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MOAEJIMPOBAHUE SJIEKTPUYECKUX CXEM 3AIIUTDI
C UCIIOJIB3OBAHMEM CHMJIOBBIX JIABUHHbBIX IMOA0OB

Ilokazana s¢ppexmusnocms 3auumol om
NePeHanpsNHCeHUuti ¢ NOMOWbIO dleKmpuye-
CKUX CXeM ¢ NpUMeHeHUeM NABUHHBIX OUO0OO0S,
UCNONBL3VIOWUX OJISl 2AULEHUS UMNYIbCOB
nepeHanpsadcenus J1a8UHHbLL paspso.

[TpoMbIIIIeHHOCTH YKpauHbI BBITYCKACT PSIJT JIAaBUH-
HBIX JUOJIOB (B TaOJIETOYHOM HCIIOJIHEHUH, a TAKXKE B
IITBIPEBBIX KOPITycaX ¢ KECTKUMHU U THOKUMH BBIBOJIA-
MH), PACYMTAHHBIX HA TOKH B IIPAMOM HAIPABICHUH [, ),
ot 10 10 5000 A, ¢ MOIIIHOCTEIO, BEIACIISICMOI B JIABHHE,
ot 2,5 10 16 kBT (crtocoGHBIX MPOIYCKaTh JOCTATOUHO
Oosbie oOpaTHBIC TOKH, cocTaBistomue 1...10% ot
JIOTTYCTUMOTO MPSIMOTO ToKa B TeueHue 70 100 mxc [1])
ITPU MTOBTOPSIFOIIMXCS UMITYJICHBIX 00PATHBIX HAMpPsiKe-
uustx Upy, B muanazone ot 800 no 3800 B u Bie.
Taxoke BBITYCKaOTCs ObICTPOBOCCTAHABIIMBAIOIIAECS JIa-
BuHHBIE quojel JJUJ1233, TUJI253, 0coOeHHOCTH KOH-
CTPYKLHUH KOTOPBIX paccMarpuBaiores B [2, 3].

JIaBUHHBIE TUOJTBI ITUPOKO UCTIONB3YIOTCS B BBITIPSI-
MUTEINIBHBIX arperarax Jyisi MeTaJUTypruaecKOM, XuMIJe-
CKOH IPOMBIIIJIEHHOCTH, KeJe3HOIOPOKHOTO TPaHCIIOP-
Ta U B APYTUX DIEKTPOTEXHUUECKHUX U3JIENHSIX, B KOTO-
PBIX HAOJFOAAETCS TN MOXKET BO3HUKHYTh HAIIPSDKEHUE
BBIIIIE IOITYCTUMOT 0. [ [penMyIIiecTBO JJaBUHHBIX JTHOJIOB
Tiepe/T CUIOBBIMHU BBITIPSIMUTETBHBIMU JINOIaMU COCTOUT
B TOM, YTO OHH, UMeSl MEHBIIIYI0 MOLIHOCTb, HE pa3py-
IAFOTCS TTPY 3HAYUTEITLHBIX ITPEBBIICHUSIX HAPSHKEHISI,
aTI0CIIe CHSATHS TIePEHANPSHKEHUS BOCCTAHABIIUBAIOT CBOU
napameTpsl. Mcnonp30BaHne TaKuX JTUOJIOB MTO3BOJISIET
YBEITUYHTH HAJICKHOCTH DIIEKTPUUCCKUX CXEM, TaK KaK
3alUTHbIE BOBMOXKHOCTH JJABHHHOTO MPo0os npeodiia-
JIAIOT 10 MOIIHOCTH TI0 CPABHEHUIO ¢ OOBIYHBIM CHIIO-
BBIM JTHOJIOM.

HccenenoBanue u MoieIupoBaHue paboThI SJCKTPH-
YEeCKHX CXEM 3allUThl CHIOBBIX MPUOOPOB C IIPUMEHE-
HHUEM JIABUHHBIX JHOJIOB BAYKHBI U HEOOXOAMMBI JIs pa3-
pabOTYMKOB KaK arperaTHoro o0Opy0BaHus, TaKk U CH-
JIOBBIX MOJTYTTPOBOTHUKOBBIX TIPHOOPOB. [ToaToMy 11ei1bI0
HACTOsILLEH pabOThI SIBIISIIOCH TPOBEIEHUE MOJICINPOBaA-
HUSI CHUIOBBIX CXEM C 3alllUTHBIMH JIABUHHBIMH JHO/Ia-
MH, a TaK)Ke HcclieqoBanue ocodeHHocTet BAX u koM-
MYTaIMOHHBIX XapaKTePUCTUK JIABUHHBIX JIMO/IOB. 3a/1a-
Ya COCTOsIa B HCCIIEIOBAaHUU AJIEKTPUUECKUX CXEM 3a-
IIUTHI KJTIOYEH ¢ MPUMEHEHHEM JIaBUHHBIX JIHOJIOB, B
CO3JJTaHUH U MCCIICAOBAHUU MO/IEIICH JIABUHHBIX JHOI0B
Y IPOBEACHUH MOJICITUPOBAHUS pA0OTHI CXEM 3aIUTHI C
nomoInbio cucreMsl MATLAB.

[pu yBemrdeHn# 00paTHOTO HATIPSKEHHS, TIPHIIOKEH-
HOTO K p'—n-Tiepexoy JTaBHHHOTO JHOJA, HANPSIKEH-
HOCTB 2JIEKTPUIECKOTO ITOJISI B 00TACTH ITPOCTPAHCTBEH-
Horo 3apsia (OI13) yBenuuuBaeTcs, JOCTUTast 3HAYCHUH,
IIpU KOTOPBIX HAOIIOMaeTCs 3aMeTHas yJapHas HOHU3a-
uus [4—~6]. Ilpu 3TOM J€KTPOHBI U ABIPKA 00pa3yroT
BTOPHUYHBIC DIEKTPOHHO-IBIPOYHEIE MaPBl, KOTOPHIC
ymaOo)katoTcst B OI13. KonmmyecTBeHHOM XapaKkTepUCTUKON
3TOTO TIpolecca SBIIETCA K0d(DOUIIMEHT YMHOKCHHS
HocuTeNel. B aeKTpuieckux moiisx, HanpsKEHHOCTh
KOTOpBIX npesbimaetr 105—10% B/cm, Hocutenu 3apsia
PUOOPETAOT SHEPIHIO, JOCTATOUHYIO I YIapHOH HOHH-
3aI[iH ATOMOB KPUCTAILTA U POKICHHS HOBBIX AJIEKTPOH-
HO-/IBIPOYHBIX TTap, BCIEACTBHUC YET0 HACTYIACT JIABHH-
HBIU TIpo0OiA. B TaBUHHBIX AMONaX HA TEPBOHAYAILHOM
CTaJIu¥ JIABUHHOTO TIP000st 006pa3yroTcs 00JIaCTH MaJIbIX
pa3MepoB ¢ JOKaIbHBIMU MPOOOSAMHU (MHUKPOILIa3MEH-
HBIE IPOOOH) ¥ MEHBIIINM HAIPsHKEHAEM TIPOOOS TIO CpaB-
HEHHUIO C OTHOPOIHBIMH 00JIaCTIMHU p—n-TIEPEXo/a.

[Tpu nosIBIIGHUU MUKPOTUIa3MEHHOTO POO0s BOJIBT-
amrepHas xapakrepuctuka (BAX) BBIIPSIMUTETBEHOTO H1e-
MEHTa OITUCHIBACTCS CIICYIOIICH 3aBUCUMOCTHIO [3]:

U1 =U 1 )0+ 88T+ [0 0

rae U

pog—— HANPIDKEHHE «3aruba» Ha kpuoid BAX (Hanpsbkenue, npu

KOTOPOM HOSIBIISTIOTCS IIEPBBIE MUKPOIUTAa3MEHHBIC IIPOOOH);
1,— TOK, COOTBETCTBYIOIIM} HAPSKEHUIO UHp o6
AT — mnieperpeB p—n-Tepexo/ia 3a cueT MPOTEeKaHHs 00paT-
noro toxa I, AT=T,~T;
(3;— TemmepatypHbIit K03 OUITHEHT TPOOUBHOTO HAMPSKEHHSL.

Bemuuuna dU/dI=R , ipenctasnser coboit nudpde-
peHIMaNbHOE (IMHAMUYECKOE) CONPOTUBICHUE p—ni-
CTPYKTYPHI B 00J1aCTH JIABUHHOTO ITPOOOST ¥ OTIPEJIEIISIeT-
CSI CONIPOTHBIICHUEM U KOJTHMYECTBOM 00TacTe MUKPO-
TUTa3MEHHOTO MPO00st. 3aBUCUMOCTH TMHAMUYECKOTO CO-
MPOTHUBJICHHS JIABUHHBIX TOJIOB OT 0OPATHOTO TOKA OTIH-
ceiBaercst popmyinoii IR ,=A. Bennuuna A xapakrepu-
3yeT CTENeHb OJHOPOAHOCTH JIABHHHOTO TIPOOOS U IS
p—N-TIEPEXO0B C Unpo6=400—1000 B cocrasuser 4—
10 B. Bennunna R , ipu 60J161IMX 00paTHBIX TOKaX CTpe-
MUTCS K HEKOTOPOMY HACBIIICHUIO.

Uzorepmuueckast BAX p—n-niepexozaa B 0011acTi MUK-
POIIIa3MEHHOTO NPO00sT OMUCHIBAETCS 3aBUCUMOCTBIO

u(l )_Unpoﬁ(IO)

I =lg A (2)
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[Tpu nanpHelIeM yBeTMUeHHN 00paTHOTO HATIPSIKe-
HUS 00beM obJacTel ¢ MUKPOIUIa3MEHHBIMU 00pa3oBa-
HUSIMH 3HAYUTENIbHO YBennunuBaeTcs, 1 BAX naBuHHOTO
JIN0J1a CTAHOBUTCS JIMHEHHOU [4—06]:

u,-u
— m
I (U ﬂ) - = Rd 1
rae Un — HaIPsHKCHUEC BKIIIOUYCHHOI'O COCTOSTHUSA JIABUHBI

U, — DKCTPamoIMpOBaHHOE HANPKEHHE MUKPOILIA3MEHHOTO
po6os.

(3)

HuddepennmanbHoe CONPOTUBIEHHE R | ONpeenseT-
cst HaksoHoM BAX wa nuneriHoMm yvactke, U, ompene-
JsieTcs MpoJIeHreM JinHelHoro yyactka BAX 1o nepece-
YeHHUS C YPOBHEM 0OpaTHOTO TOKa p—n-Iepexona, Impo-
TEKaIoIIero BHE 0071acT 00pa30BaHMs MUKPOTUIA3MEH-
HBIX KaHaJIOB.

HpOBe}IEHI/Ie IKCIIePpUMEHTA

B pabote mpoBommiIoch UCCIeIOBaHUE Pa3TUIHBIX
CEpUIHBIX AUOTHBIX CTPYKTYp Tipomn3BoacTBa OO0 «Dre-
MeHT-IIpeobpazoBarenby (YkpanHa, . 3a10poxKbe), KO-
TOpbIe HOPMUPOBAIUCH HA TUTACTHHAX KPEMHUS 1-THIIA C
yaenbHeIM conpoTtuBiieHueM 40—60 Om-cm. C onHOM
CTOPOHBI MIAacTHH Si popMuposascs pt—p-cioit o6iac-
TH aHOJA 32 cueT quddy3un 6opa ¢ ATFOMUHHIEM Ha [Ty-
oury 60—110 MKM, a ¢ IpyTO¥ CTOPOHBI INIACTHH (POp-
MHPOBAJICS 71" -Ci10# Si KaTo[HOM 001acTH 3a cueT qud-
¢dy3un docdopa Ha mryouny 40—70 mxm. OgHOBpe-
MeHHast T} dy3Hs akIenTOPHON U TOHOPHOM ITpuMeceit
npoucxonuia npu remmeparype 1250°C B npucyTcTBuM
JIETHPOBAHHBIX OKCHUIHBIX IIICHOK. OMIUECKUE KOHTAK-
THI AaHOJIA ¥ KaTO/1a TTOJTYYaJTH ITyTeM (OpMHUPOBAHHS TIIe-
HOK aJTFOMHUHUSI.

ITpoBoauICcs KOHTPOIb OCHOBHBIX MTAPaMETPOB chop-

MHPOBAHHBIX IUOJHBIX CTPYKTYP:

a) I &
Ip
rr
- -
o y
0
70,251 \Q Qf/—
-0,911,,
-1

rr

Puc. 1. VI3Menenue Toka AMOJAa BO BPEMEHHU IPH CMEHE CMEIIEHHS HAa HEM C MPSIMOTO Ha

— BPEMEHM JKU3HU HEOCHOBHBIX HOCHUTEIIEH 3aps-
nat;

— BPEMEHM 00PAaTHOTO BOCCTAHOBJICHUA £, =t +tf, rae
t, — BpeMs 3amas/blBaHus 0OpaTHOro HaprDKCHI/ISI I
— BpeMs Craja 00paTHOTO TOKa;

— 1oka [, v 3apsana Q, =0 +Q 00paTHOTO BOCCTa-
HOBJICHHS, me O, — 3apsan SaHaSJIBIBaHI/IH Qf— ocTa-
TOYHBIH 3apsif;

— aMIUIATY/IHOTO 3HAYEHUs 0OPATHOTO TOKA [,

— YCTaHOBHBIICTOCS HMITYyJILCHOTO IIPSMOTO HaIIpsI-
xennst Uy, ;
— UMITYJILCHOTO IICPEXOIHOIO MPSIMOTO HAIIPSHKECHUS

Upgs
— BPEMEHHU PENAKCAINU UMITYIIbCA f ., (pHC. 1).
Kpome nepeuriciieHHbIX TapaMeTpoB KOHTPOIHPOBA-
JIMCH TAK)Ke KOMMYTAIIMOHHBIC XapaKTePUCTHKU THOTHBIX
CTPYKTYD, TaKH€ KaK BpeMsI M BEIMINHA U3MECHECHUS TOKA
¥ HanpsuKEHUsS MPU BKIIOYEHMHU mpsamoro Up, niu
00paTHOro U, HanpsykeHHUs.

B Tabuuie npuBeneHbBI MOTYYCHHBIC YKCIICPHMEH-
TaJTbHO YHMCIICHHbIC 3HAYCHUS KOMMYTAIIMOHHBIX TapaMeT-
pPOB HCCIEAYEMbIX JaBUHHBIX nuoaoB Tuna U271,
UMEIOIINX PA3HYIO UPHHY 0aspl W 1 BpeMs KHU3HHU T,
HEpaBHOBECHBIX HOCUTETICH 3apsaa B Gase.

[IpuBeneHHbIC 3HAYCHHS TOKA 11 .» BDEMEHU ¢ 1 3apsi-
na Q. TIONy4YeHbI PH CKOPOCTH M3MEHEHHUS aHOIHOTO
toka d//d=100 A/mMxkc.

Ha puc. 2 mist Tex e 00pa3ioB JIABHHHBIX THOI0B
TIPUBEICHBI UMITYJIbCHI ITPSIMOTO nepexoz[Horo HarpsoKe-
HUsI IPU TIPOITY CKAHUU TIPSIMOTO TOKa 1, =160 A u cKo-
poctu d//d=200 A/MKC 1 BpeMEHHBIE 3aBUCUMOCTH I1e-
PEXOJJHOTO TOKAa B Mpolecce 0OpaTHOrO BOCCTAHOBIIE-
HUsI 00pa31oB cUI0BOro auojaa. Ha ocHoBanuu mpuse-
JICHHBIX PE3YJIBTATOB MOKHO C/IeJIaTh BBIBO, YTO aMII-

6) U &

UF R

~

FR t

oOpaTtHoe (@) U UMITYJIBC

NPSMOTO TIEPEXOTHOTO HAMpsDKeHUs: auonaa (0)

Kommymayuonusie napamempuol namu 1a6UHHbLIX OUOO08

o 6;\2;1121 W MEM | T,, MKC Urrits B | Irar, A Urr, B Ury, B trr, MKC I, A | Q,,MxKn | t,, MKC
1 170 9,0 1800 500 46 1,43 2,4 99 225 4,0
2 170 4,2 1800 500 42 1,48 2,1 66 98 2,5
3 170 3,9 1800 500 36 1,49 1,9 61 80 2,2
4 145 34 1400 500 26 1,40 1,7 53 51 1,5
5 170 30 1800 500 58 1,15 2,8 240 1020 12
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a) U,B

40

30 —

20 —

10

0 0,9 1,8 2,7 3,6t MKc

6) I, A

A

90 1

0 1,2

2,4

3,6 ¢

Puc. 2. Vmnynbchl npsAMOro NEepexoAHOTO HANpPsDKeHUs MPH YCTaHOBJIEHWH npsMoro Toka /[.,,=160 A (a) u BpemeHHbIE

FAV

3aBUCHUMOCTH TIEPEXOJIHOTO TOKa B TPOIIECCe 0OPATHOIO BOCCTAHOBIICHHS CHIIOBBIX Juoa0B JJUII271 (6)
(Hymepanusi TMOA0B COOTBETCTBYET HyMEpaluu 00pa3iioB TaOJIHIIbI)

JIUTYZIa UMITYJIbCOB, COOTBETCTBYIOLAs] UMITYJIbCHOMY I1€-
PEXOJIHOMY TIPIMOMY HANPSUKEHUIO Uy, U BpeMs pe-
JIAKCALUM UMITYJIBCOB /., (BPEMS BKIIIOUEHUS [, B TIPSI-
MOM HanpaBJICHNHM ), 3HAYEHHs TOKa [, 1 BpeMeHu £, 00-
PaTHOTO BOCCTAHOBJICHHS 3aBHUCAT OT IIUPUHBI 0A3bI, a
TaK)K€ OT BPEMEHHU >KU3HHM HEPABHOBECHBIX HOCHUTEIEH
3apszia T, M BEIMYMHBI HAKATUTMBAEMOTO B 6aze 3apsa
IIPU BBICOKOM YPOBHE HHXKEKIIUH.

Y4uThIBast JaHHBIE TAOIUIIBL, HAKATUTUBAEMEIH B 0a3e
HECTALIMOHAPHBIN 3aps]l ABIPOK MOYKHO ONPEAETHUTD 110

dbopmyre
0=l T kW),

T7ie T, — BpPCMS AKH3HH HCPABHOBCCHBIX HOCHTCIICH 3apsia (TEIPOK) B
obJ1acTu 0assl;
KW, ) — xoddduument, 3aBucsinmii ot MpuHe! 6a3el W, 1 muddysu-
OHHOU JJTHBI JBIPOK Lp B o0s1acTy 0assl.
COHpOTI/IBHeHI/Ie 0a3bl B HauaJIbHBIA MOMEHT BKIIIOYE-
HUS B COTHH pa3 0OJbIlle, YeM IPH YCTAaHOBUBIIIEMCS
pEeXHUME C BBICOKUM YPOBHEM MHXKEKIIUH TIPH HATIPSIKE-
uuu Uy, v toke I, Jlnnamuueckoe conporuienue R
Ha nnpsimoM yuacTtke BAX cocrasmster 0,3—0,7 Om. J{ns
O6paTHOFO HapsHKECHUA, COOTBETCTBYIOIICTO HAYaTy 00-
Pa30BaHUA MUKPOIIIIAa3MCHHBIX HpO6OCB, JUHaAMHWYCCKOC
CONPOTHUBJIEHHUE R, COCTABIIAET BENMYHMHY MOPSIKA JIe-
CATKOB OM.
C yuetrom popmyisl (3), HanpsikeHue B BAX B 3aBu-
CHUMOCTHU OT BEJIMYUHBI IPSIMOI'O U O6paTHOFO TOKa (TOKa
JIAaBUHBI) OTIpeIeNsaeTcs o Gopmyrie

UF(J'I): UTO(m)+RdF(R)]F(R)'

Comnporusienue R, onpesensercs Kak

Ry = Uem ~Uro
F 1
4,71y

rie Uy — Moporosoe HanpsuKeHUe Mo/1a;
Uy, — TpSIMOE HANIPSDKEHHE TMOJIA TIPH 33TaHHOM MMITyJIbCHOM
TOKE 4,711F(AV);
1 F(4y) — MAKCUMAJILHO JIOITYCTUMBIN CpETHUI NPSAMOH TOK M0JA.

[Tpu moCTpOCHUM AIEKTPUIECKUX CXEM 3aITUTHI OT
MIIKOBBIX MIePEHAINPSLKEHNH 11esiecoOpa3Ho HCIOMB30BATh
CepI/IﬁHLIe BBICOKOYACTOTHBIC JIABUHHBIC JUOAbI, UMCIO-
I COOTBETCTBYIOIIEE 00paTHOE HAMIPSDKEHUE TIPO0OS,
T. €. JUIS KOTOPBIX ITHKOBBIE MEPEHAIPSHKEHUSI COOTBET-
CTBYIOT 00JIaCTH HANPSIKEHUH TaBUHHOTO TIP000st Uy,
B ciydae ncnonb30BaHMs TUOAOB VIS AIEKTPUIECKUX
CXEM CBAPOYHBIX alllapaToB CIACAYCT MIPUMCHATDH JUOIbI
C YMEHBIIIEHHOU MUPHHOM 0a3bl (1000H0 00pasiy 4),
T. K. JUTs IOMOOHBIX IPUMEHEHHI KEeNaTeTbHO UMETh KaK
MOKHO MEHbIIEE 3HaYeHHE napamerpa Uy,

M3BeCcTHBI CXEMBI 3alIUTHI ¢ TIOMOIIBIO CAIPeccOpOB
tuna Transil, JuIs KOTOPBIX MAKCUMAJTbHBIC 3HAUCHHUS Ha-
npspkenust focturarot BenuuuHbsl 700 B. B Hactosieit pa-
00Te MOZIENUPYIOTCS CXeMBI ¢ Hanpsbkerusamu 10 4000 B
U BBIIIE IPU 3HAYUTEIHHBIX O0OPATHBIX TOKaX.

3amuTHasa RCD-uenb B CHJIOBBIX CXeMax

CHa00ep (memmdupyromas 1ernb), MOKa3aHHBIH Ha
puc. 3, IO3BOIISIET, BO-TIEPBHIX, OTPAHUIUTH CKOPOCTH Ha-
pacTaHus HANPsDKEHHS Ha CHJIOBOM Ipubope (B cxeme

RH
| S|
3T
.
I 'z\'_ Cxema
r a yIpaBIeHAUS
E, | I
= ‘| L& |
] w2
| I
| I
! c |
I —— I
IS I

Puc. 3. 3anupaemslii TuprcTop co cHabbepom
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3TO — 3alMpaeMblii THPUCTOP) B MPOIECCe CIaia ero
AHOIHOI'O TOKa HpI/I BBIKJIIOYCHHH, a BO-BTOpI)IX, yCKO-
PUTH TPOLIECC CMaja aHOAHOTO TOKA, YTO BAXKHO IPH
HaJMYUW WHAYKTUBHOW HArpy3Kku B cxeme. B pesynbra-
TE, TPOIIECCHI Cajia TOKA W HapacTaHHs HAIPSDKECHUS
pa3HEeCeHbI BO BPEMEHH, YTO IPUBOJIUT K YMEHBIICHHIO
BBIICNIIEMOM JTUHAMHYECKON MOIIIHOCTH CHUJIOBOTO MPH-
Oopa.

Kpowme Toro, ucrnonb3oBanne cHaboepa MPUBOIUT K
0cIIabJICHHUIO BCIUIECKA HAMPSKCHUS, BO3ZHUKAIOIIETO B
CWJIOBOH TIeTH M3-3a PE3KOTO TPEPHIBAHUS OOJBIIOTO
Toka. [lepeHanpsikeHUe HAa CHUIIOBOM KIIFOYE B BHJIC
BCIUIECKOB OOJIBILION aMILTUTY/IbI, 3aBUCSILEH OT 3HaUe-
HUSI MHAYKTUBHOCTHU B IIETIM, MOXET MIPUBECTH JIAXKe K
pa3pyIICHUIO CTPYKTYPBI IPHOOpA.

[Ipu BKJIFOYCHHWH CHIIOBOTO MPUOOpA OrpaHUUCHUE
CKOPOCTH HapacTaHWsl aHOJHOTO TOKa MpuOopa ocyIe-
CTBIIICT ApOCCcelb, GYHKIUU KOTOPOrO MOTYT BBIMOJI-
HSITh TTAPA3UTHBIC MHYKTUBHOCTH MOHTAXKa, €CIIU JIOITY-
CTHUMas CKOPOCTh HapacTaHWsl aHOJHOTO TOKa Ipruoopa
JIOCTaTOYHO BBICOKA (HECKOJIBKO COTEH aMIlep B MUKPO-
CEKyHIy, KaK B 3amupaeMbix THpuctopax). CKOpocTh
YMEHBIIIEHHS TPSAMOTO HAIIPSKEHHUS OTpeAessieTcs cHal-
OepHOI IIETTBIO.

Bpemsi BoccTaHOBIICHHS 3alTMPAIOIIUX CBOUCTB JIHO-
Jia VD B 0OpaTHOM HaIpaBlICHUH JIOJDKHO OBITh KAK MOK-
HO MCHBIIIUM C LEJIBK0 UCKITFOUCHUSA BO3MOXKHOCTHU pa3—
psina konaeHcaropa C yepe3 STOT JUOJ MPH BKITIOUESHUH
3amuiaemMoro npudopa. Kpome toro, s npeaoTspa-
[[EHUS BO3HUKHOBEHUS HU3KOBOIBTHON JUHAMUYECKON
JIABUHEBI B 11oA€e VD OH NOMKEH UMETH MabIi TOK 00-
pPaTHOTO BOCCTAHOBJICHHUS ¥ MATKYIO CIIOCOOHOCTH BOC-
CTAaHOBJICHHS.

[oaroroBKka K MOJeJTHPOBAHUIO CHIOBBIX
YCTPOMCTB € JIABHHHBIM THOJA0M

MopaenupoBanne pabOTHl SJIEKTPOHHBIX CHIIOBBIX
yCTpOoHcTB mpoBoamaock B cucteme MATLAB+Simulink ¢
npuMeHeHneM naketa SimPowerSystems, coneprkarie-
ro B CBOMX OMONMOTEKaX OJIOKM MOJeNel JIeKTPOTeX-
HUYECKHUX YCTPOMCTB.

aK

a) U _

I, Sw R, L, U,
3|

5

Boox  |[#— I
JIOTUKU | U,
$ o
6 B
) I A KJIIOYEHO
Bxto- Brikmrouenue
yeHUue g=0
. >0 \
Brikioueno *
. *
[]f UaK

Taxo# moaxo/1 T03BOIWIT TPOBOAUTH TUHAMUYECKHUH
aHaJIM3 AIEKTPOHHBIX CUCTEM, MIPEACTABICHHBIX HA YPOB-
HE CTPYKTYPHBIX U (DYHKIIHOHAJIBHBIX OJIOKOB C MHHH-
MaJIbHBIM Ha0OPOM UCXOIHBIX MapameTpoB. [Ipumense-
MO€ HMHTAIMOHHOE MOJCIMPOBAHHE CYIIECTBECHHO
VIIPOIIAET 3a/1ady pa3paObOTYHKOB CHIOBBIX YCTPOWCTB
HAa [IePBOHAYATBHBIX ATANAX TPOCKTHPOBAHHS.

[epen nmpoBeneHneM aHas3a HEOOXOAMMO BBITIOIHUTh
KOMIIOHOBKY JIEKTPOHHOU CUCTEMBI (cXembl). Komrio-
HOBKa MPeAyCcMaTpuBaeT BbIOOp OJIOKOB U3 OMOIMOTEK
HCTIONIb3yEMBIX MTAKETOB, UX pa3MEIICHNE B OKHE MOJIe-
JIM ¥ COeIMHEHNE MeX Ty cO00i, B pe3ynbTare 4ero Ghop-
mupyertcs mdl-gaii.

[pu rccnemoBaHUsIX KOMITOHOBKA MOJICIICH DIICKTPOH-
HBIX YCTPOWCTB MPOBOAMIACH C YIETOM TOTO, YTO MO-
neiapHbIe O0okH U3 maketoB Simulink (S-0moxwn) m
SimPowerSystems (SPS-0moxn) GpyHKIIHOHUPYIOT IPHUH-
[UITHAATFHO Pa3TNIHBIMU criocobamu. B S-0rtokax nepea-
Ya CUTHAJIOB OJTHOHAIMpPABIIEHHAs — OT BXOJIOB K BBIXO-
nam, a B SPS-06mokax, MOAETUPYIOMIUX TPOXOKICHHE
YHEPreTHIECKUX MOTOKOB, Mepenada HHPOpMaIH BY-
HAIPABICHHASI, IPUYEM HAIIPABJICHHE NIepPe/Iavr 3aBHCUT
OT HanpasJieHHus Toka. B cBs3u ¢ 3tum S-610ku u SPS-
0JIOKM HEBO3MOKHO COEAMHATH HEMTOCPEACTBEHHO. /s
coequHenus jaroboro SPS-0ioka ¢ S-0j10kOoM B MoJe-
JSIX YCTPOUCTB UCIIONB3YIOTCS IIPOMEIKYTOUHBIC OJIOKH
— U3MEpUTEIN TOKa W HampsokeHus. CUTHAN Ke OT
S-61oka k SPS-010Ky mepenaeTcst uepes yrpasisieMbIe
HCTOYHHKHU TOKA M HATIPSDKCHUSL.

[Tocne KOMITOHOBKH TIPOBOIIIIOCH OTIHCAHHE MOJIC-
TUPYEeMBIX cHCTeM. B paccMaTprBaeMbIX MOJIEIISX dJIEK-
TPOHHBIX YCTPOWCTB HMCIIOIB30BAJICS HA0OP HEOOXOIH-
MBIX OJIOKOB Kak 0e3 3a/1aBaeMbIX ITApaMETPOB, TaK H C
3aJ]aBaeMbIMU IIapaMETPaMHU.

W3 6ubnmuotexn makera SimPowerSystems Opuin
BBIOpAHbI CieayroIue OJIoKH [7]:

— Connector-0110kH (coeTMHUTETBHBIC OJIOKH) THITA
T-Connector u L-Connector, He UMeIOIIHEe 3aJaHHBIX
BXOJTHBIX [TAPAMETPOB;

B Lk
I

max

Puc. 4. Mogens 3anmmpaemMoro THUPUCTOPA, MMOCTPOCHHAS B
nporpamme SimPowerSystems:
a — SKBUBAJIeHTHas cxema; 6 — ctatudeckue BAX; ¢ — nepexon-
Has XapaKTEPUCTHKA B PEIKUME BBIKITFOUCHU S
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— Measurement-0110kH (M3MEpPHUTEITLHBIC OJIOKH) THTIA
n3Meputesb Toka (Current Measurement) 1 U3MEpHUTEITb
Hanpspkenust (Voltage Measurement), GopMupyromiue
MTHOBEHHBIC 3HAYEHHS TOKa U HaNpsDKEHHS B opmare
BBIXOAHBIX Simulink-curHanos;

— DC Voltage Source (MCTOYHHK ITOCTOSTHHOTO Ha-
TPSDKEHUS ), BXOTHBIM [TApaMETPOM KOTOPOTO SIBIISICTCS
amruuTyaa curaaia (Amplitude);

— Controlled Voltage Source (yrpasiseMblii Hicalb-
HBIIl ICTOYHUK HATIPSDKEHIS ), BBRIpAOATHIBAIOIINI HATIPSI-
skerue o Simulink-curaany ynpasnenus. [Tpu naunma-
JM3alUH 330al0TCs HadaJIbHbIC aMIUTATY/, da3a 1 Jac-
TOTA CUTHAJIA, a TAKXKE THUIT KICTOYHHKA iepeMeHHoro (AC)
i moctostHaoro (DC) HanpsHKeHus;

— Series RLC Branch (mocnenopatenbnas RLC-
1ienb). OnpeieIeHHbIM coOYeTaHueM 3HAYCHUH ImapaMeT-
poB OyoKka 3ajaeTcs onHa U3 KOH(UTypamuid nend —
RLC, R, L, C, RL, RC, LC nmm Open circuit (pa3psbiB).
J1st ynaneHus u3 Ued pe3ucTopa WK ISl HCKITIOICHUS
VH/TyKTUBHOCTH MX BETMUMHA 33/1a€TCsI PAaBHOM HYITIO. J[71st
HCKITIOUCHHUS U3 IIEMH EMKOCTH €€ 3HAaUCHUE TTPUPaBHU-
BaeTcs Kk OeckoHeuHocTH (inf). VICKITFOUCHHBIH dIIeMeHT
Ha IIMKTOTpaMMe He H300pakaeTcs.

Mogpens 3anupaemoro tupucropa (GTO) (puc. 4, a)
COCTOHT U3 TOCIIEOBATEIBHO BKIFOUYEHHBIX PE3UCTOPa

npskerus U, kimoda SW. Curnan ynpaBieHus g TOAACT-
cs yepes ynpasnmoumn AJIEKTPOT Ha 610K JTorukw. [1pu
g0nU,, -U, >(0 mprOOpP HAXOTUTCS BO BKIFOYEHHOM CO-
CTOHHI/II/I qepes HETO NpOTeKaeT ToK [, (puc. 4, 0). s
BBIKITIOUCHHST THPHCTOPA HCO6XOL[I/IMO “4TOGBI CHrHA g
crai HynesbM (g=0).

[Tponeccrl nepexiroueHus (puc. 4, ) MOIEITHPYIOT-
Csl C MOMOIIBIO CIIEYIONINX NapaMeTpoB: T, — Bpems
criazia aHOJHOTO TOKa Jio ypoBHs 0,1 oT 3Haqun;1 TOKa
Ha MOMEHT BBIKIIIOYEHUS; T, — BPEMS 3aTATUBAHHUS, B
TEUCHHE KOTOPOTO TOK aHOJA YMEHBIIIAETCS OT YPOBHS
0,1 mo Hyns.

B Monenu 3anmpaeMoro THpUCTOpa MPeayCMOTPEHa
nemndupyromas RC-uens ¢ napamerpamu R, C.. Tlpn
HEOOXOIMMOCTH OHa yraiseTcst, eci 3anars R =inf, C =inf.

B cirydae oTCyTCTBUS yHIPaBISIFOIIETO AJICKTPOIA
MOJIETTb TIPEICTABISIET COOOH MOJIENTh CHIIOBOTO THOAA.

MopenupoBanne padoThl CHJIOBBIX CXeM C 3aIMT-
HBIMH LENAMHU

Tepe/ HavaIOM MOJIEITMPOBAHUSI 3a/IaBAIUCH Tapa-
METPhI MOJICTUpOBaHMsI B MeHI0 Simulation/ Simulation
Parameters/ Solvers.

[pu aHamU3e MePEXOIHBIX MPOLIECCOB AIECKTPOHHBIX
CXEM PEeIIAl0TCsl CUCTEMBI OOBIKHOBEHHBIX MuddepeH-

R, MHIYKTUBHOCTHU L, UICTOYHHUKA TIOCTOAHHOTO Ha- | nuanbHeIX ypaBHeHuH (OHY), KOTOpEIE SABIAIOTCSA MO-
a) j
=
_=ﬂ-
Series RLC Branch .-r
R=1Om =
L=1 mxI'n
Current Measurement | * A=10B
+ T:0,02 C
—— DC Voltage Pulse Generator
A Source -
V=1800B
GTO
C=1 mMx®;
R 10 Om
h - |
o GTO GTO
T T T T Tox GTO
I, A ) _OK' — LA OK LA - OK -
| ' | ' I
1000 L=10 mxT'H 1000 L=1 mxl'H 1000 | L=100 Mx['H
0= — |_ — 0° —l L — 0! —
U, GTO U, GTO U, GTO
U,-B ’ ’ U,-B - — U,oB A
L=1 mxI'n —
2000 - | 2000 . 10000 L=100 mxI'H
| L=10 mxT's 1 | | 5000 |
0 . ' - 0. . 0o  —
0 0,02 0,04 t,c 0 0,02 0,04 t,c 0,02 0,03 t,c

Puc. 5. Cxema mpeoOpa3oBaTeiis HanpspKeHUs! 0e3 3allUTHBIX Lenel (a) U BpeMEHHbIE JUuarpaMMbl TOKa 3aIMPaeMoro
TUPUCTOPA U NAJCHUS HANPsDKEHUS Ha HeM (0)
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a
) 3anupaemslil TUpHCTOP ¢ AeMndupymomeid RCD-nenbo
Tox GTO —n
+ »] v, GTO by
L
o Tox cHaGOepHOTO AMOMA »l |:|
Series RLC Branchl _|:r U, cHabbepHoro jwona
R=10m = Current
L=2 mI'u Measurement I_"b—-
. . Scope
L
+ | DC Voltage A=10B Series RLC Branch ...
Source 7=0,02 ¢ C=3 mMx® T
A V=1800B ‘l g -
GTO | )/ - J |- ¥ M
C =inf; T" Pulse R=10Om ':_"
R=inf Lk __m Generator Diode -
7=0,8 B
’ ki
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0) ) __Tox GTO [IpsiMoii TOk cHaOOEpHOro aHoMaa Tox B cHaOOepHOH nenu
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Uak’ B aK’
: } ] 0] '
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[ —10000 | [
—50000 - : *
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Puc. 6. Cxema nipeoOpaszoBaTeiss HApsHKEHHUS ¢ 3ammTHON RCD-1enoukoi (¢) M ee BpeMEHHbIe JHarpaMmbl (0)

JETSIME aHATM3UPYEMBIX CXeM. Pa3iudHbie METOBI pe-
menwust cucrem OJIY B cucteme MATLAB peanusyrorcst
C TIOMOIIBIO0 BCTPOCHHBIX (DYHKITHI (COTBEPOB).

B pabote npu aHanmm3e BceX CXeM Iar HHTerpupoBa-
HUS BBIOMpAJICA NEPEMEHHBIM C ITOMOIMIBIO MapaMeTpa
Solver options, 3a1aBagoch KOHEYHOE BpEeMsI MOJICIH-
poBaHus, BEIOMpanachk QyHKIwms conBepa ode23tb, B oc-
HOBE padOTHI KOTOPOH JISKHUT HesIBHBIN MeTost PyHre—KyTtTa
C TICPBBIM IIIarOM TI0 METOJIy Tpareiidi 1 BTOPBIM IIIa-
TOM 110 MeToy «TuddepeHITMpOoBaHHs Ha3a1» 2-T0 10~
pAaKa. Bce ocranbHabie nmapamMeTpbl YCTaHABJINBAJINCH 10
YMOJTYaHHUIO.

MopenupoBaHue pabOTBI CHIIOBBIX CXEM C 3aIIUTHBIMA
IETISIME HA OCHOBE JIABHHHBIX JINOJI0B PACCMATPHBAIOCH
Ha TIPIMEpEe UMITYIILCHOTO ITpeo0pa3oBaTes C 3ammpaec-
MbIM THPUCTOPOM.

ITockonbky crarnueckas BAX monenu nuona, uc-
noib3yeMas B makete SimPowerSystems, siBisieTcs -
HEapU3UPOBAHHON (TIPEJICTABICHHONW COBOKYITHOCTHIO
JIBYX aCUMITOT), & OOPATHBII TOK INO0/1a B MOJICIIH SIB-
JISIETCS HYJEBBIM, I OTOOPaKEHUS MPOLIECCOB B 00-

JACTH MHUKPOIUIA3MEHHOTO TPo0OsI MpeiaracTcs Uc-
MOJIB30BATh MMAPAUICTHHOE COSTMHEHUE ABYX BCTPEU-
HOBKITIOUEHHBIX JIFO/IOB, OJIH U3 KOTOPBIX MOJIEIHPY-
eT npsamyto BeTBb BAX naBunHOTO 1M01a, a APYTOH —
00paTHyto.

B Mozaenu ofHOTO U3 TMOJ0B apameTp Vf— 3TO TMa-
JICHUE HATIPSDKEHMS Ha MTPSIMOCMETIICHHOM JIHOJIE BO BKITO-
YEHHOM COCTOSIHUH IPH HYJIEBOM aHOJTHOM ToKe. B Mozie-
JIM K€ BCTPEUHOTO IM0/1A V;— 5TO HANPSHKCHUE JIaBUH-
HOro mpo6ost Uy, 06paTHOCMENIEHHOTO TMO/1a, & Tapa-
METp R, COOTBETCTBYET MU PepeHIMATEHOMY COPOTHB-
JICHUIO THO/Ia B PEKAME MUKPOTIIa3MEHHOTO TIPOOOSL.

Jns ucciaegoBaHusl BAUSIHUS 3alllUTHBIX IIETICH Ha
paboTy CUIIOBBIX IPUOOPOB BHAUajIe paccMaTpuUBajiach
CXeMa MMITYJIbCHOTO TIpeoOpa3oBareis CO BCTPOCHHOM
B MOJI€JIb TUPUCTOPA MOCIe0BaTENbHOM 3aiuTHON RC-
IETIBI0 TIPU BapbUPOBAHUY 3HAYCHUST HHAYKTHBHOCTH B
Harpy3ke. AKTHBHOE CONPOTHBIICHHIE HATPY3KH HE U3-
MEHSUIOCh U IIPUHUMAIOCh PaBHBIM 1 OM.

B cxeme Ha puc. 5, a v Bo Bcex j1ajnee NpUBEACHHbBIX
cXemax JUIsi BO3MOXKHOCTH COTIOCTABIICHUS PE3yJIbTaTOB
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a) Tox GTO —a
o] U G0 d
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— —
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e | Series Scope
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=1 _ DC Voltage ——  /—10B F
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I 11101 | Diodel
a1o V08B = R=10 Om
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+ I | I
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1, A U,B LA
1000 1000 50
O — — O ! = — 5 0 j—
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Puc. 7. UmnynbcHbIN MpeoOpa3oBaTeb HANPSKEHHUSI C OMIO3UTHBIM JTHOIOM

MX aHaJlN3a UCIIONB30Baach MOJIENb 3aHPAeMOTo TH-
pucTopa ¢ onuHakoBbiMU mapamerpamu: R =0,1 Owm,
L,=1 mkln, Uf=0,8 B, Tf=10 Mke, T7=20 MKc.
Pesynbrarer MogienpoBanust (puc. 5, 6) HADISATHO Jie-
MOHCTPHUPYIOT, UTO MPH IMOBBIIICHIN 3HAYCHHS HUHIYK-
TUBHOCTH aMILUIUTY/Ia KPaTKOBPEMEHHBIX BCILICCKOB Ha
CHUIIOBOM TIpHOOpE, KOTOPBIE MOTYT BBIBECTH €T0 U3
CTpOsI, YBEIHYUBACTCS (aMIUTATY/IBI BCIUIECKOB HAIIPSI-
JKEHUSI Ha THPHCTOPE 110 OTHOIICHHIO K yCTAaHOBHBIIIC-
mycst 3Hauenuto U, =1800 B pasubi 0; 100; 1250 B ipu
L=107% 107%; 10 I'n, coorBercTBeHHO). Clle10BaTeNb-
HO, B CXE€Me JIOJIKHBI TPUCYTCTBOBATH 3allIUTHBIC IIETIH.

M3BecTHO, uTo RCD-11€TI04Ka CHUXKAET CKOPOCTD Ha-
pacTaHus IpsMOT0 HaNPSHKEHUS ITPU BBIKIFOYSHUH TUPH-
CTOpa M HCKIIIOYaeT BO3MOXKHBIN NMPOOOI mpu BoccTa-
HOBJICHHH TIPSIMOM 3aITUparoniel CiocCOOHOCTH TUPUCTO-
pa. IIpuuem ee poisb yBeIMUUBAETCA IPU YBEIUUECHUU
IPSMOTo pabovero HapsHKEHHUS THPUCTOPA, T. K. YBEJIHU-
YHBAETCSI MOIIHOCTD, BBIJIEISIOIASACS IPY BBIKIIFOUCHUH
tupucropa. Cxema mpeobdpazoBaterst Harpsbkerus ¢ RCD-
LENOYKOM U pe3yJbTaThl MOJASIMPOBAHUS TIOKAa3aHbl HA
puc. 6. Harpsikenne MCTOUHMKA MTOCTOSTHHOTO HATIPSIKe-
Hus coctanisieT 1800 B, conpoTuBienne Harpy304Horo
pesucropa R=1 Om, 3HaueHHe NHAYKTUBHOCTH L=2 MI H.
AHaJIn3 MpeICTaBICHHBIX BPEMEHHBIX IMarpaMM Mo3BO-
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JSIeT C1eT1aTh BBIBOK O HedpPekTuBHOCTH RCD-11eN0YKH
IIPU HAJIMYUH B CXEME JOCTaTOYHO OOJIBIION UHTYKTHB-
HOCTH, BBI3BIBAIOIICH KOJIe0aTeBHBII MpoLece mepe3a-
psiaKK cHaOOepHOU eMKOCTH (TIPH BBIKITIOUCHUH THPHC-
TOpa Ha HEM BO3HMKAIOT 3aTyXAaIOIIHE KOJIeOaH!s ¢ MaK-
cumaibHbIM pa3zMaxoM 7000 B B Teuenue 4 mc, npu 3ToM
MpsIMOM TOK CHAOOEpHOTO MUOAA TaKKe KOJNeONeTcs C
MakcuManbHOU aMrtuTyoi 1700 A B TeueHne Toro xe
BpPEMCHH, 2 MAKCUMAJIFHOE HANIPsUKECHUE HAa HEM JTOCTH-
raet 12500 B).

DNeKTpuYecKue MepeHanpsHKeHUs, 00pa3yroluecs B
pesynbrare KosiebaTeIbHbIX MPOLECCOB MPH KOMMYTAalluU
CHJIOBBIX TPUOOPOB, MOXXHO YCTPaHUTh HECKOJIBKUMH
cnoco6amu. OHH Crocod mpeTycMaTpUBAET Mapajlielib-
HOE TIOZIKITI0YEHIE 00PaTHOTO TH0/a K HHAYKTHBHOM Ha-
rpy3ske. [Ipu BTopom crioco6e onmo3uTHbIH (aHTHITapaI-
JTIeJIbHBIH) TABUHHBIN JIMO]] yCTAHABIIMBAETCS MTapAJUICIIBHO
CHWJIOBOMY NPHUOODY.

CxeMa C OTIIO3UTHBIM JJABUHHBIM JIUOAOM H PE3yilb-
TaThl €e MOJACIMPOBAHMSI TTOKa3aHbl Ha puc. 7. Compo-
TUBJICHUE U MHAYKTUBHOCTh HATPY3KH — TaKHUE e, KaK
Ha cxeme Ha puc. 6. Bpemennas nuarpamma U, (1) B
9TOM CJIyYae YKa3bIBaeT Ha OTCYTCTBHE BCIUIECKOB Ha-
TIPSKEHHUSL.

MaxkcuMasnbHOe MpsMOe NaJeHHE HANpsIKEHHs Ha
cHaOOepHOM quoje coctapisiet 1300 B mpu pmurensHO-
CTH UMITyJIbCa 25 MKC; MaKCUMaJIbHOE 00paTHOE Harpsi-
’KEeHHe Ha HeM paBHO MuHyc 1800 B npu anurensHocTH
umnynbcea npubnusurensHo 10 mic. [pu pacyere npax-
TUYECKHUX CXEM TOJy4YEeHHbIE 3HAUEHHs TapaMeTPOB MO-
JETUPOBAHISI MOTYT CYIIECTBEHHO U3MEHSTHCAL.

*kk

Takum 0Opazom, B paboTe pUBEICHBI H3MEPEHHBIS
mapameTphl AUOI0B, UCIIOIb3YeMbIC TIPH MOCIHPOBa-

HHHU JICKTPUUECKUX CXEM 3AIIUTHI, PACUIUTAHHBIX Ha Ha-
npspkerns 10 4000 B u Bbltie. AHaIN3 pe3yabTaToB MO-
JETUPOBAHHS ITO3BOJISIET 3aKIFOYHTh, 9TO OOpaTHEIC Ha-
MIPSDKEHMSI KaK Ha CHaOOEepHOM, TaK M Ha OMIO3HTHOM
JIFOJIC MOTYT HMETb JOCTATOYHO BBICOKUE aAMIUTHTYTHBIC
3HaueHus. [loka3ana 3(h(eKTUBHOCTH 3aIUTHI OT MEpe-
HanpsHKeHUH, BOSHUKAIONIUX MPH KOMMYTAIHH B Teye-
HHE NEPEXOHBIX MPOLIECCOB, C MOMOLIBIO AEKTpUUE-
CKHUX CXEeM C IPUMCHEHHEM JIABUHHBIX THOIOB, KOTOPHIE
racsT UMITYJIECHI IEPEHAPSDKCHNS Iy TeM HHULIUHPOBA-
HUSI JABUHHOTO pa3psaa.
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B yue6HOM mocoOGuu paccMaTpUBAIOTCH OCHOBHbIE MOHATHS CXEMOTEXHHUECKOTO Mpo-
E€KTHPOBAHHUSA PaJUO3JEKTPOHHBIX YCTPOUCTB U MaTeMATHUECKHE OCHOBbI X MOJEJIH-
POBAaHUS C UCMONb30BAHUEM CPECTB aBTOMATHU3ALUH.

ManaraimoTresi OCHOBBI TPAaKTHUECKOTO MPUMEHEHHUsT MPOrpamMmm
CHCTEeMBI CXeMOTexXxHHUecKoro Mmonenuposanus Designlab 8.0
(OrCAD) nssi mOCTPOEHHST M MOACJIHPOBAHMS MPHUHILKITH-
albHbIX CXeM MacCUBHbIX POY B pekume aHanusza BpeMeH-
HbIX M YACTOTHBIX XapaKTEPUCTHK, a TAKKE JJ5 MOJAEIUPOBa-
HUsI aKTHBHBIX aHAJOTOBBIX U IHU(PPOBLIX ycTpoiieTB. K KHHre
MpPHUIATAETCS KOMIIAKT-IUCK C 1€MO-BEPCHEN CHCTEMBI CXEMO-
TexHuyeckoro monxenupoBanusi Designlab 8.0, momensmu
(UIBTPOB, PE3UCTUBHOTO U PE30HAHCHOTO YCHIUTENEH, 1eTH-
TeJsisl YacTOThl, MpeoOpas3oBaTensi Kojaa, a TakxKe ¢ He0OX011-
MBIMH JJI HX MCCAEL0BAHUHA UCTOUHUKAMHU IUPPOBBIX H aHa-

[Ipennasnauena /s CTYAEHTOB, 3aHUMAIOLIUXCS H3YyUEHHEM
1 nmpoekTHpoBanueM POY, a Tak:ke MOKeT ObITh MMOJIe3HA aCMUpaHTaM, MpernojaBare-
JSM W HayuHbIM paGOTHUKAM, MPUMEHSIOLUIUM CPeACTBa aBTOMATH3UPOBAHHOIO MPoO-
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MAHOFAEAPI/ITHBH/I L[I/ICDPOBOI/I YACTOTOMEP
C BBICOKOM PA3ZPEIIAIOIIEN CITOCOBHOCTBIO

Paccmompenvl memoowr usmepenus uacmo-
Mol U 8peMeHU, NPUHYUn Oeucmeus, 00.a-
cmu npuMeHeHus, Kpamkue mexHuueckue
U Memponocuieckue XxapaKxmepucmuxku 4a-
cmomomepa UA Y3-64/2.

PazButne psia HanpaBICHUH HAyKH U TEXHUKH OTIPE-
JIeNsieTCsl TOYHOCTHIO H3MEPEHHS BPEMEHHBIX U YacTOT-
HBIX ITapameTpoB. Cpeau STaJOHOB OCHOBHBIX (hu3nye-
CKHX BEJIMYMH CaMbIMU TOUHBIMHU SIBJISTFOTCSI 3TAJIOHBI Bpe-
MEHH U €r0 POU3BOTHON — 4acToTHI. [loaTOMY 1 M3Me-
PCHHUS 4acTOTH U €¢ 00paTHON BEIWIHHBI — TIEPHOA
SIBTISTFOTCS] CAMBIMH TOUHBIMH.

O061acTh MPUMEHEHHUS YaCTOTHO-U3MEPUTEIHHOM arl-
mapaTypbl HENpepbIBHO pacuupsiercs. [loatomy B mo-
CJIeIHEE BPEMS B TAKMX OOJIACTSAX HAYKU M TEXHUKU KaK
CBSI3b, PAIIFIOJIOKAIINS, PAIHMOHABUTAIIHS, METPOJIOTHS 1
Ip. OOJIBIINM CIIPOCOM IOIB3YIOTCS YaCTOTOMEPHI, KO-
TOpPBIC U3MEPSIOT HE TOJIBKO YAaCTOTY CHHYCOMIAIBHBIX
CHUTHAJIOB M HECYIIYIO YACTOTY PaJUOUMITYIbCHBIX CHT-
HAJIOB, HO U BPEMEHHbIE HHTEPBAJIbI IPOXOXKICHUS ATUX
CUTHAJIOB C BBICOKOW pa3peliarmnieii crocoOHOCTHIO.

Emte B 80-¢ rogsr 20 Beka B Ykpaune ObL1 pazpado-
TaH U CEpUITHO BBITycKajcs Ha 3aBoje «Paxnompudop»
uM. C. II. KoponéBa BBIUMCIUTENBHBII YacTOTOMED
Y3-64/1, KOTOpBIi YaCTUYHO pelIan 3TH 3a1a4n. B Ha-
CTOSsIILIee BPEMSI ATOT IPHOOP MOPATBHO YCTAPEN U CHSIT
C TIPOU3BOJICTBA.

B OAO «Mepumunan» nm. C. I1. Koponésa, mpaso-
HacJleaHuKe 3aBoaa «Pagnonpudopy, KOTOpoe SBISETCS
BEYIIUM NPEANPUSTHEM B 00IaCTH pa3INIHON 4acToT-
HO-U3MEpPUTENILHOM anmnaparypsl He TOJIBKO B YKpauHe, HO
Y Ha BCEM TIOCTCOBETCKOM IIPOCTPAHCTBE, BHITIOJHEHA Pa3-
paboTKa MaJOrabapuTHOTO IU(PPOBOTO YACTOTOMEPA C
BBICOKOM paspemarorieit cnocooHocThio UA U3-64/2. B
HACTOsIIIIEE BpeMsI Ha IIPEANIPUATHH BEICTCS ITOITOTOBKA
MPOU3BOJCTBA K €r0 CEPUHHOMY BBIITYCKY.

Tak xax uacroromep UA U3-64/2, kpome 4aCTOTHBIX
MapaMeTPOB CUTHAJIOB, H3MEPSIET HHTEPBAJIbl BPEMEHH C
BBICOKOH paspernaronieil CiocoOHOCTBIO, a TAKKE UMEET
nHTepdelickl kaHama obmero noyib3oanus (KOII) u
RS-232, ero MOKHO OTHECTH K KaT€rOPHH BBICOKOTOU-
HBIX H3MEPHUTEIBHBIX IPHOOPOB, KOTOPBIE MOTYT pado-
TaTh KaK B aBTOHOMHOM PEKUME, TaK U B COCTABE CIIOXK-
HBIX METPOJIOTUIECKUX KOMIUTECKCOB. YacToToMep OTHO-
CUTCS K pa3psay o0pa3loBbIX cpeAcTB u3mepeHus [1],
T. €. K TéM, UTO NIEPEHOCAT TOUHOCTh PAOOUUX STAJIOHOB

Ha pe3yJibTar I/ISMepEHI/II‘/'I, TeM CaMbIM 00€eCIIeunBast CAVH-
CTBO HSMGPCHI/Iﬁ Ha ocHOBe 3akoHa «O MCTPOJIOTUHU U
MCTpOJ’IOI‘H‘-IeCKOﬁ ACATCIIbHOCTH» B CaAMbIX PA3HBIX 00-
JIACTSIX — OT HAHOTEXHOJIOTUM JI0 TEXHOJOTUH HaBUTa-
11U, TGHGQ)OHHOI;'I CBA3U U PAJTUOCBA3H.

MeToabl HU3MEPECHUA YaCTOThl U BPEMEHU

M3 Bcex cymiecTByOIUX METOA0B U3MEPEHUs Yac-
TOTBI U BpEMEHH MTPOXOXKJIEHUS CUTHAJIa ONTUMAJIbHBIM
SIBJISIETCS METOZ TUCKPETHOIO CUeTa, KOTOPBIN 3aKITtoya-
eTcsl B TOJICUETE IEKTPOHHBIM CUETYMKOM YHUCIIA M-
MyJTbCOB, SBISIOIICTOCS (PYHKIIUCH M3MEPSIeMOU BesH-
YHHEI 32 00pa3IOBEI HHTEPBAJ BPEMEHH.

B cBoto ouepenb, 4acTOTOMEPHI, TOCTPOECHHBIE 110
JIUCKPETHOMY METOJY, pa3lelisloTCs Ha YaCTOTOMEPHI
«IIPSIMOTO CYETA» W YaCTOTOMEPHI «OOPATHOTO CUETAY.

[IpuHLHKI TPSIMOTO cYeTa XapaKTepHu3yeTcs MoJicue-
TOM YHUCJIA IEPUOJ0B M N3MEPSAEMOI YaCTOTHI 38 U3BECT-
HBII 00pa3IOBLIA HHTEPBAN BPEMEHH f,. Pesynbrar us-
MepeHus M orpenensieTcst Kak

M=t/t =t f.,

[JI€ £, — TIEPHO/] H3MEPAEMOMN YACTOTHI,
[, — u3Mepsemas yacTora.

OTHOCHTEINbHAs TOTPEUTHOCTh M3MEPEHHS U3-3a JAUC-
KPETHOCTH c4eTa 8 Ha HU3KMX 4acTOTax MOXKET J10CTH-
raTh 3HAYUTEIbHBIX Benant. OHa oIpenensieTcs BbIpa-
JKeHueM [2]

8, ~+1/M= £1/(t, f.). (1)

3HAYUTEIBHO MEHBIIEH MOTPENTHOCTHIO M3-3a JIUC-
KPETHOCTH cYeTa 00JIa/IAF0T YaCTOTOMEpPBI 00paTHOTO cYeTa,
CYTh pabOTHI KOTOPBIX 3aKITI0YACTCSI B M3MEPEHHUH ITEPH-
Ofia {_ WJIM CyMMBI TIEPHOJIOB HCCIIENYEMOTO CHTHAIIA C
nocneny}omHM BBIYHMCIIEHMEM 3HAYEHHS YACTOTHI f, KaK
f=1/t. Usmepenne nepuona ¢ TPOMCXOIUT MyTEM 3a-
HOMHEHMS ero HMITYJIbCaMH M3BeCTHOI 00pas1oBoif va-
CTOTBHI f,. B 9THX yacTOTOMEpaX OTHOCHTENBHAS O PELI-
HOCTH M3-3a TUCKPETHOCTH CUETa OIPEACIICTCS BBIpa-
JKeHueM [2]

== l/(kt fy)

e k — LEJ0€e YUCIIO TIEPUOJIOB /..

W3 BoIpaxeHus (2) crnenyer, 4To B JaHHOM clydae
TOTPEIIHOCTH H3-3a IMCKPETHOCTH CYeTa o0patHo mpo-
MOPLUOHATIEHA STATOHHON 4acToTe f;. C LebIo yMeHb-
IIEHHS TOTPENIHOCTH STAIOHHYIO YacToTy f BLI6I/IpaIOT
MaKCHUMAaJIbHO OOJBIION C y4eTOM 3JeMEHTHOU 0a3bl,
MO3BOJISIOLIEH peau30BaTh CXEMHbIE PELICHUSI.

(2)
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HpI/IHl.lHl'l JeiicTBUs H3MEPUTEIA HaCTOThI U
BpEeMEHHU

g moctpoeHus yacroromepa, U3MepSIOLIero Bpe-
MEHHBIE HHTEPBAJIBI C BRICOKOH pa3pernaroniei crocoo-
HOCTBIO, OIITUMAJIBHBIM SIBIISICTCS] IPUHIIAIT OOPATHOTO
cueta. OH HanboJee OPraHNYHO TO3BOJISIET MCHOIb30-
BaTh METO/] HHTEPIOISALINY BPEMEHHBIX HHTEPBAJIOB, YTO
B CBOIO Ouepe/ib 03BOJISIET 3HAUUTEIILHO YMEHBIIHUTE CO-
CTaBJISAIOLLYO IOTPELIHOCTH, CBA3aHHYIO C KBAHTOBAHU-
€M CHUTHaja.

Paccmotpum 310 Ooee moapoOHO.

HormyctuM, He0OXOAUMO U3MEPUTH HEKUI HHTEPBAJ
BpeMeHU T (pHC. 1), KOTOPBIH COCTOUT U3 OTIPEIEIIEH-
HBIX OTPE3KOB:

TH3M_T0+T1_T2’ (3)

rae Tof UHTEPBAJI BPDEMEHU MEXKy BTOPBIM IIOCJIE HavYaaa u3Meps-
€MOT0 UHTEpBaJia TmM 1 BTOPBIM I1OCJIE KOHLIA U3MEPSIEMO-
'O UHTEpBaJjla TAKTOBBIMU UMITYJIbCAMU OIIOPHOU YaCTOThI
100 MI'm;

T, — MHTEPBAJI BPEMEHU MEXK 1y HAYAJIOM U3MEPSEMOT0 HHTEP-
Bajla U BTOPBIM TaKTOBBIM UMITYJIbCOM, KOTOPBIU CICAYET
3a HUM;

T, — HMHTEPBAJl BPEMEHH MEX Ty KOHIIOM H3MEPAEMOTO HHTEPBA-
aatT 1 BTOPBIM, CJICAYIOIINM 34 HUM TaKTOBBIM UMITYJIb-

HU3M
coM 4gacToTsl 100 MI'm1.

U3 puc. 1 BuaHO, YTO U3MEPAEMBIH MHTEpBAN T,
paBeH nenomy uuciy nepuogo N gactorsl 100 Ml
wioc AT, u AT,,. Eciiu u3MEpUTh TOYHO BEIMYUHY Bpe-
MeHHbIX uHTEpBaNoB AT| u AT, To B pe3ysbrare OyaeT
3HAUUTEIBHO yBEIMYCHA TOYHOCTH U3MEPEHUS 3a CUET
YMEHBIICHUS IOTPELTHOCTH KBAHTOBAHUSL.

st obnerdeHus anmapaTHOH 00pabOTKH K BpeMEH-
HpiM unTepBanam AT, u AT, 106aBIsS€TCS MO NEPHOTY
OTIOPHOM 4acTOTHI 7, ¥ B AJIbHEHIIIEM, IPH POPMUPOBa-
HHAH U3MEPAEMOTO MHTEPBAJIA, YUUTHIBAIOT T; U T), T. €.

T,=AT,+T,

B vacroromepe uHTEpBaIIBI T) U T, PACIIUPSIOTCS B
M, n M, pa3, coorBercTBeHHO (M,=M,=128), n n3me-
PAKOTCSI TOYHO TaK XKe, KaK U T, — CYETHO-MUMITYJILCHBIM
METOIOM (CYMMHPOBAaHHEM IEJIOTO YHCIa TEPHOI0B
omopHo# yactoTsl 100 MI'm).

ITo pe3ynbraTamM U3MEpEHUN BBIYUCIISAIOTCS CIENYIO-
II1€ BENUYUHBIL:

Ny=t/T; N;=(M,1,)/T: N=(M,T,)/T, (5)

e N, — KOJMYECTBO LENOT0 YMCiIa NEPUOJIOB TAKTOBOH 4aCTOThI
100 MI' 3a Bpemst T

N, — KOJMYECTBO LEJIOTO YKCIa MEPUOIOB TAKTOBOH YacTOThI

100 MT'y 3a Bpems T, M, (paciumpennbiii nnrepsan AT));

N, — KOIMYECTBO LENOT0 YUCIIa TEPUOIOB TAKTOBOW YaCTOTHI

100 MTI' 3a Bpems 1,M, (pacumpenubiii uarepsan AT)).

Torma AMMTETHPHOCT OUHOYHOTO U3MEPSIEMOTO HH-

TepBana T, OyleT OnpenensThes Kak
TmM:lO(NO+N1/M17N2/M27ANpaC), (6)
rae TmMi BBIPAXKACTCS B HAHOCCKYH/IaX, pa3peliaromas CITIOCOOHOCTh

— 100 mc;
ANpac — K03()(HULKEHT, yYNTHIBAIOIINI B3aMMHOE PaccoriiacoBa-
HHUC UHTCPIOISATOPOB.

Ecnu HeoOx0oauMo N3MEpUTh BPEMEHHOM HHTEPBAI,
KOTOPBII TIOBTOPSIETCSI, TO TIPOUCXOIUT IPOLIECC yCpe-
HeHus. [Ipy 9TOM TOTIOMHUTEBEHO TOICUNTHIBACTCS JHC-
JIO YCPEJHEHHBIX 3a BpeMsl M3MEpEHUs (BpeMs cueTa)
MHTEPBAJIOB V.. Pesynbrar nusMepenus BbMHUCIIAETCS Clle-
JYIOIMM 00pa3oMm:

T = 10N HN /M 4Ny /My-N AN, /N (7)

B pexume usmepenus nepuona uucio N, eCTb KoJu-
YECTBO YCPEAHAEMbIX NIEPUOJIOB, U TOT/A epHos OyaeT
OIIpeNIeINATCS KaK

TmM:Umezl0(N0+N1/MFNz/MfANpac)/NE‘ (8)

3Ha4YeHUE YaCTOThI, KOTOpast U3MEPSAETCs, ONpeaess-

T,=AT,+T. (4) | ercs Kak BelUUMHA, oOparnas nepuony, . €. f, . =1/T .
TI/I3M

BxozHo#l U3MepsAeMblii Crapt Cron
CHTHAJ | \l I \

0 ! 2 Ny Ny
Mertku nepuoznos
OTMIOPHOW YaCTOTHI
100 MI'g

] ! !

AT, i ! ! T=10uc AT,
. . 3 ; [ 3 »

]

1

1 T

[ "

1
CurHaisl OmuOKu
KBAHTOBaHHUS .

1

T ] T
- 1 1.: s 2 M

Puc. 1. ®opMmupoBanue n3MepsieMOro MHTEpBala BPEeMEHH
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[Ipu u3mepennn Hecymen 4acToThl UMITYITLCHO-MO-
JTyJTUPOBAHHBIX KOJIEOAHUH MTPOUCXOIUT MPOIECC U3Me-
penus 1 GopMUPOBaHUS UHTEPBAJIOB BPEMEHH, KOTOpPbIE
JIe)KAT BHYTPH OTHOAIOIIEH OTHOPMUPOBAHHOTO BXOIHO-
TO paluOUMITYJIbCca. DTU HHTEPBAJIbI PaBHBI JIUTEIbHO-
CTH LIEJIOTO YKCIa IEPUOI0B HECYIIEH YacTOTHI.

3a ycTaHOBIIEHHOE BpeMs cyeTa 4acToToMepa Mpo-
MCXOJTUT OTIPEIETIEHUE CYMMApHOTO YKCIIa EPHOIOB N,
curHaia onopHo# yactorsl 100 MI'11, cyMMapHOTO 4ucC-
J1a 1eproAoB onopHoi yactotel 100 MI'1 uuTepionsTo-
poB N, u N,, CcyMMapHOTO YHCJIa IEPHOJIOB CHTHAJIa He-
CyIen 9acToThl N, YMC/Ia paJuouMITYIbCoB N, , Kodd-
(durreHTa IeJICHNS YaCTOThl BXOJJHOTO JICITATENS KH. Pe-
3yJILTaT U3MEPEHUSL [, OTIPEMNETAETCSA KAk

Jaeem KN/ 10NN, /M \=N,/M )—N AN 1Oac). 9)
IIpakTuyeckas peaju3anus U3MepPUTENsI YACTOTbI
U BpPeMEeHHbIX MHTEPBAJIOB

YacroTomep, paboTaromuii o OMMCaHHOMY TIPHHIIU-
Iy ACHCTBUS, pealn30BaH Mo CTPYKTYPHOU cxeme, pu-
BEJICHHOW Ha puc. 2.

Yeunurenu-(popMupoBarey KaHaloB 4 ¥ B ipeiHas-
HAUYECHBI JIJIST YCWICHUS 1 HOPMUPOBAHHS BXOIHBIX CHT-
HaJIOB. B genmuTese 4acToThl MPOUCXOAMT JCTICHUE BXOI-
HOM 4acTOThI Ha 8. JIMHUS 3a7IeP’KKH CITY KUT JUTS 33/1€PHK-
KM paguouMITysibca Ha S0 HC ¢ [ETbI0 er0 HOPMHUPOBa-
HUSI 10 JUTUTSITHHOCTH JUTsl HCKITFOUCHHMS TIEPEXOTHBIX TPO-
[IECCOB B HaJaJle M KOHIIC PaIMOUMITYIIbCA.

CenexTop MpeHa3HauEeH:

— 11t QOPMHUPOBAHUS UMITYIBCOB [UTUTEIHHOCTEHIO
T, uT,;

— [t GOPMHUPOBAHNS U3 BXOAHOTO CUTHAJIA CTPOOa
E (u3mepsieMblii HHTEpBaI BpEMEHH ) U U3 CUTHAJIA OTIOP-
Hoii yacToThl 100 MI'1t cTpoba JK (3TasioHHOT0 BpeMeH-
HOTO MHTEpBaJa, paBHOTO M3MEPIEMOMY HHTEPBAIY C
TOYHOCTBIO JI0 TIEPUO/Ia OTIOPHOH YacTOTHI). IIMTEMBHOCT
ctpoba XK dakTudeckn paBHa BpEMEHH CYeTa 4acTOTO-
mepaT,;

— JUTS TIOICUeTA YHCIIa KOJIeOaH i BXOTHOTO CUTHA-
J1a 32 BpeMs IpoxXokIeHus crpoda E n curaana onmopHoit
YJaCTOTHI 32 BpeMsI IPOXOKaeHHs cTpoda XK.

®opmuposarens onopHeix curHanos (POC) npex-
Ha3Ha4eH Uil (GOPMHUPOBAHUS M3 YaCTOTHI KBapIICBOTO
reneparopa 10 MI'1 ormopHBIX CHTHAIOB ¢ YacTOTaMHU
51 100 MI'm.

WHTepronsaTop CONEpKUT ABa OAMHAKOBBIX KaHAJA
CITy’KHUT AJIS1 PACIINPEHUS HMITYJIbCOB CUTHANA OIINOKH
KBaHTOBaHus T, U T, B 128 pa3 ¢ mocieayromum ux us-
MEpEHHEM METOJOM CYeTa YHCia KoleOaHui CHrHaia
onopHoit yactotsl 100 MI'm.

CueT4nk mpeHa3HAYCH JUTS TOACYUTHIBAHUS YHCIIA
KOJIeOaHUH OTIOPHON YaCTOTHI IIPH MTPOBEICHUH H3MEpe-
HUIA, 0OMeHa nH(OopMaIuel ¢ MUKPOTIPOIIECCOPHBIM KOH-
tpostepom (MIIK) nocpeactsom muns! faHHbIX(HILT).

MIIK cimy»KuT A5t yIpaBICHUS ATOPUTMOM PabOTHI
qactoTomepa, ooecredeHns: (yHKIIMOHUPOBAHUS KaHa-
noB o6mero nons3oBanus (KOIT) u RS-232 gepes 111/],
mHy aapeca (IHA) u muny ynpasnenns (HIY).

brok namKaIim oToopakaeT pe3ynbTaThl H3MEPCHHUSL.

Briox nuTanus npeHa3HaueH A1 BRIpaOOTKH cTabu-
JU3UPOBAHHBIX HanpspkeHui +12, 12, +5 B.

PaccmoTrpuM anroput™M paboThl IpuOOpa MpH U3Me-
PEHUU YaCTOTHI U MEPUOAA 110 KaHATY A.

‘YcuieHHbIN 1 OTHOPMUPOBAHHBIN BXOIHOM CUTHAI C
BBIXOJa YCHJINTEIIS MOCTYHAET Ha CEJIEKTOP, T7IC TIPOC-
xoauT Gopmuposanue cTpodoB E u crpobda XK.

IToce mpuxona ¢ MITK komanst «ITyck» hopmupo-
Batelb cTpoba E cpabaTbiBacT B MOMEHT MOCTYTUICHHSI
nepBoro nociue curtana «Ilyck» uMmynbca BXOAHOTO
CUrHana. A nociue NOCTYIUIEHUs] BTOPOro MOCJIe Havana
cTpoba E nmmyiibca cUTHAIOB OMIOPHOM 9acTOThI cpaba-
ThIBaeT (popmupoBaTesns cTpoda XK.

B MoMeHT nepernoaHeHust cueTunka curHan «Ilyck»
3akaHYuBaeTcs, U Gopmuposatens ctpoda E BozBparma-
€TCsl B UCXOAHOE COCTOSHIE B MOMEHT MOCTYIIICHUSI BTO-
poro mociie okoH4aHus cTpoba E mmirynbca omopHOI

®dopmuposarens | 5 MI'n
OTIOPHBIX g mA 1my
Bx. 4 Ycunurens- CHTHAJIOB A
—»| topmupoBarens
KaHaya A for=100 MT'11
3 MIIK KOII, RS-232
fa A 4 Ctpobbt 1 >
Bx. B Yeunurean- I > E, X
—»| topmuposarens £ Cenekrop
KaHana B > >
> Biox nHaukanuu
Oru6 1, T P
Bx. C A 4 A 4
Jemnrens
—> 4ACTOTHL HWuTepmionstop +5B <— 5
+12B  <—] JIOK
MTUTaHUS
v -12B  <€—
fe -
JTuHUS 3a0€PKKHI N | M| Ny Jor=100 M
y \ 4 V.V
CueTunk <:>l

Puc. 2. CrpykrypHas cxema uacroromepa UA YU3-64/2
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4gacToThl. TakuM 0Opa3oM, JTUTETLHOCTH cTpoda E pas-
Ha [IeJIOMY YHUCIy IEpHOIOB BXOJHOTO CUTHAJNA, a JTH-
TEJILHOCTH ¢Tpoba JK — 1e1oMy 4ucity nepuojoB Cur-
HaJia OMOPHOM YaCTOTHI.

B cenekrope Takke MpoHCXoAUT GOPMUPOBAHHE UM-
IyIbCOB JUTMTENBHOCTEIO Ty 1 T,. Bennunna T, paBna 3a-
Jiepkke Hadana cTpoba XK oTHoCUTeNnbHO Havyasa cTpoda
E, a Benmuunna T, — 3a/1epKe KoHIa ctpoda JK otHoCH-
TeNBHO KoHIa cTpoba E.

[Tocne pacmupeHus] B HHTEPIIOIATOPE UMITYIHCOB
JJTUTENIbHOCTBIO T, U T, B 128 pa3 nmpoucxonut moacuu-
ThiBaHue N, U N,.

ITo oxoHuanuu npoxoskaeHus crpodos E u XK npexpa-
mraetcs npouecc uzmepenus, 1 MIIK nepexogur x npu-
eMy HH()OPMAINHN CO CIETUHKA C TIOCIEAYIONTIM BEIUYHC-
JIEHHEM H3MEPHTENBLHOTO neproza 7', 1o popmyie (6).

U3mepsiemMas 4acToTa f, BEIYUCIISETCS Kak QyHKIHs,
obparnas nepuony T, T. €. f/,=1/T .

AAropuT™M U3MepeHus 4yacToThl 1o Bxoay C cueny-
FOIIUH.

BxomHON curHan nocTyrnaer Ha BXOJ JEIUTEINS Jac-
TOTBHI, TJI€ TIPOUCXOINT €TO YCUIICHHE U JICIICHHE eT0 Jac-
TOTHI Ha 8. 371eCh K€ JOTMOTHUTEIBHO (POPMHUPYETCS OTH-
Garorias paAuoOUMITyIIbCa.

Ctpo0 E Oynmet npencraBiars co0oi cepuro cTpod-
HUMITYJIbCOB, JUTUTEIBHOCTD KaXKIOTO UMITYJIbCa paBHA
IIEJIOMY YHCITy TIEPUOIOB BXOJHOTO CHTHAJIA U TIPHOIH-
3UTENFHO paBHA [UINTEIHHOCTH OTHOAIOIIEH pagronM-
myneca. PopMupyercst cTpod Tak e, Kak U Mpu U3Me-
PEHUU YaCTOTHI WIIM IEPHOAA 110 KaHATY A.

NuareprnonsiuoHHbIe UMITYIIBCHI T, U T, BBIpaOaThbiBa-
I0TCSL Ha KaX bl cTpoO-UMITyIIbe. Beruncienue onpene-
JIAEMO¥ 4acTOTHI /. Mpou3BoauTcs 1o hopmyie (7).

[Mpu n3mMepeHny HHTEpBaa BpeMeHH curHai «CtapT»
rnmogaercss Ha BXxox A, a curHan «Crtom»y — Ha BXog B
JacTOTOMEpa.

I[Ipy u3MEpEHNHU ITUTENTHLHOCTH UMITYJIbCOB /, U3MeE-
psAeMbIil cCUTHAJT TIOIaeTCs Ha BXOJ A, 3aTeM B YCHIIUTE-
ne-(popMupoBaTese KaHaia 4 OH OTBETBIICTCS TAKXKE HA
ycuiuTenb-hopMupoBaTens kaHana B. Jlanbiie uzmepe-
HHE ITPOMCXOANT aHAJOTUIHO MU3MEPEHHIO BPEMEHHOTO
UHTEpBaa.

*kk

PazpaboTaHHbIi YacTOTOMEp MHOTO()YHKIIMOHAICH 1
MI03BOJISIET BBITIOJHSITH:

— aBTOMAaTUYECKOE U3MEPEHUE YaCTOThI U Meproaa
CHUHYCOMJAJIbHBIX U UMIYJIbCHBIX CUTHAJIOB;

— U3MEpPEHHUe HECYLIEeH YaCTOThl UMITYJIbCHO-MOJY-
JIMPOBAHHBIX CUTHAJIOB;

— HM3MEPEHHE OTHOLLIEHMSI YacTOT JBYX dJIEKTpUUe-
CKHX CHUI'HAJIOB;

— CUeT YHciIa KOIMeOaH! AIEKTPHICCKUX CUTHAJIOB;

— U3MEpPEHNE UHTEPBAJIOB BPEMEHH;

— M3MEPEHHUE JJIUTEbHOCTH UMITYJIBCOB.

[TpumeHeHMe MeTOAa 0OPATHOTO CUETa COBMECTHO €
MHTEPIIOJSIHMEH MO3BOIMIIO CO3AATh CPEICTBO HU3MEpe-
HU C BEICOKUMH TEXHUIECKUMH U METPOJIOTHICCKUMHU
XapaKTEPUCTUKAMH (CM. Ta0JINILY ), IOy IUTh BBICOKYIO
pa3peIaronryo cocoOHOCTh IPH M3MEPSHUH BPEMEH-
HbIX HHTEpBajoB (<100 11c), 3HAYUTETHPHO YMCHBIITUTD
HOI'PEHIHOCTb U3MEPEHNUS KaK YaCTOThI CHHYCOUIANIBHBIX

Kpamkue mexHuyeckKkue xapakmepucmuku vacmomomepa

-
BREE
D) e -

.

- "

i 1 G Ry

HawnmenoBanue XapaKTECPUCTUKU 3HaveHue

Jluana3zoH u3MepeHus:

— YaCTOTBI CHHYCOMIAIBHBIX CUT-
HAaJIOB

— YacTOTHI U IEPHO/Ia CHTHAIOB
UMITYJIbCHOM T OPMBI

— HeCyIeH 9acToTsI (C abcomroT-
HO# ITOTrPENIHOCTHIO U3MEPEHHS

0,1 'y — 1500 MI'

0,1 Ty — 150 MI'g

<0,5 MI'n) 100 — 1500 MTI'it
YpOBHU BXOAHBIX CUTHAJIOB B JIHa-

MMa30HE YacToT:

— 0,1 T'm— 150 MI'rg 50 MB—10B
— 100—1000 MI'n 10MB—1B

— 1000—1500 MI'1t 200 mxBT — 10 MBT

I[I/Ial'[a?)OH HU3MEPCHUA NIIATCIBHO-
CTH:

— HMITYJIBCOB 10 He — 2-10%¢
— HHTEpBajia BpeMEHH 0—210%¢c
Paspenraromnias ciocoOHOCTb U3Me-

P 100 nc
peHust
HomunaneHas yacTora onopHoro 10 MI'n
KBapLIEBOTO TeHepaTopa
CraOMIbHOCTD YaCTOTHI OIIOPHOTO +107

KBapleBOro reHepaTopa 3a 12 mec.

22022 B, 50+0,5 I'g;

Turase npuGopa 11526 B, 110 B, 400 'y

ToTpebisemast MOLHOCTh <50 B-A
Pabounii nnanazon temmepatypsl | Ot —10 go +50°C
Cpenusisi HapaboTKa Ha OTKa3 >8000 u
T"abapuTHble pa3Meps! 307x115%112 mm
Macca 6 kr

WuTepr eiic KOII, RS-232

CHUTHAJIOB, TaK U HECYIICH YaCTOThI PaIUOUMITYIbCHBIX
CUTHAJIOB.

[To cpaBHenwmto ¢ yactoromepom U3-64/1 B HECKOITb-
KO pa3 YMEHBIIIEHBI MaCCOTa0apUTHBIC XapaKTEPHCTHKH
npudopa, OoJiee 4eM B TPH pa3za yMEHBIICHO €ro dHep-
ronotpe0IeHne, CyIeCTBEHHO MOBBIIIIEHa TOYHOCTh 13-
MEpEeHHUS.

HacTtoTOMEp BBIIIOJIHEH HA COBPEMEHHOW AIIEMEHTHOMU
0asze, 9TO CIIOCOOCTBYET JOCTHKEHHUEO BRICOKUX TOYHOCT-
HBIX XapaKTePUCTHK M IMapamMeTpoB Haje:kHOCTH. [Ipu-
60p ManorabapureH, NPoCT B YIPaBICHUU U YA0OEH B
padore.

HCIIOJIB30OBAHHBIE UICTOYHUKHN

1. ICTY 2705-96. YactoTomipu enekTpoHHi nudposi. Texuiuni
BUMOTH Ta METOJH BUIIPOOOBYBAHb.

2. Anmaparypa JUisi YaCTOTHBIX H BpeMEHHbIX namepenuii / ITo.
pexn. A. I1. TopmkoBa.— M.: CoB. paauo, 1971.
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K. m. n A. A. EODUMEHKO

VYkpauna, Ofecckuil HallMOHAIbHBINA IOJUTEXHUYECKUN YHUBEPCUTET

E-mail: aiefimen@gmail.com

KOHTAKTHbBIE COEJUHEHWA

JlaTta moctynuieHus B pelakIuio
27.04 2010 r.

OmnmnoneHr 0. m. n. U. I1I. HEBJIFO/[OB
(XHYPD, 1. XapbkoB)

B OJIEKTPOHHBIX ITEHATHBIX Y3JIAX,
BBIITOJIHEHHBIE METOJOM ITPOKOJIA ®OJIbI'U

IIpusedeno meopemuueckoe obocnoganue
B03MOJACHOCIU Peanu3ayuu, a maxdice pe-
3YI6mMamsl IKCNEPUMEHMAbHBIX UCCTe00-
8aHULl KOHMAKMHBIX COEOUHEHUL, BbINOJl-
HEeHHbIX MemoOOM NpPOKONA PonbeuU.

B coBpeMeHHOM 3JIEKTPOHHOM MPUOOPOCTPOCHUN
eNIeco00pa3HOCTh UCTIONB30BAHMS TEXHOJIOT U MOHTA-
’Ka Ha MOBEPXHOCTD YK€ JaBHO HE BBI3BIBAET COMHEHUH,
OJIHAKO U €l IPUCYILU OIIpeieIeHHbIe HeqocTaTku. [1po-
OJIeMBI B 3HAYUTEIHLHON CTEIICHN CBSI3aHBI C TIPOLIECCOM
TAMKH, TPH TIOMOIIU KOTOPOi 00pa3y0TCs KOHTAKTHEIC
COEIMHEHUS — 3TO CJI0XKHOE U IOpOrocTosiiee 060py-
JIOBAaHUE, TOPOTast 1 00beMHAast OCHACTKA JIJISI KaXKI0TO
MIeYaTHOTo y3i1a, He00X0UMOCTh TeCTUPOBaHUs 00pa-
30BaHHBIX KOHTAKTOB, KOTOPOE 3HAYUTCIBLHO YCIOKHSI-
eTCsI TIPU UCTIONIE30BAaHUH KOPITYCOB C MAaTPUYHBIM pac-
noJjoxeHueM BbiBo0B (BGA), HE0OX0IMMOCTb HCIIONb-
30BaHUA 0€CCBUHIIOBBIX MAasIbHBIX MACT U OKPBITHI.

AHanornyHbIe IPUINHBI TPUBEIN K IMUPOKOMY pac-
MIPOCTPAHEHHUIO METOJIOB HEMAassHOTO MOHTa)Ka MPOBO/I-
HBIX DJIEKTPUUYECKUX coeMHeHHH [1] B CBS3U ¢ UX (-
(DEKTUBHOCTBIO (TEXHOJIOTUYHOCTD, BHICOKAS TIPOU3BO-
JATETBHOCTD, HAJIG)KHOCTB, DKOJIOTHYecKast uiucTora). On-
HAKO 3TH METOJIbl HE SIBJIAIOTCS YHUBEPCAIbHBIMH, T. €.
HE MOTYT MCIIOJIF30BATHCS TSI MOHTa)Ka OOJBITMHCTBA
aneKTpoHHBIX KoMroHeHTOB (JK). B nepByto ouepens,
3TO CBSI3aHO CO 3HAUUTEIBHBIMU pa3MepaMu BBIBOJIOB, &
3HAYUT U KOHTAKTHBIX COSIMHEHHMIA, YTO B DTIOXY MUKPO-
MUHHUATIOpU3aLUH 3JIEKTPOHHOH anmaparypsl (JA) sB-
JISIETCS CYIIECTBEHHBIM HETOCTATKOM.

Takum 00pa3oM, CymecTByeT mpobiiemMa CO3IaHus
KOHTAKTHBIX COCIMHEHHI B AJICKTPOHHBIX [TEYaTHBIX y3-
Jax BBICOKOA((EKTUBHBIMU M IKOJIOTHYESCKH Oe30rmac-
HBIMH METO/IaMH, aJlallTHPOBAHHBIMU K COBPEMEHHBIM
TpeOOBaHUSIM MUKPOMUHUATIOpU3AIHH U pa3BUTHI DK.

OaHUM U3 HaNpaBJICHU pellIeHHs TOCTaBICHHOH 3a-
JIa9u SIBJISIETCSI CO3MaHME HEMassHOr0 KOHTaKTHOTO COCH-
HeHUs BbIBOAOB DK ¢ KOHTAKTHBIMU IUIOIIAIKAMHU TIe-
yatHbixX miat (ITI).

[enbro pabOTHI SIBIISIETCS TEOPETHYECKOE 000CHOBA-
HHE BO3MOXXHOCTH IPAKTUIECKON pearn3aiy 1 dKCIe-
PUMEHTAIBHOE HCCIIEI0BAHNE KOHTAKTHOTO COESANHEHHUSI
B JIEKTPOHHBIX TIEYATHBIX Y371aX, BRIIIOIIHEHHOTO METO-
JtioM ripokosta oseru (MII®). [Tpu 3TOM periarores oc-

HOBHBIE 33/1a4¥ TEOPETUYECKUX U IKCTIEPUMEHTATIbHBIX
HCCIIETOBaHUM:

— omnucanue MII® n ocobeHHOCTEH TaKoro Mexa-
HHI3Ma 00pa30BaHMs KOHTAKTHOTO COCANHEHUS;

— onpeelieHle KOHCTPYKTUBHBIX 1apaMETPOB JJIe-
MEHTOB KOHTAKTHOT'O COECIMHEHUS, I0KA3bIBAIOLINX BO3-
MOJKHOCTb HCIIOJIb30BAaHUs METO/Ia B COBPEMEHHON MUK-
POMUHHATIOPHOM 3IEKTPOHHOH aInapaType;

— YCTAaHOBJIEHHE CBA3HM MEXKIy YCHIIMSMH 3aIpec-
COBKH BBIBOJIOB P MOHTaxe DK 1 MPOUHOCTHBIMU HO-
Ka3aTeJIsIMH BbIBOJIOB;

— [IpECTaBIIEHUE KOHCTPYKTUBHBIX MOJIENIEH coeu-
Henuit MII®, paccMoTpeHHe OTAENBHBIX POOIEM X TeX-
HUUYECKOM peann3aliy 1 HEKOTOPbIX 0COOEHHOCTEN HC-
TIOJIb30BaHMS;

— IIPOBEJCHHUE HEKOTOPBIX UCIIBITAHUI KOHTAKTHBIX
COEAMHEHUH Ha BO3MOXHOCTb UX IKCILTyaTallUH.

AKTyaJIbHOCTB pabOTBhI OIIPEACNAETCS BO3MOKHOCTBIO
MOJTy4eHHs HEMassHOrO KOHTAKTHOTO COEIMHEHUS], [T03BO-
nstroriero Bectu MoHTax DK na IMI1 aBToMaTu3nupoBaH-
HBIM METOJIOM 0€3 MCIT0JIb30BaHMsI SHEPTrO3aTPaTHBIX U
9KOJIOTHYECKU HEOE30MacHbBIX MPOIIECCOB MAaHKH, a TakK-
JK€ MEHee 3aTpaTHOU MO ITOTOBKHU IMMPOU3BOJICTBA.

Konrakrasie coequnennss MI1® B arieKTpoOHHBIX T1e-
YATHBIX y3J1aX BBITIOTHSIIOTCS ITyTEM POKAIBIBAHUS BbI-
Bogamu DK ¢obru koHTakTHBIX Turomaaok 11, mox ko-
TOPBIMH PACIIOJI0KEHBI OTBEPCTHUS B JUIIEKTPHUIECKOM
ocuosanuu [1I1 (puc. 1). CobcTBeHHO coequHEHHE 00-
pasyercs BeiBojiamu DK, BBEICHHBIMH B OTBEPCTHS 1101
KOHTaKTHBIMU TUIOINAJKAMH, HA CTCHKH KOTOPBIX 3aru-
OaeTcs yacTh (HOJIBI'M KOHTAKTHBIX IUIOMIAI0K [2, 3].

Puc. 1. KonraktHoe coennaenne MITD:
1 — ocHOBaHMeE TI€YaTHOM IIIATHl; 2 — OTBEpPCTHE; 3 — KOHTAKTHAs
TUTOIIAAKA; 4 — DJIEKTPOHHBIN KOMIIOHEHT; 5 — BBIBOJ 2JIEKTPOHHOTO
KOMITOHEHTa
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TEOPETUYECKOE ObOCHOBAHHUE BO3BMOKHOCTH
PEAJIM3AIIMU MITD

PaccmoTpum Mexanusm o0pazoBanus konTakra MITO.

Ha puc. 2 npencrariiena ¢pororpadus KOHTAKTHOTO
COCJIMHEHU S, BHITIOJTHEHHOT'O HA MaKETe IIeYaTHOTO y3J1a
METOZIOM TPOKOia (OJbIU, & TAKXKE MEUYATHOH IUIATHI
nocie pemoHTaxa K. CoOCTBEHHO KOHTAaKTHBIE YaCTH
JIOTIOJTHUTEIBHO TPUBE/ICHBI B YBEIMYEHHOM MaciuTade.

KoHTakTHOE coe/IMHEHHE MPEeIIToaraeT CIob30Ba-
HHE MIUHUATIOPHBIX KOHTAaKTHBIX BEIBOAOB DK. MuHMMas-
HOE CEYCHUE BBIBOJIA ONPEICIISIeTCs TPEOyeMO MPOYHO-
CThI0, CBSI3aHHOM C BETMYUHON YCHITUS TIPOKOIa (hOJIbT U
U €ro 3alpecCOBKOM U, KOHEUHO Ke, C MOJyYeHUEeM Ha-
JIS)KHOTO BO BPEMEHH U B YCJIOBUSAX JICHCTBHUS 1ecTaOu-
TU3UPYIOIINX (PAKTOPOB KOHTAKTA C JIOMTYCTUMBIMH 3Ha-
YCHUAMU Hepexozmoro COHpOTI/IBHeHI/ISI.

KoHcTpyKIius TAKOro KOHTAaKTHOTO COETMHEHHUS JI0C-
TaTOYHO TEXHOJIOTMYHA 3a CUET MCIOJIb30BAHUS BBIBO-
JIOB C TIPOCTO (hOPMO¥ MOTIEPEYHOT0 CEYCHUS, TPOCTHIM
KOHCTPYKTHUBHBIM pEIICHIEM KOHTAKTHBIX JIEMEHTOB Ha
neyatHoi rmare. Hage:xHocTh coeTuHeHNs onpeiensieT-
sl 3HAYUTEIHHOH IJIONIA/IbI0 KOHTAKTA BBIBOJIA C (hOJTh-
TOi KOHTAKTHOH IJIOIIA/IKH U IJIOTHBIM X ITPUJIETaHUEM
3a CYET MPECCOBOM MOCAKU U XOJIOAHOM 1ehopMaIivu B
MECTe KOHTaKTHPOBAHHSI.

Mexanunsm o0pazoBanus koHTakta MI1®D, Ha mepBbIit
B3IIISi/I, TTOJIO0CH MexaHu3My Mmetona «press-fity [1; 4,
c. 178—192], onnaxo nocneaHuii mpeanonaraeT UCoib-
30BaHUE BBIBOJIOB-IITHIPEH C YIPYTUMHU 3JIEMEHTaMH,
KOTOPBIE TIOJDKHBI 00€CTIEYUTh TpeOyeMoe TaBICHHE ITPH
KOHTAaKTUPOBAHHH CO CTCHKaMH METAJTU3UPOBAHHOTO
OTBEPCTHS, KOMIICHCHPYS IIPOU3BOJCTBEHHBIC ITOTPEII-
HOCTH Pa3MepOB AJIEMEHTOB COCAMHEHUSI IITHIPEH U OT-
BEPCTUH U YCaJIKy, BBI3BAHHYIO SIBICHUEM PEJIaKCaIH
MaTepuansa OCHOBAHHMS IUIAThl (MaTepUal «ILIbIBET,
0CJIa0JIsIs IEPBOHAYAIILHO TYTO€ COSTMHEHHE IITHIPEH C

a)

|

A

—

Puc. 3. KonraktHoe coenunenne MIID (A — BO3MOXKHBII
3a30p 3a CYET peaKCaliy MaTepHaia OCHOBAHUS IUIATHI)

MeTaJUTU3UPOBaHHBIME OTBEPCTUSAMHU). C IPYTOi CTOPOHBI,
9TH YIPYTHE DIIEMEHTBI BBIBOJIOB IOJKHBI OTPaHUYMBAThH
YCHJIME 3aIPECCOBKH IITHIPEH B OTBEPCTHUS C TEM, UTO-
OBl IPEJOTBPATUTD PA3pPyILLEHUE CJI0S METALIU3ALNH B
OTBEPCTHU.

Ot TpeboBaHMs K KOHCTPYKIIMH IITHIPEH MPOTHBO-
peuaT BO3MOXKHOCTU YMEHBIICHUA UX pasMepa U, COOT-
BETCTBEHHO, MUKpOMUHHaTIOpr3aimu JK.

B nmpeamaraemoii KOHCTPYKIIUH MEXaHU3M 00pa3oBa-
HUS KOHTAKTHOT'O COEIMHEHUS UMEET CIIeIYIOLIYI0 0CO-
OEHHOCTH — BBIBOJI-IIITHIPH JOIDKEH 00pa30BHIBATh KOH-
TaKT HE € JKECTKO PACIIOI0KEHHON CTEHKON MeTaJllIn3U-
POBAaHHOTO OTBEPCTHS, @ C TIOJIBMKHBIM 3JIEMEHTOM —
0TOOPTOBAHHOU OCIIE TIPOKoia ponbroit. [Toatomy mo-
CTaTOYHO N3HAYAIHEHO CO3/IATh YCIOBHUSI 00CCIICUCHHS TITa-
cTHUeckoi gedopMariuu (X0JI0MHOM CBapKH) B 00JIACTH
KOHTAKTHPOBAHUS BBIBOJA U (POJIBIH, a pelaKcalus Ma-
Tepuata OCHOBaHMS IJIAThI HE UMEET MPUHIIUITHATBHOTO
3Ha4yeHus (puc. 3).

C no3uLuii TeXHOJOTUYHOCTH KOHCTPYKLIUU COEAU-
HeHUsI 00JIee BCEro MOJAXOAMT MpocTas popmMa rmoreped-
HOTO CEYEeHHUs BbIBOJIA — KpyIilas WM KBaaparHas. Uto

6)

Puc. 2. ITonepeunoe ceuenne koHTakTHOTO coequuenuss MIID (a) n meuarnoii marsl nmocne aemonTtaxa OK (6)
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e KacaeTcs YCIOBHS 00eCIeUeHNs IIaCTHYECKON Jie-
(dopmaru ¢ OTHOBPEMEHHBIM OTPaHHYCHHEM YCHITHS
3allPecCOBKU, TO €My JIy4lle YIOBIETBOPSIET KBaIparT-
Hasi (hopMma BbiBoAa. KOHEUHO ke, MOKHO TPUMEHSTh
BBIBOJIBI X APYTOi (POPMBI ITOTIEPETHOTO CEUCHNS, OTHA-
KO B HAaCTOSIIEH cTaThbe OHN HE PacCMaTPUBAIOTCS.

Omnpenesienne KOHCTPYKTUBHBIX mapametrpos T
u BbIBO/I0B DK

TaxuMu OCHOBHBIMH napamMeTpaMiu ABJIAKOTCA:

— mar KOHTakTHBIX uioinagok Ha [II1 u BeIBOmOB
AIIEKTPOHHBIX KOMITOHEHTOB;

— AMaMeTp OTBEPCTUH, KOTOPBIN OTIPEACTISICTCS Aa-
METPOM BBIBOJIOB 3JICKTPOHHBIX KOMITOHEHTOB;

— JUTMHA BBIBOJIOB AIEKTPOHHBIX KOMITOHEHTOB.

3Ha4YeHHUs ITUX TAPAMETPOB B3aUMOCBSI3aHbl MEWKTY
c000ii 1, B CBOIO 04Yepe/ib, 3aBUCST OT pa3MePOB KOPITY-
coB OK u xonmyecTsa BbIBOJOB HAa HUX, BEJIMYHUHBI TO-
KOB U HAIIPSDKEHUH, KOTOpble AecTBYIOT B Lemsax K,
xapakTepuctuk marepuainos I111 u BeiBogoB DK, koHCT-
pykuuu xoprycoB DK, knacca Tounoctu 111 u np.

C Touku 3penus peanuzannn MoHTaxka MI1® moxHO
TOBOPHTH O IIETIECO0OPAa3HOCTH €Tr0 UCIIOIH30BAHIS IS
paznuyabiX DK — ot UMC ¢ BbICOKOI CTENEHbIO MHTET-
pauuu U1t MUKPOMUHHUATIOPHON AJIEKTPOHHON anmnapa-
TYpBbI 10 KOMIIOHEHTOB CUJIOBOM 271€KTpOoHUKU. OueBU -
HO, YTO UMEHHO ISl MUKPOMUHHUATIOPHOH aIaparypsl
ycnosus peanuzanun MII® camble ciiokHBIE, 8 IMEHHO
— MUHUMaJIbHBIN LIAT pacIoI0KEHUsI BBIBOJIOB B COUE-
TaHUU C HEOOXOIMMOCTBIO IPHIIOKEHUS MEXaHHIECKOTO
YCUJINS, B TOM YHCIIE HA BBIBOJ. DTO MOXKET CYILIECTBEHHO
OrpaHUYMBaTh UCIIOJIB30BAHNE METO/IA.

B cuity ckazaHHOrO 111 MUKPOMUHUATIOPHOM amnma-
parypsl 1ejaecoo0pa3Ho ONpeneysITh KOHCTPYKTHBHBIC
napameTpsl [T n OK ncxons 13 MUHIMAIBEHO BO3MOXK-
HOTO IIara BeIBoZOB DK, KOTOpBIH MOXKET OBITH pealu-
30BaH IIPH YCIOBUU MUHUMHU3ALNH JUAMETPA BBIBOJIOB.
MuHuManbHBIA JUAMETP BBIBOJOB OTPAHUYUBACTCS UX
IIPOYHOCTHBIMHU XapaKTEPUCTUKAMU, KOTOPBIE 3aBUCST OT
MarepHasa BBIBOJOB M UX AIUHBI. HeoOXoanmMo Takxke
YYUTHIBATH U ()OPMY CCUCHUS BBIBOIIOB, M HE TOJIBKO C
TOYKHU 3pEHUS TPOYHOCTHBIX XapaKTEPUCTHK, HO U, B TIEP-
BYIO OUepe/ib, CO3aHUs HaIe)KHOIO KOHTAKTHOI'O COe/IU-
HEHHS.

Onpeodenenue hopmvl u pazmepos ceuetust 6b160008
MPOBO/IMIIOCH HA OCHOBAaHHH paHee MPOBEICHHOTO aHa-
nm3a. B kauecTBe Hanbosee TeXHOIOTHYHOH (OPMBI ITO-
MIEPEYHOT0 CeYeHUs BbIBOJIa BBIOMpaeM KBajpar. Mcxo-
JIst 13 TIPEIIIOJIOKEeHUH 00ecTIeueH st TPOYHOCTH Ha Tep-
BOM 3TaIle UTePaIli BEIOMPAEM JTHAMETP €ro OMUCAHHO
okpykHoCcTH — 0,2 MM.

Pacuemvr munumanvnoeo waza pacnonodicenus 8oi-
60006 DK u konmaxmuwix niowadok na I1I1 BBITOTHS-
FOTCS 711 MHOT'OCJIOMHOM IeYaTHOHU IIJIaTHI 5-ro Kiacca
TOYHOCTH JJISI TPEX CITyYaeB:

— 0€3 BO3MOYKHOCTH MPOKJIAIKU TPOBOITHUKOB MEXK-
JTy KOHTaKTHBIMH TUIOIIA/IKAMH;

— € BO3MOXKHOCTBIO NTPOKJIAAKU OJHOTO POBOIHH-
Ka MEX/y KOHTaKTHBIMH IUIOIIAIKAMU;

— JUIsl MAaTPUYHOTO PACIIONIOKEHHUS BBIBOJOB (KOP-
myca BGA).

B Taxkoii ’xe mocie0BaTeIbHOCTH POU3BENIEM PACUCTHL.

1. HanMeHbliiee HOMHHAIIBHOE PACCTOSIHUE [ MEXKITY
LEHTPaMH JIByX KOHTAKTHBIX IUIOIA0K (OTBEPCTHIT) OII-
penensiercs mo Gopmyae [5]

D, +D
— 1 2
|=——2+85, (1)
rae DI nu D2 —_— ):[I/IaMCTpBI pﬂ):[OM paCHOJ’[O)KCHHLIX KOHTAKTHBIX ITJIO-
IIaJI0K;
S — 3a30p MeXIy KOHTAKTHBIMH IJIOIIAKAMHU.

[Tpunumaem D,=D,=D, KOTOPbIA paCCYUTHIBAEM T10
dbopmyne
D=(d+Ad,)+2b+At, +2Ad, +

+(Td2 + TD2 + AEOZ) vz

e d — HOMUHAJBHBIN IHAMETP OTBEPCTHS;
Ad,  — BepxHee NPE/IeNbHOE OTKJIOHEHHUE IMaMETPA OTBEPCTHS;

b — rapaHTUIHBII NOSICOK;

At — BepxHee NPeJENbHOE OTKIOHEHUE JMAMETPAa KOHTAKTHOH
IUTOLIA/IKH;
Ad’rp — BCJIMYUHA NOATPABIIMBAHUS TUDJICKTPHUKA B OTBEPCTHN (}.IJ'I}I
MpeIaraeMoil TeXHOJIOTHU AdTp=O);
Td — HOSI/ILII/IOHHBH\/'I JOITYCK PacCIiOJIOKECHHUS OCH OTBEPCTUS;
TD - HOSHI.II/IOHHI)Iﬁ JOITYCK PACIIOJIOKCHUSI LICHTPA KOHTaKTHOM
IUTOLIIAIKH;
AtHO — HIWXKHEC NPCACIIbHOC OTKJIOHCHUE AUaMeTpa KOHTaKTHOM
IUTOLIAIKH.

HOCKOJH)Ky HOMMHAJIbHBIN AUAMETPp OTBEPCTUSA AT
MoHTaxa MII® nomkeH ObITh NPUOIU3UTEIBHO PaBEH
HOMHMHAJIbHOMY AUAaMETPYy BBIBOJA, B HAIIEM ClIy4yae
d=0,2 MM.

3HaYEHHS OCTAITHHBIX COCTaBJIAIOIINX BLI6I/IpaeM nus3
[5], u Torma u3 (2) nonyyum

D=0,2+2-0,025+0,03+(0,12+0,152+0,03%)12=0,46 mm.

IToncrapnss B hopmyity (1) monydyeHHoe 3HaYeHUE D
Y 3HaueHue S u3 [S5], monydum

1=0,46+0,10=0,56 mm.

VYUTHIBasL, YTO CTAHJAPTHEIN IIar PacoIOKEHIS BbI-
BOJIOB M KOHTAaKTHBIX IUIOMIAJIOK cocTaBiuser 0,5 mwm,
MOYKHO CJIeNIaTh BBIBOJ O TOM, YTO ITPHU HE3HAYUTEIHHOM
YMEHBIIIEHUH CEUEHHSI BBIBOJOB U MOBBIIIEHHH TOYHOC-
Tn n3rotoBienus [1I1 MoxxHO oay4duTh /=0,5 MM.

2. HaumeHbIlee HOMHHAIIBHOE PACCTOSTHUE [ MEKITY
LEHTPaMH JBYX KOHTAKTHBIX IJIOLIAJIOK (OTBEPCTHil) C
Y4ETOM BO3MOKHOCTH MPOKIIAIKH MEXKY HUIMH OJTHOTO
MIPOBOHUKA OTIPENIENETCS 10 (popMyIie

|:7D1;D2+tm+8(n+1)+ T,

(2)

(3)

TO€ n — KOJHUYECTBO IMEYATHBIX IIPOBOIHUKOB,
! — HOMHMHAaJbHOC 3HaYCHME IIIMPHUHBI IIPOBOIHHUKA;
Tlf TIO3UIIMOHHBIN JOITYCK pacIIOJIOKEHU IIPOBOJHUKA.

[Moncrapnsis B popmyay (3) paHee momydeHHOE 3Ha-
yeHue D v 3HAYCHUS IPYTUX MapameTpoB u3 [5], moiy-
qUM

/=0,46+0,1+2-0,1+0,02=0,78 mM.

3. MUHHUMAIIBHBIN [Iar PpacrojioKEHU s BBIBOJOB IIPpH
HUX MATPpUYIHOM PACIIOJIOKCHHUU OIPCACINM C YUECTOM
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Puc. 4. Marpu4Hoe pacnonokeHue KOHTAKTHBIX IUIOIIAJI0K
noj BeiBoabl DK (/) U mepexoaHbIX METaIIM3UPOBAHHBIX
orBepcrtuii (2) na I1I1

HEOOXOAMMOCTH HMETh ITEPEXOTHBIC OTBEPCTHS, KOTOPHIC
B 00I1IeM CiTydae TakiKe UMEIOT MAaTPUIHOE PACIIONIONKE-
Hue (puc. 4).

JlnameTp KOHTaKTHOM TUTOIIAIKY TIEPEXOTHOTO METall-
JIM3UPOBAHHOTO OTBEPCTUS D 110 PEKOMEHIAIUSM, IPH-
BeieHHBIM B [6], coctaBisier 20—25 v (0,51—0,64 mm).
PasMep 1o auaroHaim Mexay HEHTpaMU KOHTaKTHBIX
TUIOMIAJI0K 101 BBIBOIbI DK paBen

1,=D+D_ +25=0,46+0,64+2:0,10=1,3 wwm.

Hcxomst u3 31010, MUHUMAaIIbHBIN pa3mep /, COOTBeT-
CTBYIOIIMI MUHUMAIILHOMY IIAry PacroI0KeHHUs BBIBO-
JoB DK (KOHTaKTHBIX ITOLIAA0K oA BIBOBI JK), pa-
BeH 0,92 MM.

DTO JlaeT OCHOBaHWE BBIOPATH IIIAr PACTIONOKCHHUS
BbIBOAOB 1,0 MM, MpUMEHsEMBIN JJIs1 TUIIOBBIX KOPITY-
coB BGA [6].

Onpeoenenue Onunbvl 861600068 IK

Jmuna BeiBooB DK momkHa OBITE MHHUMAJIBHOM,
9TOOBI YAOBIETBOPSUIUCEH YCIOBHS IPOYHOCTH W MUHH-
MU3AIUU BIUSHUS BBIBOJIOB HAa YCIIOBUSI TPACCHUPOBKH
[1I1. Ho mpu 5TOM HE0OXOAMMO 00eCTIeUunTh HACKHBIN
AIIEKTPUIECKUI KOHTAKT BBEIBOIA C KOHTAKTHOM IITOIIA -
ko I1I1.

PaccMmoTpuM yCIOBUSI KOHTAKTUPOBAHUS HA Ipadu-
YECKOW MOJICNIH JIEMEHTOB KOHTAKTHOTO COCIUHEHHUSI
(puc. 5) 10 3anpPEcCOBKH.

MuHuManpHas [IMHA BBIBOJA OMIPEACISICTCS CIISTY-
IOILIMM 00pazoMm:

[ =1 +1 +Dk+An, 4

e [ — MUHHMaJIbHAS JIMHA KOHTAKTUPOBaHHUs BBIBOJIA € (OIbroii
KOHTAKTHOM IJIOLIAAKHU MEYaTHOM I1J1aThl;
[, — nyvHa 3a0CTBEHUS BBHIBOJIOB.

Bennuunna [ orpaHM4MBaeTCs JUIMHOM (QOIIBIU, KOTO-
pas 3arubaeTcsi BHyTph OTBEPCTHSA IOCIIE €€ pa3pbiBa
BBIBOJIOM BO BpeMsi MOHTa)ka. Tak, sl MOHTaXKHOT'O OT-
Beperus 10,2 mm [ =0,1 mm, nis oteeperust [10,5 Mm
[=0,25 mm.

4
<
Puc. 5. DaeMeHTbl KOHTAaKTHOTO COCIMHEHUS:
| — >reKTpOHHBIIT KOMIIOHEHT; 2 — BbIBOJ DK; 3 — nevarHas mara;
a — YroJ1 3a0CTpEHUSI BBIBOJA, An — BEJIMYUHA CTPEJIbI nporI/IGa n

KOpOOJIeHHMS e4aTHO riathl; Ak — OTKIIOHEHHE OCHOBAHUSI KOPITY-
ca OK oT mIockocTHOCTH

Benwuunst An u Ak onipeiensiFoT HeTIOTHOCTh TIPH-
neranus kopryca OK k neyaTHoii miare.

Benunna kopoOJeHus mevaTHO! MJ1aThl SIBISETCS Ma-
pametpom matepuana [1I1 u 3aBucut ot nedopmannu B
MIPOIIeCCce M3TOTOBIICHUS MTEYATHBIX TIaT [ 7].

Yro11 32a0CTpEeHUS BEIBOIA O OTIPE/ISIISCT yCHITHE ITPO-
kona ¢oneru. C yMEeHbIICHUEM yIIa O CHIKACTCSI yCHU-
JIM€ TIPOKOJIA, HO YBEIUYMBACTCA JJIMHA BBIBOJIA 33 CUET
YBEJIMYEHHUS JUIMHBI 320CTPEHNUS /,, TIPUYEM C yBeJHYe-
HUEM JIMaMETPa BBIBOJIA /, TAKIKE PACTET.

TaxuMm 06pazoM, MEHUMAJIbHAS JIJTHHA BBIBOJIA 3aBH-
CHUT HE TOJILKO OT COCTABIISIOIINX BhIpaXKeHUs (4), HO U
aBisercs pyukuuei pasmepos OK (L, L,) u, cooTBET-
CTBEHHO, pa3MepPOB y4acTKa MeYaTHOM MIaThl, Ha KOTO-
porit MoHTHpYeTCst DK,

J11s1 OLICHKH MTPaKTHYECKOH BO3MOKHOCTH pealii3a-
yu MII® onpenenniM MUHUMATTBHYIO JUTHHY BBIBOZAA ITPU
MIPEJIeNIbHBIX (HA CErOMHSIIHUEN JIeHb) pazmepax DK u
IIPU CPEJHUX 3HAUCHUSAX AUAMETPa ONUCAHHON OKpYXK-
HOCTH IOTIEPEYHOT0 CEYEHHS BBIBO/IA.

Hcxonmuple TaHHBIC TS pacdeTa CICAyIOIIne:

— JUaMeTp ONUCAHHOW OKPY>KHOCTH MOMEPEUHOTO
ceueHus Beioga — 0,5 My;

— yron 0=90°, torna /,=0,25 mm;

— BEJIMYHMHA CTPEJIbI MPOruda 1 KopooaeHus neyar-
HOM 11aThl An;

— MUHMMAJIbHAsl VTMHA KOHTaKTHpoBanust [, =0,25 mm.

s crexnorexkcronuta GonbrupoBannoro no 'OCT
10316-78 npunumaem 3nauenue An=11 MM Ha pyuHE
1000 mm. Ecin cunrath MakcuMalibHble pasMepbl L, u
L, paBubiMu ipuMepHo 40 MM (910 Kopryc PLCC-124),
1O Ha 3TOM JuTHHE An=0,44 MM;

Uro kacaeTcsi OTKJIIOHEHUs! OCHOBaHUs kopiyca DK
OT m10ckocTHOCTH Ak, TaHHBIE TI0 ATOMY ITapaMeTpy OT-
CYTCTBYIOT, HO MOJKHO IPEIITOJIOXKUTH, YTO €r0 BETNIH-
Ha He3HAYHTENIbHA U HAXOJUTCS B IIPEIEIIax IOMyCKa JITH-
HBI BBIBO/IA.
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Tabmuua 1
Pacuemnvie snauenusn P, 0718 66160008 ONUHOU I MM U3 PA3TUYHBIX MAMEPUATO8

Do | am | | Aarm somomorsyzas | MO TR | e

E, kre/Mm> Py, KTC E, xre/mm? Py, xrc | E, Kre/Mm> Py, XTC E, kre/Mm? Py, KTC
0,2 0,14 0,91 0,75 0,95 1,62
0,3 0,21 4,6 3.8 48 8,2
0,4 0,28 14,5 12,0 15,1 25,9
0,5 0,35 11500 35,5 9500 29,3 12000 37,1 20500 63,3
0,6 0,42 73,5 60,7 76,7 131
0,7 0,49 136 113 142 242
0,8 0,57 249 206 260 444

OTtcrofa MOXKEM ONPEJEIUTh MUHUMAIIBHYIO IITUHY
BBIBOJIA

1,=0,25+0,25+0,44=0,94 mm.

DTOT pacuer MpoBeeH, MOYKHO CKa3aTh, TS ITPEICITh-
Horo ciyyast. [Ipu menpmmx pazmepax kopiycos OK u,
COOTBETCTBEHHO, NHAMETPE BBIBOJOB, MJIMHA BBEIBOJA
MOeT ObITh MeHblIe. Ho gaxe a1 pUBEICHHOTO CITy-
Yasi JJIMHA BBIBO/Ia MOXKET YAOBJIETBOPUTH MIPEIbSIBICH-
HBIe TpeOoBaHMs. OMHAKO OKOHYATEIFHOE 3aKITI0UCHUE
MOYKHO CIIENIaTh ITOCTIC aHAIN3a MEXaHWUIECKON ITPOIHO-
CTH BbIBOJIa, KOTOpas TaKXE 3aBUCHUT OT €10 JJIUHBI.

Onpeoenum MUHUMATLHBIU OUAMEMP ONUCAHHOU OK-
pyacuocmu D nonepeunoeo ceuenus 6vlgooa, T. K. B
JanbHelmemM npu KoHcTpyupoanuu 111 ero ymoOHO
CPaBHUBATH C AMAMETPOM OTBEPCTHUSI.

C ToukH 3peHus MUKPOMUHHUATIOpU3alun DA morne-
peYHOe CeueHHe BBIBOJIOB CJEyeT MHUHUMHU3UPOBATH.
OpHaKo TYT €CTh CYIIECTBEHHOE OTPaHUYEeHUE — MPOY-
HOCTb. BBIBO/ HE TOJKEH U3rudaThes pH MPUII0KEHUH
3HAUYUTEJIbHBIX YCUJIMH B Ipolecce 3anpeccoBku. Cre-
JIyeT TaK)Ke YUUTbIBATh TEXHOJIOIMYHOCTb U3TOTOBJICHUS
BBIBOJIOB 1 KopmycoB OK.

[lepBoe orpaHndeHUEe MOXKHO OMPEACTUTH C TIOMO-
LIbI0 U3BECTHOM 3a1aun Diisepa [8], BTopoe orpanuyue-
HUE OIPEEIISIeTCsl ypOBHEM Pa3BUTHUs TEXHOIOTUH HA CO-
BPEMEHHOM JTarle.

Paccmorpum pemienne 3aaaun Ditiepa 1Sl BBIBOAA
(cTepKHS) C MUIOIIAABIO TOMIEPEYHOrO CeUeHUs F, CIKH-

Puc. 6. Nnnroctpanus K ONpEAeNeHHI0 KPUTHUECKON CHIIBI
MIpH 3aIPECCOBKE BHIBOJA

MaeMOro MPOAOJILHON CUIION P, TUHUS ISUCTBUS KOTOPOU
COBIIQ/IaeT C TEOMETPHUYECKON OChIO BBIBOIA (PHC. 6).

s ycioBui 3a1auu, KOrna OfUH KOHEI CTEePIKHS
(A) 3amemiten, a apyroit (b) cBo6oxeH, hopmyna mis
OTIpE/ICIICHUsT KPUTHIECKOU cHITBl ((popmyna Ditiepa)
UMEET BUJT

— leEJmin .
Ty
J =a*12,

rae £ — MoyJb yIpyrocTu MaTepualia BeIBO/IA,
J iy — OCEBOM MOMEHT MHEPLIMH, JJIs BBIBOJIA KBAPATHOTO CEYe-
HUS CO CTOPOHOM KBajpara da;
U — k03 PUIIHEHT, XapaKTEPUIYIOIIUI YCIOBHSI 3aKPETUICHHS
KOHIIOB CTEPKHSI, B pACCMaTPUBAEMOM cliy4yae H=2;
| — mymHa BBIBOJIA, JUTS IPUHATHIX BEIIIe 0003HAaUeHHH /= /

.

Kpurnueckoli cuinoit Ha3bIBaeTCsl Harpy3Ka, MpH Ko-
TOPOH Ha4YaJIbHOE PAaBHOBECHE MEPECTAET ObITh yCTONYH-
BBIM, T. €. IPH JICHCTBUH B 3TOM TOJI0KEHUH HEOOIBIIIOM
MOTIEPEYHON CHITBI JIN0O0 KaKUX-THO0 APyruX (hakTopoB
(9KCLEHTPUUHOCTH IPUIIOKEHHSI CUITBI P, IepBOHAYAIIb-
HBI IPOTn0 BEIBO/IA, HEOJHOPOJHOCTH €T0 MaTepraia i
JIp.) TOSIBJISIETCS] HEMTPEPBHIBHO YBEIMYUBAIOIIUICS TIPO-
rub BeBoja. Cienyer TakKe yYUTHIBATh, YTO TOCIE
yCTpaHEHWUsI TPUYUHEL, BEI3BABILEH ITPOTHO (B TOM UHCIIE
U TIOCJIC CHATHSI Harpy3Ku P), BBIBOJ HE BO3BPAIIACTCS
B [IEPBOHAYAIILHOE MPSIMOJIMHEWHOE MOJIOKEHNE U OCTAET-
csl M30THYTHIM [8].

W3 3Toro cremyer, 4To JOIKHO BBITIONHATHCS YCIOBUE
P<P, (5)
rae P — cuia, HeoOXoanMast Il 3alpeCCOBKHU BBIBOJIA.

B Tabaune 1 npuBeneHsl pe3yabraTbl pacieToB PKP
JUTSL BBIBOJIOB JUIMHOW 1 MM M3 Hambosee moaXoAsux
MaTEepUalIoB C Pa3IMYHBIMU pa3MepaMH IONEPEYHOTO
ceyeHwus a.

VYeunue P 3anpeccOBKH BBIBOJOB KOHTAKTHOIO CO-
enunenns MI1® onpenenuM 3KCIEpUMEHTAIBHO, ITOCIE
YEro MOXHO OyJIeT MPOBEPUTH BHIIONHEHHUE (5).

KoncrpykruBubie monean coenunennii MIT®D
[To KOHCTPYKTUBHOMY HCTIOTHEHHIO TIeUaTHbIE TTa-
ThI, KOTOPBIE MOTYT HCIOJIB30BaThCs I MOHTaxa DK

MCTOIAOM ITPOKOJIa (1)OJ'H)FI/I, MPUHIUIINAIBHO HE OTJINYa-
IOTCA OT CYHICCTBYIOLIMX IIJIAT 11 MOHTa>ka B OTBEP-

TexHonmorus u KOHCTPYHpPOBAHHUE B YTIEKTPOHHOH anmapatype, 2010, Ne 4

19




9JIEKTPOHHBIE CPEJICTBA: HCCJIEJOBAHMUS, PASPABOTKHA

Puc. 7. OHHOCTOpOHHH}I nc4yartHasd Iiara

a) 0)
3
2

Sl o

Puc. 8. /IBycTopoHHss IeyaTHas IUIaTa:
a— 0e3 MeT: aJIA3aliu; 0—c METaJUTU3ae MOHTaKHBIX OTBCpCTI/Iﬁ

/ 4

5

CTHs1 ¥ Ha TIOBEPXHOCTB. 11X 0COOEHHOCTBIO SBIISICTCS TO,
YTO OTBEPCTHSI JOJKHBI OBITh TITyXUMH («CIICTIBIMI)
MOTYT OBITb CKPBITBIMU («IIOIPEOCHHBIMIY ), 11 MUK-
pomuHHaTIOpHBIX DK — elrie u Manoro fuamerpa.

Ha puc. 7—9 npencraBieHbl HEKOTOPbIE BO3MOXKHBIE
BapHaHThl KOHCTPYKIIMU TIEYaTHBIX TUIAT JUTSI MOHTaXa
MII®. 3necs obo3Haueno: / — ocHosauwue I1I1; 2 —
MOHTaXHOE€ OTBEPCTHE; 3 — 3JIEKTPOHHBIM KOMIIOHEHT;
4 — (ombra; 5 — CIIOM METAIUTA3AITNH; 6 — MPOKJIAJIKA.

OcTaHOBHMCS Ha HEKOTOPBIX BOIIPOCAX BO3MOXKHO-
CTH BBITIOJIHEHHMS TIIYXUX M CKPBITHIX OTBEPCTHH M UX TEX-
HOJIOTHYHOCTH.

CymiecTByeT BapHaHT TEXHOJIOTHYECKOTO IpoIiecca
W3TOTOBJICHUS TIIYXHUX H CKPBITHIX OTBEPCTHH, IIPH KOTO-
POM ITPOM3BOAMTCS CBEPIICHHE OTBEPCTUH Ha 331aHHYIO
DIyOuHY ¢ nocnenyouei Metamu3amnuei [9].

B cnyyae MHOTOCIIOMHBIX ME€YATHBIX [LUIAT ATU Oepa-
IIUM MOTYT OCYIIECTBIATHCS KaK MOCIE MPECCOBAHMUS
cinoeB (puc. 9, 6), Tak U 0 MPECCOBAHUS TJIATHI B Iie-
JIOM MPUMEHUTENHHO K TPOMEXKYTOUYHBIM YacTAM WIIH
nofnynakeram (puc. 9, e).

TpeboBanus MukpoMuHUaTIOpU3ai IC MOBIEKITH
3a co0oif ncmonp3oBanue MuKkpootsepeTuii B I1I1. Me-
XaHUYECKUM CBEPJIICHHEM JIETKO BBIOIHIIOTCS OTBEp-
ctust auametpom He Menee 150 mxm. OTBepeTus aua-
MeTpom 100 MKM 1 MeHee 3pPeKTHBHENH (HOPMUPOBATH
C UCTIOJIF30BAHUEM JIA3€PHON TEXHOJIOTHH.

Pa3Butue nazepHoi TEXHOIOTUH IPUBETIO K BO3ZMOXK-
HOCTH (hOPMUPOBAHHSI OTBEPCTUH TBOWHBIM JIA3E€POM.
3TO MO3BOIISET MOIYYATh OTBEPCTHS JIIOOBIX 3aTaHHBIX
paszMepoB B auanazone oT 25 no 250 mxwm [10]. OgHa-
KO MEXaHHUYECKOE CBEpPJICHUE KaK METoJ (popMUpOBa-
HUS OTBEPCTHH ellle JOMUHUPYET B ipousBonacTse I1I1.
Taxoe monokeHHE coxpaHseTcs Onaromapst pasBUTHIO
IIPOU3BOICTBA MUKPOCBEPIN M HMCIIOJIB30BAHUIO CBEP-
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Puc. 9. MuorocnoiiHasi nevarHas iara ¢ IyxuMu (a, 6) u
CKPBITHIMH (8, 2) MOHT@XXHBIMH OTBEPCTHUSIMHU:
a, 6 — 0e3 METAJUIA3alluM, 6, c—¢C MCTaJ'IJ'II/I?:aIII/Ieﬁ MOHTaXHBIX
OTBEpPCTHH
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JIMJIBHBIX CTAHKOB C BBICOKOW CKOPOCTBIO HINMHUHJENEH
(mo 350 ThIC. 06/MUH).

Ha cerogusinuii 1eHb MEXaHUYECKUM CBEPICHUEM
MOXHO JOCTHYb BBICOKOI'O Ka4Y€CTBa OTBCpCTI/Iﬁ JANaMET-
poM 50 MKM, a HECKOJIbKO (hUPM-TIPOM3BOAMTENICH pa3-
paboTanu ¥ cBepIia yapTpaMainoro guamerpa — 20 MKM.
TeM He MeHee, HEKOTOpPbIE CIIELUAIUCThI CYUTAIOT, YTO
IIPU CBEPJIEHUU DIIYXUX OTBEPCTUM MasbIX JUAMETPOB
MEXaHHYECKOE CBEpIJIEHUE BCE K€ HE COCTaBIISET Cepb-
€3HOM KOHKYPEHLIMHU JIa3epHOMY H3-3a TPYIHOCTEH y1I-
paBienust ryOuHoM cBepnenus [11].

OpHaKo cienyeT OTMETUTh, YTO TEXHOJIOTHH H3To-
tonienwus I111 pa3BuBarOTCS OYeHb OBICTPHIMU TEMIIA-
MH, 3TO KacaeTcs Takke U 00ecreueHus: TOUHOCTH 3a-
ryOsieHns oTBepcTHid. JIo HelaBHero BpeMeHH! OHa CO-
cTaBiisiia +50 MKM, YTO SIBHO HETOCTATOYHO JJISi MUKPO-
otBepcTuid. HoBas cuctema ymnpaBieHus Ha OCHOBE UC-
TIOJIb30BAHMS IATYMKA IEKTPUUECKOTO TTOJIsl MOXKET 0bec-
MIEYUTH TOYHOCTH 3aTTyONICHUsI OTBEPCTHS +5 MKM IIPH
TOM, YTO OHA IMO3BOJISIET BBIOIHATH YE€TKO chopMupo-
BaHHBIE 0TBEpCTHS quameTpom 10 100 MKM ¢ TipsiMoy-
TOJBHBIM JHOM [12].

TaxuM 00pa3zoM, MOKHO YTBEPKAATh, YTO H3TOTOB-
JIEHUE TIeYaTHBIX TUIaT A7t MoHTaxa MIT®D ocHOBbIBaeT-
Cs1 HAa COBPEMEHHBIX TEXHOJIOTHAX U 0COOEHHOCTH, CBSI-
3aHHBIe ¢ (OPMHUPOBAHNUEM OTBEPCTUH, BBIPAXKAIOTCS B
TOM, UTO JIA3€PHOE U MEXAaHNYECKOE CBEPIICHHE HE 3aMe-
HSIOT JPYT JIPYyTa, a JIOTOJIHSIOT.
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Kpome Toro, TEeXHOJIOTHS BBITOJTHEHHUS KOHTAKTHBIX
COCTMHEHHU METOJIOM MPOKOoJa (DOJIbIH B AIEKTPOHHBIX
MEYaTHBIX y3JIaX PaccUMTaHa Ha UCIOJIb30BAHUE MEpC-
NeKTUBHBIX DK, IMEIOIUX IITHIPH-BBIBOJIBI.

B cBs13u ¢ Tem, uTo ncnonb3yrotes [111 6e3 BuIuMbIx
OTBEPCTUH CO CTOPOHBI yCcTaHOBKU DK, MOHTaX KOMIIO-
HEHTOB JIOJKEH ITPOU3BOIUTHCS aBTOMATH3UPOBAHHBIM
MeTOZIOM, AHAJIOT'MYHBIM HOBerHOCTHOMy MOHTa)Ky KOM-
[IOHEHTOB.

IKCHHEPUMEHTAJIBHBIE NCCJIEJOBAHUS KOH-
TAKTHOI'O COEJUHEHU S MI1D

Kputepuem kauecTBa KOHTAKTHOTO COSTUHEHHUST MO-
JKET CITY>)KUTh KOHTAKTHOE COMPOTUBIICHNE, KOTOPOE SIB-
JISICTCSI OCHOBHOM XapaKTEPUCTUKOM JIF0OOT0 KOHTAKTA.

HccnenoBanust KOHTAKTHOTO COSTMHEHMS, BBITIOJTHEH-
Horo MII®, npoBoguiInch Ha TECT-TJIATE, ICKU3 KOTO-
poii ipencrapieH Ha puc. 10.

TecT-mmara cOCTOUT M3 IByX MEYATHBIX TUIAT — BEp-
XHEH, Ha KOTOPO# BBITIOIHEHBI YETHIPE MasHBIX COCIHHE-
HHS BBIBOJIOB C KOHTAKTHBIMH IIJIOIIAKAMH, U HIDKHEH C
YeThIPbMsI KOHTAaKTHBIMU coequHeHnssMu MITD BriBo10B
C KOHTAKTHBIMH IUIOMIAIKAMU.

[Tnater / v 2 MeXaHUYECKH CKPETUICHBI MEXTy COOOM
JIBYMSI CAaMOHAPE3aI0IIMMUA BUHTAMH 3 TUAMETPOM 2 MM.

OtBepcTHs B HIKHEH miiaTe 1noj coeaunenne MIIOD
nmetot quametp 0,6 M. [Tonepednoe ceueHne BHIBOIOB
OJTM3KO K KBaJpaTHOMY C JJHaAMETPOM OITMCAHHOU OKPY K-
HOCTH OKOJIO 0,6 MM.
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Puc. 10. Tect-mnara:
1 — Bepxnsst II1; 2 — wwxkasst I1I1; 3 — BuHT; 4 — KOHTaKTHBIE
TUIOLLAJIKH JUTs U3MEPEHUI
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Puc. 11. 3aBHCUMOCTH CONPOTUBIEHUSI TOKOTIPOBOISAIICH
YaCcTU TECT-ILIATHI OT TEMIIEPaTyphl:
| — pacueTHas; 2 — dKCIIEpUMEHTAIbHAS

Tomnmmaa Hoabru neyaTHpIX IaT paBHa 35 MkM. J{is
W3MEPEHHS CONPOTHUBIICHUS TOKOIIPOBOAAIIEH YaCTH TECT-
IUIaThl UCIIOJIb3YIOTCSI KOHTAKTHBIE Ioaaku 4. M3me-
peHME CONPOTHUBIIEHHS IPOBOJMIOCH MUKPOOMMETPOM
D4104.

B HOpManbHBIX YCIOBHAX COMPOTHBICHUE MEXIY
KOHTAKTHBIMU IIOIaAKaMHU 4 paBHO 29 MOMm. Eciu BBI-
YeCcTb OTCIOJ]a COITPOTUBIICHUE COSIMHUTEIbHBIX I1eYar-
HBIX NIPOBOJIHUKOB, TO CYMMapHOE KOHTAKTHOE COIPO-
THUBJIEHHE BBIBOJA ¢ KOHTAKTHOM IUIOMIAAKOMN ILIaThl /
(mastHO©) ¥ KOHTAKTHOH TuTomaikoi tiarsl 2 (MI1D) co-
cTaBuT OKoIo 4 MOM (7151 cpaBHEHUS — JIOMTyCTUMOE
KOHTAKTHOE COMPOTHUBJICHUE KOHTAKTHBIX Map IEKTPH-
yeckux coeaunuteneil cocrapiusier 10—20 MOm).

bbutu mpoBeAeHbl ucnvlmanus mecm-niamsl Ha 603-
Oeticmeaue memnepamypuvl. JKCIICPUMEHTAIBHBIC 3HAUC-
HUS CONPOTUBIIEHUS BCEH TOKOIPOBOIAIIEH YaCTH TECT-
TUIATHI TIPU Pa3InYHON TeMIlepaType NpeICTaBIeHbI KpH-
BoHt 2 Ha puc. 11.

AHanu3 Moy4eHHON 3aBUCUMOCTH COTIPOTUBIICHHS
TOKOTIPOBOJISIICH YACTH TECT-TUIATHI OT TEMTIEPATYPhI TaeT
OCHOBAHHE MPEAIOIOKUTh, YTO U3MEHEHUE COMTPOTHUB-
JIEHHS BBI3BAHO CBOMCTBOM MarepHaja MpOBOJAHUKOB H
BBIBOJIOB U3MEHSATH CONPOTHBIICHUE TPU U3MEHEHUHU TEM-
TepaTypsl B COOTBETCTBHH C (POPMYIIOI

R,=R,+R QAL

e R, — CONpOoTUBJIEHUE NPHU Temneparype 7;
R, — conpoTHBIIEHNE NPU ONpeeNenHol Temneparype 71, Ha-
npumep mipu 0°C;
0 — TeMHepaTypHbIi K0P UIMEHT AEeKTPUIECKOTO COIPOTHB-
JICHUS TIPOBOJHUKA (17151 Mean 0=4,3-1 073°Cy;
At — pasunocts Temneparyp, A=T-T,,.

IIpuBenennast Ha puc. 11 pacuerHas 3aBUCHUMOCTb
MOJITBEPKAAET NPEANOJIOKEHUE O TOM, YTO U3MEHEHHE
COMPOTUBIIECHUS TOKOIPOBOAAIIIEH YaCTH TECT-ILIATHI BbI-
3BaHO (PU3NUECKUMHE CBOHCTBAMHU MaTepHaIa IIPOBOIHHU-
KOB, 2 OTKJIOHEHHUE HKCIICPUMEHTAIbHOM 3aBUCUMOCTHU OT
pacueTHOM 0OBACHICTCS OTPEIIHOCTAMHI N3MEPEHH.

B cBoto ouepenp, SKCIIEpUMEHTANIBHBIE PE3YIBTAThI
TOBOPST 00 OTHOCUTENBHOH CTAOMITBHOCTH KOHTAKTHOTO
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COIPOTHUBJIEHUS TECT-ILIATHl B PACCMaTPUBAEMOM JlHa-
Ma30HE TEMIIEPATyP.

Taxoke uccae0BaNoCh go30elcmeaue Ha mecn-nid-
my cmensl memnepamypul (TEPMOIUKIApOBaHue). bouti
TIPOBEICHBI 3 ITUKJIIA HCTIBITAHUH, TIPH KOTOPBIX I1J1aTa BBI-
JepaxkuBasach 10 20 MUH IOOYEPETHO [IPU TEMIIEPAType
—10 u +70°C. Ilocne uCIbITaHUM COMPOTUBICHUE TOKO-
MIPOBOJIAIIEH YaCTH TeCT-TUIAThl cocTaBUIIO 29 MOM IipH
HOPMAJBHOW TEMITEPaType, 9YTO COOTBETCTBYET €TI0 Be-
JMYMHE B HAYaJIe HCIIBITAHHUH.

Hcnvimanue na 6o30eticmaue azpeccusHoll cpeovl
poBoniI0Ck B comsinoM (NaCl) u menounom (NaHCO,)
pacTBOpE B TEUCHHE OFHOTO Yaca IPU TEMIIEPaType OKO-
10 100°C (kunstuenue). BennurHa n3MepeHHOro 3aTeM
COIIPOTHBIEHUs cocTaBmia 27 MOM Npu HOPMAJIBHOM
Temmeparype. [lomydeHHOe OTKIIOHESHIE OT IIePBOHAYAITb-
HOTO 3HAYCHHUsI COMPOTUBIICHUSI MOYKHO OOBSICHHUTD T10-
IPEIIHOCTBI0O MUKPOOMMETpA, KOTopas paBHa +2,5% ot
KOHEYHOTO 3HaYeHwMsI fuanazoHa uzmepenus (100 MOm).

Ipu ucnvimanusax nHa mexaHuueckoe 8030elcmeaue
TECT-TUIATy TOBEPTalid BO3ACHCTBUIO OMMHOYHBIX y/Ia-
poB ¢ yckopenuem (30—40)g. bputo mpousBeneHo 1o
5 ynapoB B JIByX HampaBlICHUSIX — MapajielbHO U Mep-
MCHIUKYJSIPHO BBIBOJIAM IUIATHI.

[Mocrne ucnbITanmii COpoTHBIIEHHE COcTaBmIo 29,5 MOM
[IPU HOPMaJIbHOU TeMIIepaType.

Jlnst ompeneneHus ycunusa npoKkanvleanus gonveu u
3anpeccosKil 861860008 8 OMEepCmue Nedamnoll niamol
ObUIM IPOBEACHBI ONIPEAETUTENILHbIE UCIIBITAHUS HA TIPU-
CIOCOOJICHNH, CXEMATHIECKH ITOKa3aHHOM Ha puc. 12.

HcripITanus o onpeneNeHUIo yCHITHS ITPOKATBIBAHIS
(hosbru MPOBOAMIUCH IO 6 pa3 JUIlsl BBIBOJOB Pa3HBIX
JMaMeTpoB. B kauecTBe BHIBOIOB HCIOIB30BAIUCH IIITHI-
pH Kpyriioro cedyeHus. Ha meyaTHbIX 1uiaTax UCIOJb30-
Baach MeHAs (poNIbra TONMHUHON 35 MKM.

Pesynbrars! ncnbITanwi TPUBEECHBI B TA0I. 2.

W3-3a cymecTBeHHOW pa3HHUIIBI B IMaMETpax BHIBOJIA
1 oTBepcTus (CBOOO/IHAS TOCA/IKa) B TIOIYYECHHBIX pe-
3yJbTaTax He YUYUTHIBAJIOCH BIMSHUE OTBEPCTHS HA YCH-
JIFIE 3aIPECCOBKHU BBIBOA. B CBsI3H ¢ 3THM OBLIH TIpOBeE-

d 2

Puc. 12. IIpucnoco0nenue i NPOBEIEHUs UCIbITAHUN:
1 — BBIBOJ; 2 — OCHOBaHHE MeYaTHoH miatel, 3 — ¢onbra; 4 —
JIMHAMOMET]

Tabnuma 2
Vepeouennvie snauenus ycunus npokanvieanus Qoiveu
8b1800AMU PAZIUYHO20 dUaMempad

Huamerp Huamerp Ycunne npokanbIBaHus
BBIBOJIA dj, MM | OTBEPCTHSA dp, MM P, xrc
0,2%* — 0,22
0,3 0,4 0,26
0,4 0,5 0,29
0,5 0,6 0,33
0,6 0,7 0,38
0,7 0,8 0,42
0,8 0,9 0,47

* Jlns oToro Auamerpa 3HadeHre P OBbUIO MOTydYeHO METOI0M
MIPOrHO3UPOBAHHSI.

JICHbI UCIIBITaHUsI U1 Pa3HbIX COOTHOLLEHUI JMaMETPOB
BBIBOZIA U 0TBepCTUsL. B Talu1. 3 npuBeneHbI pe3yIIbTaThl
OTIpEe/IeTICHNUS] YCHITHS 3aIIPECCOBKH BHIBOIOB PA3HOT'O JIU-
ameTpa B oTBepcTHe AuameTpom 0,6 MM.

Taxum oOpa3om, ISt TPECCOBOM MOCATAKU M CO3/a-
HUS YCIIOBUH JIJIsl XOJIOMHOW CBapKH BBIBO/IA C (POITBION
HEOOXOIUMO MPHUIIOKHUTD YCUITHE, KOTOPOE TPUMEPHO B
2 pa3a 0oJbIlIe YCHIIMS IPOKAJIbIBaHUs (POJIBTH.

OCHOBBIBasiCh Ha IMOJIyYE€HHBIX 3KCIIEPUMEHTAIBHO
3HAUCHMAX YCHIIUS 3amlpeccoBKH P (Tabm. 2) u pacyer-

Tabnmma 3
Vepeouennvle snauenus ycunus 3anpeccoski 6160008
PA3IUYHO20 Ouamempa 6 omeepcmie OUamMempom

d,=0,6 mm
JuameTp BoIBONA di, MM | YcHiine 3ampecCcoBKH P, KI'c
0,55 0,38
0,56 0,39
0,57 0,59
0,58 0,71
Pkp, P,xrc _|
P
6 v
4
2 —
P J—
— _H_,_.n—'—'_'_"'
| I
0 0,2 0,4 0,6 d,, MM

Puc. 13. 3aBucumocTts ycumus 3anpeccoBKu P U KpuTHUIe-
CKOM CHIIBI PKp OT AMaMeTpa BBHIBOJIOB
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HBIX 3HAYEHUAX KPUTHUECKON CHIIbI P, BBI3BIBAIOIIEH
nporu® BeIBOJA (TaOM. 1), TOMYYHM 3aBHCUMOCTH, KO-
TOPBIC TIO3BOJISIFOT UX CPaBHUTH (pHc. 13).

3aBUCUMOCTb PKp IIPUBEICHA JJIS JaTyHH XOJIOIHO-
TAHYTOM, UMEIOIIeH HAaUMEHbIIee 3HAYSCHUE MOJTYJIS YII-
PYrOCTH U3 BCEX PacCMaTPUBAEMbIX MaTEPUAJIOB.

3aBUCUMOCTH P TIOCTpOCHA ISl YIBOCHHBIX 3HAYE-
HUH P, NpUBEICHHBIX B Ta0MI. 2.

AHanu3 3aBUCUMOCTEH TI03BOJISIET TOBOPUTH O TOM,
YTO C TOYKHU 3PEHUS IPOYHOCTHBIX MTOKa3aTeNel BBIBO-
JIOB KOHTaKkTHBIE coenuHenuss MII® moryT ObITh peaiu-
30BaHEL [Ipn 3 TOM CileyeT OTMETHTE, 9TO METO.T UMEET
3HAYHUTEIHHBIC PE3EPBHI — IS BHIBOIOB THAMETPOM Ha-
unHasi ¢ 0,3 MM U BBILIE BBIIOIHAETCA yeaoBue P >>P.
Taxxe OYeBHAHO, UTO yCHIIME 3alPECCOBKH BBIBOJA
KBaJPaTHOTO CEUCHHs OyAeT MEHBIIIEC, YeM YCHIIUE 3all-
PECCOBKH BBIBOJIA KPYTJIOTO CEYEHHS C OJMHAKOBBIMHU
JMaMeTpaMH COOTBETCTBEHHO ONMHUCAHHON OKPY>KHOCTH
W KpyrTa 3a CYeT MCHBIICH IUIOMIAIH COMPUKOCHOBEHHS
TIOBEPXHOCTH BBIBO/IA C TOBEPXHOCTHIO OTBEPCTHSL.

TNEPCIEKTUBBI JAJTbHEMAIINX UCCJIEJJOBAHUI
B JAHHOM HAITPABJIEHUH

[TpombinuieHHOE OcBOCHUE MOHTaxa MIT®D Tpedyer
JTAJIbHEUIINX TEOPETUUECKUX U IKCIIEPUMEHTAJIBHBIX UC-
CJIEZIOBAHUH M OTIBITHO-KOHCTPYKTOPCKUX padoT, IeTallb-
HOTO M3y4YeHUs] (PU3NKO-MEXaHUYECKUX OCOOCHHOCTEMH
(OpMHUPOBAHUS KOHTAKTHOTO COCTHHEHHS C TEM, YTOOBI
MIOJTyYUTh ONTUMAJIbHBIE KOHCTPYKTHBHBIE, TEXHOJIOTHYe-
CKHE U YKOHOMHUYECKHE IT0Ka3aTelIH dIEKTPOHHOM anra-
patypsl. Y B 3TOM HampaBJICHUH LIEIECO00Pa3HBIM IpeI-
cTaBysieTcs (hopManbHOE OMICAaHKUE TTOCTAaBICHHOM 3a/1a-
YU 1151 JAJIbHEHILEro ee pereHus.

Ha ocHoBaHWM NTPOBEAEHHBIX UCCIEAOBAHUN TIPE-
JlaraeTcst MaTeMaTHIecKast TOCTAHOBKA 33/1a4H BEIOOPA 1
ONTUMU3AIUHN CTPYKTYPhI U TAPaMETPOB KOHCTPYKITUH
KOHTaKTHBIX coequHeHuil MII® c yyetoM TexHOIOrHYEC-
KHX ¥ 9KOHOMHYECKUX MoKazaTeneil. B kauecTse mee-
BOU (pyHKIMH BEIOEpEM (YHKIIMOHAITBHYIO 3aBUCUMOCTh
KOHTAKTHOI'O COIIPOTUBJIEHUS COEJUHEHMUS, BHITTOJTHEHHO-
ro MII®, or ero cTpyKTypbl U KOHCTPYKTHBHBIX I1apa-
METpPOB. =

Tpebyercs Haiitu Takoi Bektop K cTpyKTypHBIX 1
reOMETPUYECKUX [1aPaMETPOB KOHTAKTHBIX COEAMHEHUH
MII®, uto6sr R(K) — minc¢ yuerom psiia orpannde-
HUI Ha CTPYKTYpY, MaTepualibl, KOHCTPYKTUBHBIE pa3Me-
pBI, GOPMY, TTOKPEITHS, IIEPOXOBATOCTh, TEXHOIOTHY-
HOCTH (yCHIIHE 3alIpeCCOBKH BBIBOJIOB H T. 1I.). HeoOxo-
JTIUMO BKJIFOYHUTh B OTPaHUYCHHS TAKXKE TPYIITY MapameT-
POB U TOKa3aTeseil KauecTBa, KOTOPhIE XapaKTePU3YIOT
HaJle)KHOE (DYHKIIMOHHPOBAHKE AIICKTPUIECKUX COS/IU-
HEHMI ¥ annaparypsl B LIEJIOM: TOKOBYIO Harpys3Ky, Tel-
JIOBOM PEXUM, DJIEKTPOMATHUTHYIO COBMECTHUMOCTD,
CTOMKOCTB K ICHCTBHIO BHEIITHUX JICCTAOMIN3UPYIOMINX
(axTOpoB U 1Ip.

Torma

K=UK. K=(D.L.G. T $) i 1

e D, — MHOXECTBO IMaMETPOB BBIBOIOB 1 oTBepcTHii Ha [111;
L,— MHOXeCTBO pa3MepoB BbIBOI0B DK, ONPE/IENAIOIMX COMpsi-
JKEHUE C OTBEPCTUSIMU;

G,— MHOXKECTBO ()OPM BHIBOJIOB;

T,— MHOKECTBO THIIOB MOHTaXHBIX OTBepcTHi Ha ITIT (¢ MeTau-
3anueit, 6e3 MeTaT3alni, CKBO3HBIX, YXUX U P.);

S, — MHO’ECTBO THIIOB HOKPBITHH.

Takas MaremMaTnyeckas IOCTAHOBKA 3a7a4d CO371a-
HUS ONITUMAJIBHBIX KOHCTPYKIMM KOHTAKTHBIX COEIUHE-
Huil MII® no3BoJs€T OPUEHTUPOBATHCS HA €€ AT OPUT-
MHUYECKYIO PEAIM3aLHIO U UCIIOJIb30BaHUE CPEICTB BbI-
YHCIIUTENbHON TEXHUKH.

BbIBO/IbI

B pesynbrare BbINMOIHEHHOH paboThl OBUTH OIpeIeIe-
HBI KOHCTpYKTHBHBIE TTapameTpsl [111 u BeiBooB OK mon
MoHTaXk MIT®D ¢ mo3uimii nX MUHUMU3AIMU U, COOTBET-
CTBEHHO, MUKPOMUHHUATIOpU3AIH DA.

IIpuBeneHHBIE pacyeThl ONPEACTSIOT BO3MOXKHOCTh
npoektupoBanus [1I1 msiToro Kiracca TOYHOCTH C TIIATOM
pacnonoxkenns BeiBos1oB DK 10 0,5 MM ¢ ricionbs3oBa-
HUEM peajibHO CYIIECTBYIOIINX TEXHOJIOTHUECKHX TPO-
1IECCOB.

TeopeTnueckue U dKCIEpUMEHTANIbHBIE HCCIIE0Ba-
HUSI KOHTAKTHBIX COEIMHEHUH C yU4ETOM BO3JICHCTBHS psizia
KITMMATHYECKUX M MEXaHHYECKUX (PAKTOPOB, a Takxke
M3MEpEHHs TPOYHOCTHBIX MoKa3aresiei BbiBo10B DK s
obecrieueHus MX 3aIPEeCCOBKH MOTYT CIYKUTh OCHOBA-
HHUEM IS JajbHermux uccieaopanuii MIID ¢ nenbro
Oostee IeTaTbHOTO U3YYEHUS (PU3UKO-MEXaHMIECKUX 0CO-
oenHocTell popMupoBaHHs COOCTBEHHO KOHTAKTHOTO
COEIMHEHUS ¥ OTIPEACNCHUST TEXHUKO-DKOHOMHYECKOHN
1es1eco00Pa3HOCTH MPAKTHUECKOTO MTPUMEHEHUS METO/1a
B 9JICKTPOHHBIX NIEUATHBIX y3JaX.
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TEITIJIOBU30P HA OCHOBE MATPHUYHOI'O
OOTOITPUEMHOI'O YCTPOUCTBA
N3 128%x128 CdHgTe-@OTOJNOAOB

IIpuemnux mooicem Oblmb UCNONIL30BAH 6
cucmemax ¢ 8bICOKOU paspeuiaioujell cno-
cobHocmbio no memnepamype. CpeoHee
3HaueHue memnepamypuvl UsLy4eHus, IKEU-
eanenmuou wymy, cocmasnsiem 20+4 uK.

Co3nanuto (poTOmpHUEMHBIX YCTPOUCTB CPETHEBOIHO-
Boit yactu (3—5 Mxm) undpakpacuoro (UK) quanazo-
Ha CIEKTPa MOCBAIMICHO 3HAYUTEIFHOE YUCIIO ITyOIHKa-
1ui (cM., Hanpumep, [ 1, 2], a Takke UCI0JIb30BaHHbBIC B
HUX UCTOYHUKH). DaKTOpamMu, KOTOPbIE OIaronpUsITCTBY-
0T HCTIONTF30BaHMIO TakuX MK-TipreMHUKOB U3ITydeHns,
SIBJISIIOTCS OONBINHI KOHTPACT, Oonee 61IaronpusTHeIC Mo-
rOJIHbIE YCIOBUA (ITPU YBEJIUYESHUU COJIEPIKAHHS BOJIS-
HBIX TIapOB B aTMoc(epe MpoIryckanue B odbmactu 3—

ABTOpPBI BBIP@XKAIOT OJIaroqapHOCTh 3a COTPYAHUYECTBO KOJLIEraM U3
MNucturyTta dusuku nonynposoguukoB CO PAH (. HoBocubupck,
Poccus) 0. I. Cunoposy, C. A. JIBopenkomy, H. H. Muxaiinosy.

5 MKM YMEHBIIIAeTCsI MEITICHHEE IT0 CPABHEHUIO C 0071a-
CThI0 8—14 MKM), OOITBIIIAst TPO3PAYHOCTH B YCIOBHSIX
OoublIel BIaXXHOCTH, OOblIIee pa3pelieHue 01aroaaps
MEHbIIIEH ONTHYECKOU Judpakiiuu [2].

B BBICOKOUYBCTBHUTEIBHBIX TEIIOBU3HOHHBIX CHCTE-
Max 0OBIYHO HCIIONB3YIOTCS (POTONPHUEMHBIE MOIY/IH Ha
OCHOBE OXJIaXKJaEMbIX THOPHIHBIX THHEHYATHIX UITH MaT-
puuHbIX HHpakpacHbIX poTonprueMHuKoB (PII). Onau
n3 Hanbonee nmpuMeHseMbix — 3710 OI1 Ha ocHOBE THO-
PHUIHBIX COOPOK U3 IMOTHBIX (POTOUYBCTBUTEIIBHBIX 3J1€-
MEHTOB, U3TOTOBJICHHBIX U3 SITUTAKCHAIBHBIX CTPYKTYP
temurypuna kagmus u pryt (KPT), coemuaeHHbIX uepe3
WHJ/IUEBBIC CTOJOWKH C KPEMHHUEBBIMH MPHUOOpAMHU C 3a-
psinoBo# cBs3bio i KMOII-mynsrunnexkcopamu. Ta-
kue MK OII 11 cpeJHEBOIIHOBOM YaCTH CIIEKTPAJIBHOTO
WK-nuana3zona 00ecreqnBar0T MAKCHMAITBHYO TEMIIepa-
TYPHYIO 9yBCTBHTEIFHOCTD 110 CPaBHEHHUIO C IPYTUMH
HK-poronpuemunkamu [2, c. 239], mostomy pa3padbor-
Ka TETJIOBU3NOHHOTO IPUEMHNKA Ha MX OCHOBE SBJISICT-
Cs1 IPAaKTUYECKHU BaXKHOM U aKTyasbHOH 3a7jadei.

MynbsTumiekcop 1/64

! !

[

t Mocnexoatenpupif® O AaHHbE
se

CxeMbl BBIOOpPKU/XpaHEHHs |<

$ 44 {

CurHainsl ynpaBiaeHUs

uHrepdeiic
store . po te—(Q TaxTupoBanue
Tect 3arpy3Ku
—

OTOKOBBIH BXOI

CurHaibl ynpaBieHHUs
pa3BepTKoOit

clear 0,1,..,127 -
acc 0,1,...,127 8§
read 0,1,...,127 %

O Cunxponuszanus

O Cépoc

yIpaBICHUs

Kontpomnnep
4 * A

Yacrora KagpoB
Bpems unterpupoBanus

—0O Cunxponusauus Kaapa

3apsAa04yBCTBUTENbHBIE
YCHIIUTENN

Brixon 02 4 128 |z
BHIEOCUTHaNa , AHAJIOTOBBIN ‘g §_
BBIXOA g | Marpuua BXOAHBIX :

A sayeex 128x128 5

:

Brixoauoi g >
YCHIIUTEINb |13 127 ]129

3aps109yBCTBUTEIbHBIE

YCHIUTENN

14 B!

CurHainsl ynpaBjieHUs

———>0 CunxpoHuU3anus CTpPOKH
L———+O Cunxponnsanus ALl

set

CxeMBbl BEIOOPKH/XpaHEHUs

[}
|Myn5‘mnnekcop 1/64 I:

store

Puc. 1. CtpykTypa cXeMbl cunThIBaHus (opmaTa 128x128
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MartpuyHas cxema cunThiBaHuA Gopmarta 128%x128

[penBaputenbHas pa3paboTKa TaKkoi cxembl ObLiia OCy-
mrecTBiieHa B [3]. Momudukanus ee apXUTeKTypsl IIpo-
BOJIIJIACH FICXOISI M3 HEOOXOMMMOCTH TIOTyYCHUS OITH-
MaJIbHBIX SHEPTeTHUCCKUX XaPAKTEPUCTHK (MUHIMAIIb-
HOTO TOKa MOTPeOICHUsI 1 MUHUMAJIBHOTO KOJIMYEeCTBa
BBIBOJIOB U3 KPHOCTATa) U yIpOILeHNs1 UHTepdeiica ynpa-
BJICHUS CXeMOU CUNTBIBaHUS. J[J1st 3TOM 11eIH UCTIOIB30-
BAJIMCh OJIMH AHAJIOTOBBII BBIXO/, ABYXIIPOBOIHOM aCHUH-
XPOHHBIN MMOCIIEIOBATENLHBIA HHTEP(EHC yIIpaBICHUS
HC, a Bce curHanbl CHHXPOHU3AIMN (POPMUPOBATIHCH HA
kpuctamuie. CTpyKTypa CXeMbl CUMTBIBAHUS TIPE/ICTaB-
JieHa Ha puc. 1, OCHOBHbIE MapaMeTpbl — B TalJuLe.

HakonurensHas emkoctb, K 1,78
JluHamMuueckuii quamnasoH, 1b =76
MaxkcHuManbHBII BEIXOJHOU cHrHall, B =30
Iym, MxB <300
Hanpsokenue nutanus, B +5
Yacrora BeiBOAa nHpOpMarin, MI'1 5
HenmueHOCTH BBIXOAHOM XapaKTepUCTUKH, %o <1
[MoTpebnsiemast MOIIHOCTB, MBT <70

C moMonuibio OCIeI0BATEIBHOTO HHTEPdeiica MOXK-
HO 3a/1aBath yactoty kajapos 200, 100, 50 umu 25 ',
BpeMSs HAaKOTUJICHHsI (HHTETPUPOBAHUS) COCTaBIsIET OT 11
no 1035 Mkc, Tun pexnma — pabouunii/TectoBbiid. J{ist
TECTHUPOBAHUS MUKPOCXEMBI 0€3 MOIKITIOIECHIS MaTPHUIIbI
(oTonMONOB MPEAYCMOTPEH TOKOBBIN BXox. [lis 3ana-
HUS YPOBHS «4EPHOT0» IIPELyCMOTPEHBI JIBa CTOJOIA TEM-
HOBBIX STYEEK, K KOTOPBIM (POTOTUOMIBI HE TIONKITFOYar0T-

GND4* <
U =
cc
5 T4 3:: i 4 E
3
m
£ GND T2 g
I | — Ucc e
6 l ) 5
1 1
2 Ll
T1 Cl 2
Ucc
15

GND GND

Puc. 2. BxoaHas saeiika cXeMbl CUUTBIBAHUS:
T1 — n-xaHaIBHBIN TPaH3UCTOP NMPSIMON MHXKEKIMH; T2 — p-Ka-
HaJIBHBII TpaH3ucTop cOpoca; T3 — p-KaHaIbHBINA TPAH3UCTOP BbI-
60pku; T4 — n-KaHAIBHBINA TECTUPYIOIINN TPAH3UCTOP; [ — HATPSI-
JKeHHE IPSIMON MHKeKnK; 2 — ruomaaka noaxiaodenus UK-gpoto-
nuona; 3 — UMIyJbC cOpoca; 4 — HMMITYJIbC BBIOOPKH CTPOKH;
5 — TECTUPYIONIMH TOKOBBINH BXO; 6 — UMITYJIbC BEIOOPKH CTPOKH
B TECTOBOM PEKUME

cs. DTOT ypOBEHb MOXKET 3a1aBaTHCSI BHEIITHIM MOTEHIIU-
aJIbHBIM CUTHAJIOM. B TecTOBOM pexume mpeaycMOTpeH
PEXHUM OIIpoca OTHOM CTPOKHU. B KauecTBe BXOAHOM sST4eii-
KH MCIIONIb30BaHa CXeMa MPSIMOU HHKEKITHHY (pHUc. 2).

JJ1s U3roTOBJICHUSI MATPUYHOM CXEMBI CUUTHIBAHUS
Obu1a ncnionb3oBana 1,0 mxm KMOII-TexHon0rus ¢ ABY-
Msl YPOBHSIMH METaJula U IByMsl YPOBHAMU IMOJIMKPEM-
HISL. B mporiecce mpou3BoACTBa UCTIONH30BAIIHCH TLIAC-
THHBI KpeMHUs TormuHoi 150 mm opuenrtanuun <100>
¢ ynenbHbIM conpoTuBieHueM 12 Omldm. TommuHa
MOA3aTBOPHOTO U MEXCIOHHOTO OKCHJIA COCTaBIIsIa
cootsercTBeHHO 400 1 900 A 1pu ynensHoit emkocTH
8,65:107%u 3,8-10* nd/mxm>. B kauecTBe TPaH3UCTO-
pa mpsSMOil MHKEKUUU HMCIOIb30BAJCS 1-KaHAIbHBIN
TPAH3UCTOP C MOAJETUPOBAHUEM C TOPOTOBBIM Hampsi-
>keHueM nopsiaka 0,7 B u yBenndaeHHo# 710 2,4 MKM 11~
HOM KaHasia. DTO MO3BOJISIET TMOJIyYaTh pa3dopoc 3Haue-
HUI HalIPsDKEHUS CMEIIeHUs Ha tnojax He Oomnee 10 MB.
OnemenTHas 6a3a cxeMbl — KMOII-TpaH3ucTOpb! # KOH-
JIEHCATOPBl ¢ OOKJIaJKaMU U3 MOJUKPUCTAIUINYECKOTO
KPEMHUS B IBYX YPOBHSIX.

u _.B

BBIX
4 —

0 04 08 12 1,6 0, nKn

Puc. 3. IlepenaTounas xapakTepHUCTHKA CXEMBI
CUMUTBIBAHMS NIPU Pa3IUYHON Temieparype

CrenmanbHO MPOBEICHHBIC PA0OTHI ITO ONTHMH3a-
MY CXEMOTEXHIYECKIX PEIICHHH TO3BOJIIIIN YBEITMINT
BEJIMYMHY HaKomUTeIbHON emKocTH. Ha pue. 3 npencras-
JIeHa TIepeIaTOYHas XapaKTePHCTHKA CXEMbl CUUTHIBAHUSI
(3aBuCcUMOCTb BBIXOAHOTO U, HANPSOKEHHUs OT BXO-
Horo 3apsifa (J), u3MepeHHast B TECTOBOM pexHuMe 0e3

noaxoueHust UK-doroauonos.
H3rorosieHne MaTpuibl GpoToan010B

Jnst pa3paboTKU ¥ U3rOTOBICHUS MATPUILL (POTOAHO-
JoB cpeanero MK-anana3oHa ucnonb3yroTcs, B OCHOB-
HOM, TE€TePOIIHUTAKCHATBHBIE CTPYKTYPHI TEILUTypPHIOB
KaJMUsI ¥ PTYTH, KOTOPBIE BEIPAIIIBAIOTCS METOIAMH KU~
Ko(ha3zHOH M MOJICKYIISIPHO-ITyueBOii antuTakcud [ 1, 2, 4].

Marputis! ()OTONPHEMHHUKOB U3TOTOBIISUTHCH C TIOMO-
IIbI0 MUKPOAJIEKTPOHHON TEXHOJIOTUHU MO MU (PoTOIIa0-
noHaM. Pa3paboTka Tomnosoruu GoTomadiIoHOB MPOBO-
JJIAch IIOCTENCHHO, C YI€TOM OTpaHHYCHHH TPUOOPOB
JUISL CO3TIaHuUS MIAOIOHOB M OTPaHIMUYCHHH, KOTOPHIE Ha-
KJIaJ[bIBAIOTCSI OCOOCHHOCTSIMH HCXOIHOTO MaTepHaa.
ChopmupoBaHHas MaTpuLa (POTOTYBCTBUTEIBHBIX HJIe-
MEHTOB MPEACTABIIAET COOOH SMUTAKCHATIBHYIO IUIEHKY
CdHgTe pa3mepom 7,4X7,5 MM u coctouT u3 128%128
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25 MKM In

Puc. 4. CxeMa TEXHOJIOTHYECCKOTO nponecca (l)OpMHpOBaHI/IFI HUHAWCBOIO KOHTAaKTa B BUJC LIapuKa

(hororomoB. PacmonoxkeHue q1010B U PACCTOSHUE MEK-
Jly HUMH COIVIACOBAHO C PACIIOIIOKEHUEM COOTBETCTBY-
IOIIMX KOHTAKTHBIX IIOMAA0K Jist In-cTO0MKOB Ha cxe-
M€ CUMTBHIBaHHs, Ha KOTOPOH MOHTHPYETCS KPHCTaJUI
(hoTorpreMHHUKA.

[ co3maHus p-n-TepexoIoB B Y3KOIIETICBOM II0-
nynpoBogauke CdHgTe ncnonbs3oBanock JerupoBaHue
noHamu B wa umrnantope ,,Besysnii-5”. Mcnonb3osai-
Csl MOHHBIN MCTOYHUK C pa3psioM IIeHHHHTa ¢ X0No/-
HBIM KaTOJIOM M OCEBOM JKCTPaKIMEH MydKa, KOTOPBIH
9acTO MPUMEHSETCS B YCTAHOBKAX UMILIAHTAIINH MAITBIX
no3. Kak mpaBmito, pabouee BemecTBO mogaeTcs K Tako-
MY UCTOYHHKY B BHJE Ta3a WK napa. VIcTouHUK 1mo3Bo-
JsieT OBICTPO 3aMEHATh MHUILIEHH, KOTOPBIE PaCTIbUIAIOT-
Csl; U3MEHEHNE NHTEHCHBHOCTH MOHHOT'O Iy4YKa OCyILe-
CTBIISICTCS 32 CUET MOIIHOCTH Ta30BOTO paspsiia U Ha-
IMycKa rasa.

Jist popMHpOBaHUSI MHOTORJIEMEHTHOM CHCTEMBI KOH-
TaKTOB ObLIA UCIIOIb30BaHA TPEXCIIOWHAS METAJUTU3AIIHS
Ha OCHOBE METAJUIOB UHAMA U HUKEJIS C Pa3IMYHON TOJI-
IIMHOM cy1oeB. [IpoMeKyTOUHBIN CI0W HUKETS PUIACT
KOHTAaKTaM He0OXOANMYIO MEXaHNIECKYIO IPOYHOCTH U
CTaOUIBLHOCTD, a CJIIOW MHAUS 00CCIICYMBAIOT IJIACTHY-
HOCTb U yIIpyTrocTh. CIIOM HAHOCHUIIMCh METOZIOM TePMHU-
YECKOT0 HallbUICHHUS B BAKYYM€ U METOI0M MarHeTpoH-
HOro pacnbsuieHus. [locnegHuil col HHANUS TOIIUHON
3—4 MM oOpabaTwIBalics TepMUYECKH 0e3 J0CTyna
BO3yXa. B pe3ynbrare ObUTH MOTyYeHB! KOHTAKTHI B BUIIE
IapuKoB BbICOTON 8—10 MkM (puc. 4, 5), MOCKOIBbKY
MH/IMEBbIC KOHTAKTHI JJOJDKHBI BBICTYTIATH HAJ1 TOBEPXHOC-
TBIO KPUCTAIDIA U3-32 PA3BUTOTO PENbe(a MUKPOCXEMEL.

Cuenbro popmupoBanust II-ycTpoicTB ¢ ydeToM Tpe-
0OBaHUH K MOTYYCHHIO HAJICKHON T'HOpUIHON COOpKH
OBLIO MPOBEJICHO MPEIM3HOHHOE COBMEIIEHHE (OTO -

L]
L]
L]
L]
L]
[ ]

aERRFEERE RN
aEa B aEBEEN
FESSBEAEBERN
FEEEERREAERERR
dEaaaBBRBEBN

T EEIEEEEEEREE R
[ E N B RN E-E N NN EEN]
TR N EEEE R R RN N
[ F R R EEE R Z DD NI
arEEEaTsF RS EE
[ F R R FE RN N BN NN N]

L]
L
L ]
L]
L]
L]
L]
-
-
L]
L]
L
[ ]
[ ]

Puc. 5. ®ororpadus ¢pparmeHTa MaTpuibl GOTOIHOI0B
C MH/MEBBIMH KOHTAKTaMU

onHoi Matpuibl Ha ocHoBe CdHgTe ¢ kpeMHIEBoi cxe-
MO CUHTBIBAHUSI Ha yCTaHOBKE ,,| mOpun”. Mukpocoop-
Ka JIBYX KPUCTAJUIOB SIBISIETCS IPOIECCOM XOJOTHOM
cBapku (0e3 HarpeBa 00erX YMIIOB). YCTaHOBKA MO3BO-
JISIET Pa3MECTHTh JIBa KPUCTAILIA TapaJlIebHO OJIMH HaJ|
JPYTUM, COPHEHTHPOBATh KPUCTAJLIBI B COOTBETCTBUU C
TOIOJIOTUEH CXEMBI U MIPOBECTU XOJOMHYIO CBApKY HH-
JIUCBBIX IAPHKOB, CPOPMHUPOBAHHBIX HA 0OOUX KpHUC-
TaJlIax, C MOMOIIBIO CIIEHAIBHO MOA00PaHHOM BeInIn-
HBI MEXaHUYCCKOU HATPY3KH.

Puc. 6. Marpuua, cruOpuau3upoBaHHas cO CXeMOU
CUUTBHIBAHUSI 1 BMOHTHPOBAHHAS B KOPITYC

Ha puc. 6 nokazana dororpadus marpuist KPT dop-
mara 128%128, crubpuan3npoBaHHOM ¢ KPEMHHEBOH CXe-
MOH CYHTBHIBAHHS B KOPITYC, KOTOPHIH yCTaHABIHBACTCS
B KPHOCTAT.

OnTuMH3anMsi TOKOBBIX XapaKTePUCTUK
HNK-doronuonos

DNeKTpHIECKHE MapaMeTphbl H3TOTOBICHHBIX (POTOIIH-
OII0B KOHTPOIHUPOBAIHCH C TIOMOIIBIO BOJIBT-aMIIEPHBIX
xapakrepucTk (BAX), momydeHHBIX Ha CTEHJIE, TIpe-
HA3HAYCHHOM JJI1 aBTOMATH3HPOBAHHOTO M3MEPCHHUSI
BAX MHOT03116MEHTHBIX (hOTONETEKTOPOB MUKPO30HI0-
BBIM MeTojioM Tipu Temreparype 7=78—300 K [5].

Ha puc. 7 npuBenena tunryHasi BOJIbT-aMIIEpHAS Xa-
pakTepucTtuka Goronuonaa u3 MaTpuibl Gopmara
128x128, chopMupoBaHHOM HOHHOI MMILTAHTAIMEH 6opa
B onuTakcuainbhbie cinon Cd Hg,  Te (x=0,3). Hamu uc-
MIOJIE30BATUCH CIIOU, BEIPAIICHHBIC METOIOM MOJICKYILSIP-
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Puc. 7. TunuvHas TeMHOBasi BOJBT-aMIICPHASI XapaKTEPUCTHKA (@) W 3aBHCUMOCTh Ju((HEpeHIIHaTLHOTO
COMpPOTHBJICHUS R OT HampsukeHus cmemenus (6) as ¢poroauonos Cd Hg, Te ¢ x = 0,282, A_ = 5,78 mxm npu 7=78 K

HO-JTy4EeBOM SMUTAKCHU WITH )KUIKO(DA3HOH SMTUTAKCHA Ha
MOHOKPHUCTaNIMYECKUX NOo105)KKax GaAs ¢ UCII0JIb30-
BanneM CdZnTe-0ydepa v Ha MOHOKPUCTATITUIECKUAX
nouiokkax CdZnTe. TonmuHa sMUTaKCHANTBHBIX CIIOEB
cocTaBisuia 8—18 MKM, HCXOHAST KOHIICHTPAIUS JTbI-
poK Np=(0,7—1,5)|]]016 cM 3, HOJABMKHOCTL P=400—
500 cm?/(Bld). ®oToauoasl n'—p-Tuna pazmepamu
25%25 MM GOopMHPOBANTHCH METOAOM HOHHON MMILITaH-
Taruu aToMoB Oopa ¢ sueprueit 5S0—100 k3B u no3o0it
okoso 3013 cm—.

Pa3paboTaHHBII TEOPETHYESCKUI METO,] MOJICITHPOBA-
HUSI 3JICKTPHYECKUX MapaMeTpoB (OTOTHOIOB [6] 03BO-
nsieT npoananu3upoBarb BAX u 3aBucuMocTH TnHaMu-
YECKOTO CONPOTUBIICHUS OT HAIIPSHKSHHS Ha JIMOJIE C 1ie-
JIBIO OTIPENICICHHUS TapaMeTPOB CTPYKTYPhI U TAJIbHEH-
wei ux ontumusanuu. Mogens toka nis Cd Hg,  Te—
(boTOaMOIa YIUTHIBACT CICAYIOIINE TPAHCIIOPTHBIC M-
XaHU3MBI: TUPPY3HOHHBIN TOK / Jifp TEPMHHUECKHIT TCHe-
parmoHHO-peKOMOMHAIOHHKIH TOK ITlokmi—Puna—Xon-
na I g, ¥ TyHHETIMpOBAHUE [, - Hepes JIOKaTH30BaHHbIC
JIOBYIICYHBIE YPOBHHU B 3aMIPEUICHHON 30HE B p—n-Tiepe-
XOZ€, TYHHEJIbHBIN MEK30HHBIA TOK / prp, @ TAKKE Tep-
MUYECKUH TOK B KBa3U-HEHTPAIBHBIX 00MaCTAX /gy Hnp?
ToK Oe [, , N3ITyJaTenbHbIli PEKOMONHAIIMOHHBIN TOK
I, B P~N-TIEPEXONIE U B KBA3MHEUTPATBHBIX O0IACTAX.
Bce 9T TOKH SIBIISIIOTCS HE3aBUCUMBIMU U CYMMHUPYIOT-
Csl, 32 UCKJIIOYECHUEM [gp, ), ISRHn’p, I}, 7> TIOCKOJIbKY WX
WHTEHCHUBHOCTD 3aBHCHUT OT 3aIOJIHEHUS JIOKAIN30BaH-
HBIX JIOBYIIEYHBIX coctosiuuit. Toku I, 1, Monenu-
PYIOTCS B IPUOIIDKSHUH OallaHca HOCHTEIICH Ha JIOBYIII-
Kax [6, 7]. [Ipeamonaranock HaTM4IME JTOKATH30BAHHBIX
JIOBYILIEYHBIX IEHTPOB JJOHOPHOI'O TUIIA B 3aIIPELIEHHON
30HE MUPHHOIL E, ¢ sHeprueii £ t=(0,6—0,75)Eg HaJI Kpa-
€M BaJICHTHOM 30HHI [8, 9].

KOpOTKO CyTb METOJa ypaBHeHI/Iﬁ OaJlaHca MOYKHO BBI-
pasuth cieayrimuM oopaszoMm. CBOOOIHBIH HOCHUTENb MO-
JKeT OBITh 3aXBavyeH JIOKAJTN30BaHHON JIOByH.[KOﬁ WA DMUT-
THPOBATh C HEE TEPMUYECKUM 3a0pOCOM MJIM TYHHEIUPOBa-
HUEM. BeposTHOCTh 3TUX MPOLECCOB ONpENEseTcs 3ace-
JICHHOCTBIO JIOBYIIKH, €€ MOJIOKEHHEM B p—n-TIepexolie u
MIPUIJIOKCHHBIM HAIPSYKCHUEM. IImoTHOCTE TakKoro TeHepa-
III/IOHHO-peKOM6I/IHaHI/IOHHOFO TOKa IMOJIYy4YaCTCA IMYTEM HUH-
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TErPUPOBAHUS TEMIIOB PEKOMOWHAIIMH 10 KOOp/MHATE BHY-
Tpu p—n-niepexoqa. Bo3Hukaromniye uHTerpansl aHaTuTHYe-
CKHU HE BBIYUCJIAIOTCA, ITIOOTOMY ACJIACTCA 3TO YUCICHHO. Ta-
KHM o6pa30M, YUUTBIBass U3BECTHBIC SHCKTPO(I)I/ISI/I‘IGCKI/IC
mapamMeTpbl NOMJIOKKHU U CJIIOCB U n0)161/1pa$1 HCU3BCCTHEIC,
MOYXHO BBIYUCIIUTH BOJIBT-aMIICPHBIC XAPAKTCPUCTUKHU (1)0-
TOAMOMAOB UIS PA3TUYHON TeMITEpaTyphl M CTEXHOMETpHUe-
ckoro cocraBa. OCHOBHBIC JEKTPODH3UICCKHE MapaMeT-
pet poromnona Cd Hg,  Te (x=0,282), npu KOTOpbIX paccuu-
ThIBAJIMCh IMPHUBCIACHHBIC Ha pHC. 7 3aBUCUMOCTH, CIICAYIO-
IIHE: SHEPTUs YPOBHS JIOBYIIEK E, = O,73Eg, KOHLEHTpanus
noH0poB B n-coe N = 100'5 cM~>, KoHIeHTpamus aKiemnTo-
poB B p-coe N = 1-1016 cm™3, xommenTparms noBymex B
obnactu p-n-nepexona N,= 500'5 cm3, Bpems xu3uu Ho-
cureneii T, , = 1008 c.

s mony4yeHHbIX (POTOAMOI0B AOMUHUPYIOIIUMHU CO-
CTaBJIAIOLIMMHE TOKA SIBJISIIOTCS TYHHEJIUPOBAHHUE Yepes3
JIOBYIIKH [, . M TEPMUIECKAs T€HEPALUs-PEKOMOMHALHS
tuna Llllokmu—Puna. [Tpu pabounx HanpsHKEHUSIX CMeTIe-
HUS CyMMapHas X BemunHa coctasisier (1—2)10712 A,
Jucdy3noHHbIH TOK BMecTe ¢ ocTanbHbIMU (Oxe, paau-
AIIMOHHBINA, MEX30HHOTO TYHHEIUPOBAHUS U JIP.) IPH Ta-
KMX CMELIEHUSX 3HAYUTeNbHO Menbine — (1—1,5)10713
A. Tlpu yBeIMYEHHUH HANPSIKEHUS CMELIEHUS cymMMma
I TAT+I riy BO3PACTACT CHAYAJIA ME/ICHHO, IOYTH JIMHEN-
HO, a TIPH 00PaTHBIX CMEIIEHUAX, OonpImux 2 B — skc-
MTOHEHITUAIILHO 32 CYeT OBICTPOTO OMYCTOIICHHS JIOBY-
IIeK My TeM TYHHEJIMPOBaHHS JIEKTPOHOB ¢ HUX. [Tpu etre
001b1IMX 00pPAaTHBIX CMEUIeHUSX (2,5 B) TOK MeK30HHO-
r'O TYHHEIHUPOBAHUS CTAHOBUTCS JOMUHUPYIOLUM U I1PO-
WCXOJIMT DIIEKTPHUYECKUH TTPOOOH JTHOJTIOB.

M3MepeHHbIe TEMHOBBIC TOKH TIPH pabodnx oOpat-
HBIX CMEIIECHUAX MUMEIOT 3HaYeHus nopsaka 10 mA, a
R,A =100° Omldm? (R, — comporusienne poroanona
IIPU HYJIEBOM CMEIEeHUH, 4 — Iouaas GoToAnoA),
YTO CBUJIETEILCTBYET O BHICOKOM KauecTBE HCCIIeaye-
MBIX CTPYKTYp. MozenupoBaHre TOKOB IO3BOJIUIIO OI-
peneIuTh MUKpOIIapaMeTPhl CTPYKTYPBI M YKa3aTh Iy TH
K JallbHEHIIeMY YIyUYIICHHIO TEXHOJIOTHH U3TOTOBIIE-
HUSI KPYITHO(OPMATHBIX MacCUBOB (POTOHOIOB CPE/I-
HEBOJIHOBOTO MH(PPAKPACHOTO CHEKTPAIBHOTO JHaIa-
30Ha (3—5 MKM).
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XapaKTepncnmn TENJIOBU3UOHHOI'0 ITPUEMHHUKA

®DOTO3IEKTPUIECCKHE CBOWCTBA OTIBITHOTO 00pa3ia
(hoTONPUEMHOTO YCTPOICTBA U3MEPSITUCH C TOMOIIBIO
PErUCTpAIiH ITyMOB KaXKJIOTO M3 MUKCEI0B MATPHUIIBI
128%128 u uamepenus: HoTooTBEeTa OT Pa3HBIX MMOTOKOB
9TAJIOHHOTO U3ITyYaTelis — adcomoTHo uepHoro Tena HGH
DCN1000 ¢ pazmepom BbixonHOTO 0TBepCTrs 180 MM 1
TOYHOCTBIO ycTaHOBieHUs Temneparypsl 0,005 K. Dto
103BOJIsIET onpeesnTh mapamerp NEDT — temmneparyp-
HYIO pa3HUILy, 9KBUBAJIICHTHYIO 11ymy. J{7ist uiccnenoBan-
HOTro 00pasma Ta Benm4yrHa coctapisuia 20+10 MK, gro
SIBJIACTCS JIOCTATOYHO BBICOKUM Pe3yibTaToM. [ ucrorpam-
Ma pacnpenenenust namepeHHor BennyuHsl NEDT 1o
3JIEMEHTaM MaTpHULbl IPUBE/IEHA Ha pHC. 8.
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Puc. 8. Pacnpenenenue Bennunabl NEDT no snemenram

MaTpuisl 128%128
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Ha pwuc. 9 npencrasieHo n3odpaxenue pparMeHTa
MHUKPOCXEMBI B CIIEKTPAIbHOM JHama3oHe 3 — 5 MKM,
TIOJTYYEHHOE C TIOMOIIBIO Pa3paboTaHHOTO MaKeTa Tell-
JIOBU3MOHHOM KaMephbl.

OTnuHUTeNTHHBIMU OCOOSHHOCTSIMH JJAHHOTO TETUIOBH-
3MOHHOTO IPUEMHUKA SIBILSIFOTCS: HU3Kas TOTpedsieMast
MoIHocTh (MeHee 50 MBT), HeOoNbIIIOE KOINYECTBO
yHOpaBsiomux (5, BKJIOUAs MUTAHUE U 3€MJI0) U MH-
(OpPMAIMOHHBIX CHTHAJIOB (OJMH BHICOBBIXOA M 3 BEI-
XOJIHBIX UMIIYJIbCA CHHXPOHHU3ALMH), BBICOKAs YacTOTa
kagapoB (10 200 '), ympaBieHue pekumMamMu paOOoThI
(oTonIprEeMHNKA HHTETPUPOBAHHBIM B CXEMY CUHTHIBA-
HUSI 10CTIeI0BATENbHBIM IOPTOM, TUHAMUYECKHIA Jiara-
30H Oonee 80 nb npu MakCUMallbHOM YPOBHE BBIXOIHO-
ro cursana 3 B.

Puc. 9. M3o0paxenue hparMeH-
Ta Mukpocxemsl B MK-nuanaso-
He (MPOCTPaHCTBEHHOE pa3pe-
meHne cucteMsl — 50 MKM)

Takum oOpa3om, pa3paboTaHHOE TEIUIOBU3MOHHOE
YCTPOUCTBO 117151 cpeiHel yacTu (3—35 MKM) CIIeKTpajib-
Horo MK-nuana3zona Ha ocHOBe ()OTOMPUEMHOTO MOAY-
151, cocrosimmero u3 128x%128 CdHgTe-anemenToB, mo-
JKET OBITH MCIIOIB30BAHO B CHCTEMAaX C BRICOKOH paspe-
HIAIOIIEHN CIIOCOOHOCTHIO IO TEMIIEpaType.
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METO]I ITPEOBPA3OBAHU ST OBBIYHOM PA3BOJIKI
[TEYHATHBIX TIJIAT B ITOJIMT'TOHAJIBHVYTO

Onucan memoo npeobpazo8anus mpaou-
YUOHHOU pa3800KU Ne4amuou niamol 6 no-
JIUCOHANLHYIO C NPeO8aApUmMeNbHblM pac-
CMOmMpeHUemM 80NpPoCco8 NOCMPOEHUs MpPU-
aneynayuu /lenone, ouazpammol Bopomo-
20 U IKBUOUCMAHMbL K KOHMYPY.

[leuaTHble TUIATHI AJ1 MOLIHBIX PAIUOIIEPEIAOIINX
YCTPOMCTB U YCTPOMCTB CUIIOBOU 3JIEKTPOHUKU UMEIOT
CBOU OCOOCHHOCTH U CYIIECTBEHHBIC OTJIMYHS OT IeYaT-
HBIX IJIaT yCTPOUCTB Apyroro Ha3HaueHus. Kak npasu-
710, 3TO ABYXCIOWHBIC MIATHI, TPUYEM AJISi MUHUMU3A-
LUU MEPEKPECTHBIX IMOMEX HUKHHH CION BBIIIOJIHEH
CIUTOIIHBIM («3eMJsi»). Ha BepxHeM — oJHOCIOWHAS
pa3BoOAKa, IOJIMTOHAJIbHAS, T. €. KOIa IPOBOAHUKY IIpei-
CTaBJICHBI HE JINHUAMU onpe;[eneHHoi/'I HIMPUHBI, a IJI0C-
KUMHU (DUTYpaMu, pa3/ieIeHHbIMU 3a30paMu, — MHOTO-
YIOJIbBHUKaMH, 3aHMUMAaIOLIMMHU BCE JJOCTYITHOE CBOOOI-
HOE ITPOCTPAHCTBO.

B MupoBoIf mpakTHKE OTCYTCTBYIOT CHEIHATA3UPO-
BaHHBIE CPEACTBA ABTOMATH3UPOBAHHOTO IIPOSKTHPOBA-
HUSI MOIIHBIX PAJMO3JIEKTPOHHBIX YCTPOKUCTB U YCTPOUCTB
CHJIOBOM 3JIEKTPOHUKH, a UCIIOJIb30BAHUE YHUBEPCAIIb-
HeIx CAITP — SPECCTRA (¢upma Cadence, CIIIA),
EXPEDITION (¢pupma Mentor Graphics, CILIA), SITUS
(pupma Altium, ABcrpamms — CIIA), CADSTAR (¢up-
Ma Zuken, SInoHus) — HE AaeT MPaKTHIECKOTo dPdex-
Ta, 4TO MPUBOAUT K HEOOXOAUMOCTH IIPUMEHEHUS pyy-
HBIX METOOB, TPYIOEMKHX U TEXHHUYECKHU OIpaHUYEH-
HBIX. B Hacrosmiee Bpemst pa3Bosika mof00HbIX IIaT —
HCKITIOUUTENLHO PYyYHOM TIpoIiecc.

B nanHoit pabote omucan MeTO MPeoOpa30BaHuUs Tpa-
JUIIMOHHON Pa3BOJKU MEYATHON TUIAThI B MOJIUTOHAJIb-
HYIO C IPEABAPUTEIILHBIM PACCMOTPEHNEM BOIIPOCOB 1O~
cTpoenus Tpuanrymsnuu [lenone, auarpammsl Bopono-
IO Y SKBUAMCTAHTBI K KOHTYPY.

Tpuanryasinus /enone

Tpuanrynsauus Jenone [1] — aTo Takoe pazdoueHue
IUIOCKOCTH HA TPEYTOIBHUKH (pHC. 1), 4TO OKPYKHOCTB,
OTMCAHHAas BOKPYT JIFOOOTO U3 HUX HE COJICPKUT BHYTPU
ce0st BEepUIMH JAPYTUX TpeyribHUKOB (pHuc. 2). Konnue-
CTBO pebep B TPUAHTYJISILIUU MEHbIIIE, YUeM YTPOESHHOE
YHCIIO BEPIIHH, a TPEYTOIbHIKOB — MEHBIIIE YeM YABO-
enHoe. Tpuanrymsanus Jlenone MokeT OBITh HOMyYeHA 13
000 APYTroi TPHAHTYISAINHI C TIOMOIIBIO TIOCIe0Ba-

Puc. 1. Tpuanrymsiuus
Jlenone

Puc. 2. Kpyrosoit
KpUTEpHil

TENPHOCTH TaK Ha3bIBaeMbIX (umoB. diumom pedpa Ha-
3bIBACTCS 3aMEHA €ro Ha pedpo, COCAUHSIOIIEE TPOTH-
BOJICXKAIIIME BEPIIHHBI HHIIUACHTHBIX €MY TPEYTrOJIbHHU-
KoB (puc. 3).

C C Puc. 3. ®nun pebpa

Tpuanrymsuus Jlenone o6naiaeT MHOTUMU MOJIE3HbI-
MU CBOMCTBaMH, B TOM YHCJIE€ ¥ TEM, YTO JIF00as BEPIIH-
Ha TPUAHTYJISIIUH BCETIa COSTMHEHA peOpOoM ¢ OMrKa-
IIeH K Hell BePIINHON. DTO MO3BOJISIET NCIIOIB30BATh Ta-
KYIO CTPYKTYpY IJ1s1 OBICTPOTO OIpPEeNIEHUs] paccTos-
HHUH OT OAHOM BEPIINHBI 10 OMMKAUIINX K HEH BEPIIINH,
MMpU4EM Yy3HATb UMCHHO BCJIMYUHY 3TOI'0O paCCTOAHUA, a
HE TOJEKO OTBETUTH Ha BOIIPOC, HE MEHBIIIE JIH 9TO pac-
CTOSIHHE, YeM 3a/laHHas BelnurHa /1. Bepimnamu Tpuas-
T'YJIALAN BBICTYTIAIOT KOHTAKThI ¥ Oapbephl. Kpyriblie KoH-
TaKTBI IPEJICTABIISIOTCSI OTHOWM BEPIIMHON, HEKPYTIIbIE —
HECKOJBKIMHU.

Onun pedpa, cortacHO KPYyroBOMY KPHUTEPHIO TPH-
aHTynsun Jlenone, BBIMOMHAETCS, €CIM CyMMa MPOTH-
BoJIeXKAIUX pedpy yrioB Oombine 180 rpamycoB (cm.
puc. 3), To ecTh O+3>TL

IMocTpoenue TpHAHTYJISIIIMN PaGoYero moJs

ANTOPUTMOB TIOCTPOCHUS TPUAHTYJISIIIAN CYIIECTBY-
€T I0BOJIbHO MHOTO [ 1]. Bynem ucronp30Bars alroputm
BKITIOUEHHSI HOBOM BEPLIMHBI B YK€ HMEIOIYIOCS TPHaH-
TYJISLHIO.

HauanbHast TpHaHTYIISAINS COCTOUT M3 YEThIPEX Bep-
LIMH IPSIMOYTOJILHUKA, OTPaHIMYHMBAIOIIETO 00JIacTh Tpac-
cupoBku (puc. 4). JInst BKIIOYEHNUST HOBOW BEPIIHEI B
TPHAHT YISO HEOOXOIMO OTIPEICITUTh TPEYTOJIbHUK, B
KOTOPBI OHA momajaeTt. i 9TOro UCrob3yeTcs METO/
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Puc. 4. Iloctpoenune Tpuanrymsnuu Jenone
(TOJICTBIMU JTMHUSIMH TTOKa3aHbI peOpa MepBOHAYATbHOM TPHAHTY IS~
UK rabapuTHOrO npsiMmoyrosnbHuka ABCD, omnopHble TOUYKH —

4epHble, [E(pa PsIOM — MOPSIIOK BKITIOUCHUS)

OMOPHBIX ToueK. OMOPHBIMU TOYKAMH BBICTYIIAIOT BEP-
IIMHBI, Y’KE BKIFOYCHHBIC B TPHAHTYIISALUIO. VCKOMBIT
TPEYTOJIBHUK OTIPEIEINACTCS CICAYIOIUM 00pa3oM.
OrnopHasi TouKa COEAMHSIETCS C HOBOW BEPIITMHOMN OT-
pe3koM. OtipeniennB, KOTOpOoe U3 Tpex pedep mepecekaeT
3TOT OTPE30K, MEPEXOUM M3 TPEYTOIbHHKA, COIACPIKa-
IIEr0 OMOPHYIO TOYKY, B COCETHHM, M TaK J0 TeX Mop,
MoKa OTpe30K mepecekaeT pedpa. OueBUIHO, I TOrO
9TOOBI AITOPUTM paboTai ObICTpee, ONIOPHAS TOYKA JI0JI-
JKHA HAXOAWUTHCS KaK MOYKHO OJFKE K BKITIOYaeMO¥ Bep-
mwmHe. J{7s aToro padodee mone pazOUBaeTCs HA HEKO-
TOpPOE KOJMYECTBO 0OJacTeit — KapMaHOB, KaXJIOMY
KapMaHy Ha3HAYaeTCs ONMOPHAs BEPIIUHA, HAXOSIIASICS
BHYTpH HeTO (cM. puc. 4). OopHON TOUKOM /IJIs1 BEPIITH-
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Pyc. 5. Buemmnuii Bua (a) ¥ TpuaHryisius padodero nosst (0)
HEYaTHOU ILIAThI

HBI KapMaHa CIYXKHUT OMOpHAas BEpIIMHA MPEIbIIYIIETO
KapMaHa, a OTIOPHOM BepIIMHOM epBOro KapMaHa BbIC-
TyIaeT OJHA U3 BEPIINH TabapUTHOTO MPSIMOYTOIFHHKA.
OnopHble BEPIIMHBI KAPMAHOB BKJIIOYAIOTCS B TPUAHTY-
JSLUIO TIEPBBIMHU, B IOPSAJKE, YKa3aHHOM Ha puc. 4.
Bxirouenue BCPUIMHBI B TPUAHTYJIALIUIO 3aKJIFOYACTCS B
TOM, YTO OHA COEIUHSIETCS TpeMsl peOpaMHu ¢ BepIIHHA-
MU HalJIEHHOTO TPEyrojbHUKA, a 3aTeM MPOTHBOJIEkKA-
Iye STOH BEepIINHE pedpa MpOBEPSIIOTCS Ha COOTBET-
CTBHE KpuTepHIo Tpuanryisiiun Jlenone. Ecinm pedpo He
COOTBETCTBYET KPUTEPHIO, OCYIIECTBISIETCS (IIUTI 3TOTO
pebpa. [Tocne BKIFOYEHHS OTIOPHBIX BEPIUIMH KAPMaHOB
B TPUAHTYJISLIMIO JOOABIISIOTCS BCE OCTABLIMECS BEPILIH-
HbL. Ha puc. 5 npuBeneH npuMep TpHAHTYIISIIAN paboue-
T TOJIsI peaTbHON MEeYaTHOM TIIATHI.

Juarpamma Boponoro

Huarpamma Boponoro [2, c. 295] koHeYHOro MHO-
JKeCTBa TOUCK S Ha IIOCKOCTH MPECTABISIET TAKOE pa3-
OMEeHHE TNTIOCKOCTH, TIPHA KOTOPOM KaXKasi 00JacTh 3TOTO
pa3bueHus 00pa3yeT MHOKECTBO TOUEK, O0Jiee OITU3KHX
K OJTHOMY M3 DJIEMEHTOB MHOKECTBa S, YeM K JTr000MY
JIPYroMy 3JIEMEHTY MHOXECTBA.

Puc. 6. MHororpas-
4 HUK Boponoro nus

LIEHTpa [ JByMEpPHOI
5 CHCTEMBI

JIByMepHBIit MHOTOTpaHHUK (MHOTOYTOIBHUK) Bopo-
HOTO I0Ka3aH Ha puc. 6. [Tnockoctu Boponoro, xoto-
pble IOPOJUIN FPAHU y JAHHOTO MHOTOIPaHHUKA, Ha3bl-
BAIOTCsI 00pa3yIOMUMHE IUTOCKoCTsIME BopoHoro, a co-
OTBETCTBYIOIIHE IIEHTPHI CHCTEMBI — I'€OMETPUUCCKAMHI
COCEISIMH TAaHHOTO LIeHTpa i. Cpen TeOMEeTPHIECKUX CO-
ceJiell pa3n4aroT OCHOBHBIE (€CTECTBEHHBIC) U HEOCHOB-
HbIC. 17151 IepBbIX CepeIUHA OTPE3Ka, COCTUHSIONIAs €r0
C LEHTPAIBbHBIM Y3JIOM, JIEXKUT HA FPAaHU MHOTOI'PaHHU-
ka Boponoro. J[i11 BTOpbIX — BHE IpaHU U, CIEHOBa-
TEJIFHO, BHE CAMOT'O MHOTOTPAHHUKA.

MHuororpanHuk BopoHoro, mocTpoeHHbIE 17151 KaX-
JIOTO IIEHTPA {i} CHCTEMBI, IAFOT MO3aWKy MHOTOT DaHHH-
KOoB — paz0Ouenune BopoHoro (puc. 7).

. . Puc. 7. Inarpamma Bo-
| POHOro Ha IUIOCKOCTH
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Puc. 8. dnarpamma

Boponoro u tpuan-

rynsauus Jlemone
(myHKTHD)

Junarpamma BopoHoro — ctpykrypa, 1BOHCTBEHHAS
TpUaHTYIIIHHY J[eloHe 1 KOTOpast MOJKET OBITh MOCTpOe-
Ha Ha ee OCHOBE: KaX/IbIil N3 MHOTOYTOJIbHUKOB Bopo-
HOTO 00pa30BaH TOYKaMH MEePeceueH s CepeANHHBIX Iep-
MEHANKYISIPOB K peOpam Tpuanrymsimu Jlenone (puc. 8).

DKBUAUCTAHTA

DKBUAMCTAHTA JIJIS1 JAHHOM MJIOCKOM KpHBOM L — 3T0
MHOKECTBO KOHIIOB PaBHBIX OTPE3KOB, OTJIO)KEHHBIX B
OTIPEJICIICHHOM HAIpaBJICHUY (BHEIIHSSI ¥ BHYTPCHHSIS
9KBUIUCTAHTHI) HA HOPMaJISIX K L.

Puc. 9. Meron nocnenoa-
TEJIBHOTO TepeceUeHHUs
SKBHUIMCTAHTHBIX JIMHUN

3aa4a ToCTPOSHHMS SKBHUCTAHTHI K BBITYKIOMY KOH-
TYpY AOCTaTO4HO mpocTa. Heobxoammo ist Kaxk10ro u3
pebep KOHTYpa MOCTPOUTH MapajuIeNbHbIC TUHUH Ha 3a-
JTAHHOM PACCTOSTHUN M HAUTH TOUKH ITEPECEUCHNS JIMHUA,
COOTBETCTBYIOIIHX CMEKHBIM OTpe3KaM KOHTypa (puc. 9).

MeTton npeoGpa3oBaHusi 00LIYHOI Pa3BOAKH B
NMOJUTOHATbHYIO

Hcxomnast nH(OpMaIisi — TOTIOJIOTHS CIIOS IEYaTHOH
IIJIaThI, BKIFOYAIOIIAs KOHTAKTHBIE TIJIOIIAIKH KOMITOHEH-
TOB, TIPOBOJIHUKH U 3a1peThl TpaccupoBku (puc. 10).

CymiecTByOIIHE MPOTPaMMBbI 3ATMBKH TTOJTUTOHOB
ABTOMAaTUYECKU “BBIKYCBIBAIOT € 3aJaHHBIM 3a30POM
HE INpUHAJJIeKAallNe [IeNU KOHTAKThl ¥ 30HBI 3alpeTa
TpaccupoBkH. [1oaTOMY 3a71a4a COCTOUT B TOM, YTOOBI
MOJIYYUTh KOHTYPBI METAJUIM3UPOBAHHBIX MHOTOYTOJIb-
HHUKOB, OXBaThIBAIOIINX SKBUIIOTCHI[UATLHEIC KOHTAKT-
HBIE TIONIAJIKK, ¥ YMEHBIIUT UX Ha 3aJJaHHYO IS 00ec-
nedeHus TpeOyeMbIX 3a30pOB Beu4HHYy. Permaercs 3a-
Jlaya B TPH dTara.

9}

N | © Puc. 10. Tononorus

MeYaTHOM TIaThl

Puc. 12.
Huarpamma Boponoro

Puc. 11.
Tpuanrynsanus Jlemone

1. TToctpoum Tpuanrymsiuuio JlenoHe, uConb3ys B
Ka4eCTBE MHOKECTBA BEPIINH KOHTAKThI 1 BEPILIHBI MHO-
TOYTOJILHUKOB, 33/Ial0NIHX 30HKI 3ampeTa (puc. 11). Bre-
JIEM JIOIIOJTHUTENbHBIE BEPIIHMHBL, COOTBETCTBYIOIINE TOU-
KaM IIepeceueHs IPOBOAHHUKOB U peOep MOy YeHHO! TpH-
AHTYJIALMHN (KPECTUK B IIEHTPE HA PHCYHKE), M [IepecTpo-
UM TPHAHTYJISIIUIO C YIETOM 100aBICHHBIX BEPIIUH. 3a-
TEM HCKIIFOYHM BEPIIHHBI, COOTBETCTBYIOIINE HEMOKIIIO-
YEHHBIM Ha JJAHHOM CJI0€ KOHTaKTaM 1 30HaM 3alpeTa Tpac-
CHPOBKH, ¥ peOpa, COSAUHAIONINE BEPIIMHBI TPHAHT Y-
MY C BUPTYAJIBHBIMH BEPIIMHAMH HA KOHTYPE TIJIaTHL.

2. Ha nonmy4eHHOM B pe3ylbTaTe MHOKECTBE BEPILIMH
nocTponM auarpamMmy Boponoro (puc. 12). Ha stoii qua-
rpaMMe ylaisoTes odmme pedpa CMEKHBIX MHOTOYTO-
HHKOB, €CJTH 3TH MHOTOYTOJIbHUKU OITMCAaHBI BOKPYT 9K-
BUITOTEHIMAITBHBIX BEPIIIHH.

Puc. 13. Tononorwus me-
YaTHOM IIATHI C IOJIU-
TOHAJILHON Pa3BOIKOM

3. JInst Kakao0# U3 MOJydeHHBIX Ha IIaTe obsacTeit
CTPOUTCS BHYTPEHHSA DKBUIUCTAHTA K KOHTYPY, OTCTOSI-
11as1 OT HEro Ha II0JI0BUHY BEJIMYUHBI 33JaHHOTO 3a30pa.
KonTyps!l noiryuyeHHbIX OJIMTOHOB NIEPENAIOTCS B IIPO-
rpaMMy, OCYLIECTBIISIIOLIYIO 3aJIUBKY IIOJIMIOHA C BbI-
KyChIBaHHEM HE NMPHHAAJICKAINX [TOJUTOHY obacTeit
(puc. 13).

*kk

OnucaHHBI METOJI MO3BOJISIET aBTOMATU3UPOBATD
MIPOLIECC MOJIUTOHATBHOM Pa3BOAKY M€UATHBIX IJIAT, KO-
TOpas Hy>KHa IIPU MPOEKTUPOBAHUH MOIIHBIX PagUOIIe-
peaINX YCTPOUCTB, a TAKKE MHOTOCIIOMHBIX IeYat-
HBIX IUIAT, KOIZla Ha OIOPHOM CJIO€ IIPUCYTCTBYET He-
CKOJIbKO pa3JIMIHBIX ueneﬁ IIUTaHUs.
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JIOTUMYECKHUE METOIbI PACHETA HAAEXHOCTHU CUCTEM

Ilpeonooscena asmomammuo-iocuyeckas
MOO€eNb HAOEHCHOCU CUCMEM, 8 KOMOPOU
6X00HbIe NPOYECCbl ABMOMAMA MOOEIUpYy-
IOM HAOENHCHOCMHbLE NPOYECChl 8 ONOKAX
cucmembl, d 6bIXOOHbIE — HAOEHCHOCMHbIE
npoyeccyl 8 camoll cucmeme.

[Tpu TPOEKTUPOBAHUH TEXHUYECKUX CHUCTEM UX OOBIY-
HO PaCCUMTHIBAIOT Ha HAJISKHOCTH. MIMeeTcst MHOKECTBO
HCTOYHHKOB, YKa3BIBAIOIINX, KaK PACCUNTATh HYKHYIO
BEPOSITHOCTHYIO XapaKTCPHCTUKY (ITOKA3aTeNb) HaIeK-
HOCTH CHCTEMEI IT0 aHAJIOTHIHBIM XapaKTEPUCTHKAM €
2JIEMEHTOB. B KadecTBe XapaKTepUCTHK HAlIC)KHOCTH
00BIYHO BBIOMPAIOT cpesiHee Bpemst T',  6e30TKa3Hoii pa-
0OTBI WK BepOSTHOCTH P(f) 6€30TKa3HOH pabOoTHI 32 BpeMst
t. Ho BeposITHOCTHBIC XapaKTEPUCTHKY — HE IIEPBUYHBIC
BEJIMYMHBI, & PE3YNIbTAT X yepeaneHus. [loaTomy Bepo-
SITHOCTHBIN pacyeT HaJISKHOCTH CUCTEMBI HE dJICMEHTa-
PCH U VTSI CKOJIBKO-HHOY/Ib CIIOMKHBIX CHCTEM COTPSDKEH
¢ OoJBIIMMHU TPYAHOCTIMHU. Kpome TOro, BEpOsSTHOCT-
HBIC XapaKTEPUCTUKH HA/IC)KHOCTH DIICMEHTOB HE BCETIa
MOTYT OBITh OITPEJICIICHBI U3-32 OOJIBIION TPYIOEMKOCTH
HEOOXOIMMBIX CTaTUCTHYECKUX HCIbITaHui. Hakownerr,
pa3paboTKa HOBBIX CUCTEM MOXET TpeOOBaTh pacCMOT-
PCHUSI HOBBIX BEPOSITHOCTHBIX XapaKTEPHCTHK HAICKHO-
cTH. B 3THX yCIOBHSAX KaXKeTCs LEIecO00pa3HBIM TI0-
CTpPOCHHE TaKOI TEOPUH M METOIOB PacyeTa HaaeKHOCTH
CHCTEM, TJI¢ OTIEPUPYIOT IEPBUYHBIMHE (KOTOPBIC HEBO3-
MOYKHO BBIBECTH U3 JPYTHX) BEIUUYUHAMHU, OTHOCSIIIU-
MUCS K HAJIC)KHOCTU CUCTEMBI U €€ DIIEMEHTOB, U yCTa-
HABIIUBAIOT CBSI3b MEKAY HUMU. [leHCTBHUTEIBHO, IPH
TaKOM TIOIXOJIE PACUET HAJIE)KHOCTH CUCTEM CTAHOBUTCS
3JIEMEHTApHBIM, YTO JTOJHDKHO PACIIMPUTH Kilacc aHAH-
3UPYEMBIX CUCTEM, OTMaaeT HEOOXOAUMOCTh B CIICIHU-
AITBHOM M3yYCHHH KOHKPETHBIX XapaKTEPUCTHK HaIeK-
HOCTH CHCTEM, T. K. UX BCEI/Ia MOXKHO BBIPA3UTh Uepe3
yKa3aHHbIC TTePBUYHbIC BeTHMYUHBL. K ToMy Xe, ecte-
CTBEHHO OKHMJATh, YTO OIIBITHOE OMpEIeICHUE IePBUY-
HBIX XapaKTEePHCTHUK HAIKHOCTH JIIEMEHTOB IPOIIIE, YeM
BEPOSITHOCTHBIX.

B npennaraemoii B janHO# paboTe TeOpUH nepBUY-
HBIMH CUMTAKOTCS MOCIIEI0BATENBHBIC MOMEHTBI £, OTKa-
30B M BOCCTAHOBJICHHM OJIOKOB (2JIEMEHTOB) M aHAJIO-
TUYHBIE MOMEHTBI 1) JUISl CHCTEMBI B LIEJIOM, @ 3a/la4a
COCTOMT B OTBICKaHWH 3aBUCUMOCTEN T,=f,(¢,) MeKIy

HUMHA. DTa Teopus o0nagaeT He TONBKO BCEMH YKa3aH-
HBIMH BBIIIE JTOCTOMHCTBAMH, HO K TOMY K€ MMEET H
npyrue. PaccMoTpuM HX.

1. Habop dynkumii {f,} aBnsercs Hanboiee monHoH
KaueCTBEHHOH MH(pOpMAIMeH O BIUSHUN HAJCKHOCTH
OJIOKOB Ha HAJIS)KHOCTH CHCTEMBL, T. K. II0 HEMY MOXKHO
KOJIMIECTBEHHO MPEICKa3aTh HA/IC)KHOCTHOE TIOBEICHUE
CHCTEMBI ITPH JIFOOBIX 3HAYCHHUSX HA/IC)KHOCTH e¢ OJIOKOB
(B 4aCTHOCTH, BBIYUCIIUTE T€ UIIN HHBIC XapPaKTePHUCTUKH
HAJIS)KHOCTH CUCTEMBI).

2. CpaBHUBATH HAJIEKHOCTh CUCTEM MOKHO JaXKe B
OTCYTCTBHE YHCIIOBBIX JAHHBIX O HAJIC)KHOCTH OJIOKOB.
PaBHOHAIE)KHBIM CHCTEMaM COOTBETCTBYIOT SKBUBAJICHT-
Hble HA0OPBI {f, }, OONee HaICXKHOH CHCTEME COOTBET-
CTBYIOT OoJbIMe 3HAYCHUS (QYHKIUH, BHIPAYKAIOIINX
MOMEHTBI OTKa30B, H MCHBIITHE 3HAUCHHS (PYyHKIINIA, BBI-
PaKaroIIIX MOMEHTHI BOCCTAHOBJICHUIA.

3. MOXHO U3y4aTh HE TOIBKO MOJIEIN OOBIYHBIX CH-
CTEM, B KOTOPBIX HAJISKHOCTHOE COCTOSIHUE CUCTEMBI B
IEJIOM B JIFOOOH MOMEHT BPEMEHH OJHOCTBIO OIpee-
JSIETCSl HAI@KHOCTHBIMU COCTOSIHUSIME €€ OJIOKOB B TOT
JK€ MOMEHT, HO U MOZICTIH CHCTEM C 3aIIOMUHAHUEM TIpe-
JBLAYIINAX COCTOSIHUIM.

4. 3nas nabop Qpynkumii {f, }, MoxHo, Habonas co-
CTOSTHHSI OJIOKOB CHUCTEMBI, TIPOTHO3HPOBATEH €€ MHIH-
BUyaJIbHOE HAJIS)KHOCTHOE ITOBEACHUE U Ha 3TOM Oc-
HOBE OPTaHU30BAaTh PAIMOHAIFHOE TEXHUIECKOE 00CTy-
JKUBaHUE.

B kauecTBe Mozen HaJCKHOCTH CHCTEMBI OBLT BBI-
OpaH TMHAMHYECKHI aBTOMAT, Ha BXOAbI KOTOPOTO MOJIa-
I0TCsI HaJIOKHOCTHBIE MPOIIECCHI B OJIOKAX (MMITYJIbC IPO-
1ecca onpeaessieT HHTepBail paboTocnocoOHOCTH 010~
Ka, 1ay3a — WHTepBaJl HepabOTOCIOCOOHOCTH), a C BbI-
X0Ja CHUMAaECTCA aHAJIOTUYHBIN mponecc ajist CUCTEMBI.
(Hame>kHOCTHBIM TIPOIIeCCOM OyIeM Ha3bIBaTh MPOIECC
[OCJICIOBATEILHOIO U3MCHEHUSI COCTOSIHUN CHUCTEMBI,
OTIpEJICTISIONINHN €€ HAIeKHOCTh). [Ipr 3TOM 0Ka3aioch,
4TO (PYHKIMH BIUSHAS f, BCETIA BBIPAKAIOTCS CYTIEPIIO-
3UIHEH ONepaIiii HeTPepPLIBHON JIOTHKH, & 9TO TI03BOJI-
€T TOBOPHUTH O MPUMEHUMOCTH JIOTHIESCKON TCOPUH Ha-
JIEKHOCTH. JTa TEOPHs, TOMUMO €€ BaXKHOTO CaMOCTOSI-
TEJILHOTO 3HAYCHS, [TOJIC3HA U IIPU PacueTax HaJJe:KHO-
CTH TI0 TPAaJUIIMOHHON BEPOSTHOCTHOH Teopuu, Moo,
YCTaHABIIHMBAS JIOTHYECKYIO CBSI3b MEXKIY ICPBUUHBIMHU
HAJICKHOCTHBIMH XapaKTEPUCTHKAME CUCTEMBI U e¢ 0J10-
KOB, OHa 00JIEr4aeT pacyeT U KOMITBIOTEPHOE MOJICIIAPO-
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BaHUE BEPOSTHOCTHBIX XapaKTEPUCTHUK HAIEKHOCTH CII0XK-
HBIX CUCTEM, CBOZIS €T0 K U3BECTHOH 3a]1au€ — OThICKA-
HUIO (MOJISIIMPOBAHUIO) paCIpeIelIeHUs JCTEPMHHNPO-
BaHHBIX (DYHKITHI OT CITyJaifHBIX apTyMEHTOB.

HepeKJ’llO'-laTeJ'lLHble nmpoueccsl

PaccMOTpyM MPOU3BOJIBHYIO JABOMYHYIO (DYHKIIHIO
HETIPEPHIBHOTO BPEMEHHU £, TCHEPUPYEMYIO B HEKOTOPOIt
cucTteMe (B YaCTHOCTH, B TEXHUYECKOM), T. €. (PyHKITHIO
x(), 3HaYEHMSI KOTOPOH pUHAIe)KAT MHOXKeCTBY {0, 1}.
[TycTs 3Ta QyHKIHS YIOBIETBOPSET TPEM YCIIOBHISIM:
1) 3HaueHKe (YHKIMU X B MOMEHT €€ U3MEHEHHs a CO-
BIIQJIa€T CO 3HAYCHUEM X IIPU £>a; 2) 3HAYEHHS X OTIpeie-
JIEHBI Ha UHTEPBaJIe BpEMEHH (—00, 0); 3) Ha J1I000M KO-
HEYHOM ITOIBIHTEPBAJIC YKa3aHHOTO HHTEPBATIA HMEETCS
KOHEYHOE YUCII0 N3MCHEHHUN 3HAYCHUS (PYHKIIAH.

Beenennast QyHKIMS Ha3bIBACTCSI TIEPEKITFOYATEITEHBIM
MIPOIIECCOM B CHCTEME.

0O003HaYMM: | — TTOCTOSTHHBIH IPOLIECC, PABHBIH SITH-
HUIIE Ha HEKOTOPOM MHTEpBaje BpeMeHH f; ) — mocTo-
STHHBIN MPOIIECC, PABHBIN HYIIO0 HA HEKOTOPOM MHTEpPBa-
JIe BpeMeHH #; 1" — n3MeHeHne 3HaueHNs IPoIiecca BUa
0-1; 0" — n3meHeHwue 3HaueHUs npouecca Bujaa 1 - 0;
0',— n3menenune 0' B MomeHT a; 1’ — n3menenne 1' B
MoMmenT a; 1(a, b) — nmmynse 1" 0',; O(a, b) — naysa
0',1',. B coorBercTBUM ¢ ycnoBuEM 1, B HEKOTOPOH
OKpPECTHOCTH MOMEHTA ¢ H3MEHEHHS 3HAUCHHUS TIPOIIecca
OIMPEACIIAIOTCA BbIPpAXKCHUAMUA

, [0, t<a; [, t<a;
El,tza; 2 Ep,tza.

CornacHo (1), UMITyJIbC — 3TO UHTEPBAI €ANHUYHBIX
3HAUEHUH Mpolecca, BKIIOYAIOIUI HaYaIo 1 He BKITIO-
YOI KOHETI, a TIay3a — WHTePBaII HyJIeBbIX 3HAUCHUH
Hporecca ¢ aHaJTOTMYHBIMH BKIIFOUEHHUAMU:

(1)

, ast<b;
1(a,b)= g
,t<amm t=b;

[0, ast<b; )
O@b)=g" ’

%, t<a wm t=h

®Dopmynsl (2) Tpu a=b MPUHUMAIOT BHJ

I(a, @)=0; 0(a, a)=1, (3)

OTKyZa BUIHO, YTO UMITYJIBC (T1ay3a) C COBMEIICHHBIMH
Ha4YaJoM U KOHIIOM (paKTHYECKH €CTh OTCYTCTBHC HM-
mysbcea (Tiay3bl), T. €. 3TO BBIPOXKICHHBIH Y4acTOK, U OH
MOKET OBITh UCKITIOUEH U3 paccMoTpenust. OmHaKo MpH
3TOM 13 (3) cieyeT BO3MOKHOCTh (POPMAIbHO paccMar-
PHBaTh OTCYTCTBHE UMITYIIbCA (TIay3bI), T. €. TOXKICCTBCH-
HbI# 0 (TOXAECTBEHHYIO 1), Kak UMITyJIbe (Tay3y) ¢ co-
BMCIIICHHBIMU HA4YaJIOM U KOHIIOM, YTO 4acTo OBbIBacT
noje3HbM. OTMETHM TaK)Ke BOZMOXKHOCTH PaccMaTpu-
BaTh M3MeHeHus nporecca (1) kak ummynbe (Tay3y) Ha
0ECKOHEUHOM HHTEPBAJIC:

I' =1(a, ©)=0(-0, a); 0' =0(a, ©)=1(-», a). 4)

Beenem HeoOxoaumble onpenenenus. [lycts x(f) —
000 MepeKITroYaTeNIbHbIN POIIECC, OTIIMYHBIA OT TOX-

nectBenHoro 0 Wi 1; @, — MOMEHT Hayaja IepBoro
M3MEHEHHS ¥ b — MOMEHT OKOHYaHHs TOCIIEHETO U3~
MEHEHHMs X(f). 3HAYEHHE X, IPOLECCa NPH /<a  HA30BEM
€ro HauaJIbHBIM 3HaYeHueM. [1pu 3ToM OynemM roBOpHTS,
4TO X(f) HAYMHAETCSA MMITYJIbCOM (Tmay30H), eciu x,=0
(x,=1). AHanmoru4no, 3Ha4eHHE X, IPH >b HA30BEM
KOHEYHBIM 3HaYE€HHEM ITpoIiecca, TOBOPSI, UTo X(#) OKaH-
4YHMBaeTCs UMITYAbCOM (Tay3oit), ecnu x, =0 (x_=1). IIpo-
1ecchl x(t), y(f) Ha30BeM HENePECeKAOIIMMHUCS BO Bpe-
MeHH, eci b <a .

Oo0rmiee urcI0 U3MEHEHN I 3HAUCHNUS IEPEKITIOUaTelTh-
HOTO IIpoLecca Ha3blBaeTcsl AMuHON L mpouecca. IIpu
L<1 mporecc Ha3bIBaCTCSI MIPOCTHIM, TPH L22 — CI0XK-
HBIM. /[Ba TepeKITiouaTeIbHBIX MpoIiecca paBHBI, €CITH Y
HUX OJIMHAKOBOE YHCIIO COOTBETCTBEHHO OTHOTHITHBIX
M3MEHEHHH, MOMEHTBI KOTOPBIX COBManaroT. /[Ba nepe-
KITFOYaTENIbHBIX MPOIECCa CYMTAEM IKBUBAJICHTHBIMH,
€CITH [TPH JTI000 YUCTICHHOM KOHKPETH3AIINH OYKBEHHBIX
0003HaYCHHUH YKa3aHHBIX MOMEHTOB 00a Iporiecca cra-
HOBSITCSI PABHBIMH.

ByzneM 3anuchbiBaTh IEpPEKIIIOUAaTENIbHBIE IPOLIECCH B
BHJIE [TOCJIE/IOBATEIbHOCTH H3MEHEHHH C YKa3aHHEM MO-
MEHTa U3MEHCHUSI WITH B BUC ITOCICAOBATEIIHHOCTH M-
MyIBCOB | ay3. Bo BropoM cirydae st IpoCcToTH Oynem
OITyCKaTh HA9JILHOE ¥ KOHEYHOE TTIOCTOSTHHBIC 3HAYCHUS, &
MOMCEHTBI ITIPOMEIKYTOUHBIX W3MEHCHMI YKa3bIBaTb OJUH
pa3 1160 B MMITyIbCe, JINOO B coceHel mayse. Hampu-
Mep, OJIMH M TOT K€ MPOIECC MOXKHO 3alncaTh B BUJIE
x()=1' 0',1' 0" 1", mmm x(6)=1(a, b) 0(-, ¢) 1(~, d) 0(=, e).

DTOT mporecc 10 MOMeHTa a paBeH 0, B UHTepBaie
a<t<b oH paBeH 1, B uHTepBaJic h<t<c paBeH 0, B HHTEP-
Bajie ¢<t<d — cHoBa 1, B uHTEpBaIe d<t<e — cHoBa (
U IIPU {=e IPUHUMAET [1I0CTOSIHHOE 3HaueHue 1.

I[BOI/I‘IHLIC onepaTopbl TEXHUICCKUX CUCTEM

[TycTh mMeeTcst MHOJKECTBO TIEPEKITIOUaTeNIbHBIX MPO-
1eccoB X, (%), ..., x,(f). 3akoH G, MO0 KOTOPOMY 3TO MHO-
’KECTBO MPeo0pasyeTcs B MEPEKIIoUaTeIbHbINA MPOLece
(f), Ha3pIBaETCS IBOMYHBIM orniepaTopoM. Takum oOpa-
30M,

Y(O=Glx,(0), ..., x,(0)]. (5)

B rexunuecknx cucremax x,(), ..., X, () O3Ha4arOT
BXOJIHBIE TIpOIIEeCChI, () — BBIXOAHOH mponecc, G —
orepaTop cucteMsl. Orieparop, peann3yonmii mpeodpa-
30BaHue (5), HA3BIBACTCS 7-MECTHBIM TI0 YHCITy TPEO0-
pasyemsbIx mporueccoB. Ha oneparopHoM si3blke peo0-
pasyembie MPOLECCHI X,(£), ..., X,(f) HA3BIBAKOTCA BO3-
JeiicTBuAMHU Ha oneparop G, a pe3ylbTUPYIOIUNI Ipo-
uecc y(f) — peaxuueii oneparopa. OrpaHu4nMcs pac-
CMOTpPEHHEM OIIePaTOPOB, YIOBIECTBOPSIOIINX CIICYTOIIIe-
MY YCIIOBHIO (TIPUHIMITY (PH3UIECKOM OCYIIECTBUIMOCTH):
3HaYCHHUE peakiy y(¢) B 10001 MOMEHT BPEeMEHH ¢ 3aBH-
CHUT TOJIBKO OT 3HAYEHUH BO3NEUCTBUH X,(Z,), ..., X,(Z,) B
NPEIECTBYOMINE £, ..., [, WIN TEKYIIHH { MOMEHTHI
(¢,<t, ..., t,<t) m OoT 3HaUCHU} camoi peakuuu y(f,) B
MPEIIIeCTBYIONINEe MOMEHTHI ¢, (£,<t). Ecnu 3aBucu-
MOCTb )() OT )(t,) CYIIIECTBEHHA, OTIepaTop Ha3bIBACTCs
OIIEPaTOPOM C MaMATBIO, €CIIHU HECYLIECTBEHHA — OIIe-
patopom 0e3 mamsTh. YUCI0 MOMEHTOB Ly, ..., Ly, (L <0),
TaKNX, YTO 3HAYCHUE /() CyIIECTBEHHO 3aBUCHT OT 3Ha-
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qenuii y(t,), ..., Y(f,), HA3BIBAETCA TIyOMHON MaMsATH
orepaTopa. DTo YHCI0 MOXKET ObITh KOHEUHBIM HITH Oec-
KOHCYHBIM. B mmepBoM cirywyae nmeeM orepaTop ¢ KOHed-
HOIi TAMATBIO, BO BTOPOM — C OeckoHeuHOH. OnepaTtop
0e3 maMATH Ha3bIBaeTCs BPEMEHHBIM, eciu () cyIe-
CTBEHHO 3aBUCHT OT 3HaY€HUs BO3ICHCTBHUH X (¢,) B IIpe/I-
IIECTBYIONIME MOMEHTHI ; (£,<t), ¥ JIOTHYECKUM — B IPO-
TUBHOM CJIy4Yae, T. €. €CJIU )(f) 3aBHCUT TOJIBKO OT 3HAYe-
HUH BO3NEUCTBUH X, (1), ..., X,(f) B TOT K€ TEKYNIMA MO-
MeHT ¢. JI7st JTormyeckoro orneparopa 3aBUCHMOCTH (5)
peaKknnu OT BO3ACHCTBUN KOHKPETU3NPYETCSI:

y=fx,, .., X,), (6)

rae f— HekoTtopas OyneBa (yHKIMS;

X{s ...y X, ¥ — COOTBETCTBEHHO MTHOBEHHbIC 3HAYCHNUS BO3ACHCTBHIT
U PeakIiy OrepaTopa B MOMEHT BPEMEHH 7.

1> n’

JIBOMYHBIN orepaTop MOKHO 33aJaTh C TIOMOIIBIO
ypaBHEHWUS, CBSI3bIBAIOIIETO 3HAYCHHUE () CO 3HAYCHUS-
Ma x(¢)), ..., X,(,), Y(t.), TO€ (<t 1,<t, MOCPENCTBOM
AITOPUTMA, TIO3BOJISAIOIIETO BEIYMCITUTH 3HAYCHUS J(¢) st
000T0 £. YIOOHBIM CIIOCOOOM 3aJlaHMsI TIPOU3BOIBHO-
ro omepaTtopa SIBJISETCA ero CTPYKTYpPHOE MpecTaBlie-
HHE B BUJIC CYTIEPIIO3HUIINN (CXEMBI) U3 DIIEMEHTapHBIX
oIepaTopoB. DIEMEHTAPHBIM CUUTAETCS ONEPaTop, KO-
TOPBIU ABILIETCS MPOCTEUIIINM, T. €. HE MOXKET OBITh ITPe/-
CTaBJICH CYTIEPIIO3UIMEH Oosiee MPOCTHIX OMEepPaToOpOB.
YmoOCTBO TaKOTO MPEICTABICHHUS B TOM, YTO H3y4CHHE
MIPOU3BOJILHOTO OTIepaTOpa CBOJAUTCS K MU3YyUCHHIO CY-
IIECTBEHHO 00JIee MPOCTHIX SJIEMEHTAPHBIX OIIEPaTOPOB,
YHCII0 KOTOPBIX KOHEYHO.

3agaun H3y4eHHsI OIIePaTOPOB TEXHUUECKUX CUCTEM
MOJKHO pas/IeNInTh Ha TPH THIIA. 3a/1auya aHaJI13a orepa-
TOpAa 3aKJIF0YAETCs B OTHICKAHUH peakiui y(f) 3aaHHO-
0 ONEPATOpa Ha 3a/1aHHbIE BO3AEHCTBUS X, (1), ..., X, (7).
3ajava cHHTE3a OIIepaTopa COCTOUT B IOCTPOCHHH OTIe-
paropa, npeoOpasyroLIETo 3a/IaHHbIE BO3AEHCTBUS X, (1),
..., X, (1) B TpeOyemyto peakuuio y(f). [lon nocrpoenuem
oreparopa HOHUMAETCs KaKoe-HUOYIb KOHCTPYKTHBHOE
ero 3aJlanne — abCTPaKTHOE WU CTPYKTypHOE (abcT-
PaKTHBII WK CTPYKTYpPHBIN CHHTE3). 3agada CHHTE3a
BO3ACHCTBUI 3aKIIFOUAETCSA B OTBICKAHUU BO3/ICIICTBUI
x,(?), ..., x,(f) Ha oneparop 1o 3aJaHHbIM onepatopy G
u ero peaxuuu y(7).
DJleMeHTapHbIe ONEPaToPhI

Byznem 3anmuceIBaTh 000 TIEpeKITF0YaTeIbHBIN MTPO-
IECC C HEYTOYHCHHBIM XapaKTePOM YUaCTKOB (FIMITYITb-
COB W Tay3) B BUJIE

xt)=u(a, a)u-, a).. " (a_,, a), 0,13, ()
pUYEM

U mpu p=1;
npu p=-l,

uf =

(&)

=

e U — orpunanue u;
m—1 — MOKa3bIBACT YKCJIO YUACTKOB.

PaccMOTpHUM HECKOIBKO JIEMEHTAPHBIX BPEMEHHBIX
OIIePaToOPOB.

1. Oneparop D, 3a/1epK1 Ha T — 3TO OJJHOMECTHBIH
oreparop, rmpeodpasyromunil Bo3aericteue x(¢) Buna (7)
B PEAKIINIO

y(t) = D[] = Xt-1) =
=u(a +1, a+1)U(-, a+1)...

U™ +T, 8, +1),

T. €. CJIBUTAIOIIHMI BXOJHOM IpoIiecc X(¢) Ha MOCTOSTHHOE
BpeMsI 3aJ€PIKKH T.

2. Oneparop D? punsTpanmu Ha T — OJHOMECTHBIN
oreparop, IpeodpasyIomuil KaK bl HMITYILC U Iay3y
u(a,, a;,,) Bo3neicTeus (7) B peakiuo

)

y() =D [u(a, q.)l=
=%(%+T’ Q+1+T)' "?1+1_<'F12T;
M du~-8<T,

(10)

T. €. CABUTAIOUINN BXOAHOM mporecc x(f) Ha BpeMs T U,
KpOME TOT0, He IIpoITycKaroImuii ((punsTpyrommit) u3me-
HeHUsI x(¢), OTCTOSIIKE IPYT OT Apyra OJIuxKe, ueM Ha T.

3. Onepatop HOCTPONKH May30i 10 ¢ — OJIHOMECT-
HBIH onieparop, mpeoOpasyronuii Bo3aeicTBre x(f) Buaa
(7) B peakumro (nocTpoiika crpasa, c>a, )

, U =
yo=x (=0 =0
BX(1)0(a,, o), U™ =1,

WK B PEAKIHUIO (IOCTPOMKa CIIeBa, ¢<a,)
Xx(t), u=0;
X9 = 0 _
(c, a)x(t), u=1.

4. Oneparop JOCTPOUKHU UMITYJIbCOM 10 ¢ — OJHO-
MECTHBIH oIepaTop, mpeodpasyromuii Bo3aeicTBre x(f)
Bujia (7) B peakuuio (JIOCTpoiKa cupasa, c>d, )

(), =1,

(11)

y(t) = (12)

y()=x() =0 . (13)
(0@, o, y™"=0,

WK B PEAKIUIO (IOCTPONKa ClIeBa, ¢<a,)

y()=° X(t), u=1; (14)

=0, ayx, u=0.

Ornepatopsl TOCTPONKHY BBITIOIHSIOTCS paHbIIIe IPY-
THX 3JIEMCHTaPHBIX OTIEPATOPOB.

5. Oneparop ycedeHus 10 b — OTHOMECTHBIH orepa-
TOp, peodpa3yroiuii Bo3eicTeue x(7) Buaa (7) mytem
B3SITHS KOHBIOHKITHN HETIPEPBIBHOM JIOTUKH MOMEHTOB H3-
MeHEeHHUS X() ¢ TaHHBIM MOMEHTOM b (yCeueHue cripaBa)
B PEAKIIUIO

y=x(tOh=ualb a0bhy-, al p..
u™@ 0Ok a,08 (15)

WIH TTyTEM B3ATHS AU3BIOHKIIMU HEMPEPHIBHON JTOTHKH
JTAHHBIX MOMEHTOB (YCEUCHHE CJIeBa) B PEAKIIHIO

34
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y=x(tOh=ualb a0 by,
u™(a,,0b a,08. (16)

[pouecc x(¢1Lb) otnmuaercs ot npouecca x(¢) 3ame-
HOW Ha HHTepBaie h<t<co BceX 3HAYCHUH X(#) KOHCUHBIM
snadenueM. [Iponecc x(¢0Jh) otnmuuaercs ot x(¢) 3ame-
HOI pH —0<¢<) BceX 3HaYEHUH X(¢) HauaIbHBIM 3HaUE-
HHUEM.

6. OnepaTop yMHOXEHHUs1 — JIByXMECTHBIH oIrepa-
TOp, Ipe00pasyrolMii napy Bo3eHCTBHI X, (), X,(?), HE
TIEPECEKAIONINXCS BO BpeMeHH (b, <a ) M Takux, 4To
KOHEYHOE 3HAYEHHE TIpoLecca x,(7) ) LoBIfataeT ¢ Havab-
HBIM 3HAUYEHUEM TIpOoIecca xz(t) B PEaKINIO BHUJIA

B (b, t<h;
y(H) = @N)P@ (17)

Ota peakiys Ha3bIBACTCs IPOU3BEICHUEM ITpoliecca
x,(?) Ha x,() n 0bo3HA4AETCS

Y(O)=x,(1)ox(1). (18)

U3 (17) BumHO, 9TO MPOM3BENEHHUE TpoLEcca X, (7) Ha
X,(f) 10 MOMEHTa bx1 OKOHYaHUs X (f) COBIAAET ¢ x (),
MOMEHTa @ Hauasa X,(f) COBIAMIAET C X,(f), B HHTEPBAJIE
[b, , ] — PAaBHO KOHEYHOMY 3HAYEHMIO X (f) (Ha4aIIb-

HOMy 3HaquH}o x,(t)). OmepaTop yMHOXEHHUS TOTIUHSI-
€TCsl aCCOIIMAaTUBHOMY 3aKOHY, T. €. IIpU bxlsaxszz_

[xl (I)OXZ(Z)] °x3(t):x1(t)o[xz(t)°x3(t)]:
(Do, (1), (19)

HO HE TIOAYMHACTCS KOMMYTaTHBHOMY 3aKOHY, T. €. B 00-
IEM Cllydae BhIpaKeHHE X,()ox,(t) HE coBMamaer ¢
X, (t)ox(2).

7. OnepaTop pa30oHeHUsI — OJHOMECTHBIN OTIepaTop,
KOTOpBIN pazOuBaer mpouecc x(f) Buaa (7) Ha 1Ba 1o-
CIJICIOBATENBHBIX MOIpOIecca

ald b..

X3

x () =u(a, a)u-, a).. Ua, A) 0
- — g
rae U=UuU wiu u 0 (20)
7 T GO O
%(1)=0(8, &)U &2 07 (A0 )0
TIPH 3TOM
_ (1), t<a;
O o 12a. @b
Cpasnenue (21) ¢ (17) moka3biBaeT, 4TO
x(0)=x,(1)ox,(0), (22)

T. €. TIEPEMHOKEHHE TOIMPOLECCOB X () U X,(f) CHOBa
JTaeT UCXOHBIH mporecc x(¢). [loTomy onepaTopbl yMHO-
JKEHHS M pa30MeHHUsl B3aMMHO OOpaTHBI. 3aKIIOUUTENb-
HOE U3MEHEHHUE B IEPBOM TOATIpoLECcCe X, (¢) pasouenus
(20) Ha30BEM TOUKOH JIeIeHUs pa36HBaeMoro rpoiiecca
x(f). Touxa nenenns umeer sun L, wm 0 .
PaccMoTpHM HECKOIBKO BHCMGHTapHI)IX JIOTHYECKHUX
oneparopos [1]. CornacHo (6), Takol oreparop MOXKHO

3aJ1aTh C TIOMOIIBIO OyJieBoi (DYyHKIIMH, TpeoOpa3yromiei
MI'HOBEHHOE 3HAYEHUE BO3AECUCTBUN B 1000 MOMEHT ¢
B MCHOBEHHOE 3HAYE€HHUE PEAKIIUU, OTHOCALIEECs K TOMY
JKE MOMECHTY.

1. KOHBIOHKTOp — JBYXMECTHBIH OIlepaTop, mpeoo-
pasyromuii Bo3aeincTBus x, (1), x,(f) B peakuuro y(f) co-
TacHO OYIIeBOM KOHBIOHKIIUT

y=x,[k,. (23)

2. JIN3BIOHKTOp — JIBYXMECTHBIH omiepaTop, mpeoo-
pasyroumii Bo3aeHcTBu X, (1), X,(f) B peakuuo y(f) co-
TJTacHO OyIeBON AM3BIOHKIINHI

y=x,[k,. (24)

3. HBepTOp — OIHOMECTHBIN Omeparop, mpeodpa-
3YIONIHN Bo3JeiicTBHE X(7) B peakIuio )(f) cormacHo Oy-
TIeBOH (DYHKIIH OTPHIIAHHS

y=X (25)

4. JIn3bIOHKTUBHBIA HHBEPTOD (orieparop Be6oa) —
JIBYyXMECTHBIH OTiepaTop, MpeoOpa3yroInil BO3ICHCTBUS
x,(9), x,(¢) B peaxuuo y(f) cormacHo OyneBoi QpyHKIMH
«OTPULIAHUC TU3BIOHKIIUN

=% 0X,. (26)

5. KonbroHKTHBHBIN HHBEpTOp (oneparop Lleddepa)

— JBYXMECTHBIN omnepaTtop, npeoOpas3yrouuil Bo3aen-

crBus x,(f), x,(¢) B peakuuio y(f) cornacHo OyneBoi
(YHKIINH «OTPUIIAHNE KOHBIOHKITUID):

=% 0%, (27)

JW3BbIOHKTUBHBIA U KOHBIOHKTUBHBIA MHBEPTOPHI,
CTPOTO TOBOPS, HE MOTYT CUMTATHCS AIEMEHTAPHBIMA
omnepaTopamu, T. K. OHH SIBJISIIOTCS CYTIEPIIO3ULUE ore-
paropoB (23)—(25). OgHako Ha mpakTHKEe 00a 4acTo
HCIIOJIL3YIOTCS KaK DJIEMEHTAPHBIE OIIEPaTOPHI.

CTpyKTypHOe TpecTaBJIEHHE ONEPATOPOB Ge3
namMsITi

71 CTpyKTYpHOTO TIPE/ICTaBICHHUS OIIEPaTOPOB I1e-
necoo0pa3Ho pa3padoTaTh CIEHUANBHYI0 METOAUKY Iie-
pexoia OT IPOU3BOIBLHOTO COJAEPKATEIBHOTO OMUCAHUS
oriepaTopa K ero CTPyKTypHOMY IIPEACTABICHHUIO, T. €. K
cXeMe, pealu3yIollel onepaTop B BUJIE CYNEPIIO3UIIH
KOHEYHOTO YHCJa IEMEHTapHBIX omeparopoB. Taxoii
TIePEXOJT BBITIOIHACTCS B JIBA 3Tara — OT COZePrKaTeIbHO-
O OMKCAHUS OTlepaTopa K ero MaTeMaTu4eCcKoOMY OIHca-
HUIO U OT MaTeMaTUYeCKOro OMMCaHMs ollepaTopa K pea-
JIM3YyIoLIEeH ero cxeMe. [lepBblil 3Tar HealrOpUTMHUYEH U
BBINONHsIETCs He(hopMabHO. PaccMoTpuM BTOPOI STarl.

Peakuus y(f) onepatopa 6e3 mamsTu B 000N MO-
MEHT BPEMEHU ! 3aBHCHUT OT 3HAUYCHHM BO3JCHCTBHI
x,(1), ..., x,(f) B TOT %K€ MOMEHT £, @ TAK)KE OT UX 3HAYeE-
HUM X, (Z,) ,..., X, (Z,) B HEKOTOPBIE IPE/IIECTBYOIIHE MO-
MEHTHI £, ..., [,. BylleM CUMTaTh, 4TO YMCIIO TAKKX TIPE-
HIECTBYIOIIUX MOMEHTOB JJIs1 KAXKI0TO BO3JIEHCTBHSI KO-
HeuHo. Toraa 3aBUCUMOCTB peakiuy orneparopa 0e3 mna-
MSITH OT BO3JICHCTBUH IPUHUMAET BUJ]

y(®) = fIx(0, x(to), - X(ty);

X (0 % (hg)s oo X, (o ], (28)
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rae  f— HekoTopas OyieBa QpyHKIUS,
{ — TEKyILIMi MOMCHT BPEMEHH;
L (tij<t) — TIPE/IIIECTBYIOIINE  MOMEHTBI, 3HAUCHHS BO3ICHCTBHI B KO-

TOPBIX BJIUAIOT HA 3HAYCHUC PCAKIINU B TeKyH.II/Iﬁ MOMEHT £.

B yacTHOM ciydae, korna 3Ha4€HUsI BO3ACHCTBUN B
MIPEIIIIECTBYIONUE MOMEHTHI HECYIIIECTBEHHBI, T. €. KOT-
Jla oTIepaTop JIOTUYECKHIA, 3aBUCUMOCTb PEaKIIUH OT BO3-
JIeHCTBUI TPHOOPETAET TOT K€ BUJI, YTO ¥ 3aBUCUMOCTh

(6), 1. e.

yfxps s X,). (29)

®opmynsl (28), (29) maroT MaTeMaTH4ecKoe Omnuca-
HIHE IBYyX THIIOB oIlepaTopa 0e3 maMsITH — BPEMEHHOTO
U JIOTHYECKOTO.

HauneM ¢ 3a7auu CTPYKTYypHOTO NMPEICTABICHHUS JIO-
THYECKOTO OIIepaTopa, T. €. IIOCTPOCHUS CXEMBI, peajli-
3yrolieid OyaeBy QyHKIHIO f 13 (29) B BUE CyIepIio3u-
1M HECKOJIBKMX 3JIEMEHTapHBIX 01eparopos f.. [Tpu 5Tom
JIOCTaTOYHO OTPAHMYHTHCS TOIBKO JIOTHYECKUMH OTlepa-
Topamu. HaGop f,, mo3sonsrommii peanusosars Jo0yro
(yHKIUIO £, Ha3bIBACTCS (DYHKIMOHANBHO HONHBIM HIIH
oaszucom. O6pasyror 6a3uc, HapUMep, CICTYIOMINE Ha-
Oopbl: 1) KOHBIOHKTOP W UHBEPTOP; 2) TU3BIOHKTOP U
UHBEPTOP; 3) KOHBIOHKTOP, TU3BbIOHKTOP U HHBEPTOD; 4)
orneparop Beb66a; 5) onepatop Illeddepa. UrtoOwb! peanu-
30BaTh JIOTHYECKHIA oTieparop B 6asuce 3, HEOOXOIUMO
BBITIOJIHUTB CJIETyIOIIee:

— HepeiTH OT UMEIOIIErocs MPeICTaBICHUs orepa-
TOpa K COOTBETCTBYIOMICH OyJIeBON (PYHKITUH f;

— MIPUBECTH (PYHKIHIO f K SKBUBAJICHTHOMY BBIpa-
JKEHUIO B IM3bIOHKTUBHON MJT KOHBIOHKTUBHOM W1 HOp-
MabHOU Gopme (AHD nmm KHD) (em. B [1]);

— I0JIy4Y€HHOE BBIPAKEHUE PA3JI0KUTh T10 HJIEMEH-
TapHBIM ONepalysIM — JIByXMECTHBIM KOHBIOHKLUHU U
JU3BIOHKIMH, UCIIOJIB3YsI COUeTaTEeNbHbIN 3aKOH;

— Ka)XXJOU IEMEHTApHON ONepali — KOHBIOHK-
LU, JU3BIOHKIUH U OTPULIAHUIO — [IOCTAaBUTh B COOT-
BETCTBHE DIIEMEHTAPHBIN JJOTMYECKHUA OTIepaTop.

Ipu HEOOXOMUMOCTH MEMK Ty BTOPBIM U TPETHUM JTa-
MaMH MO>KHO BBITIOJTHUTB dTAIl YIPOIIEHHs (PYHKITUH f-
JList 3TOTO BBIpQXKEHHUE f TIOIBEPraeTCsi 3KBUBAIICHTHBIM
peoOpa3oBaHUSIM.

Jis npuMepa peanu3yeM B IPUBEIEHHOH 1ocie 10~
BaTEJILHOCTH JIOTHYECKHUI OrepaTop, [Uisi KOTOPOTro 3a-

X, O y

& _,—& I

7

=

:

Puc. 1. Cxema, peanu3yromast JOTHIECKANA OTIepaTop

BHCHMOCTb PEaKIUH ) OT BO3ICHCTBHUIA X, X,, X5 TAKO-
Ba, uTo y=1 Ha Habopax Bo3zxercTBuit 000 u 111. Ilo-
CKOJIbKY TIEPBBIH JTall YK€ BBINOJHEH — (DYHKIIHSI
y=f(x,, X,, X;) 3a71aHa MEPEUNCIICHUEM EIMHUYHBIX Ha-
00poB, cpasy nepelinaem k onpeneicanto JJHD nameit
Gynkumm: Yy = X% % 0 % % % Ilocne sToro nomyunm
Y=(X%)%O(X%X%) % B cooTBeTCTBUE OTPUIIAHHAM
MIOCTaBUM HHBEPTOPBI, KOHBIOHKIUSIM — KOHBIOHKTOPHI,
JIM3BIOHKIINHI — JIM3BIOHKTOP, B PE3yNBTaTe HAXOAUM CXE-
MY, peau3yoNIyIo JOTHYeCKni onepatop (puc. 1).

HWrak, 11000¥ JTOruuecKuii ornepaTop MOXKHO NpeJcTa-
BUTb CTPYKTYPHO B BU/JIE JIOTHYECKOU CXEMBI, IOCTPOEH-
HOH U3 DIIEMEHTAPHBIX JOTMIECKUX OTIEPATOPOB.

[lepetinem k cTpyKTYpHOMY MIPEICTABICHUIO BPEMEH-
Horo omeparopa. [loctpoum cxemy, peaau3yIomyo 3a-
BUCUMOCTH (28). BBenem 3ameny:

% (t) = Xa(0s ooy Xty ) = X g (B
XZ(t21) = Xn+r’r]_+l(t)! e XZ(thQ) = an' M+ nz(t)!

(30)
%Nt =X 0 (O, s X (L) =% o (9.
n+Zlnq+1 n+I:lm

Torna 3aBucuMocTh (28) mpuMeT BUJI OyneBOH
(YHKIHH OT pacIIMPEHHOTO MHOXKECTBA apTyMEHTOB

Xy ey X, T.E€.
n+zn1
&

O O
— ¢4 0
Y=F% o X Kurs oo X 0

. "&"H

=
B KOTOPOH X, ¥ y — MTHOBEHHBIE 3HAYEHUS BO3/ICUCTBUI
U peaKiy oreparopa, B3sThle B OJIMH U TOT K€, IPOU3-
BOJIbHBIH MOMEHT BpeMeHH. DyHkius (31) umeet THI
(29), 1. e. 3a71a€T HEKOTOPBIN JIOTUYESCKHIA OTIEPaATOP.

Taxum 00pa3om, 3aj1a4a CTPYKTYPHOTO NpecTaBlie-
HISI BDEMEHHOT'0 OTIepaTopa pachaaaeTcst Ha IBe: CTPYK-
TYpHOE NIPEACTABICHNE JIOTHUECKOTO OIIEpaTopa 1 CO0T-
Homenui (30). IlepBas 3agaua paccmoTpeHa Boiiie. Pac-
CMOTPHUM BTOPYIO.

OOpaTumMcs, HarpuMep, K IEPBOMY COOTHOIIEHHIO B
(30). VuuteiBas, 4rto f,,<f, T. €. {,,=t-T,,, rae 1,,>0,
3aIMIIEM €T0 KaK X, ,, (£)=x, (T, ) Wim, UCHOJIL3Yst Olle-
parop 3anepxku D, Kak

X2 (1) = Dy [X(9)]. (32)

OueBuIHO, UTO JTF0O0E cooTHomeHue (30) peanusy-
€TCs TIPU TIOMOIIIH OTIEPATOPa 3aJ€PKKK D ¢ HyKHBIM
BpeMeHeM 3aiepKku T,.. ITpn aTom 1 peanthzamum Beex
cooTHoueHu#t B (30) HET HyX bl UCMOJIB30BaTh COOT-
BETCTBYIOIIEE YHCIIO ONEPATOPOB 3aaepiKKH. JleficTBu-
TEJIFHO, COCIMHSS TTOCIICIOBATEIHHO HECKOIIBKO OTepa-
TOPOB 33JIEPKKU DT1’ . DTp’ ToJTy4aeM HOBBIN Orep-

(31

p
TOp D, C CyMMapHBIM BPEMEHEM 3aJIEPKKU T = ZT-.
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[TosTOMYy mOCTAaTOUHO BHIOPATh B KAYECTBE IEMEH-
TapHOTo oneparop D, ¢ BPEMEHEM 3a1€pPKKU T — 00-
IIMM JIeTTUTENIEM BCEX MHTEPBANOB BpEMEHH T,~I—1, B
(30). Torma peanuzanus Jr0OO0OT0 COOTHOIICHHUS B (310)
CBEJIETCS K MOCJIEI0BATEILHOMY COEIMHEHNIO HYKHOTO
4KMCIIa DIEMEHTAPHBIX O1EepaTopos D,

HWrak, mo60oit BpeMeHHOH onepaTop MOKHO MPeJICTa-
BUTh CTPYKTYPHO B BU/IE JIOTUYECKON CXEMBI, TOCTPOECH-
HOM M3 3JIEMEHTapHBIX JIOTMYECKUX OTEPaTopoB U die-
MEHTApHOTI'0 OIIepaTopa 3a1€PKKHU.

MartemaTudeckasi MoJieJib HaJ€KHOCTH CHCTEMBbI

PaccmoTpuM MoJiesib IPOU3BOIBHON CHCTEMBI (3TO
MOXeET OBITh TEXHHYECKAasl, JSKOHOMUYECKasi, OMOJIOTHYe-
CKas | T. JI. CHCTEMa), COCTOsIIIEH n3 N B3aMOJIEHCTBY-
IOLINX MOJICUCTEM, KOTOpble Ha30BeM Onokamu. B cuc-
TeMe UMeeTcs 71 BXOJIOB U ¥ BbIxoJ10B. [1o Bxonam cucre-
Ma I0JIy4aeT NPeayCMOTPEHHBIE YCIOBUSAMHU €€ PabOThI
TIOJIe3HBIC BO3ICHUCTBUS ((PH3MUYCCKIEC BXOJHBIC CHI'HA-
JIbL, 3a]1a4H, TTOJIeXKAILME PELICHUIO, YIPABIAIOLINE KO-
MaH/IBI ¥ T. JI.) FJIA BPEAHBIC BO3ACHCTBUS (ITOMEXH, BUO-
panusi, MOBHIIICHHAS TEMIIEPATypPa, BIAXKHOCTD H T. 11.),
BJIMSIIOILME Ha €€ HAJEKHOCTb, IPUUYEM KaXKIblll BXOI
TpeIHa3Ha4yeH ISl BO3/AecTBHM oiHOTO THIA. C BBIXO-
JIOB CHCTEMBI CHUMAIOTCSI pa3IMuHbIC PE3YIbTaThI €€ pa-
00ThI (0OpaboTaHHBIE CUTHAIIBI, PEIICHHBIC 3a1a49H, BbI-
MTOJTHEHHbIE KOMAH/IBI U T. [1.), IPHYEM KaXKIbIi BBIXOJ
XapaKkTepu3yeT KaKyo-To OAHY GYHKIHUIO (OMH Pe3yiib-
TaT pabOThI) CUCTEMBI.

3anaaum HagexxHoctHoe coctosinue (HC) cuctembl
JIBOMYHBIM BEKTOPOM

Y= o 2,), 010, 15, (33)

i-s1 KOMIIOHEHTa KOTOPOro y, Xapakrepusyer HC i-ro BbI-
X0Jla CUCTEMBI

(1, eciu cucreMa paboTOCIIOCOOHA

_H 10 i -# pyHKITNM;

(34)

, €CJIM CHCTeMa HepaboTOCIIOCOOHa 110 i-i

H dysxumun (acTHHBI 0TKA3 i -TO THIIA).

AmnanorunyHo 3agaauM HC coBokymHocTH OJ0KOB
JABOUYHBIM BEKTOPOM

a=(a,, ..., ay), a0{0, 1}, (35)

i-s1 KOMIIOHEHTa KOToporo a, xapakrepusyet HC i-ro
61oKa:

_ [, ecnu i-it 610k paboTOCTIOCOOEH;

& , €CJIH I-1 OJIOK OTKa3al. (36)

Onwumem HC COBOKYIHOCTH BXOIOB CHCTEMBI BEK-
TOpPOM

x=(x, ..., x,), x,0{0, 1}, (37)

i-s1 KOMIIOHEHTA KOTOPOTO ¥, (=1, ..., n) xapakrepusyer
HC i-ro Bxona:

D., €CJIn CUCTEMA BOCIIPUHUMACT BO3JICHCTBUE

a ZE i-ro Turma; (38)

Eb B IIPOTUBHOM CIIy4ae.

Onucanue BXOJI0B CUCTEMBI TIPY TIOMOIIH JBOUIHO-
ro Bekropa (37) ronutcs 1 B 6ojee o0IIeM ciyyae, Kor-
Jla BOKCH HE TOJIBKO caM (haKT HaIU4us (OTCYTCTBHSI)
BO3JICHCTBHUS KAXKIOTO THIA, HO M 3HAYECHUS 3TUX BO3-
nerictBuid. [Ipr 5TOM MHOKECTBO BO3MOKHBIX 3HAUCHU I
BO3ICUCTBHSI KQK/IOTO THITA { TUCKPETU3YETCS (€CIU 3TH
BO3JICHCTBUS HENPEPBIBHBIC) U KOIUPYETCS JBOUYHBIM
KOZIOM X, , ..., X, , TIPHUeEM TOCIIEIHUI 3aMEHSET X; B
ocHoBHOM Kozie (37).

Htak, HaJIe)KHOCTHYIO CUTYAIUIO B CHCTEME B ITPOM3-
BOJIBHBIIT MOMEHT BpPEMCHU { MOXHO ITOJIHOCTBKO OITH-
caTh TpPEMs BEKTOpaMH, & MMEHHO

Z:(x5 a! y)ﬂ

rne x — HC BxoJ10B;
a — HC 6nokoB;
y — HC BBIX0/I0B CHCTEMbI B MOMEHT 7.

(39)

Omnucanue (39) — craTudeckoe, OTHOCSIIEECS K BbI-
OpaHHOMY MOMEHTY BpeMeHH. [I0CKOIbKY BCe TpH BEK-
TOpa 3aBUCST OT BPEMEHH, Ha/IC)KHOCTHYIO BOJIIOLHIO
CHCTEMBI MOJKHO OITUCATh BEKTOP-(PYHKITHEH

2(0=[x(0), a(®), y(9)]- (40)

Takoe omucanue — JUHAMHYESCKOE, OHO OXBATHIBACT
MHTEPBaJ BpeMeHH ()yHKIMOHUPOBAHUS cHcTeMEl. [1ep-
Bas KommnoHeHTa B (40) — BekTOp-GyHKIUSA
x(0=[x,(®), ..., x,(0)] — 3anaet sBomonmio HC Bxonos
CHCTEMBI, T. €. BO3JICHCTBHS Ha BXOJAaX CUCTEMBI. 31€Ch
x(f) — nBowvHas QyHKIHMS HENPEPHIBHOTO BPEMEHH ,
onuckiBaromas 3posronuio HC i-ro Bxona, T. €. BO3/cH-
CTBHE HA i-M BXOZIe CHCTeMBbI. DYHKINSA X (1) UMEET BHL
TOCJICAOBATCIIbHOCTH HUHTEPBAJIOB HAJIMYNA U OTCYTCTBUA
j-TO BHEIIHETO (haKTOpa, BIUSIONICTO Ha HAJIGKHOCTH CH-
crembl. M3 pusnueckoro cmpicia pyHkuuu x () cnemy-
€T, YTO OHA OTIpeJIeIICHA B JTF000H MOMEHT OECKOHEYHOTO
BPEMEHHOT'0 HHTEpBaja #(—00<t<co), MpuyeM Ha JI0O00M
KOHEYHOM €TO TIOJBIHTEPBAIIE X (f) M3MEHSAETCS KOHEY-
HOE YHCJIO Pa3. YCIOBUMCS, YTO 3HAYCHUE QYHKINY X (1)
B MOMEHT €€ M3MEHCHUS /=a COBITIA/IACT C €€ 3HAUCHUEM
npu £>a. TakuM 00pa3om, BO3IEHCTBUS HA BXOJIbI CHC-
TeMBI X, (t), ..., X, (f) ECTh HEKOTOPBIE MEPEKITIOUATENTBHBIE
TIPOIICCCHI.

Bropas xommonenTa B (40) — BeKTOP-QYHKIUS
a(ty=[a,(), ..., a\()] — 3amaer sBomonuto HC Grnokos
CHCTEMBI, TIPUYEM a (f) — NBOUYHAS QYHKIUS BPEMEHH,
3agaromias sBosronnto HC i-ro 61oka B Buje mocieso-
BaTCJIbHOCTU MHTEPBAJIOB HAJTUYIUA U OTCYTCTBUA pa60—
TOCTIOCOOHOCTH OJIOKA. AHAIOTHYIHO MPEIBIAYIIEMY CITY-
4aro, yOeKIaeMCs, 4TO MPOIECCHl HAICKHOCTHOM 3BO-
MOUUU OJI0KOB (1), ..., a,(f) ABIAKOTCS MEPEKIHOYA-
TenpHBIME. Ha3zoBeM MX HaIeKHOCTHBIMHU MPOIIECCAMHU
(HIT) B Gmokax.

Tpetbs xommoneHTa B (40) — BeKTOP-QYHKIIHS
Y=, ..., y(t)] — omuceiBaet sBosonuto HC Bbi-
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XOJIOB CHCTEMEI, T. €. DBOJIOIUIO paboTOCIOCOOHOCTH
CHCTEMBI B OTHONIEHHH €€ PyHKImi. 31€ech y(f) — nBo-
WYHBIN TIponiece, 3aaatontuii aBoronuio HC i-ro BeIxo-
Jia, T. €. YBOJFOIMIO PA0OTOCIIOCOOHOCTH CUCTEMBI B OT-
HONIEHMH €€ i-H QyHKumu; y,(f) UMEET BHU] TO-
CIIeIOBATEIIBHOCTH HHTEPBAJIOB BBITOJIHEHNS X HEBBITION-
HeHust GpyHkuun. Kak u paHblie, ycTaHaBIMBaeM, 4TO
MIPOIIECChI HAJISKHOCTHOM HBOJIIOLIMHU BBIXOJIOB CHCTEMBI
»©, ..., y () — nepexmouarenbubie. HazoBem ux Ha-
JISKHOCTHBIMH IIPOIIECCAMU Ha BBIXOJaX CUCTEMBI.

HTax, HaIe)KHOCTHYIO YBOJIOIUIO B CHCTEME MOJXK-
HO IOJIHOCTBIO OIIMCATh YKa3aHHBIMU TPEMS IPYyIIIIaMu
MePEeKITI0YaTeNIbHBIX IPOLECCOB. DTH IPYMIIBI MPOIIEC-
COB 3aBHCHMBI. JlelicCTBUTENbHO, BBIIIOJIHEHNE CUCTE-
MO BO3JIOKCHHBIX Ha Hee (pyHKkuui onpenensercs HIT
B 6n01<ax CUCTEMBI U BXOAHBIMU BO3}ICI71CTBI/IHMPI Ha
cuctemy. [Ipu 3TOM BBITIOTHEHUE CUCTEMOM JTH000H -1
(yHKIHHU B TI000H MOMEHT BPEMEHH f 3aBUCHUT TOJIBKO
or 3Hauennii HII B O10oKkax U 3HaYEHUN BXOIHBIX BO3-
JIEUCTBUH B TOT K€ CaMbli MOMEHT / U TIPEAIIECTBYIO-
II1€ MOMEHTHI (M, BO3MO>KHO, OT BBIMIOJHEHHS CUCTE-
MOW ee pYHKIHUI B MPEIIICCTBYIOIINE MOMEHTHI Bpe-
MeHn). Takum oOpazom,

(=G, - %(9; a), .. & (O

Y (O =GIX(, -, % (0 a(d, ., & (0],

e G, (i=1, ..., ) — HEKOTOPbIE JIBOMYHBIE OTIEPATOPHI,
YAOBIETBOPSIIOLIME NPUHIUITY (PU3NUECKO OCYILeCTBU-
MocTH. HazoBeM 3T onepatopsl COOCTBEHHBIMHE HAICK-
HocTHbIMU ornepatopamu (HO) cucremsl. X coBokyn-
HOCTb

G=(G,, ..., G) (42)

SIBIISIETCS] HAMOO0JIee MTOJTHON HaISKHOCTHOM XapaKTepHc-
THKOH CHCTEMBI. 3Hasl 3Ty XapaKTEPHCTHKY, MOKHO W3
cootHomienuit (41) Berarcnuts HIT Ha BBIXOJaX CHCTEMBI
P JIFOOBIX 3aJIaHHBIX BXOMHBIX BosaencTBusx U HIT B
Gnokax cucremsl. [onyuaempie HIT y, (), ..., y,(¢) nomnxo-
CTBIO XapaKTepU3YIOT HaJIe)KHOCTh paboThI cucTeMsl. [1o
HHUM, B YaCTHOCTH, MOYKHO BBIYMCITUTB JIFOOOH ITOKa3aTe b
Hanexxnoctu (ITH) cuctemsbr, mockonbky Kaxabiid [TH R
€CTb HEKOTOPBIN (pyHKIMOHAN F OT y,(?), ..., ¥ (0):

R=F[y, (D), ..., y(D)]. (43)

PaccMoTtpuM 3TOT Bompoc noxpoduee. Bribop Toro
niu uHoro [TH cucTeMbl 3aBUCHUT OT Ha3HAYEHUS CUCTE-
MBI M HaJCKHOCTHOTO PEKUMa ee paboThl — 0e3 Boc-
CTaHOBJICHHS WJIN C BOCCTAHOBJICHUEM OTKA3aBIIHUX OJI0-
koB. /Iy cucTeMsl O6e3 BOCCTaHOBICHUS OCHOBHBIM [1TH
sBJIsIeTCs HapaboTka 7' 10 0TKa3a, orpeaeNsieMast Kak MH-
TEpBaJ BPEMEHH OT MOMEHTA /) Hadalla SKCILTyaTaluy
CHCTEMBI 10 ee repBoro otkasza. Jpyrum I1H Takux cu-
CTEM MOXKET CIIYKHMTh (yHKIMS TOTOBHOCTH K (7), OTIpe-
JersieMast Kak

1, eciu cucreMa B MOMEHT t

K. () = H paboTocnocobHa;

, €CJIM CUCTEMa B MOMEHT t (44)
H HepaborocrocoGHa,
U QYHKIWSI HATeKHOCTH P(f):
[l mpu OTCYTCTBUH OTKa30B Ha MHTEpBaje
P(t) = E [t 1); (45)

B [IPOTUBHOM CJIy4ac.

®yukunn P(t), K (f) HEBOCCTAHABIUBAEMON CUCTE-
MBI SIBJIIOTCS TIEPEKITIOYATEIbHBIMU TPOLIECCaMHU OJTU-
HAKOBOTO BHIA

K ()=P()=0',, (46)

tak 4o [TH K (7), P(f), T 0Ka3bIBarOTCS B3aMMO3aBUCH-
MBIMH.

Jns cucrem ¢ BoccranoBieHreM ocHoBHbIMU [TH ciry-
’Katr QyHKIUsS TOTOBHOCTH K (f) (MMEOIIas, B OTIHYHE
ot (46), BUJ NIEpeKITIOUaTeIbHOTO MPOLIECCa C HECKOIb-
KAMH U3MEHEHUSIMU) U pecypc V, ompenensieMplil Kak
MHTEPBaJl BDEMEHHU OT MOMEHTA f, Hagasia SKCIUTyaTaluu
CHCTEMBI JI0 MOMEHTA €€ OKOHYATEIILHOTO (HEBOCCTAHAB-
JTMBAaEMOro) oTkaza. Mcmons3yercst 1 QyHKINS HaIeK-
HocTH P(f), nmeromast Buj (46), a Takoke Kod(GUIUSHT
TOTOBHOCTH K A — /1011 BpEMEHH, B TEYEHHE KOTOPOTO
cucreMa paboTocrnocooHa:

[p+v 0

K =0[ K (Hdto/V, (47)
£l

T. €. SIBJISICTCS CPEAHUM 3HaYeHUEM (DYHKIIMH TOTOBHO-
cru K () na unrepsaine (¢, V).

YacTo Ha/IeKHOCTh BOCCTAHABINBAEMOM CHCTEMBI Xa-
PaKTEpPU3YIOT HAPAOOTKOM T, MEXKTy OTKa3aMH, OTIpe/ie-
JsIeMOH KaK MHTEPBaJl BpEMEHH OT MOMEHTA OUePEeHOr0
i-TO BOCCTAaHOBJICHHSI CUCTEMBI 0 MOMEHTA CIICAYIOIIe-
ro IOCJIe HEro 0TKa3a, U BPEMEHEM i-I'0 BOCCTAHOBJIE-
uust T, Kax Bunno us (45), (47), roroBHocts K (7) siB-
nsetcst nepsuunbiM [TH cucremsl, uepes3 KOTOpBI Bbl-
paxarorcs apyrue ee [TH. Ormernm, uro npu 7=T, T =T,

K =T/T+T). (43)

Beraucnenue ITH 1o cootHomenuto (43) TpedyeT 3Ha-
HUS KPUTEPUS 0TKA3a CUCTEMBL. DTOT KPUTEPUNA 3aBUCUT
OT Ha3HAYCHUS CHCTEMBbI, PSKUMA 3KCIUTyaTallUuH U T. 1.

Ecmu o ycnmoBusiM paboTBI CHCTEMa JOJKHA BBITION-
HSTh OJTHOBPEMEHHO BCe 7 CBOUX (DYHKITHIA, TO KpUTEPH-
€M OTKa3a CHUCTEMBI SIBJICTCSI HEBBIIOJHEHHUE XOTS OBl
OJTHOH 13 3TUX (QyHKIMH (ciyuaif 1).

Ecnu cucreMa nomkHa BBIIOJIHATH IO KpaliHEN Mepe
OJIHY U3 BO3MOXKHBIX (DYHKIIHI, TO KpUTEpUil 0TKa3a —
HEBBITIOTHEHHE BCEX 7 PYHKIHH (ciydait 2).

Ecnu cuctema nomkHa BRIOTHATE HE MEHee p (pyHK-
Ui, 6e3pa3muuHo Kakux (1<p<r), To KpUTEpUi OTKa3a
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— HEBBINOJIHEHUE HE MEHee 7—p KaKUX-TH00 QYHKIUN
(cmyuait 3).

Bo03MOKHEI 11 60T1€€ CITOKHBIC KPUTEPUH 0TKA3a, yUH-
ThIBAIOILIME, HAIPUMEP, HEPABHOLEHHOCTD Pa3IMUHBIX
(byHKINHA cuCTeMBl. 3HAHUE KPUTEPHS OTKA3a CUCTEMBI
1103BoJisseT BeIpasuth ee [TH K (¢) u P(f) yepes HII na
BBIXOIaX CUCTEMBI Y, (1), ..., ¥,() cleayomum o0pasom:
JUTS OTHO(DYHKITMOHATTLHON CHCTEMBI

K (D)=, ,(D=y(0);

JJIA MHOFO(byHKHHOHaHBHOﬁ CUCTCMbI

(ho
=)
O
B ClTydae 2,% 49)

by
i=1 0

r_—l |:| [y, (9---¥, (0] B cysae 3.H

S=p i#.#ig

B cirygae 1,[]
O

Ko (0)=Yam (1=

3nech y, (1) — oxBuBanentHsiii HII B cucreme,
MOJy4YeHHBIN 00beinHeHneM Bcex HIT Ha BhIXoax cu-
CTEMBEI.

i ecmy, (1)=1 npu 0<T<TU,

P(t) = (50)

B IIPOTUBHOM CIIy4ae.

Takum o0Opa3oM, Beruucienue pasnuanbix [TH cuc-
TEMBI CBOJMTCS K OJHOM, HO Oojee oOmiei 3amaue —
onpezenennto HIT Ha BBIXOAaxX CUCTEMBI.

BBesicHHBIC BBIIIE ONEPATOPHBIEC 3aBUCUMOCTH (41)
HIT Ha BbIXOAAx mpou3BoibHOU cuctemsl oT HII Ha ee
BXOJIaX U B OJIOKAX 3a/1a10T HAIEKHOCTHYIO MOJIEIIb CUC-
TEMBL. JTa MOZIENb UMEET JIBE BaXKHbIE 0COOCHHOCTH:

1) paboTOCIOCOOHOCTH CHCTEMBI ONpEeNIeTCs He

TOJILKO Pab0TOCIIOCOOHOCTEIO €€ OJIOKOB, HO M BHEIIIHH-
MU BO3JICMCTBUSIMM Ha €€ BXOJaX;

2) paboTOCIIOCOOHOCTD CUCTEMBI B JTFOOO0W TEKYIIUHA
MOMEHT BPEMEHH MOKET 3aBHUCETh OT pad0OTOCIIOCOOHOC-
TH OJIOKOB ¥ BXOJHBIX BO3JICHCTBHI HE TOIBKO B 3TOT, HO
Y B TIPE/IIIECTBYIONIME MOMEHTHI (M, BO3MOXHO, OT MPE/I-
IIECTBYIOIIMX 3HAUYCHNUH pabOTOCTIOCOOHOCTH CHCTEMBI).

3akJjoueHue

C mMaTemMaTn4ecKol TOYKHU 3pEHUs JOCTOMHCTBO BBE-
JIEHHOH HaJIe’KHOCTHOM MOJIETTN CUCTEMBI B BUJIE OTIepa-
TOPHOM 3aBHCUMOCTH (41) B TOM, UTO €€ CTPYKTYPHBIM
BOILIOLICHUEM OKa3bIBACTCS HEKOTOPBIN TUHAMUYECKHIA
aBTOMAT (THUIIa IPUBEIEHHOIO Ha pHC. 1), BXOAHbIE IPO-
[IECCHI KOTOPOTO CBSA3AHBI C €r0 BBIXOAHBIMH MPOIECcca-
MU yKa3aHHOH 3aBUCUMOCTbBIO. TakuM 00pa3oM, BIUHUC-
nenue HIT Ha Beixonax cuctemsl 1o uzsectHsiM HII B ee
0JI0KaxX M Ha BXOIAX CBOAUTCS K XOPOIIIO M3BECTHBIM H
JIETaIbHO pa3pabOoTaHHBIM B TEOPUU aBTOMATOB METOJIaM
BBIUMCIJIEHHUS BBIXOJHBIX IIPOLECCOB JUHAMUYECKUX aB-
TOMATOB I10 UX BXOJHBIM Mporeccam. [lockobKy B cTa-
THKE B 000N (PUKCHPOBAHHBI MOMEHT BPEMEHH BbI-
XOJIHbIE 3HAYEHMs aBTOMAara CB3aHbl C €0 BXOAHBIMH
3HAYEHUSMH CYTIEPIIO3UIINEH Onepaliuii ABYy3HAYHOM JIO-
THKH, a B IMHAMUKE BBIXO/IHBIE ITPOLIECCHI aBTOMATa CBA-
3aHBI C €r0 BXOJHBIMHU ITPOLIECCaMU CYIIEPIIO3ULIUEH OlIe-
panuii HempepbIBHOW JIOTMKH, MOYKHO TOBOPHTb, YTO
IIPEUI0XKEHHAs! MOJIEIIb U BBITEKAIOLIME U3 HEE TEOPHSI U
METO/Ibl pacueTa HaJle)KHOCTH CUCTEM SIBJISIFOTCS JIOTH-
YECKUMH.

HCIIOJIbB30OBAHHBIE UICTOYHHKHA
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MUKPOITPOIIECCOPHBIE YCTPOMCTBA 1 CHCTEMBI
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Omnmnonent k. m. H. A. 1. I[JOITA
(XHYPD, 1. XapbkoB)

MMKPOITPOITECCOPHI 3BE3/IOOBPASHOM CTPYKTYPBI
C PACHIMPEHHBIMHM ®YHKINMOHAJIbHBIMU

BO3MOXHOCTAIMHA

Paccmompen sonpoc paspabomku opueu-
HANbHBIX 36€30000PA3HLIX CMPYKMYD MUK-
ponpoyeccopos, 8 KOMopvixX 00beOUHAION-
Cs apXxumeKmypuvl CynepCcKaiiapHo20 MUuK-
ponpoyeccopa u VLIW-npoyeccopa.

Pemienue 3aa4, TpeOyOIIMX BBINTOJIHEHUS 3HAYUTEIb-
HBIX 00bEMOB BBIYMCIICHHUH B pealIbHOM MaciiTabe Bpeme-
HU HapsiJly C MUHHATIOpH3alieil rabapuTOB YCTPOKCTB, BO3-
MO>KHO JIUILIB [TPY HATHTYUX MUKPOIPOLIECCOPHON TEXHUKH
C paCIIMPEHHBIMH ()YHKIHOHATHHBIMH BO3MOKHOCTSIMHL.

K 0cO0EHHOCTSAM KOMIBIOTEPOB MATOTO MOKOJICHHS
oTtHOCAT [1]:

— HCIIOJIb30BAHUE CBEPXCII0KHBIX MUKPOIPOLIECCO-
POB BBICOKOH IPOU3BOAUTENIBHOCTH C TapalIeIbHO-BEK-
TOPHOM CTPYKTYPOH, OZHOBPEMEHHO BBITIOJIHSIOLINX Jie-
CATKH IOCJIE0BATENbHBIX HHCTPYKIIMHA IPOTPaMMBbl;

Kom-naMars Pr
AY
Pr AY
AY
KommyTatop
Pr

yl'[paBJ'ISIIOIl[I/Ie CUT'HAJIbI

T4
v

— TpUMEHEeHHe OOJIBIIOTO KOJIMYeCcTBa (COTEH) ma-
pauIeNbHO PabOTAONIMX MPOLIECCOPOB, MO3BOJISIONINX
CTPOUTH CHCTEMBI 00paOOTKH JaHHBIX M 3HAHUI KaK B
CeTH, TaK M BHE €€.

Hecwmotpst Ha TOCTUTHYTHIE YCTIEXH, 33/1a9a TIOBBIIIIC-
HUSI IPOU3BOANTEIFHOCTH MUKpoTporiieccopos (MIT) u
MHUKPOIIPOLECCOPHBIX CUCTEM OCTAETCs aKTyalbHOU. B
5TOM HaNpaBJICHUU TOCTOSIHHO BEYTCS UCCIIEIOBAHUS,
B TOM YHCJIE ¥ B 00JTaCTH KOMITBIOTEPHON apXUTEKTYPbI X
CXEMOTEXHHUKH, a TAKKE CTPYKTYPHOH OpraHM3aIi MHK-
ponporeccopoB [2—35].

B [6] paccMoTpeHa CTpyKTYpHAs OpraHu3aIis MUK-
pornpolieccopa ¢ BBICOKHMM BHYTPEHHUM [apauIeIII3MOM,
B KOTOPOH 00BEANHEHBI ApXUTEKTYPBI CYTIEPCKAISIPHOTO
Mukpornporneccopa u VLIW-nporneccopa (VLIW — very
long instruction word), 4TO MO3BOJISIET MOBBICUTH MPO-
W3BOJIUTEIILHOCTD 32 CUCT MOJYUIEHHS B OTHOM TaKTE He-
CKOJIBKUX CKAJISIPHBIX PE3yabTaToB (puc. 1).

ITamsaTe
(VLIW-
KOMaH/1a)

Kompresas muna

[IIuna gaHHBIX

Puc. 1. CtpykTypHas opraHu3anys MHUKPOIPOILECCOpa C BBICOKUM BHYTPEHHUM MapajlieIn3MOM
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Kom-nmamsars

\

AY

AY

Pr
Pr

Pr

AY

Vipapistoniyue curHaibl

T
v

AY

AY

AY

Pr

[}

Pr

Puc. 2. 3Be31000pa3Has crpykTypHasi opranusanusi MII ¢ 10n0JHUTeIbHBIMH PErHCTPAMH JAHHBIX

Kom-nmamsars

YHpaBJ'ISIIOHII/Ie CUT'HAJIbI

vy

Pr

ITamsate

(VLIW-

KOMaH/a)

Puc. 3. 3Be31000pa3nas crpykrypHas opranu3anusi MII ¢ HHBepCHBIM IOTOKOM JaHHBIX
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MUKPOITPOIIECCOPHBIE YCTPOMCTBA 1 CHCTEMBI

Ha peructps! siapa nannoro MII o cooTBeTCTBYIO-
MM [IMHAM JAHHBIX MOCTYIMAIOT OMEpaH/Ibl, a TaKkxkKe
YHpaBJISIIOIIME CUTHAJIBI U3 KOMaHIHOTO ciiosa [7], 3a-
JIAIOIIIHE PEKUMBI pabOTHI apH(PMETHIESCKUX YCTPOHCTB
(AY). ChopmupoBaHHbIe Ha BbIXoaax AY pe3ylbTarsl
00pabOTKH TaHHBIX 3aHOCATCS B PErHCTpPhI JaHHBIX (Pr)
(KPUI-TaMATh, aMsATh, ap.). B coorBercTBUM ¢ VLIW-
KOMaH 101 nH(opMAaIHs U3 1o60ro Pr MoxkeT ObITE 00
3aIcana B JIF000H perucTp siapa u oopadorana AY, mibdo
BBIBEJIeHA Ha BHeTHee ycTpoiicTBo MII. Ilpu atom ycT-
poiictBo ynpasnenus (YY) popMupyeT HeoOXOTUMBIE TSI
(hysakunonuposanust MI1 ynipasistoliyie CUTHaJIbI U CUH-
XPOUMITYJIbCHI.

Pacumpsis pyHKIMOHATEHBIE BOSMOYKHOCTH 32 CUET
YBEJIMYEHHUS YUCIIA PETUCTPOB IaHHBIX C LIE€JIbIO MOBbI-
nieHus npoussogurensHocTy MII, moay4nm HOBYIO Opu-
THHAIIBHYIO 3Be3/1000pa3Hyto cTpykrypy MII (puc. 2).

VYBenuueHHe uuciia PerucTPOB AAHHBIX MO3BOJSET
OpraHu30BaTh MapariensHyo padory sapa MII u Brerm-
HUX PErucTpoB JaHHBIX. g 3TOro mpu nmomouu
VLIW-koMaH/b! 3allycKaeTcs XpaHuMasi B yCTPOMCTBE
yIpaBJieHUsT MUKPOTIPOrpaMMa CUUTHIBAHUS JAHHBIX C
BHEIIHUX PEerucTpoB. [Tpy BEIOIHEHUN MUKPOIIPOrpaM-
MBI HH(POPMAITHSI BO BHEIIHUX PETHCTPAX C IEIBIO CO-
XpaHeHUs PUKCUPYETCSI U 3aTeM MTOCICAOBATEILHO CUH-
TBIBACTCS C MIPUMECHEHHEM OJHOW M3 KOJBIIEBBIX IIHH,
HampHuMep, B K3II-MaMATh B COOTBETCTBUU C OJHUM U3
M3BECTHBIX ITPOTOKOJIOB 0OMeHa qaHHbIMU [8]. [Tpu aToM
OCTaITbHBIC PETUCTPHI TaHHBIX MOTYT OBITH HCIIOIH30Ba-
HbI B [IPOTEKAIOLIUX ITAPAJUIEIBHO CO CYUTHIBAHUEM I1PO-
reccax 00paboTku ganHbIX AY. Hapsiny ¢ paccMoTpen-
HOU orepanueil BO3MOXKHBI U IPYTUe NOIOIHUTENbHbIE
orepauu 00pabOTKH JaHHBIX, TAKXKE IPOTEKAIOIUE T1a-
pajUIeNIbHO U IOBBILIAIOIIME TPOU3BOAUTEIbHOCTE MIT.

Takum o0Opa3om, npeasiaraemas CTpyKTypHas opra-
Huzauusa MII — 310 cTpykrypHasa opranuszanus MII ¢
Oosee pa3BUTHIM BHYTPEHHIM MapaJlICITH3MOM.

B pa3BuTHe naen BHyTpEHHETO Mapajuleian3Ma Ha
puc. 3 peIokeHa 38e31000pa3Hast CTpyKTypHas opra-
Huzanust MIT ¢ mHBEpCcHBIM MOTOKOM JTaHHBIX. Ee oco-
OCHHOCTH COCTOUT B TOM, 4To HH(MopMarus Ha AY 1o-
CTYIIAET C PETUCTPOB JaHHBIX, a HE C PErUCTPOB s/pa,
KakK B CTPYKTypax Ha puc. 1 u 2.

Crnemyer OTMETHTb, YTO IIMHBI JaHHBIX MPH TaKOH
OpraHu3alyy — JAByHaNpaBjeHHbIe. DTO MO3BOJISIET Opra-

HHU30BaTh Crielu(pUIECcKre onepanuy 00paboTKU TaHHBIX.
Hanpumep, Bo3MOKeH OBICTpPBIN TpreM HHPOPMAIUH B
orepaTUBHbIE 3aOMHUHaroIIMe ycrpoiictBa (0O3Y) uepes
PETHCTPBI JaHHBIX, M cCYuThIBaHKe HHpopmarwn u3 O3Y
gyepes perucTphl sAapa Ha Jirdoe Ipyroe yerpoiictso MIT
WJIM Ha BHEIIIHEE YCTPOoKCcTBO. Bo3MoykHa Takke mapai-
nenpHas 3anuch nHpopMaiuu B Heckosbko O3Y uepes
OJIMH U3 PETUCTPOB JJaHHBIX. JlaHHBIE PEKUMBI PAOOTHI
MII MOryT OBITH HCIOJB30BAHbI B PA3IMYHBIX YCTPOU-
CTBAaX PETHCTPAINU HH(OPMAITHH.

[Ipennoxxennas crpykrypHas opraauzaius MII mo-
3BOJISICT OPTAaHU30BATh M JPYTHE TPOTEKAIOIIUE Mapal-
JIeITbHO oTepaIi 00padOTKH IaHHBIX C IIEJbIO TOBBITIIE-
Hus npousBoguTensHOCcTH MIT. Cienyetr OTMETUTB, U4TO
BO3MOJKCH BapUaHT CTPYKTYpPhl MHKPOIIPOLIECCOpPa, B
KOTOPOIi 00BEINHSFOTCS XapaKTepHbIC 0COOCHHOCTH pac-
CMOTPEHHBIX BbIlIe CTPyKTYyp MIT.

Taxum 00pa3zoM, IONOKUTEIbHBIN 3P (EKT MOBbIIIE-
HUs Tpon3BouTeNTbHOCTH MIT B peiioskeHHbIX CTpyK-
TYPHBIX OPTaHU3aNUAX JOCTUTAETCS 3a CUET HCHONb30-
BaHUS M JAIbHEHIIEro pa3BUTHUs MPUCYILETO UM BHYT-
PEHHETO MapaJIeIn3Ma, MO3BOJISIONIETO MapalIeIbHO
OPraHU30BbIBATh PA3IHMUHBIC JOMOIHUTEIBHbIE OIEpPaluy
10 00pabOTKe JaHHBIX 1 KX OOMEHE.
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-~

HOBBIE KHUTH

Devices.

Yoat Kecrep. Ananoro-uudpopoe npeobpaszoanue.— M.: Texnocdepa, 2007.

Kuura HamucaHa JJisi HHKEHEPOB-KOHCTPYKTOPOB, KOTOPbIE HC-
MOJIb3YIOT TIPeoOpas3oBaTe/ i AaHHBIX U CBI3aHHbIE C HUMH BCIIO- ] —
MOTaTeJNbHbIe CXeMbl, TO9TOMY B HEH MPUBEIEHO MHOIO MPaKTH- = e ﬂ
YyeCKHUX COBeTOB. DoJibliasi yacTh MaTepuaga ¢ HeOOXOAUMbIMH y
0OHOBJIEHUSIMHU Oblla B3sTa M3 MPEAbIAYLLUX MOMYJISPHBIX Bbl-
nycKoB KHHUT jaJjsi cemuHapoB Analog Devices. [lisi Gosee ueTKo-
r0 M3JI0XKEHWs MaTepuaja MHOTME pasjelbl MOJBEPIINUCH Mepe-
paboTKe C MpUBJeUYeHHEM TeXHHYeCKHX crenuaanctoB Analog
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DJIEKTPUYECKU AKTUBHbBLIX IED®EKTOB
B COJIHEYHBIX BATAPEAX HA OCHOBE KPEMHUA

Hccnedosansl snekmpuiecku aKmuegHvle
oeghexmpl ¢ IOKATbHO NOBLIULEHHOL NPOBO-
OUMOCMbIO p—N-nepexooa u C8emogoll
amuccuei. Ilokazano, umo no ux KoHyeH-
MPayuy MONCHO KOHMPOIUPOBAMb Kaue-
CMB0 CONHEeYHbIX bamapeli 8 npoyecce u3-
20MOo8IeHUs.

[MoBbimenne >pPeKTHBHOCTH (HYHKINOHUPOBAHHUS
coHeuHBIX Oatapeit (CB) HemocpeacTBeHHO CBSI3aHO CO
CHIDKCHHEM KOHIICHTPAUH Je(EKTOB C MOBBIIICHHOM
MIPOBOJIUMOCTBIO B p—n-Tiepexofax. M3BecTHO, 4TO Ha-
JIMYHWE JIEKTPUICCKU aKTHBHBIX eektoB (IA/L), oka-
3bIBAIOMINX IIYHTUPYIOMICC BIMAHUC HA p—H-TICPEXOAbL
CBb, conpoBokIaeTCsl yXyALIEHUEM SKCIUTyaTallHOHHBIX
XapaKTEePUCTHUK MIPUOOPOB — ITOHIKEHUEM HATIPSKCHUS
XOJIOCTOTO X0/1a U Kodddunuenra 3anoiaaenus [1]. Ha-
nuure ykazaHHbIX fedextoB cHuxkaeT KITJ] comHeunbix
Oarapeii mpu paboTe B YCIOBHUSX IIOHMKEHHON OCBEIICH-
HoctH [2]. [Toatomy DAL, mryHTHpYIOIINE p—H-TIEPEXO-
161 CB, B ocsietHee BpeMsi UCCIIEAYIOTCS 0COOEHHO MH-
TeHcuBHO [3]. Pa3BuBarOTCS M COBEPIICHCTBYIOTCS Me-
TOJIBI JIOKIM3AIUU JePeKToB [4, 5], pacmupstorcs
MIPEACTaBICHUS O (PU3HKO-XMMHUYECKHX CBOMCTBAX DA /]
B CB [6, 7]. IMetoTcst pabOTHI TIO BBISIBIICHUIO M UCCIIE-
noaHuto DA/, 00anarommx 3JIeKTPOFOMAHECIICHITH-
el mpy MPSIMBIX HANPSDKEHUSIX Ha p—n-iepexonax [8]. B
TO K€ BpeMs, Me(PEKTHI, XapaKTepH3yeMbIe CBETOBOI
IMHCCHEN NPU OOpaTHBIX CMEILEHUSIX Ha p—n-TIepexo-
nax Cb, uccinenoBaHbl HEIOCTaTOYHO.

B Hacroseit pabote mpoBeneHbI KOMIUICKCHBIC HIC-
cnenoBanust DAJ] ¢ TOBBIIIEHHONW MPOBOJUMOCTBIO B
p—n-nepexonax Cb, xapakrepHoii 0cOOEHHOCTBIO KOTOPBIX
SIBIISIOCH HaJIMYUE CBETOBOM SMUCCHU B BUJIUMOM JIHa-
Ma30HE U3Ty4YCHUs1, HAOIFOIaeMOT0 TIPU OOPaTHBIX CMe-
LIEHUsIX Ha p—n-niepexonax. CoueTaHne ONTUYECKON MUK-
POCKOIIHMHU BBICOKOTO pa3pelieHHs, JKUJAKOKPUCTAITHYE-
CKOH TepMorpaduu, pacTpoBOH ITEKTPOHHON MUKPOCKO-
uu (POM), BKITIOUast peXKUM TOKOB, HH Y ITHPOBAaHHBIX
anekTpoHHbIM JiydoMm (THUIJI), mokanbHOTO peHTreHo-
crnekTpaiabHoro Mukpoananmnia (JIPCMA), anextpodu-
3UYECKUX M3MEPCHHU U OPYTUX METOIOB IMO3BOJIIO
OTIPEICTUTH JOKAIBHBIC (PH3HKO-XUMIUCCKUE CBOMCTBA
ANIEKTPHYCCKU AKTUBHBIX DJICKTPOIIOMHHECIICHTHEIX JIe-
¢dextoB (DAIJI). [TonyueHHbIE pe3yabTaThl IPEICTAB-
JIAOT UHTEPEC IJIA IPUMCHEHU B LHEJIAX KOHTPOJIA Kavye-

ctBa Cb Ha sTanax pa3pabOTKU U CEPHITHOTO TIPOU3BO/I-
CTBa MPHOOPOB, a TAKIKE JJISI ONTOAICKTPOHUKH IIPH CO-
3JaHNUHU JIOKAJIBbHBIX HCTOYHUKOB CBETOBOM SMHCCHH HA
OCHOBE KpEMHHUS

OO0pa3ubl 1 MEeTOAUKA IKCIIEPUMEHTA

HWccnenoBansl mactiabl Ch, M3roTOBIEHHBIX pa3iIny-
HBIMU TTPOU3BOIUTENISMU HA OCHOBE KPEMHHS p-TUIIA C
yaenbHeIM conpotusienneM 1—10 Om-cm. @opmupo-
BaHHUE p—n-TIEPEXOJIOB OCYIIECTBIIOCH ITyTeM Tupdy-
3un pochopa, ITyOrHA 3aeraHust HAXOIUIach B Ipeie-
nax 0,2—0,4 mxm. MccnenoBanus MpoBOAMIINCH HA TUTa-
cruHax CB Kak 1mociie onepamyu Co3aanus 7 -cios, Tak
U TIOCIIC 3aBEPIICHUS BCEX TEXHOJIOTHUYECKHX IpOIiec-
COB (B TOTOBBIX U3JICIHIX).

ITepBoHauaIbHO OMPENENATIOCh pacnpeieieHue Jie-
(heKTOB € MOBBILIEHHON TPOBOAUMOCTBIO B p—H-TIEPEXO-
JaX TPy OOPaTHOM CMEIICHHH HAa OCHOBE BBIIBICHUS
JIOKaJTFHBIX NCTOYHUKOB MOBBHIIIICHHOTO TETUIOBBIICIICHIIS,
TaK HA3bIBAEMBIX «TOPSIUX TOUYCK», METOJIOM JKHUIKHX
kpuctauioB (7KK) [9]. MnankaTopaMu «ropsaux TOUEK»
CITY’KUJIH TIOJIMMEPHAs TUICHKA C IUCTIEPTUPOBAHHBIM B
Heill xonectepuueckuM JKK u nipo3padnble SUEHKH C TO-
MEOTPOITHO OPHEHTUPOBAHHBIMU MOJIEKYJIAMH TaKOTO
KK B cmekTrueckoit dase [10] u MonekynamMu HeMaTH-
yeckoro JKK.

ITocne kapTorpadMpoBaHuUs «IOPSUUX TOUEK) 110 BCEi
TUTIOIIA/I TUIACTHH IPOBOMIICS aHAJIU3 pacpeaeseHUs
JIOKATBHBIX ICTOYHUKOB CBETOBOI AIMUCCHU ITPpH 00part-
HOM HarpsbkeHun Ha p—n-tiepexone 10—15 B B rotoBbix
Cb u 15—20 B na mnactunax mocie (GOpMHPOBAHUS
n*-crost. Busyanusarus OTIeIbHBIX HCTOYHHKOB CBETA
OCYHIECTBIISUIACH C TIOMOIIBIO ONITUYECKOTO MHKPOCKO-
na «Jena Tech» 1 BCTpOEHHOI B HETO BHICOKOYYBCTBHU-
tenpHOH Bumeokamepsl « Edmund Optics» ¢ kpeMHue-
Boit [I3C-maTpumneit (mopor 4yBCTBUTEIBHOCTH —
0,02 nk) mpu yBenmmaenusix 1o 1000 pa3. Pazpemaromias
criocoOoHoCTh BhIsBIIeHHs DADJIJ] cocTaBisia OKOJIO
1 mxM. Peructpanus ob1iero pacnpeaeaeHus HCTOUHH-
KOB CBETOBOI 3MHCCHH MPOBOAMIACH IMyTeM (oTorpa-
(bupoBaHWsI B CBETON30IUPOBAHHON KaMepe BeeH rac-
THHBI TUGPOBBIM (oToanmaparoM (¢ emkocThio [13C-
MaTpHIIbI 107 MMUKCEIIOB) TIPH JITUTEIIEHON HKCIIO3UIINT
(6omee 10 cexyHm).

HccnenoBanHble TUIACTUHBI Pa3pe3aliuCh Ha 4acTH
pa3MyHbIX pazMepoB (0T 2X2 1o 20%x20 mm), B mipene-
JaxX KOTOPBIX (PUKCHPOBAJICS TOIBKO OAWH Ne(eKT 100
Ie(eKTHI OTCYTCTBOBAIN. Ha OIMHAKOBBIX IO TUTOIIIA I
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(hparMeHTax MIaCTUH C OJHUM Ae(EeKTOM, a Takxke Oe3
Je(heKTOB U3MEPSIINCH BOJIBT-aMIIEPHBIC XapPAKTEPUCTUKI
(BAX). Tum mpoBOIUMOCTH MOBEPXHOCTH KPEMHHS B
obnactu Haubosee KPYMHBIX JeEKTOB OMPEEIISIICs C
HCTIONIb30BAaHNEM TETFIOBOI'O MUKPO30HA (JIOKATBHOCTD
TOpsiZIKa 5 MKM).

BrrsiBneHHBIE TEPEKTHI UCCIECIOBAINCH C TIOMOIIBIO
pacTpoBOTO 3MEKTpOHHOTO MUKpockona JSM 1C845
«JEOL» B pexxrMax BTOPUYHOM AJIEKTPOHHON SMUCCHH
u TUDJI. DneMeHTHBIN COCTaB TEXHOJIOTHYECKUX CTPYK-
Typ B DAJ] onpenensuica merogom JIPCMA B pexxume
SHepreTudeckoi aucnepenu Ha ycranoBke AN10000/95S
«Link Analytical».

B psine ciaydaes oraensHble DADJ]] 6b11H Hccneno-
BaHBI C MOMOIIBIO0 METO/A 3IEKTPOJIN3A JJCHOHU30BaH-
HO# BOJIBI.

JKCcIepUMeHTA/IbHbIE Pe3yJbTaThl

YcTaHOBIIEHO, YTO PACHIPEICIICHUSI «TOPSIUUX TOUCK)
Ha OTKpbITON oBepxHocTH wiactud Chb (BHe 31ekTpo-
JIOB) MPAaKTUYECKH COBMAJAIOT C paclpelleicHueM
DADJI, T. €. O4EBUIHO, YTO B OOOUX CIIyYasx WX UC-
TOYHHKOM CITyXaT OJTHH U Te ke AedekTbl. Hanbobiee
quCIo AeGeKTOB 00HAPYIKEHO HA KPasiX IJIACTHH BJIOJIb
IpaHUIILl 77 -CII0s1, 0Opa30BaBILEHCS B pe3yaLTaTe yaa-
JICHUS 3TOT'O CJIOSI HA TOPIIAX IJIACTHH MPH IJIa3MOXHMH-
4eCKOM TpaBlicHHUU. [Ipy MaJIbIX yBETHUCHUAX EPEKThI
BBIIVISJIENN, KAK OT/IEIbHBIE CBETAIIMECS TOYKU MU UX
ckoruteHust. [Ipu 6onbimx ysemmuenusx (500—1000 pa3)
JIe(eKThl, B OCHOBHOM, MMEIIU BHJ] CBETSIINXCS 3aMK-
HYTBIX WU HE TOJHOCTHIO 3aMKHYTBIX KOHTYpPOB (pHc. 1).
B citydae TOYEUHBIX HCTOUHHKOB U3IYUICHUS UX pa3Me-
PBI COCTABIISUTH MEHEE MUKPOMETPA, THAMETP CBEUCHHS 3aMK-
HYTBIX KOHTYpOB fnocturai 20 Mxm u Oonee. [Ber cBe-
qeHwUst 1e(hEeKTOB B MOJIABIISIFOIIEM OOJIBITUHCTBE HCCIIC-
JIOBAaHHBIX 00PA3IIOB OBLT OCJIBIM, & B OT/ICJIBHBIX CITyda-
SIX UMeJT KPACHOBATHII OTTCHOK.

10 MkM

Puc. 1. XapaktepHble TpUMEpbl CBEYCHHUS B 00JIACTH AJICKT-
PHUYECKU aKTUBHBIX A€(EKTOB HA IIACTHHAX COJHEYHBbIX Oa-
Tapeil npu oOpaTHOM CMEILEHHU Ha p—n-NEPexojie

DJEKTPOTIOMUHECIICHINIO e (EKTOB HAOIMIOAATN Ha
00pa31ax 0OJIbIIMHCTBA U3BECTHBIX €BPONEHCKHX U OTe-
4yecTBeHHBIX m3roroButeneii Cb Ha ocHOBE KpeMHHS.
CremyeT MoIYepKHYTh, YTO M3ITydaron[ie Oeblid CBEeT
JeeKThl 00HAPYKUBAIHUCH Ha BCEX TEXHOJIOTHYCCKUX
stamax u3rotoienus Cb mocne popmupoBanust Ha rTa-
CTHHAX KPEMHHs p-THIIA 1" -CIIOsL, T. €. ociie 00pa3oBa-
Hust 1" —p-niepexona. JleTaabHOE CONOCTaBICHHE MECT Pac-
TIOJIOXKEHHS «TOPSYMX TOUCK U DIICKTPOTIOMUHECIHPY-
IOMIAX 00JIacTeH IT0Ka3aJIo, YTO JIUIIb B OTICIBHBIX, He-
MHOTOYHCIICHHBIX CITyJasiX B 00JIACTSX «TOPSTINX TOUCK)
cBedeHue He HaOmonanock. Kak npaBuiio, 3To ObLTH 00-
JacTH HanboJee BHICOKOH POBOJMMOCTH, JIJISI KOTOPBIX
XapaKTepHbI JIOKabHbIE THHeHbIe BAX.

AHanm3 MpUBEICHHBIX HA PHC. 2 TaHHBIX MOKa3al,
9TO OOpATHBIN TOK PAacTeT C YBEIUUCHHEM KOINICCTBA
PETUCTPHUPYEMBIX BU3YaJIBHO B TEMHOTE JJICKTPOIIFOMH-
HECIMPYIOIINX JIeeKTHBIX obnacteil. ClieyeT OTMETHTS,
YTO 3Ta 3aBUCUMOCTB OTPAXKAET TOIBKO OOIIYIO TCHICH-
1uto, T. K. HaOmomaembie DADJIJ] nmenu paszHbie reo-
METPHUYECKUE pa3Mephl U YPOBHH JIEKTPHICCKOU MPO-
BOJIMMOCTH, a OJIM3KHE 110 pa3MepaM H3JIyJarolue 00-
JIACTH MOTYT CYIIIECTBEHHO (MHOT/IA HA TIOPSIKH) OTJIU-
YaThCsl 10 YPOBHIO 00PAaTHOrO TOKAa. MUHUMATBHBIH ypo-
BEHb TOKa ()parMeHTa IIaCTHHBI TUIONIAIBI0 OKOJIO 5 MM?
¢ otnenbHbIM DADJI]] pa3zmMepoM HECKOIBKO MUKPOH IPH
BH3YaJILHO PETUCTPHPYEMOM B TEMHOTE ITIOPOT'e H3ITyICHUSI
COCTaBIISUT 35 MKA, 4TO COOTBETCTBOBAIO MHTETPATIHHOM
I0THOCTH ToKa 7-107#A/cM?, a MUHMMAaNbHOE 00paTHOE
HaIpspKeHUE, TIPH KOTOPOM PETHCTPHPOBAIOCH U3ITyUe-
HHeE, paBHsIOCH 3,6 B.
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Puc. 2. CBsi3b BETMYUHBI 00PATHOTO TOKA C OOIIMM KOJHYEe-
ctBom DADJIJ] Ha TutactuHe

Ha puc. 3 npusenens! ooparHeie BeTBu BAX nByX
(hparMeHTOB TIaCTHH paBHOM Imiomann (4x4 M), Ha
ormHOM 13 KoTophix DADJI]] He BHISBICHBI, a HA IPYTOM
BHU3YaJIbHO U ¢ TIoMolbio xonectepuueckoro KK mpu
HanpspkeHuu 10 B 3apeructpuposan otaensHbii DADJ/L.
®parMeHThl BBIPE3aHbl U3 IIACTUHBI, TPOLIE/IIEH MoJI-
HBINA TeXHOJIOrnYeckuil nuki u3rorosienus Cb. O6e ua-
ctu actiabl Chb Ha TUIIeBOi TOBEPXHOCTH MMEITH OJT!-
HAKOBBIE TUIOMIAIN COOMPAIOIINX TOK IITHH, TOKPBIBAIO-
HIMX TPUOTU3NUTENHEHO TPETHIO YacTh MMOBEPXHOCTH, a C
00paTHOM CTOPOHBI ATH YUACTKU OBLITH METALITU3UPOBA-
HbI ATFOMMHHMEBOM MTacTo!. 113 prcyHKa BUIHO, 4TO ypoO-
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Puc. 3. O6parnsre BeTBH BAX 1Byx (parMeHTOB, BHIpE3aH-
HBIX W3 OJIHOM TUTACTHUHBI, PABHOW TUIOIIAH:
1 — y4actok ¢ ogauM DADJIJL; 2 — yuacTok 6e3 nedekTon

BEHb TOKa Ha y4acTke ¢ Je(eKToM MpHOIH3UTEIHHO B
50 pa3 Gousblie Toka 6e31ePeKTHOTO yJacTKa.

‘YeraHOBIIEHO, YTO TIPH 00paTHOM HanpsikeHuu 10 30 B
obpatHbie BeTBU BAX, M3MEpEHHBIX Ha OTICIBHBIX yIacT-
Kax IDIaCTHH 0e3 1e()eKTOB, HMEIOT (POPMY, THITHIHYIO
IUISL 1T —p-TIepEeX0I0B Ha KPEMHHUH C YIEIbHBIM COTPO-
THUBJICHUEM HecKoIbKo OM-cM. [Ipu oOpaTHOM Hampsixke-
Huu cBbiiie 30 B HaOmonaeTcst pe3Kuii pocT Toka p—ni-
nepexo/ia ¢ MOCISAYONINM TOSIBICHUEM yJacTKa OTPH-
LATEJILHOTO COMPOTUBIICHUS, U TIPH JaTbHEHIIIEM YBEITU-
YeHUH TOKa UMEET MeCTo nerpananust BAX p—n-mepexo-
na. O6paraeie BAX tutactun ¢ DADJI]] B muanazone Ha-
TPSDKCHUS 10 U TTOCTIE TIOSIBIICHHS N3Ty9eHUsI, HO HE 00-
nee npubnu3nTensHo 30 B uMeroT miaBHBIN XapakTep
0e3 pe3Kux M3MeHEHHH ()OPMBI, a TPU HAIPSKEHUU CBbI-
mre 30 B Tok, kak u B ciuydae 0e3aedekTHrIX hparMeH-
toB Cb, pe3ko Bo3pacraer. CBeueHue BCeraa HAUMHAET
HaOTrOIATHCS 0 Havasia mpo0ost 10 BCEH IO U HC-
clieTyeMoi ITacTUHBI WK ee pparmenTa. Haubosnee Be-
POSITHOM IPUYIMHOM CBEUCHUSI SIBIICTCS PA3BUTHE JIOKAIb-
HOT'O MUKpOIIpo0ost B obnactu nedexror. He nckimode-
HO, 4TO B o0mactu DADJIJ] mokanbHBIE YCIOBUS 3apOK-
JISHVsI JJABUHHOTO TIpo0os (HarpuMep, KpUBU3HA p—i-
nepexo/ia, BETMYMHA DIIEKTPUYECKOTO o) Oosee Ona-
TONPUSTHBL, 4eM B cpeaneM B CB.

Ha puc. 4 npencrasnensl BAX oquHaKOBBIX 110 ILIO-
maay (hparMeHTOB, BEIPE3aHHBIX U3 0e31e(heKTHOH 00-
nact TactuH Cb u u3 001acTi ¢ OJIHUM KPYITHBIM
(=20 mxm B quamerpe) DADJI], a Taxxke BAX camoro
nedexra. BAX nedexra Oblia u3MepeHa ¢ MOMOIIBIO
BOJIL()PAMOBOTO 30H/1a C TUAMETPOM 3aKPYIIICHUS OCT-
pust 7,5 MKM, TIPIJIOKEHHOTO K IEHTPaIbHONU 00JIacTH
nedekra. M3 pucynka BuHO, 4to BAX (parmeHToB (Kpu-
Bble / 1 2) UMEIOT OOBIYHBIN TUOMHBIN BUL, a i BAX
nedekra (kprBas 3) XxapakTepHa JTMHEHHOCTh, CBUIIETEIb-
CTBYIOIIIAsl O TOM, UTO B €T0 ICHTPAIbHOM 007IaCTH 30H/
00pasyeT MPakTUIECKN OMHICCKHAN KOHTAKT K KpeMHHe-
BOH MOJIONKKE.

Jlnst uccnenosanmst npuposst DADJI] Beiaensim yua-
CTKH TUIACTUH C JOCTATOYHO KPYMHBIMU (=20 MKM B TI0-
MIEPEYHHKE) U3ITYYAOIIUMHU JePEeKTaMH, KOTOPbIC ObLITH
PAacIoIOKEHBI KakK BONN3U Kpast TpaBieHus n'-quddy-

0,02 T II|
PR )f
= 0 1 g =
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Hanpsioxenne, B

Puc. 4. Bonpr-aMiiepHbie XapaKTepUCTHKH (JParMEeHTOB I1a-
ctuH Chb:

1 — Ge3eeKTHBIN y4acTOK IJIACTHHBI; 2 — Y4acTOK IUIACTHUHBI C
DADI; 3— BAX nedexra

3HOHHOTO CITIOS, TAK U BAAJIN OT HeTo. [[pHHIIITHATBHBIX
OTIIMYMH B CBOWCTBAX JC(PEKTOB B 3aBHCUMOCTH OT 00-
JIACTH MX PACIOIOKEHHS Ha TUTACTHHE HE YCTAaHOBJICHO.

T'eomeTrpuueckas popma cBeTsIIEeiics 00IaCTH OHO-
TO U3 UCCJICIOBAHHBIX KPYIHBIX NE(PEKTOB, B KOTOPOM
OTCYTCTBYET CIIOW aHTHOTPAYKAIOIIETO IIOKPBITHSL, TOKa-
3aHa Ha puc. 5, a. BuiHo, uTo M3rydatomnias 0esbIid cBeT
o0acTh 3Toro Aedexra uMeeT GopMy ¢ TOCTATOYHO YeT-
KUM KOHTypoM. MccrenoBanusi Tuma mMpoOBOIUMOCTH
KPEMHUSI, IPOBEICHHBIE C TOMOIIBIO UTONBYATOr0 MUK-
poTepMo30H/a B 06nacTu Aedekra, moKa3ain, YTo BHYT-
PH CBETSILET0OCS KOHTYpa UMEET MECTO p-THII IIPOBOIH-
MOCTH, a BHE e(eKTa, KaK U OXKHUIAI0Ch, — n-TuI. Ha
puc. 5, 6 ToKa3aHO U300paKEHHE UCCIIeyeMOit obac-

20 MKkm

—_

Puc. 5. U3o0paxkenns obmactu DADJI/] B Cb B pasnuuHbIx
pexKruMax Ha6J'IlO,HeHI/IHI

@ — CBEYEHHE B ONITHYECKOM MHKPOCKOIIE; 6 — TOIOJIOrHs OBEpPX-

HOCTH BO BTOPHYHBIX 2J1eKTpoHaX POM; ¢ — TOK, HHIylIUPOBaHHBII

NMEKTPOHHBIM JydoM POM; o — XapakTepuCcTHYEeCKOE€ PEHTIEHO-
BCKOE U3JTy4eHHE aTIOMUHHUS
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TH C Je(EeKTOM BO BTOPUYHBIX 3JieKTpoHax POM. Ha-
OrromaeMble 3/1€Ch CBETIIBIC MISITHA SBISIOTCS BEpIINHA-
MH MUPaMUJ] TEKCTYPHUPOBAHHOM TOBEPXHOCTU KPEMHUSL.

Amnanmu3 obnacTu pacnoioxeHus nepexra B POM B
pexume THUDJI BBISIBUII BHYTPH CBETSIIETOCS KOHTYpPa
OADJI] npakTuuecku MOIHOE OTCYTCTBUE NHYLIMPOBaH-
HOTO TOKa, T. €. OTCYTCTBUE p—n-Tiepexoaa (puc. 5, 6).
Ota 00macTh 1o (popMe U MECTOTIONIOKCHHUIO TPAKTHIEC-
CKU COBIAJAeT ¢ 00JIaCThI0, OTPAHUUCHHOMN CBETAIIUMCS
KOHTYpoM. [IpoBeIcHHBIH B 3TO# 007aCTH JIOKAIbHBIH
PEHTTEHOCHEKTPAIbHBII MUKPOAHAIN3 BBISIBUII XapaKTe-
pUCTHYECKHI UK aToMOB amoMuHMs. Ha puc. 5, e no-
Ka3aHa 9Ta ke 00JIacTh B XapaKTepPHCTHYECKOM PEHTre-
HOBCKOM M3JTy4CHUH aTOMOB aJIOMHUHUS. BUHO, 4TO 110
(hopme OHa TaKKe COOTBETCTBYET 00JIaCTH, OTPAaHUYECH-
HOI KOHTYpOM cBeueHUs AedekTa. 3yuenue ToKaabHbIX
PEHTI€HOCIIEKTpOrpaMM MaTepHasia BHyTpY KOHTYpa CBe-
YCHHS TIO3BOJIMJIO OIICHUTH KOHIICHTPAIMIO AJTFOMUHUS HA
yYKa3aHHOM ydJacTke. B mpenenax miomanm paccMOTpeH-
Horo DADJIJ] KoHIIEHTpalKuy aJIIOMUHUS U KPEMHUS Ha
MIOBEPXHOCTH OBLIH MPUOIN3UTEITEHO OIMHAKOBEL.

B npyrux mccienoBaHHBIX nedeKTax, pazMepsl Ko-
TOPBIX OBLTH MEHBIIIE PACCMOTPEHHOTO BBIIIIE, B Pa3IINy-
HBIX TOYKaxX 00JIacTH CBEYEHHs CpefHee COJepKaHue
AJIOMMHUSA B €JI0€ IIyOUHOM mopsaka | MKM, B OCHOB-
HOM, OBIJIO HIKE U COCTABIISLIO OT 5 10 50% OT KOHIIEeH-
TpPALMU KPEMHHUSL.

OO6cyxaenne pe3yibTaToB

[ToydeHHbIE pe3yabTaThI JAI0T OCHOBAHUS CIUTATD,
YTO B MCCIIEJIOBAaHHBIX CONHEYHBIX Oatapesx DADJIJI
¢dopmupyrorest B nt-aupPpy3HOHHOM CcII0e KPEMHUS B
pe3ynbprare JIOKambHOH MudQy3un aToMOB ATIOMUHUS,
KOTOpAasi IIPHBOIUT K KOMITCHCAIIUH CBOOOIHBIX DIICKT-
POHOB B JIETHPOBaHHOM (hocopom ciioe u GopMHUpOBa-
HUEO 00nacty p*-tuna nposogumocty. Ecim muddyHm-
PYIOIHE aTOMBI AFOMUHUSI, TIPOHHUKASL Yepe3 1 -CIIOi,
JIOCTUTAIOT MOJIJIOKKH, TO Ha BCeH Tutomanu tuddy3un
oOpasyercst obnacts p-tuna. B pesynprate Ha ydacTke
Tuddy3un aTIOMUHAS p—n-TIEPeXo]] UCUE3aeT, a Ha €ro
MeCTe IMOBEPXHOCTHh KPEMHUSI TPUOOPETAET TUII IIPOBO-
JUMOCTH TIOJJIOKKH, YTO TIOATBEPKIACTCS THHEHHBIM
xapaktepoM BAX nedekra (cMm. puc. 4). Ha rpanurie (1o
KOHTYPY) JIETUPOBAHHBIX aTIOMUHHEM obnacreii ¢ n'-
cioeM (QOpPMHUPYIOTCS p—n-TIEPEXOAbl C Pa3ITHIHBIMU
JJEKTPUICCKUME XapPAKTCPUCTHKAMH, 3aBUCSIIUMHA OT
yCIOBUH UX POPMHUPOBAHHS. DTH p—H-TICPEXOBI BKITIO-
YarTcs napauienbHo obuemy nepexoxy Cb, copmu-
poBaHHOMY I dy3ueH, U B cilydae UX JIOKAIbHO BbI-
COKHMX 00paTHBIX TOKOB IIYHTHPYIOT ero. [Tpu npuiosxke-
HiM K Cb 00paTHOTO 3MEKTPUYECKOTO CMEIICHHS ITH
MepexXo/ibl TAK)KE BKIIIOYAIOTCS B OOpAaTHOM HaIpaBlie-
HHH U OTIpeAessIoT Xapakrep BAX comneunsix 6arapeii.
VIMEeHHO OTIEeNbHBIC YIACTKH ATUX p—H-TIEPEXOIOB CTa-
HOBSITCSI ICTOYHUKAMH U3ITyUCHHUS CBETA.

Juddy3us amroMuHAS U3 TOKATBHBIX HICTOYHUKOB Ha
MIOBEPXHOCTH KPEMHUS IIPOUCXOAUT BO BpEMsI IIPOBEJIC-
HIUSI BEICOKOTEMIIEPATYPHBIX ONeparnuii (pOpMUPOBAHILI
p—n-niepexona (pu quddysun pochopa) v (Wm) Ha Tare
BXKHT'aHUST METAJUTN3AIMHY, TPOBOMMOM TIPU TEMIIepa-
Type Bbie 900°C.

Hanuune p-tuna npoBoANMOCTH BO BHYTPEHHEH 00-
nactu DADJI/] 1 a1eKTpUUeCcKOoro MoJis 1o ero BHEIIHe-
MY KOHTYPY, T/Ie HaOII0IAeTCs IEKTPOTIOMIHE CIICHIIN,
TIOJTBEPIKACHO TAKXKE NEKTPOIHU3OM ICHOHI30BAHHOM
BOJIBI, COTIPOBOKTAFOIIIIMCSI BBIACICHUEM ITy3bIPEKOB BO-
Jopojia B obsiact mpoBojsiiero aedexra. C aToit 1e-
npto wiactuHa Cb pacnosaranack Ha METaUIMYECKOM
CTOJIMKE, a HAJI HCCIEAYEMbIM Ie(EKTOM MOMEIIAIACH
CrienpanbHas sueiika B BUJIE MPO3PavyHOTO ICKTPOAa
(CTeKIISTHHOH TUTACTHHKH, HOKPBITOH MTPOBOASIIAM CIIO-
eM SnOz). TosmmuAa c10s8 JEMOHN30BAHHON BOIBI MEXK-
JTy TIPO3PAYHBIM AIIEKTPOJIOM U ITOBepXHOCTHIO Ch OblTa
MOCTOSIHHOM U cocTaBiisiia 20 MkM. TOHKUH clI0M Ien0-
HU30BaHHOU BOJIBI B sSTYEHKe MO3BOJISLT TOYHO (PUKCHUPO-
BaTh PACIOJIOKEHHUE ITy3bIPbKa HETIOCPEACTBEHHO HaJI Jie-
(exrom. ITy3sipek Bojgopoa B obmacTu AedeKTa mosis-
JISUICSI KaK MPH TT0ave HAIPSHKESHIS MEKTY TIPO3PadyHBIM
ANIEKTPOJIoM U nosioxkkoi Chb, Tak U Mpu MpUII0KEHUT
00paTHOTO CMEIEHHS K p—n-TIePEXOTY, KOTJa AJIEeKTPOJ
s4yeiiku OblT TaCCUBHBIM. B mIepBoOM cityyae MmpH 3J1eKT-
PHUYECKOM II0JIe, TIEPIICHANKYISIPHOM TIOBEPXHOCTH, Ha-
JIYHE 3JICKTPOIHN3a CBUACTEIECTBOBAIO O TOM, UTO 00-
JacTh JAeeKTa COSTUHEHA C MOUIOKKON (p-THTI IPOBO-
JIMMOCTH BBIXOJIUT Ha MOBEPXHOCTh KpeMHus). Bo BTo-
POM city4ae dIIEKTPOIIHN3 YKa3bIBaJl Ha IPUCYTCTBHE HIIEK-
TPHYECKOTO TIOJI, apanieTbHoro moBepxuoctu Chb u
00pa3yoIerocst MeK Iy TIOBEPXHOCTHBIM 71 -1 dy3u-
OHHBIM CJIOEM U 00JTaCTHIO Ie(eKTa, COSTMHEHHOH ¢ IO
JIOXKKOM p-Tuna. THTepecHo, YTO Mpu TaKOM TOAKITIOUe-
HUU B MIPOIECCE IIEKTPOJIN3a M0 BHEIIHEMY KOHTYPY
Jedexra HabIoAaIach SMUCCHSI CBETA.

CrnenyeT OTMETHUTb, YTO IPUCYTCTBUE HA IOBEPXHO-
ctu Cb JTOKaIbHBIX YYACTKOB C TIOBBIMICHHOM KOHIICHT-
panueii arOMIUHHS HE SBISIETCS JOCTATOUYHBIM yCIOBHU-
em (popmupoBanus DADJIJ]. Ha moBepXHOCTH KpeMHHUS
B Cb 3a mpenenamu obnactu DADJIJ] meTogom BTO-
PUYHON MOHHOM Macc-CIEeKTPOCKOIMH Ha yCTaHOBKE
IMS-4f «Camecay 3aperucTprupoBaHO HATHYUE OTIEITb-
HBIX 00JTacTeH ¢ MOBBIIIICHHOW KOHIICHTPAIHEH aJlFoMH-
HIIS1, KOTOPEIE HE BBI3BIBAJIN CBEUCHIISI IIPH OOPATHBIX CMe-
IICHISIX Ha p—n-Tiepexoze. B atoMm ciryyae, Bunumo, cre-
TIeHb U TITyOWHA JIOKATBHOTO JICTUPOBAHHUS AIFOMUHUEM
HE JIOCTaTOYHbI AJIs IepekoMIeHcanuu Gocdopa B mud-
(by3uOHHOM cIToe, Tt (POPMUPOBAHUS p-00TIaCTH, TOC-
TUTAFOIIEH ONOXKKH, 1 co3nanust DAIJI]I. Kpome Toro,
yCKOpeHHOH i hy3nn aTFOMUHMS B KDEMHUIA Ha OT/IEIb-
HBIX YYaCTKaX MOTYT TaK)Ke€ CIIOCOOCTBOBATh U OT/EIb-
HBIE CTPYKTYPHBIE 1e(DeKThI Ha MOBEPXHOCTH MOITYIIPO-
BOJIHUKA.

Y4uThIBas TO, YTO P BU3YAITEHOM HAOIIOICHIH CBE-
TSAIUXCS Ie(PEKTOB MBI BUIMM TOJBKO MTOBEPXHOCTHYIO
KapTUHY, TIPEICTABIISIIO HHTEPEC UCCIIE0BATh IITYOHHY
n3nydaeMoit oosactu. C 3Toi 1eNbIo IPOBEAEH ClIeTyIo-
i sxcriepuMenT. [lpeaBapurenbHo BHIOpaHHBIH U KC-
cienoBaHHbIN pparMeHT miacTuHbl Ch ¢ m3mydaronmm
cBeT JIeeKTOM OBbLT TOMEIIEH B KaMepy YCTaHOBKH HOH-
Horo TpaBneHus «lon Tech» Ha mpeaMeTHBIN CTOMUK,
o0ecrnieynBaBIINi BO3MOXKHOCTB MOKITIOYEHHUS 00pasia
K UCTOYHHKY TUTaHUs. VIMest BO3MOXXHOCTb HaOJIOIATh C
MIOMOIIIFI0 MUKPOCKOIIA CBeUeHHE AeeKTa depes clie-
IIMAIEHOE OKHO B paboyel kamepe, IPOBOIHIIN TOCIOK-
HOE WJIH HENIPEPBIBHOE HOHHOE TPABJICHUE TIOBEPXHOCTH
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Puc. 6. Cxemarnueckoe nzobpaxenue odmactu DADJI/] Ha
mnactue Ch:
1 — noanoxka p-tuna; 2 — nuddysuonnas obnacts n'-tuna; 3, 5 —
00J1aCTH DIEKTPOITIOMUHHUCIIEHIINH; 4 — 001acTh AU Qy3Hn aToMu-
HUs (p-THI)

oOpasna B 00sacTu aedeKkTa 10 NCYS3HOBEHUS CBeue-
Hust. ONpeaennB IpeIBapuTEIbHO CKOPOCTh TPABICHHS
Takux 00pa3iloB B aproHe, OICHUBAIN [IyOUHY CTpPaB-
JIEHHOTO CJI0A KPeMHHUs B 00JacTH JieeKTa B MOMEHT
MpeKpameHns BUAUMOro m3nydeHus. Oka3anock, 4To
IyOMHA CTPABICHHOTO CJI0sl ObLTA IPAKTUYCCKH paBHA
rnyoune nuddysun docdopa, T. e. Tommmae AU PYy3U-
OHHOTO 77-CII0sl. DTOT Pe3ybTaT YKa3blBaeT Ha TO, Y4TO
M3JTydeHHE Ha BHEIIHEM KOHType Ne(eKTHON o6macTu
UMeeT 00BEMHBII XapaKTep, T. €. IOCTYIACT U3 CJIOs, IPHU-
On3HUTENBEHO paBHOTO TITyOuHe p—n-niepexona B Ch.

Ha ocHOBaHNY BceX BBIMICH3I0KEHHBIX PE3yIIBTaTOB
npemoxena obmiast cxema DADJIJ] B Cb Ha ocHOBe
KPEMHUS, TIPS/ICTaBICHHAs Ha pUc. 6. Bousichenue Gpusu-
YEeCKUX MEXaHH3MOB, OTBETCTBCHHBIX 32 BO3HHUKHOBE-
HIE CBCUCHMS B YKa3aHHBIX JeekTax, TpeOyeT qanbHei-
IIUX UCCIICIOBAHUIM.

[To Bompocy MOSIBICHUST HA MOBEPXHOCTH ILIACTHH
KPEMHHS TIOCTOPOHHUX IIPHMECEH MOKHO OTMETHTH ClIe-
nyromiee. V3 ananm3a TeXHOJIOTHIECKUX IPOIIECCOB U3-
rotoBnenus wiactud Ch ciemyert, 4To BEpOsSTHOCTD 3a-
IPSI3HEHUI [UTACTUH TAKUMHU IPUMECSIMU KaK ATFOMHHU
JIOCTATOYHO BBICOKA. AJTFOMUHHUI BXOAUT B COCTAB I1aCT,
HAHOCUMBIX Tpa(apeTHBIM CITOCOO0M Ha 00paTHYIO CTO-
POHY IUIATHHBI ITPU (POPMUPOBAHUN OMHIECKOTO KOHTAKTA
K MOJUTOYKKE ¥ Ha JIUIIEBYIO CTOPOHY IIPH CO3IaHUU TO-
KOCBEMHBIX IIUH. VICTOUHIKOM aTIOMHUHHS MOXKET OBITH
Y TEXHOJIOTHYECKAsI Tapa TS TPAHCTIOPTUPOBKH ITACTHH B
mporecce npou3BoacTBa. OAHAKO 3arps3HEeHUE TTOBEPX-
HOCTH I[UIACTUH, HATIPHMED, ATFOMHHUEBOM TACTOM Jaxe
MOCJIe TPOBEICHUS MOCIIETYIONINX BEICOKOTEMIIEpaTyp-
HBIX OTKUTOB (Oosee 800°C) He Bceria MPUBOIUT K 00-
pa30BaHMIO HAOMIONAEMBIX Ae(DEKTOB, YTO MOATBEPIMIH
MPOBEICHHBIC HAMH YKCIIEPUMEHTHI. Tak, HAHeCeHHE aTto-
MHHHEBOM IACTHI HA TIOBEPXHOCTH CHOPMUPOBAHHOTO HA
TUIACTHHE KpeMHUS AU Py3HOHHOTO 717 -CII05I, C KOTOPO-
0 OBUIO YIaJIeHO aHTUOTPAXKAIOIIEE TOKPBITHE, U €€ BXKHU-
raHue, IMATUPYIOIIEE PeaIbHbIN TEXHOIOTUIECKHUI ITPO-
1iecc, He Bcerya MpuBouio K nosisiennto DADJI]. Oto
CBUJICTENBCTBYET O TOM, 4TO (opmupoBanue DADJIJ]
MIPOUCXO/TUT JIUIIIB IIPH OTPE/ICTICHHBIX YCIOBUIX U B ME-
CTax, r7e 00ecIeunBacTCsl TAKOH KOHTAKT aTOMOB aJTio-
MUHHS C TIOBEPXHOCTEIO, IPH KOTOPOM ITPOMCXOIHT €TO
s dexruBHast 1uddy3us B KpeMHHUIA.

Jlst IpoBEpKH ATOTO BHIBOJA W IJIST OOCCIICUCHHUS
SBHBIX YCJIIOBUH B3aMMOJCHUCTBHUS CIIOS aIOMUHUS C
KPEeMHHUEM MTPOBEICHBI SKCIICPUMEHTHI, B KOTOPBIX aJTio-

MUHHI 4epe3 MacKy HaIbUISUICS Ha OCBEIKCHHYIO I10-
BEPXHOCTH AUPPYIHOHHOTO /2" -CI10s PparMeHTOB IUIa-
ctuH Cb MeTo10M TepMUYECKOT0 HCTIapEHHS B BAKyyME
1-107° MM pr. cT. [Tocne GpOpMUPOBAHKS KPYIVIBIX AJIFO-
MUHHEBBIX 3JCKTPOAOB (TOJIIMHA CIIOSI aTIOMHHMUS
=0,5 MKM) 00pa3IBl OT)KUTAIN B TeueHne 5S—10 MuHyT
pu Temrepatype u3 nuanazona 600—850°C na Bo3y-
xe. [lanee anmromunuil crpasnuBaiics. [locne storo nc-
cnenoBanuch BAX n Hannuue BUANMOTO CBEUCHHUS, ITPH-
4yeM HauOoJIbIliee BHUMAaHKE OBLTO 0OpameHo Ha odac-
TH, C KOTOPBIX aJFOMHHHUEBBIC MEKTPOBI ObIUTH yaase-
HBL. AHAIIN3 PE3yNbTaTOB HCCIICAOBAHUM MOKA3al Clie-
JyIolee.

BAX 00pa3moB, OT)KHTaBIIHXCS TIPH MAKCHMATEHBIX
temneparype (850°C) u BpeMeHH, UMENTH BBICOKYIO ITPO-
BOJJIMOCTB M ITPAKTHIECKH CHMMETPUYIHBINA BT IIPH 00€-
UX TOJIIPHOCTSX MPHJIOKEHHOTO HamnpspkeHus. O6pas-
161, OTOMCKCHHBIC TTPY HanOoJIee HI3KUX TeMITepaTypax
(600—700°C) umenu BAX, Onu3kue Kk XapakTepHCTH-
KaM 00pa3noB 1o orxwura. M ToapKko Ha OTIETBHBIX 00-
pasuax, MpoueAlnX OTKUT Mpu Temieparypax 700—
800°C, B 007aCTSIX, C KOTOPBIX OBLIH YIAICHEI DIICKTPO-
JTbI, TOSIBIJTHCH QHAIOTHYHbIC HAOJIOaEMbIM Ha IIaCTH-
Hax Cb cersmmecs mokanpHabie oOmactu (puc. 7). Je-
TaJlbHOE MCCIEI0BaHUE TAaKUX O0PAa3loB C y4YaCTKaMH
CBETOBOI SMICCHH ITOKA3aJI0, UTO B Pe3yJIbTaTe OIHCaH-
HBIX TEXHOJIOTHUECKUX MPOIICAYP ObLTH CHOPMHUPOBAHBI
D ADJI]I, anaOrMYHEIC BEIIBJICHHBIM M UCCIICTOBAHHBIM
B ractuHax Cb.

OTOT 9KCTIIEPUMEHT YKa3bIBACT Ha TO, UTO B PEATTHHBIX
TEXHOJIOTHYECKHUX YCIoBUAX GopmupoBanus Cb mpu
HaJIMYNH HEKOHTPOIHPYEMBIX 3arPSI3HCHUI, COIeprKaIX
OTHOCHTEJIBHO JIETKO T (D YHANPYIONHI B KPEMHHH aJTIO-
MHUHHAH, MOTYT 00pa3oBeIBaThCs DADJI/IL.

f 500 MM I

i I

Puc. 7. Pacupenenenune DADJIJ] na nosepxuoctu n'-cios

kpemHuus B mnactuHe Cb mocne BricOKOTeMIEpaTypHOTO

OT)KUTa U yJaJICHUs] TOHKOH IUICHKU alioMHUHUS (IIpu oOpar-
HOM CMelleHny Ha n'—p-nepexone 15 B)
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Kak y»xe orMe4anock, Ha CepUiHHBIX 00pa3iax Iiac-
Tl Cb noBeimeHHas miotHocTs DAIJI/] nabmonanach
TI0 IEPUMETPY MIACTHH. 31eCh KOHIIEHTpaLus AeeKToB
MHOT/Ia Ha MTOPSIOK U O6oJiee peBbllliana UX KOHIEHTpa-
LU0 B HEHTPATBHON YaCTH IJIACTUH. Takoe MOBEICHUE
DADJIJI o0yciioBIIeHO 0COOEHHOCTSIMHU TEXHOJIOTHH M3~
rotoBneHust Ch: Ha kpasx macTuH GopMHUPYETCs KIIUH
TUIa3MOXUMHUYECKOTO TPABJICHUS TIPU YJIAJICHUU C TOP-
0B U Py3uonHor0 n-cinos. Kak crnencrsue, Ha Kpa-
X TUIACTUHBI p—1-TIePeX0] BBIXOJUT Ha MOBEPXHOCTh. B
pe3ynbprare IIa3MOXHMHUYIEeCKOTO BO3ICHCTBUS (hopMu-
PYIOTCS CTPYKTYPHBIE Ae(hEKTHI B KPEMHUH, U IPU HAJIH-
YUU 3arpA3HCHUSA TOPLOB AJTFIOMUHUEM ITPH BX)KUT'AHUH MC-
TaJTU3aUH UIMEHHO B 9THX Je(eKTax co3aaroTcs Hau-
Ooiree ONArONPHUATHBIC YCIOBHS UTS YCKOPSHHOM TU(]-
(y3un anroMuHUs B Bo3HUKHOBeHUs DADJI] u, coor-
BETCTBEHHO, IIIyHTOB, CHIKAIOIIHUX TEXHUYECKHE XapaK-
tepuctuku Cb.

[NoyyeHnble pe3yasTaTbl CBUIETENBCTBYIOT O TOM, UTO
OeckoHTakTHas peructparus IADJI]] mo ux cBeToBomMy
W3JTyYEHHIO B BUIMMOM 00JIACTH CIIEKTPa ITO3BOJISIET IK-
CIIPECCHO BBISBIIATH JC(QEKTHI C TOBBIIIEHHON TIPOBOTH-
MOCTBIO (IIIYHTBI) U MOXET OBITh TOJOXEHa B OCHOBY
3¢ GEKTUBHOTO METO/Ia KOHTPOJISI KAY€CTBA COTHEUHBIX
Oarapeii B mporiecce H3rOTOBIICHUS.

Kpowme Toro, ycraHoBICHHAsI BO3MOKHOCTH BOCIIPO-
W3BEJICHUSI CBEYCHHUS Ha OTIIENBbHBIX y4yacTkax Cb B pe-
3yJBTaTEe MPOBEICHUSI ONPEICTICHHBIX TEXHOIOTHYECKUX
MIPOLIECCOB YKa3bIBAET HA MEPCHEKTUBHOCTh M3YUYCHHS
TIPUPOJIBI BBISIBICHHBIX TE(EKTOB IS CO3TaHUS UCTOY-
HUKOB U3JIyYCHHS CBETA B KPEMHHUH, UTO SIBISICTCS OfI-
HOH 13 HanboJee akTyalbHBIX 33129 ONITOAICKTPOHHKH.
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Peabkun Il. Mukpokontpoasepbl Atmel apxutektypsi AVR32 cemeiicTBa
AT32UC3. PykoBoactBo nogabn3oBarens.— M.: Texnocpepa, 2010. — 784 c.

Knura siBasiercst 3aKOHUEHHBIM CTPaBOYHBIM MOCOOHEM U PYKOBOJACTBOM MO MPUMeHe-
HUIO 32-pa3psi/IHbIX MUKPOKOHTPOJMIEpOB apxuTekTypbl AVR32 ¢upmbr Atmel ce-
meiictea AT32UC3. CoaepUT mojapoOHYI0 CIpaBOUHYIO HH-
hopMaIHio 0 BCEX BbIMYCKAaeMbIX B HACTOsIIIEEe BPeMsl YCTPOH-
CTBax 3TOro ceMeiictea. [loMnMo cBeleHUIT CTIPaBOYHOTO XapaK-
Tepa, KHUTa BKJAIOYaeT OOIUPHYI0 HHPOPMALIUIO MO MPOTPaAMM-
HBbIM MHCTPYMEHTAJJbHBIM CPEACTBAM Pa3dpabOTKH MPHUIOKEHUH
aas AT32UC3: IDE TAR Embedded Workbench for AVR32 ot
[AR, IDE AVR32Studio or Atmel u anmapaTHbIM HHCTPYMeH-
Ta/JbHbIM cpenctBaM oT Atmel. 31ech TakKe MPUBOISTCS OMU-
caHusi CBOGOJHO pacmpoCTpaHseMblX MPOU3BOIUTEIEM TIPHMe-
poB npunoxenui a5 AT32UC3, nporecTHpOBaHHBIX aBTOPOM.
Manoxkennasi B KHUre HHGOpMAaIHs OXBAThIBAET BCE TATIBI MPO-
eKTHPOBaHUs MpuaoKeHuil Ha ocHoBe AT32UC3, uto mo3Boss-
€T B KOPOTKHE CPOKH OBJIajeThb HaBbIKAMH PabOThl C ITHMHU
MHKPOKOHTPOJIIepAMHU J1aKe HAUHHAIOIIUM pa3paboTunKaM.

K knure npumaraercs DVD-nuck, cogepxKaninii 6ecnjaTHble J€MOBEPCUH OMUCAHHO-
ro B Hell HHCTPYMEHTAJBHOTO MPOrPaMMHOr0 obecreueHus, HCXOAHbIE KOJIbI OMUCAH-
HBIX MPOEKTOB, OPUTHHAJNBHYIO CIPABOYHYIO HHAOOPMAIHIO TTPOU3BOAUTENS U APYyTHE

_ HHPOPMALIMOHHDBIE U CIIPABOUHbIE MATEPHAJbI.
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TEXHOJIOI'MYECKHE IMPOLHECCHI U OBOPYJOBAHUE
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OTNITUMU3ALIMA CTPYHMHON TEXHOJIOI' MU N3TOTOBJIEHU A
TOKOITPOBOJAIIINX DJIEMEHTOB ITEHATHbBIX TIJTAT

Hccneoosanvt pakmopwi, sruswuue Ha
Kauecmeo neuamu moKonpogoosuux 00-
POJICEK, U320MOBILEHHBIX CIMPYUHOL MeXHO-
noeuell. Hatioenvl nymu munumuzayuu ux
He2amueHo20 GIUSHUS, Pealu308aHd MHO-
20CNIOUHASL nevams.

B nocnennee necarunerue cTpyiiHas nedyaTh cTaia
OJTHOM M3 aJIFTEPHATUBHBIX TEXHOJIOTHH JJIsl H3TOTOBIIE-
HUS TOKOTIPOBOJISAIIMX, PE3UCTUBHBIX AJIEMEHTOB AJICKT-
POHHBIX CXEM, MO3BOJISISI OJIYYUTh PSIJ] IPEUMYIICCTB
M0 CPAaBHEHUIO C TPAIUIIMOHHBIMHU TEXHOJOTUsSMHE [1].
CurHTE3 KOJUIOUIHBIX CHCTEM C HAHOYACTUIIAMHU METall-
JIOB, YIJIIEPOTHBIMH HAHOTPYOKaMU MO3BOIII HCIIONb-
30BaTh 3TH MaTepHAIIbl KaK ()YHKIIMOHAIBHBIC «YEPHH-
Tay JUTA CIeUUaIM3UpOBaHHbIX ink-jet-yctanoBok [2]. U3
JUTEPATYPhI TAKKE H3BECTHO IPUMEHEHHE CTPYHHOH I1e-
qaTty U1t (POPMHUPOBAHUS p—7-TIEPEXOIOB ITyTEM HaHece-
HUSI OpraHngeckux coeauHenui (merrareH, PEDOT:PSS)
Ha NOJUIOKKH [3, 4]. Tem He MeHee, KaueCTBO U HaJIeXK-
HOCTB CTPYKTYP, U3TOTOBJICHHBIX C €€ UCIIOJIb30BaHUEM,
HYKIIQFOTCsI B HCCIICIOBAHMAX. B mpenpiaynmx padorax,
B yacTHOCcTH [1, 5], Hamu ObIa onMcaHa METOIUKA HC-
T0JIb30BaHus ink-jet-TeXHOIOTHH 17151 YOPMHUPOBAHHUS TO-
KOIIPOBOJISAINX JTOPOKEK HAHECCHWEM HAHOYACTHI] Ce-
pebpa, uccreoBaHO U3MEHEHNE COMTPOTHBIICHUS CTPYK-
Typ Mociie TIeYaTH B IPOLIecce CIeKaHus, UCCIIe0BaHa
JerpagalioHHas CTOMKOCTh CTPYKTYp IpH Heperanax
TEMITEPaTypPhI U TIOBBIIICHHON BIa)KHOCTH.

BaXHBIM acIIEKTOM OCTAeTCsI caM IIPOIIecC HaHece-
HUS KOJUTOU/Ia C YACTHIIAMU cepedpa Ha TIOATIOKKY U €To
MOBEJICHNE Ha HEel BO BpeMs CIIeKaHUsl, KOTOPOE ompeie-
JSIeT KPUBH3HY Kpasi H3TOTOBIICHHBIX CTPYKTYP.

Cpenu hakTopoB, BIUSIONINX HAa KAYECTBO MEYaTHBIX
CTPYKTYp, MOKHO BBIZCIUTH CMAuUBAHNE MOMJIOKKH
KOJUIOM/THOM CHCTEMOM U CTEKaHUE IUCIIEPCHOHHOM Cpe-
JIbl BHYTPb KaIUTX Ha MOJJIOXKKE BO BPEMsI CIIEKaHUs. DTO
CITy>KUT MPHYMHON TBYX HETaTUBHBIX d(PPEKTOB: pacTe-
KaHUs KOJUToHJIa U 3P peKTa «KOPESHHOTO TSITHAY, CYTh
KOTOPOTO 3aKIII0YACTCS B HEPAaBHOMEPHOM pacIpeierie-
HHUM YaCTHI AUCTIEPCHOIT (ha3bl 1o mpoduitto HarnevaTaH-
HOU CTPYKTYPBI BO BPEMsI CIICKAHUSL.

Lenbto HacTOsIIEH paOOTHI SBIISIOCH U3YUSHHUE ATUX
3P PEKTOB, MOUCK IIyTEH MHUHUMU3AIIH HX HETaTHBHO-
TO BIUSHIES, a TAaKXKE CIIOCOO0B YIyUIICHHUS KauecTBa
TOKOTIPOBOSAIINX JOPOXKEK, TTONyUYECHHBIX TEXHOJIOTHU-
eit ink-jet.

JlaTa nmoctymieHus B pelakLuIo
25.03 2010 .

Ornmonent k. m. n. JI. U. TAHOB
(OHITY, . Onecca)

YceaoBus MPOBEACHUS IKCIIEPUMEHTa

OKCIepUMEeHTaIbHAS YCTAaHOBKA COCTOSIIA U3 YCTPOii-
ctBa Microdrop MD-201H s ctpyitHOH Tieyatd u Ko-
OPIIMHATHOTO CTOJIA, KOTOPBI 00eCTIeYrBaIl BOSMOXKHOCTb
MepeBMKEHHS TTeYaTarolleil ToJ0BKH M0 KOOpAMHATAM
X, Y. YeTpoicTBO COAEPKUT OJIHY ME€YATAIOILYIO TOJI0B-
Ky, KOTOpasi pab0oTaeT Mo MPUHIIHITY MBE30IEeKTpHIe-
CKUX TpeoOpa3oBaHUl MMITYTECOB TeHEPAINN Karlelb.
HccnenoBancst MaccuB Kareib, TEHEPUPYEMBIX H3 CO-
TUIa, PACTIOJIOKEHHOTO Ha PACCTOSIHUU | MM OT MOJTOXK-
KM, KOTOPO€ HaNpaBIsIoCh MEPIIEHIUKYIISIPHO K TOBEP-
XHOCTH TOMJIOKKH. B kagecTBe pabouero pacTBopa mc-
MIOJTB30BAITH KOJIOM/T YACTHUIT cepedpa co CPeTHUM JHa-
MeTpoM 9,2 HM B OpraHMYeCKOH MaTpulle TPUITUIIEH-
DITIIOKOJTb-MOHOATHIIOBOTO 3¢upa. Koadpument nunamu-
YECKOH BSI3KOCTH Kojutonga coctarisut 17,9 mlla-c, ko-
3¢ PUIMEHT TOBEPXHOCTHOTO HAaTsKeHN — 36,4 MH/M,
nuametp coria — 100 mxm. [lnameTp Karens Ha BblTe-
T€ U3 COIUIa ObLI MPUOIM3UTENBHO TAKNUM e. BbiOop oT-
HOCHUTENIBHO OOJIBIIOTO AMAMETpa CoIuia O00yCIIOBJICH
ya00CTBOM HaOIOIeHUS 3a OONIBIIMMHU KaruiaMu. B ka-
YECTBE TOI0KKH HCIIOIH30BATH TOTUAMHUIHYTO (POJTb-
ry Kapton ToimuHoi 125 MM, 06121210111y 0 BBICOKOM
TepMOCTONKOCTBIO (—273...+400°C), rHOKOCTHIO, XUMH-
YeCKOW CTOMKOCThIO, CBOMCTBaMH quaieKTpuKa. Crioco0-
HOCTb TIOJUJIOKKHU BBIAEPKUBaTh Temneparypy 250—
300°C 6e3 m3MeHEHHSI CBOWCTB SIBJISIETCS BaXKHBIM
YCIIOBHEM, T. K. B 3TOM UHTEpPBaJIC IPOUCXOAUT CIIEKaHUE
KoJIoua cepedpa. Y3Kue JOPOXKKHU TIeHaTalUuCh OIU-
HApHBIM HAaHECCHUEM KOIUTOH/Ia, ITUPOKHE — HAHECCHU-
eM mapayensHbix TuHui. [lupruHa nopokek 3aBucerna
OT yCIIOBHIA TIPEIBAPUTENIbHOM 00paOOTKH MOJIOKEK U
OT [apaMeTPOB MeyaTH.

Pe3yabrarsl U uX 00CyxKIeHHE

Obpabomka nosepxHocmu nOOIONCKU

[pu nonamanuy KOJUTOMAA HA MTOIIOKKY popMa Kar-
TIU ¥ pa3Mep MATHA KOHTAKTa ONPEACISIOTCS yCIOBUS-
MU CMa4MBaHUs MOBEpXHOCTH. Eciu kpaeBoii yros cma-
yuBaHus 0< 90°, KOJIJION pacTeKaeTcsl, U pa3peliaro-
I1ast CIOCOOHOCTH IeYaTH CHIKaeTcs. Benencraue He-
PaBHOMEPHOTO pacIpeeeH s )KUIKOCTH 110 MOBEPX-
HOCTH TOJUI0XKHU B HAIIPaBJIEHUH [1€4aTH JOPOXKKa I10-
Jy4aeTcsi BOJIHUCTOM, € epeleiikaMu, MecTaMu — pa-
crekmeiics (puc. 1, a). I[Ipu ycnoBun 0>90° pacreka-
HUS HE IPOUCXOJUT, HO 110 Mepe BO3pacTaHHs O yMEHb-
1aeTCs TIONIA (b KOHTAKTa KHUKOCTH C MOJJIOKKOH, 4TO
BO BpeMs CIIEKaHUS IPUBOAUT K YMEHBILIEHUIO aATE3UU.
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Puc. 1. CHUMKHE TOKONPOBOASIIUX JOPOXKEK, HareyaTaHHBIX

Ha MOJMHUMHUHON TOJUIOKKE 0e3 ee MpelBapuTelbHOI 00-

pabotku (a), oopaboranHoii pactBopom ITAB B Bone (6)
U DTUJIOBBIM CIHPTOM (8)

ITosTomy Hameil 3anaueil 6bUT0 OOecreueHne yCIoBUS
0=90°, 11 yero nNapTuu MoI0KeK 00padaTHIBAIN pa3-
JIMYHBIMU PAaCTBOPaMM — BOJIOH, 3TUIIOBBIM CIIUPTOM,
ALETOHOM, KHMJIKUM MBUIOM, T. €. IOBEPXHOCTHO-aKTUB-
HbeIM BemecTBoM (ITAB), ¢ TMCTHIUTMPOBAHHOM BOJIOH,
1%-HBIM PacTBOPOM CEPHOM KHCIOTH U 1%-HBIM pa-
ctBopom mienour (NaOH). TToce 3Toro Ha MOBEpXHOCTh
MOJUIO’KEK HAHOCWIIM KaIUld KOJUIOWJA M HCCIIEAO0BAIN
pacTekaHue Karjii Ipy HOCTEIIEHHOM IOBBILIEHUN TEM-
nepatypsl 10 80°C. Onpeznensiioch OTHOCUTEIbHOE U3-
MEHEHHE JIMHEHHBIX Pa3MepoB Karliu (JuaMeTpa msaTHa
KOHTAKTa C MMOUIOKKON) ¢ MOMOIIBI0 MUKPOCKOIIA.

g cpaBHEeHUs Uccaen0BalId pacTeKaHUe Kalljii Ha
CTEKIITHHOM ITOJIT0KKE, 00pab0oTaHHOM! TUCTHILTUPOBAH-
HOI BosioM. Pe3ynbraThl, mpejcTaBieHHbIE B Ta0auIle,
CBUJICTEIBCTBYIOT, YTO MUHUMAIbHOE PACTEKaHHUE KOJI-
Jon1a HaOJFOAeTCs ociie 00pabOTKH MOTHMUMUTHOM ITOJI-
noxxku pacteopoM [TAB B Bojie. B aTom cirydae oTHOCH-
TEeJIbHOE N3MEHEHHE Pa3MEPOB KaIlIM Ha IOAJI0KKE UMe-
eT HeOOITBIIIOE OTPHIATETIFHOE 3HAUCHHUE, F THAMETP Karl-
71 OOJIbIIIe, YeM JJMaMeTp MSATHA KOHTAKTa KaIlld C MMOJI-

OmHocumenvHoe usMeHeHue pasmepos Kaniu Koiiouod
6 3aBUCUMOCIU OM CPedCcm8a npedsapumenbHoll 0opa-
bomKu NOONONCKU

CpeznctBo 00paboTKH Ornocurensroe o
H3MEHECHHUE pa3MepoB, %
ITIAB + muctuimipoBaHHast Bojia —0,24
Bopa (moamoxka—CTeKI0) —-0,09
Bopa (moamoxka—IoITuMuII) 0,22
Kucnora 1% 1,12
Ilenous 1% 1,13
Crupr 3,18
Aneron 6,59

TOXKKOH. Takum 00pa3oM, ¢ TIOMOIIBIO 00pabOTKH pa-
ctBopom [TAB+Boj1a MOXKHO JOCTHYBL BBICOKOH paspe-
maromiei cnocoonoctu. Tem He MeHee, B 3TOM cllydae
(puc. 1, 6) He ynaeTcs MOTHOCTHIO H30eKaTh BOSHUKHO-
BEHUS [1EPELIECIKOB, PETYANPYs YaCTOTY UMITyIbCOB I'e-
Hepaluuu Kaneins. [Ipy nocreneHHoM yBeIMYeHNH 4acTo-
ThI BO3HUKAET U3JIHILIEK )KUKOCTH, KOTOPBIH MPUBEIET K
€€ pacTeKaHUIO NPHU JOCTHKEHUU ONPEAEIEHHOTO Ipe-
nena (0,5—1 kI'm). B Tex ciyuasix, korja K pa3periaro-
el CroOCOOHOCTH HE MPEIbABISIIUCH BBICOKHE TPeOo-
BaHMsI, 00pa0bOTKa 3TUIIOBBIM CITUPTOM U alleTOHOM (pHC.
1, 6) mo3BosIa GOPMUPOBATE JOPOKKU MIUPUHON OO-
nee 400 MKM ¢ BEICOKMM Ka4eCTBOM I1e4aTu Kpaes. J[is
9TOrO OBLTH TOJOOPAHEI CIICAYFOLIHE TAPaMETPhI UMITY.Ib-
COB reHepaluu Karens: yactota 357 ', IIIUTENbHOCTD
MIPUIIOKEHUS HATIPsDKEHUS] — 16 MKC, BeJTMUMHA Hanpsi-
skeHus 75 B. ITockonbKy JUINTENbHOCTD IPUIIOKEHMSI Ha-
NPSDKEHMS. ONPEeNsieT KOIUYeCTBO KOJUIOM 1A B Karljie,
3HAYCHHUE ee [1eIeco00pa3Ho yaepkuBaTh HU3KoH (10—
20 MKc), 4TOOBI HE IOMYCTHTb U3JIHIIKA KUIKOCTH. Be-
JUYMHA MPUIOKEHHOTO HATPSIKEHUS OINpeNesieT CKO-
POCTH KaIlJIM Ha BBIJICTC U3 COTLJIA. HpI/I YBCIIMYCHNU CKO-
POCTH yCUIIMBAETCSl COOTBETCTBEHHO U pacTeKaHue, Mo-
9TOMY 3HAYCHHE HANPsDKEHUS EJIecOo00pa3HO TaKXKe
yCTaHABIMBATh HA HU3KOM ypoBHE (50—75 B).

Hapywenue niockocmnocmu nogepxXHocmu 00POdicex.

D et «koheHOTOo MATHAY ABISUICS MPUIHUHOM TOTO,
YTO TP UCTIAPECHUH OPTaHUYCCKON MaTPHIIBI (cTaOMIIH-
3aTOpPOB, pacTBopuTeeit) mpu remmeparype 80—100°C
pacrpeeseHue 4acTul] cepedpa Mo OBEPXHOCTH IO/~
JIOXKKH OBIJIO HepaBHOMEpHBIM. Ilo mepumerpy msiTHa
KOHTAaKTa KaIlli ¢ TIOJJIOKKOH (T. €. 10 KOJIbILY) cocpe-
JOTAuNBAIOCH 3HAYUTEIILHO OOJIBINIEE KOIIYECTBO ceped-
pa, 4eM BHYTpH IISITHA. TeopeTHyeckoe ONICaHIe STOTO
s dekra 6110 MpeoxkeHo B [6—=8]. [1o maHHBIM 3THX
WCCIIEIOBaHMIA, Macca cepedpa B KOJIbIIE (MITH MO KpasiM
JOPO’KKH) PACTET BO BPEMCHH I10 CTCTICHHOMY 3aKOHY.

J111s1 IpOBEPKHU CIPABEUTUBOCTH STOTO YTBEPIKACHHS
TIeYaTaINCh CIION Pa3IMYHOM TomuHbL. Ha puc. 2. n300-
PaKeH MOIepeUHbIN MPOGUITH HAEYaTAHHOTO KBapara
KOJJIOHTHOTO cepedpa Mmociie CrIeKaHusl, Oy YCHHBIN C

a) MKM |
6 i
0
2,23 441 6,59 8,77 MM
0)
B, 4,
d
D, D,
i e

Puc. 2. [Ipoduns Hame4aTaHHOTO KBajpaTa pa3Mepamu
7x7 MM (a) 1 ero cxemaTuueckoe nzoodpaxkenue (6)
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Puc. 3. 3aBHCHMOCTB CPEHUX pa3MEpPOB KPacBbIX 00Opa30BaHUI OT TOJIIMHBI d ClIos cepebpa

MTOMOIIIBIO KOH(OKAJIBHOTO JIA3€PHOTO MPOQPHIOMETPA.
KonTponupoBanack BeicoTa Kpast A, IIUPUHA B €r0 OCHO-
BaHMM D Y NIMPHHA HA TIOJIOBUHE BBICOTHI B, TPUUYEM BbI-
YHUCIISITMCh UX cpenue 3Hauenus 4, D, B . [leyars 06-
pasIoB NPOBOAMIIACH C U3MEHEHHEM YacTOThI BbIIETA Ka-
niests (o1 200 1o 1000 ['x) mpu MOCTOSHHOM IIare MexK Ty
muausama (0,3 MM) 1 ¢ nepemeHHbIM marom (ot 0,1 1o
0,5 mm) ipu mocrostHHON yacToTe (320 I'tr). Takum o6pa-
30M IOJTyYaJId CJIOU € Pa3IMYHbIM KOJTMYECTBOM KOJIJIOHU-
Jla Ha TIoIaau pazmepamu 7X7 u 5x5 mm. Harpeanue
1o temnepatypst 100°C mmnocs 3 muH. [Ipu criekannmn
TIOJTyYasIy KBaIPpaThl Pa3IMYHOMN TOJIIMHBL, U3MEPSIIH Pa3-
MEpBI MX KPaeBhIX 00pa30BaHUI U CTPOUIIN 3aBHCHMOCTD
CPEIHUX Pa3MEPOB OT TOJIIIUHEI CJI0eB (puUc. 3).

N3mMepeHus mokasaiu, 94To pa3Mepbl KpaeBbIxX 00pa-
30BaHUH pacTyT ¢ yBEIMYEHUEM TONIIHUHBI cos. Cpen-
Hsisl BBICOTA KPaeB MPSIMO MPOIOPIIUOHATBHA TONIITHE:
A ~kd, tne k=3 (nmuueiinas annpoxcumanus). [lapamer-
pbl B u D Taxke pacTyT ¢ pOCTOM TOJIIUHBI cios. Hx
CpeHNE 3HAYEHUSI HAXO/ATCS B COOTHOIIEHUU D C=l J12B -
OueBUIHO, 3T Pa3MEPBI TAKKE TOJKHbI 3aBUCETH OT CKO-
pocTu HarpeBa BO BpeMs criekaHus. JlanbHeinme uame-
peHMs M0Ka3aJIu, YTO BbICOTa A IPU U3MEHEHUH CKOPOC-
TH HarpeBa (Hampumep, Ipy BHECEHUU 00pasiia B Harpe-
TYIO I1€Yb) YMEHBINIACTCS, B TO BPeMs KaK 3HAYCHHUS TOII-
MIUHBL B, D pacTyT, T. K. 4aCTUIIBI cepedpa He YCIIeBaroT
JIOCTUYb KPaeB 3a BpeMs CIIEKaHUS.

TpyaHOCTH U3y4eHHs JaHHOTO Y eKTa 3aKTouaach
B BECbMa 3HAYUTEIILHOM pa30poce HCCIe yeMbIX BE-
yuH. [ToryueHHble pe3yabTraTsl HOATBEPAUIIN IPEAIIONO0-
JKeHHUE, 4TO 00ECIIeUUTh IITOCKOCTHOCTh IOBEPXHOCTH TIe-
YaTHBIX CTPYKTYP U MOJIHYIO KOMIIEHCALMIO YKa3aHHOTO
3¢ deKra H3IMEHEHUSIMH TONIIHHBI CIIOSI K CKOPOCTHU Ha-
rpeBa He yJaeTcs.

MO>HO UCTIOJIB30BaTh IOMOJIHUTEIbHBIE HCTOUHUKHI
TEIUIOBOI SHEPTHUH, MTO3BOJISIONINE PACTIPEACTUTh TEM-
MepaTypy Ha MOBEPXHOCTH TAKUM 00pa3oM, YTOO0 MHHH-
MU3UPOBATH 3P PEKT «KODEHHOTO MATHAY.

Vnyuwenue xauvecmea newamu nymem nooozpesa
NOOJIOJHCKU.

Hammm npeasiaynme ucenenoanust [S], a Takxe uc-
TOYHHK [9] yKa3bIBaIOT, 4TO JUIs 00ECIICYCHHUS KOMMYHH-
KaI[MOHHOM (yHKINH, a Takxke OecriepeboitHoi paboTel
CXEMBI TIeYaTH OJHOTO CJIOS cepedpa MOXKeT ObITh Hel0-
CTaTOYHO. B POMBIIIIICHHOCTH MTPH U3TOTOBIICHHN T1€-
YaTHBIX [UTAT TOJIIIMHA TPOBOJISIIIX CJIOCB ME/H COCTAB-

JSIeT He MeHee 25 MKM, B TO BpeMsI KaKk HaHECEHHE OTHO-
ro ciosi cepebpa MeTooM ink-jet ¢ yIOBIETBOPUTEIh-
HBIM KaueCcTBOM Kpas JaeT ToamuHy 1—3 Mxm. s
MPEIOTBPAIIECHHS] 3HAUUTEIBHOTO PACTEKAHUS Pabodero
KOJIJIOU/1a Ha MOJUI0KKE HETOCPEICTBEHHO MOCIIE Meua-
TH ¥ BO BPEMsI CIIEKaHUSI ¥ JITIs1 (JOPMUPOBAHUS JTHHUH C
MUHHMAJIBHOW KPUBU3HOU Kpast ObLIO MTPEIOKEHO MPO-
BOJIUTH IeYaTh Ha TIO/JIOKKE, TEMIIEpaTypa KOTOPOH MoJI-
JIEp)KUBAJIACh MOBBIIICHHOW. Takoi crmocod mo3BomsieT
OCyIIECTBIATH 3 (HEKTUBHYIO MHOTOCIOWHYIO IeYaTh U
YBEIMYNBATH Pa3pEIIAIONTyt0 CIOCOOHOCTD, IPEA0TBPa-
I1aTh BOSHUKHOBCHHE TIEPEIICHKOB. 3a cUeT OBICTPOTO
HUCapeHus OPraHnvCCKUX BCUICCTB XUAKOCTh ITPEBpPa-
IaeTcs B TBEPJIBIN CII0i cepebpa, He ycreBasi pacTeub-
Csl B TEX MECTax, IJI€ BO3HUKACT €€ M3JIHUILCK.

bbulo Takxke MCClIe0BAaHO BIMSIHHE TEMIIEPATYpPbI
MOAJIOKKY Ha KPUBU3HY Kpasi TOKOTIPOBOASIINX JOPO-
xek. TemmeparypHuerii quamnazon 200—225°C Obln
OTIpeieTIeH KaK OnTUMabHbIHN. [Ipu Oomee BEICOKOI TeM-
HepaType MOJIOKKY HAOI0asICs pas3iieT Karenb IPU KOH-
TaKTe ¢ TIOBEPXHOCTHIO (Tak Ha3bIBaeMbId 3 dekt JIsii-
neHdpocra [10, c. 188]), 4o ObLIO MPUUUHOI 3aMBIKAHUS
COCEITHHX MapaUICNIBHBIX T0pOkeK. I Ipn HarpeBe OmIoKKH
JI0 TEMIIEpaTypbl 13 3TOr0 JUana3oHa ObLIO UCCIEA0BAHO
BJIMSIHUEC YaCTOThI T'€HEPAIX KaIlCJIb Ha Ka9€CTBO MHOI'O-
CITOMHOM MeYaTH M BPEMEHH 3aJICPKKH T MEXKITY IT€UaThIO
CJIOEB IpU KoIIMuYecTBe clioeB N>5 (puc. 4). 3anepikka
ObLIa BBENICHA 10 ABYM IPHYHHAM: B MOMEHT I1€YaTH BTO-
POro U MOCIEAYIOMIUX CI0EB KAl KOJIOUAa Momnaia-
0T Ha JIOPOKKY, C KOTOPOI HHTCHCHBHO ITPOJIOIKACT HC-
MapsTHCS OpraHmdeckas (haza. ITo IPUBOIUT K pazOpHI3-
THBAaHHUIO ¥ paCTeKaHUIO Koitouaa (cm. puc. 4, 2). Kpo-
M€ TOT0, U3-32 MaJIOTO PACCTOSIHUS MEKTy HATPETOU IO
JIOXKKOH U cOIuIOM (0KoJI0 1 MM), 4epe3 HEeKOTopoe Bpe-
M1 OT HayaJia [eyaTy COIUIo HarpeBaeTcs, a 9To, B CBOIO
ouepe/ib, IPUBOJUT K HAPYIICHHUIO YCIOBHMA T'eHepalun
OJIMHAKOBBIX Kallellb C OMMHAKOBBIM YIJIOM BBUICTA W3
corwta. [ToaTomy 3amepKKa HCIOIB30BAIACH IS OBICT-
POro IepeMeIeHusl IeYaTarone FOJI0BKY 3a IPe/IeIIbl
TIOJUTOKKH, UTO HE MTO3BOJISLIO eif HarpeBaThes. YacTtoTa
TeHepaluu Karejib, KaK U CKOPOCTh MEPEBIKEHNUS TIe-
YaTaroIlei TOMOBKH, BIUACT Ha (POPMUPOBAHNE U3IIAIII-
Ka KHJIKOCTH Ha CIUHHIE JIHHBI TOPOXKKH, KOTOPBIH
MIPUBOJNT K NCKPUBIICHHIO KPAcB ¥ BOSHUKHOBEHHIO I1e-
peLIEeNKOB, OrPaHMYMBAIOIINX IPOBOJUMOCTh TOHKUX J0-
poxek. bbla onpeneneHa onTumManbHas 4acToTa reHe-
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Puc. 4. CHIMKH MHOTOCIIOWHBIX JOPOXKEK, HalledaTaHHBIX 0e3 3a/lepiKKH (6, 2) U ¢ 3auepxkoi =1 ¢ (a, 6) Ipu pazHOM
KOJIMYECTBE CJIOEB N:
a, 6 —5;6,2— 10

I 20 MKM

Puc. 5. 3-D uzo0OpakeHne OIUHAPHBIX M HIMPOKOH TOPO-
kek npu N=15

panun kanenb — 250 I’ mpu ckopocTH mepeBuKEHUS
TOJIOBKK 5 cm/c. BBenenue 3ajepxku B 1 ¢ mo3Bosmino
3aMETHO YJIy4YlIUTh KayecTBo nevatu (puc. 4, a, 6). Uc-
TIOJTB3YS O YCHHBIC PE3YIIBTaThI, ObLIa pealTi30BaHa Ie-
4ark TOPOXKeK ToHOHN 30—40 MKM mupuHOi 250 MKM.
YrenpHas 31eKTPONPOBOJHOCTD TOPOKEK MOCTIE CIIeKa-
Hust gocturana 30% oT 37eKTPONPOBOHOCTH OO BEMHO-
ro cepedpa. ITO 3HAYUTEIBHO MPEBBIIIAET PE3yNbTATHI,
MOJTyYCHHBIE PYTUMH UCCIIEI0BATEISIMU MeTo 1A ink-jet.
M3o06paskeHue 0JJHOTo U3 00pa3IoB, NOJIYYCHHOE Ja3ep-
HBIM IPOQHUIOMETPOM, TIPEIICTABICHO HA PHC. 5.
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JTUATHOCTHUKA TJIYBOKUX LHEHTPOB HA I'PAHULIE
«IIEHKA — ITOAJIOXKA» B TOHKOIIJIEHOYHbIX
OIIUTAKCHUAJIBHBIX CTPYKTYPAX GaAs

IIpeonoorcennwiii 8orom-ghapaousiii memoo
uMepenUs. KOHYeHmpayuu He3anoiHeHHbIX
2nyOOKUX YeHmpoes 80IU3U 2PAHUYBL «NIIEH-
Ka — NoO0N0HCKa» He mpedyem 0opo2ocmo-
Auge2o 060pyO008anUs U Modxcem Oblmb jea-
KO 8CMPOEH 8 MeXHONO2UYeCKUN YUK U3-
20mosneHus npubopos.

Hamrare rmyOOKHX IIEHTPOB 3aXBaTa SBISIETCS OMHIM
13 Hanboliee BAKHBIX (DAKTOPOB, BIHUSIONINX HA CBOK-
CTBa KaK CaMoTO TOIYyH30JHPYIOLIETO apceHuaa raj-
Tsl, TaK U STIMUTAKCUAIBHBIX MJICHOK, BBIPAIICHHBIX Ha
3TOM Marepuaie. KoHIleHTpaus 1 THIT TITyOOKUX IIeHT-
POB BOJIM3U I'paHMIIBI pa3jieia «IMUTaKCHaIbHas IJIeHKa
— MOIYU30IHUPYIONIAs TOUTOKKA» U B 00BEME OATI0K-
KH MOTYT Pa3JIMYaThCs, T. K. B IIPOIECCE POCTA IIMUTAK-
CHAJTLHOU IJIEHKH MOTYT BO3HHKATh HOBBIE [ITyOOKHE [ICH-
Tpbl [1]. KpoMe TOr0, HOBBIE IEHTPBI MOI'YT BO3HUKATh U
BO BpeMsl MIOCIIEYIOIINX TEXHOJIOTHYECKHUX MPOIIECCOB
U3TOTOBIICHHS IPUOOPOB, TAKUX KaK HMILIAHTAIHS [TPHU-
MeceH M OTKUT, HYOPMHUPOBAHNE OMUYECKIAX KOHTAKTOB,
HaHECEHHE TUAICKTPUIECKUX TTOKPHITHH [2].

[myOokue meHTphl Ha TpaHUIIE «IMUTAKCHATbHAsS
TUICHKA — TOAJIOKKAY OKA3bIBAIOT 3HAYUTEIHHOE BIUS-
HHUE Ha XapaKTePUCTHKH MPHUOOPOB, U3TOTOBJICHHBIX HA
ITOM TUICHKE, U, CIICIOBATEIbHO, Ha XapaKTePUCTHKHU HH-
TETpajbHBIX CXEM, B COCTaB KOTOPHIX BXOST 3TH IIPHOO-
pbl. K uncimy mmpoko U3BECTHBIX HETaTHUBHBIX dPQek-
TOB, CBA3aHHBIX C HATMYMEM TIIyOOKUX LEHTPOB, OTHO-
caTes APQPEKT yIpaBlIeHHs MO MOJJIOKKE, THCTEPE3UC
BOJIBT-aMIIEPHBIX XapaKTEPUCTUK TPAH3UCTOPOB, HU3KO-
YaCcTOTHBIC OCHMULIINHN U YBEIHICHUE IITyMa B KaHaJe
T0JIEBBIX TpaH3ucTOpoB [3]. Ciieyer OTMETUTD, YTO UH-
TerpajbHOE BIUSHIE ITYOOKUX IIEHTPOB Ha pabovune Xa-
PaKTepUCTUKH TPHUOOPOB HAa TOHKOIIJICHOYHBIX SIUTaK-
CHAIIBHBIX CTPYKTYpaXx ONPeIeIsieTcsl, B IEPBYIO OYepeib,
KOHIEHTpAIMe N, HE3aNONHEHHBIX yOOKUX [IEHTPOB
B TIOJJIOKKE BOJIHM3UW TpaHullbl ¢ 1ieHkoi [4]. [Toatomy
Ba)KHO IMETh IIPOCTHIE M TOCTOBEPHBIC METOBI OIpe/ie-
JICHVS 9TON KOHIICHTPAIHH.

OOIEenpUHATHIM METOIOM JIMArHOCTHUKH TITYOOKHX
LEHTPOB BOJIN3U TPAHUIIBI IUIEHKA — TIOJJIOKKA» SB-
JISIeTCS TOKOBAs peslakCallMOHHAs CIIEKTPOCKOIHS IITy00-
KHUX ypoBHeH [5]. OgHaKo 3TOT METOJ SIBJISETCS AOBOJIb-
HO TPOMO3JIKUM, TPeOyeT IOPOTOCTOAIIETO 000PyI0Ba-

HUSI ¥ MOXKET OKa3aThCsl HECOBMECTUMBIM C TEXHOJIOTU-
YEeCKHUM [IUKJIOM H3TOTOBIICHHUS TpubopoB. Kpome Toro,
OH TpeOyeT HATMIHSI OMUYECKAX KOHTAKTOB, UTO HE IT0-
3BOJISICT MCIIONB30BATH €TO ISt KOHTPOJISI HCXOIHBIX T10-
JIYTIPOBOJHUKOBBIX IJIACTHUH MEPE U3rOTOBJICHUEM IIPH-
60poB. [ToatoMy Hanbosee MOAXOAAIINM PELIEHHEM MPEI-
CTaBIIsIeTCs paspaboTka MeTosa onpenenenus N, oc-
HOBaHHOTO Ha BOJIBT-(papaTHBIX H3MEPECHUSX.

B HacTosiee BpeMs CyIIECTBYeT MHOTO BOJIBT-(a-
PaJHbIX METO/IOB AMArHOCTUKU ITyOOKHUX LEHTPOB [6],
OJTHAaKO BCE OHM pa3padOTaHbI s 00BEMHBIX TIONYTIPO-
BOJTHUKOB, TJI€ 30HIMPYIOIINHI Kpaii 001acTi 00eIHEHHS
6aprepa LLI0TTKY rpaHUYNT C HEUTPATEHBIM HOIYIPOBO/I-
HUKOM. B 3IHTaKCHATBHBIX e CTPYKTypax Ha IPaHUIIe
paszena «IUIeHKa — TOAJO0XKKa» HEen30e:KHO MPUCYT-
CTBYET 00JIACTh BCTPOSHHOTO 0OBEMHOTO 3apsijia, 00yc-
JIOBJICHHAS PE3KHUM I'PaIHCHTOM KOHIICHTPAIIIH JICTHPY-
fomeit mpuMecu. CMbIKaHue 001acT 00eTHeHNUs 6apbe-
pa loTTku ¢ 3T0# 0671aCThIO 00BEMHOT0 3apsiia IPUBO-
AT K MOSIBIICHHIO KAYECTBCHHBIX OTIINYNI OT 00BbEMHBIX
TIOJTYIPOBOIHUOB H, CJIEIOBATEIFHO, K HETPABHIBHOM
MHTEPIPETAINN PE3YIBTATOB BOJBT-(hapaaHbIX N3MEPEHHUH.

B nanHoii cTatse onmcaH pa3paboTaHHBII BONBT-(a-
PaJIHbIi METOJI U3MEPEHHS KOHIIEHTpaluu N, He3anos-
HEHHBIX ITYOOKHX IIEHTPOB, CBOOOIHBII OT yKa3aHHBIX
HEIOCTATKOB, UCIOIB3YIOUIHI OCOOEHHOCTH n—V-Tiepe-
XOJla Ha TPaHHMIE «UICHKA — IMOMIOKKay. Jlokammso-
BaHHAas B IUICHKE 00JacTh OOCIHEHUS 3TOTO Mepexojia
o0pa3oBaHa 3apsA0M HOHU3UPOBAHHBIX JOHOPOB, & €T0
001acTh HAKOTUICHHS, JIOKAJTM30BaHHAS B MOJIIOKKE, 00-
pa3oBaHa 3aps/I0M, CBI3aHHBIM Ha MITyOOKHX IIEHTpaXx,
TPUYEM IPAKTUYECKU BO BCSH 001ACTH HAKOTUICHHS TLIOT-
HOCTB OTPHUIIATEITEHOTO 00BEMHOTO 3apsi/ia P~ paBHA IPO-
W3BEAICHUIO KOHIIEHTPALUHA Nvac B HEUTPAJILHON YaCTH MOA-
JIOKKH BOJIM3M IUICHKH Ha 3apsizl 2JIEKTpoHa q. B cumy
3TOTO KOHIEHTpauus N, . MOXET ObITh ONpEIENeHa Imy-
TEM U3MEPEHUS OTKITUKA TIepexoia «IUIeHKa — MOJJI0K-
Kay Ha Kakoe-Tn0o BHEIIHee Bo3neiicTBue. B npemara-
€MOM METOJIC TAaKUM BO3JCHCTBUEM SIBIISICTCSI OCBEIIE-
HHUE IPUMECHBIM CBETOM, IPUBOJISIIECE K CYKCHUIO 00-
JacT 00BEMHOTO 3apsifa IMepexoia «IUIeHKa — MOA-
JIOKKa» M COOTBETCTBYIOIIEMY PACIIUPEHUIO TPOBO/IS-
IIEro KaHala B IUICHKE, BEIMYMHA KOTOPOTO OMpe/es-
€TCs U3 BOJIBT-(papaTHBIX U3MEPCHUH.

Paccmorpum mnanapayto ctpyktypy GaAs, cocTosi-
Y10 U3 HU3KOOMHOM ITJICHKH ¥ TTOJTyH30IUPYIOIIEH KOM-
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MIEHCUPOBAHHOMN MOMIOKKHU. [[IIeHKa COAEPIKUT TOIBKO
MEJIKHE JIOHOPBI C KOHIIEHTpalnuen NO, a MOJI0KKa —
MEJIKHE JOHOPBI K KOMIIEHCUPYIOIINE HX TITyOOKHE dJIeK-
TPOHHBIE IIEHTPHI 3aXBaTa aKIENTOPHOTO TUIIA C KOH-
ueHTpauueit N, o Nt, COOTBETCTBEHHO. [Ipn 3TOM KOH-
IEHTpAaIusi CBOOOIHBIX HOCUTENICH B TITyOMHE TIOJIOXK-
KA n,, << NS, a KOHIEHTpaLus Nvac B IOJUIOXKKE PaBHA
N,— N_. Tlpenebperas 3apsa10M CBOOOHBIX HOCUTETIEH
B 00nacTax oOeJHEHUS U HAKOIJICHUs n—V-Tiepexoaa u
M3MEHEHUEM IIJIOTHOCTH CBSI3aHHOTO 3apsi/ia IT0 IIIUPUHE
COOTBETCTBYIOIINX 001acTeH, MOYKEM 3aIucaTh

T Nud =S M
EE_v(d*+d‘)=Vn_v KT No @)
q r"'sub
rie d", d — mmpuHa obacT oOeHeHUsT 1 o0acTu

HAKOILJIEHUsI 71—V-IIepeX0/a;

€ — OTHOCHUTEJIbHAS JUDIEKTPUYECKas NPOHMIA-
€MOCTh TOJIyIIPOBOIHHKA,;

€ — JUDJIEKTPUYECKAs MMOCTOSHHAS,

— DJIEKTPUYECKOE TIOJIE HA TPAHUIIE «IUIEHKA —

MOITTOKKA;

_, — BCTPOGHHOE HANPSUKEHHE n—V-Iepexona;

k — mocrosinnas Boabsimana;

T — aGcomnroTHas TeMIeparypa.

Paspemus (1) 1 (2) OTHOCUTENBHO WIUPUHBI 00IaC-
TH 00eHeH s d, TTOTydrM

. 2e€ KTN, In N,

9’ N, ( N, + N/ac) @.

®doToroHM3aMS TITYOOKHX IIEHTPORB MTPU MPHUMECHOM
OCBEIIICHHUH YBEJIMIMNBACT KOHIICHTPAIIHIO CBOOOTHBIX HO-
cuTenel B MOJUIOKKE, YTO B COOTBETCTBHH C (3) MPHUBO-
JIAT K YMEHBIIEHUIO d " W, CIIEI0BATENBHO, K YBETMIEHHUIO
IIMPUHBI TPOBOIAIIIETO KaHaua B ieHke. 13 (3) cienyer,
4TO yBenM4eHne Al IMMPUHBI TIPOBOJIAIIETO KaHaIA IPU
TIPUMECHOM OCBEIIICHUH OIUCHIBACTCS BBIPAKCHUEM

0 0
5 288Ok-I-N\/ac ﬁ/ln NO _ |n NO E (4)
q NO ( N0 + N/ac) nsubO I’]subl

THE N,y 05 M, p; — KOHIEHTPALMSA CBOOOIHBIX HOCUTENEN
B 00beMe IMOJIOKKH B OTCYTCTBHE M IIPU HATUYHH TPHU-
MECHOI'O OCBEIIECHHUS, COOTBETCTBEHHO.

C HCIoJIb30BaHUEM ypPaBHEHMsS] KHMHETHKHU 3axBaTa
HOCHUTEJIeH Ha ITyOOKHe IEHTPHI U ypaBHEHU dIEKTPO-
HEUTPATBHOCTH [Tl 00beMa IMOATIOKKH MOYKHO JIETKO TO-
Ka3aTh, YTO KOHUEHTPALNS 1, BBIPAKAETCS YEPE3 HH-
TEHCHUBHOCTH OCBEILICHHS Ip CJIEYOLITM 00pa3oM:

€)

Ah =

n+ S,/ c), (5)

N
Nyupr = W(
e n, — mapametp oknu—Puna, paBHBIA KOHIEHTPAIMN
CBOOOHBIX 3JIEKTPOHOB B 30HE MPOBOAUMOCTH B
cilydae, korna ypoeHb DepMu COBNANACT C 3HEP-
FeTUYECKUM YPOBHEM IIIYOOKOTrO ILEHTPA;

¢, — ko3 uuuenT 3axpara dJIEKTPOHA TIyOOKHMM LIEH-

TPOM;

Spe— ceyeHue 3axBaTa ()OTOHA 3alOIHEHHBIM IIyOOKHM
LHCHTPOM IIPpHU MNEPEXOAC JICKTPOHA B 30HY ITPOBO-
JTUMOCTH.

Bsems 06o3Hauenme
B - s Spe
N, - N, ¢
U YUUTHIBAS YTO
I N n
subd ’
Nt - Ns

COOTHOLIEHUE (5) MOXKHO NPEACTaBUThH B CIEAYIOLIEM
IIPOCTOM BUJIE:

nsubl = nsulﬂ + BI p (6)
[Toacrasus (6) B (4), moryunm
A = |- 2e€ KTN .
Ny (No + )
g N N 0
x In——2— @)
nsut() nsulﬁ) + BI p

®dopmyna (7) mo3BossieT onpez[em/m) KOHIICHTPAIHIO
HE3AIOJTHEHHBIX TyOOKNX EHTPOB N, (a Takxke c i,
¥ [3) mpu yCIIOBUH, YTO U3BECTHA 3aBUCUMOCTb Ah, OT I
Bxonsmas B (7) koHUEHTpamus N, JETHpyromei an/IMe—
CH B IUICHKE MOXET OBITh nonyqua C UCTIONB30BaHUEM
OOIIETIPHHATHIX COOTHOLIEGHHUH [T OTIpeIeNIeHNst TPODHIISL
JETHPOBAHMS MOIYTIPOBOJHHKA C TIOMOIIBIO BOJIBT-(a-
PATHBIX N3MEPEHHH, KOTOPBIE IMEIOT BH]

C3
ac

e, §F——
aee, v

rev

No(¥) =- ®)

_ €S
C

e X — KOOpANHATA, OTCUNTHIBAEMas 0T OApbepHOTO KOH-
TaKTa;
C — OapbepHas €MKOCTb;
v — obpatHoe HampsbkeHue Ha Oapbepe LloTTku;

rey
S — momanb 6apbepHOro KOHTAKTA.

, )

3aBucumocts Ak , 0T I Taroke MOXKeT OBITh oTpeiesie-
Ha U3 BOJIBT-(hapagHbIX U3MepeHuid. M3BecTHO [7], 4To B
obrreM ciydae BeipaxkeHus (8), (9) maroT «KaxyImuncs»
npoduiib koHLeHTpauu A(X), KOTOPBIi COBMNAaIALT C Ipo-
(ueM nerupoBaHHs TOJIBKO B Cilydae, Koraa o0jacTh
obenHeHus 6apbepa LLIoTTKH rpaHuYUT C HEHTPATBEHBIM
MOJTYTIPOBOJHUKOM, B TO BPeMsI KaK IPU HAJTHMIHUU BCTPO-
E€HHOT0 00BEMHOTO 3apsiaa (HarmpuMep, BOJU3U TpaHu-
LBl «IUICHKa — MOI0kKKa») N X) mpeacTaBisieT coOoi
CpeaHee 3HaYeHHE KOHIICHTPAITN CBOOOTHBIX HOCUTEIICH
n(x) Ha anmuHe nopsiaka auHb Jebas. Jnddepenuupo-
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N_, 1015 cm3

1,24 -

vac

1 2 3 4 5 6 7 8 9 10 11 12
Howmep Tpansucrtopa

W3Mepenuble pacnpelelieHusi KOHUeHTpauuu N,

1 2 3 4 5 6 7 8 9 10 11 12
Howmep Tpan3ucropa

no miaactuHaM GaAs co cHOPMUPOBAHHBIMU TPAH3UCTOPAMHU

Juis TactuH ¢ OydepHbiM ciioeM (a) u 6e3 Hero (6)

Banue (8), (9) naer (mTpuxu 0003HAYAOT COOTBETCTBY-
IOIIHE TPOU3BO/IHBIC)

. G, (0
G c% A% H

Takum 06pa30Mf U3MCHEHHE 3HAKa BTOPOM MPOM3-
BOJHOU €MKOCTHU Cv C «t» Ha «—» YKa3bIBaeT Ha pe3-
KO€ [MajIcHue KOHLIeHTpaI_II/II/I CBOOOHBIX HOCUTEJIEH, T. €.
Ha JOCTIKEHHE 00acThio 00eqHeHus Oapbepa LloTTkm
IPAHUIIBI MEKAY MPOBOIAIIAM KaHAIOM M O0JIACTHIO
00eTHEeHUS TIepexo/ia «IUICHKa — MOIoKKay. [loaTomy
KOOpJIMHATY X, 9TOW IPaHHIIbl MOKHO OIIEHUTh KaK

_ €S
Xchan C

inf

e C —Op/MHATA TOUKH neperu0a Ha BosbT-(apan-
HOH KpI/IBOI/I B KOTOpOI/I OTa KpuBasg CTAHOBHUTCA U3 BbI-
MyKJIOH BHU3 (€€ 00BIYHOE TOBE/ICHUE) BBIITYKIION BBEPX.

CrenoBarenbHo, ysennuenue A, IMPHUHbI KaHaIa PH
OCBEIIEHUH MOKHO HaiiTH 10 popmyiie

Ah (1)) SD 1 15
=€ge,o - O
e ° gzinfl(lp) Cito B

rne C,, C — Bennuuna C, B OTCYTCTBHE M TIPH Ha-
SRR OCBGHICHI/ISI COOTBCTCTBCHHO

KoHreHTpaIyst He3anoMHEeHHBIX TITyOOKUX LIEHTPOB
N, OTIPENENSETCSA My TEM alNPOKCUMALIMH 3aBUCHMOCTH
(10), momyueHHOI U3 IKCIIEPUMEHTAIIBHBIX TAHHBIX, (hOp-
myson (7).

Kak 66110 yKa3aHo BbIIlIE, TPUBEJACHHOE paCCMOTpe-
HHUE OTHOCHUTCS K CITy4alo MOAJIOKKH 71-TUTIA C MEITKUMH
JIOHOPAaMH, KOMIICHCHPOBAHHBIMH TIYOOKHUMH JJIEKT-
POHHBIMU LIEHTPAaMHU aklenTopHoro tumna. OgHako Ha
MIPAKTUKE YacTO BCTPEUAETCs Cllydal, KOrjaa MoIoKKa
n-TUIA COIEPKUT MEJIKHE aKLENTOPbI, KOMIIEHCUPOBaH-
HbIC TTyOOKMMH JIOHOpPaMHU. B 4acTHOCTH, OITYH30ITH-
pyIolue CBOMCTBA HENETMPOBAHHOTO apCeHM 1A TaJlIus
00yCJIOBJICHBI HAIMYHEM TITyOOKOTO JOHOPHOTO IIEHTPa
EL2. B sToM ciy4yae MeNKHE aKLENTOPbl NOJHOCTHIO
3aII0JIHEHBI AJIEKTPOHAMHU, 3aXBaY€HHBIMU C IIIyOOKHX
JIOHOPOB, ¥ TI03TOMY B HEHTPaILHOM 00BEME MOIOK-
KH, T/Ie CyMMAapHBIH 00beMHBIH 3apsi/] paBeH HYIIO, KOH-
LEHTPAIHS OJOKUTEIHHO 3apsHKEHHBIX HE3aTIOJIHEHHBIX
JOHOPOB N, = paBHA KOHIIEHTPALMH MEIKUX aKIENTOPOB
N P B o6mactu e 00beMHOT0 3apsijia BOJIM3H IPAHUIIBI
C TJICHKOH (00JIACTH HAKOTUICHHS Iepexojia «TIeHKa —

(10)

TIOJUTOYKKA) BCE ITYOOKHE JIOHOPHI TIOJTHOCTHEO 3aI10J1-
HeHbl TUGYHTUPOBABIIMNMU U3 TIICHKH AJIEKTPOHAMHU
H, CJIEJIOBATENIbHO, HEUTPaJIbHBI. B crity 3TOro oobmem-
HBIN 3apsij 3ToM 06acTh 00pa30BaH JAEKTPOHAMU, CBS-
3aHHBIMU Ha MEJIKUX aKLENTOPax, T. €. INIOTHOCTh P OT-
pHUIATEIBHOTO 00BEMHOTO 3apsijia B 3TOW 00JIACTH paB-
Ha gN - Orcioza cienyer, 4To ONMUCAHHBIM BBIIIE METO-
JIOM B 9TOM CITy4ae TaKKe MOKHO HATH KOHIIEHTPAIUIO
N, HE3AIONHEHHBIX [IIyOOKHX IOHOPOB B HEHTPAILHOM
00beMe MOAJI0KKH, TTOCKOJIbKY B COOTBETCTBUH CO CKa-
3aHHBIM BBIIIIE 9Ta KOHIEHTPaIs paBHa N .

[TpemnoXHHBI METOT arpoOHPOBaH HA APCCHUI-TaN-
JIMEBBIX IUIACTHHAX CO C(hOPMHUPOBAHHBIMH TTOJIEBBIMHU
Tpan3uctopamu ¢ 6aprepom LLIOTTKH, U3rOTOBICHHBIX HA
OCHOBE DIUTAKCHAIBHBIX CTPYKTYp 1 —n—i (n*-cnoit —

HU3KOOMHasl IJICHKa — [OJYU30JUPYIOLIast MOJIOKKA)
u n*—n—n, —i (n*-c10i — HU3KOOMHAs IJICHKA — BI-
COKOOMHBIH Oy(hepHBIH CITOH — MOTYyH30JIUPYIOIIAs IO/
JIOKKA).

Bonbr-dapansbie XapakTepUCTUKH U3MEPSUTICH TPU
MTOMOIITY U3MepuTelst emkoctu E7-12, paboraroriero Ha
gactore | MI'm. [InacTunbl OCBENANINCh CO CTOPOHBI
TUICHKH WH(paKpacHOU JIaMIol HaKaJIMBaHWS MOIITHO-
cthio 175 BT yepe3 kpeMHUEBBIA QHIBTP. DTO JAaBajo
IIPUMECHBIH CBET, T. K. IPHUHA 3aIPEILIEHHON 30HbI KpEM-
Hus (1,1 2B) MeHbIIIe MMPHUHBI 3anpeIeHHON 30HbI ap-
cenyyia raims (1,4 3B). Iockonbky utnHa 3aTBOpa chop-
MHUPOBaHHBIX Ha IUIACTHHE TPAH3UCTOPOB OBLITA paBHA
2 MKM, 3TOT CBET MOT JIETKO IPOHHUKATh B [10J3aTBOP-
Hy0 00J1acTh Oyaroaps uQpakiyu (JI7TMHA BOJTHBI CBETA
¢ sHeprueit kBanta 1,1 3B pasna 1,1 Mkm).

MHTEHCUBHOCTD OCBEIIEHHS U3MEHAIACh ITyTEeM U3-
MEHEHHS PACCTOSIHUSA MEX/1y JIAMIION U MOJTYIIPOBOIHU-
KOBO¥ tutactuHo. M3 popmyssl (7) BHIHO, YTO MIPH OII-
peleneHny KOHIEHTpauuu N, BMECTO HHTEHCUBHOCTH
OCBEIIEHUSI / MOYKET HCIOJIBb30BaThCs JTI00asi IpoIop-
IIIOHATBHAS CH BETMYMHA (9TO IIPHBOIHT TOJIBKO K IIepe-
ompeneneauto kodhdummenta ), a uz popmyisl (6)
CIIEZIyeT, YTO TAKOH BETUYMHONW MOXKET OBITh Pa3HOCTH
MEXK]ly 3HAYEHUSMH MPOBOIUMOCTHU TOAJIOKKH MPHU Ha-
nnyuu ocsewenust G, u B ero orcyrcrsue G, . ITo-
sTOMY npu onpenenennu N, B popmye (7) BMECTO HH-
TEHCUBHOCTH OCBELLEHMSI UCII0JIb30BajIach U3MEPEHHAas
pasuocte G ,,—G_ ., HODMUPOBAHHAs HA €€ 3HAYECHUE
MIPU MaKCUMAJIbHOM PAaCCTOSHUM MEXKIY JaMIION | 11o-
JTyTIPOBOAHUKOBOM MJIACTHHOM.

To4HOCTh anMpPOKCHUMALMK U3MEPEHHON 3aBUCHMO-
ctu Ah ](I ) dopmymoii (7) coctaBuna okoio 10%. [o-
CKOJIBKY B (bopMyJIe (7) ans A, xonnentpamus N, cTo-
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UT 0J1 3HAKOM KBaJIPATHOTO KOPHSI, TOYHOCTD OIpe/ieie-
HUsA N, MOXHO IIPUMEPHO OLICHUTD, YIIBOUB 3HAYEHUE
TOYHOCTH anmnpoKkcumanuu sapucumoctu Ahy(l ), t. e.
910 BesnyuHa nopsaka 20%.

W3mepenust, pe3yabTaThl KOTOPIX IPUBEACHbI HA PH-
CYHKe, [I0Ka3aJIi, YTO KOHIEHTpauus N,  UMeeT 3Ha4M-
TeNbHBIA Pa30pOC MO IUIACTHHE Ja)ke MPU JOCTATOUHO
OJIHOPOJTHOM pacHpe/eJIeHUH KOHI[EHTPaLUH JIETUPYIO-
weit npumecu N, Tax, mist miactunel 6e3 OydepHoro
cnost N, m3mensiercst ot 10" 1o 810'° em™3, B T0 Bpe-
msi kak N, m3smensiercst B npezienax (1,4—1,6)00'7 em.
D710 yKa3bIBaeT Ha TO, YTO MPHU JTHATHOCTHKE TTACTHH KOH-
uentpauus N, . JI0JKHA KOHTPOJIMPOBAThCS JIOKATLHO B
MEeCTe pacIoIOKeHUs Kakaoro nmpubopa. M3 pucynka
TaKOKe BUITHO, YTO UL INTACTUHBI ¢ Oy (hepHBIM CIIOEM KOH-
ueHTpanus N, 3aMEeTHO HHXKe, YeM JIISl TIaCTUHbI 6€3
OydepHOTO CIT0sI, KaK ¥ JJOJDKHO OBITh, YTO CIYXKHT TIOJI-
TBEPXKICHHEM J0CTOBEPHOCTH MPEIOKSHHOTO MOJIX0/IA.

L

Takum 00paszom, pazpaboTaH IPOCTOH METOJI OTpe-
JeTICHMS KOHIICHTPAINY HEe3AITOTHEHHBIX ITyOOKMX IICHT-
POB BOJIH3H IPAaHUIBI «IUICHKA — MOMJIOXKKaAY, T. €. Be-
JINMYUHBI, ﬂBHﬂIOHIeﬁCH HUHTCTPAJIbHBIM ITOKA3aTCJIIEM BJIU-
STHUS ITYOOKKX IIEHTPOB Ha paboTy MPpUOOPOB Ha OCHOBE
TOHKOIUICHOYHBIX aPCCHU/I-TAIUTUEBBIX CTPYKTYp. JlaH-
HBIH METOM HE TPeOyeT JOPOTOCTOSIIET0 000PYIOBAHISI
Y MOYXKET OBITB JIETKO BCTPOEH B TEXHOJIOTUIECKIN  ITHKIT
M3TOTOBJICHUSI TPUOOPOB M MHTETPANBHBIX cXxeM. [lpu
HCIOJIb30BAHUU PTYTHBIX 30HI0B OH ITO3BOJIUT OIIPCIC-
JSITh KOHIIEHTPAIIUIO HE3aIIOIHCHHBIX TIYOOKUX ICHT-
POB B HCXOIHBIX MOJYIPOBOJHUKOBBIX IDIACTHHAX H
3aTeM I0Jy4aTh JOCTOBEPHYIO HH()OPMAILIHIO 00 H3Me-
HCHMU 3TOW BEIWYHMHBI HA PA3HBIX CTaIUSAX MpoIiecca
W3TOTOBJICHUS TPUOOPOB (Tak Kak ko3P PuIneHT morio-
IICHUsI TPUMECHOTO CBETa BeChMa MaJl, TIPH MCIOJIb30-

BaHHUU PTYTHBIX 30H0B MOIYIPOBOTHUKOBBIE TNIACTHHBI
MOTYT OCBEUIATbCS C THUILHON CTOPOHBI). DTO B CBOIO
odepeqb 1acT BO3MOKHOCTh OTOPAaKOBEIBATH ITACTHHBI
KaK JI0 HadaJia IIporiecca N3rOTOBICHHS TPUOOPOB, TaK I
Ha paHHUX €ro CTaaudX, 4YTO IMOBBLICUT BBIXOJ I'OJAHBLIX
pUOOPOB U CHU3UT UX CEOECTOMMOCTb.

Jannblif MeTo1 ObUT aTPOOUPOBAH Ha apCEHUI-TaAll-
JIMEBBIX IIACTHHAX C TPAH3UCTOPAMH, OTHAKO MOYKET OBITh
IPUMEHEH U K IPYTHM MOJTYIPOBOTHUKOBEIM CTPYKTY-
pam coerHeHUI A, B ¢ pe3KUM T1epexonoM Mexy Jie-
THPOBAaHHBIM IUTAKCHAIBEHBIM CIIOEM M TIOTYH30IHPY-
I0IIeH KOMIIEHCUPOBAHHOW MOJIOKKOW, TAKUM Kak
TOHKOIIJICHOYHBIE CTPYKTYpPHI Ha ocHOBe InP nmm GaN.
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CnpaBounuk LnpuHrepa no HaHotexHosoruu (B Tpex tomax) / lon pen.
b. bxywana.— M.: TexHocdepa, 2010.

CHpaBOllHl/lK Oé”bGJll/lHHeT CBeJ/IeHHs1 MO TEXHOJOTusAM, MEXaHUuKe, MaTepHuaToBEAECHHU IO
U HaJeXHOCTH. BTopoe u3nanue yBennuuaoch ¢ 6 mo 8 uacreil (¢ 38 no H8 raas).
[lTepBasi yacTb MOCBSILLEHA HAHOCTPYKTYpPaAM H TEXHOJMOTHSAM H3TOTOBJEHUS MUKPO- H
HAaHOCTPYKTYP, BKJIIOUAS UCMOAb3yeMble TIPH 9TOM METO/bl U MaTepHuaJbl, BTopas —
MAMC/HAMC u BuoMAIMC/BuoHAIMC npubopam. Pasinunble THTBI CKAaHAPYIO-
11efl 30H0BOH MHUKPOCKOTIMH paccMOTpeHbl B TpeTbel yactu. YerBepTas mocpsiieHa
00630py HaHOTPUOOJIOrMM U HaHOMexaHUKH. O630p CMA30K HA MJAEHKAX MOJEKYJsip-
HOM TOJILLMHBI TPECTABJECH B MATOH YacTH cnpaBouHuka. [llecras 3SHaKOMUT uuTaTe-
Jisl C HEKOTOPbIMH MPUMEHEHUSIMH HAHOTEXHOJOTHH B MPOMBIIIJIECHHOM Maclutabe,
ceabMasi choKycHpoBaHa Ha HaJlexKHOCTH MUKponpubopoB. M, HakoHew, mocaenHsis
NOCBSILLEHA TEXHOJOTHYeCKOH KOHBEPreHIIMH, KOTOPYK HeCyT ¢ cOO0H HAHOTEXHOJO-
MM, B HEll TakKe paccMOTPeHbl BO3MOXKHbIE COLLMAJbHbIE, ITHUECKHE M MOJHUTHYE-
CKHE MOC/Ae/ICTBUS TTPUMEHEHHU S HAHOTEXHOJIOTHH.

KHura noarotoBjeHa OMbITHBIM pelakTOPOM M HamucaHa komMaHaod u3 150 uaBecrt-
HBbIX MEeXKIYHAPOIHBbIX 3KCINepTOB. AnpecoBaHa HHKeHepaM-MeXaHHKAM M HHXKeHe-
paM-3/JeKTpUKaM, CrelransucTamM no MaTeprHaJdoBeeHUI0, MeIMKaM W XHMUKaM, pa-
60TalOWUM B 001aCTH HAHO UM B CMEXKHBIX 00/1aCTsIX.
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Pasnienenne maTepuanoB Ha TPU TPYMIbI — METal-
JIbl, AUDJIEKTPUKHU U ITOJTYIIPOBOAHUKY IIPOU30LLIO B Ha-
yane XX BeKa MPU U3YYEHUH AIEKTPUUECKUX CBOWCTB
TBepAbIX Tel. [1oNynpoBOJHUKH CUUTATHUCH MJIOXUMH
MIPOBOIHUKAMH H TUIOXHUMH H30JIATOPAMH U TIO3TOMY Ha/l-
JIeKAIIero BHUMaHUS B KJIIACCUYECKOU (PU3UKe HE TIOTy-
YUIIH.

TeM He MeHee UCCIe0BaHUs MOTYITPOBOJHUKOBBIX
MaTepHranoB NPOJOKAINCH, U yke B Hadane 1930-x ro-
JIOB OBUIO CO3/IaHO YEThIPE THUIIA TOTYITPOBOJHHKOBBIX
pUOOPOB: POTOIITEMEHTHI, BBITPSIMHTENH, (HOTOCOTIPO-
TUBJICHUS U KPUCTAIUH, KOTOPbIE Ha4aIl HAaXOAUTh IPH-
MEHEHHE B Pa3HBIX 00JIACTSIX HAYKH U TeXHUKH. Dusnuku
JIOCTaTOYHO MHTEHCHUBHO M3YyYalld HEKOTOPbIE CBOWCTBA
MIOJTYIPOBOJHHUKOBEIX COCAMHEHHUH, B OCHOBHOM (hOTO-
3JEeKTPUYECKHUE, MbITasICh HANTH 3aBUCUMOCTB 3THX
CBOWCTB OT Pa3InYHbIX (PaKTOPOB: JUIMHBI BOJIHBI MOIJIO-
LIEHHOI'0 CBETA, BBEIEHHBIX IPUMECEH, BEIMUMHBI AU~
JIEKTPUYECKOM IIPOHUIIAEMOCTH, TEMIIEPATYPbI, THTEHCHB-
HOCTHU CBETOBOI'O IOTOKA, METO/Ia IPUTOTOBJICHHS HC-
cielyeMbIX 00pa3IoB, UX XUMUUECKOU IPUPOJIBI U T. 1.
[TpoBOAMIKCH YHCTO AMIIMPUIECKUE TIOUCKU KaK TpH-
POAHBIX, TaK YU CUHTE3UPOBAHHBIX IOJIYIIPOBOIHUKOB.
CraHOBUIIOCH BCe 00JIee OUEBUIHBIM, UTO N3yUCHHUE TI0-
JYTIPOBOJTHUKOB JTOJDKHO MPUBECTH K HOBBIM HAy4HBIM
OTKPBITUSIM ¥ HOBBIM TEXHHUECKUM MPUMEHEHHSIM.

B nagane 30-x romoB XX Beka OblT cOOpaH 3HAUH-
TEJBbHBIN SKCIIEPUMEHTAJIBHBIN MaTepuall, KOTOPBIi, C OJ1-
HOU CTOPOHBI, TPEOOBAI OTIPEICTICHHON CUCTEMATH3 AN
U, CIIeI0BaTeNbHO, JalbHENIIEro pa3BopadylBaHus UC-

CIICZIOBaHUH, a C APYTOi, [aBaja BO3MOKHOCTb IIPUCTY-
MHUTH K TOCTPOCHHIO OCHOB TEOPHH MOTYIIPOBOTHUKOB.
[Inpokre nepcreKTHBE TEXHIYECKOTO TPUMEHECHHUS
MOJYIIPOBOJTHUKOB M NHTCHCHBHOE HAKOILUICHHE JKCIIe-
PUMEHTAJIBHBIX CBEJCHUI 00 HX CBOICTBAX TpeOOBaIN
0e30TIaraTenbHOr0 U3yYeHUs BHYTPEHHETO MEXaHH3Ma
MIPOIIECCOB B MOJIYIIPOBOJHUKAX. YCIIEXHM KBAHTOBOU
MeXaHHUKH KoHIIa 20-X To710B XX Beka 00yCIOBUIH BO3-
MOKHOCTB ITOCTPOSHHS HEKOTOPBIX OOIIIHX KOHTYPOB 3JIe-
MEHTapHOW TEOPHU MONYIPOBOJHUKOB yXKE HA CAaMOM
paHHEM JTare HX CHCTEeMaTHIecKoro u3yudeHus. Kak m3-
BECTHO, N3yUCHHUE MOTYIIPOBOIHUKOB Ba)KHO HE TOJIBKO
C TOYKH 3PEHHSI UX IPAKTUUCCKOTrO IPUMEHEHHS, HO U B
(yHIAMEHTATEHOM OTHOIICHHH, TIOCKOJIBKY TaeT BO3-
MO>KHOCTB MIPOSICHATB CTPOCHHE TBEPJIOTO TeIa BOOOIIIE
U, B YaCTHOCTH, JICTAJbHEE U3YUUTh CBOMCTBA JMIJICKT-
puKOB 1 MeTayuToB. [1pu aTOM HMeeT MecTo 1 oOparHast
3aBHCHMOCTB: TaK, B MPOIECCEe UCTOPUIYECKOTO Pa3BH-
THSI KBAaHTOBAsI TEOPHSI METAJUIOB ObLIa paciiipeHa Ha
MIOJTYIPOBOJIHUKH M TUDJICKTPHUKH, YTO IIPHBEIO K BO3-
HUKHOBCHUIO €THHOM 30HHOW TEOPUH TBEPIOTO TEIA.
Hapsiny ¢ paboTamu JeHUHTPAACKON IIKOJBI, BCE
Oospliee 3HAYCHHUE TPUOOPETAIIN UCCIICTOBAHMS TTOITY-
MIPOBOIHHUKOB YKpanHCKUMH (hrzukamu. [Ipesxae Beero,
HEOOXOAMMO OTMETHUTH PabOTHI IMOA PYKOBOICTBOM
E. A. KupuioBa B Ozecce, HadaTble erie B KoHIe 1920-x
TOJI0OB U TNOCBAMICHHBIC, B OCHOBHOM, N3YUYCHUIO BHYT-
penHero potodddekra coeqMHESHII cepedpa, a TaKkxKe pa-
0OTBI KHEBCKOM IIKOJIBI IO H3YUYCHUIO ITOTYTIPOBOTHUKOB.
HccnenoBanus MOIyIPOBOTHUKOB B YKpanHe ObLIA
HavaThl Ha KHeBCKOI HayqHO-HCCIIeIOBATEIbCKOM Kade -
pe dusnkn HapkomoOpazosanus YCCP (1921—19221r)
MOJT PYKOBOACTBOM JIOKT. (pu3.-Mat. Hayk . I [onpa-
MmaHa (¢ 1929 . — akanemuk AH YCCP). B 1929 1. na
6a3e atoit kadenps! 0611 cozgan HUU ¢usuxu Hapkom-
npoca YCCP, Bomeqmmii B 1932 1. B coctaB AH YCCP,
a B 1936 1. mepenmenoBanubIi B MHCTHTYT priznku AH
YCCP. C nepBbIX IHEH ero CyliecTBOBaHUS HAYalluCh
SKCIIEpPUMEHTAIIbHBIE PA0OTHI IO (PHU3MKE TOTYIIPOBOJI-
HHKOB, YTO CIIOCOOCTBOBAJIO co3aHui0 B 1939 1. B uH-
CTUTYTE OT/IeTa (PH3UKH MOTYIPOBOTHUKOB, KOTOPHIH BO3-
IIaBUJI JOKT. ¢u3.-Mar. Hayk B. E. Jlamkapés (c 1945 .
— axkagemuk AH YCCP). Ve B konie 1930-x romos
9TOT OTACI CTaJl OJHUM U3 BEAYIINX HAYYHBIX HEHTPOB
¢u3nkn 1 TeXHUKHU onynpoBoaHukoB B CCCP.
IToce BOWHBI COTPYIHUKH OT/IeNa (PU3UKH TTOTYTIPO-
BOJHHKOB ITPOIOJIKAITN HAYaThIe B JOBOCHHEIC TOMIBI HC-
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cleoBaHns (POTOIICKTPUUECKIX U ONTHICCKUX SIBIIC-
HUH B TIOJTYIPOBOIHHUKAX, SJICKTPOHHBIX SBICHUH Ha KOH-
TaKTe «METAII—IIOIYTIPOBOIHHK» M HAa TIOBEPXHOCTH IO~
JTYIPOBOIHHUKOB, a TAKKE XUMHH TTOIYTIPOBOTHUKOB. C
1950 1. HauanKCh SKCIIEPUMEHTATBHBIE U TEOPETUYECCKUE
UCCIIEIOBaHMs, a TaKXkKe MPUKIAIHbIE Pa3pabOTKH Mo
(hu3uKe U TEXHUKE HOBBIX IIOJYIPOBOAHUKOB — KPEM-
HUSI M TePMAHUSL.

B 1944 r. B Uncturyte puszuku AH YCCP chopmu-
poBaJICsL OTAET TEOPETHICCKOW (DU3UKHU, OpraHU3aIus
KOTOPOTO CBSI3aHa C HAYYHOW NIESTEIBHOCTHIO JOKTOPA
¢uz.-mar. Hayk C. U. [lekapa (¢ 1961 . — axanemux
AH YCCP). B Tematnke HOBOro oT/eiia Mpeodiaaaiu
BOITPOCHI TCOPHN HEMETAITHICCKUX TBEP/IBIX TEJI — I10-
JYTIPOBOTHUKOB U TUDIIEKTPUKOB.

B 1954 r. no uauimaruse u Bo miase ¢ A. @. Modde
Ob11 opranuszoBad MuctutyT nomynposoaurkoB AH CCCP.
C 1enbi0 Pa3BUTHS HAyYHBIX UCCICIOBAHUH 1O (hU3UKE
MOJYTIPOBOTHUKOB B YKpauHe, CO3/IaHUs MOTYTPOBOI-
HUKOBBIX TPUOOPOB M UX MIUPOKOTO MPUMEHEHHUS B TEX-
HUKe Ha 0a3e OT/Ie10B (PU3HUKH ITOTyTIPOBOTHUKOB U TEO-
peTudecKkoit pU3NKU M HEKOTOPBIX Tabopatopuit MHcTH-
TyTa usukn 7 okra6ps 1960 r. B cucreme AH YCCP
Obu1 co3nan MHCTUTYT MOMyNIpOBOAHNKOB (HBIHETITHUH
WuctuTyT Qusnku momynpoBogarnkoB nmernun B. E. Jlam-
kapésa HAH Ykpaunsl — U®DII). bonbuoii Bkian B co-
3JTaHKE ¥ OpraHu3alMIo JanbHenen aestenbHoctr I
BHECITH IICPBBIC PYKOBOIUTEIH HAYIHO-MCCIEA0BATEIb-
CKHX OTJEJIOB M JlabopaTopui, co3aaHHbIX B 1960—
1961 rr.: a. ¢.-m. . M. @. Jleiiren, k. ¢.-M. H. M. II.
Jlucuua, a. ¢.-m. H. B. W. JIsmenko, k. x. H. K. b. Mu-
3enkas, k. ¢.-m. H. E. I. Mucentok, x. ¢.-m. H. O. W.
Pamo0a, k. T. H. C. B. CBeunukos, k. ¢.-m. H. O. B. Caut-
Ko, K. @.-m. H. [. A. denopyc.

ITepBbm qupextopom UDIT ¢ 1960 o 1970 r. 6611
akanemuk AH YCCP Baaum Erenvesuu Jlamkapés.
B 1970—1990 . uacTUTYT BO3maBmsut akageMuk AH
VYCCP Omer BsuecnaBouu CHuTKO, ¢ 1991 mo 2003 .
— akagemuk HAH Ykpauns! Cepreii BacunbeBuu Ceeu-

OcuoBarens U®II akanemux B. E. Jlamkapés co cBommu

yueHnukamu (cieBa HarpaBo — M. K. Hleitnkman, Oymymuit

ui.-kop. HAH VYkpaunsl, E. A. CanskoB u B. A. Pomanos,
Oynymme nokropa ¢u3.-MaT. HaykK u npodeccopa)

Pa3paboTaHHbIil B HHCTUTYTE CBEPXUYBCTBUTEIILHBIN
JIa3epHBIA TEH30METp

HUKOB, a ¢ 2003 1. ”HCTUTYT BO3MIaBIsieT akaaeMuk HAH
VYxpaunsl Biagumup @enoposuy Mauynus.

B HauanbHBII 1IEpUO B UHCTUTYTE paboTall O/IMH aKa-
nemuk AH YCCP, 3 nokrtopa u 14 xanamuaaToB Hayk.
Pasmemaincs UDII B 3mannu Uuctutyta dusukn AH
YCCP, a ¢ mas 1962 1. nepeexasi B HOBBIH OT/IEJIbHBIN
KOpITyC.

B U®II pabotanu 1 paboTaroT ceifuac U3BECTHBIC YK-
pavHCKHE yUeHbIe, Cpein KOTophIx 6 akagemukoB HAH
VYkpaunsl: B. E. Jlamkapés (1903—1974 rr.), M. II.
Jlucuna, B. ®@. Mauynun, C. U. ITekap (1917—1985 1),
C. B. CseunukoB, O. B. Cautko (1928—1990 r1.);
10 unenos-koppecnonaenToB HAH Ykpaunst: O. E. be-
nsieB, M. 5. Banax, E. @. Benrep, M. @. Jleiiren (1918—
1977 rr.), B. C. JIpicenko, B. T JlutoBuenko, b. A. He-
crepenko (1938—2003 rr.), I1. ®. Onekcenko, ®. O.
Cuzos, M. K. Hleitakman (1929—2009 rT.), a Takxke 1mo-
gTi 90 JOKTOPOB HAyK, CpeIU KOTOPBIX 52 npodeccopa,
u Oonee 200 KaHIUIATOB HAyK.

OCHOBHBIMH HayYHBIMU HAIIPABICHUSMU IS TSITHHO-
ctu UDIT, yreepxnennsivu [pesnmmymom HAH Ykpan-
HBI, SIBIISIOTCSL:

— (hu3HKa IPOLIECCOB B3aUMO/ICICTBHS AJIEKTpOMAr-
HUTHOTO U3ITyY€HHs C BELIECTBOM;

— (u3uKa HU3KOPa3MEPHBIX CHCTEM, MHUKPO- U Ha-
HODJICKTPOHHUKA,;

— OIITOJICKTPOHHKA U CONTHEUHAst YHEPIeTHKA;

— TIOYTIPOBOAHUKOBOE MaTEPHAJIOBEICHUE U CCH-
COpHbIE CUCTEMBI.

B nocnennue roasl NpUOPUTETHOE PAa3BUTHE B HAYY-
Ho# fesitenbHocTH UDTT nomyuwiu GpyHIaMeHTanbHbIe 1
MIPUKJIaTHBIE UCCIIEIOBAHMS M Pa3pab0TKH, B YACTHOCTH:
TEOPETUYECKUE M HKCIECPHUMEHTATIBHEIC UCCICIOBAHUS
MPOIIECCOB CAMOOPTaHU3AINN B (UIUKH MOTYIPOBOI-
HUKOBBIX HAHOCTPYKTYP; paOOThI I10 CO3/IAaHHIO DJIEMEHT-
HOU 0a3bl ONTOAIICKTPOHUKH, YCTPONCTB ISl TIpeodpa-
30BaHUs HH(POPMAIINN F ICTOYHUKOB H3ITyYCHHUS HOBOTO
THUIIA; UCCIICJIOBAHMUS B 00JaCTH ONTHKH TBEPJIOTO Tea;
TEOPETHUYECKUE U IKCIIEPUMEHTAIbHbIE HCCIIeI0BaHUS
9JIEKTPOHHBIX H AJIEKTPOHHO-aTOMHBIX MPOIECCOB Ha TI0-
BEPXHOCTH, B 00bEME U Ha TPAHUIAX PA3ICIIOB CIOXK-
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HBIX U CJIIOMCTHIX ITOTYHPOBOTHHUKOBEIX CTPYKTYp; HC-
CJIeJIOBaHUS B 001aCTH (PU3UKHU (ITYKTYAITHOHHBIX SIBJIC-
HUI B TIOJIyIPOBOAHUKAX U MOJIYIPOBOTHUKOBBIX MPHU-
6opax, GuIyKTyannoHHast JUarHOCTHKA HOBEHIINX CyO-
MUKPOHHBIX TEXHOJOTHI; NCCIEIOBAaHMS MPOIECCCOB
TpaHCPOPMAIIMU CTPYKTYPHI U TEKTPOPUIHICCKUX
CBOWCTB MOJTYIPOBOTHHKOBBIX MaTePHAIOB H CTPYKTYP
10/ BIMSIHUEM aKTHBHBIX BHEIIIHUX BO3CHCTBHIN; pabo-
ThI 10 PUBHYECKUM U PUZNKO-XUMHUYIECKUM TIpodiieMam
MOJTYIPOBOTHHKOBOTO MAaTEPHUATIOBEICHNS, HAITPABICH-
HBIC Ha CO3/IaHHE OITO-, ()OTO- U MHKPOIICKTPOHHBIX
YCTPOICTB pa3HOT0 HA3HAUESHHS; TEOPETUUECKHE U IKCTIe-
PUMEHTAIBHBIE UCCIEA0BAHIS HICKTPOHHOTO TPAHCTIOP-
Ta B MOJYIPOBOJHHUKAX U MOITYIPOBOJHUKOBBIX CTPYK-
Typax, 3JeKTPOH-(OHOHHOTO B3aHMMOJICHCTBUS B TBEP-
JIBIX Teax; paboThl MO CO3JaHHUIO HOBBIX METOJIOB U
CPEIICTB HEPa3pyIIAIOIIETO AUATHOCTUPOBAHUS TOITY-
MIPOBOIHUKOBBIX MAaTEPHAIOB U IPHUOOPOB ONTO-, MHK-
PO- M HAHODJICKTPOHHKH.

3aronsl cymectBoBanus MDII Ob110 3aperucTpupo-
BAHO TPU HAYYHBIX OTKPBITHS:

1) «CBolicTBa MHOTO3HAYHOW aHU3OTPOTIHH AJIEKT-
POIIPOBOIHOCTH TIONYIPOBOIHUKOBHIX KPHCTAIIIOB B
CUJTBHBIX DJIEKTPUUYECKUX Mosix» (auruiom Ne 294, 3a-
sBka ot 17.04 1982 r.). ABropsr — 3. C. ['puOHUKOB,
B. B. Mutus;

2) «SIBieHHE pacnpOCTpaHEHHUS JOTOTHUTEIbHBIX
BOJIH B KpucTayuiax» (aummioM Ne 323, 3asBka ot 27.09
1984 1.). ABrop — C. U. Ilekap;

3) «IBneHne KOMOMHHPOBAHHOTO pPEe30HAHCA B KPH-
cramax» (mumuiom Ne 327, 3asBka ot 18.10 1984 1.).
ABtop — 3. U. Pamba.

N ®II ocy1iecTBIIsET IJI010TBOPHOE HAYYHOE U HayU-
HO-TEXHUUYECKOE COTPYTHHUYECTBO C PSIJIOM YHUBEPCHUTE-
TOB 1 Hay4HBIX 1IeHTpoB CII A, Benukoopuranuu, @pan-
uun, Utanuu, Ucnanun, U3pannd, Anonun, ['epmanumy,
Kuras, a Taxoke moiaepKuBaeT TeCHbIC HayYHbIE KOHTaK-
THI ¢ BEAYIIMMHU HAYYHBIMHU yupexaeHusimu Poccun u
npyrux crpad-uieHoB CHI™ u [Tpubantuku.

B UDIT uznaetcs cOopHUK «ONTOAISKTPOHUKA U TI0-
TYTIPOBOJTHUKOBAS TEXHUKa» M )KypHal «Semiconductor
Physics. Quantum Electronics & Optoelectronicsy.

B nentpe ucnbiTanuii poronpeodpaszorareseit u Goro-
ANIEKTPUUECKUX OaTtapeit

PaspaboTanHEIil B HHCTHTYTE TU((PpPaKTOMETp IS
U3MEPEHNUsI PEHTTeHO-aKyCTHYECKOrO pe30HaHca

B urCTHTYTE paboTacT acnupaHTypa 1 JOKTOPaHTypa,
€CTh CHEIUAIN3UPOBAHHBIE YUEHBIE COBETHI 110 3aIUTE
JIICCepTalni Ha COMCKaHNe HAyYHOU CTEIEHU KaHau1a-
Ta M TOKTOpa (PU3NKO-MAaTEeMaTHIECKUX M TEXHHICCKUX
HayK, paboTtaeT xo3pacueTHoe ClieruanbHOE KOHCTPYK-
TOPCKO-TEXHOJIOTUYECKOE OI0PO C OTBITHBIM MTPOU3BOI-
CTBOM, JICHCTBYIOT TaK)Ke TexHoJorndeckuit mapk «Ilo-
JIyTIPOBOJTHUKOBBIE TEXHOJIOTMH U Marepuasibl, ONTOAIEK-
TPOHHUKA U CEHCOPHAs TEXHUKa, LIEHTP KOJIJIEKTUBHOTO
nonb3oBanus npruoopamMu HAH Yipauns! «Jlnarnoctika
MOTYITPOBOHUKOBBIX MAaTEPHAIIOB, CTPYKTYP U PUOOP-
HBIX CUCTeM», McnibITaTenbHas jabopaTopus rojorpadu-
YECKHUX 3ALIUTHBIX 2JIEMEHTOB, LIeHTpasbHast ucIbITaTe b-
Has Jaboparopusi MOIYMPOBOJTHUKOBOTO MaTepUAIOBE-
nenwst u LleHTp ucnbitanuii poronpeobdpaszopatenei u ¢ho-
ToanekTpudeckux Oarapeit. Ha 6aze UDII padoraror Yk-
pauHCKHe oTaeneHns MexyHapoaHbIx oomectB «Omn-
THYECKOH TeXHUKI» U «IH(POPMATMOHHBIX TUCIIICEBY, &
caM MHCTHUTYT sIBJIsSIETCA FOJIOBHOM opranu3auueii Hayu-
Horo coBeta HAH Ykpaunsl no npo6neme «dusuka 1no-
JYTIPOBOJHUKOB U TOIYIPOBOAHUKOBBIE YCTPOHUCTBAY.
Kaxk romoBnas opraamzarust 3toro Hayunoro copera UOI1T
[IPUHUMAET y4acTHe B OPraHU3aL1H U IPOBEAECHUH KOH-
(depeHImiA, CHMITO3MyMOB, BBICTABOK M CEMHHAPOB, TTPH-
4eM 0c000e BHUMAHUE TIPU 3TOM YIEJSeTCS HOBBIM aK-
TyaJIbHBIM HalpaBlIeHUSIM B (PU3HKE MOTYITPOBOTHUKOB.

OOmwme HaydHbIe PabOTHI MPOBOMATCS C BBICIIMMHU
yaeOHBIMH 3aBEICHUSIME YKpanuHbI, B yacTHOCTH ¢ Ku-
eBckuM uM. Tapaca IlleBuenko, Onecckum um. 1. U.
MeuHnKOBa, YKropoacKuM U UepHOBUIIKUM UM. FOpust
®DepKOBUYA HAIIMOHAIBHBIME YHUBEpcUTEeTaMu, Harmo-
HaJIbHBIM TEXHUYECKUM YHUBEPCUTETOM YKpanHbl «Ku-
€BCKUH MOJIMTEXHUYECKUH HUHCTUTYT», HarmoHanbHbIM
YHUBEPCUTETOM «JIbBOBCKasl MOJIMTEXHUKA», JIylKUM
HaLMOHAJIbHBIM TEXHUYECKUM yHUBEpCUTETOM, JKnTomup-
CKHM TOCYJapCTBEHHBIM yHUBepcuTeTOM UM. VBana
®panko, [TonTaBckuM n bepasHCKUM Tearornyecku-
Mu yHuBepcutetamu, Kamenen-Ilogonsckum rocynap-
CTBEHHBIM yHHBepcHuTeToM. Ha 6a3e UDIT paboraer dhu-
mran kadenpbl onTHKH KIeBCKOro HallmOHAIEHOTO YHH-
Bepcutera uM. Tapaca llleBueHko, a Ha 6a3e Onecckoro
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K ICTOPUH HAYKHN U TEXHUKH

HaIlMOHAIBHOro YyHUBepcuTeTa um. 1. 1. MeunukoBa coB-
MecTHO ¢ UDII co3nan MexBenoMcTBeHHbIH HayuHo-
yueOnslit nenrp MOH 1 HAH Ykpauss! kak CTpyKTyp-
HOE TTOIpa3eNIecHne YHUBEPCUTETA, UYTO CIIOCOOCTBYET
MIPUBJICYEHUIO TAJIAHTIIMBOM CTYAEHYECKON MOJIOEXKHU K
Hay4HOH nestenpHOCTH. Ha 6a3e DI coBmectHo ¢ Kpe-
MEHUYYT'CKHM YHUBEPCUTETOM SKOHOMUKH, HH(popManu-
OHHBIX TEXHOJIOI'MH U YIIPaBJIEHUs CO3JaHa Hay4YHO-UC-
CIIEIOBATENbCKas Ta00PaTOPHS HETPATUIIHOHHBIX H BO-
300HOBIIICMBIX HCTOYHUKOB YHEPTUU M HAYIHO-YICOHBII
MPOU3BOICTBEHHBII KOMILIEKC «Comapy.

B nHTEpecax pa3BUTHS HayYHBIX HAITPABICHHUH B 00-
JIaCTH HAHOMAaTEPUAJIOB U HAHOCTPYKTYP U € LIeJIbIO KO-
OpPAMHALMH U MTOJIEPKKU IPUOPUTETHBIX HAYYHO-TEXHU-
yeckux uccnenoBanuii Ha 6a3e VDII cozgan Hayuno-
yueOHBbIi 1eHTp «Du3uKa, XUMUS U TEXHOJIOTHS HAaHO-
CTPYKTYp» NIPH yIaCTHH HHCTUTYTA (PU3UKH, HHCTUTYTA
metaimodusuku um. I. B. Kypatomona, [Ipukapnarcko-
ro ¥ YepHOBUIIKOIO HALIOHAIBHBIX YHUBEPCUTETOB, Jlpo-
roOBIYCKOTO FOCYJapCTBEHHOTO MEJarorn4eckoro yHu-
Bepcutera u [ @OU Yikpaunsr.

3a Bpems cymectBoBanus UDII nayanrie pazpaboT-
KU €TI0 COTPYAHUKOB OBLIN YI0CTOEHBI JICHUHCKOM mpe-
muH, AByX l'ocynapcrBennbix npemuit CCCP, nomyueHsr
22 TocynapctBennbie ipemun Y CCP u Ykpauss! B 00-
JacTu Hayku U TexHuku, [Ipemun Coera MuHUCTpOB

CCCP, 3 npemuit umenn K. JI. CunensHukoBa, 3 mpe-
muu umenu B. E. Jlamkapésa, 3 npemun umenu C. U. Ile-
kapa, nnpemun uMenn C. ©. Jlebenera, 3 npemun mpesu-
JeHToB Akanemuii Hayk YkpauHsl, benapycu, MonjoBsl,
13 corpynHuKoB IHCTUTYTa MMEIOT IIOYETHOE 3BaHUE «3a-
CITy’KE€HHBIH JIEATENb HAyKN M TEXHUKH YKPaHHBD).

HHCTUTYT BXOIUT B LIECTOE JECATUIIETHE CBOETO CY-
I11€CTBOBAHMS MOIIHBIM HAYYHBIM KOJIJIEKTUBOM, MEpeN
KOTOPBIM CTOAT CJI0KHBIE 3a1a4d. COBpEMEHHOE Pa3BU-
THE HAayKU O MOJIYIPOBOJHHMKAX MEPEXOAUT HA HOBBIH
YPOBEHB, MOSABIISIOTCS HOBBIE 0OBEKTHI IS HCCIIEI0Ba-
HUM, B IIEPBYIO 0YEPEb, ITO HAHOPA3MEPHBIE IIOIYIIPO-
BOJHUKOBBIC Marepualbl. JJabopatopun UDIT ocHama-
I0TCSl HOBBIM COBPEMEHHBIM 00OpYIOBaHUEM TS pas-
BUTHS IEPCTIEKTHBHBIX HAMIPABJICHNH (hyHIaMEHTAIBHBIX
U IIPUKJIAHBIX UCCIIEA0BAaHUN. B MHCTUTYTE FOTOBATCA
MOJIOZIbIE HAy4HbIE KaJpbl JUIs KBAJIU(UIMPOBAHHOIO
HPOBEJIEHNUs] HAYYHBIX UCCIIEI0BAHUM, TIPOJIOJKAETCS MH-
TEHCHBHOE COTPYIHUYECTBO CO MHOTHMH 3apyOeKHBIMU
UHCTUTYTaMH U YHUBEPCUTETAML.

WHetutyT Qusuku nomynpoBogHukoB uM. B. E. Jlam-
KapeBa OBLI, €CTh U, MBI yBEPEHBI, OyJICT OMHUM M3 KPYTI-
HEUIINX HAYy4YHO-UCCIE0BATENbCKUX HHCTUTYTOB Hatu-
OHAJIbHOU aKaJeMUHU HayK YKpaUHbI, KOTOPBII MPOAOI-
JKaeT CBOIO CIABHYIO AEATEIbHOCTD, OIIUPAsICh HA JOCTU-
JKCHUSI BEJIMKHX IIPE/IIICCTBEHHUKOB.

HOBBIE KHUT'

Texnocgepa, 2010.— 336 c.

4 [Tyn-ma. Y. I1., Oysnc ®. /1. Hanorexnosoruu. 5-e uaa. ucnp., gon.— M.: N

HOBBIE KHUTHU

HOBBIE KHUTHU

[TepBoe pyKOBOACTBO HA PYCCKOM fI3bIK€, OMMCbIBAIOLLEE CTPYK-
TypYy ¥ CBOHCTBA HAHOMATEPHAJOB OT TBEPAOTEIbHBIX 10 OHOJIO-
ruyeckux 06bekToB. Mamoxkena ucuepnbiBatollass HHGoOpMaLUs
0 TEeXHOJOIMH H3rOTOBJEHMS M METOAAX HCCJAeJ0BAHHUS HAHO-
CTPYKTYpP, Pa3HOOOPa3HbIX MPHUMEHEHUAX — OT ONTO3JEKTPOHH-
KM 10 KaTaau3a MU OMOTeXHOJIOTHH.

[Tatoe uananue 10MOJHEHO MaTepHaNsaMu O METOJHUYECKUM ac-
NneKTaM <HHAYCTPMHM HAHOCHCTEM» U MPUMEHEHUSIM HAaHOTPYOOK
B 3JeKTPOHUKE.

YueOHUK-MOHOrpadus apecoBaH LIHPOKOMY KPYI'y HaYUHbIX pa-
OOTHMKOB, HHXKEHEPOB-3JEKTPOHIIMKOB, ClelHaJucToB B 00Ja-
CTAAX XHUMHYECKHX M OHOTEXHOJOTHH.

[Tpumenenue BbicokockopocTHbIX cucteMm / TTox pen. Kecrepa Yoara.— M.:

Texnoceepa, 2009. — 368 c.

B KHHre paccMOTpeH MeTO/ BbICOKOCKOPOCTHOTO MpeoOpasoBa-
HUa naHHbIX. B pasnene 1 mpuBenenbt apxutektypbl LIATT u
06/1aCTH UX TPUMEHEHHsI, a TaKKe OlleHOuHble KoMmueKThl ALLTT
u cpenctso mMonennpoanns ADIsimADC®. Pasnen 2 nocss-
I1eH MeToJaaM OMTUMH3allMK HHTepdeiicoB npeobpazoBartene
JaHHBIX C MOMOILLIO AU (epeHIInaNbHbIX YCHANTEIeH, TpaHe-
dopmatopoB u T.1. B pasnene 3 pacecmorpennt LIATI, ouenou-
Hble anmapaTHble U mporpamMmmubie cpeactBa LIATL, nporpamma
UX pas3paboTKu M MojaenupoBaHusi. B pasnene 4 mpuBeaeHbl
CBeJleHHUSl O TOMOJOrMM nedaTHblx muaat. [Togpo6Ho omuchbiBa-
I0TCSl TPOrpaMMbl Pa3pabOTKH BHICOKOCKOPOCTHBIX CHCTEM.

\_ [IpenHasnaueHa AJ51 HHKEHEPOB-KOHCTPYKTOPOB.
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