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OBIIAA XAPAKTEPUCTUKA PABOTDI

AKTyanbHOCTh TeMbl. OCHOBHas mpoOiema, CBSI3aHHAs C MOJYYEHUEM
KaueCTBEHHbIX @Dypbe — TOJOTpAaMM BXOJHBIX CTPAHHUIl, 3aKJIIOYAECTCS B
pPErUCTpalli WMHTEHCUBHOCTH CBETa, HU3MEHSIOIIETOCS B IIMPOKOM JUAIa30HE.
CymiecTByIOT METO/bl, KOTOPBIE MO3BOJISIIOT TOOUTHCS JOCTATOYHO OJHOPOJHOIO
pacnpeeneHuss UHTCHCUBHOCTH MH(POPMAIIMOHHOW CBETOBOM BOJHBI B TJIOCKOCTH
peructpanuu roiorpaMMmbl. B Merozne nedOKyCHpOBKHM IUIOCKOCTh PETUCTPALUU
roJIorpaMMbl cMemaeTcsi oT ToyHOM Dypbe MIOCKOCTH Ha HEOOJBIIOE PACCTOSTHUE
Af, mpuuem Af<<f (rme f — bokycHoe paccTosinue). Pactipenenenne MHTEHCUBHOCTH
MH(POPMALIMOHHOW CBETOBOI BOJIHBI B CMEIIEHHON IUIOCKOCTH XapaKTepH3yeTcs
OonplIEl  OJHOPOJHOCTBIO. TeM caMblM yJaeTcss MOJYYUTh KadeCTBEHHBIE
rojiorpaMMbl ¢ audpakinonHoit sddextuBHOCTRIO 10 - 12% U OTHOIIEHHEM
curHa/miym paBHeiM 20 - 30. Hapsaay ¢ DoJIOKUTENbHBIMH KadyeCTBaMH,
ne(pOKyCUpPOBKAa HPHUBOJUT K CIEAYIOIIUM HEXEJIaTeIbHbIM IOCIEICTBUAM: BO-
MEPBbIX, CHIKAETCS HW30BITOYHOCTh, BO-BTOPBIX, YBEJIMYMBAETCS IUIOLIAJb
roJIOrpaMMBbl H, CJI€A0BATEIbHO, TOHUKAETCS TUIOTHOCTD 3allUCU MH(OPMALIUH.

Merton ciaydaitHol (a3bl, MO3BONSIOMINN JOOUTHCS BBICOKON OJHOPOIHOCTH
pacnpeeneHus UHTEHCUBHOCTH MH(POPMAllMOHHOW CBETOBOM BOJHBI B IJIOCKOCTH
PErUCTpPALMK TOJIOTPAMMBbI IIPH COXPAHEHUH BBICOKOM M30BITOYHOCTH U TUIOTHOCTH
xpa"eHus. CyniHOCTh 3TOr0 METOJA 3aKIKYAETCS B JAOMOIHUTENBHOU MOIYJISILIUU
(a3bl CBETOBBIX JIy4eil, MPOXOIAIIMX Yepe3 TPAHCHAPAHT BXOJHBIX JTAHHBIX IO
CJIy4aiiHOMY 3aKOHY. JTO MPUBOJAUT K CIIy4allHOMY pacIpeneseHUI0 (a3 CBETOBbIX
BOJIH B IUIOCKOCTHM pPETrHCTpallid, B pe3yibTaTe Yero paclpeesieHue
MHTEHCUBHOCTH HMHTEP(EPEHIIMOHHON KapTUHBI NPUHUMAET 3HAUYMUTEIbHO Oolee
ONHOPOJIHBIM xapakrep. Pa3oBas Macka HE BIUSET Ha paclpeiesieHue
MHTEHCUBHOCTHU CBETAa B IUIOCKOCTH M300pa)K€HH, TaKk KaK OHAa WM3MEHSET JIUIIb
¢dazy uHDOpPMaIIMOHHON CBETOBOM BOJIHBI, a MH(GOpPMALIMS BHOCUTCS B OOBEKTHBIN
CBETOBOW IMOTOK ITyTE€M MPOCTPAHCTBEHHOW MOIYISAUMHU MO aMrummtyxae. [lpu stom
mudpakuronHas 3¢p@exTuBHOCTh Mg (a3oBbIX royuorpamm gocturaer 20-24 %, a
oTHoIeHre curHan/mym pasHsierca 30 u 6onee. OgHako m3rotoBieHue (Ha3oBoi
MacCKH U COTJIACOBAHME €€ C TPAHCIIAPAHTOM TEXHOJIOTUYECKHU OYEHb CIIOMKHO.

Meton 3amucu @Dypbe - TOJOrpaMM CHEKI-NIOJIEM, COXPAHSET BCE
NperuMyIecTBa MeToa ciiydailHoi (a3pl. CyIIHOCTh 3TOTO METO/Ia 3aKI0YaeTCs B
ycraHoBke auddyszopa c¢ auadparmoit. JlazepHbIl Jyd, TpOMIESAIINI dYepe3
muddy3op, mpeacraBisieT coOOM MPOCTPAHCTBEHHO-MOIYJIMPOBAHHBIE CBETOBBIC
BosHbL. [lpu sToM audpakimonHas 3¢QQGEeKTUBHOCTh ISl CHEKI - TOJIOrpaMM
nocturaet 20-25 %, a oTHoleHne curdan/mym paBasercs 30 u 6onee. Kak BuaHO



U3 CpaBHEHMS METOJ0B 3anmucu dypre-royorpamm, 00Jiee COBEPIICHHBIM SBIISICTCS

MeTon 3amucu Dypbe-rosiorpamMm creki-mojeM. Mcxoas w3 3toro mais pa3paboTKH

ABTOMATH3WPOBAHHOTO CIOcO0a 3amuC ¥W  aBTOMAaTU3WPOBAHHBIA  TEXHOJIOTHHU

MYJIbTHILIEKCHpOBaHUs Dypbe-roiorpaMM BbIOpaH MeToA 3amucu Pypbe-royiorpaMm

CIICKJI-TIOJIEM.

B cBsi3u ¢ Tem, 4TO mpolEeCChl 3alMCH M BOCCTAHOBIICHMS TOJIOTpAMM, MpHU
AKCTIEPUMEHTATLHOM OTIPEICIICHIH Pa3IMIHBIX XapaKTePUCTHK TpeOyIoT
BBICOKOTOYHOTO TO3UIIMOHUPOBAHUS U MPOTPAMMHOIO YIPABICHUS JABUKECHUEM
OTAEIBbHBIX (DYHKIIMOHATBHBIX JJIEMEHTOB CHCTEMBI, BCE 3TO TpeOyeT pa3paboTKh
ABTOMATU3UPOBAHHOIO CIOCO0A peain3allii BBIINICYKa3aHHBIX MPOIECCOB HA OCHOBE
COBPEMCHHBIX CPEJICTB JJICKTPOHUKH W  BBIYUCIUTEIHHON TEXHWKH, MPHU KOTOPOM
obecrieunBaeTCsl BBICOKAss TOYHOCTh TEXHOJIOTHYECKUX TMPOLECCOB M THOKOCTh K
Mepexoay K pPas3IudHbIM TEXHOJOTHYECKUM PEXKUMOM pPaboTel. B cBsI3M ¢ 3TUM
pa3paboTka aBTOMATU3UPOBaHHOTO crnocoba 3amucu Dypee - rosorpamMm C
WCIIOJB30BAaHUEM CIICKJI-BOJIH W pa3pabOTKa aBTOMATH3MPOBAHHOW TEXHOJOTHH
MyJIbTUIUIEKCUpPOBaHUA @Dypbe - TOJIOTpaMM CHEKJI-TIOJIEM SIBJISIETCS aKTyaJlbHOMN
3aJa4deu.

Heap u 3apaun ucciaenoBanmid. Ilenpro auccepTanmoHHON pabOThI SBIISETCS:
pa3paboTka aBTOMATH3WPOBAHHOTO CIOCO0a 3amMWCH W BOCCTaHOBJICHUS Dypbe -
rojIorpaMM C HCHOJb30BAHUEM CIIEKJI-BOJIH M pa3padOTKa aBTOMAaTU3UPOBAHHOM
TEXHOJIOTUU MYJIbTUILIEKCUpOBaHUS Dyphe — roiorpaMm CreKI-mojeMm;

3agaum uccIe0BaAHMIL:

— aHaliM3 CYHIICCTBYIOIIMX METOJOB PETHCTPAIMM KadeCTBEHHbIX Dyphe -
roJIOTPaMM BXOJHBIX CTPAHHI] M BBIOOP MIEPCIICKTUBHOTO BapHaHTAa;

— HCCIIEIOBaHHE CIoco0a aBTOMATH3WPOBaHHOW 3amucu Dypbe - Tojorpamm
CIIEKJI-TIOJIEM C TIPUMECHEHHUEM KOMIBIOTEPHBIX TEXHOJIOTHH;

— DKCIIEPUMEHTAIbHOE  HCCJICIOBaHWEe WH(POPMAIIMOHHBIX  XapaKTEPUCTHK
aBTOMATU3UPOBAHHOTO crioco0a 3anucu Pypbe - ToJI0orpaMM CHEKII-TIOJIEM.

— pa3paboTka u HCCIICIOBAaHHC aBTOMAaTH3UPOBAHHOU TEXHOJIOTHU
MyJIbTUIUIEKCUpOBaHUsST Dypbe - TOJOTpaMM CHEKJI-TIOJIEM C TPUMEHEHHEM
KOMIBIOTEPHBIX TEXHOJIOTUH;

HayuyHasi HOBH3HA PE3yIbTATOB UCCIEAOBAHHM 3aKIIOUACTCS B CICAYIOIIEM
1. Pazpabotana MaremaTuyeckass MOJEIb U TPEIJIOKEHAa CTPYKTypHas cxema

aBTOMATU3UPOBAHHOTO crocoba 3amucu Dypbe — TOJOTpaMM CIEKJI — TOJEM,
MO3BOJISIIOIIAE ~ JIOCTUTATh  OJHOPOJHOIO  paclpelefieHuss  HUHTEHCHBHOCTH
MH(OPMAITMOHHOW CBETOBOM BOJIHBI B PETUCTPUPYIOIICH CPEIC;

2. PazpaboraHna wmaTemMaTWdeckas MOJCIb W TPEIJI0KEHa aBTOMATHU3MPOBAHHAs
TEXHOJIOTHS 3alMCH HAJIOKEHHBIX Dypbe-rosorpamMm, HUCIHOJB3YIOIIas CBOWCTBA
ABTOKOPPETSIIUOHHON (DYHKIIMH CBETOBBIX CIEKJI-TIOJEH MPHU BPaAIIEHUH OTIOPHOTO
My4YKa BOKPYT MPEIMETHOIO MMy4Ka;



I[IpakTnyeckass 3HAYMMOCTD MOJYYEHHBIX Pe3yJIbTATOB!

[IpakTUyeckasi ILIEHHOCTh palOOThl 3aKIIOYAaEeTCsl B TOM, YTO B MpOIECcCe
ABTOMATU3HPOBAHHOW 3anucu Dypbe-royorpamMm CHEKII-MIOJIEM MPEI0KEHHBIM B
paboTe CcrmocoOOM  JIOCTUTAEeTCs  BBICOKAs  OJHOPOJHOCTb  paclpeeieHUs
WHTECHCUBHOCTH HH(POPMAIMOHHONW CBETOBOH BOJIHBI B IJIOCKOCTH PETUCTPAINH
rojlorpaMMbl,  MPU  OTOM  COXPAHSETCS  BBICOKAs  M3OBITOYHOCTH U
MOMEXO03alUIIEHHOCTh, YTO MPUBOAUT K TOJYyYEHHUIO KadecTBEeHHBIX Dypbe-
rojorpamm. Ilpu aBToMaTu3npoBaHHOM criocoOe 3anucu Pypre-ronorpaMMm CreK-
nojaeM  yBenuuuBaercs — audpakuuoHHas — 3PEGEKTUBHOCTh U OTHOIICHUE
CUTHAJI/IIyM. [IpennoxeHHbIi aBTOMATU3UPOBAHHOM croco0 3aMKCH
MYJIbTUILIEKCUPOBAHHBIX T'OJIOTPAMM Ha OCHOBE CBOWCTBA CIEKJI-IIOJIEM CO3JaeT
BO3MO>KHOCTh TE€XHOJIOTUYECKOMY YIPOILIEHUIO MpPHU CO3JaHUHU ToJIOTpaduyecKux
cucteM namatu. PazpaboranHas cuctemMa aBTOMaTU3MPOBAHHOW 3alMCH MO3BOJISIET
HOBBICUTh  KAayeCTBO  TroJIOrpaUyecKuX  M3AENUNA MyTeM  BBICOKOTOYHOIO
MO3UIIMOHUPOBAHUS, a MAKeT MPUKIATHBIX MPOTPaMM JaeT BO3MOXKHOCTH THOKO
nepecTpanuBaTh PEXUMBbI paOOThI CUCTEMBI.

JKOHOMHYECKasi 3HAYMMOCTb IOJyYeHHBIX pe3y/bTaToB. [IpuMeHeHue
pa3paboTaHHOro  crmocoba MO3BOJISIET — YIYYIIUTh  TEXHUKO-DPKOHOMHUYECKHE
MOKa3aTelu ToJorpaMM U JAeT CYHUIECTBEHHYIO SKOHOMMIO MaTe€pHalIbHBIX 3aTpat
Ha TPEINPHUITHIX, BBITYCKAIOMIUX TOJIOTpadUIECKUe U3ICIHS.

OcCHOBHBIE M0JIO’KEHUS] JUCCEPTALNH, BBIHOCMMbIE HA 3alI[UTY:

1. [lonyyeHo  aHaNUTUYECKHE  BBIPAXEHUS  MO3BOJsOmME  dHPEKTUBHO
MCII0JIb30BATh IJIOMIA/b TOJIOTPAMMBI.

2. Martemaruueckass MoJelb M aBTOMAaTH3UPOBAHHAs OINTHUYECKas CXema 3alucu
CIEKJI-BOJIHOBOTO CIOCO0Aa PEruCTpalvy TroJIOrPaMM, MO3BOJSIOIIAE MOJIYYHUTh
KayecTBeHHbIE Pyphe - FOJ0rpaMMbl BXOJIHBIX CTPAHHIL.

3. Marematuueckas MO/IEJIb 151 aBTOMaTHU3WPOBaHHAS TEXHOJIOT U
MYJIbTUIIJIEKCUPOBAHUS @ypbe-Toorpamm, VICTIOJIB3YIOIIIast CBOMCTBa
ABTOKOPPEJSAIMOHHON (YHKIIMM CBETOBBIX CIIEKJI — IOJEH MNpu BpalleHUU

OTIOPHOTO IMy4YKa BOKPYT MPEAMETHOTO MyYKa C UCIIOIH30BAHUEM KOMITBIOTEPHBIX
TEXHOJIOTHH.

4. PazpaboTana cucteMa aBTOMAaTU3UPOBAHHOTO YIIPABJICHUS AKCIEPUMEHTAILHON
YCTAaHOBKOW JUISI M3TOTOBJICHUS TOJOTPAPUUCCKUX W3ACIUN, ITO3BOJISIOIIAS
MIPOU3BOJIUTH 3aIIUCh M CUHMTHIBAHHEC MH(GOPMAIIMU C BO3MOXXHOCTBIO KOHTPOJIS
KayecTBa roJIOTPaMMBbI B pealbHOM MacilTade BpEMEHH,

5. [Ipemmoxeno mporpaMmHoOe obOecredueHHue Jjisi THMOKOM MEepeCcTPONKH CHUCTEMBI
aBTOMATU3UPOBAHHOTO yIpaBJICHUS AKCTIIEPUMEHTAIBHOM YCTaHOBKH,



MO3BOJIAIOLIEE JIETKO MEPECTPANBATH TEXHOJOTMYECKHUI MPOLECC U3TOTOBJICHUS
rojorpaguuecKux U3eIui U yIydlIuTh UX Ka4eCTBO;

6. Pazpabotan mudpoBoli OJIOK ¢ NapaUieJbHONW BbIAa4Yed WHpOPMAIUU IS
yrpaBieHus: paboToi nepudepuitHbIX yCTPOUCTB.

JInyHblil BKJIAA coucKaTedasi. Bce OCHOBHBIE Hay4dHbIE PE3YJIbTAThI
JUCCEPTAIMOHHOM pabOTHI MOIYYEHBI ABTOPOM JIMYHO.

Hayunomy pykoBomutento uneH kopp. HAH KP, n.T1.H., mpodeccopy
bpumkynoy VY.H., npuHamIeKUT NOCTAaHOBKA 3aJauM, OTACJbHBIE PE3YIbTAaThl U
00CyX/1IeHHE MOJYUYECHHBIX PE3yJIbTaTOB.

B coBmecTHBIX pa0oTax aBTOpY NMpPUHALJIEKAT TEOPETUUECKUE UCCIIEIOBAHUS
Y aHAJIU3 MOJYYEHHBIX PE3YJIbTATOB.

AnpobGanus padorbl. OCHOBHBIE pE3yJbTaThl JAMCCEPTALMOHHONW pPadOTHI
JOKJIaBIBAJINCH U OOCYKIAJINCh Ha CIEAYIOIINUX CEMUHApax U KOH(pEepeHIUsAX:

1. MexnayHaponHom cemuHape «lomorpaguss u onrtuyeckas o0pabOTKa
uHbOpMaluny», MOCBALEHHBIH 20-meTuto jaboparopun «ONTO3JIEKTPOHUKA», (T.
bumkek, KP, 2-4 centa0psb, 1997r.),

2. Mexnynapoanoit koHpepeHuuu «IIpodaemsbl yrpaBieHust U HHOOPMATUKIY,
nocBsiieHHas 40-J1eTHI0O HHCTUTYTa aBToMaTHKH, (T. bumikek 19-22 centsaops 2000
r.)

3. MexayHapoaHou KOH(epeHnu «TenekoMMyHUKaIIMOHHBIE U
uHdopMaImoHHbie TeXHOJI0TUU. COCTOSIHUE U POOJIEMBbI pa3BUTHSY, (T. burkek 6-
11 urons 2001 1.),

4, MexnaynaponHom cemuHape «lonorpaduss u onrtudeckas oOpaboTka
uHpopmarmm» (r. bumkek 5-7 cenrsops 2001 r.),
S. Mex1yHapoaHOM KoH(pepeHmu «TenexkoMMyHUKallMOHHbIE u

BBIYHMCIIUTENbHBIE CUCTEMBI: COCTOSIHUE U NMEPCIIEKTUBBI pa3BUTUD, (T. buikek 11-
14 centsa6ps 2002 r).
6. MexayHapoaHbId  MEXBY30BCKHII HAy4YHO-TIPAKTUYECKOW KOH(EpEHIUH-
KOHKypCa Hay4YHbIX JOKJIaJ0B CTYJCHTOB U MOJIOJAbIX Y4Y€HbIX «/IHHOBAaIlMOHHBIE
TEXHOJIOTUU U MIEPEOBBIC peiieHus», (r. bumkek, KP, 23-24 mas 2019 rona);
1. MexynapoaHas ceTeBas Hay4YHO-TEXHUYECKAs KOH(pepeHIIHs,
«/HTerpallMoOHHbIE TPOLIECCHl B HAYYHO-TEXHUYECKOM U  00pa3oBaTEIbHOM
MPOCTPAHCTBaX», IMOcCBAMeHHas 65-nmetuto opranuzanuu PIMA-KI'TY wum. .
Pas3zakoBa. (r. bumkek 16-18 centaops, 2019 r.);

Iyoankamuu. Ilo Teme auccepraumu onyonukoBanbl 20 crareid B
pecnyONMKaHCKUX U MEXKTYHAPOIHBIX JKypHAJIaX.

Ctpykrypa U 00beM padoTbl. OCHOBHOE COAEpKaHUE AUCCEPTALUOHHOU
paboThl  W3NOXKEHO ~ Ha 125  cTpaHMIAX ~ MAalIMHONUCHOTO  TEKCTa,
WJUTIOCTPUPOBAHHOTO 35 pHCyHKaMmHu. JluccepTannoHHas padoTa BKIIOYAET B ceOs




BBEJCHHUE, YEThIPE TJIaBbI, 3aKIIIOYCHHE, CIHCOK HCIOJIb30BAaHHON JIUTEPATYpHI,
npuioxxkenne. CIUCOK JTUTEepaTyphl COEPKUT 86 HaUMEHOBAaHUH.

OCHOBHASA YACTbH

Bo  BBemenum 000CHOBaHa  aKTyaJIbHOCTb  TE€Mbl  JUCCEpTALUH,
chopmynupoBaHa 1ejib pabOThl, MPEACTaBICHbl OCHOBHBIE PE3YJIbTATHI, MOKA3aHBI
X HOBHM3HA, Hay4yHas W MpaKTUYeCKash LIEHHOCTh, KPATKO HU3JIOXKEHA CTPYKTypa
auccepTanu U GOpMyIUPYIOTCS OCHOBHBIE TIOJIOKEHUS, BRIHOCUMbIE Ha 3aIlIUTY.

B nepBoii rjaaBe cienan 0030p JUTEPATYPbI, TOCBAIIEHHON METOaM 3aluCcu
@yppe-ronorpamMmM. PaccMoTpeH 3amuch TrojorpaMMbl METOAOM J1€(OKYCHPOBKH,
METOJIOM CiIy4ailHOU (a3bl U crieks1 BOJIHOBOM MeTon. [IpoBeneH cpaBHUTEIHHBIM
aHanu3 meronoB 3amucu Dypre-rosiorpamMM U BbIOpaH Haumbojiee COBEPIICHHBIN

meron 3anucu Dypre — romorpamm s pa3pabOTKH aBTOMATU3UPOBAHHOTO
ciocoba 3anucu @Dypbe-rojorpaMM W aBTOMATHU3UPOBAHHOW  TEXHOJOTHU
MYJIbTUTIIIEKCUPOBAHUS @ypbe-roja0rpaMm. [IpoBenen aHau3

ABTOMATU3HPOBAHHBIX CIIOCOOOB 3aMUCH TOJIOIPAMM.

Bo BTOpOIi 171aBe pacCMOTPEH aBTOMAaTU3UPOBAHHBIN crloco0 3anucu Pypoe-
rojiorpaMm creki-nosieM. s popMupoBanus CHeKI-BOJHBI aBTOMATH3UPOBAHHOM
crocobe 3amucu ucnojib3yercs cucrema auddysop-nunza. [lpu 3Tom mnoiydaem
JIOCTaTOYHO OJHOPOJHOE pacIlpesieieHue HWHTEHCUBHOCTH HWHGOPMAIMOHHOM
CBETOBOU BOJIHBI B INIOCKOCTH PETUCTPAIIUU FOJIOTPAMMBI.

PaccmorpuM mpuHIMN paboThl aBTOMATH3WPOBAHHOTO CIOco0a 3amucu U
BOCCTaHOBJIEHUSI Pypbe-TOI0rpaMM CIEKII-I10JIEM.

CtpykTypHass cxema pa3pabaTbiBaeMOro aBTOMATH3UPOBAHHOTO CIIOCO0a
3aMuCcy U BOCCTAHOBJICHHSI FOJIOrpaMM IpHUBEeHa Ha puc. 1.

J1J1st 3amMCH CIIEKJI-TOJIOTPaMMbl 0€3 CEHCHOMIIN3AIIUU PETUCTPUPYIONIETO CIIOS
3a/IeiCTBOBAaHbI CJIEAYIOIIME 3JIEMEHTHl aBTOMATH3MPOBAHHOTO CIOCO0a 3amuCH:
nasep 1, ceeronenurens 2, nuddysop ¢ auadparmoii 4, muu3bl S u 7, 3epkana 10 u
11, peructpupyromas cpena 8, 1udpoBoit 0ok 13 u  kommbrlotep 14,
AJIEKTPOMArHUTHBIEC MpepbiBatenu 3 u 12, TpaHcnapaHnt 6, perucTpupyloias cpeaa
8, skpan 9, 3epkana 10 u 11. [ng 3anmcu rojiorpaMm MNOAKIIOYAETCS MUTAHUE
Ja3zepa v ¢ MOMOIIIbIO0 KOMIThIOTEpA, MPOTrPAMMHO, HAUUHAETCSI 3aMUCh TOJIOTPAMMBI.
JlazepHsblii 1y4 lg, mIPOXOs Yepe3 CBETOACIUTENb 2, IEIUTCS Ha JIBe YacTu |1 u |y.

B nannom cnyuae myu li siBasiercss onopHbIM, a ayd lo- mpeametnsiM. Tlone B
IJIOCKOCTH X1y1 € ydeToM jaeuctBus nuddysopa u aumadparmMbl OMUCHIBACTCS

BeIpakennem €(X, Yy t) = e(x,, y;) exp(-iwt) 1)
rae e (Xy, Y1) - CIyJaifHOe — aMIDTUTYAHO-(ha30Boe pacipeaesieHue ToJIs.




Jlyud |1 ¢ momompto 3epkan 10 u 11 mocTymaeT B perucTpupyrolly cpeay, a
ayd |l mpoxons uepe3 auddysop ¢ auadparMoil, ONTUYECKYIO JHH3Y D,
TpaHcHapaHT 6, ONTHYECKYIO JIMH3Y 7, TOCTYNAET Ha PETUCTPUPYIOIIYIO CPEAY.

1:/[) kk 10

12 X1y1 X2Yy2 uv X3Y3
— 5 7

1 2 w34 | 6 \ 8 9

J Il U0 n ow
13
7'}
14
Puc.1. ABTOMATH3MPOBaHHBIN crmocob 3amucu  @Dypbe-ToorpaMm  croexia-mosnem: 1-mazep; 2-

CBETOJIeNUTENb; 3 U 12 — 3neKkTpoMarHuTHble npepbiBateny; 4 — quddysop ¢ auapparmoi; 5 u 7 — JTUH3BL 6 —
TpaHcmapaHT; 8 — peructpupyromas cpena; 9 — skpan; 10 u 11 — 3epkama; 13 — uudposoit Omox; 14 —
KOMIIBIOTED.

KommuiekcHass aMIUIUTyZa BOJIHBI B IUIOCKOCTH X2Yy2, ITOCJIE ONTUYECKOW JIMH3BI U
TpaHCMapaHTa, TMPU HCMHOJb30BAHUM MpUOMKeHUsT @DpeHenass ONUChIBaeTCs
BBIPAXKECHUEM

—i . X2 +y2 W X2+l
e(x,,y,)=—oexp|i—| h +=2—2 | |.exp| —i ——=—2% |-t(x,,
(% ¥o) = 2P o e o P oy, [y
(2)
o XX +YY, X +VY;
.”e(xl,yl)exp =~ n + oh dx,dy,

X1 Y1

KapTtuna uaTepdepeHm 1ByX TUX BOJH 3alHIIETCS B PETUCTPUPYIOIIEH cperie.
[Ipy »STOM KOMIUJIEKCHAs AaMIUIMUTy/a BOJIHBI B IUIOCKOCTH pErucTpanuu
onuckiBaeTcs HopMyJIon

i ) u? +v? o XU+Y,v  XZ+y?
e(u,v) = —mexp{lz(hz +Tﬂ Ije(xz, yz)expl:lz(— hz + o, dx,dy, (3)

2 X2 Y2




[Toncrapnsiss BeipakeHue (2) B BeIpakeHue (3), ¢ yueToM (OpMysbl ONTHYECKOU
mun3el 1/hy + 1/hy = 1/f1, mony4yuM BbIpaKEHHE OIMCHIBAIOIIEE PACIPEICICHUE
KOMIUTIEKCHBIX aMIUTUATYT BOJIHEI B npOCTpaHCTBeHHO—qaCTOTHOﬁ TUTOCKOCTH UV.

i u +V oY, \Y
e(u,v) =— ex h+h, + ——— e(x,, y,)T == E2+—= ]|
(uv) A2hh, P ( h, ] X{y{(lyl) (hl hzjc(hl hZJ
o X2 +y,
-exp|i—| =—2+ | |dx.d
p C( 2h1 J 1yl (4)
rac

T{‘é’(ﬁi+é}f@’i+éﬂ X{y{t(xz yz)exp{—l[(ﬁl +:2jx +G:11+hzjy2ﬂdx2dyz 5)

N3 BelpaxeHus (4) cnegyer, 4TO KOMIUIEKCHAs aMmIUIMTyJa BOJIHBI B
MPOCTPAHCTBEHHO - YAaCTOTHOM IJIOCKOCTH TOJOrpamMMbl UV TpPEACTaBisIeT cOO0M
CBEPTKY pacIpeiesieHus moiist Ha Beixoje nuddysopa e(Xy,y1) ¢ ynkuueit dypbe-
o0pasa aMIUTUTYIHOTO MPOITyCKaHus TpaHcnapanTa T (X1,Y1). Otcrona ciemyer, 4To
B (hopMHpOBaHUU M300pa’KE€HUsI HA 3Tale BOCCTAHOBJIEHMS IUIOIIA/(b FOJOTPaMMbI
ucnonb3yercss A(PPEKTUBHO, YTO MNPUBOAUT K TOJYUYEHHIO MAaKCUMAaJbHO
BO3MOXHOU AU paKkiinoHHON 3 (HEKTUBHOCTU TOJIOTPAMM.

PaccmoTtpen ciydait, korma onopHasi BosiHa |1 mpeacTaBiseT co0oil MmIoCKyro
BOJIHY, BOJIHOBOM BEKTOP, KOTOPBIN JIEKUT B IJIIOCKOCTH UZ COCTaBJISISl YTOJ € OChIO
z. Ilpm 5TOM M1 KOMIUIEKCHOM AMIUIMTYJBI OIOPHOM BOJIHBI B IUIOCKOCTH UV

nMeeM r(u,v)=ry exp(iu? cosé) (6)

[Ipu 3TOM HHTEHCUBHOCTbh HHTEP(PEPEHIIMOHHONW KAPTUHBI UMEET CIEAYIOLIUNA BU]T

I(u,v) = r(u,v)|? +|e(u,v)|? - ;é; h) exp IF[ hl—hz_uj “‘e*(xl’yl

2 2
-exp |2 _u T * @ ﬁ+_ = £+— dxldyl rgu V) (7)
C 2h, clh h,)c{h h, A°hh,

) u®+v X2+ Y7 X y
exp|li—| h +h, + e(x.,Vy,)ex LT R S, ¥ dx,d
P c[l 2 2h, J X{y{(lyl) p{c 2h, } c(hl hZ]c[hl h, 1

[lepBoe crmaraemMoe B OSTOM BBIP@XEHWU TWIPEACTABISICT COOOW MOCTOSIHHYIO
COCTAaBJISAIONIYI0, 00YCIIOBJIEHHYIO OMOPHOW BOJIHOW. BTOpoe ciiaraemoe siBsieTCs
IIyMOBOM  COCTABJSIOLICH, MJAOMIEHd NPU  MNOCIEAYIOIIEM BOCCTAHOBJIECHHH
UHTEPMOIYJISIIITUOHHOE HM300pakeHHe BXOJHOW CTpaHuIlbl. JKelaTreabHO, YTOOBI




BKJIaJ, TOW COCTAaBJISAIOLIEN ObLI 3HAYUTEIBHO MEHBLIE BKJIaJa ABYX IOCIEIHUX
ClIaraeMbIX, OIHKCHIBAIOIIMX PACHPEACIICHHE KOMIUIEKCHBIX aMIUIATYJ CBETAa,
auapparMupyeMbIX B HY’KHbIE CONIPSDKEHHBIE M300pakKeHUsI BXOJAHON CTPaHULIBI.
JUIsi BOCCTAHOBIIEHHSI 3alIMCAHHOM TOJIOTPAaMMBI C MOMOIIBIO 3JIEKTPOMArHUTHOTO
npepeiBatens 3 mnperpaxnaercs nyth jaydy l.. 3areM peructpupyromas cpeaa
OCBEILIA€TCSI  BOCCTAHABIMBAIOUIEH  BOJIHOW  (MJACHTUYHOM  OMOpPHOM) W
BOCCTAHOBJIEHHOE M300paK€HUE TpaHCIIapaHTa HAaOII01aeTcsl Ha SKpaHe 9.

C mnoMomIpI0 TPEIJIOKEHHOTO aBTOMAaTHU3UPOBAHHOTO crocoba 3amucu
®ypwe-rojorpamm  crnekn-nonem  (puc.l.), Ham  yJgamock  OCYIIECTBUTH
ABTOMATU3UPOBAHHYIO JIMHEWHYIO 3aluCh aMIUIMTyIHOW Dyppe-ronorpaMmsl
cneki-nosieM. CumraeMm, YTO  aMIUIMTYJHAs  IPO3PAYHOCTh  ITOJYYEHHOMU
roJIOTPaMMBbl nocie 00paboTKu IPONOPLUMOHATbHA MHTEHCUBHOCTH
UHTEp(PEepEeHIMOHHON KapTUHBI. A BOCCTaHABJIMBAIOIIAsl BOJIHA IUIOCKAasl, BOJTHOBOM
BEKTOP, KOTOPBIN JIGKHUT B TUIOCKOCTH Uz (puc.l) coctaBisisi ¢ ocbio Z yron 6, T.e.

I (U, V) =rpmexp[i £ u cosé] (8)

HpI/I 9TOM KOMILUICKCHAA aMIUIUTyJa BOJIHBI ﬂeﬁCTBHTGHBHOFO H306pa)K€HI/IH B
INIOCKOCTH UV OIIMCBHIBACTCS BBIPAXKECHHUEM

ry(u,v)r(u,v) . u? +v?2 W x2+y2
e(u,v)=————"—""exp|i—|-h,—h, - —— e*(x,,V.)exp|i—| ——% 1
(u,v) ﬂ}hlh2 P c i 2 2h2 XJ;;[ ( 1 y1) p c 2h1
| X ujloly V
T* = 2+ — [ —| 2 +— | |dx,d
c\h, h,)cih hz] 1Y 9)

B tom CIydac, KOraa BOCCTaHaBJIMBaroMmiasd BOJHA KOMIIJICKCHO-COIIPs’KCHA K
OIOPHOMH, T.€. b (U,V)=r*(u,v), umeem

7 u’+v° o XZ+y!
e(u,v) = - exp|i—| —-h, —h, ——— e*(x,y,)exp|i—| ————+
(0¥) = g expl i | —h—hy = H (. yi)ep i\ =25
[ [ty if[xlxz AL yzvj e dy, .y, (10)
X Yo c hl h2

KomnnekcHas aMILIUTyaa BOCCTAHOBJICHHOM BOJIHBI B BLIXOJIHOﬁ IIJIOCKOCTH X3Y3

OyJleT UMETh BU/T

i o X2 + Y2 o UX+VYy, Uu?+v
e(X,,V.)=——exp|i—| h, + =2—23 e(u,v)expli—| - — S+ dudv  (11)
(X3 Y) prat L Ly H( Jexp|i- h3 7

[ToxcraBmss Beipakenue (10) B (11) u nmpurmMast, uto paccrosaus h2 u hs paBHbI,



ImoJrydacm OKOHYAaTCJIBbHOC BBIPAXXCHHC KOMIIICKCHOM AMILJIMTYAbI
BOCCTAHOBJICHHOM BOJIHBI B BI)IXOI[HOﬁ IIJIOCKOCTH X3Y3

i . X2 +y?
—eXp 1— _hl_'_g t*(xly) e*(XsY)’
APhh? c 2h, 3173 U 17l

e(X3' y3) =
-exp | @ XX = YaYs X, + Yy
Cc h, 2h,

W3 BbIpakeHUs CIENyeT, YTO BOCCTAHOBIIEHHAs BOJHA COBHAAAET C M300paKEHUEM
TpaHcnapaHTa ¢ y4€toMm neictBus auddyzopa u auadparmel D1. Kaxnas touxa
mud¢y3opa co3naeT KBasHU(Pypbe CIEKTp TpaHCHIapaHTa CcO CBOMM (ha30BbIM
MHOHUTEJEM B TUIOCKOCTH TojorpaMMmel. Clie1oBaTeIbHO, AaxKe IpH y3KoM Dypre-
CHEKTpE TpaHCIapaHTa MATHO Ha TOJIOTpaMME B MPOCTPAHCTBEHHO-UYACTOTHOM
IUIOCKOCTH UV TOJKHO HAallOMHUHATh ONTHYECKOE MATHO Ha Au(dy30pe, T.€. MOKHO
CUMTaTh, YTO Kaxkaas Pypre-KOMIOHEHTA TpaHCIapaHTa (OPMHUPYET B TIOCKOCTH
UV cBoe uzoOpaxxeHue nstHa Ha nuddysope.

DKCHEpUMEHTAIbHO HCCIEN0BANINCh TU(PAKIMOHHBIE XApAaKTEPUCTHUKU U
IIyMBbI TOJOTPaMM, OTHOCSIIMECS K cxeMme TodHoi Dypbe TronorpamMmbl W s
aBTOMATHU3UPOBAHHOTO criocola 3anucu Pypee-roiorpamMm crneki-noieM. Ha puc.2
npuBeACHb Tpaduku 3aBUCUMOCTH J[D romorpaMM OT TIUIOTHOCTH JHEPTHH
SKCIIOHUpPOBaHUs JUisi cxembl TouyHOM Dypbe rosmorpamm (kpuBas 1) u s
aBTOMATU3MPOBAHHOIO criocoba 3anmucu Pypbe-rojiorpaMM CHEKJI-ToJIeM (KpuBas
2). U3 rpadukos (1) u (2) Buano, yto kpussie (1) u (2) moutu copnamaroT. [1o atum
XapaKTepUCTUKaM OTpeiesieHa ONTUMAabHAs TUIOTHOCTh YHEPTUH SKCTIOHUPOBAHHSL.

& ﬂ,%

dx, dy, (12)

30
20 1 >
1 1
10 +
——— | | —
0 10 20 30 40 50 6o  DMicion

Puc. 2. 3aBucumoctu JID rojorpamMM OT IJIOTHOCTH DHEPIMH SKCIIOHUPOBAHHUS B cXeMe C TouHOU Dypbe
rojorpaMmMoii (kpuBas 1) 1 B aBTOMaTH3MPOBAHHOM crioco0a 3anmucu Oypre-roorpamMm creki-moneM (2).

[TpoBeneHbl HCCIEOBAHUS 1O H3MEPEHUIO OTHOMmICHUs curHa/urym o/l

IIPU Pa3HbIX COOTHOILIECHUAX MHTECHCUBHOCTEH ONOPHOM M mpeameTHoU BOJH. Ilox
VHTCHCUBHOCTSIMA CUTHAJIBHOM M IIYMOBOW BOJIH IOHUMAJINCh WHTEHCHUBHOCTH
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MH(OPMALIMOHHOW €TWHUIBI U MH()OPMAIIMOHHOTO HYJS B BBIXOJHOM IJIOCKOCTHU
BOCCTAHOBJIEHHOTO U300paKEeHU.

Ha puc.3 mnpusBeaensl rpaduku 3aBucumoctedi otHommeHus l/l. ot
COOTHOIIIEHUSI MHTEHCUBHOCTEN OIOPHOM M NPEAMETHOW BOJH IIPU 3alIMCH TOYHOU
®ypbe rojorpamMmbl (KpuBas 1) ¥ IpU aBTOMaTU3UPOBAHHOM CIIOCOOE 3aIlucu
®dypbe-rosorpamm crneki-noiem (kpusas 2). M3 rpadukos (1) u (2) BugHO, 9TO TIpH
nepexosne B padodyl0 TOUKY JIMHEHHOM 00J1acTH XapaKTEepUCTUYECKON KPHUBOU
peructpupytomed  cpeapl, oTHomeHus lJ/l., 3amerHO yBenMumMBaeTcs TpH
MCIOJIb30BAHUN aBTOMATHU3MPOBAHHOTO criocoba 3anucu dypbe-rosorpamm Creki-
IIOJIEM TI0 CPABHEHUIO C TOYHOU Dypbe rojaorpaMMoi, YTO MPHUBOIUT MOJIYYEHUIO
M300pakeHUs1 XOPOILIETO KayeCcTBa.

* 11,
70 + 2

50 +
30

10 +

0 1 2 3 4 11,

Puc. 3. 3aBucumoctr otHoeHus |/l OT COOTHOIICHNUSI HHTEHCHBHOCTEH OMOPHOI U MPEAMETHOM
BOJIH Ipu 3anucu ToyHoil Dypre rojmorpammsl (KkpuBas 1) ¥ Ipu aBTOMAaTU3MPOBAHHOM clioco0e 3amucu
@Dypbe-rojaorpamMm CHEKI-TI0IeM (KpuBast 2).

B 3akmroueHMMm = OTMEYEHO, YTO  HWCCIEJOBAaHHBIK B pabote
aBTOMATU3MPOBAHHBINA CcOCc00 3amucu Dypbe-royiorpaMm CHEKII-TIoJieM o0JagaeT
psaoM mpeumymiecTB. OOecrneunBaeTcs BBICOKAs OAHOPOTHOCTH paclpeneieHUs
WHTEHCUBHOCTH CBETOBOW BOJIHBI B IUIOCKOCTH PETUCTPAIIMU TOJIOTPAMMBI TIPH
COXpaHEHHWH BBICOKOH M30BITOYHOCTH M IJIOTHOCTH XpaHeHHs. [Ipu 3ToM Kaxmas
TOYKa TOJOTPaMMBbl HECET MH(POPMAIMIO O KKIOM DJIEMEHTE TPaHCIapaHTa, YTo
oOecreunBacT BBICOKYIO HAJACKHOCTh W IMOMEXO3AIUIICHHOCTh 3alMCaHHbIX
rojiorpaMM. BbICOKasi OTHOPOJTHOCTh pacrpeielieHUs] CBETOBOTO TOJIS B TIIIOCKOCTH
PETHCTPAIMKM TOJOTPaMM TPUBOJUT K TIOJYYCHHIO MaKCHMAaJbHO BO3MOYKHOM
TG PaKIIMOHHON s dexTuBHOCTU c YAOBJIETBOPSIOIINM KaueCTBOM
BOCCTaHOBJICHHOTO HM300pa)keHUs. JTa cxema TakkKe 00JafgaeT TEeXHOJOTHYECKON
MPOCTOTOM.

12



B TpeTbeii riiaBe paccMaTpUBAeTCs OCOOCHHOCTH aBTOMAaTH3MpPOBaHHAs
TEXHOJIOTHS TIONYYCHUSI MYJIbTUIUICKCUPOBAHHBIX Dypbe-TOJOTPaMM CHEKII-TIOJIEM.
[TpuBeaeHBI TEOPETHUECKOE M DKCIIEPUMEHTAIBHOE HCCIICIOBaHUs CEIIEKTUBHOCTH
ABTOMATU3MPOBAHHOW TEXHOJIOTHH MYJBTHILNIEKCUPOBAHHBIX Dypbe-roiorpaMmm
CHEKJI-TIOJIEM C JTUCKPETHOW Pa3BEPTKOW OMOPHOTO Iy4YKa BOKPYT MPEIMETHOTO
mydka IO oOpa3yromell KOHyca, MPU KOTOPOM OIOPHBIC MYYKH ISl KaKIOH
pa3BepTKU UMEIOT PAa3IUYHBbIC CIIyYailHBIE CIEKJI CTPYKTYpbl B IIOCKOCTH
perucTparum. Cxema c%:1114(97 ABTOMATU3MPOBAHHON TEXHOJIOTHH
MYJTbTHUILUICKCHPOBAHHBIX TOJIOTPaMM CIIEKII-BOJIHOHM MpHBeieHa Ha puc.4.

[Ipu 3amucu y3Kkuil My4oK M3Iy4YEHUs Ja3epa OCBEIIaeT MaIyIo IIonaab S’
mudp¢y3opa D. B miockoctu Xiy:r moMenieH TpaHcmapaHT | M KojblieoOpa3Has
macka Q c oxomikoii (. Ha puc.4a nmokazaHo pa3menieHue TpaHCIapaHTa U MacKu C
okomkoil. 3nmydenue, mpoieiiee yepe3 001acTb  UTrpaeT pojib OMOPHON BOJIHBI.
Tpancnapant T u macka Q OCBENIAIOTCS MJIOCKOM CIEKII-BOJHOM.

Q X1y1 T uv
Lo

/ H Ls
| \ / [/ (\_>

= ——

A A A A A A A

D S Ly

Puc.4. ABTOMaTHU3UPOBAHHBIN croco0 3aluCH " BOCCTaHOBJICHUS
MYJIbTUIUIEKCUPOBAHHBIX TOJOTPAaMM CIEKJI- BOJHOW. | — mazepHoe wusmyuenue; D —
muddy3op; S — ocBemaemas twomans; Li, Lo, L3 — mua3e; Q — Macka ¢ okomkom; T —
TpaHcmapanT; H — peructpupytomas cpepa. 1-7 31neKTpoHHbIE OJOKHM IO3BOJISIFOIINE
yCTaHaBIIMBATh ONTHYECKUE SJIEMEHTHI B HY)KHOE TTOJIOKEHHE. 8- YCTPOHCTBO YIpaBJICHHUS,
9- kommbIOTEP

Jluaza L, B cBoed ¢okampHON IWIOCKOCTH UV  Qopmupyer dypbe-o0pasbl

pacnpeneneHnii KOMIJIEKCHBIX aMIUIUTY MPOMYCKaHUs TpaHCHapaHTa u oonactu g.
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KoMIUTEKCHBIE CIIEKIIOBBIE TPOITYCKAHMs TpaHCIapaHnTa T ¥ 00JacTH ( IpH 3aIHiCcH
nepBoi rojorpamMmbel 0003HauuM 4depe3 ai(Xi, Y1) u ri(Xs,yi-b). Ilpomyckanue ri
OKOIIIKa ( TPEACTaBIsIeT co00i 00acTh, IEHTP KOTOPOM HAXOAWUTCS HE B Hayaje
koopauHar O, a B Touke X1=0, y1=b. B miockocTi UV IOMeIIeHa pEruCTPUPYIOIast
cpenia, Ha KOTOPOM PETHCTPUPYETCS KapTUHA MHTepepeHnn Gpypbe-00pa3oB ai U
r.

x \%

Puc.5. Pa3smelteHne TpaHcnapaHta T n macku Q C OKOLLKOM (.
a) npu 3anucu nepsown ronorpammesl, ¢=0.
6) npw 3anmcu BTopoit ronorpammbl, ¢=90°.

[Tpu 3ammcu BTOpPOW TOJOTrpaMMbl Macka C OKOIIKOM TIOBOPAYMBACTCS B
IJIOCKOCTH X1Y1 BOKPYT OCH Z Ha yrou ¢ (puc.56 B namem ciaydae @=90°, 1.e. N=4,
rae N- umrcino HanoxeHHbIX rojgorpamm). Ilpu stom umeem az(X1,y1) u r2(Xi+b,y1) B
TUTOCKOCTH X1Y1.

[Tpy 3amucu TMepBO TOJOrpaMMBl KOMILICKCHAs aMILIUTyJa CBeTa B
IJIOCKOCTH X1Y1 UMEET BU]I

a1(X1,y1)+ri(xs,y1-b). (13)

B mtockocTh peructpupyromieii cpeapl UV KOMIUIEKCHAsE aMIUIMTYAa BOJIHBI

paBHa
A1(u,v)+R1(u,v)exp(i2avb), (14
rae Ai(u, v) 1 Ri(u, V) - cooTBeTcTBEHHO (Pyphe-00passl ai(X1,y1)uri(Xy,y1).

J1JI1 MHTEHCUBHOCTH MHTEP(PEPEHIIMOHHOM KapTHHBI KMEEM

[(u,v)=A1(u,v) A; (U,V)+R1(u,V) R (U,V)+A1(U,V) R (u,v)exp(-i2avb)+

+ A} (U,v)R1(u,v) exp(i22vb) (15)

AMIUTMTYIHAs] TPO3PAYHOCTh IMOJYYCHHOH TOJOTPaMMBI TOCie 00pabOTKU
sBisgeTcs  (QyHKIMEW  WMHTEHCUBHOCTH. JlomycTuM, d9TO  OOBIYHBIC IS
rojorpauueckoll perucTpalyy YCJIOBHS BBIMOJIHSIIOTCA. B 3TOM ciiydae MOXKHO
CUMTaTh, UYTO COCTABJAIOIIAS AMIUIMTYJAHOH  TMPO3PA4HOCTH  TOJIOTpamM,
OTBETCTBEHHAss 3a 00pa3oBaHWE JICUCTBUTEIBHOTO W300paKEeHHS OOBEKTa,
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MPOITOPIIMOHAIBHA TpPETheMy cllaraeMoMy B BelpakeHmu (15). Ecimm ocBetuTh
rojorpaMMy BOJHOW ¢ KoMmIuiekcHOM amrmmutynon  Ri(u,v)exp(i2zvb), to
KOMILIEKCHAs! aMIUTUTY/Ia BOJHBI, COOTBETCTBYIOIIUN ATOMY WICHY, B IJIOCKOCTH UV
MIPOITOPIIMOHAbHA
E1(u,v)= R1(u,v) R (u,v) As(u,v) (16)

KomruiekcHas aMIuIUTyZia BOJHBI B IUIOCKOCTH X2Y2 HMPOIOPIIMOHAIBHA €ro

obpatHOMy (pypre-00pa3y:
e1(Xz,y2)= H R, (u, V)R (u,v) A4, (u,v)exp[—i2m(ux, + vy,)]dudy . (17)

HCHOHB?)YH TCOPCMY O AaABTOKOPPCILIOHUHU, MOKCEM 3allUCaTb IIPOU3BCACHHC
R1(u,v)R; (u,v) B BuE
Ri(u,v) R (U,v)= ” Bi(xy, y,)expli2z (ux, + vy,)ldx,dy, (18)

X2Y2

rne B(x,, ) = [ 1 (6 0)h(x+ %, + yy)dxdy . (19)
Xy
Torma e1(X2,y2) IpUHUMAET BH]T

e (x,,7,) = J.J‘{ H Bi(x,, y,)expli2z(x,u + y,v)ldx,dy, H a,(x,, y,) expli2z(xu + y,v)ldx,dy, ¢ - (20)

uv \ X2¥> X2V2

-exp[—i27(x,u + y,v)|dudv
Hcnonb3yst TeOpeMy O CBEpTKE, UMEEM

e (x,,¥,) = jjlgl(xﬂy)al(xz —X,y, — y)dxdy (21)

Otcro/ia BUAHO, YTO KOMIUIEKCHASI aMIUTUTY/1a BOJIHBI B BBIXOTHOM TJIOCKOCTH
NPEICTABIISAET COO00M CBEpTKY a1(X2, Y2) ¢ PyHKIMEH aBTOKOPPEIISALIUU POITYCKaHUS
ri(x2,y2). Takas cBepTKka JaeT HEUCKAXKEHHOE H300paKEHUE BBIXOTHOTO
TpaHcnapanta  ai(Xo,y2), ecimu  aBTOKOppensuuoHHas — GyHkmms  PBi(X2,Y2)
MIPEACTABISAET CO00H d-PpyHKITHIO.

[Tpu ucnonb3oBanuu auddy3opa MOKHO CUMTATh, YTO CBET, MPOIICAIIHI
yepe3 paccerBaresib, MU3JIydaceTCsi aHcaMOJIeM BTOPUYHBIX TOYEYHBIX MCTOYHHKOB,
MCIYCKAIOMINX CPepuyecKre BOJHBI OJUHAKOBON aMIUIUTYAbI HO CIy4yailHOW (a3bl.
Kaxapiii U3 3THX HMCTOYHUKOB MOXKHO IPEACTaBUTh B BHUJE TMPOM3BEACHUSA O-
¢GyHkud Ha (a30BbIi MHOXKHTENB:  O(X-Xm,Y-Ym)eXP(i@(Xm,ym)). DPypbe-o6pa3
ancam601s1 M Takux 8-GyHKIHN KOTOPBINA MPOIIET Yepe3 (| UMEET BUI:

M
Ry (u,v) = D exp[27i (x,u + y,V)1explig(x,,, V)] (22)
m=1
KomruiekcHO-conpsiakKeHHOE BbIPA)KEHUE UMETh Oy/IeT BUI:

R (u,v) = Y exp[-27i(x,u + y,v)]exp[-ig(x,, »,)] (23)

n=1
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rac
N M M
R(u V)R (u,v) =M + D> exp[27i((x,, — x,)u + (¥,, — y,)V)]- (24)
m=1 n=1
-expli(p(x,,,,) —@(x,,y,))]
[Tpu >TOM aBTOKOpPpEIALIUS POIYCKaHus I1(X2,Y2) ONMMUCHIBACTCS BRIPAKCHUEM:

B (xy,3,) = M6(x,,,) +Zzé[x2 -(x, =X, =, —y)] (25)

~exp[i(@(x,,, ¥,) = @(x,,,))]
Hcnionw3ys cooTHOmeHUEe (25), B BRIXOAHOMW IJIOCKOCTH MMEEM CIIEIYIONee
pacrpeieIeHHe KOMIUIEKCHBIX aMIUTUTY/L

e(x,,y,) =Ma(x,,y,) +ZZal['x2 -(x, =%, =, = )] (26)

-expli(e(x,,, y,) = 9(x,,¥,))]

Orcrola BUIHO, YTO BEJIMYMHA IIEPBOIO YJI€HA B MPAaBOW YacTH PaBEHCTBA
(26), xoTOpBIN JIMHEWHO BO3PACTACT C YUCIOM TOYCYHBIX HCTOYHHKOB M, ecTh
M300paKeHNEe BBIXOJHOTO TpaHcmapaHTa ai(X2y2), B TO BpeMs KakK BeIWYHHA
(YHKUMHA CTOSIIEN MOJ 3HAKOM JABOMHOM CyMMBI, KOTOPBIM JaeT (OH BOKpYT
n300paxxeHus: He 3aBUCUT OT M. Ecium MHTEHCMBHOCTH M3JIY4YEHUS B IJIOCKOCTH
aud¢y3opa MOCTOSIHHA, TO C yBEIWYCHHEM OCBeIIaeMoi miomaau “S”, T.e. ¢
yBeIMueHueM uucia M, nmuHelHO BO3pacTaeT KOMIUIEKCHAs aMIUIMTYAa BOJIHBI U
wiomaas GoHa BOKPYT U300paKEHUS B BEIXOTHOM TUIOCKOCTH.

Jlist ompezenieHusi CeJIEKTUBHOCTH TOJIOTPAaMM B MPEJIOKEHHOM CHOCO0E,
PacCMOTPEH BOCCTAHOBJIEHUE II€PBOM TOJOTpaMMBbl IIPU CUUTBIBAHUH BTOPOM
rojiorpaMMsbl. [Ipr 3TOM KOMIUIEKCHas aMIUIMTYAA BOJHBI MEPBOM TOJOTpaMMBbI B
MJIOCKOCTH UV MPONOpLHOHAIbHA

E,(u,v) = R (u,v)R, (u,v) A, (u,v)exp[—i2ab(u + v)] (27)

KoMIutekcHast aMIIuTy1a BOJHBI B IUIOCKOCTH X2Y2 IMPONOPLUOHAIbHA €0

obpatHOMYy (pypbre-00pazy

e, (X,,Y,) = j j R, (U, V)R, (U, V) A, (U, V) exp[—i27b(u + v)]exp[—i27 (ux, + vy, )]dudv (28)
Hcrnonp3yst TEOpEeMbI 0 KOPPEISIITUU U CBEPTKU IBYX (PYHKITUN UMeeM
€1 (Xz ’ yz) = J.J-ﬂﬂ (Xz ’ Y2)3-12 (Xz —b-x, Yo — b— Y)dXdy (29)
Xy
mie  Bu(%,¥2) = [ [Ri(UVIR; (u,v) exp[—i2z (x,u + y,v)]dudv (30)

KomrutekcHO-conpsKeHHBIR  (yphe-00pa3  mpomyckaHuidi — F2(X2,y2)  UMeer
CIICIYIOLINMN BUJL.

16



R (u,v) =) exp([-2mi(x,u+y,V)]expliy(x,,y,)] (31)

n=1
Ucnonb3yst cootnomenuss (17) m (23), MBI MOXEM 3amucaTh IIPOM3BEACHUC
Rl(u,V)R; (u,v) B BUIE:
M M
R, V)R, (u,v) = D > expli2z((x,, = x,)u+ (3, — v, )W)]expli(@(x,,,,) = ¥(x,,5,))] (32)

m=1 n=1

Torna ¢ yaetom cootHomenus (32) mbl MokeM 3anucath (30) B Buje:

B (x5, 3,) = DD 8%, —(x,, = x,),3, — (v, = y)lexpli(p(x,, v,) —w(x,,7,))] (33)

m=1 n=1

HpI/I 9TOM BBIPAKCHHC, OIPCACIIAIOMICC KOMIINICKCHBIC aMILIUTYAbI BOJHBI HGpBOI?I
rojorpamMmsnl B BBIXOI[HOﬁ IINIOCKOCTHU IIPpW BOCCTAHOBJICHUHU BTOpOﬁ roJorpaMmal,
HUMCCT BU:

ey (x,,1,) = J.J.ZZé‘[x—(xm =%,y =, = y)a,(x, —b—x,y,=b—-y)-

xy m=1n=1

: eXp[i(w(xm s ym) - V/(‘xn s yn ))]dXdy (34)
Ortcrona cienyer, 4to

e (X, 0,) = D> a4, (x, = (x,, = x,), 3, = (v, = y)]-expli(@(x,,, ¥,) = W(x,, 3,))]

m=1 n=1
pu X, —X,=2b,y,—y,=b, (35)
e (X,,y,)=0 npu Xin — %n <b, Ymn = Yn <b (36)
N3 Beipaxenuit (35) u (36) criemyeT, YTO BOCCTAHOBIICHHE TMEPBOM

roJIoTpaMMbl B Ha4aJie KOOPJUHAT BBIXOIHOM 1tockocTu X2=0, y>.=0 une Oyner. OHO
a1y

M2
KOODIMHATAMA X, — (X =X, (Y, = (Y —¥n)  TpH Xy =X, 2by, -y, 2b.

HA4YMHACT BOCCTAHABJIMBATLCA C aMHHHTYﬂOﬁ, KakK (i)OH, B TO4YKax C

YcmoBue X, —X,=b,y, —y,=b BemmonHsercs Torma, Korja BeJUYHMHA
ocBeraeMoit miomanu “S” muddysopa consmeprMa ¢ BEITUIUHOM b.

DKCIEPUMEHTAJIBHOE HCCIIEIOBAHUE CEJIIEKTUBHOCTU CXEMBI C JHCKPETHOU
Pa3BEPTKOM OIMOPHOrO IydyKa BOKPYI MPEAMETHOTO C HMCIIOJIB30BAHHUEM MACKH C
OKOILIKOM, IPU KOTOPOM KaKIbId OIIOPHBIM IIy4OK MMEET CBOE pacIpeleiICHUuE,
OCYIIECTBIISUIOCH TI0O U3MEPEHUIO 3aBUCUMOCTH MHTEHCUBHOCTHU JU(PArupOBAHHOTO
IOJA OT IPOCTPAHCTBEHHOI'O PACCOIVIACOBAHUS CTPYKTYpP 3apErMCTPUPOBAHHOMU
ONOPHOM MW cuMThiBaromew BoJH. [Ipu 3TOM paccornacoBaHue CTPYKTYp
MPOUCXOJUT 3a CYET IMOBOPOTAa MACKM C OKOIIKOM BOKpyr ocu Z. Ha puc.6.
OPUBEJEHO 3aBUCUMOCTH HOPMHPOBAHHOW MHTEHCUBHOCTU JU(parupoBaHHOM
BOJIHBI OT yIJIa IOBOPOTA (0 MACKU C OKOILIKOM BOKPYT OCH Z.
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Puc.6. 3aBHCHMOCT HOPMHPOBAHHON MHTEHCHBHOCTH AU parupoBaHHoro uamydenus lg/lo ot
yTIia IOBOPOTA () MAacKH C OKOILIKOM BOKPYT ocu Z.

A Takke U3MEpsUIM 3aBUCUMOCTh MHTEHCUBHOCTU IU(PPArupOBaHHOIO TOJIS
oT ocBemiaeMoil miomanu “S” nuddyzopa, Tpu MOCTOSIHHONM HWHTEHCUBHOCTH
M3JIydeHHsT B IUIOCKOcTH nuddys3opa. Ilpu s3ToM, yem Oosblie oOcCBemaeMoi
wiom@aan “S”, Tem sipue CTaHOBUTCS BBIXOJAHOE U3o0paxeHue. Ha puc.7. npuseaeHa
3aBUCHUMOCTh HOPMHPOBAHHONW MHTEHCUBHOCTH JU(PPArupoBaHHOIO TOJS OT
HOPMHUPOBAHHOM OcBemaeMoi 1omanu “S” muddyzopa

Ig/IO
1,2 1
1

08 1

0,6 1

04 -

0,2 -

0 S/So

~ ~

0,2 0,5 0,8 1

Puc.7. 3aBHCHMOCTH HOPMUPOBAHHOW MHTEHCHBHOCTH TU(PPArMpOBaHHOTO M3nydeHus lg/lo ot
HOPMHPOBaHHOU ocBenaemoit miomaan S/So uddysopa.

B 3akirodyeHue cineayerT OTMETUTh: aBTOMATHU3UPOBAHHAS TEXHOJIOTHS
MYJIbTUILUIEKCUPOBAHUS OCYLIECTBISIETCS NpPU OJHOM YCTAaHOBKE HOCUTENS 0€3
BCAKUX H3MEHEHUH. B 5TOM cilyyae BEpOATHOCTb YaCTUYHOIO HAJOXKECHUE
rojlorpamMM, paBHA HYJI0; B IPOLECCE 3alMCH psiAa TOJOTPaMM  OCTAETCSA
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HEM3MEHHON TeoMeTpus ocBemeHus auddy3opa; perucTpupymromias cpeaa He
00s13aTeNBHO JOJKHO OBITH TOJCTOM, MYJIBTUILUIEKCUPOBAHUE TOJIOIPAMM MOXHO
OCYILIECTBUTh U B TOHKHUX PETHCTpUpPYIOMIMX cpenax. Kpome Toro, cxema 3amucu
IpOCTa U HAJICHKHA.

YerBepToii riaBe JaHO onucaHue pabOThl aBTOMATU3UPOBAHHOIO CIOco0a
3alUCH W aBTOMATU3MPOBAHHOW TEXHOJIOTUHU MyJbTUILIEKCupoBaHus Dypre-
roJIOTPaMM CIIEKJI-TIOJIEM.

JUIsi MOBBIIIEHNS KAa4EeCTBA 3allMCH M BOCCTAHOBJIEHUS TOJIOTPAMM, C LIEJIBIO
YCTPAaHEHMs] HEJIOCTATKOB TPAJAMIIMOHHOIO CIOCO0a 3aMuCcH ¢ HU3KOM CKOPOCTHIO,
MpEAJIaraeTcsi yHUBEPCAIbHOE aBTOMATHU3MPOBAHHOE YCTPOMCTBO I 3alUCH H
BOCCTAHOBJICHUS roJiorpamm u aBTOMATU3UPOBAHHOM TEXHOJIOTUH
MyJIbTUILUIEKCUpOBaHUs ~ Dypbe-ronorpamMm  CHEKI-NOJEM C  BO3MOKHOCTBIO
KOHTPOJII KadyecTBa TOJIOTPAaMMbl B peallbHOM MaciTabe BpEMEHH, a Takxke
MpPEPBIBAHUE 3TUX MPOLIECCOB MO 3aIaHHOW MPOTrpaMMe OT KOMITBIOTEPA.

CrpykTypHas cxema MpeanaraéMoro aBTOMAaTU3UPOBAHHOTO YCTPOMCTBA
npuBeieHa Ha prc.8. YCTPONWCTBO COCTOUT U3 CIACAYIOMNX OJOKOB: KOMITbIOTEP-21-
npeaHa3HayeH IS BbIJA4YM yIpaBisiomux curHanoB ¢ LPT mopra Ha mudposoit
O0JIoKk U s OOpaOOTKM [aHHBIX MOCTYNAKOIIKUX OT MPUOOPOB, H3MEPSIOIMIMX
WHTEHCUBHOCTb W3JIy4YeHUs; IudpoBoit 0O50k-20- ympaBiaseT BCEMHU Yy3JIaMH
ycrpoiicTBa; nazep-1 JITH-503 (Ar" |, A= 488 HM) ¢ MOIIHOCTHIO HENPEPHIBHOTO
u3nmydeHus 10 1 BT ucmonb3yercs B kKauecTBe MCTOUYHUKA CBETA; CBETOCIUTEh-2-
UCIIONB3YETCSl JJI1 pa3lelIeHUs] CBETOBOIO IMy4yKa Ha JiIBa SKBHUBAJIEHTHBIX
KoMmrnoHeHTa; auddy3op ¢  auadparmoii-3, auddyzop  cayxuUT IS
POCTPAHCTBEHHOW MOJYJSAIMA CBETOBOro Tyuka. Jluadgparma cioyxut is
OTPAaHMYCHUS JMaMeTpa BOJIHBI, Macka C OKOIIKOM-4-CIIYXKUT JJIsi TPOIMYCKaHUS
IPEAMETHOIO U OMNOPHOrO IYYKOB; 3JEKTPOMArHUTHBIE MpephiBarenu-5 u 19 -
CIIy>KaT JUIsl IPEPBIBAHUE CBETOBBIX M3JIYYECHUH; JIUH3bI- 6,8,15 ucnonb3yrorcs ais
HaIpaBJICHUsI CBETOBBIX JIyuell B HyXHO€ pyciio. TpaHcmapaHT-/- 3TO CTpaHHIIA
uH(poOpMaIlMK, 3alMHMChIBAEMOM B PETUCTpUpYIOLLyI0 cpeny; aaryuku MMO-
9,10,12,16 ucnonb3yroTcs AJisi U3MEPEHHUS] UHTEHCUBHOCTU CBETOBOTO M3ITyYECHUS;
peructpupyromias cpeaa-11 ucnonb3yrorest st 3anucu uHopmaruu; macka-13
JUISL UI3MEPEHUs 1Iyma; Macka-14 1 u3mepeHus CUrHaina; skpaH-17 cmyxut nmis
HAOJIOICHUSI BOCCTAHOBJIEHHOTO H300pa)Ke€HUsl TpaHCIapaHTa; 3epkana-18,22
UCTIONB3YIOTCA JIJIs1 OTPaKEHUS CBETOBOIO MOTOKA.

PazpaboTtan uudpoBoil OJOK ¢ TapayieNbHON BbIgaded WHpOpMAIUU s
ABTOMATHU3MPOBAHHOTO CMOCO0A 3amuCd M aBTOMATHU3UPOBAHHOW TEXHOJOTHH
MyJIbTUILIEKCHPOBaHUS Dypbe-TojaorpamMm CHeKII-MOJIEM.

CrpykrypHast cxema 1uppoBoro 0J0ka BO B3aUMOAECUCTBUM C KOMIIBIOTEPOM
IpejCTaBlieHa Ha pUC.9 U COCTOUT U3 Cleayromux 0J0KkoB: Al -kommbioTep, A2 -
650K cornacoBanus, A3 - peructp, A4, AS - UHBEPTOPBHL.
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Puc. 8. Cuctema aBTOMaTU3MPOBAHHON 3aIIMICH M BOCCTAHOBJICHHUE a TAKXKe
MyJIbTHIUIEKCHpoBaHus Dypbe-rojorpamMm crexii-osieM: 1-naszep; 2- ceerofenuTens; 3 — auddysop ¢
nuadparmoii; 6 — Macka ¢ OKOmKoM; 3 U 19 — aneKTpoMarHuTHbIE IpeprIBaTeny; 5,8 U 15 — nuH3eL; 7 —
TpaHcnapant; 9,10,12 u 16 u3aMepuTenu MOIIHOCTH ONITHYECKOro n3inydatens; 11 — peructpupyromas
cpena; 13 —macka ans usmepeHus myma; 17 — akpan; 14 — macka ans usmepeHus curnana; 18 n 22 —
3epkaia; 20 — ungposoii 610k; 21 — KOMIIBIOTED.

KommpioTep OCyIIeCTBISIET MPOrpaMMHOE yIpaBiieHHe padboToil 1udpoBoro
Ooka  BhIpa0aThiBas  CUTHAJIBI  ympaBieHus. I[lpy  3TOM, KOMIBIOTEp
B3aUMOJICUCTBYET C HUQPOBBIM Ol0kOoM ¢ momomibio LPT mopra, B koTopom
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3aJICCTBOBAHBI CIICAYIONINE CUTHAIBHBIC JTWHWU: MmUHBI AaHHBIX Datel-Date8,
curHaisl “#strobe”, “#Init” u “Autofeedxt”.

autofeedxt
s rene
1
Init = A3.1
HNuBepTop
e ry
LPT
I[15BM |:> Vsen Pate 1 D1-D8 >
Al OPT coenacosa |Dated Peruct
nus A2 > HXECPTOP 2 P
strobe = A32
S — —— |
autofeedxt

Puc.9. CtpykrypHas cxema ycTpOHCTBa yIIpaBICHUS

Boixon LPT moprta kommbroTepa MOJKIIOUYEH KO BXOJY y3Jia COTJIACOBAHUA.
VY3en cornacoBaHus TpeJHA3HAYEH JUIsl COIVIACOBAHMS Iened C  o0mmm
KOJJIEKTOPOM KOMIIBIOTEPA CO BXOAOM pa3paboTaHHOro uudposoro 6i10ka. ITo0
JIOCTUTAETCA BBEJCHUEM JIOMOJHUTEIBHOTO MUTAHUS K KaXXKJIOMYy W3 CUTHAJIbHBIX
BBIBOJIOB OydepHoro peructpa LPT mopra. C BeIXosa y3/1a coriacoOBaHUsI CUTHAJIBI
“#strobe” wm “#Init” uepe3 WHBEPTOPHI MOCTYMAKOT HA BXOJbI Pa3pPCIICHHUS
napasuielibHOro peructpa. THBepTopsl
IpeIHa3HauCHbl IS TPUBEICHUSA CHTHANOB “# Strobe” m “#Init” x mormyecku
BEPHOMY 3HA4YEHUI0. Takoe pelIeHue MPUHSTO JIJIS MOBBIIMICHUS! CKOPOCTH PaOOTHI
nporpammbl. Curnansl nmanHbeix Datel-Date§ ¢ Bweixoma y3na corjacoBaHust
MOCTYMAT Ha MH(OpMaMoHHbIC BX0Abl peructpa. Curnan “Autofeedxt” ¢ Beixoma
y371a coriacoBaHusi noctynaer Ha Bxon “ERD” perucrtpa. Ecnu na Bxox “ERD”
MOCTyNaeT HHU3KUU ypPOBEHb CHUTHalA, TO TOrJAa pa3peliaercs 3arpy3ka u
CUMTBHIBAHUE PErUCTpa, a €ClM TMOCTyNaeT BBICOKMI YpOBEHb CHUTrHaja, TO
pasperniaeTcsi 3arpys3Kka, HO MPOUCXOJIUT Pa3MbIKAHUE BBIXOJOB, T.. PETUCTP OyIeT
HaxXOJUTHCA B COCTOSIHUU «Z». B 1enoM, nudpoBoit 6JI0K BO B3aUMOJEHCTBUU C
KOMITBIOTEPOM PadOTaeT CIEeAYIOMKUM 00pa3oM: MEepBOHAYATIBHO JaHHBIE MMOAAI0TCS
Ha muHbl LPT mopta, 3aTeM OHM COTJIacOBBIBAIOTCS MO YPOBHIO ¢ NepUpepUuitHbIM
YCTPOWCTBOM, TIOCJIE€ YEro JaHHbIe OyIyT YCTAaHOBJCHHI HA BBIXOJAE Yy37a
corjacoBaHus. JlaHHbIE NI perucTpalMy ¢ BbIXOJA y3Jia COTJIACOBAHUSI MOJAIOTCS
Ha WH(POPMAIIMOHHBIE BXOIbI peructpa. [lo mepeaneMy GpoHTY TAKTOBOTO CHUTHAJA
uHdopMmalus 3amuiieTcss Ha NapajUleJbHBIX BXOJaxX peructpa. BpemeHHbie
JAuarpaMMbl, TOKa3bIBAIOIUE pabOTy TaHHOTO YCTPOMCTBA MoKa3aHbl Ha puc.10.
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Puc.10. Bpemennbie nuarpamMmbl

BpeMeHnHble quarpaMmbl MOKa3aHbl Ha MPUMEPE TPEX BBIXOJIOB LU(POBOTO
0soka. B MoMeHT BpemeHM to HaumHaeT padOTaTh OJUH W3 BBIXOJIOB, B MOMEHT
BpeMeHHU t1 HaunMHaeT paboTaTh BTOPOM BBIXOJl, @ B MOMEHT BpEMEHHU t2 HauMHaEeT
paborarh TpeTuil BbIXOJ. B MOMEHT t3 BTOpOH BBIXOJ 3aKOHYHUT CBOIO paloTy, a
BbIXO/BI 1 1 3 paboTtaroT. B MOMeHT BpeMeHH t4 3aKOHUUT pabOTy MEPBbIN BBIXO/I, a
TpeTuil BbIxoa Oyner emé padorate. B MOMeHT ts 3aKOHUUT pabOTy TPETHIl BBIXO/I.
Tak Kak, ynpaBi€HHE OCYLIECTBIAECTCS MPOTrPaMMHO, B CBSI3UM C OTUM BPEMEHHBIE
JIarpaMMBbl 3TOTO YCTPOMCTBA 3aBUCST OT MPOrPaMMBL.

B  derBeproii rnmaBe mpuBEACHA  CTPYKTypHass  cxeMa  crocoba
ABTOMATU3UPOBAHHOM 3alIMCH U CYUTHIBAHUS U TEXHOJIOTUU MYJIbTUILIEKCUPOBAHUS
rojorpaMM B peajbHOM MacliTabe BpEMEHHU C BO3MOKHOCTBIO KOHTPOJISI KauecTBa
rojjorpaMmsbl. [IpennoskeHHass aBTOMATU3MPOBaHHAs CHUCTEMa MO3BOJISIET THOKO
YOPaBIATH OSTUMH IPOLECCAMU IO 3aJaHHOM IporpamMMe OT IEePCOHAIBHOTO
KOMIIBIOTEPA.

Pa3paboTraHHOe YCTpPOHCTBO MOKET NPUMEHATHCA JUIsl  YIOPABJICHUS
npoleccaMu 3aluMCh W CUMTBIBAHMS  PA3IMYHOIO pojia Trojorpaduyeckon
MH(GOPMALlMM Ha PETUCTPUPYIOUIMX Cpeaax Jo0O0ro Tuma, Mpu 3TOM YCTPOMCTBO
yIpaBJIeHUs] OUeHb THOKOE M 00J1aJ1aeT BBICOKOM HAJEKHOCTHIO.
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OCHOBHBIE PE3YJIBTATBI PABOTbI

[Tomyueno AHATMTHYECKOE BBIPKCHHS MOKa3bIBAIONIUE  UTO B
aBTOMATU3HPOBAHHOM CIIOCOOE 3alMCHU TOJIOTpaMM IUIONIA/lb TOJIOIPaMMBbl
UCTonb3yeTcs 3G HEeKTUBHO.

Pa3pabotan  aBTOMATHU3MPOBAHHBIA  CIMOCOO  JOCTHXKEHHS  OJJHOPOJHOTO
pacmpeieiecHds WHTEHCUBHOCTH HWH(OPMAIMOHHOW CBETOBOM BOJHBI B
IUIOCKOCTH PETMCTPAllMM TOJIOTPaMMbl TIPU HKCIOJIB30BAaHUM CIIEKJI - BOJIHBI,
MO3BOJISIIONIANA  TIOy9UTh KadecTBeHHbIe Dyphe - ToJIOrpaMMbl  BXOJIHBIX
CTpaHMUII;

Pa3paboTrana aBToMaTH3MpoOBaHHAS TEXHOJIOTHS MYJIbTHILICKCHpOoBaHUs Dypbe -
rojlorpaMM Ha OCHOBE CBOMCTBa aBTOKOPPEISAIMOHHOW (YHKIIUU CBETOBBIX
CIIEKJT — TTOJICH TyTeM BpaIleHHUsI OMOPHOTO My4YKa BOKPYT MPEAMETHOTO ITydKa C
IPUMEHEHHUEM KOMIbIOTEPHOUN TEXHOJIOTHH.

Pa3paboTtana cucrema aBTOMaTU3UPOBAHHOTO YITPABICHUS dKCIEPUMEHTATHHOM
YCTAHOBKU IS HW3TOTOBJICHHUS TOJIOTPAQUUYECKUX U3ACIUMA, TO3BOJISIONIAs
MIPOM3BOUTE 3AIIUCh M CUYNUTHIBAHWE MH(GOPMAIIUU ¢ BO3MOXKHOCTHIO KOHTPOJIS
KauyecTBa roJIorpaMMbl B peaibHOM MaciiTade BpEMEHH,

[IpennoxeHo mporpaMmHoe oOecredyeHue i TMOKONW MepecTPONKH CHUCTEMBI
aBTOMATU3UPOBAHHOTO yIpaBIICHUS OKCIIEPUMEHTAIILHON  YCTaHOBKH,
MO3BOJISIONIEE JIETKO MEepecTpanBaTh TEXHOJIOTUYECKUN MPOIECC M3TOTOBICHHUS
rojiorpad@uuecKuxX U3ACIUNA U YIYUIIUTh UX Ka4eCTBO;

Pazpabotan uudpoBoil 00Kk ¢ mnapaieNbHOW BbIIaue HHGOPMALMM IS
yrpaBiieHUs paboToM neprudepuitHpIX YCTPOMCTB.
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PE3IOME

Hnumuii uzunoeenepoy scenmeo mexHuKaiapviH, MAmemMamuKaiblK bIKMaiapobl
AHCAHA MAMEMAMUKATILIK MOOeN066HY (unum mapmaxkmapwol 6otonua)-05.13.16
aoucmuzu OOIHYA MEXHUKA UIUMOEPUHUH KAHOUOAMbl UTUMUL O0apadicacbiHa
UB0EHY YUy

ToxkonoB AxkuHaibl TypryHajueBHYTHH «@Pypbe-rosiorpammanapibl CleKJI-
TajJaa  MeHEH JKa3yyHYH AaBTOMATTAIUTHIPHUITAH  BIKMACHIH  JKaHA
ABTOMATTAIITHIPbUITAH MYJIbTHILIEKCTO0 TEXHOJOTHSICHIH HINTEN YbITYY»
amanvlumazsl OUCCEPpMAayusHbIH

Kbickaua MazmyHy
Herusru ce3pep: crexi-ranaacsl, ypre-ronorpammacsl, Pypbe - roJIorpaMMachiH
XKa3yyHyH aBTOMATTAIITBIPHUITaH BIKMACBI, roJiorpaMmMaliapsl
MYJIbTUIIJIEKCTOOHYH aBTOMATTALUTHIPBUINAH TEXHOJIOTUACHI, aBTOKOPPEIALMAIBIK
byHKIIMA, OanIKapyy aJrOpUTMH.
N3unneenyn o0ekTHCcH: @Dypbe TOJOrpaMMachlH CIHEKJI-Tajllaackl OOIOHYA
’Ka3yyHyH aBTOMATTAIUTHIPBUITaH bIKMaJaphl.
M3ninpeenyn Makcarbl: @Pypbe - rosorpaMMaapIblH aBTOMATTAIITHIPBUITaH
’a3yy BIKMACBIH KaHa MYJIbTUIUIEKCTOOHYH aBTOMATTAIITHIPBUITaH TEXHOJOTUSACHIH
CIIEKJI-TAJIAACHIHBIH HETU3UH/IE UILITEM YbITYY;
M3niapeenyH bIKMagapbl: AJjpira KOwuran wmacenenepaun uyeuyyne Dypee
roJIOTPAMMACBIHBIH Ka3yy BIKMaJapbl, MAaTEMATUKAJIBIK AHAIU3106 METONIOPY
’KaHa KOMITBIOTEPAUK TEXHOJIOTUAIAP KOJIJAOHYITaH.
MiTvuH HerMsru HaThIKaJapbl:  MAaTEMAaTUKAJIbIK MOJEIb MIUTENINI YbIKKAH
xkaHa @Dyppe-rolorpaMMacblH  Ka3yyHyH aBTOMATTAIUTBIPBUITAH BIKMACHIHBIH
CTPYKTypajlblK CXeMachl CyHyIITaJraH Oya cxeMa ka3zyy ueHpecyHle
MaaJbIMATTBIK JKapblK TOJKYHYHYH MHTEHCUBIYYJIYTYH Oupzaei Oenymrtypyyre
MYMKYHJIYK OepeT; MaTemMaTHKalIblK MOJEJIb HUIITEIUI YbIKKaH )aHa IIUITeME
Hypy OOBEKT HYpYHYH ailllaHachlHJAa aillaHraH/Aa >KapbhlK CIEKJI- TajaalapbIHbIH
ABTOKOPPENALMSUIBIK ~ (YHKIUSACBIHBIH ~ KacueTrTepuH  Koiaonyn,  Dypbe
roJIOrPaMMACBIH ’Ka3yyHYH aBTOMATTAIITBIPBUITaH TEXHOJIOTUACH! CYHYIITAJITaH;
M3nine6HYH HATBIKAJAPBIH  KOJAOHYY: W3unneenyH HaThliKanapsl
"ONTUKANBIK-3JIEKTPOHIYK ~ CHUTHAJAAapAbl HUIITEN  4YbITYy W  Kypcy OoroHYa
nabopaTopusuiblK  0a3aHbl  Ty3yyae, omoHaou s1e WM. Pa33akoB aTbIHIaArsl
KMTVYHyH oKyy IpOLECCUHUH JIEKIUSJIBIK KYPCTapbIHIa KOJIJIOHYJITaH.
Kouponyy Ttapmarei: U3wineenyH HarteliikanapeiH @Dypbe-rojiorpaMmMachiH
CIIEKJI-TAJIAACBIHBIH HETU3MHJIE aBTOMATTAIUTHIPBUITAH a3yy BIKMaJapblH >KaHa
MYJIbTUIIEKCTOOHYH aBTOMATTAIITHIPBUITAH TEXHOJIOTMACHIH MINTEN YbITyyJa
KOJIZIOHCO 0OJIOT.
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PE3IOME

nuccepraunu  TokoHoBa AkuHanel TypryHanmueBudua Ha Temy “Pa3padorka
AaBTOMATH3UPOBAHHOI0 CIOCO0A 3aNUMCH M ABTOMATH3MPOBAHHON TEXHOJIOTHH
MYJbTHIUIEKCHPOBaHUST Dypbe-rojiorpaMM CHEKJ-No0JIeM” Ha COoOuckanue
VUeHOU cmeneHu Kawouoama mexHudeckux Hayk no cneyuanvbhocmu 05.13.16
IIpumenenue @vIYUCIUMENLHOU MEXHUKU, MAMEMAMU4ecKko2o MOOeIuposanus u
Mamemamuyeckux Memooo8 8 HaAyUHvIX UCCIe008AHUAX (HO OMPACTAM HAYK).

KiaroueBbie ciaoBa: crneki-none, Pypbe-rogorpaMma, aBTOMAaTU3UPOBAHHBIN
cnocod0  3amucu  Dypbe-rojlorpaMM,  aBTOMATU3UPOBAHHAs  TEXHOJIOTHS
MYJIBTUIJIEKCUPOBAHUSI TOJIOTPAMM, aBTOKOpPpENALMOHHAsA (YHKIUSA, aITOPUTM
yIpaBJICHUS.

OO0beKT ucCJIeI0BaAHMSA: ABTOMATHU3UPOBAHHBIE CHOCOOBI 3amucu Dypbe-
roJIOTPaMM CIIEKJI-TIOJIEM.

Hean nccaeqoBanus: pazpadoTKa aBTOMAaTU3UPOBAHHOTO CIIOCO0A 3aMKCH U
ABTOMATU3UPOBAHHON TEXHOJIOTUU MYJIbTUILIEKCUPOBAHUSI Dypbe — royiorpaMm ¢
MCIIO0JIb30BAaHUEM CIIEKJI-BOJIH;

MeToabl HCCaeI0BAHMSI: TIPU PEIICHUU MOCTABJICHHBIX 3a71a4 MPUMEHSINCH
MeTonsl 3anucu  Pypbe-rojaorpaMM, METOAbI MaTEMAaTHUYECKOIO aHalh3a |
KOMIIBIOTEPHBIE TEXHOJIOTHH.

OcHoBHBIe pe3yabTaTbl PpadoTbl W HMX HOBHM3HA: pa3zpaboTaHa
MaTreMaTU4yecKas MOJIEIb u npeioKeHa CTPYKTypHasi cxema
aBTOMAaTU3MPOBAHHOrO crnocoba 3amucu Dypbe — rosorpamMm CHeksl — MOJEM,
MO3BOJIAIOIIME  JOCTUIaTh  OJHOPOJHOTO  pACHpPENCIICHUS  MHTEHCUBHOCTH
MH(POPMAIMOHHONW CBETOBOWM BOJIHBI B peructpupytoiein cpene; Paspaborana
MaTreMaTH4ecKass MOAENb U MPEIJI0KEHa aBTOMAaTU3UPOBaHHAs TEXHOJIOTHS 3aliCU
HaJIO)KEHHbIX Dypbe-ToJorpaMM, KCIOIb3YIOLIas CBOWCTBA aBTOKOPPEISLMOHHON
(GYHKIIMA CBETOBBIX CIEKJI-TIOJEH TpPU BpalleHUU OIMOPHOTO Iy4YKa BOKPYT
MPEIMETHOTO TTyUKa;

Hcnonb3oBanue pe3yjbTaTOB HUCCJIACA0BAHUNI: Pe3ynbTaThl MCCIEI0BAHUN
WCIIOIB30BAJIUCh TPU CO3JaHUU J1abopaTopHOil 0a3pl mo kypcy «OOpaboTka
ONTUKO-3JIEKTPOHHBIX CHUTHAJIOB», a TakKe B JIEKIIMOHHBIX Kypcax y4eOHOTO
nporecca B KI'TY um. U. Paz3zakosa.

O6s1acTh NpUMeEHEHUAA: PE3YyJIbTAaThl UCCIEAOBAHUM MOTYT HCIOJIb30BaTHCS
npu MPOCKTUPOBAHUU aBTOMATHU3UPOBAHHBIX croco0oB 3anucu U
ABTOMATU3UPOBAHHON TEXHOJIOTUU MYJbTUILUIEKCUPOBaHUST Dypbe-TojiorpaMmm
CHEKJI-TIOJIEM.
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RESUME
of Tokonov Akinaly on the theme:

“Development of an automated recording method and automated technology
for multiplexing Fourier holograms with a speckle field” for the candidate of
technical sciences degree in the specialty 05.13.06-the use of computer technology,
mathematical modeling and mathematical methods in scientific research (by
industry)

Keywords: speckle field, Fourier hologram, automated method for recording
Fourier holograms, automated technology for multiplexing holograms,
autocorrelation function, control algorithm.

Object of the study: automated methods for recording Fourier holograms by
speckle field.

The purpose of the research: development of an automated recording method and
automated technology for multiplexing Fourier - holograms using speckle waves;
Research methods: When solving the set tasks, methods of recording Fourier
holograms, methods of mathematical analysis and computer technology were used.
The main results of the work and their novelty: a mathematical model has been
developed and a structural diagram of an automated method for recording Fourier -
speckle holograms - by a field has been proposed, allowing to achieve a uniform
distribution of the intensity of the information light wave in the recording medium;
A mathematical model has been developed and an automated technology for
recording superimposed Fourier holograms has been proposed, using the properties
of the autocorrelation function of light speckle fields when the reference beam
rotates around the object beam;

Using the results of the study: The research results were used to create a
laboratory base for the course "Processing of optical-electronic signals™, as well as
in lecture courses of the educational process at KSTU named after |. Razzakov.
Scope: the research results can be used in the designing of automated recording
methods and automated technology for multiplexing Fourier holograms with a
speckle field.
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