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Meroanyeckue yka3aHHsi K BbINOJHEHHI0 J1a00paTOPHbLIX padoT MO Kypcy
«CrneunanbHbIi JIa00PATOPHBIN NMPAKTHKY M.

B MeToaumueckux yKa3aHUsAX H3JI0KEHbl OCHOBBI BBINOJHEHHUS TPEX J1a0OPATOPHBIX
pabor B pamkax Kypca «CneunuanbHbld J1aOOpPaTOpPHBIM MPAKTUKYyM» I CTYJIEHTOB 4
Kypca OakanaBpuata O4HOM (Gopmbl 00yueHus mo crenuanbHocTH 14.03.02 — SnepHbie
¢uzuka u TexHoJsoruu (mMpo¢uiab NOArOTOBKM — IMYYKOBBIE M IJIA3MEHHBIE TEXHOJIOTUN).
Meroauueckue yka3zaHus BKIIOYAlOT B ce0s onucaHue oOmux TpeOoBaHMM U
pEeKOMEHJaUMi K TOJArOTOBKE, BBIIOJHEHUIO U 3alluTe JabOopaToOpHbIX pador,
TEOPETUYECKYIO U MPAKTHYECKYIO YaCTU J1abOpaTOpPHBIX padOT U 3aJaHusl K HUM, CIIUCOK
KOHTPOJIBHBIX BOIMPOCOB MO KaxJI0M u3 pabor, Oubmuorpaduyeckuii  CIUCOK
PEKOMEHYEMOU JINTEPATYPHI.
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OO0mue TpeOOBaHNS K MOATOTOBKE, BBINOJHEHUIO U 3allUTe J1a00PATOPHBIX padoT

K BblnonHeHuto 1ab0paTopHbIX pPadOT [IOMYCKAIOTCS CTYIEHTHI, BBIMOTHHUBIINE
CaMOCTOSITEJIbHO TMOATOTOBKY K JaOOpaTOpHOM paboTe, O3HAKOMJICHHBIE C 3aJlaHHEM U
MOPSIIKOM BBITIOJTHEHHS JTAOOPATOPHON PaOOTHI, MPOIIEIINE HEOOXOIUMbIN HHCTPYKTAX.

Brimonnenne 1abopaToOpHBIX pabOT MPOBOJUTCS CTPOTO B COOTBETCTBUU C 33JaHUEM
B JAHHBIX METOJAMYECKHX YyKazaHUsAx. l[locime BeIMoOMHEHUS JTabOpaTOpHON pabOTHI
coctaBisieTcsi oT4€T, odopmieHHbli B coorBeTcTBUM ¢ ['OCT. TpeGoBanus «
COZIEpKAHUI0 OTYETA YyKa3aHbl HIDKE. 3anura jJ1abopaTOpHBIX padOT MPOXOJUT Ha
CJIEYIOIEM 3aHSATUU MPU YCIOBUHU YCHEIIHOTO BBIMOJHEHUS J1a0OpaTOpHON paboThl U
npeacTaBiieHust 0QOPMIIEHHOTO OTYETa 10 paboTe.

OTuét no 1abopaTtopHOil paboTe AOKEH COAEPKATh CICAYIOIMINE Pa3aCIIbl.
TUTyNbHBIN JIUCT.
3aganue 1o y1abopaTopHOU padoTe.
Kpartkuii Teopetuyeckuii 0030p 1o TeMe J1adopaTopHOil pabOTHI.
Onucanue BBINOJHEHUS MPAKTUYECKON YacTH JIabopaTOpHOU pabOTHI.
AHau3 MOJyYEHHBIX PE3YJIbTATOB.
3aKIIIOueHHE.

NOo Ok wwhRE

CHucoK UCTIOIb3YEMOI JINTEPATYPHI.



1. JIaGopaTopHas padora Nel «Pacyér 3j1eKTpHYeCKNX XapaKTePUCTHK ra30BOro
pa3psiia MAarHETPOHHOM PACNbLIMTEIbHOU CUCTEMbD)

Heas paGoThl: MOJlydeHHE MPAKTUYECKUX HABBIKOB IO pabOTe € HCTOYHUKAMHU
ra3opas3psIHON MIa3MBbl.

MaTtepuaJbl 1 0600py10BaHuUeE ISl BHINOJIHEHHS JIA0OPATOPHOI padoThI:

- BAKyyMHasi MIOHHO-IUIa3MEHHas ycTaHOBKa «[IBP»;

- mudposoit ocummiorpad Tektronix TDS 2022B ¢ wnabopom IIymoB W
TpaHchOpMaTOpPOM TOKa,

- CWIbHOTOYHBIH 0710k nutanus Apel-M 5HIPIMS.

1. TeopeTnyeckasi 4acTh U ONMCaHUE 00OPYAOBAHUS

Bakyymnasa uonno-nnazmennas ycmanoeka «I1BP»

DKcrnepuMeHTalIbHAsE HOHHO-TNIa3MeHHast yctaHoBka (puc. 1.1) Oblna paspaborana u
U3rOTOBJICHA B HayuyHO-0O0pa3oBaTeiabHoM 1ieHTpe b.I1. BelinOGepra TITY u npennaznauena
JUISl HAHECEHUS MOKPBITUA Ha TOBEPXHOCTh TBEPABIX Tell. OHA COCTOUT M3 BaKyyMHOU
Kamephbl, 000pYI0BAHHOM KOMILIEKTOM MarHETPOHOB, HOHHBIM UCTOYHUKOM C 3aMKHYTHIM
Opei(oM H3JIEKTPOHOB, IUIAHETAPHBIM MOJJIOKKOEpKATEIEM, CUCTEMON HarpeBa Ha
ocHoBe TOHoB, cuctemoii mogaun pabouux razoB (Ar, Nj, O,) ¥ TyrOBBIM UCIIAPUTEIICM.

Ha pucynke 1.1 mnokazaHa cxema yOpaBJi€HHUs YCTAaHOBKOM U pPACMOJIOKEHUS
obopynoBanus. BakyymHasi kamepa BBITIOJIHEHA B BUJIE MTPSMOYTOJIbHUKA, pa00UHii 00BEM
KOTOpOii cocrapmster 0,5 M°. OHA MMeeT KaHANbI BOASHOTO OXJIAXKICHHS [0 BCEMY CBOGMY
nepumetpy. Ha e€ OOKOBBIX CTEHKAaX pacrlojiOKeHbl (IAHIBI [Jisi  yCTaHOBKHU
MarHeTpOHHBIX JHOJIOB M HMOHHOTO HCTOYHMKA. Ha 3agHell yacTu KaMepbl HMEETCs
dbnanen ISO-F 400, koTopelii npenHasHayeH [Jisi COCIMHEHUS CUCTEMbl OTKAUKU C
BaKyyMHOM KaMepoW depe3 IHeBMaTuueckui 3aTBOp. Ha OOKOBOW CTEHKE Kamepbl
YCTAHOBJIEH IUJIAaHETApHbIA MOJJIOKKOJEpXKaTelb U (iaHel] ¢ MEIHBIM 3JIEKTPHUUYECKUM
BBOJIOM [JI1 TMOJayd T[OTEHIHala CMEUIEHUs Ha NOMIOKKH. KoHCTpyKuus
MO/IJTOXKKOIepKATENsT 00eCreynBaeT TUTAHETAPHOE M KPYrOBOE BPAICHHUE TMOJIOKEK C
BO3MOYKHOCTBIO UX MO3UIIMOHUPOBAHUS OTHOCUTEIHHO JIFOOOTO TUIA3MEHHOTO MCTOYHUKA.
Ha 5eBOM CTEHKE YCTaHOBKM pPACHOJIOKEH JJIEKTPOMArHUTHBIA KJallaH Uil HallycKa
pabounx ra3zoB B Kamepy.

BakyymHass cuctema ycTaHOBKM coOpaHa Ha 0a3e KpPUOTEHHOrO Hacoca ¢
npousBoautebHOCTRIO 3500 n/c. s (opBakyymMHON OTKAyKM  HCIOJIB3YETCS
criupanbHbii Hacoc Anest Iwata 250C (151 KproHacoca) ¥ MIaCTUHYATO-POTOPHBIN HACOC
HBP-90 (nns oTkaukum BakyyMHOW Kamepel). BakyymHas cucremMa MMEET JBE JIMHUU

oTkauku. s mosyuyeHus: mpeaBapuTeabHOro BakyymMa B kamepe (7 Ila) oTkauka
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NPOM3BOAUTCS uepe3 OaimaiicHyl0 ¥ (OpBaKyyMHYI0 JMHUHM TOJBKO C TMOMOIIBIO
IUIACTUHYATO-POTOPHOTro Hacoca. /[t KoHTpoust AaBieHus B paboyeM 00bEME YCTaHOBKU
UCTIONB3YETCsl IUpOKoauana3onueiii gatauk Erstevak MTM-9D. Ilpu goctixeHuu
nasineHus B kamepe 5 Ila, ciaemyeT MpOBOAWUTH OTKAYKY IO BBICOKOBAKYYMHOM JIMHUH.
HeobOxomumMo 3akpbITh JIMHHIO (POPBAKYYMHOW OTKAYKA M OTKPBITh BBICOKOBAKYYMHBIN
3aTBOpP JUIA IIOJIYYCHHsS [aBJIECHHUS B KaMepe OKOJIO 5107 TIla. Bpems noctmkenus
BBICOKOT'0 Bakyyma ~40 MUHYT.

Pucynok 1.1 - Ilanens ynpaBieHHs SKCIEPUMEHTAILHOM HOHHO-TIIIa3MEHHOM
ycranoBko# [1BP: 1 — cxema BakyyMHOW yCTaHOBKH C UHAMKAIUEH; 2 — MaHeb
BKJTFOUCHUS/BBIKITIOUCHUS HACOCOB; 3 — TIaHe b YIIPABJICHUS 3allOPHON apMaTypshl; 4 —
IIaHEJIb YIIPABJICHUS BOABL, 5 — yIIPABIEHUS CUCTEMOM pEreHepalii KPUOTEHHOTO HAC0Ca;
6 — ympaBiieHHE TIOTOKKOIePIKATEIIEM.

Jlst Hamycka pabo4yux ra30B B KaMEPy UCIIOIB3YETCS AIEKTPOMArHUTHBIC KIIaNaHbl U
cucreMa peryistopoB pacxona raza PPT-10 (OOO «3nrounpubdop», Poccust) ¢ pacxomgom
no aprony (36 n/4), azoty (18 n/4) u kucnopony (9 n/4). Hanmyck armocdepsr B pabounit
00BEM yCTaHOBKH MPOUCXOIUT Yepe3 dJCKTPOMATHUTHBIN KJIalmaH ¢ CEYEHNUEM BBIXOIHOTO
OTBEPCTHS ~2 cM°. DKCIIEPUMEHTAIbHAS YCTAHOBKA 060PYIOBAaHA HOHHBIM HCTOYHHKOM C
3aMKHYTBIM JApeidoM 31ekTpoHOB. OH (opMHUpYyeT HAIMpaBJICHHBIM MOTOK yYCKOPEHHBIX
MOHOB B 00JacTh TOJUIOKKOJEPKATENsl sl TMPOBEACHUS (DUHUIIHON OYUCTKH



NOBEPXHOCTH IMOJUIOKEK NEPE] HAHECEHUEM Ha HUX MOKpbITUH. KOHCTpYKIKS yCTaHOBKHU
MPEANOJIAraeT yCTAHOBKY 10 4 MarHETPOHHBIX JUOJOB MO BCEMY €€ IEPUMETPY.

Maznemponnasn pacnvliumenbHas CUCIMEMA ¢ CUTbHOMOYHBIM OJ10KOM RUMAHUS

Opna u3 HanOoJsiee BaXKHBIX XapaKTEPUCTHK MarHETPOHA — HAIIPSDKEHUE, TI0/IaBAEMOE
Ha pachbUIsieMyl0 MUllleHb. Ero ¢opMa u aMIuIMTyAa ONpEAeNsioT TMHAMUKY MPOIIECCOB,
OPOUCXOMSAIIMX B IUIA3ME, OHU BIUSAIOT Ha CKOPOCTh OCAXJCHHS MOKPBITHH, HX
CTPYKTypHBIEC U (DYHKIIMOHATILHBIE CBOMCTBA.

[lepBoHauanbHOo wucnosb3oBaiuch MPC Ha TOCTOSHHOM TOKE, TJI€ HENPEpPBhIBHO
M0/IaBAJIOCh OTPHUIIATENILHOE HANpPsDKEHHE Ha KaTol. B 3ToM ciywyae J0CTaTo4HO CO31aTh
ycioBus s GOpPMHpPOBAaHUSA pa3psiia, MOCIAE 4YEro OH MOr  MOJJIEPKUBATHCA
caMocTosTeNIbHO. OJHAKO MpU HCIOIb30BAHUM TAKUX HWCTOYHHUKOB IUTAaHUS YacTo
BO3HHKAET MpodsieMa 00pa30BaHUsI MUKPOAYT U MPOOOEB HA MOBEPXHOCTH MUILIEHU J1aXKe
IpPU pacHbUIEHUU METAJUIOB B cpene Ar. DTO IMPOUCXOIUT B pe3ysibTare (pOPMHUPOBAHUS
okcugHoW T€HKK (1-2 HM) Ha e€ moBepxHocTu. Ilpu OoMOapaIMpOBKE MOHAMHM TaKOU
IIOBEPXHOCTH ITPOUCXOANUT HAKOIUIEHHE IOJIOKUTEIBHOTO 3apsiia, KOTOPBIHA IPUTATUBAET
3JIEKTPOHBI U3 IUIa3Mbl, (popmupyst cBoeoOpa3Hblli KoHJeHcaTop. Korjga Hanmpsk€HHOCTD
NoJI1 B HEM NPEBBILACT JJIEKTPUUYECKYHO IPOYHOCTH OKCHIHOM IUIEHKH, MPOUCXOIUT
MUKPOINPOOO, KOTOPBIN TIepepacTaeT B IyTy.

JlyrooOpa3zoBaHue Ha MOBEPXHOCTH MULIEHU — KpaliHe HexenaTenbHblid 3¢ dexT. OH
BHOCUT HECTAaOMJIBHOCThH B MPOLECC OCAKICHUS MOKPBITUIA U CYIIECTBEHHO BIUSET HA MX
cBoiicTBa. PemieHue 51Ol TpOOJEMBI — WCIHOJB30BAHUE HMIYJIBCHBIX CHUCTEM, TJIe
HaIpsDKEHUE MOJAETCA Ha KAaToJ C 3aJaHHOM MEPHOJUYHOCTBIO C LEJIBI0 KOMIIEHCALUN
CKOITMBILIErOCs 3apsi/ia Ha MOBEPXHOCTH MULIEHU B MOMEHT May3bl MEKIY UMITYJIbCAMHU.

[Tpy UMITyJIBCHOM paclbUIEHUH MOKHO BBIIEINUTH 4 CTaJMM CYLIECTBOBAHUA pa3psaa
(puc. 1.2): dopmupoBaHue (BOCCTAHOBJIICHHE) IIJIa3Mbl, CTAI[MOHAPHBINA  PEXKUM,

pacceuBaHue (pacraj) mia3Mbl, OTCYTCTBUE pazpsiaa
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Pucynok 1.2 - Dmropsl ToKa U HanpspkeHUs B 1uoae: t; — pabodas gactb umityinbca to —
BpEMsl pacCEeMBaHuUs IJ1a3Mbl, t, — mays3a Mexay pabouynuMu UMIyJIbCaMu, | — IEPUO/T
HMMITYJIbCOB.

B HayanbHBIE MOMEHT BPEMEHH ITPOUCXOAUT 0Opa30BaHUE pa3psaa, €ro TOK IUIABHO
HapacTtaeT. C 1eIblo COKpaIleHus JUIMTEIbHOCTH ATON CTaANH OOBIYHO HA KAaTOTHBIN y3e
noAa€TCsl HAMPSXKEHUE, YBEJIMUYEHHOE B 2 pasa («moKury). Janeiie pabouee HanpsHKeHUE
YCTaHAaBJIMBAETCA B CHUCTEME HMCXOJAS U3 €€ mapameTpoB (pabouee NaBJICHHE, MaTepual
MulieHu W 1p.). Tok paspsga noanaep:kuBaeTcss MOCTOSHHBIM. Ha »sToit  cramum
pacmblUieHHe TMPOUCXOAUT Hambojee wuHTeHCMBHO. Korga mnpekpaiaercs mojgava
HapsDKEHUs, 3apsDKEHHbIE YacTHIbl PEKOMOMHUPYIOT W PACTEKalOTCSl HAa CTEHKax
KaMmepbl. B mpoMexyTke Mexay mojadeld HanpsyKeHHWs Ha KaToj IJIa3Ma OTCYTCTBYET.
WmMmiynbcHbIE cUCTEMBI MOKa3anu ce0s 3((PEKTUBHBIM MHCTPYMEHTOM JJIsi PEAKTUBHOTO
pacmblUICHHs, C WX [OMOUIIBIO MPOIECC OCAXKIECHUA TOHKMX IUIEHOK CcTal Oosee
KOHTPOJIUPYEMBIM.

CrnenyroomyM aromM B pa3BUTHH HCTOYHUKOB ITUTAHUS MArHETPOHHBIX JUOJIOB CTAJI0
CO3JITaHHEe CHJILHOTOYHBIX (MOIIHBIX) HMITYJIBCHBIX CHCTEM (8 3apy6. qum. — high power
impulse magnetron sputtering, cokp. - HiPIMS). Ouu cmnocoOHbI co3maBaTh Oosee
miotHyo miasmy (10%° M) B paspsmHOM TPOMEXYTKE 1O CPABHEHMIO C JHONAMH Ha
nocrosiraoM Toke (10™ M) m3-3a mpuMeHenHns KOHACHCATOPHOM GaTapen yBETHUCHHOMN
éMkocT. CHUIIBHOTOYHBIE MarHeTpOHBI MO3BOJSIOT C(HOPMUPOBATH IIIa3My C BBICOKOH
UMITYyJIbCHOW MolHOCThIO (10 10-100 xBT) mpu moaaep:kanuu cpegHell MOIIHOCTU Ha
ypoBHe 2-5 kBt. Jlns mpenoTBpaleHus HarpeBa MUIIIEHU TaKHE CUCTEMBbI (POPMUPYIOT
UMITYJIbCHl ¢ HU3KUM Kkod(duimentom 3anonmuenus (1-10%). HWx mnpeumymiecTta
IIPUBEIECHBI HUXKE.

1. BO3MOHOCTP JOCTUEHUS BBICOKOM CTENIEHH MOHU3ALMU ITOTOKA PACTIBLISIEMOTO
matepuaiga mumieHn (it Ti u Cu~ 90%), xoTopas CpaBHMMa C IOKa3aTCISIMH JIJIS
JyTOBOTO PACHbUICHUS. DTO BAXHO JJI YIYyUYIIEHUS MEXaHUYECKUX CBOMCTB OCAXKIAEMBIX
NOKPBITUNA (TBEPAOCTH, AATE€3UH, TPUOOTOTUYECKUX CBOMCTB).

2. OHU TO3BOJISIIOT OCYIIECTBUTH CaMOpACIbUIEHHE, KOI/la cUcTeMa paboTaeT Ha
coOCTBeHHBIX Tapax (MumieHr OoMOapaAupyeTcss HWOHaMH, OOpa30BaHHBIMU U3
pacHbUIEHHBIX aTOMOB). Takoil peXUM JOCTHUTAETCS TOJIBKO B TE€YEHUE CHIBHOTOYHBIX
UMITYJIbCOB, MCKJIIOYasi MPOMEXKYTOK Iay3bl MEXIy HUMH, W IpU JOCTHKEHUU
HEOOXOJIMMOW  IJIOTHOCTH  MOUIHOCTH  pa3psana. Takod  pexuM  pacHblLICHUS
XapaKTepU3yeTCs CICAYIONIeH THMYHOW (OpMOH IMMIOPBI ToKA pa3psaa (puc. 1.3).

Cmena Tuma O0oMOapAMPYIOIIMX HMOHOB (OT ra30BBIX K METAUIMYECKUM) BBI3bIBACT
CHW)KEHUE TOKa pa3psiia, 4TO HAIVISIIHO BUJIHO Ha €ro 3aBUCUMOCTH OT JJIMTEIBHOCTH
uMnyiasca npu nopade HampspkeHuss 450-530 B. D10 00ycnoBieHO 3HAYUTENbHBIM

yMEHBIIEHuEM KOA(h(UIIMEHTa HOH-IJIEKTPOHHON 3MHCCHHM TOBEPXHOCTH MUIIEHU TPH
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OoMOapaupoBke €€ HWOHaMH MeTayla. BTopuyHbIE 53JIEKTPOHBI, OOpa3OBaHHBIE Yy
MOBEPXHOCTU MHMILIEHHU, YCKOPSAIOTCS B 00JIaCTM KAaTOAHOIO NaJeHUs TMOTEHIuansa u
NepeIatoT YHEPTHUIO B pa3psil.

[Ipu yBenuuenun HanpspkeHus (535 B u Gosiee) MOIIHOCTH pa3psiia MOBBIIIACTCS.
31ech CTAaHOBHUTCS BO3MOXKHBIM OOpa30BaHHE [BYX3apsIHBIX METaUIMYECKUX HOHOB.
Takne 4acTHIBI JAIOT CXOXYH MO MHTEHCUBHOCTU 3MHUCCHIO BTOPHYHBIX 3JEKTPOHOB C
NOBEPXHOCTH MulleHH. [103TOMy TOK pa3psiga He yObIBAET U MOXKET MOBBIIIATHCS.

0 100 200 300 400 T—

Bpewma, MKC

Pucynoxk 1.3 - Tok pa3psia B CHIIBHOTOUHOM cucTeme ¢ CU MUIIICHBIO.

Huskasg cKOpOCTh OCaKJIE€HUS MOKPBITUM — OCHOBHOW HEIOCTATOK CUJIBHOTOYHOIO
MAarHeTpOHHOTO pacnbuieHus. [IpuunH 3TOMYy HECcKOnbKO. Bo-TepBhIX, B pexuMe
CaMOpACHbUIEHUS] YaCTh 3PO3MOHHOTO MOTOKA HOHU3UPYETCA U MOXET BEPHYTHCS K
MHUIIEHW U3-32 JEUCTBUS MPOJOJBHOrO 3JeKTpuueckoro mnomd. Ilotok wactun,
JOCTUTAIOIIAN TOMJIOKKH, YMEHBIIAETCS. ODTO, BUJIMMO, CIYKUT MPUYAHON NaICHUS
CKOPOCTH OCQXKJIECHUS IOKPBITHI. BecoMblil BKIIaJ B CHUKEHUE NPOU3BOAUTEIBHOCTHU
BHOCUT d3(deKT TIOTHOCTH pactymied mmi€Hku. [Ipu CUIBHOTOYHOM MAarHeTPOHHOM
pPacClbUICHUH TIJIOTHOCTH (DOPMHPYEMOTO TOKPBHITHS BBIIIE, YEM B Clydae KIACCUYECKOM
MPC, no3ToMy uX TOJIIMHA U CKOPOCTh OCAXJACHUS OYIyT HECKOJBbKO MeHbIne. [pyras
NpUYMHA — HEJIIMHEWHAas 3aBUCUMOCTh KO3 (dUIIMEHTa paclblIeHUs MaTepuagoB OT
SHEpruM Hajertaroumx HWOHOB. [ cuibHOTOUHBIX MPC  0OBIYHO HCHONB3YIOTCS
HaMpsDKeHUST 00JIbIIEeH BEIMYUHBI, IOATOMY CKOPOCTh PACHbUICHHS B 3TOM ciydae OyaeT
Hwke. Kpome »storo, mis OoJsiee JETKUX MaTepUAJIOB B CPAaBHEHHH C aproHOM
kodhdummenT pacnbuieHus OyaeT Menbme. [loaToMy B pexume camMopachbUICHUS
HaOmomaercs cHmkeHne (<15%) ckopoctu ocaxkaeHus. OOUH W3 NMPUEMOB TOBBIIICHUS
CKOPOCTH OCQXJECHUSI MOKPBITUA MPHU CUIBHOTOYHOM PACIHBUICHUM 3aKIOYACTCS B
ocabJIeHM MarHUTHOTO MOoJs. B TakoMm ciydae BEpOSITHOCTh BO3BpaTa PacHbUIEHHOTO
Marepuajiia 00paTHO K MUIIEHU CHIDKAETCS. 37eCh JTOCTHKHUMBI CKOPOCTH OCAKIACHUS
MJIEHOK METAJUIOB, CPABHUMBIE CO 3HAYEHUSIMHU, XApPAKTEPHBIMHU Uil PACHBUICHUS Ha
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MIOCTOAHHOM TOKE. I[IpM 3TOM NJIOTHOCTP HMOHHOTO TOKAa Ha TOIJIOXKKY OCTaércs
3HAYUTEIIHOM.

CunvHotounbie MPC mnpencrtaBisitor co0oil 3(QGEeKTUBHBI HMHCTPYMEHT A
HaHeceHUd TUIEHOK ¢ 0oJiee MUPOKUM HAOOPOM MapamMeTpoOB, YEM JUOJIbI HA TOCTOSHHOM
ToKe. HO MX MpOM3BOAUTEIBHOCTD OCTAETCS HU3KOM.

Ocuunnozpagh Tektronix TDS 2022B

[udpoBbiM ocumiuiorpadomM Ha3bIBACTCsl YHUBEPCAIBbHBIN U3MEPHUTEIbHBINA MPUOOD,
NpEAHA3HAYECHHBIM  JJISI  UCCIEHOBAHUS  DJIEKTPUYECKHX  CUTHAJIOB  IYTEM  HX
npeoOpa3oBaHus B HUPPOBYI0 (GopMy C MOCIAEAYIOMIUM BU3YyaJbHBIM HaOJIOJICHUEM Ha
KUJKOKPUCTAJUIMYECKOM JIMCIUIEE, W3MEPEHUEM UX AaMIUIMTYJHBIX W BPEMEHHBIX
napaMeTpoB, a TaKKe MaTeMaThuueckoi o0paboTkoi. Ero cTpykTypHasi cxema moka3aHa Ha
puc. 1.4.

Bxoa Y Yeunurens Ananoro- Onepartvemoe
@ o BxoaHoro | uwdPpoBon 3anoMuHaKouee
curHana npeobpasosarens yCTPOWCTBO
; e
Mleneparop
passepTin [+
Kourponnep .
Bxoa R Bnox || (xomnwioTep) .
_€>_.° CUHXPOHNIA UMK
CHUMXP. PO -

Pucynok 1.4 — Yrpomi€Huas cTpykTypHas cxema nugpoBoro ociuuiorpada.

['maBHO# yacThio MUGPOBOTO ocHMLIoOrpada sIBISETCS] KOHTPOJUIEP U KOMITBIOTED,
KOTOpBI 4epe3 oOpraHbl yhpaBlieHWs o0ecrnednmBaeT CBsI3b  ocmwuiorpada ¢
MOJIb30BATEJIEM, a TakXKe YIpaBiseT BceMH Yy3inamu ociuiorpada. Hccnemyembiit
BXOAHOW curHan Y(t) dyepe3 ycHUIIUTENb BXOAHOTO CUTHAJIA IMOIMAJAEeT HAa BXOJ aHAJIOrO-
uupposoro npeodpaszoareis (ALII), KOTopblil ¢ 4aCTOTON, ONpEAENsIEMO TeHEPaTOPOM
pa3BepTKH, MPOU3BOAUT OLIM(PPOBKY MTHOBEHHBIX 3HAYCHUN BXOJHOTO curHama. Yactoty
reHepaTopa pa3BepTKHu (4acCTOTy TUCKPETU3AIMN) MOKHO U3MEHSTh B IIIUPOKUX Tpeeax,
YTO COOTBETCTBYET M3MEHEHHUIO MaciiTaba Mo TOPU3OHTAIM M aHAJOTHUYHO HW3MEHEHHIO
CKOpPOCTH pa3BEPTKH B aHAJIOroBbIX ociuuiorpadax. Ha Beixome AIIII BxomgHO# curHan
MPEICTABIICH JUCKPETHON TOCIEIO0BATEIHPHOCTHIO KOJOBBIX (IIU(PPOBBIX) CIOB, KOTOPHIC
3allMCHIBAIOTCA B OMNEpaTMBHOE 3anmomuHaroniee ycrpoictBo (O3Y). 3amuch HaHHBIX B
O3V ocymiecTBasieTcss TaKUM 00pa3oM, UYTO KakJ10€ HOBOE 3HadeHHUe BbITeCHsET u3 O3V
HauOoJsiee CTapoe IO BPEMEHM 3HaueHue. [ moiydeHus yCTOWYHMBOTO HM300pakKeHUs
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UCCIIEyeMOI0 CHTHajla B ocuuuiorpade OCyIIeCTBISETCS CUHXPOHU3ALUS HaNpPsKECHUS
pPa3BEepTKU C HUCCIeAyeMbIM cUTHaloM. Eciau BbIOpaHHBIA JJII CHHXPOHU3AIMM CHUTHA
COOTBETCTBYET 3a/laHHBIM B HACTpoMKax mapaMmerpaM (TOJSPHOCTH, YPOBHIO) OJIOK
CHUHXPOHHU3AIMK COO0MaeT 00 3TOM KOHTPOJUIEPY, KOTOPBIA MPOU3BOJIUT OLUPPOBKY
CJIETYIOIINX TOYEK UCCIIEyeMOro CUTHAIIA, a 3aTEM OCTAHABJIMBAECT T€HEPATOP Pa3BEPTKHU.
[Tocnennsis 3ammch Touek B O3Y oTobOpakaercs Ha skpane auciuies. Kaxmoit sueiike O3Y
COOTBETCTBYET TOUKA HA KpaHe MO LBETYy OoTinyaromiascs oT ¢poHa. E€ ropuzonTampHas
KOOpAMHATA OMNpENENIeTCd HOMEPOM SYCHKH, a BEpTHKAJIbHAs KOJOBBIM CJIOBOM,
HaxoJsImeMcss B 9ToM sueiike. Takum o00pa3om, MOIb30BaTENh BUIUT Ha JHCILIIEE
U300paKeHNEe BXOAHOTO CUTHAJA WM OCIIMILIOTPaMMY.

OcmwiorpaMMa — 3TO IOCTPOCHHAas C IOMOIIBIO ocHuuiorpada Kpusas,
OTpakarolias mapaMeTpbl KaKoro-1u0o KoieOaTeNnbHOTO mporiecca. Bricokas CKOpPOCTh
paboThl COBPEMEHHBIX JJIEKTPOHHBIX CXEM MPUBOAUT K TOMY, YTO TMOJH30BATENb BUIAHUT
M300pakeHNE Ha SKpaHe HU(POBOro ocuuuiorpada NpakTUYECKH B p€albHOM BPEMEHH.

Hcnonb3yst BO3MOXKHOCTH KOMIIbIOTEpa LU(POBOro ocuuwuiorpada, MOXKHO He
TOJILKO HaOJII0/1aTh BXO/HbIE CUTHAJIBI B peaIbHOM BPEMEHH, HO U BBINOJIHATH Pa3IUYHbIC
MaTeMaTHYECKHUE ONEPalii C HUMU: YCPEIHATh BXOJHOW CUTHAJI JIsl YMEHbIIIEHUS [TyMa,
CKJIa/JIbIBaTh M BBIUMTATh CUTHAJIBI B pa3HbIX KaHajaX, pacTArMBaTb BO BPEMEHU
¢dbparMeHTBl 3alMCAaHHOTO B MaMsTh CUTHAJA, OMPEICNATh YaCTOTHBIA CIEKTP CHTHaja
nyTéM MpUMEHEHHs OBICTpOro npeodpazoBanust Oypre, U3MEPATH pa3INUHbIC TapaMeTPhl
BXOJIHBIX CHUTHAJIOB (aMIUIMTY/AA, 9acTOTa, mepuoa u T.1.). Kpome Toro MHorme mozenu
M(POBBIX OCUUIIOrPAPOB CIIOCOOHBI BHIBOJUTH H300paKEHUE € KpaHa Ha Mevararoliee
YCTPOMCTBO (MPUHTEP), 3aMUCHIBATh OIU(PPOBAHHBIA BXOJHOW CHUTHAJl Ha HOCHUTEIHU
uHGOpPMaIMU - TUCKETHI WM YCTPOICTBA XpaHEHUS HA OCHOBE (IeHI-TIaMsITH

[Mudposoii ocummtorpad Tektronix TDS 2022B ¢ mnaHenblo  yOpaBiCHUS
npecTaBiieH Ha puc. 1.5.

Tokironix TO5 20228 50550 e FiE — —
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Pucynok 1.5 — Baemnuit Bua ocripumiorpaga Tektronix TDS 2022B.
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TexHuUecKkue XapakTepucTUKU Npudopa rnpeacTaBieHsl B Tadmuie 1.1.

Ta6imoa 1.1 — Texuuueckue xapakrepucTuku ocimniorpada Tektronix TDS
2022B.

TexHuueckue XapaKTEPUCTUKH

* [Tonoca mponyckanusi: 200 MI'g

* KomnuecTBO KaHaJIOB: 2 KaHajia

* Yactota auckperuzanuu: 2 I'T

* [Tamate: 2500 KBb160pOK / KaHa

* Beptukanpnast 4yBcTBUTENBHOCTE: 2 MB 110 5 B/nen

* ['opuzonTansHas pazpeptka: 2,5 He - 50 ¢/nen

H3mepumenwvuwiit mpancgpopmamop moxa (UTT)

Jns wu3MepeHUss TOKa B CHJIBHOTOYHBIX CHCTEMax TPUHATO HCIIOJIb30BaTh
Tpanchopmaropsl Toka. OOBIYHO pPa3IMYaAOT TpaHCHOpPMATOpPbl TOKA 3AIIUTHBIE U
U3MEpUTENbHbIE. 3alllUTHBIE TPAaHC(POPMATOPHl TOKA MCHOJB3YIOTCS IJIsi CHUKEHUS
pabouero TOKa MpPU BBHINOJHEHWU PEMOHTHBIX paboT B TokoBemymmx Iensx. UTT
NPUMEHSIOTCS JUIsl KOHTPOJIsI/U3MEpEeHHsI 3HaueHui Toka B 1enu. C uX MOMOIIBI0 MOKHO
CHU3WUTH BEIIMYMHY TOKA JO0 JWara3oHa 3HAYEHUU, MPUEMIIEMOTO ISl U3MEPHUTEIbHBIX
npudOPOB (HAIp., OCHUILIOrPadoOB, aMIIEPMETPOB U T.11.).

[Tpunun padoTel TpaHchopmaTopa ToKa NpOAEMOHCTPUPOBaH Ha puc. 1.6.

MpuHynn pabortel TpaHchopmaropa ToOKa
D; =@;:-P:2

I1 pa =

>

I1 - roxs NEPBHUHON OGMOTKE € NMCIOM BHTKOS 1

I2 ~ 10K 80 aropHuNOi 06MOTKE C YHCHOM BHTKOB W2

Frap

P11 - yrono T0Ka B nep Ke

¢2 — YrOs OTKAGNGNMR TOKS GO BYOPHYNOIi OBMOTKE
e _E2 —24C 80 s10puunioi o6uoTKe
Pucynoxk 1.6 — [Tpunamun padotst UTT.

[Tpunatun padotst UTT cocToUT B CieayromeM.
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1. Yepe3 nepBuunyro uenb (koi. ButkoB W1) maer Tok Il, mpeononeBaercs ee
IIOJIHOE CONPOTUBJIEHUE Z].

2. Bokpyr Karymku oOpa3yeTcsi MarHUTHOE HarpasieHHoe noje P1, ynaBiauBaemoe
CTEPKHEM CTOSIILIUM MEpHEeHIUKYIsSIpHO K BekTopy (I1) manHo#l BennuuHbl. OpueHTaus
JeTajen AenacT NOTEPHU SJHEPTUH ITOYTH HYJIEBBIMHU.

3. [Torox @1, mepecekaronuii MEPHEHANKYISIPHbIE 110 OTHOIIEHUIO K HEMY BHUTKHU
W2, coznaet Tam aBmKymryro cury E2.

4. W3-3a mnocinegHeil BO BTOPUYHOM Karymke (Z2) mnosBusercs Tok 12,
IIPEOA0JIEBAIOLINI CONPOTUBIICHUE (€€ U MTOICOEIMHEHHON HAarpy3Ku ZH).

5. Ha kimeMMax BUTKOB BTOPUYHON KATYIIKH BO3HUKAET NMOHMKEHUE HANPSKEHUS
U2. Ogno marautHOe mone P2 ot BTOpUYHBIX BHUTKOB [2 monmxkaer apyroe @1 B
cTepkHe. BO3HHMKIIMIT B HeM TpaHCHOPMATOPHBIA NOTOK DT ONpenenstoT CyMMOU
BeKTOpOB (D1 u d2).

Ecnu uepe3 nepBUUHYIO 1IENb WET NEPEMEHHBIN TOK (ONPEaeIEHHOM BEJIMYUHBI), TO
BTOpPMYHAs KaTylIKa, MOAKIOYEHHAss K IIOCTOSIHHOM aKTUBHOM Harpyske (Harp.,
PE3UCTOp), CO3/1a€T HAa HUX MaJICHUE HANPSKEHUS MPOMOPLUOHAIBHO TOKY MEPBUYHOU
nenu. [Ipuuém nagenue 3aBUCUT OT KoddpuurenTa TpaHchopMaluy U CONPOTUBICHHUS.

Pacuém napamempoeé 31eKmpuuecko20 umnyibca

[Ipu ananu3e oCMILIOTPaMM BBIXOJIHOTO CUTHANA UMITYJIbCHOTO UCTOYHHUKA MUTAHUS
MO>XHO paccyuTaTh psii MapaMeTpoB, KOTOpbIE AaayT MPEACTaBICHHE O IMpoleccax,
IIPOTEKAOIINX B AJIEKTPUYECKOW CXEME MArHETPOHHOW PaCIbUIMTENBHOW CHCTEMBL. B
JAHHOM JabopaTtopHOi paboTe OyJeT HCHOJIb30BaThCS CHUIBHOTOYHBIA WMITYJIbCHBIN
VMCTOYHUK NMUTaHMs. J[JIs1 Takoro THINa MUCTOYHMKA MUTAHUS XapaKTEPHbI HU3KAs 4acTOTa
cienoBaHus UMIynbcoB (MeHee 15 k['1) m Oosblias MIUTETRHOCTH UMITYJIbCA (710
HECKOJIbKUX COTEH MUKpPOCEKyHH). Tunudnas ¢opMa CUTHAJIOB TOKAa U HAMPSKEHUS IS
CUJIBHOTOYHOTO UMITYJIbCA NIPEAICTABICHA HAa PUCYHKE 1.7.

-u

6
LA
l—-,--';f _'-_-1“, -——i -— -
4

Pucynok 1.7 — Tunuunas BpeMeHHasi XapaKTepUCTHUKa CUTHAJIOB TOKA W HAMIPSKEHUS [IPU
CUJIbHOTOYHOM MAarHeTPOHHOM PaCIbUIEHUN.

CurHasnbl HanpsHKEHUsT TPSIMOYTOJIBHON (POPMBI OOJIBIION ITUTENBHOCTA TPUBOIST

K (GopMUpPOBaHUIO OBICTPOHAPACTAIONIETO TOKA, MaKCUMajbHasi BEIWYMHA KOTOPOTO
13



MOXXET JOXOJWUTh JO0 cOTeH ammep. Jlns aHamms3a mapamMeTpoB CHUCTEMBI TPHUHSTO
UCTIONIb30BaTh CIEAYIONUN Ha0Op XapaKTePUCTUK CUTHAJIOB: (DPOHT TOKA, CPEIHHUI TOK B
UMIyJIbCE, CPEIHUN TOK B TEpUOJE, CPEOHEe HAmNpsHKEHHE B HUMITYIbCE, CpeIHEe
HaNpsOKEHUE 10 TIEPUOMY, MHUKOBBIM TOK, MHWKOBas MOIIHOCTb, CPEIHSSI MOIIHOCTH B
UMITYJIBCE, CPEAHSSI MOIIHOCTh MO Tepuoay, paboTa B HMITyJbce, padoTa 3a MEPHO.
3HaHUA O MapaMeTpax CHCTEMbI TPEOYIOTCS IJIsl aHAM3a BIUSHUS Ta30BOTO pa3psaa Ha
MIPOIIECCHI, MPOUCXOAIINE MPU PACTIBIICHUN MHIIICHA W KOHACHCAIINH IMOTOKA YaCTHIl Ha
TIOJITIOKKE.
2. 3aganue

[IpousBectT  pacdy€r  SIEKTPUYECKHX  XapaKTEPUCTHUK  Ta30BOTO  paspsjaa
MarHeTpOHHOH paCHBbUIMTEIFHOW CHCTEMBl C CHJIBHOTOYHBIM HWCTOYHUKOM IHUTAHUS
(¢poHT TOKa, CpeTHUI TOK B UMITYJIbCE, CPETHUA TOK B TIEPHOJIC, CpEIHEE HAMPSIKCHUE B
UMITYJIBCE, CpeAHEe HAMNpPsOKCHHWE 110 TICPHUOAY, IMHUKOBBIA TOK, MHKOBas MOIIHOCTD,
CpPEemHSISl MOITHOCTh B UMITYJIBCE, CPEIHSISI MOITHOCTh IO MEPUOAY, paboTa B UMITYJIbCE,
paboTa 3a TEepHOJ) B 3aBUCHMOCTH OT HM3MEHSIEMOTO TapaMeTpa WCTOYHHKA IMMHTAHUS
(dacToTa ciel0BaHus UMITYJICOB WIH JJTUTEIHHOCTh UMITYJIbCa). [I0CTpOUTh MmoydeHHbIE
3aBUCUMOCTH JJIEKTPUUYECKUX XapaKTEPUCTUK Ta30BOTO paspsija OT MapaMeTpa UCTOUYHUKA
MUTAHUS, CJICNIaTh UX aHau3. PaboTa BBIMOIHACTCS COTIACHO BapraHTaM (cM. Tadi. 1.2).

3. IlopsAIOK BHINOJIHEHUS PA0OTHI
1. BRINOJHUTH TEPMETU3AINIO BAKYYMHOU KaMepbl U MOJYYUTh BICOKUN BakyyMm (He
menee 107 [Ta). Jlns u3amepeHus: AaBi€HUS UCIIOIb30BaTh IMIUPOKOIUANIA30HHBIN TaTUUK
Erstevak MTM-9D, npu mosiydeHHM BBICOKOTO BaKyyMma BBIMIOJHHTH MEPEXOJ PEKHUMA
U3MEpEHHSI B PEXUM «aBTO» (puc. 1.8) C Ieibl0 aBTOMAaTHYECKOro Mepexojia CUCTEMBI

HU3MCPCHUA JaTUUMKad OT HU3KO- K BI)ICOKOBaKYYMHOI‘/JI qacCTu.
g M5 =al

Xoncansd KI708  EEKMONE Npounrem Braxniounts Asro u
|

MNpotoxom we seaeTcs Hrams

Mepnag 60 ¢ ocTancents wepes 500

Bpews, ¢ Jlansewne, Topp

pnpoc ok COML3 9600 bps, scldress 1

Pucynok 1.8 — OxHo niporpamMmsl ypasieHus gataukom Erstevak MTM-9D.
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2. CoOparh CTPYKTYPHYIO CXE€MY CHCTEMBbl HU3MEPEHUS  DJIEKTPHUUECCKUX
XapaKTEpUCTUK Ta30BOr0 pa3psiga MarHeTpOHHOM pACHBbUIMTEIBHOW CUCTEMBI €
CUJIBHOTOYHBIM UCTOYHUKOM MUTAHUs corjacHo puc. 1.9.

MarHeTpoH

I Kamepa

—

=1l

Pucynok 1.9 — CtpykTypHasi cxemMa CUCTEMbI U3MEPEHUS AIEKTPUUECKUX XapaKTEPUCTHK.

3. BBINOJHUTH HACTPOMKY KaHAJIOB HM3MepeHus (KaHan | W KaHan 2) CUTHAJIOB
HaNpsOKEHUST M TOKA COTJIACHO BBIOPAHHOM CXEMBI CHCTEMBI U3MEPEHHSI SICKTPUUECKUX
XapaKTEPUCTHUK Ta30BOTO pa3psiia.

3.1. Bxirouuts ocrmiuiorpad uyepes raibBaHUYECKYIO Pa3BsI3KYy.

3.2. Beiopars “CH1 MENU” u ycranoBuTh creayroomue mnapaMmeTpbl KaHaia
usmepenus (puc. 1.10):

- tunt curHana (Coupling) — AC;

- mpeoOpa3oBanue curHaiga (Probe) — cormacHo JaHHBIM Iynma Ha H3MEPSICMOM
KaHale;

- uHBepTHpoBaHWe curHana (Invert) — BBIOpaTh COMIACHO HM3MEPSIEMOMY CHTHAITY
(HaMpSDKEHUIO WK TOKY). MOKHO U3MEHUTH TapaMeTp Ha CTAANN U3MEPEHUSI CUTHAJIOB.

3.3. AnanoruunsiM 00pa3oM HacTpouTh BTopoii kanan “CH2 MENU”.
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Pucynok 1.10 — OxHO HACTpOWKH MapaMeTPOB KaHalla U3MEPEHUS.

4. YcranoButh pabouee naBieHue B kamepe, paBHbIM 0,3 Ila, mytém Hamycka B
Kamepy aprona. J[ns 5TOro HEOOXOIMMO OTKPBITH KiamaH «AproH», Ha TMaHEIU
yIPaBICHUS PETYIATOPOM pacxojia MepeKTounTh | KaHal B IPOMEXYTOUHOE MOJIOKEHHE
«3AKP- OTKP» u Bxmtounts «PACXO/» (puc. 1.11). TlomobpaTe Benu4MHY MOTOKA
aproHa Takum oOpa3om, 4ToObl pabodee naBieHue B kamepe Owbuto 0,3 ITla, ympaBmss
KpyriibIM JKoHcTUKOM «3AJJAHUEY.

JAXF OTEP  PnCXOf SAJAHKE JAKP  OTOP PACXKOM SAQANME JAKP OTKP PACXON JARAMKE

@ Ol ||l @ o @
I

L o
BHYTP BMEW - BHYTP GHEWL

Pucynok 1.11 — ITanens ynpasieHus peryasTopamMu pacxo/ia ra3os.
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5. llomate Bomy Ha IUIa3MEHHBIE YCTPOWCTBA B BAaKyyMHOW Kamepe (OTKPBITh
kiananbl Boabl «MI'H», «MUW» u «3JI»). YcraHoBUTH mapaMeTpbl UCTOYHUKA MUTAHUS
corjacHO cBoeMy BapuaHTy (Tabn. 1.2). PerymupoBky u BbIOOp mapameTpoB
OCYIIECTBIISAT C IOMOILBIO KPYTJIOrO JUKOWCTUKA HA OJIOKE YIIPABIICHUS.

Ta6auna 1.2 — BapuaHThl BRITOTHEHUS 33JaHUS 10 JIAOOpaTOpHOU padoTe.

Ne | U, B | IlocTosiHHBII mapameTp HN3mensiemblilt napamerp
1 | 350
2 | 355
3 360 v=2,5 kI’ 1=20-60 Mmkc ¢ maroMm 10 Mkc
4 | 365
5 | 370
6 | 350
7 | 355
8 | 360 =30 MKC v=2,5-8,5 xI'11 ¢ marom 1 kI’
9 | 365
10 | 370
Ipumeuanue: U — HanpsbKEHUE; v — 9acTOTa CIIEA0BAaHUS UMITYJIbCOB; T
— JUTUTENBHOCTH UMITYJIbCA.

[MonaTh HanpsDKEHUE HA MAarHETPOHHBINA UCTOYHUK (puc. 1.12), HaxkaB kHonky ON.

mwe @ vouraee @

REGULATION
CuRRENT .
. rowen

SN X

. i .

START/STOP RESET PUSH ox @ orr @

: TO SELECY

Pucynok 1.12 — Ilanens ynpaBiaeHUs! CHIBHOTOYHBIM OJIOKOM IMUTAHUSI MAarHETPOHHOU
paclbUIUTENLHON CUCTEMBI.

6. CHHXPOHU3HPOBATh (OPMY CHTHAJIOB, UCHOJB3YS (QYHKIHIO «3amyck» (puc. 15).
Haxatp xkHOKYy «MeHI0 cuHXpoHHM3aun». BeiOpaTe mapaMerpsl U MOJNOKEHHUs Kypcopa
TaKuM 00pa3oM, 4TOObI OTOOpakaeMble CHUTHAJIBI OBUIM CTAa0MJIBHBI BO BpeMEHHU (pHC.
1.13).

J{nst 5TOTO HEOOXOMMO BHIOpATh PEXXUM Kypcopa:

- tun (Type) — Edge;
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- HICTOYHHK (SOUICe) — M0 CUTHATY HANPSHKEHUS;
- HakJIoH (Slope) — mageHue curHana;
- pexxuM (Mode) — aBToMaTH4eCKHii;

- tun curaaia (Coupling) — AC.
g Z . ’

Type

Source

Slope

IIll!lllO?llll?llll?llll

Mode
Coupling
‘
CHI \ =560V
18-Jan-22 04:52 4,99995kHz

Pucynok 1.13 - OkHO HACTPOWKH CHHXPOHHU3AIIMN CUTHAJIOB.

7. Ilpy CHHXpOHU3AIMK CUTHAJIOB HEOOXOIUMO BBHITIOJHUTH COXpaHEeHHE MaHHBIX. C
3TOM IIETBIO CIIEAYET HaXaTh KHOMKY «COXP/BBI30BY», Jaliee — KHOTKY «ITyCK/CTOI» (pHC.
1.5). B nosiBuBmemcs okue (puc. 1.14) BBIOpaTh KOMaHy:

- neiictBue (Action) — coxpaHuTh (OPMY CUTHAIA;

- coxpaHuTh (Save t0) — B (aii;

- HICTOYHHK (SOUrCe) — KaHaJl CUTHAJIA HAPSKCHHUS.

HaxaTh KHONKY COXpaHUTh (Save), ocruuiorpad mpucBanBaeT UMsi COXPAHIEMOMY
daiiny (B manHom ciaydae TEKO0000.CSV). AnanornussiM 00pa3oM COXpaHUThH (opMy
CUTHaJIa TOKA NIEPEKITIOYMB NCTOYHHK (SOUICe) Ha KaHaJl CUTHAJIa TOKa.

[locne coxpaHeHHs JaHHBIX HANpPsKEHUS U TOKa IS 3aJaHHOM paboudei TOYKH,
HEOOXOIUMO MEPEUTH B PEIKUM «HU3MEPEHUE», Jallee — HaXKaTh KHOIKY «ITyckK/cTom» (puc.
1.5). HM3MmeHuTH mapamMeTphl UCTOYHHWKA MUTAHUS COTJIACHO M. 5 W BBHIMOJHUTH 3alKCh
HOBBIX JIaHHBIX JJIs cienymomeld pabodeld TOUKM IO BBIMICONHMCAHHOW MpOLEIype.
BoinmonuuTe npomenypy s Bcex pabounux TOYEK COTIacHO 3aJaHuio B Ta0. 1.2.
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Pucynok 1.14 — OxHO coxpaHeHUs JaHHBIX.

8. DBrImomaMTE pacd€Tr ANCKTPUYECKUX  XapaKTEPUCTHK Ta30BOTO  pa3psaa
MarHeTPOHHON PaCHBIIUTEIHFHOW CHCTEMBI C CHIIBHOTOYHBIM MCTOYHUKOM MHUTAaHMS. JIJIs
3TOro TOJydeHHBIC (aiibl clieayeT OTKpBITh B Iporpamme MS Excel, nanee - pa3aenuts
nanaeie ¢ momomplo ¢dyaknmn «JAHHBIE — TEKCT II0 CTOJIBHAM — C
PA3SJIEJIMTEJISIMU — 3HAK TABYJIALIUU U 3ATIATAA — ITOTOBO».

8.1. BBIOJIHUTD 3aMEHY pa3eNuTeNsl «TOUKa» Ha «3amnstas». OnpeaenuTs mar 1mno
BPEMEHH 3aITMCH JaHHBIX TOKA U HampsbkeHus. [ToctpouTs HOBBIN cTombenr B MS Excel ¢
HaYaJIbHOU TOYKOM ) CEKyH/ ¥ C IIarOM 10 BPEMEHH, YCTAHOBIICHHBIM PACYETHBIM ITYTEM.

8.2. Ilomyunth cTonbel JaHHBIX MO TOKY, YMHOXXUB AKCIIEPUMEHTAJIbHbIE 3HAUCHUS
Ha ko3 unmeHT tpanchopmanuu - 100 A/B.

8.3. [TosyuuTs cTONOCI] 3HAUCHUIN HATTPSIAKEHUS.

8.4. Iloctpouth Tpaduk 3aBUCUMOCTH TOKA W HAMNPSDKEHHS OT BPEMEHH B OJIHOM
CUCTEME KOOP/INHAT.

8.5. Ucnonb3yst MS EXxcel, BeImoHUTE pacuéT caeayromux napaMmeTpos:

- (ppoHT TOKA;

- CPEAHUN TOK B UMITYJIbCE;

- CPEAHUN TOK B MIEPUOJIE;
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- cpeqHee HANPSHKEHUE B UMITYJIbCE;
- CpeliHee HapsHKEHUE 110 TIEPUOY;
- IUKOBBIN TOK;

- IUKOBAasi MOIITHOCTb;

- CpeIHsIs MOIITHOCTh B UMITYJIBCE;

- CpeHsIs MOIIHOCTh B TIEPHOJIC;

- paboTa B UMITYJIbCE;

- paboTa B mepuoe.

9. IlocTtpoiiTe 3aBUCUMOCTH TMOJYYEHHBIX OJJIEKTPUUECKHX XapaKTEPUCTUK OT
U3MEHSIEMOTO MapaMeTphbl CUCTEMBI (HaCTOTHI CJIEAOBAHUS UMITYJIHCOB UIU JITTUTEIBHOCTH
UMITYJIbCA COTJIACHO CBOEMY BApHUAHTY).

10. BeimonmHuTE aHaIN3 NOMYYEHHBIX 3aBUCUMOCTEH.
11. TToaroToBbTE OTYET IO BHITIOJIHEHHOM JJaOOpaTOpHOU padoTe.

KonTpouabHbIe BONpockl o JJadopaTopHoil padore Nel
1. Oxapakrtepu3yiiTe MOHITHE «UCTOYHHK MUTAHUS IMOCTOSIHHOTO TOKAa HENPEPBIBHOTO
TNEUCTBUSD.
2. OnummTe TpUHIUI paboThl MCTOYHMKA MHTAHUSA TOCTOSHHOTO TOKA HEMPEpPHIBHOTO
NEUCTBUS.
3. UTo Takoe CHJIbHOTOYHAsi MarHeTpOHHAas pacIbUIUTENIbHAs cUcTeMa?
4. OnumumTe OCHOBHBIE XapaKTEPUCTUKH HMITYJIbCA WCTOYHMKA nuTaHus. lIpuBegute
(opMyJIM30BaHHbIE COOTHOILIEHUS MEX]Ty HUMHU.
5. JlaliTe XapakTEpUCTUKY IOHATHSM «IIUKOBBIM TOK», «CPEOHUM TOK B MEPUOAE,
«CpemHMM TOK B wuMIynbce». Kakas wMexnay HuMH B3auMocBs3b? [lpuBenure
(OpMyIM30BaHHbBIE COOTHOIIEHUS MKy 3TUMH TEPMUHAMH.
6. JlaiilTe XapakTepHUCTHKY MOHATHAM «ICHCTBYIOUIEE HANPSHKEHUE», «CPEAHEE
HaIIpsDKEHWE B IIEPUOJE», «CPEeAHEee HampspKeHue B uUMITyibce». Kakas Mexay HUMH
B3auMocBs3b? [IpuBenute popmMyanM30BaHHBIE COOTHOLIEHUS MKy STUMHU TEPMUHAMM.
7. JlanTe XapaKTEPUCTUKY MOHATUAM «AEHCTBYIOIIAS] MOLIHOCTDY, ITUKOBAasi MOLTHOCTB,
«CpEeIHsIsl MOLIHOCTD B IEPUOZIE», «CPEAHSAA MOIIHOCTh B UMITyJIbCe». Kakas Mexxny HUMHU
B3auMoOCBs3b? [IpuBeanre popmMyn3oBaHHBIE COOTHOLIEHUSI MEXIY STUMU TEPMUHAMMU.
8. JlaiiTe XxapakTEepUCTUKY MOHATUAM «padoTa B Mepuoje», «padbora B uMmiyibce». Kakas
MeXAy HUMHU B3auMocBs3b? IlpuBeaute popMynn3oBaHHbIE COOTHOILIEHUS MEXIY STUMU
TEPMUHAMH.
9. OnumuTte TUMOBBIE (OPMBI CUTHAJIOB TOKAa M HAMpPsDKEHUS OPU MarHeTPOHHOM

pacnbutieHnd. Yem o0ycioBiieHa popMa dTUX CUTHAIOB?
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10. Kakasg B3auMOCBSI3b MEXKIY BXOJHOW MOIIHOCTHIO HAa HUCTOYHUKE MHUTAHUS U
MOIIIHOCTBIO B TA30BOM pa3psijie?

11. B 4éM omiM4Me CHIBHOTOYHOIO MArHETPOHHOTO PACHBUIEHUS OT MarHETPOHHOIO
pacnbUICHUS Ha TOCTOSIHHOM TOKE?

12. IlpenmymecTBa CHIBHOTOYHOTO MArHETPOHHOIO PACHBUIEHUS OTHOCHUTEIBHO
MAarHeTPOHHOTO PACHbUICHUS HA TOCTOSSHHOM TOKE.

13. Henmocratkm  CHJIBHOTOYHOTO  MAarHETPOHHOTO  PACHbUIEHUS  OTHOCHUTEJBHO
MAarHeTPOHHOTO PACHbUICHUS HA TOCTOSSHHOM TOKE.
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