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B pa60Te npeacTaB/IeHbl pe3yJ/IbTaThl 9KCIIEPUMEHTAJIbHOI'O NCCJ/IEIOBaHUA ITOJIAPU3AIINOHHBIX CBOWMCTB y3-

KHX CIIEKTPAJBHBIX MOJ, BOSHUKAIOIINX B BojiokoHHOM BKP-y1azepe co ciydaiiHoit pacmpeaeseHHoM 0OpaTHOMR

CBA3bIO 3a CUET PIJICEBCKOI'O pacCedAHUud BOIU3U IIOpOora reuepanuu. rIOKBBaHO7 9TO MO/JbI o6na;(a}0T BBICOKO

CTEIICHbIO IIOJISIpU3alluu, IIPU 3TOM COCTOAHUA NOJIAPU3AIUN OJJHOBPEMEHHO BO3HUKAIOIINX MO/ cj1abo KOoppe-

JIUPOBaHBI.
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Jlazepsl ¢ pacmpe/iesieHHOM 06PATHOI CBA3BIO, B KO-
TOPBIX OTPAXKATEJbHBIN JEMEHT He JIOKAJU30BAH, a
pacmpejiesieH B MPOCTPAHCTBE CJIyIallHBIM 00pa30M, Mo-
JIyIMJIM HA3BAaHUE CJIyYailHbIX J1a3epoB. Brepsble Jia-
3epHasl TeHepanus ¢ 0OpaTHON CBA3BIO MOJOOHOTO TH-
ma ObLIAa TPOJEMOHCTPUPOBAHA JjIs PyOHHOBOTO JIa3epa
[1], m B nasbHeitmem HaGIOIATACH BO BCEX OCHOBHBIX
THUIAX JIA3€POB, B YACTHOCTH, JIa3epax Ha KPACUTEJIsIX
[2], moynpoBOHUKOBLIX [3], TBEpIOTENBHBIX [4], BOsIO-
KOHHBIX [5] azepax. Poub paccesiHust cBera Ha cirydaii-
HBIX [EHTPAX CBOJUTCS K YBEIUUEHHIO 3(DPeKTUBHOl
JUIHHBI YCUJICHWS 38 CY€T MHOIOKPATHBIX OTPaKeHUN B
cpeie U K 0DeCIeYeHnio 0OOPATHOW CBA3U, B TOM HHCJIE
pesoHaHCHOi. [eHeparnusi B ciiyJaiiHbIX J1a3epax ¢ yde-
TOM YKa3aHHBIX 3(PPEKTOB MOXKET OLITH OMICAHA MOJIE-
Jsvu tuna juddysuonabix [6]. Peasusosanbl, ogaako,
U JIa3€pHBbIE CXEMbI, B KOTOPBIX YCHUJIEHHE IIPOUCXOIUT
BHE CJIyJailHOl CpeJibl, KOTOPAasl, TAKUM 00Pa30M, JIUIIb
obecniednBaer 06paTHyio cBa3b [7]. O630p moJIyYeHHBIX
pe3y/IbTaTOB U MEPCHEKTUBHBIX HAIPaBJIEHU MCCIeN0-
BaHUsl CJIyJaliHbIX JIA3€POB cresad B [8].

Oco60 BBIZIE/SIETCS KCIEPUMEHTAJNBHAST PeaTH3a-
g BOJIOKOHHOIO Jla3depa CO CIydallHON paclpeieseH-
Hoit o6parHoit cBs3bi0 (CPOC) 3a cuer npeenabHO cia-
Goro paseesckoro paccestaus [9,10]. CPOC noszsous-
eT 1oJlydaTh BbICOKOI(dexkTuBHyIo reHepanuio [10] B
BostokoHHBIX BKP-ja3epax, B Tom wumcie m mHOrO4a-
crorayio [11] mnu yskonosocuyio [12]. cnonas3osanue
B KavecTBE PE30HATOPOB JIJIMHHBIX OTPE3KOB BOJIOKOH,
00eCIIeYBAIONIIX 3aMETHYIO BEJIMIUHY MHTErPAJHHOTO
00PaTHOTO paccesiHus, MO3BOJIsIET 6e3 MPUBJIEUEHUs] O~
[OJTHUTEIbHBIX (DUIBTPYIONINX JIEMEHTOB yBEJININBATD
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SIPKOCTH MHOT'OMOJIOBBIX JIA36PHBIX UCTOYHUKOB 32 CUET
sddexra onrudeckoil yncrku [13]. Vcnons3oBanne mo-
JISPU30BAHHOI HAKAYKU IIO3BOJISET MOJIYYaTh IaCTHY-
HO HOJISIPU30BAHHYO MeHEPAIUIO ¢ ITMPOKUM CIIEKTPOM
B CTAHJAPTHBIX BOJOKHaX [14] ¥ BBICOKOIOJISAPH30BAH-
HYIO T€HEPAIMIO B BOJIOKHAX C HOJJIEPIKKOIl HONISpU3a-
mun [15].

CPOC 3a cuer pajieeBCKOr0 paccesiiusl WA UCKYC-
CTBEHHO CO3JIaHHBIX PIJIEEBCKUX OTpazkareseli obecre-
YMBAET TAKXKE U OJJHOYACTOTHYIO TEHEPAIMIO C YIbTPa-
MaJIBIMH ITUPHHAMYA JHHUA B CXEMaX KaK ¢ AKTHBHBIME
BOJIOKHaMU [16], Tak U B CTAHJIAPTHBIX BOJIOKHAX 38 CYeT
sdderTa BBIHYKIEHHOTO paccestHust MaHmeabimrama—
Bpumosna (BPMB) [17]. B wacTHOCTH, BOJOKOHHBIE
BPMB-azepst co CPOC renepupytor usJjryyeHue ¢ -
PHHOI CIeKTpa BILIOTH 10 exuHul; repr [18]. Vakue
CHIEKTpAJIbHBIE MOJbI IMUPHHON B €IHHUIBI KHJIOTEPII
HaOJIIO/IAJINCh TaKXKe B CJIydailHOM BOJIOKOHHOM Jia3epe
Ha OCHOBE II0JIyIIPOBOAHUKOBOrO ycuauTens [19].

Henasuo 661710 TOKA3aHO,9TO TEHEPAIHS U3JTY I€HUS
¢ y3kuM crekrpoM (< 1 MI'n),Ha MHOTHE NOPSIIKKA MEHb-
[IUM IIUPUHBI ciiekTpa npoiyckanus (~ 10 TT'm), npo-
ucxonut u B BKP-nazepax ¢ ycunennem Ha BBIHYXKIEH-
HOM KoMOuHannonHoM paccestiun (BKP) u ¢ o6parHoit
CBA3BIO 32 c4eT pajieeBckoro paccesuus [20]. Takoii mpo-
1ecc HaOJIOIaeTCst BOJIM3U MOPOra TeHEPAIMH U UMEeT
Psill XapaKTepPHBIX 0COOEHHOCTE! — OJHOBPEMEHHO MO-
2KeT BO3HUKATH OOJIBIIOE YHCJIO Y3KUX CHEKTPAJIbHBIX
KOMIIOHEHT, MTOJIOYKEHNE B CIEKTPE KOTOPBIX CJIydailHoO,
U KOTOpbIE CYNIECTBYIOT OTPAHUYEHHOe BpeMsl (Oopsiji-
ka 1-10mc). HecMoTpsi Ha TOTEHIMAJ TAKOTO PEXKHU-
Ma TeHepaIuu I CO3JAHUA ITPOCTBIX OJHOYIACTOTHBIX
HUCTOYHUKOB U3JIy9YeHUs, Psi/l CBONCTB MOMOOHBIX Y3KHUX
CIIEKTPAJIbHBIX MO/, B 9aCTHOCTHU, YACTOTa UX BO3HUK-
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Puc. 1. (LIgeTnoii oraiin) Cxema €Iy 9aiflHOrO BOJIOKOHHOIO JIA3€Pa U CUCTEMbI AHAIM3a [TOJIAPU3AINOHHOM TuHaMuKY. Pump —

sa3ep Hakadyku; FBG — Bosokonnasi 6parrosckas pemierka; [ISO — uzossitop; WDM — criekTpasibHO-CEeJIEKTUBHbBIN OTBETBU-

Tesib; F — nepecrpamBaeMblil y3KOMOJIOCHBIN ontudeckuit dpuibrp; PBS — monsipusanmonusiit gesmrens; LO — jgokanbHbIR

ociiATop; 99/1 — cTaHmAPTHBIA BOJIOKOHHBINA OTBeTBUTENb ¢ Kodddunuentom aemenns 99 % :1%; 50/50 — BosokoHHBIE

OTBETBUTENIN C MOJJEPKKON monsipusanuu 1 Koaddunmeratom generns 50 % : 50 %; Chl, Ch2 — kaHaabl, n3MepSIONINE WH-

TEHCUBHOCTH JIBYX HOJISIPU3AIMOHHBIX KOMIIOHEHT curHajia, Ch3 — kanan 3anycka. OSA — aHaM3aTOp ONTUYECKOTO CIEKTPA;

Scope — ocruiorpad

HOBEHUsI, 3aBUCUMOCTb BPEMEHU T€HEPAINH OT ITapaMeT-
POB Jia3zepa, UxX HOJIApU3AINs, He u3ydeH. B manHoit pa-
60Te MBI TTPOBOJIM AHAJIN3 TOJISTPUIAIMOHHBIX CBOWCTB
TAKUX MOJI.

CiyJaiiHbIil BOJIOKOHHBIN JIa3€p, MO3BOJISIFOIIUI Ha-
OJIIOIATh TEHEPAINIO Y3KUX CIIEKTPAJBHBIX MO, BKJIIO-
qaa B cebsd 32 KM CTaHIAPTHOTO TEJIEKOMMYHUKAIMOH-
Horo BojiokHa SMF-28, B KOTOpOM IIPOUCXOIMIIO PacIpe-
JIEJIEHHOE OTPaKeHHE 3a CUET DPIJIEEBCKOTO PACCESTHUS
u ycmienue 3a caer sdpdexkra BKP. Henomspuzosan-
HOE M3JIyueHre HAKAYKHU Ha JJINHE BOJHBI 1455 HM 3aBO-
JIUJIOCH Yepe3 CIEeKTPAJIbHO-CEJIEKTUBHBIN OTBETBUTEIH
(cm. puc.1l). [dast yMeHbIEHUs OPOrOBON MOILIHOCTH
1 (PUKCUPOBAHUS JJIUHBI BOJHBI, Ha, KOTOPO# ITPOUCXO-
JIUT TeHePaIns, C OJHON CTOPOHBI BOJIOKHA ObLIa PACIIO-
JIOXKE€HA BOJIOKOHHAs OPIITOBCKas permreTka ¢ Kodddu-
IUEeHTOM OTpaxkenusi 6osee 95 % m meHTpaIbHON JH-
HO# BoJiHBI 1550.35 HM. Ha apyrom BbIXOzIe U3 BOJIOK-
Ha, COCTABJISIIOIIETO CJIyYailHbIN J1a3ep, ObLI yCTAHOBJIEH
JIOTIOJTHUTEIbHBIN CIIEKTPAJIbHO-CEJIEKTUBHBIN OTBETBU-
TeJb JJIs YTUJIN3AIUA HEUCTOIECHHOTO M3JIyYeHUs Ha-
Kadky (HAa CXeMe He yKa3aH), a TaKzKe ONTUIEeCKUil n30-
JATOP, UCKITIOYAIONNNA BIIMAHUE OTPAXKeHN BHY TP U3-
MEPUTEJILHON CUCTEMBI Ha IIPOIECC TeHEPAIIH.

CuekTp w3iyueHus Jia3epa, M3MEPEHHBIN KJIACCH-
YEeCKUM JTU(DPPAKIMOHHBIM CIIEKTPAJIbHBIM IIPUOOPOM,
MIOATBEP/INJI HAJTNINE PEKUMA T'eHEePAIUU Y3KUX CIEeK-
TPAJbHBIX KOMIIOHEHT B HEKOTOPOM JIMAIA30HE MOIIHO-
creit Hag moporom (cM. puc.2). B cmekrpe Habmona-
JINCH Y3KUE IMUKU C MMUPUHON TOPSIKA WU JTaXKe MEHb-
i€ CIEeKTPAJbHOIO paspelieHus npubopa (4ro mpouc-
XOUT OJarofaps MajJoMy BPEMEHU TeHEPAIUU — MEHb-
IeMy, 9eM BpeMsl CKAaHUPOBAHUS aIlllapaTHON (DyHKITUN
npubopa). anbHefimue u3MepeHus MPOBOAMIUCDH IIPU
momaocTr Hakadku 950 MBr. ITosnass MomuocTs reme-
palyu Jia3epa COCTaBJIsIa IIPU 3TOM Iopsiaka 50 MBT.
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Puc. 2. (Isernoit onnaiin) CrieKTp remepanuu jasepa, us-
MEpEeHHBIH KJIaCCHYECKUM CIIeKTPAJbHBIM IIpUGOpOM, I
Pa3HBIX MONTHOCTEH HAKAYKU

JJist aHAJIM3a IOJIAPU3AIMOHHON JUHAMUKYN Y3KUX
MOJT, KICIIOJIb30BAJICS] METOJI OIITUIECKOI'O N€TEPOIMHUPO-
BaHUs C TOJISIPU3ANMOHHBIM pazzesenueM. V3iaydenue
HCCJIeIyEeMOTO JIa3epa OT(MUIBTPOBBIBAJIOCH C TIOMOIIBIO
[IEPECTPAMBAEMOI0 OITUYECKOr0 (PUJIbTPa C IIMPUHOMN
crekTpa nporyckanus 4 I'T'm, nearpasbHas qinHa BOJ-
HBI KOTOPOT'O HACTPAMBAJIACH HA MAKCAMYM CIIEKTPA I'e-
Hepanun (1550.35 um). Wsiygenne nocse duibrpa mo-
CBLJIAJIOCH HA BOJIOKOHHBIN TOJISPA3AIMOHHBIHN 1/ INTEIh
(cm. puc. 1), pazgessionmuii u3/ydeHue Jja3epa HA BOJI-
HBI C YCJIOBHO - U Y-COCTaBJISIFOIIENl KOMIIOHEHTBI [10JIsI-
pusanuu. Kaxkplii U3 moJspu3aIiiOHHBIX CUTHAJIOB Ha
BBIXO/IE JIEJIUTEIIsI CMEINBAJICS C M3JIyI€HUEM OHOTO U
TOrO K€ JIOKAJBbHOI'O OCIUJLIATOPA C IIOMOIIBIO BOJIO-
KOHHBIX oTBerBuTeselrt 50/50 ¢ coxpaHeHHeM NOJSAPU-
3aruu. Vlcrosnb30Banne BOJIOKOHHBIX KOMITIOHEHT C IIpa-
BHJIBHOI OpHEHTAaIel MeJIJIeHHBIX OCell BOJIOKOH C CO-
XpaHeHUeM ITOJISIPU3aIUU I03BOJINIO JJOOUTHCS TOJTHOIO
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COTJIACOBAHUS ITOJIIPUIAIMOHHBIX COCTOSHUIN JIOKAJIBHO-
ro OCIUJIJISITOPA U KaXKJIOI'0 U3 JBYX UCCJIEJIYEMbIX Ka-
HaJIOB. B KayecTBe JIOKAJIBHOIO OCIUJLIATOPA UCIIOJIb30-
BaJICA IIepeCTPanuBAEMBbIl ITOJyIIPOBOJHUKOBBIN OJTHOYA-
CTOTHBIN Jiazep ¢ MomHOCThIO 30 MBT 1 3ddexTusHoi
mupuHoit 2 MI'm.

CurnaJjt uHTEPQEPEHITNY JIJIs1 KaXKJI0I0 KaHAIa U3Me-
PSLJICST C TOMOIIBIO OBICTPBIX POTOAETEKTOPOB C IIOJIOCOM
nporyckanust 5 [T u orudpoBbIBasCs ¢ IOMOIIBIO OC-
mmwutorpada ¢ gacroraoit mosiocoit 4 I'T'n u gacroroit
muckpernzaun 2 - 1019 tovek B cekyny. bBiaromapst
TOMY, 9TO CUTHAJ Ha (POTOIETEKTOPE CKJIAIbIBAJICH U3
MOIITHOT'O M3J/Iy9€HUs JIOKAJIHHOTO OCIMJLISTOPA U CJia-
6Oro0 UCCJIeyeMOr0 U3JIyYEHNsI, B CUI'HAJIE ITPAKTHIECKU
OTCYTCTBOBAJIA IIyMbI, OOyCJIOBJICHHbIE OMEHUSIMU WH-
TEHCUBHOCTHU uccjesyemoro curnadia [21]. Ilostomy pe-
3yJIbTaT OKOHHOTO mpeobpazoBanus Pypbe, BHIIOJTHEH-
HOTO JIJIsi U3MEPEHHOI0 B KAXKJIOM U3 JIBYX KAHAJOB (O-
TOTOKA, OTPAXKAET CHEKTPAJIbHYIO JIMHAMUKY KarXKION
U3 MOJIAPU3AIMil UCC/IeyeMoro u3Jjydenusi. Pasjmane
B 4yBCTBHUTEJBHOCTU IABYX (DOTOIETEKTOPOB yUUTHIBA-
JIOCh BBEJICHHEM COOTBETCTBYIOIIEN KAJIMOPOBKH.

IIpumeps! crieKTporpaMM, HOCTPOEHHBIX JJIsSl JIBYX
MOJIAPU3AIII C TOMOIIBIO OKOHHOI'O MPeoOpa30BaHUS
Dypbe ¢ BpeMeHHBbIM OKHOM, IMUPUHA U (POpMa KOTOPO-
ro obecrreunBaJia paspeienue 1mo dacrore 3 MI'm, uz06-
paxkeHbl Ha puc. 3a u b. B coorBercTBum ¢ panee omy6-
JukoBanubiME Habuogenuamu [20], B cuekrpe Ha 10-
pore reHepali BOSHUKAIOT y3KHe CIEKTPAJIbHbIE [TUKU
C MIAPHUHOU MeHbIEH, 4eM pa3pelniaeMas, U IIPOIajaio-
e Jepe3 BpeMs MOPSIKA HECKOJbKUX MUJITHCEKYH]I.
V3Kue crekTpajbHble JIMHIN HAOJ/IIOJAI0TC KaK B Iep-
BOM, TaK U BO BTOPOM KaHaJle OJTHOBPEMEHHO, T.€. IMEIOT
B O0IlEM CJIydae U T-, U Y-KOMIIOHEHTHI IIOJISIPU3AIINN.
WNaTeHCMBHOCTD 006€MX IMOJISPU3AIMOHHBIX KOMIIOHEHT
u3MeHsieTcsl CMHXPOHHO (cM. puc. 3¢). Ilpu arom, onHa-
KO, OTHOIIIEHNE WHTEHCUBHOCTEH MOXKET M3MEHATHCS BO
BpeMeHM, W OBITb OTJHUYHBIM OT €IMHHUILI: Ha puc.3d
[IPEJICTABJIEH IIPUMEDP OTHOIIEHUsI WHTEHCUBHOCTEN I10-
JIApU3AIMIA [IJIsT KOHKPETHOM CIeKTPAJIbHOM JuHun. Ta-
KM 00pa30M, MOXKHO 3aKJOUATh, UYTO y3Kasd MOJA, 110
KpaiiHeii Mepe, YACTUYIHO IOJISIPU30BAHA: JIEACTBUTE/Ib-
HO, B TPOTHUBHOM CJIy4ae IMOJTHOCTHIO HEIOJIsIPU30BAHHO-
T'0 M3JIyIeHUs MHTEHCUBHOCTH B JIBYX KaHAJIaX ObLIN ObI
PaBHBI B KasKJbIii MOMeHT BpeMmeHu. Jlajiee, IOCKOJIBKY
U3-3a TEMIIEPATYPHBIX JIpeiihOB U aKyCTUIECKUX IIIYMOB
JIBYJTy 9elIPeJIOMJICHIE B BOJIOKHE MOCTOSTHHO U3MEHSET-
Csl, IPOUCXOJIUT U U3MEHEHUE COCTOSHUSI TIOJIsIPU3AIINAN,
a CJIeJIOBATEJIbHO, MEHSIETCSI U OTHOIIIEHNE MHTEHCUBHO-
creil B mossApu3anonHbx KaHaiax (puc. 3d.). Omnako
MaHHBIT 3ddeKT nmposaBsgeTcs ciado, B TOM YUCJIe BBU-
Jly MaJioii — mopsiaka 1M — JJIMHBI BOJIOKHA 0e3 IOJI-
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JIEPXKKU TTOJISIPU3AIIH, TePEJAOIero U3/IydeHne jgas3e-
pa Ha BXOJI B [TOJIIPU3AIUOHHBIN JEJINTEIb.

st Toro, ITOOBI ONpPEJEJINTh CTEHEeHb IOJIsIPU3a-
[[UU TEHEPUPYEMBIX Y3KUX CIIEKTPAJTBHBIX MOJI, MBI IIPO-
BeJin HAOOpD CTATUCTUKHU JJIs ONPEJEJIEHUST BEPOSITHO-
CTU [TOJTY I€HHS 33 JaHHOT'O OTHOIIEHUST THTEHCUBHOCTEHA.
s 9TOr0 MHOTOKPATHO U3MEPSIINCH CIIEKTPOTPAMMBI
B JIBYX MOJIIPU3AIMOHHBIX KAHAJAX, B HUX OIPEIeJis-
JINCH 00JIACTHU, BKJIOYAIOIINE Y3KNE CIEKTPAJIbHBIE MO-
JIbl ¥ BBIYUCJISJIOCH OTHOIIIEHWE WHTEHCUBHOCTEN I10JIs-
PU3AIMOHHBIX CUTHAJIOB JJIs KaxK 10 u3 Mo, st mosty-
YeHHs PEIPE3EeHTATUBHON BHIOOPKHU IIPOIECC U3MEPEHUSI
CHEKTPOIPAMMBI KayKJblii Pa3 3aIlyCKAJICS 1O CHTHAJLY
OT JIONOJIHUTEILHOTO TPETHEr0 KAHAJA, U3MEPSIONIEro
[IOJTHYTO MOIITHOCTH OT(MUIBTPOBAHHOTO U3JLYUEHUS JI0
ero paszesieHus 1o nossapusanuaM (cM. puc. 1). Takum
06pa30oM, 3aIyCK TPOUCXOHII IIPY MTOSIBJIEHIH Y3KOH MO-
JIBI B HCCJIEJTYEMOM CIIEKTPAJIHLHOM JIMATIa30He HE3aBUCH-
MO OT COCTOSIHMSI IIOJISIpU3AINN B HEM.

Craructrka Obuta mabpana mo 2000 u3mMepeHUsIM.
Briio obrapykeno, 9To ¢ HAMOOJIBINON BEPOSATHOCTHIO
[IPOUCXOUT TE€HEPAIUsl MOJbI, B KOTOPOIl OJIMHAKOBA
UHTEHCUBHOCTh X- U Y-KOMIIOHEHT. IIpu 9TOM BO3MOXK-
HBI CJIy4Yad, KOTJa HHTEHCUBHOCTD OJHON U3 KOMIIOHEHT
Ha JIBa IOPsiJIKa IPEBOCXOIUT WHTEHCUBHOCTD JIPYTOIA.
Ha pucyske 4 (cuHsist KpuBasi) B ABOWHOM Jiorapudmu-
1ecKoOM Macirrabe moka3aHa (DyHKIUS PacIpeIe/IeHnst
BEPOSITHOCTH B 3aBUCHUMOCTU OT OTHOIIEHUS] WHTEHCUB-
HOCcTelt R B IByX KaHAJIAX, PACCUMTAHHAS [10 IKCIEPU-
MeHTaJbHBIM JaHHbiM. [[luprna GuHa B pacrnpeseieHun
paBua 0.5. @opma pacmpere/ieHAs] MO3BOJISET YTBEP-
KJIATh, 9TO BCE MOJBI OOJIAJAIOT BBICOKON CTEHNEHBIO
noJisipu3arun. JleficTBUTEIbHO, B IPOTHBHOM CJIydae B
PACIpe/IeIEHUN TPUCYTCTBOBAJIO ObI M30BITOYHOE KOJIH-
YeCTBO COOBITHII C PABHBIMU WHTEHCUBHOCTSIMUA B JIBYX
kaHajax wm R = 1. D9Tor (pakT coryiacyercsi ¢ CHJib-
HO# Tosigpu3aonHoit 3aBucuMoctbio BKP-ycunenus
[22] BMeCTE € OMHOPOIHBIM XaPAKTEPOM €0 HACHIIIECHUST
[23], KOTOpBIE U JOJIXKHBI IPUBOJATH K I'eHEPAIUH 0~
JISIPU30BAHHOTO U3JIyYEHUSI.

Jlis mpoBepKU TaKoil MHTEPIPETaIi Pe3yIbTATOB
MBI IIPOBEJIM MOJIE/IMPOBAHUE OTHOIIEHUs] MHTEHCUBHO-
crei

L Al 1)

L, A2
B JIBYX IIOJISIPU3AIIMOHHBIX KAHAJIAX JIJIsI TeHEPAIUU MO-
JIBI C IIPON3BOJILHOM JTHITHIECKOI ToJistpu3anueit [24]:

E = (E,, E,) = (A; coswt, Ay sin(wt — ¢)).  (2)

Bnecs Ay m Ay — aMmmATyIBI, 1 3a1ep:KKa 110
daze MexKIy KOMIOHEHTAMU BEKTOPA JIEKTPHIECKOTO
nosist E. OrHomenne R B KOHTEKCTE paccMaTpUBaEMOR
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Puc. 3. (LIsernoii onnaiin) Meros anannsa BpeMeHHON AMHAMUKYA HOJsipu3anuy Mogsl: (a), (b) — crekTporpaMmbl, HOCTPOEH-
HbIE 110 U3MEPEHUAM B IIEPBOM U BTOPOM IOJISIPU3AIMOHHBIX KaHAJIAX COOTBETCTBEHHO. (¢) — IIpuMep BpeMeHHOH JuHAMUKY
WHTEHCUBHOCTHU MOJIBI B JIByX KaHaJIax (3€J€HBIM — JIJIsl IIEPBOrO KAHAJA, KPACHBIM — JIJIsl BTOPOro) ijist orcTpoiiku 317 MT'm,.
(d) — JluHaMuKa OTHOIIEHUS] UHTEHCUBHOCTEH R B IBYX IOJISIPU3ALMIX
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Puc. 4. (IlseTHoit onmaiin) QyHKIMsI PACIIPE/IEJIEHUST BEPO-
SITHOCTH TIOSIBJIEHUsI Y3KOH MOJIBI C 3aJJAHHBIM COOTHOIIIE-
HUEM WMHTEHCUBHOCTEH R B JBYX MOJSPU3AIMOHHBIX Ka-
Hasax. CuHsst KpUBast — 9KCIEPUMEHT, OPAHKEBast U 3eJ1e-
Has — PE3yJIbTAT YUCJEHHOTO MOJIECTMPOBAHUS JIJTsl PA3HBIX
CTeleHeil UITMITUYIHOCTH, Cepasi — MPEICKA3aHusl TEOPUU
JJIS CIyYaiHON MOJISpU3AIAN

3a7a49n yIoOHO BBIPA3UTH Yepe3 MapaMeTPbl HAKJIOHA
3JLJIAIICA IIOJISIPU3AIMY OTHOCUTEJIBHO OCH IIOJISPU3alll-

ounoro jesures Or — ¢, U JJUIMITUIHOCTH X (TAHIE€HC
X DaBeH OTHOIIEHUIO IoJjiyoceii dsuiuica). Vcmonbsys
BbIpaxkenust s napamerpos Crokca [24] (I — nonHast
MHTE€HCUBHOCTD MOJIBI):

So = Ai —I—Ai = 21y,

2 2

S1 = A; — A, = So cos(2x) cos(2¢),
BLIPA3UM OTHOIIEHUE MHTEHCHUBHOCTEH B KaHAJAX OC-
nustorpada 9epes mapaMeTphl © I X:
_ A_i _St+5 1+ cos(2x) cos(2¢)
So—S1 1 —rcos(2x)cos(2p)”

JIuneitnoit nmonsipusaruu coorsercryer X = 0. Jler-
KO YOEIUThCsI, ITO B TOM CJIydae IOJIYIEHHOE BhIParKe-
HIE CBOIUTCH K
(4)

KpyroBas mnosisipu3aliyiss ONUCHLIBAETCS 3HAYUECHUEM
X = 7/4, B aroM ciiyaae R = 1, uro coBuauaer ¢ pe-
3yJIBTATOM JJIsI HEIIOJIAPU30BAHHOI'O CBETA.

Mo2KHO TPEIONOKUTD, ITO COCTOSHUE IMOJSTPU3a-

R = ctg? .

A MOJ, CJIy9JaiHO, T.e. paclpenesieHne COCTOSHUI I0-
g no chepe llyamkape siBiasercs panomepHbiM. Pe-
3yJIBTAT MOJIEJIMPOBAHUsI OTHOIIIEHUsI R B 3TOM Ciiydae
Tom 118 BBRI.5-6 2023
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IIpeJICTaBJIeH Ha pHC. 4 3eJIeHOl KPUBOIl; PACXOXK/IEHUE
C 9KCIIEPUMEHTOM CYIIECTBEHHO. DJKCIEPUMEHTHAJIBHO
He Habuonaercs MakcuMyma npu R = 1 (obcysosien-
HOI'O BKJIAJIOM HOJIsIpU3aIuii, GJIM3KUX K KPYIOBOii) a
TaK)Ke BEPOSTHOCTH ODHAPYKEHWs OOJIBINMNX OTHOIIE-
Huil B MojejaupoBanun Huzke. CJieoBaTe/IbHO, KPYro-
Basl MOJISIPU3AINAsT MOJT IPAKTUIECKH HE HADJIIOMACTCS.
MopnenupoBanue, Ipu KOTOPOM PACIIPEIETICHIE TOJISTPH-
3aruii o cdepe [lyankape paBHOMEPHO JIJIsi UHTEPBAJIa
X, OTPAHUYEHHOIO 3HaUeHneM 7r/12, CyIecTBeHHO JIyd-
[I€ OIUCHIBAET YKCIEPUMEHT (CM. OPAHIKEBYIO KPUBYIO
Ha puc.4). 3nauenne /12 BBIOPAHO JIsl ONMCAHUS JIO-
KaJIbHOI'O POCTa IIOHTHOCTU BeposiTHoCcTH Iipu R ~ 10,
KOTOpPOE MOKET OBITh O0YCJIOBJIEHO BKJIAJIOM IOJISIPH-
3aIil ¢ OTHOCUTEJIBHO MAJIOf SJUINITHIHOCTHIO. Mo-
JIeJINpOBaHIe KaYeCTBEHHO BOCIIPOU3BOIUT 3Ty 0COOEH-
HOCTB, HO BCE K€ PACXOJIUTCS C SKCIIEPUMEHTOM B 00JIa-
ctu 6osbmux orHOmenuit R. VI3 mpuBenerupix coobpa-
2KEHUI MOXKHO CJI€JIATH BBIBOJI, UTO HOJISIPUBAIMS Y3KUX
CIIEKTPAJBHBIX MOJI HE sIBJISIETCS CJIyUIaAHOM’, a JIOKAIu-
3oBana Ha cdepe [lyankape BOsm3u sxBaTOpAa, T.€. OJIM3-
Ka K JIMHCHHOM.

He crour 3abbiBaTh, 9TO B 00aCTU OOJIBIIAX OT-
HOIIIEHUH IKCIIEPUMEHTAJIbHbIE HAOJIOIEHNS NCKAKEHBI
TaKKe HAJIMIUEM IIIyMOB B U3MEPUTEJIHLHOI CucTeMe, KO-
TOpbIE OI'PAHUYUBAIOT JUHAMUYECKUN JTUAIIA30H U MaK-
CUMAJIbHYIO BEJIMINHY U3MEPSIEMbIX OTHOIIEHUN MHTEH-
CUBHOCTEH.

Hast mwiorHocTn BepositHoctn f(R) MOXKHO TOJTY-
YUTh W AHAJUTHYECKOE BbIipaxkenue. [leiicTBuresnnHoO,
KOJIMYEeCTBO cobbiTuit 0N, momajaoriee B HHTEPBAJ
(R; R+ dR) ectb N - R. C apyroii CTOpOHBI, CBSI3b
MeKJly MaJibIMU HMHTepBajiaMu 0R u dp MoxKeT BbIpa-
skeHa u3 (3):

2 cos(2x) sin(2¢)dp

Oft =~ - 1 — cos(2x) cos(2¢))? -

= —(R+1)[2R(cos?2x + 1) — (R 4+ 1) sin® 2y]"/? - 6.

Ho B unrepsau (¢; ¢ + dp) nonagaer 0N = 2“T‘PN
COOBITHI, €C/IM YroJI HAKJIOHA PACIIPEIEJIEH CJIydaiiHoO.
VuuTbiBasi, 9TO JJIsi BEPOATHOCTH IIOAIAHNS B HHTEP-
Baa (R; R+ dR), mbl umeeM hOpMAIBHO

ON
dw(R; R+ 6R) = f(R)SR = °,
s dbyskinun f(R) mojydyaeM BbIpaXKeHue
2
= ———[2R(1+cos?(2x)) — (R*+1) sin®(2x)] /2.
[ = Ty R +e0s(2x) — (B4 D sin? (24

Jannasi GyHKIMS UMeeT MaKCUMaJIbHbIe 3HAYEHUS B

. _ 14cos(2x) . _ 1—=cos(2x)
KpaHuX TOYKaX Ryax = T—cos(3x) Ruyin = Theos(2x)
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(eM. Takxke (3)), 9TO MOXKET OBYC/IABAMBATH JIOKAJIb-
HO€e YBeJINUeHne TIOTHOCTU BEPOSITHOCTH OOHADY JKEeHUST
orHomenust R ~ 10 Ha 9KCIIEpUMEHTAIbHON KpUBOil 1
0DOCHOBBIBAET €€ AIPOKCUMAITIIO OPAHXKEBON JIMHUEH

(puc. 4).
Mo nmuneitaoi nmonspusarun X = 0:

1

fuin(R) mVR(R+1) ©)
Beipaxkenue (5), Kak MOKA3aHO MITPUXILY HKTUPITHOM
JmHUER HA puc. 4, TOCTATOYHO XOPOIIO OIMUCHIBAET IKC-
IIEPUMEHT. DTO TAKKe KOCBEHHO TOITBEPAKTAET, ITO U3~

MepsieMasi TOJIsIpU3alinsi MOJ[ OJIn3Ka K JIMHEHHOIA.
CrereHb OJIIPU3aIIU MO/ MOXKET OBITH OIleHEeHa U3
caenyromux coobparkennit. HemossipuzoBannoe n3iryde-
HHUe Bcerja Jlaer cooTHorenne R = 1, a Bce Habmomnae-
MbI€ COOTHOIIEHUs R, OT/InYHbIE OT 1, PeaJiM3yroTcs 3a
CUYeT TMOJIIPU30BAHHOIO W3JIydeHus. BKjaj Hemoaspu-
30BAHHOTO CBETA, IIPOSBJISLJICS ObI B YBEJIMIEHUN BEPOST-
HOCTU OOHapy»KeHUsi 3HadYeHUss R = 1 u yMeHbIlleHuU
60JIbIUX 3HAYEHUN R, 9TO TPOTUBOPEUUT IKCIEPUMEH-
TAJbHBIM Pe3yJbraTaM (Cp. CHHIOI0 U 3€JIEHYIO KPHUBbIE
Ha puc.4). Jjisi perucTpanun B 9KCIEPUMEHTe COOTHO-
memnust R = I, /I, = 100, meobxomumo, 9T00bI HHTEHCH-
BOCTBH TOJIIPU30BAHHOIO WU3JIyUEHHUS C IIOJIEM, HAIIPAB-
JIEHHBIM TOJIbKO B11oJib ocu Ox, B 99 pa3 mpeBocxojiu-
Jla MHTEHCUBHOCTD IIPOEKIUH I10JIsl HEIOJISIPU30BaHHOTO
U3JIy9eHNs HA 9Ty OChb. TakuM 00pa3oM, CTEleHb IMOJIs-
pusanuu cocrasisieT He Meree deM 99/(99 + 2) = 0.98.
Hakonerr, Hamu ObLIM U3y4YeHBI BO3MOXKHBIE KOPPe-
JIATIAN MEKTy TOJIAPU3AIUAMI BOSHUKAIOIINX OTHOBPE-
MEHHO y3KUX MOJL (B Cilydae, eCi OJHOBPEMEHHO CYIIe-
CTBYIOT JiBe u Gosiee Moj| B crekTpe). st aToro 6uI-
Jga cobpana crarucruka n3 2000 cmekTporpam, B KO-
TOPBIX HAOJIIOJAJIACH COBMECTHAsI T€HEpAIldsl He MeHee
JIBYX CIEKTpajbHBIX MoJI. Cpeiu HUX BbIOMPAJIUCH JIBe
MaKCHMaJIbHO MHTEHCUBHBIE JIJIsI TOI0, YTOOBI IIPHU JAJIb-
Helireit 00pabOTKe BIUSHUE IIIyMOB ObLIIO HAMMEHBIITUM.
[Ipeamonarasi BBICOKYIO CTYIIEHb IIOJISIPU3AIAA U Ma-
JIYIO CTEIleHb 3JUIMIITUYHOCTH KaKJO M3 MOJ, COCTO-
sSHUE TIOJIIPU3AIUi Ka2K A0 U3 HUX OMUCHIBAJIOCH TOJIb-
KO a3UMyTOM — YTJIOM HAKJIOHA BEKTOPA IIOJISTPU3AIIAN
¢ = arcctg ( %) (cM. (4)). Usmepsiiock pacipepeste-
HUE CJy4aiHOro BeKTOpa (@1, P2), COCTOLANIErO U3 a3u-
MYTOB JIBYX MOJ, B JIByMEDHO! IJIOCKOCTH (CM. pHC. 5).
®opmMa COBMECTHOI'O pacIIpejie/ieHUsl YKAa3bIBaeT Ha
TO, YTO HOJISIPU3AINAN OIHOBPEMEHHO M€HEPUPYIOIMIAXC s
MO/I HE CBSI3aHBI CTPOTUM 00Pa30M: BO3MOXKHO HaDJII01e-
HUE JIBYX MOJI, Y KOTOPBIX a3UMyThI CYIIECTBEHHO OTJIU-
qaroTcsd. TeM He MeHee, HEKOTOPbIE KOPPEJSIUU BHYT-
PU COBMECTHOTO pPaCIIPeJIeJIeHnsi TPUCYTCTBYIOT. Koad-
durmenT Koppesisiniuu 1lupcoHa, ompe iesIeHHbIi 110 BbI-
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