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CHOKHAA TMHAMHKA I'EHEPATOPA HA EI;HOIIE
C N-OBPA3BHOU XAPAKTEPUCTHUKOH

M.b5. boopos

[TpuBeeHBl PE3VALTATHL MCCACHOBAHMA  CHOXHOIO M X3OTHUECKOrO HOBC/ICHUA
KyCOUHO-JIMHERRON  MOJIein  TeHepaTopa Ha Juoje ¢ N-00pasHol  XapakTepUCTHKOMN.
[Mocrpocua  jietTaipHas  KapThHa  OHPYPKALMOHHBIX  MHOXECTB B [IPOCTPAHCTBE
VIPABIAIOWINK  HapamMerpoB.  MeToj  aBTOMATHUCCKOTO  OfpelesIcHUst  HEPHOJMMCCKHX
DEKUMOB ¢ HOACTPONKOH wiara MHTErpUpOBaHMs, NPUMEHCHHBIH B paloTe, 10O3BOJNI
BLIABHTL TOHKYIO CTPYKTYPY QParMEHTOR KapThl peKUMOB.

Beejienne

Ieneparop Ha juoje ¢ N-00pazHOil XapaKTepUCTUKOM, JEMOHCTPHPYHOLNH
XA0THUECKOEe NoBejeHne, ObUl  BIEPBBIC Hcmegmﬂaﬂ B 1976 ropy C.B.Kusuko,
A.C. TTukosckum ¥ M.U. PaGunosnuem {1, 2]|. B skcnepuMenTax aBToOpbl MOKA3a/iu
CYLIECTBOBAHME CIIOXKHbBIX KOJIEOaHUN, a TAKXKE CUMMBOJUYCCKUMU METOAMU JIOKA3a/u
BO3BMOXKHOCTL POMKJCHUS B TMOJOOHLIX CUCTEMAX XaOTHUYCCKHUX PEXHUMOB 12]. bonee
NOAPOOHO 3TOT redepartop ObL1 HecheloBal B Havalle Y0-X: 9KCHepUMEeHTalIbHAs KapTa
PEKUMOB M CUEHAPUN XaO0TU3alMK NOAPOOHO ONKcaHbl B padore 13]. B nannoit padore
ObLLT MCNOIL30BAH TYHHEJILHLIA uoft (puc. 1, @). OrBnekasich o1 ceuupuKy npoyeccos
B TYHHEJbHBLIX [HOJAX, B YaCTHOCTH, CYLIECTBEHHOT'O BJIMSHHSA Ha BOJILT-aMIICPHYIO
xapakrepuctuky (BAX) yposust CBY-momnoctu [4], yjpaercss KaueCTBEHHO H3YYUTH
IMHAMUKY Takoro reHeparopa Ha MOJCI, f;:rrpa}}{ammﬁ” b N-o0pasuyro (popmy
BAX (puc. 1, 6) v HanuuMe eMKOCTHON COCTABJISIIOLICH UMITEIaHCca JIMOJIA.

MGJ},Qﬂb B 0e3pa3sMEpPHOM BHJIE ONUCHIBACTCH CUCTEMON JH(P(PEpEeHINATBHBIX
ypasHeHuit [3]

‘. w
X =20+ y- gz,

$y=-x - y/I(2h), (1)
ez =x-f(z),
e X, v, Z - COOTBETCTBEHHO OespasmepHble ToK /, Hanpskennsa U n V ona emkocTu C

Ha jwone, coorsercreenno (em. puc. 1, a). Hapamerp g=(V /I )(C/L)'* onpepensier
CTENEHBL BJMAHMSI TYHHEJBHOrO JMofa Ha rpoiecchl B Kourype; e=gC /C - Malblil
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Puc. 1. g - 3neKTpHICCKAs CXeMa T'CHEpaTopa Ha TyHHEIBHOM muoae [1].6 - BAX Tynuensnoro jiojga

(NYHKTHPHAS JNHHA) H €ro KYCOUHO-TMHEHHON MOJCTN (CIUIOIIHAS JHMHUA),6 - IKCHEPUMCHTATLHO

ONYYCHHAS BYXIIAPAMETPHICCKAN KapTa PeKUMOB IreHepaTopa ¢ KyCOUHO-JIMHenHoin BAX uoja 3]
apamerp, NPONOPUUOHAILHBIA EMKOCTHOW COCTaBJIAIOMIEN HMIICIAHCA TYHHEJIHLHOTO
mona C'; 5m—~1/2r(C/L)”E " kmwl/Z.R(C/L)“Z ONpPEJIENSIIOT HHKPEMEHT HapacTaHusl
kosebanuit B orcyrersue auona. Gyukuuys f{(z) - orpaxkaer BAX TYHHeNIBLHOrO MOjA.

B paGore [5] ¢ nomMoupio GIIOKOB Ha ONEPALMOHHBLIX ycuinrTesax Oblna

peannsopana Kycouno-nureiinas BAX (puc. 1, 6) ¢ dpynkuumeiif(z) suja

. 11.765z.  z <0.085.
{0 1-2.108(z-0.085), 0.085<z<0.5, (2)

0125+ 1.75(z- 0.5), z20.5

U 9KCNEPUMEHTAJILHO TOJIyUeHa Kapra [HHAMHAYCCKHX PEXKUMOB Ha NJOCKOCTH
napamerpos (r. C)), npejcrasiennas Ha puc. 1, 6. (Jra Ke CTpyKTYpa, HO B
M3MEHEHHOM MacliTabe, MoxkeT ObIThb INpejcTasicHa Ha riockoctu (0, ¢).) Kapra
pasjlelena Ha XapakTepucTudyeckue 3o0Hbl Kosebanuit A, B, ..., G. Kaxjas 30Ha
CONIEPKUT 00aCTH TIEPHOAMYCCKOrO MOBEAEHHUE U O0JACTH XaOTHUYCCKOrO MOBC/ICHUH,
MOKA3AHHLIC WTPUXOBKON. Tlepexoji u3 30HbI B 30HY CJIEBa HAIPaBO COMNPOBOXKJACTCH
yBearueHuesM 6a30Boro nepuojia Ha 1.
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[pu maneix C, (MeHblle 3 HP) nepexoy OT NEepPHOJUUYECKHX K XAOTHUYCCKHM
KoneGaHusiM BHYTPU 30H NPOUCXOJUT uepes KacKajl Oupypkanui yJABOCHUA NCPHOJIA.
Ysenanuenue napamerpa C, NPUBOJUT K NOCTEHCHHOMY COJMMKEHMIO 30H KOJIeOaHnu u
CMEHLICHUIO MX B CTOPOHY OOJBLILIMX 3HAYCHUWA MHKpeMmeHTa 3aryxaHus. llpu 3TOM Ha
[JIOCKOCTH NapameTpoB 00pasyioTest CKJIAAKH, 3aTpyAHAIOIMME MOHUMAHHC JIMHAMUKH
MPOUEAYP «PYUHOIO» CKAHMPOBAHWS IPOCTPAHCTBA YNPABJIIIOIMX [apaMcTpos, 4
NO3TOMY HE JAKT XOpollero paspeiieHus. B Hacrosinen paborTe NosydeHHBIC paHee
PE3YILTATHI YTOUHEHB! MYTEM aBTOMATUYCCKOTO KOMIBIOTEPHOIO HOCTPOCHUA KapT
DEKNUMOB € MCHOJBL30BAHMEM METO[MKH, NPUBEICHHON HIDKe. Brepsbie NoapoOdHO
[pejicTaBJieHbl TOHKHUE PEXUMBI JUIst 00nacTH OOABIIOTO €.

MeTojibl ABTOMATHYCCKOTO NOCTPOCHHS KAPT NOTOKOBBIX CHCTEM

Bonpmwion o0beM BLIMUCICHHUHW, KOTOPLIA HEOOXO[MM ISl IOCTPOCHUA KapT
ABTOHOMHBIX MOTOKOBBIX CUCTEM, OIPAaHUYUBACT BO3MOXHOCTH TOUYHOrO ONPCIC/ICHUS
MUHUI CMEHBI PEKUMOB M TPOPHUCOBKU TOHKOM CTPYKTYPb! KapThl, CBSZAHHOH C
konedaHusMy OOUILILIKMX NepuooB. B Hacroduen padore NPpUMEHEH METO/ AANTUBHON
NOACTPONKM  [ara  MHTCrpUpOBAHUS [6], OCHOBAHHBLIM Ha aHalnui3e  OTKJIMKA
epecTpanBaeMoro HepeKypCeuBHOro u(poBoro uibTpa. C ero noMouibiy eule JIo
OKOHUYAHMS TIEPEXOJHOro npouecca ¢ 3ajlaHHod TOYHOCTBIO YAaeTCsl MOACTPOUTE Har
nHTErpupoBaHust B anropurme Pyure - Kyrrbl 4-10 nopsjika, KOTopomy OyjieT KpareH
HCTUHHBIA MEPUOJl. DTO MO3BOJSET ONPEEIUTh XapakTepHbIM MEPUOL KoJieOaHun 1
(COOTBETCTBYIOUMA MAaKCUMaILHOMY IHKY B CHEKTPE KoJieOaHuit) ¥ Ha €ro OCHOBE
Haitn noanetit nepuoy #T [6]. Cama npouejypa onpesielieHust nepuojia HCnob3yer
CBOUCTBO HYJEBOI'O OTKIMKA UH(PPOBOro pUIbTPa BEPXHUX YaCTOT BUJA Z =X -X  [IPH
TOYHOM COBNAJEHUN nepuoja  KoJieDaHuW ¢ BPEMCHHBIM  CHABUIOM k. Tlosromy
[pejBapuTesibHO TpedyeTcess KPATHOCTD Lara HHTErpupoBanus ICpruojiy KOJicOaHUMN.

OrpaHuuyeHHOCTL  KOMIBIOTEPHBIX  PECYpPCOB  MO3BOJACT  ONPEAC/IUTL  JIUIID
HEOONBILIUE TIEPUOJIbI, 00JIee BBICOKONEPHOAMUECKHE KOJICOaHUs HE yAaeTCs yBEPCHHO
OTINUUTL OT Xaorudeckux. JlanHas kapra ObLia HOCTpoeHa ¢ TJIyOMHOR & NEepUoJoB,
qero Hedib3s ObLIO NODHTHLCS ¢ NOMOWBIO [[PYTHUX U3BECTHLIX HAM aBTOMATU3NPOBAHHBIX
METONOB MOCTPOSHNUA KapT.

Pe3yaprarhl YHCIEHHONO MOJC/THPOBAHUS

CornacHo cucreme OOBIKHOBEHHBIX uddepenumanbibix  ypapHennid (1) ¢
KycOouHO-NuHelnoi dynkuued f{z) sBupa (2) Obuia paccuyuTaHa KapTa JUHAMHUCCKUX
PEKIMOB Ha MJIOCKOCTH TeX e YIPaBIAuX napamMeTpoB. Vinrerpuposanue ypapHe-
HUil ocyluecTBIAnoch Merofiom Pydre - Kyrrol 4-ro nopsjika npu (pUKCHPOBaHHbIX
o=(}.8535, A=-1.0677.

Pesyabrar pacdera NEpPHOJMUCCKUX PEXKMMOB [0 ONUCAHHOW BBIILE METO[MKE
npejcTasicH Ha puc. 2 B KOOPIMHATAX (3HAUYEHHUE JIMCCUTNAINK I - 3HAYCHHUE EMKOCTHOU
COCTABAAIONIEN UMIIEeIaHca TyHHeAbHOro puopa C ), uTO YAOOHO [JIst CpaBHEHUS C
JKCrepuMeHTanbHoi kaproi (eM. puc. 1, 6). Bujyo, 4ro akcniepuMeHTalbHast U pacueT-
Hast KapThl Tonojgorndecku cxoiusi. Ho jlannblie pacuera dosee fieTalbHbl ¥ CYIICCT-
BCHHO JONONIHAIOT KapTHHY. OCTAHOBUMCH Ha 9TOM NoJipobHee.

e OONACTH MAJbIX eMKocTell TyHHeabHoro juopa (C S 8 HP) eMOHCTPUPYET
CLHEHApHit nepexojga K xaocy depes Oucpypkauun yapoeHus. [lpu 3TOM TIPOUCXOUT
VBOEHUE OJJHOBPEMEHHO JIBYX XapaKTEePHbIX BCJIUYUH aTTpakTopan u m 5] (n - uucno
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IOTCSL TTOCIEJIOBATENLHOCTH PEXUMOB, AHAJTOIHYHLIX HAOMIOAACMBIM B HPOCTPAHCTBEC
NApAMETPOB  HCABTOHOMHOIO  HEJIMHEMHOIO  KOHTYpa 7] u japyrux  cucrem ¢
BLIPOXICHHOM JIBYXYacTOTHON JIMHAMUKOW, IDTO MO3BOJSICT TFOBOPUTH O THIWTHOCTH
cTpyKTYpbl (KoHpUrypauun kaprbl). Ilpu 21OoM COXpaHAOTCH XapakTepHbIC HCpPThL
POXKJICHHUSL XAa0Ca BHYTPU KJHOBOB CHHXPOHHM3ALMKW TCHEPATOPOB € JIBYXHACTOTHO I
MHAMMKO: NOSIBJICHUE TIAPHBLIX PEXKUMOB CJIBUHYTBIX 1O (pase Ha KaxkjioM YIBOCHUK
NePHOJIa, BO3HHKHOBEHUE «PYKABOB», KOTOPbLIC HPOXOST «CKBO3L» [IPYrHC PCKHUMBL ¢
BOSHUKHOBEHUEM MYJILTHCTAOMILHOCTEN, BUJL OKOH MNEPHONMIHOCTH B XaOTHUCCKUX
PEXKUMAX U T, MOXHO NPEANoNONKUTL, YTO BCE KOJIEOATE/ILHBIC CUCTCMbI € JIBYMSI
XapakTePHbLIMH BPEMEHHbIMU MaciiuTadaMiu, JICMOHCTPUPYIOWNE KaK HCPUOJIMICCKOC,
TAK U CIOKHOEC XA0THUYSCKOE MToBefeHne, OyIyT BecTu cedst nojodtHbLIM 00pa3soM.

Agptop Grarofaper A.A.KunuaroBy 3a pyKOBOJCTBO HCCIAEJIOBAHUSIMU 1 OOCY K-
nenye pesyapraroB. Takske Bbipaxaer raybokyio Onaropapuocts b.ll. bespyuko 3a
3AMCYUAHMS 1 COBETDI.

PaGoma soinoanena npu nodoepxcke HOL neaunetinon ounanurku 1w OUOGU3ILKL

(epanm REC-000).

buoanorpadguuecknn CnNUcokK

1. Muxosckui A.C., Pabunosuy M. H. TIpocTon agToreHeparop co CroXactnicc-
kM nopeienuem // JTAH CCCP 1978, T. 239, Ne 2. C. 301.

2. Kuswuro C.B., Hurxoscku A.C., Paburostiv M.H. ABTOr¢HepaTop pajinojina-
HA30HA CO CTOXACTHUYCCKUM nosenenmneM // Pajuorexuuka i sinekrponnka. 1980, T. 25.
C. 336.

3. Anopyiuxesud A B., Kunuamos A.A. Xa0C M NCPUOJMYHOCTE B ICHEPATOPEC Ha
TyHHEILHOM Jloie // U3B. By3oB. Pajinogusuka. 1990. T. 33, Ne 4. C. 431.

4. Ycanos /1. A., Cxpunaab A.B. ®dusuka paboThbl OJYNPOBOJIHUKOBBIX TPHOOPOB
B cxemax CBY: Uaji-so Capar. yu-ta, Caparos. 1999.

S. Anopyuikesuu A.B., Kunuamos A.A., Kpacuurxos JI.B., Kopornoscrkuu A.A.
[TyTh K Xaocy B KYCOUHO-JIMHEHHON MOJICNIM I'eHEpaTopa Ha TYHHEILHOM [HOJIC Ak
By308. [IpuknajHas nennneinas unamnka. 1993 T, 1, Ne 1, 2. C. 93.

6. Kunuamos A.A., Tooun C.B.Tlpumenenne METONMKH aJIallTHBHON (PUILTPA-
LMK ST ONpejieieHns neproa Kosebanuil notokosbix cucrem // Miss. sysos. Hpukiaa-
Hast nenuueinas qmuaamuka. 1997, T. 5. Ne 2.3, C. 72.

7. Kunuarmos A.A. OcoOBEHHOCTH CIOKHON JIMHAMUKY HEABTOHOMHOIO HECAUHEH-
Horo Kowrypa // U3s. sysos. Pajnodusuka. 1990. T. 33, Ne 2. C. 182,

8. [urxosckuti A.C. O CTaruCTHUCCKUX CBOUCTBAX MPOCTEHILICH MOJICTH CTO-
xACTHUCCKNUX apToKoneoanuit /W 3. Bysos. Pajmodusuka, 1980. T. 23, Ne 7. C. 883.

CapamoscKull 20¢y0apcmeeHHbil Hocmynuaa 6 pedaxipno  10.05.2001
VHUBEPCUMEIN nocae 0opabomeu 24.09.2001

THE COMPLICATED DYNAMICS OF THE DIODE OSCILLATOR WITH
THE N-SHAPED CHARACTERISTIC

M.B. Bodrov

The research data of complicated and chaotic behavior of the piecewise-linear

model of the diode oscillator with the N-shaped current-voltage diagram are presented.
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Detailed view of bifurcation manifold on the control parameter plane 1s shown. The
method of periodic regime automatic scan with the integration step enrollment applied 1n
the article allowed us to discover the thin structure of some parts of the regimes map.

Boopos Maxcum Bopucosuy - pojnest 8 Caparose (1981). Crypenr 4-1o
kypca hakyiabrera HesuHelHbx npoiieccos CI'Y. O0MacTh HayUHbIX HHTEPECOR -
HeMHECHHAY THHAMKKA, YHCITICHHOE MOIC/IMPOBAHUE CIIOXKHBIX CHUTEM.
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