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[IEPECTPAUBAEMA JIMHUA 3AJEPXKHU

CUT'HAJIA CBUY-AMAITASOHA

HA OCHOBE CEI'HETOQJIEKTPUYECKHUX

N AJIMA3HBIX ITIJIEHOK

Paccmompen npunyun cozoanus wuporxo-
NOJIOCHOU MUHUAMIOPHOU TUHUU 3A0epiC-
ku cuenara CBY-ouanasona na ocroge
CeCHemOoINeKMPULeCKUx U aiMa3HbIX Nie-
Hok. Paspabomana mexunonozus nonyuenus
NJIEHOK HA KPEeMHUEBLIX NOOJONCKAX.

OJHUM U3 OCHOBHBIX (DYHKIIMOHAJIBHBIX y3JIOB pa-
JIFODJIEKTPOHHOM arapaTyphl sIBISIFOTCS JTMHUH 3a1ePIK-
ku (JI3). OHr BRITIONTHSFOTCS THOO0 Ha 6a3e OTPE3KOB pa-
JTIMOYACTOTHBIX KaOeJIeid, M TOT/Ia MX MOJCTPONKa OCyIIIe-
CTBIISICTCSI YKOPOUCHUEM JJTHHBI KaOellsl, 4TO SBICTCS
JUTHTEITEHOW 1 TPYJI0EMKOH oriepanueii, oo Ha peppu-
Tax ¢ (UKCHPOBAHHBIM BpPEMEHEM 3aJICP)KKHU (THITA
JI3A 511-8). Taxue JI3 He ynoBIETBOPSIIOT TpeOOBaHHU-
SIM TI0 BHOCHMBIM TTOTEPSIM, & TAK)KE 10 Maccorabapur-
HBIM XapakTepucTikaM. CyIIeCTBYIOT yrpasisieMbie J13
Ha OCHOBC IOJYHNPOBOJAHMUKOBBIX BapUKallOB, HO OHHU
OTpaHW4EHbI YPOBHEM IPOXOTHOTO curHasa. JI3 Ha moBepx-
HOCTHO-aKTUBHBIX BOJHAX OTPaHUYEHBI TUANIa30HOM Ya-
ctot j10 1,0 I'T', uMeroT GoJbInre MpsIMBIE IOTEPH B HE
MOTYT OBITH ITEPECTPAUBACMBIMHL.

CrpemiieHre NOoy4HTh O0JIee BRICOKHE KaueCTBEHHBIS
U TEXHHYECKHE XapaKTepuCcTUKH JI3 ecTecTBEHHBIM 00-
pa3oM IIPHUBEJIO K TOMY, YTO B KaUeCTBE aKTHBHOTO Ma-
Tepuana Juis JI3 6b11r BRIOpaHbI CETHETORIEKTPHKH, HME-
onme IIpe?)BI)I‘IaI‘/'IHO BBICOKHEC 3HAUCHUSA JUITICKTPUYC-
ckoii mporutaemoct (6omree 2000) 1 oOnanaronme CroH-
TaHHOM MOJSIPU3aInei, BETMYMHA KOTOPO MOXKET U3Me-
HATBCS IO/ IeHCTBHEM (DU3MUYESCKHX TOJICH (AJIeKTpHUe-
CKHX, MATHUTHBIX, TEIUIOBBIX) U MEXaHHUECKHX Jedop-
MaIuid. DTO OTKPHIBAET BO3MOXKHOCTB UISI CO3TaHHUS
AIEKTPUUYECKH TepecTpanBaemont JI3.

Jmsnekrpudeckast POHUIAEMOCTh CerHETOIIEKTPH-
Ka, HanpumMep TuTanara 6apus-crponnus (Ba Sr, | TiO,),
HAXOJSIIIETOCS B TAPAYICKTPUICCKOM COCTOSTHHU, OTIPe-
JIeTsIeTCs KakK

€
€ 00

R R )

o, (1 OT 0O
s x<0,5 N(M) =, | —+0.-0 -1
T. V16 @O

st x>0,5 r](T) = TC 1

800:C/Tc’ EN:2DN/[80(3800)3/2]>

rae T— temiiepatypa, IpH KOTOPOi UCIIONB3YETCs MaTepuall;
E ;. — HANpsSKEHHOCTb MOCTOSHHOTO MOJIsl, MPUJIOKEHHOIO K Ma-
TepHay;
T, — remmeparypa Kiopu;
€, — DJIEKTPUYECKAsl IOCTOSHHAS;
€, — nocrosianas Kiopu-Beiica;
C — ko3 unuent;
D,— craTuueckas 5JeKTpUYECKas MHIYKIHUsS B MaTepHale,
D,=4—17 Ki/m? (cn1abo 3aBHCHT OT KOHLIGHTpAIMK 6apys X);
6,.— nebaeBckas TeMIiepaTypa KoTeOaHu# MOAPENIeTOK KpHCTa-
J1a, OTBETCTBEHHBIX 3a CErHETOAJIEKTPUUYECKYIO TOJISIpH3a-
umio, st Ba Sr,_ TiO, npunsita 8,=175 K;
&, — Mepa ned)eKTHOCTH MaTepHaa.

C J0CTAaTOYHOM TOYHOCTBIO MOKHO TIOJIOKHUTE, YTO
T (x)=40+350x,
C(x)=(0,9+0,6x2)-10°.

Cremyer OTMETHTB, YTO YeM BBIIIE KpUCTAIUIOTpadH-
YECKOE COBEPIIEHCTBO MaTepuaa, TEM MEHbIIE BEJU-
urHa napamerpa &g. s coBepIIEHHBIX MOHOKPHCTAII-
JIOB WM BBICOKOKAUYECTBEHHBIX OOBEMHBIX 06pa3u013
kepamuku Ba Sr, TiO, &=0,015—0,1. [lns nieHok Ha
JURJIEKTPUUECKON MOJI0KKE IPU COBPEMEHHOM YPOBHE
TEXHOJIOTUH UX M3TOTOBIIEHU & 0,5—1.5.

W3 pacdeToB ciemyert, YTo AUdIEKTpHUIECKas IPOHH-
LIAEMOCTb CEIHETOIIEKTPUKOB MOKET IOCTUIaTh IIPUMEp-
Ho 10000. Takoe BbICOKOE 3HAYCHHE TUIIECKTPUUECKON
MPOHUIIAEMOCTH CIOCOOCTBYET YBETUUECHHIO KO3 duIiy-
€HTa IePEeCTPONKU EMKOCTH IIPU MPUII0KEHUU BHEIITHETO
T10JIs1, YTO OTKPBIBACT BO3MOXKHOCTDH CO3JaHU HINPOKO-
MIOJIOCHOM 3JIEKTPOHHO-YIPaBIIsieMOi MUHUATIOpHOH JI3
C UCII0JIb30BAHUEM CETHETONIEKTPUUECKUX MaTEPHAIIOB.

KoHcTpykuys JJUHMY 3a/1ePKKH

JI3 npexncrasiseT co60i MUKPONIOIOCKOBYIO JIMHUIO
(MILJI) nepemaun CBY-curnama ¢ cocpeoToYeHHBIMA
Ha HEll IJITaHapHBIMU KOHIEHCATOPAMU [IEPEMEHHOM eM-
KOCTHU. MI3MEHEHsIs1 eMKOCTb KOHICHCATOPHBIX 37IEMEHTOB

TexHOI0rHs 1 KOHCTPYMPOBAHHE B YJIEKTPOHHOM anmaparype, 2010, Ne 3
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MILJI Bxon ATl

Konnencarop

Brixon

Puc. 1. Cxema KOHCTPYKIUU JTUHUU 3aJEPIKKU

C MOMOIIBIO JIEKTPUUECKOTrO IMOJIL, MOXKHO 3a7aBaThb
BpeMsl 3a/Iep’KKU CUTHAJIA U YIIPABIATh UM B Takol JI3.
Bonnosoe conporusiienue JI3 cocrasiser 50 Om. Cxe-
Ma KoHCTpyKkuuu JI3 nmpusenena Ha puc. 1.

Jlis yBenmueHus paboueit wactotsl JI3 KoHIEHCATO-
po1 1 MIUI u3roraBnuBaroTCst 13 HAHOPA3MEPHBIX TIIE-
Hok Ba Sr,  TiO; cocrasa x=0,8, HaHECEHHBIX HA MO~
JIOKKY co copmupoBanHoii Ha Helt CBUC, kotopas ciry-
JKUT cucTeMoit ynpasienus JI3. OnTumanbHbIM MaTepu-
aJIOM JUIS TTOJTOKKH CITY>KUT KpeMHUH. J{71s1 CHIKeHUs
MOTEPh M YBEIUUYECHUS «IIPOXOAHOW» MourHocTn CBU-
curHaina JI3 ¢popMupyeTcst Ha TOHKOH alIMa3HOH TUICHKE
(AIl), nmpeaBapuTeIHbHO HAHECCHHONW HA KPEMHHEBYIO
moIToXKKy. TpeOyemast 3aiepikka OCYIIECTBISIETCS 3a
CUeT MPOrpaMMHUPYEMOTO0 BKIIFOUeHHS ¢ oMot CBIC
OJTHOTO MJIM HECKOJIBKUX KOHJICHCATOPHBIX 3JIEMEHTOB.

OcHoBHBIE (HU3UYECKHE CBOHCTBA IUICHOK
Ba, ¢St , TiO;, onpesensioniye BO3MOKHOCTB HX MPaK-
THYECKOTO NPUMEHEHUS, CICAYIOIIHNE:

— BBICOKAS JUAJIEKTPUUECKAs TPOHULAEMOCTD
(700—800);

— Huzkue norepu CBY-curnana — B CTPYKTYpHO
COBEPIIECHHBIX INICHKAX TAHTCHC YIJIa IUIEKTPUIECKUX
noreps He npepbimaer 1073 Ha yactorax g0 100 I'T (B
00beMHOI Kepamuke oH pased 10! na 1,0 I'Tn);

— BO3MO)KHOCTB YTIPABISITH JUNIEKTPUIECKOM Ipo-
HHUIIAEMOCTBIO, a CIIEIOBATEIFHO, 00ECTIeYnBaTh BENH-
YHHY K03()(PUIMEHTA yIPaBICHUS eMKOCTBIO KOHJICHCA-
TOpOB Ha ypoBHE 2,5—3,0 B cnabbIX 3JEKTPHUECKUAX
notisix (mpu U<15 B);

— HU3KAas TOCTOSTHHAS BPEMEHH IEPEKITFOUCHUS, UTO
T03BOJIAET OCYLIECTBIATH B TedeHnue 10~ ¢ mepecTpoii-
Ky BpEMEHH 3aJ€eP>KKH JIUHUY;

— BBICOKOE HanpsikeHue mpo6os (He Menee 106 B/cm)
MO3BOJISIET UCTIOIB30BATh OOJNBIIINE OUTOJISIPHBIC HATIPSI-
JKEHUSI CMEILEHUSI, YTO OTKPBIBAET BO3MOXKHOCTh IIPO-
rPaMMHPYEMOTO YIPaBJICHHS MOIITHOCTHIO.

K uncny mpenmyIiecTB aaMasHbIX IJIEHOK MOXKHO
OTHECTHU BBICOKHME MEXaHWYECKHE XapaKTEPUCTUKU U TeTl-
JIOTIPOBOJTHOCTH (B 5 pa3 BHINIE, YEM y MEIM) B COUeTa-
HUU C BBICOKOH JIEKTPUYECKOM IPOYHOCTBIO U HU3KOU
JUJIEKTPUYECKOI TPOHUIIAEMOCTBIO (OKOJIO 5).

Jnst cozmanmst JI3 6p11a pazpaboTaHa TEXHOJIOTHS 110~
Jy4EHUsI CETHETOIEKTPUUECKUX U aJIMA3HBIX TICHOK.

MeTomea (l)OpMHpOBaHl/IH CETHECTOIJICKTPUYIECCKUX
IJICHOK

CerHeToaIeKTpUISCKUE TIICHKH (HOPMUPOBATUCH
METOJIOM BBICOKOUacToTHOTO (BU) peakTHBHOTO paciibI-
JieHus B atMocdepe kuciiopoa [1], o0saaaronmm mmu-
POKHUMHE BO3MOKHOCTSIMH TI0 U3MECHEHHIO PEKXIMOB PO-
cTa (perynupyroTcs TeMieparypa, 1aBlieHHe KHCI0poa,
CKOPOCTB POCTAa, FTEOMETPH:I pa3MeIIEeHUs OAI0KKH OT-
HocuTenbHO BU-amexTpona). OCHOBHBIM MpeuMylie-
CTBOM METO/1a ABJIACTCSA BO3MOKHOCTDb HAIIBIJICHUSA CTPYK-
TYpPHO-COBEPIICHHBIX [UICHOK OKCHIOB METajljia C CO-
XpaHEHHEM CTEXUOMETPHH M0 KUCIOPOLLY.

CxeMa 3KCIeprUMEeHTATbHON YCTAaHOBKHU HATIBIIICHHS
npexacrasieHa Ha puc. 2. Kamepa nanbuienus / npej-
CTaBJIsIeT cOOOW IMITMHAP U3 HEPIKaBEIOIIEH CTalH, Ha
OCHOBaHHH KOTOPOTO 3aKperuieH BHenHui BU-anexTpos.
s yeTpaHeHHS BIMSHAS BUOPAINU KaMepa 3aKperis-
Jach Ha rojorpadpuueckoM crone. BakyymHas cucre-
Ma COEIMHSIACH C HACOCOM OTKAYKH CHIIB(HOHOM, T10-
JABITIONINM BHOPALNI0 MEXaHUIECKOro (opBaKkyyM-
Horo Hacoca. Kucrnopon mogaBaiics u3 6ammiona uepes
poTaMeTp M NPOKauMBaJCs 4epe3 Kamepy cO CKOpocC-
Th10 0,4+0,01 n/mMuH. TopsiuenpeccoBanHas Kepamuye-
CKasg MOJNHMKpHUCTANINYecKas MHUIIEHb 2 cocTaBa
Ba(LgSrO’zTiO3 quamerpoM 47 MM | TONIMHON 3,5 MM
MPUKJIEHBANIACH K AUAICKTPHUCCKOMY OKHY & U3 OKCHIA
oepwius guametpom 60 MM kiteeM K 400 ¢ HarmosHu-
TeneM u3 HuTpuaa oopa. Kieir obecniedynBall Xopouryro
TEIUIONPOBOJHOCTh MEXKAY KaTOAOM M MHUIIEHBIO, YTO
3alUINAI0 TOCJIEIHIO OT MeperpeBa U pacTpecKuBa-
Hust. [ HaOroneHus 3a NpoLeccoM HallbUICHHS MCTIONb-
30BaJIOCh KBapIIEBOE OKHO 6.

[Mommoxkka 3 3aKperuisiach Ha PEe3UCTUBHOM Harpe-
Barese 4 ¢ MIaTuHOBOM cnvpanbio. Harpesatens ¢ moj-
JIO)KKOW MOYKHO TTepeMeIarb OTHOCHTEIHHO MUIIICHH CO-
OCHO C HEl C MOMOIIBI0 MAHUITYTIATOPA, CHAOKEHHOTO
BaKyyMHBIM yIUTOTHEHHEM J. B kaduecTBe ncrounuka BU-
paspsia UCIoIb30BAIOCH BHICOKOYACTOTHOE YCTPOHCTBO

Bakyywmusrii moct

02
Puc. 2. Cxema ycTaHOBKH JUIsl HAIIBUICHUS! CETHETONIIEKTPH-
YECKUX IUJICHOK:
1 — xamepa; 2 — CeTHETONEKTPUYECKas MUIIECHb; 3 — ITOJUIOXKKA,
4 — KepaMUYeCKUi HarpeBareib; ) — BaKyyMHOE YIUIOTHEHHE; 6 —
OKHO /151 HAOJTIOICHNS 3a ITPOLIECCOM HANbUICHNS; 7 — OJIOK MUTAHUS
BY-karona; § — AMANEKTPUYECKOE OKHO
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VB-1. Ilepemennoe Hanpspkenue yacrtoroit 13,56 Ml
nosBoausoch Kk BU-a1ekTpoy OT TpexkackaJHOro re-
HepaTopa. 3alalolInii KBapleBbIi reHepaTop ¢ MEePBHIM
KacKaJloM yCHUJIEHHs cOOMpaIcs B OTIEIbHOM KOpITyCe.
BydepHsIit ycunmuTenb ObUT cOOpaH Ha YeThIPEX JIaMITax
I'V-50, a BeIxoqHOM Kackaa — Ha AByX Jiammax ['Y-80.
B kadecTBe coracyomero ycTpoicTsa UCIOIb30BaICs
«I»-KOHTYD € peryaupyeMbIMU HHAYKTUBHOCTBIO U €M-
KOCTSIMH. YTIpaBJICHUE HANPSHKEHUEM, IOIBOIUMBIM K BU-
JIEKTPOJY, IPOBOAMUIOCH IIyTEM HM3MEHEHHUS €MKOCTH
PETYIUPOBOYHOIO0 KOHAEHCATOpPa B COINIACYIOLIEM
YCTpOICTBE.

Mertouka HambUICHUS TUIGHOK 3aKITIoYanach B clie-
nyromeM. Ha HarpeBaTese 3aKperuisiia MOUI0KKY MIPH
MIOMOILIY JIeprKaTelisl, BHIIOJIHEHHOTO U3 HEpKaBeIoLIei
cTasy TONIUHOM 0,3 MM, FTepMETHYHO 3aKphIBaIH pado-
qyI0 KaMepy M OTKauMBAIHCh BO3AYX (hOPBAKYYMHBIM
"acocoM Trivac D30A go octarounoro gasiexus 10 ITa.
3areM B kamepy mnopaaBainu Kuciopoa mapku OCY no
noctkenus nasienus 60 [1a. Kourpons gaBnenus ocy-
LIECTBJISUICS aBTOMATHYECKU C IIOMOLIbIO CUCTEMBI pe-
ryisitopa pacxozaa raza PPI'-3 ¢ rounocteio +0,1 Ila. Io
JIOCTHKEHUHU HEOOXOMMOTO JIABIICHUS BKITFOUAIICS OJIOK
MUTaHus Harpesaressi. KoHTposb u nogaep kaHue Temrie-
paTypbl IOATI0XKKH OCYIIECTBISUTUCH aBTOMAaTHYECKU TIPH
TTOMOII MHUKpOTIpoiieccopuoro nm3mepureist TPM-101
¢ toyHocthio +5°C. Tlonnoxky HarpeBanu no 400—
420°C u BeiiepxuBanu 5 MuH. Jlanee BkItouanu 010K
nmutanusi BU-reneparopa, u B pabouem 00beMe MEKITY
MHUILIEHBIO U MTOJIOKKOH 3axuranack BU-mia3ma B kuc-
sopoze. PerynupoBka momuoctn BYU-ma3mel ocyie-
CTBJISIIACh HENIOCPECTBEHHO Ha 3aJJalollieM KBapLEBOM
rereparope. HarpeBarenb MOJI0KKH OCTaBaJICS BKITIO-
YEeHHBIM JI0 KOHIIa TIpoliecca HamnblieHus. Temmneparypy
MIOJUIOKKU B MPOLIECCE HAIbUICHUS MOXHO PEryJInpo-
Bath B mHTEpBase 500—900°C.

[Ipouecc noxy4eHus MiIeHOK COCTOs U3 JIBYX JTa-
noB. Ha nepBoM sTane npoBoauiN HarbUIeHUE B KUCIIO-
polie, KoTopoe npojoikanoch 2—10 MUH B 3aBUCHUMO-
CTH OT TpeOyeMOi TONIIUHBI IUIeHKU. BTopoii sTan 3a-
KITIOUaJICs B TEPMOOOPaOOTKE IJICHKH B arMOc(epe Kuc-
nopoza. [l sroro Beiknodanu BU-reneparop, 3akpbl-
BaJIM BAaKyyMHBII BEHTHIIb OTKAUKH, BHIKJIOUAJIN Harpe-
BaTeJIb [OJUI0KKH U YBEJIMYMBAJIH IaBJICHUE KUCI0poia
B Kamepe J10 103 Ta. Janee TO/UTOKKY OXJIXJIAIH 10
KOMHAaTHOM TeMIlepaTypbl B TEUEHHUE 2 4aCOB.

[TosmyueHHbIe CErHETONEKTPUUECKHE IIJIEHKH COCTa-
Ba Bao,gsro,zTiO3 HWMEJH CJIEAYIOINE TapaMeTphbl: TU3-
JIEKTpUUECKasi IPOHUIIaeMOCTb — 720, TAHT€HC yTJia JIu-
3JIEKTPUYECKHX TT0Teph — 1073 Ha yactoTax 10 100 [T,
K03 PHULMEHT YIIPaBICHUsI EMKOCTHIO KOHIEHCATOPOB —
2,5, HanpsixeHue mpobos — He MeHee 106 B/cm.

Metoauka (l)OpMHpOBaHI/Ifl AJIMA3HBIX IIVICHOK

JLiist CHUYKEHUS TIOTEPh M YBEIHMUYCHUSI KIIPOXOIHOI»
momrHocTr CBU-curnana JI3 ¢popmupoBaick Ha ammas-
HBIX TUIeHKaX. [[IeHKN HAHOCUITUC Ha KPEMHHEBYIO T10/1-
JOKKY METOIIOM XUMHYECKOTO HambUieHHs (chemical
vapor deposition, CVD). JlanHbIi1 MeTO TO3BOJISET 3-
(EKTHBHO YIPaBIATH MapaMeTpaMu mporecca GopMu-
POBaHUsI IJICHOK, & UMEHHO: H3MEHSTh OCTATOYHOE J1aB-
Jnenue B auanasone ot 6:1073 10 1-107* MM pr. cT., TeM-

CoiteHonn Peakunonnas kamepa

Harpesatenn
/

\ ! —l:
HEn
\
IMomaua raza — || TTommosxka
Bakyymnas
CUcCTeMa

Puc. 3. Cxema ycTaHOBKH (POPMHPOBAHHUS aTIMa3HBIX ILIE-
HOK B IJIa3Me ra30BOTO pa3psiia HU3KOTO JABJICHUS

Hupkynsatop

CBUY-maruetpon

neparypy noanoxxku ot 500 7o 900°C, MouTHOCTh U3ITy-
YeHUs ra30B0ro paspsiaa ot 50 1o 300 BT, ncnons3osatsb
pa3IMyHbIe ra30BbIE U )KUIKUE PEAKIIMOHHBIE CPEIBL.
TexHosorus BBIPALIMBAHUS TNIEHOK 3aKJIIOYAETCs B
paszioxxeHuu ra3oBoit cmecu B CBU-paspsie npu noHu-
’KeHHOM naBieHuu u temreparype 500—900°C. [ns
BBIpAIIMBaHUs IUICHOK ObLia pa3paboTaHa U U3roTOBIIE-
Ha YCTaHOBKa, CXeMa KOTOpOH MpezcTaBlieHa Ha puc. 3.
YcTaHOBKa COCTOUT U3 PEAKIIMOHHON KaMepbl, BaKy-
YMHOHM CHUCTEMBI OTKaYKH, CUCTEMbI IOAAYH PEaKIHOH-
HOHW CMECH, MarHETPOHA, COJICHOU I, IIUPKYIATOpa. Pe-
AKIMOHHAs KaMepa MPEeCTABISIET COOO0H HIITHHIP, BHYTPH
KOTOPOTO YCTAHOBJICH HAIPEBACMBIii Iep>KaTelTh TOAIOXK-
KM, TePEeIBUTAOIIMNCS BJIOJIb PEAKIIMOHHON KaMephl.
TemMmepatypa HOATI0KKH KOHTPOJIUPYETCS C TOUHOCTBIO
+3°C. BakyyMHas cuctemMa COCTOUT U3 ITOCIIEI0BATEb-
HO BKIJIFOYCHHBIX (DOPBAKYYMHOTO M JH(PPY3HOHHOTO
HACOCOB U MTO3BOJICT CO3/1aBaTh OCTATOYHOE JIaBICHHUE
B PEAKIMOHHOI Kamepe He xyxke 5-107 mm pr. cr. Kon-
TPOJIb OCTATOYHOTO JABJICHUS B KAMEPE OCYIIECTBIISICT-
cs Bakyymmerpom BUT-3. Cucrema nogauu peakimoH-
HOM CMECH MpEJICTaBIsIeT COOOW JBa BEHTUIISI, COCIHU-
HEHHBIX MapauIeIbHO, KOTOPbIE UMEIOT OO BBIXO/ B
PEaKMOHHYIO Kamepy, YTO IO3BOJIIET OJHOBPEMEHHO
paboTaTh C HECKOJILKUMH BHJIaMH pabounx cpen. B ka-
YeCcTBE UCTOYHHKA M3ITy4YSHHS UCTIONIb3YEeTCS MarHETPOH
M-105 ¢ gactoToit 2,45 I'T'1 1 MaKCUMAJIBHOI MOIIHOC-
Tht0 300 BT ¢ G110KOM yripaBieHUs U MUPKYISTOP, KOTO-
PBIH TaCUT OTPAXKEHHYIO BOJHY Ui MPEJOTBPALCHHS
MornajaHus OTPaXEHHOM MOIIHOCTH B MaruerpoH. Ha
paccrosgHuu 80 MM OT IUIEKTPUUECKOIO OKHA B peak-
LIMOHHOM KaMepe HaXOIUTCs 30Ha ra30Boro paspsaa. s
CTaOWIIN3AINH Ta30BOTO Pa3psiia HCIIONIB3YETCsl COTICHO-
W, CO3JAI0IINIA MarHUTHOE T0JIeM ¢ UHTyKIuen 2,5 Ti.
MeToauka HanmbUIEHUS COCTOANA B ciieaytouiem. [le-
pell HavyajoM IpoLecca OCaXIEHHsI alIMa3HbIX INIEHOK
BO3/IyX M3 PEAKIIMOHHON KaMepbl OTKaYUBAJICS JIO OCTa-
TOYHOTO JIaBieHus 7-10™> MM PT. CT. C IOMOIIBIO BaKy-
YMHOH CUCTEMBI. BO BpeMs OTKauku MOMJIOKKA pas3o-
rpeBajiach 10 3aJaHHOM TeMIlepaTypbl, KOTOpas KOHTPO-
JIMPOBAJIACh 3aKPETUICHHOM Ha Hel TepMonapoil. Bpems
HAIBIICHUS B 3aBHCUMOCTH OT TpeOyeMOi TONIINHEI pa-
CTy1Ie IIeHKH BapbupoBanoch oT 50 1o 120 mun. I1nen-
KM OCKIIMCh U3 Ta30B0i cmecn CH,—H,~Ar Ha kpem-
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Huesble mookku Mmapku KJ[b-12 ¢ opuenrarmeii [100]
npu temneparype 500—900°C. Bo Bcex mpoBOANMBIX
9KCIIEPUMEHTAaX OCTaTOYHOE JaBJIEHHUE COCTABIISAJIO OT
1103 10 3103 MM pT. CT., MOIIHOCTb U3TydYeHUS —
200 Bt.

[Monmyuennsie AIl nMenu TEMIOMPOBOAHOCTH OKOJIO
6,7 B1/(cM'K), TUBIEKTpUYECKYO TPOHUIIAEMOCTH OKO-
7o 5.

*kk

Hcnions3ys pa3paboTaHHBIC TEXHOIOTUH ITOTyYCHHUS
CETHETOAIEKTPUICCKUX M alIMa3HbIX TJICHOK, ObLTH CO-
3/IaHBl HKCTIEPUMEHTATIbHBIE MaKEThl TMHUN 3aJIePHKKH.
[Mpstmbre morepu CBU-curnana B JI3 cocraBim He Goree
5,0 nb B mmanaszone 26—46 I'Tu. Peanuzanus HU3KHX
MOTeph TOCTUTanach mytem uzrorosiaeHuss MIJI u mna-
HAPHBIX KOHJCHCATOPOB M3 MICHOK Ba (St ,TiO; Ton-
mHO 70—100 HM, a Takke 3a c4eT (POPMUPOBAHUS

MITJT Ha aMa30110100HOM IIJICHKE TOJIIMHON 2—3 MKM,
He mryHTupytomeit CBY-curnan 8 MIUI u o61agaromieit
BBICOKOH TETIIONPOBOAHOCTHIO.

Pe3ynbraTe! nccnenoBanuii Mokasaiuy, 94To M0 CpaB-
HEHHUIO C CyHmEeCTBYIONMMH JI3 3KCTIepUMEHTaIbHBIC
MaKeThI IMHUI HA OCHOBE CETHETOAICKTPHUYCSCKUX H all-
MAa3HBIX TJIEHOK ITO3BOJISAIOT YBEITUYUTH JIUATNa30H pado-
yux 4acToT 710 80,0 I'T'11, CHU3UTB NpsMbIE TIOTEPU CHT-
Hana 110 1,0 1b, moBecTH yBenn4eHue rnpeaeabHOM MOIII-
HOCTH BXoAHOTO curHana jo 3,0 nb, ycranaBnmBars Bpe-
Mt 3a7eprkku curHana ot 0,1 mo 1,0 mxc.
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KOHAEHCATOPbBI HA OCHOBE MHTEPKAJIATA GaSe<KNO >

Tlonyueno nosoe coedumnerue GaSe<KNO3>,
obnaoarwuee c8OUCMBOM HAKANIUBAHUSL
anekmpudeckoeo 3apsoa. Ha eco ocnoge
CO30aHbl KOHOeHCamopwl, pabomarouwue 8
uacmomuom ouanazone 100—1000 I'y.

B coBpemeHHOM HHTErpalbHOM MUKPO- U HAHOJJICKT-
POHMKE OJTHOW U3 (hyHIaMEHTAIBHBIX IIPOOJIEM SBIICTCS
npoOIiemMa Co3jaHus KOHEHCATOPOB, 00€CIEeUNBAIOIIUX
TpeOyeMBbIe TNTIOTHOCTh EMKOCTH, PaIHAIINOHHYIO U TEM-
MepaTypHyIo CTOHKoCTh. OCHOBHAS 9aCTh COBPEMEHHBIX
E€MKOCTHBIX AJIEMEHTOB ISl PAJAHOJIEKTPOHUKH CO3/a-
€TCsl Ha OCHOBE KEPaMHKH, a TAKXKe OKCUIHBIX HJIM Opra-
HUYECKHX JUIEKTPUKOB [ 1, 2]. D10, HampumMep, Mate-
pHuaisl Ha OCHOBE ZrO2 u HfO2 C BBICOKOM JTUANEKTPU-
YEeCKOW MPOHMIIAEMOCTHIO € C YAEIbHOU €MKOCTBHIO
Cy =2 Mr®/cM? TP TOJIMHE JUAIEKTPHKA d=2 HM U
pa%oqu Hanpspkernu U=1 B, win MmaTepuaisl ¢ nedek-
THBIMHU CTPYKTYpaMu (COAEpKaIlMMU [TOJIOCTH), B KOTO-
peIX 11py TonmuEe mieHku SiO, 4,5 HM s erTrBHOE
3HA4YECHNE Cﬂ1 cocrasiseT 3 MkD/cM?, a TIpH 3aTI0JHEHUH
MOJIOCTEHN TUANEKTPUUECKUMHE BKIIIOUCHUSIMHA C €=15—
20, C,, Bospactaet 10 20 Mk®/cm? [3—35].

B niocnennee BpeMs IUPOKOE IPUMEHEHUE HAXOIAT
KOHJIEHCATOPBl, B KOTOPBIX 3apsi/l HAKaIJIMBAETCS B HJIEK-
TPUIECKOM I10JI€ IBOHHOTO AIEKTPUIECKOTO CIIosi, 00pa-
3YIOIIEr0Cs Ha FPaHuUIIe pa3jielia «TBEPbIN AJIEKTPOS —
AIEKTPONUTY. B ciydae UIKHUX 2JEKTPOIUTOB Ha JIeK-
TpOJax C pa3BUTON BHYTPEHHEH IOBEPXHOCTHIO TOCTHU-
raroTCcs 3HAUYCHUS Cyﬂ=1000 Mk®/MMm? (410 B IIepecueTe
Ha IUIOLIaJb BHYTPEHHEH MOBEPXHOCTH COCTABIISAET

15 Mmx®/cm?), HO yacToTa PYHKIMOHUPOBAHMS TAKKX HPH-
6opos Hmzkas (0,001—0,1 ') [6].

OCHOBHBIM HaIlpaBJICHUEM PA3BUTHSI TEXHOJIOTHHU U3~
TOTOBJICHHS KOH/ICHCATOPOB BCEX TUIIOB SIBJIICTCS X MU-
HUATIOPU3AIHS C YITyUIICHHEM MacCOTa0apuUTHBIX TTOKa-
3aresield ¥ DPHEPTETUUECKUX U €MKOCTHBIX XapaKTepHcC-
TUK. B 1anHO# paboTe mpe/yiaraeTcsi HOBOE COSIMHEHUE
Ha OCHOBE CJIOMCTOTO ITOJTYIIPOBOTHUKOBOTO MOHOKPH-
crauta GaSe, NHTEPKAITMPOBAHHOTO MOJIEKYJIaMU Cer-
HETO3JIEKTPUUECKOMN COITN KNO3, B KaUeCTBE KOHJIEHCa-
TOPHOTO AJIEMEHTA PAIMO3IEKTPOHHOH anmaparypsi [ 7, 8].

Honyqe}me HHTEPKAJIUPOBAHHOI0O MaTepuaJjaa I
KOHACHCATOPOB

CeneHun TajuIis MPUHAIICKHT K KITACCY CIOUCTHIX
MOJTYIPOBOAHUKOBEIX KPHCTAJIOB, B KOTOPBIX aTOMBI
UMEIOT CHJIbHBIC KOBAJICHTHBIC CBSI3M BHYTPH CJIOCB H
ciabble BaH-/IeP-BaaIbCOBHI CBSI3M MEXKITY ciosiMu. Ta-
Kas aHU30TPOITUSI XUMHUECKUX CBSA3CH JenaeT BO3MOXK-
HBIM BHEJpeHHE (MHTCPKAINPOBAHUE) aTOMOB HJIA MO-
JIEKyJ IPYTHX BEUIECTB B NMPOCTPAHCTBO MEKAY CIOS-
MU. Hamu ObIJI0 yCTaHOBIIEHO, YTO MOHOKPHCTAIITHYEC-
kne 00pa3upr GaSe MOTyT OBITh HHTSPKATUPOBAHBI MO-
JIEKYIIaMU CeTHETOdIEKTprdecko conu KNO, u3 pac-
w1aBa. Cxema TEXHOJIOTMUYECKOM yCTaHOBKY [TOKa3aHa Ha
puc. 1. O6pasubl MoHOKpUCcTaIIIOB GaSe ¢ HAaHECEHHBI-
MU KOHTAaKTaMH TIOJHOCTBIO MOTPYKAIUCH B PacIUIaB
KNO, npu remneparype 334+5°C. Marepuan 11 usro-
TOBJIEHHSI KOHTAKTOB — cijiaB Pb-Sb — umeet Gonee
BBICOKYTO TEMITEpATypy IUTABICHHS U XOPOIIYIO are3HI0
K ITOBEPXHOCTH 00pa3iioB. KOHTaKThI HAHOCHIIUCH Ha JIBE
MPOTHUBOIIOJIOXKHBIC TOBEPXHOCTH CKOJIA, TICPIICH TUKYIIIP-
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BPT-3
|
BPT-2 — BYT
PZOS
- .
—bT___

LA 0 ERE R

Tp

Puc. 1. Cxema HHTEpKaIALMKA METOJOM NPSIMOTO HKCIIOHU-
poBaHMs M3 paciulaBa:
T — tepmonapa; BPT-2 u BPT-3 — cuctema BBICOKOTOUHBIX pe-
TyJsiTopoB Temmeparypsl; BY T — G110k yrpaBieHUs! TUPUCTOPAMH;
BT — Guok tupuctopos; Tp — tpanchopmarop

HBle KpHucTauorpadguieckoi ocu C, K HUM IIPUITanuBa-
JMCh TOKOOTBOABI U3 HUKEIEBOH mpoBonoku. Pacmas
KNO, naxonuncs B pappopoBoM THIIE, XUMUYECKH
WHEPTHOM K pacIIaBy.

Temneparypa paciuiaBa aBTOMaTHYECKH HOJIEPKHBa-
JIach BBICOKOTOYHBIM PEryisaTopoM temmneparypsl BPT-3
¢ TouHocTbt0 +0,1°C. HTepKanupoBaHue MpoBOAUIOCH
B reépMEeTHYHOM OOKCe B CyXoi arMocdepe (0CymeHHOH
C TIOMOIIIBIO P205).

[TpuroToBIeHHBIN TAKMM 00pa3oM 0Opa3ell repMeTH-
3UpoBaJICs Orpy>keHuemM B komnaysa. Ha pue. 2 npen-
CTaBJieHa KOHCTPYKIHS TJa00paTOpHOTo 00pa3iia KOHICH-
caropa.

3 2 1

Puc. 2. Konerpykims konaencaropa GaSe<KNO,>:
| — MHTEepKaIMPOBaHHBII MaTepHra; 2 — TOKOIPOBOJSIIUE IUIOCKHE
KOHTAKTBI, 3 — oboouka KOMITayH1a,; 4— TOKOOTBOJbI

[TapameTpbl NOTYYEHHBIX 00pa3LOB U3MEPSUIUCH C
MIOMOILBIO0 KOMITbIOTEPU3UPOBAHHOTO KOMILJIEKCA Ha OC-
HOBE YaCTOTHOTO aHATHM3aTopa crieKTpa «Solartron 1255».

Pesyabrarsl ucciieoBanmii 4 Mx o0cyxkIeHue

Kak y»e ObII0 0TMEUEHO, CITOMCTBIC KPUCTAILIBI OT-
HOCSITCS K MaTe€pHajiaM CO 3HaYMTEIbHON aHU30TPONUEN
XUMHYECKON CBSI3H. MOJIEKYISIpHBIN XapakTep CBs3eH
MEXIY COCETHUMHU CIIOSIMH T03BOJISIET IIyTEM MHTEpPKa-
JSIUMW 3aMO0JIHATh MEXKCIOEBBIE 1IN TOCTOPOHHUMH
aToOMaMH, MIOHaMU WJIM MOJIEKYJIaMU, KOJTMYECTBO KOTO-
PBIX MOXKET OBITh COMOCTABUMO C YHCIIOM MOJIEKYJI OC-
HOBHOTO BEI[ECTBA WJIM TIPEBHIIIATH €ro. B Hamem ciry-
yae U3 MOJIyYeHHBIX Pe3yJbTaTOB PEHTTEHOBCKOTO aHa-

M, mr d, Mm

11,2

36 r
11,0
27 108
28 r 1 0,6
104

24t
1 L L 1 1 1 0’2

0 5 10 15 20 t ,c

HMHT?

Puc. 3. 3aBucumocts maccol (/) obpasua GaSe<KNO,> u
€ro TONMIIMHGI (2) OT BpeMEHU WHTEPKAITUPOBAHUS

nIn3a CIeayeT, YTO MHTEepPKaJIHpPOBAHHEINA 00paszel]
GaSe<KNO,> coxpaHsieT MOHOKPHCTAITAIECKYHO CTPYK-
TYPY, & CIIEKTP PEHTT€HOBCKON ANPPAKTOTPAMMBI COZIEp-
JKUT JOTIOJHUTEIBHBIC TIUKU APYTOi (asbl, 4TO CBUJIE-
TEJIBCTBYET O BXOXKJICHUM MHTEPKAJITHTA B BaH-IIEP-Ba-
albCOBBI IIENU CIOUCTOr0 MOHOKpucTaina GaSe.
Bcenencraue nedopmMalimoHHOro B3aMMOACHCTBUS HHTEP-
KaJsTHTa W MaTPULBl IPOUCXOAUT (Pa30BBIHA MEPEXOJ
€-2H-momudukanuu GaSe B e-4H-monukarnmro ¢ yse-
JTMYEHHEM MapamMeTpa pemeTku c ot 15,948 110 15,9546 A
¥ COXpaHEHHEM MapaMeTpa a, paBHbIM 3,7551 A.

Kak BuaHO Ha puc. 3, B mpoliecce MHTEPKaSIUHI Ha-
OnromaeTcst M3MEHEHHE MacChl M ¥ TONMIUHEI d 00pasia
BIOJb KpUCTasuTorpadmdeckoir ocu C, KOTOPOS UMEET
HEMOHOTOHHBIN XapaKTep C y9acTKaMH Pa3HOU CKOpPOC-
Ti. KommaectBo X BHeApeHHOTO MHTepKaisaTta KNO,
IPONOPUHOHATBLHO CKOPOCTH MHTEPKAIISLMY V., M BpEMe-
HU SKCIIOHMPOBAHUA 7;:

x0vt..

ITockonbKy pa3Mepsl BaH-Jiep-BaalibCOBBIX HIETeH B
GaSe cocrasisitor 0,3—0,4 HM, CETHETONIEKTPUUECKUI
Marepuall BXOAUT B MaTPHUILy STOTO KPHCTAJIa B BHIC
HaHOpPa3MEPHBIX BKIIOYEeHUH. PaccmaTpuBaeMyto cTpyk-
TYPY MOXKHO TIPEJICTABIISATh KAK KOMIIO3UIIMOHHYIO CBEPX-
PeLIeTKY, KOTOPasi COCTOUT U3 PELICTKH aHU30TPOITHOTO
CIIOMCTOTO ITOJTYTIPOBOAHUKA C BCTPOCHHBIMH B HEE CII0-
SIMU CErHETO3JIeKTprKa. [IpoBOANMOCTD HEMHTEPKATIUPO-
BaHHOTrO moiynpoBoaHuka GaSe ompexaenseTcs mnepe-
KPBITHEM BOJHOBBIX (DYHKIIUH aTOMOB XaJIbKOT€HA 1 Ha-
JTIYHeM IeEeKTOB Ha BaH-/IEP-BaaIbCOBBIX IIOBEPXHOC-
1s1x. [IpoBoaumocts 0, kpuctamios GaSe npu 7=300 K
onpeensiercs 6a3UCHbIMU JIe()eKTaMH U CBI3aHHBIMH C
HHMH [TOTCHIIMAIBHBIMU OapbepamMi. VIHTepKanupoBaHue
CIIONCTHIX KPUCTAJIIOB CETHETOAIEKTPHUISCKIM MaTepH-
AJIOM IIPUBOAUT HE TOJIBKO K N3MEHEHHIO NIEPEKPBITHS BOJI-
HOBBIX (DYHKIIMI HOCUTENIEH 3apsiia, HO U K TIPOSIBICHHIO
0COOCHHOCTEH aKKyMYJISIIUM HOCUTEJICH 3apsiia v Mpo-
TEKaHHs TOKa BJIOJIb KpucTaiiorpaduyeckoit ocu C Kpu-
ctayuta. OHE MOTYT OBITH 00YCIIOBIEHBI KBAHTOpa3Mep-
HBIMU D PeKTamu, ONpeAeSIONIUMU TPAHCTIOPT HOCH-
TeJeil 3apsiia uepe3 BaH-Iep-BaallbCOBBI 1IN HHTEPKa-
JMPOBAHHOTO CIOMCTOTO KPHCTAIIA, & TAK)KE CBOUCTBA-
MU CETHETOIEKTPUIECKOr0 Marepuraa (yIopsIodeHu-
€M 2JIeKTPUYECKON JJOMEHHOH CTPYKTYpBI B JIaTepalib-
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Puc. 4. YactotHas 3aBUCHMOCTS dnekrpuueckoit emxoctu C (1)
¥ TaHTeHca yTiia notepsb tgd (2) xonzencaropos GaSe<KNO,>
MPU CMEICHUH TOCTOSTHHBIM HampspkeHueM ot 5 1o 10 B

HoM mockoctu kpucramia (0001) mox aeiicTBuem mo-
CTOSIHHOTO JIEKTPUYECKOTO OIS M 0COOEHHOCTSIMH TIPO-
TCKaHU CETHECTOIJICKTPUICCKUX (1)3,3OB])IX TMEPexoa0B B
KOMITO3UTHBIX HAHOPa3MEPHBIX CTPYKTypax). Kpome Toro,
nedopMaroHHOe B3aNMOJIEHCTBHE, KOTOPOE HMEET Me-
CTO MEKAY MaTEepUAIOM CIOMCTOW MAaTPHIIBI H CETHETO-
AMEKTPIYECCKUMH BKITIOYCHHUSIMH, TIPUBOJIHT K TTOSIBIICHHUIO
MOJUTHUITHBIX (a30BbIX epexozoB [laieprca [9] u BomH
3aps10BOH IIO0THOCTH [ 10], KOTOpBIE ONPEEIAIOT TPaHC-
MOPTHBIC CBOMCTBA TAKUX KOMITO3UTHBIX HAHOCHCTEM.
YacToTHas 3aBHCUMOCTB dJIeKTpudeckor emxoctu C Ta-
KHX cucTeM (puc. 4, KpuBas /) OTIHMYAETCS OT 3aBUCH-
mocteit C=F(f) nns cuctem Ha ocHOBe GaSe, MHTEpKa-
JIMPOBAHHBIX HECETHETORJICKTPUICCKUMU MaTECpUaIaMU.
B Hacrosiniee BpeMst aBTopamu co31aH (PUIIETPOBBII KOH-
JICHCATOP «CIIOUCTHIN MOTYIPOBOTHUK — CETHETOAIICK-
TpuK» ¢ napavetpamn C, =0,51 ®/r um C, =0,425 D/vm’
Ha yactote 100 ['m mpu komHaTHO# Temmieparype. boib-
I10€ 3HAUYCHHE EMKOCTH 3TUX KOHICHCATOPOB W HATMIHUE
y4acTKa pe3Koro M3MEHEHUST EMKOCTH KOHJICHCAaTOPOB B
OTIPE/ICTICHHOM IMANa30He YacTOT IIPU 3aJaHHOM 3Ha4de-
HUH IPIOKEHHOT0 K HUM ITOCTOSIHHOTO HAIPSDKSHUS OT-
KPBIBACT NIEPCIIEKTHUBY VX HCIOJIF30BAHUS B KAYECTBE Ha-
KOIUTENTFHBIX KOHICHCATOPOB M (PUITBTPOBBIX KOH/ICHCA-
TOPOB I IIeTIeii TepeMEHHOTO TOKA.
*%k

Takum 00pa3zoM, IPEIITOKEHHBIA CIOCO0 H3TOTOB-
JICHUSI THTEPKATISIIMOHHBIX (PHIIBTPOBBIX KOHIICHCATOPOB

TMO3BOJIACT 3HAYUTCIIbHO YBCJIMYUBATD UX YACJIbHYIO €M~
KOCTb ITPU 3HAYUTCIIbHOM YMCHBIIICHU N FT€OMCTPHUICCKUX
PasMEpPoOB 110 CPaBHEHUTO C U3BECCTHBIMU KOHACHCATOPA-
MH, BBIITYCKAaCMBIMH ITPOMBIIINIICHHOCTBIO.
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YCTPOMCTBO ®OPMUPOBAHUS
SJIEMEHTOB OITTODJIEKTPOHHOM 5
AKYCTOOIITUYECKOW BBIYUCIUTEIBLHON CPE/JIbI

IIpeonoocen makem 3KcnepuMeHmanbHoOl
YCMAaHo8KU, No3eoasaoujel chopmuposams
9neMeHMbl ONMOINEKMPOHHOU AKYCMOON-
MUYeCcKoll 8bIYUCTUMENbHOU cpedbl. Pe3yib-
mamsl NPOBEOEHHBIX UCCAe08AHUL NOO-
meepacoaom KoppekmHocms mMooenel,
paspabomannwix pavee agmopamu.

OnTonnekTpoHHbIE ((DOTOHHEBIC) BEIYUCIUTEILHBIC
yCTpOHCTBa ¢ AUCKPETHBIM IIPEACTaBICHUEM 00pabaThl-
BaeMoi MH(OpMAIK XapaKTePU3YIOTCS BBICOKOW TOY-
HOCTBIO BBIYMCIICHUN [TPU COXPAHEHUH BBICOKOM MPOU3-
BoauTenbHOCTH [ 1]. CTpyKTypa TaKuX YCTPOMCTB MOXKET
OBITh KaK OJITHOMEPHOM, TaK U JIByMepHOU [2], 4To mo-
3BOJISICT B OJHOMEPHOM CJIy4ae€ BBIINOJHATL MaTEMAaTHU-
YecKHe OTepaliu mpu 00paboTKe MOTOKA TAHHEIX, a B
JBYMEPHOM CJIy4ae — peaIu30BbIBATh MPUHIINIBI 1a-
payensHOl 00pabOTKH MOTOKOB JIAHHBIX.

[IpoBois aHAJIOTHIO C COBPEMEHHBIMH 3JIEKTPOHHbI-
MU BBIUHCIIUTEIIBHBIMU CUCTEMAaMHU, MOYXKHO OTMETUTh
MIPUHLUINAIBHOE CXOJICTBO MPOLIECCa BHIIIOTHEHHUS Ma-
TEMATUYCCKUX onepaunﬁ OINTOSJICKTPOHHBIMHU aKyCTOOII-
TUYECKMMHU yCTPOUCTBAMU U JIEKTPOHHBIMU OJTHOPOI-
HBIMHU BBIYMCIHUTEIbHBIMU CpEJJaMU C TOYKH 3pEHUS
CTPYKTYPHOI OpraHu3ally BEIYUCIUTENIBHOTO YCTPOK-
ctBa [3].

OmnucaHue mporecca BBIMOTHEHUS MaTEMaTHUECKUX
oreparyii ONToIEKTPOHHBIMHU aKyCTOONTHYECKUMU PO-
neccopamMu € OUCKPETHBIM MNPCACTABICHUECM AJaHHBIX
CBSI3aHO C PELIEHUEM 3JIEKTPOJUHAMUYECKOHN 3aJa4u O
TU(PaKIMU CBETa B AKyCTOONTUIECKOH sTuciike KOHEeU-
HBIX pa3MepoB [4] 1 HyHKIIMOHATLHBIM MOJICITUPOBaHH-
€M pa3pAaHO-LU(PPOBOTo KOAUPOBAHUS CUTHAJIOB B ariep-
Type aKyCTOOIITHYECKOrO MonyJsiTopa [S].

BaxHol "acThI0 MCcIeIoBaHusI ITpoliecca mpeodpa-
30BaHMA JUCKPETHON HH(OPMAIMHN B aKyCTOONITHIECKOI
cpelie ABISETCs IKCIEPUMEHTaIbHAs IPOBEPKA J10CTO-
BEPHOCTH NPEAJIOKEHHBIX MOJIeNIel U pe3yabTaToB MO-
JICTTMPOBAHIISL.

Mopaenanb 3jieMeHTa ONTO3JIEKTPOHHOM aKyCTOOITH-
YeCKOil BBIYHCJINTENbHON Ccpeabl

B [3, 6] Obu1a peuIokeHa MaTeMaTHIeCcKast MOJICTTh
3JIEMEHTa ONITOIEKTPOHHOM aKyCTOONTHYECKOH BBIYHC-
aurensHoi cpensl (OABC), mocTpoena (GyHKIMOHANb-
Hast MOJIeTIb fiporiecca opmupoBanus anemenToB OABC,
MIPOBEACHO MOCTUPOBAHKE HIEMEHTOB IS Pa3INIHBIX
CIIy4aeB UX JOKaJIU3alHH.

B ciryuae ¢opMupoBaHus B aKyCTOOITHYECKOH cpe-
JI€ IIOCIEA0BATENbHOCTH aKyCTUIECKUX UMITYJILCOB IIPO-
HCXOANT AN(PAKINA CBETOBBIX HMITYIIECOB, Oaromaps
YeMy CTAHOBHTCS BO3MOXHBIM BBITIOJIHEHHE MAaTeMaTH-
94eCKoi 00pabOTKM JaHHBIX WIIM HH(POPMAIHH, IIPEICTaB-
JIEHHBIX aKyCTHYECKHM é‘i(t X) WJIH ONTHYECKHM CHT-
HaJIOM éz (t, Z). [Ipu 5TOM BBIXOAHON ONITUYECKUN CHT-
Hal §, (t, % Z), IpeICTaBIAOmul co00i mpoussee-
HHE CUTHAJIOB §1(t X) u %(t Z), paseH [3]

S (L, Z)=ZZ $( k) s( m,)x
€ X € zU
<Pk -G -2 -1
€ X € zl
o3BG
€ X € zU
—Gﬁ—krl—é—vﬁﬁ—mz+é—zg

SRR A

BeixozHoi curHan §, (t, X, Z) MOXKHO TPAKTOBAaTh
KaK CUTHAJI, 3aJJaHHbI} JJIS X U ¢ U ABWXKYIIUICS BIOJb
OCH z CO CKOPOCTBIO ¢. B IpUBEIEHHOM BBIPaKEHUH KaXK-
JIbII U3 YJIEHOB CyMMBI OIUCHIBAET DJIEMEHT BBIYHCIIU-
TEIBHON Cpesibl, TONOKEHUE KOTOPOTO B IPOCTPAHCTBE
U BPEMEHHU 331aeTcs HaOOpOoM Npou3BeeHuil QyHKIU
XeBHcaliga, a aMIUIUTYy/1a ONPENeAeTCs IPOU3BEICHH-
€M COOTBETCTBYIOLIHUX AUCKPETHBIX OTCYETOB CUTHAIIOB
s,(kt)) m s,(kT)).

BBIX’

OTH. €]l
0,08

0,04

0,5
1 1
[, MKC -2 X, MM

Puc. 1. Monens anementoB OABC
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JpaiiBep aKyCTOONTHYECKOM Marpuna I13C

STYeHKHU

CHIBUTOBBIE PETHCTPHI EPEMEHHOU
paspsanocta Ha ocHose [IJIMC
Altera EPM3128

YerpoiicTBo (hopMUpoOBaHUS
TakTOBbIX UMIyNIbcoB TTJI-ypoBHs

UYerblpexkaHaJIbHBIH 1H(GpPOBOT
CHHTE3aTOp 4acToT

Puc. 2. CtpykTypHas cxema MakeTa SKCIepUMEHTAILHONW yCTaHOBKU
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Puc. 4. ®orocuumku (ciea) aneprypbl AOS 1 niepBoro JuQpakOHHOTO MOPsIKa U OCHMIIIOrpaMMBI (ClipaBa) CUTHA-
JIOB, MOJIaBaeMBIX Ha JpaiBepsl nazepa n AOS mus komOuHarwit mudposoro koma {1111}, {1110}, {1100} n {1000}, coot-
BETCTBEHHO
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Puc. 1 orpaxaer mpormecc (GOpMHPOBAHHUS IEMEH-
ToB OABC U151 BXOJTHBIX YE€THIPEXOUTHBIX KOMOWHAITHI
{1111} ONTHYECKOTO U aKyCTHYECKOTO CHTHAJIOB [6].
Kax/1p1ii 13 2JIeMEHTOB Cpe/bl 00pa3yeTcs B pe3ybrare
BBIITOJTHEHUS OTIEPALIH MOOUTOBOTO YMHOKEHHS COOT-
BETCTBYIOIIHX Pa3psioB.

Maket 3KCl'lepl/lMeHTa.]'le0i/i YCTAaHOBKH

g uccnenoBaHus MPOCTPAHCTBEHHO-BPEMEHHOIO
npencrasnenus curuaigos B OABC, npusenenHoro B [3,
5], mpeaoKeH MakeT 3KCIEePUMEHTAIbHONW YCTAaHOBKH
(puc. 2). BaxxHoit cocTaBHON 9aCThIO yCTAHOBKH SIBIISICT-
sl YCTPOUCTBO (POPMHUPOBAHUSI ONITUIECKON MMITYIILCHOM
TMOCJIEIOBATEIbHOCTH Ha MOJTYPOBOTHIKOBOM Jiazepe [ 7].

B npeanaraeMoM MakeTe UCIIOIb3YETCs HOITYyIPOBOI-
HuKoBbIid Al-Ga-InP nazepnsrit anoq ML101J21 (nnuna
BOJIHBI 658 HM, MOIIHOCTh HENPEPHIBHOTO M3ITy4YECHUS
80 MBT, MOIIHOCTB B UMITYNIbCHOM pexume 10 160 MBT
[8]), BeImyckaemsIii pupmoii Mitsubishi gt mprmene-
HHS B ONITHYECKUX HH(OPMAIIMOHHBIX CUCTEMaX, C Apaii-
BEpOM Ha 0cHOBe KoHTposutepa Intersil EL6835, mo3so-
JISIFOIIIETO MOJYITHPOBAaTh HHTCHCUBHOCTh M3ITyUCHHUS C
yactoToi 10 600 MI'11 (mpu BpeMeHH HapacTaHus U CIia-
na ummnynsca 0,8 He).

YeTpIpexKaHAIBHBIN ITU(PPOBOI CHHTE3aTOpP YaCTOT
MpeCTaBIsACT COOOM OTIAIOYHbIM MOAYIbL Ha OCHOBE
Mukpocxembl Analog Devices AD9959 [9]. JIByxkaHaib-
HOE yCTPOICTBO (POPMHUPOBAHUSI TAKTOBBIX HMITYJIECOB
TTJI-ypoBHS U3 ABYXIOJSAPHBIX FAPMOHUYECKUX CHUT-
HAJIOB C BBIXOZIOB IIU(POBOTO CHHTE3aTOpa YacTOT BHI-
notHeHo Ha Mukpocxeme 74HC14 (uaBeptopsl [LImura).

Pa3paboTannas cxema ycTpoiicTBa GOpMHUPOBAHUS
OWTOBBIX MTOCIIEIOBATEIFHOCTEH, TOABACMBIX Ha BXOJIbI
JIpaiiBEpOB J1a3epa 1 aKycToonTuaeckou ssueiiku (AOS),
Ha ocHoBe [IJIMC Altera EPM3128, npuBenena Ha puc. 3.
3nech J1, J2 — MOTEHLMOMETPBI, UCTIOIb3yEMBIE IS
peryivpoBaHusi ypoBHEH MOILTHOCTH Ja3epa; J3—J8 —
unrepdeiic (JTAG) mporpaMMHpOBaHUS MHUKPOCXEMBI
ITJINC EPM3128ATC100-10N; J9, J10 — 6ydepusn-
POBaHHBIC BBIXOJBI PETHCTPOB (MHKpocxema DD2—
74F245); J11 — Habop nepeMblueK, KOMMYTHPYIOIIHX
curHainsl ot [TJIVC k npaiiBepy nasepa; J12 — BxoqHOM
pasbeM (MOJKITIOYAIOTCS] CUTHAJBI ¢ (hOpMUpOBaTeneit
TaKTOBBIX UMITYJIbCOB, IIOAACTCS MUTAIOIIEE HAPSDKEHNE);
J13 — BHemHM uctouyHuk nutanus (8—12 B), X1 —
pasbeM JJIs MOAKIIIOUCHHUS IpaiiBepa jaszepa.

B xauecTBe cpempl aKyCTOONTHYECKOTO B3aUMOICH-
ctBus BeiOpana AOSI Isomet 1205C-1 [10] ¢ apaiiBepom
Isomet 222E-1.

Pe3y.]'[l)TaTLI IKCIIEPUMEHTAJbHBIX uccaea0BaHuii

Ha puc. 4 npuBeeHs! mpuMepbl JOpMUPOBAHHUS dJIe-
MenToB OABC B HampaBieHuN pacipoCTpaHEeHHsI aKyC-
TUYECKOH BOJIHBL {11 BBIOpaHHBIX YCIIOBHH dKCIIEpH-
MeHTa (OparroBckuit peskuM audpakimu, aneprypa AOS
5,5 MM, 9acTOTa CIeJOBAaHHS aKyCTUIECKUX HMITYIIECOB
2,64 MTI'n, yacrora cienoBaHUsS ONTUYECKUX UMITYIb-
coB 0,66 MI'11) BO3MOXXHO ()OPMHPOBAHHUE YETHIPEX UITH
MeHee HJIEMEHTOB CPEJIbI.

Texanueckue xapakrepuctuku AOS Isomet 1205C-1
(reomeTpuuecKkue pa3Mepbl anepTypsl 5,5 MM U LIEHT-
panbHas Hecymas yactora 80 MI't st pesxkuma bparra)
JIENAI0T BO3MOKHBIM OJTHOBPEMEHHOE (POPMHUpPOBAHUE
BochbMHU U Oonee anemeHToB OABC TONBKO 3a CUeT yBe-

JIUYCHUS YaCTOTHI CIICOBAHHS aKyCTHUYCCKHX UMITYIIb-
coB 110 5,28 MTI't. CoBpeMeHHBIE aKyCTOONTUYECKHE
YCTPOWCTBA CIIOCOOHBI pabOTaTh HA THUIIEP3BYKOBBIX Yac-
torax 10 10 I'T w Berme [11], 9To mepcnekTUBHO C
TOYKH 3PCHHS MMOBBIIICHHS KOJUYECTBA OJJHOBPEMEHHO
(hopMHUPYEMBIX FIIEMEHTOB, ¥, COOTBETCTBEHHO, TIPOM3-
BOJMTEILHOCTH BCETO YCTPOMCTBA [6].

BriBoabI

B pesynbrare npoBeAEHHBIX SKCIICPHMEHTATBHBIX HC-
cireoBaHui niporiecca popmupoBanus aeMerToB OABC
ObL1a TOATBEPIKICHA KOPPEKTHOCTH pa3paboTaHHBIX aB-
TOpaMH MOJIeJIel. YCTaHOBIIEHO, YTO MPEITI0KEHHBIN HC-
TOYHHMK ONITHYECKON UMITYJIbCHOMN MOCIEe10BAaTETbHOCTH
MIO3BOJISICT MOYIUTh UMITYJIECHI C OTHOPOTHBIMH B0
MIPOCTPAHCTBEHHON KOOPIUHATHI TMIEPEIHUM U 338 THUM
(bpoHTaMH U OCYIIECTBUTH BU3YaTH3aLUIO CHOPMUPO-
BaHHBIX aKyCTOONTHYECKOU Aueiikoi anemenToB OABC.

[IpenMyIIecTBOM pacCMOTPEHHOTO YCTPOHCTBA SIB-
JSIETCS TO, YTO KOIUYIECTBO C(HOPMUPOBAHHBIX IIEMEH-
TOB OTIPEEIACTCS TOIBKO YACTOTaMH CIICJOBAHHS aKyC-
TUYECKUX M ONTUYECKUX UMITYJIbCOB, M YBETUUYECHHE ITO-
ro KOJTMYECTBA HE MPUBOANUT K 3HAUUTCIHHOMY YCIIOXK-
HEHHUIO CTPYKTYPBL. DTO JeJIaeT BO3ZMOXHBIM pa3padoT-
Ky HOBBIX OIITO?JIEKTPOHHBIX YCTPOHCTB TOTOKOBOH 00-
paboTKu HH(MOPMAIH, BBIYUCIUTEIbHAS TOUHOCTh KOTO-
PBIX cOOTBETCTBYET 128 1 Gosee paspsiiam.
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JUIA USMEPEHN A TEOMETPUYECKUX [TAPAMETPOB

TPEXMEPHBIX OBBEKTOB

IIpeocmasnenvt bazoevle sapuanmvl MHO-
20KOOPOUHAMHBIX YCMPOUCME KOHMPOJISL
CILOJICHBIX Npo@uiell NOBEPXHOCU, OM.IU-
yarowuecs cnocobom Gopmuposanus 30H-
oupyrowe2o nyykd, u NPUHYUn noCmpoe-
HUsl MPeXKoOPOUHAMHOU CUCMEMbL UMe-
PEHLUsL 8bICOMBL U TUHETHBIX PA3MEPOS MUK-
pocoopok I13C.

[ m3mepenus pa3MepoB U (OPMBI U3 TOIHO-
ro MprOOPO- U MAIIMHOCTPOCHUS, a TaKKe MPOoQIIIeH
MOBEPXHOCTH TEXHUIECKUX OOBEKTOB U UX TIOJIOKECHUS B
MPOCTPAHCTBE CYIECTBYET OOJIBIIOE YUCIIO JATUYUKOB U
MU3MEPUTEIbHBIX IPeoOpa3zoBateieil, IPUHIMII ASHCTBUSA
KOTOPBIX OCHOBAH Ha PA3THMIHBIX (PH3NICCKUX SBICHUSIX
[1, 2].

Oco0oe MecTo cpey HUX 3aHUMAKOT Majoradapur-
HBI€ ONITUKO-3JIEKTPOHHBIE YCTPOICTBA TPHAHTYJIALIUOH-
HOT'O TUIIA, UCIIOJIB3YOLIME SKOHOMHUYHBIE Ta3ePHbIE UC-
TOYHUKH, MHOTO3JIECMEHTHBIC (POTOTIPHEMHHKH U CTICTIN-
AJIM3MPOBAHHBIE MUKPOIIPOLIECCOPHI BEICOKOM MHTETpa-
1 [3]. TpuaHrynsus B reoMeTpUIecKoi onTHKE 060-
Jee Apyrux Mopo0Ha OOBIYHOMY MEXaHHUECKOMY KOH-
TaKTHOMY M3MEPEHHI0. B ycTpolicTBax, HCIONIB3YHOLINX
TPUAHTYJIALINIO, U3MEPSETCS] MECTOIIONIOKEHHE TIepece-
YeHns1 CPOKYCHPOBAHHOTO CBETOBOTO ITyUYKa C MOBEPX-
HOCTBIO IeTaIH. DTOT IOIXOJ pacCMaTPHUBACT CBETOBEIC
MY4YKH KaK T€OMETPUUYECKUE JIyUd, UTHOPUPYS BOJHO-
BBIC CBOMCTBA CBETA, M OCHOBEIBACTCS HA (POTOAATINKAX
HOJIOKCHUSL.

VHTEeHCHUBHO Pa3BUBAIOTCSI MECTOABI KOHTPOJIS (POPMBI
U IPOGIIIS TOBEPXHOCTH. Pa3paboTka MHOTOKOOPIHHAT-
HBIX 30H/IOBBIX YCTPOMCTB HOBOTO MOKOJICHHUS, paboTa-
IOLIMX [0 KOOpJMHATaM B OTHOM BPEMEHHOM HMHTEpBa-
Jie, — aKTyaJlbHas HayuHas U TeXHUUecKas 3a1ada. Mu-
POBOI CIIPOC HA MHOTOKOOPANHATHEIE IIPHOOPHI TIPEBHI-
LI1aeT MpeyIokeHe, KOTOPOe 3a4acTyro He YIOBIIETBO-
PsIeT 3aKa34YMKOB HU MO TOYHOCTH, HU 110 H3MEPHUTEIBHO-
My JUara3oHy.

K takuM 00beKTaM KOHTPOJIS, B YACTHOCTHU, OTHOCSIT-
cs1 hoTomanenu, mpeacrapistomue codoi coopku [13C-
MAaTpHI, yCTAHOBJICHHBIE Ha MIO/UI0KKE OTPEIEICHHBIM
00pazoM IpyT OTHOCHTEIBHO APYyTa M PEHEePHBIX TOUYCK.
KoHTponupyembIMu apaMeTpaMu 31€ch ABISIOTCA M0-
noxenue [13C-marpui Ha MOATIOXKKE — KOOPAUHATHI X,
Y m BBICOTA X YCTAaHOBKM — KOopAuHara Z. JlomnonHn-
TEeJbHbIE TPYIHOCTH B U3MEPUTEIbHBIN POLIECC BHOCAT

KOHCTPYKTHBHBIE 0COOCHHOCTH (HhOTOIAHEIH, IMEIOIICH
Kak U Qy3HbIe, TAK 1 3epKATbHBIC TIOBEPXHOCTH, 4 TAKKE
3aI[UTHOE CTEKJIO, YCTAaHABIMBAEMOEC JIJIs TePMETH3aIMU
BCell COOPKH.

ABTOpamu pa3paboTaHbl METO U3MEPCHUS U 1iBa Oa-
30BBIX BapraHTa MHOTOKOOPAWHATHBIX yCTPOHCTB KOHT-
POJIS CIOXKHBIX TPOGUIICH TOBEPXHOCTH, OTINIAIOIIHE-
csl crmoco6oM (hOPMUPOBAHUS 30HAMPYIONUIETO MydYKa
[3—s5].

Mertox n3MepeHust BKITIOYaeT B ce0sT aBTOMATHIECKOE
CKaHHPOBAHHE IIOBEPXHOCTH O0BEKTA ITOIIOCON KOTePEHT-
HOTO UM HEKOT€PEHTHOTO CBETa, MONyYeHHE M300pa-
KEHHS KOHTYpa 00bEKTa, pacyeT PaCCTOSHUS 10 00bEKTa
(koopAMHATHI Z) TSl KXKIOH N3 MHOYKECTBA TOUEK BIIOJIb
MPOCKIIMU CBETOBOH JIMHUH HA 00BEKTE (151 KOOPIHHA-
Tb1 X), oOecrieueHre paBHOMEPHOCTH ITy4dKa, 30HUPYIO-
niero (OTOAMOAHYIO MATPHILY, U €ro OOHapyKeHHE ¢
MIOMOIIIBIO TPATUEHTHOTO (PHUIIBTPA, OMPEICICHUE KOOP-
JIMHATBI TI0JIOCHI C CYOITUKCENbHOM TOYHOCTHIO (110 0,05%
OT U3MEPUTENBHOTO IUAITa30Ha) METOAOM IIEHTPA TsDKe-

Puc. 1. OynknmonansHas cxema OTHOKaHAJIBHOTO YCTPOMCTBA
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CTH, Ipeo0pa3oBaHNe KOOPANHAT ITOJIOCH Ha MAaTPHIIE B
KOOpAUHATHI Z, X B IPOCTPAHCTBE MPHU TOMOIIH TaOJIH-
b, CHOPMHUPOBAHHOI 110 pa3pabOTaHHOMY METOAY Ka-
JUOPOBKH C IPUMEHEHNEM TOYEYHOT0 1a0JI0Ha.

B niepBoM BapuaHTe ycTpoicTBa pa3BepTKa JIy4a oCy-
IECTBIIICTCS MEXaHHUECKUM CKaHEPOM, a BO BTOPOM
— C TIOMOIIBIO ITAHAPAYECKOH JINH3HI.

Ha puc. 1 nmpencraBneHo olHOKaHATIBHOE YCTPOMCTBO
U1 OECKOHTAKTHOTO M3MEPEHHS M KOHTPOIIS PO
MIOBEPXHOCTH, MTOJ0KEHHS, TIEPEMEILICHNUS, TeOMETpUYIe-
CKHX Pa3MEpOB H PACHO3HABAHUS TEXHOJIOTHYECKUX
00BEKTOB.

B ocHOBY paboThI OTHOKAHAIEHOTO OIITHKO-3JICKTPOH-
HOT'0 YCTPOWCTBA IOJI0KESH IPHHITHIT ONTUYECKOH TPUaH-
ryisiquu. M3nydeHue mnosynpoBOJHUKOBOTO Jiazepa /
(hopmupyeTcst 0ObEKTHBOM 2 B BHJIE CBETOBOM JINHUU 3
u npoenupyetcs Ha 00bexT 7. Jnddysznoe nzobdpaxe-
HHE CBETOBOM JINHUHU HA 00BEKTE BOCTIPUHUMAETCST 00bEK-
THUBOM 4 M TiepeiaeTcst Ha Matpuity J. [lomydeHHoe n300-
pa’keHUE KOHTYpa 00BEKTa aHATIM3UPYETCS CHTHAIEHBIM
MIPOIIECCOPOM 6 I KOMITBIOTEPOM &, KOTOPBINA PACCUHUTHI-
BaeT PacCTosHUE 0 00beKTa (T. €. KOOPIAUHATY Z) JUIs
Ka)XIIO M3 MHOYKECTBA TOYEK BIOJIb IPOCSKITHH CBETO-
BO# JIMHUW Ha 00BbEKTE (11 KOOPAUHATHI X).

Pa3BepTka MCXOMHOTO JIA3EPHOTO IIyYKa B JHHUIO
OCYILECTBISIETCS C TOMOIIBIO IMIMHAPHYICSCKON JIH3HI,
BXOIISIIICH B cocTaB 00bekTHBa 2. Tak Kak MHTCHCHUB-
HOCTb MCXOJIHOTO JIa3€pPHOT0 Iyuyka uMmeeT layccoBo
pacnpesielieHie, TO ¥ MHTEHCUBHOCTb B 30HUPYIONIEeH
JIMHUHM TIOBTOPSIET 3TO pactpezeneHre. HepaBHomepHOCTH
MHTEHCUBHOCTH 110 BCEH TPOTSAKCHHOCTH JIMHUM HaKJIa-
JBIBACT OTIPEICIICHHBIC YCIOBUS Ha aITOPUTM 00paboT-
K1 U300payKeHNs, HOTy9IEHHOTO C MaTPHIIBL J.

Ha puc. 2 mpencrasieHa onTrdeckas cxema JByxKa-
HAIBHOTO YCTPOUCTBA TSl H3MEPEHHS T€OMETPUIECKUX
apaMeTPOB ITOBEPXHOCTH OOBEKTOB CO CI0KHBIM IIPO-
(uem. M3iryuenne nazepa / hopMupyercsi 00beKTHBOM
2 ¥ HaTIpaBISICTCS B ONITHYECKUH y3€JT yIIIOBOU pa3BepT-
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Puc. 2. OntHueckas cxema JIByXKaHaJIbHOTO YCTpoiicTBa

KH JIA3€PHOTO JIyya, NpeACTaBIsaomui co0oil cuctemy
JIByX ONTHYECKUX KIMHBbEB 3 U 4, UMEIOIINX HE3aBUCH-
MbI€ OcH BpatieHus. [lonydenue 3a1aHHOTO yIyia OTKIJIO-
HEHHS JTyda OCYIIECTBISCTCS B /IBa 9TAlAa: a) BpallCHHU-
€M IIepPBOTO KIIMHA YCTaHABIIMBACTCS a0COIOTHAS BEJIHU-
YMHA BEKTOPA OTKJIOHEHUS JTy4ya B INIOCKOCTH aHAJIN3a;
0) COBMECTHBIM BpAIlCHHEM OOOWX KIMHBEB 33TaeTCS
HAIpaBJIeHUE ATOTO BEKTOPA B TOU K€ TNIOCKOCTH.

Takum 00pa3oM Ha MOBEPXHOCTH HU3MEPSIEMOTO
o0BeKTa 5 GOopMHUPYETCs IMOJIOCA CBETA B MOJIOKEHHUH )
wi b) (cM. puc. 2), KoTopasi BOCIpUHIMAETCS HOpMH-
pYyIOIMEI 00bEKTHBAMU 6 U 8 1 IepeiacTcs B BUIE H300-
pakenuit C' 1 D' B II0CKOCTh (DOTOTUOAHBIX MATPHIL 7
u 9. Yrpasienue (HOTOANOAHBIMU MaTPHLIAMH, TIPHBO-
JIOM y371a pa3BepTku /0 m 00pabOTKOH BUIEOIIOTOKA, &
TaK)Ke BBIYHCIICHHUE MTapaMeTPOB MPOQUIIS OCYIIECTBIIS-
€TCsl CUTHAIIBHBIM TIpotieccopoM /7.

Cucrema u3MepeHHs1 BBICOTHI U JIMHEHHBIX pa3me-
poB Mukpocoopok I13C

Pa3paboTaHHBIi METOI PeaTH30BaH B TPEXKOOPIH-
HaTHOM CHCTEME U3MEPEHUS BBICOTHI U JIMHEHHBIX pa3-
MepoB MuKpocbopok [13C «TpuanmMukpoy», Kotopas
obecrieynBaeT:

— JIBYXKOOpPMHATHBIE IEPEMELLIEHNS OTITUKO-JIEKT-
pornoro 2D-ckaHepa mpu MOMOIIM CUCTEMBI TIOPTAITb-
HOT'O THIIA;

— KOHTPOITb U U3MEPEHUE BEJTHYUHBI TEPEMEIICHNUS
Y IO3ULMOHUpoBaHus 2D-ckanepa 1o koopauHaram X, Y
C ITOMOILBIO PACTPOBBIX JATYUKOB [IEPEMEILECHUS;

— (hopMHpOBaHKE 30HANPYIOIIETO TOBEPXHOCTB JIa-
3€pHOTO JIyya, Majarolero noj yromM 35° k ocu Z, B
BUJIE CBETOBOW JIMHMHM, MMOBEPHYTOH moxa yriom 45° k
ocsIM KoopauHaTt X u Y

— U3MEpEeHHEe JUHEUHBIX Pa3MEPOB 110 KOOpAUHATE
Z TyTeM IOJTydeHUs 1 00pabOTKH H300paKEeHHUS CBETO-
BO TUHKH, 1e()HOPMUPOBAHHOU MPODUITBHBIMHU JIEMEH-
TaMU [IOBEPXHOCTH.

B cocras cuctems! « TpuanMukpo» (pHc. 3) BXOIST:
TpaHUTHAS IUTUTa-OCHOBAHUE, TPAaHUTHAS TUTHTA-[IOPTAJ,
nazepHselii ckanep, asurarenu FL42STH47-0854A u
FL39ST20-03 A, npaiiBep m1aroBoro JIBUraTess, HICTOY-
Huk nutanug 2x24VDC, 1,2A, npeobpa3oBarenb
2xRS232-USB, xomnbrorep Model Ne MS2205 Aser.

Puc. 3. Cucrema TpexMepHBIX U3MEPEHHI Pa3MepOB MHUKPO-
coopok I13C «TpuanMuKpo»
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I/IHI/II_II/IaJII/I3aHPI$I ycTpoiicTBa

1. Brog napaMeTpOB
— nuana3oHsl X, Y;
—mar no X, Y.

2. CO3Z[aHI/Ie ¢aiina

=/

CkaHupoBaHue
OKOHYEHO?

1. Cpem 10 npodueii B mo3ULUH.
2. Yepennenue npoduiiei.

3. CoxpaneHue B (aiis MO3HIHH.
4. CoxpaneHnue npodus.

i

A 4

O6paboTka
JIAHHBIX

HepeMCCTI/ITBCH B NIO3UIUIO
CKaHHUpPOBaHUA C YUCTOM Illara

mXuY

1

Puc. 4. Anroput™m paboThl cuctembl « TpHaHMUKPOY

PaspaboTanHbIii aITOPUTM pabOThI CUCTEMbI TIOKA3aH
Ha puc. 4

B npoepammmom modyne o6pabOTKH BHIIEOIIOTOKA
peann30BaHbI CIeIYIOIUE AITOPUTMBI:

— o0ecrieyeHrue PaBHOMEPHOCTH 30HIUPYIOMIETO
My4YKa Ha MaTPHIIE;

— oOHapy KeHHE OTKIMKA OT 30HUPYFOIIETO MyJKa
Ha MaTpHIIe C TOMOIIBIO TPAJUEHTHOTO (PHIIBTPA;

— YTOYHEHHE KOOP/IMHATHI ITy4YKa METOJIOM IIEHTpa
TSOKECTH € CYOIMKCEIIbHOW TOYHOCTBIO, UTO IMOBBIIIACT
TOYHOCTH M3Mepenuit garauka a0 0,1—0,05% ot auarma-
30Ha;

— npeoOpa3oBaHUe KOOPAMHAT ITyYKa Ha MaTPHIIC B
KOOPJMHATHI Z, X B MPOCTPAHCTBE C TIOMOIIbIO TAOJH-
IIbI, TOJYYCHHOU B pe3yJIbTaTe KaTHOPOBKH MO TOYCYHO-
My Ia0JIOHY ISl yBEITUYCHHUS OBICTPOICHCTBUS.

B kadecTBe Marpuibl BEIOpaH dneMeHT Gupmbl Cypress
IBIS5-A-1300 co crnenyrouuMu napaMmeTpamu:

— pa3pemenue 1280%x1024;

— yacroTa cheMa n3oopaxenus 40 MI'n;

— BO3MOXKHOCThH BBIOOpA MHTEPECYIOIICH 001acTH
ckanupoBanus (ROI);

— BO3MOKHOCTb CheMa MOJHOT0 N300paKeHUsI C paz-
pemernem 640%x512.

VYmpasienue u 00pabOTKy BHEOMOTOKA MaTPHIIBI
OCYILECTBISIET IBYXbSIICPHBIN CUTHAIBHBIH MPOLIECCOP

Caway  Pisarin

e bl i CLCKHG

AR R 1: 06291 £1: 58331

X2 BFI0 T 0477 22 6563
12083 d’ -0 0603 = 1a0E

I pp T e

MarHa: i 3]

o g

FNpaEneH4E NpRB000 6

W i

R

-

¥paEneH1E Npennou
Parcr s 5 HHE 'l'l.'_
PaCcroaa ', HH |'|3'3'
LIS, et |'|:':"]
L, it ['“"

Craga |

ToKplLES NonowaHkeE:
ECODDMHETS &, FH

A DI HETS Y F

Ceponc

Mo

Puc. 5. OkHO penakTOpa IPOrpaMmbl
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¢dupmbl Analog Devices ADSP-BF561 ¢ wactoToit siapa
10 600 MI'ty 1 yactoroii BHeHeH muHbI 133 MI 1.

Hanmunuue B mporneccope a1Byx AJIY oOmero Ha3Ha-
YeHUs ¥ 9eThIpeX Bueo-AJlY 1mo3BosseT BEITOIHATD B
OJTHOM sIZIpe A0 TPEX omepanuii 3a TakT. B pesynprare cra-
HOBHUTCS BO3MOYKHOM JOCTaTOYHO MPOCTAsT PEATN3AIIHS
MYJBTH33a9HOCTH IPH TIOMOIIU pa3paboTaHHOTO (Hp-
Mmoit Analog Devices mpocreiimero sapa VDK ¢ nepe-
KJTIOUYEHHEM KOHTEKCTa.

BrimenepeurciieHHbIe TapaMeTphl MATPHIIBL H TIPO-
1eccopa mo3BoiisitoT paccuntath oT 100 10 3000 (B pe-
xkuMe ROI) npoduneit, uto orpaHndeHo, B OCHOBHOM,
CKOpOCTBI0 MaTpullbl. [lepenayua TaHHBIX MPOU3BOANTCS
o uatepdeiicy Ethernet co ckopoctero ot 100 MouTt/c
10 8 M6/c Ha mukpocxeme Gupmbl Davicom DM9000A.

IIpozpamma ¢ THTYUTUBHO NOHITHBIM HHTEpdeiicoMm
MOJIb30BATENS (OKHO PeakTopa H300pakeHo Ha pHC. 5)
MO3BOJISICT CHUMATH JaHHbIe ¢ 2D-cKkaHepa v yIpaBIsTh
KOOpIMHATHOH cucteMoit. TakuM 00pa3oM IPOBOIATCS
H3MEpEHHS ITapaMeTPOB 0OBEKTOB 110 KoopauHatam X, Y,
Z B 3aJJaHHOM 00JIACTH CKAHWPOBAHUS C 3aJIaHHBIM IIIa-
TOM B COOTBETCTBYIOLIMX IOJISIX, aHATU3 U 00paboTka
Pe3yJBTaToB.

*kk

OnucaHHbIE OJJHO- U JBYXKAaHaJbHbIE ONTHUYECKUE
YCTPONCTBA, a TAK)KE TPEXKOOPAMHATHAS CUCTEMA IOy~

4yeHHsI 1 00pabOTKH U300paskeHus CBETOBOM JIMHUM, Jie-
(hopMHpOBaHHON TPO(UITEHBIMH JIEMEHTAMH ITOBEPXHO-
CTH, MOTYT HPHMEHATHCS JUIS H3MEPEHUSI CIIOKHBIX MPO-
(uteii MOBEepXHOCTH TEXHUIECKUX 00BEKTOB, B YACTHO-
CTH, BBICOTBI TPEOHEH U IIyOUHBI KAHABOK, a TAKXKE IS
oOHapyXKeHHs 1e(PeKTOB ITOBEPXHOCTH.
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[IUD®POBOI METOJ] U3MEPEHU S
KODOOULIMEHTA HAITPABJIEHHOIO OTPAYKEHUS

[TOBEPXHOCTH

Ilpumenenue 6 ompaxcamenvHol gomo-
Mempuu MHO203JIeEMEHMHO20 omonpuem-
HUKA NO360IUNO YEEeIUUUMb MOYHOCHb U
ynpocmumbs uzmeperHue CneKkmpaibHo2o
Koagpuyuenma nanpasienHHo2o ompaxice-
HUs NOBEPXHOCTIU.

Pasnmuuune B oTpaxkaTenbHON CrIOCOOHOCTH MTPUPO/I-
HBIX U UCKYCCTBEHHBIX OOBEKTOB IIUPOKO UCIOJIB3YET-
¢ LISl X pacro3HaBaHus U Kiaccudukanmu [1]. Kaue-
CTBO MaTEPHAJIOB U Pa3HOOOPA3HBIX TOKPBITHH, HCTIONb-
3yeMbIX B CBETOTEXHUYECKOM, JIAKOKPACOUHON POMBILL-
JICHHOCTH, B TAIbBAHOTEXHHUKE M JPYTUX OONACTSX, B
HEPBYIO 04Yepe/ib, onpenensercs ko3 uireHTaMmu or-
paxenus u noromeHus [2]. [loatomy omnpenenenue Ko-
3¢ ¢unneHTa OTpaskeHUS PA3IUIHBIX 0OBEKTOB KaK 0J1-
HOT'0 U3 OCHOBHBIX ONTHYECKUX NapaMeTPOB SIBISETCA
aKTyaJbHOH 3a7a4yeil HayYHBIX UCCICAOBAHUH 1 TpHudo-
POCTPOUTENBHON MPAKTHKH.

TpebGoBaHMs K TOYHOCTH U3MEPEHNUS KOd(pPHUIEHTA
OTpa)k€HUs BBICOKH, TIOCKOJIbKY JIMAIa30H BO3MOXKHBIX

3HaueHui ko3 dunmenta mmpok — ot 0,04 1o 0,89 [3,
c. 49]. BoNbIMHCTBO PacIpPOCTPAHEHHBIX METOAOB HC-
CIIEZIOBAHMUS OTPAKATEIBHOM CIOCOOHOCTH ITIOBEPXHOC-
TH OCHOBAHO HA M3MEPCHUH aMILTHUTYIHBIX 3HAYCHHH Xa-
PAKTEPUCTHK OTPAKEHHOT'O U3JTyUCHHUSI, TAKMX KaK HH-
TEHCHUBHOCTB, IPKOCTh | 1p. [Ipn 3TOM TOYHOCTE M3Me-
PCHUS B 3HAYUTEIFHON CTENICHU 3aBUCHT OT BEITUYHHEI
n3MepsieMbIX napamerpos. M3BectHo [4], uTo oTpaxe-
HUE U3JTyYCHHs U3MEPSACTCs C HAUOOIBINEH /IS aHAIO-
TOBBIX IIPUOOPOB TOYHOCTHIO OKOJIO 1% B nuamazoHe
3HaueHuH Kodppunmenta orpakenus 0,2—0,6, a 3a ipe-
JIeJIaMy 3TOTO JIMara3oHa MorpenrHoCTh mpeBbimaeT 3%.
OHUM U3 yTeH MOBBIICHHS TOYHOCTH H3MEPEHUSI OT-
PaKCHUS H3ITYICHUS MOXKET OBITh TIepeXo]] K HU(PPOBO-
MY TIPEJICTABJICHHIO U 00PabOTKE M3MEPHUTEITLHOM HH(OP-
Mallly, 9T0 00eCIeUnBaeT psix 0E3yCIOBHBIX MPEUMY-
IIECTB, B TOM YHCJIC TI0 TOYHOCTH, JJIsI KOTOPO# JOCTH-
’KUMBIM CTAHOBUTCS YpoBeHb 10 1073% [5, 6].

3OTO HampaBleHHE U3MEPCHUH peatn3yeTcst B 00Jac-
TH (pOTOMETPHH, B KOTOPOH IIEPBUIHBIM U3MEPUTETEHBIM
npeobpazoBareneM ABisieTcs POTOINEKTPUIECKUH TPH-
E€MHHUK OTITUIECKOTO N3TYICHHS.
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Puc. 1. [TpunnunuanbHas cxema U3MEpEeHUi K03 PUIHEHTAa OTPAKECHHS TTOBEPXHOCTH:
— JanbHOCTH HACTPOHKH; 20 — yTon mepecedeHns ONTHIECKUX OCeil n3mydaress U GpOTONMpUEMHHKA; [ —
(boxycHOE pacCTossHME MPUEMHOTO OOBEKTUBA; @, — KOOPJMHATA U300paskeHHUs Ha IJIOIIa/IKe (OTONPMEMHHUKA; / — NaTbHOCTh

b — m3meputensHas 0asa; [

B mocnennue rogsl B (POTOMETPUH CTAM LMIMPOKO
UCIIOJIb30BATHCSI MHOTO3JIEMEHTHBIE (OJTHO- U JIBYMEp-
HbIC) (POTONPHEMHHUKH, BBINOTHSIOIINE (DYHKITHH aHAJIU-
3aTOPOB CUTHAJA, MPOCTPAHCTBEHHBIX U BPEMEHHBIX
¢unsTpoB [7]. IlpuHImHaIsHON 0COOEHHOCTHIO MHOTO-
3JIEMEHTHBIX IPHEMHHUKOB-aHAIN3aTOPOB SIBIISCTCS JHC-
KPETU3aIHs HETIPEPHIBHOTO ONTHYECKOTO CUTHATIA.

MHoro31eMeHTHBIE (OTONPUEMHUKH, B YaCTHOCTH
JMHEHKN W MaTpHIBl (POTOMPHUEMHUKOB, B COYETAHHU C
MHKPOIPOILIECCOPaMU OTKPBUIN IIHUPOKHUE BO3ZMOKHOCTH
IUTSL IETEKTUPOBAHUS HH(POPMATUBHBIX IPU3HAKOB, IIpe-
00pa30BaHus UX B JIEKTPUUECKUE CUTHAJBI U MOIrO-
TOBKH 3THUX CHTHAJIOB JUTS TaJbHEHIIeH 00paboTky [8].

Lens maHHOM PabOTH — HCCIEIOBAHIE BOZMOKHO-
CTH UCTIOJIB30BAaHUSI MHOTO3JIEMEHTHOTO (DOTONIpUEMHU-
Ka JUIs peasu3anuy udpoBoro MeTosia M3MepeHust Ko-
3¢ dunreHTa HaNPaBISHHOTO OTPAYKEHHS TOBEPXHOCTH.

N3mepenne npoBoIniIOCh M0 CXEME, TOKa3aHHON Ha
puc. 1, conepsxamieil u3mydaresab, MHOTO3JIEMEHTHBIN
(OTONIPUEMHHUK U OTPAXKaTENbHBIN SKPaH, yCTAaHOBJICH-
HBIC Ha ()OTOMETPUIECKOH CKaMbe.

CoOTHOIIICHNE MEX/TY BETMYMHAMU b 1 l , COCTaBJIs-
et npumepHo 1:10, 9To cOOTBETCTBYET y31<06a30130My
THUITy U3MEPUTENIBLHOI CXEMBI, TPH KOTOPOM 00ecIedn-
BAIOTCS HAMJTYYIIKE YCIOBUS OTPAKEHUS 1 MUHUMAIIb-
Hasi MepTBas 30Ha.

ITyuok sryuell, reHEpUPOBaHbIX U3IydaTesIeM, Yepes
ONITUYECKUI 0OBEKTHB MAACT Ha OTPAKATEIILHBIN 3KPaH.
OTpakeHHBIH TOBEPXHOCTHIO ITyUOK JIyueil uepes BXo/1-
HOI 00BEKTHB MOCTYHAET Ha (POTOTYBCTBUTEIHHYIO O~
BEPXHOCTb ITpueMHUKa. [Tpu 3TOM oTpakeHHBIN My4oK
TIOJTHOCTBEO TIEPEKPHIBACTCS AllePTyPOi MPHEMHOT0 00hEK-
THBA BO M30€KaHUE BHIXOJA U3 30HBI UyBCTBUTEIHHOCTH
(oTOnpHEMHNKA YaCTH U3MEPSIEMOT0 CBETOBOT'O ITOTOKA.

[Tpu aMIuIUTYTHOM METO/IE N3MEPEHUH CUTHAT (POTO-
IIPUEMHUKA U CBSI3aH C OTpa)kaTeIbHbBIMU CBOMCTBAMHU
MTOBEPXHOCTH COOTHOIHGHI/IGM [3]

U,=Ap/P, (1)

rae A — kodhPUIHEHT NPONOPLHOHAIBHOCTH,
A=P,S q)Tn,fc(e)ABx/zm
P0 — MOUIHOCTb U3JTy4aTes;
S ¢ —— BOJIBTOBAs YYBCTBUTEIBHOCTH (oTonprueMHHKa,;
T — K03 (QHUIUEHT POy CKaHNA IPHEMOM3TyYaTeIbHOM ONTH-
4eCKOH CHCTEMBI;
/.(8) — byHKIMs HANIPABICHHOTO U3y YEHHs, 3aBUCAIIAS OT yriia 6;
A — IIoma s BXOAHOTO 3pauKa IPHEMHOI ONTHIECKON CHCTEMBL;

BX
P— k03 PUIHEHT OTpaKEHHS TTOBEPXHOCTH.

[pu masoit u3MepuTenbHOI 6a3e BUA rpaduka Uy =f(])
MEHSETCS B 3aBUCUMOCTH OT BEJIMYMHBI Koacbcbnunema
OTpakeHUs MOBEpXHOCTH (puc. 2) [3].

Ou4eBUIHO, YTO OINPENEIICHHBIH YPOBEHb BXOJHOIO
cUrHana q)OToaneMHI/IKa HanpuMep noporoebii U,
JUIs TIOBEPXHOCTEH ¢ pa3nUYHbIMU 0Tpa>1<aTeanLIMI/I
CBOWCTBaMH JIOCTUTAETCs TIPH AabHOCTH [ W/ . . cO-
orBeTcTBeHHO. Clle10BaTEIbHO, IIPU IOPOTOBOM PEXHU-
M€ H3MEPEHUH B TIpeJieNax Ananasona JajibHOCTH [ . —
[ .2 AMEET MECTO 3aBUCHMMOCTB TIOPOTOBOH aIbHOCTH
0T K03 GHULNEHTA OTPAKECHUS UCCIEAYEMOM TOBEPXHO-
CTH, KoTopasi, ucxoas us3 (1), umeer BUA

Inop VIR p. (2)
mop
< U,
2
= 4 max
= |
3 [
S) U
= f Pmin
"g" | ’-H"' H'\-\.
i/ "-._h " U
E L -, e nop
oo _r_.-'"' -"-I-., N T
= I [ S— P
5 &= B
Lin [ HambHOCTh

Puc. 2. 3aBucumMocTs cursana (GOTONPHEMHHKA OT JAJIBHO-
CTH JJISl IOBEPXHOCTEH ¢ pa3inuyHbIMU KO3 GULHEHTaMU
OTpa’KeHUs
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p 0,85 0,8 | 0,75 | 0,7 | 0,65 | 0,60 | 0,55

0,50 | 0,45 | 0,40 | 0,35 | 0,30 | 0,25 | 0,20 | 0,15 | 0,1

a,mm | 1,64 [ 1,52 | 1,39 | 1,24 | 1,08 | 0,91 | 0,68

047021 |-011]-05|-09]|-1,5]|-23|-34]|-52

100 [ 97,1 | 94 | 90,8 | 87,5 | 84,1 | 80,1

Lops €M

76,7 | 72,8 | 68,7 | 64,2 | 59,5 | 54,3 | 48,5 | 42 | 344

0,8 Prrax
0,6 4

04 .

02
pmin

0
-6 4 0

Puc. 3. PacueTHas 3aBUCUMOCTb KOA(PPHUIHUEHTA OTPAKCHHUS
OT KOOPIMHATHI [IEHTPa CBETOBOIO ISTHA

a,, MM

C npyroii cTopoHsl, U3MEHEHHUE TATbHOCTH (paccTo-
STHUSI MEXKTY OTPaXKaroliel HOBEPXHOCTHIO M TPHEMOU3-
Jy4aTebHBIM OJIOKOM H3MEPUTEILHOW CXEMBbI) COIpPO-
BOJK/TAETCS MEPEMEIICHIEM CBETOBOTO M300paKeHHS B
(hoxanbpHOM TUIOCKOCTH (poTOpHEeMHHKA. [IpH 3TOM KO-
Op/IMHATa @, EHTPa CBETOBOIO MATHA Ha (JOTOUYBCTBH-
TeJBHOM IO IKE IPUEMHHKA OTIPEEIIeTCS TATbHOCTBIO
Y OITUKO-TEOMETPUICCKIMHE [TApaMeTPaMH TPHEMOH3ITY-
garenpHoro 6J0ka (puc. 1) ciaemyronmm odpasom [9]:

bf(I-1,,)
I, —btgd [ -1 )

' (3)

®JIK-148

/

/

/

CootHomenus (2) u (3) M03BOJIAIOT YCTAHOBUTH CO-
OTBETCTBUE MKy KOA(D(DUIIMEHTOM OTpasKeHHS TOBEPX-
HOCTH ¥ KOOPIMHATON M300pakeHUs B TUIOCKOCTH (o-
TOIIPUEMHHKA, KOTOPOE BBIPAYKAETCS KaK

U, O bl (atge+f) O
=" A B a, -tge)-bfH"

Pacuer 3aBucumoctu P(a,) NPOBOAMIICS B IHAIa3o-
He nu3MeHeHus koddduumenta orpaxenus ot 0,85 10 0,10,
XapaKTePHOM JIJIsI pealbHBIX IOBEPXHOCTEH, U B THAIIa-
30H€ qanbHOCTH 100—25 cM, OrpaHUYEeHHOM IIPH MaK-
CHUMAaJIbHOM KOA((PHUINEHTE OTPAKECHUSI TTOBEPXHOCTH
IIOPOroBOM JJaIbHOCTHIO ZH0p=lOO CM, OIlpejensieMoit
3HAYCHUEM Unop=0,l MB, ¥ mupuHON MEPTBON 30HBI
[,,=25 cm. B ypaBHenuu (3) 15151 pac4eTa UCIob30BaHbI
CIICIYTOIINE 3HAYCHUSI OTITUKO-TEOMETPHUCCKUX ITapaMeT-
POB IIPUEMOU3IYYATEIBHOTO 0JI0Ka: b=75 MM, =50 MM,
L,=70 cm, 26=6,4°.

Pesynbrarel pacuera P v @, IPE/ICTABIIEHBI B TA0/IH-
e 1 Ha puc. 3.

311eCh MOIOKHUTENBHBIE 3HAYCHUS A, COOTBETCTBYIOT
KOOpAMHATE M300pakeHHsI CIICBA OT ONTHYECKOW OCH
MPHEMHOT0 O0BEKTHBA, a OTPHIIATEIFHbIC — CIIpaBa. 3HAK
a, MCHSIETCsl OTHOCHTENBHO TOUKH /=] B COOTBETCTBHH
¢ ypaBHeHueM (3). O4eBUIHO, YTO 3aBUCUMOCTh P(a,)
SIBJISIETCSI HEIMHEWHOM, YTO CO3J1aeT ONpeliesICHHBIE TPY/I-
HOCTH €€ WCIIOJIb30BAHUS B U3MEPUTEIBHON CHUCTEME,
TIPEOIONIETH KOTOPBIE MOYKHO H3BECTHBIMH METOIAMH, TT0-
3BOJISTIOIIIIMH JINHEAPH30BATh H3MEPUTEIBHYIO XapaKTe-
puctuky [10, c. 31].

(4)

MITY

Y Hanpasnenue 3,
HepEeMEILECHUs 1

Kon
Cu

CBETOBOI'O IITHA
pu CONMKEHUH

|
I
=

Puc. 4. CrpykrypHas cxema nuctraniponHoro AL co cuetom mMmynbcoB Ha 0ase smHeiiku oroauonos OJIK-148
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[To maHHBIM, IPUBEJICHHBIM B TabJuIle U HA pHC. 3,
paccMaTpuBaeMOMy Hana3oHy KodpuireHTa oTpaxe-
Hus 0,85—0,10 cooTBeTCTBYET M3MEHEHHE TTOPOTOBOMA
nansHOCTH OT 100 110 34,4 CM 1 CMEeTIeHne KOOPAMHATHI
eHTpa (poKanbHOro natHa mexay a, (/- )=1,64 MM u
a,(l ...)=—52 mm. [Ipu 3TOM 1nMHA TPaeKTOpHH CMe-
wenns Aa,=6,84 M.

[TpuHIMNIIaTbHASt BO3MOXKHOCTD UCTIONb30BAHMS aHa-
JIOTOBOM 3aBUCUMOCTH P(a, ) VISl U3MEPEHUS CTIIEKTPAITb-
HOro KO3} (puuMeHTa OTpaKeHUs P, MCCIEN0BATACH
(puc. 4) na ocHose m3myyarens UITH-103 (A, =0,63 mxm)
U MHOTodJeMeHTHOTO GoTonpuemHuka OJIK-148
(AN, =0,4—1,1 mxm).

(%OTOHpI/IeMHI/IK @OJIK-148, mpeacrapmsromnuii coooit
JMHEHKY KPEMHUEBBIX (POTOIUOIOB, OCYIIECTBIISIET TUC-
KPETH3AIMIO 3aBHCUMOCTH MEXIY OTPa)kaTeIbHBIMH
CBOWCTBAMH TIOBEPXHOCTH U KOOPIMHATON M300paskeHHSI
MyTeM pa30HEeHUS TPACKTOPUN CMEIICHHS N300 paKeHISI
Ha PsijJl YYaCTKOB, COOTBETCTBYIOIIMX OMPE/EICHHBIM
3HAYCHHSIM KO PUIIEHTA OTPAXKCHHS.

Jluneiika ¢poromuono ®JAK-148 mnmunon 12,8 mm
coctouT U3 11 BKITIOUCHHBIX MTapaIlIeTbHO IUCKPETHBIX
(hOTOUYBCTBUTEIBHBIX 3JICMEHTOB MIUPUHON 1 MM Kax-
JIblI ¢ IMHEUHBIM HENIPOo3pauHbIM nHTEpBaioM 0,15 MM.
B cxeme merona nuHelka QOTOIUOAOB BBIITOIHSAET
¢yukun auctaniponnoro ALTl, mpeoOpasyromero B
KOJI IMHEHHOE mepeMenicHne nzoopaxenus [S]. Kpome
MHOT'03JIEMEHTHOTO (POTOIPHEMHHUKA B CTPYKTYPY IPO-
creimero auctanuonHoro AL BxoaaT Takxke MHOTO-
BX0JI0BO€ 1oporoBoe ycrpoiictso (MITY) u cyueTunk num-
nyiscoB (CH).
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PaccmoTpum anroput™ pabOTHI IUCTAaHIIMOHHOTO
ATIIL. Tpu yMeHbIIIEHUH TUCTAHITUH OT MTPHUEMON3TyYa-
TEJIFHOTO OJIOKA /IO OTPa)kKaTeIFHOTO YKpaHa CBETOBOE
MSTHO JIMHEHHO TIepeMelaeTcsi o oBepxXHocTH (oTo-
IIpUEMHHUKA B HAIIPaBJIECHUH, yKa3aHHOM Ha puc. 4. [Tpo-
XOJISl TIOCJICIOBATEIHLHO 110 TUIOMIAKaM (POTOUYBCTBU-
TEJIbHBIX 2JIEMEHTOB, CBETOBOE IISITHO BbI3bIBAET IOSIBIIC-
Hue ¢otosac U, Ha BRIBOAAX KAKIOTO U3 HUX, KOTOPHIE
coenrHensl co Bxomxamu MITVY.

PaznenennbIe BO BpeMEHH CUTHAIBI (JOTOOTBETA OT-
JIeTIbHBIX 3JIEMEHTOB IPH MPEBBIILIEHUH MOPOrOBOrO
yposas U (p BPI3BIBAIOT TIOSABIICHUE HA BBIXOJIC MITY no-
CJIE/I0BATEIbHOCTH UMITYJILCOB IOJIOKHUTETBHOM MOJSPHO-
cTH, KoTopble moctymnatoT Ha CH. Yucnooii ko, nomy-
4yeHHbIH Ha BeIxozie CH, paBeH KOJTMUeCTBY UMITYJIBCOB 7
Ha Bbixosie MIIY u ompezensieT 3Ha4eHUe Py B BUJIE
P\=qn, rae ¢ — kBauT AL, paBHBI €TMHUYHOl KOOP-
JIMHATE ¥ OKBUBAJICHTHOMY 3HAYEHUIO Py .

Taxum 06pazom, I POBOH METOT N3MEPEHNUS CTICK-
TPaAITLHOTO KO3 (HHUIMEHTA OTPAKSHUS UCCIISTyeMOH T10-
BEPXHOCTU OCHOBAH Ha IOCJIEJOBATEIBHOM CUETE HM-
IIyJIbCOB, PETUCTPUPYEMBIX IPU U3MEHEHUH 1aJIbHOCTH.
CB#13b YUCIIa UMITYITECOB (JOTOOTBETA C BEITMIHHOH CIICK-
TPAILHOTO KO3 (QUIHEHTA OTPAKEHHUS HCCIIEyeMOH T10-
BEPXHOCTHU MO3BOJISIET UCIIOIb30BATh MHOT'OAJIEMEHTHBII
(hOTONPHEMHIK B KaueCTBE TEOMETPHUYECKOMN IIKANIbI 3TOTO
ko3 (ppULIMEHTA OTpasKEHHUS.

Pe3synbTarsl SKCIEpUMEHTATIBHOM TPOBEPKU MTPUHIIH-
[IUAJIbHOU BO3MOXKHOCTH TEXHUYECKOHN pealn3aliuy Ipes-
JIaraéMoro MeTO/a IPUBENIEHBI HA PHC. S, [JI€ II0Ka3aHbI
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5 . 20 5 6
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Jlucranmus, cm

Puc. 5. JlucTaHIMOHHBIE XapaKTEPUCTUKY 3/1eMEHTOB (1—7)
nuneiiku Goroanonos ®JIK-148 npu pasHbIX 3HAYEHUAX Py;

Ucp — (UKCUPOBAHHBIN YpOBEeHb (POTOCUTHAIA
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JIMCTAaHIIMOHHbIE XapakTeprucTHKH (IX) a1emMeHToB nud-
poBoro doTtomerpa.

Hcxozst U3 pacueTHOMN ATMHBI TPAEKTOPUU CMEILICHUS
u3o0paxenus Aa , cocrapnsomei 6,84 MM (puc. 3),
HAXOJMM, YTO B JIaHHYIO TPAE€KTOPHIO BIIMCHIBAIOTCS
IIECTh U3 OJIMHHAIIATH JIEMEHTOB (DOTOTMOTHON JIMHEHKH,
LIMPHHA KOTOPBIX C IPOCBETaMU JOCTUraeT 6,75 MM. Dite-
MEHTBI (POTOSTMHENKY ¢ §8-r0 1o 11-i siBsttoTcst Hepabo-
YMMH, HOCKOJIBKY PACHONIOXKEHBI 32 MPEAeIaMu TpaekK-
TOPUH TIEPEMEIICHUS CBETOBOTO ISTHA B (POKATHHOMN
IJIOCKOCTH (POTOTMPHEMHHUKA. DTO MOITBEPKIACTCS
puc. 5, a, Ha KOTOPOM MOKAa3aHBI IUCTAHIIMOHHBIC Xa-
PaKTEPUCTHUKH 3IEMEHTOB ¢ 1-ro 1o 7-i muHeiku GpoTo-
nrono OJIK-148.

KaxmoMy ai1eMeHTy COOTBETCTBYET MHI000pa3HBIH
HMIIYJIbC, MAKCUMaJIbHAs aMILUIATY/Ia U AUCTAaHIIMOHHAS
MPUBSI3Ka KOTOPOTO OMHCHIBAIOTCS COOTHOIICHHEM (1).
OTKJIOHEHHUS OT IPSIMOYTOJILHOHN (hOPMBI UMITYIBCA BO3-
HUKAIOT B Pe3yJbTare IepeMelleHHs KPyroBoro n3oopa-
JKEHMS 10 IOBEPXHOCTH 111€J1€BOT0 THra. O4eBUIHO, 4TO
TIPY MaJIBIX 3HAUCHHSX HanpsDKeHHs (oTooTBETa coce-
HUE UMIIYJIbChl YaCTUUHO NepeKpbiBatoTcs. Paznenenue
UMITYJIbCOB UMEET MECTO IIPU HEKOTOPOM 3HAYCHUHU U
OTIPEEIISIONIEM HIDKHIOK TPAaHHITy 00IacTH UX aHanH—
3a. B nannom ciyuae Uq) 5 MB.

Kak BunHO u3 puc. 5, a, B 1-oM 31eMeHTe (IIyHKTHP-
Has KprBast) MakcuMyM (orooTBera GpoTouoa, pacto-
JIO’KEHHBIN Ha PACCTOSIHUY MTPUMEPHO 34 CM OT OTpaka-
TEJIBHOTO DKPaHa, He jocTuraeT ypoBHs U, . D10 00bsic-
HseTCsl OJM30CTHI0O MEPTBOM 30HBI MIMPHUHON 25 cM, B
KOTOPOH CUTHAJ (JOTOOTBETA YMEHBILIACTCS IIPOIOPIIHO-
HaJIbHO YMEHBILICHUIO ILIOLIAIN IIepecedeH s ToeH 3pe-
HUSI M3ITydarens U (oromnpueMHuKa. Takum oOpazom,
1-1 37IeMEHT BBIXOMT 3a MPEeJIeITbl pabovero auana3oHa
nambHOCTH (100—34,4 MM), B KOTOPOM UMEET MECTO TIOJI-
HOE MEePEKPHITHE OTPAKEHHOTO MyUYKa anepTypou mpu-
€MHOr0 00BEKTHBA.

W3 sToro cremyert, 4To NpH COMMKEHHN TPUEMON3-
JTy4aTeNbHOTO 6JI0Ka C TIOBEPXHOCTHIO, MMEroIen P,=0,8,
(ukcupoBaHHBIN ypoBeHb curHana U, =5 MB Bo3HuKaeT
CHaJaxa B 7-oM dJIeMeHTe (pOoTOoIpreMHHKa Ha TUCTaH-
AR lrIO =83 cMm, a 3aTeM, C yMEHBIIICHUEM JIUCTAHIINH,
B 3JIEMCHTaxX ¢ 6-T0 1o 2-ii. B ntore popmupyercs ma-
KET U3 WIECTH UMITYIIbCOB. [[11s oBepXHOCTH ¢ P,=0,6
(puc. 5, 6) mepBbIil UMITYIbC BO3HUKAET B 6-OM 3JIEMEH-
Te Ha [ =66 CM W IOJIHBIH MMAKET COCTOUT TOJNBKO M3
ISITH UMITYJIBCOB. AHAJIOTHYHO (POPMUPYETCS TTaKeT M3
YeThIpEX MUMIYJIBCOB (pUC. 5, 8) IS TOBEPXHOCTH C
P,=0,4, y KOTOpO¥ MepBbId UMITYIIbC 3a(QUKCUPOBaH B
5-oM syemenTe Ha /| 0p=55 CM.

OTcyTCTBUE KOPPENSIUY MEXY JAaHHBIMU TaOIUIIbI
U pHUC. 5 TMPEANOJI0KHUTEIbHO CBSI3aHO C HCKAKECHHEM
(hOpMBI UMITYTBCOB W BBHIHYKICHHBIM ITOBBIIICHHEM
ypoBHs U p CHABHTAFOIIIM lnop B CTOPOHY YMEHBUIEHHUS
JaIbHOCTH.

TouHOCTB M3MEpeHUs IU(POBBIM METOAOM OIIPETE-
JISIETCst a0COIOTHOM MOTPEIIHOCTBIO IUCKPETHOCTH A

He BbIxojsIeit 3a npenenst +0,5¢ [S]. [Ipu aTom oTHO-
CUTCJIbHas MOTIPEIIHOCTb 1/13MepeH1/1171 OITMCBhIBACTCA BbI-
pakeHueM

A = A Ap ’ (s)
u Aa}l

rae Ap — nuana3oH KoddQuimenTa oTpaxkeHus, Co0T-
BETCTBYIOIIHH JTHHE TPACKTOPUH CMEIIICHHSI, ITIOIBEPTra-
MO IMCKPETU3AIIHN.

ITockoibKy B COOTBETCTBUHM CO CTPYKTYPOM JIMHEHKU

(bOToILHOILOB BeJIMYUHA ¢ cocTaBisger 1,15 MM, TO

A =+0,575 mm. I1o ycroBusiM SKCIIepUMEHTa Aa =0, 84 My
n Ap 0,75, orkyna A, =6,3%. B COOTBETCTBHH © ypas-
HeHueM (5), TOYHOCT W3MEPEHUI Ko PHUIIMEeHTa OTpa-
JKCHHUST MOXKET OBITh YBEITMYCHA JI0 JICCATHIX TOJICH Ipo-
LIEHTA B Pe3YJIbTaTe YMEHBIIEHUS ¢ Ha Tops oK. M3BecT-
HO [11], 9TO B COBpEMEHHBIX MHOTO3IEMEHTHBIX (POTO-
JUOJHBIX YCTPOUCTBAX Pa3Mepbl UyBCTBUTEIbHBIX dJle-
MEHTOB JIOCTUTI'at0T MUKPOMETPOB, UTO OTBEPIKIACT TEX-
HHYECKYIO BOBMOXXHOCTB TOCTIDKCHHUS TAHHOTO YPOBHSI
TOYHOCTH U3MEPEHUN.

Taknm 00pa3oM, ITyTeM MOACYETa YHCIIa HMITYIBCOB
(hoTOOTBETA HA BBIXO/IE MHOTORJIEMEHTHOT'O (DOTOIPHEM-
HHKA MIPUEMOU3IIy4aTeIbHOr0 010K, COIMKAIOIIEroCs!
C HICCIIEyeMOH MOBEPXHOCTHIO, PEATU3yeTCst IUPPOBOE
MIPEACTABIICHHUE CIICKTPATBHOTO KO PHUIIMEHTA OTpake-
HISI 9TOH TOBEPXHOCTH, IPEIIOYTHTEIFHOE IS TOYHBIX
U3MEPEHUH.

IIpennaraemblii METOA MPUTOMEH JUIA CO3/IaHUS KaK
u3MepuTenei ko uimenTa oTpaxkeHUs pa3IHIHBIX MO~
BEPXHOCTEH, Tak 1 0OHApYKUTENIeH 00BEKTOB C OTpeie-
JICHHBIMH OTPaKaTeTILHBIMU CBOMCTBAMH.
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OKCIIEPUMEHTAJIBHOE JJOKA3ATEJIbCTBO
OKCUTOHHO-IVIASMEHHOI'O ®A30BOI'O ITEPEXOJA MOTTA

IIpeocmasnenvl pe3ynomamsi SKCHEPUMEH-
MATLHO2O UCCLEO08AHUSL NPEOCKAZAHHO20
paHee meopemudecku IKCUMOHHO-NIA3-
MenHo2o ¢hazoeozo nepexooa Momma. Ilo-
JYyUeHo ybeoumenbHoe 00KA3AMElbCMBEO
€20 peanbHO20 CYWecmeo8aHus.

H3BecTHO, YTO WH)KEKTHPOBAaHUE HEPABHOBECHBIX
HOCHTEJIeH 3apsiyia u3MeHseT GOopMy JIMHHIA B SKCUTOH-
HOM CIIEKTPE NOITYyIIPOBOAHUKOBBIX KpucTaios [1]. Co-
OTBETCTBYIOIIEE U3MEHCHHUE ONTUYECKUX KOHCTAHT TO-
JyIPOBOJHUKA B SKCUTOHHOM 00J1aCTH CIIEKTpa MOA Jei-
CTBHEM ONTHYCCKOU FITH DIIEKTPOHHON HAKAUYKU MOXKET
OBITH UCTIONB30BAHO TS BHEIITHEH MOIYIISIINH ITPOXO/Is-
miero (OTpaKEHHOT0) Yepe3 KpucTasi ceeta [2, 3]. AH-
ruiickuii puznk Hesmiur MOTT TeopeTHUECKH MOoKas3all,
YTO MPU BBICOKUX YPOBHSIX BO30YKAEHUSI CYIIECTBYET
TakKasi KpUTHUECKasi KOHIIEHTPAIXs HEPaBHOBECHBIX HO-
CUTeNeH 3apsia, Ipu KOTOPOH AKCUTOHHOE COCTOSIHHE
BOOOIIIE HE MOXKET CYIIECTBOBATD, T. K. HHKEKTUPOBAH-
HBIC B KPUCTAJUT HOCUTENHN 32 CUET CTATUUECKOTO U JIU-
HaMHUYECKOI0 MIIa3MEHHOTO 3KPaHUPOBAHUS U3MEHSIOT
KYJIOHOBCKHI TIOTEHITHA B3aUMOJICHCTBHS CBSI3aHHBIX B
SKCHUTOHBI AJIEKTPOHOB U ABIPOK [4, 5]. [Ipu aToM sHED-
TusA CBA3HU DKCUTOHOB YMCHBIIACTCS, a paguyC CBsA3aH-
HOTO COCTOSAHHNSA YBCIINYUBACTCA. B xoHeuHoOM cueTe dK-
CHUTOHBI pactaialoTcsl Ha CBOOO/HbIE AJIEKTPOHBI U AbIP-
KH. DTO SIBIICHHE [IEPEX0/Ia OT IKCHTOHHOTO ra3a K Iia3-
M€ 3JIEKTPOHOB U JBIPOK TIOTYUHIIO B IUTEpaType Ha3Ba-
HHE 9KCUTMOHHO-NIA3MeHH020 (hazo6020 nepexooa Mom-
ma. CornacHo [4, 6] kpurepreM MoTTa CIyXHUT Hepa-
BEHCTBO

rla,<2,5,

IJie 7 — pacCTOSHHUE MEK/Ty YACTHIIAMH, r:(3/4T[NKp)” 3
@, — PajiiyC SKCUTOHA,;
NKp — KpUTHYeCKast KOHIIEHTpauus Hocutenei. B kpucrammax CdS
3HaYeHHe NKp::}lO17 oM [7].

B HEeKoTOpBIX paboTax BBOAMUTCS UANa30H 3HAUCHUN
3TOro Kputepus 2,5—3,7, 4TO JaeT JUanazoH N, ot
3107 50 2-10'8 v [6, 7]. OmHako mpsaMoro 3Kcnep1/1—
MEHTAJILHOT'O JIOKa3aTeNIbCcTBa ATOro 3 dekra He ObLTO.
Db dhexT ymupeHus YKCUTOHHBIX JINHUHA B CIIEKTPE JIFO-
MHHECIeHIN KpucTamuios CdS npu ontrueckoii Hakau-
ke uccinenoBaics B [1, 2]. dakT MCYC3HOBEHUS DKCHU-
TOHHBIX YPOBHEH HAOIIOAIICS SKCTIEPUMEHTAIBHO B KPH-
craiax CdS juist ypoBHE#H ¢ mokaszaTesieM Mpesiomie-

Hust n>1 [1]u ¢ n=1 [2], HO OH HE MOXET OBITh CBA3aH C
nepexo oM MoTTa, MOCKOJIBKY IPU 3TOM CKavyKooOpas3-
HOTO ICYe3HOBCHNUS YKCUTOHHBIX yPOBHEH He Habmoa-
70chk. B maHHO# paboTe MpUBeIeHBI DKCIICPHUMEHTATBHBIC
Pe3yIBTaThl, TTOATBEPKIAIONINE CYIIECTBOBaHUE (ha30-
BOTO nepexoaa Morra.

JlocTurHyThlil B HacTOsALIEE BPEMS YPOBEHb TEXHO-
JIOTHHU TI03BOJISIET BBIPAIUBATE YHCTHIC ONTHYECKH OJI-
HOPOJIHbIE MOHOKpHCTaITBI CdS ¢ 9KCUTOHHBIMH MeXa-
HU3MaMH H3ITy4aTeNbHBIX MepexonoB. [Ipu ontiuaeckom
1 2JIEKTPOHHOM B0O30Yx1eHuu rpu Temmneparype 77 K B
CIEKTPE TAKUX KPHCTAIUIOB MPeo0IaaaroT TMHAN H3ITy-
YeHHsI CBOOOIHBIX AKCUTOHOB. Takue oOpasibl HHTEH-
CHBHO U3J1y4atoT, [I0CKOJIbKY BHYTPEHHUI KBAHTOBBIH BbI-
XOJI CIIOHTAHHOTO M3JIy4eHus 030K K 1, a Bpems Ku3-
HH, MPONOPLUHOHATEHOE eMy, Majo (T=107°—1071%¢).
370 0becIeuynBaeT BEICOKYIO PO3PAaYHOCTh KPUCTAIIa
Y CKOPOCTh MOAYJISILIMY U3ITydeHus. J{J1s mpoBeieH s rc-
CIIeIOBAHNI HCTIONB30BAIMCH PaHAIIHOHHO-MOIN(DUIIH-
poBanubie kpuctawbl CdS [8]. C moMoIb0 METOINKHY,
omnucaHHOU B [3, 9], orOupanucek Hauboyee YUCThIC U
OIITHYECKH OTHOPOIHEIE 00pa3IIbl, B KOTOPBIX MaJlo pac-
CesTHHE CIIOHTAHHOTO M KOTEPEHTHOTO M3TYIEHHs Ha OTI-
THYECKUX HEOTHOPOAHOCTX ((PIyKTyaIry moKa3aTess
npenomnenns Any=10—10"°, re n, — noxasareins
MIPETOMIICHHUS] HEBO30YKICHHOTO KPUCTAILIA).

s or6opa kpuctaios CdS ¢ ”HTEHCUBHOM JTFOMH-
HeCIIeHLUeH A-3KCUTOHA UCTIOIB30BAJICS CTAHIAPTHBIN
METOJ] CHHXPOHHOTO JIeTeKTUpOoBaHus. Mccnenopanmch
MOHOKPHCTAJUINIECKHUE ITICHKU HelerupoBaHuoro CdS,
BBIpalICHHBIC U3 Ta30BOM (ha3bl METOJIOM CyOIMMaIny,
C KOHIICHTpAIFe HeUTPAIbHBIX JIOHOPOB M aKIIENTOPOB
N<1013—10'* cm 3, mpeacrapnsromue co6oi MIACTHH-
gaThIe 00Pa3Ilbl C €CTECTBEHHBIMU 3€PKAIBHBIMHU IPAHs-
MU pazmepamu 1x1 cm u ronmunoi 3—4 mMxm. Tommm-
Ha mieHok CdS mpeaBapuTensHO U3MEPSIach ¢ MOMO-
1bk0 HHTEp(epeHImonHoro MuKpockona MUM-16. Criek-
Tpsl potomomuHecueHmu (PJI) nccaenyembIx Kpuc-
taioB npu 7=80 K cocTosiu U3 JMHUK CBOOOJIHOTO
A-3KCUTOHA € MaKCUMyMOM MHTEHCHUBHOCTH
hw =2,544 5B (npu A=487,3 HM) U JIByX XOPOIIO BbI-
paKeHHBIX (DOHOHHBIX MOBTOpPEeHUI — mepBoro A-LO
hw =2,481 5B (mpu A=495,0 um) u BTOporo A-2LO
h(,omafo 472 5B (ipu A=501,5 um), ¢ xapakTepHoii ¢hop-
MOM TIOJIOCHI M3ITy4EHHUS (pnc. 1). [Mapamerpsr 0oOpa3-
II0B, a TAK)Ke U3MEpeHHOe Ha 3THX 00pasmax CdS Bpems
JKU3HU A-3KCUTOHA NIPUBEAEHO B Tadsmue. COOTBETCTBY-
IOIIMH METOJT M3MEpEeHus ornrcad B [3, 9].
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1 1 1 1

Nol 495 um Ne3 No4

]\ J _J -J‘L/L'

487 501 A, um 487 501 A, HM 487 495 A, uMm 487 501 A, M

Puc. 1. Crextpsl 5kcUTOHHONW DJI YMCTBIX ONTHYECKH OAHOPOAHBIX 00pasnos Ne/—4 moHokpuctamwioB CdS mpu 80 K
(mapamerpsl 00pa3LOB — B TaOIULE)

Ilapamempor u cnekmpor @JI paouayuoHHO-MOOUPUYUPOBAHHBIX ONMULECKU 0OHOPOOHbIX 00paszyos CdS

npu T=80 K
Ne o6pazia Konuenrparus Bpewmst xu3Hu DryKTyaluuu nokasaress Crektpst OJI
CdS Hocureneii N, cM A->KCUTOHA Ty, C npenoMiIeHus Kpucrtania An A, HM V-

487 0,5

1 1,5-10" 3107 10° 495 0.8

501 0,3

487 1,0

2 3,1-10" 5107 107 495 0,7

501 0,3

104 100 5 487 0,5

3 3,3-10 5,2-10 10 495 0.6

1013 1079 6 487 1,0

4 1,2-10 2-10 10 501 01

487 1,0

5 2,5-10" 45107 107 495 0,6

501 0,2

JI71s1 3KCTIEpUMEHTAIIBHOTO JOKAa3aTebCTBA DKCUTOH- TJe e — 3apsi/l BJICKTPOHa;
HO-TUTa3MeHHOTO (pa3oBOro nepexomaa Motra ObLTH HC- £, — mmpuna sanpemmesHoi 30HbL;
J — TUIOTHOCTH TOKa HAKa4YKH,
CJIEOBAHbI 3aBUCUMOCTH BPEMEHHN KU3HU T U CIIEKTPOB

(—~dE/dx) — pacnipezenenne MOHU3ALUOHHBIX MOTEPh YHEPIUH I10
CIIOHTAHHOT' O U3JIYUCHHS, BOSHUKAIOIICTO IIPH BBICOKUX rny6HHe IPOHMKHOBEHMSI X IEKTPOHOB B KPHCTAILI.

ypoBHSX BO30OyxaeHust kpuctaimia CdS 31eKTpoHHBIM
ITYYKOM, OT KOHIICHTPAIIIN HEPAaBHOBECHBIX HOCHTENeH AN
[10]. M3BectHO, uTo AN onpenensiercs Gpopmyinoii [11]

1 0dED
AN :—JB'—B rae a u b — HekoTopble ocTostHAbIE [11]. ABTOD HC-
e, 0 dx 10J1b30BaJI HKCIIEPUMEHTAIILHBIN METO KOJTMYECTBEHHO-

OO0bruHO 3HaueHHE AN paCCUUTHIBAOT, AIIIPOKCUMHE-
pys pactpenencuue (—dE/dx) pyukueli Buna

A(E,)exp[—(x—a)*/b?],
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Puc. 2. CtpykTypHas cxema yCTaHOBKH:
1 — mazep na CO, (c A=10,6 MKM); 2 — GIOK HUTaHUS a3epa; 3 —
9JIEKTPOHHO-ONTUYECKUH MOAYIATOP; 4 — 3aJalolluil reHeparop;
5 — reHeparop KOPOTKUX MMIIyJIbCOB; 6 — HCCleyeMblil oOpaser;
7 — MHOTOIIy4eBOil HHTepdhepoMeTp; 8§ — EKTPOHHO-ONTHIECKAS
cucrema; 9, 10, 11 — ¢dortonpuemusie ycrpoiicta; /2 — Macuirad-
HO-BpeMEHHOH npeobpa3zoBarelib; /3 — UMITYJIbCHBIA (azomerp;
14, 15 — xoMIIBIOTEPHI; /6 — reHepaTop BHICOKOBOJIBTHBIX NMITYIIECOB

ro onpeneneHust AN 1 T, B OCHOBE KOTOPOTO JIeXKaT Me-
TOZBI UMITYJIbCHOH Ja3epHOil pasomerpun [3, 9, 12]. Ha
pHC. 2 TIpeICTaBICHA CTPYKTYPHAS CXeMa dKCIICPUMEH-
TanbHOH ycTanoBku [10]. Mccnenyemsrii oOpasern 6 Ha-
XOIHUTCS Ha XJIAJIOTIPOBOAE KPHOCTATA IIPH TEMITEPaType
80 K. DnexTpoHHO-onTHYECKAs cCTEMA 8§ TEHEPUPYET
OBICTpBIE DNIEKTPOHBI € ¢ Heprueit £;=100—200 3B,
OT KOTOPOH 3aBUCUT IIyOHA TPOHUKHOBEHHUS X, U TLIOT-
HOCTBIO ToKa j=20—300 A/cM? 115t BO36YKIEHUS Oy -
MPOBOJHUKOBOTO KpUCcTa/LIa. [JJIUTEIbHOCTh UMITYJIBCA
Hakayku cocTapisina nopsanka 10710 ¢, a vactora nosTo-
penns umiynscoB Q=60 MI'n. OcranbHas 4acTh ycTa-
HOBKH TIPEJICTABISICT COOOH ONTHIECKUI UMITYIbCHBIN
udposoi pasometp [12]. B pesynsrare B3auMoaeicTBUS
sonaupyromero usnydenus CO,-nasepa / ¢ 4acToTOM W,
ocnabnseMoro HabopoM KalnOPOBAaHHBIX CBETO(PUIBT-
POB, C HEPaBHOBECHBIMH HOCHTEIISIMH 3apsiia, CO3IaH-
HBIMH TIPH BO30YXXIECHUH MOITYIPOBOJHUKOBOTO KpHC-
Tayia 6 IEKTPOHHBIM MYYKOM (€ ), TPOUCXOINUT CABHUT
¢bazbl uznyuerns Ad, CBA3aHHBIN C H3MCHEHHEM MTOKa-
3aTes MPeTOMIICHHSI KpucTanta An:

2 = an,
c
B cBoto ouepep,
2
An= 2T *A N ,
n,m of

IJ1e 7 — TIOKa3aTellb NPETOMIIEHHs HEBO30YKIEHHOTO KPUCTAILIa;
m" — aeKTHBHAs Macca HIEKTPOHA B KPUCTAILIE.

B nmporiecce sxcniepumenta An usmensinocs ot 0,013
10 1,1, a AN cootBerctenHo ot 1,2:10'7 1o 1-10" cm 3.
N3mepenue T B 3TON K€ yCTAHOBKE CBOIUIOCH K
OTIPE/ICTICHUIO BPEMEHHU 3aJIEPIKKU OTPAKEHHOTO OT TI0-

BEPXHOCTH 06pa3ua UK JIA3€PHOTO U3JIYUCHUS 110 OTHO-

T, HC
12 4

107

10'8 101

AN, cm™3

Puc. 3. 3aBUCHMOCTh BPEMEHHM JKU3HU SKCUTOHA T OT KOH-
[EeHTpAIU HepaBHOBECHBIX HocuTeneil AN B 0c000 YUCTBIX
OTNITHYCCKH OJJHOPOJHBIX MOHOKpHcTaiiax CdS

IICHUIO K BO30YXKIAIOIIEMY 3JICKTPOHHOMY HMITYIIBCY,
T. €., 10 CyTH, K u3MepeHuro (aszoBoro ciusura Ad, u
onpenensuiochk Gopmymnon [3, 9]

=(1/Q)tgAo.

W3mepeHHbIe 3HAYCHUs T HAXOIWINCh B HaIla30He
(11,5—1,2)-107 c.

Pesynerarel n3mMepeHuii IpeICTaBICHBI HA PHC. 3, T7Ie
MOKa3aHa 3aBHCUMOCTh BPEMEHH KU3HU KCUTOHA T OT
KOHIIEHTPAIH HEPABHOBECHBIX HOcHTelel AN (YpOBHS
Hakadku B auanasone 10'7—10'° cm3) B kpucranmax
CdS. B obnactu HM3KOTO YPOBHS HAKAUK{ 3HAUYCHHE T
ocTaeTcsl MPaKTUYECKH MOCTOSTHHBIM (T=11—12 HC)
BILIOTH 710 3HaueHus AN=7-10'7 cm3, uto xapakrepusy-
€T TIPOIIECC U3ITyJaTeNbHOM aHHUT AISIIIAN CBOOOTHBIX JK-
cutoHOB. [Ipn mocTIKeHNH 3HaYEeHNS KOHIICHT PAIiH He-
paBHOBeCcHBIX HocuTeseid AN=7-10'7 ¢M3 mpoucxonur
PE3KHi CKa4oK, 4TO XapaKkTepHO sl (ha30BOTO Mepexo-
Ja, ¥ T yMEeHbIIAeTCs NpakTH4ecku B 1,5 pasa, a 3arem,
HaYMHas co 3HadeHus koHuentpauuu 8-10'7 u mo
1-10" cm 3 monoTOHHO MaznaeT ¢ poctoM AN.

[MapannenbHO TPOBOIAMINCH H3MEPEHHS CIIEKTPOB
CTIOHTAHHOTO M3JTyUCHHUS B 3aBICUMOCTH OT YPOBHS BO3-
oyxnenus (AN). BuauMoe uzinydeHne Bo30yKICHHOTO
o0pasia ¢ MOMOIIBI0 TEeJIECKOITUYECKOH CUCTEMBI (He
MOKa3aHHOH Ha puUC. 2) HAaNPaBJsJIOCh HAa BXOJ CIIEKT-
panbHO-BeIUKCIUTENbHOTO KoMmIuiekca KCBY-4. Ha
puc. 4 npecTaBIeHB N3MEPEHHBIE CTIEKTPBIL. 3/1€Ch BU/I-
HO, 4TO HpH ypoBHe Bo3Oyxkaenus AN no 7-10'7 em3
CIIEKTP MPEJCTABISET COO0I OOBIYHOE H3ITyueHHE A-dK-
CHTOHA roJ1y0oro 1Bera ¢ IByMsi ()OHOHHBIMH ITOBTOPE-
uusmu, a npu AN=8-10'7 cm—3 u Gonee criektp cura-
eTCs B 3€TICHYI0 00JIACTD ¥ UMEET BUJI CIIOHTAHHOTO U3-
JTY9IeHUs, XapaKTepHOTO IS IEPEXOI0B «30HA—30HAY,
YTO TTOJTHOCTBIO KOPPEIHUPYET C Pe3ylnbTaTaMH H3Mepe-
HUH BpeMeHn u3HH (puc. 3). U3 puc. 3 u 4 BuaHO, 4TO
u3nyuenue kpuctaiuioB CdS mpu BEICOKHX YPOBHSIX BO3-
Gysxnenus npu AN>N,  (naumnnas ¢ AN=8-10" cM ) Bo3-
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a) 0)
I I 1 )
495um 2
1
501 am
501 um

| J
487 514 A, um 487 514 A, HM

Puc. 4. CriekTpbl 5KCUTOHHOW KaTOJIOJOMHUHECHCHIUH (1) 1
PEKOMOMHAIMOHHOTO M3JIYyYCHHS 3JIEKTPOHHO-IABIPOYHOM
1a3Mel (2) YUCTBIX ONTUYECKH OJHOPOAHBIX 00pa3ioB Nel
(a) n 4 (6) monokpucTamioB CdS npu BEICOKAX YPOBHSIX BO3-
Oy KICHHUS:
1 — »>xcutonnoe usnydenue (mpu AN=6-10'7 cm3; 2 — uznydenue
3a CUeT TIepexoI0B «30Ha—s30Ha» Tpu AN=8-10'7 cm3

HHKaeT B pe3yJibTare PeKOMOMHALIMH IEKTPOHHO-IBIPOY-
HOM IJ1a3MBI BBICOKOH INIOTHOCTH, 00pa3oBaBIIeiics Mo-
Clie pacrajia S5KCUHTOHOB, U COOTBETCTBYET IEPEX0aM
«30Ha—30Ha». Takum 00pa3oM, 3TH IKCIEPUMEHTAb-
HbIC TaHHBIC CBUACTCIILCTBYIOT O HAJIMYUU SKCUTOHHO-
a3MeHHoro (a3oBoro rnepexona Motra.

Crietyet OTMETHTD, YTO JI0 HAIIIETO HCCIIEI0BAHNS HU
B OJIHOU U3 M3BECTHBIX ABTOPY IKCIICPHUMEHTAIBHBIX Pa-
00T (a3oBbIi Mepexon MoTTa Kak pe3Kuil CKavok, Xa-
paKTepH3yOLINii TePexo/] OT SKCUTOHHOTO I'a3a K JIeKT-
POHHO-IBIPOYHOH MIa3Me, 3a(pUKCHPOBAH HE OBII.

*kk

Takum 006pa3om, IpeUIoKEeHHAsT METOIUKA H3Mepe-
Hust capura Gaszel AQ(¢) UMITYITBCHOTO M3JIYYCHUS, BO3-
Oy K/JIafOIIero MoTyINPOBOIHUKOBBIN KpHCTAILI, TI03BO-
JSIET OTIPEIENIATH H3MECHEHHE [TOKA3aTels MPEIOMIICHHS
An, a cienoBaresbHO, U a0COMIOTHOE 3HAYCHHUE HEepaB-

HOBECHOU KOHIIEHTpAIlUK HOcuTeseH 3apsia AN u Bpe-
MEHH >KU3HU SKCUTOHA T (IIPH U3BECTHOM YPOBHE BO3-
Oyxnenus E, /). Buepebie ObLIO MOITYYEHO NPAMOE K-
CIIEpUMEHTAIILHOE JOKa3aTeNIbCTBO TEOPETHUECKH Mpe /-
CKa3aHHOTO (pa30BoOro mepexoxa Morra.

3HaueHNe KPUTUYECKON KOHIICHTPAIH HEPaBHOBEC-
HBIX HOCHTEINCH 3apsijga coctasuao N _=7-1017 cm3, u
9TO XOPOIIO COMIACYETCsI C TCOPETUUCCKUMH OLIEHKa-
Mmu [4].
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MHOI'OKAHAJIBHBIE YCTPOMCTBA
HADPOBOM ObPABOTKHN CHUI'HAJIOB
C PAHXXMPOBAHHOU APXUTEKTYPOU

Paszpabomana apxumexmypa muozcoka-
HAbHBIX YCMPoUucmes yugposoi oobpabom-
KU CUCHATO8, NO3BONAIOWAS CYUeCMBEHHO
COKpamums 3ampamvl annapamypHozco
pecypca Ha ux peanuzayuro.

Pe3ynpraTsl cHTE3a aNTOPUTMOB MHOTOKAHATEHOTO
(MK) o0HapyKeHHs1 CUTHAJIOB Ha (POHE KOMILIIEKCca pas3-
HOPOJIHBIX ITOMEX MOKAa3bIBAIOT, YTO CUCTEMa 00paboTKH
JIOJDKHA OBITh aTaNTUBHOM, M3MEHSIOIICH CBOU ITapaMeT-
PBI aJICKBaTHO [TOMEXOBOH 00CTaHOBKE.

Tak, HanpuMep, OOHApY)KEHUE CUTHAIOB Ha (poHe
HEKOPPEINPOBAHHBIX TIOMEX ITPU OTPAaHNICHHISIX, HAKJIa-
JIbIBAEMBIX Ha PE3YJILTUPYIOLLYIO SHEPTUIO U3TyYEHHS U
Ha BpeMs 0030pa KOHTPOJIUPYEMOi 30HbI, TpedyeT nepe-
pacnpeneseHus dHEePreTHYecKoro pecypca Mexay Ka-
HaJIlaMH, a CIeJI0BAaTeILHO, U TIepepacipeaeICHUS MEK-
Iy HUIMH KO3 ((HUIHNCHTOB CKaTHS MapIIHaIbHBIX CUTHA-
JIOB M YHUCJIA TIOCBUIOK 3TUX CUTHAJOB [1, 2].

OOHapyKeHUE CUTHAIOB Ha (hOHE KOPPETHPOBAHHBIX
TIOMEX, FCIIOIB3YIOIIEE aIalTHBHBIC aTOPUTMBI KOMITCH-
CaIUH ITIOMEX, TAKoKe TPEeOyeT HCTIONB30BAHFS PA3HOTO YHCIa
HMITYJILCOB (TTOCHIJIOK) B KaXIIOM M3 KaHAJIOB [3, 4].

Orcrona ciienyet, uto MK-cucrema nudpoBoii oopa-
6otku curnanos (LHOC) Ha ¢oHe KoMITIeKca pa3HOPOI-
HBIX TIOMEX IMPH TPAIUIIMOHHOM TIOCTPOCHHH, PACCUH-
TAHHOM Ha MaKCUMaJIbHbIC 3HAYCHHs K0P (UIIMECHTa CoKa-
THS CHTHAJa M 4ucia oO0pabaTslBaeMbIX UMITYIECOB B
Ka)KJIOM KaHaJe, OyZeT IMETh CYIIIeCTBCHHBIA H30BITOK
anmapatypHoro pecypca (AP).

HsBecten P NPUKITAAHBIX BBICOKOIIPOU3BOAUTECIIb-
HBIX BBIYHCIUTEIBbHBIX cucTeM (BC), oOecnieunBarommx
MHorokanansHyto [{OC B pealbHOM BpeMEHH, IMEFOIINX
TIepecTpanBaeMyI0 apXUTEKTYPY pactpeaeseHHoro [5] u
knactepHoro [6] TunoB. CUCTEMBI SIBIISIFOTCS. yHUBEPCATb-
HBIMH, T. €. MOTYT OBITh 3aIIPOTPAMMUPOBAHBI Ha pellie-
HUE HIMPOKOTo Kpyra MPHUKIATHBIX 3aja4, a ClieJoBa-
TEIBHO, 0 OTIPEICIICHHIIO0, 00Ia 0T M30BITOYHOCTEIO AP.
Kpowme Toro, 1st TAKHX CHCTEM He OIperieieH BEIOOp CyM-
MapHoro AP npuMeHHUTEIHHO K JAHHOH 3a/1a4€.

Lenbro HAaCTOSIIIEH CTaTHU ABISIETCS pa3padoTKa ap-
XUTEKTYphI (criocoba opranuzarun) MK-cucrem LHOC,
TIO3BOJISTIONIEH TepepacpeneaTh AP Mexny kaHamaMu
CHCTEMBI B COOTBETCTBHH C TIOMEXOBOW CUTyalleN ¥ IMe-
I0IIEH MUTHIMAIIBHYIO €T0 H30BITOYHOCTb.

OcHoOBHbIE KOMITOHEHTBI AP — 3T0 BBIYMCIUTENbHBIN
pecype (BP) O, obecnieunBarormuii peaiusanuro ajiro-

pUTMOB 00paboTKH; KoMMyTanuoHHbIH pecypc (KP) O,
00eCIeunBarOIINi pEKOH(DUTYPAITHIO CUCTEMBI, U YIIPaB-
ssrouit pecypce (YP) Oy, ocymecTsistomuii yrpasie-
HUE CUCTEMO.

ITockonbky ocHoBHOM Bec umeeT BP, mpu cunrese
CTPYKTYpPBI CUCTEMBI Oy/ieM B IIEPBYIO O4epeb YUUThI-
BaTh 3aTparbl Ha €r0 PEATU3ALUI0, a IPU KOMILIEKCHON
OIICHKE PEe3y/IbTaTOB CHHTE3a — ele U 3arparsl Ha KP,
TaK)Ke OKa3bIBAFOIINI 3aMETHOE BIMSTHUE HAa OOIINN pe-
Cypc cUCTeMBI. B 3TOM ciyyae BhIpaXKGHHUE Ui CyM-
MapHBIX 3aTpaT UMEET BUJL

QOZQB+VQKa (1)

rae Y — K03 HUINESHT, YIUTHBAIOIINA OTHOCUTEIBHYTO
cioxkHOCTh peanu3anuy B BC kommyTannonssix (KQ) u
BBIYHCIUTENBHBIX (BD) a7eMeHTOB.

IIpu HeoOxomumocTu ydera YP (B paMkax KOMITICKC-
HOTO MOAX0/1a K MPOeKTUpoBaHuio [7]), Boipaxenue (1)
npeodpasyercs K BHILY

QQZQB+V1 QK+y2 va (2)

e Y, Y, — K09 OUIMEHTBI OTHOCUTETBHOM CIIOKHOCTH
peamzaiy KO 1 211eMeHTOB yIpaBlieHusI, COOTBETCTBEHHO.

B 3aBHCHMOCTH OT TOT0, KaKHE HCIIOIB3YIOTCS aro-
PUTMBI BHYTPUUMITYJIbCHON M MEXyTIEpUOAHON 00Opa-
601KH, 0OecnieunBarone MK-oOHapyKeHUe CUTHANOB,
MOYKET HAaOIIOAATHhCS Pa3INUHAsl CTEIICHb 3aBHCUMOCTH
MEX Ty TapaMeTpamMu P; peatu3yeMbIX alrOPUTMOB (KO-
3G UIMECHT CXKATUS CUTHAJIA, YUCIIO 00padaThIBACMbIX
HUMIYIIBCOB U T. 11.) ¥ BP, HE0OX0MMBIM TS peanu3aim
9THX aJITOPUTMOB (3aBUCMOCTb «TIapaMeTp—pPecype»).

Hanpumep, MK-buinsTp cxatus, peaTi30BaHHBIN Ha
6aze KUX-dumprpa npsMoit popMbl, XapakTepu3yeTcs
JTWHEHHOW 3aBUCUMOCTBIO «Tapamerp—pecype», MK-
(opMupoBaTeNb peIIaroNIe CTATUCTHKH, OCYIIECTBIIS-
IO MpsIMOe 00palieHne KOPPEISIIMOHHON MaTPUIIBI
BXOJIHOTO Ipolecca, — KyOW4ecKoi 3aBUCUMOCTHIO, a
peanu3oBaHHbBI Ha 6a3e oproroHammsaropa [pamma—
[IImuaTa — KBaApaTUYHOM.

Takum oOpazom, HeoOXoauMO cuHTe3upoBarh MK-
cuctemy L{OC, xapakTepu3yroIIyrOcss HEKUM CyMMap-
HBIM [IApaMETPOM P =const 1 IMEIOILYIO B 001IEM CITy-
Yyae HeJIMHEHHBIN XapakTep 3aBUCUMOCTH «IlapamMmeTp—
pecype». Torna 3ananue Ha ee pa3paboTKy BBIILLITHT Clie-
JIYFOIIAM 00pa3oM.

[TycTh 3a1aHa COBOKYITHOCTB PEANTH3YEMBIX AITOPATMOB

{FI}, iDJI; i Dl,_.J, rae L — 4ucio KaHauos; J —
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YHCIIO TUIIOB aIIOPUTMOB, peannsyemMbix BC B kaxxaom
KaHase. JlaHHas COBOKYIIHOCTb XapaKTE€PU3yeTCsl HEKOTO-
PBIM KOHEUHBIM YHCIIOM COCTOSHUM M, COOTBETCTBYIOILUM
JIMara3oHy U3MEeHeHNs yCIIoB i paboTsl. HeoOxomrmo pas-
paboTaTh apXUTEKTYpy YCTPOWCTBA, 0OECTICYMBAIOIIETO

peaT3aI|Io AJITOPUTMOB { E-} , 10 LT ;O ZLT] JIJIs1 BCE-

ro Habopa COCTOSTHUI M Npr MUHUMAJIBHBIX arlaparyp-
HBIX 3aTpaTax Q.

B cwiry BO3MOXXHOCTH JICKOMITO3UITUH YKa3aHHBIX
BBIIIIE alrOpUTMOB [8], monaraem J=1.

Cunre3 apxutektypbl MK-cucremMsl

[TycTth mapamMeTpsl P. COBOKYITHOCTH JITOPUTMOB {F}
1
YIOBJIETBOPSIIOT YCIIOBHIO

L
ZPisPO.

PacemoTpum L-kaHanbHyro cuctemy ¢ oommm BP QO
(nst ynpomuienust Q. He yUUTBIBAEM), IOCTATOYHBIM JUIS
peanm3anny Ha HEM aJTOPUTMOB {F'}, yIOBICTBOPSIO-
1yt ycinoBuio (3) npu Jio6oM (caMoM HeOIaronpusT-
HOM) cooTHOIEHUH P,. Pazobbem pecype O, Ha L pan-
JKUPOBAHHBIX APIHUATBHBIX PECYPCOB (J; TAK, YTOOBI BbI-
HOJHAJOCH YCIOBUE

0,20,5...0,, (4)

1 3aKPETIIM TH PECYPCHI 32 COOTBETCTBYIOIUMH KaHa-
JaMu.

Ecnu Teneps mpopamXupoBaTh MapuyaIbHBIC alro-
puTMbI £, 110 BenmuuHe P,

p,0P,0...0P, (5)

¥ 3aT€M PEaM30BaTh UX Ha pecypcax (; COOTBETCTBYIO-
IIMX PaHIoB, TO Ha pecypce O, Oyner obecniedena peanu-
3aI[Msl MHOTOKaHAJIBHOT'O ATOPUTMA B IIEJIOM TIPH JTF000M
COOTHOIIEHUH P,, YIOBJIETBOPAIONIEM YCIOBHIO (3).

Cym1ecTBeHHBIM 3JIEMEHTOM IIPUBEICHHOTO aTOPUT-
Ma SIBJISIETCS ONPEJIENICHUE MapIUalbHBIX PECYPCoB O,
00ecIeunBaIOINX PeaTH3aluio alropuT™Ma MpU MUHH-
ManbHOM obmeM pecypee Q.

U3 ycnosuii (3)—(5) MakcumanbHOE 3Ha4YEHUE P,
oTIpenessieTCs Io (opMyIe

F?max =[P0_(i_1)Pmin]/(L_ i+1), IDﬁ,

rae P, — MUHUMAJIbHOE 3HAYCHUE P, B KaHaJe.
Ortcrona BP kaxoro u3 kananos npu Q=f(P,) pasen

(3)

(6)

Q = H{[R-(i-DR,, ]/ (L-i+1}, (7)
a pecypc CUCTEMEBI B IIEJIOM

L
QO=Z H{[R = (i-1)Py,] / (L-i+1}. (8)

3nauenus O, 1Uis XapaKTEPHBIX 3aBUCUMOCTEHN «Iia-
pameTp—pecype» npu P . =0 onpenensiorcs BhIpaxe-
HUSIMU:
JUISL TMHEUHOM

QusRY (1= REcH( Lr D) (9)

JUTS KBQJAPATHUHOU

Qs FES (1 % = R/ 6+ ( L+ )

x=1

(10)

e ¢ — TMOCTOsTHHAA Diiepa;
Y() — ncu-pyukuus [9, c. 599].

3HaK «<» TOKA3bIBACT, UTO ITOMYICHHBIC OIICHKH SIB-
JIAFOTCS MIPENENbHBIMA, T. K. P) He ienurcs 6e3 ocraTka
Ha JI000€ YUCII0 KaHaJOB U, CTPOTO TOBOPS, O] 3Ha-
KOM CYMMBbI JIOJIKHBI CTOSITh LIEJIbIE YACTH OT JIeJIeHus P
Ha X.

Konxkperuzauus pesynstupytoreii ctpykrypsl BC ocy-
MIECTBIISICTCS C MCTIOJIB30BAHUEM arapaTa TeOPHH rpa-
(OB ITyTEM IIpECTABICHHS PEATI3yEeMOT0 AITOPUTMA B
Bujie rpada nadopmarnmonubix ceszeit (CUC). [Tpu atom
BBITIOJTHSIEMBIC OTIEPAIMN OTOOPAXKAIOTCS B BUE BEPIIUH
T'UC, a cBsi3u MeXIy HUMH — B BUJIC IyT WK pedep
[10, 11].

B o6mem ciyuae, otoopaxkenue ctpykrypbl BC ocy-
wecTBisercs rpadpom G, MPECTaBIAIOIMM CO00H He-

Y G G ~a %én
& epg

@ o
G G§2)G(2, &2
G
G 3 4
s Tk
A
G~ 2O
ﬁ - R (4)%60
4
®) o
Gl Gé) éS)G(g,)%éS)
4 O
m]
ﬁza—o—o > o G EGO
G,g
0) K1 K2
V1 a— ik a1
V2 /2
3 oo —a 3
2 e a7

Puc. 1. Unmoctpanus cuaTE3a paHKUPOBAHHOU apXHUTEKTY-
pst MK-cuctemsr:

a— (hopMupoBaHUE Pe3yIbTUPYIOLIETO rpada; 6 — CTPYKTYpa CHc-

TeMbI ¢ BXOIHBIM (K1) 1 BBIXOAHBIM (K2) KOMMyTaTOpaMu KaHaloB
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nepecekaronieecs 00beAMHEHUE PaHKUPOBAHHBIX TIO/I-

O
rpados G, KaxIbli U3 KOTOPBIX MOTy4aeTCs Iy TEM CJIO-

skeHust o «MJIN» Bcex M BapuanTOB noarpada TaHHO-
T0 paHra, To eCTh

O M

L O
Go=UG7 G =ZGI(m)’
1 m=1

(11)

TIe Gl.(’”) — m-ii BapuanT nojrpada i-ro panra (kaHanua);
M — 4KCII0 BapHAHTOB COCTOSIHUSI BeKTOpa {P}.
Jlns obecnieueHns (pU3MUECKON peaan3yeMOCTH CHH-
Te3upyemoii cuctemsl [12, 13] na rpade G, neobxonu-
MO 0T06pa3I/ITI) HUCTOYHUKN W NNPUEMHHKHW BXOAHBIX U

BBIXOAHBIX JAHHBIX, T. €. Cgi = CD§| ({ V} , { V\I}) B pesynb-

Tare cTpykrypa BC nonomnHuTcs cucreMoil KoOMMyTalny,
conepkarieid 2L kommytaropoB tumna L/1 (L BXomos/
1 BBIXOJ) ¥ OCYIIECTRIISONICH TpeOyeMoe coeIMHeHIE
KaHaJIOB IaHHBIX U KaHaJI0B 00paboTku. CHHTE3UpOBaH-
Has apxutekTypa BC nosnyunina Ha3BaHUE «paHKUPOBAH-
HOI» 1 COACPKUT L N30JMPOBAHHBIX BETBEH, KaXK/1asl U3
KOTOPBIX 0TOOpa)kaeT Tpad mapuuarbHOTO alrOpUTMA,
pacCYUTaHHOTO Ha MAKCHMAIILHOE 3HAYCHHUE ITapaMeTpa
Pl. B JJaHHOM KaHaJe.

WnnrocTparnus anropuTMa CHHTE3a paHKUPOBAHHOMN
apxuTekTypsl (11) mpu TMHEHHOW 3aBUCUMOCTH «I1a-
pameTp—pecypey, Py=8, L=4, P . =1 npusejieHa Ha
puc. 1. 3nagenus Q,, 0, NolMy4eHHbIE rpaduuecKu, co-
OTBETCTBYIOT 3HAYCHUSM, BBIUHCICHHBIM coracHo (7),
(8) ¢ ydeTrom cenaHHOTO BBIIIE 3aMEYaHUS O JCICHUN
0e3 ocrarka, T. €. B JaHHOM ciiy4ae (TIpH peaTn3alum
OIMHAKOBBIX AJITOPUTMOB C PA3TMYHBIMU YUCTIOBBIMH T1a-

u]
pameTpamu) JI0CTaTOYHO MOCTPOUTH noArpadel G, co
3Ha4E€HUEM pecypca, cooTBeTcTByromiero (7), (8).

CpaBHUTeJbHBIA aHATN3 3()eKTUBHOCTH apXH-
TeKTypPBbI

[IpoBeneM cpaBHUTEIBHBIN aHATN3 CUHTE3UPOBAHHOU
APXUTEKTYPBI U TPAAUIIMOHHON M0 BEJIMYUHE 3aTpaT Ha
BP (6e3 ydera 3arpar Ha KP) st 1ByX BHIIOB 3aBHCH-
Moctd Q(P) — NUHEHHON U KBaJApaATHYHOH.

llpu usmenennu P; ot nyns jo P, . =P, (11 nomy-
YeHUST MAaKCUMAaJIBHBIX OIICHOK) BETHUYMHA CYMMapHOTO
AP O, TpaJMIIMOHHOMN CHCTEMBI JUTsS yKA3aHHBIX 3aBHCH-

MOCTeH OInpeaACICTCA COOTBETCTBECHHO BBIPAKCHUSAMU

Q=Q = LR, (12)
Q=Q =LR? (13)
a ISl paHKUPOBAHHOM apXUTEKTYPBI — BBIPAKCHHUSIMHU
(9) u (10).

B kadectBe kpuTepust 3h(HEKTHBHOCTH UCTIONB3YETCS
OTHOIIIEHHE 3aTPAT armapaTypHOro pecypca B MHOTOKa-
HaJbHOW CUCTEME K 3aTpaTaM B OJJHOKAHAJILHOM IpU O/IH-
HaKOBOM 3HAUYCHUN PO:

5=Q" 1 QY.

Hetpynno yBuIeTSH, UTO 414 HENEpECTPanuBaeMoOu ap-
XUTEKTYpbI &=L 115t mi060r0 Braa 3aBucuMoctd Q(P), a
JUISL PAHXKHPOBAHHOM apXHUTEKTYPhI O OIpeessieTcs ¢
yuerom (9), (10):

10

OTtHocuTenbHbIE 3aTpaThl BP
W

1 9 17 25 L
Puc. 2. 3aBUCHMOCTb OTHOCUTEIBHBIX 3aTpaT BP oT uucna
KaHaJIOB Ul HEIepecTpauBacMoil apXUTeKTypsl (/) U s

paHXXUPOBAHHOW TIPHW JTUHEWHOU (2) W KBaaApaTHudIHOU (3)
3apucumoctu Q(P)

— JJISL TMHEUHOM 3aBUCUMOCTH

L
5= (1/x)=c+y(L+1); (14)
x=1
— JUTS KBAIPaTHYHOM 3aBUCHMOCTH
L
5=Z(1/X)2=T[/6+l|J'(L+l). (15)
x=1

W3 puc. 2 BuaHoO, uto 3aTparsl BP B cucteme ¢ pan-
KUPOBAHHOM apXUTEKTYPOH B pa3bl HIXKE, UEM B CHCTE-
Me C HeTrepecTpanBaeMon apxurektypoi. Kpome toro, ¢
POCTOM CTETIeHH HeJIMHEHHOCTH 3aBUcUMOCTH O(P) Ha-
Omromaercst yBenuueHue 3PpQeKTHBHOCTH MPUMCHEHHS
CHUHTE3UPOBAHHOM apXUTEKTypbl. Tak, mpu yucie KaHa-
JI0B, paBHOM 32, U JuHEHHON 3aBucumoctu Q(P), 3a-
Tpatsl BP B 4 pa3a Goibiie, uem B ogHOKaHanbHOH BC,
TOTJIAa KaK MPH KBaJpaTU4HOU 3aBucumoctu Q(P) pas-
Juyue B 3arparax Qp He npesbimaet 70%.

i yTOYHEeHUs OLCHOK Y(P(PEKTUBHOCTH YYTEM 3a-
Tparhl HA CUCTEMY KOMMYTaIlHH.

Kak yxa3sIBasIoCh BBIIIE, pAaHXHPOBAHHASL apXUTEK-
Typa comepkut 2L xommyTaropoB Tuma L/1. Eciu yka-
3aHHbIE KOMMYTaTOphl IPUBECTH K 1eMeHTapHbIM KO
tuna 1/1, To cymmapssie 3arpathl (1) Ha peaym3zaruro BC
C PaHXMPOBAHHOU apXUTEKTYPOU OyIyT paBHBI

Q =Q, +2yL2,
e Qp — onpenensercs Buipaxenusmu (9), (10).
B kadectBe kputepus 3PPEKTUBHOCTH B JAHHOM CITy-
yae OyJeM HCIOJb30BaTh TPAaHUYHOE 3HAYECHUE Y, MPH
KOTOpOM HeTlepecTpanBaeMasi i paHKHPOBaHHAS apXu-
TEKTYpbI OylyT IMETh OIMHAKOBBIE CyMMAapHbIE 3aTPaThl.
Ioacrasnss (9) u (10) B (16) u cpaBHuBas ux ¢ (12),
(13), momy4mM rpaHUYHBIC 3HAYESHUS Y 1151, COOTBETCTBEH-
HO, TMHEWHOW 1 KBaJApaTHIHOU 3aBucuMocTer Q(P):

Yo =R (L—S)/N(212), (17)

(16)
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a 4

) P,=8L

=

=2 3

=

o =

S5 11, A
I,-"-'_-
2 10 18 26 L

6) 100 71
P=2L
. _
5 B ; -
gg I
= 1/
O o I_.-'
0,1} : : . . : ; ;
2 10 18 26 L

Puc. 3. 3aBUCHMMOCTb I'paHMYHBIX 3HAUEHHWH Y OT YMCJIa KaHAJIOB L INpH JMHEHHOH (@) M KBaJABaTHUYHOH (6) 3aBUCUMOCTSIX
Q(P) nis pasinv4HbIX 3HAYECHUH P

yKB = POZ(L_TL)/(2 LZ)’

e S, = ctY(L+1);
T, = o' (L+1).

(18)

Pesynwrarsl pacuera Y coracHo (17), (18) mpu pas-
JIMYHOM COOTHOILIEHUH P0 U L ipuBeACHBI JIJIsl CUCTEM C
JTUHEHOM 3aBucUMOCThI0 OJ(P) — Ha puc. 3, @, a Ay
CHCTEM C KBaJIPaTUUHON 3aBUCUMOCTBIO — Ha pHC. 3, 6.

W3 rpadukoB BHIHO, YTO AaXKe B HAUXY/IIICM CIyJae
(MUHEMATBHOE OTHOWIEHHE P/L 1 MUHUMAJIEHOE YHCIIO
KaHaJIOB) TPaHUYHOE 3HAUCHHUE Y HE TOJKHO IPEBHIIIATh
0,25, a nu1s1 OONBIIMHCTBA PAKTHUYESCKUX CUTYAIHi (L>4,
P/L>2) cnoxunocts KO MOKET nake MpeBBIMIATh CII0K-
HOCTb 3JeMeHTapHoro BO.

Y4uThIBasI, YTO HA MPAKTUKE CI0KHOCTH KO Kak Mu-
HIUMYM Ha MOPSJIOK YCTYIaeT CIOKHOCTH BD, MOKHO
C/IeNaTh BBIBOJ O TOM, YTO pa3pabOTaHHEIA alTOPUTM
CUHTe3a apXUTeKTypbl MK-yCcTpOlicTB 0OecneunBaer cy-
IIECTBEHHOE (B pa3bl) COKpaIlleHHE ammmapaTypHbIX 3a-
tpar BC.

*kk

Taxum oOpa3om, MpenIoKeHHas paHKHPOBAHHAS
apxurektypa MK-cucrem miudpoBoii 00paboTKH curaa-
Ja Ha (pOHE KOMITJIEKCA Pa3HOPOIHBIX TOMEX 00ecredn-
BaeT A((PeKTUBHOE epepacpeieieHHE annapaTypHOro
pecypca MexIy KaHaJTaMH.

C pocToM CTeneHH HETMHEHHOCTH 3aBUCUMOCTH «Ia-
pameTp—pecypc» 3(p(HheKTHBHOCTE IPUMEHEHNS YKa3aH-
HOH apXUTEKTYpbI PaCTeT, MPUOIIIKas CyMMapHbIE 3a-
TpaThl cuHTe3upyeMoit MK-cucremsl k 3aTpaTtam 0 fHO-
KaHAJIBHOM.
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IOM 8bICOKOU YYBCMBUMENbHOCTBIO.

AxTyanpHO# 3a1adeii B 001aCcTH KOHTPOJIS TEXHOJIO-
THYECKUX MPOIIECCOB B IPOMBIIIJICHHOM TIPONU3BOJICTBE
U TETUTOYHEPTeTHKE, YKOIIOTHIECKOTO KOHTPOJIS BBIOPO-
COB 3arpsI3HAIONINX T'a30B B aTMOC(epy SBISICTCS H3Me-
peHNE KOHIICHTPAIINH MOJICKYIISIPHBIX KOMIIOHCHTOB Ta-
30BOI cMecH. 3arps3HAIoIIe aTMocdepy ra3sl 00pasy-
FOTCS IIPU HETIOJIHOM CI'OPaHUH TOILIMBA B JIBUTATENSAX
ABTOMOOMJICH M Pa3JIMIHBIX MeYaX, BBIACISIOTCS H3 CO-
BPEMEHHBIX OTAEIOUHBIX MAaTEPUAIOB U YNAKOBOK MPH
UX TJICHUU WU TOPEHHUH, a TAKXKE IIPU ITUPOJIN3E HIIH He-
CTaHJAPTHBIX PEKUMAX (DYHKLIIHOHUPOBAHUS 3NIEKTPOOOO-
pynoBanust. OpdHeKTUBHO OLIEHUTH COCTOSHHIE aTMOC(he-
PBI ¥ KOHIICHTPALIUIO BPETHBIX T'a30B B HEH MOXKHO TOJIb-
KO TIPH YCJIOBUHM OOBEKTHBHOTO KOHTPOJISI HHCTPYMEH-
TaJILHBIMH CPE/ICTBAMH.

Ha mpaxTuke 17151 aHasi3a COCTaBa MHOTOKOMITOHEHT-
HBIX Ta30BBIX CMECEH IMMUPOKO UCTIONB3YETCS METOJT HH-
¢dpakpacHoii (MK) cniekrpockonuu. Hanmuaune y3kux ce-
JICKTUBHBIX MIOJIOC ITOTYIOMICHHS Pa3HOW HHTEHCUBHOCTH
B cpenneit MK-o6macTu ciekTpa, XapakTepHBIX TS KaXK-
JIOT0 aHAJIN3UPYEMOTO KOMITOHEHTA, MO3BOJISAET BHIOH-
paTh ONTUMANbHBIC YCIOBUS U1l U3MEPEHUSI KOHIIEHTPa-
LIUY N1apOB BOAbIL, METaHa, OKCUJA U JUOKCHJIA YITIepo-
Ja. B nocnenHue roas! HaOmoaeTes Nepexos OT TPaau-
IIMOHHBIX CPE/CTB aHAIN3a I'a3a, B KOTOPBIX HUCIOIb3Y-
I0TCSI JITaMITbl HAKaJIUBAHUS, ONITHYECKUE (PUIBTPHI U Me-
XaHHUECKUE MOIYIATOPHI H3Ty4eHHs, K MHOTO(yHKIHU-
OHAJBHBIM NMPHOOPaM ra3o0BOTO aHANN3a HOBOTO IOKO-
JICHUSI, pa3pab0TaHHBIM M U3TOTOBJICHHBIM Ha COBPEMCH-
HOI DyIeMeHTHO# 0a3e [1, 2]. YuuTsiBas, 4T0 OCHOBHbI-
MH JIEMEHTaMU COBPEMEHHOTO OIITOYIEKTPOHHOTO CEeH-
copa SBISTIOTCS OTYTIPOBOJHUKOBBIE ICTOYHUKH U (O-
tonpueMHuku UK-m3imydenus, At TOCTIKEHHS BBICO-
xoro KI1/] cencopa HeoOxonnuMo, 9TOObI TapaMeTpsl eTo
COCTaBHBIX YacTel ObUIM COITIACOBAHBI 110 CHEKTPallb-
HBIM XapaKTEePUCTUKAM, ObICTPOICHCTBHUIO, TEMIIEpATyp-
HBIM CBOMcTBaM u rabaputam. [IoMumo 3T0ro, UICTOUHU-
ku MK-u3nyuenus, npuMeHsieMble B ONTOAICKTPOHHBIX
CEHCOPAaX, AOJDKHBI 001a1aTh JOCTATOYHO Y3KOH Harpas-

JlaTta moctynuieHus B pelakIuio
17.03 2010 .

OmnmnoueHr 0. m. n. B. B. J[AHUJIOB
(HouHY, r. Jlonenk)

JICHHOCTBIO M3JIyUeHHUsI U PabOTaTh MPU CPABHUTEIHHO
HeOOIBIINX 3HAYCHUSX BXOHOTO ToKa. [ToaTomMy coBep-
LIEHCTBOBAHUIO [10JIyIIPOBOHUKOBBIX HCTOUHUKOB VK-
M3IydeHus yaessiercs: Oomnpiioe BHUMaHue. He Menee
B)KHBIM SIBIISICTCS U BBIOOP (DOTONPHUEMHNKA, KOTOPBIH
JIOJDKEH 0071a]1aTh HE TOJILKO BBICOKOH () ()EKTHBHOCTHIO
peoOpa3oBaH M JAIOIIEr0 HA HEr0 H3TyUCHHUS B JICK-
TPUYECKHUH TOK, HO U TPEOYEMBIM CIICKTPAIBLHBIM pac-
npeaeracHueM (poToTyBCTBUTEIHLHOCTH U OBICTpOIEHCT-
BueM [3].

Hcnonp3oBanme MOTYIPOBOIHUKOBBIX HCTOYHIKOB U
¢doronpuemHukoB MK-nu3aydeHus cymiecTBEHHO MOBbI-
IaeT 4yBCTBUTEIBHOCTb, CEIEKTUBHOCTb, OBICTPOCH-
CTBHE, SKOHOMHUUHOCTb U HAJIEKHOCTb CIIEKTPOAdCopO-
[IMOHHBIX MPUOOPOB aHATN3a COCTABA FA30BBIX CMECEH,
SHAYUTCJIbHO YMCHBIIACT UX ra6ap1/1T1>1 1 MaTepuaIocmM-
KOCTbh, @ TAKXKE IO3BOJISIET aBTOMaTU3UPOBATH MPOLECC
M3MEPEHUs, IPUMEHSTH HeTIPEPHIBHBIN KOHTPOIIb COCTO-
SIHUST OKPY>KaIOIIeH cpeIbl U MPOMBIIIICHHBIX MTPOIIec-
coB [4, 5].

Hacrosias paboTa nocsiieHa pa3padoTKe ONTOJIeK-
TPOHHBIX CEHCOPOB METaHa M AUOKCHIA YIIIEpo/a C Hc-
TMIOJTE30BaHUEM MHOTOAJIEMEHTHBIX TTOJTYIPOBOIHIKOBBIX
HCTOYHUKOB U3JIyUeHHUs U (POTOMPUEMHUKOB, padoTaro-
MMX B CIIEKTPATBGHOM JHana3one 2,5—35,0 MKM.

MHoro31eMeHTHbIE MOJYNPOBOAHUKOBBIE
ucrounnku MK-u3nyyeHust B 00,1aCcTH ClIeKTpa
2,5—5,0 MkM

Wznyuaroniye akTUBHBIC 3JI€MEHTHI (AD) MOIynpo-
BOJHUKOBBIX HCTOYHUKOB, PA0OTAIOIINX IIPU KOMHATHOM
TeMIepaType, ¢ p—n-mepexoiaMu U BBICOKUMHU K03 du-
[IUEHTaAMH WHXKEKITUH ITPH JIEKTPOTIOMUHUCIICHITUH, U3-
TOTOBJICHBI HA Oa3e TBepabiX pacTBopoB InGaAs/InAs u
InAsSbP/InAs METOIOM KHIKOCTHOM IUTAKCHH [2]. AK-
TUBHBIE DJICMEHTHI N3TOTABINBAIICE B BUJIE IIPABUIIEHO-
ro TpeyrosbHuKa pazmepamu 0,5%0,5%0,5 MM ToNIIN-
Hoit 250—300 mxm. ToprieBbie Tpann AD Tomydaanuch
CKpaiiOMpoBaHUEM CTPYKTYP IO IIOCKOCTSM CIIAHOCTH
(I00) 1 He TpeboBaM TOTIOTHUTETHHON MEXaHUIECKOU 1
XAMHYECKOU 00paboTKu. ToueuHbIi KOHTAKT (IHaMETPOM
oxono 150 MKM) HaHOCHJICS Ha TPpaHb, Yepe3 KOTOPYIO
BBIBOJIUTCS U3JTy4YEHUE, a CIUIONTHON KOHTAKT — Ha MPO-
TUBOIIOJIOKHYO IpaHb. J{J1s OBBIIIIEHHS BHEIITHETO KBAH-
TOBOTO BBIXO/a HA U3Mydatonue AD HAaHOCUIIOCH OTITH-
YECKOE IMOKPBITHE, BHIONHAIONIEE OJHOBPEMEHHO POJIh
3aIIUTHOTO, IPOCBETIIAIIETO U (POKYCHPYIOIIETO ITOKPHI-

TexHOI0rHs 1 KOHCTPYMPOBAHHE B YJIEKTPOHHOM anmaparype, 2010, Ne 3

29



CEHCOJJIEKTPOHUKA

Tus. B KauecTBe MaTepHaIoB ISl ONTHYECKOTO MOKPHI-
THS UCTIONIb30BAINCH XalIbKOT€HHUTHBIE CTEKII000pa3HbIe
nonynpoBoaHuky (XCIT) Ha 6a3e MHOTOKOMITOHEHTHBIX
cucrem Ge(Pb)-Sb(Bi,Ga)-S(Se) [6]. OnTryeckue mo-
KkpbITHs 13 XCI1 HAaHOCHITHCE ITyTeM 3aJTUBKH TUIOCKAX
AD n umenu BUj oy chepryuecKoi Wit KyTOJIOBHTHON
nosepxHocTH. I3MeHeHneM xumuueckoro cocrasa XCII
MOYKHO pelaTh MpoOlieMy COITaCOBAHHOCTH Kod(¢u-
LIUEHTOB TEPMUYECKOTO PACILIMPEHUS AKTUBHOTO HJIEMEH-
Ta, KOPIyca ¥ ONTHIECKOTO IIOKPHITHSI.

Onrtuyeckoe nmokpeitre n3 XCII B Buae BHITAHYTON
nonychepsl CyxkaeT quarpaMMy HarpaBIEHHOCTH H3ITY-
YeHMS BAOJb ONTHYECKOoi ocH oT 160 1o 40° 1 roBsIIa-
eT MOIIHOCTb u3nydeHus AD B 2,5—3 paza. Ilpu uc-
MOJIb30BAHUN ONTHYECKOTO MOKPBITUS B BUAE IHIUH/I-
PHYCCKOH MTOBEPXHOCTH C MOITYCPEPHISCKUM KYTIOIOM
YIaJIOoCh CY3UTh AMArpaMMy HalpaBICHHOCTH H3IIyde-
HuUs 70 15° 1 yBenMYUTh MOIIHOCTH U3ITy4YeHHs B 3,5—
4 paza[5]. PaspaboTranHasi HAMU TEXHOJIOT Ul HAHECCHHS
ONTHUYECKOTO MOKPHITHA Ha n3Tydaronue AD obecriedu-
BaeT yIOBJIETBOPUTENILHYIO BOCIIPOU3BOJUMOCTh T€OMET-
pHUU CTEKIISTHHOTO Kyrmona [7].

KoHCTpyKImMy oIy TpoBOIHIKOBEIX HCTOYHUKOB H3-
ny4yenus [2, 6—9] pazpaboTaHbl TAKUMH, YTO MO3BOJIS-
10T Pa3MECTHUTh HECKOJIbKO AD Ha OIHOM TETJIONPOBOI-
HOM OCHOBaHUH WJIU Ha MOJIYIPOBOAHUKOBOM MHUKPOXO-
JOAWIBEHAUKE, TpIYeM AD MOTYT U3ITy4aTh BOJIHBI OJTHOM
WK Pa3HOU IUTHHEIL, 8 UX MUTAHIE OCYIIECTBIISIETCS pas-
JICTEHO B HETIPEPHIBHOM HJIH UMITYJILCHOM peskume. Kom-
TUIEKCHBIE MCCIIEIOBAHMUS IEKTPO(YU3UYECKUX U OIITH-
YECKUX MapaMeTPOB aKTHBHBIX AJIEMEHTOB TO3BOJIMIN
OIIPEACIUTH ONITUMAITEHBIC COCTABBI TBEP/IBIX PACTBOPOB
IUTS UX U3TOTOBIICHUS, 00CCIICIMBAIONIIE TAKOE H3IIY-
yeHue AD, JITMHA BOJIHBI KOTOPOTO ObLIa OBI COTIIAco-
BaHa C JUTMHOM BOJHBI COOCTBEHHOTO IMOTJIOIICHUS CO-
OTBETCTBYIOLIETO T'a3a WIM KOMIIOHEHTa ra30BOi cMme-
cu (puc. 1). IlpakTuyeckuii HHTEpEC MPEICTABIISIOT BOJI-
HbI [uHOU 2,9; 3,32; 4,27 n 4,67 MKM, COOTBETCTBYIO-
II1e CEJICKTUBHBIM I0JI0CaM MOMIOIIEHHS TapOB BOMKI,
MeTaHa, YIJIEKHCIIOTO Ta3a, OKCHA yIIeposa.

Bcenencreue n3aMeHeHys MNUPUHBI 3alIPELIEHHOMN 30HbI
Marepuanos A’B’ ¢ oBbILIEHHEM TEMIEPaTyphbl BHELII-

1, oTH. ef1. 1 2 3 4
lrﬁl'l ,"lﬁll'u .l'r-'ll'l .'/_1 | IMosoca
{ \ [ i Foy \ mormoe-
II III I| 'l J Iﬁ:ll i mua CO,
i i by i
0,5 Ill I::l |:l:| II|II III /If<
\ | § |
."|I _."I Iy-"l ! III"'_'HJ { \\
S S . Y _
0 - -
2,6 3,0 3,4 3,8 42 A, MKM

Puc. 1. 3aBUcHMOCTh WHTEHCUBHOCTH M3JIyUEHUSI p—n-TIepe-
X0/a pa3nu4YHbIX AD OT JJIMHBI BOJHBI M3JIy4eHHS A TPH
7=300 K, cornacoBaHHOH C MAKCUMYMOM I10JIOCHI COOCTBEH-
HOTO TIOIVIOIIEHHS Pa3JInYHbIX I'a30B:
1—A=2,9 mMk™ (mapsi Bozbl); 2 — A=3,32 MxM (Metan); 3 — A=3,9 MKkM
(MCTONB3YETCsI ISl OMOPHOTO KaHajia B ceHcope); 4 — A=4,27 MKM
(mmokcup yriepozaa)

a)

A, MKM 4 DA 5, MEM
= ’
- -'b..
2 _#
=
33 P 0,4
e
___.J"_'___.-"" 1
i ..#ﬁ.---
32 0,3
250 270 290 310 T,K
6)
A, MKM - DA 5, MEM
-l 0,6
2
43 - B
__..-'_'__'..--' - 0,5
-:"'.:.'.-. 1
20
e 0.4
250 270 290 310 T,K

Puc. 2. TemneparypHble 3aBUCUMOCTH CIIEKTPAJIBLHOTO T10-

JIOXKEHUSI MaKCUMyMa B CIIEKTpe W3Iy4eHus (/) v moiyuu-

pHHBI cieKTpa (2) U3Iy4eHHs aKTUBHBIX JJIEMEHTOB, HCIIOJIb-
3yeMBIX B CEHCOpE MeTaHa (a) W ANOKCUAa yriepona (0)

HEW cpejibl CLIEKTPabHbIE XapaKTEPUCTUKU U3JTyYarOIInX
AD, U3roTOBJICHHBLIX HA UX OCHOBE, CMEIIAIOTCS B JIJIMH-
HOBOJIHOBYIO 00J1aCTh criekTpa. i3MeHeHue Temmepary-
pBl AD IPOUCXOIUT TAKXKE BCIIEACTBUE pa3orpesa p—n-
nepexoja Mpy yBeJIMYEHUH MPSIMOTO TOKa 4Yepe3 HEro.
[ToaTOMY IpH POEKTUPOBAHUU U U3TOTOBJIEHUH OIITOR-
JIEKTPOHHBIX CEHCOPOB T'a3a HEOOXOIUMO 3HATh U Y4HU-
THIBATh TEMIIEPATYPHBIA KOAPPUIHMESHT CMEIICHNS MaK-
cuMyMa B criekTpe u3inydeHus AD. CriekTpaibHble Xa-
paxkTepucTUKU AD U3MEPSUTICh B IMaria30He TeMIepaTy-
po1 250—330 K. Ha ocHoBaHuM 3TUX U3MEpPEHUN st
AD, UCTIONIb3yeMbIX B ONITORJIEKTPOHHBIX CEHCOpaxX Me-
TaHa U TUOKCUIA yITIepo/a, ObUTH ONPEAEICHBI TEMIIepa-
TypHBIE 3aBUCIMOCTH CIIEKTPAIILHOTO MOJIOXKEHHUS MaK-
CUMYMa B CHIEKTPE U3JIyUYEHUS U TOTYLIHPHHBI CIIEKTPa
TP 3HAYEHUU MPSIMOTO TOKA, IPOXOJSIIETo uepe3 AD,
1=200 MA, myntensHOCTH UMITYIbcOB T=500 MKC 1 yac-
ToTe ux cnenosanus V=103 ' (puc. 2).

Jis u3MepeHust MOIHOCTH H3TydeHust AD B obiac-
TH criekTpa 2,5—5,0 MKM UCIOIb30Bajach HHTETPUPY-
omias cepa U KaTuOpOBOYHBIN oximaxnaemblii PbSe-
(horonpreMHIK. BHYTpeHHSII TOBEPXHOCTH CEepHl Ana-
MeTpoM 80 MM TOKpBIBaJIach Je(OpMUPOBAHHON aJTro-
MHHHEBOH (osbroii ¢ koaddurpentom auddysaoro ot-
paxenus 0,9—0,92. Ucrounuk MK-uznydenus u hoto-
npueMHuK (®II) pacnonokeHbl Ha TPOTUBOMOIOKHBIX
cTopoHax c(hepbl ¥ pa3ielIeHbl MeX Ty co00i tuddy3Ho
paccenBaroLM PKpaHOM. MOIIHOCTb U3JIy4YeHus pac-
CYHTHIBAJIACH C YUETOM CBOWCTB MHTEIPUPYIOIICH ce-
pBI 110 (hopmyIe

o 4D?A-BY

d’s,
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rae D — BHYTpeHHHMIT tuameTp cdepsl;
B— ko3¢ dpunnent nuddy3sHOro oTpaxkeHUs MOBEPXHOCTH
chepsr;
U — snexrpuueckuii curnai Ha Boixoje OII;
d — nmamerp 4yBCcTBUTENIBHOM tutormanky OIT;
S , — MHTCTPAIIbHAS 1yBCTBUTCIBHOCTD @I Mo OTHOIIEHHIO K HC-
ClIelyeMOMY UCTOUYHUKY U3Ty4eHHUs.

Jlo Hauana u3MepeHuil HHTerpupyromas chepa mpo-
JlyBallaCh OCYIIEHHBIM a30TOM, 00BbeM KOTOpPOTO B Jie-
CATH pa3 MpeBbIiai 00beM chepbl. MOITHOCTh N3TyYe-
Hus AD u3MepsIach ¢ MorpemHocTeio He 6osnee 15% B
Jwmanazone Temneparyps 250—330 K npu mmotaoctr J mipsi-
Moro Toka /, mpoxozsmero epe3 AD, ot 1 10 103 A/em?.
JnuTenbHOCTD T IPSAMOYTOJIbHBIX UMITYJIBCOB TOKA U3-
MeHsack oT 25 10 500 MKC rpu yacToTe V UX cle10Ba-
must ot 10 10 100 T Pesynbrarel uccnenosanust AD pu
v=103 I'm, =500 MKc npeacTaBieHsl Ha puc. 3. Kax
BHJTHO, JUIsl BCEX UCCIIEyeMbIX AD MOIIIHOCTh U3ITyde-
Hus ipu =200 MA yMEHBIIAETCS C TTOBBIIIICHUEM TEM-
nepatypsl (puc. 3, a).

3aBUCUMOCTb MOIITHOCTH U3Ty4eHUsI AD OT BeINYH-
HBI TIPSIMOTO TOKA Yepe3 p—A-TIePexosl U3MEpsUIach MpH
T=293 K (puc. 3, 0).

a)
P, MxBT

=200 MA

200

100 .4
H.H% REHHK
th-l__“:::"-ﬁ?x__
0 ———
250 270 290 310 T,K
0)
P, mMxBr ——
T=293K AT T
120 /

260 I,mMA

140

180 220

Puc. 3. 3aBHCHMOCTh MOIIHOCTH M3IYyYEHHUS] OT TeMIIepary-

pHI (a) ¥ OT MPSIMOTO TOKA Yepe3 p—n-nepexo (6) akTHBHBIX

9JEMEHTOB, UMEIOIIUX PA3IUYHYIO JJINHY BOJHBI MaKCH-
MaJBHOTO M3MydeHus A (B MKM):
1—29;2—332;3—39;,4—4,27

Ha sToM pucyHKe BUAHO, YTO TIPH YBETHMUCHNAN MPSI-
MOTO TOKa 4yepe3 p—n-mnepexo] BIIOTh A0 250 MA
(25A/cM?) MOIIHOCTB M3JIy4€HHs I BCEX MCCIIETye-
MBIX AD YBEIUYHBACTCS, TOCTHUTAsI HACHIICHHUS, TTOCTIC
Yero HAYMHACT YMECHBIIATHCS C YBETMUCHIEM TOKa BCIIS/I-
CTBME HarpeBaHus p—n-nepexosa. MzmeHeHue pexxuma
pabotsr AD (V=10 I'm, T=25—50 MKC) IPHBOIUT K TOMY,
9TO p—n-TIEPEX0]] HE yCIIEBACT HATPETHCS JaXKe MPU TOKE
7 A (700 A/cM?), a MOILIHOCTE M3JTyY€EHHs BO3PACTAET B
HECKOJIBKO pas3.

YBenmueHue IOTHOCTH TOKA Yepes3 p—1-Nepexo] IpH-
BOJIUT K CMEIICHUIO MAKCUMYMa B CIICKTPaX U3TyICHHSI
AD B JUITMHHOBOJIHOBYIO 00JIACTb U K YBEJIMUEHHUIO MOy~
MIMPHUHBI CIIEKTPOB. Tax, sl aKTHBHBIX HJIEMEHTOB, U3-
TOTOBJIEHHBIX Ha 6a3e TBep/bIX pacTBopoB (TP) InGaAs
(oGuacTh u3nmydeHust 2,8—3,6 MKM), CMEIICHHE MaKCH-
MyMa H3JIy4EHHS U YBETHUCHUE IOy IIUPUHBI CIIEKTPOB
M3y YeHNs] HAGIEOIAETCS IPU TUIOTHOCTH TOKa 25 A/em?,
JI71s1 aKTUBHBIX 2JIEMEHTOB, H3TOTOBIECHHBIX Ha Oa3ze TP
InAsSbP (o6iacte m3nydenus 3,8—5,0 MKM), Takue U3-
MeHEHHsT HAOITIOAKOTCS YIKe TIPU TUIOTHOCTH ToKa 10 A/cm?,

Takum 00pa3om, IPUBEACHHBIC PE3YIBTATHl YKa3bI-
BAIOT Ha HEOOXOIUMOCTh TEMIIEPATYPHOI CTaOMIH3aLUH
AKTHBHBIX 3JICMEHTOB IIPU HCIIOIb30BAHMH UX B OMTOI-
JIEKTPOHHBIX CEHCOopax ra3oB. [IpuMeHeHUe pa3THIHbIX
THUIIOB TIOJTTPOBOAHUKOBBIX MHKPOXOJIOIUILHUKOB, Pa-
Ooraromux Ha 3dexre [TensThe, MO3BONIET CTAOMITH3H-
POBaTh CIIEKTPANTBEHOE MOJ0KEHIE MAKCUMyMa B CIICKT-
pe usnyuenus AD, a Taioke yBeauuuTs Ha 20% Mmol-
HOCTh M3JIyYCHHs 33 CUET YBEIMYCHHUS MPSIMOIO TOKA
gepe3 p—n-miepexon. Bmecte ¢ TeMm, HCHONB30BaHUE Ta-
KHX MHKPOXOJIOJIMJIBHUKOB CYIIIECTBEHHO YBEIHMYUBACT
nOTPeOIIEMYI0 MOIIHOCTh UCTOUHUKA U3Ty4EHHs], YC-
JIOKHSET er0 KOHCTPYKIIUIO H YMCHBIIIACT HaISKHOCTb.
B 0 e Bpemst, yKa3aHHOE MOBEACHUE MOIITHOCTH U3ITY-
YEHUS U CHEKTPAIbHBIX XapaKTEPUCTUK AD MO3BOJSAET
YIPaBIATh ATUMH TapaMeTPaMH C TIOMOIIBIO TIPSIMOTO
TOKa 4yepe3 p—n-nepexon [2].

®otonpuemunkn UK-uznyuenus B odiactu

cnekrpa 2,5—5,0 MkMm

[IpreMHUKN ONTHYECKOTO U3IYyUEHHUS SBIISIIOTCS
HEOThEMJIEMbIMH 3JIEMEHTAMU COBPEMEHHOH anmnapaTy-
pBI 715 onTHYecKoit 00padoTku wHopMmaru. OCHOB-
HBIM YCJIOBHEM HCIIOIb30BaHHS (DOTOIPHEMHUKOB B CO-
CTaBe CJIOXKHBIX ONTOIEKTPOHHBIX YCTPOICTB SIBJIAETCA
IpaBUJIbHBIN BBIOOP TUIIA MPUEMHHKA U3TyueHust. Crek-
TpaJTbHBIN TUaTa30H 4yBCTBUTENBLHOCTH DI 1omKeH ObITh
COIVIACOBAaH CO CIEKTPAIbHBIM AUANAa30HOM MCTOUHHKA
n3Iy4yeHus. VIHTerpaigbHast 9yBCTBUTEIIBHOCTD U 00HApY-
JKUTEJIbHAs CIOCOOHOCTD Hctob3yemoro DI raxske co-
ITIACOBBIBACTCS B 3aBUCHMOCTH OT MUHUMAJILHOTO MOTO-
Ka U3JTy4eHHs, MOMaaloIlero Ha ero YyBCTBUTEIbHYIO
I1omaaKy. B Hamewm cityyae, yduThiBas 2IeKTPUUECKUE
U ONTUYECKHE XapaKTEePUCTUKHU Pa3pabOTaHHbIX UCTOU-
HuKoB MK-m3myuenws, 1yt odecrieueHust HaeKHOTO TPH-
eMa 1 00pabOTKH 3JIEKTPHYECKOTO CHTHAIA HEO0XOANM
®II c uHTErpaIbHOM BOJIBTOBOM UyBCTBUTEIBHOCTBIO HE
Menee 10° B/BT 1 06HapyKUTEIBHOM CIOCOOHOCTBIO He
menee 10° emTu?/Br no AUT npu 7=300 K. Crekr-
palibHbIE XapaKTEPUCTUKU U OCHOBHBIE TAPAMETPbI Pa3-
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Texuuueckue xapakxmepucmuxu paziuunvlx @I1 ¢ cpeonei UK-obnacmu cnekmpa npu T=293 K

XapakTepucTuka OII-1 OII-2 OII-3 OI1-4 ODII-5
CrieKTpaJIbHBIH JUara3oH, MKM 2,5—4,5 1,0—5.,0 2,6—3,5 3,9—4,6 1,0—14,0
o s 0 s e e -
Pa3mepbl uyBCTBUTENBHOM MIIOLIAIKH, MM 2,6%2.6 2,6x2.6 1x1 1x1 1x1
BricTponelicTBue, Mkc <5 <5 0,1 <20 1—103
WHTerpanbHas 4yBCTBUTENIBHOCTD, B/BT 400 450 250—600 30 1000
OGHapyskuTeNbHas crocodHocTs, I'i’?/Br 10° 10° 1,5%x10° 7,0x10° 10

IIpumeuanue:

®I1-1 — PbSe-horopesucrop;

@I1-3 — InAs-poroamon [3];

@I1-5 — nuposnexTpudeckuit poTonpreMHuK [3].

S, OTH. e]I.

80 |

1 2 3 4

A, MKM

Puc. 4. Cnexrpanpubie XxapakrepucTuku pa3nundubix OI1 B
cpenneiri UK-o6mactu criekrpa:
1 — PbSe-dotopesucrop; 2 — oxnaxaaemsiit PbSe-portopesucrop;
3 — InAs-oroaunox; 4 — poroxuox PD42Sr

mnaHbix THIOB DI B obnmactu cnektpa 2,5—5,0 MKM
IIPUBEJCHBI B Ta0JMIe U Ha puc. 4.

Baxknoii xapaxrepuctuxoii @II sBisiercsa nocrosHHas
BPEMEHH, ONpeAesIoNIas BEPXHIOI TPAHULLy YaCTOTHI
MOAYJISIIAN U3TY9EHIsI, IPEBEIMICHAE KOTOPOH IPHBO-
JIAT K CHIDKCHHUIO HHTETPATBHON TyBCTBUTEIBHOCTH IIPH-
emuuka. I1pu Beidope @II HeoOXOAMMO TaKKe YUUTHI-
BaThb pa3Mep POTOUYBCTBUTEIBHOM IJIOIIA KM, TIOCKOJIb-
Ky TPaHIYHAs 9YBCTBUTEIBHOCTH OTHOTUITHBIX (DOTOIPH-
E€MHHKOB 3aBHCHT OT €€ Pa3MEepOB U YXYAIIACTCS C e¢
yBenM4eHHEM. B Takoil ke 3aBUCHMOCTH OT pa3MepoB
YyBCTBUTEJIBHOM MTonaiku HaxoasaTes U mrymbl OI1. On-
HAKO ATH IITyMbl YMEHBIIAIOTCS IPU UCTIONBb30BAaHUH MO-
JyJTUPOBAHHOIO CUTHAJIA ¢ ycpenHeHneM. Tak, UCIoNb-
30BaHUE MOAYIHPOBAHHOTO M3IYYCHUS C YACTOTOM
500 I'm u BpemeHeM ycpeaHeHus Ooibine 1 ¢ MOXeT
MIPUBECTU K YBEITUYCHUIO OTHOIICHHS CHUTHAJ/IIYM JI0
20 pa3, a ipu 10 ¢ — nmo 70 pa3 [3]. Takoe Bpems
yCpeIHEeHHUs BIIOJIHE PUEMIIEMO 15 OOJIBIIMHCTBA ra30-
AHAJM3aTOPOB, T. K. H3MECHCHUE BEIIMYMHBI KOHIICHTpA-
IIUU Tra3a MPOUCXOIUT 3a BpeMs, boubIie 1 ¢. B mpubo-
pax aHaIM3a KOHIICHTPALNY Ta3a HanOoIee 9acTo HCIOMb-
3y10T PbSe-¢doTope3ncTopsl, MOCKOIBKY OHH XapakTe-
PHU3YIOTCS JOCTATOUHON YyBCTBUTEIBLHOCTBIO B 00JIACTH
cnektpa 2,5—5,0 MKM.

C y4eToM KOHCTPYKTUBHBIX U TEXHUUECKUX 0COOEH-
HOCTeH pa3padOTaHHBIX HAMH MHOTODJICMEHTHBIX HCTOY-
HukoB UK-u3nydenns [2, 8, 9] v mpuBEICHHBIX B Ta0JH-

®I1-2 — oxnaxknaemblit PbSe-¢poropesucrop;
®I1-4 — dotommox PD42Sr pupmsr MIRDOG (PD);

1ie xapakreprctrk DI1, a Tarxoke oTIMIus K0P PUITEHTOB
MIODJIOIICHHUS METaHa M IMOKCcHAa yrepona [ 3], Obutu pas-
paboTaHbI ONTOAIEKTPOHHBIC CEHCOPHI Ui U3MEPEHHS
xouuentpaiuu CO, n CH, B ra3oBoi cMeCH H TIPELIONKe-
HBI CIIOCOOBI U3MEPEHHST KOHIICHTPAITHH 3THX Ta30B [10].

OnTo03/1eKTPOHHBII CEHCOpP MeTaHa

Jist usmepenust conepxanus CH, B tuanazone 0—
3,0% ot 0o0beMa ra30Boii CMECH ¢ MAKCHMaJIbHBIMH KO-
s¢pdumentom nomomenns o, =0,1 u kosdunmentom
MEPEKPHITHS CIIEKTPOB MOIVIOMICHNS UCCICIYEMOTO0 rasa
¥ U3Iy4eHUs UCTOUHUKA O ~0,05 B 0OnacTy crekrpa
3,3 MxM [3] ObUT U3rOTOBJIEH ONTOAICKTPOHHBII CEHCOP
B BUJIC HHTETpUpyoLIeH chepsl (puc. 5) [11].

OTNTO3IEKTPOHHEIA CEHCOP COCTOUT M3 ONTHYCCKU
cBs3aHHBIX ncTounnka UK-u3mydyenns /, narerpupyio-
el cepruveckoii KIOBEThl 2, CBETOOTPAXKAIOIIETO K-
paHa 3 u ¢oTonpueMHUKa 4. BHyTpeHHss TOBEPXHOCTb
KIOBETHI I OCHOBaHHE DKpPaHa MOKPBITHI CHITBHO Je(op-
MHPOBaHHOH ATFOMUHUEBOM (hosTbroi TommmHoit 0,02 MM,
cosnaronieit muddysHoe orpaxkerne ¢ kodpdunmeHTOM

Puc. 5. KoHCTpyKIHsl ONTO3IEKTPOHHOIO CEHCOpa MeTaHa:

| — MHOrO31eMeHTHBI ncTouHnK VIK-m3mydenus; 2 — uHTerpupy-

romas cepuueckas KoBera; 3 — CBETOOTPaXKAIOIINI YKpaH; 4 —

(hOTONPUEMHHUK; 5, 6 — BILYCKHOM M BBIILyCKHOM LITYIEpa [OAa4H
MeTaHa
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otpaxenns 0,90—0,92 B nuanazoHe BOJIH AJTUHON 2,5—
5,0 mxM. CBETOOTpaXArOIINI PKPaH MPEJICTaBIACT CO-
00l MHOTOTPaHHYIO MPABUIIbHYIO TUPAMUY C TUIOIIA-
JIBI0 OCHOBAHHS B JIBa pa3a OOJBIICH IUIOMIAIH CEUCHII
CBETOBOIO MTOTOKA, CO3/1aBa€MOI'0 UCTOYHUKOM H3JTyye-
HUS Ha BXOJIE B KIOBETY. 3epKaJIbHbIE [PaHU IMPaMU/Ibl
HarpaBJIeHbl B CTOPOHY HCTOYHHKA U3ydenust. J{is obec-
TMeYeHUsI MUHUMAJIBHBIX TOTEPh HA PACCEUBAIOIIIEH MOBEp-
XHOCTH KIOBETHI II0/Ia4y M OTBOJI METaHa OCYLIECTBIISIOT
yepes psaA OTIAENbHBIX OTBEPCTUH AuamMerpoM 1 MM BO
BIIyCKHOM U BBIITYCKHOM ILUTYLIEPAX.

MsuoroanemenTHbli ncrounuk MK-usmyuenust cocrout
13 HECKOJIBKUX AD, IMEIOIINX PadOovy0 [UIMHY BOJIHBI B
1oJioce MOTIJIOIEHUs MeTaHa )\max1=3,32 MKM
(A)\O 5=0,38 MKM), 1 AD, MAKCUMyM HU3JTy4€HHUs KOTO-
POr0 HAXOUTCA 3a TTOJIOCOU MOIOIIEH S METaHa (OTIop-
HbIi Kanan) A -=3,9 Mkm (AN =0,42 mxm). TTpsamas
MOJLYJISAIIAS CBETOBBIX IOTOKOB O0ECTIEYMBAETCS AKTHBA-
nueil uctounukoB MK-u3ityueHus nepeMeHHbIM TOKOM
=250 MA, uacrtotoii V=103 I’ ¢ UINTENBHOCTBIO UM-
myibea T=500 MKc.

Perucrpanus UK-m3iyuenus ocymectsisiercs PbSe-
¢doropesnctopom. CBETOBOI MOTOK OT UCTOYHHUKA U3ITY-
YEeHHUS TTOMNA/IaeT BHYTPh KIOBETHI, OTPAKACTCS IKPAHOM
1, pacceuBasich BHYTPEHHEH TOBEPXHOCTHIO KIOBETHI, CO-
371a€T HEKOTOPbI YPOBEHb OCBELIEHHOCTH, KOTOPBIi pe-
ructpupyercs OII.

[Ipu momave MeTana BHyTPb KIOBETHI CBETOBOM TTOTOK
0CJIabMSETCsI BCISICTBUE €10 YACTUYHOTO MOTIIONICHHS
MeTaHoM. VI3MeHeHre OCBEIIIEHHOCTH BHYTPH KIOBEThI IIPH
HAJIMYUU B HEH METaHa MIPUBOJIUT K COOTBETCTBYIOIIEMY
M3MEHEHUIO0 BbIXoHOro curnasia OII. Benuunna namene-
HUS ¥ CITy’)KUT MEpPOW KOHIIEHTparu Mmetana. Ha puc. 6
IIpUBEJEHA 3aBUCUMOCTD [aJIeHUs HAIIPSYKEHUsI Ha BbI-
xone @II ot conepxkanns merana C.y; B chepudeckon

KroBeTe auaMetpoM 80 MM (kpuBasi /) M IMIIMHAPUYIEC-
Koii KtoBeTe AMHON 164 MM (kpuBas 2).

Y4uThIBasi OTHOCUTENBHO OOJIBIION 00bEM KIOBETHI,
BBIOMpAJIN ONITUMAIIBHYIO CKOPOCTH ITOJIa4H [a30BOM CMe-
CH, KOTOpasi COCTaBJISICT 2—2,5 JI/MUH, IPH 3TOM BpeMsI
yCTaHOBIIEHHSI TOKa3zaHui He nipeBbiano 20—30 c. Boc-
MIPOU3BOIMMOCTD MIOKA3aHUH MPH MPOBEICHNUHU U3MEpe-
HUH ObuTa He Xyxke +2%, a cTaOUIbHOCTh U3MEPEHUI
1ipy 60-MHHYTHOM IPOITyCKaHUHU ra30BOH CMECH C 00BbEeM-
Hou nojeit metana 0,3% coctasisiina £4%. OTHOIIEHHE
curHai/irym Ha Boixoje ®@I1 nocturaer He menee 100.

U, oTH. ef1.
09 .
H"“*n-q_
08
, T
R .
07 2
0 0,5 1,0 1,5 2,0 CCH4, 00.%

Puc. 6. 3aBucumocts naaenus HanpsbkeHust Ha Beixoqe DII
OT COIEpKaHUsI METaHa B ra3oBOM cMecu Ui cheprudeckoit

MunumansHasg ooseMHas goiist CH 4 B BO3IIyX€E, KOTO-
PYIO MO>KHO U3MEpUTS, cocTasisieT 200—250 ppm. IIpu
UCIIONIb30BaHUM C(EpPUUECKON KIOBETHI MPHUBEACHHAS
MIOTPENTHOCTh U3MepeHuit coctaBmiia 5%. CpaBHUTEIb-
HbIC H3MEPEHHSI C UCIIOJIb30BAHUEM CHEPUICCKUX U ITHU-
JTVHJIPUYECKUX KIOBET MOKa3ald, 4TO ChepruIecKre Kro-
BETHI O0JIee TEPCIIEKTUBHBI M TIO3BOJISFOT YMEHBIIIATH Ta-
0GapuTHl U Maccy ONMTOAIEKTPOHHOTO CEHCOPA.

OnTo03/1eKTPOHHBII CEHCOP TMOKCH/IA YIIIEPOaa

Ha puc. 7 npencrasiena pazpaboranHas B [12] koH-
CTPYKIHS OTITOANEKTPOHHOTO CEHCOPa IS N3MEPEHHS
conepxanns CO, (o =0,15 u a_~0,12 B obnactu
cnektpa 4,3 Mxm [3]) B auanazone 0—3,0% ot oObema
ra3zoBoil cMecu. MHorosneMeHTHbli nctouynuk MK-u3-
JIYy4YCHU COACPIKUT aKTUBHBIC 3JICMCHTLI, MAKCUMAJIbHO
u3jlyyarouue Ha JUIMHE BOJMHBI A =4,27 MKM
(AA, 5=0,48 MKMm) (paboumii KaHaN) ¥ HA JUIMHE BOJIHBI
BHE MOJOCHI MOTJOMICHUS CO2 )\maX2=3,8 MKM
(AN, s=0,42 MxMm) (onopHbiit kanan). ITpuemunkom UK-
M3JTyYeHHs CITy)KHUT OXJaxkaaeMbiii PbSe-doropesnctop.

Onrosnexrponnsiii cencop na CO, coctout us pado-
Yeil KIoBETHI /, cofieprKaliieil mapaboindyeckue 3epkaia
2u 12, ucrounnkoB UK-uzimydenus 4 u 9 u potonpurem-
Huka 7. K ocHOBaHMIO ceHCcopa /() IpuKperieHsl (oTo-
MPUEMHUK /7 U TEILTONPOBOSIIIE CPEPHICCKHE OTIOPEI
5 1 8, obecrieunBaroNfe HaCTPOUKY ONTHUYSCKOW YaCTH
CCHCOpPA, BHYTPU KOTOPBIX pasMEIICHbI UACHTUYHBIC UC-
tounuku MK-u3mydenus.

O

2 —
13

ﬁ?\// 12
[ .

VAV

456 7 8 9

Puc. 7. KoHCTpYyKIMsT ONTOAIEKTPOHHOTO CEHCOpa JHMOKCH-
J1a yriuepona:

1 — pabouas kroBera; 2, /2 — napabonuueckoe 3epkaino; 3, 1/ —
BXOJIHOE OTBEPCTHE MOAa4n raza; 4, 9 — ucroynnk UK-uznyuenns;
5, 8 — ctepuueckas onopa; 6 — BXOLHOE calhHPOBOE OKHO; 7 —
(horonpuemunk; /() — ocHoBaHHE ceHCOPa; /3 — OTBEPCTHE BBIXO/1a

(1) m uumHApUYECKOH (2) KIOBETHI

rasa
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U, OTH. €.
h
fh
09 1%
'-._‘\K
08 — % .
LY "‘1.\__
N 2
0,7 T

0 0,5 1,0 1,5

JUTMHOW 55 MM 1 yactu B (2) myuHoi 40 mm

Uctounuku pazMemarorcss otHocuTenbHo DII Tak,

uenTpauun CO,, BBHTy €1a00ro MOIIOMIECHHS H3Iyde-

JICHBI IO YTJIOM K OIITHYCCKUM OCAM UCTOUYHUKOB HK-

3TOM BPEMsI ¥ KOJIMYECTBO COz, HEOOXOIUMOE IS T1OJI-

HOCTBL CEHCOpa 00eCIIeYnBaIOTCS HCIOJIBE30BaHUEM OI10p-
TH KIOBETHL. B aTOM CJIydga€ CBETOBBIC ITIOTOKH, CO3JaBa-

€MBIC UCTOYHHKAMHU I/IK-I/BJ'IY'-IGHI/ISI, HC CBA3aHHBIC C

B3aUMOKOMIIEHCUPYIOTCSI.

o BejwuuHe, a Ha Beixone ®I1 oOpasyrorcs amekTpu-

YECKHE CUTHAJIBI, 00CCIICUNBAIONINE KOPPEKIIUIO HYIIS
ceHcopa.

20 Ce,06.%

Puc. 8. 3aBucumocts nmagenus HanpspkeHUs Ha Bbixoae OI1
ot coxepxanus CO, B paboueil kioBete s yactu 4 (1)

97006l AD (OpPMHUPOBAIM OAMHAKOBBIE HE3aBUCHMBIC
TIOTOKH U3JTyYeHHS B Pa3HbIC MOMECHTBI BPEMEHH JIJIs pa3-
HBIX yacTeill (4 u B) paboueiil kroBeTbl. COOTHOILIEHHUE
JUTMHBI YacTell A U B pacCYUTHIBACTCS UCXOJS U3 HEOO-
XO[IUMOTO JManasoHa usmepenus conepxanus CO, om-
TOJIEKTPOHHBIM ceHcopoM. [Tpu u3mepernu Manon KoH-

HUs1 Ha paboyeil IJIMHE BOJIHbI, aKTUBHOM SIBIISIETCS 4acTh
A KIOBETHI, a IPU OOJIBIION KOHIIEHTPAIMU — 4acTh B
(puc. 7). Bxomubie orsepetus yist opaun CO, u3roros-

U3ITydeHUs. DTO 00ecIieunBacT paBHOMEPHOE pacipeie-
JICHHE Ta3a 10 BCeMy 00BbEMY KIOBETHI, COKpAIIas MpH

HOIi 3aMeHBbI ra3a BO BHYTPEHHEM 00beMe KIOBETHI ra-
30M JIpyroii KOHIIEHTpaluy. B ciyyae yBenmuenus Hece-
JIEKTUBHBIX TIOTEPh M3TYICHUSI, CBSI3aHHBIX C 3arpsi3He-
HHEM BXOJHOTO OKHA HJTH apabOoINIEeCKUX 3epKa CeH-
copa, a TaKKe MPHU PacCorIaCOBaHIH CIIEKTPOB U3ITyde-
HUSI HICTOYHUKA U CIIEKTPaIbHON 4UyBCTBUTEIBHOCTH ITPHU-
€MHHKa TI0 OTHOIIEHHIO K CIEKTPY COOCTBEHHOTO TO-
IJIOLIEHMS Ta3a BCIEACTBUE W3MEHEHHs TeMIIeparyphl
BHEIITHEW Cpeibl, 33/laHHbIC TOYHOCTh M TyBCTBHUTEIIb-

HOT'0 KaHaJia ¥ 0fHoBpeMenHol nogaueit CO, B 00e yac-

nornomenreM CO,, H3MEHSIOTCS OIMHAKOBO (pHC. 8) 1
B IIpoliecce 00pabOTKH CUTHAIOB OT HUX Ha Bbixone PIT

Jo Hauana nposeeHus usmepenuii conepkanus CO,
Yyepe3 CeHCOp NPONyCKatoT HelTpanbHbli ra3. [Tpu aTom
chopmuposanHble ucTouHukamu MK-u3mydenus cseto-
Bbl€ TMIOTOKHM HE MOIVIOIIAKTCSA Ta30M, BHIPABHUBAKOTCSA

[psiMast MOIYIISIINS CBETOBBIX TIOTOKOB 00OECIIeHBa-
eTcs akTuBanueit ncrounnkoB MK-n3nyyenns nepemen-
HBIM ToKOoM /=250 MA, uactoToii V=10 Iy ¢ murensHO-
cteto umnynbea =500 mkc. ['a30BbIe cMecH moarTes
co ckopocTbio 0,5—1,0 /mMuH. Bpemst ycraHOBIECHUS 1O~

kazanawnii coctapisieT 30—40 c. Bocripon3BoanMocTs mo-
Ka3aHUU IMPU MPOBEJCHUHM U3MEPEHUHN Obllla HE XyXKe
+0,3%, a crabmibHOCTD HYIs +£0,4%. OTHOIIEHUE CHT-
Haji/mryM Ha Bbixone DII cocrabnser He meHee 250.
MunumanbHast U3MepeHHast 10151 CO2 B BO3JlyXe — Ha
ypoBHe 50—100 ppm. [IpuBeneHHas NOrpenIHoCTb U3-
MepeHuit coctaBnsieT 1% M orpaHUYMBAETCS, B OCHOB-
HOM, TeMIIEpaTypHOH CTaOMIBLHOCTHIO padoThI DI1.

BbIBOIBI

Taxum 00pa3oM, yCTaHOBIIEHO, YTO ONTOAICKTPOH-
HBIE CEHCOPHI Ta30B, CO3/IaHHBIC HA OCHOBE CBETOU3ITY-
garomux rerepoctpykryp InGaAs/InAs u InAsSbP/InAs
U IPUEMHUKOB Ha ocHOBe PbS-¢poTopesucTopos, odia-
JAf0T BRICOKMMH KCILTyaTallMOHHBIMH XapaKTePHCTHKA-
MH M 9yBCTBUTEIBHOCTHIO. Tak, MUHUMAIILHOE COMCP-
JKaHHEe Ta3a B BO3AyXxe, pukcupyeMoe ¢ MOMOMIbIO Ta-
KHX ONTORJIEKTPOHHBIX CEHCOPOB, COCTABIISET AJIS MeTa-
Ha 200—250 ppm, a ans nuokcuaa yriepoga — 50—
100 ppm. BakxapImM yciioBHEeM TOYHOCTH U3MEPEHHS CO-
JeprKaHMs NCCIIEAYyEeMOT0 Ta3a SBISICTCS TeMITepaTypHast
crabunmsanus akTuBHBIX MK u3mydarommx 3eMeHToB,
KOTOpast yCHEIIHO PeraeTcsi IPUMEHEHUEM TePMOXOJI0-
JITEHUKOB U IPABUIIEHBIM BEIOOPOM BEITMIHUHBI TIPSIMO-
TO TOKa Uepe3 p—n-Tepexo aKTUBHOTO IIEMEHTA.

KomnakTHOCTB, Mamiast Macca U OBICTPOJICHCTBHE pa3-
pabOTaHHBIX CEHCOPOB OMPEACIAIOT IUPOKHIA CIEKTP HX
WCTIOJIb30BaHHUSL.
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[NPUMEHEHUNE MOHOCEJIEKTHUBHBIX ITOJIEBBIX
TPAH3MCTOPOB IJIs1 ®EPMEHTHOI'O AHAJIM3A
TOKCHUYHLIX ITPUMECEN B BOJIHbIX PACTBOPAX

Cnpoexmupo6annas uzmepumenbHas cuc-
mema 05l (hepmMeHmHO20 AHANUZA HCUOKUX
cpeo Ha ocHoge pH-yyecmeumenvhvlx dam-
YUKOB OMAUYAEMCS YHUBEPCATbHOCBIO,
MeXHOLOSUYHOCHbIO, MOYHOCMbIO U Ha-
0EAHCHOCTBIO Pe3yIbmamos UsMepeHuil.

3amaya AeTEKTUPOBAHUS TOKCHYHBIX IIPUMECEH B BUIE
MOHOB TSDKEJIBIX METAIIOB M OTPEeIICHHS KOHIICHTpa-
IIHOHHOTO COCTAaBAa ATHUX MPUMECEi BOSHUKACT B Pa3Iny-
HBIX 00JIACTSX YETIOBEYCCKOM IESITENIbHOCTH (B IIPOMBIIII-
JICHHOCTH TIPH aHAJIN3€ COCTaBa CTOYHBIX BOJI, IIPH Ca-
HUTapHO-TEXHUIECKOM KOHTPOJIC TUTHEBOW BOJIBI, Kave-
CTBA U COCTOSIHHSI OYUCTHBIX COOPYKEHHUH | T. 1.). U3-
BECTHBIE JIAOOpATOPHBIE METOIBI (XpoMaTorpadusi, Mmacc-
CIEKTPOMETPHS, CICIUPUYHBIC XUMAYCCKUE PEAKIIHH )
TPYAOSMKH U TPEOYIOT JOPOTOCTOSIIETO CTAIOHAPHOTO
00opynoBaHUs. ABTEPHATHBOMN SBISIOTCS ONOXHMUYE-
CKHE METOJIbI, OCHOBAHHBIC Ha HHTHOUPOBAHNH TOKCHY-
HBIMU IPUMECAMU aKTUBHOCTU CHGHI/I(I)I/ILIH])IX (bepMeH—
ToB [ 1, T1. 9]. X0TS TOUHOCTH KOJTMYECTBEHHOTO aHAJH-
3a OMOXMMHYECKIMHU METOIaMH, KaK IPaBHIIO, HEBBICO-
Ka, TAKHE MIPEUMYIIECTBA KaK OBICTPOCHCTBIE, HIU3KHUC
TIOPOTH ICTEKTUPOBAHNS, MIHHUATIOPHOCTD, & TAK)KE BO3-
MOJKHOCTb MCIIOJIb30BAHUSA NMEPEKPECCTHO-CCIICKTUBHBIX
JAaTYMUKOB IMPU MHOT'OKaHAJIbHBIX U3MCPCHUAX OIPEaC-
JISIFOT IEPCIEKTUBHOCTD 3THUX METOJIOB LTS Psiia IPHIIO-
JKEHUH.

J171s1 mpaKkTHYeCKOTO IIPUMEHEHHUS METONIOB (DepMEHT-
HOTO aHaJN3a HEOOXOAMMBIM 3JIEMEHTOM SIBISCTCS U3-
MEpHUTEIbHBIN MPeo0pa30oBaTellb, TPAHC(HOPMUPYIOIIUI
(haKTOpBl XUMUIECKOW aKTUBHOCTH (PEPMEHTOB B TIPH-
TOJIHBIC IS JabHEHIIeH 00paOOTKH DIIEKTPIYESCKIE CUT-
Hautel. [Tpu ncrnonb3oBanun hepMEHTHBIX PEaKIUii, Tpo-
TEKAIOIINX C BBIICICHHEM JIHOO0 TOTIIONICHHEM IPOTO-
HOB, B KQYeCTBE MPe0OPa30BaTEIIsI MOXKET IPUMCHSTHCSI
00bruHbI pH-MeTp. OnHAKO TPUMEHEHHE CTAHIAPTHBIX
CTEKJLTHHBIX pH-3JIEKTpOI0B AJIs paccMaTpPHBaEMBbIX 3a-
Jlad Herleliecoo0pa3Ho 1Mo NPUYHHE Hey100CTBa HaHeCe-
HUS ¥ puKcaruy GepMEHTHOTO TelIsl ¥ OOJIBIITNX Tradapu-

* OmBITHBIE TAPTHU IPe0Opa3oBaTeneil ObIIM H3TOTOBICHBI HA IIPO-
n3BozicTBeHHBIX MoIHOCTsIX OAO «KBazap» u HUM «Mukponpu-
6op» (r. Kues). Pabora npoBonuiacs npu GHUHAHCOBOIT MOIEPKKE
YKpPamHCKOTO Hay4HO-TEXHOJIIOTHYECKOTO HEeHTpa (mpoekT Ned591
«Pa3paboTka (hepMEHTHOrO MYJIBTUCEHCOPHOIO MACCUBa JIJIs 9KOJIO0-
I'MYECKOr0 MOHUTOPUHIA TOKCHHOBY).

TOB 3J1eKTpoa. Kpome Toro, CTeKIISIHHbIE 371€KTPO/IbI He-
CTaHAAapPTHOW KOHCTPYKLMHU TPYILOEMKH IIPU U3TOTOBIIE-
HUU U Joporocrosuye. OJHUM U3 pellieHu 3Toi mpo-
Os1eMbI sIBIIsIeTCSl IPUMEHEHNE IIaHapHbIX pH-1yBCcTBH-
TEeJbHBIX IpeoOpa3oBaTesieil Ha OCHOBE MTOJYTIPOBOIHHU-
KOBBIX CTPYKTYD, B Y4CTHOCTH HOHOCEJIEKTUBHBIX I10JIE-
BbIX TpaH3ucTopoB (UCIIT) [2]. Takue 1aT9MKH MOKHO
IIOTOYHO U3roTaBJIMBATh HA TEXHOJIOTUYCCKUX JIMHHUAX 110
npou3BoictBy M/II1-TpaH3ucTopoB, 4To odecreynBacT
WX JCLIEBU3HY U HE3HAUUTENbHBINA pa3dpoc xapakTepu-
ctuk. KoHcTpykims narankoB opMupyercst MeTosioM (o-
TOJHUTOTPA(UU U TIPH HEOOXOAUMOCTH MOXKET JIETKO Ba-
PBUPOBATHCA.

CrpyKTypa MFOHOCEJIEKTUBHOT'O IT0JIEBOT'0 TPAH3UCTOpA
aHaJIOTMYHA CTPYKType oObraHOTrO0 IuiaHapHoro M/JIII-
TPaH3UCTOpA 32 OJHUM HCKIIIOUEHUEM — B HEM OTCYT-
CTBYET METATMYECKUH 3aTBOP. OTKPBITHIN CIION AUAIIEK-
TpUKa B 06J'IaCTI/I 3aTBOPa ABJIACTCA 1yBCTBUTCIIbHBIM 3JIC-
MEHTOM CTPYKTYPBI H 00€CIIeUHBaET MpeoOpa3oBaHUE aK-
TUBHOCTHU IIPOTOHOB B PAaCTBOPE B JIEKTPUUECKUN CUT-
Hajl. B kadecTBe Marepuana AMANEKTPUYECKOTO CIIOA
MOTYT UCIOJIB30BATHCSA OKCHJI KPEMHHUS, HUTPUJ KPEM-
HUS MO0 OKCHIBI pa3inyHbIX MeTasuioB [2, 3]. [Tpu mo-
rpY>KEHUH JaTYyiKa B BOJHBIN PACTBOP HA IIOBEPXHOCTH
JIU3JIEKTPUKa 00pa3yroTcs KoMmIiuiekcsl Buaa X—O-,
X-OHu X%)H{r (3mech X — ocHOBa MaTepuasa Iu3JIeK-
TpHKa, T. €. aTOM KpeMHHsI WK MeTajuia). KoMIuiekcsl
MOTYT TPaHC(POPMHUPOBATHCS U3 OJHON Pa3HOBUIHOCTH
B JIPYT'YIO B p€3YJIbTaTe acCOLMALNU ¥ JUCCOLUALIUH ITPO-
TOHOB. TakuM 00pazoM MeXIly MOBEPXHOCTBIO JHIJICK-
TPUKA U PACTBOPOM ITPOUCXOIUT TEPMOANHAMUUYECKH PaB-
HOBECHasl peakiusi 0OMeHa IPOTOHAMH. YCTaHOBHUBIIIAS-
sl KOHIICHTPALUS TIOJIOKUTETTHHO ¥ OTPUIATENBHO 3apsi-
JKEHHBIX KOMILIEKCOB Ha MOBEPXHOCTH 3aBUCHUT OT akK-
THUBHOCTHU IIPOTOHOB B PacTBOPE, T. €. OT BeauuuHsl pH
pactBopa. [Ipu ymensmenun pH moBepxXHOCTb THAJIEKT-
pHKa afcopOupyeT NPOTOHBI U3 PACTBOPA, a P yBEIHU-
YeHUH, HA00OPOT, OTIAET U30BITOUHBIC TPOTOHBI. CyM-
MapHbIi TOBEPXHOCTHBIN 3aps1, 00yCIOBIEHHBIH COOT-
HOIICHUEM KOHIICHTPAIIU IMOJIOKUTECIbHO U OTPULIATCIIb-
HO 3apsDKEHHBIX KOMIUIEKCOB, U3MEHSIETCS IPU H3MEHe-
HIM pH B m00y10 CTOPOHY; COOTBETCTBEHHO H3MEHSIETCSI
U IIaJIeHUE HAalIPsDKEHUS! Ha TPaHuULIe paszielia «pacTBop—
JUDIIEKTPUK», YTO B CBOIO OUEpeIb MPUBOIUT K U3MEHE-
HUI0 HAMPSHKEHHOCTH SJICKTPUIECKOTO OIS B TIOTYIIPO-
BOJIHUKE U, B UTOT€, K ©3MEHEHHIO MPOBOAUMOCTH KaHa-
J1a TPAH3UCTOPa, KOTOPOE MOXKET OBITh 3aUKCHPOBAHO
C MIOMOMIBIO AJIEKTPHUUECKUX U3MEPEHUIA.
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XoTsl B IUTEpaType 3a TAKUMU JAaTYUKAMU 3aKpelu-
J0Ch 0000I1IEHHOE Ha3BaHUE «OHOCEICKTUBHBIC TPaH-
3UCTOPBI», KAK BUAHO U3 BBIMIEU3I0KEHHOTO, JaTUUK C
HEMOAN(UINPOBAHHBIM JIMIEKTPHKOM 00eCIIeunBaeT
CEJIEKTUBHYIO 4yBCTBUTEIBHOCTh K IpoTOoHaM. [l
OIIPEAENIEHNs aKTUBHOCTH JIPYTMX HOHOB Ha IIOBEPXHOCTH
JIMIIEKTpUKa HE0OXOIMMO C(HOPMHUPOBATH TOTIOTHUTEb-
HBIH CII0H, crtocOOHBII Oy(epnu3oBaTh (T. €. KaK CBA3bI-
BaTh, TAK U OTJABaTh B PACTBOP) UOHBI TPEOYEMOTr0 THIIA.

MonmuduimpoBas TaTIUK OHMOTYBCTBUTEIEHBIM MaTe-
pHaIoM, Ero MOYKHO HCIOJIb30BaTh [ KOCBEHHOT'O aHa-
nr3a OMOAKTHUBHBIX MpUMecel B pacTBope. B atom ciy-
yae OMOUYBCTBUTEIIBHBII CIOI BHITIONHSET POJIb IPOMeE-
JKYTOYHOTO TIpeo0pa3oBaTess: ONOXUMHUYECKas peaKIHs
MPUBOIUT K I3MEHEHHIO KOHIIEHTPALIUH ITPOTOHOB BOJIH-
31 [IOBEPXHOCTH AUIEKTPUKA, KOTOPOE HEITOCPEICTBEH-
HO PETHCTPUPYETCSI TaTINKOM.

Mcrnonb30BaHuEe B KaueCTBE OMOUYBCTBUTEIHLHOTIO
Mmarepuana psjia GepMeHToB (ypeasbl, Oy THPUIXOIUHAC-
Tepasbl, INIIOKO30KCHIA3bl U JIP.) MO3BOJISET JE€TEKTUPO-
BaTh HAJIMYKE B PACTBOPE HOHOB TSIKEIIBIX METAILIOB, SIB-
JISTFOTIUX CSl HHTHOUTOpaMy (DepMEHTHON aKTHBHOCTH (B
JaCTHOCTH, HIOHOB cepedpa, pTyTH, MeIu U Kaamust). Mo-
Ju(HUKaIMs TaTYNKA OCYILECTBIIAETCSI HAHECEHUEM Ha I10-
BEPXHOCTh IHMANIEKTpUKa (PepMEHTA, PACTBOPSHHOTO B
(hocdarHo-THIIEpHHOBOM Oydepe, C TTOCIIETyOIINUM BbI-
Jep KMBaHMUEM B TTapax JH00 B BOJHOM pacTBOpE IIyTa-
poBoro anbaeruaa [4]. [locne BbicynBaHNs Ha TTOBEPX-
HOCTH 00pa3yeTcsl MpoHHULIaeMasl AJsl pacTBOpa MeMO-
paHa, cozeprxaniass IMMOOHIH30BaHHBIN (DEPMEHT.

AHamm3 pacTBOPOB C TOMOIIHI0 MO (PUITIPOBAHHO-
T'O TAaKUM 00pa30M IaTINKa OCYIIECTBIACTCS B 1BA HTa-
na. BHauane naryuk momenaeTcsl B YMCThIM, 3aBE0OMO
HE coJeprKallliii TOKCUYHOU mpumecH pactBop. ITocne
Jo0aBiIeHNs CIeM(UIHOTO JUTS JaHHOTO (hepMeHTa Cyo-
CTpaTa B paCTBOpE HAUMHACTCS KaTau3upyeMas hepMeH-
ToM Onoxumuueckas peakmus. [lapa «cyoctpar — dep-
MEHT» CIENUATBHO MOJAOUPAETCS TaK, YTOOBI PeaKIys
MpOTEKaJla ¢ BBIJCICHUEM MO0 MOMIOMIEHHEM POTO-
HOB. B pesynbrare narauk OyJeT perucTpupoBaTh Mpo-
TOHHBII OTKJIUK, BETMYHHA KOTOPOI'O COOTBETCTBYET UC-
XOIHOM akKTUBHOCTH (pepMeHTa. Jlanee Ta e mporeaypa
IIOBTOPSIETCS U1l aHAJIM3UPYEMOI'0 pacTBOpa C HEU3BECT-
HBIM COCTaBOM. Ecim pacTBOp COACPKUT TOKCHUHYIO
pUMech, HHTHOUPYIONTYI0 aKTUBHOCTh (pepMeHTa, Be-
JMYMHA OTKJIMKA OKa)KETCsl MEHbIIIE MOTy4EeHHOMH B Hc-
XOIIHOM, YHCTOM pacTBope. PazHuiia B BeTMUMHE OTKIIHU-
KOB IIPH TOM IIPOIIOPIIHOHATBHA KOHIICHTPAIlUH HHTHON-
topa. [Tockonbky paznnynbie GepMeHTHI 001aIal0T BbI-
PaXXEHHOMU CENEeKTUBHOCTBIO K PA3INYHBIM HHTHOUTOpaM,
TaKUM CIIOCOOOM MOXXHO MPOBOJUTH KAU€CTBEHHBIH aHa-
TH3, a IPU HAJTMYUH KaJTHOPOBOYHBIX JTAHHBIX — U KO-
JIMYECTBEHHBIHM aHaIU3 IpUMECeH B pacTBOPE HEU3BECT-
HOTI'0 COCTaBa.

ITpu mpoeKkTHpoBaHUH PeabHON MH(POPMAITMOHHO-
U3MEpPUTENbHON CUCTEMbI, OCHOBAHHOI Ha MacCUBE
NCIIT-gaTunKoB, NPUXOIUTCSA PEIaTh Psifi KOHCTPYKTOP-
CKHX M TEXHOJIOI'MYECKUX 3a/ad JUIsl YIOBJIETBOPEHUS
MHO)KECTBA TEXHUIECKUX TPeOOBaHMIA, KOTOPHIE 3a4ac-
TYIO SIBIISIIOTCS IPOTHBOPEUUBBIMU. OCOOCHHO TPYIOEM-
KHM SIBIISICTCS JOCTUKEHHE ONTUMAIBHOIO COYETAHUS
METPOJIOTHYECKHX U SKCILTyaTAOHHBIX XapAKTEPUCTHK.

Hamu 6b11a IpeATpUHSTA OTBITKA CIIPOSKTHPOBATH (QyH-
KI[HOHAJIFHO 3aKOHYEHHYIO CHCTEMY IS (DepMEHTHOTO
aHAJIN3a KUJIKUX CPEeJl, COUCTAIONIYIO YHUBEPCAIbHOCTB,
OTHOCHTEIBHYIO MPOCTOTY KOHCTPYKIINH, TEXHOJIOT Y-
HOCTb, IPOCTOTY B 9KCIITyaTallud ¥ BMECTE C TeM obec-
MEYUBAIONIYIO0 JOCTATOYHYIO TOYHOCTh U HAJCKHOCTD
PE3yIbTaTOB U3MEPEHUIL.

B HacTostiielt pabote npeAcTaBlIeHO OMHCAHUE OCHOB-
HBIX 3JIEMEHTOB pPa3pabOTaHHOH CHCTEMBI, IIPUBEICHBI pe-
3yNBTaThI €€ IPAKTHYECKHIX HCTIBITAHUH 1 H3JI0KEHBI TIPe/I-
JI0>KEHHUS 10 €€ JlalIbHENIIIeMy COBEPIIEHCTBOBAHHUIO.

KoHcTpyKIIusI 1 TEXHOJIOTHUSI U3TOTOBJIEHUS
JATYHKOB

KoHcTpykuust 1aT4ukoB pa3pabarbiBaiach ¢ yueToM
HMEIOIIMXCS TEXHOJIOTHYECKNX BOBMOXKHOCTEH U Tpebo-
BaHHI, OIIPEICIIEMBIX 00JIaCThIO IpUMeHeH . B yact-
HOCTH, pa3Mepbl 1yBCTBUTEIBHO 00JIACTH JOJKHBI OBITh
JOCTAaTOYHO OOJIBIITUMU JJIs 00SCIICUCHIUS BOSMOYKHOCTH
HAHECEHUS U CHATHUS ()epPMEHTHBIX MeMOpaH 0e3 mpruMe-
HEHHS CTielaIbHOro 00opynosanus. [Ipu Beioope rada-
PUTHBIX pasMCpPoOB AaTHYUKa B LEJIOM HUCXOOAT U3 KOM-
IpOMUCCa MEXTy yI0OCTBOM 0OpallieHys (YCTaHOBKH JaT-
YHKa B KIOBETE M KaUeCTBa TePMETH3AINH) 1 MUHIMU3a-
el oobeMa poOkI.

YdauThIBast 3TH COOOPAKEHHSI M OTBIT MPEIBIAYIINX
pa3paboToK, B KaueCTBE OCHOBBI JUIsi HAHECEHUS! TOTIO-
JIOTMYECKOr0 PUCYHKA JaT4UKa ObUT BEIOpAH KPHCTAILT
KpeMHUs pazmepamu 8%12 mm. KoHTypHOE M300pake-
HUE TOIIOJIOTUY JIaTYMKa MoKa3aHo Ha puc. 1. Korcrpyk-
IHST IPEAYCMAaTPUBACT PAa3MEIICHHE IBYX HICHTHYHBIX
PpP-KaHAJIbHBIX MOJIEBBIX TPAH3UCTOPOB Ha OAHOM KpHUC-
TaJuie JUIsl IPOIIeHUs peann3anny JudepeHnanbHo-
r0 peKUMa m3MepeHuid. s yeTpaHeHHsT BO3MOXKHOCTH
00pa3oBaHus MapasUTHOIO KaHalla MEXIy p'-o0aacTs-
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Puc. 1. KonrypHoe uzo0paxenue Tornonoruu MCIIT-narurka:

1 — coenuHUTENbHBIE MUHBI (pT-001acTh); 2 — 00IacTh TOHKOTO

AByxcioiinoro ausnekrpuka (Si;N,/Si0,); 3 — samuTHbId Gapbep

(n*-06nacth); 4 — 00OIACTH TPABIEHUSI KOHTAKTHBIX OKOH; 5 — KOH-

TaKTHBIC TUTOIIAAKH (Macka TPaBJIEHHs ATIOMHHUSN); 6 — TECTOBAst
MHOII-cTpykTypa
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MU TPAaH3UCTOPOB B TOIIOJIOTHH AATYNKA IIPETyCMOTpe-
Ha 3alMTHAas pasjeluTeNbHas 1 -001acTh MUPHHOMN
50 MM (oGsacth 3 Ha puc. 1). OkHO B clloe OKCHaa,
BBITPABIMBACMOE JJIsI BEIPAIIIMBAHUS ITOJ3aTBOPHOTO JTH-
AIIEKTPHKA, IIOBTOPSIET TEOMETPHIO KaHAaJIa C TIEPEKPHITH-
eM B 7 MkM (00macth 2 Ha puc. 1). B omimame ot npsimo-
YTOJIBHOTO OKHA, TAKOE PEIICHHE MIPEIOTBPAIIIAeT HEXe-
naresbHy0 AuhGy3uio p-prUMecH B 00JIaCTh KaHata pu
MOCIIEAYIOMNX OTepanusx TepMoodpadoTku. s mc-
KITFOYCHUST BO3MOYKHOCTH BO3HUKHOBEHUS IE(PEKTOB Ha
rpaHMIaX KOHTAKTHBIX OKOH IIPU TPABICHUHN IIeper Ha-
MbIJICHUEM aJIIOMUHUSA B TCXHOJOTHYCCKOM MapuipyTe
MIPEyCMOTPEHBI JIBE OT/ENbHBIC CTAJANUN TIa3MOXHUMHU-
YEeCKOTIO TPABJICHUS HUTPHUIA KPEMHUS ¥ TPABICHUS OK-
cuna. JJyist 3Toro BBOAMUTCS ITOTIOTHUTENbHAS ONepaIIys
¢doromutorpadur U COOTBETCTBYIOIINE JIEMEHTHI TOIIO-
soruu Ha hoTomadiIoHe.

C 1enbro YIpOIIeHUs KOHTPOJIS KauecTBa U3TOTOBIIE-
HUSI CEHCOPa B KOHCTPYKIIUIO BBEACHBI JIOTIOTHUTEIEHBIC
TECTOBBIC JIEMEHTHI C BHIBEICHHBIMI KOHTAKTHBIMH ILITO-
IaJIkaMu, pejcTapistonme coooir MHOII-Tpan3ucto-
PBI, TIO CTPYKTYPE aHATOTUYHBIE CECHCOPHOMY JIEMEHTY,
HO C METAJNTHYECKUM 3aTBOPOM (CTpyKTYypa 6 Ha puc. 1).
VX Hamiape mo3BoIseT U3MEPSITh IOPOTOBbIC U IPOOUB-
HBIC HAIPSDHKCHUS, 8 TAKKE TOKU YTEUKH TPAH3UCTOPOB
0e3 obecrieueH st KOHTaKTa KprcTalliia CeHCopa ¢ PacTBO-
POM 3JIEKTPOIIHTA.

Heszanonuennsiit mpocset mesxy UCIIT-cTpykTypa-
MU, KOTOPBIA BUACH Ha pHC. |, IpeTHa3HAYAICS IS Ha-
HECEHUS Ha IMOBEPXHOCTh JAaTYHKA IOMOIHUTEIHHOTO
METaJUTMIECKOTO JJIEKTPOIa, KOTOPBI MOT OBl UTpaTh
POJIB AIIEKTPOJIAa CPAaBHEHMS IPU HM3MepeHusx. B paspa-
0OTaHHOM BapHUaHTE KOHCTPYKIIMH, OTHAKO, 3Ta BO3MOXK-
HOCTb He ObLIa peaIr30BaHa 110 MPUIHHE 3HAYUTETbHBIX
TEXHOJIOTUIECKUX TPYIHOCTEH.

Jst m3roroBnenns UCTIT-cTpykTyp mpuMeEHSIIICH
CTaHapTHBIE onieparroHHbie porieccsl M/II1-texnomno-
ruu [5, pazn. 8.4]. B kauecTBe MOAIOKKHA MCTIOIH30Ba-
JIMCh KPEMHHEBBIC TUIACTUHBI /1-TUIIA C KOHIIEHTPAIIUeH
npumecu 1015 cm3 u kpucTannorpaduueckoii opueHTa-
nueit (100). Ha moBepXHOCTH TEPMUYECKIM OKHCIICHU-
€M B TIOTOKE BIQKHOTO KHCIOPOAA MPH TEMIIEpaType
1100°C nomyuanu cnoii SiO, Tommuno# 0,65 MKM, Ko-
TOPBI CITyKHII MAaCKOH BO BpeMs TepMuuecKoil nugdy-
3un 60pa B 00J1aCTH UCTOKA U cTOKa. B mporecce nByx-
crajuiinoi nudysuu Tonmmna SiO, yBenuuuBanach J10
0,8 MKM, 9TO 0OecIieYrBaeT IOPOT HHBEPCHH 101 ITHM
okcusioM He MeHee 20 B. Bennuuny npoOuBHOTO Hampsi-
xeHus He MeHee 40 B obecrieunBaeT p—n-nepexos UcTo-
KOBBIX M CTOKOBBIX oOiactell nry6uHoi 4 mm. J[Byx-
CIIOMHBIN MTO3aTBOPHBIA TUJICKTPUK COCTOUT U3 TEp-
MHUYECKOTO OKCHJIAa KPEMHHS TONIIUHON 50 HM ¥ Ciost
Si;N, Takoti xe TommuHbl. Okcna GopMUpoBacs B Cy-
XOM KHCJIOPOJIE, HUTPUI KPEMHHUS 0CaKAAJICSI B PCaKTO-
pe ¢ NOHMKEHHBIM JIaBlIeHueM I1pu TeMueparype 780°C
B pe3yJbTaTe Peakify JUXJIOPCUIIaHa C aAMMHUAKOM.

Cxemarndeckoe n300paXeHne MOTePEeIHOTOo pa3pesa
TIOJTYYEHHOH CTPYKTYpPHI OKa3aHO Ha PHUC. 2.

Benmunna moporoBoro HanpsikeHus coctasuia 2,0—
2,5 B pis recroBoro MHOII-Tpan3uctopa u 3,5—4,0 B
— qna UCIIT (xapaxrepuctuxu UCIIT uzmepsuiucs B
docharnom Oypeprom pactBope ipu pH=7,0, moreHuu-

Ctok Hctok ITomnoxka
Si;N,
Al Tsio, NJTAL T Al
r' P’ nt
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Puc. 2. Cxemarnyeckoe M300pa)keHUE TMOIMEPEUYHOr0 paspe-
3a UCIIT-cTpykTyphl (IIOKa3aH OJUH TPAH3UCTOP)

aJl pacTBOpa (PUKCUPOBAJICS C TOMOILBIO CTAHJAPTHOTO
XJIOpcepeOpsIHOrO AMeKTpoaa cpaBHeHUs ). KpyTuzHa ne-
pexonnoii xapakrepuctuku MCIIT cocraBuna 300—
400 MxA/B, n3amepenHas Ha ctaniapT-Tutpax [6] pH-uys-
CTBUTENBHOCTH — He MeHee 40 MB/pH.

Crenyromeil 3a1aueif, KOTOPYIO MPUXOANUTCS pEeLIaTh
TPH pa3pabOTKe U3MEPUTEIILHOM CHCTEMBI, SIBISIETCST KOH-
CTPYHPOBAHUE OCHACTKH IS 00ecredeHus (hU3NIECKO-
TO KOHTAKTa JaTdhKa ¢ aHATM3UPYEMOil cpemoit — Tpe-
Oyercs obecrieunTh KOHTAaKT oOmactu 3atBopa MCIIT ¢
AHAIN3UPYEMBIM PACTBOPOM H OJJHOBPEMECHHO H30JISIIIHIO
OT pacTBOpa JMHHU pe3a KpUCTa/LIa U AIIEKTPHIECKUX
coenuHeHUH. TpaJUIMOHHBIM MTOJXOIOM 3/IECh SBIISICT-
sl TepMETH3aLHs KPUCTAJIIA IIOIMMEPHBIM KOMITAyHIOM
(HanpuMep, SMOKCUIAHON CMOJION) CO BCKPHITHEM OKHA
B 00Onactu 3aTBopa [7]. B mpornecce namepennit moaro-
TOBJICHHBII TAKMM 00Pa30M JaTYHK [IEJTHUKOM MOTpyKa-
€TCs B aHATU3UPYEMBIi pacTBOp. Takoe pemeHne nMeeT
PsLI HEIOCTATKOB: HEOOIbIIHE rabapuThl OKHA B 00JIaCTH
3aTBOpA MPETISTCTBYIOT CBOOOTHOMY HAaHECCHUIO U yia-
TeHHt0 (pepMeHTHON MeMOpaHbl; KOMIIAYH]T HAXOIUTCS B
MPOJODKUTEIIEHOM KOHTAKTE C PACTBOPOM, UTO IPUBO-
JIUT, BO-TICPBBIX, K MPEKICBPEMCHHOMY pPa3pyIICHHIO
KOMITayH/Ia 1, BO-BTOPBIX, K 3arps3HEHHUIO aHATU3UpYe-
MOM Cpe/Ibl YaCTHIIAMH KOMITAyH/Ia P (PU3UIECKOM JIMO0
XHUMHUYIECKOM PACTBOPEHHH ITOCIIETHETO.

[Ipu pa3paboTKe OCHACTKH JaTINKA MBI HCXOIMIN U3
00IIero MpUHIIKUIA MOJYIbHOCTH, MUHUMH3AI[UH KOJIU-
4eCcTBa HEPa3hEMHBIX COCIMHCHHA W MaKCUMAaJbHOTO
yH00CTBa SKCILTYaTaIl|H C YIETOM 00IaCT! TPHIMEHEHHSI.
B cooTtBeTcTBUE C STHMHU TPEOOBAHUSAMHU, KOHCTPYKITHSI
MEPBUYHOTO MPEOOPA30BATENSI COCTOUT U3 CIEAYIOMNX
OCHOBHBIX 3JICMCHTOB.

Kpucrann naTurka HaKJIeUBaeTCsl HA OCHOBY H3 CTEK-
JIOTEKCTOIIUTA, Ha KOTOPOH CTaHIAPTHBIM (DOTOIUTOTpa-
(duveckuM crrocoOOM BBITIONHEH NIEUaTHBIN PUCYHOK U3
MeHOU (DONBTH AJ1st 00eCIIeUEeHUS KOHTAKTa K JJATYHKY U
MOHTaka IPHCOCANHHUTEIBLHOTO pa3beMa. Pa3Bosika me-
YaTHOM TUIAThI 00SCIICYMBACT COSTMHEHIE BBIBOJIOB ITO/I-
JOKKH M CTOKa MEXIy co0Oi, a TakKe 00beINHCHUE
BBIBOJIOB CTOKa 000MX TPaH3HCTOPOB. Takum oOpazom,
KOHCTPYKTHBHO 3aBEpIICHHbIH IIpeoOpa3oBarelib, CoIep-
JKAIIMH 1Ba TPAH3UCTOPA, UMEET BCETO TPHU BHIBOJA: CTOK
MIEPBOIO TPAH3UCTOPA, CTOK BTOPOT'0 TPAH3KCTOPa U 00be-
JHEHHBIH BBIBOJ «CTOK—TIIOITOMKKA).

KoHTakTHBIC IITONTAKH JaTIHKA COSTUHSIOTCS C KOH-
TaKTHBIMH IJIOIIAIKaMH Ha TIATE-II0/JTOKKE aTIOMUHH-
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Puc. 3. OcHoBHBIE >7I€MEHTHI KOHCTPYKIUH JaTYUKa:
@ — KIOBETa CO CMEHHBIM ITPOOOIPHEMHHIKOM B HHKCKIHOHHON KOH(QUIYpaLny; 6 — CMEHHBIN IPOOOIPUEMHHK JUIs IPOTOYHON KOHPHUTY-
panuu; 6 — KpPbIIIKa CO BCTPOCHHBIM HpO6OHpI/ICMHI/IKOM

a) B)

0)

Puc. 4. OOuwmii BUJ TIEPBUYHOIO M3MEPUTEIILHOTO MPeodpa3oBaTels:
a — CMOHTHUPOBAHHOI'O Ha IJIATE-TIOAJIOXKKE; 60— YCTaHOBJICHHOT'O B OCHOBAaHUE KIOBETHI, 6 — B pa6oqu TTOJIOKCHHH C YCTAaHOBJICHHBIM
IPOOOTIPHEMHHUKOM

38 TexHOMOTHSA M KOHCTPYHPOBAHKE B YIIEKTPOHHOM anmapatype, 2010, Ne 3



CEHCOJJIEKTPOHUKA

€BOH MPOBOJIOKOM C TOMONIBIO YIBTPAa3BYKOBOM CBAPKH.
O67nacTh COeANHEHUN TePMETU3UPYETCS MOKCHIHBIM
KOMITayH/IOM, IIPH 3TOM OCHOBHAs 4aCTh KPHUCTAJLIA OC-
TaeTCsl OTKPBITOM.

s pukcanyy U repMeTH3aINN JaTINKa HCIIOTb3Y-
eTcsi pa300PHOI KOPITYC, COCTOSIINHN U3 AIFOMHUHHEBOTO
OCHOBaHMs, B KOTOPOM (PUKCHpYyeTCs TUIaTa-MoJIOKKa
C JaTYUKOM, (PTOPOIUIACTOBON KPBINIKU, HA KOTOPOM
MOHTHUPYETCS TPOOOTIPUEMHHUK, H CHIIOKCAHOBOT'O YILIOT-
Hutest. Tpedyemas CTeNeHp YIUIOTHEHUS TOCTUTACTCS C
TIOMOIITHIO BUHTOBEIX 325KUMOB.

[Mony4enHast Takum 00pa3oM KIOBETa HMEET JJOCTa-
TOYHO OoJbIINE rabapuTsl A1 oOecIeueHUs yno0cTBa
cOOPKH ¥ pa30OPKHU OMEPaTOPOM M BMECTE C TeM SIBIIS-
€TCsl TOCTaTOYHO MUHHATIOPHON TSI SKCILTYaTalllH B TH-
MUYHBIX JIA0OPATOPHBIX YCIOBUSX, B TOM YUCIIE B MHO-
TOKaHAIEHON KOH(DUTYpAIIMU U3MEPUTEITBLHON CHCTEMBI.
B03MOXKHOCTh MOHT&)Ka CHEMHOTO IIPOOOIPUEMHHUKA 10~
3BOJISIET UCTIOIB30BATh SUEHUKY KaK JJIsI U3MEPEHUH C O/1-
HOKPATHOW WHKCKIMEH MpOoObI, TaK W JUIs JUHAMUYC-
CKUX U3MEPEHUN B IPOTOYHOH CUCTEME.

UYeprexku OCHOBHBIX BAPHMAHTOB KOHCTPYKLIUHU KIOBE-
ThI IPUBEJICHBI Ha puc. 3. ['abapuTHbIe pazMepbl 6a30BO-
ro BapuanTta cocTaBisitoT 50X50%18 MM; 00beM MPOOEI
B MH)KEKITHOHHOM Bapuante — oT 1 10 2 mi1. KoHcTpyk-
ST KIOBETHI TIPETyCMaTPHBACT TAKKE YCTAHOBKY Jep-
KaTeJIs IS CTAHAAPTHOTO 3JIEKTPO/Ia CpaBHEHUS (B IIPO-
TOYHOM BapHaHTE JIePrKaTeIb SBISCTCS KOHCTPYKTHBHBIM
3JIEMEHTOM MPOOOITPUEMHHKA).

OO0mwmii B mpeodpa3oBaTelisi, CMOHTUPOBAHHOTO Ha
IUTATE-MIOJIOKKE U YCTAHOBJICHHOTO B OCHOBAHHUE KIO-
BETHI C NH)KEKIIMOHHBIM ITPOOOIIPHEMHIKOM, TIOKa3aH Ha
puc. 4.

ApXUTEKTypa U3MEPUTEIbHOH CHCTEMbI

g noctpoerns QyHKIIMOHATIBLHO 3aBEPLICHHOM UH-
dbopmanmonno-uzMeputensHoi cuctemsl (MUC) momu-
MO MIEPBUYHBIX ITpeoOpazoBaTeseit HeOOXOAUMBIMH dJTe-
MEHTAMU SIBJISIFOTCSI yCTPOUCTBA BTOPUUHOTO M3MEPUTENb-
Horo npeo6paszosanust (BUII) u nuckperusanuu u3me-
PHUTEIBHOM HH(POPMALINH, & TAKYKE KOMITJIEKC TIPOTpaMM-
HO-almnapaTHBIX CPEJICTB JJIs PErUCTPALIH, XPAHEHUS U
00paboTKH MOTy4eHHBIX JaHHBIX. KpoMe Toro, mocKonbKy
CHHXPOHHAs PErUCTpalUs JaHHBIX, TOJYUCHHBIX C He-
ckoibkux MCIIT-garynkoB, MOAUQHUIIMPOBAHHBIX Pa3-
JTMYHBIMHA (PEPMEHTAMH, TTO3BOJISICT PEIIATh PsIIT aHAIHU-
TUYECKUX 3a]1a4, HEPAa3pEIINMbIX ¢ MOMOMIBIO OJHOKA-
HaITbHBIX peoOpazoBateneii [8, 9], crpykrypa MMC nomx-
Ha TpeIyCMaTpUBaTh BOZMOXKHOCTh OOBETUHEHUS He-
CKOJIFKHX MEPBUIHBIX peoOpa3oBaresieii B ANHYIO MHO-
TOKaHAJbHYIO CUCTEMY.

INepBuunbM HHGOpMaOHHBIM curHanoM Jutst UCIIT
ABIIAETCS] U3MEHEHUE [1JICHUS HAIPSYKEHMsL Ha TPAHULE
«pacTBOP—IUIJIEKTPUK», CBA3aHHOE C U3MEHEHUEM PaB-
HOBECHOTO ITOBEPXHOCTHOTO 3apsiaa B 00JIacTH 3aTBOpa
IpU U3MEHEHUH aKTMBHOCTH IPOTOHOB B aHAIU3HUpYe-
MOM PacTBOpe. DTO MPUBOIUT K N3MEHEHHUIO YIIPaBIISIO-
LIEro HalpsDKEHUS B LIENU 3aTBOPA U, COOTBETCTBEHHO, K
M3MEHEHMIO BEJIMUMHBI TOKA B KaHaJe TPaH3UCTOpa.

Cy1ecTByeT MHOXECTBO BAPHAHTOB CXEM IIpeodpa-
30BaHUS 3TOTO CUTHANA K yIOOHOMY Ul U3MEPEHHS U
JanpHekmer oopadotku Buy [10—13]. Bee u3BectHbie

CXEMbI MOYKHO Pa3/IelMTh Ha JBa Kilacca: CIEIue U
CXEMEI IPSIMOT0 TIpeoOpazoBanust. CpaBHUTEIBHEIN aHa-
JIN3 HEKOTOPBIX PACIPOCTPAHEHHBIX BAPUAHTOB CXEMBbI
BTOPUYHOTO MpeoOpa30BaHus ObLT MPOBEACH HAMH pa-
Hee [ 14]. Yale npuMeHsFOTCs CIe/sAIIne CXeMbl ¢ oI
JiepyKaHUeM IMOCTOSHHON BETMYMHBI TOKA B KaHae 1aT-
YHKa, [IOCKOJIbKY TaKHe CXEMBI, BO-IIEPBBIX, PaKTHYe-
CKH HE BHOCAT JOIOJIHUTEIbHON HETMHEHHOCTH (T. €. JIU-
HEWHOCTH MPeoOpa30BaHNUs 3aBUCHUT TOJIBKO OT TMHEHHO-
CTH MEPBUYHON XapaKTEPUCTUKU IpeoOpa3oBaHus 1aT-
YHhKa, KOTOpas, B CBOIO O4Yepe/b, ONpeaessieTcss CBOM-
CTBaMH JUDJICKTPUKA B 00JIACTH 3aTBOPA) U, BO-BTOPHIX,
MIO3BOJIAIOT [10JIy4aTh U3MEHEHHE IOTeHalla Ha 3aTBO-
pe (T. e. TOPOroBOTO HANPSDKEHUS TPAH3UCTOPA) HEMO-
CPEACTBEHHO B Ka4€CTBE BBHIXOHOTO CUTHAJIA CXEMBI, 03
HEOOXOAMMOCTH JIOTIOMHHUTENIBHBIX MPeoOpa3oBaHuil U
MIPEABAPUTENLHOTO ONIPeeNICHNs KPYTH3HbI IEPEXOAHON
xapaktepuctuku. [lepBoe u3 ykazaHHBIX CBOMCTB O3HA-
4aeT TaKKe, YTO TPH UCTIOIb30BAHUHU CIICISIIECH CXEMBI
npeobpa3oBaHus paboyas TOUKA JaTUYMKa HE 00s3aTelNb-
HO JIOJDKHA HAXOAUTHCS HA IMHEHHOM y4acTKe epexol-
HOH XapaKTePUCTHKH, 4 3TO 3HAYUT, 4YTO paboTa JaTyrKa
JIOITyCTUMa IIPY OHMYKEHHOM BEJIMYMHE OTKPHIBAIOILETO
HaNpsDKEHUs. DTO MOXKET OKa3aThCs M0JIE3HBIM AT IIpe-
JIOTBpAIIEHHs TOJITOBPEMEHHOT 0 Apeiida padoueii Tou-
KU Ha NEPEeXOHOI XapaKTepuCTHKe faTyuka [15].

IIpu npakTuyeckoil peanu3auuu CIACASMICH CXEMBI,
OJTHAKO, BO3HHKACT psi TpyaHOCTEeH. OCHOBHBIMH TPO-
OJieMaMH SIBJIIOTCS 00ecTriedeHUe YCTOWYMBOCTH | TIpe-
JIOTBpAIllEHHE TIOTEPH yIPABIICHUS B IIeNH 00paTHOH CBS-
31. XOT4 MOJIOKEHNE padoyel TOUKH Ha TIepeXOAHOH Xa-
PaKTepUCTHKE HE BIUSET HU HAa BEUUYMHY BBIXOAHOTO
CHUTHaJa, HA Ha IMHEHHOCTHh BTOPUYIHOTO TIpeodpa3oBa-
Hus, TeM He MeHee, nockoibKy VUCIIT sBrnsercs omaum
U3 3BEHBEB METJIN OOPATHOM CBSA3H, JOpMa XapaKTepH-
CTHKH B OKPECTHOCTH paboyel TOUKH BIUSET Ha TUHAMHU-
YEeCKHUe ITapaMeTpbl CXeMBbI, B TOM YHUCJIE Ha €€ yCTONYH-
BOCTb (KpyTH3HA XapaKTEPUCTHKH OIPEAEISIET CKOPOCTh
pearupoBanus UCIIT Ha ynpasienue, a 3HauuT 1 Ha (ha-
30BYIO XapaKTEepUCTHKY 3BeHa). Kpome Toro, mepexon-
Hasl XapaKTEePUCTHUKA TPAH3UCTOPA IMEET 00JIaCTh HACHI-
IIeHUs (AJ1s1 UCCIIEIOBaHHBIX HAMH 00pa3lloB TPaH3HUC-
TOPOB HACBHIIIEHUE HACTYNAET pU a0COIIOTHOM BeTU4Iu-
HE HalpsDKEHUs! «3aTBOp—HCTOK» U, =9 B), B KoTOpO#i
MIPOBOIMMOCTD KaHaja yKe He 3aBUCUT OT Pa3HOCTH I0-
tenuuanos U, . Eciu ynpasiisioliee HapspkeHUE B pe-
3yJIbTaTe MEPEPEryIUPOBAHUS B XOJI€ IEPEXOIHBIX MIPO-
LIECCOB MIPEBBICUT OPOT HACBIIIEHUS, CXEMA BBIIIET U3
peXrMa CIeKEHHS. DTO, B YACTHOCTH, MOXKET MTPOUCXO-
JIUTH U MIPH TIEPEXOJHBIX TPOIIECCax B MOMEHT BKITIOUE-
HUS IpeoOpa3oBaTets.

B panee pa3zpaboTaHHOM HaMHU MakeTe peodpa3oBa-
TeJIsI, PEATH3YIOIIEM CIEASIIYIO CXEMY C IIeTIbI0 00pat-
HOM CBSI3U B aHAJIOTOBOM yacTu TpakTa [16], ykazaHHbIe
HEIOCTATKU MPUBOJIMIIN K 3HAYUTEIBHBIM TPYIHOCTSM B
Ipolecce KCITyaTalui U3MepUTeIbHOH cuctemsl. [1o
9TOH NPUUKHE, a TAKOKE JUIs OBBIILIEHHUS YHUBEPCATIbHO-
CTH CTPYKTYPBI BTOPHYHOTO IPeoOpa3oBaTes, B Mpe-
JlaracMOM BapHHTE aHAIOTOBAs YaCTh TPAKTa BKITIOYACT
B ce0si TOJIBKO CXeMy MpPsIMOTO MpeoO0pa3oBaHus, BbI-
XOJTHBIM CHUTHAJIOM KOTOPOH SIBJISETCS HAIIPSYKEHUE, ITPO-
MOPLMOHAJILHOE BEJIMYMHE TOKA B KaHae AaTyuka. [Ipun-
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REF1IN

- R1 15k R2 15k
OuT2
ISFET1 ISFET2 VD2 %
R4 15k

R12 15k

OUT1

DA1=LLM324
VD1, VD2=1N4148

Puc. 5. HpI/IHI_[I/IHI/IaJ'H)HaSI QJICKTpHUYCCKas CXEeMa aHaJIOTOBBIX KAaCKaJl0B BTOPUYHOTO U3MEPUTCIBHOTO npe06pa3OBaTen$1

[UTNHATIbHAS AJIEKTPUYECKas CXeMa aHaJOrOBbIX KacKa-
noB BUII nokazana Ha puc. 5. BbIXoqHOE HanpsiKeHUE
yeunmreneit DA1.1, DA1.2 nmponopiinoHaIbHO TOKaM B
KaHanax TpaHsucropos ISFET1, ISFET2. Koahdunu-
SHT MpeoOpa30BaHUs «TOK—HAMPSHKECHHE) OTIpeesieT-
Csl COMpOTUBIIEHUEM pe3uctopoB R4, R1. duonsr VDI,
VD2 BBINONHAIOT 3aLUTHYIO POJIb, IPENSATCTBYS HHBEP-
TUPOBAHUIO HANPSKEHUS Ha BBIXOJE NIEPBOro Kackasja.
Yeumurenu DA1.3, DA1.4 peanusyroT (yHKIUIO cMe-
MCHUA, CYMMUPYS BBIXOIHBIC CUT'HAJIBI IICPBOI'0 KaCKa-
na ¢ oropHeM HanpspkeHuem REF2. Emxoctu Cl, C2
npeaAHa3Ha4vYCHbI IJIA IMOJaBJICHU A BBICOKOYACTOTHBIX CO-
CTaBIAIOIIMUX BBIXOJHBIX CUTHAJIOB BTOPOTO Kackaaa
nepe/1 aHaIoro-IudpPoBEIM Ipeodpa3oBanueM. B mpen-
JlaraeMOM BapHaHTe IpeoOpazoBatens Harpsokenne REF2
(dukcupoBaHo U cocTapisieT 5 B. Yipasnstoniee Harpsi-
xenue REF1 ¢popMupyercst ¢ MoMOIIbIo Hu(po-aHaIo-
TOBOTO ITpeo0pa3oBareis, ynpapisieMOro MUKPOKOHTPOJI-
JIEPOM, U MOXKET PEeryIupoBaThCs B Auana3zone 2—38 B.
Bennuuna 3T0r0 HanpsHKeHUs yCTaHABIMBAETCS B IIPO-
Iecce KaTMOPOBKY TaKOW, YTOOBI BEJTMUMHA TOKA B KaHA-

Jax TPAH3UCTOPOB ObLIA MPUOITU3UTEIHHO paBHA
500 MKA. DTO COOTBETCTBYET CpEIHEH TOUKE pabodero
Jara3oHa npeodpasoBareds. [Ipu ykazaHHBIX HA pHC. 5
HOMHHAaJIaX KOMIIOHEHTOB cXeMa IpeoOpa3yeT BXOIHOM
CHTHAJI, JICKAIINHA B quamna3one Toka 330—660 MKA, B
BBIXOJIHOW B uana3oHe HanpspkeHust 0—35 B. Tpenens-
HBIC 3HAYEHHSI BXOJHOTO TOKA OBLTH BEIOPAHBI HCXOIS 13
XapaKTEPUCTHUK M3TOTOBICHHBIX JIATYMKOB: MPH KATHO-
poBKe cpenHel Touku B pactBope ¢ pH=7,0, yuursiBas
TUIHYHBIC 3HAYCHUS K03(DUIIMEHTOB MPeoOpa3oBaHus
narunkoB 15—20 mxA/pH, cxema rapaHTUPOBAHHO T10-
3BOJISIET OCYIIECTBIIATh U3MepeHus pH B 1uana3one ot
2 no 10.

JanpHeimas 00paboTka H3MEpUTEIHLHON HHpOpMa-
UM, BKIIOYasl BRIYMTAHHE CHUTHaja pedepeHTHOIo
(omopHoro) xaHana npu auddepeHInaIbHOM peKuMe
U3MEPEHUsI, OCYIIECTBIICTCS IOCIE aHAIOTO-IU(pPO-
BOTO TIPEOOPa3OBAHISL.

CrenyromuM 3BeHOM U3MEPUTEIHHONW CHCTEMBI SIB-
JISIETCSI MOAYITb PETUCTPALINY U YIIPABJICHHUS, 00eCIeuu-
BAIOIIMi COMPSKEHUE BTOPUIHOTO U3MEPHUTEITHHOTO TTpe-
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oOpasoBarens ¢ 9BM, perucrpanno H3MepUTEIbHOM
WHPOPMAITUH 1 yIIPaBIICHHE MTPOIIECCOM N3MEPEHHI (aB-
TOMaTHUIeCKoe IO ¢ yyacTueM oreparopa). Kpome toro,
cnenrka o0JIacTH MPUMEHEHUS TpeOyeT 00ecIIeueHHsI
BO3MOKHOCTH MHOTOKaHAJIbHBIX H3MEPEHUH, T. €. OTHO-
BPEMEHHOU perucTpanyuy CUrHaJIOB HECKOJIBKUX HM3Me-
puTenbHbIX peoOpaszoBateneil. [logxon kK mocTpoeHuo
MHOTOKaHAJIBHOH CUCTEMBI MOXKET OBITh Pa3IMYHBIM.
TpaauIIOHHBIM SIBIAETCS HCIIOIb30BAHIE HHTETPUPOBaH-
HOT'O MHOTOKaHAJIEHOTO MOIYJISI COTIPSDKEHUS C MYJIBTH-
mieKcupoBanreM Kanaios [16]. [IpeumymecTBamu Ta-
KOTO PELIeHHs SBISIOTCS OTHOCUTENIbHAS JeLIeBU3HA U
KOMITAKTHOCTH. OTHAKO, MOCKOJIBbKY Ka)[1asl rmapa TpaH-
3UCTOPOB B IPEJICTABICHHOM BapHaHTE Pa3pabOTKU MOH-
TUPYETCS B OT/ACIBHYIO U3MEPUTEIbHYIO KIOBETY, MOTYT
BO3HHKHYTB OIPEICIICHHBIC KOHCTPYKTHBHEIC HEYI00CTBA
IIPU COSTMHEHUH CEHCOPHBIX STIEEK C OJIOKOM JIEKTPO-
HuKHU. Kpome Toro, B OTCYyTCTBHE HEOOXOAUMOCTH B MHO-
TOKaHAIBHBIX W3MEPEeHUAX Takoi ook BUII Oyner siB-
JSITHCSI N30BITOYHBIM.

[oaxomom, Oosiee COOTBETCTBYIOLIMM O0IIEMY ITPHUH-
LMY MOIYIbHOCTH CUCTEMBI, SIBJISIETCS UCIIOJIb30BaHUE
otaensHOro 6;110ka BUIT 1715t Kaskm0# CEHCOPHOM sTueKH
(mapbl TPAaH3UCTOPOB) C BO3MOKHOCTHIO 00BETUHEHHS
OTJeNbHBIX OJIOKOB B MHOTOKaHaJbHYIO cuctemy. Hau-
0oree IPOCTHIM U JOCTYITHBIM METOJIOM COTPSKEHHS
MOJTyJIell BTOPUYHOTO MTPeoOpa3oBaHus MEKIY COO0H H
¢ ynpasisironieid OBM siBisieTcst mocie1oBaTeTbHbINA HH-
Tepdeiic, IMEIONIMIA N3BECTHBIC MTPEUMYIIECTBA TIEPe]
napajuieNbHBIM — TOBBILIICHHYIO HaJIe)KHOCTh 3a CYET
YMEHBIIEHHUS KOJIMYECTBA COeTUHEHU, IeILIEBU3HY, BO3-
MOYXHOCTh OOBEINHEHNUS YCTPOHCTB B CETH PA3TUIHBIX
KOH(UTYypanuii, BO3SMOKHOCTb Pa3HECEHHS COMPSIKEH-
HBIX YCTPOICTB Ha OTHOCHUTEIBHO OOJIBILINE PACCTOSIHUSA
(ecnu pusmdeckuii ypoBeHb HHTEp(delica odecrieunBact
COOTBETCTBYIOIIINE dICKTPHUECKHE apameTpsl). Kak u3-
BECTHO, B HACTOSIIEE BPeMs IIOCIIeI0BaTEIbHBIC ITH(PO-
BbIE MHTEP(EHCH TIOBCEMECTHO BBITCCHSIOT TTapanIeiib-
HBIE KaK B TPOMBIIITICHHOH, TaK U B OBITOBOI amnaparype.

Nmeercs mupoKuii CHIEKTP CTaHAapTHBIX I10CTIeI0Ba-
TENBHBIX IU(PPOBEIX HHTEP(EHCOB 1 TOCTIEIOBATEIFHBIX
IIMH, Ha 0a3e KOTOPBIX MOKHO OPTraHU30BaTh COE/INHE-
HHUE pacCMaTpUBAEMBbIX U3MEPUTENBLHBIX YCTPOHCTB. J{is
noctpoeHuss maketa MUC Ovln BeIOpaH mHTEpQEiic
RS-232 [17] u3 cneayronmx cooOpaskeHMIA:

— RS-232 aBnsercs Hanboee pacnpocTpaHEHHBIM
UHTEP(EHCOM CONPSDKEHNS KOHTPOIEHO-N3MEPUTENBHOM
anmaparypsl ¢ mepcoHaibHeIMU DBM;

— MHOTOKaHAJIbHBIC MOIYJIH CONPSKEHUSI MACCHBOB
naraukoB ¢ OBM ¢ Takum mHTEpdericoM yxke pazpada-
THIBAJIUCh HAMU PaHee M UCIOJIb30BAIUCH B TPEAbIIY-
IIUX BapHaHTaX M3MEPUTEIBHBIX YCTPOHCTB Ha 6a3e
HCIIT [16];

— JIOTMYECKUH ypOBEHB HHTepdeiica peaan30oBaH arl-
MapaTHO B OOJBIIMHCTBE COBPEMEHHBIX HHTETPATBHBIX
MHKPOKOHTPOJIJIEPOB,;

— anmapartHasi peayr3anys iHTepgerica ToCTyHA UL
naboparopHbix [I9BM (B Bue BCTPOSHHBIX KOHTPOJLIIE-
POB 00 B BUJIE IJIAT PACIIPEHN);

— MO>KHO MCIIOJIb30BaTh OJIMH U TOT )K€ alapaTHbINA
uHTepdEic KaK I CONPSLKEHUS YCTPOHCTB MEXKTy CO-

0O0H, TaK U AJIsl CONPSHKEHUS CETH YCTPOMCTB € yIpaBJisi-
roreli OBM;

— IporpamMmHas nojaep)kka natepdeiica npucyT-
CTBYET BO BCEX PACIPOCTPAHEHHBIX OMEPAIMOHHBIX Cpe-
JlaX, 4TO 3HAYUTEIHHO YIPOLIAET Pa3pabOTKy MPUKIaI-
HOTO ITPOTrPAMMHOT0 00ECTICUCHHS,

— 3IIeKTpUYecKre apaMeTpsl uHTepderica odecme-
YUBAIOT XOPOIIYIO HAJC)KHOCTh ITePEIauy JAHHBIX U BO3-
MOXKHOCTb Pa3HECeHHs YCTPOWCTB Ha PAcCTOSHHUE 0
HECKOJIBKHX METPOB.

Xots obecrieunBaeMasi UHTEp(HEHCOM CKOPOCTh epe-
JIa4¥ JTAHHBIX OTHOCUTENIbHO HeBbIcOKa (j10 100 Kout/c),
JUISL pacCMaTpUBaeMOro MPUMEHEHHs OHa SABJISETCS J10-
CTaTOYHOM, MOCKOJIBbKY U3MEPEHUs SIBIIAIOTCS 110 CyLle-
CTBY KBa3MCTaTMUECKUMHU, a KOJIUYECTBO U3MEPUTEIb-
HBIX KaHAJIOB Ha TIPAKTHUKE HE MTPEBHIIIACT JICCATH.

g o0bennHeHHs OTIIENbHBIX TIpeoOpa3oBaTelieii B
M3MEPUTENFHYIO CETh UCTIONIB3YETCS KOJIbLIeBast IIMHHAS
apxuTektypa (puc. 6). B Takoil apXuTeKType Kaxblii
ostox BUII comepxuT cOOCTBEHHYIO aHAIOTOBYIO (CO0-
CTBEHHO TpeoOpaszoBatelib) u udppoByo (AL ¢ Muk-
POIIPOIIECCOPOM) YACTH, U Pa3JICIIbHBIC TOCIET0BATEITb-
HBIA BXOJI M BBIXOJI. Bce 0710k MHOTOKaHAILHOM CHUCTE-
MBI OOBEIUHSIOTCS B KOJIBIIO, IPU 3TOM BBIXOJ MPEJIbI-
JIYLIET0 MOAYJISl COSUHSIETCS CO BXOJOM IOCIIEAYIOLIe-
ro. Bxoz nepBoro Moayssi COEAMHSAETCS C BHIXOAOM I10-
cienoBareiabHOro opra 9BM, a BeIX0/1 TOCIeHero Mo-
JIyJisl — CO BXOJIOM IOCIe0BaTeNbHOro nopra OBM.
ITaxeTsl KOMaHJ U JaHHBIX, IOcTyMHas u3 9BM, nocneno-
BaTEIbHO 00pa0aThIBAIOTCS KaXIIBIM H3 IIPOIECCOPOB,
00beANHEHHBIX MHOH. Bee Bonmpock! anpecanus 1 CHH-
XpOHM3AIHMH PaboThI OJIOKOB PEIIAIOTCS Ha YPOBHE JIO-
THYECKOTO MMPOTOKOJIA TIepeiaun KOMaH U JaHHbIX. OT-
METHM, YTO OHOKaHaJbHasl CUCTEMa B paMKaX TaKoTo
peILICHUs OpraHu3yeTcs 0e3 KaKHX-THO0 TOMOTHUTEIb-
HBIX aImnapaTHbIX WIK IPOrpaMMHbIX n3MeHeHni. Heno-
CTaTKOM PaCCMOTPEHHOTO PEIICHNS, KaK U JIF000i KOJb-
LIEBOM apXUTEKTYPHI, SBISETCSA TO, YTO BBIXOJ U3 CTPOS
XOTs1 ObI OIHOTO YCTPOMCTBA MPUBOJIMUT K MOJHOW Hepa-
00TOCIIOCOOHOCTH BCEH CHCTEMBI (311€Ch PEYb UIIET TONb-
KO 0 MUKPOIIPOLIECCOpe JINO0 IpueMoTIepeaatonieii yac-

Cencop 2 Cencop 1
Serial Serial Serial
ouT ,—‘—‘BI/IH2 ouT EBI/IHI ouT
E— Serial Serial
IN IN
} 9BM
Serial Serial
—— OouT ouT
—=BUI -1 —= BUIIn
Serial \—’—‘ Serial Serial
IN IN IN
Cencop n—1 Cencop n

Puc. 6. KonbueBas mmHHAast apXUTEKTypa MHOTOKaHAIBHOM
U3MEPUTENILHONU CUCTEMBI
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Cencop 1 Cencop 2 Cencop n—1  Cencop n
AHaoroBblii MyJIbTUILIEKCOD
[Tocnenosa- Ilocnenosa-
BHII TeJNbHBIN TEJTbHBIN 9BM
unrepdeiic uHTepdeiic
TpaHcuse Mukporipo- TpaHcuse
p p neccop p P

Puc. 7. q)yHKIlI/IOHaJ'ILHaﬂ CXeMa ajanrepa, CUMYJIUPYIOUICTIO KOJIbIEBYIO HIMHY B MHOTOKaHaJIbHOW CUCTEME C MYJIbTU-
IJICKCUPOBAHUEM KaHaJIOB

AHAaIOrOBBIE CUTHAIIBI

2

REF<

Wctounuk omoproro | ~TTTT7C Lndpossie curnaist
REFC (REF ¢ P
HaIpSOKCHHS
Muxkpormnpoueccop
A 4
CxeMa ynpaBieHUs
CMeIeHHeM < HAIT (€= ==|==9 Moayns
U YCHJICHUEM (opmupoBaHus
YIPaBIISIOIIHX
DopmupoBaTEH DR CUTHAJIOB
YIPaBJISIOLIETO . AL
» 11 x
HampspKeHus jatumka | (| | ____ Lo, [ .
] ]
s » ] ]
! Monyns )
) v ]
A 2 - nudposoit !
Haruux ¢$urpTpanun ]
(ACIIT) T '
! po--=o
v ]
v Monysne F=== == 1 IuHHBIH
IpeoGpasoBatens 1 conp;g;}lmﬂ ’ dopmupoBarens
—] c I
«TOK—HAIPSDKEHHE» dopMupoBaTelh - .
HaIpPSHKEHUS TUTAHUSA = [ '
Cxema ynpaBrnenus U pO-aHAIOrOBBIX : ‘
CMCIICHHEM KOMITOHEHT ! i
H YCUJICHHEM _; :.
_____________ -p

KoibneBas muna

Puc. 8. ®yHKIMOHATBHAS CXeMa BTOPUYHOI'O M3MEPUTEIILHOTO MPeoOpazoBaTes

TH, TIPU BBIXOJIC U3 CTPOSI COOCTBEHHO JaT4nKa paboTo-
CIIOCOOHOCTB CETH COXPAHSETCS, HO IIPU ITOM JIaHHEIC
HU3MEPEHNUH, TIOTyYeHHBIE C HETO, OYAyT HEBEPHBIMH ).
Heob6xomumocts Hanmmuus AL 1 Mukponporieccopa
B K2)XIOM MOAYJIC TPHBOIUT K yIOPOKaHUIO MHOTOKa-
HAJILHOM CUCTEMBI, HO 3TOT HEJI0CTATOK HECYIIIECTBCHEH
IPU CEPUITHOM TPOU3BOJICTBE B CPABHEHUU C IIPEUMY-
IIECTBAMU, KOTOPBIC aeT YHU(DUKALINS UCTIOTHEHHS O/
HOKaHAIIFHOH M MHOTOKaHaJIbHOH cucTeM. Kpome Toro,
Ha 0aze pazpaborannoro moayist BUIT mokHO mmocTpo-

UTb 1 00JIee TPAUIIMOHHBIN BAPUAHT C MYJIBTHILICKCHPO-
BaHHEM M3MEPHUTENBHBIX KaHAIOB. J[j1st 3TOT0 TpebyeTcs
JUIIb CPABHUTEIBHO HECIOKHBIN a/1anTep, OCYIIeCTB-
JISTFOIIMN TPAHCIISIUIO KOMaH/ IIMHHOTO MPOTOKOJA U YTI-
paBJIeHHE MYJIBTUIIIIEKCOPOM, TIOOUEPETHO IMOIKIII0YA0-
M K Moxymio BUIT oguH M3 HECKONBKUX JAATYMKOB
(puc. 7). Ilpu sToM He TpeOyeTcs BHOCUTh HUKAKHX M3~
MEHEHUH HH B MPOTPAMMHOE 00ECTICUeHNE YITPABIISIO-
nieit 9BM, HU B MEKPOTIPOTPaMMHOE 00ecTIeYeHIE MO-
nynst BUTL. AnanornaHpiM 06pa3oM ¢ TOMOIIIBIO a1amnTe-
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pa MoxkHO ofakiIrounTh ceth BUII k anmaparnomy nntep-
¢eiicy, ormmaaoMy oT RS-232 (Hampumep, K mocnenosa-
tenpHOH mmHe USB), 6e3 BHECeHUS KaKUX-TTHO0 H3MeHe-
HU WITH TOTIOJTHEHUH B pa3paOd0oTaHHBIN IIPOTOKOI 0OMe-
Ha KOMaHJaMU U JaHHBIMU Ha JIOTHYECKOM YPOBHE.

3akoH4ueHHas (PyHKIIMOHAIBHAs cxema Moyiist BUT,
pa3pa60TaHHa$1 B COOTBETCTBUU C BbIIICHU3JIOKCHHBIMU
MPUHIUIAMY, TT0Ka3aHa Ha puc. 8. CornacHo 3Toi cxe-
Me OBUTH CIIPOSKTHPOBAHBI U U3TOTOBJICHBI JICHCTBYIO-
IIMe MaKeTHl BTOPHYHBIX I3MEPUTEIBHBIX IIPeoOpa3zoBa-
TeJel M IporpaMMHOE 00eCTICUCHHUE TSI CYUTHIBAHUS U
peTUCTpaIiy U3MEPUTEIBHON HH(OpMannH, U OCyIIIe-
CTBJICHA UX HKCIIEPUMEHTANbHAsI IPOBEPKA.

ChopMupoBaHHBII U3MEPUTENBHEIH TPAKT 00ECIICUH-
BaeT pa3pelaronyo CrocoOHOCTh He Xyxke 50 HA mpu
n3Mepennu Toka B kaHane MCIIT u nocne kannOpoBku
IO TPEM ATATOHHBIM PacTBOPaM ITO3BOJISIET OCYIICCTB-
15T u3Mepenue pH ¢ TounocTsio He Xyxe +0,01 B aua-
na3one ot 2 no 10.

Bo3MoskHbIe ycoBeplIeHCTBOBAHUS M3MeEPHUTEIb-
HO¥W CHCTEMBI

Pa3paboTaHHBIIf MaKeT H3MEPUTEIBHON CUCTEMBI ObLIT
YCIIEIIHO UCTOJIb30BaH IS pealn3alui MeTo10B OHo-
XUMHUYECKOTO aHaliu3a B psJie dKcrepuMeHToB [4, 18—
20], B 9acTHOCTH JUTSI aHAITN32 MHOTOKOMITOHEHTHBIX TIPH-
Meceil B BOJHBIX PACTBOPAX ¢ OTHOBPEMEHHBIM HCTIOJb-
30BaHHEM Pa3IHUHbIX (ePMEHTHBIX MeMOpaH. [Tomyuen-
HBIE PE3YNbTaThI IIO3BOJISIOT CUUTATh METPOJIOTUYECKHE
1 DKCILTyaTalliOHHbIE XapaKTePUCTUKN MaKeTa yAOBIIET-
BOPHUTENBHEIMU. TeM He MeHee, MHOTHE W3 DJICMEHTOB
CHCTEMBI JIOITyCKAIOT BO3MOKHOCTD JalIbHEHINIETO yCOo-
BEPILICHCTBOBaHMsI 0€3 HEOOXOAUMOCTH BHECCHHS 3HA-
YUTEJIbHBIX U3MEHEHH B KOHCTPYKIIMIO Y3JI0B U apXH-
TEKTYpy CHCTEMBbI B 1IeJIOM. PaccCMOTpHUM OCHOBHBIE U3
HUMETOLIIXCSI BO3MOKHOCTEH.

IlepBuuHbIii M3MepHTEIbLHBINH NPeodpa3oBaTe/lb

B nepBHYHBII H3MEPHUTEBHBIIN IPe0Opa3oBaTEeIh MO-
T'YT ObITh BHECEHBI KaK TEXHOJIOTUYECKHUE, TaK U KOHCT-
PYKTUBHBIE U3MEHEHUsI, HAIIPABJICHHbIE HA YIy4IleHHE
JIOJITOBPEMEHHOM CTaOMIIBHOCTH pabodnXx XapakTepH-
CTHK U HaJISKHOCTH IaTYHMKA B IIPOIIECCE IKCIUTyaTaIluH.

Kak moka3zanu ucnbITanusi 00pas3IoB U3 OMBITHBIX
naptuii [15], npoomKuTensHOE BO3ACHCTBIE OTKPHIBA-
forero Hanpspkerus U, =—(5—38) B na naruuk, Haxozs-
IIAHCS B PACTBOPE, MOXKET MMPUBOIUTH K CMEIIICHUIO Be-
JIMYMHBI HOPOTOBOTO HAIPSLKEHHS TPAH3UCTOPA (SIBIISIO-
HIerocs IEPBUYHBIM HH(POPMATUBHBIM [TApaMETPOM J1aT-
yuka). s npeaoTBpallieHus 3TOro B TEXHOJIOTMYECKHA
MapIIPyT CIEAYET T00aBHUTH OTIEPALINH, HAIIPABICHHEIC
Ha CTAOMIIM3AIIO TTOIBIKHOTO 3apsia B TUDIICKTPHKE
(popmupoBanue ci1osi POCHOPCHITNKATHOTO CTEKIIA MEK-
JIy OKCHJIOM U HUTPUJIOM KPEMHHUS, OTXKHUT B BOJOPOJC
Ha 3aBeplLIaloNIel CTaJuu TEXHOJIOTHYECKOTO IUKIIA) U
Ha YMCHbBIICHHE a0COMIOTHON BEIMYNHBI TOPOTOBOTO
HaIpspKeHUS (YMEHBIICHNE TOIIIUHEI TUAIEKTPUIECKO-
TO CJIOSI, TOTIOJTHUTENFHOE JISTHPOBAHNE KaHAIIa).

HanMenee Haie)KHBIM 3JIEMEHTOM B ITPETIOKEHHOM
BapHaHTE KOHCTPYKLIUH JaTUUKa SBIAIOTCS dIEKTpUUe-
CKHE COCIMHECHIS MY KPUCTAIIOM U TIEYaTHBIMHE IPO-
BOJTHUKAMH TUIATHI-TTOIOKKH. COeMHEHNE OCYTIECTB-
JISI€TCsl AJIFOMUHUEBON IIPOBOJIOKON nuameTpoM 40 MKM

C MIOMOIIBIO YJIBTPA3BYKOBOM CBApKU C MOCIEAYIONIEH
repMeTH3anuei snokcuaHbM KommayHaom BK-9. B mipo-
Tiecce HKCIUTyaTaIiy OITBITHBIX 00pa3IloB HEPEIKO OTMe-
4aJl0Ch HAPYLIEHNE KOHTAKTOB, OUEBUIHO, B PE3yJIbTaTe
00pbIBa MPOBOJIOKU M3-32 MEXaHUYECKUX HAIPSHKEHUH
B KOMIayHie. PemenueM 3T1oi mpo6iaeMbl MOXKET OBITh
JBYXCIIOWHAs TEPMETH3AINS 00JIaCTH KOHTAKTOB C IIPH-
MEHEHHMEM DJIACTHYHOIO TEPMOCTOMKOTO KOMIIayH/a B
KaueCTBE MEPBOro CJI0S U TEPMUUYECKH Pa3MIr4aeMoro
IUTACTHKA (HapUMep, TTOMUITHIICHA) B Ka9eCTBE HAPYK-
HOTO CJIOSI, TOKPBIBAIOIIETO BCIO KOHCTPYKIIHIO KPOME
HETOCPEICTBEHHO padoueii 00JIacTH TJaTUuKa.

HepemenHo# pobieMoii ocTaeTcst MHTETPaIiyst JJIeK-
Tpoaa cpaBHenus (IC), ciyxamniero i QuKcauu
ANEKTPUYECKOr0 MOTEHIIMANA B AaHATTU3UPYEMOM PacTBO-
pe, HETIOCPEACTBEHHO ¢ KOHCTpYKIMen narguka. [TomsT-
KH 3aMEHBI TPATUIIMOHHOTO JIEKTPO/1a Pa3IMYHBIMHA MHU-
HUATIOPHBIMHU YCTPOICTBaMU HEOAHOKPATHO OMIMCAHBI B
nuteparype [7, 21], Kk coxaneHuro, BCe OHU YCTyHaroT
M0 CBOMM XapaKTEPUCTUKAM CTaHAAPTHBIM JlabopaTop-
ubeM OC. [Iprmvenenne auddepeHIaTb-HON H3MEPATETb-
HOW CXEMBbI, OJJHAKO, II03BOJIIET YACTUYHO CKOMIIEHCH-
poBaTh HECTAOMIBLHOCTD MOTEHIMANa pacTBopa. [Ipu Ta-
KOM peXHUMe U3MepeHuit nomycruma 3ameHa JC mceB-
JIOJIEKTPOIIOM, KOTOPBIH TOJKEH YIOBIETBOPSATE TPEOO-
BaHUSIM XMMHYECKON M DIIEKTPOXUMHUECKOW MHEPTHO-
CTH, T. €. HE Y4acTBOBATh B MPOLIECCAX OKUCICHUS WIH
BOCCTAHOBJICHUS [P PA0OUHX SJIEKTPHUCCKUX PEKIMAX.
OpnHuM 13 Haubosee MOAXOASIINX C ITOH TOUKH 3PEHUS
MaTepualioB fABJseTCA 30J0To. Pa3melienre ceT4aTroro
30JI0TOr0 3JIEKTPOAA Ha MOBEPXHOCTH AMIIEKTPUKA B
00J1acTH KaHaJ1a ITO3BOJIMIIO ObI TOYYUTh PSAJ] IOTIOIHHU-
TEJIbHBIX TPEUMYILECTB!

— BO3MOXHOCTb pasMCHICHU CXCMbI 3allIUThI OaT-
YHKa OT HJIEKTPOCTATHYECKOTO IPOO0st HEMOCPE/ICTBEH-
HO Ha KpHCTaJUIe MJIH Ha TIaTe-MOJI0KKE;

— YIPOILEHHE IIPOLIENYP TECTUPOBAHUS JATYUKOB B
npolecce MPOU3BOJICTBA M HAJIA KK 33 CUET yCTPAHEHHUS
HeOOXOAUMOCTH 00ecIiedeHnsl KOHTaKTa K 00JIacTH 3a-
TBOpa uepes3 3JICKTPOIIUT;

— BO3MO’KHOCTb H3TOTOBJICHUS AU PEepeHITNATBHOMN
Maphl IATIUKOB, OJJMH U3 KOTOPBIX MMEET CIUIONIHOM (He-
MIPOHUIIAEMBIi Il pacTBOPA) AJIEKTPO]] B 00JIACTH 3aT-
BOpa ¥ TAKUM 00pa3oM H30JUPOBAH OT W3MeHeHH pH B
pacTBope (T. €. MOXET MCIIOJIb30BaThCs B KA4€CTBE pe-
(eperTHOTO HaTUMKA IPH 00bIuHOM pH-MeTpun), a BTO-
pOM IaTYUK MMEET CETYAThIN IEKTPOJ, IEKTPUUECKU
SIBJIAIOIIUICS TIPOOJDKEHHEM CIUIOIIHOT O}

— IIOCKOJIBKY OelIOK 00pa3yeT yCTOWYMBBIC KOMII-
JIEKCHI € 30J10TOM [22], HaJM4uue 30JI0TOTO DIIEKTPOa
MO3BOJIMIIO OBI 0OeCHeunTh Ooee Hale)KHYI0 UMMOOH-
JM3aH0 OMOJIOTMYECKOTO MaTepualia B 4yBCTBUTEIb-
HOI1 001acTy 1aT4rKa pu (PepMEHTHOM aHAJIH3e.

Bb11o OBI TakKe 11e71eC000pa3HO PA3MECTUTH Ha KPH-
CTaJUIe JaTYUK TEMITEPATyPHI /IS aBTOMATHYECKO KOM-
MICHCAIIMY TEMITEPATyPHON 3aBUCMMOCTH (PYHKIMH Ipe-
obpa3oBanus. B mpocreiiiiemM BapuaHTe qaT9ukoM MO-
JKeT ObITh 0OBIUHBIA Ar0A. C 3TON IENIbI0 MOKHO HC-
MOJIb30BaTh OJIMH W3 JHO0B, 00Pa30BAHHBIX MOJIOXK-
KOM 1 00JIACTSMHU CTOKA/UCTOKA, YTO IO3BOJIMIO ObI 000H-
THCH 0€3 JOMOJHUTEIbHBIX KOHTAKTHBIX TUIOMAA0K H
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BBIBOJIOB. J[/11 M3MEpeHus TeMIIepaTyphl B TOM ClTydae
MOYKHO HCIIOJIb30BaTh CXEMY C pa3JielieHHeM CUTHAJIOB
BO BPEMEHHU: B T€YEHHE HEKOTOPOTO BPEMEHH JATUHK
paboTaer B 00BIMHOM peskuMe (TIpH ATOM MH(DOPMATHB-
HBIM TTapaMETPOM SBIIICTCS TOK B KaHAIIC TPAH3UCTOPA),
[IOCJIC YEeTO Ha KOPOTKHUI TEPHOI TIEPEKITIOUacTCs B pe-
KM KOHTPOJISL TEMIIEpaTyphl (U 3TOM HH(POPMaTHB-
HBIM [TaPaMETPOM CTAHOBHTCS IaJICHNE HATIPSDKEHUS Ha
MPSAMOCMEIIEHHOM TIePEXO/ie «IOIOKKa—CTOK» HIIH
«TIOITIOKKAa—HCTOK); B IIPOLIECCE U3MEPEHUH ATOT IHKIT
HETIPEPHIBHO OBTOPSIETCSL.

BropuuHblii u3MepuTeIbHbIN Nnpeodpa3oBaTeib

HM3meHeHus B cxeme BTOPHUYHOT'O npeoGpa3OBaTeJ1;1
JOJIZKHBI OBITH HaIpaBJICHbI, B OCHOBHOM, Ha ITOBBIMIC-
HHEC €r0 YHUBCPCAJIbHOCTH. CXeMOTEeXHUYECKIE TrapameT-
PBI IIpejIaracMoro BapuanTa 10CTaTO4YHO KECTKO IMMpU-
BsA3aHBI K 3JICKTPUYCCKUM IMapaMeTpaM U3roTOBJICHHBIX

JIATYUKOB. XOTS 3TO MO3BOJIMIO TIPHMEHUTD YIIPOILEH-
HBIE CXEMHBIE PEIICHHNs, B CIIydae pa3pabOTKH U H3ro-
TOBJICHNS HOBBIX ITapTHH JATYNKOB C OTIIMYAFOIINMHUCS
napaMeTpamMHu, B TOM YHCIIe C APYTUM THIIOM TIPOBOAH-
MOCTH KaHaJ1a, IPUMEHEHHE CYIIECTBYIOIEH CXeMbl Oy-
JIeT 3aTPYAHEHO MM HEBO3MOXKHO.

[ obecrievueHust BO3MOYKHOCTH PaOOTHI € JTaTUHKa-
MH C Pa3IMIHBIM THIIOM NTPOBOANMOCTH KaHaJla CXeMa
BTOPHUYHOTO PeoOpa3oBaTesss MOXKET OBITh MOTU(UIIH-
pOBaHa CJIeTyIOMNM 00pa3oM: HCTOYHHK OMOPHOTO Ha-
npsbxeHus natuuka (REF1 Ha puc. 5) TomKeH OBITh pas-
JICTICH Ha JIBa — MUTAIOIIETO (TOKOOOPAa3yIomIero) 1 Y-
PABIIAIOIIETO HAIPSKEHUS, TPUKIIaABIBAEMOTO K 3aTBO-
Py TpaH3HCTOpa Yepes dIeKTpo cpaBHeHHs. [Iuraroniee
HanpspKeHHE MOXKET OBITh (PMKCHPOBAHHBIM (OKoJIO 5 B);
YIpaBIISIOIIee HAPSKEHUE JIOJDKHO OBITh IPOTpaMMH-
PYEMBIM C BO3MOKHOCTBIO UBMCHCHUA €T0 IMOJIAPHOCTU
OTHOCHTEJBEHO HYJIS CXEMBI.

AHaJIOTOBBIE CUTHAJTBI
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CEHCOJJIEKTPOHUKA

OcranpHas 9acTh CXEMBI OCTACTCs, B OCHOBHOM, HE-
n3MeHHor. Kackan mpeoOpa3oBaHUs «TOK—HAIpPshKe-
HHE ClIelyeT MOU(UIINPOBATh, T00ABUB YIIPABISICMBIH
HCTOYHUK OIIOPHOTO TOKA, IOJKIFOUEHHBIN K CyMMUpY-
OIIEH TOYKE YCHITUTEINSI. DTO TTO3BOJIUT 00SCIICYHTh (-
(EKTUBHYFO PabOTy MpeoOpa3oBaTeIs PH Pa3IMIHBIX MO~
TIOKEHHSX pabodeid Touku gaTauka. Ko punuenr mpe-
00pa3oBaHus YCUIIMTEINSI TaKXKe MOXHO CHAENATh Iepe-
KITFOYaeMBIM — JIJISI KOMITCHCAITUH Pa3HHIIBI B KDY TH3HE
XapaKTEPUCTHUK TATIUKOB.

[Mockonbky cxema mpeodpa3oBareis B JIIOOOM CITy-
Yae COACPIKUT LIeTTb 0OpaTHOH CBA3HU (LIeNb yIpaBICHUS
HaINpsDKEHHWEM Ha 3aTBOpe), MpeoOpa3oBaTelb MOKET
paboTaTh 1 B cresmeM pexume. [1pu aToM yrpasiisiio-
TIee HaIPSDKEHNE UTPAeT POITb BEIXOMHOTO cHrHama. Pe-
aJM3aIysi OCHOBHBIX (DYHKIIUH peryisTopa B U pPOBOii
qacTH nmpeodpaszoBares mo3possieT 3 (HEKTHBHO peraTh
po0IeMBI IPUMEHEHHS CIEAAIINX CXEM, TIePEUHCICH-
HBIC BbIIIe. J{J1s1 HOpMaIbHON pabOTHl B TAKOM PEXKHME,
OJIHAKO, TOTpedyeTcss GOPMHUPOBATH YIIPABIIIONICE Ha-
MpsbKeHKe ¢ 0osiee BHICOKOM pa3peraroniei CriocooHo-
CTBIO, UEM B TIPEIOKEHHOM BapruaHTe. DTO MOKHO Clie-
nath ¢ noMombto [IIMM-perynsaropa. PerynupoBanue ¢
BBICOKOW TOYHOCTBIO HEOOXOAMMO B HEOOJIBIIUX Tpeie-
nax (mpumepHo £2 B), mosToMy perynstop ympasisio-
IIeT0 HAPSDKEHHUS MOXKHO CIENaTh IBYXCTYIIEHYIATHIM
(OCHOBHOE CMEIIEHHE MOKHO 3aJaBaTh TPy0O U CyM-
MHUPOBATh €T0 C IPEIU3UOHHBIM JIOTIOTHUTEILHBIM CMe-
meHueM, GopMupyembIM ¢ moMonisio HIMM).

Hcnonp3yst UMEIONUiCs B TaTYUKE TUOJ (BKITFOYCH-
HBIH TapasieIbHO KaHATY TPAH3HCTOPA), MOXKHO ITPOBO-
JIUTh U3MEPEHHE TEMIIepaTypbl KpUCTaIlIa ¢ pa3AeeHU-
€M CHTHAJIOB BO BPEMEHH TI0 CICAYIOIICH METOUKE: Ha
[IEpUOJ, U3MEPEHUS TEMIIEPATYPhI KaHaJl TPaH3UCTOpa
3aKpBIBACTCS MTOIAYeH YIIPaBIAIONIETO HATPSDKSHUS J0-
CTaTOYHOW BEJIMYUHBI, IIOCIIEIOBATEIBHO C JATINKOM B
HU3MEPUTENBHYIO IIEMb BKJIIOUACTCS C TOMOIIIBIO PEIe U3-
MEPHTEIIBHBIN HaTPy304HBII PE3UCTOP U MOISIPHOCTH TTH-
TAIOIIETO HANpsHKCHUS MHBepTHpyeTcs. [lo BemmuamHe
TOKa, U3MEPEHHOI peoOpazoBarelieM, orpeesseTcs Be-
JIMYWHA MaJICHUS HAIPAXKCHUA HA U0, 110 KOTOpOﬁ, B
CBOIO OYEpPE]Ib, OTPENICIICTCS TEMIIEPAaTypa KPUCTAIIIA.
Hy»Ho IMeTh B BHITY, UTO HAIIPABJICHUE TOKA ITPH H3ME-
PCHUH TEMITEpaTypHI OyIEeT MPOTUBOIOIOKHBIM HAITPAB-
JICHUIO TOKA B KaHAJIEe TPAH3HCTOpPa B HOPMAJILHOM pe-
*HMe paboTsI; 3Ta MpobiaeMa penraercs 100 nobdase-
HHEM OIOPHOTO TOKa HEOOXOIMMOW BEIMYUHEBI B CyM-
MUPYIOMIEH TOYKE YCIITUTEIS, JTN00 TPUMEHEHHEM OT-
KITIOYaeMOT'0 MHBEPTUPYIOILIETO Kackajia Ha BBIXOJIE yCH-
JIUTEIIS.

[MporryckHyT0 CITIOCOOHOCTD IMIMHBI TAKKE MOYKHO CY-
MIECTBEHHO MOBBICUTH, PEATH30BAB ITOJHOIYILICKCHBIH
pPeKUM 0OMEHA TAHHBIME. JTO MOXKET OKa3aThCs OJIE3-
HBIM IIPH ITOCTPOCHUN MHOT'OKaHAJIbHOU CUCTEMBI.

OyHKINOHAIBHAS CXeMa BTOPUIHOTO H3MEPUTEIIEHO-
ro peodpa3oBaTesi, MOTU(PHUIUPOBAHHOTO B COOTBET-
CTBUH C U3II0KEHHBIMH COOOPaKEHUSMHU, IIPEJICTaBIIeHA
Ha puc. 9.

3aKkJjoueHue

KoHCTpyKTHBHOE HCIIOTHEHHE pa3paboTaHHBIX Mpe-
o0pa3zoBaTesnell MO3BOJISIET HEMTOCPEACTBEHHO HCTIONB30-

BaTh UX B CHCTEMax (DepMEHTHOI'O aHAJIN3a BOIHBIX pa-
CTBOpOB. JIByXKaHalbHAsT KOHCTPYKITHS MEPBHYHOTO
npeoOpazoBaTes yIpoIiaeT pean3aiuro TuphepeHI-
AJIHOTO PEXKMMa U3MEPEHUI U TaKUM 00pa3oM 3HAYH-
TEJILHO OcnabIseT TpeOOBaHus K CTaOMIILHOCTH TTapaMeT-
OB CHCTEMBI, BKJIFOYAasi TEPMOCTA0MIBHOCTD ¥ CTAOWIIb-
HOCTbH [TOTEHIIMANIA aHAIN3UpyeMoro pactBopa. CorryT-
CTBYIOIIAsl OCHACTKA M OJIOKH BTOPHYHOI'O MPeodpa3o-
BaHMsI Oyaromapsi MOJIOKCHHOMY B OCHOBY HMX KOHCT-
PYKIUH MPUHIMITY MOIYJIBHOCTH JOMYCKAIOT 00bean-
HCHHE OTJICNIFHBIX JaTYNKOB B MHOTOKAHAJIBHYIO H3Me-
PUTENBHYIO CHCTEMY, IPUTOAHYTO KaK JIIst OMHOBPEMEH-
HOTO aHAJTN3a WICHTHYHBIX 00pa3II0oB KHUIKOH CPEIBI pas-
JTMYHBIMA (DEPMEHTHBIMU CEHCOPaMHU C TIEPEKPECTHOM ce-
JICKTUBHOCTbIO, TAK U JUIS PACTIPE/ICTICHHOT0 aHAIN3a He-
CKOJIBKUX Pa3IH4YHbIX 00pa3ioB. CructemMa MOXKET OBITh
UCIIONIb30BaHA U JJIs1 OOBIYHOW, B TOM YHCJIE MHOTOKA-
HaAITBHOH, pH-MEeTpHH ¢ TOMOIIBIO TaTYMKOB, HE MOIH-
(bUIMpOBaHHBIX OMOTYBCTBUTEIFHBIM MaTEPHATIOM.
HameueHHbI€ ITyTH COBEPIIEHCTBOBAHUS KOHCTPYKLUU
U apXUTCKTYPhl H3MEPUTEIBFHON CHCTEMBI MTO3BOJISIIOT
paccUnTHIBATE Ha JABHEUIIIEE YITyJIICHHE €€ METPOIIO-
THYECKUX W YKCIUTYaTaI[IOHHBIX XapaKTCPHCTHK.
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KOHTYPHAA TEIUIOBAA TPYBA
JJIS1 CUCTEM OBECIIEYEHUMS TEIJIOBBIX PEXXMMOB
OJIEMEHTOB PAJIMOSJIEKTPOHHOU TEXHUKN

IIpeonooicennas KoHcmpyKyusi KOHMYPHOU
mennogotl mpybwl obecneuusaem nepeoa-
yy meniogoeo nomoxa 0o 105 Bm npu pa-
bome 6 memnepamypHom ouanasone om 20
0o 90°C npu paznuunotu ee opueHmayuu
npocmpancmaee.

B cucremax obecnieueHus TEIIOBBIX PEXKUMOB U OX-
JaKICHUS 00BEKTOB, IBIKYIIUXCS C YCKOPEHUEM, HIIH
00BEKTOB, (PYHKIIMOHUPYOIIUX MIPH JIFOOOH OPUEHTAITUH
B I10JI€ CUJIBI TSDKECTH, UCTIOJIb30BaHHE OOBIYHBIX TEILIO-
BBIX TPYO MMEET psJ] OrpaHUYEHUH. B Takux cuctemax
MIEPCTICKTUBHBIM SIBIISICTCS IPUMEHEHUE KOHTYPHBIX TeTl-
n0BbIX TpyO (KTT) [1—3], noCKOIbKY OHH COXPAHSIOT
paboTOCIIOCOOHOCTD JIaXKe B IOJIOKEHHUH, KOTJa 30Ha
WCTIAPEHUs PACIIOJIaraeTcsl BBIIIEC 30HBI KOHJCHCAINH
Oosee yem Ha 1 M, a TakKe NPU HATUYUK TOPMO3SIIIUX
CHJI, IEHCTBYIONINX HA TEIUIOHOCUTEIh TIPH JIBUKCHUH
00bekTa ¢ yckopeHueM. [1pn aTom obecrieunBaeTcs « -
OJTHOCTBY, T. €. BO3MOXKHOCTb TIepe/iauy Terjia TOJIbKO B
OITHOM HarpapiieHrd. K mpenMyIecTBaM UCIIONb30Ba-
Hust KTT MOKHO Takke OTHECTH CO3J]aHre THOKOH pasz-
BSA3KH MEXIy 30HaMU MMO/IBOJIa U OTBOJIA TEILIa.

B mocnennue mATE 1T BO3POC HHTEPEC K KOHCTPYK-
musim KTT BooO1ie, a ajanTupOBaHHBIX K KOMITBIOTEP-
HOU TexHHKe 0coO0eHHO [4]. HecmoTps Ha Hann4ne 60J1b-
mroro uucia onsITHEIX 00pasnos KTT (a Takxke crierma-
JM3UPOBAHHBIX KyJIEPOB Ha X OCHOBE), Ha ITyTH MX BHE-
JIPEHHs] B CEpUIHOE TIPOU3BOJICTBO CTOAT MPOOIEMBI
MUHHUATIOPU3AIMK UX KOPILyCOB U COBEPIIEHCTBOBAHUS
TEXHOJIOTUYHOCTH Hapsy ¢ oOecrieueHreM Halle)KHON
cTaOUIBHOM paboThI, a TAKXKE YIYUIIEHHS TeIUIOBBIX Xa-
PaKTEPUCTHK, B TOM YHCIIC MHHUMHA3AIIH TEPMUIECKO-
T'O CONPOTHBIICHHS.

OCHOBHBIMH 33[a4aMH HACcTOsIEH paboTh! ObLTH pa3-
paboTKa M U3rOTOBJICHUE HaJIe)KHOM 1 Hemoporoi KTT
W3 JIOCTYIHBIX UCXOJHBIX MaTepHajioB, 00eCIeUYHBAFO-
1iei mpu 000# OpHEeHTAIMH B IPOCTPAHCTBE

— repenady TersioBoro notoka He mexee 100 BT;

— TeMIepaTypHBIH Iepena MeX Iy 30HaMH UcTape-
HUsI M KOHJICHCAITMH (00N TeMItepaTypHbIi Ieperna 1o
KTT) ne 6onee 10°C;

— (YHKIIMOHUPOBAHKE ITPY H3MCHEHUH TEMIIEPaTy-
pet KTT ot 20 no 90°C.

OTMCTI/IM, 4YTO TAKHC Tpe6OBaHI/I$I XapaKTCpPHEI, B I1I€P-
BYIO OUCPEAb, AJI CUCTEM OXJIAXKICHUS KOMHLIOTepHOfI

TeXHUKHU. Tak, TEMIOBbIIEICHUE IPOLIECCOPA COBPEMEH-
HOT'O IIEPCOHAJILHOIO KoMIlbtoTepa — He MeHee 100 Br,
MaKCHMaJIbHO JOIyCTUMAasi TEMIIEpATypa Ha ero sape —
He 6onee 80°C. Kpome TOro, HeMaJloBaXKHYIO POJIb 3/1€Ch
UrpaeT yro0CTBO KOMIIOHOBKH M MOHTa)Ka CHCTEMBI OX-
JIaXKIEHUs], YTO OIPENIENSAETCS OTCY TCTBUEM SKECTKOM CBS-
31 MEXAY 30HAMM MOJBOJA U OTBOJAA TEIIa, a TAKXKe
BO3MOXHOCTBIO POU3BOJIBHOTO PACIIONIOKEHHS CUCTE-
MBI OXJIQXI€HUS B IPOCTPAHCTBE.

KoncTpyKkuust KOHTYPHOIl TEIIOBOM TPyObI

JlnmuHa 30HBI McTIapeHHusI (TETUIONO0IBOIa) pa3pado-
tanHoro oopasua KTT (puec. 1) cocraBnsna 0,03 m,
nuametrp — 0,014 M. Pazmeps! 30HBI KOHJECHCALIMHT
(TennooTBoa) 6€3 yueTa BO3yIIHOTO paguaTopa —
0,07%0,05%0,0026 m. Marepuan kopmyca — HepKaBe-
tomast crans 12X 10HIT.

OcuosubIM arteMeHToM KTT siBRsieTcst KanvuisipHbINA
HAcoC, OT CBOWCTB KOTOPOT'O B CYIIECTBEHHON Mepe 3a-
BHCSAT paboume XapaKTepucTuku TpyOsl. s uccnemye-
MOTO 00pa3slla OH W3TOTABIMBAJICSA M3 KAIMIUISIPHOM
CTPYKTYpBI — OKCHIHOM BBICOKOIIOPHUCTON KEPAMHUKH Ha
OCHOBE MEJKOIHCIIEPCHOTO MOPOINKA OKCHAA aJFOMU-
Hus [3, 5] u umen oburyro nopuctocth 64%. Ha ocHoBa-
HIH PEKOMEHIAIINH 110 BEIOOPY TETUIOHOCHUTEIIS TSI TEM-
neparypuoro nuana3zona 20—90°C, npuseneHHBIX B [3],
oOpa3er ObLT 3aIpaBIcH AMMHAKOM.

Pe3yﬂbTaTLI IKCIICEPUMEHTAJbHBIX HCCJ’IE}]OBaHl/Iﬁ

OCHOBHBIMH HCCIIETyEMBIMU XapaKTEPUCTHKAMU
KTT Oblin ee TemiiepaTypHoe IoJie, TEPMUYECKOE CO-
MPOTHUBIICHNE, MAKCUMAIBHBIN 1 MUHUMAJIBHBIHN TTepeia-
BaeMbIE TEIIOBBIEC TIOTOKH B TEMIIEPATypHOM JHAIIa30HE
20—90°C. HccnemoBaHus MPOBOIUIH TIPH PA3ITHIHON
opuentauuu KTT B npocTpancTBe — Ipu pacroioxe-
HUY 30HBI HCTIAPEHUS BhIIIE 30HbI KOHIeHcarmu (Ah<0)
u Huxke ee (Ah>0), a Taxke MpU TOPU30HTAIEHOM TOJIO-
xernn (Ah=0).

OTan4nTeNnbHOM 0COOEHHOCTBIO (DYHKIIMOHUPOBAHUS
KTT siBsieTcst cTaOMIIBHOCTD €€ TEMITEPaTyPHOTO YPOBHS
B IIMPOKOM JIHAIIa30HE IePeIaBaeMBbIX TETJIOBBIX MOTO-
KOB (pHC. 2) ¥ TEPMHYECCKOTO CONPOTHUBICHUs (puc. 3).
TonbKo Ha YPOBHAX TEIIOBBIX HArpy30K, MPHOINKAIO-
MUXCS K MAKCUMAJIBHOHN TETIIOTPAHCIIOPTHOM CIIoco0-
Hoctu KTT (T. e. MakcCMMallbHOMY TEIUIOBOMY MOTOKY
O ax> KOTOPBIH MOXKET miepenats KTT), a takxke B ciy-
YJae CHIDKCHHS MHTEHCUBHOCTH TEIUIOOTBO/IA TIPH 33 aH-
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OBECIIEYEHHME TEILJIOBBIX PEXKUMOB
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Puc. 1. IIpunnunuanbHas cxema (a) 1 oOumil Buj (6) KOHTYpHOI TEII0BOH TPyOBI:
1 — 30Ha HCTIap€Husi ¢ UMHUTATOPOM TEIUIOBOI'O IOTOKaA; 2 — KaHHJ’IJ’IprHLIi/'I HacocC,; 3 — Hap0130171 KaHal; 4 — BOSI[yH_IHLII\/'I paauarop,
YCTaHOBJICHHBIIT Ha 30HE KOHACHCAINH; 5 — JKUJIKOCTHOM KaHa; 6 — KOMIICHCAIMOHHAS TI0JI0CTh; 7 — BeHTWIATOP (80%80 MM)

t,°Cr

+ O=15Br
= (O0=40Br
“ 0=60Br

50 1

45
I I ' | | i
3o0Ha 30Ha Kommnenca-
HCTIapeHHs KOHJIEHCALIUH LUOHHAs
MOJIOCTh

Puc. 2. Temneparypnoe none KTT npu pasnuuHoMm 3Haue-
HHUH TIepeIaBaeMoro TerioBoro noroka Q npu Ah=-270 mm

R, °C/Br -
* s =33°C
- =47°C
| = =57°C
021 o o
[ L 3
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Puc. 3. 3aBucumocts Tepmuueckoro conporusienus KTT

OT BEJIMYMHBI IIEPEAABAEMOI0 TEIUIOBOTO IOTOKA IS pas-

JUYHBIX 3HAYEHUH TeMmIepaTypsl B 30HE UCIAPEHUs NPU
Ah=-270 mm

HOM TEIUIOBOM ITOTOKE HAaOIIOaeTCst pOCT OOIIEero TeM-
nepaTypHOro nepenaja u reMmneparypHoro yposss KTT.

Kak BugHO 13 puc. 3, Ipu CHUXKEHUM TEIIOBOH Ha-
rpy3ku HaurHas ¢ 30 BT HabmonaeTcs 3HauuTeNbHBINA POCT
TIOJTHOTO TEPMUYECKOTO COMPOTUBIIEHHUS TPYOBI R, . OTO
CBSI3aHO C TUAPOJUHAMUYCCKHMHU OCOOCHHOCTSIMH €e
(DYHKIIMOHMPOBAHHS B TAKUX yCIOBHUAX, & UMEHHO CO
CHIDKCHHMEM PAcX0fa TETNIOHOCUTEIS, YTO U IIPUBOIUT
K ITOBBIIICHNIO O0IIEro TeMIepaTypHOro nepemnana. To
€CTh CYIIECTBYET 1 MUHMMAJIbHO BO3MOKHBIN Nepe/a-
BaeMbIi TeroBoi motok KTT, Benmmunaa koToporo ais
uccnenyemoi koucrpykuuu KTT naxonurcs B quana-
30He 2—3 BT.

Pesynbrarsl nccnenoBaHuii MAKCUMAJIbHOM TEIUIOTPaH-
cniopTHO# ciocoOHocTH KTT mokasanu BO3MOXHOCTB
nepeauy Takoil KOHCTPYKIMEH TEeTIOBBIX TOTOKOB 00-
aee 100 Bt mpu 00011 ee OpueHTAIUK B IPOCTPAHCTBE.
B Hanxymmux ycnoBusix ¢pyHkiponupoanus KTT, kor-
Jla 30Ha MCIapeHMs HaXOUJIach BBIIIE 30HBI KOH/ICHCA-
1un Ha 270 MM (Ah=-270 MM), SKCTIEpUMEHTATBHOE 3HA-
uenue O JUIs IPUBEICHHOM KOHCTPYKIUH JOCTUIAII0
105—110Bt.

3HAUUTEIBHYIO 3aBUCUMOCTb TEPMHYECKOTO COIPO-
tuBnenust KTT oT ee pacrionoxeHus B 1oJie CHII TPaBU-
TaIX XOPOIIO MILTIOCTPUPYET puc. 4. Tak, npu GyHK-
ronupoBanun KTT npotus cun tshxectu (A=-270 Mm)
TEepPMHUYECKOE COPOTHUBIICHUE MakcuManbHO. [Ipu omyc-
KaHUU 30HBI CTIAPEHUS IO YPOBHS 30HBI KOHICHCALUH
TEPMHUYECKOE COMPOTUBICHUE PE3KO CHIDKACTCS U MPH
ropusoHTanbHOM pacnonoxenuu KTT Beixoqut Ha ypo-
BeHb 0,02—0,04 °C/BT 1 npu pacnonoKeHUU 30HbI KOH-
JICHCAIIMH BBILIE 30HbI MCTIAPEHUS R, yIKe TIPAKTHYECKU
HE U3MEHSIETCsI ¢ u3MeHeHHeM A/, 9To OOBSICHIETCS Tep-
MocH(DOHHBIM 3P deKToM.

48

TexHOIorus 1 KOHCTPYHPOBAHHUE B 2JIEKTPOHHO# anmapatype, 2010, Ne 3




OBECIIEYEHHME TEILJIOBBIX PEXKUMOB

R, °C/BT 4
] \\ -= 0=30Br
0,12 4 # 060 Br
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270 180 90 0 90 Ah, My

Puc. 4. 3aBucumocts Tepmuueckoro compotuBierus KTT
OT €€ OPUEHTAIMH B TI0JI€ CHUJI TSKECTH

OnHaKo MOMyYeHHBIC IIPH HCCIICIOBAHISX PE3yibTa-
THI TIOKA3bIBAIOT, YTO OOIIIHI TEMITepaTypHBIHA Iepemna; 1o
KTT moxet npespimiats 10°C npu TeNaoBbIX TOTOKAX
6osee 80 Bt u kora 30Ha UCHapeHNsT HAXOAUTCS BhIIIE
30HBI KOHIeHcalu 6onee yem Ha 200 mm. Tak, npu me-
penasaemoii TeruioBoM rotoke 100 BT (cm. puc. 3) Tep-
Mu4eckoe conporupieaue coctapisiet 0,15 °C/BT, uro
COOTBETCTBYET TeMIepaTypHomy miepernany 15°C.

K cHmXeHHIO TEPMHUYECKOTO CONMPOTHBIICHHUS, a CO-
OTBETCTBEHHO M TEMIIEPATYPHOIO IEPENana, IPUBOIUT
MPHOIKCHUE 30HbI HCTIAPEHHUS K 30HE KOHJIeHcanuH. Tax,
pu O=60 Bt u Ah=-270 MM (cM. puc. 4) TepMUUecKOe
conporusienue coctapisiet 0,11 °C/BT, 4To cCOOTBETCTBY-
eT TeMIiepaTypHomy nepenany 6,6°C, a mpu Ah=-—90 mm
oHo paBHO 0,04 °C/BT, 4T0 COOTBETCTBYET TEMIIEPATYP-
HOMYy Tiepenany yxe 2,4°C.

CHU3UTB TEMIIEPATYPHBIH Nepena; MOKHO HEKOTOPbI-
MU KOHCTPYKTHBHBIMU PEUICHUSMH, HAIIPAMEDP YMCHB-
MIMB 00IIIee THAPABIMYECKOE COMPOTHUBICHUE KOHTYPA
KTT, onTumu3upoBaB pa3Mepbl 30HbI KOHIEHCALUU U
30HBI HcIapeHus. JTo OyaeT 0COOCHHO BaXKHO MPH CO-
3panuu koHeTpykunu KT T 11 mepeauu TemioBbIX 1M0-

TokoB 6osee 150 BT u pacnonoskeHnu 30HbI HCIAPEHUS
BBIIIIE 30HBI KOHIeHCcaIu 0ojiee ueMm Ha 300 MM.

BriBoabl

HccnenoBanus mokasanu HaICKHYIO pabOTOCIIOC00-
HoCTh KOHCTpYKIMH KTT ¢ xanuuisspHOi CTPYKTYpoid
13 OKCUIHON BBICOKOMOPHUCTOM KEPAMUKH HA OCHOBE
MEJIKOIUCIIEPCHOIO IIOPOILIKA OKCHAa AJIOMUHUS MPU
Mo00H ee OpUEHTAIMU B TPOCTPAHCTBE B TEMIIEpATyp-
HoM Juanaszone ot 20 g0 90°C. Ilpu 3ToM MakcuMalb-
Hasl BeJIMYKHA [TepejaBaeMOoro TeIIOBOro OTOKA COCTa-
Buia 105 Bt.

OpHako OBUTO OTMEYEHO KaueCTBEHHOE CHIDKCHUE
TeraoBbIX mapamerpoB obpasna KTT B 30Hax pabounx
XapaKTePUCTHUK, TPUOITIIKAIOUINXCA K TTPEeIbHBIM —
IIpU TEIUIOBBIX TTOTOKaxX Oonee 80 Bt npu pacnosoxe-
HUW 30HBI HCTIAPEHUS BEIIIE 30HBI KOHIEHCAIINN OoJiee
gem Ha 200 MM. PerreHuro JaHHBIX POOIIEM Iy TEM CO-
BepieHcTBoBaHMs KoHCTpyKImu KTT OynyT nocesie-
HBI JaJibHENIINE UCCIIeI0BaHUs, KOTOPbIE II03BOJIAT I10-
ayuuth oopaszert KTT, BosHe KOHKYpeHTHOCIIOCOOHBIH
M3BECTHBIM KOHCTPYKIIMSM CUCTEM OXJIQXKICHHSI, OCHO-
BaHHBIX Ha JIPYT'UX MPUHLUIAX pealn3aliu, Halpumep
JKUJIKOCTHBIM CHUCTEMaM OXJIAXKJIEHUs 2JIEMEHTOB KOM-
MIBIOTEPHOMN TEXHUKH.
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B kHure 06061at0Tcs KaoueBble HapaboTKK B 06/1aCTH HAHOTEXHOJNOTHI U paccMma-
TpHUBAeTCs UX BAMSHHE HAa 06pabOTKY MeTaJlJIoB, MOJHMEPOB, KOMMO3UTHBIX H Kepa-
MHUeCKHX MaTepuasoB. OO6CyKaaTcsd NpakTHUECKHe BOMPOCHI, CBS3aHHbIE C MPO-
MBIIIJIEHHBIM TTPOU3BOJICTBOM U MCMONb30BAHHEM HAHOMATEPUAJIOB, METOLbl HAHOMH-
JKEHEPHH B CO3JIaHUHU CMJAABOB Ha OCHOBE CTaJH, aJOMHHHS W THTAHA, paccMaTpUBa-
I0TCS HAHOTEXHOJOTHH, MO3BOJIAIONINE UCTOAb30BATh IHAPH/bl METAJJIOB JIJIsi XpaHe-
HUSI BOJOPOAA KAK HCTOUHHKA HEPTHUH, a TAKKE METOJUKH CHHTE3a HaHOMOJIUMEPOB

JlanHasi KHUra — HJeaJjbHOe BBeJCHME B HAHOTEXHOJOTHH, a TaKKe A0CTATOUHO LLUH-
pPOKMIl 0030p UX MPUMEHEHUS] MPU CO3JaHHUU HOBLIX MPOMBILIJIEHHbIX MAaTepHaJO0B.
JI151 MHKEHepHbIX M HayUHbIX paO0OTHHKOB, KOTOpble B CBOEH MPaKTHUECKOH nesi-
TEJbHOCTH CBSA3aHbl ¢ MpoGaeMaMU CO3/1aHUsl U MPUMEHEHHUsI HAaHOMaTepuaJoB U Ha-
HOTeXxHOJ0ruil. Baarongapst 3Toit KHUre MOXKHO HAHTH pelleHUs MHOTHX MEKIMUCLHUM-
JUHAPHBIX MpoOJaeM B 06/MaCTH HAHOMATEPHAJJIOB U HAHOTEXHOJOTHH.
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[NHOJIVHEHUE AKTHUBHBIX CJIOEB InP
B COCTABE I'ETEPOCTPYKTYP A JUOJOB I'AHHA

PaCCMOmpeHbl ocobennocmu noaydernus
SNUMAKCUATIbHBIX cl10e8 INP ¢ 6bicoKoll nOO-
GUICHOCMbBIO 3JIEKNPOHOE U3 paAcCnliaeoe
I/lHaMﬂ, JecupoeanHozco pedko3eMerbe1Mu
U U308AJTEHMHBIMU d1eMEHMAMU.

I'eneparops! Ha ocHOBe AnOAOB ['aHHA MOTYT OBITH
WCIIOJIb30BaHBI JIJIs1 KOHTPOJIS TApaMETPOB TEXHOJIOTH-
YECKUX MPOLIECCOB, U3MEPEHUS MTEPEMEIIeHUH, CKOpOC-
TH, YCKOPEHHMsI, HAMIPABJICHUSA JIBIKEHUS MOJBUKHBIX
00BEKTOB, XUMHUYECKOTO COCTaBa BEUICCTBA, BIIAYKHO-
CTH, TPOBOAUMOCTH, AUIIEKTPHUUECKON MPOHULIAEMOCTH,
TOJIIIMHBI CJIOEB METAJUIOAUAIIEKTPUUECKHUX CTPYKTYD, a
TaKxe B pazHooOpasHoit CBY HaBHUranmoHHO# anmapa-
Type u annaparype cBsizu. O0gacTb UX MPAKTUYECKOTO
MCIIOJIb30BAHUS MOYKHO elle 0O0JIbIIe PaCIIUpPUTh, €CIIH
yaacTcs CHU3UTh UX BPEMEHHYI0 HECTaOUIbHOCTh, CBSI-
3aHHYIO C HEJIMHEHHOCTHIO UX UMIIEAAHCa U ICHCTBUEM
Pa3HBIX BHEIIHHUX M BHYTPEHHUX (DaKTOpOB. TeruioBbie
3¢ PEKTHI IPU ITOM HIPAIOT OJTHY U3 OIPEICIIFOLIUX PO-
JIeH, YCHITHBAsI APYTHE MEXaHU3MBI ICCTAOMIN3aIIHN Pa-
0OTBI TEHEPATOPOB, CBSI3aHHBIC C OCOOCHHOCTSIMHU TEX-
HOJIOTMYECKOT0 Mpoliecca U3rOTOBIEHUS aKTUBHBIX 110~
JYTIPOBOTHUKOBBIX 31eMEHTOB. [103TOMY MOUCK TeXHO-
JOTHYECKHUX CIIOCOOOB YITyUIICHHS CBOMCTB AITUTAKCH-
aJbHBIX CTPYKTYP, HA OCHOBE KOTOPBIX U3TOTOBIISAIOTCS
nuozabl ['anHa, ABnsSeTcs 3a1a4eil akTyaabHON U IPaKTH-
YECKH BaXKHOM.

Haubonee nenecooOpazHbIM ¢ TEXHOJIOTMUECKOM TOU-
KU 3pCHMUs1, DKOHOMUYECKHU ONPaBIaHHBIM U 00eCIIeun-
BAaIOIIUM HAMIY4IIHE HIEKTPOPH3HISCKUE TapaMeTpPhI
cioes A, By, sBIseTCs METOJ KUAKODA3HON SIUTAKCHH
(KDI) ¢ nerupoBaHUEM PaCIIABOB PEIKO3EMETbHbI-
MU 35ieMeHTami [ 1, 2].

B pabore paccMaTpuBaeTcs OJMH U3 BAPUAHTOB 3TO-
o METOJa IMOJyYeHHUsI BHICOKOKaY€CTBEHHBIX TeTepO-
crpykryp ' -InP/n-InP uist oo ['aHHA ¢ HU3KOH KOH-
LeHTpanuei 1e(eKToB U BBICOKOH MOJBHKHOCTHIO AJIEK-
TPOHOB B aKTUBHOM CJI0€, KOTOPBIN Oa3upyeTcs Ha pH-
MEHEHMH KOMIUIEKCHOTO JIerupoBaHus cioes InP pen-
ko3eMenbHbIMHE (Y b) 1 n3oBaneHTHBIMU (Al) 2memenTa-
MU B CIIELUAIBHO MOJO0OPAHHBIX MPOMOPIHIX. DIUTaK-
cuainbHbIe ciou InP, momyueHHbIe TakuM ciocoOoM, SIB-
JITIOTCS] HEKOMITCHCHPOBAaHHBIMH 1 00J1aJal0T HU3KOH KOH-

PaGota BEITIOTHEHA B paMKaX TocyapcTBeHHOU [IporpaMmel pa3su-
THs Hanbosee KOHKYPEHTOCIIOCOOHBIX HANPABICHHH MUKPOIJIEKT-
POHUKH B YKpauHe.

HeHTpaIreil GOHOBBIX MPUMECel U BEICOKOU TTOIBIKHO-
CTBI0 DJIEKTPOHOB. [IprueM 3 PeKT «OUUCTKIY SITUTAK-
CHAJIBHBIX CIIOEB IPOSIBIISCTCS IPH HE3HAYNTEIBHBIX KOH-
HEHTPAIUAX JETUPYIOIINX JIeMeHTOB Yb u Al, ymeHb-
11asi BEPOSITHOCTh 3arpsi3HEHUSI SMUTAKCHATIBHOTO CIIOs
HEKOHTPOIUPOBAHHBIME MPUMECSIMHU H3 JIETHPYIOIIETO
MaTepHaa.

JJ1IeMeHTbl TEXHOJOTHH U3Tr0TOBJIEHHS CTPYKTYp

Oco0eHHOCTH BIUSHUS KOMITJIEKCHOTO JIETUPOBAHUS
B cucteMe n'-InP/n-InP, mo cpasuennio ¢ GaAs u ero
TBEPABIMH PAaCTBOPAMH, 00YCIOBICHBI 3HAYCHHUSIMH T1a-
paMeTpoOB B3aUMOACHCTBHUS XMMHUYECKHX 3JIEMEHTOB,
ko3 durmeHToB cerperanuu u AU y3un SJIEMEHTOB B
9TOM cucreMe. BakHO Takke ydecTb BBICOKYIO XUMHU-
YECKYI0 aKTUBHOCTH PEIKO3EMEIIbHBIX 371eMEeHTOB (P33)
TI0 OTHOIICHHUIO K hocdopy, MOCKOIBKY B Pe3yIIbTaTe X1-
MHYECKOr0 B3aUMOJEHCTBHS ITUX AJIEMEHTOB Hapylla-
eTcs (ha30Boe paBHOBECHE MEXKIY PacTBOPOM-pacilia-
BOM H ITOJUTOKKOH [3]. DTO HE0OXOIMMO YUHUTHIBATH TIPH
HapalMBaHUU SMUTAKCHAIBHBIX CIOEB AJISI BOCIIPOU3-
BOJIMMOTO YIIPABJICHUs CBOMCTBAMH CTPYKTYP, TTIOTyUeH-
HBIX B pe3yJIbTaTe KOMIIEKCHOTO JETUPOBAHHUS.

OnurakcuanbHeie cnon InP BeipammBamu metogom
JKDD B rpaduToBOIi CaliIepHO KacceTe U3 paciuiaBa
uHang (99,9999) Ha MOUTOKKAX TOIYHU30IUPYIOIIETO
InP:Fe, opueHTUPOBaHHBIX B KpHCTAIOrpapHIECcKOil
wiockoctu (100). Temneparypa Hayasia SIUTaKCHU CO-
crasisuia 680°C, uarepsait HapanwBanus — 20°C. Kpu-
CTAJUIN3ALMs CII0EB OCYLIECTBIISIACH U3 IEPEOXIIAXKAEH-
HOTO PacTBOPA-pacIuiaBa MpU CKOPOCTH OXJIAXKICHHUS
0,8°C. AmomuHuil 1 UTTEPOUH 1OOABISUIUCH B MIUXTY
HEIOCPEJCTBEHHO Mepes 3arpy3Kkoi B kaccety. [[nst Ha-
CBIIIICHHS PacIIaBoB (HOCHOPOM HCIIOTB30BAIICS MTOJTH-
Kpuctammndeckuii InP ¢ koHIeHTpanumel cBOOOIHBIX
551eKTpoHoB (5—7)-101 M3,

T'omorenusanus pacTBopa-pacijiaBa IpouMCcxXoauia B
TedeHue 1,5 4 B armocepe Bogopoaa ¢ TOUYKOW POCHI
—70°C. HemmocpeICTBEHHO Mepe;] HaualloM HaparuBaHus
CJI0sI MOBEPXHOCTH MoAN0KKH InP:Fe wacTuuno pacTBo-
psachk B HEHACBILLIEHHOM paciiaBe MHAuA. TojimnHa
SMUTAKCHAIBHBIX CJIIOEB COCTABIIsIA 3—5 MKM.

g onpeneneHyst BIUAHUS KOMIUIEKCHOTO JIETUPO-
BaHUs aJIIOMUHUEM U I/I'ITep6I/IeM Ha CBOMCTBA SIMTAKCHU-
anbHbIX cnoeB InP, momydyenHsx Metogom XKD u3 pa-
CTBOPOB-PACIUIABOB HHAMS, OBLIO MPOBEICHO HECKOJb-
KO CepHi SKCIIEPUMEHTOB, ITO3BOJISIOILUX YCTAHOBUTS OI1-
TUMaJIbHOE cooTHOMIeHHE Al 11 Y'b, Ipy KOTOPOM KOHIICH-
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Puc. 1. 3aBHCHMOCTh KOHIIEHTPALMH OCHOBHBIX HOCHTENEH (@) M MX MOIBIKHOCTH (6) B dMHUTAKCHAIBHBIX ciiosix InP ot
conmepkaHus Yb B pacTBOpe-paciuiaBe MHIAMS IpH pazHoM conepkanuu Al (B at. %):
1—0;2—11073;3—3-1073

TpaIUsi OCHOBHBIX HOCUTENIEH JOCTHIAaeT MUHIMAIbHO-
T0, a8 UX IOJBIKHOCTh — MaKCUMAaJIbHOTO 3HAYCHUSL.

B niepBoii cepun skcriepuMeHTOB ciaou InP Hapamm-
BaJIMCh U3 HEJETHPOBAaHHBIX paciuiaBoB nHawus. [lomy-
YCHHBIE SITUTAKCHABHBIC CIIOM UMEIIH /1-THIT IPOBOIN-
MOCTH C KOHIIEHTpawLuei 3nekTpoHos (6—7)-10'7 cm> u
UX 0ABMKHOCTBIO 1500 cm?/(B-c) mpu 300 K.

B crnenyronux IByx cepusix 3KCIIEPUMEHTOB UCCIIe-
JOBaNOCH BIHsHUE Yb, a Taroke Al u Yb, Ha anexrpodu-
3UYECKHe CBOMCTBRA ciioeB InP, momydeHHsIx u3 pacruia-
BOB MH[IVSI, JISTUPOBAHHOTO YTHUMHU XHMHYECKUMH dJIe-
MEHTaMH.

Pe3yJIbTaTl)I HCCTICT0BAHUSA

Kak BumHO u3 puc. 1, a, BBenenue Yb B pacruias
WHINS IPUBOANT K YMEHBIIICHHIO KOHIICHTPAIIMHU JJICKT-
pOHOB B ciosix InP, a nmpu kpuTHYeCKol KOHIEHTPAIUH
N, pYb UTTepOUs B pacTBOpE-paciliaBe MPOUCXOIUT HH-
BepCHs THIIA IPOBOJAUMOCTH .

‘YMeHbIlIeHUE KOHIIEHTPALIUH AIEKTPOHOB B ciosix InP
COTIPOBO’K/IAETCSI POCTOM X MOABMKHOCTH (puc. 1, 6),
MaKCUMaJIbHOE€ 3HaY€HNE KOTOPON TOCTUTAETCs ITPH KO-
JMYECTBE UTTepOuUs, OIM3KOM K NKpYb. IIpu neruposa-
HUH PacIlIaBOB HH/IHS OJTHOBPEMEHHO aTFOMUHHUEM H UT-
TepOueM XapakTep U3MEHEHHS KOHIICHTPAIMHN U TTOJIBHK-
HOCTH HOCHTENEH 3apsna B ciosx InP momoben Tomy,
YTO HaOMIOMACTCSI ITPH JISTUPOBAHIH TOJIBEKO PEIKO3EMEITb-
HBIMHU JIEMEHTAMH, HO C ONPEEIEHHBIMU OTIMYUAMHU.
Jlo6asnenue Al cmocoOCTBYET yMEHBIICHNIO 3HAYCHUS
KPUTHYECKON KOHLIEHTPAIIUN UTTepOus B pacIuiaBe, MH-
JIUsi IPY 3TOM CTAaHOBHUTCS TEM MEHbILIE, YeM O0JIbILe 10-
Oapistercs amoMuHns. Hanbosee 9yBCTBUTETBHOM K OJT-
HOBPEMEHHOMY (KOMITJICKCHOMY) JICTUPOBAHHIO OKa3a-
JIach MOJBMKHOCTh OCHOBHBIX HocuTesel 3apsaa. Kax
BUJIHO U3 puC. 1, 6, TOABIWKHOCTD B ciogx InP, xomm-
JIEKCHO JlerupoBanubix Yb u Al (1:1073 at. %), noctura-
et 3Hadenuit 50000—60000 cm?/(B-c) mpu 77 K, Torna
KakK B CJIOSIX, JIESTHPOBAaHHBIX TOJIBKO UTTEPOUEM, ITO 3HA-
yenue He npesbimaet 25000 cm?/(B-c) npu Toit ke TeM-
neparype.

[To pesynsraTtam npoBeIEHHBIX HAMH HCCIICIOBAHUI
OBLIO YCTAHOBJIEHO, YTO MAaKCUMAaJILHOTO 3HAYEHHS T10-
JIBIDKHOCTb SJIEKTPOHOB JIOCTUTAET [IPU COJEPIKaHUH AJTIO-

muaEs 1-1073 ar. %. YBeqwueHHe 3TOro KOMHYEeCTBa
aMOMUHMS B 2—3 pasa, XOTs U COMPOBOXKAAETCS eIlle
HEKOTOPHIM YMEHBIIICHUEM KOHIICHTPAIIMH HOCUTEIICH
(puc. 1, a, kpuBas 3), IPUBOJIUT K YMEHBIIICHUIO HX I10-
JIBMDKHOCTH.

DOTOIIFOMUHECIICHTHBIE MCCIIC0BaHMS 00Pa3IoB MPO-
Bowunch npH Temneparype 10 K. Bo3oyxnenue doto-
MOMUHO(Opa OCYIIECTBIISIIOCh APTOHOBBIM JIa3€pOM C
JUTMHOW BoJHBI 514,5 HM 1 MowmHOCThI0 200 MBT/CM2.
DKCIIEepUMEHTAIBHO H3yYaach 3aBUCUMOCTb HHTCHCHB-

25
873,5 10K
20
5‘ W=1,9 M3B
Z 15 -
()
—
(] 3
é 873
g 10
M
5 W=3,2 M3B
5
E 2
i 873
> DB
W=6 m>B
1
0 -
' I - I N I ' I '
850 860 870 880 890 900
A, HM

Puc. 2. CrnexTpbl (OTOTOMUHECICHIIMHA 3MUTAKCHAIBHBIX
cnoes InP, nonydyennsix u3 pacmnasos In:

1 — 6e3 neruposanus; 2 — npu serupoBanuu Yb (5,2 ar. %); 3 —

IpH KOMIUIeKcHOM JierupoBanun Yb (5,2 at. %) u Al (1-1073 ar. %)
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Puc. 3. 3aBucuMoOCTh KOHUEHTpAIMU (@) U MOJABUKHOCTU (O) AIIEKTPOHOB B SIUTAKCHAIBbHBIX cinosx InP ot conmepxanus
0JIOBA B PacTBOpE-pacIIaBe WH/WS HPU ONTHMAIbHBIX 3HAYEHUSIX KOHICHTPALUK UTTEPOUS M aTIOMHUHUS

HOCTH ITUKOB 3KCUTOHHOM 1 IPUMECHOM JTFOMUHECLICHITUH
OT KOoHIIeHTpaIwu Yb u Al B pacTBOpe-pacIiiaBe WHIHA.
HuskoremneparypHble CrieKTpbI (JOTOTFOMUHECIICHITUH
o0pa3uoB InP HenerupoBaHHbIX (KpHuBasdt /), IernpoOBaH-
HBIX ONITUMAJIBHBIM KOJIMYECTBOM Y b (KprBas 2) ¥ KOM-
TUIEKCHO JIETUPOBaHHBIX Yb+Al (kpuBas 3), mokazaHsbl
Ha puc. 2. B cnekrpax HejxerupoBaHHbEIX 00pa3ioB InP ¢
KOHLIeHTpalueit Hocuteneit (5—6)-10'7 em3 (kpupas 1,
puc.2) npucytctByeT nonoca (D-B) momymmpunoii
W=6 M5B ¢ makcumymoMm nipu 873 HM, KOTopas ornpene-
JIS€TCsl IEPEXOAAMHU IEKTPOHOB U3 JOHOPHBIX YPOBHEH
B BJICHTHYO 30HY. B criekTpe (hoToMNOMIHECIICHITUH ATTH-
TaKCHUAJIBHOTO CJIOSL, JIESTUPOBAHHOTO ONTUMAJIBHBIM KO-
mugectBoM Yb (puc. 2, kpuBas 2), TJOMUHHPYET IOJI0ca
¢ MakcUMyMoM Tipu 873 HM, KOTopasi coriiacHo [4] uH-
TEPIPETUPYETCS KaK MOI0Ca PEKOMOMHALIMU KCUTOHA.
[MomymmprHa 3TOM MOJI0CH yMEHBINAETCS MTPU POCTE KOH-
[EHTpauK Yb B pacruiaBe HHIUS, U IPH ONTUMAIBHOM
€ro KOHIIEHTpalluK MPUHUMAET 3HaueHne — 3,2 MoB. Ana-
JOTHYHBIN 3P QeKT onrcaH B [5, 6] 151 SMUTAKCHATBHBIX
cioeB InP, nerupoBaHHBIX peKO3EMENbHBIMU JIEMEH-
tamu Ho 1 Nd. B snurakcuansubix cinosx InP, monyden-
HBIX U3 PacTBOPOB-pPACIIaBOB MHJUS, JIESTUPOBAHHOTO
ONTUMAJILHBIM KoJTmuecTBOM Yb u Al (puc. 2, kpuBas 3),
WHTEHCUBHOCTB SKCUTOHHOM JIFOMUHECLIEHIINH TTOJIOCHI C
MakCUMyMOM Tipu 873,5 HM eltie O0JIbIIIE, a TIOTYIIHPH-
Ha €¢ YMEHBIIAeTCS MTOYTH B JIBa pa3a 1Mo CPABHEHHIO C
ee 3HAYCHHEM B CIIOSIX, JIETUPOBAHHBIX TOJIBKO Yb.
‘YMeHbIIIeHNE KOHIIEHTPAIUHU IeKTPOHOB U MHBEPCHUS
TUTA TPOBOJUMOCTH, HaOIIOaeMas Mpu KPUTHUECKUX
koHUeHTpaiusx P33 B paciiiaBe, MOXET CBUIETEILCTBO-
BaTh O CHHYKCHUU KOHIIEHTPALIUK JJOHOPHBIX IEHTPOB HJTH
JKE O BBEJICHHUH JIOTIOJTHUTEILHBIX aKIIEMTOPHBIX IICHTPOB
B ciou InP npu komIIeKCHOM JierupoBaHUM PACILIABOB
uHus. UTTepOuil 1 alFOMUHUI SBIISIOTCS SJIEMEHTaMH
TpPEeThei TPYIITIEL, ¥ IOTOMY HE MOTYT OBITh aKIIENTOPaMHU
B InP, KoTOpbIe KOMITEHCHPOBAIIN OB UMEIOIIIHECS B HEM
JIOHOpPHBIE LIeHTpbI. O HU3KOM CTeNeH! KOMIIEHCALY CBU-
JIeTeJIbCTBYET BBICOKAS MOABMXKHOCTH 3JIEKTPOHOB
(50000—60000 cm?/(B-c) pu 7=77 K) B 1ieHKax, BbI-
pallleHHBIX U3 PacIIaBOB WHAMS, JIerupoBaHHOro Al u
Yb (puc. 2). [Tostomy akuentopHoe aeiicteue P33 mo-
JKEeT OBbITh BBI3BAHO OTPaHMYEHHEM JOCTYyIa HEKOHTPO-

JMPOBAHHBIX IPUMECEH B KPUCTAJLTH3YIOIIUICS JITUTAK-
CHUAJIbHBIN CJIOM.

[Ipn KOMIUTEKCHOM JIETHPOBAHUH AIOMHHUHN, UMEsT
KOBaJICHTHBIA paJinycC, ONMU3KUM K pajinycy UHNS, MO-
JKCT YaCTUYHO 3aIT0JIHATH BAKAHTHBIC y3JIbl UHIMS, a TaK-
)K€ B3aUMOJICHCTBOBATh B PACIlIaBe ¢ HEKOTOPHIMU (O-
HOBBIMH IIPUMECSAMHU (KHUCIOPOAOM, CEpOii), HE OIMyC-
Kasl UX MOTIaIaHus B IIPOIIECCEe KPUCTATITH3AINHI B KPHC-
TAITHICCKYIO PEIIETKY dMUTaKCHaIbHOTO ciost. Cren-
CTBUEM TAKOI'O BJIHAHHUA ABJISACTCSA IMOBBIIICHUE CTPYK-
TYPHOT'O COBEPIIICHCTBA IICHOK U 00JIee CYIECTBEHHOES
YMCHBIIICHUE KOHIICHTPAIIMU HEKOHTPOIUPOBAHHBIX ITPH-
Mecei. DTO MOATBEPIKIAETCSI KaK POCTOM ITOIBHYKHOCTH
OCHOBHBIX HOCHTEIEH 3apsifa, TaK U yBEITHMICHUEM HH-
TEHCUBHOCTH AKCUTOHHOH JIFOMHHECIEHIINH TTOJIOCHI C
MakCUMyMOM Iipu §873,5 HM.

[ToaBHKHOCTB DIIEKTPOHOB JJOCTUTAET MAKCHMAITBHO-
'O 3HAYCHUS B6J'II/I3I/I TOYKW UHBEPCHUU IMMPOBOAUMOCTH,
YTO HaKJIaasIBaeT 0cOObIe TPEOOBAHUS HA TEXHOJIOTHIO
BOCITPOHM3BOAUMOTO TIOTYUCHHS CIIOEB 71-THIIA IPOBO/IU-
MocCTH. BOMIH3HM TOUKH MHBEPCHH THIIA ITPOBOANMOCTH CIIO-
€B KOJIMYECTBO MOHM3UPOBAHHBIX (POHOBBIX IIPUMECEH,
KaK TOHOPHBIX, TaK U aKIIETITOPHBIX, MOKET 6])ITI> OHO-
ro opsika. [109ToMy KOHIIEHTpaIHst SJIEKTPOHOB, OTIpe-
JesieMast Kak pa3HOCTh JOHOPOB M AKIIEIITOPOB, CHIIBHO
3aBHCHUT OT MHOTHX TEXHOJIOTHIECKUX (PAaKTOPOB, TAKUX
KaK CKOPOCTh IIPOTOKA BOAOPOA YePe3 PEaKTOp, BPEMsI
oTXura rpaduToBON OCHACTKY U T. I1. {7151 BOCTIPOM3BO-
JIFIMOTO TIOJTyYeHHUS YUCTHIX cloeB InP HeoOxoammo 3a-
(UKCHPOBATh KOHIICHTPAIUIO DJICKTPOHOB HAa HU3KOM
YpOBHE, OJIM3KOM K TOUKE HHBEPCHH, ITyTEM BBEICHHUS B
pacIuIaB UHHS HEOOJIBIIOTO KOINYECTBA TOHOPHOH MpH-
MecH (Kak MPaBHIIo, 3TO OJIOBO).

Bruna mpoBeneHa cepust SKCIIEPUMEHTOB T10 OTIpeie-
JICHUIO OTNITUMAJILHOTO KOJIMYECTBA OJIOBA, 00SCIIeUrnBa-
IOIIET0 CTAOUIIBHOE ITOYYEHHUE CIIOCB C HU3KOM KOHIICH-
TpaIMel AIEKTPOHOB U BEICOKOH ITOIBIKHOCTBIO, PE3YiTb-
TaTbl KOTOPBIX OTOOPaXKAIOT JaHHBIC, IPUBEICHHBIC HA
puc. 3. 3HaueHHs1 KOHIEHTPAIUHU JJIEKTPOHOB 2-1014—
1-10'3 M~ 1 cOOTBETCTBYIOIME UM 3HAYEHHUS OIBHK-
noctu 32500—30000 cm?/(B-c) (77 K) B cnosx InP jo-
CTHMTaloTCs MpH J0je oj1oBa oT 6:107° 10 6-:1072 ar. %
¥ ONTHMANBHBIX JOJISIX MTTEpOMs H anioMuHus N-, =
=510 ar. %, NF, =110 ar. % B pacruiaBe uHIW,
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KOTOpBIE OBLITN ONPE/IeTICHBI UCXOS U3 MAKCHMAIIBHO JI0-
CTHXKMMBIX 3HAUCHHH MTOABMKHOCTH JEKTPOHOB B CIIO-
ax InP (puc. 1, 6, kpusas 2). Takum 06pa3om, TaHHEIE,
IIPUBE/ICHHbIE HA PUC. 3, WITIOCTPUPYIOT BO3MOKHOCTb
BOCIIPOHU3BOAMMOTO Toy4yeHus cioeB InP ¢ BbIcOKO#
TTOJIBMKHOCTBIO 3JICKTPOHOB 1pu Temrepatype 77 K mpu
ux koHnenTpamuu 1-10'5 cM™ 1 HusKe, 4TO BIOJHE TIPH-
TOHO AJISl U3TOTOBJIEHUS CTPYKTYP JUIsl 1MOJ0B ["aHHa,
a TaKOKe APYTUX CTPYKTYP C HU3KOU KOHIIEHTpaIei Ho-
cuTeneil B aKTUBHBIX c10s1X. O4eHb BaXHO C TOUKH 3pe-
HUSI BOCIIPOM3BOANMOCTH IIPOIIECca TO, UTO TpeOyeMble
3HAYEHUS IIOJIBUYKHOCTH IEKTPOHOB IOCTUTatOTCS B 11U~
POKOM JTHara3oHe 3HaYeHUH KOHIIEHTPAIUHU OJI0BA.

BriBoabl

[IpoBenennbie MccaeI0OBaHUS TTOKA3IH, YTO KOMII-
JIEKCHOE JICTHPOBAHUE PACTUIABOB UH]IUS ONITUMAIIbHBI-
MH KOITMYECTBAMHU PEIKO3EMEIbHBIX M M30BAJICHTHBIX
3IIEMEHTOB CIIOCOOCTBYET 3HAUUTEILHOMY MOBBILICHHUIO
3¢ (EKTUBHOCTH OUUCTKHU OT (POHOBBIX MPUMECEH dITH-
TaKCHAIILHBIX CJI0eB InP, momydeHHbIX KUAKO(Da3HON
SMUTAKCUEH, YTO MPUBOJUT K POCTY UX CTPYKTYPHOTO
coBepIIeHCTBa. [Ipy 5TOM KOHIIGHTpAIIXs 3JIEKTPOHOB B
SMUTaKCUANBHBIX cllosiX InP ymeHbI1aercs, a ux moaBuK-
HOCTB BO3pacTaeT U gocturaet 3Hauenuii 4900 cm?/(B-c)
npu 300 K u 60000 cm?/(B-c) npu 77 K. CoBmecTHOE

JIETMPOBaHUE PACIIJIABOB WHJIMS OJIOBOM U ONTUMAJb-
HBIM KOJTMYECTBOM UTTEPOUS M aJTIOMUHUS MOBBIIIAIOT
BOCTIPOM3BOIUMOCTD JIEKTPOPUZNYECKUX [TapaMETPOB
cinoeB InP.
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BbIbOP MUKPOIIPUBOLAA MEXAHU3MA 3AXKNUMA

N 11OAAYU ITPOBOJIOKHA

B YCTAHOBKAX TEPMO3BYKOBOW MUKPOCBAPKU

Hccneoosanvl mpu muna Mukponpueooos
MEXAHUZMA 3AXHCUMA NPOBOJLOKU Ol YCma-
HOBOK MepMO38YKOBOU MUKPOCBAPKU 6bl8O-
006 ouamempom om 12,5 00 75 mkm u danvl
peKomeHoayuu no ux evloopy 8 3a8UcCUMO-
cmu om ouamempa npogoJLoKu.

OCHOBHBIMH BUJIaMU MUKPOCBapKH IPOBOIHUKOB B
MOJTYIPOBOJHUKOBBIX MMPHOOPAX U MHTETPATHHBIX MUK-
pocxeMax SBIISIOTCS CBApKa TEPMOKOMITPECCHOHHAS, YITb-
Tpa3BYKOBasi, TEPMO3BYKOBas, CBapKa pacIICIJICHHBIM
3JIEKTPOAOM, KOCBEHHBIM UMITYJILCHBIM Harpesom. Hau-
Oosee LIMPOKOE PACIPOCTPAHEHHUE B HACTOSIIEE BPEMs
[IOJIy4HJla TEPMO3BYKOBAsi MUKPOCBapKa METOJOM «Ia-
PHK-KIHH» C UCIIOIb30BAHUEM 30JI0TOH, a B TOCIEIHEE
BpeMsI — MEAHOH MPOBOJIOKU AuaMeTpoMm 17,5—50 Mk,
Y METOJIOM «KJIMH-KJIMHY JJ151 AJIFOMUHHEBOM TPOBOJIOKU
nuametrpom 20—500 mxMm [1, 2].OcHOBHBIM TpenMy-
LIECTBOM COEIMHEHUH THUIA «KJINH-KIUHY U1 IPOBOJI-
HUKOB MaJIOT0 JIMaMeTpa SBISETCS Maliasi TUIOIab, YTO
MO3BOJIACT IPUMEHSTH 3TOT METOJI ITPU MUKPOCBAPKE H3-
JIEJIAH C PACCTOSHUEM MEX/1y KOHTAaKTHBIMH ILIOLIa/IKa-
mu meHee 40 MkMm. JI11 MaOMOIIIHEIX TPUOOPOB HaM-
0oJree 9acTo MPUMEHSIOTCSI MUKPOIIPOBOTHUKH JHAMET-
pom ot 20 10 35 MKM.

CoBpeMeHHbIe TpeOOBaHUs TOTYIPOBOAHUKOBOH TeX-
HOJIOTHH MIPEATOIAraloT OTXO0 OT METOIa MOHTaXa KpH-
CTaJIJIOB C IPUMEHEHHUEM BbICOKOTEMIIEPATyPHOM IBTEK-
tikd Au—Si (377°C) 1 MpoKoe UCTIONIL30BAHNE BMECTO
9TOr0 HU3KOTEMIIEPATYPHBIX KJIEEB, KOMIIO3UIIMOHHBIX
MaTepUaoB U MPHUIIOEB ISt MOHTaKa KPUCTAJLIIOB B KOP-
yc u3ienusi. TO BhI3bIBAET HEOOXOAUMOCTD 00eCIIeuH-
BaTh coeuHenue npu remneparype 100—150°C Bmecto
180—250°C. Bricokas CTeTIeHb NHTET PN WHTETPAITb-
HBIX MUKPOCXEM M YMEHBIIIEHUE Pa3MEePOB KOHTAKTHBIX
TUTOMIAJIOK 10 S0—75 MKM MPUBOIUT K HEOOXOAUMOCTH
MCIIOJIB30BATh MPOBOJIOKY MAJIOTO CEYEHHS — JAHaMeT-
poMm ot 17,5 o 20 MKM (30JI0TO, QJIFOMUHUI) U TNIOCKHE
MIPOBOJHUKY U3 ATFOMUHUS TOMMUHON 12,5—18 MKM,
ocobenHo B uznenusx CBU-anekrponnku. C yMeHbIIe-
HUEM JIHaMeTpa MPOBOJIOKH COOTBETCTBEHHO YMEHbIIIA-
eTCsl yCWIINE €€ pa3pbhiBa, a TPeOOBaHUS K YIPaBICHHUIO
CHUCTEMOH ToJa4y MPOBOJOKU M K (POPMHUPOBAHUIO pa-
Oouero ycuiMs CBapKH pe3ko Bo3pacTaror. Takum 00-
pa3zom, HeoOxoanMa pa3padoTka MPEIU3HOHHBIX MHKPO-
MIPUBOIOB MEXaHM3Ma OTPHIBA-TIOa4H (3a)KKMa) IPUCO-
€/IMHSIEMBIX ITPOBOJHUKOB B YCTAHOBKAX TEPMO3BYKOBOM

MHUKPOCBApKH 1 CUCTEMbI (POPMHUPOBAHUA pabOUnX yCH-
T Ha CBApOYHBIA MUKPOMHCTPYMEHT. [Iprcoennnenme
MIPOBOIHUKOB JIMaMeTpPOoM MeHbIle 20 MKM B yCTaHOB-
Kax TePMO3BYKOBOM MHKPOCBApKH CBSI3aHO C BBIMOJHE-
HHUEM psja CIeyIOIUX TEXHUYECKUX TPEOOBaHUA.

1. YcraHoBKa JIOMKHA COAEpKaTh NMPELU3UOHHBIH
MeXaHM3M J03UPOBaHHOM Oe31e(heKTHOM Mo1auy MPoBO-
JIOKU CO CTaHAAPTHBIX KaTYIICK C MPOBOJOKOH (pupM-
npou3BOAUTENEH, HanpuMep, Takux kak SPM (Marnaii-
3us), HERAEUS (I'epmanus) u AFW (CLIA), yTo uc-
KITIOYaeT ONepalyio MepeMOTKH IPOBOJIOKH Ha KaTYIIKH
COOCTBEHHOTO MPOU3BOJICTBA, COXPaHss (PUIUKO-XUMHU-
YECKUE CBOMCTBA MPOBOJIOKH.

2. [TperM3uOHHBIN NPUBOJ IO KOOPAMHATE Z TOTHKEH
UMETb OBICTPOICHCTBYIOLIHMIA JAaTYMK KaCaHUs JIJIsl OTpe-
JETICHNST MOMEHTa KOHTAKTUPOBAHUS Pabouero HHCTPY-
MEHTa C MECTOM CBAapKH, 00ECTIeYNBAIOIINNA MUHUMAITb-
HYI0 Je()OpMaLIMIO MPOBOIHUKA JI0 Hayalla CBapKH.

3. CBapodHas roJloBKa C NPOTPaMMHUPYEMbIM
YCTPOMCTBOM Harpy»XeHUs JIOJDKHA 00eCIICUYHBATh MU-
HUMAaJIbHOE YCHIIME KOHTAKTa ITPH KaCaHUU MecTa CBap-
KH JIO Hauasa nporecca npucoeauHenus (ot S 1o 10T) u
HEOOXOIUMBIN MPO(UITH CBAPOUHOTO YCHIIHA (TIOCTOSH-
HBI{, TpaneuenaaabHbI{, CTYIIeHYaThli) ¢ JUCKPETHOC-
TBIO 3a/laHus Harpy3ku He Ooinee 0,1 T B A1uana3zoHe oT
10 no 150 r B TeueHue nporecca MpUCOSTNHEHHS.

4. Jns cHKeHHUs TeMIepaTypsl cBapku 10 100—
150°C meobxonuma ynsTpa3BykoBas cucrema (Y3-reHe-
patop + Y3-npeoOpa3oBaTeiib) ¢ paCIIMPEHHBIM AHaIla-
30HOM pabouux gactoT 90—140 kI, KoTopast ToKHA
o0ecrneynBaTh ONTUMAIIBHOE COINIACOBaHUE C paboueit
YaCTOTOM CTaHIAPTHBIX MUKPOUHCTPYMEHTOB OTEYECTBEH-
HOT'O ¥ 3apy0eKHOTr0 NPOU3BOACTBA. J{UCKPETHOCTD MO/~
BOJMMOU OT Y 3-TeHepaTopa MOIIHOCTH JIOJDKHA OBITH HE
6osee 0,001 Bt B quanazone 0—2,5 Bt na Harpy3ske 15—
30 Om.

5. B nmpouecce cBapku HE0OXOAUMO KOHTPOJIUPOBATh
nedopManuio IpOBOTHUKA IO METOTy OTKJIOHESHUS IIPO-
¢ geopmanuu OT 3aJaHHBIX TAPAMETPOB C aBTOMa-
THYECKOU IIPOBEPKOH TEX CBAPHBIX COCNUHCHUM, TPO(UITH
KOTOPBIX BBIXOAUT U3 3aJJaHHBIX JIOITYCKOB.

[Ipu pa3paboTke ONTUMATBEHONW KOHCTPYKIIMH MeXa-
HU3Ma OTPbIBA-110JJa4d POBOJIOKH UCCIEAOBAINCH TPH
THUIIA MEXAHU3MOB C Pa3JINYHbIMU IPUBOIAMH: COJIEHOU-
JIOM, 2JIEKTPOMAarHuTOM C HOABMKHBIM SIKOPEM U IpU-
BOJIOM Ha OUMOP(HBIX THE303JIEMEHTaX U3TMOHOTO THIIA
(puc. 1).Ympasienne nmpuBoJaMi MEXaHU3Ma OTPHIBA-
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Puc. 1. Mexanusm 3aXKHMMa-OTpbIBa IMPOBOJIOKHU C MMPUBOAOM PA3JIMYHBIX THUIIOB!
a — COJICHOM I, 60— DJIEKTPOMArHuT € MNOABUKHBIM AKOPEM; 6 — IIPUBOJ HA 6I/IMOp(1JHI>IX TBE302JIEMEHTAX

o1y s (3aKUMa) ITPU UCCIICIOBAHUN THHAMHYECKUX Xa-
paKTepI/ICTI/IK OCY]J.[eCTBJ'IHHOCI) JJIsA HepBI)IX ,Z[ByX THUIIOB
— C TIOMOIIIBIO TPAH3UCTOPHBIX KITFOUEH, a ISl IIPUBO-
JIOB C UCIIOJIb30BAHUEM MMbE30KEPAMUKH U 3JICKTpOMar-
HUTA Harpy»KEHUS THIIA «VOoice coil» — ¢ TIOMOIIBIO MOIII-
HOT'O OTIEPAIHOHHOTO YCHITUTEIISI ¢ 00PaTHOM CBA3BIO.
HarpysxeHre cBapuBaeMBbIX 2JIEMEHTOB CO3/1aBAJIOCh
C IOMOIIIBIO AIEKTPOMATHUTA, BHITIOJIHCHHOTO 110 PHH-
UMY «voice coil» (KaTylliKa B 1MoJjie MOCTOSTHHOTO Mar-
HUTA). YCHine Harpy KeHus 331aeTCsl yCTaHOBKOM OIpe-
JICIICHHOM BEJMYMHBI TOKA KaTYIIKH, KOTOPBIA (HOopMu-

~
£ 200
o}
2
>
o
s
=100
[
=
=
5
>
0 200 400 600 800

Tok karymku, MA

Puc. 2. KanubpoBouHslii rpaduk npuBoa Harpy>KeHus TUIA
«voice-coil»

pyeTcsi YCUIIUTENEM C TOKOBBIM BBIXOIOM (TE€HEpaTop
TOKa, yIIPABJISIEMbIil HANPSDKEHUEM ). YCIIINTENb Peat-
30BaH Ha MOIITHOM OIIEPALIMOHHOM YCUIIUTEIIE C OTPHLIA-
TEJBHOIM 00PaTHOM CBA3BIO 110 TOKY HArpy3ku. BxomHoi
CUTHAJ yCWINTENS (POpMHUPYETCS IUPPO-aHAIOTOBBIM
npeodpazoBarenem (LIAIT), yripaBisieMbIM POrpaMMHO.
DNEeKTPOMArHuT HarpyXKEHUs IPOXOUT MPEABAPUTEIIb-
HYIO KaJTHOPOBKY, (QopMHUpyeMoe yCHITHE YIUTHIBAaeT Mac-
Cy Kayarollleics 4acTH CBAPOYHON TOJIOBKU M TOIOXKE-
HHE KaTYIIKH B TT0JIC TIOCTOSTHHOTO MarauTa. Kanmubpo-
BOYHBII Irpaduik IpUBEICH Ha PHUC. 2.

DnexTpuyeckas cxema yCUINTENs YIPaBIeHUs IpU-
BOJIOM HarpyskeHus IpuBeJieHa Ha puc. 3. B xadectse
BBIXOJJHOTO YCHUJIMTEJISI UCIIOIb30BAJICS ONEPALOHHBIH
yewarens Tuna OPAS5S44 ¢upmer Burr-Brown. Cxema
YIpaBIICHUS MTOCTPOCHA HA WCIONB30BAaHUU OOpaTHOM
CBSI3U 110 TOKY HaTrPy3KH Uepe3 IeNb Harpy3KH (KaTyml-
Ky aJIeKTpoMaruuta) RS5. [lemndupyromue nenu R7—
C2 u R8—C4 npenoTBpalnarT caMoBO30yKIEHUE Orle-
PAIFIOHHOTO YCHIIATEIS IIPH pab0Te Ha MHAYKTUBHYIO Ha-
Tpy3Ky. YIpaBisrolee BO3ACHCTBHE OCYIIECTBIIOCH
C TIOMOIIBIO YCTAHOBJICHHON B KOMITBIOTEP ILIATHI TUIIA
PCL-726, coneprxarueii mects 12-pa3psaHsix nudpoa-
HAJIOTOBBIX IpeoOpa3oBareneit. st 3a1aHusT aMILIUTY-
IBI ¥ PO CHTHAJA YIIPABICHHUS UCIIOB30BAIICH
TECTOBBIC YTHIIUTHI TPOTPAMMHOT0 00ECTICUEHHIS TIOITY-
aBTOMAaTHYEeCKOW ycTaHOBKM DOM-4320Y. UnTepdeiic
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Puc. 3. DnexTpudeckas cxema yCHIIMTENS YIPaBICHHs PHBOJOM HAarpyKeHHs THIa «voice-coily
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Puc. 4. Untepdeiic yrpaBiaeHUs AIEKTPOMarHUTHBIM Harpy-
KEHUEM

YIIpaBJICHHS 3JICKTPOMarHUTHBIM Harpy KEHUEM MTOKa3aH
Ha puc. 4.

MaxcumMansHOe 3HAYCHHE HAPSKEHHS YIIPaBIISIO-
niero I{AIT (10 B) cooTBeTCTBYeT MaKCUMaIIbHOMY 3Ha-
YEHHUIO TOKA KAaTYIIKH 3JIEKTPOMAarHUTA HATPYKCHHUS
(750 MA). Ilpu paboTe 31eKTPOMArHUTA IIPOUCXOIUT €0
pas3orpeB MpOoXOASIINM TOokoM. TemmepaTypa ImpoBoja
00MOTKH B HAnOO0JIEE KECTKUX PEXKUMAX MOKET JOCTHU-
ratb 80°C. D10 HIKE MaKCUMAIbHOU paboueil Temmnepa-
Typsl 0OMoTouHoro npoosa (130°C), ogHako pu 3TOM
pacTeT CONPOTHBIICHHE KaTYIIKH 1 P CTaOMIEHOM TOKE
YBEIIMYMBAETCS MMAJICHUE HANpsDKEHUs Ha Hel. [ co-
XpaHEeHHs IMHEHHOCTH TipeoOpa3zoBanwst HarpsbkeHus LIATT
B TOK AJICKTPOMarHuTa JOHKHO COOMIONATHCS YCIOBUE

U,sU,~(3,8+I, RS), (1)

e U, — HanpsbKeHue Ha KaTyIlke;
[, — TOK 4epe3 KaTymiKy;
ljJr — TOJIOKUTECIIbHOC HANIPAKCHUE NCTOYHUKA TUTAHUS.
3aBUCHUMOCTb TOKa KaTyLIKH OT HanpsbkeHus LIATII
(mapactanwue ot 0 1o 10 B) B tnamazone temmepaTypsl OT
20 no 80°C ¢ muckperHocThio 10°C MMeeT JIMHEHWHBIH
XapakTep B IMara3zoHe ynpasJisitorero Hanpspkenns LIATL

[IpenmMy1iecTBO MPUBOJA HATPYIKCHHSI HA OCHOBE
AJIEKTPOMArHUTa TUIIA «VOoice-coily» 1o CpaBHEHHUIO ¢ Me-
XaHUYCCKUM Harpy>XeHHEM Ha OCHOBE IPYKHH U ITPOTHU-
BOBECOB OYEBHIHO — 3TO BO3MOXXHOCTH MPOTPaMMHU-
POBaHUS YCWIIMS CBapKH, a TaK)Ke YMEHBIICHHUS JMHA-
MHYECKOT0 yapa MpH Mepexojie OT YCUIINA KacaHUs Ha
pabodee yCHIIHE CBapKH.

Br1n nccneoBan TakKe anbTEPHATHBHBIN MEXaHH3M
32)KHMa CHCTEMBI OTPBIBA-TIONAYH ITPOBOJIOKH HA OCHO-
BE MIEPCIIEKTUBHOTO TbE30ITPHUBO/Ia HA M3TUOHBIX AJIEMEH-
tax tuna PL127.251, cocTosmuii u3 ABYX CKICECHHBIX
MbE30KEPAMHUUECKUX MJIACTUH U3 MHOTOCJIOMHON Kepa-
muku pupmer PIC (I'epmanus) [3]. [IpenmymiecTBamu
AKTI0aTOPOB TAKOTO THUIIA SBIISIOTCS MaJloe BpeMs cpada-
ThIBaHUs (HE Oonee 5 MC), BBICOKAs KECTKOCTh, HEBbI-
COKOE yrpapJsitolnee HanpsbkeHue (He 6oee =30 B). He-
OoJblMe UX pa3Mephl U Majas Macca IO3BOJIAIOT CO-
371aBaTh KOMIIAKTHbBIE YCTPOICTBa, 3aMeHsI0IIMe Co00i
YCTPOMCTBA C DJIEKTPOMArHUTaAMH B ClTydae MaJIbIX Te-
PEMEIICHHH 1 TIOBBIIIICHHBIX TPEOOBaHHH K CKOPOCTH Cpa-
OateiBanus [4]. Takue MbE30MPUBOIBI 00ECTIEUNBAIOT
nepemernienue ot 250 no 1000 MxMm mpu u3rubaromem
yeumun ot 0,5 10 2,0 H. Dnekrprudeckas cxema yCHIUTeIst
MIbE30aKTI0ATOpa N3TMOHOT0 THITA IPHBEICHA Ha PHC. 5.

MakcuManbHOe 3HaYCHIE HAPsDKSHHS YIPaBIISTIOIIIE-
ro udpoananorosoro npeodpazosarens (LIAIL Ha cxe-
M€ — HCTOYHHUK /1) COOTBETCTBYET MaKCHMaJIbHOMY
3HAYCHHUIO HAITPSDKEHMSI Ha BXOJIE TTbe30oakTroaropa. [1o-
CKOJIBKY MaTepHall Tbe30aKTI0aTopa 00IaaeT rucrepe-
3MCHBIMU CBOWCTBaMH, IIPU MOAA4Y€ yIPABIAIOLIETO Ha-
MIPSDKEHUS OJHOH MOJIPHOCTH (TIepeMelIeHre B OJTHOM
HAIpaBJICHUH) U CHATHH €r0 3aTeM JI0 HyJIEBOTO 3Hade-
HUSI aKTIOATOP HE BO3BPAIIAETCS TOYHO B IEPBOHAYAIB-
HOE€ MOJIOKEHUE, a He JJOXOAUT 10 Hero Ha 10—15 mMkMm.
Yrto06s!I H30€KaTh ITOTO, Ha HETO MOJAaETCs CHAYana Ha-
IpsDKEHUE TPOTHBOIIONIOKHOM MOJISIPHOCTH, & 3aTEM HY-
neBoe. IloaToMy B cXxeMe MPUMEHEH YCHIIUTENb C IBYX-
noysipabIM uTanueM (£30 B). BxomHoe HanpsbkeHue ycu-
mrend nocrynaet ¢ LIATL
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Puc. 5. DnexkTpuueckas cxeMa YCHIIUTENS MbE30aKTI0AaTopa U3rMOHOTO THIIA

MakcumanbHOE TepeMEeHIE aKTI0ATOpa IPH H3-
rude nee3oaneMenTa npu Hanpspkernu 30 B cocraBnser
350 mxm npu yeusuu 100 1, KOTOPOTO AOCTATOYHO IS
paboTHI C MPOBOIHUKAMU AHAMETPOM OT 12,5 110 75 MKM.
[IpenmymiecTBO MpHUBOIa HA ONMOP(HHBIX ITHE303TIEMEH-
Tax 3aKII0YaeTCs B €T0 MaJoi Macce, MajJoM oTpedie-
HUU DHEPIruv U BO3MOKHOCTHU IMPOTrpaMMHPOBAHUA HE
TOJBKO YCHUIUSI 32)KUMa, HO M CKOPOCTH TEPEMEIICHIS
MOJIBUKHOHM YacTH MEXaHM3Ma 3aKnuMa, 4To obecredu-
BaeT ero 0e3ylapHyIo padoTy, HCKITIOUaIonyto aedop-
MAIIHIO TIPOBOJHUKA. MeXaHU3MBI 3a)KAMa C JIEKTPO-
MarHUTaM¥ COJICHOWIHOTO THUTA M C MOJBIDKHBIM SKO-
peM Ieaecoo0pa3Ho HCIOIB30BaTh JUIS MPOBOTHIKOB
nuameTpoM Oosiee 20 MKM, TIOCKOJIBKY B TAKOM cllydae
€CTb PUCK YJIAPHOT0 BO3ACHCTBUS HA IIPOBOJIOKY BO BPEMS
LMKJIa €€ OTPhIBA-TI01auH.

E

Takum 006pa3om, OIpeIeICHb ONTUMAJIBHBIC TApaMeT-

PBI yIIpaBJICHU KaTyIHKOﬁ MarHvuTa HarpyxeHus Jid
MOJTy4YCHUSA JINHEHHON XapPaKTCPUCTHUKU KYTIIPABIIAIOIICE

HaNpsHKeHUE — YCUJIME HArpyKEHHUs», YTO TIO3BOJISIET
MIPOrPaMMHO 33J1aBaTh HEOOXOIMMOE YCHIIHE Ha CBApOY-
HOM WHCTPYMEHTE W YCWJIHE 3a)KUMa MPOBOJIOKH, UC-
KITFOYaroniye 1eopMarifio MpoBOJHHUKA IIPH TEPMO3BY-
KOBOM MUKpocBapke. Hanbosee moaxoasimmMu MexaHu3-
MaMH OTPbIBa-110/1a41 MPOBOAHUKOB TUAMETPOM OT 12,5
JI0 75 MKM SIBJISIFOTCSI MEXaHU3MBI C IIPUBOJIAMU Ha OU-
MOP(HBIX TbE303JIEMEHTAaX.
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YMEHBIIEHWE BJIIMAHWA ITMPOSJIEKTPUYECKHNX 3APAIOB
HA PABOTY UBMEPUTEJIbHBIX YCUJIMTEJIEN

IIpeonazaemcs cnocob nooasnenus nupo-
INleKMpUYecKux nomex, obecneuusarujuti
pabomocnocobHocmy nvezodiexmpuue-
CKUX Oam4UKO8 Npu 3HAYUMENbHbIX nepend-
dax memnepamypsl 8 3a0AHHOU NOJIOCE
yacmom.

CoOBpeMEHHBIE TEXHOJIOTHH TPEOYIOT MOCTOSHHOTO
KOHTpOJIS [1apaMeTPOB TEXHOJIOTNYECKUX ITPOLECCOB U
TEXHHYECKOTO COCTOSTHHS 000pyAoBaHus. OTHUM U3 BaXK-
HEWIINX SBIISIETCS] KOHTPOIIb TapaMeTpoB BUOpanuu. Buo-
PALMOHHBIN MPOILIECC COACPIKUT OONBINION 00BEM BaXkK-
Helmed nHpopMaIum, KoTopasi IO3BOJISIeT JUarHOCTH-
pOBaTh TEXHUUECKOE COCTOSTHME MEXaHU3MOB U OIlepa-
THUBHO YCTPaHATH Ae(PeKTsI [1].

OaHUM U3 CYIIECTBEHHBIX ()aKTOPOB, BIUSIOMIUX HA
pe3yNbTaThl U3MEPEHUH TapamMeTpoB BUOpALUH, SBIISIET-
csl UI3MEHEHHE TeMIIepaTypbl OKpyxarolei cpeapl. 13-
MEHEHHE TEMIIEPATypPbl B MECTE YCTAaHOBKH IbE303JIEKT-
PHUYCCKOIo AaTyuKa MPUBOJAUT K IMOABJICHUIO TUPOIJICKT-
PHUYECKOTO Mapa3uTHOTO 3apsia, YTO MOXKET IPUBECTHU K
neperpysKe 3aps104yBCTBUTEILHOTO YCHIIUTENIS U K IO
HOH moTepe HH(OpMAIINU IPH U3MEPCHUSIX BHOPAIINH B
HHU3KOYACTOTHOM auamaszone [2, 3]. OueBuaHO, 9TO I10-
Teps uHpopMaIK, 0COOEHHO BO BpeMs MEPEXOIHBIX
MIPOIIECCOB B MEXaHN3MAaX, KOI/Ia PE3KO U3MEHSIETCSI TeM-
nepaTtypa, MOXeT IPUBECTU K IPOIYCKY Hadaja pa3Bu-
TUSL aBaPUUHOU CHUTYaIllH, KOTOPYIO MOXKHO OBLTO OBI

BX

Puc. 1. U3mepuTenbHblil ycunutens 0e3 KOPPEKLUH YacTOT-
HOW XapaKTEpUCTUKU

IPEAOTBPATUTH B CIIydae HOPMAaIbHOW pabOThI M3MEpH-
TEJIbHOM annapaTypsl.

B Hactosmei pabote npeanaraercst cnocod mojaas-
JICHUST TIHPODIICKTPUUECKHIX TTOMEX, 00CCIIeUHBAIOIINI
paboTOCIOCOOHOCTD TbE303IEKTPUICCKUX JATIUKOB IPH
3HAUYUTEIIbHBIX IIEpenaiaX TEMIIEPATYPhl B 3a1aHHOM 110~
JI0Ce YacTOT C MOMOIIBI0 YaCTOTHO-3aBUCHMON ILIEIH
00paTHO cBs3M.

Ha puc. 1 mpuBeeHa cxema yCHIIMTENS HAIPSDKEHUS
MBE30AIEKTPUIECKOTO JaTurka 0e3 KOpPEeKIINH 4acToT-
HOM xapakTtepuctukd [3, c. 186]. IIre303mexkTpudeckuii
JIATYMK TPECTABICH B BU/I€ 9KBUBAJICHTHOM CXEMBI, CO-
CTOSINIEH U3 MCTOYHMKA HAnpshKeHus U, , COOCTBEHHOM
eMKocTH farduka C, 1 eMKOCTH COCMHUTENBHOTO Kabe-
as C.

PaccMmoTpuM paboTy H3MEPUTETIHHOTO YCUIIUTEINS C
KOppEeKLUeH aMIUTUTYTHO-4aCTOTHOM XapaKTepUCTUKH B
00J1acTH HU3KUX YacToT (pUC. 2).

BBenenue B cxeMy U3MEPUTEIBHOIO YCHIIUTEIS EM-
KOCTH Cp, 00pa3yromuii ¢ pe3ucTopoM R TIeTTh KOPPEK-
U, TTO3BOJISICT CYIIECTBCHHO YMCHBIIUTD BIIUAHUC U~
POBIIEKTPUYECKUX TOKOB Ha IIOCTOSIHHYIO COCTABIISIOLIYTO
BBIXOIHOTO U3MEPUTENBHOTO YCHITUTEIIS.

[Ipu ucnonp30BaHUM MaJIOTadapUTHBIX KOHIEHCATO-
poB Cﬂ IUTSL IOJTyYeHHST HEOOXOIMMOW BETMIHHBI TTOCTO-
SIHHOM BPEMCHHU B ILIEMH KOPPEKIMH HYXXHO BBIOHUPATH
BBICOKOOMHBIE PE3UCTOPBI R, R, ¥ R, ¢ CONPOTHUBIICHU-
€M, COU3MEPUMBIM C BEJIMUNHON COMPOTHUBICHUS PE3U-
cTopa R, 4TO yCIOXKHIET HACTPOUKY anmapaTypbl. DTOT
HEJOCTATOK JIETKO YCTPAHUTD, TOOABHB B CXEMY ITOBTO-
pUTENL Ha ONIEPALIMOHHOM ycuiuTene 4, (cm. puc. 2).

R3
—1:__'_
Al
=ll J h - BbIX CH
i
£ &, |]
L
= C

Puc. 2. V3meputenbHblil yCHINTENb ¢ KOPPEKLUUEH 4acToT-
HOW XapaKTepUCTUKU
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METPOJIOI'UsSA. CTAHJAPTU3ALIUSA

$'FT

Puc. 3. DxBuBameHTHasI cXeMa W3MEPUTEIHEHOTO YCHUIUTEIS
C KOppeKIrel 4aCTOTHOW XapaKTePUCTHUKU

PaccMOTpUM aMIUTUTYIHO-4ACTOHYIO XapaKTePUCTH-
Ky M3MEpPHUTEIFHOTO YCWIIUTEINS ¢ KOPPEKIHEeH 4acToT-
HOH XapaKTepHCTHKN B 00JIACTH HU3KUX YaCTOT.

B obnactu cpeqHUX 9acToT K03(h(GUIMEHT Iepeaaun

+

ycmutens ¢ oopartHoii cBa3pio Ky, =1+ BbI-

Oupaercs ¢ ydeToM Ko PHIHEHTa 0CIa0IeHIsI CUTHATA

A

C +

K

eMKocThio Kabens K = TaK, YTOObI BHINOJ-

HSUIOCH yCITIOBHUE

K =K,:K 2 G |:D+ R B 1
= ocn: [F
¢ %‘K‘i-cﬂ% R1+R2|:|

Cuwras, 4T0 ONIEPALMOHHBIE yCHITUTENN A, ¥ A, ujie-
aIbHBI, M NPEJACTaBUB R Kak R (C y4€TOM JEIUTENS B
e 0OPaTHOM CBSI3H), TIOIYYUM SKBUBAJICHTHYIO CXe-

My ycunutens (puc. 3), tae
R = R/(1- K,,),
_ ieC,R
nen 1+j(x£p(R1+R2)

KomrmiekcHbrid kodpQUIHEHT epenadn 1o HampshKe-
HUIO YCUJIUTEIS C KOPPEKLHEN paBeH

_ joR C,
1+ juR (C,+G)
OGosnauns C, +C =C, momyunm
_C, JRC
C 1+ jwR C
ITpoBens HEKOTOpBIE TPeoOpa30BaHMs, HAllIeM KBaI-

pat MOAyJIA HOPMUPOBAHHOTO KOB(I)(I)I/IHI/IGHTa nepeaaiun
YCUIIUTEIA

Ml =

K
K

ocC
_ WCPR+W'CCRR}
1-20’RCRC, +w'CZC R °R A+ w*(R,C,* 2R,C ,RC+RC)’

rae RH=R1+R2.

[IpupaBHAB MeXITy co00i KOd(HUIMEHTH IPU (W B
qucnuTene u 3HameHarene (meton bpayne [4, c. 137]) u
poBeAs Mpeodpa3zoBaHys, MomyuuM 3Hadenue C , obec-
MICYMBAOIIEEe MAKCUMATEHO TTOCKYTO (DOPMY aMILTHTYI-
HO-YaCTOTHOW XapaKTEPHCTHKHU B [1OJIOCE [IPOITYCKAHMUS
YCHIINTEIIS:

c,=2rcA 1,
R,
rae a=(R,+R,)/R,.

B obnacTi HU3KHX 4aCTOT, C Y4€TOM TOTO, 4TO a>>1,
MOy YUM

M=

IIpupaBHusB ‘M ‘ =1/ \/E, OIpPEIENUM HUXKHIOIO Tpa-

(FC2RE + 40 R C & 1)
1+ PR + 4w RECH e a1

HUYHYIO YaCTOTY YCUIUTEIIS

1
W=
1,4RCa

B o6nactv HU3KKX 4acTOT BOJIM3U MOJIOCH TIPOTTYC-
KaHus, TaM, tae W>>w?, momyuum
2
4w'R'C* e (a-1)

M|= 1+ d'R'C* e (a1
a’(a-1)

OTcroza BUIHO, YTO YToJl HAKJIOHA YaCTOTHOM Xapak-
TEPUCTHKH MPONOpPIHOHaeH Y, cliefoBaTeIbHO, CKO-
POCTB CIIajIa aAMITIATYTHO-9aCTOTHOM XapaKTePUCTHKH CO-
craisieT —40 b 3a ofHy AeKany.

. 0,01
HpI/I JAJIbHEUIIEM ITOHVKEHUU YaCTOThI W < 27

RC& '

T. e. Korja W'<<wy’, momyuum

. 2C2R2
M=

B aTom citydae yroi HakiioHa 4acTOTHOM XapaKTepu-
CTHKH MPOTIOPIMOHANIEH (W, CIIEN0BATENBHO, CKOPOCTh

1b
0

-120 2

—240

_360 v v ¥ ¥ ¥
1077 104 107! 10> fTn
Puc. 4. AMIIUTYIHO-9aCTOTHBIE XapaKTePUCTHKH yCUITUTEICH:
1 — 6e3 xoppekuu (f,=0,15 T'n); 2 — c xoppekuueit (f,=0,15 T'n);

3 — ¢ KOppeKUHUel 1 TOMOIHUTEIBHOMH Pa3IeINTEIbHOI LEIbI0
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a) U,xB

120

160 200 240 280 t,c

6) UB
10 =

0 -
—10 =

120

160 200 240 280 tc

10
0 =
—10

120
T) U,B

160 200 240 280 t,c

T T T
0 40 80 120

CTaja aMIUTATYJHO-9aCTOTHOH XapaKTEPUCTHUKH COCTaB-
nsiet —20 nb 3a nexany.

[TpuBenenHbIe HA pHUC. 4 AMIDTHTYJHO-YaCTOTHBIC Xa-
PaKTEPUCTUKH TIO3BOJISIIOT OLIEHUTH CTEIIEHB TO/IaBICHHS
HU3KOYACTOTHBIX TIOMEX, BBI3BAHHBIX MHUPOAJICKTPHUE-
ckuM 3(pexkToM, yIUTEIBAS, UTO TIEPHOT YCTAHOBICHUS
TETUTOBBIX IPOIIECCOB COCTABIISIET OT ICCATKOB JI0 COTCH
CEKYH]I, 9TO COOTBETCTBYET aAuana3ony 4actot ot 0,01
10 0,001 I'm.

JomonHuTensHOE NOAaBlIeHNE TOMEXH BO3MOXKHO C
TIOMOIIIBIO pasjenuTenbhoi uenu C,, R, Ha BbIXOaE 4,
(cm. puc. 2). [TocTosiHHAss BpeMEHU 3TOM 1eTH BHIOUpa-
€TCs paBHOH T:CHRHZIARC;[’ YTO MO3BOJISIET O0JIETYUTE
JATBHEHIIYI0 00padOTKy CUTHATIA.

| T T T
160 200 240 280 tc

Puc. 5. TTomexa (a) u nepexoHble XapaKTEePUCTUKU yCUauTenel 6e3 koppekiuu (6), ¢ koppekuueii AUX (6) u ¢ KOppek-
nueit AUX v JONONHUTEIBHON pa3/ieNuTeNIbHON 1eMbio (2)

[IpuBeneHHbIC HA PUC. 5 TIEPEXOHBIC XapaKTEPUCTH-
KU ITO3BOJIAIOT CACJIATh BBIBO/, YTO HU3KOYAaCTOTHAs KOp—
PEKIIMs CYIIECTBEHHO MOJABIISICT MUPOIIEKTPUICCKYFO
MOMEXY, a 3HAYUT, ¥ 00ecredrBaeT padoTOCIOCOOHOCTh
YCHITUTEIS € TTbE30ICKTPUUCSCKUM JIATYMKOM IPH 3HA-
YUTENBHBIX MIEperaax TeMIIePaTyPhI.

HCII0JIb30BAHHBIE UCTOYHUMKKN

1. Makcumos B. I1. Eropos U. B., Kapaces B. A. 13mepenue,
00paboTKa 1 aHaIM3 OBICTPOIIEPEMEHHBIX POIIECCOB B MAIIMHAX.—
M.: Mammnoctpoenue, 1987.

2. lllapanos B. M., Munaes . I, bounapenko 0. 0. u np.
IIbe30amexTpuueckue npeobdbpaszosarenu.— Yepkaccsr: UI'TY, 2004.

3. @paiinen [x. CoBpemennsie natauku. CrnpaBodHnK.— M.:
Texnocdepa, 2005.

4. MamonkuH . I'. YeunurensHsie yctpoiictBa.— M.: CBsi3b,
1977.
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AHHOTALUWUU K CTATbAM HOMEPA

Ilepecmporoeana ninia 3ampumxu cuznany HB4-oiana-
30HY HA OCHOGI Ce2HeM0eeKMPUYHUX | AIMA3HUX NIlIGOK.
Agpanacovee M. C., Mimsazin O. IO., Uyuesa I. B.

Po3mIsiHYTO TPUHINT CTBOPEHHS MIMPOKOCMYTOBOi MiHia-
TIOPHOT JiHiT 3arpuMku curHany CBY-nianmasony Ha 6as3i cer-
HETOEJIEeKTPUYHHX Ta alIMa3HUX IUTiBOK. Po3pobiieHo TexHo-
JIoTil HAHECEHHS Ta HABEJICHO MapaMeTpu OTPUMAaHHUX Cer-
HETOCJIEKTPUYHHX Ta alMa3HUX IUIBOK. [ToKa3aHO MOXIH-
BY KOHCTPYKIIiFO JIiHIi 3aTPUMKH Y BHIVISIIII MIKPOCMY>KKOBOT
ninii nepenadi CBU-curnany 3 30cepeiyKeHUMH TUIaHAPHH-
MH KOHJICHCATOpaMHU 3MiHHOI €MHOCTI.

Konoencamopu na ocnosi inmepxanamy GaSe <KNO >.
Koeaniok 3. JI., Kononnsauko /. 0., Hemsaza B. B.,
baxmunos A. I1.

Croco60oM iHTEpKANTIOBAaHHS IIapyBaTOTO MOHOKPUCTATY
GaSe y posmiasi cerneroenextpuyunoi coni KNO, orpuma-
Ho cnonyky GaSe<KNO,>. IIpoBeneHO peHTIeHIBChKUI
aHaji3 CTPYKTYpH W BUMIPSHO JIENIEKTPUYHI YaCTOTHI Xa-
PaKTEPUCTHUKHU 3pa3KiB. BCTaHOBIIECHO, 1110 B JOCIIDKYBaHUX
3pa3Kax CIOCTEPIra€ThCsl HAKONMYCHHS CICKTPUYHHX 3a-
psiniB B obnacti yactor 100—1000 I'u. Ha ocHoBi oTpuma-
HOI CIIOJIyKHM BUTOTOBJICHO 3pa3oK (iIBTPOBOTrO KOHJECHCA-
Topa.

Ilpucmpiit hopmysanns enemenmis onmoeneKmpoHHo-
20 AKYCHIOONMUYHO20 00UUCTI08ATIBHOZ0 Cepedosud.
Jinincokui O. 1O., Pyosxosa I. M., Pyosaxos L. IO., /lanu-
06 B.B.

VY po0oTi 3anporOHOBAHO MAKET €KCIEPUMEHTAIbHOI yC-
TAHOBKH, III0 JO3BOJISIE C(HOPMYBATH €IIEMEHTH ONTOETIEKT-
POHHOTO aKyCTOONTHYHOTO OOYHCIIOBATBHOTO CEPEIOBH-
Ia Ta MICTUTh JDKEPEIO ONTHYHOI iIMITYTbCHOI MOCIiT0B-
HOCTI, aKyCTOONITUYHHI MOJYISTOP 13 ApailBepoM, Ha BXij
SIKOTO PO3psIIaMU TOJAF0ThCs JIBINKOBI KoMOiHaIii, oky-
cyrouoi cucremu Ta Matpuii [133.

Jlazepui npucmpoi o1sa eumipy zeomempuiunux napa-
Mmempie mpusumipnux 06’ckmis. Lnvin B. M., /[yoewu-
ko O. B., Mixaeeuu /. O.

OmnrcaHo METoJi BUMIPIOBaHHS, MPEJICTaBIeHO 0a30Bi Bapi-
aHTH 0araTOKOOPJWHATHHX TPUCTPOIB KOHTPOJIO CKIIAJHHUX
npodingiB MoBepxHi, M0 BiAPi3HAIOTbCA criocoboM (opmy-
BaHHS 30HIYIOUOTO ITy4Ka. Po3misHyTO mpuHOHUI mOOymo-
BU Ta KOHCTPYKI[IO TPHOXKOOPAMHATHOI CHCTEMH BHUMIPIO-
BaHHS BUCOTH Ta JIHIMHUX po3MipiB Mikpocknaaans [13C.

BUBANOTPADUA

The retunable SHF-range signal delay line based on
ferroelectrics and diamond films. Afanasyev M. S.,
Mityagin A. Yu., Chucheva G. V.

The article describes the principles of creation of a
broadband miniature SHF-range signal delay line based
on ferroelectrics and diamond films. The parameters of
obtained ferroelectrics and diamond films have been
given. The possible design of the delay line, executed as
a micro strip transfer line of SHF-range signal with the
concentrated planar variable capacity condensers is
shown.

Capacitors on the basis of intercalate GaSe<KNO >.
Kovalyuk Z. D., Bakhtinov A. P, Konoplyanko D. Yu.,
Netyaga V. V.

The compound GaSe<KNO,> is obtained by the technique
of intercalation of a GaSe single crystal in a melt of the
ferroelectric salt KNO,. The x-ray analysis of its crystal
structure has been carried out and dielectric frequency
characteristics of samples has been measured. It is estab-
lished, that accumulation of electric charges occurs in the
examined examples in frequency area 100—1000 Hz. A sample
of filter capacitor has been created on the basis of the re-
ceived compounds.

The optoelectronic acousto-optic computing media
elements forming equipment. Lipinskiy A. Y., Rudiakova
A. N., Rudyakov I. Yu., Danilov V. V.

The experimental equipment prototype is proposed in the
paper, that allows to form the elements of optoelectronic
acousto-optic computing media. The setup consists of the
optical impulse pattern source, driver-completed acousto-
optic modulator with, focusing system and CCD sensor.
The binary combinations are serially applied to the
modulator driver’s input.

Laser devices for geometric parameters measuring of
three-dimensional objects. Ilyin V. N., Dubeshko A. V.,
Mikhaevich D. A.

The article describes measuring method and presents basic
varients of multi-coordinate devices for complicated surface
shape control, with distinguishing method of sounding
beam forming. The constructing principle and the construc-
tion of three-coordinate measuring system for height and
linear dimensions of charge-coupled device are considered.
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Hughposuii memoo eumiprosanns Koeivicumy cnpamo-
eanozo 6iooumms nosepxui. leanuenxo I. A., Canmoniii
B. L, Cvmunmuna B. A.

BcraHoBICHO 3BSI30K MK KOE(II[IEHTOM BiIOWTTS MOBEPXHI
Ta KOOPJAMHATOK 300pakeHHs y TUIOMKHI (poTonmpuiiMaya.
Pozpobiieno mudpoBuii MeTo BUMipIOBaHHS KoedilieHTy
BIIOUTTS 3 BUKOPUCTAHHSAM 0araToeleMeHTHOro (hOTOIPHIA-
Maya, IO JIO03BOJISE 301IBIIUTH TOYHICTH BUMIPIOBaHb JIO
JECATHX YaCTOK BiJICOTKA.

Excnepumenmainbhe 006e0eHHA eKCUMOHHO-RIA3MOB020
dazoeozo nepexody Momma. I'apkasenxo O. C.

Ha 0co6mmBO 9HCTHX ONTHYHO OJHOPITHHX MOHOKPHCTANAX
CdS BUMIpPSIHO 3aJICKHICTh YaCy JKUTTSI CHIOHTAHHOTO BHITPO-
MiHIOBaHHS T BiJ piBHs 30y/KeHHs (KOHIIEHTpalii HepiBHO-
BaXXHUX HOCIIB 3apsmy AN). Pesymbsrats Ib0T0 eKCIEPUMEH-
Ty HiITBEPKYIOTH paHillle nepeadadeHuii TEOPETHIHO eK-
CUTOHHO-TIIIa3MOBH# (pazoBuii nepexin Motra. Ha 1ie Bkazy-
I0Th TAKOXK OTPUMAaHI B JaHiil poOOTi pe3yabTaTi CeKTPab-
HHX JIOCHIJKEHB (DOTOTIOMIHECIEHIIT 30y/IXKEHNX KPHUCTAIIB.

bazamoxananvni npucmpoi yughpoeoi 06pooKu cuznanie
3 panxcupysanorw apximexkmyporto. bapanos II. I1O.,
IHleuk-Ceuxin A. M.

3anporoHOBaHO METO]] CHHTE3y OaraToKaHAJIBHHUX MPUCTPOIB
1MdpoBoi 0OpoOKU CUrHATIB, SIKI HPAIOIOTH B yMOBaX oOMe-
JKEHb Ha CyMapHY €HEprifo 30HIyI0YO0ro CUTHAJIy Ta 4ac 0030-
Py KOHTpOJIbOBaHOiI 30HHU. [lokazaHo, mo po3podieHa paH-
JKUpYBaHa apXiTeKTypa MO3BOJISE 3HAUHO (B pa3u) 3HU3UTH
3aTpaTH arnapaTypHOTO PEeCypcy MPOSKTOBAHHX MPHUCTPOIB.

OnmoenekmponHi cencopu 2a3ié Ha 0CHOGI Gazamoee-
Mmenmnux oxcepen ['9-eunpomintosanns. Kabayin B. M.

3ampornoHOBaHO KOHCTPYKIT ONTOCICKTPOHHUX CEHCOPIB Ha
MeTaH i IBOOKHC BYIVICIIIO, SIKi BDaXOBYIOTh OCOOIMBOCTI CITEK-
TPaTFHHUX XapaKTEePUCTHK JKePeIl BUIIPOMIHIOBAHHS Ta MIPHUIi-
MauiB cepennboro [U-miana3ona crekrpa. [TokazaHo Mox-
JIMBICTh BUKOPUCTAHHS ONTOETIEKTPOHHUX CEHCOPIB JUIsl BUMi-
PIOBAaHHS KOHIICHTpAIii ra3iB y miamasoni 0—3% Big 00’ eMy.

Bukopucmannsn ionocenekmugnux nojib08UxX mpan3uc-
mopie 014 (hepmenmuo20 ananizy MOKCUYHUX OOMIUIOK
y 600nux pozuunax. Ilagniouenxo O. C., Kykna O. JL.,
Tonmeancovkui 1O. B.

OnucaHo KOHCTPYKIIiIO 1 TEXHOJIOT 110 BUTOTOBIECHHS pH-uyT-
JIUBHX JIATYMKIB Ha 0231 10HOCEIIEKTUBHUX TTOJIbOBUX TpaH-
sucropiB (ICIIT), npusHadeHnX 11 (PEpMEHTHOTO aHAII3Y
IHT10YFOUHUX JIOMIIIIOK Y BOJHUX PO3YHMHAX, & TAKOXK apXiTeK-
Typy OaraTokaHaJbHOI BUMIpIOBaNbHOI CHCTEMH, OOYyHO-
BaHoi Ha 6a3i ICIIT-naruukis. HaBeneHO XapakTepUCTHKU
PO3pOOIEHNX MaKeTiB MepeTBOPIOBAYiB, BKA3aHO IIUISXH HO-
JIATBIIOTO BIOCKOHAICHHS KOHCTPYKIIi{ Ta ITOKPAIICHHS MeT-
POJIOTIUHKX Ta EKCIUTyaTal[IHUX XapaKTEPUCTHK CUCTEMHU.

BUBAHOTPADHUA

The digital method of surface reflectance coefficient mea-
surement. Ivanchenko I. A., Santoniy V. I., Smyntyna V. A.

The connection between the reflectance of a surface and the
coordinate of picture in a photodetector plane is established.
The digital method of measurement of reflectance with
application of the multiclement photodetector is developed.
This method allows to increase accuracy of measurements
to the tenth shares of percent.

The experimental proof of Mott exciton-plasma phase
transition. Garkavenko A. S.

The dependence has been measured for the spontaneous
radiation T average life from the excitation level (non-
equilibrium charge AN carrirers concentration) on particularly
clear optically homogeneous monocrystals. Results of the
experiment confirm earlier theoretically predicted so called
Mott exciton-plasma phase transition. It's also indicated
by results for spectral research of excited crystals
photolumi-nescence obtained in this work.

Multi-channel digital signal’s processing units with the
ranking architecture. Baranov P. E., Sheik-Seikin A. N.

The architecture synthesis method is proposed for multi-
channel digital signal’s processing units under an effect of
the complex interference, functioning in conditions of limits
of the probing signal total energy and time of the controlled
space viewing. It is shown that devising architecture provides
considerable (in several times) reducing equipment’s
recourse of the designing units.

Optoelectronic sensors of gazes on the base of multi-
element sources of IR-radiation. Kabatsiy V. N.

The constructions of optoelectronic sensors to methane
and carbon dioxide, taking into account the peculiarities of
spectral characteristics of sources and receivers of medium
IR-diapason spectrum are proposed. The possibility of use
of optoelectronic sensors for the measuring of CH, and
CO, concentration in diapason 0—3 vol.% is demonstrated.

The ion-selective field-effect transistor application
for enzyme analysis of toxic admixtures in aqueous
solutions. Pavluchenko A. S., Kukla A. L., Goltvyan-
skiy Yu. V.

The article describes design and production technology
of pH-sensors based on ion-selective field-effect transis-
tors (ISFET) intended for enzyme analysis of inhibiting
admixtures in aqueous solutions, and architecture of the
multichannel measuring system built upon the ISFET-
sensors. The characteristics of developed prototypes are
given and the ways for further improvement of system
design, metrological performance and operating parameters
are outlined.
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Konmypua mennosa mpyba ona cucmem 3ade3neueHHs
Menioeux pexcumie enemenmie padioeeKmponHoi ana-
pamypu. Xaitpnacos C. M.

3anponoHOBaHa KOHCTPYKIIisi KOHTYPHOI TEIJIOBOi TpyOH
3a0e3reuye nepeaady TEIIOBOro motoky jao 105 Bt mpu
poboti B TemmepaTypHoMy aiamasoHi Bix 20 mo 90°C mpu
pi3Hiii 11 opieHTaii y mpocropi.

Ooepiicanns akmusnux wapie InP y cknaoi zemepo-
cmpykmyp 014 diooieé I'anna. Bakie M. M., KpykoeécoKkuil
C. L, 3aauyk JI. M., Muxawyk IO. C.,

Kpyxoecoxuii P. C.

[TokazaHo, 110 KOMIUIEKCHE JIETYBaHHS pPO3ILIABIB 1HJIIO
piakicaoszemensHEM (Yb) Ta i3oBaneHtHUM (Al) enemenra-
MU TiIBUIIY€E e)EKTHBHICTH OYMCTKHU BiJl HOHOBUX JAOMIIIIOK
emniTakciiiHux 1mapis InP, orpumanux pinuHHOda3HOMWO ermi-
TaKCI€l0, 10 TPUBOAUTD JI0 30UIBIICHHS IX CTPYKTYPHOT JI0C-
koHanocTi. [Ipu onTuMabHii kibkocTi Yb ta Al B po3miasi
KOHIIEHTPALlisl eIEKTPOHIB B Iapax 3MEHIIYEThCS, a IX pyX-
JUBICTB 3pocTae. Po3pobiena TexHomoris Moxke OyTH BHKO-
pHCTaHa Ui BUTOTOBJICHHS CTPYKTYp Juis aionis 'anua, ¢o-
TONPUIIMAYiB Ta IHIIUX ONTOEIEKTPOHHUX TPHIAJIIB.

Buoip mikponpueody mexanizmy 3amucky i nooaui opomy
y npunadax mepmo3eykoeoi mikposeapxu. Jlanin B. JL.,
Ilemyxoe 1. b., Illeeyo06 B. B.

JIOCTiPKEHO TPH TUITH MIKPOIIPHUBO/TY MEXaHI3MY 3aTHUCKY IPOTY
Ta CHCTEMH HABaHTaXKCHHS JUTS IIPHIIAJIiB TEPMO3BYKOBOT MiKpPO-
3BapKU NPUEIHYBAaHUX BUBOXIB AiaMeTpoM 12,5—75 MkMm.
HalOLTBII MpUIaTHIMHA 3a IIBUIKOIEI0 Ta MOXIIMBICTIO TIPO-
rpaMyBaHHS MapaMeTPiB BUSBUIIUCH MEXaHI3MH 3aTHCKY TpO-
BiJHUKA 3 IPUBOAAMH Ha OIMOP(HUX IT'330€JIEMEHTax 1 chcTe-
Ma HaBaHTKEHHs Ha 0a3i eeKTpOMAarHiTy Tuiy "voice-coil'.

3menuieHnsa 6naugy nipomexHiYHuX 3apsaoie Ha pooomy
eumiprosanvnux niocuntoeayie. Cmapues B. 1., Amnons-
cokuit FO. C., Kyyenko O. I1.

PO3IJISIHYTO CXEMOTEXHIYHI MUISXH 3MEHIICHHS BIUIHBY
MIPOTEXHIYHOrO eeKTy Ha poOOTy 3apsAaouyTIUBUX Mij-
CUITIOBadiB. B)KUTI 3aX0iM JO3BOJSIOTH CYTTEBO 3HU3UTH
BILUTUB MiPOEJIEKTPUYHHUX TOKIB, 3yMOBJICHHX 3MiHOK TEM-
neparypH, Ha PiBeHb BUXITHOI HANPyTd 3apsOvyTIHBHX
i ACUITIOBAYiB.

BUBANOTPADUA

Loop heat pipe for thermal conditions supplying systems
for elements of radio electronic equipment. Khayrna-
sov S. M.

The loop heat pipe design presented in the article provides
the transmission of thermal flow up to 105 W when working
in temperature range of 20—90°C and on any space orien-
tation.

Obtaining of high-quality InP active layers in getero-
structure’s composition for Gunn diodes. \lakiv M. M.,
Krukovskiy S. 1., Zayachuk D. M., Mykhashchuk lu. S
Krukovskiy R. S.

It is shown that for epitaxial InP layers obtained by liquid-
phase epitaxy complex dopping of indium melts by optimal
concentrations of rare-earth Yb and isovalent element Al
promotes useful increase of cleaning effect from back-
ground impurities and leads to growth of its structural
perfection. The concentration of electrons in InP layers
decreases and their mobility increases on optimal amounts
of Yb and Al in the melt. This technology may be used in
producing structures for Gunn diodes, photoreceivers and
other optoelectronic devices.

Choosing the wire clamp microdrive for termosonic
microwelding equipments. Lanin V. L., Petukhov I. B.,
Shevtsov V. V.

The article describes research of three types of wire clamp
microdrive for termosonic microwelding equipment, covering
an expanded range microconductors from 12,5 up to 75 pm.
The most preferable, in the light of their high-speed and
easy-programming qualities, proved to be the mechanisms
of conductor clamp with piezoelement drives and the loading
system based on "voice-coil" type electromagnet.

Influence reduction of piroelektric charges on measuring
amplifiers functioning. Startsev V. I.,Yampolsky J. U.,
Kutsenko A. P.

The article observes schemotehnic methods of influence
reduction of piroelektric effect on charge-sensitive amplifiers
functioning. The taken action allows to essentially reduce
the influence of piroelektric currents caused by temperature
change on the level of output tension of charge-sensitive
amplifiers.

TexHomoOrys U KOHCTPYHPOBAHHUE B DIIEKTPOHHOMH anmapaTtype, 2010, Ne 3

63



NMAMATKA ABTOPY XYPHAIIA «TKOA»

1. Pykomnuch moJ’KHA COOTBETCTBOBATH TEMATHKE JXypHaJa W OTJIUYATHLCA MPUKIAJTHON
HaIPaBJIEHHOCTBIO.

Ecyin pe3yJibTarhl MOJIydeHbl B CMEKHBIX 00JIACTSIX 3HAHUI, HEOOXOIUMO TTOKa3aTh UX TPUMEHUMOCTD
B 006J1aCTH WHTEPECOB KypHAJIA.

2. Ilpu oleHKe PyKOIMHUCH PEAAKINIO OYIyT WHTEPECOBATD CJEYIONINE ACTIEKTHI:

— aKTyaJbHOCTDH TEMDI;

— 000CHOBAaHHOCTD ITOCTAHOBKY 33/1a4l;

— HosusHa nHopmanun (B cpaBHEHNH ¢ paGOTaMu TIPE/IIECTBEHHUKOB);

— y6eInTeTbHOCTD JOKA3aTEebCTB;

— TIPaBOMEPHOCTDH BBIBOJIOB;

— BO3MO’KHOCTDb MPAKTHUECKOTO TIPIMEHEHTIS;

— 1esecoo6pasHocTh (M aeKBaTHOCTD TEKCTY) TaOJIuIl, MIIOCTPAILUii, CIIUCKA MCIIOIb30BAHHBIX
MCTOYHUKOB;

— CTPOTOCTHh TEPMUHOJIOTUH;

— KOMIIO3UIIMSI PYKOIIMCU, B T. 4. OIPABIAHHOCTb 0ObEMA.

3. HasBanue pyKomnucu J0/KHO ObITh KOHKPETHBIM U, B TO JK€ BPEMsl, TI0 BO3MOXKHOCTHA KPATKIM.

4. TlpuBeaurte MuHM-aHHOTALMIO /10 20 CJIOB, OTPAKAIONIYIO Ba)KHEUIIUN pe3yJsbTaT CTAaTbU.

5. O6osHaubTe pasziesibl pykonucu. Boigesure BoiBobl (pesiome, 3akaodenue). Keratu, npoBepbre
cebsi — HACKOJIbKO COTJIACYIOTCSI [TOCTABJIEHHAs 33/laya, BbIBO/IbI U HA3BAHUE CTATHHU.

6. ExuHuitel uaMepeHusi BCeX BEJWYMH JOJUKHBI OTBEYaThb COBPEMEHHBLIM TpeOOBAaHUSAM, a
UCIO/Ib30BaHHbIe cUMBOJIbI (11 a66peBUATYPBI) A0JKHBI ObITH MOACHEHBI IPU MIEPBOM UX yIOTPeGJeHIN B
TEKCTeE.

7. llpu ccbuike B TeKCTe Ha 4HCJeHHble 3HaueHusi, opMyJibl U uHble (HaKTUUYECKUE [AaHHbIE,
3aMMCTBOBaHHbIE M3 KHUT, caeayer (s yao6eTBa MOMCKA) YKas3biBaTh He TOJBKO caMy KHUTY, HO W
crpanuity (Hanpumep [2, ¢. 418]).

8. Crncox «Mcmomp3oBannble NCTOYHUKN»> (HOPMUPYETCS B MOPSIKE WX YITOMUHAHWUS B TEKCTE.
JKenarenpno nz6erarb CChIIOK Ha TPYAHOAOCTYIIHBIE HCTOUHNKY (HAIIpUMep Ha MaTepHaJibl KoH(pepeHImii)
nin Ha HezpoaroBeunble (Hanpumep Murteprer). [IpuHATOE B SKypHAJIE ONMCAHNE HCTOYHUKOB MOKA3aHO
Ha caiite www.tkea.com.ua.

9. ConpoBosute pyKonuch 6ubauorpaduyeckoil KApTOUYKON HA PYCCKOM U aHTJIMHCKOM SI3bIKAX C
anHoTarweil 710 500 red. 3HAKOB. YKayKuTe KJI0UeBbIe CI0BA, & TAKIKe MH/IEKC PYKOTIMCH TI0 Y HUBEPCAJTbHOM
necsatuanoil kiaaccuduxannu (Y 1K),

10. Marepuasbl cTaTby HanpasJstiite 110 e-mail <tkea@optima.com.ua> (pasmep micbMa He J0JKEH
npesbimiath 1 M6). Eciin Bbl Hanpas/isiere pyKOMUCh 110 T104Te, TPUJAOKUTE 3amuch cratbu Ha CD.

TexcT cTaThy Ha PYCCKOM sI3bIKe HAGUPAETCsT B TeKCTOBOM pepakTope Microsoft Word pasmepom
12, 6e3 nepeHocoB, ¢ uHTEpBaJIOM He Menee 1,5. Bee cioBa BHyTpu a63ania pasessiioTcst TOJIbKO OJHUM
npo6GesioM. [1paBbrii Kpaii TekcTa BbIpaBHUBATH He 00si3aTesibHO. Vcnosb3oBanue nporpamMmbl Equation
JIONYCKAeTCsT TOJIbKO B ciydasix, Korga Word Gecculien.

JKenarenbo, 4To6bI 06beM WILTIOCTPAIHIT He TIpeBbIal 40% o01iero o6bema cratbu. VmocTparmm
JIOJIKHBI OBITH TIPE/ICTABJIEHBI OT/IeIbHbIMY (haiiamMu. ['paduku 1 yeprexu cae/lyeT BbITOJIHITH B Y€PHO-
6e10M (6GUTOBOM) pesKuMe.

Ecam pucynkn BoimosHsck B mporpamme CorelDraw mam Word, To Heo6X0AUMO TIPEICTABUTH
opuruHasbible daiinabr (*.cdr wam *.doc). PucyHku, cosgaHHble B APYIMX IPOrPaMMHBIX ITaKeTax,
HE0OX0/IMMO 9KCIOPTUPOBATh B J1060i u3 caeaywonmx ¢gopmaros: PCX, JPG, TIF.

B ciyuae, Korja aBTOp He MOKET OGECIIEYUTH BBICOKOE KAYeCTBO PUCYHKA B MAITMHHOM BUJIE,
JIOTTYCKAETCS €T0 BBIMOJHEHNE BPYYHYIO € IAJTbHEHIITIM CKAaHUPOBAHUEM B GUTOBOM PEXKUME C pa3perienneMm
300 ppi.

[Tpu TOATOTOBKE 1BETHBIX MJLTIOCTPAIIHiI JKesatebHo poTorpadupoBaTh 06HEKTHI HA OJJHOTOHHOM
done nudpoBoii kamepoii. Ecim mpoBoauTcst cCKaHNpOBaHe N300paskeHuil, TO €ro Heo6XO0MMO BBITIOJHSATD
¢ paspemennem 300 ppi.

11. Cuabaure pykonuch cBegeHussMu 06 aBropax ((aMusins, uMs, OTYECTBO, yueHas CTENeHb,
MecTo paboThl, JIOJKHOCTHOE TIOJIOJKEHUE, JaTa POXKIEHUS, CIy KeOHBII 1 JJOMAIlIHU a/jpeca ¢ YKa3aHueM
MOYTOBOTO MH/EKca, e-mail, tesedoH, Temedakc).

12. Eciin cuutaere HeOOXOAMMBIM, COITPOBO/IUTE CTATHIO SKCIIEPTHBIM 3aKJII0YEHUEM O BO3MOKHOCTH
ee 1my6JIUKAIUU B OTKPBITON [evYaTH.
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