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1 Bsenenue

[Ipu uzyvyeHnn KOHKPETHOrO (PUBUYECKOTO SBJICHUS MPUHATO UCIOJH30BAThH
HanboJiee TOAXOMAILYIO JIJIsE 9TOM Len CIIeNnaIn3uPOBAHHYIO MOJE/b, Ma-
TeMaTu4IecKyto Jinbo puzndeckyro. Tak, HATpPUMED, MPOTECChl BO30Y XK ICHUS
aBTOKOJIEDAHMIT TPAJIUITMOHHO WILIIOCTPUPYIOTCs ypaBuenneMm Bau gep [losg,
9dPEKT CTOXaCTUIECKOTO PE30HAHCA OOLIYHO MOKA3LIBAIOT Ha IIPUMEpE OJI-
HOMEPHOI Moze/n ¢ Oucrabu/ibHBIMEU CBOMCTBAMU, & KOTEPEHTHBIN PE30HAHC
U3yYaAI0T HA HEWPOMOJOOHBIX CUCTEMAX.

JlanHast KOMILIEKT U3 TPEX Ja00PaTOPHBIX padOT, BBIMOJHEHHBIX HA 00-
meit 6a3e, HampaBjeH B MEPBYIO ouepessb Ha (opMmupoBanue Oojiee 0bOIIIe-
r0, «MEXKJIUCIUTLIMHAPHOIOY B3IVISA HA, IPOSBJIEHUS CBOWCTB HEJIMHEITHO-
ro ocnuigaTopa Ha (azoBoil miaockoctu. Kak OyaeT moka3zaHo, BO3MOXKHbBIE
nuHamMudeckne pexxumbl npocroit RLC-mienm ¢ HeJMHEHHBIM 3/IEMEHTOM B
BHJIe TYHHE/BHOTO JINO0/IA WK KOHBEpTEPa OTPHUIATEJHLHOIO COMPOTUB/ICHUS
HA ONEPAIMOHHOM YCUJIUTE e BKIIOUAIOT KaK aBTOKO1e0aHus (4To Tpauiu-
OHHO PACCMaTPUBAETCS B KypCe Teopuu KosebaHwuii), Tak U BO3OYIMMbIE U
bucTabuabHbIe PEKUMBI. TakuM 00Pa30M, OJHO U TO YK€ YCTPOICTBO IIPHU Ba-
pUAIIY YIIPABJILAIONIAX TAPAMETPOB CIIOCOOHO JEMOHCTPUPOBATDH PA3IUIHBIE
HesimHeitHbIe 9P DEKThI, KaK aBTOK01e0aTe/IbHOM TPUPOILI, TAK W WHLY [[UPO-
BaHHBIE IITYMOM.

Ilenp mpemnaraemoro Habopa n3 TPeX B3aNMOCBSIB3AHHBIX J1aO0PATOPHBIX
paboT BaKJIIOYAETCA B U3YUEHUU 83AUMOCBA3U MEHCIY HEeAUHETHBLMU
€cBOUCMBAMU OCUUAAAMOPA Ha HA3060U NAOCKOCTU U €20 dUHAMU-
YECKUMU PEHCUMAMU, O MAKIHCE 8 IKCNEPUMEHMAALHOM UCCAEIO-
6AHUYU HEAUHEUHLT IPPermos, 803nHuKaOWUL NPU 6803delicmeul
wyma (Kozepenmmuuili U cmoracmuveckuli pe3oHanc).

B nporiecce jocruzkenus 3TON 1esIM [IPe/LJIaraeTcs PelleHne Caeyomnmnx

KOHKDETHBIX 3a/Jda4T :

1. O3HAKOMUTHCS C MPUHIMITHAIBHON CXeMOil yCTPOHCTBA, U MOJIETbHBIMI

yPpaBHEHUAMMU.

2. DKCIepUMEHTAJbHO KCCAE0BATh MPU KAKUX YCAOBHUSX DPEAJTUIYIOTCS



BOBOYIMMBI, aBTOKOI€DATE/bHBIN, 00 OUCTabM/IBHBIN PEKUMBI, Ha~
HecTu 00/IACTH UX CYIIECTBOBAHWS HA ILJIOCKOCTH YIIPABJISIONIUX ITa-
paMeTpoB, IPOBECTH COIOCTAB/IEHUE C PE3YJIbTaTaMi TEOPETHYECKOI'0

aHasm3a MeTonoM HyabKauH (Jlaboparopras pabora I).

3. HcenmenoBarh XapaKTEPUCTHKU HHIYIMPOBAHHBIX IIyMOM KOJeGaHmii
(3dbbexT KOrepeHTHOrO pe3oHaHCa) B 3aBUCUMOCTH OT BBIGOPA yIIpaB-

JIIOIINX TTApAMETPOB M MHTeHCHBHOCTH IryMa, (J/Iaboparopras pabora

I1).

4. YcranoBuB pexuM OUCTAOMILHOCTH, TPOBECTH IKCIEPUMEHTAIHHOE UC-
CJIeI0BaHUE TPOXOXK/IEHUS YePe3 YCTPONCTBO MEPUOMIECKOT0 CUTHATIA
B npucyrcrBun nryma (3bdekT cTOXacTHIecKOro pe3oHaHca) B 3aBH-
CUMOCTH OT YACTOTHI U AMILIUTY/bI CUTHAJIA, HHTEHCUBHOCTHU IIIyMa, a
TaKzKe MPU U3MEHEHUH MapaMeTpoB GuctabuabHoro ociuiiaropa (Jla-

boparopras padora III).

2 O0OmbeKT ucciieoBaHNA 1 YKCIIepUMEHTAJbHAA yCTa-

HOBKa

2.1 Henauneitnag RLC-nienp ¢ orpunarejibHbIM CONPOTHUBJIE-

HUEM

RLC-nens (koebaresibHbIi KOHTYD) ¢ OTPUIATEILHBIM CONPOTHBIEHUEM $IB-
JIIETCS TPAJUITMOHHON MOJIEIBI0 TEOPUU KOj1eDaHWUil TP PACCMOTPEHUH SIB-
JIEHUH MSATKOI'O M »KEeCTKOro BO30yk/JeHust aBrokosebanunii. Tepmunom «ot-
PUIATETFHOE COMPOTUBJICHUEY XapaKTepU3ylT HAJUYNEe TaK HA3BIBAEMOIO
«IAJAOIIET0 yYaCTKa» Ha BOJIBT-AMIIEPHOW XapaKTEPUCTUKE HETUHEHHOrO
semenTa (HeuHeRHOTO conporusierns B RLC-menn), Ha Koropom mudde-
pennmanbioe conporusnenne Ry = dUr/dIg orpunarensuo (mam, sksusa-
nentHo, nuddepennmanbaas nposojumocts 0g = dlr/dUgr < 0). B mpo-
creitiem (u HamboTee OBIIEM) CITydae TAKOi YIACTOK C OTPHUIATETbHBIM Ry
€JIMHCTBEHHBINT U OrpaHUYEH 00JIACTBIO HE CJIUIIKOM OOJIBIINX TOKOB U Ha-

npsikennit. Torma BoJibT-aMIIepHasi XapaKTepUCTUKA Hen30eKHO MMeeT BUJ,
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Puc. 1: (a) — npumep BosibT-aMiepHoit xapakrepuctuku N-tuma ; (b) — mpu-
Mep BOJILT-aMIIePHO XapaKTePUCTUKHU S-THIla;

m3obpaxkennslit Ha Puc. 1 (a) au6o ma Puc. 1 (b). Orcroga oueBuHO mpOHC-
XOxkK/jeHre TepMuHOB «N-XapakTepucrukas u «S-xapakrepucrukay. Ilepsas
U3 HOX XapaKTepHa s MPUOOPOB, yIPABISIEMBIX HANPsIKEHHeM (TyHHeIb-
HBII J1MOJT), BTOpast — /i npubOPOB, YHPABIsIeMbIX TOKOM (razopaspsiiHas

JaMIIa).

C touku 3penusi (pU3MNKU MPOIECCOB B HEJTMHENHBIX 3/IEMEHTaX BaXKHO,
4TO Ha TUX I'paduKax HyseBomy Hampsikenuio UR orBedaer nysesoit Tok IR
u g depenHnuaabHOe COMPOTUBIEHNE B ITON TOUKE NOAOHCUMENLHO, THA-
4e TaKo¥ 3JIeMEHT IpPeBPaTHCd Obl B MCTOYHUK DHEPIMM, YEPIAIONUil ee
u3 HUOTKYHA. MoxkHO chopMymupoBarh u 06paTHOE yTBEPK/IEHUE: IJTEMEHT
¢ orpurare/bHbiM JuddepeHnraibabIM conporuBieHneM B Touke U = 0
UMeeT BHYTPEHHUI UCTOYHUK SHEPruu (00 JOMOTHUTETBHO MOJKIIOUEH K
Bremuemy ). [Ipu paszpaboTke paJuoOTEeXHUYIECKUX YCTPOHCTB OOBLIYHO WHTE-
PECeH MMEHHO PEeXKUM OTPUIATENbHOro auddepeHnnaarHOro COMpOTUBIIE-
Hus (HAIpUMeEp, NpU MOCTPOEHMU cxeMm reneparopos). Ilo 3roit npuamne,
MCIOJIB3YIOTCH ClelMaJIbHbIE JJIEKTPUUIECKIE TIell, KOTOPbIe CMEIAIoT pabo-
Y0 TOUKY YCTPOHUCTBA B 00JIACTD MATAIONIEr0 yIACTKA (OOBITHO — B IEHTP).
C TOUYKM 3peHns MATEeMATHIECKOTO OTMCAHNS, 9TO SKBUBAJIECHTHO 3aMEHE ITe-

PEeMEeHHBIX, IIPU KOTOPOi cepeinHa Ia/Ialollero y4acTKa MOMeIaeTcs B Ha-
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Puc. 2: RLC-nens ¢ menuueiinpiM conporusienneM Ry. (a) — Makcumanibmo
ynpoiennoe npejacrasienne; (b) — cxeMa ¢ MCTOYHMKOM CMEINEHUsT B IIEIH
Rn; (c) — cxema ¢ MCTOYHHKOM CMeleHus B renu L w ydueroM axTWBHOrO
COTIpOTHBJIeHNsT 0OMOTKYM R1.

JajI0 KOOPAMHAT TpaduKa BOJBT-aMIIEPHON XapaKTepPUCTUKNA. TaKo# MoaIxoT
BKYIIE C alpoKcuMaIueil xapakrepuctTuku N-Tura KyOuIecKuM Mo ITMHOMOM
Buga | = AUR + BU% NPUBOANT K 3HAMEHUTOMY ypaBuenuio Ban jep [losrs
— KJIACCUYECKON MOJIEIN JIJisd WJLTIOCTPAIINKA MSTKOTO POXKJIEHUS aBTOKOJIE-
Ganwii (6udypkanusa Angponosa-Xonda). Cxema coorsercrsyromeit RLC-
nenu npuBefena Ha Puc. 2 (a). Bamerwm, ofHAKO, UTO MpH ITON 3aMeHe
KOODMHAT W3 PACCMOTPEHUS BBIIAIAET BAXKHBIN MapaMerp — BeJIUINHA, Ha-
npsi2kenus nutanug E va HenmHeitnoMm seMenTe, U3 KOTOPOTO, MO CyTH, Y9ep-
[AeTCsl SHEPTHS, MOAEP’KUBAIOIIAsT aBTOKOJIEOAHUS. DTO YKe HAIPSIKEHUE
OTIPEJIE/ISIET U CUMMETPUIO HEeJIMHENHOM XapaKTEPUCTUKU OCIUIIATOPA, UTO
BO MHOTOM OTIPEIe/IseT ero CBONWCTBA. ¥ YeCTh HaJwmudne E MOXKHO SIBHBIM
J06aBJIeHIEM COOTBETCTBYIONIEr0 MCTOYHNKa Hampsizkerns B RLC-mens. Ha
Puc. 2 on uzobpaxen B Buie Oarapeu, BKJIIOYEHHON JinOO B BETBbH CAMO-
ro HejauneiiHoro saementa (b), mmbO MOCIETOBATEIBHO € UHIIYKTUBHOCTHIO
(c). Bo BTOpOM citydae jonoHUTENbHBIA pe3ucTop Rp yuurhiBaer omumve-
CKOE COIPOTHUBJIEHHE OODMOTKM KATYIIKKA WHAYKTUBHOCTH L. DTOT BapmaHT

RLC-menu u Oyer paccMaTpuBaThCs B JAJIbHEAIIIEM.



2.2 VYpaBHeHUd MaTeMaTUIECKOI MO/IeJIn

Ucnonw3ys 3akousl Kupxroda npuvennrensuo k cxeme Puc. 2 (c¢), MoxkHO

3allUCaTh:
dl
du
5 =1 FO. (2)

rie | mw U — ToK B menu KaTyIIKu WHIYKTUBHOCTU U HAIPSZKEHHe Ha KOH-
nencarope coorsercTBenno, a F(U) — onmchisaer BoabT-aMnepHyio xapakre-
pucTuky Henuueitnoro snementa Ry. duddepentupys (2) u moxcrasiss B
nero (1), mocsie snemMenTapHbIX npeobpa3oBaHuii mo/ydaeM:

d?u du

LC 7 + (LFYU) + RiC)G- +U+RIFU)+E=0,  (3)

e FAU) obosnavaer mpomssommyio or F(U) mo U. danee BBoms Gespas-
MepHoe Bpemsa T, t = ET, ¥ 1epexojisi K 0e3pa3MepHoit mepemerHoit U
u Ge3pasmepubiM ko3 dunmentam myrem jgenenus (3) HA HOPMUPOBOYHOE

nanpsizkeane Ug = 1B, ypaBHenne npuBoanTCa K BHIY:
i+ Suu+Quu =0, (4)

1€ NCIIOJIb30BaHbI 0003HAUCHU:

S(u) = (LFfYu) + Rlc)/(uoIO LC), (5)
Q(u) = 1+ (RyF(u) + E)/uUy, (6)
f(u) = F(Uou) = F (V). (7)

B mpencraBientom Boimie Bume u Koadgurment auccunanun S(U) u da-
crora Q(U) aBiAI0TCA HEJIMHEAHBIMI (DY HKIMSAMU, BKJIIOYAIOIINMHI XapPaKTe-
puUCTHKY HeJquHeiHOro 3jementa. HerpyaHo ybemurhest, aro npu Ry = 0,
E = 0 u annpokcumvaruu F (U) kybuueckoii mapabosioit, ypasuenue (4) cBo-
JIIATCH K YPABHEHUIO [IJIst OCIU/LIATOPa BaH ep [losist, aBronoMuas nuHaMuKa,

KOTOPOTO BKJIIOUAET eIUHCTBEHHYIO OudypKammio Auaporosa — Xormda 1ist



€/IMHCTBEHHOI'0 COCTOsiHus papHoBecus. [Ipu menysieBbix Ry u E mosemenue
paccMaTpPUBAEMOIl MOJEIN CJIOXKHEe W BKJIOYAET PEeXMMBI, Hab/IomaeMble B
TaKWX MOJEIBHBIX CHCTEeMaX Kak ochuaiaTop borxoddepa — Ban aep [ons
mwim PurcXnio-Harymo, Beaymmx cBoe MPOMCXOXKIEHNE OT MOJeseil Heirpo-

HOB.

2.3 CrTpyKTypa 3KCIEepUMEHTAJIbHOIl YCTaHOBKU

B 10 Bpems kak cama RLC-mens npejcrasiisier coboit HECJIOXKHOE yCTPOIi-
CTBO, /IS ee SKCIIePUMEHTATLHOTO UCC/IeI0BAHNS TPEDyeTCs: n3MEPEHUE TOKA,
B OTJIEJbHBIX 3JIEMEHTAX, UCKJIIOUEHNE BJIUSIHUSI U3MEPUTEIbHBIX MTPUOOPOB
U BO3BMOYKHOCTH M3MEHEHUsI ITapaMeTpoB B HYXKHBIX mpejesnax. [lo sroit npu-
YHHEe NpUBeJeHHas Ha Puc. 3 mpuHIMIralIbHas CXeMa 9KCIIEPUMEHTAJIBHON
YCTAHOBKM COJIEPKUT CJIeytoliue O/T0KM:

I — Biok popmupoBanus manpsizkeHusi nutanng E wemuneiiHoro sjaemenTa,
COJIEP2KAINI TPEIE3NOHHBII TTOTEHITMOMETD U MOBTOpuTeib Ha OV.

IT — Bjiok uMuTalMu aKTUBHOTO CONPOTUBJIEHUST KATYIIIKU WHIYKTHBHOCTH
R1, comepxamuii 3akopaunBatommuit Tymbep KR1.

ITI — Buiok u3mepenus TOKA B [ENMK KATYIIKW WHYKTUBHOCTH, IPUHITAIT J1e1i-
CTBHS KOTOPOIO OCHOBAaH Ha yCUJIEHWN KackagoMm Ha QY majeHus HampsazKe-
HUsI Ha, W3MepuTebHOM pesucrope comporusaeruem 20 Owm.

IV — Brixoanoit 6ydep, npencrassiomniuii coboit moropurenb na OY. On
mepeaeT CUrHajl ¢ KOHTYpa Ha BHEIIHWE W3MepUTe/bHbIE YCTPOHCTBA, MpH
sroMm Osiokupys ux Biausuue va RLC-1emnb.

V — Buiok uamepenus Toka HeJinHERHOrO dj1eMenTa. Vlcrob3yercs B pexKnmMe
BU3Ya/IM3AINN HYJIbKJIUH (PEXKUM 2 YCTAHOBKH).

VI - Bjiok veuHeitHbix d1eMeHToB. COmMepKUT JBa BCTPOEHHBIX HEJTNHEHHBIX
syieMeHTa (TYHHEJbHBIN O/ U KOHBEPTED OTPUIATEBHOTO COMPOTUB/ICHUS
na OVY), a Takxke 1nenb KOMMyTaluu, 00€CIEUnBAIONLYI0 HA BBIOOD ITOKIIIO-
YeHHE OJIHOIO U3 BCTPOEHHBIX HEJIMHEHHBIX 3JIEMEHTOB, JINOO BHEITHErO JJIe-
MEHTa K Iape KOHTAKTOB Ha 3a/Heil MaHe I YCTAHOBKH.

VII — Marazun eMKoCTeil, 00ecreunBaiomnii MoAKII0UeHe TI0060r0 n3 4 KOH-

JIEHCATOPOB PA3JIUIHON €MKOCTH, JIOO Pa3phIB IEIH.
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Puc. 3: [Ipunnunuanbaas cxema SKCIEPUMEHTAIbHON yCTaHOBKH.

[ToMumoO TIEpPEYMC/IEHHOTO BBIIIE, CXEMa SKCIIEPUMEHTAJIBHON YCTAHOBKU CO-
ACPZKUT TaK2Ke MHAYKTUBHOCTDH L C BOBMO2KHOCTBIO €€ KOPOTKOT'O 3aMbIKaHW A
U TepeMeHHbINl pe3ucTop Ry, MOAK/IIOUEHHBIH MapaJ/uie/ibHO HeJIMHEHHOMY
9JIEMEHTY ¥, TAaKUM 00pa30M, TO3BOJISIIOIIII KOPPEKTUPOBATH €0 CBOMCTBA.

Pexxumbl paboThl yCTAHOBKA KOMMYTHUPYIOTCS C TOMOIIBIO TEPEeKJII0va-
renst KP1... kP4, umeromero asa mosoxenus (pexkumbl 1 u 2) u gerwipe
mapbl KOHTAKTOB. B moyioxkeHnn 1 KOMMYyTaIys CXeMbI TTO3BOJISET U3MEPSITh
Hamnpsizkenne Ha emkoctn U m Tox mumykTuBHOCcTH | B paboraromeit RCL-
IeIIm. B ITIOJIOZKEHU U 2 CXeMa Pa3MbIKaCTCA, a Ha U3MEPUTE/IbHbIC BBIXOIbI
BeIBOmATCca Toku |y m |, mo3Bossionne oprann3oBarh Budyaan3armio U- u
I- HyIbKJIMH.

[IpenycranoBsiennble HETUHEHHBIE 971eMEHTHI ¢ N-XapaKTepUCTUKON TTpe/I-
crasasior co6oit (1) ryrnensuniit quon I'M301 u (2) kouBepTep OTpUNIATEH-
HOTO COMPOTHUBIeHUs Ha omeparmonnoM ycmanteae K140VI18. Ha Pwuc. 4
naHa Heobxommmast MWHMOPMAIUS /I aHAJUTHIECKOTO 3aTaHus WX BOJIBT-
aMIIepHOIl XapaKTEPUCTUKU TIPU MPOBEJIEHUN PACUETOB.

B mostoxkennn (3) mepeksovaTesis K cXeMe IPUCOEANHSIETCS Tapa, BHEII-
HUX KOHTAKTOB Ha Ba.,Z[HeI;’I MaHe/JIN YCTaHOBKH, 9YTO ITO3BOJJIACT MOAKJ/JIIOYUTDH

BHEIITHUI HEJIMHEHHBIA SJIEMEHT JIJIT UCCIAETOBAHU.
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u| 0| 0,006 0,125 0,200| 0,350 0,515
1| 0| 0,045|0,0105 0,003 | 0,001 | 0,009

Puc. 4: Berpoennbie nenmHeiinbe 371€MeHTH: (2) — TYHHEIBHBINH JANOT M €ro
BAX; (b) — cxema u 3Ha4YeHUsT JEMEHTOB KOHBEPTEPA OTPUIATEIHLHOTO CO-
npotusjienust Ha OV.

2.4 Ilepennsis maHeJIb YyCTAHOBKN U OPraHbI YIIPABJIEHUS

[lepeusasa mamens ycraHoBKU npuBeeHa Ha Puc. b m oprann3oBaHa CJemry-
FOIIM 0DOPaA30M.

Henrpanbuas obsiacts manean yCcTaHOBKE cojepkut Tpu 10-tu 0bopor-
HBIX TPEIe3nOHHBIX MOTEHIIMOMETPA C JUMbAMU /i W3MEHEeHUs] BEJTUIUHBI
HanpsKenns mmrtanug E, comporuBienuss Ry u comporusienus Ry, BKio-
YEHHOTO TTAPAJIIeIbHO HEJIMHEHHOMY 9JIEMEHTY, a TaKzKe TyMOJIephl BKJIIOUe-

HI/IH/BLIKJ'IIO‘IQHI/IH COOTBETCTBYIOIIUX IJIEMEHTOB CXEMbI. A MNMEHHO:

Tywmbjtep, pacmoyiozKeHHbI# 110/ AuMb0oM E | oTK/II09aeT UCTOYHUK TH-
TaHUAd OT BXO/Ja CXEMBbI. STOT PEXKHUM MOZKET HCIIOJIB30BATHCA IIPU UC-
CJIe/IOBAHUU CXEMBbI C AKTUBHBIM HEJIMHEHHBIM 3JIEMEHTOM, He Tpebyio-

MM BHEITHETrO CMelleHMA.

Tywmbstep, pacrnosioxkennbiit mof uMmbom Rip, B mooxennn «BBIKJI»
HAaKOPOTKO 3aMbIKaeT COIIPOTUBJICHUE Rl (COHpOTI/IBHeHI/Ie moTeph KO-
jiebaTebHOr0 KOHTypa mpu 3ToM nMeer Beauuuny 20 Owm, 4To ompe-

ACIAeTCA BJAUAHUEM CXEMbl USMEPEeHUA TOKa).

Tymb6sep, pacmosioxkennbiit moj sumoom Ry, B mosioxennn «BBIKJI»

oTKJII0oUaeT conporusienue Ry or cxemsr (R =1 ).



@ aRy dby dbY o

© @ @

Puc. 5: Obmuit Buj nepejHeil maHe n SKCIEPUMEHTAIbHON YCTAHOBKU.

B mpotiecce paboThl 3HaveHUIM Ha IIKaJe JUMOa MHOTOOOOPOTHBIX MTOTEH-
OUMOMETPOB COIMOCTABJIAIOTCA BEJIMYWHBI COIIPOTUBJICHUA B OMaX W HAIIPAZKE-
HUs B BOJIbTaX. DTO JIEJIAETCH C MOMOIIBI0 KAJTMOPOBOYHBIX TAOJIUI], IPUBE-

JEHHbIX B HpI/IJ'IO}KeHI/II/I.

Takke B MEHTPATBLHON ODJIACTH JIMIEBOI MAHEJN YCTAHOBKM PACIOJIara-
eTcs rajeTHbiil nmepeksiouaress «C, NF», u3mengromuit emkocts C 1 Tyw™m-
6.Hep BK.]IIO“IQHI/IH/BI)IKJIIOLIBHI/IH WHAYKTUBHOCTHU L B CJ/Iydae BBIKJIIOYCHUA
Tym6Ostepa L Karymmka WHIYKTHBHOCTH HAKOPOTKO 3aMBIKAETCs (MCK/IIOTAeT-

Cs1 3 CXEMBbI).

B neBoit wacTu nUIEBOI TMAaHE N YCTAHOBKH PACIOIATAIOTCI BXOTHBIE
pazbeMbl U TYMOJIEPbI HOJKJIIOYEHNUs /OTKJIIOUEHNsT CUIHAIOB OT (DyHKIINO-
HaspHOro remeparopa (®.I') u ncrounmka myma (LLIVM). B caywae orkitio-
deHud HANPSKEHUS MUTaHus E v CUrHa/IOB OT MCTOYHUKA, TITyMa U (DYHKIIH-
OHAJILHOTO TeHepaToOpa, Ha BXOJe CXeMbl YCTAHABINBAETCHA MMOTEHITNAJT PaB-
Hblil orenpasny 3eman (0 B). B npasoit wacru smiesoil nanesn ycraHoOBKN
paCIoIaraloTcsl MepekIovYaTesin HejauHeirnoro snrementa (H.D.) u pexmva
dbynkumonuposanust cxembr (Pexunwm). Ilepexkmouarens «H.D.» nmeer Tpm
mosoyKeHus: «1y — TYHHEJBHBIN AWOM, «2» — KOHBEPTED OTPHUIATETILHOTO CO-
IIPOTUBJIEHUS HA OIEPAIMOHHOM YCHUJIUTEsE U «3» — BHENIHUN HEeJTUMHEHHbIN
ssrement. [lepexsiouarens «Pexumy nveer nBa mosoxkenus: «ly — yCTaHOB-
Ka J1aeT Ha BbIXoJe curHaabl U (HampszKeHHe Ha HEJIMHEHOM SJIeMEeHTe) u
| (Tok 4epe3 KarTylKy MHJIYKTHBHOCTH), «2» — YyCTAHOBKA JIA€T HA BBIXOJE

curtajnsl 11 u 12, ucnonb3yembie /i BU3yAIM3AIUN HYTbKJINH.
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2.5 W uarepdeiic nporpaMmbl aHAIN3a JAHHBIX

Curnajbl ¢ 9KCIIEPUMEHTAJIBHON YCTAHOBKHU MOCTYIAIOT Ha OJIOK COMpsizKe-
HUsI, & OTTYy/Ja — Ha aHaaoro-mudposoil mpeobpasosarens (ALIT) kommbio-
repa. Jlanbreiias ux 06paboTKa MPOU3BOANTCS B HHTEPAKTUBHOM DPEXKUME

C TIOMOIILIO IIporpaMMbl, Hanucanuoii B cpeme NI Labview.

[Tporpamma COMEPKUT TPU BKJIAJIKHM, NpeHasHadernbie s (1) nabiio-
nennst (pa30BOrO MOPTPETa M BPEMEHHBIX peain3anuii, (2) Busyain3anun B3a-
NMODPACIIOJIO?KEHN A HYJIbKJINH I/ICCJTe,Z[yeMOfI CUCTEMBI B 3aBUCUMOCTHU OT IIO-
JIOXKEHUST OPTaHOB YIIPAB/ICHUS SKCIIEPUMEHTAIBHON yCTaHOBKY 1 (3) pacdera
7 OTIPEIETICHNsT XapPaKTePUCTUK YCPETHEHHOTO CIIEKTPA MOIIHOCTH KOjaeha-
HUA.

Bknagka 1 «®asossriit moprpers (Puc. 6) npegnasnadena s uc-
moJjib30BaHus B pexkume 1 ycramoBku. Ha Heil pacrojaraiorcs OKHA Bpe-
MEHHBIX peaJsm3aluii s Toka |, mporexaroero epes KarymKy UHIyKTHB-
voctu L, u manpsikenns U Ha HeJnHelHOM 3j1eMeHTe, a TakKe (Da30BbIil
moprper wHa mirockoctu |, U. Kaxaomy okHy npugana Kaonka «Aemomac-
wmabuposarues (y IEBOrO BEPXHErO YIJIa OKHA), IIPU HAXKATHH HA KOTOPYIO
MIPOUCXOJUT aBTOMATUIECCKOE Ma.CI_[ITa.6I/IpOBa.HI/Ie OKHa IO aMILJINTY/JE. ﬂ.)'[ﬂ
OJTHOBPEMEHHOI'0 aBTOMACIITaAOMPOBAHUS BCEX OKOH TIpeJIHa3HAYeHa KHOITKA
«Obwee asmomacumadbuposarues. [ljist m3MeHeHUsT BPEMEHHOTO MacIiTada,
B OKHaX BPEMEHHBIX peajin3aluil mpegHa3HadeH OpraH yrupaBjaeHusa «/launa
PEAU3GUUL Y, YTIPABIAEMBIH ToM3yHKOM. Kpome Toro, y mpaBoro BepxHe-
ro yrjia KaxKJoro 3 OKOH BPEMEHHBIX peajiM3alluil pacloJioyKeH yKa3aTe/ib
AMIIJIUTYIbI COOTBETCTBYIOIIIETO CUTHAJIA, aBTOMATUYIECKU pa.CC‘{HTbIBa.eMOﬁ
o mocjenuelt Bpemennoii peasm3anuu. OkHy (a30BOro moprpera MpUIaH
yKasareab cpeaHeil 4acTorhl Kosiebanuit B reprax (npapbiii BepxHMil yros
OKHA).

Bkianka 2 «Busyasmsauusi HynbkiauH» (Puc. 7) paboraer B pe-
xuMe 2 ycraHoBku. Ha BKIaJKe HaXOIWTCH €IMHCTBEHHOE OKHO, Ha KOTO-
POM BBIBOJUTCS BpeMmeHHasi pa3seprka curxajoB 11 u 12, B ycioBugx mo-
JTa’i HA YCTAHOBKY CKAHUPYIOMIETO TEPUOJMIECKOTO CUTHAIA C (DYHKITHO-

HAJILHOTO TeHepaTopa, HabJIoaeMble B OKHe KpHUBBIE COOTBETCTBYIOT U- u
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ABToMacwTabupoBaHme AMMANTYOHbIE 3HAYEHNS CpenHsa YacToTa
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Puc. 6: Unrepdeiic BKIaI0K TpOrpaMMbl 00Pa0OTKY JAHHBIX B PEXKUME Ha-
burrosienns (pa3’0BOTO MOPTPETA.

BepTukanbHasa v ropusoHTabHasa NoJsIoChl MPOKPYTKN

SesoenvincproeT | Bizvansau | Crecro |

Tparwiuei T,12
0,02-

0,08°
oois=
oo
oot

001
oo0s=

0,008%

0,004 =

us

TpakHel L
L

50 45 40 55 30 25 20 -5 40 45 00 05 10 L5 20 25 30 35 40 45 50

12

Puc. 7: NaTepdeiic BKIaI0K MporpaMMbl 00pabOTKU JAHHBIX IpU HAOJIIO/TE-
HUM HYJIBKJIAH.



I-Hy.}‘[]i)K.J_H/IHal\/[7 COOTBETCTBEHHO. OKHy npuaaHbl ABa OPraHa YIPAaBJ/JIECHUA:
(1) ympaBseHus mpegeaMu IpOCMOTPa [0 TOPU30HTAIBHON Ocr U (2) yrnpas-
JIEHHSI TIOJIOCOH MPOCMOTPa 10 BEPTUKAJIBHOM OCH, WHTEPBAJ BU3YyaJIU3alnn

HAXOUTCH ME¥KJy ABYMS IMOJ3YHKAMW U MOITBEYEH CUHUM I[BETOM.

MapameTpbl cunTbiBaHna  <f>[u] fmax [fu]l  Af[ful fmax/Af B SNR

ascentincprpeT ) Brevamsaii rynok W ////
et oA
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duKcauma 4acToTbl MapameTpbl ycpeaHeHuns

Puc. 8: Nurepdeiic BkIaI0K TporpaMMbl 06pabOTKU JTAHHBIX DU pacydere
CIEKTPa MOIIHOCTU KO/1eDaHMi.

Bkiagka 3 «Cnekrp» (Puc. 8) paboraer B pexkumve 1 ycTaHOBKH.
Ha Bx/tajike pacrioyiozkeHbl OKHO CIIEKTpPa CUTHAJIA, YIIPABJILAIONINE KHOIKH,
a TaKXKe yKazarTe/d MapaMeTpPOB U pPacCUNThiBaeMblx BenuunH. Opramamu
yIpaBJIeHUs CJIEBa OT OCHOBHOTO OKHA MOXKHO YCTAHOBUTH ITapaMeTphbl pabo-
i AIIL: wacrory auckpeTusaluu U JJINHY CIUTHIBAEMON IeproIOrpaMMBbl.
B1ech ke BLIBOAUTCA HHMOPMAIMS O 9aCTOTE BHEITHErO CUTHAA, (aBTOMATH-
YEeCKHU OIEHUBAETCS MPOrpaMMoii). B BepxHeil yacTu JIeBoii maHeg m pacosio-
JKEHBbI KHOTIKU cOpoca ycpeanenus u cOpoca pacyera mapaMerpoB cruekrpa. B

[IEHTPe JIEBOii TTAHe M PACIIOIOKEHbI IePEK/TI0UATe b TUIA, CIIEKTpa (JINHeii-
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HbIiT /s1orapudmMudecknii) 1 yKazareab KOJIMIeCTBa [IEPUOIOIPAMM, 110 KOTO-
POMY paCCUNTHIBAETCA YCPETHEHHBII CIIEKTP MOIITHOCTU. YCPETHEHNEe TTPOT3-
BOJMTCS 110 33JJaHHOMY YHCJIy TEPUOAOrpaMM. A uMeHHO, Kora obIee KoJiu-
4eCcTBO 00pabOTAHHBIX TEPUOIOTPAMM PEBLIIIAET 33 TAHHOE JIJIs YCPETHEH ST
ux aucio N, To cektp 6ojiee He U3MEHAETCH.

OcHoBHOE OKHO BU3YyaJIM3aI[UU CIIEKTPa UMEET JIBa MapKepa, IepeMela-
eMbI€ C TIOMOIIBIO MBI KOMITBIOTEPA U KCIIOJIb3YEeMbIE IIPU PACUYETe BEJIU-
YUHBI peryjgpHocTu. Maciirad 1Mo BepTUKaIbHO# ocu rpaduka CrIekTpa 3a-
BHCHT OT €ro Tula. A UMEHHO, B PeXMMe pacuera JUHEHHOrO CIeKTPa ero
MaKCHUMyM HOPpMUPYyeTCd Ha, eauuutly. B jiorapudmMudeckom pexume 1mo Bep-
TUKAJIbHOI OCH OTKJIAJIBIBAIOTCS 3HAYEHUS MOIIHOCTU TaPMOHUK B JIEITUOE/I-
Jlax.

Bepxugag nmanesib COIepKUT PAM YKa3aTeseil BeJIUINH, KOTOPble pacCyu-
THIBAIOTCS HA, OCHOBE TIOJIy4eHHOro rpaduka crekrpa. B Hux Bxogar (ciaesa

HAIIPABO):

< T > I'm — cpennsasa 9acToTa CUTHAIA, IO KOTOPOMY PaCCINTHIBACTCS

CITEKTD;
Fmax,[' 1, — MoJIO’KeHne MaKCMMyMa, CIIEKTPa, 110 9aCTOTE;
AT 't — BeunHa 9aCTOTHOTO WHTEPBAIA MEKIY MAPKEPAMT;

Tmax/ AT — xapakTepucTuKa peryaspHOCTH, CM. onrcanne B Teme «Ko-

PEePEHTHBIA PE30HAHCY

B — xapakTepucTuka peryJasipHOCTH, CM. onucanue B teme «Korepenr-

HBIIl PE30HAHCY ;

SNR - ornomenue curnas/mrym, cm. onucanue B reme «Croxacrude-

CKUIl PE30HAHCY.

[Ipu BK/IIOYEHHOI SKCIEPUMEHTAJBHON YCTAHOBKE, 3AIIyCK ITPOrPAMMBI
aHaJIN3a, JAHHBIX COOTBETCTBYOIMIEH KHOmKo# cpeant NI Labview memeien-
HO BKJIIOYaeT ee B pabory 6e3 KaKux-jiubo MpeaBapUTETbHBIX HACTPOEK U

AKTUBAIIUN.
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3 JIaboparopHasi pabdora I. 9kcnepuMeHTaJIbLHOE UC-
cJieJ0OBaHNE W TeOPEeTUYeCKUii aHAJIN3 JUHAMUYIe-

ckux pexxnumoB HesmHelHol RLC-11erm

Bcecroponnee mcceoBanne 3aJaHHON JTHHAMUYECKON cucTeMbl (mph 3a-
JAHHOM HABO0pe yNPaBJSIIONMX NapaMeTPOB) yA00HO MPOBOJAMUTE ITyTEM IO~
cTpoenus ee pa30BOTO MOPTPETA, COAEPIKAIIEr0 NH(MOPMAIUIO O KOJTUIECTBE,
B3aMMOPACIIOJIOXKEHUN U YCTONYNBOCTA COCTOAHUN PABHOBECHUS, IIPEC/IbHBIX
IUKJIOB U JIPYyrux oObEeKTOB (pa30BOr0 mpocTpaHcTBa. B obiem ciydae sra
3a/[a49a PEIraeTcd C MOMOIIbI0 OndypPKAIMOHHOIO aHAIN3a, KaK IPABUIO —
C IpUMEHEHUEM CIEeIUA/N3UPOBAHHBIX TPOTPAMMHBIX cpeacTB. OHaKO, s
OCIIUJLIATOPA Ha (Pa30BOIl IIJIOCKOCTH €CTh u 00JIee TPOCThIE CIIOCODBI, TT03BO-
JIFAIOIIYeEe, B YaCTHOCTH, OICHUTh HAaJIMYUe, PACIOJIOKEHNEe U XapaKTep yCTOH-
YUBOCTH COCTOSTHWI PABHOBECHSI.

Ecin ypaBuenns 3anucanbt B obmiem Buge (4):
U+ Suu+Quu =0,

TO, KaK HETPYIHO yOeIUThCsl, KOJTUIECTBO U TOJIOYKEHWE COCTOSTHUN PABHO-
BECHS TIOJHOCTHIO OTpesiesieTcss Kopusamu ypasuenna Q(U)u = 0. Xapaxtep
UX yCTONYIMBOCTU MOYKHO OLEHWUTH, BHIYUCJIAS TTPOU3BOIHYIO Q= 0Q(u)/ou
B TOYKE COCTOSTHUS paBHOBecHs ¢ yderoMm 3uHaka S(U). Tak, mosoxxurennnoe
smadenne Q COOTBETCTBYET COCTOSTHMIO PAaBHOBECHs THIA (DOKyC aubo y3e,
KoTopbie yeroitameel mpu S(U) = 0 u HeycToitunBLl B oOpaTHOM cirydae. OT-
pHUIATETHEHOE Q O3HAYAET, ITO COCTOSHNE PABHOBECHS €CTh CEJIO.

Mertoa HyJIBKJINH [T03BOJISIET HE TOJHKO JOKAJIU3I0BATH COCTOSTHUS PAB-
HOBECHSI, HO TaKXKe OIEHWTHh HalpaBjeHne (Da30BbIX TPAEKTOPHUIl B yJaJI€H-
HBIX OT COCTOSIHUIT paBHOBeCHsI 00JTACTSIX W, HEPEJKO, PeICKa3aTh HAJIMIIe
BaMKHYTBIX TPAEKTOPHUil — MpeebHbIX IUKJIOB. B manHoit pabore meron
HYJIBKJIMH TPUMEHSETCsl HEe TOJbKO KaK CIIOCOD aHa/n3a ypaBHEHUil, HO W

JJIA SKCIIEDHEMEHTAJIbHOI'O MCCJAEJO0BaHUA B PE2KUME PEaJIbHOI'O BPEMEHU. ITo
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3TON NpUYMHE BEPHEMCA K Pa3MEPHBIM YPaBHEHUAM HCCJELYeMOU CUCTEMbI

B Bue (1):
dl
La =E IRy U,
du
e I F).

Kax u3secrno, ycaosug d1 /dt = 0 u dU/dt = 0 BBITOTHAIOTCST OTHOBPEMEHHO
B COCTOSTHUYM PABHOBECHs. Pa3/eIbHOE »Ke BBITTOJIHEHUE 3TUX yCJIOBWIA 3a/1aeT

ua dazosoit mnockoctn (U, 1) n1Be KpuBble, HA3BIBAEMbIE HYJIbKJIMHAMUA.

Yeqopue dU/dt = 0 naer ypasuenue U-HyIbKIMHBIL:
I =F(), (8)
a ycsopue d1/dt = 0 jaer ypasuenue |-HysibKaIuHbI:
I =(E U)/R:. (9)

JlabopaTopHasi yCcTaHOBKa, MO3BOJIAET B PEXKUME PEAJTHHOTO BpeMeHr Hab/Tio-
AaTh B3aNMOPACHIOJIOZKEHNE HYJ/JIBKJIMH U UX CABUT' IPDU U3MEHEHUU ITapaMeT-
poB RLC-tmieriu. 9o mo3BojigeT rpaduveckn OIEHUBATh HAJIMYNE U KOJIAYIe-
CTBO cOCTOgHUII paBHOBecus. [yt omerku ycroitauBocTu TpebyeTcs 0o,
uurenbHas wagdopmanus o 3Hake dl1/dt w dU/dt B obacTu BhINe U HEIXKE

COOTBeTCTByIOLLLefI HYJIBKJINHBI.

Pucynok 9 mamiocTpupyeTr OCHOBHBIE BO3MOYKHBIE CUTYAIlUW B OKPECT-
HOCTU COCTOAHUA PAaBHOBECUA (TO‘IKa nmepeceveHund Hy.}'IbK.)'[I/IH). Ha pucysnke
criomHag Jinaus npezcrasiager U-ayabkinay (¢ha3oBble TPAGKTOPUE TIe-
pecekaroT ee CTporo 1o BepTI/IKaJH/I), a NyHKTUpHAA JuHusd — |-HyJaIbKInHy
(Ha Heit da30BBIE TPAEKTOPHH MOPU30HTANBHEL). [lepecedenne HyJIbKIUH Je-
JiuT (pa30ByIO IJIOCKOCTh HA, YETHIPE CEKTOPA. B KaXK/I0M M3 HUX MaJICHbKU-
MU CTPEJIKaMMn 0603HaLIeHbI TOPU30HTAJIbHAA W BEPTUKAJIbHAA KOMITIOHEHTHI
¢a30B0I1 CKOPOCTH, a TaK:Ke CYMMAPHBIA BEKTOpP, KOTOPBLIA M TAeT OIEHKY
HampaB/jeHus ABUXKeHUsT (Ha30BOit TpaekTopun. Kak MOXKHO BHUIAETH, B 3a-

BHUCHUMOCTH OT yIVia II€peCedeHrd HYJIDbKJINH PEAJIU3YIOTCA PA3JIMNIHbIC THIIbLI
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a)

b)

d)

PI/IC. 9: PaB.)'[I/ILIHbIe BapUAaHTHI IepeCeYIeHnd HYJIbKJIMH ITO3BOJIAIOT JUAT'HO-
CTHPOBATH YCTONYUBOCTEH COCTOSHIST PABHOBECHST: &) YCTOWUIUBBIN y3€7I U CeJl-
710, b)reycroitauBblii yzen u cemio, ¢,d) ceamo u dokyc (ycroiumBocts 3a-
BUCUT OT yTJIa HAKJ/IOHA HYJIBKJINH).
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YCTONYMBOCTH COCTOSIHWUSI PABHOBECHSI.

UccnenoBanne Ha KOIUIECTBO U YCTONIMBOCTH COCTOSHUI pABHOBECHS
MOXKHO MPOU3BOJUTH KAK AHAJUTUIECKHU, I 9ero Tpedyercd daBHOE 3a/a-
HIe BOJBT-aMITEPHON XapaKTepucTukn HeamHennoro smementa F(U), Tak u
B SKCIIEPUMEHTE, WCIOJIB3ysd PEXUM 2 YCTAHOBKHA W BKJIAJKY 2 MPOTPAMMBbI

aHaJIN3a JaHHBIX.

3.1 IlIpakTuueckoe 3amanme. IlomydyeHue KapThl JUHAMUYE-

CKUX pe>KMMOB.

[TonyunTs OT MpemogaBaTesd 3aJaHne Ha SKCIEPUMeHTabHOe MCCae0-
Bauwue. IIpu Boibope B KadecTBe HEIWHEHHOrO IJIEMEHTA TYHHETHLHOTO
MOIA, PEKOMEH/TYeTCd aHAJIUTUIECKOe NCCAeJOBAHNE C UCIOIH30BAHN-
em annpokcumanuu BAX, npu BbIOOpe B KadecTBe HEIUHENHOrO 3Jie-
MenTa KouBeprepa Ha OY — 3dp(HeKTUBHO KaK SKCIEPUMEHTATHHOE UC-
CJIETOBAHUE METOOM HYJBKJIUH B PEKUME PEAJIbHOIO BPEMEHU, TaK U
pacdeT ¢ UCIOJIb30BAHMEM BEJIUYUNH PE3NCTOPOB, BXOIAIINX B KOHBED-
Tep. Bxoggiee B cocraB 9KCIepUMEHTAIBHON yCTAHOBKM ITEPEMEHHOE
conporuBjienne Ry gBjsieTCs, 10 CyTH, YaCTHIO HEJTUHEIHOTO 3/IEMEHTA,
CO3/1aBasi JOMOJHUTEIbHYIO TT0JI0KUTEIBHYIO [TPOBOJUMOCTD U JIOJIK-
HO yYHUTBHIBATHCS B pacyeTax. Kro yao0HO HCIOB30BATH IPU TOHKOMN
HOJACTPONKE CBOWCTB HEJMHEHHOTO 3/IeMEHTa, (M3MEHEHUN YT HAKJIO-

Ha cermeHToB BAX).

YCcTaHOBUTE CAeAyIONINe HAada bHbIe 3HaUeHnd mapamMeTrpoB: «D.INy —
BBIKJI, «IITYM» — BBIKJI, «E»=0 B (BKJI), «R1»=100 Om (BK/JI),
«R2»=0 Om (BKJI), «L» - BKJI, «C»=10 a® (BK.JI), «<H.9.»=1 upn
HCIOJIB30BAHUY TYHHEJIBHOTO Juoja jinbo «H.D.»=2 npwu ucnob3oBa-
uun Kouseprepa uHa OV, «PE2KNM»=1.

[lepekstounthesa Ha BKAaJAKY 1 mHTEpdeEiica mporpamMmal.

W3amensaa 3uavenns R, u E B mpegenax 0...200 Omu  0.93...+0.8
B, coorBercTBEHHO, O1IEHUTH 00/IACTH MAPAMETPOB, B KOTOPOil yCTPOii-

CTBO JIEMOHCTPHUPYET aBTOKOJeOaTe/bHbIil pexuMm. Bapbupys 3made-
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HUA OCTAJIBHBIX YIIPABJ/JIAIOIUX TaPaMETPOB, UCCIEJ0BATH UX BJIUAHNE

Ha GopMy aBTOKOJIEDAHWI 1 HA TPAHUIBI 00/IACTH UX CYIIECTBOBAHU.

[Tepexiouasice na «PE2KMM>» =2 u Braaaky 2 uarepdeiica mporpam-
MBI U OOpPaTHO, COMOCTABUTH B3AMMOPACIIOJIOXKEHUE HYJIbKJIUH U Ha-
bJtroraemblit Kostebarenbabil pexxuM. U3mensasa seauunnast E u R1 npu
(pUKCUPOBAHHBIX OCTAJIBHBIX TTapaMerpax, MOCTPOUTDH JUATPAMMY OC-
HOBHBIX PEKUMOB (BO30y/IMMBIii, aBTOKOIE0ATEIbHBIN, OUCTAOUIBHbI)

Ha IJIOCKOCTH YIpaB/Isionux mapaMmerpos E u Rj.

Ucmop3yst m3BEeCTHBIE TTAPAMETPhI HEJTMHEHHOrO 3/IeMeHTa (ammpoKu-
mupytomtyio dyukmmio BAX TynHeIRHOTO Aroma aub0 BEJIMUUHBI CO-
IPOTHBJIEHNIT B Iensix KouBepTepa Ha OV), TeOPETHIECKN PACCINTATD
obJ1acTi CyIIeCTBOBaHUS OOHAPYKEHHBIX B IKCIIEPUMEHTE PeKHMOB.
Obparuth ocoboe BHUMAHME HA IepecedeHue objacrteil OGHCTAOUIBHO-

CTU U aBTOKO0,/Ie0aTEeILHOIO pexuma.

Onucars u 0O6bICHUTH MOJIyUYeHHBIE PE3YIBTATHI B OTUYETE 10 Jabopa-

TOpHOIT pabore.
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4 JlabGoparopnas pabora II. UccinenoBanue xapak-
TEPUCTUK WHAYNMHNPOBAHHBLIX ITIyMOM KOJieOaHMIi.

KorepenTnnlii pe3oHaHC.

4.1 Kparkue TeopeTudecKue CBEIEHUs

[Tur BO3EIiCTBIY BHEIIHETO CIYYaifHOrO CUrHA/IA (IIIyMa) Ha JHHAMIIECKYTO
CHCTEMY, €€ OTK/JIMK OIPeIe/IdeTcd KaK IapaMerpaMu MiyMa, Tak u 0CODeH-
HOCTSIMHI ee COOCTBEHHOI auHamMukn. HeyanBuTe bHO, 9TO CHCTEMBI, B aBTO-
HOMHOM PEXKHUME JIEeMOHCTPUPYIOIINE KaKOro-jiubo poja KojgebaHus, MOTyT
FeHepupOBaTh WX U B MPUCYTCTBUU IyMa. Hecko/ibKo MeHee TpUBUAJIEH TOT
akT, 9TO NMIyM MOXKET BBI3LIBATH (MHYIMPOBATH) Koaebanus. [Tpocreiimmii

puUMep J1aeT BO30YKIAeMbIil IIIyMOM JIMHEHHBIH OCITUIISATOD:
o, P
X+yx+wgx = DE(D), (10)

rae §(t) — Tayccor Genblii myM ¢ HYJIEBBIM CPEJIHUM W MHTEHCUMBHOCTHIO D.
[Tockonpky Ha (hazoBOI IJOCKOCTU TAKOW aBTOHOMHON CHCTEMbI UMEETCS
€/IMHCTBEHHOE COCTOSHUE PABHOBECHUs, KOTOPOE DU HE CJIMIITKOM OOJIBITUX
[TOJIOXKUTEIbHBIX 3HAYEHUSIX Y IBJIAETCS YCTOWIMBHIM (DOKYCOM, TO €e peak-
1Msl Ha JII000e KPATKOBPEMEHHOE BO3MYIIEHUE IIPeJICTaB/IsieT coDoi 3aTyXalo-
mue Kojebanus. leficTByromuii Ha cucTeMy IIyM Oy/IeT TOCTOSTHHO CMEIIaTh
ee COCTOgHHWE, He JaBag JOCTUTHYTH COCTOSHUS pPaBHOBecusi. lakum oOpa-
30M, OTKJ/IMK HA BHEIHee IIyMOBOE BO3eiiCTBHE (BpeMEHHas 3aBHCHMOCTD
X(t)) 6yzer npeacrasasaTh coboi He3aTyXaMONMeE Koslebanust ¢ GECIOPSI0THO
MEHSOMUMCsT pazMaxoM u co6osmu ¢asel. [lockoapky cucrema (10) numHeii-
Ha, TO XapaKTep OMKWCAHHOTO BBIIIE IIPOIECCA HE3ABUCUM OT BeJIUIWHBI D,
MEHSEeTCS JIUIb erQ aMIIuTyaa. B aToMm jierko yOenuThcs, BBeId 3aMEHy
nepemennoit y = X/ D.

JList HeTMHEHBIX CUCTeM CATYallusl TPUHININA/IHLHO nHasd. BaxkHoe 3HA-
YeHne NprobpeTaeT MHTEHCHBHOCTD (MJIH CPEIHSIS aMILTUTY/Ia) IIIyMa [0 CPaB-
HEHWIO C HEKOTOPBIM Ma.CH_ITa.60M7 orrpeae/IdeMbIM HeJIMHeITHBIMU CBOMCTBaAMU

KOHKpeTHOi cucrembl. Kak mpaBuio, pu3mdecku mpaBiono00HbIe CHCTEMbI
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[IPOSABJISIIOT HEJIMHEHTHOCTh B HEKOTOPOi#l orpanmyentoit obsractu. Hanpuwmep,
3ABHCHMOCTD B BUJE KyOHTIeCKoil mapaboasl Y = X X° B 06JaCTH MATBIX X,
KOorja x3 << X, AIIPOKCUMUPYETCS TPAMOit Y = X, a npu 60IbIuX X, KOTJIa
x3 >> X, XOTsl U OCTAeTCs HEJMHEHHOi, HO UMEeT «IPOCTOii» (B 4acTHOCTH,
MOHOTOHHBIH) XapaKTep.

Bcee 310 mprgaeT KOHKpETHOE HATIOJIHEHNE TTIOHSITUSIM «CJa00T0» M «CHJIh-
HOTO» TIyMa. A UMeHHO, cTabbIM MOYKHO CIYUTATDH IIYM, TPUBHOCATITAN CTOJID
MaJjioe BO3MYIIEHUEe, YTO OTKJIMK CHCTeMbl HAa HEero OJIM30K K JIMHEHHOMY.
CustbHBIN 1IyM, B CBOIO OYepejib, MEHSIET COCTOSIHUE CHCTEMbI B HACTOJIBKO
MIUPOKHX IpeJiesax, 9TO TOHKHUE JeTAJIN ee TMHAMHUKHA CTAHOBATCA MAJIOCy-
IMIECTBEHHBIMUY, & IMIOTOMY XapaKTepP OTKJ/INKA YIIPOIIAECTCA U ONMATh-TaKW CTa-
HOBUTCH OJinKe K JjimHeitHoMy. B HeKOTOpO#t TpoMeKyTOUHO 001aCcTi 3HAYE-
HUl UHTEHCUBHOCTH ITyMa, CO3JAI0TC YCJAOBUS i HAnbOJIee BHIPAYKEHHOTO
[IPOABJICHAS HEJIMHEHHBIX CBOMCTB CUCTEMBI.

Ucropudeckn mepBbiM (0KOO 25 jier Ha3as) ObLT OOHAPYKEH W WHTEH-
CUBHO wucciesioBasicst 3bdeKkT cmoracmuyeckozo pe3onarca, HabIIIOIAEMbIi
[pU MIPOXOXKJEHUH C/1a00r0 MEPUOUIECKOTO CUTHAJA Yepe3 ODHUCTabUIbHYIO
cucremy B npucyrcrsuu myma. [lo mepe nakorienus: 3uanuit 06 sacpdexre
7 IIOHUMAHHS COOTBETCTBYIOIMUX HEJINHEHHBIX MEXaHU3MOB, NCCJIEI0BATEIN
obpaTw/iii BHUMAHWE W Ha Jpyrue, aaxke 0ojiee mpoCTble CHTyaluu, KOT/Ia,
POCT MHTEHCUBHOCTH IITyMa IIPUBOAUT K YIOPSJOUYNBAHUIO IIOBEICHAS CUCTE-
MBI, WA, AHBIMU CJIOBAMHU, K POCTY KO2EPEHMHOCTNY OMKAUKG HA MIYMOBOE
BO3IElICTBHE.

Bruepssie sror addekT, mo3aHee Moy dnBIInii HAUMEHOBAHNE «KOTEPEeHT-
HbI PE30HAHCY», 1I0LAJI B II0J1€ 3PEHUud UCCAe10Bare/] el B CBA3U C 334a4eil o
BO3eiicTBUN (DIYKTyalnil Ha JUHAMUYECKYIO0 CUCTEMY B OKPECTHOCTH TOU-
KU CeJI/I0y3/10B0it Oudypkannn Ha npejeabHoM nukie. Ha nadaabHom srare
Pa3BATHE MOJJIYYNUJ IIOAXOM, B pAMKaxX KOTOPOI'0 KOI€PEHTHBII PE30HAHC pac-
cMaTpuBasCad Kak dM@EKT «BbICBEUMBAHUSY IIyMOM KOIe0aTENIbHOM TUHA-
MWKH, KOTOPas Pean3yercs 3a TOUKoi Oudypkanuu (cemmoys3maosoii, yaso-
eHUS TIEPUOIA), U MOXKET ObITh aKTHBUPOBAHA COOTBETCTBYIOIIUM BBIOOPOM
ImapaMeTrpa ABTOHOMHOIT CHUCTEMBI. HIyM Ipr 3TOM HI'paeT BCIIOMOTATE/Ib-

HYIO POJib, & YaCTOTa WHIYIUPOBAHHBIX MM KOJIEOAHUI MTOJTHOCTHIO 3a/1aeT-
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Ccd CBOMCTBaAMA ﬂeTepMI/IHI/IpOBaHHOf/’I CHUCTEMBbI (Ta.K Ha3bIBAEMbI€ <«IIIYyMOBbBIE

npeBecTHUKY O6udypranmiis ).

Onnako nozaaee (Pikovsky, Kurths, 1997r.) 6611 npegioxen Ipyroii Me-
XaHU3M JAHHOTO 3 deKTa, IPUMEHUMBIN K KJIACCY TaK HA3BIBAEMBIX 68030Y-
QUMBLT cucmem 1 OCHOBAHHBIN HA M3MEHEHUU COOTHOIIEHUS JBYX XapaKTep-
HbIX BpeMeH, U3 KOTOPbIX CKJIaAbIBACTCA KBA3ZUIIEPUO/], tp, KOTOPBII 31eCh 110-
HUMaeTCd KaK NHTEPBAJ BDEMEHN MeXK Ty OOUHAKOBBIMU COCTOSHUAMU CUCTe-
mbl. OIHO U3 yIIOMSIHY THIX BpEMeH, BpeMsl peJiakcamun te (excursion time)
COOTBETCTBYET OTHOCUTEIBHO MEJJIEHHOMY JBUXKEHUIO CHCTEMBI U3 BO30OY K-
JIEHHOT'O COCTOSIHUST K COCTOSIHUIO PABHOBECHSI. DTO BpPeMs CJ1ab0 3aBUCUT OT
Ha g PJIyKTyaIuil U Ope/iesisieTcs CBOWCTBaMu camMoii cucrembl. Ipyroe
— Bpemsi aktuBanuu ty (activation time) — npegcrasasier co6oii, o cyTn,
CTATUCTUYECKUII BpEeMEeHHOI MaciiTad, U OMUCHIBAET MPOIECC «BbIOPACHIBA-
Hugy n300parkaromiell TOYKW U3 COCTOSHWS PABHOBECHUS B BO30YKICHHBIH
pexxnM. BpeMms akTuBanmum HEMOCPEACTBEHHO YIPAB/IAETCS MHTEHCUBHOCTHIO

LIy Ma.

Ba..)'[aHC ABYX YKa3aHHBIX BDEMEH U OIIPEAC/IACT MOABJIEHNE OIITUMAJIBHO-
ro JMana3oHa WHTEHCHBHOCTHU MIYyMa, B KOTOPOM PEryJIsiPHOCTE (CTEreHb Te-
PHOMHYHOCTH) T€HEPUPYEMbIX MUMITYJIbCOB MakcuMasbaa. CyImecTBeHHO, 9To
[P 9TOM He MPEJIoJiaraercs OJM30CTH CHUCTEMBI K KaKoii-1ubo Touke Ou-
dypraluu, JaHHBI MEXaHU3M KOIE€PEHTHOIO PE30HAHCA, He TPe0yeT Hamaust

BaMKHYTBIX (pa30BbIX TPAEKTOPUil B JIETEPMUHUPOBAHHON CUCTEME.

Crenenb peryaspHOCTH MOCIEI0BATEIbHOCTH UMIIYIbCOB, TeHEPUPYEMBIX

BOS6yLLHMOq%EIM()7ﬁHOLL BO3JIEMCTBUEM IITyMa, MMPEJJIaraeTcd OIEHUBATH

Kak R = ts h tpizl htpi. Kax moxuO BumeTs, R mpesacraBger coboit
AVCHEPCUIO MHTEPBAJIOB MEXKJ/1y MMITYyJIbCaMW, HOPDMUPOBAHHYIO Ha UX CPe/I-

Hee 3HavdeHue.

Baxk#o, 910 yKa3zaHHbIE BPEMEHA, a TAKKe nX (DIyKTYAIUU 0 PA3ZHOMY
3aBUCAT OT aMILTUTY/IbI (M MHTEHCUBHOCTH ) Ity Ma. Bpemst akTusarmu Ob1CTPO
YMEHBIITAETCS C aMILINTYAON ITyMa, TaK KaK B COOTBETCTBUE C (HPOPMYJIOit
Kpamepca

I'tai econst/D. (11)
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MoxkHO TakKe IIOKa3aTh, 9YTO JJIdA cJ1aboro mryma

e NI
t; hti® hta”. (12)
[Tostomy mma cmaboro mywma, Korma ty  te w mepmos ompesensieTcss B 0C-
HOBHOM BpEMEHEM aKTHUBaIlNH, (bJ'[yKTyaLH/II/I AJINTEJIBHOCTU MMITYJIbCOB OT-
HOCHTEJIbHO BeauKH Rp Ra 1. lng cusibHOTO ImIyMa BKJIAJ BPEMEHU
AKTUBALMK B 3HAYEHUE NEPHUOJA TTEPEHEOPEsKUMO MaJl U NEPHUOJ nMpubm3u-
TEeJbHO paBeH BpeMeHH perakcanud, tp  te. Eciam gBmkenne B Bo30yKaeH-
HOM COCTOSTHUH IPHOIU3UTENLHO 0gHOPOAHO, Mei cmabo 3aBucuT oT aminiu-
TYABI MIyMa, & ero BaphWallds MOXKeT OBITh omeHeHa Kak D hei, To ecTn,
durykTyanumu pacryT |BA£C|TQ_C yBeJIMYEHUEM aMILIUTY/IbI IiymMa. B arom pe-
xuMe Rp Re D/ htgi. KorepeHTHblii pe30HAHC, TO €CTh MUIHIMYM
zaucumoctn R(D) nosisisiercst, ecim mopor Bo30y KAEHUs TOCTATOYHO MaJI,
a BpeMd peaKCAIlUN JOCTATOYHO BEJIWKO. B 9TOM ciaydae MHHUMYM COOT-
BETCTByeT TaKOi amiuiuryse myma, 910 g e , HO duykTyamuu BpemMeru

penaxcanun ocrarorTcss MaabiMi, Re(Dres) < 1.

Jltst miocTpanu TaHHOTO MEXaHU3Ma, KOT€PEHTHOTO PEe30HaHCa ObLIa
MpeIoyKeHa HeCJTOKHAs aHATUTHIECKAs MOJeNb. A UMEHHO, CANTasd, ITO B
UCXO/HON BO3OYAMMOIl cuCTEeMEe BO3MYIIEHHAS TPACKTOPHUS OBICTPO BBIXOIUT
Ha, TPAEKTOPHIO, COOTBETCTBYIONILYIO MEHEPAIINH MMIIYIbCA (9TO CIIPABEIIH-
BO JIjIsi CUCTEM C BBIPAJKEHHBIMM DEJIAKCAIMOHHBIMU CBOWCTBAME), MOMKHO

npub/IMAKEHHO OIUCATH €€ JUHAMUKY C ITOMOIIBI0 ypPaBHEHUS

Yo %L P, (13)
dt ay

rae &(t) npeacrasnsier mrym, a U(Y) ecrs menmHeiiHbI MOTEHIMAT C €IMH-
CTBEHHBIM MUHUMYMOM (KaK pe3yJIbTaT, yDABHEHUE NMEET eJINHCTBEHHOE yCTOl-
YMBOE COCTOSIHUE PABHOBECHs ). B paMKax 3TOro moIX0/a reHePAIUsT UMITY.Th-
ca M BO3BPAT K MCXOZHOMY COCTOSTHUIO MOTYT OBITH IPEIACTABJICHBI CJIELYT0-
muM 06pa3oM: KOrja Y JOCTUraeT IOporosoro 3uadenud Y = 0, oHO MTHO-

BeHHO repedpachiBaercs (IepeyCTaHaBInBACTCA) B 001aCTh OTPHIATETbHBIX

3HaYeHnit Y = Yo. B Takoil mHTepmpeTanuu moc/ieI0BaTeTbHOCTD UMITYIHCOB
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3aMeHSEeTCs MOCIE/I0BATETHHOCTHI0O MHTEPBAJIOB U3MEHEHUS IEPEMEHHOM Y OT
Yo 10 0 u mepebpocoB mex 1y HuMmu. [l0CKOIBKY Ha KayKIO0M U3 HWHTEPBAJIOB
npeiicdba epeMeHHO ee ITMHAMWKA, OTUCHIBACTCH JIaHXKEBEHOBCKUM ypaBHEe-
urem (13), Bo3MoKHO TpuMenenne mero/a ypasaerus Pokepa-Ilianka s
HaXO0XK/ACHUA CTATUCTUYICCKUX XaPaKTEePUCTUK JJINTECJIBHOCTU MHTEPBAJIOB tp.
[To cyTu, sTa MIUTETHLHOCTH MPECTABIAET COOON BpeMs MEPBOrO JOCTUKE-
HUS IPAHULIBL I CJIy4aflHOrO IIPOLEecCa, CTrapTyIollero B TO4YKe Y = Yg C
morytomarorreii rpauutieil B Y = 0. YpaBHeHUs Jijis MOMEHTOB B 9TOM CJIydae

XOpomio M3BECTHBI. BI/I,Z[ perennd 114 IIepBoro m BTOPOro MOMEHTa MMeeT

CTIETYIONTY 0 (POPMY:

4 O —1 1
htp (yo)i = 2 dv du exp ZM , (14)
P oy - -
L) 014 . u) UQ)
o) == dv duhtp(u)i exp 2—-———= (15)
D 1 D
Pacgersr mist mpocteiinero mpeactasaenus noternuasa B sume U(y) = Ay

mpuy < 1luUl) =A+B+Byecm 1<y<O0 (Muaumym norexnu-
ama BY = 1 ompejenser MOJIOXKEHNE YCTOWIMBON HEMOJBUKHON TOUKN)
MTO3BOJIIOT TOJIYYUTh AHAJUTHIECKOE BBIPAXKEHWE [jisi Beandnabl R, KOTO-
poe XapakTepu3yeT CTeleHb KorepeHTHoCTH Kojebanuii. CoOTBETCTBYIOIIHE
kpusbie npuBemenbl Ha Puc. 10. Kak moxuHO Bugers, maad ciaboro mryma
R 1, uro coorBercTByeT IlyaccOHOBCKO# cTaTUCTUKE BpEMEH aKTUBAIUU
npu ciaabom myme. B obsiactu cusbroro mryma R D. BeIpaskeHHOCTD
MUHUMYMa, COOTBETCTBYIOIIETO MPOABIEHIIO KOTEPEHTHOTO PE30OHAHCA, 3aBU-
cur or mapamerpoB mozeau A, B u yg. B coorBercTBumM C npuBeIeHHBIMEI
BBIIIIE PACCYKIEHUIMU HAOIIOMAEMbII MUHUMYM CTAHOBUTCS TUIyOXKe 10 Me-
pe TOro, Kak yBeJHYUBACTCS BPEMs PeIaKCAIli (MU OOJIBIINX 3HATCHUSIX
iYoj). Crnemyer 3amernTh, UTO ONUCAHHBIA BBIIE MOAXOJ JAET JOCTATOYHO
obIree onmucaHue KOrepeHTHOro pe3onaHca. lIpu 3Tom ocobeHHOCTH HaHHOI
KOHKPETHON CHUCTEeMbI OTPAXKAIOTCS CBONCTBAMU MOTEHIINAIA U TPAHUIHBIMEI

YCJIOBUAMM.
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Puc. 10: Teoperuteckn paccunTaHHas 3aBUCAMOCTH CTEIEHU PeryJIIpHOCTH
R or warencuBnoctn myma D gt momesnbhoit cucrembr (13) ¢ kycouno-
JIMHEHHBIM IIOTEeHIINAJIOM.

4.2 KoamdyecTBeHHbIE XapaKTEPUCTUKN KOTEPEHTHOIO PE30-

HaHCA

Omnpegesnenne 9acToOTbl CTOXACTUYECKNX KOJIeOaHmid.

31ech BO3MOXKHBI KaK MHHAMYM JBa IIOIXO0/a, OJANH U3 KOTOPHIX COCTOHUT B
LIPAMOM U3MEPEHUU W — II0JI0XKeHUsl HauboJiee BLICOKOI'O IIMKA B CIEKTpe
MOIIHOCTH, a JPyTOil — B BLIYHUCACHUN CPEIHEr0 KBA3HWIIEPHOLA KOJIeOAHM
htpi 1, coorBercrBenHo, cpeneit yacTorsl Wy = 1/ htpi. Bamernm, uro oxHnM
U3 IPU3HAKOB HaIIns 3(PeKTa KOrepeHTHOTO PE30HAHCA, B CTOXACTHIECKOM

CHUCTEME MOXKHO CHUTATH Wm Wp.-

PerynsapHocTh MHAYNMPOBAHHBIX IITYMOM KOJIE0aHMIA.
Taxk xak nposiBiaerue 3¢pdexTa KOrepeHTHOr0 PE30HAHCA, 3aKII0YAETCI B TOM,
YTO MOBEJIEHUE CUCTEMBI CTAHOBUTCS 00Jiee PeryyigpHbIM, OJIM3KUM K TePHO-
JIIMTIECKOMY, TO TPeOYeTCs MeTOJT OTIEHKH! CTEMeHn 3Toi bm3ocTh. 371ech BO3-

MOZKHBI Pa3/IMYHBbIE IIOAXO/bI, OIINCaHHbIE HH2KE.
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Pacuer aBrokope/igimonHoi GyHKIIH.

9T0, BO3MOXKHO, Hanbo/Iee eCTeCTBEHHBIN CI0CO0 XapaKTepu30BaTh CTEIEHb
) )

PEryJsIPHOCTH HEKOTOPOTo mporecca. HopMupoBaHHast aBTOKOPEJISIIIUOHHAS

GYHKIHSI 1 COOTBETCTBYIOIIEe eif BpeMs KOPPEeIAlNN 33 TaI0TCsS CIe YOI~

MM COOTHOIIICHUAMM:

yt+0i ,
C() = T, y=y hyi, (16)
-
. = C2(t)dt. (17)
0
Yewm 6oJibitie BpeMms Kopesiduu Tg, TeM OJIrKe MPOIECC K TEPUOIUIECKOMY.
C TexXHUYECKOIl TOYKHU 3pPEHHUs MpPIMOE BBIYUC/IEHNE ABTOKOPE/LISIINMOHHON
beHKL[I/II/I Tpe6yeT S3HAYUTEJIbHBIX BBIYUC/INTEJIbHBIX SanaT. BOSMO)KHO BbI-

gncienne C(T) Ha OCHOBE CIIEKTpa MOIMHOCTH, OJHAKO, TPU €r0 HATNINH

BOBMOXKHBI 1 60ji€€ IPOCTHIE CIIOCOOBI, PACCMOTPEHHBIE HUKE.

Mupuna crexrpasbuoro nuka. BapuanT 1.

PerynsgprocTh BbIYUCISETCH KaK OTHOIIEHWE abCOJIOTHOI BBICOTHI THKA B
criektpe Hp u ero orHOCHTE/IBHOM TITUPUHBI:
o = Hm—. 18
e (18)
3amerum, 9T0 OOpaTHAS BEJMYNHA OTHOCHUTEBHOI NIMPUHBI €CTh HE YTO
WHOe, KaK JOOPOTHOCTH, paccuuTaHHas 1o cruekrpy. OmHako, mpu pacdere
o dopmyse (18) He sicHO, KaK YIUTBIBATH BO3MOXKHOE HAJIUIHE OOJIee Wi
MeHee BbICOKOI'O LIyMOBOI'O IibejlecTalla.

[Mupuna crexrpasbHoro nuka. BapuanT 2.

AbcosmoTHasg BRICOTA IMKA 3aMEHSIETCS HA OTHOCUTEIHHYI0, HOPMUPOBAHHY O
Ha, BBICOTY IIyMOBOI0O mheectasta Hp, KoTopoMy mpummchiBaeTCss HEKOTOPBIH

OIpe/leJIEeHHBIN YPOBEHb:
op = —mm (19)

Dra dopmysia bolee YHUBEPCAIbHA M XOPOIIO PaboOTaeT JI0 TeX MOp, MOKa B

CIICKTPE HMEeTCA e,ZJ;I/IHCTBeHHI)IfI Bpr&)KGHHbeI IINK.
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OrHOCUTEIBbHBIN Pa30POC MHTEPBAIOB MEXK Iy UMITY/IHCAMHU.

DTa BeJIMUMHA yKe 00CykKgaaach Bbie. HamoMHUM, YTO OHA pacCUUTHIBA-

eTcd Kak %Eli
2 h i’

R=—>"__ " (20)

OmnucanHble BBINIE METONIBI YIOBAETBOPSIOT OTPEOHOCTIM KadeCTBEHHO-
ro paccMmorpenus 3bdeKTa KOrepeHTHOI0 Pe30HAHCA B OTHOCHTEIBHO IIPO-
CTBIX CHUTYAIUAX, KOTJa BBIXOIHON CIHEKTD MOIIHOCTH COJEPIKUT eINHCTBEH-
HBIl Y€TKO BbIPaXKEHHBIH MakcuMmyM. Jljis ycrienHoro perrenns 3aja4 0 B3a-
UMHOI ¥ BBIHYKJIEHHO} CHHXPOHU3AIINN TAKIX CUCTEM 3TOT0 OKA3aJI0Ch HEJ0-
cTaro4yHo. B 5TOM Cilydae MOXKeT MCIoJIb30BaThCsA 0oJiee 001mii criocod orpe-
JleJIeHns PeryJIsIpHOCTH KOJleOaHuil, OCHOBAHHBIN HA BBIUYUCIEHUU SHTPOIUN

IO CIIEKTPY.

[Ipumenenue dhOpMYIBI Jjist SHTPOIUK K CIIEKTPY MOIITHOCTH

[IpakTuyecku yHUBEPCAJBHBIN CIIOCOD i KOJIMYECTBEHHON XapaKTepUCTH-
KU CTEIeHU PEry/IsipPHOCTH KOeDaHuil C NCII0Ib30BAHUEM CIIEKTPa MOIITHOCTH
OCHOBAH HA UCIIO/Ib30BAHUN M3BECTHON (POPMYJIBI /s pacyeTa suTponun E.
Huxxe npuBomgarTcs BbIpaxKeHuWs JJjis MOJCYETA IO JUCKPETHOMY BPEMEHHO-
My Py JJIMHON 2N M COOTBETCTBEHHO, CIIEKTPY MOIIHOCTA W3 N OTCYETOB.

Cruekrp mommuoctu P (0) crnavama nopmupyercs,
P (wi)
sn(wi) = %'—
3aTeM BBIYMC/ISETCH 3HAYEHUE SHTPOIIN
™1
E= Sn(@i)In(sn(wi)).
i=1

C y49€TOM TOI'0, 9TO MaKCHMaJIbHOE€ 3HAYCHHE SHTPOIIHNKU JOCTHUTaETCA IIPDU

pasHOMEpHOM criekTpe (Besblii myM) u cocTaBser

1
Emax = _ Eln(ﬁ)’
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PEryIapHOCTD 3 MOXKET OBITH ONpeJe/eHa KakK

E

Emax

p=1

(21)

B rakom onpemenenwm 3madenwe [3 pearmpyer, 10 CyTH, Ha M3PE3aHHOCTH
CIEeKTpa, TPUHUMAI MaKCHMaabHOe 3HadeHne 1.0 B caydae rapMOHMYIECKUX

KoJsiebanuit, m MmunnMasbHOe () — JyTst 6€JI0ro HIyMa.

Kaxmpiit w3 OnmcaHHBIX BBIMIE BAPUAHTOB PACYETa CTEIEHW PeryJssp-
HOCTHU PabOTOCIIOCOOEH, HO 00/IACTh WX MPUMEHEHUs HECKOJIbKO DAa3/IndHa.
PaBJII/I‘IHa. " X 9yBCTBUTE/JIBHOCTb K TEM WJIN UHBIM OCO6€HHOCTHM CUT'HaJla
orkjuKa. Hampumep, mpu pacdyere OTHOCUTEIHHON MIUPUHBI CIEKTPATBHOM
JIMHUN MaKCUMaAJIBHOT'O ITUKaQ BbI6paCbIBa.eTCH n3 PaCCMOTpeHndA OCTaJIbHAA
YacTh CIIEKTPA, PACUET PEryJisipHOCTH 10 BapuabebHOCTH UHTEPBAJIOB MeXK-
Jly MMILyJIbCAMHU UIHOpUpPYeT Hajn4ue (pJiyKTyalnii CUrHaIa B IIPOMEXKYTKE
MEXK/Iy HUMU U Pa3dpoC aMILIUTY/L UMIY/IbCOB, U T.JI. 3ajadeil ucciaemoBare-
JIST SIBJISTETCS BHIOOP XapaKTepUCTUKM, HanboIee OTBEIAOIIeil TOTPeOHOCTSIM
UCCJIeOBaHUS KOHKPETHON CHUCTEMBI U, TI0 BO3MOXKHOCTU, HAMMEHee 3aTpar-

HOW C BBIYMCJINTEJBHON TOYKHU 3PEHUS.

4.3 MeTtonuka m3MepeHUs B IKCIEPUMEHTE YAaCTOTHI U IIU-
PUHBI CHEKTPAJIBHOIO MAKCUMYyMa UHAYIUPOBAHHBIX IIIy-

MOM KoJiebaHuii

[IprMep Bua CIEKTPa MOIIHOCTH B PEXKUME KOTEPEHTHOIO PE30HAHCA 1 PAC-
HIOJIOXKEHMsI MaPKEPOB B Ipoliecce u3Mepenus npuseer Ha Puc. 11. Ouncan-
Hble BBIIIE XapaKTePHCTUKI HHIYIUPOBAHHBIX IIYMOM KOsebaHmil m3Mepsi-
I0TCSL C MCIOJIb30BaHueM BKJaaaku 3 mporpammbl «CriekTpy (BepxHMii psijl
yKasareseit).

A umenHo:

cpennsig gacrora 1o cnekrpy < F > cumrThsaercs ¢ neproro ciesa

yKa3aTeJsd;
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Puc. 11: Uurepdeiic BkIa10K mporpaMmbl 00pabOTKY TaHHBIX TIPU U3Mepe-
HUW [TaPAMETPOB CIIEKTPA MOITHOCTU WHIYIIMPOBAHHBIX ITyMOM KOJIEDAHMIA.

IIOJIOZKEHHUE ITNKa CIIEKTPaA fmax CUYUTBIBAETCA CO BTOPOI'O CJIeBa YKa3a-

TeJd;

JUTsT pacdeTa IMIUPUHBI CIEKTPAIbHOIO MUKA CUTHAIA (TUI CIIEKTPa —
«JIMHENHbBI» ) BEPTUKAJIbHBIE MapKephl B OKHE CIIEKTPA yCTAHABINBA-
IOTCA B MECTaX, alllPOKCUMUPYIONINX HepecederHne rpaduKkoM CIeKTPa
YPOBHSI MOJIOBUHHON MormaOoCcTH. [Ipm atom B ykazareme AF aproma-
TUYECKHN BBICBEYMBAETCS IMUPUHA CIEKTPAJBHON JUHAN, a B YKa3aTe e

Tmax/ AT — BemunHa pacCANTAHHOW TaKUM 00Pa30M PErYISPHOCTH.

BeJIMYUHA PEryjIdpHOCTN B PaCCIUTBIBACTCA W BBICBEYUBACTCA B COOT-
BETCTBYIOIIEM WHIMKATOpE pu HaxkaTuu KHonku «Restart calculations

B JIEBOU BEepXHEN 4aCTU BKJIAJKU.
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4.4 3anmaHue Ha YKCIEPUMEHTAJIBHOE MCCJIETOBAHUE

YCcTaHOBUTE CAeAyIONINe HAada bHble 3HaUeHnsd mapamMeTpoB: «D.INy —
BBIKJT, «I[ITYM» — BBIKJI, «R2»=X Om (BK.JI), «L» — BKJI «C»=10
o®(BKJI), «<H.9.»=1 npu ucmnop30BaHAN TYHHEIHHOTO JUOIA JIHOO
«H.9.»=2 1upu ucnospzoBarnuu kouseprepa Ha OV, «PEXKUNMs»=1.
YcranoButh 3HadYeHud napamerpoB «E» u «Ri1» B obsactu BO3OYyIH-
MOTO PeKMMa, HEJAIEKO OT JIMHUK BO30Y2K/IeHus aBTOKOsebanuii (uc-

[OJTb30BATH PE3YJIbTAThI BLIMOJTHEHUS 3aJaHus 110 Teme ).
[TepexkntounThbea Ha BKIaAKy 1 muaTepdeiica mporpamMMabi.

Bxaounts Tym6aep «IIIYM» u remeparop myma. IlmaBno yBemmanm-
Basi MHTEHCUBHOCTH PYYKO#l reneparopa mnryma, HabJII0aTh MOABICHNE
UH/Ty TUPOBAHHBIX IITyMOM UMITY/I6COB. [IpubIn3uTebHO OIEHNTD, KaK
MEHSIOTCS € YBEJIMIEHUEM WHTEHCUBHOCTH TIyMa (&) CPe/IHSAS BEJTMIUHA
HHTEPBAJIOB BPEMEHH MEXKIy MMITyJIbcaMu U (6) JIUTeTbHOCTD CaMUX
UMITYJIbCOB. I/ 9TOro mCrmop30BaTh BO3MOXKHOCTH OJJHOKPATHOIO 3a-
MyCKa IMPOTrPaMMBbl COOpa JTAHHBIX U YIPABJIEHUS JIJIMHON CINTHIBAEMON

BPEMEHHO! peaJin3aluu, a TaKXKe JeJeHUs MKaJIbl rpaduka.

[Tepex/TIOUnNTHCS Ha BKIAKY 3 MPOrPAMMBI (IEPEKTI0IATEb PDEKIMOB
YCTaHOBKHM OCTAETCS B TIOJIOKEHUU 1) U MCCIe0BATH BOIONMIO CIIEK-
Tpa WHIYIHPOBAHHBIX ITYMOM KOJEOAHWI /I BHIOPAHHBIX 3HATEHM
napaMeTpoB ycTpoiicrBa npu pocre marencusHoctu myma D (onpese-
JISIETCST TI0 KAJUOPOBOYHOMY TpapuKy, MPHIOKEHHOMY K TEHEpaTopy
mryma). A MMEHHO, JIs KazK/J0ro 3Hadenumst D mposecTu usmepenne
(a) cpexmeii 9YacTOTHI MHAYIIMPOBAHHBIX MIyMOM KoJsiebanuii, (6) mosto-
KEHUS 1JI00ATBLHOTO MAKCUMyMa, CIIEKTPa, (B) MMMPUHBI CIIEKTPAJILHOL
JuHuY, (T) BEJTUYUHBI PEryASPHOCTH MO BCEM TPEM OMHCAHHBIM BBIIIE
merogukam. [Toyuennnie pe3yIbraThl TPEJCTABUThL B BUJE TAOJUIBI 1
rpacduros. /lars 00bsICHEHNE MOy IeHHBIM PEe3yIbTaTaM, B TOM UUC/IE
— pasnuuHOMY ToBeennto BequdnH peryiagpaoctu d(D), B(D) u y(D).
CoOTHECTH TIOIyYEeHHBIE PE3YJIHTATHI C M3BECTHBIMYA MEXAHU3MAMU KO-

PEPEeHTHOr0 PEe30HAHCA.
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Uccrenosars crenens mposiBiieruns dpdexTa KOrepeHTHOrO PE30HAHCA,
U3MeHss PeTaKCAIMOHHbIe CBOMCTBA MCCaeayeMoli cucTeMbl. Jlaa sTo-
0 HEOOXOUMO TI0C/IEI0BATE/IFHO YCTAHABINBATH PA3IUIHbIC 3HAYEHU ST
eMKOCTH (32 MCKII0YEHIEM HYJIEBOI0) C IIOMOIIbBIO mepekodarens C,
Ka2K /bl Pa3 HaXO/d ONTHUMAJIbLHOE 3HAYEHNE WHTEHCUBHOCTH mryma D

U COOTBETCTBYIOIlee eMy 3HaUeHHe PeryaspHOCTH.
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5 JIaboparoprHas pabora III. 9kxcnepumeHTaIBLHOE
nccjaegoBanne 3@Pd@eKTa CTOXaCTUIECKOro pe-

30HaHCa

5.1 Pusnueckme ocHoBbI 3 dexkTa. OCHOBHBIE ITOHATHUI.

Tepmun croxactuaeckuit pesonanc 0611 BBeger B 1981 roay B crarse R.Benzi,
A.Sutera, A.Vulpiani, B KOTOpoii aBTOPBHI MUCCIEIOBANN TEPUOTAIHOCTD HAa-
CTYILIEHWS JIeTHUKOBBIX ITEPUOIOB U ODHAPYKUJIM YCUJIEHUE CAA00Tr0 CUIHA-
Jia nipu HaJsioxkenuu myma. B 1983 roay sTo siBjienue ObII0 TOAPOOHO UCCITe-
nosauo B Tpurrepe IlIvmurra 1 moTOM OBLI0 OTKPHITO BO MHOTHX (DUBUIECKUX,
XUMUYECKUX U OMOJIOTUIECKUX CUCTEMAX.

Paccvorpum kKakyto-1160 6UCTAOUIBHYIO CUCTEMY, 0013/ IAI0NIYI0 K TOMY
Ke muccunanueii, Tpeanem. [lox meficTBueM 10CTATOYHOrO BHEITHEIO BO3-
JIefiCTBUS CUCTEMA CMOYXKET IepeiiTu B jJpyroe cocrosuue. Kcim qocrarounoe
BHEIITHEe BO3/I€HCTBIE EPUOIUIECKOE, TO CUCTEMA TaK2Ke OyIeT mepuomde-
CKHU TIEPeXOIUTh M3 OJHOTO COCTOgHUs B apyroe. Ho memocrarounoe (mmof-
HOPOTOBOE) BO3/IEHCTBUE HE BBI30BET OTKJIMKA CUCTEMBI. EC/m BHENIHEE BO3-
neiicTBre 6eCIOpsaI0IHO (IIyM), TO CHCTeMa XaOTHIECKH O/TYKIAeT, U CITyCTS
HEOIPEJIeIEHHOE BPEMsI, CPE/IHSIS IJIMHA KOTOPOT'O 3aBUCUT OT MOIITHOCTH IILy-
Ma, CMOYXKEeT [EPECKOYNTDh U3 OJHOTO MOJIOXKEHUS B Apyroe. uHamMuKka Takmx
CKA4YKOB Oysier 6eCcriopsq09HOil.

Paccmorpum Temeps cymmapHbiiit 9 dEKT MoAIIoporoBoro mepuomIecKko-
r'0 U Xa0TUIECKOTOo Bo3/eiicTuii. Camo 1o cebe o IoporoBoe MepuoIniecKoe
BOBMYIIIEHUE HE CMOXKET MepedpPOCUTH CUCTEMY B JIPYrOe COCTOsTHWE, OTHAKO
IIIyM TIOMOTaeT 3TOMY, MO/IBOJs BO3/IEHCTBHE K KPUTHIECKOMY COCTOSHHUIO.
B pesysbrare B OTKJIMKE CHCTEMBI IIPOSIBIASETCS MMEPUOIUIHOCTH, KaK pPa3
ompezensgemas CaabbIM MepHOINIecKuM BozaeiictBueM. OnTuMaabHOil (Tpu-
BOJANIEH K MAKCMMaJ/JIbHOMY OTHONIEHWIO CUTHAJIA K IIYMY) SIBJISIETCS TaKast
MOIITHOCTb IITyMa, ITPU KOTOPOI XapaKTEPHOE BPEMS KU3HU CUCTEMbBI B OJHOM
COCTOSIHUM PABHO TIOJIOBUHE TEPHUOA MTEPUOINIECKOro BoaMytenns. Cuni-
KOM CHJIbHBIN WJIM CJIMIITKOM CJa0bIil ITyM IPUBOJASAT K MEHBIEH TyBCTBU-

TEJIbHOCTU CHUCTEMBI K C/IA0OMY MEPUOUIECKOMY BO3/IEHCTBUIO.
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5.2 Kparkue Teoperndeckme CBeJEHUS

B cBoeit kjraccmueckoil mocTaHOBKE MPOOJIEMa CTOXACTUYECKOTO PE30HAHCA,
dopMyupyeTcs TPUMEHUTETHFHO K OUCTAOUIBHBIM CHCTEMaM, 9acTO BCTPE-
YAIOIIMMCS B CAMBIX Pa3HBIX 00/IaCTIX HAyKu. A MMEHHO, PaCCMaTpPUBAELTCS
oJlHOMepHas OMCTabW/IbHAS JUHAMUYECKAs] CUCTEMA, HA KOTOPYIO OIHOBDE-

MEHHO BO3JEHCTBYyeT IIyM U C/1ab0e IEePUOINIeCcKoe BO3eiicTBHE:

B_ Y, PBe(t) + M) cos(wot + 9). (22)

dt ox
Bnech X — dazoBas nepementas, a U — morennmal, onpeaessromniii aBTOHOM-
HYIO TUHAMUKY cucrembl. [Ipejmnosiaraercs, 9o OH MMEET JBa MUHUMYMA,
PACIIOIOYKEHHBIE B TOUKAX X4+ U X , KOTOPbIE COOTBETCTBYIOT JBYM YCTOWUN-
BBIM COCTOAHUAM CUCTEMbBI 1 %aB,Z[e.HeHbI MaKCUMYMOM X()7 COOTBETCTBYIOIIIUM
HeyCTOHUIBOMY cocTostmo.  DE(L) — 910 coyuaiiHass Cuia, MpecTaBIIsIO-
mast BHyTpeHHue QPIyKTyanun Wik BHEMTHUH ryM. OOBITHO CINTAETCS, UTO
9TO rayccoB OeJiblil IIIyM C HyJIEBBIM CPeJiHUM 1 uHTeHcuBHOCTHIO D. Hakowerr,
BeauamHbl [ g ¥ @ 337af0T aMILIATYIy, YaCTOTY U (Pa3y MePHOIUIECKOrO

CHUT'HaJIa COOTBETCTBEHHO.

3aMeTuM, UTO MEPUOIUIECKUIl CUTHAJ MOXKET ObITh BK/IIOUEH B BbIpaXKe-

HUE JIJIsl MOTEHIINAJIA CJIeILYIOIUM 00pa30M:

W(x, 1) =U(x) [g(x)cos(wot + @), (23)
rre g(X) ompemensgercs COOTHOIIIEHTEM d%(;() = h(x). Huxke 6ymemMm Ha3LIBATH

W (X, 1) 060BIIEHHBIM TOTEHIUATIOM.

U3 Teopun CTOXaCTHYECKUX IIPOIECCOB M3BECTHO, UTO ypaBHEHHIo (22)
MOKeT ObITh comocTaBjeHo ypasuernue Pokepa—Ilmanka jiga dynxmm pac-
mpesieeHns mIoTHOCTH BepoaTHocTu P (X, t). B orcyTcTBre mepuomnmaeckoro
BOB/IEHCTBUS TO ypaBHEHUE 3aa€T OnpeneseHubiii Tun MapKoOBCKOrO mpo-
[ecca, U3BECTHBIN KakK Judy3MOHHBIH MPOecc. A MMEHHO, mepeMeHHast X
OOJIBIITYI0 YaCTh BpeMeHu (JIYKTYUPYET B OKPECTHOCTH X4 WU X U BpeMs
OT BPEMEHU COBEPIIAET EePECKOKU U3 X4 W X u 00PaATHO Yepe3 MAKCUMYM

Xp, UTPAIOIINIT POJIb MOTEHITMAIBHOTO bapbepa. 10, HACKOJIBKO YacTO ITPOUC-
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XOAAT TaKHe IMePexXo/bl, OIPEAE/IAeTCAd ABYMAd BEJIMINHAMU: THTECHCUBHOCTBHIO

myma D u Benmmunmoit norenmuansaoro baprepa AU = U(Xg) U(X )

B npenene craboro myma D << AU cpejree 3nadenne BpeMeHT MEXK Ty

mepexo/iaMu Jaercsd 3namenuToit hopmysoit Kpamepca:

AU

1o =%< U (xo)U (x )2 exp( F7z).

(24)
r7e JIBOWHBIM IITPUXOM 0DO3HAUEHA BTOPAs IMPOU3BOAHALA OT MOTEHIUAJIA 110
KOOpJIMHATE. 3aMeTHM, UTO CaMu 10 cebe WHIyIUPOBAHHBIE MIyMOM IIepe-
CKOKM TaK2Ke ITPOUCXOAT CAyUIAHBIM 00pa30M, [MUCIEPCHs BPEMEH MEXKTy
HUMU BOKPYT OIIpeJejIeHHOIO BBIIIe CPeIHero 3HauYeHusd COIOCTaBUMAa C Be-

JUYUHON camMoro cpennero T

Eciiz Temeps BK/IIOUUTH MEPUOIUYIECKOE BO3/eiicTBue, TO moreniuags U
zaMmensiercst Ha, 00001mensbiit morenimas W . CoOoTBeTCTBYOMINIA TOTEHIN-
ayibHbll 6aprep AW  Temepb MeHsieTcs BO BpeMmenu mepuogudecku. [lpu
9TOM 1U1yOMHA MUHUMYMOB X  IIOC/IEJ0BATE/ILHO CTAHOBUTCH TO 0OOJIbIIIE, TO
MEHbBIIIe, YeM B OTCYTCTBHUM IMEPUOIUYECKOrO BO3jeiicTBus. OUeBUIHO 3TO
00 3aTpyaHseT, b0 0bjierdaer mepecKoK u3 OJHON IMOTEHITHAJIBHON SMbI
B Apyryto. MoKHO Tak»Ke 0KWJIaTh, 9YTO 3TOT 3ddexT Oyaer Hamboiee BbI-
paskeH, KOraa MEePUOANTHOCTD Bo3zeiicTBrus 6m3ka K BpemMenn Kpamepca B

ypasuenuu (24).

OKaBbIBa.eTCH, 9Ta MHTYUTUBHAA H/EA ITOJHOCTHIO OIIPaBAbIBACTCA B aC-
CUMIITOTUYECKOM Tpeiesie cjiaboro mnryma, korya ypasuenue Qokepa—Ilianka
MOXKeT OBITH CBeIeHO (B aanabaTHIecKOM NPHOINKEHNN) K 3aMKHYTOMY
YPaBHEHUIO )i BEPOATHOCTU P HaXOXKjeHusa X B OacceiiHax MPUTIKEHUST

HOTGHHH&HBHOﬁ dAMBI X4+ WIH X

dp+(t
PO =r 0 ®© reop., (25)
rage p« +p =1 ar jgaercs Beipaxkenuem Buga (24), B koropom U 3a-

MeHeH Ha 0006menubiit norennuaa W. DTo ypaBHeHUE JOMyCKAeT IPsiMOe
pemenre. B 6obmmHCTBE HCC/I€I0BAHMI TI0 CTOXACTUYECKOMY PE30HAHCY Pe-

3YJIbTAT JdaJjie€ PACKJIAJbIBACTCA B PAJ 0 IIEPBOI'O HETPUBUAJILHOI'O IIOPAIKA
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10 AMILIUTY/IE TEPUOIMIECKOro curaana (B mpocreiimenm ciaydae mojgaraior
h(x) = 1 (u, coorBercTBento, §(X) = X), a HOTEHIWAT 33aI0T B CJIEIYTOIIeil
dopwme:

UX)= AX2/2+x%4, A>0. (26)

IIpn sTOM MOTeHIWATBHBIE SIMBI PACIOJOXKEHBI X = A 2, a MaKCUMYM
noTeHua/Ia Haxoaurcest B Hyse: Xg = 0. Onucannas BbIlle MOCTAHOBKA, 33,14~
YU OIPUBOJUT K CJIEAYIONIEMY BBIPDAyKEHUIO JId MePUOJNIECKO KOMIIOHEHThI

Op(t) orkmka:
dp(t) = Acos (wot + ¢ + ), (27)

rjae ammuTyaa A, u (paz3oBblit caBur Y ompeessiioTcs Kak

r(D) Wo
A= Eék , = arctan(;>). 28
(r2(D) + w3/4)Y/2 v G (28)
P
Bnecs r(D) =ry =r =( 2n) Aexp( A?/(2D)) mist Mogemn ¢ cummer-
PUYHBIM [TOTEHITHATIOM.
Hawubosiee BazkHbIE PE3YIBTATHI IPOBEIEHHOTO BBIIIE AHATIN3a MOYKHO TI0-

JIUTOXKUTDH CJIEIYIOIUM 00pa30M:

[Tepexobr wepe3 moTeHIMAIBHBIN Dapbep B CPEIHEM CJIEIyIOT BHEITHE-

My MEPUOJAUIECKOMY BO3JEHCTBUIO (CHHXPOHU30BAHBI).

[Teproguyeckas KOMIIOHEHTa OTKJ/IMKA CUCTEMBI MaJia J0 TeX IOp, I0-
Ka TIepuoJ BHEITHEH CHUJIbl He cTaHeT OJam3KuM K Bpemenn Kpamepca,

KOTODBIH YIPaBJISIETC IIYMOM.

s 3aauubIxX Wo v LAMIIMTY/ A TeproindecKoil KOMITOHEHTBI OTKJIU-
ka A nMeer BbIPaKEHHBIH MAKCUMYM Ha HEKOTOPONl KOHEYHOW MHTEH-
cuHocru myma D (cm. Puc. 12), Tem caMbiM 3HAYUTEIBHO YCHIHBA-
eTC OTKJIMK CUCTEMBbI Ha CJIa0bIi MepuoJuIecKuil CUraaa. DTO CBOVi-
CTBO IPUHITUIHAIBHO OTJINYAET CTOXACTUUECKUil pe3oHanc oT 3¢ dekra

KJIaCCUYIECKOro pe3oHaHCa.
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Puc. 12: Teopetnieckn paccunTaHHAs 3aBUCHMOCTD aMILIUTYILI TEPUOIITIe-
CKOII COCTABJILIONIEH Ha BBIXOJE OMCTaOM/IBLHOM CHCTEMBL C IIOTEHIIMAIOM B
dbopme (26) B 3aBucumoctu or mHTeHCHBHOCTH Iyma D, mpu A = 1, wg =

2m/10°, [F 0.001.

5.3 XapakTepuUCTHKU CTOXAaCTHYECKOr'0 Pe30HaHCca

Ornomenne curnas/mrym (SNR).

[ToMuMO MEPUOJNIHOCTY OTKJ/IMKA HA yPOBHE BepoaTHoCTH (ypasHenue (27))
pOIIeCe, 3aaBaeMblii (22), COMEPKUT BBIPAKEHHYIO CJIYYalHyI0 COCTABIIS-
1oLy Besimunna oTHONIIEHNSsT CUTHAJL /Iy M SIBJISIETCST XaPaK TEPUCTUKOI, KO-
JINYECTBEHHO BbIPaXKaIOIIell OTHOCUTENbHBIN BKJIAJ IIyMa U IIEPUOJIUICCKON
COCTABJISIONIEH oTKINKa cucTeMbl. SNR pacanmTbiBaeTcs Ha OCHOBE CITIEKTpA
MOTTHOCTH Gyx (W) TepemenHoit X, paccuuTaHuoil, Hampumep, Kaxk Dypbe-
peobpa3oBaHme OT ero aBTOKOPPEIANMOHHON dyuKiuu. B npucyrcrBuu cia-
6Or0 MEePUOINIECKOTO CUTHAIA BO3AHCTBUA Gyx (W) MOXKeT OBITH pa3/oyKeH
HA BKJIQJ] OT IITyMOBOTO TTHEIECTAIA Gg&) (W) m BKJIAJ OT CAMOTO MEPUOAIIE-
CKOTO CHUTHAJA, KOTOPBIH MPOMOPIINOHATIEH CyMMe Je/JbTA-TTHKOB, PAaCIOI0-
JKEHHBIX Ha JacTtotax Wo. [Ipu srom SNR ompenessiercs Kak oTHOIIEHUE
MOIITHOCTH Gg&) (w) ma wacrore curnana Wo K odmeir momuocTn Gy (W) B Ma-

JIOM WHTEepBaJje 9acToT AW, OKpyKaIeM W B mpegesie AW CTpeMsaeMcs
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kK 0. I[logobuo rpaduky i aMIIUTYAbl TEPUOIUIECKON KOMIIOHEHTBI OT-
KJINKa CHCTEMBI, KpruBasd 3aBucuMoct SNR oT MHTEHCHBHOCTH IIIyMa HMeeT

BBIPAXKEHHBINT MAKCUMYyM IIPU HEKOTOPOM KOHEYHOM 3Hadenun D.

Pacupepgesienne BpemeH npebbiBaHUsI.
B pamkax ammadarudeckoro mpuO/InKeHUst U B OTCYTCTBUAU TEPUOSTIECKO-
ro curHajia Bpems ©, KOTOpoe cuCTeMa MPOBOAUT B DacceiiHe MpUTIKEHUs
X ecTb ciydaiiHasg BeJUYnHa, 9bs (DYHKINUSA PACIPEIEICHUS BEPOSITHOCTH
ybbIBaeT dKCroHeHnuaabHo ¢ ©. Hanuune mepuopudeckoro CUrHaja MpuBO-
JIUT K TIOSBJICHUIO HAOOPa MUKOB, KAXK /Il 13 KOTOPhIX HamomuHaeT ['ayccoBo
pacripe/iesieHre, B TO BpeMs Kak orubaroiias 110 1npexKHeMy yObIBaeT 9KCIIO-
HeHIaIbHO. C TOUKM 3pEHUs ITOI XapaKTEPUCTUKU CTOXACTUIECKUl pe3o-
HAHC MPOLABJISIETCS YCUJIEHUEM IIEPBOrO MUKA, COOTBETCTBYIOIIErO MOJIOBUHE
[EPUOJIA CUTHAMA. IDTOT (DAKT OTPAKAET HAJUUIUE OIPEJIETEHHONU CTeleHn
Gda30B0il CHHXPOHM3AINKA MEXK/y MPOIECCOM IEPEeK/IIOUEeHNN W MepuoIntie-

CKHIM BO3IIEIICTBHEM.

5.4 HWcrouynuku nmHboOpMaIun IJd JAJTbHENIIEero YreHns

B IIpUBEJICHHOM BBIIIE OIIMCaHNN HCIIOJIB30BaHbI MaTe€pHUaJIbl U3

http : //ru.wikipedia.org/wiki/Croxacruyeckuii _pe3oHanc

u http : //en.wikipedia.org/wiki/Stochastic _resonance). O6mupnyo u
nmeranbayio waHdOpMaImio 1m0 3PEKTy CTOXaCTUIECKOr0 PE30HAHCA, W Eero

TEOPETUYIECKOMY OIUCAHUI0 MOXKHO HaiiTu B KHUTE U 0030pe:

B.C. Ammmenko, B.B. Acraxos, T.E. Bagmsacosa, A.B. Heiimam,
['U. Crpenkosa, JI. lumanckuii-Taitep. Henuneitasie 9¢pderTh B Xa0-
TUYECKUX U cToxacTudeckux cucremax Mocksa, Uxkesck, 2003. ([maBa

3, a Takxke [nasa 1, pazgen 1.2)

Annmenko B.C. u ap., CroxacTuuecKuili pe3oHaHC KaK HHIYIUPOBAH-
wbiit rymoMm g dekT yBenudenns cremenu nopsaka, ¥ PH, 1.169,1999,
N1.
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5.5 Meroanka 3KCIIEPUMEHTAJIBHOTO N3MEPEHNS OTHOIIEHUS

CUrHAJ /1Ty M

DKCIepUMEeHTAIbHOE U3MEePeHNe OTHOIIEHNs] CUTHAJL/IILyM IIPOU3BOJUTCS Ha
OCHOBE IIPEIBAPUTETHHO PACCIUTAHHOTO YCPETHEHHOTO CIEKTPa MOITHOCTH
(BkJ1aj1Ka 3 mporpamMMbl aHaIM3a JaHHbIX ). [IpegsapurensHo, J0KHa OBITH
MIPOW3BE/eHa TOYHAS HACTPOIKA YACTOTHI BHEIHErO MePUOIUIeCKOro CHT-
HaJIa U [1apaMEeTPOB CUYNTHIBAHUS [TEPUOAOTIPAMM, KAK 9TO OIMUCAHO HIXKE B
3aJaHUN Ha HKCIIepUMEHTATbLHOE NCCIefoBaHne. B pe3yabraTe BHENTHUM CHUT-
HaJI JIOJI2KEH 0TODPAXKATHCA B YCPEIHEHHOM CIIEKTPE TUKOM IITUPUHON B OUH
orcuer. Jlasee mepemerieHneM JIByX BEPTUKAJIBHBIX MapPKEPOB yCTAHABINBA~
eTcd yKejaeMas I0JI0Ca JaCTOT [T OIpe/esieHnsl YPOBHS IIYMOBOTO IIhejTe-
crasa. Kak mpaBmiio, 4em JIydiie yCPeIHEH CIEKTDP, TeM yXKe MOXKET ObITh
II0JI0CA YACTOT W TEM TOUHEE ANMIPOCKUMAIIAS YPOBHS IITYMOBOT'O TTbeIeCTaIa.
[To BBITOTHEHWIO YKA3aHHBIX BhIMIe JeiicTBuii, B ykazarese SN R BoicBeTnT-
Cd OIEHKA OTHOIIEHWS MOITHOCTell CHUTHA a W IIyMa Ha YacTOTe CHUTHAJA.
Tunuaneiit Bu CieKTpa B PEKUME CTOXACTUIECKOr0 PE3OHAHCA IPHU JOCTA-

TOYHOM [IJIST U3MEpeHns yCcpeaHeHnn mpuseaeH Ha Puc. 13.

5.6 3agaHne HA KCIEPUMEHTAJbHOE HCCJIeJOBaHNIE

VcranoBuTh CiieIyonre HadaabHbie 3HaUeHnd mapamerpon: «Ly — BbI-
KJI, «®.I".» — BBIKJI, «[ITYM» — BBIK/JI, «R2»=X Owm (BKJI), «C»=10
1® (BKJI), «H.9.»=1 upu ucnosb30BaHUM TYHHEJIBHOIO JMOJIA, JIH-
60 «H.9.»=2 npu ucnonwpzoBanuu kouseprepa Ha OV, «PEZKUMs»=1.
YcranosuTh 3HadeHus mapamerpos «E» u «R1» B obacru 6ucradbuiin-
HOTO pexkuma. /i 3Toro mcno/ib30BaTh Pe3y/ibTaThl BBIMTOJTHEHUS 3a-
anvst o Teme 1, mnbo mepeKTIounThHC B PEXKAM 2 YCTAHOBKY W BKJIAI-

Ky 2 IpOorpaMMBbI.
[lepekounthea Ha pexuMm 1 u BKIagKy 1 unTepdeiica mporpaMmbl.

Yceranosuth «@.I» — BKJI u BktounTh BHEITHUN (DYyHKINOHAIBHBIN
rereparop. Ycranosuth dacrory Fp cumycompansnoro nmepmognuecko-

ro curaajaa okojo 100I't. YBeanmuuBarh aMILIATYLy A CHTHAJIA 0 II0-
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Puc. 13: Tunuarsrit Bug cieKTpa MOIITHOCTH B PEKUME CTOXaCTHIECKOTO Pe-
30HAHCA [IPU U3MEPEHUM OTHOIIEHUsI CUIHAJ /Iy M.

SBJIEHNS WHIYIWPOBAHHBIX CHTHAJIOM Iepeksiodenuii cucrtembl. [lom-
crpoiikoii napamerpos R1 u/man E 100uThCst cuMMeTpun BBIXOAHOIO
currajia (paBHBIE 0 JJIUTETBHOCTH COCTOSIHHSI BBICOKOTO W HU3KOTO

YPOBHS).

[IraBHO ymenbIas aMiinTyay A 11epuo/iMvecKoro CurHaJia, HalTH ee
3HAYEHNe, IIPU KOTOPOM IEPEKJIIOUeHNsT TPONaIaioT. 3ahUKCHPOBATH

9TO 3HaUEHUe, KakK moporosoe Ag, a 3arem ycranosuth A = 0.1Ag.

[lepex/IrounThCs Ha BKIAJKY 3 IPOrPAMMBbI (T€PEKTI0IATEb PEKIMOB
YCTaHOBKHU OCTaeTCd B IIOJIO?KEHUN 1). W3menennem mapaMerpa JJIMHBI
peanu3aluu IpU pacdeTe CIeKTpa U [JIaBHOHU MOJCTPOUKON YacTOTHI
curnasia Fo m06uThes, 9ToOBI CrieKTPAILHBIA MK, COOTBETCTBYIOMIUIA
CUTHAJIY OBLT MAKCUMAJIBHO Y3KUM (LLH/IpI/IHa nrkKa B 1 orcuer crekTpa
— OTJINYHO, B 3 OTCUYEeTa — YJOBJETBOPUTEIHHO). Ha sroM HacTpoiika
YCTaHOBKU 3aKOHYCHA.

(BHUMAHIE!) B nanbreiimmem mpu KayK/10M U3MEHEHUH 9aCTOTHI ITe-
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PUOIMYECKOr0 CUTHAJIA HEOOXOMMMO MTOBTOPITEH YKA3AHHYIO BBIIIE OTIe-
panuio, THa4Ye TOYHOCTDH PACYETa BEJINYNH YCUJICHUA U OTHOIIICHUS CHAT-

HaJ1/1ryM Oyer Hu3Koii.

[TepektounTheca HA BKIAAKY 1 mporpamMmbl, BKIOYUTH TyMOjep «ITYM»
u rereparop mnryma. 1l1aBHo yBesmunBast ”HTEHCUBHOCTD PYYKO TeHe-
paTopa Imryma, HabJIOaTh TOSB/JIEHUE WHJIYIIUPOBAHHBIX IITyMOM IIe-
pekJifoueHuit OucTabmabHOM cucTeMbl. [I[pubn3uTe/IbHO OIEHUTDH, KaK
MEHAIOTCA C YBeJIWYIeHNeM WHTEHCUBHOCTH IITyMa CPeIHssSI BeIUINHA
WHTEPBAJIOB BPEMEHU MEXKJy MEPEKIIOUYeHUTIMU, JIJIg 9er0 MCIOJIb30-
BaTh BO3MOXKHOCTH OJJHOKDPATHOT'O 3aITyCKa MPOrpaMMbl cOOpa JTaHHBIX
U ylIpaBJ/ICHUd JJIMHONA CUYUTHIBAEMON BPEMEHHOI pea/in3alun, a TaKzKe

JleJIeHus Kbl rpaduKa.

[Tepex/TIOUnNTHCS Ha BKIAKY 3 MPOrPAMMBbI (IEPEKTI0IATE b PDEKIMOB
ycTaHoBku ocraercs B nonoxkenun 1). [Toayuwnrs rpadbuku ycpeanenno-
IO CIIEKTPA BBIXOJHOIO CUTHAJIA YCTAHOBKU JIJIsl P 3HAUYEHUN WHTEH-
cuaoctu tryma D. Jlms kaxkmoro 3uadenus 3aUKCHPOBATH aMILIN-
TYAy TEePUOIUIECKON COCTAB/ISIIONIE CUTHAIA W BEJIMYUHY OTHOIIEHUS
curnas/mym. IIpejgcrasurs nosydeHnble jganHble B Buje rpadukos 3a-
BucumocTu oT D. Ob6bsacHUTH MOTydeHHbIE PE3YIbTAThI, ONMUPASICH HA

TeopeTndeckne cpeaenns 00 adpdeKTe CTOXaCTUIECKOTO PEe30HAHCA.

UccmenoBarh, KaK 3aBUCAT ONTUMAJIBHOE 3HATEHIE HHTEHCHBHOCTH IITY-
ma D u coorBercrByionee makcumasbHoe orHomerne curtast/mym (SNR)
oT (a) CHUMMeTpPHH XapaKTEPUCTUKU CHCTEMBI (0) 4acTOTHI EPHO/IINIe-

CKOro CurHasia u (B) ero aMIjimTy/ibl.

UcciepoBarh siBjleHre 3axBaTa 4aCTOThl [EPEKJIIOYEHU CTOXacTryde-
CKOl 6MCTabUIBLHON CHCTEMbI BHEITHIM ePUOAMIecKuM curuaiom. s
9TOr0 YCTaHOBUTH aMImTyty curaasia okoao A = (0.7 0.1)Ag. [Lras-
HO yBEJIMYNBAasi WHTEHCUBHOCTH IIIyMa, IPOBECTU M3MEPEHUs CpeHeit
qacToThl nepeksiouennii. [TosrydaeHubie pe3ysbrarsl MPeJICTaBUTh B BU-

Je rpaduka 1 0ObICHUTD.
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