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Pucynok 3 — CrekTpbl KOMOWHAITHOHHOTO
paccestHus 0T 00pa3ioB Cz Si UMIUTaHTHPOBAHHBIX
BozopoaoM no3zamu 0.1, 0.5 x 10 u 1 x 10 ar/cm?

# 00paboTaHHBIX B I1a3Me Bogopoaa mpu 300 °C.

i nyEnpeungl

Ha pucynke 4 mpezacraBieHHsl mganHble COM,
NOJyYCHHbIE C HOBEPXHOCTH o00Opa3ua KpeMHus,
UMILIAaHTUPOBAHHOIO remmeM o3oi 5-10%° ar/em? u
oOpaboTaHHBIX B 1u1a3me Bojxopoza npu 300 °C.

o—e Gz Won Tem 20 o

MNOBCPXHOCTHU o6pa3ua

Pucynok 4 — O6pa3z COM
KPEMHHSI, COJIEPXKAIIEro MACCUB 00pa3oBaHMi
U OIMHOYHOE KOHHYECKOEe 00pa3oBaHHe.

Kak BUJIHO U3 PpHCYHKa 4, Ha MNOBCPXHOCTHU
erMHHeBOﬁ IJIaCTHUHBI, IIOCJIC COOTBCTCBYIOMINUX

VIIK 621.371.39

00paboTOK, (OpPMHUPYETCSI MAaCCHB KOHHYECKUX
MOBEPXHOCTHBIX 00pa30BaHHUIA.
JlanHble  KOMOWHAITHOHHOTO
TIPENICTaBICHHBI HA PUCYHKE 5.
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PucyHnok 5 — JlaHHbIe KOMOMHAIMOHHOTO PACCESTHUS
B CIIEKTPAJILHOM JHAaIa30He, COOTBETCBYIOLEM
OCHOBHOH TMHUH KPEMHUS (CJIE€BA) U MOJIOKCHHIO
BOJOPOJHOM MOJIEKYJIBI B pEIIeTKE KPEeMHUS
(ctipaBa)

W3 mpeicTaBiICHHBIX JAHHBIX BHUIHO, 4YTO
KOHMYECKHE O0pa30BaHUs HE HMMEIOT HAMPSKCHHMA
pacTsDKeHHs/CKaTHsl, W CHTHAT CONOCTABJISEMbBIN
BOJIOPOTHOW MOJIEKYJIe, He HaOIrogaeTCs.

JIuteparypa

1. N.V. Frantskevich, A.V. Frantskevich,
A.K. Fedotov, A.V. Mazanik // Journal: Solid State
Phenomena. — 2009. — Vol. 156-158. — P.91-94.

2. Bernard Terreault, Phys. stat. sol. (a) 204, No. 7,
2129-2184 (2007).

KOMITIO3UTHI HA OCHOBE TUTAHOBBIX COEJIMHEHUI
JIJISI DKPAHUPOBAHMS PAJTMOSJIEKTPOHHOM AIMAPATYPHI B CBU-TUAIIA3OHE

Boiinpas O.B., Borym H.B., JIsinbkoB JI.M.
Benopycckuii 2ocydapcmeennblii yHusepcumem uHGOpMamury u paouodiekmpoHuKu
Mumnck, Pecnybauxa benapyce

Onanm u3 (haxTOpOB, OTIPEIETITFOIIIIX
HaJeXHOCTD paboTEI PaauOIEKTPOHHOM
anmapatypel (PDA), sBisiercs ee 3alUIICHHOCTh OT
BO3JICUCTBUS 3JIEKTPOMAarHUTHOTO M3nydeHus (OMU)
CBUY-mnanazona. B Hacrosimee  Bpemsi  3TO
obecrieunBaeTcs IMyTeM DJIEKTPOMArHUTHOM pa3BsI3KH
KOHTYpPOB  TakOW ammaparypel  Ju0O  IyTeMm
METaJIM3alUl KOPITyCOB, B KOTOpPBIE 3aKJIFOUEHBI €€
n3Tyqaromue  31eMeHTbl.  OIHaKo — CIEACTBHEM
peanu3aniy BTOPOro U3 YKa3aHHbBIX CIIOCOO0B MOXKET
SIBIIATHCS BO3HHUKHOBEHHE NePEOTPAKEHHBIX
AIIEKTPOMArHUTHBIX BOJH. OTH BONHBI, Oyaydd
HaBEJICHHBIMHM Ha IIPOBOJHBIC JIMHUM, MO KOTOPHIM
TIepealoTCsl CUTHAJBI ypaBieHus: POA, okas3bIBaloT
BIMSIHHE HAa  HAJGKHOCTh  (DYHKIMOHHPOBAHUS
nocneqHeil. Penenune Takoil npoOiieMbl peau3yercs
myTeM CHIDKEHHS HaIPsHKEHHOCTH OMU,
MIepEOTPaskaeMOoro 0T METAIIIM3UPOBAHHBIX KOPITYCOB
paccMaTpuBaeMoil ammaparypsl. [l 3Toro Ha HHX
HaHOCSIT MaTepHaIbl, XapaKTepU3yIOLTHecs
JIIIEKTPUIECKUMHU I MarHUTHBIMA
cBoiictBamu [1]. B kauecTBe Takux MarepuanoB B

208

paboTe mpemIaraeTcst MCHONB30BaTh KOMIIO3UTHI C
HAaIOJHUTEISIMY, COZIepKAIUMHU TUTAHOBBIC
coenuHeHns. K HUM OTHOCSTCSI OPOLIKOOOpa3HbIe
JIMOKCUJ THUTaHA U TUTAHOMAarHEeTHT, KOTOpPbIE IIO
CPaBHEHUIO C HUHBIMHU INOPOIIKOBBIMH CTPYKTypamu,
obecrieynBaroOmMMU  moTepu  dHepruun  OMU,
XapaKTEePU3yIOTCS HEBBICOKOH CTOMMOCTBIO.

IMonyuenue HPEUIOKEHHBIX KOMITO3UTOB
pealn30BaHO C IIOMOLIBIO METOJa JIMTHEBOTO
npeccoBanus. [Ipm 3TOM B KadecTBE MaTpPUIIBI
NPUMEHSIICS.  KPEeMHMHOPraHMYEeCKHH  TIOJIMep.
Be16op nocenero 00ycinoBiIeH TeM, YTO MaTepHallbl
Ha €ro OCHOBE XapaKTepU3YIOTCS CBOICTBOM
ruOKocTH (IIpU  YCJIOBHH, YTO OOBEM IOJIHMMEpa
coCTaBIsIeT, Kak MUHUMYM, 50 % ot obmero oobema
Marepuana).

OKCHepHMEHTAIEHOE o0ocHOBaHHE
3(pPEKTUBHOCTH  WCIIONB30BAHHUA  TNPEIIOKECHHBIX
KOMIIO3UTOB B IIENAX CHIDKEHUS HANPSHKEHHOCTH
OMU, mepeorpaxaeMoro OT  METANTHIECKAX
MaTepHaloB, BBITOJIHSIACH ITyTEM OLEHKH 3HAUCHUH
nx  kodpduumeHta  orpaxenus. Ilpuy  ITOM
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Cem;u}z 3. Duzuueckue, d)u3uK0-MameMamuquKue, Mamepucmoeedqecmte U mexHojiocudeckKkue OCHoe6bl npu60pocmpoenu}l

NPUMECHSUICS  alllapaTHO-IPOTPAMMHEIA  KOMIUIEKC,
BKJIFOUAIOIIUI B ce0sI CIICAYIOIINE JICMEHTHI:

1) nanopamusiii usmeputenas SNA 0.01-17;

2) npyueMO-TIEpEIAIONINI  TPakT HA  OCHOBE
BOJTHOBOJIOB M JIBYX aHTEHH Tuna [16-23M;

3) u3MepuTENbHBIE OJOKH JUIA OTBETBIECHHSA M
JNETCKTHPOBAHUS AMIUIATYABI  3JIEKTPOMATrHUTHBIX
BOJIH, MAJAIOMKAX HAa TIOBEPXHOCTh HCCIIETyEeMBIX
00pasIoB 1 0TPaKaeMbIX OT HEe;

4) mepCoHANBHBIM  KOMITBIOTEP, Ha KOTOPOM
YCTAHOBJICHO CIielaabHOe POrPaMMHOE
obecrieueHne JJIs YIPABICHUS IPOLIECCOM HM3MEPEHHIA
U PETHCTPAIMU UX PE3YJIbTATOB.

W3mMepeHuss ¢ UCMOJIb30BaHHEM  OIHMCAHHOTO
anmapaTHO-TPOTPAMMHOTO KOMITIEKCa BBITTOIHSITICH
B aBTOMAaTH3MPOBAHHOM DPEXHME B COOTBETCTBUH C
METOIWKOW, TpEeNCTaBIeHHOH B  pabore [2].

HccnenoBanublii IUana3oH qacTOT DOMU -
0,7...17TTu. Beibop yKa3aHHOTO JAWaNa3oHa
00yCIIOBIICH YaCTOTHBIMU XapaKTePUCTUKAMH

no6ounoro MU copemennoii POA [3].

BenuunHa mara u3aMeHeHHs 3HAYCHUS YacTOTHI
cocrapistia 0,005 I'Tn um 0,05 I'T B 3aBUCHUMOCTH
OT TMOJJHWana3oHa, B KOTOPOM  TPOBOJMIHCH
W3MEpEHUs (0,7..21Tn WIn 2...171Tn
COOTBETCTBEHHO). KOIMYECTBO KOHTPOJIBHBIX TOYEK,
Ha KOTOPBIX MPOBOAMINCH HW3MEpPEHUS 3HAYCHUI
ko3pduieHTa orpaxkeHns OMM B yka3aHHBIX
Mana3oHax 4actor — 512.

Ha pucynkax 1 u 2 mnpexacrtaBieHbl 4YaCTOTHBIE
3aBUCUMOCTH Kod(puumenTa orpaxennss OMU B
muanazone 0,7...17 TTp oOpa3moB MpeioKeHHBIX
KOMITO3UTOB. B Xome wu3mepeHmii 3Tux 00pasIlsl
pasMeImaIMCh HAa  METAIMUECKUX  IMOJIOKKAX.
TommuHa 06paznos coctasisiia 0,5+0,1 cm.

N3 puynkoB1 wm 2 cnemyer, 4YTO 3HAYCHHS
ko3 dunmenTa orpaxxerns IMU B nuana3zone 4acToT
0,7...2 T KOMIIO3UTA C HAIOJHUTEIEM HAa OCHOBE
MOPOIIKOOOPA3HOTO AUOKCHIA TUTAHA M3MCHSIOTCS B
npeaenax or —2 no —23 nb, a B JuamazoHe 4acToOT
2.17TTu - or -6 mo -16xab. Ilpu 3ToM
paccMaTpUBaeMBbIit KOMIIO3UT oOecrie4ynBacT
HaWOOJIbIIeE CHIDKCHHE HampspDkeHHOcTH OMU,
OTpaXKaeMOT0 OT METaJUIMYEeCKOTO MaTepuaia, IMpH
YCIIOBHH, YTO YaCTOTA TaKOTO M3IYyYEHHS COCTABIISIET
1,2 I'T. Takasgs 0ocoOEHHOCTE MOXET OBITH CBSI3aHA C
TEeM, YTO Ha YKAa3aHHOW dYacToTe OOeCIeUMBACTCS
MaKCHMAaJIbHOE 3HAYCHUE pasHocTH ¢a3
JJIEKTPOMATHUTHBIX BOJIH, OTPaXKaeéMbIX OT TPaHUI]
paszena «BO3YyX—KOMIIO3UTY, «KOMITO3UT—
METAJUIMYECKUIA MaTepua;y, «KOMIIO3UT—BO3IYX».
D10 00ycraaBiIMBacT B3aMMHYIO KOMIICHCALUIO HX
9Hepruu. 3HaueHus kodpduimenrta orpaxerns MU
B pauamnazoHe dvacrtor 10...11Tu y kommosura c
HATIOJIHUTENIEM Ha OCHOBE TMOPOIIKOOOPa3HOTO
TUTaHOMarHeTura Bbllle Ha 1...8 n1b Humxe, yeMm y
KOMITO3WTa Ha OCHOBE JHOKCHAA THUTaHa. OTO

06YCJ'IOBJ'IGHO SIBJICHUCM €CTCCTBCHHOI'O
(I)eppI/IMaFHI/ITHOFO pe30HaHCca, BO3HHUKAIOIICTO
BCJIICACTBUC TIOTJIOICHHUA THTAaHOMAarH€cTUTOM

SHEpruM B3auMoJeicTByromero ¢ HuMm OMU
YKa3aHHOT'O JJMara3oHa 4actor [4].
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Pucynok 1 — YacTtoTHas 3aBUCMOCTD KO3 PHUITHESHTA
orpaxenust OMU B muanaszone 0,7...2 I'T1 o6pasios
KOMIIO3UTOB C HAIOJHHUTE]IEM Ha OCHOBE JHUOKCHIA
tuTana (1) U TuTaHOMarHeTHTa (2)
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PucyHok 2 — YacToTHas 3aBUCUMOCTE KO3 PHITHEHTA
otpakenust OMU B nuanazone 2...17 [T oOpasios
KOMIIO3UTOB C HAIOJHHUTE]IEM Ha OCHOBE JHUOKCHIA
tuTana (1) u THTaHOMarHeTHTa (2)

3nayeHns kodpdummenta orpaxkenns OMU B
muanazoHax vactor 0,7...10ITw u 11...17 1T y
paccmaTpuBaeMoro kommosuta Ha 1...15 nb, 4em y
KOMITO3MTa Ha OCHOBE IMOKCU/A TUTaHA. DTO CBA3AHO
C TEM, YTO TIOPOIIKOOOpPa3HbI THUTAaHOMAarHETUT
XapakTepusyercss y3KMM  paboyuM  JHara3oHOM
9acToT.

IIpencraBnennsle  3Ha4eHUS  Kod(dummeHTa
orpaxeHuss OMU  KOMIIO3UTOB  COOTBETCTBYIOT
COOTHOIICHHIO 00BpeMOB HAITOJTHUTEIeH u
CBA3YIOIIETO B  HHX, cocraBmmomemy  l:1.
OmnpeneneHo, 9To YKa3aHHOE COOTHOIICHUE SBISICTCS
ONTHMANBHBIM, T.K. TPH HEM 00eCIIeYnBaIOTCS
MHHHMAaJIbHO BO3MOJKHBIE BEJIMYMHBI HCCIIETYyEeMOro
napamerpa JJisl KOMIIO3UTa IPH YCIOBHH OTCYTCTBHS
JIECTPYKIIMU TOCIICAHEr0, 00YCIOBICHHON copOnueit
BJIaru u3 CBSI3YIOIIETO YacTHULAMH
MOPOIIKOOOPA3HOTO HAMIOJTHUTEIS.

Takum 00pa3om, Ha OCHOBE aHaJIM3a MOJTYYSHHBIX
Pe3yJIbTATOB MOXKHO CJ/IeJIaTh BBIBOJ O TOM, YTO B
LEIIX CHIDKEHHUS HaNpsHKEHHOCTU OMU,
MepeoTPaskaeMoro OT METAIUTU3UPOBAHHBIX KOPITYCOB
PDA, Hanbonee >(QPEKTUBHBIM IIPEACTABISACTCS
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UCIIOJIb30BaHUE KOMIIO3UTOB, B COCTaB KOTOPBIX
BXOJIUT TOPOIIKOOOpa3HBIA IHMOKCHI THTaHa. llpu
9TOM MOXXET HCIIOIB30BAThCS OOMH W3 CIEAYIOMINX
CHOCO00B.

Croco6 1. Hanecenne  Ha
HaxOoAIIeNnCs B JKUIKON ¢aze cMecHu
KPEMHUHOPTaHIMYECKOTO roJmMepa u
MOPOIIKOOOPa3HOTO JHOKCHIa THTaHa. CMemBaHue
yKa3aHHBIX KOMIIOHEHTOB MpPU 3TOM HEOOXOIMMO
peanu30BbIBaTh C  IOMOINBIO  NPOMBIIIIEHHOTO
MuKcepa. TommMHa HAHOCHMOTO CJIOSI CMECH OyzeT
OIpesIeNIsITCSl TPeOOBaHUAMHM K JIMAIia30Hy YacTOT
OMHU, B KOTOPOM HEOOXOAMMO OOCCIICUUTH
HaubosbIIee CHIDKEHUE HaIPSDKEHHOCTH
nepeoTpaskaeMoro OMMU (T. e. HAaMMEHbIIIee 3HAYCHUE
koddpummenta orpakeHus OMU  cTpyKTypHI
«METaJTU3UPOBAHHAS MTOBEPXHOCTH—KOMITO3HTY).
MuHnrManbpHAS BeIHMIrHA K03 uIieHTa 0TpaskeHus
OyIeT COOTBETCTBOBAaTh YACTOTE, Ha KOTOpPOU
3HAUCHHE JUTMHBI 3JICKTPOMArHUTHOM BOJHEL B 4 pas3a
MPEeBBIIIaET TOJIIMHY CJIOoA Kommo3uTa (T.e.
CTPYKTypa  «METaJUIM3UPOBAHHAs  I[TOBEPXHOCTh—
KOMTIO3UT» OYJIeT 4eTBEPTHBOIHOBOH).

Crioco0 2. 3akperyieHle Ha CTEHKaX KOPITyCOB

kopmyca  PDA

VIK 621.315.4/.61

POA  ¢parmeHTOB  KOMIIO3UTAa  C

TEPMOCTOMKOTO KJIEs].

IIOMOIIBIO

Jluteparypa

1. CamokBacoBa, IO.H. Meroauka BbIOOpA
KOHCTPYKIIMOHHBIX ~ MaTepHalioB Ui 3ajad
9KpaHUPOBAHMSA JJIEKTPOHHBIX CpeAcTB /
I0.H. CamokBacoBa, M.A. Pomamenko // BecTHuk
BOPOHEXKCKOTO  TOCYJapCTBEHHOTO  TEXHUYECKOTO
ynusepcurera. — 2012. — T. 8, Ne 5. — C. 48-50.

2. Pagnoskpanupytomniye MOy IbHBIC
KOHCTPYKIIMM ~Ha  OCHOBE  ITOPOIIKOOOpa3HBIX
MmarepranoB / mox pexa. JL.M. JlpiHpKOBa. — MHUHCK:
Bectnpunt, 2013. — 184 c.

3 Ak0Oaies, B.b. 3amura 00BEKTOB
TENEeKOMMYHHKAIHI oT JIIEKTPOMArHUTHBIX
Bo3geiicteuii /  B.b. AxGares, H.B. Bamoxk,

JLH. Keunes. — M.: I'pucon, 2014. — 472 c.

4. DexTpoJMHAMHIYECKHE CBOICTBA TUCTICP-THPO-
BaHHbBIX reKcaepPUTOBBIX HATIOIHUTENEH U PaNOIIO-
romarommx nokpeitud  /  C.B. CepeOpsiHHHKOB
[m mp.] // DnekTpruecto. — 2013. — Ne 5. — C. 37-40.

MEXAHUYECKHUE XAPAKTEPUCTHUKH 3KPAHOB 3JIEKTPOMATHUTHOI'O U3JITYYEHUA
HA OCHOBE UTI'JIOITPOBUBHOI'O MATEPHUAJIA

Aoynxanu X.J.A., Ilpyanuxk A.M., JIbinbkoB JI.M.
FBenopycckuii 2ocyoapcmeennblii ynusepcumem uHGopmMamuxu u paouodiekmpoHuKy
Mumnck, Pecnybnuxa benapyce

Iempto paboThl sBISIETCST pa3paboTkKa HKpaHOB
OJICKTPOMArHUTHOI'O H3JTYYCHUA Ha OCHOBC
I/IFHOHpO6I/IBHOFO mMaTtepuaia JIIA TIOBBIIICHUA
AJIEKTPOMArHUTHOM 0E30MaCHOCTH YEeJIOBEKa M CPEbl
€ro  OOWTaHMs, pELICHHS  BOIPOCOB  3al[HThI
HHQOPMAIIUK U 3JIEKTPOMATHUTHON COBMECTHMOCTH
PaIHO3ICKTPOHHBIX CPEACTB.

Jns  pemieHus IIOCTAaBICHHOW 3ajadd  ObUIH
TIPUTOTOBJICHBl JBE TPYNIBl OSKCIIEPUMEHTAIBHBIX
00pas3noB 9KpaHOB AIEKTPOMArHUTHOTO U3JTy4EHHs Ha
OCHOBE MIJI0NpoOnBHOTO Marepuaia. Ilepsas rpymma
nuMena TOKphITHE W3 KJiesi Ha OCHOBE OyTajaueH-
CTHPOJIBHOTO Kaydyka C MOPOIIKOOOPa3HBIM
TUTAaHOMAar€HeTUTOM, a BTOpas TIpymma uMena
TIOKpPBITHE u3 OTHE3aIUTHOTO cocTaBa
C MOPOIIKOOOPAa3HBIM THTAHOMAarHETHTOM.

Tommuua 00pa3noB B o0enx rpymmax ObUIa IO
4,3 MM, a coziep KaHKe TOPOIIKOOOPa3HOT0 MaTepraia
coctasiisiio 30 u 50%, COOTBETCTBEHHO.

V3amepeHnst MEXaHUUECKUX XapaKTePUCTHK 00pas-
LIOB 9KPAHOB 3JIEKTPOMAarHUTHOIO M3JIyYeHUS POU3-
Boawiau B coorBercTBUM ¢ [1]. [na wucmeitaHus
UCIIOJIb30BAINCH Pa3PhIBHBIC MAIMHBI C OTHOCUTEIb-
HOH TTOTPEITHOCTRIO M3MepeHus cisl + 1%.

OO0pa3nbl 3aKperLiid B 3aKAMax pa3pbIBHON
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MaIlIMHBI, HE KacasCh €ro UCIIBITYEMOM 4acTH, C CHIION
Hatspkenust e 60osee 0,3 H tak, 9T00bI OH HE CKOJIB3HUIT
BO BpeMs HCIBITAHUS W YTOOBI IpHiIaraeMmas Crjia
UMeNla HampaBJeHHE, MapaielbHOe ero Kpasm.
VcibITanus pOBOIIIIN B MAIIHHHOM H TIOTIEPEYHOM
HaNpaBlICHUSAX. Pe3ylbTaThl HUCIBITAaHUN 0OOpa3IoB,
pPa30pBaBIIMXCA Y  KPOMOK  3@KHMOB,  HIIU
CMECTHBIIIMXCSI TIPU UCTIBITAHUH HE YIUTHIBAIIH.

Paspymaromee ycwime F ompenensuin cpeaHuM
apu(METHUCCKUM 3HAYCHHUEM PE3YyJIbTATOB JCCATH
U3MEPCHUN B MAIIMHHOM M IOINEPSYHOM HAIpaBlic-
HusIX. Paspyimaroriee ycuime OKpyIisuiid ¢ TOYHOCTBIO
1o 0,1 H mpu 3nauennu mo 50 H, mo 1 H npu 3nade-
Husx 50...500 H, 5 H npu 3nauenusx 500...1000 H,
10 H npwu 3nauenusx csoime 1000 H. OtHOCHTENBHAS
MOTPEITHOCTh OMpPEACTICHHUS Pa3pyIIAOIIEro YCIITHS
NP pacTsHKCHWH He TmpeBeicmia = 4% mpu
noBepuTeapHOM BepostHocTu 0,95.

ViensHoe compoTuBieHue paspeiBy Fyy, kKH/M,
Berukcsuin o ¢opmyne Fyg=F/b, rne F -
paspymaroniee ycuiue, H; b — mmpuna o6pasia, Mmm.

Wunexc npouynoctu npu pactsokenun lg, H-m/T,
BbruucisuM 110 popmyiie Ie = (Fyy/ ma) 108 tne F —
yZeNpHOE CONIPOTUBICHHE pa3phiBy, KH/M; My — Macca
MaTepuana miomansio 1 M2 T.





