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BeegeHue

JlaGoparopnas paGota HacToTHas MOAYJISIHS, YACTOTHOE IETEKTHPO-
BAHIIE BXOJHT B COCTAR JADOPATOPHOIO NPAKTHKYMa jucumimn «Pajnorex-
HHYCCKHC UCHH H CHI'HAJIBLI», <<')J!CI\'I'POHlIl\’El)). IICCJ[C/]OBHHHTL HpeAyCMoT-
peHubie HporpaMmMoil padoTel, M AHAINS PC3YILTATOB H3MCPCHHIT paclHpAOT
1 yryOuIstioT 3HaAHUA O CBOICTBAX 4acTOTHO-MO/1ynpoBanHbix (UYM) koneba-
HHii. 06 HX ([}()pi\ll[p()BﬂHlill H JACTCKTHPOBAHHH, O TOM, KdK MOYKHO HOCTPOHTH
HACTOTHBI MOJYJIATOP M H4acTOTHBII JieTekTop. Boiionnenne nyHkTos jado-
|]E'l'|.(')|)l|l)lul |')ZRG(TI‘I)I CII()C()GC'II%}’C‘I‘ IJPIIUGDL"!'L‘HI!!U HABLIKOB JKCHCPHMCHTAIb-
HOLO HCCHICJIOBAHHS HPOLCCCOB B PAJIHOVICKTPOHHBLIX YCTPOHCTBAX, MOIYJIH-
PYHOLLIX | ACTCKTHPYIOWIHX KoJieOas,

B 1ocoOnn 3o eHbl KPATKHe CBEACHI O acTO THOH MOJLYJIAUIN 1 qac-
TOTHOM  JICTCKTHPOBAHIH,  OHBCAHO _\«'CI.]WUHL‘I‘I&U Jlll()t)pillnpill)ii YCTAHOBKH,
HPpCcTaBJcHa HPOTPaMMad IiCCJ!CJl()B'ﬂIlIIEi, HdHbl MCTOAHYCCKHE PCKOMCHIALIHH
110 BBLINTOJHCHHIO HYHKTOB PA0OTLl H AHAIH3Y ABJICHHI B MOJYNATOPE H ACTCK-
Tope UM-kouebannii. JlcransHoe w3yucHue 1oco0us — HEIPEMEHHOE YCIIOBHE
110,IroToBKH K padore 8 Jiadoparopui. TarciibHo OCBOHB HIPEACTABICHHbI
3eCh MATCPHAIl, MOYKHO YCIICUIHO BBILOJAHUTL [porpaMmy padotsl. B noco-
OHH MMCIOTCS CCBUIKH HA JIONOJIHUTCILHBIC HeTouHHKN. ODpauieHue K HIM
HOMOYKET 1PH HCOOXOJAUMOCTH [IPCOJAMICTh BOZHUKAIOLIHC HA 1OJAIOTOBH-
TCHLHOM JTale M HPH AHAIN3C PE3YIALTATOB HCCICAOBAHMI 3aTpyHCHIS,
KoHTposbHBIC BOHPOCH 1O3BOIST CAMOCTOSTCILHO OLCHHTEL TPpeOyemblii ypo-
BCHL OCBOCHHS MaTcepHala H I'OTOBHOCTH K 3daHATHIM B JIllﬁ()["JEllUPIIII.

JlaGopatopuas padota (naeiinas ocHosa, Jabopatopublii creni) paspado-
TaHa, W3IOTOBJICHA, CHAOKCHA MCTOUMUCCKON H TCXHNUCCKOI JIOKYMeHTaIHCH
npenogasateaaMin 1o cotpyanukami - kadeapnt  pagnogisnkn Cankr-
[leTepOyprekoro rocyaapeTBCHHOIO Holmrrexitieckoro yunusepenrera. Oun-
canue nepsoii Bepeun padore [ 1] imeeres s ononnorere kadespet. Jlabopa-
TOPHBIE YCTAHOBKH HAXOSTCH B HA00PATOPHI «OCHOBBL PAAHOVIEKTPOHHKH U
pajuodusuciy kadeaput paodesmcn CHOTTTY,

KpaTkue cBefeHns 0 4acToTHOW MOQYNAUMA U HacTOTHOM
NETEKTUPOBAHUN
MonaynupoBsaHHbie KonebaHus

Moovustyus npeodpasosanne udidopmaunn B Qopmar, odJCruatonii
CC TPancHopTHpoOBKY. o BAKOHY ll['[(i)()p!\ul'dU.IIOHHUI‘O CHI'HJIA MOZKHO H3MC-
usthL ‘|.'”le|'”fl?l?h'(””f!) KaKOii-1ubo 13 HapaMcTpoB rapMoHnicCcKoro KoJicha-
HISE BLICOKOIT Y4aCTOTbI (H(’(:]'l[{(’(‘() .R‘U,'I(’(';(HIHH) AMILITITYJY, HacToTy HIH
HAEUILHY IO (s){l'iy. B TCOPHH CHIHAJIOB HCHOJILIYIOT HOHATHC 'IJH(JH{)(‘HRH(I."I:
a(t) = A(t)cos(mgt + @(t) + @¢). Ero ocnosa - rapmonndeckoe (necyuyee)
KOJICOaHHE, HacToTy KOToporo (w, = 21fy) nasuisaior necyiyen. PyHKuul
A(t) (oendwowas paduocucraia), w @) (harosas (hyuriyist) MOKHO H3IME-
HSITh 3a1aHHbIM 00pasoM. OOBIMHO 31101 MC/UICHHBIC 110 CPABHCHHIO C HE-
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cyumieil 9acToToii n3MeHeHus, To ecth Qynkunn A(7) u @(f) 3a nepuon Hecy-
ueii uactorsl Ty = 21/ w, MeHaroTCH c1ado.
AnMnaumyOHo-mModynupogaHHsill cuaHar

Ecin 1o 3akony undopmaimonnoro curnaia s(t) H3MEHsIOT aMILIMTY 1y
paocuruana A{r), umeem cuydail avmaumydnoi vodvasyuu. Takoil cHraan
HA3BIBAIOT Iy OHO-00VIUPOGaniein Wik A M-cuenaioar.

Hpencrasum AM-curnan B Buie g, (t) = Ag[1 + s(t)]cos(mgt + @),
suech Ay avmaumyoa necyuyeco koaedanus, s() — undopaiayuonnsiir cie-
nert. Ecim ornbatomas AM-curiaia sjaseres rapMoHHYCCKHM KOJICGaHHCM ¢
HACTOTOI L2, HMECM CApMONUYECKYIo, WIH 0OHOMONOGYIO, dMILTUINYOHYVIO MO-
dvasyiio W, COOTBCTCTBCHHO, odnomonossitt AM-cucnat (puc. 1, a):

o (t) = Ag[1 + mcos(2t + ¢)]cos(myt), Q << wy
(HauabLHYIO a3y uecyuiero kojeOanus canracnm HyJjiesoii). [lapaverp m Ha-
3bIBAIOT KO uyuenmons aymaunmyonoli voovasyuy. Bro sHaucHms Jiexar B
Ananazone 0 < m < 1. Haiftin m moxkHo 110 ocupiiiorpamye AM-kose6anis
(em. puc. L, a):m = (Uy — Up)/(Uy + Up).

A ps ‘LAn

0 -0 @y w0
2 2n Wy—s2 By @O
o 0 22,

&

ev

Puc. 1. F'apyonnaeckoe AM-konebanite (a) i1 ero cniektpaibHas (§) Jurarpasya

Outnoronoseiii AM-curHa MOKHO 1peoOpatoBaTh K BHILY
Ay (t) = Aycos(wgt) + 0,54,mcos[(w, — D)t — ¢]
+ 0,54,mcos|(wy + D)t + @]

1 00HAPYHKITD, 4TO cliekTp AM-kosieGanna B ciiyyac rapMoHHUecKoii Mojy-
JALHH COCTONT U3 TPEX APMOHHK (puc. 1, 0): neHTpallbHOI — Ha Hecyieii
YACTOTE (), M ABYX JIPYIHX. CHMMETPHUHBIX OTHOCHTCILHO (), - Hd HUNCHECT
Ooxoeoil vacmome wy-C), U gepxnei dokocol yacmome wy+CQ. Takum o0pa-
30M, dhhpermuenas wpuna cneknpa Iy OHO-N0OVAUPOCARHOO KO.Te-
OanuA OUPEACNACTCS YACTOTOH MOLYIIPYIOICTO KoJueballs, TO ¢CTh OJAHOTO-
HoBoc AM-kosnedanue 3aHuMact nojocy 2,

B cnywae Moayinsumn nepuopHueckuM KoJAeGaHHeM (HMCIONUIM JHC-
KpeTHBIT criekTp) ¢ nepuogom T = 2m/() Kaiaas rapMOHHKA HCXOIHOIO
CHCKTPA HOPOKAACT JIBC FAPMOHHKH: C HIDKHCI M BepxHEeil DOKOBBIMH UacTo-
tamin. Tpesctagnm, 410 WHPHHA CIICKTPA MO/YIMPYIOUICTO CHIHAIIA OFpaHi-
HCHA 11-0ii rapMOHUKOI, Toraa crekTp AM-koaeGanns sanumact nonocy 21,

Kpankie ceedenus o uacmomiont Nodyasyui i vacmomuo demekinuposanin 5




HacmomHo-moGynuposaHtaitl cugHai
B ciyuac wacmomnott sodyrayun uHdopmanionssii curnan s(t) ces-
3BIBAIOT  C  LPHPALIEHHEM  MIHOBEHHOI  dactoThl o) = my +4A w(L),
A o()~s(t). CoorBercTBYIOWNI CHIHAL HA3BIBAKOT YaACHONHO-MOOVAUPO-
sannbii, win YM-cuenaror. B ociynac capyonnuecrkol, Wil 00nononosoll,
yacmemnol MoOVIAYIN MIHOBCHHAS “ACcTOTa PAJHOCHIHANA H3MEHACTCA 110
3AKOHY rapMoHuucckoro kojedanusn: o(t) = my + Wsin(Qt). Ammmryiuy
HPUPALICHIA MIHOBCHHOI wacTorel W nasnisator desuaiyiest yacnonsl. O-
Hotonosoce UM-konebanue (puc. 2, a) MOKHO HPHBCECTH K BIJLY:
Ay (t) = Agcos[myt + meos(t)|, m = W /Q.

Beausny m a3l BaloT undexcont Mooy,

CyHICCTBCHHOC CBOHCTBO HACTOTHOH MOJLYISIMIL JQAKC HPH MOJIYJISIHET
rapmotiieckny Kodacoanmnem cuekrp UM-konebauns coctont i GecKoHe-
HOUO uncaa rapmounk 2] F B 910il ¢Bs3H BaXkKHO YMCTL BLIABISTL 1HOJIOCY. B
HpeCiiax KOTOPOLl JICHKAT YACTOTHI FAPMONNK, ONPCACHAIONINX B COBOKYIIHO-
cti HHepriuw UM-curnana.

aqM A A?’l AO

méy mAy
t 2 2

0 wofﬁ 0y 0gtQ @
2Q
a 6 |

Puc. 2. Fapyonnvccsoe UM-konehanie (a) 1 ero ciiekrpaisias (0) jurarpavma

Ilycte nmjexe mogyasiu m << 1. Hpeobpasyem a,,,,(t). HCLI0JIb3YA
(hopMyIy KOCHHYCA CYMMBL YIUI0B!

Ay, () = Aglcos(myt)cos|meos(t)] — sin{w,t)sin[mcos(2t)]}.

Tak kak m << 1, cunracm: cos[mecos(Qt)] = 1., sin[mcos(Qt)] = mcos(Qt).
C yuetom yrux npHOaHKeHuii
g, (t) = Agcos(wgt) + 0,54gmceos[(wy — )t + /2]
+ 0,54,mcos[(wy + Q)t + 1 /2].

Takunt 00paszom, LpH MaJOM HHJCKCE YACTOTHOH MOIYISLUH CHCKTP
UM-kosiedanusi COCTOUT HPAKTHYCCKH W3 TPEX FapMOHHIC HCHTPAILHOH — Ha
HCCYILCHT 4acTOTe @), H ABYX, PACHOIOMKEHHBIX CHMMCTPHYHO OTHOCHTC/ILHO
HCCYLLCHT 9acTOThL: Ha HudcHell Gokosoll yacmome wy-£2, 1 6epxuell 00K0601
yacnontie wytC (puc. 2. 6). Pesonno sakmountes, yro npn m < 1 sddexrus-
Has wupiHa ciekrtpa UM-koneGanus HPaKTHUCCKH HE 3aBHCHT OT HHJICKCa
MOV 1 upaMepHo pagHa 2€). Takoli ciryvaii NPUHATO HA3bIBATD V3KOHO-
Ja0CHON ydaemomiton sooviadayued. Bakuo oTMCTHTb, YTO aMIUINTY/IHBIC CIICK-
rporpaninibl YM- 1 AM-koneOanusa npn ojinnakoBelx m << 1 npakTH4eckn
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Hepasim4auMbl (cpasuuTe puc. 1 # puc. 2). B clHeKTpaibHOM [IPCACTABICHH
OTJIHYHE YTHX CHIHAIOB 1IPOSBIACTCS B (Ja30BBIX JHATPAMMAX,
AJbTepHATHBHAS CHTYALHS — UPOKONOIOCHAS YdCHIOMNAs MOO0VA-
i — pealn3yeTes NPpH HHACKCAX /7, NPEBBILAIOUINX eAnHiLy. B yrom eny-
qac umeem Goratblii cnexTp: yem QONBLIC HHICKC MOAYJIALHH, TeM Golibie
FapMOHHK HPHXOANTCS YUHTBIBATE, Onpeiciss nojocy YM-curnaios [2]. [Tpn
UIHPOKOIOJIOCHOI  YACTOTHOH — MOAYJISIMH  [I0JIOCY  4acTOT — CLCKIpa
UM-kosebanusn ouchusaior dopmyuoii 2Q(m + 1). Tockonbky m = W /Q,
MOKCM CUHTATh, YTO NOT0CA YaCmom OI8 CIVudas WipoKonoIOCHoN Yacmoii-
HOU MOOVASYUN NPUMEPHO PAGHA YOSoen ol deauaiyit yacmomo: 2W .
NMPUMEYAHUE
B [2] nokasaHo: NpH 3HAUCHIIX HHACKCa MOJISIU pagHbix 2,405, 5,55 B cnexrpe
UM koneBanna OTCYTCTBYET TAPMOHIKA Ha HECYIEH acToTe, TO ¢CTh IHEPIH KO-
JieOanns AKKYMYTHPYCTCH B COCTABIANOIINX, MOPOIK/ICHHBIX l[H(i)O]‘J?\'[ﬂIUIOHHOM CHTI-
HAZTOM. DTHM HHOIA noapsytotes: popanipyror UM-curuat tak, uTolkl 1058 HHep-
THH, HPUXOJISIIAscsl Ha Heeylilee Kosiehanne, Obuta HeboIbIOoI.

OB ycTpoicTBe YacTOTHOIO MoaynsaTopa

Hacmomnolar  3100vI8mopost Ha3bIBAKOT yCTPOIHCTRO, (dopmupyiolee
UM-konebanne nocpeactBom BO3ICHCTBHA UHDOPMALHOHHBIM CHIHAJIOM Ha
HaCTOTY HECYUICro KoJicOaH usi. 0,1[[-[]1 H3 CHOCOGOB HOCTPOCHUSA HACTOTHOI'O
.‘\rl(),/]yJIﬂTOpﬂ OCHOBAH Ha yupa&ucuun YacTOTOI Z!B'l‘DI‘CHCpélTOp{l rapMOHHYC-
CKHX (HeCYHHMX) KoJieOaHuii.

06 asmoaeHepamope 2apMOHUNECKUX (HeCYLUUX) KonebaHull

[Ipeacragim, uto (])yHKumo 1OJIOCOBOIO (])qutha B ABTOICHCPATOPC Bhbl-
NMOJIHACT KOJIEOATCALHLIT KOHTYP ¢ uacToToil pesoHanca wy. Ecin koutyp
C/I0KHBIH - COCTABIICH, HAIIPUMEP, M3 HECKOJILKHX PEAKTHBHBIX VICMCHTOB, -
CBCJIEM CI'O CXEMY K COCHHHCHHIO DKBHBAJICHTHBIX YJICMEHTOB, HHIYKTHBHO-
et Ly v emkoctu Cy. (B ciyuae 100poTHbIx KOHTYPOB Takoii npriem ofieraa-
CT QHA/IN3 SABIICHHIT B OKPECTHOCTH pe3oHaHca.) 3HaueHus yieMeHTos Ly, Cy 1
pe3oHaHcHas vactoTta ceasanbl Qopmynoii wg = 1/./L;C,.. Hiseetno, uro
HacTory apTokojcOanmii l'CHC[}El'l‘OpE! HAXOUAT, pelias ypasHeHie yemanosue-
weeocs pexcrnvia [3]. Jlis pacemarpuBacMbIX 3/1CCh HEnNel H HAIIA30HA YacToT
OKa3bIBACTCA, 1TO HACTOTA ICHEPALHH 1IPAKTHUCCKH COBIAJIACT C PC3OHAHCHOI
YACTOTOI KOHTYpa wy. B 7TOM ciyuae oueBieH cliocod yipasicHits uacTo-
Toii aBrokoseOannii: Bo3ielicTBHEM Ha PCaKTHBHBI YMICMEHT, 3aj a0l pe-
JOHAHCHYI0 Hactory KoHTypa. Eciu a1o penars B cornacun ¢ gopaoii undpop-
MALMOHHOI'O CHIHaa, nostyanm YM-koueGanne.

Pacemorpum asroreneparop, nocrpoctusiii 1o cxeme Kostnirua (B oTe-
YCCTBCHHO JITEPATYPE €€ UMCHYIOT evkocmuiad mpexmoura [3]). Ha puc. 3
HoKkasausl: (a) ickinas ocnosa cxembl Konnurua, (4) upumep TpexroueuHoro
aprorcHeparopa Ha OunosapHoM tpansucrope [4] u (8) ero HKBHBAJICHTHAS
CXCMa JUls HePeMEHHOIo Toka. CTPYKTYpa et - HOAKIIOUCHIE HHAYKTHBHO-
CTH K MIEKTPOAaM 0a3a-KOJLICKTOP, @ eMKOCTell K MIeKTpos1aM Gaza-omurrep u

Kpanixcue caedenuis 0 uacmomuols ooy u acimomuos demerimuposan 7



IMHUTTCP-KOUICKTOP — 00ecleuHBacT HeoOX0UHMbIe (pa30BbIC CABHIH /1 Bbl-
HOJIHEHHA YCJIOBHSA CAMOBO30YKICHHA (110JIOKHTENLHYIO 00paTHYIO CBA3b Ha
pezonancHoii yactore). M3 rkBuBasicHTHOI cXeMbl reHeparopa (cm. puc. 3, &)
clieityer, 4To cooTBeTcTBHE cxeme Kouurua Ha pesoHaHcHol wacrore Oyuer
31CCh 0DCCIICHCHO TOIBKO LPH HHAYKTHBHOM XapakTepe HMISAAHCA JBYXIIO-
JIFOCHHKA, HOJAKIIOYEHHOIo K dlekTpoidam daza-koiuektop. To ectb Heodxo-
JAUMO BbiloHeHHE yeiosus wol > 1/(wyCy). Pe3oHancHyo 4actoTy Haxo-
AuM 110 opmyiie wy = 1/\/’@. spech Cp = €,C,/(CyC5) st cxembl Ha
puc. 3, ¢, a s cxemsl Ha puc. 3,6 1/C, = 1/C, + 1/C, + 1/C;.

T b
‘ a

Puc, 3. Hues cxembl Kosmutia (¢), TpEXTOYCHHBI aBTOr¢HepaTop Ha OHMOASPHOM
TpaH3ucTope (r]) I Cro DKBHBAJICHTHAA CXCMa JUIA MCPCMCHHOTO TOKA (h‘)

[ToHaTHO, YTO HACTOTOI IeHEpHUPYCMBIX KOJCOAHHIH MOKHO YIPABIATD,
BO3JICHCTBYS Ha PCAKTHBHBIH MICMEHT KOHTYpa. M3BecTHbL 1pHem rocrpoe-
i UM-MoaysTopa Ha OCHOBE aBTOICHCPATOPA: BIJIIOUCHHE B KosleOaTelib-
HYIO LClb 00paTHO CMEILCHHOIO HOLYLPOBOAHHKOBOIO jnoia. [Ipu Takom
BIKJIFOUCHHUH  [1HO/L 110/100¢H KOH/JCHCATOPY, CMKOCTh KOTOPOI'O 3aBHCHT OT
HPHIIOKCHHOIO HalpsikeHus. Bo3elicTBys Ha 1104 MOAYIHPYIOLIMM HALIPA-
AKCHHEM, VIIPABJSIKOT 4aCTOTOH I'CHePALHH.

[Tpu nocrpocHn HPaKTHYCCKOH CXCMbl HCOOXOUMO YUHUTbIBATL BIIMS-
HHE Pe3HCTHBHBLIX LElei Ha npouece redepanmu. Ha pue. 3, ¢ nokazano, uto
PE3HCTOPBI, 3aJal0UHe PEKHUM PadoThl OHIIONIAPHOrO TPAH3HCTOPA, BXOIAT B
COCTAB KOHTYPA, & 3HAUMT, BIHSIOT HA ¢ro j0dpoTHocTh. HyKHO Takke yun-
TBIBATL HPOBOAHUMOCTE 1IEPeXoa Oaza-omuTrep. Jluccnnarusupie Hotepu Mo-
I'YT CYWECTBCHHO CHINNTL JOOPOTHOCTL KOHTYPA, 3aTPYAHHTL BbIIOIHCHHE
YCIIOBHS CAMOBO30YKIACHS.
lonynposodrukoesill duod Kak yrpasnaeMsll KoHOeHcamop

[To001e 110J1YHPOBOIHHKOBOIO MO/ KOHACHCATOPY MOKHO O0BACHHTD
cieiyroutm odpason. Ilpn noygaue Ha 1Mo 3aluparoLICro HalpsSKeHHA B
00J1aCTH KOHTAKTA HOJIYIIPOBOIHUKOB /1= H p- THIIA 00Pa3yloTCs CIIOH 3apsaioB
O 1 —0 HCHOUBHKHBIX HOHU3UPOBAHHBIX aTOMOB Lpumeceii (puc. 4, ). 3ucch
HU3KI KOHLUCHTPALLMS LOABUAHbBIX HOCHTCIEH MICKTPHUCCKUX 3aPAI0B - MICK-
TPOHOB M JILIPOK, 1OYTOMY JIAHHYI0 00JIACTL KOHTAKTA HA3BIBAKYT 00COHCHNbLM
croen. C poctom sanupatoiiero nanpsskenusn  (|ug]) obnacts npocrpamcr-
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BCHHOI'O 3apsja yBejHuuBaerca, 1 sapsi O pacrer. Dynkuna (i) okasbisa-
eTCs HEIMHCHHOM. MiBeeTHo, uTo yepes 00patHO CMEUICHHBI p-17 Hepexo
TCKYT HCOCHOBHBIC HOCHTEJIH, HO DTOT TOK HEOLLYTHMO MaJl, Il MOMKHO KOHCTa-
THPOBATE: 3ANCPTHI P~ IEPeX0 1 110100eH KOHACHCATOPY, 00K/IAIKH KOTOpO-
10 pa3JABUTAIOTCS HIPH YBCIIHYCHUH HIPUIIOKEHHOTO HAIPSKCHHMS.

ObennennsIit coi C./C(0)
npu Uy =0

 d

=

IInaBHbn nepexo,

Ob6eanennstit coit
mpu 14, <0 /" i

7
Peskuii nepexox  Ug

hes 18
o
N

a 6
Puc. 4. HsmcHenie mmnpinis o5eIHEHHOTO <108 () 1 IPHMEPHOE NOBC/ICHIIE Gapbep-
HOIT eMKOCTH (0) IPH N0/1a4¢ HA P 7 IEPEXO/L 3AMHPAIONIETO HAPKCHITS

Jist onicanus cBOICTB 3alEPTOro MEPEX0La HCIOB3YIOT HOHATHE Oapi-
epnott enkocemu: C, = dQ/ du,; . bapbepras emkocTs y6bBacT ¢ pocrom (1o

MOYJIH0) TIPHIOAKEHHOIO K HEPexo 1y HanpsskeHus. Xapawrep gpynrum Cylu,)
OUPCICIACTCA 3AKOHOM PAcCHpCICICHUA KOHUCHTPALNN puMeceii B o0hacti
KOHTAKTa [OJIYIPOBOAHUKOB #- U p-THna (puc. 4, 3). YeiuoBHO pasiac/sior
HEPEXO/Ibl HA Pe3Kiil, WIH CRIVIeHYamolil, W IA6HbIHT — C PACHPE/IC/ICHHEM
HPUMCCH B 30HE KOHTAKTa (10 JmHciinoMy 3akony. st ouenxi GapwepHoii

CMKOCTH HENoJb3yo1 dopmyny € (ug) = C,(0) o/ (@ + |ugyl). 3nccs ¢
KOHMAarmiuas pasHocmo nomenyuaios (U kpemuus ¢ = 0,75 B), nokaszarein
71 CUUTAIOT PABHBIM 2 (JUIA PE3KOro Hepexoza) win 3 (JU1s 111aBHOTO).

Jis MCHoNb30BAHKA B HJICKTPOHHBIX LEIAX B KAUECTBC KOHICHCATOPOR
[ICPECMCHHON €MKOCTH BBIIYCKAHOT CHCUHAILHBIE JIHOJIbI — BAPHKAIILI, Bapak-
Topbl. HM3meHsisl 3anmpaioniee HaUPsKCHHC HA TAKHX AHOMAX B LpCienax
5- 10 B, peajibHO 10j1yuHTh HATHKPATHOC N GONICE WIMEHEHHC CMKOCTH, Ha-
npumep: ot 10 — 20 nd jio 50 — 150 .
lpumerente sapukana e yenu YacmomHozo Modynamopa

HacToTHbLH MOAYISITOP MOKHO [IOCTPOHTL HA OCHOBE ABTOrEHEpaTOpa
Kouunrua, sriouns napamiensHo katyuke L sapukan €, (puc. 5). pu ta-
KOM COCJMHEHHH BAKHO, 4TOOb! COCTABHOIT peakTHBHBI ABYX1100CHHK C), L
B AHAIA30HC 4acToT, orsoanMbix UM-curnany, obecuetnBal HHIYKTHBHYO
PCAKIMIO Ha 110J110cax Dasa-KoiueKkTop (eM. puc. 3, a).

Ha puc. 6 uripuxoBbIMH JIHHHAME OKA3aHBI Fpa@uKl cyMMapHoii npo-
BOAMMOCTH JIBYXIOJIOCHIKA BapuKall-kaTymka pasnoii wC;, — 1/(wl). Kpu-
BbIC JICMOHCTPHPYIOT 3aBHCHMOCTH IPOBOIMMOCTH COBOKYIIHOIO JIBYXI10J11OC-
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HHKA OT eMKocTH (), 3a1aBacMoil HALIPSKCHH-
eM Ha Bapukaitie. B 10kazaHHOM Ha PHCYHKe
IpUMEpE JICBCC YACTOTHI (3 HADIOHACM HH-
AYKTHBHYIO PEAKLUHI PCAKTHBHOIO JIBYXIIO-
mocHuka. ClejloBarciibHo, B OTOH  olllactu
YACTOT  JABYXIIOQJIOCHUK  BapHKal-KaTyllKa
MOWKHO  YCJIOBHO  YIOJIO0HTL HKBHUBAJICHTHOI
HHIYKTHBHOCTH L. M3MeHeHHE eMKOCTH AHO-
aa Cu(uy) BICUCT H3MCHCHHE IIPOBOAHMOCTH  Pye. 5. MoysTOp Ha OCHOBE
(MHJYKTHBHOI) JBYXIIOMIOCHUKA, & YTO MOKHO  renepatopa Kommiria (cxema
HHTCPIIPCTHPOBATL (BEChbMa [PHMEPHO, 3aTO 10 TIEPEMEHHOMY TOKY)
HAIJIS/IHO) 3aBHCHMOCTBIO OT HAlPAKEHHS 3HAUCHUS YCIOBHOIH HMHYKTHBHO-
cri: Ly (uy) (em. puc. 6, rpadguky 1poBOIMMOCTH JIBYXIIOJIOCHHKA BapHKall-
KaTyLIKa B OKPECTHOCTH HEKOEk 4acToTsl w').
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Puc. 6. HacrorHas 3aBHCHMOCTH MPOBOJIHMOCTH JIBYXITOITHOCHHKA
BAPHKAN-HH/YKTHBHOCTb (ll[TpI[,‘(OBHC I\T)IIBI:!L?)

Ha uactorax, npn KOTopeIX cymmapioc corporusicuue wky, — 1/(wCy)
HOJNOKHTEILHO, HA KOHTAKTAX JIBYXHOIIOCHHKA 0d32-KOJUICKTOP 1LOJYUHM
HHJIYKTHBHYIO peakuuio (em. puc. 5). Ciieposareibio, OYICT BbUIOJHEHO YC-
JIOBHE 00pa30BAHUS CMKOCTHOH TPEXTOUCUHOI CXCMBl, H BO3MOMKHA I'CHCpa-
img Kosebaunii. Hx vactora Oyjer npuMepHo paBHa pe3zoHaHCHOIl wacToTe

10

s

konedarenbHoi cuctemsl cxembl Kosinnrua. s oueHKH 4acToThl BOCHOJIBL3Y-
€MCSl 3HAUCHHEM YCIIOBHOH HHAYKTHBHOCTH Ly (1y):

wy(ug) = 1/ L (ug)Cr, 1/C = 1/C, + 1/C, +1/Cs.
Dopmyity s pe30HAHCHOI YacTOThl MOKEM 3anucaTh HHave. Ecan B cxeme
MOYJISITOpa (CM. puc. 5) yuecTh BKJIHOUCHHUE eMKOcTH BapHkana Cp, napan-
JICNBHO KaTymike L u npeHedpedb BIHSHHEM PE3HCTOPOB HA YaCTOTHbIC CBOIi-
cTBa KOJIOATCIILHOM CHCTEMBI, YACTOTY PE30HAHCA MOMKEM HaiTh 1o (opmy-
JIC, B KOTOPOI B sBHOM Bue Qurypupyer pyaxums Oy (uy):

wo(ud) = 1/\1'L(Cb(ud) + Ck)’ 1/Ck = 1/C1 + 1/C2 + 1/C3

3aBHCHMOCTB UACTOTBI TEHEPALME OT HANPIKCHUS HA Bapukate wg(uy)
OyJieM HA3bIBATEL Modyagyuonnoil xapakmepucmuxoi (puc. 7). Cnepyer 3ame-
THTb, YTO OHA He sABJACTCA NHHEHHOH. By QyHKUHM 3a1aeTca MOBeieHHEM
Oapuepuoii emkoctn C,(uy) u npegonpeneieH TexHonoriei popmupopanus
P HePpeXo/ia Bapukatla. 10 00CTOATCIHBCTBO OrpaHHyHBacT obuacTb [pHMEe-
HeHust 110,100Hb1X UM-moyistopos. OiHako Ui cllydaeB Majloki, no cpaBHe-
HUIO ¢ Heeylleil yactoroil, JeBHauuu (HMeeTes B BUJLY HPHOIMIKCHHE MAJloro
CHUIHAJIA), HCAMHCHHbBIC HCKAKEHHS MOI'YT OKa3aThCA [IPHEMIICMbBIMH.
Jr(l)  SEV) wa

-!‘(u'\\;—\ S e B = Evir] =
: ™
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i o -l | R R
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Puc. 7. Mojiy/isiHOHHas XapakTepueTHka wg(ly) 1 MITIOCTPAI MOTYTHPOBAHHS
YACTOTBEI HAMMPAIKCHHUCM Ha BapHKanc

LYM-modynamop nabopamopHoll yemaHo8KU

Ha puc. 8 nokaszan (parment j1adopaTopHOii YCTAHOBKH — TPaH3UCTOP-
Hblii UM-mojysisitop Ha ocHoBe agroreneparopa Kosmnmrua (em. puc. 3, 6).
Konuencatopel €y, C,, Cy, KaTylika L u Bapukarn obecneunsaior 1codXo/iumMbe
JUISL @MKOCTHOH TpexToueuHoil cxembl ()a3oBble CABMIH, 3aJal0T HacTOTy re-
uepauun. Herounuk IJ1C +12 B u pesuctopsl 3a12:01 padouyto TouKy, BeiOOp
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KOTOPOIi BJIMACT HA YC/IOBHA BO3HHKHOBEHHA I'CHEPALMH M aAMILIMTYLY Kolie-
Oanuii. [Tomumo THX, 0bA3aTeNBHBIX I8 reHepaTopa KonnnTia wieMeHToB,
BUJIHM KOHJ/IEHCATOPbL, KOTOpble 0DECIeuHBalOT pa3pblB LEICH MOCTOAHHOIO
Toka. Mx eMKoCTH HMErOT HOCTATOYHO 60Jlbll_[}’lC FHAUCHHA, 4yT100bI 3aMbIKaTb,
MOKHO CUHTATh HAKOPOTKO, LICIH JUIS ICPEMEHHBIX TOKOB B OKPCCTHOCTH vac-
ToTbl renepauui. llocTosaHHoe HalpsKeHHEe (HAUPAKEHHE CMELUCHI) 110/BC-
JICHO K BapHKally uepe3 jpocceib (Karyuky OoublIoil HHIYKTHBHOCTH), HTO
npakryuecky odectieuuBaeT paspbi 1ol BETBH JUIA LIGPEMCHHBIX TOKOB Ha
yactorax OIH3KNX yacrore reHepaun. Moy HpyloLee HalupssKeHHe 110/1BO-
JUIT K BApHKAITY Yepes pasAe/HTe/bHbIH KOHACHCATOP U JIPOCCeib.

Puc. 8. UM-mosyasTop naGopatopHoii yeTaHOBKH Ha ocHoBe cxeMbl Konmuria

OCHOBHYIO XapaKTePHCTHKY MOAYIATOPA Wq(Uy) - MOAYIIAUHOHHYIO (CM.
puc. 7) - CHUMaKOT B OTCYTCTBHC MOJLYJIHPYIOUIEIO HANPSIKCHUA, 110/1apas Ha
BapHKall CMCLICHHE Pa3HbIX YPOBHEH ¢ NoTeHUHOMETpa. HHTepecHo BBISACHHTL
JMala3od 4acTor, B llpejesiaX KOTOPOre BO3MOMKHA HACTOTHAS MOJLYJIAIMS,
€CThb JIM YHacTOK, OJIH3KHIT K THHCITHOMY, KAKOBa ero NMpoTAKCHHOCTh,

Hetextuposanune YM-xonebanui

Hemexmuposanier Ha3bIBAOT OLICPAIHIO BbLICICHHUS (H3BJICUCHMSA) HC-
XOJIHOI'O MOJYJIHPYIOLEIO CHIHAIA W3 MOJyJiHpoBaHHOro. lerekrupoBanue -
orneparnus «odparTHasy MOLYJIALHN.

YacToTHOE ACTEKTHPOBAHHE MOYKHO BBIIOJIHATS, HojaBas UM-curuan na
Ko/ie0aTellbHblil KOHTYP Tak, uToObl Beck cnekTp yactor UM-curnana c necy-
e Jactotoil W, lpHIIENCs HA CKIOH PE30HAHCHOH KPHBOIl KOHTYpa
(pyc. 9). MubiMu clloBaMu, Pe30HAHCHAS 4acTOTa KOHTYpa ), HA OCH 4acToT
JIOJDKHA JIesKaTh MM BbIWIE (KAK HA PUCYHKE), WIH HHKC I0J0ChI 4acTOT
UM-curnaita. Toria u3smeHenne yactorbl KojeOaHuil 1o 3aKoHy HHpOpMalLi-
onioro curtana A o(t) BbizoBer anasoruuHoe u3MeHenue Uy - amuTybl
kojebanuii Hanpsskenus na xourype. Jlanee UM-curnan ¢ usmensioueiics
AMIVIMTY0i [HOABEPraloT aMINIMTY/IHOMY JCTEeKTHPOBAHUIO. B pesyiibTate Ha
BBIXOJC [CTCKTOPA LOJIYUAT CHIHAI Up(t), HOBTOPAIOUIMI H3MCHCHHA aM-
IUIHTY/bL, & 3HauuT, oTpaxkatoimii Gynxkunio A o(t)~s(t) - B urore umeem
uropmaunonublii curnain. Takum 00pasoM, CXeMOTEXHHUYECKH YaCTOTHBII
JIETEKTOP npeacrasiser codboii cumO103 KosledaTe/IbHOH cHCTeMB! (KOHTYPa) 1
aMIIHTyIHOro aerexkropa (puc. 10).
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Puc. 9. H3meneHie 4acToTsl BICYeT
AMIUTHTY/THYIO MOystii0 UM-curnana.

Pue. 10. YactoTHeIil 1eTeKTOp HA
OCHOBE aMIUTHTY/THOTO JCTEKTOpa

PacemoTpum  ciydaii rapmonuucckoil mojynsauuu. Ilponycrum uepes
KOHTYP C PE30HAHCHOI YacToTol w, YM-koncbanue up, (t) = Uycos[mgt +
mcos(t)]. Cunraem w, > wy (cM. puc. 9). HaupsikeHue Ha KOHTYpe oOKa-
HKETCSl MOJAYJIHPOBAHHBIM W 110 yacToTe, W 1o amimryne. [locne npoxoxne-
HHE Takoro kouedaHus vyepes aMIUINTYHbL JIeTeKTOp HAa ero BbIXOJC HOY-
unM KoJechanue Ha wacToTe MoAyisuHu Up(t) = Upsin(Qt) ¢ ammutynoii
[IPONOPLUHOHAIBHOH HHACKeY Mojynauuu: Up o< Uym.

Caoiictea UM-aerexropa OLUCBIBAIOT JeMeKnopHoll Xapakmepuchikol
Up (W) — 3aBUCHMOCTBI) HANPAKCHUS Uy HA BIXOJIC YCTPOHCTBA (HA BBIXOJIC
AM-jerexropa) 0T 4acTOThl () HAIPSAKCHHS (HEMOAY/JIMPOBAHHOIO), JeiicT-
BYIOLLIEIO HA BXOJIC YACTOTHOIO AETEKTOpa (Ha BXoje KoHtTypa). Ouesujuo,
YTO JICTCKTOPHAA XapaKTCePUCTHKA [IPAKTHUCCKH 1IOBTOPACT (OpMY peloHaHC-
Hoil kpuBoii koHTYpa (U (w) Ha puc. 9). Jlius yMeHbIICHUS WCKaMCeHUIl cra-
PAaroTCa «PA3MECTHTBY HacTOTHBL ciiektp YM-curuana B npenenax JHHeiHo:
I'0 y4acTKa JCTEKTOPHOIT XapaKTepHCTHKH.

[MpoTaxKeHHOCTh JMHCHHOIO y4acTKa JICTEKTOPHON XapakTCPHCTHKN H ¢C
KPYTH3HY YBEJIMUHMBAKOT, CTPOs YACTOTHBIC ACTEKTOpbl N0 AupdepeHumaib-
Hoil (pasznHocruoii) cxeme (puc. 11). B auddepenumaibHom aerekrope He-
MOJIB3YIOT JIBA aMIUIMTYIHBIX JCTCKTOPA M /IBA KOHTYPA, HACTPOCHHBIE HA Pa3-
HbIC HaCTOThl - Bbille H HHKe Hecyuiei wactorsl. [lpu Takoii wnactpoiike
cuektp yactor YM-curuana nomazaet Ha NpaBblil CKJIOH PE30HAHCHOH KPHBOI
O/JHOI'O KOHTYpa W Ha JieBblil cxiIoH apyroro. JKemaTeisHo HMETh KOHTYPbI €
OMHAKOBOI 10OPOTHOCTBIO H 0OCCIICUHTD OJIHHAKOBLIC 110 MOAYIIO OTKJIOHC-
Hua Heeyuieli yactorsl UM-kosebanus OT pe3oHaHCHBIX 4acTOT KOHTYpa. B
ITOM CJIYHAe CHPHAIBL HA BBIXOJC KOHTYPOB OyiuyT 10100HBI N HHBEPCHbI.
Moy Mpyromnii CHrHAJI [0J1y4atoT, BblYMTas HAUPSKCHHA HAa BBIXOJC aM-
IUIHTY/IHBIX JICTCKTOPOB.

Ha puc. 11 nokasana jerexropnas xapaxrepuctuka wp (w) aundepentp-
QJIBHOI'O HACTOTHOL'O JIETEKTOPa /Ul CHMMETPUYHOIO ClIydas — KOI/Ia KOHTYpbl
HMEHT OJIMHAKOBbIC JOOPOTHOCTH M OJIMHAKOBYIO PaccTpoiiky (1o Mojylio)
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oT Hecywel yactorhl UM-curnana wy. Hacrpoiika nnddepenupansuoro ae-
TEKTOPA CBOANTCA K COMKEHHIO Wpo - TOUKH HIEPeX0/ia JACTEKTOPHOH Xapak-
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Puc. 11. Quddepenunanbupii yacToTHIT ieTekTop, (JopMHpOBaHIe 1eTeKTOPHOI
XapaKkTepHCTHKH Up (w)

Cxema judipepeHnnalbHOIe HacTOTHOrO JICTeKTopa JiaGopaTopHoii ye-
TAHOBKL 1OKas3ana na puc. 12, UM-cHrHal Li0far0T Ha BXO/I PC30HAHCHOIO
YCHIIHTEJIs, HArPY3KOH KOTOPOTO ABISIOTCH KOHTYPbI JICTCKTOPA, CBA3aHHbIC C
KOJUIEKTOPHOI uctibio TpancdopmaropHoii cea3bto. KoHTYpsI HMCIOT nipumep-
HO QIHHAKOBYIO JOOPOTHOCTH M HACTPOCHBI HA PA3HBIC YACTOTHI (g M .
JlerekropHas XapakTepHCTHKA LIPOXOAMT Yepes HOJIb B Touke (W, +w,5)/2.
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1

I
|

Puc. 12, Jludepentinanbrplii vacToTHLI AeTekTop nabopaTopHoii yeTaHOBKH

CocraB nabopaTopHo#l YyCTaHOBKM, NPorpaMmma MccrnenoBaHui

JlaGoparophyto paboTy BLIIONHSIOT HA YCTAHOBKC, B COCTABC KOTOPOIi
(puc. 13): 4acTOTHBIH MOJYJIATOP, HYACTOTHBIH AETEKTOP H PasBs3bIBAIOLIHIL
(Oyhepnbiii) Kackas - SMHTTCPHBIT HOBTOPHUTENL. DMHTTEPHBIH OBTOPUTEILH
CYLISCTBEHHO YMCHBIIACT BJIMSHHC BXOJHOIN LENH YacTOTHOrO JCTCKTOpa Ha
MojyiaTop. B kauecTse HCTOUHMKOB KosieDanuii HCNOJIB3YIOT NabopaTOPHbIii
FCHEPATOP CHHYCOHJAIBHOrO HanpsxkeHus. Himepurensnas annaparypa: oc-
wHuiorpad, 4actoTomep, BOJILTMETPLI. [IpeycMorpena peryimposka Hanps-
HKCHHS cMenieHus Ha Bapukane. TymOuiep, pactiojioxeHHbIi HA CTEH e clicBa,
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HCHOJIB3YIOT JUIA pa3pblBa TpakTa CKBO3HOIO leCOﬁpaBOBHHHH HpH HeoOxonu-
MOCTH Pa3AC/IbHOIO HCCIICAOBAHKA MOAYISATOPA H HCTCKTOpA.
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Pue. 13. Jlunesas nanens nabopaTopHoii yeTaHOBKH

[Iporpamma uccaeoBanuii
v CHATHC MOAYJSILMOHHOH XapaKTePHCTHKY YaCTOTHOIO MOJYISTOpA,
AHAIM3 BO3MOMKHOCTH HCIIOJIB30BAHHA JAHHOIO YACTOTHOI'O MOAYJISTOPA JUIs
OCYLICCTBICHHS JIMHEHHOH YaCTOTHON MOAYJISALIHH.
v CHATHC PC3OHAHCHBIX KPHBBIX KOHTYPOB YAaCTOTHOI'O JETEKTOPA, M3Me-
PCHUE H CONOCTABICHHE PE3OHAHCHBIX YaCTOT U J0OPOTHOCTEH KOHTYPOB.
v CHATHE JCTEKTOPHOI XapaKTepHCTHKH AH((EPeHUHAIBHOIO YACTOTHOrO
JCTCKTOPA, BBLIABJICHHE HANPSIKCHHS CMEILCHUA Ha BAPHKAIC, COOTBCTCT-
BYIOLLEIO HYJICBOI TOUKE XapaKTePUCTHKH.
v BBISIBICHHE L0 ACTCKTOPHON XapakTepHCTHKE JIHANAZOHA JICBHALHH Yac-
ToThl YM-kojcOannii, B 1peelax KOTOPOro ACTEKTHPOBAHHE MOKHO CUH-
TaTh JIUHCHHBIM.
v\ CHATHE «CKBO3HOIT» XapakTCPUCTHKH TPAKTa MOYJIATOP-ACTEKTOP:
YPOBHS HAlIPAZKCHHA HA BBIXOJE JICTCKTOPA OT HALPIKCHUS CMCLICHUS HA
BAPUKALIC; BBISBICHHE 00JIACTH JIMHCHHOI'O LIpeoOpazoBanis kojacOanuii,
v HceetoBaHue ¢ Henosb30BanemM octpuiorpada Boaonun Gopmbl cH-
HYCOMJAILHOIO MOYJMPYIOLICIO HALPAKCHU B PE3YILTATC CKBO3ZHOIO
npeobpazoBanus: YacTOTHAA MOAYJISALIA — JCTCKTHPOBAHUC [IPU Pa3HbLIX Ha-
HPSKCHUAX CMCLICHHS HA BapHKalle H aMILIMTY/ (bl BO3ACHCTBYS,
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KOHTPOIMbHbIE BOMPOCH!
l.  Ha xakom (JM3MUYCCKOM NPHHIIMIE OCHOBAHO YIIPABJICHUE YACTOTOIH IeHe-
paTopa rapMOHHYCCKMX KoueDaHuil naboparopHoii ycranosku? MokHO
JIM LIPH HCHOJB3YEMOM CII0co0e YUPaBICHHA PCaliM30BaTh JMHEHHOE W3-
MCHCHHC YaCTOThl HACTOTHO-MO/LYIHPOBAHHOIO KoJichanma?
2. Kak ycTpoeH 4acTOTHbLI MOAY/IsTOp nadopatopHoii yeranopkn? Obac-
HUTC HA3HAYCHHE MJIEMEHTOB MOAYIATOpPA (CM. puc. 8).
3. Yro Ha3LIBAIOT MOYNSIHOHHOI XapaKTePHCTHKOIN YACTOTHOIO MOJLYJIsi-
TOpa, H KaK ee CHUMarwT?
4. Kakum o0pa3’oM HCHONB3YIOT KONCOATEBHBIT KOHTYP U151 1IpeobpasoBa-
nug UM-konebanusa B konebanus ¢ MOYIHPOBAHHON aMILTHTY 1017
_ B gem pocrounctea auddepeHuuanbHOro cnocoda HacTOTHOrO JCTEKTH-
i posanus? Kakumu coolpaxeHusMi PYKOBOJICTBYIOTCA, BhiGHpas peso-
HAHCHBIC 4aCTOThl KOHTYPOB JIM((epeHUHAIBHOIO JeTeKTopa?
6. Kax ycrpoen uacroruetii gerexrop naGopatopHoii yeranosku? O6bacHu-
T¢ HA3HAYCHHUC HICMCHTOB JIeTeKTopa (cM. puc. 12).
[pewioxuie ¢nocob cusTus neTeKTopHOI XapakTepucTHku 6e3 HeloJib-
" Josanus WAGOPATOPHOrO reneparopa.
Ecin zapepomo’ issectha ‘Hécymasn qaCm’ra UM-kosicbanus, Kax ciiejyer
HACTPaHBATE YACTOTHBII JIcTeK ro’p"
9. 'Kikylo'(pbpmy npiiser cuHycOMaNbHOE MOJLYJIHPYIOILIEE HAIPSIKEHHE B
pmyhﬁl’aﬁ'«cwﬁmhdl ‘o» HPEOGpasoBaHus cHrHana Giokamu gabopatop-
Hoif yeiamobih (Ch. ‘pircl 13): onépauus yacToTHAS MOAYISLIS — HYACTOT-
Hoc fdteldtnpOBanie! PatcmbrpuTe cityuan pasHelx HaupssKennii cvere-
HUAHA BApuicdiie; Lobl‘B@TLTﬁ‘ywuiMx (a) Hyncaon TOUKE JICTCKTOPHOI
: xaparidpucii - (Fyiee diepuimmamd/ |
" 10. O6bsicHuTe PYyHKLMIO IMHTTEPHOrO noaropHTeJm B COCTABC YCTAHOBKH.

r‘iomeK Bb! nonHeHMﬂ paﬁm‘b!

Mccne‘noaauu ,.%acmmoro MoaynaTopa
1. Brmounrte yLTﬂHOBK){‘ yﬁLﬂHTCCb B HELI'IH'-IHH ABTOKOJICOAHUIA.
HaG6monaiite kosnebaims OCI,[["JJJIOIPd(l)()I\I 1 chJiOl[t_HHbJM K BBIXOJIHBIM
KOHTAKTAM YMHTTEPHOIO HOB:N‘"n@Jm (Homcm(ﬂ%emrc upnbopos vepes Oy-
(epHblii Kackaa npaKEMuecKu chJl]uuachaJm;fﬂl;lc HX BXOJIHBIX Lencii Ha
HPOLECCHI B MOAYJIATOpPE. )

2. CHHMHTE H MOCTPOHTC MOJLYJISILIHOHHYIO xapal('rcplfcnmy folE).

OB UBMEPEHWU YACTOThI

B reopetHueckomM pasfenc npn orficanyn npeodpazesanns koneOamiii Gurypupyer
TOHATHE Kpyeosas wacnoma (0003HAMCHII; Ui)l’n PAIMEPHOCTB: paj/c). Dra seanti-
Ha cBd3aHa ¢ vactoroit f (f =1/T, T - n(.pl[()“l hom.oamm) hopmynoii w = 2 nf.
Bo m30eskanie om0k aHAIN3a PesyIbTaTOR INIepentiil yunTbisaiite, 4o B OBITAX
¢urypupyer vacrora f. [f] = I'i. To e otHoCcHTCH K AcBnanmn W (pa3sMepHoOCTb:
pajyc). JIna ieBHalii yacToThl, H3MCPACMOIl B repliax,: JoTOBOPHMCS HCIONb30BaTh
B MaTepuanax naHHoii nabopartopHoii padors obosnanenne G: G = W /(2 1).
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B kadectBe MOAYIALUHOHHON XapakTEPHCTHKH 31¢ch (QUIYpHPYET 3aBH-
CHMOCTb 4acToThl aBrokojicOannii reneparopa fy (B repuax) oT HarpsKeHHs
CMellieHUs £, H3MepsicMOro Ha 1OTCHIMOMETPE JeIHTes] HCTOYHHKA NUTa-
HUsL. YPOBCHb HALPIKCHHA £ BbIBC/ICH Ha juciuieii undpoBoro BoibTMETpa,
BMOHTHPOBAHHOIO B CTCHJ. YacToTy M3MepsiTe HacTOTOMEPOM, MOAKIIOUHB
CI'o K BBIXOAY dMuTTepHoro nosropurens (I11).

3. Cuumure (cororpahupyite) OoCLIILIOIPAMMY HaNpsKCHUS, re-
HCPHPYCMOTO MOAYJSATOPOM. M3mepbTe amiumnTyay (AcicTBylomiee 3Ha-
YCHIIC) HALIPSIZKCHUSA.

Boluncinre cpelHD yacToTy f, MOAYJISHHOHHON XapakTepHCTHKH 110
JHAYeHHAM KpaiiHux wacror: f, (BepxHeil) n f,; (uwxueil). ®opmyna: f. =
( fi + fa)/2. Yeranosure nanpsiKeHne HA BApHKANe, OTBEYAIONUICE TEHEPALIUH
kosicbannii Ha uacrore f,. Cuumure (cororpadmpyiite) ocmmuiorpaMmy
HAPAKCHHA, H3MEPBTE €ro aMIUINTYJLy (JIeiicTBYIOIIeE 3HAUCHHE).

WcenepgoBanme 4YacTOTHOTO beTeKkTopa
4. Cobepute cxemy HCCIIC/0BAHHS YACTOTHORO JACTCKTOPA. ,

OrriounTe TyMOICPOM MOAYISTOP OT BXOJA IMUTTCPHOLO HOBTOPUTEIS
H HOJANTC HA BXOJ HOBTOPUTCIS CHHYCOMIAILHOC HAlP#ieHKE ¢ JlabopaTop-
HOro redeparopa (puc. 14). [lis usmepenuii aMmimty.abl, kojedasuid, 1o aKino-
YHTC BOJILTMCTPBI K BBLIBOAAM KOHTYPOB., HIMciite B BHAY: ypgg\gm,‘;ianpm{{e—
Huii Ha KoHTypax B 10 pas Ooubiie n3MepPeHHEX BOULFMETpaMy, JIe/10. B TOM,
HTO HAUPSKCHUS KOHTYPOB K IHC3IAM HA CTCHJIC, NIO/BEACHD], HEPe3 eMKOCT-
HBIC JICHNTCIM, JICCATHKPATHO YMCHBIIAIONINE  HANPSAKGHNS, 43 THE3aX 110
OTHOLICHUIO K HAlPSKCHUAM Ha KOQUTYpax, ,3]‘9._9,;.1&[21}1[:}‘.‘1.];[[&‘OCJIEIGJECHHSI
BJIMAHNSA CMKOCTEH U IIPOBOANMOCTEH BXOAOR. HIMCNUTCHBHALY, JIPHOOPOB Ha
LIPOLIECChl B KOHTYpax. Ft CoMTLLt U ORHTE T i B

+1 28

SMATTepHbR ®

nua'cpn‘= s

Puc 14. Cxema ncenegosanist AU EPeHITHATLHOTO YACTOTHOTO ,f1e1 emopa

- 5. CHAMHTC Pe3OHAHCHBIC KPHBBIC KOHTYPOB 4aCTOTHOTO JICTCKTOpA.
~ Onpenenure pe 30HAHCHPIC YaCTOThI H I00POTHOCTH KOHTYPOB.

Ammmy;iy CHHYCOHAAJIBHOI'O HAlPKCHHUA Ha BbIXOAC IMHTTCPHOI'O
HHOBTOpUTEJIA llOIl,I.[Cp)KH-B&ﬁTB IOCTOAHHON Ha YPOBHC, E(OTOpb[ﬁ Hab/oaa1cH
paHee npH NoAKIIHYCHHOM MOAYJIATOPC. Hamensas HacToTy IrcHeparopa B upce-
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Aenax 3HAYeHHid, OTBCUAIOIIHX KPaHHIM TOUKAM MOJY/ISLHOHHON XapakTepi-
CTHKH, CHUMHTC PE30HAHCHBIC KPHBbIC KOHTYPOB.
Ounpejiennte pe30HAHCHBIC YACTOTEL.
ITo pesyibTaTaMm M3MEpeHHs HIMPHHBL PE3OHAHCHON KPHBOH BBIYMCIIHTE
JIOOPOTHOCTH KOHTYPOB.
MOACHEHWE
Hrobbl BHIMHCIHTE I0GPOTHOCTE KOHTYPA (), HAXOAT MO MAKCHMYMY PC3OHAHCHOI
KPHBOIl PE3OHAHCHYIO HACTOTY fj; W HIMEPAIOT MHPIHY KpuBoit (f, — f;,) 10 ypoBHIO
0,7 makcumansnoro suadenus. Jodporuoets Q = fo/(f, — fi)

6. Cuumure W mocTpoifte jerektopuylo Xapaktepucetnky up(f)
auddepeHnanbHoro 4acToTHOro AeTekTopa (eMm. puc. 11).
Heiictayiite 1o Toii xe cxeme usmepenuii (cm. puc. 14), uenonbsys B ka-
YCCTBC HCTOYHHKA CHHYCOMIAJIBHOIO HallpAMKCHUA JlaGOpaTOprlﬁ reneparop.
Hacrory ICHEPATOPA UBMEHARIC B HPC/AC/IAX BCErO JAHAIA30HA HACTOT CHATOl
pﬁHCC MO}.[leﬂI.lPIOHHmI XapaKTePHCTHKH.
7. Onpeaenre HYACBYIO TOUKY JACTCKTOPHOI XapaKTCPHCTHKH (uac-
STOTY fpo) M HaCTOTHI DKCTPEMYMOB: BCPXHETO fp; B HHKHETO [y, .
ConocTaBbTe BHIABICHHLIC B HTOM OIBITE 3HAUCHHS IKCTPEMYMOB ¢ Pe30-
HAHCHBIMM YACTOTAMH KOHTYDOB, & HaCTOTY fp, CpaBHUTE C YACTOTOH, HA KO-
TOPOIi 1iepeceKranTes pE}OHﬂH(.HB[e‘KpHBbIB KOHTYPOB.

- 8. (ﬁlel-mtt'e MaKCHMHJ]bHy}O AeBHaumio yactotht UM-koneGanus,
pH KOTOvaH chmﬁ‘euuﬂ BCJIC/ICTBHC ICTCKTHPOBAHHA OY1yT Majlbl.
Mccnegoaaume «cxso:mozﬁ» fnpeobpazoBaHmns koneGaHui

TRAKTOM, MOOyNATOP-AETEKTOP.

9.- lNoakirggure Tymﬁnepom BbIXOJL HACTOTHOTO MOJYSAATOPA K BXOJy

IMHTTEPHOTD MOBTOPHTCIIS (cm. prc. !3) (JlaGoparopheiii reHepatop

oncmoqme) CHuUMHTC U uoctpoiite up (E) - 3aBUCHMOCTD OCTOSH-

HOFO' Hanpsmcemlﬂ Ha BHIXOZIC ACTCKTOPA OT CMCIICHUS Ha BapHKare.

10. (Moo ,ucna'rb TP TIQATOTOBKE OT'{CTa) [TocTpoiiTe B Tex e

ocsix rpathux Uy (E), Hemotis3yd Aannbic paﬂce CHATBIX XapakTCpH-

CTHK; MOAYTALHORHOH 1 J{CTCKTOpHOM. O8bsicHITE CXO/ICTBA M OTIIH-

YHsl M3MCPEHHOTO H nompocmféro rpﬁdmmm :

11. {lonyuure uzoﬁpa}xeﬂgc XapaKTLpHCTHI{I! up(E) wa »kpane oc-

uniorpada; CpaBHHTE ¢ KIHBOIL, NOIYICHHON «BPYTHYION,

Veranop#re cMeifilenne Ha BAPUKANE, COOTBCTCTBYIOLUCE HYJICBOI TOUKE

AeTeKTopHoii xapakrepuctuku. Ha Bxos Moxynaropa noygaire unioobpasnoe
HAIIPAIKEHNE C I'HE3/, PACHIONOKCHHBIX B HULIE DOKOBOIL-CTCHKH OCIIILIONpa-
a. Ocumuiorpad HEAKIOHHTE K BRIXOAHBIM ['HE31aM JACTEKTOPA.

12. Beibeprre (a) cMeliicnie Ha apukane u (6) MakCUManbHYIO -

BHALMIO YACTOTBL, HAHIIYILINC /Ul JIMHCHHOrO niPpeofpa3oBaHus CHHY-
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COHJIAJILHOTO HAOPSKCHHS TPAKTOM MOAYISATOP-AETeKTOp. BhImonHu-
TC MPOBCPKY KAYCCTBA NNPCOOPA30BaHHs CHHYCOMAAILHOIO HAINpPsKe-
HHS, MMOCIIC/I0BATC/ILHO MOJBCPIrHYTOr0 OnepalusM 4acTOTHOMO MO-
JYJIMPOBAHUSA U JICTCKTHPOBAHMSI.

YceraHoBuTe BRIOpaHHblil ypoBeHs cMeuleHus Ha Bapukane. [lojaiite na
BXOJI MOJAYJISTOPA ¢ JIAOOPATOPHOIG I'CHEPATOPa CHHYCOHIAILHOE HANPSKe-
tue yactorhl |kl AmMummtyy ycranoBurte Ha ypoeHe, 00eclCUHBAIOLLCM
MAKCHMMIBHYIO JICBHALIHIO YaCTOThl COINIACHO C/ICJIaHHOIO Bblﬁ()pil. CHHMHT@
(chororpadupyiire) ocumuiorpaMmy Ha BbIX0J€ 4acToTHOro jctekropa. Co-
HOCTaBLTE (POPMY € CHIYCOHJIOH,

[3.Yeranosute ypoBeHb CMCHICHHS HAa BapHKAare, OTBCYAIOUIME Hy-
JICBOH TOYKe JIeTeKTOpHOH Xapakrcpuctuku. [logbepute Ha BXoae
MOYNIATOPA TaKYI0 aMIUIMTY1y CHHYCOHAAILHOIO HampsDKCHHS (Ha
BCPXHCIi rpaHuiic), 4Todbl (popMa HANPSKCHUS HA BBIXOAC JICTCKTOPA,
euie Obuta nofobua cuuycouzie. M3amepsre N0 MOAYIALMOHHON Xa--
PAKTCPHCTHKE JICBHAIIMIO, OTBCYAIOLLYHO BRIOPAHHOH aMIUIHTYIC.

14. Jlnst Beex OnpITOB MCCAC0BaHs NPCOOPa30BaHUs CHHYCOHAllb-
HOTO HAHPSHKCHHA BBIMHCINTC MHJICKChl MOIYJSAIHH, BBIICHHTE KO-
JIMHCCTBO TAPMOHHK, CYHICCTBCHHBLIX B ciiekTpax YM-konebanmii, n
HIHPUHY 110J0Ckl HacToT YM-Konebanuii.

Ha srom »kcnepumenTaibHas uacth naboparopHoii paboTel 3akoHuycHa. B
oTueTe 110 paboTe MPUBCIHTCE CXCMbl H3MEPEHHH, PE3YJIbTAThl PACUCTOB M W3-
MEPCHHH B BHJC rpauKkoB, OCHMILIOIPAMM, YHCIOBBIX 3HaucHuii. B oTuer
BIIOWKMTC [IPOTOKOJI, KAK KOMIIOHEHT HTOIOBOIO JOKyMmeHTa. OTuer clienyer
3AKIMOYHTL BbIBOJIAMM, B KOTOPBIX HPOAHAIM3UPYITE Pe3ybTaThl HCCIIEI0BA-
H}lﬂ, UG'bﬂCHH'i'C OTIHYHA [TOJIYUYCHHbIX JaHHBIX OT OKHACMbIX.

Nureparypa

1. YacToTHast MOyJIsIHA W HACTOTHOC JICTCKTHPOBAHKE: METOHUCCKHE
yKazad. 10 jabopatopHoii padore / cocrasurens 3oaoryxuna H. M. — JIITH
s MM Kainnuna, 1983, 14 c., oubnnorexa kad. pagnodusuin CIIGITTY.

2. Hosuxog [O. 1. OCHOBHBIC NOHATHA H 3aKOHbI TCOPHH UEHICH, METO/(bI
ananusa rnpoueccos B uendx: Yueb. nocodue. - CI16.: Jlans, 2010. 363 c.

3. backaros C. H.PaqHOTCXHHYCCKHE LCIH M CHIHabi: yueO. Juis By-
108/ — M. : Beicun. k., 2003,

4. I'yces B. I'. DiekrpoHuka W MHKPOLPOLIECCOPHAs TCXHHUKA: yueh. Juis
syton / B. T I'yees, 0. M. I'ycen, — M. : Beicu. mik., 2008,

Y MMosuroe 1O, H. YactoTHas MOAYJSALMS, HaCTOTHOC ACTCKTHPOBAHHC
[nekiponnniii pecype]: yuedn. noco6. no siaGopar. pabore/; CHBIITY.
Camcr-Herepoypr, 2014.— <URL:http://dlLunilib.neva.ru/dl/2/3644 pdf=

limepanypa 19



Hoesukoe Opuit Hukoaaeeguu

YACTOTHAA MOAVIALINA,
YACTOTHOE JETEKTUPOBAHUE

VuebHoe nocobue no nrabopatopHoii pabote

MopaepHH3aumsi, M3roTOBJEHHE, HACTPOIiKa
creH/ia labopaTopHoii paboTel: Konbiioe Pedop Anexcandposuy

IMonmucano B nevats 19.02.2014, dopmar 60>84/16. Tevars undponast.
Ven. ney. n. 1,25, Tupax 100. 3akas 11577b.

OTrnevaTaHo ¢ roToBOro OpPUTHHAJI-MAKeTa, MPeJIoCTaABICHHOTO aBTOPOM,

B THnorpadguu Manarenscrsa [onurexHnueckoro yHupepcuTeTa.
195251, Cankr-Tlerepbypr, [MoaurexHuueckas yi., 29.
Ten.: (812) 550-40-14.
Ten./axce: (812) 297-57-76.




