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BBEJIEHHUE.

TennoBu3MOHHBIE MPUOOPHI TpEAHA3HAYEHBI [JIsl HAOMIOJACHUS OOBEKTOB IO UX
cOOCTBEHHOMY Wu3nydyeHuto. IlpuHumn neiicTBus mnpuOOpPOB 3TOr0 THUMA OCHOBAH Ha
npeobOpa3oBanuu n3nydeHus: uappakpacHoro (MK) nuamasona B BUIUMBINA qUara3oH UTHH
BOJH u3nydeHusa. CrHekTpaiabHbId JAMANa30H, B KOTOPOM pabOTalOT TEIMIOBHU30pHI,
onpezenseTcs HMHTEpBajaMH JJIMH BOJH B OO0JACTH MaKCHUMyMa SHEPrud HU3IIy4ECHHS
Ha0Jt0/1aeMbIX 00BEKTOB B COOTBETCTBYIOLIMX OKHAX Mpo3payHocTH arMocgepbl. OObIUHO
3TO WHTEPBAIBI JIMH BOJMH OT 3,5 mo 5,5 Mkm mwmm ot 8 no 13,5 mxm. CoBpeMeHHBIE
TEIJIOBU30PbI MO3BOJISIIOT OOHAPYKMUBATh OOBEKTHI, UMEIOLUE TEMIIEPATYPHbIE KOHTPACTHI
710 IECATBIX U JIaXke COTBIX J0Jied rpaaycoB, (GOPMHUPYIOT U300paKeHHUE B TEIIEBU3MOHHOM
Wi OJIM3KOM K TEJIEBU3MOHHOMY CTaHJAApTax M HaXOAAT, B CBSI3M C ATUM LIMPOKOE
IIPUMEHEHHE B IPOMBILUIEHHOCTH, MEIUIIMHE U BOCHHOM JIEJIE.

[TepBbIM TEIUIOBU3HOHHBIM TMPUOOPOM, MOSBUBIIMMCS B KoHIe 20-X T0M0B, OBLI
sBamoporpad [1], mpuHIMI AEHCTBHS KOTOPOTO OCHOBaH Ha BH3yasu3aluu (pa3oBoro
penbeda MacissHOM TUIEHKH, 00pa3yrollelics Ha MOBEPXHOCTH MEMOpaHBbI IPU MPOEKLUU Ha
MPOTUBOMOJIOKHYIO CTOPOHY 3TOM MEMOpaHbl TEIIOBOTO HM300pa)keHus. DBamoporadsl
MMEIN HHU3KYI0 IMOPOrOBYIO UYBCTBUTEIBHOCTH, OOJIBIIYI0 MHEPLHOHHOCTHIO M JaBajd
M300pakeHue C OYEHb MaJIbIM KOHTPACTOM.

B 40-e roapl HAMETWIINCH JBE TCHACHIIUY B PAa3BUTUU TEIUIOBU3MOHHBIX MpruOopoB. K
NepBoil Tpymnne npubOpOB OTHOCATCS TEIUIOBU30pBl, B KOTOPBIX AJs MpeoOpa3zoBaHUs
ontudeckoro curHana MK-nnamazona B 3J€KTpHYECKUMH CUTHAJNI MCHOJIB3YETCS MPUHLHAIL
ONITHKO-MexaHn4deckoro ckanupoBanuss (OMC), a ko BTOpod Tpymme HpuOOpoOB —
TEIUIOBU30pPbl C DJJEKTPOHHBIM CKAaHMpPOBAaHMEM. B TemoBrM3opax mepBOro TUmna
UCIOJIBb3YIOTCS OJHO3JIEMCHTHBIC Wik MHOTO3IeMeHTHBIe MK npuemunku uamydenus (ITH)
MTHOBEHHOI'O JCHCTBUS, a B TEINIOBU30pax BTOporo tumna B kauyectse [ mcnosnb3yrorcs
UK BuIMKOHBI, MUPUKOHBI, a ce€MYac yK€ WU MaTPUYHbIC MPUEMHUKU H3ITYUYEHHUs, TaK
Ha3zbIBaeMble (OKalbHbIE MaTpHIlbl, paboTarolue B pEeXUME HAKOIUICHUS 3apsA/ioB U

OCHOBAHHBIC Ha Pa3JIMYHbIX (1)H3H'—I€CKI/IX IMPpHUHIOUIIAX.



1. IpruHUUNBI NOJTyYeHHUS TENIOBU3MOHHOI0 H300pakeHus M Kiaccupukanus

TCIJIOBU3UNOHHBIX l'lpHﬁOpOB.

BoNbIIMHCTBO HCIONB3YyEeMBIX B HACTOSIIEE BpeMs TEIUIOBU3MOHHBIX HPUOOPOB
MIOCTPOCHBI IO TICPBOMY MPHUHIIHITY, HO B CBSI3M C YCIIEXaMH B TEXHOJIOTHUH MPOU3BOJICTBA
MATPUYHBIX MPUEMHHUKOB H3JIyYCHHS MOSBHUIMCH MPUOOPBI 0€3 ONTHUKO-MEXaHHYECKOTO
CKaHMPOBAHUsI, KOTOPbIC HE TOJILKO HE YCTYMAlOT, HO JaXe MPEBOCXOIAT MPHOOPHI
MIEPBOTO THUIIA IO MOTPEOUTENbCKUM cBoicTBaM [1,2,3].

Ha puc.1.1 npencrasieHa o0oOiieHHass (GyHKIMOHAIbHAs CXE€Ma TeIJIOBU30pa C

¢doxansHOM UK maTpunei.

1
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Puc. 1.1 OG6GoOmieHHass (QyHKIUMOHANbHAs cXeMa TeIuloBU30opa C (OKaIbHOU
MmaTpurieil: 1 — ontudeckas cucrema; 2 — poKanbHas MaTpHUIla C IPEIYCHIHTEISIME; 3 —
MYJIBTHUIUIEKCOP; 4 — cHCTEMa OXJXACHUSA; S — KOPPEKTOp HEOJAHOPOIHOCTH
XapaKTEPUCTUK TyBCTBUTEIBHBIX AIEMEHTOB; 6 — aHanmoro-nudpoBoii mpeodpazoBaTes;
7 — U poBOH KOPPEKTOP HEOTHOPOITHOCTH; 8 — KOPPEKTOp HepaboTaromy sueek; 9 —

dbopmupoBatens nzodpaxkenus; 10 — qucreit; 11 — mudpoBoit BEIXO/I.

®okanpapie UK MaTpumbl MOryT mMeTh pasmepHocTh 128x128, 256x256 m maxe
512x512 5MeMEHTOB MpH pasMepe STHX HyBCTBUTCIBHBIX dmeMeHTOB 30x30 MKMZ,
dokanpbHBIE  MATPUIBI ~ W3TOTABIMBAIOTCS  KaK  (YHKIMOHAIHFHO  3aKOHYCHHBIC
doronpuemusie  ycrpoiictBa  (PITY), BKIOYAIONIME  CHUCTEMY  OXJIAXKJICHUS,

NpEeNyCWINTENN,  MYJbTUIJIEKCOP, KOPPEKTOpP  HEOAHOPOJHOCTH  XapaKTEPUCTHK



YYBCTBUTEJIBHBIX 3JEMEHTOB, aHAIOro-U(PpoBON mpeodOpa3oBaTenab, OJOKH HUPPOBOIA
00paboTku ¥ (QopMHUpPOBATENb BBIXOJHBIX CUTHaNOB. CurHanel ¢ Bbixona Takoro OITY
MOTYT TiepeJaBaThCsl Ha BUACOKOHTpOJbHOE ycTpoicTBo (BKY) TeneBumsnoHHOro THma
1160 B 1iupoBoM BHjIE B OJ10KH IUPPOBOK 00pabOTKH.

Ha puc.1.2 mpencraBnena o6oOmieHHass (GyHKIIMOHAIBHAS CXEMa TEIIOBH30pa C

cucremoit (OMC).

v/

Puc. 1.2 OOGoOmenHas (yHKIMOHATBHAS CKaHUPYIOMIETO TeruioBu3opa: 1 —
ONTHYECKass cucreMa, 2 — OJIOK ONMTHKO-MEXaHWYECKOTO CKAaHWPOBAHUSA; 3 — MPUEMHHK
U3Iy4YeHHs; 4 — CUCTeMa OXJIXIEHUS, 5 — 2JIeKTPOHHBIA TPakT, 6 — BUICOKOHTPOIHHOE

YCTPOMCTBO,; 7/ — CUCTEMa CHHXPOHU3AIINH.

Cucrema OMC, B oOmem ciydae, JODKHa oOecreyuBaTth 0030p MNPOCTPAaHCTBA
NPEMETOB - CKAHMPOBAHUE, KaK B HANPABICHHH CTPOK (110 TOPU30HTY), TaK U MO Kaapy (B
BEPTUKAIBHOM HAIPaBJICHUH), YTO WILTFOCTpHUpyeTcs puc.1.3.

CymiecTByeT MHOXKECTBO CXEM CKaHUPYIOIIMX TEIUIOBU30pPOB, Pa3IMYyaroNINXcs
METOJlaMU  CKaHUPOBaHMUS, OOpaOOTKM CHUTHAJIOB W  TNPEJACTABICHUS  BBIXOJIHOTO
n300pakeHusi. ITU pa3nuuusi, BO MHOTOM, 00ycioBieHbl Tonojoruen [11, nucnonb3yembix
B T€X WJM MHBIX npuoOopax. B wactHoctH, B TemnoBuzopax ¢ cucreMamu OMC moryt
HCIIOJIb30BAaThCsl OJJHORJIEMEHTHBIE, a Takke MHorosneMeHTHele [IM B Buzie nuHeek win
marpuil (cm.puc.1.4). Kpome 3T0r0, B Ka4ecTBE BUACOKOHTPOIBHOTO YCTPONCTBA, TOMUMO
IIUPOKO MPUMEHSIEMBbIX | B-MOHUTOPOB, UCIOJB3YIOTCS PA3TUYHOTO POJia YCTPOMCTBA C

JIMHEHKaAMH CBCTOAMOA0OB N ONITHUKO-MCXaHUYCCKNMHU CUCTCMAaMU PAa3BCPTKHU.



Puc. 1.3 ®ynkumonanpHas cxema TEIUIOBH30pa CO CKAaHMPOBAHHEM IO CTPOKaM H
Kanapy: 1 — oObexTuB; 2 M 3 — CKaHUPYIOUINE 3epKana, 4 — MPUEMHHK HW3ITydeHUs; 5

AIIEKTPOHHBINA TPAKT; 6 — BUICOKOHTPOIHLHOE YCTPOUCTBO.

T i -
:
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Puc. 1.4 Meronsl CKaHUPOBaHUS. a) - CKaHUPOBaHUE OAHO3IeMEHTHbIM IIU; 0) —
MOCJICIOBATEIbHOC CKAHUPOBAHWE JIMHEHKON YyBCTBUTEIBHBIX 3JICMEHTOB, B) —
napajuieibHOe CKaHWPOBAHUE JIMHCHKOW YyBCTBUTEIBHBIX 3JIEMEHTOB; T) MapajieiIbHO-

IIOCJIEIOBATENIBHOE CKaHMPOBaHNe MaTpuyHbIM [1H.

Paznuuator cnemyronie MeTOAbl CKaHMPOBAaHUSA IPOCTPAHCTBA IMPEIMETOB U
pa3BepTku 1Npu  (HOPMHPOBAHMU  BBIXOJHOIO  M300paKE€HUA:  IOCJEA0BATEIBHOE,
napajuielbHoe W [apajuiebHO-TIOCIE0BATENbHOE. I[Ipy  mocnenpoBaTeIbLHOM

CKaHWPOBAHWHN HJIN PA3BCPTKC OCYHICCTBIIACTCA N3MCHCHNEC HAIIPABJICHUA BHBHpHOﬁ oCHu U



npeoOpa3oBaHUe CHUTHAJA [OOYEPEIHO BJIOJb KaXJA0H M3 CTPOK H300pakeHUs C
MOCJIEAYIOIAM MEPEXOAOM HAa KaXIYH CIEAYIOIIYIO CTPOKY. Takoe CKaHMpPOBAaHHE WIIH
pa3BepTKa MOTYT OCYIIECTBIISIETCS MPHU MCNOJIb30BaHUM oAaHO3IeMeHTHbIX [T wmm C/I, a
taxoke 11U nnm C/1 B Buje JIMHEEK, 2IIEMEHTBI KOTOPBIX OPUEHTUPOBAHHBI BAOJb CTPOKHU.

[Ipy mapammenbHOM CKaHUpOBaHMM WM pa3zepTke miomanku I[N wm C/,
BBIITOJIHEHHBIE B BHJAE JIMHEWKH, OPUEHTUPOBAHBl MEPIECHAMKYJSPHO HAMPABICHUIO
IBIKEHHsT BU3MpPHOM ocu. lIpu mapamienbHO-IIOCIEe0BATEIbHOM CKAHUPOBAHUU WIIH
pazBeptke wucnonbsytorcs I u CJ B Bume AuHEEK WM MaTpUll, a 0030p MOJA
IIPOU3BOJUTCS MOCIEA0BATENBHO T10 30HAM.

B cooTrBercTtBHM ¢ Hambosee 1enecoo0pa3HbIMU COYETAHUSMHM TUIIOB CKaHMPOBAHUS,
00pabOTKM CUTHAJIOB U PAa3BEPTKHU TEIIOBU3UOHHBIE TPHOOpHI ¢ cuctemamu OMC ctposT
Ha OCHOBE CJIEAYIOUIUX 4-X OCHOBHBIX MPUHIUIIOB!

- MapajyieIbHOE CKaHUPOBaHUE, NapajuiesibHas 00paboTKa BUICOCUTHAIOB U MapaieiabHas

pasBeptka (puc.1.5);

00BEKT 3

Puc. 1.5 TemoBu3op ¢ nmapajiieiabHbIM CKaHUPOBAHHEM U MapajUIeTbHON pa3BEePTKOM
n3o00paxkeHus: 1 — 0ObEKTUB; 2 — CKaHUPYIOIIEe 3epPKaio; 3 — JIMHEHKa CBETOANOOB; 4 —

nuneiika [1U; 5 — okyusp.



- MapajiebHOe CKAaHWPOBAHWE, MapajuiebHas 00paboTKa CHUTHAIOB C MOCTEAYIOMNM UX
npeodpa3oBaHreM (MYJbTUIUIEKCHPOBAHUEM) JIJIsl BBIBOJA M300pakeHUsT Ha TB-MOHUTOP

(puc.1.6);

00BEKT 4

Puc. 1.6 TeroBu30p ¢ mapauiebHBIM CKAaHUPOBAHUEM W TApaJICIIbHON 00paboTKOM
CUTHAQJIOB C TOCIEAYIOUIMM MYJIbTHUIUIEKCHPOBAHUEM ISl BhIBOJA M300paxkeHuss Ha TB
MOHHUTOP: 1 — 00BEKTUB; 2 — cKaHUpYyolee 3epkano; 3 — ymHelika [IU; 4 — nuHeiika
CBETO/IMO/IOB; 5 — MPOCKIIMOHHBIA OOBEKTHB, 6 — Tepenaromias TEJICBU3HOHHAS TpyOKa

(matpwuma [13C); 7 — TB mouuTOD.

- [MapaJuICJIbHO-TIOCJICAOBATCIIBHOC CKAHWPOBAHUC W  pPa3BCPTKa C napannenLHoﬁ

00paboTkoii curHanos (puc.l1.7);



00BEKT

Puc. 1.7 TemnoBuzop ¢ mapamuieNbHO-TIOCIAEAOBATEIBHBIM CKaHUPOBAHUEM,
napauienbHOM 00pabOTKON CHUTHANOB W MapajuleIbHO-TIOCIIEI0OBATEIbHON Pa3BEPTKOM
n3o0paxkeHus: 1 — 00BEKTHB; 2 — CKAaHUPYIOIIEE 3epKaJl0; 3 — MaTPHIlA CBETOANOIOB; 4 —

matpuua [11; 5 — okymsp.

- ToclieoBaTeNabHasi 00paboTKa CUTHAJIOB C MpeoO0pa3oBaHUEM CHUTHANIa I BBIBOJA Ha

TB-monutop (puc.1.8).



00BEKT

Puc. 1.8 TemmoBu3op ¢ mocienoBaTelnbHBIM CKaHupoBaHueMm jmHelkoi [ u
npeoOpa3oBaHWEM CUTHAJIOB /ISl BBIBO/IA n300pakeHus Ha TB monutop: 1 — 00BbekTHB; 2
u 3 — ckaHupytouue 3epkana; 4 — nmuueiika [1U; 5 — muaum 3agepxku ¢ cymmaTopoM; 6 —

BuUjieoycuiuTens; / — TB monuTop.



2. DJIeMeHTBI TCOPUH TECILJIOBOI'0 U3JTYICHUSL
2.1. XapaKTepl/ICTI/IKI/I n mapaMeTpbl OITHYIECCKOI0 M3JIYYCHUH. 3aKoHbI TEIJIOBOI0

U3JIyYEeHUs.

Ilepen TeM, Kak BBECTH TEPMHUHBI ONTHYECKOIO H3JIYYEHHs, PACCMOTPUM
TreOMETPUYECKHE COOTHOLICHHs, CYLIECTBYIOIUE MEXAy M3IIydarolell M ocBelaeMon
MOBEPXHOCTSIMH. DTH COOTHOIICHHS TPU W3IMYyYSHUH WILTIOCTpUpYIOTCs Ha puc.2.1, rme A-
U3ITydaronias MoBepXHOCTh, UA- 2JIeMEHT M3ITydaromeil MOBEpXHOCTH, [ - PacCTOSHHE OT
touku O ayemMeHTa u3nydaromed nmoepxHocT A no Toukn C 31eMeHTa OCBelaeMoi

noBepxHOCcTH dA;.

dA

Y

X

Puc. 2.1 'eomeTpudeckne COOTHOIICHHS TIPH U3TyUCHHUH.

Jlonst SHEPruM W3IIy4eHHUs, IMOMAJAloNIe Ha MOBEPXHOCTh A; oT 3aemeHta dA
M3JIy4Yaroiel MOBEPXHOCTH, ONPEACIISIETCA B MpeAeiaX KOHyca, UMEIOIIEr0 OCHOBAaHHUE Ha
noBepxHocTH A; u BepmiuHy B Touke O. KomuyecTBEHHO 3TOT KOHYC XapaKTepu3yeTcs

TCJICCHBIM YTJIOM

W:@b":—?:c‘@nb da scb. 21)
A ab

OnTrYecKoe U3MyUYCHHE XapaKTePU3YIOT CICIYIOMUMHU (U3NISCKUMHU BernduHamu[4]:

Oueprus usnyuenus W=<W> [Bt*C] wiu [J]k]- sHEeprus, nepeHocuMas N3ayuCHHEM,;

[Motox wm3nydenuss O=<W>/T [Br] -busuyeckas BenuuuHa, OIpeacIsIeMas

OTHOIICHUCM JSHCPIUH, HCpGHOCHMOfI HU3ITYy4YCHHUEM, KO BPEMCHU IMCPCHOCA, 3HAYHUTCIIHLHO

MPEBBILLIAIONIEMY MEPUOJ FTEKTPOMArHUTHBIX KOJIEOaHUM,



Duepreruueckas spkocts mnydenns L=d°® /dAdWcosb [Br/(m°cp)]- dusmueckas

BEJIMYMHA, OIpeAenseMas OTHOIIEHHEM TIOTOKAa H3JIYyYEHMs, MPOXOJAIIEro B
paccMaTpruBacMOM HAIPaBICHHUU B Ipenesiax Mainoro tenecHoro yria dW depes ydactok
noBepxHOCTH A, K TIPOU3BEICHHIO 3TOTO TEJIECHOTO YIiia, TUIONMAN YIacTKa U KOCHHYCa
yriia b Mexty paccMaTpuBacMBIM HAIPABICHUEM W HOPMAJbIO K y4acTKy dA;

Cuna msnyyenus J=d®d/dW=LcosbdA [Bt/cp] -busnyeckas BenuduHa, onpeaeasieMas

OTHOIIICHHUEM IIOTOKa HU31y4YCHMU, pacupoCTPaHAIOIICTOCH oT HCTOYHHKA B

paccCMaTpuBacMOM HAIIPABJICHUW BHYTPU MAJIOTO TCJICCHOIO YyIjia, K 3TOMY TCIICCHOMY

yriy,

Oneprerudeckas cerumocts  M=d®d/dA= ¢j-cosb xdW [Br/M?] - dusndeckas
w

BCIIMYMWHA, OolpeacirieMas OTHOIMCHUCM IMOTOKA U3JTYyUYCHUA OT pacCMaTprBacMoOro Majaoro
y4aCTKa NOBCPXHOCTH K IIJIOINAAU 3TOr0 Y4aCTKa,

2
Oo6ayuyennoctr E=d®/dA [Bt/M°] -dusuveckas BeauunHa, ompejaeseMas OTHOIICHHEM

MOTOKA M3Iy4YEeHHs, MAJAloIIero Ha Mallblil y4yacTOK IMOBEPXHOCTH, K IUIOMIAJU 3TOTO
y4dacTka.

Bce nepeuncnenHsle (U3MUECKHE BEJIMYMHBI MOTYT paccMaTpUBaThCsl  Kak
CHEKTpaJIbHbIE, T.€. 3aBHUCSIIKME OT JUIMHBI BOJIHBI, WJIM KakK WHTErpajgbHble. B mepBom

CJIy4dac 9TU BCIIMYUHBI UMCIOT CMBICJI CIICKTPAJIbHBIX IIOTHOCTEH.

3akon Kupxroda.

JIns TennoBOro WCTOYHHWKA HA JAHHOM JUIMHE BOJIHBI M MOPH  ONPEICICHHOU
TeMIIepaType OTHOILICHUE BEJIIMUMHBI, XapaKTEPU3YIOIIEH U3TydaTebHYI0 CIOCOOHOCTh, K
BEIIMYMHE, XapaKTepU3YIOIIeH TMOTJOoMATEeNbHYI0 CIOCOOHOCTh, €CTh  BEIWYMHA
MIOCTOSIHHASI, paBHAsl M3TydaTeIbHON CIOCOOHOCTH abcomoTHO uepHoro tena (AYT), a

HUMCHHO,

e ;T) _e(:T) - _ .
AT a fo (I5T). (2.2)

Ha MMPAKTUKE TCINIOBOC M3JTYYCHHC PCAJIBbHBIX HNCTOYHUKOB XaPAKTCPU3YIOT

K03 QUIIMEHTOM TEIIOBOTO M3IMy4YeHUs (KO PUIIMEHTOM YSPHOTHI)



_ My (15T)

) &9

e(l;T)

roe M g (I';T) - cnekrpanbHas sHepreTnueckas ceetuMoctb AUT. Ecim e(l ;T) = const, To

TEIUIOBOM MCTOYHUK HA3BIBACTCS CCPBIM.

3akoH [Lnanka.
DTOT 3aKOH XAapaKTEpPU3YET paCHpeleeHrue CHeKTpaibHOro wu3nydyeHus AUT mpu

3ajaHHOM TemrepaType T, a UMeHHO,
MO (:T)=c| 'ﬁexp(f;)- 1, (2.4)

rie ¢,=3,74* 10" [Br* mxm*/cm?],
¢,=1,4388* 10" [mxm*K].

3akoH BuHa.

Onpenensier nojoxeHue 3xkcTpemyMa pynkunu [Inanka

_ 2898

w = Tox [mxm]. (2.5)

Bropoii 3akon BuHa.
Ompenenser 3HaueHne crnekrpaibHon ceetuMoctd AUYT Ha june BonHe |, , a
VMEHHO,

MO, =1,2864*10"°T° [Br/(cM*MKm)]. (2.6)

3akon Credana-bonbiimMana.
WNuTerpanpHas sHepreTudeckas ceetumocth AUT B nmuanazone jumH BoiH oT O 1o ¥
paBHa

MO(T) =sT* [Br/em?]. (2.7)

3akoH JlambeprTa.
Cuna uznyuenus J uneanbHoro 1ud¢y3Horo u3iaydaress MponopiHoHaTIbHA KOCUHYCY

yrJla MKy HOPMaJIbIO K U3ITy4arollel MOBEPXHOCTU U HAIlpaBJIEHUEM HAOIOICHNUS, T.€.



J@,b)=J,cosb. (2.8)

I[JI?I IIJIOCKOTI'O H&MGGpTOBCKOFO HU3J1y4dareiid CIpPaBCJIMBO TaKXE CICAYIOIICE
COOTHOIICHHUC

M =pL. (2.9)

2.2. XapaKTepuCTHKHU U MapaMeTPbl U3/Ty4YeHHUsI peaibHbIX 00bEeKTOB.

PacnpocTpanenne usjryueHusi B atMmocdepe.

CoOcTBEeHHOE M3Iy4YEHHE peallbHbIX Tel oTiuyaercss oT u3nydeHus AYUYT. Mepoit
OTJIMYMSI CITY>)KUT CIIEKTPaIbHbIA KOA((PUIIMEHT HallpaBIEHHOTO TEMJIOBOIO U3JTy4YEHHUS

_ L, (I, T,a,b)

e(l,T,a,b) C T

(2.10)

PeanbHble TEMIOBBIE MCTOYHUKHU JIENAT HA CEJICKTUBHBIE M HECEICKTHUBHBIC- CEpbhIC”,

st kortopeix  e(l ,T,a,b)=e(T,a,b). Haubonpuieli CEIEKTUBHOCTHIO U3ITYUYCHUS

o0nanalT razoo0pa3Hble BELIECTBA. Y TBEPAbIX BEIIECTB CEJIIEKTUBHOCTb H3ITyUYEHUS
3HAYUTENbHO MEHbILIE, NMPUYEM, YEM BBILIE HIEPOXOBATOCTh MOBEPXHOCTH, TEM MEHBIIIE
CEJIEKTUBHOCTb, KaK IO JUIMHAM BOJIH, TaK U 110 HaIpPaBJICHUIO.

WNznyyenue peanbHBIX TEN CKIAJBIBAETCS U3 COOCTBEHHOTO U3IYYCHHUS U
oTpaxkeHHOro. B wactHocTH, 11 1uddy3HbIX TEN CIpaBeiIMBO COOTHOLIEHHE

M, (1)=e(l ,T)MS (I ,T)+[1- e(l ,T)IE, (I). (2.11)

[Ipu yBenuueHuun temmnepaTypbl 00beKTa KO3()PUIMEHT TEIUIOBOIO U3JIyYEHHsI PACTET,
HO 3aBHCHMOCTbH 3Ta O4YeHb ciabas. B OONbIIMHCTBE MPaKTUYECKUX CIIy4yaeB B Ipelenax
MOJIE 3pEHUsl TEIUIOBU30POB SIPKOCTh MEHSETCS He3HayuTenbHO. Iloaromy 0ObIYHO
NPUHUMAIOT, 4YTO KOA(P(UUMEHT TEIUIOBOIO M3Iy4deHHs Ui 3aJaHHOIO pakKypca
Ha0JIt01aeMOro 00BEKTa HE 3aBUCUT OT YIVIOB BU3MpoBaHMs. Ha ocHOBaHuU 3TOro mpu
HHEPreTUYECKUX pacyeTax HCIOJIb3YIOT CIEeAYIOUlyto (OpMyTy JUIsl ONpEeNesieHns MOTOKa

M3IIy4eHHUs! OT HA0JII01aeMoro o0beKTa



Fo()=0) (,a,b)dW»e(l )y (,T,% y)cosb xdAxiW»
W

WA,
(2.12)

2pS a
»e(l )Ly (I, T)A, Ocposb >sinb >da >db =pe(l )L, (I ,T)A sin’s ,.

00
JUis MHTErpanbHON OLEHKH MOTOKa M3IY4YEHHs] PEaJIbHbIX TeJl YJ0OHO MCIOJIb30BaTh
MIOHATHE PaAMAllMOHHON TeMIiepatypsl T, koTopas onpeznensercs kak remneparypa AYT,
IIpU  KOTOPOM MHTErpajbHas CBETUMOCTb pEAJbHOIO M3JIydaresss B  3aJaHHOM
CIIEKTPaJIbHOM HMHTEpPBAJIE paBHA HWHTETpaJbHOM cBeTUMOCTH u3inydeHuss AUYT ¢

TeMneparypoit T, B TOM ke CIEeKTpallbHOM UHTEpBale, T.C.

Iy

G, THIMS (1, THdl :éjvlg (,T)d . (2.13)

Ecmu e(l ,T) €e(l ), To mnna mHtepBana maauH BodH Dl =0..¥ Ha OCHOBE 3aKOHa

Credana-bonpiiMana moayduMm clieyroliee BoIpakeHue i paualliOHHON TeMIIepaTyphbl
T =4e(M)T (2.14)

[Ipu npoxoxACHNU ONTUYECKOTO U3TYyUYECHHS Yepe3 aTMocdepy OHO ociiabmisieTcs u3-3a
MOJICKYJISIPHOTO TIOTJIOIICHUSI M pacCesHHsl, a TakXKe paccesiHUus Ha a’po30JisiX.
Haubonbiiee BnusHue Ha ocnabrnenue wusnydyenuss B WK nuamazone oka3bIBaer
MOJICKYJISIPHOE TIOTJIONICHHE U PACCEeSTHUE HAa TPEXaTOMHBIX MOJIEKYJIaX TaKWX, Kak BOJA,
VTJIEKUCTBIA Ta3 W 030H. [l0JI0CHI MOTIIOMICHHST BOJSHOTO Tapa ¢ IMEeHTpoM 6.3 MKM H
YTICKUCIIOTO Ta3a ¢ meHTpaMu 2.7 U 15 MKM OTpaHHYMBAIOT MPOIYCKAaHHE B JMANA30HE
JUIAH BOJTH 2-20 MKM, Ompe/iensis OJIOKEHHE JIBYX OKOH mpo3padHocth: 3,5-5 u 8-14 mMxwm.
Jlnst OONBIIMHCTBA NPUMEHEHUW TEIJIOBU3MOHHBIX CHUCTEM OKHO TIPO3PAuyHOCTH B
JMana3oHe JUTHH BOJH 8-14 MKM sBJsieTCst 00JIee MPEAOYTHTEIIBHBIM.

CornacHo 3akoHy byrepa cnektpanbHbiil K03(G(UIIMEHT NPOIMYCKAHUS ONPEICISIETCA
o ¢hopmye

t.()=exp[-g(l)L,] (2.19)

rae g(l )=s (I ) +k(I ) - mokazarens ocinabieHuUs;

s(l)=s,()+s,(I)- moka3arens paccesHus;

k(1) =k, (I )+k,(I ) - moxa3zaTenp MOJEKYISPHOTO U a3PO30JIBHOTO MOTTIOIEHUS.

[ToxpoOHee MeToIMKY pacueTa KodhduUIlMeHTa MpoImyckaHus atMocdepsl cM. B [1,2,3].



3. MopenabHoe NnpeacraBJcHUuE TCIJIOBU30POB

3.1. Uepapxusi npouecca NPOeKTHPOBAHNS U MO/eJbLHOTr0 npeacraniaeHus O

[Ipu pemiennu 3aa4 NPOEKTUPOBAHUS B MHKEHEPHOM MPAKTUKE IIMPOKO UCIOJIb3YIOT
METO/Ibl MaTeMaTuyeckoro MozaenupoBanus. CyTb 3THX METOJOB 3aKIIOYaeTCs B
abCTparupoBaHUM OT PEAIbHOIO OOBEKTa U ONEPUPOBAHUU C €ro 00pa3oM, aJeKBaTHO
OTPaXKAIOUIMM HHTEPECYIOUINE IIPOEKTAaHTa CBOMCTBA 3TOr0 peaabHOro o0bekTa. B
(opMannM30BaHHOM BHJI€ 3TH CBOICTBAa ONHMCHIBAIOT MAaTE€MaTUYECKUMHU CHMBOJIAMHU,
0TOOpaxeHUsIMU U onepaTopaMu. [Ipyu MoieapHOM OnMCaHUM 0OBEKTOB MPOEKTHUPOBAHUS,
B TOM YHCI€ M TEIUIOBU3MOHHBIX HPUOOPOB, CYILIECTBYET OIpeAeieHHass Hepapxusl.
BoiciinM nepapXudeckuM YpOBHEM SIBISIETCS (DYHKIIMOHAJIbHO-JIOTUYECKUH, HA KOTOPOM
paccmaTpuBaeTcs MpudOp B COCTaBE HEKOTOPOro KOMILIEKCAa IMPOrpaMMHO-alNapaTHbIX
CPEJIICTB, BBIIOJHSIOIIMX HEKOTOPY 3aaauy. Ha sTom ypoBHe cuHTE3upyeTcss oOmuil
anropuT™ (PYHKUMOHUPOBAHHUS, BKIHOYAsi 00OpaOOTKY CUTHAJIOB JUISl BBIJIEJIECHUS MMOJIE3HOMN
MH(pOpMAaLIMH, a TAKXKE AITOPUTMBI YIIPABJICHUS U TpeOOBaHUS K OTJEJIBbHBIM MOJICHCTEMAM
KOMILIEKCA.

Huxecnenyromum ypoBHEM MpPOEKTHUPOBAHUS SIBISETCA CUCTEMOTEXHUYECKHH, Ha
KOTOpPOM CTaBATCA M pELIAIOTCA 3a/Jayd NPOEKTUPOBAHUS KAXKIOW M3 IOJCHUCTEM
KoMIuiekca. Ha cucTteMoTeXHHYecKOM YpOBHE KakJias U3 IOJCHUCTEM, BBIMOJHSIONIAS
ONpeeNIEHHYI0 (PYHKIMIO NMPEACTABISIETCS B BUAEC CTPYKTYPHOM CXEMBbl, COCTOSIIEH W3
AJIEMEHTOB PUMEPHO OJIMHAKOBOW CTENEHM CIOKHOCTU C TOYKH 3PEHUsI MaTeMaTHYECKHX
OIIepaTOpOB, OMMCHIBAIOIIMX IpPeoOpa30BaHUE CUTHAJA KaXKIbIM U3 3TUX DIIEMEHTOB.

O6o6mennas cxema O] Ha CHCTEMOTEXHIMYECKOM YPOBHE TpejicTaBiieHa Ha puc.3.1.

1 3 4 5 6 7

2 8 9
[~ O 0 0 /[ I [

nmcrcnroc®inoe— M ™I AT P M = vy

10
~J ' >

Puc. 3.1 OO6Go6mennas cxema ODIl, kak o00beKTa TNPOCKTUPOBAHUS HA
CUCTEMOTEXHUYECKOM YypOBHE TpOEKTHpoBaHHWSA: 1 — WCTOYHWMK curHaia; 2 — cIoi

MPOCTPAHCTBA; 3 — ONTHYECKasi CUCTEMa; 4 — TIPOCTPAHCTBEHHBIN QUIBTP; 5 — MOIYIIATOP;



6 — mnpueMHUK WU3Iy4YeHHUs; / — DJJICKTPOHHBIA TpakT, 8 — pemoxyisTop;, 9 —

UCIIOJTHUTEIBbHOE yCTpoicTBO; 10 — reHeparop nryma.

Ha cucremoTexHMYECKOM ypOBHE CHHTE3UpYETCs CTpyKTypHas cxema OOII, kak
00BbEKTa MPOEKTUPOBAHHUSA, U B IPOLIECCE pEUICHHUs 3aJad aHajli3a U MapamMeTpuyecKoi
ONTHUMH3ALMM HA OCHOBE NPHUHATOTO MOJEIBHOTO OINMCAHUS OIPEHCISIOTCS 3HA4YCHUS
IIEPEMEHHBIX  IIPOCKTUPOBAaHMWsA -  KOHCTPYKTHBHBIX  ITapamMeTpoB.  Pe3ynbTaThl
MPOEKTHUPOBAHUSI HA JAHHOM YpPOBHE MPOEKTUPOBAHMS MO3BOJSAIOT chopmynupoBars T3
JUIsL TPOCKTUPOBAHUS HA HUXKECICAYIOIIEM CXEMOTEXHUYECKOM YPOBHE OTHAEIBHO
ONTHUYECKOM  CHCTEMBI, MOAYJIATOPA, JJIEKTPOHHOM  YacTH, JAEMOIYJSITOpa U
VICIIOJTHUTEIBHOTO YyCTPOUCTBA.

MogaenpHOE OnmMCaHue KaXAOro U3 MEepeurciieHHbIX 3BeHbeB OJII mpencraBiseTcs B
BUJIC NPUHUUIIAAIBHBIX CXE€M C COOTBETCTBYIOIIMM MAaTEMaTUYECKUM OIMCAHUEM
(GYyHKIMOHUPOBAHUS 3JEMEHTOB M cxeM B LeioM. Kak m Ha 11000M U3 HepapXHUYeCKUx
YPOBHE Ha CXEMOTEXHUYECKOM YPOBHE CTaBATCS M PELIAIOTCS 3aa4d CHHTE3a, aHAIU3a U
[MapaMeTPUYECKON ONTHMM3ALMN. Pe3yapTaToM NPOEKTHUPOBAHMS SBISIETCS KOHKpETHAs
IMPUHLNNHAAIBHAS CXeMa C OINPEICICHHBIMA KOHCTPYKTMBHBIMM IlapaMeTpamu €€
JJIEMEHTOB.

Ecnu snemMeHTOB ¢ TpeOyeMbIMH MapaMeTpaMd HET B Ipojake, TO Ha elle Ooee
HU3KOM - KOMIIOHEHTHOM YPOBHE CTaBUTCS, €CJIM 3TO 3KOHOMHYECKHU L€JecOo00pasHo,
3a/1a4a IPOEKTUPOBAHUS OTAECIBbHBIX KOMIIOHEHTOB.

B cBsI3M C BBIIECH3IOKEHHBIM IIPU NPOECKTUPOBAHUMN TEIUIOBU30POB, HCIOJb3YEMBIX,
KaK MpuOOpbl HaOMIIOACHUS, B COCTaB KOMIUIEKCA CleAyeT BKIIIOUaTh YeJOBEKa-onepaTopa
C COOTBETCTBYIOUIMM €r0 MOJEIBHBIM ONMCAaHWEM. BoIpoc MOJEnbHOTrO ONHMCaHUs
3pUTENbHONM CHUCTEMBI YeJOBeKa-oreparopa OyAeT paccCMOTpEH HUXKe, a ceilyac

paccMOTpuM OCOOCHHOCTH MOJCJIN TCIJIOBU30pa HA CUCTCMOTCXHUYCCKOM YPOBHC.



3.2. MoneJibHOE ONMCaHNe TEMUVIOBU30POB, KAK 00beKTOB MNPOeKTHPOBAHHUS
HA CHCTEMOTEeXHHYeCKOM YPOBHe
Huxe no mopsiaky OyIyT paccMOTpeHbl OCOOEHHOCTH MaTeMaTH4ECKOTO OMMCAHMS
OTJIEIbHBIX 3JIEMEHTOB CTPYKTYPHOM CXEMbI TEIIOBH30pa, KaKk 00BEKTa MPOEKTUPOBAHUS,

npeacTaBieHHon Ha puc.3.1.

3.2.1. MareMaTH4ecKue MOJd€¢/IM HCTOYHHUKOB CUTHAJIOB

VcTouyHMKaMu CUTHAJIOB JUISI TEIUIOBU3UOHHBIX CHCTEM SIBISIOTCS OOBEKTHI, KOTOPHIS
TpedyeTcsi 00HapyXUTh U pacno3HaTh. Ho 00beKThl Beeria HabI0Jal0Tcs Ha KaKOM-TTM00
¢one. IlorTomy, HeoOxoaumo chHOpPMYIMPOBATH HE TOJBKO MAaTEMATHUYECKHE MOJETH
MOJIC3HBIX CUTHAJIOB - CHTHAJIOB OT OOBEKTOB, HO TaKXKe MaTeMaTHYeCKHe MOJENn
MEIANX, (POHOBBIX CUTHAJIOB.

MaremMaTuJecKue MOJACJIN CUTHAJIOB OT 00BEKTOB

CnemaeM psif JONYIICHHHA, MO3BOJISIONIUX YIPOCTHTh MAaTEMATHUYECKHUE BBIPAKCHHUS,
OIHMCHIBAIONINE CUTHAITBI OT 00BEKTOB!
- CHTHaJIBl OT OOBEKTOB OMNUCHIBAIOTCS, KakK TMPUPAMICHUE 3HAYCHUH UX SPKOCTH
OTHOCHUTEJIPHO MAaTEeMaTHYEeCKOTO OKUJAHHS 3HAYCHHHA SPKOCTH (DOHA, YTO PaBHOCHIILHO
OMHUCaHUI0 00HEKTOB, HAOTIOJAEMBIX HA PAaBHOMEPHOM (OHE;
- 00BEKTHI W (OH SBISIOTCS CEPHIMU TEIUIOBBIMU H3JIy4aTelIIMH M, COOTBETCTBEHHO,

pacnpeneneHueM Temmneparypbsl T, (X, Y) IO TOBEPXHOCTH OOBEKTAa U CPETHUM 3HAUYECHUEM
TeMiiepatypsl T, (oHa,
- pa3HUIla TeMIIepaTypbl 00bEeKTa U (DOHA HEBENIHKA, T.€.

max( T, (x,Y) - Te| <<Te.. (3.1)

[lone3nblii curHal OT OOBEKTOB MOJKHO  ONPEACIUTh KaK  IpHUpalieHHue
MPOCTPAHCTBEHHOI'O PACIpPEAETEHUs] CINEKTPaIbHOU SIPKOCTU IMOBEPXHOCTH OOBEKTA U

CIEKTPaJIbHOM SIPKOCTHIO paBHOMEPHOTO (oHa (cM. puc. 3.2), T.e.

DL (xy 1) =e{l] [1 To(x¥)]- L (1, T )} (3.2)



L,(x,0)
L, Ly(x.0) *\//w
\ N e\
AL e
> X
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Puc. 3.2 [loscuenue MOJICJIbBHOMY OIMMCAHWUIO HCTOYHUKOB OIITUYCCKNX CUTHAJIOB

Ecmu B Beipakennn (3.2) ¢ yuerom pomymeHust (3.1) mepBblii wieH B (DUTYpPHBIX
CKOOKaxX pa3loXHuTh B psJ Teiyiopa M OTPaHUYHUTHCS IEPBBIMH JIBYMsI WICHAMH, TO

MOJIE3HBIN CUTHAI OT 0OBEKTOB MOYKHO MPEJICTABUTH CIIECIYIOLUIUM 00pa3om

DL, (%, y,1) :ew 7 DT(x,y)=DL, (I )L, (X Y), (3.3
pHIeM )

DL, (I ):em o, (3.4)

L, (X, y) =DT (X, y)/D_T; : (35)

B 3aBucHMOCTH OT TPOCTPAaHCTBEHHOro pacmpeaeneHus mnpupamienus DT (X,Y)
TEMIIEpaTyphl Pa3InyaroT CIEAYIOUINE TUIIBI MOJENIEH CUTHATIOB OT OOBEKTOB!
1. OObeKT NpOTSIKEHHBIN, pABHOMEPHBII U HE BIUCHIBAETCS B I0JIE 3pEHUS TEIJIOBU30pa
(momyrutockocTs). Torma
DL, (x,y.1 ) =DBL, (1)Y(x- %), (36)
IZie X,- KOOpAMHATA IPAaHULIbI MOJIYIJIOCKOCTH, ONUChIBAEMOM (yHKIMEN XeBucaia.

[IpocTpaHCTBEHHO-YAaCTOTHBIN CHEKTP TAKOIO0 0OBEKTA ONpPENEseTCs KaKk

DL, (I n,n,)=DL, ( >%[d<nx,ny>+p%] exp(-120n,%,). (3.7)

X
2. OOBexT Manopa3MepHbIH, "TOUYCHHBINH" .

Torna
DL, (I, % y) =ADL, (1 )>d(X- X, Y- ¥,) =B, (I )>d(X- X, ¥- ¥,), (3.8



rae A, - IUIomaas OObEKTa;

Xys Yo~ KOOPIUHATBI OOBEKTA;

DT - ycpenHeHHblll MO IO OOBEKTa TEMIEpPAaTypHBIA Mepernaj; OTHOCUTEIbHO
TeMIieparypsl (hoHa.

[IpocTpaHCTBEHHO-YAaCTOTHBIN CHEKTP TAKOI0 0OBEKTa paBeH

DL (I n,n,)=DL (1)4n,n,). (3.9)

3. OOBEKT B BUJIE OTPaHUYEHHOrO 1O pasMepaM |, 1 |, mpsAMOYyroJbHHKa ¢ PABHOMEPHBIM

IIPOCTPAHCTBEHHBIM PACIPEICICHUEM, & UMEHHO
Xy
DL (%, y,I ) =DL, (1) wect(=, ). (3.10)
X oy

rae a,b - pa3mepsl mpsSMOYTOJIbHHKA.

[IpocTpaHCTBEHHO-YAaCTOTHBII CHEKTP TAKOI0 00BEKTa paBeH

DI?, (I ,)n,,n,)=ADL (I )>sinc(pl n,)>sinc(pln,). (3.11)

4. OOBEKT, OrpaHMYEHHBIM IO pa3MepaM C M[POU3BOJIBHBIM MPOCTPAHCTBEHHBIM

pacnpenaeieHueM spkocta (cum. puc.3.3).

A

Puc. 3.3 [Ipumep oObekTa ¢ OrpaHUYEHHBIMU Pa3MEpaMH

UtoObl ynpocTuTh W yHU(PUIHMPOBATH OMHCAHUE OOBEKTOB C MPOU3BOJILHBIM
pacrpenesieHueM SpKOCTH, BOCHOJIb3yeMcsl Teopemoil KorenmbHMKOBa ISl 4aCTOTHOM

obnmactu. JIBymepnsiii @ypope-criexktp curnana DL, (X, Y, ), orpanndeHHoro B mpenenax



NpsIMOYTOJIbHOM  o0sacTu rect(ll,l), MOXKHO TMPEACTAaBUTH HHTCPIOJISAIIMOHHBIM
X 'y
IIOJIMHOMOM BHU A
~ § ~ mn m,, . n
L (10,n,) =06 () & (. >sinelpl, 0, - P)lsindpl, 1, - ). (312
m,n=- ¥ X y

Ecnu Berumcimth oOpatHOe mpeoOpasoBanue Dypre orT Beipaxkenus (3.12), Tto
MOJTyYUM CIIEYIOIIee BBIPAXCHHE, OMUCHIBAIONIEe CUTHAI OT 00BEKTa, C MPOU3BOIHHBIM
pacrmpeeseHneM SIPKOCTH M OTPAaHUYEHHOTO 10 CBOMM pa3Mepam
|~
L (xy) === & LG Dlrest P eliizn G+ 4 (F - (49

x y x ly x y x oy

Ecmu BoCmonmb30BaThCS CBOMCTBOM IIEHTPAIbHOW CHMMETPHH TPOCTPAHCTBEHHO-

YaCTOTHOTO CIHEKTpa CHUrHaia, To BbIpakeHue (3.13) MOXXHO Takke IpEICTaBUTH B

HECKOJBbKO MHOM BHC

DL 1 xy) =2 et DAL, 00 +28 T Peostzp (e Y+ (7

x y m,n=1 x y y lx ly

(3.19)

N3 momyueHHOTro BhIpaKEHUs CJIEAYEeT, YTO CUTHAN OT JII0OOro (PMHUTHOrO OOBEKTa,
T.€. OTPAaHUYEHHOT0 10 O0JACTH €ro HEHYJIEBOTO OMUCAHUS, MOXKHO MPEJICTABUTH B BUJC
pasnokeHus: B 0a3uce TapMOHMYECKUX (PYHKIIMI, OTPAaHUYECHHBIX B TpeaeNiax 3TOW XKe
obnactu. B03MOXXHOCTH TaKOro MPEICTABICHUS SIBISETCA CIEICTBUEM HW30BITOUHOCTH
KOHTUHYaJIbHOT'O OMMCAaHUs CUTHAJIOB OT PEAIbHO CYIIECTBYIONIUX OOBEKTOB.

CymiecTByeT runoresa, CorjlacHo KOTopoi n3o0pakeHue, GopMUpPYEMOE B 3pUTEIbHOM
CHUCTEME YeJIOBEKa, Ha 3Tarie BTOPUYHON 00paOOTKH C IEIbI0 YMEHBIIECHUS N30BITOYHOCTH

MH(pOpMaILIMH, PAaCKIaIbIBAETC HMEHHO B TaKOM Oazuce.



Marematndyeckue Moaeiau (hOHOBBIX 00PA30BAHUI

Peanuzarnuu (OHOBBIX CHUTHAJIOB MPEJCTABISIOT COOOI0 CIydYailHbIE TOJISl, KOTOPHIE
OMHCBIBAIOTCS] B TEPMUHAX SAPKOCTU U3ITYYCHHUS] MHOTOMEPHBIMU CIIyYaWHBIMU (YyHKIUSIMU
L. (|r ), ONpEACIICHHbIMU, B CaMOM OOIlEeM cliy4ae, B KOOPAMHATHOM MPOCTPAHCTBE
F=(r,..r)".

OuyeBuHO, 4YTO (OHOBBIE TMOJSI MOTYT CYIIECTBEHHO OTIWYaThCA IO CBOUM
CTATUCTUYECKUM XapaKTEPUCTUKAM pacIlpeeeHUsl IPKOCTU U3ITyUYeHHUs, KaK, Halpumep,
¢oH, oOpa3oBaHHBIA 3BE3AHBIM HEOOM, U a’poyiaHAma(T MpU TMOJCTUIAIONICH JECHOU

MecTHOCTH. TeM He MeHee, MHOkecTBO B ={b} (oHOBBIX Mmosieli MOXKHO pa3aenuTh Ha
noaMHOkecTBa F, 1 BTakum o6paszom, 4To MO0y W3 peanm3anuil LFi(lr) (OHOBBIX
MoJie MOXHO OTHECTH K OIpEesICHHOMY aHcamOJIo ciydalHbIX mojieit F :{LFi(lr )},
KQKJIBI U3 KOTOPBIX ITOJIHOCTBIO XapaKTEPU3yeTCsI HEKOTOPO MHOTOMEPHOM IIJIOTHOCTBIO
BEPOSITHOCTH Wnk(LFl,...,LFn;|r1,...,|rn).

Toraa maremMatnyeckyro Mojenb (pOHA, KAaK UCTOYHHMKA ONTUYECKOTO CUTHAja MOKHO

TIpEeNCTaBuTh B Buje MHOkecTBa A, ={F T B:® Wnk(LFl,...,LFn;ﬂ,...,lrn)} , OIKUCBIBAIOIIETO

CUTHAJIbI TUTIOBBIX aHCaMOuiel oHa.

Ornucanne peasbHO CYIIECTBYIONIUX (DOHOBBIX TMOJIEH B TAKOM BUJE MPHU YCIOBUH, UTO
WX peanu3aliu SBIAIOTCA QYHKIUAMH MHOTUX apTyMEHTOB, a Pa3MEPHOCTh N MJIOTHOCTH
BEPOSITHOCTH HHYEM HE OrpPaHWYECHA, CBSI3aHO C TMPAKTHYECKH HEMPEOAOTUMBIMU
TpyAHOCTAMH. [l03TOMy OOBIYHO N€NAOT Ps JOMYIICHHUM, CYHIECTBEHHO YIPOIIAOIINX
npo0aeMy MaTeMaTUUEeCKOTO MOACIUPOBAHUS (POHOBBIX IMOJICH.

Bo mepBbix, Oynem paccMarpuBaTh ()OHOBBIE TMOJSI KaK CTaTHMYECKue, mpeHeOperas
BO3MOKHOW 3aBHCHUMOCTBIO PAacHpeIeNICHUs SIPKOCTH B peanu3aiusax (poHa OT BpeMEeHHU, U
1aMOEPTOBCKHUE, T.€. UMEIOIINE OJIMHAKOBYIO IPKOCThH MO HAMPABJICHUSIM PacpOCTPaHECHUS
m3nydeHusi. llpu Takux JOMyIIEHHSIX peanu3anud (OHOBBIX TMOJEH OMUCHIBAIOTCA

byHKUIMAMU TpeX nepeMeHHbIX L. (X, y,|). B HEKOTOphIX YacTHBIX ciyyasix, KOTOpbIE
OyayT paccMoTpeHbl Huxe, L. (X,y,]) MOXHO mnpeAcTaBuTh Kak QYHKIUH C

paznendromumucs nepeMeHHbIMu. IIpencraBnenue (aykTyanuil spkoctd (oHa B TakoM
BHJIE CYILIECTBEHHO YIPOILAET 33aJjauy MaTEMaTUYECKOr0 MOJIEIMPOBaHUS (DOHOBBIX MOJIEH.

Ho, k coxaneHnuto, Takoe A0ONIYIICHUE HC BCEraa OIpaBaaHO.



Bo BTOpBIX, hOHOBBIE 00pa30BaHMSI MOXKHO Pa3ACIUTh HA PSJ] TUIOBBIX CIyYaWHBIX
MOJIeH, KOTOpPhIE C HEKOTOPOH CTENEeHBIO MPHUOMMXKEHUsS 00JaJal0T CBOMCTBAMHU TaKHX
Han0oJiee M3YUCHHBIX CIyYalHBIX MPOIIECCOB, KaK rayCCOBCKUE U MapKOBCKHUE. Y J0OCTBO
TAKOI'0 OMMCAHMS 3aKJII0YAETCS B TOM, 4YTO N-MEPHBIE IIOTHOCTH BEPOATHOCTH IJISI ITUX
CIIyYalHBIX MPOLIECCOB BHIPAKAKOTCS YEPE3 IBYMEPHBIE INIOTHOCTH BEPOSITHOCTH.

B tperbux, mpuHuUMaeTcs NOMyIIEHHUE O TOM, 4TO ()OHOBBIE OOpa30BaHUS SIBISIOTCS
OJIHOPOJIHBIMU B IIMPOKOM CMBICIIC CIyYaWHBIMA TOJSAMH, T.€. UX MaTEMaTUYECKHE
OXXKHUJIAaHUSI HE 3aBHUCAT OT KOOpPJWHAT, a KOBapHalMOHHAs (DYHKIMS 3aBUCHUT TOJBKO
Pa3HOCTH apryMEHTOB.

Tornma ¢oHOBBIE chydailHble TIONSl, KaK W CHUTHaJIBl OT OOBEKTOB, YJIOOHO
paccMaTpuBaTh B BUAE (PIyKTyaluil SpKOCTH M3TydeHHUs! Error! Objects cannot be created from
editing field codes. OTHOCUTEJILHO 3HAYECHUSI MATEMATUYECKOIr0 OXKUIaHUA Error! Objects cannot
be created from editing field codes., T.€.

DL, () =L (1) - M{L. (N} =L, (")- L.(1), (3.15)
npu4yemM
L.()=e(,T.). (3.16)

BaxxHo oTMETUTH, YTO TpPU TaKOM JOMYIIEHUH MOXKHO CTPOUTH MaTEMaTHYECKUE
Mozenu ¢GoHAa B paMKax KOPPENISIUOHHOM Teopuu. CoriacHO 3TOM TEOpUH TOJHOE
OMMCAaHWE CIy4YalHbIX TIOJEHM 3aJaeTcsi WX MAaTEMaTH4YEeCKHUM  OXUJAHHEM H
KoBapualMoHHOM ¢yHkuueidl. KoppensunoHHas Teopust CTporo cCIpaBeiuBa JUis
OJIHOPOJHBIX I'ayCCOBCKUX M MapKOBCKHX CIYYaWHBIX MPOIECCOB M MOJIEM, MHOTOMEPHBIE
TJIOTHOCTH BEPOSITHOCTH KOTOPBIX, BBIPAKAIOTCS YepE3 IBYMEPHBIE.

HecmoTps Ha KaxXylyrocss OrpaHUYEHHOCTh MPUMEHEHHST KOPPEJSIHIUOHHOW TEOPUH, B
OONBIIMHCTBE MPAKTUYECKH HWHTEPECHBIX CJIy4aeB MAaTeMaTHYECKOE MOJICTUPOBaAHUE
(OHOBBIX 00pa30BaHUN OCYIIECTBIISIIOT HAa OCHOBE HMEHHO JTOM Teopuu. [IaBHBIM
oOpa3oM, 93TO  OMNpaBIbIBACTCS  OTPAaHUUYEHHOCTHIO  BO3MOXKHOCTEH  IMOJyYECHHS
IKCIIEPUMEHTAIBHBIX JAHHBIX O MHOTOMEPHON CTaTHUCTUKE (H)OHA, B CBSI3M C UEM,
SKOHOMHUYECKH I€JIE€CO00pPa3HO SKCTPAMOIUPOBATh 3aKOH pACIpPEICICHUS Ha OCHOBE
AKCTIIEPUMEHTAIBHO TMOJYYCHHOM KOPPEISIMOHHON (YHKIIMM W B KayeCTBE IEPBOTO

HpI/I6JII/I)KeHI/I$I MMOJIb30BATHCA HOPMAJIbHBIM 3aKOHOM.



PaccmotpuMm Teneps MaTeMaTHYECKUE MOJIEIHM TUIMHMYHBIX (DOHOBBIX 00pa30BaHUM TTPHU
CIEJaHHBIX BBIIIE JONMYIICHUSX.

Ilycte nnst ¢oHa, KpoMe TMEPEUUCICHHBIX BBIIIE, CHPaBEIIUBBI MPUOIMIKECHUS
TEeIoBoro wuctounuka. K »3Tomy Ttunmy QOHOBBIX 00pa3oBaHUN MOXKHO OTHECTH
pacrpesiefieHle sIPKOCTH U3IIYYSHUS CeNTbCKUX, TOPOJCKUX U JIp. JaHAIMIA()TOB B CPEIHEM U
nanpbHeM UK nuamasonax miauH BojiH. Torma pacnpeneneHue (GayKTyanuid sipkocTH (oHa
00yCIJIOBJIEHO (UIYKTyalMsIMU MPOCTPAHCTBEHHOI'O PaCHpEeleIeHUs] TeMIEepaTrypbl 3TOr0
¢dona. Ecnu aMmimuTyabpl TeMmImepaTypHbIX (IyKTyalluii HEBEJNIMKHA MO OTHOIICHHUIO K

CpelHEMY YPOBHIO TemrepaTypbl (oHa T., To 0€3 CyLIECTBEHHOH IOTEPH TOYHOCTH
CUTHAJIbI, ONUCHIBAIOUINE (DIYKTYalUH SIPKOCTH (POHA, MOYKHO IPEJCTABUTh, PYHKIMSIMH C
pa3IeNAIOIMMUCS IEPEMEHHBIMH, & UIMEHHO,

DL, (x,¥.1 ) =DL, (1)L, (x.Y), (317)
wa.T)

T=T¢

rae: DL, (I ) =eDT, (3.18)

- (GyHKIIMSI, OTUCHIBAIOIIAS CIIEKTPAIIBHOE pacipeiesieHrue sipkocT GiaykTyaruit (oHa;

DT(xy) (3.19)

L, (X, y) = T
M

- HOpMUpOBaHHas (DYHKIHUS, ONKCHIBAIONIAS PACTIpeeeHne TIPOCTPAHCTBEHHbIX
(yKTyanuit SpkocTH, 00yCIOBIEHHBIX (IyKTyalHsMU IPOCTPAHCTBEHHOTO
pacnipesienenus temmnepatypsl DT (X, y) =T (X, y)- T..

Kak cnenyer u3 ananuza gopmy (3.18) u (3.19), 3aBucuMOCTh (DIyKTyaIMii SpKOCTH

TEIIOBOro (oHa OT JJIMHBI BOJNHBI | HOCHT perynspHbIi Xapakrtep W, B IIEPBOM
. . wa.T)
NpUOIMKEHNH, onpeensercs QyHKIMEeH KOHTPACTHON IpKOCTH T IIpU 3aJJaHHOM

3HAYEHWN cpeAHed Ttemmeparypbl (oHa T ., a Takke BEIMYUMHOW (QUIyKTyauuin
temneparypHoro mnepenaga DT, . Iloaromy craTtucTuueckue CBONCTBA (DIyKTyalui
aMIUIUTYAbl CHEKTPAJIbHOM SPKOCTH TEIUIOBOrO (OHA MOKHO ONHMCATh OJHOMEPHOM
wiotHocThI0 BepositHoctH W, (DL;1 ) (3meck | paccmarpuBaercs kak mapameTp), BUJ

KOTOPO#l 3aBUCUT OT IUIOTHOCTH BEPOSITHOCTM 3HAYCHMH (IyKTyaluuil Temmneparypsl

w, (DT) . Ecin dnykryanum temneparypsl DT pacnpenesneHsl o rayCCOBCKOMY 3aKOHY,



TO OJHOMCpHAad IIJIOTHOCTHL BCPOATHOCTHU aMILIATYIbI CHGKTpaHBHOﬁ SPKOCTH TaKKC

rayCCoBCKas U UMECT BU/J]

2

gy=_ 1 b
w, (DL;! )_SI \/_exp( I2), (3.20)
L (;T)
- - 21
rae s, =s.e . (3.21)

- CpEIHEKBAJpPaTUUYECKOE OTKIOHEHHE (IYKTyallMid CHEKTpaJbHOW SIPKOCTH (hoHA Ha
IUTMHE BOJIHBI | ;
S ; - CpPEIHEKBApaTUYECKOE OTKIOHEHHE (uiyKTyaruii remnepatypbsl DT ¢ona.
Torma B paMkax KOPpEISUMOHHOW TEOPUU IPOCTPAHCTBEHHO-CHEKTPAJIbHBIE
(GayKTyaluu TemIoBOro (oHa MOXXHO OmMcaTh KOPPENSILIMOHHON (QyHKIUEH, KOTOpYIO

MO>KHO IPEJICTABUTh KaK
K(Dx,Dy;1 ) =s ?K,, (Dx, Dy), (3.22)
rnie K, (Dx,Dy) - HopmupoBaHHas KOppeNSIHOHHAS (YHKIUS MPOCTPAHCTBEHHOTO

pacrpeeNieHus CIIy4aliHOTO CTallMOHAPHOTO TOJISl SIPKOCTH (hOHA.
N3 skcnepuMeHTaNbHBIX HCCIEIOBAHUN HA3€MHBIX a’poaHAmadpTOB U3BECTHO, UTO
JUTISl U30TPOMHBIX (POHOBBIX 00pa30BaHUN HOPMHUPOBAHHYIO KOPPEIAILHMOHHYIO (DYHKIIHIO

MO>KHO allpPOKCUMHUPOBATh (PYHKUUSIMU BUIA

Error! Objectscannot be created from editing field codes.
(3.23)

. DXZ + 2
rie DO = —Dy - (3.24)
I_D
- IPUPAIICHNE YIIIOBBIX KOOPAWHAT B MPOCTPAHCTBE MPEIAMETOB, U3MEPSICMbBIX OOBIUHO B

MIJUTIpaauanax (Mpas) npu HaOJIIOCHUH Ha M3BECTHOM AanbHOCTH L ;

a - k0dpHUIMEHT anTPOKCUMAIINH;

n; - KOd(QPUIMEHT anmpoKCUMAIMu, HUMEIMUA  cMbIch 3P deKTUBHON

IIPOCTPAHCTBEHHOM YaCTOTHI M U3MEPSIEMBIN B Mpaz['l.
Ecnun pacnpenenenue ¢uykryanuii sipkoctd ¢GoHa HE SBISETCS H30TPOIHBIM, TO

MOKHO HCITOJIB30BATH AIMIIPOKCUMAIUIO BUaa

Ky (D ) =exp(-a,j |)>cos{2p (0;,Dj , +n;,0j )], (3.25)



rae nj x B nj y KO3 (ULMEHTHl anmpoKCUMAalMi, HUMEIIIKUE CMbICT 3(P(HEKTUBHBIX

MPOCTPAHCTBEHHBIX YaCTOT B HaNpaBJieHUsIX X U Y, COOTBETCTBEHHO.

Ba)xHO OTMETHTB, YTO B paMKaXx MPEII0KCHHONW MOJICIH ONTUCAHMS H3TydeHUs (DOHOB,
KaK TEIJIOBBIX HMCTOYHUKOB, Ui OOJBIIMHCTBA THIIOBBIX JIAHAMAPTOB, BUA (PYHKIUN
(3.23), (3.25) 1 KOHKPETHU3UPYIOLIUX OMKCAHUE MOJeIeH K03(DOUIIMEHTOB aNPOKCUMAITTU
MOYKHO CYHMTaTh WHBApUAHTHBIMH B IpEJAEIax CyTOYHOI'O HHTEpBaja W JaXe BPEMCHH
roja, T.K. NPH KOJEOAHUAX TEMIEpPATyphl, B OCHOBHOM OYJET H3MECHSTHCS 3HAYCHHE

CPCOHCKBAJIPATUYCCKOTO OTKIIOHCHUA S . DOTO 3HAYCHUE AOBOJIBHO ITPOCTO pacCHUTATh,

ucronb3ys Gpopmyiy (3.21), eciiv U3BECTHBI TPeIeIibl KoJeOaHuid TeMIeparypsl OT T, 110

T

max *
Hampumep, a1 rayccoBCKOro 3akoHa pacnpefesieHus (IyKTyaluid TemIrepaTyphl,
CpEIHEKBaIpaTUUYECKOE OTKIOHEHHE (DIYKTYalUid SpKOCTH PABHO

_ 0
S| eTmax Tmin 1TLI (l ’T)|
6 i

, (3.26)

»

a Jyia OMHApHOTO 3aKOHA -

S| _eTmax - Tmin 1-“_(IJ (l ’T)| )
2 m |

(3.27)
Cnenyer OTMETUTh, 4YTO OWHApHBIA 3aKOH JOCTATOYHO XOPOIIO OIMHCHIBACT
pacrpesieieHle 3HaUeHUM SIPKOCTH AJi Takoro Tuma ¢oHa, kak oonaunoe He6o. [Ipu aTom
HOPMHUPOBaHHAsI KOPPEJSIITUOHHAS (DYHKITUS
MOXET OBITh aNMPOKCUMUPOBaHa 3aBUCUMOCTBIO BU/IA
K,y (D ) = exp(- &|Dj ). (3.28)
B 3axmrouenune oTMeTuM, 4TO MOAENb (POHOBBIX OOpPa30BAHMI UCIIONB3YETCS B 3a/1a4ax
OolleHKA S()PEKTUBHOCTH TEIUIOBU3UOHHBIX CHUCTEM TMPU CEIEKIMH M PaClO3HaBaHUU
00BEKTOB Ha HEpPaBHOMEPHOM (oHE. DTO CIOKHAsg M 10 KOHILIa HE pelIeHHas 3ajaua,
TpeOyromiasi 3HaHUST TEOPUU CTATUCTHUECKUX PEIICHHM, a TaKKe TEOPUU 3PUTEIIHHOTO

BOCHIPUATHA CIIOKHBIX TCKCTYP.



3.2.2. MareMaTH4ecKast MOJeJIb ONITHYECKOI CHCTEMBbI

Ha cucteMoTeXxHMYeCKOM YPOBHE MAaT€MaTH4YecKas MOJENb ONTHYECKOW CHCTEMBI
(OC) mpexacrasisieTcss B paMKaxX CKaISIPHOH TEOPHH TUPPAKIUU KaK MPOCTPAHCTBEHHBIN

GuIbTp, XapakTepusyeMblid (YHKIUEH paccesHus (MMITYJIbCHBIM OTKIHKOM) H_(X,Y)
MM ONTHYECKOH mepemarouynoit ¢yukmmedr (OI®D) H(,,n,). Kpome sroro,

T€OMETPUUECKHE U DJHepreTuyeckue mpeodOpasyromue cBoiictBa OC onuchBaroTCA

CHEKTpaJIbHbIM KO3 duumrentom npomyckanus t (I ), amamerpom BxojHOro 3pauka D, a
Takke QoKycHbIM paccrosiHueM f . [lepedniciieHHble XapaKTEpUCTUKU U MTapaMeTphl NpU

MIPOEKTUPOBAHUU PACCMATPUBAIOTCS KaK MEPEMEHHbBIC, KOTOPbIE TPEOYETCs ONPEICTUTh.
Omnepatop mnpeoOpazoBanusi OC BXOJHOTO CHUTHaJIA B BBIXOJHOW OIUCHIBACTCS C
TOYHOCTBIO JI0 MHOXHTEIIEW HWHTErpajioM CYIMEPIO3UINH, a HMEHHO, pacipejesieHue

MOJIE3HOM COCTAaBIISIONIEH CIIEKTPATbHON OCBEIIEHHOCTH B TUIOCKOCTH M300pakeHust X,y

OC paBHO

DE(X,y,1 )=t (I t.( )psin®s DL, (I, %)A H, (X,y), (329

W

b
_ Xy .

rae: DL, (I ’E’E)_ pactlpe/ieiCcHHe CIEKTPAIbHOW SIPKOCTH TMPOCTPAHCTBA IMPEIAMETOB,

MPUBEACHHOE K IJIOCKOCTU U300paKeHUs;
S .- 3amgHuil aneptypHsbIil yroa OC;
b- nmuneitnoe ysennuenue OC;
A - cuMBoHMYeCKOe 00603HAYEHHE MATEMATHIECKOTO OIIepaTopa CBEPTKH.

Ha nauvanbpHOI cTaguu NMPOEKTHUPOBaHUS TPeOyeTCs ONpeneauTb OPUEHTHPOBOYHBIE
3HaYeHUsl MEPEMEHHBIX NPOEKTHpPOBaHUsA. MeToarKa Takoro pacuyera OyIeT HM3JI0KEHa
HIDKE, a ceiiyac paccMOTpuM o0Ie cooOpakeHus M0 CUHTE3Y BHAa (DYHKIIUU paccessHUs
i OII® OC.

NHorpa B kauecTBe nepBoro npudnmxenus npuaumaroT, uto OC He umeet adeppauui,
a kauectBO (opmupyemoro OC wu3o0paxeHUs OTpaHUYEHO UMb AUQpPaKIUeH Ha
BBIXOJHOM 3padke (mudpakimuonHo orpanumdenHas OC). B atom cimywyae QyHKIms

paccesHus st OC ¢ KpyIibIM 3paykKOM UMEET BU/T



, 2
H,(x,y) = 2hW8 (3.30)
8 u u
riae
" |pf[? XE+y”, (3.31)
a OIlD -
(3.32)
D
rge n,, = T -IIpeAeabHas IPOCTPAHCTBEHHAS YacTOTa,
n,=.nf+n;

bonee ynoOHOW i anmpoKcHUMAaIUu MOJIMXpoMaTuyeckod ¢pyHkiuu paccesnus OC

saBisieTCs IByMepHas QpyHkuus ['aycca

Ho(xy) = 5 pg XHyR o (3.33)
lo (%)

rze r, - a¢dekTuBHBIA paanyc nsaTHa paccesaust OC.

OII® B 3TOM Cci1ydae UMEET BUJ

J — 2,2 2 2
HN(nx!ny)_eXp[-zp I’o (nx +ny)]' (334)
3.2.3. MaremaTn4ueckas MOAEJ/Ib CUCTEMBI OIITUKO-MEXaHUYIECCKOI0 CKAHUPOBaAHUSL

Cucrema OMC ocyiiecTBiIsieT U3MEHEHHE HANIPABJICHUS BUSUPHON OCH TEIUIOBU30pa B
IPOCTPAHCTBE MOJsI 0030pa B Ipouecce MpeoOpa3oBaHUs ONTHYECKOTO CHUTHANIA B
anektpudyecknd. Ha cucremorexnmyeckom ypoBHe cucrema OMC xapakrepusyercs
3aKOHOM CKaHUPOBaHMs, KOTOPBIN 33aJ]aeTCsl NapaMEeTPUYECKUMHU YPAaBHEHUSIMH BHU/1a

1 X, =%,(t)
Y, = Y, (0,

B COOTBETCTBUU C KOTOPBIMH OCYIIECTBISE€TCS 0030p MpocTpaHCTBa mpeameroB. Ha

(3.35)

CUCTEMOTEXHUYECKOM YPOBHE MPOEKTUPOBAHUS a0CTPArupyrOTCss OT KOHKPETHOW CXEMHOM



peanuzanuu, a mpeoOpa3oBaHUE CUTHANA, ocyulecTBisiemoe cuctemoit OMC, B o0iiem

clly4ae, OUChIBAETCS KaK JUHEIHOE peoOpa3oBaHue TUIA CBEPTKH, T.€.
¥ ¥
DE, (X- XY~ ¥,) = O0PE (x.h)H[(X-X,)- X,(y*-y,)- h]dxdh, (3.36)
-¥-¥

rae H, (X-X,,Y-Y,) - UIMIIyJIbCHBIA OTKIHK cucTteMbl OMC.

Ecnu cuctema OMC He BHOCHT JINHEWHBIX UCKAKEHUW B CUTHAJI, TO UMITYJIbCHBIN

OTKJIUK PaBEH
Ho O Y5%,,Y,) =d(X-X,, Y- Y,). (3.37)
B mpocreiiiiem cityyae JIMHEHHBIA 3aKOH CKaHUPOBAHUA B MpeEAeiax OJHOrO Kaapa

MOKHO IMPEACTAaBUTH KaK

I Xv = reCt(Ti)th
tk (3.38)
y, = rect(_l_—)Vyt,

k

— —

—_——r —

rae V, u'V, - CKOPOCTH CKaHMPOBaHHMsA B HanpasjieHus X u'Y.

[Tpu mocne0BaTEIbHOM IUKJINYECKOM CUMTHIBAHUH M300paxeHus (cM. puc.3.4) 3akoH

CKaHHUPOBAaHUS MOKET ObITh IPEJICTABIEH CUCTEMON apaMEeTPUUECKUX YPABHEHUH BUIa

Ix, ={[rectChV 1] A = comb(-L ) rect(h) A L comb(L)
1, Tl Tc Tc T2 Tk Tk (3 39)
: 1 1 t.’ '

iy = [rect(Tl) A T—comb(Ti)]vyt} rect(Ti) A comb(:-)

1 c 2 k k

—

rae T, - BpeMsl CKaHUPOBAHUSA 110 CTPOKE,
T, - IepuoJ CKaHUPOBAHMUSA 110 CTPOKE;
T, - BpeMsI CKaHUPOBaAHUA 110 KaJIpy,

T, - mIepuoz cien0BaHus KaJIpoB.

[Tapamerp, ompeaenstonuii 3pGEeKTUBHOCTh CUCTEMBI CKaHUPOBAHUsS, HA3bIBACTCS

kod(uimenToM ucnoap3oBanus - h. Koadduiuent ucnonb3oBaHus ONpeaensieT A0ITI0

«TI0JIE3HOT0»  BpPEMEHH, HEMOCPEACTBEHHO HCIOJIb3YyEMOI'O Ha  CUMUTHIBAHUE U
npeoOpa3oBaHKe ONTUYECKOrO CUTHaa B JIEKTPUUYECKUH, M paCCUMTBIBAETCS 110 (opMyJie

h= 1112 | (3.40)
k

Cc
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Puc. 3.4 TlocnenoBarenbHOC NUKIMYECKOE CKAHUPOBAHHE. a) TPaCKTOPHS

CKAaHMPOBaHHWs B IUIOCKOCTH aHaiu3a; O0) TpapuKd MNapaMETPUYECKUX KPUBBIX

CKaHWPOBAHUA IO COOTBCTCTBYIOIUM KOOPAWHATAM IIJIOCKOCTH aHaJIn3a.

Cnenyer uMeTh B BHIY, YTO B TEIUIOBHU30paxX CKAaHUPYIOIIErO THUIA B IPOIIECCE
npeoOpa3oBaHusl BXOJHOTO CUTHAJIa OCYIIECTBISIETCS €ro MOIyJsiius. B dactHocTH, 3TO
CBSI3aHO C TEM, 4YTO MPU CKAHUPOBAHUM B HHTEPBAJIbl BPEMEHU MEXIy LHUKIaAMU
«TIOJIE3HOT0» CKAaHUPOBAHUS MPOU3BOIUTCS OOHYJICHHE CUUTHIBAEMOTO CUTHajia. ['oBOpST
TaKKe, YTO CUTHAJ «TacUTCs Ha BpeMsi 0OpaTHOTO XOja». YKa3aHHAsl MOJYJISIIUs OOBIYHO
OCYIIIECTBJISIETCS B DJIGKTPOHHOM TpakTe. B MOJenbHOM Mpe/cTaBICHUH 3Ta Omeparus
MOXET paccMaTpUBAThCS KaK YMHOXXEHHE CHUTHaJla HAa HEKOTOPYI0 MOIYJIUPYIOUIYIO

¢bynkuumro  m(t). s paccmorpeHHoro  Bbimie  npumepa cuctembl OMC ¢

MOCJIEJIOBATENIbHBIM 3aKOHOM CKaHUPOBAHMSI MOJYJIUpPYOIIas (QYHKIHMS MOXET ObITh

npeacTaBJICHa KakK

m(t) = [rect(Tl) A Ticomb(Ti)] rect(Ti) A Ticomb(Ti) (3.41)

c 2 k k



3.2.4. MaremaTnueckas moaean ITHU

B TemioBU3NOHHON TEXHUKE B OCHOBHOM IIPUMEHSIIOTCS OJHOXJIEMEHTHBIE U
MHoOroasieMeHTHele Il B Buae nuMHeeK M MaTpul, paboTaIUe Ha PA3ITUYHBIX
¢usnueckux npuHiunax. O63op tunos [N ¢ ykazaHueM MX KOHKPETHBIX MMapaMeTpoOB U
XapaKTepUCTUK MpuBeleH Huxke. B nmanHom pasgene paccmarpuBatorcss [IM ¢ oGmmx
MTO3ULMM UX MOJEIBHOTO OIIUCAHUS.

Kak wu3BectHo, IIM ocymiecTBisioT mpeoOpa3oBaHHWE ONTHYECKOIO CHUTHajla B
aneKkTpuyeckuil curHasl. OCHOBHOM XapaKTepUCTHKON Takoro mpeoodpaszoBanus mis 11U,
paboratouiux B WK jamamasoHe [MH BOJMH M3IY4YEHHS, SBJSETCS CHEKTpalibHas
sHepreTuyeckass uyBCTBUTeNbHOCTE S(1 ), w3mepsemas B [B/Bt] wim [A/B1].
CrieKTpanabHYI0 SHEPreTUUECKYIO YYBCTBUTENBHOCTD YA00HO MPEICTABIATh B BUJIE

S() =S us,. (), (342)
rae S, - 3HaUCHUE CIEKTPAIBHON JHEPreTUYECKON YyBCTBUTEIBHOCTH HA JUIMHE BOJIHBI
| 4, » COOTBETCTBYIOIIEN MAaKCUMaJIbHON YyBCTBUTEIBHOCTH;

S(l ) - oTHOCUTENBHAS CIIEKTPAJIbHAS YYBCTBUTEIBHOCTD.
[ToporoByto uyBcTBUTENbHOCTh I[IM mpuHATO oOLlEHMBaTHL OOHAPYKUTEIBbHOMN

CrocoOHOCTBIO D), , KOTOpast OnpesessieTcsi, Kak

. A n
Diw =Swu ;“5 (3.43)

w

rae A, - IWIOMAAb YyBCTBUTENBHOrO dneMenTa [1U;

n

S 2 - qucrepcus yMa 4yBCTBUTENLHOTO djiemMenta 1M B mosoce N MpOIyCKaHHs

AJIEKTPOHHOT'O TPAKTA,;

TakuMm 00pa3oM, ypoBEHb MUHUMAJIBHOIO OOHApYyKMBAEMOI'0 CHUTHAJa ONpEJelseTcs
mucrneperen anautuBHoro myma [1W. bonee nmoaHoN XxapakKTEpUCTUKON IIYMOBBIX CBOMCTB
[IN saBnsercs cmekTp MomHOCTH myma. Ha puc. 3.5 mpexacraBiena THmoBas
XapakTeprucTuka crekrpa momrHoctu mryma [ wa ocHoBe HQCATe, oxmaxkmaemoro o

Temneparypsl T, =77°K.



B coBpeMEHHBIX  TEMJOBU3MOHHBIX  CHUCTEMAaxX  CUUTHIBAHUE  U300paxKeHUs
OCYIIECTBIISIETCA HEMOCPEACTBEHHO YyBCTBUTENbHBIMU TTomaakamu [I1. C stux nosunmii
[N ™MoxHO paccMaTpuBaTh KaK MPOCTPAHCTBEHHBIN (UIBTP, XapaKTepU3yeMbld
MMITYJIbCHBIM OTKJIMKOM WJIM TeperaTouyHoi pyHkiueil. Ecnu 4yBCTBUTENbHbBIE 3JIEMEHTHI
[IN umeroT ¢opMy NpsSMOYTOJIBHUKOB C pa3MepaMu @ U b, To 3TH XapaKTepuUCTUKH,

COOTBCTCTBCHHO, IMPCACTABJIIAIOTCA KaK

w1 X Yo
H (X, = —rectc—,—= 3.44
(X5 Y) L (3.44)
I:IW (h,.n,) =sinc(pn,a)>sinc(pn b) (3.45)

Ilo cmocobaM perucTpani CUrHajioB BO BpeMeHHM pasznuyatoT [T HempepriBHOTO
neucteus n 11 ¢ nHakomnenmeM curHanoB. lIpucymme IIM HenmpepbIBHOTO neucTBUA

MHEPIMOHHBIE CBOMCTBA ONKMCHIBAIOTCS YAaCTOTHOM XapakTepucTukoir H, (), koropas

JOCTaTOYHO TOYHO anMpoKCUMUpyeTcs (yHKUUEH BUIa

1 . ! (3.46)

Ht(n):1+i2pnt N mexp['lar(:tg(zpnt nu)]’

rae t - TOCTOSIHHAsI BPEMCHHU.

[I1 ¢ HakoIJIEHHMEM CHUTHAJIOB, KOTOpbIE, Kak MPaBUJIO, MPEACTABISIOT COOOI0

(dokanbHblE MaTpHUIbl, XapaKTEpU3YIOTCS NapamMeTpoM t, - BpEMEHEM HaKOIUICHUs
(vHTETpUpPOBaHMS) CHTHANA, a TAKXKE IEPHOJOM CYHUTBIBAHUS T, 3TOr0 HAKOIUICHHOTO

CUTHaja. DTU HapaMeTphl, 10 CYILIECTBY, XapaKTepU3yIOT IHUPUHY QUIBTPYIOLIETO OKHA U
NepHOJ AUCKPETHU3AIMK 110 BpEMEHHOM KoopauHare. TakuMm o0pa3oM, CUTHAJI Ha BBIXOJE
matpuunoro 11, kak u B remnoBuzopax ¢ cucreMamu OMC, noasepraercs GuibTpaluuu u
aAMIUIUTYJHO-UMITYJIbCHOM MOIYJISIIUN 110 BPEMEHHOW KOOPAWHATE.

BaxapiM CBOHMCTBOM MHOro’iIeMeHTHBIX [IM, sBiagercs TO, 4YTO, IIOMHMO
MPOCTPAHCTBEHHOW (WIBTPALlMKM ONTUYECKOTO CHUTHANA, B HHUX IPOU3BOAMUTCS TaKKe
OUCKpeTH3alusi JTOr0 CHTHajga II0 NPOCTPAHCTBEHHBIM KoopauHataM. Ecmm IIN
MpEACTaBIseT COOOK JIMHEWKY UYyBCTBUTENBHBIX 3JIEMEHTOB, TO JUCKpPETH3aLUs
OCYILECTBJISIETCS 10 OAHOM KoopauHare, eciau [IM maTpuusbli, TO — 1O ABYyM
koopauHaram. [Iponecc nuckpeTuzanuv B MOJECIBHOM ONMCAHUHM MOKHO PaccMaTpUBAThH

KaKk aMIUNIMTyAHO-UMITYJIbCHYIO MOAYJIAAOUIO, KOTOpasA MAaTECMAaTHUYCCKU OIMChIBACTCSA



orepanueil yMHOXEHHUSI HCXOJHOTO CUTHAJa Ha MOAYJIUpPYIoui curnai. TakuM oOpa3om,
B TEIUIOBH30pax C MHOromuiemMeHTHbIMH IIM curnan monasepraercs MOIYJIALMM Kak IO
BPEMEHHOM, TaK M II0 MPOCTPAHCTBEHHOM KoopAuHATaM. /[ BapuaHTa HE CKAHUPYIOLIErO

TerIoBu30pa ¢ MaTpuuHbiM 111 Moaynupyromas GpyHKIMs UMEET BU]L

1 et 0 1 &x 0 1 gy 0

m(t) = —combg— =x—combg—+*—comb l:, (3.47)
Tk k@ 'x Tx gly Ty @

rae T, u Ty - IIEpUOAbl AUCKPETU3AINK CUTHAJIA II0 KOOpAUHATaM X U Y ,COOTBETCTBCHHO,

a

T, - IepUoOJI TUCKPETU3AIMY BO BPEMEHH (IIEpHO]] CIICIOBAHUS KAJIPOB).

O060011as1 BBIIEU3IIOKEHHBIE TTpeoOpa3oBaHus, ocyuiecTBisiemble cuctemoit OMC u
[I1, yacTh (QYHKIIMOHAIHHOM CXEMBbI TEIUIOBH30pAa, BKJIIOYAIOIIUE OSTHU JJIEMEHTHI, B
MOJICIbHOM OMNHUCAaHUU HA CHUCTEMOTEXHHMYECKOM YPOBHE MOXKHO MPEACTaBUTH B BHJIE

CTPYKTYPHOH CXeMbl, n300pakeHHOH Ha puc. 3.6.

m(x.vt) 5
1 2 3

. 4
By . v/

— OD > [Id > [IU | B® > M » U(Xv,ywt)

6 I
T Y M > Ka(@Xvoyvt)

Puc. 3.6 CrpykTypHas cxema MOJEIBHOTO OIMCAaHHUS CHCTEMBbl CKAaHWPOBAHUSA U
npueMHUKa u3nydeHus. 1 — ontudeckuid GuUiIbTp; 2 MPOCTPAHCTBEHHBIW (GUIBTP, 3 —

uaeann3upoBanHsiil [11; 4 — BpemerHO# QUIBTpP; 5 — MOIynsITOP; 6 — reHepaTop myma.

JlaHHasg cxeMa BKJIIOYAaeT TaKue CTPYKTYpHBIE OJJIEMEHTBI, KaK OINTHYECKHH,
MPOCTPAHCTBEHHBI M BPEMEHHON (UIBTPBI, MOIYJIATOP, TE€HEpaTop IlyMa, a TakKxke
HeKOoTopbl uneanusupoBaHHbli [IM, ocymecTBistomuii nmpeoOpa3oBaHUE ONTUYECKOTO
CUT'HAJIA, ONACHIBAEMOTO B TEPMUHAX MHTEIPAIBHOIO IMOTOKA U3JIyYEHUs, B JJIIEKTPUUECCKUI

CUIrHall.



3.2.5. MatemaTu4ecKkasi MoJieJib 3JIeKTPOHHOro TpakTa u BKY
OnekrponHblii Tpakt (OT) B o0mieM ciydyae BKIIOYAET AHAIOTOBYIO U HU(DPOBYIO
yactu. Kak npasuiio, ananorosast yactb OT paccmarpuBaeTcs B JUHEHHOM NPUOIMIKEHUU.

B cBsA3M ¢ 3TMM €€ XapaKTepu3ylT HMITYJIbCHBIM OTKIMKOM H () wim nepemaroynon
¢ynkumeit H (n). Ha Ha4anbHON cTaamu MPOEKTUPOBAHMS OOBIYHO DJIEKTPOHHBIA TPAKT

paccMaTpUBarOT KaK arnepuoinYeckoe 3BEHO C MepeaaTouyHon pyHKiuen
7 1 1 :
H,0)=_— = exp[- iarctg(2pnt , )],
1+i2pnt, 1+ (2pnt )?

rae t, - mocrosHHas BpemeHu OT, ompenensemas Kak BpeMs Pas3JIOKEHHS OIHOTO

(3.48)

aJeMeHTa U300pakeHus o hopmyie

nabh

S E (3.49
W, 2\Nyn ’

3I€Ch. N - KOJWYECTBO YYBCTBUTEIBHBIX 3J1€EMEHTOB B [1U;

a u b - yrmoBble pa3Mepsl UyBCTBUTENBHBIX 21eMeHTOB 111

2N, u 2W, - yrIoBbIe pa3Mephl MOJIS 3PEHHUST TEIIOBU30Pa;

n, = - 4HacCcToTa KaapoOB.

Tk

[IpeoOpa3oBaHue curHajla M3 AaHAJIOTOBOIO BUJAa B LU(POBOM BHUJ CBSI3aHO C
napamMeTpUYecKuM U HEJIIMHEHWHBIM NpeoOpa30BaHUSIMH, OCYIIECTBISIEMBIMU B aHAJIOrO-
udpposom npeodpasosarene (AILIT). PaspsaHocts ALIIl BeiOMpacTCcst Takoi, YTOOBI
YPOBEHb KBAHTOBAaHMs ObUI MEHbILIE YPOBHS aJJIMTUBHOIO IIymMa Ha BBIXOJIE aHAJIOrOBOM
gyactu OT. Eciam 3T0 yciioBHE BBIMONHSETCS, TO MOXHO MpeHeOpeub HETMHEHHOCTHIO
npeoOpaszoBanusi, ocymectigemoro AIl, a »ddexT kKBaHTOBaHMS ydecTb MyTEM
BBE/ICHUS MCTOYHHMKA JOTOJHUTEIBbHOTO aJJINTUBHOIO IIyMa - mymMa kBaHToBaHus. lllym

KBAaHTOBAaHMS MOHO PacCMAaTPUBATh KaK IrayCCOBCKUM C JUCIIEPCUEH, PABHOMN

== (3.50)



rne D- Tak Ha3bpIBaeMBbI, IIar KBAHTOBAHMS.

[Tapamerpuueckoe npeodpazoBanue B ALIIl - 310 muckperusamus mo KoopauHare t,
KOTOPYIO, KaK M B TPEIBIAYIINX CIydasx, CIEAyeT pacCMaTpHUBAaTh KaK aMIUIATYIHO-
UMITYJIBCHYIO MOTYJISIITUIO.

Jlia otoOpakenus nndopmanuu Ha s3xkpane BKY tpeOyercs npeodbpazoBars nudpoBoit
CHTHAI B AQHAJIOTOBBIA. DOTa omepamus, OCyIIecTBIsieMas [U(PO-aHATIOTOBBIM
npeoOpazoBarenem (L[AIl), maremMaTHYeCcKH OIMUCHIBACTCS KakK (QUIbTpAIus (UILTPOM

HIKHHX 9acTOT € COOTBETCTBYIOIIMM MMITYJIbCHBIM OTKiMkoM H, (t) u nepenarounoii
ynxumet H, ().

Anroputmbl  nudpoBoil  00paboTku uHOpManuM, ocyuiecTBiagemMoir B OBM,
HaIlpaBJICHbl Ha YIy4IllEHUE BOCHPHUATUSA M300pakeHuil oneparopom. Ho 310 oTaenbHbIM
BOIPOC, BBIXOJAIINN 32 pAMKH JTAaHHOTO Kypca.

C ydeToM BBIIIE M3II0KEHHOTO HA puc. 3.7 MpeAcTaBieHa 0000ImeHHasT CTPYKTypHas

cxema MojiesibHOro onucanusd DT Ha CUCTEMOTEXHUYECKOM YPOBHE MPOEKTUPOBAHMUS.

2
/i m(t)l r /i

Ui(xv.ywt) - Bd1 | M o o2 > Y2(vyvii)

KKB]_H b 1t
BD2 > (DXvsDYwst)

A\ 4

I

Puc. 3.7 CtpykrypHass cxema MOAETHHOTO OMHCAaHUS OOOOIIEHHOTO 3JIEKTPOHHOTO

TpakKTa.

[IpeobpazoBanusi, ocymectBiasiembie BKY mpaktuuecku mroboro Tuma, Ha
CUCTEMOTEXHUYECKOM ypOBHE  OINUCHIBAIOTCA  KaK  JIMHEHHBIE  DHEPreTUYeCKHe

npeoOpa3oBaHUs CHUTHala, KOTOPbIE YUUTHIBAIOTCA HEKOTOPBHIM KodpdumueHtoM S;, a

TaK)Ke MPOLECC HU3KOYaCTOTHOW MpOCTpaHCTBEHHOU (uibTpauuu. Ecin nzo0paxeHue Ha

BBIXOAC TCIIIOBU30pa BBIBOAWTCA HaA TCJICBU3MOHHBIN MOHHUTOp, TO I/IMHYJIBCHBH\/’I OTKIJIMK



HU3KOYaCTOTHOro GuibTpa, Mojenupytouiero aercrsue takoro BKY, ¢ mocratounoit

CTEMEHbI0 TOYHOCTH anmnpokcumupyercs gynkiueit ['aycca

1 & X +y. 0
Ho(x,y,)= expg- ——+ 3, 351
rae ry- 90dexkTuBHBIM paauyc MNATHa cBe4YeHHs JroMHHOpopa »dkpaHa BKY,

00yCJIOBIEHHOIO ACHCTBUEM IIyUYKa 3JIEKTPOHOB.

3.3. AHAJIM3 TEIUIOBU30pa ¢ Mapa/LieJIbHbIM CKAHHPOBAHUEM M MaPaJLJIeIbHOM

00paldoOTKOIl CUTHAJIOB.

CyTtp 3amaum aHanu3a B OOIIEM cCly4ae 3aKJIOYaeTcss B CJEAYIOUIeM. 3aJlaHbl
XapaKTEPUCTUKH TOJIE3HOTO curHana, u (pona. TpeOyeTcst onpeaenuTs CUTHAI WA CIEKTP
CUTHaJIa Ha BBIXOJEC TEIUIOBHU30pa C M3BECTHBIMU (YHKIIMOHAIBHOW CXEMOW U
KOHCTPYKTUBHBIMH MTapaMETPaMH U XapaKTEPUCTUKAMH 3TOTO TETUIOBU30PA.

[Toaxon K pelieHuo 3aja4un aHajiu3a MPOJIEMOHCTPUPYEM Ha MPUMEPE TEIJIOBU30pa C

napajuiebHBIM ~ CKaHMPOBAHMEM WM [MapajulelibHOM  00pabOTKOM  CHUTHAJIOB,

(byHKIMOHAIbHAS CXeMa KOTOPOTo Ipe/cTaBieHa Ha puc. 3.8.

1

|

Puc. 3.8 ®yHkmmoHanpHAs CXeMa TEIIOBU30pa C TMapaUICIbHBIM CKaHHPOBAHUEM,

napajuieibHol o0paOOTKOM CHUrHajOB M MapajljiebHONM pa3BepTKOMl u3oOpaxkenus: 1 —
ONTHYECKAs CUCTEMA,; 2 — OJIOK ONTHUKO-MEXaHMYECKOT0 CKaHUpOoBaHUs; 3 — nuHeika [1U,
4 — cuctemMa OXJIQXKACHUS; 5 — AIEKTPOHHBIN OJI0K; 6 — JTMHEIKa cBeToAnoA0B; 7 — OJIOK

OTNITUKO-MEXaHUYECKOTO CKAaHUPOBAHUSA; 8 — OKYJIAP.



MOI[GJIBHOG OIMMCAaHHEC TaKOro TCIIOBU30pa, KakK 00BeKTa IMPOCKTUPOBAHWA, B

JTMHEWHOM MPUOIKEHUH TPEICTABICHO B BUJE CTPYKTYpPHOM cXeMbl Ha puc.3.9.

6 m(w) 9 my(t)

1 2 3 4 5 10
A B e By /_ /_ [
mc | oc oo ™ Ild, = 11 ™ B®;, = B, 1D,

9
mp(t
. (®) 10
—J T |+ B®, Td,

Puc. 3.9 CtpykrypHasi cxema MOJEITBHOTO OINUCAHUs TEIUIOBH30pa C MapauIebHBIM
CKaHMPOBAaHHEM, MapaJljIeIbHOW OOpabOTKOM CHUTHAjJOB M NapajlyIeNIbHOM pPa3BEpPTKOM
n300pakeHus: 1 — HICTOYHMK CUTHAJIA; 2 — ONITHYECKast CUCTeMa; 3 — ONITHYECKUNA (PUITBTP;
4 n 10 — npocTtpancTBeHHBIe QHIBTPHI; 5 — uneanusupoBanublil [1U; 6 u 9 moaymnsitopsr; 7

u 8 — Bpemennsie GuiabTpsl; 11 —reneparop nryma.

Crnenyer OTMETUTh, 4YTO B CHJy CACJIAHHOIO JIONYUIEHHUS O JIMHEHHOCTH,
npeoOpazoBaHue CUTHANA M aaauTuBHOrO myma I B maHHOW Mojenu mMpoOU3BOIUTCSA B
OT/ACJIbHBIX NapaJlIeIbHBIX KaHAJaX.

Onpenensitonieil  0COOEHHOCTBIO TEIUIOBU30pa C MNapajUIeNIbHBIM CKaHUPOBAaHUEM
SBIISIETCS TO, YTO 3aKOH CKAHUPOBAHMS JJISI 3TOrO Cilydas MNPEACTABIAETCS CUCTEMOU

MapaMeTpUUYECKUX YPaBHEHUN BUAA

i t L1 1
X =[rect(—) X/ t] A —comb(—
i %=l (Tl) ] T (Tk ), (3.52)
1 y, = const
a MOI[y.HI/Ip}IIOH_Iaﬂ (1)YHKI_II/I$I OHpGI[CJISIGTCH BBIpa)KeHI/IﬂMI/I
m(XV 1 yv ’t) = m1(yv)m2 (t)’ (353)

ml(y)——Comb( )feCt( ) (3.54)

y y



_ t, . 1 t
m, (t) = rect (?) A — comb(_l_—k). (3.55)

1 k
C y4eToM BBIIIE H3JI0KECHHOTO CUTHAT Ha BBIXOJIE MOy IsTOpa (1103.6) CTPYKTYpHOM

CXeMBbI, 300pakeHHOU Ha puc. 3.9, MOKET OBITh MIPEICTABIICH B BUJIC BHIPAKCHUS

U, (% Yo t) =km (Y, ) O0EL (X=X, Y- Yy, OH,, (X, y)dxdy = (3.56)
=K [E, (%, Yy ) * H,, (%, ¥ )Im () =U (X, Yy, )M (Y, ),
e klzpsinzs;\‘AWSMDTMeBa(l X.()s,,, (I )w d - (3.57)

Te
- ko03(duuueHT, yuciaeHHO paBHbIM amiumtyae DU,, mnose3Horo curhHama or

oObeKTa 0e3 yueTa JIMHEWHbBIX NCKa)KEHUN, KOTOPbIE BHOCAT 3BE€HbS TPAKTa TEIIOBU30DA;
* - CUMBOJIMYECKOE 0003HAUEHUE ONEepallui B3aUMHOU KOPPEISALUU.
C y4yeroM JMHEHHBIX MCKa)KEHWH, KOTOpbIe BHOCUT peanbHbd [IM m anexkTpoHHBIN
TPAKT TEIJIOBU30PA, CUTHA MOCIIE MOIYIATOpa 9 ONMUCHIBAETCS KakK
U, (% ¥, D) =[U, (%, Y, DA H (A H, (O], (0). (358)
[Tone3nyto cocraBismomyr curHaga Ha Bbixoge BKY MoxHO mnpencraButh

BBIPAKCHUEM BHU A

LB(X1’y1’t) = SBAB d’JZ(XV’yV’t)HB(Xl_ XY - yv)dyv’ (359)
rac
Ha(x,y,) = —recte %) (3.60)

- HMHy.HBCHBIfI OTKJIIMK TPAMOYTOJIBHBIX INIOHNIAJ0K CBCTOAMOJOB, KaXKIaasd W3 KOTOPBIX

umeeT pasmepsl cd = A,.

C yuerom dopmyn (3.54), (3.55), (3.56) u (3.58) swipaxkenue (3.59) MoxHO

MPEACTaBUTH CIICTYIOIIUM 00pa3oM

L (X, ¥y,t) =S Ay oY (VL Yy DHG (X - Vit yv)—Comb( -
o K T Y (361)

t 1 t-t
" rect(—) x—comb dy, dt .
(T) = (—)dy,

1 k k



Bonee narnmanHeiM Ania 1iened aHanau3a SBISIETCS BBIPAXKEHUE ISl MPOCTPAHCTBEHHO-
BPEMEHHOTO CIEKTpa cUrHaia. Eciu BRIUMCIUTH TpexmepHoe mpeoOpa3zoBanue Dypbe oT
BbIpakeHus (3.61) u mpeHeOpeub YIIMPEHHEM CIEKTpa, OO0YCIOBJICHHOTO KOHEYHBIMU

pasMepamu moJist HaOII0ICHUSI, TO MOTYyUYUM

~ ~ g |~ m n m, ~ m, ~ m
L.(h,.,n,Nn)=kH, (N n unh,+—n, -—n-—)H 0OV, +—)H 0V, +—),
B( X y ) 2 B( y)m’na:.-¥ ( VXTk y Ty Tk) t( Tk) ( _I_k)
(3.62)
rae Kk, = SeAy : (3.63)

VIT,
C y4eToM MHEPUUOHHOCTH 3PUTEIBHON CUCTEMBI YEIOBEKa, KOTOpask XapakTepu3yercs
nepenaTouyHol pyHKIuel Bua
_ 1
T 1+i2pt

3p

H,0) , (3.64)

BhIpaxkeHue (3.62) mpuOIMKEHHO MOXKHO MPEACTABUTD CICAYIONIUM 00pa3om

~ ~ & ~ ~ ~ ~
LB(nx’ny’n) = kZHB(nx’ny) a U(nx’ny ) Ti’n ) Tm)Ht(nXVx)Ha(nxVx)Hap(n)’

m,n=-¥ y K
(3.65)

[TonyueHHoe BBIpaXXEHHE YUYUTHIBA€T TOT (DaKT, UTO 3a CUET MPOCTPAHCTBEHHOU M
BPEMEHHOW JUCKPETH3AIMM BXOJHOTO ONTHYECKOTO CHUTHAJIa B CIIEKTPE MOSBIISIOTCS
JIOTIOTHUTENFHBIE COCTABISIONINE, KOTOpPhIE TPU HECOOIIOJACHUU YCIOBHUS TEOPEMBI
KortenbHrkoBa mpuBOAAT K HeoOpaTuMoil moTepe uHGOpMAIuu. DTO WIUTIOCTPUPYETCS
pucynkom (3.10), Ha KOTOpOM H300paKEHO CEYCHHUE MPOCTPAHCTBEHHO-BPEMEHHOTO

CIICKTpPa CUTHAJIa HAa BBIXOAC TCIIJIOBU30PA.




Puc. 3.10 CedeHue mpOCTPaHCTBEHHO-BPEMEHHOTO CIEKTpa CHTHAJa Ha BBIXOJE
TEIJIOBU30PA.

AJIMTUBHBINA IIyM, KOTOPBIN IPUCYTCTBYET B BHIXOAHOM M300pakeHuH, 00yCIIOBJIEH B
ocHOBHOM IiyMoM [IM, KoTopblii OOBIMHO NpUHUMAIOT rayccoBckuM. [IpeoOpazoBanue
myma [IM B Tpakre TemnoBu3opa B IPUHATOM MOJEIBHOM OIMCAHWM HHUKHEU BETBBIO
CTPYKTYPHOM CXEMBbI TEIJIOBU30pa, KaK 00bEKTa MPOECKTUPOBAHUS, N300paKEHHOHN Ha pucC.
3.9. I'eneparop mryma 10 Ha 3T0i cxeme xapakTtepusyet mryM 1. MoxxHO mokas3ath, 9TO
CHEKTpP MOUIHOCTH IIyMa B H300pakeHMH Ha skpaHe BKY omuceiBaeTrcs cienyrommm

BBIPAKCHUEM
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K,0,n,n)= I, V) Hs 0,00, [H, 0V H, 0 (3.66)
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rae n y0 = T - 4aCToTa NPOCTPAaHCTBEHHON AMCKPETU3AaIUU 110 KOOPAUHATE Y,

y

, (,V,)- @ypbe-00pa3 OT HOPMUPOBAHHOM KOppeEISIIMOHHON QyHKIMuU nryma [TH.

3.4 MopenbHoe npeacraBjaceHHue 3pHTeJ’le0ﬁ CHUCTEMBI Y€J0BECKaA-OIIepaTopa nmpu

HA0/II0/ICHUH TEIVIOBU3HOHHBIX U300 pasKeHH .

TermnoBu3opsl mpenHazHA4YeHBl s (GOPMHUPOBAHUS HW300paKEHUH  TETUTOBBIX
00BEKTOB, HAOJIO/AEMbIX YelIOBEKOM-oneparopoM. KauecTBO TEMIOBU30pOB CJEAyET
OLICHMBaTh, MCXOJASd M3 BO3MOKHOCTEH ONepaTropa peuarb 3aJaud OOHapyXEeHHUS U
pacrno3HaBaHusi 0OBEKTOB 10 UX N300paKEHUAM, (POPMHUPYEMBIM B TEINIOBU30PE HA IKpaHe
BKY. B cBa3u ¢ »3TuM HeoOxoaumMo (¢opMain3oBaTh Ipolecc MNpeoOpa3oBaHUs
n300pakeHUs] W MPUHATHS PEUIICHUH B 3pUTENBHON CHUCTEME YEIOBEKa, T.€. MPEICTaBUTH
3pUTENBHYIO CUCTEMY B BUJIE MaTEMaTHUECKON MOJICIIH.

N3BecTHO, 4TO 3pHUTENIbHAs CHCTEMa 4YeJoBeKa 00JafaeT CIEAYIOIMMU CBOMCTBaAMHU
npeoOpa3oBaHusl ONTUYECKUX CUTHAJIOB!

- CEJICKTMBHOCTBIO IO JUIMHAM BOJIH ONTHYECKOTO HW3Iy4YeHUs, XapakTepusyemasl, Tak

Ha3bIBa€MOM, KpuBOil BUAHOCTH T1aza k(I );

- UHEPLUMOHHOCTHIO BOCIIPUATHUS, KOTOpask XapaKTepu3yeTcsl NnepeiaTrouHon (GyHKUuen -

H3p (n)!



- IPOCTPAHCTBEHHOM CEJIEKTUBHOCTHIO, OLICHUBAEMOM, TaK HAa3bIBAEMbIMH, PEAKIIUEN HA
cunyconanbuyo BoaHy (PCB)unu dyHkiueit kontpactHoi uyBcTBUTEIbHOCTH (PKY) -
H h.n,).

OtHocuTenbHO 00pabOTKM CHUrHala, NPEAUIECTBYIOIIEH NPUHITHIO pEIIeHUd 00
oOHapy>XeHUU WJIU pacro3HaBaHUU 00pa30B OOBEKTOB CYIIECTBYET JIBE TCOPUH, KaKIas U3
KOTOPBIX ONMHUPAETCS HAa MOJENb 3PUTEIBHON CHCTEMBI, KaK ONTHMAJIbHOIO MPUEMHHUKA
[5,6]. CornacHo 3TOMy MOAXOQY pelicHHe 00 OOHAPYKECHUH WM paclio3HaBaHUKM 00pa30B
00BEKTOB MPUHUMAETCS HAa OCHOBE aHaiM3a (DyHKIIMOHAJIa OTHOILIECHHUS IPaBIOMNOI00US
(POIT) no kpuTepHro uacanbHOro HadmoaaTens. OTIMYUE TCOPHIA 3aKIF0YACTCS B TO, YTO
B NEPBOM ciiydyae (UIBTP, OCYIIECTBISIOMIUM ONTUMAIbHYI0 O0pabOTKYy ONTHYECKOTO
CUTHAJIA B MPUEMHHUKE SIBISETCS OJHOKAHAIBHBIM, & BO BTOPOM Ciy4yae 3TOT (pUIBTp -
MHOTOKAHaJIbHBIN.

Ha puc. 3.11 u 3.12 u300pakeHbl CTPYKTYPHBIE CXEMBI, OTPAKAIOIIUE AITOPUTMBI
0o0pabOTKM CHUTHAJIOB BIUIOTh JO NPHUHSATHSA pEHICHUW Ui OJHOKAHAJIbHOW U

MHOT'OKaHaJIbHOM MOJEIIEH 3pUTEIbHON CUCTEMBI YETI0BEKA.
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Puc. 3.11 CrpykrypHas cxemMa OJHOKAHAJIBLHON MOJIEIH 3pPUTEIBHOW CHCTEMBI
gyenoBeka: 1 — omrmueckuil GunbTp; 2 — BpeMeHHOH (GuiabTp; 3 — MPOCTPAHCTBEHHBIH
bunbTp; 4 — onTUMaNBHBIN (QUIBETP;, 5 — MOporoBoe ycTpoicTBO; 6 — mporeccop; 7 —

IIaMATh.

PaccmoTpuM MHOrOKaHaJNIbHYIO MOJIENb, T.K. OHA B OOJIBIIEH CTENEHH COOTBETCTBYET
pe3yabpTaTaM IKCIIEPUMEHTANIbHBIX HCCIIeIOBaHUi. MHOrokaHaabHas MOJENb Oazupyercs
Ha THUIOTE3€, COIVIACHO KOTOpPOM M300pakeHUs B 3PUTEIBHON CHUCTEME YeloBeKa
MPEACTABISAIOTCS B BHJIE PAa3JOXKEHHS B OPTOrOHAIBHOM 0a3uce OrpaHHYCHHBIX B
MPOCTpaHCTBEe rapMoHudeckux GyHkuuii (cMm. hopmyiy 3.14). Takoe pasinoxeHue, M0 CyTH

aBJIsitonieecs: GpuibTpanueil n300pakeHNs OCYILECTBIIAETCS B CTUAPHOW KOPE TOJIOBHOTO



Mo3ra. OuIbTpEI 00Pa3yIOTCS B MOIYJISX TPYIIT KOPKOBBIX HEHPOHOB, PELICTITUBHBIC TTOJIS
KOTOPBIX CHPOCIMPOBAHBI HA TPEIBAPUTENBHO BBIACICHHBIC YYAaCTKU IO 3pEHUS U
HACTPOCHBI HA pa3HbIe YaCTOTHl M OpHWEHTAluu. Eciu MOIyTb COCTOWT W3 JTMHEHHBIX
HEHPOHOB, TO ToOdy4aercs pasioxenue Tuma (3.14), ecnu MOIyNTh BKIIOYAeT B cels

HEJIMHEHHEBIC HGprOHBI, TO MOJIYYaCTCA Pa3JI0KCHUC 110 TapMOHUKAM CIICKTPa MOIITHOCTH.
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Puc. 3.12 CrpykrypHas cxemMa MHOTOKAaHAIBHOW MOJCIH 3PUTEIHHOW CHCTEMBI

gyenoBeka: 1 — omrmueckuil GunbTp; 2 — BpeMeHHOH (GuiabTp; 3 — MPOCTPAHCTBEHHBIH
¢unbTp; 4 — mapanensHbie GUIBTPBI, 5 — MOPOTOBBIE YCTPOICTBa; 6 — mpomeccop; 7 —

IaMAThb.

Takast 00pabOTKa MO3BOJSET HE TOJIBKO OTQUILTPOBATH MOJE3HBIM CUTHAJ, HO TaKXkKe
CYILLIECTBEHHO YMEHBIINUTh U30BITOYHOCTh N300paKEHUS - CKaTh UH(POPMALIUIO.

WMy ibCHBIE OTKIMKA MN-bIX NapajulebHbIX (MIBTPOB OMUCHIBAIOTCA CIEAYIOUIUMHU
BBIPAKEHUSIMU

H,.(xY) = ercux y)mos[2p<x—m+y—” ] (3.67)

X y

a COOTBETCTBYIOUIUE UM MepeaaTouHble (PyHKINHU -

H..0,n,)=sncpl,(, - P)] ssinc[pl, (0, - P)], (3.68)

X y



[Ipennonoxum, 4To BXOJAHOM ONTHUYECKHI CUTHAJI HE MEHSETCS BO BpeMmeHu. Torna,
COTJIAaCHO KPUTEPHUIO UACATILHOTO HAOMIOAaTENsl, alTOPUTM MPUHSITHUS PEIICHUSI CBOJIUTCS K

CpaBHCHUIO 3HAUYCHUA KOPPLCIHIIMOHHOTO MHTECTpajia C MOoporoM, a MMCHHO

2
>smnInLn 4 Sm -7
S 2 !

mn

z =max{L’ (x Y. A H,., (x )}

(3.69)
rae
L'e(xy,t) =L (x ) +L, (X y.1) - (3.70)
- (yHKIIMSI, OTUCHIBAIOIIAS PEATN3allii CUTHAJIA B BU/JIE aJJIMTUBHON CMECHU MOJIE3HOTO

curHana Lg(xy,t) u myma L (X Yy,t) B uszoOpaxkeHuu, (HOpMUPYEMOM Ha BBIXOJIE

TCINIOBHU30pPa, ¢ YUCTOM MHCPIIUOHHOCTH 3pHT€JIBHOI>i CHUCTEMBI YCJIIOBECKA,

L =P (3.70)
P,

- TIOPOTOBOE OTHOIIEHUE MPABIONOA00MS, 3aBUCSAIIEE OT AlPUOPHBIX BEPOSITHOCTEH

P, B P;, COOTBETCTBECHHO, OTCYTCTBUA U HAJTINYHA IOJIC3HOTO CHUTHAJIa B HpI/IHHTOﬁ

peanu3anuu,

mn

S, =max{L',(x, y,) AH_(x,y)}»
Xy

2

~ mnJl~ mnJ% %1 X mx ny. . ,mX n
»Uy k(L (=) [H () 0] rect(—,l)cos[Zp(—+—y) *] (_,_y)] dxdy =
L, L5 L0, L1, L
2. Uk |~ mnJ~ mn
=Mz LH( ' )HT(_’_)_
A | Iy | Iy
(3.72)

- aMILNIMTyJda mn-oii rapMOHHUKHN TIIOJIC3HOIO CHUIHAJIa II0CJIC €ro (i)I/IJIBTpaI_II/II/I B

3pUTENBHON CUCTEME;
H.(0,n,)=H.,0,n)H,0,.n)HOV)H 0OVIH0O,0,)- (3.73)

- nepeAaTovyHasi GyHKIUS TEIUIOBU30pa,;



S =K, (0)= M{}L‘B(x, y,HAH (% y)IZ}:
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- qyucnepersd myma Mn- ol TapMOHMKH Ha BBIXOJIE COOTBETCTBYIOLIETO (DUIIBTPA;

Ecmu B ypaBHenun (3.69), ompezensionieM 3HauCHUE MOPOTa MPHUHSATHS PELICHHS,

IIEPEUTN K MEPEMEHHOU X = % TO BEPOSITHOCTh NMPaBUIBLHOTO OOHApyXeHHs MN-0it
mn?

TapMOHUKHU CUTHAJIa MOKHO OMPENENUTh o popmyie

¥ 2
R (x-m)
P = —— oeXpl- dx, (3.75)
" 2
rac
m =Nk, , M. (3.76)
m, 2
~ mn
S LH(T’r) n A)
=Sm —om bl * VA E,ﬂ H E,ﬂ T 3.77
rr]3 Smn rrl) A) N(lX |y) nu(lx |y) Am ( )

- TaK Ha3blBaeMoe, BoclipuHuMaeMoe (0repaTopoM) OTHOIICHNUE CHTHAM/IITyM;
A, - TUIOmaas KOPPEISALUH IIyMa; B pACCMOTPEHHOM BBIIIE NIPUMEPE TETTIOBU30PA C
napauIeIbHBIM CKAHUPOBAHHUEM 3TOT MapaMeTp OMPEIEIIICTCS Kak
Au =r kTy; (3.78)
DU,,

S

w

m, = - (3.79)

- OTHOIIEHHE curHai/urym Ha Boixoje [11.
B 3aknrodueHne 3TOro pasaena OTMETHM cieaymomee. Tak Kak anprOpHBIE BEPOATHOCTH

P, U P, OOBIYHO HEWU3BECTHBI, TO JUIsI pacyeTa BEPOATHOCTU OOHAPYKEHHUS MOKHO

HCII0JIb30BATh 3HAYCHUC MMOPOTOBOT0 OTHOIICHUA HpaBI[OHOI[O6I/I$I, MMOJIYYCHHOC Ha OCHOBC

CPaBHECHMS DKCIEPUMEHTAIBHBIX U PACUETHBIX PE3YyJIbTaTOB U paBHOe L, =180.



4. TIpoekTHpOBaHUE TeNJIOBU3HOHHBIX PUOOPOB
4.1. llpenBapuTe/ibHbII radapuTHO-3HEPreTHYECKUH pacyer.

Ha HayanpHOW cTaguu TpPOEKTHPOBAaHUS TpeOyeTcs ONpeneiauTb OCHOBHbBIE
rabapuTHbIE COOTHOILIEHHS ONTHYECKOW CHUCTEMbl TEIJIOBU30pa, IMpPU  KOTOPBIX
o0OecrieunBaeTCsl HaJEeKHOE OOHApPY)KEHHE 3aJaHHBIX B TEXHUYECKOM 3aJaHUU THUIIOB
00BbEKTOB. B 3TOM cilydyae B KauecTBe KpUTEpHUs KayecTBa TEIJIOBU30POB HCIOJB3YyETCs

napamerp DT , KOTOpBII Ha3bIBAa€TCsS HKBUBAJICHTHOH LIYMYy DPAa3HOCTBIO TEMIIEPATYPHI.

OKBHBAJICHTHAs IIyMy pa3HOCTh TEMIEPATypbl ONpPEAEHsAeT 3HA4YeHUE PA3ZHOCTHU
TeMIiepaTypbsl 00BEKTa W paBHOMEpHOro (QoHa, minyyaromux, kak AYUT, npu kotopoii
OTHOILLICHHE NMMKOBOTO 3HAYECHMS CUTHAJIA K CPEAHEKBAAPATUUECKOMY 3HAUCHUIO IIyMa Ha
BbIXOJI€ SKBHBaJeHTHOro JOT TemnoBu3opa paBHo 1. Pazmepsl 0ObekTa Mpu 3TOM HAMHOT'O
00JpIIIe MTHOBEHHOT'O TIOJISI TEIJIOBU30pa, a 3KBUBAJICHTHBIM DT mMmeeT mepenaTouHyro
dynkumro H, (), onuceiBaemyto Gpopmystoit (3.48).

Ecmu mpennonoxuts, uyto DT HE BHOCHT JIOMOJTHUTEIBHOrO IIymMa, TO 3HAYEHUE

SKBUBAJICHTHOW IIyMY Pa3HOCTH TEMIIEPATYPBI MOKHO ONPEIEIUTD U3 YPaBHEHUS

T“— 1§-|r T) dl — SM V Anu Dnar«e (41)

psin’s, ><DTA”eC§ (X, (1)Sp (1)

T DI* M ’
rae
~ 2
D, = .6 )JH, ()| dn - (4.2)
0
- DKBUBAJICHTHAs Iosioca nponyckanus JT.
Torna
A n
DT — p nu D7 oke ’ (43)
! L5
abA D/ ed 't (),(0)s,,()d
0 ﬂT T:
rae A, - 1omaas BxoaHoro 3payka OC.

Henocrarku DT , kak kpuTepust kauecTna:

- HE YYUTHIBAET CBOWCTB 3PUTEIBLHON CUCTEMBI YEJIOBEKA,

- HE YYMTHIBAIOTCS JTUHCHHBIC HCKA)KCHHUS, KOTOPBIC BHOCITCS 3BEHBIMHU TPAKTa
TETUIOBU30pA.



Ha puc. 4.1 nzo0pakeHa cxema dKCIIEpUMEHTaIbHOIO U3MEPEHus T, .

1 2 3 4 5

ICT | oHy _.Q

Puc. 4.1 Cxema u3MmepeHusi MOPOTOBOM pasHOCTH Temreparyp: 1 — Ttect-o0bexT; 2 —
KOJITUMATop; 3 — MpHEMHAas CHCTEMa TEIUIOBM30pa; 4 — HKBHUBAJICHTHBIN AIIEKTPOHHBIN

buneTp; 5 — ocrmiuiorpad.

4.2. He.]'leBaﬂ (l)yHK].(I/Iﬂ MPOCKTUPOBAHUSA TCNJOBU30POB HA CUCTEMOTEXHUYIECCKOM

YPOBHE NPOEKTHPOBAHMUS.

IIpn mpoekTHpOBaHUU TEIIOBU30POB B KauecTBE OOOOIIEHHOIO KPUTEPUS MOKHO
ObUIO OBl KCIIOJIB30BaTh BEPOSITHOCTh OOHAPYKEHUS WM PACIIO3HABaHUS OOBEKTOB IPHU
3ajaHHOM andaButre o0bekToB. Ho 3TO He Bcerma ynoOHO, T.K. JUIsl pa3HbIX THIIOB
TEIJIOBU30POB aJI(paBUT KJIACCOB MOXKET paznuyaTrhes. [loaToMy 0OIIENpUHATO OLEHUBAThH
KayecTBO TEIJIOBU30POB MO HITPUXOBBIM MUpaM, TeM OoJiee, YTO M0 TECT-00bEKTaM TaKOT o
TUNAa OTHOCUTEIBHO TMPOCTO MPOU3BOJIUTH HKCIEPUMEHTAIBHYIO OLEHKY KauecTBa
TeroBu30poB (cM. puc.4.2).

Kpurepuii oOHapyKeHHS IITPUXOBBIX MUP H, B YaCTHOCTH, 4-X mTpuxoBsIX (puc.4.2),

0asupyercs Ha OmpeNeNieHnd TeMIlepaTypHoro koHtpacra DT , mpu KOTOpOM BO3MOKHO

p’

oOHapy)XeHHe TaKOH MHpBI C 3aJaHHbIMH pasmepamu |, =1 =2a. Dtor kpuTepmii

X

Ha3bIBACTCS MUHUMAIBHO OOHApYKUBAeMOi pa3HOCThIO Temmeparypsl (MPT).
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Puc. 4.2 3mepenne MUHIMAJIBHO OOHApYXUBaeMol pazHoctu temneparyp (MPT):
a) CTpykTypHas cxema usmepenns MPT.
1 — tecT-00BEKT; 2 — KOITUMATOp; 3 ¥ 4 TETIIOBHU30D.

0) TomooTNs TECT-00BEKTOB, UCIIONIBL3YEMBIX JUTS n3MepeHust MPT.

[IpocTpaHCTBEHHO-YAaCTOTHBIN CIEKTP TECTOBOM 4-X IITPUXOBOM MHUPBI ONMUCHIBAETCS

bopmymnoit



16a2{sinc(%)- sgnc[@(nx il)] +

TON,)=T,

2 . 16pa

+-= sinc[——(n, +—)]+ Jreinc(Zpn @)=, T {l,(0,.n,)+L0,n,)+,0,0,)+.}.

(4.9
Ha ocHoBe omnucaHHON BbIIIE MOJIENIM 3PUTENIBHOM CHCTEMBI 4YeJIOBEKa-olepaTopa,

MOJKHO MPEAINOJIOKUTE, YTO JJIs1 OOHAPYKEHHUS 4-X MITPUXOBON MHPBI JOCTATOYHO PEIINUThH
3anady oOHapyxenus 1-oi rapmommku DT I, 0", )cnexrpa (4.4) ¢ cooTBeTcTBYIOMIEH

ammumntygou |,. Torma npubnmxenHo MPT MoxHO BbIpa3uTh depe3 BOCHPHUHHMAEMOE

OTHOIICHHUE ¢/l B M300paKCHUN YKa3aHHOTO TECT-00BEKTa CICAYIONIMM 00pa3oM

T
DT, (1,) =0t (4.5)
2l |H 0, )|
-
roen, =—- 4.6
reny = - (4.6)
- NPOCTPAHCTBEHHAs YacTOTa MEPBOM rapMOHUKHU 4-X IITPUXOBOU MUPBHI;
an(nx,ny):HN(nX,ny)HW(nx,ny)— 4.7

- nepeaaTrovHasi QyHKIMS IPUEMHON CUCTEMbI TEIUIOBU30pA.

T.x. B BblpaxkeHne i pacueta MPT BXOZAT NpakTUYECKH BCE IEPEMEHHBIC
IIPOEKTUPOBAHNS CUCTEMOTEXHUYECKOIO YPOBHSI, TO ATOT ITOKA3aTENb YaCTO MCIIOIb3YIOT
KaK LIEJEBYI0 (YHKIUIO IPU PEIICHUHU 3a]a4 aHajIu3a U NapaMeTpuyecKoil ONTHUMH3ALUU

TEIJIOBU30pa HA CUCTEMOTEXHUYECKOM YPOBHE MTPOEKTHUPOBAHUS.

4.3 IlpoeKTHpPOBaHHE HA CXEMOTEXHHYECKOM yYPOBHe.
4.3.1. IlpoekTHpPOBaHHE ONTHYECKOIl CHCTEMBI.

B [1,2,3] mnpenacraBieHbl MIMPOKO PACIpPOCTPAHCHHBIC ONTHYECKUE  CXEMBI
TEII0BU30poB. [IpMHIMNUANBHOE OTJIMYME ATUX M MHOTUX JAPYTUX MOJOOHBIX CXEM
CBSA3aHO C OCOOEHHOCTSAMH MOCTPOEHUSI CUCTEM CKAaHUPOBAHHUS.

B  OoinbIIMHCTBE COBPEMEHHBIX  TEIUIOBU30pPOB  CKAHMpPOBAaHUE IO  Kajapy
OCYIIECTBIISIETCSI KayalOUIUMCSl IJIOCKMM 3€pKajioM, a IO CTPOKE — BpallarolIMMHCs
3epKaJbHBIMHM IIPU3MaMU WM NHUpaMuJiaMu. B cBsI3u ¢ 3TUM A7 yMEHbIIEHUsl rabapuToB

CKaHUPYIOIMX OJJCMCHTOB OCYHICCTBIIAAIOT OINTHUYCCKOC COIIPSIKCHHUC TIIO0JOXCHUA UX



pabounx MIOCKOCTEH. DTa 3a7a4a pemraeTcsi ¢ MOMOIIBI0 JOTMOJHUTEIbHBIX ONTUYECKHUX
cucteM, (GOPMHUPYIOIIUX TMPOMEKYTOUHOE H300paxkeHue. TumoBasi oOnTHYECKas cxema
TEIJIOBU30pa CKAHMUPYIOIIETO THIIA, BKJIIOYAIOIIETO B CBOM COCTaB TEJIECKONMUYECKYIO

CHCTEMY H JOTIOJIHUTEIIbHYIO CHCTEMY H300pakeHa Ha puc. 4.3.

4.3 TumnoBas ONTHYECKas cCXeMa CKaHUPYIOMIETO TeryioBm3opa: 1 — kommmmarop; 2 —
KaJpoBO€ 3epKaslo; 3 — IUIOCKOE 3epKajio; 4 — MOTMOIHUTENbHAsT ONTHYECKasi CUCTeMa; S —

CTPOYHOE CKaHUPYIOIIEE 3epKalo; 6 — MpOeKIMOHHBIN 00bekTHB; 7 — 1.

DKBUBAJIEHTHOE (DOKYCHOE pacCTOSIHUE TAKOW CUCTEMBI ONpeIensieTcs o (hopmyIie
f.=f,bGC, (4.8)
rae f - gokycHOe paccTOsIHHE TOIOIHUTEIBLHON ONTHYECKOH CHCTEMBI,
C - BUIMMOE yBEIWYECHHUE TEIECKOMMYECKOI CHCTEMBI;

b_ - nuHeliHOE yBenMYCHHE POCKIIMOHHOTO OOBEKTHBA.

0

TpeboBanus Ha kauyectBo OC QopMyIHpyIOTCS NPU ONTUMHU3ALMH 3HAUEHUS LEIEBOU
¢ynkuu (4.6).

OcCoOEHHOCTBhIO ONTHUYECKUX CXEM TEIJIOBU30POB, TMOJOOHBIX PAaCCMOTPEHHOM,
ABJISIETCSI BO3MOXKHOCTh TOSIBJIGHHUS XOJIOJHOrOo OJIMKa, Tak Ha3bplBaeMoro, s@dekra
Hapmucca. Ortor »ddekra nposBasercs B (OpPMUPOBAHUM H300pa’K€HUS XOJIOJAHOMU
MIOJIOCTH, HAaXOJSIIEHCs] B OKPECTHOCTH 4yBCTBUTENILHOIO 3JeMeHTa oxjiaxaaemoro [11, B

IUTIOCKOCTH aHaim3a TeroBu3opa. Cam ke a¢dexr Hapumcca BO3HUKaeT B pe3ylsibTaTe



OTpaKEHMsI H3JIyYEHHUS XOJOJHON IOJIOCTH OT IOBEPXHOCTEH JIMH30BBIX KOMITOHEHT
TEJIECKOITMYECKON U JIONIOJIHUTEIIBHOW ONITHYECKUX CHCTEM.
JUia ycTpaHeHHsl 3TOro KpailHe HekenaTelbHOro 3gddexra TpeOyeTrcs mpoeKTUpOBaTh

OINTUYCCKYIO CUCTCMY C KaK MOKHO MCHBIIIUM O6paTHBIM OTPAKCHHUEM.

4.3.2. MeTOOIMKA MPOEKTHPOBAHUS CHCTEM ONTHKO-MeXaHUYECKOI0 CKAHHPOBAHMA.
Kak ormewamock paHee, CyIIECTBYeT BEIHMKOE MHOXECTBO CXEM CHCTEM ONTHKO-
MEXaHHYECKOT0o CKaHupoBaHus. HekoTopsle 3 HUX mpuBeseHs B [1,2,3)].
OCHOBHBIMH TTOKa3aTENISIMU Ka4eCTBA CUCTEM CKaHUPOBAHUS SBIISIOTCS:
- K03 PUIIMEHT UCTIOIb30BAaHUS Pa3BEPTKU;
- TEOMETPUYECKIE NCKAKCHHS;
- rabapuThI.
Koaddunment ncmonp3oBanus pa3BepTKA MPH yCIOBUH OTCYTCTBHUS BUHHETUPOBAHUS
My4Yka B TIPOILIECCe CKAHUPOBAHUS U 3aJaHHBIX TabapuTax cKaHuUpylomero OapabaHa
ompenensiercs 1o (opMmyne, KOTOPYI0O MOXXHO BBIBECTH Ha OCHOBE TIPOCTHIX

reOMETPUICCKUX cooOpaskeHmit (cm. puc.4.4),

é 180°, U
n et T
h=1- —_arcsiné e 0, (4.9)
180 e 2r, u
é 0
e u

r7ie N, - KOJIMYECTBO I'paHel 3epKaabHOr0 CKaHUpyouero obapadaHa;
a, - CeYeHue ITy4Ka JIy4en;
f, - paAnyc OKPY’KHOCTH, BIIUCAaHHOH B 3€pKajbHbI CKAaHUPYIOIIHI OapabaH.

®opmyny (4.9) MOXKHO TakKe HCIONB30BaTh JUIs pacueTa ra0apuTOB 3epKATBHOTO
CKaHMpyrollero 6apadaHa rmpu 3aJlaHHOM KO3 (HUIIEHTE UCTIOIH30BAHMUS.
JIns aHanM3a BUAA TPAaCKTOPHH CKAaHUPOBAHUS HCIIOIB3YeTCS MAaTeMaTUYeCKUN

anmnapart BEKTOPHOU anreOpshl.
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4.4 Cuctema CKaHMPOBAHUS C 3€pKaIbHO-TIPU3MEHHBIM OapabaHoM:

a) CxeMa CHCTEMbI CKAHUPOBAHHSI.

1 - 3epkanpHO-TIpU3MEHHBIN OapabaH; 2 — o0bekTus; 3 — [1H.

0) T'eomerpudveckass WHTEPIPETANHUS YCIOBUS OTCYTCTBUS BHUHBCTUPOBAHHS IPH

CKaHMPOBaHUH 3ePKAIbHO-TIPU3MEHHBIM OapabanoM (k BeIBOIY (hopmytsl (4.9)).

Ecnu 3anaH eMMHUYHBIN BEKTOP



ad; 0
r _¢ -
o =¢Mm 4 (4.10)
&N o
OIpeAesAoINN HallpaBIeHHe MMaJaloLIero Jiydya B IPOEKIHIX Ha OCH BHIOPAHHOM CHCTEMBbI
KOOPJHMHAT U U3BECTHO HANPABICHUE HOPMAIIN
0
fi=¢m : (4.11)
ENG
K OTpakarollel MOBEPXHOCTH, TO BEKTOP OTPaKEHHOTO JIyda ONPEIEISETCS KakK
&, 0
r ¢°=% Ar
a, =c¢cm, += Aa,, (4.12)
&N o
/i€ IMHEWHBIN ONepaTop A OIIPEACIISICTCS BBIPAXKECHUEM
éﬂ— 2> -2LM - 2LN
A:g— 2LM 1- 2M? - 2MN = (4.13)
2=
€ 2LN - 2MN 1- 2N?
B kadecTBe mpumepa paccCMOTPHM OTPaKCHHE OT TpaHeW 3epKaabHON Mpu3Mbl (CM.

puc.4.4u4.b).

Ilycte
280 e sn 0§
r ¢~ r G . -
&, =¢05 n=¢- cosj cosQ= (4.14)
&1, &- cosj SinQpg

Tor;[a BCKTOP OTPAKCHHOI'O JIyda OIMPECACIIAACTCA KaK
ge snZ snQ 9§
r . -
a,=¢ - cos’j sn2Q - (4.15)
&1- 2cos?j sin?Qy



Puc. 4.5 TlosicHeHue K pEIICHHUIO 3a/la4yd aHalkM3a OTPAXKEHUS JIyda OT TpaHu

3epKaJIbHO-TIPU3MEHHOTO Oapabana

4.3.3. O630p TunoB I u cucrem oxJiaxaeHus.

B TemnoBHM3MOHHBIX cucTeMax Hcnoib3ytorcs [IM Ha ocHOBe MOTYNpPOBOJHUKOBBIX
MaTepuaioB Takux, kak PbS, PbSe, InSh, InAs, Ge:Hg, HQCdTe, SPVYSI, IrS/Si, GeSi/S,
GaAg/AlGaAs u ap. [TapameTpsl ePEUUCICHHBIX OHOIJIEMEHTHBIX U MHOTO3JIEMEHTHBIX
[T1 npuBenens! B mureparype [7, 8, 9].

B Hactosiiee Bpemsi OOJBIIMHCTBO MCMONb3yeMbIX B TermoBu3opax I[N sBisgroTcs
oxnaxaaeMbiMU. CyIIECTBYIOT CJIEIYIOIINE TUITBI CUCTEM OXJIAXKICHHUS
- 3JIUBHBIE;

- TEPMODBJIEKTPUUECKHE XOJIOAUIBbHUKH;
- XonoawibHUKHU [[xoyns-TomcoHa;
- XOJIOAUJIbHBIE MAILIMHBI, paboTatoiue B uukie CTupiuHra.

[TpuHIMIBI 1EWCTBUS IEPEUUCTIEHHBIX YCTPOMUCTB AOCTATOUYHO MOAPOOHO M3JI0KEHBI B
[2].

Cnenyer OTMETUTh, YTO HaWOOJBLIMN HMHTEpPEC Yy pa3paOOTUMKOB TEMJIOBU3MOHHBIX
CUCTEM BBI3bIBAIOT HeoxJaxxaaemble (hokaabHbie MaTpulbl [I1. Cpeau takux 111 cnenyer
OTMETUTH MOSIBUBIIMECA B TOCIEeAHEE BpeMsi (OKalbHbIE MaTPULIbl MUKPOOOJIOMETPOB,

MaTPHIIBI TEPMOIICKTPHUUECKHIX 3JIECMEHTOB, a TAKXKe MUPOdJIeKTprueckre MaTpuibl [10].



5. MeTO}lbl 1 anmapartypa TEXHOJOI'MIECKOro 1 arTreCTAaliuOHHOI0 KOHTPOJIsA
TENJOBU30POB

MeTOI[bl 1 anmapartypa TEXHOJOI'HI€CKOro KOHTpPOJIs

Ha »srame cOOpkM M IOCTUPOBKM ONTHKO-MEXaHMYECKOW YacTU TEMJIOBU30POB
BO3HUKAIOT MpoO0ieMbl, OOYCJIOBJIEHHbIE HENPO3PAaYHOCTHIO B BUAMMOM JIMANla30HE
KOMIIOHEHT ONTHYECKOW CUCTEMBbl. B CBSI3M € 3TUM Takue 3a/Jayd, Kak OLIEHKAa KayecTBa
ONTUYECKON CUCTEMBI, KOHTPOJIb MOJO0KEHUSI YyBCTBUTENbHBIX 351eMeHToB I u nip. MmoryT
OBITh PELLIEHBI TOJIBKO C UCIOIb30BAaHUEM (POTOAIEKTPUUECKUX METOOB.

KoHTponp kayecTBa ONTHYECKON CHCTEMBI TEIUIOBU30POB MPOU3BOJAT Ha OCHOBE
aHanu3a wm3MmepeHHor OIID. CymectByrorT paznuuabsle MeTtonsl n3mepenus OIID, Ho
HauOoublliee pacmpocTpaHeHue st koHTpois WK cucrem momyyuwnu MeETOMBI,
OCHOBAHHbBIE Ha W3MEPEHUM TMOrpaHU4YHOM KpuBou. CyThb MeTOHa 3aKIIOYAeTCS B
CJICTYFOILIEM.

Ha puc.5.1 npeacrasnena cxema ycraHoBku s uzaMepenust OII®. B kauectBe Tect-
00BbEKTa, pACHOJOKEHHOTO B (DOKaJbHOM IUIOCKOCTH KOJUIMMATOpa HCHOJb3YyeTCs

MOJIBMKHAsA quadparMa Tumna "HOx' .

BKY

Puc. 5.1 CxemMa ycTaHOBKM i1 U3MEPEHMs] ONTHUYECKUX NEPENATOYHBIX (PYHKIUI
OOBEKTHBOB W TPHEMHBIX cucTeM TemioBu3opoB. 1 — UK-muszmyuatens; 2 HOXeBas
mradparma;, 3 — KOJUTMMATOpP; 4 — KOHTPOJHMPYEMbI OOBEKTHB, 5 — aHAIH3UPYIOMIAs

mradparma; 6 —I11; 7 — ycunurens, 8 — uaTepdericasii Mmoayns, 9 — 9BM.



Ecnu Takyro auagparmy moAcBETUTh OT HEKOTOPOTO MCTOYHMKA, TO pacIpeneieHHe
APKOCTU B (DOKANBHOM IJIOCKOCTH KOJUJIMMAToOpa MOKHO BBIPA3uUTh 4epe3 (PyHKIHUIO

XeBucaia ciaeayomuM oopazom
L,, X>bx,,|y]<¥,

L(X-bx,,y) =L I(X-bx,) =] °

. . (5.1
0 X<bx,|y]<¥x<bx,.

OcBelnIeHHOCTh B MJIOCKOCTH M300paXKeHUs] KOHTPOJIUPYEMOIM ONTHYECKON CUCTEMBI, B

MpCANOJIOKCHUH, YTO KOJIJIMMATOP HC BHOCUT HCKa)KeHHﬁ, OIINCBIBACTCA KaK

¥
E(X-bx,,y) =k, oH(X-x)dx, (5.2)
bxy,
rae Hy (X)) - dyHKuus paccesiHus TMHHH;

K, - K03 PpUIMEeHT NPONOpIHNOHATILHOCTH.

[ToTok M3MyuYeHus nocjie aHaAIU3UPYIOLIEH 1eIeBol AuadparmMbl, UMEIOIIEH pa3MepBI,

ropa3ao MEHbIIKEC, YCM PA3MEP IIATHA PACCCAHNA KOHTPOJINPYEMOIO O6’b€KTI/IBa, paBCH

. e X Y\ U
F(x\) =k, 200H n (X-Xx)rect(—,-=—)dxdy (gx. (5.3)
-¥@¥-¥ am bm t

Ecnu Beipaxkenue (5.3) npomudpepeHINpOBaTh M 3aT€M BBIYHACIUTH MPEOOpPa30BAHUE

dypbe, TO MOIYyYUM

-

AP Y = a b koA )sinclpan, ). (54
Pooxy
[IpyHIMN M3MEpEeHMs MOIPEIIHOCTEH IOCTHUPOBKM MPHUEMHOM CHCTEMBI TEIUIOBU30pPA
BbITeKaeT u3 cieaywomux cBoictB OIID. Ecnu ananuzupyoomas auadparma HiIu
qyBCcTBUTENbHAS Tiomaaka 1M cmemniena Biosib onTHYECKOM ocd, TO rpaduk (yHKUHUH,
onuceBaromed moxayns OIID, 3a peakuM HCKIIOYEHMEM BO BCEM JIMAIla30HE
MPOCTPAHCTBEHHBIX YacTOoT Oyaer Huxke, 4dem OIID i miIockocTH HaWydIlIen
yctaHoBKU. Ecnm ananusupyromas auadparmMa MM 4yBCTBUTENbHbIE Momanaku [N

CMECTUTh OT ONTHYECKON OCH B MOIMEPEYHOM HAIpaBJIEHUH, TO rpaduk 4acTOTHO-(Pa30BOM

XapaKTCPUCTUKN U3BMCHHUT HAKJIOH, ITPOMOPIIHMOHAIIBHO BEJIIMYMHE CMCIICHUS.



MeTO}Ibl 1 anmapartypa JJjist arTTeCTaAHOHHOT0 KOHTPOJIA.
OCHOBHBIMH mapaMeTpaMu TCIUIOBU30pa, IOAJIC)KAIIUMHU aTTCCTALITMOHHOMY KOHTPOJIIO

apasrores DT, m DT (n;). Cxema ycTaHOBKM, NpeIHA3HAYECHHON I U3MEPEHHMS 3THX

nmapaMeTpoB, IpeICTaBIeHa Ha PUC.5.2.

5
L v
1 » 7
/ .

\4

9y Y ¥
(
yrow)
v

>

Puc 5.2 Cxema ycTaHOBKH JUIsSi aTTECTAI[MOHHOTO KOHTPOJIS TEIJIOBU30pOB: 1 m 5 —

RS

v

|

m3nydarenu B Buge AUT; 2 — 610k TecT-00beKTOB; 3 — KOJUTUMATOP; 4 — OCIAOISIONIHA
ueiitpanpabii UK unstp; 6 — momympospadnoe 3epkano; 7 U 8 — KOHTPOIUPYEMBIN

TEIJIOBU30p.

B cocraB ycranoBku BxogaT aBa AUT, oqHO U3 KOTOPBIX MOICBEYNBAET TPAHCIIAPAHT C
COOTBETCTBYIOLUIUM MPOCTPAHCTBEHHBIM KO3(P(GUIMEHTOM IMpPOIMYCKaHUs, a JApYyroe -
CO3/1a€T ypOBEHb paBHOMEpPHOro (hoHa. J{s BapbUpOBaHUs TEMIIEPATYpHOrO KOHTpAcTa B
CXeM€ JaHHOW YCTaHOBKM IPEeAyCMOTpPEHbl HeuTpaiabHble cMeHHble WK (uabTpsl.

[apamerp DT, usmepsercs ¢ ucnonb3oBannem ocuumnorpada, a DT (0;) onpenensercs

CY6’L€KTI/IBHBIM MCTOAOM Ha OCHOBEC OIICHOK, JaBACMbIX TPCHUPOBAHHBIMU OIICPATOPAMMU.
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