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KOHCOJIUIIIIPOBAHHbIE HAHOCTPYIOYPHbIE IIATEPXANbI, TPEXIIEPHbIE OEIEKIbI

YAK 5rA.n .022.442:621 794 O.n. menhHxx, B.B. MaHK, B,C. Kocflox, B,B, ooMeHxo
l,{Hdh}1 6eoKoirc44Hoi )oMuu |1M. O.q. Osqapewo B H v(paxH!
r (rcs, 6yn6$p AkaAeMnKa 8€pHaAqoru, 42, v|(pa Ha 03680

nPilPOlHbtE HAHOKOMn03UTbI
HA OCHOBE KPAXMAJIA

Prccaonpefl d o.o6eH\ocmu nureeBu 6"oderpadupybutu tueBoeeba'anePtuo4
doo, hoe. \petua u juhr.nao uudcPd1 aq<aduna d.4 thtmrfu nuureLbt npa'
dtKnos u arae4d d csoncne. AaKaaBo, \4a npu fldpefuru 2rayagun-kpat'
MbHon dtcnepLuu do 70-90 "C gBaaxaetu cdbtoe sawadetchm Ha nddary'
nep4N wo4ae \Fndy 3@H6tuu norwepao, 4e4u u 4rcnu4avt tr4epata.

BBeaeHue

Ha nporrxeBuB nocJreaHux Aectrujlerui cnpoc Ha nonuMepHlre
MarepMajrLr 3HaqrTeirEHo Bo3poc, flptqeM 6on6lxat qacTL nojltMepoB
npo 3BolrrTcr aJrr ynaKoBKx, B ToM qucre x nfiu{eBhlx [polyKToB.
At(TIBHoe rcno,lE3oBaHxe ] naKoBottHBIx valepxanoB B noBceaHeBHorl

xn3Hu npuBoIIrT I( HaraonreHrjrc orpoMHoro KoJIUqecrBa noJInMepHEIx

orxoaoB, onacH6rx ajrr oxpyxarcqei cpeabl 3rr{ nonlrMep6] B nprpo-
ae pa3JrararoTcr npoloJlx TeJIhHoe BpeMg u BLIAeJI'ToT -lOI€IlrtHEIe

BeuecrBa, flo3ToMy oco66lfi uHTepec BEt3htBaer noJlHat 3aMeHa cllHTe_

1|rqecKu\ njracTvacc Ha ocHoBe He(b r Ha 6fio,uelpa-] pyevHe nonr-
MeDHLIe MaTeDlaJrbl u3 BO306HOBrteMhlX l{cToqH l(oB,

,4nr sroii qenx Bax6onee no,qxoaturrMl' qBjrqlorct noJlllcaxapxAbl.

t(oTopste xapaliTepByloTct oTHocDTerlHo Hll3xot crollMocTLlo, BLIco-

xoi cnoco6HocrLto k lerpaaaqrt Lt BGo6HoBnteMocrLIo. B pa6o-

Ta\ 16, 26] noxa3aHa Bo3MoxHocrB npeo6pa3oBllllrt noJlnca-xap4qoB

B TepMOnJracTUqecKr{e Marepuansl, ocHoBHLIMn nnacTuo|rKmopaML Art
Hltx rBjrrroTcr BoAa x nojrfiot6l (HanpfiMep rnfiqepuH). HeAocraroK yka-

3AHHLIX MATCPI,{AJ]OB - qYBCTBITTCJILHOCTb K BOTE.

,q/Ir yMeHLUreHnr Bo3MoxHocrr npoHlrl(IloBelrlrt Boarl cIGo36 Tep_

MonracTnxr! 6Lrno npeAnoxeHo ncDoJlL3oBaTL tlHKopnopa(xlo HaHo_

pa3MepH6IX Opmr,Iqeckux fi Heopl'aHur]ecxrlx HanoIHuTeIet B MaTpr-
qy 6xononxMepoB [2, I2, 17,26].

IlcnoilL3oBaBfie HaHorexHonorui pacolpnno Bo3Mo(Hocrll raKrlx Ma-

repuanoB. o6paloBallHbre HaHoKoMno3nn'I o6n4lalor HoBhl\fx )nlqueH'
H6rMu dr,r3ul@-MexaHurrecMMl,tl TepMul{ecntMt! 6apLepHhIMu' sneKrpfi qec-

I(ItMu, onTnqectorM|l u Aryf,lMfi cneutall6H6lMlt cBotlsTBitMfi! iITO ,qetaeT

I,IX HOBBIM tOMMepqeCM XHTepcCHLIM KJIaCCOM UHXeHepHblX nJIACTMaCC

OqeHb BaxHbrM acneKroM B k?ynHoMacura6HoM npo 3BoacrBe 6aonna!_

rctbc$ae qoia: kpN@, ?r6t
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TllI(oB ,IBiUIeTCt BO3MOIXHOCTb He TOJ]LI@ yJlynUnTL
caoiicrM r(oHeqHLx tl34eflrii, Ho u cHmurB nx UeHy.

flosroMy co3AaHr.re HaHoKoMno3r,rroB Ha ocHo-
Be npupoaHLrx nonucaxap ,qoB, r@TopoMy nocBr-
LqEFA AAHHA' PA6OTAJ 

'BI'ETC' 
NCPCT€XTUBHIIM

HanpaBneHueM. B cBr3x c 3rrM Bo3poc r.{Hrepec K

KpaxMzury Kax oaHoMy x3 Hau6oJree aerueBbx u
npocTLrx B nepepa6ofte npeacTaBuTenefi non ca-
xapnaoB arr opnaBu3aqfi fi npoMh[rrJreBHoIo npo-
Ii3BOICTBa 6UOnJraCTrKOB, I'lCCreIOBanXr y'reHhrx
HanpaBJteHH Taxxe Ha ucnoJIL3oBaHI,t€ B xaqecrBe
HanorHuTejret MaTpuu nonuQxaprtqoB rurcnepc-
HE|X D Hr,rCThrX MUHepaUOB - MOHTMOprinIOlt Ta,

cenronura u+17, 22,23, 271. B BorHoi cpeae
raKr,re MMHeparH cnoco6HLr K caMoarrcnepmqnn,
Bcne[c rBxe lrerc o6par] lo1c9 qacTfiubr r,rr nreir-
rrerf,r HaHoMerpxqe€koro pa3Mepa [4, 11, 16, 26].

Kpa\Man raro(e rBrrercr [pnpoAHhrM Ha]roMa-

repnaJroM. nocxonLky r(paxMaJrLHBre 3epHa rrMeroT
palHHe )poBHr{ opraHr3auu or rpaH}n 12-
100 MKM) Ao noneu pocra (120-500 BM), 6ronoB
(20-500 nn), raMereii (q-10 HM), MoreKyr aMrr-

no36r u aM ronekrxHa(0,1 1,0 HM) [5, ]1,321.
Ilen6ro aaHHoii pa6orEr 6buo ttccte,qoBaHue

Bnr.{rHr{r reMneparypbr Ha noBbrlueHre aAcop6q u
MaKpoMonekynBl nonucaxapfi,qa KpaxMana r qac-

TrJr.taM np poaHoro ,4ucnepcHolo ruIUtlncroro M$-

Hepzura rrayxoHr{ra. nonyqeHue 5{pQeKTuBHoIo
HaHOIOMnO3UTa U rCCJIe,qOBaHXe ero CBOfiCTB.

MeroAxxa 3xcneprMeHra

Arr np roroBneHx, rJreHoK 6uonJracr{}roB
rcrrojrL3oBann HaruBHBIii kaproOeJIEHEIi xpa,(Man
(npou3BorcrBo llMfl "BxMan", r qepHnroB).

K cycDeH3fifi 7 Macc.% KpaxMajra B a crntnDpo-
BaHHoii Bore ao6aBnrn roHloil crplit{oii npx
flepeMerruBaHBr,r rruqepuH (npori3BoacTBo "ra-
ruqoapM", r. IbBoB). flonyqeHnyro Axcnepcux) BrI-

IepxuBajru 60 MuH B TepMocrme npu 90 oc, nepe-
Me fiBajru 15 MuH co cKopocrbrc 1500 o6./MLrH,

BLrJruBan Ha cTekjrrHHyro noBepxHocrb I cyrxu-
ru nprj KoMHaTHoil TeMneparype, .qnr npfifoToB-
reEr,rr r{oMno3uTa B kpaxMano-IIrtleplrHoByrc.quc-
nepcrrro Ao6aBnrnfi 2,5 Macc,oZ MarHI,trHo-cefl apfi -
poaaHliorc rnayraonrra x notyqajru nJleHKu T eM

HarcfrpyktrwH@ uanepueaaenew 2412, 
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AxOpaKrorpaMMEr 06pa3rroB KpaxMzura 3aDrc6F
Ban Ha rp 6ope.4POH-2. Ar, 3roro cycneH3ux
7 Macc.o/o Kapro(DerEHoro (paxM:ura BbraepxnBa-
rI, B repMocrare 30 MIH npu 25, 60, 70, 80 oC u
I2 q ren I00'C. 3areM o6pajq6r cyurrflr npr.r KoM-

HarHoi reMneparype ri !3MejrLqaru Ao noryqeHr,rt
nopoIxKa.

.4epnBarorpaMMy HarrrBHoro o6pa3rta Kapro-

QenLHOTO KpanMana perucTp poBajru Ha aeprBa-
rorpaoe Q-1000. ckopocrE cKar{lpoBaFur reM-
neparypH 2,5'C/MuH.flpu 3roM npxMeHtnu Me-

roaH repMorFaBuMeTpxqecKoro aHanu3a (TfA)
u au{b(bepeHquarbHolo repMurreckoro aHaru3a
(,4TA), B pe3yn6rare norytlunu qerbrpe xpltBhle:
TT' (xpuBaq norepr.r MaccLr or reMneparyphr). ATf
(.quooepeuqranruac oopMa 3afluc ), TA (KpIr-
Bar narpeBaHtt),,4TA (.qxQoepelrqrarhHac OolF
Ma 3an cx),

PacnpeAereHre qacrrju IIo pa3MepaM ByqaJIu
Ha Jra3epHoM aHairx3arope "zetasizer Nano zs"
("Malvern lnstruments", BenxKo6puraHIrt),
MnKpooororpaQuu Bcex o6pa3rloB rlonyqanx c
noMoullro Ml,tkpockona MapKLr "M kMe!-l"
('nOMO", Poccut) ir KaMepLI DCM 300
(3M-pixels, USB 2.0).

flpoqFocrHEre xapakrepucrfiKrl nonyt{eHHLlx
nJIeHOK Onp€Aerttfi npx pacTtxeHl{u no Mero-

auKaM, yka3asH6rM B craHAaprax focT 9550,
|OCT 14236. O6pa:qu roxAulluouuporalu xe
MeHee 1 ,{ npu 23+2 'C u orHocurerr,Hoii Bnax-
Hocrn 50+5%. TonqnHy o6pa3uoB olpelettrt
MexaHuqeck M cKaHupoBaHfieM np noMoull{
TOnD.IlrHOMepa C AByMt nnOCXnMI,r ti3MepuTeJII'-

HLIMT NOBCPXHOCT'MI,I !'TAMCTPOM IO MM

(fOCT 17035) Kax cp€AHee apu(DMeruqecKoe pe-

3yn6TaTOB j'3MepeHr{t.

flpoqHocrE npn pa3pbrBe (6) noJryqeHHbIx nne-
HoK B Mfla oflp€Ierrrrrn no cne.qyrcqei OopMyne

ll, 3,6, r ol:
F

c=J'
Ao

rae rp -paclrr xBaloua, Har p) rxa B voveHT pa3-

pbrBa o6pa3qa, H; ,4{ - ucxoaHat nnoLLIaaL none-

peqHoro ceqeHur o6pa3\a, MMl; ,4\r = h, xtt, h"-
TOnnIXHa, .' - llj plrHa O6piBIIa.
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42 l(oHcoIlatlpoBAHHbtE HAHOCTpytfiypHhtE ATEpI{AIbt, TpEx EpHbtE OStEKTbl

Pe3ynbYatd l| Lx o6cyx(AeBl,|e

_ 
Ha puc- | npeAcraBneHH .qt{{bpaKrorpaMM6r

oopa3r.toB, fionyqeHH6rx reMneparypHofi o6pa6oT-
not BonHLrx cycDeH3r.{ii KaprooenLHoro kpaxMa_
na. 3Tu Ati$pak-rorpaMM6r npeAcraBnrrcT co6oi
MOIIHOe rajro B o6racTu or 7 !o 35o, Ha doHe no_
TOpOTO BLrAenrrcTcr ora€nbHbre y3r je pe{bnexc6r!
cooTBeTcTByroIlIIte qacTuqHo kpucTaJItt{qecftofi
crp],Krype erc Mojrer(yn. 3aecL ,rHTepecuo orMe-
TUTL, rrTO aHiuro &HLle luopaKrorpaMM6r rsnrroT_
cr xapakTepHLrMu r,r AJUi apyrux BErcoroMoneKyrrF
H6rX nOrUCa-\apuIoB, Ha[pxMep ne(ruHa [22],
aeKcrpaHa 18. tql. uen,l|{)no3hr l2t. l.]1. rcave-
nr [211. ,HynxHa l2ol I np. Voiro npiano,ro-
xrTL, LITO kBa3Ukprcrannxqecxar crpytoypa
norxcaxaprrAoB B pacreHrrx o6pa3yercr B npo_
qecce pocra 6naronapr Hanrqurc xnpanBHLrx
MoneKynrpH6rx crpyKryp B 6uononnMepax.

I lpu noB;rlreHrrr reMr]eparyphr o6pa6orKr.t cyc_
nen3rf xapakrep nurbpaKTorpaMM cylqecrBeHHo
MeHreTcr, rtTo cBr.{I€TenbcTByeT o cTpyKrypHLrx

17,6

35 30 25 20 15 l0
ymj lqdpa(Ilrn. z0

Pxc. 1. A!0paxro.paMMH o6pa3uoB I(paxMara,
nony,reHs6'x o6pa6orKot BonHbrx pacrB;poB,,pI
25 (l(prM /).60 rKpuBa,lr 70 

'xpxBa' 
J,.80(r."r$ rl

100 (KprBa, J) 'C

fl peo6pa3oBaHurx MaKpoMoreil/nu xpaxMa,ra_ Tak.
npn HarpeMsrrlr cycneH3r', Brrue 70.Cy3Kuepeo_
JreKcH npaKruqecrd ,cqe3aror, a BLrrre 90 "C _ Bo3-
Hur€ror BoBHe p€Ore(c6r, 3ro cBr3aHo c reM, qro
nocjle pa3pyu€Fu, HaTrrBHoii cTpyr.ryp6r kpaxMa_
na Mexay ero MojlekytaMu aoccTaHaBJII,IBaIOTCt
6or€e crrLH6re a3auMoaeicrBnr, xoropBre npfi Bo-
Afr x QopMnpoBaH ro HoBoii KBa3r.tKpncranrrqec_
roii_crpyr.rypbr, r. e. K npoqeccy perporp4qaqrD.

AeTaJrEH6re rccJrenoBaHrr TeMnepaTypHoro
noBeaeHl,tt cycneH3xi xpll\MaroB MerolaMrr lJ3-
MepeE r 3nexrponpoBoAHocrr.t cycneH3{ii, llK_ ll
qMP-cnempockonrr ,H u rrc, pefirreHo4a3oBo-
ro r repMnqecKom aHaru3a noKa3ann [7_9, 28. 34],
v ro npu revnepary pe 75 .C npoficxolx r $aroshri
nep-exoa nraBJteHr.re kpucr:urromapara kparMa_
Jra_ Ha 3TO qerKo yKit3brBaeT Hanrque 3Hno3{b(beK_
ra Ha lepnBaTorpaMMe KpaxMajra B TeMneparyp-
I{oi o6nacrr, 70-80 'C (pnc. 2). yAaneHue Mone-
I(yn BoaBr !,r3 BHyTpeHHr{X noJrocTefi Be3rkyn
xp:rxMana npnBolnT K ocBo6oxaeHrro BnyTpnMo-
JIeKyntpHBrx BolopoAHLrx cBr3efi, r. e. K Bo3pac_

s

E

2

100 200 300 it00

TeMnepzrypa, 'C

Ptc- 2. AeprBarorpaMMBr o6pa3qoB rDaxMana:
Tf (KpuBar /'. ATf r(p"Bac ?'. AIA rhpxsd Jl.

Bu@pyKnWH@ tunapuatueederDe 2A12 N, 2



HADN@CIPNInff 43
TaHnro cBo6olHoii noBepxHocTHoji 3Hepru,' cuc_
T€MLr. P:BpyUJeHUe CTpyKrypbr sLr3LtBaeT aKTnB-
Hoe o6pillosaHl,le Hosbr\ BoqopoAHbrx cBr3ei Kar
Mexay MojrekJnaMr,r kpaxMajra, ralx I Mexly yno_
M9Hyr6rMrr MojrehJraMn r,{pyl-[Mr{ noM[oHeHra_
Mx cycneH3nr,t! Ha[prrMep npn ancop6q]fi xpax-
MaJIa Ha noBepxHocTr.r M Hepanoa,

Ha l(prjBhrx pacnpeAereHr.rr qacrxq no pa3Me-
paM (pr.{c.3) u MrjKpoooror-paoljqx (puc.4) raKxe
lpocrexrrBaroTcr u3MeHeHnq cTpyroypr,r Makpo-
vonerqrbr KparMirna !o u noLne lepvoo6pa6oTkr,t
ero cycneH3qu, fpaHynofpaMMa cycneF3fi n rraTuB_
HOIO xpaxMara npelcTaBneHa KpfiBofi c aByMt
nultaMu, KoTop6re coorBercTBylor opakur.{rM c pa3_
MepoM qacrfiq68 n 345 HM (pnc.3, KpuBar l).3rn
OpaKqu! ,{erxo npodexuBarorcr n Ha MnKpo{bo-
Torpa4urx. flocne TepMoo6pa6orKt cycn€H3u
KpaxMajra norBttroTcg 6oIee uHTeHcI,IBH!re HoBbte
nukr (pl{c. 3, KpuBar 2), cooTBeTcTByroqre qac-
TIIIIaM c pa3MepoM 3 u 38 nrrl. Ha ulxpoQoror pa-
Ouu 3rr.r palMepbr cooTBercTByroT roj[qrr]Je .qnx n-

t00il 10000

Ptlc. 3. rpaHyrorpaMM6r cycne-Hir.'n KpaxMa'a HaflBHoro (kp'Ba, /), repMoo6pa6oraHHoro npu 90 .c
(r9xBar -z). rnaykoH{ra (xpuBar J). rnayxoH'{r-paxMa,rEHoro ,oMno3r'ra (,(puBa, r)

hasocnpwnwH@ Mnepuua..AeH@, 2A12, ih 2

H6rX nepenreT€HHtrx HrrTefi MaKpoMorerqr r$ax_
Mara (pr{c. 46).

flp{ uHTeHcxBHoM AtlcIeprnpoBaHun cycneH-
3U fi DrayloHnra B Boa€ Takxe o6pa3yrorcr s,reMeH-
TapHrre qacTurl6r xjrr nneitrJreTBr pa3MepoM 62 r.t

198 fiM (puc.3, Kpr.rBar J). fl:reiuerr,r rueror
oTpuqaTenbH6rt 3aprn, BertqxHa KoToporo B 3lra-
qnTeJILHOfi CTeIleHn OnpeaeIrelc, IoHHbIMU U3G
MoplbHErMr 3aMeuleHxrMr,t B oKTa3Ipuqec(oM r,t

TeTpa3aplqecxoM cnocx MxHepana. Io6aBneHre
flrayKoHuTa B aucnepculo nporpeToro npu 90 oc
xpaxMaira npuBoaltT I( notBJlelluto HoBEIX ntr(OB
Ha rpasynorpaMMe. Ha MnKporbmorpaofir.{ 3Toro
o6pa3qa (puc.4s) BrAHo, '{ro Hr.rrr.r no.,rrMepaqer-
I(o {brKcr.tpyloTcr Ha noBepxHocTu MuHep:ljra 3a
cver aAcop6uxr r.oHqeBhrx rpynn kpaxMana, Cre-
{yeT oTMeTnrE, qro noJryqeHH:ur npr,t sToM ray-
KOHrT-r(pa\varbHa, arcnepc c rBrreTcr ycfoii-
rluBot, ToIIa kaK cMe[riBaHfie MuHepaJra c ntc-
nepc{err HaTrBHoro ftpzxMaJra B Boae nptl 20 oc

nplaoanT K ero 6htcrpoMy oc€!aHr$.
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{[ roxconrAuroulHblE HAHocTpytfiypHbrE MATEplAflbt, TpExMEpHbtE oELEKTuI

TaKuM o6pa3oM, nocre npeo6pa3oBaHu, crpyx-
TypH KpaxMana noa B8leiicrBreM TeMneparyp6l
BO3H[I(aeT Cr,ttbIIOe B3afi MOIeICTBUe Me*Ay 3Be-
HLgMX nOJIUMepa ,| qacTkqaMn MxHepaJIa, Bcnea_
crBre'rero o6palyrorcq ycroil'J'tBEre InaykoHnr-
KpaxMaJrEHtre aucnepcur,r Ha HaHopa3MepHoM
ypoBHe.

AaHHLre kccneloBaHfiii B3a[MoneicrB r rnu-
HtcToro MfiHepala ! noruMepa no3BoJII,IJIu npeA-
Ilojloxl,trr, Hauruqrre pa3HEIx MexaHr3MoB o6pa3o-
aafi rr HaHopa3MepHLIx I(oMno3r,tToB: I,tIlTepKaJlu-
poBaHHr,re crcreMLr {bopMfipyrorca B pe3yn6Tare
BHelpeHur qenei norr.tMepa B Mex[aKerHoe npo-
cTpaHcTBo MuHepaJI4 a paccjtoltBllluec9 HaHoKoM-
no3[T6r o6pa3yrorcr npn apoHrrr(HoBeHrr.i qeneit

nonxMepa Mex4y HeynoprAoqeHHo pacnoroxeH-
HbrM nracrr.rHl(aM{ MfiHepa.n 114, | 5, 17 ,22- 23,
26,2'1,321. oclrcaqufr MexaHn3M ,Bjrqercr xa-
paxTepHLrM aJrt MInHepaIoB TUIIa MoHTMOpUJII]O-
HUTa fi Ce IOJIUTa.

B cryqae cno cro-paAuanLBoro MuHepara rra-
yl(oHrlTa qenr 6uononxMepa MoryT t{acrlqHo xH-
T epxanupoBalLcr B Mexnar.€THoe npocrpaHcTBo
ajtloMocxJruKaTHLtx cIoeB MuHepzt]la Torhxo Ha
BEeurHei noBepxHocr! ero qacrurl. B p$yrbTare
o6pa3yrorcr con6BarxpoBaHH6le AtrcnepcHLle qac-
rxr.lbr MuHepirna pa3MepoM 28, 141, 615, 5560,rM
(puc.3, rapr.rBar l). B orrr,tque or cjrol{cro-nracrnH-
qaTsrx MuHepirroB, Boxpyr qacTr.{q nrayroHuTa 06-
pa3yrorcr o6leMHbre crpyltryphr, a He nnockue.

Pxc. 4. Mukpo4ororpaonr cycneH3nfi KpaxMana
Har,$oro (4 x4m) repMoo6na6oFqEo.o npr 90 "C (6
x 1000), rray(oHrr-kpaxMar6Horo xoMno3xra (s,
x 1000)

H.nmpt(nrypH@ uanep@to*deHue 2012 
^le 

2



111s
:j--
11-l
q?
11i
r;)

q

i\
E]

=

t3

10.

t2.

2.

3.

5.

7.

8.

EprnoH X.. Kaas -L-I nonuv(pHrK nreHxr: ncp. -
aH.n. M.:XnM{e. 1991.184 c.

nocrrxeHb D o6ra(,r rcvno,ruuoBHU\ vaeprulB
IIep. c aHrn. / IIor p€a. Ax.II!m{. M.rMerarnyp r,
I9E2. 352 c.

ln( | l42lo-81. nneHrs nonnvefHde Vero[ knura-

KoE'LHtrkoB I4. KoHE\oB A.l.l. fnrHxfl ue vsHen-
nu oca.uoeHR nopo.q. M.: He!p4 1986. 247 c.

Iineu A.A. Te\Honon{ (po\vdo ,a kposdlenp -
ryniB. K.: rlyxl2003. 165 c.

Vd(rH A.t. Ackdckrr A.A.. XoBps.a B.B MeorLl
r,vepeHqc vexdHnqecrr( (Borc u nonrvepoB. v.
XrMrr. 1978. 116 c.

MaH( B.8., MerBEn( O.II // AonoBiai HA I l){ Cep. xiM.
2010. Nq 9. C. l14.
MaH( B.8., Mdlsrk O.II.. TpaceBc(rn B.B. //Xo!,
t rexsdnor{t BolLr.2011.133, Np 6. C.666.
MenBHrk O.[.. Mafl* B.B. //Borp. xrM. r xe. rcxmn.
2010. Ns 2. C. 49.

M3rrLd (D.. Porrqrc P. KoMno3nrHLre Marep(arLr.
MeraHrka q rexm,o.M:IIep. c affn. M.: TexHoco€p!.
2004. 401 c.

IInocE Ha IJ.{.. OponoB B.T' // BeqM( Mry Ceplt
''feono.sr". 2005. Bdn. L C. 10.

IlonrnepHHe rcvnortruroHH6re vdeprdu ( e,ncrBd
. rpykr) p3. Te\Hirr'u nu!p€n A A. bepqrHa.I-n6
Ipotieccur. 2009. 560 c.

UJ VoB V I I reoro,,qr o(Ho8dvr reovopoonori
Oleca: Hayka r rexHr(a 2006. 144 c.
.hiridc F P,.ller I , Dole P. A\erou l. .d!b.
Polyme.s. 2010. V 79. P 941.

HAH@ETPYIfiYTIIE 45
Ta6ttqa. lpocsodH6re xapareprorM 6trokoMn6nrnn

O6pBeq
H MnN

KpaxMarEHat
3,3 4,61 1,397

4.1 7.',12 1.883

flpu BhrcErxatxr ftpaxMar6B6rx n maykoHrr-
r(paxMajrLHbrx Alrcnepcuii o6pa3ybrcr nrreHxr.l,
TonquHa nonyqeHHLrx nJreHon cocraBJrrer 0,3,
0,4 MM 

'l 
Haxonrrcr B npeAenax roJrLuuHU yna-

t(oBo,rHbrr vdfep aroB (fOCT I0J5a). TaKt,|e
tljleHku HeTor(c[rIHBLI MOryT rCnOMOBaT6Ct B

reMfieparypHoil o6rracrn or-20 no +55 oC. OH
He npoqBnrloT alle3l,ot:IHLtx cBoncTa x ynako-
BLIBaeMhTMMaTepUaJIaM, qTo llMeeTIlojloxt TeI6-
HErfi 3OOeKr Anr ynaxoBxu. npo,{HocrH6re
xapaKTepucTtl(fi Tar(tx IIJIeHotr npnBeAeHEI B

Ta6nu!e.
BlAHo, qro 3HaqeHur npoqHocflr Ha pa3p6lB

o6pa3lloB nonyqeHHErx 6uonracTr.tKoB, xoTr oHt
r,r MeH6rue 3HaqeH&F npoME tureHE6Ix nonfiMep-
Hhrx nJreHoK, HaxolrTcr B npeaeirax xapakTepr.rc-
rrK ynaKoBoqHlrx MareprarroB 11, l'7,261, np -
qeM EaHoxoMno3IlT rrMeeT pa3pErBHyro npoqHocTB
ria l50o BBIllle no cpaBHeH ]o c kpaxVanEHoii
nneBkoi.

flonyqeHHEre nneHrd neako 6xoAerpaArpyror
B CTaHAapTHLtX I(oMI|OCTHLTX yCJTOBIttX Ha npoTr-
xeHlrn 30 nHei c o6pa3oBas[eM 6uoryMyca, ko-
TopHF ficnonb3yroT B cerLcKoM xo3qiicrBe. Cre-
,(yeT oTMernrr, qTo MrBepan rnayxoHnr nprMe-
Hrercr xax xar'rrfiHoe rru KoMnneKcHoe yao6peHue
c BLrcoxrrMr,r cop6uroHHl,rMr cBoicTBaMr{ cno-
co6HocrLro ylepndrBar6 Bnary B noqBe n norno-
qarr necraqu4u [ 13, 27].

kayxolrnr-Kpa-xManBHbre nrreHKlr lporBjrrrror
6aKepuqunHrre cBoiicrBa, rrro Aaer noroxur€nb-
H6# 300ekr npn rcnoJrE3oBarrru ux ,qm ynar(oB-
kk nnuteBbrx npolyriroB [20, 25. 3O].

BbrBoAhl

flpoBeleHEbre r.{ccneaoBaHr,rr xpaxMaJr6Hoil u
rnayxoHr,rT-r(paxMajrLHoil cycneH3r{ii yxa36rBaroT Ha
pa3pyueHre kBa3nKpnc-tajrjruqecKot cTpyr(rypLl

Haga.npyKnDrce ManepuatuAeHue, 2012, tlt 2

MaKpoMoJreKynH nonxcaxapxaa npu HarpeBaHr,tu
ero cycneH3rr.r ao reMneparypH 7G-80 'C c o6pa-
30BaHneM HaHOpa3MepHr,rx QOpMrrpoaaHrii, rcoTo-
pHe xapaKrepuryroTcr noBblur€HHoii aacop6uxei
K ToritoaficnepcHbrM qacTtqaM D {HucToro M|H€-
para. B p*yn[TaTe 3Toro HaHoqacrr,rqu flrayxoHlr-
ra nHKancyn pyroTcr B Marpxqy MaKpoMonexynsr
KpaxMaJra.

Po3rnrHyro oco6nrBocri yrBopeFric 6ioaef pa.qyBdLHsx
n"1i6@Brx MdepieiB Ha ocHoBi xpoxMdD ra HxHqdom
vrHepd) rrdyrc{iD !nq n4}BdHq yapquBrr npor)niB.
IordaHo. uo np, Hrrp,BaHB, ma) rcH ir-rporvdLHo I rh-
nepcii !o 7[L90 'C Bmr(& cm6Ha Ba€Moai, Ha HaHopo3-
MipHoMy piBHi Mix na{kd! noniMepsorc n&uk).a n qao-

Ktaafui aut: kpNub ztaykopih,
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Conside.€d the fcatures of formarion of biodeEradable
omposites b6ed on slmh and clay minerut gtauconire fo.
li{d p.ckaging. For the tbmation of a compdsilc of 7 q,1%
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cq,shlline structurc ollhe biopolymer, starch ed increa* its
adso'plion proptrnies 10 the panicles of dispesed natural ctay
minehh. On the curyes ofpanicle siz. dislriburion dd the
mifog.aphs ar. also brcked changes in the sL.ucture of
nacromolecules of starch b€fore and afte! heat lreahenl of
his suspension. Thus, aft.r the lransfonnalion oflhe srruotul!
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parlicles, rcsD!1ing in fomarion of glauconile{esistant s6ch
disp€Bion a! the nnoscale level.
Alier drring the dispesion tbmed a film thickiess of0.3
0.4 mn. they de not loxic and can b€ usd in a nomalrcom,
dd alrnospheric @ndilions. The p€rfomde chiudcreustrcs
of the films ue in ih. mnge of minus 20 - plus 55 .C. 'lhev
also do not exhibil adhesive properries of materials to
p&kaging, which has a positivc eiTect lo pdck.
Asssenl of the sbehglh chd&t risliq of rhe films prcdu@d
under tension by conventional melbds. TIE results of Lsrs of
mples of &e frlms indicare $al lhc tensite strengrh. alrhough
les lhm rhe !al@s ofindustial pol)mer filhs! but N silnrn the
characteristics of packaging naterials. Morco!er, rhe
nl)l1Mntr)site h6 a leNile steneth by l5% @mped wirh $e
dech nh. Another advdlage of Bldonitic lilhs is thal they
e\n ibir d,backna I prcpenie. shen usd lor rood p4ldgind.

Ke! wt.b: starch, Elauconite, tunacohpnsite
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