueMKI
M METOJIbI HCTIBITAHHSL.

T'OCT 14359-69 ITnactMacchl. MeToabl MEXaHHUSCKUX MCIIBITA-
uui. Oonme TpeGoBaHHUS.

T'OCT 14236-81. IInenku nonuMepHble. MeTol UCTIBITaHUS Ha
pacTshKeHHe.

. 'OCT 7730-89. IInenka nemnronosHast. TeXHuueckue ycIoBusl.
24,

JunatoB 10. C., Illunos B. B, T'omsza 0. II., Kpyrak H. E.
Pentrenorpadguueckue METONBI H3YUCHHS] TONAMEPHBIX CH-
cteM — K.: HaykoBa gymka. — 1982. — 296 c.

. JIpo6otr B.1. Texmomnorist xmibonekapehkoro BEpoOHUIITRA — K.:

Jloroc, 2002. — 365 ¢.

Henunecky K.JI. Opranuueckass xumus;, [nep. ¢ pymbiH. JL
Boeipimsagnal. — M. M3n-Bo uHOCTp. JMT-pel, 1963. — T. 2. —
1047 c.

IykanoB M. @., Uepnomopen A. b. TexHomornueckue acrek-
ThI IIOKA3aTeIs] KAKTUBHOCTB BOJB) H €T0O POJIb B 00SCTICUCHUN
KauyecTBa TNPOAYKIUH OOIISCTBEHHOTO NHTaHHs // TexHmKo-
TEXHOJOTHUECKHEe MpobieMbl cepBuca. — 2010. — Ne. 11. —
C. 58-63.

O. S. Shulga, O. A. Petrusha

Influence of gelatin on the properties of edible films and coatings on the basis of potato starch

The article presents the results of studying the effect of gelatin on the properties of edible films and coatings based on potato starch. It has
been established that an increase in the concentration of gelatin from 10 to 20% in the composition of the film results in an increase in the
dynamic viscosity of the forming solution and the thickness of the coating on the surface of the confectionery products, as well as to the increase
of the freezing point of the forming solution (from 23.5 to 25.5 °C) and strength films (from 6.68 to 14.11 MPa). The increase in the
concentration of gelatin does not affect the elongation, and the films of the test composition have a low value of this index — 0.44-0.78%.
Retrograde of starch during the storage period significantly slows down with increasing gelatin concentration. The indicator of "water activity" is
within the range of 0.405-0.500, which makes it possible to classify investigated films and coatings for long-term storage products.

Keywords: gelatin, starch, viscosity, edible films and coatings, strength, elongation, vapor permeability, X-ray phase analysis, water activity
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