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SJABUCUMOCTDb DOPEKTUBHOCTHU
SJIEKTPOJIIOMUHECHEHTHBIX MHIANKATOPOB
OT TAPAMETPOB NCTOYHUKA TIMTAHUA

Hccneoosana 3asucumocms Apkocmu dex-
MPONOMUHECYEHMHBIX UHOUKAMOPO8 OMm
cocmasa akmueHo20 Mamepuad, om Hanpsi-
JHCeHU U 4aACMOMbl UCTOYHUKA NUMAHUSL.
Bvibpan onmumanvHulii cocmas akmueHo2o
mamepuana, pazpaboman UCMOYHUK NUMA-
HUSL ¢ A8MOMAMUYECcKoU NOOCMPOUKOU Sp-
KOCMU C8eUeHUsl NpU UsMEHEeHUU YPOBHS OC-
8eweHHOCmIL.

DnexTpoIoMUHEeCLIEHTHbIE HHAUKAaTOpH! (AN mu-
POKO UCIIOJIB3YIOTCS B CUCTEMAaX 0TOOpaxeHust HHPop-
manuu (COM). YenoBusa sxcrutyarauun COU moryt
MEHATBHCS B 3aBUCUMOCTH OT 00bEKTa UX NPUMEHEHHUs
(3aMKHYTO€ WJIM OTKPBITOE NMPOCTPAHCTBO), YTO Tpe-
OyeT n3MeHEeHH MmapaMeTpoB n3nydeHus. OQHaKo co-
BpeMeHHbIe D TakuMH BO3MOXXHOCTSIMHU He oOJaja-
I0T: UX TapaMeTphl PUKCUPYIOTCS BHIOOPOM HCXOTHBIX
MaTepHuaioB, KOHCTPYKIUEH U TEXHOJOTHEH M3TOTOB-
aeHusi. CIeACTBUEM 3TOTO MOXET OBITh yXYALICHHUE
BOCIIPHUATHS OIlepaTOpoM HH(OpManuu, BbIIaBaeMO
OMU, B ciyuae, HanpuMep, U3MEHEHHs BHELTHEH ocBe-
IIEHHOCTU. YCTPAHUTh ITOT HEJOCTATOK MOXKHO JIBY-
Ms metogamu [1]:

— HAWTH COCTaBHI TIOMUHOGDOpA U APYTUX MaTEpH-
ajoB DU, onTuManbHble 1J1s 3aJaHHbIX YCIOBHHA KCH-
JyaTaluu;

— co3aarp uctouHuk nuranus (AII), menstommit
CBOM IIapaMeTpbl B 3aBUCUMOCTH OT U3MEHEHUS YCIIO-
BUH DKCILTyaTalUU HIEKTPOIFOMUHECIIEHTHOIO MUHIMKa-
TOpa C ONTUMAIILHBIMHU MTApaMETPAMHU.

B cBs3u ¢ atuM nepen paspaborunkamu DU crout
3ajJia4a, BO-TIEPBbIX, HCCIIEIOBAHHS B3aUMOCBS3H COCTA-
Ba JIIOMUHO(OPA, IPKOCTH U CBETOBOH 3PPEKTUBHOCTH
U3IYYEHHs OT HampsDKEHUS, 4aCTOThl U APYTUX Tapa-
MeTpoB UII, a BO-BTOPBIX, CO3MaHMs UCTOUHUKA MUTA-
HUS, TTapaMeTpbl KOTOPOTO 3aBUCAT OT YCJIOBHH JKCII-
nyatanuu DU. KoMrIuieke mogoOHbIX UcCeJ0BaHIA ObLT
BIICPBBIC BHIITOJHEH aBTOPaMU JaHHOU PaOOTHI.

PesynpTaTel uccnenoBaHNs 3aBUCHMOCTH SIPKOCTH
U3JTy9eHHs OT HarpspKeHus it DU Ha ocHOBe cynbhu-
Jla MHKa MpeIcTaBIeHbl Ha puc. 1 [2].

W3 pucyHka BHAHO, YTO MAaKCHMaJbHOU SIPKOCTHIO
u3itydenus 950 ka/m? 061a1al0T CTPYKTYPhl HA OCHOBE
ZnS:TbF, (3 mac.%). lna DU uwa ocnose ZnS:HoF,
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Puc. 1. Bonbr-sipkocTHble XapakTepucTuku JU:
I — ZnS:TbF, (3 mac.%); 2 — ZnS:HoF, (5 mac.%); 3 — ZnS:SmF,
(1 mac.%); 4 — ZnS:ErF; (5 mac.%); 5 — ZnS:TmF; (10 mac.%)

(5 mac.%) 3Havenune siprkocTH MakcumanbsHo pu 200 B
u cocrasisier 800 Ki/M>2.

g uccnenyeMbix CTPYKTYp Ha OCHOBe Cynbduia
LIMHKA, JIETUPOBAHHOTO aKkTuBaropamu SmF, (1 mac.%),
TmF, (10 mac.%), ZnS:ErF; (5 mac.%), MakcumanbHbie
3HaueHus ApKocTu coctasmim 450, 11 u 200 ka/m2, co-
OTBETCTBEHHO.

AHanu3upysl MOMYy4YEHHBIE Pe3yJabTaThl, MOXKHO OT-
METHTB, YTO JUISl TIPAKTHIESCKOTO HCIIOIB30BAHMS JIyd-
MMM TTapaMeTpamMu oomagatoT DU 3exeHoro nsera cBe-
uenus Ha ocHoBe ZnS:TbF, (3 mac.%) u ZnS:HoF,
(5 mac.%). OHU UMEIOT MaKCUMAJIbHYIO SIPKOCTb H3IIY-
venns (950 u 800 k1/M?) ¥ MEHbLIEE TIOPOTOBOE HATIPSI-
keHue Bo30yxaeHus (95 u 115 B) mo cpaBHeHHIO €O
CTPYKTYypaMH, JIETUPOBaHHBIMU TyiutueM (145 B) u ap-
ouem (120 B).

B pabote mpennoxeHo MCIOIb30BaTh B KaueCTBE
JMDIIEKTPUKA IUIEHKHU TBepaoro pacteopa HfO,—Nd, 0.
[Tpu 5TOM BeMUMHA TIOPOTOBOTO HAMPSKECHUST COCTAB-
nsiet 115 B, uro B 1,3—1,8 pa3 meHb1ie, ueM y u3BecT-
HbIX DU, B KOTOPBIX TPaJWLIMOHHO HCTIONB3YIOTCS, Ha-
npumep, Sn,O, i Y,0, [2].

Bonsr-siprocTHas xapakrepuctuka DU (puc. 2) nme-
eT TpHu ydacTka. Ha mepBoM ywacTke ee KpyTH3HA, Xa-
pakTepu3yemMasi IIoKaszaTeaeM CTeeH: 71 pyHKuuu B~U",
MOCTETNIEHHO Bo3pacTtaeT (31ech n=10—15), Ha BTOpOM
oHa makcumaibHa (1=>30). Ha TpeTheM yuacTke SIpKOCTh
B ompenensiercs 3aBUCUMOCTBIO OT aKTHBHOH COCTaB-
nstomed Toka / ¥ KBAaHTOBOTO BBIXOJa BO3OYXKICHHS
LIEHTPOB CBEUCHUS P1 B~IN lPl, e N | — KOJIMYECTBO
B030yXKJIaeMbIX IIEHTPOB cBeueHHs. Ha nepBoM yuacTke
kpuBoid B(U) Tok I onpenensieTcs, B OCHOBHOM, TEPMO-
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Puc. 2. Bonbr-siprocTHas (/) 1 BonbT-3apsiaoBast (2) xapakre-
puctuku DU na ocHose ZnS:HoF, (5 mac.%)

[10JIEBOM MOHU3ALMEH CPaBHUTEIBHO MEJIKUX YPOBHEH
(menee 0,8 5B), 00ycrnoBneHHbIX AeQEeKTaMU CTPYKTY-
pet ZnS.

3aBUCUMOCTH SIpKOCTH u3nydeHus DM Ha ocHOBe
ZnS:HoF; (5mac.%) 0T 9acTOThI HANPSKEHNS TUTAHUS
MPEACTaBICHA HA PUC. 3, U3 KOTOPOTO BUHO, YTO II0-
BBIIICHUE YACTOTHI f/ MPUBOAUT K YBEIUYEHHUIO SPKO-
cTtu B. VI3MepeHus: NpoBOIUIUCH NMPU BO30YKICHUU
cTpyKTyphl HanpsikeHueM 170 B B nquanazone 200—
10000 I'm.
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Puc. 3. 3aBucuUMOCTb sIpKOCTH M3iyueHHss DU Ha ocHOBe
ZnS:HoF; (5 Mac.%) 0T 4acTOThI HANPSDKEHUS IIUTAHUS

[To pe3ynbraTam ucciieJoBaHmid XapakTepucTuk D
05Ut pazpadoran UII-mHBEpTOP, MO3BOSIOMINIT peTymnu-
pOBaTh aMIUIUTYAY U 4aCTOTY IIEPEMEHHOIO BBIXOJHOIO
HanpsbkeHnst. OCOOCHHOCTBIO HHBEPTOpA SIBIISICTCS Ha-
JIMYHE TOMOTHUTEIHHBIX KaHAJIOB ISl aBTOMAaTHIECKO-
TO YIPaBJICHUS BBIXOAHBIM HANPSDKCHUEM B 3aBHCHMO-
CTH OT BHETITHEW OCBEIIEHHOCTH padoyeii 30HHI, TIIe pas-
MEII[EHA CHCTEMa 0TOOpaKeHHS HHPOPMAIINH, HCTIOb-
3yIOIIasl UCCIIEyeMbIi MHIMKATOP.

Onekrpudeckas Harpyska OV HOCUT SIPKO BbIpasKeH-
HBIH €MKOCTHOI1 XapakTep, OATOMY TOK, TPOTEKAFOIIIHIA
gepe3 WHANKATOp, 10 (popMe MOXKET HE COOTBETCTBO-
BaTh NPWIOKEHHOMY TIEPEMEHHOMY HaIpsHKEHHIO B CBSI-
34 C IIOJIHOH nepe3apsakoil BHyTpenHel emkoctu [3]. C
Y4€TOM OTHOCHUTECJIBHO MPOAOJDKUTCIBHOIO BPEMEHU
3aryxanus apkoctu (0,4—2 mc), paspaboran UII nus

U

BX

Puc. 4. CtpykrypHas cxema UIT DU

ympasnenus nmapamerpamu DM, OH 03BONISET perynu-
pOBaTh HalpsHKEHUE, YaCTOTy M CKBa)KHOCTb MUMITYJIb-
COB YTIPABJISIONICTO HANPSDKCHNUS.

Crpyxrypras cxema UII (puc. 4) conepxut: U, —
MCTOYHUK HampspkeHus: (24—60 B); 1 — BrIcokouac-
TOTHBIN WHBEPTOP C HEPETYIHPYEeMOH 4acToTo; Tp —
MOBBIMNAIOIINKA TpaHchopMaTop; B — BBIIpAMUTEIND;
® — crmaxuBaromuit GrieTp; M — Moxymsatop; CY
— CHCTEMa yIpaBIeHHs; U, f,p O, — DIEMEHTHI Ole-
PaTUBHOM PETYIUPOBKHU HAIIPSKEHHUS, YACTOTHI M CKBaXK-
HOCTH, COOTBETCTBEHHO; O, — (HOTOAATUHMK OHOIO U3
KaHaJIOB aBTOMAaTHYECKOTO YIPABJICHUS B 3aBUCUMOCTH
OT BHelIHel ocsemeHHOcTH; H — Harpyska (O1).

JuarpamMmpl, WITIOCTPUPYIOLIHE (YHKIIMOHUPOBA-
HUE CUIIOBOH yacTu npeiaraemoro W11, npuseneHs! Ha
puc. S.
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Puc. 5. luarpammbl ¢pyHkiuonuposanus UIT DU npu
M3MEHEHUH OCBEICHHOCTH paboyeii 30HbI

Bxonnoe nanpsokenune U, , paHoe 24—60 B, B 3a-
BHUCHIMOCTH OT THIIA UCTIONHEHUS M YCIOBHI IPUMEHE-
HHUs MCTOYHMKA NUTanus, @ — currai ¢ poronardu-
Ka, TPONIOPIIMOHAIILHBINA OCBEIIEHHOCTH paboyeii 30HbI,
U, — HanpsbkeHue Ha BBIXOJIE HHBEPTOPA C HEPETYJIU-
PyeMoil 4acTOTOH, KOTOPOE MOKET MOACTPAUBATHLCS aB-
TOMATHYECKU B 3aBUCHUMOCTH OT YPOBHSI BHEIIHEH OcC-
BEIEHHOCTU. HanpsikeHne Ha BBIXOJIE MOBBIIIAIOIIETO
Tpa"copmaropa (UTp=kTpUH, e kTp — k03 unmeHT
TpaHcopmMarn) 1o (popMe COOTBETCTBYET HAIpsIKe-
HUIO Ha BBIXOIC MHBEPTOPa U MOXKET COCTaBIATH 50—
300 B. HampspxeHnue ¢ BbIXOAa TpaHc(opMaTopa BBITI-
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psaMisieTcs BeinpsiMuteneM B (nanpsoxenne U)) n cria-
skuBaercs punsTpom @ (Hanpsixenue U ) Honyquﬁoe
MOCTOsIHHOE Hanpskerue U, ¢ HOMOH.IL}O MOZYJISITOpa
HHBEPTUPYETCS C perynnpyeMon 9acTOTOH f M CKBaX-
HocThIO0 O (Hanpsbkenue U, ) u mopaercs Ha DU.

[Ipenrnosnoxum, B MOMEHT BPEMERH £, (PHUC. 5) OCBe-
IICHHOCTh paboueil 30HbI yBeNUUUIACch (HampuMmep,
BKJIFOUMJIM OCBEILEHHE). DTO MPHUBEIO K YBEIUYEHHIO
curnana ¢ poronarynka @, W, KaK CJIEICTBUE, K yBEIH-
YCHUIO aMIUTUTYB! HalpsDKEHHS Ha BBIXOJE HHBEPTOpA
U, tpanchopmaropa Tp, ¢punbrpa @. AMIHUTYAa BbI-
XOIHOTO HANpPsDKEHUST MOAYISTOpA TaKKE YBEIUIUTCS,
a 4acTOTa U CKBAXHOCTb UMITYJIbCOB OCTaHyTCsI O6€3 U3-
menenust. [Ipu 3Tom sipkocTh cBedeHust DU ¢ MoMeHTa
BPEMEHH f, TaKXKe YBEIMIUTCA (IPKOCTH B MHMKaTOpa
Ha puc. 5), 9eM CKOMIIEHCHUPYET BIUSHHUE YBEIMIECHHOU
OCBEIICHHOCTH padoueil 30HBI Ha BOCHPHUITHE Ollepa-
TopoM uH(popmMaruu ¢ auctest ().

*kk

Takum 00pa3om, HaWJCHBI ONTUMAJIBHBIC COCTABbI
TOMHUHO(POPOB, 00JIaIalONTNX MTOBBIICHHOW SPKOCTHIO

U3ITy4eHUS], ¥ IUAIEKTPHUKOB, TIO3BOJIAIOIINX YMEHBIIIHITh
MOPOTOBOC HampsbkeHHe. Pa3paboTaH MCTOYHUK MHTA-
HUS, TTIO3BOJISIFOIIMI YBEITMUUTH CPOK CITy>kOb1 DU 3a cuer
MIASIIET0 PeXUMa PabOThl, MOBBICUTE 3((PEKTUBHOCTD
BOCHPUATHS HHPOPMALIH OTIEPATOPOM 3a CHET aBTOMa-
TUYECKOW TOCTPOUKH sipKkocTh cBeueHust DU B 3aBu-
CHUMOCTH OT ypPOBHSI BHEITHEH OCBEIICHHOCTH M, KaK
CJIC/ICTBHE, HOBBICUTH SPTOHOMHYECKHE [TOKA3aTEIH CU-
CTEMBI 0TOOpaKEeHHsI MH(OPMALIHIH.
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PaccmoTpeHbl TeopeTHuecKHe OCHOBbI M MaTeMaTHUECKOe MOJeIMPOBaHME Mpolecca
pOCTa MOHOKPMCTAJIJIOB MOJYNPOBOJAHUKOB M3 pachjaBa C HCMOAb30BAHHEM TEOPHH
CAyYalHbIX sIBAEHHH MU yrnpaBaeHHsI MpoleccoM pocTa Oe3nedeKTHbIX KPHUCTAJIOB.
[TpencraB/aeHbl pe3ynbTaThl MAaTeMaTHUECKOrO MOJIEIMPOBAHUS paBHOBecHs (a3 MHO-
FOKOMIMOHEHTHBIX CUCTEM, MAaKpO- U MUKPOKMHETHKA Mapoda3Hoil SMMTaKCHH KpPEeMHUS
u coenuHennit AmBv B xnopuano-ruapuaiom 1 MOC-ruapuaHOM mpolieccax.
PaccMoTpeHbl akTyasbHble A MUKPO3JEKTPOHUKH TEXHOJOTMHM MOJYUEHHS CKPbIThIX
MPOBOJASIIMX H JAUIJIECKTPUUECKHUX CJOEB B KPEMHHUH, MPEJI0KEH MeXaHW3M UX as30006-
pasoBanusi. [Tokasano, uto pas3ButHe paboT B 0OJACTH OPraHUUECKHUX MOJIYNPOBOLHHU-
KOB, B TOM UHCJIE C (DpaKTaJbHbIMH KJIaCTepaMHU MU HAHOUACTUILAMM Pa3/JIUUHBIX 9JE€MEH-
TOB B MOJHMEepax, MO3BOJSET MOJyuaTb MaTepHasbl ¢ 0COObIMH CBOHCTBAMHM.

Kuura npeanasHaueHa Ajs LWIMPOKOIO Kpyra HayUHbIX M HHKEHEPHO-TEXHHUYECKHX
pabGOTHUKOB, CHENUANU3UPYIOLIHXCS B 00JACTH MOJyUeHUs] M UCCAEJ0BaHUS MaTe-
pHAaJOB MHUKDPO- MU HAHO3JEKTPOHUKH, B 06sacTh pa3paboOTKKM HOBbIX MaTEpHAJOB,
ONTHUMHU3AIUU TEXHOJOTHUECKHUX MPOLECCOB, a TaKxKe CTYJAEHTOB M acluUpaHTOB. Y,
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®ocrep JI. HanorexHonorun. Hayka, uHHOBauMM U BO3MOXKHOCTH.— M.: N
Texnochepa, 2008.— 336 c.

B npensnaraemoil kHure aBTOpbl — M3BECTHbIE yueHble U GM3HEeCMeHbl, 3aHUMAIOIIU-

ecsl TEOPETHUECKUMH M MPAaKTHUECKUMHU MpobaeMaMu HaHOTEXHOJOTHH, — OMUCBLIBAIOT

COCTOSIHME OTPACJH U MEPCHNEeKTUBLI ee Pa3BUTUS HA OyMzKallllee NeCATUIETHE, a TAKKe

BO3MOXKHO€ BO3J€HCTBUE HAHOTEXHOJOTHMH Ha Tn00a/jbHble MPOILLECChI.

Kuura npennasnauena jajs ILKMPOKOTO Kpyra 4uTaTesneil: HayuyHbiX pabOTHHUKOB, crie-

[IMA/MUCTOB, @ TaKyKe CTYJeHTOB MPO(HUIbHBIX YyueOHbIX 3aBeleHHH. /
\
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EBctudeer A. B. Mukpokonrpoansepbl AVR cemeiictea Classic ¢pupmbi
«ATMEL>». 6-e uzpanue. CD.— daektpoHHoe uznanue Ha CD-mucke.—
M.: Joaaka-XXI, 2008

KHI/IFa npeacTaBJsieT coboi ClIpaBO4YHOE M3AaHHE MO MPUMEHEHUI0 MHUKPOKOHTPOJI-
aepoB AVR cemeiictBa Classic ¢pupmbr ATMEL.
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