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Annomauusn.

IToka3zaHbl BO3MOYKHBIE METOIbI 1 METOJIUKN CKAaHUPYIOLIEH 3JIEKTPOHHOU
MUKDPOCKOIIMA W PEHTIE€HOCHEKTPAIIBHOIO MHMKPOAHAIM3a M NPHUMEPBl HUX
NIPUMEHEHUST U1l HWCCIEAOBAHMS CTPYKTYPhl M COCTaBa HEMETAUIMYECKUX
MTOJIMMEPHBIX KOMIIO3UIIMOHHBIX MAaTEPUAJIOB.
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Abstract:
Possible methods and techniques of the scanning electronic microscopy

and the X-ray spectral microanalysis and examples of their application for



research of structure and composition of nonmetallic polymeric composite
materials are shown
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BBenenne

Pa3BuTte CcOBpeMEHHOW TEXHUKM NOTPeOOBaIO pa3pabOTKU HOBBIX
MaTepuasoB, CHOCOOHBIX paboTaThb B OKCTPEMAJIbHBIX YCIOBHUSX - IpHU
BO3JICMCTBUM IOBBIIIEHHBIX TEMIIEPATyp, NABJICHUM, BBICOKOM BIIAXKHOCTH,
MOJIHUM U JIpyruX arpeccuBHbIX cpel. CBoicTBa MOJOOHBIX CHCTEM TECHO
CBSI3aHBI C UX MUKPOCTPYKTYPOU U 3JIEMEHTHBIM COCTaBOM [1]. J1yisi BeIsIBIEHUS
MUKPOCTPYKTYPHBIX OCOOEHHOCTEH TpeOyeTcs COBPEMEHHOE 00OpYy/IOBaHUE W
METO/bI UCCIIETOBAHUS.

Hcnonp30BaHne 3IEKTPOHHOM MMKPOCKOIIMM JUIsl KOHTPOJIS KayecTBa
MaTepyala BaXKHO Kak Uil NPAKTHYECKUX, TaK M I HayyHbIX ueneil. C
MOMOIUIbI0 METOJIOB HEMOCPEACTBEHHOTO HAOJIOIEHUS] — METOJJ0OB MUKPOCKOITUU
— MOXET OBbITh pelleHa OJlHa M3 MHOTUX (PYHIaMEHTAJIbHBIX OpPOOJEM B
VICCJIEIOBAHUM MATEPUAJIOB — YCTAHOBJIEHUE COOTBETCTBUS MEXAY CTPYKTYpOM
Y CBOWCTBaMH.

Ienbto HacTosAmed padOTHl ABIAETCA MPUMEHEHHE pa3pabOTaHHBIX
METOJIMK M METOJ0B CKAHUPYIOLIEW DJIEKTPOHHOM MHUKPOCKONUU U
PEHTTEHOCIIEKTPAIBHOTO MHKPOAHaIN3a LISt MUKPOCTPYKTYPHBIX
UCCIICAOBAHUM M ONPEACIICHUE DIJIEMEHTHOTO COCTaBa HEMETANINYECKHUX

KOMITIOBMIIMOHHBIX MAaTCpHUaJIOB.

MarepuaJjibl 1 METOABI HCCJIET0OBAHNM
O0BexTaMu HCCIeJOBaHUU SIBJISLIINCH HEMETAJUINYECKHE

KOMITIOBUITMOHHBIC MaTCpHUaJIbI:



- 00pa3Ipl MOBEPXHOCTEN PACCIIOEHUsI MOJIHUE3AIIUTHOTO MOKPBHITHS Ha
OCHOBE YTJIEPOJHOW TKAaHU U DHOKCHUJIHOTO CBS3YIOIIETO C Pa3IMYHBIMU
HaHOMOJIU(PUKAaTOpaMH (TEPMOPACIIMPEHHBIM HAHOTPAPUT U aCTpayieH) IMOcIe
UCIIBITAaHUH Ha U3THO;

- KEpaMHuKa.

Bo ®I'VII «BHMAM» Obum  pa3paboTaHbl KOMIUIEKCHBIEMETOIUKU
MUKPOCTPYKTYPHBIX HCCIEAOBAHUM M COCTaBa KOMIIO3UIIMOHHBIX MAaTEpUATIOB
(KM) (monumepHbie MaTpHIbI, yTiie-, CTEKJIO- OPraHOIIACTUKU U JIP.):

-MM  1.595-12-243-2007«MeTtoiuka  aHaiaM3a  MHUKPOCTPYKTYpHI
MOJIMMEPHBIX KOMIO3UIIMOHHBIX MaTE€pUajoB C MPUMEHEHUEM CKaHUPYHOLIEH
ANEKTPOHHON MUKPOCKOIIUNY;

-MM  1.595-12-347-2008«Metoanka (dpakrorpadudeckoro aHaimza
MUKPOCTPYKTYPhl ~ MOJIMMEPHBIX  KOMIIO3UIIMOHHBIX  MaTEpHaJOB  IOCIIE
Pa3JIMYHBIX BUJIOB MEXAHUYECKUX UCIIBITAHUI;

-MM1.595-12-442-2012«Metoauka KOMILJIEKCHOT'O HUCCIIEOBAHUSA
00pa3loB MOJMMEPHBIX KOMIO3UIIMOHHBIX MAaTEPHANIOB I aHAIN3a MPUYWH
pa3pyLIeHUs AeTaled U KOHCTPYKIIUID.

JlaHHbIE METOJMKHUIIO3BOJISIIOT MPOBECTH OTOOP, MOATOTOBKY 0OOpas3lioB
HEMETAJUIMYECKUX KOMIIO3UIIMOHHBIX MaTE€pUaJOB KaK MCXOJHBIX, TaK U MOCIIE
pPa3JIMUHBIX  MEXAaHMYECKUX, KIMMATUYECKUX, TEPMUUYECKUX U JAPYIUX
VCIIBITAaHUN, & TAKXKE JAETajJleld U KOHCTPYKLHM JIETATEIbHBIX allapaToB KAK HA
CTaiuk pa3pabOTKM U W3TOTOBJICHMs, TaK W TIOCIE TPUMEHECHHS U
skcrtyaranuu. [loaroroBka o6pas3nos 1o

JAHHBIM METOJMKAaM II03BOJISIET BBISIBUTH CBEPXTOHKYIO CTPYKTYPY
MOBEPXHOCTEH KOMITIO3UTOB C TMTOMOII[BI0O HOHHO-TIJIA3MEHHOT'O TPABJICHMUS.

MeToauKu TMO3BOJISIFOT MPOBOJUTH HCCIEAOBAHUS MHUKPOCTPYKTYPHBIX
XapakTepUCTUK C BBICOKUM pa3pelIeHUEM: MAaKpO-, MHUKPOCTPYKTYPhl U

dbpakrorpaMM  00pa3lOB, CTPOEHHWE TPAHMIBI pasfena, MHUKPO(Pa30BYIO



CTPYKTYpY MAaTpHIl, OIpEAesieHHE HJIEMEHTHOIO COCTaBa KOMITO3UIIMOHHBIX
MaTepHUaoB.

Opnum u3 Haubosiee UHPOPMATUBHBIX METOJIOB SIBJIAECTCS CKAaHUPYIOIIas
ANIEKTPOHHA ~ MHUKpOCKOMHsS.  MUKpPOCTPYKTYpHBIE  HCCIEOBaHUS  TIO
pa3paboTaHHBIM HAMH METOAMKAM MPOBOAATCS Ha COBPEMEHHOM CKaHUPYIOILIEM
anexkTpoHHoM wmukpockonie TESCANVEGA 3 XMU c¢ wuHTErpupoBaHHOM
CHUCTeMOM aHanm3a ayeMeHTHoro cocraBa marepuasioB ADVANCED AZTEC
Energy(skirouas Inca Energy 350) Ha 6a3e 3HEproaucCepCcuoOHHOTO JIETEKTOpa
X-MAX50 (STANDARD)u cucteMoit peHTT€HOBCKOTO BOJIHOUCIICPCHOHHOTO
mukpoananu3a. Ckanupyromuil smektponsbiii mukpockon TESCAN VEGA 3
XMU noaHOCTBIO yHpaBIIIEMBIM uYepe3 MEepCOHATbHBIM KOMIIBIOTED,ABIISETCS
M CCJIEI0BATENbCKUMIA00PATOPHBIM o0opyJOoBaHMEM ISl TOJY4YEHUs
M300pKEHU W TPOBEJICHUS H3MEPEHUN KaK B BBICOKOM, TaK U B HHU3KOM
BakyyMe. JlaHHBIM CKaHUPYIOMIMM 3JIEKTPOHHBI MHUKpPOCKON paboTaeT B
peXUMax BTOPHUYHBIX 37eKTpoHOB (SE), oTpaxennsix anekTpoHoB (R-BSE), a
TaK)Ke€ MMEET PEeKUM HcciieoBaHusi B Hu3koM Bakyyme (LVSTD). B kauecTBe
VCTOYHHUKOB 3JIEKTPOHOB B MUKPOCKOIIE MCIOJIB3YETCS 3JIEKTPOHHAS IyIIKA C
KaToloM U3 rekcabopunaa JantaHa (LaB6), yckopsromiee HamnpsbKeHHE
yCTaHaBIMBaeTcs crtyneHyato B uHTepBasnie oT 200B no 30kxB, paspeuienue
MHKPOCKOIIa B PEKHMME BBICOKOTO Bakyyma 2,8 HM npu 30 kB. DnexTpoHHO-
ONTUYECKAas] CHCTEMa MMEET MATh PekuMoB pabothl (Pazpemenue, I'myOuna,
[Tone, Hlupoxoe mose, KananupoBanwue). JlaHHBINH MUKPOCKOT UMEET OOJIBIIYIO
KaMmepy Juisi 00pa3loB (BHYTPEHHUE pazMepbl KOTopoid 285 MM (mpuHa) X 340
MM (TJTyOMHA)), YTO TMO3BOJISET MCCIAEAOBATh KPYMHBIC T U KOHCTPYKIIUU
JeTaTeNbHbIX amnmapaToB. [IporpamMmHbie MOAYJIM MHUKPOCKOIA IO3BOJISIOT
MIPOBOJIUTH: JIMHEHHbIE U3MEpEHUs, 00padoTKy n300pakenuid, 3DckaHupoBanue
(moy4yeHue U CoOXpaHeHne 00bEMHBIX CTEPEOCKONTNYECKUX U300paKeHuil),

KanmuOpoBKa Mapkepa sl Cepud HM300paKEHUU,MOJICYET IUJIOIIATU

O00BEKTOB, U3MEPEHHUE IOMYCKOB, apXUBUPOBAHNE N300paKEHHIA.
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Cucremaananmm3a »djeMeHTHoro cocrtaBa wmarepuaioB ADVANCED
AZTEC Energy(skimodas Inca Energy 350) Ha Oaze
HHEPIOJIUCTICPCHOHHOTOICTEKTOPA X-MAX50 (STANDARD)-cucrema
AHEPIOJIUCIIEPCUOHHOTO MUKpOaHar3a ¢ 6e3a30THBIM AeTekTopoM X-MAXS50 ¢
JNETEKTUPYIOIIUM  3JIEMEHTOM AaKTUBHOW IUIOWIAABI0 Kpuctauia SO0mm2,
npelHa3HaYeHHass JUIg OIpeAeNieHus DJIEMEHTHOrO cocTaBa B o0yactu
B3aMMOJICHCTBHSI ~ Tyyka  DSJIEKTPOHOB €  TOBEPXHOCThIO  oOpa3sia,
YCTAaHOBJICHHOTO B KaMepy CKaHHMPYIOUIEro AJIEKTPOHHOTO MHUKPOCKOIIA.
Hetextop X-MAX 50 peructpupyet usnydenus ¢ qiauHoi BosHbI 0,06-10 HM,
yTO coOoTBETCTBYET AHepruu 0,1-30 kOB WM nuana3oHy CIEKTPAJIbHBIX JIMHUN

QJICMCHTOB OT 6CpI/IJIJ'II/IH A0 IITYTOHH:.

BKCHepI/IMeHTaJILHaﬂ 4acTb

[Ipumepbl  nmpuMeHEHUs ~ MeToJa  CKaHUPYIOLIEH  DJIEKTPOHHOU
MUKPOCKOIIMM ¥  PEHTTCHOBCKOTO  CIEKTPAJIBHOTO  MHUKpOaHalIM3a Ha
mukpockone « TESCANVEGA 3 XMU»

MeToauku MOATOTOBKH OOPa3IOB KOMIO3UTOB U METOJ CKaHUPYIOIICH
AJIEKTPOHHOM MHKPOCKOIIMU TIO3BOJIMJI BBIIBUTH HEKOTOPbIE OCOOEHHOCTH
pacmpefienieHuss W BIMSHUAA HAHOMOAU(PHUKATOPOB  (TEPMOPACIIMPEHHBIHN
HaHOTpadUT W  acTpajieH) Ha MHUKPO(DA30BYIO CTPYKTYpPY  MATPHUIIBI
YTIETIaCTHKA TTOCIE UCTIBITAaHUST HA U3THO.

OOnapykeHO, YTO TpH BBEACHUH HAHOMOAM(PHKATOPOB B MATPHUILY
yTIeMIacTUKa MPOUCXOJAUT HM3MEHEHWE IUCIEPCHBIX YacTUIl MUKPO(}a30BOit
CTPYKTYphl MaTpuiel. Tak MukpodaszoBass CTpyKTypa MAaTpPHUIBI HCXOIHOTO
yraemnactuka (6e3 HaHoMoau(HUKaTOpa) UMEET KPYIHbBIE TUIOTHOYITAKOBAHHBIE
YacTHUIBl JucriepcHO ¢a3bl pazmepamu a0 350 uM (pucynok 1r). Ilocre
BBEJICHUS B MaTPUIly TEPMOPACIIMPEHHOTO HaHOTpadUTa NUCTIEPCHBIE YaCTHUIIbI

MUKpPO(a30BOH CTPYKTYpbl MAaTpHIIbl YTJCIUIACTUKA O00pa3yloT JIJIMHHbBIE



nernoyku (or 2 g0 6 MKM), KOTOpBIE COCTOAT M3 00jiee MEIKOAUCIEPCHBIX

gacTull pasmepamu A0 150 M, mpryeM o0beMHas 10 TUCTIEPCUOHHON CPEIIbI

yBenuuuBaeTcss  (pUcyHOK  2r).  MUKPOCTPYKTYpHbIE  HUCCJEIOBAHMUS

MUKpO(a30BOH CTPYKTYphl YIJEIIACTUKA MOAU(PUIMPOBAHHOIO acTpPaJICHOM
MoKa3ajgh, YTO YacTULIBI JUCIEPCHON ¢a3bl IUIOTHOYNAKOBAHHBIE HMEIOT

pa3zmepsl 10 150 HM., a oObeMHas O JUCIIEPCUOHHOM CpE/Ibl YMEHbILAETCS
(pucyHok 3r).

o
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BI: 10.00
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SEM MAG: 2.01 kx WD: 10.10 mi VEGA3 TESCAN| SEM MAG: 30.0 kx WD: 10.09 mm
BL: 8.00 Det: SE
Date(m/dly): 09/25/15 8

| | VEGA3 TESCAN|
Dryn "BUAM™

3

Dryn “BUAM™

Pucynok 1 — MUKpOCTpyKTypa OBEPXHOCTH PAaCCIOCHHUS yriemniacTuka (0e3
HaHOMOJM(DUKATOPa) MOCIIC UCTIBITAHUS HA U3THO:
a) o01Mil BU MoBepxXHOCTU paccioenus, X200; 6) TOpCHOHBI B MaTPULIE MEXTY
yriepoaHsiMu BotokHaMmH, X 1000; B) To xe, Xx2000; r) MmukpodazoBas

cTpykTypa maTpuilsl, x30000
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SEM MAG: 2.00 kx WD: -1010 mm SEM MAG: 30.1 kx WD 10.35 mm
BI: 9.00 Det: SE BI: 6.00 Det: SE

Date(m/dly): 10/22/15 016 SrYN "BUAM" Date(midly): 09/28/15 31

PrucyHok 2 — MUKPOCTPYKTypa MOBEPXHOCTH PACCIOCHUS YTIJIEIIACTUKA
(MomudUIIMPOBAaHHBIN TEPMOPACIIUPEHHBIM HAHOTPA(UTOM) TIOCTIE UCTIBITAHUS
Ha U3ruo:

a) oOmIMii BU MOBEpXHOCTH paccioeHust, Xx200; 0) TOpCHOHBI B MATPHUIIE MEKIY
yraepoaabiMu BosiokHamu, x2000; B) BkItoueHus rpadguta B matpuiie, x2000;

r) MukpodazoBas cTpykrypa matpuiibl, x30000
Tak e U3 TMOJNY4YEHHBIX METOJIOM CKaHUPYIOUIEH 3JIECKTPOHHOMU
MUKPOCKOITMHU JAHHBIX UCCIEAYEMbIX HAHOMOIU(DUIIMPOBAHHBIX YIJICIIJIACTUKOB
YCTAaHOBJICHO, YTO HAHOMOAM(AKOTOPHl HEPABHOMEPHO pAaCHpPEIENSIIOTCS B
obbeMe yriemiactuka, oOpasys KpyIHble arperatbl (pucyHku 2a,B; 3a-B).

MexaHu3M paspylieHHs YIIICIUIACTUKOB IMOCJE MCHBITAHUNA HAa U3rM0 BO BCEX



TpeX clydasiX TOPCUOHHBIN ¢ 00pa30BaHHEM TOPCUOHOB PA3JIMYHBIX Pa3MEPOB U

(dbopMBI B MATPHUIIE MEXKTY BOJTOKHAMH.

TSP &

JEFAI ¥ &
VEGA3 SEM MAG: 1.00 kx WD: 9.64 mm
BI: 8.00 Det: SE
Dryn "BUAM™ Date(m/dly): 10/01/15 04

SEM MAG: 6.04 kx WD: 9.66 mm VEGA3 TESCAN SEM MAG: 30.2 kx WD: 9.90 mm VEGAS3 TESCAN|
BI: 8.00 Det: SE
Date(m/d/y): 10/01/15 05 Dryn "BUAM™ E Dryn "BUAM™

Pucynok 3 — MUKpOCTpyKTypa OBEPXHOCTH PACCIOCHUS YTIJIEIIACTUKA
(MoM(UIIMPOBAHHBIN aCTPaIEHOM) IMOCTIE UCTIBITAHUS HA U3THO:
a) 001U BUJ MOBEPXHOCTU PACCIOCHUS C BKIIOUEHUSIMU acTpaseHa, x200;
0) arperaThl acTpajieHa B MaTpHIIE MO YIJIepOIHbIMU BoJiokHamu, X 1000;
B) arperaTsl acTpaJieHa B MaTpULE MO/ yIJIEpOIHbIMU BoslokHaMu, x6000;

r) Mmukpoda3zoBas cTpykrypa Matpuiibl, Xx30000

Meronom CKAaHUPYIOILEH JJIEKTPOHHOMN MHKPOCKOIINU u
PEHTI€HOCIIEKTPAJIBHBIM MUKPOAHAIU30M IIPOBEICHBI UCCIIEIOBAHHUS

MUKPOCTPYKTYPBl 00pa3lOB KEePaMHUECKOr0 MOKPBITUS U3 CyXOro ILIUKepa
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nocie nomona B TeueHue 10 m 40 yacoB W mpolieAlIMe MOCIEAYIOUIYIO

TepMo0oOpaboTKy B TeueHHE |1 1 3 MUHYT.

Pucynok 4 — MuUKpoCTpyKTypa OBEpXHOCTH 00pa3lia KepaMHueCKOTro
MOKPBITHS HA OCHOBE CYXOT0 IIIMKepa rocie nomosna B reuenue 10 gac (a), 40
yac (0) u mocneayroias TepMmooOpadoTka B Teuenue 1(a) u 3(6) MUHYT npu

1000 C.

HccnenoBanusi MUKPOCTPYKTYphl 00pa3la KepaMUYECKOTo MOKPBITHS U3
cyxoro nuiikepa (rmomois B redyenue 10 yac) u nocnenyromas tepMooopadoTka
npu 10000C B Teuenue 1 MuH nokaszaiu (pUCYHOK 4a), HAJIMYUE B HEM KPYITHBIX
da3zoBbix oOpa3oBanuii (armomepaTtoB) ¢ pasmepamu 0,5 — 1,0 mMm. OTH
armoMepaTsl 00JaNaloT CPaBHUTEIHHO TJAIAKOW MOBEPXHOCTHIO W OKPYTIION
dbopmoi, MeXIy HUMH HAXOMSTCS TPOCIOUKH C Oojee pa3BUTON CTPYKTYypor
MOBEPXHOCTH.

HccnenoBanust TmoOKa3ajid, YTO JaK€ HE3HAUUTENBHOE YBEIMYCHHE
BpeMeHu TepmooOpabotku 10 3 MuH npu 10000C mpuBOAUT K 3aMETHOMY
U3MEHEHUI0O  (OPMHUPOBAHUS  MHUKPOCTPYKTYPHI ~ MOBEPXHOCTH  00pasia
KepaMUYEeCKOro TMOKpbITUS (pucyHok 4). B a3ToM cnydae armomeparsl

KepaMHUYECKOTO TOKPBITHS B Tporecce ero (HopMupoBaHHs MPETEPIEBAIOT



3HAYUTEJIbHbIE M3MEHEHMs], CBSI3aHHbIE C XMMMUYECKUMHU B3aUMOJICHCTBUSMU
HAXOJSIIMUXCS B HUX KOMIIOHEHTOB W TOCIEAYIOUIUM 00pa3oBaHHMEM HOBBIX
MUKPOCTPYKTYp. Tak, B MOKPBHITUM HAa OCHOBE CyXOIO IIJIUKEpa ¢ MOMOJIOM B
TedueHne 10 dyac OOHapyXEHO BBIACICHUE YHOPSAJOUYEHHOW MEPBUYHOM
CTPYKTYpPHl B BHJI€ YacTHUI] ¢ MHUKPOHHBIM pasmepom (pucyHok 4 6-r). Ha
IPUBEEHHBIX MHUKpO(OTOrpapusix, IOJYyUYEHHBIX B PEKHUME OTPAKEHHBIX
JJIGKTPOHOB, YETKO BHUIHO BBIACICHWE 4YacTHIl HOBOM (a3pl Ha Bcei
IIOBEPXHOCTH TOKPBHITUA. BplenuBimecs NEpBUYHBIE YACTHUIBI UMEIOT
MHOTOYT'OJIbHYIO (DOPMY CO CpPaBHHUTEIBHO POBHBIMH CTOPOHAMU M OCTPHIMHU
yriaMd MEXIy HHMH, KOTOpblE BEChbMa IIOXOXXM Ha KpPUCTAJUIMYECKHUE
oOpazoBanusi. Ha pucynke 4 6-r BUAHO, YTO 3THU YaCTHUIBI 00pa3ylOTCs Kak B
BUJIE €IMHUYHBIX OOpa30BaHUM, TaK M YaCTUYHO OOBEIUHSIOTCS B arperarsl,
NPEACTABIIAIONINE JIMHEWHbIE LEMOYKM M3 IUIOTHO PACHOJIOKEHHBIX IPYr C

JPYrOM YacTHIL.

N T T R T R T R I
1 3 A 5 6 7 -t

PucyHnok 5 — PeHTreHocneKkTpaibHbIi MUKPOAHAJIN3 JJIEMEHTHOTO
coCTaBa IMOBEPXHOCTH 00pa3lia KepaMHUUECKOT0 MOKPHITHS HAa OCHOBE CYyXOI'0

HUTHKEPA.
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PucyHok 6 — PeHTreHoCnieKTpaibHbIi MUKPOAHAIIU3 3JIEMEHTHOIO
COCTaBa MEPBUYHBIX YACTHUIL B arperaTe Mo JUHUN CKAHUPOBAHUS CTPYKTYPbI
MMOBEPXHOCTHU 00pa3iia KepaMUIECKOTr0 MOKPHITUSI HA OCHOBE CYyXOr'o IIIJIUKEpa

(a): (6) ananu3 Bcex dIEMEHTOB; (B) aHAJIU3 MO KPEMHHUIO.

PenTrenocnexkTpaibHbIM aHAIU3 HOBEPXHOCTH KEPAMUYECKOTO MOKPBITHUS
HAa OCHOBE CyXOro IITUKEepa OMpEeAeIUi €ro OOIUi 3JIEMEHTHBIM COCTaB,
KOTOpPBIA TIPUBEAECH HAa PUCYHKE 5. DJIEMEHTHBIM MHKPOAHAINU3 TEPBUYHBIX
YaCTUII B arperare 1o JUHUUA CKAHUPOBAHUS UX TOBEPXHOCTH MOKa3al (PUCYHOK
6), UTO B COCTaBE€ BBIJICIUBIINXCS YaCTHUI] COACPIKATCS B OCHOBHOM COCIMHECHUS
KPEMHHUSI M B 3HAQYUTEJIILHO MEHBIIECH CTENEHW JPYrue AJIEMEHTHI (KUCIOpOJ,

YKEJe30, HaTPU, MarHUi, KaabIUi).

11



CJIGI[OB&TCJ'IBHO, MCTOJ CK&HHpYIOHIGﬁ SHCKTPOHHOI?I MHUKPOCKOIINH
MMO3BOJIMJI YCTAHOBHUTBb, 4YTO CTCIICHb JUCIICPIrUPOBAHHA CYXOr'o IIJIMKEpa U
Mop(bonomqecmae 0COOCHHOCTH IMIOJIYUCHHBIX MAKpPO- HW  MHUKPOYACTHUI]
HOpOHIKOO6p&3HOFO CTCKJIOHAITOJIHUTCIIA CYIICCTBCHHO 3aBUCAT OT YCJIOBI/Iﬁ
ImomMoJia. MGTOI{ PEHTTCHOCIICKTPAJIbHOI'O MUKPOAHAJIN3a IMO3BOJINJI YCTAHOBUTD
AJIEMECHTHBIA  COCTaB qaCTHI HOBOU (1)331)1 B BHUIAC KPUCTAINIHYCCKHUX

oOpa3oBaHMii HA BCEH MOBEPXHOCTH MOKPBITHS.

BoiBOABI

Pa3paboTanHble METOOUKH MO3BOJSIOT MPOBECTH OTOOP U MOATOTOBKY
HEMETAJUIMYECKMX KOMIO3ULIMOHHBIX MaTEpPUAJIOB K MHUKPOCTPYKTYPHBIM
UCCIEIOBAHUSIM U PEHTIEHOCIEKTPAIIbHOMY  MHUKpPOAHalu3y, BBISBHUTH
CTPYKTYpPY KOMIIO3UTa Ha MAKPO-, MUKPO U HAHOYPOBHSIX.

[IpuMeHeHne MeToAa CKaHHUPYIOIIEH 3JIEKTPOHHOM MHUKPOCKONMHU Ha
MIPaKTUKE MOKa3aj0 BO3MOXXHOCTh HMCMOJb30BATh €0 JJI BBISABICHHUS TOHKOU
CTPYKTYPbl HEMETAUIMYECKUX KOMIIO3UIIMOHHBIX MAaTE€pUaloOB, BKIIIOUYECHHI,
nedeKTOB U HEOJHOPOIHOCTEN MU pa3paboTKe, U3TOTOBJICHUU U HKCILUTyaTallluu
ATUX MAaTEpPUAJIOB

Meron peHTreHOCIEKTPAIIBHOIO MUKPOAHAIN3a UACAIBHO MOAXOAMT IS
ONpENEIICHUS] BKIIOYEHUNM HE TOJBKO HEOPraHWMYECKOM NPUPOIbI, HO U
opraHudeckue coeauHeHus. CKaHMpPOBAaHUE IIYYKOM JJIEKTPOHOB YYacTKa
MOBEPXHOCTU 00pa3iia MO3BOJISET MOJYUUTh €r0 CIIEKTP, KOTOPBIN JAeT MOJIHYIO
uH(MOpPMAIMI0O O MPUCYTCTBUU TE€X WIM HMHBIX XUMHUYECKHX 3j1eMeHTOB. [lpu
3TOM aHAJIM3€ MOYKHO T[OCTPOUTHh KapTy pacHpenesieHuss XHUMHYECKUX
3JIEMEHTOB B HCCIENYEMOMN o0yacTu. PeHTrenocnexkrpaibHbIi
MUKpPOAHAIN3aTOp MO3BOJISET JOKAIU30BaTh 00JIACTh UCCIIEI0BAHMS, OTPAHUYNB
ee HEOONBIION O007acThl0 HA TMOBEPXHOCTH oOOpasma Wi W3AeHus U

AHAJIU3UPOBATH XUMHUYECKHH COCTaB IMOCTOPOHHUX BKJIFOUCHHM.
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