4813

MHUHHUCTEPCTBO OBPA3BOBAHMS U HAYKHU POCCUMCKOM ®EJEPALIUU
PSIBAHCKHUM T'OCYJAPCTBEHHbBIN PAIMOTEXHUYECKAHN YHUBEPCUTET

ONPEAEJIEHUE YACTOTDI
C IOMOUbIO ®UT'YP JINMCCAXKY

Meronndeckue ykazaHus
K JabopaTopHoii pabote

Psazans 2014



Y]IK 537.226.4

Omnpenenenre 9acToThl ¢ moMombo Guryp Jluccaxy: MeToandecKue
yKa3aHus K JlabopatopHoi padote / Psi3an. roc. paanoTexH. yH-T.; cocT.: A.C.
NBanukos, B.B.Maskos, B.C.30pkun. Pszans, 2014. 8 c.

PaccMOTpeHBI TIPHHITUIBI PAaOOThI U KOHCTPYKIUS 3JIEKTPOHHOTO OC-
mutorpada. M3ydyeH Metos onpejieseHusT 4acToT ¢ momoIisto ¢uryp Jlucca-
Ky. JlaHbI pEKOMEH/IAIINH 110 BBITOJTHCHUIO PAaOOTHI.

[TpenHa3zHAYCHBI SIS CTYJACHTOB BCEX CICIIUATBHOCTEH.

Wn. 6. bubnmorp.: 2 Ha3B.

dnexkmpoHHbll ocyuirozpad, wacmoma, gueypul Jluccaicy

IleuaTaercs mo PEIICHUIO PCAAKIMOHHO-N3AAaTCIILCKOTO COBCTA Psa3an-
CKOI'0 roCyJapCTBEHHOI'O paJuOTCXHUICCKOTI0 YHUBCPCUTCTA.

PeuensenT: xadenpa oOmeld u skcrniepuMeHTanbHoil ¢usuku PI'PTY
(3aB. kaeapoit gor. M.B.JlyOkoB )

Omnpenenenue 4acToThl ¢ moMolibio ¢puryp Jlnccaxy

CocraButenu: U B a H 1 k 0 B Anekcanap CepreeBuy

N 1 a1 x 0 B Baniepuit Bukroposuu
3 o p x u H Bnagumup Cepreeuu

Penakrop P.K. Manryrosa

Koppekrop C.B.Makymunna

[Toanucano B neyats 05.06.14 . ®opmar Oymarwm 60 X 84
1/16.
bymara razernas. [leuars Tpadapernas. Yciu. ned. . 0,5.
Tupax 200 7x3. 3aka3
Ps3aHCcKui rocy1apCTBEHHBIN paAUOTEXHUUECKUN YHUBEPCUTET.
390005, r. Pszanb, yn. I'arapuna, 59/1.
Penakunonno- nznarensckuit nentp PIPTY.



Hesab padoThl: U3yuyeHUE CIOKEHUS TAPMOHHUYECKUX DICKTPUUECKUX
KOJIeOaHW, OTpe/ieNIeHNe YacTOThl TeHepaTopa ¢ moMouisio ¢puryp Jluccaxy,
NpUOOPETEHUE DKCIICPUMEHTAIBHBIX HABBIKOB MCCIICOBAHUS AJIEKTPUUECKUX

IMpOLCCCOB C ITIOMOIIBIO JJICKTPOHHOI'O ocannorpa(ba.

JJIEMEHTBI TEOPUH

Konebanust — rporecchl (M3MEHEHHSI COCTOSTHUS HJTH JIBHIKCHHS ), 00J1a-
JAOIIKE TOW WM NHOW MTOBTOPSAEMOCTBIO BO BPEMEHH.

["apmoHnueckue kojiebaHus - MEPUOJUYECKHI Ipolecc, B KOTOPOM
paccMaTpUBaEMbIil apaMeTp M3MEHSETCS MO 3aKOHY CHHYCa WM KOCHUHYCa
(rapMOHMYECKOMY 3aKOHY).

Hepenku cimyyau, Korja cucTeMa OJHOBPEMEHHO Y4acTBYET B JBYX WM
HECKOJIbKMX HE3aBUCHUMBIX JPYT OT JApyra Kojedanusx. B atux ciydasx obpa-
3yeTCsl CIIOKHOE KoJiebaTeNbHOE JBUKEHHE, KOTOPOE CO3JaeTcs MyTeM Hajo-
XKeHus (ClokeHus) kojieObaHui Apyr Ha Apyra. O4eBUIHO, CIydyau CIOKEHUS
KoJieOaHUM MOTYT OBITh BeChbMa pa3zHO0Opa3Hbl. OHU 3aBUCAT HE TOJIBKO OT
quclia CKJIaJbIBa€MbIX KOJeOaHUN, HO U OT MapaMeTpoB KoJieOaHWH, OT HX
4acToT, (a3, aMIUIUTY I, HAllpaBJIECHUH.

Paccmotpum ciyuail ciokeHusi IByX B3aMMHO MEPHEHAMKYISPHBIX KO-

nebaHmit:
x = A, cos (wt+ @,)
1= A, cos (Wt + ¢,) (1)

rae, A — amrumryzaa, ¢ — gasza, ® = 21v, v — 9acToTa, t — BpeMs.
C ydetroM TOro, 4To pa3HOCTh (a3 CKIAAbIBAEMBIX KOJICOAHUH

O = @y — @y, Boipaxenue (1) MOXKHO NPECTABUTH B BUJIE:

x = A, cos (wt)
) = A, cos (wt+6)

PemuB nanHyio cucTemMy, MOJTy4YuM ypaBHEHUE IUIUIICA!
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Ecnu yacToThl B3aMMHO MEPIEHIUKYIISIPHBIX KOJIEOAHU HE OMHAKOBBI U
COOTHOCSITCSL KaK LIeJIbIE YMCIIA, TO TPAEKTOPHS PE3YJIbTUPYIOLIErO KoJieOaHus
uMeet 0oJiee CIoXkHYI0 (OpMy U HOCUT Ha3BaHue (purypsl Jlnccaxy.
®durypsl Jluccaxy odeHb y00HO HAOIIOIATh HA dKpaHe ocuuiuiorpada, Tak
KaK B 3TOM CJIy4a€ MOKHO BU3YaJU3UPOBAThH MOIYYAIOLIUECS MPHU CIOKEHUU
Kojebanuii gurypsl. Jlamee OyaeM ONMUCHIBAThH JABHMKEHUE CBETSIICHCS TOUKH
Ha dKpaHe ocumuiorpada.

Ha puc. 2 mnoxkazana ¢urypa Jluccaxky s COOTHOIIEHHUS YacTOT

o, 1 _ Al

_:E (mepuonoB T, T,=T1:1,=2:1). @urypsl Jluccaxy [y APyrux cCOOT-
y

HOILIEHUW 4acTOT mpeacTaBieHbl Ha puc. 3. Ilpu cnoxkenun kosebaHui, yac-

TOTBHI KOTOPBIX COOTHOCSTCS HE Kak Iienble uucnia, Gurypst Jluccaxy Bpara-

IOTCAI. HanpaBneHHe BpallCcHus 3aBUCUT OT BCJIIMYHMHBI COOTHOIICHHUA YaCTOT.
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Takum 06p8,30M, CCJIM OTHOIICHHUC YaCTOT ABJIICTCA pallHOHAJIBHBIM YHC-
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% = —X, rae Ny u ny - OCJIBbIC YKUCJId, TO 9TO OTHOHICHUC PABHO OT-
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JIMYCCTBO TOYCK KaCaHHs CO CTOpOHOﬁ BC, nepeceKa}omeﬁ OChb X, ny — KOJIN-

YECTBO TOYEK KacaHHUs co cTopoHoi AB, mepecekaroiiiei och y (cM. puc. 4).
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Puc. 3. ®urypsi Jluccaxy st kKoiaebaHuii 0OTMHAKOBOU aM-
IUTATY/IBI C PA3JIAYHBIMU COOTHOIICHUSIME ITEPHOJIOB TI :
T, ¥ pa3nIu4HON Pa3sHOCTBIO Ga3 O =@, — @,
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Puc. 4. K onpenenennto 4actoTsl 1o ¢purypam Jluccaxy

a o
V= 2— , V-4acToTa KOJ'IC6aHI/II/I, @ - TUKJIIMYECCKadA 4aCToTa.
T

[To Buay ¢uryp Jluccaxxy MOKHO ONpeAeanTh 3HAYCHUE OTHOIICHUS —= .

ny

A 910 JacT BO3MOXXHOCTD IIO U3BECTHOM ATAJIOHHOM 4aCTOTC, HAIIPHUMCEDP Vy,

OIIPENIENINUTD APYTYIO YaCTOTY V,
n
| e (2)

METO/J 9KCIHEPUMEHTA
JKCIMePUMEHTAILHAS YCTAHOBKA
Ha puc. 5 npencraBnena 610K-cxemMa YCTaHOBKU JJI UCCIIEIOBAHUS B3a-
MMHO TIEPIICHIUKYJISIPHBIX KOJICOAHHA.

OcHoBHO# yacThio JaboparopHoro moayis ®IJI-12 sBistoTcs iBa re-
HepaTopa (OJIMH HCCIIeyEMbI T€HEpPaTOp C MOCTOSIHHOM B Ipejesax OJHOro
AKCIIEPUMEHTAa HEU3BECTHOM YacTOTOM, YacTOTYy JAPYroro reHeparopa MOXKHO
m3meHATh pyukamu «HACTOTA T'PYBO, IINTABHO» u KHONKOWM NEpEeKiIto-
yenust auamazona dactor «IMAITA30H») wu gactoTomep, MO3BOJISIOLIUI C
TOYHOCTBIO 10 2 ['Il U3MEpATh 4acTOTYy ATAJIOHHOIO (IEepecTpauBaeMoro) re-
HepaTopa. DTAJIOHHBIA U UCCIEAYyEMbIil TeHEepaTOPbl MOJKIIOYAIOTCS K PE3U-

CTUBHBIM BXoJaM «X» U «Y» ocuumiorpadga OCY-10B, ocuumiorpad npu
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ATOM JIOJDKEH OBbITh TiepeBeieH B pexkuM «X-Y» s Habmoaenus ¢uryp Jluc-

Caxy.

JABOPATOPHAA YCTAHOBEKA @5.1-12

TACTOTOMEP, I'nn

TEHEPATOP-1 TEHEPATOP-2
(HeM3BSCTHAR 9acTOTa) (3T AMOHHEL )
Fagan 1 Fagan 2
ATEKTPOHHEIH OCUHTIOTPA®

Puc. 5. Jlaboparopnast yctaHOBKa

Puc.6. DnexkTpoHHEIi ociuiuiorpad
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ITopsiaoK BHINIOJTHEHUS
[lepen BeIMOTHEHWEM PEKOMEHIYETCS] O3HAKOMUTHCS C MPUHIIAIIOM PabOTHI
AIIEKTPOHHOTO OCIIIIIOrpada, MpoBEpUThH LEIOCTHOCTh CETEBBIX U COCAMHHU-
TEJIBHBIX TPOBOIOB.
[TopxmounTe 7a00PAaTOPHYIO YCTAaHOBKY K JJIEKTPOHHOMY ocuuiuiorpady
corjacHo Osiok-cxeme puc 6. I[lpu 3Tom curnan c¢ Beixoga 1 (ucciegyeMoro
re’epaTopa) mojaeTcs Ha kaHan X ociuuiorpada, curaai ¢ Beixoaa 2 (reHe-
paTop ¢ epecTpauBaeMor YaCTOTOM) MoJaeTcsl Ha KaHal Y ociuuiorpada.
Bxomtounts ocumsuiorpad u 1abopaTopHblii MOAYJIb B ceTh HampsikeHuem 220
B.
[TocraButh nepekmouarenn «CETby (A) Ha maHenu ocruuiorpada u ycra-
HOBKU B mosioxeHue «BKJI», nmpu 3ToM JOIKHBI 3aropeTbcsi COOTBETCTBYIO-
IITUE CUTHAJLHBIE CBETOIUOBI.
[TepeBectu ocumiorpad B pexxuM Habmonenus puryp Jluccaxy, ycTaHOBUB
nepekmouarenb «SLOPEy (B) cneBa ot Bxoaa X ocuuuiorpada B MOJIOXKE-
Hue «XY». Pyuakoit VOLTS/DIV (BOJIBT/AEJ) (B) ocu Y ycTaHOBHTH YpO-

BCHb CHTHAJIa, 00CCIICUMBAIOIIMN HAWIYUIIMH MacmTad ajisg HaOJr0ICHUS
(pexomennyemoe 3HaueHue — 5 B). /{151 KOppeKTUPOBKU MOJIOKEHUS PUTYPBI

MOkHO uctonb3oBath pyuku «POSITION»(I') ocert X u Y ocuusmiorpada, a
Ui KOPPEKTUPOBKH pa3Mepa — pyuky maBHoi perynupoBkun VOLT.VAR
ocu Y. PerynupoBka ycunenus mo ocu X B pexume ¢uryp Jluccaxy B nas-
HOM TuIle ocuusuiorpada He MpeaycMOTpeHa.

Haxare xHonky «IUAITA30OH» mnepexkmtodueHuss Auana3soHa H3MEHEHUS
4acTOThI T€HEPATOPa, MEPEKIIOYUB TUANa30H U3MEHEHHUS YaCTOThI B MPEIEIIb
~ 70 — 550 I'u. Bpamas pyuku yyBcTBUTENbHBIX pe3ucTtopoB «HACTOTA,
I'PYBO IIJIABHO» nonyuuts u3o0paxeHue nepBoit gurypsl — puc 4, a).
[lonxomuTe K ¢Gurype Hago MEUICHHO ClieBa M ClpaBa, JOOMBAsCh MO BO3-
MOKHOCTH HauOOJIbIIEN HEMOABUKHOCTH (PUTYpBI HAa dKpaHe. 3anucarhb MoKa-

3aHus YacToromepa v, (MHaAyuupyrores Ha JKK/ nucniiee B repuax), coot-
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serctByfomme KAYKIIOM nccrenyemoii purype. PaccunTarh 4acToTy v, UC-
cieayeMoro reaeparopa o dhopmye (2).

[Ipogomxas O4YeHb MEMJICHHO M3MEHSTh 4YacTOTy TIE€HEepaTropa, MOJIy4YUTh
¢urypsr Jluccaxy Buna puc. 4, 0-1 mnpu APYrux KpaTHBIX 4yacToTax (Bpa-
HIAIONIasiCs BOCbMEpKa, AJUTUIIC U Bpalaromuecs GUrypsl B opMe KOPOHBI.
Cnenyet yuutbiBaTh, 4to pydyku «HACTOTA» 0051a1at0T BEICOKOM 4yBCTBH-
TEIBHOCTHIO, MOATOMY IJISl TOJy4YeHHUs (GUryp OOJBIION KPATHOCTH UX CIEdy-
et Bpamath IIJTABHO B o0nactu Hy>KHON 4acTOTHI M MOAXOJIUTH K purype
MEJIJICHHO CJIeBa U cripaBa. Bce mokaszaHusi U pacueTsl 3anucbiBath. [Ipu qoc-
THKEHUH MAaKCUMaJIbHO BO3MO>KHOM 4acTOTBI F€HepaTopa Ha JaHHOM Juaria-
30HE CIIEyeT MEPEKIIOUYNUThCS Ha 0ojiee BBICOKMU YpOBEHb YAacTOT, HaXKaB
kHOMKY «JIMAITA3OH» (~500 — 3000 I'ry).

PaccunTath cpeiHee 3HaYCHHE YaCTOThI MCCIIEAYEMOTO T'eHeparopa v, . .
[ToaxmounTh MepecTpanBaeMblii TeHEpaTOp (BBIXOJ 2) KO BXOAY Y OCIUJILIO-
rpacda, CUTHAJIbHBIA MPOBOJI C MCCIIEAYEMOro reHepaTopa OTKIoUnTh. [lepe-
BECTHU OCILIOTpad B OOBIYHBIN PEKUM Pa3BEPTKH, IOCTABUB MEPEKIIOYATEIb
«SLOPE» cneBa ot Bxoga X ocmmiorpada B 1000€ MOJ0KEHHE, OTIUIHOE
ot XY, nepekmouatesib «SOURCE» (/) B mosnoxenue Y (BHYTPEHHSS pas-
BEpPTKa), U MOJYYUTh U300paKEHHUE CHUHYCOMJAIBHOTO CHUTHAJIA TMEpPECcCTpau-
BAaE€MOI'0 I'eHepaTopa Ha 3KpaHe ociuuiorpada, npu He0OXOAUMOCTH UCTIOJIb-

30BaTh pyuky «LEVEL» (E) s perynupoBaHus CHHXPOHH3AIMN CUTHAIA.

10. IMepexmounts pyuky TIME VAR (OK) B noJioxkenue 1 mc.
11. Beiopate ¢ nomompsio pyuku «HACTOTA T'PYBO, IIJIABHO» nautonee

y1o0Hyt0 yacToTy (pexomenayercst 100 I'i).

12. TlocyuTaTh 4YHCIO JACJICHUN OCH BPEMEHHM, COOTBETCTBYIOIIUX MEPUOIY

KOJICOaHMIAd.

13. Paccuutats Bpems, cootBercTByItonee OJJHOMY nenenuro ocwu.

14. TloaxmouuTh UCCIAEAYEeMbIN reHepatop (Bbixon 1) kK Bxoay Y ocuusiorpa-

(a, curHajIbHBIN MPOBOJ C MIEPECTPAUBAEMOT0 TeHEpaTopa OTKIOUnTh. [lomy-
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YUTh W300paKECHHE CHHYCOUAAILHOTO CUTHAJIa MCCIIEyeMOTO reHepaTopa Ha
sKkpane ocumwuorpada. Omnpenenutb nepuoj; curHaia I ,.., (MOJb3ysICh BbI-

YUCJICHUAMMA, BbIIIOJHCHHBIMHW B IIPCAbIAYIICM HYHKTG) H CTro 4YacToTy

1 . .
Vices =7 M CPaBHHUTbL €€ C YacTOTOM, ONPEIENICHHOM € IOMOWIBIO (UIyp

ucen

Jluccaxy.

15. Ilo okoH4YaHuU PadOTHI BCE MPUOOPHI OTKIKOYUTH OT CETH MUTAHUS, MOCTa-
BHUB COOTBETCTBYIOIIME MepekitovyaTenn B nojoxeHue «BbIKJI», u BbIHYTH
BUJIKH U3 PO3ETKH.

KOHTPOJIBHBIE BOITPOCHI
1. Pacckaxure, B 4eM cOCTOMT MeToA (uryp Jluccaxy, NpUMEHEHHBIN IS
ONpEeEIeHHUS YaCTOThI KOJIEOaHU M.
2. Onpenenure 1o BURY urypsl Jlnccaxxy OTHOIIEHUE YaCTOT KOJIeOaHUH.
3. [TomyunTe TpaeKkTOpUIO JBMKEHMSI TOUKH Ha dKpaHe ocluuiorpada B ciy-
yasix: a) 0=0;0)6=0;B)d0=n/2;1)0=371/2.
4. HapucyiiTe 0JI0K-cXeMy YCTaHOBKH i HaOmtoneHusi puryp Jluccaxy u
00BACHUTE MPUHIUT PAOOTHI.
5. Onpenenure 1o Bugy purypsl JInccaxxy OTHOLIEHUE YaCTOT KOJIEOAHUM.
6. BeiBeanTe ypaBHEHUE ABIKEHUS TOUKH Ha SKpaHe ocliorpada.
7. BnusieT i mpupo/ia KoieOaHuil Ha pe3yabTaT UX CIOKCHHUS ?
bubanorpadguyeckuii cnmucox

1. 1. Casenbes U.B. Kypc dusukn: yue6nuk. T. 1: Mexanuka, MonekynsipHas Gu3u-

ka. M.: Jlans, 2008, 3-e u3g., crepeorur. 406 c.
2. Jletnap A.A., SABopckuit b.M. CnpaBounuk no ¢usuxe. M.: Akagemus, 2009, §-e

u3n., crepeorun. 720 c.

HNPUJIOKEHHUE.

Bv1600 ypasnenus ouoicenus mouku Ha d9Kkpame ocyuriozpagha.
N3 (1.1) nonyuaem:

t=2 1.2
oS @ A (1.2)



cos(a)t+5):l.

(1.3)
IpencraBum COS (wt+J) B OKBUBAICHTHOM BHIE:

l:cos(a)t+5):cosa)t-c035—sin wt-siné (1.4)

Bripakenue s Sin ot moaydaum u3 (5.3):

sin wt = ’1—%22 . (1.5)

[Toncrasum B (5.5) ypaBHenus (5.3) u (5.6):

Y X eoss- 1—X—22-sin5 (1.6)
A A A

HepeHOCH cJlaraCMbIC U3 HpaBOP'I 4aCTH B JICBYIO, IIOJIYYUM:

2
Zeoss-L = 1—X—2-sin5
A A VA

(1.7)
Bo3BeneMm B kBajapar:

2 2 2
X—2c0525— 22 cos 5+y—2 —(1—X—2Jsin25
A AA A A

[IpeoOpazyem mosiy4eHHOE BBIPaKECHHE:

2 2 2
X : -
—c0s” 5 — 22 _cos 5+—y2 =sin®§ ——sin’ s,

2 2
%(cosz5+sin25) —~ Zpi(—ycos 5+y—2 =sin®s.

OKOanTeHBHO HOquaeM ypaBHeHI/Ie JABHUXKXCHUA TOYKHU HA 3KpaHe:
2 2
X X .
¥+%—2—yc03 o =sin%é.
(1.8)



