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neKUHH no ronorpa<!>HH npeucTaansnoT co6ol! nepepa6oTaHHbie o63opHbie uoKnaubi, 

KOTOpbie 6b!nH npO'IHTBHbl BBTOpOM B na6opaTopHliX 06J.eUHHeHHOI'O HHCTHTyTa liUepHbiX 

HCCneUOBBHHli B I!y6He, B MOCKOBCKOM HH>KeHepHD-<!>H3H'IeCKOM HHCTHTyTe• J1HCTHTyTe 

BTOMHOl! 3Hepl'HH, 11HCTHTyTe <!>H3H'IeCKHX npo6neM, ~H3H'IeCKOM HHCTHTyTe AKaUeMHH 

HayK H J1HCTHTyTe TeopeTH'I9CKOli H 3KCnepHMeHT8nbHOli <!>H3HKH B KOHUe 1965 - Ha'lane 

1966 roua . 

neKUHH OXBBTbiBBIOT MBTepHanbi, ony6nHKOBBHHbl9 B HBY'IHbiX >Kypaanax, BbiWeUWHX 

uo 1966 roua. 

n e KUHH HBUHCBHbl Unll <!>H3HKOB pa3nH'IHbiX CneUHBnbHOCTel! . 

AaTop nonh3yeTCll cnyqaeM Bbipa3HTh 6narouapaoCTh H. A.CMopouHHCKOMY 3a nocTo

liHHbil! HHTepec K TeMe neKuHll H MHOI'O'IacneaHbie UHCKyccHH , a TaK>Ke B. M. CopoKo 3a 

y'laCTHe a nepepa60TKe H nourOTOBKe neKUHll K ne'laTH. 
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BaeQeuue 

TepMHH ronorp8(j)HSI 6htn 8Be.[leH 8HrnuAcKuM cpuauKoM lleuuucoM 1'86opoM 18 neT 

TOM}' H838A
122

•
241

• B nepeaoae c rpeqecKoro Sl3biK8 nepeblll Kopeub aToro cnoe8 - ro-

noc - 03H8'189T BeCb 0 ItBnblA. B H8CTOSllllee 8peMSI DOHSITHe ronorp8<IJHS1 OXB8Tbl88eT 6e3-

nHH30Bble MeTOllbi nonyqeHHSI a3o6palKeHHSI npel!MeT8. Ecnu Kn8ccuqecK8SI cjlOTorpa(jlHSI QaeT 

H3o6p8lKeuue npel!MeTa uenocpel!CTeeuuo, To ronorpa<IJHSI, c TexuonoruqecKoA TO'<KH 3pe

HHSI, SIBnSieTCSI llByxc-ryneuqaTblM npoueccoM. B ronorpa<!JHH H8 nep8oA cTyneuu perucTpu

pyeTCSI aonua caeT8, pacnpocTpaHSIIOIUSSICSI oT npeQMeTa u uecymaSI uu¢opMauuiO o npell

MeTe. H8 8TOpoA CTyneHH 80nHa pacceRHHOrO C8eT8 80CCT8H8BnBB8eTCSI0 H STO .[!SeT 803-

MOlKHOCTb Y8HAeTb npe.[!MeT BO 8CeX DOApOf5HOCTSIX, 8Knl0'18SI 06'beMHble oqepT8HHSI0 a<P<JleK

Tbl n8p8nn8KC8 u rny6HHbl pe3KOCTH. Jj co8peMeuuoA ronorp8<IJHB o6e cTyneuu ocymeCT8nSI-

IOTCSI a nyqax n83epa. 

Ecna 8 KnaCCH'IeCKOA <!JOTOrpa<IJHH perHCTpHpyeTCSI TOnbKO HHTeHCH8HOCTb 

paCCeSIHHOl!: 80nHbl 0 8 CABHrH (jla3, C03A8B8eMble npeaMeTOM, 6e3B03Bp8THO TBpSIIOTCSI 0 TO 

B ronorp8<!JHH YA89TCSI OAH08peMeHHO H B TO lKe BpeMSI p83.[lenbHO 3aperHCTpHp088Tb K8K 

8MDiiHTYAHYI00 T8K H (jla30BYIO HH<!Jop :d8UHIO, COAeplK81UYIOCSI 8 pacceRHHOil 80nHe. 

YT06bl qeTKO npe.[!CT88HTb cef5e M9CTO ronorp8(j}HH B COBpeMeHHOA H8yKe H TeXHHKe, 

H90f5XOAHMO of5p8THTb 8HHM8HHe H8 cne.[lyiOIUHe .[!88 OCH08Hbl9 CBOJICT88 MeTOll8 ronorp8-

Bo-nepahiX, MeTOll ronorp8<IJHH pem8eT npo6neMy T8K H83hiB8eMoro nonuoro H3Mepe

HHSI, KOTOpoe B ODTHKe ~KTH'IeCKH C80AHTCSI K 38ll8'1e OAH08peMeHHOA perHCTp8UHH 8MDDH• 

TYAHOA u (jla3osoA uu(jlopM8UHH o C8eTo8oA sonue, p8cnpocTp8HSIIOIUeAcSI oT npel!MeT8, 

8KDIO'I8Sl COCTOSIHHSI DODSipH38UHH. 3T8 38.[!8'18 nepeKDHK8eTCSI C npof5neMOil OOnHOrO ODhlT8 0 

(j}OpM)'nHpyeMoro 8 (jlH3HKe aneMeHT8pHb1X '18CTHU0 r.[le .[lnSI BOCCT8HOBneHHSI paCCeSIHHOA 

8MHhl Tpe6yeTCSI 3H8Tb He TODbKO eepOSITHOCTb npouecC8 0 HO T8KlKe H p83nH'IHble HHTep

(jlepeHUHOHHhie acjl<!JeKThi. 
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Bo-sTopblx, AByxcTynell'laTbiA xapaKTep ronorpacpaa oTKpbiB8eT Heo6btKBOBQliR)'JO. B03-

MOlKHOCTh anOCTepHOpBOA, nocne OKOB'f8BHB onbiT8 0 o6pa60TKB HBcjlOpM8UHH0 COJl9plK8U19RCB 

B p8CC9BHBOA BOIIBe, flOJl STHM nOJlp83YM9B89TCH B03MOlKBOCTb npOH3BOJlHTb cjloKyCHpOBKy, 

cpan&TPBUBJO, cneKTpan&BbiA OT6op, scnpasnBTb a6eppaus10 aenon&ayeMoA B onTHJte onTH'fe

CJtoA CHCT9Mb1 0 H, B8KOH9U, B3M9BBTb TO'IKY B86ni0Jl9BHB, flocnaACTBHB HCnOnb30B8HHB STOA 

cospemeaso aosoA B03MOlKBOCTH B TBXBHKe cpaae'feCJtoro sKcnepsMeBTa ceA'faC TpyABo non-

BOCTbiO OU9HHTb, 

11cTopsa ronorpacpss JlOCTaTO'IHO noy'IHTen&sa, Oepsble pa6oTbt .ll. fa6opa no rono-

/22/ 
rp&CIIBB CT8BHnH CB09A aenbJO yny'IWHTh p83p9W8IOIIIYIO CnOC06BOCTb sneKTPOBHOro MHKpo-

CKOna, 3aAa'fa cp&KTH'feCKH CBOAHnac& K TOMy, 'IT06bt sasne'fb ascpopM8UHJO o MHKpoo6paaue, 

KOTOp8B COJleplK8n8Cb B p83Mb1TOR· '18CTH H306p8lK9BHH, CxeM8 M9T0Jl8 fa6opa COCTOBn8 B 

perHCTP8UHH JlBcjlp8KUHOBBOR K8pTHBbl 0 C03Jl8B89MOR OTJlen&BbiMH TO'IK8MH MHKpoo6p83U8, 

0cBOBBOe npeAnOlK9BH9 fa6opa COCTOBnO B TOM, 'IT06bt It STOA p83MbiTOA K8pTBH9 Jl068-

BHTb HBTeBCHBBbtA KOrepeBTBbiA cpos. 8 pe3yn&T8T9 T8KOA 38CB9TKH cp&3bt paCCeBHBOA Bon

Bbl 8BTOM8TB'feCKH CT8HOBHnBCb M8nb1MH 0 B HX ner'fe 6btn0 B86nJOJl8Tb, 

0JlB8KO STOT npseM He n03BOnHn peWHTb nOCT8BneHHyJO 38Jl8'fY nOIIBOCTbiO, .£leACTBH-

Ten&H09 B MBHM09 B306p8lK9BBB, B03HHK810UIH9 B npouecce BOCCT8BOBn9BH9 0 B8Kn8JlbiB8-

nHCb Jlpyr H8 Jlpyra, C03Jl8B8!1 B38HMBbiA cjloB, 8 KpOMe STOrO Be Jlnst BC9X o6p83UOB MOlKHO 

/<HI 
6blnO C03Jl8Tb HHTeBCHBHbiA KOrepeHTBbiA cjloH • 

nswb B 196~ rOAY npo6neM8 p83AeneHHB JlBYX H3o6p8lK9HHA 6bln8 nonHOCTbiO peweH8 

3, JleATOM H 10, .Yn8THHKCOM/
42 ,4S/ , KOTOpbte npH yCTp8H9HBH STOro B9Jl0CT8TK8 ronorpa

CIIHH scnon&aosans noHBTHH H npssusnbl Teopss paAHOCBB3H, Ycnex TaKoro co'feTaBHB onTH-

KH H paAsOTeXBHKH 6bln 6necTBIIIHM, 11AeH ronorpacjlHH 6blnH CllaKTH'feCKB B03pOlK49Hbl, 

C STOrO MOMeHT8 H8'18nOCb 6ypB09 p83BHTHe ronorpaCIIHH, '191\fY B CHnbHORCTeneHH 

cnoco6cTBosane naaepbt, 1(0TOpble B TO speMB ylKe cTane pacnpocTpaaeHBbtM cpeas'fecKHM 

nps6opoM, CnycTa roll YAanoc& aa6nJOA8Th TpexMepable npeAMeTbl
144

• 
45

• 
461

, B nonHOM 

COOTBeTCTBHH C npe)lCK838HHBMH fa()opa. 

fonorp8MM8 0 C nOMOIIIbiO KOTOpol! perHCTpHpyeTCB p8CCeBHB8H OT npeJlM9T8 BOIIH80 

no CBoeA CTpyKT)"pe 6nH3K8 K JlHcjlp8KUHOHBOA peweTKe, HCnan&3yeMOA B OnTHK9 JlnB B8-

6nJOJleHHB cneKTp8 H3ny'f9HHB. '.ayxe', TO ec;& nOlKHble nHBHH, KOTOpble KOrJl8-TO JlOCT8B

nBnH CTOn&Ko xnonoT cneKTpOCKonscTaM, ceA'fac, nocne sao6peTeBHB ronorpacpaa, CTans 

none3Bb1MH H ynpasnaeMbiMH, 

~ H8CTOBUieMy BpeMeBH H3Y'f9BO B9Cit0nbKO npHHUHnHanbHO pa3nH'IBbiX CX9M nony

/57 6:$ 31 25 59 60/ 
'feHHB ronorpaMM ' ' ' ' ' , YcTPa&eaae nnoxoro npOCTPBHCTBeBaoro paapeweHHB 

noosonaeT npscTynHTh 1t aenocpeACTBeBBOA paapa60TKe pesTresoscJtoro ronorpacjls'feCKoro 
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MHKpocKona c pa3pewaJOlllell cnoco6aocn.JO B l R (10-BcM/ • C noMOIUbJO TaKoro MHKpo

CKona Y.IISCTCSI paCCMSTpHBSTb MOneKyllbl lKHBOil KneTKH 0 npH'IeM BOCCTSHOBneHiiOe 1!306pa

lKeHHe 6y.11eT TpexMepHbiM /5B, 661 • 

ronorpa(j!HJO UOCTeneHHO HS'IHHSJOT npaMeHSITb 

HHKH/l:l 015,2:S,28,30,52,58/• 

B HeKOTOpblX OMSCTSIX HSYKH H Tex-

n apannellbHO c ronorpa(jlaell nocneAHHe ro.llbl ycnewao pa3BHBSJOTCSI onTH'IeCKHe 

MeTO.IIbl oOpa 60TKH aaq>opMaua a 
17 

•16 
•
17 

•
18 

,:ll,3..'l,
48 

•
51 

•
54

•
55 1

• <l>yH.IISMeHTanbHblMH 3S.IIS'ISNH 

3Toro p83,11ena OUTHKH SIBnSIJOTCSI: npocTpSHCTBeHHSSI (jlanbTpSUHSI OUTH'leCKOrO H306palKe-
/13 65/ /38 39/ 

HHSI ' , Bbl.lleneaae aaaecTaoro caraana B wyMax ' , pacno3aaaaaae .IIBYXNepHblX 

npe.IIMeTOB, 6blcTpag o6pa60TKa aa(jlopMauaa, .IIBYXMepaoll no caoell npapo.11e. no cpaaaeiiHJO 

C p8.11H03neKTpOHHblMH MeTOilljMH o6pa60TKH 0 OUTH'IeCKHe MeTOilbl o6nanaJOT TeM CyllleCTBeH

HbiM npeaMyWeCTBOM0 'ITO C UOMOWbJO KOrepeHTHOII OUTHKH llBYXMepHble o6pa3bl o6pa6aTblB8-

JOTCSI uenHKOM H npaKTH'IeCKH OllHOBpeMeHHO no BCell nnOWBIIHi YCTpSHSIJOTCSI onepSUHH 

CKSHHpOBBHHSI H pa3BepTKH H306palKeHHSI. 

TexHHKa ronorpa<j>aa, nepeaeceaaasr B onTH'leCKHe MeTO.IIbl o6pa6oTKH aa(jlopMauaa, 

06HapylKHBSeT HOBble npHHUHUbl 38UHCH H H3Bne'leHHSI HH(j)OpMSUHil 0 KOTOpble OOOCUe'IHBSJOT 

KSK 6onee BblCOKHe CKOpOCTH nepepa60TKH HH(jlopMSUHH H He06bl'IHO 60ilbWYJO eMKOCTb 0 TBK 

H CyllleCTBeHHO 60ilbWYJO yCTOII'IHBOCTb 3BUHCH H C'IHTblBSHHSI HP(j!OpMeUHH. 

MeTOilbl npocTpaacTaeaaoll (jlanbTpSUHH H300palKeHHSI0 KOTOpble B OCHOBHOM ylKe 

peWeHbl 0 OTKpblBSJOT B03MOlKHOCTb WHpOKOrO npHMeHeHHSI H X llnSI o6pa60TKH UOCTOSIHHO 
f"Sj/ 

pacTyiUero 06'beMa HH<IJOpMBUHH. YlKe HB'ISnOCb HX HCUOnb30B8HHe B ceiiCMOrpa<IJI1H 0 

panaoacTpOHOMHH H paAHonoKauaa
1101

• C03naabr nepebre Monena aaanoroehrx onTH'IeCKHX 
/52/ 

BbltiHCnHTenbHbiX MBWHH 

1. l'onorpa<pasr <Ppeaensr 

1. llOCTSHOBKB 3BIIB'IH 

3paTellbaoe aocnpasrTae OKPYlKBJOWHX npenMeToB cocTOHT aa aecKOilbKHX nocnenoaa

TenbHO npOHCXOIISIWHX npoueCCOBo CHB'IBnB npenMeT OCBeiUaeTCSI KBKHM-na6o HCTO'IHHKOM 

caeTa. Bonaa caeTa, oTpaaaewacb oT npenMeTa, yaocaT a oKpylKaJOmee npocTpaHCTBO 

HH<!JopMaUHJO o npenMeTe. Jpa'IOK rnaaa BhrpeaaeT ae6ollbwyJO 'IBCTb <!JpoHTa eonahr, a co6a

paJOmasr naH3a-xpycTanaK c03naeT H3oopa.>t<eaae, KOTopoe Onaronapsr <IJOTOXHMH'teCKHM npo

ueccaM C llOMO!UbJO HepBHOII CHCTeMbl Bbi3b!BBeT B M03ry qenoeeKB 00pa3 npenMeTa. 

9 



PacnpOCTPaHeuue cseTa OT npeAMeTa K apa'IKY smnseTCSI aBTOHOMHbiM npoueccoM, 

H 3TO CBOACTBO Bblp8lK8eTCSI H3BeCTHbiM npHHllHDOM fiOAreuca-<PpeuenSI, cornaCHO KOTOPOMY 

sonua, OTopeaewucb OT npeAMeTa, 6onbwe ue aaeucuT OT nero u pacnpocTpaHSieTCH Aanb

we B COOTBeTCTBHH C 38KOH8MH AH$P8KllHH. 

Jl1068SI CHCTeMa COXpaHeHHSI unu nepeAS'IH H306pa*eHHSI npeAMeTa X8p8KTepH3yeTCSI 

TeM, 'ITO o61>eKTOM ua6niOAeHHH smnseTcH ue caMa eonua cseTa, a uao6pa*euue, nony'laJO

weecSI H3 BOnHbl CBeTa C DOMOWblO nHH3bl o flony'leHHe HH<jJOpN8UHH 0 npeAMeTe 6e3 llOMo

lllH nHH3bl 0 BXOASilllel\ B COCT8B H306p8*810l!leA CHCTeMbl 0 AO nocneAHero BpeMeHH npaKTH'Ie

CKH 6bln0 HeB03MO*HO. 

llpHHllHDH8nbHYIO CXeMY n1060l\ OOTH'IeCKOA H306p8*810Wel\ CHCTeMbl MO*HO ycnOBHO 

npeACT8BHTb TSK: 

rtpeAMeT - Bonua ceeTa -- 11ao6pa*euue /AI 

flOMHMO 3TOl\ Tp8AHUHOHHOA CXeMbl perHCTp81lHH HH<!>OPM811HH 0 npeAMeTe MO*HO 

npeACT8BHTb H HeCKQnbKO He06b!'IHYIO, KOTOp8SI H306p8*8eTCSI TSK: 

rtpeAMeT - Bonua cseTa /6/ 

11ao6pa*eHue npeAMeTa npu aTOM ue o6paayeTcH. PerucTPupyeTCSI uenocpeACTeeuuo 

HMeHHO BOnHa CBeTa. ::!ane'laTneB CTpyKTypy BOllHbl CBeTa, Mbl CMO*eM 38TeM BOCCTSHQ

BHTb ee u nony'IHTb uao6pa*euue npeAMeTa ua BTOpoA cTyneuu: 

Bonua cseTa - 11ao6pa*euue /6/ 

TaKHM o6paaoM, npouecc aToT >IBnSieTCSI pa3AenbHO AeyxcTyneH'ISTbiM. 

TpaAHUHOHHaSI cxeMa nony'leHHH uao6pa*eHHH /A/ xapaKTepuayeTCSI TeM, 'ITO e npo

uecce nony'leHHSI H306pa*eHHSI npeAMeTa <!>OTOAeTeKTOp perucTpHpyeT CpeAHIOIO HHTeHCHBHOCTb 

BOnHbl B <jJOKSnbHOl\ nnOCKOCTH nHH3b!0 H npH 3TOM HH<jJOpM81lHSI 0 <jla38X paccesrnuol\ BOnHbl 

6eaeoaspaTHO TepReTCH. rtoaTOMY cxeMa I AI o6ecne'IHsaeT c6op TOnbKO nonoBHHbl uu<jlop

Mauuu. Oro6pa*euue, TSKHM o6paaoM, smnReTCH uenonHblM. CneACTBHeM aToro ueAOCTaTKa 

HBnHeTCSI: HeB03MO*HOCTb HenocpeACTBeHHO BOCC03A8Tb TpexMepHblA npeAMeT, HeyCTOl\'IH

BOCTb ecero npouecca oTuocuTenbuo pac<jloKycupoBKH uao6pa*eHHH. XoTH npu pac<jloKycupoe

Ke HH<!>OpM81lHSI 0 npeAMeTe HHKYA8 He HC'Ie3aeT, <!>aKTH'IeCKH, H3-38 YK838HHOrO H9AOCT8T

K8, OH8 yCKOnb38eT OT Ha6nlOA8TenH. 

rtpu AByxcTyneH'ISTOM npouecce aTH ueAOCTSTKH nonHOCTblO ycTpaHSIIOTCH. 11ccneAoea

uue ABYXCTyneH'IAToro npouecca cpoTorpa<jluu npueeno K C03ABHHIO uoeoA 6eanuuaoeoA onTu

KH, H3BeCTHOA DOll H83B8HHeM ronorpa<jJHHo 
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Ynpomeaao AByxeTyneuqaThiA npoueee MOlKHO npeAeTaBH'I:b ee6e TaK. Ha nepsoA eTy -

neHH BOITH8 eseTa B npoeTpaaeTBe M8lKAY ITP8AM8TOM H A8T8KTOpOM '38MOp8lKHB88TeR', 

TO eeTb npoueee paenpOCTpaHeHHR rrpe phlB88Teg, H pe~HeTpapyeTeR M~HOBeHHOe eoeTOR

HHe paerrpOeTp8HeHHR BOITHhlo Ha BTOpOA eTyrre HH BOITH8 'pa3MOp8lKHB8eTeg' H paerrpoeTpa

HReTeg ABITbwe, ene AyR npauuany r10A~eaea-<Ppeaeng TaK JKe, KaK eena 6hi rrepaona 'aaa-

6aoaa' eBeTa He 6binO eoseeM, noMeeTHB H8 nyTH 9TOA BOITHbl 3p8'lOK, Mbl yBHilHM open

MeT T8KHM 0 K8KHM OK 6 hiiT B MOMeHT 38MOp8lKHB8HHR BOITHbi. TaKag exeMa H86ITIOileHHR 

RBITReTeg p83HOBHilHOCTbiO <I>OTO~paqlHH! rrpenMe T BHile H TO~na, KO~Il8 e~O yJKe <jlaKTH'leeKH 

HeT. 

KaKHe yenosag Tpe6yiOTeR nng To~o, 'lT06bi peanaaosaTb TaKoA nsyxeTyneaqaTbi A 

npoueee? CeAqae eTpo~o OTBeTHTb aa see 9TH sorrpoew ewe Tpynao, TSK KBK aayqeaae 

~ono~pa~aqeeKHX MeTonos aa6n10neaaA see e we rrpononJKaeTeR. 

B npoeTeAwell. H s To JKe speMg eaMoA aaneJKHOA exeMe ~ono~pa~HH aeTO'iHHK eseTa, 

OeBeWSIOinHA npenMeT, llOITlKeH 6 biTb MOHOXpOM8TH'leeKHM H KO~epeHTHbiM. npa 9TOM rrpo

eTpaaeTB8HH8R (rronepe'lHBR) H BpeMeHH8R (npOAOITbHSR) KO~epeHTHOeTb AOITlKH8 6 biTb T8KOA, 

'IT06bi lliTHHbl KO~epeHTHOCTH npeBbiWBITH BO MHO~O paa p83Mepbl npe AMeTa KITH ~ny6HHY eue

Hhle npH 9 THX yenOBHRX eoanaeTeg yeTOA'iHBBR eTOR'lBR K8pTHH8 BOOK, H eenH K 9 TOMY no68BHTb0 

'ITO BO speMR 9KeiT03HUHH npeAM8T AOITlK8H 6biTb lKeeTKO 38Kpenneu OTHOCHTe iTbHO oeTSITbHbiX 

A8TaneA OHTH'IeeKOJ! eaeTeMhl 0 TO o6a 9TH $8KTOpa nonuoeTbiO o6eene'l8T eT8UHOH8pHOeTb 

oesewaiOnteA· H OTpalKeuuoA sonHbi eseTa. 

§ 2. CxeMa ~ono~pa~HH 

nyeTb npenMeT, yeTSHOBITeHHbiA B KO~epeHTHOA eueTeMe, OTp8lK88T BO Bee eTOpOHbl 

eseT, 'ISeTb KOTOpO~O HOH81l8eT BO BXOAHOA 3p8'IOK. 8 K8lKAOA TO'IK8 nnoeKOCTH 3p8'IK8 

BOOBS eseTa HMeeT BHA! 
I Ill ( x,y) 

u ( x, y) = a ( x, y) e 
( 1) 

TO eeTb 0 X8p8KT8pH3yeTeR B K8lKilOA TO'lKe nnoeKOeTH 3p8'1K8 ~YHKUHeA paerrpeneneHHR 

8MITITHTyllbl a (x,y) H ~YHKUHeA paenpeAeiTeHHR $83 (I (x,y) • 06wHA MHOlKHT8ITb 
lvo e 

aenpepbiBHO H3M8HHIOWHA $say eseTa, onywea, ITOeKOITbKy eaeTeMa KO~epeHTH8 0 8 9TO 

3H8'1HT, 'iTO p83HOCTb ~83 M8lKAY KOIT868HHRMH B llBYX npOH3BOITbHO B3RTbiX TO'IKBX ua6n10-

neuag gsngeTeR ausapaauToM so speMeHa. 

none eseTOBOA BOITHhl paeeMaTpHB8eM KBK eKangp, HM8R B BHilYo 'ITO B eaeTeMe 

He npoaeXOilHT H3M8H8HHA HanpasneHHR OOITgpH38UHH eseTa, 8 IT09TOMY AITR OCT8ITbHbiX 

KOMITOH8HT 9IT8KTpH'I8eKO~O B8KTOpa eBeTOBOA BOITHbl MOlKHO HeiTOITb30B8Tb 8H8ITO~H'IHbl8 

eOOTHOW8HH/ 
41 •67 / • 

11 



DOMeCTHM B nnOCKOCT H apaqKa ~OTOnnaCTHHKy, H np03KCUOHHpyeM ee He06XOUHMOe 

BpeMSio <l>oTonnaCTHHK8 0 KSK KB8Up8TH'IHblli UeTeKTOP, , SaperHCTpHpyeT ycpenHeHHYIO HHTeHCHB

HOCTb CBeTOBOJI BOnHbl 

( x,y ) = IS I a ( x, y) 12 ~ 
cp 

Ha~opMaUHH o ~aax He 6yneT n p H 3TOM aaperHcTpHpoaaHa. 

L!T06bi 3ane'laTneTb T8Kll<e H ~830BYIO HH~OpMSUHIO, He06XOUHM00 I!<SK 3TO BbiTeKaeT 

H3 BCeo6mero npaBHna B ~H3HKe, C03U8Tb HHTep~epeHUHOHHYIO KSpTHHYo 

llnH 3TO!'O HS ~OTOUnaCTHHKy HanpaBnHeTCSI BTOpOli Uy'IOK CBeTa. DonyqHTb 3TOT 

ny'IOK MOlKHO C TIOMOWbiO nnOCKO!'O 3epKana, KOTOpoe UOMemaeTCSI B ny'IOK CBeT a KO!'epeHT

HO!'O HCTO'IHHKS (pHCo 1) • 3TOT UOnOnHHTenbHblli ny'IOK, H83bi B8eMblli 3T8nOHHbiM ny'IKOM 

3 

1------- f -----1 

KH 

i </>(X, ':I) 
U(X,'/)=Q(X,!I) e 

n3 

PHc. 1. CxeMa non yqeHHH r ono rpaM M bl . n - npenMeT, 3 - aepKano , coana10we e 

3 T anOHHhiA nyqoK, .na - nnoc KOCTb a paqKa , K H - KorepeHTHbi A HCT o q HHK 

CBe T a. 
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HnH JIY'IKOM OTC'IeTa, llOnJKeH 6bJTb HanpasneH non yrnoM K nnOCKOCTH nnaCTHHKH/24•451 • 

Ecn& 0 - yron naneHHH nnocKoro aTanoHHoro ny'IKa, TO sonHy aTanoHHoro cseTa 

MO*HO aanHCaTb S BHile 

rne w • ~sin 0 , a 
• A 

.\ - nnHHa sonHhJ cseTa. Ha 9TOT paa npH HanH'IHH 9TanoH-

HOrO JIY'IKa ~OTOnnaCTHHKa 3aperHCTpHpyeT HHT9HCHSHOCTb 

J(t) X 2' 
I (:r,y) • <I u + e • I > • 

cp cp (2) 
2 • tcu • 1CLJ • 

• ll ( 1 + I u I ) + ll [ u e • + u* e • ], 

rne 

BHnHo, 'ITO HHTeHCHBHOCTb, aaperHcTpHsaHHaH Ha nnaCTHHKe, sKniD'!aeT s ce6& He 

TOnbKO aMnnHTylly ., a 
0 

1 HO H ~aay .Z, • TaKHM o6pa30M co6paHa nonHaH HH~opMaUHH 

0 BOnHe, OHa B Hawaii T9pMHHOnOrHH '3aMOPO*eHa~ H Tenepb OCTaeTCH ee paCWH~pOSaTb, 

.UnH Tore 'IT06bJ soccTaHOBHTb sonHy, ronorpaMMa, nony'!eHHaH nocne npo&sneHHH 

~OTOnnaCTHHKH C o6paweHH9M, OCsewaeTCH T9M *9 9TanOHHblM ny'IKOM KOrepeHTHOrO 

HCTO'IHHKa cseTa ~jt• 2). npoHSneHHe ronorpaMMbJ seneTCH TaKHM o6paaoM, 'IT06bl 

:;~ ~ 
M)lf 

I· 
CD 

PHc. 2. CxeMa SOCCTaHosneHHH sonHbl, an - 9TanOHHblli ny'IOK, r - ronorpaMMa, 
MH - MHHMoe Hao6pa*eHHe npenMeTa, .UH - nelicTsHTen&Hoe H3o6pa*eHue 

npenMeTa, 
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nporryCK8HHe ronorpaMMbl no HHTeHCHBHOCTH 6binO flj)OnOpllHOH8nbH.O KB81lp8TY HHT9HCHBH!r 

CTH CBeTa, TO eCTb, ronorp8MM8 np6S!BnSieTCSI llO K03#HilHeHT8 KOHTp8CTHOCTH y - -2. 

npa C06n!OileHHH T8KHX ycnOBHi! &MflliHTYil8 BOnHbl Henocpe!lCTBeHHO H8 BbiXOil9 ronorp8MMbl 

p8BHSI9TCSI! 

u (x,y) •e 1~.• .I ~e1"'•'*(l+JuJ 2 '+ 
Cp 

+ ~ u + ~ u* e I2CU ~" 

(3) 

Ell MOlKHO pacqneHHTb H8 TPH COCTaansnowae. nepaaSI COCTaansnowaSI coxpaHSI9T HanpaB

neHHe nyqKa, BTOp8S1 - pacnpOCTp8HSieTCSI nOll yrnOM 21J , H, H8KOHeU, TpeTbSI COCT8Bnlll0-

W8SI Hanpaaneaa HOpManbHO K nnocxocTH ronorpaMMbi, 3Ta nocnellHSISI COCTaansnowaSI COilep-

lKHT BOCCT8HOBneHHY!O BonHy U • a e lei> , Tenepb ee MO>KHO HanpaBHTb B OflTHqecKyJO 

cacTeMy, na6o aa6nJOil&Tb rnaaoM. 

§ 3, llei!CTBHTenbHOe H MHHM Oe H306pa>KeHHe 

npouecc pacnpoCTpaaeHHSI tJ>poaTa aonHhi, cornacao npaanurry fJOi!reaca-cl>peaenSI, 

CBOilHTCSI K K8CK81lHOi! nepellaqe aneKTpOMarHHTHbiX B03Mfili9HHA Ha COC91lHHe TOqKH npcr 

CTpaHCTB8, 3TO B03MfW9HHe, 9CTeCTB9HHO, pacnpOCTp8HSI9TCSI K8K Bnepell, T8K H H8381l OT 

tJ>poHT8 BOnHbl, paCCM8TpHB89MOrO B ll8HHbii! MOMeHT apeMeHH, 01lH8KO B03MyW9HHe, pac

npOCTpaHSIIOWeeCSI H8381l, raCHTCSI, B38HMOileACTBYSI CO CBOHM HaqanbHbiM B03MYW9HHeM B 

TOqKSX, H3 KOTOpOrO OHO TOnbKO qTO BbiWnO, noaTOMy tJ>pOHT BOnHbl Cnel!yeT 38 B03MyWe

HH9M, pacnpocTpaHSIJOWHMCSI snepell. BnepellH ce6SI oao He acTpeqaeT aaxaxoro aaqanb-

HOrO B03MfW9HHSI, T8K K8K B03MYW9HHe OT npellblllyWero 3W9nQH8 rSCHTCSI C8MHM >Ke 

3WenOHOM, npOilBHHfBWHMCSI Bnepell, 

npH BOCCT81JOBneHHH BOnHhl CBeTa u =a e 
lei> 

B nnOCKOCTH 3paqKa C nOMOWb!O 

ronorpaMMbi, HHaqe roaopSI, npH "pa3MopalKHB8HHH" aonHbi, aawHtl>poaaaaoi! a ronorpaMMe, 

aaqanbHbie B03MfW9HHSI OTCYTCTBYIOT, H fl03TOMY BOnHa CBeTa, pereHepHpOB8HH8SI H3 rono

rpaMMbi, pacnpOCTp8HSI9TCSI B o6e CTOpOHbl OT ronorp8MMbl, KOTOpbie MOlKHO ycnOBHO H83B8Tb 

'6YilYWHM" H 'npownhiM" .. B '6yllywee· pacnpOCTp8HSI9TCSI p8CXOilSIW8SICSI BOnHa, oopaayg 

MHHMOe H30opa>KeHHe npei!MeTa, 8 •npownoe• Hll9T CXOilSIW8SICSI BOnHa, C031l8B8SI 1!91!

CTBHTenbHOe H300p8lK9HHe, 

Dnll HaoniOileHHR MHHMoro H3o6pa)l{eHHSI rnaa aeooxollHMO noMeCTHTb a nyqox caeTa, 

pacnpOCTpaHSIIOWerOCSI nepneHilHKyngpHO ronorpaMMe, llei!CTBHTenbHOe H300p8lK9HHe npH 

TOM >Ke ocaeweHHH oylleT BHilHO flOil yrnoM 28 • Dnll Toro qTOObl ero YBHil9Tb, H81l0 
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OTOliTH Ha paCCTOHHHe, OOn&Wee, '19M paccTOHHHe OT npeaMeTa ao ronorpaMM&r, .Unu 

pei"HCTpSUHH Jl9liCTBHT9llbHOI"O H300pa~eHHH ~OTOnnaCTHHKS llOM9W89 TCH Ha paCCTOHHHH 

OT ronorpaMMbl, paBHOM paccTOilHHJO npeaMeTa ao ronorpaMM&r B npouecce nony'leHUH 

ronorpaMMbl, 

.Uel!CTBUT9llhHoe H30opa~eHHe HBnHeTCH nceBJlOCKOllU'19CKUM
143

•
44

•
47 

I. noaooHblll 

9~9KT BUJl9H B CTepe~OTOI"pa~UU 1 ecnH npu paCCM&TpBBSHBH llOM9HHTb CTepeonapbl, 

XonMbl CTSHYT JlOllHHSMH, BbiCTYllbl - BMHTUHSMU, nosTOMy, t:OI"Jl8 JlBS npeaMeTa pacnona-

I"810TCH no llY'IY 3p9HUH0 TO BOCCT8H0Bll9HH8H K8pTUH8 Bbii"nHJlHT COBC9 M CTpaHHO: HC'I938-

9T OllH~BliWHll npeJlM9T1 U B Jlblpe, KOTOpaH npu 9TOM o6pa3yeTCSI Ha H9M, MO~O BUJl9 Tb 

C38AH. 

0JlHO H3 H900bi'IHblX CBO~B ronorpaMMbl COCTOUT B TOM, 'ITO npu npOCT OM, H9K OI"e

peHTHOM ocaeweHHU na Hei'l HU'Iero nenb3H YBHJleTb, Oaa B&rrnuauT npaKTu q ecKu KaK o auo

poaHaH nnaCTHHKa, Bcu UH~pMauuu o aonue aawu~poaaHa B ueoauopoauofi CTPY KT y p e 

oonoc, c TpyaoM pa3nH'IHMbiX B CHn&Hyro nyny, Ton&Ko B MHKpocKon MO~Ho yauaeT b 

JleTanU STOll CTpyKTypb/
24

•
461 

(puc, 3), 

Puc . 3, MuKpocTpyKTypa ronorpaMMbl , 
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fonorpaMMY MOlKHO pa36HTb Ha HeCKOnbKO KYCKOB 0 H KalKJlblll KYCOK n03BOnHT yBH

Il9Tb Ty lKe KapTHHy, "'TO H uenaSI ronorpaMMa. no Mepe yMeHbW9HHSI pa3Mepa KyCKa Ha'I

HeT ocna6esaTb paapeweHHe H ooaospeMeHHO ysenH'IHrCSI rny6HHa pe3KOCTH. TaKaS! CToll-

KOCTb ronorpa MMbl CTaHOBHTCSI nOHSITHOll, ecnH BCnOMHHTb 0 "'TO YM9HbW9HHe pa3Mepa ron~ 

rpaMMbl 3KBHBaneHTHO yMeHbW9HH!O 3pa"1Ka, 'ITO llOCTHraeTCSI B 06bt"'HOJI OnTHKe C nOMO!UblO 

llHa<jJparMbt. 

§ 4. 0 T 6 e n e H H a Sl r on or p a M M a 

EcnH ronorpaMMY, nony"'eHHyto nocne npoSIBneHHSI <jJoTonnaCTHHKH, noMeCTHTb B OT6e

nHBatowHll <jJoTOXIIMH"'eCKHll paCTBop, TO MeTannH"'ecKoe cepe6po pacTsopHTCSI. EcnH oanee 

OT6eneHHyto ronorpaMMY OCB9THTb ny'IKOM KOrepeHTHOrO CBeTa, TO nO!IBHTCSI H306palKeHHe, 

S!pKOCTb KOToporo 6yoeT Bbtwe, "'eM B cnyqae HeoT6eneHHoll ronorpaMMb/
141

• TaKHM o6pa-

30M, IIH<jJOpMaUHSI, 3anHCaHHaSI B ronorpaMMe, He HC"'e3HeT. 

npH'tHHa 'HMMYHHTeTa' ronorpaMMbl COCTOHT B TOM, "'TO B np03pa•IHoll OT6eneHHOll 

ronorpaMMe ocTaHyTCSI yrny6neHHSI B MecTax, roe BbtoenHnOCb MeTannH"'eCKoe cepe6po. 

3TH yrny6neHHSI CBOHM pacnonolKeHHeM H rny6HHOJI COXp8HSI!OT aMnnHTYilHY!O H ~a30Byto 

HH<jJOpMaUH!O nooo6HO TOMY o KSK 3TO nonyqaeTCSI B K8pTHHe 'lepeoytoWHXCSI nonoc B nnOCK~ 

CTII ronorpaMMbl 0 HHT9HCHBHOCTb H nonolKeHHe KOTOpblX COXp8HSllOT nonHyto HH<jJOpM8UH!O 0 

BOnae CBeTa. 

MooynSIUHSI cseTa, ocsemaromero ronorpaMMy, B cnyqae oT6eneHHoll ronorpaMMbt 

OCymeCTBnSieTCSI 6naroaapSI CllBHraM ~83 CBeTa, npOHH3blB8to!llero H90JlHOPOilHbtll penbe<jJ 

ronorpaMMbt. OTcyTCTBHe npouecca nornomeHHst cseTa npHBOilHT K TOMy, "'TO Hao6pa-

lK9HH9 npeJlM9T8 CTSHOBHTCSI 6onee S!pKHM 0 "!eM B cnyqae ronorpaMMbl 0 Jl9JICTBYtolllell K8K 

nornoTHTenb caeTa. 

~ 5 , LlHHSMH"'9CKHll llH8n830H ronorpaMMbl 

C TO"'KH 3 peHHSI H8Y"'HOJI <jJOTOrpa<jJHH 60nbWOll HHTepec npeocTaBnSieT TO CBOIICTBO 

ronorp8MMbl 0 "'TO JlHana30H OCB9lll9HHOCTell , KOTOpbte 38nHCblBS!OTCSI 693 HCK8lK9HHSI, CyWe

CTB9HHO pacwHpSieTCSI no cpasHeHHto c o6bl"'HOll <jJoTorpa<jJHell
1431

• EcnH ny"'wHe <jJOTOaMynb-

CHH 06ecne"'HB8lOT JlH8n830H nHHellHoii nepeaa"'H npHMepHo 100: 1, TO c noMOlllbto ron~ 

rp8M'-Ibl 6e3 HCK8lK9HHll MOlKHO nepeoaTb nepenao HHT9HCHBHOCTH M9lKilY H8H60nee SlpKHM 

H HaH6onee cna6btM yqacTKOM npeoMeTa , oocTHratowHll senH"'HHbt 110 
4

- I o5 
I : I . 

~H3H~eCK8~ ITpHqHH8 T8KOrO p8ClliHp9HHR UHH8MHqeCKOrO aHBIT830H8 COCTOHT B TOM, 

"'TO ronorpaMM8 perHCTpHpyeT HHTep~epeHUHOHHyto KapTHHy, p83MS3SHHY!O no BCell ron~ 
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rpaMMe. He60llhwae IIJlKHe y'laCTKH npeAMeTa paa6pacbtBaJOT caoto saeprato no acell rOJt~ 

rpaMMO, H npH BOCCT8HOBnOHHH STa SHeprHst BHOBb C06HpaeTCSI Ha M81lOM Y'I8CTJCe • .UocT~ 

HHCTBO STOrO CBOIICTB8 rOJtorpaMMbl TpYilHO nepeoueHHTb. 

ft 6. fonorpa«!lH'IeC KH II MH Kp OC K on 

fOJtorpacjla'leCKHII MeTOil nony'leHHSI aao6palKeHHSI npellMeTa c caMera aa'lana 6btn 

HenocpellCTBeHHO CBSI38H C MHKpOCKOflOM/
22

•81• nocne 3aBepweHHSI nepBhlX HCCilellOB8HHII 

no rOJtorpa«Paa ycanHSI accneAoaaTenell, ecTecTaeaao, 6btna aanpaaneHhl aa paspa6oTxy 

ronorpa«!la'leCKoro MHKpocxona. B nepaoll lKe KOHCTpyKUHH Yllanoc& nony'IHTb 150-KpaTaoe 

yaenH'IeHae. 

Ha pac. 4 npaaeAeHa cxeMa llByxny'leBoro rOJtorpacjlH'Iecxoro MHxpocKona. 061.eKTHBbt 

HU 

la 

_j 
TH 

a 5 

PHc. 4. CxeMa llByxny'leaoro MIIKPOCKona. a - cxeMa nony'leHHH ronorpaMMtot, 
6 - cxeMa nony'leHHSt yaenH'leHHoro aao6palKeHHSI. MO - MHxpocKona
'leCKHII o6paaeu, r - ronorpaMMa, Tl1 - TO'le'lHbill HCTO'lHHK, Yl1 - yae
nH'leHHoe aao6pa>KeHHe, Hl1 - ayneaoe aao6palKeHHe. 
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MHKpOCK0118 C03)l810T )lB8 p8CXOtlHWHXCH nyqKa KOrepeHTHOrO CB9T8, KOTOpbl9 nepeKpblB8IOT

CH a nnocKOCTH, rae pacnonoJKeaa ronorpaMMa. MHKpoo6paseu ·ycTaaaanHaaeTC H TaK, qTo 

OH OCB9W89TCH T01IbKO pa6oqHM nyqKOMo 3T8ITOHHblli nyqOK npOXO)lHT MHMO o6p83U8. Vfcnonb-

30B8HHe p8CXOtlHWHXCH nyqKQB 11pHBOtlHT K T OMy, qTQ tJH<jlp8KUHOHH8H K8pTHH8, perHCTpH-

pyeM8H H8 ronorp8MM9, yaenHqHB89TCH B M8CWT86e, p8BHOM K03<jl<j>KUH9HTY ITO)l06KH COOT-

BeTCTByiOWKX TpeyrOITbHKKOB. 

npH BOCCT8HOBIT9HKK K306p8lK9HHH ronorpa MMY OCB9W8IOT p8CXOtlHWHMCH nyqKOM. 

3To cosaaeT nononHHT9ITbH09 yaenaqeHHe H306palKeHHH MHKpoo6pasua. HaKOHeu, TpeTbeli 

npHqlfHOli yaenKqeHHH ronorpa<j>KqeCKOI'O MKKpOCKOIT8 HBITR9TCH yaenaqeHKe AITHHbl 

eonaw caeTa. Bee 3TH ¢aKTOpbr nosaonHIOT nocTaqb Kos¢¢auaeHT8 yaenaqeHHH, oueaaaae-

MOI'O BenH'tUfHOl1 II0pH.O.K8 O.O.HOI'O MI<InnHOHa. 

PacCMOTpeHHe COOTBeTCTBHH M9lKtJY MHKpoo6p83UOM H BOCCT8HOBIT9HHhlM yaena q eHHblM 

aso6palKeHHeM naeT anonae onpeneneHHbre cooT>~oweHHH Me>Kny reoMeTpaqecKHMH napaMeT

/47,49/ 
p8MH ronorpa<j>HqeCKOrO MHKpOCK0118 • 

fonorpa<jlaqeCKHH MHKpOCKOIT MQ)!{9T yCTp8HKTb HCK8)!{9HHH, CBH38HHble C BOCCT8HOBIT9-

HH9M TpexMepaoro npenMeTa npH yaenaqeaaa
1471

• TaKoro pona HCKaJKeHHH, B03HHKBIOWHe 

npa yaenaqeHHH npenMeTa, xopowo BKtJHbi a 6HHOKnb, ecna Ha6n10naeMhilt npenMeT naaJKeT

CH non HeKoTopbrM yrnoM K nyqy speHHH. VI TBKHM aeaocTaTKOM o6nanaeT n106aH onTHqe

cKaH cacTeMa • .[lpyroe neno - ronorpa<jJHH. C ee noMOWbiO nonaoc TbiO pewae TCH npo6ne

M8 coxpaaeHHH TpexMepaoro oqepTaHHH npenMeTa npH yaenaqeaaa. KaK noK83biBaeT 

aaanas, ycnoBHH coxpaa e HHH oqepTaaalt TpexMepHoro npenMeTa npH ronorpa<jlaqecKoM yae

naqeHKH cocToHT a TOM, qTo6br npononbaoe yaenaqeaae paaagnocb KaanpaTy nonepeqaoro 

yaenaqeHKH. 

B aacToHwee apeMH He HCHO, CMOlKeT na ronorpa<jlaqecKHli MHKpocKon KOHKYPHPOBBTb 

c o6hrqHbiM MHKpocKonoM a BHtlHMOll o6naCTH cneKTpa. OnaaKo aeCOMHeHHO To, qTo OH 

6yneT H938BHCHMbiM B TeX CI19KTp8ITbHblX o6naCTHX, rae 06brqHbllt ITHH30Bb!lt MHKpOCK011 

H93¢<l>eKTHBeH. 0co6eHHO 60ITbWOll HHTepeC npetJCT8BITH9T ronorpa<j>HqeCKHli MHKpOCKOIT 

a ynbTpa¢aoneToBbiX H peaTreaoBCKHX nyqax. TexHaqecKae npo6neMhi HecKonbKO cnep-

lKHB8IOT npOU9CC, HO OHH He HBITHIOTCH HenpeOtJOITHMbiMH . 

§ 7. fonorpaMM8 B TOITCTOCITOliHOr"! <j>OT03MYITbCHH 

fonorpaMMY MOlKHO 3aperHCTpHpOB8Tb B TOITCTOCnOliHOlt 3MY1lbCHH, npetJCT8BITHIOWeii C06olt 

TpexMepHyiO OITTHqeCKYIO Cpeny. nepBbie OITb!Tb! TBKOrO pona 6b!ITH BbinOITHeHb! .[leHHCIO

KOM/3- 61 H paCCMOTpeHbl TeopeTHqeCKH Baa- XepneHOM/
271

• fonorpaMM8 B TOITCTOll 3Mynb

CIIH HM99T CTpyKTypy CHCT9Mbl ITITOCKOCTelt, tJH<jlpaKUI!H 88 KOTOpb!X B03MOlKH8 npH YCITOBHH 

BbmonaeHHH cooTaoweHHH Bpsrra 
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2 d sin () = .\ 

(4) 
Me~ay aaaopoM d B OTp8 >K810lllHX nnOCKOCTSIX H yrnOM () naaeHHSI ny'la CBeTa, HMeJO-

mero anHHy BOnHbi .\ 

.llnSI TOT'O 'ITOObl 3MynbCHSI Ha'lana QeliCTBOB8Tb KBK TpeXMepHaSI Cpeaa, HeOOXOQHMO 
0 

'ITOObi paccTOSIHHe Me)[{Qy ronorpaljlH'IeCKHMH MHKpononocaMH obmo MeHbllle, 'leM TonmHHa 

3MynhCHH, TpexMepaaSI ronorpaMMa 15naroaapSI BbiQeneHHOMY HaKnoay nnocKoCTelt no'lepae

HHSI D03BOnSieT nony'IHTb naoo TOnbKO OQHO MHHMOe H30opa)[{eHHe, nH00
0 

eCnH H3MeHHTb 

OpHeHT8UHH ronorpaMMbl no OTHOllleHHIO K ny'IKY 0 TOnbKO OQHO QeliCTBHTenbHOe H300pa)[{eHHe, 

.lleMoacTpauHS< 3THX CBollcTB TpexMepaoil ronorpaMMbi Obina npoHaBeaeaa B cneayJOmeM 
/";.! / . 

ODbiTe (pHc, 5), CxeMa nony'leHHS< ronorpaMMbi npHHSITa oobi'IHOll, .llBa npeaMeTa obmH 

pacnono)[{eHbi TaK, 'ITO yrnbl, CTSII'HBaeMbie npeaMeTaMH, ObinH npi!Mepao OQIIHBKOBbiMH, 

P Hc, 5, ron orpaMMa B ToncTocno ltaoll 3MynhCHH, 
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Jl03TOMy, eenH 6bt 3MynbeHSI 6btn8 TOHKOA, TO BOCeTSHOBneHHOe neAeTBHTenhHOe H306pa>Ke-

uue npenMeTa A uaKnanhtBanoeb 6bt ua MHHMoe uao6pa>Keuue npenMeTa B a nefteTBH-

Tenbuoe uao6pa>Keuue npenMeTa B nonanano 6bt ua MHHMoe uao6pa>Keuue npenMeTa A, 

a 3TO <jlaKTH'!eeKH eM83biBano 6bt Be!O BOCeTaHOBileHHyJO KapTHHy. 

OnuaKo ronorpaMMa B ToneToA aMynbeuu naeT TOnhKO MHHMbte uao6pa>KeHHH o6oux 

npenMeToB 6ea KaKux-nu6o enenoB neAeTBHTenhHbtX uao6pa>KeuuA. Eenu ronorpaMMY npu 

BOCCT8HOBfl9HHH Bp8W8Tb, TO MHHMbi9 H306p8>K9HHSI OCna6eB8IOT, H, H8KOH9U1 HCtf938IOT, H 

Ha HX MeeTe nOSIBll.SIIOTeSI nefteTBHTenbHbl9 H306pa>KeHHR. 

§ 8. MuorouseTHaH ronorpa<jluR 

Ha OllHOA ronorpaMMe MO>KHO eOBMeeTHTb HeeKOnhKO H306pa>Keauft, TaK. K8K rono

rpaMM8 annuTHBHa no aMnnuTyne sonuh\ B apa'!Ke. B nepBOM sapuauTe uenepeKpbtBBJOJUHe 

npyr npyra npenMeTht nooqepenuo aaese'!HBaJOT ronorpaMMy. llpu soceTauosneuuu npenMeTbl 

BHilHhl epaay see. 

80 BTOpOM BapuaHTe npenMeTbl no O'!epeAB yeTaH8BllHB810TeSI Ha OllHO H TO >Ke 

MeeTo, HO Ka>Kilblft paa noene 3Ken03HUHH <j>OTOnnaeTHHK8 nOBopa'IHBaeTeSI Ha HeKOTOpbtA 

yron, B peaynbTaTe qero ronorpaMMa npuo6peTaeT eTpyKTYPY ueeKOnhKHX pemeTOK paanu'I

Hb!X uanpasneuuft
17

•
431

• Jlpu BOCeTaHOBileHHH npenMeTbl 6ynyT BHilHbl B paanH'IHbiX HanpaB-

neHHRX, B eOOTBeTeTBHH e OpHeHTaUHSIMH MHKpOeTpyKTypbl ronorpaMMblo 

HenonbayH TeXHHKY uano>KeHHSI ueeKonbKHX ronorpaMM, MO>KHO nony'!HTb ronorpaMM)' 

MHOrOUBeTuoro <jlpOHTa BOllHbl. fonorpaMM8 K8>KilOft UBeTHOA KOMnOHeHTbl 6yneT HMeTb He 

TOnbKO eBOIO OpHeHTaUHI0 1 HO H esoA mar peiUeTKH. 

JlpoeTeftJUS.SI exeMa nony'!eHHSI MHOrOUBeTHOA ronorpaMMbl eoeTOHT B TOM, 'IT06bl 

OeBeTHTb npenMeT OllHOBpeMeHHO ny'IKaMH eBeTa e pa3ilH'IHblMH llilHHaMH BOllH. CooT-

BeTeTBYJOJUee '!Heno 3epKan paenonaraeTeSI PllllOM e npenMeTOM H BOKpyr Hero TaK, 'ITO 

Ka>Knoe aepKano nonyqaeT eseT TOnbKO oT onuoro naaepa. Bee aTanoHHhie ny'IKH uanpaB

nS<JOTeR Ha OllHY <j>OTonnaeTHHKy. Jlpu 3TOM MHOrOUBeTH8H ronorpaMMa nonyqaeTeH Ha 'l9pHo-

6enoft <j>OT03MynbeHH. 

l{T06bt BOCeTaHOBHTb UBeTHoe H 06'beMHOe H306pa>KeHHe, ronorpaMMa oesemaeTeSI 

ny'IKBMH Tex >Ke naaepos, KOTOphte ocsemanu npenMeTbt npu aKenoauuuu. Ka>KnhiA ny'IOK 

npu npoxo>Kneuuu qepea MHoroKoMnoueuTHyJO ronorpaMMY eoanaeT ueeKonhKO uao6pa>Keuua. 

Beero npu nepena'!e n UBeTOB B03HHK8eT n l nefteTBHTenbHbiX H eTOllbKO >Ke MHHMblX 

uao6pa>KeuuA. Cpenu nonuoro quena n
2 

uao6pa>KeuuA n ua uux eosnanyT, B onHOM 
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M9CT9 ol5paayH UB9TH09 Oi5'beMH09 H306pa>KeHH9 rrpe.tlMeTa, UcT81lbHbl e H306palKeHHH COB

IT8.tlYT B .tlpyrHX M9CT8X H B H9ITOITHOM 'IHCrre, C03.tl8B HCK8lK9HHbie B UB9T8X H306paJKeHHH, 

HarrpHMep, MOryT rrepeKphlT'bCH 'Kpacaoe" BOCCT8HOBIT9HHOe H306palKeHHe OT " CHHeR " KOM

ITOH9 HTbl rorrorpaMMhl H "KpBCHoe• H306palKeHH9 OT "KpBCHOII" KOMITOH9HTb!, ~TH H9ITOITHbte 

H306palKeHHH B03HHKHYT B .tlpyrHX M9CTBX0 He M9WBH OCHOBHOMY ITOITHOUB9THOMY H306pa-

/44/ 
lK9HHJO 

8TOp8.11 CX9MB rrOny'leHH.II MHOrOUB9THOII rorrorpaMMbl OCHOBBH8 HB HCIT01lb30B8HHH 

TOrrCTOII lj>oTorpalj>H'I9CKOII 3My1lbCHH, Bb!ITOITH.RJOIUeli lj>yHKUHJO Tp9XMepHOII peracTpHpyJOIUeli 

cpe.tlhl. B aTOM crry'lae o6paayeTc.R TpexMepaaH peweTKa, H ecnH HHTeplj>epHpyJOIUHe sorrabt 

CO.[l9plKBT HeCKOITbKO crreKTparrbHhlX ITHHHII, TO K8lK.[l8.11 H3 HHX 06pa3yeT CBOJO C06CTB9HHYJO 

CHCT9MY OTpBlKBJOIUHX ITITOCKOCTeli/S
3

/ • npa HHTeplj>epeHUHH .tlBYX KOrepeHTHbiX ITITOCKHX 

BOITH OTpBlKBJOWH9 ITITOCKOCTH 6y.tlyT H8rrpaBrreHhl ITO 6HCC9KTpHCe yrrra, o6p830BBHHOrO 

aanpasneaaeM nyqell pacnpocTpaaeHHH sona. 

YcTpollcTBO an.11 nonyqeaH.R TpexMepaoll MHorouseTHOII ronorpaM"!bt aao6palKeHo 

cxeMaTH'IeCKH aa pH c. 6. KonrraMaposaHHhte ny'IKH KorepeHTaoro cseTa c .\ 1 = 4880 R 
( aproHHhlli naaep) H .\ 

2 
= 6328 5l. ( aeoa-renaeBbtll naaep) nepeMeWHBaiOTC.R B pacmenH-

Tene ny'IKOB, cocTo.RWeM H3 nonynpoapaqaoro aepKana . OaHH H3 ny'IKOB aaaaoll anHHbt 

sonHhl ocsewaeT npeaMeT, pacnonaraeMbtll B O.tlHOM H3 nneq HHTeplj>epoMeTpa, apyroll 

Puc, 6, CxeMa nonyqeaHH asyxuseTHOII ronorpaMMbt, Pn3 - pacmerrn.RJOIUee 

nonynpoapaqaoe aepKarro, 3 - aepKano, UT - useTHoll TpaacnapaaT, 

n3n - .tlBYXUB9THbiii 3TanOHHbiii rry'IOK, <l>n - lj>OTOITITBCTHHKB, 
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smns.eTCSI aTanoHHMN ny'IKOM, HuTep~epeunus. scex 'leTMpex KOMnoHeHT npoucxonuT 

B TOllCTOii ~TOSMYllbCHH C SbiCOKOii pa3peW810Weli CUOCOOHOCTbiO no OfS1.eMy, 

nponeCC BOCCTBHOBneHHSI npOHCXOAHT npH OCseweHHH TpeXMepHOii ronorpaMMbl ABYMSI 

ny'laNH c paaHMMH nnuuawu sonu. KaJKAbiii ua ny'IKOB saauMonelicTsyeT co csoeli peweT

Koli. B peaynbTaTe nonyqaeTCSI nsyxnseTHoe soccTauosneuuoe uaoopaJKeuue npenMeTa, 

Ecnu ronorpaMMy oT6enHTb s pacTsope JKeneaocuueponHCToro Kanus., To S!pKOCTb 

BOCCTBHOsneHHOT'O npenMeTa ysenH'IHTCSI Oe3 K8KOT'D-llHOO yxynweHHSI K8'1eCTB8 H300pa-

)f{eHHSI. 

BoccTauosneuuoe uao6paJKeuue uaonJOnaeTcs. TOnbKO s TOM cnyqae, ecnu ronorpaMMy 

ocseTHTb s uanpasneuus.x, 6nH3KHX K yrnaM Bperra, CneKTpanbuoe paapeweuue Tpex-

Mepuoli peweTKH cocTasnReT ,.- 100 5l noaTOMy B38HMOAeliCTBHe nepBOT'O nyqa CO 

STOpOii peweTKOii, KOTOpoe MOlKeT npuseCTH K llOlKHbiM nepeKpeCTHbiM KOMUOHeHTBM, 

npaKTH'IeCKH OTCYTCTByeT, 

II • HuTep~peuuuouuas. o6pa6oTKa HH~pMaUHH 

§ 1, ftpOCTpaHCTSeHH8.11 ~HllbTp8UHSI CTpyKTypbl OUTH'I9CKOT'O 

H300p8lK9HHSI 

PaCCMOTpHM OAHOPOAHblli napannenbHblli ny'IOK CBeTa, reoMeTpuqeCKOe MeCTO TO'IeK, 

HMeiOWHX B •ABHHblli MOM9HT Bp9M9HH pa3Hbl9 ~3hl, Oopa3yeT CHCTeMy UllOCKOCTeli, nep

neHAHKYllS!pHbiX uanpasneuu10 pacnpocTpaueHHSI ny'IKa, B n106oli npyroli nnocKoCTH, uaKno-

ueuuoll non yrnoM 0 K nnOCKOll BOnHe, ~838 oyneT MeHSITbCSI PT TO'IKH K TO'IKe, H 

3TH H3MeHeHHSI OllHCbiBBIOTCSI MHOlKHTeneM 

I(L)x 1...21fsln0x 
e - e .\ (5) 

noMeCTHM Tenepb s nnocKyJO sonuy cseTa TpaucnapauT, aMnnHTynuoe nponycKauue 

KOToporo pasuo (puc. 7). 

t(x )= ~ ( 1 +cos ~ x ) • 
a (6) 

BenH'IHHa t(x) ua puc. 7 ycnosuo uao6paJKeua npo~uneM TpaucnapaHTa: 'leM 6onbwe 

Tonwuua np~uns., TeM 6onbwe cseTa nponycKaeT TpaucnapaHT, 

none CBeTOBOI! BOllHbi, H80lliOA8eMOI! B HanpasneHHH (} HB OOnbWOM paCCTOSIHHH OT 

peweTKH, C03A89TCSI B peaynbT8Te CllOlK9HHSI '18CTH'IHbiX 8MllllHTYA BOllHbl B nnOCKOCTH, 

uopManbuoll K nyqy apeuus.. Cornacuo (5), nosopoT nyqa apeuus. ua yron 0 H3MeHHT 

t(x) ua 
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-
:X 

T(W) 

W(Xz) 

~~-----1----~-----f----~n~ 
A 

PHc. 7. CxeMa ¢>yphe-npeo6paaoaaHHSI npocTpaHCTBeHHOii cTpyKTypbr npeaMeTa. 
n - npe}lMeT, n .- C06HpB!Olll8SI nHH3B, nlf - nnOCKOCTb npOCTpBHCTBeHHblX 

'18CTOT. 

t(x) e leu •• 

CyMMHpoaaHHe no aceii nnocKOCTH aaeT 

· I 2z:Lx 
+ \4 e • J dx-

-* lJ (sin IJ) +I' lJ (siniJ- .A.)+ \4S(sin IJ+ ~). 
a a 

(7) 

(8) 

TaKHM o6paaoM H3 (8) BH/lHO, qTo caaycoHJlBn&HBSI pemeTKB pacmennSieT ynaamaii aa aee 

napannen&Hbrii riyqoK caeTa Ha TpH nyqKa. OcHoaaoii nyqoK He MeHSieT caoero aanpaaneHHSI 

/IJ ~ o I • Jlaa 60KOBblX nyqKa OTKnOHHIOTCSI llO/l yrnOM 

IJ ~ -1:_ arc sin A.. 
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l1MeHHO H8 STOM CDOliCTBe CHHYCOH/18JlbHOli JlH<jlpaKUHOHHOli peweTKH OCHOBSHO llOllHOe paa

AeneHHe HanpaaneHHli Ha6niOAeHHSI AeliCTBHTeJibHOI'O H MHHMOI'O H306palKeHHli B ronorpa<jlHH, 

KalKJlOMy H3 06pa30B8BWHXCSI nyqKOB CBeTa COOTBeTCTByeT CBOSI qacTOT8 npOCTpaH

CTBeHHOll CTpyKTyphl peweTKH, 0cHOBHOli nyqoK OTBeqaeT Hyneaoll qaCTOTe, TO eCTb 

llOCTOSIHHOli BenHqHf!e B 8MllllHTy/1HOM nponyCKSHHH peweTKH (6), 60KOBblM nyqaM OTBe-

qaiOT qacTOTbl +<u 
0
= ..2rr._ 

a 
-<uo=-A, 

a 

Co6HpaiOWSSI UHnHHApHqecKaSI nHHsa, noMeWeHHaSI nocne AH<jlpaKUHOHHoA peweTKH 

H8 paCCTOSIHHH -<jlOKyCHOI'O paCCTOSIHHSI nHH3bl, OCyWeCTBllSieT npeo6pa30B8HHe npo-

CTp8HCTB8 HanpaaneHHli B npOCTp8HCTBO K00p/1HH8T H8 3811Hell <jloKSllbHOli llllOCKOCTH ~ 

B 3TOA nnocKOCTH nOSIBnSieTCSI H3o6palKeHHe Tpex caeTnbrX nHHHA, ycno.,Ho H3o6palKeHHblX 

Ha pHc. 7 B BHile ToqeK. KoopAHHSTbl 3THX ToqeK B npH6nHlKeHHH ManbrX yrnoa paBHbl 

+X=+~ • 
- 2 - a 

Ha sTOM npHMepe BHAHO, qTo nHH3a 11
1 

coaAaeT a nnocKOCTH ~ cneKTP CHI'Hana 

t(x) , 38/18HHOI'O B nnOCKOCTH n
1
, nocKOJibKY t(x) - 119liCTBHTenbHO, TO B03HHK8IOT 

KSK llOllOlKHT9llbHble, TSK H OTpHUSTenbHble npocTp8HCTBeHHble qacTOTbl paBHOli HHTeHCHB-

HOCTH. 

Ha pHc. 8 npHBeAeH $ypbe-o6paa AllHHHoro OAHOPOAHOro TpaHcnapaHTa a BHAe nonocbr 

lliHpHHOA "a" , nonyqeHHOI'O C llOMOWbiO C06HpaiOwell UHnHHilpHqecKOli llHH3bl Jl. nocne 

TOI'O KSK nonyqeH $ypbe-o6pa3 H306palKeHHSI, MOlKHO npOH3BOI1HTb pa3nHqHhle onepaUHH 

<jlHnbTpaUHH, aHanorHqHo TOMY, KSK 3TO 11enaeTCS1 B paAHOTexHHKe • 

.X 

L 
If 
f{ 

&H 
, 

----
~ 

I{ 

%:1 

~ 

J lA f(J 

f f 
PHc. 8. $ypbe-o6paa OAHOPOAHOA nonochl. J1 - UHnHHApHqecKaSI nHH3a. 
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§ 2, OnT H 'IeCKaSI cx e Ma yM H O>KeH H SI 

PaccMoTpHM nonynpoapa '!Hbril AHanoaH THB, ocsemeHHhril KorepeHTHbiM n y 'IKOM c s eT a . 

nycTb OH ocna6nS!eT HHTeHCHBHOCTb B T 
2 
(x, y ) paa, k(O <r < 1) , 8 onTH'IeCK8SI TOniUHH8 

a (x,y) 
n - Koa<jl<jlHu He HT npenoMneHHSI Tpaacna-B e n HHHU8 X anH H BOnH, rne 

2"(n - 1) 
p8BH8 

paHTa , T oraa MOlKHO CKaaaTb , 'ITO TpaacnapaHT HMeeT <jlyHKUHIO aMnnHTYAHor o nponycKaHHSI 

ia(x ,y ) 
t(x,y) = r (x,y) e 

EcnH aa Tpaac napaHT naaaeT aeoaaopoaHaSI aonaa xor epeHTHoro 

;<l>(x,y) 
u(x,y) = a(x,y) e 

TO H8 BblXOile Tp8HCn8p8HT8 BOn Ha CBeTa 38UHIUeTC SI B BHile 

l(a +<l>) 
t/l(x,y) = u.t =are 

(9) 

CBeTa 

(10) 

T axHM o6paaoM, a MnnnTy a a BOn Hhl a a BbiXOAe t/1 (x,y) np eacTaBnSJeT co6oil npo-

H3Beaean e llBYX KOMnneKCHbl X <jlyHKUH il u(x,y) H t(x,y) 
1 16

•
5 1 1

, 3 T O H e CTb on epaUHSI 

KOMnneKCHOrO YMHOlKeHHSI ·a OUTHKe , 4To 6 bl OCyiUeCTBHTb ee 0 He06XOilHMO UOMeCTHTb 

llB8 Tp8HCnapaHT8 OllHH 3 8 Apy rHM T 8 K 0 'IT06 bl n epBblil npoeKTHpOB8nCSI H8 BT OpOli ( p HC, 9) , 

n2 
t (x, Y) 

~~(K,!() 2f --+------ 2f ___j (X,'J) 

PHc, 9, Cxe Ma onTH'!ecKoro yMHO>KeHHSI, 

.UonyCTHMble 3H8'1eHHSI KOMnneKCHOrO 'IHCna t ( x,y ) , H306p8lK8lOIUHe <jlyHKUH IO 8 MnnHTYil-

Horo nponyCK8HHSI, orp8HH'IeHbl H8 KOMnne KCHOil nnOCKOCTH eAHHH'IHblM KpyroJ
161 

(pHC,10), 

Tpa acnapaaT c oaaopoaaoA <jlaaoA, ao c paannqaoil nnoTHOCTbro, c oOTBe Tc TsyeT T O'!KaM 
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OTpeaKa OA. EcnH HMeJOTCH TOllbKO o.o.HH ,PaaoBbie aeo.o.aopo.o.HOCTH, TO aTOM}' cnyqaro oTse

qaeT OKpylKHOCTb 9.0.HHCTB9HHOrO p8.0.HYC8o i1MeHHO HB aTOll O~pylKHOCTH pacnonOlK9Hbl TO'IKH, 

onHCbiBaromHe OT6eneaayro ronorpaMuy. 

8 

c R 

D 

PHc. 10. nnocKOCTb KOMnneKCHOA aMnnHTY.O.bl nponyCK8HHH. 
OA - TpaacnapaHT c o.o.aopoaaoA ,PaaoA, ABCll - OT-

6eneHHaH ronorpaMMa. 

1J.o nocne.o.Hero speMeHH /
13

•
651 

OllTH'I9CKHA Tp8HCnapaHT0 HM91011lHA 38.0.8HHYIO oPYHK

UHIO nponyCKBHHSI t(:r,y) , O'IeHb Tpy.o.ao 6binO H3rOTOBHTb. CymecTsosan KOM6HHHposaH-

HbiA cnoc o6: npHroTosneaue ueo.o.Hopo.o.aoro nornomeHHH r 2 (x,y) H nocne.o.yromee ua-

roTosneaue aa6opa <PaaoBbiX nnacTHH .o.nH HMHTBUHH <I> (x,u) • TollbKO ae.o.aBHO 6binH 

paapa6oTaHbi cxeMbi npHrOTosneHHH nro6oro KOMnneKcnoro TpaacnapanTa. 

§ 3. 11 H T e r pan b H bl e one p au H H B OfiTHKe 

npocTel!wel! HHTerpanbHOA onepauHell HBnHeTCH npeo6p830B8HBe cl>ypbe, KOTOpoe 

a KorepeHTHoA onTHKe ocymeCTBnHeTcH co6HparomeA nHHaoA (pH c. 7) . Bonee cnolKHbiMH 

HHTerpanbHbiMH onepaUHHMH HBnHIOTCH: CBepTK8 0 KpOCC-KOppenHUHH 0 8BTOKOppenHUHH0 

npeo6paaosaHHe nannaca
1161 

8 .o.p. 

llnH 06'bHCH9HHH CX9Mb1 0 06ecne'IHB81011lell TOT HnH HHOl! THll HHTerpanbHOl! onep8UHH, 

BOCUOnb3yeMCH COOTHOW9HHHMH 0 H3B9CTHbiMH B p8.0.HOT9XHHK9 H M8T9M8THKe, H OTHOCH
/1 ,2,69/ 

lllHMHCH K CHCTeMBM, YllOBn9TBOpH1011lHM npHHUHny cynepn03HUHH o 

Caaqana aaA.o.eM <l>ypbe-o6paa npoH3BeaeHHH asyx KOMnneKCHbiX cneKTpos T
1 

(cu) T
2
(cu). 

no onpeaeneHHIO 
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T(<U)=ft(x)e"'"'• dx, 
(II) 

rae t(x)- HCxoaHaR <i>YHKUHR, aaaaaaag B nnocKoCTH KoopaHHBT. OnepauHR YMHOlKeHHR \ T
2 

npeaCTBBnReTCR B cneayiOIUeM BHae 

DpeoopaayeM ee K cTaaaapTHOMY BHay (II ) • VI MeeM 

(12) 

l1HTel"'pan BHaa 

MOlKHO npeaCTBBHTb KBK npeaen CyMMbl YMHOlKeHHR npeaMeTa t [x) aa nepesepHyTbtll 

npH BCeB03MOlKHblX OTHOCHTenbHblX CaBHrax. 

TaKHM oopaaoM H3 ( 12) BHaao, 'ITO onepauHH yMHOlKeHHR <l>ypbe-oopaaos T 
2 

B nnOCKOCTH '18CTOT OTBe'laeT HHTerpanbHBR onepaUHR CBepTKH HCXOaHblX 00p830B t 
1 

H t
2 

B nnoCKOCTH KoopaHHaT. 

AaanorH'!Ho, onepauHH yMaolKeHHR HcxoaHbtX oopaaos t 1 H 2 B nnOCKOCTH 

KoopaHHaT OTBe'laeT HHTerpanbHBR onepauHR csepTKH <l>ypbe -oopaaos T 
1 

H T 
2

s nnocKo-

CTH '18CTOT. 

flU X 

t 
1 

(x) t 
2
(x) = f e 1 

Ecnu lKe B nnocKOCTH 'IBCTOT ocymecTsnReTCR onepauHR 

ool{c.). 
dx f t

1
(x 1)t*2 (J<

1
-x )dx

1 
~Je 

t• (x) dx = 
2 i 2 

( t • t• ) dx , 
1 2 

rae t 1 o t~ = f t 1 (x) t*2 (x·x''dll -HHTerpan KpOCC-KOppenRUHH. 

(13) 

(14) 

feoMeTpH'IeCKH onepaUHIO KpOCC-KOppenRUHH MOlKHO npeaCTBBHTb KBK npeaen CYMMbl 

YMHOlKeHHR npeaMeTa t 1(x) HB npeaMeT t l (x) npH BCeB03MOlKHblX CaBHrax HX apyr 

OTHOCHTenbHO apyra. 

B TaonHue I aaaa csoaKa cooTBeTCTBHR MelKay onepauHRMH B nnocKoCTH npeaena 

H Onep8UHRMH B nnOCKOCTH <J>ypbe/BS/• 
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T a 6 n H ·J! a 

OpeAMeT <l>ypbe-o6paa 

u(x) 

u (-x) 

u *(x) 

U (x) 

u v 

w 
u v* 

u • v* 

8 (x) 

·"• 
2 

e 

U("') 

u<-l 

U*(-..) 

u(-) 

U(!)V 

u v 

u * v• 

u v• 

"""'2 
e 

§ 4. KoMnneKcno-conpH>KeHllbti! <j>HnbTp 

8 o6wei! TeOpHH CBSI3H AOKa3btBaeTCSI TeopeMa, KOTOpaSI ycTaHaBIIHBaeT ycnOBHSI0 

npH KOTepblX AOCTHraeTCSI MaKCHMallbHOe OTHOWeHHe HHTeHCHBHOCTH H3BeCTHOrO CHrHana 

K wyMy
11

•
2

•
16

•
511

• Heo6xoAHMOCTb ucnonbaosaHHH TaKoll TeopeMbt B03HHKaeT B ycnosnHX 

AOCTSTO'IHO 6onbworo wyMa, KOrAa o6uapy>Keune cnruana uesoaMo>Kuo 6ea npeABapHTenb-

aoro nonaaneHHSI wyMa. 

OyCTb none3Hbtll cnruan s(x,y) nocTynaeT ua <j>oue n(x,y) • TaK ~To aa axone 

HMe9TCS1 CHrHan 

n (x,y) = s(x,y) + n (x,y). 

2 
LIT06bt o6ecne'IHTb MaKCHMyM OTHOW~HHSI ~ , He06XOAHMO nponyCTHTb <llypbe-06pa3 

n2 / 39 / 
BXOAHOrO CHrHana 'lepe3 OfiTHManbHblll aMniiH'f~AHblll <j>HIIbTp 

nocKOnbKY N 
••r 

ljJHIIbTp T ~ 

T;OT <"' •• "'yl ~ 
S* ("' •"' ) 

X y 
(15) 

N ("' •"' ) y 

06bt'IHO OAHOpOAHO, TO ( 15) npaKTH'IeCKH 03H8'18eT, 'ITO OfiTHMallbHbll! 

S* 
' 

TO eCTb npeACTaBnSieT Co6oll KOMnlleKCHo-ConpH>K eHHYID <j>yHKUHID 

<l>ypbe-o6paaa noneaHoro CHrHana s(x,y). 
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OnTH'ieCKHll KOMnneKCHo-conplllK9HHbill <jlHJlhTp :aKBHsaneHTeH cornacosaHHOMY <jlHllbTpy 

B pa.QHOT9XHHKe/l,2 • 36•~8 /. QqeBH.QH00 'ITO 3TOT $HnbTp .QOnlKeH nponyCK8Tb TOnbKO Te 

qacTOTbi, KOTOpbie co.QeplKaTCll B noneaHoM CHrHane. KoMnneKCHoe conplllKeHHe Tpe6yeTCll 

AnSI Taro, 'IT06b! B peaynbTaTe <jlHnbTpaUHH noneaHbill CHI'Han npeo6paaosbiBancg B nono

lKHTenbHYJO .QellcTBHTenbHYJO aMnnHTYAY. B nepsoM npH6nHlKeHHH nocne <jlHnbTpauHH coa-

.QB9TCSI KB83HnnOCKBll BOnHa c H9KOTopoll ycpe.QH9HHOll aMnnHTy.Qoll, KOTOPYIO nHH3B n2 

(pHC. II) npeo6paayeT B ManeHbKOe flliTHO Ha nnOCKOCTH n2 • 

-
-
--

I 

f--i 
PHc . II. CxeMa <jlHnbTpaUHH c noMOWbJO KOMnneKcHo-conpHlKeHHOro 

<jlHnbTpa. 

nnll TOI'O 'iT06bi H3I'OTOBHTb KOMnneKCHQ-COnplllK9HHblll <jlHnbTp B nnOCKOCTH n
1 

noMe waeM noneaHbill CHI' Han s B BHAe TpaHcnapaHTII. B nnocKoCTH <I> 
1 

(pH c. 12) 

noliBHTC!I ero <l>ypbe- o6paa. 

S ("') = f s(x) e ·I(Lix dx 

4To6bi aane'iaTneTb S nonHOCTbl0 0 TO 9CTb 3aperHCTpHpOB8Tb KBK BMnnHTYAYo TBK 

H <jlaay, He06XO.QHMO HB nnOCKOCTb HanpaBHTb HBKnOHHblll 3T8nOHHbli! flY'iOK OT TOI'O 

lKe HCTO'iHHKa KOI'epeHTHOI'O H3ny'i9HHll. Tor.Qa <jloTonnBCTHHKa aaperHCTpHpyeT HHT9HCHB-

HOCTb. 
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I (cu) ~ I S(cu) + e 
1"'"o I 2 = 1 + Is 14 s• e

1"'"o + Se •l"'•o 

-

-

t----f 
n~ 

6(x} 

~ 

A 

____., 

j 

e'x.(o) 

B 

~ ·----

S(w) 
I' 

</Jf KCt/1 

Puc. 1:.:!. CxeMa npuroTosneHUSI KOMnneKCHo-conpRlKeanoro <!>ullbTpa. 

(16) 

Ha 3TOM <!>aKTuqecKu u aaKaaqusaeTCSI uaroTosnenue KOMnneKcno-conpS!lKennoro 

cl>unbTpa. nponycTuM Tenepb qepea 3TOT <!>unbTp-ronorpaMMY $ypbe-o6paa sxoanoro 

curnana u (x} (puc. 13). Ha Bbtxoae <!>unbTpa noSIBUTCSI curnan 

R (cu) = u (cu) I(cu) = u [ 1 +I s 12 ) + us• e ;"'"o + USe ·l"'•o 
(17) 

TaK lKe KSK u B ronorpa<!>uu B03HHKSIOT TpH nyqKa. Ocnosnolt nyqoK, nao6palKaeM&tlt 

nepBblM qneHOM ( 17) , uaeT B HanpasneHUU OllTHqeCKOit OCH CHCTeMbl H He npeaCTSBllSieT 

HHTepeca. BTopolt qneH ( 17) OllHCblBSeT nyqoK, HaytUHii B TOM HanpasneHHH, B KSKOM 

men 3TanoHHbtlt nyqoK, ncnollbayeM&tll a npouecce nonyqeHHSI <!>ullbTpa. TpeTHii qnen 
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-
n I I 

l-----J---+--1~ ss* 
I 
I 
I 
I 

1--J---+--

Pac. 13. CxeMa AeiiCTBHB KOMnneKcao-conpalKeaaoro «!>HJlbTpa. 

sG)s 
C6epmKa 

s~s* 
.116ma

tr0ppe.I1R/4VII 

OllHCbiBBeT ny'IOK0 OTKnOHSilOlllHiiCB OTfiOCHTenbHO OCR B npOTHBOnOnOlKHOM Hanpaaneat,H_. 

Caraan, nepeAaaaeMblil HHlKHHM 6oKOBblM ny'IKOM 

us• = ( s + N > s• = 1 s 12 + Ns*, 

COCTOHT aa AByx cnaraeMbtX: I S I 2 
H NS* • nocne <llyp&e-npeo6paaoaaaasr c nOMOlllblO 

nHH3bl n
2 

H3 nnOCKOCTH 'IBCTOT, I'Ae OCyllleCTBnAABCb onepaUHB «!>HnbTpBUHH, B nnOCKOCTH 

KOOPJlHHBT, rJle aa6n10AaeTCa BbiXOJlHOil caraan,- <jlyHKUHB IS I 2 npeapaTaTca a s • s*, 

TO eCTb B CHI'HBn BBTOKOppenauHH HCKOMOI'O 06p838 s(x) o 3T"OT CHI'Han fiOBBHTCB B 

ueaTpe aepxaero 6oKoaoro aaoiSpalKeRHa. Ecna lKe aaanaaapyeMblil caraan CMellleH 

OTHOCKTen&HO nonolKeHHB CHI'H8n8-K8nH6pa, no KOTOpOMY H31"'0TaBnHBBnCB «!>anbTp, Ha paC-

CTOIIHHe X 1 , TBK 'ITO HB BXOAe HMeeTCB CHI'Han 

S l = S ( X + X 
1 
), (18) 
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TO 
•ICcJx 

S 1 (<>»}= f s(x + x
1

) e dx=f s(x+:r )e·ICU(x+xT)e1"'"1dx= e1"'"1 S(cu), 
T 

ICUx 

(19) 

TO eCTb cneKTp s 1 . OTllH'IBeTCH OT S TOfibKO MHOlKHTeneM e 1 0 KOTOpblli npHBo-

llHT K aononHHTenbHOMY HaKnoHy 6oKosoro ny'!Ka, Onepa!lHH <jlHnbTpallHH aaeT 

l(x o+• 1 )cu 

s (cu} s• (cu} e 
1"'"o = s s• e 

1 
(20) 

no3TOMy, ecnH CHrHan SS* coaaaeT sonHy, HanpasneHHYJO noa yrnoM :r 
0 

, TO aonHa 

CHrHana s1 S* HlleT noa yrnoM (x
0 

+x 
1 

) • Boap.acTaHHe- Yl'na B nnocKOCTH <l>ypbe-oopa-

aa OTHOCHTenbHO ocesoro HanpasneHHH :r l flpHBelleT K H3MeHeHHIO KOOpllHH8Tbl B nnoc-

KOCTH BblXOilHOro CHrHana oe3 K8KHX-nH60 ero HCKBlKeHHli, nocKOflbKY no ycnc~HIO J:r I 
. 1 

sceraa MeHbllle Jx 01, 6oKOBble Hao6palKeHHH HHKoraa He nepeKpoJOTCH, 0Tc10aa cneayeT 

B8lKHblli BblBOil. EcnH HB Bb!XOil KOMnneKCHQ-COnpHlKeHHOrO <jlHllbTpa HanpBBHTb HeCKOllbKO 

CHrHallOB s(x) , KOTOpble paCnOllOlKeHbl B pa3Hb!X M eCTaX, TO B nnoq<OCTH BblXOilHOrO 

CHrHana nOstBliTCH stpKHe nHTHB B TeX CaMblX MeCTaX, rae HaXOilHllHCb CHrHallbl. 3TO 6y-

llYT He H306palKeHHst C8MHX npeAMeTOB, a HX BBTOKOppellH!lHH s * s* , 

noll yrnoM (-:r ) noliAeT CHrHan SS 0 TO eCTb B BblXOAHOli nnOCKOCTH nOstBHTCst 

CHrHan CBepTKH S~S • 

CHrHanbi THna NS H NS* , xoTH H OYAYT B uenoM pacnpocTpaHHTbCH B Hanpaane-

HHSIX SS H SS* , HO B cil:ny cnyqal!Holi npHpOAbl <l>ypbe-o6paaa lllyMa, 3Ha'leHHH csepT-

KH H KpOCC-KOppellHllHH HX 6yAyT AOCTaTO'IHO Mallbl, B <jlHllbTpe He B03HHKHeT KBa3H-

nnOCKOli BOllHbl, lllyM oyAeT nOA8BlleH onarOAapH pacceHHH!O no BCeMY H306palKeHHIO, npH 

3TOM B pe3yllbT8Te TaKOli <jlHllbTpa!lHH AOCTHraeTCH MaKCHMallbHoe noAaBneHHe lllyMa, 

EcnH H3MeHHTb MaCll!Ta6 npeAMeTa s(:r} , TO ecTb B3HTb ysenH'IeHHbJli B f3 paa 

npeAMeT S 
2 

(:r} = s (x/ {3} , TO cneKTP ero 

•ICcJx ·l/3cu x' ·ICUx' -1({3-t)cux' 
dx = {3 f s(x') e dx'= {3 f s(x' e dx'.e (21) S (cu}=fs (2....) e 

2 {3 

pacTstrHaaeTCH B V{3 paa, a aMnnHTyAa cneKTpa npH 3TOM soapacTaeT B {3 paa. Ha 

BblXOAe KOMnlleKCHQ-COUpHlKeHHOrO <jlHllbTpa B UllOCKOCTH npeaMeTa BMeCTO CBepTKH UOHBHT-

CH CHrHan 

-i({3.1)wx 
f s(x ) s (x'- x ) e · dx , ( 22) 

UOilHHTerpallbHoe Bb!palKeHHe KOTOpOrO COAeplKHT raCHll!Hli MHOlKHTenb 
-1({3 ·1)cux 

e ' 

CHrHan B npeAMeTHoli nnocKoCTH B peayfibTaTe TBKOH onepallHH ocna6HeT, 

HTaK, nocTynaTenbHOe llBHlKeHHe npeaMeTa B nnocKocT~ n
1 

npHBOilHT K TaKoMy lKe 

nOCTynaTenbHOMY llBHlKeHHIO CHrHana CBepTKH s (!} s B npeAMeTHOli nnOCKOCTH n
2 

, 
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HaMeHeHHSI MacwTa6a npHBOUSIT K ocna6neHHJO CHrHana s (!) s • AHanorH'IHo, <!>HnbTpauHH 

B T8KOA *e CTeneHH qyBCTBHTenbH8 K 

KOMnneKCHo-conpSI*eHHOro <j>HnbTpa, 

apaweHHJO npenMeTa OTHOCHTenbHO onTHManbHoro 

DepBbiA npHMep HCnOnb30B8HHH KOMnneKCHQ-COnpH*eHHOrO <j>HnbTpa OTHOCHTCH K pa~

n03H8B8HHIO ManeHbKOrO npHMOyronbHHK8 H3 Ha6opa pa3nH'IHbiX reoMeTpH'IeCKHX 06pa30B 

(pHC, 14), l13rOTOBHB KOMnneKCHo-conpH*eHHbiH <j>HnbTp 1 KOTOpbiA B U8HHOM cnyqae 

6yneT neACTBHTenbHbiM B C!Wy CHMMeTpiiH npHMOyronbHHK8 1 H noMeCTIIB <j>HnbTp B nnOCKO-

CTH ciJ , Mbl nony'IHM 1!8 BblXOUe 60KOBoe H306pa*eHHe (pHC, 15), COOTBeTCTBytowee 

aaToKoppenSIUHSIM ManeHbKoro npHMoyronbHHKa. BHnHo, 'ITO KOMnneKcHo-conpSI*eHHbiA <jJHnbTp 

OUHOBpeMeHHO npOH3BOUHT OT60p BCeX TpeX npHMOyrOnbHHKOB 1 He38BHCHMO OT IIX pacnono-

>KeHHSI. 

PHC. 14. PHC, 15. 

Ha cnenytowHx pHCYHKax noKa3aH peaynbTaT onepauHH Bhi60pKH CHrHana "L" H3 

reoMeTpH'IeCKHX <j>Hryp, H3o6pa*eH1ibiX Ha pHc. 1-4, Ha pHC, 16a naHa onepaUHSI US* 
1 

TO eCTb KpOCC-KOppenHUHSI •CHrHan HMeeT CHMMeTpH'IHYJO <j>opMy 1 KBK 3TO UOn*HO 6biTb 

B coo:aeTCTBHH co caoAcTaaMH aToA onepauHH, CaepTKa "L" naHa Ha pH c. 16 6. OcTanb-

Hble <j>Hrypbl "L" , HMeJOWHe npyryto OpHeHTBUHJO, He U810T CKOnbKQ-HH6YUb 38MeTHOrO 

CHrHana HB BbiXOUe, 0UHBKO apaweHHe <j>HnbTpa OTHOCHTenbHO <j>Hryp npHBOUHT K nocne

UOBBTenbHOMY nos;aneHHIO <j>Hryp u L" C npyrHMH HBKnOH8MH, 

DpHaeneHHbie npHMepbl OTHOCSITCH K cny'IBJ01 Korna CneKTpanbHbiil COCT8B wyMa npaK

TH'IeCKH onHoponeH, EcnH *e aTo He co6ntonaeTcH, TO KOMnneKcHo-conpSI*eHnhiA <jlunbTp 

UOn*eH 6b!Tb COCT8BHbiMH 1 CornaCHO o6weMy BbiPB*eHHI0/1
5

/ • 
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Pac. 16 a. 
Pac. 16 15. 

Y CTpOliCTBO C HCnOJib30BaHHeM KOMnneKCHO-COnpRlKeHHOrO ljJHnbTpa HHOraa Ha3btBa!OT 

KOppenRTOpOM. KoppenSITOp - OCHOBHOli yaen OnTH'ICCKOli a><anorO-Bbi'IHCnHTenbHOil MaWHHbt, 

HCCKOJibKO MOilenell KOTOpoll DbtnH C031laHbl B 1965 roay/IQ,28•521• 

§ 5. OnTH'Iecxali xoppenRTop - npoot5paa Bbt'IKCnHTenbHoli 

MaWHHbt t5yaywero 

Bee onepaUHH B KOrepeHTHOli OnTH'IeCKOli CHCTeMe npa HHTepljJepeHUHOHHOli ljJopMe 

3anHCH HHijJOpMaUHH BbtnOnH5110TC51 no nporpaMMe Bbi'IHCnHTenbHbiX MaWHH OllHOBpeMeHHOrO 

aeliCTBHR. Opa :>TOM onepauHH BbtnOnHRJOTCSI naa ljJyHKUHSIMH, aaaaHHbtMH a aayx H3Mepe-

HIIHX. 

OnTH'IeCKHli xoppenRTop MOlKeT nocnylKHTb HCXOI!HbtM :.neMeHTOM Bbt'IHCnHT ellbHbtX 

MaWHH t5ynywero, B KOTOpbtX OCHOBHa51 onepaUHSI DYIICT CBOI!HTbCSI K ObiCTpOMy nepeKnJO

'IeHHIO H3 OI!Horo t5noxa a npyroi! 6onbworo '!Hcna KapTHH, Hecywax HHijJop"aUHJ0/ 191• 

l1HTepljJepeHUHOHH851 C HCT eMa aanHCM <I nepeaa'IH HHijJOpMaU<!H HaHny'IWHM ot5pa30M noaxo

IIHT an" ocymecTanenHR t5btCTpol! nepena'IH xapTHH HHijJopMauaa, a HHTerpanbHbtl! xapax

Tep Ot5pat50TKH HHTep¢epeHUHOHHOli HHijJOpMaUHH OOeCne'IHBaeT npH 3TOM HCOOXOilHMy!O 

YCTOli'IHBOCTb BCex OnepauHli. 
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B H8CToHmee epeMll 6biCTPOAeiiCTBHe OOTH'IeCKHX 8H81IOI'Q-Bbl'IHCIIHTellbHbJX M8111HH 

onpenenlleTCll epeMeHeM npeo6p830B8HHII CHI'H81IOB BO BXOAHOM H BbJXOAHOM 61IOK8X, I'Ae 

31IeKTpH'IeCKHe CHI'H8Abl npeep8Ul810TCII B OOTH'IeCKHe B 06p8THO, 

0AH8KO 6n8I'OA8pll npOI'p8MMe OAHOBpeMeHHOI'O neiiCTBHll B HCAOIIb30B8HHIO ny'IK8 

KOI'epeHTHOI'O CBeT8 npH nepeA8'1e HH(j>OpM8UHH, yJKe nepBble MOA61IH OOTH'IeCKHX KOppe

IIIITOpOB CMOI'IIH B6CbM8 6biCTpO pe1118Tb C8Mble A61IHK8THble KH6epHeTH'I6CKHe 38A8'1H, 

THn8 p8Cn03H8B8HHII o6p830B npH H81IH'IHH liiYMOB. HH(jlopM8UHll a onTH'IeCKHII KoppenHTop 

o6bi'IHO BBOAHTCII B BHAe (j>OTOI'p8<!>HII H8 AH8003HTHB8X HIIH TeKCT8 H8 MHKPO<!>HIIbM8X, TO eCTb 

npe o6p830B8JIHe <j>opMbl 380HCH HH(j>OpM8UHH npOH3BOAHTCll BHe OOTH'I6CKOll M8111HHblo 3TO 

003BOIIlleT BBeCTH AOHIITHe 6biCTpOneiiCTBHll 6nOK8 OOTH'I6CKOI'O KOppenliTOp8, 

T8K, H8npHMep, onep8UHII yMHOJKeHHll eeKTOp8, HMe10mero 10
4 

KOMnoHeHT, H8 KB8n

p8THYIO M8TpHUY C 10
4 

10
4 

3116MeHT8MH OTHHM8eT OKOIIO 1 MHIIIIHCeKyHAbl, TO eCTb ocy-

11 12 /52/ 
lll9CTBIIlleTCll CO CKOpOCTb 10 - 10 onep8UHII B CeKyHAY o 3TO npHMepHO B 

10
4
-10

5 
p83 Bblllle CKOpOCTH C8MblX 6hiCTpOAeliCTBYIOlllHX COBpeMeHHblX 31IeKTpOHHQ-Bbl'IH-

. /19/ 
CnHTenbHbiX M8WHH 

nonH8SI 61IOK-CXeM8 OATH'IeCKOI'O KOppe1IliTOp8, COCT8BIISIIOlll6I'O OCHOBHOii a neMeHT 

onTH'IeCKOii 8H8noro-Bhi'IHCIIHTellbHOII M8lllHHhi, npHeeneH8 H8 pHc. 17. BxonHoli npeo6p8ao

B8Tenb Bn
1 

npeap8lll8eT nocTyn810lllHe aneKTpH'IeCKHe CHI'H8nhl, H3MeHSIIOlllHecH K8K eo ape

MeHH, T8K H no '18CTOTe, B OOTH'IeCKHe HeOAHOpOAHOCTH BXOAHOI'O 61IOK8- Tp8HC08p8HT8, 

CKCf/J 

-

PH c. 17. BnoK-CXeM8 onTH'IecKoro KOppenHTop8. 
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KorepeHTHbiA nyqox caeTa npoHH3biaaeT BXOJlHOA TpaacnapaaT. MoJlynHpoaaHHbiA a npo-

CTpaHCTBe H BO BpeMeHH ny'IOX CB9T4 npOXOJlHT qepe3 CHCTeMy OfiTH'IeCXHX nHH3 H 

xoMnnexcao-conp>~JKeHHbiX cj>HllbTpoa ( CKC<P), B KOTOpbiX ocymeCTBnSieTCSI aaJlaHHaSI npo

rpaMMa. ·BbiXOJlHOii npeo6pa30B8Tenb Bn2 CHHM89T C BbiXOJlHOrO ny'IK8 HHcj>opM8UHIO H OT

BeT HanpaanSieT a p erucTpaTop. 

0nTH'!9CKHii KOppenSITOp ocymeCTBnSieT nporp8MMY )leiiCTBHii Cpaay H8 BCIO rny6HHYo 

3 neMeHT8pHbl MH onepaUHSIMH SIBnSIIOTCSI! CnOJKeHHe H yMHOlK9HH9 KOMnneKCHbiX cj>yHKUHii, 

HHTerpanbHble onepauuu H cj>enbTpauuSI, o xoTopoA roaopunocb Bbiwe. npu STOM onepauuu 

MOlKHO npOH3BOJlHTb B H9CKOnbKHX K8Hanax 0JlHOBp9M9HHO, 8 6narOJl8pS1 H8nH'!HIO B KOppe

nSITOpe uenoii 6e6nHOT9KH KOMnneKCHQ-ConpSIJK9HHbiX <jlenbTpOB nporp8MM8 MOlK9T 6biTb 

paaaeTaneHHOA. 

III • ronorpacj>HSI <l>ypbe 

§ I. P a apewa!OIUBSI cnoco6HOCTb ronorpaMM bi 

B npoeKTHBHoA ronorpacj>nH nne ronorpacj>HH <PpeHenSI, xoTopaSI 6bma paccMoTpeaa 

B I paanene, nnH3bi He acnollbay!OTCSI HH a npouecce nony'leHHSI ronorpaMMbi, HB npH 

BOCCTaHoaneHnH. P aapewa!OIU8SI cnoco6HOCTb no npenMeTy nn>~ Taxoro ronorpacj>eqe-

c xoro MeTona onpe.uenSieTCSI p aapewa10meii cnoco6HOCTbiO cj>oTOSMy nhCHH, N (nHHHA Ha MM), 

p erHCTpHpy!OIUeii ronorpaMMy, H p83 MepOM f HCTO'IHHK8 KOrepeHTHOrO nany'!eHHH! 

11• ;;; <llr +N) 

0.IlH8KO paap ewa!OIUYIO CnOC06HOCTb MOlKHO fiOBbiCHTb B H9CKOnbKO .U9CHTKOB HnH 

.uaJKe B CTO paa , ecnu nepel!TH K Hecx onbxo .up y r o l! c x eMe nony '!eHHSI r on orpa MMbi. 

(23) 

H c xo.uHol! cxeMol! ronorpa<jlun npnHHTO C'IHT8Tb npoeKTHBHYIO r on or pacj>HIO <PpeHenSI. 

KpoMe sToro ao3MOlKHbi : 

I) MeTO.U ron orpa<jluu <Pypb e-<PpayHrocj>epa c HCnonb30B8HHeM TO'Ie'!Hor o s TanoHHoro 

nyqxa npu nony'leHHH ron or paMMbi H co6Hpa!OIUeii nnH3bi npn aoccTa HoaneHHH npe.uMeTa; 

:l) MeTO.U MHOrOHanpaan eHHOr O OCBeiUeHHH, H, H8KOHeU, 

3) MeT o.u 6eannHaoaoii <l>ypb e- ronorpaMMhi. 

KalK.Ubil! ua HHX HMeeT cymeCTBeHHhie np e i!MymecTBa no cpaaHeHHIO c nepaoHa'lanb

Hol! CXeMol! . 
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§ 2. fonorpa4JHR ¢>ypbe-¢>payHf'04Jepa 

B ronorpa4Jaa <Ppayaro4Jepa acnonh3yeTCR TO'Ie'IHbiil sTanoHHbiil ny'IOKo CxeMa nep

soro sapaaaTa sToro MeTona npaseneaa aa pac. 18. Ha oca aenp03pB'IHOro sKpaHa P 1 

Pac. 18. CxeMa ronorpa4Jaa <l>payaro4Jepa. 

HMeeTCR 6ynaBO'IHOe OTBepCTHeo 3Kp8H HMeeT TBKlKe 60nhWOil BHeocesoil Bblpe3o Tpaacna

p8HT, nonnelKBWHil pef'HCTpaUHH, yCT8H8BflHB8eTCR B 3TOM Bblpe3eo fonorpaMMB nony'laeT

CR B nnOCKOCTH p 
2 

, rne C03naeTCR Qlypbe-o6pa3 KBK TpaacnapaHTB, TBK H TO'Ie'IHOf'O 

oTsepcTHR. ilnR ocseweHHR 3Kpaaa P 1 acnonh3yeTcR nonyna<i>cPy3Hoe oc seweaae oT pac

ceasaTenl!, pacnonoJKeHHoro B nnoc KOCTH P0 • AMnnHTyna cseTosoil sonHbi nocne pac-

ceasaTenll pasaa 

t ( x,y ) = a 
0
+ n ( x,y ) , ( <!4) 

rne a
0 

onHChisaeT aepaccel!HHYIO sonay, a n(x,y) -na4J4Jy3HO paccel!HHYIO sonay, no npa-

pone CBOeil 6nH3KYI0 K 6enOMY WyMy. BonHa CBeTa B nnocKOCTH p l TaKlKe COCTOHT 1!3 

nsyx KOMUOHeHT 
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I'lle N(~.'l) ~ 'llypbe-o6pa3 wyMa, nocne npoxolK,IleHHSI TpaHcnapaHTB CB9TOBBSI eonHa 

OflHCb!B89TCSI 8MllnHTYilOJI 

T 1<e., >- "• s <e.,>+ N <e.,> s < ~., >. (26) 

I'lle S(~.'l) - aMnnHTYilHOe nponycKaHHe HccneayeMol'o TpaHcnapaHTa-npeaMeTa; 'llypbe

o6paa 3TOI'O CHI'Hana, nony'leHHb!lt C llOMO!llbiO BTOpolt C06HparoweJI ni!H3b! n
2

, 38flHW9TCSI 

B Blllle 

X ( x, y ) = a
0 
+ n @ s, 

(27 ) 

I'lle s(x,y) - !Pypbe-o6paa TpaucnapaHTa S(~.'l) , a 0 o6oaHaqaeT HH';el'pan THna 

CBepTKH llBYX eenH'IHH s H n , ronoi'pBMMB 3Sp9I'HCTpHpyeT HHT9HCHBHOCTb 

l(x,y)=lx l~a~+ln ® s 12 +a
0
(n@s)+a

0
(n@s)*. (28) 

YfHTep!PepeHUHOHHbie 'lneHbl 3TOI'O Bblp8lK9HHSI, KSK 06bi'IH00 HeCyT HH!PopMaUHIO 0 npe,QMeTe 

S(~,'l) , aane'laTneuHyro e BHile 'llypbe-o6paaa n 0 s. 

npouecc BOCCTSHOBneHHSI ocyweCTBnSieTCSI flO CX9M9 0 npHBe,QeHHOlt Ha pHC, 19, rono

I'pSMMB flOM9WSeTCSI B ny'IOK KOI'epeHTHOI'O CBeTa, '-iT06bi nepeJITH OT <!lypbe-oopa3a K 

npe,QMeTy 0 He06XO,[lHMO BBeCTH C06Hp810WYIO nHH3y, KOTOpaSI 3SBepWHT BOCCTSHOBneHH9, 

'-lneH a 
2 

, OflHCbiBBIOIUHJI paBHOMepuo pacnpeaeneHHb!ll 4JoH, npeo6paayeTCSI B 8 -!PyHKUHIO 0 

3TanoHHOI'O ny'!Ka, B nnocKOCTH noSIBSITCSI H3o6palKeHHSI, 

8 

' ' 

1\ 

~ 
M 

Qo·H(~ .2) · s~ ( L ~) 

-'.------~ 

~~ ,, 
' ' I '- '-

X 
' ' ~f ,~,...- j 

S Hy.ne6ou 
nljYOK 

Puc. 19, CxeMa BOCCTSHOBneHHSI BOnHbl anSI I'OnOI'pa4JHH <llpayHI'O<jlepa. 

r - I'OnOI'pBMMa 'llpayHI'o!Pepa , n - C06Hp810!ll8SI nHH38
0 

Yf - nnOCKOCTb H306palK9HHSI, 
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H 

nepsoe H3 HHX llBnHeTCH BOCCTaHOBnBHHblM H306palKBHHeM, UOS!BnHJO!UHMCH UpH llH<jl<jly3HOM 

ocserueHHH. BTopolt 'IneR .QaeT Taxoe JKe, 

lKBHHB npe.QMeTa. 
HO TOnbKO UpOCTpaHCTBBHHO-HHBepCHOe H306pa-

B nepsbrX onbrTax c ronorpaMMolt <l>ypbe-<PpayRro¢epa1441 He 6brno o6RapylKeHo, 

'ITO ORa aaeT paaperueHHe, 6onee Bhrcoxoe, 'IBM npoexTHBHaH ronorpa<jJHH <l>peHenH. 

§ 3. ron or paM M a 6ea nHH3 

BeeaeHHe Ra OllRolt H3 CTyneHelt onepauHH npeo6paaoeaHHH <l>ypbe aaeT eaJKHbre 

npeHMY!UBCTBa TaKoro BH.Qa ronorpa<jlHH, H B 'IaCTHOCTH, BblCOKOe UpOCTpaHC1"l>BHHOB paa

perueHHB no npeaMeTy npH He.QocTaTo'IHO xoporuelt paaperuaJOrueli cnoco6HOCTH <jloTonneHKH, 

perHCTpHPYJOruelt ronorpaMMy. 

EcTeCTBeHHo HanparuHeaeTCH Bhreoa o uenecoo6pa3HOCTH perHcTpHpoeaTb He <jlpeRenee

cxyJO KapTHHY B 3paqxe, a ¢>ypbe-o6paa npe.QMeTa. npH BOCCTaHOBnBHHH OCY!UBCTBnHeTCH 

BTopoe ¢>ypbe-npeo6paaoeaHHe. 

PaccMoTpHM erue paa ronorpa¢HJO ¢>ypbe. To'!e'!Hbrlt aTai!OHHhrlt HCTO'IHHK T3, pac

nonolKBHHbrlt B nnOCKOCTH UpB)lMBTa, C03.QaeT BOnH3H nnOCKOCTH ronorpa<jlHH OOKOBOlt 3Ta-

llOHHbrlt nyqox (pHc. 20). KaJKaaH TO'!Ka npeaMeTa 

n 

I 
I 
I 
I 
I 
1-

coaaaeT e6nH3H ronorpaMMSr 

r 

f----.----!-----~ 
PHc. 20. ronorpaMMa <l>ypbe. n - npeaMeT, T3 - TO'IB'IHbllt 3TallOHHbllt HCTO'IHHK, 

n - COOHpaJOLUaH nHH3a, f - rOI!OrpaMMa. 
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nnoCKHe BOnHbl C yrnoM H8KnOH8 on • onpenenseMbiM KOOpJlHH8TOli TO'IKH p n • KalKJl8SI 

TO'IK8 C03Jl8eT CHCTeMy ronorpaljlH'!eCKKX nonoc, war KOTOpbiX pa3nH'!eH JlnSI pa3nK'!Kb!X 

TO'IeK p n • npH BOCCT8KOBneHHH B ronorpaMMe C03Jl8eTCSI CHCTeMa t:tnOCKHX BOnK, HJlY-

WHX ilOJl pa3nH'!HbiMH yrnaMH On • JlHH38 0 BOCCT8H8BnHB8IOW8SI H306palK8HH8 llp8JlM8T8 0 

npeo6pa3yeT npOCTp8HCTBO HanpaaneHHII B npOCTp8HCTBO KOOpJlHH81' 0 H H8 BbiXOJlHOli nnoc

KOCTH llOSIBHTCSI BOCCT8HOBn8HH8SI CHCT8M8 TO'IeK p n , 06pa3yiOWHX HCXOilHblli llp81lM8T n. 

Ha nocneayiOmeM aTane ycoaepweHCTaoaaHHH oKa3anocb B03MOlKHbiM Bbt6pocHTb 
. /57/ 

nHH3Y Jl H H8 ee M8CTO YCT8HOBKTb ljloTannaCTHHKy (pHC. 21) • 

Tenepb a nnocKoCTH ronorpaMMbi 6yayT HHTepljlepHpoaaTb cljlepH'!ecKHe aonHbt, HCXo

llSIIIlHe K8K OT TO'I8K llp8JlMeT8 p n , TBK H OT TO'I8'1HOrO 3T8llOHHOrO HCTO'IHHKBo Bee 

CljlepH'I8CKH8 BOnHbl npH 3TOM HM8IOT OllHHBKOByiO KpHBH3Hy. 

rne 

3TanoHHblli HCTO'IHHK T3 a nnocKOCTH ronorpaMMbi C03JlaeT aonHy 

Ikyl2+(x+e) 2 

u 
0
= e 

kc 2JT 
T 

f - paCCTOSIHHe OT npeaMeTa JlO nnoCKOCTH ronorpaMMbl 0 X - KOOPilH-

HaTa TO'IKH Ha ronorpaMMe. MHolKHTenb 1/I' OllYW8H0 TBK K8K paCCM8TpHB88TCSI paC-

CTOSIHH8 Tax:oe, 'ITO f »X Toraa 
max 

T3 

~-1--

PHC. 21. Cxellla ronorpa<!>HH <l>ypbe 6e3 nHH3. n - npeaMeT, T3 - TO'I8'1Hbiii 

3T8nOHHbtl! HCTO'IHHK, f - ronorp8MM8o 
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2 
lkl lk~ 

u 11:: e e 21 
0 (29) 

PacceHBS IOIUHe TO'IKH npeaMe Ta 
P" c oaaa10T a nnocKocTH ronorpaMMbi a M nnHTyay 

BOllHbl 

(30) 
Ony cKaSI o6my10 cjlaay k f 

, HSXO.QHM HHTep~peHUHOHHYIO KSPTHHy, ~HT6HCHBHOCTb 
ee pasHa 

1-.Lh-~ 2 

f u ( x, e) d ~ = f t( (} e 2 I d~ = 

1--L.2 u._e 
= e 2 I J t(eJ e 21 

(31) 

= e de. 

P a3llH '!He M elK.Qy v(eJ II t(eJ 
~-~-e 

e 21 , ~3 (31) BH.QHO, 'ITO 

CBO.QHTCSI K .QOllOllHHTe nbHOM y ~830BOMy M H OlKHT6 lliO 

1~2 
J u ( x, e) d~ = e 21 v (x) • 

rae V(x) - <l>ypb e - o 6paa vW 
L!__x2 

n oaT OMy rono rpa MMa HMeeT CTPYKTypy 

21 
V{x) + I(x) =I e 

L!L(x+ a) 2 
e 21 IWx 

ce 

2 · I<Ux ICU x 
1 + I V{x) I + c V (x ) e • + c* V* (x ) e 

L.L o 2 

c = e 21 k a 
, Ct) =-- · 

+ V(x) I 2= 

(32 ) 

TaKHM o6paaoM, c~epH'IeCKHe aonHhl npH HHTep~epeHUHH co c~epH '!eCKHM aTanoH-

HhiM llY'IKOM llpH ycnOBHH , 'ITO pS.QH YCbl KpHBH3Hbl BCeX BOllH O.QHHSKOBbi , C03.QBIOT ~BKTH 'Ie-
CKH <l>ypbe- npeo6p aaoaaHH e 6ea llOMOIUH nHH3 , 

EaHHC T BeHH oe OT fiH'IHe OT <l>ypbe- npeo6pa-

30B8HIHI C fiOMOlllblO RHH3bi COCTOHT B TOM, 'tiTO llpH BOCCT BHOBReHH H nonyqaeTCSI npe.o.MeT 

t((} C .QOllOllHHT enbHbi M ~830Bb1M MHOlKHTeneM, lf T 06bi ero y6pSTb llpH BOCCTSHOBfieHHII, 

He05XO.QHMO YCTSHOBH T b H6llO<;D_e.QCTB6HHO nepea ~OTOllllBCTHHKOii pacCeHBSIOIUYIO lll!H3y, 
1-I.-. .;-' 

KOTopag noracHT ~aay e 21 

4 1 



Co6Hpa10ma" IIHH3a, paciionoJKeHHaSI 3a ronorpaMMOII Ha paccToswHH , C03A8eT 

B Caoell 3atlaHHOII <!>oxallbHOII IIIIOCKOCTH tlBa CHMMeTpH"'HbiX H306palKeHHSI. 3TH BOCCTaHOB

neHHbie H3o6paJKeHHSI paciionoJKeHbi IIO o6e CTOpOHbi OT Hynesoro H3o6palKeHHSI 6e3 HaiioJKe

HHSI, KaK 3TO 06bi"'HO IIonyqaeTCSI B ronorpa<!>HH/
44

•
631 

• 

§ 4. A M II II H T y ll H 0 e C II 0 JK a H H e H B bl"' H T a H He II p ell MeT 0 B 

c IIOMOlllbJO ronorpaMMbi <l> ypbe 

noMHMO <i>HIIbTpaUHH C IIOMOlllb!O KOMIIIIeKCHQ-COIIpSIJKeHHOrO <!>HllbTpa, Bbii1011HSII01Uero 

HHTerpaiibHble OIIepaUHH CsepTKH H KOppeiiSIUHHo B ronorpa<!>HH MOlKHO OCyllleCTBIISITb allJlH

/26/ 
THBHbie OIIepaUHH - CIIOJKeHHe H Bbi"'H!aHHe KOMIIIIeKCHbiX aMIIIIHTyll IIpe)lMeTOB • npome 

acero 3TO ocymecTsn>~eTCSI c IIOMOlllbJO ronorpaMMbi <l>ypbe. CxeMa CHHTe3HpyJOmero ycTpoll

• 
CTBa )laHa Ha pHC. 22. 

n 
-
-

~ -
~ -

4> 

lf 

PHc. 22 . Bbi"'HTaHHe aMIIIIHTYll nsyx IIpenMeToa c IIOMOlllbJO 

ronorpa<!>HH <l>ypbe . 

Kax o6bi"'HO, HHTeHCHBHOCTb, perHCTp!rpyeMaSI .PoToiinacTHHKOII, pasHa 

I (X) = I s (X)+ eiWx 12 = 1 + Is I 1 + s e · IWx + s• e IWx • 

rne S(x) - <l>ypbe-o6pa3 IIpenMeT a s($ 
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Oepea 1IHH30A, C03AaiOllleA 3TaJIOBHbll! flY'lOK, MO>KHO flOMelllaTb fiJIOCKyiO cPa30ByiO 

nnaCTHHKy, C03Aal0llly10 CABHI" cPa3bl Ha tr 

Ecna npeaMeT S l ocaellleH 6e3 cjla3oaoA nnacTHHKH, To 

2 • ICUx l<ux 
11 = t + 1 s1 1 + s 

1 
e + s~ e • 

0cTaBHM Tenepb TOJibKO npeaMeT 

(33) 

S 2 , KOTOpbrA COAep>KHTCS! B S
1 

, H KOTOpbiA 

aeo6xoaaMo Bbi'leCTb aMnnaTyaao H3 S 1 • BTopoe o6ny'leaae Toll >Ke ronorpaMM&I npoa3-

BOAHTCS! C cjla30BOA tr 

-nnacTHHKoA. HaTeacaaaocT& BTopoA 3Kcnoaauaa, paaaa>I 

+ s• e 
2 (34) 

CJIOlKHTCS! C HHT9HCHBHOCTbiO nepaol! 3KCJI03HUHH, H flOCJie AByx 3KCfi03HUHA Mbl nony'lHM: 

2 •ICtJx ICUx 
1= 11 +1 2=2+1S 1 1 +IS I~Cs -s )e +(S -s )•e • 

2 1 2 1 2 (35) 

B&rpalKeHae ( 35) 3KBHBaneaTao ronorpaMMe npeaMeTa ( S 
1 

- S 
2 

) , To ecT& pa3HOCTH 

aMnJIHTyA S
1 

H S 
2 

• 

Tax, aAAHTHBHble no HHT9HCHBHOCTH CBOi!CTBa cPOTOnJieHKH fi03BOJIS!IOT C fiOMOlllbiO 

ronorpaMM&r ocylllecTaaT& onepaua10 aMnnaTynaoro cno>Keaaa a !!bi'lHTaHa>I aayx npeaMe-

Toa, OflHCb!BaeMbiX K0Mfl1I9KCHb!MH aMnJIHTYAaMU S
1 

H S 

2 

o 

C flOMOlllbiO Taxol! onepauaa aMflJIHTYAHOI"O Bbl'IHTaHHS! MO>KHO flOI"'SCHTb He>KeJiaTeJib

Hbll! cPOH, COriyTCTBYIOlllHll H86JIIOA89MOMy S!BJI9HH10o Jln>I 3TOI"O Tpe6yeTCS! o6ecne'lHTb He 

TOn&KO paBeHCTBO fiOTOKOB CBeTa B ABYX 3KCfi03HUHSIX; HO T8KlKe C03A8Tb MHHHM81IbHblll 

YPOB9Hb lllYMa, CBOi!CTBeHHOI"O C8MOMy npoueccy 8Mfl1IHTYAHOI"O CHHTe3a/261• 

§ 5. p a 3 M a 3 a H H bl II H C T 0 'I H H K 

On&rT&r c ronorpacjlaeli cf>yp&e nonaocT&IO noaTaepaana, 'ITo npocTpaacTaeaaoe pa3-

p e weaae cf>yp&e-ronorpaMM&I aellcTBHTen&ao yaeJia'laaaeTc>I npaMepao a 100 pa3 1631• Oaaa

xo npa nony'leHHH l"'OJIOI"paMMbl cf>yp&e 6e3 fiOMOlllH 1IHH3 Tpe6yeTCS! TO'I9'1Hbll! 3T81IOHHbll! 

ac~o'IHHK , 'ITo npaaonaT K nnaTen&a&rM 3 KCn03HUH>IM. 3To 3aTpynaeaae Ynanoc& ycTpa-
HHTb. 

E &rno noKa3aHo, 'ITO pa3Ma3aaaocT& HCTO'IHaxa B ronorpacjlaa cf>yp&e KoMneacapyeTc>I, 

ecna BOCCT8H8BJIHB810lllHll HCTO'lHHK H HCTO'IHHK, HCfi01Ib3Y9Mbll! npa fiOJiy'leHHH I"OJIOI"p8MMbl, 

OAHH8K0Bbl H 06JianaroT H9KOTOpblMH CBOIICTBBMH CHMMeTpaa164 / 

'iTo6&r y6enaT&C>I B 3TOM, aepaeMC>I ellle pa3 K cxeMe nony'leHH>I cf>yp&e-ronorpacjlaa 
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C IIOMOlUbiO IIH){3bl (pHC. 20). nyCTb 1
0

( ,;) - rrpen M e T , a 1,(~-a) - B He OC e BOl! p a3Ma3aHH b!l! 

H C TO"'HHK paCXOiliDUHXCSI B OIIH ( p H C o 23) • 8 liiiOCKOCTH <l>ypbe-06pa 3a HM C OOT BeTCTBYIOT 

¢YHKUHH T
0

(x) H T , (x ) • ViHTeHCH B HOC Tb, perHCT p Hpye MaSI <l>ypbe-ronorpa MMOl!, p a sHa 

IW X 

I ( x) = I T ( x ) + T (x ) e 0 
0 • 

12= T2 + T2 + T* T 
0 • 0 

e '"'ox + T T* e "'"'o" 
0 

to 

.L . t s 

Puc. 23 . npenMeT FOURIER 11 pa3 Ma3aHHh lli 

H C TO"'HIIK p aC XOilSilUHXCSI B OIIH [d~ 

(36) 

M H OlKHT eiih e I W 0 x B03HHK H3- 3a CMelUeHHSI HCT O"'HHKa OTHOCHTerrb H O rrpenMeT a Ha BerrH-

"'IIHY a= ~ • 11HT ep¢epeHUII OHHhle "'IIeH hl H M e iOT CTpyKTypy llpOli3BelleHH SI CJ>yphe- o6pa-

2JT 
3 0B T H T , KOT Opble rrocn e OCB e lUeHHSI T O"'e"'Hb l M H 3 Taii OHHbl M HC T O"'HIIKOM C03n anyT 

0 • 

H3B e CTHble orrepaUHH Kp OCCKOppeiiSIUHH 

H 

f 
IW x 

T 
0 

(x) T: (x) e 0 e 
IW x 

dx = (t • t • 
0 

ICtJ x •l(.t)x 

f T* ( x) T (x ) e 0 e dx = ( t* • 
0 • 0 

w + w 
0 

• {t) - cu 
0 

(37) 

(38) 

TaKHM o6pa30M, OCBelUeHHe l"'OIIOI"'paMMbl (36) TO"'e "'HblM HCTO"'HHKOM llpHBOilHT K 

p a 3 M a 3 biBaHHIO rrpe nMeTa, a He K el"'O BOCCT8HOBIIeHHIO. 

EcrrH l"'Ol10l"'p8MMY OCBeTHTh He TO"'e"'HblM HCTO"'HHKOM, a HCTO"'HHKOM t' <l>yphe-

T , • To Mhi nony'IHM 
S IW x llLI lll: 

T , ( T T* e 0 ) = T e 0 ( T T* 
• 0 • 0 , 

o6p a3 K OToporo paae H 

(39) 

lliiSI aepxHe ro 6oKoao ro IIY"'Ka, H 
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·ICU X 

e 0 
( T •, T ) - anSI HH JKHero 6ox oa or o (40) 

n y qxa 

nuH3a n COBepwaeT o6paTHOe <l>ypbe-npeo6pa30BaHH9, H Ha BbiXOae nony qae TCSI 

H 
)] "' -"' 

0 

Ecnu 

- oT aepxHero 6oxoaoro 
ny'lxa 

- oT HH JKHero 6oxoaoro 
nyqxa 

(41) 

(42) 

- <j>yHKUHH, TO e CTb, e cnH xpocc-xoppe nSIUHH ocae waiOiuero 

B BOCCTaHaBnHBaJOWero HCTO'IHHKa npeac T a anSIIOT O'I9 Hb Y3 KYIO <j>yHKUHIO, TO npeaMeT BOC

CTaHOBHTCSI 6e3 HCKalKeHHA. 

Ecnu t ,. . 
HO TOMY, 'ITO B 

, TO Tpe6oaa Hne O'leHb Y3 KOA <j>yHKUHH a aToxoppe nSIUHH axauaane HT

coaeplKHTCSI O'leHb wupoxuA cne xTp npocTpaHCTB eHHbiX 'laCToT. 

HHJKHHA 6oxoaoA ny'Iox coaeplKHT c aepTxy, xoTopaSI MOJKeT 6biTb p a sHa 

' 
l> - <j>yHK-

UHH TOnbKO B TOM cnyqae, ecnH HCTO'IHHK HM99T CHMM9 TpH10 Bpa w e HHSI 

TenbHO onTH'IecxoA ocu. 

Ha 180° OTHOCH-

3TOT peaynbTaT yxa3biBaeT Ha aon onHHTe nbHOe ycnOBHe , npu KOTOpOM aaa KOMnneKCHo

ConpSilKeHHbiX H306palK9HHSI B ronorpa <j>HH - MHH MOe H a eliCTBHTenbHOe - MOry T He npHCYT

CTBOBaTb OaHOBp9 M9HHOo DnSI 3TOrO aoCTa TO'IHO HCn Onb30BaTb npOTS1lK9HHbll\ BOCCTa HaBnH-

BBIOWHA HCTO'IHHK 

yron 180°. 

t , , He HM9 10WHA HHKaxol\ CHMMeTpHH OTH OC HT9 nbHO Bpa weHHSI Ha .. 

IV • ronorpa <bHSI He x or epeHTHbi X npeaMeTOB 

§ 1. Bo 3 MO JKHO nu 3 TO? 

T pe6oaaHne xorep e HTHOCTH x c uc TeMe ocaewa10w ero ucT O'IHHKa H npeaMeTa xaaa

nocb ao n ocn eaHero ape MeHH <j>yHa a MeHTanbHbiM y cnoa u e M, 6e3 BbmonHeHHSI xoToporo rono

rpaMMY nony'IHTb Henb3 SI. 3 TO a eliCTBHTenb HO T aK B CXe MaX, paCCMOTpeHHbiX B npeabiayWHX 

paaaen ax. OaHa x o uccn eaoaa HH SI , BbinOnHe HHbie a npo lllnoM roay
1 

noxaaanu, 'ITO <j>axTH'IeCKH 

ron orpaMMY MOlKHO nony 'IHTb OT H9KOr epeHTHO OCB9W9 HHbiX HnH CaMOCB9T SIWHXCSI npea-

MeTOB. 

flep Bbl9 y x a3aHHSI Ha B03MOlKHOCTb CTOnb JKenaeMOl\ f'On orpa<j>HH 6binH nony'IeHbl 

Mepu eM H l0Hf'OM/
5

0 / ' KOT Op bi e HCfi Onb30BanH anSI 3T Of'O T eXHHKY r on or pa<j>HH Ha OCHOBe 

T9H9BOli KapTHHbl 30HHOA n naCTHHKH <tJ peHenSI. 
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B paooTe floMaua
1401 

npoauanuaupoaaua B03MOlKHOCTb ronorpa<jluu HeKorepeHTHbiX 

npei!MeToa H onucauo uecKOnbKO npuuuunuanbHbiX cxeM nony'leHHst TBKHX ronorpaMM. B 

OCHOBe ronorpa<jlHH H9KOrepeHTHbiX npei!M9TOB nelKHT CBOACTBO ronorpaMMbl nocnei!OB8T6nb

HO perHCTpHpOB8Tb HHTep<jlepeHUHOHHbl9 K8pTHHbl OT · H9CKOnbKHX np91!M9TOB npH nocnello

B8T9flbHbiX 3KCn03HUHstX OllHHO'IHbiX npei!MeTOBo 3Toll CBOACTBO ronorpaMMbl n03BOnsteT 

paCCM8TpHB8Tb npei!M9T KBK CHCT9M)' TO'I9'1HbiX aneMeHTOB H COOTB9TCTBYIDLUYID CHCT9M)' 

HHTep<jlepeHUHOHHbiX KapTHH, C031l8B89MbiX KBlKI!OA TO'IKOA H938BHCHMOo 0Til9nbHbl9 KBpTH-

Hbl XOTR H CKfl81lbiB8IDTCR H9KOrepeHTH00 TO 9CTb BllllHTHBHO no HHT9HCHBHOCTH, HO peaynb

THpyiDLUBR ronorpaMMa ace paauo o6na11aeT caoAcTBOM BllllHTHBHOCTH no aMnnHTylle . TaKast 

CXeMa p8C'Ifl9H9HHR npei!M9T8 Ha CHCT9M)' H938BHCHMbiX TO'I9K He TpeoyeT npOCTp8HCTB9H

HOA KorepeHTHOCTH OTilenbH~x TO'IeK, TO ecTb, npeaMeT MOlKeT o~Tb HeKorepeHTHbiM, 

nu6o caMocBeTstLUHMCst, uanpHMep, aaeal!oA ao BceneuuoA unu nnaaMoA a n~>oopaTopuu. 

Dnst Toro 'ITOo~ nony'IHTb HHTep<jlepeHUHOHHYID KapTHHy OT KBlKilOA TO'IKH B 0Til9flb-

HOCTH, BOnHy CB9T8 0 paCXOilstLUYIDCR OT llBHHOA TO'IKH, He06XOilHM0 pacmenHTb Ha llB9 

B3BHMHo-KorepeHTHble 'IBCTH, KOTOphle aaTeM llBilYT HHTep<jlepeHUHOHHYID KapTHHY. OI!HHM 

H3 ycnOBRA '19TKOCTR RHTep<jlepeHUHOHHOA K8pTHH~ BBflst9TCR MOHOXpOM8TH'IHOCTb CBeTa. 

TpeoOBBHHe MOHOXpOMBTH'IHOCTH 38BHCHT OT TOrO, KBKOB pa3M9p 3p8'IK8 0 rae pa3M9LU8eTCR 

ronorpaMMa. npn 3TOM, '19M 00nblll9 pa3Mep 3p8'1K8 0 T9M Bbllll9 H900XOilRM8st MOHOXpOMa

TH'IHOCTb ny'IKBo npH H9BbiUOflH9HHH 3TOrO ycnOBHR HHTep<jlepeHUROHHbl9 K8pTHHbl Ha KpastX 

ronorpaMM~ cMalKyTcst. 

11pellfl0lK9HO HeCKOnbKO CXeM pacmenneHHR BonH~ CB9T8 0 HllyLUeA OT OTil9flbHOA 

TO'IKHo AMnnHTYilHOe pacmenneHHe BbiUOflHR9TCR flHOO B llByxny'leBOM HHTep<jlepoMeTpe 

MaAHBnbCOHa unu Max-3eHI!epa, nHoo c noMOLUbiD nHH3hl aaoAuoro nyqe-npenoMneuust, 

llBIDLUeA llBB <jloKyca (pH C. 24), H CHCT9Mbl llBYX nonsq>H38TOpOB0 OllHH H3 KOTOp~X nOMema

eTCst nepe11 llByX<jJOKYCHOA UHH30li, 11pyroA - n03BilH Hee. 3TH · nonsq>H38TOpb1 llOfllKHbl 

o~Tb opueHTHpoaaHH~ napannenbHO 11pyr 11pyry, HO noll yrnoM 45° no OTHOIIIeHHID K OCH 

KpHCTanna llByX<jlOKyCHOA flHH3bl. 

P, Ao "'IAz Pz tP 
Puc. :.!4. CxeMa aMnnHTYilllOro pacmenneuust caeToaoA B011Hhl OT ueKorepeHTHoro 

npei!MeTa Hn c nOMOLUbiD nHH3hl I!Bolluoro nyqenpenoMnellHst. 
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3oaaaH nnaCTHHxa ~peaenH Tax~e noasonHeT caenaTb asyx~oxycay~ nuaay. B aTOM 

cny'lae coceaHHe KOllbUa aon~Hbi cTynea'laTo paanH'la~TCH no <jlaae aa rr 

l-In 

Puc. 25. CxeMa aMnnuTYaaoro pacmenneauH sonabi cseTa OT 
aexorepeaTaoro npeaMeTa Hn c noMOlllb~ rr -aoaaoli 

nnaCTHHKH ~peaenH. 

(pHC. 25). 

PacmenHTb sonay MOJKHO c noMOlllb~ aeoaaopoaaoll annepTyphi, xa~aaH nonosuaa 

xoTopoll uMeeT paana'lHoe ~oxy caoe pacCTOHHHe l puc. 26). B nocneaaeM cny'lae TO'le'lHoe 

oTsepcTue aasepxy aaeT UO'ITH oaaopoaay~ c~epuqecxy~ 3Tanoaay~ sonay, HO aTo, xoaeq

Ho, conpH~eHHO c 6ollbmoll noTepell cseTa. 

Hn 

Puc. 26. CxeMa aMnnuTyaaoro pacmenneHHH sonabi cseTa OT aexorepeHTHoro 
npeaMeTa Hn c noMOlllb~ nonynuaabi. 
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' ' "' ' ' 

' 

Kn Ao cp 
PHc, 26a, Toqeqaoe oTaepcTHe AaeT c<!>epH'IeoKyJO aTanoaayJO aonay, 

KaK H so BCHKoA ronorpa~HH, aoccTaaoaneHHe HeKorepeaTHoro npeAMeTa npoaa-

BOAHTCH B nyqKe npOCTpaHCTBeHHO-KOrepeHTHOrO CBeTa, 

§ 2 , nepBbtA 3KCnepHM9HT 

ronorpaMMY HeKorepeaTHoro npeAMeTa anepBbte yAanocb nony'IHTb 3KcnepaMeHTanb- · 
1621 

HO c nOMOIUbiO ronorpaljlHH <l>ypbe • CxeMa ycTaHOBKH noKaaaaa Ha pac, 27. npeAM9T 

Hn B BHA9 TpaHcnapaHTa OCBeiUaeTCH npOCTpaHCTB9H!'0 H9KOrepeHTHblM MOHOXpOM4Ttf-

'i9CKHM HCTO'IHHKOM, <l>yHKUHJO paCIU9UHT9nH B 3TOM OUbtTe BbtnOnHHeT CHHyCOHAanbHaH 

AHijlpaKUHOHHaH 

lK9HHH I(e) 

perneTKa 1 KOTOpaH o6paayeT ABa OAHHaKOBbtX no HHT9HCHBHOCTH H306pa-.. 
H I(-() 

1 
aepKanbHO CHMMeTpH'iHbiX Apyr OTHOCHTenbHO Apyra, 3TH H306pa-

lK9HHH1 OTpa3HBlliHCb OT aepKan 3I H 3
2

, Ha paCCTOHHHH Z = f OT AH<!>paKUHOHHOA perneT-

KH nepeKpbtBaJOTCH H C03AaJOT HHTep<!>epeHUHOHHyJO KapTHHy, KalKAaH TO'IKa "i" npeAMe

Ta Hn o6paayeT ABe aaaHMHO-KorepeHTHbtX aonHbt l(f .) a I(-l) , YIHTepljlepeHUHH 
I I 

OCyltleCTBnHeTCH C nOMOIUbJO nHH3 no CXeMe ronorpaljlHH <l>ypbe, 11HT9HCHBHOCTb CBeTa, 

peracTpapyeMoro aa <l>ypbe-ronorpaMMe, paaaa 

I ( C:: ) = f I ( t ) ( 2 +e 
1~ t + e -l~f] d; (43) 

'ITO aanHeTCH ecTecTBeHHbtM o6o6meaaeM o6bt'!Horo <l>ypbe-npeo6paaoaaHHH 
111 1 

aa AByx

MepHbtA cnyqaA, 
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~ 

canr 

CBnT 

Hn 

MHI-1 

PHC, 27. CxeMa ronorpa<j>HH <l>ypbe HexorepeHTHOro npellMeTa. 31 H 3:.! - 3epxana, r - ronorpaMMa, 
CBJlT - ceeToeag eonaa neeol! TO'IKH 1 CBnT - ceeTOBBSI eonaa npaeol! TO'IKH npeaMeTa, 
<Poxycaoe paccTOSIHHe f = ABC, MHH - MoaoxpoMaTH'IeCKHA aexorepeHTHbiA HCTO'IHHK, 
Hn - HexorepeHTHbiA npeaMeT, cnP - CHHYCOHllBnhHBSI llH<j>pBKUHOHHBSI peweTxa. 



BoccTaHoeneHHe H3o6pa*eHHR npoH3BOOHTCR c nowom&~ KorepeHTHoro HCToqHHKa .. 
ceeTa. RosHHKa~T nea H3o6pa*eHHR He> , pacnono*eHHbie cHMMeTpHqHo no o6e 

CTOpOHbl OT Hyneeoro H306pa*el!HR0 KOTOpoe COCpeaOTaqHeaeTCR Ha OnTHqecKOII OCHo 

B onHCbiBaeMoM onbiTe npocTpaHCTBeHHaa HeKorepeHTHOCTb HCTOqHHKa 6Lina nonyqeaa 

nyTeM BHeCeHHH B nyqoK naaepa Manoll MOruHOCTH 6biCTpO OBHra~merOCR OH(jllpy3opa. J1ao-

6pa*e11He nH~yaopa npoeKTHpoeanoc& 11a npenMeT. UBH*eHHe nellcTBHTen&Ho nonHOCTb~ 

yHHqTo*Bno KOrepe!ITHOCTbo 3TO 6hin0 OOKa3aHO B KOHTpOnbHOM OnbiTe, Korna ronorpaM

Ma 6hma nonyqeaa c aenoneH*IIbiM nH<jlcjJyaopoM. DpocTpaacTeeHHaH KorepeHTHOCTb npH 

aToM coxpaHanac&. BoccTaHOBHTb Hao6pa*e iiHe e aToM onbiTe He ynanoc& (! ) 

DpHqHHa COCTOHT B TOM, qTO B 3TOM cnyqae BOCCTBHOBneHHBH BOnHa, B COOTBeTCTBHH 

C (37), (38), HBnHeTCH CBepTKOII H306pa*eHHH J (e) C CBMHM co6oll. He BbiXOOe nony

qaeTCH HeKOTOpag p83MB3aHHaH KapTHHa, a He qeTKoe H306pa*eHHe CBMOrO npeaMeTa. 

3TOT Ba*HellmHII 3KCnepHMeHT He TOnbKO OOKaaan B03MO*HOCTb nonyqHTb ronorpaMMY 

HeKOrepeHTHbiX npenMeTOB 0 HO H OTKpbin nocnenH~~ neepb HB nyTH K C030aHH~ peHTreHOB

CKOrO ronorpa<j>HqecKoro 061>eMHOrO MHKpOCKOna, a TaK*e K npBMeHeHH~ H3nyqeHHR Ml!c-

6ayapa npH aa6n~neHHH MkKpoo6paauoe. 

Dna pacmenneHHH peHTreaoecKHX nyqell cnenyeT npHMeHHTb MOHOKpHCTann, KOTOpbiii 

no aaanorHH c OH<j>paKUHOHHOII peweTKOII B TOnbKO qTO OnHCaHHOM 3KCnepHMeHTe o6na-

naeT B OTHOWeHHH peHTreHOBCKHX nyqell TBKHM *e CBOIICTBOM pacmenneHHH, KaK 06biqHaH 

OH<jlpaKUHOHHaH peweTKa B nyqax BHOHMOrO CBeTa. 

V • AccouHaTHBHaR naMSITb 

§ 1. i1HTep<jlepeHUHOHHaH naMHTb H 'nyXH" HeOOCTa~mHX 

neTanell 

BnecTamHe npeaMymecTea ronorpa<jlHH nepen <jloTorpa<jlHell B03HHKa~ 6naronapa 

TOMy, qTO ronorpaMMa HBnHeTCH HHTep<jleponpaMMOII. l1aaqe roeopH, HH<jlOpMaUHH 0 npen

MeTe HnH ero <l>yp&e-o6pa3 perHCTpHpyeTCH B Bi<Oe CHCTeMbl HHTeplj>epeHUHOHHbiX KapTHH. 

EcnH HH<j>OpMaUH~ B mHpOKOM CMbiCne 3TOrO cnoea TaK*e 3anHCaTb B HHTep<j>epeHUHOHHOII 

q,opMe, TO nono6ao ronorpa<j>HH, Mbi non*Hbi nonyqHTb cymecTeeHHbie npeHMymecTea no 

cpaBHeHH~ C aanHCb~ B <j>OpMe HHT6HCHBHOCTH. 11 3TO neiiCTBHTen&HO TaK. 

DpH aanHCH HH<j>opMaUHH e HHTep<j>epeHUHOHHoll <jlopMe npouecc noHcKa aeo6xonHMon 

HH<j>OpMaUHH, COOep*amellcH B 6noKe naMSITH, npOH3BOOHTCH npaKTHqecKH OSHOBpeMeHHO 

no BCell naMHTH, KaK 6hi rpOM030Ka H MHOrOMepHa OHa HH 6bma. DpH 3TOM, noso6HO 

OnTHqeCKHM aHanorO-BbiqHCnHTenbHbiM MaWHHaM, TaKaR onepaUHH npOHCXOSHT no nporpaMMe 

OSHOBpeMeHHOrO seHCTBHH. 
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<I>OpM8 38flKCK KHqlOpM8UKK B BKJle KHTeptl>epeHUKOHHbiX K8pTKH OK83biB8eTCSI 6onee 

ycToll'IKBOA, qeM no3neMeHTH8SI 38flKCb, OoTepSI '18CTK KCKOMOPO npellMeTa, n1<6o K3HOC 

H pa3pyweHKe K8KOli-flK60 '18CTK 6nOK8 flOMSITK He npenSITCTBYIOT npoBe)leHHIO fl0KCK8 flO 

acel! 6u6nuoTexe KHq>opMau""• nepeHeceHHoll B 6nox naMSITK, HaxOHeu, 'ITO o'leHb Ba>KHO 

C npaKTK'IeCKOil TO'IKK 3peKKSI, eMKOCTb 6nOK8 fl8MSITK npK KKTepljlepeHUKOHHOil ljlopMe 

38flKCK OK83biB8eTCSI pOBHOll eMKOCTH 6nOK8 npH 38flHCH HH<jJOpM8U HH fl03fleMe HTH6
27 •29 • 3~/ 

K 'IHCny C8 MbiX He06bi'IHbiX CBOiiCTB HHTe pljlepeHUH OHHOli ljJOpMbl 38flHCH HH<jJOpM8UHH 

OTHOCHTCSI B03MOlKHOCTb Bbi3B8Tb 'llYXH• yTepHHHOl! '18CTH HCKOMOI'O npe)lMeTa, 

PaccMOTpKM cxeMy HaxonneHHSI KH<jlopM8UHH HHTepljlepoMeTpK'IeCKHM MeTOJlOM 

(pHC, 28), 0yCTb HH<jJOpM8UHIO npeJlMeT8-Tp8HCfl8p8HT8 0 Tpc6yeTCSI nepeHeCTH B Tpex -

MepHbii! 6nox naMSITH En. llnst 3TOPO npeJlMeT ocaetuaeTCSI napannenhHbiM ny'IKOM npo

CTpaHCTBeHHo-xoPepeHTHOPO CBeTa, KOTOpbll! HCflbiTbiB8eT JlH<jlp8KUHIO H8 3fleMeHT8pHbiX 

llH<jlpaKUHOHHbiX peweTKax, COJleplK8WHXCSI B npenMeTe n. Macxa 6nOKHpyeT npS!MOl! ny'IOK, 

o6ycnoaneHHbii! cpenHeA ocaeweHHOCThiO npenMeTa, Ha 6nox · naMSITH Bn ynaJleT aonHa 

U= ~A i , l'Jle Ai - JlH<jlp8KUHOHH8H BOflH8 0 HllYWSSI B HanpaaneHHH"i" , KOTOp8SI C03Jl8-

H8 '~" -oil nH<jlpaKUKOHHOil peweTxol! npenMeTa, B 6noxe 6yJleT 3apePHCTpHpoaaHa HHTeH-

CHBHOCTb 

l=II A I
2
=II(AA*+A*A). 

I I I I I I I I 
(44) 

EcnH nocne ljloToPpaljJH'IecxoPo npoS!BneHHH 6noxa ePo ocaeTHTh HCXOllHOI! aonHol! 

uci A , TO B K8lKJlOM H3 HanpaaneHHil "i" HHTepljlepeHUHOHH8H K8pTHH8 38pePHCTpKpo-
l I 

B8HHOll B 6noxe HHTeHCHBHOCTH (44) C03Jl8CT BOflHY 

!. (A
1
A* +A* A )A • 

I I I I I 
(45) 

COCT8BflHIOW8H BXOJlS!Well BOflHbl ( 45), 3KBHB8fleHTH8SI BOflHe H3 l'OflOl'p8MMbi, KOTopaSI 

o6paayeT MHHMOe H306pa>KeHHe, pasHa A
1 

I 
0 

, Plle I = I. lA 1
2 

HeHHTepljlepHpyJOwast 
0 I I 

HHTeHCHBHOCTb. CyMMHpyR no BCeM HanpasneHHSIM "i" , Mbl nony't:fHM BOCCTSHOBneHHYlO 

BOflHY npe)lMeTa TaKHM o6pa3oM, Ha BhiXOJle 6noxa BbiJlaeTCSI nollTBep>KJleHHe 

H8flH'IHH B HeM BOflHbl u'"=I A I 
I 

B BHJle BOCCT8HOBfleHHOl! K8pTHHbl npeJlMeTa, Bbi3B8BWel'O 

3TY K8pTHHy, 

OoMeCTHM Tenep b BMeCTO uenoPo npeJlMeTa n ePo .He6oflb wol! ljlpaPMeHT, TO e cTb 

He60flbWYIO '18CTb BCel'O npe)lMeTa , T8K 'IT O BOflH8 0 OCBeW810IU8.11 6nox fl8M.IITH, p8BH8 

u =!. f 
I I 

I 

I. r, - noTepSIHH8SI '18CTb npe)lMeT a , B 3 T OM cnyqae B HanpaaneHHH ''1" noi!JleT BOflH8 

2 
!.( A , A* +A* A l) f l = A , I. I f I + A I r*f + A* I. (f ·+ r> L . 
1 I I 1 I 1 1 I I 1 I I I I (46) 
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n 
1\ sn n~ 

PHC. 28. V!HT ep<jlepeHUHOHHaSI a anHCb HH<jlOpMaUHH 0 npeAMeTe n 
B 6noKe En. nvt - nnOCKOCTb BOCCTSHOBneHHOrO H3D-

6palKeHHSI. 

'MHHMaSI• aonHa , nonqepKHyTaSI a ( 46), coaAaeT T Y lKe aonHy Ai , 'ITO H C03Aaaan 

npeAMeT n, HO TOnbKO C yMeHbWeHHOil HHTeHCHBHOCTbJO. 

AI If' 

rAe I = ~ J f J
2 

- 'IBCTH'IHBSI HHTeHC HBHOCTb <jlparMeHTa. BTopoe cnaraeMoe AaCT 6HnOnS!p
f I I 

Hb!l! <jloH, KOTOpblH 6yAeT 3BTPYAHS!Tb nOHCK. 

T aK c noMOWbJO HHTep<jlepeHUHOHHol! naMSITH yAaeTCSI Bbi3B8Tb "/J.YX " IIOTepSIHHOA 

'IBCTH npeAMeTa H 6ecnpenSITCTBeHHO npOH3Bec·rH BCCOUHBTHBHbll! nOHCK B 6nOKe nBMSITH. 

BnoK BbiABCT OTBeT o HanH'IHH npeAMeTa, ABlKe ecnH noHCKOBaSI HH<jlopMaUHSI 6hina Henon

HoA . TaK lKe KaK H onepaUHSI <jlHnbTpaiiHH a KOMnneKCHo-conpS!lKeHHOM <jlHnbTpe , npouecc 

nOHCKB HH<jlOpMBUHH B 6nOKe 'IYBCTBHTeneH K nepeMeWeHHSIM npeAMeTa H K H3 MeHeHHJO 

<jloKyCHOrO paCCTOSIHHSI nHH3bi , TO eCTb K H3MeHeHHJO MSCWTa6a H306palKeHHSI I non.nHT.I
6 / • 

/27/ 2 
Pac'leThi nOKB3biBaJOT , 'ITO Ha <jloTonnaCTHHKe o6bi'IHbiX pa3Mepoa , 70 x 70 MM , 

MOlKHO p83MeCTHTb OKOnO 10
8 

6HT, 'ITO 3KBHBBneHTHO 6H6nHOTeKe H3 300 KHHr no 200 

CTpBHHU B KSlKAOl!. C nOMOWbJO TSKOrO 6nOKB naMSITH MOlKHO OTBeTHTb HB BOnpoc, eCTb 

nH npHHeCeHHBSI noce THTe neM CTpaHHUa a 6H6nHoTeKe. Bonee Toro, 6naroAapS1 HHTep<jlepeH

UHOHHOii CHCTe M e naMSITH, noceTHTenJO AnSI nonyqeHHSI onpeAeneHHOro OTBeTa AOCTBTO'IHO 

npHHeCTH nHWb I /30 'IBCTb cTpBHHUhi . CTpBHHUB 6yAeT pacnoaHaHa H noKanH3oaa Ha , 

H noceTwrenb CMOlKeT npo'!eCTb TO, 'ITO COAeplKanOCb HB noTepSIHHOA 'ISCTH CTpBHHUblo 

Bonee Toro, •Ayx' 3TO nOTepSIHHOl! 'IBCTH 6yAeT XOpOWO pa3nH'IHM, TBK KSK OTHOWeHHe 

CHrHana K wyMy cocTBBHT npHMepHo 20 : I. 
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§ 2, TexHHKa TpexMepHoro HaxonneHHH 

8 KaqeCTBB n epsoro aTan a C03U8HHSI TBXHHKH HHTep¢epeHUHOHHOro MBTOU8 H8KOnne

HHll HH<jJOpMBUHH paCCMB TpHBBBTCSI menoqHo-ronOHUHbiA MOHOKpHCTann
127 •561 , COUBplKBIUHA 

F -ue HTpbi, pasHoMepuo pacnpeueneHHhie no o6'beM)'. CseTOBhie sonHhi nouxonHmHx unHH 

aonH npOH3BOUHT OT6enusaHH e F -ueHTpos, TaKoA npouecc oT6enusaHHH npu Manbi X HHTBH

CHBHOCTHX CBBTB nponopUHOHaneH nornOIUBHHOMY CBBTY, H npOHCXOUHT C UOCTBTOqHoA 3<jl¢eK-

/56/ 
THBHOCTb!O 

llyCTb KpHCTann OT6enHBBBTCSI OUHOBpBMBHHO UBYMH BQnHBMH KOrepeHTHOro CBeTa .. 
A0 H A1 onHoA H T oA lKe nnHHhi (puc. 29) , llocne OT6enusaHHH OKpaweHHhie ueHTpbi yJKe 

ue pacnonaraiOTCH paBHOMepHo, KapTHHa cocTOHT H3 aKBHUHCTBHTHbiX nnocKoCTeA, 3TH 

llnOCKOCTH OpHBHTHpOBBHbl TBKHM o6pa30.,M0 qTo H8fip8BnBHHB pacnpOCTpaHeHHSI eCTb 

OTpa:>KeHHe B 3THX nnOCKOCTSIX BOnHbl H Hao6opoT. 

EcnH Tenepb OT6eneHHbln KpHCTann OCBBTHTh TOnbKO BOnHOA 

a<jJ¢eKTOM OT6enHB8HHSI BO BpBMSI BTOpOA 3 KCfi03HUHH MOlKHO npeHe6peqb
0 

TO KpOMe npHMOro .. 
ny'!a A0 IIO.RBHTCSI nnOCKBSI BOnHa, pacnpOCTpBHSIIOIUBSICSI TOnhKO B HanpasneHHH A 

1 
9TOM npHMepe BHUH00 qTO TpeXMBpHaSI KBpTHH8 38ITOMHH8BT HBnpasnBHHB 6HCCBKTpHCCbl .. .. 

Ha 

yrna, o6pa3oBaHHOl'o nyqaMH A
0 

H Ar, e npu soccTaHosneHHH noHBnHeTCH TOnhKO sonHa, 

C03UBIOIUaH MHHMoe e3o6paJKeHHe npenMeTa, BnepBbie 3TOT a<P<!>eKT 6hm 3KcnepuMeHT81lhHO 

.06HapylKeH neHH.CIOKOM /
3 - B/, 

0neHHM 9MKOCTh TpBXMepHOA HHTep¢ep9HUHOHHOA fi8MSITH, llyCTh pa3M9pbl KpHCTanna 

paBHbl a X a Cl•f?, a rny6HH8 d CM, BonHa CBeTa, UH<jJparHpyiOIUBSI Ha TBKOM KpHCTanne, 

C03U8BT Y3KYIO KBpTHHy B TB11BCHOM yrne 0- (~) 2 
, ll03TOM)' HB TBKOM KpHCTanne MOlK

HO pa3nHqHTb OK0110 ~ 2 
pa311HqHbiX HanpaB11BH~A nnOCKOCTeA, o6pa3yBMbiX npH HHTBp-

-+). .. 
<jlepeeuHH nsyx aonn A 0 H A 

1 
• Yucno pa3nuqHbiX nnHH aonH, xoTopbie MOlKHO 6e3 s3aHM-

Horo HCKBlKBHHSI HBKOfiHTh B KpHCTanne, paBHO , r.ae A0 - CpBUHSISI U11Hll8 B011Hbl 

.. 
Puc, 29, CxeMa OT6enHBBHHH KpHCTanna UBYMH sonHBMH A

0 
H A 

1 
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HCll01Ib3Y9MOI'O ClleKTpa, nonHOe 'IHCI!O H938SHCHMblX HHTep<!>epeHUHOHHblX 3ll9M9HTOS 

naMSITH, 'KOTOpbl9 MO>KHO HBKOllHTb S TpeXMepHOli HHTepq,epeHUHOHHOli KapTHHe, paBHO, 

TaKHM 06pa30M, 
2 

n = (~ )(....'!...) = V o A --• 
0 

A A3 
0 0 (47) 

I'll e V - 06'beM KpHCTanna, , 

3TO 'IHCllO paSHO 'IHCllY 3ll9MeHTOS llOKBllbHOli naMS!TH, KOTOpble MO>KHO pa3M9CTHTb 

S TpexMepHOM <!>OTOpei'HCTpaTOpe, HBllpHMep, Slll9pHOli <!>oT03MyllbCHH, I'll9 KH<i>OpM8UHS! 

HBKBnnHBBeTCSI noaneMeHTHO. l.JT06bi OUeHHTb eMKOCTb fi8MSITH, KpOMe l.IHC na He3aBHCHMbiX 

3ll9M9HTOS ll8MSITH, Heo6XOilHMO 3H8Tb OTHOW9HHe CHI'H8l!8 K WYMY S KB>KilOli st'leliKe, lliyM 

C031l8S89Mblli SC9MH OKpaweHHblMH U9HTp8MH onpeaensteTCS! llOl!HblM 'lHCllOM 38HS!Tb!X ane-

M9HTOS H paseH /riTJ . EMKOCTb E s 6HTax pasHa 'IHcny He3asHCHMbiX aneMeHTos, 
0 0 

YMHO>KeHHblX Ha llOI'BpH<i>M OTHOW9HH!I CHI'Hana K WYMY 

E=nfnyNA3 
0 0 0 • (48) 

np" N0 

15 3 -4 
!0 OKpaweHHblX U9HTpOS S I CM , 'ITO aaeT 25% llOI'llOW9HH!I, H A~ 1•!0 CM 

HBXOUHM E = 1o13 
6HT, npaKTH'l9CKH llpH llOCTaTO'lHO Mal!b!X wyMaX MO>KHo' HCll01Ib30SaTb 

eMKOCTb E = 3·10
11 

6HT, 
0 

§ 3. AccouHaTHsHast naM!ITb 

/27 I 
nyCTb Mbl XOTHM llOCTpOHTb KH6epH9TH'l9CKYJO MBWHHY , KOTOpa!l SCTpe'laeTC!I 

CO MHOI'HMH CH TyaUH!IMH, S Ka>KilOli H3 KOTOpOJI OHa llOl!>KHa Sblll8Tb onpeaeneHHYJO HH

CTpyKUHJO. npH 3TOM H CHTyaUHH H HHCTpyKUHH 3allHC8Hbl S SHUe TpaHCnapaHTa, npHMepOM 

Mo>KeT stSHTbC!I Sbi'lHCllHTenbHast MawuHa an11 nepesonos. CuTyauueli llll!l Haweli MaWHHbi 

S!SllS!IOTCS! <!>a3bl Ha HHOCTpaHHOM S!3biKe S CTaHaapTHOli <!>opMe, a HHCTpyKUHell - nepeSOil 

a Toll q,pa3bi Ha pOilHOli !13biK. B a TOM npHMepe see CHTyauHH MO>KI!O pacnono>KHTb s 

an<!>BSHTHOM llOp!lllK9, a HHCTpyKUHIO HallHCaTb Ha 060pOTe, 3TO 9CTb KaTallO>KHa!l naM!ITb, 

B 6onbWHHCTse cnyqaes TaKast naMstTb llH6o He>KenaTenbna, nu6o aa>Ke HeS03MO>Kna. 

ACCOUHaTHSHa!l llaM!ITb ll03S0l!!19T SblllOl!HHTb llOHCKH HHCTpyKUHH 3a O'l9Hb KOpOTKOe 

Sp9M!I SHe 3aSHCHMOCTH OT llOP!IIlKa paCl!OllO>K9HHS! napbi: CHTyaUH!I + HHCTpyKUH!I, 

PaccMOTpHM pHc. 30. CuTyauHst sSOilHTC!I s SMile TpaHcnapaHTa 

llllOCKOCTH n . TpaHcnapaHT ocsewaeTC!I CXOil!IWHMC!I ny'IKOM cseTa 

S. S llP91lM9THOA 
I 

L 
1 

• MacKa M 6no-

KHpyeT OCSeiUaJOIUHK ny'IOK, llu.ppai'HpOSaHHbll! cseT, HecymuA HH<!>opMauHJO o6 HHCTPYK-

UHH S; , ocsemaeT KpucTann 6noKa naMstTH. B Topoll CXOil!llUHAc!l ny'IOK L
2 

, KorepeHT-

HbiA c L 1 , oaHospeMeHHO ocsemaeT KpncTann. OH <!>oKycupyeTCst s TO'IKY HenocpeacTseH-

HO nepea TpaHCnapaHT OM T , p831l9ll9HHblM HB D 
2 

Ksaapa·cou, S Ka>KilOM H3 KOTOpblX 

3allHCaHa HHCTpyKUH !I I i • ny'IOK L 2 ocsemaeT SCJO HHCTPYKUHJO 12 noMeCTHM 
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PHc. 30. AccouHaTHBHag II8MRTb c HcrronbaoaaHHeM aayx KorepeHTHbiX 

IIY'IKOB L 1 H L 2 • 

rrooqepeaHo CHTyauHH 
a rryqoK L 1 , a rryqoK L 2 KalKA bill paa 6yueM HarrpaanRTb 

IIO COOTBeTCTBYIOWeMY HarrpaaneHHIO I. 
I • TaKHM rrpHeMoM a 6noKe aarrHweTcR accouHa-

THBHBSI IIBMS!Tb, IIpH 3TOM <j>OpMa 38IIHCH 6yAeT HHTep<j>epeHUHOHHOll, 

EcnH Tenepb HBM aaaaHa IIPOH3BOilbH8SI CHTYBUHS! si • KOTopag YCT8H8BIIHBaeTcg 

B IIIIOCKOCTH n, TO nyqoK L 1 , OCBeWaSI S i , C03A8CT H306palKeHHe "ayxa• COOTBeT

CTBYIOWell HHCTpyKUHH B BHUe rryqKa L2i 1 KOTOpbiil OCBeTHT Ha Tp8HCII8pBHTe HYlKHYIO 

I i • 3Ty HHCTpyKUHIO OCTAeTCSI IIpoqeCTb, 
HHCTPYKUHIO 

poll CHTyauHR 

MOlKHO IIPHBeCTH H 6onee IIpOCTyiO CXeMy 8CCOUH8THBHOlt IIBMSITH (pHC, 31), B KOTQ-

S. 
I H HHCTpyKUHS! 

38IIHCblB810TCSI B 6IIOK ll8MSITH OAHOBpeMeHHO 

nyTeM ocaeweHHR rrpeaMeTa S i +I i 
VlHCTPYKUHSI S i IIOSIBIIReTCSI B BHAe H306palKeHHSI 

•ayxa• B IIIIOCKOCTH H306palKeHHSI VI. 0AH8KO T8KOe YCTpoltCTBO HMeeT Cepbe3Hblll 
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an 1\ 

PHc. 31. YrrpoweHHaH cxeMa accouHaTHBHOii rraMHTH. 

HeAOCT8TOK, 38Kn10'1810WHl!CH B TOM, 'ITO p8311H'!Hbte CHTY8UHH s. 
I 

H 

o6wHe '18CTH, H.lleHTH'IHbte MelKAY co6oii. B aTOM crry'!ae rrosmrreHHe S. 
I 

11 

Sk MOI'yT HMeTb 

B ll 8b!30BeT 

H306palKeHHe •AyXOB' li H lk, KOTOpbte O.llHOBpeMeHHO 110HBSITCSI B 11110CKOCTH 11, 

C03.ll8B8H rryTaHHUy. B rrpeAhtAywel! cxeMe (pHC. 30) B a ToM crry'lae OAHOBpeMeHHO ITOHBHT

CH T8KlKe ABe CHTY8UHH 0 HO OHH He 6yAyT H8118!'8TbCSI Apyr H8 Apyra. ll03TOMy yCTOii'IH-

B8SI OflTHqeCK8SI 8CCOUH8THBH8SI ll8MSITb BC9Pll8 llOR}f{H8 HNeTb llBB pa3.QeneHHbiX HBKOllH-

Tel1bHblX ycTpOl!CTB8. 0AHO - I'.lle BCSI HH<!>OpM8UHSI CMe!II8H8 BMeCTe, 8 Apyroe - I'.lle 

p83.llel1bHbte H'!el!KH HH<!>OpM8UHH OCTBIOTCH p83.llel1bHblMH, o6ecrre'IH88H C'IHTbl88HHe, He 

110.ll8eplKeHHOe lllyMy. 

Bapn
191 

rrpeArrOJKHrr rHrrOTeTH'IeCKHA MexaHH3M HaxorrrreHHA HH<!>opMBUHH a M03re, 

OCHOBBHHbtl! HB 838HMOAeiiCTBHH pacrrpoCTp8HHIOIUHXCH 8011H. 

CywecTayeT, O'!eBH.llHO, AOCTBTO'IHO 11011H8SI 8H8110I'HH MelKAY BCCOUHBTHBHOl! 118MS!Tb!O H 

rrpHHUHITOM Baprra HaxorrrreHHH HH¢opMBUHH c rroMOIUb!O aorrH a M03re, KOTOpbie rrepeAa!OT

cH Sl'lel!KBMH M03!'8 0 H 11pH 3TOM Sl'lel!KH M03!'8 H3MeHSIIOT CBOH CBOllCTBB 110.ll06HO rrpouec

Cy oT6eiiHBBHHH KpHCTarrrra a xorepeHTHOA aorrHe caeTa. 

O'!eBHAHO, 'ITO CXeMa TpeXMepHOI'O HHTepq,epeHUHOHHOI'O H8K01111eHHSI HH<!>OpMBUHH 

a xpHCT&IIIIe · a cyruHOCTH rrpHMeHHMa .!liTH rr106oro xaa3HaorrHoaoro HarreHHH, yAoarreTaopHIO

ruero rrpHHUHrry f10AreHca. MolKHO, rro-BH.llHMOMy, rrpeACTaBHTb Taxy10 CHCTeMY HelipoHoa 

8 M03re, KOI'AB K8lK.ll8H H'lelixa OAHOI'O CI10SI rrepeABeT 110CTyi1HBliiHii HB Hee 311eKTpH'IeCKHii 

HMI1yl1bC B036ylKJleHHSI Hepaa K HeCK011bKHM H'!eiiKBM CI1e.lly!OIUe!'O CI10H HeiipOHOB (pHC. 32). 

0CHOBHOii <!>aKT, KOTOpbtii 38CT8811HeT aepHTb 8 I'HI10Te3y Baprra , COCTOHT 8 TOM, 'ITO 

T8KHM o6p830M MOlKHO H8K011HTb 60I1b!IIOe KOIIH'IeCTBO HH<!>OpMBUHH 8 BeCbMB yCTOli'IHBOll 

<!>opMe. EcrrH AITHTerrbHOCTb arreKTpH'IeCKHX HMrryrrbcoa xopo'!e apeMeHH pacrrpocTpoHeHHH 
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PHc. 32. Uenb Hel!poHoa, pa6oTaiOWHX 

no npHHUHny r!Oi!reHCa. 

MelKny Sl'lei!KaMH, TO KOflH'IeCTBO HH<jJOpM8UHH 0 KOTOpy!O MOlKHO H8KOIIHTb , paBHO 'IHCny 

Sl'leeK M03ra. 

C npyrol! CTOpOHhi , TeOpHSI aCCOUH8THBHOll II8MSITH Tpe6yeT C06n!OneHHSI TO'IHhiX 

<jJa30BbiX COOTHOWeHHl! B BOflHe Ha npOTS!lKeHHH 60flbWOPO 0Tpe3K8 pacnpOCTpaHeHHSI CHPHa

flOB . 3TO 38CT8BflSieT npennOfl0lKHTb 0 'ITO B M03Py HMeeTCSI K8flH6py!OW8SI CHCTeMa, KOTOpaH 

npoaepHeT H BCe BpeMSI KOMfleHCHpyeT, eCnH 3TO Tpe6yeTCH 0 CK OpOCTb pacnpOCTpaHeHHH. 

CxeMa onTH'IecKol! accouHaTHBHol! naMHTH Tpe6yeT, panH ycToii'IHBOCTH npouecca noHCKa , 

aae pa3t. "'~Hbie o6nacTH naMHTH. B onHol! o6nacTH HII<jJopMaUHSI He.6n10neHHll H onhiTa 

CMeWHBaeTCSI nn>1 nposeneHHSI 6biCTporo noHCKa H pacno3HabuHH>I. B npyrol! o6naCTH 

HHcjJOpMBUHSI 0 pa3nH'IHbiX CHTYBUHSIX HaKannHaaeTCSI pa3nenbHO. 
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YI • npHMeHeHHe ronorpa¢HH 

I. HexoTopbre cxeMbi ronorpa¢H'leCKHX ycTaHOBOK 

XOTH C8MH H306peTaTenH ronorpa<PHH neAT H YnaTHHeKC He npeAnonaranH 

HHKaxoro KOHKpeTHoro npHMeHeHHH ronorpa<PHH, xpoMe MHKpocxona, HO cpaay ~e nocne 

ony6nHKOB8HHH HX pa60Tbl H8'18nOCb He TOnhKO 6ypHOe H3y'leHHe ronorpa¢HH, 0 KOTOpOM 

roaopHnocb B npeAbiAYmHx paaAenax, HO H mHpoxoe HCnOnh30BBHHe ronorpa¢HH B pa3nH'l-

Hb!X p83Aenax HBYKH H TeXHHKH. 

PaccMOTPHM aexoTOpbre xapaxTepHCTHKH ronorpa¢H'leCKHX ycTaHoaox. Yron Me~AY 

naAaiOmeli H8 ronorpBMMY BOnHOli H 3T8nOHHblM ny'lKOM 06b!'lHO Bbl6HpaeTCH MSnbiM H Co

CTBBnHeT B cpeAHeM 3° - 5°. npH 60nhWHX yrnax HeAOCT8TO'lHO Bb!COK8H pa3pewaromaH 

CnOC06HOCTb <PoT03MYnhCHH CK83b!B89TCH B npouecce BOCCT8HOBn9HHH. 

Ecna B nepahrx pa6oTax aepxano, C03Aaromee 3TanoHHbiA nyqox, pacnonaranocb a6nH3H 

npeAMeTa, TO n03AHee 6brna npeAno~eHa TeXHHKB o6pameaHoro aTanoHaoro nyqxa
1a2

/, xo

TopaH n03BOnHeT HanpBBHTb 3T8nOHHblli ny'lOK C 38AHeli CTOpOHbl ¢oTOrpa¢H'leCKOli nnac

THHKH ( pHC. 33) • 3TOT npHeM YA06eH B ycnOBHHX, KOrAa npeAMeT CHnhHO YABneH. ronorpa

¢H'leCK8H yCT8HOBK8 npH06peTaeT KOMnSKTHOCTb . 3TanOHHblli ny'lOK B T8KOli CX9Me C03-

A8eTCH KnHHOBHAHOli CTeKnHHHOli nnaCTHHKOli C yrnOM 8°, KOTOpaH pacmennHeT paCXOAHmHli-

ca naaepHbrli ny'lOK H8 AB8 nyqxa: 3T8nOHHblli ny'lOK H ny'lOK, KOTOpbrli OCBemaeT npeA-

MeT. 

n 
KH 

PHc. 33. C x eMa r onorpa<PHH c o6pameHHbiM 3T anoHHbiM ny'lKOM. 
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EbinH c<j>oTorpa<jJHposaHbi llBB Hrpyrne'IHbiX conaaTHKa, ycTaHosneHHbie Ha 

6eJIOM <jloHe HB paCCTOSIHHH OLIHOI'O MeTpa OT HCTO'IHHKB. l1Cil0Jlb30D8Jll!Cb ClleKTpOMeTpH

qeCKHe <j>oTonnacTHHK!I KoaaK 647-<1> co CTeKJIOM TOJIIIIHHOII I MM H 6,35 MM. OaHHaKoso 

yna<ttHbie f'O~'lOI"p8MMbl nonyqanHCb He38BHCHMO OT TOT'O, B CTOpOHY KBKOT'O llY'tiK8 5LIR 

06pa111eH 3MYilbCHOHIIbiii CJIOII. 

TaKeR ronorpa<jJK'teCKaR ycTaHOBKa MO*eT npH Heo6xoaHMOCTH BBOilHTb onTH'teCKHe 

3/)L\ep*KH L\11!1 Bblp8BHHB8HH>I OllTH'teCKHX nyTell LIBYX llY'IKOB. 

EcnH B KB'tfeCTBe HCTO'tJ.HHK8 CB9T8 HCOOnh30B8Tb T'830BbiA naaep HenpepbiDIIOT'O 

aellcTBHR, MOIIIHOCTb KOT OpOI' O 06bi'IHO COCTBBJIReT 10 MBT, T O Tpe6y JOTCR· LIOBOJlbHO LIJIH-

TenbHhie 3KCn03HUHH . B TelJe HHe ace~ cceMKH rrpenMeT He .llOII>+<eH CMelllaTbCSJ H.'lH KOne6aTb-

CR 6onee 'teM HB 0,03 MKM, TO eCTb _!_ A 
20 

npll B03HHKHOBeHHH KOJie6aHHII C 8MilJIHTYLIOII, COH3MepHMOli C LIJIHHOII BOJIHbi CBeTa, 

I'OJIOI'p8MM8 p83MbiB8eTCR 0 H 3TO C BOl!CTBO I'OJIOI'pBMMbl HCI10Jlb3YIOT L\11>1 H86JIJOJleHH>I 

KOne68HHII MeJIKHX HJIH Jiei'KHX aeTaneli. 

B OCT81lhHbiX CJIY'IB>IX 3TO CBOHCTBO I'OJIOI'paMM C03Jl8eT 60JlbiiiHe Heyao6CTBa, TBK 

KBK >ICKJIIO'IBeT !13 c<jlepbl Ha6JIJOJleHH>I BCe llBH*YIIIHeC>! npeaMeThi. 

npHMeHeHHe B I'OJIOI'p8qJHH MOIIIHOI'O HMilyJibCHOI'O Jl83epa yCTpllHHJIO 3 TOT HeLIOCTBTOK. 

TaKoll HMnynbCHhili na3ep 6bin cne uHaJlbHO pa3pa6oTaH
1341

• CI!CTeMa oT6opa npoaoJlbHbiX 

H llOilepeqHbiX MOll KOJie68HHl! C03!l8JI8 Tpe6yeMyJO KOI'epeHTHOCTb II MOIIIHOCTh 0 3Hepi'HH 

BCilbiiiiKH COCTBB JIReT 60 M,ll)l( 0 llJlHTeJibHOCTb - OKOJIO 30 HCeK. 8 3THX yCiiOBH>IX I'OJIQ

I'p8MMY II npeaMeT MO*HO aep>KBTb B pyKaX. MOIIIHOCTb na3epa HBCTOJlbKO B03p0Cna , 'ITO 

npH 3KCilOHHpOB8HHH HB 'IYBCTBI<TeJibHOll nneHKe llpHXOJlHJIOCb IICilOJlb30B8Tb OCJia6JI>!IOIUHH 

BoccTa HosneHHe npeJlMeTa npoBOilHTCR a ny'IKe ra3osoi'o na3epa llenpepb!BHOI'O 

Jlel!CTBHSI. 

LlnS! nposepKH pa3pe111810Uleil CHOC06HOCTH I'OJIOI'p8MMbl OT H\.fllYJibCHOI'O Jl83epa 

5binH ycnernHO 38I'OJIOI'pa<jJHpOB8Hhl 6yKBhl HB MHKpO<j>HJlbMe, HMeiOUlHe BhiCOTy 0 ,1-0,2 MM 

H TOJIUlHHY BCei'O Jll!lllb OKOJIO 0,03 MM. Pa3perneHHe cjlOT03MYJibCHH COCTBBJISIJIO OT ~00 

llO ~000 niMM. OTHorneHHe CHI'Hana K IIIYMY 6biJIO xy*e JlJISI I'py6oll qyocTai!TenbHOii 

Bo3MO>KHOCTb I'Onoi'pa<j>I!H 3ane'laTneTb cueHy Ha sc10 I'ny611HY no3sonSieT aecTI! 

Ha6nK>.Ll.8HHSI B3B9W9HHbiX 'l8CTH'li8K llbiRH HRH K8I19.'lb TyMaHa. fonorp8MMbl 38T9M B na6o-

paTOpllll paCCMBTpHBBIOT llOO'IepeJlHO 110 BCel! I'ny61!He, H86JIIO/l8H B~IIMBTeJibHO KB>KilYIO 

OTJleJibHYIO 'laCTHUy. HecKOJlbKO nocne!loaaTenbHO C!lenaHHhiX I'OnorpaMM JlBIOT B03MOJK-

HOCTb npocnelli!Tb npouecc ao apeMeHI! H npocTpaacTae. B Hac·roSIIIIee apeMSI naMe'leHa 

/45/ 
11pOI'p8MM8 I'OJlOI'pa<jJHqeCKOI'O IICCJieJlOBBHHSI 83pOMeTeOp0110I'H'IeCKHX llpOUeCCOB 
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§ 2. 8biCOKOCKOpOCTH8SI ronQrpa<!>HSI 

fonorpa<!>HSI llpH OCB9Ul9HHH npenMeT8 MOUIHblM Kp8TKOBpeMeHHblM llY'IKOM HMllYllbCHQ-

ro naaepa Ha'lana npHMeHSITbCSI nn" Ha6moneHHSI 6biCTpo npOTeKaiOutHX npoueccos. B Ka'le

CTBe llpHMepa MOlKHO llpHB9CTH <!>oTorpa<!>HH llYllH, llBHr810Ul9liCSI BO CKopoc·rblO 375 M/ce.!
121 

• 

npu llBHlK9HHH llYllSI pa3pblB89T llpOBOllOKy, BXOilSDllYlO B CHCTeMy 8KTHBHOro 38llYCK8 ll83ep

H Oil CHCT9Mbl OCB9lll9HHS!o CX9M8 ronorpa<!>H'I9CKOII YCT8HOBKH ll8H8 H8 pH Co 34. nepBH'IHblll 

ny'IOK naaepa nenaeTCSI pacxoASDllHMCSI c noMOlllbiO OTPHUSTeJibHOII llHH3bi. ny'IKH, B03HHK8IO

WHe B pacutellHTene, BHOBb llepeKpb!B8lOTCSI B llllOCKOCTH (jloTOllll9HKHo 06a llY'IK8 KCllblTblB8-

lOT OllKH8KOBOe 'IKCllO OTp8lK9HHII K HM910T p8BHbl9 CB9TOBble llYTHo 3THM llOCTHraeTCSI npo-

CTp8HCTB9HH8SI II speMeHHBSI KOrepe!ITHOCTb llY'IKOBo 

RYIUKa m 
Keppa ~ 

fY. nponyc~raHue -~IT 

flOJIRpUJaTop • td ~ fiaHp 
ln3Hf1. f,5f'f 

/(CIIIOHOit1.11 :=10 • · 0 AQMna Hf1.Kt1.'1KI.l 0 ·;. O 
0 .. 0 

60• PyluH 0 ;.; 0 

651. 
nponycKa.Hue ---

TOAo
Kt1.Mepa 

PKc. ~4. fonorpa(jlH'IeCKaSI ycTaHOBKa nn" Ha6niOAeHHSI 

6hiCTpo rtpoTeKaiOWKX npoueccos. 
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OpeHe6peJKeHHe OllHHM H3 ycnoaull CHIIbHO yxyJlwaeT ronorpaMMy. CI>OTorrneHKa pac

nonaranacb T8K 1 liTO nnOCKOCTb nneHKH H 6HCCeKTpHC8 HanpaaneHHt\ 1 06p830B8HHbiX OllTH

'19CKHMH OC!lMH IIY'IKOB, 6hinH B38HMHO rrepe n e H/lHKYII!lpHbi. PaCCTO!lHH 9 OT MHHMOli TO'IKH 

HCTO'IHKKB /lO 11119HKH COCTBBIISIIIO OK OliO 1,5 M, a yron M9lK/lY OCSIMH 11Y'IKOB :.!0- 30°. Jln !l 

ll011Y'I9HH!l ¢oTorpa¢Hli Ha C B 9 Tl10M ·¢0H9 38 CU9HO~ IIOM9ill811CH llH¢¢y3 Hblli 3KpaH. 

Opn C'h9MKe ncn oiibaoaancH o6bi'IHbili py6nHOBbill naaep. 3epKana o6paaoBbiBBIIH 

1,ti M 9 TpOBYIO 110110CTb 0 TaKoe pa3H9C9HH9 39pK811 SIBHIIOCb CBMblM npOCTblM Cp9/lCTBOM 

noraweHHH aHeoceBbiX ¢opM Kone6aHHli B naaepe. MelK/lY aepKanaMH 'lOMemanc!l nonRpnaa

Top fm>Ha H !l'leliKa K eppa Ha HHTpo6eHaone. 

llpH pa6oTe C KOpOTKHMH BCilbllllKBMH /ll1HT911bHOCTblO ti0 HCeK, !l'l91fK8 Keppa OTilH

panaCb BO/lOPO/lHblM THpaTpOHOM ( ~ 19 KB), aaropBIOillHMC!l npHM9pHO qepea 1,!:! MC9K 

nocne nOJl)f{Hra naMnhi. 

ljoCC T8HOBI19HII 9 C l'OIIO!'paMMbl 11p01!3BO/ll!l10Cb B lly'IK9 naaepa H e npe p b lBHOI'O /l9~

CTBI!Ho fny61!H8 p e3KOCTH H8611IO/l9HHH MHHMOI'O H3 06pa>K9 HHH COCTBBI1S1118 OKOIIO 1-G CM, 

TBK 'ITO llpH H 3 M9H9HHII ¢0KyCHpOaKH HB 5 CM B rny6HHY OT IIIIOCKOCTII 11 0119 T8 llyiiH TeCT

MHpa llOIIHOCTblO CM83blB8118Cb B paBHOM9pHblli 6eiibili ¢0Ho 

§ 3. f 011 0 I' p a¢ II q e C K H li C ll e K T p 0 C K 0 ll 

5 e311HH30Bblli 1'01101'pa¢H'I9CKHli M9T O/l ll011Y'I9HHH H306pa lK9HHli 119 l'KO rrpe apa THTb B 6 ec

ill911eaoll cneKTpoMeTp
161 1

• ronorpa¢n11 Cl>ypbe /lOnycKaeT CHIIbHO p aaMa3aHHbie a npocTpaH-

CTBe HCT01.JHHKH 1 tJT O BeChM8 >KenaTenhHO .!lRSI 8CTpOHOMOB H cflH3HKOB 1 H3yqaJOIUHX nna3My. 

llepBbJli 1'01101'pa¢H'19 CKHli Jlayxnyqeao~ Cll9KTpOCKOII COCTOSIII H3 HHTep¢epOM9Tpa 

MaAKen bCOHa lpnc. 35). CaeT oT HH 3KoTeMnepa TypHo~ pTyTHoi! JlyrH paaHoMepHo ocaeman 

llll¢¢yaop. 0/lHH H3 ny'IKOa, B03HHK810illHX a p8Cl!l91lHTel1e , OTp8lK811CSI B 39pK8119 H 1101l8/l811 

HB <jJOTOIIIIBC THHKy, KY/lB T 8 KlK9 H81lp8Bl1Sil1CSI aTOpOii rry'IOK . 

l:::cnu npenMeT paaaoMepao ocaewea, TO KBJKJlBSI a nHHB aonHbi caeTa co3.naeT a nnoc-

KOCTH l'OIIO!'paMMbl CBOIO perynHpHyiO CHCTeMy HHTep¢epeHUHOHH biX llOIIOC. H 8110lK9HH 9 He-

CKOIIbKHX CHC't9M llpOHCXO/lHT 8/l/lHTHBHO ll O HHT9HCHBHOCTI! o K3lK/l8H C HCt9M8 H HTep¢epeH

UHOHHbiX llOIIOC HM99T aH/l CHHyCOH/lBIIbHOii /lH¢p8KUIIOHHO~ pelll9TKH C COOTa9TCTayiOlll9i! 

HHTeHCHBHOC'rhlO I(>.) crreKTpanbHOii IIHHHH: >. : 

(49) 
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®:::: 

Puc. :!5. CxeMa ronorpa<jlu'lecxoro cneKTpocxona. nonyqenue ronorpaMMhi. 

flpu ocsemeHHH nony'leHHOli ronorpaMMbi xorepeHTHbiM ny'IKOM naaepa KBlK.llBH perneT

xa o6paayeT CHCTeMY l!BYX nnocKHX 60KOBbiX ny'IKOB .llflSI KalKnOli CneKTpanbHOit nHHHH. JIHH-

38 C03l(89T ~ypbe-o6pa3 3THX ITY'IKOB 0 06pasyH B <jlOK8flbHOli nnOCKOCTH CIT9KTp Hsny'I9HHSI 

HCTO'IHHK8. TO'IKH pacnonaraiOTCSI CHMMe TpH'IIIO OTHOCHTenbHO ayneBOI"O ny'IKB. Llnuna BOn

lib! K8lKl(Oli nHHHH onpenenSieTCSI Henocpe.llCTBeHHO ITO paCCTOSIHHIO M9lKl!Y HHMH 0 C y'leTOM 

reoMeTpuu o6oux CTyneneli npouecca. nepec'leT unu rpanyuposxa anecb ne Tpe6yeTcH. 

g 4. 06pa60 T K8 reo<jluauqecxux nannwx 

CelicMorpaMMw, uao-xapTbi H npyrue reo<jluauqecxue nannwe onepaTHBHO o6pa6aTbi

BaiOTCSI nyTeM npocTp8HCTB9HHOli <j>HnbTpBUHH l!BHHbiX0 KOTOpbie CH8'18fl8 nonlKHbl 6biTb 

naneceHbi na uaoxapTbi unu na Tpanc napanTb/:J
5

•
281

• 

KorepeHTHBSI CHCT9M8 06pa60TKH l(89T Hai"nSil(HbiK 0630p OI"pOMHOI"O KOflH'I9CTB8 l(8H-

HbiX0 C06Hp89Mb!X npH HCCnel(OB8HHH reO<j>H3H'I9CKHX S1Bfl9 HH:A:. 

I JpocTeilrnuli sun o6pa60TKH - o6aop cnexTpanbnoro cocTasa celicMorpaMMbi. ~ypbe

ananusaTop c uununnpu'lecxoli nunsoli nossonReT o6pa6aTbiB8Tb MHoroKal!anbHYIO un<jlopMa

UHIO. l:l <jloxanbnoli nnocxocTH ananusaTopa onnospeMeHHO nony'laiOTCSI npocTpancTsenHbie 

'18CTOTbi scex xananos. BpeMSI axcnosHUHH npH ucnonbSOBaHI<H rasosoro He -Ne nasepa 

pasno 1 /125 cex. 
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CucTeMa nooaommT uay'laTb cneKTpbi npocTpaHCTBeHHbiX 'IBCTOT llB>Ke He6onbwux 

Y'IBCTKOB ceilcMorpaMMb1 1 H TBKHM o6p830M H86niOil8Tb 38 H3MeHeHHeM CneKTpa BO BpeMe

HH. CI>OpMa CneKTPB OK83anacb YCTOii'IHBOil OTHOCHTenbHO paanH'IHbiX <jlOpM BXOilHOli anepTy-

pbi aHanuaaTopa. 

PeaynhTBT npellCTaBnaeTCu B KOOPilHHaTax (w,t) , rile w -'laCTOTa cnrHana, t -

BpeMH. 3TH llBHHbie MOlKHO CK8HHp088Tb B TpeX OCHOBHbiX B8pHaHT8X! t = const , W = const 

a wt = const flocnellHee COOTBeTCTBye T ycnOBHIO llOCTOHHCTBB llnHH BOnH, yKn81lbiB8IOWe-

MYCH HB nyTH OT UeHTpa aeMneTpHCeHHH llO Cei!CMOrpa<jJa. 

<Pypbe-cneKTP ceilcMorpaMMbi nooaonueT HarnHilHO o6Hapy>KHTb a<t><jleKT llHCnepcuu, 

B03HHKaroweil 6narollapu aaanCIIMOCTH cKopoCTH pacnpocTpaHeHHH oT 'IBCTOTbi. Ecnu 

CKOpOCTb BOnHbl pacTeT C 'IBCTOTOll, :ro npocTp8HCTBeHH8H K8pTHH8 crywae TCH BO BpeMe-

HH, H aTo yMeHhrnaeT paccToHHHe ~o rrnocKOCTH, rne pa3MemaeTCH cneKTP qacToT. 

B o6paTHOM cnyqae paccTonHne llO <jloKyca yaenH'IHBBeTcn. Ecnu ·<i>OTonnacTHHKY 

p83MeCTHTb B nnOCKOCTH '1epTe>K8 1 TO HB Hell nony'IHTCH KBYCTHK8 1 ¢0pMy H npOTalKeHHOCTb 

KOTOpOil nerKO CBH38Tb C xapaKTepOM llHCnepCHH CeliCMH'IeCKHX BOnH • 

.llayxMepHblli Cl>ypbe-aHanH3 C llOMOWbiO C<jlepH'IeCKOli nHH3bl llBCT K8pTHHY B OCSIX 

(w,k) , rile k - BOnHOBOe 'IHCno. jlleCb B03MO>I<Hbl cnellYIOWHe one paUHH! <jlHnbTpaUHH 

no 'IBCTOTe, He38BHCHMO OT OpHeHTBUHH BOnHbi-CHrHana (Henpoapa'IHOe KOnbuo); <jlanbTpa-

UHH OpHeHT8UHH, H938BHCHMO OT qacTOT tKnHHOBHAH8H C8KTOpH8H M8CK8} 1 H1 KOHeqao, niD-

6au KOM6HH8UHH W H k • flpH 3TOM llnH <jlanbTpBUHH OpHeHTBUHli nparOileH HeMOHOXpo-

MBTH'IeCKHli HCTO'IHHK CBeTa. HaKOHeU, H3rOTOBHB KOMnneKCHQ-COnpa>KeHHblli <jlHnbTp 1 MOlKHO 

c ero nOMOIUbiO BbiilenaTb nro6yro <jlopMy aneMeHTapHoli cocTaanuiOmeli npouecca c paanuq-

HbiMH MO.ll9nHMH. 

HaxnoH meneil, Bbiilenuromux cnexTp B nnocxocTn (w, k) , llBeT HenocpellCTBeHHbili 

OTBeT o cxopocTu pacnpocTpaHenuu BOn H. 

Hau6onee a¢¢eKTHbili npuMep, lleMOHCTpnpyiOIUHli MOIUb H onepaTnBHocTb npocTpaH

CTBeHHoil <jliWbTp8UHH H306pa>KeHHH, COCTOHT B BbllleneHHH pa3nH'IHbiX 381l8HHbiX OpHeHTB

UHil KpHBbiX lia uaoxapTax, HanpnMep, uaoTepM, uao6ap Ha MeTeoxapTax. Hanu•me HCKOMoro 

HanpaaneanH Ha uaoxapTe OTBe'laeT rpallHeHTY B nepneHilHKynupHOM Hanpaanenuu. C noMo

IUbiO xoMnnexcHo-conpH>KeHHoro ¢anbTpa STY onepauuro, KOTopyro llO cux nop BbmonHHnH 

spy'IHyiO, Tenepb MOlKHO nonHoc·rbro aBTOMBTH3HPOBBTb. AHanorH'<HO OT<!>HnbTpOBbiBBIOTCH 

<jlOTOrpa<!>HH llOKpbiTHH o6naKOB 1 nonyqaeMbiX C MeTeOpOnOrH'IeCKHX CnyTHHKOB. 

/:i5/ . 
0nTH'IeCK8SI YCT8HOBK8 1 OllHC8HH8SI B I llnH npOBelleHHH npOCTp8HCTBeHHOil <jlHnb-

Tp8UHH CeiiCMOrpaMM H3rOTOBneqa llnSI nneHKH WHpHHOli 70 MM. 
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~HnbTpauHH aanpaBneaaA aa xoaTypaoA xapTe, acnoiTbayeMoA B Tonorpa~HH , r eo-

MarHHTHbiX a rpaBHTaUHOHHbiX C'beMXax, a TaxJKe B MeTeoponoraa. Haxolt(JleHHe xoaTypaKix 

llHHHil, KOTOpbie napannenb Hbl 38Jl8HHOMY HanpaBneHHIO, 3KBHBaneHTHO 38Jl8'1e HSXOlKJleHHH 

reoMeTpaqecxoro MecTa TO'Iex, rJle rpaJlHeHT nong HanpaBneH B nepneHJlHxyngpHOM Ha

npa&neHHH. n o nocneJlHero apeMeHH 3T8 TPYJlOeMKSH pa60Ta B~nonH~nacb BPY'IHy~. 

Ha JlSHHOM pac yaxe aaaepxy n oxaaaaa xoHTypHaH xapTa. B cepeJlHHe noxaaaa p eaynb

TaT ~HITbTp8UHH no nporpa MMe yJlaneHHH llHHHA, HJlYIIIHX n Oll y ron 45° :t_:.!0°. 

Baaay JlSH peaynbTaT <!>HnbTpauHH no JlononHHTenbHOII nporpaMMe: ocTaaneHbi nHHHH, 

HJlYIIIH e noll y rnoM 45°:t_20 ° . 

. :'- - - -. ~r. . ~... .. ·' i t t.. '/ •.; • \ "' . 
; . ' · -...J '\>: . • • - ; ~ .... ~~ . • . ' • ~ : f. .. ,.., ':" ,. ' • \.,. ,• •"' ." , I 

. -~ ., '\, .. , ' . . ..... . 
~ ·. ~ \. .. .: . . . . ... .. '..:. .. . . ' . ... :. ., .... . . • ... ~,,,,. 

. • ,. . .. •• z ~ ... :\ ··w " 
~· ·.' .. v . · ' ~ .. ~~~· \\~~ ·~ .. ~~~ ~. ~ ..... .... . 
~,~~i .f\:~ ·. ,;.;> )',.;: ;::;:; .~ 
,. .. ,. ..... . ,..,. . . .. ·. v~ · ·· · ' · '~._~;..-,1~~' 
~:~ ... ;;~.\-":";>~·-~ ~ ~~)~~~~~ .. ·~: .. ~~ ·- ~· . \ : 

·~·,,.;, .: .... .. ~r: ' I!~ ,':; :< ·,·~~.~:·~~· ./:..;.~· · ' ~· 
. . : :: ~)·· •.• ~· -~~~~: . ·~ Ji·:· :"· 
, .. "'"~-,.,. •. .,.....) - '' ~ - . . \ ,.1\ 
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§ 5. ronorpaljlu'leCKHli HHTepljlepoMeTp 

!Ill 
CxeMa ronorpaljluqecKoro HHTepljlepoMeTpa coOTseTcTsyeT ronorpaljlHII <PpeHenH 

l pee. :i6). t:cnu ronorpaMMY, nony'leHHyiO B o.nHopo.nHoM pa6o'leM ny'IKe, ocseTHTb 3Ta

noHHbiM ny'IKOM1 TO BTOpOli O.tlHOp O.tlHblli ny'IOK nOHBHTCH BCne.tlCTBHe .nHijlpaKUHHo 

Ecnu xonocTyiO ronorpaMMY ocseTHTb .nsyMH ny'IKaMu: pa60'IHM H 3TanoHHbiM1 TO 

ljlpOHTbl BOnHbl 3THX ny'IKOB nonHOCTbiO COBna.nyT, .QBlKe ecnu 3TH ljlpOHTbl He 6y.nyT CTpOI'O 

nnocKHMH BCne.nCTBHe HeCOBepmeHCTBa OnTHKHo .Usa TOlK.[leCTBeHHblX ljlpOHT8 HHK8KOli HHTep

ljlepeJIUHOHHOli K8pTHHbl 1 eCT9CTB9HH01 He C03.[l8.tlyT. 

nocne noMel!leHHH B pa60'1Hil ny'IOK HCCne.nyeMOI'O npe.[lM9T8 O.tlHH H3 ljlpOHTOB HCK8-

3HTCH1 H B03HHKHeT HHTepljlepeHUHOHH8H KapTHHa . flpH OCBerneHHH npe.nMeTa pacceSIHHblM 

CBBTOM HHijlopMBUBH 0 npe.nMeTe 6y.neT 6onee nonHoli, B B TO lKB Bp9MH 3TO ynpOCTHT 

suayan&Hoe ua6n10.neuue npe.nMeT~ • 

.. n 
Puc. ::16. CxeMa ronorpaljlH'IecKoro .nu«P«Pepeuuuan&Horo 

HHTepljlepOMeTpa. 

nopH.tlOK pa60Tbl c T8KHM HHTepljlepoMeTpOM cne.ny!OrnHll . B OllHH H3 ny'IKOB BBO.[lHTCH 

H3Y'I89Mblll npe.nMeT H perHCTpHpyeTCH ronorpaMM8 HeB03MYill9HHOli KapTHHbl o ::laTeM npo

!IBneHHYIO I'OnorpaMMY yCT8H8BJUIB810T Ha npelKHee MBCTO. Jlocne 3TOI'O npHCTynaiOT K 3K

cnepHM9HTy1 llpH KOTOpOM B03HHK810T B03MYill9HH!Io Ha6nJO.tl8eM8!1 HHTepljlepeHUHOHH8!1 Kap

THH81 !!Bn!IBTC!I llH«P«!>epeHUH8nbHOli1 H B 3TOM COCTOHT B8lKHelimee npeuMyrneCTBO ronorpa

ljlH'IBCKOI'O HHTepljlepOMeTpa no Cp8BH9HHIO C 06bl'IHblMo 

fonorpaljlH'IBCKHli .tlH<IxjlepeHUH8nbHblli HHTBpljlepOMeTp .tlOnyCK89T 38M9THbl9 H9COBep

lll9JlCTB8 ODTHKH 1 H 3TO COCT8Bn!I9T 9I'O BTOpOe B8lKHOe npeHMYilleCTBO. Ha6nJO.[l9HHe llH<I>

IjlepeJIUH8nbHOli K8p T HHbl MOlKHO BeCTH B 6onee Bb!COKHX nOp!lllKBX. l\.8pT HH8 6y.neT 6onee 

pe3KOli1 HO 3TO 6y.neT .tlOCTHI'8TbC!I UBHOII 3H8'1HT 9nbHOI'O OCna6neHH!I HHTBHCHBIIOCTH . 
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B pa6oTe
128

' yaanocb npoasunyTbCSI ao ~8-ro nopSIIlKa I! I B ua6moaeuuu 6oKOBbiX 

ny'IKOB BbiCIIIUX o6epTOHOB ronorpaMMbi, B aTux ycnOBHRX 9KCfl03HUHR COCTBBnHnB 

MHOf'O 'laCOB, U npaKTU'I9CKOf'O 3Ha'I9HUSI 3TOT peKOpll He UM99T, 0nTuMaiibHblM cneayeT 

C'!UTaTb TpeTHII nOpSIIlOK 0 B KOTOpOM BblCOKaSI llUCKpUMUHaUHSI nonyqaeTCSI npu llOIIy -

CTUMOII 91ll9 liOTepe UHT9HCHBHOCTH, 

g 6, 0nTH'I9CKHII 'IT9U 

<I>HpMa Ll>KeHepan 3neKTpHK/~S/ HaMeTHna BblliYCK KOMMep'leCKUX ronorpa<!>H'IeCKHX 

yCTaHOBOK liOil Ha3BaHH9M "OIITH'I9CKHll 'IT9U". CXeMa 3TOII yCTaHOBKU 3KBHBaneHTHa OIITU

'19CKOMY KOppenSITOpy, OIIHCaHHOMY B rn, II 0 g 4, KOTOpblll JlellCTByeT IIO npUHUHIIY OIITU

'19CKOf'O KOMIIII9KCHD-CO!IpSilK9HHOf'O $UIIbTpa, Bnaf'OJlapSI UCIIOIIb30BaHU~ 16 -MUIIIIUMeTpo

BOll IIII9HKH llliHHa ycTaHOBKH COCTaBIISieT BC9f'O 120 CM, 

CxeMa ycTaHOBKH Ll>KeHepan 3nexTpHK npHBeaeaa aa puc. 'IJ7 • 11cKOMbiii npeaMeT-

TpaHCIIapaHT 0 llliSI KOTOpOI'O H3f'OTaBIIHBaeTCSI KOMIIII9KCHO-COIIpSI>K9HHbll! cpunbTp, ycTaHa

BliUBaeTCSI BO BXOilHOll IIIIOCKOCTH Jl, JlUH3a Jl} C 03Jla9T IIIIOCKHII IIy'IOK, a IIHH3a ~ 

OCyiUeCTBIISI9T «Pypbe-npeo6pa30BaHHe • JlHH3a Jl'lj $OKYCHpyeT IIY'IOK Ha BXOilHY~ liiiOCKOCTb, 

o6pasySI TO'Ie'IHblll aTanoHHblll ny'lox. Ha nnocxocTb 'laCTOT ~ naaaeT y>Ke xocaSI aTanou-

HaS! BOIIHa, C IIOMOillb~ KOTOpoll TpaHcnapaHT 3aiiUCbiBaeTCSI B BHile f'OliOI'paMMbl <l>ypbe. 

C IIOMOillb~ • OliTH'I9CKOf'O 'ITeua· MOlKHO npOU3BOilHTb Bbi60pKy OllHOll 6yKBbl 0 OllHOf'O 

cnosa, a TaK>Ke oT6op ua <!><>TorpacpuH mo6biX rrpeaMeTOB (puc, 37 a ), CucTeMa 

llOIIYCKaeT O% BapHaUH~ MaCIIITa6a npH CHHlK9HHU aMIIIIHTYilbl CHf'Hana B TpeTb9M IIOpSIIlK9 

JlHq>paKUHH BCef'O Ha :.!0% (pHC, '1$8). 6 OCTaiibHOM OHa JleliCTByeT KaK KOMIIII9KCHQ-COIIpSI

lK9HHblll <!>HIIbTp , 

IJbiXOd 

(}-
I 

Jill 

Puc. 87. Cxe Ma ronorpacpH qec x oro "'ITeua· , 
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Puc, 37 a, 

Ifio 
1,0 

Puc. as. Ocna6neHHe curHana npH OTCTynneHHU MBCWTa6a 
ucKoMoro npenMeTa OT MacwTa6a o6pa3ua, 
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g 7. OnToaneKTpOHHbiA npeoopasosaTenb B pauaonoKSUHH 

0nTH'IeCKHJ! MeTOA cpanbTpauaa usyxMepHbiX caraanos nonyqan a nocneu aee speMH 

/ 10/ 
pacnpocTpane HHe a pauaonoKauaa npa aHanase pauaocaraanos, nocrynaiOIUHX oT MHor o-

aneKTPOHHbiX 8HTeHH. no Mepe UOBbiiiieHHSI TO'IHOCTH H y rnosoro paapeiiieHHSI T8KHX CHCTe M 

6biCTpO paCTeT 'IHCno ane MeHTOB peiiieT'I8TOJ! CHCTeMbi HaOniOAeHHH. 06'beM HH<!>OPM8UHH 0 

nounelKSIIIeJ! 0 5 pa50TKe, H8CTOnbKO B03p8CT8eT, 'ITO a n e KTpOHHble CHCTeMb l oopaOOTKII 

CHrHanOB CT8HOBRTCSI npe.Qe1IhHO CnO>KHbiMHe 

J.(anbHeJ!IIIHJ! nporpecc B 3TOM HanpasneHI!H B03MOlKe H nyTeM 38MeHbl Tp8AHUHOHHbiX 

MeTOAOB 8Hanaaa CHrHanOB MeTOAOM OUTH'IeCKOJ! o6pa60TKH H8 OCHOBe KOrepeHTHOJ! CHCTe

Mbl OCBeiUeHHHo Ha A8HHOM npaMepe H8HOOnee S!pKO BbiCTyna iOT npeHuyiUecTB8 OUTHKH H8A 

aneKTpOHHKOII UpH 05pa60TKe HH<!>OPM8UHH 0 nonyqaeMOR OT cpa30BOJ! p e iiieTKH-KOBpa, 

KOTOp8SI HMeeT ABYXMepHyiO npapouy. 

npocTeRIII8SI cpa3088SI CHCTeMa COCTOHT H3 ABYX AHUOnbHbiX 8HTeHH \pHC. 1:11:1), ycTa-

HosneHHbiX pB.llOM. CarHanbi, auymae OT pauaoacTO'IHHKa 0 UOU8A810T B 8HTeHHbl OAHQ-

BpeMeHHO H CKn8AbiB8IOTCSI B OOIUeR uena. J.lnH HCTO'IHHK8 :.! B03HHK8eT HeKOTOpbiR 

cusar cpas, H o6maR carHan ocna6esaeT. 3aueplKKa a MOMeHTax npaxoua carHana cosuaeT 

HanpasneHHble CBOI!CTB8 CHCTeMbi. 

cq, cp 
'"'- /\ 
\ ' I \ \ 'f', \ 

\ I '- \ ', \ 

Puc. 1:19. 
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QnepBUHJO <jla30BOrO fiOIICKB 9fi9KTpOHHbiMH CpeQCTBBMH BeQyT MeTOQOM CKBHHpOBB

HBlt, Ha6nJOQ8lt B QBHHbiA MOM9HT TOfibKO OQHY TOqKy He6eCHOA Cljlepbl, C yBenHqelfHeM 

'D!Cna 9fieMeHTOB peweTqaToA aHTeHHbi o6pa60TKa CHrHanos o6blqHbiMH MeTOQBMH panHo

sneKTPOHHKH CTBHOBHTCSI QqeHb M9Qfi9HHOA H rpOM03QKOA, 

3necb Ha noMOWb npHXOQHT onTHKa, PanHocHrHanbi npespamaiOTCH B onTHqecKyJO He

onuoponHocTb np03paqHoA cpenbl, B KaqeCTBe TaKoro npeo6pa30BaTenH Hcnonb3YJOT ynbTpa-

3ByK, 06naCTH ClKBTHSI H pa3pelKeHHSI B lKHQKOCTH 06p83YJOT npocTpBHCTB9HHyiO QH<jJpaKUH-

OHHYIO peweTKy, 

CxeMa nepsoA MonenH TaKoro ycTpoAcTBa naHa Ha pHC, 40. lllHpOKHA nyqoK na3epa 

F1Xed 
delay 
ltnH 

Spreood1ng 
le-ns 

Loser light 

VI/Ill. 

Stgnals '" 
each element 

Main ouput Signal 

PHC, 40 
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npOXOilHT qepe3 CKCT9M)' KaHanoe. Llanee OH HanpaBnSieTCSI Ha MOilY1ISITOp CBeTa;_ KalKJlbili 

KaHan Bbipe3aeT 8 BOlle eepTKKanbHbiJ! CTDnO. Ceepxy Hall KalKJlblM CTOnOOM pa3M9Ill9 Hbl 

ynbTpa3BYKOBhie npeo6pa3oeaTenH. 

BeoA HH<jlopMaUHH c sneMeHTOB aHTaHbl ocyllleCTBnSieTCSI c noMOillbiO nocneAoBaTeab

Holi 3alleplKKH CHrHaaoe Apyr OTHOCHTenbHO Jlpyra Ha Bp9MSI0 KOTOpoe o6ecne'IHBaeT 000'19-

pe/lHblli pa3A9nbHblli HX npHXOil Ha HHlKHHli KOH9U pl11W9TKH o CHrHan, HllYWBli OT HHlKHero 

sneMeHTa aHT9HHbi, He HM99T 3aAeplKKH, a CHrHan C eepXHero sneMeHTa aHT9HHbl 3aAep

lKHBaeTCSI Ha MaKCHManbHOe Bp9MSio TaKHM oopa30M, BblXOilHOli CHrHaa C HHlKHero KOHUa 

KalKilOH aHTeHHbl COCTOHT H3 CepHH CHrHaaoe, KalKJlaSI H3 KOTOpblX Ha'IHHaeTCSI nocae Toro, 

KaK KOH'IaeTCSI npellhlllYWaSI. KaJK/laSI cepHSI CHrHanoe eoaoyJKAaeT nbe3osneKTPH'<9CKHli 

_ npeot5pa3oeaTeab. YnbTpa3eyKOBble KoneoaHKSI pacnpocTpaHHIOTCSI OT npeot5pa3oeaTeng H, 

AOlillSI uo AHa, nonHOCTbiO nornowaiOTCSI. 

nocne npoxoJKAeHHSI ceeTa qepe3 npocTpaHcTeo, 3anonaeHHOe CHrHanoM oT peweT'Ia

Toii aHT9HHbi, nyq na3epa BOHpaeT 8 ceoSI BCIO HH<!>OpMaUHIO 0 epeMCHH npHXOila CKrHanOB 

Ha KalK/lblii sneMeHT aHTeHHblo 8 <J>oKaflbHOli nnOCKOCTH COOHpaiOWeli DHH3bl DOSIBOSieTCSI CBeT

noe DHTHO, KOTOpoe yKa3biBaeT nonOlKCHHe pallHOHCTO'IHKKa Ha HCOCCHOli c<J>epe. C DOMOWbiO 

TaKOrO yCTpOliCTBa· MOlKHO OllHOBpeMeHHO C BbiCOKOli pa3peWaiOmeJi CDOCOOHOCTbiO Haomo

AaTb BCe paAHOKCTO'IHHKK, KOTOpbie nonallaiOT B 30HY ll9liCTBHSI peweT'IaTOli aHTCHHblo 

CornacHo paC'IP.TaM, TaKoe BH3yanH3HpyiOwee ycTpolicTBO CMOlKeT ot5pat5aTbl8aTb 

CHrHaflbi 0 DOCTynaiOWH9 OT CHCT9Mbl H3 10
4 

llHDOneli. 3TOT npHeM OTKpbiBaeT WHpOKH9 

nepcneKTHBbl 8 nOBbiWeHHH pa3pewaiOmeli CDOCOOHOCTH pallHOTeneCKODOB H pallHOnoKaUHOH-

HblX CHCTeM. 

3aKDIO'I9HHe 

fonorpa<jlHSI, ODTH'ICCKHC KOppenSITOpb l H ODTH'IeCKaSI aHanorOBbi'IHCnHTenbHaH MaWHHa 

COCTaBnSIIOT OCHOBbl HOBOli CHCTeMbl nepepaoOTKH HH<jlOpMaUHH 0 KOTOpyiO cneAyeT HM9HQ

BaTb ODTHKOli HHTepffieP9HUHOHHOli 3anHCH H OopaoOTKH HHffiOpMaUHH. C DOMOWbiO HHT9p-

<J>epeHUHOHHOH ODTHKH j'AaeTCSI ObiCTpO BbinODHSITb BCe M8T9M8THqeCKHe Ollep8 UHH B aayx-

MepHOli OonaCTH 3all8HHSi <jlyHKUHli, BCTpe'IBIOWHeCH 8 TeOpHH HH<jlOpM8UHH 0 KBK, H80pHMep, 

CnO)K9HH9 , Bbl'IHT8HH9 H YMHO>K9HH9 H HHTerpanhHbl9 0119p8UHH C KOMilneKCHblMH 8MilflH-

TynaMH. 

HHTep<jlepeHUHOHHBSI CHCTeMa 3anHCH HH<jlOpMaUHH pewaeT npot5neMy nonHero H3-

MepeHHSI 8 ODTHKe, KOTOpyiO Henb3H ObinO peWHTb HenocpeACTBeHHO H3-38 KBBApaTH'IHOro 

xapaKTepa JleTeKTOpOB CBeTa. 
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11CKn10'1HTellbHO 60nbWOe 6biCTponellCTBHe OUTH'IeCKHX M8WHH H He06bi'I8ilH8H yCTOil

'IHBOCTb BCeX onep8UHil B HHTep¢epeHUHOHHOil OUTHKe UO OTHOWeHHID K UOTepe '18CTH 

HCKOMOrO o6pa3a HnH ru6enH '18CTH 6nOK8 U8MHTH CynHT 3TOMY HOBOMY paaneny OUTHKH 

6ollbwoe 6y.!lymee, 

HecOMHeHHo To, 'ITO KaTacTpo¢uqecKoe HapacTaHue KonH'I9CT~a HH¢opMauuu, noune

lKBWell o6pa60TK9, C KOTOpbiM CT8nKHBBeTCH 'lenoBe'leCTBO, 6yneT CKOMU9HCHpOBBHO HOBbiMH 

K8'1eCTB8MH HHTep¢epeHUHOHHOit OUTHKH, TBK 'ITO npo6neMB nepepa60TKH HH¢0pMBUHH B 6nH

*81lWeM 6ynyWeM 6yneT 38CT86HnH3HpOBBH8, 

TaK*e oqeaunHo, 'ITO anocTepuopHbie csollcTsa HHTep¢epeHnHOHHoro'Ha6niDnaTenH' 

npHBenyT K cyweCTBeHHOMY nepeCMOTpy TpBUHUHOHHbiX CXeM nposeneHHH ¢H3H'IeCKHX 

3KCnepHMeHTOB, 
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