Ipo6remvr uzuxu, mamemamuru u mexnuxu, Ne 4 (45), 2020

DOU3HUKA

YK 678.026.345:620.193:546.26:620.3

BJUSITHUE NOHHO-IIJIASMEHHOI'O A3OTUPOBAHUS HA CTPYKTYPY
OCAXKJIEHHBIX U3 I'A30BOM ®A3bI IOKPHITHII HA OCHOBE
HEJJIIOJIO3bI U YIVIEPOJAHBIX HAHOTPYBOK

A.C. PynenkoB, M. A. SIpmosienko, A.H. Kyno

Tomenvckuil 2ocyoapcmeennvlii ynugepcumem um. @. Cxopunbl

INFLUENCE OF ION-PLASMA NITROGEN ON THE STRUCTURE
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AND CARBON NANOTUBES
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PaccMoTpeHbl 0COOCHHOCTH CTPYKTYPhI HOKPBITHH, OPMUPYEMBIX METOJIOM 3JICKTPOHHO-Ty4YEBOrO AUCHECPIUPOBAHHSA MeXa-
HHYECKOH CMeCH Ha OCHOBE LIEJUIIOI03bI M MHOTOCIONHBIX YIIepomHbIX HaHOTPYOok (MYHT). YeTaHOBIEHO BIHMSHHE HHU3KO-
SHEPreTHYECKOr0 MOHHO-TLIA3MEHHOTO a30THPOBAHUS M COJIEPKAHHSA HAaHOTPYOOK B MCXOIHON MHUIIEHH Ha MOP(OJIOTHIeCcKHe
0COOCHHOCTH KOMITO3HIIMOHHBIX MOKPHITUH Ha OCHOBE LEIUI0N03bl. CpeicTBAMHU CIIEKTPOCKOINH, KOMOHHAILIMOHHOTO pacces-
HHS TI0Ka3aHO, YTO HOHHO-IUIa3MEHHasl 00paboTKa IPHBOAUT K YaCTHIHOMY BOCCTaHOBIICHUIO CIpYKTypsl MYHT, penakcanuu
JeheKTOB BHYTPEHHUX U BHEIIHUX CTCHOK, N3MEHEHHUIO CTEIICHN KPUCTAJNIMIHOCTH CHCIEMBI B LIEJIOM.

Knrouegwie cnosa: yenepoonvie Hanompyoxu, yeanonosa, Mop@onozus, CneKmpbi:

The features of the structure of coatings formed by the method of electronsbeam dispersion of a mechanical mixture based on
cellulose and multilayer carbon nanotubes (MWCNTs) are considered. The effect of low-energy ion-plasma nitriding and the
content of nanotubes in the initial target on the morphological featuresiof ¢ellulose-based composite coatings have been estab-
lished. It has been shown by means of Raman spectroscopy that ion-plasma treatment can lead to partial restoration of the struc-
ture of MWCNTs, relaxation of defects in the inner and outer walls, and a change in the degree of crystallinity of the system as

a whole.
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Beenenne

KoMmno3uimoHHbIe TOKPHITHS Ha OCHOBE YTJIe-
pola, apMHpPOBAaHHBIE YTIEPOTHBIMU \HAHOCTPYKTY-
pamMu, XapakTepU3YIOTCS BBICOKMMHU | IKCILTyaTaIH-
oHHBIMU cBo¥cTBamu [1]-[3]. B Hactosee Bpems
OHU pacCMaTpPHUBAIOTCS KaK~HAUOOJIEe MEPCIeKTUB-
HbIe MaTepuansl A padOTbl B YCIOBHIX YAApHBIX
JIMHAMUYECKUX BO3MeHCTBUIN,[2], [3]. Wcnoab3oBa-
HHE METOJIOB MOHHO-IUIA3MEHHBIX TEXHOJIOTHH 3Ha-
YUTEJIFHO PACIIUPAET BO3MOXKHOCTH II0 PETYJIHpPO-
BaHMIO (ha30BOTO,COCTaBa, CTPYKTYPBI, pacrpeesne-
HHIO MHI'PEAHEHTOB 110 TOJIIMHE CJIOS, YTO OIIpesie-
JSeT MX BBICOKYIO MEPCIIEKTUBHOCTh MPH PEIICHUH
Pa3THIHBIX “EEXHIYCCKUX 3a7ad. ApMHpPOBaHHE II0-
KPBITUH HAHOCTPYKTYPaMH TIO3BOJIUT YBEJIUYHTH
MOJIYIIb yIIPYTOCTH (CHU3UTH XPYIKOCTH), TOBBICUTH
HM3HOCOCTOMKOCTB, aATe3MOHHYI0 MPOYHOCTh U pac-
[IMPUTH TEMIIEPAaTyPHBIN IHAala30H NPUMEHEHUS
[2]. Tlpu sToM mnoBblLeHHE (HUIUKO-XUMHUYECKUX,
MEXaHUYECKHUX CBOMCTB TaKMX MaTepuaioB B 3HAYU-
TEJIHOM CTENEeHM 3aBUCHT OT YCIIOBHH W PEXHMOB
OCAXKJICHUS, CTEIECHH aKTHUBALMOHHOM 00paboTku
WHTPEIUCHTOB, KaK Ha cTaaud (pOpMUpPOBaHHS, TaK
1 HaHECEHHOTO MOKPHITUS. B CBSI3M ¢ 3TUM TIpakTH-
YECKU MHTEpeC MPECTABISACT M3YUCHHE BO3MOXK-
HOCTH 3()()EKTHBHOTO WCIIONB30BAHUS PA3IUIHBIX
(bu3ngecknx MeTONOB MOAUMDHIIMPOBAHMS TaKUX
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KOMIO3HWIMOHHBIX MAaTEPHUANOB, B YAaCTHOCTH, IPH-
MEHEHHs WOHHO-IDTa3MEHHOW 00paboTKH, KOTOpas
AKTUBHO TPUMEHSETCS I MOTU(PHUIIMPOBAHUS II0-
BEPXHOCTH MHOTOCIOHHBIX HaHOTpyOok (MYHT)
[4]-[8]. B [4] moka3aHO, 4TO0 MOIUGHUIMPOBAHHE
noBepxHocTH MYHT nydykoM HOHOB aproHa ¢ 3Hep-
ruer 10 5 k3B NpUBOAUT K U3MEHEHUIO KPUCTAILIU-
YeCKOW CTPYKTYpHI yIiieposia, aMophH3anny CTEHOK
MVYHT, u3MeHeHno COOTHOLIEHUS aTOMOB YIJIEpO-
Ja C pa3NuuHOM ruOpuan3anmeil, OKHCIICHHIO
MVHT, Ha 4uro yka3plBaeT HaIU4YUe KHCIOPOACO-
JepaKalux Ipynin paziuyHoro cocrasa. B [5] mpu-
BEJICHBI CBEICHHS, YKa3bIBAIOIIME HAa TO, YTO HEHa-
CBIIIICHHBIC YTIIEPOA-KUCIOPOIHBIC TPYIIIBI, PACIIO-
Jo)xeHHble Ha noBepxHocth MYHT, moryt BeICTY-
MaTh B Ka4eCTBE AKTHBHBIX IEHTPOB KOBAJICHTHOTO
B3aMMOJICHCTBHS C METAIUIAMH U X OKCHIAMHU.

Ienbto paboTHI SIBIISETCS ONpENCICHUE BIHS-
HHS MOHHO-TIJIa3MEHHOTO a30THPOBaHUs Ha Mopdo-
JIOTHIO, CTPYKTYpPY M (a30BBIi COCTaB KOMIIO3UIIH-
OHHBIX TOKpBITUH, (OPMUPYEMBIX METOIOM D3JIEeK-
TPOHHO-JTy4€BOTO JUCIIEPTUPOBAHUS MEXaHUUECKOU
CMECH Ha OCHOBE Lie/uttoa036l ¥ MYHT.

1 MeToauka 3xkcniepuMeHTa
[lokpeiTuss Ha ocHOBe wHewmoa03bl 1 MYHT
OCaKIATMCH HAa KPEMHHEBYIO TTOIOKKY TIPH TIOMOIITH
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3JIEKTPOHHO-IY4EBOT0 HcmapeHus. [ImoTHocTs mo-
TOKa DJIEKTPOHOB paBHsiach 10 + 30 A/cm?, sHeprust
KOTOpBIX He mpeBslmana 1,5 k3B. Ocaxnenue mo-
KPBITUH OCYILIECTBIISUIOCH TIPH AABJIEHUH OCTATOY-
HBIX T'a30B MOPSAKA 5° 107 IMa. Muiens, gucnepru-
pyemast IOTOKOM 3JIEKTPOHOB, HPEICTaBIsIa co0on
cMech 1estoo3sl ¥ MYHT ¢ BecoBbIM COOTHOLIE-
HueM kommoHeHT 100:1 u 200:1. Pasmepst MYHT —
muamerp 40-60 mM, amuHAa MeHee 2 MKM. MoHHO-
ia3MeHHasi 00paboTKa OCYLIECTBISIACH TIPU TOMO-
mm noHHOro ucrtoyHnka «AWJIA» (paboumit raz —
asor, P =107 Ila, Tok — 2 A, yCKOpSIOIIee Hampsi-
skenue — 450 B, Tok conmeHoupa — 0,8 A, sHeprus
noHoB He Oosiee 0,3 k3B). O6paboTKa OCyIIEeCTBIIS-
nach B TedyeHue 5 u 10 MUHYT.

JUist u3y4eHus CTPYKTYpHI M CBOMCTB IOKpBI-
nH, comepxammx MYHT, Obutn HCIOIB30BaHEI
CJIC/IYIOIIIE METO/IBI: PacTpOBast JICKTPOHHAS MHK-
pockorusi (POM); aTroMHO-cuioBas MHKPOCKOIIUS
(ACM); criekTpockonusi KOMOMHAIIHOHHOTO paccesi-
Hus uiu KP cnektpockonusi.

HccnenoBanust CTPYKTYpbl MOKPBITUH OCYILE-
CTBIJIIOCH TIPH MOMOIIU PACTPOBOTO 3JIEKTPOHHOTO
mukpockona (POM) Zeiss Libra 200FE, ocharen-
HOTO  BBICOKOO()(QEKTUBHBIM  aBTOIMHCCHOHHBIM
smurTepoM H sHepreruueckuM OMEI A-puibsrpom
JUISl BBITIOJIHEHHSI NMPELM3UOHHBIX M3MEPEHHH C BbI-
COKHM paspelieHHeM KPHCTaJUTMUECKOH PEeIIeTKH H
XMMHYECKOTO COCTaBa HAaHOPAa3MEpPHBIX OOBEKTOB.
OCHOBHBIE XapaKTEPUCTUKHM MHKPOCKOIA: yCKO-
pstomee HampspkeHune — 200 kB, 80 kB, 120 B,
yBenmuenue 8x — 1 000 000x.

Nzyuyenne MOpGOIOTHH MOKPBITHH IHPOBOAMS
JIOCh METOJIOM aTOMHO-CHJIOBOM MHKPOCKOIHH
(ACM) B pexxumMax n3Mepenus: Tonorpadmu u dazo-
BOr0 KOHTpacTa C IoMmoliblo npuoopa Solver Pro
npoussojactBa NT-MDT (Mocksa, Roccrs) B moiy-
KOHTaKTHOM pEXHME, MO3BOIISIOMEM C BBICOKOW
JIOCTOBEPHOCTBIO MCCIIEAOBATE MOP(OIOTHIECKIE 1
OTHOCHTENIbHBIE MEXaHWYeCKHe XapaKTepPHCTHKU
TOBEPXHOCTEH Pa3IuyHbIX [TOKPBHITUH. AHalU3 NaH-
HBIX OCYIIECTBILUICS \CIIETMATN3UPOBAHHON TIPO-
rpammoit Gwyddion:

Omnpenesienre M3MEHEHUH (ha30BOro cocrasa
YTIACPOTHBIX, NMOKPBITHH, COAEpIKAlINX IJIaHApPHEIE
HAHOCTPYKTYpHbIE (YHKIHMOHAIBHBIE CIIOH, OCYIIE-
CTBJISJIOCH, ITOCPEICTBOM aHAJIN3a CHEKTPOB KOMOH-
HAMOHHOTO pacCesiHusl, MOJY4YEHHbIX Ha CIIEKTPO-
MeTpe, Senterra ¢ JUIMHON BOJIHBI BO30Y’KJAIOIIETO
n3ydeHust 532 uM, momHocThi0 0,2—10 MBT.

2 Pe3yabTaThl U UX 00Cy:KAeHUE

CpenctBamu POM ycTaHOBIEHO, YTO TIOKPHI-
THS, OCAXJCHHBIE METOJOM 3JEKTPOHHO-IYyYEeBOIO
JHCIIEPTHPOBAHMS LEJUTIONIO3BI, COJEPkKAT HOMHUMO
CIIOIIHOTO CJIOS MUKPO-, 1 HAHOpa3MepHbIE BOJIOK-
Ha (pucyHok 2.1, a). x oOpa3oBanme Hamboiee
BEPOSATHO NPOMCXOIUT B 30HE IUCHEPTHPOBAHUS H
3aTeM OHH IEPEHOCSTCS Ha MOBEPXHOCTh MOJIOKKH
HOZ ACHCTBUEM CHII 3JIEKTPHUUYECKOTO HOJS.

Problems of Physics, Mathematics and Technics, Ne 4 (45), 2020
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Pucynox 2.1 — POM u3o06pakeHus MOKPHITHH Ha
OCHOBE IEJUTI0N03HI (@), memutrono3sl 1 MYHT
(100:1) (6), nemmrono3st 1 MYHT (200:1) (8)

[Tpu nucrieprupoBaHUU CMECH LIEJUTIONO3bI U
MVYHT, chopMupoBaHHOE TOKPBITHE MPEACTABIISET
coboit amopdHyro MaTpuily, apMupoBanuyro MYHT
1 BOJIOKHaMU 1esuttoio3sl. [1pu aToM HaHoTpyOKH, B
3aBUCHMOCTH OT pa3MepOB BOJOKOH IIEJUIIOJIO3bI,
MOTYT TIE€pEIUIeTaThCs ¢ HUMH. Takxke HeoOX0quMo
OTMETHTB, YTO aMOp(HBIE 00IACTH LEILTIOIO03EI MO-
TYT BBICTYNaTh B KaueCTBE CBA3YIOILETO JIEMEHTa
MEXIy HaHOTpyOKaMu, a TaKkKe MEeXTy HaHOTPYyO-
KaMU 1 BOJIOKHAMU LIEJUTIONO03bI (pHUCYHOK 2.1, 0, 8).

Mopdonorust HOKpHITHIA 0 U TIOCIIe HOHHOM 00-
pabotku (pucyHku 2.2 u 2.3) u3y4anach CpeacTBaMu
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ATOMHO-CHJIOBOHI MHKPOCKOIIUM B TIOJyKOHTaKTOM pacroyiokeHbl B 00beMe U Ha MOBEPXHOCTH MOKPBI-
pexuMe (IoJie CKAaHUPOBAHUS 4X4 MKM). THs, T03TOMY cpeactBaMmu ACM NeTeKTUPOBATh UX
VYriepoaHbsle HAHOTPYOKM M BOJIOKHA LEIUTIO- B aMOp(HOM MaTpHILIE JOCTATOYHO CII0XKHO.

JIO3bl HMMCIOT MaJibl€ pasMEpbl, HEYINOPAAOYCHHO
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(a3oBbIil KOHTpACT
ACM u3o0paxeHus pasmMepoM 4x4 MKM TMOKPHITHH HOHHO-ILIA3MEHHOTO a30THPOBaHUS
YT): @) IeIUTroio03a, 6) nemnonoza + MYHT(100:1); 6) uemtonoza + MYHT(200:1)

ua 2.1 — Cratuctrdeckas obpaboTka pesynpratoB ACM

Tornorpadus

Q\ s TokprrTae JmTensHOCTh HOHHO-TIa3MeHHOH|  CpenHas Ra, 1 Rims, i
. 00pabOTKH, MUH BBICOTA, HM
i - 2,9 0,4 0,6
Henmrono3a 5 23,0 1,0 1,6
10 61,3 3,2 5,0
— 7,7 1,6 2,0
Iemmronoza+MYHT (100:1) 5 53,6 2,9 4,3
10 37,9 2,1 2,9
— 15,3 2,0 3,2
Hemmonoza+MVYHT (200:1) 5 43,3 34 4,5
10 19,5 2,4 3,1
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TOHOTpadust

Bmecte ¢ TéM MOXKHO OTMETUTb, YTO YBEIHYe-
HUE JUIMTEIbHOCTH HOHHO-IUIA3MEHHOUW 00paboTKH
MOKPBITUH 3aMETHO M3MEHsET Tonorpaduio noBepx-
HOCTHOTO\CITOSI, NPUBOJUT K YBEJIMYEHHUIO UX CYO-
II€POXOBATOCTU (PUCYHOK 2.4) M CpelHEH BBICOTHI
OTJCNBHBIX CTPYKTYPHBIX 0Opa3zoBaHuil (Tabmuia
2.1). Ilpu 3ToM ecnm cyOIIEpOXOBATOCTh OJTHOKOM-
[IOHEHTHOTO TOKPBITHS LEJUTION03bl  M3MEHSIETCS
JUHEHHO C POCTOM ITUTENBHOCTH 00pabOTKH, TO
M3MEHeHHNe pa3Mepa Mop(oIormIeckux 00pa30BaHMA
KOMIIO3HLIMOHHOTO CJIOS SIBJIACTCS HEMOHOTOHHBIM.

MOHOTOHHBIN POCT LIEPOXOBATOCTU OAHOKOM-
TIOHEHTHBIX IIOKPBITHH Ha OCHOBE LIEJUIFOJIO3BI MO-
JKeT ObITh 00YCIIOBIIEH MPOLIECCAMU TEPMOJIECTPYK-
UK ¥ Pa3IMYHOM CKOPOCTBIO TPaBJIEHHS KPHUCTAJ-
JIMYECKOi 1 aMopdHO# (asbl.
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(ha30BBIif KOHTPACT
Pucynok 2.3 — ACM ' u300paskeHus pa3sMepoM 4x4 MKM ITOKPBITHH TIOCIIE HOHHO-TIIIa3MEHHOTO a30THPOBAHUS
(10 munyT)\@) HENIIONo3a, 6) nemtonosa + MYHT(100:1); ¢) nemmtonoza + MYHT(200:1)
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Pucynok 2.4 — Bnusare AMTUTEIPHOCTH HOHHO-
[UIa3MEHHOTO a30THPOBaHUS Ha MOP(HOIOTHIO
MOKPBITHI Ha OCHOBE LIEJUTIOIO3bI,

nenoyio3sl ¥ MYHT
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Tabmnuna 2.2 — Ananu3 KP criekTpoB HOKpbITHIT Ha OCHOBE 11esuT0s1036l © MYHT

JmuTensHOCTh D-nux G-niuk
IMoxperTHE HOHHO-IUIa3MeHHOH| Tlonosxenue, | Illupuna, | Ilonoxenue, | Ilupuna, |Ip/lg
06pa6OTKI/I, MHH CM_] CM'I cM (;M'l
- 1390 222 1588 120 0,51
Ilenmronoza 5 1432 184 1645 267 0,49
10 1440 179 1649 286 0,43
Ienmonosa - 1396 208 1590 124 0,49
+MYHT (100:1) 5 1479 220 1660 252 0,66
10 1446 216 1656 274 0,57
Ienmonosa - 1366 113 1580 109 0,66
+MYHT (200:1) 5 1433 152 1652 176 0,71
10 1443 236 1693 304 0,61

CyO11epoxoBaTOCTh KOMIIO3UIIMOHHBIX ITOKPBI-
TUl Ha ocHoBe Hesuoi03sl ¥ MYHT nocnie nonHo-
TUTa3MEHHOT'O a30THPOBAHMS B OOIIEM Ciydae BO3-
pacraet. OHAKO, CyOIIEpPOXOBATOCTH MPH 00PadOT-
Ke B TeueHnH 10 MUHYT HIDKeE, YeM Ipu 00padoTKe B
TeueHuH 5 MuHyT. JlaHHBIT (akT MOXkeT OBITH 00Y-
CIIOBIJIEH OoJiee CyIIeCTBEHHBIM HarPEeBOM MOKPHITHS
BCJIC/ICTBHE OOJIbIIEH IUIMTEIbHOCTH MOHHOW OOM-
6apnupoBku. Takoi HarpeB, cornacHo [7], [8], mo-
JKET NOpUBOAUTH K YaCTUYHOMY BOCCTAHOBJICHUIO
crpyktypsl MYHT, penakcauuu nedekroB BHYT-
PEHHUX WM BHEUIHUX CTEHOK, W3MEHEHHIO CTEIECHHU
KPHUCTAJUIMYHOCTH CHCTEMBI B IIEJIOM, YTO IOJTBEp-
JKACTCSl Pe3yJbTaTaMH CIIEKTPOCKOIIMM KOMOHHa-
IIUOHHOTO paccesHus (Tabnuma 2.2).

Usgectro, uro G-muk (1575 cm™') coorBerct-
ByeT Konebanusim E,, rpapuToBOd pelieTku KpHs

cTamTiueckoi (passl, a 3Havenune D-muk{(1355%m™)
00YCJIOBIICHO A4, . MOJIOH, COOTBETCTBYIOLICH pau-

ANBHBIM KOJIeOAaHUSIM IIECTHATOMHBIX ‘Koier [9],
[10]. TTosBnerne D-nimka mpu ananm3e KP criexTpos
VTIACPOTHBIX HAHOCTPYKTYPs BBI3BAHO HAJIHIHEM
JneekToB M SIPKO BBIPAKEHHBIX TPaHHI] HAHOKPH-
cTayudeckux kmactepoB [l 1.

B cnyuae nokpeiTuii Ha OCHOBE YIJIEpola CO-
OTHOIIICHHE WHTEHCHBHOCTEH D- 1 G-nkoB oOpart-
HO TNPONOPLUHOHAIBHO pa3MepaM KJIacTepoB HaHO-
KpUCTaITU4ecKoro yriepoaa [12]. B cnyuyae ananu-
3a CHEKTPOB“HAHOCTPYKTYp (HaHOTPYOOK, HaHOBO-
JIOKOH) m3MeHeHHe cooTHomeHust D- m G-mukos
00YCIIOBIICHO BBICOKUM COJEpXKaHUEM Je(QEeKTOB H
6onpmiM unciioM Mexgasueix rpanur [11]. Io-
STOMY B cllydae HaHOCTPYKTYPHUPOPBAHHBIX OOBEK-
TOB 3HAYCHHE OTHOIICHHUS MHTCHCUBHOCTEH I u Ip
OOBIYHO WCIIONB3YETCA Uil OIpENeNICHUs] CTEIEeHU
nedexTHocTH CTpyKTYp [13].

B cBs3M C BBIMIEHM3IOKEHHBIM, YMEHBIICHHE
otHowteHus Ip/lg (pucyHok 2.5) mocie HOHHO-
TUIa3MEHHOH 00pabOTKU B Clly4ae OJHOKOMIIOHEHT-
HOTO IIOKPBITHS Ha OCHOBE IIEJUIIOJIO3BI BBI3BAHO
YBEJIMUYEHUEM pPa3MEpOB KJIaCTepOB HAaHOKpHCTA-
JIMYECKOro YIIepoja, 4TO MOATBEPKAACTCS JaHHbI-
MH aTOMHO-CHJIOBOH MmuKpockomuu. CwmemeHne

66

D-nnka B cTOpoHy OONBIIMX BOJIHOBBIX YHCEI BBI-
3BaHO BO3PACTAHUEM CTEIIEHH Pa3yIopsI0YeHHOCTH
CTPYKTYPBI, UTO MOATBEPKAACTCS YBEINICHHEM IIH-
puabl G-TIMKa, CBUIETENBCTBYIOIMM 00 yBeImde-
HUM CTETICHH Pa3ynops{0ueHHOCTH Sp°-KJIacTEPOB.

0,8

6e3 00paboTkH 5 MUH 10 MuH
[ uemmonosza [ uemmonosa + MYHT(100:1)
Il cunonosa + MYHT(200:1)

Pucynok 2.5 — BausiHue HOHHO-TIJIa3MEHHOTO
a30TUPOBAHUS HA COOTHOLICHHE
nnTeHcuBHOcTed D- u G- mukoB KP ciektpoB
MOKPBITUI Ha OCHOBE LeJIroso3sl ¥ MYHT

Usmenenne coorHommenus I / I; mociie HOHHO-
TUTa3MEHHOTO a30THPOBAaHMSA B CIy4ae ITOKPHITHH
apMHPOBaHHBIX YIJIEPOAHBIMH HAHOTPYOKaMH He
MOJKET SBISATBCSA CJIEICTBUEM M3MEHEHUS IIHIIb
TEOMETPUYECKUX pPa3MEpPOB KIACTEPOB HAHOKPH-
CTAJNIMYECKOT0 yrieposa. Takoe H3MeHeHue o00y-
CIIOBJIEHO, B NEPBYIO OYepenb, HapyLUICHUEM JAaib-
HEro MopsJKa W HaJIUYMeM HEeYNOpPsI0YeHHBIX 00-
nacreil (poct mwmpuabl G-nuka). ITomumo aroro,
HMOHHO-TIIa3MeHHasi 00paboTKa MPUBOJUT K BBHITPAB-
TeHnto aMop(HBIX o0sacTe u (pa3oBEIM mepexoaam
Sp° — Sp°  YIVIEPOMHOH MATPHIBI M H3MEHEHHIO
CTPYKTYpPBI CTEHOK HaHOTPYOOK.

VYBenuueHue ANUTETBHOCTH 00pabOTKM NpH-
BOIUT K Ooyee CyIIECTBEHHOMY HarpeBy apMHpO-
BAaHHOTO TIOKPBITUSI M K peJaKcaluu JIe(eKToB
BHYTPEHHUX U BHEUIHMX CTEHOK, YTO OIpenenseT
HeJIuHeHHoe u3MeHenue cootnomenus Ip / 1.

BoiBoabl
[TokazaHo, 4TO HMOHHO-IJIA3MEHHOE a30THUPO-
BaHME KOMIIO3ULIMOHHBIX IOKPBHITUH Ha OCHOBE
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Bausnue uonno-niazmennozo asomupoeanusi Ha CmpyKkmypy 0CAANCOCHHBIX U3 2430601 d)aé’bl l‘lOKpblliJ Ha ocHose Yeintonossl...

nemntrono3sl # MYHT B obmiem ciydae MpHBOIHT K
yBEJIMUCHUIO cyOriepoxoBaTtocTtd. C pocToM -
TENBHOCTH O00pabOTKH CyOIlIepOXOBATOCTh OIHO-
KOMIIOHCHTHOT'O HNOKPBLITHA HEJIJIFOJIO3bl U3MCHACTCA
JUHEWHO, W3MCHEHHE Xe pa3mepa Mop¢oJormye-
CKUX 00pa30BaHUI KOMITO3UIIHOHHOTO CJIOS SIBIISCT-
Csl HCMOHOTOHHBIM, YTO MOXET OBITh CBSI3aHO C H3-
MEHEHHEM TEIUIOBOTO PEXMMa 00paOOTKH.

VYCTaHOBIIEHO, YTO W3MEHEHHE COOTHOIICHUS
Ip/ I KP criekTpoB apMUpOBaHHBIX YIJIEPOIHBIMU
HaHOTPYOKaMU TMOKPBITUH B pe3ylbTaTeé HOHHO-
IUTa3MEHHOT'O a30THPOBAaHHS OOYCIOBIEHO, B IEp-
BYIO Ouepe/lb, HApYIICHHEM IAJbHEr0 MOpsIKa U
HaJIMYMEeM HEYyNOpsI0YeHHBIX obsacteil (pocT Iu-
punbl G-muka). [ToMUMO 3TOro, HOHHO-TIJIA3MEHHOE
A30THPOBaHUE TMPHUBOIWT K BBITPABJICHUIO amMopd-
HBIX OOMacTell M (a3oBBIM mepexoxam sp> — sp’
YIICPOTHOW MATPHUIBI U HW3MEHCHHIO CTPYKTYPHI
CTCHOK HAHOTPYOOK. YBENWYEHHE IIUTEIbHOCTU
00paboTKK MPHUBOAWT K OoJiee CyIMEeCTBEHHOMY Ha-
TPEBY apMHUPOBAHHOTO IIOKPBITHS, YTO BBI3BIBACT
penakcaiuo Ae()eKTOB BHYTPEHHHX M BHEIIHHX
creHok MYHT wu noxarBepxknaercs HEIUMHEHHOMN
3aBHCHUMOCTBIO OTHOWCHUS Ip /I OT BpemeHu 00-
paboTKH.
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