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N3YYEHHUE PABOTbBI DJIEKTPOHHOI'O OCHUJIVIOT'PADA

BBenenue
Ocmmtorpadom HazsIBaeTCs IPUOOP, ¢ TOMOIIBIO KOTOPOTO MOKHO HAOJIOAATh WA

¢oTorpadupoBaTh KapTHHY 3aBUCUMOCTH OT BpeMenu Hanpsxenus U(t) wmm Toka i(t).

ONeKMPOHHO-YUEeBbIM ~ WIN  KAMOOHbIM — OCYUNLIOZPAGPOM  Ha3bIBAETCs
ocumiiorpad, B KOTOPOM KPUBBIE 3aBUCUMOCTH OT BPEMEHHM TOKA WJIM HANPSHKCHUS
BBIUEPUYMBAIOTCS HA DJKpaHE Y3KUM IYYKOM OJJIEKTPOHOB, JETSAMIMX C OOJbIION
CKOPOCTBbIO M OOMOapAMpYyIOUIUX 5SKpaH, TOKPBITHIM CHEHAIbHBIM COCTAaBOM U
CBeTAlMACA ToJl uX Bo3zaeicTBUeM. [Ipu momomu ocuumiorpadga MOXXHO HU3MEPUTh
BEJIMYMHY HCCIIEIyeMOT0 HAIpPSHKEHUs M JUIMTEIbHOCTh €ro mnepuojia. B HekoTophix
ClIy4yasiXx C €ro IOMOIIBIO ONPEEISIOT CIBUT (a3 MEXAy JBYMS pa3IMYHbIMU
HaIpPsSHKEHUSMU.

Bunnmoe n3o0pakeHHe HCCIEeyeMOro 3JIEKTPUYECKOro CUrHajga (opMupyeTcs Ha
SKpaHe 2/IeKMPOHHO-TYYe80l mpyoKu. MeToauKa oTy4eHns N300paKEeHHUs, TOUHEE
ee MOJIU(pUKALNU, IIUPOKO HCHOJIB3YIOTCS B TEJICBU3MOHHOW TEXHHUKE, a TaKXe IpHu
MIOCTPOCHUU KapTUHKU Ha KpaHe KoMmibiorepa. Kpome 3nekTpoHHO-1IydeBOi TpyOKH B
ocuuuiorpage  00A3aTENbLHO  JOJDKHBI  OBITh ~ TE€HEpaTop  pa3BepTKH,  OJIOK
CUHXpOHM3alMM M OJOK TuTaHus. B NOpoMbIIUIEHHBIX  ocuuiorpadax,
MpeHA3HAYEHHBIX I UCCIIEJOBAaHUS CIa0bIX CUTHAJIOB, UMEETCSl OJIMH UJIM HECKOJIBKO
YCUJIMTEJIEN, KOTOpbIE 00ECIeYnBalOT TPEOYyEeMblid YPOBEHb U3y4aeMOI'0 CUTHAJA.

B nacrosiiee Bpemsi ocuusiorpad siBisieTcsl €ABa JId HE 00A3aTeIbHBIM aTpuOyTOM
IIpU MPOBEACHUMN UCCIEAOBAHUI B 00JaCTH (PU3MKH, XUMHUH, OMOJOTUA U MEIULIUHBI.
OH MMPOKO UCIIOJIB3YETCS B HAYYHBIX IKCIIEIULHUSIX U T€0JOTUYECKUX MaAPTUSIX.

B 1aHHOI 3aJaue MCHONB3YIOTCA IpOMbIILIeHHble ocuutorpadsl Tuna C1-131/1.
MpeAHa3HAaYeHHbIE JJI1 UCCIEIOBAHUIA B IOCTATOYHO IIMPOKOM JUANA30HE YacTOT. TO
BO3MOKHO MOTOMY, YTO OCHMJUIOTpadbl SBISIOTCS MPAKTHUECKH O€3MHEPLIMOHHBIMU
npuoopamu. OHM MOTYT MNPUMEHSTBCA M JUIsl HaOMIOAEHUS OBICTPONEPEMEHHBIX
ANEKTPUYECKUX TMPOLECCOB C YAcCTOTOM JO HECKOJbKHX JECATKOB Merarepil Wiu
MMITYJIbCHBIX IPOLECCOB C AJIUTEILHOCTBIO A0 THICSYHBIX J10J€H MUKPOCEKYH/IbI.

1. OcHoBHBIE Y3J1bI OCHU/LIOrPada U NPUHUUNBI UX AeHCTBUSA

1-1. YcTpoiicTBO 3JIEKTPOHHO-TY4€eBOil TPYOKHU

INeKMPOHHO-TYUeBas MmpyoOKa SBIAETCS BaKHEHUIIMM DJIEMEHTOM KaTOIHOIO
ocumsuiorpada. OHa npezacTaBiseT co00i 3anasHHYIO CTEKJIIHHYIO KOOy, OTKa4yaHHYIO
10 BbICOKOro Bakyyma (puc. 1). B xonbe Haxomsarcs: 2J1€KMpPOHHAA NYUIKA, T.e.
CUCTEMa, NpeHa3HauYCHHAs IJis CO3JaHusl Y3KOro Iy4YKa 3JIEKTPOHOB, JETSIIMX C
OOJIBIIION CKOPOCTBIO BIIOJb OCH TPYOKHW; OMKIOHAIOWUE NIACMUHDBL, T.e. CUCTEMa
AJIEKTPOJIOB, CIIy’Kalash sl yNpaBieHHUs] DSJICKTPOHHBIM Jy4OoM, OIKPAH, T..
(bIro0opecMpYIONUi CIIOHN, MOKPHIBAIOIINNA BHYTPEHHIOIO CTOPOHY OCHOBAaHMS KOJIOBI,
Ha KOTOPOM BO3HHMKAaeT CBETSAIICECS ISITHO B TOM MECTe, KyJda IOMagaeT Iy4oK
AJIIEKTPOHOB.
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Puc.1. Cxema yeTpoiicTBa 31eKTPOHHO-IVUeBOil TPYOKH.

nyHKTHpOM). K - Kamoo >1exTpoHHO-IyueBOl TPyOKH - MMeeT (HOpMY LUIHHIPUKA,
BHYTPH KOTOPOIO HAaxXOAUTCS HHUTh HaKajla. OMHUCCHS DJIEKTPOHOB MPOUCXOIUT C
IIOKPBITOTO OKCHUJHBIM CJIO€M JIOHBIIIKA Karonxa. Ui peryjJMpoBKM KOJIUYECTBA

5JIEKTPOHOB B DJICKTPOHHOM ITyYKE 3JICKTPOHHO-ITy4deBast TpyOKa UMEeT YIPABIAIOUUL

BIIEKTPON M, KOTOpbIi TpEencTaBiseT COOOHM  METAUTMYCCKUN  IUJIMHID,
pacnoJioKeHHbIM BOKPYTr Karoja. llunuHap umMeer B Toplie HEOOJIBIIOE OTBEPCTHE,
yepe3 KOTOpOE MOTYT MPOXOJUTH SJIEKTPOHBI. Mexay KaTrogoM U IUIUHIPOM
CO3JAaeTCs pa3HOCTh NOTEHIMAJIOB, MNpPUYEM TOTEHLUHAN LWIMHIpPA OKAa3bIBAETCS
OTPUULATEIIBHBIM IO OTHOIIEHUIO K Karody. /[leliCTBHE yNpaBIAIOLIETO 3JIEKTPOJa

COCTOMT B TOM, UYTO DJICKTPOHBI,

-l ' BBUICTAIOIINE W3 KAaTOAa, YaCTUYHO
TPASKTORHA 3NEKTPOHA VoA AT

OTTaIKHBAIOTCS YIPABIISIOIIUM
Y oRacTumwel - e IRLI 3JIEKTPOJIOM, a YACTUYHO IIPOJIETAIOT
P yepes Hero. Ilpu  yBenMdeHUM

Vi A OTpULATENLHOTO  IIOTEHIMaNa  Ha
| YIPaBJISAIoNIEM 3IIEKTPOJIE

« ! > [ Jxpan KOJIMYECTBO AJIEKTPOHOB,
NPOJIETEBIINX B OTBEpPCTHE,

yMeHbIaeTcs.  Takum  oOpaszowm,
U3MCHSS TOTCHIIUAT YIPaBJISIONIETO
AIIEKTPOJIa, MOKHO PETYIMPOBATh KOJIMUECTBO AJIEKTPOHOB B IyUKe, a, CIEI0BATEIHHO,

Puc.2.K pacuery cMmeureHus 31eKTpoHa.

¥ SPKOCTh MATHA Ha dKpaHe. 3a yIPaBISIOLIMM 3IEKTPOIOM CIEAYIOT ABa AH00a; A1 -

Gokycupyrowuti aHoo u A, — YCKOpAOWUU AHOO. DTH AHOABI BBINOJHSIIOT
pa3zubie GyHKIMU. Bo-miepBhIX, OHU (OKYCHUPYIOT MYy4YOK AJIEKTPOHOB. BTOpoi anHon
uMeeT 0oJiee BHICOKHH MOJOKUTENbHBIN MOTEHIMAI [0 CPABHEHUIO C TIEPBBIM, U MEX]Y
aHoJaMU 00pa3yeTcsi HEOAHOPOIHOE JIEKTPUUECKOE MoJje. DIEKTPOHBI, ToNajgas B 3TO
[0JIe, HAYMHAIOT JIBUTaTbCsl BIOJb CHJIOBBIX JIMHUM TakK, 4YTO HUX TPAEKTOPUHU
UCKpUBILAIOTCS. (DOKYCHpPOBKa 3JIEKTPOHHOIO IyYKa OCYIIECTBISIETCS W3MEHEHUEM
Pa3HOCTU MOTEHIMAIOB MeX Ay aHoAaMUu. OOBIUHO MEHSIOT MOTEHIIMAJ MIEPBOro aHO/a,
KOTOPBIM MO BEITUYMHE MEHbIIIE NOTEHIMAJIA BTOPOTO aHO/AA, JOCTUTAIOIIEr0 3HAYEHUN
OT HECKOJIbKMX €JUHUI] J0 HECKOJbKHUX JECSITKOB KWJIOBOJIbT. Perynupys moreHuuan
MEPBOTO aHO/A, MOXHO JTOOUTHCS TOTO, YTOOBI AJEKTPOHHBINA JTyd (HOKyCHpOBaiCs B



TOYKY Ha BHYTPEHHEH IMMOBEPXHOCTH SKpaHa. 3a AIEKTPOJAMHU 3JIEKTPOHHOM ITyLIKH
HaxoNATCA JAB€ IIapbl OTKIOHAKIOIMX IUIACTHH, CIy)XKAalluX [ YIPaBJICHUS

ANEKTPOHHBIM Iy4ykoM. OJHa mapa IJIacTHH PACHOJIOKEHa COPUSOHMANLHO U HOCHUT
Ha3BaHHE GEPMUKAILHO OMKIOHAWUX naacmuH wi Y-niacmui. Bropas napa
pacnoliokeHa 8€PMUKAIbHO U HOCUT Ha3BaHUE COPUSOHMAIbHO OMKIOHAOWUX

naacmur wma X - naacmut. Eciv K Kakod-1ubo M3 Hap IUIACTUH II0JBECTH
HaIpsSDKEHUE, TO B MPOCTPAHCTBE MEXAY HHUMH OOpa3yeTcsi  AJIEKTPUYECKOE MOJeE.
DONEeKTpOHBI IMy4YKa IPU MPOJIETE MPOCTPAHCTBA MEX]Y IUIACTHHAMHU HCIBITBIBAIOT
CWJIOBOE BO3JIEHCTBUE CO CTOPOHBI 3TOrO IMOJIA, BCIEICTBUE YEro UX TPAECKTOPHUU
UCKPUBILIIOTCS (cM. puc.2). IIockonbKy Teneps Iy4YOK 3JIEKTPOHOB MOMAJAET Ha SKpaH

He B Touke (J, a B Touke A, TO HETPYAHO MNPUATH K BBIBOAY, YTO H3MEHEHHE
HaIPsUKEHUS HAa OTKJIOHSIOIIMX IIACTUHAX ITO3BOJIIET MEPEMENATh CBETSIIEECs MSATHO
Ha JKpaHe. ['OpU30HTaIbHO PACIIONIOKEHHBIE IUIACTHHBI BBI3BIBAIOT NEPEMEIIECHUE I10
BEPTHUKAJIM, 4 BEPTHKAJIBHO PACIOJOKEHHBIE — MO TOpHU30HTANU. OTKIOHSIOIINE
IJIACTUHBI PACIIONOXKEHBI IO OCH TPYOKM 3a aHOJAMH, MO3TOMY 3JIEKTPOHBI JIETAT K
IUTACTUHAM, JIBUTasiCh PABHOMEPHO (BJOJIb OCH TPYOKM Ha HUX HE JIEUCTBYIOT HUKAKHUE
cwibl). [l OUEHKM BEIMYMHBI OTKJIOHEHHS 3JIEKTPOHHOIO Jy4a HEoOXOJuMOo
ONPENEIIUTH [TApaMETPhI €r0 ABUXKEeHUA. I1yCTh 3JIEKTpOH, BIIETaIOIUN B IIPOCTPAHCTBO
MEXKIy IUIACTHHAMH. IPEABAPUTENRHO IPOXOAUT PasHOCTh noreHmuanos U, mexmy
BTOPBIM aHOAOM U KaToJIoM. Ero ckopocts Vo, K MOMEHTY MOJIeTa K IIIaCTHHAM MOKET
OBITh OIpe/ieIeHa U3 3aKOHA COXPAaHEHUsI SHEPTUU

=eU, (1)

rIIe € - 3apsj AJIeKTpoHa, & M — ero Macca. Bpems 1. HeoOxoauMoOe I TOTO, YTOOBI
57€KTPOH MpoJieTe] TOPU30HTaNbHblE TacTuHbl gmuHoil | paBro t; = 1/Vq Ilycts
MEK]ly 3TUMU MJIACTUHAMHU UMEETCS JIEKTPUUECKOE TOJIE C HAIPSIAKEHHOCTHIO E.

Torna Ha 25IeKTPOH B HampaBleHUU OCU Y JIEUCTBYET MOCTOsIHHAA cuia F= eE, u oH
MOJIy4aeT B 3TOM HaIlpaBJIEHUU yCKopeHue a = eF/M. OTKIIOHEeHuE Y; KOTOPOE TOJIY4IUT
DNIEKTPOH, TPOWAS BCIO [UIMHY TOPU3OHTANBHBIX IUIACTHH, paBHO Yy, =at’/2.

HO,Z[CT&BJ'I?IH CI0JIa 3HAYCHUA d U t]_ IMOJIy4YHUM:
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2
B cBow ouepens, BenmmunHy MV, MOXHO 3aMEHHTH, yUWUTHIBas BbIpakeHue (1).
Torna popmymna (2) mpuobperaet Takoi BU/I:
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T4u, (22)



HanpspkeHHOCTb 3i1eKTprdeckoro nons mexay miactuiamn E=U /d, toe Uy -

Pa3HOCTh IIOTEHLHMANOB MEXAy IacTMHamu, a O — paccTosHHME MEXIy HHMH.
[TosToMy
_ E |2 _ Uy |2
Y. = = (3)
4J , 4U ,d

[IpeamonoKuM, 4TO JKPaH PACIIONOKEH Ha PacCTOSHMM L OT ropusoHTanbHBIX
wiactuH. Toraa of1iee OTKIOHEHUE Jyda HO BEPTUKAIM OyAeT V = )1 + Vo. rae Vi,
ONpENENEHO BBINIE, a ) MPEACTaBISAET COOOM BEPTUKAIBHYIO COCTABJISIOLIYIO
CMENIEHUS AJIEKTPOHA; MOJTYYEHHOTO UM Ha MyTH OT IJIACTUH A0 AKpaHa. J[Jis mpoCTOTHI
MIPEANOIOKUM, UYTO MPH MOJIETE K MJIACTUHAM CKOPOCTh 3JIEKTPOHA Obljia HalpaBJieHa

crporo Buoab ocu Tpyoku. Torma y, =Vytp toe Vy = aty. a t,=L/V,. Iloxpcrasmss
3nauenus a, {y u I B BeIparkeHue s Yo mOTydHM:

aL, UL
Y2 =Y v, V@ 2u.d

a

| (4)

OO011ee OTKIIOHEHUE 3JIEKTPOHHOIO JIy4a 110 BEPTUKAIIU, TAKUM 00pa30M, paBHO:

Ul Ul Y, (1) L

y —_—

+ = +L = (5)
J,d 2u,d) 2u,d \2 2U ,d

Yy=y,+tYy,=

tak kak L+1/2 ~ L (nockomnbky I1<<L). Y3 nonyuennoit Gpopmyasl MOKHO OIpeaeInTh
ONHy W3 BaKHEHIIMX XapaKTePUCTUK DIEKTPOHHO-Ty4eBOH TPyOKH, a HUMEHHO, ee

4yBCTBUTEILHOCTD. {y8CmeumenbHocmolo Y 1pyoku ocumuiorpada Has3bIBacTCs

OTKJIOHEHHE Jiyda (B MM ) Ha DKpaHe, BBI3BAHHOE PA3HOCTBHIO MOTEHIIMAJIOB B OJUH
BOJIBT HA OTKJIOHSFOIIMX IUIACTUHAX:

Y LI
ANVIRETI: (6)

y
HpeI[CTaBI/IM TCIICPb, YTO IINIACTHHBI ocummorpa(ba COCOAMHCHBI C HMCTOYHHMKOM

cunyconpansHoro nepemensoro Hampsokenus U() = Ug Sinet. Torma mpwm
MOJIOKUTETLHOM TOTEHIIMAJEe BEPXHEH IUIACTUHBI JIyd OTKJIOHSETCS BBEpX, a IpH
OTPULIATEJILHOM - BHU3. TakuM o00pa3oM, 3JEKTPOHHBIN Jiyd OyAeT BblYEpUMBATH Ha
JKpaHe TMOJIOCKY, JUIMHA KOTOPOM NPONOpLMOHAIbHA YJIBOCHHOM aMIUIUTYJE
NPUJIOKEHHOTO HaNpsKeHUs. 3Has YyBCTBUTEIBHOCTh TPYOKHM U M3MEPHUB [UIMHY
MOJIOCKH, MOXHO omnpenenuts Beamunny Up, T.e. aMmmrymy mepeMeHHOTo
HampsbkeHusi.  Hampumep, ecnmu  4yBCTBUTENBHOCTH — TPYOKM — ocuumiuiorpada



Y = 0,4 mm/B, a puna nonocku | = 20 mm. 10 2Uyg = 50 B mi Uy= 25 B. Tloatomy
ociuyIorpad MoKHO HCIIOIb30BATh KaK BOJILTMETP IIEPEMEHHOIO TOKA.

1-2. J/IuHeiinasi pa3BepTKA MEPUOTUYECKOT0 HANPSKEHUA BO
BpeMeHU
Ouensr wyacTo ocuuwwiorpad npumensiercss mjig HaOmoaeHus (GopMbl KoseOaHUN
HaHpH}KeHI/Iﬁ WM TOKOB. B »TOoM clIydac IKCJIATCIIBHO IIOJIYYHUTb Ha JKpPAHC
ociiuiorpada HEMOABMXKHOE HM300pakeHue

KpUBOM,  IPEACTABISIIONIEH  3aBUCUMOCTH

HaNpsDKEHKS OT BPEMEHH, B TOM BUJIE, KAK d3Ta

. 3aBUCHMOCTh SO AN Yy .
T / A 1300pakaeTcs HA | GGG G GlE & he T
S !'L —,  oObmHOM  rpadmuxe. ‘T®‘“ _ \///

t‘u” \/ Harpuwmep, CCITH e s
Prie.3. 1 padaiaecscoe npeacras- HCCIeayeMOoe Puc.4. Flocipoenie cHByComant,
JeHiE YOI HAIIPAKCHUC HUMCCT

CHUHYCOUJAIbHYIO0 (POPMY, TO OOBIYHBIM TPaUKOM  SIBISCTCS
CHUHycOuza, u300paxkeHHas Ha pwuc.3. I[lpu TakoM H300pakeHUH CHHYCOMIBI
TOPHU30HTAJIbHAS OCh CIIY’)KUT OChIO BPEMCHM, a BEPTHUKAJIbHAs OCh SIBJSICTCSA OCBHIO
MI'HOBEHHBIX 3HauCHMI HampsbkeHus. Ha skpane ocripuuiorpada skenareabHO MOJTydUTh
Takoe e U300pakeHHe CHHycOuIbl. HamoMHuM, Kak rpadUuecKd MOIydaeTcsl TaKoe
nocTpoeHue. Jljist 5TOro paccMOTpUM paBHOMEpHOE ABrkeHne Toukr C 110 OKPY:KHOCTH
U TIPOCIICIUM 33 U3MEHCHHUEM TPOCKIIMH PaInyC-BeKTOpa 3TOM TOUKHM Ha BEPTUKAJIbHBIHN
auaMeTp. Puc.4 mosicHsIeT COOTBETCTBYOIIEE MTOCTpoeHUE. [T0CKOIbKY TBHKEHNE TOUKH
0 OKPY)KHOCTH PaBHOMEPHOE, CJICZIOBATEIIbHO, 32 PaBHBIC MPOMEKYTKH BPEMCHH
pamuyc - BEKTOp OIMCHIBAET paBHBIC Oyrd, T.C. MOBOPAYMBACTCS HA PaBHBIC YIJIBL
dukcupyeM MOJI0KEHUE PaIHyC-BEKTOPa BPAIIAIOMICHCS TOYKHA M 3HAYCHHS MTPOCKITUH
€ro Ha BEPTUKAIBHBIA AMAMETP Yepe3 paBHbIE IIPOMEKYTKM BPEMEHH: B MOMCHT
BpeMeHHu ty (HauanbHOe nojoxenue), Uy, 1o, I3 u T.1. Ha ocu t B mpaBoii yactu pucyHka
HaHECEM MPOMEXYTKH BPEMEHH, OTMEeUeHHbIC MoMeHTamu 11, Uy, {3 u T.1., mpuuem

OpUMEM DPaBHOMEpHBIA Maciitab BpeMeHu mo ocu . 31ech ke NpPOTUB KaKIOTO

momeHta Bpemenu 1y, I, {3 ® T.0. OTIOKHMM COOTBETCTByIOIIEE €My 3HAUYCHUE
MPOEKINKN paauyc-BekTopa. [loydeHHbIE TOYKH COEIMHUM KPUBOH. ODTa KpHUBas U
Oyner cunycougoil. Takoi crmoco0 MOJyYeHHs] CHUHYCOWJbI Ha3bIBACTCS JIMHEWHOUN
Pa3BEPTKOM CHHYCOMJAIBHOIO  JBWXEHHS. BaxHO OTMETUTh, 4YTO UMEHHO
pasHomepHocmb  0sudiceHuss 600ab ocu t u onpedensem pasHomepHblll

(nocmosiHHblL} Macumab epemeHu no Mot OCU.

Bo3sBpamasice k (popmMupoBaHui0 M300paxkeHUsT Ha dKpaHe ocuuiorpada, JEerko
A0raaTbCsa, YTO CBCTALICCCA IATHO CTAHCT BBIPHUCOBBIBATL CHHYCOUY, CCJIIN 3aCTABUTH
€ro COBepIlaTh OJHOBPEMEHHO JiBa JABMXEHHUs: 1) rapMoHUYECKOoe KoJieOaTelbHOe
JIBUYKEHUE IO BEPTUKAIBHON OCH M 2) PaBHOMEPHOE [IBI)KEHHE MO TOPU30HTAILHOMN
ocu. Torna pe3yibTUPYIOIIEe IBUKEHUE U OyIeT CuHycouaou. Takum 00pa3zoM, 4TOOBI

8



MOJIyYNUTh H300paKeHHE MCCIAEAYEMOr0 CHHYCOMJAIbHOTO HAMpPSDKEHUS Ha HKpaHe
TPYOKH, HYXKHO IOJBECTU 3TO HANpshKEHUE K Y- muacTuHam. M300paxkaromas Touka B
3TOM ciydae OyneT COBepIIaTh MO BEPTHKAIBHON OCH FapMOHHUYECKOE TBUKECHHE, KaK
3TO YK€ BBIACHEHO. Temneps cielyeT TOIbKO Pa3BEPHYTh 3TO KOJebaTeaIbHOE TBUKEHHUE
M0 OCH BpPEMEHH, KOTOPYIO OyIeM CUYUTaTh COBIAJAIONICH C TOPU30HTAIBHON OCBHIO.
JIsist 5TOr0 HE0OXOJIMMO 3aCTaBUTh JIBUTAThCS TOYKY BJIOJb OCHU X paBHOMepHO. [lpu
TaKOM JBHYKEHUHU M300pa’Karolllell TOUKH €€ CMELIEHUE 10 SKPaHy B HAINPaBIECHUU OCU
X Oyner paBHo X = V1. rae V - mocTosiHHAs CKOPOCTh IBHXKCHHS U t -Bpemsl.

Ho mbI 3HaeM, 4TO CMEIIEHHE TOYKHU IO 3KpaHy MPONOPLHMOHAIBHO HAIMPSKEHUIO Ha
oTkIoHsromuMX mwiactuHax X = YUy, rae y - ayBcTBUTENBHOCTS Ociuuiorpada BIoJIb
ocu X. a Uy - HampspkeHWe Ha OTKIOHSIOMMX X- miacTuHax. CliemoBaTenbHO, IS
CO3[aHUSI PABHOMEPHOI'O CMEIIIEHHSI TOYKH BAOJIb OCH X HEOOXOIUMO Ha OTKIIOHSIOLINE
X- m1acTHHBI TTOATh HANPSHKEHHE, TPOTIOPIIMOHATBHOE BPEMEHH:

vt
U, =— 7
= (7)

Poct HaIIPs2KCHUA IIPOJOJIKACTCA JO TCX II0P, ITOKA CBCTAIICCCA IIITHO HC JOCATHCT
Kpasd 9KpaHa. IIocne aToro HAIIPSPKCHUC OTOJIDKHO 6BICTpO YMCHBIINTBCA 10 HYJIA, YTOOBI
IIATHO BCPHYJIOCH B HCXOJHOC IT0JIOKCHHUC.

I[J'ISI IIOJYUCHHUA Ha JSKpPAHC HCIIOIABHUKHOI'O

M300paKEHUsI UCCIIEyeMOTO HaIpsHKEHUS, Uy

NOJAHHOTO Ha Y- IIacTUHBL, Ha X- IUIACTUHBI /\ / \
MOJIaeTCs TaK Ha3bIBa€EMOE nusI000pazHoe U \-/' !
HanpsHKEHUE JTMHEWMHOM pa3BEepTKU. DTO HAIIPSIKCHUE T, If‘ Tpo=h
SIBJISICTCS  TICPUOJMYCCKHMM HANPsSOKCHUEM, IIEPpUON L, /\*
KOTOPOTO  JIOJDKEH  OBITh  paBeH  Iepuoay T

HCCJIEYEMOT0 HANPSDKEHUSI WIM B LIEJIO€ YUCIIO pa3
Puc.5. PapeHCTBO Neplojaos HANIPAZ

oompme ( cm.puc.5 ). Ha pucynke uepes 71y stif pAIBEPTIH 1 HCCTEAYEMO

0003HAaUYeH NEPUOJ HCCIEIYEMOIo HAaIMpsKEHHUS.
Ecnu mepuon Ty paBeH BpeMeHH HapacTaHUs HANPSHKEHHS PasBEPTKU Tp, TO HA DKpaHe

OyzeT BUJCH OJIMH TIEPHOJI, TAK KaK BpeMs T

00paTHOrO JIBMKEHHs MHOTO MeHbIe 1P, u l i l Buxox
SIIEKTPOHHBINA JIyd NPOAEILIBAET OOPATHBIN C,_E_ CJ_ Cal T, gusxposn
xox o4yenb ObicTpo. Eciu Tp = NTg rue n- | — T T hu_ulc I 4—1‘
1IeJI0€ YMCIIO, TO HA DKpaHe OyAeT BHIHO | '
HETIOJBI)KHOE HM300pakKeHHe N  IepHOI0B ¢ @*( Rz R
CHHYCOMIBI. JTO YCIOBHE  HA3bBIBAETCS Ea = nakan | © -
YC08UeM_CUHXpOHU3ayuu. JIns curxana
CHHXPOHM3ALMH B KaXJIOM ocuumiorpade
NPUMEHSIOTCS  CIICLUAIBHBIE TEXHUYECKHE
METOJbI, M3JIOKEHUE KOTOPBHIX BBIXOIUT 34
PAMKH JJAHHOTO OIHMCAHUS.

— :_["'"'

| = le:E

Puc.6. Cxema reHepaTopa pa3BepTiH
Ha THPATPROHL,



1-3. T'enepaTop NuJ000pPa3HOT0 HATIPSKEHUS

JUtst mosydeHuss niI000pa3HOro HANpPSKEHUsST MOTYT HMCIOJb30BaThCsl Pa3jIndHbIE
PaIMOTEXHUYECKUE CXEMBI, TAKUE KaK MYJIbTUBUOPATOPHI, OJOKHHT-T€HEPATOPHI U T.11.
B omnucaHnu paccMOTpeH OJMH W3 MPOCTEHIIMX THUIIOB T'€HEpaTtopa pa3BEPTKH, TIe
UCIIOJIb3YETCs ClIeUaibHas Ta30HANOJHEHHAs JIaMIIa-TUPATPOH, XapaKTepHas TEM, YTO
B HEM BCIBIXMBAET Ta30BbIM pa3psl, KOrJa HAIPSHKEHHE HA €€ aHOAE JOCTHUraeT
OTIPEJICTICHHOTO 3HAYEHUS. Cxema

Uscon -+ 4T . reHeparopa wu3obpaxeHa Ha puc.6. Ot
T Unas MCTOYHHKA TOCTOSIHHOTO HampspkeHus Ea
N UV uepe3 conporusienne Ry 3apsikaercs omun
u3 xoupencaropo C; , C; wm Cis.
Puc.7.I paduueckoe uiodpamedne na- [lapa/enbHo  KOHIEHCATOPY — BKIIOYEH
BPAALHNS FeHepHTOpE PU3BLPTHH TUPATPOH T. Bo BpEM: 3apiaa HAIPSIKCHUC

Ha KoHAaeHcatope pacrer. Korma oHO

mocTuraerT Hekotopoi Benmuuuubl UMAaX : paBHON HANPSHKEHUIO 3a)KUTAHUS Fa30BOTO
paspsiia B TUpATpOHE, MOCIHEAHUN 3akuraercs. Tak Kak BHYTPEHHEE COIPOTHBIICHUE
3aKEHHOTO THpPAaTpPOHA BECbMa HEBEJIMKO, KOHAECHCATOpP OYEHb OBICTPO pa3psKacTcs

yepe3 TUPATPOH ( 3a BpeMs T - CM.pHUC.7). U HANPSHKEHUE Ha HEM Ma/laeT 0 HEKOTOPOTO
Unin » PAaBHOTO HAMNPSDKEHUIO TMOTacaHus ra3oBOro paspsga B THUpaTpoHe. Kak ToJbKO
TUPATPOH TMOTACHET, €r0 BHYTPEHHEE COMPOTUBJICHUE CTAHOBUTCA OYECHBH OOJBIIUM, U
KOHJICHCATOp CHOBAa HAYMHAET CPABHUTEIBHO MEJJIEHHO 3apshKaTbCid OT MCTOYHHKA
HANPSDKEHUS 4epe3 COmpoTHBIEHME Rji. u Bech mnpomecc OymeT MOBTOPATHCSL.
N3MeHeHne HanpspkeHHWs Ha KOHAEHCATOpE MpeAcTaBieHo Ha puc./. Ecmm 310
HaNpsDKEHUE MOAaTh Ha X - IUIACTMHBI ocuuuiorpada, TO MONYYHTCS Pa3sBEpTKa BO
BPEMEHM MCCIENYEMOrO HANpsHKEHHs, KOTOpoe mogaercs Ha Y - miacTuHbl. Yacrora
Pa3BEPTHIBAIOIIECTO HAMIPSKEHHS CTYIIEHYaTO U3MEHSIETCS C

TIOMOIIIBIO TTepeKtodatens [/;  BKIIIOYAOIIEro TOT WM WHOM KOHIEHCATOp, M TUIABHO

HIepEMEHHBIM conpoTuBieHueM Rp. Uem

OoJpIIE  €MKOCTh  KOHJAEHcaropa H i L1 E I
COINPOTHUBJICHUE, TE€M MEIJICHHEE UIET
3aps] U TEM MEHBIIIE YACTOTA Pa3BEPTKHU.
DTy 4acToTy MoJ0UparoT Tak, YTOObI OHA
Oblla paBHA YaCTOTE MCCIEAYEMOro
CUTHaJa Wik ObUTa ObI MEHBIIE B IEJTIOC
yucio pa3. Hemoctarok TaHHOW CXEMBI
COCTOMT B TOM. 3apsA] KOHJEHcCaTopa
MPOUCXOJIUT HEPAaBHOMEPHO: CHayajia
ObICTpEe, a TIOTOM MEJIJICHHEE. Puc.f. Cxema renepatopa pasgepren ¢

Takass HEpaBHOMEPHOCTh OYJET UMETh HEMOILIOB2HIEM NEHTOa,

MECTO M B HapaCTaHWM HaIpsOKEHUS Ha

RLINGET

|

I iR:j | CHBX ORI LI |
MeT e |
L] &2 5
- i ¥

X-mlacTMHaX M B JBWJKEHMH IISTHA Ha OJKpaHe TpyOku. IlostomMy u pasBepTka
OCIIJIJIOTPAMMBI TTOJY4YaeTCsl MCKaKEHHOW, C HEPaBHOMEPHBIM MacIITaboM BpEMEHHU.
UtoOBsl HUCTIPaBUTH ATOT HEIOCTATOK, 3apS/IKy MPOU3BOAAT Uepe3 MATHUAIIEKTPOIHYIO
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naMmIy -TieHToA. IIpu MOCTOSHHBIX HANpPSKEHUSAX HA CETKAX MEHTOa ero aHOIHBIH TOK
| o mOUTH He 3aBHCHT OT BEIMUMHBI AHOJHOTO HanpskeHus. Torna 3apsy KOHAeHcaTopa
Q pacrer mnponopuuoHanbHO BpemeHu, Tak kak Q = Iat. Hanpsokenne Ha
xonzaencatope Ux = Q/C= (Io/C)t, Gyner Takxe pacTu nponopLHOHAIEHO BPEMEHH.
TakuM 006pa3oM, HampsKeHHE HAa KOHJEHCATOpE M HA COEJWHEHHBIX C HUM X—
macTHHAX ociumnorpada OyaeT M3MeHAThCS KAaK MOKA3aHO IyHKTHPOM Ha puc.7, u,
cJe/loBaTeNbLHO, BpEMEHHAs pa3BepTKa He OygeT McKaxkaThes. CXema TIeHeparopa
pa3sBepTKM C HCHONb30BaHMEM IMEHTOa IMOKazaHa Ha puc.8. 3jech IUIaBHas
PETYIMpPOBKA 4YacTOTHI PAa3BEPTKH OCYIIECTBISAETCS HW3MEHEHHEM aHOJHOTO TOKA
nenTona. J{ns 3TOro M3MeHsieTcsl HaNpsbKeHHe Ha SKpaHHOM cerke mentoma Jli ¢
nomomipto notenuomerpa Ry . Yactora reneparopa pasBepTkH, Kak IIPaBUIIO, HE

ABIAeTCA CTAOMIIBHOM M JIETKO M3MEHseTCs Ja)ke INpU HeOOJBIIMX BapHalUX
NUTAIOIMX HANpsKEHHWH, TeMmepaTypel, a Takke MO psAAy JAPYrux NpuuuH. B
pesylbTaTe 3TOro INOJOOpAaHHOE KpPAaTHOE COOTHOIIEHME MEXKIy  4acTOTOM
uccienyemoro curtana f u wacroroit f,,, He Gynmer coxpamsrses. Ocummiorpamma
HauWHAeT «0edcamoy 1o dKpaHy. Js cTaOWIM3arMy KapTHHBI, HAaOMIOJaeMOH Ha
3KpaHe, NCTIONb3yeTCs CUHXPOHM3MPYIOIIEE YCTPoiicTBo. Ero pabota ocHOBaHA Ha TOM,
YTO HANpsDKEHHE 3@KUTAHWSA THUPATPOHA YMEHBIIAETCS TPU  TOJOKUTETHHOM
NOTeHIMale Ha CeTKe THPaTpOHAa M YBeJIMYMBaeTcs NpU oTpuuareasHoM. Ilpu Tak
Ha3bIBAEMOl BHYTpPEHHEl CHHXPOHM3AlMM MOTEHIUAN CETKM TUPATPOHA MEHSETCs 3a
CYeT caMOTo HCCIEIyeMOro HalpsKeHHs, KOTOpoe uepe3 moTeHnmoMerp Rs (puc,8) u
KOHJIEHCATOp TOJaeTcsl Ha CeTKy THpaTpoHAa. IIpM TOYHOM COBMAJEHMH YacTOT
HCCIIEyeMOr0 CHTHAla M 4YacTOTHl Pa3BEPTKU 3aKHTaHUE THUPATPOHA (.CM. pHC.5)
IPOMCXOAMT NMPHM CMEHE 3HAKa MCCIIEAyEMOTO HANpSHKEHHs ¢ OMPULAMEIbHO20 Ha
nonodcumesnbHlll. IlycTb IpH ATHX YCIOBUAX TUPATPOH 3a)KUIAETCA MPH 3HAUEHHH
HanpspkeHnss Ha KoHaencatope U ... .Ecnm mo kakuM-mmOo NpHYMHAM YacToTa
reHepaTopa pa3sBepTKH CTAHOBUTCA MeEHbIIE YACTOTHl CHUTHANa, TO KOHAEHCATOP
(manpumep, C1) 3apsokaeTcsl MeUIeHHee, YeM paHblle, Tak 4TO K MOMEHTY OKOHYAHHs
MepHOJia CHTHANA HATIpSKeHMEe Ha Hem eme e nocturaer semmamust U, u
THpPATpoH He 3aroputca. OfHAKO B MOCJEIYIOIIME MOMEHTHI BPEMEHM HAIpsKeHHE
CUTHAaJda HAuMHAeT pacTH (Hayauo cleylollero nepuojaa). Hampsikenue Ha ceTke
THPATPOHA TOKE HAYMHAET yBEJINUMBATHCS, M THPATPOH 3)KHraeTcs TIPU HaANPSKCHUH,
MenbleM, ueM U ,,,., T.e. paHbIe, 4eM 3a)ercs Obl OH B OTCYTCTBHU HAIPSKEHUS
CUrHaja Ha ero cetke. HaoOOpOT, ecly KOHIEHCATOp HAYMHAET 3apskKaThCsl ObICTpee,
TO HANpsUKenHe Ha HeM xocturHer snauenus U, paHbIle, YeM 3aKOHYMTCS TIEPUONL
curnana. Ho THpaTpoH He 3aropuTcs, Tak Kak B 3TOT MOMEHT BPEMEHH HalpsKeHHE Ha
CeTKE OTPULATENBHO (KOHEI[ MepHoja), U HaNpsKeHHE 3a)KUIaHUS B ITOT MOMEHT
Ulgag,c >U%,,,.. 3axuranue xe npou3oner B Oojiee MO3AHUNA MOMEHT BPEMEHHU.
[TpOMCXOMUT aBTOMATHUECKOE TOJIEPKAHNE KPATHOTO COOTHOIIEHNSI MEXKIY JacTOTOM
CHTHAJIa ¥ YaCTOTOH reHepaTopa pa3BepTKU. YBEINUMBas aMIUIMTYIy CUTHAIA HA CETKe
THPATPOHA C MOMOIIBIO TMOTeHIMoMeTpa Ry (puc.8), MOXHO MOBHIIATH CTEIEHb
YCTOMYMBOCTH KAPTHHEI HA DKPAHE.
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2.HekoTopble NpUMeHeHH s OCHIIILJIOrPada
2-1. CpaBHeHMe 4acTOT KoJieOaHuil, purypsl Jluccaxy
OpHuM U3 TpUMEHEHHMH ocuuuiorpada SBISCTCS CpaBHCHHE 4YacTOT JBYX
konebanuii. [l 5Toro Ha X- IJIACTHHBI [TOJAI0T
O 0 / (D % HanpsKeHUe U3BecTHOI yacToTsl fy ( Hampumep,
ot cetu fy = 50 I'y), a na V- nnactuns! noxaror

uccleNyeMoe — HaNpsiKeHHe — 4acToThl Ty
(HampuMep, OT TeHepaTopa HHU3KOH YacTOTHI).

m Ocm 888 Menss wacrory fy, nmobusarorcs Ha okpane
HEMOJIBIKHOW 3aMKHYTOM KpHBOW - (UTYpPHI

3:1 5:1 3:2

]
]

JIuccaxy (cm. puc.9). Ilpu paenctBe yactot fy
Pue.9. ®urypn Jdnccamy, = f, Ha skpaHe nomyunTCS MUIMIIC, OKPYKHOCTH
WM TpsMas B 3aBUCHMOCTH OT ciaBura (a3
MEXKIY HANpPsKEHUSIMH W OT COOTHOINEHHS MEXKIy aMIUIMTyaamu. [Ipu paBeHCTBe
aMILTATY] pa3HoOCTH (a3 90° THOJIy9aeTCsl OKPY)KHOCTD, a IPU HYyJIEBOM pa3sHOCTH (a3 -
OTpe30K mpsAMod ¢ HakiaoHoM 45 ° Kk Beprukamd. ®Purypa B BHJIE BOCBMEPKH
COOTBETCTBYET OTHOIIEHHIO yacToT 1.2 wmm 2:1, tak kak 3a BpeMs 0HOTO KoJaeOaHust
B OJHOM HalpaBJICHUH MPOMCXOAMT JBa KOJEOAHWUs B IEPIEHIUKYJISIPHOM
nanpasienu. Ilpu coortHomenun dvactor Ooibme 1:10 duryper yxe tpymHo
pasjnyars.
ITopsa0K BHINOJHEHHS PAGOTHI
Kak yxXe o0TMEYanoch, OKCIIEpPMMEHTaAbHAs YacTh 3aJa4d  BBIIOJHAETCS Ha
npombiienssix ocuumnorpapax C1-131/1. B kadectBe mcTounmka uccieqyeMbIx
CHTHAJIOB HCIIOJIB3YETCS
regeparop [ CD-1 (cwm.
puc.10), BwIpabaTHIBAIOIINI
CHHYCOMIAJIBHOE
HanpsOKEHWE B JMANa3oHe a}....'] “3 *10 #100 Tox
gacrot ot 1 mo 10000 I'y. | Queng o O O O O Yo =
Yacrora BBIXOJHOT'O
CUTHaJIa reHeparopa
OTPENIEIISIETCS MTOJIOKECHUEM PETYIISTOPa IIABHOTO M3MEHEHHSI YaCTOThI U 3HAYCHHUEM
MHOHTENS Ha nepeaneit nanenu reaeparopa (kaonku X3, X1 0 u x100 - yaursisarorcs
TE KHOIIKH, KOTOPbIE yTOIUICHBI). 3HAYEHHs YCTAHOBJICHHOM YacTOTHI BHICBEYMBAETCS
Ha CBETOBOM TabJIo TeHepaTopa.
BBIXOHOE HANMPSIKEHUE HU3KOM YaCTOTHI CHMMAETCS ¢ THE3[a 1. THE3M0 2 CIIyXKHT
s 3a3eMJI€HMs. AMIUIMTYJQ BBIXOJHOIO CHMIHAjla YCTaHABIMBACTCH PYYKOU

"y

Puc. 10, [Mepenynn nanens reseparopa DO@-1,

«Yposenv», ee 3HaueHHMs KOHTPOJIMPYIOTCS C IOMOIIBIO OTAEIBLHOTO MpHOOpa -
udposoro BonsT™MeTpa tHa B7-22A4.
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YupaxHenue 1
O3HAKOMJUIEHHUE C OPI'AHAMM YIIPABJIEHHUA
OCIIUJIVIOTPADA

1. YopasJienue jgyyem
Pyuka «fIpkocmv» * . pETYJUPOBKAa MHTEHCUBHOCTU ITy4YKa JJIEKTPOHOB: SIPKOCTh

*
+ LU 2 b sF 2 v mY

70 I I I A I

/ v ©@ O |
1 Y1 VIDIY

@ g [IC-} = H A D0 my

— b S N N S B B |
O DE I VIDIV

OC Umme 3 {71 50

5 & OLEVEL YyY. | |
Ej TIMEDIV

XY pSmS AL BT v

3 = gl
o 6 0 To000 99

Puc.11. Oowmii Bua nepenneii nanean ocupaorpaga CH31/1.

M300paxeHust 10JIKHA ObITh MUHUMAJIbHOM, YTOOBI HE OBLJIO CBETALIETOCs Opeoa,
Pyuka « DoKyc» = - pOKyCHpOBKA CBETSIIETOCS MATHA HA YKPAHE.
Pyukn | <> HM3MEHSIOT MOJIOKEHUE CBETAIIETOCS IIATHA Ha SKpaHe.

2. U3MeHeHne aMILIMTYAbI HCCIEIyeMOro CHrHAIA
B CBs3M ¢ TeM, YTO HCMOJIB3yEMBIN B 3aa4e OCHMILIOrpad SABISETCS JIBYXJIy4EBBIM, OH
YIMEET JIBa KaHajla BepTHKaIbHOro ycusienuns - Bxon Y | mim Y2 (B 3anaue ucnonszyercs

onun Bxox - Y1); knonka Y1 mosBossier u3MeHATH a3y BBOAMMOrO curaana Ha 180°;

Perynuposka uysctButensHoctd [V/DIV] - usmenser uyscTBUTENHEHOCTH KaHana
BEPTHKAJIBHOIO YCHJIEHUs ociuiorpada.

3 .YcTaHOBKA 4aCTOTHI pa3BepTKH ocUMLIorpada
TIME / DIV- crynenuaras perynupoBka 4acTOThI TeHEPaTOpa Pa3BEPTKH;

LS | MS - MEKPO- ¥ MUITHCEKYHIHAS JUTUTENLHOCTD Pa3BEPTKH;
4. PazBepTKa U CHHXPOHU3ALMsI OT BHEITHUX HCTOYHHKOB

SYNCHR - Bxoz curnanos pa3BepTKu U CHHXPOHHM3AIMS OT BHENIHMX HCTOUYHUKOB;
LEVEL - perynupoBka aMIUTUTY/Ibl CHHXPOHU3UPYIOIIETO HAMPSXKEHUS.
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5. Bb10op pe:xuma padoThI
XY - BKIIIOYEHHE U BHIKIKOYEHNE TOPU30HTAIBHOM Pa3BEPTKHY;
EXT/INT - nepekmodyenne ncTouHNKA BHYTPEHHEH U BHELIHEH CHHXPOHU3ALHH.
Cnenyer OTMETHTH, 4YTO B 3ajade JO/DKHA  HWCIHONB30BATHCA — BHYTPEHHSASA
cunxponuzanus, T.e. kHonka« EXT/INT » - nomxna 6bite Haxkara. Ilpu HeHaxatoii
KHOIIKE F€HePaTop ociuuiorpad)a CHHXpOHM3UPYETCS OT BHEIIHETO HCTOYHHUKA.
TV - BrirodeHne pexxuma TeJeBU3MOHHON CHHXPOHM3ALINH;
FLr - IEPEKIIIOUEHHE MOJIIPHOCTH CUTHAJIA 3aIlyCKa Pa3sBEPTKY;
ZI7 - BKIoyeHne aBTOKOIE6aTENBHOTO WK KIYIIETO PEXKUMA PA3BEPTKY;

TRIG - nepexnrouenue xmymero pexnma passepTku Ha kananax Y1 mm Y2,
(uemblpe nociedHux nepexaouamelis 8 3a0aue He UCNOb3YIOMC).

Ynpaxxnenue 2
ONPEJAEJEHUE YWYBCTBUTEJIBHOCTHU OCHU/IJIOI'PAD®A

Pesxkum padoThI

Cobpath cxemy, H300pakeHHYIO Ha puc. 12. BKIIOUUTH MUTaHKHE MPUOOPOB, JJIS YEro
IIOCTAaBUTh TYyMOJEp «8KI» Ha IudpoBoM BoibTMeTpe B7-224 B mnosnoxkenue
«enpasoy», YTOIIUTH
[:jcu,m wi | ree. BT-22A KHOTIKY «POWEr 0Ny Ha
—‘ ! nepeaHen [TaHEJIN
' ! ocimuiorpadga M KHOIKY
«BK/l»  HAa  TeHepaTope
I'CD-1. VYcranwosurs Ha
BOJILTMETPE: PO u3MepeHui - Hanpsbkenue V. mpemen usmepennii «20», Haxas

COOTBETCTBYIOIIHE KHOTIKH.

g
ﬂn

Puc.12. bank-cxeva JA 0N PENETEHHA YYRCTRHTATRHOCTH ﬂCJlllﬂﬂﬂrpﬂqlﬂ.

YyBCTBUTENLHOCT  YCUIIMTENS  BEPTHKAIBLHOTO  OTKIOHEHHMS Y  HU3MEPAETCS
BEJIMUUHOM OTKIOHEHUs (B MM) ISTHA Ha SKpaHe NpPU I0Javye Ha BXOJ YCHIMTEIS
niepeMenHoro Hanpsokenus [ Bonvm. J{ina u3sMepenus 4yBCTBUTENBHOCTH Ha BXox Y |
ocummtorpada ¢ Beixoga reaeparopa I C®-1 nomaercs cunyconmanbHOe HANPSHKEHHE
¢ gactoroii okono 1000 ['y. TIpu >tom xHOnKa « XY » HOIKHA OBITH HAXKATOM, YTO
COOTBETCTBYET OTKJIIOYEHUIO CUTHAIOB PAa3BEPTKH OT IUIACTUH TOPH30HTAILHOTO

OTKJIOHEHUsA. OTCYTCTBUE HaNpsDKEHUsS Pa3BEPTKU MpeBpaliaeT HU300paxeHue
CHUHYCOUJIbI B Y3KYIO BEPTUKAILHYIO TOJIOCKY, JJIMHY KOTOPOH MOKHO 0003HAuuTh L.

AMIUIMTY/la CUTHajla YCTaHaBIMBAaeTCs pydkoil «Yposeewwvy» reneparopa [ CD-1.
Hanpsokenue, noganHoe Ha Bxox Y1 |, mocrymaer yepes yCHUIUTENb Ha OTKIOHSIOIIUE

Y- miacTUHBI U BBICBEYMBAETCS B BHIE BEPTUKAJIBHOM IOJIOCHI, JUIMHA KOTOpO# L
[IPONOPLIMOHAJIBHA ~ YIBOCHHOM aMIUIATYAE CUTHaja. BennunHa HanpspKeHU,
MOCTYNAlOUIer0o Ha BXOJ KaHaja BEPTUKAJIBHOTO OTKIOHEHMsI ocuuiuiorpada,

U3MEPSAETCS € MMOMOIIIBIO IudpoBoro BosT™MeTpa B7-22A.
W3mepus anudy L ceTsmielics BepTUKaIbHOM OJOCKHM Ha dKpaHe ocuuuiorpada
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M HaIIpsOKEHUE Ha BXOJC Y-YCI/IHI/ITCH}I, MO>XHO BBIYHUCIIMTE YYBCTBUTCIBHOCTH IIO

bopmyre:
L

" 2420 obp

IMopsAIOK BHINOJHEHU A
a) HapucoBaTb B TeTpajm Tabmuity pesynsraToB nsmepennit U, . n L.
0) OTKJIIOYUTH PA3BEPTKY MO TOPU3OHTAILHOM OCH, Ha)kaB Ha KHONKY « XY » |
B) DEryJIMPOBKOM aMIUIMTYIbI BBIXOAHOro curHajia reneparopa I C®D-1 ycranoButs
TaKyl0 aMIUIMTY/y, YTOObI BEJIMYMHA CBETAIICHCS TMOJOCH He npeBbimana 60 mm Ha
sKpaHe ocmiorpada,
r) ycradosuth Ha reneparope I C®-1 uacrory curnana 1000 [y, ucnonssys mmis
storo crynendarsie Muoxkutenu X3, x10 n x 100. a Taxxe pyuxy « Yacmomay,

n) pyuky [ V/IDIV ] va ocuunnorpade ycTraHOBUTE B 1ojoxkeHue  «5»,
€) YCTaHOBHTH HaIPsDKEHHE HA BXOJIE KaHala BEPTUKAJIBLHOTO YCHIICHHUS OcIIIIorpada
10 B wu 3aHectu ero BeJWuYMHY B TaOiMIy 1, W3MEPUTH BEIMYMHY IIOJOCKH |
pe3yabTaThl U3MEPEHUS TAKKE 3aHECTH B Ta0buIy 1,

Tabnuna 1
Bennunna HanpspkeHus U L4 (B) Jnuna L v (Mmm/B)

) YCTaHOBHTH HOBOE 3HAY€HME BBHIXOAHOro Hamnpsukenus reneparopa [ C@-1, pasnoe
HOJIOBMHE MIEPBOHAYAILHOIO (BEJIMUYMHA €r0 KOHTPOIMPYETCS ¢ MOMOLIBIO U(PPOBOro
BoJbT™METpa B7-22A), 1 cHOBa M3MEPUTH BEJIMYHMHY CBETAILIECHCS TTOJIOCKU. Pe3ypTaThl
M3MEPEeHUM TaKKe 3aHECTU B TPEThIO CTPOUKY Tabmuiel 1. Jyis 3amosiHeHus! BTOPOM
CTPOKH TabJIUIIBI BEIOPATH IPOMEKYTOYHOE 3HAYEHUE HATIPSKEHUS.

3) BBIYMCIUTH 3HAYEHUS J AJI KaXKJIOrOo U3 TPEX M3MEPEHUH, ONPENEIUTh CPEIHEE U
MOTrPEIHOCTh U3MEPEHUM.

Ynpaxnenue 3
HABJIIOAEHUE ®UT'YP JIMCCAXY HA I3KPAHE
OCIHHMJIVIOTPA®A

Pexxnm padoThbI
st nabmonenust puryp Jlnccaxy Ha dkpaHe ocnusuiorpada Ha OTKIOHSIONINE

X- v Y- nnacTHHBI OJHOBPEMEHHO IOJAIOTCS JBA CUHYCOMIATBHBIX HAIPSKECHUS C
kpaTHBIM cootHomenueM gactoT (X & Y) - (1:1), (1: 2), (1:3) u .1
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B kadecTBe OAHOTrO M3 TaKUX HAIMpPSHKEHUN BBIOMPAETCS HANPSDKEHUE TOPOJCKOM
CETH, 4YacToTa KOTOPOr0 XOpOLIO U3BECTHA M JOCTAaTOYHO IOCTOSIHHA. YacTp

HanpsokeHus cetu nogaercs Ha X- pxoa(naamucs-SINCH) ocummnorpaga. [ns storo
HAIPsHKEHHE CHMMAETCS ¢ pa3beMa Ha 3aaHel nanenn rereparopa I C®-1 u nonaercs

Ha JETUTEINb HaIpsDKEHHUS,
~lagopatopumii moayae” PacCIIOJIOKEHHBIN B JIEBOM BEPXHEM YTITY
X 3amueli mamcm f"“"““"‘a Pl 2-ro 6J10Ka 1TabopaTOpPHOTO MOIYIS (CM
Kl E
g puc.13). Benmnunna ~— HanpsbkeHus,
1s =i PP aRTL L | | L TOPHMIHTATE-
i S | ek | moaBaeMoro Ha X-BXoj1 ociiuuiorpada,
J ‘ ! M3MCHSICTCS C TIOMOIITBFO
| @ DE"— | norennuomerpa Ry.
| o _E H
T [ | = g. Brumanue: npu cbopxe cxemvi

L xuxomy SINCHR ocwnnrorpaga BAJICHO  NPABUNLHO  COEOUHSMb
obwue  («3emisinbley) — KOHYbI
UCNOIb3YEeMbIX Kaberell, 8
NPOMUBHOM  CyYaAe  BO3MONCHO
3AMbIKAHUE 8bIX00A 2eHepamopa Ha 3eMuio U 8bIX00 e20 U3 CMPOS.

Ha Y1- BXxox mocTymaeT Hampsbke€HHME C BBIXOJA T'€HEPATOpa, 9acToTa KOTOPOIO
ycraHaBnuBaerca cHadana pasaoi 50 [y, a sarem 100, 150 u 200 [u.
YyBCTBUTENLHOCTh BEPTHKAIILHOIO TPAKTa CIENyeT YCTAHOBUTH PaBHOM «O». KHomka

Pue 13, baox-exema noaaun Hanpasenna S0 'y na
X-naasTiHe scuioerpaha.

«XY» B 3TOM yIpa)kKHEHUH IOJKHA OBbITh HAXKATA.

IopsiioK BHINMOJIHEHUS
a) Jlns yMeHbIIEHHs BEJIUYMHBI HAIPSHKEHHS CETU BHIXOJ 3a[HEH IaHeNIu reHeparopa
I'CD-1 uepes xabenp D MOAKIOUUTL K IEINTENIO Hampskedus (cm. puc.13) Ha
71a60paTOPHOM MOJIYIIE.
0) na Y1-sxon mogars nanpskenne wactorel 50 I'11 ¢ Brixoga reneparopa [ CP-1,
B) IpH NOSBIEHMU Ha dKpaHe GuUrypbl JINCCaXy ¢ MOMOLIBIO PETYIMPOBKH BBIXOIHOIO
HanpspKeHHs: reHepartopa (pyuka «Yposeenwvy») u comnporusienus Ry mobuthes Toro,
4TOOBl €€ M300paKEHHE 3aHMMAjI0 IPHMEPHO TPU YETBEPTH SKpaHa. OCTOPOKHO
M3MEHAS 9aCTOTy I'eHepaTopa, HOOUTLCS HEMOABHKHOM KAPTUHBI M 3apPUCOBATH €€ B
TEeTpab.
I) ycTaHaBIMBas IociuenoBareabHo dactorsl reneparopa I C@P-1 pasueivu 100, 150.
200 u 250 I'y, nonyunts coorsercTBYIOMME GUrypsl JINCCaKy U 3apUCOBATH HX.

Yupa:xxknenue 4
ONNPEJAEJIEHUE YACTOTbBI 'EHEPATOPA PA3BEPTKU
OCHUJIVIOT'PAD®A

Pexxnm padoThI

N3mepenus mpoBOAATCS MPU HAXKATOW KHOIIKE ,uS/ MS 1 IEBATH MONOKEHUIH
CTYNEHYAaTON PEeryJMpoBKHA YacTOThl reHepaTopa pa3BepTku ocuuuiorpada. B stom
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ynpakaenuu Ha Y1- Bxon mogaercs Hampsbkenue ot reneparopa [ C@-1. Pasencrso
4aCTOT reHepaTopa pasBepTku U reHeparopa I CD-1 NPUBOAUT K BBHIIOIHEHHIO YCIOBHS
cunxponusauun (1p=1r ). B pesynbrare Ha DKpaHE yCTaHABIMBAETCH HEMOABUIKHO
OJIUH TOJHEINA nepuo pa3sepTku (cM. puc.14 ). B sTom ciyudae "
sHayenne 4vactorhl reHeparopa [ C@D-1 pasusercs wacTore / \
reHepaTopa pa3BepTKH ocuumiorpada. l_‘( T
ITopsiaoK BHINOJIHEHUSA ! /
a) YCTaHOBHMTH PEKMM BHYTPEHHEH CHHXPOHHU3AINH, IS i:::.nﬂﬁa::?;t.::l?::
yero Hajo Haxath KHonKy — « EXT\ INT ». TOT FEHEPATOPA PaIBEPTHY
6) IOCTABUTh CTyNeHYATHLl pPerylsTop TreHeparopa o orortiopalc@d.
passeptku ocuuiorpaga «TIME/DIV» B nesoe kpaiinee nonosxenue « 10»

B) HCIoab3ys nepekmodareau X3, X1 0 u x100 u pyuxy miaBHO#M peryaupoBKu

o
X

yactotel reHeparopa [/ C@-1 wmaiith Takyro 49acToTy, HpM KOTOPOH Ha ODKpaHe
ocuuuIorpada ycraHaBIuBAeTCA OOUH NOJIHbIU TIEPUO CUHYCOUJIBI.

I) €CIM HE YIAaeTCs «OCTAHOBHMTHY» HaWIEHHBIA MEPHOJ CHHYCOUJBI, TO HEOOXOIUMO
YBEIMYUTH AMIUIMTYLy CUHXpoHu3almu ¢ nomoinsio pyuku « LEVEL». TIpu aTtom mamo

CTpCMHUTBCA K TOMY, YTOOBI YPOBCHL CHHXPOHH3AIIUHU Ob1 OBl MHHUMAJILHBIM.
HapHCOBaTB B TCTpaIu Ta6JII/I]_Iy 2 ¥ 3aHECTHU B ee 1-i CTOJI6€I_I PE3YabTaThbl UBMCPCHUA .

Tabmuma 2

[Tonmosxenue peryastopa TIME/DIV |10 (512 |1]0,5(0,2|0,1|0,05 0,02

Yacrora 'CP-1 (I'n)

[Toouepenno ycranasmupas crynendatsii perynsarop « 1IME/DIVy B nonoxenne 5,

2, 1, 05 u 1.1 v moBTOPAA NI B) M T), 3aIMCATh 3HAYEHUS W3MEPEHHBIX YacTOT B
COOTBETCTBYIOIIIHME CTOJIOIBI TAOIHIIBI 2.
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