Tema 2. 3JI€KTpOCT&THKEll
JladopaTopHas padora Ne 3 (2.3)

I/I3y‘IeHI/Ie 3JIEKTPOCTATHYECKOIO 1011 METOA0OM MO/JETHUPOBAHUSA
BBenenue

SHCKTPI/I‘IGCKOC T10JI€ — 3TO 00J1aCTh IMPOCTPAHCTBA, B KOTOpOﬁ IMPOABILEIFOTCS CHUJIBI
QJIICKTPHUICCKOIO BSaHMO,HefICTBHH. Ecnu none CO31aCTCA HCIIOABHUYKHBIMU 3apAdaMu, TO
OHO Ha3bIBACTCA IJICKTPOCTATUYCCKHUM, TO CCTh HC U3MCHAIOIIUMCSA BO BPCMCHHU.

JIist omucaHUs CBOMCTB TMOJISI BBOJSATCA Takue (U3MUECKUE BEIMYUHBI, Kak
HaNpsHKCHHOCTh U MoTeHnuan. HanpskeHHOCTh (E) — 9TO CHIIOBas XapaKTePUCTHUKA
noyns. OHa paBHa cuie, ACHCTBYIOUIEH Ha MPOOHBIN (€AMHUYHBIA TOYCUYHBIN
MIOJIOKUTEIIbHBIN) 3apsi/l, HAXOAAIIUMNCS B TaHHOW Touke mojisi. Enununei 3apsga B
cucteme CU sBnsercs kyaon (1K), I[loTeHmman (@) — 3TO dHepreTHUYecKas
xapaktepuctuka 1nojis. OH paBeH MOTEHIMAJIbHON PHEPTUM TAKOTO K€ MPOOHOTO
3apsAja, MOMEUIEHHOr0 B JaHHYIO TOYKY MOJig. AOCOJIOTHOE 3HAYEHHE MOTEHIMaIa
YHMCJIIEHHO PaBHO padoTe 1Mo BHECEHUIO 3apsia +1 n3 OECKOHEUYHOCTH (TA€ MOJIe paBHO
HYJII0) B JaHHYIO TOYKYy mojisi. Ha mpaktuke ke Oojiee BaXXHO 3HATh U3MEHECHHUE
SHEPIrUM SJEKTPUUECKU 3apsHKEHHBIX TEJ MPU UX MEPEMEIICHUH B AJIECKTPUUECKOM
mojyie MOJO0OHO TOMYy, KaKk B TIOJI€ CHJI TSDKECTH MPOUCXOJUT HM3MEHEHHUE
MMOTEHIHAIIBHOW 3HEPTHH MAaTepUANIbHBIX Tell. Pa3HOCTh MOTEHIMANIOB JIBYX TOYEK
MOJIS1 HA3bIBAIOT BJIEKTPUUYECKUM HANpsHKeHUEM. BelnnunHa HanpsiKEHUs HE 3aBHCUT
OT a0COJIFOTHOTO 3HAU€HHUs MoTeHIMana. [1oaToMy 3a HyJIeBOM ypoBEeHb MOTEHIIMAIIA
MOKET OBITh MPUHST MOTEHIMAN B JIFOOOH yTOOHOM JIsl pACCMOTPEHHS TOYKE TTOJIS.

HaHpiDKGHHOCTB " IIOTCHI KA CBA3aHbI MCXKIAY c000¥ COOTHONIECHUEM:

-
E =-grad ¢.

JlpyruMu  CclOBaMHU, BEKTOpP HANpsSPKEHHOCTH HAmNpaBiI€H B  CTOPOHY,
MIPOTUBOIOJIOKHYIO HaIlpaBJIEHUIO HanOoJiee OBICTPOTO YBEIWYEHHUS MOTEHIMANa C
paccTOsiHMEM, a BeJMYMHA HANpPSKEHHOCTH paBHA HW3MEHEHMIO MOTEHIMala Ha
equauie JuHbl. [lom gelcTBHEM CHJI TMOJS JBIDKCHHE 3apsioB IPOUCXOJNT B
CTOPOHY YMEHBIIICHHUS] WX TOTCHIIMAIBHOW DHEPrHUM TMOJO0OHO TOMY, KakK MO/
JICUCTBUEM CHJIBI TSDKECTH TEJIO CKAThIBAETCS BHU3 C 0oJiee BBICOKHX YYacCTKOB
MOBEPXHOCTH 3EMJIH.

JIJiss HarJsAHOCTH pachpe/ielieHue TOTEHIala B MPOCTPAHCTBE M300pakaroT B
BU/JIE SKBUIIOTEHIIMAJIBHBIX MIOBEPXHOCTEN WM MOBEPXHOCTEN paBHOTO MOTEHIIMANA, A B
Clly4ae JIByMEPHOro (IUIOCKOIrO) MOJisi — B BHJIE AKBHUIIOTECHIMAIBHBIX JWUHUN. OHU
AQHAJIOTMYHBI JIMHUSM PaBHOM BBICOTHI Ha reorpaduueckux kaprax. PacripenencHue
HaIpPsDKEHHOCTH M300pa)KaloT B BUJIC CWJIOBBIX JIMHUN, KOTOPBIE MEPHEHAUKYIISIPHBI
AKBUIIOTEHITMAIHBIM JIMHUAM. KacaTelbHble K CHJIOBBIM JIMHUSIM TOKa3bIBAIOT
HaIpaBJICHUE CUJI, ICUCTBYIONIUX Ha MOJIOKUTEIBHBIC 3apsbl B AJICKTPUIECKOM I10JIe, a
I'yCTOTa JIMHUM MPOMOPIIMOHATIBHA BETUYMHE ITUX CHUJL.

! [oarorosneno npenoxaasarensimu KOO® AnexkcanapossiM B.H. u Cémamuem B./I.



Takue cuibl NEUCTBYIOT M Ha 3apsAdbl B TOKONPOBOIAIIEH CPEAE MEXIY
ANEKTPOJAMHU, K KOTOPBIM IPUIIOKEHO HEKOTOPOE HalpspKeHHE. TO0XKIECTBEHHOCTH
pPELICHUIT COOTBETCTBYIOIMX MAaTEMaTUYECKUX YPAaBHEHUM NIPU OJUHAKOBBIX
IPaHUYHBIX YCIIOBUSIX OOECIEUMBAET MaTEMATUYECKYI0 OCHOBY MOJEIMPOBAHUSA
AJIEKTPOCTATUYECKOIO IOJIA IOJIEM CTAalMOHAPHOIO TOKAa. OJIEKTPHUYECKUM TOK B
TOKOIIPOBOJSAIIEN Cpelie CO3JaeT Ha CONPOTUBICHUU COOTBETCTBYIOIIMX Y4YacCTKOB
Cpelbl MMAJCHUE HAIPSDKEHUS WIA PA3HOCTh IOTEHIMAJIOB, aHAJOTUYHYIO Pa3HOCTU
MOTEHIUATIOB MEXAY Pa3JU4YHbIMH TOYKAMH 3JIEKTPUYECKOrO MOJIs. DTO NaJCHHE
HANPSDKEHUST MOXKET OBITh JIETKO HM3MEPEHO BOJBTMETPOM, TaK KaK METOJaMHU
INpPSAMBIX ~ M3MEPEHMM  ONpENENnuTh  BEIWYMHY  3apsja W IapamMerpsl
AIIEKTPOCTATUYECKOIO MOJIsI BECbMA 3aTPyIHUTEIIBHO.

N3yueHue HNEKTPOCTATUYECKUX TOJIEW yAOOHO MPOBOAUTH  METOJOM
MOJEJIMPOBAHUS B AJIEKTPOJUTUUECKON BaHHE, B KOTOPYIO HaJIUTa TOKOIPOBOIAILIAS
KHUJIKOCTh (3JEKTPOJIUT). B 3JIEKTpOIUT MOMENIAl0T METAUIMYECKUE HIIEKTPOJIbI,
dopMa KOTOPBIX COOTBETCTBYET (hOopMe 3apsKEHHBIX 3JIEKTPOAOB HCCIETYEMOIO
OByMepHOro nmnoiisl. K 31ekTposaM MOABOAUTCSA IJIEKTPUYECKOE HANPSHKEHHE WU
MPOBOJUTCS CEPHs U3MEPEHUH pa3HOCTH MoTeHIManoB U MeXay OJHUM U3 JIEKTPOJIOB
Y Pa3JIMYHBIMHA TOYKaMU B 3JIeKTposnTe. COeqUHSSI TOUKH ¢ OJUHAKOBBIMU 3HAYCHUSIMU
U, MO>KHO MTOCTPOUTH KApPTUHY SKBUIIOTCHIINAIbHBIX JTUHUI.

[TonydeHHBIM PUCYHOK MOYKHO MacIITaOUpOBaTh Kak Fr€OMETPUUYECKH, TaK U 110
BEJIMUMHE TMPUIIOKEHHOTO  HAMpPsDKEHWS] M KCIOJIb30BaTh  JJIi  pacyeToB
AIEKTPUUYECKUX MOJIeH ¢ MOJ0OHOM reoMeTpuei AJIEKTPOIOB.

3Kcnepumeumaﬂbnble 3a0alm, nocmaejieHHble epaﬁome:

- MOCTPOUTH 3KBUINOTCHIIMAJIBHBIE JUHHUM, XaPaKTEPU3YIOIIUE PACHPEACICHUE
ITOTEHIHAJIA B 3JIEKTPOJIUTUYECKON BaHHE JUJISL 3-X CUCTEM BJIEKTPOOB;

- HCIHOJIB3Yyd IOJYYCHHYIO MOICIIb JJICKTPOCTATHYCCKOIO IIOJIA, pacCHUTATbh
XAPAKTCPHUCTHUKHU IJICKTPOCTATHYUCCKOI'O IT0JIA IJIA PCAJIBHBIX CUCTEM JJICKTPOJOB.

Onucanne IKCNEPUMEHTAIbHON YCTAHOBKH

Ha puc. 3.1 npencrapiena cxema 3KCIIEPUMEHTAIbHON YCTaHOBKH.

Ona mnpencraBnser coOOM TUIOCKYIO
Y | BaHHY A U3 paudJekTpuka. B kadecTBe
I D TOKONPOBOJAIIEH  cpeAbl  (DIEKTPOJIUTA)
| I C HCTIOJIb3YETCS BO/JIONIPOBOIHAS BOJIa
(mucTUIIMpOBaHHAS BOJIa SIBJISICTCS
IUdIeKTpukoM). Bopa HanuBaeTcs B BaHHY
—Z~6,3B TOHKHM CJIOEM, 4TOOBI MOJICIIb MOXKHO OBILIO
Puc. 3.1. CUMTATh ABYMEPHOM, TO €CTh pacCMaTPHUBATh
KaKk MOJIe]b TOIMEPEYHOro CeUeHUs] OO0OBEMHOW CHCTEMBI JJIEKTpoAoB. Toraa
IJIOCKOCTh BaHHBI MOYKHO CUUTATh TJIOCKOCTBIO CUMMETPUM PEAJIBHBIX AJIEKTPOIOB.
Banna yctanaBnmBaeTcs CTpOro TOPHU30HTAIBHO, YTOOBI TIPOBOJUMOCTH CJIOSI BOJIBI
ObllIa OMHAKOBOM B JTIOOOM MeCTe.
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Ha OOKOBBIX CTEHKax BaHHBI YCTAaHOBJICHBI ABC BCPTHKAJILHBIC CTOMKH JJIA
KPCIUICHUA U IMOAKIHOYCHHA 3JICKTPOOOB Bn C, a TaK)XKE THE340 1A INOAKIHOYCHUA
30HIa D - 3a0CTPCHHOT'O MCTAJNIMYCCKOT'O CTCPIKHA Ha ,Z[I/IC)JICKTpI/I‘{eCKOﬁ PYKOATKC.

B JTAHHOM pabote
MIpeIaracTcst MCCIIEN0BATh
& "'l |" & 'I O "’ # _©_" HECKOJIbKO CHCTEM JJICKTPOJIOB
. (puc. 3.2):
a 6 8 @) JBa  TNapaJlIeIbHBIX
MPSIMBIX AJIEKTPOIA, KOTOPHIC
Puc. 3.2. SIBJISFOTCSL MOJIEIBIO IINIOCKOTO

KOHJICHCATOPa WJIM OTKJIOHSIOIIUX IJIACTUH JIEKTPOHHOIYYEBBIX TPYOOK;

6) MCTAJUIMYCCKOC KOJIbIO, ITOMCHICHHOC MCIKIY OJICKTPOAaMH, ITO3BOJIACT
HU3y4YUTh BJIUAHHUC IIPOBOJHUKOB, BHOCHUMBLIX B JJCKTPHUYCCKOC II0JIC, Ha €TI0
XApaKTCPHUCTHUKU II0JIA,

6) IIBa KOJIBLIEBBIX SJICKTPOJA SIBJISIFOTCS MOJCIBIO IHWJIMHAPUYECKOTO Win (B
MepBOM MPUOIIHKEHUH) cPepuuecKoro KOHIeHCaTopa.

Kaxxaplit u3 371eKTPOI0B CHA0KEH BEPTUKAIBLHON CTOMKOM IS €r0 KPEIJICHUS U
IMOIKJIIOUEHUS.

B xommiekt YCTAaHOBKH TaKXXC BXOIAT JdBa MCTAJUIMYCCKUX CTCPIKHA C
3a)KMMaMH Ha KOHIAX IJIsI COCAMHCHHA CTOCK 3JICKTPOIOB CO CTOMKaMM BaHHBI.

DNeKTpoabl ONMUPAIOTCS HA JHO BAHHBI, BO3BBIIIASCH HAJ MOBEPXHOCTHIO BOJIBI.
OHU NOJKIIFOUYEHBI K HICTOYHUKY IIEPEMEHHOIO TOKA BO M30€XKaHUE UCKAXKEHUS OIS
13-32 JJIEKTPOJIA3a BOABI U 00PAa30BaHMsI ra30BbIX Iy3bIPKOB BOJIN3H JIEKTPOIOB.

JUist u3MepeHusl HampsbkeHuss Mexay snektpoaoM C u J000H TOYKOM B
anektponute (puc. 3.1) B KOTOPYIO MOMEIIAOT 30HI D ¢ MOAKIIOUEHHBIM K HEMY
BOJILTMETPOM. B naHHOI paboTe MCMONb3yeTCs ANEKTPOHHBIN BOJIBTMETP C BHICOKHM
(~ IMOwm) conpoTuBIEHUEM, YTOOBI N30€kKATh BIUSHUS COMPOTUBJICHUS MPUOOpa Ha
pacnpezesieHue NOTEHIMAIa B BAHHE.

IHoaroroBka nporokosa k padore
3anuwume HOMEP Y HA3BaHUE PaOOTHI.
3anuimTe 3arojioBokK: «Pacuemmnuvie hopmynnry.

Buinuwume GopMyiy 1uisi pac4eTOB HAMPSHXKEHHOCTH AJIEKTPUUECKOTO TOJIS:

E=(p,— p1)ld,

rae ¢, A @1 — 3HAYEHHUS TOTCHUUAIOB COCEIHUX C PacCMaTPpUBAEMOM TOYKOMH
HKBHITOTCHIIMAJIBHBIX JIMHUH, 0 — KpaTyaiiliiee pacCTOSTHHE MEXIYy dTUMH JIMHUSAMHU B
JTAaHHOM MECTe.

Buinuwume Gopmyny nns pacyeToB TMOBEPXHOCTHOM TIJIOTHOCTH 3aps/ioB B
CUCTEME IIOCKUX JIEKTPOJIOB:



o =F ¢ g,

rac E — HaIIPsSZKCHHOCTD  T10JIA BOJIN3H QJICKTpOAA, & - AUIJICKTPHYCCKAA IMPOHHUIACMOCTDb
CpCabl MCKKAY IJICKTPOAAMHU U €y — IJCKTPHUICCKAA IIOCTOAHHAA BAKyyMa.

Buinuwume QGopMynbl JUIsi pacyeTOB TOBEPXHOCTHOW IJIOTHOCTU 3aps/ioB B
CUCTEME IWINHAPUYECKUX IIIEKTPOJIOB:

o1=Uz¢ 80/(R1 In (Rz/Rl)), oo =Uc¢ 80/ (Rg In (Rz/Rl)),

rne R, m Ry - pamuycel 607BIIOTO0 M Majoro 3JIEKTPOIOB, COOTBETCTBEHHO; U -
Pa3HOCTH MOTCHITMAIOB MEXKIY JICKTPOIaMHU.

Iloocomogbme 3 nucTa MUUIUMETPOBOM OyMaru Jjisi MOCTPOEHUS YKBUIIOTEH-
[UAJIbHBIX JUHUN. VKaowcume Ha HUX CBOIO (PAMUJIMIO U HOMED TPYIIIbI. DTU JTUCTHI C
BBITIOJTHEHHBIMU MOCTPOCHUSMH SIBIISIFOTCS. HEOThEMJIEMOM YacThIO MPOTOKOJIA.

[loaroroBka k pabore. Hanetime B BaHHY BOJAOIIPOBOAHYIO Boay. TomuHa cios
BOJIbl JIOJDKHA OBITH BE37€ OJIMHAKOBOM M COCTAaBJIATH 3 - SMM AJi TOTrO, YTOOBI
CONPOTHUBJIEHUE CJIOS BOABI OBLIO ObI TOCTATOYHO BEIMKO M (PIIIOKTyaI[My TOJIIMHBI
CJIOS BOJBI B BAHHE HE BJIMSUIM HA PE3YJIbTAThl U3MEPEHUM.

Bcmasbvme HaKOHEUHUK IIpoBOJAAa, HAYIICTO OT 30HA4d, B THE3/I0 HA KpartO0 BaAHHBI.

Braiouume TymOnlep «CeTh» Ha MaHenW BojibTMeTpa. [lo Havama w3MepeHui
pUOOP JOIKEH NMPOTrPeEBAThCS B TEUEHUE S5 MUH.

Yka3aHusi 1o BbINOJHEHUIO paﬁoTbl

3aoanue 1. Ilocmpoenue IkeunomeHuyuanvbHoulX Junui 0aa I1-u (puc.3.2a)
KOH@uzypayuu 31eKmpooos

Yemanosume Ha THO BaHHBI CHMMETPHUYHO OTHOCUTEJILHO €€ KpaeB JiBa MPSAMBIX
AJIEKTpOAa TapajuieIbHO APYTr APYry Ha pacctossHuu 6 - 8cMm. CoedunHume CTOUKHU
AJIEKTPOJOB W CTOWKHM BaHHBI TOPU3OHTAIBHBIMU CTEPXKHIMU W 3aKpenume
3aKMMaMU B HY>KHOM T1OJIOKEHUH.

IIpocneoume, 4TOOBI 3JIEKTPOJBI ONUPATHCh HA JHO BaHHBI BCEH HUKHEH
MOBEPXHOCThIO, M YTOOBl HAa HUX HE OBbUIO BO3AYIIHBIX TMYy3bIPbKOB. [lpu
HEOOXOJIMMOCTH yoanume WX MPUKOCHOBECHUEM MAJIbIICB.

Hanecume wna MHJUIUMETPOBKY IMOJOKCHHUC OJJICKTPOAOB M OCH CHUMMCTPHHU
BaHHBI.

Kochumecv 30HmoM snektpona C W ycmauogume CTPEIKY BOJBTMETpa Ha
«HONbY. KochHumecwy 30HAOM »HleKTpona B, 3anuwume moKazaHus Tpudopa Ha
MWIJTUMETPOBKE PSIAOM C H300pakKeHUEM OTOTO aekTpoja. Eciau crpenka He
OTKJIOHSICTCSI, Nposepbme W TPHU HEOOXOAMMOCTH NOOMAHUME BCE COCTUHEHUS
AIEKTPOJIOB.

Onycmume ocCTpu€ 30HJa B BOAY BEPTUKAJIbHO B LIEHTpe BaHHbI. He BbIHUMas
30HJ] W3 BOJNIbI, HO M HE MPWXXUMasi €ro TUIOTHO KO JIHY BaHHBI (YTOOBI M30€XaThb
MOSIBJICHUSI LIAPANWH U UCKAXKEHUS TIOJIs), nepemecmune €ro BJI0JIb TOPU30HTAIbHON



JUHUM OCHU TI0 HaIlpaBlIEHUIO K 3JekTpogay C 10 TOro MOMEHTa, KOrja IMOoKa3aHus
npubopa crtanyt paBHbl 1B. O6osnaubme 3Ty TOUKY Ha MUIJUIUMETPOBKE.
llepemecmume 30HI Ha lcM BBEpX U, CIABHMras €ro BIIPaBO-BJIEBO, Hatloume
NOJIO)KEHUE, TIJIe HampsbKkeHue Takke Oyaer paBHo 1B. Ob6osmausme ee Ha
MUJUIUMETPOBKE. BHOBBL nepemecmume 30HA Ha 1cM BBEpX U Hatioume TaKylO e
TOUKy. [Ilpodondcatime aHAJIOTUYHBIE W3MEPEHHS] JO TOYKU C KOOPIMHATOM,
NPEBBIIIAIONICH Kpas AJIEKTPOoAOB Ha 2 - 3cM. [lposedume Takue ke U3MEpPEHUs B
HIKHEW MoJIoBUHE BaHHbIL. Coedunume Ha MUJUTUMETPOBKE MOJYYEHHbBIC TOUKHU IS
MIOCTPOCHHMS SKBUIIOTEHIMATBHOW JTUHUHU. 3anuuiume OKOJIO HEE COOTBETCTBYIOIIEE
3HAYEHUE NOTEHLINAIA.

Hatioume Ha TOPU30HTAJIBHOW OCH TOYKY, I7I€ HampspDkeHue Oyaer paBHO 2B.
Ilocmpotime aHanornyHBIM 00Pa30M IKBUIMIOTCHUIUATIBHYIO JIUHUIO JUISI 3TOTO CIydasi.
lloemopume n3mepeHus U NOCTPOCHUE JINHUM B MPOCTPAHCTBE MEXKAY IEKTPOIAMHU
st Hanpsbkenuit 3B, 4B u T.a. Voeoumecoy B TOM, 4TO B IEHTpajIbHOU 0OIacTH
MEXy MEKTPOAaMU JIMHUU MapajuIeNibHbI, a BOJIM3U KPaeB AMEKTPOJAOB HAYMHAIOT X
orudarsb.

3aoanue 2. Ilocmpoenue IK6UNOMEHYUATIbHBIX JUHUN 01 2-u (puc. 3.20)
KOH@uzypayuu 31eKmpooos

Ycemanosume B 1@HTpE BaHHBI Majblii KOJIBIIEBOM 3JIEKTPOA. 3aKpEIUIATh U
MOAKIIIOYATh €r0 K YCTAHOBKE HE HYXHO.

Hanecume Ha 2-M nHCTe MHJUIMMETPOBKH OCH BaHHBI M OTMETHTE IOJIOKCHHUE
DIIEKTPOJIOB.

Hsmepbme TOTEHIIMAN B IIEHTPE KOJIbIIA, HA CaMOM KOJIBIIE U nOCMpolme
IEHTPATBHYIO U TI0 2-3 OOKOBBIX AKBUIIOTCHIIMAIBHBIC JIMHUN aHAJIOTHYHO TOMY, KaK
ATO Jenayioch B 3amaHuu 1. Yboeoumecv B TOM, 4TO MOTEHITMANBI BHYTPH KOJIbIIA, HA
€r0 TIOBEPXHOCTH U IICHTPATBLHON JTUHUN OJWHAKOBBI, a APYTHE JUHUU HCKAXKAIOTCS,
oru0as KoJIbLIO.

3aoanue 3. Ilocmpoenue IKeunomeHuuaIbHLIX JAUHUN 0na 3-U (puc.3.26)
KOH@uzypayuu 31eKmpooos

Jlemonmupyiime mpsiMble 3JIEKTPOIBL. Ycmanoeume U nooxknouume OOJBLION
KOJIBLIEBOM JJIEKTPOJ CHUMMETPUYHO LIEHTPY BaHHbI W MAaJIOMY JJIEKTPOAY.
Tlookntouume Mamblii KOJIBLIEBOU AIEKTPOJT K OJHON U3 CTOCK BaHHHI.

Hanecume Ha 3-M JMCcTe MAJUTUMETPOBKH OCH BaHHBI U omMmenvme TOJI0KEHUES
DJIEKTPO/IOB.

Hocmpodme OKBUIIOTCHIUAIIBHBIC IMHUH MCKIAY SJICKTPOJaMHU.

lIpeovssume TOMyYEHHbIE pE3YNIbTaThl MPENOAABaTeNI0 W HOdyYuUme €ro
MOJAMUCH HA KAXKJIOM JIKCTE.

Buiknrouume n pazbepume ycranoBky. Cobepume BOIy U3 BaHHBI U npeovseume
YCTaHOBKY MHKCHEDY.



3aoanue 4. Pacuém xapakmepucmuk 31eKmpuieckKux noaei no pe3yibvmamam
noJIy4eHHbIX MoOeell

3anuwume 3aronoBOK «Pacuem Hanpa)@ceHHOCMU NOAA 6 cucmeme NIAOCKUX
971eKIMP0o008».

Ha kaX1io0M W3 NOJyYEHHBIX PUCYHKOB 3KBUIIOTEHUMAIBHBIX JIMHUI nposedume
HECKOJIbKO CHJIOBBIX JIUHUHN (JIMHUI HANPSYKEHHOCTH) U YKadtcume Ha HUX HaIpaBIICHUE
BEKTOPA HAIIPSKEHHOCTH.

Obo31naubme Ha PUCYHKE C TUIOCKHMH S3JIEKTpoaaMu 3-4 TOYKH, B TOM YHCIIE,
BOJIM3H 3JICKTPOOB U paccuumatime 3HAYCHUS HATPSDKEHHOCTH B ATHX TOUYKAX.

3anuwume  3aroloBOK  «Pacuem  HanpA)@CEHHOCMU NOAA 6 CUcCHmeMme
UUTUHOPUUECKUX ITIEKIMPOO 08 .

IIposeoume aHaNOTUYHBIE pacyeThl 3HAUYCHUM HANPSIKEHHOCTH B HECKOJIBKHUX
TOYKAX IMOJIsI, CO3/]JaBAEMOTO MEXKY [TUINHIAPUUYECKUMHU JICKTPOIaMHU.

3anuwume 3arojloBOK «Pacuem nOGEPXHOCMHON NIAOMHOCIMU 3apA008 Ha
IIEKMPOOAX).

Paccuumatime MOAYJIb HOBGpXHOCTHOfI INIOTHOCTHU  3apAa0B, KOTOPLIC
HCO6XOI[I/IMO HAKOIINTh Ha INIOCKHX W HUWIHMHAPHYCCKUX JJICKTPOIAAX, YTOOBI OHH
cO341aBaJid B ﬂHCTHHHHpOBaHHOﬁ BOAC C III/IBJIGKTpI/ILIGCKOI\/'I IIPOHUIIACMOCTBIO & = 81
TAKYI0 JKC HAIIPSOKCHHOCTL IIOJIA MCXKIAY JJICKTPOAAMH. I[JIH MUJIMHAPUICCKUX
QJICKTPOAOB IIPCABAPUTCIIBHO UsMepbme U 3anuuiune B TCTpadnl 3HAYCHUA PAINyCOB
QJICKTPOIAOB.

JlaGopaTopHasn padora Ne 4 (2.7)
JJIeKTPOHHBIN ocuusIorpadg
BBenenue

ONeKTPOHHBIM  ocuWwiorpad mnpenHazHayeH Il U3YYEHUs] Pa3IU4HBIX
AIEKTPUYECKUX MPOLIECCOB.

OcHoBoll ocuusuiorpada sBISETCS SJEKTPOHHOJIyYeBas TpyOKa, Ha DJKpaHe
KOTOpPOM MOKHO BHU3yallbHO HAOJII0AAaTh OTOOpaKEHHUE HCCIEAYEMBIX SIBICHUN B BUJIE
CBETAIIMXCS JUHUI Ha sKpaHe. M300pakeHue Ha SKpaHE BO3HUKAET B pE3yJbTaTe
CBEUEHMsI CIIELMAJIbHOIO BEIEeCTBA — JIIOMMHO(Opa Ha BHYTPEHHEH MOBEPXHOCTHU
DKpaHa MNpPU BO3JACHCTBMM HA HETO IIy4Ka DJJEKTPOHOB, KOTOPBIM CO31aeTCs
AJIEKTPOHHOM ITYIIKOM.

[To myTHu K 3KpaHy My4OK JIEKTPOHOB MPOXOJAUT MEXKAY IIIOCKONapaieIbHBIMU
mnactuHaMmu. [lox nelicTBUEM 3JIEKTPUUECKOTO TMOJIsA, CO31aBAEMOT0O MPUIIOAKEHHBIM K
IJIACTUHAM  HANpPSDKEHWEM, TMYYOK OTKJIOHSAETCS B CTOPOHY IUJIACTHHBI €
MOJIOKUTENIBHBIM MTOTEHIIUAJIOM (ITO3TOMY ATH TUIACTHUHBI HA3bIBAIOT OTKJIOHSIOIIUMH)
Y CBETALIASACS TOUKA HA DKPAHE CMEIIAETCS B Ty )K€ CTOPOHY.



OnHa mapa mJIacTUH PacnoJiaraercsi TOPU3OHTAIBHO M, COOTBETCTBEHHO, TOYKA
Ha DKpaHe CMeIaeTcsd MO BEepPTHKaIWM. OTHU IUIACTUHBI HA3bIBAIOT IJIACTUHAMU
BEPMUKANLHO20 OMKIOHEHUs. WU OTKIOHEHUST 1mo ochu Y (B COOTBETCTBUU C
oOmenpuHATHIM 0003HaUE€HHEM oceil Ha rpadukax). Bropas mapa mnnacTun
pacrnoiiokeHa BEPTUKATIBHO. DTO — IUIACTHHBI 2OPUSOHMANLHO20 OMKIOHEHUs WU
OTKJIOHEHHUS 110 ocu X.

Ha xaxzayro mapy OTKJIOHSIONIMX IJIACTUH MOKET OBbITh MOJAHO PETyIUPyEeMOe
BPYUYHYIO IIOCTOSIHHOE HaNpsDKEHHE, YTO MO3BOJISIET YCTAHABIMBATH CBETALLYHOCS
TOUYKY WJIH N300paXeHHE LIEJTUKOM B HY>)KHOM MECTE Ha dKpaHe.

Eciu Ha ogHy mapy IUIACTHH MOAAHO IEPEMEHHOE HANpsKeHHWe, TO MpHU
OTCYTCTBHH HAIpsDKCHHS Ha BTOPOM Mape IJIACTHH Ha dKpaHe OyneT HaOmroaaThes
COOTBETCTBEHHO BEpPTHUKaJbHAas WIM TOPU3OHTANIbHAA JWHUU. Eciu nepeMeHHoe
HaIpsHDKEHUE MOIAHO OJHOBPEMEHHO Ha 00€ mapbl IJIACTUH, TO HAa SKPaHE MOSIBIISIETCS
KpUBasl JIMHUA — PE3YJIbTAT CJIOKEHUS ABYX B3aUMHO NMEPIECHIUKYISAPHBIX JBHKEHUN
CBETSALLEHCS TOUKH.

UroOel HaOmoaath (opMy UCCIEAYEMOTr0 HanpsLKeHUs (3aBUCUMOCTH  OT
BPEMEHHU), O5TO HaNpsHKECHHE OOBIYHO TMOJAE€TCs Ha IUIACTHHBI BEPTUKAIHLHOTO
oTkjIoHeHus (1o ocu Y). [Ipu 3ToM HE00X0UMO 00ECIEUnTh PABHOMEPHOE JIBUKEHHE
Jy4a 1Mo TOpU30HTaIU. J[JIs1 3TOr0 Ha TUIACTUHBI TOPU30OHTAIBHOTO OTKJIOHEHUS (10 OCH
X) mojaercsi HaIpsbKEHUE, JIMHEMHO W3MEHSIONIeeCs BO BPEMEHM, TaK Ha3bIBAEMOE
HaIpPsLKEHUE Pa3BEPTKHU.

JleiicTBue HampsDKEHHsS pa3BEpPTKUM  MOJOOHO  JBWXKEHHIO OyMaru mpu
BBINIOJIHEHUH JTA0OPATOPHOM pabOThI MO M3YYEHUIO KOJIEOAHUI NMECOYHOI0 MasTHHKA
B Kypce «Mexanuka». Ha HemoaBmkHOM nucTe OyMaru KOJIEOMIOUIMIICS MasiTHUK
OCTAaBJISIET CJI€]l B BUJI€ MPSIMOW JIMHUK. PaBHOMEpHOE ABMXKEHUE Oymaru NpUBOJIUT K
TOMY, YTO CIIEJ] IIPEBPAIIAETCS B CUHYCOUY.

[Ipu wu3ydyeHun OBICTPOTEKYIIUX TMPOIIECCOB MBIXKCHHE IISITHA HAa DJKpaHe
MPOUCXOJUT HACTOJIBKO OBICTPO, YTO TJIa3 YEJIOBEKAa HE YCIEBAET €ro 3aMETUTh.
[ToaToMy moOcie TPOXOXKIAEHUS Jiyda cieBa HampaBo (MpsSMOMl X0J) HEO0OXOIUMO
OCYIIECTBUTh OBICTPBIA BO3BpAT Jiyda B MCXOJIHOE MOJOKeHHE (OOpaTHBIA XOMd) U
MOBTOPHOE €r0 MHOTOKPATHOE IMPOXOXKJIEHHUE IO OSKpaHy. OTH COOOpaKeHUs u
oOyciaBnuBaoT mHI000pa3Hyto (HopMy HaNpsDKEHHS, MOJABAEMOTO Ha TUTACTUHBI
TOPU30HTAJILHOTO OTKJIOHEHHUS OT BHYTPEHHETO reHepaTopa pa3BepTKHU.

Ecnu wyacTtota pa3BepTKM paBHA IEJIOMY YHCIY TMEPUOJOB HCCIEAYEMOro
HaMpspKEHUS, TO MPU MMOBTOPHOM MPOXOXKACHUU Jyda IO IKpPaHy JIMHUHU JBUKEHUS
CBETOBOTO MATHA OYIyT TOYHO HAKJIAJBIBAThCS APYT HA Jpyra u uzo0paxeHue Oyner
HETIOJIBI)KHBIM. B MPOTHBHOM cityuae u300pakeHue OyIeT nepeMeniaThCs Mo SKpaHy.
YUtoOBl ATOTO HE MPOUCXOJUIIO, HYKHO CHHXPOHH3UPOBATH pabOTy TreHeparopa
pa3BEepTKM M HCCIEAYEeMbI CHUTHAJI TakK, YTOOBI MPSIMOM XOJ MHUI000pPa3HOIro
HaIpsOKEHUST HAYMHAJICS C OJHOTO M TOTO € 3HAadYeHus (a3bl HCCIETYEMOTO
HampspkeHust.  [[ns sroro B ocmwuiorpade  TPEnyCMOTPEHO — CIEIHAIbHOE
CUHXPOHU3UPYIOLIEE YCTPOUCTBO.



dopMa  BBIXOMHOTO HANMpsHDKCHHWS  TEHepaTopa  pa3BepTKU €  YYETOM
CHHXPOHM3AIIMKM U300paKeHHS TToOKa3aHa Ha puc. 4.1.

TI'opu3oHTANBHBIN Y4aCTOK
COOTBETCTBYET BPEMEHH  OXHUAAHUSA
reHepaToOpoOM MOMEHTa coBmnajeHus ¢a3
HCCIIEAYEMOr0 HANpPsKEHUsS B Hadajye
I /A A / KQKJIOTO CJEAYIOIIETO JBUKEHUS JTyda
ClieBa — HANpaBo C MPEAbIIYIIUM.
CpaBHUTEIHLHO MENJICHHOE YBEIUYCHUE
HaIPSDKEHUST Pa3BEPTKU COOTBETCTBYET
NpSIMOMY XOMy TISITHA, a OBICTPHINA
BO3Bpar HaNpSDKEHUST Pa3BEPTKU K

Puc. 4.1. HAYaJIbHOMY 3HAYEHHUIO COOTBETCTBYET
oOpaTHOMY XOJTy.

Ocuusuiorpad MMPOKO MCHONB3YETCS ISl UMEPEHUs HANpaiCceHutl, NOCKOJIbKY
KOOpAMHATA CBETSMICICSA TOUKU Ha KpaHE MPSMO MPONOPLHOHAIbHA HANPSIKEHUIO,
MPUJIOKEHHOMY K COOTBETCTBYIOIIUM OTKIIOHSIOIIUM IJIACTUHAM:

XZOZXUX, y:ayUY’

I7IE Oy ¥ Oy — KOO(OQHUIIMEHTBI IPOIIOPLIUOHAIBHOCTH, KOTOPBIE HA3bIBAIOTCS YyBCTBUTEIb-
HOCTsIMU 1O ocsiM X U Y. DTO TMO3BOJISIET MCHOIB30BaTh ocumiuiorpad s uzmepeHus
HAanpsICceHull.

Jlist ynoOcTBa 3TUX M3MEpPEHUI MOBEPX SKpaHa MOMEINICHA Mpo3pavyHasi IIacTUHA
C HAHECEHHOW Ha HEW KOOPAMHATHOM CETKOM, a BMECTO YYyBCTBUTEIBHOCTU
HCIOJIB3YIOT OOpaTHYIO BEJIMUMHY — LEHY JEJIEHUsl 3TOW CeTKHU (Jajee MpocTo: IeHy
JelieHusl dKpaHa). BHauasie ompenensioT paccTOsiHUE MEXIy JByMsSI BbIOpaHHBIMHU
IIOJIOKEHUSIMU CBETSALICICS TOYKM B JCJICHUSAX. 3aT€M, YMHOXasi YUCIO JIEJICHUN Ha
LIEHY JEJICHUs], PACCUUTBIBAIOT COOTBETCTBYIOILYIO BEJIIMUMHY HANPSKEHUA TaK XKe,
KaK U [IPH UCTIOJIb30BAHUU CTPEIOUHBIX TPUOOPOB.

JUist  u3MepeHus pasHbBIX M0 BEIMYMHE HaNpsDKeHUH B ocrusuiorpade
MpeayCMOTpEeHa BO3MOXKHOCTh U3MEHEHUS Tpejiesia u3MepeHuit (1, COOTBETCTBEHHO,
IIEHbl JICJICHUS), KaK Yy BOJHTMETpPOB. OOBIYHO II€HA JEJeHUs YyKa3aHa Ha JIMIEBOU
naHenau ociuuiorpada OKOJo pydKd Mepekirodarens ycuiautens Y. B mpoTuBHoMm
clly4ae nepej u3BMEepEeHUeM HE0OXO0MMO MPOBECTH TPALyUPOBKY ociuiuiorpada.

JIMHENHOCTh MPSAMOTO XO0J1a HAMIPSKEHUS Pa3BEPTKU MO3BOJIAECT U3MEPSTh Maible
ompesKu 8pemMeHuU, HaIpuMep, TepruoJl KojaeOaHU Mpy MOMOIIM TOM K€ MaciiTaOHON
cerku. llena pgermeHuss B MWIIM- WIM MHUKPOCEKYHJAaX YKa3aHa Ha JIMLEBOW ITAHENH
ocruuiorpada MPOTHUB  COOTBETCTBYIOIIMX TIOJIOKCHUM PYYKH TEPEKIIoYaTess
«pa3BepPTKay.

C momourpio ocumiuiorpada MOKHO TaKKe HaOMIONaTh PE3YIbTaT CHOMCEHUs.
NnepemMeHHbIX HanpAdiceHuti, MONABAEMBbIX HAa BXoX Y. Ecim Ha Hero mogaHo naBa
HaIpsHKEHUS OJJHOM YacTOThI, HO C Pa3HbIMU HadaJlbHBIMU (pazaMH, TO UX CymMMa
MpeJICTaBIsIeT cOO0ON CHHYCOUAY C TOM e YacTOTOM M MPOMEKYTOYHBIM 3HAUECHUEM



HadanpbHOU (pa3bl (cM. Kypc «Mexanumkay). Ecnu momaHo 1Ba HampsDKEHHS C
OJIM3KMMH YaCTOTAMH, TO Ha 3KpaHe OyAyT BUIHBI OueHus — KojieOaHusl, aMIUIUTY/1a
KOTOPBIX M3MEHSETCS C YaCTOTOW, PABHOM PA3HOCTH YaCTOT MCXOJHBIX HAIPSIKEHUM.
(ITompoOHeli oOpa3zoBaHHE OWEHHWI PACCMOTPEHO B YKa3aHUSAX I10 BBITOJTHCHHIO
COOTBETCTBYIOIIETO 3aJaHus JJa0OPATOPHOU PabOTHhI).

3Kcnepumeumaﬂbubte 3(10(1‘!”, nocmaeJjieHHble 6pa60me:

- HAcCTpOWKa HCXOAHBIX IapaMEeTpOB M300pakeHUs Ha 3KpaHe ocuuiuiorpada
(spxoctH, (OKYCHUPOBKH) IIyTEeM PpETryJIUPOBKM HANpsHKEHUH Ha  AIIEKTPojax
AIIEKTPOHHOIYYEBOU TPYOKH;

- kaymOpoBKa ocrutorpada;
- U3MEPEHHUE MMapaMeTPOB CHHYCOUAILHOTO U MHJI000Pa3HOT0 HAMPSKCHHUM;
- HAOJTFO/ICHUE JICUCTBUS CUCTEMBl CHHXPOHU3AIMH N300paKCHHS;

- HU3MCPCHHUC YaCTOThI 6I/IGHI/H>'I, SABJIIAIOIIUXCA PE3YJIbTATOM CJIIOKCHHUS JIBYX
CHUHYCOHNAAJIBbHBIX HaHpHH(eHHﬁ.

OoOopyaoBanue 1/ BbINOJHEHUS PadoThI

B pabore uccnenyerca ocummorpad tuna C1-65A (puc. 7.2). B psae 3ananuii
UCIIOJIB3YETCSl BTOPOM ocHuwuIiorpad TOro ke Tuma, a Takke HHU3KOYaCTOTHBIE
reHeparopsl ['3-33 u 1'3-118. Ilpuemsl paboThl ¢ npruOoOpamMu ONKCaHbl B YKa3aHUSIX
10 BBIMOJHEHUIO COOTBETCTBYIOIIMX SKCIEPUMEHTAIIbHBIX 3aaHH.

B xommuiekt oO0OOpyJoBaHUSI TakKe BXOMAT CHEHHAlbHbIE KaOenu s
COEIMHEHHUSI PUOOPOB APYT C APYTOM.

HoaroroBka ocuwuiorpaga C1-65A k paGore (Brimonusercs mnepen
MTOJTYYEHHEM NIPAKTUYECKOTO JOMYCKa).

O3HaKOMBTECH C PACIIOIOKEHUEM OpraHoB ympasiieHus ociuiorpadgom C1-65A
Y YCTAaHOBUTE UX B PEKOMEHAOBAHHBIX HMKE UCXOJIHBIX TOJIOKEHUSX.

OcHOBHBIE OpTaHbl YIpaBiIeHUs ocCIuIorpadoM (pyukHd, pa3beMbl U JIPYrUe
YCTPOWCTBA) BBHIBEJICHBI HA JIMIIEBYIO MMAHENb, UMEIOT CBOM 0003HAYCHUS U 00BEAMHEHBI
B TIpynnsl 10 (yHKIMOHAJIBRHOMY Mpu3HaKy. [pynmel pas3feneHbl Ha TMaHeIu
CIUIOLUIHBIMH JINHUSAMMU.

CneBa oT 3kpaHa (cM. puc. 4.2) pacroJIOKEHbl PYYKU YIPABJICHHS SPKOCTHIO
M300pakeHns « %%», (OKYyCHpPOBKOH MATHA « ®» (YCTaHOBHTE TH PYUKH B CpEIHEE

MOJIOKEHUE), OCBEIICHUEM CETKH JKpaHa «Q», YETKOCThIO M300pakKeHus «5,
(1Be mocneaHue B JaHHOU paboTe HE UCTIONB3YIOTCS ).

(1Be mocneaHue B JaHHOU paboTe HE UCTIONIB3YIOTCS ).

Hccnenyemoe HanpsKEHUE MOJAETC Ha BXOJ «YyCHIIMTENS Y» depe3 pa3beM, KOTOPbII
0003HAUYEH CUMBOJIOM «<J» M pACIIONIOKEH Ha IIMIEBOM IMaHeaM Ipudopa Iox
skpaHoM. CuUrHajs Ha 3TOT W JpPYrue pa3beMbl MOJBOAUTCA IO CIELHAIBHBIM
KabelsiM, OJIMH U3 MPOBOAOB KOTOPHIX UYEPE3 Pa3beM COCAMHSETCS C KOPITyCOM MpHOOpa.
PsifioM ¢ paszbeMoM «~O» ycTaHOBIEHa KiaeMMa «L», CoeIMHeHHas ¢ KOpIycoM NpHOopa,
KOTOpasi B CIIy4ae CHJIBHBIX [IOMEX 3a3€MIIAETCS.
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Hccnenyemoe HampspKeHHE IMOJAETCS Ha BXOJA «YCHWIMTENS Y)» 4epe3 pa3be,
KOTOPBIH 0003HAYEH CHMBOJIOM «“)» M PacIlONOKEH Ha JIMIEBOM MaHeNu Ipudopa
noj skpaHoM. CUrHai Ha 3TOT M APYTHe pa3beMbl MOJBOJUTCS MO CIELHUATbHBIM
KabensM, OAMH U3 IPOBOJOB KOTOPBIX YEPE3 pa3beM COCOUHSETCS C KOpIIyCOM
npubopa. Pamom ¢ passemom «=<O» ycTaHOBIeHa KiemMMa «L», coemuHeHHas C
KOpILyCOM NpUOOpa, KOTOpas B CIIy4ae CUIbHBIX IIOMEX 3a3€MIIAETCA.

Ha Bxonme ycunmurtens Y wumeercda nepexntodarens [I; Ha Tpu mosiokeHus,
COOTBETCTBYIOILINE «OTKPBITOMY» BXOLy Hpubopa (=) /uid U3MEPEHUs MOCTOSHHBIX U
MEPEMEHHBIX HANPSOKEHUH, «3aKphITOMY» BX0oay (~) Ui HW3MEpPEHUS TOJIBKO
MEPEMEHHBIX HAMPSIKEHUN U «3aKOPOYEHHOMY» BXoAy (L) AJig yCTaHOBIEHUS HYJIEBOIO
HOJIOKEHUS JTyya 110 BEpTUKAJIN Ha SKpaHe AIEKTPOHHO-Iy4eBO TPYOKH.

UyBCTBUTENBHOCTD YCUJIATENA BEPTUKAJILHOTO OTKJIOHEHUS MOKET
ycTaHaBiIuBaTbcs mnepekitouareneM «V/men.». Ilom «uenenuem» 3aech U jganee
MMOHMMAETCSl CTOpOHA KBajApara (= 1cM) Ha MacITaOHOM CeTKe, YCTAaHOBJIECHHOW Tepes
9KpaHOM. JlelCTBME 3TOro NEPEKIYares SKBUBAJIECHTHO W3MEHEHHIO IIpenena
U3MEPEHUHM Yy OOBIYHBIX BOJIBTMETPOB. COOCHO C PYYKOH yKa3aHHOTO MEPEKIII0YaTest
BBIBEJIEHA pYyyKa [OTEHUMOMETPA «IUIABHO», KOTOpas TO3BOJIAET YMEHBIIUTH
YyBCTBUTEJIBHOCTh 10 2,5 pa3. Ho npu wu3MepeHusx O5TOT ITOTCHLHOMETP HE
UCIOJBb3yeTCA, TaK KaK »JTO TpeOyeT [AONOJHUTENIbHOM TIpagydpOBKH IIKAJbI.
YcTaHOBUTE 3Ty pydKY B KpaiiHee MPaBoe MOJIOKEHHUE.

PydyHoe mnepemelnieHue SIEKTPOHHOIO Jydya Ha DJKpaHe [0 BEpTHKAIN
OCYLIECTBISIETCSA PYUKON « ¥).

CnpaBa OT JKpaHa pacCIIOJIOKCHA ITIAHCIIb «Pa3BCPTKaA».

B BepxHell 4YacTM TMaHENIM pACHOJIOKEH NEPEKIIIoYaTeIb BHUAA HAINPSKECHHUS,
M0/IaBa€MOI0 Ha TUIACTUHBI TOPU30HTAIBHOTO OTKJIOHEHMS. B momoxkeHun «X» OHO
IOCTYIAeT OT BHELIHETO MCTOYHMKA dyepe3 pazbeM «<OX» , KOTOpBI yCTaHOBIEH Ha
MaHeJId «CUHXPOHU3AUs». B IBYX JIEBBIX MOJOKEHHUSIX OHO MOAAETCSA OT BHYTPEHHETO
reHeparopa pa3BepTKH.

JUIMTeNnbHOCTh MPSAMOTo Xona Jjyya (Tepuoi pa3BEepPTKH) MOXKHO HM3MEHATH C
MOMOIIbIO TEPEKIIIoYATeNsl «BpEMs/IeN», a TaKkKe C MOMOUIbI0 PYYKH «ILJIaBHOY,
PAacMoJIOKEHHON Ha TOM ke ocu. IIpn u3MepeHusax pydyka «IUIaBHO» HE HUCHOJIb3YETCH.
YcraHoBuUTE €€ B KpallHEE MPABOE MOJIOKEHUH.

Bepxuum nepexiroyatesieM Ha TMaHETU «pa3BEepTKa» MEPUOJl Pa3BEPTKU MOMKET
ObiTh yMeHbilieH B 10 pa3 (momoxxenue «x0,1») uim ocTaBieH B COOTBETCTBUHM C
MOJIOKEHUEM TepeKITIoYaTelis «Bpemsi/nein.» («x1»). YcTaHOBHUTE 3TOT MepeKItoyaresib B
MpaBo€ MOJIOKEHUE.

BeiOop pekuMa 3amycka pasBepTKH ocylnecTBisercs mnepekmodarenem (I13),
PACIIONIOKEHHBIM B HUKHEW 4YacTU MaHENIH «Pa3BEpPTKa». YCTAHOBUTE €ro B BEpXHEE
MOJIOKEeHHE (3ayCK OT BHYTPEHHETO CHHXPOHH3UPYIOIIET0 YCTPOMCTBA).

CrneBa OT 3TOTO MEPEKIIOYATEIIsI PACTIONOKEHBI PYUYKH PYYHOTO CMEIIEHUS TsTHA
10 TOPU3OHTAIH (« M- rpy0o, « Ml - IJIJABHO, COOTBETCTBEHHO).

BrixomHOW curHam reHeparopa pa3BEPTKH MOMKET OBITH BBIBEJICH Ha BHEIIIHUE

ycTpoiicTBa uepes rHe3no « G » «\V» B HIDKHEW YacTh MaHeNn «pa3BepTKa» M THE3I0
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«G3eEMIID» - «Ly.

B mpaBoii wactu nuneBoil maHenaw ociuuiorpada pacroyioKeHbl (CBEpXy BHU3)
MaHETN «CUHXPOHU3AIU), «KATMOPATOP» U «CETHY.

VYpoBeHb cCHUTHalla, C KOTOpPOrO HAYMHAETCA €ro pa3BepTKa Ha SKpaHe,
perylupyercs COOTBETCTBYIOIIEH pydyKOM Ha MaHeNId «CUHXpOHU3auus». Bun
CUHXPOHM3allMM BbIOUpaeTcs mnepexntodarenem Il «BHyTp» (IO cuUrHamam OT
ycunutenss Y), «ceTb» (OT CETeBOT0 IMUTAIOLIECTO HaMpsHDKEHUs1) MO0 BHEIIHUM
CUTHAJIOM, KOTOpBIM  mojaeTcs depe3 pasbeM «~“OX» B nonoxkenun  «1:1»
HETOCPEJICTBEHHO Ha BXOJ yCUIUTENsA «X», a B osioxkeHud «1:10» - ¢ gecatukpaTHbIM
ocCJ1a0JIeHUEM.

Kanubparop - 3TO BHYTpPEHHMI HUCTOYHHUK HAMpSHKEHUS, KOTOPOE CIYXKHUT ISt
POBEPKH YYBCTBUTEIBHOCTH ocuuuiorpada. BeixomHodt curnHan kamuOparopa
BBIBOJMTCA 4Yepe3 THe3ga «“O» M «L». BenwumHa 5TOro HANPSKEHHs PEryIUpPYeTCs
COOTBETCTBYIOUIUM THepekintouareneM. COOCHO C HHMM paclojioK€Ha pydka BblOOpa
pexuma pabotbl KanmuOpatopa. OHa uMeeT TpU MOJOXKEeHHs. B 1ByX KpailHHX
MOJIOKEHUSX KanuOpaTop auOO BBIKIIOYEH, JUOO C HEro MoJaercs MOCTOSHHOE

HanpsokeHHe (CUMBON « — »). B cpemem monoxkennn « Il 1kHz» xanmuGparop
BbIPa0ATHIBACT MOCIIEAOBATEILHOCTD MPSIMOYTOJIBHBIX UMITYJILCOB (MEaH/IP).

Brxomtouenne npubopa oCyIiecTBISIeTCsl TYMOJIEPOM «CEThy, IIPU 3TOM 3aropaercs
PacnoJIOKEHHAs PSAIOM C TyMOJIEpOM CUTHAJIbHAs JaMIIOYKa.

Brnouume TymOep «ceThby.

Yepes 1-2 MuHYyThHI, HEOOXOIMMBIX Ul MpOrpeBa ocuuwuiorpada, Ha 3KpaHe
JOJHKHO TIOSBUTHCS CBETAIIEecs MATHO. Eciu yBumeTh MATHO Ha dKpaHe HE ymaércs,
YBEJIUYBTE SPKOCTH A0 MakcumyMa. [1osSBUTCS 3eleHOe CBEYEHHE B KAKOW-TO YacTh
9KpaHa. JTO O3HA4yaeT, YTO MATHO HAXOAWUTCSA 3a NpeleaMu 3KpaHa CO CTOPOHbI
3aCBETKH, U CTaHET IMOHITHO, B KaKyl0 CTOPOHY CIIEyeT €ro CMECTHTb py4YKaMu
PETYJIUPOBKHU TOJOKEHUS TSTHA, YTOOBI YCTAaHOBUTH B IIEHTPE dKpaHa. 3aTeM HYKHO
YMEHBIIUTH IPKOCTH MSATHA 10 YAOOHOTO YPOBHS U MOJCTPOUTH DJIEKTPOCTATHIECKYIO
JMH3Y SJIEKTPOHHOIYYEBOM TPYOKM JO0 MHMHUMAJIBHOIO pa3Mepa MATHA pPY4YKOM
(hOKYCHPOBKH.

Brarouume reHepatop pa3BepTkd, nepeBeas nepekirodatenb (I13) B momoxeHue
«x1». Ha sKkpaHe AOJIKHA TMOSBUTHCS TOPU3OHTANIbHAS JUHUA. Ycmanosume €€ B
LIEHTPE KpaHa.

llonyuume TnpakTUYECKHH JOMYCK K paboTe W mpucmynaiime K BBITOJIHEHHUIO
AKCIIEPUMEHTAJIbHBIX 3aJIaHU.

IMoaroroBka mpoTokoJa Kk pabore
3anuwume Ne v Ha3zBaHUE PabOTHI.

[Ipu BbIONHEHHH PAOOTHI B KAXIOM M3 3aJaHU HEOOXOIUMO 3apucosamy
MoJIy4aeMoe Ha dKpaHe n300pakeHue (OCHUUIOrpaMMy) M MPOBECTH HEOOXOIUMBbIE
M3MEPEHHUsI, OCHOBBIBASICh HA ATOM H300pakeHUH. Puc. 4.1 MOXeET CIy>KUTh IPUMEPOM
TaKOM OCHUAJJIOTPAMMBI.
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Yka3aHusi N0 BHINOJTHEHUIO PA0OTHI
3anuwume 3aroyioBoK: «3adanue 1.Kanuodposka yuyecmeumenvrhocmu no ocu Y .

B osrom 3agaHuu HEOOXOAMMO TPOBEPHUTH COOTBETCTBHE LICHBI JIEJICHHUS,
YKa3aHHOM Ha JIMLEBOM IaHENW MJI OIPEIECICHHOIO IOJIOKEHHS IEpPEKIIoYaTels
«V/nemn», ee GakTuueckoMy 3HaueHHIo. /i1 3TOro Ha BXoJ ocuuiiorpada noaaercs
HaNpsHKEHUE H3BECTHOM BEIMYMHBI OT BHYTPEHHETO KajauOpaTopa, U IPOBOASTCS
COOTBETCTBYIOIINE U3MEPEHMUSL.

Ilooxnmouume xabenab co CIenpa3bEMOM Ha OJTHOM KOHIE M JIByMs IIThIPbKaMH
Ha Apyrom Ko Bxoay Y. s aToro scmasbme pa3béM Ha Kabesie B THE3/I0 «BXOJ Y»
TaK, 4TOOBI BBICTYIIBI HAa KOPIyCE MaHEIbHOI0 pa3béMa BOIIUIA B MPOPE3U HA KOJIbIIE
KaOeJIbHOTO pa3bEéMa, 3aTeM HaKMHUTE Ha KOJBIIO KaOEJIbHOr0 pazbeMa M MOBEPHUTE
€ro 10 yrnopa Imo 4acoBO# cTpelike, 3aduKkcupoBaB coequHeHrue. OTKIIIOUeHUE Kabes
MIPOBOJIUTCSA B OOpaTHOW IMOCJIEIOBATEILHOCTH: HAXaTh HA KOJBIIO, MIOBEPHYTH €TO
MPOTUB YacOBOW CTPENKH JO JIETKOro IeJYKa W JABWXKCHHEM «Ha ce0s» CHATH
Ka0eNbHYI0 4acTh pa3bEéMa.

lloOkntouume WTHIPEKU Ha BTOPOM KOHIE Kaless K BbIXOJy KanuOparopa. [Ipu
ITOM CIIEJyeT COOJIIOATh OIPENEICHHYIO MOJSAPHOCTh MOAKIIOYEHHUSA. 3HA4YOK Ha
KOPIIyCE€ OJTHOTO U3 IITHIPHKOB 03HAYAET, YTO OH JOJIKEH BCTABIIATHCS B THE3/I0 C TEM
e 3HAYKOM («KOPITyC» WIH «3eMiish»). [Ipu OTCYTCTBUM Takoro 3Hauka HOJSPHOCTh
IITBIPHKOB IPOBEPSETCS CIEAYIOIMM 00pa3oM: BO3BMHUTECH MaJlbLlaMU 32 KOHTAKT
OJIHOTO W3 LITBIPHKOB, €CIM HAa SKPaHE MOSBUTCS HENPEPHIBHO U3MEHSIOLIASCS JTUHU,
TO 3Ta BWJIKA SBJIETCS «CUTHAJIBHOI» M €€ HYXXHO BCTAaBUTHh B THE3J0 HA MaHENN
kanuOpaTopa. Ecnu Ha sKpaHe OCTaHETCs HEM3MEHHOW TOpU30HTAJIbHAs JIUHUS, TO
3TOT IITHIPEK HY’KHO BCTABUTH B THE30 «3EMJISD».

Yemanoeume Ha nanenu kaamdparopa:

-TIepEKITI0YaTelb BU/Ia KOHTPOJIBLHOTO CUTHAJIA (MaJIeHbKAs pydKa Ha TOW e OCH)
B cpenHee monoxenne « {1 1kHz» (yka3ano mon nepekiodarenem).

-IIepeKIIIoYaTe)ib YPOBHS KOHTPOJIBLHOIO CUTHaja B mosiokeHue «200 MB», uto
COOTBETCTBYET pa3Maxy MpsSMOYTOJIbHBIX HMITYJILCOB Ha BBIXOJE KaauOparopa.

lloozomosbme Tabnuny 1.

Ta0Omuma 1.
Hanpspkenue Ha Beixofe kanubparopa, Uy mB 200
Bricora nmnynbcoB, Ny aen
[lena nenenust 3xkpaHa 1o Y (3Kcil.) B/nen
[lena nenenust 3kpaHa 1o Y (macri.) B/nen

3anuwume B Tabnuily 1 BeMMUMHY HAPSDKEHUS HA BBIXOJIE KanOpaTopa.

lloobepume Takoe TOJIOKEHUE Mepekiouarens «V/aem», 4ToObl pa3Mep
M300paXeHHsI 10 BEpTUKAIN (KOTOPOE MEPBOHAYAILHO MOXKET MPEICTaBIATh COOOM
IPOCTO LIUPOKYI0O TOPU3OHTAIBHYIO MOJIOCY) COCTaBJIAT Oojiee MOJOBHHBI JKpaHa.
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3anuwume B Tabmuiy | COOTBETCTBYIOIIEE ATOMY MOJIOKEHUIO 3HAUYEHUE IEHBI
JICJICHHS KpaHa Kak MaclopTHOE.

lloobepume Takoe TOJIOKEHUE TEPEKIIoYaTeNis «BpeMs/e» Ha MaHelu
«pa3BepTKa», 4YTOObI M300paKEHHE Ha SKpaHE NPHUHSUIO BUA 3-4X HEMOJBUXKHBIX
OPSIMOYTOJIbHBIX ~ UMITYJIbCOB. [lpr HEOOXOOUMOCTH  BOCHOJB3YHTECh PYUYKOH
PEryJIMPOBKU YPOBHS CUHXPOHU3AINH.

CoguHbme MOJIYyYEHHYI0 OCLUIUIOTpaMMy pyYKaMu NEpeMEUICHHs] U300paKeHUs
Tak, 4YTOObI HIDKHUN Kpall HMMIIYJIbCOB COBHAT ObI € KaKOW-TMOO CIJIOLUIHON
TOPU30HTANIFHON JIMHUEH CETKH JKpaHa, a HayaJlo KaKoro-Iub0 MUMITyJIbca — C KaKoii-
JM00 CIUIONIHOW TOPU30HTAIBHOW JIMHMEH CETKU. 3apucyiime OCHUILIOTpaMMYy.
H3mepbme 1O 1IKaje BBICOTY HMIIYJIbCOB B JEJIECHMSIX IMIKAJIbl W 3alHUIIATE €€ B
tabmuiy 1. Paccyuumaiime GpaxTHYECKyIO IEHY JeICHUS OocIuuiorpada mo BepTUKaIn
kak U, /Ny 1 3anuwume e€ B Tabmuiry 1. OHa 10KHA COOTBETCTBOBATH MACTIOPTHOMY
3HAYEHUIO.

3anuwmume 3arosioBok: 3aodanue 2. Kanuopoexa ocuunnozpagha no ocu
epemenu (X).

OTOT BUJ KaTUMOpPOBKM ociuiuiorpada mpoBOIUTCA C UCIOJIB30BAHUEM TOU Ke
ocuiorpammel. Ilodcomosbme Tabnuity 2.

Tabnuua 2.
YacToTa UMITYJILCOB Ha BBIXOJI€ KaTuOpartopa K[ 11 1
[Tepuox MMITYICOB Ha BBIXOJI€ KaOpatopa, T MC
[Tepuon uMITyIbCOB 10O ceTKe Ha Kpane, Ny nen
[lena nenenwus sxpana ocuusuiorpada mo X(mac) Mc/nen
[lena nenenus sxpana ocuusuiorpada mo X(u3m) Mc/nen

3anuwume B TaOIUIYy 2 3HAYEHHUE YACTOTHI UMITYJILCOB Ha BBIXOJIE KaTuOparopa.
Paccyumatime n 3anuwiume B TaOIUIy COOTBETCTBYIOILEE HTOW YACTOTE 3HAYCHHE
Ieproa CJleI0BaHusl UMITYJIbCOB.

Vkaowcume Ha ocunsuIOrpaMMe MHTEPBAI MO OCH X, COOTBETCTBYIOUIUI MEPUOIY
MMITYJIbCOB, U 3aMMILIKTE B TAOJIMIly €ro BEJIMUMHY B JieJeHus1x skpana Ny. 3anuwume
B Ta0JMIly MACNOPTHOE 3HAYEHWE IE€HBbI JIeJIEHUs MO X, YKa3aHHOE Ha IMaHelu
ocuuiiorpaga HanmpOTUB YEPHOM PHUCKM Ha PYUYKE MNEPEKIIOYATENsl «BpPEMSs/Iem.
Paccuumanime dpakTuueckyro 1IeHy JeJeHUsl KpaHa ocuusuiorpada no BEpTHKAIN Kak
T, INy u 3anuwume € B Tabiuiyy. OHa OMKHA COOTBETCTBOBAThH IMACIIOPTHOMY
3HaYeHUI0. B MpOTUBHOM cilydae oOpamumecy K UHXEHEPY Ul PEIEHUs] BOIIPOCca O
BO3MO>KHOCTH HCTIOJIb30BaHUS TaHHOTO ociuiiorpada asst paboThl.

Omxknoyume pa3BepTKy, IMEpEeBEAs BEPXHHUM NEpeKIIovaTesb Ha IMaHEIH
«pa3BepTKa» B KpailHee 1mpaBoe ToJiokKeHue. Omknoyume  BHYTPEHHIOKO
CUHXPOHM3AIINIO, MIEPEBEs] COOTBETCTBYIOIINI MEPEKI0YaTeNb B MojoxkeHue «1:1».
[Ipu sTOoM M300pakeHUE WMMITYJILCOB Ha JKpaHe MPEBPATUTCS B JBE SIPKUE TOYKH,
PacIoJIOKEHHbIE Ha OJHOW BEPTUKAIBbHOW JIMHUU HA PACCTOSIHUU, COOTBETCTBYIOIIEM
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BEJIMYUHE UMITYJIBCOB. DTO OOBSACHSIETCS TEM, YTO B OTCYTCTBHH Pa3BEPTKU Jyd MPHU
CBOEM MHOT'OKPAaTHOM JBM)KCHUHM BBEPX-BHU3 3aJIEP)KUBACTCA B BEPXHEU U HIDKHEU
TOYKaX M HACTOJBKO OBICTPO MPOCKAKUBAET MEXKIAY HUMH, UTO JIMHUS, COSAUHAIOIIAs
TU TOYKH, OKa3blBaeTcs Majlo3aMeTHOW. YToObl €€ yBHIETh, YBEJINYbTE SPKOCTbH
JIy4a, I10CJIe Yer0 BEPHUTE PYUKY «IPKOCTH)» B IIPEIKHEE MOJI0KECHUE.

3anuwume 3arojIoBOK. 3aodanue 3. Onpeoenenue uyecmeumeibHOCHU RO
HANPANCCHUIO CUCHLEMDBL 20PU3OHMATIbHO20 OMKIOHEeHUs ocuuiiozpaga.

Ilooaiime curHan ot KanuOparopa Ha ock X. J[ms aTOr0 omrnouume xabenb OT
BXoja Y U noOokmouume €ro Ha Bxo1 X.

Ha »sKkpaHe [OMKHO TIOSBUTBCS HM300pak€eHWE B BUAE JBYX TOYEK,
PacnoJIOKEHHBIX TOPU30HTAIBHO, TAK KaK HA IUIACTUHBI BEPTUKAIBHOIO OTKJIOHEHUS
HaIpsHKEHUE HEe NOJAETCS — HET Pa3BEPTKH MO BEPTUKAIIH.

H3mepvme paccTosiHUE MEXAY CBETAIIUMUCS TOYKaMH (pa3Max HUMIYJIbCOB) B
JICTICHUSIX CETKU dKpaHa X U 8blyuUCIUNe YyBCTBUTEIBLHOCTh ociuiuiorpada mo ocu X
KaKk a,=X/U,. 3Hauenue ay 3anuwume B TeTpaau. Ero MOXHO HUCIOJIB30BaTh MpHU
M3MEPEHUAX HAIPSKEHUS, T01aBAEMOr0 Ha 0Ch X.

S3anuwmume 3aronoBok: 3adanue 4. Hzmepenue uacmomvlt nuiooopaznoo
HANPAMHCEHUA.

[Ipu BBIIONHEHUH ATOTO 3aJaHMsl B KAa4yeCTBE MCTOYHUKA MHIO0OpPA3HOTrO
HaIPSKEHUS UCIIOJIb3YETCS BTOPOM (BCIOMOTaTeNIbHbBIN) ociiuiorpad.

Omxnrouume Kabelb, COETUHAIONIMNN KanuOpaTop 1 Bxoa X.

Coeounume »>TUM KaOeleM BXOJ OCHOBHOIO ocHuwuiorpaga ¢ BbIXOJIOM
reHepaTopa PasBEpPTKM BCIIOMOIaTENIbHOTO OCLULIOrpada, MCIomb3ys THe3a «~<O»
«V» u «L».

Bxnoyume TymOnep «CeTb» BcIoMoraTellbHOTO ocuuiuiorpada. Ycemanosume
MePEKITIoYaTeNh «BpeMst/Iei» 3Toro ociuiorpada B nonoxenue «0,2mcy.

Brnoyume pa3BEPTKY OCHOBHOTO ocImiorpada yCTaHOBUB IMEpPEKI0UaTeh
(T1;) B monoxenue «x1», a mepekiarouaTesb Buaa cuaxponusaiuu (I13) B mosgoxeHne
"BHYTp".

Ilonyyume ycToitunBoe n300pakeHHe MUI000PA3HOTO HaMpshKeHUs. 3apucytime
ocHuiiorpammy. HMszmepome 1niepuoj, HaOIIOAAEMOro HamnpsbKeHus. BenuuuHy,
o0paTHYI0 JJIUTEILHOCTH TPSMOTO XOJa Jydya, NPUHATO Ha3bIBaTh YaCTOTOU
pasBepTku. Paccuumaiime ee v sanuwume B TeTpaau Kak f=....

Ilepeseoume nepextoyaTenb «BpeMs/aen» B nojoxenue «0,5Mc» u nogmopume
U3MepeHus. BBl JOIDKHBI OTYYHTh TaKOE K€ 3HAYCHHE YacTOTHI fj.

Banuwmume 3aronoBokK: 3adanue 5. Haonrwoenue ciuoxcenus cunycoudaibHo2o
CUZHAIA RO 6EPMUKAILHOU U RUI000PA3HO20 NO 20PUZOHMAIbHOU OCAM.

B kawecTBe WCTOYHMKA CHHYCOUJIAJTBHOTO HANPSDKCHHUS  UCIOJIb3YWUTE
HU3KOYACTOTHRIN (3ByKOBO#) reHeparop 1'3-33. Ilooknrouume BBIXOH T€HEpaTOpa KO
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BX0ly Y OCHOBHOro ocuuuiorpada Tak, 4YTOObl "CHUTHaJbHBIA" IITHIPEK OBLI
MOJKJIIOYEH K BEpPXHEUW KJIEMME TeHeparopa, a '"3eMJSIHOM'" - K CpelHeu, KoTopas
J0JIKHA OBITH COEAMHEHA MEPEMBIYKON ¢ KieMMol "3emis" (HuxkHeH). Yemanosume
Ha TIaHeJIM TeHepaTopa PyUYKy Mepekirouaress "mkana mpuoopa" B mojoxenue "x2",
pyuky "npenens! mkan" B nonoxkenue "ATT", pyuky "paccrpoiika" B mosnoxenue "0",
TyMOsep "BHYTp. Harpy3ka" B MoJioKeHUE "BBIKI".

Ilepexntouume xabenb, UAYIIUHA OT TEHEpaTopa Pa3BEPTKH BCIIOMOTATEIIHHOTO
ociuiorpada, co Bxozia Y 0OCHOBHOTO ociuuiorpada Ha ero Bxo X.

Brarouume reneparop tymoOnepoM "cetrp" Ha ero ma"enu. Yepes 1-2 MHHYTHI,
HE0OXOAMMBIE JIJIs1 IPOrpeBa MpuOOpa, yCTAaHOBUTE MPHU MOMOILK PydKH "yactoTa HzZ"
3HayeHne dactotel f,, ompenmenenHoe panee B 3amanuu 4. OTCUET YACTOTHI
MMPOBOJIUTCSL HA BPALAIONIEHCS IIKAJIE T€HEPATOPAa HAIIPOTUB HEIMOJABHKHON KPACHOMU
PHUCKH C yYETOM IMOJIOKEHUS IEPEKITI0YATENS "MHOKUTEID' .

Yemanosume BenuunHy BBIXOJHOTO HAIPSKEHUS TeHeparopa pydkoil 'per.
BbIXOJ1a" TakoM, YTOOBI pazMax H300paKeHHsI MO BEPTUKAIU COCTABISLII MPUMEPHO
MOJIOBUHY 3KpaHa. [lonydyeHHas ocuuiorpaMmma J0JKHA MPEICTaBIATh COO0M OJuH
nepuosl cuHycouasl. Ilpu HeoOXoaMMOCTH noocmpouime 4YacTOTy 3BYKOBOIO
reHeparopa Jijisi MOJIy4eHHs HETIOIBUXKHOTO N300pasKeHHUS.

Omxnrouume Kadenb oT Bxoaa X OCHOBHOTO ociuiiorpada.
Briiouume pa3BepTKy OCHOBHOTO ocimuiorpada.

[TepexntouaTeneM 4acTOThl Pa3BEPTKU 0obetimect YCTOMYMBOIO H300paxeHUs
Ha 3KpaHe. Yoeoumecb B MAEHTUYHOCTH M300pa’kKeHUU MpHU pabOTE OT BHEIIHETO U
BHYTPEHHETO T€HEPaTOpPOB Pa3BEPTKHU.

Iloocomoebme Tabnuity 3 JUIsl 3aIUCH TAPAMETPOB CUHYCOU/IBI.

Tabnuua 3
Pa3zmax cunycounbl pi(Sh)
AMIIIUTY1a CHHYCOM/IBI nen
Ilena nenenus mo Y B/nen
AMIUIMTY1a CHHYCOU/IbI B
Ilepnon cunycounasl Jen
Iena genenus mo X Mc/aen
ITepuon cunycoubl MC

3anuwume B Tabnuily 3 3Ha4YEHUs IICHBI JEJICHUSA DKpaHa IO BEPTUKAIH U
TOPU30HTAJIH.

3apucyume ocuuwuiorpamMmy. Vxaowcume Ha HEW pa3Max CUHYCOMIbI, PaBHBIN
YABOGHHOW amIumutyzae. M3zmepbme €ro B JEICHUSIX U 3anuwume B Tadbmumy 3.
Paccuumaume BemMYMHY aMIUIMTYJIbl CHHYCOHMJbl B JCJICHHMSIX M EIUHULAX
HaIpsOKEHUs. U 3anuwiume B TaOmuuy. Ykaowcume Ha oclMILUIOTpaMM€ HMHTEpBaJ MO
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ocu X, COOTBETCTBYIOIIMM TEPHOTY CHUHYCOWIBI, W 3anuwiume B Tabmuiy 3 ero
BEJIMYMHY B JCJICHUSX. Paccuumatime 4acTOTy CUHYCOU/IbI, 3anuwiume B TaOIUIy 3 U
CpPaBHUTE C YaCTOTOM BBIXOJIHOT'O HANPSKEHUS TeHeparopa.

3anuwume  3aconosokx: 3aoanue 6. Haonrwoenue oOeiicmeus cxemol
CUHXDPOHU3AUUU.

Iloocomosvme TabnuIly 4.

Taomuma 4.

Koi-Bo niepnoioB cunycouabl| Yacrora reneparopa fi, I'm | Otnomrenue fi/f,
1
2
3
4

3anuwume 3HaYEHNUE YACTOTHI MO IITKAJIC I'CHCpPATOpa B I-10 CTPOKY Ta6J'II/II_II>I 4,

Coeounume BBIXOJ I'€HEpaTOpa Pa3BepTKH OCHOBHOI'O OCHMIUIOrpada ¢ BXOJIOM
Y BCIIOMOraTeiabHOro ocuuiorpada.

Ilonyuume Ha DKpaHe BCIIOMOraTeNbHOIO ocuwuiorpaga H300pakeHue
MUJI000Pa3HOro HANPSKEHUSI, aHATIOTMYHOE MPUBEIEHHOMY Ha puc. 4.1.

MenieHHO yBenMuYMBash YacTOTy 3BYKOBOIO TeHepaTopa, HaOomaite 3a
MOSIBJICHUEM U U3MEHEHUEM FOPU30HTAIBLHOIO YUacTKa Ha U300pa’KeHUH HAIIPSKECHUS
pa3BepTku. Ero 1iamHa COOTBETCTBYET BPEMEHHM 3aJEp’KKH 3aIllycKa TI'eHepaTopa
pa3BepTKU 70 TOr0 MOMEHTa, Korjna (asa HCCIeIyeMOoro CHUTHalla TIOCJEe €ro
BO3BpAILICHUS B JIEBYIO TOUKY DKpaHa CTaHET paBHOW (paze 3TOro CUTHaja B Hayalye
MPEABIAYIIEro MPOXOXKACHUM TSATHA TO JKpaHy. DTO HEOOXOAMMO [JIsi TOYHOTO
HaJIO)KEHUS OJHOM CHUHYCOWIbl Ha JpYyrylo, TO €CTb JJISI CHUHXPOHU3ALMU
M300paKEeHMsSI HIIA €r0 HETIOABUKHOTO TOJI0KEHUS Ha dKpaHe.

[TockosbKy MpU BBIITOJIHEHUU MPEABLAYLIETO 3a/1aHus Bbl JOOMINCH COBIACHMUS
JUTUTEJIbHOCTH Pa3BEPTKU U MEPHOJIA UCCIEAYEMOTO HAIPSHKEHMS], TO BPEMS 3a/I€PKKHU
3almycka reHeparopa pa3BepTKU (Hayaja Muibl) JOJKHO B 3TOM Cllydae ObITh pPaBHO
Hymo. Ilpu yBennueHMM 4acTOThl 3BYKOBOTO reHeparopa (a3a CUTHajla B KOHLE
pPa3BepTKU U3MEHSETCS, U JJIMHA TOPU3OHTAIBHOIO y4yacTKa BHaYajae CKauKoOM yBEJH-
YUTCS, TaK KaK «0XKUAATh» MPUAETCS MOUYTH BECh CIEAYIOIIUNA TEPUOJT CUHYCOUIBI.

[Ipu panbHeilieM YBETWYEHUM YacTOThl CUTHAJIA BpEMs 3aJepKKu Oyner
YMEHBIIAThCS W KOTJAa M300pakK€HHWEe Ha DJKpaHe COCTaBUT 2 Mepuoja,
TOPU30HTAJbHBIM yYacCTOK Ha OCHWUIOTpaMME BHOBb CTaHET pPAaBHBIM HYJIIO.
3anuiuuTe COOTBETCTBYIOIIEE 3HAUEHNE YaCTOTHI BO BTOPOM CTpOKE TaOIHIIbI 4.

AHanoruyHBIM 00pa30M TOJYYUTE HA DKpaHE HM300pakeHHWe B BUAEC 3-X U 4-X
CUHYCOUJI, HaOII0as1 32 u3MeHeHneM (OpMblI HAMPSDKCHHST Pa3BEPTKH W 3aIlMChIBas
3HAYE€HUS YACTOThI, COOTBETCTBYIOLIME HYJIEBOMY 3HAUEHUIO JITTUHBI TOPU3OHTAIIBHOTO
y4acTKa «IHJIBDY.

17



PasmenuB 3HaueHuss 4acToThl cuWrHaiga Ha fr, moirydeHHoe B 3amaHuu 4,
yOeIUTECh B TOM, YTO OHU KPaTHBI YaCTOTE PA3BEPTKH.

Sanuwume 3aconosok: 3aoanue 7. Himepenue uacmonmul Ouenuil.

buenusa (xonebaHusl ¢ NEPUOAMYECKH MEHSIOUIEHCS aMIUIMTYAON) SBIISIOTCS
pPE3yJIBTaTOM MPSIMOTO CIOYKEHUS JIBYX HAIlpsDKEHUN ¢ OJM3KMMM yacToTaMu. UToObI
HOHSATH NPUYUHY WX IOSBIICHHS, MOKHO BOCIIOJIB30BATHCS aHAIOTHEN CO CIIOKEHUEM
nByX BOJH. IlpenmonokuM, 4yTo B Kakoil-TO MOMEHT BpeMeHHM (a3bl 3TUX BOJIH
copnanv. Torma oOm@as aMmiuMTyna KojieOaHMK paBHA CyMME€ AaMIUIMTYA U
MaKCcHMalbHa. 3aTeM OJHA M3 BOJIH HAUMHAET oTcTaBaTh. CO BpeMeHeM pa3HOCTh (a3
MeXTy HUMH, paBHas w1t —w,t = (wi- w,)t, OyaeT Bo3pacTaTh U B KaKOH-TO MOMEHT
BpeMeHH (a3bl KoieOaHUil CTaHyT MPOTHUBOMOJIOXKHBIMU. Toraa oOIIas amIuiuTyaa
CTAHET PAaBHOW pA3HOCTH aMIUIATYZ, TO €CTh MHHMMalbHOM. Jlajee oTcraBaHue
IPOJOIKUTCA M B KaKOH-TO MOMEHT BPEMEHHU pa3HOCTh (a3 ctaHeT paBHOU 27m. To
€CTh CHOBa 00Illas aMIUIMTYAa OyJeT paBHA CyMMeE aMIUIUTY] U T. A. O4eBUIHO, YTO
4acToTa MOBTOPEHUSI MAaKCUMYMOB (WJIM MUHUMYMOB) OMEeHMI OyAeT paBHA pa3HOCTH
4acTOT CYMMUPYEMBIX KOJeOaHuil.

Iloozomoevbme Tabnuity 5.

TaOmnuma 5.
YacToTa Hanps>KEHUST Ha BBIX0JI€ OCHOBHOI'O T€HEpaTopa I'm
YacToTa HapsKEHUST HAa BBIXOJIE BTOPOTO T€HEpaTopa '
Pa3zHOCTh 4acTOT reHepaTopoB I'm
[lepuon 6uenuit nen
Ilena neneHus nepexIovaTes pa3BepTKU «BpeMs/ eI
[Tepuon 6uenuii MC
YacroTta OneHunt I'a

Jlns HaOmrofeHuss OMEeHUM HYXKHO omkuoyums Kabellb OT BXxoaa Y OCHOBHOTO
ocmorpada, 3akpenums B 3TOM THE3/I€ TPOMHUK U NOOKIIOUUMb K HEMY BHaAJaJe
ATOT K€ Kabelb, a 3aTeM — BTOPOU Kabelb, coedunus ero ¢ Beixogom «600£» BToporo
HU3KOYacTOTHOTO TeHepaTopa ['3-118.

Yemanoeume 4acToTy HanpsbKEHUS Ha BBIXOJIE OCHOBHOTO T€HEpPATOpa, PaBHYIO
5,5KI' i 6:1M3Kyt0 K HEW.

Ilonyuume ycTOWUYMBOE M300pa)KEHHUE CHHYCOMJIBI OT OCHOBHOT'O TeHepaTopa C
OonpM  KonmuecTBOM TiepuosioB (20-30) u pazmaxom 3-4 pdeneHwusi, MOCIIE YETro
ycmanogume pydKy «ypOBEHb BBIX0OJIa» B KpaliHee JieBoe (HYJIEBOE) MOJI0KECHHE.

Yemanosume 4acToTy HaNpsDKEHMs Ha BBIXOJIE BTOPOTO T'e€HEpaTopa, PaBHYIO
S5KI'm. B renepatope 13-118 orcuer dYacToThl TPOU3BOAUTCS M0 IUdpam,
MTOSIBJISIFOLIIMMCSI B «OKOIIIKaX» HaJ MEPEKII0UaTeIIIMHU «4aCTOTa» C YUETOM «3arsiTON
Ha JIMIIEBOM MaHEH U T0JIOKEHHUS MEPEKIouaTesiss «KMHOXKUTENbY. [Iposepbme, 4TOObI
pydKa «paccTpoilka» TeHeparopa HaxoAwidach B TojokeHun «0», a pyuka
«ocnabnenuey - B mojoxxeHuu «10».
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Brarouume BTOpOW reHepaTtop M MOCHE €ro MporpeBa Habooatime HA dKpaHe
CUHYCOUy. Ycmanosume BETUUUHY BBIXOJIHOTO HAIIPSIKEHUSI BTOPOTO reHepaTopa Ha
YPOBHE aMILUTUTY/bI B 3-4 feeHusl.

Pyukoil «ypoBeHb BBIXOa» OCHOBHOI'O T€HEpATOpa yeeauyusatime HaNpsHKECHUE 10
NOSIBJICHUSI HA dKpaHe OMeHUM. Japucyime ocuuiorpammy. M3mepbre nepuoj OueHuit
B JIEJICHUSIX, PACCUMTANUTE €T0 B €IMHUIIAX BPEMEHHU, a TAKKE YACTOTY OMEHUH C 3aMUChIO
JTAHHBIX B TAOJIHUILY.

Buvixkniouume Bce npubOpsl U pazbepume yCTaHOBKY.

Jonoanumenvnulit Mmamepuai K meme 2.

CxemMaTHUeCKH yCTPOMCTBO AJIEKTPOHHOIYYEBON TPYOKH MOKa3aHo Ha puc 4.3.
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Puc. 4.3.

B ropioBuHe TpyOKHM HaxoauTcCs 3J€KTpoHHAas mymika. Hute Hakana 1 cmyxur
JUISL HarpeBa KaToja 2 10 TeMIlepaTypbl, HEOOXOIUMOM IJIsl TOTO, YTOOBI OH MCITyCKall
AJIEKTPOHBI BCIEACTBUE TEPMOIIEKTPOHHON IMHUCCHUMU.

OcranpHbIe QJICKTPOAbI ITYIIKH BBINIOJIHCHBI B BUAC ITOJBIX HUJIMHAPOB, BHYTPH
KOTOPBIX IIPOJICTAIOT 3JICKTPOHEI.

OnexkTpoa S5 SBIAETCA AaHOJOM, TaK KaK OH HaXOAUTCS TMOj OOJbIIUM
MOJIOKUTEIIBHBIM MOTEHIMAJIOM OTHOCUTEIBHO KaTtoaa. /[Burasch OT Karoaa K aHony,
AJIEKTPOHBI IIOJ JEUCTBUEM ITOTO MOTEHLMANa YCKOPSIOTCA JO DHEPIuH,
JI0OCTaTOYHOM, YTOOBI BHI3BATh CBEYCHHUE JTIOMUHO(OpPA HAHECEHHOTO Ha BHYTPEHHIOIO
CTOPOHY 3KpaHa.

VYrpaastomuid 37AeKTPol 3 CIYXKHUT IS PEryIUPOBKU SIPKOCTH H300PAKECHHUS.
BmecTe ¢ karogoM OH MOAKIIOYEH K MOTEHUUOMETpY R; Takum oOpa3oMm, 4TO €ro
MMOTEHIHAJI BCErja OTPHUILATENEH IO OTHOWIEHWI0 K Karoxy. [lpm mepememeHun
IBW)KKAa TOTEHLUMOMETPA BIIEBO JJIEKTPOHBI TOPMO3STCSA IIOJIEM YIIPABIISIIOLIETO
ANEKTPOJa, UX KOJUYECTBO B MyYKE, a, CIIEIOBATEIbHO, SIPKOCTh M300paKeHUs] Ha
DKpAaHE YMEHBIIAETCA.
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OnexTpos 4 ciayXut A POKyCUPOBKH MOTOKA 3JIEKTPOHOB, MPOIIEIIIETO Yepes3
oTBepcTHE B ympasistonieM aekrpojae. (HeoOxonumocTs (pOKycHpOBKHM OUY€BHIHA,
TaK Kak 3JIEKTPOHBI, UMEsI OJJMHAKOBBIN 3HAK 3apsi/ia, OTTAJIIKUBAIOTCA JIPYT OT JApYra,
U My4yoK pa3MmbiBaercs). @OOKyCHpPYIOUIUH JJIEKTPOJ MOJKIIOUEH K JBHXKKY
noteHuuoMerpa R;, 0T TONOXKEHUS KOTOPOro 3aBUCUT, TaKUM 00pa3oM,
pacrnpeneseHre MOTeHIMAalla B IPOCTPAHCTBE MEXKY dJIeKTpoaaMu 3 -4 nu 4 - 5.

3 @ 5
2 .‘ 8
Puc. 4.4.

OKBUIIOTEHIIMAIBHBIE JTUHUU B JTUX OOJACTAX HMMEIOT (DOpMy, aHATOTUYHYIO
MOBEPXHOCTH BBINMYKJION onNTHYecKoW JMH3bI (puc. 4.4), u 00pa3yloT JABE Tak
Ha3bIBa€MbIC 2Jekmpocmamuyeckue JIUH3bL. Korga sleKTpOHBI MNPOJIETAIOT 4Yepe3
TaKue JIMH3bI, TO CKOPOCTh M HAIIPABJICHUS] MX JBWKECHUS MU3MEHSIOTCS aHAJOTUYHO
TOMY, 4YTO IIPOUCXOJIUT CO CBETOM Ha I'PAHHUIIE ONITUYECKUX JIMH3.

Puc. 4.4 cooTBeTCTByeT cCiy4yalr0, KOrJa MCTOYHHK JJICKTPOHOB U €ro
M300paKCHNE HAXOIATCS Ha OJWHAKOBBIX PACCTOSHHSIX OT JWH3BL. B peambHOM
AIIEKTPOHHOM MyIIKe Ha puc. 4.3 HanpspKeHHe Ha (OKYCUPYIOIIEM SJIEKTPOIEe OOBITHO
MoAOUpAETCSl TAKUM 00pa3oM, YTOOBI AJEKTPUUECKOE TTOJIE MEKTY dJIeKTpoaamu 3 u 4
00pa30BBIBANI0O KOPOTKODOKYCHYIO JIMH3Y, CKUMAIOUIYI0 MyYOK DJIEKTPOHOB, a TOJe
MEXIY dJCKTPoIaMu 4 U 5 - ITMHHOPOKYCHYIO JIUH3Y, (GOPMUPYS CBETAIIYIOCS TOUKY
Ha DKpaHe.

Ha puc 4.3 Taxke moka3zaHbl IIENMU TUTaHUS OTKJIOHSIONIMX TUIACTHH,
oOecrieunBaIIMe TMepeMelIeHue BCeH «KapTUHKW» Ha OJKpaHe. IllocrosHHOE
HalpsHKEHUE Ha  OTKIOHSIONIME TIUIACTUHBI TOCTYIMAeT OT COOTBETCTBYIOIIETO
MCTOYHMKA dYepe3 mnoTeHunuoMeTpbl Rs u Rg. JIBIKKM 3THX MOTEHIIMOMETPOB
COCIMHEHBI C OJHOM W3 ITUIACTMH KaXKJIOW Tapbl, PYYKH YIMPaBICHUS JBIKKAMHU
BBIBEJICHBI Ha JIUIICBYIO MTaHEb ocipuiorpada (cM. puc. 4.2).

B KOHCTpyKIIMM TMOTEHIIMOMETPOB MPEAYyCMOTPEHA CpeAHss TOouka, KOoTopas
obo3HaueHa 3HauykoM «L» (puc. 4.5). Takum ke 3HAYKOM O0O3HAYCHO COCIMHCHUE
«BEPXHEN» IJIACTUHBI 6 U «JadbHEW» MJIACTUHBI 7. DTO O3HAYAET, YTO CPEIHUE TOUKH
MOTEHIIHOMETPOB M COOTBETCTBYIOIINE OTKJIOHSIONIUE IJIACTUHBI COCIMHEHBI MEXITY
coboit. Ilpm mnepemereHnH NIBHKKOB TMOTCHIIMOMETPOB 3HAKH TIOTCHIIMAJIOB Ha
IJJACTUHAX  MOCJE€ MOPOXOXKICHUS OATOM  CpellHe TOYKM  MEHSIOTCS  Ha
MIPOTHUBOIIOJIOKHBIE. DTO MO3BOJIIET CMENIATh H300paKEHUE HA DKpaHEe KaK BBEPX, TaK
Y BHU3, KaK BJIEBO, TaK U BIIPABO.

DNeKTPOHHBIN ociuiuiorpad, Kak U OOBIYHBIN BOJBTMETP, MOKHO HCIIOJIB30BaTh
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st u3ydeHus GoOpmbl  CuiIbl  TokKa. Jlms  9TOTO  HEOOXOIMMO  BKIFOUUTH
MOCJIEIOBATEIbHO B MCCIENYEMYIO II€lb JIONOJHUTEIbHBIM, TaK Ha3bIBaEMbIN
U3MEpUTEIBHBIN pe3ucTop, a BXoJ Y ocuwuiorpada MOAKIIOUUTH MNapaijiebHO
sToMy pesuctopy. Ilocie cooTBeTCTByIOIIEH KamuOpOBKU ocuuiorpad MOKHO
UCII0JIb30BaTh U JIJIs UBMEPEHUN CUJIBI TOKA.
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Ilpumepnvle KoHmponbHbIE 6ONPOCHL RO Meme 2

I. Yro Ha3pIBalOT HANPSHKEHHOCTHIO M MOTEHIHAIOM JJIEKTPUYECKOrO TMOJIS?
KakoBa pa3zmepHocTb 3TuX BennuuH? Kak oHU CBsi3aHBI YT ¢ Apyrom?

2. Uro Takoe CUJIOBBIE M SKBUNOTEHUHAIbHbIC JIMHUK? Kak OHM OTpaxkaroT
cBoricTBa noJis1? Kak OHM OpUEHTUPYIOTCSI OTHOCUTEIBHO APYT Apyra?

3. TloscHuTe OPUHIUIT MOACIUPOBAHUS AJIEKTPUUYECKOTO TOJIA IMOJEM TOKa B
AIEKTPOJIUTE.

4. O0bsicHUTE, TTOUYEMY TIPU MOJACIUPOBAHUU DJIEKTPOCTATHUECKOTO TOJIA B padboTe
3 He ynoMuHaeTcs 3akoH Kynona?

5. Kak IMOBCPXHOCTHAA IINIOTHOCTB 3apAaaa QJICKTPOIA0B CBsi3aHa C
HaANPsAKECHHOCTBIO CO31aBACMOI'0 UMHU 3JICKTPHUICCKOT'O moJjisa?

6. Ykaxure Ha Bammx pucyHkax o0yacTH, /i€ M0Ji€ OJTHOPOJIHO, a T/I€ HET; rie
OHO CUJIbHEE, a rJe ciadee.

7. Ha xaxIoM pHUCYHKE YKaXWUTE€ B JIIOOOM TOUYKE HaIpaBJICHUE CHIIbI,
NEUCTBYIONIEN HA AIEKTPOH, €CIIU €ro IOMECTUTh B 3Ty TOUKY.

8. UeMy paBHa HamNpsOKEHHOCTh TMOJS B HAMpPaBICHUH, NEPICHIUKYISIPHOM
IJIOCKOCTHA BAaHHBI?

9. UeMmy paBHa HANPsHKEHHOCTH TIOJIS BHYTPH MaJlOTO KOJIBIICBOTO 3JIEKTpoaa?
O6ocnyiiTe Bamr oTBer.

10. Uemy paBHO 3JIEKTPUYECKOE IM0JIE€ BHYTPH AUIIEKTPUKA TUIOCKOT0 KOH/IeHcaTopa?

11. Yro Ha3BIBAIOT AUAJEKTPUUECKON TPOHUIIAEMOCTHIO BelllecTBa?

21



12. Yrto Ha3bIBAIOT »JJIEKTPUYECKOW €EMKOCThI0? B Kakux eauHUIAX OHa
uzmepsercs?

13. Kak ycTpoeHa 37eKTpOHHOIy4YeBas TpyOka?

14. Vicnonws3yss puc. 4.3, oObSACHUTE JEHCTBHE PY4YEK PErYJIUPOBKU SIPKOCTH,

(OKYCHUPOBKH U TIOJIOKEHUS TISITHA.

15. Onummre xapakTep IBMXKEHHS 3JIEKTPOHA, €CJIIM OH BJIETAET C HEKOTOPOM
CKOPOCTBIO B IPOCTPAHCTBO MEXAY 3JEKTPOJAMHU IUIOCKOTO WM LIHIUHAPUYECKOrO
KOHJEHCAaTOpa MO0 BHYTPb LHUINHAPUIECKOTO NIEKTPOA.

16. Yro Ha3bIBaeTCA YyBCTBUTEIBHOCTBIO OCIMuLIorpada?

17. Kak ontumaiabHbIM 00pa3oM BbIOpaTh IIOJIOKEHHE TMEepPeKITroUYaTess
«B/nem»?

18. OObsicHuTe, TMOYEeMy NUIO00pa3HOE HalpsKeHHuEe uMeeT (dopmy,
MOKa3aHHYIO Ha puc. 4.1.

19. Kak MOXHO HCTIOIK30BaTh OCIMILIOTpad Jyisl U3MEPEHUS CUIIbI TOKa?
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