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BBenenue

3ajaya CHW)KCHMS YPOBHS IIYMOB B M3MEPUTEIBHBIX CHUCTEMAX SIBISETCS
OJTHOM W3 IEHTPAJIbHBIX 33734 paauo(HU3UK U CMEKHBIX ¢ Hel oOsacredt [1 - 7].
VICTOYHUKN BHEIIHETO M BHYTPEHHETO IIyMa MPUCYTCTBYIOT BO BCeX (PU3NUYECKUX
CUCTEMax U YCTPOWCTBaX U, B IMPHUHLMUIIE, HEYCTPAHUMBI (E€CTECTBEHHbIC
UCTOYHUKM 1ryma). llpaktnuecku B 000 00JacTH H3MEpEeHUl 3HauYeHUE
IpeebHO Pa3IMYMMOrO CJIadOro CUTHajJa ONpPENENseTCs IIYMOM - MEHIAIOIIUM
CUTHAJIOM, KOTOPBIM IEPEKPBIBAET ITOJIE3HBIM CHUTHal. Hekortopele BBl nryma
UMEIOT MPUHIMIUAIBHO HEYCTPAHUMBIN XapakTep, U ¢ HUMHU MOKHO OOpOThCS
TOJILKO METOJIaMH, TPEOYIOINUMHU CY>KEHHsI MOJIO0Chl MPOMYCKAaHUs, YTO HE BCEr/Aa
NPUEMIIEMO, HApUMEp, NMPU HEOOXOIUMOCTH H3MEpPEHUs: OBICTPO MEHSIOIIEHCS
BEIWYMHBL. JI[pyrue BuAbl IIyMa MOXHO YMEHBIINUTH  CIEHHUAIBHBIMU
CXEMOTEXHUYECKUMH WM KOHCTPYKTOPCKMMH PELICHHUSAMH, B OCHOBHOM 3TO
OTHOCUTCA K IIyMaM CIOXHBIX PaJHO3IEKTPOHHBIX YCTPOWCTB, TaKUX Kak
YCUJIUTENH, Pa3InyHble IpeoOpa3oBaTeln U Tak Jajee, a TaKKe K HaBEJCHHBIM
BHEIIHMM IIymMaMm (HampuMep, TMOMEXM Ha pPaadovyacToTe WM JIMHUAX
AJIEKTPOIUTAHUS).

[IpoGnema  cHMXKEHUST ~ ypOBHSA  IIYMOB  aKkTyajdbHa W JUId
UHTEPPEPOMETPUUECKUX H3MEPUTENBHBIX CHUCTEM, LIMPOKO MPUMEHSEMbIX IS
U3MEpEHHs pa3HoCTel (a3 MEXy CUHXPOHHBIMU FapMOHUYECKUMH CUTHAJIaMU, B
TOM YHCIIE B COCTaBE  pPAAUOJIOKALMOHHBIX W  aBTOMATU3UPOBAHHBIX
paarou3MEPUTENIbHBIX cucTeM. MHTepdepomeTpuueckre CUCTEMBI - 3TO Kilacc
U3MEPUTENIbHBIX CUCTEM M MPUOOPOB, OCHOBAHHBIN Ha SIBICHUM HHTEP(EPEHIINH,
TO €CTh B3aUMOJEIHCTBUS KOT€PEHTHBIX BOJIH pa3nyHON mpupozasl. Hanbombiiee
pacnpocTpaHeHHe MOJYyYUIN HHTEp(PEepOMETphl Ha 3JIEKTPOMArHUTHBIX BOJHAX
ontuyeckoro nuamnazoHa. Ha pucynke 1 mnpezacraBiena oOoOumieHHast cxema

uHTEpPEpOMeTpa.
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Pucynok 1 - O600mieHHas 0J10K-cxema HHTepdepomeTpa u3 padoTsl [8]

[Tpu CIIOKCHHUH JIBYX KOTePEHTHBIX MOHOXPOMaTHUECKHUX
AIIEKTPOMATrHUTHBIX KOJIEOAHHUH ¢ YaCTOTOM V M HANIPSDKEHHOCTHIO 3JICKTPUYECKOTO
noist E; = a;exp[j(2mvt + @1)] u E, = a,exp[j(2mvt + ;)] pesyaprupyromas
WHTCHCHUBHOCTh, HAOIOAETCS TIPH KBAJIPATHYHOM JIETEKTUPOBAHUHA CYMMAapHOTO
konebanuss E =E{ +E, wu ycpenHeHuu, OOYCIOBIEHHOM OrpaHU4YECHHBIM
ObIcTpoAEeHCTBHEM (DOTOJETEKTOpPA MO CPABHEHUIO C MEPUOJIOM Kosiebanuil 1/v, a
UMEHHO:

I =(|E|?) = (EE*) = a? + a} + 2a,a, cos @, (1)
rae (...) - OCpeJHEHUE 10 BPEMEHH, P = P — P, = 2TA/A — pa3HocTh (a3, A —
ONTHYECKas Pa3HOCTh Xo0na, A = ¢/V — JUIMHA BOJHBI, ¢ — CKOPOCTh CBETa B
BakyyMme. VI3MEHEHHE ONTHYECKON Pa3HOCTH XOJ]ia, BBI3BAHHOE TEM WM WHBIM
BHCIITHUM BO3JCHCTBHEM, ONPEICIIIEMbIM THIIOM HHTEppEepoMeTpa, MPUBOIUT K
W3MEHCHUI0 HMHTEHCUBHOCTH | uHTEepdEepeHIMOHHOW KapTUHBI, (PUKCHUPYEeMOH
netektopom [9 - 20].

[upokoe pacnpocTpaHeHUE HHTEPPEPOMETPUUECKUX H3MEPUTEIBHBIX
CHUCTEM CBSI3aHO C MX BBICOKOM UYBCTBUTEJIBHOCTBIO, ONPEACISIEMON KPYTU3HOU
MEePETaTOYHON XapaKTEPUCTHKHA TIPEOOpa3oBaHUS HU3MEPSEMON BEIMYUHBI B
ONITUYECKYIO Pa3HOCTh X0/a A u 4epe3 Hee B pa3HOCTh a3 ¢ MHTEPPEPUPYIOITUX
BoutH [21 - 31].

CoBpeMEHHBIE  BBICOKOTOYHBIE  CIIO)KHBIE  HHTEp(EepOMETpHUCCKHEC
CHUCTEMBI, WCIOJB3YIOIIHE B CBOMX CXEMaxX OJJICMCHTHI BOJIOKOHHOH W
UHTCTPAIGHON ONTHKH, aHAJOTOBbIC W HU(POBBIC IJICKTPOHHBIC KOMIIOHEHTHI U

CJIOXHBIE aJTOPUTMbI U(POBON 00paOOTKM CUTHAJIOB B pEaIbHOM BPEMEHH, BO



MHOTOM JIOCTUTJIM, Ha CETOJHSIIHUN JICHb, TaKUX IOKa3aTeliel TOYHOCTH, YTO
COOCTBEHHBI IIYM CTAHOBUTCS OJHUM U3 (PAKTOPOB, OrPaHUUYMBAIOIIMX €€
nanpHeiiee yBenuuenue [32, 33]. B nmanHOM paboTe TeMa MOJIETUPOBAHUS U
MOJIaBJICHUSI COOCTBEHHOI'O IIyMa HWHTEPPEPOMETPUUECKON H3MEPUTEIHHON
CUCTEMBI pACCMOTPEHA Ha MPUMEPE BOJOKOHHO-ONTHYECKOro rupockorna (BOT).
BOI' kak mnepBuuHbI mpeoOpazoBarenb (U3HUECKOM BEIUYUHBI -
U3MEPUTENIb MPOCKIMH BEKTOpa YIJIOBOM CKOPOCTH, JOJTHE TOAbI OCTaeTcsi B
[EHTPE BHUMAaHHUS BEAYIIUX DPa3pabOTUYMKOB CUCTEM HHEPLMAIbHON HABUTallWH,
OpHUEHTAIIHH, cTaOUIM3auu Pa3ITUIHBIX TTOIBMKHBIX 00BEKTOB,
npeIHa3HAaYeHHBIX N1 paboThl KaKk B pa3lIWYHBIX Cpelax Ha 3emje U B
OKOJIO3€MHOM IPOCTPAHCTBE, TaK U B KOCMOCE, YTO JIEJA€T €ro BOCTPEOOBAHHBIM
npy  pemieHnd (PyHIAMEHTAIBHBIX W TPHUKIAJHBIX 3a7ad  paadoIOKaIuu |
panuoactpoHomuu [34 - 58]. 3a mocnennue pecsatwietuss BOIT mepemrarayn w3
paspsia JaTYMKOB HHU3KOM M CpeaHed TOYHOCTH B pas3ps]l JaTYUKOB
HABUTAIIMOHHOTO KJIAacCa TOYHOCTH M JaJIbHEHIIee MOBBIIIEHHE €r0 TOYHOCTHBIX
XapaKTEPUCTUK YIUPACTCS B T€ WM UHbIE OTPAaHUYCHUS (PU3NYECKOTO XapakTepa.
B wactHOCcTH, mopor wyBcTBUTENBbHOCTH BOI', COOTBETCTBYIOIIMI PpPaBEHCTBY
CAWHUIIC OTHOIICHMSI CHUTHAJ/IIyM, onpeaensercs >((PEKTUBHON IUIOMAIbIO
BOJIOKOHHOT'O KOHTYpPa C OJTHOM CTOPOHBI U COOCTBEHHBIMH IIyMaMu cxeMbl BOI ¢
Ipyroi cTopoHbl. WMHTYWTHMBHOE peElIeHHE — YBEIHMUECHUE AJIUHBI W JUaMeTpa
BOJIOKOHHOTO KOHTYpa, OTPaHMYEHO Ha TMPAKTUKE MHOXKECTBOM 3(D(PeKToB,
CBSI3aHHBIX KaK C HEW30eKHbIMH  JnedekTamMu  BOJOKHA, HMEIOIIUMHU
HAKOMUTEIbHBIN (OT JUIHHBI) 3((PEKT, TaKk U C KOHCTPYKTUBHBIMH OTPaHUYCHUSIMU,
B YAaCTHOCTH 3TO YBEJIIMUYEHHE 3aBUCUMOCTH CIBHUTra BbIXojaHOTO curHaiga BOI' or
TEMIICPATYPHOTO BIIMSHUS U Ipyrux ¢aktopoB [59 - 62], a Takke yBemuueHUE
Macchl U TabapuToB. B 9TOl cHUTyanuu ONTUMAIbHBIM PEIICHUEM SIBIISIETCS
CHIW)KEHHE COOCTBEHHBIX ITyMOB cxeMbl BOI', reHepupyembIX OTIETBHBIMU
DJIEMEHTaMU 3TON CXEMBI U OTIPEAeTICHHBIM 00pa30M B3aUMOACHCTBYIOIINX MEXKIY

CcO0O011.



Crenenp Hay4YHO# pa3pa00TAaHHOCTH TeMBbI UCCIECAOBAHUS

Cuntaercs, yTo HanOONBIIMIA BKJIaA B cyMMapHbii mym BOI BHOCHT 11ym
MHTCHCUBHOCTM HWCTOYHUKA U3JIyYCHUS ONTHYECKOTO JWara3oHa, BeJIWYWHA
KOTOPOTO OIPEACNIICTCS CTATUCTUKON n3iydenus [63, 64]. Ha ceromusmnuii 1eHb
M3BECTHO HE MEHBIIE TPEX METOAOB, MO3BOJSIOIMIMX B TOW WM WHOM CTEIECHH
CHIKaTh BKJIAJ IIyMa HWHTEHCUBHOCTHM MCTOYHHMKA W3JIYYEHHUS ONTHYECKOIO
nuamnaszoHa B BeixogHoMm curHaiie BOI' [65 - 70]. Bce 3t MeToapI OCHOBaHBI Ha
BBIJICJICHUN IIyMa HMCTOYHHUKA M3IyYEHUS ONTUYECKOTO [Wara3oHa B CHUTHAI
OTJIEJIBHOTO HW3MEPUTEIBHOIO KaHajlda C MOCIEAYIOIIMM BBIYUTAHUEM 3STOTO
CUTHAJIa U3 IMOJIE3HOTO CHUTHaja. B 3aBUCMMOCTH OT peanu3aldd 3TO MOXKET
OCYLIECTBIISTHCS C TOMOIIBIO:

- OBICTPOACHCTBYIOIIETO KOHTypa OOpaTHOM CBSI3W MO TOKY HAaKaykKd
UCTOYHUKA W3Iy4YCHMs, MOJYJHPYIOIIEr0 TOK HaKauyku B NpoTUBOdasze K
(GiyKTyausiMm MOUTHOCTH U3Ty4ECHHUS;

- CJIO’)KEHHSI ONTUYECKUX CHUTHAJIOB MO MHTEHCHUBHOCTH, MPHU 3TOM H3-3a
3aJIep’)KKH  PaclpoCTpaHeHUsl cBeTa B uUHTepdepomerpe (a3a CHEKTpasbHBIX
KOMIIOHEHT IIyMa Ha 4YacTOT€ JIEMOAYJSLHU MOJE3HOIO CHrHaja B OCHOBHOM
U3MEPUTEIIBHOM M UIIYMOBOM KaHaJax CJIBHHYTa Ha 7, BCJIEACTBUE YErO
IIPOUCXOJINT ITOAABJICHHE IIyMa Ha 3TOW 4acTOTE;

- BBIYMTAHUS WJIM JICJICHUS MPEJBAPUTENIBHO MPeoOpa30BAHHBIX CHAYala B
JEKTPUUECKUI, a 3aTeM B IUGPOBONM BUJ M TMOABEPTHYTHIX OIpPEACIICHHON
00pabOTKe CHUTHAjJOB OCHOBHOIO HW3MEPUTEIBHOTO M OIMOPHOrO IIYMOBOTO
KaHAJIOB.

HauGonpimiiM MmoTeHIMaIoM C TOYKH 3pEHUsl JalbHEHIIel pa3padoTKw,
ajanTali W TPAKTHUYECKOW peanu3aluu 00J1aJjaeT TPEeTUHd pPacCMOTPEHHBIN
METOJ/I, TIOCKOJIbKY Onaromaps TpUMEHEHUI0 IU(POBOM 00pabOTKHM CHUTHAJIOB
MIO3BOJISIET B PEKUME PEATIBHOTO BPEMEHU YUUTHIBATH U KOMIIEHCUPOBATh BIIMSHUE
BHEILIHUX Y BHYTPEHHUX J€CTA0OMIN3UPYIOMINX (PAKTOPOB.

Opnako, B YNOMSHYTBIX paboTax HE paccMaTpuBaeTcs WU B

HEJIOCTAaTOYHOW CTEMEHU MpOopadaThIBAETCS OLIEHKA BIUSAHUS HAa 3()PEKTUBHOCTH



IIYMOIIO/IABJICHHUS ¢usznyecku OOOCHOBAHHBIX CIIy4ae€B pacCOrIacOBaHUs
CUTHAJIOB U3MEPUTENBHBIX KAaHAJIOB MO TEM WJIM MHBIM MapaMeTpaM, PaBHO KaK U
3G (HEKTUBHOCTD U 1EIECO00Pa3HOCTh MPUMEHEHHUS ITUX METOJIOB B 3aBUCHMOCTH
OT 3HA4YE€HHI cOOCTBEHHBIX MapameTpos BOI'.

Heap auccepranioHHOM PpadOTHI - Pa3BUTHE HAYYHO-METOIUYECKOTO
anmapara Uil  TEOPETHUYECKOM  OIEHKH, (DOPMYIUPOBKA  MPAKTUUECKUX
PEKOMEHJIAIMA W WX peaju3alyd [0 CHWKCHUIO BIUSHUS CTOXAaCTHYECKHUX
baykryanuii, 0OYCJIOBIIEHHBIX COOCTBEHHBIMM HCTOYHMKAMU IIYMOB, Ha
MOTPENTHOCTh U3MEPEHUN MHTEP(HEPOMETPUUECKON HN3MEPUTEIBHON CHUCTEMBI Ha
MIPUMEPE BOJOKOHHO-ONITUYECKOTO TUPOCKOIIA.

3amaum padGorbr: JUIsI JOCTHKEHUST TOCTABIECHHOM LEIHW PpELIAUCh
CJIEAYIOIINE OCHOBHBIE 3a1a4u:

1. Krnaccudpukaumss uctounukoB myma BOI' u  pazpaborka
MaTeMaTUYECKUX MOJIENIEH ITyMOBOM COCTaBISIONIEH BbIXOiHOTO curnaina BOT'.

2. AHanu3 moBeIEHUs MOJENIEW NPU PA3IUYHBIX 3HAYEHUAX IMAPAMETPOB
cxembl BOI' 1 BHEIIHUX BO3JEHCTBUIA.

3. Bepuduxkarus Mosieniell myTeM CpaBHEHUS Pe3yJbTaTOB MOACIUPOBAHUS
C OKCIIEPUMEHTAJIbHBIMU TAHHBIMH.

4. AHanu3 U3BECTHBIX METOJOB CHIKEHHS YPOBHSI IIyMa B BBIXOJHOM
curHaiie BOT'.

5. Pa3paboTtka u uzrorosnenne makera BOI' ¢ peanmzaiueit onTuManabHOTO
METO/1a CHUYKECHUS [IyMa.

6. AHamM3 JOCTUTHYTBIX pE3yJbTAaTOB, CpPABHECHUE PpPE3YJIbTATOB
MaKETUPOBAHUS C pe3yJIbTaTaMU MOAEIUPOBAHUS.

7. Anamu3 3((PEKTUBHOCTH CHUCTEMBl CHUKEHUS UIyMa B YCIOBHSIX
HETOJIHOTO COTJIACOBAHUSI CUTHAJIOB U3MEPUTEIbHBIX KaHAJIOB.

O0beKT 1 npeaMeT UCCJIeI0BAHUS

OOBeKT uccienoBaHUsI — HUCTOYHUKHU coOcTBeHHoro myma B BOI' kak

YaCTHOM cllydae UHTep(HEepOMETPUIECKON U3MEPUTEITHLHON CHCTEMBI.



[Ipenmer uccnenoBaHuss — HAYYHO-METOAUYECKUM anmnapar JJis aHajau3a 1
MO/IABJICHUS] COOCTBEHHBIX IIIYMOB B HWHTEPHEPOMETPUUYECKUX H3MEPUTEITHHBIX
cuctemax (Ha mpumepe BOI'), Bkimouarommii (HpuU3MKO-MaTeMaTHUYECKUE MOJEIU
WCTOYHUKOB IIIyMa, METOABl CTATUCTUYCCKUN paguo(PU3WKH W ONTUMH3AIUU
napamMeTpoB CHCTEMBI, a Takke mpoueaypsl Bepudukanuu 3QPEeKTUBHOCTH
IIYMOTIIO/IaBJICHUS HAa SKCIIEPUMEHTAIbBHOM MAKETE.

MeTtoabl UCC/IeI0BAHUS.

HccnenoBanne npoBOIUIIOCH C HCHOJIB30BAHHEM KOMILIEKCA METOJIOB,
BKUTFOYasT  (DM3UKO-MAaTEeMaTUYSCKUA —amnmapar CHeKTPaIbHO-KOPPEISIITHOHHOTO
aHajau3a CIy4ailHbIX MPOIECCOB TEOPUU CTATUCTUUYECKOW paguo(U3uKH, METOJbI
Teopur 00pabOTKU CUTHAJIOB, METOJbI UMUTAIITMIOHHOTO MOJICITMPOBAHUS, METOIbI
pa3pabOTKM W CO3JaHUSA DKCIEPUMEHTAIBHBIX MAKETOB JUISI IPOBEIACHUS
U3MEpPEHUM, METOJIbl CTAaTUCTUYECKONW 00paboTku uHGOPMAIMK, METObI
ONTUMAaJIbHOTO IUNIAHUPOBAHUS SKCIIEPUMEHTA.

Crpykrypa u 00bemM padoThI.

Jucceprauusi COCTOUT W3 BBEACHUS, TPEX IJIaB, 3aKJIIOUEHUS U CIIHCKa
HUTUPYEMOU JTUTEPATYPHI.

Bo BBegeHMH O0O0OCHOBBIBAE€TCA aKTYaJbHOCTh BBIODAHHOM  TEMBI
JUCCEPTAINK, TPOBOAUTCS KpPaTKUil 0030p MMEIOMIMXCS B HAy4YHOU JIUTEpaType
pPE3yJIbTATOB MO TEME MPOBOAUMOIO UCCIECAOBAHUS, ONPEACIISIIOTCS LEIU U 3a7a4u
UCCIeNOBaHUsl, (OPMYJIHMPYIOTCS TOJOXKEHUS W Pe3yJbTaThl, BBIHOCHMBIE Ha
3aIIuUTy.

B mnepBoii riiaBe paccMaTpUBAaETCA BBIBOJ AHAIMTUYECKOTO BBIPAKCHUS
JUISL  ONPENENEHUsT BEJIWYMHBI YPOBHS IIyMa BbIXOgHOro curhaiza BOI'.
AHaIM3UPYIOTCS ONTHYECKasl M dJeKTpuueckas o0oOmienHsie cxembl BOI. Ha
OCHOBE JIaHHOTO  aHajau3a ONPEACNSIOTCA  CYLIECTBYIOIIME  UCTOYHHUKHU
cooctBerHoro myma BOI'. Omnpenensitorcsi MaTeMaTHYECKUE BBIPAXKCHUS IS
Ka)XJIOT0 TaKOT'0 MCTOYHUKA, BHIBOJUTCS 000OIIIEHHOE BhIPAYKEHHE, YUUTHIBAIOIIEE
BKJIaJ] Ka)KJIOr0 KICTOYHHMKA B CyMMapHbIi 1IyM BbixoaHoro curHaina BOI', a Takxke

3aBUCUMOCTb BCJIMYMWHBI IIyMa OT Pa3/IM4YHbIX ITIapaMCTpPOB CXCMBI. HpOBC)IeHO
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MOJEIUPOBAHUE B IIMPOKOM JMAIIA30HE BAPBUPYEMBIX MapaMETPOB BBIPAKECHUS,
ONpENENICH BUJI 3aBUCHMOCTH BKJIaJa KaXJO0TO UCTOYHUKA B CyMMAapHBI YPOBEHb
nIymMa B 3aBUCHMOCTH OT 3HAYEHUM MapaMeTPOB, ONPENEIICHbI ONTHUMAalbHBIE, C
TOYKM 3PCHUS MHUHUMM3ALMU YPOBHS ILIyMa, 3HAYCHUS MMApaMETPOB cXembl. [l
MOATBEPKIEHUSI JOCTOBEPHOCTH MOJYYEHHBIX Pe3yJbTaTOB pa3zpaboTaHa MOJIETh
BOI' uMuTanmoHHOro THMa, BOCHpOM3BOAsAIIas paboty anroputma BOI' ¢
1 poBoit 00pabOTKON U 3aMKHYTHIM KOHTYPOM OOpaTHOW CBSI3H 10 U3MEPEHHIO
VIJIOBOWM  CKOpOCTU. IS TOATBEPKAECHUS KOPPEKTHOCTH aHAJIUTUYECKOTO
BBIPQXEHHUS U MMUTAIMOHHON MOJENTH OBLIO MPOBEACHO CPaBHEHHE PE3yIbTaTOB
MOJICIAPOBAHUA M 3KCIIEPUMEHTAIbHBIX JAHHBIX, MOJYYEHHBIX MPU U3MEPEHUU
IIyMa BBIXOJHOTO CHUTHaja BBIOOPKM H3 cepuiiHO Bblllyckaembix BOI.
Pacxoxnenne Mexay pe3yiabTaTaMu MOJACIHPOBAHUSA M DKCIEPUMEHTA COCTABUIIO
B cpennem 11 %.

Bo BTOpOIl r1aBe paccMaTpuBacTCd METOJ CHUKEHUS YPOBHs LIyma
BbIXOAHOrO curHasia BOI', OCHOBaHHBIM Ha BBIJICJICHUU IIyMa WHTECHCUBHOCTH
VMCTOYHHMKA W3JIyYCHUS ONTHUYECKOIO JWAIa30Ha B OTACIbHBIA U3MEPUTEIbHBIN
KaHAJI ¢ MOCJIEAYIOMMM OIU(POBBIBAHUEM CUTHAJIOB U3MEPUTENBHBIX KAaHAJIOB U
BBIYMTAHUEM IIIyMa U3 TOJIe3HOTo curHana. [IpuBoautcs ¢pyHKIMoHaNbHAS OJIOK-
cxema BOI', B koTOpO#i peann3oBaH AaHHBIN MeTolI. Ha ocHOBE 3TOoi# OJI0K-CXEeMBI
u anroputMa pabotsl BOI' BBIBOOUTCS AHAIMTUYECKOE BBIPAXKEHUE JUIS
OTIpEJICNICHHS CIEKTPAIbHON TIOTHOCTH MomHocTH myma (CIIMILI) BeixomHoTo
curnana BOI' ¢ mymononasinenueM. B onrcanHOM B epBOM IriaBe MMUTALIUMOHHON
MOJIEJIM PEaM30BaH AJITOPUTM BBIYMTAHMS IIyma. Takyke ObUT CIIPOEKTUPOBAH U
m3rotoBiieH makeT BOI' ¢ cucremoit mymomnonasieHus. [IpoBeeHO cpaBHEHUE
AHAJIMUTUYECKOW W HWMHUTAMOHHOM MOJENIEW TMpU U3MEHEHHHM 3HAYEHUU
napametpoB BOI', pacxoxneHue B pe3yibTaTax MOJACIMPOBAHUS HE MPEBBIIIACT
10 %. IIpoBemena BepuduKanus MOJEICH TyTeM CpaBHEHHUS PE3yJIbTaTOB
MOJEIUPOBAHUS C PE3yJbTaTaMH, IMOJYYEHHBIMU SKCIIEPUMEHTAIBHBIM IIyTEM Ha
MakeTe. MeTogoM Bapualuu AJjlaHa OIPEAEIEHO, YTO BKJIIOYEHHE CUCTEMBbI

IIYMOIIOAABIICHUSA IIPUBOAWUT K 6J'H/I3KOMy K JAIBYKPAaTHOMY CHMHXXCHHIO IIyMa
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BBIXOJIHOTO CcUTHana. Pe3ynbTaTbl MOAECIMPOBAHUS UM HATYPHOTO 3KCIEPUMEHTA
OTaNYaoTcsa He 6osee yem Ha 15 %.

B Tpertneii riiaBe nposenieH aHanu3 mojzenu BOIT ¢ cucteMol CHUKEHUS
IIymMa, OINKMCAaHHOW BO BTOPOW TIJIaBE€, C LEJNbI0 ONPEACIEHUS ONTUMAIBHBIX
MapaMeTpOB  COTJIACOBAHUSI CHUTHAJIIOB HW3MEPUTEIBHBIX KAHAJIOB CHUCTEMBI
CHIDKECHHSI IIyMa BBIXOJHOTO CHTHAJIA BOJOKOHHO-ONTHYECKOTO THUPOCKOIIA.
OrnpeneneHbl YEThIpE YCIOBUS COTJIACOBAHMSI CUTHAJIOB, HEBBIMOJHEHUE KOTOPBIX
MOXET TMPUBECTH K CHIDKEHUIO HJ(P(GEKTUBHOCTH IIYMOIOJABIICHUS WU
YBEIIMYEHUIO YpOBHSA Inyma. JlJIsi KaXI0ro M3 paccMaTpUBAaEMbIX YCIOBUM
OTPEJICNICHBI MMApAMETPhl CUCTEMbI CHUXKEHHUS 1ITyMa U BBIBEJICHBI MAaTEMaTUYECKUE
3aBUCHUMOCTH UX BIUSIHHS Ha YPOBEHb IIyMa B BBIXOJHOM CHUTHAJE TMPOCKONA,
MPOBEJICHO MaTEeMaTUYECKOE MOJICIUPOBAHME B IIMPOKOM JUANAa30HE U3MEHEHUS
paccMaTpuBaeMbIX MHapameTpoB. [l KaXXIoro paccMaTpHUBaeMOro IapameTpa
noyiyueHbl ¢opMa U CTENEHb BIWSHUS HAa YPOBEHb IIIyMa, a TakXKe OIpeesieH
ONTUMAJbHBIN AMAaNa30H 3HAYCHUHN Ka)XJ0ro mapameTrpa, B KOTOpOM HalJtoaaeTCs
MHUHHUMAaJIbHOE 3HAYCHHE IIyMa B BBIXOJHOM cHUrHaje. [lonyyeHa KoJmuecTBEeHHAs
OIICHKAa TPeOOBaHMUM K TOUHOCTU ATOTO COTJIACOBAHUS MO TaKUM MapaMeTpam Kak:
BPEMEHHOE COTJIACOBAHME, COIJIACOBAaHUE IO MOIIHOCTA CHUTHAJIA, MO T0JIOCE
MPOMYCKaHUS U TI0 COCTOSIHUIO MOJISIPU3ALMHU ONITHYECKOTO U3TYUYEHHUS.

B 3aKJIIOYEHNH c(hopMyJIHPOBaHBI OCHOBHBIE pEe3yJIbTATHI
JUCCEPTAIIMOHHON paboThl. Marepuan AuccepTallioOHHON paOOThl U3I0KEH Ha 127
CTpaHHMIIAX, COMCPKUT 34 WILTIOCTPALMA U CIUCOK IUTUPYEMOU JUTEPATYPHI W3
126 HanMEHOBaHHMIA.

Hay4nasi HoBU3Ha padoThI.

1. BmnepBsie co3gaHa wumuTanMoOHHas Mozenb BOIT ¢ 3amMKHYThIM
KOHTYPOM KOMIICHCUPYIOIIECH 0OpaTHOW CBSI3M, YUMTHIBAIOIIAS WCTOYHHUKHU IIIyMa
MCTOYHUKA, IPUEMHUKA U MOAYJISITOpPA U3YYEHHUS ONTUYECKOTO JUara3oHa.

2. lTlomyueHo 0O0O0OIIEHHOE aHAJIUTUYECKOE BBIPAKEHHE IIYMOBOM
COCTaBJISIIOLIEN BbIXOAHOro curHana i BOI' ¢ cucremoll CHHUKEHHS Iyma

HNCTOYHHKA U3JTYUCHHUA OIITUYCCKOI'o Aara3oHa.
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3. BmepBble momyueHbl U TNPOAHATU3UPOBAHBI YACTHBIE CIydau
AHAJIMTHUYECKOTO BBIPAKEHUS CHEKTPAIbHOW IUIOTHOCTH MoIHOCTH myma BOI ¢
CUCTEMOW CHIDKEHMs Ioyma, omnpexpeisironme 3aBucumocts CIIMII ot
paccoriiacoBaHusl CUIHAJIOB HM3MEPUTEIBHBIX KaHAJIOB BO BPEMEHHM, II0 CPEIHEU
MOITHOCTH, IO MOJIOCE MPOILYCKAHUS U MO MOJISPU3ALNN ONTUYECKUX CUTHAJIOB.

4. BbIsBIICHBI CBOMCTBA UCTOYHHUKA IIIyMa U BCTPOEH B MAaTEMaTHYECKYIO
MOJENIb IIIyM, OMpeaesieMbli cxemor (opmupoBanusi curHaiza ¢a3oBor
Monysanuu. IlokazaHo, YTO y4yeT BIMSHUSA IIyMa 3TOrO HCTOYHHMKA MOKET
3HAYUTENBHO CHU3UTH MOTPEIIHOCTD MOAECIUPOBAHUS.

JIOCTOBEPHOCTb TOJYYEHHBIX pE3yJbTaTOB padOThl OOecneynBaeTcs
KOPPEKTHBIM  IIPUMEHEHHEM  METOJOB  KOMIIBIOTEPHOIO  MOJEIMPOBAHUSA
CIIy4alHBIX ¥ JETEPMUHHUPOBAHHBIX MPOLECCOB U NOATBEPKAAETCA COOTBETCTBUEM
pe3yJbTaTOB  TEOPETUYECKOI0  pacuyera, MOJCIMPOBAHUA U HATYpPHOIO
HKCIEPUMEHTA, IPOBEJECHHOIO Ha CIEUUANIbHO pa3padOTaHHOM U M3TOTOBJIECHHOM
makete BOI' ¢ nprumMeHeHneM MOBEPEHHOTO JIA0OPATOPHOIO M TEXHOJIOTHYECKOTO
o0Opy/lOBaHUS U MPHUBJICYCHHUEM OOIIEU3BECTHBIX METOJOB  H3MEPEHUH.
[lonydyeHnHsle B paboTe pe3ynbTaTbl HE MPOTUBOPEYAT JAHHBIM, MOJYYEHHBIM
JPYTUMHU aBTOPAMH U NIPEACTABICHHBIMU B HAYYHOW JINTEPATYPE.

OcHOBHBIE I10JI0KeHUSI, BBIHOCUMBbIE HA 3alIUTY:

1. HWmuranvoHHass MoJedb BOJOKOHHO-ONTHYECKOTO THPOCKOIA,
BKJIFOYAIOIIAsi ICTOYHHUKH IIIyMOB €CTECTBEHHOTO MPOUCXOXKACHUS ((DIyKTyaluu
MOIIIHOCTA HMCTOYHHMKA U3JIyYEHHs] ONTUYECKOrO [Mama3oHa, JIpoOOBOM H
TEIJIOBOM IIyM, IIyM ONEPAlMOHHOTO YCHUJIUTENS) U peanu3yronias alropuTMm
00paOOTKM CHUTHAJIOB OCHOBHOTO U OIOPHOTO M3MEPUTEIbHBIX KaHAJIOB C
Y4ETOM CHCTEMBI CHIDKEHMS IIyMa BBIXOJHOIO CHUI'Hajla, OCHOBAaHHOW Ha
BBIYMTAHUM CUTHAJA ONOPHOTO U3MEPUTENIBHOTO KaHajla U3 CUTHAJIA OCHOBHOI'O
MU3MEPUTEIBLHOTIO KAaHAJIA, & TAK)KE pacyeT MapameTpoB BBIXOAHOTO CUTHAlA, B
pAlle ciy4yaeB, HaIpuMep, MpU AHAIU3€ BIUSHUS BPEMEHHM PACCOIIACOBaHUS U
IIOJIOCHI  NPOIYCKAHWS M3MEPUTEIBHBIX KAaHAJIOB HAa IIYMOIIOJABJICHHE,

MO3BOJISIET TOJYYUTh 00JIe€ TOUHBIE PE3YNITATHI IPU MOJICTUPOBAHUY IIIyMOBOM
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cocTaBisitoeil Beixoanoro curtana BOI', mo cpaBHeHHIO ¢ TPHUOIMKEHHBIM
AHAINTUYECKUM BBIPAKECHUEM, OINPEICISIOMNM CIEKTPAJIbHYK IIJIOTHOCTH
MOIIHOCTH Ityma curnaiia BOTI'.

2. AnauTUBHOE BBEJEHHE B MOJEIb BOJOKOHHO-OINTHYECKOI'O
TUPOCKOIA ¢ CUCTEMOW CHMXKEHHUS ITyMa, OCHOBAHHOW Ha BBIYMTAHUM CUTHAJIA
OTMIOPHOTO M3MEPHUTEIBHOIO KaHajla W3 CHTHajla OCHOBHOTI'O H3MEPUTEIIHLHOTO
KaHana, JOMOJIHUTEIIBHOTO MCTOYHHUKA O€Joro ImIymMa, MOJEIUPYIOLIEro
COOCTBEHHBI IIIyM cXeMbl (OpMHpPOBaHUS CHUTHaJa (ha30BOM MOTYJISLINH,
CHIDKAET MOTPEIIHOCTh PE3YJbTATOB MOJCIHMPOBAHUS TNPHU COIMOCTABICHUU C
AKCIIEPUMEHTAIbHBIMU JJAHHBIMU B JIBa pasa.

3. Ilpumenenue B mHTEepHEPOMETPUUECKON CHUCTEME, B YAaCTHOCTH B
BOJIOKOHHO-ONTUYECKOM THPOCKOINE, MOCTPOCHHOM II0 CXEME€ MHUHUMAIIBHOMN
KOH(UTYpallMK BOJOKOHHO-KOJBIIEBOr0 HHTepdepomeTpa CaHbsKa, CHUCTEMBI
CHW)KCHMS IIIymMa, OCHOBAaHHOM HAa BBIUWUTAHUM CUTHAJIA  OMOPHOIO
M3MEPUTENBHOIO KaHalla, W3 CHUTHajla OCHOBHOTO M3MEPUTEIBHOIO KaHala,
Mocjae TNPUMEHEHMUs]  aJropuT™Ma  JEeMOAYJAIMHM K  CHTHaJlaM 000X
M3MEPUTENBHBIX KaHAJOB, MO3BOJISIET HE TOJBKO CHHU3UTh YPOBEHb IIyMa
BbIXOJHOTO curHajia BOI', HO W Ha MpakTHKE peaqu30BaTh CICISIIYI0 CXEMY
KOPPEKIUU CPEIHEKBAAPATUYECKOTO 3HAUYCHUS cUTrHaja OIIOPHOTO
M3MEPUTETBLHOIO KaHaa.

4, ]I BOJOKOHHO-ONTHYECKOTO THPOCKOIA, MTOCTPOSCHHOTO 10 CXEME
MUHUMAJIbHON  KOH(UTypallid  BOJIOKOHHO-KOJIBIIEBOTO  HHTEpdepomeTpa
Canbsika ¢ CUCTEMON CHWXEHMS IIIyMa, OCHOBAHHOW HA BBIYUTAHWU CUTHAJIA
OMIOPHOI0 M3MEPUTEIHLHOTO KaHaJla W3 CUTHAJIAa OCHOBHOTO H3MEPUTEIIBHOIO
KaHalla, CIIPABEIJIMBO CICAYIOUIEE:

— 3aBUCUMOCTh KOX(h(UIIMEHTa TIYMOIOJABICHUS OT BPEMEHH
paccorjiacoBaHusl CHUTHAJIOB M3MEPUTEIbHBIX KaHaioB At ompenensercs
CIIEKTPOM IIIyMa UCTOYHHUKA U3JTYUYCHUS HAa BBIXOJIE U3MEPUTEIIbHBIX KAHAJIOB;

— 3aBUCUMOCTh KOd(h(HIMEeHTa NIYMOMOMABICHUS OT BEJIUYUHBI

OTKJIOHCHHA CPCAHCKBAAPATHUUICCKUX 3HAUCHUM CUTHAJIOB HN3MCPUTCIbHBIX
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KAHAJIOB  ONPEIENSeTCS  BEIMYMHOM  OTKJIOHEHHS CpPEAHEl  MOLIHOCTH
ONTUYECKOTO M3IY4YCHHs], MaJalomero Ha (OTONMPUEMHUKU H3MEPUTEIbHBIX
KaHaJIOB U pa3HUIEd KOA(P(UIUEHTOB YCUJIEHUS! CUTHAJIOB 10 UX BBIUUTAHUS B
CUCTEME CHM)KEHHS 1IyMa.

Hayuynass u mpakTHyeckasi 3Ha4MMOCTh. B pabore pa3BUTHI HayyHbIE
NOAXOABl K HCCIEAOBAHMIO IIYMOB B JJIEKTPOHHO-ONITHYECKUX CHUCTEMaX,
BBISIBJICHBI HMCTOYHUKKM Imyma B BOI, mpoBeaeHo (usnko-mareMaTH4ecKoe
OINKMCAaHUE UX CBOMCTB, MOCTPOEHBI MOJAEIU (POPMUPOBAHMS BBIXOAHBIX CUTHAJIOB
BOI' u npoBeaeH aHanu3 wux mnoBeacHus. [IpakTuueckoe NpUMEHEHUE
UCIIOJIb30BAHHOTO  METOJAa CHIKEHUd coOcTtBeHHoro 1myma BOI, mpu
ONTUMAJIBHOM TOJ0O0pE MapaMeTpOB CXEMbl U ydeTe psija (PakTOpoB, MO3BOJSET
CYLIECTBEHHO (10 3 pa3) MNOHU3HUTH MOpor uvyBcTBUTENbHOCTH BOI' mnpu
COXPAHEHUHU OCTAJIBHBIX TOYHOCTHBIX U JKCIUTyaTallUOHHBIX XapaKTEPUCTUK Oe3
CYLLIECTBEHHOI'O  YCIIOXKHEHUS CXEMOTEXHUKH. PaBHOe CHW)XXEHME [opora
YYBCTBUTEIBHOCTH 0€3 YMEHBILIEHUS COOCTBEHHBIX ITYMOB BO3MOXHO JIMIb MPU
JBYXKpAaTHOM YBEJIWYEHUH JJIMHBI BOJIOKOHHOTO KOHTYpa, UYTO BIJIEYET 3a COOOM
yBEIMYECHHE TabapuTOB M CTOMMOCTA KOHEYHOTO W3JENUs, YCIOXKHEHUE
TEXHOJIOTUM W3TOTOBJICHHSI BOJIOKOHHOTO KOHTYpa M HEMHMHYEMO NPHUBOJIUT K
YBEIMYECHHUIO CIy4alHbIX M KBa3HJIECTEPMEHUPOBAHHBIX CIABUIOB BBIXOJIHOTO
curnana. OynkiuonanbHbie cxembl BOI' ¢ cuctemMoll CHHKEHMS 1IyMa U pacyeThl
napameTpoB ucnoias3oBansl OO0 HIIK «OIITOJIMHKY» npu pazpabdoTke nmpudopa
C TMOHWXEHHBIM YypOBHEM InymMa BbixogHoro curHana (IIpunoxenue: AKT
BHEJIPEHUS HA OJIHOM JIUCTE).

Anpobauus padorbl. OCHOBHBIE pE3yJbTaThl HAYYHBIX HCCIEIOBAHUMA
OBLIIM MPEICTABIEHBI HA CAEAYIOIINUX HAYYHbIX CEMUHAPAX U KOH(PEPEHIIHIX:

e Hayynas mkona-koHpepenmus «Saratov Fall Meeting 2021»
(Caparos, 2021)

e Hayynas mxona-koHdepenuus «Saratov Fall Meeting 2022»

(Caparos, 2022)
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e  Hayunas mkona-cemunap «B3anmopeiictsue CBY, TeparepuoBoro u
ONTHYECKOTO HM3IYYEHUS C TMOJYIMPOBOJHUKOBHIMA MHKPO- U HAHOCTPYKTYpaMH,
MeTamarepuanamu u ouooowekramu 2022» (Caparos, 2022).

e  Hayunas mkona-cemunap «BzaumoperictBue CBY, TeparepuoBoro u
ONITHYECKOTO HM3IYYEHHUS C TMOJYIPOBOJIHUKOBBIMA MHKPO- M HAHOCTPYKTYpPaMH,
MeTamarepuanamu u ouooowsekramu 2025» (Caparos, 2025).

JInunbiii Bkaaa. OCHOBHASI 4acTh MPEACTABICHHBIX B HAcTOsIIEH padboTre
pe3ynpTaToB  OblIa MOJy4YeHa JIMYHO aBTOPOM B XOJI€  BBINOJHEHHUSA
UCCJIEIOBATENCKUX U MOMCKOBBIX padOT, a TakyKe MPU MPOBEJICHUN YUCICHHBIX U
HATYPHBIX DKCIEPUMEHTOB. DKCIEPUMEHTAIbHBIE HCCIEAOBAaHUS TPOBEIACHBI C
UCIIOJIb30BAaHUEM MaTEpUAIbHOW W  UCHBITaTeNbHOM 0a3pl  CapaTOBCKOTrO
oraenenus npeanpustus OO0 «HIIK OnTonuHky.

y6aukanuu. OCHOBHBIE PE3yNbTATHI MO TEME TUCCEPTAIIUU U3JI0KECHBI B
7 neuaTHbIX u3aaHuAX (3 crateu [71 - 73] B *KypHaiIax, pekoMeHa0BaHHBIX BAK,
U 4 paboThl B COOpHHMKAX Te3MCOB KoH(DepeHuui [74 - 77]). 3apeructpupoBaHa

nporpamma it O9BM [78].
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I'naBa 1. UcTOYHMKH 1IyMA B BOJIOKOHHO-ONITHYECKOM I'HPOCKOIIE

1.1 «MuHMMaJbHAasi  KOH(UIypaUHus»  BOJOKOHHO-KOJIBLEBOIO

uHTepdepomerpa. DyHKUMOHAIBbHASA CXeMa

Bonokonno-ontuueckuii  rupockon  (BOI') - 310 wu3MepuTenbHOE
YCTPOMCTBO, MpPEAHA3HAYEHHOE I HM3MEpPEHUs MPOEKUWH BEKTOpA YIJIOBOU
CKOPOCTH Ha €ro M3MEpPUTEIbHYI0 OCb, MEPHEHAUKYISPHYIO IJIOCKOCTH
YyBCTBUTEIIBHOTO JJIEMEHTAa - BOJOKOHHOTO KOHTypa. BBIXOJHOW CHTHAI
TUPOCKOIA COAEPKUT MH(POPMALINIO 00 M3MEPEHHON YIIIOBOM CKOpOCTH JHOO0 00
yrjie IOBOPOTa, HAKOIUIEHHOM 3a [EpUOJ BPEMEHH MEXIYy JABYMS
MocCJIeIOBaTEIbHBIMUA BIOOpKaMU MH(GOPMAIIHH.

B ocHoBe (QynkuuonupoBanuss BOI' nexutr >ddext Canbsika,
3aKJIFOYAIOLIUICS B TOM, YTO Pa3HOCTh (Pa30BbIX HAOETOB JBYX BOJH ONTHYECKOTO
nuanasoHa @t — @~ = @¢, pacupoCcTpaHAIOMMXCA MO 3aMKHYTOMY KOHTYPY B
MPOTUBOIOJIOKHBIX ~ HAMpPAaBICHUSX, IPU BpAIICHUU KOHTypa (BMECTE C
UCTOYHUKOM M TPUEMHUKOM H3JIYYEHHs]) BOKPYI OCH, HOPMaJIbHOM K €ro
MJI0CKOCTH, MPONOPIIMOHANIBHA YTJIOBOM CKOPOCTH Bpall€HUs U TJIOLIAAN KOHTYpa,
KOTOPBIi 00X01T BcTpeunbie BosIHBI [9, 10]. O630p KOPPEKTHBIX U HEKOPPEKTHBIX
oobsicHeHmi A dekTa CaHbsika npuBeeH B padote [79].

DOBOJIIOLMS Pa3BUTUS BOJOKOHHO-ONTHYECKON THMPOCKOMUM TMpPUBENA K
TOMY, 4YTO Ha CETOJHSIIHUNA JCHb CYIIECTBYET HECKOJIbKO Moaudukanui
koH(purypauuii BOI', paznnyarommxcs Kak ONTHYECKOW, TaK U DJIEKTPUUYECKON
CXEMaMH, a TaKXKE€ aJrOpUTMaMU BbIJEIEHUS MOJE3HOro curHaia. TeM He MeHee,
Bce oTu KoHpuryparuu BOI' oO0beguHsier o01ass OCHOBa, TaK Has3blBacMas
«MHHUMalNbHas  KOH(QUTrypauus»  BOJOKOHHO-KOJBIEBOTO  MHTEpdepoMeTpa
(BKW). Jlannbiii TepMUH MOAPa3yMEBAET MHUHUMAIBHBIA HAOOP JIEMEHTOB M UX

ONPENIEIICHHYIO B3aUMOCBS3b. VIX MpUMEHEHHUE NO3BOJISIET CKOHCTPpYHpoBaTh BOI'
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Ha 3(pdexre Canpsika. Bce momupukanuy «MUHUMAIbHON KOH(UTyparum»
NpeHAa3HAYSHBI JUIS YIIYYIICHUS T€X WIIM WHBIX TOYHOCTHBIX, CXEMOTEXHHYECKUX,
KOHCTPYKTHUBHBIX M TEXHOJIOTUYECKUX XapaKTEPUCTUK U3MEPUTEIIS.

Ha pucynke 1.1 mnpencraBnena ¢yHknuoHansHas Ojok-cxema BKU

«MHUHHAMAaJIbHOU KoHpuryparmwm» [80].

P
P

2 4

—

6

Pucynok 1.1 - braok-cxema BKU «mMmunuManbHO# KOHGUTYpaIium»

Omna BK/IIOYAET B c€0s1 UICTOUHUK M3ITyYEHHUsl ONTUYECKOro Juamna3zoHa «1»,
JENUTENb «2» TMoysipu3arop «3», (azoBblil MOAYIATOp «4», OOBEIMHEHHBIH C
BTOPBIM JEJIUTENIEM, BOJIOKOHHBIN KOHTYP «5» U (POTONPUEMHUK «6)», COCTOSALIUN
u3 ¢oroanoaa u npeodpazoBaTelisd «TOK-HAIpsbKeHuey. M3nyyeHne oT ncTouyHuKa
«1» IPOXOOUT ONTUYECKUMN AECIUTEND «2%», MOJIPU3ATOP «3» U pa3aensercsa Ha 1Ba
pPaBHBIX IO MHTEHCHBHOCTU Jyd4a JIeJUTENEeM B cocTaBe (ha30BOro MOAYJSATOPA
«4». Tam Ke, ONTHUECKUM BOJHAM, PaCHpOCTPAHAIOIIMMCS B Ijiedax (ha30BOTO
MOJYJIATOpA, 3aJaeTCsl OTHOCUTEIbHBIN (Da30BbIM caBur (Oosiee MOAPOOHO MPO
¢da3zoByr0 MOAYJAIMIO OyleT CKa3aHO B COOTBETCTBYIOIIEM IIYHKTE HACTOSLICH
pabotel). Jlanee, ABE ONTUYECKHE BOJIHBI PACHPOCTPAHSIOTCS MO BOJOKOHHOMY
koutypy (BK), mnpeacraBustomiemy  coOOW  MHOTOBUTKOBYIO  KaTYIIKY
OJTHOMOJIOBOTO ONTHYECKOTO0 BOJIOKHA, COXPAHSIOLIEr0 COCTOSHHE IMOJISIpU3ALUY,
BO BcTpeuyHOM HampasiieHuH. [Ipomenmee BK wusnmydyeHue cHoBa momajgaer B
dazoBblii  MOIyNIATOp «4», TMPOXOAUT €ro B OOpaTHOM HaIlpaBJICHUH,
uHTep(hepupyeT, TPOXOTUT MONSIPU3ATOP «3» U Uepe3 IETUTENb «2» MOoMagaeT Ha

¢ortonpueMHuK «6». B mpocrelimiem ciayyae (QOTONPUEMHUK COCTOUT W3
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(doTonmosa M HArpy304HOro pesucropa. l3iyueHue ONTHYECKOTo AMana3zoHa
UHAYIUpyeT B poTonnone GpOTOTOK, MPOMOPLUOHAIBHBIM MOUTHOCTH W3ITy4eHUs,
najamero Ha (OTOUYBCTBUTEIbHBIM 3JEMEHT. BenuumHa STOW MOIIHOCTH
sBisieTcss pyHkuuen ¢aspl CaHbsiKa, - B3aUMHON pa3HOCTH (Pa3 ONTHUUECKUX BOJIH,

npoieamux BK Bo BcTpeunom Hanpasienuu [33]:

1
P = EPO(l + cos @¢) (1.1)

rie P - MomHOCTP H3IydYeHHMs] ONTHYECKOTO Juana3oHa, IaJalollero Ha
doronpuemuuk, BT; Py - BbIXOIHAsS MOIIHOCTh MCTOYHUKA M3ITYUYCHHS C YUETOM
MOTeph B BOJOKOHHOM KOHType, BT; @c = @t — @~ - ¢aza Canbsxa; ¢, ¢ -
aOCONIOTHBIE 3HAaYEHUS (Da3 BOJIH ONTUYECKOTrO MaNa3oHa, paclpoCTPaHIOIINXCS
o BK, pan.

Harpy3o0uHblil pe3ucTop sBISETCS MPOCTEHIINM mpeoOpa3oBaTesieM «TOK-
HanpspkeHuey. 3MepeHHoe Ha pe3ucTope NaJeHUe HANPSKEHUS ABISIETCS MEPOU
¢da3sl CaHbsKa, KOTOpass B CBOIO OYe€penb 4Yepe3 ONTHUYECKUH KO3(pPUUueHT

CBsI3aHA C yIJIOBOM ckopocThio BK:

Ac
2ntDL

IZI€ ® - yrioBas CKOPOCTb, Paja/c; A - LEHTpajbHas JUIMHA BOJHBI ONTUYECKOIO

Pc (1.2)

U3JIy4EeHHs, M; C - CKOpPOCTb CBe€Ta B BakyyMme, m/c; D - cpemnuii auametp

MHoroBuTKOoBOTrO BK, M; L - 171MHa BOJIOKOHHOTO KOHTYpA, M.

1.2 UnTepdepeHninoHHast KapTUHA U Ga3oBasi MOXLYISA LS

Ha pucynke 1.2 wu3oOpaxkeHa mnepenarodyHas  XapaKTepUCTUKa
unteppepomerpa Canbsika, omnucbiBaeMas BblpaxkenueMm (1.1). Kak Buano wu3
rpaduka, 3aBHCHUMOCTb MOUIHOCTM M3JIy4Y€HHMs] ONTHYECKOro JHara3oHa,

nagatomero Ha Qoroanon, ot (asel Canbsika (a 3HAYUT U YIJIOBOM CKOPOCTH)
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MMEET SIPKO BBIPAKEHHBIN HEJIMHEUHBIA XapaKTep, IPU 3TOM OHA MUHUMAaJbHA IIpU

MaJbIX YTJIOBBIX CKOPOCTSIX M HE 3aBUCHUT OT 3HaKa ¢a3bl CaHbsKa.

WP 4P

OTK/IUK NMOKoOWM BpalleHue

-2n -n 0 n  2n Ad®(rad) f
1 1 5 1 1 >

Pucynok 1.2 - Ilepenarounas xapakrepuctuka nuareppepomerpa Canbsika

JIns  TOBBIIEHHWS  YYBCTBUTEIBHOCTH,  JIMHEAPU3AUWUHU  BBIXOJHOMU
XapaKTepUCTUKA W OJHO3HAYHOIO ONPEACIICHUS 3HAKA H3MEPSAEMOW YIIIOBOU
ckopoctd, B cxemy BOI' BkiIOyaloT crnemnuaibHOE YCTPOWCTBO - (ha30BBIN
MoayisTop. B mpocreiimem cinydyae OH IpeAHa3HayeH Uil (pOpMUpOBaHUS
BCIIOMOTaTeNbHOM  ()a30BOM  MOIYJALIMM, CMEMIalonieil padodyro  TOYKY
uHTephepoMeTpa Ha JTUHEHHBIN y4aCTOK MEPEaTOYHON XapaKTePUCTUKH, KaK ITO
nzo0paxxeHo Ha pucynke 1.3. CrangapTHbIM  3HAQUY€HUEM  TIyOUHBI
BCIIOMOTATeNbHON (ha3oBoi Momynsuuu cuutaerca m/2. Beipakenue (1.1) mpu

ATOM TIpeoOpaszyercs CIeAYyIOIMM 00pa3oMm:

1
P = Epo(l + cos(¢c + @pom)) (1.3)

T€ QPpoym - TTYOHMHA BCIIOMOTATENIbHOM (ha30BOM MOTYIISIIUU.

[Tepuonuueckast ¢dazoBas MOAyJAIUs (MEPUOJ OMPENETICTCS BpPEMEHEM
00X0/1a BOJTHOM ONTHUYECKOTO JIMara3oHa BOJOKOHHOTO KOHTYpa, TO €CTh JJIMHOMN
BK) «nepekirogaeTy pabodyro TOUKY MEXKIY COCTOSHUAMM - /2 u + 1/2. Mepoii
JEUCTBYIOIIEN YIJIOBOM CKOPOCTH TMPU OTOM CUHUTAETCS pa3HULA MEXKIY
3HAYCHUSIMH MOITHOCTH M3Jy4YEHHUS ONTHUYECKOro Juaria3oHa, IMaJaroliero Ha

(OTOIETEKTOP Ha ABYX MOCIEAOBATEIBHBIX MOTyNeproaax Moayssnuu [81].
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P AP

OTK/IUK MOKOW BpaleHue

B

Pucynox 1.3 - Ilepenarounas xapakrepuctuka uurepdpepomerpa CaHbsika B

coctaBe BOI" ¢ umnysibcHO# BcrioMorartesibHO# (a3oBoit Moayisueit [81]

B coBpemennbix BOI, 11 TOBBIIIEHUS TOYHOCTHBIX XapaKTEPHUCTHUK
OPUMEHSIOT CXEMY H3MEpPEHUsI C 3aMKHYTBIM KOHTYPOM KOMIIEHCHPYIOLIEH
oOpaTHOM CBSI3U MO U3MEPEHUI0 YIJIoBoM ckopoctu. Ilpu Takom MeToje
u3MepeHus: Ha (a3oBbId MOIYJISATOP OJHOBPEMEHHO MOJAIOTCS CHUTHAJIBI JBYX
TUIIOB ~ MOJYJSILMM: BCIOMOTaTeIbHOM, Kak ObUIO ONUCAaHO BBINIE, U
KOMIICHCUPYIOIEH, TMpeaHa3HAYeHHOW Ui yAepKaHus paboueld  TOYKHU
uHTep(epomeTpa B 3aJaHHOM COCTOSIHUM MPHU OTIUYHON OT HYJs H3MepsieMoin
yraoBoil ckopocT. Ilpu 3TOM curHanm xommneHcupymomei (a3zoBoil MOAyIsUUN
dopMupyeTcss Kak cymMMa 3HAU€HUH CHUTHaJla paccoriacOBaHUS MOIIHOCTH
U3JTy4YEeHHs] ONITUYECKOTO JIMara3oHa, najarouiero Ha (poTonpueMHHUK Ha COCETHHUX
NOJIyIEpHOJaX  BCIIOMOraTtenbHOi  (azoBod Moxynsuuud. Mepoil  yriioBoi
ckopoctu (¢a3pl CaHbsika) CUMTAETCS BEIUYMHA CHTHAJa KOMIICHCHUPYIOIICH

¢dazoBoii Moaysiuuu. Beipakenue (1.1) npu sTom npeodpasyercs B (1.4)
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1
P = Epo(l + cos(@c + Ppom — Px)) (1.4)

r7ie (g - KOMIIEHCUpYIomias ¢a3oBasi MOTYJISALIMSL.

Jlanee, mpu BBIBOAE BBIPAXKEHUN MJIsI ONpENEICHUS YPOBHS IIymMa B
BbIX0iHOM curHasie BOI' noj riryOuHOM MOy IS ¢ Mbl OyieM TOHUMaTh (eciu
WHOE HE OrOBOPEHO JIOMOJIHUTENIHbHO) BECh apryMeHT (YHKIMM KOCHHYycCa B
BoipaxkeHuu (1.4). Ilpm 3TOM, MOCKOIBKY B CXE€M€ C 3aMKHYTBIM KOHTYPOM
0oOpaTHOM CBS3U BEJIMYMHA KOMIICHCUPYIOIIEH MOIYJISAIMA CTPEMHUTCS K BETUUMHE

neiictByromeit ¢aspl CaHbsika, TO (@ MOXXHO CUUTATh NMPUOIM3UTEIHHO PaBHBIM

PBoM-

1.3 Moaeabp nNOrpemiHocTeii BbIXOJHOI0 CHIHAJAa BOJOKOHHO-

OIITUYE€CKOI'0 rTMPoOCKOIIa

EnuHnnenn m3mepeHus yriioBOM CKOPOCTHM B MEKIYHApOIHOM CHUCTEME
enuuur] CU sBnsercs pamuan B cekyHay [pan/c]. B rupockonuu enuHUICH
U3MEPEHUs YIIIOBOM CKOPOCTH Jie (haKTO MPHUHATO CUUTATh rpagyc B yac [°/4]. DTu
€UHUIIBI CBSI3aHbI MKy OO0 cooTHoIeHueM (1.5)

[°/u] = [paa-:ﬁ/c- 3600]. (1.5)

Hlanee B paboTe mnpu NPOBEACHUU YHUCICHHBIX OIIEHOK MBI OyJeM
UCIIOJIb30BaTh CIWHUIBI W3MEpeHUs [°/4], mNpuHATBIE B TUPOCKONUU U
MPOU3BOJIHBIE OT HUX.

Brixognoit curnan BOI™ moxeT ObITh Onucad oOuM BeipaxkeHuem (1.6)

Ulw..)=K(T..) o+ Uy(T,T,Ba..)+U,(Py,R,¢T,a..), (1.6)
rae U - BeixogHo#t curHanm BOI', B 3aBUCHMOCTH OT KOHKPETHOM TEXHUYECKOU
peanu3anuyu mMpudopa OH MOXKET OBITh BHIPAKEH B aHAJIOTOBOM WM HHU(PPOBON
dbopme; ® - u3Mepsiemas yrioBas CKOpocTh; K - MacmraOHbli ko3 duimeHt

(MK); T - temneparypa; Uy - cmemenne Hynesoro curnana (HC); T - ckopocTs



22

U3MEHEHHUsl TeMIieparypbl; B - MarauTHas mHaykuus; a - subpoyckopenue; U, -
IIYMOBAasl COCTABJSIOIIAs BBIXOJHOTO CHrHaja; Py - MOIIHOCTh W3Iy4YEHUs
ONTUYECKOr0 JAuamna3zoHa, R - CONpOTHUBIEHUE pPE3UCTOPOB OOpPATHON CBSI3U
TPAHCHMITCJAHCHOTO ycHuTelst hoToToka [82].

Boixonnoi#t curnan BOI' B nmepByto ouepenb sBisieTcsi GyHKIUEH YTIIOBOM
CKOPOCTH (, HO TIIOMHMO 3TOr0 TaKXe IMOJABEPKEH BIUSHUIO BHEHIIHUX
Bo3aeiicTBytomux ¢akropos (T, 7, B, a) u mapameTpoB COOCTBEHHON CXEMbI 1
koHcTpykiuu (Po, R, ¢) BOI', npuBoasmmx K TOrPENIHOCTSIM M ONIMOKaM
WU3MEPEHUS.

[Torpemnocts, 00ycnoBieHHas 3aBucuMocThi0 MK oT TemmepaTtypsl, 3TO
MYJIbTUILUINKATUBHAS, CUCTEMATUYECKasl IOIPEIIHOCTh, BIMSHUE KOTOPOM MOMKET
OBITh YYTEHO WJIM CKOMIICHCHPOBAHO aIIPOKCUMHUPYIOIIEH 3aBHCHUMOCTBIO BHJIA
(1.7) mpm WuCHOJNB30BAaHUU JOMOJHUTEIBLHOTO HH(POPMALMOHHOTO KaHala, B
JTAHHOM CJIy4ae TEMIEPaTypPHOro:

Kiopp = K — f(T), (1.7)
rae Kiopp - cKkoppektupoBanHoe 3Hauenue MK; f(T) - kycouno-nuneiinas gpynkims
aprymenTa T.

CymectByeT 1enblii pan (akTopoB, MPUBOIALIMX, B OOIIEM ciyyae, K
TOMYy, YTO IPU OTCYTCTBHHM H3MEPSEMOM YIJIOBOM CKOpocTh Ha BbIxoae BOI
Ha0JII0JaeTCsl HE paBHbIM HyNO curHajg. CMmellleHne HyJeBOro CUTrHajla MPUHSTO
pa3ienATb Ha  CHCTEMATHYECKYKd) W CllydauHyro  cocraBiswomme. K
CUCTEMATUYECKOM COCTABJIAIONIEN OTHOCATCA 3aBucuMocTh HC oT Temneparypsl n
CKOPOCTH H3MeHeHHs TemmepaTypbl [59 - 61], a Takke OT HampaBiCHHS H
BEJIMYMHBI BEKTOpa MarHuTHOW MHIyKiwn [83, 84]. CucremaTnueckoe CMeEIeHHE
HC, moxer ObITh YCHENIHO YYTE€HO JMOO0 CKOMIIEHCHUPOBAaHO NpPU HaIUYUU
JOTIOTHUTENBHBIX ~ KaHAIOB  HMHPOpManuu  (IaTYUKOB  TEMIMEpaTyppl U
MarHUTOMETPOB B paccMaTpuBaeMoM ciydae [85]). BiusHue BuOpoyckopeHus Ha
BbIXO/IHOM curHaia BOI' HOCHUT, ¢ OJJHOM CTOPOHBI, I€TEPMUHUPOBAHHBIN XapakTep,
TaK KaK C MOMOIIBIK JOCTATOYHO CJIOKHOTO 3KCIEPUMEHTA MOKHO OIPEIEIUTH

3aBucumocth cmerieHus HC ot aeiictBus BuOparuu. C apyroit CTOpOHBI, MOJIEIb
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dbopmupoBanus BuOparmonHoi ommOkun BOIT mocTaToyHO ClOXKHA, Tak Kak
JOJDKHA YYWTHIBATh AMIUIATYJly, CIEKTPAJIbHBIA COCTaB W  HANPABJICHUE
Bo3nericTBus BuOpauuu Ha BOI', a Takke KOHCTpyKTUBHBIE ocoOeHHOCTH BOI™ n
OBICTPOJEHCTBUE YACTOTO3aBUCHUMOI0 KOHTypa KOMIICHCUPYIOIIEH oOpaTHOU
CBSI3U, dbopmupyroime nepeaaTOuYHYO GyHKIHIO npeoOpa3zoBaHus
BUOPOYCKOpPEHHSI B YIJIOBYIO CKOpOCTh [86]. Mcxoms M3 CIOKHOCTH pPELICHHS
3a/1la4yd ANTOPUTMHYECKOW KOMIICHCAIIMM W HEOOXOJUMOCTH JIOMOJHUTEIHLHOTO
M3MEPUTEIBHOTO KaHalla B BHJE akceinepomerpa, cMmemieHue HC, BwI3piBaeMoe
BUOpalMei, NpHUHIATO OTHOCHTh K clydailHOM coctaBistomeid. K meronam
YMEHBIIICHUSI 3TOT0 CMEIICHUSI OTHOCATCS YBEIMYEHUE OBICTPOJCUCTBUS KOHTYpa
KOMIIGHCHUpYIOIIell ~ oOpaTHOM  CBS3M W yMEHbIIEHHE KO3 UIIUEeHTa
npeoOpazoBanusi BuOpoyckopeHuss B (a3zy Canbsika (B YIJIOBYIO CKOPOCTH),
MPUMEHEHUE JKECTKMX KOHCTPYKIIMH MpUOOpOB C 4YaCTOTOM pe3oHaHca 3a
npejeaMi 4acTOT JCHCTBYIOIIMX BHOpoyckopenuit [87]. Takxke k ciay4aiHOM
COCTaBJISIIONIEN BBIXOAHOTO curHaia BOI' mpuHATO OTHOCHTH HU3KOYaCTOTHOE
CMEILIEHUE HYJIEBOTO CUTHAJIA U IIyM.

CornacHo cranmapty [88] mpuHsATa MOAENB, OMpPEACHSIONIAs CTPYKTYPY
CIIy4yallHOW COCTaBJIAIONIEH BbIXOJHOrO curHaiga BOI' B 3aBUCMMOCTH OT BpeMEHU

OCPCAHCHHA BBIXOJHOI'O CUT'HAJIA:

T2 T 2 1 3
o) = [RPo+K*z+B—In2+N’-+Q>— (1.8)

rae ¢ - cpenHekBagparnueckoe 3HaueHue (CK3) cimydaiiHOW cocTaBisitonieit; t -
BpeMsi ocpefHeHMsl BbIxoaHoro curHana (mas BOIT 1, kak mpaBmiio, oOpaTHO
MPOMOPIMOHAIBHO TOJI0ce Tpomnyckanus); R - Kod(pPUUUEHT JIMHEHHOro
U3MeHeHus yrioBoi ckopoctH (Rate Ramp); K - koaddunmenT cirydaiiHoro yxoa
yrioBoit ckopoctu (Rate Random Walk); B - koadduiment HecTaOMILHOCTH
HysieBoro curHana (Bias Instability); N - xoaddumuenT ciay4aiiHOro yrioBoro
yX0Jla - CHeKTpajbHas MIOTHOCTH MolmHocTH myma (Angle Random Walk); Q -
ko3 dunuent myma kBaHTtoBanus (Quantum Noise), - B ckoOkax yKa3aHO

obo3nauenune cormacHo cranaapty [88]. Koaddunwmentsr R, K, B, N, Q,
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ONPEAEISAIOT BEJIIMYNHY CIYYAaWHOW COCTAaBIAIOIICH CUTHAIa HAa KAXKIOM YYacTKe

rpaduka pucynka 1.4.

T

-

C

Pucynoxk 1.4 - IIpumep rpaduxa 3aBucumoctu CK3 (B norapupmuyeckom
MacmTade) ciayyaiHo# coctapiisonieit curnaina BOI™ ot Bpemenu ocpennenus
corjacHo BbipaxeHuto (1.8)

Kak BunHo u3 pucynka 1.4, rpapuk 3aBucumoctu CK3 oT BpemeHH
OCpE/IHEHHUsI UMEET MATh o0JacTel ¢ pa3IMYHbIM HAKIOHOM, KaXK[as U3 KOTOPBIX
COOTBETCTBYET ompenenecHHoMy uieHy BoipaxeHus (1.8). Ha mpaktuke Hanbosee
YacTO PEeaU3yIOTCsl YYacCTKU C HAKJIOHOM -1, -1/2 u 0 COOTBETCTBYIOIIME LIYMY
kBantoBanus (Q), Oemomy mymy (N) u HectabunpHocTH cMmerinenuss HC (B).
VYuactku K u R B KoHTEKCTe gaHHOW pabOThl HE MPEACTaBIAIOT HMHTEpeca,
MOCKOJIbKY PEaJM3yI0TCSl Ha BpEMEHaxX HAOMIOACHUS W OCPEAHEHHS MOpsaKa
JIECSATKOB YaCOB U BBI3bIBAIOTCS IPUUYMHAMU HE CBSI3aHHBIMH C paCCMAaTPUBAEMBIMA
B JIaHHOW pabore (moapoOHEe ¢ HUMU MOYKHO 03HAKOMUTHCSI B pabdote [89]).

Teopetnueckoe 3Ha4YeHHE BEIMYUHBI O€JIOr0 IIymMa B OTpPaHUYEHHOU
MOJIOCE YacTOT, B BbIXoAHOM curHaie BOI, omnpenensiercss ¢ MNOMOIIbIO
crnenyuaibHOU MaTEMaTHYE€CKOU MOJICIIN, OIMCAHMUIO, aHaIu3y u
DKCIIEPUMEHTAIIBHOM MPOBEPKE KOTOPOM MOCBSIIEH COOTBETCTBYIOIIMWA ITYHKT

HaCTOsAIIEeH pabOThI.
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1.4 EcTecTBeHHbIC HCTOYHMKH LIyMa

JUist nanpHEHIIero paccMOTpeHUst MCTOYHUKOB mmyma B BOIT HyxkHO
CHayaJia ONPeIeNUTh CyTh U CMBIC]I TEPMUHA «IIIyM» B KOHTEKCTE JaHHOU padOTHI.
[Tonq wmymom BbeixogHoro curHaia BOIT Mbl OyaeM MOHUMATh CIy4ailHYIO
COCTABJISIIOLIYIO BbIXOAHOro curHana BOI', onuceiBaemyro ko3p¢unrenrom N B
BbIpakeHnu (1.8), UCTOUHUKAMU KOTOPOM SIBIISIOTCS DJIEMEHTHI ONTHYECKON WU
anekTpudeckoi cxembel BOI', a ynciieHHOE 3HaYeHUE OINpeAeIIsieTcs mapaMeTpaMu
ATUX 3JIEMEHTOB.

Hcxons u3 paccMOTPEHHOM BBIIIE CXEMbl «MUHUMAJIBbHOU KOH(UTYpAITUN)
BKM MOXHO omnpenenurb NPUHOWIUAIBHO HEYCTPAaHUMBIE €CTECTBECHHBIC
MCTOYHUKM IlIyMa, Bcerga mnpucytcrBytomue B cxeme BOI. B tematmueckoi
nauteparype [33, 67, 90] B kauecTBe TaKMX HCTOYHHUKOB YKA3bIBAIOT HUCTOYHHUK
M3JIy4EHUsS ONTUYECKOro Juara3zoHa (IIyM HWHTEHCUBHOCTH WM W30BITOYHBIN
myM), dbotoauoa (apoboBoil mym GoToTOKa W APOOOBOM HIyM TEMHOBOI'O TOKa
dboToano1a) U mpeodpa3zoBaTEb «TOK-HAMPSIKEHUE) (TETIOBOM LITyM).

JpoGoBoii mrym.

[IpuMeHUTENBHO K TOJYIPOBOJHUKOBOMY NHOIY (KAKUM SIBISIETCS, B TOM
yucne, U ¢GOTOAMOJ), MOJ APOOOBBIM IIYMOM MOJpa3syMeBaeTcsl IIyM TOKa,
MPOTEKAIOIIEr0 4Yepe3 P-N Mepexod U CBA3aHHBIA CO CIyYallHbIM XapaKTepoM
nepeMenieHusl Hocuteneil yepe3 p-n nepexon. CpeaHEeKBaIpaTUUYECKOEe 3HAUYCHUE
JIpOOOBOrO IIyMa B OFPaHUYEHHOM MOJIOCE YaCTOT U B IIPEAINOIO0KEHNUH, YTO BpEMs
Mepexo/la MaJO0 W YacCTUUbl HE B3aUMOJACHCTBYIOT, IJIs MOJIYNPOBOJHUKOBOTO

nvoza onuckiBaetcst popmysnoi [lortku (1.9):

lmap = v 2el4Af, (1.9)
rae Iy, - CK3 mymoBoro Toka, A; € - 3apsn anektpona, K lg - mocrosHHas
COCTaBJISIONIAs TOKa, MpOTeKaromero uepe3 auona, A; Af - momoca gacror, B
KOTOPOM  OIICHUBAaeTCsS ypoBeHb InymMa (B paccMaTpUBaeMoOM  CHUCTEME

COOTBETCTBYET I0JI0CE NPOIyCKaHUs u3MepuTenpHoro kanana BOI), I'.
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Jpob6oBoii 1rym, dhopMHpYIOITUACS Ha BBIBOJAX (oTomuMoma, UMEeT JBa
UCTOYHHKA: APOOOBOIl IyM (POTOTOKA U IIIyM TEMHOBOTO TOKa (hOTOIMOIA.

OnHOW W3 BaKHBIX XapaKTEPUCTHK (OTOAMOAA SIBIIACTCS €r0 TOKOBas
YYBCTBUTEIBHOCTb 1 - KOI(PQUIMEHT, CBSA3BIBAIOIIMN BEIMYMHY MOIIHOCTH
ONTUYECKOTO H3ITYUCHHS, MAJaomero Ha (OTOANOM, C BETUYMHON BBIXOJAHOTO
toka Qoroauona. Iloxcrasnss B popmyny (1.9) BMecTo Toka lg, mpoTekaromiero
4yepe3 AHOJ,, MPOU3BEIECHUE YYBCTBUTEIBHOCTH (HOTOAMOAA 1) HA CPETHIOO
MOIIHOCTh P  magaromiero Ha HEro W3IMy4YeHHUs, TOJYyYUM BBIpAXKCHHE,
MO3BOJIAIOIIEE BBIUMCIUTH IIYM TOKa ()OTOAMO/A, BHI3BAHHBIN APOOOBBIM LIYMOM

doToTOKA:

lnor =/ 2enPAf, (1.10)
rae Iyor - CK3 mymoBoro Toka ¢otroToka, A; 1 - TOKOBas 4yBCTBHTEILHOCTDH
dboroanona, A/BT.

B orcyrctBum BHemHero oOiydeHus uepe3 (GOTOAMOM IPOTEKAET
MApA3UTHBIM, TaK HA3bIBAEMbId TEMHOBOW TOK. BenmumHa TEMHOBOrO TOKA
ompenenseTcss  KOHCTPYKUMEeW  goTroauona W YCTAHABIMBAET  MOPOT
qyBCTBUTENIBHOCTH (oToauoja. IllyMm TeMHOBOrO Toka (hOTOAMOA, OMPEASIICTCS
aHAJIOTUYHO JpOOOBOMY IIymMy (hOTOTOKA, TOJIBKO BMECTO CPEIAHETO TOKa 4Yepe3

dboroauon B popmyny IIoTTkH moacTaBIseTCs 3HaY€HUE TEMHOBOTO TOKA!

Imon = +/ 2eigAf, (1.11)
rae Iyoen - CK3 myMoBoro Toka TeMHOBOro Toka ¢oToanona, A; iy - TEMHOBOH
TOK QoToauona, A.

TenioBou mym.

BeixogHoit Tok ¢doToanona, HECyIIMi TMOJE3HBIM CUTHAI 00 YTIJIOBOM
CKOPOCTH, MPEeOoOpa3OBBIBACTCS B HAMNPSHKEHUE MPOCTEUIIUM MpeoOpa3zoBaTesieM
TOK-HaNpsHKEHUE, KOTOPBIM ABJISIETCSA Harpy304HbIi pe3UCTOop.
CpennekBanpartnueckoe 3HaueHrne JJIC myma, mopo)aaeMol TaKuM PE3UCTOPOM
B OrpPaHUYCHHOW TOJIOCE YacTOT, OIMCHIBACTCA KIACCUYECKON (opMysion

Haniksucra:
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e.r = AKTRASf , (1.12)

rae eyt - 9JC myma, B; K - mocrosanas bomenimana, J[x/K; T - Temmeparypa
pesucropa, K; R - conpotuBnenue Harpy304Horo pezucropa, Om.

B coBpemennsix BOI' B kauectBe mpeoOpa3oBareisi TOK-HANpsSKEHHUE
OOBIYHO TPUMEHSIOT TPAHCUMIIEAAHCHBIN YCUIIMTENb, IIOCTPOSHHBINA MO CXeMe Ha
ornepalioHHOM ycuiuTesne. OCHOBHBIM HCTOYHMKOM IIyMa TaKOIO YCHJIMTEIS
SBJIIETCS TEIUIOBOM IIYM pPE3UCTOPOB OOpPAaTHOM CBSI3M, TAKXKE ONMCHIBAEMBIN
dbopmynoit HaiikBucra.

IIlyM MHTEHCHBHOCTH MCTOYHHMKA U3JIyYeHHS] ONTHYECKOro JMaNa3oHa
(M30BITOYHBIH LIYM).

TpanuunoHHo, Ha 3ape pa3pabOTKU BOJIOKOHHO-ONTUYECKUX TMPOCKOIIOB B
KayecTBE MUCTOYHHUKA M3yuyeHus npuMmensuics He-Ne nazep ¢ mimHoit Bonssl 0,63
MkM [91, 92] (mepBoe OKHO TPO3PAYHOCTH KBapIICBOTO ONTHYECKOTO BOJIOKHA).
['enuii-HEOHOBBIN Ja3ep ABIAECTCS MOHOXPOMATHUYECKMM UCTOYHUKOM H3JTyUEHUs C
OonpIION JUIMHOW KorepeHTHoctu (mopsaka 0,2 MeTpa), 4YTO MOCIYKHIIO
NPUYUHOW BO3HUKHOBEHHS JOIMOJHUTENBHBIX, HE CBS3aHHBIX C CHUTHAJIOM
BpallleHusi, (a3oBbIX HAOEroB, 3a cuyeT HMHTEP(EPEHIMH OTPAKEHHOIO OT
BHYTPCHHUX HEOJIHOPOJHOCTEH BOJIOKHA ONTHUYeCKOTro wu3iyueHus [93 - 96].
Jannsle 3¢ (HeKTbl TPUBOJMIN K 3HAYUTEIbHBIM IMOTPELIHOCTSM [P ONpEAeIECHUH
YIJIOBOM CKOPOCTU. DTO OrpaHUYEHHE YAAJIOCh MPEOAOJETb C MOSBICHUEM
OTHOCHTENFHO  IIMPOKOMOJIOCHBIX  CYNEPIIOMUHHUCIEHTHBIX  MCTOYHHKOB
U3y4YEHHUs] ONTHUYECKOro Juana3oHa. B Hacrosiee BpeMsl MpakTUYECKH BO BCEX
CEpUIHO BBIITYCKAaEMbIX WJIM BHOBb pa3padarbiBaeMbix BOI'ax B KauecTBe
UCTOYHHUKA M3ITYYCHHUS MPUMEHSIOTCS cynepiaroMuHucIieHTHbIe quoasl (CJI) nmu
CYNEPJIIOMUHHUCLIEHTHBIE BOJIOKOHHBIE HCTOYHUKM OINTHYECKOTO H3ITy4eHUs,
MOCTPOEHHBIE HAa OCHOBE ONTHUYECKOTO BOJIOKHA, JISTUPOBAHHOIO MOHAMH 3pOUS
(OCBUOH). Ux oObeauHSET OTHOCUTEIBHO IHUPOKUN CIHEKTP U3IYYCHUS
(10...20 am y DCBHOMU [97], 35...65 um y CJI/1 [97 - 99]), miriHA KOTepEeHTHOCTH
npu 3ToM coctasisieT nopsanaka 10...100 Mkwm, HeHTpanpHas JuiHa BoJIHBI - 1550

HM (TpETh€ OKHO MPO3PAYHOCTH KBAPIIEBOI'O ONTHYECKOTO BOJIOKHA).
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JIaHHBIM BHJ HMCTOYHUKOB XapaKTEPU3YIOTCS BBICOKMM YPOBHEM, TaK
HA3bIBAEMOTO HU30BITOYHOTO COOCTBEHHOTO IIyMa HHTEHCUBHOCTH W3ITyYEHUS.
JlanHbI BHMJ IIyMa MOXHO NPEICTaBUTh KaK pe3yJbTaT OHEHMH MEXIy
Pa3IMYHBIMH CIIEKTPAIBHBIMA KOMITOHEHTAMHU BHYTpH JimHUHM u3nydenus [100].
CK3 mymoBOM MOIIHOCTH ONTHUYECKOTO H3JIyYCHHMsS B OIPAHUYECHHON II0JIOCE

4aCTOT OMMCHIBAETCS AMIMpHUUecKoit hopmyioi (1.13)

Af
Pyucnn = mP, (1.13)
rae K¢ - xoadduiment, 3aBucauiuii or GopMbl CreKTpa U3MydeHus (OmucaH B
pabote [67]), Av - mosoca 4acToT, B KOTOPO# OCYyIleCTBIsACTCS u3aydenue, ['i; P -
CpeaHee 3HaUeHHE MOIITHOCTH ONITUYECKOTO H3TydeHus, BT.

B 3aBHCHMMOCTH OT KOHKPETHBIX ONTHYECKOM M DJIEKTPUYECKOM CXEM, K
PAaCCMOTPEHHBIM BBIILIE UCTOYHUKAM IIIyMOB MOTYT J100aBUTBCS TOTIOJIHUTEIbHBIE
UCTOYHUKH, HAPUMEDP YCHIUTENb CUTHaNa (a30BOM MOIYJISAINH, KOTOPBIN OyaeT
pPaccMOTpEH BO BTOPOM TIJIaBe, TEIUIOBBIE (PIyKTyalluu MOKa3aTessl MpeIoMIICHHUS,
KOTOpBIE MOTYT MPUBOAUTH K JOIMOJHUTEIBHON IIYMOBON MOAYJSAIUHM (HOTOTOKA
Ha Bbixome BKU [101], mmdpoBoii myMm KBaHTOBaHHS aHAJIOTO-IIU(PPOBOTO H

U(ppo-aHaIoroBoro mpeodpasoparesieii u apyrue [102].

1.5 AHajuTHYecKoe BbIpaskeHue IIyMOBOii COCTABJIAIONIEN BBIX0IHOTO

CUIHAJa BOJTOKOHHO-OIITHYIECCKOI'0O rMpoOCKoIIa

Kaxx1plii M3 pacCMOTPEHHBIX BBIIIE HCTOYHHKOB IIyMa HE3aBUCHM OT
JIpPYrUX, M3 4YEro MOXXHO CHEJaTh BBIBOJ O CTATHCTHYECKOW HE3aBHCHUMOCTU
IIyMOB, TMopokaaeMbix WMHU. Takke u3BectHo [103, 104], 4yro naHHBIC BHIBI
IIyMOB 00JIaJalOT PaBHOMEPHBIM CIIEKTPOM B LIMPOKOM JHama3oHe 4YacToT,
3HAYUTEIBHO MPEBOCXOJIAIEM MOJIOCy nponyckanus cxembl BOI', yTo mo3BoJsier

HaM MpH JaJbHENUIIEM PACCMOTPEHUU CUUTATh UX «OEIBIM IIyMOM).
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Beipaxxkenuss (1.10) - (1.13) mo OTAETBHOCTH OIHKCHIBAIOT YPOBHH
CPEIHEKBAPATUUECKNX 3HAYEHUN IIIYMOBBIX COCTABISIONMIUX OSJIECKTPUIECKOTO
CUTHaJla Ha BbIxoJe (¢oTompueMHuKa. J[Is moCTpoeHUss MOJHOIEHHOM
MAaTEMATUYECKOW MOJIECNIM, YYUTHIBAIOIICH BCE€ IIYMOBBIE COCTABIAIOIIAE U
BBIp@XKAIONIE IIyM B  €IMHMIIAX YIJIOBOM  CKOPOCTH, CJelaeM  JBa
MOCJIeIOBATEIBHBIX IPEOOPA30BAHUS.

B pesynpraTe wHTEpdEpeHIMM BCTPEYHBIX ONTUYECKUX BOJH IIOCHE
00x0/1a BOJIOKOHHOTO KOHTYpPa, MOIIHOCTh ONTHYECKOTO M3TyUYEHHUS, MaJarolIero
Ha GoTONMPUEMHHUK, sIBIsIeTCs PyHKIMEH ux pasHoctu ¢as, u B BOI' ¢ 3aMKHYTHIM
KOHTYpOM OOpaTHOW CBSI3M II0 W3MEPEHHIO YTJIOBOH CKOPOCTH OIHMCBHIBACTCS
BoipakenueMm (1.4). Ilepenumem Bwipaxenue (1.4), 0603HaAYMB Pa3HOCTH (hasbl

CaHbsika 1 KOMIIEHCUPYIOIIEH (a30BOM MOIYJISIIIMU KaK a3y OLIMOKH Po:
1
P =2 Py(1+ cos(@o + @pom)) =
(1.14)

1
=3 Py (1 + cos @g cos @gpm — Sin @©q Sin @pom),

Te Qg = Pc — Pk - Ppa3za omKrOKU KOMIIEHCALIUU.

Cuuras Mamoll BEIUYHUHY (o, U OPUHUMAS COS@Pg = 1, sin@g = @q,

MOJIy4YHM:

1 :
P = Epo(l + €0S Ppom — Po SIN Ppom) =
1

= EPO +§P0 COS PppM _EPO(PO Sin QpgMm-

[IpousBognas Belpakenusst (1.15) mo ¢ omnpenenser 3aBUCUMOCTH

(1.15)

MPUPAIIEHUS MOIITHOCTH ONTHYECKOTO U3TyUYeHHUs, OT MpUpaIieHus Gas3bl OMMNOKH:

dP 1 _
d_(Po = — EPO Sin QgoM- (1.16)
[lepenucas Boipaxkenue (1.16) orHocuTenbHO NMpuUpamieHus ¢azbl OMMOKH

MMOJIYUIUM CJICAYIOUICC BBIPAKCHHUC!
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dP
dgo = —F— : (1.17)
- EPO SN PpoMm

IMopcraBmsis B (1.17) BMecto dP  Beipaxenws (1.10) - (1.13),
onpenensone CK3 mryma OTAeIbHBIX HCTOYHHKOB, BBIPA3UB HMX B €AMHHUIIAX
MOIIIHOCTH ONTHYECKOTO H3IYYEeHHS M OINycKas 3HAaK «-» B 3HAMEHaTele

BoIpaxeHus (1.17) monyuum cootBercTBytomue CK3 mryma B enuHuIax ¢asbl:

\/Ze-n-%Po-(1+coscp)-Af

PuoT = 1 ) (1.18)
n -7P0 - sin @
2e - id . Af
Puog= "7 ) (1.19)
N -7P0 - sin
8k -T-Af
Put = 1 it ’ (120)
n '7P0 - sin @
1
| azeaf n~7P0-(1+coscp) (1.21)
(pHICHI[ - Kf cC- A}\ 1 ) .

n '7P0 - sin @

re ¢y - BbpaxkeHHOe B eauHuuax ¢asbl 3HayeHne CK3 mryma B orpaHnuueHHON
MOJIOCE YacTOT JJI KaXJOT0 HCTOYHMKA Imyma; AA - MIMpPUHA CIEKTpa
ONTUYECKOTO U3ITyUEHUs, M.

B Beipaxkenun (1.20) ObUIO y4YTE€HO, YTO B CHMMETPUYHON CXeme
TPAHCUMIICJAHCHOTO YCHJIUTENS TPUMEHSETCSl JBa OJMHAKOBBIX pE3UCTOpa
COMpPOTHBIIEHUEM R, reHepHpyrOIUX PaBHbIM MO BEJIWYMHE, HO CTATUCTHUECKU
He3aBHCHUMBIN Oenblii rym. B Beipaxenun (1.21) 6b110 caenano nmpeoOpa3oBaHue
OT YacTOTHOTO  TMPEACTaBICHHsS  CIEKTpa  ONTUYECKOTO  HM3IYYCHHS K
OPEJCTaBICHUIO B €IWHUIAX JUIMHBI BOJHBI A, OOjee pacnpoCTpaHEHHOMY B
ONTHYECKON (pU3MKe.

Paznocte (a3 Mexay BCTpEYHBIMH BOJHAMHU ONTHYECKOTIO JMara3oHa B
unTepdepomerpe CaHbsika CBsA3aHA C YIJIIOBOH CKOPOCTHIO uYepe3 MacIITaOHBIN

ko3 dunment (1.2), 3aBucsAmmi OT GU3NIESCKUX MapaMeTPOB HHTEPPEepoMeTpa.
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[TockonbKy B paccMarpuBaeMol CUCTEME UCTOYHHUKHU LIyMa HE3aBUCUMBI U
HE CBSI3aHBI MEXIy COOOH, TO MOXXHO CUHUTATh, YTO TEHEPUPYEMBbIE UMHU ITyMbI
CTATUCTUYECKU HE3aBUCHUMBI M TPU ONPEIEICHUH CYMMApHOW BEJIWYUHBI LIyma
MO>KHO BOCIOJIb30BaThCsl MPABUIIOM CIIOKEHUS JTHUCIIEPCUN CIIyYalHBIX BEJIHYUH.
[ToacraBuB B (1.2) BMECTO «(@c» KOPEHb U3 CYMMBI KBaJIpaTOB BBIPAXKEHUU IS
HE3aBUCHMBIX HCTOYHUKOB IIIyMa U MOJEJIUB IPaBYIO YaCTh BBIPAKEHUS HA MOJIOCY
4acTOT, OMNPEIECISEMYI0 IOJOCOW MPOIyCKaHUsl H3MepUTenbHOro kanama BOI
«VAf», TTONyUMIN aHATHUTHYECKOE BBIPAXKCHHE U BBIYHCICHHS CIEKTPAIbHOI

INIOTHOCTU MOIIHOCTHU ITyMa B BBIXOAHOM CHUI'HAJIC BOI™:

en%PO(l + cos @) + eiy +4R£

A2 %Poz(l + cos )2 (1.22)
- 2mDL n %PO sin ¢

rae 0y - CHeKTpayibHas IMIOTHOCTH MomHoctu myma (CIIMII) BeixogHOTO

curaana BOT, To ecTs (ryKTyarmu yriaoBoit ckopoctH, (pag/c)/ NI

1.6 HmuTamuoHHasi Mo/eJib BOJOKOHHO-ONTHYECKOT0 THPOCKONA,

YUIUTBIBAKOIIIasg COBMECTHOC JeCTBHE UCTOYHNKOB mymMma

JUist  BepupUKaLMK aHAIUTAYECKOro BblpakeHus (1.22) B mupokom
JUarna3oHe M3MEHEHHs] MapaMeTpoB, BXOMASAIIMX B OTO BBIPAKEHHE, Ha OCHOBE
Beipakenuit (1.10) - (1.13) u amroputma padotei BOI' ¢ BcromoraTenbHOU
da3oBoil MoayIAlMEH W 3aMKHYTBIM KOHTYpoM oOpatHo#l csazu [81, 88, 105],
Obla pa3paboTaHa UMHUTAIIMOHHAS, KOMIIbIOTepHass Mozaenb BOI' B mporpamMmMHOit
cpene «Octave», MNO3BOJIAIONIAs BOCIPOM3BECTH pealM3allii0 Mpolecca BO
Bpemenu [78]. Ha pucynke 1.5 mpexacraBieHa (yHKIMOHAJIbHAs OJIOK-cXema

MUMHUTAIIMIOHHON MOJICIIH.
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MK I'BO&M K

U

MK

S
ynp(j)
Y DYB(1) error(j-1)

S
UFTU) @®UB —= FO1 —>®—> H > 502 > @&

S cad

| |
e i

¢K(j—])

lm.d?l,[[(i)

m.DT(7) . T(7) m. CTITI(7)
A L‘ \
noise (N,
(V.M -

«+» - OJIOK CyMMUPOBaHUs, «+» - 010k Aenenus, MK - MmacitaOHbIit
ko3 urent Canbsaka, [ BOM - reneparop BcnomoraTenbHOU (ha30Boid
Moayisiuuu, @UB - (hazouyBcTBUTENBHBIN BeIpsAMUTENb, [ 11 - renepaTop mryma,
bO1,2 - 6noxu ocpenuenusi, Ky - koapdumeHT ycuienus KOHTypa
KOMITIEHCHPYIOIIEH 0OpaTHOM CBSI3U, «X» - OJIOK yMHOKeHHUs, 1 - uHTerparop.

Pucynok 1.5 - Brnok-cxema umMutaunonHoit mojenu BOI'

HerepmunupoBanHas (P)) u ciydaitabie (i e - IIyM (OTOTOKA, Iy o) -
II[yM TEMHOBOTO TOKa, €y 1) - DHAC TEmIoBoro myma, iy cyyg - MIyM HCTOUYHHKA
U3JIyYEHUs) COCTAaBJSIONIME MOJICIMPYEMOTrO CHUTHajla, IMOCTyMHarollue Ha
dboTonpueMHuk, a Takke GopmMupyeMbie (QOTONPHUEMHUKOM U YCHIUTEIEM
¢doroToka, onmuckiBaroTcs BhipakeHUsMu (1.23) - (1.27) Ha kaxaod utepanuu |

I''IaBHOI'O IIMKJIa MOACIIN:

1
Piy = Epo(l +c0s(@c (i) + Prom) — Pui-1)))> (1.23)
rae Pg - MOLIHOCTH H3IIydeHUs ONTHYECKOrO MAMAala3oHa, IaJalollero Ha
dboToaeTeKTOp Ha UTepalyu I; | - HoMep urepanuu riaBHoro nukiaa, i = 1...N, N

Ac
2ntDL

- KOJIMYECTBO WTEpalMi IJaBHOIO LMKIA MOAEIH; () = oos(l-)(f )/
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pasHuna (a3 BCTPEUYHBIX ONTHYECKUX BOJH B wuHTEpdepomerpe CaHbska,
BbI3BAHHAS 33JJaHHOUN YIJIOBOM CKOPOCTBIO, Pajl, ®3 - 3aJJaHHOE 3HAYECHUE YTIIOBOU

CKOpPOCTH - BXOJHAA HH(i)OpMaHI/ISI MOJCIIA, YIJTIOBAs CKOPOCTb MOJKCT U3MCHATHCA,
. o Ac

HOUUHSSACH HeKoTopomy 3akoHy f(i) wimm OBITH MOCTOSHHOM, ~pL - BEIMYMHA,
T

oOpaTHasi ontuyeckoMy kKodpduunuenty sddexra Canbsika; @peoy - pasHuia (a3
BCTPEYHBIX ONTHYECKMX BOJMH B wuHTephepomerpe CaHbsika, BbI3BaHHAS
BCIIOMOTATENIbHOW  (ha30BOM  MOAYJIALIMEH, paa; | - HOMEp IMOJyNepHoaa
BCIIOMOTaTeNbHON ()a30BOM MOAYJSIIMM B Tpefenax Iepuoja OCPEIHEHUS
BBIXOJTHOTO CHUTHaJIa; @, - pasHuma ¢a3 BCTPEUYHBIX ONTHYECKUX BOJH B

unteppepomerpe CaHbsika, BbI3BaHHAS KOMIICHCUPYIOIIEH (ha30BOi MOIYJISIIUCH,

L dT@) = /ep(i)ﬂfADc noise (i,1), (1.24)

pan.

Lmapi) = €ldfapcnoise (i,2), (1.25)
em_T(i) = ﬁ‘l‘kTRfADCnOiSQ (l, 3), (126)
) A fapc 1 . .
Lu.cnaG) = mpoﬂ P (1 + cos @pam) noise (i,4), (1.27)

IIe 1 - 4yBCTBHTEIbHOCTH Gotoauona, A/Bt; fapc - wyacrora mpeoOpazoBaHus
aHanoro-udposoro mpeodpasosaress; N0ise(N,M) - maccus, rme M = 4 - gucio
HE3aBUCUMBIX KaHAJOB ITyma. Kakaplii KaHal mryma MOJCITHPYETCS ¢ TTOMOIIBIO
HE3aBUCUMOTO T'e€HepaTopa CIy4yalHbIX HEKOPPEITUPOBAHHBIX YHCEN C TayCCOBBIM
pacmnpeneneHueM, CAMHNYHON AUCTICPCUEH U HYJICBBIM CPEIHUM 3HAUYCHUEM.
Curnan Ha Bxoge (a3ouyBcTBUTENbHOTO  Bbimpsmurens (PUB)

MOJIEIIUPYETCS BBIPAXKCHUEM:

Surr @y = (P(i)T] + lnore) t lwoaq) + im.CJIz[(i))ZR + ewT()-

I'eneparop BcromoratenbHOU (azoBort Monyisinuu (I'BOM) BeimonHseT

nBe QyHKIMM:
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- MOJENUPYeT CHUTHAJ  BCIIOMOTaTeNbHON  (ha30BOM  MOIYJIALINY,

HpI/IHI/IMaIOHII/Iﬁ JABa BO3MOXXHBIX COCTOSHMA .

_ { ©OoMm» ] = 2m, roem € Z
PpoMm() = — PRoM j=2m+1, raem € 7’
rae j = lﬁ%"“], J=0..2fgomT, feom - YacToTa BCIIOMOraresbHOH (ha3oBoH

MOAYJISUMU | - MEepUOJ OCPEAHEHHS BBIXOJHOIO CUTHANIA; Qppm - [M1yOnHa
BCIIOMOTaTeNbHOM (Pa30BON MOIYIIALINM;
- MOJENMpYET YHPaBISIIOIIMA CHTHalI s (pa304yBCTBUTEIBHOTO

BBITIPAMUTCIIA:

g _{ 1, Jj = 2m, raem € 7Z
ynp(G) T | —1, j=2m+1, rnem € Z°

Curnan Ha Beixoae ©UB:

SouB(i) = SUFT (i)Synp(j)-

brok ocpennenuss BO1 Moaenupyer ¢popMupoBaHue CUTHaAIA OMIUOKHU, TO
€CTh CUTHAJIa PACCOTJIACOBAHMUS HA JIBYX COCEIHUX MHTEPBANIAX |

(] +2)M
Li=jm (Scquo))
Serror G-1) — M

f apc

rne M = .
A 2f oM

CurHan paccoryiaCcoBaHUs Sgpror (j—1) YCUIMBACTCA W WHTCTPUPYETCS B

unTerparope omubku (). Curnan BeIxoga MHTErpaTopa OMIMOKHU:
Prj—1) = Px(j—-2) T Serror j-1)Ku)
rae Ky - koagduuument ycunenus ommnodku, B/pan.

DTOT CUTHAJ SIBISETCS OJHOBPEMEHHO KOMIIEHCUPYIOIIUM CUTHAJIOM JJIst
KOHTYypa 0OpaTHOM CBSA3U U MEPOU YIII0BOM CKOpOCTU. B KOHTYpe 0OpaTHOM CBsI3U
peann3oBaHa 3aJep)KKa Ha OJWH TMOJYIEPHOa |, BCEraa MPUCYTCTBYIOIIAs B
¢usnueckux BOI'. bnok ocpennenuss bO2 cymMmmupyer u ycpeaHseT HaKOIIEHHbIE
Ha uHTepBaje K 3HaueHUs! KOMIEeHCUpyromeh $assl @yj. C ydeToM ONTHUECKOro
kodpPummenta r¢pdexra CaHbsika BHIYUCICHHOE 3HAYCHHE W3MEPSIEMON YTIIOBOM

CKOPOCTH Ha k-oM oTcYeTe coCTaBIIsET:
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. _Xi(ewy) Ac
") T 2 foomT 2TDL
N

fapcT’

Ilocne oxoHYaHUS HOCJ'IE?I[HCﬁ HUTCpannu I JJIA1 HAaKOINICHHOI'O MaCCHBa

rnek=1..K, k =2fgouT , K =

3HAUCHHUHN Wy, (k) BBIYUCISIOTCS cpenHee 3Hauenne, CKO u CIIMILL:

_ Zk(wn(k))
Wep = —x

K

1 2

°= L Z 1'2(%(10 — ),
k=1

o
Swenmm = —

5

1
rne Af = v

1.7 AHanu3 U OLleHKA I0CTOBEPHOCTH NMOCTPOEHHBIX MOAesIeH

1.71 MerToauka OUEHKH IIYMOBOIl COCTABJISIIONIEHl BBLIXOJHOIO

CUIHAJa BOJTOKOHHO-OIITHYIECCKOI'0O rMpoOCKoIIa

OOmenpu3HaHHBIMU 1 IIHPOKO HCIIOJIB3YEMBIMH Ha TMPAKTHUKE SIBIISIOTCS
JIBA METOJIa OMNPENCIICHUS BEIWYMHBI CIIYYalWHOM COCTaBJISIONIEH BBIXOJHOIO
curnana BOT'.

CranmapTHbIM CHOCOOOM TMPHUHITO CUHUTATh CPEAHEKBAIPATUUYECKOE
orkioHeHne (CKO) wu3MepeHHOM peanu3aluu BBIXOJHOTO CHUTHAJIa, PaBHOE

KBaIPaTHOMY KOPHIO U3 BEIOOPOYHOM TUCTIEPCUHU:

o0 = |- By (o0 — 0 (128)
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rje N - KOJUYECTBO BBIOOPOK, j(T) - 3HadeHWe I-O0H BBIOOPKH, T - TEPHOJ
u3MepeHus (WM OCPEIHEHUs) BBIOOPKU BBIXOAHOIO CUTHAJA, M, - BHIOOPOYHOE
cpenHee.

CriekTpasibHass IDIOTHOCTh MOIIHOCTH IIlyMa TIPUH TaKOM ITOIXOJC
OIPEICIIICTCS KaK KOPEHb M3 TUCIICPCHH CUTHAJIA B OTPAHUYCHHOM MOJIOCE YaCTOT,

OHpeHCHHGMOﬁ 4aCTOTOHU JUCKPCTU3allK CUI'HAJIA, ,HeJICHHOﬁ Ha 9Ty IIOJIOCY:

(/o
dwenmm = :;Tifﬂ[( /)N, (1.29)
rae Af, = % - IIIPHHA TOJIOCH! IPOIMTYCKAHHS U3MEPEHHOTO CUTHAIA.

B pa60TaX II0 THPOCKOIIMHK TaKXKXC MOXXHO YaCTO BCTPCTHTHL TaKOC

BBIPpAKCHHUC HJISL OIIPCACIICHUA KOI)(i)(bI/II_[I/ICHTa myma:

Ky = o(1) - |——[°/INu]. (1.30)

[Ipu >TOM, TpU OLICHKE BEJIUYMHBI HECTAOMIHLHOCTU CMELICHUS HYJIEBOIO
CUTHaJIa BpeMs 7 Beioupaetcs B nuamnazone ~ 100...300 cexynn. [1pu onienke mryma
7 BeIOUpaetcs B nuana3one ~ 0,1...10 cexyn.

JlaHHBI METOJ IPOCT B peajv3alrd, HO HE OTPAXKAeT B IIOJIHOM Mepe
PEATBHYIO KApTUHY PACIPEICIICHUS 3HAYCHUN CITyYalHOM COCTABJISIONICH CUTHAJIa
cornacHo monenu (1.8), sABmsisich, MO CyTH, TOYe4HOM oreHkoi. Kpome Toro,
HaJIM4KMe JTUHEHHOTO TpeHJa (BRI3BAHHOTO, HAIIPUMED, 3aBUCUMOCTBHIO BBIXOJIHOTO
CUTHaja OT TEMIIEpaTyphbl) B OIEHUBAEMOMN peaiu3allud CUTHAJA, TMPUBEAET K
HEKOPPEKTHOM OLIEHKE MMapaMETPOB CIIy4alHOM COCTABIIIOLIEN CUTHANA.

JIns  TMOJIHOLEHHOM W KOPPEKTHOM OLIEHKU CTPYKTYpPBbl CIy4alHOU
COCTAaBJISIFONIIEN BBIXOJHOTO CUTHAJIa M OMNPENEIICHUS €€ KOMIIOHEHT B IOCIIEIHEE
Bpemsi (B Poccum ¢ Hauwanma XXI Beka) MpUMEHSIOT METOJ Bapualuu AJllaHa,

TaK)K€ M3BECTHBIM Kak CPCAHCKBAAPATUICCKOC OTHOCHUTCIIBHOC I[BYXBI)I60pO‘-IHO€

orkionenue (CKJO) [106]:

01 = s Ea(@r (0~ 5() (1.31)
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I7ie ® - OCPEIHEHHOE Ha MEePUOJIE BPEMEHU T 3HAYEHUE BBIXOAHOTO CUTHAJA.

Kak BugHo u3 Beipaxkenus (1.27), ocHoBHoe orimune CKIO ot CKO
3aKJII0YaeTcsi B TOM, 4YTO BBIYMCISETCS KBAApaT OTKJIOHEHHSI CPEIIHEro,
MMOCYUTAHHOTO TI0 IBYM COCEIHUM BBIOOPKAM, a HE KaKI0H BEIOOPKH OT CPETHETO
3HAYEHHUS BCEX BBHIOOPOK. DTO MPUBOJIUT K HEUYBCTBUTEILHOCTH JTAHHOTO METOJIa
K HAIUYHUIO B OIICHUBAEMOM peasin3allui CUTHANA JIMHEWHOTO TPEHAa WIIH BIUSTHUS
HU3KOYACTOTHBIX CITyYaHBIX COCTABIISIIOLIMX HA OLIEHKY ITyMa.

Bapuanus AnnaHa BBIUMCISETCS JUISl KaXJAOTO BPEMEHH OCPEJIHECHHS T B
nuara3oHe oT T = t, rie t - mepruox u3MepeHus OJTHOM BRIOOPKU CUTHAJA 10 T = 1/2,
rae T — IIUTeabHOCTh 3allMCH peanu3anuu curnana. [lo pesynbratam BbIYUCICHUS
crpoutcsi rpapuk 3aBUCUMOCTH Oa(T). Ilpumep rpaduka Bapuaiuu Asuiana,
BBIUHMCICHHBIM Uil peanu3auuu BeiIxogHoro curHana BOIT OMYC1000

npousBojacTBa OO0 HIIK «OnronuHk» npencraBieH Ha pucyHke 1.6.

Bapwuauua AnnaHa gns BOI OMYC1000 npoussogctea HMK "OnTtonmHK"

o
[y

——0NYC1000

0,01 : =

OUyC1000
CMMLL = 4,5x10* °/vu.
Hecrab. Hyna = 1,4x10°/u.
Tuecras. ~ 204.
0,001 <

CMMLLU - CnekTpanbHas MOTHOCTb MOLLHOCTH \,\_\,\—\N\,

wyma (cnyyaitHoe 6ayxpanue yrna)
) )

Ks. KopeHb Bapuauum AnnaHa, °/uac

0,0001

0,01 0,1 1 10 100 1000 10000 100000
Bpems, c

Pucynok 1.6 - O0mwmii Bux rpaduka Bapuaruu Ajutana s BOI [107]
Kosdpdummentst N u B Beipaxkenus (1.8) ompenensitorcs u3 rpadukxa
BapHaluy AJUlaHa CIeIyIOIUM 00pa3oM:
- Koapduument N onpenensiercs no ypoBHIO GA(T) B TOUKE MEPECEUCHHUS

MPSIMOM JIMHUH, SBIISIONICHUCS MPOJAOHKEHIEM yUacTKa rpaduka ¢ HaKJIOHOM -Y2 1b
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Ha JIeKaJy, ¢ BEpTUKAJIBHON JIMHHUEH, POBEACHHON yepe3 Touky T = 3600 cexyHI
(1 gac) mo ocu BPEMEHH U HUMeeT pa3MepHOCTH [°/Vul;
- Koadppunuent B, xapakrepusyromuii HU3KOUYaCTOTHYIO HECTAOHUILHOCTD

CHUTHAaJa, ONPEENIeTCs KaK 3HaUeHUE Ga(T) HAa TOPU30HTAIBHOM y4acTke rpaduka,

JIEJICHHOE Ha Ean ~ 0,66.

Hanee B pabote Mbl OyJ€M HCIOJB30BaTh 00a METOAA B 3aBUCUMOCTH OT
OOCTOATENBCTB: IS TOYEYHOW OLIEHKH CHEKTPaJbHOM IUIOTHOCTH MOIIHOCTU
orymMa IpU CpPaBHEHHWU PE3yJIbTaTOB  AHAJIUTUYECKOTO, HMHMTALMOHHOIO
MOJICJIMPOBAHUSI U HATYPHOTO 3KCIEpUMEHTA OyZEM HCIOJIb30BaTh BBIPAXKEHUE
(1.29), mpm HEOOXOIUMOCTH HIACHTU(DUIUPOBATH CTPYKTYPY  CIy4aiHOM
COCTABJISIFOLIEH BBIXOJHOIO cHrHana npu cpaBHeHuu BOI ¢ cuctemMoil CHUKEHHUS

myMa U 0e3 CHIKEHHs IIymMa OyJeM HCIOJb30BaTh METOJ BapHaluu AJliaHa

(1.31).

1.7.2 OnTumMajbHble 3HAYEHUS] TIAPAMETPOB BOJOKOHHO-ONTHYECKOT0

rHpPOCKONa (MUHUMM3ALMS LIyMA)

JIns BBISIBJICHUS WMCTOYHMKA IIIyMa, BHOCSINIETO HaWOOJBIIUN BKJAJ B
pPE3yJIbTUPYIOIINM YPOBEHb IlIyMa, a TakKke Uil OIpEICIICHUs 3HAYeHUU
napaMeTpoB, MPUBOMASIIMX K MUHUMHU3AIMU YPOBHS IIIyMa, OBLUIO MPOBEICHO
MO/JICJIUpOBaHKE IIIYMOBOM COCTaBJIAIOLIECH BbIxoaHOTO curHaia BOI' B mupokom
JAana3oHe mapaMeTpoB. PaccMOTpuM, Kak MEHSIETCS YPOBEHb IIymMa BBIXOJHOIO
curHasia BOI' B 3aBUCUMOCTH OT 3HAYEHHI TNTyOMHBI BCIOMOraTelbHOM (ha3oBoii
Monynsanuu  (BOM), MOIIHOCTH M3IyYECHHS ONTHYECKOTO Juana3oHa u
COTNPOTUBJICHUSI PE3UCTOPOB OOPATHOM CBS3UM TPAHCHUMIIEAAHCTHOTO YCHUIUTEIIS.
Ha mpuBeneHHBIX HMKE PUCYHKAX CIUIONIHBIMU JIMHUSMU H300paxeHbl Tpaduxu
3aBUCUMOCTEN OTHEJIbHBIX COCTABJIAIOIINX M IOJHOIO YPOBHS IIIyMa BBIXOAHOTO
curnasia BOI, omwmceiBaembie BoipakeHueM (1.22), Toukamu 0003HAUCHBI
3HAYEHHUs, COOTBETCTBYIOIIME pE3yJIbTaTaM MOJECIUPOBAHUSA IIyMa BBIXOJHOIO

curgaiga BOI' umMmutanimoHHON MOJENBIO.
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Ha pucynke 1.7 npeacraBinensl Tpaduku 3aBUCUMOCTH IIyMa BBIXOJHOTO

curdaia BOI' ot BennunHbI BcloMOTaTeabHON (ha30BOM MOAYISIIUHN QoM.

0,11 R=20-10°0OmM
—— S0m
01 or(?) n=093 A/Br
00 - Sﬂ)m.cblt(‘P) ]
: Py =50-106 Bt
o0 o om@ [;=20-10° A
= 0,0 — Somcan(e) o
;_‘;\ 00 R 603]1[.061[1.((!)) I) - 0.15 M
3; 00 ¢ 30 mosm (®) L=1070m
S 00 T-293 K

0,0 %= 1556-10°m
00 A) = 35109 w1
0,01
K= 3.125
0,0 -
/6 /3 /2 2n/3 5n/6
¢, pan

Pucynok 1.7 - 3aBUCHUMOCTb ypOBHS IiIymMa OT pa3HOCTH (a3. CrpaBa NpUBEIEHbI
3Ha4YCHUs apaMeTpoB BeipaxeHus (1.22) 1 UMUTAITMOHHOW MOJIEIIH TIPU pacyeTe

Kak Buano wu3 rpaduka mnoaHoro myma (O0®y ewm((P)) MHUHUMAIbHBIN
YpPOBEHb IIyMa MpU 3aJaHHBIX 3HAYEHHUSX [apaMeTpoB HaOJOmaeTcs NpH
@pom ~ S1/6. CoBpemennsie BOI', mocTpoeHHBIE MO CX€ME C BCIIOMOTaTeIbHOM
dba3oBoli MOAyNIAMEH W 3aMKHYTBIM KOHTYPOM KOMIIEHCHPYIOIIEH 00paTHOM
CBS3M, KaK MpaBwio, UMEOT riyouHy B®OM paBuyio m/2, yTo 000CHOBaHO
BBIOOpPOM paboyeil TOUKM Ha JTMHEHHOM ydacTKe MepeaaTouyHor GyHKIUU (KaK Mbl
Bunend B 1.1.3) U oamHakoBoil uyBcTBUTENbHOCTHIO BOI' k nelctByromien
YIJI0BOM CKOPOCTH U YIJIOBOMY YCKOPEHHUIO HE3aBUCHMO OT MX 3HaKa, YTO MMEET
ocoboe 3nauenue st BOI' ¢ 001b1110# 10JI0COM IPOITyCKaHUs UM BUOPOCTONKHX
BOI" [108]. Jns BOI' npenHa3HaueHHBIX aJisi paOOThl B YCIOBHUSIX MEIJICHHOI'O
W3MEHEHUs JICUCTBYIOIIEH YIJIOBOM CKOPOCTH (M JPYyrux BHEMIHUX (DAKTOPOB,
KOTOpPbIE MOTYT IMPHUBOJUTH K MOAyJsiiuu ¢da3pl CaHbsiKa) YBEIUUEHUE TIIYOWHBI
B®M mokeT npuBecTH K YMEHBIICHUIO YPOBHS IlIyMa B BBIXOJHOM CHUTHaje 0e3

BJIMSIHUS HA JPYTUC TOYHOCTHBIC ITapaMCTPHI.
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Ha pucynke 1.8 mnpuBenensl TpaduKud 3aBUCUMOCTEH  KaXKIIOH
COCTaBIISIONIEH U MOJIHOTO YPOBHS ITyMa BbIxoAHOro curnaia BOI' ot MotHocTH
U3ITy4eHHUs] ONTUYECKOTO auamna3zoHa Ha doronpuemnuke P, Kak BuaHo wus
rpaduka 3aBHCHMOCTH ITOJIHOTO MyMa (0®y o6m(Po)), YBEIWYCHHE MOIIHOCTH
MPUBOJUT K 3HAYUTEIIBHOMY CHHKEHMIO IIyMa BbIxoAgHOTO curdana BOI'. B toxe
BpEMsl, BUJHO, YTO NAJIbHEUIIEE CHUKEHHE IIyMa OTPAaHUYEHO NMPUCYTCTBUEM B
BBIXOJTHOM CHTHaJie M30BITOYHOTO IIIyMa HWCTOYHHMKA W3MydeHus (rpaduk

00y ci1(Po)), YPOBEHB KOTOPOTO HE3aBHCHUT OT MOIITHOCTH Po.

0,08  Somor(Po) R=20-10> Om
i | —— Somen(P) n=0.93 A/Br
0,06 —— Som(Po) | Prom = /2
0,05 — dom.cmn(Po) I;=20- l_ 0°A
= | — 00m o6m.(Po) D=0.15Mm
? o I ] ¢ 80 mosm(Po)| | L=1070Mm
£ 0,03 T=293 K
;; 0.02 )= 1556:10"m
) Al =35-10°u
- K—3.125
0,00

10 20 30 40 50 60 70 80 90 100
Po, MkBT

Pucynok 1.8 - 3aBUCHMOCTb YPOBHS IlIyMa OT MOIIHOCTH ONTHYECKOTO U3TyUCHHUS.
CripaBa MpUBE/ICHBI 3HAUCHUS TapaMeTpoB BeipakeHus (1.22) 1 UMUTAIIMOHHOMN
MOJIEJIU TP pacyeTe

3aBUCHUMOCTh IIyMa BbIXOAHOTO curHaiia BOI' oTr compoTuBieHUs
pe3ucTopoB ycunutens (pororoka mpencraBieHa Ha pucyHke 1.9. Ilockonbky
BKJIaJI TEIUIOBOTO IIIyMa pe3ucTopoB (rpaduk dw, r(R)) B MOJHBIN IIyM HEBEJMK,
TO HayuMHasg OT 3HAYEHUS CONPOTHUBJIEHUS PE3UCTOPOB, paBHOro S5 KOw,
YBEJIMYEHUE COIMPOTUBIICHUS PE3UCTOPOB HE TMPUBOJUT K CYIIECTBEHHOMY

BJIMSIHUIO HA ITYM BBIXO/JIHOT'O CUTHAJIA.
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oo e ®) Py =50-10°Br
—_— E)(Dm,cpﬂ(R) n= O.93MAW/BT
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0,05 | | | : | : —_— Smm.CﬂH(«R) T Id — 20.10-9 A
- 8 m.00 R
é 0,04’ | | | 6(? m((R)) i [)20.15 M
R M ® m.o6m.
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Pucynox 1.9 - 3aBucuMOCTb YPOBHS IIIyMa OT COIPOTUBJICHUS PE3UCTOPOB
yewurens porotoka. CrpaBa NpUBEICHBI 3HAUEHUS TAPAMETPOB BBIPAKEHUS
(1.22) ¥ UMUTAIIMOHHOMN MOJIEIIH TIPH pacyeTe

Pacxoxnenue pe3yiapTartoB MOJEIMPOBAHUS C MOMOIIBKO UMHUTALMOHHOU
Mozenu W BeIpakeHueM (1.22) ompenensioch Kak MaKCUMajbHas BEIUYMHA
OTHOCUTEIIbHOM TIOTPEIIHOCTH, BBIYHACICHHONM MPU OJWHAKOBBIX 3HAYCHUSX

napaMeTpoB Mojiesei mo Gopmyie:

Smax — max; <8w ]/IMI/ITALI(i)—&DTEOP(i)> . 100%’ (1.32)

8w TEOP(1)

I71€ Omax - MAKCUMAaJIbHOE U3 BBIYMCIIEHHBIX 3HAUEHMH MorpeumHocted, %; max -
(GYHKIMS, BBIYMCIAIONIAS MAaKCUMaJIbHOE W3 3HAYEHUH CBOEro apryMeHTa;
dwpmvutan) - 3Hadenue CIIMII, onpeneneHHOE C INOMOIIBIO HMMHMTAllMOHHOM
MOJICIIH, (°/q)/\/Fu; doreop - 3Hauenne CIIMIII, ompeneneHHOe C MOMOIBIO
Beipakennst (1.22), (°/4)/\NTw; i - nHaeke GUKCHPOBAHHOM KOMOMHAIIMY 3HAYCHHUIA
apaMeTpPOB MOJEIIEH.

AHanu3 JaHHBIX TOKa3bIBAET, YTO PE3yJbTaThl MOJAEIUPOBAHUS IIyMa
BbIpakeHneM (1.22) u KOMIBIOTEPHON MOJIENIBIO ISl BCEX MPOBEPEHHBIX YCIOBUN
otnuyatorcsa He Oonee yem Ha 10%. Taxxe u3 rpadukoB pucynkoB 1.7 - 1.9

BUAHO, 4YTO B OOJBIINHCTBE PAaCCMOTPCHHBIX CJIYUaCB HanOOJILIIHNI BKJIad B
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CYMMapHbIi IIyMOBOM CHTHall COCTaBIIs€T W30BITOYHBIA IIyM HCTOYHHKA

H3JIyYCHHUA OIITUYCCKOI'O Aralra3oHa.

1.7.3 OueHnka 10CTOBEPHOCTH Mojiej1ei

JUis OLIEHKM JOCTOBEPHOCTH PACCMOTPEHHBIX BBIIIE MOAENEH Obul
IPOBEJEH aHAJIU3 JAHHBIX U1 BBIOOPKM M3 18 mITyK CEepUiiHO BBITYCKAaEMBIX
BOJIOKOHHO-ONTUYECKUX  TMPOCKONOB  OJHOrO0  THMA,  OTIMYAIOLIUXCS
3HAYCHUSAMM I1apaMETPOB, BXOIAIIMX B BBIPAKECHHUS JUIsI  OINPEHCIICHHUS
CHEKTPAJIIBHON INIOTHOCTH MOITHOCTH IIyMa.

B nepByro ouepenp ObUIM MpOaHATU3UPOBAHBI PE3YNIBTATHl U3MEPEHUN
IIyMOBOM COCTAaBJISIOLIEH BBIXOJHOI'O CHUI'HAJa W BBIYKWCICHO 3HAYCHUE
CHEKTPAJIBHOW IUIOTHOCTH MOIIHOCTH IIyMa BBIXOJHOTO CHTHAJIA KaXXJO0ro
obpasma no ¢popmyie (1.29).

3areM ObUIa MPOaHAIM3UPOBAHA COIMPOBOAMUTENBHAS TEXHOJOTMYECKas
JOKyMEHTAUsl Ha KaXIbld HCCIeayeMblid oOpa3el, B pe3yJibTaTe 4ero ObLIn
YCTaHOBJIEHbl 3HAYEHMsI IapaMeTpoB Kaxaoro oOpasua, BXOAsIUME B

Beipakenue (1.22). [ToyueHHble 3HaUeHUS MpUBeACHBI B Tabmme 1.1.

Tabmuma 1.1
3aB.Ne ‘ Po, MkBT ‘ R, xOMm n, A/Bt ‘ t,°C ‘ AN, HM ‘ A, HM
23002 9,775 33,2 0,88 28,1 42,9 1532,6
23003 10,870 33,2 0,92 31,0 37,4 1546,4
23004 14,916 27,4 0,92 21,5 37,1 15455
23005 12,295 27,4 0,90 35,0 37,7 1547,3
23006 12,184 33,2 0,89 25,5 37,9 15454
23007 10,469 33,2 0,87 25,0 36,9 1539,5
23009 10,335 33,2 0,90 30,5 37,5 15474
23010 11,712 27,4 0,87 30,2 37,6 1547,0
23011 10,900 27,4 0,90 33,0 36,7 1537,8
23012 11,914 33,2 0,90 30,0 36,8 1545,7
23013 12,464 33,2 0,87 25,0 37,1 15475
23016 8,448 33,2 0,87 38,1 37,2 1529,0
23017 13,488 27,4 0,92 24,0 37,0 1546,0
23018 13,254 27,4 0,89 33,9 37,0 1545,0
23019 6,275 44,2 0,90 28,0 39,1 1531,0
23020 10,953 33,2 0,88 39,1 37,6 1547,0
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[Tponomkenue Tadbmmmpl 1.1

3aB.Ne | Po, MkBT ‘ R, xOMm ‘ n, A/Bt t, °C AN, HM A, HM
23022 11,001 33,2 0,92 33,9 37,3 1530,0
23024 8,420 33,2 0,89 35,6 38,5 1532,0

HpI/IMe‘IaHQI/Ie - Jlnst Bcex o6pasnoB Beioopku: D = 0,135 m; L = 1070 m; Ky = 1,5; ¢ = 7/2;
ig=10-10" A.

[Tomy4yeHHbIC 3HAUEHUS TAPaMETPOB ObUIA TIOJICTABIICHBI B BHIPAKEHUE
(1.22) ¥ BBIYKCIEHO TEOPETUYECKOE 3HAYCHHE CICKTPAIbHON IIJIOTHOCTH
MOTITHOCTH ITyMa JJIs1 KaXKJ0TO MPUOopa 13 BHIOOPKH.

Taxxke, HaOOp mapaMeTpoB Kaxaoro oOpasma OBLI TOACTABICH B
MMUTALMOHHYIO MOJIENIb U JIJISl KaKJIOTO Habopa MpoBeJeHa UMHUTAIUsI PabOThI
BOI'. JInuTenbHOCTh peanv3alud Ipolecca HMMHUTALUM COCTaBIsAIa OIHY
CEeKyHJy, TEpPUOJi OCPEIHECHMs] BBIXOAHBIX JaHHBIX cocTaBisul 10 mc, 1o
MOJIYYeHHBIM JIAHHBIM, 110 (popmyiie (1.29) BBIYMCIICHO 3HAYCHHUE CIIEKTPATIbHOM
TUIOTHOCTH MOIIIHOCTH IITyMa JJIsi KaXKIOT0 UCCIIeyeMoro oopasiia.

Ha pucynke 1.10 npuenenst 3nauenuss CIIMIII ansa kaxmoro npubopa
13 BBIOOPKH, BBIYHCIECHHBIC MO pe3yibTaTaM H3MEPEHHH, M0 aHAJTUTHICCKOMY
BbIpaxkeHu1o (1.22) u B pe3ysibTaTe KOMIBIOTEPHOTO MOJICTUPOBAHUSI.

0,080
0,075

0,070 ECrmul
ol 3mepeHoe,
= 0065 (Cl)NIy,
T . eC
< 0,060 ML
5 * * BbluncneHHoe
0,055 (TeopeTunyeckoe)
® ¢ * !
= ¢ 3 ¢ PR 3 * . CryNTY
0,050 * L 2
o cnMml
0,045 BbluncneHHoe
(nmuTauus),
0,040 (Ca)NTy,

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Howmep npubopa

Pucynok 1.10 - CriekTpasibHasi IIIOTHOCTh MOIIHOCTH LIIyMa
AKCIIEPUMEHTAILHOM BRIOOPKHU
Ha pucynkax 1.11 - 1.14 npuBeneHsl 3HaueHHUs aOCOIIOTHOM U

OTHOCHUTEJIbHOM MOTrpCIMHOCTH, BBIYMCJICHHBIC JJIA OTKJIIOHCHUA PC3YJIbTATOB
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BBIYMCIIEHHS 110 BbIpaKeHUIO (1.22) OT pe3ysbTaToOB MU3MEPEHU U OTKIOHEHHI
PE3yNbTATOB UMUTALIMOHHOIO MOJEIUPOBAHUS OT PE3YIbTATOB U3MEPEHUS.
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0,010 * *

0.008 . 'S * o . —— YcpeaHéHHas
. .
0,006 (A, CluNTL)

0,004

0,002
0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

*
* e A (NI

A, PN,

Homep npubopa
Pucynok 1.11 - A6comtotHoe oTkinonenue 3naueHnii CIIMILI BIUHUCIIEHHBIX TTO
BbIpaKEeHUIO (1.22) OT BHIYUCICHHBIX IO U3MEPEHHBIM 3HAUCHUSIM

0,018
0,016
0,014
0,012
0,010
0,008
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A, ClNTY

YcpenHéHHas
(A, (ClNTY)

A, ClNTY

Homep npnbopa
Pucynok 1.12 - A6comtorHoe oTkinonenue 3HadueHnii CIIMIL nmuTannonHom
MOJIEU OT BBIUUCIICHHBIX TT0 U3MEPEHHBIM 3HAYCHUSIM
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15,000 * PS ¢ @ —— YcpeHéHHas
10,000 * (3, %)

5,000

0,000
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0, %

Homep npnbopa
Pucynok 1.13 - OtHocutensHoe oTkinoHeHre 3HaueHui CIIMIL BeramcieHHbIX

1o BeIpaxeHuIo (1.22) OT BRIUMCIEHHBIX IO U3MEPEHHBIM 3HAUEHUSIM
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Homep npunbopa
Pucynok 1.14 - OtHocutensHoe oTkiI0oHeHHEe 3HaueHui CIIMII umMutanimoHHOM

MOJCIIN OT BBIYMCIICHHBIX 110 U3MCPCHHBIM 3HAYCHUAM

B tabmuue 1.2 mnpuBeaeHbl 3HaYeHUS KOA(PPUIUEHTA KOpPPEISLUU
[Tupcona, BbluucnenHble it 3HadeHud CIIMII BbIOOpKHM HCCHELyEeMBIX
00pa3loB MEXAY pe3yJbTaTaMH U3MEPEHUN U pe3ylbTaTaMU BBIUKCICHHUH 110
BoIpakeHHIo (1.22) u Mexay pesynabTaTaMu H3MEPEHHA M pe3yJibTaTaMu
MMUTALMOHHOTO MOJEIMPOBAHUS, a TAKXKE CpEIHUE 3HA4YeHHsI aOCOIIOTHON U

OTHOCHUTEJIBbHOM IIOTPCIIHOCTH.

Tabmumna 1.2
[TapameTtp r A, (°/a)NT'g o, %
T?()‘;f“}fggg“;‘; ! 0,878 0,008 16,028
JKCHIepHMET / 0,885 0,006 10,898

uMuran. MoacCJIb

Kak BumHo u3 Tabnuiel 1.2 3HadueHuss K03PGUIIMEHTOB KOPPETSAIUU B
0o0OMX ClIydasX MOKa3bIBAIOT CHJIbHYIO KOPPEJSIHUOHHYIO CBSI3b MEXIY
pe3ynbTaTaMH 3KCIEPUMEHTA U pe3ybTaTaMU BBIYUCIECHUN U MOJAEIUPOBAHUS.
B T0 xe Bpemsi, 3HaueHUsI aOCOTIOTHON U OTHOCUTEIIBHON MOTPEITHOCTH MEXKIY
HKCIIEPUMEHTOM U pPe3yJibTaTaMl UMUTALIMOHHOTO MOJEIUPOBAHUS B CPEJITHEM B
1,5 pa3a MeHblIEe 4YeM MEXIy SKCIEPUMEHTOM M BbIUMCICHHBIMH 1O (1.22)
3HAYCHUSIMH.

[TosryuenHsbI pe3yJibTat B LIETIOM MOKHO CUUTATH

YAOBJICTBOPUTCIIbHBIM. PaccornacoBanue MCIKIY pE3yJibTaTaMH I/I3MepeHl/If/'I n
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pe3ynbTaTaMu MOJIeIupoBanus B cpeaHem paBHo 11 %. Kak OyaeT mokazaHo B
CIIEyIOIel TJIaBe HaCTOosIIed paldoThl, TaKOE€ PACXOXKIEHHUE, MEXKIY
IPEJICKa3aHHbIM U PEAJIbHBIM PE3YyJIbTaTaMU, MOXKET ObITh BbI3BAHO HAJIMYMEM B
cxeme BOI' npyrux HMCTOYHHMKOB IlIyMa, HE YYTEHHBIX MpPEACTaBICHHOU

MOACIIBIO.

1.8 BbiBO/bI 110 MEPBOI IJ1aBe

B nmepBoii rmaBe Obula mpeAcTaBlieHAa BBOJAHAS —HMHGMOpMaLus,
HeoOXoaumas [Jii TOHUMaHUs NPUHIUNOB (QyHKUMOHUpoBaHus BOI' wu
npoueccoB (OPMUPOBAHMS IIYMOBOW COCTAaBJISIONIEH BBIXOJHOTO CHUTHAja
BOJIOKOHHO-OIITUYECKOI'0 TUPOCKONA U METOJOB €r0o OLEHKU. Takxke B IEepBOU
raBe ObUI TPOBENEH BBIBOJ OCHOBOIIOJNAralIIEero JUisl BCEM JanbHEHIIen
paboOThl TEOPETHUYECKOIO BBIPAXKEHHUS JUISl  OIpPENEICHHUs CIEKTPaJIbHON
IJIOTHOCTH MOIIHOCTH ITyma B BbIXOZHOM curHaie BOI'. OnucanHas B nepBoi
rjlaBeé MMHUTAlMOHHas Mozenb paboTrel BOI' ¢ BKIIIOUEHHBIMM B €€ COCTaB
UCTOYHUKAaMU LIyMa IO3BOJISIET MPOBOJUTH MOJYHATYPHbBIE HKCIIEPUMEHTHI O€3
HE0OXOAMMOCTH U3rOTaBIMBATh M HacTpauBaTh puznueckue npototurns BOT'.

B wmenom, pe3ynpTrarhl MOAEIMPOBAHUS, A TAaKXKE MPOBEPKU MOJEIICH
IIyTEM CPaBHEHMUS PE3YJIbTATOB MOAECIUPOBAHUSA C PE3yNbTaTaMH HATYPHBIX
UCIIBITAHUM MOKHO OIIEHUTH KaK IIOJOKUTENbHbIE. MOJENN YUYUTHIBAIOT BCE
M3BECTHBIE €CTECTBEHHbIE MCTOYHUKHU IIYMOB, npucymue BOI' MuHumanbHOM
koHpurypauun BKUW. Pacxoxnenne B pe3yibTaTax, IMOJIYYEHHBIX MpH
BbluuciaeHun CIIMIII o Beipaxenuto (1.22), U 1pu  KOMIOBIOTEPHOM
MozaenvpoBanun He npesbimaer 10 %. PacxoxxaeHue Mexay pe3yJibTaTaMmu
MOJEIUPOBAHUS MU DSKCIIEPUMEHTAIBHBIMU JAaHHBIMUA COCTaBJISIET B CPEIHEM
11%. B TO Xe BpeMs HYXHO YTOYHHTb, YTO CPABHEHUE MOJEIBHBIX U

9KCIICPUMCHTAJIbHBIX JAaHHBIX IIPOBOAWJIOCH IIPpH Majou Bapuanuu 3HAYCHUM
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OCHOBHBIX  TApaMETPOB  MOJENIH,  OOYCIOBJIEHHOM  OJHOTHUITHOCTBHIO
UCCIIeyeMbIX 00pa3uoB. s 1onomHeHus pe3yabTaToB, BO BTOPOU IiiaBe OyaeT
IIPOBEJCHO CPaBHEHUE MOJEIBHBIX M OKCIEPUMEHTAJIBHBIX JaHHBIX MakeTa

BOI ¢ cuctemMoil CHHKEHHS IIymMa T pa3IudHbIX 3HaueHul riryonnsl BOM.
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I'maBa 2. AjanTupoBaHHbIi HM(PPOBOIl MeTOI CHUKEHUS] YPOBHA
IYMAa BBIXOHOI'0 CUTHAJIA BOJIOKOHHO-ONITHYECKOI0 ITMPOCKOIA 32 CYeT
MOAABJICHHS IIYMAa HHTEHCUBHOCTH UCTOYHHKA U3JIYYeHUsS] ONITHYECKOI0

ANanma3oHa

2.1 AjanTHpPOBaHHBIH MeTOX U (PYHKIHOHAJbLHASI CXeMa BOJIOKOHHO-

ONITHYE€CKOI'0 rMpocCKoIma ¢ CHMCTEMOM CHMKEHHUS IymMa BbIXOJHOI'0O CUI'HAJa

B Hacrosimiee BpeMsi H3BECTHO MHOKECTBO CIIOCOOOB OOpHOBI € IIYMOM B
BbixogHOM curHaie BOI. Ilpu npoektupoBanun BOI' pa3paboTuuku «Imo
YMOJIYAHUIO» 3aKJIa/IbIBAl0OT MAaKCUMaJbHO BO3MOXKHBIA YpPOBEHb MOIIHOCTHU
U3IYyYEHUs] ONTHYECKOIrO Juana3oHa W 3HAUYEHUs PE3UCTOPOB OOpaTHOW CBS3U
TPAaHCUMIIEAAHCHOTO YycuUnuTenss (OTOTOKA ISl CHUKEHHUS BIUSHUS JPOOOBOTO
mymMa ¢GOTOTOKA M TEIJIOBOTO IIyMa YCHJIMTENS Ha YPOBEHBb IIyMa BBIXOJIHOTO
curHana. TakKe IpEeMIararoTCs pasiIuvHble CXEMOTEXHUYECKHE PELICHUS IS
00opbOBI ¢ IpoOOBbIMU U TerioBbiMH Itymamu [109, 110]. M3 mutepaTypbl Ham
U3BECTHO, 10 MEHBIIEH Mepe, O TpeX pa3HbIX MojAXoJax B OopnOe ¢ HIyMOM
WHTCHCUBHOCTM  WCTOYHHMKA  W3JIyYEHHs  ONTHYECKOrO0  JMana3oHa  IpH
UCIOJIb30BaHUU MHUHHManbHOU KoHburypanmu BKUW BOI. Kpatko onu Obuin

YIOMSIHYTHI BO BBEJIEHUHU, PACCMOTPUM UX 00Jiee MOAPOOHO.

bricTpoaeicTByOmuit aHAJIOTOBbIH KOHTYP OTPULATEIbHOH
o0paTHOIl CBfI3M, OXBATBHIBAIOLIUI CXeMY HAKAYKH MCTOYHHKA W3JIy4YCHUS
ONTHYECKOro auamna3oHa. JlaHHblii MeTox ObLI1 omyOJaMKOBaH B pabore [65].
OyHKIMOHAJIbHAS CXE€Ma CUCTEMbI IITyMOIO/IaBJICHUS, OCHOBAHHASl HAa peaInu3aluu

JTAHHOT'0 METO/1a Mpe/ICTaBieHa Ha puUcyHKe 2.1.
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L Il L 1 L
200 200 3nly 0 200 400 9 xly

Pucynok 2.1 - biok-cxema cucTeMbl IITyMOIIOIaBJICHHS 10 METOY C OOpaTHOM
CBS3BIO 110 TOKY HaKa4Ku M CIIEKTPOTPaMMBI IIIyMa BBIXOAHOTO CUTHAja
U3MEPUTEIHLHOTO KaHaia nHTepdepoMeTpa: a - CIEKTp ApoOOBOTO IIyma

(doTonpUEMHUKA; 6 - CIIEKTP CUrHaia 0e3 NIyMOIMOAAaBICHUS; 8, & - CIIEKTPBI

CUTHaJIa C HeOOJIbIIIOW U MAKCUMAJIbHON 00paTHOM CBSI3bI0, U3 CTAThH [65]

[IpyHuMI JEHCTBUS AAHHOTO METOJA 3aKJIIOYAeTCsl B MOJYJIHUPOBAHUU
BEJIMUMHBI TOKA HAKAYKH IMOJYIPOBOJHMKOBOTO Jla3epa TakuM 00pazoM, 4TOOBI
CKOMIICHCHPOBATh (PIIYKTyallud MOIIIHOCTH U3JTy4€HHUsI ONTHYECKOTO JHarnma3oHa Ha
ero Bbixoje. Jlyig peanusanuu JTaHHOTO METOZA, C MOMOIIbI0 OJOKa MUTaHus 5
Ja3epa, pabodas TOUka TOKa HaKayky Ha BaTT-AmmepHoil xapakTepucTHKe a3epa
BBIOMpAETCS Ha OTHOCHUTEIHHO JIMHEHHOM €€ ydYacTKe TakKuM 00pa3oM, uTOObI
MOKHO OBUIO OCYILECTBISATh MOIYJSALHUIO TOKA HAaKaYKd B OKPECTHOCTSIX STOU
tTouku. M3mydyenue ot nazepa 4 pasaensercs Ha ABE, B OOIIEM CiIydae, HE paBHBIC
IO MOILIHOCTM 4YacTH, OJHA YacTh HANpPAaBIAETCSA B ONTHYECKYIO0 CXEMY
unteppepomerpa Canbsika (Ha PpHCYHKE He T[OKa3aHa), TOMajaeT Ha
(GhOTONMPUEMHUK H3MEPUTEIIBHOTO KaHalla, TJie MpeoOpa3yeTcs B AJICKTPUUECKUN
TOK W JaJiee TOCJie YCWINTENsl 2 CUTHAM MOCTymnaeT B cxeMy oopabotku BOI' (Ha
PUCYHKE HE TIOKa3aHa).

Jlpyras 4acTh U3JIy4€HHUs MOCTYMaeT Ha (POTONMPUEMHUK HU3MEPUTEIHLHOTO
KaHalla KOHTypa OOpaTHOW CBfA3M, MpeoOpa3yeTcss B DSJIEKTPUUYECKUN CHUTHAI,
KOTOPBIN 3aTeM YCHJIMBAETCS Y3KOMOJOCHBIM H30MpaTEeNbHBIM YyCcuiuTeaem 1,

COBMCIICHHBIM C (ba30BpamaTeneM H IoAaacTCss B CXCEMY YIPABICHUA TOKOM
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Hakauky Jasepa 3. YUuciaeHHbIE OIEHKH KOd(PPUIMEHTAa CHIKEHUS IIIyMa,
MPUBE/ICHHBIE aBTOpPaMU JIaHHOTO METOJa COCTaBisItoT oT 5 1o 9 b B
3aBUCUMOCTH OT CPEIHEr0 3HAYEHHUS TOKAa HAKaYKU M COOTHOIIEHHUS CPEIHEro
3HaYeHHs (OTOTOKA B U3MEPUTEIBHBIX KaHanax. Ha ciekTporpammax 6, 2 pucyHka
2.1 BUJHO W3MCHCHHME YPOBHS IIyMa Ha BBIOpAaHHOW 4acToTe (B OKPECTHOCTSIX
200 xI'11) mpu BKIIIOYCHHON HEOOBINOHN (6) M MakCHMMalbHOM (2) 0OpaTHOH CBs3U
[0 CPaBHEHUIO C YPOBHEM IOyMa IIPU BBIKIIFOYEHHOM OOPAaTHOW CBSA3bIO,
MOKa3aHHOM Ha CIIEKTpOrpaMme 0.

K 1ocTtomHCTBaM NaHHOTO METOAA MOXHO OTHECTH OTHOCUTEIBHYIO
IPOCTOTY €ro TEXHUYECKOW O0a30BOM peanu3alMu: K CXeMe «MHHUMaIbHOU
koHpurypauun» BOI' nobasnsercs pa3BeTBUTENb, (POTONPUEMHOE YCTPOUCTBO C
YCWIMTENIEM U OBICTPOJICHCTBYIOIIASA CXEMA YIPABICHNUS TOKOM HAaKauKH Jia3epa.

Ha MomenT pazpabotku nanHoro Mmeroaa BOI'u ctpomnnch Ha aHAIOTOBBIX
CXeMax C UCIHOJb30BaHUEM CHHYCOMUJAIbHOM BCHOMOIareiabHON (ha3oBOil
Monysiuu. [Ipu TakoM Buae mMoayisiiuu uHdopmanus o aerctpyromiei Ha BOIT
YIJIOBOM CKOPOCTH COACPKUTCA B AaMIUIMTYJE IE€pBOM TapMOHUKHU CHUTHAJIa
(doToNpuEeMHHKa, COOTBETCTBYIOIIEH 4YacTOT€ BCIIOMOTATENbHON  (Pa3oBoil
MOAYJISAIMU. B CBSI3U € 3TUM T0/1aBJICHHE IITyMa B Y3KOM YaCTOTHOM JHana3oHe Ha
4acTOTE MEPBOM TAPMOHHMKHU BBIXOJIHOTO CHTHAJA JEHCTBUTEIHLHO MOTJIO IPUBECTH
K CYIIECTBEHHOMY CHIKEHHMIO YPOBHS IIymMa B BbeIXOJHOM curHaime BOI'. B
Hactosimee Bpemss B BOI' ¢ mmdpoBoit 00pabOTKON CHUTHAIOB MPUMEHSIOT
IPSIMOYTOJIBHYIO ~ BCIIOMOTAaTeNbHYIO  (pa30BOI0  MOAYJALMIO, TPH  3TOM
uH(popmanusi 00 YrJIOBOM CKOPOCTH COACPKUTCA B aMIUIUTYJE MeaHjapa
BBIXOJTHOTO curHana (oronpuemnnka (B BOI' ¢ 3aMKHYTBIM KOHTYPOM OOpaTHOM
CBS3M IO M3MEPEHHIO YIIOBOM CKOpocTH HH(popManus o0 YIJIIOBOM CKOpPOCTH
COJNCPKUTCS B BEJIMYMHE KOMIICHCHUPYIOLETO CHUTHANa, «OOHYIISIFOIIETO)
aMIUTUTYJly MEaHJIpa BBIXOJHOTO CUTHasa ¢oTonpueMHuka). [Ipu tTakom meroze
BCIIOMOT'aTEJIbHOM MOAYJISIUU U CheMa MHGOPMAIMKU Y3KONOJIOCHAs! (DUIIbTpaIus
IIyMa HE TMPUBEJET K 3HAYUTEIHHOMY CHUKEHHIO IITyMa BBIXOJIHOTO CUTHAJIA, TaK

KaK CHEKTp MeEaHJpa COJEPKUT CYMMY HEYETHBIX rapMoHUK. [Ipaktnueckune
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WCCJIEIOBAHMS TMOKA3bIBAKOT, YTO JUISl JIOCTHMIKEHHUS 3aJaHHON TOYHOCTH IpHU
muGpOBOM  U3MEPEHHHM  BBIXOJHOIO  CUTHajla  (OTONPHEMHHKA  4acToTa
JUCKpPETU3allMi CUTHala JOJDKHA OBbITh NMPUMEPHO HA JiBa MOpsaAKa OOJbIe
YacTOTHI MEPBOM FApMOHUKU U3MepsieMoro MeaHjapa. To ectb i 3hPeKTHBHOTO
IIYMOIO/JABICHHUST TpeOyeTcsl CHUXaTh IIYM B IIMPOKOM JUANa3oHE YacTOT
(mecarku MI'11), 4TO 3HAUUTENHHO YCIOXKHIET TEXHUUECKYIO peaTu3aliio JaHHOTO
METOo/A.

BToppiM  HEmOCTaTKOM  JTaHHOTO METOJA  SBJSETCA  3aBUCHUMOCTH
KO3 UIMEeHTa UIYMOMOJABICHUSI OT M3MEHEHHs MOIIHOCTH ONTHYECKOTO
curHajia Ha (POTONPUEMHUKE KaHaia OOpaTHOW CBS3M, BBI3BAHHOE, HANpUMED,
U3MEHEHUEM BHEIIHUX YCIOBUW (Temmeparypa, JaBiI€HUE, paaualus) HWiu

z[erpanauneﬁ ONTUYCCKUX IJICMCHTOB C TCHCHUCM BPCMCHHU.

Onrtuyecknii MeTo] MOAABJEHHS IIYMa MHTEHCHBHOCTH HMCTOYHHKA
U3JIyYeHHs1 ONTHYECKOro auama3ona. [lonpoOHOe omucaHue NaHHOTO METojna
OBLTO MPHBEICHO B paboTax [66, 67].

Ha pucynke 2.2 mpuBeneHa ontudeckasi cxema uHTeppepomerpa CaHbsika
C KOMIIEHCUPYIOIIEH 1ITyM 0OpaTHOU CBSI3bIO.

W3nydeHne ONTHYECKOTO Iuama3oHa OT MCTOYHHMKA «SOUICE» MPOXOIUT
yepe3 moJyisipu3aTop «polarizer» u mocTymaeT Ha TEpBBIA  pa3BETBUTEID,
CoXpaHsoUMi coctosiHue mossipuzanun «PM coupler». M3nydenue ¢ ogHOTO 13
€ro BBIXOJIOB TPOXOJUT Yepe3 BTOPOW Pa3BETBUTENb COXPAHSIIOIIUN COCTOSIHHE
nosspuzauu «PM (95/5) coupler» ¢ koaddunmentom aenenus 95/5 u mocrymaer
Ha (azobiil MoaysTop «MIOCy, rie paznensiercs momnojiaM U HaNpaBIseTCsS BO
BCTPEYHOM HampaBlieHMH B BOJOKOHHYI kartymky (BK) «coily. Ilocne
npoxoxaeHus depe3 BK BcTpeuHbie omnrTudeckne BOJHBI HHTEP(EpPHPYIOT B
MOJIYJSATOPE © TOCTYMAIOT BO BTOPOM pa3BEeTBUTENb, TaKXKE BO BTOPOM
pa3BeTBUTENb, MPOUI Yepe3 u3oysaTop «isolatory mocrymnaer 4acTh ONTHYECKOTO

H3JIy4YCHHUA, OTBCACHHAA TIICPBBIM PA3BCTBUTCIICM. B Pa3BCTBUTCIIC CHUI'HAJIbI
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CYMMHPYIOTCS, TOCJIE YE€ro CHUrHaj IMPOXOAUT Yepe3 MEPBBbIM pa3BEeTBUTENb U

nomnaaaetr Ha GoTonpueMHuk «detector.

o sourcel

. PM PM (95/5)
polarizer e e MIOC -4
RIN“A”
detector Isolator — \
90" splice
Parallelfeed back Orthogonal feed back

of RIN reference

of RIN reference

zoom
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_// \ / y /'/

)
zoom (

Bpv [
7wl
"TrepV 1
5pv i —
apv
3uv
uv
1pv

Suv | ’
i
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with_o_ut optical AtFp=FSR/2=100kHz
additionof RIN o q.iation 0,4pv
reference =6V =>-12dB,

200kHz 300kHz 400kHz
AtFp=FSR/2=100kHz

Demoadulation 4,5pv

window => -1 dBge. window

Pucynoxk 2.2 - CxemMa cucTeMbl IIyMOTIOIaBJIEHUS ¢ KOHTYPOM ONTHYECKOM

00paTHOM CBSI3U M CIIEKTPOIpaMMa IfyMa BBIXOJHOTO CUTHAJIa, U3 CTaThu [66]

IIpoxonss yepe3 BK wu3nydeHue mnoiiyyaer 3aIepKKy pacrpOCTpaHECHUS
nL
T = —, [/ie N - 1I0Ka3aTeib NPETOMIICHHS CEPLIEBHHBI ONTUYIECKOrO BOJIOKHA, L -

JUTMHA BOJIOKOHHOT'O KOHTYpa, ¢ - CKOPOCTh CBETa B BakyyMe. TakuMm oOpa3om, Ha
BXOJl BTOPOT'O Pa3BETBUTEIA IMOCTYNAIOT JBa CUTHAJA: OAWUH M3 HHUX COICPKHUT
IIYMOBYKO COCTaBJSIIOLIYI0, APYTrOM - WAEHTUYHYHK) [IYMOBYHK) COCTABIISIOLIYIO,
3aJIep>KaHHYIO Ha BpeMs T U CUTHaJ uHTepdepomeTpa.

[Ilym wucTOYHMKA W3IydeHUs 00JalaeT PAaBHOMEPHBIM CHEKTPaIbHBIM
[104],

pacrmpesielieHieM B IIHPOKOM TOJIOCE YacTOT TaKoOM IIyM MOXKET
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paccMaTpuBaThCs ~ Kak  Oenblii ¢ aBTOKOPPEISILHOHHOW  (yHKIHEH
npeacTaBisitonieil coboit nenpra-gyHkuuio. Ilpu cmemieHnn Takoro curHana
OTHOCUTEIILHO caMoro ce0s BO BpEMEHHOH obnactu (kak Mbl HaOdIO/aeM B
paccMaTpuBaeMoil cxeme) K03(PPHUIMEHT KOppesiiua OyAeT CTPEMUTBCS K HYJIIO,

a CPCAHCKBAAPATHICCKOC 3HAUYCHUC CYMMbI TAKHX CHUTHAJIOB 6y,H€T PaBHO KOPHIO

13 CyMMBI MX aucnepcnii 0 = /Dy + Dy ..

EI[I/IHCTBGHHI)IM HCKIIFOUCHUCM ABJIACTCA CIICKTPAJIbHAsA COCTABJIAIOIIAA Ha
1

qaCTOTC f = 2— N €€ HCUCTHBIC TapMOHHNKHU (I/I Hnx OKpGCTHOCTI/I), 3a CUYCT CABHUI'a HA
T

BpEMs T OHA UMEET B3aUMHBIN (Da30BBINM CIIBUT OTHOCUTEIBHO CaMOM ce0si, paBHBIN
Nmt, tne N=1, 3, 5... 118 COOTBETCTBYIOIIMX TapMOHUK M IpPH CMEIIMBaHUU
CUTHAJIOB MOJABISETCA (YTO BUIHO U3 MPUBEACHHBIX Ha PUCYHKE Tpa(UKOB).

JUis  ycTpaHEHUsT BO3MOXHOW MHTEPPEPEHLUUH CUTHAJIOB MpH HX
CYMMHUPOBAaHHHM BO BTOPOM PA3BETBUTEIE, NCXOAHBIM CUTHAJ, MPOUIEAIINN Yepe3
U30JISITOP, BBOAST B pPa3BETBUTENb TAKUM O00pa3oM, 4YTOOBI €ro IIOCKOCTh
HOJIIpU3alU OblIa OPTOrOHAJIbHA IIOCKOCTH IMOJISIPU3ALMA OCHOBHOT'O CHUTHAJIA.
Ha pucynke 2.2 rpaduk, pacriooKEHHBIA B JIEBOM YacTH MOKAa3bIBACT PE3yNbTaT
IIYMOIO/IABJICHHS] TIPU MPsIMOM BBOJIE CUTHaNa IIymMa, Tpaduk B MpaBoOil yacTu
PUCYHKa - IOIYMOIIOAABJIEHUE IPU OPTOTOHAJIBHOM BBOJE CUrHana myma. Kak
BUJIHO M3 rpaduKa, JaHHBI METOJ MO3BOJIAET CHU3HUTH IIYM Ha BBIOpAHHOMU
4acTOTE U €€ HEYETHBIX TaPMOHUKAX Ha BeIW4HHY 110 12 nb.

K mocromHcTBamM [aHHOrO METOAA MOXHO OTHECTH OTCYTCTBHE
JIOTIOJIHUTEIBHBIX HMCTOYHMKOB IlIymMa, - BTOPOrOo (OTONPUEMHUKA U CXEMbI
0o0paOOTKH [UIsi M3MEPEHHs] IIyMa HMHTEHCHBHOCTH HCTOYHUKA H3IY4YCHHs, U
MPOCTOTY TEXHUYECKOHN peann3alii, a TaKke BO3MOXKHOCTh padOThl B HU(POBBIX
BOI ¢ nmpsiMmoyrofibHOM BCIIOMOTATENbHOM (ha30BOM MOTYJISIUEH.

OCHOBHBIM M NPUHLIHUIHAIBHO HEYCTPAHUMBIM HEIOCTATKOM JaHHOIO
METO/Ia SIBJSIETCS 3aBUCUMOCTH KO3((UIIMEHTa IIYMOIMOAABICHHUS] OT BHEIIHHUX

YCHOBI/Iﬁ H BPCMCHHU, - J1000€ M3MEHEHHE COOTHOIIEHUS MOHIHOCTCfI CHUTHAJIOB,



54

MNOCTYITIarOIIUX Ha BTOpOﬁ Pa3BETBUTCIIb OTHOCHUTCIIbHO OIITUMAJIbBHOI'O 3HAYCHUA,

OyAeT MPUBOIUTH K CHIDKEHUIO KO3 (DULIMEHTA IIIyMOIIO1aBICHUSI.

Hudposoii mMeTon NOAABIECHUS IIYMA HHTEHCUBHOCTH MCTOYHHKA
U3JIyYeHHUsl ONTHYECKOro auana3zona. Pa3nuunbie peanu3aluy JaHHOTO METOJa
OIMKCBIBAIOTCS B paborax [68 - 70].

biok-cxema BOI', B cocraBe, KOTOpOro peajv30BaH JaHHBIA METOJ,

MpeJICTaBJIeHa Ha pUCYHKE 2.3.

MuorodpyskuHonansHas Bosoxonno-
HHTEI PaJibHO-OIITHYECKAs ONTHYECKH
cxema KOHTYP
I —
< TN . =1
Spbuessiit cynep: ‘:> Mospu- X <:| | ?<\:|
NIOMUHECUeHTbIA | 7 | atop | PA3BETBHTCIIB A —
MCTOYHUWK ONTUYE- Nel ] I&' |
CKOrO U3yYeHus @ @ 0/1ApH3aTOp
Ne2
M3mepurensibii kanai Ypapisiioimid curuan
(curnan ueTephepoMeTpa) OnopHsiii Kanai (azoBOH MOTY A

(cHrHAM HCTOYHHKA CBETA)

Doronpremuoe (oronpuemtoe
yerpoiicreo Nel yerpoiicto Ne2

U U

IIEKTPOHHO-H3MEPHTEILHBIH OJIOK

H(POBOE YCTPOKHCTBO
AL Nel AL Ne2 a 1P05pago-j£“ ::> LAl Bixo/moii
ya AN HH(OPMALIHOHHBIIT
] ( 1 CHIHa/ (CKOPOCTh
Bpalenus)

iy

Pucynox 2.3 - Cxema BOI' ¢ miudpoBoii cucTeMoi CHUKEHUS IITyMa, U3

ctatbu [68]

W3myyeHne  ONTHYECKOTO  AMama3oHa  OT  ApOMEBOro  cymep-
JIOMHUHHMCIIEHTHOIO MCTOYHUKA IPOXOIUT yepe3 nossipuzarop Nel u moctynaer Ha
X - pasBerBuTeNb. YacTh CHUrHajga IIOCJIE€ pa3BETBUTENS IOJAETCS B
MHOTO(YHKIIMOHAJIbHYIO MHTETPaJIbHO-ONTHYECKYIO CXEMY (MHOC),
peanusyronryo QyHkuuio X - pa3BeTBUTENs, mnoiyisipuzatopa Ne2 u (a3zoBoro

MOJyJIATOpa, TAE€ pasJensercs Ha JBE paBHbIE YacTU M BO BCTPEUHOM
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HAIIPaBJICHUM NPOXOAUT B BOJIOKOHHBIM KOHTYp. [Iponna BK, ontnueckue BOIHBI
oowequnstorcs B MUOC, u nanee onTUYECKU CUTHAJ, HECYITUI HHPOPMAITHIO O
¢daze Canbsika U IyM UHTEHCUBHOCTH MUCTOYHHMKA M3JIYUYEHUs, Yepe3 MOJISIpU3aTop
Ne2 u X - pasBerBuTenp momagaeT Ha QoronpueMHoe yctpoictBo Nel. Jlamee
npeoOpa30BaHHbIN CHAauajga B DJEKTPUUYECKUN, a 3aTeM B HU(PPOBOW BUJ CUTHAI
NOCTyIaeT B LU(PpOBOE yCTPOHUCTBO 00pabOTKH, rae (HOpPMHUPYETCS BBIXOJIHOMN
CHUTHaJl W3MEPEHHOW YIJIOBOM CKOPOCTH U YIPaBIAIOMUNA curHai (Ha3oBoil
MoayJsiuuu. Jlpyras 4acTb ONTHYECKOTO M3Ny4YeHUs, Mmpoias X - pa3BETBUTEND B
HaIlpaBJI€HUM OT HWCTOYHHMKA H3Iy4YEHUs cpa3y Momajgaer Ha (HOTONPUEMHOE
ycTpoiicTBo No2 u 3aTeM depe3 aHanoro-mudpoBoi npeodpazoBaTesib B HUPPOBOE
YCTPOMCTBO 0OPaOOTKH.

B uudpoBom ycrpoiictBe 00pabOTKu peanuzyercss (yHKIUS 3aepPKKU
CUTHAJIa ONOPHOIO KaHajla Ha BPEMs IPOXOXKICHHS CUTHAJIA U3MEPUTEIBHOTO
KaHaJIa 110 BOJIOKOHHOM KaTyIIKE W JEJICHHE CUTHala U3MEPUTENIBHOIO KaHalla Ha
CUTHAJI ONOPHOIO KaHaja, 4YTO JOJDKHO NPHUBOJIUTH K CHUKEHUIO IIyMa B
BBIXOJTHOM CUTHAJIE.

I[To pesymbraTamMm TpOBEACHHBIX B pabore [68] wmccmemoBaHmit
KO3 UIMEHT CHIKEHUS LTyMa MPU UCTOJIb30BaHUM JAHHOTO METOJIa U 3aJIaHHBIX
3HaueHui napametrpoB cxeMbl BOI' coctaBnsiet ot 2,82 10 4.3 pa3za B 3aBUCUMOCTHU
OT BPEMEHHU YCPEIHEHUs aHAJIU3UPYEMbIX CUTHAJIOB, YTO TOBOPHUT O MPUCYTCTBUU
B CUTHAJIE OKPALIEHHOTO IIyMa.

B pabGore [68] ynmemeno BHMMaHue 3aBUCUMOCTH Kod(hduimeHra
IIYMOIO/JABJICHHUSI OT MapaMeTPOB CHUTHAJIOB OMNOPHOTO M HU3MEPUTEITHLHOTO
KaHAJIOB, - JJIi MaKCHMAaJbHOTO CHIDKEHMsI ITymMa o00a ONTUYECKHX CHUTHaja
JIOJDKHBI COZIEPkKAaTh TOJIBKO OAHY MOJSPU3ALMOHHYIO COCTaBISIONIYIO, a TOCIIE
npeoOpa3oBaHUs CHTHAJIOB B DJJIEKTPpUUYECKY0 GOpMYy -  OJMHAKOBBIN
CHEKTPAJIbHBIA COCTAB U aMILIUTYAY LIyMOBOM COCTAaBIISIOLICH.

K HenmocTaTkaM JaHHOTO METOJa MOKHO OTHECTH HEKOTOPOE YCIOKHEHHE
BOI' 3a cuer no0GaBieHusi B ONTUYECKYIO cXeMy X - pa3BEeTBUTEIS U BTOPOIO

dboTonpueMHUKa, B 3JEKTPUYECKYIO CXEMY - BTOPOro ycuiuTens (OTOTOKa u
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aHaJIOrO-IIM(PPOBOTO YCUIIUTENSA, B IUPPOBYIO cxeMy OJoKa 3aJep:KKH CUTHaja
OIOpHOTO KaHana u OJoKa jeieHus. BHeceHue B cxeMy BTOPOTro (POTONPHEMHHUKA
U ycunuTens (OTOTOKa MPUBOAUT K HEKOTOPOMY YBEIUYCHHIO PE3YIbTUPYIOIIETO
YPOBHSI IITyMa.

K nmocromHcTBaM TaHHOTO MeETOAAa OTHOCUTCS BO3MOXHOCTH TOYHOM U
IPOCTOI HACTPONKM MapaMeTpoB 3aJEp>KKA M YCUJICHHS CUTHAIOB B IU(PPOBOM
dopme, BO3MOXKHOCTH PEAIN30BATh JIOMOJHHUTENBHBIC CIHEISAIINE CBS3H IS
HOJIeP>KaHuUs ONTHMAJIBHBIX [TAPAMETPOB CUCTEMBI IITyMOIOIaBICHUSI.

Jaxxe B mpeienax OJHOTO IOAXOAa MOTYT CYIIECTBOBAaTh pPa3lIMUHBIC
METOABl B 3aBUCUMOCTH OT CIIOXKUBIIUXCS HAYYHO-TEXHHUYECKUX TPAJIUIIUH,
KOHKPETHBIX KOHCTPYKTHBHBIX WJIM CXEMOTEXHUUYECKUX PEUICHUN U TaK Jalee.

JlanpHelimme paccyaeHus OyayT MpoBeIeHbI Ha OCHOBE paboTh [69]. Ha
pucyHke 2.4 TmpeacTaBieHa ONTHYECKas CcXema, a Ha pucynke 2.5 -
¢ynkunonansHast Onok-cxeMa BOI co cxemoil CHIXEHHMS IIyMa BBIXOJHOTO

CUTHaja u3 padboTsl [69].

Superfluorescent Integrated

Fiber 8 fics

Source (108) cwW
(SFS) —— ——>

— Polarization
Maintaining
Coupler

Modulators

D2 FOGWNR2 drw

Superfluorescent Fiber Source (SFS) - cynepdiyopeciieHTHbIH BOJTOKOHHBIH
uctounuk; Detectors - (¢hoto) nerexropsr; Polarization Maintaining Coupler -
pa3BeTBUTEb, COXpaHsIoNui mostpusanuto; Integrated Optics Chip (10C) -
UHTETpalIbHbIN onTruueckuii uui, Phase Modulators - ¢a3zoBeie MoaynsiTopsr; Fiber
Coil - BoslokoOHHAas KaTyIIKa;
Pucynok 2.4 - Ontuueckas cxema BOI' ¢ cucteMolt CHUKEHHUS IITyMa U3 padoThI

[69]
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OnTuyeckas cxemMa COJAEPKUT HCTOYHHK H3IYYEHUS ONTHYECKOro
JMana3oHa, CBET OT KOTOPOro, IPOXOJs Yepe3 pa3BETBUTEIb-NOJIAPU3ATOD,
JICIATCS Ha JIBE€ paBHbIE 4acTH, OJJHA U3 KOTOPBIX HampasisieTcs B AeTekTop D,
OMOPHOTO HM3MEPHUTENLHOTO KaHaja, a BTopas - B uHTepdepomeTp Canbsika,
oOpa3oBaHHbBIN ()a30BBIM MOJYJIATOPOM B COCTaBE MHTETPAIIBHOTO ONTHUYECKOTO

quIia, BOJIOKOHHBIM KOHTYPOM U ACTCKTOPOM Dl.

Noise Rejection Channel

fmmmm—mm—————— hl
I |
Light d Li i Signal Gain
ght A/D
Source i Source [ D“SE’ 1 an d 1 bivv
Driver ' ! (D2) ilter
I
| -
o N Foptical | Demodulation
Rote | Foerca JAba A0 : ’ |
date iber Coi (9] e G . .
I ro Signal G
Q- Sag"éi%fﬁe"t Opytics E Detctor — a_ﬁ::? — Q{R, _’Rate
s Plivcoste] [ O ] | Fier Catoutation | OUEuts
' H | Signal Channel Angle
i D, LA i uare
! i ave
i I Modulation
[} ]
i Electro-Optic| | +
! ' Modulator D/A
[ Phase Mod. j« Driver N W
| |
| |

____________________________ Feedback and Modulation Channel
FOGELBD.dw

Light Source Driver - 610k ynpasieHust iCTOUHUKOM cBeta; Light Source -
uctouHuk cBera; Signal Detector - nerexrop curnana; Gain and filter - ycunenue u
dunprpanus; A/D - ananoroBo-1udpoBoii npeodpazoparens; Demodulation -
nemonynsarop; Fiber Coil - BomokonHast karymika; Gyro Optics - ontuyeckuii
rupockon; Feedback Calculation - Beraricnenne ooparHoii cBs3u; Electro-Optic
Phase Mod. - snekrpo-ontudeckuii dazopbiii Mmoaynsarop; Modulator Driver - 6110k
yrpasieHnus Mmoayistopom; D/A - mudpo-ananoroBerii mpeodbpaszoBarens; Square
Wave Modulation - mpsimoyrosibHas moayssiiust; Input Rate - Bxoasias yriioBas
ckopocTh; Noise Rejection Channel - xanan nmoxasienus myma; Feedback and
Modulation Channel - kanan o6patHoi#t cBsi3u U Moy siiuu; Outputs Rate / Angle
- BBIXOJIBI 110 YTJIIOBOW CKOPOCTH / YTy
Pucynok 2.5 - ®ynknuonanbHas cxema BOI' ¢ cuctemoit CHUKEHUs IryMa U3

paboTsI [69]

dyukimonanpHas cxema (PucyHok 2.5) comepHT 1Ba HIACHTHYHBIX
u3MepuTeNbHbIX KaHana: «Signal Channel» mis u3aMepeHus Mone3Horo curHaia u

«Noise Rejection Channel» mist u3mepenus nryma ucToyHuka uamydenus «Light
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Sourcey». Berantanne CUTHAIOB OCYIIECTBIISETCS IO IEMOIYTUPOBAHUS TIOJIE3HOTO
CHUTHaja, Ha YacToTe aHajoro-mmgpoBoro mnpeodpasoBanus. Ha cxeme He
NIOKa3aHbl JIMHUS 3aJCPKKA U OJIOK aMIUIUTYTHOW Koppekimu curHama «Noise
Rejection Channel», HeoOxoauMble aisi CHHXPOHU3AIUH KOPPEIUPOBAHHOM
ITYMOBOM COCTABJISIOIICH CHTHAIOB BO BPEMEHH U 10 cpenHel MomHocTH. Kpome
TOTO, KO3 PUIIMEHT ycuieHus aeTtekropa D2 nomkeH ObITh 3HAYUTEILHO MEHBIIIE,
yeMm y aetekropa D1, mockombKy moTepu MOIIHOCTA ONTHYECKOTO HM3ITYYCHUS B
OCHOBHOM H3MEpPUTEIHHOM KaHalie B pPa3bl MPEBOCXOIAT TOTEPH B OIMOPHOM
kaHaje. B pabore [69] 3asBneHO, 4TO B pe3yibTaTe NPUMEHEHUS TaHHOTO METOJIa
OblI0 mOCTUTHYTO yMeHbmieHne Ha 40 % mIymMa WHTEHCHBHOCTH HWCTOYHHKA
U3ITyYCHHUS.

B crtathe He 00OCHOBBIBAETCS TOJYYCHHBIH PE3yIbTaT, CKa3aHO TOJBKO,
4TO JajbHEeHIIee yrydeHne oopaboTKu cUrHasa mo3BOJIMIO YMEHBIIUTh YPOBEHb
mryma 10 50 % oT uCX0IHOTrO.

HeoOxogumocTh amanranmme W MOJEPHHU3AIMHA  JaHHOTO  METOja
OOBSICHAETCSI MHTETPAIMEe CHUCTEMbl CHIDKEHMS IIymMa B YK€ OTpabOTaHHYIO U
YCTOSIBIIYIOCS cXeMy M KOHCTpykuuio BOI', a Taxxke ontmMuzanuen pacxonoB
BBIYHMCIIUTEILHON MOITHOCTH HU(PPOBON cxeMbl 00padoTku curaioB BOT'.

Ha pucynke 2.6 npuBenena 6mok-cxema BOI' ¢ agmantupoBaHHON cxeMoi
CHWKCHUS TITyMa.

biok ucTrouHukKa HU3JIYYCHHUA OINTHUYCCKOI'O AMalia30Ha COCTOHUT H3 IIJIaThI

ynpasnenus uznydareneM (IIYU) u nepenaroniero onTH4ecKoro MoayJs. JlanHsblii
MOAYJIb  TMpEACTaBisieT  coboil  oObeAUHEHHbIE B OOWIEM  KOpIIyce
cynepmoMunucueHTHeld  nguon  (CJI), nmarumk  temmeparypsl  (AT) -
TEPMOPE3UCTOP M MHKpooxjiaauteiab (MO) Ha ocHoBe 3memenTa [lembrhe [111,
112].

Ontuueckoe wu3inydeHue uepe3 1upkynastop (OL]) mnoctymaer B
pazBetBuTenb-nosisipuzarop (PII) ¢ koapdunmentom nenenus 2/1. bonpinas yacthb

OIITHYCCKOI'O N3JTy4YCHUA HaIIPpaBJIACTCA B I/IHTeDd)eDOMeTD Canbska

(u3meputenbHbld kanan 1 - HMKI1), npeacraBieHHbIE MHOTO(YHKIIMOHAIBHBIM



59

UHTETpabHO-onTHYeCKUM MoayiaeM (MUOM), o0bequHSIONIMM B CBOEM COCTaBe
Pa3BETBUTENB-TIONAPU3ATOp C KodpuueHnTtoM neneHus 1/1 m nByxmiedeBon
AJIEKTPOONTUYECKUM  (a30BbIi  MOJIYJATOp, BOJIOKOHHBIM KOHTypoMm (BK),
NPEACTABIAIOIIMM  CO00M  LWJIMHAPUYECKYIO  KaTylIKy,  HaMOTaHHYIO
OJTHOMOJIOBBIM, COXPAHSIIOIIMM COCTOSIHUE IOJISIPU3ALMU, KBapLIEBBIM BOJIOKHOM
Ha METaJUIMYECKOM KapKace U (POTONPUEMHBIM YCTPOMCTBOM, COCTOSILIUM HX
doromnona D2 u ycunurens Qororoka YDT2. Iupkynarop mpemoxpaHseT
UCTOYHUK H3JIyYE€HHUs OINTHUYECKOTO JAMANa3oHa OT M3JIy4YeHUs, MPOLIEALIEro B

00paTHOM HalpaBJIEHUH Yepe3 Pa3BEeTBUTEIN-TI0JIPU3ATOPBI.

Brixognoii curaan

Pucynok 2.6 - biok-cxema BOI" co cxemoii CHIKeHUs Iryma

MeHbl1asi 4acTh ONTUYECKOrO M3IYUYEHUSl C pa3BETBUTEISA-MIONSIpU3ATOPA
HaIpaBisieTcss B (OTOMPUEMHOE YCTPONUCTBO m3MepuTenbHoro kanama 2 (MK2) -
®J[1 n YOTI.

Ha pucynke 2.7 mpencraBieHa (QyHKIMOHAJIbHAs CX€Ma 3JIEKTPOHHOIO

omoka BOT'.
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OcHoBHbIe curHaibl m3MepuTenbHbIX kKanamoB K1, UK2 mpeobpasyrorcs

B uudposyro ¢opmy BbeicokouacToTHbIMU Allllzl, 2 (yactota auckperuzanuu

cocrasisiet 24,576 MI'n). Curnan UK1 npuxoaut Ha ALIII52 ¢ 3amepxkoil paBHOM

BpeMeHH 00X0/1a OMTHYECKUM H3ITydeHHeM cxeMbl uHTephepomeTrpa CaHbsika, a

curHann K2 npuxoaut npakTudecku 0e3 3aJep:kKku, HudpoBasi TUHUS 3aJACPKKU

(mudpoBoit koHBeliep) BeipaBHMBaeT PppoHThl curHainoB UK1, K2 nepen tem, kak

OHH IMOCTYNAIOT B AeMOoAyJsTOpsl 2.1 1 1.1, COOTBETCTBEHHO.

Hemonynaropel 1.1 u 2.1 mpenctaBisioT co0oil (a3z0dyBCTBUTEIbHbBIC

BBIIPSMUTENN CHUTHANIA, PadOTaloIIMe Ha YacTOTe BCHOMOTaTelIbHOU (ha30BOM

MOIYJISAIHA fgpy M COBMEIIEHHBIC C JIeIMMATOpPaMK CHUTHAJIA JIO YaCTOThI, PABHOM

yIBOECHHOM YacTOTE BCIIOMOIaTeabHOM (ha30Boi MOAY I 2fgp.
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Pucynok 2.7 - ®ynkumonanpHas cxema anekTpoHHoro 6yoka BOI™ co cxemoit

CHIDKCHUS IIyMa

CHmxeHue mymMa IIpOHUCXOAWUT IIPW BbIYMTAHMM CHI'Hajla C BbIXOA4d

nemonayisatopa 1.1 u3 curnana gemoayistopa 2.1 Ha yacrore 2fgpm. B cxeme BOI
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KOMITCHCAIIMOHHOTO TUTIA C 3aMKHYTHIM KOHTYPOM OOpaTHOM CBSI3H IO U3MEPEHHIO
YIJIOBOM CKOPOCTH MOJIYYEHHBIM CUTHAJ HA3bIBAETCS CUTHAJIIOM PACCOTJIACOBAHUSL.
On nocrynmaer Ha uHrterparop M1. Beixognoit curnan N1 mnponopumonanex
nevictpyronieit Ha BOI yrioBoiil ckopocTi.

Curnan c¢ unrerpatopa M1 mocrymaer Ha unTerparop M2, Bxonasimmii B
cxemy (GopmupoBanus curHaiga ¢azoBod wmoayisiiuu. CurHan  (azoBoit
MOJYJISAIIMU CKJIAJbIBAETCS W3 CHUTHAJIa BCIIOMOTaTeIbHOM (ha30BOMl MOIYNSIUU,
3aJ1al0IIero pabouyro TOUKy MHTEpdepoMeTpa B OTCYTCTBUU YIJIIOBOW CKOPOCTU U
CUTHAJIa KOMIIEHCUPYIOILLEH OOpAaTHOM CBSI3U, BO3BPAIIAIONIET0 pab0Yyro TOUKY Ha

3aJJaHHOE 3HaYeHHUE ¢ 4acTOTOM 2fgqpy. CUrHa ha3oBOM MOAYIISAIINH MPEACTABIIICT
1

2fgom’

cooTBeTcTBYET (paze CaHbsaka Oj, KOTOPYIO HYKHO CKOMIICHCUPOBATh B JIaHHBIN

coOON <«JIECEHKY», IJWHA «CTYNEHbKW» KOTOpOH T = a BBICOTA

MOMEHT BpeMeHH T. [Ipm  3TOM, MO JOCTHKEHUHM 3HAYCHUs ), 0@; = 2T
IPOUCXOUT OOHYJICHUE 3HAYCHUSI KOMIICHCUpYIomIeH (hazoBoit Mmomymsiimu [89].
Ota cxeMma TakKe OXBau€Ha KOHTYPOM OTpPHIATEIbHOM OOpaTHOU CBS3H.

Hemonynstop 2.2 BBIIEISET CUTHAJ PACCOIVIACOBAaHUSA Ha 4YacTOTe€ OOHYJICHUS
. . 1

KOMITCHCUPYIOITIEH (Da30BOM MOIYISIUN  fo, = s [lepyon 7, mnpu »>TOM
0

OTIpEeNIeNIACTCS YIJIOBOM CKOPOCTHIO, M3MepsieMoil nmpubdopom. [IpumeHenue 3Toro
KOHTypa  MO3BOJSIET  KOMIIEHCUPOBaTh  HM3MEHEHUE  DIIEKTPOONTUYECKOTO
kod(pduieHTa, 3HAYMUTENILHO 3aBUCSIIETO OT  TemmepaTypbl  (a3oBOro
moayastopa [113, 114]. TunwuHblii BUJ CHrHajla KOMIIEHCUpYOIeH (a3oBoi

MOZYJIALIMU IPUBEJICH HA PUCYHKE 2.5.

@)
1

Poon —
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Pucynox 2.8 - Komnencupytomas (azoBas MOy
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I[ToMHMMO OCHOBHBIX CUTHAJIBHBIX II€NEH, OMHCAHHBIX BBIIIE, CYIIECTBYIOT
TaKKe JIOMOJHUTEIbHBIE KaHallbl WM3MEPEHHUs, PEaTU30BaHHBIE C MOMOIIbIO
JIOMIOJIHUTENIBHBIX BBIX0JI0B Y®TI1, 2 m HuszkouactotHeiXx Alllly1, 2. CurHans
ITUX M3MEPHUTEIBHBIX KaHAJIOB HEOOXOMUMBI JUIsI U3MEPEHUST CPEAHEH MOIIHOCTH
W3JIyYEHHUS ONTHYECKOIo JAuara3oHa, nmocrynaromiero Ha goroauoast ®J11, ®J2 u
MOCJICAYIOIIETO BbIUKCICHUS Koddduimenta ycuimenus curHana WK2 s
BBIDABHUBAHUSI HMHTECHCUBHOCTH IIYMOBOM KOPPEJIMPOBAHHOM COCTaBIISIIOLIECH
CUTHAJIOB U3MEPUTEIIbHBIX KaHAJIOB.

ITonBoast UTOr MOJKHO CKa3aTh, YTO HE CUMTAs] HECKOJIBKUX OTIHYHI B
OIITHYECKOHN cXeMme, ajalTalus JaHHOTO KOMIICHCAIIMOHHOTO METOJIa CHIDKCHUS
YpPOBHsSI IIyMa B BBIXOJHOM curHaie BOI' cBoAMTCA K MEPEHOCY «TOUYKHU
BBIUMTAHUS CUTHAJIOB B IIU(PPOBOM aITOpUTME Ha 4acToTy 2fgey, Oaromaps yemy
CTaJl0 BO3MOXKHBIM PEaTU30BaTh KOHTYP KOPPEKIMM HWHTCHCHBHOCTHU IIymMa B

curnaie K2 B pexxume pealbHOrO BPEMEHH.

2.2 O000meHHOEe aHAJIMTHYECKOE BbIPpa)KEHUEe s LIYMOBOM
COCTABJSAIOIICH BBIXOJHOI0 CHMIHAJA BOJOKOHHO-ONTHYECKOr0 THPOCKOMNA ¢
Y4YE€TOM CHCTEMBbI CHUKEHUS IIIyMa

B nepBoii rnaBe ObUTM OIPOOHO PACCMOTPEHBI €CTECTBEHHBIE UCTOUYHUKHU
cooctBenHoro 1mryma BOI', BHocsmme OCHOBHOW BKiaa B (opMupoBaHHe
IIyMOBOM  COCTaBJisifolled  BbIxogHOro curHaia BOI'. beuio  cocraBieHo
00001IEHHOE MAaTEMaTHUECKOE BbIPaXXEHHE JIJIs1 ONPEACIICHUSI CyMMapHOTO YPOBHSI
myMma B BbIXogHOM curHaiie BOI'. OmnpeneneH MCTOYHHK, BHOCSIIMN OCHOBHOU
BKJIaJl B OOLIMH YpPOBEHb IlIyMa - IIYM WHTEHCUBHOCTH MCTOYHHMKA W3ITYUYEHUS
ONTUYECKOI0 THAANa30Ha.

Jlanee, B 3TOM 1y1aBe OyAeT pacCMOTpEeHa MaTeMaTUuecKas MOJIeIb IITyMa B
BbIXOJHOM curHaise BOI' ¢ cucremoli KOMIIEHCAlMM IOyma, pPEaJu30BAHHON

COTJIaCHO CXeMaM, MPHUBEICHHBIM Ha pUCyHKax 2.6 u 2.7, u OyaeT mpoBeleH
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aHaJau3 BJIMSHHS 3HAYCHMM IIapaMETpOB JTOM MOJEIM Ha YPOBEHb ILIYMOBOM
cocTaBJIsitonIel BeixoiHoro curnana BOI'.

Ha pucynke 2.6 npencrasinena 61ok-cxema BOI' co cxemolt 0CHOBHOTO
u3meputenbHoro kanana (MK1), BemmosiHEHHOTO MO cxeMme UHTepdepomMeTpa
Canbsika, BBIXOJJHOM CHUTHAJ KOTOPOTO COJEPKUT KakK IMOJIE3HYH COCTABIIAIOUIYIO,
HECYIyl0 MHPOpMalHi0 00 HW3MEPEHHOW YTIOBOM CKOPOCTH, TaK U IIYMOBYIO
COCTaBIISIONIYI0 U JOMOJHUTEIBHOTO U3MeputTenbHoro kanana (MK2), BeixogHoi
CUTHAJ KOTOPOTO COJIEPKUT TOJIBKO IIYMOBYIO COCTaBIIstOlIyr0. Kak BHUIHO u3
pHuCcyHKa 2.6, 00a U3MEPUTENBbHBIX KaHalla COAepk AT OOIIHI MCTOYHHUK H3ITy4eHUs
ONTUYECKOr0 JAMana3zoHa, - CyHepJIOMHUHECIEHTHBIA JHOJ, KOTOPBIHA, COIJIACHO
[71], BHOCHT OCHOBHOW BKJIaJ B PE3Y/IbTUPYIOIIMIA IIIyM BBIXOJHOTO curHaia BOI!
(Belpakenre (1.13) - myM WHTCHCHMBHOCTH HWCTOYHUKA H3JIydeHHUs). Takke
KOKIBI M3MEPUTENIbHBIA KaHAl COJIEPNKUT HE3aBUCUMBIA  (HOTONMPUEMHUK,
cocrosituit u3 goroanona (P®l) u ycunurens gororoka (YDOT). DoTonpueMHUk
SBJISIETCS MCTOYHUKOM TpPEX HE3aBUCHUMBIX COCTaBIISIIOIIMX IIyMa B BBIXOJHOM
curnaie BOI™:

- npo6oBoii 1rym (Beipakenue (1.10));

- IyM, ONpEAeNIeMbld TMapa3suTHBIM TEMHOBBIM TOKOM  (pOTOaMOIA
(Beipaxkenwue (1.11));

- TEIJIOBOM IIyM pPE3UCTOPOB OOpATHOM CBSI3M TPAHCHUMIIETAHCHOTO
yCHIUTENSI-TIpeoOpasoBartens potoroka (Beipakenue (1.12))

Meton CHMXKEHHSI YPOBHS IIyMa B BbIXOJHOM curHaie BOI' cocrout B
TOM, 4TOOBI BbIYMTATh BBIXOAHOW curHan WMK2 w3 curnana WK1, npu stom
KOppeNMpoOBaHHasl 4acTh IIIYMOBOM COCTaBIIAIONICH CUTHANA Oy/IeT yMEHBIIAThCS,
a HEKOppEeTUpOBaHHAs CKJIAJbIBAaThCA MO 3aKOHY CIOXEHUS JIUCIEepPCUI
HE3aBUCHUMBIX CIy4YailHbIX MPOLECCOB. ENMHCTBEHHBIM KOPPEIMPOBAHHBIM YJIEHOM
ITYMOBOM COCTaBJISIFOLIEN BBIXOJJHOTO CUTHAJIA U3MEPUTEIbHBIX KAHAJIOB SIBJISIETCS
n30bITounblil mym CJIZI. Benuuuna kosdduimenta B3auMHON KOppensiuuu 3TON

IHYMOBOﬁ COCTaBJ'IHIOH_[eﬁ B ABYX HM3MCPHUTCIIbHBIX KaHaJlaX B AJAHHOM CJiy4dac
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3aBHUCUT OT YeThIpeX (AKTOPOB M CTPEMUTCS K EOUHHUIIE NPU HX Y4eTe U
KOMITEHCALIUH:

- BPEMEHHOTO C/IBHTa MEXJ1y CUTHAJIaMH U3MEpHUTEIbHBIX KaHaioB K 1 u
NK2. Ilockonpky ontnueckui curHan B MKI1 nmpoxomut depe3 BOJIOKOHHBIN
koHTyp (BK), nnmHa KOTOpOro cOCTaBisieT COTHM METPOB, TO OH IOCTYIAET Ha
dboTOonprEeMHOE YCTPONCTBO C 3aJIEPKKOM , paBHOU BpEMEHH , KOTOpOe TpedyeTcs
CUTHAIIy Ha pacnpocTtpaneHue no BK . JIJ19 KOMIICHCAIIMA BPEMEHHOTO
paccornacoBanus curHail oT MK2 nomkeH mpoxXoAauTh depe3 JIMHHUIO 33JIEPHKKH,
MO3BOJISIOLIYI0 TOYHO COTJIACOBBIBATh CUTHAJIBI ABYX U3MEPUTENBHBIX KAHAJIOB BO
BPEMEHU;

- CHEKTPaJbHOIO COCTaBa CHUTHAJOB W3MEPUTEIBHBIX KaHaiuoB. [
JOCTH)KEHHSI MaKCUMAJIbHOTO  Ko3(puuueHta koppemsiuud (poTonpreMHbIE
YCTPOMCTBA HW3MEPUTEIBHBIX KAaHAJIOB JOJDKHBI HMETh OJMHAKOBOIO IIOJIOCY
npornyckanus [68], 4To gocTUraercs NpUMEHEHUEM MACHTUYHBIX (OTONPUEMHBIX
ycTpoicTB B 0boux UK;

- COIJJaCOBaHUS MHTEHCUBHOCTH KOPPEIMPOBAHHBIX  COCTABJISIIOLIUX
BBIYMTAEMBbIX CHTHajoB. Ha paccoriacoBaHne MHTEHCUBHOCTH CUTHAJIOB BIIUSIOT
KaK (hakTOphl, 00YCIOBICHHBIC KOHCTPYKIIMEH ONTHYECKOUN U DJIEKTPUUECKON CXeM
(pa3Hble MOTEPH MOIIHOCTH ONTHUYECKOTO U3JIyUYEHHUSI B U3MEPUTENbHBIX KaHANIAX,
pa3Opoc MmapaMeTpoB AJIEMEHTOB CXeM (OTONPUEMHUKOB HW3MEPUTEIbHBIX
KaHaJoB), TaK W mpuHOUIOM padotel BOI' - cormacHo BeipaxkeHuio (1.22)
MOIIIHOCTh HM3JIyY€HHs, MOCTyHarIllero Ha (oronpueMHUK UHTEphepoMeTpa
Canbsixa WK1, 3aBucutr ot rinyOounbsl (azoBoit moaynsiuu (pasHoctu (a3
BCTPEUHBIX CBETOBBIX BOJH) ¢. PaccoriacoBaHue, BRI3BaHHOE KOHCTPYKTUBHBIMU
(dakTopamu, JOJKHO OBITH yuTeHO npu pazpadotke BOI', a Bri3BaHHOE (Da3oBoOii
MOIYJISIMEN - B MATEMATUIECKON MOJIETTH U pu 1TU(DPOBOiT 00pabOTKE CUTHAIOB;

- COCTOSIHMSI TOJISIPU3ALMU ONTHYECKOIO MU3JyYEHHS] B H3MEPHUTENBHBIX
kaHanax [68]. CocrosHue mOJMSIpU3allUM B OOOUX HM3MEPUTEIIBHBIX KaHaJIax

JOJIXKHO OBITH OAHMHAKOBBIM. 910 AOCTUTACTCS BKIIIOYCHUCM B OIITHYCCKYIO CXEMY
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JBYX TOJSPHU3ATOPOB. B COCTABE ONTHYECKOTO IUPKYJISTOPA-Pa3BETBUTENS U B
cOoCcTaBe MHOTO(QYHKIIMOHATHHOTO HHTETPAITBHO-ONTHYECKOTO MO TYJISI.

bonee moapoOHO MpO TOYHOCTH COOIOJCHUS] ITHX TpeOOBaHUU OyneT
CKa3aHO B TPEThEH TiaBe HacTosmeit padboTel. Ha maHHOM 3Tame OyaeM CUuTaTh,
qT0 TpeOOBaHUS K BPEMEHHOMY, CIEKTPAIbHOMY W TOJSPU3AIHMOHHOMY
COTJIACOBAHUIO  CHTHAJIOB  BBIMOJHSIOTCS ~ KOHCTPYKTMBHO, a  pa3HHUIA
WHTEHCUBHOCTH CHUTHAJIOB MOXET OBITh BBI3BaHA TOJIBKO OTIWYHEM CpETHEH
momHocTH curHana K1, n3-3a ycranoBku pabodeii Touku uHTepdepomerpa B €ro
COCTaBe.

B Boipaxxenuu (1.22), B mepBOM M YETBEPTOM CIAraeMbIX MOJ 3HAKOM
1 .
KOpHSI TPHUCYTCTBYET MHOXKHUTEIb 5(1 + cOS(), OMUCHIBAIOIINN 3aBHCUMOCTD

MOIIIHOCTH  M3Jy4Y€HUsS  ONTHUYECKOrO  JMaria3oHa,  MOMNAaJarollero  Ha
(GhOTONPUEMHHUK, OT Pa3HOCTH (Pa3 MEXIy BCTPEUYHBIMH CBETOBBIMH BOJIHAMHU B
unrepdpepomerpe CaHbsika. DTOT MHOXKHUTEIb TaKXke YyJIOO0OHO HCIOJIB30BATh B
KadecTBe Kod(pdUIMEHTa [JIs1 COIVIaCOBAaHUS CpEAHEH MOITHOCTH CHUTHAJIOB
W3MEPUTEIIbHBIX KAHAJIOB.

Onupasich Ha CKa3aHHOE BBIIIE, AHATUTUYECKOE BBIPAKEHUE CIIEKTPATIbHON
IJIOTHOCTH MOIIHOCTH IIYMOBOW COCTaBIIsifOlIed BbhIXOgHOTO curHaina BOIT ¢
KOMIleHcanuen 1ryma wuHTeHcuBHOCTH CJIJ, yuuThIBaromee eCTeCTBEHHBIE

HMCTOYHUKH IIIyMa, OYyAET BHITJISIIETh CICAYIOMINM 00pa3oMm:

1 . 4kT . 4kT
~ V2c \]eniPo(l +cos@) +eig +——+ K? (enPO +eig + T)

7 2mDL 0 % P,sing (2.1)

oWy,

1 .
rie K =~ (1 4 cos®) - kKO3pPUIUEHT PUBEACHUS CPEIHEH MOIIHOCTH CHUTHANA

HK2.

Bripaxxenue (2.1) coepKUT MIECTh HE3aBUCHMBIX CJIaraeMbIX, IEPBBIC TPU
n3 kotopbix otHocATcs Kk MKI1, tpm apyrux - xk MK2. Unen, oTBevarommii 3a
n30bITounblil miym CJIZI, B Belpaskenuu (2.1) OTCYTCTBYET, MOCKOJIBKY B JaHHOU

MOACIHU IIPHUHATO, YTO IIPHU BBIYMTAHHMHK CUI'HAJIOB U3MCPUTCIIbHBIX KaHAJIOB BKJIAd
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TOr0 HMCTOYHHMKA IIyMa B IIYMOBYIO COCTaBISIOLIYIO PE3yJIbTUPYIOLIETO
BbIX0iHOTO curHana BOI paBeH Hy:10.

[Ipu pazpabotke makera BOI' co cxemoii 1ryMmonoiaBieHusi OblUT BBISIBIICH
eIlle OJUH TOTEHITMAIBHBI MCTOYHUK ITyMa, OIMMCAHHBIA Takke B padorax [77,
115], - cxema (opMHpOBaHHS W YCHJICHHUS HANpsDKEHUS (Pa30BOH MOMYIISLIMH
(Y®OM). BenuuuHa 3TOro mryma ONpeNessieTCss B OCHOBHOM XapaKTepUCTUKaAMU
caMoro ycwiuTends (CIeKTpalbHas IJIOTHOCTh HANpSOKEHWsT M TOKa IIyMa,
MPUBEACHHBIX K BXO/AY, COITPOTUBIICHUE PE3UCTOPOB B 1IEMK OOPATHOU CBSI3H), €TO
K03 UITUEHTOM YCUIJICHUS U K03 puLrieHTOM 3¢ (HeKTUBHOCTH
IIMPOKOIIOJIOCHOTO IEKTPOONTHUECKOro (hazoBoro moaynaropa. Ha pucynke 2.9
MPE/ACTaBIICHa CXEMa THUIIOBOTO BKIIOYEHUS U3 HMHGOPMAIMOHHOTO JIUCTA

Mukpocxembl AD8137, npumeHeHHast pu pa3pabOTKe MaKeTa.

Cr
]l

Pucynok 2.9 - TunoBas cxema BKJIFOUEHHUSI MUKpOcxeMbl yerutenss AD8137 [116]
Bripakenue, omnpezensroniee BKIAJ 3TOTO YCUIWTENIS B OOIIMA YpOBEHBb

IIyMa YIJIOBOM CKOPOCTH, OyAET BBIMVIAAETH CIEAYIOLIMM 00pa3oM:

2
R
y en| 1+ )] +2(inRe)" +
SOuyoM = 57 |2 7 Koppoms (2.2)
Aok +8kTR, (2 2 + 8KTR
\ g Rg f

r7e 0Wy yeym - CHOEKTpPaTbHAS MJIOTHOCTH MOIIHOCTH ITyMa yTIOBOW CKOPOCTH OT
yemmrens (azoBoit moxymsiimu, (pam/c)/NIw; e, - CIHeKTpanbHas ILUIOTHOCTb

mudpepeHnanTbHOTO HANPSDKEHUs [TyMa, MPUBEIEHHOTO KO BXOJY YCHIIATEIS,
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B/AT1; Rf - compoTHBieHHe pe3ncTopa 06paTHoil cBsi3H, OM; Ry - compoTusieHue
BXOJHOTO pe3uctopa ycuutenst, OM; i, - CIeKTpaibHas IJIOTHOCTh TOKA IIyMa,

MIPUBEJICHHOTO KO BXOJY YCHUJIUTEIIS, A/\/Fu; k - mocrosinnast bonbivana, Ix/K;

T - remmeparypa okpyxatouei cpensl, K; Kigpom =Ul - ko3 uIeHt

s dexTuBHOCTH (a3oBOro MoayisTopa, rae U, - HanmpsbkeHHe, MPUIOKEHHOE K
aneKkTpoiaM (ha30BOrO MOJIYJIATOpa, HEOOXOAMMOE AJii 00pa30BaHUS B3aWMHOTO
¢$az0BOro cBUra BCTPEYHBIX ONTHUYECKHUX BOJIH, PABHOTO T Pa/IkaH.

CymMma 1of 3HAKOM KOPHSL OIPEAENSeT CIEKTPalbHYI0 IUIOTHOCTH
HalpsDKEHWST IIymMa Ha BBIXOAE YCWINTENsd. Ee yIBOGHHME YKa3blBaeT Ha
CTATUCTUYECKYI0 HE3aBUCUMOCTH IIyMa, JEUCTBYIOLIET0 HAa ONTUYECKUN CHUTHAI
MIPU IPOXOKACHUU MOYJIATOPA B MPSIMOM U B OOPAaTHOM HAIpPaBJICHUH.

[TapameTpsl BbIpakeHUs (2.2) HEU3MEHHBI B TIpejAeiaX KOHKPETHOU
peamzanuuu YOM, u BenuuuHy wmyma Y®OM MOXHO NPUHATH ITOCTOSHHOM,
HEKOTOpPOM 3aBUCUMOCTBhIO ImymMa YO®OM oT wu3sMeHeHuss Ko3ppuuueHTa
3¢ (HEKTUBHOCTH MOIYJIITOPA MOKHO IIPEHEOPEYb.

C yuyeroM  BBISBJIECHHOIO  JIONOJHUTEIBHOIO  HMCTOYHHMKA  IIyMa

AHAJIMTHUYCCKOC BBIPAKCHNC 6y,/:[eT BBITTACTDb CICAYIOIHUM 06pa30M:

en %Po(l + cosg) + eiy + 4}];#
, . 4kT 23
V2 +K (er]PO +eiz + T) - (2.3)
\ (n EPosmcp)

rie Uy yom - TOAKOPEHHAS 9acTh BeIpaKeHUS (2.2).

Jns onpeneneHus yciiOBUM JOCTHKEHHUSI MUHUMAIIBHOTO YPOBHS 1IymMa B
BbIxogHOM curHaie BOI' co cxemoil kommeHcanuu ObLT TMPOBEICH aHaIU3
BIIUSIHUS Bapualliii 3HaYE€HUN TapamMeTpoB BbIpakeHus (2.3) Ha Pe3yIbTHPYIOIIEe
3HaueHue myma. [Ipu 3amanHoi koHcTpykiuu BOIT (reoMmerpuyeckux pasmepax
BOJIOKOHHOTO KOHTYpa, JJIMHE BOJIHBI U MIKMpUHE criekTpa uznydenust CJIJI, monoce
MPOITYCKaHMsI, TOKOBOW YYBCTBUTENBbHOCTU (oToamona, mapamerpax YDOM) u

HEM3MEHHOW TeMIeparype OKpyKawliuel cpenbl, Bblpaxenue (2.3) Oyxer
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coJlepKaThb TpU IapamMeTpa, WU3MEHEHUE KOTOPBIX BIIMAET HAa 3HAYECHHUE YPOBHS
IIyMOBOM COCTaBJISAIOIIEN BBIXOJHOIO CUTHAJA:

- pa3HOCTh (a3 ¢ MeXay MpsSIMOM W OOpaTHON CBETOBOM BOJIHOM B
untepdepomerpe Canbsika, TO €CTh TJIyOMHa BCIIOMOTaTeNbHON (ha30BOM
MOYJISIIUY;

- MONIIHOCTh Py wu3mydyeHus, manarmomero Ha (OTOIMOA B OTCYTCTBUU
¢dazoBoil MOAYISAINH;

- COINPOTHUBIICHHE PE3UCTOPOB R 00paTHOM CBS3M TPAHCHUMIIEAAHCHOTO
YCUJIUTENS B (POTOMPUEMHOM YCTPOICTBE.

[Ipu 3TOM cooTHOHIEHWE MOIIHOCTU Py u compotuBieHuss R 1OKHBI
YIAOBIETBOPATH COOTHOWIEHUIO PynR < const, tae const - MakcuManabHO
JOIIyCTUMOE HalpsKeHHe Ha Bbixose Y DT onpenenseMoe aNeKTpUIECKOU CXeMOn
BOI'.

Ha pucynke 2.10 mpencraBneHs! rpaduKu 3aBUCUIMOCTH PE3yIbTHPYIOIIETO
YpOBHS IIyMa BbIXOAHOrO curHana st BOI' 0e3 cxeMbl KOMIEHCAllMU IIyMa
(Beipaxenue (1.22)), ¢ yueToM HMcTOuYHMKA Iryma (2.2) ¥ ¢ KOMIICHCAIIUEH IIyMa
(BeIpaxenne (2.3)) oT MIyOMHBI BCIIOMOTATENbHOU (Da30BOW MOAYISIIIHUA @ TIPH
pa3’MYHOM YpOBHE MOIIHOCTH H3JIyuyeHuss Py ¥ 3HAYE€HUM COMPOTHUBICHUSA
pesucrtopa R.

U3 rpaduxos pucynka 2.10 cnenyer:

- mpu rayOWHE BCIOMOTAaTEeNbHOW (Pa30BOM MOAYJISIUMU (O paBHOU /2,
o0bryHO mpumeHsieMo B BOI' ¢ wuMmynabCHOM BcromorareiabHOM  (a3oBoi
MonyJsiuel, ypopens myma BOI' co cxemolt komneHncanuu ryma menpiie B 1,4 -
2,2 pa3a B 3aBUCUMOCTH OT COOTHOIeHUs Py 1 R;

- IIyOMHA BCIIOMOTATENbHON MOMYJSIUHU, ONTUMAaJIbHAsA C TOYKH 3pPEHUs
MUHUMH3ALUU IyMa, HE paBHa 7/2 U B 3aBUCHMOCTH OT MOILIHOCTU U3ITy4YCHUS
ONTUYECKOTr0 auamnazoHa Py u compotuBieHus R, nexut B auamnazoHe oT 21/3 1o

51/6;
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- YBCIMYCHHUC MOINHOCTH OITHYCCKOI'O CHIHaJIa PO IIpHU BBIIIOJIHCHHUN

ycioBust PgnR = const npuBOAMUT K 3HAUUTENIbHOMY CHIDKeHUIo myma B BOI' co

CXEMOH KOMIICHCAIIWX IIyMa,

ONTUMAJILHOW C TOYKH 3pEHUS MUHUMH3AIMU IIyMa TIyOWHOU
BcrioMorarenbHo Moayssanuu s BOIT ¢ 3amaHHBIME TTapaMeTpaMu 0€3 CXEeMBbl
KOMIICHCAIIUM IITyMa sBJisieTcs 3HaueHue Sm/6, s BOI co cxeMol KoMIeHcaluu

IIIyMa ONTHUMAaJIbHBIM SIBIISICTCSA 3HaueHue 27/3, mpu 3ToM ypoBeHb myma BOI co

CXEeMOM KOMIIEHCAIIMH IITymMa MeHbIIe B 1,2 pas.

n=0,93 A/Br
011, L \\ - - -~ 0w, c koMreHcangeii (Po = 20 MkBT; R =25 xOnm)
! v
-9
1 \ = .
! \ S0m., Oe3 kommeHcaHl (Po = 20 MkBT; R = 25 kOM) Id 20 10 A
0,10 = .
1 A
1 = — . —
0.09 \'. ‘l‘ ‘\‘ \\ - - -~ 030m, ¢ koMmeHcanEei (Po = 60 MKBT: R = 8,5 kOM) D= ()’ 135 M
I| '| ! — 30w, Ge3 kommercanmd (Po = 60 MEBT; R = 8,5 KOM)
L \ L=1070 m
0.08 ll v \ — - — - 0O0m, ¢c koMneHcangeit (Po = 100 MKBT; R = 5 xOM)
| 4
1 A\ —
0.07 M \ s \ 60w, 6e3 kommencanEH (Po = 100 MBT; R = 5 kOM) T=293K

[ A=156210°m

3 B \\ / AL=3510"m
\\ \\ \\\ / / Kf — 2

%
~ ~ - -
0,03 ~ ~ -

3m. (°/0)ATa
(=]
K

Nt

=)

L
-
-
P

ot
(=]
=
-
-
s
’

0,02 S e T

/2 /3 /2 2n/3 Sn/6

Pucynok 2.10 - 3aBUCHMOCTB CHIEKTPATBHOM MIIOTHOCTA MOIIHOCTH IITyMa
BBIX0JHOTO curHana BOI™ ot rimyOuHBI BCrioMoraTenbHOM (ha30BOM MOIYIISIINH,

pacuer

CornacHo TPOBEACHHOMY aHaiau3y, ucnoib3oBanue B BOIT cxemsl
KOMITCHCAIIMM IITyMa B COYETAaHUH C BBHIOOPOM ONTHUMAJIBHBIX 3HAYCHUU
napameTpoB BOI' mo3BoJII€T yMEHBIIUTH ITYMOBYIO COCTABJISIONLYIO BBIXOJIHOTO
curHaina ot 1,4 no 2,6 pas. Pemaroimiee BiIusSHHE Ha CHIDKEHHUE IIyMa HMeEET

YpPOBEHb MONIHOCTH M3Iy4Y€HHS Ha BXOJE (POTONPHUEMHBIX YCTPOWCTB. BbiOOp
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ontuMaibHON padboueit Touku B BOI' Taxke mo3BossieT JOOUTHCS CYIIECTBEHHOTO

CHW)KEHMS YPOBHS IIyMa B BBIXOJAHOM curHaine BOI'.

2.3 HNmuranuonnasi MOaeJIb BOJIOKOHHO-OIITHYE€CKOI'0 THPOCKOIIA,

BKJIIOYAKOIIAS TOTIO/THUTEJIbHbIN H3MEPUTEIbHBIA KAHAJ M CXeMy CHMKEHUS LIyMa

Nmvurtammmonnas wmogens BOIT paspaborana B TIpOrpaMMHONM  cpene
«Octave» [117 - 119]. Ona monenupyeT nosecHue uHTEpPepomerpa CaHbsiKa U
unppoBoil cxempl BOI' koMIIeHCallMOHHOTO TUIIA BO BPEMEHH, C YUETOM BIUSHUSA
UCTOYHUKOB TmymMa. OOmmi npuHIUOD paboThl 3TOH MOJAEIHM C  OJHUM
WU3MEPUTEIBHBIM KAaHAJIOM JOCTATOYHO MOAPOOHO M3JIOkKEH B IMEpBOM riase. B
npuBeeHHON HIbke Ha pucyHke 2.11 cxeme mozenu BOI' ¢ mrymomnonaBieHueM
MIOMUMO OCHOBHOT'O J00aBJIEH OMOPHBIA M3MEPUTENbHBIN KaHal (0OBeJeH cHuHEn
NYHKTUPHOU JIMHUEN).

On BKJIIOYaeT B ce0sl TpU HE3aBUCHMBIX MCTOYHHMKA IIIyMa, COOCTBEHHBIM
dazouyBcTBUTENBHBIN BhIMpaMuTenb (DPUB), 6mox ocpennenus (bO) u 610k
YMHOKECHHSI  Ha  KOO(DPUIIMEHT  BBIpAaBHUBAHWUSA  CpPEOHEH  MOIIHOCTH
MU3MEPUTENFHBIX KaHAJIOB B 3aBUCMMOCTH OT ITyOWHBI BCIOMOTaTeIbHOU (ha30BOM
MOAYJSIUMU B OCHOBHOM M3MEPUTEIILHOM KaHAJIE.

3HaYCHUS OTIACTBHBIX IITYMOBBIX COCTABIISIONMIUX MTPH BHIMOJTHEHUN KaXKIOM
UTEpalMy TJIABHOTO ITUKJIA MOJEIN ONPEICNIIOTCs BhipakeHusmu (2.4) - (2.12)
st gpodoBoro mryma (oroToxa iy yer, A, IIyMa TEMHOBOTO TOKa (OTOAMOIA
I1_waon, A, TEIUIOBOTO IIyMa TPAHCUMIICIAHCHOTO yCHIHTENs (GoTOoTOKA €1 41, B,
M30BITOYHOTO IITyMa MUCTOYHHUKA M3IY4YEHHS 11y i, A, IIyMa yCHIuTens (Ga3oBoi
MOAYISIHU @y you, PaJ, ocHoBHOro MK 1 npoboBoro nryma ¢ototoka iy ot A,
IIyMa TEMHOBOrO Toka  ¢orommoma Iy waog, A, TEIUIOBOrO  IIyma
TPAaHCUMIIEJAHCHOTO yCWIHTENsd (POTOTOKA € 1, B, H30BITOYHOrO IIyma

VICTOYHHKA M3Iy4eHU Iy iy, A omopHoro UK, coorBeTcTBEHHO
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«+» - OJIOK CyMMUPOBaHUs, «+» - 010k nenenus, MK - macitabubiit koaguiment Canbsika,
I'BOM - renepatop BcriomorarenbHoil (pa3oBoit Moxysaiuu, @UB - (ha3ouyBCTBUTENbHBIH
BeITIpsiMUTENH, [ 11 - reneparop myma, bO - 6510k ocpenHenus, «-» - 0JI0k Beruntanus, Ky -
KO3 PHUIHMEHT YCUIICHUSI KOHTYPa KOMIIEHCUPYIOIel 0OpaTHOM CBSI3H, «X» - OJIOK

yMHOXeHHUs, U - uaTerparop.

Pucynox 2.11 - bnok-cxema kommberoTepHaoit moaenu BOI' ¢ cuctemoit cHIKeHUS

nryma

U waT@) = /ep(i)ﬂfADc noise (i,1),
i wani) = v elafapcnoise (i,2),
e1 mr() = v 4kTRfypcnoise (i, 3),

. |2 fanc
U wCIaG) = m

1
Pym 3 (1 + cos @geMm) noise (i,4),

(2.4)

(2.5)
(2.6)

(2.7)
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'JU

e, R—f> +2(i,Rp) +

Puyomi) = |2 g ; % noise (i,5), (2.8)
\ +8KTR, <é + 8kTR;

[ wdT@) = /eP(i)T]fADC noise (i, 6), (2.9)

i) wani) = \/Mnoise (i,7), (2.10)

€2 mT() = \/Wﬁwcnoise (i,8), (2.11)

Iy o) = ;;ﬁq A}\Pon noise (i,4). (2.12)

rae Af - 3amanHas mmpuHA NOJI0CKH Tponyckanus myma, [ i =1...N; noise (N,
M) - 4KCIOBOY MacCUB, UMUTHPYIOIINI BOCEMb HE3aBUCUMBIX UCTOYHUKOB OEIIOT0
(B orpaHMYECHHOW TMOJIOCE 4YacTOT) ['ayccOBOro IIymMa ¢ HYJCBBIM CpPEIHHM
3HAYEHUEM W €IWHUYHOM jucnepcued. Ywucno ciydailHblx 3HayeHud N
BbIOMPAETCs paBHBIM KOJIMYECTBY UTEpALMil II1aBHOTO LIUKJIA MOJEIH.

[Ilym B U3MEPUTEILHOM KaHaje BBOJUTCA KaK aJJUTUBHAS COCTABIIAIOIIASL
k curHaiy Py, popmupyemomy Ha BeIxoae unTeppepomerpa CaHbsiKa, B OIIOPHOM
KaHaJie KaK aJJIMTUBHAs COCTABIISAIONIAs K TOCTOSSHHOMY YPOBHIO MOILITHOCTH P».

BblunTanue curHajia OmopHOro KaHajla MPOUCXOAUT B LUKJIE OCHOBHOTO
koHTypa BOI', U1t 4ero curuan onopHOro KaHaja NpeIBapUTENBHO MOIBEPracTCs
(a304yBCTBUTEILHOMY BBINPAMICHUIO M OCPEJHEHUIO AHAJIOTMYHO CHUTHAIY
OCHOBHOI'O U3MEPUTEIIBHOIO KaHAJIa.

Bxongnoit wHboOpMaier s MOJETW SABISETCS 3aJaHHAs ITOCTOSHHAsS
yIjoBasi CKOPOCTh (3. BpIXxoaHOW HHpOpManued MOJEIu SBISETCS MacCUB
BBIYMCIICHHBIX C 33JaHHBIM BPEMEHEM OCPEJHEHUsS 3HAYEHUH YIJIOBOW CKOPOCTH
Ou(, TAEC K - cueTynk OCpeAHEHHBIX 3HAYeHUH B MaccuBe. [l MOIY4eHHOTO
MaccuMBa  BBINOJHSAIOTCS ~ ONEpAllMM  BBIYMCIEHUS  CPEJHEro  3HayeHus,
CPEIHEKBAPATHYECKOTO OTKJIOHEHUS M CIEKTPAJIBbHON IUIOTHOCTH MOUIIHOCTH

uryma o gpopmyse (1.29).
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2.4 JlaGopaTopHbIii MaKeT BOJOKOHHO-ONTHYECKOI0 THPOCKONAa ¢
CHCTEMOM CHMIKEHHSI IIyMAa, OLEHKAa 3JKCIEPHUMEHTAJBHBIX Pe3yJbTaTOB

IIYMOIIOAABJICHHUSA, CPABHCHHUE C MOACJIbHBIMU IIPOTIrHO3aMHU

JlabGopaTopHbIii MakeT ObUT CIPOEKTUPOBAH COIVIACHO OJIOK-CXEME,
MPEICTaBICHHON Ha pUCYHKE 2.6. ANTOpUTM OOpabOTKH CHUTHAJIOB OCHOBHOTO U
OMOPHOTO HM3MEPUTENBbHBIX KAHAJIOB W pPEAM3alMM CUCTEMBbl CHI)KEHHS IIyMa,
COOTBETCTBYET NPE/ICTABIEHHOMY Ha (DYHKIIMOHAJIILHOM cXeMme pHUCyHKa 2.7, 3a
UCKIIFOYEHHEM  OJ0OKa  KOPPEKIHMH  HWHTEHCUBHOCTH  CUTHAJa  OMOPHOTO
U3MEPUTENIFHOTO KaHaJla - B HCIOJb30BAHHOM JUIsl Makera OJioke LHu(ppOBOM
00pabOTKH CUTHAJIOB OTCYTCTBYIOT HEOOXOAMMBIE ISl 3TOrO HHU3KOYACTOTHBIE
aHajoro-u@poBbie Mpeodpa3zoBaTEIU.

®dotorpadus makera npejncrapieHa Ha pucyHke 2.12. KoHCTpyKTUBHO OH
COCTOMT W3 METaJUIMYECKOr0 OCHOBAHMS, HA KOTOPOM YCTaHOBJIEHBI BCE
ONTUYECKHE BJIEMEHThl CXEMbl, OJIOK YIpaBICHUS HNCTOYHUKOM H3ITyYEHHUS
ONTUYECKOTO IMara3oHa U (poTonpueMHbIe YCTPOICTBA, a Takxke 0J0Ka uppoBOi
00pabOTKH, COEAMHEHHOTO0 ¢ (DOTONPUEMHBIMU YCTpPOMCTBAaMU M  (Pa30BbIM
MOJIYJIATOPOM C ITOMOIIBIO SKPAaHUPOBAHHBIX KabeneH.

3a OCHOBY MakeTa ObUI B3SIT CEpUMHO BBIMycKaembiii kommanueit OO0
«HIIK «Omnromuak» BOI' OMYC1000 - 0oxHOOCHBIM BOJIOKOHHO-OIITHYECKHU
rupockon [23, 120]. [Janee npuBeacHBI 3HAYCHHUS MTapaMeTPOB MaKeTa, BIUSAIOIIHE
Ha YPOBEHb IIIyMa €ro BbIXOAHOTO CUTHAJA, (purypupyronime B Beipaxkenuu (2.3) u
B UMHUTAIIMOHHOU MOJEIH:

- CpEIHUI TUaMETP BOJIOKOHHOTO KOHTYypa - 0,135 M;

- IJIMHA BOJIOKOHHOTO KOHTYypa - 1070 Mm;

- CpellHsAsl JUIMHA BOJIHBI HMCTOYHHMKA ONTHUYECKOTO U3JIy4eHUs -
1,565-10° m;

- lIMpUHA CHEKTpa HW3JIyYeHUS HCTOYHHMKA ONTHUYECKOTO W3IyYEeHHs -

35107 m;



74

- popMa cCHeKTpa WCTOYHHMKA ONTHYECKOTO W3Iy4YeHUs - OJmM3Kas K
l"ayccoBoii;

- MAaKCUMaJbHOE 3HAYCHHE MOIIMHOCTU H3JIyYCHHUs, IaJIalolIero Ha
dboToanon - 88-10°° BT;

- TOKOBas YyBCTBUTEIBHOCTH (hoToanonaa - 0,93 A/BT;

- TeMHOBO#T TOK (oTonmoma - 20-107 A;

- CONPOTHURJICHHE PE3UCTOPOB OOpPaTHOW CBSA3M TPAHCUMIIEAAHCHOTO

yewurens porotoka - 5000 Om.

Pucynox 2.12 - ®otorpadus nadboparoproro makera BOI' ¢ cuctemoil CHI>KeHUS
mryma. O6muit Bua
OKCHEPUMEHT 1O U3MEPEHUIO IIYMOBOM COCTABISIONIEH BBIXOJHOIO

CUTHaja ObUT MPOBENIEH MPH TPEX 3HAUCHUSIX INIyOMHBI BCIOMOTaTeIbHOU (Pa3zoBoi
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mMonynauuu: w4, w2, 3m/4 npu BKIIOYEHHOM M BBIKIIOYEHHON cHUCTEMe
HIyMomnojaBieHus. Maker mnpu 3TOM ObUT yCTaHOBJIEH HAa HEMOIABUXHOE
OCHOBaHUE, MPOBOJMIICSA OMPOC U 3alKCh CPEIHUX 3a BPEMs ONpoca C YacCTOTON
10 I'm 3Ha4yeHWit M3MEPEHHON YTIOBOM CKOpocTH. s Kakaoro MOJyYEeHHOTO
MaccHBa JaHHBIX MPOBOAMUIIOCH BBIUMCIIEHUE CIIEKTPAIIbHON MIIOTHOCTH MOIHOCTH
mryma 1o ¢gopmyie (1.29).

Ha pucynke 2.13 npuenens! rpaduku 3aBucumocteit CIIMII BerxogHOTO
curaia BOI™:

1. CoyomHble JMHUM - PE3YJbTAaThl TEOPETUYECKOTO pacyera 1o
dopmyie (1.22) ¢ yuetom (2.2) u o hopmyie (2.3);

2.  CHUMBOJIBI «*» - pe3yJIbTaT UMUTALIMOHHOTO MOJEINPOBAHUS;

3.  CuMBOIBI «m» - pe3yabTaT 00pabOTKM IKCIEPUMEHTATbHBIX JAaHHBIX,

HU3MCPCHHBIX C IIOMOIIBIO MAKCTaA.

0,11

\ k —— C KOMIIeHcalHeil yMa (TeopeTHIeCKHH pacyer)
0,10 \ \r —— ©e3 KOMITEHCAITHH TITyMa (TeopPeTHIeCKHI pacteT)
0,09 . ¢ ¢ KOMIICHCALHEH IyMa (KOMIIBIOTEPHAsS MOJEb)

\ \ + 0e3 KOMIIeHCAIHH IIyMa (KOMIIBITepHAA MOIETb)

0,08 \ \ it B C KoMIleHcamueil myMa (Maker)
0,07 B 0e3 KOMIIGHCAIHH IMyMa (MaKeT)
0,06 k +

0,05 \ ¢
r'y \: 7
0,04 \. . /
0,03 . s
& +»
0,02 K’\!_=.:.:.:-'?..‘4‘=//

0,01

Som. (@), (°/1)VT'

0,00

/6 /3 /2 2a/3 S/6
®, pan

Pucynox 2.13 - 3aBUCHMOCTH CHIEKTPATHLHOM MIIOTHOCTA MOIITHOCTH IITyMa

BbIxoHOTO curHana BOI" ot riryOuHbI BcioMoraTenbHOU (ha30Boi MOAYISIUN

BenuunHa T1iyOMHBI BcriomMorartelbHOW (a3oBOM MOAYJALMU  ObLIa

BbIOpaHa B KaYECTBE MU3MEHSAEMOT0 IapaMeTpa MpU MPOBEPKE MOAENEH, MOCKOIbKY



76

M3 OCHOBHBIX MAapaMETPOB, BEIMYMHON KOTOPHIX MOKHO YIPaBJsiTb B MAakeTe U
KOTOPBIE MPUBOAAT K U3MEHEHUIO BETUYUHBI CIEKTPAIBHOM MIOTHOCTH MOIIIHOCTH
IIymMa corjiacHo pabore [71], ee u3MeHEHHE MPUBOIUT K HauboJiee CHIBHOMY H
HEJIMHEUHOMY M3MEHEHUIO CIIEKTPaIbHOM IIOTHOCTH MOIIHOCTH IIyMa.

Kaxk BumHO 13 rpaduka pucynka 2.13 MakcUMaabHOE PACXOXKIECHUE MEXKTY
JAHHBIMH, TIOJIYYEHHBIMH IIpU TEOPETUYECKOM pacuere U pe3ylibTaTaMu
MMUTAIMOHHOTO MOJIeTMpoBaHusi, He npeBbimaet 10 %. Pe3ynbrarsl, moaydeHHbIC
B XOJ€ TPOBEICHHUS DJKCIIEPUMEHTA C MAKETOM, TaKXKe MOATBEPKIAIOT
NPaBUIBHOCTH MIOCTPOCHHBIX MOJIEJEH, pacXoKaeHue He npesbimaeT 15 %.

C uenbl0 OLEHKU TMOJIYYEHHBIX PE3YyJIbTAaTOB IMPHU PA3IUYHOM BpPEMEHU
OCpPEJTHEHUSI BBIXOJIHBIX JAHHBIX OBbUI MPOBEACH JKCIEPUMEHT, BKIIOYABIIUNA B
ceOsi u3MEpeHHs BbIXOAHOrO curHaia wmakera BOI', ycraHoBineHHOro Ha
HEMOJBW)KHOM OCHOBAaHMM B TEYEHUE 5,5 4acOB MPH YACTOTE OINpPOcCa JaHHBIX,
paBHoil 70 I'l. MI3MepeHusi MpOBOAWINCH B JBYX PEXKUMAaX: C BKIFOUEHHOU U C
BBIKJIIOYEHHON CHCTEMON TMOJaBJICHHSl IlIyMa WHTEHCHUBHOCTH HMCTOYHHKA
u3iydeHusd. Jnsd MUHUMH3AUMA WHAYCTPUAJbHBIX IIYMOB M NOMEX H3MEPEHUS
MPOBOAWIMCH B HOYHOE BPEMSI.

OueHka TOJYYEHHBIX PE3yJIbTATOB MNPOBOJMIACH METOJIOM OTKIOHEHHUS
Annana. OTOT METOJT OBLI MTOAPOOHO PACCMOTPEH B IIEPBOH I1aBe.

YucnenHas oueHka kodpduumenta myma N u3 rpaguka OTKIOHEHHUS
AnnaHa omnpenensercs Kak 3HAa4eHUE JIMHEWHOW anmpoKCHUMalWU MPOJIOHKEHUS
y4acTKa C HakKJIOHOM - 1/2 B TOUke, COOTBETCTBYIOIIEH BPEMEHU OCPEIHEHUS,
paBHOMY | yac.

Ha pucynke 2.14 npencrapiieH rpaduk 3aBUCUMOCTHA OTKJIOHEHUs AJljaHa
OT BpeMEHM ocpenHeHusa st Makera BOI' ¢ OTKIIOYEHHOM CXEMON CHUKEHUA
myMa (KpacHblii TpaduK) M C BKIIOYEHHON CXEMOW CHWXEHUS IymMa (CHHUN
rpaduk). [lyHKTHpHBIE  JTUHUU  COOTBETCTBYIOT  Tpadukam  JIMHEWHOUN
amnmpoKCUMAIlMd Y4YaCTKOB C HAKJIOHOM - 1/2  COOTBETCTBYHONIUX TpadUKOB

CIIy4ailHOM cOCTaBJISIOIIEN BBIXOAHOTO curHaia BOI'.
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YucnenHoe 3HadeHHE KOA(PUIMEHTA IIyMa, BBIYMCIEHHOE MO METOAY
oTKIOHeHMs ~AiiaHa, cocrtaBmier  0,00042 °/N4  mpH  BBIKITIOYCHHOM
mymononasienuu  u - 0,00022 °/\q IIPU  BKJIIOYEHHOM IIIYMOIIOJABJICHUMU.
Koaddumuent camxenus nryma npu 3toMm coctasisieT 1,91 pa3. Teoperuueckoe
3HaueHHEe KOI(P(PUIMEHTa CHIDKEHMS] IIIyMa, BBIYUCICHHOE C TMOMOIUIBIO
BeIpaxkeHus (1.22) ¢ yuetom (2.2) u Belpakenus (2.3) nmpu 3HaYCHHUIX ITapaMeTPOB,
COOTBETCTBYIOIIMX MakeTy, coctaBisier 2,03 paza. IlomydeHHOE pacxoxkicHUe
coctaBisier 6 %, 4YTO ABISETCS XOPOIIUM pe3yJbTaTOM U MOATBEPKIAET
COCTOSITENILHOCTh Pa3pabOTaHHBIX MOJIENEH M MPAKTHYECKYH0 PEAM3yeMOCTh U

3HAYUMOCTb ITPOBEICHHON PaOOTHI.

6(T) ¢ MIyMOIOAaBICHHEM
6(t) 6e3 NIyMOomo1aBIeHUS
ol o N JIMHEHHAS alIPOKCHMAITHS
,,,,,,,,, YYacTKOB ¢ HAKJIOHOM -1/2
-2
- 10
~—
o
—~
[
Ne— s
: \
107 -
10
10 10” 10° 10’ 10° 10° 10°
T,C

Pucynok 2.14 - I'paguk 3aBUCUMOCTH OTKJIOHEHUSI AJUTaHa OT BPEMEHU

OCpETHCHUS

N3 rpadukoB Takxke BUIHO, YTO MPU YMEHBIICHUH BPEMEHU OCPEIHCHHUS
(w1, 4TO B JIaHHOM cliy4ae OyJeM JKBUBAJICHTHO, MPU YBEJIWYEHUU YaCTOTHI
ompoca  JaHHBIX) KOI(D(UIMEHT [IYMOMOJABJICHUS  yMEHbIIAEeTCI.  ITO

NpoucxoauT 3a CUYCT TNPUCYTCTBUA B CHUTHAJIC CIICKTPAJIbHBIX KOMIIOHCHT,
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OTBEUAIOLINX IIyMy KBaHTOBaHUs, OMHChIBaeMOMYy kod(dduunentom Q B moaenu
(1.8).

[Ipu yBenmuueHun BpeMeHM ocpeaHeHus rpaduku pucyHka 2.14 npoxomsT
TOPU30HTAJIBHBIN YYaCTOK, COOTBETCTBYIOIINIA Kod(puinenty B (HecTaOMIbHOCTD
HyJieBoTO curHajua) B mojaenu (1.8). IIpu aTom BUIHO, 4TO Ha TpaduKe CUTHANIA C
IIYMOIO/IABJICHUEM 3HA4Y€HHE HECTAOWJIBHOCTH HYJEBOIO CHUTHAJIa HECKOJBKO
MEHBIIIE YeM Ha rpaduke 6e3 IMIyMOomnoAaBiIeHUus. ITO CBUACTEIBCTBYET O BaKHOM
dbakTe YacTUYHOW MACKUPOBKM BEIUYHMHBI Kod(dduimeHTa HecTaOUIbHOCTH

HYJICBOI'O CUTHAJIA, IPUCYTCTBYIOIIUM B CUTHAJIC ITYMOM.

2.5 BbIBOABI 10 BTOPOH IJIaBe

Ha srame noucka M aHanM3a JUTEPATypHBIX HCTOYHHMKOB IO BOIPOCAM
YMEHBIICHUSI YPOBHS ILIYMOBOW COCTaBJIIOLIEH B BbIXOAHOM curHaie BOI,
METOIbI, M3JIOKEHHbIE B padortax [68] m [69] Obum npusHaHBI Kak Hambosee
NEPCIIEKTUBHBIE M COOTBETCTBYIOIIME HACTOSIIEMY YPOBHIO PAa3BUTHS HAyKH U
TeXHUKH. BMmecTte ¢ TeM TpebOBamoch, Kak TMPOBEPUTH HA TMPAKTUKE MX
paboToCcrnocoOHOCTh U 3(PPEKTUBHOCTb, TaK U PACUETHBIM IYTEM OIPEACIIUTh
TPaHUIBl OXHIAEMbIX pE3ynbTaToB. [l pemeHus »THX 3amady, U C Y4eTOM
TEXHUYECKUX OCOOCHHOCTeN Obla paspadboTaHa ¢yHkimoHanbHas cxema BOI ¢
CUCTEMOHN CHWXEHMs IIyMa M IpOBEJeHa ajanTalus MeTOoAa CHIKEHHS LIyMa,
onmucaHHoro B padote [69]. B pesynbraTe OBUIO MOTYYEHO CXEMHO-TEXHHUYECKOE
peleHne, No3BOJIAIIEe ¢ MUHUMAaJIbHBIM BMEIIATEIbCTBOM BBECTH B cxemy BOI
JOTIOJTHUTENBHBIA U3MEPUTENIbHBIN KaHall U pealin30BaTh 00pabOTKY €ro CUrHaia ¢
IENbI0 TO/IABIICHUSI ITyMa WHTCHCHMBHOCTH HMCTOYHHUKA W3ITyYEHUS ONTHYECKOTO
Jrana3oHa.

C 1uenpl0 TPOTHO3MPOBAHHS OXKHUAAEMBIX PE3YJIbTaTOB, C YYETOM

BSaHMOHeﬁCTBHH HNCTOYHHUKOB IMIyMa U CUTHAJIOB U3MCPUTCIIbHBIX KaHAJIOB OBLIO
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BBIBEICHO AHAJIUTUYECKOE BBIPAXKEHHE JUIA  ONPENECICHUS CHEKTPAJIbHOM
IUIOTHOCTH MOILIHOCTH IIYMOBOM COCTaBIISIIOIIEH BbIXonHOro curhHama BOI' ¢
CUCTEMOW CHWKEHHUS IIymMa. Bbul onpenesieH JOMOJHUTENIbHBIM NCTOYHUK LIyMa,
HE Y4YTEHHBIM paHee, 3HAYECHUE CHEKTPAJIBHOW IUIOTHOCTM MOIIHOCTH IIyMa
KOTOPOT'O OIMpPEAENAETCS TOIBKO CXEMOTEXHUKON ycriuTens pazoBoil MOAYISIUU.
Yyer 3TOro HCTOYHMKA IIyMa OYEHb BaXXEH, OCOOCHHO TpU  OICHKE
3¢ (deKTUBHOCTH pabOThl CUCTEMbI CHIDKCHUS IIyMa: B 3aBHCHUMOCTH OT TOpSAKa
BEJIMYMHBI IIIyMa 3TOT0 UCTOYHHKA €0 BKJIAJ MOYKET NPUBOAUTH K 3HAYUTEIbHBIM
PACXOXKJICHUSAM B TEOPETUUYECKUX U HKCIIEPUMEHTAIBHBIX OLIEHKAaX JOCTUTHYTOIO
pesynbTata. [{ns npumepa onpeaenuM okuaacMblid ypoBeHb mryma maketa BOI™ u3
n. 2.4 npu puxcupoBaHHoi riryonHe BOM, paBHoit /2 He o gopmyie 2.3, a mo
dbopmyne 2.1, B KOTOpPOW OTCYTCTBYET HCTOYHHMK IIyMa YycuiuTesst (a3oBoi
MOAyIsAUMU. PacueTHeli ypoOBEHb IIyMa MakeTa C CHUCTEMOW CHMKEHHs IIymMa
cocrasut 0,02 (°/4)/\NT mpu yuere myma YOM u 0,014 (°/4)/\NT'1 6e3 ero yuera.
[Ipn »TOM, pacueTHbIi ypPOBEHb IIyMa MakeTa C OTKJIIYEHHOM CHUCTEMOU
cHmkeHnss myma cocraBmi 0,041 (°/4)ANTw mpm yuere myma YOM wu
0,038 (°/a)/NT' 6e3 ero yuera.

B mponientHOM cooTHomieHun paszHunia st BOI' ¢ cucTteMoil CHUYKEHUS
mryma coctasisietT 30 %, a mist BOI' 6e3 cuctemsl cHmkenus myma - 7,3 %. Kak
BUJIHO W3 TNPHUBEIACHHBIX IaHHBIX, WrHOpHpoBaHue myma Y®OM mpuBogut k
3aBBIIICHHBIM OXUJAAHUSM 3HAUCHUS KOOPPUIIMEHTA CHUKEHUS LTyMa.

JIns MpoOBEpKM KOPPEKTHOCTH ITOBEJICHHS BBIBEACHHOTO AHAIUTHUYECKOIO
BBIDOKEHHUSI  IPU  pPa3lM4YHbIX  3HayeHusix  napametpoB  BOI'  Obina
YCOBEpUIEHCTBOBaHA HMMUTaUMOHHAas Mojenb BOI, paccMoTpeHHass B TepBOu
rnaBe. B Hee Obul 100aBieH BTOPOM M3MEPUTENbHBINA KaHal M HE3aBUCHUMBIE
VMCTOYHUKM IIymMa, B TOM 4yucie myM YOM, peann3oBaHO B3aMMOJEHUCTBHE
UCTOYHUKOB IIyMa, aHaJOrM4YHOE (PU3UUECKOMY YCTPOWCTBY, pe3yJbTaThl
MMHTAIMOHHOTO  MOJEJIMPOBAHMUS  XOPOILIO COIJAcylTCAd C  pe3yJibTaTaMu

BBIYHCIICHU 110 aHAIUTHYECKOMY BBIPAKEHUIO 2.3.
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Pa3paGoTaHHplii M HM3rOTOBIEHHBIM JIA0OPATOPHBIA MAaKET IO3BOJIMJ
DKCIIEPUMEHTAILHO  J0Ka3aTh J(P(EKTUBHOCTh CHUCTEMBl CHIDKCHUS IIIyMa.
JIOCTUTHYTBIA pe3yJbTaT CHUXEHUs IIymMa coctaBui 1,91 pa3 mpu pacuerHoM
3HaueHun 2,03 pasa. biuskue 3HAYEHMS PACYETHOTO M IKCIIEPUMEHTAIBHOTO
pe3ysibTata TOBOPAT O TNPABWIBHOCTH TMPOBEACHHBIX TEOPETUYECKUX H
MPaKTUYECKUX HCCIECAOBAHUM M, O OJU3KOM K IMOJHOMY, MOJABJICHHUM IIIymMa
WHTEHCUBHOCTH HMCTOYHMKA W3IydeHUsi B BhIxogHOM curHaiie BOI'. Yucnennoe
3HAQYEHUE CHEKTPAJIbHOW IUIOTHOCTH MOIIHOCTH IIyMa MakeTa C BKJIIOYEHHOU
CXeMOM CHWXeHHs wyma, pasHoe 0,00022 °/\q (mpy OLIEHMBAHHUU IO METONIY
Bapualu AJIjlaHa) COMOCTAaBUMO C pe3yjbTaramu, AeMoHcTpupyembimu BOIN ¢
JUIMHON BOJIOKOHHOTO KOHTypa mnopsiaka 2000 mMeTpoB, paBHOM, COOTBETCTBEHHO
0,00025 °/Au (IpH OLCHHBAHWM O METOAY Bapuaumuu Asana) [24, 121] mpm
COXpaHEHUU MACCOTa0APUTHBIX U JPYTHX TEXHUYECKUX XAPAKTEPUCTUK TTPUCYITUX
BOI' ¢ nnuHo# koHTYypa, paBHoil 1000 meTpoB.

AHanmu3 Jpyrux padoT, TMOCBSIIEHHBIX BOMPOCY CHIDKEHUS IIyMa
MHTEHCUBHOCTH B BBIXOJHOM curHaie BOI', mnoka3piBaeT, 4YTO 3HAYEHUS
ko3 uIeHTa IIyMONOJABICHHUS, IOJIYYEHHbIE HX aBTOPAMH, 3HAUUTEIIBHO
MIPEBOCXOAT MOJYyYEHHBIE B HACTOAIIEH padoTe pe3ysbTaThl, HAPUMEDP B padboTe
[68] ko3 durmenT nymonoaasiacHus coctaBua 2,82 pas, a B pabote [66] - 4 pa3a.
371ech HYHO OOpaTUTh BHUMAaHUE, YTO B pacCMAaTPUBAEMbIX pabOTax B KayecTBE
WCTOYHHUKA M3IY4YEHUS HCIOJB3YeTCs JpOUEBBIA  CYNEPIIOMUHUCIICHTHBIN
BOJIOKOHHBIN UCTOYHUK onTuyeckoro manydeHust (QCBUOUN). On obnanaet Gonee
Y3KUM CIIEKTPOM H3JIYYEHHUS IO CPABHEHUIO C MCHOJb3YEMBIM B HACTOSIIECH
pabore CJI (15...25 um y DCBUOU, 30...60 um y CJIM), yto, coriacHo
BeipakeHnio  (1.13), mNpUBOAMT K TOBBIITICHHOMY HW30BITOYHOMY MIyMY.
[TomaBnenne Oosiee BBICOKOTO HCXOJHOTO YPOBHS IIIyMa JIOTUYHO TMPUBOAHUT K
0omee BBHICOKOMY KOA(PGUIMEHTY IITyMOIIOAABICHUS NP PAaBHOM yYPOBHE MPOYMX
mrymoB. Kpome Toro, B paborte [66] B cxeme HE MCIHOJIB3YyeTCs AOTMOJHUTEIIbHBIN
(GOTONIPHUEMHUK OIMOPHOTO H3MEPUTEIFHOTO KaHajla, YTO TaK K€ MPUBOAHUT K

yBeIUYEHUIO KO PUIIMEeHTa IITyMOIIOAaBICHUS.
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Takum oOpa3om, MaTepuain, HU3JI0KEHHBII BO BTOpPOIl TIjaBe HACTOSIIEH
palboThl, MOATBEPKAAET MPABUIBHOCTh Pa3pabOTAHHBIX MATEMAaTUYECKUX MOJIENEH
U UX aJCKBAaTHOCTbH IIPH PA3IMYHBIX 3HAYCHUAX MapaMEeTPOB CUCTEMBI, a TaKKe
BO3MOXKHOCTb M L[€1€CO00pPa3HOCTh TEXHHYECKOM pealn3ali JaHHOIO MeETOoJa
mymononasieHus B ciydae BOI' ¢ cyneparOMHUHUCIIEHTHBIM JUOJIOM B Ka4eCTBE

HCTOYHHKA U3JTYUCHUS OIITHYICCKOT'O JHUAIlIa30HA.
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I'maBa 3. AHanu3 3 GeKTHBHOCTH METOAA CHUKEHHUS IyMa NPH

BapbUPOBAHMHU NAPAMETPOB MO/IeIHU

Bo BTOpOIi riaBe paboThl ObLT PACCMOTPEH METO] CHMXKEHHUS YPOBHS IIIyMa
BBIXOJHOTO curHaia BOI', OCHOBaHHBI Ha BBIJEICHUH, C IOCIEIYIOLIUM
BBIYMTAHUEM M3 IOJIE3HOTO CUTHAJA, IIIyMa UHTEHCUBHOCTH MCTOYHUKA U3JTyYCHUS
ONTHYECKOI'0 JHalna3oHa. bpul mpoBeaeH aHaiu3 BiausHUA napaMmerpos BOI,
BXOZSIIUX B BeIpakeHus (1.22), (2.1) Ha ypoBeHb IIymMa BBIXOAHOTO curHana BOI
0e3 cXxeMbl CHWKEHHUS IIyMa M CO CXeMO#l cHmkeHus wyma. [lpum 3Ttom ObLIO
IIPUHATO JONYIIEHUE, YTO CUTHAJIbl OCHOBHOIO M OIOPHOIO WU3MEPUTENIBHBIX
ka"asioB BOI" co cxeMoll CHMKEHUS IIyMa MOJTHOCTBIO COIIACOBAHBI MEXKIY COOOM
BO BPEMEHHU, 110 CPEIHEN MOIIHOCTHU, UMEIOT OJJMHAKOBBIN CIIEKTPAJIbHBIN COCTAB U
OJIMHAKOBOE COCTOSIHUE NOJIIPU3ALMM ONTHYECKOro CurHaia. Bee 3T1o mo3soiuio
CUMTATh, YTO NMPU pabOTE€ CXEMbl CHIKEHHS IIyMa B BBIXOAHOM curHaie BOI
IIPOUCXOHUT ITOJIHOE IOIABJIICHUE IIIyMa UHTEHCUBHOCTH UCTOYHUKA U3JTyYCHHUS.

Ha camom nene, B TakoM CJIOXXKHOM (pusmdyeckoM yctporctBe kak BOT,
COCTOSIIEM KakK M3 ONTUYECKUX, TaK M U3 IEKTPOHHBIX U OITONIEKTPOHHBIX
KOMIIOHEHTOB, B IIpOLECCE OJKCIUIyaTallhM MOI'YT BO3HHMKATh  YCJIOBUS,
NpUBOASIIKE, B OOLIEM cllydyae, K TOMY, YTO CHUTHAJIbl U3MEPUTEIbHBIX KaHAJIOB
OyAyT B3aUMHO HECOIJIACOBaHbl B TOM, WJIM MHOM cMbicie. Hampumep, BiusiHue
TEMIIEPATYPBl OKPYKAIOWIEW CPEAbl MOKET NPUBOIWUTH K H3MEHEHUIO JJIMHBI
BOJIOKOHHOT'O KOHTYypa OCHOBHOI'O M3MEPHUTEIBLHOIO KaHajia U, CIECJOBATENIbHO, K
U3MEHECHUI0 BPEMEHM IIPOXOXKICHHMS II0 HEMY ONTHUYECKOIO0 CHUIHAJa, YTO
IIPUBENIET, B KOHEUHOM CYETE, K HECOTJJACOBAHHOCTH CUTHAJIOB M3MEPUTEIBHBIX
KaHaJIOB BO BpEeMEHU. [IpyruM MeEXaHHW3MOM BIIMSHUSA TEMIIEPATypbl MOKET
ABJISITECA U3MEHEHUE KOJIMYECTBA NOTEPh MOIIHOCTH ONTHUYECKOIO M3JIyYEHHS B
pa3NMuYHBIX 3JEMEHTax onrthdeckol cxembpl BOI. 3Jrto npuBemer K
pPaccorIacoBaHUIO CUTHAJIOB U3MEPUTEIIBHBIX KAHAJIOB 110 CPEAHEN MOLIHOCTH, YTO

TaKXKe TPUBEACT K YXYIIICHUIO ImyMonoaaBieHus. Takke, B pabore [68]
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yaensercs O0JbIIoe BHUMAHUE HEOOXOIUMOCTH TOYHOTO COOIOJCHUSI PAaBEHCTBA
MOJIOC TIPONMYCKAaHUS W3MEPHUTEIbHBIX KAHAJIOB W COCTOSHUS TOJSIPU3AIUN
ONITHYECKOT'0 CUTHAJIA B M3MEPHUTCIIbHBIX KaHaJIaX JIJIs IMOJTYyYCHUS MaKCUMaIbHOTO
addexTa IyMono1aBIeHHUS.

B Tpertbeii Ti1aBe POBOAUTCS aHATU3 BIMSHUS PACCOTIACOBAHUS CHTHAJIOB
U3MEpUTEIbHBIX KaHaioB BOI' co cxemMoil CHW)KCHHS ITyMa Ha ypOBEHb IIyMa B
BBIXOJJTHOM  cWrHaje. Pe3ymbrarhl, TmpeACTaBICHHBIE B TPEThEHl  TIIjaBe,

oIy0JMKOBaHbI B padote [73].

3.1 OO06o0eHHOe  AHAINTHYECKOE  BbIPAXKeHHe JUIA  LIYMOBOiA
COCTABJISIIONIEH BHIXOJHOTO CHTHAJIA BOJIOKOHHO-ONITHYECKOT0 THPOCKOTNIA C yYeTOM

HEIIOJIHOI'0 COIJIACOBAHUSA H3MEPUTE/IbHBIX KAHAJIOB CUCTEMbI CHUYKCHUSA 1IIyMa

ITonydnm BbIpaXkeHHEe I IIyMOBOW COCTAaBIIAIOLIEH BBIXOAHOTO CUTHAJIA
BOI', yunTsiBas, 4TO COTJIACOBAHUE YCTPOMCTB, COCTABIIIOLIIUX W3MEPUTEIbHBIN
KaHaJ fBJII€TCS HEMONHbIM. /[l 3Toro 3ammineM BblpaxkeHue (2.1) ¢ yuetom
CJIaraeMoro, OTBEYAIOIIETO0 3a I[IyM MCTOYHMKA M3JIYy4YEHUS OITHUYECKOIO
JMara3oHa, TPUCYTCTBYIOIHWM B OCHOBHOM M OIIOPHOM U3MEPUTENIBHBIX KaHalax.

O603HaunM yepe3 1-Ks momro nryma MCTOYHMKA M3TYUYEHHUS, OCTAIOIIYIOCS MOCTe

IIYMOTIO/IABJICHUSL:
eﬂ%Po(l +cos@) +eiy + 4R£ +K? (enPo +eiy + %)
+7\2n2%P02(1 + cos @)2 + A2n2Py K2 _ (3.1)
s Y2y 2K, cAX (1K)
Pu- = 2Dl 1, .
anosm(p

OrpannuuM nuana3oH 3HaueHud Ks B mpenenax ot -1 go 1. Takum

o0pa3oM, MOXXET ObITh pealin30BaH KaK Cllydaid IOJIHOTO MOJABICHHS IIyma
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WHTCHCUBHOCTH WCTOYHUKA M3IyYCHUS ONTHYECKOTO JHMana3oHa, TaKk M €ro
yBEIMYEHUE 110 OBYX pa3. KOHKpeTHBI BHJI 3aBUCHMOCTH Kg OT pa3imyHbIX
napaMeTpOB PACCMOTPEH HUXKE.

Jlnsa Oonee KOMMAKTHOM 3amucH O0O3HAYMM CHEKTPAJIbHYIO TJIOTHOCTD
MOIITHOCTH IIyMa KaXXAOr0 MCTOYHHKA IIyMa, BBIPAXECHHYI0 B €IMHHUIAX
NEKTPUIECKOTO IIYMOBOTO TOKa, OYKBOH | C COOTBETCTBYIOIIMM HOMepoM: | -
IpoOoBoil mym (GoToToKa, 2 - MpoOOBOI IMIyM TEMHOBOTO TOKa (orommona, 3 -
TETUIOBOM LIYM PE3UCTOPOB OOPATHOM CBSI3U TPAHCHUMIIEJAHCTHOTO YCHIIUTENs, 4 -
IIIyM WHTEHCHUBHOCTH UCTOYHUKA U3ITYICHUS:

im.l = eT]P Y (32)
iz = /el (3.3)

_ (3.4)

AZ
= | P 35
fm.4 ZKchAnP 0 (3:5)

bykBoit M 0003HaunM BenMUYMHY, OOpPaTHYIO ONTHUYECKOMY MaclITaOHOMY

koahunmenty r¢dexra Canbsika:

\/77\6. (3.6)
2nDL

[Mepemnuiiem Boipaskenue (3.1) ¢ yuerom obo3nauenuit (3.2) - (3.6):

o 1 : . . . .
g5 (14 cos@) + i, +ifis + K2(i5, +i5, +ifs) +

(ii_4 % (1 + cos@)? + ii_4K2) (1-Ky) (3.7)

n %Posin(p

3adukcupyem 3HaueHHe ¢, paBHbIM 7/2, a Kodpdumuent K mpumem
paBubiM 0,5, torma Beipaxkenue s CIIMII mpumer Oojiee KOMITaKTHBIM,

yAOOHBIN JJIsl JaTbHEHIIIEro aHaIn3a BUI:
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1. . : 1. . : 1.
\/7 g1 +ine +ins +7 0 + it +i5s) +5i54(1 - K)

1
ngPo

Sw, =M (3.8)

MuHUMaIbHBIA YPOBEHb IIyMa BBIXOJIHOIO CHUTHaja JOCTUTAETCA MpU
3HaueHnn Kodp¢ummenTa Ks, paBHOM €IWHHIIC TPH BBITIOJHCHUHA YCIOBUS
MOJHOTO COBMAJICHUS, «OJUHAKOBOCTH» KOMIIOHEHTHI IIyMa, OMUCHIBAEMOM
BEIpakeHHEM (3.5) B CHTHaJIaX OCHOBHOTO M OTIOPHOTO M3MEPHUTEIHHBIX KaHAJIOB.

OHpC,ZIeJII/IM CMBICII U KPUTCPHUU ATOM «OOUHAKOBOCTH).

3.2 BiusiHue corjiacoBaHHsi CHTHAJIOB U3MEPUTCIIBHBIX KaHA/JI0B BO

BPEMECHHU Ha YPOBECHDB IIIYMa BBIXOAHOI'0O CUT'HAJIAa

CurHasbl U3MEPUTENILHBIX KAaHAIOB JIOJDKHBI ObITh CUHXPOHU3UPOBAHBI BO
BPEMEHU U TOCTYMaTh B OJIOK, pEaTU3YIONIUN OMEpalfio BBIYUTAHUS CUTHAJIA
OMOPHOTO U3MepuTeapbHoro kanaina MK2 w3 curHama OCHOBHOrO M3MEPUTEIIBHOTO
kanana UK1, ognoBpemenHo. CoriacHo cxeme, W300paKeHHOW Ha pUCYHKe 2.6
BTOPOIl IJ1aBbl, ONTUYECKUN CUTHAJI Pa3feisieTcsl Pa3BETBUTEIEM-TIONISIPU3ATOPOM
PII2/1 na nBe cocTaBisioniye, OJHa U3 KOTOPHIX MOJAETCSI HEMOCPEICTBEHHO Ha
dotonmerekrop @DJ[1 omopHoro wu3MeputenbHoro kanama WK2, npyras
COCTaBJISAIONIAsl TPOXOAUT ONTHUYECKUM MyTh dYepe3 uHTepdepomerp CaHbska
(ocnoBHOM wm3MeputenbHbld KaHanm WMKI1). PaccrosHue, koTopoe MpoXOoauT
ONTUYECKUI CUTHAN B U3MepuTenbHoM kaHane MK2 cocraBisier mopsjika OJHOTO
MeTpa, MPU ITOM BpeMs PaCIpOCTPaHEHUS U3JIYyYEHHUS B ONTHUYECKOM BOJIHOBO/IC
M3 KBaplLIEBOrO BOJIOKHA JUIMHOW 1 MeTp ¢ mokaszarteneMm mpesnomiienus N = 1,46
COCTABJISIET 4,87-10'9 cekyHa. B wusmepurensHom kanane WK1 ontuueckoe
U3JIyYEHUE MPOXOIUT BOJOKOHHBIA KOHTYp, JIJIMHA KOTOPOTO MOXET COCTABIATH

OT COTCH OO0 ThICAY MCTPOB, AJIA OIIPCACIICHHOCTH 3adaIUMC KOHerTHOfI I[J'IHHOﬁ
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BOJIOKOHHOTO KOHTypa, paBHoi 1070 wmeTpoB (Takasi «HE Kpyrjias» JJMHA
OO0BSCHSETCSI KOHCTPYKTUBHBIMU ocoOeHHOCTs MU BOI' ¢ mudposoit 06padoTkoit
CUTHAJIOB), TIPU 3TOM BpeMs paclipocTpaHeHus onrtudeckoro usnydenus B UKI1
cocramster 5.21-10° cexynn. Takum 06pasoMm, BpeMEHHOE pPacCOrNACOBAHHE
Mexay curnanamu K1 u MK2 cocrasnsier ~ 5,21-10'6 cekyH. s KoMIeHcaluu
ATOTO PACCOrIacOBaHUs MPUMEHSETCA CIelUalbHasg cXeMma, - HUQpoBas JTUHUA
3aJIepKKM CUTHAJIa ONOPHOTO HM3MEPUTENIBHOIO KaHalla, peaii30BaHHAas B BUJE
0JI0Ka XpaHeHHs OLM(PPOBAHHOTO CUTHAIA.
OuenunmM, kak Oyner meHsaTees ypoBeHb CIIMIII BeixonHoro curnana BOI
CO CXEMOW IIYMONOJABIICHUS €CJIU M0 KaKUM-TO NMpUYMHAM (HarpuMmep, KaK 3TO
OMKMCAHO BO BBEJCHUU K ITOW TJIaBE€) NPHU MOCTYIUICHUH B OJIOK BBHIYUTAHUS
CUTHAJIOB MEXAY HUMHU OyJIeT HE PaBHOE HYJIO paccoriacoBaHUE BO BpeMeHH At.
3anumieM CHUTHaJl OMNOPHOIO HM3MEPUTENbHOro kKaHanma MK2 kak cymmy
PEryJISPHOU U CIIyYaliHOM COCTaBIISIOIIUX:

X(@t) =Py +x.(t) + x,(t) (3.9)
raie P, - ToOCTOsHHasg COCTaBIAIONIAs CUTHAJIA, ONpenenseMas CpeaHen
MOIITHOCTBIO ONTHYECKOTO M3JTydeHHs; X1 (t) - ciydaliHasi COCTaBJISAIONIAs CUTHAIA,
nopoxaaemMasi JpOOOBBIM M TEIUIOBBIM IIyMaMu (POTOMPHUEMHOTO YCTPOHCTBA
WK2; X,(t) - caywaiiHas COCTaBIIAIOMIAsl, TOpOXaaeMas MIYMOM HCTOYHHKA
U3JTy4YEHHsI ONITUYECKOTO JUana3oHa.

Curnan ocHoBHOro wusmeputenbHoro kaHana WK1 wmoxHO 3amnucarh
CJIEAYIOIINM 00pa3oM:

Y(t) =S;(t) + 7, (t) + X, (t + At) (3.10)
rae S (t) - cocTaBsoNIas, coaepKanias mojie3Hy HHGopMaIuo 00 u3MepseMoit
npubopoM BenauuuHe; y;(t) - ciaydaliHas COCTaBJISIOIAs CHUTHAJA, MOPOXKIacMast
ApOOOBBIM M TEIJIOBBIM IymMamu (oTorpueMuoro ycrpoiictsa UK1; X, (t + At) -
cllydailHasi COCTaBIIAIOIIas, MOpOXKAaemasi IIyMOM MCTOYHUKA ONTHYECKOTO
u3NydeHus; At - Bpems 3aJIepKKH.

[Tockonbky mIymMoBbIe cocTaBisitonme Xq(t),y1(t), doTonpreMHUKOB

CTaTUCTUYECKU HE3aBUCHMBI, TO BO B3aUMHYIO Koppemnsuuto curHainoB MK1, K2
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BXOJST TOJBKO DJEMEHTHI, OTBEYAIOUIME 3a IIyM MHCTOYHHUKA ONTHYECKOTO
U3ITyYECHUS:

Byy = ((X(@©) = (X@ONY @) =Y (©O)N) = ((F1(©) + X (D) 71 (6) + (3.11)

%, (¢ + A0))) = (%, (0%, (t + At)) = By, (A0). |

rJie CKOOKH (...) 03HAYaIOT CTATUCTUYECKOE YCPETHECHUE.
N3 Beipaxkenus (3.11) ciemyet, 4TO MOCKOIBKY B OOOMX CHUTHAJaX MPUCYTCTBYET
TOJIBKO OFHA KOpPPEJHMPOBAHHAS COCTABJISIONIAS, MPU ATOM MOpPOXKAaeMasi OJHUM
MCTOYHUKOM, HO CMEIIEHHasi BO BPEMEHH, TO BMECTO B3aUMHOM KOPPEALUU ABYX
CUTHAJIOB MO>KHO pacCMaTPHUBAaTh aBTOKOPPEISIIHIO OJJHOTO U3 CUTHAJIOB.

Cuurtas 1IyM HCTOYHUKA H3JIYYCHHUS  CTAI[MOHAPHBIM  CIyYailHBIM
MPOIECCOM, K KOTOpOMY NpHUMEHHMMa TeopeMa BuHepa-XuH4YMHa W pacmojaras
uHpopMalmenn o Gopme CrIekTpa LIyMa IOCJE MPOXOXKACHHUS Yepe3 alrOpuTM
obopadotku BOI', MOXHO OIpeneiauTb KOHKPETHBIH BHUJ aBTOKOPPEISLMOHHON
(ynkuuu By (At) u ko3 puurenTa KOppessuuy.

CormacHo Tteopeme BuHepa-XuHUYMHA aBTOKOppPEIALMOHHAA (YHKIHS
CTAllMOHAPHOTO CIIy4allHOTO MpoIlecca SIBISETCS OOpaTHbIM INpeoOpa3zoBaHUEM

dypbe oT criekTpa 3Toro mporiecca [122, 123]:
_(® —iwA
Bz, (At) = [ G(w)e " dw, (3.12)
rae G(o) - cnekTpaibHas aMIUIATY1a B 3aBUCHMOCTH OT YaCTOTHI (.

B oOnactu mMONOXKUTENBHBIX YAcTOT cooTHomleHue (3.12) MoXHO 3amucaTh

CJICTYIOIINM 00pa3oMm:

B, (At) = 2 [7 G(w) cos(wAt) do. (3.13)

Koaddunuent xoppensauuu onpenensiercs Kak HOpMUPOBaHHAsT KOPPENSIIMOHHAsS
byHKIUSA:

R(At) = %fooo G (w) cos(wAt) dw. (3.14)

[Tocne mpoxokIeHus CUTHAJIa depe3 anroputMm obpaborku BOI

HIMPOKOIOJIOCHBIN 1IyM MpeoOpa3yeTcsi B MOJIOCOBOM, ¢ HEHTPAJIbHONW YacTOTOMN
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(o, PABHOW YACTOTE BCIIOMOTATEIBHON MOIYISALNUNA Wg = 2T fgpm. CHEKTp 3TOTO
mymMa  MOXHO  anfnpoOKCUMUPOBATh  NPSIMOYTOJABHUKOM  IIUPUHON Ao,
OTIpeeNsIEMOM MOJI0OCON MPOMYCKaHUsl BBIXOIHOTO curHana. Ero aucnepcus Oyaet
ONpeNeNnaThCs BHIpAXKEHHEM ©° = Gy2Aw, tae G, = const, a CHOEeKTpanbHas

mwiotHOCTh G(m) 3amaercs QyHKIUEH

Aw Aw
Go, (‘)O_TS(‘)S(‘)O-l'T

G(w) = :
A A
0, w0—7m2w2w0+7w

Hcxons 3 cka3aHHOTO BhIIe K03 duieHT koppesiuu R(At) paBeH:

Aw
wot——
2 2 2G, [ sin (wor + ATwAt) — sin (wor - ATwAt)
R(At) = ; Gy cos(wAt) dw = ? - =

Aw
©o—g

2G, sin(wgT) cos (AT(D At) + cos(wyT) sin (AT(D At) — sin(wgT) cos (AT(D At) + cos(wyT) sin (AT“) At) (315)

o? T

4G, cos(woAt) sin (ATO) At) (000 sin (AT(D At)
= = cos(wgT

=5 . Ao
— At

Kak ObUt0 BBISICHEHO BBIIIE, BCE IIYMOBBIC COCTABJISIONIME, KpOME
U30BITOYHOTO IIyMa MCTOYHHMKA H3JIyYCHHs, OMUChIBaeMOro BhipakeHHeM (3.5),
W3HAYAJIBLHO HEKOPPEIUPOBAHBI M UX BPEMEHHOMN CIIBHUT OTHOCHTEIIBHO JIPYT JIpyra
HE BIUSET HA WX CTENEHb KOPPETSIUMU W, COOTBETCTBEHHO, Ha MX BKJAJl B
pE3yNbTUPYIOUIMK ypOBEHb IlyMa. 3ameHuM B BblpaxkeHuun (3.8) Ks Ha
kodpduiment kopperssuuu R(At) u, caenaB 3aMeHy mepeMeHHOR: ® — 2mf
MOJy4uM cieaytoliee BeipakeHue s 3aBucuMoctu CIIMII BeIXOHOTO cUTHaIa

BOI' ot BpemeHu paccoriacoBaHusi CUTHAJIOB U3MEPUTEIbHBIX KAaHAJIOB:

%ii.l +igo +ifs + % (ifq +in2 +i5) +
. (2TmAf At
1, sin (—— 216
+5i54| 1 — cos2nfpemAl) LIV (3.16)
\ >

dw, (At) =M T
N5 Py
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rae Af - mupuHa ciekTpa 1ryma, B pacCMaTpUBaeMON CHCTEME MPOITOPIMOHAIbHA
YaCTOTE AUCKPETU3ALUH BBIXOJHOTO CUTHAA.

Ha pucynke 3.1 npencraBnensl rpaduku 3aBucumoctd ypoBHsi CIIMIII
BbIxoAHOTO curHasia BOI' oT BpeMeHu paccoriiacoBaHus (B3aUMHOIO CJIBUTA)
CUTHAJIOB HM3MEPUTEIIbHBIX KAHAJIOB IPU PA3JIMYHOM YacTOTE JHMCKPETHU3alUU
BBIXOJIHOTO CUTHAJA.

CmiomHeIMA ~ JIMHUSIMA ~ O0O3HA4Y€HBI ~ PE3yJbTaThl  PacyeToB MO
COOTBETCTBYIOIIUM AHAJTUTHUYECKUM BhIpaxeHusiM: Bbipakenue (1.22) mana BOTI
0e3 cxeMmbl CHI)KEHHS IIyMa, KpacHbIN rpaduk; Beipaxenue (3.16) - co cxemoit
CHIDKCHMSI IlIyMa, CHUHUHW M 4YepHBIM rpaduku, a TOYKAMH - pE3yJbTaThl
KOMIIBIOTEPHOTO MOJIEIMpOBaHus. MIMuTanioHHass MOJAEINb, UCMOJb30BAHHAS NJIs
aTOTrO, OBIIIa TIOPOOHO OMHMCaHa BO BTOpOW TiaBe m pabdotax [71, 72]. KopoTko
yKa)X€M, 4YTO JIaHHas MOJENb MPEACTaBISIET COOOM KOMIBIOTEPHYIO HMHUTAIUIO
nudposoro BOI' koMIeHCHPYIOIIEro THUIIA ¢ UMITYJILCHON (Pa30BOM MOYIISIITUCH,
pa3paboTannyto B cpene «Octavey.

N3 rpadukoB, npeAcTaBiIeHHBIX Ha puUcCyHKe 3.1 MOXKHO caenarb TpU
BA)KHBIX BBIBOJIA!

1. MuHUMaNbHBIA YPOBEHBb IIyMa BBIXOJHOIO CHUTHAlla JOCTUTAETCS B OYEHb
Y3KOM JUara3oHe BPEMEHHOIO COTJIACOBAHUSI CUTHAJIOB U3MEPUTEIbHBIX KaHAJIOB
MopsiiIka JECATKOB HAHOCEKYHJ, MNpPH 3TOM MAaKCUMaJIbHBIM YpPOBEHb IlIyMa
HaOMIOMaeTcsl TMpU  BpPEeMEHU paccorjacoBanus mopsiaka 5,1...5,2 Mxc (B
3aBHCHMOCTH OT INUPHHBI criekTpa Af), 9TO COOTBETCTBYET BpPEMCHM 3aJCpPIKKU
pacrpoCTpaHEHUsT  ONTUYECKOTO  HW3JIy4YeHHUs] B BOJOKOHHOM  KOHTYpE
u3MmepurensHoro kanana MKI1, To ecte HaOmMOgaeTCsl aHTUKOPPEISALIUS IIIYMOBBIX
COCTaBJISIFOIIMX UCTOYHMKA ONTUYECKOTO U3YYEHUs] B CUTHAJIAX U3MEPUTEIbHBIX
KaHaJOB.

2. YacToTa AMCKPETHU3ALUU BBIXOJHOTO CHTHAJIa HE3HAUMTENIBHO BIMSET Ha
CTEIEeHb KOPPEJSAIUUA CUTHAJIOB U3MEPUTEIIbHBIX KaHAJIOB, a, CIEA0BATEILHO, U Ha
YpPOBEHb IIyMa NpPU OTCTYIUIEHUM OT TOYHOTO BPEMEHHOrO COTIJIACOBaHUS

CUI'HAJIOB U3MCPUTCIIbHBIX KaHAJIOB.
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—  dom.(Af), 0e3 KOMITeHCcallH, TEOPHA

0,09
—— S0 (Af), ¢ kommeHcanneii, Teopist (Af= 100 I'm)

Som (Af), ¢ xoMireHcarueil, Teopus (Af= 48 kI 1r)

0,08 .

*  dowm(Af), c xomneHcarmeit, mvmurarma  (Af= 100 T'r)

¢ Swm(Af), c komneHcarueil, aMuTara  (Af= 48 xl ')

0,07

0,06

0,05 |

Sow(Af), (Cl1)NTI

0.04

0,03

0,02

-1,5x10°  -1,0x10°  -5,0x10° 0.0 5,0x10°  1,0x10°  1,5x107
Af, c

Pucynok 3.1 — 3aBUCHMOCTD CHIEKTPAJIbHOM IMIIOTHOCTH MOIIHOCTH IIIyMa
BbIXOHOTO curHasia BOI' ¢ komnieHcanuel nymMma OT BpeEMEHU pacCOIIaCOBAHUS
CUTHAJIOB IIPU Pa3JIMYHON MIMPUHE CIEKTpa IIyMa (YepHBIi, CHHUIA U (PHOTIETOBBIN
rpauku), ypoBeHb LIIyMa BbIXOAHOTO curHana BOI' 6e3 komneHcanuu npu Tex xe

napameTpax (KpacHbIii rpaduK)

3. Bo BTOpOIi rmaBe HacrTosIei pabOThI ObUT OMMCAaH METO CHI)KSHHS IITyMa B
BBIXOJHOM curHajne BOI', ocHOBaHHBIN Ha CyMMUPOBAaHUHU ONTUYECKUX CUTHAJIOB:
OTBEJIEHHOI'O0 HEMOCPEICTBEHHO OT MCTOYHMKA ONTHYECKOTO HW3IYYEHHUS U
npomrenamero yepe3 uaTepdepomerp Canbsika. [Ipu Takom noaxone 3¢gpheKTHBHO
MOAABIISIOTCSA CHEKTPaJIbHbIE KOMIIOHEHTHI IIIyMa Ha 4YacTOTE BCIOMOTATebHOU
dazoBoii MOIYJIALUA 51 ee HEYETHBIX TapMOHUKAaX. Hanmnune
AHTUKOPPEJSIIUOHHBIX MaKCUMYMOB Ha Tpadukax pucyHka 3.1, mpu BpeMeHU
paccornacoBanust mopsiaka +52:10° cexyHx (HamoMHHM, YTO STO 3HAYCHHE
BPEMEHU PACCOTIIACOBAHUS COOTBETCTBYET BPEMEHHU T 00X0/1a ONTUYECKON BOITHOU

BOJIOKOHHOTO KOHTypa M CBSI3aHO C 4YacTOTOM BCHOMOraTelbHOW (a3oBoOi
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1
MOJYJIALIUA COOTHOIICHUEM [fppy = 2—) yKa3bIBa€T Ha BO3MOKHOCTbH peanu3aluu
T

aHajora JIaHHOTO ONTHYECKOr0 METOJa B paccMaTpUBaeMOW B HacTosALEd paboTe
cxeme B DJIEKTPOHHO-IIM(PPOBOM ¢dopMe, YTO TO3BOJISIET HHUBEIMPOBATH
HEJIOCTATKU ONTHYECKOrO0 METOJA, ONMMCAHHBIE BO BTOPOM IiaBe. B To ke Bpems,
Takas MoauduKanus muGpPOBOrO0 METOJa CHHUKEHUS ITyMa MO3BOJIIET OTKA3aThCS
OT M(PPOBON JTUHUU 3aJIEPKKHA OMOPHOTO CUTHAJA, YTO MOXKET ObITh BaXKHO IPH
€ro NPaKTUYECKOM peaav3aldd B YCIOBHUSX OTIPAHUYCHHBIX BBIYMCIUTEIIBHBIX
MOIIHOCTEN MOPOTPAMMHUPYEMOW  JIOTUYECKOM MHTETPAIBHOM  CXEMbl WU

MUKPOKOHTpOJLIEpA.

3.3 3aBucumocTb YPOBHHA IIyMa OT COOTHOIICHUA cpenHeﬁ MOIITHOCTH

CUT'HAJ0B U3MEPUTCIIBHLIX KaHAJI0B

Paccmotpum cxemy usmeputenbubix kananoB K1, K2, uzobpaxeHHyro
Ha pucyHke 2.6 BTopoi riaBbl. OcHOBHOM u3MepuTenbHbid KaHan K1 cogepkut
BOJIOKOHHBIN KOHTYp BK, miuHa kotoporo, kak yke ObLIO CKa3aHO BBIIIE, MOKET
JIOCTUraTh HECKOJIBKMX ThICAY4 MeETpoB. [lorepr MOIIHOCTH ONTHUYECKOIO
U3JIy4EHHUS B BOJHOBOJE B HOPMAJIbHBIX YCIOBUSIX COCTABISIOT ~ 1,5...2,5 nb/kmM,
NOTEpU B HHTETPAIbHOM pa3BETBUTEJE-NOJSApU3AaTOpE U (PA30BOM MOAYISATOpE
MOTYT nocturath 4 n1b. B 3aBUCMMOCTH OT BHEIIHUX BO3ACHCTBYIOMINX (DaKTOPOB
(Temneparypa, HaBl€HHE, pagualus M T.A.) MOTEPH MOIIHOCTH ONTHYECKOTrO
U3JIy4EHUs B ONITUYECKOM TPAKTE MOTYT 3HAYUTEIBHO MEHSTBCS, UTO, B KOHEUHOM
CYeTe, NPUBOAUT K WU3MEHEHUIO YPOBHsS MOIIHOCTH ONTUYECKOIO W3JIy4eHUs,
noctynawpmero Ha Qoroauon D2 doronpueMHHKAa U3MEPUTEIHLHOTO KaHaja
HUKI. B 1o xe Bpemsi manuHa ontuueckod JmHun MK2 He mpeBbIlIaeT OJHOTO
METpa U HE COJIEPKUT JOTOJHUTEIBHBIX ONTUYECKUX 3JIEMEHTOB, BCIEICTBUE YETO
JUIT HEe MOXKHO MpeHeOpeub MOTepSIMU MOIIHOCTH ONTHYECKOTO H3Iy4YEeHHUS,

BBI3BIBACMBIMH IICPCUUCICHHBIMHU BBIIIC IIPUYXHAMMU. I[J'I}I OIIPpCACICHUA BIIMAHUA
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pa3iauurs MOIIHOCTU M3JIY4YeHHs B M3MEPHUTENbHBIX KaHajgax Ha 3()(eKTUBHOCTH
IIYMOTIOJaBICHUS, MOIEpHU3UpPYyeM Bbipaxenue (3.8), BBeAs B HETo KodhpUineHT
Kop, H3MeHssI KOTOpBIH OyJZeM MEHATh 3HAYCHHWE MOIIHOCTH M3IIy4eHHs
ONTMYECKOT0 JMama3oHa B OCHOBHOM H3MepuTelbHOM KaHaie. CoriacHo
BhIpakeHUIo (3.1) cpenHss MOIIHOCTh ONTHYECKOTO M3IyUYEHUs BIMSIET TOJBKO Ha
BEJIMYMHBI IpoOOBOro mryma (OTOTOKa M LIyMa HMHTEHCHBHOCTH HCTOYHHKA

H3JIy4YCHHUA OITHUYCCKOI'O aualia3oHa, HCXOAs M3 3TOro, 3allMIICM BbIPAXKCHHC

(3.17):

1. . . 1. . .
Kop5im1 +iGe +igs +7 @0 + G, +if3)

+ % ima(1—Kop)? (3.17)
Swy (Kop) =M 1 )
KOPnEPO

rae Kop — koadpuiment MoiHocTy ontuyeckoro uznydenus UK.

Ha pucynke 3.2 mnpenctaBieHbl TrpapuKd CHEKTPATbHON IUIOTHOCTH
MOIIIHOCTH IlyMa BbIxoAHoro curHaiza BOI' B 3aBucumoctu oT ko3dduumenra
MOIIHOCTU K pp ONTHYECKOTO CUTHAJIA B OCHOBHOM HM3MEpPUTENBHOM KaHaze. M3
rpadukoB 3aBUCUMOCTH 0w, OT Kop BHIHO, YTO TPHU YpPOBHE MOIIHOCTH
orntuueckoro uznydeHus B K1 menbmiem uem B UK2 (B nuamazone 3nauenuit K op
or 0 1o 1) npoucxoauT pe3koe YBEIMYEHUE YPOBHS LIymMa BBIXOJHOI'O CUTHAjA,
BBI3BAaHHOE JBYMS MPUYMHAMU: CHIDKEHHEM COOTHOIIeHus curHan / mym B K1
(370 BUIHO TaK ke U3 rpaduka ypoBHd myma aisa BOI' 6e3 komneHcanuu nryma) u
CHIDKEHHEM  Ko3((HIMeHTa  [IyMOIOJABJIEHUS, BBI3BAHHOTO  HEIOJIHBIM
BBIYMTAHHEM KOPPEIMPOBAHHOTO IMyMa (IIymMa WHTEHCUBHOCTHM HCTOYHHMKA
U3JIy4YEeHHs) W3MEPUTENIbHBIX KaHaioB. IIpu ypoBHE MOIIHOCTH ONTHYECKOIO
uznydenus B UK1 Gonbmiem yem B K2 (B nuamnazone 3nHaueHuit Kop ot 1 110 2)
YPOBEHb IlIyMa IUIABHO YBEJIMYUBAETCA, KaK U B IEPBOM CIIydae, 3a CUET CHUKEHUS

Kod(dumreHTa mrymMonojaBIeHusl.
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0.09 ‘
0.08 ——  dow(Kop), 63 KOMIICHCAITII, TEOPUS |
— 30 (Kop), C KOMITEHCAITHETI, TEOPILT
0.07 ) * S (Kop), 03 KOMITEHCAITHI, IMHITAITIS
’ * S (Kop), ¢ KOMIEHCAITIEH, IMITAITIIT
=
0.06
z \
&
~~ 0,05
S
M \
sE] —— | * . . . * .
0,04 —
0.03 \\
. s
L . o ______..I.———""
. SRR
0,02 -
0,0 0.2 0.4 0,6 0.8 1,0 1,2 1.4 1.6 1.8 2,0
Kop

Pucynok 3.2 — 3aBUCHMOCTh CHIEKTPAJIbHON IJIOTHOCTH MOIITHOCTH IITyMa
BbIxoiHOTO curHana BOI' ¢ komneHcanueii mryma u BOI' 6e3 komneHcanuu ot

BelMurHbI Koddduiinenta Kop MontHocTH ontudeckoro u3nydenus B UK1

B kaxnom wusmeputenbHoMm kanane WK1, MK2, onTuueckuii curHain
NOCTylaeT Ha COOTBETCTBYIOUIMHM (OTONPHEMHUK, TJe Tmpeodpaszyercss B
ANEKTPUYECKUI CHUTHAJ, KOTOpBIM 3aTeéM  MOCTYyMaeT Ha aHajaoro-mugppoBon
npeoOpa3oBareidb M B JalibHEWIEM TmoaBepraeTcs udpoBoil 006padoTke I1o
anroputMaMm padoTel BOI'. Dnextpuueckuil U HUPPOBON TPAKT MPOXOXKICHUS
KXJIOr0  CUTHajla  XapakTepu3lyeTcs  COOCTBEHHbIMH  Kod(duimeHTaMu
npeoOpa3oBaHus / yCUJICHHUS / OClIa0JeHHs, KOMIUIEKCHOE BIIMSHHUE KOTOPBIX Ha
YPOBEHb IIYMOBOM COCTAaBJISIOLIEH BBIXOAHOIO CHUTHAjla BBIPAXKAETCS YEpe3

cootBeTcTBYMONHME KO3 durmentsr K1, Ky, B Beipakenuu (3.18):
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1. : . 1 . . .
Kur? (7 imy t g+ 151.3) + ZKuZZ(lIZLI.l +iga + i)
%igmAK,f (3.18)
1 )
Kyimz Py

_|_

Swy, (AK,) = M

rae Ky, Ky, — HOpMupoBaHHBIe Kod(duineHTsl mpeoOpa3oBaHus / yCHICHUS
aMIUTATYIbl CUTHAJIOB B ()OTOMPEOOPa3yIONINX YCTPOUCTBAX U TpaKTaxX IUPPOBOii
obpabotku  curHanoB, AK,, = K,;; — K;» - Pa3sHOCTb  HOPMHUPOBAHHBIX
KO3 UITUEHTOB.

Ha pucynke 3.3 npencrasnenbl rpaduxu CIIMIL BeixoaHoro curhana
BOI' B 3aBucMMOCTM OT pa3HOCTH KOI(P(PUIUEHTOB YCUICHHUS CHUTHAJIOB

HU3MCPUTCIIbHBIX KaAHAJI0B AK U

0,09
0,08 2
— o (Ky), 6e3 KoMIeHcaImn, Teopus
— Jdog(Ky), c KOMIIeHcaIeid, Teopust
0,07
*  dom(Kp), c koMIteHcareil, IMATAIIHA
o
'Z 0,06
E o
B
~ 0,05
. \
3
[Ze]
0,04 ‘\ /ﬁ
0,03 \\ // /
0’02 P . ./

-1,0 -0,8 -0,6 -04 -0,2 0,0 0,2 0.4 0,6 0,8 1,

Pucynok 3.3 — 3aBUCHUMOCTb CIIEKTPAbHOMN MIIOTHOCTH MOIIHOCTH IIyMa
BbIxoHOTO curHana BOI ¢ komnencanueit myma u BOI' 6e3 kommeHcamnuu ot
AKy - cooTHOmIeHUs: KO3((OUIIMEHTOB YCUIIEHHUS! CUTHAJIOB U3MEPUTEIBHBIX

KaHaJIOB
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N3 rpadukoB 3aBUCUMOCTH dwWw. OT AKy BUIHO, YTO NMPU yMEHBIIICHUU
aMIUTATYAbl CHTHAJIa OIOPHOr0o u3MepuTeapbHoro kaHama WMK2 (ymeHsblneHue
kodpdunmenta Ky, B nmanazone 3HadueHuit AKy or 0 g0 1) ypoBeHb ImIyma
YBEJIMYMBACTCS 3a CUET CHMKEHUS KOA(PUITMEeHTa IITyMOIIOJaBJICHHs], BHI3BAHHOTO
HE TIOJIHBIM BBIYUTAHUEM KOPPETUPOBAHHOIO IITyMa HM3MEPUTEIBHBIX KaHAJIOB.
[Ipyn ymeHbIIEHUH aMIUIMTYbl CUTHaNa TJIaBHOrO u3MepurtenbHoro kanaina WK1
(ymenbiienne koddduinuenta Ky; B auama3one 3HadeHwd AKy or 0 go -1)
JOTIOTHUTENHHO ~ yXYAIIACTCSA  COOTHOIICHWE CHUTHAJ/IIYM, YTO  BBI3BAHO

OTHOCUTCIIBHBIM YBCIIMYCHHUCM B PC3YJIbTHPYIOIICM CUTHAJIC IITyMa CUI'HAJId HK2.

3.4 BunsiHue MOJIOCHI NPONYCKAHUSI M3MEPHUTEIbHBIX KAaHAJIOB Ha

YPOBE€HS IIIYMaA BBIXOAHOI'0 CUTHAJIA BOJIOKOHHO-OIITUYE€CKOI'0 rMPoOCKOIIa

B pabore [68] Obuto ykazaHo, YTO Ui MakCUMaidbHO 3(PeKTHBHOU
paboOThl CXEMbl CHIDKCHHS IIIyMa JOJHKHO BBITIOJHATHCS YCIOBUE PaBEHCTBA
MOJIOCHI  TIPOMTYCKaHUS (OTONMPUEMHBIX YCTPONUCTB OCHOBHOTO W OIOPHOTO
U3MEPUTEILHBIX ~KaHajloB. PaccMOTpuM, Kak WMEHHO OyAeT BBHITIAICTH
3aBUCUMOCTh YPOBHsI ITymMa B BbIXOJHOM curHaie BOI' oT cooTHoieHus mosoc
MPOIyCKaHus  (OTONMPUEMHBIX YCTPONCTB HM3MEPHUTEIBHBIX KaHATOB. OTMETUM
cienytonue GakThl:

- moJyioca mpomyckaHus (OTONPUEMHBIX YCTPOMCTB H  YacToTa
nuckpetusanuu ALl kak mpaBuiio, BEIOUpAETCs 10CTaTOYHO OOIBINON (TOpsaKa
JIECATKOB Merarepir), 9To0bl 0€3 UCKaKEHUN BOCTIPOU3BOIUTh UCXOHBIA CUTHAT B
1 poBoi hopMme A ero aanpHeiiel oopadoTku [124];

- anroputM o0OpaboTku curHaiia B BOI' Bkitouaer B ceOsi oCpeaHEHUE

MCXOJTHOTO ITUPOKOIIOJIOCHOTO OIM(POBAHHOTO CUTHAJIA HA UHTEPBAJlaX BPEMEHH,

1
PaBHBIX > , dTO HpI/I6J'H/I)KCHHO MOJXHO CUHTATh 3KBHUBAJICHTHBIM IPUMCHCHHIO
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HU3KOYaCTOTHOTO (MIBTPa NEPBOTO TMopsiaka ¢ dactoroid cpeza 2fgpy. B
3aBUCUMOCTH OT JUTHHBI BOJIOKOHHOTO KOHTYpa 4acToTa fgey JIGKHUT B AMANa30HE
OT JIECATKOB KHJIOTEPII A0 €ANHUI] MErarepi.

Takum o00pa3oM, BBICOKOYACTOTHBIE KOMIIOHEHTHI CIIEKTpa IIyMOBOM
COCTABJIAIONICH CHUTHaNa OT(UIBTPOBHIBAIOTCS B XOAe IUPPOBOK 00pabOTKU
curHazia no aiaroputmMam BOI'. 3ameTHoe BIMsIHME Pa3IMYHOW IIMPHUHBI MOJIOCHI
npornyckaHusi (OTONPUEMHBIX YCTPOMCTB OyAeT HaOMIoAaTbCcsd TOJNBKO TPHU
CY’>KEHHUH 3TOH MOJIOCHI IO YacTOT MopsaKa fppm.

YuuTbIBas PaBHOMEPHYIO CHEKTPAIbHYIO IUIOTHOCTh MOIIHOCTH IIIymMa
CHUTHaja B JWAIa3oHE TOJOCHI MPOMYCKaHUS (POTOMPUEMHBIX YCTPOWCTB MOKHO
3aJ]aTh HOPMAJIM30BAHHYIO (DYHKIIHIO, OMUCHIBAIOIIYIO 3aBUCUMOCTh 3((HEKTUBHON
MOJIOCHI  TIPOITYCKAHUSI HW3MEPUTENBHOTO KaHala OT TIOJOCH IMPOITyCKaHUS

(hOTONPUEMHOIO YCTPONCTBA JJISI KaXKJIOTO0 M3MEpPUTENbHOro kKaHana: AF; = 1 —

f;fM, AF, = 1-1L E;I:M’ rne Af;, 4Af, — mmpuHa TONOCEI  TMPOITyCKaHWSI
1 2

dboTonpuUEeMHBIX  YCTpPOHMCTB  u3MepuTenbHbix  kaHaioB WK1 wu  HK2
COOTBETCTBEHHO.

JIns ompeneneHus: KOJIMYECTBEHHOIO BIIMSHUS PAa3HOCTH ILIMPHUHBI IOJIOC
MponycKkanusi (POTOMPUEMHBIX YCTPOWCTB Ha YpPOBEHb CHUXKEHUS IlIyMa B
BeIxogHOM curHasie BOI', BBemem B BeipakeHue (3.8) ompeneneHHBIC BBIIIE
HOPMHUPOBAHHBIE byHKIMM ~ 3aBUCHMOCTH MHTEHCHUBHOCTHU ITYMOBBIX

COCTABJISIIOUIMX CHUTHajga OT IIMPUHBI MOJOCHl MPOMYCKaHUs (HOTOMPUEMHBIX

YCTPOMCTB:
1 .2 .2 .2
AF (7 Lua T lg2 + lm.3) +
1 . . . 1.
+7 AR (G + iy +i53) + i 4|AF — AR, (3.19)
dwy (4f1,4f,) =M 1 :

N5 Py

3aBUCUMOCTh CHEKTPAJIbHOW IUIOTHOCTH MOIIHOCTA IIyMa YIJIOBOM

CKOpocTH BbIXOHHOTO curHaia BOI' ¢ cucreMoil moaaBieHus IIyMa OT Pa3HOCTH
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HOPMHUPOBAHHBIX IMOJIOC MPOMYCKaHUS (POTOMPUEMHBIX YCTPOUCTB U3MEPUTENBHBIX

KaHAJIOB IIPUBEEHA Ha pUCyHKe 3.4.

Sow (412, Af), (AT

| |
0.5 Sy (Af}, Af>), 6e3 KoMIIEHCAIIIL, TeopIa
o (Af7, Af2), ¢ KOMTIeHcale, Teopus
0.4
e o (Af7, Af>), c KoMITeHcareil, IMATAITAA
0,3
0,2
0,1
0.04)
\
|
i
| o
0.031,
\ .
\ .
\.\ LA [
0102 "'"—-'-.:._'_ :_._._ I Y _. T " . LI Y SR .
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0,4 0,6 0.8 1,0
A‘flt‘ﬁ - ‘Aj;n

Pucynok 3.4 — 3aBUCHMOCTD CIIEKTPAIbHOM TNIOTHOCTH MOIIHOCTH IIyMa
BbIXOAHOTO curHana BOI' ¢ komneHcanuen myma 0T COOTHOILIEHHUS! IIIMPHUHBI

HOPMHPOBAHHBIX CIIEKTPOB CUTHAJIOB (YEpHBIN TpaduK), ypOBEHb IIyMa

BbIXOJIHOTO curHasia BOI' 6e3 koMIieHcaluu npu Tex e napameTpax (KpacHbIi

rpaduk)

B menom, kKak BUAHO W3 MPUBEIECHHOTO I'pauKa, yMEHbUIEHUE IIHMPUHBI

MOJIOCHI Mponyckanus ¢otornpueMHoro ycrporcrsa MK1 go 0,75 npu coxpaneHuu

MaKCUMAaJIbHOU IMUPHUHBI TI0JIOCH nipomyckanust K2 (B nuamazone ot 0 g0 —0,25

(Afin — Afon)) U yMEHBIIIEHUE IIMPUHBI MOJIOCHI MPOITYCKaHUS (OTOMPUEMHOTO

yctpoiictBa MUK2 no 0,5 mpu coXpaHeHMM MaKCHUMalbHOW IIUPUHBI TMOJOCHI

nponyckaaus MK1 (B amamazone ot 0 mo 0,5 (Afin — Afon)) HE TPHUBOIUT K

CYmECCTBCHHOMY YBCIIMUYCHUIO YPOBHS IIyMa BBIXOAHOT'O CUT'HAJIA.
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OTtkioHeHue rpaduka UMUTAIIMOHHOTO MOJEIUPOBAHUS OT PACCUUTAHHOTO
1o TeopeTudeckor Gopmyie B odmactu 3HaueHui ot —0,25 10 —1 (Afin — Afon),
TO €CTh IPU YMEHbIIEHUH nosiockl nponyckanus MKI1 B nquanasone ot 0,75 mo 0,
MOJKHO OOBSACHUTH TeM, uTO BhIpaxkeHue (3.19) He yuHMTHIBae€T MPOLECCHI,
CBSI3AHHBIE CO CHI)KEHHEM OBICTPOACMCTBHUS KOHTypa KOMIIEHCUPYIOLIEH
0OpaTHOMH CBS3U MPH CYKEHUH MOJIOCHI IPOIYCKaHUs (POTONPHUEMHOT0 YCTPONCTBA
OCHOBHOro m3mepurenpbHoro kanana MK, npuBonsmue k yBenmuenutro CIIMIL
BbIxoaHOrO curdana BOI'. Kak BuaHO U3 mpuBeAeHHOro rpaguka, OTKIOHEHUE
HIMPHUHBI M1OJIOCHI MPONYCKaHUsI (POTONMPUEMHBIX YCTPOMCTB B IpeAesiax MOpsaKa
+0,5 AF,;, He mNpPUBOAUT K CYHIECTBEHHOMY YBEIWYCHHUIO YPOBHS IIyMa

BBIXOJHOI'O CHUI'HAaJa.

35 Bimsinue nmoJisipuzana - ONTUYECKOI0 CUTHAJIa B HM3MEPUTECILHBIX

KaHa/IaX Ha YPOBEHbD IITYMa BBIXOHOI'0 CUTHAJIA BOJIOKOHHO-OIITHYIECKOI0 TMPOCKOIIA

B cuny psga oObEKTUBHBIX MPUYUH B HACTOSIIEE BpeMsl OOJIBIIMHCTBO
BOI' paGotatoT ¢ HCHOJIB30BAHUEM IIJIOCKO-TIOJSIPU30BAHHOTO  M3JTyUYEHUS
ONTUYECKOTO nuana3oHa. B 3aBucumMoctu oT KOHKpeTHOM peanusauuu BOI' 310
JIOCTUTaeTcs JMOO HCIOJIb30BAHUEM HWCTOYHHMKA W3IYYEHUSI KOHCTPYKTUBHO
OOBEIMHEHHOTO €  MOJSpU3aTOpOM, JUOO  TPUMEHEHHEM  OTACIBHBIX
MOJISIPU3AaTOPOB WJIA TMOJISIPU3ATOPOB B COCTABE HMHTErPAIBHO-ONTUYECKUX CXEM
(HampuMep, Korja CUTHAJI UCTOYHUKA U3NTyUYCHHS HYKHO pa3/IeTuTh Ha HECKOIBKO
M3MEPUTENBHBIX KaHaJI0B B MHOroocHoM BOI' 310 mpoiie caenats ¢ MOMOIIBIO
M30TPOMHBIX BOJIOKOHHBIX PA3BETBUTEJEH, a 3aT€M NOJSPU30BATh U3JIYUYECHHUE B
Ka)XJIOM U3MEpUTEIbHOM KaHaiie) [125].

B paccmarpuBaemoit cxeme BOI'T nmpuMeHsieTcsi UCTOYHMK C JIMHEHWHO
MOJISPU30BAHHBIM M3TydeHUEeM C KOd(DPHUIIMEHTOM SKCTUHKIMN He meHee 20 ab.

HpI/IMCHeHI/IC TaKOTO0 MCTOYHHKA M3JTYUYCHHUS 3aBEAOMO obecreunBaeT OTCYTCTBHUC
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OTJIMYHBIX OT 3aJaHHOTO, COCTOSIHHM MoJigpu3anuu usiydeHus. Hanuuwe B
ONTHYECKOW  cxeMe (pUCYHOK 2.6) TmOC/IeoBaTeIbHO  YCTAaHOBJICHHBIX
noJisipu3aTopoB B coctaBe paszperButens PII12/1, pazsersurens PII1/1 u ¢ga3zoBoro
MOAyJIsATOpa ¢ KOd(pPUITMEHTOM SKCTUHKIMK Kaxkaoro He meHee 20 nb, a Tak ke
MIPUMEHEHUE ONTUYECKOTO0 BOJIOKHA, COXPAHAIOUIETO COCTOSIHUE MOJSPU3ALUUN [TPU
U3rOTOBJICHUH BOJIOKOHHOTO KOHTypa uHTepdepomerpa CaHbsika oOecreyruBaeT
COXPAHEHHE COCTOSHUS MOJISIPU3ALMUA HA BCEM MPOTSIKEHUU ONTHUYECKOTO TPAKTA
BOI'. B pamkax gaHHOW paOOThl Ba)KHBIM SIBIISIETCA TOT (DaKT, YTO COCTOSIHUE
MOJISIPU3ALMKM U3JIyYEHUs, Majaromero Ha (pOToauoAbl OMOPHOTO U OCHOBHOTO
M3MEPUTENBHBIX KaHAJIOB, SIBISIETCS OJIMHAKOBBIM, & 3HAYUT, B HEM HE COAEPKUTCA
HEKOPPEJIUPOBAHHBIX  COCTaBIIONIMX  I[IyMa HWHTEHCHUBHOCTM  MCTOYHHKA
M3IydeHus. B Toxe BpeMs HYXHO Y4Ye€CTb, YTO B 3aBUCHUMOCTH OT TOYHOCTH
IOCTUPOBKH TIOCKOCTH MOJISIPU3alliU BCeX MOJsipu3atopoB B coctaBe BOI™ (a Ttak
e COXpaHCHHs HMX FOCTHPOBKH BO BpeMEHHM) W cTaOwiabHOCTH h — mapamerpa
BOJIHOBOJIa BOJIOKOHHOTO KOHTYpAa 3aBUCUT COXPAHEHUE COOTHOIIECHUSI MOUIHOCTH
ONTUYECKOTO W3JIyYCHHs, TMajarmero Ha (OTONPUEMHUKH U3MEPUTEIbHBIX
KaHAIOB. BnusiHue 3THX (DAKTOPOB MOXKET OBITh ONMUCAHO C IMOMOIIBIO 3aKOHA
Mantoca [126]: I = I, cos? s, BEIpakaromerocs B 3aBUCHMOCTH HHTEHCHBHOCTH |
JMHENHO-TIOSIPU30BAHHOTO ONTUYECKOT0 M3ITYYEHHUS, TPOIIEAIIErO MOJIIPU3ATOP,
OT MHTEHCUBHOCTH MaJIAIOIEro Ha MOJSIpU3aTOp U3NydeHus lp U yria y Mexmy
IUIOCKOCTSIMM TIOJISIPU3AalMU MAJAOIIEr0 HU3JIy4YeHUs U MNOJSIpU3aTopa. YUTeM B
BeIpakeHUH (3.20) CIEKTpaabHOM MIIOTHOCTH MOIIHOCTH IIyMa YTJIOBOW CKOPOCTH
BbIXOJHOTO curHajga BOI' co cxeMoll CHMXEHMS ITymMa 3aBUCUMOCTh MOIITHOCTH
ONTUYECKOTO0  M3JIYyYCHHs, TaJalliero Ha  (QOTONPUEMHUK  OCHOBHOIO
m3MepurenbHoro kanama WK1, or yrma y, BbeIpaxamuero CyMMapHYHO

MNOIrp€IIHOCTb OPHUCHTAINHU IINIOCKOCTH ITOJEAPHU3allii BO BCCM OIITHYCCKOM TPAKTC!



100

1. . . 1. . .
cos? Wigy +ig, +ins +7 {5 +ige +ifs)

+ % iZ 4(1 — cos2y)? (3.20)

Swy (Y) =M 1
cos? im Py

I'paduk 3aBHUCMMOCTH YpOBHS IlymMa BbIXoAHOro curHaima B BOI' co

CXEMOW CHI)KEHHUs IIyMa OT M3MEHEeHus yria y Ha = 180° mpencraBieH Ha

pucyHke 3.5.
0,09 | o 1 1 1 1 |
30y (W), 0e3 KOMIISHCAITII, TeOPH
Sy (), ¢ KoMITeHcaIeil, Teopus
0,08
*  Son(y), 0e3 KoMITeHcAIN, IMHTALIA
*  30m(y), c KOMIIEHCAIHEH, IMHATAIIIT
0 07 I T | ]
= 0.06
= 0.
"Z .
=
= 0.05 i
g . * e | * . ° P
8 o L ™ L) L] [ ]
[Ze] - L) L .
0,04 ~." [ ‘ .
0,03
0,02} :
-180 -135 -90 -45 0 45 90 135 180
A

Pucynok 3.5 — 3aBucumocts nryma BeixoaHoro curnana BOI' ¢ kommencanmei
IIyMa OT YIUIa ¥ pacCOIIaCOBAaHUS BEKTOPA MOJISIPU3ALMU CUTHAJIOB
U3MEPUTENIbHBIX KaHaIoB (UepHBIN rpaduK), ypOBEHb IIyMa BHIXOJHOTO CUTHAJIA

BOI" 6e3 koMIieHcaliu npy TeX e napameTpax (KpacHblid rpaduk)



101

B peanpHbIX yCIOBUSIX yrojl Y, KaK MNPAaBUJIO, HE MPEBBINIAECT E€IUHUIL
rpagycoB, a h — mapamerp ONTHYECKOrO BOJHOBOJA ITOCIIC TPOXOXKICHUS
TEXHOJOTUYECKOTO ITUKJIa U3TOTOBJICHUS BOJIOKOHHOTO KOHTYpa yBEJIUYUBACTCS B
cpemem ¢ 10° no 10* 1/M u, B mambHeiinreM, MPaKTHYECKH HE 3aBHCUT OT
TEeMIIEPaTypPHBIX BO3ACHCTBHM B JWAIa30HE SKCILTyaTAllUOHHBIX TEMIEpaTyp OT
- 40 o 60 °C. Bce 310 1103BOJIsIeT cunuTaTh, uto B BOI', ucnons3yroiieM JUHEHHO
MOJISIPU30BAHHBIN MCTOYHUK ONTHYECKOTO M3JIYyUYECHHUS U MOCTPOCHHOM IO CXEME,
COOTBETCTBYIOIIECH PUCYHKY 2.6 HE HaOJI0/1aeTCs 3aMETHOTO BJIMSHUS COCTOSTHUS

noJisipu3aruu Ha ypoBeHnbs CIIMILI, onpenensemMsiii Beipaskenuem (3.20).

3.6 BbIBOaBI 0 TPeTheii ri1aBe

B naHHOW T5aBe OBUIM PacCMOTPEHBI YETHIPE OCHOBHBIX YCIIOBHS,
BBITIOJTHEHUE KOTOPBIX MIPUBOJUT K MOJABJICHUIO IIIyMa HHTCHCUBHOCTH UCTOYHUKA
M3JIy4YCHUsI ONTUYECKOro Jruana3oHa B BeIxogHoM curHane BOI', moctpoeHHoOM 1o
cXeMe, IPUBEJICHHOM Ha PUCYHKE 2.6 BTOPOM TI'JIaBbl M OITMCHIBAEMOM BhIpOKCHUEM
(3.8) mist ompeneneHus] CIEKTPAIBHOM TUIOTHOCTH MOIIHOCTH IIIyMa BBIXOJHOTO
curHana BOI' co cxemoil cHMKEeHUs IIyma. AHaAIU3 NMOJYYEHHBIX 3aBUCUMOCTEMN
ypoBHsi CIIMIII BeixogHoro curHaia BOI' co cxeMoil CHM>KEHUSI IITyMa MO3BOJISIET
OMPENIeIUTh TPAHULIBI TOUHOCTU COOJIOJICHUS] ITUX YCIOBUN 0€3 3HAYUTEIHLHOIO
yXyJUIEHUs pabOThl CXEMbl CHUXEHUS Inyma. lIpoBejeHHbIE UCCIEIOBAHUS
MOKAa3bIBAOT, YTO I BBIMOJHEHUS YCIOBUSI COXPAHEHUS MUHUMAJIBLHOTO YPOBHSA
myma BbIxogHOro curHana BOI' co cxemMol CHWKEHUsS 1IymMa JOJKHBI
BBITIOJTHATHCS CIICTYIOITNE TPEOOBAHUS:

1. VYcnoBue CHHXPOHM3AIMK CHUTHAJIOB W3MEPUTEIBHBIX KaHAJIOB BO
BPEMEHHM JOJDKHO BBITOJHATBECS C TOYHOCTBIO HE Xyxe 5 % OT BpeMeHHu
MAaKCHMAaJIbHOT'O PacCOIIaCOBAHUS, B PACCMOTPEHHOM CJIy4ae 3TO COOTBETCTBYET

npumepHo + 200 He.
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2. VYcnoBue paBEeHCTBA MHTEHCHUBHOCTEM CUTHAJIIOB HM3MEPUTEIbHBIX
KAaHAJIOB HMEET HE CUMMETPUYHBIA BHUJ M, B 3aBUCUMOCTH OT HPHUPOABI
OTKJIOHEHUS (M3MEHEHHE MOIIHOCTH ONTHUYECKOrO H3IYyYEHUs WIH Pa3IUUHbIN
KOAPOUIIMEHT yCWIeHUS (POTOMPUEMHBIX YCTPOMCTB), HUMEET pPa3IUYHOE
ONTUMAaJbHOE COOTHOWICHHE. OTHOUIEHWE CPEOHUX MOIIHOCTEN ONTHYECKHUX
CUTHAJIOB U OTHOIIIEHHWE KOAI(DPUIIMEHTOB YCUJICHUS JJIEKTPUUECKUX CUTHAJIOB B
M3MEPUTEIBHBIX KaHalax JAOJKHO HAXOJIUThCs B quamnaszone 1 - 1,1.

3. YcnoBue paBEeHCTBA MOJIOC IMPOMYCKAaHHWS M3MEPUTEIIbHBIX KAaHAJIOB B
paccMaTpUBAEMOM CIIy4ae HE SIBISETCS KPUTUUECKUM, OHO JOJIKHO BBITOIHATHCS
¢ TouHOCThIO HEe MeHee 0,75Af 1, 0T HopMuUpoBaHHOM MoJiock npomyckanus K1 u
He meHee 0,5Af,, 0T HOpMUPOBAHHOMU TTOJIOCH pomyckanus NK2.

4. VYcnoBue OIMHAKOBOIO COCTOSHUS — NOJSIpU3alMud  (POPMAJIBHO
BBIIIOJIHAETCS. 3a CYET INPHUMEHEHMS B pacCMaTpuBacMOM CXE€ME HCTOYHMKA
ONTHUYECKOTO0 W3JIYyYCHUS C JMHEWHOW IONSpU3alMed B 33JaHHOM IUIOCKOCTH,
TpeOOBaHWE K TOYHOCTH BBICTABKM U COXPAHEHHUIO YIVIa Y CyMMapHOM
INOTPEUIHOCTH OPHUEHTALMU IIJIOCKOCTH MOJSAPU3ALHUHA JIOJDKHO BBIIIOJIHATBCS C

TOYHOCTBHIO He Xy>ke + 10°.
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3akJIroueHue

boumn uccnenoBaHbl UCTOYHUKU IIyMa M MX BIUSHUE Ha (OPMUPOBAHHE
IIYMOBOM  COCTAaBISIIOIIEH  BBIXOAHOTO  CHUTHaJla  HMHTEephepoMeTpUuecKon
VM3MEPUTENBHOM CUCTEMBI Ha IIPUMEPE BOJOKOHHO-ONTHYECKOro rupockomna. [Ipu
HTOM OBUIH MOJTYYEHBI CIAEAYIOIINE OCHOBHBIE PE3YJIbTaThl:

1. Awnanu3 nuTepaTypHBIX UCTOUYHHKOB IMOKa3aj, YTO OCHOBHBIM ITyTEM
CHIWKEHHSI YPOBHS IIyMa B BBIXOJHOM CHUTHAaj€ BOJOKOHHO-ONTHYECKOIO
TUPOCKONA CUUTAETCS TOT WIM MHOW MOAXOJ K TMOJABICHUIO IIyMa HWCTOYHHKA
W3JIy4YEHUS ONTHYECKOTO JUana3oHa.

2. IlpoBeneH aHaiM3 cXeMbl BOJIOKOHHO-KOJIBIIEBOTO HHTEpdepomeTpa
Canbsika MUHUMAJIBHOW KOH(UTYpAINH, ONPEETECHbl 1 MaTEMAaTUUYE€CKH OTTHUCAHBI
€CTECTBCHHBIE MCTOYHUKHM IIymMa ISl 3TOM CXEMBI, TaK K€ BBISBICH W OINHUCAH
JIOIIOJIHUTENIbHBIN UCTOYHMK LIYMa, BKJIaJ KOTOPOTO B PAJE CIIy4aeB COIIOCTABUM C
BKJIQJIOM €CTE€CTBEHHBIX IIYMOB. [loilydeHO aHanmuTHUYECKOE BBIPAKECHUE A
IIyMOBOM COCTaBJISIOIIEN BBIXOAHOTO curHaina BOI. AHamM3 NOJIYy4EHHOTO
BBIDQKEHUS TPU pa3IMYHbIX 3HadueHusAx mapametpoB BOI mokaszan, 4yto B
OOJIBIIMHCTBE CIy4YaeB TJIaBHBIN BKJIAJl B pe3yJbTUPYIONINI YPOBEHB IITyMa BHOCUT
IyM MCTOYHUKA U3ITyYECHHUS.

3. Jlnsg yToOuHEHUS BIUSHUS CXEMbI U aJITOPUTMOB 00pabOTKH CUTHAJIOB
B BOI" Ha ypoBeHb IiTymMa BBIXOJIHOTO CHTHAJIa OblIa pa3paboTaHa UMHUTAIMOHHAS
mozenb BOI' ¢ 3aMKHYTBIM KOHTYpOM OOpaTHOM CBSA3U IO U3MEPSIEMON YIIIOBOM
CKOPOCTH, YUYUTHIBAIOIIAS BHISIBICHHBIE PAHEE UICTOYHUKHU LITYMOB.

4. TlpoBeneHO  OSKCHEPUMEHTAIILHOE  HCCIAEAOBaHHE  C  IEJbIO
MOATBEPKACHUS CIPABEIIMBOCTH AHAIUTUYECKOTO BBIPAXKEHHUS U UMHTAIUOHHOMN
Mojiend. [lomydeHHble pe3yabTaThl MOKA3aiu CUIBHYIO KOPPEISIIUOHHYIO CBS3b
pPEe3yJIbTATOB 3KCIIEPUMEHTA U PE3YJbTAaTOB pacueTra U MOACIUPOBAHUSA, TP ITOM
MOrPENIHOCTh  PE3yJbTAaTOB ~ MMHUTALIMOHHOTO  MOJICJIMPOBAHUSI  OKa3ajach

HECKOJIBKO HUXE 0 CPaBHEHHUIO ¢ pe3yibTatamu pacuetoB (11 % mpotus 16 %).
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5. ApmanTtHpoBaH OJMH M3 H3BECTHBIX METOJOB IIOJABJICHHS IIyMa
VCTOYHHMKA M3Jy4eHHs B BBIXOAHOM curHaie BOI', OCHOBaHHBIN Ha BbIIEICHUU
nymMa HCTOYHHMKA W3IYyYEHUS B  OTIACIbHBIA HM3MEPUTENIbHBIA KaHal U
MIOCJEAYIOIEE BBIYMTAHUE JTOTO IIymMa M3 CHTHAJIA OCHOBHOI'O HM3MEPUTEIBHOIO
KaHalla B peajbHOM BpeMeHu. JlJig JaHHOW ajanTaluu MOJy4eHO 0O0O0OIIEeHHOE
AHAJIMTUYECKOE BBIPAKEHUE IIIYMOBOW COCTABIIONIEN BBIXOJHOTO CHUTHAJIA M
Moau(UIMpPOBaHA  UMUTAIMOHHAs  Mojenb. Jlig  TOMy4YeHUs  OLEHKHU
MIPOTHO3UPYEMOT0 IIYMOIIOJIABJICHUSI MPOBEICHO MOJECIMPOBAHUE U C YYETOM
NOJIYYEHHBIX PE3YJbTAaTOB MPHUHATO pelieHne o0 u3roroBiaeHuu Makera BOI c
CUCTEMOU IIyMOIIOAABJIECHUS.

6. WMsrorosnen maker BOI' ¢ cuctemoi myMono/iaBieHus U MPOBEACHbBI
ero J1abopaToOpHbIE UCCIENOBAHUS, MOJTYYEHHBIA KOI(DPUIMEHT CHMKEHHS IIymMa
cocraBmin 1,91 pa3 npu pacuetHoMm 3HaueHuu 2,03 pa3, 4To OBLJIO TPHU3HAHO
IIOJIOXKUTEIBHBIM PE3YJIBTATOM.

/. bBpuln wucclieqoBaHbl YacTHBIE CIIy4aW pPACCOIVIACOBAHMS CUTHAJIOB
u3MepuTenpHbIX KaHanoB BOI' B cxeMe ¢ CHCTEMOM CHMJKEHHsI YPOBHS IIyMa, B
pe3ynbTrare 4ero ObUIM ONpEeNeNeHbl KOJIMYECTBEHHBIE OLICHKH, PACCOTIacCOBaHUS
3TUX CHUTHAJOB MO psAAy M[apaMeTpoB, HE NPHUBOIAIIME K 3HAYUTEIBHOMY
YXYALIEHUIO Pa0OThI CUCTEMBI IIIyMOIIO1aBJICHUSI.

Takum 00pa3om, B XOJ€ UCCIEIOBaHUs ObUIA PEIICHbI BCE MOCTABIICHHbBIE
3aJlayu JMCCEPTALMU U JOCTUTHYTA ITOCTABJIEHHAS LEJb, - B BUJIE TEOPETHUYECKUX
BBIDOKEHU W HMMUTAIMOHHBIX MOJENEeH TMOodyYeHbl THOKHE HMHCTPYMEHTHI,
MO3BOJISIIOIIME  MPOBOJIUTH  MoJenupoBaHue  pabotrel BOI'  paznuunoi
KOHQUTypallud M B pa3lIW4yHbBIX yciaoBusX. [lodydeHHble TeopeTHYecKHe
pe3yNbTaThl MOATBEPKACHBI OLEHKAMH (DU3UYECKUX M3MEPEHUN Ha ClelHalbHO

pa3pabOTaHHOM U U3roToBIIeHHOM MakeTe BOI'.



105
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YOT YCHIIUTEND (POTOTOKA
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OM ($ha30BBII MOYIIATOP

OHY (GUIBTP HIDKHUX YaCTOT

dUYB ($ha304yBCTBUTEIBHBIN BBHIIPAMHUTETH
HAII 1M po-aHaIOTrOBBIN MpeoOpa3oBaTeIlb
LT 1udpoBas JoruKa

OCBHUOU HpOUEBBIN CYNEPIIOMUHUCIICHTHBIA BOJJOKOHHBIA HCTOUYHUK

OIITNUYCCKOI'O U3JIYUYCHUA
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