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OODEKT YCHUJIEHWA ®OTOTOKA

B ®OTOMOJIHON CTPYKTYPE

C [IPAMO- 1 ObPATHOBKJITOYEHHBIMU ITEPEXO/JAMU

Ilpoussedena oyenxa xod¢huyuenma po-
MO2IeKMPUYECKO20 YCUTeHUSL NO MOKY
osyxbapvepHolti Gomoouoonou Ag—
NGaAs—nGalnAs—Ag-cmpykmypol. Taxue
CmMpyKmypul, 001a0as C8OUCMEOM YCUNU-
mens, npedCcmasisgiom unmepec 0is co30a-
HUsL YCMPOUCMS npuema onmudeckux cue-
HAN08.

KauecTBeHHBIN pHEM ONTHYECKUX CUTHAIOB BO3MO-
JKCH TIPH YCIIOBUH BEICOKOH TyBCTBUTEIHHOCTH TIPHEM-
HUKOB CIIA0BIX ONTHYECKHUX CUTHANIOB. OIHAKO HCITONb-
3yeMble B HACTOsIIEE BpeMs JIaBUHHBIE (DOTOAMOABI HE
MOTYT paboTaTh 0e3 cTabMIIn3aIK padouero pexxuMa, 1
B JJABUHHOM PEXHMME B HUX YBEIMIMBAIOTCS ITyMOBEIC
TokH [1, . 143—145]. B cBsi3u ¢ 3TUM, /U151 TOBBIIIICHUS
9yBCTBUTEIHHOCTH MPUEMHHUKOB Pa3pabOTUHKH OIITOICK-
TPOHHBIX YCTPOWUCTB CTAIX 00panaThcs K OUTIOISPHBIM
(n—p—n, p—n—p) ¥ TONEBBIM TPAH3UCTOPAM C YTIPABIISIO-
M p—n-TIEPEX00M, 00JTaTaIOIIIM BHYTPEHHHIM YCHIIe-
HueM. OiHako A3 dekT HakoTUTEHHS 3aps/a B 0a3e U Cpas-
HUTENBHO 60JIbINE ToKK yTeukH (7-107° A/cm?) B Guro-
JSIPHBIX (POTOTPAH3UCTOPAX OTPAHHIHBAIOT UX UCTIOJNb-
30BaHHE MPH HU3KHX YPOBHSIX BXOAHOTO CHTHajA [2,
c. 488—507], T. K. TOJIE3HBIN CUTHAIT JOJKEH OBITH Ha-
MHOTO0 0OJIbIIIe TOKa yTeukH. Kpome Toro, 11 yBenuye-
HUS K03((HLIEHTa UX YCUIIEHHS! HEOOXOAUMO YMEHBILATh
TOJIIMHY 0a3bl, a IS yBeTHMICHHS (DOTOIYBCTBUTEIEHO-
CTH TONIUHY 0a3bl HEOOXOIMMO YBEIHYUBATh. YIHTH OT
3TOTO MPOTUBOPEUHUS CIIOKHO, T. €. OUIOJISIPHBII (OTO-
TPAH3UCTOP MOKET UMETh JTMO0 OOIBIIYIO (HOTOTYBCTBH-
TEBHOCTD, TMOO BEICOKUH KOA(DDHUIIMEHT YCHUIICHHUSL.

[ToneBbie hoTOTPaH3UCTOPHI OOIATAFOT BRICOKAM KO-
3 PUIIEHTOM YCHICHHS, OTHAKO UMEIOT OTPaHIICHHS B
YaCTH MMOBBIIICHHS YaCTOTHOTO [rara3oHa. Heobxommumo
OTMETHTH, YTO B PEKAME OTCCUKH KaHAIA OUTIOIIPHBII
TPAH3UCTOP COJCPIKHUT JIBa OOPATHO- (11—p—1) UM TIPSMO-
(p—n—p) BKIIIOUEHHBIX mepexoaa (puc. 1, a), a moneBoii
TPaH3UCTOP UMEET [1Ba OOPATHOBKIIIOYEHHBIX OTHOCUTEIb-
HO pabodero HampspkeHus (n—p—n) nepexona (puc. 1, 6).

ABTOpHI [3, 4], BOCIIOJIB30BAaBLIMCH STUMHU CBOWCTBA-
MH TI0JIEBOT0 U OUIOJIIPHOTO TPAH3UCTOPOB, pazpado-
TaJu IByX- 1 TpexOapbepHble (POTOAMOIHBIE CTPYKTYPBI
C IPSAMO- U 00PAaTHOBKJIFOUEHHBIMHU IIEPEX0JIaMHU, B KOTO-
PBIX OJTMH U3 MOJYTIPOBOIHUKOBBIX IEPEX0/I0B 3aMEHEH
Ha METaJUIONOIYIIPOBOAHUKOBBIN. [Ipu 3TOM B 3aBUCH-

a) 6)
U e 9 C
n n
) n p n B 171 |__/7
p
0
> 3

Puc. 1. DxBUBasICHTHBIE CXEMbI OUTIOJISIPHOTO (@) W MOJIEBO-
ro (6) TpaH3HCTOPOB B PEIKUME OTCEUKH

MOCTH OT PeKUMa BKITIOUEHHUS METaIJIONOIYTPOBOIHH-
KOBBIW HITH ITOTYIPOBOIHUKOBEIH MEPEXOIbI TOOYEPEI-
HO BEITIOJTHSIIOT POJIb 3aTBOPA, YIIPABIISIONIETO TOJIIIIH-
HOH CJI0SI 0OBEMHOTO 3apsiia, a HAPSHKCHHE 3aTBOPA
3aBHCHUT OT MHTEHCUBHOCTH Najiatoniero ceera. C momo-
HIbIO TaKUX (POTOINOIOB MOKHO CO3/IaBaTh OMTOMJIEKT-
POHHBIE YCTPOHCTBA 1T IPUEMa U ITepeiadu cIIadbIX Oll-
THUYECKUX CUTHAJIOB.

B Hacrosmieit paboTe MpOBOJMIIMCH UCCIICOBAHUS
ONTHUKO-JIEKTPHUYECKUX XaPAKTEPUCTHK JIByXOapbepHOM
¢dotonuonnoit Ag-NGaAs—nGalnAs—Ag-cTpyKTypsI ¢
M30THUITHBIM IeTEPOIIEPEX0A0M, KOTOPas HCIIOIb30BAJIACh
B Ka4eCTBE [IPUEMHHKA OIITUYECKAX CHUTHAJIOB, 8 TAKIKE
ObLTa TPOU3BEICHA OLICHKA KOO PHUIIMEHTA (POTOIIIEKT-
PHUYECKOTO YCHICHHS TaKOTO MPHEMHHKA. TeXHOMOTHS
W3TOTOBJICHHUS U OCHOBHBIE MTApaMeTPhI IBYXOapbepHOii
Ag-NGaAs—nGalnAs—Ag-cTpyKTypbl IPUBEACHBI B pa-
Hee OmyOJIMKOBaHHOM pabote [4].

[puHIMNManbpHAs cXeMa mprueMa 1 IepeIadn ONTHYIe-
CKOTO CHTHAaJIa pUBEieHa Ha puc. 2. B kauecTBe n3myya-
Tenst ucrnonb3oBancs ceeroauon AJI107A. Tlo macropt-
HBIM JIAHHBIM €70 paboyee HaNPsHKEHNE JIEKHUT B MHTEPBa-

I'enepartop

Beixon

Puc. 2. [MpuHnunuaneHas cxema, WITOCTPUPYIOLIAs PUEM
CBETOBOI'0 M3JIy4eHHUs (POTOIMOI0M

TexHonmorus u KOHCTPYHpPOBAaHHUE B YIIEKTPOHHOH anmapaTtype, 2010, Ne 1
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Puc. 3. BbIXxogHble XapaKTepUCTUKU ABYyXOapbepHOH Ag—
NGaAs—nGalnAs—Ag-cTpyKTyphl

ne ot 0 1o 1,5 B, MakcumanbHas MOLUIHOCTb U3JTy4eHHS
cocraBisier P=6 MBT nipu mymae BostHer A=0,95 MKM [5,
¢. 34—35]. Ontrueckuii curHai Ha (GOTOTUOHYIO IBYX-
OapbepHYIO CTPYKTYpY MOJIABAJICS OT CBETOAMO/IA, BO3-
Oy’K1aeMOro reHepaTopoM CHHYCOUIATBHBIX HMITYJILCOB
¢ yacrotoii 200 I'. be3 moacBeTKH TEMHOBOI TOK, KOTO-
PBI onpenessieTcs 3aupaeMbIM IIEPEXOJOM «MeTalll—
TIOJTYTIPOBO/THUKY, COCTABWII 57 HA Tipy HAPSKSHNH TTH-
tauus 18 B. I[Ipu moxcBeTke ¢ poctoM pabodero Hanpsi-
JKeHUS HaOMFOAaTI0Ch YBEIMYEHHE CBETOBOTO TOKA, & TEM-
HOBOH TOK U3MEHSIICS HE3HAYUTEIBHO, T. €. IIPH 3a]1aH-
HOW MHTEHCHBHOCTH CBETOBOI'O M3JIyUYEHHUS BBIXOIHOMN
CUTHAJ yBeJInuuBaetcs. beuto copMUpoBaHO cemeii-
CTBO BBIXOJHBIX XapaKTCPUCTHK HPH (HHKCHPOBAHHBIX
SHAUYCHUAX UHTCHCUBHOCTU U3JIYyYCHUS 11O MCPC €€ YBC-
nuueHus (puc. 3).

TokoBast HOTOTYBCTBUTEIBLHOCTD Sd) TIPH 3aJaHHON
WHTCHCHUBHOCTU CBETOBOT'O U3JIYUCHUA U COOTBETCTBY1O-
[IMX 3HAYEHUSX HAMPSHKEHUS OMPEAeNsieTcsl OTHOIICHH-
€M BBIXOIHOI'O (I)OTOTOKa |q) K BCJIMYUHE MOIIIHOCTH

BBbIX

CBETOBOTO BO30YX/IAIOIIET0 CUrHAaa!
b — 1P
S - IBbIX /Pn

Kak cirenyet u3 puc. 3, BBIXOIHAS TOKOBast JOTOUYB-
CTBHUTEIHFHOCTH YBEIHMIUBACTCS C POCTOM pabodero Ha-
IPSDKEHHUS, ¥, COOTBETCTBCHHO, BEIXOAHOW CUTHAI OTHO-
CUTETIbHO BXOJHOTO CBETOBOTO CHUTHANA (MCXOJSINETO
OT CBETOJMOA) yBenIuuuBaercs. B nanHoM ciryuae 3a
BXOJIHOW CUTHAJI IPUHUMAETCS IEPBUYHBIN (POTOTOK / ‘g,
co3/1aBaeMblil pU pabodeM HanpsHKEHUH, PABHOM KOH-
TaKTHOM Pa3HOCTH MOTEHINAIOB OCBEIIAEMOTO MEePEX0-
Jla, KOTJia yCUJICHHUE elle He HacTynuiIo. BxonHas Toko-
Basi (POTOUYBCTBUTEIFHOCTH — OTHOLICHUE POTOTOKA K
MTOCTYTAOIIEH MOITHOCTH Sg; = I[‘}; / P — onpenenser-
sl ISl KAKAO0TO (PUKCHPOBAHHOTO 3HAYCHHUSI MHTCHCHUB-
HOCTHU CBETOBOTO U3ITyUEHHSL.

Jl1st mpuBeneHHON AIIEKTPUIECKON CXEMBI BKITFOUE-
Hus poroauonaa (puc. 2) ko3hHUITUEHT YCHIICHUS OyIeT
OMpeIeNAThCS OTHOIICHUEM BBIXOJIHOTO CHTHAJIA K BXOJI-
HOMY, T. €. OTHOIIICHHEM BBIXOJJHOH TOKOBOH (hOTOUYB-
CcTBUTENbHOCTH K BXonHOH M, =S/ §.

3Ha4YeHHUsI CBETOBOTO TOKa U KOA((HUITMECHTa yCHIIe-
HUsI 110 TOKY M), pACYIMTaHHOTO HA OCHOBAHUM SKCIIEPH-
MEHTAJIFHO MOTYYEHHBIX KPUBBIX, IPEICTABICHHBIX Ha
puc. 3, cBeZeHbI B Ta0/IULLY.

Kak BuHO U3 TaOMUIIbl, KOAGGUITMESHT YCHIICHHS 110
TOKY YBEIIMYMBAETCS C POCTOM PadOYero HaNpsKEeHHUs, a
C POCTOM MOIIHOCTH CBETOBOTO CHUTHAJIAa — YMEHbIIIa-
eTcs. ITO TOBOPUT O TOM, uTo ucciemyemast Ag—NGaAs—
nGalnAs—Ag-cTpykTypa 3¢h(hexTHBHA I TpreMa ciia-
OBIX ONTUYECKUX CUTHAIOB (PHC. 4).

Crenyer OTMETHUTb, YTO BBIXOAHOE HAIIPsKEHHE, SABIIS-
SICh TIPOM3BEICHAEM (POTOTYBCTBUTEITHHOCTH 1 COITPOTHB-
JIEHHsI HArpy3KU R, IMEET TeM OoiblIee 3HAYCHHE, YEM
osbLue BBIXOHOE IMHAMUYECKOE CONpoTHBICHHE R :

UE::IX = I:}::.IXR?'

RR .
R+R
aUBbIX
al

BbIX

R’:

Rﬂ:

e R, — CONpOTHBIIEHNE SKBUBAJICHTHON HATPY3KH.

’

e ce 7
Ceemosoti mox IS0 u kodghuyuenm ycunenus no moxy M, npu paznuunoi MOWHOCMU C6EMOBO20 U3TYYEHUS.

Upes B 7O \eA I°3.x» MKA, TIPH pa3In4HbIX P, M; ipu pasnuuHbIX Py
2,4 MBT 3,2 MBT 3,6 MBT 2,4 MBT 3,2 MBT 3,6 MBT

1,15 0,007 0,11 0,25 0,36 1,00 1,00 1,00
2 0,015 0,135 0,30 0,42 1,16 1,17 1,14
0,025 0,33 0,60 0,87 2,96 2,36 2,39

6 0,030 0,52 0,90 1,25 4,75 3,58 3,45
0,040 0,60 1,12 1,60 5,43 4,44 4,42

10 0,043 0,78 1,50 2,00 7,15 5,99 5,54
12 0,046 0,87 1,72 2,30 8,00 6,88 6,38
14 0,048 1,00 2,05 2,62 9,24 8,24 7,28
16 0,050 1,10 2,26 2,95 10,19 9,09 8,21
18 0,057 1,24 2,50 3,20 11,48 10,05 8,90
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9JIEKTPOHHBIE CPEJICTBA: HCCJIEJOBAHMUS, PASPABOTKHA

M,
1 1—2,4 MBt
10 A 2—3,2 MBT
3—3,6 MBT
. ./'; "
o~
6 - /
!
4 4
2 4
0 4 8 12 16 U,B

Puc. 4. 3aBucuMoCTh KO PHUIUCHTA YCUIICHHSI TTO TOKY JBYX-
0OapbepHOIl CTPYKTYpBI OT pabodvero HaNpsHKCHUsS MPH pas3-
JIMYHOH MOIIHOCTH IaJIAI0IIEro CBETOBOTO M3IYUYCHUS

Cralyro 3aBUCHMOCTB 00PaTHOTO TEMHOBOTO TOKA OT
pabodero HanpsHKEHHUS MOKHO OOBSICHUTH T'eHEePAIHOH-
HBIMH MPOIIECCAMH, TPOTEKAIOIINMHE B 007aCTH 00HEM-
HOT0 3apsi/ia 3a[IMPaeMOoro MOTEHIMAIBHOr0 Oapbepa.

Paccmarpuas koapduimenT ycunenus GoToanona,
YIIPaBISIEMOTO ITOJIEM, CIIEYET YUUTHIBATh 3aBHCUMOCTh
TOJIIIMHBI CJI0s1 00BEMHOTO 3apsijia OT pabovero Harpsi-
JKEHUST U TIPOIIECCOB (poTOreHepanuu Hocurened. Kax
BHJIHO U3 BBIXOJTHBIX XapaKTEPUCTHK AByXOaphepHOH (o-
TOJIMOJTHOM CTPYKTYPBI, IPOIIOPLIMOHAILHO paboyeMy Ha-
NPSOKSHUIO YBEINYUBAETCS (POTOTOK, T. €. TEMITBI (POTO-
reHepaun Hocutesnei. CooTBETCTBEHHO, OCHOBHOH Me-
XaHU3M yCHJICHHUS (POTOTOKA CBSI3aH C TEHEepaluei He-
OCHOBHBIX (DOTOHOCHTENECH MPEHMYIIIECTBCHHO B CIIOC
00BEMHOT0 3apsi/ia, a UMEHHO, IPOIIOPIIHOHAIBHO KOJIH-
YeCTBY HOCHTENEH, POTOreHeprpOBaHHBIX B 3aITUPACMOM
nepexojie, NepeHOCATCs TEMHOBBIE HOCHTEIHN Yepes3 Ips-
MOBKJTFOYEHHEIH ITEPEXO]T.

Cps13b K03 (UIIMEHTa YCUIICHHSI ¢ padOunM Harpsi-
JKEHUEM MOKHO BBIPA3UTh Yepe3 TONIIHHY CII0s1 00heM-
HOTO 3apsifa W clenyromyM dMIUPUISCKAM BhIpake-
HHEM:

1©_owee
M = i) 4): uch’
1* =1 0

e I® — oTOTOK NIPH 3a/JaHHOM HATIPSKEHUH;
lnq’ — HEpBUYHBINA (OTOTOK;
WP togrmHa ciost 06bEMHOTO 3apsa Opu 3a1aHHOM Hampsi-
SKEHUU;
WHeX — TommmHa 1051 00BEMHOTO 3apsiia IPU HYJIEBOM CMELICHUH;
1 — OmIpeenseTcs 3aKOHOMEPHOCTHIO 3aBHCUMOCTH TOJIIINHBI
11051 00BEMHOT0 3apsiia OT HATPSKEHHUSI.

L
Takum 00pa3oM, FIKCIIEPUMEHTAIBHO YCTaHOBJICHO,
yro aByx0apbepHas horomuonHas Ag-NGaAs—nGalnAs—
Ag-cTpyKTypa 001aaeT KaueCTBOM YCHIIUTEIIS, B KOTO-
POM Malible M3MEHEHHUSI BXOIHOTO CHI'HAJA BBI3bIBAIOT
OobIIIMe N3MEHEHHSI BBIXOIHOTO CUTHAIA.
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Edumenko A. A., CumonoB B. B. KoHcTpynpoBaHue 371eKTPOHHBIX CPeACTB.
Mexanuueckue cTpyktypbl: CnpaBouHuk (Ha yKpaHckom si3bike.) — Opec-

ca: [loaurexnepuoaunka, 2009.— 548 c.

CrnpaBOUYHUK COJEPIKHUT IHPOKYIO TEXHHUECKYIO MHGPOPMALIUIO,
KOTOpasi MOMOXKeT YyMopsiIouuTh U 0OJEerdyuTh Mpollecc KOHCT-
pyupoBaHus geTanei u cOOPOUHbBIX €AUHUIL MeXaHUUeCKUX CTPYK-
TYp 3JEKTPOHHbBIX CPEACTB. DTO TEXHOJOTHUECKHE TPeOOBAHMUS,
CBeJIeHUS O 1I€POXOBATOCTH W OTKJOHEHUSIX (POPMbl U pacmoJo-
JKeHUsT OBEPXHOCTEeH, 0 MeXaHHYeCKHX pa3beMHbIX U Hepasb-
€MHBIX COeJHHEHUSIX, 0OecreyeHnH B3auM03aMeHsIeMOCTH, KOH-
CTPYKIIMOHHBIX MaTepHuaJaax i MOKPbITUAX. B cnpaBouHuKe Tak-
JKe MMeloTcsl pasd/januyHble ob6liMe cBeaeHHsl, He0OXOAUMble KOH- ey

CrnpaBoYHMK NMpeaHasHaueH /51 MHKeHEePOB 3JeKTPOHHOTO afl-
napaTocTPOEHHsI, BMECTE C TEM OH MOXKET ObITb MOJE3EH CTY-
JIEHTaM COOTBETCTBYIOIMX CMEHaIbHOCTEH TEXHUUECKHX BY30B
NpH KYypCOBOM M AUMNJIOMHOM MPOEKTHPOBAHUU.

~
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MUKPOITPOIIECCOPHBIE YCTPOMCTBA 1 CHCTEMBI
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(MH-T MOHOKpHUCTAIIIOB, I. XapbKOB)

CHEIIMAJIM3UPOBAHHOE YCTPOMCTBO DJIEKTPOITUTAHUSA

IIpeonoocennoe ycmpoticmeo 31eKmponu-
MAaHUus cnocoOHO U3MeHAMb napamempbl
8bIXOOHO20 HANPANCEHUS 8 3ABUCUMOCTIU
OM UBMEHAIOUWUXCSL YCILOBULL OKpYHCarouyelt
cpeobl U napamempos numaemoz2o ooopy-
0osanus. Ilpueedenvt npumepsl e2o npu-
MeHeHus OJisl NUMAHUs 21eKmpooMUHec-
YEeHMHO20 UHOUKamopa.

[Tpm sxcruryatanyy 1a00paTOPHOTO U CIEIHATHHOTO
000pyI0BaHUsI BO3HHUKAET MpodJieMa 00eCrieYeHIS 3a/1aH-
HOT'O YPOBHA IapaMETPOB SJICKTPOIIUTAHUSA B 3aBUCUMO-
CTH OT TpeOyeMBIX apaMeTPOB MUTAEMOTO 000PyI0Ba-
HIUSI U OKPY>KAIOIIEH CpeIbl.

Hampumep, B aBHaIi 1715 TOBBIICHHS CPOKA CITY K-
OBl cpesicTB oTOOpakeHUs: MHDOPMALIUHY, YIyUYIICHHS
IPrOHOMHUYCCKHUX XapPAKTEPUCTHK CHUCTEMbI, JKOHOMHUH
3MIEKTPOIHEPTHUHU 1IeJIECO00pa3HO BBOJUTH CUCTEMY pe-
TYIUPOBAHUS SIPKOCTH HHAMKATOPA [ 1], MOCKOIBKY IPH
0TOOpaKEHUU HH(DOPMAITHH TPOUCXOTUT MHOTOKPATHOE
JMHAMHIYECKOE M3MEHEHUE BEITMYUHEI SIPKOCTH HHINKA-
TOpa Ha HECKOJIBKO TIOPSAIKOB (uepenoBaHue 3¢ HeKTOB
«OIHUK»-«TECHDBY).

[Tpu skcruTyaTaIu aBTOHOMHBIX CHCTEM, HAIIPUMED,
cbopa u 00padoTKH HH(OPMAIIHH, MOXKHO B HECKOJIBKO
pa3 MOBBICUTH BpeMsI aBTOHOMHOM pabOTHI TIpH 3aaH-
HOI €MKOCTH aKKyMYJISTOPHBIX OaTapeil eciny onTHMu-
3UPOBATH [10/1a4y HAIPSHKEHNS TUTAHUS JUIs PeXKUMOB c00-
pa, XpaHeHHs U 00pabOTKH C yIETOM COOTBETCTBYFOLIHX
UM ypOBHEH oTpediIsieMoi MoIHOCTH [2]. YBenuueHue
BpPEMEHH aBTOHOMHOH pab0ThI 0COOEHHO BasKHO IS IK-
CIUTyaTaIlny aBTOHOMHBIX CHCTEM B TPYIHOIOCTYIIHBIX H
OITIaCHBIX MECTax.

HanesxxHoCTh (QyHKIIMOHUPOBAHUS CHCTEMBI B IIETIOM
MPUHIUIHATEHO HE MOKET OBITh BBIIIE HAJIC)KHOCTH UC-
TOYHHKA ee muTaHus. Eciu cuimoBas yacTh HCTOYHUKA
2JIEKTPONUTAHNUS OOJBIIYIO YaCTh BPEMEHHU PabOTHI He-
JOTpyXKeHa, paboTaeT B MIAISIIEM PEXHME, TO BPEMs
HapaOOTKH HA OTKA3 TAKOTO HCTOYHHKA U, COOTBETCTBCH-
HO, CUCTEMELI B ICJIOM YBCIIMYUBACTCA.

Takum o0pa3om, pa3paboTKa MPUHIUIIOB (HYHKITHO-
HHUPOBAHUS M CXEMOTEXHHUUYECKON peasli3alliy crerya-
JTU3UPOBAHHOTO yCTpoicTBa dekTponutanus (CYI),
00J1aaoIero pagoM MEepeUHCICHHBIX 0COOEHHOCTEH,
SIBIISIETCS aKTyaJIbHOWM HAYYHOW U TEXHUYECKOM 3a/1aueH.

H3BecTen mpeobpa3oBarelnb, coaepiKauii KOHBEp-
TEep ¥ MOAYIISATOP, KOTOPBIH MIpeoOpas3yeT IMOCTOSTHHOE Ha-

MIPSDKEHHUE B IMIEPEMEHHOE ¢ HEOOXOJMMOU 4acTOTOH |
MomHOCThIO [3]. Takoi mpeoOpa3oBaTenh IKOHOMHEE 3a
CUeT yCIOKHEHHOU YacTu KoHBepTepa. Ho 1o pemieHue
Helenecoo0pa3Ho mpHu HEOONBIIUX MOLIHOCTSX U HE
obecrieunBaeT N3MEHEHHE ITapaMEeTPOB BHIXOAHOTO Ha-
IPsDKEHUST B 3aBUCUMOCTH OT [apaMEeTPOB IUTAEMOTro
o0opynoBaHHs U OKpy’Karomien cpezpl. Bee ato yxyn-
maeT GyHKIMOHUPOBAHUE 000PYI0BaHHUSI.

W3BecTHO Takxke ycTpoiicTBO [4], comeprkaliee aat-
YUK TeMIIEpaTypbl, C IOMOILBIO KOTOPOIO KOHTPOJIUPY-
eTcsl TeMIlepaTypa OTBETCTBEHHOI'O KOMIIOHEHTA IUTae-
Moii cuctemsl. [Tpu moctmxennn TemnepaTypoi BepxHe-
ro TIopora AOMyCTUMBIX 3HAYEHHUH Npekpalaercs cHao-
JKEHUE IIEKTPOIHEpTrUen. Takol UCTOUHHK 3IEKTPOIHN-
TaHUs MPEeJOTBPALLAET BBIXOJ U3 CTPOsi 000pylI0BaHUS
myTeM ero otkiaroueHus. Ho 3to He Bcerna npuemiemo,
0COOCHHO TPH MHUTAaHWM OTBETCTBEHHOH ammapaTypehl.
Kpome Toro, Takoif HCTOUHUK HE U3MEHSIET IIapaMeTPhI
BBIXOZIHOTO HAINpSKEHUS B 3aBUCHMOCTH OT M3MEHSIO-
LIMXCS TapaMeTPOB OKPYXKAOILEH Cpebl, a 3TO MOXKET
YCIIOKHSATH pad0Ty 000pyIOBaHHS.

3amaueii npemaraemoro CYD sBusieTcst odecrieue-
HHE HEOOXOANMBIX ITapaMETPOB YCTPOHCTBA 3IEKTPOIIH-
TaHUs B 3aBUCHUMOCTHU OT 3aJJaHHOTO aJIrOpUTMa (DyHK-
[IHOHUPOBAHMS, OT MAPaMETPOB 00OPYIOBAHMUS U Iapa-
METPOB OKPY>KarOLIEH CPebl.

C TPYKTYpHas cXxeMa CIelHaJIu3upoOBaHHOTO

YCTPOICTBA AJIEKTPOITUTAHS ITPUBE/ICHA Ha pHC. 1.

Bxoanoe HampsikeHHe OT MEPBUYHOIO MCTOYHHKA
AIIEKTPONUTAHUS (HallpuMep, OT OOPTOBOM CETH MOCTO-
SIHHOTO TOKA) Yepe3 BXOJHBIC KJIEMMBI / TIOaeTcs Ha
KOHBEpTep 2, KOTOPBIH IIpeAcTaBisieT codoit mpeodpaso-
BaTellb NOCTOSIHHOTO HanpsikeHus (DC—DC-npeobpaso-
BaTeJb), P HEOOXOIUMOCTH — C TalbBaHUYECKON pa3-

K narpyske
1 ™ 2 T 3™ 4 'I* 5
t 1
6
7 8.1 82 || 8.N

Puc. 1. CtpykTypHas cxema cnienMain3upoBaHHOTO YCTpPOii-
CTBa DJIEKTPOIUTAHHUS:
1 — BXOZIHBIE KJIEMBI; 2 — KOHBEpTep; 3 — MOIYIATOP; 4 — CIIaKu-
BaroUMit QUIBTP; 5 — BBIXOJHBIC KIIEMBI; 6 — CHCTEMa YIPaBJICHHUS;
7 — OpraH ynpapJeHus; § — AaTYUKH 1apaMeTPoOB
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MUKPOITPOIIECCOPHBIE YCTPOMCTBA 1 CHCTEMBI

Bs3koW. Ha ero BbIXo/ie momy4yaem MMOCTOSIHHOE Harpsi-
JKCHHUE, YPOBEHb KOTOPOTO MOXKET U3MEHSTHCSI U KOHTPO-
JTUpyeTcs CUCTeMOM yripaBiieHus 6. HanpsbkeHue ¢ BbI-
X0J1a KOHBEpTEPa MOIYIIUPYETCs C HOMOILBIO MOAYJISATO-
pa 3 (DC—AC-nipeobpa3oBaHue) MO 3aJaHHOMY CHCTe-
MOH ympaBieHust anroputMmy. Hampspkenue ¢ Bpixoaa
MOJyNsATOpa uepe3 GUIBTP 4, KOTOPBI YMEHBIIAET IyJb-
CallUU U CIVIAXKMBAET CUTHAJ, IOIAETCs UePEe3 BEIXOHbIC
KJIEMMBI 5 Ha Harpy3Ky (muraemoe oOopyaoBaHHE), a
TaKKe B CUCTEMY yHpaBieHUs i KoHTposd. Opran
yIpaBlieH!s 7 IpelHa3HA4Y€eH AJIsl U3MEHEHMs allropuT™Ma
(DyHKIIMOHUPOBAHUS CUCTEMBI YIIPABJICHUS, a CICI0Ba-
TEJBHO U YPOBHS BBIXOJHOTO HAMPSKEHUS U OTIePaTUB-
HBIX MapameTpoB. CHUTHAIBI C AaTYUKOB COOCTBEHHBIX
apaMeTpoB 000PYIOBAHUS U TIAPAMETPOB OKPY KAIOIICH
cpenbl 8./—8.N nogaiorcst B cucteMy yrpasieHusi. B
COOTBETCTBUH C STUMH CUT'HAJIAMHU KOPPEKTUpyeTcs (hyH-
kuuoHuposanue CYD u nokaszarenu (4acToTa, CKBak-
HOCTb, (hopma) HanpspkeHus. CrcTemMa yrpaBieHus KOH-
TPOJMPYET HalpsKEHHE Ha BBIXOE KOHBEpTEpa U Mojl-
CTpauBaeT ero padboty Juist OPMUPOBAHUS HEOOXOTUMO-
T'O YPOBHS, a TAaK)Ke KOHTPOJIHMPYET HANPSOKECHUE Ha BbI-
xo7ie pUIBTpa, YeM obecreunBaeTcss 00OpaTHas CBA3b C
Harpy3Ku. JTo T03BOJISIeT U30€XKaTh BIMSIHUSA TapaMeT-
POB Harpy3Kku Ha BbIXOJHOU curHain CYD.

XEMOTEXHHUUECKasl peaTn3alus NpeI0KEHHOTO

CVYD s 5KCTIepUMEHTANbHBIX Lesel puBeie-
Ha Ha pHUC. 2.

OcHOBHas 4yaCTb CUCTEMBI YIIPABJIECHUS BbIIOJIHEHA
Ha OTHOKpHCTaIbHOM MukKpokoHTpomiepe (MK) tuma
ATmega8, KOTOpBIil COEPKUT aHATOTo-1I1(POBOI Mpe-
obpazosarens (ALIT). Ha ayneoii Bxon ALITT ADCO ue-
pe3 pe3ucTuBHBbIN aenmmtens R13, R14 nogaercs Hanpsi-
xenue ¢ Bbixona DC-DC-kouseprepa (U). [Ba npy-
rux Bxona ALl — ADC1 u ADC?2 npenna3HadeHsbl s
M3MEPEHHS OCBEICHHOCTH C TIOMOIIBIO JATYHUKOB — (hO-
Tope3ucTopoB R15 u R16.

MK raxxe conepxXHUT TpH TaliMepa-cueT4yrKa, KOTo-
pBIe MOTYT (POPMHPOBATH Ha BRIXOAX KOHTPOJLIEpA IIPO-
rpaMMUpPyEMble UMITYJIbChI C PErYJINPYyEeMOil HaCTOTON 1
MIPOJIOJKATENBHOCTBIO. J[Ba BRIXOJA IEPBOTO TailMepa
OC14 n OC1B 4epe3 cucteMy pacrpeieeHus U OJIOKH-
poBaHMsl Ha Jjoruueckux anementax D7, D8, D10, D11,
D13, D14 ¢opmupyrot uersipe curnana (LIN1, HIN1,
LIN2, HIN2) ynpaBieHusi MOAYJISTOPOM, BBIITOJTHEHHBIM
10 MOCTOBOM CXEME C TIOJICBBIMHU TpaH3ucTopamu V73—
V'T6. Bropoii Taiimep (Bbixon OC2) ¢ IOMOIIBIO JIOTH-
gecKuX 3yeMeHToB D9 u D12 GopMupyeT CUTHAIBI
ynpasieHust Ha DC-DC-konBeptep. KoHBepTep BBINONIHEH
IO IByXTaKTHOMN CXeMe Ha MOJIeBbIX TpaH3ucropax V711,
VT2 ¢ TpanchopmaropoM co cpearen Toukoi 7V1, BbI-
npsiMHTENeM Ha tuoaax VD1, VD2 u GuibTpoM HU3KUX
yacrot L1, C7.

OpraH ympaBjieHus PeCTaBIsIeT cO00M KIaBUaTy-
py, cobpannyto Ha snemeHTtax S1—S4, VD9—VDI12,
R17, u3MeHEHUs TapaMeTPOB OTOOPAKAOTCSI HA KHJIKO-
KpucTamumueckoM aucruiee D15.

Ha snementax D2, D3, DS, D6 coOpaHsl IpaifBepsl,
KOTOpbIE 00€CHeYnBaIOT HEOOXOAUMBIC YPOBEHD U aMII-
JUTYJy CUTHAJIOB YIPABJICHUs TPAH3UCTOPaMHU KOHBEp-
Tepa u MmoaynsaTopa. Judpdepennuansasie nenu C1, R3,
VD3; C2, R4, VD4; C3—C6, RS, R6, R11, R12, VD5—

VD8 obecrieunBaroT 3a1epKKy epeIHuX (HPOHTOB CHT-
HAJIOB yNpaBJIeHUs i yCTPaHEHUsI BO3MOKHOCTH IIPO-
TEKaHUs CKBO3HOI'O TOKa IIPU OZIHOBPEMEHHOM BKJIIOUE-
HUM COOTBETCTBYIOIINX TPAH3UCTOPOB.

CurHai, npornopIHOHaTbHBINA TOKY, KOTOPBIN OTPeO-
JIS€TCSL OT MEPBUYHOTO UCTOYHUKA ITUTAHUS, IOCTYTAaeT
Ha IIYHT R ¥ CPABHUBAETCS C ONIOPHBIM HAPSKEHUEM
¢ ToMoIIkI0 KommapaTtopa D4. Ilpu npeBsIeHH Mak-
CHUMAJIHO JIOIyCTUMOTO TOKa (Hampumep, Mpu KOpOT-
KOM 3aMBIKaHHH B HArpy3ke) (POpMHpPYETCsI CHTHAIT BHEIII-
nero nipepeiBanust INT Ha MK, B pe3ynbrare ero TpaH3u-
CTOPBI 3aKPBIBALOTCS, OTKIIFOYAsl BBIXOHOE HAIPSKEHHE.

BoixogHoit ¢unetp L2, C8 mpeaHa3HaYeH Jis Criia-
JKUBaHMS BBIXOJHOTO HANpPSHKEHUS W YMEHBIICHUS IO-
MeX Ha Harpyske.

PaCCMOTpI/IM npuMepsl ucnonb3oBanus CYD npu

MIUTAHUH HJIEKTPOIIFOMUHECLIEHTHOTO MHIMKAaTopa
(9JIN). Ha puc. 3 npeacrapieHbl TuarpaMMbl paboThI
CVYO npu nutanuu JJIM B ycIoBUSX U3MEHEHUS BHEIII-
HEel OCBELIEHHOCTH ITPY CHHYCOUAIbHOM BBIXOTHOM Ha-
TPSDKECHHY C PETYIINPYEMOH aMILTUTYI0H pu GopMHpPO-
BaHUH [TOJIOKUTEIbHON OTYBOJIHbBI: @ — CUrHaJ BHELl-
Hel ocBeleHHoCcTy; [N, IN, — CHTHAIIBI YIPaBICHUA
Tpansucropamu kouseprepa V11 u V12, TV, — curnan
Ha BBIXOMHOK 00MOTKe Tpancdopmaropa 7V1; U,, —
Hanpsbkenue Ha Bxoze gunsrpa L1C7; U, — Hanpsixe-
Hue Ha Bexose Guusrpa; HIN,, LIN,, HIN,, LIN, —
CUTHAJIbI YIIPABJICHUS TPAH3UCTOPAMH MOCTa MOLYJISITO-
pa cooTBeTCTBEHHO VT3—VT6; U, , — HaNpsuKeHHe Ha
BBIXOJIe MOcTa U BXoje ¢pmibTpa L2C8, U,,.x — BBIXOI-
HOE HarpsbKeHHe.
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Puc. 3. {narpammsl paGotsl cxembl CYD npu M3MEHEHUH

BHEIIHEH OCBEIIEHHOCTH M CHHYCOHWJAIBHOM BBIXOIHOM
HaIpsDKEHNU
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MHUKPOITPOIIECCOPHBIE YCTPOMCTBA U CHCTEMBI

B MOMEHT BpemeHH ,, HAPUMED TIPU BKIIKOYECHUH
OCBEIIEeHHsI paboyero MecTa onepaTopa, CUrHal BHEII-
Heil ocBenieHHOCTH D u3MeHsAeTCs. ITO MPUBOJIUT K YBe-
JIMYEHUIO [IMPUHBI UMITYJIbCOB YIIPABJICHNS! KOHBEPTEPOM
IN,, IN,. Benencrsue 3TOT0 yBEINYNBAETCS IUPHHA
umIyabcoB 7V, Ha Beixone Tpancpopmaropa 7V1, uro
TPUBOJIMT K YBEIMYEHHIO HanpshkeHus U, Ha BBIXOZIE
DC-DC-xonBeprepa.

[upuHa UMITYJIBCOB YIIPABIECHUSI MOCTOM MOZYJISI-
topa HIN,, LIN,, HIN,, LIN, W3MEHsIETCsI IO CHHYCOH-
JaTbHOMY 3aKOHY M HE 3aBUCUT OT YPOBHS BHELIHEH
ocgeteHHOCTH. OTHAaKO MOBBIIIIEHNE HAaNpsDKeHus U 7 Ha
BBIXOJIC KOHBEPTEPA COOTBETCTBEHHO YBEITMUMBACT aMII-
JIUTY/ly BBIXOJHBIX UMITYJILCOB € Mofysitopa U, ,. D10
MIPUBOJUT K YBEJIMUECHUIO aMIUIUTY/IbI BBIXOJJHOT'O CHHY-
counanpHoro curuana U, 03 H3MEHEHHS €0 YaCTOThI
U B PE3YNbTaTe — K YBEINICHHIO SIPKOCTH OTOOPaKESHHS
uHpopmaruu DJIU, 4TO0 KOMIIEHCHpPYET U3MEHEHHE
OCBEIIIEHHOCTH pabouero mecra.

OnuUCaHHBIA aNTOPUTM MO3BOJISIET YBEITUYUTH CPOK
CITy>KOBI HHIMKATOPA 33 CYET YKOHOMHOTO PEeKHMa pa-
OOTBI M YAYYIINTE )PTOHOMUYHBIC TIOKA3aTENIN CHCTEMBI
MHAMKALMYU 33 CYET IOACTPOUKHU SAPKOCTU B 3aBUCUMO-
CTH OT BHEILIHET0 ocBelleHus. [Ipu akcriepuMeHTanbHou
MIPOBEPKE OMHMCAHHOTO AITOPUTMA CPOK ciyxObl DJIN
Ha OCHOBE CYNb(HU I IIUHKA, JICTHPOBAHHOTO (hPTOPUIOM
TOIIbMUS, YBeTuamics B 4—~6 pas.

Ha puc. 4 npencrarienst quarpaMMbl pabotel CYD
npu Hanmuauu Gotonaryrka B DJIM u u3MeHeHnH mupu-
HBI OUTIOJISIPHBIX UMITYJIECOB HAIIPSKEHUS TUTAHUS [IPH
MOCTOSIHHOM UX aMILTUTYE: B, — APKOCTH JIEKTPOIIHO-
MHUHECIIEHTHOT'0 HHINKATOpa MPH HEM3MEHHbIX TapaMeT-
pax HanpspKeHUs MUTaHUs; B — SApKOCTb P IpUMEHe-
Huu CYD. Jlpyrue 0003HauCHHUS Ha PUCYHKE TAKUE XKe
Kak ¥ Ha puc. 3.
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Puc. 4. JlnarpaMmbl paboThl CHELHUATU3UPOBAHHOTO UCTOY-
HYKa IEKTPONUTaHUs npu crapeHuu DJIM U UMITylIbCHOM
OUIIOJIAPHOM BBIXOJHOM HaIpSKEHUH

Kak m3BecTHO [5], BCrieacTBUE CTAapeHUS] YMEHBIIIA-
eTCsI SIPKOCTH DIICKTPONIOMHHECIICHTHBIX HHINKATOPOB
(ycmoeHo mokasano rpadukom B ). Konseprep ycTpoid-
CTBa paboTaeT aHATOTMYHO OIIMCAHHOMY BHIIIIE, YPOBEHb
HanpsokeHus U ., Ha €70 BBIXOJIE MOCTOSHHBIIA.

[Tapbl cUrHANIOB yNpaBJICHUST MOAYJIATOpOM HIN |,
LINl " HINZ, L]N2 MIPEJICTABISIOT OO0 OTMHAKOBBIC
CHIHAJIBl — MEAH/IPBI C PErYJIUPYEMbIM CIBUTOM ¢ MEX-
Iy HIMH, KOTOPBIA H3MEHSIETCSl IIPOrPAaMMHO B 3aBHCH-
MOCTH OT SIPKOCTH HHJUKaropa. Uem OOJBIINI CIIBUT,
TeM OOJIbIIE MMPUHA MMITYJICOB Ha BhIxoge Mocta U .
Takum o6pasom, cipuram ¢, u ¢, COOTBETCTBYET Masias
IIMPUHA UMITYJIECOB HCXOIHOTO HANIPSKEHMUSL, CIIBUTY @
— Oonpuias mmpuHa, a cauram ¢,, ¢, — eme 6ob-
TI1ast IMUPUHA UMITYJTECOB. MI3MEeHEeHNE IIUPUHBI UMITYITh-
COB HanpsOKEHUs muTanus U, TO3BOJIAET MOJJIEPKH-
BaTh SIPKOCTh MHIMKATOpa B HAa 3aJaHHOM YpOBHE He3a-
BHCHIMO OT CTapECHHUS €T0 apaMeTpOB.

Pazpaborannoe CYD ¢ (oTOIATUNKOM TOBBICHIIO
cpok ciryx0b1 DJIU B cpemHeM B 4,5 pasa 3a cuet obec-
MICYCHUS ONTHMAIFHOTO HAIIPSDKCHUS TUTAHKS B HAvYaJIe
CpOKa CITY’KOBI 1 TTOBHIIICHNS JEHCTBYIOIIETO 3HATCHIIS
HAIPsDKCHUS TUTaHUS B KOHIIE CpoKa Ciry>kObL. [Ipu 60-
JIee CIIOKHBIX ITOpUTMaX (PyHKIMOHUPOBAHMS, HATIPH-
Mep MHOTO(aKTOPHBIX MOJACTporKkax sipkoctu DJIU B
3aBHCUMOCTH OT OCBEIIEHHOCTH, TEMIIEPaTypHl, CTape-
HUSI M T. T1., OOKUJIACTCS YBEINYICHIE BpeMEHN HapaOOTKU
Ha 0TKa3 WHAUKaTopoB B 10 u Ooinee pas.

L

Taxum 00pazom, IpeaIoKeHHOE CIICIHaTH3POBaH-
HOE YCTPOMCTBO AJIEKTPOIUTAHHSI 00 CIIEUUBACT HEOOXO-
JIUMBIE TIapaMeTPhI AIEKTPONTUTaHus (YPOBEHB, GOpMY,
MOJISPHOCTD, YACTOTY, CKBKHOCTH HAMIPSHKEHUS ), KOTO-
pBIC M3MEHSIOTCS B 3aBUCHMOCTH OT 3aJaHHOTO aJro-
puT™Ma ()YHKIIMOHUPOBAHHUS, OT ITapaMeTPOB 000PYyI0Ba-
HUSI ¥ TIApaMETPOB OKPYIKaIOIIeH cpelsl (TeMmeparypa,
OCBEIIICHHOCTD, IABJICHHUE U T. I1.). DTO YBEIUIMBACT CPOK
CITy>k0BI 000PYI0BaHUS, TIOBBIIIACT KAYECTBO M 3PTOHO-
MHUYHBIE TOKA3aTEIH CUCTEMBI B IIEJIOM 32 CUET YKOHOM-
HOTO pekuMa (pyHKIMOHUPOBAHUSL.

OrnrcanHoe ycTpOMCTBO MOXKHO PEKOMEH0BATH IS
AIIEKTPONTUTAHHUS JTA0OPATOPHOTO 000PYI0BaHus, pado-
TAIOIIETO B PEKUME MOCTOSHHOTO TONyYeHHS U 00pa-
00TKM MH(POPMAIIMHN; OTBETCTBEHHBIX MPUOOPOB, TAKUX
KaK anmapaT «MCKyCCTBEHHAs IMOYKa»; 000pyTOBaHUS,
qyBCTBUTEIHHOTO K BIMSHHIO BHEIITHHUX (PaKTOPOB, 1 yc-
TPOMCTB JIBOMHOTO Ha3HAYEHMUSI.

HCIIOJIbB30OBAHHBIE MCTOYHUKH
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PAJITMOBOJIHOBOE OXPAHHOE YCTPOMCTBO

HA U3JIYHAIOLIEM KABEJIE

IIpeonoscena mamemamuueckas mooeno,
NO36045I0UAs NPOBOOUMb KAYECHEEHHbILL
ananuz pacnpeoenenus Yy8CmeumeibHo-
CMu OXPAHHO20 YCMpOoUucCmaa no OluHe u3-
nyuarujezo Kabeus.

OCHOBY COBPEMEHHOM CHCTEMBI OXpaHbl 0OBEKTOB
COCTABIISIIOT TEXHUYECKNE CPEJCTBA OOHApPYKCHUS Ha-
pYLIUTENS UL IOMELIEHUI U OTKPBITBIX TEPPUTOPUA, pa-
00Ta KOTOPBIX, XOTS U 6a3UpyeTcs Ha Pa3IUUYHbIX (Pu3n-
YEeCKHUX PUHLUIIAX, CBOJUTCS K OJIHOMY — IIPEBPATUTh
mroboe JeiicTBIE YeToBeKa, HalpaBIeHHOE Ha HECaHK-
[IUOHUPOBAHHOE MTPOHUKHOBEHUE Ha OOBEKT, B AJIEKT-
pPHUECKUI CUTHAT U 1ociie 00paboTKH 3TOr0 CUrHanIa
c(hopMHPOBATh COOTBETCTBYIOIIEE COOOIIEHUE CITYXK-
0e oxpaHsbl.

[Tpu co3nanum pyOexei OXpaHbl Ha OTKPBITHIX Tep-
PHUTOPHAX TH 3aJ1a4l MOTYT OBITh YCIENIHO PEIICHBI C
MOMOII[BIO PAJNOBOJHOBBIX OXPAaHHBIX YCTPOICTB Ha
uznyyaromux kabemsx [1, 2]. Takue yctpoiictBa dop-
MHPYIOT pyOesk OXpaHbl, KOTOPBIi HETyBCTBUTEIIEH K MEJI-
KHUM YKUBOTHBIM, NTHLIAM U METEOPOJIOTHYECKUM YCIIO-
BUSIM U TIOJTHOCTBIO TTIOBTOPSIET PENbe) MECTHOCTH U KOH-
¢urypanuro orpaxneaus. [1o3Tomy oHU MOTYT OBITH yc-
MENIHO UCTIONb30BaHbI AJIs1 00ECTIEUEHUs OXPaHbI BCETO
nepuMeTpa 00beKTa, €ro OTAECABHOIO YUacTKa, a TAKKE
OTAEIBbHOTO JIOKAJILHOTO 00BEKTA.

IpuHIMI MOCTPOEHUS OXPAHHOTI'0 YCTPOHCTBA

PaccMoTpum npuHIUT paOOTH! OXPAHHBIX YCTPOUCTB
Ha U3JTy4yarolux kabemsx. J[Ba kabesnst — neperaromuii
U IPUEMHBIH — NPOKIAJbIBAIOT HAPATIIEIBHO IPYT APY-
ry nipu paccrossHuu 1—3 M mexay aumu [1, c. 180; 2,

a) UK
)
A

IIm

In

3]. BecnenctBue u3mydeHHs OT NepeAarolero Kaoes B
IPUEMHOM KabeJie yCTaHABIUBAETCS CUTHAN ONPECIICH-
Horo ypoBHs. [losiBeHre HapyIINUTEINA B 30HE PACIIOIO-
JKeHMsI KaOeneil MEeHSeT pacipeeleHUue OIS MEXITy
HIMH, B pE3yIIbTaTe Yero aMIUTUTYIA U (Daza CHTHaja B
MMPpUEMHOM Ka6ene Taxke MeHseTcd. Ecinu BenuunHa u
CKOPOCTh U3MEHEHHUS 3TUX MMapaMeTPOB COOTBETCTBYET
3apaHee yCTaHOBJICHHBIM KPUTEPHUSIM, OXpaHHOE YCTPOU-
CTBO (POPMHUPYET CUTHAI TPEBOTH. ITY KOH(PUTYPAIHIO
YCTpOMCTBA TIeTieco00pa3HO PUMEHSTH I oOecrieue-
HISI OXPaHBI IEPUMETPA BCETO 00BEKTA.

I[HH peumeHus Apyrux 3agad onTuMajJbHbIM, Ha HaIll
B3IV, OyZAeT yCTPOICTBO, KOTOPOE COCTOUT U3 OAHOTO
U3JTyYaIoNIero Kadens — IMepeaaronero u COCPeIoTo-
YEHHOW MpUeMHON aHTeHHbI. KoH(pUTyparys B3anMHOTO
PacHoNIOKEeHUS KaOeTIs 1 aHTCHHBI OTIPE/ICIIICTCS B3aNM-
HBIM PACIONIOKEeHUEM HeoOXoauMoro pybexa n 00bekTa
oxpaHnsbl. PaccMOTprM KOH(HUTypaluy OXpaHHOTO yCTPOK-
CTBa JJIs OTAETIBHOrO y4acTKa epuMeTpa 1 JJIsl OTJeIb-
HOT'O JIOKJTBHOTO 00BEKTa, OKPYKEHHOTO 3Ty JIaOIIIM
KaOeJieM ¢ aHTCHHOM B IICHTPE OKPY>KHOCTH (puc. 1).

B 06oux ciydasx oxpaHHOE yCTPOHCTBO COCTOUT U3
nepenaTunka [11, KOTOpbIi MOICOSIMHEH K H3TyYarolie-
My kabemo UK, u mpuemunka [T ¢ mpueMHO# aHTEHHOM
A. Cxema 00pabOTKH IMOJIE3HOTO CHrHANIA U (HOPMHUPO-
BaTENb TPEBOXKHOTO COOOIICHISI KOHCTPYKTUBHO pa3Me-
IICHBI B KOPITyce MprueMHUKA. [10CKOIbKY H3ITydatonuii
Kabeab MOXKHO pacrojiaraTb HEIMOCPEICTBEHHO Ha MO-
BEPXHOCTH I0YBBI, 0€3 MPEIBAPUTEIBHON HHKEHEPHOM
TIOATOTOBKH TEPPUTOPHH, TaKast KOHOUTypaIHs TO3BO-
JISIET JIETKO MEHSTH TEPPUTOPUATIBHOE PACTIONIOKEHHUE OT-
JIENTBHBIX PYOeKel OXpaHbl, 4TO 00ECTIEYNBALCT BRICOKYHO
MOOMIIBHOCTB YCTPOICTBA.

0)

Puc. 1. ObecnieueHre oxpaHbl y4acTKa rnepuMeTpa (a) U JOKaabHOTO 00beKTa (6)
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Mouennponaﬂne CUI'HAJIOB, BBI3BAHHBIX
ABUKCHUEM HAPYIIUTEJIsL

AHanmu3 CTPYKTYPHI MOJISI U3IyYarolero Kadems
[4, c. 48] u mpoBeneHHbBIE HCCNEAOBAHNS [S] TTO3BOH-
JIY CAETIaTh CIIETY IO BBIBO. BHEIIHSIS MOBEPXHOCTH
9KpaHa Kabesst Bo30yK1aeTcss MarHUTHBIM TI0JIEM, KOTO-
poe OXBaThIBAeT MOIEPEYHOE ceyeHue Kabems U uepes
OTBEPCTHUS B IKPaHE N3ITYUaeTCsl HapyxKy, YTO aHAJIOTUY-
HO BO30Y)KICHHUIO TIPOBOJISIIETO IHJIMH/IPA COBOKYITHO-
CTBIO MTOTIEPEYHBIX MArHUTHBIX JUMojel. B urore Ha mo-
BEPXHOCTH 3KpaHa Kabelist HABOJAUTCS IPOI0TBHBIN 3JICK-
TPUUYECKUH TOK, KOTOPBIH U SBJIAETCS MPUYUHOMN BO30Y K-
JIEHUS B OKPYXKAIOLLIEH cpelie 2IeKTPOMarHUTHOTO MOJIS.
Hecmotpst Ha To, 94TO B caMOM KabeJsie CYIIeCTBYET pe-
UM OETyIUX BOJH, PacIpe/ieieHue TOKa Ha TOBEpX-
HOCTH 3KpaHa Kabesl ¥ MoJisk BIOJIb HETO0 HepaBHOMEP-
Hoe. OHO onpeieNnisieTCs B3aUMOICHCTBUEM JBYX BOJIH C
Pa3IMYHBIMU IOCTOSHHBIMU pacnpocTpanenus. [Ipu stom
M3JTyYaroIIni Kabesb yI00HO PEICTaBUTh TMHCHHON N3~
Jydaroniel CTPyKTypoH, pacipe/ielIeHre TOKa BI0Ib KO-
TOPOU MOKET OBITh ONPEIECIICHO KaK aHATUTHIECKH, TaK
1 9KCIIEPUMEHTAIIBHO [5, 6].

OxpaHHbIE YCTPONCTBA HA U3ITyYAIOUINX Kabessx pa-
0O0TaroT, Kak MPaBUJIO, B METPOBOM U B HW)KHEU YaCTH
JIEIUMETPOBOTO IMaTia30Ha BOJH, T/I€ ITTMHA BOJTHBI 3HA-
YHUTEITLHO OOJIBIIIE MOTIEPEYHBIX Pa3MepoB Kades. B met-
POBOM JTHAMNa30He PayC U3ITy4Yarolero kades, Harmpu-
Mmep, RX4-3R cootBerctByet npubsmsutensHo 0,002,
a B gerumerpoBoM — 0,012A. JTist kabenst PU-75-4-12
9TH BEJIMUMHBI e11ie MeHblIe. [1oaToMy npu aHanu3e noss
Ha OCHOBaHuH [7, ¢. 33; 8, c. 158] uznyuaromuii kabenpb
MOYKHO pacCMaTpHBaTh KaK HUTh C TOKOM, pa30UTYIO Ha
JTIUCKPETHBIC DJIEMEHTapHBIE JICKTPHUECKHIE U3ITydaTeIH
uHOM AI<<A ¢ ToKOM In, TJIe 71 — TIOPSIAKOBEIN HOMEP
aneMenTa. Torna Bce mocueayonue BEIYUCICHIS MOXK-
HO OCYIIECTBUTH IT0 U3BECTHBIM IS TAKUX M3ITydaTesei
BbIpaxeHusiM [9, c. 72].

l'eomerpuueckas MOIeNb pacyeTa CUrHaJla, HaBEICH-
HOTO B IPUEMHOH aHTEHHE 3a CYET OTPAKEHHSI OT Hapy-
IIUTENs, TIpeicTaBieHa Ha puc. 2. Koopaunaare: u opu-
SHTAIMS KAXKIO0TO IEMEHTAPHOTO U3Ty4aresst ¢ TOKOM
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Puc. 2. Mojnenb pacuera curHajia OT HapyLIUTeNs

OTIPEIETISIOTCS B 3aBUCHMOCTH OT CIIOC00a YKIIa KU U3-
Ty4aromiero kades.

B kauecTBe MozieNn HAPYIIATENIS TPUMEM THHIPH-
YEeCKHUH 2JIEMEHT, B KOTOPOM B pE3yIIBTaTe NICHCTBHS OIS
M3JTYHaKOLIETO KaOeIs HABOIMTCS SKBUBAIEHTHBIN TOK /).
[TockonbKy 3JI€eMEHT OPUEHTUPOBAH, B OCHOBHOM, TI€p-
MEHIUKYISIPHO KaOero, 3TOT TOK OyAeT IMPOMOPIHOHA-
JIeH pauaibHON COCTABIISAIONIEH AIEKTPUIECKOTO OIS
AIIEMEHTAPHBIX U3ITydaTenel, Ha KOTOpbIe YCIOBHO pa3-
out kabenb. C ydyeToM 0003HAUCHHUH HA pUC. 2, BEKTOP
HAMPsDKCHHOCTH NIEKTPUYECKOTO OIS, TapajlIeTbHBIHA
OCH WJIMHPA, MOKHO BBIYUCIHUTH C TIOMOIIBIO BBIpa-
kenus [9, c. 72]

0 0
En — J ﬂ e_]BrﬂE Dé + 1‘ [COSGHE COS/ ’ ( 1 )
2TE, One Mne O

rae W— paboyas 4acToTa;
€, — JMDJICKTPUYECKast IPOHUIIAEMOCTD CPE/IbL;
B — mocTostHHAsI pacIpOCTpaHEHHUST;
7pp — DACCTOSHHUE OT 3JIEMEHTAPHOTO U3JTyyaTesis 10 MOJIEIH Ha-
pyLuTeNs;
B} — YTOJ MeXJIy OCHIO dIEMEHTapHOTO M3IyJaTells U HalpaB-
JICHHEM Ha MOJIeJIb HAapYILIUTEIIS;
Y — YroJI MeXJly paidaIbHON COCTABIISIONICH MOJIs DJIeMEHTap-
HOTO M3JTy4aTesst ¥ OChIO MOJICITH HAPYIIUTEIIS.

HpI/I YCJIOBUH, YTO TOK BAOJIb MOJCIN HAPYHIUTEIIA
pacnpeaciaiacTCs paBHOMEPHO, €T0 BEJIMUWHA OIIPCACIA-
€TCA COITIaCHO BBIPAXXCHHUIO

I :iZ{Endh,

re Z, — KOHCTAHTa, YIUTHIBAIOIIAs TAPAMETPBI TeNa;
h — BBICOTa TENA.

(2)

[Ton neiicTBreM 1oiist, BO30YKIEHHOTO TOKOM IH, B
TPUEMHOM aHTEHHE HABOIMTCS TOK /,, aMILIUTY 1a M (hasza
KOTOPOT'O 3aBUCST OT TOJIOKEHHSI MOJIEIIA HAPYLLIUTEIIS.
[TocKOMBKY ATH TOKH UMEFOT OOIITYIO TIOCKOCTD MOJSPH-
3allMH, CHIIy TOKa /,, & 3HAYUT U BEIMYUHY IOJIE3HOTO
CUTHAJIa, KOTOPBIM SABJISIETCS U3MEHEHUE HAlPsKEHUS Ha
BbIXOZIE JieTekTopa U, , MOXHO pacCYuTarh COITIACHO
[10, c. 71]. U3MeHss KOOpAUHATHI MOAEIY HAPYLLIUTEIS,
MO>KHO MOZEITUPOBATh H3MEHEHHE YPOBHSI CUTHAJIA [TPH
NepeMeLeHUH HapyLLHUTENs B CUCTEME «H3TyYaroluii Ka-
0ellb — aHTEHHA» M TaKUM 00pa3oM OIpPENIEIHUTh pac-
IpeJiesieHIe YyBCTBUTEIILHOCTH BAOJb PyOeska OXpaHBbl.

Ha puc. 3 noxazaHo u3MeHeHue BEIMUUHbI CUTHAJIOB
IIpY IEpEMEILIEHUH MOJIENN HAPYILUTENSI C BHELLIHEN CTO-
poHBI pyOeska oXpaHbl BJJ0JIb OTASIBHOTO MPSIMOIUHEH-
HOTO y4acTka Ka0ensl Ha paccTosiHuE | M OT Hero (cMm.
puc. 1, a). AHTEHHA B BUJIe BEPTUKAIBHOTO BHOpaTopa,
PAacIIoIOKEHHOTO Ha BhICOTE 3 M, HAXOAMJIACh Ha pac-
crostHAn =25 M. MoienpoBaHue OCYIIECTBICHO Ha Ya-
crore 60 MI'ny uist yuacTka Kabesst JTHHOH 125 M.

Pe3synbTarel MOJETMPOBAaHHSI HOPMUPOBAHBI K MAKCH-
MaJbHOMY 3HAUEHHUIO CUTHala, KOTOPBIA MpeAcTaBieH
KpuBOH /.

MonenupoBaHue MoKasaio, 4YTO CUTHAJ, BBI3BAHHBIN
nepeMelIeHUEeM HapyITHTEIIs BIOJIb KaOeIsl, 3aBUCHUT OT
B3aUMHOTO PACHOI0KEHHS U3TyYalomero Kabems 1 aH-
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Puc. 3. V3MeHeHue CUTHANIOB NPU IEPEMEIIEHUN MOJIEIH
HapYIIUTENS BIOJIb M3JIydalomiero kKadeis Ha OTAeIbHOM
ydJacTKe MepuMeTpa Ui cIydaeM pa3MelleHHs aHTeHHBI Ha
Pa3sHOM PACCTOSHMU OT Hayasla Kabems, M:
1 —10; 2 —60; 3— 120

TeHHBI. [Ipn ycTaHOBKe aHTEHHBI OJIM3KO K Hadalry kale-
751 HaOJMFOaeTCs 3HAYNTENbHAS HEPaBHOMEPHOCTH CHUT-
Hayia. ITO OCJIIOKHSAET BHIOOP ONTUMAIBHON BETMYHHBI
mopora cpabaTbIBaHHS B cXeMe 0O0pabOTKM CUTHAjA.
Heckonbko MeHbIIIasi HEPaBHOMEPHOCTh CUTHaJa OyaeT
TP pa3MeIeHNH AaHTEHHBI B KOHIIE KaOerts.

Ecnm pacnionoskeHne u3rydaromero Kabemis 1 aHTeH-
HBI COOTBETCTBYET pUC. 1, 6, MOJCTh HAPYIIUTEIISI TIEepe-
MEIIaeTCsl BIOIb BHEITHEH CTOPOHEI OXPaHHOTO pyOexa
110 OKpy>kHOCTH. [IpH 5TOM N3MEHEeHNE aMIUTUTY/IbI CUT -
HaJla IpY JIBMKEHUH BIOJb Ka0elst HOCUT OoJiee paBHO-
MEpHBIH Xapaktep (puc. 4), KOTOPBINA OINpeaeseTcs, B
OCHOBHOM, pacIipeae’eHIeM TOKa B0 KaOells U moTe-
PSIMH B HEM.
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Puc. 4. I3meHenue curxaiga mpu MnepeMenieHuu MOJEIu
HapyILNTeNIs BAOIb M3JIY4aIoLlero kadesns, YI0XEeHHOIo
BOKpYTI 00bEKTa

B peasibHBIX yCIOBHAX Ha BEJIMYMHY CUTHAJIA, BBI3-
BAaHHOTO TIEPEMEIICHIEM HApPYIIUTENS, BIUICT MHOTO
(hakTOpOB: TpaHHIBI pasnena cpel, HEOTHOPOTHOCTD
MOYBHI, penbed) MECTHOCTH, WHAUBHyabHBIE 0COOCH-
HOCTH TIepeMeleHust HapytmTens. [loaTomy npeioxeH-
Hasi MOJIEJIb IO3BOJISIET CJENaTh JIMIIb KaueCTBEHHBIH
CpaBHUTEIHHBIN aHATU3 pacpe/IeTICHIS TyBCTBUTEIHHO-
CTH OXPaHHOTO YCTPOWCTRA NIPH pa3HOW KOH(HUTYparun
pa3MelIeHHUs U3ITyYaroIero Kadess, MpUeMHON aHTEHHBI
Y TPACKTOPUH IBUKECHUS HAPYIIUTES.

CTpyKTypHasi cxeMa OXpPaHHOI0 YCTPOIiCcTBA U
pe3yJabTaThbl McciaeJ0BaAHMIT

CTpyKTypHas cXxeMa 3KCIICpUMEHTAIFHOTO 00pasna
OXPaHHOTO YCTPOWCTBa Ha n3my4atorieM kabdene (OYUK)
M0Ka3aHa Ha PUC. 5. YCTPOICTBO COCTOUT U3 ITepe1aTuu-
Ka ¥ IPHEMHHUKA C OJIOKOM KOPPEIBIIIOHHON 00paboTKH.

k UK

[ (o0 =+

e

AHTCHHBI

UBLIX(t)

Puc. 5. CtpyKTypHast cxeMa OXpPaHHOI'O YCTPOKCTBa Ha H3-
IyyaroleM Kabene

Wznyyaromuii kabesb MOAKITIOUAeTCs K NepeaaTunKy, a
AQHTEHHA — K IIPUEMHHUKY.

B coctaB mepenaTanka BXOAAT CTaOMITN3NPOBAHHBII
KBapIIeBbIM pe3oHaTopoMm 3amatontuii reaeparop K ¢
BO3MOKHOCTBIO [I€pECTPAUBAHUS B JMANIA30HE YacTOT
55—73,5 MI'1, BBICOKOYACTOTHBIN YCHUIIMTENb MOIIIHO-
cty YM, koropslii Ha Harpy3ke 50 OM pa3BuUBaeT MoLI-
HocTh 100 MBT, 1 oTBeTBHTENHL O OMOPHOTO CUTHAIIA JIS
650ka 00padoTku. C y4eToM 3KpaHUPYIOIIETro NeHCTBUS
KabeJis, MOLITHOCTh U3 Ty4aeMOro CUrHasia He IpeBbIla-
€T eIMHUL] MUJTUBATT.

[IpuHATHINA AaHTEHHOW CUTHAN YCUIIMBAETCS BXOJHBIM
yeunuteneM BY 1o yposus okosno 50 MB u nonaetcs Ha
610k 00padoTku. KoppensinonHas 00paboTka pHHATO-
ro CUrHaja OCYILECTBJISIETCS ByMs aHaJIOMOBBIMH
yMHOXKHTENSIME AY | 11 AY, u onocHbIMu puiisTpamu [1D,
u H(DZ. Ha npyrue Bxozasl AY1 u AY2 MOAAOTCS OMOpP-
HbIE CUTHAJIBI OT oTBeTBUTENs O, mpuveM Ha AV, uepes
KBaJIpaTypHbIH (azoBpammarens K.

Hanpsxkenne Ha BeIxogax AV1 " AV2 MOXKHO TIpei-
CTaBUTB CJICAYIOILIUMU BbIPAKECHUSAMHU:

U oy (ot) :{UC sin(wt + ¢ )+

+U,; (t)singot + ¢, (t)QUO cosut ; (3)
Uy, (0t) ={Uc Sin(wt +¢c) +
U, (t)sinHot +¢, (t)QUO sint 4)

rie Uy n Uy (f) — COOTBETCTBEHHO YCHIICHHBIE BXOJHBIM yCHIIUTE-

JIeM HalpsDKeHHE CUTHAJa, HABEJCHHOTO B aHTEH-
HE OT M3JIYYaroIiero Kabels, ¥ HampsHKEHHE OT
H3MCHEHHUS [10JI5 HApyLIUTEIIEM;
¢ 1 ¢ (?) — basoBble CIBUIM ITHX HATPSKEHHUI;
Uy — aMIUTHTY/Ia OTIOPHOTO HATIPSKEHHS.

3nauenus U, (1) u ¢ () aBnsrorcs QyHKIUAMU Bpe-
MEHH, KOTOPbIE ONPEACIISIIOTCSI MECTOM U CKOPOCTBIO T1e-
pexoaa HapyIIUTeN sl Yepe3 Kabemb THHUHN OXpaHbl. VX
cnexTp snexut B npenenax ot 0,05 no 5 I'n. C Bbixonos
AV, 1 AY, cUrHaIIBI IOCTYTIAKOT Ha TI0JI0COBBIE (PUITBTPBI
[I®, n [1D, n na ycumurenun ¥V, u V.

Ecnn yuects, uro punsrpet [1®, u [1®, npornyckaror
CHUTHAJIBI TOJBKO YKAQ3aHHOTO CIIEKTPa YacTOT, TO Ha BBI-
XOJIe CXEMBI CPEIHEKBAIPATUICCKOTO CyMMHUPOBAHHSI
CKC 6e3 yuera ko3¢ duLmeHTa repegan ycuanTenen no-
Jy4nM HaTpsDKeHUE
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Puc. 6. l3menenne curHama mpy mepeMenieHnH HapyIIn-
TeJsl B0 Kalelis, YIIOKEHHOTO BOKPYT 0ObEKTa

U, () =UoU (1), (5)
TO €CTh IIPU MEPECEUCHUH Kabelnsi HapyIIUTeIeM Bellu-
YHHA BBIXOJHOT'O HAIIPSKEHHSI TPOTIOPLIMOHAIIBHA TOJb-
KO IPUPAIICHUIO HABEICHHOTO B AHTCHHE HAIPSDKCHUS 1
HE 3aBHCHT OT YaCTOTHI CUTHAJIA 1 eT0 (pa3pl. DTO HATIpS-
KEHHE MOXKET OBITh MOJIAHO HA TIOPOrOBOE YCTPOUCTBO
JUTst GOPMHUPOBAHUS CUTHAJIA TPEBOTH.

DKcnepuMeHTAIbHBIC UCCIIEIOBAHUS YCTPOICTBA MPO-
BOJMIIUCH B TOJIEBBIX YCJIOBHAX C OTpe3KaMH Kabeis
JUTHHOU 125 M ¥ ¢ BUOPATOPHOM aHTEHHOM, YCTAaHOBJICH-
HOM Ha BBICOTE 3 M, BHITIOJTHEHHOH B BU/IE BEPTHKAIBHO-
T0 HECUMMETPUIHOTO BHOpaTopa JuHOi 1,2 M ¢ mpo-
TuBOBecamu. M3nyuaromuii kabenas ObLT yIOKEH HEMo-
CPEJCTBEHHO Ha MI0YBY C TPaBsIHBIM MMOKpoBoM. [Inpuna
qyBCTBUTEIEHOHN 30HBI 110 YPOBHIO CUTHAIIA, KOTOPHIH 110
MEHBIIEH Mepe B IECSThH pa3 MPEBHIIAI YPOBEHb HABO-
JIOK 1 (UIyKTyaIui, Ipyu 3TOM cOocTaBuia 2—4 M BOK-
pyr kxabens.

OCOOEHHOCTBIO HCCIEYEMOr0 OXPAaHHOTO yCTPOii-
CTBa SABJISIETCS TO, YTO HE3aBUCUMO OT BHIOPAHHOH KOH-
¢duryparuu pybeska OXpaHbl IIepeMelIeHHE JTFOICH o
AQHTEHHOM 1 BOJIM3H Hee He MPUBOIUT K N3MEHEHHIO CHT-
HaJla B aHTCHHEC. (DI/IKCI/IpyIOTCSI TOJIBKO IECPECMECIICHUA
yepe3 Kabelb UM HeTOCPEACTBEHHO BOJIM3H HEro. DT
MOXHO OOBSICHUTB, BO-TICPBBIX, TEM, YTO BO3OYKICHUEC
TOKa B HApYIIUTEJIE OCYIICCTBISICTCS, B OCHOBHOM, 32
CYET paJiMaIbHOM COCTABIISIONIEH OISt M3ITyYaIOIIero Ka-
0esi, BO-BTOPBIX, TEM, YTO BEPTHKAIbHBI HECHMMET-
PUUHBIA BUOPAaTOp NPAaKTUYECKH HE MPUHUMAET CUTHA-
JIOB, HANPaBJICHHBIX BJOJb €0 OCH.

Ha puc. 6 mokaszana quarpaMMa CUTHAJIA Ha BBIXOZIE
CKC ot napymmressi, KOTOPBIA TIepeMeniayics ¢ BHEII-
Hel CTOPOHBI pyOeka oxpaHsl Ha paccTostHun 0,5—0,7 M
ot xabens. Kabenp niaunHo#t 125 M OblT yI0KEH B BUC
OKPY>KHOCTH, B LIEHTPE KOTOPOH PacrojokeHa aHTeHHA.

Mo xpastm muarpaMMbl BUIHO, UTO YPOBEHB (PIYKTY-
aruil 1 momex (OHU OOBEJICHBI) B JIECATKHU pa3 MEHBIIIE
YPOBHSI CUT'HaJa OT HapymuTesst. O0muit xapaxkrep u3-
MCHCHHUA aMIUIUTYAbI 3TOTO0 CUTHAaJIa COOTBETCTBYCT Pe-
3yabraTam MojenupoBanus (puc. 4). JlokaabHbIe HepaB-
HOMEPHOCTH CHT'HaJIa 00y CIIOBICHEI HEOMHOPOTHOCTHIO

ydacTka, Iie IPOBOJIUJIUCH UCCIIeI0BaHUS, HEPOBHO-
cTsMU roBepxHocTH 110 0,5 M ¥ HATMYUEM HaCaKIeHUH,
a TaK)Ke HEPaBHOMEPHOCTHIO TiepeMenieHus. TeM He Me-
Hee, 10 Beel JuinHe Kabesst CUTHAJ OT HapyIuTes 60-
Jiee YeM Ha IOPSAO0K MPEeBhImaeT (POH IoMeX U QIIyKTy-
Ay, YTO NPAKTUUECKHU MCKIIIOYAeT BEPOSTHOCTD JIOK-
HOTO cpabaThIBaHUS yCTPOUCTBA.

B xone sxcnieprMeHTaIbHbIX UCCIIEA0BAHNMN pa3iny-
HBIX BAPUAHTOB IIOCTPOSHHUS OXPAHHOTO YCTPONUCTBA TaK-
ke ObLIO YCTAHOBJIEHO, UTO MOJKIIOYEHHE MTepeaTyrKa
K aHTCHHE, a IPHEMHNKA K KaOeJto He IIPHBOIUT K H3Me-
HEHHIO YyBCTBUTEIbHOCTH YCTPOWCTBA U XapakTepa ee
pacmpeneneHust BIOJb oxpaHsemMoi 30HbL. [Ipu sToM,
OJTHAKO, 3HAYUTEJIbHAS YaCTh MOIIIHOCTH OECIIONE3HO U3~
Jy4yaeTcs B OKpYy)Karollee MPOCTPAHCTBO U MOMKET CO-
3[1aBaTh [IOMEXH IPYTUM PaIi03JIEKTPOHHBIM CPEICTBAM.
B npencrasnenHoM BapraHTe yCTPONCTBA 3TA YACTh YHEP-
THH TOTIIONIAETCS, B OCHOBHOM, B COIJIACOBAaHHOW Ha-
rpy3ke Kabens.

BrIBOIBI

B pesynbrare npoBeAeHHBIX UCCIEI0BAHUMN MPEMIIO-
JKEHa MpocTasg MareMarndeckas MoJiellb, KOoTopasi JaeT
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YCTPONCTBO C HECKOJILKUMHU PA3HECEHHBIMU aHTEHHAMU
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IIpusedenvl pezynrbmamol UCcie008aHUS
Kauecmea cmupauus uH@opmayuu ¢ MHo-
200UCKOBbIX HaAKONnUmeneu Ha HcecmrKux
MACHUMHBIX OUCKAX MACHUMHBLIMU UMNYTb-
CHLIMU NOJAMU U OAHbL PeKOMeHOayuu O
gvlbopa napamempos CMupanwux uUm-
nYIbCos.

XOopoL10 U3BECTHO, UTO UMITY/IbCHBIE MArHUTHBIE I1OJIS
WCTIOJB3YIOTCS JUIs1 yHUYTOKCHUSI MHPOPMAIIMK Ha Mar-
HUTHBIX HOCUTEISIX [1]. OCOOEHHOCTAMU KOHCTPYKITHH
COBPEMEHHBIX HAKOITUTEIIEH Ha JKECTKUX MarHUTHBIX JIHC-
kax (HKMJI) siBisieTcst UX MHOTOIMCKOBAs CTPYKTYpa,
a TAK)KE HAJIMYME JOTIOJIHUTEIIbHBIX METAJUINYECKUX JJIe-
MeHTOB, paznerstonux aucku. Kopmyc HXXM/I nsro-
TOBJIEH, KaK IIPaBUJIO, U3 aJIIOMUHUEBOIO CIUIAaBa C YTOJI-
IICHUSMHU B BUjIe pedep KecTKocTh. B ToM uinm mHOM
BUJIE TAKUE SIIEMEHTBI IPUCYTCTBYIOT B BUHUECTEPAX pas-
HBIX IPOU3BOAMUTENCH. YKa3aHHbIE 0COOEHHOCTH KOHCT-
PYKIIUH IPUBOIAT K SKPAHUPOBAHHUIO TOCTATOUHO OOJTB-
LIMX Y4aCTKOB IMCKOB [P BO3AEHCTBUN Ha HUX UMITYJIb-
CHBIMHM MarHUTHBIMH ITOJIIMH, YTO CHUYKAET HaZIeKHOCTD
crupanwst nHopManuy. KospriutueHas crna MarHATHBIX
MaTepHalioB, UCTIOJIb3yeMbIX B coBpeMeHHbIX HXKM/I,
MOKeT JocTUrath 450 KA/M [2], 4TO onpeAenseT BbICO-
Kre TpeOOBaHMS K MAarHUTHBIM CTHPAIOLINM CHCTEMaM.
CymiecTByIOMui crrocod KOHTPOIST KauecTBa CTHPAHHUS
uH(pOpPMAIINU OCHOBAH Ha PETUCTPALIUH MATHUTHOTO Pe-
nbeda ToBepXHOCTH Kaxoro aucka HXKMJ metomamu
cuioBoi Mukpockomnuu [3]. IlepBrbiit aTan KOHTpOIST —
pETHCTpaIys HCXOAHOTO MATHUTHOTO pesbeda, COOTBET-
CTBYIOIIETO 3aIIMCaHHON HH(POPMAIIHH, a Ha BTOPOM dTa-
TIe PETUCTPUPYETCSA MAarHUTHOE N300paskeHHEe IOBEPXHO-
CTH MOCIIE BO3/ICHCTBHS Ha BUHYECTEP CTHPAFOIIUM Mar-
HUTHBIM T0J1eM. {711 HaIe’)KHOTO CTHpAHMS HH(POPMAIIUH
HEOOXOMMO ONITHMAITBHOE COOTHOIICHUE IITHTEIIHHOCTH
Y aMIUTUTY/IbI CTUPAIOLIETO UMITYJIbCA.

JKcIepUMeHTAbHbIE Pe3yJbTaThl

Crupanue nuapopmarmu ¢ HHKM/] ocymecTBisiiocs
MOCIIEZIOBATENbHBIM BO3IEHCTBHEM MPOJOIBHBIM (JIEkKa-
MM B IUTOCKOCTH JTUCKA) M TIOTIEPEYHBIM (OPTOTOHAIb-
HBIM IUIOCKOCTH JIUCKA) MATHUTHBIM I1OJIEM CO CIEIYIO-
UMY TapaMeTpaMu UMITYJIbCOB:

— mpoaonbHoe mone: ammatyaa 720—760 kA/M,

JUTUTENBHOCTh UMITYSIbca o ypoBHIO 0,5 cocTaBisina
1,36—1,4 mc;

Poccus, . @psa3uno, Gunuan MHCTUTYTA paluOTEXHUKU U DIIEKTPOHUKH
uM. B. A. Korensuukosa PAH; . Mocksa, LIHUPTU um. akan. A. U. bepra

K. @.-m. n. C. B.TEPYC, 0. ¢h.-m. n. A. 1O. MUTAT'YH,
0. m. n. A. A. COKOJIOBCKHMU, k. ¢p.-m. n. M. I1. TEMUPA3EBA,
k. m. n. b. B. XJIOIIOB

JlaTa mocTyIuieHus B pe1akLuio
19.12 2009 1.

Ormmounent 0. m. n. B. C. CHTHUKOB
(OHITY, . Onecca)

OCOBEHHOCTHU CTHUPAHUA MTHOOPMAILIMN
C MHOI'OAMCKOBbBIX BUHYECTEPOB
NMITYJIbCHBIM MAT'HUTHBIM I1OJIEM

— monepeyHoe moje: aMmrutyaa 640—650 kA/M,
JUIMTEIBHOCTh UMITyJbca 1o ypoBHIO 0,5 cocraBisiia
5,2—5,4 mc.

B paborte nccnenoBanoch yHUUTOKEHHE HH(OPMALIN
Ha coBpeMeHHbIX HXXM/I, oTnuyaromuxcsi BbICOKOM
IUIOTHOCTHIO 3anucu: Hitachi Travelstar 5SK500 (2,5", 3
MarHuTHBIX aucka, 0,5 Th); Hitachi Ultrastar A7K1000
(5 marautHeIX nuckoB, 1TB); Seagate Barracuda
<ST31000333AS> (4 marautHbIx aucka, 1| Th); Seagate
Barracuda ES2 <ST31000340NS>(4 MarHUTHBIX JHUC-
ka, 1 Th).

Kagecto cTupanust nH(GOpPMAIH KOHTPOINPOBAIOCH
METOJIJaMH aTOMHOM CHUJIOBOM MHKPOCKOIHH ITyTEM pe-
TUCTPALMU MArHUTHOTO peJibeda MOBEPXHOCTH KaXKAO0TO
JIUCKa B HECKOJBKUX TOYKAX JIO M IOCI]e BO3JIEHCTBUSA
UMIYJIbCHBIMM MAarHUTHBIMHM ToJsiMH. [locie Bo3nei-
CTBUS CHUMAJIOCh 110 5 KapTUH OCTaTOYHOI'0 MarHUTHO-
ro penbeda ¢ pa3IMyHbIX YIaCTKOB Kax 10 MOBEPXHO-
CTH Kaxoro aucka. Ha puc. 1 npuseneH xapakTepHbId
MarHUTHBIA penbed MOBEPXHOCTH JIUCKA CO CIICIHATBHO
3amucaHHoi MH(OpMAaIel, U3 KOTOPOTO BHIHO, UTO
aTOMHBIHN crHiI0BOM MuKpockon «CMeHa Ay [4] obecrie-
YUBAJI TPOCTPAHCTBEHHOE pa3pelieHne B MarHUTHOM
n300pakeHNH He Xyke 50 HM ¢ BBICOKMM KOHTPAcTOM
MEXTy GU3NUECKHUMHU HYJIEM U €IMHULICH.

Ha puc. 2 npuBeieHa xapaKkTepHasi MarHUTHas KapTH-
Ha TIOBEPXHOCTHU OJHOTO U3 TUCKOB TPEXTUCKOBOTO BUH-
gyectepa Hitachi Travelstar 5K500 nocie Bo3mercTBus
MarHUTHBIMU TOJISIMUA CTHPAIOIIETO YCTPOUCTBRA. 3/1€Ch

Y, MKM

2 X, MKM
Puc. 1. MarautHslii penbed MOBEPXHOCTH AUCKA CO CIIyxKeo-
HOM uHpopManuen
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Puc. 2. XapakrepHas KapTHHa MarHUTHOTO peltbeda TOBEPX-
HOCTH OJTHOTO U3 auckoB BuHuecTepa Hitachi Travelstar SK500
Mocjie BO3ACHCTBUS UMITYTbCHBIM MATHUTHBIM ITOJIEM

BHUJTHO, YTO HH(OPMALHS TOTHOCTHIO cTepTa. Ha kakmoit
MTOBEPXHOCTH KaXJI0TO JUCKA MAarHUTHBIN peibed) CHU-
Maics B 5 Toukax. Bee 30 kapTuH aHAJIOTMYHBI IPUBE-
JICHHOW Ha pHC. 2, 9TO MOATBEPKAACT ITOTHOE YHIHUTO-
skerue nHGopmaru Ha HXM/JI.

B oTnrume ot 3TOTO Citydasi, Takoe K€ BO3ICHCTBHE
Ha aucku HXXM/I Hitachi Ultrastar A7K 1000 ne npuso-
JIIT K ITOJTHOMY CTHpaHuio nHpopmarmu. Ha puc. 3 no-
Ka3aHbl YYacTKH, Ha KOTOPBIX MOJHOCTBIO CTEpTa WH-
(opMarys, 1 y9acTKy ¢ ee ocTaTKkaMu. EcTecTBeHHO, uTe-
HHE 9TO HH(POPMAIUH IITATHBIMA MAarHATHBIMHE TOJIOB-
kamu HXKM/J] mpaktudecku HeocymecTBuMo. MeTona-
MU aTOMHOM CHITOBOH MHKPOCKOITUH 3TOT PeIIbed) MOKET
OBITH BU3YQJIN3UPOBAH, OJHAKO BOCCTAHOBJICHUE OCTa-
TOYHBIX ()PArMEHTOB HHPOPMAIIHU COTPSIKEHO ¢ OOJIb-
MIAMH TEXHUUECKUMH TpyAHOCTsIMH. HermonmHoe ctupa-
HHUE UH()OpPMALINH, OYEBUIHO, CBSI3aHO C YKPAHUPOBKOM
HUMITYJI5CHOTO MAaTHUTHOTO TIOJIST METAJUTHICCKUMH dJIe-
Mentamu HXXMJI. 3amMeTHyI0 posb IpH 3TOM UTPArOT U

a)

B ud w L '] L 2 A il [P ] i
-

AJIOMHUHHUEBBIE MOUIOKKHU (TOMIMHOM okono 1 MMm) ca-
MHUX MarHUTHBIX TUCKOB.

JLiist mpoBepku 3Toro npexmnosnoxenus onuH n3 HHKM/J{
nepesi CTUpaHueM HHpopMaIyu ObuT pa3o0paH, BO3ACH-
CTBME MarHUTHBIM TIOJIEM OCYILECTBIISUIOCH HEMOCPEe/I-
CTBEHHO Ha KaXKIbIN TMCK B OTAEIHHOCTH. B TakoMm ciy-
Yae cTupaHue nHGpOopMaIuu ObLIO TIOIHBIM, YTO TIOATBEP-
KJIACT JOCTATOYHOCTh AMILTUTY/IbI IPUMEHSEMOTO MarHUT-
HOT'O UMITYJIbCa JUIsl HAJIeKHOTO NepeMarHuY1BaHus Ma-
TEPHAJIOB, UCIIOIB3YEMBIX B nccienoBanueix HXKM/I.

AHaIOTHYHBIE PE3yNbTaThl OBUTM TONYYCHBI M IUISA
HXM/ Seagate Barracuda <ST31000333AS> (4 mar-
HuTHBIX aucka, 1 Th); Seagate Barracuda ES2
<ST31000340NS> (4 maruuTHbIX aucka, 1 Th).

I'maBHBII BBIBOI M3 ATHX HKCIIEPUMEHTOB 3aKIIIO4a-
€TCS B TOM, YTO UCIIOJIb30BaHHbBIE UMITYJIbCHBIE MAarHUT-
HBIE TIOJIS [TPEBBIAIOT KOIPLUTUBHYIO CHUITY MAarHUTHBIX
MaTepualioB, IPUMEHIEMbIX B COBPEMEHHBIX BUHYECTe-
pax. OTUX HoJsei 10cTaTOuHO, YTOOBI 3((HEKTUBHO U Ha-
JIESKHO CTUpPATh HH(OPMAITHIO ¢ BHHYECTEPOB, B KOTO-
PBIX paboO4Mit MATHUTHBIHN CJION HAHECEH HA CTCKIISTHHBIC
TOAIOKKH. CUTYaIHs ¢ YHHUITOKEHHEM HH(pOpMaIy Ha
Haun0oJsee pacrpoCcTpaHEeHHBIX MHOTOJTUCKOBBIX BUHYEC-
Tepax C JUCKaMHU W3 aJFOMHUHHUEBOTO CIIaBa HAMHOTO
CJIOYKHEE BCJICICTBUE SIKPAaHUPOBAHHSI UMITYJILCHOTO Mar-
HUTHOTO MOJIs MeTaJTndeckuMu gactsimu HXKMJI.

JKpaHMPOBaHUE MATHUTHOI0 UMIIYJIbCA B MHOI'0-
JHUCKOBBIX BHHYeCTEPax

XapaxTepHbie aneMeHTs! KoucTpykimu HXKM/I, Bim-
SIFOIIUE HA DKPAHUPOBKY UMITYJIbCHOTO MATHUTHOTO TTOJIA,
3TO KOPILYC C TOTIOTHUTEIFHBIMH PeOpaMu >KECTKOCTH H
METATHICCKUMHU HAKJIaIKaMHU, A TFOMAHHEBBIE TTOIT0K-
KU IUCKOB, MEYKTUCKOBEIC Pa3IeNUTeIbHBIC SKPAHBI TOII-
muHoH oxoio 0,5 MM (puc. 4).

[Ipu rcronp3yeMbIX HAMPSHKCHHOCTSIX MarHUTHOTO
nosst (H >400 kA/M) 1 BpeMEHHBIX TAPAMETPAX HMITYJTb-
COB PEIIAIOIIYIO POJIb [T OCJIAOICHNUS BHEIIHETO MO
UTPAET MEKTPUIECKas MPOBOJMMOCTh MaTepHaia, a He
€ro MarHUTHas IPOHNIIAEMOCTb.

0)

T TR T T I T I T ]
-

Puc. 3. XapakTepHblii MAarHUTHBIN penbed pa3HBIX YIaCTKOB IIOBEPXHOCTH OJHOTO M3 nuckoB BuHYecTepa Hitachi, 1 Th
IoCcJie BO3/ICHCTBHUS MMITYJIbCHBIM MAarHUTHBIM T10JIEM:
a — uHbOpMALHsI TOJTHOCTHIO CTepTa; 6 — UH(pOpMaLUs HE cTepTa
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Puc. 4. Penrrenosckue cuuMku HXXMJI pasiuuHbIX Ipous3-
BOJIUTENEH, NTEMOHCTPUPYIOMINE OCOOEHHOCTH 3JIEMEHTOB
SKPaHUPOBKHU

Kak u3BectHo [5, ¢. 283], aMrmuTyia HanpspKEHHO-
CTH ITEPEMEHHOT'0 MarHUTHOTO MOJISI KPYTOBOH YaCTOTHI
(W YMEHBIIIACTCS C MPOHUKHOBEHUEM B HEMAarHUTHBIN TPO-
BOJIHUK Ha TIIyOHHY Z 0 3aKOHY

H(2)/ H, =expz/d), (1)

e Hy— aMIuuTya HanpspKeHHOCTH TOJISl HA TIOBEPXHOCTH MPO-
BOJIHHUKA;
0— nIyOWHA CKHH-CIIOS;

3=/2p/ (W), (2)
M, — MarHuTHas MOCTOSHHAS, [10241'[10’7 I'u/m;

pP— YACIBHOE CONPOTUBICHUE TPOBOAHUKA, NI AJIFOMUHUA
PA=2,82:1078 Onem.

[Tpu rCHOMB30BaHUH UMITYITECHOTO MaTHUTHOTO TIOJIS
HEOOXOANMO paccMaTpHUBaTh JEHCTBHE YaCTOTHOTO K-
panupoBanus (1), (2) ¢ yueTom BCero CrekTpa 4acToT,
COCTABJISIOIIUX UCIIONIB3YEMBIH UMITYIbC. ITa TPOMO3/I-
Kasi Ipoleaypa MpeAroaracT MpeICcTaBICHAe UCXOI-
HOTO UMITyJIbca B BUIC HHTETpana Oypbe, Bo3neiicTBre
Ha KOKIYIO CIICKTPAIbHYIO KOMIIOHEHTY 110 3aKkoHYy (1),
(2) 1 mocaeyrolee BOCCTAHOBIEHUE PE3YIBTUPYIOIIE-
IO UMITYJIbCa OCPECTBOM 00PAaTHOTO MPeoOpa30BaHUsI
®Oypbe ¢ yueToM (pa30BbIX CABUTOB KaXKIIOW CIICKTPaITb-
HOW KOMITOHEHTBI.

B HacTosmielt paboTe MCIoNb30BANICS APYTOW TOJ-
xof. MarauTHoe none H(z, f) B ofHOMEpHOI SKpaHUpPY-
IOLIeH cpesie OMUChIBaeTCs ypaBHEHHEM [5, ¢. 279]

C COOTBETCTBYIOIIUMH I'PAaHUYHBIMU YCJIOBUSMHU M Ha-
YaJIbHBIMU YCJIOBHSMH, ONPEACIIIONUMHA (HOPMY CTH-
pAaroIIero UMITyJTbca. JTa 3a/1a4a PEIIaeTCsi CTAaHJapTHBI-
MH YUCJICHHBIMH METOIaMH [6].

Ha puc. 5 npusenens! pe3ysbTaTbl YUCIEHHOIO MO-
JISIMPOBAHUS IPOXOXKICHUS UCXOJHBIX MATHUTHBIX M-
MYJIbCOB Pa3HON AJTUTENbHOCTH (ITUTEIBHOCTD UMITYJIb-
coB 110 ypoBHi0 0,5—1,4 Mc 1 5,4 Mc) 4epe3 3KpaHUpy-
IOIIUH CJION aJIFOMHHHMS PA3IMYHON TONIIMHBL. B kave-
CTBE UCXOJIHBIX B pacyeTax HCIOJIb30BAIUCh UMITYIIb-
Chbl, U3MEPEHHbIE B IKCIEPUMEHTAIILHOM CTHPAIOIIEM
YCTPOICTBE.

W3 npuBeneHHOro pUCYHKA BUIHO, YTO TI0 MEPE TPO-
XOKJICHUSI Yepe3 CIOW MeTallyla UMITYJIbC MarHUTHOTO

1,0 |
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Puc. 5. M3menenune Gopmbl ¥ aMIUIUTYIbl MATHUTHBIX MM-

MYJILCOB pa3auyHoi untensHoctu (I—3 — 1,4 mc; 4—6

— 5,4 MC) npu UX SKPaHUPOBAHUU CIOEM AJIOMUHHS Pa3-
JIMYHON TONIIUHEI d:

1, 4 — d=0 (ucxomHbIe UMITYIBCH); 2, 5 — d=4 MM; 3, 6 — d=8 MM

107151 HE TOJIbKO YMEHbIIAETCA 10 aMIUIMTYAE, HO U pac-
MIMPSIETCS, YTO JIETKO OOBSICHUMO OCIIA0JICHUEM BBICO-
KOYaCTOTHBIX KOMIIOHEHT UMITYJIbCa.

1 006bsiCHEHH OCTPOBHOI'O XapaKTepa yHUUYTOXKE-
Hust nHpopMarwH (cM. puc. 3) ¢ MEOromuckoBbix HXKM /]
(4—5 nmuckoB) ObuTa perieHa 3ajada pacrlpeesICHUs
AMIUTUTY/IbI HAIPSHKEHHOCTH UMITYJIbCHOTO MATHUTHOTO
noss BHyTpu MHoroauckosoro HXXMJI ¢ yuetom skpa-
HUPYIOILETo JIeHCTBH KopIyca. YpaBHeHue (3) pema-
JIOCh METOJaMM KOMITBIOTEPHOTO MOJAETUPOBAHUS IS
TEOMETPHH, IOKa3aHHOW Ha pHC. 6, KOTOpast COOTBETCTBY-
€T TUIIMYHOHN CTPYKTYPE COBPEMEHHOTO MHOTO/INCKOBO-
ro HXXM/I.

XapakTepHble pa3Mepbl IIEMEHTOB, TIOKa3aHHBIX Ha
puc. 6, COCTaBIISIOT: TOJIIMHA IUCKOB U KpbItiku HYKM T
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Puc. 6. Cxemaruueckoe U300paXKeHHE PACTIOIOKESHUsI dKpa-
Hupyomux snemenros HXXKMI:

1 — cruparomias MarHMTHasi cucteMa; 2 — Kpsliika u kopiyc HXXKMJ/L;

3 — aIOMHUHHEBBIE JUCKHA C MArHUTHBIM HOCUTEJIEM
(Ha HIKaJIC IoKa3aHbl HOMEpa IMPOMEKYTKOB MEKY lII/ICKaMI/I)
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Homep mpomexyTka Ha puc. 6

Puc. 7. OTHOCHTENbHAS aAMIUTUTYAa MarHUTHOTO UMITYJIbCa

(H/H;) B pa3nu4yHbIX NPOMEKYTKAX MEKAY AMCKAMH

HXMJ. Kpussie / u 2 cOOTBETCTBYIOT UMIynbcaM [ U 4 Ha

puc. 5, kpuBble 3 U 4 COOTBETCTBYIOT IOJISIM 1101 YTOJIIEHU-
samu koprryca HXKMJI

— 1o 1 MM, TojmMHA KOpIyca B TOHKMX MECTax —
2 MM, B peOpax KeCTKOCTH — 5,5 MM.

[Tone BHYTpH KaXKJ0T0 U3 IPOMEXKYTKOB, 0003HAYEH-
HBIX Ha puc. 6, ONpeAessUIoch Kak MoJlycyMMa MoJiei,
MPOUIEIINX OT MPABOH U JIEBOM YacTel MarHUTHOM CTH-
parolLeii cucTeMsl /, IpU4eM cleyeT OTMETUTb, YTO pac-
npenenenys nos B pazuelx ceuenusx HOKM/I paznuua-
FOTCS BCIIEICTBUE Pa3HON TOJIIMHBI KOPITyCa.

Ha puc. 7 npuBeneno pacnpenenenne OTHOCUTENb-
HOM aMILTUTY/Ibl UMITYJIbCa MATHUTHOTO 10J1s1 H /H | pas3-
JUYHOM JuTebHoCTH B ceuenusix HYKM I, nzob6paxeH-
HOTO Ha puc. 6. 3nech H  — HaNpPsSHKEHHOCTD MOJIS HA
TIOBEPXHOCTH MPOBOIHUKA; H; — HATIPSIKEHHOCT TOJIs
B MMPOMEXKYTKaX MKy MpoBonHukamu (i=1, 2, ..., 6).

Takum o0pa3om, Aii BUHYECTEPOB, COJEPIKAILIUX
nsATh auckoB (Hampumep Hitachi Ultrastar A7K 1000,
A7K2000 u np.), ocnabiaeHre MarHUTHOTO M10JIsI B 3aBU-
CHUMOCTH OT JUIUTEJIbHOCTH UMITYJIbCA MOXKET IOCTUraTh
30—70%. Kak u cneioBajio 0:)Ku1aTh, Ipu 0oJiee ITHH-
HOM UMITYJIbCE OCJIa0IeHHEe MArHUTHOTO TOJIS1 MEHBIIIE,
U €ro pacrpe/ieieHUe IBIseTCs 00Jiee 0OTHOPOIHBIM.

Hcxonst u3 pe3ynasraToB, IPUBEICHHBIX HA PUC. 7, U
YUUTBIBasA, YTO KOAPLUUTUBHASL CUJIA 111 MATHUTHBIX Ma-
TepHuayoB, MpuMeHsieMbIX B coBpeMeHHbIX HXKM/I, mo-
skeT pocturath 450 kA/M [2], MOKHO CliellaTh BBIBO/I,
YTO aMITIUTY/Ia MATHUTHOTO UMITYJIbCa, HEOOXOMUMas JIJIst
rapaHTUPOBAHHOTO YHUUTOXKCHUS HH(DOPMAIINH, TOTIK-
Ha nipeBbimath 450/0,37=1200 kA/M TIpH €ro JTUTEIb-
HoctH 1,4 mc u 450/0,58=775 xA/M TIpu ITUTETBHOCTH
5,4 mc. CTeneHp MPEBBINICHUST YKa3aHHBIX BEJTMYHH 3a-
BHCHT OT IIPSMOYTOJIBHOCTHY METIIU THCTEpe3rca MpH-
MEHSIEMbIX MATHUTHBIX MaTEPHAIIOB.

Crnenyet oTMeTuTh, uTo Ju1st HYKM/I ¢ MEHBIITNUM KO-
JMYECTBOM JIFCKOB YCIOBUSI CTHPAHUS HH(DOPMAIHHU TIPH
3a/laHHOM aMIUINTY/IE U JUINTEIbHOCTH MarHUTHOTO UM-
MYJIbCA SIBIISIFOTCS O0Jiee ONaronpusTHBIMHU, T. €. TEOMET-
pus, IpuBeeHHast Ha pUc. 6, COOTBETCTBYET HAUXY/LLIE-
My CIIy4ar0 C TOYKH 3PEHUS HAJEKHOTO CTHPAHUS WH-
dopmarin. IHBIMU ClTOBaMH, YHUBEPCAIFHOE CTHPATO-
1ee yCTPOUCTBO, FTApAaHTUPOBAHHO YHHUTOKAIOIIIEE UH-
dopmanmto ¢ nsaTuauckoBeix HXKMJI, HecoMHeHHO Oy-

JeT yHHuToXaTh uHpopmMaruo ¢ HXKM/L ¢ MeHbIINM
KOJIMYECTBOM JIMCKOB.

W3 npuBeeHHBIX pacyeTOB CIEILYET, UTO JUIsl HaJleXK-
HOTO CTUpaHus HH(pOPMAIK C MHOTOAUCKOBBIX BUHYE-
CTEpOB U3 MAarHUTHOTO MaTepualia, UMEIOLIET0 KOAPLH-
TUBHYIO cuiy nopsizka 450 KA/M [2], HeoOxoammo dop-
MHUPOBATh MarHUTHBIE UMITYJIbCHI JUTUTETILHOCTBIO OoJIee
5 Mc ¢ amruatynoit He meHee 800 kA/m. U3 3aBucumo-
cTeil Ha puc. 7 (kpuBble 3, 4) BUAHO, YTO HA MATHUTHBIX
JIUCKaX UMEIOTCS 30HbI IOBBIILIEHHOTO 3KPaHUPOBAHUS C
TTOHWKEHHOW HAMPSDKEHHOCTHIO CTHPAOIIETO MATHUTHO-
O TOJIsL, HAa KOTOPBIX MOT'YT COXPaHAThCSA OCTATKU Mar-
HUTHOTO pesbeda ucxoaHon napopmarmu. Ciemyer oT-
METHUTb, YTO aHAJIOTUYHAs KapTUHA HaOMIogaeTcs U Ha
YeTHIPEXTUCKOBBIX BHHUECTEpaxX (PUpMbI Seagate, B KO-
TOPBIX IUCKH pa3/IeNICHbI JOTOIHUTEIbHBIMH aJJIOMUHH-
€BbIMU dKpaHAMH.

KavecTBo cTupanus ”HPOpPMAIUH ¢ MHOTOIUCKOBBIX
BHUHYECTEPOB MOXKHO IIOBBICUTH ITPU MEHBILIEH HaNpsKEeH-
HOCTH MarHUTHOTO TOJIsA, €CIM IPUMEHUTH MAarHUTHYIO
cuctemy [7]. OcoOeHHOCTHIO YKa3aHHOW MarHUTHOM CH-
CTEMBI SIBJIIETCS €€ PACIIONOKEHUE B MECTaX MUHUMAJIb-
HOU YKpaHUPOBKU U MEHBILIUI 00BEM CO3/1aBa€MOT0 Mar-
HUTHOTO I10JI51, YTO CYLIECTBEHHO CHU)KAET HEprosaTpa-
ThL. [Ipy 5TOM B MOMEHT JIeHiCTBHS MATHUTHOTO UMITYJTb-
ca marautHbie nucku HXXMJI Bpamatores, u 3a BpeMs
JIECTBHUS MAarHUTHOTO UMITYJIbCA BCE YACTH JAUCKOB OY-
IYT TIPOXOIUTH 001aCTh MUHIMATLHOU SKpaHUPOBKH. [1pu
HOMHUHAJIbHOM 4aCTOTE BpAILEHHsI TUCKOB COBPEMEHHbIX
BuHUYeCcTepoB 7200 06/MHUH 0IMH 000POT, COOTBETCTBEH-
HO, cOBepIIaercs 3a 8,5 Mc, YTO COM3MEPUMO CO Bpe-
MEHEM JIEHCTBHS MArHUTHOTO UMITYIIbCA.

L

Takum 00pa3oMm, peICTaBICHHBIE PE3YIBTaThl UCCIIE-
JIOBaHMS KaueCTBa CTUPAHUS HHPOPMAIINK ¢ MHOTOIHC-
KOBBIX BHHYECTEPOB MArHUTHBIMH UMITYJIHCHBIMH TTOJIS-
MU TIO3BOJIMJIM CJIIEJIaTh BBIBOJA O TOM, YTO OCTPOBHOM
XapakTep cTUpaHus HHQopMaIu 0ObICHICTCS SKPaHH-
POBaHHEM MarHUTHOT'O MOJISI METAJUIMYECKUMH 3JI€MEH-
tamu koHCTpYyKImH HXKM/I.

C yBenmMueHHEeM JTUTEIbHOCTH MArHUTHOTO UMITYJIb-
ca CHIJKAIOTCS TPEOOBAHMS K €r0 aMILTHTYIIE, HEOOXOH-
MO 71 HaJIe)KHOTO CTUPaHUs MHPOPMALIMU C COBpe-
MEHHBIX MHOTOIHCKOBBIX HOXKM /]
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I'ynsies 0. B. u np.— 10.02 2004.
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IIpeonoowcen memoo 8vibopa Koauvecmeda
uzovimounvix sn1emenmos bBUC 6e3 mne-
onpasdanroeo ysenuuerus: niowjaou bBUC.

CoBpeMEeHHBII ATal pa3BUTHUS OIYIIPOBOTHIUKOBOTO
IIPON3BOJICTBA XaPAKTEPHU3YETCS POCTOM ITOTHOCTH KOM-
nonoBku BUC, n3-3a yero BozpacTaeT KOJIMUECTBO MPO-
U3BOJICTBEHHBIX JIC(EKTOB M COKPAIIAETCS BBIXOJ IO/
Heix BUC.

YCTOHUNBOCT K TIOSIBIICHUIO 1€(DEKTOB Y HEKOTOPBIX
tunioB BMC oGecrnieunBaeTcs myTeM CTPYKTYpHOU H30bI-
TOYHOCTH (pEe3epPBUPOBAHUS), T. €. JOOABICHHS K HX CXEME
JIOTIOTHUTEIIBHBIX 3JIEMEHTOB. DTOT IOXOI XapaKTepeH
IUTSL CXEM, COCTOSIIIMX U3 TAKUX MOAYJICH KaK JIeMEHTEI
MaMATH U TUPPOBOH JToruKH. OHAKO KOJIMYECTBO J0-
TIOJTHUTEIBHBIX (PE3EPBHBIX) JIEMEHTOB JOKHO OBITH
O6OCHOBaHHLIM, I~IT061:»I HC BbI3bIBATH HCOIIPABJAAHHOTO
pocrta rtomaau MC.

TpaIUIMOHHO KOIMYECTBO TOMOITHATEIEHBIX JIEMEH-
toB BUC onpenensiercs mpu TpeGyeMoM YPOBHE BEIXOIA
TOIHBIX C TIOMOIIBIO PA3IMYHBIX KOMITAyHJ-pacipee-
JIeHHi Ha OcHOBe 00001IeHHoro pacnpenenenus Ilyac-
coHa [1—4]. ToyHOCTh B 3HAYUTENBHOIN Mepe 00yCIIOB-
JieHa THIIOM (DYHKIIUY, IPUMEHSIEMOU pU 0000IICHUT
pacrtpenenenus [lyaccona. OTu QyHKIMH pa3HATCS KO-
JIMYECTBOM ITAPAMETPOB, TIO3BOJISIOIINX OIICHUBATH CTa-
THUCTHYECKHE XapaKTEePUCTHKHU pacIipeie/ieHust 1e(heKTOB
Ha TIOBEPXHOCTH IMJIACTUHBI Ipu mpousBojacTee BUC.
Taxumu napamMeTpamMu ABJIAIOTCA: ITOCTOSTHHBIHN JJIA JaH-
Horo nponsBosicTBa U Trma MC koadduitueHT (yanToiBa-
€T CUCTeMaTHYECKUE TEXHOIOTHISCKUE Ne(EKTHI ), Cpe-
Hee KOJTMYECTBO JIe()eKTOB Ha eIUHUILY IIJIONIa 1, KO3 (-
(bUIMEHT KIIacTepu3aIiy, yIUTHIBAIOIINIT HEpaBHOMED-
HOCTB pacrpeieJICHAs 3TUX 1e(heKTOB, pazMep «OI0Ka
— JMHUIIBI U3MEPECHUS pa3Mepa KilacTepa.

Bun xommayHa-pacpenenenus (KpyTHOKIACTEPHOES
WU CPEAHEKIACTEPHOE OTPULIATEIFHOE ONHOMHUATIBHOE
pacrpeiesieHue) BEIOUpaeTcss B 3aBUCUMOCTH OT COOT-
HOIICHUS pa3MEpPOB KIIacTepa U aHAIN3UpyeMoii o0ac-
tu. Iyt BUC ¢ mnorniaipro 00ibiie KBaJIpaTHOTO JroiMa
60J'II)HIy}O TOYHOCTbB ITPU OLIEHKE BbIXOJa 'OAHLIX U, CJIC-
J0BaTCIbHO, IPU BLIGOpe KOJIMYECTBA JOIIOJIHUTCIIBHBIX
AIIEMEHTOB JaeT CPeTHEKIACTEPHOE OTPUIIaTeIFHOE ON-
HOMHAJIBHOE pacIpeieTICHUE.

O1ieHKa CpeIHero KOJIM4ecTBa Ie()eKTOB TPOBOJIHT-
cs1 ¢ yaerom tuna UC, ocoGeHHOCTEH TTPOU3BO/ICTBEH-
HBIX JIMHUH U TTPOIIecCOB 00pabOTKH TUIACTHH.

praI/IHa, OHCCCKI/Iﬁ HaL[HOHaJ'ILHI:IfI MOJUTEXHUYECKU T YHUBCPCUTCT

JlaTa OCTYIUIEHUS B pEIAKILIUIO
01.10 2009 r.

OmmnouneHt 0. m. . B. B. BAPAHOB
(BI'YUP, . MuHCK)

OIIEHKA CTPYKTYPHOM N3bbITOYHOCTH BUC
C [IOMOLIBIO ITIOMEXOYCTONYNBOU KITACTEPU3ALIMN

[Ipu onpenenennn k03P GUITMECHTOB KIACTEPU3ALIUH
MPUMEHSICTCS MTOHATHE «0JI0Ka» KaK eAUHUIIBI H3Mepe-
HUS wiolaau kiactepa [1]. bioku craructuuecku He-
3aBHCHMBI JIPYT OT Apyra. BHyTpH 0710KOB e ek ThI pac-
Ipe/ieeHBl PABHOMEPHO, KOPPETUPOBAHHEI MEXKITy CO-
0011, X YMCI0 B KAKIOM OJIOKE MMEET OTPHLATECIBHOE
OGUHOMHANBHOE paclpeieieHHE.

Kaxk mpaBrio, Uit ogo0HOT0 HCCIeIOBAHUS Ha TIPO-
W3BOJICTBE C IIETHI0 COKPAILICHHS 3aTPaT MPEIbIBISICTCS
MaJioe KonmmgecTBo miactuH (10—12). B crartuctuke 3o
— Masas Beibopka. Ho onpenenuts pa3mep 01o0ka B city-
Yyae MajbIX BBIOOPOK CIOXKHO, T. K. OIIMOKHU OIeparopa,
cbou 060pyaOBaHUs MPU U3MEPEHUHU 00YCIOBIMBAIOT
HCKaKCHHE JAHHBIX 0 Ae(eKTax IPH MaJIOM X 00beMe.
MeTo/1b1, OCHOBaHHBIE Ha CPaBHEHHUH paCIIpeAeTICHUIN
9THX JIAHHBIX, YYBCTBUTEIILHBI K OTKIIOHCHUSIM («IIIYMY» )
JIAHHBIX. BIUsIHUE 3THX HEOCTATKOB MOXKET OBITh YMEHb-
IICHO C TIOMOIIBEO TIOMEXO0YCTONYMBBIX IIPOLEIYP KiIac-
Tepu3anuu [4] mpu onpeaesieHuH pa3Mepa 0J10Ka.

Hacrostimast ctaThst mocBsiieHa pa3paboTke METo-
Ja, MO3BOJISAIONIET0 (hOPMAIN30BaTh IPOLEAYPY OLIEHKU
HeoOxoanmon m30erTounoct BUC (mpu 3aganHOM
YPOBHE BBIX0J1a TOJIHBIX) HA OCHOBE BHIOOpA pasmepa
0JI0Ka CPeTHEKIIACTEPHOTO OTPUIIATEIIEHOTO OMTHOMHU-
aJIbHOTO paclpeAcseHUsl ¢ IOMOIIBIO TOMEX0YCTOM-
YHBOTO MYJIBTHCTAPTOBOIO CyOIrpajiMeHTHOrO UTepa-
TUBHOTO METOMa KIaCTEPHU3AIHH B IPOCTPAHCTBE BEHi-
BIIET-TIPEOOpPA30BaHUS.

AHAJIMN3 METOH0B OLleHKH BbIX01a rogunsix UC

IIpu ouenke Beixona rogubix MC ucnonb3yoT KoM-
nayHJ-pacnpenesieHus 1e)eKTHOCTH.

Jedexrsl, mpuBomsue K norepe rogausix MC npu ux
IIPOU3BOJICTBE, paclpeiesIeHbl BHYTPHU IUTaCTUHBI HEPaB-
HOMEPHO, 00Pa3yIOT KJIACTEPhl, TOATOMY METIKOKIacTep-
HOE pacripe/ielieHe, He YUUThIBaro1ee AToT 3(heKT, naet
MEHBIIYIO TOYHOCTH ITPH OIEHKE BBIXOAA FOIHBIX [4].

BeposTHOCTB TOT0, YTO YKCITO NE(PEKTHBIX MOIYJICH &
Oyznet paBHo 0 B paMKax KomrayHj-pacnpenenenus [1y-
accoHa JyId KpyIMHOKJIACTEPHOTO pacipeieNieH s, KOTia
BCSI MUKPOCXEMa pacriojiaraetcs BHyTPH OJHOTO OJI0Ka,
OTIPEIETISIETCS COTTacHo hopmyIe

Y= P(k=0)=(1+ N\, /a, )",

rae k — 4ucio 1eeKTHBIX MO/TyJIeH;
N — pa3mep MUKpOCXEeMbI B MOayJIsix [ 1, 2];
A, — cpenHee unco e)eKTOB Ha OMH MOTYIb;
0, — TIapameTp KJIacTepU3aIUH.

(1)
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Pa3zmep 6moka 11 KpYHMHOKIIACTEPHOTO pacIpese-
JICHUSI paBEH BCEH IUIOMIA M IUIACTUHBI (B MOYNAX). Jlo-
CTOMHCTBA TAKOI'0 NPEJCTaBICHHUS — MPOCTOTA OIpeie-
JieHus O, ¥ A, METOIOM «OKHa» [3], HeT HeoOxXoauMo-
CTH OTIPENeIsTh pa3Mep Oyoka. HemocTatok — HHU3Kas
TOYHOCTH TSI MEKPOCXEM BBICOKOHM CTENCHU MHTETpa-
UM 1 OOJIBIION MIOIAAN, KOTIA PasMep MHUKPOCXEMBI
CTAHOBUTCSI OOJIBIIIE pa3Mepa Ki1acTepa.

Jl1st cpeiHeKIIaCTepPHOr0 paclpeeIeHus, KOra pas-
Mep OJoka B jexkuT B mipenenax 1<B<N, ¢opmyna (1)
npeodpasyercs K BUILY

N
Y=Pk=0)=(1+ B\ /a_ )E "
m m

CpenHexiacTepHOE pacipeiesieHne BKITFOIaeT B ce0st
KPYIHOKJIACTEPHOE M MEJIKOKIIACTEPHOE PACTIPEICTICHUS
Kak npejenbHble ciiydan. KoadduimenT kacrepusanuu
9TOrO pacnpeseseHus O BHYTpH 0Jl0Ka MOCTOSIHEH, HO
BO3pACTaeT, KOT/Ia paccMaTpruBacMasi 00IacTh BKIIIOUACT
B ce0s HACKOJIBKO OJTOKOB. [Iyist ompeiesieHns pa3mMepoB
Onoka paspabotan psj MeTonoB. OnHako B [1] aBTOpEI
KOHCTaTHPYIOT, UYTO B CIy4ae MaJbIX BEIOOPOK (Majoro
KOJIMUECTBA UCCIEyEeMbIX IUIACTUH) JIaXKe COYETaHUEM
ATHX METOJIOB OIIPEICIUTE pa3Mep OJI0Ka CIIOKHO.

CrnemyeT yauThIBaTh TaKKe, YTO pa3Mmep O10Kka ure-
PALOHHO OTIPEAEIACTCS 3aHOBO JUTSA KQ)KIO0T0 BU/IA IIPO-
M3BOJICTBA U pasHbIX TUTIOB MIC. D10 onpeneneHue B mpe-
JleTax TUIaCTHHBI IPEIoNaraeT nepedop pa3inuHbIX CO-
YeTaHUH KOJTHIESCTBA H PACTIONOKEHIS MOAYIICH, BXOMS-
myx B OJI0K. Bee BapnaHTHI pactpeeIeH st BRIXOIa roji-
HbIX IC 4yBCTBUTEIBHBI K IIYMOBBIM H3MEPEHHSIM MIPH
KOHTPOJIE 110 MaJIbIM BeiOopkam [1]. ITosTomy B HacTOSI-
1ielt paboTe aBTOPOM MPEIOAKEH METO/], TO3BOJIS IO
(bopManu30BaTh MPOIECC OMpeAeTICHU pa3MepoB Oro-
Ka JIISl OIICHKH CTPYKTYpHO# n3ositounoctu bUC ¢ mo-
MOIIIBIO CPETHEKIACTEPHOTO pacIipe/ieNieHus Ha 6a3e 1mo-
MEXO0YCTOHUHBOTO MYJIBTUCTAPTOBOTO CyOrpaAeHTHOTO
UTEPATUBHOIO METO/A KIACTEPU3ALMH B IPOCTPAHCTBE
BeliBJeT-nipeoOpa3oBanus [5].

OueHKa MapaMeTpPoOB CPeIHEKIACTEPHOTro
pacrpe/eeHus

3amaua KiacTepu3alui COCTOUT B pa30MEHNN MHO-
’KecTBa 00pa30B 00BEKTOB Ha IPYIIIHI (KJIACTEPHI) C yue-
TOM CXOACTBAa OOBEKTOB, KOTOPOE OMPEACIIIIOT Yepes3
paccTosiHUs B IPU3HAKOBOM NpocTpaHcTse. [Ipu orcyT-
CTBUH anpruopHOH nHPOpMaIuu o GopMe uccieayeMpIx
KJIACTEPOB M C YU4ETOM IMpPEaIojiaraeéMoii 3aryMIeHHO-
CTH BBIOOPKH /1A PEILIeHHs 331a4 ONTUMHU3ALUH pa3pado-
TaH IIOMEXO0YCTOHUNBBIN CyOTrpaIMeHTHBIN HTEPAaTHBHBIN
METO] ONTHMH3ALIIH B IPOCTPAHCTBE BEHBIET-TIpeoOpa-
30BaHusA [6]. [J1s1 MOBBIIIEHHS TOMEX0YCTOMYUBOCTH KJla-
CTepU3alliK Ha OCHOBE 3TOT'0 METOIa ONTUMHU3AIIH pa3-
paboTaH MyJIBTUCTAPTOBBIN CyOrpaAMEeHTHBIN UTEpaTHUB-
HBIA METOJ| KJacTepHu3alld B MPOCTPAHCTBE BeHBIIET-
peoOpa3oBaHuUsI.

DKCcIepUMEHTAIbHBIE UCCIIEA0BAHNS TTIOMEXOYCTONYH-
BOCTH ATOTO METO/Ia KJIacTepHU3alnuy oKa3aiu, 4To OT-
HOCHUTEJbHAS TOTPELTHOCTH OIPEAEICHUS] MUHUMYMa Te-
cToBOW (pyHKIMHU cocTaBmia 8,32% IpU BEIUIHHE OT-
HOIIICHUS aMIUIUTY/l CUTHama u myma 1,17 [5].

[Ipennaraercs Ucmoyb30BaTh ITOT METO]| KJIACTEPU-
3al1U [IPU OLIEHKE IIapaMeTPOB CPEJHEKIIACTEPHOIO pac-

TIPE/ICIICHIsS], TIOCKOJIBKY TIPH aHAJIN3€ BBIXO/IA TOMHBIX
BUC, xak npaBuiio, Mas 00beM BBIOOPOK (KOITHYECTBO
UCCIICyEMBbIX TUIACTHH), YTO MOXKET IIPUBECTH K 3aIlIyM-
JICHHOCTH BBIOOPKH.

J71s1 ero peanu3anuy MpeiaraeTest CIeayromas mpo-
nemypa.

1. TTomympoBOXHUKOBBIC TUIACTUHBI PA3MIEIIAIOTCS Ha
MOJYJIM PaBHOM 1iomamu [1].

2. OnpenensieTcst KOIMIECTBO Ae(hEKTOB HA MOIYIe
)\m 1 K03(QOUIIMEHT KITacTepr3anuu JJisi MOYJISI a,, 1o
Meronuke [4]. Torma

N _ 1 SW

A =X= X,
Sw¥

e ): — OIEHKA A _;

m>

X — cpe/Hee Yuciio 1eeKTOB Ha MOJIyJIE;
S — KONMYECTBO IJTACTHH;
W— xonudecTBO MOAYJICH Ha IIIACTHHE,
X, — uucino nedexros Ha i-M Mojyne (i=1,

. SI).

Ouenka O, MPOBOIUTCS C y4ETOM TOTO, YTO YHCIIO
nedeKToB X MMeeT OTpHIIaTeIbHOe ONHOMHUAIBHOE pac-
npeseneHye ¢ napamerpamu A, O . Ouenka aucnep-
cuu OyzeT UMeThb BUJ

1 Sw
V(X)) =Y X2 -
SW
a OIICHKA Koa(pqmuneHTa KJIaCTepH3ALIUH [T MOYJISI
. x?
™ V(X)X

Koaddurment knactepuzannu 010ka ornpenensercs
kak O, =@, [1].

3. C 3amaHHON TOYHOCTBIO O ompemesnsierTcst Kommde-
CTBO, LIEHTP, JUAMETP KJIACTEPOB € IIOMOILBIO IOMEXOY-
CTOIYMBOTO MyJIBETHCTapTOBOIO METO/1a KITacTepH3ariuu [5].

4. JInd KakJ0ro M3 3THUX BapHaHTOB KJIacTEePOB
OIpeAEIAeTCs] MAaKCUMAJIBHOE LI€JI0€ YHCIIO0 MOAYJEH,
BXOISLIMX B KJIacTep.

5. ®opMupyercst BapuallMOHHBIN P IUIOLIAaAeH Kila-
CTEPOB, BBIPAXKEHHBIX B MOJIYISAX. DTH 3HAUCHUS
(/,J) npuHUMAIOTCS KaK 3HAYCHUSI PA3MEPOB OJIOKOB IS
NIepBON UTEPALIUH.

6. Onpenensiercst pazmep OJ0Ka.

6.1. ITo meromuxke [4] mocnenoBaTensHO GopMHUPY-
€TCsl MaTpHUIla OLEHOK KOA((OUIIMEHTOB KIIACTePU3AIIH
O JUTst TOTEHITUATBHBIX Pa3MepoB O10ka ot 1X1 u no IXJ
MOJYJCH; OTHICKUBACTCSI HAMOOIBIIHNA pazmep X/, s
kotoporo G(l,J) meHbiie, ueM G (1, 1), KOTOpBI U IpH-
HUMaeTcs 3a pa3mep OJoKa.

ITo BTOpOMY MeTOMY OLEHKH pasmep Onoka B XB,
OIIpeieNsieTCsl B /1Ba ATarna (KOJIMUeCTBO MOYIIEH Mo AU~
He / u o mupune J knacrepa). Mccnemyemas niacTiuHa
JIeuTCsl Ha Ooku pasMepoM (/XJ) momyneit. UToOb
onpenenuth B, u B,, bopMupyroTCs 11BE ManI/H_IBI co-
JieprKanme pe3ym>TaT IPOBEPKH 10 KPUTEPUIO X CTATH-
CTUYECKOH HE3aBUCUMOCTH MEXAY COCEIHUMH OIOKa-
MH. 3HadeHus [ U J, KOTOPBIE ONPENENSIOT BEIOOp B, 1
B,, onpenenaroTes 1o nepBoii CTpoKe U CTOJ'I6]_Iy coor-
BETCTBYIOIMX MATPHII, B KOTOPBIX 3HAYEHHS X 3HAUM-
TEJIBHO HUXKE, YEM B JIPYTHX.
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6.2. IlocaenoBaTenbHO, HAUMHAS ¢ MUHUMAJIbLHOTO,
CpaBHUBArOTCA 3Ha4YeHus (/, J) N3 BapuallOHHBIX PSJIOB,
noJy4yeHHbIX B L. 5 U 6.1. [Ipu coBnaseHun pe3ynbTa-
TOB C 3aJJAHHON TOYHOCTBIO () IPHUHUMACTCSI MUHUMATb-
HBIW pa3Mep OJI0Ka, KOTOPBIH 3aTeM CpaBHUBACTCSI C pe-
3yNBTaTaMH YKCIIEPUMCHTATEHOM OIIEHKH BHIXOZA TOTHBIX.

Ecnu onenku pa3mepos 050ka B 1. 5 1 6.1 otmnya-
10TCs Goiee yeM Ha (), pEKOMEH/TyETCS MOBBICUTh TOY-
HOCTb KJIACTepH3aIMH (YMEHBIIUTH 0) 1 TOBTOPHUTH pac-
4eTsl 110 1. 3—6. Ecnu pa3znuuaiorcs Bce TPU OIIEHKH
pa3mepoB OJ0Ka 1o M. 5 1 6.1, BBIOUPAIOT TOT pazMep
010K, KOTOPBIW NP CPABHEHHH C pe3yJIbTaTaMH dKCIIe-
PUMEHTAJIbHOH OLIEHKHU BBIXOJIa TOAHBIX TAET MEHBIIYIO
OIIHOKY.

7. Onpenensercss KOIUYECTBO Je(HEKTOB OI0Ka
A b=B)\m. 3neck B=B,B, — myomans 6110Ka.

Ouenka cTtpykTypHoii n30biTounoctu bBUC

[Tpu o1ieHKE CTPYKTYPHOI H30BITOYHOCTH PACCUUTHI-
BaloT BBIX0J TOHBIX MC, conepxamux N UIeHTUIHBIX
MOJyJIeH, U3 KOTOPBIX TOJBKO M — HEoOXoaumble JUis
(dbyHKIIMOHUpOBaHUS, a (N—M) — U30BITOYHBIC. DTH U3-
OBITOYHBIC MOTYJIH MOTYT 3aMEHSTH JII000i1 13 M Momy-
TIeH, eclii OH JIe)eKTEH.

Onenka ctpykTypHoii u3dsirounoct BUC npoBouT-
s B TAKOM MOCJIeI0BaTEIbHOCTH.

1. ITo meronuke [4], ¢ yaeTom Toro, yto MC He 00s-
3aTeJIbHO BKJIFOUACT B CEOs 1EJI0¢ YHCII0 OJIOKOB (OIICH-
Ky pa3sMepoB OJ0Ka MPOBOIAT JIs MJIACTUHBI), IOBEPX-
HocTh MIC pasaensercss Ha 00JIACTH, MPUHAICKAIINE
pasHbIM Os10kaM. OOIIee YUCiIo CBOOOHBIX OT JeheK-
ToB Moayieit IC paBHO cymMMapHOMY KOIHYECTBY Ta-
KHX MOJIyJIeH B ee yacTsx. Tak Kak 3TH 00JIacTH PUHA/T-
JIeKAT Pa3IMIHBIM OJI0KaM, pacIpeIe/ICHHUE YKcia CBO-
OonHbIx OT fnedekToB Moxyei P (k) paBHO BEPOATHO-
CTH TOTO, YTO POBHO k u3 N Mojyneil CBOOOHBI OT Jie-
dekroB a(k, N), 1. e. onpexensercs o Gopmye [3, 4]

Rk =ak N)=
PR = N (K+ DA, D
_CN;( 1) Cy k|jL+ o D

2. OnpenensieTcst KOIMUECTBO U Pa3Mepbl yKa3aHHBIX
oOnacTeit B OJIOKaX MM MOIYJIISIX.

3. OnpenensoTes BEpOITHOCTH TOTO, YTO POBHO £,
MOAyJel, CBOOOIHBIX OT 1e(heKTOB, uMeeTcs B i-if 00-
JacTH:

P(Gk)=alk, 4)),

e A, — momans i-i 06nacTy, copepKameics B oa-
HOM OJIOKe.

4. OnpeaensroTcsi BEpOSITHOCTH TOTO, UYTO POBHO kis,
MOJTyJieil, CBOOOIHBIX OT Ae(PEKTOB, UMEIOTCA B j-ii Ya-
CTH i-#1 00J1acTH. DTH BEPOSTHOCTH ONPEIEIIAIOTCA 110~
CPEJICTBOM KOMIIO3UIMH [7] 110 k; 3HA4€HUH BEPOATHO-
creit a(k;, 4,), alk,, 4), .. a(kls, 4)).

31ech j — HOMEp YacTH 06HaCTI/I J=Loss k
qrcio 0e3aePeKTHBIX MOYJIeH B j-if yacTH i-i oGnacm

=3k [

5. C y4eToM Toro, 4To 4uciio 0e3/e)eKTHBIX MOY-
neit UC G ompenensercs kak cymMMa uucia 6e3nedext-
HBIX MOJyJIEH z ee obnactelt G, [4]

G=iq,

BEPOATHOCTE P 1. (G k) momy4enust k 6e31eeKTHBIX

MOJtyJIei 6y,ueT OHpeIleJ'ISITLCSI MOCPE/ICTBOM KOMIIO3H-

unn [7] 3nadennii Beposarnocrel P(G =k,), P(G,=k,),
, P(G_=k).

3necy k= k"-; R, R,
IS

— PACCTOSIHUS MO Bep-

TUKaJIHM ¥ TOPU3OHTAIM MEXY JIEBBIM BEPXHUM YIJIOM
NC 1 cooTBETCTBYIOUIMMHU IPaHUIIAMHU OJIOKA.

[Tocne y4yera BceX BOZMOKHBIX BAPHAHTOB pazMellie-
Hud, T. €. (R, R,), BBIYUCIISIETCS CPEIHEE PacIIpeene-
HUC

G C

P(k)‘ c.C Zg; Rrry (G= K.

6. Torna Beixon rogasix UC onpenensiercs [ 3, 4] kak

(K.

Orenka BbIX0/1a TOJIHBIX B ciryvae, koraa MC Bkiio-
4aeT B ceOsI He TOIBKO aHAIOTMYHbBIC MOAYJIH, HO U HEKO-
TOPBIE COIPOBOXKIAIONIHE UX ITOICXEMEI, IIPEITIONAraeT
pacueT BepOsITHOCTH BBIXOA TOIHBIX C YIETOM ITHX MOJI-
cxem [3].

7. O1ieHUBaETCsI SKBUBAJICHTHBIN BHIXOJI TOTHBIX MIPU
ONPE/ICICHHBIX 3HAYEHHUAX KOJIMYeCTBA Ae(eKTOB A ,
ko> uIIMenTa KIacTepu3aluu O JUls TIaCTHHBI U pa3-
Mepax Ooka B IS pa3iMyHOrO Yucia U30BITOYHBIX
Mojyneid. BeiOupaeTcss 4ucio u30BITOYHBIX MOJYJICH,
KOTOPOMY COOTBETCTBYCT MaKCUMaJIbHBIM DKBUBAJICHT-
HBIN BBIXOJI TOAHBIX Y.

Koaddumment kacrepusanuu Juist MIacTUHBI OTIpe-
nenseTcs Kak [3, 4]

N

k=M

:ubg’

rae W — miomaapb mIacTHHBL.

OKBHUBaJICHTHBIN BBIXOJI TOJIHBIX Y OIpeienseTcs Kak
YaCTHOE OT JIEICHUS BBIXO/IA TOJHBIX ¥,¢ Ha OTHOLICHHE
wiomaan MC ¢ u30bITOYHBIMU MOAYISMH K TUIONIAIN
NC 6e3 Hux.

HUccnenoBanue BIusHUS pazMepa 0J0Ka Ha KoJIrye-
CTBO JOTOJHHUTEIBHBIX MOAYJCH OBLIO MPOBEICHO TI0-
cpencTBOM Mo/ienrpoBanusl Ha OBM mnmacTuHb! pa3me-
pom 24x24 monyns ¢ IC pazmepom 2%3 monysmst. Huc-
710 1ePEKTOB 3371aBaJIOCh B COOTBETCTBHH C OTPHIIATEITb-
HBIM OMHOMMAJIBHBIM pactpesenenueM npu A =260 u
0(W=8. K WC nobasisimuch U30BITOUHBIC MOTYJIH, U OLIC-
HUBAJIACh YKBUBAJIIEHTHAS BEPOATHOCTD OJTYYECHHUS O~
HbIx UC ams pa3nnyHbIX pazmepoB Ojoka B — 1; 16 u
32. OnrtumanbHasi n30BITOYHOCTD JIJIsl JAaHHOTO Habopa
napaMeTpoB (YUCIIO MOJYIIEH, 1JIs1 KOTOPBIX SKBUBAJICH-
THas BEPOATHOCTD Moy4eHus ronabix MC Oynet makcu-
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9JIEKTPOHHBIE CPEJICTBA: HCCJIEJOBAHMUS, PASPABOTKHA

B=32

0,4

0,3

"DKBHUBaAJICHTHBIN BBIXOJ [OJHBIX

02 + - . e - —

0 1 2 3 4 5 6

KonuruecTBo M30BITOYHBIX MOJIYJICH B OnoKax
PasHBIX pa3MepoB

MaJIbHOI) OyyieT paBHa 2 1yis1 3HaYeHU B=1 1 B=16 u 4
utst B=32 (CM. PUCYHOK).
BriBoabl

Takum 00pa3oM, IPEIUIOKSHHBIN METO/1, OCHOBAHHBIH
Ha OIIEHKE pa3MepoB OJIOKa CPEeTHEKIIACTEPHOTO OTPHIIA-
TEJILHOTO OMHOMHAJIBHOTO PACTIPEICIICHHS C TTIOMOIIHEO
TIOMEX0YCTOMUMBOTO METO/A KJIaCTEPU3aIIUH B TPOCTPAH-

CTBE BEHBJIET-PEOOPa30BaHMUs MIO3BOJISIET BRIOUPATH KO-
JINYECTBO I/I36I)ITO‘1HI)IX 3JIEMCHTOB 633 HCOIIpaBAaHHOI'O
yBenmuenus rwiomau bUC npu ncnons30BaHNH Ha 3Tare
UCCIICIOBAHIS MAITBIX BRHIOOPOK JTAHHBIX.
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Tuxonos B. U., Waxrapun b. U., Cusbix B. B. CayuaiiHbie npouecchi.
[Mpumepnbl u 3anaun. OLeHKA CUTHAJO0B, UX MapaMeTpoB U cnekTpoB. OcHo-
Bbl Teopuu uHpopmauuu. T. 5.— M.: lopsauasa aunua — Teaekom, 2009.—

B nmstom TOoMe 3ajauHuKa B MEPBOH YaCTH MPEACTABAEHbBI 3ajaul MO OLlEHKE CUTHA-
JIOB, UX MapaMeTpOB U 9HEPreTHYECKUX CIeKTpoB. PaccMOTpeHbl 3aaul Ha BblUuKCIe-
nue rpannl Pao-Kpamepa a7 aucrnepcun oLeHOK, Ha onpeaeaeHle OleHOK MeToaa-

HOBBIE KHUTHU

L]

MH MaKCHMMaJ/bHOrO NpaBaonoaoOusi U 6alecoOBCKHX KpHTe-
pHEB, a TakKKe 3aJauM Ha OLleHUBAHME CaydYalHbIX CUTHAJOB
c¢unbrpamu Bunepa u Kanmana, nmpuBeneHbl npuMepbl NpH-
JIO’KEHHUs] TeOPUH HeJqnHelHoro oueHnBanus (meron Crparo-
HOBHYA) W 3a/1aUM HA OlleHUBAHHUe crekTpa. Bo BTopoi uactu
nocoOMsl aHbl 3ajaud Ha BbIUMCJIEHHME SHTPONUM pacrnpeie-
JIGHUH, a TakkKe 3a/auy Mo KOJAUPOBAHUIO H 110 OLEHKE oMe-
XOYCTOMUMBOCTH CUCTEM Mepeaayd cooOIleHHH.

B nannom ToMe 3ajauHuka coopaHo 60JbIIHHCTBO TEM, HMe-
IOLLUX OTHOLIEHHWE K OLleHKe CHIHAJ/J0B, UX MapaMeTpoB U
9HEPreTHUYeCKOMY cnekTpy. as CTyAeHTOB, aCHUpPaHTOB H
CMNeLUaJuCTOB, 3aHHTEPECOBAHHDBIX B PELICHHH NPEeACTaBJ/IeH-
HbIX 3a1ad.
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AJITOPUTM OLHEHKU COCTOAHUA
OPTATUYECKUX CUCTEM VYIIPABJIEHUA

AHanu3upyemc;z 6O3MOICHOCMb IJIEKMPOH-
HOlL OUYEHKU COCMOAHUSA asmomamudecKux
u asmomamusupoeaHrnblx cucmem ynpae-
JICHUAL.

Jis ahdexkTnBHOM pabOThl TEXHUYECKOW CHCTEMBI
YIIPABJICHUS C YSTIOBEKOM-OIIEPaTOPOM B KOHTYPE YIIPaB-
JIeHus (3PraTUuecKoi CHCTEMBI) HEOOXOAUMO 00ECTIEYNTh
JOJDKHOE COCTOSTHHE KaK €€ TeXHUIECKOH, TaK U OHOJIO-
THYECKOH cocTaBistomux. CBOEBpeMEHHOE O0HapYKe-
HHE 3aPOKIAIONINXCS IEPEX00B CUCTEMBI H3 IITATHOTO
COCTOSTHHIS B HEIITATHOE — OJIUH M3 Iy TEH PeayTIPeK-
JCHUS W/WIA MAHUMH3ALUH TOCIEACTBUI HapyIICHUS
MITATHOI'O COCTOAHUSA CUCTCMBI YIIPABJICHUS.

CocrosiHue (B CMBICIIE CIIOCOOHOCTH JOCTHIKCHHS
Lesu ynpasneHus) cucreM ynpasienus (CY), kak 1 ux
0000IIICHHBIC XapaKTEPUCTHKH, B OOIIEM ciIydae orpe-
JEeTSeTCs 3HAYCHUSIMH 71 PA3IMIHBIX TTAPAMETPOB, TIPE/-
CTaBJISIEMBIX q)yHKHI/IHMI/I OZIHOT'O UJIKN HECKOJIBKUX apTy-
MeHTOB. K 4mciy Takux apryMeHTOB B 3aBUCHMOCTH OT
tuna paccMarpuBaeMoil CY OTHOCST KOJMUYECTBO dJie-
MEHTOB, Y3JI0B HJIH COOPOYHBIX €IHHUII.

[Tpw penrennn 1r000 KOHKPETHOH 3a1a91 yIUTHIBaC-
Mmble apametpbl CY Bcerma 00pa3yroT KOHEYHOE MHO-
XKECTBO mapameTpoB P, (i=1, 2, ..., n), NpuYeM HHIEK-
canus napamMeTpoB HE CTABUTCA B 3aBUCHUMOCTD OT CTEC-
MICHU UX BAYKHOCTH. XapaKTep ydyeTa OTACIbHBIX IMapa-
METPOB M UX TPYIII B IIPOIECCe PEIICHUS 3a1a9H, KaK
paBuiio, pasnuueH. [1oaTomy MHOXecTBO P 00BIUHO
pasbuBatoT Ha psaj noamuoxkects P, P2, .. PY B coot-
BCTCTBUU C MCIOJIb3YEMbIMU TTPU3HAKaAMU dSn, €CIIN n
— KOJINYECTBO YUUTHIBAEMbIX MapaMeTpoB. Pa3zOuenne
MIPOM3BOIUTCS IO MPABUIIAM:

PTAP =0, (X, %, ... %),
nof, 2, ...,d}, €04, 2, ....d};

UP"=P, P'£0. (1)

B oTnenpHBIX caydasx pemIeHHs MPaKTHIECKUX 3a-
Jlad TOTyCTHMO MpH coOnropeHnu ycnosuit (1) TpaHc-
(hopMupOBaTH UX K BULY

P"N Pt 20.

KomrutekcHbIi y4eT Bcex He0OX0JMMBIX TapaMeTpOB
mpu otieHke cocTosaHus CY MpakTHUECKH MePEeKPhIBACT
YaCTHBIC OLICHKH, KOrna Ha 0a3e OJHOIO WM HECKOIIb-
KHX TTapaMETPOB CTPOSITCS HEKOTOPBIE KPUTEPHH pado-

TOCITOCOOHOCTH. Takue YacTHBIE OLIEHKH MOT'YT UCIIOJTb-
30BaThCS JIUIIIB PU CHHTE3€ OTHOCHUTEIILHO HECIIOKHBIX
CY ¢ TonbKO B ClTydasix, KOTja Ha 3HaYEHUS UX TapameT-
POB HE HAKJIAJIbIBAIOTCS KECTKHE orpaHudeHus [1].
Korna Bce mapameTpel P, ONpeNensroTCs 3Ha9EHUSIMH

BCEX apryMeHToB x, (i=1, 2, ..., k), mpu OleHKe COCTO-
suus CY paccMmarpuBaercs cucteMa (QyHKITHA
P=f(x), X5 ey X))

ApryMEHTBI X; MOTYT OBITh KaK JJUCKPETHBIMH, TaK U
HETIPEPBIBHBIMU, YTO OIPECIIETCS HX (PU3HMUYESCKOH CyIL-
HOCTBIO, & TaKKe yCIoBMsIMU (pyHKIIMOHMpoBaHHS CY.
Jst CY apryMeHThI 4acTo SIBIISFOTCS JUCKPETHBIMHU, YTO
ONpeNIENAET U IMCKPETHOCTh QyHKIMH f; (i=1, 2, ..., n).
Tak, nanipumep, eciu f; npezcrasiser Bec ysna CV kak
€€ mapameTp ¥ 3aBUCHUT OT NPHUHSATON Pa3psAIHOCTU X, U
THIIA UCTIONIb3YEMBbIX JUIsi CHHTE3a 3JIEMEHTOB X,, TOT/Ia f1
OTIpefieIeHa TOJIBKO Ha JOIMYCTUMBIX HA0Opax apryMeH-
TOB X, M X, U ABJIAETCSA Cyry00 IMCKPETHOM QYyHKIMEH.

Peanpubie CY mpoeKTUPYIOTCS C yIETOM Pa3IUIHBIX
TpeboBaHMi, HAKJIaIFIBAEMBIX Ha 3HAYCHHS [TAPAMETPOB.
B obmiem ciydae 3TH OTpaHuYeHHS SBISIOTCS IBYXCTO-
POHHMMH, TIO3TOMY CHCTEMA QYHKIHUHI P; IOTIONHAETCS
CIIEAYIOIIEH CUCTEMOI HEPABEHCTB:

A=fixy, Xy o X)EB,, 2)

e A;u B, (i=1, 2, ..., n) — HEKOTOpBIE YHCIIA, OTIPEJIe-
JISIFOTIINIE COOTBETCTBEHHO HIDKHHUN M BEPXHUH ITPEICITbI
JIOITYCTUMBIX 3HAYCHUH i-TO MapaMeTpa.

J11s1 pa3nyHbIX MapamMeTpOB, UCTIONb3YEMBbIX Ha IPaK-
THKE, XapaKTep OrpaHUYeHUI MOXKET HE COBMAAaTh. DTO
YYUTHIBACTCS IPU PEIICHUH KOHKPETHBIX 33/1a4, B 4acT-
HOCTH XapaKTep OTPaHWICHUH KaK OIUH U3 TPHU3HAKOB
YUHUTBIBACTCS IPH Pa30MEHNN MHO)KECTBA [TapaMETPOB Ha
MOJIMHOXeECTBa B cooTBeTcTBUU C (1).

OO6muit kpurepuit cocrosnust CY gopmupyercs ¢
YYETOM CHCTEMbI HEPaBEHCTB (2), KOTOpasi BhIpasKacT
OCHOBHBIC TpeOOBaHMs, IPEAbABIsIeMbIe K gaHHOi CY.
[Tpu 5TOM HCTIONB3YIOTCS JOMYCTHMBIE 3HAYCHUS ITapa-
METPOB, YJOBJIECTBOPSIOLINE YCIOBHSIM (2).

Crpykrypa CY onTuMajbHa B TOM clly4ae, Korja Bce
ee rapameTpbl, yUUThIBa€MbI€ IIPU CUHTE3€, UMEIOT OIl-
THUMaJIbHBIC 3HAUCHHUS; B IPOTUBHOM CIIydae OHa OTHO-
CHUTCS K HCONTUMAIBHBIM CTPYKTypaM. Takum oOpazom,
SOS, (3)

onr’

ecn ASP<B, nna Beex {1, 2, ..., n}.
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CootHomieHust (3) TpeACTaBISAIOT cOO0H MPU3HAKU
BBISIBJICHHS ONITHMAIIBHO} B TPUHITOM CMBICTIE CTPYKTY-
pbt CY. OTH MpU3HAKU OKa3bIBAIOTCS OCHOBHBIMU IS
(dopmupoBanus odmero kpurepus cocrossaus CY 1 BbI-
SIBIICHUS YCJIOBUM CYLIECTBOBAaHMUS ONTHMAJbHOU €€
CTPYKTYDBL

Ecnu Bce aprymeHThI x; 6epyTcsi ¢ TEM WM MHBIM
IIarOM JTUCKPETHOCTH, YTO OTBEYACT PCAbHBIM CITyda-
SIM TIOCTAHOBKH 3312491 BBISIBIICHUSI ONITUMAJIbHBIX CTPYK-
Typ, TO MHOXECTBO BO3MOXKHBIX 3HA4YEHHH JIFOOOTO X;
KOHEYHO; MHOKECTBO N BCEX BO3MOKHBIX HAOOPOB ap-
TYMEHTOB TaK:K€ KOHEUHO, a €r0 MOIHOCTh HE MPEBOC-
XOIIUT HEKOTOPYIO Bemmunny H. O603HaunM yepes N'LIN
MHOKECTBO HAOOPOB apPIyMEHTOB, Ha KOTOPBIX (DYHKITHSI
;> IPENCTABIIAIONIAs i-i TApaMETP, PUHAMAET ONITHMAJTb-
HBIe 3Ha4YeHUs. Torma ayst Mo00To i KOTHMYECTBO TAKUX
Ha0OpOB MPAKTUIECKH BCET/Ia MCHBIIIE BEITMUUHEI .

Crpykrypa CY onTuMaibHa, €ClIU CyIIECTBYET XOTS
OBl omuH HAaOOp apryMEeHTOB, Ha KOTOPOM BCE MTapameT-
PBI, YIUTBIBAEMBIC TIPH PEIICHIH KOHKPETHOH 3a1a4u 1
3a71aBacMble QYHKUUAMHU f;, IPUHUMAIH ObI ONTHMAIIb-
HBIe 3HaueHNs. C y4eTOM BBEICHHBIX 0003HAYCHUH ITO
YCIIOBHE CYIIECTBOBAHUS ONTUMAJIBHON CTPYKTYPBHI 3a-
MHUCHIBAETCS B BUJIE

UNN'=#0,i0{1, 2,... ,n} (4)
I

TaxuMm oOpa3oM, onTumaibHas cTpykTypa CY cymie-
CTBYET, €CJIM 00bEANHEHIE BCEX ITEPECEUCHII MHOXKECTB
N, T. €. MHOXXECTB Ha0OPOB apryMEHTOB, Ha KOTOPBIX
OTACJILHBIC ITapaMETPhI MIPUHUMAKOT OTITUMAJIbHBIC 3HA-
YEeHUS, HE SIBIISICTCS ITyCTHIM MHOXKECTBOM.

VYenosue (4) npeacrapnseT coOoi U OOIIHI KpUTe-
puii paboTOCIIOCOOHOCTH, T. K. 1103BOJISIET pasnesnuts CY
WJIH X CTPYKTYPBI 110 CTETICHHA IPUTOJHOCTH B KOHKPET-
HBIX yCIOBUAX. KpoMe TOro, 0HO MOKET CITYKHUTh KpH-
TEPUEM BBISBICHHS ONITUMAIBHEIX CTPYKTYp CY — npn
CHUHTC3€C U OINITUMU3alIUHN €0 IPUMEHCHHNEC MMO3BOJIACT HUC-
KIIFOUUTD U3 PACCMOTPEHHUSI CTPYKTYPBI, HE OTBEYAIOIINE
MIPEABSIBISIEMBIM TpeOOBaHUAM. D) HEeKTHBHOCTH IPHMeE-
HEHUS IOTYYEHHOTO KPUTEPHS 3aBUCHT OT JOCTOBEPHO-
CTH U TTOJTHOTHI ()YHKIIHOHATIBHBIX 3aBHCHMOCTEH IS BCEX
napameTpoB. bosbioe 3HaYeHHE HMEET TAKIKE KOHKPET-
HBIW pean3yeMblil alITOPUTM, TOCTPOCHHBIN Ha 6a3e 00-
IIETO AITOPUTMA BBISIBICHUS ONTHMATBHBIX CTPYKTYD,
OJTHAKO MMOJTYYCHHBIN 00N KPUTEPHil HE 00SCIICUMBACT
HETIOCPEACTBCHHOT'O ONPEACIICHU S JIYUIINX U3 YUCJIa BbI-
SIBIICHHBIX CTPYKTYp CV.

OOurmii anrOpUTM BBISIBICHUS ONTHMAIBHBIX CTPYK-
Typ, O6asupyomuiics Ha yciaoBuH (4), CTpOUTCS IS
OIr'PAaHUYCHHOTO YU CJIa YIUTBIBACMBIX ITapaMETpPOB, IPEI-
CTaBISIEMBIX (DYHKIMSIMH HECKOJIBKHUX apTyMEHTOB (Ha-
TIpUMEp, YIUTHIBAIOTCS BPEMSI peajli3aiiil aaropuTMa,
BeC, TabapuThl, JHEPrOEMKOCTb, BEPOSITHOCTH O€30TKa3-
HOIi pabOThI, PACCUUTHIBAEMbIE B 3aBHCUMOCTH OT KOJIU-
YeCTBa AIEMEHTOB, HEOOXOANMBIX ISl CHHTE3a Pa3iIid-
HBIX CTPYKTYp CV, 1 XapaKTepUCTHK CTAaHTAPTHBIX HJIe-
MEHTOB, ITPUEMIIEMBIX [UIS JAHHBIX KOHKPETHBIX yCIIO-
Buii sxcrutyatarmu CY). OH npeycMaTpuBaeT: onpeie-
JieHne HabopOB apryMeHTOB N, Ha KOTOPHIX (DYHKIIUH,
npeactasistone mapameTpsl CY, yIOBIETBOPSIOT
ycioBusM (2); KonupoBaHue MHOkeCTB N' 1ist obecreue-

HUA 9 PEKTUBHOTO UCTIONb30BaHUS IPHHUMAEMBIX Me-
TOJIOB PEIICHUS 33/1a4H BBISBICHHS ONITUMAJIBHBIX CTPYK-
Typ; BbISBIEHHUE TIEPECEUECHUT MHOXKECTBA N, T. €. BbI-
SIBJICHHE ONTUMAJIBHBIX CTPYKTYp CHCTEM.

[pu peanuzanun anropuT™Ma HEOOXOIMMO HAXOIUTh
3HaueHMs (DYHKIHIA Ha BceX Habopax apryMEHTOB M CpaB-
HHUBaTh MX C MX JIONYCTUMbIMU BEIMYUHAMH. TaK, 1Jst
BBIYHMCJICHUS OJHOTO 3HAYEHUs (YHKIIMH f; TPEOyETCs BbI-
nonuuth G, onepanuid. Ob1Iee ke KOIMIECTBO Orepa-
M, BBITTIOJTHAEMBIX P PEIICHUH 3a/1a49H C y4EeTOM O]
HOCTOPOHHHX OTPaHWIEHNH, JOCTHTAET 3HAUCHHS

N,, = H(n+ Y @),

TOIJa KaK IPU JIByXCTOPOHHUX OTPAaHUYEHUAX AJIS BCEX
apamMeTpOB OHO OIIEHUBACTCS 1O (hpopMyIie

N,, = H(2n+iQ).

Pemenne 3amaun KOTUPOBAHUS OCYIIECTBIISICTCS ITy-
TEM NIPUCBOEHHs HabopaM N yCIIOBHBIX HOMEPOB, (op-
MHUPYEMBIX U3 JIBYyX 4acTel, OIHA U3 KOTOPBIX IPE/ICTaB-
nseT co0o# mpU3HaK (GyHKIMU, a qpyras — HOMEp Ha-
0opa, Ha KOTOPOM 3Ta (PYHKITUSI IPUHUMAET ONITUMAITb-
HOE 3HAYCHHE.

BprisiBiienue nepeceuenuiit MHOKeCTB NV, T. €. pea-
3alusl 3aKTIOYUTEIBHON YacTH alropuT™Ma, CBOJUTCS K
CPaBHEHUIO KOJIOB HA0OPOB, UMEIOIINX Pa3IMYHbIE TPH-
3HAKHU.

OO6mwmit kputepuit cocrostans CY He MO3BOJISET BbI-
SABISITh MAaKCHUMAaJIBHO MPUEMIEMbIC B KOHKPETHBIX
YCIIOBUSIX ONTUMAITBHBIE CTPYKTYPBI, TOITOMY IPUXOIUTCS
00111e KpUTEPUH IOTIONIHATH YaCTHBIMH, ITPH (hopMupo-
BaHHU KOTOPBIX HE 00s3aTEIeH yUeT BCEX BO3MOXKHBIX
napameTpoB CV.

Hcnonp30oBaHne YaCTHBIX KPUTEPUEB B KAUSCTBE OC-
HOBHBIX IIPU ONITUMU3ALMH CTPYKTYp CY momycTumMo B
TeX CITydasix, KOTlia Ha 3HaueHHS OTACIbHBIX IIAPaMETPOB
HE HAKJTAIBIBAIOTCS JKECTKHE OTPAHNICHHUS, a YKa3bIBa-
€TCsl JIUIIb HaIpaBlIEHUE KEJIAeMOI0 WX M3MEHEHHUS.
Kpome Toro, oHM MOTYT UCIIOJIb30BAaThCS IS TPEBapH-
TEJILHOM OLIEHKH COCTOSIHUS M3BECTHBIX MITH BOSMOKHBIX
CTPYKTYP, a TAK)Ke TP PEIICHUN YaCTHBIX 33129 CHHTE-
3a CV. [IpuMepoM 4acTHOTO KPUTEPHSI MOTYT CITYXKHTh
COOTHOIICHUSA PiSPinon; P, = Pomins KOTOPBIE, B YacT-
HOCTH, OTBEYAIOT CITyJal0 BBISIBICHUS CTPYKTYPBI CO Bpe-
MEHEM peai3airy aJropuT™a, He OOIBIINM JOITYCTH-
MOT0, U C MUHUMAaJIbHBIM alIapaTHbIM COCTaBOM [2].

K 4acTHBIM KpUTEpHUsIM BO MHOTHX CIIy4asx pelie-
HUSI TPAKTUYECKUX 337189 OTHOCATCS U (DYHKIIMOHATIbHEIC
KPHUTEPUH, KOTOpBIe TIpH cuHTe3e CY HCIONB3yIOTCS KaKk
YacTHBIE, TO3BOJISIONINE BBIIBUTH JIYUIIYIO U3 00IIEON-
TUMAJIBHBIX CTPYKTYP, BBISBICHHBIX 110 00IIEMY KpHUTe-
puto. Torna cucrema (6) TpancGopMupyercs B

Psfi(x), (7)

r7ie j — HoMmep Habopa yCIOBUH, N3MEHSIOIHUXCS OAHOBPEMEHHO IS
Beex Gynxumid f, jU{1, 2, ..., r};
7 — KOJIMYECTBO HAOOPOB YCIOBUH.
(I)yHKHI/IOHa.]'II)HBIC KpUTEpHU B O6HICM ClIy4yac BBO-
JATCSL AN onpenesneHus JaHHoil ctpykrypel CY. Ona

(5)

(6)
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CUUTACTCS TOIXOIAIICH HITH JTydIIe, ecii (pyHKITHOHAT
@, (KOTOPBIH MOXKET OBITH TMHEHHBIM MM HEJTMHEHHBIM)

=W, f1; W, [y - ann), (8)

(W, — nexoTopbie KO>PHUIMEHTBI) UMEET IKCTPEMYM
WITH OTIIMYAETCSI OT HEKOTOPOTO 3HAYCHUS He OoJiee ueM
Ha YCTaHOBJICHHYIO BenunHy. [Ipn ncmons3oBanmnm He-
JTMHEHHBIX (DYHKITMOHAIIOB U HE3HAYUTEIIEHOM YHCIIC Y4H-
THIBAEMBIX TAPAMETPOB B OOJIbINIEH CTENIEHN yUYUTHIBACT-
Csl B3aMOCBSI3b TAPaMETPOB CHCTEMBI.

[Tpu poBeieHUN CPABHUTENBHBIX OI[CHOK Pa3Iny-
HBIX cTpYKTYp CVY HelmHelHbIe (QyHKIIMOHATbLHBIC KPH-
TEpUH CTposITCs 6€3 yuera koo puimentos W, mpu crox-
HOU pa3sMEpPHOCTH, OTIPEACISIEMON pa3MEPHOCTHIO yUH-
THIBAEMBIX TIAPAMETPOB U BUJOM MIPUHUMAEMBIX 3aBH-
CHUMOCTEH.

JluHelHbIH QyHKIMOHATBHBIN KPUTEPHIA pacCUHTHIBA-
€TCs C YYeTOM HOPMHUPOBAHHBIX 3HAUCHUH (DyHKITHIA flf ,
B3ATHIX C OTIPE/ICIICHHBIMHU BECOBBIMHU Kod(hhurmeHTamu
w,, 1o opmyine

n

o= Who ™ {109 )
=

rie F,) — HOPMUPYIOLIUi JETUTEND.

ITapametpsr CY MOTYT IPeACTABIATHCS TOTHHOMAMU
m-# CTETIIeHU OT X, TOTJa ¥ (PYHKIIMOHAIBHBINA KPUTEPUI
(9) npencraBngercs MOJIMHOMOM, CTE€NIEHb KOTOPOTO
OIIPEIEIIAETCS MAKCHUMAJIBHON CTENEHbIO HCXOIHBIX I10JIH-
HOMOB, HaIllprMep CTerneHbio m. Mcnonap3oBanue nnHe-
HOTO KpUTEpHs TIpH OlieHKe cocTosHus CY, T. €. U pH
OIIPEJENICHUN CTPOro ONTHUMANBHBIX CTPYKTYp, B 3TUX
CIIyuasiX CBOAUTCS K PEIIEHHIO JINHEHHBIX anredpanye-
CKHX ypaBHeHHUH (m—1)-ro mopsinka Buma

m-1

Z(q +1)g,,, X' =0.
&

OmHUM M3 OCHOBHBIX BOIIPOCOB, PEIIACMBIX IPHU
¢dopmupoBanuu kputepus (9), sBisieTcst Bompoc 00
OIpe/IeIICHNH MJTM Ha3HAuYeHHH BEJIMYUH BECOBBIX KOA(du-
LUEHTOB W, U HOPMUPYEMBIX JICTUTENEH F).

Eciv Bennunna F,) Ha3HA9a€TCsA TOBKO IS OTTyYe-
HUsl Oe3pa3sMepHBIX (PYHKIIMOHAIBHBIX KpUTEpHEB 0e3
JIOJDKHOTO y4eTa orpaHrueHui (3), To IMeeT MeCTO CHC-
TeMa 3aBUCUMOCTEHN

C2fI(x)/F,2C,

e C;u C',— HEKOTOPBIE OCTOAHHBIEC BEJIUYUHBI, IPU-
yeM

C2C# .. 2C# ... #2C u C' 2C % .. 2C# ... 2C' .

[TosTomy nipu popmupoBanuu kputepus (10) oTnes-
HbIE IAPAMETPbI «B3BELINBAOTCSD) IBAXK/IbL. YCTpAaHESHHE
JIBOMHOTO «B3BEIIMBAHSD MOKET OBITH 00SCIICUeHO Ha-
3HAYEHMEM TaKHX W;, KOTOPBIE J0TOJHUTENBHO yIUThIBA-
10T 3HAUCHHUS YK€ BEIOPAHHBIX HJIM HA3HAUYCHHBIX BEJHU-
4 F,, a TaK KaK 3T0 HE BCEI/a BO3MOXKHO, 3HAYCHHUS
w, u F,) onpenensiorcs 63 UCTONb30BaHUs JIOTOIHHU-
TENBHBIX (DYHKIIMOHAIBHBIX CBSI3CH.

VYdet TpeboBaHUs HEOOXOMUMOCTH PUBEICHUS HOP-
MHPYeMBIX (YHKIIHI f/ K OIpe/IeIeHHOMY YPOBHIO IPH-
BOJIUT K ONPEACICHHUIO 3HAYCHUI HOPMHUPYIOIIUX JIEIH-

(10)

teneit F,. [lpu nposeiennu pacyetos no (10) mpuxnma-
I0TCSI BO BHIMAHHE TOJIBKO T€ 3HAYEHUsI (PyHKIUIA, KOTO-
pBIC YIOBICTBOPSIOT ycioBusiM (4). [loatomy mist ux
HOPMHUPOBAHHUS U MIPUBEJICHNUS K OIIPEACICHHOMY YPOB-
HIO HCOOXOIMMO BBITIOTHEHHE YCIOBUH

ASF,<B, (11)

TIPH TIPOTIOPLMOHANILHON CBA3U Meky F) u A (B)), Bbl-
paxaemoi yepe3

FyiFyy.. iF,=0.5(4, 4B )0,5(4,+B,):.. .0.5(4,+B,). (12)

Ecnu na mapamerpsl CY HakIaabIBalOTCS OJJHOCTO-
pOHHHUE OrpaHuyeHust, To npuanmaercs 4,=0 niu B=0
MpY BbIuucieHusx 1o (12), a ecnu Ha mapaMeTpbl HaKJa-
JBIBAKOTCS IBYXCTOPOHHHUE OTPaHMYEHNS, TO 3HAYEHUs F)
onpenensirores o (11) u (12).

3HaueHHs OONBIIMHCTBA TAPAMETPOB, XapaKTEPU3y-
IOIINX COCTOsIHUE ((PYHKIIMOHAIBHYIO TOTOBHOCTE) CVY,
JOJDKHBI OBITh MUHUMAJIbHBIMH U3 BCEX BO3MOKHBIX JITIS
ONITUMAJBHBIX CTPYKTYP M IIPH ATOM HE TOJKHBI OTITH-
9aThCs OT JKEJIAeMBIX OOIbINE, YeM Ha 3a/laHHbIC BEJH-
YUHBL T. €.
(D~AD)<fI<(DAAD)), (13)
e D, — KenaeMoe 3HAYEHHe i-TO MapamMeTpa;

AD[ — JA0IYCTUMOEC OTKJIOHCHUEC 3HAUCHU A i-TO rapameTrpa OT xKe-
JJaCMOTI'0 MJIX 3aJaHHOTI'0.

J1st ynporieHust mocleyommux 1elCTBUN 1eseco-
00pa3HO MPUHSATD
n
F,=D,u Zw, =1. (14)
=
B peanbHBIX yCIOBUSIX (DYHKIIHN flJ MIPUHUMAIOT OTI-
THUMaAJIbHBIC 3HAYCHHA, paBHI:Ie Di’ HpI/I pa3JII/I‘{HI>IX 3Ha-
YEHUSIX apTYMEHTA X, HO TP YCIIOBUU, YTO OTHOCUTEIb-
HBIC TPEJIe)Tbl U3MECHEHUS 3HAUCHUH (DYHKIIMOHAIA He
MIPEBOCXOMAT CPETHHE IOMYCTUMBIC MTPEEITbI COCTABIIS-
fouux ero ¢pynkuuid. Torna

Ad>=n'1i(ADi/D,), (15)

1-AD)<|D, | < (1+AD). (16)

CoBOKyITHOCTB yciioBui 1 orpannueHuit (13)—(16)
obecrnieynBaeT peleHne o0LIei 3a1auu BbIABICHHUS OTl-
TUMaNbHBIX CTPYKTYp CY. COOTBETCTBYIOLIHIA aITOPUTM
TMIPeAyCMaTPUBAET TAKyIO TOCIIEIOBATEIHLHOCTD JICHCTBHIM:

a) onpenerstoT BenuuuHbl AD, HCXOmHBIC LIS pac-
YyeTa Ha MOCJISAYIONINX dTarax, coracHo (16) ¢ 3agann-
em mara Ax, onpeeNronero 4acToCTh MOTyUeHHs pe-
HIEHUH;

0) popmupytrot pyHkmonan Buaa (10) ¢ yaetom co-
otHoreHui (13);

B) PACCUUTHIBAIOT 3HaUeHUs (pyHKIroHana (10) ¢ ma-
roM Ax ¥ BBISIBISIEOT (DYHKITHOHAIIBI, YIOBICTBOPSIOIINE
ycnosuro (15), ¢ gukcanueit 3HadeHnii aprymenTa x,,
OTBCYAOIIHX BBIICICHHBIM 3HaUCHHIM D;

T) s Kaka0r0 @), yIOBIETBOPSIOMIETO yCIOBHIO
(16), paccUUTHIBAIOT 3HAYCHUS BCEX COCTABISIONINX €TO

ynxumii f7;
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1) BCe Haii/IeHHbIC HA0OPHI f/ IPOBEPAIOT HA COOT-
BETCTBHE YCIOBHM (15);

€) BBISIBIISIFOT CITy4au YJIOBJICTBOPEHUsI yCIIoBUsM (14)
1 (16), T. €. BBISBISIIOT ONTHMAITBHBIE g-€ CTPYKTYpbI CY 110
SgDS o €6 (1-AD)S|D|S(1HAD),

(D~AD,)SfI<(DA+AD)

qutst Beex {1, 2, ..., n}.

(17)

Bce gacty anropuT™a nociue10BaTeNbHO PeaTH3yIoT-
cs U1l Pa3InYHBIX HAOOPOB YCIIOBHH j.

Ecnu o (16) ontumanbsHble CTPYKTYPbI HE BBISABIIC-
HBI, TO TIPU MOCJICJOBATEIEHOM YBEIHICHUH 3HAYCHUI
AD oy cTUMO BBISIBJICHUE KBA3HONTHMAIBHBIX CTPYK-
TYp Pa3IUYHBIX TPaIaIAi.

Bce BhIlIecKkazaHHOE MPUMEHUMO I CUCTEM aBTO-
MaTHUYECKOTO YIIPABICHHUS, HATPUMED JIETATEIILHOTO all-
mapara ¢ yrpasJeHHEM aBTOMMIOTOM. OIHAKO COCTOSI-
HHE aBTOMaTH3MPOBAHHBIX CHCTEM YIIPABICHUS, T. €. CH-
CTEM C YEJIOBEKOM-OTIEpaTOPOM B KOHTYPE yTpaBJICHUS,
B CHJIy 3HAYUTEIHHOI0 00beMa HH(POPMAIIUHN O COCTOs-
HUH YEIIOBEKA [TOKA eIIle OIICHUTh AaHATUTHYCCKH HEBO3-
MOXKHO. Pa3nenpHast OIeHKa COCTOSHUMS TEXHUIECKON
COCTABJISIIOLIEN APraTUYECKON CUCTEMBI YIIPABICHUS U
ec OMOJIOTMYECKON YacTH MO3BOJISICT MUHUMH3HPOBATh
BPEMEHHBIC 1 MHCTPYMEHTAIIbHBIC 3aTpaThl (Halpumep,
MIJIOT TIPH YIIPABICHUH JICTATEIbHBIM arapaToM ObICT-
PO OIICHUBAET COCTOSIHUE CHCTEMbI HHCTPYMEHTAJIBHO).

YTO JIOKAJIbHBIE, POBEPKH TEKYILIET0 COCTOSHUS MUI0Ta
MIPH YIIPABJICHHUH JIETATESIBHBIM aIlapaToM YiKe MTOITBEp-
JIAITA 11e7Ieco00pa3HOCTh TaKoW OIeHKH [4, 5.

ek

Takum 00pa3oM, OIeHKa TEKYILET0 COCTOSHUS ((PyHK-
LUOHAJIbHOM TOTOBHOCTU) UHTETPUPOBAHHOM CHCTEMBI
«TEeXHHYECKOe 000pynOoBaHHE — YEIOBEK-OIepaTop»
MI03BOJISIET OTIEPATHBHO MPHHATH a/IeKBAaTHBIE MEPHI TI0
HEJIOMYIICHUIO W/MITM MUHIUMHU3AIMH TTOCIIEACTBHM Iepe-
XO0JIa CUCTEMBI B HEIITATHOE COCTOSIHUE.

[IpennaraeMelit METO ABIISIETCSI JOCTATOUHO YHUBEP-
CaJIbHBIM U MOXET OBITh PEKOMEH/IOBaH JJIsl HOPMaJI-
3alUH CUTYaIH Ha TPAHCIIOPTE, IPEHMYIIIECTBEHHO B
ABHAIUU.
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A. A JIPY>KUHUH, k. m. n. M. U. MAPBAMOBA,

JlaTa OCTYIUIEHUS B pEIAKILIUIO
02.06 2009 r.

Onmouent 0. ¢.-m. u. C. M. KO3JIOBCKHUH
(MPIT um. B. E. Jlamxapésa, 1. Kues)

NCCIIEJOBAHUE BJIMAHNA SJIEKTPOHHOI'O OBJIYUHEHU A
HA KPEMHUEBBIE TEH3OPE3UCTOPDBI

Hccneoosano enuanue obnyueHus paziud-
HbIMU 003aMU DJIeKMPOHO8 C dHepeUull 00
14 M5B na xapaxmepucmuku nomynpogoo-
HUKOBbLIX MEH30Pe3UCIOPO8 HA OCHOBE HUmMe-
BUOHBIX KPUCALII08 KPEMHIUsL P-MUNA 8 pas-
JIUYHBIX MEMNEPAmypHbIX OUANA30HAX.

Heo0XxoaumMocTh co3naHus pagualioOHHO CTOWKHX
CEHCOPOB JIJISl K3MEPEHHSI MEXaHNYESCKHUX BEJIMYHH (J1e-
(hopmanuu, TaBieHUs U Jp.) 0OyCIIOBIEHA MOTPEOHO-
CTSIMU psifia 00J1acTel HayKU U TEXHUKU. B CBsI3u ¢ 3TUM
MPEJICTABIIACT HHTEPEC HCCIICIOBAHNE BITUSHUS 3JIEKTPOH-
HOTO OOJTYYEHHS Ha XapaKTEPUCTUKHU MOTYITPOBOTHUKO-
BBIX TEH30PE3UCTOPOB Ha OCHOBE KpeMHus1. CiieyeT oT-
METHUTH, UTO I/I3y‘IeHI/Ie BIINAHUA O6J'Iy‘ICHI/I$[ Ha CBOﬁCTBa
MOJTYIPOBOJIHAKOB, B YACTHOCTH Ha KPEMHHUIL, TPOBOJIHU-
JIOCh, B OCHOBHOM, Ha BHICOKOOMHOM Marepuaie. JIumib
HEJIaBHO TIOSIBUIIUCH UccienoBanwus [1, 2], BHIMOTHEH-
HbIC Ha CHJIBHOJISTUPOBAHHOM KPEMHHUH, OJJTHAKO B HUX
OCHOBHOE BHHMMaHHE ObUIO yelIeHO 00pa30BaHUIO pa-
JMUAHOHHBIX 1e()DEKTOB B KPEMHHU M UX BIHUSHHUIO HA
3MEeKTPOPU3UUECKHUE TapaMeTPhl (IJEKTPOIIPOBOAHOCTS,
KOHIICHTpAIHs HOCHTEIIEH | Jip.). OTCYTCTBHE TAHHBIX O
BIIMSTHHH 3JIEKTPOHHOTO 00JTydeHHS HAa TEH30PE3UCTHB-
HBIC XapaKTepI/ICTI/IKI/I erMHI/IH, KOTOp])Ie ABJISAKOTCA OC-
HOBHBIMH JIJIsl TCH30PE3UCTOPOB, TOBOPUT 00 aKTyallb-
HOCTH HCCIICOBaHMS PaJHAIMOHHOW CTOWKOCTH KPEM-
HHUEBBIX TEH30PE3UCTOPOB.

B kauecTBe 00bEKTa HCCIIEIOBAHHS HCIIONB30BAHCH
TEH30PE3UCTOPHl Ha OCHOBE HUTECBHIHBIX KPHCTAIIOB
(HK) xpemHus [3], terupoBaHHOro 60poM, KOTOpBIE 00-
TIaIal0T BBICOKOM CTEMEHBIO CTPYKTYPHOTO COBEPILECH-
CTBA, YTO CIIOCOOCTBYET MOBBIIICHAIO X PaHAIINOHHOMN
CTOMKOCTH.

JunanazoH 3Ha4eHUI yAETbHOTO COIPOTUBICHUS UC-
CIIeJJOBAHHBIX TeH30pe3ucTtopoB cocrtasisieT 0,006—
0,030 Om-cm. M3mepenne mapaMeTpoB MPOU3BOANUIIOCH
B oOnactu Temnepatyp ot —196 10 +100°C u ot —269 1o
+20°C.

O0y4eHue TeH30pE3UCTOPOB ATEKTPOHAMH BBICOKIX
SHEPruii MPOBOIUIIOCH HA UMITYIbCHOM YCKOPHTEE JIeK-
TpoHOB Tuma Mukporpod M-30 (puc. 1) B Macturyre
ANIEKTPOHHOU (Qu3nku. TeH3ope3nucTophbl 00Iydainch
JlieKTpoHamMu ¢ sHeprueit 4,2—14 M»sB nozamu
®=5-10—1,25-10'8 sn/cmM?> npu cpeaHeii MIOTHOCTH
toka 10 MmxA/cm? u ckBaskHoctu 2000. Jlnst mpoBeieHust
AKCIEPHMEHTA TEH30PE3UCTOPEI Pa3MeajiCh B KOHTEH-
Hepe, KOTOPBINA YCTaHABIUBAJICS B (DOKYCE JIEKTPOHHO-
ro Iy4Ka, a 9TOOBI N30ekKaTh PaJHalliOHHOTO HarpeBa
BO BpeMs 00JTydeHHsI, OCYIIECTBISUICS X 00yB mapa-
MU JKHJIKOTO a30Ta.

JedekTsl, 00pasyromniecss B KDEMHHUH TIPH 00Tyde-
HUH SJICKTPOHAMH BBICOKHX dHEPTHUii, BeChbMa pazHO00-
pa3Hbl ¥ UIMEIOT PA3JIMYHYI0 TeMIEpaTypy oTxura [4, 5].
B Hammx uccineoBaHusX UCIOJIb30BANINCH TEH30PE3U-
CTOPBI, KOTOPHIE TIOCIIC 00Ty YEeHHS IIOABEPTaIIICH H30Tep-

N T,
[ ",":.. hlr .I
I |:-."':.:' -1 23 4 5 6 7 8 9
I x\-'_- .-I / AEEED AR
* T ,_;l:_,}é I'.\ipf I%r_zl (
= m[m ‘-.lm
q“h ..... 4 = ki
A Cranp
ITyner ;
| | yIpaBICHHS L | Beron
. = EEE CBuHEI

Puc. 1. Buemnuii BuA v cxemMa UMIYJIBCHOTO YCKOPHUTENS JIEKTPOHOB THUMA MUKpOTpoH M-30:
| — MHKPOTpOH; 2 — TOPMO3Hasi MHIICHB; 3, 4, 6 — CHCTeMa KOJUIMMATOPOB; 5 — MAarHuT; / — MPOXOJHasi Kamepa; § — HcClielyeMble
o0pasisl; 9 — nerekTop
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AR/R, % |
24 = 28
16 =
. 1
8 1
0 T -
1016 107 @, sn/cm?

Puc. 2. 3aBUCHMOCTh OTHOCHTEIBHOI'O M3MEHEHHUS COIpPO-

TUBJICHUS. KPEMHUEBBIX TEH30PE3UCTOPOB OT J03bI 00JIyde-

HUSL 3J€KTpoHaMu ¢ 3Heprueit 4,2 MaB (/) u 14 MsB (2)
(P300x=0,01—0,02 Om-cm)

MHUYECKOMY OTXKUTY Iipu Temneparype 120°C B TeueHue
JIBYX YaCOB JIJISI 3aKPETUICHAS PaIHAIIOHHBIX Te(PEKTOB
B KPEMHHH.

Brauane nccnenoBanoch BINSHUE SHEPTUN U T03BI
3JIEKTPOHOB Ha CONPOTHUBJICHUE TEH30PE3UCTOPOB MPH
KOMHaTHOM Temneparype. Kak BUIHO U3 IPUBEIEHHbBIX
Ha puc. 2 rpadHKoB, OoJIbIIee BIMSIHIE HA HOMHHAIEHOE
CONPOTHUBIICHIE TSH30PE3UCTOPOB P KOMHATHOH TeMIIe-
patype oKa3bIBaeT MHTErpaIbHas 1032 TOMIONIEHHBIX JICK-
TPOHOB, YeM HX 3Heprus. Ilpu no3ax mo 1-10'7 an/cm?
M3MCHEHHE COTPOTHUBIICHUS HE MpeBbimaet 1%, Oomee
3HAYUTENILHbIC H3MEHEHHUS COIPOTHUBIICHHS HAaOJIIOat0T-
ca ipu ©=2-10'7 sn/cm?.

B nuanazone temmeparyp —196...+100°C usmepsiuch
TeMIIepaTypHast 3aBHCHMOCTB COTIPOTUBIICHUSL, TeopMa-
IIOHHBIC XapaKTePUCTUKH, KOI(PPUINEHT TCH30TyBCTBH-
TEBHOCTH U TEMIIEpaTypHast 3aBUCHMOCTb Kod(dunmeH-
Ta TEH30UyBCTBUTEIBHOCTH TEH30PE3UCTOPOB JI0 U MOC-
JIe 00Ty ICHUSL.
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Puc. 3. TemnepaTypHble 3aBUCUMOCTH OTHOCHUTEIBHOTO W3-
MEHEHHsI CONPOTUBJICHHS KPEMHHUEBBIX TEH30PE3UCTOPOB
1o (1) u mocne (2—4) o0ay4eHus JIEeKTpOHAMHU C SHEpruen
4,2 M»B pa3HbpIMU 103aMU:
2—510'% 3 —4-10'7; 4 — 8-10'7 sn/em?

(P300=0,01—0,02 Onmrem)

W3 npescTaBieHbIX Ha PUC. 3 JAHHBIX BUIHO, YTO B
00J1aCcTH OTPHULIATENBHBIX TEMIIEPATyp TEMIIEpATypHast 3a-
BUCHUMOCTb H3MCHCHUSI COIPOTUBIICHHS KPEMHUCBBIX TCH-
30pE3UCTOPOB TOCIIE OOTYICHHUS HX IICKTPOHAMH C YHEP-
rueii 4,2 MaB nipu no3ax ®<8-10'7 a51/cm? mpakTuuecku
HE U3MCHSCTCSL. 3HAUNTENHHOE YMEHBIIICHUE TEMITEpaTyp-
Horo ko3¢ dunuenrta conporusicHus (TKC) mocne 06-
nyyeHus HaOnropaercs B MHTepBaie Temmneparyp 40—
100°C, a npu ®=8-10'7 sn/cm? u T=100°C TKC ymeHb-
maercs nmoutd Ha 40%.

[Tpu yBennueHn# 3HEPTUH 2IEKTPOHOB 110 10 MhB 1
10361 710 1,25-1018 551/cM? 3aBHCHMOCT CONTPOTUBIIECHHS
00JTy4eHHBIX TEH30PE3UCTOPOB OT 7' B 007IaCTH HU3KUX
TeMIIepaTyp CUILHO BO3pacTaeT (puc. 4), COOTBETCTBEH-
Ho yBenuuuBaetcs U ux TKC. [Ipu 7>0°C temnepatyp-
Hast 3aBUCUMOCTB COTIPOTHBIICHHS TEH30PE3UCTOPOB 3HA-
YUTENFHO YMEHBIIACTCS TIOCIIE OOIYUCHNUS, KaK U B CITy-
qae 00TyueHHS HIICKTPOHAMH ¢ YHeprueii 4,2 MaB. [pu
sToM TKC ymeHbIaeTcst mouTH B 1Ba pasa, YTO BEChMa
CYIIIECTBEHHO ISl IPUMCHEHUS TIOITYIIPOBOTHHKOBBIX
TEH30PE3UCTOPOB.
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Puc. 4. TemneparypHasi 3aBUCUMOCTb OTHOCHTEJIHBHOTO
W3MEHEHHs CONPOTUBIICHUS KPEMHHUEBBIX TEH30PE3UCTOPOB
1o (1) u mocne (2) oOnydeHUs IEKTPOHAMHU C HHEpPrueit
10 MaB nmo3oii 1,25:1018 sm/em?
(P500=0,01—0,02 Om-cm)

JedopmaroHHbIe XapaKTePUCTUKU KPEMHHUEBBIX TEH-
30pE3UCTOPOB JI0 U MOCIE OOIYUCHUS UCCIICIOBAIIICE B
nuara3one aedopmarnuii e=+1 ,3-1073 oTH. ex. B paznuy-
HBIX TEMIIEPATyPHBIX TUAIa30HaX IIPH Pa3HBIX YHEPTHAIX
1 JT03aX JJIEKTPOHOB.

I[J'IH NU3MEPCHHUA 3aBUCUMOCTH OTHOCUTEJIILHOI'O U3-
MEHEHUSI CONTPOTUBIICHUS TCH30PE3UCTOPOB OT Jiehopma-
IIMX PACTSHKEHIUS TEH30PE3UCTOPHI HAKIICHBAITICH Ha TPpa-
JIyrpoBouHbIe Oanmku jmakoM BJI-931 ¢ Temmeparypoit
nonumepuzanuu 180°C. [TomyueHHBIE pe3ybTaThl TOKa-
3amu, 4yTo mpu Temnepatypax +20 u +100°C mocne 06-
Jy4eHUs TEH30PE3UCTOPOB 3JIEKTPOHAMHU C dHEpTueit
4,2 MbsB nosoii 4-10'7 sn/cM? koo puIIMEHT TEH304yB-
CTBUTEIbHOCTH NPAKTUYECKHU HE U3MEHUIICS (PHC. 5).

HccnenoBanne BustHAS 00TydeHHS Ha 1eopMali-
OHHBIC XapaKTCPHCTUKH TEH30PE3UCTOPOB B ITHPOKOM
TemrepatypHoM auamnazone (—196...+100°C) mpoBou-
JIMCh HA yCTAaHOBKE, CMOHTUPOBAHHOM Ha 6a3e rejneBo-
ro kpuocrara KI'-100. OGsrydeHHble 1 HE0OTydeHHbIE
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Puc. 5. Jlepopmarmonnasi 3aBUCUMOCTh OTHOCHUTEIBLHOTO

M3MEHEHHs U3MEHEHUsS! CONPOTUBICHUS TEH30PE3HCTOPOB

1o (1, 3) u nocne (2, 4) o0my4eHust dIEKTPOHAMH C YHEPTH-

eit 4,2 MoB noszoit 4:-10'7 sn/cm? npu TemmepaType
20°C (1, 2) u 100°C (3, 4)

TEH30PE3UCTOPHI, B3SATHIC U3 OJJHOH MAPTHH, IPUKIICHBA-
THCh Ha OaJIKy, M3TOTOBJICHHYIO M3 CIUTaBa MHBAp C KO-
s dunmerToM Tepmudeckoro pactmpenus (KTP), 6mus-
kM K KTP kpemHuust mpu HU3KUX TeMriepaTypax, v moJ-
Beprajmch JeopMaIvi pacTsHKCHUS WM COKATHUS TTPH
(UKCHPOBAaHHBIX TEMIIEpaTypax U3 YKa3aHHOTO Juara-
30Ha. Ha OCHOBaHMU 3KCIIEPUMEHTAIBHBIX 3aBUCHMO-
CTEH OTHOCHTEIHHOTO N3MEHEHHSI COTIPOTUBIICHHS TCH30-
pe3ucTopos ot repopmarmu AR(€)/R,=/(€) npu paznny-
HBIX TEMIIepaTypax pacCuyUThIBaIN KO3 OUITEHT TeH30-
4yBCTBUTEJIBHOCTHU U €r0 TEMIIEPATYPHYIO 3aBUCUMOCTD
IIpY OTIpeIeNIeHHOM ypoBHe nedopmanmu. Kak BuaHO U3
MPUBENICHHBIX HAa PUC. 6 1 7 rpaduKoB, 00IyUCeHUE TCH-
30pPE3UCTOPOB AeKTpoHamHu ¢ Heprueit 10 MaB mo3oit
1,25-10'8 a51/cM? IpUBOAMT K M3MEHEHUIO KO DUIIHEH-
Ta TEH309yBCTBUTEIBHOCTH U MIPAKTHYCCKHU HE BIMSICT HA
€ro TeMIIepaTypHYyIO 3aBUCHMOCTh B 00JIaCTH TeMIIepa-
Typ —196...+100°C. D10 sIBNIsIETCA BECbMA CYIIECTBEH-
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Puc. 6. JlehpopmManroHHbIe XapaKTEPUCTUKUA KPEMHHEBBIX

TEH30pPE3UCTOPOB, 00Iy4YeHHBIX (/) IMEKTPOHAMH C SHEPTH-

eit 10 MaB s1o30it 1,25-10'8 s51/cM? 1 Heobityuennsix (2), npu

temneparype —196°C (1, 2); +20°C (1', 2"); +100°C (1", 2')
(P500x=0,01—0,03 Om-cm)
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Puc. 7. TemneparypHasi 3aBUCUMOCTb KO3(h(uUIIMEHTa TEH-
3049yYBCTBHTEIBHOCTH KPEMHHEBBIX TEH30PE3UCTOPOB, 00IIy-
qeHHbIX (/, 2) sanekTponamu c 3Heprueit 10 MaB nmozoit
1,25-10'8 sn/em? u neobnyuennsix (', 2'):
1, I' — npu pepopmaruu pactskenus €=1,2-1073 otH. en.;
2,2 — npu nedopmanuu cxatus €=—1,2-1073 oTH. e
(P500x=0,01—0,03 Om-cm)

HBIM KaK ¢ TOYKH 3PEHUS BIUSAHUS pPaJUaLlMOHHBIX Je-
(DEeKTOB U KOMIUIEKCOB Ha JIe(pOPMAIOHHBIE IPOIECCHI
B CUJIBHOJIETHPOBAHHOM KPEMHUH p-THUIA, TaK U JUIS OLICH-
KH paJHalliOHHON CTOHKOCTH U Pa0OTOCIIOCOOHOCTH
KPEMHHUEBBIX TEH30PE3UCTOPOB I10CIIE BO3IEHCTBHS JJIEK-
TPOHHOTO OOJTyYCHHSI.

[IpoBoauiIOCKk TakkKe MccIe0BaHue BIUSIHUAS 00Ty-
YEHUS NEKTPOHAMHU BBICOKHX YHEPTuil Ha XapakTepu-
CTUKH TEH30PE3UCTOPOB IPU KPUOTE€HHBIX TEMIIEPATypaXx,
BIUIOTB JIO TEMIIEPATypbI JKUJIKOro renus. B kauectse uyB-
CTBUTEJIBHBIX 3JIEMEHTOB 3TUX TEH30PE3UCTOPOB UCTIONIb-
3ytorest HK xpemHus, 1erupoBaHHOrO 60poM ¢ KOHIICH-
Tpauueil, COOTBETCTBYIOIIEH 00IacTu mepexoaa «Mme-

R, Om R, On
2400 = 2400 1 3
1 1800 -
1800 - '
1200 -
600 -
0 T T T T T T

0 100 200 T,K

Puc. 8. TemnepaTypnast 3aBHCHMOCTH COTIPOTHBIICHHS TEH30-

pesucropa Ha ocHoBe HK kpemuust no (/) u mocie obmyde-

HUS DJIeKTpoHamu ¢ sHeprueit 10 MaB nozamu 1:10'7 an/cm?
(2) m 1-10"8 sm/em? (3) (P3=0,0114 Om-em)
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TaT—AMANIeKTpUK» [6]. Kak BumHO U3 puc. 8, 00myue-
HUE TEH30PE3UCTOPA € Py, =0,0114 Om-cM driekTpoHa-
mu ¢ sueprueii 10 MaB no3oii 1-10!7 sn/cm? He npuso-
JIAT K ©3MEHEHHIO €0 CONPOTHBIICHUS B ANAIIa30HE TEM-
nieparyp ot —296...+20°C (4,2—300 K). YnenspHOE co-
MPOTHUBJICHHUE BCEX HCCIIEIOBAHHBIX TEH30PE3UCTOPOB
nexano B guamnaszone 0,006—0,016 Om-cm. ITocie 00-
Jy4eHHUs UX TIOTOKOM 3JIEKTPOHOB C yKa3aHHBIMH Hapa-
MeTpaMH U3MEHEHHUE X CONPOTUBIICHHS ITPU TeMIIepary-
pe xxuakoro remus (4,2 K) ve npesbrmano 1,5—2%.
VBenuuenue 10361 00mydenus 10 1-10'8 sn/cm? npu Toit
K€ PHEPTHH SICKTPOHOB MIPUBEIIO K 3HAUUTEIHHBIM U3-
MCHEHUSIM COTPOTHBIICHUS U KOA(P(HUITHEHTa TEH301YB-
CTBUTENILHOCTH IIPH TeIMEBBIX TeMiepaTypax. [lomyden-
HBIE PE3YJIBTaThl XOPOLIO COINIACYIOTCS C JaHHBIMH, TIPH-
BEJICHHBIMH B [2].

M3menenme ConpoTHBIICHNS KPEMHHEBBIX TEH30PE3H-
CTOPOB IOCyIe 00MydIeHUS B 00macTu Temmeparyp 4,2—
300 K MO’)XHO OOBACHUTH, COIIACHO KOHIENINH [2], 13-
MEHEHHEM KOHIIEHTPALIMN HOCUTEJICH TOKA B BBIPOXKICH-
HOM KPEMHHH p-THIIA, CBI3aHHOH C ylIaJeHUEeM HOCHTE-
Jeii ipu 00pa30BaHUU MEPBUYHBIX PAJIUAIIMOHHBIX JIe-
(exToB — map OpeHKes.

Taxum 00pa3om, HCCIeAOBaHUS [TOKA3AIH CIEIYI0-
iee.

1. Ilpu o0OydeHHH >JIEKTPOHAMU BBICOKUX SHEPruit
(E=4,2—14 M>5B) u nozax ®<1-10'7 s1/cm? conpoTus-
neHue Si-TeH30PE3UCTOPOB ITPH KOMHATHOM TeMITepaTy-
pe MPaKTUIECKU HE H3MCHSIETCSL.

2. Ha conpoTHBiIeHHE TEH30PE3UCTOPOB OOJIBIIIEE BIU-
SIHUE OKA3BIBACT HHTETPAIIBHAS 1032 TIOIIOIICHHBIX AJIEK-
TPOHOB, YEM HX YHEPTHSL.

3. TemniepaTypHasi 3aBUCUMOCTb COIIPOTHUBJICHHUS TCH-
30pE3UCTOPOB MOCTE OOIYyUSHHS TOTOKOM JICKTPOHOB C
E=4,2 M5B 1ipu ®<8:10'7 s51/cM? nipakTHyecKy He Me-
HSETCS B 00JIACTH OTPHUIATEIBHBIX TEMIIEPATyp U 3HAYN-
TEJIbHO CHUXaeTcs B uHTepBasie Temmneparyp 20—100°C.
[Ipu yBenuuenun sneprun 10 10 MsB u 10361 251ekTpo-

HOB 110 1,25:10'® sn/cM? TemnepaTypHas 3aBHCHMOCTb
COIIPOTHBICHUS OOIYICHHBIX TEH30PE3UCTOPOB CHIHHO
BO3pacTraeT B o0yacTu Temreparyp ot —196 no 0°C.

4. O0Gy4eHHE TEH30PE3UCTOPOB TIOTOKOM AJIEKTPO-
HOB ¢ E=4,2 MsB u ®=4-10'7 an/cm? He npUBOAUT K
M3MEHECHUIO JIe(pOPMAIIOHHBIX XapaKTEPUCTHK TEH30pe-
3UCTOPOB M KOA(PPHUIINCHTA TEH30TyBCTBUTECIHHOCTHU B
nmuarnazone temieparyp 20—100°C. ITocne obmyueHus
npu £=10 MaB u ®=1-10'3 s1/cm? B 061acTu Temnepa-
Typ 0T —196 10 +100°C HabmrOMaeTCs: HEOOIBIIOE U3ME-
HeHUe Kod((hUIHeHTa TEH309yBCTBUTEIHHOCTH TCH30PE-
3HCTOPOB, B TO BPEMSI KaK TeMITepaTypHbIH k03D OUITHEHT
TEH309YBCTBUTEIEHOCTH MIPAKTUYECKU HE N3MEHSIETCSI.

5. VccrienoBanHbIe TEH30PE3UCTOPHI MOTYT UCITOJTb-
30BaThCS ISl pa0OTHI B 00JIACTH KPHOTEHHBIX TeMITEpa-
TYP, BIUIOTB JIO TEMIIEPATYPHI KHUIKOTO TEITHSL, B YCIOBHU-
X 00JTydeHHs dJIEKTpoHaMu ¢ dHeprued £<10 MaB u
no3oit 1-1017 an/cm?.
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4 dyn3ucaBa H). 32-6uTHbIe MUKpOMpPoOUECCOPbl U MUKPOKOHTPOJJEPbI
SuperH.— M.: Jlopeka-21, 2009.— 360 c.

~

B kHHUre onuchiBaeTcs cemeictBo SuperH — rpynna BcTpauBa-

eMbIX npoleccopoB ¢ opurunaabHoil RISC-apxurexkrypoii, opu-
EeHTHPOBAHHBIX HA MCMOJb30BaHHE KAK B KaUECTBE MUKPOKOHT- T
ponnepos (SH-1/SH-2), tak u mukponpoueccopos (SH-3/SH-4),
NpHUYeM OCHOBHOE BHHMAaHHe yJaenasieTcsl mocaeaHuM. Omu- T —

| TR —————
ey ——

CbIBAeTCsl apXUTEKTypa MpOoLecCOpOB, MPUBOAATCS NPUMEpPbl MPo- ———
wpaEr

rpaMM, 3aJeHCTBYIONINX pa3JuUHble X Y3Jbl, a TaKKe 1al0TcCs
OMUCAHUS MPOrpaMMHBIX CPEACTB W MPHUMEpPbl MX HCIOIb30BA-
HUSI MPHU TPOEKTHPOBAHUM ycTpoiicTB Ha 6ase SuperH. Pac-
cMoTpeHbl npuHiunel pa6orel MMU, kam-namsta SDRAM u
TO, KAK OHH BJAMSIOT HA MPOU3BOJAUTEIbHOCTh CUCTEMBI.

[lIpennasHaueHa aJisi HHKEHEPOB-pPa3pabOTUUKOB, OYIET MoJe3-
Ha CTYJEeHTaM COOTBETCTBYIOIINX CMEI[HaNbHOCTEMH, a TAKKe 1IH-
POKOMY KPYyTy UHTaTesNeH, KOTOpble XOTAT y3HATh O MUKPOIPO-

_ neccopax cemeficra SuperH.
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BUXPETOKOBbIN AHU30TPOITHBINM TEPMODJIEKTPUYECKUU
[TEPBUYHBIN ITPEOBPA3ZOBATEJIL JIVUUCTOI'O ITIOTOKA

IIpeocmasnena opueunanvbHas KOHCMPYK-
Yus nepsuyHo20 npeobpazosameins J1yyu-
CmMo2o nomoxa, KOmopwli MO}Cem CJly-
HCUMb OCHOBOU OJIsL CO30AHUSA NPUEMHUKA
HeCceleKmusHo20 U3Ny4eHus ¢ NOBbIUEHHOU
4Y8CMEUmMenbHOCMbIO.

B HacTosiimee BpeMsi akTyallbHOM ocTaeTcs mpoodiemMa
KOHTPOJIS JIy4UCTBIX IIOTOKOB, peliaeMas pa3jJn4HbIMU
ycTpoiicTBami [1], B TOM 4nciie 1 TEPMOIIEKTPUUECKU-
MU IIpreMHuKamu [2]. BearmunHa BEIXOIHOTO CUTHAJIA B
MOCTIeIHEM CIIy4ae OINpeneisieTcs, B OCHOBHOM, METO-
JlaMH TIOCTOSIHHOTO TOKa. [1oBbIlIeHNe BeIMUUHBI YyB-
CTBUTEIHHOCTH (HalIpHIMeEp, MOIITHOCTH SKBUBAJICHTHOTO
mryma — MOII) gocturaercs MoayssIIueH TyYHCTHIX
MOTOKOB, 3HAYUTEIIBHO YCIIOKHSIIOIIEH COOTBETCTBYIOIIIEE
annaparypHoe oOecrieyeHrue U Be1yeil K yMEHbILEHHIO
€€ IKCITTyaTallMOHHON HaJe)KHOCTH [3].

Pesynbrarsl ncciaenoBaHuil MeToAa BUXPETOKOBOTO
KOHTpOJIsA [4—O6] 1MO3BOIMIN IIPEUIOKUTD Psifl OPUTH-
HAJIBHBIX YCTPOUCTB [7—9], B TOM YHClie U OpUTHHAIb-
HBIE TEPMOJIEKTPUUECKUE TPUEMHUKN HECETIEKTUBHOTO
m3nydenus [ 10, 11], BBIXOHOW 31MEKTPUUECKHUI CUTHAT
CHHYCOHMIAIBEHON (POPMBI KOTOPBIX OJHO3HAYHO CBSI3aH
C IMJIOTHOCTHIO KOHTPOJIMPYEMBIX JIYIUCTHIX TIOTOKOB. B
KaueCTBE OCHOBHOTO METPOJOTMYECKOTrO IapaMeTpa B
9TOM CJIy4dae BBICTYIIAET JIEKTpHUecKas J0OpOTHOCTH O
U3MEPUTEIHHOTO K0JIe0aTeIbHOTO KOHTYpa C TEPMOIJICK-
TPUIECKUM ITPeoOpazoBaTeIIeM.

Lenbro HAacTOSIIIEH PAOOTHI SIBJISICTCS UCCIICTOBAHHE
BO3MOKHOCTH ITPUMEHEHHSI IEPBUYHBIX BUXPETOKOBBIX
AQHM30TPOIHBIX TEPMOIIEKTPUUECKHX TpeodpazoBaTeneii
JUIS pETUCTPALIM HECEIEKTUBHBIX JIyYUCThIX TOTOKOB.

Ha pue. 1 npeacrasiena cxemarnueckas KOHCTPYK-
IIHST OJTHOTO M3 TUIIOBBIX BaPUAHTOB TAKOTO IpeoOpa3o-
Baresisi. OH COCTOHT U3 TEPMOIIIEKTPUIECKOi OaTapen 2,
BEPXHSISl TOpLEBasi IpaHb KOTOPOH COAEPIKUT HEceseK-
THUBHBIN TIOTJIOIIAOIIMHN cJ10# /. HYoKHSIS TpaHb 3Toi Oa-
Tapeu uepe3 AMINEKTPUIECKIH CII0N 3 BEICOKOH TEILI0-
IIPOBOAHOCTH HAXOAUTCSI B TEIIJIOBOM KOHTAKTE C TEILIO-
OTBOJIOM 4 M3 IMaMarHUTHOTO MaTepualia ¢ BLICOKUMHU
3HAYCHUSMH DIIEKTPOMPOBOJHOCTH U TETUIOMPOBOIHO-
cTH. BokoBbIe rpaHu TEMIO0TBOAA 4 HAXOAATCS B TEILIO-
BOM KOHTAKT€ C BHYTPEHHEH TOPLIEBOIl TOBEPXHOCTHIO
(heppoaMAIIEKTPUIECKOTO KOBIIEBOTO MAHUTOIIPOBO/IA I,
COJIEPIKAILEr0 UHIYKTUBHOCTH L, 7 ¢ 3JI€KTPOBBIBO/IA-
MU 8. HIKHSS TpaHb TEI00TBOAA 4 HAXOAUTCS B TEILIO-

=

Puc. 1. Cxema BuxpeBoro
8 TEPMODJIEKTPUYECKOTO
o U~ © nmpeodpazoBaTes
BOM KOHTAaKTE C TEPMOCTATOM 6 U3 TUIEKTPUYECKOTO
Mmarepuana. B kauecTBe TepMolNIeKTpruecKoi OaTapen 2
MIPUMEHSIIUCH MOYJIM Ha OCHOBE TOHKOIIJIEHOUHBIX TEp-
momnap (n-Bi, Te, u p-CdSb) mu60 anu3oTponHbIx onTy-
KOTEpMO3JIeMeHTOB [ 12] 13 MOHOKpHCTAIIOB Bi.

[IpenoxeHHOe YCTPOHCTBO paboTaeT CIey oM
o0paszom. JIyducThIii IOTOK ¢, TMOTIIONIEHHBIN ciioeM /,
BBI3BIBACT MOSIBIIEHUE PA3HOCTH TEMIIEPATYP MEXITY pa-
0ounMu rpaHsMu 6atapeu 2. DTo BeleT K TeHepaliu Tep-
MO-3/IC, BOSHUKHOBEHHUIO BUXPEBBIX TEPMOIIEKTpHUYE-
CKHX TOKOB U IIPOIIOPLIMOHATIBHOMY U3MEHEHHUIO dJIEKTPU-
YeCKON JOOPOTHOCTH U3MEPUTEIIFHOTO KOJIEOaTeIbHOTO
KOHTYpa, 4epe3 KOTOPBI NPOTEKaeT 3alaHHbIN dIIEKTPH-
YECKHUH TOK /.

BonsT-BaTTHAS 9yBCTBUTENBHOCTS S TAKOTO IIpeodpa-
30BaTeNsl, HAIPUMEP, Ha OCHOBE IIONEPEYHbIX aHU30-
TPOITHBIX ONITHKO-TEPMOIIEMEHTOB BHEIITHETO ONTHYECKO-
ro norouienus [ 12] mpencraBisercs CIeAyIOUIIM Bbl-
paKeHUEM:

g 2mEwLib (@ - Q)R- Q) |

acxT  (Q- Q) QQ )

B ciyuae BeiGopa paboyeii 4aCTOThI (W, U3MEPUTETb-

HOTO KoJlebaTeIbHOTO KOHTYpa Ipeodpa3oBaresis B CIIeK-

TpaJIbHOM JAMana3oHe, OTBEYaIoIIeMy 00J1acTH TEII0BO-

ro myma Haiksucra (00, <0)<w,) [2, 3], BbIpaXKeHHE 1715
MDOII nmeer Br

MD3III = m,KTAT, (2)
a €ro TEeIJ10Bas MMOCTOAHHAA BpEMEHHN
1=m,1¥/a, (3)
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B mpencrasnennsie (GOpMYIBI BXOIST CICAYIOIINE
BEJTNYHHBL:

0,> 05, Oy — dneKkTprYEcKas 100POTHOCTL U3MEPHTEILHOTO KO-
J1e0aTeIbHOTO KOHTYPA P OTCYTCTBUH TEPMOIJIEK-
TPHUYECKOi Oarapen 2, ¢ HeOOIIyYCHHON 1 00TydeH-
HOUi Garapeeil 2, COOTBETCTBEHHO;
EO — K03 PHULIUECHT ONTHYECKOTO HONIOLICHUSI CI1os /;
a, b, ¢, n — COOTBETCTBEHHO JUIMHA, BHICOTA U LIMPUHA aHH30-

TPOIHBIX ONTHKOTEPMOAIEMEHTOB, M3 KOTOPBIX CO-
CTOUT TEPMOAJIEKTpHYecKasi Oarapest 2, U UX KOJH-
94eCTBO;

a,— TeMIepaTyponpoBOTMMOCTh MaTepHasa aHH30TPOT-
HOTO ONTHKOTEPOMOIIICMEHTA;

T'— abCoIOTHAs TEMIICPATypa;
k — mnocrosuuas bonpnMana;
Af — mosoca IpoIyCKaHHus;
my, m,, My — KO3(QQUUMEHTBI MPONIOPLHOHATLHOCTH, OTIpe/IeNsie-

MBI€ OKCIIEPUMEHTAIBHBIM ITyTEM.

Taxum 00pazom, onpesiensisi COOTBETCTBYIOIIUE 3Ha-
YeHUs DJIEKTPUUYECKOH TOOPOTHOCTH M3MEPUTEIBHOTO
KOJIe0aTeIFHOTO KOHTYpa JI0 B TOCIIE O0TyIEHUS, MOX-
HO HAWTH 3HAYCHHE IIOTHOCTH JIy9HCTON SHEPTUH ¢, TIO-
momeHHo# cioem /. [Ipu aToM ciemyer OTMETUTh, 9TO
BOJIbT-BaTTHAasA 4YyBCTBUTCJIBHOCTH pacCMaTpuBacMoOro
MMPpUEMHUKA OTIPEACIIACTCA HE TOJILKO TEOMETPUICCKUMU
pa3MepaMu aHU30TPOIHBIX ONTHKO-TEPMODIIEMEHTOB 1
rapaMeTpamu KCII0JIb3yeMOT0 MaTepralia, HO ¥ BEJINIH-
HaMH TOKa [, ero KpyroBOW 4acTOThl (W), U HUHIYK-
TUBHOCTH L W3MEPUTEIILHOTO KOJIe0aTeIbHOIO KOHTYPA.
[TonOupast COOTBETCTBYIOIINE BETMYMHBI /, W L, MOXHO
MO YHUTh HEOOXOIMMOE 3HAUCHHE S, a TAKKE IPYTHX I1a-
paMeTpoB MpeJIIoKeHHOro ycTpoiicTBa. [loBbleHue
BOJIBT-BATTHOM 4yBCTBUTEIHHOCTH S 00YCIIOBICHO TEM,
YTO K TEIJIOBBIM NOoTepsAM J[koyiis, onpenensieMbIM 3aMK-
HYTbIMH ToKamMu DyKo, 100aBISIOTCS JTOTIOTHUTEIBHBIC
teronoTtepu llensThe, MPOmOpIHOHaTbHBIE BETHUNHE
3aMKHYTOI'O TEPMOAJIEKTPUUYECKOro ToKa [13].

[Tpu 01HOBPEMEHHOM HCTIOJIb30BAaHHUH JIBYX BKITFOYEH-
HBIX B Ju(QepeHIHATbHYIO CXeMy KOHTYpOB (pHC. 2)
BBE/ICHHE JIOTIOIHUTENLHOM KaTyIKU HHyKTUBHOCTH L,
TaKuM 00pasoM, 4TOObI MHIYKTUBHOCTH L, u L', Obun
COEIMHEHBI DJIEKTPUUECKH TOCIIEI0BATEIbHO-COTIIACHO,
a MHIYKTUBHOCTH L2 " L'z_ IIOCJIEI0BATENILHO-BCTPEY-
HO, TTO3BOJIUT TIOBBICUTH BOJIBT-BATTHYIO YYBCTBHUTEIb-

. BY-reneparop | |

Lr

1

| MuKpoBOIBTMETD |

Puc. 2. Cxema BKJIIOYEHHS BUXPEBBIX TEPMONICKTPHUECKUX
npeoOpazoBarenell B audepeHanbHy0 cxemy

HOCTB TAKOTO YCTPOUCTBA 3a cueT 3 peKTa Tpanchopma-
IIMY TIPH CHIDKEHHH €T0 TEMITEPATyPHOM 3aBUCHMOCTH.

OTcyTCTBHE HIEKTPUICCKUX KOHTAKTOB TEPMOIIICKT-
pudeckoi 6arapeu 2 CyIIeCTBEHHO CHH)KAaeT COOCTBEH-
HBIE ITYMBI PaCCMaTPUBAEMOTO yCTPOHCTBA. DIIEKTPH-
gecKast JOOPOTHOCTH OTPEIETISIETCS B BRICOKOYACTOTHOM
QIFaria30He JUTHH BOJH TP MAaJOH IOJI0Ce YacTOT IIPo-
MyCKaHUS H3MEPUTEIHHOTO YCHIIUTEIS FITH BOJIBTMETDA,
nostomy Benmuraa MO npeoOpa3zoBareis 3HAUNTEIb-
HO YMEHBIIIAETCs 110 CPABHEHUIO C METOAaMH ITOCTOSH-
HOTO TOKa, a MCIOIb30BAHNE BEICOKOYACTOTHBIX METO-
JIOB PETUCTPALINH BBIXOAHOTO CHUTHAJIA YMEHBIIAET €ro
HYJIEBO# apeid.

Armnpobarus MaKeTHOro o0pasia MpeaIoKEHHOTO
mpeoOpa3oBaTessl Ha OCHOBE MOIYJIS W3 MOHOKpPHC-
Tannos Bi ¢ mnomansio paboueit rpanu 0,1—1 cm?
MIpHU BEJIUYHMHE Hecymen yacToTsl f=1,2 M1 u moJio-
ce nponyckanus Af=10? 'l moka3anau, 4TO 3HAYECHUE
YyBCTBUTEJIBHOCTH YIYUIIMIIOCH IIOYTH HA TOPSAOK
(MDII__ =3,2-10" Br, M9mnep=3,6‘10"0 Br).

L

ocT

Takum 00pa3oM, Ha OCHOBE IPEIIOKCHHON KOHCT-
PYKIIIH IEPBUIHOTO MPEoOpa30BaTeIs JIyIHCTOTO ITOTO-
Ka BO3MOYKHO CO3/1aHHE BUXPETOKOBOTO aHU30TPOITHOTO
TEPMODJIEKTPUUECKOTO IPUEMHHUKA HECEIEKTUBHOIO 13-
JIy4eHHMsl, BBIXOIHOW AIEKTPUUYECKUI CUIHANl KOTOPOTO
perucTpupyercst METOIaMU IEPEMEHHOT'O TOKaA.
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CUCTEMbBI KOHTPOJIAI-MOHUTOPUHI'A TEMIIEPATYPbI

N BJIA’KHOCTHU CPE/bI

HA OCHOBE TOJICTBIX IIJIEHOK OKCUIITIMHEJIEMN

IIpoananuzuposana 803MONCHOCMb UC-
NONb308AHUS MHO2OCIOUHBIX MOJICHONIe-
HOUYHbIX CMPYKMYP NIAHAPHO20 MUNA Hd
ocHO8€e MAH2AHAMHOU U ANIOMUHAMHOU
WNUHETbHOU OKCUOHOU KepaMuKu 6 Kaye-
cmee UHMe2PalbHbIX CEHCOPO8 BIANCHOCTNU
U memnepamypboi.

OKCHIITTUHETbHAs KepaMHKa Ha OCHOBE CMEIIIAHHBIX
MaHTAaHATOB M AJNIOMHHATOB ITHPOKO HCIIONB3YCTCS B
COBPEMEHHBIX CHCTEMaX KOHTPOJII U MOHUTOPHUHTA TEM-
MepaTyphl U BIAKHOCTH OKPYIKAIOIICH Cpe/ibl, OrpaHu-
YEHHS TyCKOBBIX TOKOB, U3MEPEHUs U UICHTU(DUKALTUI
ra3oBbIX IIOTOKOB U T. 1. [1—3]. B nocnennee Bpems B
CBSI3H C TPEOOBAHISIMA MUHUATIOPU3AIIUHT 0COOYTO aKTy-
AIBHOCTB MPHOOPETH Pa3pabOoTKU AIEKTPOHHBIX CPEJICTB
B TOJICTO- M TOHKOIUICHOYHOM HcIonHeHuU [4—9]. B
npeabtymux padorax [10—12] Hamu OblIM paccMoT-
PEHBI BO3MOYKHOCTH MTPUMEHEHHSI TP TUIIMOHHON TEXHO-
JIOTHU CETKOTpadapeTHOH MeUaTH ¢ ENbI0 MOTYICHISI
TEPMOYYBCTBUTEIILHBIX TOJICTOIUICHOYHBIX CTPYKTYP Ha
OCHOBE OKCHIITIMHEFHON KePAMUKH CHCTEMBI IEPEXOI-
Hpix MeTauios NiMn,O,~CuMn,0,~-MnCo,0,, B ToM
YICIIC HE COMCPIKAIINX YKOJIOTHUCCKH BPEIHBIX TEXHO-
smorudeckux 00aBok [12].

B nacrosmeii pabote 060cHOBaHa BO3MOKHOCTB pac-
MM PEHHST HOMEHKIIATYPhI TOJICTOIUICHOYHBIX JICMEHTOB
OKCHIITTUHEIBbHBIX COSIMHEHHN J1s1 IOJTYYCHHUS HHTET-
PaTBHBIX CPEICTB MOHUTOPHHTA TEMITEPATYPhI U BIIaXK-
HOCTH OKpy>Katouiei cpenbl. OcoOeHHO aKTyabHbI Ta-
KHE pa3padOTKHU B CBS3H C HEOOXOMMOCTBIO BHEIPCHHUSI
cucteM 3(h(HEKTHBHOTO KOHTPOJIS M3-32 IOCTOSHHO IPO-
UCXOJISIINX U3MEHEHHUI KITMMaTa Kak OTIEIbHBIX Teorpa-
(hbUIEeCKUX PErHOHOB, TaK M B MaclTabax 3KOCHCTEMBI
Bcell rraneTsl [13].

J1o HaCTOSIIIIETO BpEeMEHH IS IOy ICHHS HHTETPalTh-
HBIX TOJICTOTJIEHOUHBIX CEHCOPOB TEMIIEPATyPhI U BIIaX-
HOCTH PE3UCTUBHOTO THIIA MPE/IArajaoch JBa MPUHITH-
MHAJIFHO PA3IMYHBIX ITOX0/Ia — HCIOIB30BAHUE TEM-
repaTypHbIX 3aBUCUMOCTEH AIIEKTPOCOPOTHBIICHNUS BIla-
TOYYBCTBHUTEIBHBIX CIIOEB HJIH K€ IOCTPOCHHE 3aBHCH-
MOCTEH 3JIEKTPOCONPOTUBIICHUS OT BIAKHOCTH OKPYIKa-
IOIIel cpeasl Il HEKOTOPBIX TEPMOUYBCTBUTEIBHBIX
TuIeHOK. [IepBhIii MOJX0/A peannsyercs, TIaBHbIM 00pa-

ABTOp BBIpakaeT onaronapHocTs K. X. H. I1. FO. Jlemuenko 3a momorp
B PEHTI'CHOCTPYKTYPHOI XapakTepu3aluu o0pas3ioB 0a30Boi oKcu-
HIMTHHEIbHOH KePaMUKH U TOJICTBIX TIJIEHOK.

30M, B TOJICTBIX TJIEHKAX psAJia COSMHEHUH CO CTPYKTY-
PO¥ IEPOBCKHUTOB, B IIEpBYI0 0vepe b BaTiO, [14]. Bro-
POIi ITOIXOT TOCTATOYHO XOPOIIIO apOOUPOBAH IS psiza
TOJICTOIJICHOYHBIX LIMUHENeH CMEmaHHON CHUCTEMBbI
Mn—Co-Ni ¢ no6askamu RuO,, 4T0 03BOIISET 1OCTHYD
XOPOILIYI0 BPEMEHHYIO0 CTAaOMIIBHOCTh CO3JaHHbIX 3Jie-
MeHTOB [15]. OgHako B 000MX CITydyasix CMEKHasi 4yB-
CTBHUTEIFHOCTH TOJICTOIUICHOYHBIX CEHCOPOB OKa3bIBa-
Jach CYUIECTBEHHO OTPaHMUEHHONW HEHJCATBbHOCTBIO
CTPYKTYPHI BHYTPCHHIX BIIArOTPAHCTIOPTHPYIOIINX TOP
1 0a30BOM LITTMHETH.

Boree coBepiieHHBIM MpEICTaBISIETCS ATBTEPHATHBHBINA
TIOTXO]T, 3AKJTFOYAIOIIHIICS B pa3MeKeBaHUH (DYHKIIUIA Tep-
MO- U BJIArOYyBCTBUTCIIBHOCTU B JIBYX Pa3JIMYHBIX IJICH-
KaX ONHOTO CTPYKTYPHO-XHMHUYECKOTO THITA — OKCH-
LIMUHETBHOTO. TOJICTOIIEHOUHOE UCTIOJTHEHHE HINTUHETIeH
cmemanno# cucremsl NiMn,O,~CuMn,0,~MnCo,0,
UMEET LEJBIA PsI IIPSUMYIIECTB 110 CPABHEHHUIO C JIPY-
THMH BUAAMH (DYHKIIMOHAIBHOM ANeKTpokepaMuki. Tax,
B YaCTHOCTH, B paMKax JAaHHOH CHCTEMBI JOCTATOYHO
JIETKO MOTYYUTb CJIOH, 00Ia JA0IIE TPUHIUITHAIBHO Pa3-
JUYHOU TTPOBOJIUMOCTBIO OT p- (B cirydae Co-oborarieH-
HBIX COCTaBOB, Takux Kak Cu, N10 ,Co, 6Mn1 2 0,) no
n-tuna (B ciydae Ni- oGorameHme COCTABOB, TAKHX KaK
Cuy NiyCoy,Mn, O,). TlosTOoMy OTKpBIBacTCS BO3-
MOYKHOCTb ITOJTYICHHS TEPMOUYBCTBUTEIHHBIX THOTHBIX
P—N-CTPYKTYP, BEITOTHSIOMINX JOTIOTHATEIEHO POIIH TO-
KOBBIX OTpaHUYHTENICH, B KOMOMHAIIMH CO CIIOSMU JIUD-
nekrpuueckoit kepamuku MgAl,O,, 4yBCTBUTENBHOM K
BO3/ICHCTBHUIO BJIaru OKpY Karollel Cpebl.

B nacTosmeit pabote mpoaHann3upoBaHbl BO3ZMOXK-
HOCTH IPUMEHEHHS TOJICTOINIEHOYHBIX CJIOEB OKCHILIIH-
HEIBHON KepaMHUKH CMEIIAHHOTO p—#—d-THIIA C IETbI0
pa3IenpbHOr0 KOHTPOJIS BIQKHOCTH M TEMIEPATYPEI
OKpY>Karollen Cpeibl.

O0pa3irsl 00bEMHOH TEPMOTYBCTBUTEIHHOM KepaMHu-
ku cocrasa Cuy \Nij ,Co, Mn, ,0, (I) u kepamuku co-
crasa Cu, Nij 8Co0 JMn/ 00, (1) monmyuanu Tpamuim-
OHHBIM METOJIOM BEICOKOTEMIIEPATYPHOTO CIIEKAHHS, UC-
MOJIb3Ysl KCXOJIHBIC peareHThl B (popMe COOTBETCTBYIO-
IIMX THIPOKapOOHATOB, KaK 3TO omucaHo B [16—17].
MaxkcumanbHasi TeMIeparypa CuHTe3a KepaMuku I co-
crapisuta 1040°C, 9To MO3BOJISIIO TIPH YETHIPEXIaCOBOM
CIIEKaHUH MTOTYYUTH 00pa3Ibl IPAKTUYECKH OHO(A3HOM
LITIMHEINN, HE COJEp Kallie TOTIOJTHUTEILHON CONeBOM
(hazpl. Takasg kepamuka 001aaeT JOCTATOUHO XOPOLIeH
TCPMOTYBCTBUTCIILHOCTHIO C XapPAKTCPHBIM 3HAYCHUCM
TEIUIOBOU IIOCTOSHHOM B, OIIpeIeIEHHOM 110 U3MEPEHU-
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Puc. 1. Tunuynble 5KCIITyaTalHOHHbIE XapAKTEPHCTUKU BJIAr04yBCTBUTEIBHOCTH TOJNCTHIX mIeHoK MgAl,O, npu Temnepa-
type 20 (a) u 50°C (6), nosy4eHHbIe TPU YBEINYCHUH (M) ¥ YMCHBIICHUN (@) OTHOCHUTEIHHOMN BIaKHOCTH

SIM DJIEKTPUUYECKOTO colpoTuBienus npu 25 u 85°C, Ha
yposHe 3500 K. Ni-o6orameHnnyto kepamuky Il cucre-
Mbl NiMn, O,~CuMn,O0,~MnCo,0O,, nony4anu B pe3yib-
Tare oxHovacoBoro cnekanus npu 1200°C ¢ cooTBet-
CTBYIOIIUM 3TANlOM MPEIBAPUTEIHLHON U MOCIE Ty IOIIeH
BBIJICP’KKH B yCIOBUSX cTabmin3anuy 0a30BOH mIIHHE-
a1 NiMn, 0, (920°C) [1]. [lns Takoi KepamMuKH, COEp-
JKAIeH TOCTATOYHO CTAOMIBHYIO (ha3y IIMUHEIH 1 OKO-
10 12% oxcuna NiO, xapakrepHoe 3HaueHUe B cocTas-
nsieT okosto 3400 K. O0beMHYI0 AUAIEKTPHUECKYO Ke-
pamuky MgAl,O, criekanyu Ha IPOTSKEHUH MATH 9aCOB
mpu 1300°C [18, 19], B pe3yssrare 4yero oHa mpruoodpera-
J1a XapaKTepHYIO TPUMOATBbHYIO TOIIOJIOTUEO BHY TPEHHHX
T0p ¢ 06LIEH IIIOTHOCTBIO TOBEPXHOCTH OKOJIO 6,9 M3/r 1
XapaKTePHBIMU BBIICIICHHBIMA MAKCHMyMaMH OKOJIO 2,5,
85 1 450 HM, uTO 0OECIIeUNBAIO HEOOXOIUMBIN YPOBCHb
BJIarOYyBCTBUTEIBHOCTH (M3MEHEHHE SICKTPUIECKOTO
COTPOTHUBJICHHUS COCTABIISLIO 4—4,5 Topsika) B AUaria-
30He oT 30 mo 100%.

B cocraB nact ams nmoyryueHus TOJICTBIX MIEHOK T10-
MHMO OCHOBHOH COCTaBJISIIOIIEH (MOPOMIOK 0a30BOM
OKCHMAaHTaHATHOW MJIN OKCHATIOMHHATHON IITTHHENH ) 1
OPTaHMYECKOM CBS3KH BXOAWIH TOOABKH AKOJIOTHICCKH
qucToro (T. €. 6eccBHHIIOBOTO) cTekina (3% asis maHra-
HaTHOU 1 8% TS A TFOMUHATHOU IIIIMTMHEH ), @ TAKXKE OK-
cun Bi,)O, (okomno 3—4%).

Jlasiee noy4eHHYIO MacTy HAHOCWJIK METOIOM Tpa-
dbapetHoii mevatn Ha omnoxku Tuma RUBALIT 708S
(96% Al,0,) ¢ penBapuTENLHO TIOATOTOBIEHHOH pas3-
BOJIKOM M3 cepedpa. J{i1st momyYeHus IIICHOK pa3iinyHon
TOJIIIIUHBI TPUMEHSUIN OIHO- ¥ IBYKPATHYO 1edaTs. [Ipo-
CYIIEHHBIE TOJICTOIICHOYHBIE CIIOH, (YOPMUPYIOLIUE TH-
MIIYHYI0 CMEIIAHHYIO INTAHAPHYIO p—H—d-KOH(PHUTYPaLHEO
[20, 21], cnexanu B meun PEO-601-084 ipu 850°C. Toxn-
IIMHA TTOMYYCHHBIX p-TIPOBOSIIINX CIOCB KepaMHKH |
coctaBisia 55—60 MKM, n-IpOBOJSIIUX CIIOEB Kepa-
Muku Il — 65—70 MKM, TUAJIEKTPUUECKHUX CIIOEB
MgAlLO, — 50—55 mkm. M3Mepenus 31eKTPUYECKOTO
CONPOTHUBIICHUS TPOBOJMWIN JUISl KAXJIOTO U3 CJIOEB B
TUTAHAPHOHN KOH(DUTYpaIHH.

@Da30BbI COCTaB M KPUCTALIUIECKYIO CTPYKTYPY
TUICHOK U3yYaJlv C UCTIONb30BaHUEM PEHTTEHIU(PAKTO-
metpa HZG-4a (FeKO-u3nydenue), a ©X MHKPOCTPYK-
Typy — € TIOMOUIbIO JIEKTPOHHOTO MHUKpockona LEO
982. DnexTpuuecKoe COMPOTUBICHHE MIEHOK N3MEPSUTH

B TeMIepaTtypHoM jauanasone oT —30 no +170°C ¢ no-
MOIIBIO ITU(PPOBBIX BOIBTMETPOB, UCTIONB3YS KIIMMATH-
gyeckue kamepsl MINI SABZERO (monmens MC-71) u
HPS 222. BnarouyBCcTBUTEIBHOCTh TOJCTHIX TUICHOK
MgAl,O, paccunThbIBaIM Ha OCHOBAHNH 3aBHCHMOCTEN HX
3NIEKTPOCONPOTUBIICHUSI OT OTHOCUTEIBHOMN BIIAXKHOCTH
OKpy>Karotei cpeapl, momydeHHbIx pu 20 u 50°C u gac-
TOTE AIeKTprueckoro Toka 500 ' mpu yBeIM4IeHUH U ro-
CIIEITYIOIIEM YMCHBIIICHUH OTHOCUTETEHOH BIa)KHOCTH.

DNEKTPUUECKOE COMTPOTUBIICHUE TEPMOUYBCTBUTEIb-
HBIX TOJICTOILICHOYHBIX 3JIEMEHTOB H3MEPSUIOCH B HOP-
MaJbHOH aTtMocdepe B nuanazone 25—85°C ¢ miarom
10°C mpu CTpOro KOHTPOIUPYEMOIi TeMIepaType Cpeabl
B MOMECHT IIPOBEICHUS M3MEPEHUSI (ITOTPEITHOCTD N3Me-
peHus TemmepaTypsl He npesbimana + 0,1°C).

Ha puc. 1 moka3aHbl THITHYHBIC 3aBHCUMOCTH JJICKT-
POCOIIPOTUBIICHUA TOJICTBIX IJICHOK AJIIOMUHATHOM OK-
cuuimmnen MgAL O, d-Tuna oT BeTMYMHbBI OTHOCUTETb-
HOHU BIIQJKHOCTH OKPYKAIOMICH CPenbl TP Pa3TUIHBIX
TeMIepaTypax (B 3TON KOH(PUTypaluy TOJICTHIC TUNICHKH
OKCHMaHTaHATHON KEPAMUKHU p- M N-THIIA BBITOTHSIIH
POJIb MOJUIOKKH). 3/1€CH XOPOIIO MPOCIEKUBACTCS YeT-
Kas TMHEHHOCTH 3aBUcuMocT ipu 7=20°C, koTopas He-
CKOJTBKO YXY/IIaeTCs 10 Mepe pocTa Temrieparypsl. Tak,
B uacTHOCTH, pu 50°C mpomnajgaet YyBCTBUTEIBHOCTD
wieHok MgAL /O, K HU3KMM YPOBHSIM OTHOCHTEIHHOM
BIaXXHOCTH (mpuMepHO 710 50%) 1 MOSIBIAETCS Oy TH-
MBI THCTepe3nC paboyero IUKIIa P €€ MOBIIIEHHH 1
MOHIDKCHUH. TO €CTh MOKHO KOHCTaTHPOBATh, UTO pado-
YHE XapaKTEPUCTUKH TOJICTHIX IJICHOK aTFOMUHATHOM OK-
CUILIIMHEIN, HAHECEHHbIE Ha CJION OKCUMaHIaHaTHOM Ke-
paMUKH, TPAKTUYECKU HE YXYAIININUCH TI0 CPABHEHUIO C
XapaKTEPUCTHKAMU TOJICTHIX TUICHOK, TIOTyYCHHBIX He-
MOCPEICTBEHHO Ha caMUX MOiokKKkax [20].

W3mepeHust 3eKTPpOCONPOTHBICHHS TOJICTHIX TNICHOK
kepamuku NiMn,O,~CuMn,O,~MnCo,O,, nokasanm, 4ro
UX TEPMOYYBCTBUTEIILHOCTh TAKXKE HE HAPYIIMIIACH (CM.
puc. 2). Kak p-, Tak v n-cJiont IeMOHCTPUPOBAIIH IIPAKTH-
YECKU UACAJIbHYIO JIMHEWMHOCTH 3aBUCUMOCTH COIIPOTHUB-
JIEHUA OT TeMIeparypsl B iuanazone 25—170°C, T. e. arek-
TPOCOMIPOTUBJICHUC TOJICTHIX IVICHOK B UCCJICJOBAHHOM
TEeMIIEpaTypHOM JUANa30HE OMUCHIBACTCS 110 IKCIIOHEH-
IIMAJLHOMY 3aKOHY C XapaKTEPHBIMH 3HAYEHUAMH B o
o1 3000 1o 3700 K B 3aBUCUMOCTH OT COCTaBa KEpaMu-
KM (4TO Ta’ke HECKOJIBKO IPEBHIIIACT COOTBETCTBYIOIIIEC
3HAYEHUSA Bs s U1 00BEMHON KEPAMHUKH).
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Puc. 2. TunuyHble SKCIUTyaTallMOHHBIE XapaKTEPUCTUKU Tep-
MOYYBCTBUTEIBHOCTH TOJICTBIX IIJIEHOK OKCUMAaHTaHAaTHOMN
KEpaMUuKu:

I — p-tuna (Cu, |Niy 1Co, (Mn, , 0,);

2 — p-THUmna (Cuo 1N10 8C00 2Mn] 904

YrensHoe 00bEMHOE 3JIEKTPOCOIPOTHBIICHUE UCCIIE-
nyeMblx niueHok kepamuku I u II cocrasnser 33 u
29 OM'M, COOTBETCTBEHHO, IIPUYEM 3TU 3HAYCHUS Ha-
MHOT'O BBIIIIE, YeM B 00BEMHBIX 00pasIax TOro xe co-
cTaBa (MpuMepHoO Ha ypoBHe 2—3 OM-M). [lpyrumu cio-
BaMU, AJICKTPUIECKHE CBOMCTBA TOJICTHIX INICHOK OKCHIII-
MUHENEN ONpeaeNnsoTcs CBOMCTBAMU HE TOJNBKO TOJH-
KpUCTAJUINYECKOH (pa3bl MOTYMPOBOAHUKA, B JAHHOM
Cllyuae MIMUHEIN Pa3IMIHOr0 COCTaBa, HO U CTeKIo(da-
3b1. [TopoIok cTekna B cocTaBe TepMOPE3UCTUBHOM Ta-
CTBI B TIPOLIECCE CIIEKAHHsI 00BOJIAKUBAET MOIUKPUCTATI-
JIBI IITHHENN 1 GOPMUPYET TUIICKTPUICCKUE TPOCION-
KH CTEKJI0(a3bl MEXKy KEPAMUUECKIMU 3€pPHAMU U, TEM
CaMBIM, IPEMATCTBYET MPOLIECCaM AIEKTPOIIEPEeHOCa B TOM-
croii meHke. Kak pe3ynbrar, HaOII0MAEeTCs CyLECTBEH-
HOE YBEIHUYEHHE 3JIEKTPOCONPOTHBICHUS MICHOUHBIX
CTPYKTYp 10 CPAaBHEHUIO C 00BEMHBIMU 00pa3IaMH.

IIpu uzydenun azoBoro coctaBa 0ObEMHOM OKCH-
IHIMHHEIbHOIN KepaMUKH U IOTyYEHHBIX Ha €€ OCHOBE TOJI-
CTBIX IJICHOK HE ObUTH 00HAPYKEHBI CMEIIAHHbBIE OKCHU-
HIMTUHENIbHbIE CTPYKTYPbI, HECMOTPS! Ha OONBIITYIO KOHTAK-
TUPYIOLIYIO TOBEPXHOCTh PA3HOPOIHBIX CII0EB TOJICTHIX
wieHoK. Tonctele ek Co-oboraneHHON kepaMUKH |
COJIepKaT OAHY KpUCTAIMUECKylo a3y — KyOuuec-
KyI0 LINUHEIb ¢ IPOCTPAHCTBEHHON Ipynnoil Fd3m u
napameTtpom pemtetku a=0,830130(9) am. [Tnenku Ni-
oOorameHHol kepamuku 11, Haps Ty ¢ ocCHOBHOI! (hazoii
mmunenu (Fd3m, a=0,83794(1) HM), copepkaT ciebl
JIOTIOJIHUTENbHOU (a3bl — okcuaa Hukens NiO (Fm3m,
a=0,41961(3) um). ToscThie TUIEHKU AUAIEKTPUUECKON
kepamuku MgAL O, conepikar OCHOBHY O KpUCTajLIHye-
CKYIO (ha3y LIITHHEIN C IPOCTPAHCTBEHHOM IrpymIoil Fd3m
u mapamerpoM pemetku a=0,808191(6) M, a Taxxke cie-
1l (BecoBast nomst 110 0,2%) nononHuTe bHOM (asbl ok-
cuna marausg MgO (Fm3m, a=0,4210(1) um). Heo6xo-
JMO TaK>Ke OTMETHUTb, YTO PEHTICHOJU(PPAKTOrPAMMBI
BCEX UCCIIEIOBAHHBIX MJICHOK MPOSIBISIIOT pPe(IIeKChl U
OT MaTepuaa nouIokku o-Al,O,.

*%k

TakumM 00pa3oM, HOIYYCHHBIC PE3YJIBTaThl CBUICTEITb-
CTBYET O XOPOILIEi COBMECTUMOCTH BCEX IIEMEHTOB OK-
CHIIIHMHENBHBIX TOJCTOINICHOYHBIX CTPYKTYp (p-, n- U
d-THra), SKCIUTyaTUPYEMBbIX B IDTAHAPHOH KOH(HUTYpaIHH,

YTO MO3BOJIACT MPOBOAUTH C UX ITOMOIIBIO HE3aBUCHUMBIC
1 OTHOBPEMCHHBIC U3MCPCHUS BJIAXJKHOCTHU U TEMIIEPATY-
pBI 01<py>1<a}01uef71 Cpeanl Ipu (bOpMI/IpOBaHI/II/I COOTBECT-
CTBYIOIIUX SJICKTPOJAOB K TEMIIEPATYPO- U BJIArO1YBCTBH-
TCIBbHBIM CJIIOSAM.
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PTYTHBIM MUKPO30H/]] JJI MCCIIEAOBAHM S JIOKAJIBHBIX
SJIEKTPOOUBNYECKHMX CBOUCTB
[TOJIYITPOBOAHUKOBbLIX CTPYKTYP

C nomowvio pmymno2o MUKpo3oHoa npeo-
JIOXHCEHHOU KOHCMPYKYUU UCCLe008AHbL J10-
KalbHble 2leKmpoduzuieckue ceoucmed
cmpykmyp Si—SiO, ¢ monkum croem OKcu-
oa 8 obnacmu 31eKmpuyecKu aKmueHbIX
oeghexmos ¢ I0KAIbHOCMbI0 5—25 MKM.

Bo3spacTtanue creneny HHTErpan U31eIuid MUKPO-
3NEKTPOHNKH HEPA3PHIBHO CBSA3aHO C HEYKJIOHHBIM CO-
KpalieHHeM FeOMETPHUYCCKIX XapaKTEePUCTHK X aKTHB-
HBIX 3JIEMEHTOB. B pe3ynbrare pazmepsl aKTUBHBIX 3J1€-
MEHTOB HOJIyTIPOBOHUKOBBIX IPHOOPOB CTAHOBSITCS CO-
U3MEPHUMBIMH € pa3MepaMu o0acTeid, Tae MposBiIieTcs
HEOJHOPOAHOCTH MEKTPOPHU3NIECKUX CBOWCTB MAaTEPH-
AJIOB M TEXHOJIOTHUECKHUX CTPYKTYD, ¥ BIMSIHAE HEOHO-
POJHOCTH HA MapaMeTPhl ¥ HAAEKHOCTh U3/AEIHUI CyIIie-
CTBEHHO noBeImaercs. Kak ciexcrsue, pacter nmorpeod-
HOCTb B pa3pab0TKe METONK 1 H3MEPUTEIILHBIX CPEAICTB,
MO3BOJIAIOIINX JOCTOBEPHO M C HEOOXOIMMBIM YPOBHEM
JIOKAJIEHOCTH POBOIUTH aHAJIN3 CBOMCTB MAaTCPHAIIOB H
CTPYKTYp Ha PA3IUUHBIX TANaX U3rOTOBIEHUS MPUOO-
poB. C MOMOIIBIO TAKUX METOAUK MOXKHO IOJIy4aTh UH-
bopmariio 11 3P HEKTUBHOTO YIIPaBICHHS TEXHOIOTH-
YEeCKHMH ITPOLECCAMHU H3TOTOBICHHS TAKMUX BAKHEHUIIINX
CTPYKTYp KaK AUUICKTpUK—TIonynpoBoaHuk (JIIT) i me-
TaIUT— K TpUK—TioaynpoBoaHuk (MIIT) ¢ nenbto cHu-
JKEHHSI KOHIIEHT ALK JJIEKTPUIECKH aKTUBHBIX Ie(eK-
TOB, OHIKEHUS YPOBHSA (DIyKTyaluii 31eKTpodhusmde-
CKHX ITapaMeTPOB U MOBBIICHHUSI KAYeCTBA H3AEINH MHK-
PO2IIEKTPOHHUKH.

OpHUM U3 pPacIpOCTPaHEHHBIX CPEJCTB IIPU HCCIIe-
JIOBaHMHU MOITYyIPOBOJHUKOBBIX MaTepuainos (Si, GaAs,
SiGe u ap.) u All-, MJII-cTpyKTyp SIBISETCS PTYTHBIH
30H]I, TTO3BOJISIONINN YKOHOMHYHO, YKCIIPECCHO M 0e3
HapyIIEeHUs TOBEPXHOCTH (DOPMUPOBATH KOHTAKT K HC-
cienyeMbIM cTpykTypam [ 1, 2]. [Tpu 3ToM KOHTaKT 60Jb-
HIMHCTBA IIUPOKO NPUMEHSAEMBbIX IOTYIPOBOIHUKOBBIX
MaTepHaNoB ¢ pTyThio 00pasyet auof HloTTkuy, aBmsto-
muics 3G PEeKTUBHBIM CPEIACTBOM HCCIEI0BaHUS
CBOICTB IONYNTPOBOJHNKOB. B Hacrosimiee Bpems Hau-
OoubliIee pacIpOCTPAHEHUE B MUKPOJICKTPOHUKE HAIIUTH
PTyTHBIE 30HABI ¢ AMaMeTpoM koHTakTa 0,1—I1 mm. B
OONBIIMHCTBE CTydYaeB IUIOMIAAb KOHTAKTa UMEET (HK-
CHUPOBAaHHOE 3HAUYEHHE U ONPEEISeTCs. JUaMEeTPOM 11~
JUHJpPA, 10 KOTOPOMY PTYTh MOCTYIAET U3 pe3epByapa
CHH3Y BBEPX U MPIDKUMACTCS K UCCIEAYyEMOH MOBEpX-
HOCTH TIOJ] JeHCTBHEM BaKyyMa, CO3/1aBaéMOTr0 MHHH-

aTIOpHBIM HacocoM. OOLIMM HEOCTaTKOM TaKHX 30H-
JIOB SIBJISIETCSI PACIIOJNIOKEHNE HUCCIIeyeMOH MOIyTIpo-
BOJHMKOBOW TIIIACTHHBI HA/l PTYTHBIM KOHTAKTOM H, CO-
OTBETCTBEHHO, HEBO3MOXXHOCTh HaOTIOICHNS ¥ TOYHOTO
BeIOOpa 0OnacTu (popmupoBanust koHTakra. Kpome toro,
1 9TO IIaBHOE, JI0CTAaTOYHO OOJIBILIIE pa3MepPhl PTYTHOTO
KOHTaKTa II03BOJISIIOT HCCIIEIOBATh TOIBKO HHTET PAJIbHBIE
(ycpenHeHHbIe) SIeKTPOPU3NTECKUE TapaMeTphl CTPYK-
Typ. B KOHCTpYKINMSAX 30HI0B, T/I€ ISl yMEHBIIECHHS TIJI0-
I3 PTYTHOTO KOHTAaKTa MCIOJIB3YFOTCS KallMJUISPHI,
TaKKe OTCYTCTBYET BOSMOXKHOCTh HaOJIIOJICHHs MecTa
KOHTaKTa, a /ISt TOAIepKaHus TOCTOSTHCTBA €To TLIOMIa-
11 TpeOyeTCst TepMOCTaTHPOBAHKE 30H 1A, YTO YCIIOKHS-
€T MPOBE/ICHNE MHOTOKPATHBIX H3MEPEHHH.

ABTOpamu pazpaboTaHa KOHCTPYKIUS PTYTHOTO 30H-
nia, obecnieunBaroiero GopMupoBaHre KOHTAKTa Majio-
ro auamerpa (5—25 MKM) K BU3yalIu3UpyeMoOMy ydacT-
Ky HCCIIeayeMol CTpyKTyphl. B couerannn ¢ Hanbonee
MH(OPMATHBHBIMU METOJAMH OIIPeIeNICHHS IEKTPO(H-
3MYECKNX MapaMeTPOB M C BBICOKOTYBCTBUTEIBHBIMU
CpeICTBaMH MX M3MEPEHHsI MHUKPO3OH]I TO3BOJISIET HC-
CIIeJIOBATh JIOKAJIBHbIE CTPYKTYPHO-IIPHMECHBIE HEOHO-
poxHocTH B cTpyKTypax /Il Ha pa3nuyHBIX MOIyHpo-
BOJHHMKOBBIX MaTepHaiax.

KoHcTpyKkumsi pTyTHOTO MHKPO30H 12

[pu peanu3anuu npoiecca JOKaIbHBIX ©3MEPEHHI C
MPUMEHEHHEM PTYTHOTO MUKPO30H/1a OCHOBHOH IIEJIBIO
ObLi1a BU3yaIu3alys 00JaCTH KOHTAKTHPOBAHUS, CO3/1a-
HYe KOHTAKTa MaJIoii IUIOIIAIN K BO3MOKHOCTH TOYHOTO
PETYJIMPOBAHUS €€ BEIIMIHHBI TTO]T HAOTIOICHUEM.

[Ipemtoxkena cieayromniasi KOHCTPYKITUS MUKPO30H-
na. HocutereM pTyTHOTO KOHTAKTa SBIIAETCS TOHKAS IIPO-
3padHasi CTEKJISTHHAS TUIACTHHA TPSIMOYTOTbHOMN HITH KBa/I-
partHoil GopMbI, Ha HUKHIOIO TPaHb KOTOPOW HAHECCH
KPYIIIbIi MPO3paunblii onekTpoa (SnO, nimn In,0,). Dnek-
TPOJI pacroiaraeTcsi B IICHTPE IIAaCTHHBI, OT HEro Ha 00-
KOByIO FpaHI) IIJTACTUHBI BBIBCJCHA y31<a;1 HpOBOZ[S[IHaSI
JIOPOKKA JUIST CO3AHUSI KOHTAKTA C epiKaTesIeM, pe/-
CTaBJISIONINM cO00H HrtooOpa3Hbii 30H1. [Tocnenauii ¢
MTOMOIIIBIO TOKOTIPOBOIAIIIETO KJIesl 3aKPETIseTCs Ha O/1-
HOM U3 rpaHei m1acTUHBI O HEKOTOPBIM yryioM. [Tmac-
THHY TTOMEIAIOT Ha YUCTYFO MOJMPOBAHHYO TIOBEPXHOCTh
TIOTYTIPOBOHUKOBOM CTPYKTYPBI IIPO3PAUHBIM AJICKTPO-
JIOM BHH3, €€ JepyKaTe)ib PUKCUPYETCS B THE3/IE MPEIH-
3MOHHOT'O MHUKPOMAHUIYIISATOPA, UMEIOIIETO TPH CTeTie-
HU CBOOO/IBI M CITOCOOHOTO TIOJJTHUMATh U OITYCKaTh T1J1a-
CTHHY ITapaJuIeIbHO MIOBEPXHOCTH. Pa3BepHYyB IutacTHHY
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B MHUKPOMAHUITYJISITOPE IIPO3PAaTHBIM AEKTPOIOM BBEPX,
B €€ [ICHTPAIbHON YaCTH PAcIoaratoT MUKPOKATLIIO YH-
cToil prytu (auamerpom MeHee 100 MxM), KoTopas 3a
cuet 3¢ peKTa CMauMBaHUS MaTepHAIa MICKTPOIa CO3aeT
KOHTaKT ¢ HAM. CIIeyeT OTMETHTH, UTO B PSJIE CITyJacB
MIOCJIC CO3aHMs Ha CTCKIISTHHOM IJIaCTHHE IPO3PAavyHOTO
KPYIJIOTO S/IEKTPO/IA B €r0 EHTPE JOMONHHUTEIBHO Ha-
HOCSIT OTYIPO3PAYHbIi CJIOW 3010Ta TOMIIUHON 150—
300 A. TIpu KOHTAaKTHPOBAHHMY C YTHM CJIOEM PTYTHOM
Karumi (popMupyeTcs amaibrama, 3a cdeT KOTOpOH Co-
3maercs 6onee 3 PeKTHBHOE CIIETUICHUE C IEKTPOIOM
1 NOBBIIACTCA HAAC)KHOCTD MUKPO30HJa IIPU MHOT'OKpaT-
HBIX U3MEPCHUSX.

[Tocre 3Toro MOBOPaYMBAIOT CTEKILIHHYIO TUIACTHHY
MHUKpPOKAIUIeH BHUA3 U ITOMEIIAIOT HaJl CTOJIMKOM C HC-
CIIelyeMbIM 00pa3IioM o1 JNTHHHO(POKYCHBIH OO BEKTHB
MHKPOCKOIIA C BBICOKAM OITHYECKUM pa3perieHueM. Pe-
TYJAUPYS TPKAM MAKPOKATLUTH PTYTH K HCCIISTYSMOU T10-
BEPXHOCTH, U3MEHSIOT THAMETP KOHTAKTHOH IIOMIAIKH

(puc. 1).

4

Puc. 1. KoHCTpyKIHsI pTYTHOTO MHKPO30H/A:
1 — TOYNpPOBOJHUKOBAS CTPYKTYpa; 2 — MPO3padHas CTCKITHHASL
IUIACTHHA; 3 — KaIuls PTYTH; 4 — JUIMHHO(OKYCHBIN 00BEKTHB MHUK-
pockorna; 5 — JiepKaTellb [IACTHHBI, yCTAaHOBIEHHBIN B MUKPOMaHH-
MyJIATOpE; 6 — MPO3PAYHBII AIMEKTPOST

ITomMuMO ONUCaHHOW KOHCTPYKIIMU MUKPO30HIA HA
OCHOBE CTCKJITHHOMH ITACTHHEI B (popMe Iapajuiesieny-
neqa ObUla peaar30BaHa U YCIEHIHO ONPOOOBAaHA KOH-
CTPYKLMSI MUKPO30H/a HA OCHOBE CTEKJISTHHOI'O LIUJIMH-
Jipa TuaMeTpoM MeHee 1 Mm.

VYcTaHOBIIEHO, UTO B OIIPEEIIEHHOM JlMaa30He 3Ha-
YeHUi AuaMeTpa pTyTHOTO KOHTAKTa K IIPO3PAYHOMY IEK-
TPOIy €ro IUIOIIaah, HabmogaeMas CBepXy, IpaKTHye-
CKH paBHA IUIOMIAIM KOHTAKTA PTYTH K UCCIEAYEeMOH To-
BEpPXHOCTH. Ha OCHOBaHWMM TOYHBIX H3MEPEHUN TUAMET-
pa BIEKTPOJia PACCUUTHIBAIOT €ro MIomaas. Bocnpous-
BOJMMOCTb IUIOIAIN PTYTHOTO KOHTAaKTa IPU U3MEPEHU-
X TocTUraercs 01aroaaps MpUMEHEHHIO MUKPOMaHHITY-
JISITOPOB C BBICOKOM TOYHOCTBIO BEPTUKAJILHOIO IIEpeMe-
LIeHUs 30Ha (1 MKM) [IpH UCTIOJIb30BaHUH MUKPOCKO-
na ¢ yBenuuenueM B 1000 xpart u Boie. [lpu nuamerpe
pryTHOro koHTakTa 10—15 MKM BOCIPOM3BOAUMOCTD €10
TUTOTIATH TAKOBA, UTO pa3dpoc ee 3HAUCHUH COCTaBIISICT
oxorno 10%.

BriBoz oT meprkarens 30HAAa B MUKPOMAHUITYJISATOPE
COEIMHEH C KOAKCHAIIbHBIM (IKpPaHUPOBAHHBIM ) KabeseMm,

TIOKITIOUEHHBIM K H3MEPHTEIILHOMY KOMILIEKCY. BTopoit
KOaKCHAJIBHBIN KaOeIh M3MEPHUTEIIS COSTUHSIETCS CO CTO-
JIMKOM, Ha KOTOPOM PacHOJIOKEH HCCIIeyeMBIii 00pase.

PazpaboTaHHBIN PTYTHBII MUKPO30H] OBLT yCTAHOB-
JIeH Ha aHAJIMTUYECKOW 30HA0BOU ctaHimu MM 7000
¢bupmer “Micromanipulator” ¢ Mukpockomnom “Micro
Zoom II” pupmsl “Bausch and Lomb” , umerormm -
HO(OKYCHBIE OOBEKTHBHI 1 MAKCHUMAITFHOE YBEITHICHHUE
coie 1000 kpar. CriennanbHbIil MUKPOMaHUITYIISITOP
OCYHIECTBIISUT TIepeMeIlieHIe 30H/1a TI0 TPEeM KOOpInHa-
TaM ¢ TOYHOCTBIO =1 MKM.

HccnenoBanus 31eKTpOPU3MISCKUX CBOMCTB TOTY-
MPOBOAHUKOBBIX MaTtepuanon, [AI1- u MIII-cTtpykryp
MIPOBOJIMITUCH C TIOMOIIBIO aBTOMATU3UPOBAHHOTO KOM-
wiekca HP4061A ¢upmnbr “Hewlett Packard” ¢ munu-
MaJbHBIM 3HaYeHHEM H3MepseMoii eMkoctu 1-107 15 @

O0pa3ubl ¥ MeTOANKA UCCIeTOBAHNMN

Hccnenopanuce ctpykrypsl Si-Si0, ¢ TOHKMME
(50—120 A) u Toncteivu (250—270 A) OKCUHBIMU
IJICHKaMH, OJyYE€HHBIMU IPU TEPMUUYECKOM OKHUCIIE-
Huun KpeMHuus n-tamna KO®-4,5 u kpemuus p-turma KJ[b-
10 ¢ ynensubIM conpotuBiennem 4,5 n 10 Om-cm, co-
OTBETCTBEHHO, U KOHIICHTPAIINEH JIETUPYIOIINX TIPUMe-
ceit Ny=1 1015 cMm 3. B cityuae McciIeIoBaHus CTPYKTYP
SkSlO C TOJICTO# OKCHTHO IUTeHKo# (1mopska 260 A)
cpopMHpOBaJmcr, ATFOMAHHUEBBIE DJIEKTPOIBI B hopme
KBaJIpaToB co cTopoHamMu 100—250 MKM TOJIIMHOI
1,2 mxm. TonmmmuHa OKCHIa KOHTPOJIUPOBAIACH HA DJI-
JUTICOMETPE C TOYHOCTHIO 5—7

Omnpenensuuck BBICOKOYaCTOTHBIC BOJBT-(hapaHble
xapakrepuctuku (B4 BOX) crpyxryp Hg-SiO,-Si, cop-
MHUPOBAaHHBIX JIOKAIEHBIM MUKPO30HIOM Ha ITOBEPXHO-
cTr 00pa3noB. MccnenoBanus IPOBOIMINCH HA YACTOTE
TectoBoro curHana | MI'm. JluameTp pTyTHOTO KOHTaKTa
coctaBisut 5—10 mxM. Jlo Hauana u3MepeHnid HEemoc-
PEIOCTBEHHO TIepel] CO3MaHNEM KOHTAKTa MUKPO30HIA C
MIOBEPXHOCTHIO MIPOBOIMIIACH KOMIICHCAITHS pacIpesie-
JICHHOUW €MKOCTH U3MEPHUTEIIbHO cucTeMsl. [Tocite ¢op-
MHUPOBaHHS KOHTAKTA H3MEPEHHBIC 3HAUCHHS BRICOKOYa-
CTOTHOW EMKOCTH KOPPEKTHPOBAIUCH HA BEITUUNHY pac-
Tpe/IeIeHHOH (TTapa3uTHON) EMKOCTH PTYTHOTO MUKPO-
30H/1a. Ee BennunHa 3aBrcesna OT IpyKUMa pTyTHOM Karl-
7 (TUTOIIAAM KOHTAKTa) M JUISl HCCIIETyeMBIX 00pasIoB
paccunTHBAIACH HA OCHOBAHUH H3MEPEHHBIX U IIpe/IBa-
putenbHO paccunranabix BU BOX crpykryp Si-SiO, ¢
TOYHO M3BECTHBIMH 3HAUYCHHUSMH TOJIINHBI OKCHUIHOM
TUICHKH U KOHIICHTPAIIH JICTHPYIOMIEH IPIMECH B KPEM-
HuH. [Ipr n3MeHeHNH TapaMeTPOB UCCIETYEMBIX CTPYK-
Typ Si-SiO, onvcanHas IpoueIypa pacyeTa napasuTHOM
EMKOCTH TSl HCTIONTE3yEMOH TUTOIIa i KOHTAKTa IOBTO-
psieTcsL.

B nepBoii cepum 3KCIEPUMEHTOB HCCIEAOBAINUCH
JIOKaJIbHBIE IEKTPOPU3MUECKIE CBOMCTBA AIIEKTpUYe-
ckd akTUBHBIX JedekToB (DAJ]). B mensix BhIABICHHS
DAJI Ha TOBEPXHOCTH KPEMHHUS B CTPyKTypax Si-SiO,
UX BU3YQJIN3AIIMM M TOYHOTO OTIPEICIICHHUS KOOpZ[I/IHaT
OBLI NCTIONTF30BAH PaHee pa3padOTaHHBIN aBTOPAMH Me-
ToJ1 HeMaTHueckux sxuakux kpuctamwios (HZKK), mosso-
JLSTFOIIAY BU3YaITU3HPOBATh CTPYKTYPHO-TIPIMECHBIE J1e-
(hexTHI Ha TOBEPXHOCTH TIOTYTIPOBOTHHUKA, B 00JIACTH KO-
TOPBIX IIPOUCXOJIHT JIOKaJTbHOE N3MEHEHHE TOBEPXHOCT-
HOTO MoTeHIHaIa [3].
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[Tocne onpenenenus koopauHat DA 1 uX NpUBSI3KH
K CHENHAIFHO CO3/JaHHBIM PEMEPHBIM 3HAKaM Ha IjIac-
tunax HOKK ynansncs. Ilocne cranmaprHOW Xumuue-
CKOI 00pabOTKH TTOBEPXHOCTH ITPOBOMIICS aHAIIN3 JIO-
kanbHbIX BU BOX crpykryp Hg-Si0,—SiBons munui,
MepeceKaronux 00JIacTH pacroiokeHus aedexkros. Ha
ocHoBanuu BY BOX paccuuTsiBaiCh 3HAUSHUSI I1JI0T-
HOCTH 3()(heKTUBHOTO (PMKCUPOBAHHOTO 3apsia B OKCHU-
ne kpemuust N, Tlo popme xapakTepucTuk, B 4aCTHO-
CTH TI0 OTHOIICHNIO MUHUMAaJIbHONH €MKOCTH B 00JIaCTH
WHBEPCHUU K EMKOCTH OKCHJIa, OIICHUBAIUCH d((HEKTHB-
HBIC 3HAYCHHS KOHIICHTPALIUH JICTHPYIOIIEH TprMecH Ha
MIOBEPXHOCTHU V),

Bo BTOpOi1 cepuu DKCIEPUMEHTOB UCCIEN0BAIOCH
BIIUSIHUE TEPMOYIPYTUX HANPSLKECHUH, CYIIECTBYIOIINX
B cnc.TeMax.Si—SiO2 BOJIM3H KPast SJIEKTPOJIOB CTPYKTYP
Al-Si0,-Si, Ha JTOKaJIbHBIE 2NEKTPOYHU3NIECKUE CBOM-
CTBa OKCHJA ¥ TPAHUIIBI pa3feia «IUdICKTPUK—IIONy-
MPOBOAHUKY». DTH HANPSDKECHHS BOSHUKAIOT BCIICICTBHE
pasnInuus TePMUUECKUX KOA(P(UIMEHTOB PaCIIUPEHHs
QIIOMMHUS U KPEMHUSL. B 3TOM cilydae aHaIu3upoBanuch
sokanpHble BY BOX nipu ckaHMpOBaHUH PTYTHBIM MHK-
PO30HIOM MTOBEPXHOCTH OKCHJIA KPEMHUSI TIEPIICHANKY-
JSIPHO KParo aJTIOMHHUEBOTO AJIEKTpoia. M3Mepenust mpo-
BOJIMJIMCH HA PACCTOSIHUM JIO 25 MKM OT Kpasi 3JIEKTPO/a.

Pesynbrarbl U o0cy:kaenune

Brissnennsie metoom HXKK [3] DA ] Ha moBepxHO-
CTH KPEMHHUS B CTPYKTypax Si-SiO,, B OCHOBHOM, NMe-
JIM BUJ] JIMHEWHBIX TUCTIOKAIMNA U OTACTBHBIX TOUCUHBIX
nedhekToB, 00yCIOBIEHHBIX, MO-BUANMOMY, 00pa30oBa-
HUEM Je(EeKTOB YITaKOBKU MPU TEPMUUIECCKOM OKHUCIIE-
HuH. Ha Kpasx IiacTWH KpeMHUS B Psle CIydacB Ha-
OJTIONIAJTMCh CKOTUTCHUS TIMHEWHBIX TUCIIOKAIIMN, pacTio-
JOKEHHBIX o7 yriioM 60° apyT K APyry ¥ MMEIOIINX
BUJI JIMHUH CKOJTLKEHUS. DTO CBUICTEIBCTBOBAJIO O TOM,
9TO MPUYUHON MX MOSIBICHHS CIIY>KUIU TEPMOMEXaHU-
YeCKHE HANPsDKCHUS, BOSHUKININE HA KPasX IUIACTHH B
pe3ynpraTe BEICOKOTEMITEPATYPHBIX TEPMHUYECKHX IIPO-

15 Mxm

Puc. 2. Buzyanuzanus DAJl Ha MOBEPXHOCTH MOIYIIPOBOJ-
HUKa B CTpYKTYype Si—SiO, ¢ TONIMHOK OKCHIHOH IIEHKH
117 A MeTonoM HEMATHUECKMX KHIKMX KPUCTAILIOB
(cTpenKolf yKka3aHa JIMHHUS aHANN3a JIOKANBHBIX JIEKTPODH-
3MYECKHX CBOMCTB)

1ieccoB. OIMH U3 TUIINYHBIX TUHEHHBIX 1e(eKTOB, Chop-
MUPOBABIIUXCS BOJTH3U Kpasi OKHCICHHON IUIACTHHBI
KPEMHUSI, IPEJICTaBIICH Ha puUc. 2. M300paxenue DA/,
BeIsiBIIeHHOTO MeTooM HOKK, mmeer Bua mosocsl, co-
CTOSIIIIEN U3 IEHTPAIbHON TEMHOM JIMHHUH U JIBYX CHM-
METPUYHO PACTIOIOKESHHBIX CBETIBIX ITOJIOC, KOTOPBIE CO-
[TACHO MOJICIIH JIMHEHHOM TUCTIOKaIuK [4] COOTBETCTBY-
0T SIAPY UCIIOKAIMHI U OKPYIKAFOIINM €T0 00IaCTsIM IpOo-
CTPAHCTBEHHOTO 3apsa.

B pesynbrare nzmepenus tokanbHbix BU BOX B 006-
nactH TUHEHHBIX DA /] 1 BHE 1e(eKToB ObII0 onpeaese-
HO, 4TO Ha 0e37e(peKTHBIX y4acTKax JOKAIbHbIC CBOM-
CTBA CTPYKTYp OJIM3KU K WHTETPAITBHBIM, H3MEPECHHBIM
PTYTHBIM 30H]I0M OoJibIiioro auametpa (500 mxm). He-
Gonbioi pa3dpoc Bemmuunbl N (Menee 10%), mo-su-
JIMOMY, OTpaKaeT CBOHCTBEHHBIH TAaHHOW CTPYKType
ypoBeHb (IIyKTyanui GUKCUPOBAHHOTO 3apsiia B OKCH-
ne. Ha ydactkax ¢ nqedexramu BU BOX npereprieBaet
orpe/eeHHbIC U3MeHeHHs1. Ha ocHOBaHMM CTaTUCTHYC-
CKOTO YCPEIHEHHUS MOTYYCHHBIX PE3yJIETaTOB YCTAHOBIIE-
HO, YTO HarO0JIee THITUMIHBIMU JIJISI THX YIaCTKOB SIBIISI-
I0TCS XapaKTepUCTUKHU / u 2 Ha pHUC. 3, KOTOPHIE CyIIe-
CTBEHHO OTJIMYAIOTCS OT XapaKTEPUCTUK, CBOUCTBEHHBIX
Oe3nedexTHpIM 00acTsM (kpuBas 3). Habmonarorcs 3a-
MetHbIe ciBuru BU BOX no ocu Hanpsixenuit (10 0,5 B),
KOTOPBIE COOTBETCTBYIOT JIOKATBHOMY YBEIHICHHUIO TIOT-
HOCTH (PMKCHPOBAaHHOTO 3apsja Ha (7—8)-10'! em 2. [lpu
5TOM TaKXKe OB OTMEYEHBI U CITy4an yMEHBIIEHUS N oo
Y U3MEHEeHHMS 3HaKa 3apsna. Ha HauanpHO# cTamuu dpop-
MHUPOBaHWsI HHBEPCUH HAOIIOMaeTCss HEOOMbIION TIOIBEM
Ha BY BOX (kpuBas / Ha puc. 3). Takoe moseaeHue
yKa3bIBaeT Ha aHOMAJBHO BBICOKYIO CKOPOCThH TeHEpa-
IIIM HCOCHOBHBIX HOCHTEIICH 3apsiia BCICICTBHE TIOSB-
JICHUSI THBEPCHOHHOTO CIIOSI Ha TIOBEPXHOCTH KPEMHUS
TIPH OTPULIATENBHBIX 3HAYEHUAX N g B OKCUIIE HA KPEM-
HHWU n-TUIIA. KpOMe TOro, CaMm JIC(I)CKT MOXXET UMCTb HU3-
KO€ 3HaYEHHE JIOKAJILHOTO 3(p(heKTHBHOTO reHepauoH-
HOT'O BPEMECHH JKU3HH HEOCHOBHBIX HOCHUTEICH. 3aperu-
CTPUPOBAHBI N3MCHEHHUSI JIOKATHHBIX 3HAYCHUH YPOBHSI
NpB DAL JIna 1UCIOKaMU 3TO MOXKET OBITH 00y CIIOB-
JICHO PUCYTCTBUEM IIPOCTPAHCTBECHHOTO 3apsiaa BIOIH

/e, -

0,8

04

2 1 0 -1 U,B

Puc. 3. Jloxaneusie HopMupoBanusie BU BDX ctpykryp
Hg-Si0,-Si na kpemunn KO®-4,5 co CBEPXTOHKMM OKCH-
nom (tonmuna SiO, — 117 A) B o6nactn DAJL (1, 2) u BHe
nedexra (3)
(Cy=63-10"15 @, nuamerp pTyTHOrO KOHTAKTa — 5 MKM)
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Puc. 4. Cxema cxanmpoBanuss MIII-cTpyKTypsl pTYTHBIM
MHUKPO30HJIOM MEPIEHIUKYISIPHO KPAI0 JIEKTPoa:
1 —»nexTpon; 2 — AUDIEKTPHK; 3 — MOTYTIPOBOIHUK; 4 — MHKPO30H

ee LEHTPaJIbHOU JTUHUU. BO3MOXKHO, YTO B HEKOTOPBIX
CITydasiX IMEEeT MECTO BIUSHUE TaK HA3bIBAEMBIX «IIPHU-
MeCHBIX aTMochep», 00pa3yronIuxcs BOJIU3U CTPYKTYP-
HBIX 1e()EKTOB B KPECMHHH.

Ob6pamtaer Ha cebs BHUMaHUE U (popMa JIOKAJIbHBIX
BY BDX na yyactkax ciadoro 000ramnieHus oBepxHo-
CTH IOJTYIPOBOIHAKA OCHOBHBIMH HOCHTEIISIMH (B Hava-
Jie crajzia KpuBhIX, puc. 3). Ha kpuBoii 3, momydeHHO#M
Ha Oe3/1e(heKTHOM yJacTKe, TPOM3BOIHASI EMKOCTH I10 Ha-
npspkennto dC/dV, cmyxainast kag4eCTBeHHOM Mepoi Heo -
HOPOJHOCTH TJIOTHOCTH TMOBEPXHOCTHOTO 3apsiaa [5],
npu 3Hadennsax C/C;=0,75 makcumanbHa U COCTaB-
nsiet 1,25 B!, Ha kpuBbIX / 1 2, XapakTepHbIX JUIS y4a-
cTKOB ¢ DAJI, 3HAYCHUS IPOU3BOIHBIX MEHBIIIE ¥ PABHBI
cootBerctBenHo 0,65 n 1,02 B~!. CnenosarensHo, B 00-
nactax DAJl B ctpykrypax Si—SiO, HEOJHOPOIHOCTH
IUTOTHOCTH ITOBEPXHOCTHOTO 3apsi1a MOBBIIIACTCA.

Heo6xoauMo y4uTHIBaTH, YTO MOCKOJIBKY AHAMETP
PTYTHOTO KOHTaKTa MpeBbIIaeT pasMepsl DAL, peans-
HBIE U3MEHEHHUS BEJMINH Nyon N,y B caMux aedexrax
OyayT ermie BbIIE. B paccMOTpeHHOM ciTydae IIMpUHA
CJI0SI IPOCTPAHCTBEHHO 3apsifia BOKPYT JUHEHHON JTuC-
nokatmn Jutst kpemans ¢ Np=1-10'> cm™ cocrasmsina
IPUOTH3UTENBEHO 2 MKM, B TO BPEMsI KaK JIUAMETp PTYT-
HOTO KOHTAKTa PaBHSIICS 5 MKM.

HccenoBanust BIUSHAS MEXaHUIECKHUX HAMTPSHKCHIN
B HEIOCPEICTBCHHON ONM30CTH K KpParo DJICKTPOIOB
MII-ctpykryp Ha moBeaenue nokanbHbx BU BOX cu-
creM Si-SiO, MPOBEIEHBI C HOMOMIBIO PTYTHOTO MUKPO-
30HAA CO CPEIHHM IHaMETPOM KOHTAKTa MOPSAKa
7,5 MKM U 1arom nepemeniesus 2,5—3 MkM (puc. 4).
YcTaHOBIIEHO, YTO IO Mepe MPUONMKEHHS K KParo ajro-
MHHHEBOTO MICKTPOAA IPOMCXOIUT CIIBHT JIOKaIbHBIX BU
B®X B cTopoHy 00j1€€ BBICOKUX HAMPSXKEHUI HHBEPCUU
BCIICJICTBHE YBEITNUCHUSI INIOTHOCTH (PHKCHPOBAHHOTO 3a-
psna B okeuze N, IsMeHeHus HaOIFONAr0TCS HAYMHAS C
10 MKM OT Kpasi ¥ Pe3KO YBEJIMYUBAIOTCS 10 MEpe MpH-
OmmkeHus K anekTpony. HanGonbme u3MeHeHHS JIo-
KanbHbIX BY BDX 11, COOTBETCTBEHHO, BETMIMHBI N ¢ 3a-
PETUCTPUPOBAHBI HA MHHUMAJIBHO BO3MOXKHOM JISI U3-
MEpPEHHH PacCTOSHUM OT IEHTPa MUKPO30HIA J0 Kpas
9MEKTPOIa, paBHOM 5 MKM (puc. 5). [Ipu 3ToM 10KaNB-
Hble 3HAYeHNs N Bospocin Ha 3,6 -10' em 2. TTockors-
Ky KOHIIEHTPATOPOM MeXaHW4YeCKUX Hanpspkernid B M-
CTPYKTypE SIBISACTCS Kpail AIEKTPOa, MOKHO MPEIIo-
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Puc. 5. Jloxaneupie HopmupoBanasie BU BOX cTpykTyph
Hg-Si0,~Si na xpemuuun KO®-4,5 ¢ rtommunoi SiO, —
259 A ma ynanennn 10 () 1 5 mxum (2) ot kpas 3neKTpoz[a
(Cy=70,5-10""° ®, quameTp PTyTHOrO KOHTAaKTa — 7,5 MKM)

JIOXKUTh, YTO B HEITOCPEICTBCHHOM OJIM30CTH K KPakO 3TH
M3MEHEHUS 3HAUMTENBHO BbIIIe. [lomydeHHbIe TaHHbBIE Ka-
YECTBEHHO COTJIACYIOTCS C M3BECTHBIMHU Pe3yJIbTaTaMu
M3MEpPEHUH, BBITIOJHEHHBIX METOJIAMU PEHTI€HOBCKOM
tororpaduu [6] u ciekrpockonuu Pamana [7], mokasbl-
BAIOILMMU XapaKTep pacrpeesieHus: MEXaHMUECKHUX Ha-
MIPSDKEHUN B TIOTYTIPOBOAHUKOBBIX TO/UIOKKAX BOTU3U
KpaeB TEXHOJOTUYECKUX CTPYKTYD.
L3

TaxuM 00pa3oM, PTyTHBINH MHUKPO30H/ MPEJIOKEH-
HOM KOHCTPYKIIMU C AMAMETPOM KOHTaKTa 5—25 MKM
MO>KHO YCTICIIIHO IPUMEHSTh 715l KOHTPOJISI OTHOPOIHO-
CTH JIOKAJIBHBIX 3JICKTPOPU3NIECKIX CBOHCTB TEXHOIO-
THYECKUX CTPYKTYP B M3JEIHAX MUKPOIIEKTPOHUKH 1
JUTSL ICCIICTIOBAHUS JIOKABHBIX CBOMCTB AJICKTPUICCKU
aKTHBHBIX I€(PeKTOB B cucTeMax Si—Si0O, co CBEPXTOH-
KO TJICHKOH OKCHJIa.
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OmmnouneHt k. m. H. B. E. TPO®UMOB
(OHITY, . Onecca)

NCCIIEAOBAHUE PEXXUMOB TEIIJIOOBEMEHA
B ITIYJIbLCAHMOHHOU TEITJIOBOU TPYBE

IIpedcmaenena koHcmpyKyus nynbCayuoH-
HOU mMenniogol mpyosl, cxema uzmepeHutl
U OamHble N0 MePMUYECKOMY COnpomueIie-
Huto. [lokazanel ocobennocmu npoyeccos
menioooOMeHa 8HYmpu NyibCaAyUOHHOU
menuogou mpyouvl.

B HacTosimiee Bpems Bce O0NbIINI HHTEPEC BBI3bIBA-
IOT CHCTEMbl OXJIAXK/IEHUs] Ha OCHOBE IyJbCAllMOHHBIX
ternoBsIx TpyO (ITTT), B KOTOPBIX ABUKEHUE TEILIOHO-
CUTENS OCYLIECTBIISIETCSI HE TOJIBKO 3@ CUET KallMLIsp-
HBIX CHUJI, CUJI HHEPLIUU U TPaBUTALUU, HO U MEXaHUYe-
CKOTI'0 BO3/IEMCTBUS pacTyILHX IIapOBBIX ITy3bIpeil. B niep-
BoM ynomunanuu o [ITT B [1] Obu1a mokazaHa BO3MOX-
HOCTb NIEPEHOCA TEIUIOBOI SHEPT U TEIIOHOCUTENIEM 3a
CYeT MHEPIIMOHHBIX CHII. 3aTeM OBLIH IIPE/ICTaBICHBI pe-
anbHble KoHCTpyKuuu [ITT [2—4]. B nanbuelimem uzy-
YeHrne GU3NIECKHUX MporeccoB, npoucxoasmmx B [1TT,
HAIIIJIO CBOE OTpakeHue B padorax [5, 6] u ap. Hecmor-
pst Ha mmpokuit uaTepec K [ITT u 6ompimoe KoaunyecTBO
Pa3HOOOpPa3HBIX KOHCTPYKIIHH, B HACTOSIIIICE BPEMSI HEIIB3sI
OJTHO3HAYHO OTBETUTH HA BOIIPOC O BIUSHUH PA3IUIHBIX
(haxTOPOB Ha X TETJIONEPEIAIOIINE XapaKTEPUCTHKH, B
JaCTHOCTH Ha TEPMHUYECKOE COTIPOTHBICHHE. DTO CBS3a-
HO C TEM, YTO TPH Nepe/ade TEeII0BOH SHEPTUH U3 30HBI
HarpeBa B 30Hy KOHACHCAINU OJHOBPEMEHHO MPOUCXO-
JIT pasHble (hU3MYECKue MpoIecchl (KOHBEKIHUS, MPo-
I[ecc MapooOpa30BaHsl, KOHCHCAIHS, MAaCCOIIEPEHOC),
Ka/IbI{ 3 KOTOPBIX TPEOYET OTAENBHOTO H3YUEHHSL.

[ITT ouens npocThl B u3rotosieHun. OHU HE coniep-
KaT HU KalTWUIIPHO-TIOPUCTOH CTPYKTYPBI, HU KJIAMIAHOB,
HU JIPyTUX 3JIEMEHTOB JJIS TIEPEMEILICHUS TETIIOHOCHUTE-
JIs1 U3 30HBI HarpeBa B 30HY KOHJCHCAIMM M MPU 3TOM
MOTYT (PYHKIIHOHUPOBATH MPH JIF000I OpHEHTAINH B IIPO-
ctpancTBe [6, 7]. I[lostomy IITT sABASAIOTCS OMHUMHU U3
Hanbosee A3PPEKTUBHBIX U TEPCIICKTUBHBIX YCTPONUCTB
JUISL OXJIQXKICHHS TETIIOHArPYKEHHBIX JIEMEHTOB.

Lenbro HacTOsIIEH pabOTHI OBLIO U3yUEHHUE MPOILIEC-
coB, npoucxoasumx BHyTpu IITT (Hauanmo neiicTBus
LIEHTPOB MapooOpa3oBaHus U, KaK CICICTBHUE, H3MCHE-
HHUE TEPMUYECKOTO COMPOTUBIICHHUS), B 3aBUCIMOCTH OT
PasNINYHBIX (PaKTOPOB (BEIMUYMHBI TEIUIOBOTO MOTOKA,
TEMIIEPATYPhI ¥ PAcX0Jia OXJIaXKJAOILEH )KUAKOCTH).

JKCcNepUMEHTAIbHASl YCTAHOBKA U METOIMKA
NPOBeIeHUs] U3MepeHu

OxcnepuMenTtanbHast [ITT Obuta U3roToBICHA U3
MEJIHOH TPYOKH C BHYTPEHHUM qUaMETpoM d, =1 MM

U HapY>KHBIM IHAMETPOM dHap=2 MM. TpyOka qiuHOM
1865 MM OblTa M30THYTa B 3MEEBHK M3 CEMH TICTEb,
3aMKHYTBIX B elMHBIA 00beM (puc. 1). BeicoTa koHCT-
pykuuu cocrasisuia 110 MM, IIpu TOM BbICOTA 30HBI Ha-
rpeBa — 50 MM, 30HBI TpaHCHOpTa — 35 MM, a 30HBI
KOHJIeHcauu — 45 MM.

Puc. 1. Konctpykmus sxcniepumentansuoit [I1TT:
3H — 30Ha Harpesa; 3T — 30Ha Tpancnopra; 3K — 30Ha KOH/IeHCaK

Temneparyproe nose I[ITT u3mepsnocs Meab-KOH-
CTaHTAHOBBIMU TEpPMOIIapaMH, [I0Ka3aHUs KOTOPBIX B pe-
JKUME peaJIbHOI'0 BPEMCHHU BBIBOJWJIMCH Ha OKpPaH MEp-
COHAJIBHOTO KOMITBIOTEPA Yepe3 aHaIoroBO-LIU(PPOBOIL
npeoOpasoBarenb. Takoe ycTpOoHCTBO MO3BOJISIIO HEMpe-
PBIBHO B TEUEHHE BCETO SKCIEPUMEHTa HAOIIOIaTh U3-
MeHenne temmneparypuoro nons [ITT, a Takxke yeTko
(huKCHpOBAaTH MOMEHT Havala MyJIbCAII TeMITepaTyphI.

Ilepen HavaoM HccIeq0BaHUN BHYTPEHHSAA [1OJIOCTh
[ITT oumimanace M JerazupoBanach ¢ MOCIEAYIOIIEN
npoBepkoii Ha repMeTuuHOCTh. [Tocne atoro ITTT Baky-
YMHpPOBAJIach C MOMOIIBIO CTIEHATBFHO 000pyIOBaHHO-
ro BakyymHoro crenna [8]. 3anpaska IITT remnonocu-
TeJIeM IIPOM3BOIMIIACE HA ITOM K€ CTEHJIE, CTEIEHb 3a-
nonHeHus coctapisina 50% ot BHyTpeHHero oobema [1TT.
B kadecTBe TEIIIOHOCUTEISI UCII0Ib30BaIACh JUCTUILIH-
pOBaHHas iea’pupoBaHHas BOAA.

Ha puc. 2 npeacraBieHa cxema yCTaHOBKHU JUI UC-
cienoBaHus Terionepeaatronux xapakrepuctuk ITTT.
[TonBox TEMIOTHI K 30HE HArPEBa OCYILECTBIISIC C I10-
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JIATP2

T10|! [
FR R P T
e Ll BT N B Wl

T7...T9

CH1

Puc. 2. [lpunnunuanpHas cxeMa SKCIIEPUMEHTAIFHON YCTAaHOBKHU
BK — Bakyymnbiii kpaH; BT — Bartmerp; BH — Hanopusiii 6ak; K — kommyTtarop; [TK — nepconanbhbiii kommbtorep; JIATP — naboparop-
HBIA aBTOTpaHCchopMarop; DH — snexrponarpesarens; MB — mummmuBonsT™MeTp; PM — portamerp; CH — cTabmim3atop HaIpsHKCHUS

T1...T10 — mMenp-KOHCTaHTaHOBBIE TepMOTaphI; T

BX? 7 BBIX

T — xpomesb-amomeresbie Tepmonapbl; TO — teruioodomennuk; AT — anamnoro-

BO-1H(ppoBOI TIpeoOpa3oBaTenb

MOIIILIO HATPEBATEIIS CIICIIUATBHON KOHCTPYKIIUH, COCTO-
SIILIETO M3 JIByX 4YacTell, MKy KOTOPBIMU pacrojara-
nack [ITT. 3oHa KOHIEHCAIINY TAKXKE TIPEICTABISIIA CO-
00l KOHCTPYKITHIO U3 JIBYX OTIEIbHBIX TUIACTHH C TIPHU-
MasHHBIMHU TPYOKaMH, TI0 KOTOPBIM OJaBaJIACh OXJIaXkK-
Jlaronias BojJa M3 HamopHoro Oaka. J[ns yMmMeHblIeHHs
TepMuyeckoro conporusiieHus Mexay IITT u anexrpo-
HarpesareneM, a Takxe Mexay IITT u kongeHcaropowm,
HaHocuitack TermionpoBoanast nacta KITT-8. Tlonaya remn-
JIOBOTO IMOTOKA Ha AJIEKTPOHArpeBaTellb IPOU3BOINIIACH
¢ nomotpsio JIATPa PHO-250-2-M u n3mepsinach BarT-
metpoMm JI5088 ¢ xitaccom Tounoctu 0,2.
Temmeparypa BoJIbI Ha BXOZIE B KOHACHCATOP TOIEP-
JKUBaJIach MOCTOSTHHOM (B mHTepBaie oT 20 1o 40°C) ¢
TTOMOIITHI0 HUXPOMOBOT'O HarpeBarTesi, HAMOTAHHOTO Ha

MOJIBOJIAIIYIO TPYOKY. Pacxon oxiakmaarommen xHaKo-
cti G (pUKCHPOBAJICS PacxofgoOMEpPOM, KOTOPBIH OBLI
MpeABApUTEIHLHO OTTapupoBaH. Temmeparypa oxJaxaa-
IOLIEH JKUJIKOCTH Ha BXOJIE B KOHJIEHCATOP (/) ¥ Ha BbI-
XoJie U3 Hero (f, ) U3MEPAIACh XPOMEIb-AFOMENIEBbI-
MU TepMoTiapaMu. BemyrHa peaabHO OTBOJAUMOTO TeTl-

JIOBOT'O ITOTOKA paCCYUTHIBAIACH KAK

Qo = GG (1 — 1) (D

rie Cp, — TEMIOEeMKOCTh BOIBI /I JAHHOTO JMana3oHa
TEMIICPATYPbI.

C 1enpr0 MUHUMH3AIMHY TEIUIOBBIX TOTEPh B OKPYIKa-
IOIIYIO cpeny paboumii y4acTOK TEIIOU30JIMPOBAICS
0a3aJIbTOBBIM BOJIOKHOM.

ITo moka3aHusIM TepMOIIap, YCTAHOBJICHHBIX B Pas-
JIMYHBIX 30HAX, PACCUMTHIBAIIICH CPSIHUE 3HAYCHHS TEM-

40
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nepaTypel B 30Hax Harpesa (t,,) u KoHmeHcanuu (t, ),
MOCJIE Yero PacCYMTHIBAIOCH TEPMHUUECKOE COIPOTHB-
JIeHHe

Q. 2)

Pe3yabTarsl uccaenoBaHuii

[IpoBenenHbIe Hccneq0BaHNUS TOKA3ald, YTO HAa4ao0
s dexruBHOi padoTel IITT HacTymano TOIBKO KOraa
MTOJIBOJIMMBIH TETITOBOM MOTOK () OBLIT HE MEHBIIIE HEKO-
TOPOW MUHUMAIIHOM BENMYMHBI (. . IPY KOTOPOI MOIJIU
AKTHBHPOBATHCS LIEHTPHI TapooOpa3oBaHus B 30HE Ha-
rpesa. [lpu O<Q,_. Ttemmeparypa 30ubl Harpesa [ITT
MOHOTOHHO ITOBBIIIAJIACH 10 YCTAHOBJIEHUS CTallHOHAp-
HOTO cocTosiHus (pHc. 3, a).

[Tpy HEOOITBIITNX TETIOBBIX HATPY3KaX CTAITOHAPHBIN
pexxum gocturancs 3a 30—40 MUH 1 XapaKTepu30BajCs
3HAYUTEIbHBIMU [IEPENagaMy TEMIIEPATyPbl MEXIY 30-
Hamu Harpesa 1 koHaeHcarwu (1o 180°C). [Toce Haua-
JIa aKTHUBAIINH MIEPBBIX IICHTPOB ITAPO0OPA30BAHUS B pe-
3yJIbTare BBITAJIKMBAHUS YaCTH TETIIOHOCUTEIIS B 30HY KOH-
JIEHCALlMU Tepenaj TeMIeparyp Mex,1y 30HaMH TeIu1o-
oOMeHa pe3Ko CHMKAJICS IPUMEPHO B TPH paza. Bpems
BBIXO/Ia HA CTAIIMOHAPHBIN PEXXUM OBIJIO MIHUMAIBLHBIM
Y HE TIPEBBINIAN0 JBYX MUHYT (puc. 3, 6).

B mynbcanuonHoi TEII0Bo TpyOe MOXKHO BBIICIHTh
Ha JiBa pexuma Teruionepenadu (puc. 4). [lepsblii pe-
UM COOTBETCTBYET HHU3KHUM TETIOBBIM MIOTOKAM H Xa-
paKTepu3yeTcs TEIUIONEPEHOCOM 3a CUET, B OCHOBHOM,
TEIJIONPOBOAHOCTH CTEHKU 1 KOHBEKLIMH [TApPOBOM U JKHJI-
koii (ha3. B aTOM pexumMe mpu HeOONBUINX TEIIOBBIX Ha-
rpy3kax MHOTIA HaOIOAMCh HEOOIbIe KoleOaHHs
TeMIepaTypbl B 30HE TpaHCIOpTa, 00yCIOBICHHbIE, Be-
POSITHO, pacIIMPEHUEM TTAapOBOH (ha3bl U BHITECHCHHEM
TEIUTBIX CTOJIOMKOB JKUIKOCTH M3 30HBI HArpeBa B 30HY
TpaHcnopTa. B 30Hax HarpeBa v TpaHCTIOpTa TEeMIepaTy-
pa MOHOTOHHO BO3pacTaa, B TO BpeMs KaK B 30HE KOH-
JICHCAIINY OHA OCTABAJIACh MPAKTUYCCKH ITOCTOSHHOM, YTO
XOpOIIIO BUIHO Ha pUC. 4 B 00JIaCTH MEPBOTO PEIKUMA.
[Tpu 5TOM HHTEHCUBHOCTbH TEIIOOT/IA4H B 30HE HArpeBa
OblLa cpaBHUTENBHO Hu3KoH (<200 B1/(M?K)), u IITT
IIPAaKTUYECKU HE IIepejaBalla TEIJIOBYIO SHEPTUIO.

a)

160
30Ha HarpeBa
© 120 | ,,,rf""ﬁﬁ_
< -
g -
E‘ %0 ﬁ 30Ha TpaHCIOpTa
o
o 30Bt
3
= 40| 30Ha KOHJICHCAINH
0 1000 2000 3000
Bpewms, ¢

200

160 i

s — [
g: 120 3ona / "I "-H 30Ha Harpesa
g TpaHcmopTa L"H.v T
(]
= N \ WOttt b g 4
&= | 30Ha KOHJIEHCAIUU
40 1.
L el i gt
I pexxnm II pexum i
0 500 1000 1500
Bpewms, ¢

Puc. 4. 3aBucumocts Temnepatypsl IITT or Bpemenu

Hauano Broporo pexxnma xapakTepru30BajIoCh PE3KHM
CHIDKEHUEM TeMIIepaTyphl 30H HarpeBa U TPAaHCIIOPTa C
OJIHOBPEMEHHBIM CKaYKOM TEMIIEPATyPbl B 30HE KOHJICH-
cauuy. IHTeHCUBHOCTB TEIUIOOT/Ia4H B 30HE HArpeBa pes-
KO BO3pacTaja IPUMEPHO B II1Th pa3. IIpu a3ToM nosisis-
JICh IyJIbCALUK TeMIieparypsl Bo Bcex 30Hax IITT, uro
CBUJICTEIHCTBOBAIO 00 aKTHUBAIIMU IIEHTPOB Mapoodpa-
30BaHUS B 30HE Harpesa. B pesynbrare pocra mapoBoro
y3bIpsl BO3HUKANA JABMXKYIIAsl HHEPLIMOHHAS CUJIA, KO-
TOpasi BBITAJIKMBAJIA HATPETYO )KUJIKOCTb B 30HY KOH/ICH-
canuy, Il 4acTh NapoBOi (ha3pl KOHAEHCHPOBAIACH.
Iockonbky IITT siBiIsI€TCS 3aMKHYTOM CUCTEMOM, X010~
Hasl )KUJIKOCTh M3 30HBI KOH/ICHCALUH NepPeMEIaach B
30HY HarpeBa coceiHei netnu. Takue npoeccsl nepuo-
JUUYECKU MTOBTOPSIIUCH IPU U3MEHEHHH MJIOTHOCTH TeETl-
JIOBOT'O IOTOKA M UHTEHCUBHOCTU OXJIAXKAEHHS 30HbI KOH-
JEHCALIUH.

Ilepexox oT mepBOro pexuMa padoTHl KO BTOPOMY
conpoBoxkaica HectabuinpHoi padoroii IITT (puc. 5).
Paccmotpum mporecc Takoro nepexoaa.

Temmneparypa CTEHKH B 30HE HarpeBa CyIIeCTBEHHO
IpPEBbIILIANIA TEMIIEPATYPY HACBILIECHHS, KOTOpas ONpee-
nsutack 1o gasnenuto BHyTpu IITT. JlaBnenue B temio-
BBIX TPYOaX OOLIEIPHHSATO ONIPEAEIISATH 110 CpeTHEMY 3Ha-
YEHHIO TEMIIEPATyphl B ajuabaTHOI 30He. 111sl myIbeupy-

0)
250 30HA HAIPEBA ~ st
250 Br V0BT~
o 200 150BT 5005y -
o 100 Bt i
& 1501 75p; \ f*
i -.,.,,[ L 3oHa TpaHCHOpTa
2100 [t TN
z w
=50 e gaglifersitesd 30Ha KOHJICHCALUU
0 1000 2000 3000 4000
Bpewms, ¢

Puc. 3. M3menenue temnepatypsl npu Beixoae IITT Ha cranuoHapHBIN pexum:

a — J10 Hayaua myabcauuit (O<Q,

min

); 6 — mocie Havana mmyascanuii (020

min)
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Puc. 5. XapakrepHasi KapTHHA [IEPEXOJOB OT OJHOTO PEXKH-
Ma paboThl K APYyromy

FOIIHX TEIIOBBIX TPYO 3TO TAK)KE PABOMEPHO, B TAHHOM
ciy4ae 3TO 30Ha TpaHCHopTa. JlaBieHre HACHIMICHUS B
IITT npu temneparype 20°C He npepbimaert 2,3-103 Ia,
YTO Ha JIBa MOPsJIKA HUXKE aTMOC(EpHOTo, W M0 Mepe
YBEJIMYEHHUS TEIUTOBOTO MIOTOKA OHO BO3PACTAaET.

Jlig akTHBaIUK IEHTpa NapooOpa3oBaHus Ha BHYT-
pEeHHEN TEeIIO0TAAIOIIEN TOBEPXHOCTH 30HBI HArpeBa
IITT HeoOXonMMO CO3/1aTh HEKOTOPBIH ITEPErPEB KHKO-
CTH II0 CPaBHEHUIO C TEMIIEPATypOr HachIIeHus. B me-
perpeToM MorpaHuIHOM CJIOE 3apOKIACHIE M HA4aI0 po-
CTa MapoBOTo My3bIPsl IPOUCXOIUT MPU HEKOTOPOI MU-
HUMAaJIbHON Pa3HOCTH MEKY TEMIIEpaTypoi TOBEPXHO-
cru Harpesa I, ¥ TEMIIEPATypON HACHIILEHHUS] JKUIKOCTH
T . Cesi3b iepena/ia TEMIIEPATy pbl Ha9as1a KUIIEHUS C KPU-
THYECKUM PaJIMyCOM 3apojibIlia R ONMUCHIBACTCA Clie-
JIyIomier 3aBucuMocTsio [9, c. 35; 10]:

20T,

S
" 1
rp'R,
e 0 — K03()(QHUIHEHT TOBEPXHOCTHOTO HATSKCHHUS;
7 — TeIIoTa apooOpa3oBaHus;

P’ — MIOTHOCTH Mapa;
R, — KpUTHYECKUH PajnyC NapoOBOro My3bIpsi.

ATCT =-I—CT _TS =

(5)

OOBIYHO KPUTHYECCKUU pajyCc MapoBOTO ITY3bIPs
MIPUHUMAETCS PaBHBIM pa3Mepy BIIaMHBI Ha IIEPOXOBa-
TOIi TOBEPXHOCTH. UeM HUKE YPOBEHb IIEPOXOBATOCTH,
TeM OOJBIINI TIeperpeB HeoOXOAMMO CO3/1aTh, YTOOBI
AKTUBUPOBAJICS IISHTP TAPOOOPA30BAHHS M PEKHIM K3 KOH-
BEKTHBHOTO, C HU3KOW HHTCHCUBHOCTBIO TETNIOOOMEHA,
HepeIes B My3bIPhKOBBIN ¢ BRICOKUMH KO3 hHUIHCHTa-
MH TETUIOOTAAYH.

3aBucuMoOCTh (5) cripaBeIJIvBa JUIIb JJ1s1 pABHOMEP-
HO IIEPETrPeToN KHUIKOCTH 1 IT0 CPABHEHHIO C PEaIbHBIM
MIPOIIECCOM KUTICHHS JKUIKOCTH Ha IOBEPXHOCTH Harpe-
Ba JIacT 3aHIKECHHBIC Pe3yabTaThl. [Iporecc 3apokaeHus
MapOBOTO ITy3bIPs B CTECHEHHBIX YCIIOBUSIX, KOTOPBIC HIMe-
1ot Mecto B IITT, ornmuuaercs OT yciaoBHil KUTICHUS B
6ouspiioM o0beme. K Hanbonee cyniecTBeHHBIM OTINYH-
SIM TaK’ke€ MOXXHO OTHECTH TO, YTO 30HA HArpeBa JIHIIb
YaCTUYHO 3aroJTHeHa )KUIKoU (hazoit. B 3aBucumoctu ot
CTEIICHH 3aIIPaBKHU CUCTEMBI TETTIOHOCUTEIIEM JIUTHHA yda-
CTKOB JKUJIKOH 1 mapoBoii a3 BHyTpH IITT MoxkeT ObITH
pasnuuHoii. [TapoBas (haza B 30He Harpesa, 1O BCeil Be-
POSITHOCTH, MOXKET 3aHUMATh OOJBIIHNN 00bEM, UEM JKHI-
kas. [TockosbKy B mape «Melb—BOJIa» CMauuBaHUeE OJIH3-

KO K HACATBHOMY, Ha Y9acCTKax C MapoBoi ¢a3oil Mox-
HO TNIpEANoJararh CylnecTBOBAaHHE TOHKOTO MUKPOCIOs
KHUJIKOCTH, C KOTOPOTO MHTEHCUBHO UCHAPSETCS TEILIO-
Hocutenb. CornacHo 3akony Dypbe, KOTU4YECTBO TEILIO-
ThI O, TIepeiaBacMoe B IAPOBYIO (ha3y yepe3 TOHKUIT MUK-
pOCIIO KUAKOCTH, OTIPEACISETCS CIETyIOIIeH 3aBUCH-
MOCTBIO:

A)K
Q= 6— FAt, (6)

MC

rae A — KOd((UIHEHT TEMIONPOBOIHOCTH MUKPOCIIOS KUIKOCTH;
O, . — TOJIIMHA MHKPOCIIOS KUKOCTH;
F — muiomap NOBEPXHOCTH TEIIO0OMEHA;

At — nepenaz TeMIepaTypsl 1o TOIIMHE MUKPOCIIOSL.

Tak KaKk TONIIMHA MEKPOCIOS )KUIKOCTH HEOOIbIIast
(OT eMHHII IO IECATKOB MEKPOMETPOB), 3TH YYACTKH C
napoBoii (ha3oii MOTYT OTBOJUTH IOCTATOYHO OOJIBIITHE
TETUTOBEIE MTOTOKH. [Ipn 3TOM MponcXoauT Kak OB TIepe-
TOK TETUIOHOCHTEIIS U3 y4acTKa ¢ )HJIKOH (a30ii B mapo-
BOE€ TIPOCTPAHCTBO, UTO 3aTPYIHSIET POPMHUPOBAHHE YC-
JIOBHY BO3HUKHOBEHHSI IICHTPOB IMapooOpa3oBaHUs B
JKUIIKOCTH. Haymaume Takux yclioBri TeriooOMeHa, a Tak-
K€ MOHIKEHHOTO JAaBJICHUS U ICHCTBUS KaMJUIIPHBIX
CHJI, TPUBOJIUT K YBEIMUCHHUIO TIEPETIaa TeMIIepaTyphl
Hayasa KUIIEHUS AT . JleficTBUTENHHO, HA PHC. 5 BUAHO,
YTO HAYANIO AKTHBALIN TICPBBIX IEHTPOB napoo6pa3013a—
uust iponsonwio npu A7 =30°C. Jlanee mynbcupyroruii
xapakrep padoTbl nTT COHpOBO)K,Z[aJIC}I MOHOTOHHBIM
CHIDKCHUEM CPEAHHUX TeMIIepaTyp 30H HarpeBa o
TPAHCIIOPTa, B TO BPeMs KaK B 30HE KOH/ICHCAIIHUH CPeI-
HSIs TEeMIIEpaTypa 0CTaBaJIach IPHIMEPHO Ha OJTHOM yPOB-
He. Jlasnenne BHyTpu [ITT cHMXATOCH, 3TO TPUBOANIIO
K TIPEKpAIICHUIO ASHCTBHS IIEHTPOB apooOpa3oBaHus,
YCIIOBHS TIepeadyn TerIoBor sHepruu mno e [1TT
YXYIIIAINACH, a TEMIIepaTypa B 30HE HarpeBa HaunHaja
noebimatees. [Ipn noctmwkennn neperpesa AT, onsrh
BO3HHKAJI ITAPOBOM IMy3bIPb. TaKHe MepUOINIECKUEC N3-
MEHEHHUS XapakTepa TeII000MeHa MPOJOIKAINCH BO
BpEMs MEPEXOAHOTO PEXHMMA. YBEINUYCHUE TEIUIOBOTO
MIOTOKA BIUIOTH 10 MAKCUMAIIEHOTO 3HAUCHHS TIPUBO/IU-
JI0 K CTa0MIILHOMY TIEPEXO/y BO BTOPOM PEKUM PaOOTHI
[1TT, xoraa mynbcanuu TEMITEpaTypbl HAOIIOIATICH BO
BCEX 30HAX.

B pesynbrare pacyeToB OBUTH ITOTYYIEHBI 3aBUCHMO-
ctu tepmudeckoro conpotusienus [ITT ot Bennunub
mepe1aBaeMoro TEIIOBOTO MTOTOKA, MPEICTaBICHHBIC HA
puc. 6. V3 pucyHka BUAHO, UTO NMPU BHICOKUX 3HAUEHU-
X TIEpPeaBaeMOro TEIUIOBOTO IIOTOKA H3MEHEHHE TEM-
TIEpaTyphbl BOJIBI HA BXOJIE B KOHJIEHCATOP £ M €€ Pacxo-
na G He OKa3bIBaJI0 KaKOTo-JI100 CYIIIeCTBCHHOTO BIHS-
HUSI HA BETUYUHY U XapaKTep 3aBUCUMOCTH. JTO COOT-
BETCTBOBAJIO BTOpoMY peskuMy padotel [1TT. 3naueHue
TEPMHUYECKOTO COIPOTUBIEHHS B 9TOM PEKHUME MOHO-
TOHHO CHIDKAJIOCH IPU YBEIIMUCHHUH TETUIOBEIX ITOTOKOB
BILJIOTH JIO MAKCUMAaJIbHBIX 1 He TipeBbimanu 0,4°C/Br.

[Ipu HEOONBIIMX TEMIOBBIX TOTOKAX HAOIIOIAIHCH
BBICOKHE 3HAYCHUS TEPMUUCCKOTO COMPOTUBIICHHS, YTO
COOTBETCTBOBAIO TepBOoMY peskumy padotsl TTTT. Ve-
JIOBUS TIEPEXOAA OT TIEPBOTO PEKMMA KO BTOPOMY 3aBH-
CAT OT PEKUMHBIX IApaMeTPOB G U [ . YBEIMYEHHE TEM-
HepaTypsbl BOAbI CIOCOOCTBOBANO nepexoay padotst IITT
U3 peKUMa KOHBEKLUHU K IMYJIbCUPYIOIIEMY IIPU MEHb-
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OBECIIEYEHHME TEILJIOBBIX PEXKUMOB
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Puc. 6. 3aBucumoctp Tepmuueckoro conporusiaeHus I[1TT

OT BEJIMYMHBI NIEPEaBaeéMoro TEIUIOBOTO IOTOKA JJIs pas-

JIMYHBIX 3HAYCHUH TEMIEparyphl BOIbI £, U ee pacxona G:
a—1,71073;6 — 2,6:103; 6 — 4,6:10 xr/c

LIMX TETJIOBBIX MOTOKaX. JTO CBA3aHO C TEM, UTO YBEJIHU-
YEHHE TeMIIepaTypbl B 30HE KOHJEHCALUU MIPUBOAUT K
MTOBBINICHUTO AaBlieHus HacklmeHus B [1TT u, cooTBeT-
CTBEHHO, K cHIKeHUI0 AT o T €. K aKTHBAL[MU LICHTPOB
napooOpa3oBaHus y)Ke MPU MEHBIINX TETJIOBIX MIOTO-
kax. Takoe ke BIHMsIHHE OKa3bIBajO U yBEITUYEHUE pac-
XO0/1a OXJIXK/IAI0IIEN KUIKOCTH.

[MoMuMO peskUMHBIX (PaKTOPOB HA BEIUINHY TCPMH-
YECKOIO COIIPOTUBIIEHUS TAKXKe BIUAIOT BHYTPEHHUH U~
ametp IITT d_, n KOMYIECTBO TIETENH 3MEEBUKA IPU OJIH-
HakoBoi jiuHe [7, 11]. st conocraBienus pesynbTa-
TOB HACTOSIIETO MCCIEJOBAHUSA C M3BECTHBIMH Ha
puc. 7 npecTaBlieHbl JaHHbIe U3 [6, 12, 13], mony4en-
ueie st [ITT ¢ npubnu3uTenbHO OAMHAKOBBIMHU BHYT-
PEHHUMHU JUaMeTpaMHu. 3/1€Ch BUJHO, YTO B IIEJIOM Xa-
paxTep 3aBUCUMOCTEN TEPMUYECKOTO COIIPOTUBIIEHUS OT
nepeaBaeMoro TeIIoBOro MOTOKA, MOTYYeHHBIX B Ha-
cTositiel paboTte, XOpoILo COrIacyeTcs ¢ JINTepaTyPHbI-
MU JaHHBIMH, & UMCIOLIHIACS pa30poc 3HAYCHUIA MOXKET
OBITH CITeACTBHEM pasiurs B KOHCTPYKIHsX [1TT u oco-
OCHHOCTSIMHU B TIPOBEACHUH YKCTICPIMEHTOB.
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Puc. 7. 3aBucuMOCTb TEPMHUYECKOTO COMPOTUBICHUS OT IIe-
pelaBaeMoro TEIIOBOIO MOTOKa:
1, 2 — nannsle skcrepumenta (7 merens, d, =1-1073 m); 3 — [6, 9]
(4 metmwy, aIBH=O,96~10’3 M); 4 — [13] (5§ nernn, dBH:l,3~10’3 M)

*kk

Takum o6pazom, [ITT MoxkeT QyHKIIMOHUPOBATH B
JIByX XapaKTepHBIX peXKUMax:

— KOHBEKTHUBHOTO TEIUIOOOMEHA, MPH KOTOPOM OT-
CYTCTBYIOT ITyJTbCAIIMH TEMIIEPATYPhI B 30HAX MOABOA 1
OTBOJA TETUIOTHI,

— MyIbCAIMOHHOM, TP KOTOPOM Tepe/iada Terio-
BOM SHEPI'HH IPOUCXOINT 32 CUET ICUCTBUS LIEHTPOB Ia-
poobpa3oBaHusl.

BennunHa TepMHUUECKOro CONPOTUBIEHHUS HAIPSIMYTO
3aBucHT OT pexuma padotel [ITT. dusa addexruBHOiM
paboThl cuctembl oxnaxacHus ¢ [ITT nenecoodpasHo
€O03/1aBaTh yCJIOBUS, COOTBETCTBYIOIINE Ty IbCALIIOHHO-
MY PEKUMY IE€pe/ladul TeIIOBOU SHEPTHH.
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METO/ 3AIIUTBI IIOBEPXHOCTH
PACIITABJIEHHOI'O ITPUIIOA OT OKUCJIEHM A

Paszpabomanul cmecu ons 3awumol nogepx-

HOCMU PACNIA6a Npunosi Om OKUCIEHUs. HA

OCHOBe 2IUYepuHd, MO4e8UHbl, NOPOUIKOS

;)bkcudoe, Kapouoos (A1203, Ti0,, SiC), epa-
uma.

B nporiecce au3koTemMnepaTypHO TAaKA 2IIEMEHTOB
PaIodICKTPOHHON anmapaTypsl, 0COOCHHO MPH Maiike
IUIaT MMeYaTHOI'O MOHTAaXa U NPU JTY)KEHUU 4€PE3 3alUT-
HBIH CJI0H B CTallMOHAPHBIX BAHHAX, 3HAYUTEIBHYIO aK-
TYaJbHOCTB IPUOOPETAIOT CMECH [UTS 3aLUTHI KHIKOTO
TIPUTIOS OT OKUCIICHNSI.

[Tpu sKcruTyaTaryy paciiaBa IMPHIOS Ha €To MOBEPX-
HOCTH 00pasyeTcs IUIEHKA TYTOIUIaBKUX OKCHJOB Me-
TaJUIOB, BXOMAIINX B COCTAB MpUIOs. TONIIMHA MIICHKA
pacTeT ¢ yBEIIMUCHUEM TEMITEPATyPhI K BPEMEHH UCIIONb-
30BaHUS paciiiaBa. YKa3zaHHas IUICHKA YXyANIaeT peo-
JIOTUYECKUE XapaKTEPUCTUKH IPHITOS (PACTEKaeMOCTh 1
CMa4MBAIOIIYI0 CIIOCOOHOCTH), HAJMIIAECT HA TOBEPXHO-
CTH MAsTHBIX y3JI0B, 00pa3ys NepeMbIYKU MEXKTy TOKOBE-
JOYIIUMH HETsMy. DTo TpeOyeT MepHoINYecKoro yaae-
HUSI OKHACJICHHOTO TIPHITOSI C IIOBEPXHOCTH, YTO TPUBO-
IIUT K OOJTBIIOMY €TO pacxomy. B cBsi3u ¢ 3TuM Bo3HHUKa-
€T HEOOXOMMOCTD 3aIUTHI IOBEPXHOCTH PACILIABICH-
HOT'O IPUIIOS OT OKUCIICHUSL.

Lenbro manHO# pabOTEHI SBISIETCS pa3padoTKa METO-
JIOB 3aIIUTHI 3epKaja IPUIIOS B IIPOIECCE HU3KOTEMITE-
paTypHOIl MaliKu 1 TyKEHUSI B CTAIIHOHAPHBIX BAHHAX.

[Ipoananmm3upyeM n3BECTHBIC METOMEI.

B MIPOMBIIIJIEHHOM MPOU3BOACTBE M3-3a HHTCHCUB-
HOT'O OKUCJICHHMS paCIlJIaBJICHHOT'O IIPUIIOS BBIHYKIACHHO
UCIIONTB3YIOT BBICOKOAKTHBHBIC (DIIFOCHI HA OCHOBE XJIO-
puctbix coenuHenui [1, c. 134]. OgHako OHU BbI3bIBA-
10T KOPPO3HUIO M HETIPUEMIIEMBI JJISI TAHKH U3MISITHIA C BBI-
COKOM TUIOTHOCTBIO TIEYaTHOTO MOHTaxa. [Ipu ropsiaem
JTy’KEHUH MEIHOM MPOBOJIOKHU C AU (PY3MOHHBIM Oaph-
€pHBIM CJIOEM HUKEIISI HCTIONB3YIOT (DITI0C Ha OCHOBE XJIO-
PUIIOB LIMHKA U aMMOHMs. B pe3ynsrare B3aumoneiicTeus
AKTHUBHBIX COCTABIIIOMNX (TFOCA C KOMIOHEHTaMH IIPH-
0s1 K aTMOC(EpHOI KOppo3uu 100aBISETCS HHTCHCUB-
Hast XUMHYECKasi KOPPO3Ns, U3-3a 4ET0 MOBEPXHOCTH pac-
TUTaBa IIOKPHIBAETCSI MACCUBHBIM CIIOEM COJIEH, KOTOPEIE
MPAaKTHYECKH HE MMOIIAI0TCSI BOCCTAaHOBICHHIO. Bo3HN-
KaeT He0OXOMMOCTh TTEPHOINYECKOTO YIAJICHUS OKHC-
JICHHOTO IPUIOS ¢ MmoBepxHOCTU. Kpome Toro, Takue
(hITFOCHI CITOCOOCTBYIOT BHECCHHUIO B TIPUIION KOPPO3H-
OHHO-aKTHBHBIX COCIMHEHUH XJI0pa, KOTOPHIC IIPH KPHC-

TaJUTU3AIIH pacIiaBa CerperupyroTes Mo rpaHuIam 3e-
PEH, BbI3bIBas OXPYITUHBAHUE U MEK3EPEHHOE pa3pylle-
HUE CTPYKTYpHI [2].

HccnenoBanus moka3aim, 4To UCIIOIB30BaHUE (iro-
ca, coziepxkaiiero, Hanpumep, 10 200 r xnopunos (ZnCl,,
NH,Cl) na mutp, IpUBOIUT K TOMY, YTO Ha TOBEPXHOCTH
pacriiaBa MpUIos MOCTOSHHO HAXOAUTCS CIIOH XJIOpHUC-
TBIX coequHeHNH TomuHon 1—2 cm [ 1, ¢. 247]. Tlocme
9KCIUTYaTaI[lH BAaHHBI C 3-51 TUTPaMH PacIuIaBa IIPUIIOS C
TakuM (IIFOCOM 3a 24 yaca Ha ero MOBEPXHOCTH BBIJIE-
nsietes 1o 600 T xnopuaoB. Hannyre ux Ha moBepxHO-
CTH pacIuiaBa HEKEJIaTeNbHO, T. K. OCHOBHYIO POJIb IIPH
TOpsTYEM JTy’)KEHHHU TIPOBOJIOKH UTPAIOT IMEHHO MPHUTIO-
BEPXHOCTHBIE CJIOM Npunos. [lpuMeHeHne cMecH Kako-
ro-1100 cocTaBa JJisl BOCCTAHOBJICHHUS OKUCIIEHHOM MO~
BEPXHOCTH paciiiaBa BO3MOKHO JIUIIb IPU TIEPHO Y E-
CKOI OYHCTKE 3epKajia MPUTIOS OT OCTATKOB (ITIOCa.

CHI/I)KCHI/IC OKHUCJISIEMOCTH paciuiaBa Mpumosa 10CTu-
raetcs BBEJICHHEM B Hero rayutas u gocgopa [3, c. 79].
OnHako dTH 100aBKHU HE 00€CIIEUNBAIOT IIOJIHOM 3aIATHI
OT OKHUCIICHUS, T. K. UX JIeHCTBHE KpaTKkoBpeMeHHO. Kpo-
Me TOro, Kak MoKa3aJli UCCIIEIOBaHus, B IIpoLEcce pa-
0OTBI C pacIUIaBOM MPHUTIOS TPOUCXOIUT BBIACICHHE JI0-
0aBOK Ha MOBEPXHOCTH pacIliaBa, rJe coaepkanue goc-
(opa mocturaer uHOTHA 2%, YTO B AATBHEHIIIEM MOXKET
MIPETSITCTBOBATH MAlKe BCIIEJCTBUE TIOXON CMadrBae-
MOCTHU METAJUIOB IIPU MOBBLIIECHHOM COJCPIKAaHUN (1)00-
(hopa.

V3BecTHBI MOMBITKH MPEIOTBPAIICHUS OKHCICHHUS
MIPUIIOS C TIOMOIIBIO CO3/IaHUA HaJl TOBEPXHOCTHIO pac-
TuIaBa 0€30KHUCITUTENHHOM aTMOC(EPHI IPOTOYHOTO r'a3a
[4, c. 115].

B kauecTBe XUMHYECKUX METOJO0B 3allUThI IpEeaJIa-
TafoTCsl CMECH, COIEPIKAIINE PA3THIHBIC BHIBI BRICOKO-
TeMIieparypHbix macen [5—7]. Hanpumep, npenmnaraer-
Csl HCTIOIb30BATh CMECH, BKITOYAIOIITYO TINIABJICHBIN SH-
Tapb, XJOPUCTHIA METUIIEH, HOHOJ, 3aKAJIOYHOE Macio
[5]. OcHOBHBIM HETOCTATKOM TAKHX CMECEH SIBISCTCS
HEOOXOIMMOCTb OTMBIBKHY U3/IENTUI OPraHU4YeCKHUMH pa-
CTBOPUTEIISIMH.

Jnist 3amuThl pacIIaBICHHBIX MPHUITOEB OT OKHUCIIC-
HUS IPUMEHSFOTCS CMECH Ha OCHOBE MOJTUMETHUII(PSHUII-
CHJIOKCAHOBBIX JKHJIKOCTEH [8, 9], XO0Tss OONBITUHCTBO
KPEMHUHOPTraHNYECKUX COSTUHEHUI B3PHIBOOIIACHEI U
STOBUTBI U 9TO 3aTPYAHAET UX IPUMEeHeHue. Taxoke mpu-
MEHSIOT CHIIOKCAHOBbIE COEJIMHEHHUS B COYETAHUH C T10-
JMIMEpaMH, HalpuMep ATKII(GeHIIaMUHHON cMOJIoH [9].
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OnHaKo IPUMEHEHUE TAKUX CMECEN OCIIOKHSIETCS HE TOJIb-
KO HETOCTAaTKaMH, IPUCYIIUMH KPEMHUHOPTaHUYE CKUM
JKUJIKOCTSAM, HO M HAJIMUMEM Ha MasgeMbIX AeTaJsaX TPYI-
HOYIAJSIEMbIX OCTATKOB IMOJIMMEPHBIX COCTUHCHUH.

PexomenmyroTcst TakyKe CMECH Ha OCHOBE MOHO(OC-
(aToB IIEIOUHBIX U MIETOYHO3EMETBHBIX MeTAILTOB [10].
WX HegocTaTkoM SIBIIAETCS paCTBOPEHUE KOMIIOHEHTOB B
pacruiaBe IpuIos.

HM3BecTeH Takke COCTaB Ha OCHOBE MTPOCTHIX OJIUTO-
3(pHUPOB, colep KA THOAU(PESHUIAMIH H TPUITAHOII-
amuH [ 11]. Hemocrarkamu Takoro coctrasa sIBISIETCSA HU3-
Kas TepMUYecKast yCTOHYUBOCTh U HEOOXOAUMOCTb J10-
MOJTHUTEIHFHON OTMBIBKH H3/CIHH OPraHMIECKUMH pa-
CTBOPHTEIISIMHL.

B [12] mpennoxkena 3amuTHasT KUAKOCTh IS TIpe-
JIOTBPALICHUS OKHUCIICHUS 3epKaJia IPUIIOs, CoAepIKaIas
[JIMIIEPUH W HATPHUEBBIC COJM JKUPHBIX KHCIOT. Takas
CMeCh, KPOME HEYIOBIETBOPUTEIFHON PACTBOPUMOCTH
B BOJIE, OTJIMYACTCS HU3KOH TEPMHUYECKON CTaOMIIbHO-
CTBIO ¥ BBICOKOH UCTIapsieMOCTBI0. ITO OTPpaHUYMBAET Bpe-
Msl ee IKCIUTyaTaluu (B cpeqHeM 2—3 4aca) u Tpedyer
9acTOW 3aMEHBI M OTMBIBKH IASHBIX y3JI0B U BAaHHEI OT
MIPOLYKTOB OcMoJieHHs. Temneparypa BCHBILIKH CMECH
— 447 K. Oty 3alUTHYIO KUIKOCTh MOJKHO HCIIONb30-
BaTh MPH MMalKe U JIy>KEHUH JIUIIb TOT/Ia, KOT/a TeMIiepa-
Typa pacrmnasa He ipeBbimaeTt 453 K. [lpumenenne xuu-
KOCTH IIpH Temrieparype Boimie 453 K HeBO3MOKHO BeteI-
CTBHE€ ONACHOCTH BCIIBIIIKH, BHICOKOTO OCMOJICHHS H
OONBIIMX MOTEPD KUAKOCTH. MeX Ty TeM, IpH Maike Tpe-
Oyercs Temrieparypa Harpesa Boimie 503 K.

Taxum 00pa3oM, MpUMEHsEMbIE U MpeAiaraeMbie K
MIPUMECHEHHIO B 3JICKTPOHHOM IIPOMBIIIIICHHOCTH CMECH
Y METO/IbI 3aIUTHI 3epKasia IPUTIOsN OT OKUCICHHS MaJIo-
MIPUTOJTHBI ISl UCTIOIB30BAHUS M 00JIaJaI0T Pa3InYHbI-
MH HEIOCTaTKaMH.

Br100op ONTHMAaIBHOTO 3aIUTHOTO COCTaBa yCIOXK-
HSETCSI TEM, UTO IIpejiaraeMble HEOPraHu4eCcKrue Mare-
pHAJBI BHOCST B IIPUIION HEKENATEIBHBIC TIPIMECH, He-
3¢ GEKTUBHO 3aIMIIAIOT PACIUIAB OT OKUCIICHHS, a Opra-
HUYECKHE — HE BBIJICPIKUBAIOT TEMIIEPATYPHBIX PEIKH-
MOB ITaiiku. BricokoTeMIieparypHast opraHuka ImpaKTu-
YEeCKHA HE CMBIBAETCS BOJOM.

ABTOpamu pa3zpaboTaH PSJl ONMBITHBIX COCTABOB IS
3aIIATHI IPUTIOS OT OKHMCICHUS Ha OCHOBE CMECH TITHIIC-
pHHA, MOUCBHHBI U MOPOIIKOB TYTOTUIABKUX OKCHJIOB,
kapounos (Al,O;, TiO,, SiC) u rpadura. beuto usro-
TOBJIEHO 4 THIIAa COCTAaBOB HA OCHOBE CMECH INIMIEPHHA
Y MOYEBHHBI (B cOOTHOLIeHUH 2:1), MaccoBas 1O KO-
Topoit coctasnsia 10—25%, ocrajabHOE — UHIpENU-
entol-Hanonuurenu: Al,O; (cocras 1), TiO, (cocras 2),
SiC (cocras 3), TiO, u rpapur (5—15%) (cocras 4).
CocTaBbl TOTOBHIIUCH CICAYIOMUM 00pa3oM. MoueBH-
Ha pacTBOPSIIACH B IIUIIEPUHE B cOOTHOIIeHNH 1:2. Jla-
Jiee TIOTyYSHHBIA PaCTBOP CMEIINBAJICS C OKHUCIIOM FIIH
KapOumoM Metainia. [loce mepemennBaHus cCOCTaB BBI-
JIMBAJICSI HA TOBEPXHOCTD PACIUIABICHHOTO putost. CMme-
CH HAHOCWJIHCH Ha ITPUTIOH U BBIICPKIBAINCEH Ha TIOBEPX-
HOCTH pacruiaBa rpu temmnepatype 447—573 K B teue-
uue 30 4. KonmruecTBeHHBIN peHTTeHOCTIEKTPAITLHBIN aHa-
T3 P00 MPHIIOST, 3AMUIICHHOTO pa3padOTaHHBIME CO-
craBamy, rociie 30 4acoB UCTIBITAHUN MTOKA3aJl MOJIHOE

orcyrtcreue pactsopenus Al,O;, TiO,, SiC u rpadura B
MIPUIIOE U HA TIOBEPXHOCTH MASTHBIX COSAMHEHUIM.

[Mopouku Al,O,, TiO,, SiC u rpadura nerdye komro-
HEHTOB IPUIIOS U HAXOATCS Ha IOBEPXHOCTH pacIliaBa.
OHH TYTOIUIaBKHE, XUMHIECKN CTOWKUE U CIIOCOOCTBY-
I0T MEXaHWIECKOH 3aIlTe pacIuiaBa OT OKUCIICHNS, TIpe-
ISTCTBYS OCTYyIy KHciopona. B xadecTBe opranude-
CKOTO BOCCTaHOBHUTENSI OKHUCIIOB MPUMOS UCIIONIB3YIOT
pacTBOp MIMLIEPHUHA U MOYEBHHBI, KOTOPBIE B IIpoLiecce
9KCIUTyaTaluu paciuiasa yactuyHo (10%) Beiroparot u
ocMmousAroTesa. COOTHOILIEHUE MAaCCOBBIX J10JIE€H MOUEeBU-
HBI ¥ TIHneprHa 1:2 BEIOpaHO ¢ y4eTOM MaKCUMAaIbHOM
pPacTBOPUMOCTH MOYEBHHBI B TIIUIIEPUHE.

OcraBmmecst MPOAYKTH OPTaHUKHA COOMPAIOTCS Ha
uacrtuiax Al,O;, TiO,, SiC u rpadura u 06pasyror Ha
MMOBEPXHOCTH PACIlIaBa TBEPAYIO OHOPOIHYIO IUICHKY,
KoTOpasi JIeTKo yaasiercs (mpu HeodxoaumocTh). Takast
TUICHKA JIETKO PacTBOPSIETCS B BOJIC U IIMIICPUHE U TIPH-
TOJHA JUIs JalbHEUIIero ucrois3oBanus. OcodeHHo-
CTBIO TIPEIIaraeMBIX COCTABOB SIBIISICTCS TO, UTO TYTO-
TUIABKHE YACTUIIBI TIOPOIIIKOB UTPAIOT JIBE POJIM — 3aIlIU-
ThI paciijiaBa MPUIIOA OT JOCTYIIA KUCIOpOoa U yAaIeHUS
OCTaTKOB opranuku. Kpome Toro, 3aniuTHBIN CIIOH CO-
Oupaet TakxKe OCTaTKU (PII0COB, KOTOPBIC UCTIONB3YIOT-
sl IPH NalKe WK JTy>KeHUH.

OnTruManbHbIC KOTHIECTBCHHBIC COOTHOIIICHHS KOM-
MTOHEHTOB MOJJ00PaHbI UCXO/IS U3 TOTO, YTO MUHHUMAITb-
Has KOHLEHTpalHs pacTBOpa MOYEBHUHBI B IIIMLEPUHE
JIOJDKHA 00ecrieunBaTh BOCCTaHaBIMBatoNue ((Irocy-
IOIIIKE) CBOMCTBA 3aIUTHON cMecH. MakcuMasbHasi KOH-
LEHTPALMs] aKTUBHBIX KOMIIOHEHTOB HE JIOJKHA MTPHUBO-
IUTH K CHJIBHOMY 3arpsi3HEHHIO 3epKaja MPHUIOs IIpo-
JTlyKTaMH OCMOJIeHHSI OpraHuku. ClielyeT OTMETHTb, YTO
KOHIIEHTpalusa (UIIOCYIOIUX KOMIIOHEHTOB, KOTOpHIE
OCMOJISIFOTCS, B TIPEIaraéMoif CMeCcH YMEHBIIICHA B He-
CKOJIBKO Pa3 3a CYET BBEACHHUS TYTOIUTABKUX OKCHJIOB
(xapOu10B) METAIUIOB. DTO yMEHbBIIAET KOJINYECTBO MPO-
IYKTOB OCMOJICHHSI, HE IO TAIOIIUXCs OTMBIBKE. Kpome
TOTO, TAKOE YMEHBIIIEHNE KOHIICHTPAIIUN OPraHUYECKUX
KOMITIOHEHTOB IIPH HAIMYWH TYTOIIaBKUX OKCHJIOB U Kap-
OHMI0B METAIJIOB MPETATCTBYET BOCIUIAMCHEHHIO U BHI-
TOPaHUI0 OPTaHUKH, YTO YBEIUYHBAET OMYCTHUMYIO
TEeMIIEPaTypy U AIUTEIBHOCTh AKCILUTyaTalllH 3al[UTHON
cMecu. Pe3ynbTrarhl HCTIBITAaHUH MTPEITIaraéMbIX CMecei
nokasaiu ciexyrormee. s pa3paboTaHHBIX HAMHU CO-
CTaBOB BO3TOPAHMS HE IPOUCXOINT IPHU YBETNICHUH TEM-
niepatypsl 10 574 K. JlommycTrMoe BpeMst SKCILTyaTain
— 110 30 u. He TpeOyeTcst O4MCTKY paciiiaBa. 3alluTHAS
TUICHKA CIUTOIITHBIM CJIOEM JIETKO CHUMAETCSI C TOBEPX-
HOCTH paciijiaBa BMECTe C OCTaTKaMH (IItoca, KOTOPBIi
WCIIOJIB3YETCs MIPU Maifke Win JykeHuH. [1oBepXHOCTD
paciuiaBa OCTaeTcsl YUCTOH U He TpeOyeT OTMBIBKH (O4H-
ctkn). Hanbosnee OM3Kkue K HUM M3BECTHBIE COCTaBbI
[5, 12] umeroT Temnepatypy Bocitamenenus 447 K, no-
MyCTUMOE BpeMs SKCIITyaTauu — 2—>5 9, TpeOyIoT oT-
MBIBKH CMECBIO OPTaHNYECKUX PACTBOPUTEIICH U MeXa-
HUYECKOU OUUCTKHU.

Ha pucyHke mokazaHa 3aBUCHMOCTh BPEMEHH KC-
TUTyaTaIlH 3aIUTHON CMECH OT COOTHOIIICHHUSI BOCCTAHAB-
JIMBAIOIIIX KOMIOHEHTOB (TIUIIEPUH  MOYEBHIHA) U Pa3-
HBIX THITOB HAITOITHUTENS. BraHO, 9TO BpeMs SKCIITyaTa-
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MaccoBas J0JI1 MOYEBHHBI B CMECH, %

3aBUCUMOCTh BPEMEHHU JKCIUTyaTallud 3alIUTHON CMECH OT
COOTHOILEHHS] BOCCTAHABINBAIOIINX KOMIIOHEHTOB (Moue-
BUHA U IIMILEPHH) U Pa3HbIX HAIIOJTHUTENEH
[ — ALO,; 2— TiOy; 3 — SiC, 4 — TiO, u rpaput

1MW COCTaBa C POCTOM KOHIICHTPAITUH MOYEBHHEI YBEJIH-
YUBAETCA.

‘YkazaHHbBIE COCTaBBI JUIs 3alUThI TOBEPXHOCTH MTPHU-
M0S OT OKUCJICHUS IAI0T BO3MOXKHOCTB IPOBOJIUTH «CKE-
JIETHYIO» MaiKy. O0pa30BaHUS «COCYIICK» U «HATUTBIBOB)
TIPUTIOS, CBS3aHHOTO C HAIMYUEM Ha MIOBEPXHOCTH pac-
TJ1aBa MPUIIOS TYTOIIJIABKUX OKCHIOB €T0 KOMIIOHEHTOB,
HE IPOUCXOJTUT, TOCKOJIBKY TIpeITaraeMble COCTaBbI Tpe-
MATCTBYIOT OKHCIEHHIO MpUMos. [lasiHble coennHeHus
COXPAHSIOT OJICCK, OCIBIH HAJIET MOCIIE MAWKH HE MOSB-
nsieTcsl. [ uiepuH Ha MOBEPXHOCTH KOHTAKTHBIX TUTOIIA-
JIOK 1 BBIBOZIAX HE KOHACHcHpyeTcs. [Ipemmaraembie co-
CTaBBI JUIS 3AIUTHI TPUTIOS OT OKUCICHHS HE H3MECHSIOT
COIPOTHBIICHHUS N3OJISIMY NIEYaTHBIX TJIaT.

*kk

[Ipemnaraemblie cocTaBbl MOTYT OBITh HCIIOJIB30BAHBI
JUTS 3aIMTHI paciiyiaBa MPUITOst OT OKUCIICHUS B IPOLIec-
C€ HU3KOTEMIIePaTyPHOU IMalKH U JIy)KSHUS TIPOBOTHU-
KOB, a TaK)Xe DIICKTPUICCKUX BBIBOJOB 3JICMEHTOB pa-
JTIMODJICKTPOHHOM amapaTypbl METOJIOM TIOTPYKEHUS B
CTaIlMOHAPHBIX BAHHAX.
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4 JbakonoB B. Il. l'enepauusa u reHepatopbl curiajsos.— M.: JIMK, 2009.—

B KHure omucaHo COBpeMEHHOE COCTOSIHME TeXHUKHM TeHepa-
[IHH CUTHAJOB Pas3aHuHOH (OPMbI (CHHYCOMAANbHBIX W HM-
MyJAbCHBIX) B IIUPOKOM JAMamnasoHe 4yacToT (0T MHGPaHU3KUX
1o pecsatkoB ['Ti) u amnauryn. Ocoboe BHUMaHHe yeseHO
OTMUCAHUIO CEPHUHHBLIX FeHEepPaTOPOB CHHYCOUAAAbHBIX H HM-
MyJAbCHBIX CHUIHAJ0B, (PYHKIIMOHANbHBIX M€HEPaTOpPOB, TeHe-
paTtopoB ¢ HUPPOBBIM CHHTE30M (POPMbI CUTHAJNOB W reHepa-
TOPOB CHTHAJOB MPOHU3BOJIbHONH (opMmbl. [IpuBeneno MHOro
NMPUMEPOB MPUMEHEHUS FeHEePaTOPOB CUTHAJMOB B MCCJIEL0BA-
HUHU, TECTUPOBAHUHU U OTJNAJIKE COBPEMEHHONH TeNeKOMMYHHUKA-
LIHOHHOH, CBSI3HOH U pajMONOKALIMOHHON annapaTtyphbl, a TakkKe
B TeXHMKe (PU3MUECKOro SKCIepuMeHTa.

~
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o
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TEPMOCTABWJIbHBIE UHTEPOEPEHIITMOHHLIE

OKCHUIHBIE ITOKPBITHUA

JUIA AKTUBHBIX SJIEMEHTOB JIASEPOB NK-/IMAITA3OHA

Ha nosepxnocmu akmugHvlx 31eMeHmos
ZnSe:Cre*-nazepoé nonyuenvt npospaumvie
8 GUOUMOM U UHPPAKPACHOM OUANA3OHE
cnekmpa npouHvle mepmocmabduibHble
npoceemaaowue ZnO-nokpvimus. Hccne-
008aHbl ONMUYecKUe U MexanuyecKue
CB0UCMBA NOJLYYEHHbIX NOKPbIMULL

HCFHgOBaHHHe KpUCTAJIBl CEJIeHUuIa IUHKA
(ZnSe:Cr?") ncnonb3yoTes B Ka4eCTBE aKTHBHOU CPEJIbI
IIPU U3TOTOBIICHUU JIA3E€PHBIX U3TydaTelneil, nepecTpan-
BaeMBIX B JWAaIa3oHe BOJH JiuHou 2,1—2,9 mxMm. Ta-
KHe J1a3epbl XapakTepusytorcs BeicokuM KII/I kak B He-
MPEPBIBHOM, TaK ¥ B IMITYIbCHOM PEKHMaX TeHEPAIIH
— 70 u 66%, coorBercTBeHHO [1, 2]. OgHUM U3 myTel
CHIDKEHUS TIOTEPb U3TYUEHUs IPU HAKa4yKe Ja3epPHbIX U3-
JayuaTenel, U3roTOBICHHBIX HA OCHOBE KPUCTAJJIOB
ZnSe:Cr**, sBisieTcs HAHECEHUE KAYECTBEHHBIX TEPMOCTA-
OUIIBHBIX TPOCBETIISIOLINX MOKPBITUIL HA UX TOBEPXHOCTb.

Panee namu ObUTa M3y4eHa KHHETHKA ()OTOCTHMYITH-
POBAaHHOTO OKHCJIEHUSI KPUCTAIMYECKUX COCAUHEHUI
A"BV!, Ha ocHOBaHUH Y€ero GbUTH YCTAHOBJIEHBI OIITUMAITb-
HBIE PEKUMBI TOJTY4YEHHSI CTPYKTYPHO-COBEPIIEHHBIX T'O-
MOTEHHBIX IJIEHOK ZnO ONTHYECKOTo KauecTBa Ha MOJ-
JIOXKKaxX ZnSe U oKa3aHa BO3MOXKHOCTb UCIIOIb30BaHUS
OKCHIHBIX CJIOEB B Ka4ecTBe MHTEP(EepPEeHIHOHHBIX I10-
KpBITHI onTHYeckux 31eMeHToB MK-auanasona [ 3, 4].

Lenbro faHHOM pabOoThI ABIAIOCH HOTYYEHHE METO-
JIOM (POTOTEPMUYECKOTO OKHCIICHHSI OKCHUIHBIX MHTEp-
(epEHIINOHHBIX MOKPBITHI ONTHIECKUX IIEMEHTOB, U3-
TOTOBJICHHBIX U3 JIETHPOBAHHBIX KPUCTAJLIIOB CEJIECHUA
uuHka (ZnSe:Cr?"), 1 uccne10BaHUe ONTHYECKHX Xapak-
TEPUCTHUK MOJTYUYEHHBIX MOKPHITUH B IIMPOKOM HHTEpBa-
JIe TeMIeparyp.

MeToanka 3KcriepuMeHTa

HccnenoBanus mpoBoIviv Ha 00pasiax KpUCTAIOB
ZnSe:Cr?", BBIpaleHHBIX BEPTUKATBHBIM METOI0M Bpui-
JKMEHA B IPa(UTOBBIX TUIIIAX MO/ U30BITOYHBIM JIaBJIe-
HHEM HHEPTHOTO Ta3a. OKCHIHBIC MTOKPBITHS OBLIN TIO-
Jy4eHBI METOJIOM (DOTOTEPMHIYECKOTO OKHCIICHHS Ha Pa3-
paboTaHHOI HAMHU yCTaHOBKE [5].

OnTryeckne XapaKTePUCTHKH MOKPBITHH (CIIEKTPBI
MPOIYCKaHUsI, TEMIIEPATyPHbIC 3aBUCHMOCTU OITHYE-
CKOTO TIPOITYCKAaHUs) H3MEPSUTH MPU IOMOIIHN CIIEKTPO-
¢doromerpa CD-58 u monoxpomaropos MIP-2 u M/1P-4.
TemmeparypHyI0 3aBHCHMOCTB ONTHIECKOTO TIPOITyCKa-
HUS IOKPBITUS OTipeaessuin B quana3zone 20—250°C no

Jlata moCTyNJICHUs B PEAKIHIO
01.10 2009 1.

Onmouent 0. ¢p.-m. 1. A. B. CTPOHCKHH
(UDIT mm. B. E. Jlamkapéra, . Kues)

W3MEHEHHIO MHTEHCUBHOCTH U3JTyYeHHUS BOJIH Pa3IMYHON
qutras (1,05 1,8 1 2,3 MKM), MPOXOIAIINX Yepe3 ucciie-
JTyeMBbIi 00pasell.

Mopdonornveckuii aHaIHU3 MOTYYCHHBIX OKCHIHBIX
MOKPBITUI IPOBOIUIIN TIPY TOMOIIHU AIIEKTPOHHOTO CKa-
HUpYtomero Mukpockomna JSM-820 ¢ cucteMoit peHtre-
HoBckoro Mukpoananuza LINK AN10859.

MexaHnueckue CBOMCTBAa OKCUIHBIX IUIEHOK Ha 00-
pasuax kpuctamioB ZnSe:Cr uccienoBalin METOI0M
onpesIeNeHrst MUKpOTBep0cTH Ha mpubope [TMT-3 o cran-
JapTHOI MeToauKe [6]. UHAEHTOpOM CilyKuia ajiMasHasi
niupamuia Bukkepca, Harpy3ka Ha WHISHTOP COCTaBIIsLIa
10—50 1. /1715t KOppeKTHOCTH IPUMEHEHUS METO/Ia COCpe-
JIOTOYEHHOW Harpy3Kd TOJIIMHA WUCCIETYyEMON TIICHKU
JIOJDKHA TIPEBBINIATH TITyOMHY OTIEYaTKa He MEHEe YeM B
10 pa3. ITockonbKy myOrHA MPOHUKHOBEHUS HHIIEHTOPA
B MOBEPXHOCTH 00pa3nioB ZnSe:Cr NpH HCIOIb3YEMbIX
Harpy3Kax COCTaBIISICT €IUHAIB] MUKPOMETPOB, TOJIIHHA
HCCIIelyeMOM OKCHTHOM TUICHKH JOJDKHA OBITh HE MEHEE
50 mxM. Ee momywanu npu 00:1yueHNH OAHOM U3 TOBEPX-
HOCTel 00pa3ia ynsTpadHoIeTOBBIM U3TyUCHUEM, A He-
00JTydeHHast OKCHTHAS IICHKA Ha MPOTHBOIOJIOKHOM CTO-
pOHe 00pasiia CITy)Kuiia KOHTPOIbHOM.

Pe3yabTaTsl n3mepeHuii

OnekrponHas MukpodoTtorpadus ckoina odpasua
ZnSe:Cr*" ¢ okcuaHOI MIEHKOM, MPOXOIAIIEro Yepes
rpaHuily pasjeina (a3 1moj| NpsMbIM YIJIOM K HCCIeaye-
MBIM IpaHsAM, OpuBe/eHa Ha puc. 1. 31ech BUIHO, 4TO
JaKe TIpU OOJBIIOHN TOJIIMHE IUICHKU IpaHHIa pa3aeia
(a3 (moympoBOAHUK—OKCHT) JIOCTaTOUHO pe3kast. Cire-
JIyeT OTMETHUTb, YTO JJIsl MPOCBETIISIFOIIMNX ZnO-TIOKpHI-

Puc. 1. OkcuaHas IeHKa Ha TOBEPXHOCTH KPUCTAIUTHYECKO-
ro obpasua ZnSe:Cr>"
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Puc. 2. 3aBUCHMOCTh MHUKPOTBepAOCTH 0obpasua ZnSe:Cr>*
¢ oOmyuyeHHOH (/) u HeoOiydeHHOH (2) OKCHIHOHN TUICHKOM
OT Harpy3kd Ha WHJIEHTOP

THH Ha ONITHYECKUX DJIEMEHTAX, TPEeTHA3HAYCHHBIX IS
paboTHI B THAMTA30HE BOJH 2—3 MKM, [TOIYYaIH OKCHUI-
HbIE IJICHKH TOJIIIMHOU MeHee 1 MKM.

DKCIepUMEHTAIIbHBIE PE3Y/IbTaThl UCCIIEI0OBAaHHS Me-
XaHUYCCKHUX CBOMCTB OKCHIHOM IUICHKH YKa3hIBAIOT, UTO
MOJTyYeHHAs TUICHKA MPEeJCTaBIseT cO00# MPOYHOE Mo-
KPBITHE, BBIIEPKUBAIOIIEE 0€3 OTCIIanBaHNsI MEXaHUIe-
CKHE UCTIBITAaHMS KaK Ha BAAaBIMBaHKE, TAK U Ha [lapara-
Hue. BennunHa MUKpPOTBEPAOCTH OBEPXHOCTH C OKCH/I-
HOM MIIeHKO# cocTamser 128—130 kr/MM2, 9TO 3HAYH-
TEJBHO BbIIIE MUKPOTBEPIOCTH HA MPOTHUBOIOIOKHON
cTopoHe oOpasma (puc. 2).

Taxoii pe3ynbTar 00bSICHASTCS TEM, UTO TO]I BIHSHH-
eM Y®-uznydeHus oOpasyercsi Oojiee COBEpIICHHAs U
npoyvHas rieHka. ClieyeT OTMETHTb, YTO B JAHHOM WH-
TepBaJie Harpy30K BeJITMYMHA MUKPOTBEPIOCTH TTOBEPX-
HOCTHU C OKCHJIHOM IJIEHKOM IPAaKTUYECKU MOCTOSIHHA
(xpuBas /). MUKpOTBEpAOCTh K€ MOHOKPUCTAJIHYE-
ckux 00pasioB ZnSe u ZnSe:Cr yBeJIMYUBACTCS C YMCHb-
[IEHWEM Harpy3Ku Ha HHIEHTOp. Takoe oTin4ue, mo-BH-
JUMOMY, BBI3BaHO TEM, YTO OKCHUIHAS IJICHKA IPE/ICTaB-
nsieT co00i TEKCTYPUPOBAHHBIH MTOJIMKPUCTAILT, & Ha TI0-
JUKPUCTAILIMYECKUX 00pa3iiax, B OTIIMYHE OT MOHOKPH-
CTAJUINIECKUX (KOTa HHACHTOP OXBAaTHIBAET HECKOIBKO
KPUCTAJUIMYECKHX 3ePEH ), TBEPIOCTb HE 3aBUCHT OT Ha-
rpy3ku [7].

HccnenoBanne onTHYECKUX CBOMCTB TMOJTYYEHHBIX
MOKPBITHI TTOKA3aJI0, YTO MOAOOp ONTHMAIBHBIX Mapa-
METPOB Mporiecca GOTOTEPMUIECKOTO OKUCIICHHS [TO3BO-
JSIET TOTYYUTh MPOCBETIICHHBIE 00pa3Ilbl ¢ K03 Puu-
EHTOM ITponyckanus 10 95% (puc. 3) B TpeOyeMoM criek-
TpaJIbHOM JuamnazoHe 2—3 MKM (I10JI0ca reHepaluu
noHoB Cr?"). Kpucramisl ZnSe:Cr ¢ IpoCBeTIAIOIMMU
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Puc. 3. Cnektp npomyckaHus akKTHUBHBIX 3JIEMEHTOB Ha OC-
HOBe MOHOKpucTtamia ZnSe:Cr?':
1 — HenpocBeTIIeHHbIH 00pa3ell; 2 — NPOCBETISHHbINH 00pa3er
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Puc. 4. TemneparypHasi 3aBUCUMOCTb HOPMHPOBAHHOTO
k03¢ dHUIHeHTa MPOMYCKaHUsI MPOCBETIeHHbIX (I, 3, 5) H
HENPOCBETICHHBIX (2, 4, 6) 00pa3LOB [0CIE TEPMOLUKIIU-
pOBaHHS MPU OOJYYSHUH BOJHAMHU PA3IMIHON JUTHHEL:
1,2 —A=1,06 Mx™m; 3, 4 — A=1,8 MKM; 5, 6 — A=2,3 MKM

OKCHIIHBIMH ITOKPBITHSIMA XapaKTePH3YIOTCS TOCTATOU-
HO BBICOKO# CTAOMIIBHOCTBIO ONTUYECKOTO IPOITYCKAHHSI
B uHTepsajue temmneparyp 20—150°C (puc. 4). Temme-
patypHasi CTaOMIBHOCTH MIPOITYCKAHMUS IPOCBETICHHBIX
00pasIoB COBIAIACT B MPE/IEIax MOrPEIIHOCTH CO CTa-
OHMIILHOCTBIO HETPOCBETIICHHBIX 00PA3IIOB, YTO TIO3BOJIS-
€T CyIUTh 00 OTCYTCTBHHU BIMSHHS OKCHUTHBIX TOKPBITHIT
Ha ONTHYECKOE POITYCKAHIE C POCTOM TEMITCPATYPBL.
YCTaHOBICHO TAKKE, YTO CHIEKTPhI ONITHYECKOTO MPO-
ITyCKaHUs KpHCTAILTNIECKUX 06pa3ioB ZnSe:Cr?* ¢ mpo-
CBETILFOIINMY OKCHIHBIME TTOKPBITHSIMH MPAKTHICCKH
HE M3MEHSIOTCS MOCTIC BBIICPKUBAHUS UX B TCUCHHE 6
gacoB npu Temnepatype 120°C. Takue o6pasiibl BeIICP-
JKUBAFOT (0€3 0TCIIOSHHS MTOKPBITHI ) MHOTOKPATHOE Tep-
morukaupoBanue (20°C « 250°C) npu CKOpOCTH U3Me-
HeHus TeMiepaTypsl 25 °C/c.
*kk

Taknum 00pa3zoM, TOTyYCHBI TPO3PAYHBIC B BUIFMOM
1 MH(paKpacHOM Mana3oHe CIeKTpa TePMOCTa0HIbHbIE
OKCHIHBIC HHTEP(EPEHIIMOHHBIC TIOKPHITHS, IMEIOIITIE
BBICOKYIO MPOYHOCTbH CLETIICHHS C TOBEPXHOCTHIO KPH-
crammueckux 06pasios ZnSe:Cr?* He TOIBKO TP KOM-
HATHOW, HO M TIPH MOBLIIIEHHOHN TeMIiepaType. JTo Io-
3BOJISIET U3rOTABIMBATh HA OCHOBE TAKUX CTPYKTYP IPO-
CBETJICHHBIE AKTUBHBIE 2JIEMEHTBI JJ1s1 IIEPECTPAaBAEMbIX
nazepos cpennero MK-nunanazona.
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OIITUKO-AKYCTUYECKHUE DODPEKTDI
B PEIIETYATBIX YITAKOBKAX

(OITAJIOBBIE MATPULIBI KAK METAMATEPUAJI)

B pabome npusooamcs pezyromamsl K-
CNEePUMEHMANbHBIX UCCAe008AHUL HOMOH-
GonoHH020 83auUMOOelicmBuUs 8 NPAGUb-
HbIX YNAKOBKAX HAHOCcpep KpemHesemda
(onanogvix mampuyax) u ¢ HAaHOKOMNO3U-
Max Ha ux ocHose.

Marepwuaibl, 001a1aroIHe IePHOIITISCKI H3MEHSIIO-
IIAMHCS TUDIIEKTPHIECKON IPOHUIIAEMOCTBIO U YIIPYTH-
MH XapaKTepPUCTUKAMH C IEPHOIOM U3MEHEHUH MopsiIKa
JUTMHBI BOJIHBI CBETa, OJTYYHBILIKE Ha3BaHUE MeTamaTe-
PHAIOB, C 3aIPEIICHHBIME ()OTOHHBIMHE HITH (HOHOHHBIMH
30HamMHu [1—5] sSBJISIOTCS B HacToslee BpeMsi 00beK-
TOM MHTEHCHBHBIX TCOPETHUCCKHUX M HKCIIEPUMEHTANb-
HBIX uccienoBaHuid. /i MpakTUUECKUX MPHIOKEHUH
Hanbomee HHTEPECHBI TPEXMEPHBIC HAHOKOMITO3UThI —
OITaJIOBBIE MAaTPHIIBI, IPEJICTABIISIONINE COO0H HCKYCCT-
BEHHBIN MaTeprall, 00pa30BaHHbIA PEIICTUATOH YIaKOB-
KO MOHOIMCIIEPCHBIX HaHOC(Ep peHTreHOaMOp(HOTO
kpemHesema (Si0,) ¢ mpoCTPaHCTBEHHON MOMYJIAIUEH
KaK ONTHYECKHX (TUANIEKTPUICCKON TIPOHUITAEMOCTH ), TAK
U aKyCTHYECKHX CBOHCTB C MAacUITa0OM B HECKOJIBKO
COTECH HAaHOMETPOB.

brnarogapst cyOMUKpOHHBIM pa3zMepaMm HaHochep
SiO, onanopas MaTpuIla KMEET ONITHYECKUE CTOI-30HbI
(Imama3oH 4acToT, B KOTOPOM PacIpOCTPaHEHUE DIIEKT-
POMarHUTHOTO M3JIyYCHHUS 3aMPENIeHO IS ONpeaeICH-
HOT'O HabOpa BOJHOBBIX BEKTOPOB) B BUIMMOM CIIEKT-
panmpHOM auana3oHe. [lonmHas 3ampenierHas GOTOHHAS
30Ha, Y KOTOPOI BeIMYMHA INIOTHOCTH (DOTOHHBIX COCTO-
STHUH ONTU3Ka K HyJII0, B OIAJIOBBIX MaTPHUIIaX HE CyIIle-
CTBYCT, IJIaBHBIM 00pa3oM, M3-3a HEOOJBIIOTO MOKa3a-
TeJIs MPEJTOMIICHHS 71 KPEMHE3EeMa, TaK YTO MOJIHAS 3a-
npeuieHHas (GOToOHHas 30Ha MOYKET ObITh pealu30BaHa B
WHBEPTUPOBAHHBIX OTAJIOBBIX MAaTPHUIAX C KOHTPACTOM
roKasaTelieil mpejoMieHus OobIre uem 2,85 (B MHBEp-
THPOBAHHOM 00pa3Iie MexchepruiecKre HaHOIOIOCTH 3a-
TIOJIHEHBI BEIIECTBOM € OonbliuM 7, a chepsr SiO, yna-
JICHBI).

Tem He MeHee, ONaNoOBbIE MATPULII YIOOHO UCTIONb-
30BaTh JUIS UCCIIEIOBAHNI HETMHEHHOTO B3aUMOACHCTBHSA
CBETOBOT'0 M3JIy4EHHUS C BELIECTBOM, IOCKOJIbKY OHU

ABTOpBI BeIpakaroT OiarogapHocTh Poccuiickomy oy dyHma-
MEHTAJIbHBIX HCCIICI0BAHHI 32 (PUHAHCOBYIO MTOACPIKKY (TPaHThIL:
Ne 07-02-00873, 08-02-13500-0¢u_1u, 09-02-13531-0¢u_1 u
Ne 08-02-90020-bexn_a).

TIO3BOJISIOT OIPEAEIISATH ITOJI0KEHHS CTOI-30H M YIIPaB-
18Th MX apamerpamu. [lonoctu mex ity HaHocepamu B
OTIAJIOBBIX MATPHUIAX UMEIOT OKTa3IPUICCKYIO U TeTpa-
APUIECKYIO (hopMY. 3aTOTHSIS TAKHUE HAHOTIONOCTH JKHUI-
KOCTSIMH C PA3INYHBIMU [TOKA3aTEIISIMU ITPEITOMIICHHS YITH
UCIIOJIB3YSI MATPHILIBI C PA3IMYHBIMUA Pa3MepaMu HaHO-
cep, MOKHO YPPEKTUBHO YIPABISTh TAKUMHE ITapaMeT-
paMu CTOII-30HBI KaK e¢ MOJIOKEHNE B CIEKTPE M KOH-
Tpacr. [Ipn 3TOM BenieicTBHE M3MEHEHNS INTOTHOCTH (ho-
TOHHBIX COCTOSTHU BOJIN3H Kpasi 3alpelieHHOM 30HBI 1O-
POT HEJIMHEHWHBIX MPOLECCOB MOXKET MOHMKATHCS, YBE-
rauBas uX 3G eKTHBHOCTD, a TAKKe MOTYT BO3HUKATD
HOBBIC, HEU3BECTHBIC paHee, HeMUHEWHBIE () (DEKTHI.
HccnenoBanue HeMMHEHHO-0NTHUECKUX 3(D(HEKTOB B
OMMAJIOBBIX MATPHUIIAX, B YACTHOCTH, TAKMX KAK BBIHYK-
JICHHOE paccesiHue cBera Ha HaHocepax (BP) [6] u
BBIHYXICHHOE KoMOnHaImonHoe paccestaue csera (KP)
B HAHOCTPYKTYPHUPOBAHHBIX cpefiax 7], reHepamnus aKy-
CTHUYECKHX KOoJeOaHMi B TUTAarepreBoi odmactu, Heo-
OBIYHO MHTECHCHBHAS U JJTUTEIBHAS aKyCTOIOMUHECIICH-
IUs1, Ha3BaHHAs d3PPeKToM (POTOHHOTO TUIaMeHH [8, 9],
MOJKET JIaTh BaXXHYIO MH(DOPMAIHI0 00 0COOCHHOCTIX
(oTOH-()OHOHHOTO B3aUMOACHCTBUS B (POTOHHBIX KPUC-
Tayutax. B mocienHue rop! ObUIH HAYaThl TEOPETHUECKIE
1 DKCIICPUMEHTAIBHBIC PA0OTHI 110 TTOJTyYCHHUIO F H3yUe-
HUO METaMaTEPHAIOB, ITOJTYYHBIINX 10 aHAJIOTHH C (o-
TOHHBIMHU Ha3BaHWe (OHOHHBIX KPUCTAIIOB. [leficTBH-
TEJIFHO, HE3aBUCHMO OT ITPUPOJIBI BOJIH IPYTIIOBAs CKO-
POCTB He 00513aTEIHHO COBIAACT C HAIIPABICHUEM BOJI-
HOBOT'0 BEKTOpa, HAIIPUMEP B H30TPOITHOU Cpeie YacTo-
Ta KoJIeOaHUM ompesensieTcs MoAyJIeM BOTHOBOTO BEK-
Topa k, a cIe0BaTeNbHO, IPYIINIOBasi CKOPOCTH BOJIHO-
BOTO [TaKeTa MOXKET OBITh HAIPABJICHA 110 k WJIK 110 —K B
3aBHCHUMOCTH OT 3HaKa MPOU3BOJHON YaCTOTHI OT BOJI-
HOBOTO BEKTOPA. DTO OTHOCHUTCS U K aKyCTUYECKHUM KO-
nebaHusAM B METaMaTepHaiax, rie noBencHue QyHKIum
COCTOSTHHH ISl Pa3IMYHBIX 30H B (POHOHHBIX MaTepHa-
7ax (ComepsKallux pa3pelleHHbIC U 3alpeIieHHbie o-
HOHHBIE 30HbI) Oy/IeT OIPEIENATHCS 0COOCHHOCTAMHU TPYTI-
TIOBO CKOPOCTH B OTIPEICTICHHOM THaNa30He YacToT, 3a-
JaBaeéMOM COOCTBEHHO HAaHOCTPYKTYpOi MeTaMaTepHa-
na. [Ipy onpeieneHHbIX YCIOBHAX B CHCTEME MOT'YT BO3-
HUKATh COCTOSTHHS C OTPUIATEIIEHBIMI 3HAYCHUSIMH CO-
OTBETCTBYIOIINX KO3((UIHEHTOB ¢ (HOPMHUPOBAHUEM
pexuMa IOJTHOTO BHYTPEHHET0 OTPAXKEHHMS JJIsL aKy CTH-
YEeCKHUX BOJH B OTPENENICHHOM IHana3one 4actot. On-
HAKO PACYCTHI TOKA3BIBAIOT, YTO HAMOOIEEe BAXKHBIMHU KaK

TexHonmorus u KOHCTPYHpPOBAaHHUE B YIIEKTPOHHOH anmapaTtype, 2010, Ne 1

49




MATEPHAJIBI SJIEKTPOHUKHN

JUTS TOHUMaHUSI (PU3KUKY MPOLIECCOB B MeTaMaTepranax,
TaK U JUIs UX IPAKTUYECKOT0 IPUMEHEHUSI SIBIISTIOTCSI Ma-
TepHasbl, OTHOCSIINECS OJHOBPEMEHHO K (DOTOHHBIM H
(hOHOHHBIM CHCTEMaM.

Oco0bIii HHTEpEC MPEICTABISACT BO30YKICHUE aKyC-
THYECKUX KoJIeOaHni B MeTaMaTepraiax ¢ HCIoIb30Ba-
HUEM ONTHYECKHUX JIa3ePOB, KOTIa 3aMETHYO POJIb UTpa-
10T 3(h(eKThI BOSHUKHOBEHHS aBTOKOJIE0ATENbHBIX COCTO-
SIHAH U 0COOEHHOCTH B3aUMOICHCTBHUS (POHOHHOM U (o-
TOHHO TojicucTeM (30H). Eciu B cucteme nmeeTcst nuc-
TOYHUK SHEPTUH, TOT/IA TIOTEPH, BEI3BAHHBIC IFCCHITAIN-
e, Oy/Ty T KOMIICHCHPOBAThCS 3a CUET IOCTYTIAIOIICH SHEp-
i (He 003aTeIbHO MEPUOIUYECKON MITH HETIPEPBIBHOI)
W OyzeT 0TMeqaTbest 3QGEKT OTPUIATEIFHOTO TPEHHS.
Takast cucrema [10] MOKET OTHOCHTBCS K aBTOKoJIeOa-
TEJNFHBIM JUISl CIyJaeB, KOTAa €€ TOJI0KEHHE paBHOBE-
cusi TiepecTaeT ObITh YCTOHYMBBIM U B CUCTEME BO3HHKA-
10T JIBIDKEHHS, TIEPEBOIAIINE €€ B PEXKUM CTallMOHAp-
HBIX MTEPUOAMYCCKHUX KOJICOAHUU C TIOCTOSIHHBIMU aMII-
JTUTY0HM U (ha30i. YCIIOBUEM JUTS TOJOOHOTO TIOBEICHUS
[10] ssBnsteTcst HaMYKe B CHCTEME TPEX COCTABIISIFOIINX
— COOCTBEHHO K0JIe0aTeILHON MTOACUCTEMBI, HCTOUYHH-
Ka DHEepPIruu, Bo3JeHCTBHE KOTOPOTO Ha KoJeOaTeIbHYIO
CHCTeMY JieJlaeT IOJI0KEHUE PABHOBECHS HEYCTONYNBBIM,
U HEKOTOPOTO HEJIMHEHHOTO «OTPAaHUINTEI, IEPEBO-
JIIIETO HapacTalomme (KaKk MPaBwiIo, SKCIIOHECHIINAb-
HO) KoJieOaHus B cTalMOHAPHOE cocTosiHUE. [10CKOIBKY
B TAKHUX CUCTEMAX BaYKHOM COCTABJISAIOIIEH TOKHEI OBITE
MIPOIIECCHI TEMIO0OMEHA MEX/1y dJIEMEHTaMH MeTaMaTe-
pHana, B YaCTHOCTH MEX Iy HaHOC(epaMu (TIPH UCTIOINb-
30BaHUH OMAJOBBIX MAaTPHII), COOTHOIICHHS JUTUTEIEHO-
CTH pelaKcaliy Ipoliecca TEIIoNnepeHoca 1 MepruooB
KoJieOaHMI B HUX 3HAYUTEIHHO OTIIMYAIOTCS OT aHAJIO-
THYHBIX [1aPaMETPOB B CIUIONIHBIX (KPHCTAJUTHICCKUX )
Cpemax, 4To MPUBOIUT K CYIIECTBEHHO MHBIM YacTOT-
HBIM 3aBHCHMOCTSIM KOA(PHUIINCHTOB 3aTyXaHNs 3BYKA.
B oTimume oT KpHCTAUTHYECKUX MaTepHaioB, B METaMa-
TepHasax JJIMHA BOIHBI aKyCTHYECKHUX KOJIeOaHUH pac-
CMaTPUBAEMOT0 THIIA OTPEACISAETCS €ro BHYTPEHHUM
CTPOEHUEM, HATIPUMEP MEPHOTNIHOCTHIO WITH THaMETPOM
D nanocdep B ONATOBBIX MATPHUIIAX, & 38 CYCT HATHUHS
AKyCTHUCCKUX KaHAJOB B OIMAJOBBIX MAaTPHIAX INHA
npobera GOHOHOB CTAHOBHTCSI MOPsIKa BestmurHbI D. Ta-
KHM 00pa3oM, TMarma3oH 4acToOT C «OJIaronpusaTHBIMIY
(7151 OTIAJIOBBIX MATPHIL) YCIOBUSMH 3aTYXaHUS JOJKEH
onpeiessTbca B 00JaCTH OT €IUHUIL A0 JIECSTKa I'Ura-
TepIl ¢ XapaKTEePHBIMHU 3aBHCHMOCTSIMHU OT pa3Mepa Ha-
HOC(Ep OIMAJOBBIX MATPHIl U MEXaHHMYECKUX CBOHCTB
KOHTAKTHBIX 30H MEXy HUMH.

Hacrosmas paboTta mocBsIIeHa UCCIIE0BAHUIO TIPe-
00pa3oBaHus U3ITYUCHHS MOLTHBIX TBEPAOTEIBHBIX JIa-
3epOB B aKkycTuieckue konebanus Hanochep SiO,. B
IKCIIEPUMEHTE 3TOT A(P(DHEKT MPOSABISACTCS B BOSHUKHO-
BEHHH B CIICKTPE MPOIIEALIETO 00pa3el] M OTPasKEHHOTO
0T 00pa3ia u3myueHus TuHui BP, pacrionokeHHbIX B CTO-
KCOBOIi 00JIACTH ¥ UMEIOIINUX CMEIIEHNE OTHOCUTEIBHO
BO30Y’KJAIOILEr0 M3JIyUYeHHs MOPsAIKa HECKOJIbKUX JIe-
CATBIX JIOJIEH CM ™!, 4TO COOTBETCTBYET COOCTBEHHBIM Ya-
CTOTaM KoJieOaHW HaHoCdep, JIeXkKalX B TUrarepiie-
BOM Jiara3zoHe. Taxke mpoBOMIOCH U3yUeHHE 0COOEH-
HOCTel BO30YKICHHUS BEIHY)K/ICHHOTO PACCESTHUA U aKy-
CTHYECKHX KOJIEOAHUI B OIMAJOBBIX MAaTPUIAX U HAHO-

KOMITO3UTaX Ha X OCHOBE B 3aBUCHMOCTH OT MOJIOXKE-
HUSA 3aMpelieHHoN (POTOHHOM 30HBI (uameTpa HaHocdep).

JKCHepUMEHTAJIbHASl YCTAHOBKA U METOIMKA
JKCIIepUMEHTa

Cxema 9KCIIepUMEHTAIBHON YCTaHOBKH TPHBE/ICHA Ha
puc. 1. B xadecTBe UCTOUHHKA BO30Y>KICHHUS HETMHEHHBIX
3¢ (HEeKTOB UCTIONB30BAIICS PYOUHOBEIH JTa3ep / ¢ MOIY/IH-
pPOBaHHOW JOOPOTHOCTHIO (JUTMHA BOJIHBI T'C€HEPAIMH
A=694,3 HM, ITMTEIBLHOCTB UMITYIIbca T=20) HC; MAKCHMAJTb-
Hast sHeprus B umiyibee £ =0,3 JbK, pacxonuMocThb
3,5:10* pan, mmpuna nunuy renepamun 0,015 em 1),

Boz0yxnaromiee nznydenue HoKyCHpOBaIOCh B 00-
pazen S5 nuH3amu 4. [Tonmynpo3padHble CTEKJISTHHBIE 1A~
CTUHBI 2, 3, 6 WCTIOIb30BAIIUCH JIsSI HATIPABIICHUS CBETO-
BBIX ITyYKOB Ha PETHCTPHUpPYIOIINE cucTeMbl. Crucrema
10 ucrionp30BaIach IJIs1 KOHTPOJISI SHEPTETUUECKHUX, TTPO-
CTPaHCTBEHHBIX U BPEMEHHBIX IIAPaMETPOB BO30YKIat0-
IIETO JIA3ePHOT0 M3IIy4YeHUs. DHEPTHUS PaCCeSHHOTO 13-
Ty4eHHs U3Mepssiach C UCIOJIb30BaHUEM KaalOpOBaH-
HBIX cBeTOAMOI0B 8 U 9. CucreMsl 7 HCIOJIb30BAINChH
IUTSL PETHCTPAIIH CIICKTPATBHOTO COCTABA PACCESTHHOTO
n3nydenusi. Cnexrpst KP perucrpuposanics MUHH-CIIEK-
TpomeTrpamu FSD-8 ¢ BOJIOKOHHO-ONTHYECKUM BXO/I0M
(mmnanazon 240—1000 HM, crieKTpalbHOE pa3pelieHue
6 M), ciekTpel BP — ¢ ucnons3oBannem uaTepdepo-
MeTpoB Pabpu—Ilepo ¢ mepemeHHO#M 6a30H, YTO MO3BO-
JISLTO BapbHUPOBATH 00IACTD JUCIICPCHH B ITMPOKHUX ITpe-
nemax — ot 0,42 no 1,67 em L.

Puc. 1. Cxema skcnepuMeHTaILHON YCTaHOBKU

W3mepenus mpoBOAMINCEH AT JIMH3 € (DOKYCHBIMU
paccrostHuAME 50, 90 1 150 MM npu pa3IHUHBIX MOJO-
JKEHHSX UCCIIElyeMOro 00pasiia OTHOCHTEIBHO (POKYCH-
PYIOILEH ONITHKH U TSI UCTIONB3YEMBIX SHEPTHIA BO30Y K-
Jarolero u3aydenus. [lociieiHee mo3Bossiio NpOBOANTE
WU3MEPEHUS TS YKa3aHHBIX 3HAUCHUN TTIOTHOCTH MOTII-
HOCTH Ha BXOJIC B UCCIIETyEMBIi 00pa3er 1 JuIs HCTIOJTb-
3yeMBIX pacipeielieHn o BHyTpu oopasia. O6pas-
ITBI OTTAJIOBBIX MATPHIL IMEITH Pa3Mephl 1X5X5 MM 1 ObUTH
BBIpE3aHbl MapauienbHo miockoctr (111). Yrom mane-
HUSI ITy4YKa BO30YKIAIOIIETO JIA3EPHOTO M3IIyYCHUS Ha
mockocTsh (111) Bapsuposaics ot 0 go 60°.

HccnenoBanuck omaxoBbie MAaTPHIIBL, COCTOSIINE U3
IUIOTHO yNakoBaHHbIX HaHochep Si0, ¢ muamerpamu 200,
230, 260, 300 u 320 HM, 1 HAHOKOMITO3UTHI (OTaJIOBhIC
MaTpPHIIBI, MEKCPEPHUECKIE HAHOMOIOCTH KOTOPBIX 3a-
TMOJIHCHBI pa3JINYHbIMH HEJIMHEHHBIMHU KHUIKOCTAMHU, aK-
TUBHBIMH B KOMOMHAITHOHHOM paccesHum). [ 3armon-
HEHMsI MEXKC()EPUIECKUX MOJIOCTEH 00pa3IloB HCITOJb-
soBanuch aneton (CH;COCH,), 6enszon (C,H,), nutpo-
6enson (C,H,NO,), sranon (C,H;OH), Boxa (H,0) u
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Tabauma 1
Ilapamempol ucciedo8anHbIX HEAUHEUHBIX CPeO
Henuneiinas »uaKocTh AV,’I n 8 10°
™M cM/MBT
AneroH 2925 1,362 0,14
Benzon 992 1,504 0,25
OraHon 2921 1,362 0,51
Bona 3300 1,33 0,07
Hutpobenzon 1345 1,553 0,21
YeThIpexXXJIOpUCTHIiA yriuepon | 459 1,464 0,13

ueTbipexxnopucThiii yraepon (CCl,). Kosdduunents:
yCUJIeHUs] KOMOMHAIITMOHHOTO PACcCesiHUA g, TOKa3aTeH
MIPEJIOMJICHHUSI /1, YaCTOTHBIE CABUTH AV TIEpBON CTOKCO-
BoH koMmoHeHTH KP miist mccnemoBanHbIX cpen mpe-
cTaBJICHBI B Ta0JI. 1.

JKcNepHMEeHTAJIbHbIE Pe3ybTaThl

DKCHEePUMEHTBI [TOKA3aJIH, YTO TTOJT AEHCTBUEM MOIII-
HOT'O JIa3ePHOTO M3ITyYCHHUS B OIIAJIOBBIX MaTPHIIaX BO3-
Oy’KIar0TCs aKyCTHYECKHE KOJICOaHUs ¢ 4aCTOTaMH, Jie-
XKAIMMH B THTareplieBOM JUama3oHe, ¢ BBICOKOH (-
(dhexTUBHOCTBIO MpeoOpa3oBaHusi. Yactora KonebaHui
onpeienseTcs pasmepamu Hanochep SiO,, o6pasyrommx
OTAJIOBYFO MaTpHILy. B pe3ynbrare paccesHus 1a3epHOTro
BO30YKIAIOIIETO U3ITyUCHHS Ha THIIEP3BYKOBBIX KOJIE-
Oanusax Bo3HUKaeT BP co cmemeHneM OTHOCHUTEIBHO
YaCTOThI HAKa4YKH IMOPAJAKAa HECKOJIBKUX JICCATHIX )10)'[6171
cm . Kosdpuuuent npeobpaszopanusi Bo30y:KIaI0MIETO
nazepHoro uzny4enus B BP moxxet nocrurats 50%. Pac-
XOJMMOCTD ITyuka BP Onm3ka k pacxoquMoCTd Iydka
Hakavkd. [lopor BO3HUKHOBEHUSI AP PEeKTa U UCIIO JIU-
HUH, a TAK)KE UX OTHOCUTEIbHAS HHTCHCUBHOCTD, 3aBH-
CAT OT THUIIA HAIIOJTHUTECIIA.

ITpu 3amonHeHNN Mexc(heprIecKuX HaHOMOIOCTelH
OIAJIOBON MATPHIIBI XKUIKOCTBIO C 71, OJIM3KKUM K 71 TUIAB-
JICHOTO KBapIia, o0pasel] CTAHOBHUTCS MPO3payHbIM. B
JIAHHOM CJTy4ae MOKHO HaOmronath BP kak B Hanpagiie-
Huu «Hasam (BP ), Tak u B HanpaBienun «BHEpem

Puc. 2. Cnexrtpsl BP, onanosoii Matpuibl, Mexchepu-
YeCKNEe HAHOMOJIOCTH KOTOPOH 3alOTHEHBI alleTOHOM
(O6nacte nucnepcun nHTephepomerpa dadpu-Ilepo:
a—0,833cm ;6,6 — 1,67 cv!

ITnotHOoCTH MOIIMHOCTH HAKAYKH:

a, 6 — 0,12 I'Br/em?; 6 — 0,21 TB1/cm?)

(BP,). Ha puc. 2 npencrasiens uarepdeporpammbr BP
B OMMAJIOBOM Marpuile, Mexchepruueckrne HaHOTIOPHI KO-
TOPOIA 3aI0JIHEHBI ALETOHOM (HAaHOKOMIIO3HMT), TIPH pas-
JIUYHOU TJIOTHOCTH MOIIHOCTH BO30YK/IAOIIEro U3ITy-
YeHUs.

bbun mpoBesieHbl U3MEPEHHS YAaCTOTHBIX CJIBHTOB
CTOKCOBBIX KOMITOHEHT BP B omasoBsIx MaTpuiiax 1 Ha-
HOKOMITO3UTaX Ha WX OCHOBE JJISl Pa3JIMUHBIX COCTABOB
1 TEeMITepaTypbl 00pa3iioB. [IpeacTasisiio HHTEpeC Cpas-
HUTbH TOJYYCHHBIC B CTAHIAPTHOM MPHUOJIMIKSHUH BEJTH-
4rHEI YacTOT BP ¢ yacToramn coOCTBEHHBIX KOIeOaHMIT
nanocdep SiO,. Konebanus ynpyroro chepudeckoro tena
paccmarpuBanuck B [10]. Aropsl [11, 12] Berauciunm
4acTOTHI V HaHOC(ep U3 TIIaBICHOT0 KBaplia, IpuHUMAs
BEJIUYHMHBI TPOIOIHHON U MMOTIEPEIHON CKOPOCTEH aKyc-
THYECKOH MOJIBI c[:5279 m/cu ct=3344 M/c. Beruucien-
HbIe 4acTOThI (B ['T'I1) paBHBI CIIEIYFOIAM BEJTHYUHAM:

V,=2,617/D, V,,=2,796/D, v,=4,017/D,
V4,=6,343/D,

rIie AuaMeTp HaHocdep D — B HAHOMETpPax.

B neiictBuTENIBHOCTH 3aMEPEHHbIE 3HAUEHUSI CKOPOCTH
pacrpocTpaHeHus 3ByKa (TIpoIoJIbHbIC KoJieOaHMs1) B OTia-
JIOBBIX MATPHIIAX IS PA3IMIHBIX 00pa3IIOB HAXOMSATCS B
nntepsane 2,1—3,3 km/c (300 K, 50—15 MI '), B nore-
pEeYHOM HarpaBJIeHUH — B HHTepBase 1,66—1,96 km/c u
CHJTBHO 3aBUCST OT THIIA YIIPOYHEHNUs 00pasoB u D Ha-
HOC(ep, UTPAIONIUX POJIb METAaTOMOB (METAaaTOM —
00beIMHEHIE aTOMOB, XapaKTEePHOE JJIsI METaMaTepHa-
JIOB, C 00s13aTeIILHBIM ITIOBEICHUEM KaK «OO0IIBIIIOr0» aToMa
B OIIpECICHHBIX Iporeccax). [lockonbky ¢ m3MeHeHn-
em quamerpa Hanocdep SiO, n ocobeHHOCTER ynpoUHe-
HUS U3MEHSIETCS ITIOTHOCTH 00pa31oB, BO3MOKHO, UIMEH-
HO IUIOTHOCTH B 3HAYUTEIILHOM CTETIEHH OTpeeNisieT 0Co-
OCHHOCTH CKOPOCTH PACIpOCTPaHEHHS 3ByKa M HAOIIO-
JaeMYT0 3aBUCHMOCTH 9acTOTHI OT D. PeanbHble omaio-
BbIC MATPHIIBI U, KaK MPABUIIO, BCE METaMaTepUAIIbl Ha
OCHOBE arperatoB (MeTaaTOMOB) HE 00JIaJat0T TPAHCIIS-
[IMOHHOM MHBAPUAHTHOCTHIO B KPUCTAIIOrPahUIeCcKOM
TIOHUMAHHUH TAHHOTO TEPMIHA JIAKE TS PEIICTYATHIX YTIa-
KOBOK, KOT/Ia JIAaHHOE OIpeiesIeHHe MOYKHO pacipocTpa-
HUTh Ha LIEHTPHI HaHOC]eEp, 0O0pas3yIOINX YHAKOBKY.
ITosTOMY CTaHAAapPTHOE PACCMOTPEHHUE C UCTIONB30BaHN-
€M TUTOCKHX MOHOXPOMAaTHYECKUX BOJH HEBO3MOXKHO
[13, 14].

Jns akycTH4ecKuX KoyieOaHMi OMUCaHUe PacIipo-
CTpaHEHHs TaKMX BOJIH B paMKax CTaHJapTHOTO arapara
MEXaHUKH CIUIOMIHBIX CPeJl IPOCTO HEBEPHO, TTOCKOIIb-
Ky HE0OXOIMMO HCITOIb30BaTh (DYHKIIHIO OTKIIKA MaTe-
pualia, yYuTHIBAIOUIYIO (Yepe3 KOOPIAMHATHYIO 3aBUCH-
MOCTH) IPOCTPAHCTBEHHYIO AUCTIEPCHIO B pacmpeiene-
HUM BemecTBa. [Ipu paccMoTpeHnn QyHKITMOHAIBHOM
3aBHCHMOCTH 9acTOTHI (W) OT k B MeTaMaTepraiax Heoo-
XOJIMIMO YYHTBIBATh BKJIAJI, 00YCIIOBICHHBIN HATUYHEM
MPOCTPAHCTBEHHON TUCTICPCHH, KOTOPBIH MOXET OBITH
3HAYUTENILHO OOJTBIIIe, YeM BEJTMINHA COOCTBEHHO 3aBH-
cuMoCTH 0e3 ero yJera.

B mpoBeneHHBIX KCIIEPUMEHTAX B 3aBUCUMOCTH OT
YCIIOBUH BO30YKIIEHUS pErHCTPUPOBATIOCH JIO TPEX CTO-
KCOBBIX KOMITOHEHT (Ta0J1. 2). [loHWwkeHue Temrepary-
PBI 00pA3IIOB 10 TEMIIEPATyPHI JKUAKOTO a30Ta MIPUBOAN-

(1)
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Tabmuma 2
Yacmommuwiii cosue komnonenm BP obpasyos HaHokoM-
no3umoe
Bemectno, Bux _— YacroTa, I'Tx
3anoNHsIoNIee )
MaTpHILy paccesHust Pacuer | Dkcniepument
8,8 8,0
Aneron BP, 295 13,6 13,0
BP, 295 8,8 8,0
8,8 7,8
BP, 295 13,6 12,6
Jranon BP, 295 8,8 7,4
8,8 8,0
BP, 80 13,6 15,7
214 22,6

JI0 K CYIIIECTBEHHOMY MTOBBIIIEHHIO (P (hEeKTHBHOCTH IIpe-
00pa3oBaHUs BOJHBI HAKAUYKWA B PACCESHHYIO BOJIHY H
noHmwxkeHuto nopora BP. Hactotel komnoneHt BP, nzme-
PCHHBIE IS Pa3IMIHBIX 00pa3IOB IPH KOMHATHOH TeM-
nepaTtype v pu Temreparypax B oonactu 80 K, a takxke
BBIYHCIICHHBIE COOCTBEHHBIE 9acTOThI HaHochep SiO,,
MIPEJICTABICHBI B TA0I. 2.

OTIu4ms SKCIIEPUMEHTAILHBIX U PACCUNTAHHBIX 3HA-
YEeHUH YaCTOThI MOTYT ObITh 0OBSCHEHBI, TPEX/IE BCETO,
AByMsl (PaKTOpaMu: B peasibHOM 00pasiie Hanochepsl SiO,
He cBOOOIMHBI; (hopma HaHOC(HEP MOKET HECKOJIBKO OT-
JUYaThCsl OT UIealbHOM chepudeckoit. M3mepenus 3a-
BHUCHMOCTH YaCTOTHOTO CJIBUTA PACCESIHHOTO M3y ICHI
OTHOCHTEJIBHO YaCTOTHI JIA36PHOTO M3JIy4YEHUS OT Jra-
MeTpa HaHocdep (cM. TadJ. 3) mokasaniu, 4To JaHHAs
3aBHCHUMOCTD CYIIECTBEHHO OTJINYAETCS OT TOH, YTO 3a-
Jaetcst BeipaskeHusmMu (1).

W3mepenns mapaMeTpoB CTOM-30HBI, BEITIOIHCHHBIC
JULS TEX JKe 00pasIoB, IEMOHCTPUPYIOT JINHEHHYTO 3aBH-
CUMOCTb MIOJIOKEHHUS MAKCUMYyMa B CTIEKTPE OTPAKEHHS
ot D. Takue nanHble ObLIN NOTYYEHBI IPU HCII0JIb30Ba-
HUH HETIOJIIPU30BaHHOTO OO0 CBETA IS CITydast HOp-
MaJIBHOTO TIaJIeHUs Ha 11ockocTh (111) rpareneHTpupo-
BAaHHOM KyOWYECKOH pemieTdaToil ynakoBKU HCCIeaye-
MBIX 00pa3LoB (0TpaxaroIast HIOBEPXHOCT 00pa3iia CoB-
najajja ¢ ero MjiocKocTbio (hopMupoBaHus). DKCIepH-
MEHTAJIbHO HAOIOTAeTCsI TMHEHHASI 3aBHCHMOCTD 9aCTOT-
HOTO CIIBUTA N3ITy4ennst BP, OTHOCHTENBHO 4acTOTBI BO3-
Oy>KJa0IEro Ja3epHoro uinyuenus or D3 (puc. 3).

V3meHeHne yria mageHusl IPUBOIUT K CMEIICHHIO
CTOII-30HBI B COOTBETCTBUH C YCIOBHSIMHU OPATTOBCKOTO

Tabmuma 3
Yacmommuwii cosue usryuenus BP, u nonodcenue maxcu-
mMyma 6 cnekmpe ompaicenus (A) Hanokomnozuma (dma-
non) 6 sasucumocmu om ouamempa nanocep SiO, (k-

cnepumenn)

v, [T (D£5) um* A, HM
5,1 315 656
6,6 290 628
7.8 270 575
11,1 245 540

* JlaHHBIE AJIEKTPOHHON MUKPOCKOIIHN

Vv, [T -
11
9 .
7 ® pacueTr
& DKCIIEPUMEHT
5

T T T T T T

3 4 5 6 D3,108 am3

Puc. 3. 3aBuCHMOCTB 4aCTOTHOIO CABMIa u3naydenus BP,

OTHOCHUTEJIBHO YacTOThl BO30Y)KIAIOLIET0 JIa3ePHOTO M3ITY-

YeHHs OT JuaMeTpa HaHoc(ep ONaloBOM MaTpHIlbl, 3aroJl-
HEHHOH 3TaHOIOM

oTpaxkeHus. [Ipu aHAJIOTMYHBIX M3MEHEHUSX YCIOBUI
ocBelleHus o0pasiia (To eCTh MPU U3MEHEHUH yIvia ma-
JIEHMs) YaCTOTHBIE C/IBUTH M3y4eHus BP, ocrarorcs 6e3
n3MeHeHui. Bo30ykaeHune B nccienyembix cpenax BP ¢
BBICOKHM K03(huIpienToM npeodpa3zoBaHms OXHO3HAU-
HO yKa3biBaeT Ha 3()()EKTUBHYO FeHEepaIHIO aKyCTHYe-
CKHUX KoJICOaHUH, JISKAIINX B 0OIACTH THITEP3BYKA B Cpe-
Jie. YacToTHBIHN THara3oH NTaHHOTO BO30YKIECHHS OTIpe-
JENSeTCsl KaKk TeOMETPHISCKAMHE pa3MepaMu HaHochep
SiO, onanoBbIX MaTPHIL, TaK ¥ aKyCTHIECKMMHU XapaKTe-
PUCTHUKAMU CPEJ, UCIIONb3YEMbIX JUIs 3aII0JIHEHUS MEX-
chepuueckux monoctei. YsenuueHue d3PEeKTUBHOCTH
peo0pazoBaHusl BOJIHBI HAKAYKHU B PACCESHHYIO BOJIHY
CyILIECTBEHHOE MOHIKEHUE Topora Bo30y»xkieHust BP npu
riepexoyie OT KOMHATHBIX TEMIIEPaTyp K TeMIIepaType Kui-
KOTO a30Ta, HabmomaeMoe B HKCIEPHMEHTE, CBSA3AHO C
CHJTbHBIM YMEHBIIICHUEM BEJIMYMHBI 3aTyXaHHsI TUTICP3BY-
Ka TIPU TAKOM TIOHIKEHUH TEMITEPaTypbl 00pa3IoB.

IIpu uccnenoBaHuu CHEKTPaIbHOIO COCTaBa pacce-
SITHHOTO M3JTy9ICHUS TSI 00pa31I0B HAHOKOMIIO3UTOB Pa3-
JIMYHOTO COCTaBa OBUIN PEaIn30BaHBI YCIOBHS TeHEpa-
MY BBIHY>KIEHHOTO KOMOMHAIIMOHHOTO paccesHus (KP).
B cirydae 3amomHeHUS MeKC(HEPUIESCKIX TTOIOCTEH orma-
JIOBOW MaTPHITBI HUITPOOEH30IOM (KOHTPACT MOKA3aTEeIIs
MIPEJIOMJICHUSI — OTHOIICHUE 1 CPEbl, 3alOJIHSIOLIeH
HAHOIIOJIOCTHU ONAJIOBON MaTpPHULIbL, K 3HAYEHUIO 1 TIJIaB-
JIEHOTO KBapla — n/nsioz=1,06) B 00pasie Bo30yxaa-
nock KP B HampaBieHnu «Hazay ¢ BRICOKOU A (eKTHB-
HOCTBIO TIpeoOpa3oBaHms Ja3epHoro unyueHus B KP. B
HAHOKOMITO3HUTE C HUTPOOEH30JIOM ITOPOT BOSHUKHOBE-
Hust KP 6511 B 20 pa3 HIDKe, 4eM B YHCTOM HUTPOOEH30-
ne. Boicokas apexruBHOCTb KP B )KHIKOCTH B HAHOTIO-
JocTsIX 00yCIIOBJIEHA CBOMCTBAMU 3ampeIeHHON (OTOH-
HOM 30HBI. Jpyroi npuuunoit ycunenus KP B nanHom
cityqae MOXeT ObITh 9 pexTrBHas renepanus BP , koto-
past MOXKET cIy>kuTh Hakaukoi anst KP B nanpasnenuun
«Ha3a.

JIJis BBISCHEHUSI BIUSIHHS 3alPEICHHON (HOTOHHOMN
30HBI Ha reHepanyio BP u KP 0butn mpoBeieHs! ucciie-
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JIOBaHMsI BOSHUKHOBEHUS STHX BHUIOB PAaCCESHHS B pa3-
JMYHBIX 00pa3nax.

CaoiicTBa 3anpenieHHoH (POTOHHON 30HBI 3aBUCST OT
IraMeTpa HaHocep, 00pa3yroIIX ONalIoOBYI0 MaTPHILY,
M OT cocTaBa oOpasma (OT BEIIECTBA, 3aIOIHSIIONMIETO
Mexcheprueckne HarnononocTH). [lomokeHne meHTpa
(hOTOHHOI 3ampeIeHHON 30HBI ONTPEIENAETCS KaK

Nopg =2DN 2/, cod , (2)
Ny :\/(1_ f)nZSioz + fr?, (3)

rae 0 — yroi majsieHus 1a3epHOro myyka Ha 00beKT (OTHOCHUTEIBHO
HOPMaJIM K IOBEPXHOCTH 00pa3lia, B yCIOBHSAX HAILETO K-
criepumenta 6=0);
oy ™ 3¢ PEeKTHBHOE 3HAUCHHUE TOKA3ATEIIsI TPETIOMIICHHSL;
f— xoaddunmeHT, onpeaensomnil Kakas 4acTb 00beMa MaTpu-

11bI 3aII0JTHEHA HeNIMHEHHOH cpeol (B HameM ciydae /=0,26).

Bo Bcex wmccnenoBaHHBIX 00pa3iax HaOIIOAIOCH
BP_ ¢ BbICOKO#H 3 (PEeKTUBHOCTBIO NPeoOpa3oBaHus
(Ta6a. 4, tie /A — JUHA BOJIHBI TIEPBOI CTOKCOBOM
komrnoHeHThl KP, cooTBeTcTBY!IO1IICH Ccperie, 3aroHsI0-

mieii oopasen), npu 3rom BP B paznuuHbIx 00pasnax ot-
JIMYaJI0Ch ITO BEUYHHE TPEe0oOpa30BaHMS U YHCITY IHHAH
B criektpe. OrcyrcTue BP, B omanoseix marpunax ¢
HUTPOOEH30JI0M, OEH30JI0M, B ONTAJIOBBIX MaTpHUIax 0e3
3aI0JTHEHUS] U B HEKOTOPBIX 00pa3iiax, 3aroTHEHHBIX alle-
TOHOM M BOJIOW, MOXET OBbITh OOBSICHEHO CIICAYIONIHM
obpazom. OOpa3IBl OCBEMIATUCH CHOKYCHPOBAHHBIM
ITYYKOM JIA3€PHOTO M3TYUIEHHs; JHaMeTp (OKaIbHOII re-
PETSKKM Ha TOBEpXHOCTH oOpasma coctapisia 0,1 mm
— TaKo¥ BETMYMHOM OTIpeeNnsiiach HHTEHCUBHOCTD BO3-
Oy’KIaromero U3 Iy9ICHNs Ha BXOJIE B aKTHBHYIO CpELy.
TommuHa 06pasna cocTaBmsuia 1 MM, IpU TOM BHYTPH
o0pasia uMeeT MEeCTO 3HAUUTENIbHOE OclabiIeHue Ja-
3€PHOT0 U3ITYyUCHHUSI, KOTOPOE IIPOUCXOUT IO IBYM IIPH-
YUHAaM.

s cydaes, Koria ITHHA BOJHEI JIA3€PHOTO H3ITY-
YEHUS JICKUT JAAJIEKO OT 3alpPeIeHHOHN (POTOHHOMU 30HBI,
IJIaBHOHM MTPHUYUHOMN TAKOTO OCITA0NICHUS SBISICTCS HEKO-
TePEHTHOE PACCEeSHUE CBETa Ha Pa3lUYHBIX Me(eKTax
cTpykTypsl. OCHOBHOHM TMapameTp, XapakTepu3yIONIHil
3TOT MpoIecc, — JUIHHA CBOOOIHOTO Ipobera (poToHa /,
paBHasi IPUOIUZUTETHHO 15 MKM, 9TO MHOTO MEHBIIIE

Tabmnuma 4
ITlapamempor 06pa3y08 HAHOKOMNOZUMOE U 8UABL BBIHYICOCHHOZO DPACCESHUS
BemiectBo, 3anonzsomiee MaTpuily n/Msio, Moy N\, HM Nppg» HM D, am Bun BP
483,07 200 BP,
555,5 230 BP,
Hurpobenson 1,07 1,48 765,8 627,99 260 BP,
724,605 300 KP, BP,
772,95 320 BP,
466,42 200 BP,, BP,
536,38 230 BP,, BP,
AnetoH 0,93 1,429 871,3 606,37 260 BP,, BP,
699,63 300 BP,
746,27 320 BP,, BP,
476,5 200 BP,
547,98 230 BP,
Benson 1,04 1,465 745,6 619,45 260 BP,
714,75 300 BP,
762,4 320 BP,
466,75 200 BP,, BP,
536,8 230 BP,, BP,
DraHon 0,93 1,43 871,1 606,78 260 BP,, BP,
700,125 300 BP,, BP,
746,8 320 BP,, BP,
463,5 200 BP,, BP,
533,03 230 BP,, BP,
Bona 0,917 1,42 906,7 602,55 260 BP,, BP,
695,25 300 BP,
741,6 320 BP,, BP,
4749 200 BP,
546,13 230 BP,
YeThIpexXXJIOPUCTBIN YIiIepos 1,01 1,455 717,2 617,37 260 BP,
712,35 300 BP,
759,84 320 BP,
440,64 200 BP,
506,74 230 BP,
(6e3 3aH;IHeHI/ISI) 0,69 1,35 7152 572,83 260 BP,
660,96 300 BP,
705,024 320 BP,
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TONMIMHBI 00pa3na. CpeHss JuHa CBOOOHOTO TIpode-
ra (oTOHA OIpeIeNAeTCs pa3InyieM IoKas3artesei npe-
nomienus SiO, U BENECTBA, KOTOPBIM 3aI0JTHEHBI MEXK-
cepruecKre HAHOTOJIOCTH OTIAIOBOI MaTpHIIbL. B ciry-
Yae 3aM0THEHHST MAaTPHIIBI alleTOHOM, STAaHOJIOM HITH BO-
JIOM JuTHHA cBOOOIHOTO Tpodera / Gosbiie, 4eM B JIpy-
THX CITy4asiX, 9TO MPUBOJMT K YMEHBIIICHUIO YHEPT€TH-
YeCKHX MOTepb BHYTPH 0Opaslia.

B omanoBbIx MaTpuIax, 3al0THEHHBIX HUTPOOCH30-
JI0M, OEH30JI0M, YETHIPEXXJIOPUCTHIM YIIIEPOIOM, H He-
3aI0THEHHBIX CYIIECTBEHHOE OCTa0ICHUE Ta3ePHOTO U3~
Ty4eHHs BCJICJICTBHE MAJIOW BEITUYMHBI [ ABISCTCS TPH-
yHOH orcyrcTBUs BP B Hanpasnenuu «snepen». Ilpu
3aI0JIHEHUH MaTPHLIbI alleTOHOM U Bojiol BP orcyTcTBYy-
eT, KOTZa JJTMHA BOJHBI JIA3EPHOTO HM3IYUCHUS JICIKHUT
BHYTPH 3alpelineHHon (OTOHHOM 30HbBI (cM. Ta0uI. 4). B
3TOM CIIyYae JIA3ePHOE N3ITyYEHHE YKCIIOHSHITHATBHO OC-
7abJIsIeTCs C yBENMUCHUEM TOJIIIMHBI 00pasiia n3-3a Opar-
TOBCKOTO OTPa)KE€HHsI, YTO JIeIaeT HEBO3MOXKHBIM BO3-
oyxnenne BP. Bo Bcex uccnenoBannasix oopasmax KP
MOIJIO BO30Y’KAaThCsl TONBKO B TOM Cllydae, Kornia da-
CTOTa BO30Y)KAAOIIETO JIA3EPHOTO U3TYUYCHHUS pacrioia-
rajach BOJHM3M BBICOKOYACTOTHOTO Kpas 3amperieHHON
30HBI, a YaCTOTa MEPBOM CTOKCOBON KOMITOHEHTBI —
BOJIM3H HI3KOYACTOTHOTO Kpas. B maHHOM cirydae -
Ha BOJTHBI, COOTBETCTBYIOIIAS IICHTPY 3alPEeIIeHHOH (o-
TOHHOH 30HBI, PACMOI0KEHA MEXK/Ty BEIHIMHAMH U~
HBI BOJIHBI JJA3€PHOTO M3JIyYEHUS U MEPBOH CTOKCOBOM
KoMITOHEHTHI KP.

OKCIePUMEHTAIBHBIE PE3YIIBTATHI, TOTYICHHBIC IPU
HCCIICIOBAaHIH HHTCHCUBHOM U MTPOIOJKUTEIFHOM aKy-
CTOJIFOMUHUCIICHITNH, Ha3BaHHOM 3 (heKTOM (POTOHHOTO
miamMenH [ 8, 9], Takxke sIBISIFOTCS] CBUACTENLCTBOM BO3-
Oy>XKJIeHHs B OTaJIOBOM MaTpUIle MHTEHCUBHBIX aKyCTH-
YeCcKHX KojeOaHui. DPPEeKT 3aKT09acTCs B BOSHUKHO-
BEHHH Ha TIOBEPXHOCTH OIAJIOBOI MaTPHUIIHI CBCUCHHS B
CHHE-3€JICHON 00JIaCTH CIIEKTpa JUTHTEILHOCTHIO HECKOIb-
KO CEKYH]I TPy 00TydeHIH 00pasiia Ta3epHbIMUA UMITYJIb-
caMH HaHOCEKYHJTHOU JITUTETILHOCTH, YTO HAOII0aIOCh
[IpU TeMIepaType KHUJIKOTO a30Ta KaK B HE3aTIOIHEHHBIX
OIAJIOBBIX MATPHIAX, TAK M B HAHOKoMITo3uTaX. [lopo-
TOBOE 3HAYCHHE ITIOTHOCTH MOIITHOCTH HAKaYKH OTIPEIe-
JISTOCH TUTIOM HETTMHEWHOM CPEJIbI, 3aITOTHSIFOIIICH MEXK-
cheprudecKkre HaHOTIOJIOCTH OTIAOBIX MaTpuil. [lis He-
3aMOJHEHHOT0 00pasila 3Ta BEJIMYHUHA COCTaBIIsIa
0,12 TBT/cM2, utst OTTasioBOit MaTpPHILIbL, 3aII0JIHEHHOU ATa-
HosoM — 0,05 T'Bt/cm?, aneronom — 0,03 TBt/cMm2.
Bo30yxeHue nepenaBaiock oT 00pasia, 00IydeHHOTO
Ja3epHBIM UMITYJIBCOM, K JIPyruM oOpasiiam, pacroso-
JKEHHBIM Ha TOH ke ToJuI0KKe. PaccTosiHue Mexy 00-
pa3LamMu MOIVIO COCTABIISATH HECKOJIBKO CAHTUMETPOB.

bbbt mecnenoBan CeKTpaNbHEBIN COCTaB CBEUCHUS,
BO3HHKAIOIIECTO MPH aKyCTOMOMHUHECIIeHIINH. CIIeKTp
CBEUCHHUS PACIIOJIOKECH, B OCHOBHOM, B CHHE-3CJICHOM
00yacTH (aHTUCTOKCOBasi 007aCTh MPHU BO30YXKJICHHU
PYOHHOBBIM JIa3ePOM), TPU 3HAYUTEITHHOM IIPEBBINICHUH
TOpOTa HaOIIOIAIOTCS TaKKe IMHUU B CTOKCOBOH 00I1a-
ctu. Ha puc. 4 npeacTaBieH CiekTp CBEUEHUS B OTIAJIO-
BOM MaTpHIle, 3ar0JTHEHHON MTUIEPUHOM. YBEJINYeHHE
WHTEHCHUBHOCTHU BO30Y KIAIOIIETO U3ITyUYSHHS TPUBOAUT
K BO3pacCTaHHIO MHTEHCUBHOCTH CBEUYEHHS M K MOSIBIIE-
HUFO JONOJTHUTEIIFHBIX KOMITOHEHT B @aHTHCTOKCOBOM 00-

16 - 1

MNHTEHCUBHOCTD, OTH. €.
o0

4. / l-*.' y
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400 700
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1000

Puc. 4. Cnektp cBedeHHs ONaJOBOM MaTpUIbl, 3aIIOJIHEH-
HOM TIIMLEPUHOM

nacTH criektpa. [Topor BO3HHKHOBEHHSI KOMIIOHEHT B CTO-
KCOBOM 00JIACTH TOpa3/io BhIIIE, YeM B AaHTHCTOKCOBOA.
3anosHeHHE MeXCHEPUISCKUX HAHOTIOIOCTEH OMaIoBhIX
ManI/II_[ KHUOKOCTBHO HE HpI/IBOlII/IT K UBMCHCHUIO CIICKT-
PaIbHOTO paclpeesiCHHs, HO MOXET BJIHATH Ha MOPOT
a¢dekra. Tak, 3amonHEHNE MATPHUIL KUIKOCTBIO C TIOKA-
3aresieM MPETOMIICHUS OOJIBIIINM, YeM TI0Ka3aTelb Ipe-
JIOMJICHHUSI KBapIiia, MOHUXKAET MOPOT BOSHHUKHOBEHUS
JIUHHUU B CTOKCOBOM 00JIaCTH CIIEKTpa. 3HAYCHUS ITHHBI
BOJIHBI Ha00JIee XapaKTEPHBIX JIUHHUH B CIICKTPE U3IYy-
YeHus pu dPPekTe GOTOHHOTO IITAMEHH B aHTHCTOKCO-
BOM oOsactu cocTaBIsioT 398, 408, 429, 440, 453, 464,
483, 500, 518 u 660 HM; B CTOKCOBOM o0actu — 747,
777, 796, 824, 846, 930 u 1013 um. [Ipoucxonsmmue
IIPY ATOM IPOIIECCHl UMEIOT MHOTO 00IIEeTo ¢ TPHOOITIO-
MUHECIICHIIMeH. Bo3HuKaromue B 00pasnax moj AeiCTBH-
€M CBETOBBIX MMITYJbCOB HAIPSHKECHUST HACTOJIBKO BEITU-
KH, YTO B HEKOTOPBIX CIIydasx 00pa3ibl HepeMenatoTcs
Ha OOJIBIIIOE PACCTOSTHUE, HHOTIA PACKAIIBIBAFOTCSI, TIPH-
YeM 00pa30BaBIIIHECs OCKOJIKH MPOJIOIKAIOT CBETUTHCS.

AKYCTOJTFOMUHECIICHIIUS B pACCMATPUBACMOM CITyuac
OTHOCHTCS K ONTOAKYCTHUECKUM dPdexram, 00ycioB-
JICHHBIM BO3I[GI71CTBI/ICM HUHTCHCHUBHOI'O I/I3J'IyLIeHI/IH OIITU-
YECKOTO JHMara30Ha Ha aKyCTHUCCKUE XapaKTePUCTHKH
Cpe/ibl, BKIIIOYAsT TaK Ha3bIBAeMbIi (DOTOAKYCTHUCCKHUN
3¢ EeKT, CBI3aHHBII ¢ MOIYIIAIMEH CBETOBOTO MOTOKA B
00J1aCTH YaCTOT, XapaKTEPU3YIOIINX €r0 B3aUMOJICHCTBHIE
CO CpEeIoi, YTO MPUBOIUT K BO30OYKICHHIO aKyCTHYC-
ckux KoneOanui. ClieyeT OTMETUTb, YTO HapsIy C aKyC-
TOJFOMUHECIICHIINEH, 00yCIIOBJICHHON HATMYUEM B Ma-
Tepuaiax pa3IHYHBIX THUIIOB CTPYKTYPHBIX AE()EKTOB,
pa3IUYaroT TPUOOITFOMUHECIICHITHIO, BO3HUKAIOIIYIO TIPH
MEXaHHYECKUX HArpy3Kax, OJM3KUX WU MPEBBIIIAOIINX
pealbHbIC MPEACIbI IPOYHOCTH CPEIIBI, KOTIa UMEST Me-
CTO HAKOIUICHHE Je(PEKTOB U dJICKTPUUYCCKOTO 3apsiaa B
00J1aCTAX YaCTHYHOTO HAPYIICHUS CIUIONIHOCTH C TI0-
CIIeIYFOIUM 00pa30BaHUEM MHUKPOTPEIINH ¥ BHYTPEH-
HUM [IPoboeM.

O B030Y)XJCHUU TUIEP3BYKA CBUAETEIBCTBYIOT HE
TOJILKO PE3YJIBTATHI 110 TIepeiaue akyCTHIeCKUX KojieOa-
HU# (¢ BO30Y)KICHUEM aKyCTOIFOMUHECIICHIINH ) OT OTa-
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a) Kgap PyOuHOBBIN
(pyOuH) nasep
Onanosas __
Marpuia -

Kuakuit azor

0)

Puc. 5. Cxema omnbita (@) u Qotorpaduu cBeueHus (uepes
2—3 ¢ mociie BHIKJIFOUCHHS Jla3epa) kBapia (6) u pyouHa (s)
Ipu BO30YXKAEHUH OMAJIOBOH MaTpPHUILIbI

JIOBOW MaTpHIIBI K IPyTUM Martepuauam (puc. 5), HO U
JIAaHHBIE HKCIIEPUMEHTOB, TPOBEJCHHBIX C OJJHOBPEMEH-
HBIM HCIOJh30BAHUEM KPHCTAILIOB (B BHIE IUIOCKUX
TUTACTHH 3a/IaHHON OpUeHTaIH ) cHiTbHOTO (SBN — Oa-
pU-CTpOHIMK-HIOOAT) 1 cI1ab0TO0 (KBapIl) THE303JICKT-
pukoB. Hanniune onanoBoit Marpwiibl, Bo30yx1aeMo jia-
3€pHBIM JIy4OM, MEXAY MapaieIbHO PacloI0KEHHbI-
MU IDTACTHHAMH MPUBOIMIIO K OOJBIION Pa3HUIIC MEKITY
BEIMYMHAMH 3apsi/ia Ha TOBEPXHOCTSX CHIIFHOTO U Clla-
00Tr0 MbE30AIIEKTPUKOB, BIUIOTH JI0 UCKPEHUS M TIPOOOS,
IIPU PaCCTOSHUAX MeKAYy IiacTuHamu 10 3 MM. [locie-
JIHEe TMOJTBEPKAaeT BOSHUKHOBEHHE THIIEP3BYKOBBIX
KoJicOaHuit, 0e3 BO3ICHCTBHS KOTOPBIX MTPOOOH B Mbe30-
AIIEKTPUKAX HEBO3MOKEH.

O0cy:xaeHne pe3yabTaToB

Kak crnenyer u3 nmpuBeAEHHBIX PE3YJIbTaTOB, B MIPO-
1[eccax, BO3HUKAIOMIUX MTPU B3aUMOJICHCTBUN MOIIHOTO
JIa3€PHOTO M3ITyYEHHSI C OTIAIOBBIMHU MaTpHIIAMHU, CyIIle-
CTBEHHYIO POJIb UTPACT aKyCTHIECKOE BO3OYKICHHUE HC-
cienyembix cpen. MiMeHHO BO30yKIEHHE THUIIepP3ByKa
SIBISICTCS IPUYMHON BO3HUKHOBCHUS OMTMCAHHBIX HEJIH-
HelHo-onTHueckux 3¢ dexros. CiaenoBaTeabHO, OMATIO-
BBIC MaTPHIIEI MOTYT OBITH NCTIOJB30BAHBI IS TeHEpa-
UM THIIEP3BYKA B TANa30HE OT HECKOMBKUX SIMHUIL 10
HECKOJIbKHX JIECATKOB Turarept [4, 5].

KauectBeHHO KapTHHA MPe0OPa30BaHMUS TAKOTO ONTH-
YEeCKOTO BO3/ICHCTBHUS Jla3epa B aKyCTHUYECKHE Koyeba-
HESI MOKET OBITH PACCMOTpPEHA B CIIeayIomeM Bue. Poib
HEJTMHEHHOr0 OrpaHUYUTEIs], yCTaHABIMBAIOLIETO CTalll-
OHAPHBIN PEKUM EPUOANICCKUX KOJICOAHMH, BBITTOTHS-
€T COOCTBEHHO OTAJIOBasi MaTPHIIAa Kak ()OTOHHBIH 1 (o-
HOHHBIN KPHCTAJLI, B KOTOPOM BeliencTre addekra «Ha-
KauKI» BO3HUKACT PEIKIM, XapaKTEPHBIH IS COCTOSTHUH
C OTPHLIATENHHBIM KO PUIIMEHTOM MPEIOMIICHUS, TIPH-
CyIuii, B 00IeM ciydae, BceM MeTamaTepuanam. Bos-
HUKAOIIAsl B OTIPE/ICIICHHOM JHAIa30HE aKyCTHICCKIX
BOITH Cpe/ia MepPeBOAUT PEXUM (MOXKHO CKa3aTh, KaTa-
cTpodryecKuii) HapacTaHUs aMILUTUTY/IbI KoJleOaHui B cTa-

HOHAPHBIH. [T TETbHOCTH 3TOT0 MPOIIecca ONpeaes-
eTCsl 3aTyXaHueM — ITOTEPSIMHU 3aTTACCHHOH SHEPTUH, TIe-
peBenenHol (10 5S0—60%) HeMMHEHHBIME CBOMCTBAMU
CHUCTEMBI B SHCPTUTIO NIEPUOIUICCKUX aKyCTHICCKUX KO-
nebannii. Yactora KoneOaHU onpenenseTcs NepruoIuy-
HOCTBIO CTPYKTYPHI BEIIeCTBa, 0COOEHHOCTSIMH CKOPO-
CTH PacIpPOCTPAHCHUS aKyCTHICCKUX KOJICOaHUI B cpefie
U YIPYTUMH XapaKTepUCTHKaMHU ONaJOBBIX MaTpHil. Pac-
CMOTpeHHbIE 3D PEKThI JUTUTEILHOH aKyCTOITFOMUHECIICH-
UM MOTYT OBITh HUCCIIENIOBAaHBI B Kiacce POTOHHO-(O-
HOHHBIX METaMaTEPUAJIOB, K KOTOPBIM OTHOCSITCS OTAJIO-
BBIC MATPUIIBL, IPH YCIIOBHH YCTAHOBJICHHS B TAKUX Cpe-
JIax ONpeeTICHHOTO PekuMa KoIeOaHMit 3a CIEeT B3aMO-
JISUCTBHIA MEKTy POTOHHOM U (POHOHHOH MMOJICHCTEMAMHI
(KaK 9TO UMEeT MECTO B pacCMaTpHUBAaEMOM ClIydae).
[1pum nr000M crieHapHH NepeKadyku SHEPIUU OITHYEe-
CKOTO MIMITYJIbCA B DHEPIHIO aKyCTHYCCKHX KOJCOAHUH
CYIIECTBEHHBIM (haKTOPOM SIBIISIETCS] PUKCHPOBAHHOCTD
JUTMHBI TaKAX BOJIH B 3aBHCHMOCTH OT pa3Mepa HaHO-
ctep (nm, BO3MOKHO, OT CBSI3aHHOU C HEH MepUOIMIHO-
CTBIO B TaKoM perierdaTroil ymakoBke). IIpu 3Tom cko-
POCTB pacnpocTpaHeHHs: (POHOHOB OyZIET OTIPEAeTATCS
MartepuaioM HaHoc(ep, a Takke YIPyroCThIO U HEYTIPY-
TOCTBIO KOHTAKTOB MKy HUMH. JleiCTBUTEIHHO, HE00-
XOANMO yUHUTHIBATh, YTO HAHOC(EPHI (KaXas U3 HUX OK-
pyxeHa 12-10 monoOHBIMH, a MeXc(hepuIecKue moJoc-
TH IBYX TUIIOB 00Pa3yIOT MOJPEIICTKY IOJIOCTE) B OTIa-
JIOBBIX MAaTPHIIAX UMEIOT ITOJCTPYKTYPY, TAK UTO KaXKIast
kpynHas Hanocdepa SiO, COCTOUT U3 HECKOJIBKHX COTEH
Oomnee menkux auamerpamu 5—10 M (puc. 6). Poip
MesKc(hepruueckoii 00IaCTH BBINOIHAIOT HEOOIBIIIHE ITO-
IIAJIKH, 10 KOTOPHIM HAHOC(EPHI CKPEIUITIOTCS MEXKITY
c00O0¥ B OMANOBBIX MATPHUIIAX IIPH OTIEPALIUIX YIIPOTHE-
HUSI, KOTIIa MIPOUCXOANT CpacTaHue HaHocdep (Ipu ux
TIOJIMTOHU3AINAH C 00pa30BaHUEM TUIONIAI0K HEOOIIBIINX
pa3mepoB) 0e3 CyIIECTBEHHOTO U3MEHEHHS UX MIEPBOHA-
YaJIHOTO pa3Mepa, a cCaMo YIPOYHEHHE OITaJIOBOT'O MaTe-
pHaa BOHUKACT [P IIepPEHOCE KPEeMHE3eMa B 30Hy KOH-
TaKTa ¢ 00pa30BaHUEM MTPOYHBIX CHIIOKCAHOBEIX CBSI3CH.
B xnure JI. 1. JJannay u M. M. JIudmmia «nekrpo-
JIIHAMHKA CTUIOIIHBIX CPE» OTMEUALTCs, 9TO (hopMalb-
HO 3aKOH BO3pacTaHus SHTPOIIUU NPU JIEHCTBUU IEKT-

Puc. 6. IToBepxuocts {111} oOpasua onanoBoil MaTpULIbI
(pacTpoBast IEKTPOHHASE MUKPOCKOIHUS, CHUMOK CJICJIaH IMOJT
yrioM 45° K TOBEPXHOCTH)
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POMAarHUTHOTO TIOJS B YCIOBUSAX TEPMOTMHAMIUCCKOM
HEPaBHOBECHOCTH MOKET PEaIN30BEIBATHCS HE TOJBKO
M0J] ICWCTBHEM 3JIEKTPOMATHUTHOTO HM3IYUICHUS, HO H
gyepe3 Bo30yKICHHBIC COCTOSHHS 3JIEMEHTOB, 00pa3yro-
mux cpeny. IlokazaHo, 4ToO B yCIIOBHUSX, KOT/IA peajibHas
YacTh AUAIEKTPUUECKOIl mpoHunaemMocta €<0, MOXeT
HUMETh MECTO «HEUCTHHHAS) TUCCUTIAIMS (HE CBA3aHHAS
C IOIVIOIIEHUEM U3ITy4YeHHs ), 00yCIOBIEHHAs HATMYUEM
BO30Y’KJICHHBIX COCTOSIHUH, HE OTHOCAIIMXCS K AJIEKT-
pPOMarHUTHEIM MoziaM. [ I0CKOIBKY HeCTallMOHapHBIE ITPO-
IIECCHI BCETa OTHOCATCS (B pPa3INIHON CTETICHH) K Tep-
MOJMHAMUYECKH HEOOpaTHMBIM IIpoIieccaM, HaJTHIue
MIPOM3BOJIBHON JHCIICPCHH JeNTaeT HEBO3MOXKHBIM TI0-
CIIeIOBATEIBHOE 3aJaHHC HICKTPOMAarHUTHOM SHEPT UM KaK
TepMoanHaMuueckoil Bennaunsl [ 15]. KocBennsIM mosi-
TBEPXKICHUEM HAJIMYUS TTOZOOHOT0 MEXaHU3Ma SBIISICT-
Csl paccMaTpUBaeMast HIKe BHICOKAs TyueBast IPOYHOCTb
OTIaJIOBBIX MAaTPHII, BBIIEPKUBAIOIINX UMITYIBCHOE OTI-
THYecKoe Bo3AeiicTBUe ¢ 0OIBIION MHTEHCUBHOCTBIO
(MOIITHOCTHIO).

[TockombKy OmanoBBIC MAaTPHIIBI OTHOCATCS] K HOBO-
My KJacCy HEKPHUCTAITMYECKUX HAHOKOMIIO3UTOB, a
MMEHHO K MeTamMarepHraiaM (KOTOpbIE 10 aHAJIOTHH MOYKHO
Ha3BaTh (POTOHHO-(POHOHHBIMU KPUCTAIIAMU ), SIBIISIOLH-
MICSI OTHOBPEMEHHO MaTepPHAaIaMH C 3aTPEIICHHBIMH (1
paszpelieHHbIME) (OTOHHBIMU U (DOHOHHBIMH 30HAMH,
MPEACTABIISIO OCOOBII HHTEPEC U3YYUTh OCOOCHHOCTH
MEXaHU3Ma JIy4eBOW NMPOYHOCTH TaKUX MaTEPHAaJOB.
MHorue xapakTepHbIe UX CBOHCTBA OOYCIOBICHBI Kak
HAJIMYHMEM NIEPUOJUIHOCTH HAaHOPa3MEPHOTo MacITada,
TaK ¥ 0COOCHHOCTSMH CTaTUCTHKH bo3e—DiHITeliHa (Ha-
pUMep, BO3MOKHOCTBIO nosryueHus 100%-Hoii uuBep-
CUM B JIByXypOBHEBBIX CHUCTEMaXx), KOTOPOW MOJYHHS-
IOTCSl YKa3aHHBbIC KBa3W4IacTUIBI ((HOTOHBI ¥ (DOHOHBI).
g uccnenoBanus Jy4eBOM MpOYHOCTH (IIpH KOMHAT-
HOH Temreparype) KpHCTAIITNYECKIX MaTepHasIoB (KBapil,
pyOUH), IJIABJIEHOTO KBapIla ¥ OMAJIOBBIX MaTpHIL (yI10-
PSAIOYEHHBIX, @ UMEHHO PEIIeTYaThIX YIAKOBOK HaHO-
cep SiO,) B Ka4eCTBE MCTOYHHMKA BO30YKIAFOIIETO U3-
Jy9IeHUs HCIIOTB30BANICS TBEPAOTEIBHBIN Ja3ep Ha Py-
oune (A=694,3 Hwm, E, .,=0,4—0,5 J[x), no3sosnsromui
nonyuuts 6e3 poxycuposku 10 2 I'Br/cm?, a mpu uc-
nosb30BaHuU (GoKycHpoBkr — 10 1000 I'Bt/cm? (ipu
TIomaau nsatHa myyka 0,2 MMZ).

Oxa3zasock, 4TO MPU UCTIOIB30BAHIY KPUCTAIINYC-
CKUX MaTEPHAJIOB HJIH IDTABJICHOTO KBapIla pa3pyIIcHIe
00pas1oB, B TOM YHUCIIE B BUJE IPOKHUTAHUS OTBEPCTHIA
WM BHYTPEHHETO NMPo00si, B 3aBUCHMOCTH OT KauecTBa
Marepuaa UMeJI0 MeCTO IIPH BENUINHE MOIITHOCTH 15—
40 TBt/cM?, a ¢ npuMeHeHreM (OKYCHPOBKH Ha IIOBEPX-
HocTH — Tipu 5—20 I'Br/cm? P BO3JIEUCTBUU OJTHUM
umIyascoM win 1—35 TBr/cm? npu 5—10 ummysbcax.
B ciydae omnanoBsIx MaTpuIl (IIpY aHAJIOTHYHBIX pa3Me-
pax M YCIOBUSIX BO3ICHCTBHS JIA3EPHOTO M3ITyUYCHNS)
apaMeTphl Pa3pyIIAIONIEro BO3ACHCTBHS CIICTYIOIIIE:
20—40 ummynbcos mpu Momuoct 40—20 T'B1/cMm?, He
menee 100 umynbeos mpu motaoctu 5 TBT/cM? 1 CBBI-
e 450—800 I'B1/cM? (B 3aBUCHMOCTH OT KauecTBa 00-
pasia) npu BO3ACHCTBUU OAHUM UMITYJIbCOM.

3akjoueHue

PaccmaTtpuBaeMble CUCTEMBI B 00I1IEM CTydae OTHO-
CSTCS K QaHTAPMOHHYCCKUM (HEIMHEHHBIM) PEIIeTKaM,
XapaKTepU3yIOIUMCS HETUHEHHBIM B3aUMOICHCTBUEM
HOPMAJBHBIX MOJ] TAPMOHHYECKUX OCIIIATOPOB. JliIst
MOJIOOHBIX HEAPTOJTUUECKIX CUCTEM HOPMAJIbHBIC MOJIBI
OTIPEAENSAIOTCS KaK ABMXKEHUE C TOYTH TOCTOSTHHOMN aMII-
JUTYOU U C 3alaHHOM YacTOTOH JU1s KaX10r0 OCLHILIS-
topa. [1oJo0HbIe HEMHEHHBIE MOJIBI KaK TepHOIYe-
CKHE PEIICHUS VTS HeTMHEHHBIX CHCTEM BO3MOKHBI pa3-
JMYHBIX TUIOB, B YaCTHOCTH B (popMe COIUTOHOB, Ha-
npumMep, Ui OAHOMEpHBIX Ienouek [16, 17]. Heapro-
JUYHOCTH CHCTEM O3HaYaeT, uTo (PYHKIMS pachpeserne-
HISI BIOJTb (Pa30BOM TPACKTOPUH HEMIOCTOSHHA, a CIIe]0-
BAaTCIIFHO COOTHOIICHUE YHEPTHH U CTATUCTUIECKOTO CO-
CTOSIHUSI CTAaHOBHUTCS HeogHO3HAuHbIM | 15]. Hannuue B
cucTeMe obsacTeil ¢ pa3IHUHBIMU aKyCTHYECKUMH Xa-
PAKTEPUCTHKAMU IIPUBOAUT K COCTOSIHHIO HETIOJIHOTO PaB-
HOBecHs [ 15], Korna Kaxkaast «MaJiasn MoJCHCTEMA OITH-
ChIBaeTCs CBOCH (DYHKIIMEH pacrpeesieH s, 8 TSPMO 1~
HamMH4YecKue GYHKIIUU He 0053aTENbHO SBIISIOTCS a1/~
THUBHBIMH HHTETpajlaMu JABMKeHHs. Kak U B ciry4ae BbI-
POXKJICHHBIX COCTOSIHUM, SHEPIUsi HE COCTABIIAET B OT-
JIETFHOCTH TIOJHOW CHUCTEMBI (PM3MUCCKUX BEIHUYUH, a
MIPOU3BOJIEHO BBIOPaHHBIC COOCTBEHHBIC (DYHKIIUH BbI-
POXKIICHHOTO YPOBHS 3HEPTHU HE 0053aTEIBHO 00pasy-
10T OPTOTOHAJIBHYIO CUCTEMY.

AKyCTHYECKHE METaMaTepHAaIIbl JOCTATOUHO YCIIOB-
HO pa3JesIsitoTest Ha Tpu knacca [1, 18], a umeHHo: ¢o-
TOHHBIE KPHCTAJUIBl — PETYISIPHO YIOPSIOYSHHBIE Ma-
TEpHUAaJIbI ¢ 3aIPEIICHHBIME (DOTOHHBIMU 30HAMU; YIIOPSI-
JOYCHHBIC MaTEPHANbI, YbH aKyCTHIECKHE XapaKTepH-
CTHKH OIPEJIeISIOTCS BHYTPEHHUM JH3aitHOM (intrinsic);
TaK Ha3bIBaeMsle inertial-marepuasl, 00pa3oBaHHBIE JIO-
KaJIbHBIMH PE30HAHCHBIMH «COCTaBHBIMI» MJIH KOMIIO-
3UTHBIMH JIEMEHTAMH C CYIIECTBEHHO PA3THIHBIMHU aKy-
CTHYCCKUMH CBOUCTBAMH (IUTOTHOCTHIO WK (Da30BBIMH
CKOpOCTAMH). /17151 aKyCTHUYECKHX METaMaTepHaIoB MOXK-
HO BBECTH YCJIOBHBIE aKyCTHUECKUE XapaKTEPUCTHKH (T10
aHanoruu ¢ poToHHBIMU KpucTaiuiami [ 1, 18]):

a) OTpHIIaTeNIbHbIe 00BEMHBIC MOTYIH (B), Kora Ja-
CTOTA JIOKAJBHOTO Pe30HaHCca BbIIIe GopMaIbHOH COO0-
CTBEHHOM 4aCTOTHI 3JIEMEHTOB (0OBIYHO TEJIO 00BEMOM
V cyxrMaeTest o IeHCTBUEM MPHII0KEHHOTO TaBICHHS
u B=—V0p/0V, HO NOKAIbHO MOXET M PACHIUPATHCS, C
Y4eTOM, 4TO B CpellHEM 110 Teay B>0);

0) oTpunaTeapHAs IIIOTHOCTH (MAacCOBast) — HaMpaB-
JICHUS ACHCTBUS CUJIBI U YCKOPEHUS IPOTHBOIIOIOMKHEI
(aHAJOT OTPUIIATEIILHOM TPYIIIIOBON CKOPOCTH);

B) opMabHBIN KO3 PHUIUEHT (MHICKC) IpeoMIIe-
Hus Kak n=(B,p/Bp,)""%, rne B u By, p u p,— 00beMHbBIE
MOJYJIH U TUTOTHOCTH Pa3INYHBIX (pa3, COOTBETCTBEHHO.

Ji1st onricanust CBOMCTB aKyCTHYECKUX METamaTepu-
AJIOB TaKXkKe yI0OHO UCIIONB30BaTh TAKOW MapamMeTp Kak
aKycTHueckuil umnenanc Z=p.c/cos®’, rne 8 — yron
MEKIY BOTHOBBIM BEKTOPOM 1 HOPMAJIBIO K CII0SM (T10-
BEPXHOCTSIM pas/iena), IPeICTABISIONIIM MaTEePUAIIBI C
PasHBIMHU CKOPOCTAMH (C;) aKyCTHIECKHMX BOJIH (OJHOTO
tuna) [1, 18]. Takum 0Opa3zom, akyCTHUECKHE MeTaMa-
TEpHUAaJIbl OMPEIEIIAIOTCS KaK MaTepHalibl C MPOCTPaH-
CTBEHHOU TUCIIEPCUCH NMITEIaHCca.
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Pesynbratsl, mogy4eHHbIe B HacTosEH padore, ae-
MOHCTPHUPYIOT BO3MOKHOCTH 3(h(hekTHBHOTO npeodpazo-
BaHHS YHEPTUH HMITYJIBCHOTO CBETOBOTO W3IYYCHHS B
aKyCTHYecKHe KojieOaHus HaHochep, 00pa3yromux ora-
JIOBYIO MaTpPUILY, C YaCTOTaMH, PACIIOIIOKESHHBIMH B TH-
rarepleBoM auamnasoHe. YacTory koneGaHmit MOXKHO Iie-
JICHAINPaBJIEHHO U3MEHSATh, BApbHUPYs CBOMCTBa 00pa3-
OB (HarpuMep, MeHsiA TuaMeTp HaHocdep, oopasyio-
MIAX MaTPUILY, 3aTI0JTHSS MEKCPEPHUSCKIEe HAHOIIOIO-
CTH Pa3JIMYHBIMHA BEIIECTBAMH). 3aIIOITHSIS TOJIOCTH pa3-
JIMYHBIMU HEJIMHEHHBIMH JKUIOKOCTSAMU U MaT€pUuaIaMu,
aktuBHbIMU B KP, 11 mog6upas Takum 00pa3zoM MoJoxe-
HHeE 3alpenieHHoH (pOTOHHOI 30HBI, MOYKHO TTOJTy4aTh B
HAaHOKOMITO3HTE Ha OCHOBE OIIaJIOBOM MaTPHIIBI BEIHY K-
JICHHOE paccessHue BO MHOTO pa3 Ooliee AP PeKTHBHOE,
4eM B CIUIOIIHOM Cpe/ie, YTO OTKPHIBACT MEePCIEKTHBHI
MCIIOJIb30BAaHMS OTTAJIOBBIX MATPUIL M Pa3HOOOPA3HBIX Ha-
HOMaTepHaJloB Ha UX OCHOBE (cM. Takxe [19, 20], B ko-
TOPBIX PACCMOTPEHEI onTHYeCcKUe (D (PEKTH B HAHOMATe-
pHuanax) B ONTOAKyCTHYECKIX YCTPOUCTBAX.
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OnmnoneHr k. m. H. B. I1. MACJIOB
(UDIT mm. B. E. Jlamkapésa, . Kues)

ITbE3BOKEPAMUWYECKUX MATEPHUAJIOB
[TPY BHEIIIHNX BO3JAEUCTBUAX

Hccneoosano erusnue 8030yaicoarnouux
9NIeKMPULEeCKUX NoNel, MeXaHUuyeckoz2o
00HOOCHO20 HAPYHCEHUS U MmeMnepamy-
pbl Ha cmadulbHOCMb padbodux napamem-
PO8 nvezokepamuyeckux snemenmos. Illo-
KA3aHo, 4mo nocjie CHAMuUs 8030yiHcOeHUsl
Habaooaemcs OLUMeNbHAs PelaKcayus
CBOUCMB NO 3AKOHY, OIUBKOMY K J102apudh-
MUYECKOMY.

CerHeronieKTpUYecKre MaTeprabl 3aHUMAIOT BaK-
HOE€ MECTO KaK B q)yHJIaMCHTaHLHOM MaTCprUaJIOBECACHNH,
TaK Y B IPAKTHYIECKOM 0071aCTH IPUMEHEHUSI HAyKU U TEX-
HUKHU. YHCIIO yCTPONUCTB Ha UX OCHOBE BEJIUKO: IIbE30-
JIBUTATEIIH, TbE30TPaHC(HOPMATOPbI, UICTOYHHUKHN Y 3-BOJIH,
(UITBTPBI, aKyCTOAIEKTPOHHBIC M OMTOIIEKTPOHHBIC
ycrpoiictsa [ 1]. HeBO3MOXXHOCTE IPOBEECHHS COBPEMEH-
HBIX MPaKTUIECKHUX U (DyHAAMEHTAIBHBIX HCCICIOBAHUM
0e3 Toro kimacca (PyHKIIMOHAIBHBIX MAaTepPHAaJIOB Oye-
BUJHA. JOCTaTOYHO OTMETUTH XOTS OB OCHOBY PacTpo-
BOH 3JIEKTPOHHON MUKPOCKOIINY — KaHTHIIEBEPHI, KOTO-
pBIe ¢ TIOMOIIBIO MBE303JIEKTPUIECKHX TPYyOOK ocyIie-
CTBJIAIOT ITEPEMEIICHNE Ha IECATKH aHTCTPEM.

BBuy OTHOCHTEIBEHOM MPOCTOTHI TPOU3BOACTBA IIIH-
POKOE pacIpoCTpaHeHHE ITOMyUHiIa CETHETOIEKTpHYe-
cKas KepaMuka. Vcronb3ysi 0coOble TEXHOJIOTHYECKUE
MPUEMBI, YIaeTCs MOXYIUTh KEPAMHUKY CO CBOHCTBAMH,
ONM3KUMH K CBOIICTBAaM MOHOKpHCTAIOB. OHAKO IPH
9TOM OT HEKOTOPBIX HEJIOCTATKOB, TPUCYIIHUX CYTy0O Ke-
paMHUYecKnM MaTepHanaM, n30aBUThCS He yaaercs. Ta-
KHM HEJIOCTaTKOM SIBIISIETCS CHJIbHAs 3aBUCHMOCTD
CBOMCTB Mbe3okepamudeckux aemeHToB (ITKJ) ot BHer-
HUX yciioBHi. Ecnu B MOHOKpHCTaJIJIaX ylaeTcsl cTa-
OMIIM3UPOBATh HEKOTOPHIE MapaMEeTPhl MyTeM BBIOOpA
OTIPE/ICTICHHOTO HampaBJieHus (cpe3a), TO B KepaMuKe
Takas crabmm3anus HeBo3MoXkHa. M3 aToro ciemyer He-
00XOAMMOCTb IMOUCKA IPYTHUX CITOCOOOB CTAOMITH3AIH
cBoiicTB. Takne criocoOb! M3BECTHBI — 3TO, HAIIPHMED,
BBIOOp CIECIHATBHBIX PEXHMOB TOJSIpU3alliy (Ha cTa-
nun uzrorosienus [1KD) u npunyaurensHoe crapeHne
yxe nossipuzoBaHHbIx 1K [2]. YacTuyHO pemuTs 3Ty
po0OIeMy MOYKHO TaKKe C IIOMOIIIBIO TEXHOJIOTHU H3r0-
TOBJICHUSI KOMIIO3UIIMOHHBIX MATEPUAJIOB B MPOH3BOI-
cTBE KepaMUKH. OTHAKO MHOTOYHCIICHHBIC ITyOIHKAIIH
10 TAHHOMY BOIIPOCY HEPE/IKO IIPOTHBOPEUNBEI U HE JIAI0T
HCUCPIBIBAIOIINX OTBETOB.

Kax u nmpu penienun m000i MaTeprazoBeuecKoil 3a-
Jla4u, PEIICHUIO BOIPOCa O CTAOMIM3aI[NH CBOWCTB TIbe-

30KEPAMUYECKUX IEMEHTOB JOJDKHO IPENLIECTBOBATh
YCTaHOBJICHUE PUYNHBI CUJIbHOM 3aBUCUMOCTH CBOWCTB
CErHEeTOAICKTPUUYECKON MThE30KEPAaMUKH OT BHEUIHHX
YCIIOBHI. DTOMY BOIPOCY H ITOCBSIICHA TaHHAs padoTa.

Just anmapatypel Ha ocHoBe [TKD BaykHBIMU SBISIOT-
Cs1 CIICAYIONIHE TTAPaMETPBL: MEXaHIYECKast TOOPOTHOCTD
0,,» 9aCTOTa COOCTBEHHBIX MEXaHUYECKHUX KOJIEOaHuH /,
OTHOCHTE/IbHAs JUDJIEKTPUYECKAs IPOHUIAEMOCTD € ,
TaHTEHC YIIA IUDJIEKTPUYECKUX TIOTeph tgd, nLe3oqu—
CTBUTENLHOCT g, HLGSOBHCKTPI/I‘IGCKI/II/I MOJTYITb d KO-
3(1)(1)HuneHT 3J‘IeKTp0MexaHI/I'{eCKOI/I CBSI3U k pe30Hch—
HbIH TTpoMexyTOK Af, Touka Kiopu T, COHpOTI/IBJ‘IeHI/Ie
R, B pesonance [3].

Tak Kak Ha MpPaKTHKEe OJHUM H3 OCHOBHBEIX (hakTo-
POB, IPUBOAIIHNX K U3MeHeHnto cBoicTB [1KD, siBisier-
csi Temneparypa [4], To B kauecTBe xapakrepuctaku [TKD
BBOJISITCsL TeMneparypubie kodpduuuentsl TK (Hanpu-
Mmep, TKU — temniepaTypHbIi KO3GGHUIIUESHT YaCTOTHI).
Benmuuna TK muist pa3nuaHbIx mapaMeTpoB MOKET MPH-
HIMATh 3HAUCHHUS OT HECKOJIBKUX IPOIIEHTOB (HATIPHMED,
OTHOCHTEJIBHOE H3MEHEHHE YaCTOThI COOCTBEHHBIX Me-
XaHWYECKHX KoeOaHUi) 10 HECKOJIBKUX COT MPOIIEHTOB
(HarpuMep, OTHOCUTEIbHOE U3MEHEHUE MEXaHUYECKOM
nob6poTHOCTH M conpoTuBiieHust [IKD Ha pe3oHaHCHOM
gacToTe). COOTBETCTBEHHO, BIUSHIE U3MEHEHNUS TEMIIC-
patypsl [IKD Ha cTabuibHyI0 paboTy yCTpoicTBa B Iie-
J10M OyZIeT pa3HbIM B 3aBUCMOCTH OT BIUSIONIETO Napa-
merpa (O, f., €,..-).

Tak, B ycTpolicTBaX yJIbTpa3ByKOBOIO Hepa3pyLIato-
IIET0 KOHTPOJISl BOXKHBIM MapaMeTPOM SIBJSIeTCS MeXa-
HUYECKas TOOPOTHOCTH O, , HU3KOE 3HAYEHNE KOTOPOH
o0yciiapnuBaeT OBICTPOE 3aTyXaHUE YIbTPa3BYKOBBIX
BOJIH, a CJIEI0BATEIIBHO, M OBICTPOE MEPEKITIOUCHIE MEXK-
Iy peKUMaMU U3Ty4eHus U npuema [5]. DTo IpuBOIUT
K YBEJIMYCHUIO pa3pelieHus 1o nyouHe. Mi3MeHeHue xe
MeXaHUYECKOW JOOPOTHOCTH OyAeT MPUBOIUTH K HAPY-
HICHUIO pab0oYero pexuma ycTponucTBa.

Jpyrum npumepoM SIBIISIFOTCS TTbE30/IBUTATENH. 3/1€Ch
TIPH yBEITMYICHUH BO30YKIAIOIIECTO HAIPSDKCHIS BBILIC He-
KOTOPOTO 3HAUEHHS HAOMIOACTCS OTKJIOHEHHUE OT JINHEHHO-
CTH 3aBUCUMOCTH «HaMpshKeHne — nedopmans» [6].

IIpoBenenune 3KcriepuMeHTa

s mpoBeeHuUs SKCIICPUMEHTOB OBLTH H3TOTOBIIC-
HBI 110 TPAJIULIMOHHOMN «KEPAMUYECKOID TEXHOIOTUH JHC-
koBbIe (d=10 MM, h=1 MM) Nbe303JIEMEHTHI Pa3TUUHON
CErHETOXKECTKOCTU: CETHETOMSTKUE M3 MaTepUasIoB
HTCrbC-3/1 n ITCCr-2 (Q, <400); cCrHETOKECTKHE U3
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LTCCrt-3 u MmoaenbHOrO TBEpAOTO pacTtBopa Pb(Zr,
Tio, 43)03, neruposannoro MnO, (Q,>400).
Meto10M pe30HaHCa-aHTUPE30HAHCA 10 CTAHAAPTHON
METOJIMKE [3] OnpeIesINCh: YacTOTa COOCTBEHHBIX pa-
JTMAITbHBIX MEXaHWYECKHUX KoJieOaHMi (4acToTa pe3oHaH-
caf), 4acToTa aHTUpe30HaHca (f, ), yacToTa 3-i rapmo-
HUKH OCHOBHOH PE30HAHCHOM 4acTOTHI (f 4), CONPOTHUB-
nenue [TKD na wacrore pesonanca (R,). Crarmueckas
snekTpuueckas emkocth [IKD (C)) onpenensinack Moc-
ToBbIM MeTojioM (MocT E7-8) na wactore 1 k['11. Mexa-
HUYeCcKast TOOPOTHOCTH OIpeIelisiiach 1Mo popmyrie

Qu=ARG 1(1- 7/ £)H .

e A — IMOCTOSIHHASL.

Temmeparypa 00pa3IoB KOHTPOINPOBATIACE XPOMEITh-
aIIOMeJIeBON MUKpOTepMoInapoii ¢ TouHocThio £0,05°C.

ITockonbKy ompeieNieHne MeXaHHIeCKOH J0OpOTHO-
ctu [1KD cBsi3aHO ¢ H3MEPEHUEM €T0 Pe30HAHCHBIX Xa-
PaKTepUCTHK (f,, f ), OBUIO MCCIIENOBAHO BIMSAHUE BO3-
Oy>KIAKOIIET0 HANPSHKEHUsT PE30HAHCHBIX 4acToT (f, £,
/,3) Ha CTaOWILHOCTH YacTOTHI U Ha pasorpes [1KD mpu
atom. O6pasramu ciyxuu [TKD u3 matepuana [ITCCr-
3, KOTOpBIM o0OnazaeT BHICOKUMHU JOOPOTHOCTHIO
(Q,,=800) u Touxoii Kropu (7,=290°C). Pesynbrarsl 510~
rO dKCIEpHMEHTa MpHUBEICHHI Ha puc. 1. Tak kak Tou-
IIMHA 00pa3IoB cocTanisiia 1 MM, 3HAYCHHS BO30Y X 1a-
IOIIETO HAMPSDKCHUS COBITAIAIH CO 3HAUYCHUSIMHE HaIlps-
JKEHHOCTH 3JIEKTPUUYECKOTO MOJS.

BrusiHMe HanpsKEHHOCTH BO30Y>KIAOILEr0 IEKTPHU-
YECKOTr0 MOJIsl PE30HAHCHON 4aCTOThI HA BEIUUHHY Me-
XaHHUECKoH n06poTHOCTH HccnenoBanoch st ITKD u3
JIBYX CETHETOMSITKUX Nbe3oMaTepuainos. M3 puc. 2 Buj-
HO, YTO YBEJINUEHHUE aMILUTUTY/bI IPUBOJUT K CHHKEHHIO
MexaHudyeckoil 1oopornoctu IIKD B 0oboux ciydasx.
OpHaxo 17151 pa3HbIX MaTepUAIIOB CTENIEHb CHUYKEHUS Qm
pasindHa, YTO SBISCTCS BAKHBIM JJISI TIPAKTHIESCKOTO
npuMmeHenus. Tak, noobporHocts [IKD u3 marepuaina
LTCCr-2, n3nadaabHO Oojiee BbICOKAsI, CHUXKACTCS 00-
Jiee pe3ko W IpU pabodeM 3HAYCHUH HAMpPSHKEHHOCTH
OKOJIO 5 B/MM CTaHOBHTCS 3HAUUTEILHO HUXKE, YeM y
[MK3 u3 ITCTBC-3/1.

0,52

6 1/
2
4 0,98
3 0,96
1 bl
5

0 2 4 6 E _,B/Mm

exc’®

Puc. 1. BriusiHue HanmpsHKeHHOCTH BO30YKAAIOIIETo JIEeKT-

PHUECKOTO MOJIS Ha PE30HAHCHBIX YaCTOTaX Ha CTa0MIBHOCTh
yactotsl (/, 3, 6) u pazorpes 1D npu pesonance (2, 4, 5):
1, 2 — na vacrore f; 3, 4 — Ha yactote f,5; 5, 6 — Ha 4acrore f,

0,

50

30 1 1 1
0 1 2 3 4 E, ., B/mm

Puc. 2. BnusiHue HanpsHKEHHOCTH BO30YIKIAIOLIETO 3JICKT-
PUYECKOTo IMOJs PE30HAHCHOW 4acTOThHl Ha AOOPOTHOCTH
ITKD u3 pa3iuuHbIX MAaTEPUANIOB:

] — UTCCr-2; 2 — IITCTBC-3/1

I

0,992 -

0,984 ! ! ;

0 150 350 P, xr/cm
Puc. 3. 3aBHCHMOCTb OTHOCHUTENBHOH pe30HAHCHOH YacTo-
ThI OT BEJIMYMHBI OJTHOOCHOTO MEXAHMYECKOTO HArpyKEHUs

Kpome temnepaTypsl, BaskHbIM Juist padboTsl [IKD na-
pameTpoM SBJIIeTCS aBjeHue (0JAHOOCHOE, TMAPOCTa-
tryeckoe). Kak npasuio, ycrpoiictBa Ha ocHoBe ITKD
paboTaroT npu aTMOCc(HEPHOM JABICHHH, H HE3HAUUTEIb-
HOE €ro M3MCHEHHE He MPUBOIUT K CKOIBKO-HHOYAb 3a-
MeTHOMY m3MeHeHuto cBorcTB [TK3. Oxnako, kak n3Bect-
Ho [1], B psine ycTpoiicts mpu 3akperenuu [1KD npu-
JararoT JOCTATOYHO BHICOKHE CYKMMAIOLIHNE YCHITHUS (KaK
[IPaBUIIO, B U3ITyHaTeNsiX MHTEHCUBHBIX YIBTPa3ByKOBBIX
BOJIH M Pa3JIMUHBIX aTYHKAX ). DTO PUBOIUT K U3MEHE-
HUIO PE30HAHCHOMW 4acToThI (pHUC. 3).

s m3ydeHus: MpuydrH, NPUBOSAIIAX K MOJT0OHBIM
W3MEHEHHSIM, ObLIIM IPOBEJICHBI JONOJIHUTEIbHBIE HCCIIe-
JIOBaHUA. DKCIIEPUMEHT COCTOSUT U3 UEThIPEX YacTeH.

B nepBoii wactu sxcnepumenta [1KD u3 matepuanon
OTCCr-3 u emecu Pb(Zr,, o, Tij 45)0; ¢ MnO, (¢ mo-
TsipHOI Komeit 0,7%) Bo30y>KIannch AMEKTPAYCCKAM Ha-
MIPsKEHHEM PE30HAHCHON YaCTOThI, KOTOPOE U3MEHSIIOChH
B ipesenax ot 0 1o 2,5; 10 5,0 u 1o 7,5 B ¢ marom 0,05 B.
B kaxmoit Touke oOpasel BhIACpKUBANCA HEe OoJee
1 MuH, Tpu 5TOM (PUKCUPOBAJIKCH €T0 PE30HAHCHAS Yac-
TOTa, 3HAYEHHUE BHIXOHOTO HAMPSKEHUS U TEMITepaTypa.
[Mockonbky Bo30yxkaeHnbIii [IKD HarpeBacst, mocie cHs-
THSI BO30Y>KICHHS €TO TEMITepaTypa HOHIKAIACh 10 KOM-
HATHOU B TeueHue He OoJiee AByX MUHYT. Beien 3a aTum
(UKCHUPOBAJIMCH €r0 PEe30HAHCHBIE XapaKTEPUCTHKHU B
teueHue 10 gacos. Pesynbrars! st [IKD u3 marepuana
HTCCr-3 npuBesneHsl Ha puc. 4, OBEICHUE BTOPOTO
o0Opasia ObLTO aHAJIOTHYHBIM.
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Flf |

0,995

0,985 |-

0,975 : :
150 350
Puc. 4. 3aBuCUMOCTb OTHOCUTEIBHONH PE30HAHCHON 4acTo-
ThI OT BPEMEHH I10cjIe BO30YKICHHUS MbE303JIEMEHTa Ha pe-
30HAHCHOM 4acTOTE HANPSKEHUEM Um,, B:
1 —252—50:3—75

t, MUH

f;’/J(O 1 - - L =
P A
2 R __.-..—-.—:
0,994 —
0,988 |
150 350 t, MUH

Puc. 5. 3aBHCHMOCTh OTHOCUTENIBHON PE30HAHCHOM YacTo-
TBI OT BPEMEHH IOCIIe Pa30rpeBa MbE303IEMEHTa 10 TeMIe-
parypsl 7T, °C:
1—280;2—170

W | 1
P ——

' 3

0,992 F -

0,984 * :

’ 150 350
Puc. 6. 3aBHCHMOCTh OTHOCUTEIIEHON PE30HAHCHOW YacTo-
Thl OT BPEMEHHU IOCIIE MEXaHUYECKOTO CHKATHUS IMbe303Je-

MEHTa C ycHiHeM P, Kr/cM?:
1—30;2—150; 3 — 350

t, MUH

Bo BTOpoit uactu sxcniepumenta KD u3 Tex ke ma-
TEpPUAJIOB BBLACPKUBAIMCH NpU Temneparypax 170 u
80°C B Teuenne 15 MUHYT, 3aT€M OXJIAXKTAIIHUCH 10 KOM-
HATHOW TeMIiepaTypbl He OoJiee 1ByX MUHYT. [Tocie aTo-
ro Takxe (UKCHUPOBAINCH MX PE30HAHCHBIC XapakTe-
PHUCTHKH B TEYCHHE HECKOJIBKHIX 4acoB. Pe3ynbrarsl npu-
BEJCHKI Ha pHC. 5.

B tperseii uactu sxcniepumenta [1KD BbiiepxuBanmch
10/ OAHOOCHOM MexaHuveckoii Harpy3skoii (30, 150, 350
kr/cM?) B Tedenue 30 munyT. ITocne 3T0r0 (UKCHpOBa-
JICh UX PE30HAHCHBIE XapaKTEPUCTUKHU TAKXKE B TEUEHUE
HECKOJIbKMX 4acoB. Pe3ynbrarTs! mpuBeieHb! Ha pPHC. 6.

W3 mpuBeieHHBIX PUCYHKOB BUJIHO, YTO BCE PACCMOT-
PEHHBIE BbIIIE BO3ICHCTBUS TPUBOAT K 00PaTUMBIM U3-
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Puc. 7. Penakcanust AMANEKTPUUECKON IPOHUIIAEMOCTH IIbe-
303JIEMEHTA TIOCNIe BO3OYKIACHUS MOCTOSHHBIM 3JIEKTpHYC-
CKHM TIOJIEM Pa3INYHON HANpPsHKEHHOCTH
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Puc. 8. [loneBast 3aBUCUMOCTHh CKOPOCTH pelaKCalum

JIUAJICKTPUYCCKON TPOHUIIAEMOCTH ThE303JIEMEHTa TOCIIe

BO30YK/ICHUS MTOCTOSTHHBIM DJICKTPHUYECKUM TOJIEM Harpsi-
JKEHHOCTBIO F

MEHEHHSIM CBOWCTB — PE30HAHCHAs YaCTOTa BO3BpaIlia-
eTCs K TIEPBOHAYATFHOMY 3HAYCHUIO.

B gerBeproit yvactu sxcniepumenta [IKD u3 matepua-
na [{TCCT-3 BbLACPKUBAIHNCH B TOCTOSIHHOM JJIEKTPHU-
yeckoM 1oje B reueHue 10 munyt. Ilocne cusitus nomns
(bukcupoBanach AMAIEKTpUIECKas MPOHUIIAEMOCTh 00-
pa3LoB B TE€UEHUE HECKOJIbKUX CyTOK. Ha pue. 7 BuaHO,
YTO MIPU HEKOTOPBIX 3HAYCHUSIX HANPSHKEHHOCTH JICKT-
PHUYECKOTO TIOJIS TUDICKTPUICCKast MPOHUIIAEMOCTD U3~
MeHsutach HeoOpaTumo (£(7)/€(0)<1, rae €(0) — auamek-
TpHUUECcKas MPOHUIIAEMOCTh, U3MEpEHHast 0 BO30yXkie-
HUS). DTU 3HAUYEHUS HANPsHKEHHOCTH DJIIEKTPUYECKOTO
noist ObUTM ONM3KK K KOApUUTHBHOU cruie. Ha pue. 8
N300pakeHa NoJIeBast 3aBUCUMOCTh K03 durmeHTa A, xa-
PaKTEPU3YIOMIETO CKOPOCTh PETaKCalliu AUIICKTpHYe-
CKOH IpoHHIIaeMoCcTH nociie Bo30yxaeHus [1KD nocto-
SIHHBIM JIeKTprueckuM mnojem: £(£)/€(0)=A4-Int+D, tae
D — mocrostHHAs, oTpenensieMas o BULy KPUBOU pe-
nakcarn. MakcCuMyMm 3TOl CKOPOCTH ITPUXONTCS Ha 3HA-
YCHMUA I10JI4, JICKAIIUC HUXKE KOSpL[PITI/IBHOfI CWJIBI HJId
JaHHBIX 3JICMCHTOB.

O0cy:xaeHne pe3y/1bTaToB

Pesynbrarsl, moka3aHHbIe Ha pHC. 1, OOBSICHSIFOTCS TEM,
970 NpH Bo30yxieanu [TKD Ha yactore pe3oHaHca, KOTO-
pasi COBIa/IaeT C YaCTOTOM COOCTBEHHBIX MEXaHUYECKUX
panualbHbIX KoJeOaH!id, POUCXOAUT €0 3HAYUTeNTbHAS
nedopmanus. [Ipu yBeIM4eHnH aMILTUTYAbI BO30YX1a-
IOMIET0 HANPSDKEHUS NeopMaIys TaKkke yBEITMIHBACT-
Cs1, OMHOBPEMEHHO C STHM YBEIHUUBACTCS U HKOYIICBO
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MATEPHAJIBI SJIEKTPOHUKHN

Temio (nponopuuonansHoe U?/R, rie U— Bo30ysxkaaro-
IIee HanpspKeHHe; R — CONPOTHBICHNE 00pasia B pe-
30HaHce), Boienstonieecs B [IKD 3a nepuon. Dto npu-
BOJIMT K 3HauuTeNbHOMY pazorpeBy [IK3, uaro B cBoto
ouepeib CKa3bIBAaeTCs Ha CHUKEHUU YacTOTHI.

YBenudueHne aMILTATY/IB BO30YKAAIOIIETO HalpshKe-
HUS Ha 4acToTe 3-i TApMOHUKHU PE30HAHCHOW YaCTOThI
TIPUBOJIUT K MeHbIIeMy pazorpeBy [IKD u, coorseTcTBen-
HO, K MEHBIIIEMY CHHYKEHHEO CaMOW 9aCTOTHI. DTO 00bsIC-
HSETCSl MEHBILNMHU, 10 CPAaBHEHUIO C PE30HAHCHBIMH,
MEXaHWYECKUMHU AehopManusamMu 1 60ree BEICOKIM CO-
npotusienneM [IKD Ha aToit wacTore.

Bo30yxnenne e [IKD Ha uactoTe aHTHpE30HAHCA HE
TIPUBOJTUT HU K CHIKEHHIO YaCTOTHI, HU K pa3orpeBy [1KD,
T. K. Ha 9TOM 4acToTe OH 00NajaeT MaKCHMalbHBIM
COIPOTHUBIIEHUEM U MEXAaHUUYECKOTO PE30HAHCA HE BO3-
HHUKacCT.

Takxum 00pa3oM, Ha CHUKEHHE YacTOT NPH yBeIHye-
HUH IEPEMEHHOT0 HATIPSKEHUS! OCHOBHOE BIIMSTHUE OKa-
3piBaeT Temmnepatypa [IKD. Kax Buano u3 puc. 2, mexa-
HHU4YECKas I[O6pOTHOCTI) IIpru 3TOM MOXKET 3HAYUTECIIBHO
CHU3HTBCS. AHAIU3 POPMYJIBI T pacueTa ), TIOKa3al,
YTO TaKO€ CHUKEHUE BbI3BAHO YBEJIMYEHUEM CONPOTUB-
nenust [TKD Ha pe30HaHCHO# YacToTe R, U €10 EMKOCTH
C, B pesyibrare pasorpesa. 1o CIeAyeT U3 TOro, YTo
M3MEHEHHE YacTOThI B Pe3ysibTare HarpeBa COCTaBIIseT
2—5%, a u3MEHEHUE CONPOTUBIIEHUS 1 EMKOCTH MOYKET
JOCTUTATh COTHH IPOIICHTOB (IS JTAHHBIX 3HAYCHHH TeM-
TIepaTyphl).

[Tpu npoBereHuN SKCIEPUMEHTOB 110 ONPEACTICHHIO
CKOPOCTH BO3BPAILEHHS K UCXOAHBIM 3HAYEHHSIM Pe30-
HaHCHBIX Xapaktepuctuk [IKD mocne Bo30yxIeHUs
(3IEKTPUIECKOTO, TEMIIEPATyPHOTO, MEXaHUIECKOTO)
YCTaHOBJIEHO, YTO BO BCEX YETHIPEX PACCMOTPEHHBIX CITY-
Yasix HaOI0JaeTCs JOJITOBPEMEHHAs penakcalus ympy-
rux mapamerpoB [1KD, 4To cBUAETEIBCTBYET O €IMHOM
MEXaHMU3MeE, IPUBOJISALIEM K PaCTSIHYTON BO BpEMEHH pe-
JIaKcaIyu (JIeCATKH 4acoB).

OOBSICHUTB ATO MOYKHO paccMaTpuBast MOJLIPH30BaH-
HYIO TIbe30KEePaMHKy KakK MOJIMKPUCTAIUINYECKOE TeJo
(puc. 9, a), B KOTOPOM CYIIECTBYET HEKOTOpast pa3opu-
EHTHPOBKA BEKTOPOB MOJIAPU3AIMH B COCETHUX 3epHaX
(61okax 3epeH). Ha puc. 9, 6 cxematnuecku mokas3aHo,
YTO MPH PA3INIHOM HANIPABICHUH BEKTOPOB MOJISpU3a-
IIMY MX TAaHT€HIHATBEHBIC X HOPMAaJIbHBIE IPOSKIHH OyIyT
ommmiathest. COOTBETCTBEHHO Oy/IeT OTINIAThCS 1 Aeop-
MaLUs SEPEH, KOTOpas ONPENENIETCA ypaBHEHHEM
u=dP+QP*, rne P — nonsipusanus; d — mbe303JIeKTPH-
yeckuii ko3huuent; O — 3MeKTpOCTPUKIUOHHBIN KO-
3¢ dUIMEeHT. DTO MPUBOAUT K BOSHUKHOBEHHIO HECKOM-
TICHCUPOBAHHBIX MEXAaHUYCCKUX HaHpH)I(eHHﬁ, KOTOPBIC
HaKaIUIMBAIOTCS Ha rpaHuuax 3epeH. [locne cuaTus Ha-
TPY3KH IPOUCXOINUT NPOIAOILKATENBFHOE OCTabJICHUE Ha-
KOIUICHHBIX HAMPSDKEHUH, YTO U IPUBOJUT K JUIUTEIIHLHON
penaKkcanu CBOMCTB.

JlaHHBIN MEXaHU3M AEUCTBYET Il BCEX PACCMOTPEH-
HBIX BHJIOB BbIBeneHuUs1 [1D M3 paBHOBECHOTO COCTOS-
Hust. Pazorpes [1D mpuBoaUT K €ro 4aCTUIHON AETIONS-
pHU3aLMH, YTO, KaK IIOKA3aHO BbIIIE, IPUBOIUT K HAKOII-
JICHUIO MEXaHUYECKUX HANPSHKEHNUH Ha TPaHUIIaX 3epeH.
Mexanundeckoe ogHOOCHOE Harpyxenue 113 taxxe yac-
THUYHO ACTIOISPU3YET €r0. DIEKTPUIECKOe BO30YKICHNE
I10JIEM PE30HAHCHOM 4acTOTHI IPUBOAMT KakK K pa3orpe-
By I1D, Tak u k ero neopManum.

a) 0)

g
Plt
Pln

Puc. 9. Cxema KpUCTAJUIUTHON CTPYKTYpbI MOISIPU30BAHHON
[IbE30KEePaMUKHU (@) U TAHT€HIMAIbHBIE U HOPMAJIbHBIE CO-
CTaBIISAIOIINE BEKTOPOB MOJIIPU3ALINU B COCETHUX 3epHax ()

Cremyer OTMETHTD, YTO JUTUTEIBHYIO PEIIaKCAIIUI0
MIOCIIe MEXaHMUECKUX Je(opMmannii MOKXHO paccMaTpH-
BaTh KaK OJIMH U3 CIIOCOOOB CHATHUS MEXaHUUESCKHUX Ha-
MpsDKEHUH B MeTaliax u criaBax [7, 8].

J11s1 TBEpABIX PacTBOPOB HA OCHOBE IUPKOHAT-TUTA-
HaTa CBHHIIA, B KOTOPBIX PEaJIM3yeTCsl CErHeTOMIEKTPH-
YEeCKOE MIIM AaHTHCETHETONICKTPHUECKOE COCTOSTHIE, Pe-
JaKCallMOHHBIE MTPOLIECCH UMEIOT APYTYIO pupoxy [9].

B cirygae Bo30y»KIICHHS TIOCTOSHHBIM ICKTPHYECKIM
TIOJICM TOSIBJICHHE HEOOPATUMBIX ITPOLIECCOB CBSI3BIBACTCSI
¢ 00pa3zoBaHMEeM B 00pasIiax 3apoAbIIei HOBOH (asbl (Ipy-
TOM MOJSIPHOCTH). DTO MPUBOANT TAKKE K TTOSIBIICHUTO JI0-
HOJIHUTEIIbHBIX BHYTPEHHUX HAIIPSLKEHUN U, KaK CIIEACTBHE,
K YBEIMYCHHUIO CKOpOCTH penakcanun (puc. 8). Takum
00pa3oM, Ha OIMCAHHBIH BBIIIE MCXaHU3M HAKJIAIbIBACT-
Csl MEXaHU3M 00pa30BaHUs HOBOU (a3bl.
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B pesynbrare mpoBEICHHBIX UCCIEAOBAHHN OBLIO
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A. A

Cnoco6bl noBblweHns 3PHEKTUBHOCTA MHOTOKa-
HanbHOro unsTpa OONMEepoBCKOro curHana. Ba-
cunesckul B. B., lonosaHb B. I, [Jposdos M. A.,
XuxHsk T. A.

OnTrMMmM3aumsa npouecca novcka Hem3BeCcTHOro Ko-
nuyecTtBa OBMXyLmxca obwekToB. MpuwuH Y. fO.

MukponpoueccopHble YCTpoKrcTBa
M cUCTEMbI

YHMBepcaanaﬂ MaTtpuuia CTPYKTYPHO-JTOrM4YeCKnX
npeobpa3oBaHuii n-mepHoro kyba E" equHOro Ko-
avpytowlero copmara. Mearos 0. /.
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@. [., Ubpacumos P. A., CeuxHywuH H. M.
[laTymk yrna noBopoTa reHepaTopHOro Tuna c ane-
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PaspaboTka cxembl U TOMOMOrMM 3NEMEHTOB Ma-
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s3bike C, HA MPOTSI?KeHUU BCero uanoxkenus. [Ipupenenst pe-
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