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BBepeHue

OnTruka KOTEPEHTHOTO M3JyYEHUs SBJSIETCS YacThI0 COBPEMEHHOM (m3mueckoit ontuku. Ee
OpeIMeT  COCTaBISIOT  (U3MUECKHE TMPOIECChl, CBS3aHHbIE C  (QopMHpOBaHWUEM U
pacnpoCcTpaHEHHEM KOTEPEHTHOTO MH3JIY4eHHsS B pPa3HOOOPa3HbIX ONTHYECKHUX CHUCTEMax H
nepefalonMx cpenax. bypHoe pa3BUTHE ONTHUKH KOTEPEHTHOTO H3JIYYEHHS B TOCJIEIHUE
JECSATUIIETUSI HEMOCPEACTBEHHBIM 00pa3oM OOYCIIOBICHO IOCTHKEHHSIMH JIa3epHOM (U3UKH.
Benymuecs mmpokuM GpOHTOM HCCIIETOBAHMS YHUKATBHBIX XapaKTEPUCTUK JTa3€PHBIX MyYKOB
o0oraTtuiay 3HaHMUS O CBOMCTBaxX KorepeHTHoro Ceeta. [Ipm sToM mporecc H3ydeHHs HOBBIX
ONTHYECKUX SIBJICHUN U 3aKOHOMEPHOCTEH C MCIOJIb30BAHUEM J1a3€POB MPOUCXOIUI TaK OBICTPO,
YTO CTaJl HAOJIIOIaThCs OMPEEIICHHBIN pa3phlB MEKAY BHOBb Pa3BUBAEMbBIMU TEOPETHUECKUMU
NPEACTABICHUSIMU U TPAJULHUOHHBIMU  TOJIOKEHUSMH  KJIACCUYECKONM ONTUKHU. ITOMY
CrocoOCTBOBAN U TOT (akT, YTO B (PU3HKE JTa3epOB HOBBIC JIAHHBIE OUYCHb YAaCTO BO3HUKAIH HA
CTBIKE Pa3JIUYHBIX HAyYHBIX HAMPABICHUW, U UX UHTEpIIpETAlMell 3aHUMAJIUCh MCCIIEIOBATENH,
NPEJCTaBISIIONIME  pa3Hble IIKOJABl M creuuaigbHocTu. CremyeT  y4uThIBaThH — Takke
npousonieniee B "Ia3epHy0 dM0Xy" HEOOBIYaifHO IMIUPOKOE BHEIPEHHE ONTHYECKUX METO0B
HCCJIEIOBaHMSI B camble pa3Hble HAay4HbIE OOJACTH, 4acTO 3HAUMUTEIbHO OTIMYAIOLIUECS Kak
OPHUPOJION M3ydaeMbIX OOBEKTOB, TaK M HCIOJIb3YEeMbIM TEOPETHYECKUM ammaparoMm. Takoe
9KCTEHCUBHOE paCUIMpEeHHE ONTHYECKHUX TMOHSITUH M TpeACTaBICHUM, BCE BO3pacTarolias
HEONPEIENEHHOCTh B XapaKTEPUCTHKE MpPEeIMeTa COBPEMEHHOW KOTEpEHTHOW OITHKH,
OTCYTCTBHE €IAMHONW TEOPETUYECKOW OCHOBBI CTalld HETaTHUBHO CKa3bIBaThCS Ha Ipoliecce
COTIOCTaBJICHUS U 000OIIEHNUS TaHHBIX, OTYYECHHBIX Pa3TUYHBIMU aBTOPAMHU, U OMPEACINIH, B
KOHEYHOM CY€eTe, YCTONYMBYIO TEHICHIMIO K OOBEIMHEHUIO Pa3jIMYHbIX YaCTHBIX TEOpHUH Ha
OCHOBE M3BECTHBIX TOJOXKEHUI KJIacCHYECKOW ONMTHKH. ECTECTBEHHO, Takoe OObEIUHEHHUE C
CcaMOro Hauyaja IMpeArnojaralio ¢ OMNPEJCIEHHYI0 MOAEPHU3ALMIO JTHUX TOJOXKEHUH, u
pacmMpeHre TOHATUHHOTO M MAaTeMaTUYeCKOro ammapaToB. Marepuan JaHHOTO Y4eOHOTro
ocoOUs 10 3aMbICITy aBTOPA JOJKEH OTpa)kaTh YKa3aHHYIO T€HACHIIMIO.

Bce nambosiee BaXHBIE ONTHYECKWE SIBIICHUS, MPOUCXOJAIINE B KOTEPEHTHOM CBETE,
paccMOTpeHbl B y4eOHOM MOCOOMM C €QMHBIX MO3MIMHA: Kak MpaBWIO, HA OCHOBE aHalu3a
pa3nuYHBIX (HOPM pelIeHus] MPUBEIESHHOTO BOJTHOBOTO ypaBHEeHHUs. [Ipu 3TOM BO Bcex ciiydasx,
ONpaBJaHHBIX C TOYKHU 3peHHs OoJjiee MOJTHOTO M TOYHOIO OIMHUCAHUS (PU3NYECKOW CYyTH
paccMaTpuBaeMbIX IPOLIECCOB, [IEIAETCS IMOMNBITKA CBSI3aTh HOBBIE CBEJIECHUS C paHee
M3BECTHBIMHM KJIACCMYECKUMH MPEJCTaBICHUSIMH, KaK C TOYKH 3PEHHS] TEPMUHOJIOTMH, TaK U
METO/IOB omnucaHus. Jlaxxe Nnpu U3M0KEHUH HOBBIX, BO MHOIOM HaxOJSIIUXCA B CTaJIUU
CTaHOBJICHUS Pa3/ieJIOB KOIT€PEHTHOW ONTHUKH, K KOTOPBIM MOKET ObITh OTHECEHA, B YaCTHOCTH,
3HAYUTENIbHAs YaCTh KOMITbIOTEPHON ONTHUKH, OCBEIICHHE COOTBETCTBYIOIIETO TEOPETUUECKOTO U
MaTE€MaTUYeCKOro amnmaparoB MPOU3BOAUTCS C TMO3UIUU JajdbHEHIIeH »HBONIONUU paHee
M3BECTHBIX MOJIXO0/I0B U METO/I0B, B TOM YHCJIE U METO/I0B ()ypbe-ONTHUKH.



1. OnTMYeCcKnn curHan v onTuyeckKkasa cucrema

Jlrobass wHbOpMAIMS COACPKUT CJieS] COOBITHM, COCTOSIIMX B H3MEHEHHWW COCTOSHUS
00BbekTOB MM TporeccoB. CoObITHE TOPOXKAAET COOOIIEHHE, KOTOpPOE MPEACTaBISIET €ro
onucanue. MiMeHHO B COOOIIICHUH U COJEPIKUTCS HHPOPMAITHSI.

Jlis mepepadu COOOIICHUS MCTIONB3YETCs CUTHAN — (DU3UYECKH Tpoliece, Hecylmuid B cebe
WH(POPMAIIHIO O COCTOSTHUU CHCTEMBI M IPUTOTHBIN JIJIS TIepeladyd Ha PacCTOSTHUE.

Curnan MoxeT ObITh JETEPMUHHUPOBAHHBIM U CitydailHbIM. OH MOXKET MpPeICTaBIsATh COOOH
POCTOE TApMOHUYECKOE KoJieOaHue, OBITh MEPHOAMYSCKIM WITH HETIEPUOJMUECKUM TPOIIECCOM.

1.1 Onmu4yeckue cucmembl, oriepamopbl, YHKUUOHanbl. Tunbi
ornmu4yecKux cucmem

K omucaHnio MHOTHX ONTHYECKUX SIBICHHWH, CBS3aHHBIX C TEPEHOCOM WHGOpMAIUU
ONTUYECKUMHU BOJHAMH, MPUMEHUMBI METOABI TEOPUU CHUCTEM U TMPeoOpa3OBaHUii, B OOIIEM,
BHJIC TIPUMEHSIEMBIE JIJISI BCEX CUCTEM, TPEoOpa3yIouX CUTHAIBI U K JIIOOBIM BHJIaM CHUTHAJIOB.
OpnHako, Kak M B KKIOW HAyKe B ONTHUKE UMEETCS CBOS crenuduka ux mpuMeHeHus. Mepoi
WH()OPMAITMOHHON E€MKOCTH B ONTHKE SIBJISETCS YHCIO OWUTOB, KOTOPOE MOXKHO H3BJICYh W3
dbopmupyemoro cucremor wu3o0pakeHus. CHTHAIBI B OINTHUKE OMUCBHIBAIOTCS (YHKIUSIMU
MPOCTPAHCTBEHHBIX KoopauHAT. OOpaboTKa CUTHAIOB MPHU 3TOM OCYIIECTBIISETCS CHUCTEMOU C
JBYMEPHBIM BXOJIOM M BBIXOJOM.

B knaccuueckoil onTUKE MOJi ONTHYECKOW CUCTEMOM Yallle BCEro MOHUMAIOT «COBOKYIMHOCTh
ONTHUYECKUX JeTaysied (TWMH3, TPU3M, 3€pKall, IUIOCKOMApa/UIeIbHbIX IUIACTHH W T.J.),
MpeAHa3HAYEHHYIO I OMpPeNesIeHHOTO (hOPMUPOBAHMS TMYYKOB CBETOBBIX JIydeir». B obOmem,
MOKHO COPMYITUPOBATH TaK: CUCTEMa — 3TO «UEPHBIN SIIUK», TPEeoOpazyIoNii MHOXKECTBO
BXOJHBIX CHTHAJIOB B COOTBETCTBYIOIIEE €My MHOXKECTBO BBIXOJIHBIX CHUTHajIoOB. Eciu
npeoOpa3oBaHre OJTHO3HAYHO, CUCTEMY Ha3bIBAIOT JIETCPMUHUPOBAHHOM.

Yame Bcero Mbl IoJI CHCTEMOW Oy/ieM MOHMMaTh YCTPOMCTBO, peoOpa3yroliee Mo KaKoMy-
1100 3aKOHY BXOJIHbIE CUTHAJIBI f B BBIXOIHBIC (.

CucTembl, UCIIOJIB3yeMbIC ISl MPE0Opa30oBaHUsl CUTHAJIOB, UMEIOT CaMble pa3HOOOpa3HbIE
duznUecCKre XapaKTePUCTUKH U MOTYT KJIACCU(UIIMPOBATHCS M0 PA3TUYHBIM IMPU3HAKAM.

BaxneiimuM kiaccupUKaMOHHBIM TPU3HAKOM SIBIICTCS JTUHEHHOCTh WJIM HEITUHEHHOCTH
CHCTEMBI.

JIMHEHBIMU HA3BIBAIOTCS CUCTEMBI, JJISi KOTOPBIX BBIMOJHAETCS MPUHLMI CYNEPIO3UINN:
peaKkiusi Ha CyMMY CUTHAJIOB paBHAa CyMME pEaKIMi Ha 3TH CHUTHaJbl, IOJIaHHbIE Ha BXOJ IO
OTAECNBHOCTU. CUCTEMBI, 11 KOTOPHIX MPUHIIMI CYNEPHO3UIIMU HE BBIMOJIHAETCS, HA3bIBAIOTCS
HEJIMHEHHBIMH.

CrnenyronmM  KpUTepUeM  KJIACCH(PUKAIMK  CUCTEM  SIBIIICTCA  TOCTOSHCTBO — WJIH
HEIMOCTOSIHCTBO UX XapaKTePUCTUK BO BpeMeHH. Eciiu nmpou3BoiibHas 3aJiepikKa M0AaBaeMoro Ha
BXOJl CHTHaJIa MPUBOJUT JIMIIb K TAKOW € 3aJ€pKKE€ BBIXOJHOTO CUTHAJa, HE MEHsSS €ro
(dopMBl, cucTeMa Ha3bIBAeTCs CTAlMOHAPHOMW, MIIM CHUCTEMOHW C MOCTOSHHBIMH MapamerpaMu. B
MIPOTUBHOM CJIy4ae CHUCTEMa Ha3bIBACTCS HECTAMOHAPHOMW, MapaMETPUUYECKON WIIM CUCTEMOM C
NePEMEHHBIMU NTapAMETPAMH.

JIBa ykazaHHBIX crioco0a KiracCu(pUKAIMK IeIAT CUCTEMBI Ha YEThIpe Kilacca.

B manHOM Kypce MbI OyieM paccMaTpuBaTh TOJIBKO JTMHEHHBIC CTAIIHOHAPHBIE CHCTEMBI.

1.2 Onmu4eckull cu2Han u e2o npeobpasoesaHue

B ontuke moj curHanaMu 0OBIMHO TOHMMAIOT paclpeesieHus] aMIUTHTYABI U (ha3bl CBETOBOTO
NoJsl B IUIOCKOCTSX, MEPHNEHIMKYISPHBIX K HANpaBICHUIO PACIpPOCTPAHEHUS BOJHBI, JHOO
pacmpenelieHdss WHTEHCUBHOCTH TIOJSI B JTHUX IUIOCKOCTSIX, OIHMCHIBAEMBIC JBYMEPHBIMH
GYHKIHUSIMU KOOPIUHAT.



HezaBucumo oT (usmveckoil mMpupoasl CUTHAIBI B MX MAaTeMaTHYECKOM TMPEICTaBICHUU
0o0pa3yloT MHOXECTBa, Jsi DSJIEMEHTOB KOTOPBIX OIpeNeeHbl OINEpaluyd CIO0XKEHUS U
YMHOXEHHUS Ha YHCIIO, YAOBIETBOPSIONINE TPEOOBAHUSAM AIUTUBHOCTH, KOMMYTaTUBHOCTH H
acCOIMATUBHOCTH. Takve MHOXXECTBA SIBJISIOTCS JMHEHHBIMH (BEKTOPHBIMH) MPOCTPAaHCTBAMH
HaJ TO0JeM KOMIUJIEKCHBIX YHCENl, ¥ Ha HUX MOTYT OBITh 3aJaHbl JUHEHHBIC OMEPaTOPHI.
OneparopoM Ha3bpIBalOT MPABUJIO, IO KOTOPOMY OCYHIIECTBIISETCS OTOOpa)K€HHEe OJHOIO
MHOXecTBa 3J1eMeHTOB Sl B ipyroe S2. Mbl OyzieM UMETh JIeII0 € JINHEHHBIMH OTIepaToOpaMHu.

Bce BubI CUTHATIOB MOXKHO Pa3ieNIUTh Ha JIBE IPYIIbI: JETEPMUHUPOBAHHBIC U CITy4YaiiHbIE.

JleTepMUHUPOBAHHBIC, 3TO TAaKWE CUTHAJBI, TApaMETPhl U1 MTHOBEHHBIC 3HAYCHHS KOTOPHIX
MOTYT OBITH MPEACTABIEHBI C BEPOATHOCTHIO, PABHOM €AMHHUIIE, B JTFOO0N MOCIEAYIONINIT MOMEHT
BPEMEHH, €CIIM CTall HW3BECTHHI MapaMeTpbl M MIHOBEHHBIC 3HAYCHUS WX B OJUH U3
MPEIIECTBYIOIUX MOMEHTOB BPEMEHHU.

JleTepMUHUPOBAHHBIE  CUTHANBl ~ MOXHO  TOJPA3[eNUTh HAa  NEPUOJAMYECKHE U
HENepUoANYECKUE.

[lepronnyeckuM Ha3bIBACTCSI TAKOW CUTHAJ, KOTOPBIM MOXET ObITh MpencTaBiicH B Buzie S(t)
= g(t + nT ), roe mepuon T — KOHEUYHBIH BPEMEHHON HHTEpBala, a N — 000 IIC/I0e YKCIIO.
[IpocreiimM  mpeacTaBUTENIEM TMEPUOJUISCKUX JTETCPMUHUPOBAHHBIX CHUTHAJIOB SIBIISCTCS
rapMOHHYECKOE KoJieOaHue:

slt)= ;-ims(Er —Q |: Acoslot—@) —w<t<xm,
T ; '

rae A — ammuiutyna, T — nepuoa, o - yactora, [ - ¢a3a konebanus. CTporo rapMOHHYECKOE
KoJleOaHWEe Ha3bIBAaeTCI MOHOXpoMaTHueckuM. Ha mpakThke KosneOaHWe BCerga HWMEeT
KOHCUHYIO [IIUPUHY CIIEKTpa.

Heneproanueckum TeTepMUHUPOBAHHBIM CUTHAIIOM HAa3bIBACTCS TaKOW, KOTOPBIA HE MOXET
ObITh TipezcTanicH B Buae S(t) = S(t + NT). Hemepuoanueckuii curHai, Kak MpaBuiio, OTPaHUYCH
BO BPEMCHH.

Cny4aliHBIMUA Ha3bIBAIOTCSI CHUTHAJIbBI, TTApAMETPbl U MTHOBEHHBIC 3HAYCHHSI KOTOPBIX MOTYT
OBITh TIPECTABJICHBI B MOCIEAYIOIINE MOMEHTBI BPEMEHH C BEPOSITHOCTBIO, MEHBIIICH €TUHHIIBI,
€CIIM  OKa3aJIuCh W3BECTHBIMM WX T[apaMeTpbl M MIHOBCHHbIC 3HAUCHUS B OJMH U3
NPEIISCTBYIONIMX MOMEHTOB BpeMeHH. CHTHambl, Hecyme HWHQOPMAIHIO, SBISTFOTCS
ciydaiiHbIMU. JleTepMUHUPOBAHHBIC CUTHAIBI WHGOpPMAIMA HE TEPEHOCAT. AHAJOTHYHBIM
o0pa3oM OOCTOMT JEN0 M C TPOCTPAHCTBEHHBIMH CHUTHAJIaMH, B KOTOPBIX apryMeHTaMu
SIBJIIFOTCS TIPOCTPAHCTBEHHBIC KOOPAMHATHI.

B KorepeHTHO# ONTHKE IMOJ CHUTHAJIOM IOHMMAIOT paclpelneieHue aMIUTUTYIsl U (as3bl
CBETOBOW BOJIHBI B PA3JIMYHBIX TUIOCKOCTSAX OMTUYCCKON CHCTEMBI, MIEPIICHIUKY/ISPHBIX K €€ OCH.
J11st onMcaHust TOTO pactpeIeNICHHs BBOAST MOHATHE aHATUTUYECKOTO CUTHAJIA — HETTPEPBIBHOM
KOMILIEKCHOU (PYHKITUU TPEX BEIICCTBEHHBIX MEPEMEHHBIX: MPOCTPAHCTBCHHBIX KOOPHMHAT X, Y
1 BpeMeHH {.

BemiectBeHHass 4acTh 3TOM (DYHKIMH COBMAJAeT C PEajbHBIM (U3NYCCKUM CUTHAIOM, a
MHHMasi dYacTh TIpEACTaBiIsieT mpeoOpazoBanne [wipbepra mo miepeMeHHONH t oOT ee
BEILIECTBEHHOW YaCTH.

CooTHOIIICHHE MEXAy (PU3MUECKUM U AHATUTHYCCKHM CHTHAJIAMH TaKOE e, KaK MEXIY
byuknusamu cOS( t + [1) u exp (ot + []): mpu mepexoae OT BEHIECTBEHHOW (YHKIHMH K
KOMILIEKCHOW OMYCKAIOT YWICHBI ¢ OTPUIATCIBHBIMU YaCTOTAMHU W YIBaWBAIOT KOA(PQPUIIHMCHTHI
NIPY WICHAX C MOJOKUTEIHHBIMHI YaCTOTaMHU. B cirydae MOHOXpOMAaTHYECKOTO CUTHAA

Flx.y.t)= Alx. y)coslo t + @(x.y)]
aHAJIMTUYECKUI CUTHAJ 3alIUCBIBAETCS B BUJIE:
wix. v.t)=Flx, v)expl—imt)
)

rac



Fix,y)=Alx, J']If};p[f olx, v }]

Muoxwurtenb eXp(—im t) oObIYHO OMyCKaKT, pacCMaTpUBas B KA4YeCTBE CHUTHAJA CTOSIIYIO
nepel STHM MHOXHTEIEM KOMIUICKCHYI0 (QYHKIHIO KoopauHaT F(X, V), Ha3bpIBacMyro
KOMILJIEKCHOW aMIUTUTY0H, nin (hazopom.

2. NpeobpaszoBaHue Pypbe

2.1. OnpedeneHue npeobpasoesaHusi Pypbe

Ananmuz Oypbe u Teopus JIMHEHHBIX CUCTEM 00pa3yloT (yHIaMEHT, Ha KOTOPOM IOCTPOCHBI
TeoprH (HOPMUPOBAHHS N300paKEHUS, ONITUYECKON 00paboTKH MH(OPMAIMH U ToJIOTpaduu.

[To ompenenenuto mpeodpasoBanueM Dypre ¢yukuun f(X) (neficTBuTenbHOM MM
KOMIUIEKCHOW) Ha3bIBACTCSl HHTETPAIbHAS OIlepanus

.
Flu)= _If{xllexp{—j}ﬂhrx}] dx .
i '
[IpeoOpazoBanue Takoro B MPEACTABIAECT COO0H (YHKIIMIO HE3aBUCUMOW MEpEeMEHHOM U,
Ha3pIBaeMoOi dYactoroii. OOpaTHOoe mpeoOpazoBanne DPypre (ynkiuu F(U) 3amuceBacTcs
CJIEAYIONIMM 00pa3oM

fx)= ji_[ _iFiu bexpl 7 2mlux )] due.

—0

HeoOxoaumbIM ycioBHEM CYIIECTBOBaHUs NpeoOpazoBaHusi Dypre sABIsSETCS aOCOMIOTHAS
uHTerpupyemoctb ¢pynkuuii f(X) u F(U), T.e. 4TOOBI 3HAUCHHS UHTETPATIOB

o0 (= =]
j‘|f{x] dx u | |F[H ) | du
- i

ObUTM KOHEYHBIMU. DYHKIMHM, UCHOJIB3YyeMbIe B OITHUKE, OIpPEACICHbl JIMIIb Ha
OTPaHUYCHHOM MHTEPBAJIC U JUIA HUX 3TO TpeOoBaHUe coOromaeTcs Beeraa (mepeMeHHbie X u U
Ha3bIBAIOTCS COMPSDKCHHBIMU). Pasmuuust Mmexny npsmbiM Dypre-o6pazom u oopatHbiM Dypbe-
00pa3oM 3aKiII0YaeTcs B Pa3IMYHBIX 3HAKaX, COJEPKAIMXCS B IKCIIOHEHTaX BBIPAXKEHUH, a
TakXe B HATMIuK MHOXuTENs 1/2t B hopMyiie 0OpaTHOTro mpeobpa3oBaHus.

B nuteparype BcTpedaroTCs U Apyrue onpeaeneHus npeodpasopanus Oypbe, OTIHYAONIHECS
OT TMPHUBEACHHOTO 37IeCh KaK 3HAKOM B 3KCIIOHEHTE, TaK M YHUCICHHBIMU KO3 PUIIMEHTAMHU,
CTOSIIIIUMU TIEPE]] HHTETPATIOM.

AHaJIOrMYHBIM 00pa3oM ompezensercs U 1symepHoe Oypbe-npeodpa3oBaHue.

[Ipssimoe

— B

Flu.v)= [f[.‘r. ,1'}&:9{13[— J2mlx + vy ]] dxelv

—o (1.1)
u obpaTHOe

flx.y)= L _ [ { Flu. 1'}&){1}[3’3 T[{r.r_r+1ﬂ'}] dudv.

b
BBenem B Boipakenuu (1.1)o6o3nauenus U= X/Az; V= y/\z.
BenuunHe! U 1 V 00bI9HO Ha3bIBaroTCs yacrotamu. Toraa Beipaxkenue (1.1) mpumer Bu
i

— b g
u, =—e " Fluv)
P Az

rac

Fluv)=[ f(z.n)expl- j2n(ut +vn)]dzdn.



Otcrona BuaHO, 4To BhIpakeHHe (1.1) ¢ TOYHOCTBIO IO MHOXKHTENS TMPEICTABISACT COOOMU
®ypbe-00pa3 pacnpeeneHus Mot Ha MOBEPXHOCTU G KaK (PYHKIIHIO MPOCTPAHCTBEHHBIX YACTOT
U ¥ V. AHQJIOTUYHBIM 00pa30M MOKHO MPeoOpazoBaTh U BBIPAKEHUE IS CPEpUIECKOIl CUCTEMBI
KOOpJMHAT, BBeI1 0003HAUECHHUS

: 1 . :
u=—smbcos®, v=—smOsmQ
Bonbioe pacnpocTpaHeHne UMEET M YacTHBIN Ciiydail AByMepHOTro npeodpa3zoBanus Oypbe
s QyHKIWN, OOJaarolIuX OCEBOM CHMMETpPHEH, Ha3biBaeMblld mpeoOpazoBannemM Dypbe-
Beccens nnm npeobpazoBanuem 'ankenst HyneBoro nopsaaka. Eciau gyHkius obnagaer oceBoit
CHUMMETpHEH €€ MOXHO 3amucaTh Kak (PyHKIHIO ToJbko paamyca I. CooTBeTcTBeHHO, Dyphbe-
00pa3 cTaHOBUTCS (PYHKIMEH p, HE 3aBUCSILIEH SBHO OT yria [].

F(p)=2n[wf (rWo(2mrp)dr.
0
rae Jo(2nrp) - hyukus beccens mepBoro pojia HyJI€BOTO MOPSIKA.
YuuteiBasi, 4To

exp[— 727lwex + vy )]= cos[2nlux + vy )] - jsin[2m(ex + vy )]
npsiMoe mpeodpasoBanne Dypbe MOXKHO 3amucaTh B BHJE CYMMbI KOCHHYC - U CHHYC -
npeoOpa3oBaHMIA:

Fluv)= b 1 flx. J‘]E‘Xp[— J2mlax + vy ]} dxdy=
i 1 flx.y ]ca’s[.? e+ vy ?]:imﬁ — { flay ]lsiu{? il + v ]] dxdy.
B o6riem ciyuae pynkius F(U,V) KOMIUTEKCHAs, B MBI MOYKEM 3aIliCaTh

Fluv)= Re[F{u.v )—J IIJJ.[F{H. 1=}I]].

CriexTp aMImuTya 1 (a3 3aIHChIBACTCS COOTBETCTBEHHO B BUJIE
|Fiu.1'j = '\JI{RE‘[F{H.T}]F + {Im[F (e v )}
[Tl F . )]

ol v)=arctg) ————= .
" [ RelFlw.v)])

HeiictBuTtensHas yactb @ypbe-o0pasa Beerna yetHast pyHKIUs, MHUMast yacTb Oypbe-o0pasa

- Bcerma HedeTHas (QYHKIWsS. KOMIUIEKCHOCTH CIIEKTpa O3HA4YaeT CIABUT OTICIBHBIX €ro

COCTaBIIAIONINX 11O (haze.

e

]

2.2 lpedcmaesieHue noJsisi 8 OanbHel 30He Yepe3 uHmezpas Pypwe

B korepentHoii ontuke mnpeoOpasoBanue Dyppe HMeEeT peanbHyl0 (DU3HUYECKYIO
uHTepnpetanuto. OHo onuceiBaeT qudpakuuo dpayHrodepa npu NPOXOKAECHUU KOT€PEHTHOTO
IIy4Ka 4epe3 ONTUYECKYI0 CUCTEMY € JOCTATOYHO MAJIOM YIJI0BOM aneprypou. JleHCTBUTEIBHO,
mo0as  nu(pakUMOHHAS ONTHYECKass CUCTEMa C IIOMOLIbI0 KOIEPEHTHBIX BOJH KpOMe
n300pakeHust 00BEKTa, OIMPEENIIEMOr0 3aKOHAMHM T'€OMETPHUYECKOW ONTHUKU CTaBUT €My B
COOTBETCTBUE JABYMEpHBIN Dypbe- 00pa3 Ha MIIOCKOCTH, ONPELSISIEMbIA 3aKOHAMHU TU(DPaAKITIH.



Puc. 2.1.Vcnosus nabniooenus ougppaxyuu @payneopepa: a. anvussn szona b. @oxanvras
nirockocmu c. Cxooawascs 601HaA

Hudpakmus Dpaynrodepa HaOMIOMAETCS, €CIU  BBITOIHACTCS YCIOBHE JajlbHEW 30HBI
H>>D,/A; B (hokaIbHOI MIIOCKOCTH ONTHYECKOW CUCTEMBI; B IJIOCKOCTH CXOXKICHHS BOJIHBI (PHC.
2.1).

OnHO W3 OCHOBHBIX TPEUMYIIECTB HCHONb30BaHus audpakuun Dpaynrodepa -
WHBaPUAHTHOCTD K TOJIOKEHUIO 00BEKTa TUPPAKIINNA OTHOCUTENBHO IJIOCKOCTH perucTparyn. B
JAHHOM CJTy4ae 3TO O3HAYaeT, YTO HE3aBUCUMO OT IOJIOKCHHsS OObEKTa B ITydKe Ja3epa BHI
TU(PPaKIIMOHHOTO pacIpeIeIeHUs] HHTEHCHBHOCTH B TUIOCKOCTH PETUCTPAIINH HE H3MEHSETCSI.

2.3. OcHog8HbIe ceolicmea npeobpa3osaHusi Pypbe

3HaHUE OCHOBHBIX CBOWCTB TpeoOpazoBaHus Dypbe MO3BOISAET 3HAYUTEIBHO YIPOCTHTH
aHaJIM3 OCHOBHBIX 3aKOHOMEPHOCTEH MPOCTPAHCTBEHHOTO CIIEKTPA.

YroOsl mokazath, uto Gykiwms f(X) 1 F(U) cBsI3aHBl HHTErPaJIbHBIM MPeoOpa3oBaHHEM OyIeM
nucats f(X) < F(u).

1. CeroiictBa auneiiHocTn. [lycte Fi(U) u Fy(u) dypbe-o0pasbr dynkuuit fi(X) u fo(X)
COOTBETCTBEHHO, @ 8 U @, - IPOM3BOJIbHBIC KOMILICKCHBIC Yucia. B aTom ciyuae dypbe-o0pas
bynkuuu f(X) = aif1(X) + axf2(X) paBen

Fl1) = aiFy(u) + a.F>(u).

Takum 00pa3oM, CHEKTp NPOCTPAHCTBEHHBIX YAacTOT CJOXKHOIO O0beKTa 000
POU3BOJILHONH (DOPMBI MOXKHO TIONIYYUTh KaK CYMMY CIEKTPOB TMPOCTBIX T€OMETPHUCCKHX
Guryp, MPOCTPAHCTBEHHBIC CIEKTPHl KOTOPBIX M3BECTHBI, YTO 3HAYUTEIILHO YIPOIIAET

BBIYMCIIUTEIbHBIEC IPOLIETYPHI.
2. A3menenue macmrada. [IycTs a AeiicTBUTETLHOE YUCIIO, TOTA

f{m'}@H e 1
Ecmu a >0, To
.ﬂm‘]@lF[i
a &
ecim a <0,

ﬂm}@——F( “]

DTO CBOWCTBO SIBISIETCS OYSHb BOKHBIM 1l Tudpakiuun. OHO MO3BOJISET CBSI3aTh H3MCHEHHE
pa3mepa u3aeius ¢ U3MEHEHUEM NIepHOa IPOCTPAHCTBEHHOTO CIIEKTPA.

[Toka3pIBaeT X 0OPATHO MPOMOPIMOHAIBHYIO 3aBUCHMOCTb.

3. CoiicTBa caura. Eciu pysakuuto f(X) caBUHYTH Ha BETUUMHY @, TO MBI TIOJIyYHM

f(x—a) < expl— jua )Flu).
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W3 3Toro BeIpayKeHHs CIeayeT, 4To cMmeteHre GyHkiuu f(X) Ha BennyuHy & MPUBOIUT JIUIIIH
K JOTOJIHUTEIbHOMY BpalleHuio (a3pl Ha BEJIWYMHY U3, a mMonynb Dypre-oOpasza ocraercs
HEU3MEHHBIM.

N3 »TOro cBOICTBa cleayeT OJHO W3 OCHOBHBIX JOCTOMHCTB NMPUOOPOB M YCTPOWCTB,
OCHOBAHHBIX Ha JAU(DPAKIMKM - WHBAPUAHTHOCTh K CMEHICHUSAM wHccienyemoro oobekta. (I1o
OnpedeeHur).  cucmema, c€o30arwas — uzoopasicenHue,  AGNAEMCS  NPOCMPAHCMBEHHO
UHBAPUAHMHOU, eCIU U300PAdCEHUEe MOUEeUHO20 UCOYHUKA MEHAem MObKO NOLONCEHUe, HO He
C8010 (QYHKYUOHATbHYIO opmy Nno Mepe mo20, KAK IMOM UCMOYHUK HNpobe2aem noie
npeomema) 11 Cywecmeyem u obpammuoe c80uUcmeo

fix)explt jugx)e Flupu,)

f(x)cosuyxr < %{F{H —ug )+ Flu+u, I

Fx)sinuyx @%[F[u ~uy )= Flu+u,)).
i

m.e. yMHodceHue ucxoonou ynxyuu na exp(xjuOx)npusooum k cosuey @ypwve- obpasza.
4. Ceoitcmeo unmepgepenyuu. Eciu umeromes 0e oounakosvie QyHKyuu cmeujeHHovle opye
OMHOCUMENbHO OpYea HA 8eNUYUHY 28, MO0

flx+al+ flx—a)e Flu ie?”‘“ +e ™ ]= 2F{u)cosua.
F(u)cosua=0 dma wma=(n+1/2)m.

CrnedosamenvHo, paccmosiHue MedxHcoy nocie008ameibHbIMU HY1e8bIMU SHAYCHUSMU QYHKYUU
pasHo wila. Uzmepsis 5mo paccmosinue MONCHO Onpedenunms NOCMOosHHYIO a.

5. Ceoitcmea cummempuu. Smo ceolicmeo onpedensiem yemuocms npeoopazosarus Pypve u
e20 y00OHO npedcmasums 8 sude maobauyst 1.

Tabnuya 2.1

Dynryus 1(X) Dynxyus F(U) Dynryus [F(u)]2

Bewecmeennas u uvemnas Bewecmesennas u uvemnas Bewecmeennas u uvemnas
Bewecmeennas u neuemnast Muumas u neuemnas Bewecmeennas u uvemnast
Mnuumas u uemnas Mnuumas u uvemnas Bewecmeennas u uvemnas
Mnumas u newemnas Bewecmesennas u neuemnas Bewecmeennas u uvemnast
Komnnexcnas u uemnas Komnnexcnas u uemnas Bewecmeennas u uvemnas
Komnnexcnas u neuemnas Komnnexcnas u neuemnas Bewecmeennas u uvemnas

6. Ceoiicmeo cnekmpoe, 63aUMHO OONOJHUMEIbHBIX IKPAHOE. PaccMOTpUM CBOWMCTBO
npeoOpaszoBanust Oypee, npucyiee GyHKIUIM, TOTAPHO JOMOTHSIIOMIUM APYT IPYTa, T.€. TAKUM
y KOTOPBIX HpPO3pavyHble YacTH OJHOTO B TOYHOCTH COBMAJAIOT C HEMPO3PAYHBIMU HACTAMU
JPYroro.

s takux ¢ynaknuit f(X) + fon(X) = 1.

IMponyckanue oobekTa froq(X) = 1 - f(X).

Ero ®ypse-criektp Fron(U) =6 ((U) — F(u).

Takum 00pa3oM, CHEKTpPbI, AOMOJHSIOMIUX JPYr Apyra OMHAPHBIX OOBEKTOB OTJINYAIOTCS
aZITATUBHBIM YJICHOM, CKOHIICHTPUPOBAHHBIM Ha ONTHYECKO# ocH (B Hayasie KOOPIAUHAT).

2.4. [lsymepHbie ¢pyHKUUU

OcHOBHBIE CBOMCTBA IBYMEPHOTO Tpeobpa3zoBanus Dypbe MOKHO TTOIYIHTH U3 OMPEICIICHUS
(cm.1.1)).

Jx—x.y—y) = F(u.v) exp[— J ey + vj‘a].
flaxbyy & L ALY |
|HH \ b Y
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B o0wiem Bune
1

ax+byax+b,y)s
i S i |”1'E': _ﬂﬂ'bl|

FAu+ Ay Bu+Bv).

rIe

4 B\ [a b
4 B,| |la, b,
DTO MOXXHO TT0Ka3aTh, €CJIM B MpeoOpazoBanue Oypre

f I Sflax+byv.a,x+b,y)exp[— (i +w)ldxdy

BBECTU HOBBIC IEPEMEHHBIC, OTIPEICIIIEMbIC KaK
ax+bhy=£ a,x+by=n.

ITycTp

i) e ). L) K.

Torma u3 onpeaeneHus JByMepHOro npeodpasoBanust ypee (cm.1.1)umeem
A L) = F)F(v) .

Ecnu BBecTH TOJNISIpHBIE KOOPAMHATHI

x=rcosB, y=rsnb w=0cos®, Vv=0OsmQY

1, TAKUM 00pa30M, MOYKHO MOJYYHUTh HOBYIO Tapy MpeoOpa3oBaHUM

1 o )
flar8+8,) = —,F,Jf =9+8, |.
a \a ’

T.e. moBopoT pyHkiwmu f(X,y) Ha yron 0y Bexer k moBopory npeobpazoBanuit dypre F(u,v)Ha
TOT K€ YToJl.

OcoOblit uHTEpec mpeicTaBisier MpeodpasoBanue Dypbe (YHKIHMHA € pa3IeISIOIIUMUCS
nepeMeHHbIMH. T.e. 3To Takue QyHKIUH, KOTOPbIE MOXKHO 3alKcaTh B BUJE MPOU3BEICHUS IBYX
GyHKIMH, Kaxkaas U3 KOTOPBIX 3aBUCUT TOJIBKO OT OJHOW HE3aBUCUMOU MEPEMEHHOM.

Fe.y)=Ffxf ).

a B MOJISIPHBIX KOOpIUHATAX

f(r,0)=~1(r)f(0).

®dypre npeodbpazoBaHre PYHKINUU C pa3IesIONIMMHICS TIEPEMEHHBIMA MOXHO MPEACTaBUTh B
BHJIC TIPOM3BEICHUS 0qHOMEpHBIX Dyphe-npeodpazoBaHuii

= F@FN S [[ £ () expl—i2mex +vy)] dxdy =

T S (x) exp(—j 2mux)dx aj?.f (¥)exp(—2mvy)dy = F(u)F(v) .

—a
Oco060 MOXHO BBIICTUTHh U JIByMEpHOE mpeoOpazoBanne Dypbe (QyHKINNA, 00JIaIar0IMNUX
oceBoil cummerpuei. @yHKIuUsA 00/1a1aeT KpyroBoi CUMMETpHEN eciii

Flx P =F0r): r :x.'lxl + .1'2 ;

OyYHKIHIO ¢ KPYTOBOM CUMMETPHUEU B LUIUHIAPUYECKUX KOOPAUHATAX MOKHO 3alUCaTh Kak
(GYHKIIHMIO TOJBKO paaunyca

Fe.®=£0).

st aToro cinydas npeobpazoBanue Oypre umMeeT BU/I
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Flu.v)= T?;f {J')a’i'_jfrexp[—jmr cos(8—q@)]d0 =
0 0

EJT]‘: ?:f{.i')Ju {m?‘)ﬂr?‘ = F{.\JI“: + 1._,] )
o

dypre-mipeoOpazoBanre (PyHKIIMH, UMEIOMIEH OCEBYI0 CUMMETPHIO, caMO 00JaJaeT OCEBOM
CUMMETPHUEH M MOXET ObITh HalJIEHO IyTeM BBINOJHEHHS OJHOMEPHOTO JEHCTBUSA. DTOT BUJ
npeoOpa3oBaHus BCTPEUYACTCS] OUYEHb YacTO, OCOOCHHO B OINTHKE, U MMEET CBOE Ha3BaHUE -
npeoOpaszoBanue Dypre-beccens nimm nmpeodpazoBanne XaHKes HyJIEBOTO MOPSIKA.

2.5. Haubosiee yacmo ecmpeydarowuecss 8 onmuke crneuyuasibHble
¢pyHKUUU 8 ces3u C T[pPUMEHeHUeM meopuu cucmemMm U
npeobpa3zoeaHull

[IpssmoyronbHas GyHKIHS
1|x|<a/2.
rect(x)= | | f .
0. |11 =af2
sinc —pyukus wim sapo Pypue

sin X

sinc(x)=
X

Kpyrosasi pyHKIIHS
[lLr=r.
-:"}'?'-:"{3']:'1_ .
0.7>r,
®ypre-o6pazom rect(x)ssusiercs Sincka), a dypre-odpazom
F[?'DzsameRr;j \=ryJ (2R )/ R,
rae J1(X) —pynkuus beccens mepBoro poaa nepsoro nopsiaka. OyHkuus
somblx)=2J,(mx)/ mx = Al mx)
IIMPOKO HMCIIONB3YeTCs B ONTUKE B CBS3M C AU(pAKIUell cBeTa Ha KpyriioM otBepcTun. OHa
NOJTyYWsIa CIENHaNbHOE Ha3BaHHE — COMOpEpo, YTO COOTBETCTBYET XapaKTEPHOMY BHIY
OITMCHIBAEMOH €€ B IIPOCTPAHCTBE MTOBEPXHOCTH.

2.6. lMpumepsbl. OcHOBHbIEe ceolicmea rnpeobpasoeaHusi Pypbe

OaHOMepHbIN cnyyaun

Paccmorpum mpumepsl @ypbe-peoOpa3oBaHHs, OPHEHTHPYACh HAa ONTHYECKHE 3aJadH.
3anana menb UPUHON 2a.

_4 -~

-1 a

Puc. 2.2.Cxemamuueckoe uzobpasicenue wenu wupurou 2a

[Tpumep. 1.Pacuer @ypre-npeodbpazoBaHus OT LIETH, HIMPHHON 2a
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a ; s | £
Fluy=A4 Ig--uarl _ 4 1 o = 4 1 (e — g™ :ﬁ 9 da sinfua)
Za — i —iu 2a Na

[Ipu BIMONHEHUH pacyeTa BOCIIOIb30BAIHCH (hopMyIIoi Ditepa
e +e’ . gt —e"
y - Ty
[Tpumep. 2. Teopema MacmTaboB YBenIu4uM pa3mep IIeiau B 1Ba pasa. lllupuna menu cranet
paBHOH 4a.

F(H):_{{i{ _uﬂ‘rf('__‘.{ig ; 4_{2 . .-m] 2-2a — Ada Bm( ua)

— il B — i 2ua

cosQ+ism@P=e", cos@=

VYBenuueHue MIMPUHBI IIE€IM B JBa pa3a TMPUBEIO K JABYKPAaTHOMY YBEJIMYEHHUIO
aMIUTUTYZAHOTO MHOXXUTENISE W JBYKPaTHOMY YMeEHbIIEHHIO mepuoaa ¢yHkiun Dypbe-
pacnpeeseHus.

Ipumep. 3. CpolicTBo cmerieHust (MHBapHaHTHOCTE) CMeCTHM WIeibh IIUPUHON 2a Ha
paccrosiHie 2@ B IMOJIOKUTEIILHOM HarpasieHud ocu X (puc. 2.3). CMelleHne menn IpUBeo K
NOSABICHUIO (ha30BOr0 MHOXHUTENs €—Zva . BennynHa aMIUIMTYyTHOTO MHOXXHUTENS U TEPHOA
¢byukun Oypbe- pacnpenenaeHust He U3MEHUIICS.

F(”} =‘.{d’|‘€—.'u'ﬂr A 1 é‘ 4_{ —lua .—Iu.l J_J{L( —iua _E,.'ua k—l_?nu'
i — 1 — i

: —iu
i A i
Fu)=4 | e “dx= »I—[ﬂ e )= =L - _;.iawe"“”.

—iu | 2a Ha

A

a 3a
-2a 2a

Puc. 2.3.Cmewenue wenu

F 3
¥

CmecTuM 11eb B APYTYIO CTOPOHY TAaK)Ke Ha BEJIMYUHY 2a.

2 5 :
Flu)=4 fe_"“dﬁ' = AL_L?"” —e" }s?'““ ;—H = E.JIGME"E““
=y — it 2a ua

[Ipu cmemeHuu I1EaM B JAPYTyI0 CTOpPOHY B BhIpakeHuu ansi Dypbe- mpeoOpazoBaHUs
U3MEHWICS TOJIbKO 3HaK (ha30BOro MHOXMTENA. PacrpeneneHue aMmIUIMTYIbl OCTajoCh
HEU3MEHHbIM. MBI HabII0JaeM CBOMCTBO WHBAPUAHTHOCTH MJI paclpelesieHus aMIUTUTYIbI
®ypbe-nipeoOpa3oBaHus.

[Ipumep. 4. CsoiictBo wuHTepdepeHiu IIpocymmupyem BBIpaKeHUS, OIKMCHIBAIOIINE

pacupCaACIICHUA aMIUIMTYAbI IIOJIA ITPU CMCUICHUHA 00BeKTa

EFu)+F,(u)=24a sm{fm) “ 4+ 2.4::—5]:(1{“(?} g™ =12, H—sm{:m) (™™ +e&™ }% H
1 Ha ua 2
OKOHYATEJIbHO MOJIyYUM
F@)+F,u)=2- 240509 o Oua).

Ha
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Puc. 2.4. Unniocmpayus ceoticmea @ypwve-npeobpazosanus cmeujenue u unmepghepenyus

CMmeleHue menn u3 mojJoxeHus 1 B monoxenue 2 MpuBOAUT TOJIBKO K TOMY, YTO H3MEHSETCS
HarpaBjIeHUE TaJeHus Jyded B (okambHOU TIockocTH. B coorBerctBum a 3a 0 A X -2a 2a
DkpaH ¢ nByms mensmu Jlnaza @okanbHas mI0ckocTh 1 2 33¢ reoMeTpruyYecKoi ONTHKOW Bce
Jy4H, pacpOCTpaHSIONIKECs MapauieIbHO MepecekaroTcsl B GOKaIbHON MIOCKOCTH.

JIBa BOMHOBBIX ()pOHTA, MaNalOMUX HAa (POKATBHYIO TIOCKOCTH IO YIJIOM, MEPECEKAI0TCs
(makameiBaroTcs) B (okambHOM Mmockoctu. Ilupuua oOpasyromuxcss HHTEp(EePEHIIMOHHBIX
MOJIOC 3aBHCHT OT YIVIOB TaJaeHusA. Pe3ympTupytomee nudpakimOHHOE paclpeeieHne
OKa3bIBAETCsl MPOMOAYIUPOBAHHBIM HHTEpPEpEeHIIMOHHBIMU Monocamu. [lepuon momxynsuuu
OTIpeNIeNIsIeTCs] MHOKHTEEM COS(2na).

[Tpumep. 5. CBoticTBO cynepno3uiiuu [IpencraBum 1ienb MMUPUHON 4a B BUIE CYNEPIIO3UITUN
IBYX Iened mupuHoit 2a. [llenu coBnanaror cBoumu rpanunamu (puc. 2.5).

F 9
! A
|
|
|
|
|
|
|
| 0 X
I .
2a l | 2a
M
T a T a
Puc. 2.5./]se wenu coemewervi
1 o i : o
F(u)+F(u)= ]Aawe"“ - Zdaﬂe" = _:iaw{e'"‘" +e")==
- ua ua ua 2

. | . 1 .
smlua Jcoslua )= E{sm[im —ua )+ sinlua + ua 'I] = ?51111 2ua)

[Tomyunnu BbIpaK€HUE, COBMAJAONIEE C BBIpAKEHUEM, MOJIYYEHHBIM B IpuUMepe 2 s

TEOpPEMBI MaCIITa0OB.
sin(ua) sin(2ua) 2
e — —=44a

i
F)+F,(u)=2-24a cos(ua)=24a sin{2ua)

na Ha

P |

2ua

[Ipumep. 6.11IpeoOpazoBanus ypre. [IByMepHbIil caydait

3agaHo MPAMOYTOJILHOE OTBEPCTHE CO cTopoHamu 2a-2b Haiinem ®dypbe- mpeobpazoBaHue
a b & S A

Fuvy=A| [e ™™ axdy =4 [e™dx [e ™ dy=A-2a ypStOlvE)

. 5 Ha vh

B

sin(ua)

—-a—-f —a
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a b . -
Fuv)=A| [e"™ ™ dxdy =4 Aab

—a-f

sinf{ua) sin(vh)

ua vh

Puc. 2.6.@ypve-npeobpazosanue om npsamoy20i1bH020 0mMEepcmusl.

Pacnpenenenue nHTEeHCHMBHOCTM PacnpeneneHue MHTEHCHUBHOCTM B YAaCTOTHOM IIJIOCKOCTH
COOTBETCTBEHHO PaBHO

2. 5 sin’ (ua) sin”(vb)

Iuv)=164"ab il
(na)™  (vb)

[Mpumep. 7. Teopema macmtaboB a1 aBymepHoro dypwe-npeoOpazoBaHus YMEHBIIUM
pa3Mepsl OTBepcTHs B 1Ba pasa. [lomydnm orBepcTHe co cropoHamu @, b.Ilnomans orBepeTus
YMEHBIIUIAM B 4eTblpe pa3a. COOTBETCTBEHHO IOJIy4MM BbIpaxkeHue st Dypee
npeoOpa3oBaHuUs.

al2 Bi2
Fluv)=4 | e~ ) dvdy =Aab

_3_“ s -

sin{ua / 2) sin{vh/ 2)

ua /2 vh/2

j.
b

AMIUIUTYIHBI MHOXHTEIb YMEHBIINIICS B YEThIpe pa3a, a nepuoa Pypbe- npeoOpa3oBaHus
0 KaXIOMY M3 JBYX OpPTOTOHAIbHBIX HANpaBiIeHUN MUPPAKIUK YBEIUYMIICS B JBa pasa.
MHTEHCUBHOCTh COOTBETCTBEHHO YMEHBUIMTCS B IIECTHAATD Pa3.

[Tpumep. 8. Kpyrioe orBepctue Ota Qopma amepTypbl OCOOCHHO 4YacTO BCTpeyaeTrcs Ha
IPAaKTHUKE, YTO B OCHOBHOM OOYCIJIOBJIEHO BBICOKOM TEXHOJIOIMYHOCTHIO M3TOTOBJICHHSI OTBECTHS
Kpyrioii (hopmbl. DyHKIHS MPOIMTYCKAHUS KPYTIIOTO OTBEPCTHUS

T
2 I|' 3 2 J].'.-.“II_T_ + :'I'_ 51

flx, y)=circhk/x" +y° |= 2

i_ﬂ; EHe obaacTH

[Tpu Berancnennn Oypre-npeodpazoBaHus ISl KPYTIOro OTBEPCTHS, B CHIIY €T0 CUMMETPUU
1eJIECO00Pa3HO MEPEHTH K MOJISIPHBIM KOOPIUHATAM p M [’ B IIIOCKOCTH OTBEPCTHS

E=pcos@’. N=psmn@’.

[Mpunumas pacmpeneneHue moyss 1O orBepctHio  F(Em)=1, mnoayduM BBIpaOKEHHE

MPOMOPIIMOHAIEHOE PACTIPEICIICHUIO aMILTUTY/IbI TIOJIS

lna

g(6.9)= [ [ =" pdpdy',
a0

r€ a -paauyc OTBepcTHs. BBEEM HOBBIE IIEPEMEHHBIE
oy

ua vh
" MOJIYYUM
Izl
gl:”.q}:l i a__- [ | E.IIUICEGIE_? :I‘Ef-?‘c'ft}]'_
L

BrinosnHss uaTerpupoBanue no [ ', moay4um

glu) = EJRIIIIJE,(HF]]dT.
i
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rae J(ur) - ¢ynkius beccenst mepBoro poja HyJeBOro mopsiika. MHrerpupoBanue mo r
NPUBOJIUT K
J (1)
2
glu) = 2m® 12,

1
riae Ji(u) - pyrkuus beccens nepBoro poja nepBoro nopsiaka.

Puc. 2.7.@ypve-npeobpazosarnue om kpyano2o omeepcmus.

Pacnpenenenne wunTeHcHMBHOCTH Ilpumep. 9. Teopema MacmraboB. DIUIMITHYECKOE
OTBEPCTHE DJUIMITHYECKOE OTBEPCTHE MOXKET OBITh MONIyYeHO Kak adduHHOE mpeoOpa3oBaHUe
KPYIJIOTO OTBEPCTHsI, IMyTeM HW3MEHEHHs Macmrtada 1Mo OJHOW W3 KOOPAMHATHBIX OCEH.
N3menenne GopMbl OTBEPCTHS BENET K COOTBETCTBYIONIEMY M3MeHeHUto Dypre-cniekrpa. [Ipu
3TOM OCEBasi CHMMETpPHsI OTBEPCTHs U Dypbe- CIIEKTpa HapyIIA0TCs. DJUIMIITUYECKOE OTBEPCTHE
UMEEeT OCh CUMMETPUHU BTOPOTO MOpAIKA, M, cieloBaTesibHO, Dypbe-CHEKTp TaKKe AO0KEH
MMETh OCb CUMMETPUHN BTOPOTO MOPSIIKA.

@ypbe-CNEeKTp IUIMITUYECKOTO OTBEPCTHS JIETKO MOJyYaeTcs U3 KapTUHBI AUPPaKIUK IS
KPYTJIOTO OTBEPCTHS B COOTBETCTBUU C TEOPEMOM 00 M3MEeHEeHHH MaciTada!

D= 2J, fpfﬁxu"ft' cc:s‘(m) +.siﬁn'£cp))
PR\ cos™ (@) +sin” (@)
rae J1 -¢ynxus beccens mepBoro poja nepBoro nopsaka; R - paanyc Kpyrioro oTBepCTus;
WL - CTENeHb JUIUITUYHOCTH.
JIuHUHM, COOTBETCTBYIOLIHE OKcTpeMymaMm @Dypbe-clieKTpa SBISIOTCS JJUIMIICAMH, OCH
KOTOPBIX OPHEHTUPOBAHbI IMEPNEHAUKYISPHO OPHEHTALMM SIUIMITHYECKOTO OTBEPCTHSA, UTO
CJIeTyeT U3 TeOpeMbl 00 U3MEHEHHH MacIITada.

3. O6006LeHHbIe byHKUMMN. CBepTKa. DyHKUUA
koppensuuu. NMpocTpaHcTBeHHana unbTpaumus

3.1 MoHssimue 0606weHHbIX hyHKyul. Ceolicmea. Onepayuu

O600meHnHbIe GYHKIIUKA ObUTA BBEACHBI B CBSI3U C TPYAHOCTSIMHU PEIICHUS] HEKOTOPBIX 3a/1a4
MaTeMaTHYeCKON (M3HMKHM, KBAHTOBOW MEXAaHHMKH, JJCKTPOMAarHeTusmMa W T. M., TJIe MOMHMO
HEMPEePhIBHBIX (YHKIMIA, OMHCHIBAIOIIMX HEMPEPHIBHO paclpe/ie/icHHbIe BeTUYMHBI (Macca,
UCTOYHUKH TEIJIa, MEXaHUYCCKHI UMIYJIbC U Jp.), TOHATOOMIOCh UCIOJIB30BaTh Pa3phIBHBIC
(GYHKIMHA U1 COCPEIOTOUCHHBIX BEJNMYMH (TOYeYHas Macca, TOYCYHBIH HCTOYHHMK TeIia,
COCPEIOTOUCHHBIH UMITYIIBC U JIP.).

W3 pa3pbiBHBIX (QYHKIHHA BaXKHYIO POJIb Chirpana eauHuuHas (yHkmus 0(X), ompeacieHHas
cienyronmm oopazom (puc. 3.1):

[-'D npu x =< 0,
Bx) =-
l_] mpu x = 0.

Ora ¢yHkus Obuta BBeneHa B 1898r. aHrnuiickuM MH)XEHEpOM XEBUCAWIIOM IS PEIeHUs
ONEPAllMOHHBIMA ~ METOJaMH  HEKOTOPhIX MU QPEpeHINaTbHBIX  YPaBHCHUH  TEOPHH
ANEKTPUYECKUX LIETIEH.
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Puc. 3.1. @ynxyus Xesucatioa

B 1926r. anrnuiickuii ¢pusuk Jlupak BBesl B KBAHTOBOM MEXaHUKE CHUMBOJI O, Ha3BaHHBIH UM
nenbTa-QyHKIUEH, KOTopas SBUJIACh IEPBOM CHUCTEMATHYECKU NPHUMEHSEMON 0000IIEeHHOM
¢ynkuueit. C ¢pusznyeckoit Touku 3peHus o-pynkius upaka npeacrasiser co0oi MIOTHOCTh
eIMHUYHOTO 3aps/a, MOMEIIEHHOTO B Hadaye KOOpauHaT. Ecam 3ToT 3apan umeeT Bem4uHy M,
TO €ro IIOTHOCTh

pix) = méx).

Otcrona crneayer, uro aenbra-GpyHkims o ( X) o0siagaeT cBoicTBaMu

_ Onpux=0,
a(x) =
wnpu x=10.
[8(x)dx =
—= (3.1)

CgroiictBa  3TOM  (QYHKIMH  XOpPOIIO  WHTEPHPETUPYIOTCS TP PACCMOTPEHHUH
(byHIaMEHTATEHOTO COOTHOIIEHUS
a

[ F(x)8(x)dx = f(0),
= (3.2)

crpaBeauBoro s moboit ¢pyukuuu f(X), HenpepsiBHO# mpu X = 0.

3ameTuM, 4YTO, CTpOro roBops, O(X) HE NpeACTaBIsSeT COOOW (QYHKIUIO, TaK Kak He
cymiectByer (GyHKIUE, ymoBierBopsionmx —cootHomenusM (3.1 w  3.2). Ho ecmu
MHTEPIIPETHPOBATh MOCICAHEE COOTHOIICHHWE KaK (YHKIMOHAI, T.€. KaK IMPOIECC MpHUIaHUs
¢yuknuu f(X) snauenus f(0) To 0HO CTAaHOBUTCS BeCbMa HHTEPECHBIM.

3anuchk B BHJE MHTErpaja MCIOJB3YETCsl MPOCTO Kak ynoOHas (opma omucaHusi CBOMCTB
3TOro GyHKIHOHANA (JTMHEHHOCTh CBUT, 3aMEHA IEPEMEHHBIX U T.1I.).

Takum oOpazom, o¢yHkiuo O( X) MOXKHO paccMaTpuBaTh KaK OOBIYHYIO (DYHKIIHIO,
YIIOBJICTBOPSIIONIYIO BCeM (OPMATBHBIM MPAaBUJIAM HHTETPHUPOBAHUS TPHU YCIOBHH, YTO BCE
3aKIIIOYEHHSI OTHOCUTENILHO 3TOM (pyHKIMHU 0a3upyroTcss Ha BhIpakeHuH (3.2),a HE HA KaKOM-
1100 U3 ee OTAEIBHBIX CBOWCTB.

Jlenpra QyHKIMIO MOXHO PaccMaTpUBaTh KaK Mpeaet

sin oLt

&(t)=1im

o —5o !

HOHy“IaCMHﬁ B pE3YyJIbTATC UCIIOJIL30BAHHUS OCHOBHOI'O COOTHOIICHUA

lim f flt)

E—20 oy

blﬂ. ar

dt = £(0)

CJ'IG,Z[CTBI/IGM AAaHHOTO Ipeacia ABJIACTCA TOXICCTBO
oo

i !ﬂ Tahw =8t )

P ik
ILeHCTBHTeano
l sin oLt
j'd-
J' e dw= ]1_111— J e™dw = lim
..*_, oL — z_,J oL —on

[Tomyuwmicsi, Takum o6pazoM, HEKOTOPBIA (opManu3M B TNPUMEHEHHH O-(QYyHKIIUH, C
MOMOII[HI0 KOTOPOTO JTOCTATOYHO MPOCTO OBUTH HCCIIEIOBAHBI HEKOTOPHIC Pa3pPBIBHEIC SIBICHUS.
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B wactHocTH, OBLIO 3aMedeHO, 4TO Mexay eauHuuHou ¢yHkimmed 0(X) u dynkmueir o( X)
CYIIIECTBYET CBA3b

5(x)= dﬁilx}_.
' dx
KOTOpasi, OYEBUIHO, HE UMEET CMbICIIA B paMKaxX KJIAcCHYECKOT0 aHAJIN3a, HO CIPaBEAJIMBA B
CMBICJIE TEOPUH 000OIIEHHBIX (QYHKITUHN.
PaccmoTpuM HeKOTOpBIE CBOKWCTBA O-()YHKITHH.

Ecnu f(t) He umeeT pa3psiBoB B Touke t, TO

[ AeW(c—r)du=] £(z + x)o(x)dx =£(r)

I'pebenuaras pyHkuus
Psin, cocTosmuit n3 6ecKOHEYHOTo yucia d-(QyHKINH, CIBUHYTBIX OTHOCUTEIBHO APYT Ipyra
Ha PaBHBIC PACCTOSHUS

o
I (x)= L comblxfa)= ¥ 8(x—na),
E z
Ha3bIBaeTcs rpedenuatoit pynkuueit. [Ipu a = lumeem:
oo
comb(x)= 2 8(x—n)
H=—x
I'pebenyarast QyHKIMA, KaK 3TO BHAHO M3 COOTHOIICHHS CHMMETPHYHA OTHOCHUTEIHHO
npeoOpa3zoBanust Oypre:

F {mmbfﬁ: }} =combl X ).

['pebenuarast QyHKIHS UrpaeT BaXHYIO POJIb NPH OIMMCAHWU IPOLECCOB AMCKPETH3AIMU
curHanoB. [Ipouenypy amckperusanmu (B3sTHE BBIOOPOK) YHOOHO paccMaTpUBaTh Kak
yMHOXeHHe curHana f(X) Ha 3aaHHYI0 NEPHOIUYECKYIO IIOCIIEI0BATEIBHOCTh TaKTOBBIX
UMITYJIbCOB, 3aaBacMyio Gyukmuei [1la(x).

3.2. Ceepmka

Besikas  gusmueckass BeNMYMHA XapaKTEpU3YEeTCs COBOKYMHOCTHIO MPOHM3BOJUMBIX €10
byakumii. Takumu sddexkTamMmu MOTYT OBITh OTKIMKH MPUOOPOB HA BO3ACHCTBUE, OKA3hIBAEMOE
paccmarpuBaeMoil gyHkmmed Ha Bxome. [loaTomMy onucaHue (QU3NYECKONW BETUYHUHBI
pacmpenelnieHeM 3HAu€HM, TPUIUCHIBAEMBIX €€ NPOOHBIM (PYHKIHUSAM U3 OCHOBHOTO
IPOCTPAHCTBA, IMPEJCTABIACTCS €CTECTBEHHBIM, €CIIM 3TU (PYHKIUH MOXKHO OTOXKIECTBUTH C
annapaTHeIMM  (QYHKIUSAMUA TpUOOpPOB. DTO OTHOCUTCA M K BJIEKTPOMArHUTHOMY TIOJIIO.
Onucanue Mojsi U ero UCTOYHUKOB OOOOHICHHBIMU (PYHKIMSMH YIPOLIAET pelIeHHe KPaeBbIX
3aJa4 ONTHUKH, CBS3aHHBIX C Ju(pakiuuedl BOJIH Ha TOBEPXHOCTHBIX HEOJIHOPOAHOCTSX.
CyIecTBYIOT J1B€ BO3MOXHOCTH HCIIOJIb30BaHMs (PYHKIIMOHAJIOB B MPAKTUYECKUX MPUMEHEHUSX
TEOPUHU CUCTEM — JUIsI ONKUCAHUS CAaMOM CHCTEMBbI M JIJIsl OMMCAHUS JIEHCTBYIOIIETO Ha CUCTEMY
o0bekTa. B kauecTBe mocieHero MOXKeT BBICTYIIATh, HAPUMEp, dJIeKTpoMarHuTHoe noiue. Ob6e
3TH BO3MOKHOCTH HCIOJIb3YIOTCS B (PU3UKE U TEXHUKE, a TAK)KE B METPOJIOTHH, B YaCTHOCTHU IIPH
YCTQHOBJICHMH COOTBETCTBUS MEXIY IOHSATHEM Mepbl (U3NYECKUX OOBEKTOB, TaKUX Kak
IPOLECChl M MOoJig, U OOLUMM MaTeMaTHYEeCKHUM MOHSITHEM Mepbl Kak BIOJHE aJIUTHUBHON
HEOTPULATENbHON (PYHKIIMY MHOKECTB.

B ontuke cBepTka —3TO omnepanusi, KOTopasi IPOU3BOJUTCA U3MEPUTEIBHBIMU PUOOPAMU U B
pe3yibTaTe KOTOPOH MOydaeTcsi pa3MbIToe (HEACHOE) HM300paKeHHE H3y4aeMoro OOBEeKTa.
N3obpaxkeHue TOYKM B JIOOOM ONTHYECKOM NpUOOpEe HHUKOr/Aa He ObIBAeT TOYKOW, a
npeacTaBisieT coboi mATHO. Pa3smepbl 3TOro msTHa OmpenesstoTcs KadecTBoM mpubopa. B
ONTUYECKOM MpHOOpe M300pakeHUs NBYX Ppa3IMYHBIX TOUEK OYAYT pa3/eieHbl TOJIBKO IpH
YCIIOBUH, YTO PACCTOSTHUE MEXIY TOUYKAMM MPEBBIINIAET HEKOTOPYI0 MUHHUMAJIbHYIO BEJIUYUHY,
OIPEAEIISAIONYI0 BO3SMOKHOCTb Pa3pEIICHHUS.
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[ToHsiTHE CBEPTKH M pa3pemiaronieil CHoCOOHOCTH MOXKHO HAWTH B JIF000M 00JIACTH HAYKH U
TEXHUKUA. B panno3JeKTpOHHWKE TpW IOCTYIUIEHHH Ha BXOJ AMIUIMTYIHOTO aHalU3aTopa
UMITyJIbca OECKOHEYHO Majoi MPOJODKUTENIFHOCTH Ha BBIXOJE aHalIM3aTopa HaluoJaeTcs
CHTHAJl KOHEYHOW HEHYJICBOH MPOJODKUTEIBHOCTH (ITUTEIBHOCTh BBIXOJHOTO CHrHajia
OIIpEeICIISICTCS IMUPUHOM MOJIOCHI POITYCKaHUs TPHOOopa). AHAIIOTHYHOE SIBJIICHHE IPOUCXO/UT B
ONTHKE, KOrJga  HM300paX€HWE  CUYUTHIBACTCS  KaKUM  JUOO  (POTOIIEKTPUUCCKUM
npeoOpaszoBarenieM. CunTaHHOE H300pa)KeHHE Bceraa OyAeT OTJIMYAThCS OT MCXOIHOTO H3-32
KOHEYHOTO pa3Mepa amepTypbl (OTOIIEKTPUYECKOTO Mpeodpasosarens. T.e. TPOHCXOIUT
CBEpTKa paclpe/ielieHss MHTEHCUBHOCTH B M300paskeHHH C (yHKIMEH, ONMUCHIBAIOLIEH (opmy
MIPUEMHOM anepTypsbl (OTOIIEKTPUIECKOTO MPeodpa3oBaTes.

a fix)
| \
-
& x
gix)
- | \
(= -
" gix-y) A
- i
- ~ ] e
) PR ¥o 3 Jv)gix-y)
B} - /f -
] - ——— -
- . \ e
< 0| =] Ne, .
J’I
Py - T, HE_{\',I =fix)*g(x)
- - - G r .
- >

X
Puc. 3.2 Quzuueckas unmepnpemayus céepmku

Curnan Ha BBIXO/I€, COOTBETCTBYIOUIHH UMITYJIbCY OECKOHEYHO MAaJOW MPOJOJDKUTEIHLHOCTH
Ha BXOJIe, HAa3bIBACTCS UMIYJIBCHBIM OTKJIHMKOM. [103TOMY 111000 BXOJHOW CHTHAJI U3MEHSET
CBOIO (hOpMY Ha BbIXOJIe. 3HAST UMIYJIbCHBIH OTKIMK (X) CHCTEMBI, MPEANoaracMoi JTHHSHHOM
U CTal[MOHAPHOW BO BpeMeHU (B 3TOM Cilyyae NMPUMEHHMa TeOpeMa CJIO0KEHHs CHUTHAJIOB),
MOXXHO Ji 10 BXoxHoMy curHany f(X) paccumrare BeIxomHOW curHan S(X)? Pemenwe stoit
3a]]a4u OCYIIECTBIISIETCS C IIOMOIIBIO CBEPTKH.

Pucynok 3.2 unmoctpupyet GakTUIECKOe COAepKaHUE OTepaIui CBEPTKU. BX0qHOM curHal
f(X) mokaszan Ha puc. 3.2.a, a UMITYIbCHBIA OTKIMK Q(X) —Ha puc. 3.2.06. Jas HAXOKIACHUS
rpadguka g(X-y), kak (QyHKIUU TEPEMEHHOH Y, HEOOXOAMMO 3epKAIIbHO OTOOpa3suTh rpaduk
byukiuu g(y) OTHOCHTEIBHO OCH OPIUHAT, CMECTHTh €ro MapajUIeIbHO OCH a0CIUCC Ha

BEIMYMHY X, TMPOU3BECTH TmoToueuHoe yMmHOXeHue f(y)-g(X-y) W MpOMHTErpHpOBATH

IPOU3BE/ICHUE.

[Toy4eHHOE 3HAUCHUE UHTETPalia PaBHO 3HAYCHUIO CBEPTKHU IIPH apTyMEHTE Y.

WmmnynbecHblid oTKIMK §(X) OTJIMYEH OT HyJISl TOJIBKO Ha OrpaHUueHHOM npomexyTke (01 02,).
YpaBHEHHE CBEPTKH UMEET BHI:



-8
S{x)= l[f[._,'l Jelx—yidv .
—g
Jnst onepanuu cBEpThIBaHUS (PYHKIUI POJb €AMHUYHOTO DIIEMEHTA MTPACT JeNbTa-()yHKITHSI
Jupaxa o ( X).

3.3 Koppensayus

KoppensimonHslii aHanu3 Hapsly CO CIEKTPAJIbHBIM HUIpaeT OOJIBLIYI0 pOJib B TEOPHH
cUrHajoB. B HacTosIiee BpeMs KOppeNsus SBISETCS HanOoyiee MHUPOKO PACIPOCTPAHEHHBIM
METOJIOM 00paOOTKU Pa3IMYHBIX CUTHAJIOB M JaHHBIX (onmTHuYeckux U Apyrux). [Ipu Bcex cBomx
Pa3IMYHBIX TPOSBICHUSAX KOPPEISIHNs, MO CYIIECTBY, SBISETCS METOJOM OIEHKH B3aWMHBIX
cBsizelt, uMeromux QGopmy noxoOuit umm comageHuit. Takum oOpazom, mporiece KOppemsIuu
CBOJIUTCS K CPAaBHEHHIO (COMOCTABIICHHIO) IBYX KApTHH HJIM IIPOIIECCOB.

ComnocTaBieHre KapTHH, CUTHAIOB WM MPOLECCOB MOXHO MPOU3BECTH MUCIONB3Ys MOHITHE
KoppesiiuonHoi  ¢pyakuuu. Koppemsuumonnas ¢yukius (anri. — correlation  function)
JICTEpPMUHUPOBAHHOTO CHTHajJa C KOHEYHON »SHEprueil NpeacTaBiser coOoil uHTerpan (B
OCCKOHEYHBIX MpejeNiax) OT IPOMU3BEACHHS JBYX KONHMH CHUTHAJIOB, CABUHYTHIX JpYT

OTHOCHUTEJIBHO JPYyra Ha BpeMs T.
0

By(t)= [slt)s(t—)dr.
Ty

Koppenstmonnass (yHKIMS TMOKa3bIBa€T CTEMEHb CXOJICTBA MEXKAY CHTHAJIOM U €ro
CABUHYTOM KOMHUEH — 4ueM OoJibllle 3HAYCHUE KOPPEISAIHMOHHOW (PYHKIIMH, TEM 3TO CXOJCTBO
cunbHee. [lockonbky 3nmech ¢GyHkmms S(t) cpaBHUBaeTcs camMa ¢ COOOM, €€ Ha3bIBAlOT
ABTOKOPPEISAIIMOHHON (DYHKIIUEH.

Koppensuuonnas ¢yHkius o61a1aeT CleyOnMMA CBOMCTBAMH

1. 3nauenue koppensauuoHHONW ¢GyHKIMH npu T = O paBHO JHEPruM CHUTHAJIA, TO €CTh
WHTETpaITy OT €ro KBajpara:

B.(0)= ?J:{IHF=E_

—

2. Koppensmuonnast yHKIUS SBISIETCS YeTHON (DYHKIIMEH apryMeHTa T.

B.(1)=B,(-1).

3. IIpu t = OxoppensuoHHas pyHKIMS IPHHAMAET MAaKCUMAJIbHOE 3HAYCHUE!

B.(1)=B_(0).

4. C poctoM aOCOTIOTHOTO 3HAYEHHS T KOPPEISIMOHHAs (DYHKIMS CHUTHAJIA ¢ KOHEYHOH
SHEprueH 3aTyxaer:

limB_(1)=0.
|ff==

[MosichuM ¢u3NUYecKuil CMBICII aBTOKOPPENALMOHHON (PYHKIIMM HA MPUMEpE CUTHAIA B BUJE
OJIMHOYHOTO MPAMOYTOJBHOTO UMITYJIbCA.
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a) s(f)

s
()

1 I
1 I
6) i I
] l ¢
| inTT |t
) |
€) E s(f) s(-1)
i >t

PyuryUA asmoKopPeTayl 4T

v

-(t-11) 0 (f2-11)
Puc. 3.3.Qusuueckasn unmepnpemayus asmoxkoppersiyuoHHolU HYHKYuu

Iepuoauveckuii cMrHAJ
B cnydae nepuoaMyeckoro CUrHajia HCIOJIb30BaThb IIPUBEACHHOE BBIIIE OIPEACICHUE
KOPPEISAUOHHON (YHKIIUU HEIb34.
Koppensimonnyto GpyHKIINIO TEpHOINYECKOr0 CUTHAIA C IEPUOIOM | BBIYUCISIOT, YCPEAHSS
IIPOU3BENICHUE CIBUHYTBIX KOIMH B IIpEeIax OJAHOTO MEpUoa:
1 12
B.(t)== [slt)s(r—1)dr.
T _1p2
Hekotopble cBoiicTBa, BBEIEHHONH TaKMM CIOCOOOM  KOPPENSIMOHHOW  (YHKLUH,
WU3MEHSIOTCS.

1. 3nauenue npu T = O paBHO HE PHEPTUH, a CPETHENH MOLUTHOCTH aHAIU3UPYEMOT'O CHUTHAJIA!
2

B}.({:}:l j 2=,

i
-T2

2. CBOICTBO YeTHOCTH (DYHKIIUU COXPAHSETCS: B.(1)=8.(-1).

3. Ilpu © = O xoppensiuonHas (QYHKIUS MEPUOJIMUYECKOTO Tpollecca TaKKe MPUHUMAET

MaKCHMabHOE 3Hauenue; B: ()= B,(0).
4. KoppensuuonHas (yHKUHUS TEPUOJUYECKOTO CHUTHAJIa SBISETCS MEPUOAMYECKON

(yHKIHEH ¢ TEM ke TIEpHOIOM, YTO U CHTHAI: B.(t1+T)=B.(1).

5. Pa3mepHOCTh KOpPENSAIMOHHONW (YHKIIMU TEPUOAMYECKOTO CHUTHajla — KBajapaT
pa3MepHOCTH CUTHaJA.

Ecnu caBur 1 kxpareH mnepuony (QyHKUMH, TO IMOJy4yaeM MAaKCHMYM «CXOJICTBAa» MEXIY
CABUHYTBIMH JIPYT OTHOCUTENIBHO Apyra GYHKUUAMU. DTO CBOMCTBO KOPPENALMOHHON (DYHKIIUU
CIIy4aifHOro mpolecca TMO3BOJSET BBISIBIATH MEPUOJUYHOCTh (GYHKIMH, KOTOPYKO OBbIBaeT
3aTPYAHUTEIBHO OOHAPY)KUTH MIPU OOBIYHOM HUCCIICAOBAHUH.

B3aumnas koppensiuvonHas (yHKuus BzanMHO KoppemsiivoHHas (yHKLIHS TOKa3bIBaeT
CTENEHb CXOJCTBA JJISi CABMHYTBIX SK3EMIUIIPOB JBYX pa3HBIX CHTHAJIOB. DTy (QYHKLHIO
Ha3bIBAIOT TAK)KE KPOCC-KOppENSIIIMOHHONW PyHKImen. OOt Bua GopMyIbl Il HaXOXKICHUS
B3aMMHO KOPPEJISLUOHHONW (DYHKIIMU COXpaHSETCs, HO MOJ MHTErpajioM CTOUT NPOU3BEICHHE
JIBYX Pa3HbIX CUTHAJIOB, OJIMH M3 KOTOPBIX 3aJepXaH Ha BpeMs T.

B, (t)= ‘[5;{*'15:{?— T)dt.
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CBoiicTBa B3aMMHO KOPPEISAIMOHHONW (YHKIIMM HECKOJBKO OTJIMYAIOTCS OT CBOWCTB
KOPPEJIAIMOHHON ()YHKIINH:
—_—
|
1. [Ba(T) S VELE, . rae E1u E2 —sueprun curnanos s1(ty s2 ().
2. Bi(=1)=B,(1). 10 ectp u3menenne smaxa T PaBHOCWIIBHO B3aMMHOM IE€peCcTaHOBKE
CUTHAJIOB.
3. 3HaueHue B3aMMHO KOppeIsUOHHON (yHKIuHU 1pu T = O HUYeM He BbLAEISIETCS, TaK Kak
MaKCUMyM (PYHKIIUHA MOXKET OBITh PACTIONIOKEH B JIFOOOM MECTEe OCH T.
WNnorna ObiBaeT ynoOHO HOPMHUPOBATh KOppesiMOHHbIE (yHKuMU. HopmupoBka
JIOCTUTAeTCs JIeJIEHUEM BBIPa)KEHUI Ha LIEHTPaJbHOE 3HAYEHUE KOpPpEsALUM, T.. Ha 3HAUCHHE
st T = 0 ([yneBoii ciBuT). DTO AAET Uik aBTOKOPPEIISIIHOHHON ()yHKIIUH

o

‘_I-.T{f ]sth‘ —1)dt
-?'55“]': == &=

j|s{f]3a‘r

—a0

AHaJIOTUYHOE BBIPAXKEHUE TOITYYACTCs UL KPOCC-KOPPETSALMOHHON (QYHKIIUU

[s1(t)s2(r—1) dr
¥ [rJ:‘”‘_I_
j'sl{.rllrElr}dr

—0

rae * o3HayaeT KOMILICKCHOE COMpsDKEHHE, T.K. B obmiem ciaydae pynknuu S1(f) u s2(t)
MOT'YT OBITh KOMITJICKCHBIMH.

Teopema aBTOKOppensaiuu (Teopema Bunepa-XunumHa) DTa Teopema YTBEPXKIAeT, UTO
npeoOpasoBanne Dypbe aprokoppemsaiuu (yukimu  S(t) paBHO KBampaTy MOAYNS e
npeoOpazoBanus Oypoe.

B o0miem ciydae eciiu mpeoOpa3oBaHue KOMIUIEKCHOM QyHKIUMHU ecTh F(®), TO corniacHo 3Toit
TeopeMe npeobpazoBanue F(w)2 ABaseTcs KOMILIEKCHOM aBTOKOppesiuei ot S(t).

Ucnons3ysa T mis 0603naueHus npeodpazoBanust @ypbe, Mbl IMEEM

o oo
= [|F(o)* exp(2mit)do = [ F(o)F (0)exp(2mit)da=slt)*s"(~1).

- —

Takum o00pazoM, ecid Mbl 3HAEM AaBTOKOPpPEISAIUMOHHYIO (yHKIHIO, TO ee Dypbe-
npeoOpa3oBaHue JaCT HaM HHTEHCHUBHOCTH Dypbe-CreKTpa.

T[F{m'ﬂl

3.4. [l[pocmpaHcmeeHHas ¢hunbmpauyus

Onrtrueckas o0paboTka M300paKEHUS B MPOTHUBOIOJIOKHOCTh TMOCTPOCHHUIO H300paKeHUS
CBsI3aHa C BMELIATEIHCTBOM B IpOIEcC. DTO BMEUIATEIHCTBO MOKET OCYIIECTBIATHCS Pa3HBIMU
cnocobamu. Ee mpakThdeckoe NMpUMEHEHHE OCHOBAaHO HA CIIOCOOHOCTH ONTHYECKHX CHCTEM
BBITIOJHATH OOIINE JTHHEWHbIE MPeoOpa3oBaHus MOCTYIAIONIUX HAa BXOJI JAHHBIX.

[lepBoe cooOmieHne 00 OHKCHEPUMEHTAaX IO CO3HATEIBHOMY BO3JCHCTBUIO Ha CIEKTP
u300pakeHust 6bU10 omyOnukoBaHo A66e B 1873 rony, a 3arem Iloprepom B 1906T. Llensio
ATUX KCIEPUMEHTOB ObllIa IpOBEpKa co3anHol A6Oe Teopun hOpMHUPOBaHUS W300pAKEHHI B
MHUKPOCKOIIE€ U UCCIIEJOBAHUE MPEIEIIOB €€ MIPUMEHUMOCTH.

OOBEeKTOM WUCCIEIOBaHUS B OJKCIIEPUMEHTaX CIYy)KWJIa CETKa W3 TOHKOH IPOBOJIOKH,
OcBelaeMasi KOrepeHTHBIM CBETOM.
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Ilpednem Poxanvran Hzobpaxcenue

HIOCKOCH B
-
.--"‘";.-'
"
..-*"'"H,,.--' p ..-"""f.--'
L1

""'f.-""jr P L1 -
1 L L1
-""-.‘__‘_.-# - "'"’
4+ -

e
Puc. 3.4.Cxema sxcnepumenma Ab6e-Ilopmepa

B 3amneit (oxanbHOM MIIOCKOCTH JIMH3BI moiydaeTcss Dypbe-CIEeKTp CEeTKH, HMEIoLIeH
NEPUOIUYECKYI0 CTPYKTYpy. Paznuunbie @ypbe-KOMINOHEHTHI, NPOLICAIIAE 4Yepe3 JIMH3Y,
CYMMHUDPYSICh, HAlOT B IIJIOCKOCTH H300paXEHUS TOYHYIO KOmuio pemerku. [lomemas B
(hOoKaNTbHYIO MJIOCKOCTh PA3IMYHbIC MPENATCTBUS (MPUCOBYIO Aradparmy, miellb, SKpaH), MOXKHO
HETOCPEACTBEHHO BO3CHCTBOBATH Ha CIIEKTP N300pasKeHHUS.

@ypbe-ClIeKTp MEePUOJUYECKOro TIpeAMeTa MpeAcTaBiseT co0oil Habop OTAETbHBIX
CHEKTPAJbHBIX KOMIIOHEHT, IIMpUHA KaXKIOW M3 KOTOPBIX OIPENEISIETCS XapaKTEpPHBIM
pa3MepoM OmpaBbl, OrpaHUYHMBAIONMICH OOBEKT. SIpKMe TSATHAa BIOJL TOPU3OHTAIBLHON OCH B
(oKambHON IUIOCKOCTH COOTBETCTBYIOT KOMIUIEKCHBIM 3KCIIOHEHIMAIBHBIM KOMITOHEHTaM,
HAMpaBJICHHBIM TOPH30HTAIbHO (puc. 3.5); sipkue TmATHA BAOJIL BEPTUKAJIBHOW OCH
COOTBETCTBYIOT =~ BEPTHUKaJIbHO  HANpPABJIECHHBIM  KOMIUIEKCHBIM  3KCIOHEHLHAIbHBIM
KOMIIOHEHTaM. BHe oceBble MSTHA COOTBETCTBYIOT KOMIIOHEHTaM, HAIPABICHHBIM O]
COOTBETCTBYIOILMM YIJIOM B IIJIOCKOCTH IPEAMETA.

e

Puc. 3.5.1300pasicenue 6x00Holl cemku u ee cnekmpa: a — cnekmp; 6 — uzoopaiceHue

Ecnmu B oKagbHYIO TUIOCKOCTH TOMECTUTH Y3KYIO HIENb TaK, YTOOBI Uepe3 Hee MPOXOJIUIT
TOJBKO OJMH PsiJi CIEKTPAIBbHBIX KOMIIOHEHT, PACIIOJIOKEHHBIX ropu3oHTanbHO (puc. 3.4), TO
nu300pakeHue OyIeT CoAepKaTh TOJIBKO BEPTUKAIBHYIO CTPYKTYpY ceTku (puc. 3.6).

Puc. 3.6.Cnexmp cemxu, omgpunvmposanmulii 20puzonmanvHou weavio (a) u
coomsemcemayrowee uzoopasicerue (0)
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CreioBaTeIbHO, UMEHHO TOPH30HTABHO HAIPABICHHBIC KOMILICKCHBIC SKCIIOHECHIINATBHBIC
KOMITOHEHTBI ~JAal0T BKJaJ B BEPTUKAIBHYIO CTPYKTYpYy wu300paxkeHus. I[lpu 3TOM
TOPU30HTANIbHAS CTPYKTYpa H300PaKCHUSI TOJTHOCTHIO MPOMAIaeT.

Ecnu pasBepuyTh mens Ha 900 Tak, 4TOOBI Yepe3 Hee MPOXOIWI JIMIIb BEPTUKAIBHBIN Psi
CIIEKTPAJBbHBIX KOMIIOHEHT (puc. 3.4), To nonyyaromeecs H300pakeHHe OyIeT CoIepiKaTh
TOJILKO TOPH3OHTAIBHYIO CTPYKTYpY (puc. 3.7).

Puc. 3.7 Cnexmp cemxu, omgpunvmpogannulii gepmuxanvhot ujenvio (@) u coomsememayrowee
usobpasicenue 6

[Ipu npoctpancTBeHHON ¢unbTpannn Dypbe-CHEKTpa TAaKOH NEPUOJUUECKON CTPYKTYPHI
WHTEepecHO Habmomatrh u eme psan dpdexroB. Ecnu Ha ocu auH3BI B (POKATBHOM TIOCKOCTH
IIOMECTUTh MAJIEHbKUN 3KPaH, 3aKpPbIBAIOIINN TOIBKO LEHTPAIbHBIN MOPSI0K, MM KOMIIOHEHTY
«HYJEBOW 4aCTOTHI», TO MbI TIOJTYYUM H300pakeHHUE CETKU C OOpalIeHHBIM KOHTPACTOM.

3.5. Mpumepsi

Omnpenenenne KOppeassiMOHHBIX (PYHKIMI JeTEPMUHHPOBAHHBIX CHTHAJIOB

Haiinem aprokoppensiuoHHylo ¢GyHKIH0 K(T) OAMHOYHOrO MPSIMOYTOJBHOTO HMITYJIbCa
aMILTATYbI A ¥ JJIMTENBHOCTHIO T U. Brramcnum koddduimenT xoppemsuuu r(t) U uHTEpBail
KOPPEJISLHH.

a) A

| |
-t 0 \T Ty T,+T -T,

T, T
Puc. 3.8.Haxooicoenue ¢pynxyuu asmoxoppensayuu. a) —ucxoouviti umnyisc, b) —epagux
K03 puyuenma xoppersiyuu (HcupHoll tunuel NOKA3aHO UCXOOHOe NOJIONCEHUE UMNYTbCA, A
RYHKMUPOM — KONUU UMRYIbCA, COBUHYMble HA UHMEPBATL T 81€60 U 6NPABO OMHOCUMENbHO
UCXOOHO20 NONONCEHUSL)

U3 pucynka 3.8 BUIHO, YTO MEPEKPHITHE UMITYJILCOB UMeEET MecTo Iipu O<t<tu.

CnepnoBatenbHO, aBTOKOppessinnonHas ¢yHkuus K(t) ornmmyna ot Hyns Ha mHTepBanax [0,
t-t] u [t1, ta]. [lepeMeHHBII COBUT T COOTBETCTBYET TOJIKO IOJIOXKHUTEIBHBIM 3HAUYCHHSIM,
CIIEIOBATENIFHO, TPH MOACTAHOBKE €ro B MpPEJeibl MHTETPUPOBAHUS HYKHO HCIIOIb30BAThH
a0coiroTHOE 3HaueHHe [t]

K(t)=4" J dr=A"(t, —|1).
Il

[Tpu T = O3navyenue Gpyukuuu aprokoppessuu K(0)=A21u.
Koaddunment xoppensiuun
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PN <L P
K(0) T,
CBeprka
W3mepeHHas HHTEHCUBHOCTD BBIPAXKAETCs Yepe3 MHTEHCUBHOCTD CIEKJI-KapTUHBI KaK CBEPTKa

¢ GhyHKIHEH, onuchIBaromel (GopMy NMpUEeMHON anepTyphl
+x

I'x. )= J.‘[II:_‘{'I_}‘__).BI:_‘{ —x;. % — ¥ ), dyy

PaccMoTpuM 10CTaTOYHO pacmpOCTpaHEHHBIN ciydail — audpakuus Ha OOBEKTE THIIA
nieNieBoe OTBepcTre. Pactpenenenne MHTEHCHBHOCTH B TUIOCKOCTH (POTOMPUEMHUKA

I=I,sin" x/x*
CBeTOBO# MOTOK, MaAIOUIN HA (OTONPHEMHUK B KaXblii MOMEHT BPEMEHH, C TOYHOCTBIO
JI0 TTOCTOSIHHOTO MHOYKHUTEIIS

=77 21— cos 2x)
Pnl= | — 5
Lz (2x)
riae XO —koopauHarta ceperHbl CKAaHUPYIOILEH mieaeBoi quadparmel; b —mumpuna menu; b =
kz (cm. puc. 3.9).

4;
b
\
0 R n X
X
—

Puc. 3.9.Cxema pacuema enusanus nonegou ouagpacmol

IIpeoOpasys nmocnenHee BEIPaKEHUE, IIOTYIUM

& Y cos| 2x,+kT| cos{2x,—km| 1o F)— S -
N GTRvrr  e o P C C

rae Si —MHTerpaibHbIA CHHYC.

AHanu3 TaHHOTO BBIPAKCHHUS MOKA3bIBACT, YTO C YBEIMYECHHEM OTHOIIeHHUsS D/t BenmumHa
CBETOBOT'O TOTOKA pacTeT M, CJIEJOBATEIHHO, PACTET aMIUIMTYAA 3JIEKTPUYECKOrO CHTHAA.
Konrpact JIK npu atom ymenbiiaercs (puc. 3.10).dopma KpUBOii MPH 3TOM TaKKe U3MEHSIETCS,
YTO MOXKCET MNPUBECTH K U3MCHCHHIO PACCTOAHUA MCKAY TOYKaMHU C MHUHHUMAaIbHOMI
WHTEHCUBHOCTBIO, HECYIUX MH(POPMAITHIO O pa3Mepe 0ObEKTa.

u‘; _HM\‘H
[}-5 \\\
' M

04 \\

0.2

0 02 0406 (/m
Puc. 3.10.Brusinue wupunovl weau pomonpuemuurxa na konmpacm JIK

H3MepeHHOE M HMCTUHHOE 3HA4YCHUS KOHTPACTHOCTH. PaccMOTpuM ciydall CYMTBHIBaHUS
UHTEPQEPEHIIMOHHON KapTHHBI C IIOMOLIbIO (DOTONPUEMHHMKA C KOHEYHBIM pa3MepoOM
YyBCTBUTEILHOM IUIOIAAKH (1epes] GOTONMpHEeMHHKOM YCTaHOBJICHA LIejieBas Auadparma).
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Puc. 3.11.K pacuemy unmencugnocmu ceema, npouteouie2o uepes ujeisb wupunou b

Pacripenenenne MHTEHCUBHOCTH B MHTEP()EPEHIIMOHHON KapTHHE MOKHO ONHCaTh (QyHKIHEH
cos2 X / b) ,rne b - mupuHa meneBoii nuadparmel, a [ - mHpHHA UHTEPPEPESHIUOHHOTO
MaKCHMyMa, X —TeKyIIas KOOpJHHATA.

Takas 3amuch aprymMeHTa (QYHKIUH TI03BOJSICT BBIPA3UTh pE3yJabTaT pacyera B
OTHOCHUTEJBHBIX BEIMYMHAX, YTO YAOOHO AJIS TOCIEAYIOMIEro aHaIn3a.

DYHKIHIO KOCUHYC KBaJpaT BbIPa3UM 4epe3 KOCUHYC JBOMHOIO yriia

cos’ (o / @) = % [1+ cos(2mc/ @) .

B sTOM Cci1y4yae BBIYMCIIEHHE UHTETPAJIa YIIPOILAETCS.
OHeprus cBeTa, NPOXOAIIEro Yepes3 1eNb MUPUHOH [/, MpornopLroHalbHa 3alITPUXOBAaHHON

Ha puC. 00IacTu
Tp+b1

W=2I, [[1+cos2mx/@)lx.

Ig—b 2

rae X0 —koopauHaTa cepeuHbl menn. aTerpupoBanue naet
w . b 2
W =2I,(7 +—sin—cos—2).
i) W) o
[Ipu nepemMemieHny WIENM WM TOJOC MO IMOJK MAKCHMalbHOE U MUHHUMAJIbHOE 3HAYEHUS
JHEPrUu:
T . b
W =21,(b+—s1n—)
b or

IEAX
@ . b
W, =2I,(b——sin—)
b o
OTCIO,Z[a HU3MCPCHHASA KOHTPACTHOCTH ITOJIOC

W W sin(mb/ @)

E'= max

W +W,, wbim

4. Oucppakuma n nutepcpepeHuUsa ceeta

4.1. OnpedeneHue

Kak moxa3plBaeT OIBIT, CBET IPU ONPENIEIECHHBIX YCIOBUSIX MOXET 3aXOIUTh B 00JacTb
reOMETPUUYECKON TeHU. Eciiv Ha IMyTH napajijiebHOrO CBETOBOIO IIydKa PACIIOIOKEHO KPYIJIOoe
npensTcTBie (KPYIJblid AUCK, MIAPUK WM KPYIJIOe OTBEPCTHE B HEMPO3PAYHOM JKpaHe), TO Ha
9KpaHe, pacloJIO)KEHHOM Ha JTOCTATOYHO OOJIBIIOM PACCTOSIHMM OT MPEMSATCTBHS, MOSBISETCS
TU(QPaKIMOHHAs KapTHMHA — CHUCTEMa 4YEepeAYIOUIMXCS CBETIBbIX M TEMHBIX Kousel. Ecnu
NPEISITCTBHE UMEET JTMHEHHBIA XapakTep (Ielib, HUTh, Kpall 3KpaHa), TO Ha YKPaHE BO3HHKAET
cucTeMa NnapauieabHbIX JU(PPAKIIUOHHBIX 110JIOC.

- nudpaxus cBeTa — 00YCIOBIEHHOE BOJHOBOM MPUPOION CBETa SBICHHE OTKIOHEHHS OT
3aKOHOB PAaCHpOCTPAHECHUS CBETa I€OMETPUYECKON ONTUKH, BO3HUKAIOLIEE NPU IPOXOXKICHUU
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CBeTa B Cpele C PE3KMMHU ONTHYECKHMMHU HEOIHOpomHOCcTsAMHU. udpakmus — [mar. diffractus
pa3IOMaHHBIH];

- uHTEep(EepeHIs cBeTa — SBICHHE, BO3HUKAIOIIEE INPH CIOKEHHH CBETOBBIX BOJH U
COCTOsIIIIee B TOM, YTO MHTEHCHUBHOCTH PE3YJIbTHPYIOIIECH CBETOBOI BOJHBI, B 3aBUCHMOCTH OT
pa3sHocTH (a3, CKIAABIBAIONIMXCS BOJH, MOXET OBITH OOJNbINE WM MEHBIIE CYMMBI HX
UHTEeHCUBHOCTEH. HTepdepeH ust — [aHriI. moMexa, BMEIIATEILCTBO; (B3aUMHOE) BIIHSHHE].

Judpakuus BoIH HAOMIOAACTCS HE3aBHCUMO OT MX MPUPOABI U MOXKET MPOSIBIISTHCS:

- B MpeoOpa3oBaHWU TPOCTPAHCTBEHHOM CTPYKTYypsl BOMH. B omHmX ciydasx Takoe
npeoOpa3oBaHUEe MOXHO PacCMaTpUBaTh KaK «OTHOAaHWE» BOJIHAMHU IPEMATCTBUH, B APYTUX
Cllydasx — KaK PacIIMpeHHEe yIJla paclpoCTPaHEHHS BOJHOBBIX IMYYKOB WM MX OTKJIOHEHHE B
OIpE/ICTICHHOM HaIpaBJICHUY;

- B Pa3JI0KEHUH BOJIH MO MX YaCTOTHOMY CIIEKTDY;

- B IpeoOpa30BaHKM TOJISIPU3ALIH BOJH;

- B I3MEHEHHUHU (a30BOH CTPYKTYPHI BOJIH.

Judpakuronnsie 3pdeKThl 3aBUCIT OT COOTHOIICHUS MY [UIMHOW BOJHBI M XapaKTePHBIM
pa3MepoM HEOAHOPOJHOCTEH cpeabl MO0 HEOTHOPOAHOCTEH CTPYKTYpPhI CaMOMl BOJIHBI.
Haubosee cuibHO OHM TPOSIBIISIIOTCS MPH pa3Mepax HEOJHOPOIHOCTEH CPaBHUMBIX C JUTMHOM
BOJIHBL [Ipu pa3Mepax HEOTHOPOAHOCTEH CYIIECTBEHHO IPEBBINIAIOIINX JUIMHY BOJHbI (Ha 3—4
nopsiaka ¥ Oonee), sIBICHHEM IUPPAKIMH, KaK MPaBUIIO, MOXKHO NpeHeOpeub. B mocnennem
cllydae paclpOoCTpaHEHHE BOJH C BBICOKOM CTENEHBbIO TOYHOCTH OITMCHIBAETCS 3aKOHAMH
reomerpudeckord ontuku. C APYroil CTOPOHBI, €CIU pa3Mep HEOTHOPOIHOCTEH CpeIbl MHOTO
MEHBIIIE JUIMHBI BOJIHBI, TO B TaKOM CJIydyae BMECTO IU(PAKIUH YacTO TOBOPST O SBICHUU
paccesiHUs BOJIH.

4.2. TOHKOCMU 8 MOJIKOBaHUU MePMUHa «OugpaKkyust»

OrpaHu4eHHbII B TPOCTPAHCTBE BOJHOBOW IIyYOK HMEET CBOWCTBO «PAaCXOAUTHCA»
(«pacmuibIBaTBCS») B MPOCTPAHCTBE II0 MEpe PACIPOCTPaHEHUs Jaxe B OTHOPOJHOW cpene.
JlaHHOE sIBIIeHWE, HE OIMCHIBACTCS 3aKOHAMHM T'E€OMETPUYECKOH ONTHUKH U OTHOCHUTCS K
IU(PaKHOHHBIM SIBICHUSAM (IM(paKIHMOHHAS PAcXOIUMOCTh, TU(PPAKIUOHHOE PACILIBIBAHUE
BOJIHOBOT'O Tyyka). FIcXOmHOE OrpaHHMuYeHHE BOJHOBOTO TIOJNS B IPOCTPAHCTBE U €ro
OIpe/ieNIeHHas: CTPYKTYpa MOT'YT BO3HMKHYTh HE TOJBKO 3a CYET NMPHCYTCTBUS MOTJIOLIAFONINX
WM OTPAXAIOUIMX DJIEMEHTOB, HO W, HAllpUMep, NPU NOPOXKICHUH (TCHEpaliH, WU3ITy4YCHHHN)
JTAHHOTO BOJIHOBOTO IOJISI.

W3HavanbHO siBIeHHE AU(PAKIIUN TPAKTOBAIOCH KaK OTMOAHNE BOJTHON MPENSTCTBUSA, TO €CTh
IIPOHUKHOBEHHUE BOJIHBI B 00J1aCTh T€OMETPUUYECKON TEHH.

Crenyer 3aMeTHUTB, YTO B CPEAax, B KOTOPBIX CKOPOCTh BOJIHBI (M MTOKA3aTelb MPETIOMIICHUS)
IUIABHO MEHSETCSs OT TOYKM K TOYKE, PpacCHpOCTPAaHEHHUE BOJIHOBOIO IIydKa SIBISETCA
KpUBOJMHEHHBIM. [Ipu 3TOM BoOHA Takke MOXeT orubarth mnpenarcTBue. OJIHAKO TakKoe
KPUBOJIMHENHOE pPaclpOCTPAaHEHUE BOJIHBI MOXET OBITh ONUCAaHO C IOMOIIBIO YpaBHEHHUH
TE€OMETPUYECKOM ONTHKH, W 3TO SBJICHHE HE OTHOCUTCA K au¢ppakuuu. OTCTymeHue ot
NPSAMOJIMHEHHOCTH PAaCIpOCTPAaHEHUs CBETAa HAOJIOAAETCS TAK)KE B CHIIBHBIX MOJIAX TATOTEHMS,
HalpuMep B €€ MOoJIe TATOTEHUS B CTOPOHY 3BE3/bl. DTO SIBJICHUE TaKXKE HE OTHOCHTCS K
nudpakiuu.

BMmecte ¢ Tem, BO MHOTUX cCiydasx IU(QpPaKIHUs MOXKET ObITh, M HE CBsi3aHa C OrHOaHUEM
npensTcTBUs. TakoBa, Hampumep, AU(paknus Ha HEHNOrJomArnmxX (Ipo3payHbIX) Tak
Ha3bIBaeMBIX (Pa30BbIX CTPYKTypax. C TOUKM 3pEHHMsS COBPEMEHHOH HayKH OIpeAeieHHE
audpakuy KaKk OrHOaHHs CBETOM HPEISTCTBUS MPU3HACTCS HETOCTATOYHBIM (CIIUIIKOM Y3KHM)
U HE BIIOJIHE aJICKBAaTHBIM.

[TockonbKy, ¢ OJHOH CTOpPOHBI, SIBI€HHWE IU(PPAKIMU CBETA OKa3aJ0Ch HEBO3MOKHBIM
OOBSICHUTB C TOUKHU 3PEHHUS JTy4eBOH MOJENH, TO €CTh C TOUKH 3PEHUS TEOMETPHUECKON ONTHKH,
a ¢ Ipyroi CTOPOHBI, AU(paKus MOJydnsIa ucueplblBaroniee 00bsICHEHNE B PaMKaxX BOJIHOBOM
TEOPHH, TO YaCTO NOJ AU(paKIUe MOHMMAIOT MPOSBICHUE JTI000T0 OTCTYIUIEHUS OT 3aKOHOB
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I‘COMGTpH‘-IGCKOﬁ OIITUKH. HpI/I 9TOM CJICAYCT 3aMCTUTL, YTO HCKOTOPLIC BOJIHOBLIC SABJICHUSA HC
ONKCHIBAIOTCS 3aKOHAMU TIE€OMETPUYECKOW ONTUKM U, B TOXKE BpeMs, HE OTHOCATCA K
muppakiuu. K TakuM THUNAYHO BOJHOBBIM SIBICHHSIM OTHOCHUTCS, HANpUMEp, BpalleHUE
IUIOCKOCTH MOJIIPU3AlMU CBETOBOW BOJIHBI B ONTHYECKU aKTUBHOM cpefie, KoTopoe nudpakuueit
He sgBisgercs. Bmecrte ¢ TEM, CAWHCTBCHHBIM pPC3YJILTATOM TakK Ha3bpIBacMOu KOHHHHeapHOﬁ
Tudpakuuu ¢ IpeoOpa3oBaHUEM ONTHYECKUX MO MOXKET ObIThb MMEHHO MOBOPOT IJIOCKOCTH
NOJISIPU3alMi, B TO BpeMsl KaK JU(PParMpOBaHHBIA BOJHOBOM MYYOK COXpAHSET HCXOIHOE
HampaBlieHue pacrnpocTtpaHeHus. Takoil TN Au@pakuuu MOXKeT ObITh pealii30BaH, HaIpUMep,
Kak TU(pakLus CBETa Ha YNbTpPa3BYKe B JBYIYUYCIPEIOMISIONINX KpHCTaIaX, P KOTOPOM
BOJIHOBBIE BEKTOPHI ONTHYECKOW M aKyCTHYECKOW BOJIH MapajuielbHbl Apyr apyry. Eme onun
anMep: C TOYKH 3pCHUA FGOMeTpI/I‘IeCKOﬁ OIITUKHU HEBO3MOXKHO O6’b$ICHI/ITI> ABJICHUSA, UMCIOIIIUEC
MECTO B TaK HA3bIBAEMBIX CBSI3aHHBIX BOJHOBOJAAX, XOTSA JTU SIBJICHMS TaKXKe HE OTHOCAT K
nudpakiuu (BOJHOBBIC SIBJICHUS, CBA3aHHBIC C <«BBITCKAIOIIIME ITOJIIMH).

OO6mmMm  cBoiicTBOM Bcex d(pdekToB mudpakiuu sABISETCS HMEHHO ONpeaeicHHas
3aBUCUMOCTb [JOAHHOTI'O ABJICHHUA OT COOTHOLICHUSA MCKIAY ,Z[.HHHOﬁ BOJIHBI MW PasMCpOM
HEOJHOPOJHOCTEN cpenbl. [loaTomy audpakius mpeacTaBiseT co00il YHUBEPCATHbHOE BOJTHOBOE
SIBJICHUE U XapaKTepU3yeTCs OAHUMU U TEMU K€ 3aKOHAMHU B CIIy4ae BOJH PA3HOMN IPUPOBL.

4.3. EQuHcmeo u pasnuyue seneHull Ougppakyus U
UHmepghepeHyus

[To cBoemy mpoucxoxkIeHUI0 AU(pakuuu U UHTEp(EepeHIus 1Ba Pa3IuYHbIX MOHSITHS, YTO
OTPa3UJIOCh M B CMBICIIE CJIOB, KOTOPHIMH UX 00Oo3Haumnu. [dudpakius 3To apoOieHue,
paszeneHue, pasiiaMblBaHUe, a UHTep(epeHIHs 3TO B3aUMHOE BIUSHUE, CMEUIMBaHUE. TakuM
obOpa3oMm, ecnu audpakuus 1Mo CBOe (GYHKIMH 5TO pasleleHHe, TO HUHTEpPPEpeHIUs 3TO
COEIMHEHME, TO €CTh ITH JIBA SIBJICHUS IO CBOEMY ITPOSIBIICHUIO CYTh POTUBOIOJIOXKHOCTH.

PaccMoTpenue CymiHOCTH 3THX SIBICHUH C TOYKH 3pPEHHS BBISABICHUS WX OOIIHOCTH H
pa3Inuuii HY)KHO IPOBOJUTH HA OCHOBAaHUM MEXaHW3Ma B3aMMOJCICTBUS CBETA C BEIIECTBOM,
IIOCKOJIBKY ~BCe HaOmoJaeMble onTh4yeckne AQPQEKThl TNPOSBIAIOTCS B pe3yibTare
B3aUMO/ICHCTBUS CBETA C BEILIECTBOM.

Bce BemiecTBa cocToAT U3 aTOMOB U MOJIeKYN. I IMEHHO B3auMOJIEHCTBUE CBETA C aTOMaMU U
MOJIEKYJIaMH U OTIpefielisieT Bce HaOI0JaeMble POLECCHI.

OCHOBHbBIE XapaKTEPUCTUKH B3aUMOJICHCTBUSI CBETa C aTOMOM, B YaCTHOCTH IOBTOPHOE
u3ydyeHue Oe3 W3MEHEHHUs YacTOThl, MOXHO TMOJYYUTh 3aMEHOM aromMa »AJIEKTPOHHBIM
OCUMJUIATOPOM. Bceskuii pa3, Koraa CBET HNPOXOAUT 4YEpe3 aToOM, HAXOIMALIMICA B OCHOBHOM
COCTOSTHUH, B aTOME€ BO3HHUKAIOT O0IIHMe KOIeOaHUsI TaKUX K€ TUIIOB M CHJIbI, KOTOPBIE TOJIKHBI
coBepulaTh OCHWUISATOPHl B paccMaTpMBaeMOll MOJAENU TMpu OOJyYeHUH UX CBETOM.
DNEKTPOHHOE 00JIAKO KaXKIAOr0 aToMa COBepIIaeT KoyeOaHus moj AeiicTBueM cBera. OOmako
KOJIEOJIeTCS C YaCTOTOM MaJaroIiero CBeTa, M C aMIUIMTYAOW, COOTBETCTBYIOIICH aMIUIUTY/IS
KoJie0aHUl B OCHUIUIATOPHON MOJEIH.

NMeHnHO 3T KoJeOaHusl, aMIUIUTyAa KOTOphix MeHee 10 o M, U 00CCIIEUMBAIOT BTOPHUYHOE
UCITyCKaHHE CBETA, B PE3YyJIbTaTE YETr0 Mbl U BUJIUM BCE MPEIMETHI.

JIBukeHHne oCUUIUIATOPa, 00JIy4aeMOro CBETOM, SIBISIETCS CYNEpHO3UIUE BceX ABMKECHUIH,
KOTOpBIE OH COBEpIIan Obl mpu OOTYyYCHHH COBOKYITHOCTBHIO CBETOBBIX BOJH. CliemoBaTeNbHO,
JUIS U3YYEHUs] MOBEJEHUS aTOMOB IOJ JEWCTBHEM CBETA JIOCTATOYHO JIUIIb 3HATH JIBH)KCHHUE
OCLMJIISITOPOB, BO30YKAaeMO€ AJIEKTPHUECKON BOJTHOW OIpeIeIeHHON YaCcTOTHI U (a3bl.

Ecnu Ha 37€KTpOHHBIM OCHWJUISTOP MAaJaeT 3JICKTPOMAarHWTHAas BOJHA C 4YacTOTOM ®, TO
JNEUCTBUE DIIEKTPUUECKOTO TIOJISI MPOSIBISETCS Kak NEepHOJUYecKas Cujia U IMPUBOJUT K
MOSIBJICHUIO XapaKTepUCcTUYeckux konebanuii. [leproauueckoe 3IeKTpUYeCcKoe Mojie BbhI3bIBAET
KoeOaHusl OCHUIUIATOpAa C YacTOTOM u (ha3od Majgaromiero moyis ®, a He ¢ COOCTBEHHOM
pe3oHaHcHONW 4YacToTor ®0. AMIUIUTYyAa KOJIeOaHW MPOMOPIMOHATIBPHA aMILUIUTY/Ie BHEITHEH
cuiibl, a (a3oBas IOCTOSHHAS OINpEACICHHBIM 00pa3oM cBsizaHa ¢ (a30BOil MOCTOSIHHOM
BHEIIHEN CHJIBI.
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JIJisi HEOTHOPOTHOTO JTMHEWHOTO YPaBHEHHMsI, OMMCHIBAIOIIETO KOJIEOAHUS OCIIMILISTOPA IO/
JIEHCTBUEM BHEIIIHEW CUJIbI, CITPABEJIUB MMPUHIIUAT CYTIEPIIO3HUIINH, 3aKTI0YAIOIIANUCS B TOM, UTO
pelIeHrne, COOTBETCTBYIOIIEE CYMEPHO3UIMH PA3IMYHBIX BHEUIHUX CHJI, MPEICTaBISIET COOOi
CYTEPIIO3UITUIO OTACIBHBIX PEIICHUMN.

IMpu mudpaknuu magaronias (B oOmeM cirydae OfHa) BOJHA B3aUMOJCHCTBYET ¢ “rpaHuLeit”
BemecTBa. Ha TpaHuile BemecTBa aTOMBbI TMEPEU3IYYarOT TMaJarollyl0 BOJHY B Pa3HBIX
HarpaBJCHUsAX — BOJIHA “pasnambiBaercs’. [Ipu uHTepdepeHimu xe BoiHbI (Kak MUHUMYM JIBE
BOJIHBI) MajaroT (B3aUMOJCHCTBYIOT) Ha OJHH M TE€ JKE€ aTOMBI BEHICCTBA, OIHOBPEMEHHO
BO30Y)XJas MX, IpUYeM Kaxaas co cBoeil ¢a30if U aMIUIUTYJOH, a B OOIIEM Cilydae eIie U co
cBoet vactotoil. [loaToMy, TpH OmpeneNeHHBIX COOTHOMIEHUAX (a3 MagaloldXx BOJIH, aTOM
(ocumsIIATOP) MOXKET BO30YXIATHCSI PE30HAHCHO U B 3TOM Cllydac MHTEHCUBHOCThH PACCETHHOTO
W3JIY9CHHUS BO3PACTAET, a MPU KAKOM-TO JIPYrOM COOTHOIICHHWH (a3, Bo30ykKIaaeMble B aToMe
Koe0aHusl B3aUMHO TacsTCs U MEepPEeUu3TydeHHOW BOJIHBI HE BO3HHKAeT. B mepBoM ciydae Mbl
HaOroMaeM (pEerucTpupyeM) MaKCHMYM HHTEHCHBHOCTH, @ BO BTOPOM MHHHUMYM.

Takum o0pa3om, 1Ba, Ka3aloCch OBl, COBEPIICHHO pa3HBIX SIBICHUS, 00a OOYCIOBICHBI
B3aMMO/JICHCTBUEM CBETA C BEIIECTBOM.

4.4. MpuHyun babuHe

[lpy mpakTHYECKOM H3YYEHHH OU(PPAKIMOHHBIX 3aJa4 OYCHb YacTO BO3HHKAET
HEOOXOAMMOCTh B PACCMOTPEHUH TU(PPAKIIMOHHBIX TTOJIEH OT 0OBEKTOB B3aUMHO JTOMOJIHSFOITHX
Jpyr Apyra. JIonoJHUTEIbHBIMU 3/1€Ch Ha3bIBAIOTCS TAaKUE OOBEKTHI, KOT/Ia OTBEPCTUE B IKPaHE
COBIAJACT C JAPYI'MM DKPAaHOM, Tak, HAlpHMEp, KPYrJIOMY OTBEPCTHIO B IUIOCKOM DSKpaHe
COOTBETCTBYET IUIOCKUU JUCK, KOTOPBIM JOMOJHSIET 3KpaH A0 CIUIONIHON MOBEPXHOCTH. B 3TOM
cnydae mpuHImn baOuHe yTBep)KIaeT, 4TO Pe3yibTaThl, MOJYYEHHBIC IS pacueTa 3aaadu
nudpakiMd Ha OTBEPCTHH MOXKHO Cpa3dy MEpeHEeCTH Ha ciaydail Tudpakiyud Ha IUIOCKOM
JononHUTenbHOM dSkpaHe. [lpu mudpakumum Ppaynrodepa, ucxons w3 npuHuuna babune,
MOJTy4aeTcsi MPOCTOE MPaBUIIO: 00a OMOJHHUTENBHBIX JKpaHa CO3MAI0T MHTEPPEPCHIMOHHBIC
KapTHHBI ¢ OJJMHAKOBON HHTEHCHBHOCTBIO.

[Tycts Uy(P) u Uy(P) xommiekcHble aMIUTATYabI TA(PAKIIMOHHOTO IMOJsA, KOrjga OJWH U3
9KPAHOB IMOMEIIEH MEXIy MCTOYHHKOM M IUIOCKOCTBIO HabOirogeHus. Toraa, MOCKONbKY 3TH
IOJIS TOJTyYeHBI OAHO MpH wuHTerpupoBanuu mo oreepctuto Ui(P), a mpyroe Uy(P) - mo
OCTaJIbHOM MOBEPXHOCTH, TO B CyMME OHHM JAIOT I10JIE, KOTOPOE MOIYUUTCS, €CIIM HHTETPHPOBATH
TI0 TIOJIHOW TIOBEPXHOCTH, B OTCYTCTBUH KpaHa.

Ui(P) +U(P) = U.

W3 npuniuna babune ciaenyer Baxuoe cBoiictBo. Eciu U = 0, U(P) = - Wy(P), 1.e. B Toukax,
riae U pasao Hymo, (paszsr UL(P) n U2(P) pasnuuatorcs Ha w, a untencusroctr |1=|Uy(P)f u
I 2=|U2(P)F OOMHAKOBHI |1 = .

Crenyer OTMETHTH. CTENEHb NMPUOIMKCHUS, P KOTOPOW CIIpaBeIIMB MPHHIUI babuwe,
Takas ke, Kak u B ciydae Teopun Kupxroda. [Ipunuun babure cTporo BBIMOTHSAETCS IS
UICATLHOTO OTPAKAIOIIETO MIIOCKOTO SKpaHa.

4.5. KoHmpacm oughpaKyuoHHOU KapmuHbl

[IpoGnema ucmoNbp30BaHMs CTAHIAPTHOTO OMpe/esieHus MmoHsATHs KoHTpacta JIK cBszana co
crnenupuKoi M3MEHEHHUsST UHTEHCUBHOCTH. OHA C OJAHOW CTOPOHBI aCUMITOTHYECKH 3aTyXaeT C
OONBIION CKOPOCTBIO, TpPHYEM JUIsI Pa3HBIX HAMpPaBICHUH CKOPOCTh 3aTyXaHUS MOXKET
OTJIMYaThCA, a ¢ APYrol cTopoHsl u3Mensiercs u cam Bupa JIK. Jlns xapakTepucTUKU KayecTBa
JK HeoO0X0auMO yMEHBIIUTh KOJIWYECTBO €€ MH(OPMAIMOHHBIX MapamMeTpoB. VM, B mepByio
odepenib, HYKHO ycTpaHuTh napametp K, cBsi3aHHBIN CO CKOPOCTHIO 3aTyXaHUs, YTO MO3BOJIUT
MPEJICTAaBUThL €€ B 0oJiee PEerylspHOM BHJIE, YIIPOCTHTH MPOIECC PETHCTPAIMH U JaTbHEHIIIero
npeoOpazoBanua. Haumbonee onTuManbHBIMH ~ BapHaHTaMM  yYMEHBLIEHUS  JHara3oHa
uHTeHCHBHOCTEH B JIK SBISIOTCS pa3nudYHbBIE CIIOCOOBI OMTHYECKON MPOCTPAaHCTBEHHOMN
buIpTparum.
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Haunbonee wacto 3akoH mpomyckaHusi (uibTpa BBIOMpaeTCss W3 YCJIOBUS BBIPABHHUBAHUS
pacrnpesielieHus UHTEHCUBHOCTH B IIpE/ieax BCEro PerucTpupyeMoro crnekrtpa. B pesynbrate
3TOM omepauuu pacrpenesneHue uHTeHcUBHocTH B JIK 3a  ¢uusTpom mnpuoOperaer
CHHYCOUJIaJIbHBINA BU]I.

Pacripenenenre MHTEHCUBHOCTM B CEYEHHMHM BbIpoBHEHHOW JIK MOMHO IpeacTaBUTh B
CJIEAYIOLIEM BUIE

sin”(x)= [I - cos{jx']]/"ﬁ :

CunycougaibHOE paclpeeieHe UHTEHCUBHOCTHU BBI3BIBAET <dI€PEPACIIPEACIICHUE» SHEPT U
B cnekTpe curHana. dypee-ciektp BeipoBHEHHOM JIK MMeeT NBe SpKO BbIpaKE€HHbBIC JIMHUH,
COOTBETCTBYIOIIME HYJIEBOW IPOCTPAHCTBEHHON 4aCTOTE U OCHOBHOMY IIEPHOJY BBIPOBHEHHOMU

JK (puc. 4.1).

IS() | F K

0,75

0,50

0,25 1

0,00 'VW\) AT
0 10 20 30 40
Puc. 4.1. @ypve-cnexmp sviposnennoii J[IK

CrexkTp BBIPOBHEHHOIO pACIpPEICIICHUs WHTEHCUBHOCTH YK€ SBISETCS WHTErpajbHON
xapakTepucTtukol cedeHuss JIK M CyIIECTBEHHO HE 3aBUCHUT OT YHCIA PETUCTPUPYEMBIX
TU(GPAKIIUOHHBIX JICTIECTKOB.

TumnoBbie 00BEKTHI IU(DPpaKIuU, KaKk IMOKa3aHO BhIMIe, UMEIOT Dyphe-CHeKTp, KOTOPHIH
YCIIOBHO MOKHO NPEICTAaBUTh B BUJAE MPOM3BEACHUS rapMOHUYECKOH (pyHKIMM Ha (YHKIHIO,
ONpeeNsoNlylo 3aTyxaHue croektpa. [IpeoOpa3oBaHue pacnpeneneHuss WHTEHCUBHOCTU
HeBo3myleHHoU JIK (BhIpaBHMBaHWE) NMPUBOAUT €€ K BHJY aHAJOTHYHOMY PaCIpPEICICHUIO
MHTEHCUBHOCTHU NpU UHTEP(EPEHIINN IBYX MJIOCKUX BOJIH.

9Ty AHAaJIOTHUIO MOXKHO 6]:1)10 651 HCIIOJIB30BATh JIs1 OLICHKU KOHTpACTa.

Ho, B cuimy Toro, 4To BIUSHHE BO3MYILEHUN 00y4YaroUIero Mo U Buaa 00beKTa pa3IuyHbIM
0o0pa3oM CKasbIBalOTCI Ha aMIUIUTyJAe JAU(PPAKIMOHHBIX TOPSIKOB, HEMOCPEACTBEHHO
UCIIOJIb30BaTh BEIPOBHEHHBIN CIIEKTP B COOTBETCTBUU C (POPMYJION KOHTpacTa

- Ima.‘;_"ir:ﬁ:l.
I +I..

MIPEACTABIISIETCS 3aTPYIHUTEIbHBIM.

B cuny cneuuduku obpazoanus JIK B He#l, B oTnuume OT ciyyas JBYXJIyueBOM
uHTep(epeHIH, HeNb3sl pacCMaTpUBaTh KOHTPACT IO IMOJII0 U B TOYKE, @ MOKHO HCITIOJIb30BATh
TOJBKO MHTErpalibHYI0 OLeHKY KadecTBa [IK. B kauecTBe Takoi OLIEHKH MOKHO HMCIOJIb30BaTh
aMIuIMTy bl yacToT Pypbe-cnekrpa BeipoBHEHHOH JIK. dypbe-cniektp BeipoBHEHHOH JIK nMeer
JUHENYaTyl0 CTPYKTypy. B HeM MOXHO BBIIEIUTh HYJIEBYHD TapMOHUKY W TapMOHMHKY,
COOTBETCTBYIOILYI0O OCHOBHOMY IIpOCTpaHcTBeHHOMY niepuoay K.

JIns onleHKHM BEIWYMHBI KOHTPAcTa BOCHOJIB3YEMCSl OTHOIIEHHEM aMILIUTYJ rapMoOHUK. Jlis
HEBO3MYIIIEHHON BbIpoBHEHHOM JIK, wuMeromeld BuJ TrapMOHMYECKOW  COCTaBISIOLIEH
YMHOKEHHOM Ha MPsIMOYTOJIbHBIA UMIYJIbC, aMIUIUTY/1a HYJIE€BOW rapMOHUKU Dypbe-CreKTpa B
JBA pa3a IPEBOCXOAWUT  AMIUIUTYlly TapMOHUKHM, COOTBETCTBYIOIIYHD  OCHOBHOMY
IPOCTPAHCTBEHHOMY Tniepuody. [l coxpaHeHus OOLIENPUHATOrO JAuana3oHa H3MEHEHUs
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BEJIMYMHBI KOHTpacTa B HMHTEP(EPEHLMOHHOM KapTUHE BBEAEM MHOXKHUTENb, PABHBIMA JBYM.
Torna BennunHa KOHTpacTa OyeT paBHa
7
77— 25

Iy | rge 10 u 11, cOOTBETCTBEHHO aMIIuTyapl Moayis Dypbe-crieKkTpa HYJIEBOW M
ocHOBHOU rapMoHuk dypre-cniekrpa BeipoBHeHHOM JIK (cM. puc. 4.1).

ComocTaBiM BeJIMYMHY KOHTPACTA, MOJy4aeMyo IO MpeAjaraeMoMy crnoco0y M KOHTpacT
UHTEepEepeHIIMOHHON KapTuHbBI B uHTepdepomerpe FOura. B unrepdepomerpe IOnra crenens
KOTEPEHTHOCTH TIOJISI M3JYy4YCHUS! OLEHHMBAIOT 10 KOHTPAcTy WHTEP(PEPEHIMOHHON KapTHHHI,
KOTOPBIH, KaK MpaBUIIO, ONPEAEISIOT B TOUKe Nojs. Eciin MHTEeHCHBHOCTH MHTEP(EPUPYIOIIUX
IYyYKOB paBHBI, TO CTENEHb KOTCPEHTHOCTH TOJNS UW3JIy4eHHS paBHA KOHTPACTy
uHTepdepeHmonHoi KaptuHbl (puc. 4.2). PacnpeneneHue WHTEHCHMBHOCTH TNpH AU(PaKIUU
YaCTHYHO KOT€PEHTHOTO M3ITy4EHUs Ha JIBYX KPYTJIBIX OTBEPCTHX paanyca a

-
w &

(2. ( 20 (v -
)= 1| (1) ' | I+| 1 ”cos{ﬁu —ud)
L H \ | v | J
Py ST P 5
H=—asm@. 1‘=_—ETE. p/R
rIe A Lo R YIJIOBOM pa3Mep UCTOYHUKA U3IydeHus1, d —paccTosHue

MEXIy OTBEepCTUsAMH, B12 = ar@io, [12 — CTETIEHb KOTEPEHTHOCTH.

2\
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\
\
o L LN
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Puc. 4.2. @ynkyusa kocepenmnocmu 01 UCTIOYHUKA KPY2lLOU hopMbl €OUHUYHO20 Paouyca

[TpeobpazoBaB pacnpeseeHne UHTEHCUBHOCTH, TTOJTYYHM:

i o o A
') = 2| 1+ &) cos( B, —ud) |.

o

v

Beimonaum dypre-nipeoOpazoBaHue BHIPOBHEHHOTO PACIIPeIe/ICHHs HHTEHCHBHOCTH
2 2
|S{mj| =| [I"(u)exp( jou)du
[

Y HalJIeM OTHOLIEHUE aMIUIUTY TapMOHUK Moayied Dypbe-crekrpa.

PaccunTeiBaeMasi TakuM criocoOOM BeTMYMHA KOHTpAcTa AU(PAKINOHHONW KapTHHBI 3aBUCHT
OT YHCJa aHATU3UPYEMBIX JAU(PAKIIMOHHBIX MOPSAIKOB, YHCIO KOTOPBIX OOBIYHO OMpeaesseTcs
HCXOJS U3 PEIIaeMOil 3a/1a4u.

[Ipu uncne ananu3upyembix audpaxnuoHHBIX nopsakoB 10 u Gonee BenMYMHA KOHTPACTa,
paccunTaHHas JByMs crocobamu, NpakTHYecku coBmagaer. C  yMEHBIIEHHMEM 4HCIia
aHATM3UPYEMbIX  TIOPSIKOB ~ pacCUMThbiBaeMas  BEJIMYMHA  KOHTpAacTa  HE3HAUYUTEIbHO
yYMEHbBIIIAeTCsl.

BennunHa KOHTpacTa, paccuMTaHHas IBYMS CHOCOO0aMH s TSATH AU(PaKIHOHHBIX
nopsakos, oriaudaetcs Ha 0.02+0.03exunuinp (Tabmuna 4.1) (puc. 4.3). [Ipu ymeHbIICHHH
CTETIEHU KOTE€PEHTHOCTH ATHU pa3IMyMsl HEe3HAYUTEIbHO yBenuuuBaroTcs. Ha mpaktuke, 3Ta
pa3HHMIIA, KaK IPABHUJIO, JISKUT B IPE/IENax MOTPEITHOCTH U3MEPECHUS.
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0.0 25 05 075 o/n

Puc.4.3.3asucumocms xonmpacma (cmenenu xocepenmuocmu) 8 unmepgepomempe IOnea om
PACCMOAHUSL MeHCOY MOYKAMU NOJA

TABJIMLIA 4.1 Koutpact wuHTepdepeHIMOoHHOW KapTuHbl au¢pakromerpa HOHra,
paccUNTaHHBIN IBYMs CIIOCOOaMU

Crioco6 pacuera KonTtpacr

[IpocTpaHCTBEHHAss YacTOTa OCBEINAKOLIETO MOJIS B
cooTBeTcTBUU ¢ TeopeMon Ban Ilurrepra-liepauke s
OTBEPCTUS €IMHUYHOTO pasuyca

0.25 0.5 0.75 1.0

Teopernueckas BenuuuHa | 0.93 0.72 0.45 0.18
KOHTpacTa (CTereHb KOTePEHTHOCTH
OCBEIIAOIIETO ITOJIA)

BripoBHEHHBII CUTHAII (st | 0.88 0.68 0.41 0.20
TU(PPAKIUOHHBIX TIOPSITKOB)

Takum oOpaszom, mpeoOpa3oBaHue pacrpeneneHuss naTeHcuBHocTH JIK mo3Bossier BBecTH
nousitue koHtpacta JIK, kak oOTHOLIEHHE aMIUIUTyJ TapMOHHUK BBIPOBHEHHOTO CIIEKTpa.
UucaeHHYI0 BETUYMHY KOHTPACcTa y100HO UCIIOIB30BATh /Ul KOJIMYECTBEHHON OLIEHKH KauecTBa
JK mpu Hamu4yuuM pa3iMdHOTO POJia BO3MYIIEHUH OOJIYYaroIero IMojisi WM MPU JUCTIEPCHOM
xapakrepe 00bekTa Audpaxiuy.

4.6. Fleomempu4eckasi meopusi dugpakyuu

I'eomerpuueckast Teopust audpakuuu (I'T/) Obuta mpemnokena Kemrepom kak o0oOmieHue
pe3yabTAaTOB ACHUMIITOTHYECKUX pa3jIoKeHM nudpakimoHHbx uHTerpamoB. WM xors ['T]]
CTPOUTCSl KaK acCUMIITOTHYECKas TEOpHs, NMpPUMEHseMas B TEX CiIydasx, KOrJa XapaKTepHBIN
pa3mep 00beKTa aMHOI0 OOJIbLIE JUIMHBI BOJIHEI A, ONBIT pacyeToB 1o I T/l noka3siBaeT, 4TO OHA
JIaeT JOCTOBEPHBIEC PE3YIbTATHI BIUIOTH /10 BEIMYUH ATOPSIKA A.

B I'T/l Hapsany c oTpaX€HHEM U TPEIOMIICHUEM, MOCTYJIUPYIOTCS JIy4d, MOPOKIAEMbIE
Jy4aMH NEPBUYHOTO I0JIs, KAacaloIMMHUCA Tejla WIM IONAJarollie Ha W3JOMbI MTOBEPXHOCTU
tena (pedpa, octpusi). Kakaplid J1yd mepBUYHOTO IMOJS MOPOXKIAET OSCKOHEYHOE MHOXKECTBO
TU(parupoBaHHBIX JTydei.

[Ipy HOpMAJIbHOM TMAJICHUM W3JIYYEHUs Ha TOHKYIO IUIOCKYIO amneptypy mnoctyiaarsl T[]
MOTYT OBITH C(OPMYITHPOBAHBI CIETYIOIIUM 00pa3oM:

— YIJIOBBIE TOYKHM KOHTypa amepTyphl, HNOpOXKAAIoLIMe IU(PPAaKLIUOHHBIE JTy4d BO BCEX
HaIlpaBJICHUSX, ABJISIOTCS UCTOYHUKAMHU CPEpUUECKUX BOJIH,;

— KOHTYp anepTypbl MOPOXKAAET KPAaeBYO BOJHY, YTOJI pacTBOpa KOHYca ee Jiydel paBeH m/2.
Jns IpsAMONMHENHOrO Kpas BOJHA SABJISCTCS LWIMHIPUYECKOM, a Uil KPUBOJMHEWHOIO
TOPOUAATBHOM.

BropuunbiMu M parupoBaHHBIMU JIydaMH OOBIYHO MOXKHO NpeHeOpeub, Tak Kak OHHU
BO3HHUKAIOT OT JIy4el paclpOCTPaHSIIONINXCS B INIOCKOCTH allepPTypPhl, aMIUIATY1a KOTOPBIX Mala.

Bennuuna qudpakuinoHHOTo 1osis B Touke Q BBIYUCIACTCS KaK cyMMa AU(PPAKIIMOHHBIX BOJIH

Ulx, y2)=2 U, (x.y.2)exp(iks, ) .

]
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S, — d¥KoHaN BAOJIb N —r0 syda. UN(X,Y,Z) —KOMIUIEKCHBIA aMIUTUTYIHBIA KOA(PPHUIIMEHT,
Ha3bIBaCMBIN Takke K03(PhUIIUEHTOM TUBPaKIINH.

Takum oOpa3om, anroputMm pemeHus audpakinuonHod 3amaun no [T/ cBomutcs K
ONpEACNICHUIO TOJIOXKEHHUSI TOCTYJUPOBAHHBIX HCTOYHUKOB JU(MPAKIMOHHBIX BOJH U
MOCIIEAYIOMIEMY CIIO)KCHHIO KOMIUICKCHBIX aMIUIMTYJ JTHX BOJH B TOYKE HAOIOJCHUS.
@DaKTUYECKH 3TO O3HA4aeT, YyTo NudpakUuOHHAs 3ajadya CBOAMTCS K HWHTEPPEPEHIIMOHHON U

dopmyna mis uareHcuBaocTH 1(Q) = U(Q)U*(Q) coBnamaet ¢ uaTepdhepeHIIMOHHON HOpMYIoit
Onra

H0) =2 1(Q)+2 T \1, (O, (D) coslA,, , +5,,,)
n n=m (1.3)

3necb AM,N —pa3HocTh a3 s BOJH UCTOYHUKOB M U N, 00yCIOBICHHAS T€OMETPUICCKOM
pasHocThi0 x0na; Am,n = K(Sm - sn);dM,N — HavyalbHBIH OTHOCUTEIbHBIA (Aa30BBIH CABHUT
uHTepbepupyromux BoH; K = 2t/A. AMmiuTyasl 1udpardpoBaHHBIX BOJIH W OTHOCHTEIbHBIC
¢azoBbie caBurn B pamkax [T/l He ompenensiorcs; AN HMX HAXOXKAECHUS HEOOXOIMMO
WCITOJIH30BaTh JAHHBIC, TOTYYEHHBIC 13 OoJiee 00IIel TEOprH.

Paccmorpum mozpens ¢gopmupoBanust JAK mo I'TH. nst 3oubl gudpakuuun dpaynrodepa
JIOCTaTOYHO pPaccMOTPeTh HHTephepeHIHn0 TUGPAKIUOHHBIX JIyded, HIYIUX B OJHOM
HarpasieHuu (puc. 4.4).

Puc. 4.4.Cxema ucmounuxos uznyuenus os I'TH mooenu

Bocrnone3yemcst cepruyeckoil cucteMoll KOOpAWHAT. 3aJaJuM HampaBlieHUE HAOIOICHUS
BektopoMm (((1,0). KoopauHaTel TOuYek BbIXOJa Jiyuei, AU(GPAarMpPOBaHHBIX B 3aJaHHOM
HanpaBlieHUU OyJaeM 3aJaBaTh PaJNyC BEKTOpaMH. YTJIOBBIE TOUYKH KOHTYpa BCETJa SBISIOTCS
TOYKaMU BbIxofa Jiydel. [[ns mpsMoiMHEeHbIX ydacTKoB KOHTypa B I'TJ] kak To4yek BBIXOJa
JTy4el MOCTyIUupPyeTCs TOYKa, COOTBETCTBYIOIIAs CEpEAHE yIacTKa KOHTYpa.

Ha KpuBONMMHEHHBIX y4acTKax KOHTYpa TOYKH BBIXOJA Jydei, OKa3bIBAIOTCS “TOABHUKHBIMU
— HUX TIOJIOKEHWE 3aBUCUT OT HalpaBieHHs HaOmoneHus. UuWcio Todek BhIXOJa Iyyei,
y4acTBYIOHIIMX B (OpMHpOBaHMHM IUPPAKIHUOHHOTO TMOJII B 3aJaHHOM TOYKE, 3aBUCUT OT
HaTpaBlIeHUs] HAOIIOICHHUS.

Jlnsg panpHel 30HBI 3aadyy MOXHO paccMaTpuBaTh KakK JIBYMEPHYIO Ha IJIOCKOCTH C
NOJSPHBIMH KoopauHatamu (p = KSirB; [1), MOCKOJBbKY MOJOKEHUE TOYCK OTphIBAa JyYeH,
YXOIIIUX B 3aJaHHOM HampaBlieHuH, He 3aBUCHT OT 0. Takum oOpazom, B moaemu ['TJI Mb1
NPUXOJMM K 3aJade Ha IUIOCKOCTU. Takas MOCTaHOBKa 3aJaud JeiaeT ee Oojiee HarjsaHOH,
MO3BOJISASI OTPAaHUYUTHCSI PACCMOTPEHUEM AUPPAKIIMOHHON 3a7auu B IJIOCKOCTH anepTypbl. Ha
IocKocTH MoayJib Bektopa ([ 1,0) pasen Sirp.

Paccmotpum dopMupoBaHue Mo Ha MMPUMEPE anepTypbl B BUJE MPSIMOYTOJIBHOTO CEKTOpa
(puc. 4.5).KoopauHaTsl TOYEK BBIXOA JIyUeH OMPEaSIUM BEKTOpaMu [o, lo1, 1, I2, fc1 leo.
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Puc. 4.5.Cxema ucmoynuxog usnyuenus 0Jisi NPAMOY201bH020 CEKMOpA.

rg=0

HaiiieM poeKIiy BEKTOPOB, 33 Iaf0IINX KOOPANHATHI TOYEK BBIXO/IA JIyUei, Ha HAIPaBJICHHE
HaOJIIOICHNUS, TIPEICTABIISAIONIME CO00 CKaIsIpHBIC MPOU3BEICHHUS COOTBETCTBYIOIIETO BEKTOPA
TOYKH BbIX0Ja jJy4a u Bexkropa ([1,0), T.e.

s, = [r,0(0.6)]=0

s, =[r,a(0.6)]=Rsin®:

s, = [r,0(9.6)] =Rsin8.

s, =[1,0(9.6)] = R cosgsin 6;

5, = [l‘jq{q:r. E'}] =Rsm@smn:;

s, =[r,0(0.8)] = (R/2) cos psin 8.

s, = [r,q(9.8)] = (R/2)sing@sin 6.

rae R —paauyc cexropa.

B I'Tl nHac uHTepecyeT ceTKa SKCTPEMYMOB MO AU(PAKIUH, KOTOpas OMperenseTcs
pasHocTsamu ¢a3 uHTephepupyromux BoaH Am = K(Sn - ). JIuHUH, BIOIb KOTOPHIX Pa3sHOCTh
(a3 3THX KOMIIOHEHT ITOCTOSIHHA, T. €. JIUHU, rae K(Sy - §) = constonpenernsitor crpykrypy AK.

[Tox TepMHUHOM <«CTPYKTypa» OyaeM MOHUMATh COBOKYITHOCTH 30H JIK, B Ka)K10# M3 KOTOPBIX
TuQpakiuoHHOEe T1osie (OPMHUPYETCS B3aWUMHOW HHTepdepeHIuel XxapakTepHOro Habopa
TU(PPaKIMOHHBIX BOJH. JlaHHBIN HA0Op MOXKHO KiIacCHU(DUIIMPOBATH 1O CICAYIONIMM MTPH3HAKAM:
TUITY AU(parupoOBaHHBIX BOJH (OMpenensercss CorjiacHo (opMe BOJHOBOIO (DPOHTA U YPOBHIO
AMILTUTY/IbI) U KOJTMYECTBY BOJIH.

3ony JIK Oynem knaccuduuupoBaTh IO BOJIHE, HMMEIOIIEH HaMOOJBINYIO aMIUIMTYIy B
TAaHHOU 00JIacTH.

Jns ynobcrBa 0003HaueHUS TU(PPAKIMOHHBIX BOJH U UX COBOKYITHOCTH BBEJIEM CIIEIYIOLIHE
0003HaYCHH. — OCHOBHYIO BOJIHY B JaHHOW 30HE OyaemM o0o3Ha4yaTh OOJBIION JIATHHCKOW
oykBoit: C (mmuanpuyeckas BosnHa), T (Topoumanbhas Boana), S (Chepuueckas BoaHA);, —
BOJIHY, aMIUTUTY/Ia KOTOPOH MEHBIIIE OCHOBHOM, HO CpaBHMMa ¢ HeH, OyaemM o0o3HayaTh Maon
JATHHCKOM OyKBOM: C, t, S;COOTBETCTBEHHO THITY BOJIHBI, — IPOYKE BOJIHBI, aMILUIUTY/1a KOTOPBIX
MHOTO MEHBIIIE OCHOBHOM, Takke OyaeM o0o3HayaTh MajlbIMU JATUHCKHUMHU OykBamu C, {, S,
3aKJitoyasi MX B KBajpaTHbie ckoOku [C,[t], [S]; — 4Kci0 BOJIH ¢ OJJMHAKOBOM aMIUTUTYI0U Oyaem
0003HaYaTh HWKHUM HHIEKCOM, Hampumep, Cy[Sq].

Tak kak Kaxmas u3 AUQpParupoBaHHBIX BOJH MOPOKIACTCS COOTBETCTBYIOIIMM YYaCTKOM
KOHTYpa amnepTypbl, TO MHPOPMALUS O YHUCIE W TUIE OOpa3yIOIIUX KOHTYp JIMHHUM, a TaKxke
HAJIMYUU YTTIOBBIX TOYEK, conepikamiasics B mmdpax 30 K, Mo3Boiser ompeaenuTs OOIIyIo
crpykrypy HAK: — npsMonmHEeHHOMY Kparo JJIMHOW a, cooTBEeTCTBYET 30Ha [IK B BuIe mosiockl
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mMpruHOH (10 mepBoMy MUHHMYMY) 4nz/Ka,rrne Z —paccTosHHEe 10 TUIOCKOCTH HAOTIOJICHHUS; —
y4acTKy KpuBO#l cooTBeTcTBYeT 30Ha JIK B BHIe IBYX NMPOTHUBOJIEKALINX CEKTOPOB, Yroji MpH
BEPILIMHE KOTOPHIX PABEH MAaKCHUMAJIbHOMY YIJIy MEXIYy HOPMAJIsIMH K JAHHOMY YYacTKy; —
YIJI0Basi TOUYKA OKa3bIBAET BIMSHHUE HA BCIO IIIO0CKOCTh JIK.

ACHMITOTHYECKOE paccMOTpeHHe AU(PAKIMOHHOTO MHTerpaja B npubmmwkeHnn dpenens
MOKA3bIBAET, UTO AU(PPAKIIMOHHOE TOJIE€ 32 PKPAHOM C OTBEPCTUEM MOXKET OBbITh pa3/ieleHO Ha
CBETNYI0O 00JacTb, B KOTOPOH AM(pPaKIMOHHOE II0JI€ CPAaBHUMO C TAJaIONIMM IMOJEM,
MEePEXOIHYI0 00JIaCTh U TEMHYIO 00J1aCTh.

DTH 0671aCTH OrpaHHYEHbl MapaboIaMu (@ £ xp)° = 4z (puc. 4.6). Takum obpazoM s
IVIOCKOW  (urypsl 30HBI HempuMmeHUMoOcTH ['TJl HMMEIOT BHJ TOJOC, COBMAJAONUX C
NEPEeXOHbBIMI 30HaMH CBET-TEHb KpaeBbIX BOJH. B nanbHell 30He AU@pPaKkiUU 30HBI
HenpuMmeHumocTH I'T/l nepecekatorcs B uentpe K, nepekpbiBas 30Hy NPOLIEAIIEr0 3JIy4eHUs
— nentpanpHoe maTHO JIK. Ha dopmupoBanue nentpanpHoro msatHa JIK okaspiBaeT BIMsiHUE
HU3KOYaCTOTHbIE KOMIOHEHTH, a [T/l ocHOBaHa Ha BBICOKOYACTOTHOW AaCHUMIITOTHUKE
mudpakauonHoro mnosst. CorjacHO aHalnW3y HHU3KOYAaCTOTHBIX KOMIOHEHT AW(paKkiHOHHOTO
nois ¢opma nentpansHoro nartHa K ¢opmansno moBTopsieT pa3BepHyThiii Ha 90° MOMEHTHBIH
AJUTHTIC TUTOCKOM (DPUTYPHI I COOTBETCTBYIOIICH anepTyphl.

AR R RN

Faly f

L J

Puc. 4.6.Cxema ouppparxyuu 6 30ne @penens

Kpome nentpa [AK I'T/l He mpuMeHnma U B ApYrux 30HaX. 30Hbl HenmpumeHumoctu ['T/]
MMEIOT BU/I MOJIOC, OPUEHTUPOBAHHBIX BJIOJIb KaCATEIbHBIX K KOHTYPY alepTypbl B OKPECTHOCTHU
YIJI0BBIX TOUEK. /laHHBIE 30HBI COBIAAAIOT C 30HAMH BIHUSHUS LUIMHIPUYECKUX BOJIH.

Bce Bhllecka3zaHHOe MO3BOJSET CAENaTh onucaHue XapakTepHbix 30H JIK ®dpayHrodepa B
npuommkennn [T/, B menTtpe - spkoe maATHO, MMeroiiee (GopMy MOMEHTHOTO JJUIAIICA
aneptypsl, noBepHyroro Ha 90°. IlpsmMonMHEWHBIM y4yacTKaMm KOHTypa amnepTypsl B JIK
COOTBETCTBYIOT ~OTHOCHTEIBHO Y3KHE SPKHE TIOJIOCHI, OPHUEHTHPOBAHHBIE HOPMaJIbHO
COOTBETCTBYIOLIEMY y4acTKy. KpuBOIMHEHHBIM y4yacTKaM COOTBETCTBYIOT 00Jiee TEMHBIE 30HBI
JK, opueHTHpOBaHHBIE B HANpABJICHUU OCU cekTopa. Mexny nanHbiMu 30Hamu JIK mone
dopmupyercst cnabblM H3Ty4YeHHEM YTJIOBBIX TOYEK, MOITOMY CPEOHSSI MHTEHCHUBHOCTH 3/1€Ch
camasi Hu3Kasi. 30HbI JEHCTBUS pa3INYHbIX TU(PAKIUOHHBIX BOJH MOTYT MEPEKPHIBATHCS, U U3-
3a mporecca MHTepPEpeHINH pachpenesieHHe WHTEHCUBHOCTH HE OyAeT OJHOPOJHBIM, HO
MPUHIINII BBIICTICHUS XapaKTEPHBIX 30H COXPAHSIETCS.

3T0 MOXHO NMPOWJUTIOCTPUPOBATH HA MIPUMEpPE arnepTypsl B popMe MpsSMOYTOJIBHOTO CEKTOPa
(puc. 4.7).KoHTyp anepTypsl COAECPKUT JABA MPAMOITHHEWHBIX U OJJHH KPUBOJIMHEHHBIN y4acTOK
- IYTY OKPYXKHOCTH, M TPU YIJIOBBIE TOUKU. 30HA | 00macTh neiicTBUA MUIMHAPHUYECKUX BOJH -
JIBE y3KH€ TOJIOCHI, JIeXkAIIMe BIOJIb Ocei KoopauHat. 3oHa Il o0macTe nelcTBUS TOPOUIATBHOM
BOJIHBI Oyru B 1+ u 3-if uerBepTu. Takum oOpas3oMm, 2-1 u 4-1 ueTBepTH —30Ha |ll, mpakTHUecku
CcBOOOAHBI OT BNUSHUSA KpaeBbIX BosH, U JIK 31ech Gopmupyercss TOJIbKO BOJHAMHU YTJIOBBIX
touek. HyneBas 30Ha - 0671acTh CyIeCTBOBaHHSI MOMEHTHOTO AJUIHIICA.
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Puc. 4.7.30onv1 ougppaxyuonnoii kapmunwl. 0 —momenmmuwiti 211unc; | — 3ona yurunopuueckux
soan; |l — 3ona mopouoanvuvix eonn; 1l — 30na 6onn moueunvix UCMOYHUKOB

Crpykrypa moaysaiuu JIK, obycrnoBnenHast B3auMHON uHTepdepeHuei nudparupoBaHHbIX
BOJIH, IOCTATOYHO CJIOXKHA.

5. KBaHTOBas npupoaa 3NeKTPOMAarHUTHOrO MU3Ny4YeHus.

OrpaHuyeHue paspewarowen CnocoObHOCTU ONTUYECKOMU
cuctemMbl “U  NHGPOPMALMOHHOM EMKOCTU  ONTUYECKUX
CUrHanos

5.1 KeaHmoeasi npupoda 3/1eKmpomMa2HUMHO20 U3J/Ty4eHus

HcTopuuecky MEpBbIM HAy4YHBIM TIPEJICTABICHHEM O CBETE SBIISIACh KOPILYCKYJsSApHas
TEOpHsl, TMOJIyYWBIIas 3aKOHYCHHBIM BuJ B paborax M. Heiotona (komery XVII B): cBer
paccMmaTpuBajcs Kak IOTOK MallbIX MaTepUajbHBIX YaCTUI[ — KOPIYCKYJ, IBHKYLIUXCS B
MyCTOTE MPSAMOJIMHEHHO M PaBHOMEPHO CO CKOPOCTBIO CBETA, M 3aMEUIAIONINXCS B ONTUYECKH
IJIOTHBIX ~ Cpelax MPOMOPIUOHATBHO HX KodpduumueHnty mnpenomieHus. I[lomoOHoe
IpECTaBICHUE JaBajl0 OOBSICHEHUE YK€ HM3BECTHBHIM 3aKOHAM T'€OMETPUYECKON OINTHKU H
JTUCTIEPCUHU, U TEM CaMbIM IO3BOJIUJIO CO3JaTh NOCTAaTOYHO 3((EKTUBHYIO Ha MEPBBIX MOpax
TEOPHIO KOHCTPYUPOBAHUS ONTHYECKUX MPUOOPOB.

Ho otkpeitne B Hauanme XIX Beka sBiaeHudd uHTepepeHIMH W TUdpaKIHHM, a TaKKe
NoJIsIpU3alUsABOCKpecHsio runore3y X. ['foiireHca, corinacHo KOTOPOH CBET MpEACTaBISIET COOOH
PacmpoCTpaHAIONINECS MEXaHHIECKHE KOTeOaHusT — BOJHBI - HEKOM CIUTONIHON yIpyroi cpesl (
cBeroBoro 3¢wupa). Ha 6a3e BonHOBO#t rumote3bl T. FOHr 0OBsICHWI sSBJICHUE MHTEPHEPCHIINH;
O. ®penens coznan YQPEeKTUBHYIO TEOPHIO TUPPAKIIUN W BHIBET COOTHOIICHUS JJISI OTPAKEHUS
U TIPEeJIOMJICHHS CBETA Ha I'paHUIle pa3jiena onTtudeckux cpen, I'aycc, A66e, 3eitnens u npyrue
3aBEepIIMJIM  KJIACCMYECKYI0 Teopuio omnTuyeckux mpubopos. Ilocnenyromee OTKphITHE
ANEKTPOAMHAMUKN MaKCBelia M OTOKIECTBICHUE CBETA C DJIEKTPOMArHUTHBIMU BOJIHAMH, KaK
TOTJa Ka3aJoCh, OKOHYATEIbHO YTBEPAWJIO TPEACTAaBICHHE O CBETE KaK Cyryoo BOJHOBOM
nporecce.

OpnHako HUKAaK HE yJIaBajoCh OOBSCHUTH PsJ SABIEHUN — OTCYTCTBHE <«3(UPHOTO BETpa» B
UHTEPPEPEHIIMOHHBIX SKCIEPUMEHTAX, XapakTep H3Iy4eHUs aOCONIOTHO YEepHOro Tena M
3akoHBI Qotodrddekra. Pazpemmts mpodnemy ymanock A.DunmTeitny u M. Ilnanky — Tak
MOSIBUJICH TEOPHUSI OTHOCUTENFHOCTH M TUMOTe3a KBaHTOB. COrIacHO TEOPUH OTHOCUTEIBHOCTH,
MPOLIECC PACIPOCTPAHEHUS SJIEKTPOMArHUTHOIO TOJISI 3TO HE BOBJIEUYEHHE B KoJeOaTenbHBIN
Ipolecc CTAlMOHApHOW YHpyro cpeapl — 5¢upa, HO pealTbHOE PaCHpPOCTPAHEHUE B
MIPOCTPAHCTBE MaTepun ocoboro poga. DyHnameHTaIbHOE CBOMCTBO 000 MaTepun — Macca, u
IpU PacTpOCTPaHEHHUH TIOJIsI IEPEHOC SHEPTrUM M MacChl HEpPa3pbIBHO CBA3aHbI. McciemoBaHus
K€ TPOIECCOB M3IYUYEHHUS U TIOTJIOIIEHUS MMOKa3ail, YTO PHEPTUs U Macca IoJisd Mepeiaercs u
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pacnpoCTpaHseTCsl JAMCKPETHBIMM IOPLUMSAMHU — KBaHTaMM, IIPUYEM KBAHTHI W3JIy4YEHHUS
JIEMOHCTPUPOBAJIN CBOMCTBA HEAECTMMOCTH U POCTPAHCTBEHHOM JIOKAJIN3aUH, TOJOOHO MaJIbIM
MaTepHaJIbHBIM YaCTHIIAM. DTH YaCTHIIbI ObLTM Ha3BaHbI (JOTOHAMH, OT IPEYECKOT0 CIIOBA (POTOG
— CBeT.

1925 roay JI. ne Bpoiinb BBIABUHYN pajdKajIbHYIO THIIOTE3y O BOJHOBOM HpPUPOZAE HE
TOJIbKO M3JIy4eHHs, HO JIIOOOW MaTepHuH, COIVIACHO KOTOPOH Ha YpOBHE aTOMHBIX MaclITaOoB
HE00XO0IMMO OTKa3aThCs OT MPEICTABICHHS 0 MUKPOUYACTHUIIAX, AIEMEHTapHON (OopMON MaTepuu
ABJISIFOTCSL TOJIs, KOTOpBIE, PAcpOCTPaHssACh B (OpPME BOJIHOBBIX IMAKETOB, B OIPEECICHHBIX
YCIIOBUSAX 3KCIIEPHUMEHTAa CIOCOOHBI JIeMOHCTPUPOBATh KOPIYCKYJIsIpHBIE cBoiicTBa. Ho Gomee
JeTATBHBIA aHAIM3 IOKa3aj, YTO BOJHOBBIC TakeThl Je bpoins He o0iamaioT cBOMCTBaMHU
HEIEIMMOCTH M JIOKAIbHOCTH, HEU3MEHHO MPHCYIIMMH YacTUI[aM B JIOOBIX MOJOO0HBIX
JKCHEPUMEHTAX. Takoe «CTpaHHOE», «HEOOBSICHUMOE» U <AJIOTUYHOE» MOBEACHNE MUKPOYACTHI]
NPUBEJIO Hay4HOe coo01IecTBO B KoHIE 20X rogoB XX Beka K OCO3HAHHUIO TOTO, YTO BBIXO/1a U3
TYIHUKa HE CYLIECTBYET B paMKaxX CHCTEMbI IPEJCTABICHUNA U 00pa30B KJIACCHUECKOW (PU3MKHU.
Bruta coznana HoBas (hu3MKa — KBaHTOBAS.

[TpuHIMNMaIbHOE OTINYME KBAHTOBOW (M3MKU OT (PU3MKM KIACCHYECKOH — HaJIW4Me ABYX
YPOBHEH TEOPETUYECKOTO IMPEJICTABICHHUS PEaJbHOCTH — (opManu3mMa U MHTEpPIPETAIUH.
dopmann3M —3T0 COOCTBEHHO MaTeMAaTUYECKUI anmnapaT TEOPUU U aITOPUTM €ro MPUMEHEHHUS.
WuTepnperanust xe oOecrieynBaeT CBSA3b MEXIY MaTeMaTHKoW ¢opmanuzMa u (PU3HYECKUM
MHUPOM.

B knmaccuueckoil MeXaHHWKE, MPUMEHUTEIBHO K 3a7a4e JIBUKEHUS MAaTEPUAIIbHOW YaCTHUIIBI,
COBPEMEHHBIN (hOopMaIM3M BBHITISIUT CIEAyIOIIUM oOpa3zom. CHadana onpenensiercss QpyHKIus
lNamunberona H, koTtopas sSBASETCS BBIPAKEHUEM IS TTOJIHOM 3HEPTUU YacTHUIbl B 3aBUCHMOCTH
ot ee koopauuat q = (X, Y, 2)= (91,92 ,q3 » umnyinsca p = (pX , py , pz )= (pl, p2, p3 ).
OO6bruno Qynkuus ['aMunbpTOHA mMpeacTaBiseT co0OW CyMMY KHHETHUYECKOW M MOTEHIUAIBLHOU
JHEPTUU YaCTHULLBL.

Hampuwmep, B CITydae JIBIKEHUS HACTHIIBI TO]T NENCTBUEM CUJIBI TAKECTH:

p._
H(g,p) =2 + mg(z-z)
LI
IMpU ABUKCHUH YaCTUIIBI C 3apsIOM € B SJICKTPUUCCKOM I10JI€ ¢ MTOTCHIINAJIOM uU:
P .
H(qﬁp;}:,} +EE{"’:2TJ
2

Jlanee, 3aMMCBHIBAIOTCS YPABHEHUS ABMIKCHHSI, BJISFOIIUECS, IO CYTH, (OPMYITHPOBKOM 2-T0 U
3-ro 3akoHoB HproToHa:

day oH dpy 8H  d'q

z —=m — k=LxS3
di dpy 4t oqy dt*
Y 3aKOH COXPAaHCHHS YHEPTHUU.
el b3

dH frH d€k+¢H dp;\.l_
dt A—113\Gﬂ- dt  épp dr

Ecnun pomonmuuth 3TH aud@epeHunanbHble  ypaBHEHHS HAYIbHBIMA MM TPAHUYHBIMH
YCIOBHSIMH, TO TIOJyYCHHBIC 4YaCTHBIC pCIICHHsT — BeKTOpHble (yHkuum Bpemernu ((t),
OIMUCBIBAIOT T€OMETPUYECKOE MECTO TOYEK LICHTPA MAcC UCCIENYEMON YaCTULIbI, U HA3bIBAIOTCSA
ee TpaektopusaMu. JuddepeHuupys TpaeKTOPHUIO IO BPEMEHHM U YMHOXKash Ha MaccCy, MOXHO
JIETKO TIOJIYYUTh TAKXKEe W 3HAUYEHUS MMITYJbCa YacTUIBl B JII0OOW MOMEHT BPEMEHH, Jajee C
IIOMOIIIBI0 M3BECTHBIX ()OPMYJT - MIHOBEHHBIC 3HAUEHHUS KUHETUYECKOM U IMOTEHLUAIbHOU
SHEPruil yacTuipl. TeM caMbIM, B KJIACCHYECKON MeXaHUKe W3 (akTa HAJUUUs ONpeIeTICHHOU
TPAEKTOPUU OJHO3HAYHO CIIENYET, YTO MUMEETCS U BCs OCTalbHasi MHPOpPMALUsA O MapaMeTpax
JBUKECHHUSI YaCTULIBI.

dopmMan3M KBAaHTOBOW MEXAaHUKH CYIIECTBEHHO OTJIMYACTCA OT U3JIOKEHHOTO TOJIBKO YTO
KJaccuyeckoro. B mepByio odepenb, B HEM OTCYTCTBYIOT (DYHKIMH, OIMCHIBAIOIINE
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UHTYUTHBHO-OYEBU/IHbIE (U3NYECKHE CBOMCTBA M MapaMeTpbl YacTUIBI — KOOPJIUHATY,
CKOPOCTh, UMITYJIbC, SHEPTHIO U T.II. BMeCTO HUX BBOASATCS OIEpaTOpbl, BO3IECUCTBYIOIINE Ha
0c00yI0 KOMIUIEKCHYIO (DYHKIMIO COCTOSIHUS, MM MCU-(QYHKIUIO, 3aBUCALIYI0 OT KOOPAWHAT U
sBpemenn: ¥ (Q,t). Oneparopsl OBIBAIOT THIA YMHOXKEHHSI, HAPUMEp, ONEPaTop KOOPIHHATHI

W=x-¥ , HOTEHINAIEHOW SHEPIUU UY=Ul4)- T; nuddepeHIranTbHOro THIIA, HAIIPUMED,
. _o¥
by ¥ =—in—
Pk

oreparop HMMITYJIbCa ; W CMEIIAHHOTO THIIA — OIEPaTOp IOJHOW HSHEPrHU
(omeparop I'amunbrona, wiu ['aMUIBTOHHAH):
¥

Av=—-1AwiU. v

2m
OCHOBHBIM ypaBHEHHEM, BMECTO YPABHEHUM NBUKEHUS, siBsieTCs ypaBHeHue [lIpenunrepa:
=

oo ap iy woins

2m ot

HewusBectHoil QpyHKIMeH 31echk sABisercs GyHKUUs cocTosHus V¥ , TOTHUecKr 3aHUMArOIas
MECTO TPAeKTOPUM B KJIACCUYECKOM MexaHuke. Ho, ecnm B KIlacCMYECKOM MEXaHHMKE cama
TPACKTOPHS U I0JIyYa€MbIE U3 HEE NPOUNE BEINYUHBI YXKE SBIIAIOTCS HHTYUTUBHO-TIOHATHBIMH,
0a30BbIMU  (PU3UYECKUMH TapaMeTpaMHd U XapaKTEepUCTUKAMU JIBIXKEHHUS, TO pe3yJbTaT
NPUMEHEHHUs KBAHTOBOTO (opMmain3Ma — QYHKUUS COCTOSIHHS, HYKIAETCS B JIOTOJIHUTEIBHOM
MHTEPIIPETALINU, CBA3BIBAIOIIEH €€ C peaTbHbIMU Ha0I01aeMbIMU (PU3NUECKUMH BETUYMHAMU.

[lepBoHauanbHO co3xarens JaHHOTO Qopmanumsma . IlpenuHrep mnpeamnonarai, uTo
(GYHKIIMM COCTOSIHUS OMMCHIBAIOT BOJIHBI IMJIOTHOCTH MaTepUH, OI0OHO BOJHOBBIM MaKeTam Je
bpoiins, HO Takas MHTEpHpETAlMs TAKKE OKa3aJlach HECOCTOSATEIBHOM II0 TEM K€ NPUYMHAM —
Hapylaiacsi NPUHUMUIT JIOKAJIbHOCTH YAacTHUILl. B KOHIE KOHIIOB, TPyIOM MHOTMX YYE€HBIX
aJIeKBaTHasi MHTEpIpeTanusi ObUla co3JaHa, HO IICHOM OTKa3a OT MHTYMTHUBHBIX KOHLIEHIIHHA
GU3MKM MHUKpPOMHpAa W TIEPECMOTpa Bcero (UIOCO(PCKOTO MPEACTABICHUS YEJIOBEUECTBA O
MaTepuH U GU3NIECKOI peabHOCTH.

OCHOBHBIX  TOJIO)KEHUWA  HWHTEPIPETAIMM  KBAaHTOBOM MEXAaHMKHW CYIIECTBYET  TpH:
craTucTUdeckas wuHTepnperamus ¢yHkuun coctosHus (M.  bBoph, 1926); npuHumn
ueonpeaeneauoctu (B. [eitzendepr, 1927);npunnun gonoaaurensuoctu (H. bop, 1928).

CoracHO cTaTUCTHYECKOH MHTeprperanmu bopHa, QyHKuus coctosiHus (a TouHee, KBaIpaT
€e MOJyJsI) ONMHUCHIBACT HE pPAaCIpe/eieHHe IUIOTHOCTH MAacChl YacTHUIIBI B MPOCTPAHCTBE, a
pacnpeneseHre IOTHOCTH BEPOATHOCTH HAaXOXAECHUS YacTULIBI B IaHHOM TOYKE MPOCTpaHCTBA
B JaHHBIH MOMEHT BpeMeHH. TeM caMbIM CHMMAaeTcs mpobiieMa HEeJIOKaIbHOCTH, CBOMCTBEHHAs
panHuM uHTepnperauusaMm ae bpoiinsg u lpennnrepa. CooTBETCTBEHHO, HJIEs O BOJIHAX MaTepUU
OTBepraercs, U KBaHTOBAas 4YacTHUIAa OOBIBISIETCS KOPIMYCKYJIOW, HO MPUHLUUIIUAIBHO OTIMYHON
OT KJIACCHMUYECKON KOPIyCKYJbl B HBIOTOHOBCKOM CMBICJIE, @ UIMEHHO — KBaHTOBas 4acTULa HE
MMeeT TpaeKTopuu. Ee «iBrmKeHne» uMeeT BEpOSITHOCTHBINM, CTATUCTUYECKHUI XapaKTep HE U3-3a
OTCYTCTBUSl HayalbHOW MH(POpPMALMU O TMapaMeTpax, HO sABIsSeTcd (yHIAMEHTAIbHBIM
CBOMCTBOM, IIOTOMY CaM TEPMHH <«IBH)KEHHE» INPHUMEHUTEIBHO K KBAHTOBOM YaCTHUIIE
IPUMEHSIETCS YCIOBHO U B3ST B KaBbIUKHU, TaK KaK M3-3a OTCYTCTBHSI ONPEAEIEHHON TPAeKTOpUU
KJIACCUYECKOE ONpPEIETICHNE JAaHHOTO TEpMUHA TePSIET cMbICI. COOTBETCTBEHHO, MTOCIIE PEICHUS
ypaBHenust lllpenunrepa W HaxoxaeHHs (DYHKIUH COCTOSHHSI, BMECTO YTBEP)KICHHUS, UYTO
«4aCTHLIA B MOMEHT BPEMEHU t HAXOIUTCA B TOUKE (», IPUBBIYHOIO B KJIIACCUUECKON MEXaHUKE,
YTBEP)KIACTCs, YTO «B MOMEHT t CyIIecTByeT BEpOATHOCTh OOHAPYKUTh YacTHIly B oObeme V,
paBHasi:

P@)= [ (§e)w(§.0)ab».

F
[Mpunuun HeompexneneHHocTu ['elizeHOepra ycTaHaBIMBAeT OCOOYIO pPOJIb KaHOHHYECKH-
COIIPSDKEHHBIX BENMYMH. B Kilaccuueckoll MexaHMKeE, Kak yXe ObUIO CKa3aHO BbIIIE, HAINYME
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TOYHO OHpGI[GJIGHHOfI TPACKTOPUU YaCTUILIbI TO3BOJIACT CTOJb XC TOYHO OHNPCACINUTL BCC
napamMeTpel €€ ABHXCHHUA W CBA3AHHBIC C HHUMU (bI/ISI/ILICCKI/IC BeINYMHBI. B KBaHTOBOM ke
MCXAaHUKC YTBCPKAACTCA, YTO [JIA KaXOgol KaHOHMYECKU COHpH)I(GHHOfI napbel BCJIMYUH
IMOrp€IIHOCTU UX OIMPCACIICHHUA, KaK OKCIICPUMCEHTAJIBHOT'O, TaK U TCOPETHYCCKOT'O, HE ABJIAIOTCSA
POU3BOJIbHBIMHY, A IIOAYUHAKOTCA COOTHOLICHHUIO.

Aag - Ab = const .
[IpakTruecku 3HAYMMbIC BAPUAHTHI TOTO COOTHOIICHHUS CBA3BIBAIOT KOOPJIUHATY U UMITYJIBC

gacTuiel. AQ-AP > 1/ 2 ; OJIHYIO SHEPTHIO CHCTEMBI M BpeMsi ee u3aMmepenus: AE-At > n/ 2; u, B

KBaHTOBOW ONTHKE, 4nciio PoToHOB B cucteMe Nu ¢azy @ cooTBeTcTBYIOMICH MM BOJHBI: AN-AD

> 2m.

[Tpuntun gomonHUTENbHOCTH bopa momBoauT oO0mIyr0 0a3y 1MOA H3BECTHBIE CBOWMCTBA
KBAaHTOBOM 4YacTHI[bl — OTCYTCTBUE TPACKTOPUHU, HEBO3MOXKHOCTh TOUYHOIO H3MEpPEHUs
KAHOHMYECKH COIPSIKEHHBIX BEJIUYMH M OJHOBPEMEHHYIO JEMOHCTPAIUI0 KOPIYCKYJISPHBIX U
BOJIHOBBIX CBOWCTB. Bce 3TO sBnsieTcs cieAcTBHEM TOoro ¢akra, 4YTo, BO-TIEPBBIX, JTHOOOMH
HaTypHBIM DKCIIEPUMEHT WJIM €r0 TEOPETHYECKOE MOJIEIMPOBAHUE IMPEAYyCMATPUBAECT HAIUYUE
MaKPOCKOITUMYECKUX, «KIACCHUECKHUX>» 00bEKTOB — U3MEPUTEIHLHOU anmapaTrypsl U HaOII0IaTeNs,
KOTOpbIe TaK WM WHAUYe (PU3MYECKH B3aUMOACHCTBYIOT ¢ OOBEKTOM HabmoaeHus. B
KJIACCUYECKON (PU3MKE PHEPTUsl ATOr0 B3aUMOJCHCTBUS CUUTACTCS MPEHEOPEKUMO Majoi U He
BIIUSIIONIEH HA pe3ysbTaT SKCIEepuMeHTa. B MUKpoMupe e 3Heprusi nmporecca B3auMoIeCTBUS
anmaparypbl ¥ OOBEKTa MOXET MHOTOKPATHO TMPEBHINIATH SHEPTHUI0 H3YYaeMbIX TPOIECCOB.
OTUM M O0OBACHAETCS MNPUHIUIHNAIbHAS HEOINPEAEICHHOCTh M BEPOSTHOCTHBIA XapakTep
KBAaHTOBBIX MPOIECCOB JUISI MaKpOCKOIMMYECKUX HAOMIOAaTeNeil, MOCKOIbKY H3MEpHUTeNbHas
npoueaypa, HalelieHHasi Ha ONpefielieHne KaKoi-TuO0 BEJIUYUHBI, BCIEICTBUE B3aUMOJICHCTBUS
C OOBEKTOM HAONMIOJCHUS HEMUHYEMO H3MEHUT caM OOBEKT M <WCIOPTUT» €ro IMpodue
napameTpsl, CJIEJaB HEBO3MOXKHBIM HMX TOYHOE OIPEICICHUE OJHOBPEMEHHO C OCHOBHOMU
BennurHOM. KoprycKynsipHO-BOTHOBOM JyaJlu3M UMEET TY K€ MPUPOY.

KBaHTOBBIE O0BEKTHI, KOTOPHIE IO CBOEW CYTH HE SIBISIOTCA HU KOPITYCKYJIaMU, HU BOJTHAMH,
OyIyud BOBIICYCHBI B OTPEICICHHYIO JKCIEPUMEHTAIBHYIO CXEMY, Ha MaKpOCKOMHYECKOM
YPOBHE JEMOHCTPHUPYIOT CBOICTBA MAaKpPOOOBEKTOB - KOPIYCKYJI» WM «BOJH», B
COOTHOUICHUH, OIpPEACIICHHBIMUA YCIOBUSAMM JKcnepuMmeHTa. [lpuyem KopmyckyssipHble U
BOJIHOBBIC CBOICTBA HAXOMAATCS B OTHOIICHUH IOTIOJHEHHS» IPYT K ApYry (0TCIOaa U Ha3BaHUE
NPUHIUIA), TO €CTh, YeM B OOJbBIICH CTCIEHU ICMOHCTPHUPYIOTCS BOJHOBBIC CBOMCTBA, TEM
MEHBIIIE KOPIYCKYJISIpHbIE, U HA00O0POT.

B kBaHTOBOW »AJIEKTPOJMHAMUKE W OINTHUKE ATOT NPUHLMUI TPUMEHSETCS CIEAYIOUUM
obpaszom. [lockonbky umcio poroHoB B cucteme N u ¢daza @ cOOTBETCTBYIOMIEH MM BOJIHBI
SIBJISIIOTCS  COTPSKEHHBIMU  BEJIMYMHAMU W CBSI3aHBl COOTHOIIEHUEM HEOMNPEIEICHHOCTH

An-AD®>27w, TO eciay B AKCIEPUMEHTE UM TCOPETHUECKOM aHAllM3€ TOYHO (DUKCHPYETCS YUCIO

dboToHOB, (a3za oOKaszpIBaeTCA  HEONPEACICHHOW W  BOJHOBBIC TMPEACTABICHHUS 00
SJICKTPOMArauTHOM I10JIC HCIPUMCHUMBI. O6I>I‘-IHO 9TO aKTyaJIbHO, KOTraa CaMO 4YHCJIO q)OTOHOB
OTHOCHTEJIEHO HEBEIMKO. B OOJBIIMHCTBE XK€ OOBIYHBIX 3a/1a4 ONTHUKU YUCIO N MPUHUMAIOIINX
ydacTue B HaOIlroaeMoM mpoliecce (pOTOHOB OrpOMHO, M, COOTBETCTBEHHO, BEChMa BEIUKO U
ero cpemHee orkioHeHHMe AN. B sToM cnydae ¢asa BrmosHE ompezenieHa, W TOJE MOYKHO
paccMmaTpuBaTh Kak BOJHY.

5.2 [lpuHuyun HeonpedesleHHOCMU & meopuu ONMuU4YecKo20
cu2Hasna u meopema KomenbHukoea

Habmogaembie pu3nyeckre mporecchl B ONTUKE YaCTO OTOXKICCTBISIOTCS ¢ aHATUTHYECKUMHU
CUTHAJIaMH, YTO MO3BOJISICT IPUMEHATH Ul UX ONMCAHUS U aHAJIN3a Pa3BUTHI MaTeMaTUYECKUN
anrmapar TeOpUH CUTHAJIOB. B paMkax 3TOM Teopuu NPUHIUII HEONPEIEIeHHOCTH MpruodpeTaeTt
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CMBICJI 3aKOHOMEPHOCTH, CBSI3BIBAIONICH JIOKAIM3AI[MH CUTHAJIA B KOOPJAMHATHOM U YaCTOTHOM
POCTPAHCTBAX.

Iycts Si(t) 1 S(t) - 3aBuUCAIIME OT BpeMEHH KOMIUIEKCHBIC CHTHAJIBI. J[JIs1 HUX CIIpaBeJInBO
HepaBeHcTBO lIBapa:

(51,57 12 = (51,51 N52,52)

C yueToM onpeneneHusi CKAISIpPHOTO MPOU3BEAEHUS CUTHAIOB HepaBeHCTBO llIBapia MoxHO
3amucaTh:

2

[s; 53 +57 -5 h’r =4 T|.51|2a’a‘ T|53|2 dt

j'

silt)=1-5(2) m s5(t)= il
IycTs dt B srom ciyvae;
[ 575 15D | <4 [|rs|2a’r | 1 gy
S de T dr co T Ldr

t-|s(t]——=—0
JleBast yacThb HEPaBEHCTBA, B CiIydae [f| ===

(bu3NYECKUX CUTHAJIOB, paBHA KBaJIpaTy SHEPIHH CUTHAJIA!

, UTO CIPaBEIJIMBO JUISl PEATBHBIX

= [, 16 |=[asP] | |= . F
[ 7 95 % | = [!L dil =| [|s| 4t =E?
e dt  dr | o | dt I
Takum oGpazom:
E2 <4 [jofdr [ || ar
EL}jm-sﬂm]
Ectu  S() - chmekTpanbHas IUIOTHOCTs curHama S(t), To @ u

an

)

els 7 )
— 3@ -|5{m1 r
dt . Cornacno pasenctBy IlapceBamns: —=

HCPABCHCTBO NPUMCT BHU.

d. .
5 F = 7 o2
_{ dt——> — |m‘|s{m] de
¢ 2n -

B o ey
j_f‘|si_r1‘dr jm‘

—x —oe

slo) do agEz

HpOT}I)I(eHHOCTI/I CHUrHajia BO BpCMCHHOM U YaCTOTHOM IIPOCTPAHCTBAX, IO OIIPCACIICHUIO.

[£]s(r)* dt i.i'c:‘-l.sl{m_z.afc::-
o] = ]_ :!.-3 ~ ) ) EI . ]_ 2 2
(Ar) ==———=— [r|s(t]"ar (Aw) =—= = Jm%sfmj‘dm
e 2 IE® 1 % 3 2nE
_{|.S{f‘1 ﬁ"lf - E_“E{{!:FH G?m -

HO,Z[CTaBJBIH B HCPABCHCTBO U U3BJICKaA KBaI[paTHBIfI KOpCHb, MNOJYYUM COOTHOIICHHUC
HEONPEACICHHOCTH AJI1 CUI'Hajla B OKOHYATCIIbHOM BUJIC.

Ar- A 131
(5.1)
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Ecnmu peub wumer o0 ONTHYECKOM CHTHaJle, TO YMHOXXEHHEM HepaBeHcTBa (4.1) Ha
nocTosiHHYr0 [lmaHka 1 mojy4yaeTcs KIIAcCHYECKOE COOTHOIIEHHE HEOIPEAEIICHHOCTH

[efizenOepra aus sHepruu u BpeMenu AE-At > n/ 2, rak kak AE =nAw.

Eciu ske omHOBpeMEHHO YMHOKHUTE U moaenuTh (5.1)Ha da3oByio ckopocTh cBeTa V. =Cc/ n,

Am_ 1 Am
vAL- > — — = AL

TO TMOJYYUTCS: v 2 Tak kak VAt = AX u V , TO TMOJIy4aeTcs apyras

KJlaccuueckast hopmMa COOTHONICHUS HEOMPEAeIEHHOCTH I KOOPAMHATHI M UMITYJIbca (hOTOHA!
1
Ax-Ak>— mpma Ax-Ap, = 1
5 3

2

B ciyuae mpocTpaHCTBEHHOTO ABYMEPHOTO ONTHYECKOro curHaia S(X, Y), CeKTp KOTOporo
oo 30

- '}
£= { J-|.';Ii..'r,.1.'1_d_m‘:1'
S(u,v) u sHeprus —=—> , QHAJIOTMYHO C TOMOINbI0 HepaBeHcTBa IlIBapiia
1 1
Av-Auz— m Ay-Avz—

BBIBOJSITCSI COOTHOIIICHUSI:
1
M- Ay A - Av e —
[TepemHOXasi uX, Moidy4aeMm OOIIEEe COOTHOIICHHE: 4. Ecam ke cHrHAI
3aBHCUT TaKke W OT BpemeHHu: S(X, Y;t), TO ero cmekTp 3aBHCHUT OT dYacToThl: S(U,V), H
COOTBETCTBEHHO, ITOJIHOE COOTHOILIEHUE HEONPEIEIEHHOCTH:

i'u.r-&‘-ﬂu-&‘t-‘-ir-ﬂmz%

[Ipy HEOOXOAUMOCTH YyueTa COCTOSHHUS TOJSPU3AIMK CUTHAJIa, KOTOpas HWMEET JIBE
OpPTOTOHAJILHBIE COCTABIISAIOIINE, JIEBas YaCTh COOTHOIICHUS YMHOXKAETCS Ha 2.

ﬁr-ﬁy-ﬂﬂ-in'-ﬂ.!-ﬁmzi

Oco0y10 Ba)XHOCTH JTaHHBIC COOTHOIICHHSI NMPUOOPETAIOT B CBSI3HM C 3aJaueil O mepenade U
npeoOpa3zoBaHu HMHGOPMAIMH, HOCUTEIEM KOTOPOW BBICTYHNAEeT CHTHAJI C OrPaHMYCHHBIM
criekTpoM. LleHTpanbHOEe MEeCTO B TEOpUH MOAOOHBIX CHTHAJIOB 3aHUMAET CIIeIyIOIIas TeopemMa
(B8 popmynupoBke KorenmpHukoBa): curaan S(t), cnekTp KOTOporo S(®) orpaHM4eH 4acTOTaMH

+(Q), MOXET OBITh BOCCTAHOBJICH TOJIHOCTHIO W 0€3 MCKa)KEHUW MO W3BECTHBIM JIHUCKPETHBIM
M

R
orcueraM gaHHoro curHana S(}), B3STBIM BO BPEMEHHBIX TOYKaX () | pacroIoKEHHbIX

T
Af=—
4yepe3 paBHbIC HHTEPBAJIBI BpEMEHU €2 10 ecThb, MOXKET OBITH IIPECTABIEH B BUE PAIA:
= — sin| Ot — 1, ) © g (ar) sin(Qt—nmw)
)= 3 JA-s,) 26l 3 Ix o )
- Qlt-t,) V0 Q) Qr-nn

Ha mnpaktuke vacrora 1/At OOBIYHO HA3BIBACTCS YAaCTOTOM JUCKPETH3AllMU CHUTHANA, a
KPYroBasi 4aCcTOTa Vmax = /21 - Hecyieit yactoToii. Takum 06pa3oM, 4acToTa JUCKPETH3AIMH
OKa3bIBAETCS PaBHA 2Vimax, T.€. YIBOCHHOW HECYIIEH YacToTe.

Ecnu 0TOXAECTBUTH MPOTSHKEHHOCTH CHTHAJIA BO BPEMEHHOM M YaCTOTHOM IPOCTPAHCTBE,
BXOJISIIKE B COOTHOIICHHUE HeonpeaeaeHHOCTH (5.1),¢ HHTepBaIoM M YacTOTOM TUCKPETU3AIUH,
BXOSIUMH B (popMynmupoBKy TeopeMbl KoTenpbHUKOBA, TO MOXHO cHopMyInpoBaTh
MPUHIMITAATBPHO Ba)KHOE MOHATHE WH(POPMAIMOHHONW €MKOCTH CIEKTPAIbHO-OTPaHUYCHHOTO
CHTHAJIA.

CriekTpaabHO-OTPAHMYEHHBI CUTHAI MOXKHO TPEACTaBUTH TpadUyecKd B BHIE O0IACTH
CYIIECTBOBAHUS — MPSAMOYTOJIbHUKA HA TIJIOCKOCTA ®f, OTpaHUYEHHOTO MPEIeIbHON 4acTOTOM €2
U BpemeHeM T (Bo3MOkeH BapuaHT | —oo win Q—o0) (puc. 5.1). laHHBIA NPSMOYTOJIBHUK
pa3OuBaeTCsT Ha DJIEMEHTApHBIC SYEHKH, TUIOMAaab KOTOphIX AtA®, B COOTBETCTBHHM C
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COOTHOIIICHUEM HEOTPEICICHHOCTH, HE MOXKET ObITh MeHbIle 1/ 2 .B coOTBETCTBUU € TeOpeMoit
KorensHukoBa W u3 cooOpaxkeHus: ynoOCTBa, NMPHHATO pPa30MBaTh 00JacTh CYIIECTBOBAHUS
CHUTHAJIa Ha sYCHKM eAuMHU4YHON rmiomiamu. AtAo = 1 (ueiiku ['abopa). Ilo omnpenencuuro,
nH(pOpMaIMOHHAs eMKOCTh, HJIM YMCI0 HHPOPMAIIMOHHBIX CTeneHel ¢cBo0o bl curHasia N paBHO
YHCITy 3JIEMEHTAPHBIX SYEEK B €r0 00JIACTH CYIIECTBOBAHUS TUTIOC €IUHUIIA!

. Q T
N=ngm +l=— —+1=0QT +1
Awm At
Jlis IpOCTPaHCTBEHHOTO ONTHYECKOIO CHUIHajla — O0JACTh CYIECTBOBAHUS IPEICTaBIIAET
cO0OH IIECTUMEPHBIN MapajuieNenunesl, HO MPUHIMIT pa3OUeHUs Ha dJIEMEHTAapHbIC SUCHKU U

nojcuera WH(OOPMAITMOHHOW E€MKOCTH TaKOH Jke, KaK W JJII YUCTO BPEMEHHOTO CHTHaja!

rIomass ssueiiku paBHa AX-Ay-A&-An-At-Am=1, 1 yncso creneneir cBOOOIbI:

N=rpylighofe t1 o YHETOM TIOJIAPH3AINH, N2 nnefytallalte 11

0 &

Q
1 1 1 1
1 1 1 1
1 1 1 1

Am| 1 1 1 1

— »

At T ¢

Puc. 5.106racms cywecmeosanus cueHana ¢ 02panuyeHHbiM CHeKmpom

TakuM 00pazoM, COOTHOIICHHE HEOIMPEACICHHOCTH, YyTBEpXKIaoIlee, 4YTO dYacToTa U
WHTEpBaJ IUCKPETU3AIMH CHUTHAJA HE MOTYT OBITh OJHOBPEMEHHO CKOJIb YTOJHO MAaJIbIMH,
HAKJIAIBIBACT PU3NYECKOE OTPAaHNYCHNE HA HHPOPMAIIMOHHYIO eMKOCTh CUTHAJIA.

5.3 Pa3pewarowass cuna onmu4eckou cucmembl 8 K/lacCU4YeCKOM
paccmMompeHuu

B knmaccuyeckodl ONTHKE, MUHUMAIBHBIA pa3Mep M300paXeHUS TOYEYHOTO MCTOUYHHUKA JIJIS
UJIeATbHOM ONTUYECKON CHCTEMBI BIIEPBBIC OB TEOpETHUECKU omnpeneneH Diipu B 1834rony ¢
IIOMOILBIO BOJIHOBOI'O IIPECTABICHUS O CBETE B paMKax Teopuu I'toiirenca-dpenens.

du3nuecKn MUHUMAIBHBIN pa3Mep M300pakeHHsl ONpeNesseTcsl IpoleccoM Audpakiuy Ha
BXOJIHOW amepType (BXOIHOM 3pauke) ONTHYECKOH CHCTeMbl. B mpocteiiniem ciydae, Korjga
UCTOYHUK SIBISIETCAd OECKOHEUHO YNAJIEHHBIM M MOHOXPOMAaTHYECKHM, a ONTHYECKas CHUCTEMa
npeCTaBIsieT co00W €AMHCTBEHHYIO WACAILHYIO TOHKYIO TIOJIOKUTEIbHYIO JIMH3Y (puc. 5.2),T0
B e¢ (POKaIBbHOM IUIOCKOCTH OyneT HaOMoJaTbes pacHpesesieHMe MHTEHCUBHOCTU M3JIy4CHMS,
TUKTyeMoe JudpakunoHHbIMU hopmynamu DpayHrodepa, B KOTOPBIX onpeaensercs Gpopmoit
OTPaHUYMBAIONIEH allepTypPhI:

2 sin(kasinB) 2 4 s 2
I[E]ﬂﬁ) :I‘} |7;—9:| I{EIHB) :ir{;. [—_Jl{h?%me}—l
{ Kkasm - JUISL IEJIH kasm® - IS KpyTa.
po 2
3nech /. - BONHOBOE YMCJIO, @ - MONYLIUPMHA UM Paguyc amepTypel, yron @ - yron

mudpakuuu. B mocnenneit ¢opmyne, HaspiBaemon (opmynoit Diipu, S — dynkuus beccens
IIEpBOTO pojia MEPBOTO MOPSIKA.
O0a pacripe/ienieHrs HHTCHCUBHOCTH UMEIOT CXOKUH BHJ B ceueHun (puc. 5.3).
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Puc. 5.2 Cxema snemenmapnoii onmuueckoui cucmemul (06vexmusa)

C n300pakeHUEM MCTOYHHUKA B KJIACCHYECKOH ONTHKE UCTOPUYECKH NMPHUHATO OTOKAECCTBIATD
[MEHTPAITbHYIO YacTh JaHHBIX paclpeleieHui, T.e. HYyJeBOH AUGPAKIUOHHBIA TMOPSIOK —
LEHTPAJIbHBIA KPYKOK B ClIy4ac KPYIVIOW arepTypbl WIA LHEHTPAIbHYIO IOJOCY Ul wwenu. s
OIICHKH YTJIOBOTO pa3Mepa n300paxkeHus Ou uConab3ytoTcs GopMyIibl, TomydaemMbie U3 Gopmyin
®paynrogepa:

A A
8, %E mna mens: 6, *1.22— ana kpyra,

d (5.2)
3nech d - muprHa e Wik JHaMeTp anepTypbl, cooTBeTcTBeHHO d = 2a Ilpu manbix yriax
Tu(pakuuu By =sm(By) y vosxwo IPUMEHATh COOTBETCTBYIOIINE OLIEHOYHbIC (DOPMYIIBI JUIs
JUHEHHBIX pa3MepOB U300pakeHUs B POKAIBHOM IIIOCKOCTH:
A A
L,~f—mulL,~122f—.
d d ,(5.3)

rae f - pokycHoe paccrosinue nuH3bI (00BEKTHBA).

-6.28 -3.14 0 3.14 628
Puc. 5.3 Jluppakyuonnvie pacnpedenenus unmerncueHocmu 01 anepmyp 8 gude Kpyaa u weiu

B cnyuae Hanmums AByX ONM3KOPACHOJIOXKEHHBIX TOYEYHBIX MCTOYHUKOB, H3JIy4YeHHUE
KOTOPBIX TIOJIHOCTBIO HE KOIepPeHTHO (Hampumep, JBOWHAs 3Be3da), paclpeleicHue
MHTCHCUBHOCTH B (DOKaNbHOM MIOCKOCTH M300pa)aromieil cucTteMbl OyNIeT SIBISATHCS MPOCTOU
CYMMOH pacrpe/ie/IeHHii HHTEHCUBHOCTH OT Ka)K/I0T0 M3 UCTOYHUKOB (puc. 5.4).
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[IpuHATO CUMTaTh, YTO ONTHYECKAs CHUCTEMa pa3peliaeT M300paKeHHs HCTOYHUKOB, €CIU
BEJIMYMHA HHTEHCHUBHOCTH LEHTPAJIBHOTO MHUHUMYMa CYMMapHOIO paclpeleclieHus He
npesbimaet ypoHs 0.850T MeHbIIEro U3 coCeTHUX MaKCUMYMOB.

Puc. 5.4.Cxema anemenmapnou onmuyeckou cucmemvt (00beKmuea) npu HAIuuuu 08yx
UCTNOYHUKOB U3TYYEeHUs
[ i | I I |

o ] | | J —

03 - | - 1 —

[1] =
042 -62% -314 0 314

Puc. 5.5/[uppaxyuonnoe pacnpeoenenue unmeHcusHoCmu 68 oKyce 1emMeHmapHol
onmuyeckoil cucmemvl (00beKMUBA) NPU HATUNUYU O8YX OIUBKOPACNOTONCEHHBIX HEKO2EPEHNHBIX

UCMOYHUKOB

e, e L | T T S
P

VYTII0BOE pacCTOSIHUE MEKY PAaBHBIMH 110 SPKOCTH UCTOYHUKAMHU, TIPU KOTOPOM JOCTUTAETCS
JTAHHOE COOTHOIIIEHUE MEXKAY COOTBETCTBYIOIIMMH MM JIUQPAKIMOHHBIMH MaKCHMyMaMH H
MUHUMYMOM CYMMAapHOT'O PacIpeeICHu s, IBISETCS XapaKTePUCTUKON ONTUYECKONH CHCTEMBI U
Ha3bIBACTCS €€ pa3pemiaronieii CnocoOHOCThI0. TaKkke UCToNIb3yeTcst U 0oJiee CTPOTUN KPUTEPUid
— U300paKeHUs] HWCTOYHUKOB CUYHUTAIOTCS PAa3pEUICHHBIMH, €CIH MAaKCUMyM  OJHOTO
pacrmpesiejieHUus] COBMAJaeT C IMEPBBIM MHHUMYMOM JPYroro (MMEHHO Takas CHUTyalus
u3o00pakeHa Ha puc. 5.5), OTHOIIEHUE MHTEHCHBHOCTH MEXIY MHUHHUMYMOM M MaKCHUMYyMaMHU
coctaBimsier B 3ToM ciydae 0.74. JlaHHBI KpuTepwii ymoOeH TeM, 4YTO COTJIACHO HEMY,
paccTosiHue MEXKIy MaKCUMyMaMH OKAa3bIBACTCSI PABHBIM pa3Mepy CaMUX MaKCHUMYMOB, TaK 4YTO
JUI OIICHKH pa3pelaronield ClIOCOOHOCTH M MHHHUMAJIBHOTO pa3Mepa H300paKCHUsS MOXKHO
MIOJIb30BAThCS OJHUMHU U TeMu ke popmynamu (5.2)u (5.3).

B cimydae ke KOrepeHTHOro (j1a3epHasi ONTHKA) M YaCTHYHO-KOT€PEHTHOro (MHKPOCKOITHS)
U3ITy4eHUs] OMpENelCHHEe M KPUTEPHH pa3pellarolieid CIoCOOHOCTH OyayT CYHIECTBEHHO
OTJIMYATHCS, B CHIy TOTO, YTO MUPPAKIMOHHOE pPACHpPEACICHHE OT HECKOJIBKHUX HCTOYHHKOB
Oyner ompenensTbCs YK€ HE TMPOCTHIM CIIOKCHHEM HE3aBHUCHUMBIX JApPYyr OT Jpyra
NEHCTBUTENLHBIX HHTEHCUBHOCTEH paclpeAe]eHHd OT OTJCIbHBIX HCTOYHHKOB, HO CIIOKEHHUEM
KOMIUTIEKCHBIX aMILTUTY]] C YI€TOM KOPPEISIUOHHBIX OTHOIIEHUN MEXKTy HUMHU.
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5.4 KeaHmoeomexaHu4eckasi ModOesib Oudppakyuu MnaocKou
MOHOXPOMamu4ecKoll 80JIHbI Ha wesnu

PaccMoTpuM cXxeMy S3KCIIEpHUMEHTA, aHaJOTMYHYI0 H300pakeHHOW Ha puc. 5.2 B ciyyae
11EJIM, HO B OTCYTCTBHH JIMH3BI.

C TOuUKM 3peHHs KBAaHTOBOM MEXAHUKH, U3IYyYEHHE YAAIEHHOIO TOYEYHOIO HMCTOYHUKA -
IUIOCKasi MOHOXPOMAaTHYECKasi BOJIHA, MPEACTaBIsAeT co00il aHcaMOib (POTOHOB, IBUXKYILUXCS B
HarpasieHuu 00, IMITyJIbC KOTOPBIX OINPEesieH U PaBEeH:

i 2
p=(p.68p), p=mc="C=n=mk
&

]

A

[Tpu >TOM u3nuecKas BeIUYMHA, KAHOHUYECKH COMPSHKEHHAs! ¢ UMITYJIbCOM - KOOpJAUHATA -
JJI1 KaXX10T0 U3 q)OTOHOB MOJIHOCTBIO HC ONPCACIICHA U MOKCT UMCTb J'IIO60€ 3HAYCHUC OT IIJIIIOC
JI0 MUHYC OE€CKOHEYHOCTH.

[TomecTnm Ha myTH (POTOHOB SKpaH, B KOTOPOM UMEETC IIEb IUPUHON 2AX.

Yacts poTroHOB Oymer 3amepxkaHa dKpPaHOM, a YacTh MPOUIET CKBO3b IIENIb. DTOT MPOIECC
(daKTUYECKH MOKHO HHTEPIPETUPOBATH KaK MU3MEPEHHE KOOpIWHAT TOW YacTh (POTOHOB, UTO
Ipoluia CKBO3b IIeib, TaK Kak (DakT MpoxokaeHUs (OTOHOB O3HAYAET, YTO OHU HMENU
KOOpJAMHATHl B Tpeaenax Xo+AX, rie Xo - MOJIOKEHUE cepeiuHbl Imenu. Jlioboe usmepenue
U3MEHSET COCTOSHUE CHCTEMBI, CJIEOBATeNbHO, Haluuue HWHGOPMAIUd OTHOCHUTEIHHO
KOoOpAuHAaT q)OTOHOB MPpUBOAUT K BO3HHUKHOBCHHUIO HCOIPCACICHHOCTH WX HWMITYJILCOB.
CooTHOIIEHHE HEOIpPEeNeIeHHOCTH B CiIy4yae IIeTd JOCTaTOYHO 3alucarth TOJbKO JUIS X-
KOMITOHEHTbI I/IMHy.Hbca:

- =Ar-p-Ast =1/ 2. .
Ax-Apy =Ax-p-Asm@~7), , (5.4) rme ASINO - HeompenelIeHHOCTh CHHYcCa yriia

OTKJIOHEHUS JBW)KEHUS (OTOHA OT IEpBOHAYalIbHOrO HampasieHus 00, T.e., akTuyecku
HEOTIPE/ICIEHHOCTh CHHYca yria audpakuuu. Beipaxxenue (5.4)M0oKHO nepenucaTh B BUJIE!
Av-AsmB- p=Ax-AsmbB-nran/2=
n
= Axm——
k-AsinB (5.5)

Knaccuueckoe BblpakeHHE ISl pacHpeAeieHHs HMHTEHCUBHOCTU IU(PPAKIMOHHOIO IOJIs
IIeIH, KaKk ObLJIO CKa3aHO B IpeblaylieM naparpade, omucbiBaercs Gopmynnoit @paynrogepa
(60,=0):

o =3
' sin{kAxsin6) |~
I(sin@)=1Iy- L—
FAxsin®

U3 (3) cemyet, 9TO CHHYCHI HANIPABJICHHIA HA MEPBbIC MUHUMYMbI PABHBI:

$inf | =J_rki.

Ax - (5.6)

CpaBuuBas Beipakenust (5.5) u (5.6), MOXHO cHenath BBIBOJ, YTO JHMAaIa30H
KBaHTOBOMEXaHUYECKOW HEONPEACICHHOCTH yIila TUPPAKIUU OTOXIESCTBISETCS C HYJICBBIM
TU(GPAKIIUOHHBIM TIOPSAKOM, 3aKJIFOYEHHBIM MEXKIYy MEPBBIMA MHUHUMYMaMH PaCIpeeICHUS
WHTEHCUBHOCTH, Ha KOTOPBIN TpuxoauTcst okosio 80%sHeprun nudparupoBaBIIeTo U3TyICHHS.

K nmanHOMYy BBIBONY MOKHO TPUHATH W APYTUM IyT€M, BOCIOJB30BaBIIUCH CBOMCTBOM
(GYHKIIMM COCTOSIHHSI, COTJIAaCHO KOTOPOMY OHAa MOXXET OBITh BhIpa)KEHA uepe3 JIIOYI0 U3 JBYX
KAaHOHUYECKH COTPSDKECHHBIX TMEPEeMEHHBIX — WM 4Yepe3 KOOpIWHATYy, WM Yepe3 HMITYIIbC,
npuYeM MEXITy ABYMs MPEICTAaBICHHUSAMHU CYIIECTBYET B3aWMHO-OJJHO3HAYHOE COOTBETCTBHE. B
paccmaTpuBaeMoOil 3aade anmpHoOpH HW3BECTCH BUA (YHKIUU COCTOSSHHS B KOOPAMHATHOM
NpeICTaBICHUN:

/\2Ax,
{] 5

1‘—xﬂ|£~ﬂn‘

¥lx)= G
X I.D| = Ay
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TO ecTh, (OTOHBI, TPOLISANINE 4Yepe3 IIeNb, paclpelesieHbl [0 €€ IIUPUHE II0
PaBHOBEPOSITHOCTHOMY 3aKOHY.

Jns mepexofa K HMMITYJIbCHOMY IIPEACTaBICHUIO, HEOOXOIUMO pa3loXUTh (YHKIHMIO B
KOOPJMHATHOM MPEJICTABICHUHU B CIIEKTP MO COOCTBEHHBIM (DYHKIMSM OmepaTtopa HMMITYJbCa,
SIBJISFOILMMUCS PELLIEHUSIMU YPaBHEHUS

Ay, lx)
—im—E—=p, v, (x)
- . . OTH QyHKIUK ¢ y4eTOM HOPMHPOBKU UMEIOT BHU:
[ 1D X
Wp[.‘r]'— ; exp| P
VT L T g coBeTBeHHBIE Uncia Py 00Pa3YIOT HENPEPBIBHBIN CIICKTP:

Takum 06pa30M HCKOMOE pa3JioKeHHE!

¥(x ]—; h Yip, ]'exp| —Jﬂ’p,l

N2

daxTHuecku mpencTaBiseT coboi umHTerpan dDypre, M, OKOHYATENBHO, HMITYJIbCHOE
IpecTaBiIeHne GYHKIUU COCTOSHUS!

T{Px]'=; | ¥ r‘llexp[ L33 |,;fx
1."’””1 Sty n J
B nanHoit 3anade, mojacraniss B ssHoM Buze W(X) u px =1k Sird :
) Ax 2 ) . 2
|| (nksin®)= ;.— |exp(—ikxsin8)dx| = 1 [Sm{kﬁf sin 6 ]}
1‘||4]'[T|ﬂlx Ax ]Tﬂﬁl ﬁ_sme

- MOJIy4aeM Jis TUIOTHOCTH BEPOSITHOCTH pacmhpenesieHus (OTOHOB MO yriay AUQPAKIUU
KJaccuueckyro Gpopmyny @paynrodepa.

Takxum 0Opa3oMm, pu OONBIIOM KOTUYECTBE (POTOHOB, OHH, B CUITY CTATHCTHKH, CHOPMHUPYIOT
XapakTepHoe AU(PaKIMOHHOE pacTpeie]ICcHne HHTEHCHBHOCTH, BBICTYIIAs!, COTJIACHO MPUHIIHITY
JOTIOTHUTEIFHOCTH, TIOJJOOHO OOBIYHOMY KJIACCUYECKOMY BOJTHOBOMY TPOIIECCY.

[lpy HaTMYMU HECKOJBKUX HEKOTEPEHTHBIX HCTOYHHUKOB HCITyCKa€Mble WMH aHCaMOJH
(OTOHOB  CUMTAIOTCS HE3aBUCHUMBIMH M MOTYT paccMaTpuBaThCi OTHEIBHO, TaKke
HE3aBUCHMBIMH OKa3bIBAIOTCS W IUIOTHOCTH BEPOSTHOCTH WX pacHpeAeieHHd, aHaJIOTHYHO
TUQGPAKIIUOHHBIM ~ PACHPEEICHUSIM WHTEHCUBHOCTU IS HEKOTePEHTHBIX HCTOYHUKOB B
KJIacCHYecKol onTuke. KorepeHTHOe 1 4aCTUYHO- KOTEPEHTHOE M3ITyUYeHHE B KBAHTOBOW ONTHKE
JOJI’KHO OIMUCHIBATHCS C MOMOIIBIO €IWHBIX aHCcaMOJiel, COOTBETCTBEHHO MOCTAHOBKH 3a7ad U
WX aHAJIU3 CYNIECTBEHHO YCIOKHSIOTCS.

6. KoppensiuMoHHble (hyHKLUN U KOrepeHTHOCTb U3Ny4YeHuUs

6.1. O6wemeopemu4ecKue rosIoXeHusl

KorepentHocts wu3iaydenusi. [loHSITHE KOTEPEHTHOCTH B ONTHKE BBOIUTCS  JUIS
XapaKTePUCTHKH COTJIACOBAHHOCTH (KOPPEJISAINH) CBETOBBIX KOJEOAHWI B Pa3IMUYHBIX TOYKAX
NPOCTPAaHCTBA W B pa3jIMYHbIE MOMEHTHI BpeMeHH. OIpenenuM CTeleHb KOTEPEHTHOCTH
MOCPEACTBOM KOPPENSIIIHOHHON (PYHKIIMKA CBETOBOTO ITOJIS.

PaccMoTpuM TMOJIIPH30BaHHOE TIOJIE, BEKTOp HAIPSDKEHHOCTH AJIEKTpUUEcKoro mois E
KOTOPOTO KOJIEOJIETCSI B ONpECNICHHOM HampaBieHWH. Eciu  BeKTOp HaNpsKEHHOCTH
ONTUYECKOTO TOJNSI CONEPKUT KOMIIOHEHTY, CIy4alHBIM 00pa3oM HW3MEHSIOUIYIOCS TI0
MMPOCTPAHCTBCHHBIM KOOpJAWHATaAM [0 ¥ (0] BPEMCHU t y TO MOXHO IMNOCTPOUTH CICAYIOLIYIO
KOPPEIAIHOHHYIO (DYHKITHIO

B(r.ty.1y.1,) = (E(y,1)E" (r,.1,)),
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1€ YIJIOBbIe CKOOKH 03HA4aloT yCpPEeJHEHHE 0 BCEMY IIPOCTPAHCTBY U IO BCEMY UHTEPBAIly
BpeMeHU HaOmozeHus. [ cTallMoOHapHBIX MoJIel, CTaTUCTHYECKHE XapaKTEPUCTUKH KOTOPBIX
BO BPEMEHH HE MEHSIOTCH,

B(r.t.1y.4) = B(r.r3.5 —1).

IIpUHATO BBIIENATH TAKKE CTATUCTHYECKH OJJHOPOJIHBIE 10JIs, UL KOTOPBIX KOPPEISLUOHHAs
(yHKILIUS 3aBUCUT JMLIb OT Pa3HOCTH I - I1

B(ry.1.1y. 1) =B(r, —r.1.1).

OnHoponHOE ciy4aifHOe TOJ€ Ha3bIBAeTCS M30TPOIHBIM, €CIU KOPPENSIUOHHAS (DYHKIIHS
3aBHCHUT JIMIIb OT a0COIIOTHOTO 3HAUCHHUS PACCTOSHUS MEXIy ABYMs TOUYKamu S =|r2 — rl| Jns
CTallMOHAPHBIX BO BPEMEHU U OJTHOPOJHBIX B IPOCTPAHCTBE CIYYaWHBIX IOJIECH

B(n.f.ry.00) = B(r, — 1.6, =) = B(s.7).

rae T =t — t . Koppensuunonnas ¢pyuakius B(S;) npuHUMaeT MakcUMabHOE 3HAUCHHE TIPH S
=1t=0.

BBenemM NprUMEHUTENIBHO K CBETOBOMY YUKy HOPMHUPOBAHHYIO KOPPEISIIIMOHHYIO (DYHKIIHIO

Blr.r,.0,.4)

ﬂ.'lf[t'l. i H{l‘:_f: }

rae | (ry,t)) u | (r2,t2 ) - MHTGHCHBHOCTH M3JYYCHHUS B YKa3aHHBIX MPOCTPAHCTBEHHBIX TOUKAX
U B yKa3aHHbIC MOMEHTHI BpeMeHH. B cilydae cTallmoOHapHOCTH TOJIsl CBETOBOT'O ITydYKa

Blr.r,.1
1n.r. =0 —#)=— UL :
W (.4, M(r.15)

g b d ol A S

KoppenaunoHHaa yHKUMA
B(n.t.r2.12) = E(ry.1)E (12.12))
CTrayuoHapHana BO BPEMEHW OOHopoaHan B NpocTpaHCTEE
B(r.t,.ry.8,)=B(r.ry.1, — 1) B(r,.t,.ry.1,) = B(r, —n.1,.1,)

W3oTponHan B npocTpaHcTee
B(

I's — l‘]_|.f1.f1:]

CTauuoHapHasa U ogHopoaHan

B(1y.0.15.1,) = B(r; — 1.1, — 1) = B(s.1)

HopmupoBaHHanA KoppenALMoHHas
hyHKUMA ANA cTalWOoHapHOTo NonA
Bily.r, 1)

'r'{l'].r':. T =f: —.I"l }==.
e My t)

non Yoo 021 =0
BpemenHas fln. 2. T = [IpocTpaHCTREHHAR

Puc. 6.1.Koppenayuonnas ¢hynxyus. Ceoticmea
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[MoctpoeHHyl0 TakuM 00pa3oM BEIMYMHY 7Y Ha3bIBAIOT KOMIUIEKCHOM  CTENEHbIO
KOT'€pEHTHOCTH, TaK KaK KOPpeSIIHOHHbIE (DYHKIIMU B OOIIEM Clyyae KOMIUIEKCHBI.

AOCONIOTHYIO BENUYMHY 7Y HAa3bIBAlOT MOJYJEM CTENEHW KOT€PEHTHOCTH WM TIPOCTO
CTENEeHbI0 KOrepeHTHOCTH. CTeneHb KOrepeHTHOCTH BCETIa YOBIETBOPSET HEPABEHCTBY

|yl 1) =1
ly] mpr © = O maer 3Ha4YeHHE CTENEHH MPOCTPAHCTBEHHOM KOTEPEHTHOCTH, @ MpH I= Iy -
3HAYCHHE CTCIICHH BPEMEHHOM KOIepEHTHOCTH. 3HAYCHUE S = § M T = Ty, IPH KOTOPBIX CTEHICHb

MPOCTPAHCTBEHHON W BPEMEHHON KOTEPEHTHOCTH YMEHbBIIAIOTCS B 3aJaHHOE YHUCIO pa3
Ha3bIBAIOTCSI COOTBETCTBEHHO Pa3MEPOM 30HBI KOTEPEHTHOCTU U BPEMEHEM KOTE€PEHTHOCTH.

6.2. PacnpocmpaHeHue e3aumMHoli Ko2epeHmHocmu.
PacnpocmpaHeHue  ceemoebiX  8OJIH, ¢yHKyusi  83auMHol
Ko2epeHmHocmu

[Tycts U(P,t) -ckanspHas aMIUIUTY/[a OHONW KOMIIOHEHTHI MOJISIPU3AINHN SJIEKTPUICCKOTO HUITH
MarHUTHOTO TIOJIs, CBSI3aHHAsl ¢ MOHOXPOMATHYECKUM ONTUYCCKUM CHUTHAJIOM (u3i1ydeHuem). B
COOTBETCTBUU C MPUHATHIM B CKIIPHOM TEOPUH MOAXOJIOM, PACCMOTPUM KaXKIyI0 KOMIIOHEHTY
HEe3aBUCHUMO. 37ech P - mpocTpaHCTBEHHAs KOOPAMHATA TOUKH, a TapaMeTp t - MOMEHT BPEMEHH.

ARnanuTnueckuii curaan, cssanssii ¢ U(P,t),umeer Bug ¥ (P.t) =U(P.v)exp(—j2mvt). 1oy
- yactora BoJHbI, a U(Py) - ammutyna dasopa.

[lycte BOMHa majaer cieBa Ha HEOTPAHMUYEHHYIO IOBEpXHOCTh. HeoOxommmo HaWTH
ammuTyny (asopa nosisi B Touke Po cripaBa oT moBepxHOCTH X yepe3 XapaKTEepUCTUKH MO Ha
MIOBEPXHOCTH X.

B cootBeTcTBHM ¢ mpuHLUNoM | 'tolireHca-dpeHens cupaBeyIuBO CAEAYIONIEE PEIICHUE

exp| j lTrr I— 1

U(FR,. V)= 1 [JUR.v)

P

Jh's 7

¥ (8 )ds .

rae A = ¢ /v - amuHa BOJIHBI M3ITydeHHs (C - CKOPOCTh CBETA); I - pacCTOSIHHE OT TOYKH P1 110
ToukH Pp; 0 - yrom mexny npsmoit tuauel, coequnsoneit Pou Py , 1 HOpManbio K MOBEPXHOCTH

2 ; %(0) — ko> duLHEeHT HAKIIOHA, x0)=1m0=y® =1

Kak mpaBuiio, paccMoTpeHne OONBIIMHCTBA 3a7ad BEAETCS B MPUOIMKEHUU MallbIX YTJIOB
HAKJIOHA U TIO3TOMY B JajibHEHIIEM, Mbl OyJIEM CUUTATh 3TOT MHOXHUTEIb PABHBIM €/IMHULIE.

[punnun Ioiirenca-OpenHenss MOXKHO UHTEPIPETUPOBATH TaKUM 00pazoM. Kaxknas Touka Ha
MOBEPXHOCTH X JEHCTBYET KaK HOBBIH BTOPUYHBIH MCTOYHUK C(HEpUUYECKUX BOJH.

TS Cr

7 L+
HanpskeHHOCTb 10JI1 BTOPUYHOTO MCTOYHMKA B Touke Pl mpomnopunoHanbHa Ay U, v,
3TOT UCTOYHHK U3JTY4aeT C aMILTUTYAHBIM KOA(pGUIIMEHTOM HarpaBieHHOCTH ¥(0).

)51

Puc. 6.2.Cxema pacnpocmpanenus uznyuenus

DyHKIMA B3aUMHON KOTepeHTHOCTH. [Ipu pacnpocTpaHeHUM BOJIHBI B MPOCTPAHCTBE €€
CTpYKTypa u3MeHsieTcsl. M3MeHseTCs COOTBETCTBEHHO M (DYHKIIHSI B3aMMHOW KOTE€PEHTHOCTH.
CnenoBarenbHO, MOYKHO TOBOPUTH O PACIIPOCTPAaHEHUU (PYHKIIUU B3aUMHON KOT€PEHTHOCTH.
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[IpuunHa 3Ta 00BSICHSIETCS TeM (AKTOM, YTO CBETOBBIC BOJHBI MOJYUHSIIOTCS BOJHOBOMY
YPaBHEHHUIO.

| Bonna pacnpoctpanaerca

| CTpvETypa BOIHEI H3MeHASTCA |

o v IO TINHSIOTCA
Bméi"n?éﬁeﬁgﬁe%ﬁﬁ‘ﬁfm BOJIHOBOMY
- VPABHEHHIO

PyuKITHT B3aHMHOH /
KOTepeHTHOCTH

PACIIPOCTPAHAETCA

Puc. 6.3.Pacnpocmpanenue ¢hyHkyuu 63auMHoll Ko2epeHmHoCmu

Pewenne, ocHoBaHHOe Ha mpuHuuie l'rolirenca—Ppenens. PaccMoTpum pacnpocTpaHeHue
CBETOBOU BOJIHBI C ITPOU3BOJBHBIMHA CBOMCTBAMH KOTE€PEHTHOCTH.

Jana ¢yukuus B3auMmHOM KorepeHtHoctd ['(P;, P2;T) Ha moBepxHOCTH X; WM HAJI0 HAWUTH
byuknuio B3auMHON KorepeHtHOocTH ['(Q1,(Qp;T) Ha moBepxHOCTH Xp. To ecTh Hamia Ielb
npezcKa3aTh pe3ysbTaThl MHTepdepeHmonHoro onbita FOHra Ha orBepctuax Qi u Qp ecnm
U3BECTHBI Pe3yJbTaThl HHTEP()EPEHLIMOHHBIX OIBITOB Ha BCEBO3MOXKHBIX OTBepcTusix Py u Po.

Io onpenenenuto GyHKIMS B3aUMHOW KOT€PEHTHOCTH Ha IOBEPXHOCTH Xp

(01050 = (u(0y .t + 01" (Q2.1)).

Puc. 6.4.1lpoyecc pacnpocmpanenus hyHKyuu 83auUMHOU KO2epeHmMHOCMU
Hcnonb3ys BepakeHUE 7151 pacpOCTPAHEHUS Y3KOIIOJIOCHOTO CUTHAJIA

(0.0 % [[—ulQrit=D3dS, o>
0 Jhr c ,

3alMUIICM BBIPAKCHHUC IJI Y3KOIIOJIOCHOI'O CUT'HAJIa JIJIS1 HAIICTO Cliy4das JJI IBYX TOYCK Q]_ u

Q2 moBepxHOCTH X7
w(O,.t+ 1) = [F;::{Pl_r+ T —i}a’Sl
T JAT c

f 2)dS,

) JAF £

u'(Qy.1)= ﬂ%'(ﬁ-!— -

[MoncTaBuB BBIpakeHHE Uil TMOJNEeH B (DYHKIMIO B3aMMHOW KOT€PEHTHOCTH W HU3MEHSSA
MOPSIIOK BBIITOJIHEHUS HHTETPUPOBAHUSA U YCPEIHEHUS, IOTYyYUM
Ty e s
<u(B.t+1——u (B.t——)>
ek c 4 7
[(0,.0::9=|f[f ds,ds,

I ATy
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CpenHee 1Mo BpeMEHM B MOJBIHTEIPAJILHOM BBIPAKEHHUH MOXKET OBITh BBIPAXKEHO Yepes
(GYHKIMIO B3aMMHOI KOTEPEHTHOCTH Ha MOBEPXHOCTH X 1, YTO MPUBOJUT K OCHOBHOMY 3aKOHY
pacnpocTpaHeHusl B3aUMHOMN KOFepeHTHOCTI/I

I(0,.0,:1) = }J’J’F{P P T+ jlj—irﬁ ds,.
15 Any Ay
B CcOOTBETCTBHH C YCIOBHEM KBa3sMMOHOXpOMAaTHYHOCTH (Am/®w<<1) omTuueckas pa3HOCTbH
XoJa JOJIKHa 6BITI> HaMHOI'0 MCHbIIC JJIMHBI KOTCPCHTHOCTU U3JTYUCHUS.
Onupasch Ha 3TO YCJIOBHE, HAWJEM 3aKOH pACHPOCTPAHCHUS H3JIY4YEHHUs [JIsi B3aUMHOU
HUHTCHCUBHOCTHU, 3aMCTHB, UTO B3aUMHas1 UHTCHCUBHOCTbH

J(Q,.0,)=1(0,.0,:0): =0,
a TaKxKe

I(P.P:2 1y = (. P=jexp[ j—ih " J}
o
[ToncTaBuB 3TO B BBIpAXKEHHE JUIsI PACIPOCTPAHEHUS] B3aUMHON KOrepeHTHOCTH, mpu =0
MIOJIyYUM

J(0,.0,) —jf J(B.P, ]exp|:— ;—L =7 ]Jiids ds, .
5 Ary Ary
OTO OCHOBHOE BBIP@KEHHE, OMNpEIesioniee 3aKOH  PacHpOCTPAHEHUS  B3aMMHOM
UHTCHCUBHOCTH.
Pacnipenenenre MHTEHCHBHOCTH Ha MMOBEPXHOCTH X 2 MOXKHO Haiitu, yctpemuB Qlk Q2 (r.e.
toukd QLlu Q2 10MKHBI COBIIACTB) B MOCIEAHEH (GOpPMyIIe U 3aMEHUB
rL— r,r =T, O =0, O —»"{-_}:a-

6.3. lpedenbHbie hopMbI PYHKUUU 83aUMHOU KO2epeHmHocmu

KorepenTtHoe mose. BomHOBOE 1m0Jie Ha3bIBACTCS MOJIHOCTHIO KOTEPEHTHBIM, €CJIH JIJIST BCIKOU
napsl Touek (P1,P) cymectByer 3anepixka t12 (pyukius rouek (Pr,P,)) Takas, uro

|T1:U—';:] =1

Kpome Toro, MO>XHO MoOKa3aTh, YTO BOJIHOBOE ITOJIE HA3bIBACTCS IMOJTHOCTHIO KOT€PEHTHBIM
Opy TOM M TOJBKO TPU TOM YCIOBWHU, YTO MJisi BCAKOW mapsl Touek P; m P, cymectByer
BpeMeHHas 3ajiepkka tT12, Takas, YTO KOMIUICKCHBIE OTHOAloIIMe JABYX CHTHAJOB C
OTHOCUTEIILHOU 3aJIepKKOH T12 Pa3IMUYaIOTCS TOJIHKO HE 3aBUCSIIUM OT BPEMEHH TOCTOSHHBIM
komruiekcHbIM MHOKUTeeM A(P2,t) = ko A(Pi,t + 112); K12 - KOMIUIeKCHass MOCTOsSHHAs,
KOTOpasi, BOOOIIIE TOBOPsI, 3aBUCUT OT Touek P11 Po.

Eciin mone MOXHO CcYuTaTh KBa3UMOHOXPOMATHYECKHM, TO 93TO YCIOBHE JODKHO
BBITIOJTHATHCS JJI BCEX Map TOUYEK, BOZMOXKHBIX B DKCHEPUMEHTE. JTO O3HAYaeT, YTO IS BCEX
touek (P1,P.) TpeOyercs omHO W TO K€ BpeMs 3aJEPXKKH Tip, YTOOBI HCKIIOUNTH () HEKTHI
BpeMeHHOI korepeHTHOCTH. Eciu otBepectue Pl mpubmusute k P2, T0 ennHCTBeHHAs 3a/1epiKKa
T12, KOTOpasi COOTBETCTBYeT MakcuMyMy [[12( T)|, MokHA OBITH TOKIECTBEHHO paBHA HYyI0. B
3TOM Cily4ae KOMIUICKCHbIe orubaromnme B Toukax P; u P, cBs3anbl cooTHorenuemM A(Pa,t) =
K12A(Py,1).

TakuM 00pa3oM, KOMIUIEKCHBIE OTHOAIONIME BO BCEX TOYKAX HM3MEHSIOTCS COTJIACOBAHHO,
pa3IuYasICh TOJBKO HE 3aBUCAIIMMH OT BPEMECHH aMIUTHTYAaMH U ()a30BBIMU MHOKHUTEIISIMHU.

HekorepentHoe none. [TOHATHIO MOTHOCTHIO KOTEPEHTHOTO TMOJISI TPOTUBOTIONOKHO TTOHSITHE
HeKkorepeHTHOro. I[1oaToMy ObLIO OBl €CTECTBEHHBIM CUMTATh IOJIE HEKOTCPEHTHBIM, €CIIH
BoInostHsieTcst yenoBue |12 T)|= Omms Bcex Py # P, v ipu Beex t. Ho 310 onpenenenue He uMeeT
PEaTbHOTO CMBICITA.

MoncraBuB I['[P1,P;; t + (2 - r)/c] B BeIpakeHHMEe Ui paclpOCTPaHEHHs] B3aUMHOM
KOTepEHTHOCTH W TPOUHTCTPUPOBAB CHaJajla 110 T[OBEPXHOCTH Xj, MOJIYYHM, 4YTO
MOJIBIHTETPAILHOE BBIPAXKEHHWE BO BTOPOM HHTErpaje OyAeT paBHO HYIIO BCIOIY, KPOME TOYEK
P1 = P>. Takum 00pa3oM, BTOpOE HHTETPUPOBAHKE TACT HYJIb, U MbI oaydaeM I' (Q1,Qz;t) = 0.
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Ecnu nmonoxuts T = 0u Q = Q, To U3 mocnennero pasercrsa cieayet 1(Q1) = [(Qz) = 0.
CrnenmoBarenbHO, €CITM BOJHOBOE TI0JI€ HAa IMOBEPXHOCTH Xj HEKOT€PEHTHO, TO OHO HE
JIOCTUTAET MOBEPXHOCTH Xy | T.e. MOBEpXHOCTH HE N3JIydaeT.

6.4. Teopema BanH Lummepma-LlepHuke. 3Ha4yeHuUe meopemMbl U
cnedcmeusi U3 Hee

DTa Teopema SBISETCS OJHON M3 Hambojee BaKHBIX TEOPEM COBpeMEHHOW onTuku. OHa
MO3BOJISIET HAUTHU B3aMMHYIO UHTCHCUBHOCTH U KOMIIJICKCHYIO CTCIICHb KOI'CPCHTHOCTU AJId ABYX
TOYEK JKpaHa, OCBEIIAEMOr0 MPOTSHKEHHBIM KBa3MMOHOXPOMAaTHYECKMM HCTOUYHUKOM. Teopema
MOKA3bIBAET, KaK MPOUCXOTUT TpeoOpa3oBaHUE TIOMEPEUHON KOPPENSIUOHHONW (DyHKIHUK
CBETOBOI'O ITy4YKa B MPOLIECCE PACIPOCTPAHECHHUS.

N3 Tteopembl ciemyer, 4TO MONEPEYHBIM pPaaUyC KOPPEISALUU YaCTUYHO KOTEPEHTHOIO
BOJIHOBOTO ITy4Ka B MPOIECCE PACIPOCTPAHEHUS 3a CUET AUPPAKIINH YBEIUIHUBACTCS.

BYI[GM CUUTATb, YTO CBCT ABJIACTCA KBA3UMOHOXPOMATHUYCCKUM. Y181 3HaE€M, 4TO B3aMMHas
MHTEHCUBHOCTb PACTIPOCTPAHSIETCSI B COOTBETCTBUU C 3aKOHOM

o [ .2n | S
J‘..Q]_-. Q:) = ”- I[J[P,P: }EKPi__J |:;" - T 1 ) _._ﬂs]_d‘sg =

o5 ;'n. .:'J' 1 .l‘l'_-?"f

KOTOPBIN CIPABEJIUB [l PA3JIMYHON CTEIIEHU KOT€PEHTHOCTH, XapaKTEPU3yeMOU B3aUMHOMN
unTeHcuBHocThIO J(R,Py).

JIJ11 HEKOT€pEHTHOTO0 UCTOYHUKA C TOYHOCTBIO 1O KOHCTaHTBI

J(B.P,)=1(R}(P, - By)

B3anMHas HHTEHCUBHOCTb IOJIy4aeTcs, UCTOb3Ys "'n30upaTeNbHble” CBOMCTBA O -(DYHKITUH.

1 2 11
J(Q,.0,) =—[[I(B Jexp| — j —r, -1, ) |——4d5 .
B - AT

Ty ¥y

L*

YTo0b! yIpOCTUTH 3TO BBIPAXKEHUE, TPUMEM HEKOTOPBIE MPEATOIOKEHHS U IPUOIMKESHUS.
1.Pa3mepsl HWCTOYHWKA W O0JacTH HAOJIOACHUS HAMHOTO MEHBINE PAcCTOSIHUS Z, OT
NUCTOYHHUKA N0 IIJIOCKOCTHU Ha6JHOI[eHI/I}I, TOraa

1 1 1

_X_ﬂu

=

- -

LT, -l

Torma BeIpakeHUE 711 B3AUMHON HHTEHCUBHOCTH B HaOIIO1aeMOl o0acTu

7(0.0:)=——[[1(7 }Exp[— i, }} as .
- ':" J‘u w

AZ

Puc. 6.5.K 61600y meopemvr Ban [{ummepma-L{epruxe

Hanee, npeanonarasi, 4To MIOCKOCTH UCTOYHUKA U3IY4YEHUS M HAOIIOJEHUS NapajjielibHbl U
YUUTBIBAS MapaKkCHaTIbHOE IPUOIINKEHNE

it {-T: _‘;—i}- 'i'{.T: —!]]i_
2z

(=& +(3-nf

1 =e.,..'|:: +{x, —£F +(s—) =

Fi= 1,11":3 +i{x —j;‘,l2 +(v,— r'|]l1 It



BBoast o00o3HaueHust AX = Xp — X3, AY = Vo — Y1, ¥, npuHUMas Bo BHuManue, uro 1(§n) = 0

JUIA 00J1aCTH BHE UCTOYHHKA Z, OKOHYATCJIBHO IMOJTYyYUM
- +m

1= ?.E ” : -| "
(hz) 1 njexp[‘ O A

rze (ha30BbIil MHOXKUTEIb

S % [{-":;J + .1':: }— E:l'lj +_1r1j ]]: % (P:—? _p'.-: ]:

plu p2 - paccrosinus ot Touek (X1,y1l)u (Xx1,y2) 10 ONTHYECKON OCH.
B HOpMHpOBaHHOM BHUIE TeOpeMa IPUHUMAET

+
e ¥ _|

&

JiG. 00650 )=

e o :

[I(en Jexy[;;—f{m-e; +4ym :}ft;a'n
5
| [1(z.n)dzan

— O

Tlx. ¥1:%3.00 )=

Ecau BeImonnasercs PaBCHCTBO

|‘,~f[x1__ V3X3. Vs |- €CTB BHIHOCTE.
3HayeHue TeopeMbl M cieacTBus u3 Hee. Teopema Ban Llurrepra- LlepHuke, MoxeT OBITH
chopMyIHpOBaHa CIACIYIOMIUM 00pa3oM: ¢ TOYHOCTBIO 10 MHOXKHTEIS eXP(-¥) u macirabHBIX
TIOCTOSTHHBIX B3aHMMHYI0 WHTEHCHBHOCTH J(X1,Y1;X2,Y2) MOKHO HaWTH, BBIIIOJHHB IBYMEPHOE
npeobpaszoBanue Pypre pacnpenenenns HHTeHCHBHOCTH 1(&,1) 10 MOBEPXHOCTH UCTOYHHKA.

Crnenyer takxke oOpaTuTh BHUMaHHE, YTO |y| 3aBHCUT TOJNBKO OT pa3sHOCTH KoopawHaT (AX,

Ay).

s o [P_ _F’::]

[TockonbKy +z MHOXHUTETb €XP(-jy) MOXKET OBITH OMYIIEH B CIydasX:

17 b 21[[}:' Py ]ﬁJ To W< U2 ®exp(-jw) = 1.

2. Eciu roukn Q1 m Q2 HaXoATCS Ha OAMHAKOBOM PACCTOSIHHHM OT ONTHYECKOM ocH TO ¢aza
=0.

3. Ecnu oTBepcTHsi jexaT HE Ha IJIOCKOCTH, a Ha cdepe paaumycoM Z C IEHTPOM Ha
HUCTOYHUKE.

INPUMEP: Kpyrioe orBepcTre. [IycTh Kpyriablii HEKOT€pEHTHBIN UCTOYHUK PaUyCcoOM a C
PaBHOMEPHBIM pacIpe/Ie]ICHHEM HHTEHCHMBHOCTH OCBEIIACT MPOCTPAHCTBO Tepea coboit (puc.
6.6. a). B coorBerctBuu ¢ Teopemoii Ban Ilutrepra-llepHuke (QyHKIUS KOMILIEKCHOM

KOT€PEHTHOCTH TaKOT'0 UCTOYHMKA M3ITyYeHHs ONHUChIBaeTcs GyHKIMer Diipu. ITa 3aBUCUMOCTD
nokaszaHa Ha puc. 6.6. b.

d - PagHyC HCTOTHHEA

| "4 jL [¥12(0))]
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Puc. 6.6.@ynkyus komniekchotl KozepenmHocmu 0isi Kpy2io20 UCMOYHUKA

[MepBoiii Hynb Moayns [y12] umeeT mecto npu 0.610z/a. CrienoBaTensHO, KOneOaHHusT B TOYKaAX
(X1,y1) 1 (X2,Y2) MIOJTHOCTBIO HEKOTEPEHTHBI MPU YAAJICHUHM WX APYT OT Jpyra Ha paccrosHue d,
paBHoe 0,61z/a. Ecimu cumraTh MOMYCTHMMOM CTEMEHb YAaCTHYHOM KOTCPEHTHOCTH MEXIY
toukamu paBHoii 0.88, To HeoOXxomumo, yTOOBI paccrosiHrue d MeXITy HUMH YIOBJICTBOPSIIO
YCIIOBHIO

0320
d=———.
2a
0L - YToJ1, OJ] KOTOPBIM BH/ICH paInyC HCTOYHHUKA.
PaccrosHne wmexay TOukaMu, ais KOTOpeIX [y12] = 0.88 HaspiBaercss uHTEpBaIOM

IIPOCTPAHCTBEHHOW KOTEPEHTHOCTH.
[Ipn pacnpocTpaHEeHHMM HW3JIy4E€HUs HMHTEPBAJd IPOCTPAHCTBEHHONW KOTEPEHTHOCTH, B
COOTBETCTBHUH C MOCJCIHIM BbIpAXKECHUEM, yBennduBaetcs (puc. 6.7).

Heroammm
HUTVIeHES

o= as Ty di<drds
Puc. 6.7.U3menenue unmepsana xoppeisyuu npu pacnpocmpaneruu usLyyeHus

HutepBan koppensuuu sl HEKOT€PEHTHOI0 UCTOYHUKA MOXKET 3HAYUTEIBHO MPEBOCXOIUTH
UHTEPBal KOPPENSAIMHA JUIi KOT€PEHTHOTO WCTOYHHMKA (1a3epa), HO HWHTEHCHBHOCTH €ro
U3NydeHus: Oy/leT Ha HECKOJbKO MOPSJIKOB MEHbBIIE HHTEHCHBHOCTH HCTOYHHKA JIA3€PHOTO
U3ITyYEHUS.

6.5. [Qugpakyus 4YacmMuyHO KO2ePEeHMHO20 U3Ny4YeHUsl Ha
omeepcmuu

PaccmoTpuM citydall CpaBHUTENIBHO 4YacTO BCTPEYAIOLIMICSA HAa IPAKTUKE - IMaJarollee
U3IIy4EHHUE SBISIETCA YaCTHMYHO KOTEPEeHTHBIM. [Ipenmnonoxum, 4TO 4aCTHYHO KOTEPEHTHAas
KBa3UMOHOXpOMaTHUYECKas BOJIHA NAJaeT Ha HEMpPO3paudHblil 3kpaH ¢ oTBepcTHeM. OTBEpcTHe
MOYKHO OIHCAaTh aMIUIUTYAHON (yHKLMEH NponycKaH!us BUaa

1 (£.n)ua nopepxmocT T

r.,‘t-f’;.n]:'l .
ﬂ B OCTAIRHOH OOJIIACTH

B ocTaibHON obOsactu 1, , Ha moBepxHocTu t , , KOTOpas, B oOUIeM ciydae, SBISETCS
KOMILJIEKCHOM.

HGO6XOI[I/IMO HalTH pacnpeaciiCHUC NHTCHCUBHOCTH B IJIOCKOCTH 3KpaHa, paCIIOJIOKCHHOI'O
Ha paCCTOSIHUHU Z NTAPAJITICTIBHO INIOCKOCTH OTBEPCTHA.

YuuteiBas O6H_I€€ COOTHOLICHUC MCKIY B3aMMHOM WHTEHCHBHOCTBIO HaI[aIOHleﬁ BOJIHBI U
MPOIIEAIICH

'-’r.- [t:ln i:n: ] . ‘r1 [}::-] ~r|1 ]f |‘ :1-«“: :IJI {:LTIILE-':' T']_, }

rac \1 , \1 — COOTBETCTBCHHO B3anMMHass HHTCHCHUBHOCTDH na/:[afomeﬁ n npomenmeﬁ BOJIH,
PACCMOTpUM PpaCIPCACIICHUC HUHTCHCUBHOCTU B obmactu Ha6.HIO,Z[€HI/I}I, cuuTad, 4TO pasMcep

OTBEpPCTHUS U 00J1aCTH HAOJIOJICHUS HAMHOTO MEHBIIE PACCTOSHHS OT TUIOCKOCTH OTBEPCTHS IO
[UIOCKOCTH HAOJIFOICHUS.

i i "
Ilx, p) = : i i L[J.J_-{'::-rn'.:;i_:-ﬂ:}EKP|:_.F.H}_H[r: — T3 ]}E@zdﬁ]di:dﬁ:.
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3aMEeHUM aMIUTHTYIHYIO (QYHKIUIO TmporyckaHus tA orBepctust Gpynkumeit "3pauka” P(&n),
KOTOPYIO /IS O6H_IHOCTI/I MBI CYMTAaeM KOMIUIEKCHOW U MOJyYHM CIIeTyIOIee BBIPaXKECHUE

I{x. )=

xexp{-

YopocTuM JaHHOE BBIpQKEHHUE, CHENaB TPEANONIOKEeHHE, 4YTO (GYHKIUS B3aUMHOMN
WHTECHCUBHOCTH MOKET OBITh MpecTaBlieHa B popme

JAC-M:E,.M, )= 1,7, (AZ. An),

T/I€ Yi - KOMIUIEKCHBIN KOA(QOUIIUEHT KOTePEeHTHOCTH. J[aHHOEe MpUOIIKEHUE CIPaBEIHBO,
HaIpUMep, B CXEMe, TJIe CBET HEKOI'ePEHTHOT0 HCTOYHHKA JOCTUTAET OTBEPCTHS, IPOXOIS Yepe3
KOHJICHCOPHYIO CUCTEMY.

B mapakcuaibHOM MPUOIMKEHUH MOYKHO BOCTIOIB30BATHCS CIICAYIONINM BhIPAKCHHEM

t F IV -5 5 & r: ;
Bh—h ™ ?[{‘i:_ N, }_ {'t:]- +1; .}_ 2{xAL + yAn ]]=

B )P (B ma W (B Eaam )%

2 ]}ﬁéﬂfﬂlfﬁ:‘fﬂz

- %{:ﬂ.; +NAT—xAE — J‘ﬂn] -

31ech UCIIONIBL30BaHbl 0003HAYEHUS

= B = §-+I!:.:|ﬂ' J— n+r|1
AL=E,-E&. E=——=_ An=n,-m, n=ﬁ.

F

3anuiiemM Bblpa)KeHI/Ie JJIA UHTCHCUBHOCTH

I{x. 111—

x“fjlii.ﬂ.n]exp{ __,i'?l—{ *AE +l']ﬁr|i}><exp{j?l—hlﬁ+1ﬁn}JL EdndAEdAN

[IpeanonoxuM OMsSTh, YTO Z HE MEHBIIE TeOMETPHYECKOTO CPEIHEr0 M3 PACCTOSHHHA 110
o0jacTy JanmbHErO TMOJISI TPU COOTBETCTBYIOIIMX pa3Mepax OTBEPCTUS H  IUIOMIAU
KOTEPEHTHOCTH:

CAS ) ol 4LM )
'y A

DTO MO3BOJISIET HAM OIYCTUTh MEPBBIA IKCIOHEHIUATBHBI MHOXUTENb, YTO MPUBOJIUT K

CIICYIOMIEMY BLIpa>KeHI/IIO

= d

Ilx. y)=

_[ [R[ﬂ_,iﬂh' (AZ ﬁl]}expli;—hjr + yAn }}dﬁ"dﬂn
LZ) —a A

rae R - aBrokoppensimonHas (yHKIMS KOMIUIEKCHOW (YHKIMHU 3pauka P, koropas 1o
OIPEIENICHUIO PABHA:

Rf_af;,ﬁn‘a:fjﬂ E- ';-'_ﬁ—m]

Takum 00pa3om, pacrpeaeieHue HHTEHCUBHOCTH 1(X,Y) B AudpakiMOHHONW KapTHHE MOKHO
HaWTH, BBIIOJHUB IByMEpHOE npeodpazoBanue Pypbe nmpousseaeHus GyHkuuidi Ru vy; .

PaccmoTpum  Temepp Oosiee  TOAPOOHO YCIIOBHS, HAJIOKCHHBIC Ha yJajeHUE OO0JacTH
HaOJI0IeHUs B 3aBUCUMOCTH OT O0JIACTH PACCMOTPEHMS B TUIOCKOCTH 00BEKTa TU(paKIuu

EAE na
- 4225 - 4020
A A
Bo-niepBbIX, MOKHO TOKa3aTh, YTO HEOOXOJUMOCTh HAIIOKECHHS JTAHHOTO yCIIOBUS OTIAJAcT,
€CJIi B KOHTaKT€ C IUIOCKOCTbIO OTBEPCTHSI HAaXOIUTCS coOuparomas JHuH3a ¢ (DOKYCHBIM
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paccrositaueM f = z. Ecnu nmMH3a OTCYTCTBYET, TO 3THM YCIOBHSM YIOBIETBOPUTH TOpa3o
TpyZIHEee, MOCKOJIbKY 3/1€Ch HE CIIETaHO MPEANoIoKEeHNE, YTO IJI0MAaAb KOTEPEHTHOCTH HAMHOTO
MEHBIIIE MJIOLAAN HCTOYHHUKA.

Bo BTOpBIX, eciiu D - MakCMManbHBIN JIMHEHHBIN pa3Mep OTBepCTHs, a 0C - MaKCHMAaITbHBIH
JUHEHHBIA pa3Mep OO0JIACTH KOTepEeHTHOCTH Ha amepTrype, TO TpeOyeMmble YCIoBHs OynyT
BBITMOJIHATHCS, KOTAa

3yl

np d, > D.

2Dd,
A :
Venosue z > 20/A wmpentnuno ycnosmio gubpakimn ®payarodpepa. JT0  yeioBHe
HAKJIaJbIBAETCs, €CJIM TMajarollee Ha OTBEpCTHE H3IydeHHE NPHUOIMKAETCS K IOJTHOCTHIO
KOI'€pEHTHOMY.
Ou3nyeckuil CMbICT JaHHOW TEOpEMBI Jy4Yllle BCETrO YSICHHUTh, paccMaTpuBasl IpelesbHbIE
CIIy4aH.
1. IIycTh OTBEpCTHE OCBEMIACTCS TUIOCKOM BOJHOM, MaIaiolield HOpMalbHO (TaKoe OCBEIIEHNE
SBJSIETCS  TOJTHOCTBIO ~ KOTepeHTHBbIM).  ClenoBaTeNbHO, KOMIUICKCHBI — KOA((PHUIUCHT
KOTEPEHTHOCTH yi paBeH 1 ¥ MbI OJTy4aeM

W

mpa d, <D

+ )

I )
I{x, y)m—2 [ [R(AE. An }exp{ua'—n{x.ﬁ-'_j + vAn }}dﬁ-‘;aﬁn .
3 AZ

s -0
Pesynbrar, mnoslyqaemblii Ha OCHOBaHUM JAHHOM TEOPEMBI, JOJDKEH IIOJHOCTBIO
COOTBETCTBOBATh pE3YNbTaTy, IOIYy4a€MOMY B COOTBETCTBMM JU(PPAKLUOHHON (opmyioi
®paynrodepa A7 HHTEHCUBHOCTH

L

<
Ix.y)=- fo = [ IJP['-*_f,.n}exp[hff—n{?_f,r+m= ]}l’-‘“;dr] :
? E- i AZ
2. Tlycth majaromiee W3JIydeHHE WMEET IUIONAqh KOT€PEHTHOCTH MHOTO MEHBIIYIO YeM
pasmep OTBepcTHs. B 3TOM ciydae aBTOKOppessnuoHHas (yHKIMS R B mpemenax Bcei
anepTypsl (B peaenax Bcei obmactu 3HaueHuin (AE,An), 1 KOTopsIX Vi # 0) uMeeT mpumMepHO
MIOCTOSTHHOE 3HAYEHHE PABHOE ILJIOIIAN OTBEPCTHS.

(hz) =
CrnenoBaTennbHO, BO BTOpPOM ciydae, (opma HaOmogaemMoi Iu(paKIMOHHOW KapTHHBI
pacrpenieneHuss HHTEHCUBHOCTU OIPENENsIeTCsl, B OCHOBHOM, KOMILJIEKCHBIM K03(duumeHTom
KOTEPEHTHOCTH Yi M MPAKTUYECKH HE 3aBUCHT OT (POPMBI OTBEPCTHS MPH yCIOBUH, uTo D >> k.
B mpomexyTouHbIX Cciydasx pacnpezaeneHue uHTeHcuBHOCTH |(X,Y) ompenensercs CBEpTKOM
dypbe-006pazoB BenuurH R u vi.
B otrom ciyuae mpoucxomuT ‘“criaxkuBaHue" IUGPAKIMOHHONM KapTHHBI IO Mepe
MOCTENEHHOT0 YMEHBIICHHUSI IJI0MAJA1 KOTePEHTHOCTH.

+x -
Hx. y)= lo [ [1:(AE. An }e:{pl:j = (xAE + vAn }}dﬂ-ﬁdﬂn.

{5
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Puc. 6.8.Kapmuna oughpaxyuu na xpyenom omeepcmuu. Ilapamemp C —omuowienue niouwaou
KpY21020 0meepcmusl K niowaou Ko2epeHmHoCcmu
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9 e
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—> AN

o P o o ' e s -
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wil
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Puc. 6.9.IIpumepel pacnpedenenuss amnaumyost nojs 0k 0OHOMEPHO2O0 CAYHAA U U0
A8MOKOPPENAYUOHHOU PYHKYUU 3pAUKA

Kak crnenyer W3 mpUBEICHHOTO BBINIE PHUCYHKA, ABTOKOPPENSLMOHHAS (DYHKIUS 3padka
CYILLIECTBEHHO 3aBUCUT OT BUJA PACIPENCICHU T10JIA.

6.6. MIPUMEP: [Jueppakyuss yacmu4yHO KO2epeHMmMHO20 U3Jly4eHUsl Ha

wenu
Jlano meneBoe otBepcTHe wmMpuHOM D, Ha KoTOpoe mNamaer YacTUYHO KOTEPEHTHOE
usnyyeHue. [{st paBHOMEpHO OCBEIICHHOM 11N aBTOKOPPEAIMOHHAs (QYHKIIUS UMEET BU]T

oy N
Kix)=1--
(x) D

OYHKIHIO NIPOCTPAHCTBEHHON KOTEPEHTHOCTH, B COOTBETCTBUHU C 3KCIEPUMEHTAIbHBIMHU

JAHHBIMHU, MOKHO alllIPOKCUMHUPOBATH CIIETYIONTUM 00pa3oM
0.57x

71, (0) = cos

rae o - uHTepBan koppemsanuu. Kosddurmuent 0,57 BBeaeH st coXpaHEHHsS CMBICIA
MHTEpBaIa KOPPEISILUH, IPH ee n3MepeHnn Ha ypoBHe 0,84 (s menn).
PacnipeneneHre HHTEHCUBHOCTH

19 057x(, M) .
I8.a)~ — |cos———{ 1— 2 |explik & Jdx .
(8.2)~ — [cos— N

-y
Benem o6o3nauenus v = 0.57D & , 2u = WD. Ilocrne psma mpeoOpa3oBaHUil MOIYYHM
OKOHYATCJIIbHOC BBIPAKCHHUC, NPONOPHHUOHAIIBHOC paClpCACICHUIO HWHTCHCUBHOCTU B ,Z[aﬂbHeﬁ
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30HE MpU AU(PaKIUM HA IIEIM YaCTHYHO KOTEPEHTHOrO H3JIyYeHHs C 3aJaHHOW (QyHKIMEH
KOIE€PEHTHOCTH

2[1:: +1(2u }E] cos(v+2u) cos(v—2u)

[v: —(2u ]'J (v+2u) (v—2u)

B mpexnene, korma o—oo (Vv = 0), HOpMHpPOBaHHAs WHTEHCHBHOCTH TPHBOAUTCS K BHIY
XOpOIIO HW3BECTHOTO BBIpaKeHUs i audpakimn @PpayHrodepa Ha IIENH, OCBEHIICHHOM
OJTHOPOJIHBIM KOT€PEHTHBIM U3 TyUYCHHEM:

I(8.0) =

2 SI U ]_

(2n)

[Tpu u—0 pacnpenenenne THTEHCUBHOCTH CTPEMUTCS K BEIMYMHE MPONOPLIHOHATBHON

5
I{(6.a)=

—(1—cosv).
3

Takum 00pa3oM, MHTEHCUBHOCTb B IIEHTPE AU(PPAKIMOHHOW KapTHHBI 3aBUCUT TOJIBKO OT
napamerpa V, TO €CTh OTHOIICHHS MHTEpBaJla KOPPEISALUU K pa3Mepy U3MEpSIeMOro U3IeNus o,
KakK CJICAYCT U3 3TOI'0 BBIPAKCHUS, C YBCIIMUCHUCM \Y YMCHBIIACTCA.

AHam3 BIUSHHUS TPOCTPAHCTBEHHOW KOTEPEHTHOCTH Ha AUQPAKIMOHHOE pPaCIpeelieHUE
WHTCHCHUBHOCTU MOKA3bIBACT, YTO HPHU YBCINMYCHUU OTHOIICHHA D/(X, YPOBCHb MHTCHCUBHOCTHU
[EHTPAILHOTO H OOKOBBIX JICTIECTKOB YMEHBIIAETCS, HMHTCHCHBHOCTh B MHHHUMYMax
TU(PPAaKIMOHHON KapTUHBI YBEITUYMBACTCS, YIJIOBOM pa3Mep LEHTPAIbHOrO MU(PPAKLIHOHHOTO
jgermectka Takke yBenuumBaetcs (puc. 6.10). OTHOCHTEIBHBI pa3sMep HEHTPAIBHOTO
I[I/I(bpaKI_[I/IOHHOFO JICTICCTKA YBCIIMYUBACTCA, a 6OKOBBIX YMCHBIIACTCA, MPHUYCEM C YOAAJICHUCM OT
IeHTpa TUPPAKIMOHHOW KAPTHHBI BIHUSHHE NPOCTPAHCTBEHHONW KOTEPEHTHOCTH Ha pa3Mep
JITIECTKOB CTaHOBUTCA MeHbIe. KoHTpacT nudpakiiMOHHON KapTUHBI C YMEHBIICHHUEM CTEICHH
KOTE€PEHTHOCTH M3ydeHus naaaet (puc. 6.11).

1(6.0)=

—(1 —cuﬂn_}:[
. u

1 T T
g Do _
2 08 =15
L]
= 06 0 .
E 04 -
02 i

0 2 4 6 u/m
Puc. 6.10.Bausnue npocmpancmeenHotl koeepenmuocmu uznyuenus: na JJK

'h.,“\\
0.75 AN

N

0.5 \
0.25

r
I.z
———]

0
0.5 15 Da

Puc. 6.11.Bauanue cmenenu koeepenmuocmu usnyyenusi Ha koumpacm K
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7. KorepeHTHOCTb na3epHOro Usny4yeHus

7.1 lTpocmpaHcmeeHHas Ko2epeHmHocmab u3sJiyyeHusl.
MHozomMmoQo08bIli pexum u3slydeHusi nasepa. Paduyc koppensyuu
J1a3epHO20 Uu3sly4yeHus

[ToniepeuHasi CTpyKTypa peaibHBIX JIa3€pPHBIX IYYKOB HMEET CIIyYalHBIM XapakTep, 4To

O6YC.HOBJ'IQHO LCJIBIM PAAOM €CTCCTBCHHBIX NPUYXH. CIIOHTAHHBIC IIYMbI, CTATUCTHUKA MHOI'UX
IMOIIEPECUYHBIX MOJI.

1. CITOHTAHHBIE IITYMEI CTTVUATIH

2. CTATHCTHKA MHOTHUX :> _ HQFEPE‘M ]
TIOIMEPEYHEIX MOJI CTPVKTVPA IIVUKA

Puc. 7.1.1lpuuunsl cnyuatinoz2o xapaxkmepa nonepednol cmpykmypbl peaibHblX 1d3ePHbIX
nYyuKo8

YeMm jKe ONpENersFoTCs XapaKTepHbIE MAacIuTaObl MOINEPEYHBIX KOPPEISLUHA Ja3epHOrO
u3nydenus? Ipeanonoxum, yTo Bo30yXaaeMble B Jla3epe MOJbI C Pa3IMYHBIMU MONEPEUHBIMU
MHJEKCaMd M U N BBIPOXKICHBI 110 4acTOTE, TOTAa MHOTOMOJIOBOE M3JIy4eHHE MOXKHO 3aIlicaTh
CJICAYIOIIUM 00pa3oM

Elr.z,t)=%A_,lr.z Jexp[f{mﬁr -k+9,, }j

rae Amn ¥ [mn- HE 3aBUCAIIME OT BPEMEHHM KOMIUIEKCHBIE aMIUIUTYAbI U (a3bl MoA, Z -
KOOpJAMHATa BJOJb HANpPaBICHUS PACHPOCTPAHEHUs IIy4Ka, OTCUMThIBaeMass OT OOJaCTH
HEPETKKH.

Pacnpenenenne aMmmnuTys Am n3aBUCUT OT THUIIA ONTHYECKOTO PE30HATOPA U (POPMBI 3epKal.

Puc. 7.2.BozmodncHvie 6uobl pacnpedeﬂeHuﬂ UHMEHCUBHOCMU 6 NONEPEUYHOM CEeYEHUU pealbHO2O
JNA3€ePHO2o nydKda.

Haubonee  mpocroii  BuA  pacrpenencHUs aAMIUTUTY/IbI Am,n  uMeroT 1A
IUTOCKOIapaLIeIbHOTO pe30HaTopa (Cirydail mpsMOYTOJIbHBIX 3€pKa)

'4'1.'1‘.?:' {r :I= ‘l{?i‘!.."l' {'T' n‘ll: } i 'I'ilﬂ'.'..':'nf-'ﬂ {:II' ]'I-f?! { 1' ]

7 () [cos Pmx. m=13
o Ax)=4"
o smPmx, m=24

re B, KOMILICKCHBIN TTapaMeTp, 3aBUCSIIUM OT 6a3bl pe30HaTOpa U arepTyphl 3epKall.
Amnanornynsiii Bug umeeT Gyakims fr(y).
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Jlis mpoCTpaHCTBEHHOM MONEPEYHON KOPPEIAIUOHHONW (YHKIIMK Ha BBIXOJE PE30HATOpa IO
OIIPECICHUIO UMEEM!

; - 5
B (s)= :':E[:::.HE (Fts.zr)
B ciydae cTaTHCTHYECKH HE3aBUCHMBIX (a3 [|M,N onepeyHbIX MO/

B, (5)= X ( Ay (r.2)d mnr +5.2)).

PaccuuTaeM KOppensaiuonHyo GpyHKIUIO BOMM3HU 1ieHTpa myuka (I = 0),cMmeleHue S 3a1aaum
BIOJIb OCH X 6y,Z[GM CcHuTarTh, 4TO BOBGy)K,Z[aIOTC}I MOMNCPCUYHBIC MOAbI C THACKCAMH OT m= lI[O

m = N..

Mycte N, HeweTHO M KO3PPUIUEHTH Ny - OJMHAKOBBI, TOTAA JUIS TPOCTPAHCTBEHHOM
HOTIEPEYHON KOPPEISILMOHHON (PYHKITHH MOTyYHM

(Np41)/2
B (s)=2 ¥ cospB [jq—l]'s:ain[{.-"»’_i +1_]ﬁ.5]c05ec{[3 s).
=1
[Ipu OGonpmiom uwmcie momepedHbix Mox N >> 1, MOAynb CTENEHHW NPOCTPAHCTBEHHOM
KOT'€pEHTHOCTH PaBeH
sin[V Bs)
|-:|II‘-5H: - ._ . 1-
N, sm{f: s
Mogynp CTEneHU MPOCTPAHCTBEHHOM KOIEPEHTHOCTU SBJISETCS KBAa3UIIEPUOIUYECKOU
dbyakuueit. B peanpHBIX ciaydasx 0a3za pe3onaropa L MHOTO Goiblie XapakTepHOTO pa3Mepa
sepkan a (L >> a),a uncio Openems (kaf / 2rL) >1.

C y4eToM 3TOro ycIoBHsl, paanyc Koppemsmun iy ~ a / N.

Takum  oOpazoMm, s  MHOTOMOJIOBBIX  JIa3€PHBIX  IYYKOB, BO30YXTaeMbIX B
TUTOCKOIIapaJuIeIbHOM PE30HATOPE C MPSIMOYTOIBHBIMH 3epKalaMU PAJIYC KOPPEISIIMA 00paTHO

MIPOMOPLMOHANIEH YHUCTY BO30YKAaeMbIX nonepeyHbix Mo N..

Ho 3T0 cooTHOIIEHHE MOXHO WCIONB30BaTh JIUIIL I TPYObIX OLEHOK. OTiu4usi ot
SKCTIIEpUMEHTa  MOTYT  OBITh  CBSI3aHBI C  HEOJHOPOJHOCTSIMH  AKTHBHOM  CpEIbI,
HEPaBHOMEPHOCTHIO paclpeeleHUs UHTEHCUBHOCTEN 110 MOJIaM.

[IpuOmkeHHBI  pacueT paamyca KOPPEISAIUA Ja3epHOTO TIOJI CO  CTaTHCTHYECKH
HE3aBHCUMBIMH MOJIaMU MO>KHO BBITIOJIHUTH U JPYTHM CIIOCOOOM - OIICHUBAsl CPEIHUIN pa3zMmep
HEOJHOPOJHOCTH TI0 BO30YXKJTaeMBbIM MOJaM, KOTOPBIH B COOTBETCTBHHM C BBIPAKCHUEM IS
pacnpeneNeHus aMIUTHTYIbI MOJIBI 110 TIOJIOBHHHOMY YPOBHIO MOYKHO OILIEHUTH Kak 'm~ 2a/ m.

Jlns mockoro pe3oHaTopa moryuuM f =~ 2a In N/N. .

Takum o00pa3oM, JaHHOE BBIPAKECHHE, KOTOPOE TOJIYYaeTCs HMCXOI W3 IONEepPeYHOU
HEOJHOPOJAHOCTH JIa3€PHOTO IydYKa, JaeT NPAKTUYCCKH TaKyl JK€ 3aBHCUMOCTh, YTO U
npebIayIee.

[lpu HaIMYUM HEOAHOPOJHOCTEH BHYTPHU pE30HATOpA AaXe JJIS IUIOCKOIAPalICIbHOTO
pe3oHaropa OoJiee afeKBaTHON OKa3bIBACTCSI MOJICNbh CPEPUIECKOTO PE30HATOpA.

AHAQJIOTUYHBIM CIOCOOOM, MCXOJS W3 MaciiTaba paguaibHBIX HEOJHOPOJHOCTEH MOXKHO
HAWTH payCc KOPPEISIINU sl CPeprUIecKoro pe3oHaTopa

A \u'rj wlz J'|f-"',.'~,-' N
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Puc. 7.3.Pacnpeoenenus unmeHcugHocmu 8 NonepeuHoM ceyeHuu 05 cpepuieckozo
Ppe3oHamopa ¢ paouycom 3epkand a

[locnennee BbIpa)XEHUE CYIIECTBEHHO OTIMYACTCS OT BBIPAXKCHHUS, IOJYUYEHHOTO JUIS
TUTOCKOTO Pe30HaTOpa, T.K. B MOCIEJHEM CIIy4ae C yBEJIHUECHHEM HOMEpa paJnalbHOTO WHCKCa
NOMEpPeYyHOH  MOABI N pa3Mep  TONEPEYHbIX  OCHWUIALMNA  CTAaHOBUTCS  OOpaTHO

IPOHOPIMOHATEHEIM ™~ | Tie N paaManbHEI MHAEKC moiuHOMa Jlareppa, OIpeneNsromIuit
YHUCIO PagUalbHBIX OCHMUIALMI B Moae cdepuueckoro pesoHaropa. To ecTb panuyc
KOPPEJSALUN YMEHBIIACTCS 3HAYUTEIBHO MEJICHHEH (CKOpOCTh crafa pyHKIMHA KOTepPEHTHOCTH
MECHBIIIE).

Pagmyc nonepetHOH KOppeIaHHE
PE3OHATOP

[Lmocwmi Cohepmaeckuii

2aln N, , _-\,"‘iu{:)
e e

X - K Tar
_-""l' n ﬂ-.,',' A:I"‘T_

Puc. 7.4.3asucumocmov paouyca nonepeunoii Koppeisayuu om opmvl pe3oHamopa

3aBUCHMOCTb pasfyca KOPpEJALMHM OT YHUCJIa MONEPEYHBIX MOJ XOPOILO IOATBEPIKIAETCS
SKCHepUMeHTanbHO. C yBENIMYEHHEM 4YHCIa MOMEPEYHBIX MOJ BHUJ (DYHKIIMM KOTEPEHTHOCTH
CTpeMHTCA K BUy (QYHKIIMM KOT€PEHTHOCTH JI1 HEKOI'€PEHTHOIO0 UCTOYHHUKA, YTO COrjacyercs
¢ teopeMont Ban [lurrepra-LiepHuke.

1.0 ~
. R
0.6
850
0.4 —
0.2 — —a_\\_/_
—hu.,__\____\__\_
T T T T al
0 0.2 0.4 0.6 0.8 1.0 1.2 s_.mwM

Puc. 7.5.Buo sxcnepumenmanvhoil NOnepeuHol KOppeisyuoHHOU QYHKYUU U3y YEHUS
meepoomenbH020 MHO20M0008020 aazepa. N —uucio moo

Paguyc koppensuuu Ja3epHOro Iydka, Kak M UIMPHUHA IIy4Ka, SBIsSeTcs (QyHKIuUeH
IIPOJOJIBHOM KOOPAMHATHI Z. M3MepeHms mokasaiu, 4TO JUIsi MHOTOMOZOBOIO PEXKHMA IpU
YOAJIEHUM OT BBIXOJHOIO 3€pKajla OTHOILIEHUE AuaMeTpa IydKa K paguycy KOppeisiLuu
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coxpanseTcs nocrosHHbIM: D(z)/r, = const.,uro ciexyer U3 xapakrepa U3MEHEHHs MaciTada
HEOTHOPOJHOCTEH TI0JIS ITPU PacpOCTPAHEHHH JIa3epHOro my4yka. OHO MPOIOPIHOHAIEHO T /M.

[loBeneHne MPOCTPAHCTBEHHOW KOPPEIAMOHHON (YHKIMU H3Iy4e€HHS MHOTOMOIOBOTO
Ja3epa, C H3MEHEHHEM YHCJIa TEeHEPUPYEMBIX IONEPEYHBbIX MOJ, XOpOLIO COrjacyercs ¢
IIPEJICTaBICHUSIMH, OCHOBAHHBIMH Ha ONMCAHUM MONEPEYHOrO PaclpeAeeHus JIa3epHOro Mo,
KaK pe3yJbTaTa HaJO0XEHHs CTAaTHCTUYECKH HE3aBUCUMBIX IONEpEeYHbIX MOA. [l TOYHOro
pacuera (OpMBI TIONEPEUYHBIX KOPPENSLIUOHHBIX (QYHKIHMA HEOOXOIUMO pacmojaraTh
nH(popmaren 06 aMIIUTYAaxX MO/, BO30YXIaeMBbIX B Jlazepe.

Crnenyer OTMETHTb, UTO MPH OOJBIIOM YHUCIIE TIONEPEYHBIX MOJI, KOPPEISIIMOHHASA (DYHKIIHS
noJs OnM3Ka 1Mo BUAY K KOPPEISALMOHHON (PYHKIIMU OJHOPOIHOTO & KOPPEIMPOBAHHOIO IIyMa,
npoUIBTPOBAHHOTO Yepe3 Kpyriyto nuadparmy (reopema Ban Liurrepra-Liepauke).

>

Paguyc Koppeisaimn ry,

0 KoopaeaaTa myexa X
Puc. 7.6.3nauenue paouyca xoppenayuu 8 pasiuyHvlx mo4Kkax HonepedHo2o ceueHus
MHO20MO008020 1A3ePHO20 NYYKA

N3mepenne GyHKIMH KOTEPEHTHOCTH MIPH PAa3HBIX CMEIIEHUSIX OTHOCHUTEIBHO IIEHTpa ITydKa,
MIOKa3bIBAaET, YTO NPU MHOTOMOJOBOM pEXHME PadOThl MUHUMAIBHBIA PAINYC KOPPEISILHUU
OKa3bIBaeTCSI B LEHTPE JIa3epHOro Iydyka. [Ipm cmermeHun K mepudepun IIydka paguyc
Koppensuun pacret (puc. 7.6).9ToT pakT 00bsACHIETCSI HEPaBHOMEPHOH OJHOPOTHOCTBIO MydKa
0 TTOTIEPEYHOMY CedYeHHI0. HarmsgHo 3To MOXHO yBHIETH, €CIIM HAPHCOBATH CYNEPHO3UIUIO
MOJ B Ja3epHOM IIyuke. B IeHTpe Iydyka MPHCYTCTBYIOT BCE€ MOJbl - MaKCHMaJbHas
HEOTHOPOJHOCTH, K NMepru(epuil BU3yaIbHO CTETIEHb HEOJHOPOIHOCTH YMEHBIIACTCS.

7.2. lNMpedenbHasi npocmpaHCMeeHHasi KO2epPeHMHOCMb U3JTy4YeHUs
00HOMO0008020 J1a3epa

[IpucyrcTByromee B Ja3epe CHOHTAHHOE M3JIYyYEHHE MPUBOJUT K E€CTECTBEHHBIM
GuykTyanusaM amImuTyasl U ¢asel  JazepHoro mnois. OAHAKO CHOHTaHHOE W3JIy4YeHUE
HEKOPPEIMPOBAHO HE TOJIBKO BO BPEMEHM, HO M B MpocTpaHcTBe. [IoaToMy OHO Hen3OeKHO
BBI3BIBACT U ECTECTBEHHBIC MPOCTPAHCTBEHHbIC (DIYKTyallMd amIUTUTYABI M (pa3bl Jia3epHBIX
IIy4YKOB.

B nanmoporoBom pexxume paloOThI j1a3epa €CTECTBEHHBIE (IIYKTYAI[MH JIa3epHBIX MYyYKOB B
IPOCTPAHCTBE M BO BPEMEHHU SIBIISAIOTCS CIA0OBIMHU.

B ominMume OT YacTOTHOrO CHEKTpa, YIJIOBOM CIEKTpP, CBS3aHHBIM C ECTECTBEHHBIMU
IPOCTPAHCTBEHHBIMU  (DIyKTyallMssMU  JIa3€pPHBIX [apaMeTpoB, HE YAAeTCs U3MEPUTH
HETOCPEACTBEHHO, TIOCKOJIBKY OH "Mackupyercs” 0ojiee CHIIbHOM - Tu(paKIIMOHHOM.
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\‘I’}-‘HICLH{FI KOppPeIIiHe

[Tpodume Moge

T T
0 0.5 1.0 2.0 5 3pa

Puc. 7.7.Ilonepeunas xoppenayuornas hyHKyus Mool Hy1e8020 NOPAOKA U NPOPUIb MOObL
HY1€8020 NOPAOKA

[Ipy M3MepeHnu MOMEPEYHBIX KOPPEISIIUOHHBIX (YHKIIUH OJHOMOJIOBBIX Ja3ePHBIX ITYYKOB
oOHapyKuBaeTcs ciaboe OTIMYUE MPOCTPAHCTBEHHON KOTEPEHTHOCTH OT IMOJHOW (puc. 7.7).
OTH OTINYHS BBI3BIBAIOTCS CIIOHTAHHBIM W3TydeHHeM. [Ipu yBenrueHNr MOITHOCTH W3ITyYCHUS
He-Nenasepa creneHb NpocTpaHCTBEHHOM KOT€PEHTHOCTH PACTET.

Jnst To4eKk, B KOTOPBIX HWHTEHCUBHOCTH COCTABIISICT 1x10% u 1x10° maxcumanbHOI
BEJTMYMHBI SKCIICPUMEHTAIBHO TOTydeHHbIe 3HaueHus [y(S)| pasusr 0,9991 + 1x10 u 0,998 +
1x10°. s WHTEPIPETAIlUU TIOJYYCHHBIX JaHHBIX PACCMOTPUM CIEAYIOIIYIO MOJETb.
[IpencraBuM mosne U3My4eHUs] OJJHOMOIOBOTO JIa3epa BhIIIE TOPOTa TeHEPAINH B BHIIE

Elr.r.z)=plr ]'[I + mlr }]expf{mar —koz + olr )}

rze ammintyaa p(r) onpeaessier peryssipHbid TpoQuIIb My4Ka,

M(r) —caydaitapiit KO3(QGUIHEHT aMILTUTYIHOW MOTYJISIHH,

11(r) — baykTynpytomas daza, mpuaem 7 =@ =0-,

B cooTBeTcTBHY € 3TUM HOPMUPOBAHHAA MONEPEYHAst KOPPEISUOHHAS (PYHKIMS paBHA

fE{!‘.I_:}E*Er+5,f_:}" i -
vls)=— '-. : / _=l+m E{E}(e_i‘ﬁw[ﬁj}_

\H,'i<|E{!'-T-:}|2}{:I|E[:r +s.r.:}|2> 14 m>

AQ(s) = @(r+s) — @(r) B Tw(s) == mir) m(r + s) =/= m =

3nech
[anee nmpeanonoxum, 4ro

(exp[-iAp(s)]) =exp{-D,s}.
rae D, - koaddunuent nonepeunoit nuddysuu dassl. s cmemennit S tTakux, 4to yYm (Sy 0

u Dis <1, ¢ yderom m << 1 BBIpaKeHHE i HopmupoBaHHoW 101 momepeuHoi
KOPPENSUOHHOW  (YHKIMH, ONpenenseMol  CIydallHOH  aMIUTUTYIHOM  MOXYJISALUEH,

24
npeo6pasyercs K BULY ' ™ (s)~1- <m RS

i[I —"r'{S}]’"ﬁ D,
Orcrona cnenyer, 4to 45 .
O6paboTka  SKCHEPUMEHTAIBHBIX  JAHHBIX  JUIA ~ HOPMHUPOBAHHOW  IONEPEYHOMN
KOPPEISIIIMOHHON (DYHKIIMM HU3MIEH MOJIbI TEIHi-HEOHOBOTO Jla3epa, B COOTBETCTBUHU C
PacCMOTPEHHOM MOJIENBIO, AACT: CIYIalHBIA KOI(DPUIIUESHT aMITUTYTHON MOTYJISIITUN

(:m:}xj 1073, D,_ =810 et

C mnonepeunpiM KodhdumuenTom auddy3um ¢aszer DL MOXKHO CBSI3aTh €CTECTBEHHYIO
YIIJIOBYIO pacxoauMocTh A,
AB,~D, k=107 .
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OTO 3HAYCHHE CYHIECTBEHHO MEHbIE AU(PPAKIMOHHONW PACXOJMMOCTH JIa3epHBIX ITYYKOB

A8y ~A/a~107~107 (a —pamuyc mydKa).

DKclepUMEHTAbHbIE M3MEPEHUs! CTENEeHU MPOCTPAHCTBEHHOW KOT€PEHTHOCTU H3Iy4YCHHUS
7a3epa, paboTaoUIero B OJHOMOJIOBOM PEXMME OBUTH BBIIOJIHEHBI HAa Pa3sHBIX JIMHAX BOJH U
Pa3HBIX MOMEPEUYHBIX MOAAX U MOATBEPKAAIOT MPEATIOKECHHYIO MOACTb.

B pannmx paborax Oblla M3MEpeHa MPOCTPAHCTBEHHAs KOTEPEHTHOCTh M3IYYEHHs Ja3epa,
pabotaromiero Ha oaHo# u3 Tpex moa TEMgg, TEM1o, TEMao.

OnmHUM W3 WCTOYHHMKOB TIIOTPEHIHOCTH B JaHHOM CJydae SBIISUICS KOHEYHBIH pasmep
nuapparmel potonpuemuuka (0,3 mm). CTeneHb KOTEPEHTHOCTH PAaCCYUTHIBANIACH 110 H3BECTHOM
bopmyie

| .ﬁ| Toax —don Lt 1y

T + 1y 201,

max min =Y

-1 0 1 d
Puc. 7.8.Cmenenv xocepenmnocmu He-Nenaszepa, pabomaroweeo na onune gonnvt 1.15mxm na
OCHOBHOM mune Ko1eOaHuu

-1 0 0 1 2 d o
Puc. 7.9.Cmenens kocepenmnocmu He-Nenasepa, pabomarowezo na onune 6onnvt 1.15uxm na
MOOe nepeoco nopsioka
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Puc. 7.10.Cmenens xocepenmuocmu He-Nenazepa, pabomaroweeo na onrune goanvr 1.15mxm
Ha MoO0e mpemve20 NopsoKa

Kak crnenyer m3 npuBeNEHHBIX pPE3yNbTATOB CTENEHb KOTEPEHTHOCTH B IpEENiax OJHOU
MOJBbI IPAKTUYECKHU paBHA €UHHUILIE HE3aBUCUMO OT IOPAAKA MOJBI.

7.3. BpeMeHHas1i Ko2epeHMHOCMb U3/1lyYeHUsl 1a3epa

Ivpuaa TMHAN U3ITy4eHNsT OAHOMO/IOBOTO Jla3epa, paboTAaIoUIEero BBIIIE ITOpora

Hensz6exxubie B a3epax HECTaOMJIBHOCTH MAapaMeTPOB MPEICTABISAIOT COOOH MO CYIIECTBY
ciy4aiiHele mpouecchl. CHeKTphl 3TUX MPOLIECCOB OTJIMYHBI OT HYJS JIMIIb B y3KOH 00JacTé
BOJIM3M HYNEBOM 4acToThl; 3¢ (heKTUBHAS MIMpPUHA CHEKTpa (QIIYKTyalllii mapaMeTpoB ja3epa He
npeBbimaer o0bryHo 102 — 103T'n. BosznelictBue (iykTyarnuii mapaMeTpoB Ha ONTHYCCKUN
TeHEepaTop NPOSBIAETCS, IO3TOMY OOBIYHO B BHJE MEUICHHOW, KBAa3UCTAaTUCTHYECKOM
CITy4aifHOM MOIYJISIIUY aMIUTATY/ABI U 9acTOTHI ((asbr).

Konebanus peanbHOro reHeparopa, ONM3KHE K TapMOHHYECKHM, MPEICTABISAIOT COO0i
CIIy4YaHBIN TPOIIECC BUIA

x(t)=plr ]'::q}.a,'[me,r +olr }]

Cratuctuyeckne xapaktepuctuku p(t) m [I(t) B paccMaTpuBaeMOM ciydae, pasyMeeTcs,
CYIIECTBEHHO OTJIMYAIOTCS OT TAKOBBIX JUIsI Y3KOMOJOCHOTO TrayccoBa IIymMa. AMIUIMTYHA
¢GurykTynpyer BOJIHM3M CPEIHEro 3HA4YEHHs P , ONpPEICISIeMOro JWHAMUYECKUMH CBOHCTBAMH
cucTeMbl; QIYKTyaly aMIUTHTYI6I U (pa3bl B 00IIEM Cirydae KOPpeTupOBaHbI.

[To u3BecTHBIM cTaTucTHUeCKUM XapakrepuctukaMm p(t) u [1(t) moxxHO onpenenuts u Gpopmy
CeKTpaJdbHOW nuHUH. Ecnm oTHOcuTenbHBIE (IyKTyallMyd amIDIMTYAbl HEBEIHWKH, (opMma U
IIMPUHA CIIEKTPAJIbHOW JIMHUM B OCHOBHOM OIPEIEIISIOTCS KBA3UCTATHYECKUMU (DITYKTyalusIMH
9acTOTHl. XOpPOUIMM MpPUOIMKEHHEM B 3TOM CIIydae OKa3bIBaeTCd MOJIENb MEUICHHBIX U
CHJIbHBIX TayCCOBBIX (DIyKTyarmii 4acToThl. Toraa CrekTp aBToKoJieOaHi UMEET BUJ

- ]

3 0— @y )
Glo)= P exp —[‘ ,&]
J2m o, 2a,,

roe @

.
@ - IUCTIEpPCHs YacTOTHI,
o
o, ~ [G,(o)do.

[+]

[[lnpuHy cEKTpaIbHOMN JIMHUU
G(.:. = ﬂmr
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Ha3bIBAIOT TEXHUYECKON HIMPUHOM, MOJYEpKUBAs 3TUM, YTO MPUUYMHON YIIUPEHUS JUHUM B
paccMaTpuBaeMOM Ciy4yae OKa3bIBAIOTCA (aKTOPhl TEXHUYECKOTO MOPSAIKA, BKJIAA KOTOPBIX
3aBHCHUT OT KOHCTPYKIIMH Ja3epa, CTabuin3aiuy napaMmeTpoB U T. 1.

Benmnunna AoT paznuuna a1 pa3iudHBIX THIOB JiazepoB. [lepexoa K BhICOKOCTAOMIBLHBIM
cucTeMaM, HallpuMep TaKHM, Kak Jia3epbl, CTaOMJIM3MPOBAHHBIC IO CBEPXY3KUM ONTHYECKUM
pe3oHaHcaM B aTOMax M MOJIEKYJax, MO3BOJISIET MOJMYUYUTh MUPUHY CHeKTpaabHOU auHun ~ 0,5
T

Yem ompezenstoTcs mpeneabHble BO3MOKHOCTH Cy:KeHUs JTUHUM? OKa3bIBaeTCsl, UTO HApSAY
¢ “TeXHUYECKUMHU  (QIYKTyallusIMH HMEIOTCA OOCTOSTENbCTBA M 0Oojiee MPUHLIUIHAIBLHOTO
xapakrepa. J[ake B TUIMOTETHYECKON aBTOKOJIEOATEIIPHOM CHCTEME, KAKOBOW MOYKHO CUHTATh U
Ja3ep, C  aOCONIOTHO  CTAaOWJIBHBIMH  TMapaMeTpaMd  TE€HEpUPOBAHHE  UICATBHBIX
MOHOXPOMaTHYECKUX KojeOaHui HEeBO3MOXkHO. [IpHumMHON 3TOro SBISETCS MPUHLUIHAIBHO
HEYCTpaHUMbIE COOCTBEHHBIE MBI I'€HEPaTOpa, TAKOBBIMU IS JIa3epa SIBJISIIOTCSA CIIOHTAHHBIE
nepexo/ibl. DTOT HMCTOYHUK (IIyKTyaluid B Jlazepe CleqyeT paccMaTpuBaTh, OYEBHUIHO, Kak
CIIy4allHy!0 BHEIIHIOIO CHIIy, B CIEKTPE KOTOpPOH MMEIOTCSI MU KOMIIOHEHThl Ha YacToTe
aBTokoseOanuii. Kak Beger ceds aBTokoneOaTenpHas CCTEMa, HaXOIIasACs MO/ BO3/IeHCTBUEM
ciydaiiHo cuibl? OKaspIBaeTcs, YTO W B 3ITOM Clyyae JeJl0 CBOJAUTCA K CIy4alHBIM
aMILTUTYTHON U (ha30BOM MOIYJISIIHSIM.

ABTOKOJIE€0aHHSI OIIMCHIBAIOTCA CIIy4aifHBIM IPOLIECCOM BUA

xlt)= p(r}lcos{m,}r + olr ]]_

CraTucTHYeCKHe K€ XapaKTePUCTUKU BO3HUKAIOUIMX IO JEHCTBHEM COOCTBEHHBIX LIYMOB
€CTECTBEHHBIX (MIYKTyallui aMILTUTYAb! U (a3bl, pa3ymeercs, OTIHYAI0TCA OT TEXHUYECKUX; IO
MHOMY BBITJISIIUT U CHIEKTP KOJIOAHUH.

s  ecrecTBeHHbIX (QUIYKTyallMii 4YacTOThl (opMa CHEKTPAJIbHONM JMHUM CTaHOBUTCA
JIOPEHUEBCKOM.

EcTecTBeHHass mupuHA CHEKTPAIbHON JMHUM A®E OOBIYHO MHOTO YK€ TEXHHUYECKOH,

Ae, <= AOf. OJTHAKO JUIsl BBICOKOCTAOWIIBHBIX TE€HEPAaTOPOB OINTHYECKOTO JHMAaIa3oHa,

3¢ peKTh 00YCIOBICHHBIE €CTECTBEHHBIMH (DIYKTyallUsIMU, CTAHOBSITCS CYIIECTBEHHBIMHU.

[lomyuenne mpenenbHONH CTAOMIBHOCTH YacTOTHI Jla3epa BO3MOXHO, pPacCMaTpUBas
KoJIeOaHuUs A1t OOBIYHOTO aBTOTE€HEPaTOPa, OJHUM U3 IPUMEPOB KOTOPOTO SBISETCA J1a3ep.

B ontrdeckoM pe3oHATOpE MPOUCXOMAT MPOIECCH CBA3aHHBIC KaK C YBEIHMYCHUEM JHEPTHH,
TaKk ¥ ¢ notepsmMu. [loaTomMy BennyuHAa JOOPOTHOCTH MOKET OBITH ONpE/AeieHa CIEAYIOUIM
obpazoM:

2TV ® zanaceHHas IHEPIHA
= CYMMAPHEIE [IOTEPH HEPTHH KOTEPEHTHOIO HATYICHHS B CEKVHIY

(i) (o)
HyCTB ¥@z - CKOPOCTB, C KOTOpOﬁ KOrepCHTHAad SHCPTHUA BKIAABIBACTCA B MOAY, a Rt'l?\-? -
CKOPOCTBb NOTEPHh SOHEPTHUU KOT'CPEHTHOI'O U3TTYUCHHUS IIPU MPOXOKIACHHUU YCPE3 3€PpKaja. TOFI[a

2']'{'\,-' X 3AllaccHHAR 3HCPIHA

o) ER]
li:?'m.: _Pm:
B CTallMOHAPHBIX YCIOBUAX ITOJHAA CKOPOCTH IOCTYINICHUA SHEPIrUHU B MOJY CKIAABIBACTCA

N3 KOI'CpCHTHOT'O (BBIHy)I(,Z[eHHOI‘O) HU3JTy4YCHUSA U CIIOHTAHHOT'O
[z} i) _ oplly . pi0)
Pily pi) — pi%) o plO)

xo2 HEWDS
1 IPUBEACHHOC BhIIIC COOTHOLICHUEC ITPEBpAIIaCTCA B

2mMV ¥ samaceHHAd FHCPIHA

Q = PI';:I
HEHEZ
(]
YroObl BBEIYUCINUTE ReESZ ® 3aMETHM, YTO OTHOILICHUE CKOpOCTefI AJId BBIHYKIACHHOTO U

CTIOHTAaHHOTO M3Jy4YeHHUs B TaHHOW MOJE PaBHO YHCIy (OTOHOB, MPUCYTCTBYIOIIUX B HEH. ITO
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YHCJIO MOXKHO CBS3aTh C HHTCHCUBHOCTBIO | mons B MOJC BHYTPH pC30HATOpA, UJIN C BBIXOI[HOﬁ

o e (o) J F
momHocthio PO N, =lallchv=P"Lla,,chv. rae a - IIoWaAb MONEPEYHOrO0 CEYeHHs
monsl, L - 105mmna pezonaropa, a aoTp - K03 (UIIUEHT, YIUTHIBAIONIUI TOTEPH Ha 3epKasiax.

CKOpOCTb BBIHYKICHHOTO MCITyCKAHUS B MOJIC PaBHA
T BRT ) !
B N _glv.v_MWhval/c.

iZ)
TakK, 4TO 'E.'oxa: IMoJIy4acTCs JCJICHUEM

£ T o
}::-."rrac = Dpypd '_w,-.fh"- V v ’ £
DHeprusi, 3anaceHHas B Mojie, ectb Nphv 1, ciie1oBaresibHo, T0OPOTHOCTH ISl MOJIBI paBHA
v 2nvP L

v B_N glv.v_Jhv)a _c
rze Ov - IMPHUHA JINHUY Ha BBIXOJIE Ja3epa.
Ha nopore renepanuu nonyyum

CIQMFC' i E rrz

Emng {1""" Vo ]h\"l"‘"rm =

Epd¥ Lriop
U ¢ yueToM BelnUUMHBI JOOPOTHOCTH, 3aIIaCEHHON B MOJIE, a TAK/KE C YUETOM BBIPAKEHUS JUIs

g = 2
Av  =co/2nL, HAXOAM

lﬂ{ﬁv_m Fhv[ g, N,
P[el N o 4:.Ii'l-

ST M Anog

-1

ov =

B 00brunbIX yenmoBusix, koraa Nm >> Ny, mocienHee BbIpakeHUE YIPOIIASTCs.
Teopernueckas myupuHa JTHHUN

- Emhnv 3

BV = AV, -

[To Mepe Bo3pacTaHusi MOIIIHOCTH M3TyYEHUS, BBIXOJISIIETO U3 Pe30HATOpA JTMHUS TeHepaIuu

B MOJC CTAHOBUTCSA BCEC y)Ke.
[IpumenuB nannoe Beipakenue st He-Nemnasepa ¢ BerxoaHoi#t MomHocTei0 1 MBT, monydum

8v ~ 510" I'y, ecim mporyckanue 3epkan cocramsier 1 % Ha e Bonubl 0,6328MKM, a

JUTMHA pe3oHaTopa 1 M.
J1s1 moynpoBOJHUKOBOTO Ja3epa Ha PbygsSng 10T, U3Iyyaromero Ha anuHe BouHb 10,6

' ) 2
P =~ 200 MBr u AVee ® 10°Tm LIIMpUHA JIMHUU

MKM, HIpHU MOINHOCTU U3IYUCHUS
Am, =10 sl o

O6€CH€‘IGHI/IG Ha MPAKTUKC TAKHUX PCIKUMOB HC NPCACTABIACTCA BO3MOKHBIM, YTO CICAYCT U3
npousBeaeHns AvAt = 1 (At - Bpemst yCTaHOBJIEHHST YCTOWYMBOTO pekuMa). JlelCTBUTENBHO, TaK
KAaK 4aCTOTHI I'€HEPALMH ONPEIEIAI0OTCS NINHON 10° pe3oHaropa, MIMpUHA JUHUU OyIeT paBHA
TEOPETUYECKOW BEJIMYMHE, €CIM BbLAEpXKAThb JUIMHY pe30HaTopa € OTHOCHTEIbHOM

MMOrpCIIHOCTHIO

AL Ay 5.107% 18
LA 110
L v 510"
B TCUCHUC BpeMeHI/I
Ar =L L L 10e.

Av  5-107
SlcHO, YTO W3-3a MEXaHWYECKHX HECTAOWJIBHOCTEH, TETUIOBOTO Apeida U APYruX MPUYHH

TaKyl0 CTaOUIBHOCTH JUTMHBI PE30HATOPA BhIIEPKATh MPAKTUYECKH HEBO3MOXKHO.
Ha npakTuke mmpvHAa JMHUM COCTaBISE€T B JIYYIIEM CIIy4ae HECKOJIBKO Tepl], Tak Kak
npeoliagatoT Jpyrue (akTophl, BBI3BIBAIOIIME 3HAYUTEILHOE BO3PACTaHHE CIEKTPAIbHOM
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MIUPUHBI. B Ta30BBIX Ja3epax MPaKTUYECKU TOCTIKUMAs TpeelibHas MIUPUHA ONPEeNsIeTCs,
MO-BUAMMOMY, TEIUIOBBIMH (UIYKTYallMsIMH MaTepuajia, W3 KOTOPOTrO CHACTaHbl JepiKaTeNn
3epKall Jiazepa, a TaKKe HEOJHOPOTHOCTHIO MOKa3aTeNs MPeIoMIICHHS YCHUIIUBAIOIIeH cpeasl. B
POTHBOIOJIOXHOCTh ATOMY B TBEPJOTENBHBIX Ja3epax C MOIYJIHUPOBAHHON JOOPOTHOCTBHIO
HIMPUHA JIMHUM OTPEACISICTCS JUIMTCILHOCTRI0 HUMIIYyJIbca Jja3epa (d4epe3 COOTHOIICHHE
HEOIPEICIIEHHOCTEH).

Bpemsi cIOHTaHHOTO HM3IIYYEHHUS, WU BPEMS pellakcallid, TUITUYHOTO aTOMHOTO YPOBHSI TIO
nopsiAKy BennauHbl paBHo 10° ¢, a cOOTBETCTBYIOIAs CIIEKTpaNbHAS IIMPHHA JIMHHH TIOPSIKA
10° T'm. B mazepax BO30YyXJCHHBIE aTOMBI BBIHYXKICHHO H3JIydaloT B (ase, Tak, 4TO B
PyOMHOBBIX JIazepax JUIMTEILHOCTh 3()()EKTHBHBIX BOJTHOBBIX IYTOB OKa3biBaeTcs mopsiaka 10 6
C, a B Ta30BbIX Jlazepax — nopsiika 10°%¢.

COOTBEeTCTBYIOIAs CIIEKTpabHas muprHa Jmane papaa 10° u 10° I,

JITMTeIbHOCTh BOJIHOBOTO IyTra At U 3 peKTUBHAS CIIEKTpalibHas IIHPUHA AV TIPU TayCCOBOM
(dbopMe JTHHHUU CBSI3aHBI COOTHOIIICHHEM

dmATAY ~1.

[TonsiTHEe BpeMeHU KOT€PEHTHOCTH CBSI3aHO C TEM, YTO MPH MHTEpBajIaxX BPEMEHM, MEHBIINX
AT, UICTOUYHMK SIBIISIETCS MOHOXPOMATHYECKUM, U C TEM, YTO B TOYKE IMPOCTPAHCTBA CYILIECTBYET
JMHEHHAas 3aBUCUMOCTh WJIM KOPPENALUs aMIUIUTY U (a3 BOJTHOBOIO I[yra, COOTBETCTBYIOIINX
JIBYM pa3HbBIM MOMEHTaM BpeMeHHu. [lpu mHTepBamax BpeMeHH, OoibmuX AT, MBI UMEEM JBa
pPa3IUYHBIX BOJHOBBIX I[yra W KOppensuusi OTcyTcTByeT. Bpemsi At HasbiBaeTcsi BpeMeHEM
KOTE€PEHTHOCTH.

[Tonoxxum A= CAt . Otcroma mnoayduMm Av JlnmHa A Ha3bIBaeTCS IMHOU
KOT€PEHTHOCTH.

8. OnTuKa cneknos.

8.1. lMoHsmue cnekn, ob6bekmueHass U cybbeKmueHasi CreKsl-
KapmuHbl.

OCHOBHbBIE CBOJCTBA CHIEKJI-KAPTHHBI, YCJI0BUS GOPMUPOBAHHUS

Cneknbl - 3T0 uWHTep(EpeHIMOHHAs KapTHHA HEPEryJSpHBIX BOJHOBBIX ()POHTOB,
o0pasyromasics Ipy MaJIeHAU KOTePEHTHOTO M3JIyUeHHUS Ha CHIIBHO LIEPOXOBATYIO MOBEPXHOCTb.
Cnexn (anrn. speckle [speklisiTabinko, kpanuHka).

Crekn-kapTHHA

Puc. 8.1.Cnexn-kapmuna, nonyuaemas npu oceéeujeHuu 1a3epom CUIbHO WUepoxo8amo
Nno8epxXHOCMU
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BonpmmHCTBO OTpakaromumx (MPOIMYCKAIONIMX) MOBEPXHOCTEH 3KCTPEMabHO IIEPOXOBATHI
[0 CpPaBHEHUIO C JJIMHOW BOJHBI HMCTOYHHMKA H3dydeHus. Okaszanoch, 4To H300pakeHue
oTpaxarouiero  (Mpomyckaromero) oObEeKTa, OCBEIICHHOTO KOTEPEHTHBIM  H3Jy4YCHHEM,
IPEJCTaBISIET CIOXKHYIO TpPaHyJISpPHYIO CTPYKTypy, HE UMEIOLIyI0 SBHOM CBSI3U C
MHUKPOCKOIIMYECKHMMH CBOMCTBAMH OCBEIIAEMOT'0 OOBEKTA.

BN EE

Paccenparwmas NOBCpPXHOCTE

Puc. 8.2.Mooenv paccesnus na wepoxosamoii nogepxHocmu

PacceuBatomas noBepxHocTs CrieksI-KapTHHA

Mo>HO cuuTaTh, YTO OCHOBHOM BKJIaJ B paccesiHUE BHOCAT Majble YYaCTKU MOBEPXHOCTHU C
[EHTPaMU B 3€pKaJbHO OTPAXKAIONIMX TOYKaX. PacmpocTpaHeHHE 3TOTO OTPaKECHHOTO
(mporeiiero) U3aydeHust 10 00JacTH HAOMIOCHUS MPUBOAUT K TOMY, YTO B 3aaHHOW TOYKE
HAOMIO/IEHUsT CKIIAABIBAIOTCS pACCEsTHHbICE KOMIIOHEHTBI KaXKJash CO CBOGH 3aJIepiKKOM.
WnTepdepenius 3tux ae- ¢azupoBaHHBIX, HO KOTEPEHTHBIX BOJH, MPUBOIUT K TpaHyJIsSpHON
CIEKJI-KapTHHE.

PaccmoTpum MexaHusM oOpa3oBaHHsS CIEKJIOB Ha MpUMepe H300pakeHUs TOYEHUHOTO
UCTOYHUKA.

5

T

Puc. 8.3.U300pasxcenue moueunozo ucmounuxa ceema Chepuueckas 6onua,
PACNPOCMPAHSIIOWASICSL O MOYEYHO20 UCMOYHUKA, NPe0OPA3yemcsi 8 CX00SUYI0Cs
cepuyeckyro 6011y ¢ yenmpom S' -eeomempuyeckoe uz00padceHue mo4euHo20 UCMOYHUKA S.

CtpykTypa mATHa, BHUA AUPPAKIHNOHHOM KapTUHBI, 3aBUCAT OT (OPMBI OTBEpPCTHS,
oOpazyemoro ompaBoii oObekTHBa. IlycTh OTBepcTme Kpyrioe, a €ro JuaMmerp 2a, TOrjAa B
MJIOCKOCTH M300pakeHusi T aMmIuiuTyAa naercs dypbe-npeodpa3zoBaHueM KpPyroBod (YHKIIHH.
Amnumiryza B Touke P naercs pynkuumeii Diipu

il il
ﬂu}bi{ul. s =0

() A

YIJI0BOM paguyc MepBOro Kojabla 2a |
CMecTUM TMJIOCKOCTh HAONIONEHUS M3 T B IUIOCKOCTh 7', OTCTOSIIYI0 HAa PacCTOSHUE
6A, BA << OS"
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Puc. 8.4.1300pasicenue moueuno2o uCmoyHuka ceéema npu 0eg)oKycuposKe

BounHel, mudparnpoBaHHbIe pa3IMYHBIMHA TOYKaMHU BOJIHOBOW MOBEPXHOCTH X, IPUXOIAT B S'
B (haze, a B Touky S" ¢ pazueiMu (pazamu. MakcumanbsHasi pa3HOCTh Xoaa B Touke S"A=IS"- OS".
Mo>xHO TOKa3aTk, YTO

Lot
A=d)—.
8

)

DTOW pa3HOCTHIO X0/1a M OOBSCHSETCS CHHKEHHE KadyecTBa m3oOpaxkeHus. Ecimu TpeOyercs,
9yTOOBI AU(paKIMOHHAs KapTUHA B TOUYKEe S" MpaKTUYECKH HE OTIMYAIACH OT JUPPAKIUOHHOM
KapTUHBI B TOUKe S',TO BemnynHa A 10 KHA OBITh 3HAUUTEITLHO MEHBIIIE A.

o’ 25

A =38k Y s

Puc. 8.5.JTunuu paeﬂoﬁ UHMEHCUBHOCMU 6 OKpecmHrocmu u306pa9fcenuﬂ nmo4e4YHoco uCmo4YHuKa

Ha pucynke 8.5 nmpuBeneHo pacrnpe/esieHne HHTEHCUBHOCTH TU(parupoBaBILIEro U3Iy4eHUs
B OKPECTHOCTH M300pakeHust S" [1oKka3aHbl TMHUU H30(OT).
PacnipeiesieHre HHTEHCUBHOCTH BIOJIb ONITHYECKOM ocH (OCh Z) OMUCHIBACTCS (DyHKIIMEH

y sinfu/4 )] Lt o
M= ———| =—im =
w'd | ~
2
IlepBblii HYJIb MHTEHCUBHOCTH Ha OCH Toaydaercs npu Z = £ 24707 or dokyca.

Ecnu cuutare nomyctumoil motepio mHTeHcHBHOCTH B 20%, TO NOMYyCK Ha MOJOXKEHHE
¥
(oxanbHOl mIOCKOCTH AZ paBeH npubm3uTensHo £ A/ 2ot

[TapameTpr! ¢okaneHOTO 0DBEMA

40, )
IUIHHA \ mupura  1.22—
o’ o

HauGonpimasi mioTHOCTh JHEPrHH JIOKATM30BaHA B 00bEMe, HAMOMHUHAMOIIEM 1o ¢dopMme
curapy. OTcroia cieayer, 4To 4yeM OOJIbIIE YIoJl o, TEM MEHbIIE PE3KOCTh U300paKEeHUSI.
HN300paxenne 1ByX MOHOXPOMATHYECKNX TOYEYHbIX HCTOYHUKOB CBETA
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IMycte S 1 S, 0YeHb MaJeHBKHE OTBEPCTHs B HEMPO3PAYHOM JKpaHe. DKpaH OCBEIIACTCs
MOHOXPOMAaTHYECKUM, HEKOT€PEHTHBIM, OJJHOPOIHBIM HCTOUHHKOM.

TOFI[a MOKHO CHUUTATBh, YTO 3THU OTBCPCTHUA MPAKTUYCCKU MPCACTABIIAOT ABa OJWHAKOBBIX
TOYCYHBIX MCcTOUHHUKA (pHc. 8.6).

S
ﬂrSU‘"""-..__‘ - -
52
So o
b

CrnomeHHe cHTHaToB 5, .S,
Anm

e

Cyyua aMmaaTY

SVAA VR AT .

Cvyma HETEHCHBHOCTEH

AANEA TN

E thaze; E NpOTHEO(Daze
Puc. 8.6.Pacnpedenenus unmencusHocmu u amniumyosl nojis 8 3a8UCUMOCHU OM
coomuoutenusi hasz 801

[MepBeiii cry4aii: Ha 9KpaH C OTBEPCTUEM MANACT CBET JIHIIb OT jneMeHTa dS ¢ IeHTpoM B
Touke M.

Bonnbl nudparupoBaBiiye Ha OTBEPCTHAX S M S UMEIOT pazHocTh xoga D=MS; - MS; u
COOTBETCTBEHHO 3TOMY pa3HOCTh (a3 ¢ = 2tA/A.

TodeuHble OTBEPCTHSI, OCBEIIAEMbIC JIEMEHTOM HMCTOYHMKA S MOXKHO paccMaTpHBaTh Kak
KOTepeHTHbIEe. DTO cieayeT u3 teopeMbl Ban Llutrepra- Llepuuke. [Ipu ctpemnenun pasmepa
UCTOYHHUKA K HYJIIO, UHTEPBAJI KOPPEISAILUN CTPEMUTCS] K OECKOHEYHOCTH.

UtoObl HAWTH BUJ CyMMapHOW IU(PPaKIIMOHHOW KApTHHBI B IJIOCKOCTH T HYKHO CIIOXKHUTH
AMIUTUTY/IBI CBETOBBIX KOJICOAHUM, YIUTHIBAS UX PA3HOCTH (a3.

PaccMmoTpuMm 11Ba ciiydasi B3aMMHOTO PacIioIOKEHUs UCTOYHHUKA U OTBEPCTUM C YYETOM TOTO,
YTO BOJHBI PUXOJAT B IJIOCKOCTH T B (aze U B MpoTUBO(dase.

Takum 00pa3oM, BUAUM, YTO Pe3yJbTaT CYIIECTBEHHBIM 00pa3oM 3aBUCUT OT COOTHOILEHUS
(a3 cyMMHpyEeMBIX BOJIH.

Bropoii ciydaii: 1Ba oTBepcTHS S MU S OCBEIIAIOTCS OAHOBPEMEHHO JIBYMsSI DJIEMEHTaMH

1 2
So dSy” 1 dS, JUTSL KOTOPBIX CIBHT 10 (ha3e MycTh Takxke cocTaBisieT O

MOBEPXHOCTU MCTOYHHUKA
U T

B oroM cnywyae nans modydeHHs pe3yJAbTHPYIOIIErO pPACHpPEENICHUs] HYXKHO CIO0XHTh
MHTCHCUBHOCTH, TIOCKOJIbKY pa3Hble »3JEMEHThl IMOBEPXHOCTH HWCTOYHHMKA HE SBISIOTCA
KOT€PEHTHBIMU MEXAY COOO0M.

Tperuil ciydail: Ha DKpaH € OTBEPCTHSAMHU IAJACT W3JIy4YEHUE OT BCEH IOBEPXHOCTH
ucrouynuka SO.

Ecnu pa30uTh MOBEPXHOCTh S HA MHOXKECTBO JIEMEHTOB (S M MOBTOPUTH PACCYKICHHS, TO
pacrpesielieHue WHTEHCUBHOCTU B IUIOCKOCTHM 7' OyAe€T MMEThb TakoW ke BHJ, KaK U IpH
CYMMHUPOBaHHM MHTEHCUBHOCTEH U1 ABYX MTU(PPAKIUOHHBIX H300paXXeHUH OTBEPCTH S 11 Sp.

BriBogpbr:

1. KorepeHTHBIC HCTOYHUKH
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Pacnpenenenne aMIuMTyael B IUIOCKOCTH T JA€TCS CBEPTKOM (YHKIMM aMIUIUTY]IBI
TU(GPaKIMOHHON KapTHHBI, co3aaBaeMol oObekTHBOM O, ¢ AByMs JAenbTa-QyHKIHSIMH,
COOTBETCTBYIOIIUMH JIBYM I'€OMETPHUECKUM H300paxeHusM S u Sh.

2. HekorepeHTHbI€ HCTOYHUKHT

Pacnpenenenrie MHTEHCHBHOCTH B IUIOCKOCTH 7' MPEIACTABISET COO0 CBEpTKY (DyHKIIUU
MHTEHCUBHOCTU AU(PPAKIMOHHOW KapTUHBI, cO3/laBaeMoil 00bekTuBOM O, C TeMHU XKe NeNnbTa-
GYHKIUSAMU.

N3o00paxkenne O00JbIION0 YHCJIA MOHOXPOMATHYECKMX TOYEYHBIX MCTOYHHUKOB,
PacnoJIoKeHHbIX Xa0THYECKHU

B skpane T ©MeeTCss MHOTO OJIMHAKOBBIX OTBEPCTHUH, PACIIONIOKEHHBIX XaoTH4yecku (puc. 8.7).

Puc. 8.7.”306[%19/6‘87—1”8 O0IbULO20 YUCIA XAOMUYECKU PACNOJIOHCEHRbIX UCMOYHUKOB

[lepBbIii crmydail: oTBepcTus S, S, S U T.J. PaCHOJIOKEHBI XAOTHYECKH M OCBEIIAIOTCS
TOJILKO OXHUM 3yeMeHToM S ¢ meHTpoM B Touke M. OHHM HUIparOT PoOJib KOTEPEHTHBIX
UCTOYHUKOB W3JIy4yeHUs. KaxaoMy M3 HHX B IUIOCKOCTH H300paXXCHHUS COOTBETCTBYET
mudpakMoHHas KapTuHa. JlJi1 HaXO0XKIEHUsS CyMMapHOW aMIUIMTYABI TOJS B IUIOCKOCTH
M300paKeHHS T UX HAJ0 MPOCYMMHUPOBATH C y4eTOM (ha3bl.

B pesynbpTaTe cymneprno3uiiuu BOSHUKAET OUEHb CIIOKHAsI CHCTEMa OTACNbHBIX MSATEH, pa3Mep
HaMMEHBIINX U3 KOTOPBIX MPUMEPHO PaBEH AUaMETPy MU(GPAKIIMOHHOTO MATHA, GopMUpyeMOro
00bexkTuBOM O TP €ro OCBELICHUU TOYSYHBIM UCTOYHUKOM H3inydeHnus (puc. 8.8).

Judpakung oT MHOTHX
Hudpasuusg oT ogHoil qacTHI (CedeHHe CIeKT-

FACTHIEL /" KapTHHEI)

M

it
|"u " (|

Puc. 8.8.Ceuenue ougpaxyuonnoii kapmunol npu ougppaxyuu Ha 0OHOU U HA MHOICECTEE
00uHaKosvix yacmuy /Jugpakyus om MHO2UX Yacmuy

DTO U €CTh CIEKI-CTPYKTYpa.

Hcnonb3ys moHsTHE NEabTa-QYHKINUU, TOBOPAT, YTO CHEKIIBI IPEICTABISIIOT COOOM pe3ybTar
CBEPTKH aMIUTUTYIbl TU(GPAKIUOHHON KapTuHbl, (opmupyemoit oobexktuBoM O, co BceMu
NeNnbTa-QyHKIUSAMU, COOTBETCTBYIOIIMMU T€OMETPHUECKUM H300pakeHusM S, S, S3 U T.1.
ACTOYHUKOB S;, S, S u T.1.

CBoiicTBa CIIEKJIOB B H300pakeHNH 00bEKTA, 0CBEIaeMoro J1a3epomM

Ecmu muddy3ueiii 00bexT G ocBemaroT jga3epom, T.€. MPAKTHIECKH TOUYECYHBIM HUCTOYHHKOM,
U3ITy4aIoNIM MOHOXPOMAaTHYECKOe M3IY4YCHHE, TO U3IydeHHE, PaccenBaeMOe BCEMH TOYKaMU
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MIOBEPXHOCTH OOBEKTa, KOTEPEHTHO H, ClefoBaTenbHO, MHTepdepupyer. Ha wuzobOpakeHun
BO3HHMKAET MHOKECTBO HHTCHCHUBHBIX IISITEH, PACHIOI0KEHHBIX COBEPIIEHHO XaOTHYECKH.

1. Pazmep cnekJa

* O0beKTUBHASA CIIEKJ KAPTHHA

Puc. 8.9.Pazmep ob6vexmuenozo cnekmpa

JuaMeTp €& HaMMEHBIIUX W3 CIEKJIOB MPUOJM3UTEIHHO PaBEH NUAMETPY IU(paKIIMOHHON
KapTHUHBI OT 00J1aCTH, OCBEIIaeMOH JIa3epOM Ha IOBEPXHOCTH MAaTOBOW TUIACTHHBI.

Ecnu nuamerp obnactu, ocBemaeMoin jJa3epoM 2@, pacCTOSTHUE OT 0OBbEKTHUBA JI0 TUIOCKOCTH
HaOmoaeHus A, To o = alh u € = Mo

* Cy0beKTHBHAs CIIEKJ KAPTUHA

I

T
Puc. 8.10.Pasmep cybvexmusrnozo cnekmpa

JlnameTrp €& HaMMEHBIIUX U3 CIEKJIOB MPUOIM3UTENHLHO PABEH AWAMETPY AU(PPaAKIIHOHHON
KapTHUHBI OT 00BbEKTHBA, (HOPMHUPYIONIETO U300paKEHHUE.

Ecnu nuamerp o6bexTuBa 28,paccTosiHUE OT 0OBEKTHUBA J0 TNIOCKOCTH HAOMIOJCHUS A, TO O =
alhue=Ma

* Cmelienue

Ecmu 00bexT G ocBemiaercsi mapajuiebHBIM ITyYKOM, MaafoldM Ha HETO 0] HEKOTOPhIM
YTJIOM, TO MIPH €r0 CMELICHUH B COOCTBEHHOM MIIOCKOCTH Pa3HOCTh (ha3 BOJIH, UCXOSIIUX U3 €T0
pa3HBIX TOYEK, HE U3MEHsETCS. [10ATOMY CIIeKII-CTPYKTypa B TUIOCKOCTH TT' TOXKE OCTaHEeTcs 0e3
W3MEHEHUH, OHA JINIITL Oy/IET CIIeI0BaTh 3a IMepeMEIeHHeM 00BEKTA.

* [ToBopoT

Ecnu xe 00bekT G MOBEpHYTh B €ro COOCTBEHHOH IJIOCKOCTH, TO OTHOCHTEIbHBIC (a3bl U
CIEKJI-CTPYKTypa U3MeHATCs (BO BCeX CiIydasx, KpOMe Cliydas HOpMaJIbHOTO MaJeHHs MydKa Ha
00bekT G). To ke camMoe NPOMCXOOUT W TOTAa, KOraa Mbl mMeeM Jneno ¢ auddysHo
OTPAXKAIOIIUM OOHEKTOM.

Puc. 8.11.Cxema c nepnenouxynapHuim naoenuem ayyetl

* Bausinue nuagparMsl

Ecnu B HEKOTOpOH IIIOCKOCTH Nepesl 00BEKTUBOM IOMECTUTh AuadparMy 1 nepemeraTh ee B
3TOM MJIOCKOCTH, TO CHEKJI-CTPYKTYpa B IUIOCKOCTH 7' Oyaer wu3MeHsATbca. CwmerieHue
nradparMbl 3KBUBAJICHTHO BBEJCHHMIO HEKOTOPOro (pa3oBOr0 MHOXHTENS, HEOAUHAKOBOTO JUIS
pa3HbIX TOUEK 00BEKTA, HA KOTOPBIX MPOUCXOIUT TU(PPAKLINS U3ITYUICHUS.
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G ] g
Puc. 8.12.Brusnue cmewenus ouagppacmol

[Ipu n3MeHeHNH MOJOXKEHUS AuadparMbl U3MEHSIOTCS pa3HOCTH (a3 B IMIIOCKOCTU T MEXKIY
TUGPaKIUOHHBIMU KapTUHAMHU, COOTBETCTBYIOIIMMH pa3HbIM Toukam o0bekTa G, a 310 U
HNPUBOIUT K U3MEHEHUIO CIEKI-CTPYKTYPEL.

* Biiusinue ¢gopmbl quadparmsl

®opma auadparmMel ompenenser ¢GopMy CHEKIOB, KaK CIEAyeT U3 MeEXaHu3Ma HX
obpazoBanus. Ha puc. 8.19151s npumepa moka3aHbl CIIEKJIbI, TTOJYYAIOIIUECS B ClIydae IIeJIeBOr
I[I/Ia(bpaI‘MBI - BCC OHU BBITAHYTELI B HAITPABJICHUH, IICPIICHAUKYIAPHOM OPUCHTAIIUU IICIIN.

Puc. 8.13Brusinue ghopmwi wenesou ouagpacmul (6 npasom yeny pucynka npusedena ¢opma
ouagpazmul)

* U3MeHeHHe CNEKJI-CTPYKTYPhI PH CMeLIeHUH MJI0CKOCTH HA0JII01eHH s

CMecTHM TUTOCKOCTh HAOMIOICHNS T B HAITPABICHUH NIEPIICHANKYIISpa K HEll.

JudpakunoHHbIe KAPTHHBI, SABISIONIMECS N300paKEHUSIMU Pa3HBIX TOUYEK MAaTOBOTO CTEKIIA,
n3MmensaTcsa. Ecnu cMemenne 0L mManio, TO MEXAY CIEKI-CTPYKTYpaMH B TUIOCKOCTSX T U T
Oyzer HeKast KOppeIsLus.

G rré_“
Mg T

Puc. 8.14.Brusnue cmewenus niockocmu Habaiooenus

Kak u3BecTHO, M300paKeHHEM KaXKAOH TOYKM OOBEKTa SBISAETCS AU(PPAKIMOHHAS KapTHHA,
UMeEIoIIasi B TPEXMEpHOM MpocTpancTtBe (opmy “curaper’. Takue "curapsl” OpHESHTHPOBAHBI
TaK, KaKk MOKa3aHO HAa PUCYHKE U B MPOCTPAHCTBE PACMOJIOKEHbI XaoTH4ecku. Ecnu cmemenue
Majo IO CPaBHEGHHMIO C TOJIOBUHOW JUIMHBI "CHTaphl', TO OYIET CYIIEeCTBOBATh KOPPEIAIUS
MEXAY CHEKI-CTPYKTypaMu B IUIOCKOCTSIX 7' #u 7. s 3TOro ciydass MOXHO BBECTHU
K03 puImeHT nopoous

M'P" J-3L 1 G

MP A A

N3 »sToit ¢dopmyiasl W yCIOBHS TOAOOWS HM300paKEHWNW TOUYEYHOTO WCTOYHHMKA TPH
neOKYyCUPOBKE CIEIYeT, YTO IJIs yBeNUYeHHUS KOIPPHUIMEHTa MOAOOHS TpU 3aJaHHOM OA
HY>KHO YMEHBUIUTH YIJIOBYIO anepTypy 20 oobektuBa O. K Takomy ke BbIBOIY MpUIEM, €CIU
paccMaTpuBaTh CMEICHKE He IUIOCKOCTH 7', a camoro auddysnoro oonvekra G.

AHaJOTHYHBIN pe3yabTaT OyJeT MOJy4YeH W IMPH CMEIIEHWH OOBEKTHBAa BIOJIb OCH IpU
HEM3MEHHOM I10JIO’KEHUH TUIOCKOCTH T' ¥ 00bekTa G.

Cnexanbl @penenss u @paynrogepa
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Ilo ananorum c¢ nudpaxuueir dpenens u audpaxuueir Opaynrodepa MOKHO TOBOPUTH O
crekiiax @penens nu Opaynrodepa. Paccmorpum audpakinuio Ha KPyrjioM OTBEPCTHH B 30HE
®peHens Ha OCH CUCTEMBI.

E',

Puc. 8.15.Cxema oughpaxyuonnou 3a0auu @penens

NutencuBHOCTh B TOuke M mpencraBisier coboi pesynbTaT HWHTEpGEpPEHIIMH BOJIH,
HCITYCKAaCMbIX BCCMHU TOUKAMU OTBCPCTUA T. Pa3nocTth X0Ja B TOYKE M JJ11 BOJIH, UCXOOAIINX U3
nentpa C 1 u3 kpaitHe#t Touku A oTBepCTHs T, TaeTCs BRIPAKCHUEM

A=AM —cM =2,

20
r7ie a - paanyc OTBepCTHs, a A - paccrosHue EjE,. Pasnocts xoma B Touke M s BonH,
HCITyCKaeMbIX JBYMs IPOU3BOJIbHBIMHU TOYKaMU OTBepcTUs T, MeHsieTcsl B uHTepBaie ot 0 1o A,
Tak Kak A - MakcUMajbHasl pa3HOCTh XOJa BOJIH I JAaHHOTO OTBepCTHsl. CMECTHM ILIOCKOCTh
HaOMIOZICHUsT Ha paccTosHue OA. Ecnam BenwuMHa CMEIIeHHsI JOCTATOYHO Maja, TO BHI
uHTEp(PEepEHITMOHHON KapTUHBI B Touke M', ocTaHeTcss mpakTHYeCKH TaKUM K€, Kak U B TOUYKE
M. CmenieHuIo Ha BETHYUHY OA COOTBETCTBYET M3MEHEHHE PA3HOCTH XO/1a Ha &S\ 1202 . UTo6bI
BUJ MHTEP(HEPEHIIMOHHON KapTHHBI OCTaBajJCs HEM3MEHHBIM BIOJdb oTpe3ka MM', m3ameHenue
Pa3HOCTH XO/1a JIOJDKHO OBITh 3HAYMTEILHO MEHBIIIE UTMHBI BOJHBI cBeTa A. [TockombKy o = al,
MOJTy4aeM yCIIOBHE

24
O < —
o

AHaJOTHYHbIE BBIBOJBI MOJYYAIOTCS M JUIS PACCMOTPEHHUS SIBICHUS HE HAa OCH CHCTEMBI.
Mo>HO yTBEp)KIaTh, 4To MU paKkIMOHHbIe KapTUHBI Dpenens B miuockocTsax E'2u E2 nomgo6HsI.
Ecnmu skpan E2 cMecTuTh Ha paccTosiHuE, MPEBBIIIAIOIICE 2o, 10 nudpakIMOHHasT KapTUHA
@penens u3menutca. Uem Oonbmie paccrossuue E1E2 (renbime yron o), TemM MeasicHHee
U3MEHSETCs AUPPAKIMOHHAS KapTHHA MTPU CMELIEHUH TJIOCKOCTH.

HaunHast ¢ HEKOTOPOTo JOCTATOYHO OOJIBIIOTO PACCTOSIHUS MeXAY dKpaHamu E; u Ep, sxpan
E2 MOXHO OTOABHUTATh CKOJb YroJgHO najeko. [loka momyctumoe cmemieHrne oA KOHEYHO, MBI
umeeM zeno ¢ nudppakauend Openens. [Ipu nanpHeimem yaaaeHnun skpana Ep Mbl mocteneHHO
nepeiinem B oOmacte audpakuuu Dpaynrodepa. B sToii obmactu OA MOXKET NPUHUMATH
NPaKTUYECKH JFOObIe 3HAYCHUS.

Tenepp paccMoTpuM ciydaif, KOrja B IUIOCKOCTH OTBEPCTHUS HAXOIUTCS DKpaH C OYEHb
OOJIBIIINM YHCIIOM XaOTHYECKH PACTIONIOKEHHBIX MAJIEHBKUX OTBEPCTHH.

Bcenencreue natepdepeninm B riockocTu Ep Oymer HaOmoaThes CIeKI-CTPYKTYpa.

Py Py

T




Puc. 8.16.110006Hble cnexn-cmpykmypul, HabI00aemble 8 NAPALIENTbHbIX NIOCKOCTSX

Ecnu sxpan E; cMecTuTh Ha paccTosiHUEe, COOTBETCTBYIOLIEE KPUTEPHIO MAJIOCTH CMEILEHUS,
TO KapTHHA MHTEPPEPEHIINN NPAKTUIECKHA HE U3MEHUTCS.
MoxHO W300pa3uTh MEIBIM psAx Tap MapaUIeNIbHBIX TUIOCKOCTEH, pAa3JeeHHBIX TeM

paccTosiHEeM, Ha KOTOpPOE€ MOKHO CMeIIaTh IJIOCKOCTh HAOMIOAeHHs 0e3 CYIIeCTBEHHBIX
W3MEHEHUHN B CTPYKTYpE CIEKIOB. B TOl 001acTu mpocTpaHCTBa, IIe pacCTOSHUS EEy EEsy
T.JI. KOHCYHBI, HaOMoAar0TCs crekiibl @penens (puc. 8.16).

Ecnu xe Bce Oousbmie u OoibIne yoalsaTh IJIOCKOCTh HAONIOJCHUS, TO MBI TEpEHIeM B
obnacth crieksioB dpayHrodepa, Te paccTosIHUE MEXAY IUIOCKOCTsAMU En u E'n cranoButcs
OECKOHEYHO OOJIBIITUM,.

Pa3zmep criekIioB mpu ynajieHUH TUIOCKOCTH HAOTIOACHUS OYAeT YBETUIHBATHCS, HO XapaKkTep
pacrpeiesieHusi HHTCHCUBHOCTH OYIET COXPaHSATHCS.

Paccrostaue mexny oONacTsIMHM € MaKCUMAllbHOW M MHUHHMAIbHON WHTEHCHUBHOCTSMU
MPUHUMAETCS 32 XapaKTePHBIN pa3Mep JIEMEHTA CICKI-KapTHHBI, KOTOPBIA MPUHSATO HA3hIBATh

WHIAWBUIYAJIbHBIM CIICKIIOM.

8.2. UumepghepeHuyuss 8 dughgpysHom  ceeme. Cnekn-
UHmMepgepomempusi.

[Ipumepsl npaktuyeckoro npumeHeHus llnockomapamnenbHas ninacTMHKa L ocsemaercs
MYYKOM MapaJJICIbHbIX JIy4eH.

[ToBepxnocts AB mnactunku - nug¢y3HO oOTpakaromias, a ee 3aaHsAsi MOBEPXHOCTh -
3epKaJibHasl.

Ty
N - MOKA3aT<Ib NPeTOMICHHEA

Puc. 8.17.Humepgepenyus na beckoneunocmu ayueil, paccesiHuwvix ¢ mouxe |

PaccmoTpuM X0 jTydeii 1o ABYM pa3HbIM ONTHYECKUM TyTsM (puc. 8.17).

1) Magaromuit 1yu S| HOpMaTbHO BXOIUT B TOJIIY IUIACTUHKH B TOYKE |, MIET BIOJb MyTH
IHI u B T0i1 e Touke | uddy3HO paccenBaeTcst BO BCEX HaNpaBICHUSX.

PaccmoTpum, Hanpumep, HanpasieHue IM', coctaBistoniee yroa 6 ¢ HOpMabIO K TIJIaCTHHKE.

2) Naparommit myu S| B Touke | quddy3HO paccenBaercsi BO BCeX HAIPaBICHHSIX.

Paccmotpum, Hanpumep, HampasieHue |J, Takoe, 4TO Jy4, pacHpOCTpaHSIOMIUICS BIOJb
HETO, UCIIBITHIBAET B TOUKE J 3epKajibHOE OTpakeHUe u Aanee u3 Touku K muer B HampaBIeHUU
KK', mapamiensaom MM'.

HuddysHoe paccesHue cBera, OOYCIOBICHHOE YacTHUIIAMU IIEPOXOBATON IMOBEPXHOCTH,
MPUBOAUT K OECTHOpsAI0YHOMY HW3MeHeHWIo (a3 majgaromux jydedd. J[Ba mywa, muddysHO
paccessHHBIX TIOBepXHOCThI0O AB, Moryr wunHTepdepupoBaTh Jake B clydae, €CId OHH
paccenBaroOTCsl IBYMsI pa3HBIMHU TOYKaMH moBepxHocTu. [Ipu nepexosae ot ogHON maphl Jydel K
Ipyroii  pasHocth (a3 MeHsercs OecrmopsIOYHO W Ui BCErO CBETOBOTO  IydyKa
uHTepdepeHIMOHHas KapTuHa OymeT orcyTcTBoBath. Ho h N - moka3zarens mpenomiieHust st
ny4edt, nuddy3HO pacCesHHBIX OAHONW M TOM K€ TOYKOH, ITO HE TaK. JBa Jydya, TaKhe Kak
SIHIM u SIJKK paccesnnble omHolt M Toil ke Toukoil | mosepxHoctu AB, crnocoOHEI
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uHTEephEepupoBaTh. ITO CIpaBeUIMBO JUIsA J000i TOUkM moBepxHocTd AB u, cienoBartenbHO,
JIJIs1 BCEl COBOKYITHOCTH JIy4€l CBETOBOTO ITyYKa.

Boluncnum  pazHocTh  Xxoga A MEXAy JABYMS PacCMOTPEHHBIMHM  BBIIIE  JIydaMu
SIHIM u SIJEK

A=2nlH +IM —2nlJ = 2nh{l—cosg)
N - mokasaresns mpeoMieHus macTuHku L. Ecnu yriet 0 u ¢ Mass, To

162
ﬁ%}—_
M

Jlyau SIHIM' u SIJKK' Ha BeIXOA€ M3 MJIACTUHKH L MAYT B mapayienbHBIX HAIPABICHUSIX U
UHTEPPEPUPYIOT Ha OECKOHEUYHOCTH.

WuTepdepeHIIMOHHbIE TOJIOCH MOKHO HAOII0IaTh B CIICAYIOIIEH ONTHYECKOH cxeme (puc.
8.18).

f

| 1 |
Puc. 8.18.06pazosanue unmepghepenyuonnvix koney 8 niockocmu dkpana E

B doxanpro# mnockoctu nuH3b O momereH skpad E, B KoTopom umeeTcs: Maioe OTBEpCTHe
T, yepe3 KOTOpOe MPOXOAUT Y3KUH My4dokK wu3iaydeHus. [lagaromuit sya S| wmcmbITBIBaeT
muddy3Hoe paccessHue B Touke | mubo mo, nubo mocie oTpakeHUs Ha 3aJHEH MOBEPXHOCTH
miactuaku L. UaTepdepupoBats Oymyr sayun IHIM' u IJKK', wucneitaBmue auddysnoe
paccesiHre B OAHOM M ToM ke Touke | moBepxHocTu AB. Bbliias W3 miIacTHUHKH, 3TH JIBa Jiyda
pacrpocTpaHsroTcss B napaienpHbix HanpaineHusx KK' u IM' u unatepdepupytor B Touke P
dokanpHOM mockocTH JmH3BI O. HMX pasHOCTh XO0Ja OIpeaemnsieTcs] BBIPAKEHUSMHU,
AQHAIOTMYHBIMU TpEeAbIAYIIeMY ciy4alo. HWHTeHcuBHOCT, B Touke P, oOycnoBieHHas
uHTEephepeHIMeld 3TUX Jy4deH, naerca kiaccuueckoil ¢opmynoit ®penens. [lomaras, yto

AMINIMTYABI OJMHAKOBBI, IMMOJIYUYHUM JJIs1 MHTCHCHUBHOCTHU

I=IDCGEET;—£.

Hns npyroit touku |' moBepxHoctn AB (daza unTepdepupyrommx BomH OyaeT HHOH,
MOCKONIBKY ¢a3el BOJH, AUGPEGY3HO pacceMBaeMbIX pPa3HBIMH TOUYKaMH TOoBepXHOCTH AB,
u3MeHsiercs OecrnopsaouHo. B cunmy cummerpuu, paccmarpuBaeMoil cxembl U U y3HOTO
XapakTepa pacCesiHUs MaNalolero W3JIYYCHHs Ha OKPY)KHOCTH, COOTBETCTBYIOUICH Touke P,
MHTCHCUBHOCTh M3JIydeHHsI Oyner onuHakoBa. CienoBarenbHO, MHTEp(PEpEHIIMOHHAs KapTHHA
Oymer UMeTh KPYrOBYIO CHMMETPHIO, M IIPEACTABIATH CUCTeMy KoJerr (puc. 8.19).
tI
I,

] ] -
-2 -1 0 1 6
Puc. 8.19.Pacnpedenenue unmencusnocmu 6 unmeppepenyuonnvlx koavyax (ceuenue)
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B nampasnenun 0, T.e. B Touke P ¢oxanpHoii miuockoctu E mun3el O, Oyner HaGmonaThes
CBETJIOE KOJIBIIO, €CIN

A KRBT
Ao mh
VYT10BO# pajinyc nepBOro CBETIOro kojbiia oyaer (p=1)

B cnyuae crexnsHHO#N rutacTHHKHM TonmuHOM 0,5 MM ¢ mokazartenem mpenomsieHus N = 1,5
MEepPBOE CBETIIOC KOJBIIO UMEET yriioBoi auameTp 20, B 8 pa3 mpeBbIAIONINN YIIIOBOK THUAMETP
Counnia (npu pokycHOM paccTosiuuu 50 MM TuameTp mepBOro CBETJIOro KoJibiia paBeH 4,35Mwm;
A = 0,63mkMm; 6 = 0,043).

CylecTBYIOT pa3iauuusi MEXAY OSTUMH KOJbIIAMU U KOJbIIAMH, HAOJIOJaeMbIMH B
uHTepdepomeTpe MaiikenbcoHa, JIOKAIM30BAaHHBIMH Ha OeckoHeuHocTu. i  komertr,
BO3HHKaIOMUX B Muddy3HOM cBere, mopsaok uHTeppeperuuu B neHtpe (0 = 0) Bcerna paseH
HYJII0O HE3aBHCHUMO OT TOJIIMHBI N IIIACTUHKH, T.€. IPKOE CBETIIOE MATHO OyAeT COBHAIaTh C
OTBEpCTHEM .

Ha puc. 8.19mpencraBnena KpuBas 3aBUCHMOCTH MHTEHCUBHOCTH | oT yria 0.

Tommmua muddy3Hoi mactuHku h Bmusier Tonbko Ha auamerp Kouen. B mHTephepomeTpe
ke MaiikeabcoHa MHTEHCUBHOCTh B IIEHTPE 3aBUCUT OT 'TOJIIMHBI ITUTACTHHKH, W TTO3TOMY B
0eoM CBeTe KOJbIa KaXyTCsS OKpAIIEHHBIMH M HAOIIOAAeTCsl TOJNBKO IPH YCIOBHUH, YTO
pa3HOCTh Xx04a A o4eHb MaJia.

Komnbua sxe, Habmaromaembie B ipu 1 (y3HOM paccessHuH, BCErJa BUANMBI U B O€JIOM CBeTe,
HE3aBHCUMO OT TOJIIUHKI N. B IeHTpe 3THX KoJIel Bcera paciosaraercsi CBETIOE MATHO.

OmnbiT bBepua-Tokapckoro

Hanuuwe 3amymosiomeld M300paKeHHE CHEKIOBOW CTPYKTYPHI SBISICTCS HEIOCTAaTKOM
MHOTHX CHUCTEM KOTepeHTHOH onTuku. OJHAKO CHEKIJIbl HAIUIM U TOJIE3HOE MPUMEHEHHE. ITO
00paboTKa ONTHYECKUX H300pakKeHHH, perucTpanusi cMemeHuid u aedopmanuii nuddy3HbIx
00BEKTOB, ACTPOHOMHUYECKHE HCCIECIOBAHUSA, CBS3aHHbIE C HM3YYCHHEM JIBOMHBIX 3BE3]l H
M3MEpEHNEM BIUAUMOIO AMaMeTpa 3B€3/Ibl 10 POCTPAHCTBEHHOMY CHEKTPY, CO31aBa€MOMY €10 B
NPUCYTCTBUHM aTMOC(epHON TypOyJIEHTHOCTH CIEKI-CTPYKTYphI, H3MEPEHHUE IIEPOXOBATOCTH H
T.I1.

MHorue u3 3THX NPUMEHEHHH CBsi3aHbl ¢ OOHapyxkeHHOH B ombiTe bepua m Tokapckoro
BO3MOKHOCTBIO BBEJEHHUS B ONTHKY MPOCTPAHCTBEHHOM HECYIEW YaCTOThI M CBSI3aHHOM C HEM
TEXHUKU QUIBTPALUU U300paKEHUH.

————

Puc. 8.20.Cxema pecucmpayuu cnexn-kapmunul Ha ghpomonniacmunxe H

MaroBoe crekiao G OCBEIIAIOT JIa3epoOM M PETUCTPUPYIOT CIEKI-CTPYKTYpy Ha
doromnactuake. Creka-cTpykTypa B Iutockoctd H  xapakrtepusyercss ¢ynknuein (&),
OIMCHIBAIOIICH pacrpeieieHe MHTEHCUBHOCTH CBETA B 9TOM IJIOCKOCTH.

[Tocne mposiBiieHUsT HA KPUBOK Tporyckanus t poTormiIacTHHKA UMeeTCs TUHEHHBIN y4acTOK
AB (puc. 8.21). B ciyuae uCHOJIB30BaHUS MAaTPUYHOIO TPHEMHHKA TaKXKE BBIOMpACTCs
JIMHEWHBIN y4acTOK.
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B

Sueprus W
Puc. 8.21.Amnaumyonoe nponycxkanue necamusa

DTy 007aCTh U CTApaIOTCS UCIOJIb30BaTh. B 3TOW 00jacTH amIuiuTyaa t ¥ MHTEHCHBHOCTH
f(€,m), cBsI3aHBI JIMHEHHBIM COOTHOIICHHUEM.

Bynem cumrath, 4ro wuHTeHCHBHOCTH f(§1), TakoBa, YTO aMIUIMTYJHOE IPOMYCKAHHE
IPOSIBJICHHOTO HEraTuBa HE BBIXOJUT W3 00JacTW JHHeHHocTH. Torma aMIumuTyIHOe
IPOIyCKaHNE HeraTHBa MOXKHO 3aIHCaTh

t=a-bf(Em).

rae a, b -koHCTaHThI, 3aBUCSINNE OT CBONCTB UCIOIB3yeMON (POTOIMYIIBCHH.

CnenaeM Tenepb HE OAHY, a JIB€ OJMHAKOBBIE MO BPEMEHU OHKCIIO3UIMH, CMECTUB B
MpoMeXyTKe (DOTOMIACTUHKY. Peructpupyemass HHTEHCUBHOCTh Oy/eT

SEEM )+ (EEe, M)

Tak kak cMelieHre SKBUBAJIEHTHO CBEPTKE C JIeTIbTa-QyHKIIHEH.
PeructprupyeMyro HHTEHCHBHOCTh MOYKHO 3allMcaTh B BUJE

flEn)*[a(zn)+ 8z - 2,.m)]
Takum oOpa3om, ecnu Ha (OTOIUTACTUHKE BBICOKOTO Pa3pelieHUs 3aperucTpUpOBATH [Ba
U300paKeHHUsT OJHOW M TOM JKE CICKJIOBOM CTPYKTYphl (HalpMep OT MaTOBOIO CTEKJIa) CO

caABUroM B mpocTpaHcTBe Ha EO, TO MOMYYUTCS HETAaTHB C AMIUIUTYIAHBIM KO3((UIIMEHTOM
IPOITyCKaHMsI BUA

t=a—bf(En)*[5(5.n)+8(s—£,.m)]

rae f ( &n ) - pacnpeneneHne HHTEHCHBHOCTHU B CIIEKJIOBOW CTPYKTYpe; [IpocTpaHCTBEHHBIN
CIIEKTp 3apETHCTPHPOBAHHON KaPTUHBI OYET UMETh BUJ

fluv)= F{![_-“‘L;J’] ]]= adlu.v)— E}F{u.vi] + expli2mut, / l_]l].

rae F(u,v) -dypee-06pa3 GpyHKIMH, a U,V - yIIIOBbIE KOOPIUHATHI B (POKATBHO# MIIOCKOCTH.

[Ipu ocBemeHun HeraTHBa NapaJJIeNbHBIM MTYYKOM Jy4el B (POKaTbHON MIIOCKOCTH JIMH3BI O
MOYKHO TTOJIYYUTh W300paskeHre 3TOro crekTpa. Yien ad(U,V) cooTBeTCTBYET (eciau mpeHedpedn
nudpaximeit) n300paKEHHI0 TOYSYHOTO MCTOYHUKA, PACHIOI0KEHHOIO Ha OECKOHEYHOCTH. DTO
n300pakeHue JToKanu30BaHo B pokyce F. Bropoii unen npeacrasisier co0oii (YMHOKEHHBIN Ha
koHcTauty b) ®dypee - ob6pas3 F(u,v) dyskmum f (U,v), MoayaupoBaHHBIH (QyHKIHCH
1+ exp(iZmusn L) .

Huddyzop f (U,v) uMeeT odeHb TOHKYIO CTPYKTYpy, a modtomy ero ®ypwe obpas F(u,v)
CHIIbHO pacTsAruBaercs B (pokanbHO# miockoctu uH3bl O (puc. 8.22).

Puc. 8.22.Cnexmp 08yx uoenmuunvix cmeujeHHblX OMHOCUMENbHO Opye Opyea CNeKaA-CIMpPYKmyp

®ypre-o6paz F(u,v) , kak u cama ¢ynkuus f (U,V) Toxke OMUCHIBAET HEKYIO CIICKI -
cTpykTypy. Ecnmu npeneOGpeur m3oOpakeHreM MCTOYHUKA B (okyce F, TO BO Bceil OCTaIbHOU
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qacTu (bOKaHBHOﬁ IINIOCKOCTH MHTCHCHUBHOCTBH CBE€TA C TOYHOCTHIO O ITOCTOAHHOI'O MHOXUTECIIA
OyneT paBHa.

I'=|F(uv)[ |l + exp(2mut, /W[ =|F @) cos(mut, /).
Takum o6Opazom, nuddysseii ¢on |F(U,v) | okaspiBaeTcs MOIYIMPOBAHHBIM (YHKIHEH

cos™(MuCo/A). onucpiBaromeit moiockl KOHra. YTIaoBoe pacCTOSHHE MEXIY ABYMS COCEIHHMH
nojiocamu paBHO MEg. Hatpumep, nmpu cMerennu Ha 20 MKM YIJIOBOE PACCTOSTHHE MEKTY ABYMS
CBETJIBIMU TOJI0CaMu cocTaBisieT 1° 42,

Crnexs-cTpyKTypa Ha HeratuBe H cOCTOUT M3 MENKHMX TEMHBIX MSTEH, W, COTJIAaCHO TEOopeMe
babune, ee ciektp (Bcromy, Kpome Touku F) MMeeT TOT ke BUJI, YTO U CIIEKTP JAOMOJHUTEIHHOTO
HEIPO3payHOro KpaHa ¢ MajJbIMU OTBEPCTUSAMU Ha MeCTaX TEMHBIX MATeH. B paccMoTpeHHOM
BBIIIIE MBICIICHHOM OIBITE BPEMEHA OOEHMX HIKCIO3UIUI OJUHAKOBBI U KOHTpacT mosoc FOHra
MaKCHMaJeH: T.e. MUHUMallbHasi UHTEHCUBHOCTh TEMHBIX I10JI0C PaBHA HYJIIO.

Hecko/bK0 3KCIIO3MIMH HA OAHOH (POTOMIACTHHKE

CnenaeMm psif SKCHO3MIMM C OJMHAKOBBIMU BpeMEHaMH M OJUHAKOBBIMHU CMEUICHUSMU
¢doTromacTUHKY (B OJTHOM U TOM K€ HANPaBJICHUHU) B IIPOMEXKYTKE MEXIy dKcro3uiusmu. Eciu
yucio skcno3uiuit pasHo N + 1, To perucrpupyemas ”YHTEHCHUBHOCTD OyJIeT paBHA CBEPTKE

Flem)=28le-2,m)

rrmd)

Ecnau ocBeTuTh Heratus, TO B MPOU3BOJIBHON Touke (U,V) QOKaNbHOW IIOCKOCTH JUH3BI O
amIuTyzaa oyner onpeaensatbes Pypbe-oOpa3oM. Eciau He yuuThIBaTh H300paXKeHUsI UCTOYHUKA
B ¢okyce F, TO, C TOYHOCTBIO IO MOCTOSIHHOTO MHOKHUTENS JJIi HHTEHCUBHOCTH, Oy/eM HUMETh
BBIPAKCHHE

I | Flav 1: ][ si.n[lf_ﬂ" +1)2muk, / f]| _

 smf2mui, /1) I
Criextp, HabmogaeMblil B (hOKanbHOM miaockocTy JIUH3bI O, OyJIeT TakuM XKe, Kak U CHEKTp

nudpakimoHHON pemieTku ¢ nepuoom EO u yuciom mrpuxoB N + 1.
Mexny 1ByMs INTaBHBIMM MakcuMyMaMu pacriosnaraetcst N - 1 BropuyHbIX MaKCUMYyMOB.

I

TAVAN.N AN PAWLVAY il
F v
Puc. 8.23.Cnexmp 0115 cyuas HeCKOnIbKUX 9KCRO3UYULL CO CMeujeHuem

Ecmm  uucno »skcmo3umuii N+ 1 1ocTaToyHO BENMKO, TO MOXKHO IIPEACTaBUTH
PETUCTPUPYEMYIO HHTEHCUBHOCTD B BUJIE

f{t:, n | = (omb{ ,.i }rn& romE:-{x}= EE{I - X al
=0 ==

rpeOeHuaTas GyHKITHSI.

OTtkyna Ui crieKTpa MHTEHCUBHOCTH B (POKAIbHOM MI0CKOCTH JIMH3BI O MOTydrM
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1) A

.ET=|F{H.'I--'1:|:‘D?}?1‘7|I —J\ M=

\ M,

Co

Boruntanue u3zoopaxxkeHui

3amava: Ha ABYX Auano3utuBax A u B Hapsny ¢ ogMHAKOBBIMU UMEIOTCS U HEOJAMHAKOBBIC
YYaCTKH, ¥ HYKHO IMOJyduTh pasHocTh (A - B). JImamosutuBel A u B Moryr mpeacraBisTh
co0oi, HampuMmep, NMOJYyYeHHbIE B pa3HOe BpeMs 1Be (GoTorpadguu OZHOTO M TOTO Ke ydacTKa
3eMHOW TMOBEPXHOCTH, Ha KOTOPOM IPOU3OILIM KaKHWe-TO W3MEHEHHS B MPOMEKYTKE MEXKTY
cheMKaMu. TpeOyeTcst BBISBUTH 3TH H3MEHEHUS.

C oTOM 1ebI0 IeNalT KoUK ITUarno3uTuBoB A U B Ha ogHOM u To# ke doTortactuake H
BBICOKOTO pazpemieHus. llpu mepBoil skcrmozunuu mepen H momemarorT awamo3utuB A u
OCBEIIAIOT €T0 CIEKI-CTPYKTYPOH, CO3/1aBaeMOil MaToBbIM cTekioM G, 3ateM A 3ameHsoT B, u
OpekIe YeM CHAellaTh BTOPYIO JKCHO3UIMIO, cMemaroT H Ha Hekotopoe paccrosiame. [lpu
cmemennn H Ha Hell 3amedarieBarOTCs JBE CIEKI-CTPYKTYpPBHl CMEIICHHBIE Ha Majioe
paccrosiHie. Ha ONMHAKOBBIX ydacTKax IUano3uTHBOB A u B wmMeroTcs mapbsl MACHTUYHBIX
TISITCH.

[Ipn mudpakinuu nBa WACHTUYHBIX MATHA Hal0T WHTepdepeHIMoHHbIe Tonockl FOHTa B
(hoKaTbHOM TIIOCKOCTH 0OBEKTHBA.

[TomecTiM B (poKanbHYIO INIOCKOCTh HETIPO3PAUHBINA SKPaH CO LIETbI0 TAKUM 00pa3oM, 4TOOBI
IIeJh COBIANIa C TEMHOMW IOJIOCOHM, TOT/Ia CBET, Au(parupoBaHHBIN ABYMS MATHAMH, HE OyaeT
MOMAIaTh Ha TJIOCKOCTh M300pa)KECHHsI, UTO CIPABEIJIMBO U JUISl BCEX Map OJUHAKOBBIX IISITCH.
DTO 03HAYaeT, 4YTO, BCE OJMHAKOBBIC YYaCTKH IHANO3UTHBOB A u B He Oyayr BUAHBI Ha
u3o0paxxennu H'.

Puc. 8.24.Bvisisnenue 6 niockocmu H pazunuysl 08yx uzobpasxicenutl

B tex ywacrtkax, rue quano3utuBbl A u B He OIMHAKOBBI, OHM JanyT MpH AUPPaKIUH Ha
¢oTomnacTruHKe H MOIOCH HEOMMHAKOBOW WHTEHCUBHOCTH (MHTEHCHBHOCTH B MHHUMYMax HE
Oynet paBHa Hym0). U, B pe3ynbrare, B IuiockocTd H' OyayT BUAHBI T€ Y4aCTKH M300paKEeHHI,
Ha KOTOPBIX €CTh pa3jInyus, T.C. BUAHA "pa3HOCTh" u3o0pakeHuii (A - B).

Peructpupys auano3uTHBBI Ha (OTOIUTACTHHKE MO OMMCAHHOW CXEME, TMOJIyYaroT HEraTHB C
IPOCTPAHCTBEHHBIM CIIEKTPOM:

fluv)=adlu.v)- b{l{?(u.v]* Ffu.v}]cos{ e/ uy ) —

- [C (1.v)* Flu.v }]exp[— imulu, }I}. rae Clu.v)=Aluv)—Bluv)

CrexkTp COICPXKHMT TPH COCTABIISAIONINE, M3 KOTOPBIX TOJBKO OJHA HECET IOJC3HYIO
uHpopmanuio. [IBe Apyrue JI0KHBI ObITh OTGUIBTPOBAHBI B MPOIECCE BOCCTAHOBICHUS. DTO
JIOCTUTACTCS MMOMEIIEHHEM B (DOKaTbHYIO TIOCKOCTh JUH3BI OKPaHa CO MIENIbIO, TIPUXOISIICHCS
HA MUHHUMYM HWHTEPPEPEHIIMOHHBIX II0JOC, OMUCBHIBAEMBIX MHOXHUTeaeM COSftu/u0). Dkpan
IPOIYCKAET TOJBKO COCTABISIOIIYIO

[F[:H.‘l-‘] * F[:u_vﬁexp['— imelug)

B mnockoctu n3o0paxkenuss H' Oyner BunHa xaptuaa C (U,V), pOMOIYIMPOBaHHAS CIIEKII-
ctpyktypoit D. Takasi cTpykTypa CHEKJIOB MaJlo CKa3blBaeTcs Ha KadecTBO u3oOpaxkenus C,
MI03TOMY MOKHO CUMTATh 3a7auy PEIICHHOM.
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Crnexn-unteppepomerpusi KoHKpeTHass CHEKiIoOBasi CTPYKTypa COIEPKUT HHGPOPMALHIO O
Mukpopenbede u hopme o0bekTa. [IpoBois cTaTncTHYECKYI0 00pabOTKY MATHUCTON CTPYKTYPHI,
MOYKHO TIOJIYYUTh MH(OPMAIMIO U O MapaMeTpax MepeMelleHuss 0ObeKTa, B TOM YHCIE O €ro
CMEIICHHSX, CKOPOCTH JBMKEHUS, aMIUIUTYJIC U 9aCTOTE €0 BUOPAIMIA U T. 1.

[IperMyiecTBO METOJIOB HCCIIEOBAHUS TOBEPXHOCTH C TOMOUIBIO CHEKJI- CTPYKTYPHI
3aKITI0YAaeTCs B BO3MOYKHOCTH H3YYCHHUsI OOBEKTOB, HEIOCTYIHBIX U HETOCPEICTBEHHOTO
HaOJIOCHUs, C LENbI0 HM3MEpPEHHs IMapaMeTpoB MHUKpopenbeda, (HopMbl U NEepeMeleHHH,
CPaBHUMBIX C JJIMHOW BOJIHBI A, IPH CPABHUTEIBHOM MPOCTOTE TEXHUYECKON pealn3allii 3TUX
METO/I0B.

HccnenoBanne mIepoXoBaTOCTH MOBEpXHOCTH. (OOBIYHO — omperensieMble  TapameTphl
MHKpOpe/bea TOBEPXHOCTH - 3TO MCIIEPCHS G- BHICOT MIEPOXOBATOCTEH Ha IOBEPXHOCTH
00BEKTa U PATNYC KOPPEISAIHH [Tl ATHX BBICOT. 3 TeOMeTpHYECKIX COOOpaKEHHI CIeyeT, YTO
ciyuyaiiHple (a3pl BOJIH, OTPAXKEHHBIX OT PA3JIMYHBIX YYACTKOB IOBEPXHOCTH OJHO3HAYHO
CBSI3HBI C BBICOTAMH IIEPOXOBATOCTEH, IPHUEM JUCIIEPCHIO STHX (a3 62 MOXKHO IPHOIHIKSHHO

OnpeaACIMTb C MIOMOIIBIO COOTHOIICHU A
7

p Yo N2
2 |3__;L1:F| _

0.5

ﬂ | | | |
0.05 015 o MM

Puc. 8.25.Uzmenenue konmpacma craboutepoxosamozo oovexma

Ecnm BeIcoTa m1epoXxoBaTOCTE MHOTO OOJIbIIE [UIMHBI BOJHBI MA/IAI0IIET0 3ITyYeHHs, TO IPH
6omnbmoM uucie BkiagoB N, B coorBeTcTBUM C Teopuei, koutpact C = 1.B stom ciyuae, B
napamerpe C Hukakod wuHpoOpManuu O MHUKpopenbede MOBEPXHOCTU HE copepkutcs. Ho
KOHTPACT H300paKEHHs C1abONIEPOX0BATOro 00beKTa (62 <<1) MPaKTHYECKH JHHEHHO 3aBHCHT
OT BBICOTHI IIEPOXOBATOCTEH, YTO MOATBEPKIAETCS U IKCIIEPHMEHTOM.

ITycto 0% <<1,torma, C=4m°C AN,

Jnst Toro 49troOBl BOCHOJB30BAThCSA 3TOM (OPMYIJION, HYXKHO 3HATH YHUCIO HE3aBUCHUMBIX
BkianoB N. Ecnu nns popmupoBaHUs KOTEPEHTHOTO U300paKCHHsI UCTIONB3YETCsI OMTHYECKast
CUCTEMa, TO YUCIJIO HE3aBHUCUMBIX BKJIaZA0B N MOXKET MHTEpIpPETUPOBATHCS, KaK YHCIO olnacTen
KOPpEJSIIMM  BBICOT IIEPOXOBATOCTEHM, pPACHOJIOXKEHHBIX B OJHOM DJJEMEHTE pa3pelleHus
ONTHUYECKON cucTeMbl. B »TOM ciydyae, OTJIMYME KPYroBOM TayCCOBOM CTAaTHCTHUKH,
COOTBETCTBYIOLICH HOPMaJIbHO Pa3BUTOM CIEKII-CTPYKTYpE OT HEKPYTrOBOM, 3HAYUTEIIbHBI yXKe
MpH Yrciie 00J1acTel Koppesauu MeHbIeM uiv pasHoM 10.

Puc. 8.26.K snemenmy paspewienuss onmuueckoi cucmembl

Yucno obnactelt KOppeAlUH BBICOT HIEPOXOBATOCTEH, PACHIONOKEHHBIX B OJHOM 2JIEMEHTE

. PP . e |
= (SpT ru /A "My )

paspeleHus ONTUYECKONM CHCTEMBbI , Tne SP -miomans aneptypsl; i -
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paanyc KOppemsiuy IIepOXOBATOCTEH Ha wccieayeMoit moBepxHocTd; A O - paccrosHuE OT
HCCIIelyeMOM MOBEPXHOCTH 10 ONTUYECKON CUCTEMBI.

DJeMEeHT pa3pelieHuss ONTUYECKONH CHCTEMbl MPUOIU3UTENBFHO paBeH ' = Azo/da. rpe da -
JHAaMETp arepTypbl ONTHYECKON cucTeMbl. CpeaHuil pa3Mep CIEKIOBOM CTPYKTYpsI - A/da. Uem
XYK€ pa3pelaromias criocOOHOCTb ONTHYECKOW CUCTEMBI, TeM OOJIBIINIA pa3Mep UMEET HJIEMEHT

_T: "
N= Ap/daru HEKOPPETUPOBAHHBIX

paspeuieHus U, CJIeIOBaTeNbHO, TEM OOJbIIEe YHUCIIO
IIEPOXOBATOCTEN B HEM COACPKHUTCS.

W3mepeHre MmEepoXOoBaTOCTH IMOBEPXHOCTH MO KOPPENALMH MEXKIAYy JBYMS CIEKII-
CTPYKTYpaMHu, MOJIY4YeHHBIMH MPU JIBYX PA3HBIX yTriaxX MaJIeHUus U3ITYyYCHUSI.

Ha wuccnenyemyro NOBEpPXHOCTh MOCIEAOBATENBHO II0J PAa3HbIMU YIJIaMH HAMpaBIIIOT
Ja3epHOe U3IYUYCHUE U PETUCTPUPYIOT Ha (oToracTuHKe H 1Be CrieKI-CTPYKTYpHI.

B pesynbrare Ha (OTOIIACTUHKE IMOJIy4alOT JIBE CIEKJI- CTPYKTYPbl CIBHUHYTHIE OJHA

OTHOCHUTEIIBHO APYTOM.

-‘&1

Puc. 8.27.Pecucmpayus na pomonnacmunke 08yx cneki- Cmpykmyp, noayuaemvix npu 08yx
HAKIOHAX oceewanue2o nyuka

Ecau mn3menenue yrjia nmaacHusd AOCTATOYHO MaJIO, TO PE3YJIbTATOM OKa3bIBACTCA IMPOCTOC

cmenienue EO CreKI-CTPYKTYphI £p=dcosBAB. Ecny wsmenenue yriaa AO mpu 3amaHHOM YTIie
najeHuss u3ydeHus 0 OyaeT J0CTaTO4YHO OONBIIMM, TO MOXHO IOKa3aTh, YTO CMEIICHUE
KapTUHBI CHEKJIOB OyIeT COMpPOBOXIATHCS HM3MEHEHHEM €€ CTPYKTYphl, OOYCIIOBIEHHOE
HIEPOXOBATOCTHIO TIOBEPXHOCTH.

[Tocne nposiBnenust HeraTuB H ocBeaOT MapayuieNbHBIM YYKOM U B (POKATBHON TIOCKOCTH
ONTUYECKOH CHUCTEMbI HAONIOAIOT JKBUAMCTAHTHBIC NapajlielibHble HHTEP(EPEHIIMOHHBIC
TI0JIOCHI, YTTIOBOE PACCTOSIHUE, MEXITY KOTOPBIMH paBHO A /E0; KOHTpacT moyioc OyaeT 3aBHCETh
OT IIEPOXOBATOCTH MOBEPXHOCTU. METOI MPUTOJICH ISl K3MEPEHHS OOJIBIIMX MIEPOXOBATOCTEH,
onHaKo /i 6 > 30MKM OH He MPeJCTaBIsAET MPAKTHUECKOTO HHTEpeca.

(&
0.5

{] 1 1 1 ]
04 08 oMo

Puc. 8.28.Css3b wepoxosamocmu u KOHMpacma CREeKi-CMpPYKmMypbl 015 UCOYHUKA 6ell020
ceema (A=0,5 mxm, Ac = 1,5 mrm)

[IpencraBnser uHTEpEeC U3MEPEHUE MIEPOXOBATOCTH C MOMOIIBIO MCTOYHUKA, U3ITYYaIOIIETrO
HIMPOKYIO TIOJIOCY CHeKTpa. Eciam ocBemaTh mepoxoBaTyro MOBEPXHOCTH MOHOXPOMATHYECKIM
U TPOCTPAHCTBEHHO-KOTEPEHTHBIM H3IydeHHEM, MoJydaeMasi CIeKJI-KapTHHa OyaeT HMeTh
MaKCHUMaJbHBIA KOHTpacT. Ecim jke BpEMEHHYI0 KOTepEHTHOCTh YMEHBIIHTH, COXPAaHUB
HEU3MEHHOM IPOCTPAHCTBEHHYI0 KOTE€PEHTHOCTh, TO KOHTPACT CIEKJI-CTPYKTYPbl YMEHBIIUTCH.
O10T 3¢ deKT 0cCOOEHHO 3aMEeTeH KOorJa JyIMHAa KOTEPEHTHOCTH COM3MEpUMa C BBICOTOM penbeda
IMOBCPXHOCTH. 3KCHepI/IM€HTa.HBHBIe HCCIICAOBAHHA IMOKA3bIBAOT, YTO COOTHOMICHUC MCKAY
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KOHTPACTOM CHEKJI-CTPYKTYpPbl U HIEPOXOBATOCTHIO TOYTH HE 3aBHCHUT OT CHOCO0a MOTyYCHHS
IEPOXOBATON MOBEPXHOCTH.

[Ipu ucnosnbp3oBaHuu Oeoro cBera (JIMHA KOTEPEHTHOCTH AC MPUOIU3UTEIBHO paBHa 1,5
MKM) MOYKHO IO KOHTPACTy CIEKJI-CTPYKTYpPbI OLIEHMBAThH MIEPOXOBATOCTh G B mpeaenax ot 0,2
n0o 3 MKM. TexXHHUYeCKHM JAaHHBIA CIOCOO0 HU3MEPEeHUsT MOXKHO pean30BaTh, MPOCLUPYS
U300paKeHNe MCCIeNyeMOl TOBEPXHOCTH Ha Majoe OTBEpPCTHE, 32 KOTOPHIM MOMEIICH
¢doronpuemnuk. Ilepemenias poTonpueMHUK, U3MEPSIOT TPOPUIb CHEKI-CTPYKTYphL. namerp
OTBEPCTUSI JOJDKEH OBITh, KAK MHHHMYM B HECKOJIBKO pa3 MEHbIIE XapaKTepHOTO pazMepa
CIEeKJIA.

Koppeasiunonnasi cnekja-uHreppepomerpust

Crniexn-unTephepoMeTpusi 3TO METOJ M3MEpPEHHsI, OCHOBAHHBIM Ha KOT€PEHTHOM CIIOKEHHH
(nHTEpdEepeHIn) oIS, HMEIOIIETO CIEKI-CTPYKTYPY, C IUIOCKOH OMOPHOM BOJHON HIIH IPYTHM
[OJIeM, HUMEIOIIUM CIEKJI-CTPYKTypy. OIHMM U3 MNpPUMEHEHHH 3TOro MeTojAa sBISeTcs
ompenesaeHue COOCTBEHHBIX YacTOT U (hOPM KOJIEOAHUN PJIEMEHTOB KOHCTPYKIIHH.

[TmockocTs Moo U

H200pakeHH w 4

Puc. 8.29.Cxema cnexn-unmepghepomempa. 1-nosopomuoe 3epkano; 2- Mukpoobvexmus, 3-
ceemooenumenvrasn niacmuna; 4-cghepuueckoe zepkano; 5- pecynupyemasn ouagpaema; 6-
oovexmug CCD; T-nonspuzayuonmsiii ceemo@uibmp

B Merome dNEKTpOHHOW KOPPEISLHUOHHON crekiI-uHtepdepomeTpun  (HopMupoBaHHUE
CUCTEMBI KOPPEJISALIMOHHBIX TI0JIOC OCYIIECTBIISETCS IIyTEM BBIUNTAHUS BUACOCUTHAIIOB.

BxoHyI0 MIIOCKOCTh TeleKaMephbl MOMEIAIOT B MJIOCKOCTH N300paskeHusl HHTep(hepoMeTpa.
BpixogHOW curHam Tenekamepbl, IOJYYEHHBIM MPU HCXOJHOM IIOJIOKEHUHM IIPEAMETA,
3allUCBIBACTCA B MaMATH. 3aTéM OOBEKT KOHTPOJS CMELIAeTCs, M CUTHAJ, MOCTYMNAIOLIMH ¢
TeJeKaMepbl, BBIYMTAETCA W3 3aIMCAHHOIO B IaMATUM CHUTHajna. B pesynbrare Te dactu
HOJYYEHHBIX JBYX M300pa’k€HHM, A KOTOPBIX CIEKJIbl OCTAIOTCS CKOPPEIUPOBAaHHBIMH, JAIOT
HYJIEBOM CUTHAJI, TOT/AA KaK CUTHAJ OT HEKOPPEIUPYIOLIUX YYaCTKOB OTJIMYEH OT HYJIA.

Taxum 06pa3zoM, Mbl HAOJIIOJAaEM KaPTHHY KOPPEISIIMOHHBIX M10JI0C, OTPAXKAIOILYIO BapUalliH
aMILTUTYABI KOJIeOaHUil 10 MOBEPXHOCTH MPEIMETA.

Cucrema noy4aromuxcs UHTEPPEPEHIMOHHBIX MOJOC COOTBETCTBYET CMELIECHHUAM JHOO0 B
IPEIMETHOM TUIOCKOCTH, JHOO0 M0 HOpManu K Heil. B cucremax ¢ ycpeqHEHHEM IO BpEeMEHH
yJaeTcs HabIoAaTh MOJI0CH! TOJIBKO /Il HOPMAJIbHBIX K TOBEPXHOCTU CMELICHUH.

MuKpooOBEKTHB 2 CIY)KUT Ui OCBELICHHS BCEH IMOBEPXHOCTH OOBEKTa MM y4yacTKa
noJuiexaero KoHTpoio. [lonynpo3payHoe 3epKajo COBMECTHO CO CPEPUUYECKHUM 3EpKaAJIOM
UCTIOJIb3YeTCs ISl TIOTYYEHHUSI OMOPHOTO ITyYKa, KOTOPBIA, Mpoxo/s uepe3 auadparmy, cozgaer
B IUIOCKOCTH MHILIEHHU TEJICKaMeEpbl PABHOMEPHYIO KOT€PEHTHYIO 3aCBETKY. MeCTO ycTaHOBKH
MOJIYIIPO3payHOro 3epKaja BBIOMpAETCS M3 YCIOBHsS OOECIIEYCHHs PABEHCTBA ONTHYECKOU
JUIMHBl TYTH ONOPHOTO M OOBEKTHOro myuka. Paamyc KpuBHM3HBI C(EpHUUYECKOro 3epKana
BBIOMPACTCSI TAKMUM 00pa3oM, YTOOBI OMOPHBIN My4OK (POKYCHPOBAJICS B IIJIOCKOCTH JUa(parMsbl.
[Tonspu3zannoHHblii  (QUABTP NpeaHA3HAUeH IS PEryJIupOBaHUS YPOBHS HMHTEHCHUBHOCTH
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oropHoro nyuka. Jluagparma, ycraHoBieHHas rneper 0ObEeKTUBOM TeJIeKaMepbl, OTPaHUYHBAET
BXOJHOH 3pavyoK OOBEKTHUBA TEJIEKAMEPbl, W ONpEACsIeT pa3Mep MHUHHMAJIHHOTO CIIEKJIa.
N3menenne ¢a3bl OMOPHOTO MydKa MOXKET OCYIIECTBISATHCS 32 CUET CMEMIEHUs c(hepruiecKoro
sepkana. [Ipu cmemenun (a3bl OMOPHOTO Mydka Ha W300paKCeHUH HAOIIOJACTCS M3MEHEHUE
CIIEK/I-KapTHUHBL.

[Ipu BO3OYXaeHHM KOJEOaHUN HCCIeAyeMOro oObeKTa Ha PE30HAHCHOW YacTOTE CIEKJI-
KapTHUHA Pa3MBIBACTCS 10 OJHOPOIHOM, MPOIOIIKAsi HAOMIOIATHCS TOJBKO B OOJACTH Y3JIOBBIX
muani (cM. puc. 8.30).

wia’ = R

Puc. 8.30Xapa7<mepaﬂ KapmuHa cnexJ- upozpaMMbl

Jist Toro uToOBl 3aperucTpupoBatTh GopMbI KoJeOaHUH Ha KaKJOW pPEe30HAHCHOW 4acToTe, B
NaMATH KOMITBIOTEpA 3aluChIBACTCS CHEKJI-M300pakeHWe. 3areM (asa OMOpPHOTO MydKa
CMelaeTcs Tak, YToObl Ha CHEKJI-u300pakeHUH (a3a M3MEHMIIAach Ha MPOTHUBOIOJIOXKHYIO, U
BHOBbB 3aITMCBIBACTCS CHEKJI-M300pakeHne. J[Ba CriekiI- H300paykeHNsT BBIYUTAIOTCS IO MOAYJIIO,
U Ha HKpaHe MOHHMTOpA HAOIIOJAaeTCsl pe3ybTaT BBIYMTAHUS, MPEACTABIAIONUN cOO0N CreKI-
uHTEepheporpammy.

8.3. Cnocobbl ycmpaHeHUsi CrneKs1-CcmpyKkmypbl

CymiecTByeT /ABa OCHOBHBIX IpHE€Ma YCTpaHEHHUS CHEKJIOB U MHOXECTBO CIOCOOOB HX
peanusanu.

Bo-nepBbIX, B HEKOTOPBIX CIIy4asX CIEKJIbl MOXKHO CHEeJaTh MEHbIIE, YeM AeTaau 00BbeKTa,
NPECTaBIISIONIEr0 HHTepec. Pa3mepsl CriekiIoB SBIAIOTCSA TU(PPAKIMOHHO-OTPAHUYCHHBIMHU, TaK
YTO, €CJIU JICTAJId 00bEKTa KPYITHBIC, TO CIIEKJIBI CTAHOBATCS 'HEHAOIIOJaEMbIMH

Bo-BTOpBIX, CHEKIBI MOKHO YCPEOHHUTH, HCIIONB3Ysl WMHTETPUPOBAHUE H300pak€HUS BO
BPEMEHHU U OJTHOBPEMEHHO OCYHIECTBIISAS JBUKEHUE PAaCCEUBATENEH; UCIIONIb3Ysl ISl TIOJICBETKH
OJIHOBPEMEHHO HECKOJIBKO pa3HbIX JJIMH BOJH, M3MEHSSA pa3Mep amneprypbl B INIOCKOCTU
PErUCTPALIVH U T.II.

Bo3moxHBI 1 ipyrue cnocoObl. Bee 3T cmoco0bl CHIDKAIOT pa3pelieHne n300paxeHus HIKe
TU(GPaKIMOHHOTO TMpefesia;, BO BCeX CiydasX HCHOJIb3YeTCSl HEKOrepeHTHOE CII0KEHUE
n3o00pakeHuii. YToObl CBECTH K MUHUMYMY KOPPEISLUIO CIEKJIOB, JOCTaTOYHO OYEHb
HEeOOJIBIIIOTO JABMKEHHUS, TaK YTO, COXpaHss OJIMH U3 pacceuBaTesiel HEMOIBUKHBIM U, TIPU 3TOM,
Bpalasi UM MepeMerias BTOpOoid, MOXKHO MOIY4YUTh H300paKeHHe, 10 CYIIECTBY CBOOOIHOE OT
CIIEKJIOB 3a CUET YCPEIHEHUS BO BPEMEHH.

BnusiHue ycpenHsiomiero OeMCTBUS NPUEMHOM amepTypbl Ha BEIWYMHY (QIIYKTYaIuid
paccestHHOro KOrepeHTHOro wus3iaydeHuss Ecnu pasmep npueMHO# amepTypbl Ooiiblie, 4em
CpeIHUM pa3Mep CIEKIIa, CTATUCTUKA U3MEPEHHON MHTEHCUBHOCTH Y)K€ HE MOJUYHUHAETCS 3aKOHY
Pones.

Xopolei anmnpoKcuManuend Takod MHTETPUPOBAHHOW HWHTEHCUBHOCTU CIIYXKUT TraMMa-
pactpeneneHne. B 3ToM ciiydae KOHTPAcT CHEKJI-CTPYKTYpPbl YMEHBIIAETCS M3-3a YCPEIHEHHS
CIEKJIOB, TMOMAJAOIIUX B OOJIACTh MPHEMHOW amepTypbl. BaxxHO B 3TOM cilyuae yMeTb
OIICHUBATh YMEHBIIEHNE KOHTPACTa U3-3a YCPEIHEHM S, BBIIOJIHAEMOI0 IPUEMHOM anepTypou.
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W3mepeHHass MHTEHCUBHOCTh CBETOBOTO IMOTOKA, MPOXOJSAILIET0 Yepe3 MPUEMHYIO anepTypy,
BBIPA)KACTCS Yepe3 paclpe/ieiieHiHe HHTCHCHBHOCTH B CIEKII-KapTHHE KaK CBEPTKa ¢ (YHKIIHCH
T(X,y), onuceiBaroeii Gopmy MprueMHON anepTyphl.

I'x.y)= _I _I.I{-TL--P'_ I(x~ X,y — ¥, Jdx,dy,

Cnextp Bunepa m3mepenHbIXx ¢uiykryauuii maTeHcuBHOCTH W'(U,V) CBSI3aH CO CHEKTPOM
dykTyaruii criekia-kapTaabl W(U,V) CIe1yroniM COOTHOIIIEHHEM

W' (. v)=W(u. 1=)|.Er{u_ 'L')||2 )

rne b(u,v) dypre-oopas ¢ynkimun B(X,y), onmceiBatomieli ¢gopMy NpHEMHOW amepTyphl.

Hucnepcust payKTyaruii ”3MEpEeHHONH WHTEHCUBHOCTH BBIPAKAETCS KaK:
, ?
O = ‘I ‘[H"[_u_r}lb{n_v\i dudv .
—an

Bo3MOXHOCT  TO/JaBIEHUSI CHEKIOB B  (GOPMUPYIOIMIEH H300pakeHHEe CHCTEME C
[IEpOXOBAaThIMU IOBEPXHOCTAMHU CBSI3aHa C (yHIAMEHTAJIbHBIM PpE3yJIbTaTOM TEOpUHU
BeposiTHOCTEW - cymma N OIMHAKOBO pachpeleNieHHbIX BEUIECTBEHHBIX HEKOPPEIUPOBAHHBIX

.
CIIy4aHbIX BEJIMYMH UMEET cpenHee 3HadeHue B N pas, a cTaHzapTHOE OTKJIOHEHHE B VN pas
OoJibIliee CpEeTHETO 3HAYCHUS U CTAHAAPTHOTO OTKJIOHEHHS JTF0OOTO OJTHOTO KOMITOHEHTA.

Hcexonst u3 3T0ro, Ha NMpakTUKE Yallle MCIOJb3YIOT YIPOIUECHHBIA METOJ OLCHKH IUCIIEPCUU
baykTyammit U3MEPEHHOU WHTCHCUBHOCTH  PACCESTHHOTO W3ITy9CHHS, HCIIONB3YS
MPEIOJIOKEHNEe, YTO HM300paKEHUE COCTOMT U3 HEKOPPETUPOBAHHBIX CIIEKIIOB, WM SYEeK,
XapaKkTEepHOTO pa3Mepa.

bynem cuuraTth, uro B mpezgenax amnepTypsl conepxkutrcs N Takux siyeek. Torga mosHas

‘1\..'
U= E[’rm

KOMILUTEKCHasi ammumtyaa U BHYTpH amepTyphl 3alMIIeTCS B BHIE m=1 , rone Uy -
KOMILIEKCHAsl aMIUTUTyJa OT M - ok sueliku. Tak kak mo mpeamnojoxkenuio Un HE3aBUCUMBI,
BennurHy U MOXHO CUMTaTh PE3yJlbTaTOM Ipoliecca CIy4alHbIX OnyxaaHui. Beramcienue
MOMEHTOB PpAaCIpEICICHUS I ATOrO Ccliydas IOKa3bIBAa€T, YTO KOHTPACT PETUCTPUPYEMOU

CHEKI-KapTUHBI OKA3bIBAETCS PABHBIM VNN,

WNuaye roBOpsi, KOHTPACT CHEKJI-KAPTUHBI YMEHBIIAETCS OOpaTHO MPOTOPIIMOHATHHO
KBaJpaTHOMY KOPHIO U3 IUIOLIAAN allepTyphl.

HOI[OGHBIﬁ MCTO NPUMCHUM JINIIb IJId ITOJTHOCTBIO KOICPCHTHOTO OCBCILICHU.

HekoppennpoBaHHbBIE CHEKJIOBBIE KAPTUHBI BO3HHUKAIOT B TOM CIIydae, €CIU H3JIy4eHUE
COACPKUT KOMIIOHCHTBI, JOCTATOYHO CHJIBHO Pa3JIMYaroluecd MO 4YaCTOTC, MOJSApHU3aAlUN WA
BPEMEHHOM 3a/IepiKKE.

Ecnu npu oTpaxeHUU U3Iy4eHUs OT LIEPOXOBATOM IIOBEPXHOCTH BO3HHUKACT ACTIONAPU3ALIMS
U3JIy4E€HMS, KOHTPACT CIEKJI-KapTHHBI yMeHblIaercd. [Ipu moysHON nenonsipu3aluyd KOHTPACT

i

) I
CIIEKJIOBOM KapTUHBI YMEHBIIIAETCS B ¥ = pa3.
[Tpu ocBenieHnH MOBEPXHOCTH B3aUMHO HEKOTEPEHTHBIM H3iydeHneM N ja3epoB, KOHTPAcT

CIIEKI-KapTHHBI YMeHbIaercs B ¥4V pas.
bonee moapo6HO BOmpochl U3MEHEHHUS] KOHTpacTa M300pakKeHUs MPU PA3IUYHBIX YCIOBUSAX
00JTy4eHUs MOBEPXHOCTH 0OBEKTa pACCMOTPEHBI B CIEAYIOIIEM pa3fere.
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