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oe3omacHocTh» JAI'YHX.

Buyrpennnii peunenzent — [amkueB Cunauban MaromenoBud, JTOKTOP
XUMHUYECKUX HayK, mpodeccop, npodeccop kabeapsl «MHPOpMaLIMOHHBIE TEXHOJIOTHH
u uHpopmarronHas 6ezonacHoctsy» JI'YHX.

BHemnuii peneHseHT — XanugaoB MupacuinaB MaroMmenoBud JOKTOp (HU3UKO-
MaTeMaTUYECKUX HaykK, npodeccop kadeapsl Gusuku TBepaoro tena JlarecraHckoro
roCyJJapCTBEHHOTO YHUBEPCUTETA.

IIpencraBurens padotonarenss - 3aifHanoB JlxabOpawn TaxyTanHOBHY,
JUPEKTOP PETHOHAIBHOTO 3KCIIEPTHO-ATTECTALIMOHHOTO LIEHTPa « DKCIEPTHU3a».

DoHO oyeHOYHbIX cpedcme paspabomaHvl 8 COOMBEMCMEUU ¢ Mpebo8aHUIMU
Geodepanvnoco  20cy0apcmeeHHo20  00pA308amMeENbHOCO  CMAHOAPMA  CPEOHe20
npogheccuonanvro2o obpazosanus no cneyuarvhocmu  10.02.05 Obecneuenue
uHgopmayuonHou 6e30nacHoCmu asmMoMaAmMu3UPOBAHHLIX CUCTEM, YMBEPHCOEHHO20
npukaszom Munucmepcmea obpasoeanus u uayku Poccutickou ®edepayuu om 9
oekabpsa 2016 2., Ne 1553, 6 coomsemcmeuu ¢ npuxazom Munnpoceewenus Poccuu om
24.08.2022 2., Ne 762 «O6 ymeepocoenuu Ilopsoxa opeanusayuu u ocywecmeieHus
00pazoeamenvHol  0essmelbHOCMU N0 00pPA308AMENbHbIM  NPOSPAMMAM  CPEOHe20
npogheccuonanbHo2o 0o6pazo08aHusy.

@OH/I OLUEHOYHBIX CPEACTB MO AUCHUIUIMHE «DJEKTPOHUKA M CXEMOTEXHHKa»
pa3MelneHsl Ha ouianibHOM caiite www.dgunh.ru

Myctadae A.I'. ®oHI OLIEHOYHBIX CPEACTB IO TUCHUIUIMHE «IJIEKTPOHHUKA U
cxemoTexHuka» 1o cnenuanbHoctr  10.02.05 OGecneuenne wHGOPMAIMOHHON
0€30MacHOCTH aBTOMAaTU3UPOBaHHbIX cucteM. — Maxaukana: JII'YHX, 2024 r. — 53 c.

PexoMeHI0BaH K yTBepkAeHUIO YueOHO-MeTrogudyeckum coBetom JII'YHX 28
Mmas 2024 r.

PexoMeHI0BaH K YTBEPXKICHHUIO PYKOBOJUTEIEM 00pa30oBaTEIbHON MPOTPaMMBbI
CIIO — mporpamMMbl MOJTOTOBKU CIENHUAIUCTOB CPEIHEr0 3BEHA MO CIEIHAIbHOCTH
10.02.05 OGecneuenne WHOOPMAIIMOHHOW 0€30MaCHOCTH  aBTOMAaTHU3MPOBAHHBIX
CHUCTEeM, K.IIeA.H., 'acanoBoii 3.A.

OnoOpen Ha 3aceganuu kKadenapol «HHopmanmoHHbIE TEXHOJOTHH U
uHdopmarmonHas 6e3omacHocTb» 23 mas 2024 r., mpotokoin Ne 10.


http://www.dgunh.ru/
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Ha3naueHne Oo1lleHOYHBIX MaTepuaioB

@DoH/1 OIIEHOYHBIX CPEJICTB ISl TEKYIIIETO KOHTPOJISL YCIIEBAEMOCTU (OLICHUBAHMS
X0/la OCBOCHHUS JUCIUIUIMH), JUIsi TPOBEJICHUS MPOMEKYTOUHOM aTTecTaluu
(ollcHMBaHMS TMPOMEKYTOUYHBIX M OKOHYATEIbHBIX PE3YyJbTaTOB OOy4YEHHUS II0
JUCLUIUIMHE) OOYYaIOIMIMXCS MO AUCHUIUIMHE «DJEKTPOHUKA M CXEMOTEXHHKa» Ha
COOTBETCTBUE UX YUYEOHBIX JOCTHUKEHUU MOITAMHBIM TPEOOBAHUSM COOTBETCTBYIOIICH
oOpa3zoBaTenpbHON  TporpamMmbl 1o  crneruaidbHocTH  10.02.05  OOGecneueHue
uH(OPMAIIMOHHON O€30MTaCHOCTH aBTOMATU3UPOBAHHBIX CHCTEM.

@OoH/I OLEHOYHBIX CPEACTB MO JIUCHUIUIMHE «INEKTPOHUKA M CXEMOTEXHUKa
BKJIFOYAIOT B c€0s1: MEPEUCHb KOMIIETCHIIMM C YKa3aHUEM BHJIOB OIICHOYHBIX CPEJICTB B
MPOIIECCE OCBOCHHUS JAUCHUILIIMHBI; ONMMCAHHE TOKa3aTeleil U KPUTEPHUEB OICHUBAHUS
KOMITETCHIIUN Ha Pa3IMYHBIX dTarax ux (OpMUPOBAHUS, OMUCAHUE IIIKAJT OTICHUBAHUS;
TUTIOBBIC KOHTPOJIbHBIC 3aJIaHUS WM WHBIC MaTEPHAIbl, HEOOXOIUMBIC IJISi OIICHKHU
3HaHUM, YMEHUMN, HABBIKOB U (WJIM) OMbITA JEATEIbHOCTH, XapaKTePU3YIOUIUX 3Tarlbl
dbopmupoBanus komrereHnuit B mponecce ocBoenus OIIOIl;  meromuueckue
MaTepualbl, OMpPEeNeNIoNIue MPOIeAyphl OIEHWBAHUS 3HAHUM, YMEHUHN, HABBIKOB W
(w1K) ombITa ACATEILHOCTH, XapaKTEPU3YIOIINX 3TANbl (POPMUPOBAHUS KOMITCTCHITUH.

@DoH/ OIEHOYHBIX CPEACTB C(HOPMUPOBAHBI HA OCHOBE KJIFOUEBBIX MPHUHIIUIIOB
OLICHUBAHUS:

- BJIMIHOCTU: OOBEKTHI OIEHKH JIOJDKHBI COOTBETCTBOBATH MOCTABIIEHHBIM
1EeIsIM O0yUYEeHHUS;

- HaJIeKHOCTHU: HCIOJb30BaHUE €IMHOOOPA3HBIX CTAHIAPTOB U KPUTEPUEB IS
OILICHUBAHUS TOCTH)KCHUM;

- 00OBEKTUBHOCTH: pa3HbIe 00yYaromuecs A0HKHBI UMETh PaBHBIE BO3MOKHOCTH
JUISL JOCTHKEHUS ycrexa.

OCHOBHBIMM MIapaMeTpaMU U CBOMCTBAMHU OLIEHOYHBIX MaTEPHUAJIOB SIBJISIOTCS:

- IpeIMETHAsl HAMPABJICHHOCTh (COOTBETCTBUE MPEIMETY M3YUYEHUS KOHKPETHOMU
JTUACITUTIIIAHBI);

- coJiepkaHue (COCTaB M B3aWMOCBSI3b CTPYKTYPHBIX €IMHUI], OOpa3yrolInux
COJIEp)KaHHE TEOPETUUECKON U MPAKTUUECKON COCTABISIOMIMNX JUCIUILIUHBI);

- 00beM (KOJMYECTBEHHBIN COCTaB OLEHOYHBIX MAaTEPUAJIOB);

- KaueCTBO OIICHOYHBIX MaTepUajoB B I1EJOM, OOECIEeUYMBAIOIIEE MOJyUCHHE
OOBEKTUBHBIX U JJOCTOBEPHBIX PE3yJbTATOB MPU MPOBEICHUNU KOHTPOJS C Pa3IUYHBIMU
LETISIMH.



PA3JIEJI 1. NIEPEYEHh KOMIETEHIIUHN C YKASAHUEM BH0OB
OLEHOYHBIX CPEACTB B IPOHECCE OCBOEHUA JUCHUIIJIMHBI

1.11lepeyens popMupyemMbIX KOMIIETCH UM

KOJI (dbopMyIMpPOBKa KOMITETCHITUU
KOMIIETEHIINH
K 2 4. OcymecTBiaTh 00pabOTKy, XpaHEHUE U mepenady HHpopmauuu
OTrPaHUYEHHOI0 JJOCTYTA.

1.2. IlepeyeHb KOMIIETEHIIUI C YKA3aHUEM BH/I0B OLICHOYHbIX CPEACTB

@Dopmupyemvie | Ilnanupyemvie pesynomamut ooyuenus no | Buowl oyenounwvix
Komnemenuuu oucyunaIune, XapaKmepusyroujue Imanbl cpeocme
dopmuposanua komnemenyuil
3HaTDL: biaoxk A —3amanus
IPUHLIUIIBI paboThI COBPEMEHHOH | perpo iy KTHBHOTO
pannodJIEeKTPOHHOM anmnapaTypsl 1|ynoBms
IIPOLIECCHI, MPOTEKAIOIINE B HUX;
P > 1P ’ —  BOIIPOCHI  JJIA
OCHOBHBIC TPUHIUIBI MPOCKTUPOBAHUSA H
UCCJIeI0BaHUS CXeM AIIEKTPOHHBIX obcysaeHns
YCTPONCTB; - TECTOBBIE 3aJ]aHUS
JIIEMEHTHYI0  0a3y,  KOMIOHEHTBl U
NPUHIUIIEL PabOThl THMOBBIX AJIEKTPOHHBIX
K 2.4 npruOOPOB U YCTPOMUCTB;
o AJNIEMEHTHYIO  0a3y, MpPUHIUIBI  pabOThI
OcymiecTBasTh .
TUTIOBBIX HU(PPOBBIX YCTPONCTB;
00paboTKy,
OCHOBHBIE  CBEJIEHU 00  U3MEpPEHHUH
XpaHEHHE U
AIIEKTPUYECKUX BEITUUNH;
nepeaavy .
OPUHLKI ~ JACWCTBUS ~ OCHOBHBIX  THUIIOB
uH(popmauu
AIIEKTPOU3MEPUTEIBHBIX TPHOOPOB;
OTPaHUYEHHOTO .
TUTIOBBIE y3JIbI u YCTpOMCTBA
JOCTYTIA.
MUKPOIPOLECCOPHBIX CHUCTEM,
MUKPOKOHTPOJLIEPOB.
YMmern: baok B — 3aganus

MPUMEHATh HA TMPAKTUKE METOJbl aHaIu3a
AIEKTPUYECKUX LIETIEH;

ONpENENATh  OCHOBHBIE  MMApaMETPbl U
XapPaKTEPUCTUKHU DIICKTPUUECKUX CXEM.
YUTaTh JJEKTPUYECKUE NPUHLMUINAIBHBIC
CXEMBI THUIIOBBIX YCTPOWCTB 3JIEKTPOHHOU

TEXHUKH;

PEKOHCTPYKTUBHOTO
YPOBHS
- TECTOBBIE 3aJJaHUS

— 3a/1a4u;
— KOMILIIEKT




BBITIOJTHATh pacyeT W IMoAOOp DJIEMEHTOB
TUIOBBIX  DJICKTPOHHBIX  NMPUOOPOB M

TEMaTHK ISt
pedepaToB u

iébl OUCTB;
JAA€Th: - HaBbBIKaMM pacdy€Ta CXEM H

BBIOOpa  DJJIEMEHTOB  PAJUOAJIEKTPOHHOMN
anmnaparypsl

BORRBEA Y, 1 s
IPaKTHKO-
OPHUEHTUPOBAHHOTO
ypOBHS

- TECTOBBIC 3aJJaHUS

— 3a/1a4U;
- Ja00paToOpHbIE
padoTHI.

PA3JIEJI 2. 3ananusi, He00X0oauMbIe JJi51 OLIEHKH IJIAHUPYEMbIX Pe3yJibTAaTOB

Oﬁyqul/lH no JUCHUILIMHE

it npoBepku ch)OPMUPOBAHHOCTH KOMIIETEHIIMH

ITK-4 CniocobeH npuMeHsITh He0OX0AUMbIe PU3NUYECKUE 3aKOHBI U MOJIEIN IS

Al. TecToBbI€ 3aJaHUA

1. Ilpoumume mexcm 3a0anus u vlOepume 0OUH 8EPHbLLIL OMEEm

Yro Takoe 3akoH Oma?
Bapuanmuvr omeemos:

H ®m o\

2. Ilpoumume mexcm 3a0anus u evldepume éce gepHvie OMEenbl

. U=I1*R
. P=U/I
. I=U+R
R=P*I

Kaxkast BenmuunHa uzmepsiercs B BosibTax (B)?
Bapuanmuvr omeemos:

a
0
B
r

3. Hpoumume meKkcm 3a0aHus u ebtﬂepume 6Ce 6epHble omeembl

Cuia Toka
. ComnporuBneHue
. Hampspxenue
MoIHOCTE

YTto Takoe MoclieI0BATEIbHOE COEIMHEHUE PE3UCTOPOB?

6

pelieHus 3a1a4 NpoPpecCuOHAIbHON AeSITENbHOCTH;

Baok A. 3ajanusi penpoAyKTUBHOIO YPOBHS («3HATHY)




Bapuanmer omeemos:
a. OO11ee CONMPOTUBIEHHE YMEHBIIAETCS
0. Tok B 1ienu 0JJuHAKOB BO BCEX PE3UCTOPAX
B. HanpsbxeHue nenurcst nopoBHY
r. MomHoOCTh CyMMUpyeTcs

4. IIpoumume mekcm 3a0anus u vloepume 0OUH 6EPHLLIL OMEEH
Kaxkoit mpubop ucnonb3yeTcs AJjisi KBMEPEHUS CUJIbI TOKA?
Bapuanumuvr omeemos:

a. BompTmerp

6. OmmeTp

B. AMIiepMeTp

r. MyaeTumerp

5. Ilpoumume mexcm 3a0anusn u vloepume 0OUH 6ePHLLIL ONEEM
Yro Ttakoe nnon?
Bapuanumuvr omeemos:
a. PesucTop ¢ mepeMeHHBIM COMPOTUBICHUEM
0. TlomynmpoBOAHUKOBBIN MPUOOP, MPOIMYCKAOUIUN TOK B OJTHOM HaNpaBJICHUU
B. KoHaeHcatop aJ1si HaKOIIJIEHUS SHEPTUU
r. TpaH3uctop A yCUIIEHHS CUTHAJIA

6. Ilpoumume mexcm 3a0anusn u evloepume 00OUH 8EPHBLIL OMEem
Kaxkoii mapaMeTtp xapakrtepusyeT EMKOCTbh KOHAEHcaTopa?
Bapuanumuvr omeemos:

a. Papan

0. Om

B. ['eHpu

r. Barr

7. Ilpoumume mexcm 3a0anus u vloepume 0OUH 8ePHbBLIL OMEem
YTO NpOUCXOUT NMPU KOPOTKOM 3aMbIKAHUU B LIECTIH?
Bapuanmur omeemos:

a. ConpoTHUBJIECHUE YBEINUNBACTCS

0. Tok ctaHOBUTCS OECKOHEYHBIM

B. HampsoxeHnue nagaert 10 HyJs

r. MoOmHOCTh YMEHBIIIAETCS

8. Ilpoumume mexcm 3a0anus u vloepume 0OUH 6EPHbBLIL OMEEm
Kaxkoii Tum TpaH3ucTopa UCONB3YyeTCs JIsl YCUIICHHS CUTHaa?
Bapuanmur omseemos:

a. p-n-mepexo

0. bunosspHslil TpaH3UCTOP

B. Bapicap



r. CraOunutrpon

A2. Bonpochl st 00Cy:KIeHUS
1. DneKTpOHHO-ABIPOYHBIN ITEPEXO.

MexaHnu3Mm 00pa3oBaHus p—n-Niepexo/ia.

p—n-nepexoj B pABHOBECHOM COCTOSIHHH.

AHanu3 HEpPaBHOBECHOT'O p—N-Niepexoa.

Boabsramnepnas xapakrepuctuka uneaabHoro auoaa (popmymna Hlokmm).

p—n-niepexo Mpu NpsIMOM U 0OpaTHOM HampsbKeHUsIX. MexaHu3Mbl mpobos p—n-

nepexoja (TyHHEIbHBIN, TaBUHHBIH, TETIJIOBOM).

Pa3HOBUIHOCTH NOJIyIIPOBOJHUKOBBIX THOOB.

8. BrimpsiMuTENbHBIE TTOIYNPOBOJHUKOBBIE TUObI. XaPAKTEPUCTUKHU U MAPAMETPHI.
BinsiHue BHEIIHUX YCTIOBUI HAa XapaKTEPUCTUKU U MTAPAMETPBI.

9. PaGoumii pexuMm pAMOMa HA TIOCTOSHHOM TOKe. [IpuMeHeHwe nuOAOB ISt
BBIIIPSIMJIEHUS IEPEMEHHOTO TOKA.

10.Mopaenu BoINPSIMATENBHBIX TUO/IOB.

11.CTabuIUTpOHBL: XapaKTEPUCTUKH, TAPAMETPhI, IPUMEHEHHUE.

12. TynHenbHbIN AuoA. 3oHHas quarpamma u BAX.

13.Bapukan: npyuHIUMI paboThl, IPUMEHEHHE.

14. IMmiynbCHBIE AMOABL: TPUHLIMI IEUCTBUA.

15.CTtpyKTypa ¥ IPUHLIUI JEHCTBUSA OUTIOISIPHOTO TPAH3UCTOPA.

16.Cxemsl Brimrouenus (03, Ob, OK).

17.Cratnueckue BAX 1 nmapaMmeTpsl 1Jis1 OCHOBHBIX CXEM BKJIFOUCHHS.

18.Pexxum paboThl OMMOISPHOTO TPAH3UCTOPA HA TIOCTOSTHHOM TOKE

19.Pexxum paboThl OMMOSIPHOTO TPAH3UCTOPA HA TIEPEMEHHOM TOKE

20.CTpyKTypa yCHInTENs

21.1TonsTHE O KITaccax yCUIIEHUSA

22 Knaccudpukauus nosieBbix TpanzuctopoB (IIT). IlpuHuun neficTBUs MOJEBOTO
TPaH3UCTOPA.

23.Ctpykrypa u npuHuun paevicteua IIT ¢ ynpasnsiomuyM p—n-nepexonoM H
o6apbepom lortku. Cratnueckue BAX 1 napameTpsl B cxeme ¢ 00IIUM HCTOKOM.

24.Ctpykrypa u npuniuin aerctsus MOII-Tpan3ucropa.

25.0cHoBHbIe cxeMbl BKintoueHus [1T.

26.1TpuMeHeHE TI0JIEBBIX TPAH3UCTOPOB B CXEMaX YCHJICHHS.

27.Pabora [IT B uMITyIbCHOM pEXHUME.

28.Ycunurenu ¢ 00IKUM CTOKOM

29.Ycunurenu ¢ 00IMM HCTOKOM

30.OcHoBHBIC TapaMeTPbl yCUITUTENEH U Ki1acCu(UKAIHS YCHUIUTEICH.

31.B 4yem cOCTOMT M YTO JaeT (PU3NYECKHM METOJ aHallh3a CXEMbl MPOCTEHIIEro
yCHJIATeNs ?

32.Yt0 UCHONB3YyET, B YEM COCTOUT U YTO JlaeT rpaduyecKkuii MEeTo/I aHaIN3a CXEMBbI
MPOCTEUIIEro yCHIUTENs?

SRRl

=



33.Ut0 ucronb3yeT, B 4eM COCTOUT U YTO JaeT rpadoaHaTuTHIECKUN METO/I aHAIIn3a
POCTEUIIEr0 yCHIIUTENSA?

34.TIpeobpa3zoBaTenu aMILTUTY bl

35.DyHKIMOHATBHBIE TPe0Opa3oBaTEIU

36.0nepaTopHbie peodpazoBaTenu

37.0co0EHHOCTH U COCTaB OMEPALIMOHHOTO YCUIIUTENS

38.BbIBOABI M MApAMETPBI ONEPALUOHHOIO YCHUIIUTENS

39.CBoiicTBa ONEPALMOHHOTO YCUIIUTENS C UACATBHBIMU NTapaMeTPaMHU

40.BnusiHue oTpULIaTeIbHOM 00paTHON CBSA3M HA apaMeTphl yCUIIUTENS

41. OnepanOHHBIN YCUIUTENb C pealbHbIMU apaMeTpaMu

42 .bazucHble GUIBTPHI U UX UJCATbHBIE YACTOTHBIE XapaKTEPUCTUKU

43.PunbTpsl baTTepBOpTa U UX CBOICTBA

44 . dunbTpsl YeObImeBa 1 X CBONCTBA

45.]lenopmupoBanue u TpaHchopMaius GUIbTPOB

46.bazoBble nmormyeckue aneMeHThl IUpoBbix MC Ha OUMONAPHBIX U MOJEBBIX
TpaH3UCTOpPAX.

47.Jlornueckue 37€MEHThI Ha OUIOJISIPHBIX TPAH3UCTOPAX.

48.JIormueckue snmemenTel Ha MOII-TpaH3ucTopax.

49 . KomMOMHAIIMOHHBIE JIOTHYECKUE QYyHKIUU

50.[TocnenoBarenbHbie (BpEMEHHBIE) TIOTUYECKHE PYHKIIUU

Baok B. 3anaHusi peKOHCTPYKTHBHOTO YPOBHA («KYMeTb»)

B1. TecroBble 3a1anus
Ipoumume mekcm 3a0anus u evloepume 00OUH 8EPHBLIL OMEEm
Yr0 Takoe UHAYKTUBHOCTH KaTyIIKA?
Bapuanmuvr omeemos:
a. CrocoOHOCTh HAKATUIMBATh JIEKTPUUECKUHN 3apsijl
0. CBOICTBO MPOTHUBOICUCTBOBATH U3MEHEHHUIO TOKA
B. ComnpoTuBieHUE MOCTOSHHOMY TOKY
r. EMKOCTb HaKOIJIEHUs HANpPSKEHUS

Ilpoumume mekcm 3a0anus u vloepume 0OUH 6EPHLLIL OMEeNn
B dyem enuHMIIa U3MEPEHUS MOIIIHOCTH 3JIEKTPUYECKOM 1enu?
Bapuanmur omeemos:

a. JlxoyJb

0. Barr

B. KyIon

r. Tecna

Hpoumume meKkcm 3a0aHus u eblﬁepume 6Ce 6epHble omeembl
Yro Takoe mapamic;ibHOC COCANHCHUC pGSI/ICTOpOB?
Bapuaﬂmbz omeemoe.



a. Tok menurcst Mexay BETBAM

0. HanpspkeHue oMHaKOBO Ha BCEX pe3UCTOpax
B. OO1ee conpoTUBICHNE PAaBHO CyMMeE

r. MomHOCTh yMHOXKAETCSA

Ilpoumume mekcm 3a0anus u vloepume 0OUH 6EPHLLIL OMEEH
Kaxkoli 3aK0H onpenessaeT CBsA3b MEXKAY CUIONW TOKA, HAPSHKEHUEM U MOLTHOCTBIO?
Bapuanumuvr omeemos:

a. 3axoH Oma

0. 3akon Jlxoyns-Jlenna

B. P=U*I

r. 3akon Kupxroda

B2. 3agauu nJia pemennst

3aoaua 1
KT 3394
Ix 350
M4 200
i P
4 200
| S
——
.." -
16 450 s
0 Ux, B

) 12 18 24

IMo cemeficTBY BHIXONHBIX XAPAKTePHCTHK TpaH3IHCTOpA
KT339A B cxeme ¢ 0OmmM 3MHTTEpOM (pHC ) onpeaeaHTs TOK Oa-
36l [z H HanpEkeHHe Ha KomlekTope Uy B pabodefl Touke 4. B KoTOpoil
TOK Ko/UTekTopa [y = 6 MA, a MOITHOCTH, pacceHBaeMad Ha KO/LIeKTope
Py=T72 MBT.
3amaua 2
HAns TparsucTtopa KT312A obparHsifi TOK KoAdeKTopa
Iy = 10MxA npn nanpoxemim U = 15 B. Onpeaennts obpatHoe co-
MPOTHRISHHES KOLIEKTOPHOIO Nepexoaa NOCTOSHHOMY TOKY.

3angaya 3
Ans tpamsacTopa KT312A MOImMHOCTH, pacceHBaeMas Ha

KomnexTope, Py = 225 MBT.

10



Hcenonssys cemeficTBO BBIXOZHBIX XapakTepHCTHK TPaH3HCTOpA
KT312A B cxeme ¢ 0OmEM 3MHTTEpOM (pHC. ), ompenenHTH pado-
40 O0MACTH, VIHMTHIBAL, YTO HaHOOIbINee HANPOKEHHE HA KOLIeKTope
U,=20B.

Ix
wal ET3124

40 4

s

30

20

10

0

10 20 Uk B
3amaya 4
Ana tpamsmctopa I'T109A xoapduumeHT nepedadn ToKa
MHTTepa hyp = 0,95+0,98. OnpeeanTs B KAKHX MpeJesax MoXKeT H3--
MEHATBCHE KO PHIMEHT YCHIeHNT TOKA Dashl.
3agaya 5
Henomesya cemeficTBO BRIXOQHBIX XAPAKTePHCTHK TPAH3HCTO-
pa KT312A B cxeme ¢ oOIIM MHTTEpoM (pHC. ), OmpeneaHTs 3Ha-
teHHe TOKA Kolexropa J, mMpH HanpOKeHHH Ha koatextope Uy =15B
AUS 3HAYeHHd Toka bast [; = 0.2; 0.4; 0.6; 0,8 MA_ TTocTponTts rpadux
sapucamoctl I, = flls).
Ix
sd] KT 3124

0
40 .

3amaua 6

11



Jas tpassuactopa KT339A, BKTOYEHHOTO NO cXeMe ¢ obmed
Oasoil, NpH H3MEHEeHHH TOKAa MHTTepa Ha 10 MA TOK KoaTeKkTopa H3-
MeHHTCH Ha 9.7 MA. Onpesexnrs Kod)HIHSHT YCHISHNA 110 TOKY 14
TPAH3HCTOPA B CXeMe C OOIIHM IMHTTEPOM.
3amaua 7

Ilo BxoxHOM XapakTepHCcTHKe TpaHsucTopa [ T403A B cXeme
¢ obmedt baloft (puc. ) ompeaenHTs BXOIHOE COMPOTHRISHHE Mepe-
MEHHOMY TOKY, €CJIH H3BeCTHO, WTO TOK 3MHTTepa HiIMeHSeTcd B mpe-
Jenax or 0,15 30 035 A

I I'T 4034

e
o4 SB[ \vws~ff

Vi
g
A

L i 5 B
02002 08 10
3agauva 8
Hcnmome3ye BXOJHYIO XapakTepHCTHKY TpaHsucTOopa I T403A,
BKINYEHHOIO B cXeme ¢ obmedi Oasofi (prc. ), OnpeseIHTh BXOA-

HOe CONpOTHBRIeHHe MOCTOAHHOMY TOKY NpH HanpsoxeHnsx U, = 0.2,
04,06B.

I I'T 4034

e
od SB[ lvws~ff

Lt/
Al
03 /,I/

02002 08 10
3amaua 9

Jias tpaszactopa KT315A, BKTOYEHHOIO MO CXeMe © OOImHM
MHTTEpOM, BXOJHOE CONMPOTHRTIEHNHE MepeMeHHOMY ToKy R, = 160 Om.
OnpeeanTs BXOAHOS CONPOTHBISHHe TPAHIHCTOPa B cXeme ¢ oOmed
Oa3oft, ec K03 PHINEHT Nepela Tl TOKA IMHTTepa /iy = 0,96.

12




3agaya 10

MIT 41
I, B = 50 0d
H —
43
40 ! -
15
20 e
23
20 : S
15
10 b b
]
Un, B
08 04 0 s 10 15 20

Jns tpamsacropa MIT41 B cxeme ¢ obmefi 6asofi, cemeficTso
BBIXOJHBIX XAPAKTePHCTHK KOTOPOro MpHBEIeHO Ha PHC. 4. 6, olpeleIHTs
B pabouefi Touke A ToK 3MHTTepa [, TOK KoUlexkTopa J, H HaNpsDKeHHe Ha
KoexTope U, ecllH MOIIHOCTE NOTeps Ha KoiekTope Py = 150 MBT, a
COMPOTHB/IEHHE MOCTOSHHOMY TOKY Ro= 402 Om.

3amaua 11
[ns TparsucTopa [ T403A, BKTHO9EHHOTO MO CXEME ¢ ODIIHM

IMHTTEPOM, TOK KOLIeKTOpa HiMeHsercq HAa 140 MA, a TOK MHTTepa -
Ha 145 MA. OnpenemnTs Ko>)PHIHEHT YCHISHHS TOKA Oa3bl.

3anaua 12

H3 pacveTa YCHIHTebHOIO Kackaja (pHc. ) H3BECTHO, 9TO
TOK 0a3sl g = 50 MKA, ToK sngrTTepa [p = 5 MA Hanpsoxenne U, =08 B,
Hanpsoxenne E, = 10B. Paccunrars 3eMeHTH TemmepaTypHofl cTabH-

3agaya 13

B TpaHsncTOpHOM YCHIHTEIBHOM Kackade (pHC. ) MoIm-
HOCTB BXOIHOIO cHrHana Py, = 0,150 MBT npst Bxomsom Toke [, = 500 MKA.
Onpeaennts xodpPHIMHEHT YCHISHHS KACKALA M0 HANPOKEHHIO, eCaH
COMPOTHRISHHE Pe3fCTOpa B Lemi xowtexTopa Ry = 4700 OM, conpo-
THRJIeHHe Harpysk# Ry = 350 OM, a crativeckuii koapdHIHEHT YoH-
TIeHHA TOKa 0assl /a3 = 40.

13



3amada 13

B TpexxacKagHOM YCHIHTEeIe NepBbil KAaCKAl HMEHOUIHHA Ko-
sddiment yernerns K = 20, oxBatueH LeTbio OTPHIIATeIbHON 0OpaTHO#
cBA3H ¢ koapdmmenTom K, = 001, a a8a JPYTHX Kackada OXBa4eHbI
o0mefl Hemsio oTpHUATEIRHOM cBLIN npH xoaddnmenTte K. » = 0,02,
Onpenenuts KodQOHIBSHT YCHISHAS YCITHTeNS, ecal Kodpduume -
Thl YCHISHHS BTOPOro H TPeThero KackalosB COOTBETCTBEHHO PABHBI
K>=20,K3=15.
3amaua 14

Koa¢ppumieHT yCHIeHNS YCHIHTeIbHOIO Kackaga K = 50.
[TepeBeanTe 3TO 3HAYEHHE B JeIHOSIB
3amaua 15

H3BecTHO, 4TO YCHISHHE MO HANPOKEHHIO TPEXKACKAIHOIO
yeranTens papso 1000, OnpeaeaHTs yCiIeHRe BTOPOro KACKAZA, ecaH
YCHIeHHe MepBoro Kackaja coctasaget 25 a1b, a tpetsero — 10 ab.

3agaua 16

KoadpumesTsl VCHIeHHA OTIeTbHBIX KACKAOoOB YCHIHTENN
coctanaoT 20, 30 1 10. OnpeaeanTs cOmmi Ko>PPHUHEHT YCHICHHA
ycrmHTens. [lepeBecTH NOTy4eHHLI pe3yILTaT B AeIHOSNS.

3amaua 17

Ha BxoJe YCHIHTeIS HMeeTCH CHIHAT ¢ HanpkerneM U = 5 MB.
OnpeaeanTs HANMPOKEHHS HA BLIXOJe YCIIHTENS, eCH ero koddgrum-
eHT ycrnenns Ky = 60 ab.

3amaua 18

Bbix.

il Paccuurare cie-
l !“_T_ JyIOLIKe NapaMeTpsl OJMHOYHOrO Kac-

KaJa yCHJIMTENs Ha MOJIEBOM TpaH3MC-
TOpE, BKJIIQYEHHOM [0 CXeMe € 00LIHUM
HCTOKOM: BXOIAHOE COIHNPOTUBIIEHHE H
KO(HIUHEHT YCUIICHHS 1O Hanpsike-
Hu1o. [lapaMeTpel TpaH3ucTOpa U CXe-
MBI TakoBsl: S=3MA/B; p=9; senu-
YHHA  CONPOTHBJIGHHS  HArpy3KkH

R.=12kOmM. B uene 3aTsopa BKIIO-
Puc. 4yeH NeJINTENb HaMPAKEHUA:
R;; =1 MOwM u R3;; =100 kOm. Cxema

NpHUBE/IeHa HA PHC.
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3agava 19
Hemomb3ys  BOMBT-aMIIEPHYIO XapakTepHCTHKY JHOZAA
KI103A npu =20 °C (puc. ), onpedeIHTs COINPOTHBIEHHE [IOCTO-
SAHHOMY TOKY NpH 0OpaTHOM BKIIOUeHHH A1 HanpskeHHid Uy, = — 50,
—100; —200 B. IToctpoHTs rpadHK 3aBHCHMOCTH Ry = flULsp).

Ia, mA =0 °C

100
75
KT103 4 b
1
jﬂ P— - — LLL
. A
Uobp, B « 8
300 200 100 )
PPL o s 0y 08 e
0% g

f— 10
128 °C
3amaua 20

OnpeaendTs H3MeHeHHe NPAMOro Toka aas amoda J311A,
eC/IH H3BECTHO, WTO NpPH HIMEHeHHH NpaMoro Hanpmxexns Uy ot 0,2
a0 0,6 B xpyTH3Ha XapakTepHcTHRH 5 = 150 MOy
3amaua 21

[NocTpoHTs cXeMy ABYXMOTYTIEPHOIHOTO MOCTOBOTO BBIIPA-
MHTE/S ¢ eMKOCTHBIM CTIUKHBAIONIM QIIBTPOM H onpelemTs Kodd-
(PHIMEHT CrAAKHBAHKA NPH YCAOBHH, MTO AMILTHTYAA HANPSOKEHHI BTO-
pHuHO#A oOMOTKH TpaHchopmatopa Ly = 250 B, BMNpsMIeHHBIN TOK,
mpoxoasmHil uepes xaxasii moa, Iy = 50 MA, wacToTa cetn f, = 400 ',
eMKOCTh KoHAeHcaTopa prmeTpa Ce = 10 Mxd.

ITpn H3MeHeHHH NMpAMoro Hanmpskenns Uy, ot 0,2 10 04 B
anddepentmaTEHOe CONPOTHRIeHHe Anoaa R, = 36,4 Om. OnpenexuTs
H3MEHeHHe IPAMOTo TOKA JHOJA.
3amaua 22 _

OmnpeaeTHTs HA CKOJBKO HIMEHHTCS MpAMOe COMPOTHRISHHEe
onopHoro anoaa JI814A, ecan npr Toke cTabmmsaumn /. = SMA Ha-
NpoKeHHe CTADHIH3AIME H3MeHgeTcs oT 7 10 8,5 B

3agaya 23

Kakoe HanpmxeHme MOXHO CTAOHIHIHPOBATL HA HArpy3ke
OpH NoCIeJOBATEIEHOM BKTIONSHHH JIBYX OnopHRIX Juogos JI8141°, ka-
AIBIT H3 KOTOPEIX HMeeT HanpsoxeHne cTadmmamm U, = 10+12 B?

3amaua 24

Kax MOXHO BIHOUHTS B YIEKTPHYECKYIO CeTh JABA OMHOTHITHBIX
NOTYTIPOBOIHHKOBAIX JHOJA, PACCHTAHHLIX HA MAKCHMATBHO JOITYCTH-
MBI TOK 100 MA KaiIbIfi, €C7H B el MpoXouT Tok J = 150 MA?

3agaya 25

15



Ins maozos KII103A HanGonbmee oOpaTHOe HANMpSKeHHe
Ussp = 50 B. Kak MOXHO BXTIOMHTH TAKHe IHOILI B LeNb, B KOTOPO#
HMeeTCH Hanpsoxenne U= 8087
3agaua 26

JI1st 3a1aHHOTO TUIIA TPAH3UCTOPA PACCUUTATH €r0 MapaMeTpbl B KOHKPETHOW padboueit
TOYKE

3amaua 27

Hcmonp3ys cripaBoOYHBIC TTapaMETPhl 33IaHHOTO TPAH3UCTOPA, TIOCTPOHUTH €ro Padbodyro
00J1aCTh

3agaua 28
Jns tpan3ucropa KIT103M noctpouts Harpy3ounyto npsmyto npu Ec = 10 B; Re = 1
kKOwm.

3anava 29

[Io cemelcTBY BBIXOAHBIX (CTOKOBBIX) XapaKTEPUCTHK TIOJIEBOTO TpPaH3UCTOpa
(manmpumep, KI1031) mocTpouTth €ro cTok-3aTBOpHYIO Xapakrtepuctuky Ic = f(Usn) mis
Hanpspkenust Uch = const.

3amaua 30
[To cTOK-3aTBOPHOIN XapaKTEPUCTUKE TPAH3UCTOpA 3aJIAHHOTO THUIIA OINPEISTUTh
KPYTH3HY XapaKTepucTUuku S nipu pa3nuaabix Usn. [loctpouts rpaduk S = f(Usn).

B3. Tematuka pedepaToB U npe3eHTANNM
1. MOII-Tpan3uctopsl. OCHOBHbIE XapaKTEPUCTUKU U TEXHOJIOTUH U3TOTOBIICHHUS.
OOpaTHbIE CBS3H B YCHIIUTEISX.
Huddepenumanbapie ycunutenu Ha ounosspaeix 1 MOII-Tpan3ucropax.
MHorokackagaHble yCUIUTEIU MOIIHOCTH.
Onepaunonnsie yeunurenu Ha MOII-Tpan3ucropax.
OyHKIIMOHAJIbHBIE Y3J1bl HA 0a3e nHTerpaibHbeix OVY.
KMOII-unBepTop.
OnTo31eKTPOHHBIE TPUOOPHI.
9. IlpuHuuIb! paboThl U YCTPOMCTBO TUOIOB
10.UMnynbcHBIE CTAOUIU3AaTOPHI HATIPSIKEHUS.
11.McTrouHnKy CTaOMIBHOTO TOKA U HATIPSHKCHUSI.
12. Monynsiuus u nemoayisiuusa. CnekTpbl MOAYJUPOBAHHBIX CUTHAJIOB.
13.1udpossie curnansl. CoeKTpbl AUCKPETU3UPOBAHHBIX U HU(POBBIX CUTHAJIOB.
14. MynbTUBUOPATOPBI.
15.T'enepaTopsl UMITYJIbCOB Ha crienuanu3upoBaHHbix MC.
16. Ananoro-ugpoBsie mpeoOpazoBaTey.
17.1ludpo-ananorossie mpeodpazoBaTenu
18.Ludposbie u aHanoroBbie GUILTPHI.

e Al
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baok C. 3aI[aHI/lH NMPAKTUKOOPUCHTHPOBAHHOI'0 YPOBHSA 1JIsl IMATrHOCTUPOBAHUA

chopMHUPOBAHHOCTH KOMIIETEHIIUH («BJIAIETH))

C1. TecToBbBIC 3a1aHUA

Ilpo
Yro

ymume meKkcm 3a0anus u vloepume 0OUH GEPHbBLIL OMEEMm
TaKoe CTaOMJIUTPOH?

BapuaHm bl omeemoes.

a
0

B

T.

Ilpo

. JInoJ ¢ pe3KuM pocToM TOKa B 00paTHOM HampaBlIeHUU
. Tpan3ucrop mjist nepeKItoUYeHus

. KongeHcarop nepemeHHON EMKOCTH

Pesuctop ¢ nonoxurenbHbiM TKC

umume meKcm 3a0aHUA U 3b16epume OOUH 8€prlﬁ omeem

Kakoit wmatepuan oO0nagaeT OTpPUIATEIBHBIM TEeMIEPaTypHbIM
conpotusyienus (TKC)?
Bapuanmuvl omeemos:

a.

0

B

T.

Ilpo
Yro

Menp

. Tepmurop
. Huxpom
Bonbsdpam

umume mexkcm 3a0aHusa u 6vloepume 00UH 6EPHbLIL OMeEem
TaKo€ ONEPALMOHHBIA YCUITUTENh?

Bapuanm bl omeemoe.

a.

0
B.
r

YerpoiicTBO ¢ 0ueHb 00JBIINMM KO3(POUITUEHTOM YCUIEHUS
M cTOUHMK MOCTOSIHHOTO TOKA

[TpuGop 17151 U3MEpPEHUs YaCTOTHI

OuIbTp HUHKHUX YaCTOT

C2. 3agaum 11 penieHus

3amaua 1

3UTh M PACCYUTATh CXEMY C OMUTTEPHON K KOJIEKTOPHON cTabunun3auueii.

ko3 puLrieHTOM

HapucoBarb cXeMbl OJAMHOYHBIX K4aCKaJOB Ha TPaH3UCTOPE,
BK/TFOYEHHBIX 110 CXeMe ¢ 00LUM IMUTTEPOM, Ui CIEAYIOLMX cliy4daes: a) paboyas
TOYKa 3anaHa (UKCHpoBaHHBLIM TOKOM 0asbl, 0) pabouas Touka 3aaaHa (purcupo-
BaHHbIM HanpsokeHueMm Oaza — smurrep. Paccuurarh BeJIMYMHY pe3HCTOpa B LEnH
CMELUEHUs Ul cllydas «a» W BEIUYHMHY PE3UCTOPOB B LENU JEJUTeNs Uls cliydas
«b», ecin E, =10 B, R, =1 kOm, U, =5 B, p=50. IIpu Tex e ycnousax uzodpa-

3amaua 2
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OnHHOYHBIA Kackal YCHIMTENA Ha OHMOIAPHOM TPaH3HCTOPE
BKmo4eH 1o cxeme ¢ Ob. Tpansuctop uMmeer cieayiolue 3HaueHus h-napamerpos:
hy16 = 30 OM; hyys=2,4'10"% hyys=-0,99; hyys =210 Cm. PaccunTars K03 (ppuin-
€HT YCHJICHHS [0 TOKY, HANpAXKEHUIO0 H MOLIHOCTH, & TAKXKe BEJIMYHHY BXOAHOIO W
BBIXOJIHOIO CONPOTHB/JICHHH, €C/IH conpoTuBieHne Harpyskn R, = 15 kOm, BuyT-
peHHee conpoTHBieHHe HeTouHnka curnana R, = 1 kOm.

3amaua 3

Tpausucrop BkioueH no cxeme ¢ O3, h-napamerpsl TpaH3UCTO-
pa takoBel: hy;, = 1.8 kOm; hiy, =4510" hyy, =60 MkCMm. ConporuBiieHue Ha-
rpy3ku R, =5 kOm, BHyTpeHHEe CONpOTHBIEHHE HCTOYHHKA cHrHana R, =2 kOm.
HaiiT Ben4MHY BXOJHOIO M BBIXOJHOIO CONPOTHBICHUI, KO (HLHEHTB yeuie-
HHs1 110 TOKY, HAMPSHKEHHIO H MOLIHOCTH, eciu hyy, = 70.

3amaya 4
R2
1
| I—
R1 i
Uex > -
o S B ~_1 5 Usux

Pl
+
h.f’

Veaoeue sadauu: Haiimu xosp@uipuenm yeurenus no Hanpaxcesuio xacxaoa ¢ onepayjlionHsm
yeurumerem.

3agayga 5
C
| |
|
R -
Usx > }—— =
A B ~ 1 Usux
H+ — g
-

VYeaosue sadauu: Haiimu xos¢ppuyuenm yeurenua no Hanpaxcenuio xackaoa ¢ onepaylionHsim
youaumenem.

3amaua 6
R2
| |
C
R1
Usx > —
o A B - Usbix

C

Yeaosue saoaqu: Haiimu xosghgpuyuenm yeunenus no HanpaxceHuo kackada ¢ onepayuoHHeIM
yeunumenem.

18



3amaua 7

R
r
C
Bkt L[
Al l B . . Usebix
He
/
Veaosue sadawu: Haiimu xosgpguyuenm ycurenus no Hanpaxcenuio Kackada ¢ onepayuoHHbim
_\‘fff?f[]’ff?(’\f.

3agauya 8
[IpoBecTu ananu3 paboThl cxembl 3a1anHoro nementa TTJL.

3amaua 9
Jns 3aganHOM cxeMbl Joruueckoro saeMenta TTJII oObsCHUTh TPUYMHBI YITyUIICHUS
OBICTPOJICHCTBUS U KaK BBITIOJIHACTCS 3aJaHHas JIoruueckast yHKIIHS.

3amaua 10
CocTaBuTh JTIOTHUECKYIO cXeMy, BoinonHstonyo Gyukiuto 3V-HE Ha ocHoBe 6a3oBoro
sanementa K176JIIT1

3anmava 11
N300pa3uth cxemy, BbINOJHsAOMIYIO Jiornueckyo ¢ynkuuio 3UMJIM-HE, Ha ocHoBe
noruyeckoro snemenTa K176JII11 u 00bacHUTH ero padoTy.

3amaua 12

[Tonb3ysice cxemoil 6azoBoro joruyeckoro sneMmenta JCJI, OOBSICHUTH BBIOJIHEHHE
3aJIAaHHOM JIOTHYECKON (PYHKIIUM U yIIydIIeHHue ObICTpOAeHCcTBHS 110 cpaBHeHUIO ¢ TTJI-
DJIEMEHTOM.

3amaya 13

HapucoBate mpocreiimyro cxemy osnementa WWJI, ocoGenHocTn ero paboThI,
OOBSICHUTDH BBITTOJTHEHUE 33JIaHHOMN JIOTHYECKON (QYHKIHMH U Apyrre (yHKIUOHATHHBIC
BO3MOXHOCTH

3amaua 14
3anucarh B BUJE BOCBMHUPA3PSIHOIO JBOUYHOIO YHCIA CO 3HAKOM JOIMOJHUTEIbHBIN

KOJI YHCJIa MUHYC 35

3anaua 15
Ha xaxom BeIxoe nemudparopa NoBTOpsieTCs curHan 4?

19



D [T . 1[pc [o
N 'L 1
C & 2 2
3
=1 4 4
5
] 6
A——CE
3amaua 16
Kakoe uuncio 3aropurcst Ha 1MPPOBOM UHIAUKATOPE?
o |1 1| DC| 7
48H 2 4 12
———| A 4 4
8 1
5 - I
29H 16 1 | pc I
ﬁ/—)" B 33 —1 5
8 64 -
4 -
28 s
3amaua 17
VYkazarb BOCBMHUpA3psiAHOE CIOBO X (X7... X9), KOTOpO€ HaJ0 IMOJaTh Ha BXObI
MYJIBTHILIEKCOPa TUTSI peanu3anuu JIOTUYECKOH
byukun FFABC +AB C+A BC.
0] MS
8 .
7 o F
T g—
B 12
c 1y

C3. BoinosiHeHHe J1a00paTOpHOii padoThI

JlaGopaTopHasi pabora «McciieqoBanue moJiynipoBOAHUKOBBIX THOT0B»
eab padoThl

1. N3yunTh NpUHIUIT JEUCTBUSA U XapaKTEPUCTUKHA COBPEMEHHBIX THOJOB U
CTaOMJIMTPOHOB.
2. [IpnoOpecTd  HpakTUYECKUE HABBIKM IO  HKCIEPUMEHTAIbHOMY

ONPENICTICHUIO  XapaKTePUCTHK W  IMApaMETPOB  BBIMPSIMHUTEIBHBIX JTHOJOB U
CTaOMJIMTPOHOB.

3. 9KCHCpI/IM€HTaHBHO MOATBCPANUTL TCOPCTUICCKHUC 3HAHUA, ITOJTYUYCHHBIC HA
JICKOMOHHBIX 3aHATHUAX I10 IMOJYIIPOBOIJHHUKOBBIM IHUOAaM U CTa6I/IJ'II/ITp0HaM.
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IIporpamma patéoTsbl

1. B cpene nporpammel Electronics Workbench (unu nodo6rnoti) CMOAEIUPOBATH
CXEMy YCTAaHOBKM JUIsl MCCIEIOBAaHHSA CHayaia MpsSMOM, a 3aTeM OOpaTHOMl BeTBei
BOJIbTAMIIEPHOW XapaKTEPUCTUKHU BBIIPSIMUTEIBHOTO JUOAA.

2. OKCHEPUMEHTAIIBHO ~ MCCIIEI0OBaTh MNpPAMYIO W OOpaTHYIO BETBHU
BOJIbTAMIIEPHOW XapaKTEPUCTUKHU BBIIPSIMUTEIBHOTO JUOAA.

3. Ha ocHoBaHMM »KCHEPUMEHTAIBHBIX JAHHBIX PACCUUTATh JUHAMUYECKOE
CONPOTHUBJIEHUE IUOA MPU MPSIMOM U OOPATHOM BKJIIOYEHHH.

4. B cpene mnporpammsl Electronics Workbench CcMOnEIUpOBaTh CXEMY
YCTAaHOBKM JJIA HCCJEJOBAaHMS CHayajda TMpsSMOM, a 3areM oOpaTHON BeTBeH
BOJIbTAMIIEPHON XapaKTEPUCTUKH MTOJYyIIPOBOHUKOBOIO CTAOUIUTPOHA.

6. OKCNEepUMEHTAILHO UCCIE0BaTh MPSAMYI0 U 0OpaTHYIO BETBU BOJBTAMIIEPHOM
XapaKTEPUCTUKN CTAOMIUTPOHA.
7. Ha ocHOBaHWM SKCIIEpUMEHTAIBHBIX MJAHHBIX PACCUUTATh JUHAMHYECKOE

CONPOTHUBJIEHUE CTAOUIUTPOHA ITPU NPSIMOM U OOPATHOM BKIIFOUEHHUHU.

VYcraHoBKa AJig MCCIIEIOBAHUS MOJYNPOBOAHUKOBOIO JIMOAA BKIIIOYAET B ceOs
UJeaTbHbI MCTOYHHK TOCTOSIHHOTO HampspbkeHus E; uudpoBoit BoabT™MeTp PV ¢
BHYTpeHHUM comnpoTuieHneM 10 MOw; mudpoBoit amnepmerp P4 ¢ BHYTPEHHUM
conpoTuBieHueM 1 MOM U OOBEKT MCCIEIOBAHUN - BBIIPSIMUTENbHBIA nuoA VD u3
OoubnmoTeku generall.

HCCHGHOBaHHe HpHMOﬁ BCTBU BOHLTaMHepHOﬁ XapaKTepI/ICTHKI/I
BBINTPSIMUTEIBHOTO JIHO/1a IIPOBOIUTCS IO CXeMe pHc. 1, a 0OpaTHOI - 1Mo cxeme puc. 2.
A
—
—v VD | V]| Py

Puc. 1. Cxema asns uccneoBaHus MPSMON BETBU BOJIBTAMITIEPHON XapaKTEPUCTHKH BBHITIPAMUTEIHHOTO M0/

PA
| Al *
— E a0
— 0y V]| Py
®

Puc. 2. Cxema 151 uccnenoBanus 0OpaTHOM BETBH BOJbTAMIIEPHOM XapaKTEPUCTUKU
BBIIIPSIMUTENBHOTO THOAA

Jist  uccienoBaHus — MOJYNPOBOJHMKOBOTO  CTAOMJIMTPOHA  BUPTyaJibHAA
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YCTaHOBKA BKJIIOYAeT B ceOs: MIealIbHbI MCTOYHUK MOCTOSHHOTO TOKa I; 1u(poBOi
BOJIBTMETP PV ¢ BHyTpeHHHM corpotuBieaneM 10 MOw; mudpoBoit ammepmerp PA ¢
BHYTPEHHUM corpoTuBieHHeM 1| MOM U 00BEKT HUCCIeoOBaHUM - CTaOMIUTPOH VD u3
oubnuoTexu motorl.

HccnepoBanue mpsiMoil BETBH BOJIbTAMIIEPHONW XapaKTEPUCTUKHU CTAOMIMTPOHA
MPOBOAUTCS IO CXeMe pUC. 3, a 00paTHOM - IO cxeme puc. 4.

nOpﬂAOK BbINOJIHEHUA pa60Tb| npu wuccnenosaHun BbINPAMUTENIbBHOIO
auopa

I. O3HaKOMUTBCA € IJIEKTPUYECKUMHU CXEMaMM [Jid CHSTUS MNPSIMOH U
oOpaTHOM BeTBeH BOJBTAMIICPHOM XapaKTEPUCTHKU JHOJA BXOMSIIMMH B HHUX
npubopamu u dneMmentamu (puc. 1 u 2).

2. OTBeTuTh Ha KOHTPOJIbHBIE BOINpOChL. IlomyunTs paspemieHne Ha
BBITNOJIHEHHE J1a00PaTOPHOIT pabOTHI.
PA
| Al .
— /[
s F
— ¥ ‘
&
Puc. 3. Cxema niisa ucciie1oBaHus IPsIMOM BETBU BOJIBTAMIIEPHOU XapaKTEPUCTUKH
CTaOMIUTPOHA
PA
| Al *
T, & D
0 ma V]| Py
&
Puc. 4. Cxema uccienoBanusi 00paTHOM BETBU BOJIbTAMIIEPHON XapaKTEPUCTUKHU
CTaOMIMTPOHA
7. CobOpatp cxemy u3 pabo4MX AJIEMEHTOB, B COOTBETCTBUU C puc. 6.1.
CoenvHeHuE 3J1EMEHTOB MTPOU3BOJUTCS C TOMOIIBIO MBIIIH.
8. 3ajaTte 3HAYEHMsI [APaMETPOB DJIEMEHTOB, BXOMIAIIMX B COCTaB
UCCIIEYEMOM 3JIEKTPUYECKON CXEMBI.
9. BricTaBuTh HauanbHOE 3HaueHue HanpsikeHus 0 B, BKIOUUTh COOpaHHYIO

CXeMY U MPOU3BECTH U3MEPEHHMS TOKA U HAIIPSKCHMUS.
10. M3meHsas 3HaueHME napameTpoB UCTOYHHKA HanpspkeHus ot 0 mo 0,85 B u
PErUCTPUPYsl TMOKAa3aHUs aMmIepMeTpa M BOJBTMETPA, HMCCIEA0BATH NPSIMYI0 BETBb
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BOJIbTAMIIEPHON XapaKTePUCTUKH nuoja. Pe3ynbprarel mamepenuii 3anectu tadm. 6.1.

Tabnuma 6.1
Uy B i - -
: 0 0.2 0.4 0.6 0.65 0.7 0,75 0.8 0.85
Ipp. MA
;. OM
1. [lo »skcrepuMEHTaIbHBIM JAHHBIM pAcCUUTaTh M 3aHECTH B TaoOu. 6.1
3HAYEHUA MPSAMOT0 JUHAMUYECKOTO COMPOTUBIIEHUS U0
AU mp
Fy = ,
AIHp

Al

roe P Ui _ MPUPAIIEHUS TOKA U HAMPSOKEHUSI, ONPEICTICHHBIEC 110 BOJIBTAMITIEPHOMN
XapaKTEPHUCTHKE.

12.  HUccaenoBaTh 00paTHYIO BETBb BOJBTAMIIEPHOM XapaKTEPUCTUKH THOJA T10
cxeMme Ha puc. 1.5.

13.  H3menss 3HaueHue napaMeTpoB UCTOYHMKA HanpstkeHus ot 0 1o 300 B u
pEerucTpupys MOKa3aHUs aMIlepMETpa U BOJIBTMETPA, MCCIEAOBaTh OOpPaTHYIO BETBb
BOJIbTAMIIEPHON XapaKTEePUCTUKHU AUOJa. Pe3ynbTaThl M3MEpeHHs 3aHECTH B Ta0J. 6.2.

Ta0muna 6.2

Ussp- B 0 10 20 50 100 200 300

g0 MEA

14.  Jlna 3Hauenust oOpaTHoro HampsbkeHus: U,; = 200 B paccuurarh 3HaueHue
CTaTUYECKOr0 OOPATHOIO CONPOTUBIICHUS

R = Uo6p

c
I obp

15. TIloctpouth mpsiMyr0 U OOpaTHYIO BETBH BOJIbTAMIIEPHON XapaKTEPUCTUKU
muona I= f(U). Ilpsimyr0 BETBb anIpOKCHUMHUPOBATh ABYMsI OTPE3KaMU M OIPEIEIUTH
BEJIMYUHY NTOPOroBoro HamnpsikeHus U,q, Auona.

IHopsinok BbINMOIHEHHS PA0OTHI PH HUCCJIEI0BAHUM CTA0MIUTPOHA

1. Cobpatb cxeMy puc. 3 ais UCCIAEAOBAHUS MPSIMOM BETBU BOJIbTaAMIIEPHON
XapaKTePUCTUKHU CTAOUITUTPOHA.

2. 3aaaTh 3HAUYCHUS TAPaAMETPOB AIEMEHTOB MOJIEIUPYEMOU CXEMBI.

3. HccnenoBath  NpsSMYH0  BETBb  BOJBTAMIEPHOM  XapaKTEPUCTHKHU

CTaOMIIMTPOHA, U3MEHSISI 3HAUCHUS MCTOUYHMKA HamnpspkeHus ot 0 1o 1,2 B. PesynbraTh
W3MEpeHUI 3aHeCTH B Ta0II. 3.
Tabmuma 3

23



Ug,- B 0 0.2 04 | 055 | 0.6 0.7 0.8 0.9 1.0 1.2

Ip. MA
Fap- OM
4. CoOpatp cxeMy i HccleAoBaHUS OOpaTHOW BETBU BOJIbTAMIIEPHOM
XapaKTepUCTUKU CTaOUIUTpoHa (puc. 4).
3. HccnenoBarb  OOpaTHyt0  BETBb  BOJIBTAMIIEPHON  XapaKTEPUCTUKH

CTaOMJIMTPOHA, WM3MEHsAs 3HaueHHs ucToyHuka Toka or 0 go 100 MA. Pesynbrarbl
U3MEpPEHUI 3aHeCTH B Ta0I. 4.

6. [Toctpouts Trpaduk BOJPTAMIIEPHON XapaKTEPUCTHUKUA CTAOMIUTPOHA
(mpsAMYI0 1 OOPaTHYIO BETBH).

Tabmuna 4
Toep. MA 0 0.5 1 2 5 10 20 40 80 100
'["?06:.3- B
7. [To oOpaTHOI BETBH BOJBTAMIIEPHOUN XapaKTEPUCTUKUA ONPEIEIUTH:

MHHHUMAJITBHBIN cimin 1 MAKCUMATBHBIN ¢rma TOKM CTAOMIN3AIINY;

MUHAMATBHOE Ueimin © MAKCUMAIIBHOE Ucmax HATTPSIKEHUS CTAOMIIM3AIINH.
8. Paccuurarth:

Cp€aHCC 3HAYCHNEC TOKA CTa6I/IHI/ISaL[I/II/I

1 +/
] = CT max CTmin .
CT >
2
CpellHee 3HAUCHUE HAIIPSKEHUS CTAOMIIH3aITUN
U +
U. = CTmax CTmin
cT >
2
JINHAMHUYCCKOC COHpOTI/IBHeHI/IC CTa6I/IJ'II/ITpOHa B CCpC)II/IHC y4dacCTKa CTa6I/IJ'II/I3&III/II/I
1AL
—o0p

rne AUy, U Alosy- TIPUpAIIEHUsT HANPSDKEHUS U TOKa B cepeArHe padoyero ydacTka
CTaOMIUTPOHA.

9. [lo skcnepyUMeHTaJIbHBIM JAaHHBIM paccyuTaTh M 3aHeCTH B Tabm. 6.3
3HAYEHUS MPSAMOT0 JUMHAMUYECKOTO COMPOTUBIIEHUS CTAOMIIUTPOHA
. = AU, 7
AV,

rae Aly,, AUy, - IpupallieHusi TOKa U HANPSKEHUS, ONMPEACICHHBIE MO BOJIbTAMIIEPHOM
XapaKTEPUCTHUKE.
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Conep:xanue oTuera

1. [{ens 1 mporpamMmma pabOTHI.

2. CxeMbl BUPTYaJIbHBIX YCTAaHOBOK, BBIIOJTHEHHBIE 1O OTEYCCTBEHHBIM
CTaHJapTaM.

3. Tabmuibl W BOJIBTAMIICPHBIE XapaKTEPUCTUKH JHOJAa W CTaOWIMTpOHA,
MOCTPOCHHBIE 110 PE3yJIbTaTaM dKCIICPUMEHTOB.

4. PacueT 0OCHOBHBIX IMapaMeTpOB IUOa M CTAOMIUTPOHA.

5. Kpartkue BbIBOJIBI TIO padoTe.

KoHTpoJsibHbIE BONPOCHI

KaxoBsl 11€716 1 Iporpamma padoTsi?

Kaxkue BbI 3HaeTe moIypOBOJHUKOBBIE MAaTEPHAIIBI?

YeM OTIAMYArOTCS TOTYPOBOJHUKH 71- U P-TUTIOB?

Uro sBNIs€TCS OCHOBHBIMHM HOCUTEJISIMU B TTOJIYTTPOBOTHAKAX N-THMA?

UTo siBisIeTCS OCHOBHBIMU HOCUTEJISIMU B MOJYIPOBOIHUKAX P-TUIA?

Uro siBAsieTCS HEOCHOBHBIMU HOCUTEISIMU B MOJTYIPOBOIHUKAX N-TUMA?

UTo siBisieTCs HEOCHOBHBIMU HOCUTENISIMU B MOJYIIPOBOIHUKAX P-TUMA?

Urto npencraiisieT coO0M pn-nepexon?

0. N3 xakux moyrpoBOAHUKOB COCTOAT WOl U CTAOMIUTPOHBI?

10. KakoBbl Ha3HaueHWe U  OOJACTH  NPUMEHEHUS  MOJYIPOBOJHUKOBBIX
BBIIIPSIMUTENBHBIX TUOIOB?

11. KakoBbl HazHaueHWe W  OOJAaCTM  MPUMEHEHHS  MOJYNPOBOIHUKOBBIX
CTaOMIIUTPOHOB?

12.  Uro Takoe BoOJIbTAMIEpHAs XapaKTEPUCTHKA TMOJYIMPOBOJHUKOBOTO JHOJA
(crabunutpoHa)?

13. Kak o0003Ha4arOTCS TMOJYIPOBOJHUKOBBIC JHOABI W CTAaOWJIMTPOHBI Ha
MPUHITUITHATBHBIX JJIEKTPUUECKUX CXemMax?

14. Kakas BeTBb BOJBTAMIEPHOW XapaKTEPUCTHKU SBIAECTCA padouei s
CTAaOMJIMTPOHA, a KaKasi I BBIMPSIMUTEILHOTO Juoaa?

PN B LD =

Ilpu 3awume pezyromamos pabdomvl He0OXOOUMO 3HAMbL OMEemvl HA 6Ce
sbluLenepeyUCieHHble BONPOCHL U, KPOME MO20, HeOOX0OUMO YMemb:
1. OOBACHUTH YCTPONCTBO W TPHUHIIMI JACUCTBUSA TOJYNPOBOJHUKOBOTO THOMA U
CTaOMIMTPOHA.
2. OOBSICHUTH TOBEICHUE BOJIHTAMIIEPHONW XapaKTEPUCTUKHU TOIYITPOBOTHUKOBOTO
JMo/a ¥ CTAaOMIIMTPOHA.
3. HapucoBaTh npHHIUMHAIBHBIE AIEKTPHUUYECKHUE CXEMbl YCTAHOBOK IS CHATHS
BOJIbTAMIIEPHBIX XapaKTEPUCTUK TUO/IA U CTAOMIMTPOHA.
OnpenenuTs U3 BOJBTAMIICPHBIX XapPAKTEPUCTHK JAMOJA M CTAOMIMTPOHA WX OCHOBHBIC
napameTphl.

JlabopaTopHas padora «McciieqoBanue moynpoBOAHUKOBBIX BBINIPAMUTEICH»
Llenv pabomsi: W3YYWTh NPUHLMUI JCHCTBUS U OCHOBHBIE XapaKTEPUCTUKU
0JIHO(A3HBIX BBINPSAMUTENEH, O3HAKOMUTBLCS C MPUHIMUIIOM JIEUCTBUS U OCHOBHBIMU
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XapaKTEPUCTHKAMU CTJIAKUBAIOIINX (DUITBTPOB.

IIporpamma padoThl
1. B cpene nmporpammsl Electronics Workbench cMOIEIHpOBaTh CXEMY YCTaHOBKH
JUISL  MCCJIEIOBaHUS  OJHOMNOJYNEPUOAHOTO, JBYXIOJYNEPUOJHOTO W  MOCTOBOIO
BBITIPSIMUTEJIS.
2. OKCHepUMEHTAIbHO HOJIYy4YUTh BHEIIHIOIO XapaKTEPUCTUKY
OJIHOTIOJTYTIEPUOTHOTO,  ABYXIIOIYIEPUOJAHOTO M MOCTOBOI'O  BBIIPSIMUTENS, 0€3
€MKOCTHOTO (UIIbTpA.
3. DKCIEpUMEHTAIBHO MOJIyYUTh BHEILIHIOIO XapaKTEPUCTUKY
OJIHOTIOJIYNEPUOJIHOTO,  ABYXMHOJYINEPUOAHOTO M  MOCTOBOIO  BBIIPSAMUTENS, C
€MKOCTHBIM (PHIIBTPOM.

4. Beruucnuth cpegHee 3HAUYCHHE HANpsDKEHUS W KOA(PGUIMEHT yJIbCaIUid
PA3JIMYHBIX BBIITPSIMUTEIECH.
5. Ornpenenenue 3aBUCUMOCTH aMIUIUTY/Ibl IyJIbCAIlUM BBIXOJHOTO HAMPSKEHUS OT

TOKa Harpy3KH JUIsl OJJHOMOJIYIEPUOAHOTO BBITPSMUTENS 1 MOCTOBOTO BBIIPSIMUTEIS C
buabTpamH.

NMopsaaok BbINONMHEHUA paboTbl NMPU UCCIIEIOBAHUK OXHOIOIYIIEPHUOIHOTO

BBITIPSIMUATEITSI
1. Cobepute Ha pabodem mojie CXxemy, OKa3aHHYI0 Ha puc. 5.
2. Uccnenyiite paboTy BeIIpsIMHUTENS 0€3 €MKOCTHOTO (DUIBTPa, OTKIIOYUB

ero. Ha Bxox A ocrmmiorpada mojaercsl BEIXOJIHONM CHTHAJ, a Ha BX0J B - BXOJIHOIA.
3apucyiTe OCIHILIOIPAMMBI.

3. N3meppTe MakcUMaldbHbIE BXOJHBIE U BBIXOJHbIE  HANpPsHKEHUS.
VYcranaBnuBas pa3auyHbIE 3HAUEHHUS COMPOTHUBJICHUS HArpy3Kd  BBIIPSIMUTENS
(pe3uctop R1), cHUMHTE MOKa3aHUs BOIBTMETPA U aMIIEpMETpa, 3aHecs ux B Ta0m. 6.5.

Puc. 5. OqHononynepuoiHbINA BHIPAMUTETD
4. [Toctporite BHEILIHIOKO XapaKTEPUCTUKY OJHOIIOJIYIIEPUOIHOTO
BBIIIPSMUTEIS, paboTaromniero 6e3 eMKOCTHOTO (hUIIbTpA.

26



3. [ToakmrounTe EMKOCTHBIM (GUIBTP, CHUMHTE M TIOCTPOMTE BHEIIHIONO
XapaKTEPUCTHUKY BBIIPSIMUTEIS] AaHAJIOTUYHO PAHEE ONMKMCAHHOMY.
6. 3apucyiTe OCIMILIOrPaMMBbl HAPSIKEHUN MPU JBYX PA3TUYHBIX 3HAUEHUSIX

eMKOCTeN (PUIIBTPYIOIIET0 KOHIEHCATOPA.
Tabnuma 5. BHenHss xapakTepucTHKa OTHOTIONYIEPHOTHOTO BBITIPSIMUTENS

ITapamerp bes duasTpa C eMKOCTHBIM (DHIIBTPOM
U,,B
I, MA
7. Boeruncnute 1151 ’TUX 3HAUYCHHUM €MKOCTEH KOHJeHcaTopa (GUiibTpa cpeHee

3HAYEHUE HANPSHKEHUS U KOOPGULKUEHT MyJIbCALUM.

NMopsaAaok BbINOMTHEHMUA PabOTbl NPU KCCIICIOBAHNH JIBYXIIOIYIEPHUOTHOTO
BBITIPSIMUATEITSI C OTBOJIOM OT CPEAHEH TOUKH
1. Cobepute Ha paboueM MoJie cxeMy, MOKa3aHHYIo Ha puc. 6.

%', Oscilloscope x|
Z0ooM GROUMD (-
TIME BASE TRIGGER
EpGE M@ 3| @&
® POS LEVEL [0o0 3
EEEd 66 no6| | BHEEA ) B ExT ] ]I
CHANHEL A CHANHEL E | =
[ 1 w/Di =] 5 wiDi = Lol
v Pus:V 0.00 a‘ v Puslu|uuu E ".{;;"-‘ _ SETTINGE| @
acie/Bl = | ecleo/H@ @ F/o & -
10 (, x_ 0z %] h;
bl Fon_Af—— |
NC 13 - a 2 T 1:;:'&
A A {[En A
Puc. 6. JIByXnosrynnepruoaHbIi BBIIPSIMUTENb C OTBOJAOM OT CPEHEN TOUKHU
2. Uccnenyiite paboTy BRIPIMUTENS 0€3 MHAYKTUBHOTO (DUIIBTPA, OTKIIFOYUB
€ro C MOMOIIBIO BBIKJIFOUYATEIISI. 3apUCYHTE MOTYYEHHbBIC OCIIMILIOTPAMMBI.
3. N3meppTe  MakCUMalIbHbIE  BXOJHBICE W BBIXOJHBIC  HAIPSHKCHHUS.

VYcranaBiauBass pa3fiMyHbIE 3HAYEHUSI CONPOTUBICHHUS HArpy3KH  BBIIPSIMUTEIS
(pesuctop R1), cHUMHUTE TOKa3aHUS MyJIbTUMETpa, pabOTAIOMIET0 B PEKUME
BOJIBTMETPA, ¥ aMIIEPMETPOB, 3aHeCs UX B TaOm. 6. AMmepMeTpsl A; U Az U3MEPSIOT

NOCTOSIHHYIO COCTaBIIAIONIYI0, a amiepmerp A, - mnepeMeHHyr. CpaBHUTE UX
MTOKA3aHUs.

4. [TocTpoiite BHEIIIHIOIO XapaKTEpUCTUKY JBYXIIOJIYTIEPUOJHOTO
BBITIPSIMUTEISI, pabOTaroIIero 6€3 WHIYKTUBHOTO (PUIbTpAa.

3. [loaxnrounTe MHAYKTUBHBIN (UIBTP, CHUMHUTE M TOCTPOUTE BHEUIHIOO
XapaKTEPUCTUKY BBIIPSIMUTEIA aHAJIOTUYHO PaHEE OIIMCAHHOMY.

6. 3apucyiTe OCHMIIIIOTPaMMBbl HANIPSKEHUH TP IBYX PA3JIMYHbBIX 3HAUEHUSAX

(GUIBTPYIOMIUX UHIYKTUBHOCTEH.
Tabnuna 6. BHemHss XapakTeprCcTHKA IBYXIIOIYTIEPHOAHOTO BRIIIPSIMUTENS C OTBOJIOM OT CpeIHEH
TOYKHU
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ITapamerp be3 punbtpa C MHAYKTUBHBIM (PUIBTPOM
U,,B
I, MA
7. Beluucnure s 9TUX 3HAYCHMM MHAYKTUBHOCTU (WIBTpa CpeaHee

3HAaYEHUE HAMPSHKEHUS U KO3OP(GUILIUEHT MyJIbCaIlHii.

Mopsgok BbINONHEHMA pPaboOTbl  NPU  UCCIEIOBAHUM  MOCTOBOTO

BBITIPSIMUTEIISI
1. Cobepurte Ha paboyeM MoJjie cXxemy, MOKa3aHHYIO Ha puc. 7.
2. Uccnenyiite pa®oTy BbIIpAMUTENS 0€3 €MKOCTHOrO (PuibTpa. 3apucyiire
OCUMJIJIOTPAMMBI HAPSIAKECHUM.
3.  U3meppTe MakcCHUMallbHble BXOJHBIE ¥  BBIXOJIHBIC  HAIPSHKCHHUA.

VYcranaBiauBas pasfMyHbIE 3HAYCHUSI CONPOTUBICHUS HArpy3KH  BBIIPSIMUTEIIS
(pe3ucrop R1), cHuMuUTE Moka3zaHusl BOJIBTMETpPA U aMIIEpMETpa, 3aHECS UX B TaOJIUIlY
6.7.

4. [TocTpoiite BHEIIIHIOIO XapaKTEpUCTUKY OJIHOIIOJTYTIEPUOTHOTO
BBINIPSIMUTEIISI, paboTaroiiero 0e3 eMKOCTHOTO (PHIbTpa.

3. [ToaxnrounTe €MKOCTHBIM GUIBTP, CHUMHTE M TIOCTPOMTE BHEIIHIONO
XapaKTEPUCTHUKY BBITPSIMUTEII AHAIIOTUYHO PAHEE ONMHUCAHHOMY.

6. 3apucyiTe OCHMILIOrPAMMBbl HATPSIKEHUN MPU JIBYX PA3IUYHBIX 3HAUCHUSIX
eMKOCTEeH (UIBTPYIONIETO KOHICHCATOPA.
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H

Puc. 7. MOCTOBOM BBIIIPSIMUTEID
Tabnuua 7. BHemHs XapakTepUCTUKA OAHOOIYTIEPUOIHOTO BEIIPSIMHUTEIS

IMapameTp Be3 puisrpa C eMKOCTHBIM (pHITBTPOM
U,.B
I, MA
7. Berauciure s 3THX 3HAUCHUH €MKOCTEH KOHJIEHCaTopa GUIbTpa CpeIHee

3HaYEHWE HAMIPSHKEHUS M KO3(PGUIIUEHT MyJIbCAIIH.

MopsaoK BbINONMHEHUA PaboTbl MNPU  ONpEAelieHHHd  3aBUCHMOCTH
AMILIUTY AbI myJbCalun BBIXOJHOTO HaIpsAKCHUA oT TOKa Harpy3kKu JJIsL
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OJTHOTIONTYTIEPUOTHOTO BHIMPSIMHUTEIS U MOCTOBOTO BBIMPSMHUTENS C (GUITBTPaAMHU
CHATh 3aBUCUMOCTb aMIUIUTY/Ibl MYJbCALIMM BBIXOJAHOTO HAMPSHKEHUS OT TOKa
HArpy3KW JUIS BBIIPAMUTENCH ¢ (QUIbTpaMu, 3aHOCSA TOKa3aHus B Tabmmiy 8. Tok

Harpy3KH clIeyeT U3MEHATh MHTEPBAJIaMu B 5 MA.
Tabmuma 8. 3aBUCUMOCTH aMIUTUTYAbI MyJIbCAIIUIl BBIXOAHOTO HAMPSKEHUS OT TOKa Harpy3Ku

[Tapamer OpHonomyneproHoe JIByXIOTyIEPHOAHOS
b b BBIIPAMJICHUC BBIIpAMIIEHHE (MOCTOBAs CXEMA)
U Ty e, > MB
I, MA

KonTposbHbIE BOIIPOCHI

1. YTO NpPOUCXOIUT C BBIXOAHBIM HANPSKEHUEM BBIIPAMUTENS IPU POCTE
TOKa Harpy3Ku: HaIpsDKEHUE pacTeT, NaJaeT Wil OCTAeTCS HEU3MEHHBIM?

2. B kakoMm ciiywae cpegHee 3HAUYEHME HAIPSOHKECHHs BBIIPSIMUTENSA IPpU
M3MEHEHUM TOKa Harpy3KU U3MEHSIETCS 3HaUuTeNbHee: 0e3 PuibTpa ¢ GuiabTpom?

3. B kakoil cxeMme BBIIPSIMUTENSA NPU OJHOM M TOM KE€ CPEAHEM TOKE Ha-
Ipy3KM TeyeT OONbIIMKA TOK uepe3 NPOBOJALIMN [HUOA: B JBYXMNOJYNEPUOAHOU
MOCTOBOM, B OJHOIIOIYIIEPUOJHOM, B IBYXIIOJIYIIEPUOIHON CO CPEAHEN TOUYKON U ABYMS
auonamu’?

4. Kak 3aBUCUT HanpspkeHUE MyJbCalliil BBIIPSIMUTENS ¢ QUIBTPOM OT TOKa
Harpy3KH: HapsKEHUE MyJIbCalluil MaJaeT, pacTeT, OCTAeTCsl HEU3MEHHBIM ?

3. OarHaKOBBI JIM YaCTOTHI BXOJIHOTO M BBIXOJHOI'O CUTHAJIOB B CXEMaX OJHO-
Y JIBYXITOJIYIIEPUOIHOTO BBIITPSIMUTENEH?

6. KakoBbl paznmnuusi MeXIy BXOOHBIM M BBIXOJHBIM CHUTHAjJlaMH OJHO- U
JBYXIIOJIYTIEPUOJAHBIX BBIIPSIMHUTENCH?

7. Kakne QaxTopsl BIHMAIOT HA BEIWYHHY KOX(h(UIMEHTa MyJIbCAlMid BBI-
IPSIMUTEINS C EMKOCTHBIM (DUIIBTPOM Ha BbIXOJ1€?

8. CpaBHUTE CcpeHNE 3HAYEHHUs BBIXOJHOIO HAIPSIKEHHUS JUISI CXEM OIHO- U

JIBYXTIOJIYTIEPUOHOTO BBIIPSIMUTENICH C €MKOCTHBIM (UIBTPOM Ha BBIXOAE IMpHU
OJIMHAKOBBIX Harpy3Kax.

Kak BKIIIOUAIOT KOHAEHCATOP M JAPOCCENb CrIaKUBAIOUIEro (UIbTpa OTHOCUTEIHHO
Harpy3ku?

JlabopaTopHasi padora «MccieqoBanne OUNOJISIPHOTO TPAH3UCTOPA»

Lens paboTh: M3y4YUTh MPUHIUN JEHCTBUS W XapPaKTEPUCTUKHU OHUMOJISIPHBIX
TpaH3UCTOPOB. O3HAKOMUTHCS C METOJUKON CHSATHUS BOJbTAMIIEPHBIX XapaKTEPHUCTHK
TPaH3UCTOPOB.

IIporpamma padoThI

1.  HccnenoBaHue 3aBUCMMOCTH TOKa KOJUIEKTOpa OT ToKa ©0a3bl H
HanpspKeHUs: 6a3a-dMUTTED.

2. AHanu3 3aBUCUMOCTH KO3 (UIIMEHTA YCUICHHUS M0 MOCTOSHHOMY TOKY OT
TOKa KOJIJIEKTOpA.

3. HccnenoBanue paboThl OUIIOISIPHOTO TPAH3UCTOPA B PEKUME OTCEUKH.
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4.  TlonmydeHHe BXOAHBIX M BBIXOJHBIX XapaKTEPUCTUK TPAH3UCTOPA.
5. Omnpenenenue kodhHUIMEHTA TEpeavn 10 IEPEMEHHOMY TOKY.
6.  HccrenoBanue JUHAMHYECKOTO BXOHOTO COTIPOTHBIICHUS TPAH3UCTOPA.

[MopsiaoK BbINOSTHEHUS pabOThl NPU onpeaeieHHH CTATHYeCKOTo Kod(pdummeHTa
nepeaavd TOKa TPAH3MCTOPA

1. Cobepure Ha paboueM Iojie cxeMy, IOKa3aHHYI0 Ha puc. 8. BKIIIOUnTh cxemy.
3anucath pe3yJbTaThl U3MEPEHUS] TOKa KOJJIEKTOpa, TOKAa 0a3bl M HaNpsKEHUsS KOJI-
aexTop-amMutTep. [lo monydeHHBIM pe3yibTaTaM IMOACYUTATh CTaTUUYECKU K03(pdu-
LMEHT NIEpEIauu TPAH3UCTOPA.

2. N3menuts HoMuHan ucrtounuka IJ[C Eg no 2,68 B. Bximountsh cxemy.
3anucaTh pe3yNbTaThl M3MEPEHUs TOKa KOJUIEKTOpa, TOKa 0a3bl M HaNpsKEHUS
KOJUIEKTOP-3MUTTEp. [10 moayueHHbIM pe3yibTaTaM MoAcunuTaTh Ko3hGUimeHT PBoc.

Ppc = —MK -
Al
3. N3mennts HoMuHan uctounnka J[C Ex 5 B. 3amycturs cxemy.
T Ek

* 10w

Rb
100 k Ohm
ZN3804
— ]
— &

AT

Puc. 8. Cxema it onpe/ieNieHns: CTaTH4ecKoro ko3 QuimenTa nepenavyn
TOKa TPaH3UCTOPA

4. 3anucarth pe3yJbTaThl HU3MEPEHUsT TOKAa KOJJIEKTOpa, TOKa 0a3bl U
HanpspKEHUsT  KOJUIEKTOpP-3MUTTEP. [lo  mMOMydYeHHBIM pe3yJibTaTaM  IOJACYUTATh
CTaTU4eCKui KO03(P(ULMEHT Nepenayu TpaH3ucTopa Bpc. 3aTeéM YCTAHOBUTh HOMHUHAI
Ex paBHbiM 10 B.

[MopsiAoK BbINOMHEHUS pabOoThl MPY u3MepeHnH 00PATHOI0 TOKA KOJLJIEKTOpa

Ha cxeme puc.8 m3smenuts HoMuHan uctounuka I/C Es mo 0 B. Bxmouuts
cXeMy. 3anucaTth pe3yjabTaThl U3BMEPEHUS TOKA KOJJIEKTOpPA JUIsl TAHHBIX 3HAYEHUN TOKA
0a3bl U HAMIPSKEHUS KOJUIEKTOP-IMUTTED.

[MopsiAoK BbINOSIHEHUS PabOThbl NPU NOJIy4eHHM BBIXOAHON XapaKTepHCTHKH
TPaH3ucTOpa B cxeMe ¢ 0D
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1. B cxeme (puc. 8) mpoBecTu U3MEpEHHUs TOKa KoJuiekTopa Ik s Kaxaoro
snauenus Ex u Eg. [To aTum marasiM mocTpouTs rpaduk 3aBucumocta Ik ot Ex.

2. Ha pabGodem mose mporpaMMbl coOpaTh cXeMy, H300paXeHHYIO Ha puc. 9.
Bxmrounts cxemy. 3apucoBaTh  OCHMJUIOTPAMMY  BBIXOJHOM  XapaKTEPUCTHKHU.
[ToBTOpUTh W3MEpeHUs s pa3HbiX 3HaueHWd Egy. OcuwuiorpaMMbl  BBIXOJIHBIX
XapaKTEPUCTHK JJI Pa3HbIX TOKOB 0a3bl HEOOXOIMMO U300pa3uTh Ha OJJHOM rpaduke.

3. [To BBIXOJHOHN XapakTEpPUCTHKE HAUTH KOA(D(UIMEHT Nepenayn ToKa MpH
n3MeHenuu 6azosoro Toka ¢ 10 MA 1o 30 MA, Ex =10 B.

[awlE

1k Ohm

Fh r——
100 k Chim - -
AVAVAY Mzmgm 0
— @zn Wi100 Hz/0 Deg
A

Puc. 9. Cxema mist moTydeHusT BEIXOAHOW XapaKTepUCTUKH TpaH3uCcTopa B cxeme ¢ O3

Mopsagok BbIMNONHEHNA paboTbl NPY NOJYyYeHHH BXOAHOW XapaKTEePHCTHKH
TpaH3ucTopa B cxeme ¢ 09

1. Cobpatb cxemy (puc. 8). YCTaHOBUTHh 3HAUYCHHE HAMPSHKEHUS MCTOYHUKA
Ex paBabiM 10 B 1 nmpoBecTu uzmepenus: Toka 6a3bl I, Hanpsbkenus 6a3a-amuttep Uss
TOKa sMHTTEepa 5 AN pasnuyHBIX 3HAYCHWI HampsikeHus uctoynuka Eg. OOpatuth
BHUMAHHE, YTO KOJUIEKTOPHBIM TOK PUMEPHO PABEH TOKY B LIENINA SMUTTEPA.

2. [Toctpouts rTpaduk 3aBUCHMOCTH TOKa 0a3pl OT HampspKeHHsT Oasza-
IMUTTEP.

3. CobOpatp cxeMy, wuzoOpaxkeHHyro Ha puc. 10. Bxiaouuth cxemy.
3apucoBaTh BXOJHYIO XapaKTePUCTUKY TPaH3UCTOPa, COOJII0Aast MacTao.

4.  Tlo BXOmHOHM XapaKTEPUCTHUKE HAWUTH COMPOTHUBIICHUE I'px MPU U3MCHCHHH

0azoBoro Toka ¢ 10 MA 1o 30 MA.
Ipx = Iy +Ppe - 15
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v

1 Ohm -
&) R
. —— 500 k Ohm
—+ | — ATAVAY » MENSBM

TS| T

2.7VM00 Hz0 Deg —

Puc. 10. Cxema y1s mosryueHus! BXOJAHOM XapaKTepUCTUKU TpaH3ucTopa B cxeme ¢ 00

[MopsiAoK BbIMNOMHEHUA paboTbl NPU MOJy4YeHHH BXOJHOH XapaKTePHCTHKH
TPAH3UCTOPA B cXeMe ¢ o0mieil 0a30i
1. IMocTpouts rpaduk 3aBUCUMOCTH TOKA HSMUTTEpa OT HampsDKEHUs 0aza-

IMUTTED.

2. OTkpeITH aiin co cxemoil, n300paxkeHHoM Ha puc. 11. BximounuTts cxemy.
3apucoBaTh OCHUIUIOTPAMMY MOJYyYEHHON XapaKTEPUCTUKHU.

3. I[Io mosiyyeHHOW XapaKTEpPUCTUKE HAWUTU CONPOTUBICHUE Iy IIpU

n3MeneHnu 06a3zosoro toka ¢ 10 MA 1o 30 MA.
AUy Ugs, —Ugy,

Q‘IB IE.Z o IBl
4. Haiitu conportuBienue r; mo gpopmyse r» = 25 MB/I», ucnonb3ys 3HaueHue
I, ipu [z = 20 MA.

Ipx =
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[E—

Rhb =
500 k Chm
ATAVAY L F‘xZNEQDd
T Ek
T 2W

E—L}<t o [J,}-<J_’ 1 Ohm

57100 Hz Deq

Puc. 11. Cxema aiis mosry4eHusI BXOTHOUW XapaKTepUCTUKH TpaH3ucTopa B cxeme ¢ Ob

KOHTpOJIbHLIe BOIIPOCHI

1. OT 4ero 3aBUCHUT TOK KOJUIEKTOpa TpaH3ucTopa?

2. 3aBucut U KodpPUIUEHT Ppc OT TOKa KosuiekTopa? Ecim na, To B Kakowu
creneHu? OOOCHOBATH OTBET.

3. YTO Takoe TOKU YTEUKU TPAH3UCTOPA B PEKUME OTCEUKH ?

4. Yro MOXHO CKa3zaTh O 3aBUCMMOCTH TOKa KOJUIEKTOpa OT TOKa 0a3bl U
HaIPSHKEHUS KOJUIEKTOP-3MUTTEP MO BBIXOAHBIM XapaKTEPUCTUKAM ?

5. UTo MOXKHO CKa3aThb II0 BXOJHOW XAapaKTEPUCTHUKE O PpaA3JIUYUHA MEKITY
nepexoaoM 0aza-3MUTTEP U IUOAOM, CMELIEHHOM B IIPSIMOM HAINpPaBJIEHUN?

6. OanHaKoBO JIM 3HAYEHHUE I'px B KOO0 TOUKE BXOJHON XapaKTEPUCTUKH?

7. OanHakoBO JIM 3HAYEHHUE T's TIPH JIFOOOM 3HAYEHUU TOKA AIMUTTEPA?

8. Kak oTnnyaercss mpakTUYeCKoe 3HAY€HHUE COMPOTHUBIICHUS I's OT BBIYMCIEHHOIO

o ¢opmyiie?

JlabopaTopHasi padora «McciaenoBanue 1moJieBoro TpaH3ucTopa»

Lens paboOThl: W3YYUTh NTPUHIMUI JACHUCTBUS U XapPaKTEPUCTHKU MOJEBBIX
TpaH3UCTOPOB. O3HAKOMUTHCS C METOJMUKON CHATHUS BOJBTAMIIEPHBIX XapaKTEPHUCTHK
TPaH3UCTOPOB.

IIporpamma padoThI
CHsTHE CTOKOBBIX XaPAKTEPUCTUK TOJIEBBIX TPAH3UCTOPOB;
CHsTHE CTOK-3aTBOPHOM XapaKTEPUCTUKH MOJIEBBIX TPAH3UCTOPOB;
Beluncnenne KpyTU3HBI CTOK-3aTBOPHOM XapaKTEPUCTUKH IOJIEBBIX TPAH3UCTOPOB.

]_—[J'I}I HCCJIICA0OBAaHU CeMEHCTBA BBIXO/JHBIX BAX noneBoro TPaH3UCTOpPA B CXEMC C
OU mokeT OBITH HCHOJB30BaHA CXEMa Ha pHuc. 12. Ona COACPKUT HMCTOYHUK HaA-
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NpsbKeHUs 3aTBOP-UCTOK U,, mccienyembil Tpan3uctop VT, ucrounuk nurtaHust Uc,
BOJbTMETP Uy U1 KOHTPOJISI HANPSDKEHUSI CTOK-UCTOK U amnepmetp lq 1 n3mepenns
ToKa cToka. Beixognas BAX cHumaercs npu (puKCHpoBaHHBIX 3HaueHUsX U, myTem
n3MeHeHus HanpspkeHust Uq 1 u3mepenust Toka croka lq. Hanpsixenne U, pu koTOpoMm
TOK 4 mMeeT O5IM3K0e K HYJII0 3HAUEHHUE, Ha3bIBACTCS HANpsIiCeHUeM OmCeyKu.

—+—__Al
rzn4393
L -
— Uit
L Ukb —
— 1y Ueb ——1ov
& & &

Puc. 12. Cxema mns uccnenoBanus BAX moiaeBoro TpaH3ucTopa ¢ yIpaBISIONIAM P-N-MIEPEX00M

Jns uccnenopanus xapakrepuctuk M/III-TpaH3uCTOpOB UCIIONB3yETCS CXeMa Ha
puc. 13. C ee mOMOWIBIO MOKHO NOJYYUTb CEMENUCTBO BBIXOJHBIX XapaKTEPHUCTUK
MJII-Tpan3ucTopoB npH (PUKCUPOBAHHBIX 3HAUYECHMSIX HampshkeHus Ha 3atBope U, u
nomioxke U, Pacrionaras TakuMu XapakKTEpUCTUKAMH, MOXKHO ONPENEIUTh KPYyTU3HY
TPAaH3UCTOPAa S TMpU YOPaBIEHWH CO CTOPOHBI 3aTBOpPA, a TAaKXKE KPYTU3HY IIpU
YOPABJICHUH CO CTOPOHBI MOIOKKH S, = Aly/AU,; cratmyeckuid kodPduieHT
yewnennst M = AUy /AU,; BeixogHoe auddepenimanbHoe conpotuBierne Ry = AUW/Aly
U IpyTUe MapaMeTphl.

o— [ Al
a i 1
S —
_— 0.5V — 10w
—qy Ueb Uk
L > L >

Puc. 13. Cxema mns uccnenoBanus xapakrepuctuk M/II1-TpaH3uctopos

MopsagoK BeINONHEHNA paboThl NPU CHATHH CTOKOBBIX XapaKTEPHCTHK
CobGepute Ha pabouem mojie cxeMy (puc. 12) u Bxiatounte cxeMy. CHUMUTE CTOKOBBIC
XapaKTEPUCTUKU TOJIEBOTO TPAH3UCTOpPA C P-N MEPEXOJOM M KaHajIoM n-tuma: [, =
f(Ucu), Usu = const. TlepBonayanbHo yctaHoBUTh U, = 0, a 3aTeéM CHUMHTE CTOKOBBIE
XapaKTEPUCTUKU MOJIEBOTO TPAH3UCTOPA C IBYMsI APYTUMU 3HAYEHUSAMH U,
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2. B cooTBEeTCTBMM C TIOJYYEHHBIMU [JAaHHBIMU [OCTPOMTE CTOKOBBIE (BBIXOJHBIEC)
XapaKTEPUCTUKH MOJIEBOTO TPAH3UCTOPA.

[MopsiaoK BbINONHEHUS paboThl MPU CHATHH CTOK-3aTBOPHOI XapaKTePHUCTHKH

1. Cobepute Ha pabouem mosie cxemy (puc. 13) u BriIouute cxemy. CHUMHTE CTOK-
3aTBOpHBbIE Xapakrtepuctuku mnoneBoro Tpansuctopa: [ = f(Us), U, = const.
VYeranoBute Uy, = 10 B, u cHumuTe nokasanusi npuOopoB npu 3ToM 3HaueHuu aist Us,
u L.

2. B cooTBercTBHHM C MOJYYEHHBIMH JIAHHBIMU TTOCTPOIMTE CTOK-3aTBOPHBIE Xa-
PaKTEPUCTUKHU TOJIEBOTO TPAH3UCTOPA.

[Mopsagok BbINOMHEHMA PaboTbl MNPV BHIYMCJIEHHM KPYTH3HBI CTOK-3aTBOPHOI

XapPaKTePUCTHKHU
Onpenenure KPyTU3HY CTOK-3aTBOPHOM XapaKTEPUCTUKH 1O (hopmyJie
_ dl,
dU

3H

npu U, = const.

TunuyHble 3HAUCHUS TapaMETPOB TPAH3UCTOPOB:

U,, =0,8 - 10 B - HanpskeHUE OTCEUKY;

Ri1=10,02 - 0,5 MOwM - BHyTpeHHEE CONPOTUBIICHUE TPAH3UCTOPA;
S =0,3 - 7 MA/B - KpyTH3HAa CTOK-3aTBOPHOHN XapaKTEPUCTUKH;
Rix = 10° - 10° OM - BXOJHOE CONMPOTUBIEHUE TPAH3UCTOPA;
Cis=Ce=6-200d, C,c =2 - 8 1D - MEKIIECKTPOAHBIE EMKOCTH.

KonTpoJibHbIE BOIIPOCHI

1. Yem 00yCIIOBICHO Ha3BAaHUE TIOJIEBBIX TPAH3UCTOPOB?

2. YeM 0OBSACHSETCS YIPABISIONIME CBOMCTBA MOJIEBBIX TPAH3UCTOPOB C p-N-
nepexoaom?

3. B yeMm paznuuue moJIEBBIX TPaH3UCTOPOB M TPAH3UCTOPOB C P-N-NIEPEXOJOM U
MAII-Tpan3ucTopos?

4. KakoBbI OCHOBHBIE ITapaMETPBhI MOJIEBBIX TPAH3UCTOPOB C P-N-NEPEXOAOM?

3. Yro Takoe pexxuM obenHeHus u pexum odoramenus B M/I1-Tpan3ucropax?

6. KakoBsl  mpeumymiectBa  MJIII-TpaH3uctopoB  mnepexn  OUIOJISAPHBIMU
TPaH3UCTOPAMMU?

JlaGopaTopHas padora «McciienoBanne XapakTepUCTHK YCHJIUTEJISI HATIPSIsKEHU D)

Llenv pabomuvl: W3yYWUTh NPUHIMUIT JECUCTBUS W XApPAKTCPUCTUKUA YCHIIUTEIS
HanpsbkeHusl. O3HAaKOMHUTBCS C  METOJAMKOM CHSTHSL aMIUIMTYJTHOM M YacTOTHOU
XapaKTEPUCTHUK YCUIIUTES.

IMopsoK BHINOJTHEHHUSI PA0OTHI
1. Ha pabGouem mosie cobepuTe yCHWIHTENIbh HaAMpPsOKEHUs, pabOTAIOIIETO MO CXEME C
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oOmmM amutTTepoM (puc. 14).

R1
50 K Ohm

:

ol

Puc. 14. - Cxema 1uis1 viccineoBaHUsI pa0OTHI YCHIINTENS HANPSKSHUS

2. 3apaiite 3HaYeHHS PYHKIIMOHAIBHOTO TeHEpaTopa B COOTBETCTBUH C puC. 6.15.

| — |

E
Duty oycle [50___ 3]
Ampltude 4 2

ot [0 [

Common
e

Frequency |1

=

"+

Puc. 15. - [TapameTpsl QyHKIIMOHATIBLHOT'O FeHEepaTopa

3. Ilpm uccnenoBaHMM OCHMIIOIPAMMBI PEKOMEHIYETCS yCTAHOBUTH IApaMETphl B
COOTBETCTBUHU C puC. 16.

T B.868608 s T2 5 .60886 = T2-T1 B 8606848 =
Wi -2.1584 W w2 WAAZ-hAA
WE1 43 .98467 ml w2 WH2-WEI
— Time base Trigger Channel A Channel B
[z.00msidiv IS} Edge M %) [ 5 w/Div 5] |1 viDiv ] FReduce |
¥ position [ 0,00 £] | Lewel [;010 B | ¥ postion [1.20 =] | ¥ position [ 1.20 [£] | Rewerse
EEl bin | AE | EEE | B| B« | EH o oc) ES o oc| | save |

Puc. 1 6 - IlapameTtpsl ocuusuiorpada npu UCCIEAOBAHUH AMIUIATYAHON
XapPAKTEPUCTUKN YCUIIMTENS HAPSIKECHUS

4. CHumMmuTe AMIUUIUTYJHYIO XapaKTCPUCTUKY YCUIUTCIA IIPU PA3HBIX COIPOTUBJIICHUAX HArPY3KH B LCHH

KOJIJIGKTOpa (BXOAHOE HANpsDKEHUE M3MEHATH B mpeaenax oT 1 no 3 B). JlaHHbIe n3MepeHMi 3aHECHTE B
Tabm. 9.

Tabnuma 9. Pe3ynbTaThl H3MEepeHUs aMILTUTYAHOM XapaKTEePUCTUKH YCUITUTEIS
HarpspKkeHusi, coopanHoro mo COD, paboTaroiiero B pexxume kiacca A
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Ry
Upx,B N fox
KOM
Usppix,B 10
10001
Uppx,B 5

5. Ilo manHbIM Taba. 9 mocTpouTh rpadUUECKUE 3aBUCUMOCTH | = const U - f (Us), IS
pa3HBIX CONMPOTUBIICHUN HATPY3KH (JIBE KPUBBIC HA OJTHOM YEPTEKE).
6. CHHMHTE YaCTOTHYIO XapaKTEPUCTHKY YCHIUTENS MPH Pa3HBIX COMPOTHBICHHIX
Harpy3Kd B IIENU KOJUICKTOpA. (PEKOMEHIyeTCsS 4acToTy m3MeHsATh oT 10 I'm).
Jlanubie u3mepenuii 3anecure B Tadu. 10.

Tabnuua 1 0. Pe3ynbTaThl U3MEPEHHS YaCTOTHOM XapaKTEPUCTUKU YCUIIUTENS
HanpspkeHus1, coopannoro no COJ, paboTaromiero B pexxuMe kinacca A

fpx.B Rg, | Us

kOm | B

Upprxi,B 5 .
Upprx2,B 10

7. Ilo ganHbIM Tabm. 6.10 MOCTPOUTH rpadHMUECKUE 3aBUCUMOCTH U, = f (@), Uy = const

IS pa3HBIX COMPOTUBIICHUI HArPy3KH (ABE KPUBBIC HA OAHOM TpaduKe).

8. Omnpenenute KOAQPUIMEHTH YCWICHHS MO HANPSXKEHUIO 0 aAMIUIUTYAHOU
XapakTepUCTUKE I JIMHEMHOM W HEIMHEMHOM YacTH IIPU  Pa3JIMYHBIX

CONPOTHUBJIEHUAX KOJUIEKTOPHOU HArpy3KHU.

9. Cpenalite BBIBOABI O BIUSIHUU BEJIUYUHEI

AMINIATYIHYIO H HaCTOTHYIO XapAaKTCPUCTHKHN YCHUIINTCIIA HAIIPSAKCHHA.

KoHTposbHbIe BONIPOCHI K padoTe

OOBbsICHUTE MPUHIINI IEHCTBUS YCUITUTEIS HATIPSIKEHUS.

J1J1st uero HeoOXOAMM PE3UCTOPHBIN JIETUTEINb B IIETH 0a3bl yCUIUTEIS?
C Kakoy LEeNbI0 YCTAHABIMBAETCS PE3UCTOP U KOHAEHCATOP B AMUTTEPHON LIETH

. Kakoe HazHaueHue pe3ucTopa B LENU KOJuIeKTopa?
. N300pa3uTh aMIIUTYIHYIO XapaKTEPUCTUKY YCUIUTEIS HAMIPSKEHUS.

1
2
3
yCHIIATENA?
4
5
6

KOJUIGKTOPHOM  Harpy3kud Ha

[ToueMy yacTOTHasi XapakTEPUCTHUKA YCWIMTENsI MMEET CIaJl Ha HU3KUX U
BBICOKHUX YacToTax?
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JlabopaTopHasi padora «McciaenoBanne padoThbl ONEPANMOHHOTO ycuauTeas'"
Lenv  pabomel: W3y4eHHE TNpUHOUINA, PabOTbI, OCHOBHBIX MapamMeTpoOB U
XapaKTEPUCTHK onepannoHHoro ycunurens (OY).

IIporpamma padoThI
WccnenoBanrie MHBEPTUPYIOUIETO yCUIIATENS
HccnenoBanrie HEMHBEPTUPYIOUIETO YCUIIATENS
HccnenoBanre CyMMUPYOLIETO YCUITUTENS
UccnenoBanue nuddpepeHnaibHOro YCUIUTeNs
Ananu3 napamerpo OY

bl

[MopsiAoK BbINONHEHUS paboThbl MPU HecieI0BAHNU HHBepTHPYIoIero OY

1. Cobepure cxemy uaBepTHpYIomero OY B cooTBETCTBUU C puc. 17.

2. VYcraHoBuTe mnapaMeTphl (YHKIMOHAJIBHOTO TeHepaTopa M ocuwuiorpadga B
COOTBETCTBHH C pUC. 18 1 19 cOOTBETCTBEHHO. 3apUCyHTE OCUUIIOTPAMMBI.

3. CHATb W MNOCTPOUTH 3aBUCUMOCTb JEHCTBYIOLIEIO 3HAYEHUS Ugn = f (Us) IS
gactoThl =1 k['m.

4. Omnpenenutb Ugyxma, TPU KOTOPOM TOSIBIISIIOTCS HEJIMHEWHBIE HCKAXKEHUS IpU
OMOIIY oclrIIorpada.

5. W3yuuTth, KaKk BIUSET BKIIOYCHUE-BBIKIIOYEHUE OTPUIIATEILHON 00OpaTHON CBSI3U HA
yCuiIuTeNnbHbIe cBoMcTBa OY.

6. CHATH M MOCTPOUTH 3aBUCUMOCTh KO3 (UILIMEHTa YCHUIICHUS OT YacTOThl BXOJIHOTO
curHana. OnpeaeauTh 4acToTy cpesa npu yciaosuu K,= 0,707 K.

2w

Puc. 17. Cxema HHBEPTUPYIOIIETO YCUIIUTEIS.

I

| ~~| ||

Frequency [0 [&]
Dty ol %
ampitude 20 | [ v [
Dffset s

Common
IO

4

=
(w
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Puc. 18. IlapameTps! GyHKIHOHAIEHOTO TeHEpaTopa

T 6.80666 = T2 G.060608 s T2-T1 0.8866 =
WAl 19.9614 W AR WAZ-AAL
W1 -18.&169 U B2 WB2-B1
—Time base Trigger Channe| A Channel B
Bige  EE | (20 viow B [zo v ] | Bedue |
¥ position level [oo0 [ | postion [1.20  [2]| ¥pesition [1.00 [5] | [Reverse
RN | BN A[5ex] | sc[o)HR Ac| o EE .

Puc. 19. [Napamerps! ocummtorpaga

[MopsiaoK BbINOMHEHUS paboThl MPY HecieI0BAHUH HEMHBepTHPYOero OY

1.
2.

Cobepute cxemy HenHBepTupytoiiero OY B coorBeTcTBHM C puc. 6.20.
YcranoBute mapameTpbl (YHKIMOHAJIBHOTO TeHepaTopa W ociuiorpaga B
COOTBETCTBHUHU C puUC. 6.18 1 6.21 cOOTBETCTBEHHO. 3apUCYUTE OCIIUILIOIPAMMEBI.
BreimonHuTe A1 TaHHOM CXEMBI T€ K€ UCCIICJOBAHMS, YTO U JUISI MHBEPTUPYIOIIETO
YCHITUTEIIS.

Puc. 2 0. Cxema HEMHBEPTUPYIOLIETO YCUIIUTEIIS

T B.68846 s T2 a.68688 s T2-T1 B.8088 s
WAl 428,212 nmV VAR WG]
B 428 . 2288 mW B2 “WH2-WH1
— Time base Trigger Chaninel A Channel B
Edge HE % | [20 vrDi H | [z0 viDi ]| Feduee |
X position Lewel 0,00 H‘ W position | 1,20 5‘ Y position |71 .o E Rewerse
[ EAED - PP ] Ac| 0| EE save

Puc. 21. [TapameTpsl octimimorpada

MopsiaoK BbINOMHEHNst paboTbl MPU HCCIeI0BAHME CYMMHPYIOIIET0 YCHIHTEIs

1.
2.

Cobepure cxemy cymmupytomero OY B COOTBETCTBHH € PHUC. 22.

YcranoBuTe mapaMeTpsl QYHKIMOHAIHFHOTO TeHEpPaTopa M ocuuiuiorpada B COOTBETCTBHH C puc. 18 u 23
COOTBETCTBEHHO.

W3meHsiT HOMUHANBHBIE 3HAUYCHUS BXOJHBIX COMPOTHUBICHUM, BBIYUCIUTE AHATUTHYECKH BEIUUYUHY
BBIXO/JIHOTO HAMNpsDKEHUs, MPOBEPHTE COOTBETCTBHE IIONyYEHHBIX 3HAYEHWH M 3HAYEHUH BBIXOHOTO
HaNpsOKEHUS Ha OCIAIUTOTpaMMe.

3apucyiire ocuputorpamMmmbl. COpMYyTUPYHTE U 3aIIUIINTE BBIBOJIBI IO MCCIEOBAHHIO.

39



100

Puc. 22. Cxema CyMMHUPYIOLIETO YCUITUTEIIS

T1 B.AaBAA = T2 A BaaA = T2-T1 B.AaBaRA =
Wal |-214 . 824 my R BTN
WwHI1 11.4738 W WHZ WH2-WH1
—Time base ———Trgger ———— Channel A — Channel B
[0.05 =/ div ElR="T N [500 rmiviDiv ENEETE =] | Reduce |
¥ position | 0.00 2] | Level [o0.00 2] | ¥ position | 0.50 k2 | ¥ position [-1.00 2] | Rewerse
KB b5 | BN A 5| B ac 0| EE ac| 0| EE save

Puc. 23. Tlapamerpsl ocumiorpada npu UCCie0BaHUU CYMMUPYIOIIETO YCHIIUTEIS

Mopsiaok  BbINOMHEHUs  paboThl
YCHIINTEIA

npyu wucciaenoBanud auPdepeHUaIBLHOTO

I. Co6epure cxemy nuddepennuansaoro (passoctroro) OY B COOTBETCTBHH C pHC. 24.
2. H3MeHsAs HOMHUHAJbHbIE 3HAYEHUsS BXOJHBIX CONPOTUBIICHUH, BBIYMCIWTE AHAIUTHYECKH BEIMYHHY

Koa(GUIIeHTa YCUIICHHUS, TIPOBEPHTE COOTBETCTBHUE IMOYICHHBIX aHATUTHYECKH 3HAUYEeHUH Kod(hduiinenTa
YCHJICHUS U PE3YJIbTaTOB, MOJIYYEHHBIX Ha OCIIULIOTPaMME.

3. 3apucyiite octmnorpamMmel. CHOpMYITHpYIiTe U 3aIHIINTE BRIBOIBI 110 HCCIIEOBAHMIO.

ay

Puc. 24. Cxema qudpepeHnanbHOro yCUIUTENs.

Ananu3 napametrpos OY

1.  Paccumrath 3HaueHus K, 1 MHBEpTHpYIOmero (Ky;) M He MHBEPTHPYIOIIETO
(Kyn)
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Rl
K. = Roe
YH Rl
2. OnpenenuTs TIIyOMHY OTPUIIATEIILHON 00OpaTHOM CBSI3U
R
/BH = ! b
ROC
R
P =R
1+ OC
3. Paccuuraiite 154 MHBEPTHUPYIOIIETO YCUIIMTENIS BXOJHOE€ M BBIXOJHOE
CONIPOTHUBIICHUE
RﬂxH = Rl
RGbDCH = RabszY /(1 +IBH)
4. Paccuuraiite 511 HEWMHBEPTUPYIOLIETO YCWIMTENS BXOJHOE M  BBIXOJHOE
COIIPOTHUBIICHUE

Ry =Rooy -1+ B, K );
RKbl)CH = R@beOY /(1 + IBKW)

3. Onpenenute cooTHOLIeHUE R;, R, R; U R,, TIpu KOTOpoM B audPepeHImairHOM
BKITIOUECHUU OV Uyr = Ups-Ue

KoHTpoJibHbIE BONIPOCHI

Kaxoit npunnun padboTtsl 1 K03QPUIUEHT ycuiieHus uaBeptupyromiero OY?
Kaxoit nmpunnun padbotsl 1 K03QGUIMEHT yculieHus HeuHpeptupytomiero OY?
Kaxoit nmpunnun pabotsl nuddepenmnuanbaoro OY?

B kakux 3J€KTpOHHBIX yCTporcTBax npumensiercss OY?

Yrto Takoe yactoTHas xapakrepuctuka OY?

Yro takoe (a3oBas XxapaKTepUCTHKA?

AN o e

baok 1. 3apanus 1A HCNOJIb30BAHUSA B PAMKAX IPOMEKYTOYHOM aTTeCTALMHU

/1. IlepeyeHb BOMPOCOB HA 3a4€T
OO61mue cBelleHUs O TOJTYyIPOBOAHUKAX.
XapaKTEpUCTUKH p—n-TIEPEXOIA.
[TonynpOBOJHUKOBBIE TUOIBI.
AHaln3 1eneu ¢ IuogaMu.
W cTOYHUKYN BTOPUYHOTO 3JIEKTPOIIUTAHUS.
Brimpsmurenu.
Crnaxxuarorue GuiIbTPHIL.
Crabunu3aTopbl HAPSHKEHHUS.
Y eTpoiicTBO U IPUHIIUIT ISUCTBUSL OUIIOISIPHOTO TPAH3UCTOPA.
0. BonbT-ammepHble XapaKTEPUCTUKU OUTIOJISIPHBIX TPAH3UCTOPOB.
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11.
12.
13.
14.
15.
16.

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.

Omnpenenenue paboveit TOYKH TPAH3UCTOPA.

[Ipocreiimue Moaeny OUTONIIPHBIX TPAH3UCTOPOB
[lepenaTounas XxapakTepUCTHUKA CXEMBI C OOIIUM SMUTTEPOM
OMUTTEPHBIN IOBTOPUTEITH

Mopenu OUNONSPHBIX TPAHZUCTOPOB I PEKUMA MAJIOr0 CUTHAA.
YcunurenbHbIN Kackal Ha OUIIOISPHOM TPAH3UCTOPE, BKIFOYEHHOM IO CXEME C
OOIIIUM SMUTTEPOM.

Knaccuduxkanus noyieBbIx TpaH3UCTOPOB.

[ToneBbie TPa3UCTOPHI C YIPABIAIOUIUM p—H-TIEPEXOIAOM.
MOII-Tpa3ucTopsl ¢ UHIYUUPOBAHHBIM KaHAJIOM.
MOII-Tpa3ucTopsl ¢ BCTPOEHHBIM KaHAJIOM.

Moaenu MOII-TpaH3ucTopoB.

Ycunurenp Ha OJIEBOM TPAH3UCTOPE C YIPABIISIIOLIUM p—71-TIEPEXOIOM.
Ycunurens Ha MOII-Tpan3ucTope ¢ HUHIYIUPOBAHHBIM KaHAJIOM.
Knaccudukarus 1 OCHOBHBIE TTapaMeTPhl YCUIUTENCH.
OOpatHbIE CBSA3H B YCUITUTEISIX.

BnusiHue 0OpaTHBIX CBsI3€l HA XapaKTEPUCTUKHU YCHUITUTENEH.
JuddepeHunanbHble yCUITUTEINH.

Huddepenunansupie ycunurenu Ha MOII-TpaH3ucropax.
JuddepenunanbHble yCUIUTENIN Ha OUTIOISAPHBIX TPAH3UCTOPAX.
Yeunurenn MOIHOCTH.

OnepalioOHHbIE YCUIIUTENN Ha OUTIOJISIPHBIX TPAH3UCTOPAX.
Onepauuonnsie ycunutenu Ha MOII-Tpan3ucropax.

OO6mue cBeneHus 00 MEKTPOHHBIX (QUITBTPaX.

[lepenarounbie PyHKIIMN aHATIOTOBBIX (PHIBTPOB.

[TaccuBnbie LC-GUIBTPHI.

AxtuBHbIe RC-QUIBTPHI.

AHanoroBble U HH(PPOBHIE CUTHAIIBI.

ba3oBbIe TOTUYECKUE DIIEMEHTHI.

Jlornuecku HUHBEPTOP.

Jlornyeckuii UHBEPTOP HAa OUIOJIIPHOM TPAH3UCTOPE.
KMOII-unBepTop.

DneMeHThI TPaH3UCTOPHO-TpaH3ucTopHo Joruku (TTJI).
Onementsl KMOII-noruku.

OCHOBHBIE [TApaMETPbI JTOTUYECKUX IJIEMEHTOB.

[udparopsl, gemmdparopsl U MpeodpazoBaTen KOIOB.
MynbTUIIIEKCOPHI U AEMYJIbTUILIEKCOPBI.

CymMMaTopsl.
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PA3IEJI 3. Onucanue nokasarejeid 1 KpUTepueB OLIEHNBAHUS KOMIIETEHIIUI HA
Pa3JIM4YHBIX 3TANaX UX (POPMUPOBAHUSA, ONIMCAHUE IIKAJ OLCHUBAHMS

BannbHO-pelTUHrOBasi cucTteMa sBIsieTcsl 0a30BOM CHCTEMON OIEHHWBaHUS
c(OpMHPOBAHHOCTH KOMIIETEHIIMI 00ydaronxcst O4HOU (POpMbI 00yUEHUS.

Nrororas onieHka cpopMUPOBAHHOCTH KOMIETEHIIUU(I1) 00yJarOIIUXCsl B paMKax
OAJIIbHO-PEUTUHTOBOM CUCTEMBI OCYUIECTBJISIETCS B XOJI€ TEKYIIEro KOHTPOJIs
YCIIEBAEMOCTH, MPOMEXKYTOYHOM aTTecTallil W ONpeNeNseTcs Kak cymMma O0alios,
MOJIYYEHHBIX O0YYaIOIIMMHUCS B PE3yJIbTaTe MPOXOXKICHUS BceX (POpM KOHTPOJIS.

Ouenka chopMUpPOBAaHHOCTU KOMITETEHIUU(M) 1O AUCIUIUIMHE CKIIAIBIBACTCS U3
JIBYX COCTaBJISIOIINX:

v\ mepBas COCTaBJSAOMIAS — OICHKA MpernojaBareieM CcHOPMHUPOBAHHOCTH
KOMIIETEHUIMH(I]) B TEUYEHHE CEMECTpa B XOJE€ TEKYIIEro KOHTPOJISI YCIIEBAEMOCTHU
(makcumym 100  GammoB). CrTpykTypa TeEpBOM COCTAaBJISIONMEH  OMpPEneseTcs
TEXHOJIOTUYECKON KapTOW JHMCLUMIUIMHBI, KOTOpas B Hadaje CeMecTpa JTOBOAMTCS IO
CBEJIEHUS 00yJarouInxcs;

v\ BTOpas COCTaBJSONIas — OIEHKa CHOPMHUPOBAHHOCTH KOMIIETCHITUH(i1)
oOyyaromuxcs Ha 3a4eTe (MakcumyM — 20 6ajioB).

JUist CTyIE€HTOB OYHO-3204HOM (POpMbI OOyueHHUsS TPUMEHATCA 4-OaibHas W
OMHapHas IIKaJbl OLEHUBAHUS PE3YyJbTATOB TEKYIIEro KOHTPOJS YCIEBAEMOCTH HU
IIPOMEKYTOUYHOM aTTeCTalli 00y4YaroIuXCs

YPOBHU MIPOJABUHY ThIN 0a30BbIii IIOPOTOBBIN JIOITIOPOT OBBIN

OCBOCHUA YPOBEHb YPOBEHb YPOBEHb YPOBEHb
KOMIIeTeHUUI
100 - 85 u=> 70 — 84 51-69 0-50

O0aJIbHaA

HIKaJjaa
bunapnasn «3a4TEHO» «HE3aUYTEHO»

IKaJjaa

IlIkaJjia OLIEHOK NPH TEKYLIeM KOHTPOJIe YCIIeBAeMOCTH
110 PA3JIMYHBIM IOKA3aTEJISIM

IHokazamenu oyenuganun cipopmuposannocmu | bannot Ouenka

KomnemeHuuil

Brimonnenne mpaktuueckux 3agaHui (pemieHue | 0-20 | «HEYJOBIETBOPUTEIHHO

3aj1a4) «yAOBJIETBOPUTEIILHO
«XOpOILIO»
COTJIINYHO»

Brinonnenue 1abopaTOpHBIX 3aaHUM 0-20 | «HEYZIOBIETBOPUTEIBHO

«YAOBJICTBOPUTCIBLHO»
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«XOopomIo»
«OTIHUYHO»

OTBeThI HA YCTHBIE BOIIPOCHI 0-10 | «HEyIOBIETBOPUTEIHLHO»
«YJIOBJIETBOPUTEIHHO
«XOPOILIOY

«OTIIUYHOM

[ToaroToBka u 3ammuTa pedepara 0-10 | «<HEYyIOBJIETBOPUTEIBHOY
«YJIOBJIETBOPUTEIIHLHOY
«XOpOUIO»

«OTIINYHO

[ToaroroBka npe3eHTanuu 0-10 | «HEYZIOBIETBOPUTEIBLHO
«YJOBJIETBOPUTEIBHO)
«XOpOLIO»

«OTJIIMYHO»

CooTBeTCTBHE KPUTEPHEB OLIEHUBAHMS YPOBHIO OCBOEHUSI KOMIIeTEeHIIM A
M0 TeKyleMy KOHTPOJII0 yCIIeBAeMOCTH

bannu Ouenka Yposenw Kpumepuu oyenusanusn
0Cc80eHUA
KomnemeHuuu

0-50 | «neynosnerBopu | Jlomoporoseiii | OOyuaromuiics He ™pHOOpeN 3HaHUS,

TEJIBLHO» YPOBEHB YMEHHS U HE BIIaJIEET KOMIIETCHIUSIMHU B
o0Beme, 3aKPETUICHHOM paboueit

MPOrpaMMON TUCIUTUINHBI
51-69 | «ynosnetBopute | IToporossiit He menee 50% 3amanuid, MmojjieKammux
JILHO YPOBEHb TEKYyIIeMy KOHTPOJIIO  yCIIEBAEMOCTH,
BEITIOJTHEHBI 0€3 CYIIECTBEHHBIX OMTHO0K
70-84 | «xopomio» ba3zoBblii OOyuaromuMcst BBITIOJIHEHO HE MeHee
YPOBEHB 75% 3amaHuil, MOJUIEKAIUX TEKYIIEMY

KOHTPOJIIO  YCIIEBAa€MOCTH, WJIH TpHU
BBITIOJTHEHUH BCEX 3aJaHUN JIOMYLICHBI
HE3HAYUTEIbHbIE OIIMOKHU; 00yUaromunics
nokasail BJIJICHUE HaBbIKAMU
CUCTEMaTHU3ALINH MaTepuasna u
OPUMEHEHUsT  €ro  IpU  PElICHUHn
NPaKTHYECKUX 3aJlaHuM; 3aJlaHus
BBITIOJIHEHBI 0€3 OINO0K

85-100 | «oTIUIHO» [TponsunyThiit | 100% 3aganuii, nomjieKalux TEKYIIEMY
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YPOBEHb

KOHTPOJIIO YCIICBACMOCTH, BbIIIOJHCHBI

CaMOCTOSITENILHO U B TpeOyeMoM 00beMe;

OOy4YaromMiicss ~ MpOSIBISIET  yMEHHUE
0000111aTh, CUCTEMATU3UPOBATH MaTEpUaIl
U TPUMEHITh €ro TMpH  pelIeHUuU
MPAKTHYECKUX 3aJlaHuM; 3aJlaHus
BBITIOJTHEHBI C OJIPOOHBIMHU

MOACHCHUAMU W apryMCHTUPOBAHHBIMU
BBIBOJaMH

HIkana oeHOK MO MPOMEKYTOYHOM aTTeCTALMK

Haumenosanue gpopmut bannwt Ouenka
NPOMENCYMOUHOU ammecmayuu
3auer 0-20 | «3auTeHO»
«HE3aYTEHO
CooTBeTCTBHE KpUTEPHEB OLICHUBAHUS YPOBHIO OCBOCHUSI KOMIIETEHIIMIA
10 MPOMEKYTOYHOM ATTeCTANNH 00yYAKIINXCS
bannw Ouenka Yposenw Kpumepuu ouenueanusn
oceoenus
KomnemeHuuil
0-9 | «aeynosnerBopu | JlonoporoBelii | OOyuaromuiicss He MNpuoOpen 3HaHUs,
TEIBHO» YPOBEHb YMEHHUS U HE BIJIaJIeeT KOMIICTCHIUSIMU B
o0Beme, 3aKpETICHHOM paboueit
MpOrpaMMoit JUCHUTUIAHBL;
oOydJaromuiics He CMOr OTBETUTh Ha
BOIPOCHI
10-16 | «ynosnetBopute | I[Toporossiit OOGyuaronuiics Jajd HEMOJHbIE OTBEThI Ha
JILHOY YpOBEHb BOTIPOCHI, C HEJ0CTaTOYHOU
apryMeHTaIuel, NMpakTHYecKue 3aaHus
BBITIOJTHEHBI HE MOJIHOCTBIO,
KOMIIETEHIIMHU, OCBAMBAEMbIEC B IPOLECCE
W3YYCHUS! JNUCIUILUIMHBI C(POPMUPOBAHBI
HE B IIOJIHOM 00BbEME.
17-23 | «xopomio» ba3zoBbrit OOyuaromuiics B I[EJIOM  MpUOOpen
YPOBEHB 3HaHUST U YMEHHSI B  paMKax

OCBAMBACMBIX B ITPOHCCCC O6y‘IeHI/I$I I10
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JUCLUIUIMHE KOMITETEHLIU;
OOy4aroLuiicsl OTBETUJI Ha BCE BOMPOCHI,
TOYHO J1aJ ONPEIEICHUS U MOHATHS, HO

3aTPYAHACTCA INOATBECPAUTD
TCOPECTUUCCKUC ITOJIOKCHUA
IMPaKTHYCCKUMU IIpuUMECpaMu;

oOyyJaromuiicss mokas3aja XOpOIIre 3HAHUS
M0 TMpeIMeTy, BIAJeHUE HaBBIKAMHU
CHCTEMAaTHU3aIUH Marepuasa u
MOJTHOCTBIO  BBIMOJHUI  TPAKTHUYECKHE
3aaHus

25-30 | «OTIMYHOY» [TponBUHYTHII
YPOBEHb

OOyuaromuiics TpuOOpeN  3HAHWS,
YMEHHMsI M HaBBIKM B IOJHOM OObEMeE,
3aKpeTICHHOM paboueld  IporpaMmoi
JUCLMILTUHBL; TEPMHHOJIOTMUECKUN
ammapaT  HCIOJNb30BaH  IPaBUJIBHO;
OTBETHI MOJIHBIE, 00CTOsITENbHBIE,
apryMEHTHUPOBaHHBIE, MOJITBEPKICHBI
KOHKPETHBIMHU pUMepamu;
oOy4Jaromuiicss ~ MpOSIBASIET  YMEHHUE
0000111aTh, CUCTEMATU3UPOBATH MaTepUall
Y BBINOJHSAET MPAKTHUYECKHE 3aJaHus C

HOI[pO6HI)IMI/I IHOJACHCHUAMMU
APryMCHTHPOBAHHBIMHU BBIBOAAMHU

PA3JAEJI 4. Meroan4yeckue MaTepuaJibl, ONpeaessiiomue npoueaypbl OeHMBAHUS
3HAHUN, YMEHHUH, HABBIKOB, XapakKrepu3ymlouue J3Tanbl (popmMuUpoBaHUA
KOMIIEeTEHIMH

Ha 3ayer BBIHOCATCS ABa TEOPETHYECKHX BONPOCA MU INPAKTUYECKOE 3aJaHUE,
COOTBETCTBYIOILIME COJEPKAHUIO (POPMUPYEMBIX KOMIIETCHLMH. 3a4eT MPOBOAMUTCS B
ycTHOM (hopme. Ha oTBeT u peleHue 3aauu CTyI€HTY OTBOAUTCS 45 MUHYT. 3a OTBET
Ha TEOPETUYECKHE BOMPOCHI CTYJEHT MOXKET MOJYy4YUTh MakCUMalbHO 15 Oamios, 3a
peuieHue 3agaun 15 6amios.

YCTHBI ONpPOC TPOBOAUTCS HA MNPAKTUYECKUX M JIEKIHOHHBIX 3aHSATHUAX.
CryneHTy 3amaercsi BOIPOC HAa OCHOBE IMPONJIEHHOIO WM HM3Yy4aeMoro B JaHHBIN
MOMEHT Matepuana. CTyIeHT JOJKEH JaThb BEPHbI OTBET Ha MOCTABJIEHHBIN BOIPOC,
OOBSICHUTH JIOTUKY U TIOCIICIOBATEIPHOCTD MOIYYEHHUSI BEPHOTO OTBETA.
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MeToanka onileHUBAHNUS OTBETOB Ha YCTHBIC BOIIPOCHI

Bajusl Ouenka IToka3zaTenu Kpurepun
9-10 «OTJIIMYHO» 1. ITonHOTa [los1HO M apryMEHTHPOBAHO JaHbl OTBETHI 110
JaHHBIX OTBETOB; conepxanuio 3ananus. OOHapyKeHO

2. AprMGHTI/IpOB IIOHUMAaHUEC MaTcpHrajia, MOXECT 000CHOBATh

AHHOCTb JAHHBIX CBOM CY’)KJICHUs, IPUMEHUTD 3HAHUS Ha
OTBETOB; MPAKTHUKE, TPUBECTH HEOOXOIUMBIE TIPUMEPHI
3. IlpaBuibHOCTH HE TOJIBKO 110 Y4eOHUKY, HO U
OTBETOB Ha CaMOCTOSTENILHO COCTaBJICHHBIE. M31105keHne
BOIIPOCHL. MaTepHala Iocjae0BaTeIbHO U IPABHIIBHO.
7-8 «XOpOIIO» CTyneHT 1aet OTBET, yI0BIETBOPSIIOIIUN TEM

Ke TpeOOBaHUSM, YTO H JIJISl OIICHKH
«OTIUYHOY», HO JOMYyCKaeT 1-2 ommoKu,
KOTOPBIC CaM e UCIIPABIISIET.

5-6 «YIOBIIETBOPUT CryneHTt oOHapyXUBaeT 3HAHUE U TOHUMAaHHE
€IIHOY OCHOBHBIX TIOJIO’KEHUH TaHHOTO 33/1aHUS, HO:
1) uznaraet mMaTepuan HEMOJIHO U JOMYyCKaeT
HETOYHOCTHU B OTPECIICHUY TOHATUH WIIN
(hopMyIHPOBKE TPABUI;

2) He yMeeT JOCTaTOYHO TITyO0KO U
JI0Ka3aTeIbHO 00OCHOBATH CBOM CYKJCHUS U
MIPUBECTU CBOM IPUMEPHI;

3) uznaraet MaTepHuall HerocCIe10BaTeIbHO 1
JIOTTYCKaeT OUTUOKHU.

0-4 «HEYAOBJIETBOP CryneHT oOHapy>KUBaeT HE3HAHWE OTBETA Ha
UTEIIbHOY COOTBETCTBYIOIIIEE 3aJJaHHe, TOMYCKaeT
OImUOKH B OPMYIUPOBKE ONPEIEICHUN 1
MPaBUJI, HCKAXKAIOIIHE UX CMBICT,
0ecropsiIoYHO ¥ HEYBEPEHHO U3J1araeT
MaTepuai; OTMEYal0TCs TaKue HEAOCTaTKU B
MOJITOTOBKE CTYJEHTA, KOTOPHIE SBISIOTCA
CEPbE3HBIM MPEMSATCTBUEM K YCIICILIHOMY
OBJIQJICHUIO TIOCJIETYIOUIUM MaTEPUAIIOM.

Jlabopamopnas paboma — 310 (hopMa opraHuzalu yueOHOro mpoiecca, Korjaa
oOyuJaroliecss Mo 3aJaHUI0 U TOJ PYKOBOJCTBOM TMIPEMOAABATENsI CaMOCTOSITEIBHO
pa3pabaThIBaOT MPUIIOKEHUS, OCYIIECTBISIOT HACTPONKY MOJCUCTEMBI OE30MacCHOCTH,
MPOBOJAT M3MEPEHUS, DJEMEHTAapHbIC WCCJICIOBaHUS Ha OCHOBE CIEIUAIBHO
pa3paboTannbIX 3amaHuil. JlaboparopHas paboTa Kak BUJ y4eOHOTO 3aHITHS JOJDKHA
NPOBOJUTHECSA B CIHEIMUAIBHO  OOOPYZOBAaHHBIX  Y4eOHBIX  JTaOOpaTOpHSIX.
[TpoaomKUTETPHOCT, - HE MEHEE JBYX aKaJeMHYeCcKHX uyacoB. HeoOXoammbIMu
CTPYKTYPHBIMH dJIEMEHTaMU J1ab0opaTopHOM paboThl, MOMHMO CaMOCTOSITEIbHON
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JeSITEIbHOCTH CTYJEHTOB, SIBJSIIOTCS MHCTPYKTAXK, NMPOBOJUMBINA MperojaaBaTeieM, a
TaK)Ke OpraHu3aIys 00CyKICHUSI UTOTOB BBITTOTHEHHUS JIA0OPATOPHOU PabOTHI.

Copepxxanne 1abOpPaTOPHOTO 3aHATUSA OMpENEsIeTcsS MepeuHeM (POPMHUPYEMBIX
KOMIIETEHLIUA MO KOHKPETHOW Y4Y€OHOM IUCUUIUIMHE, a TaKKe XapaKTepUCTUKOU
npo(ecCUOHANBHON JESTENbHOCTH BBITYCKHUKOB, TPEOOBAHUSIMHU K pe3yJibTaTaM
OCBOEHHS OCHOBHOM NMpo(heCcCUOHAIBLHON 00pa30BaTeIbHON MPOrpaMMBI.

3ammuTa nabopaTopHOM pabOTHI MO3BOJISIET OIEHUTH YMEHHUE U BiaJCHUE
oOy4Jaromnierocsi u3jiaraTh CyThb IIOCTABJICHHOW 3a/aud, MPUMEHSATh CTaHJApPTHbBIE
METO/bl PEIICHUs 3aJauyd C MCIOJb30BaHUEM HMeEIoIIeics aabopaTopHoil 06a3bl,
MPOBOJUTH aHAIHU3 Pe3yJibTaTa paboThI.

MeTtoaunka oneHnBaHUS BbINOJHEHUS J1a00PATOPHBIX 3aaHUil

bannwt Ouenka ITokazarenu Kpurepun

18-20 «OTIINIHOY 1. ITomHOTA 3ajaHue BRIMOTHEHO caMOoCTosATebHO. [Ipn
BBIITOJITHCHU A 3TOM COCTABJICH HpaBHHBHBIﬁ a.]'Il"OpI/ITM
71a60paTOPHOTO pElIeHMs, B JOTHYECKUX PACCYKICHUAX U B
3aJIaHNs; pEIIeHUH HET OMMOOK, TIOJyYeH BEPHBIN
2. CBOEBPEMEHHO | OTBET, 3aJIaHHUE PEIICHO PAIlMOHATBHBIM
CTb BBIITOJIHCHUSA cIocoooM.

14-17 «XOpouIo» 3aJIaHMS; 3agaHue BBIIOIHEHO C IIOMOIILIO

3. IlocnemoBaTens npenoaaBaTeis. HpI/I O9TOM COCTaBJICH

HOCTb U IIPABWJIbHBIN aJITOPUTM PELLIEHUS, B
paloHaIbHOCTh JIOTUYECKHUX PACCYXKICHUSAX U PEIICHUN HET
BBITIOJTHEHUS CYIIECTBEHHBIX OIIMOOK; €CTh 00BSICHEHUE
3aJlaHus; peLIeHNs], HO 3aJaHUE PELICHO
4. CaMOCTOSTENBH | HEpalMOHAJIBHBIM CIIOCOOOM MM JIOMYLIEHO
OCTb PEILECHUS. He OoJiee BYyX HECYLIECTBEHHBIX OMIMOOK,
IIOJIyYEH BEPHBIA OTBET.
11-13 «yJIOBJIETBOPUT 3aaHue BREIIOJIHEHO C MOJCKa3KaMU
€JIBHO npenogasateis. [Ipu 95ToM 3a1aHue noHATO

MIPABUIIBHO, B JIOTHYECKOM PACCYKJICHUU HET
CYIIECTBEHHBIX OIIMOOK, HO JOMYIICHBI
CYIIECCTBECHHBIC OIIMOKHU B aJITOPUTMAX U/HITH
pacuerax; 3aJaHHue PEIICHO HE MOJHOCTHIO
WY B 001IIEM BUJIE.

0-10 «HEYHOBJIETBOP 3ajiaHye He BBIMOIHEHO UM BBITIOJIHEHO

HUTCIIBHO» HCIIPAaBHUJILHO.

MynbTuMenniiHasi mpe3eHTanus, co3lanias B nporpamme Power Point, siBnsiercs
HarJasAHbBIM IIPEJICTAaBICHUEM pE3YJIbTaTOB CBOETO Y4YEOHOro TpynAa, JONOJIHEHUEM
pedepara, 10KIaaa.

ba3oBble pekOMeH1anuu:

OO6muit 06bem npe3eHTanuu - 13-15 ciaiinos.
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CtpyKTypa npe3eHTaIuu

AJTOPUTM BBICTpAaMBAHUS MPE3EHTALUN COOTBETCTBYET JIOTMUYECKOM CTPYKTYpe
paboThI M OTPAKAET MOCIEI0BATEIBHOCTD €€ 3TAIOB.

Crmaiin 1: «TUTYJBHBIA JMCT», HA KOTOPOM YKa3aHO ITOJTHOE HAMMEHOBAHUE
KOJUIE[)Ka, TeMa  HAay4YyHO-UCCJIEJ0BATEIbCKOM  (HUCCIIEIOBATENIbCKON)  paboThI,
uH(opMmaius 06 aBTOpe U PyKOBOJUTEIIE.

Cnaiig 2: akTyanbHOCTh (0JUH a03a1), T0MyCKalTCs PUCYHKHU.

Crnaiin 3: uenp, 3a1a4u; O0BEKT U MPEIMET UCCIICI0BaHUS.

Crnaiinpt 5 — 13/18: oCHOBHBIE TE€3UCHI BBHICTYIUICHUS, OTPAKAIOIINE COJICPIKAHHE
npaktudeckoit yactu BKP ¢ ucnonb3oBanmem cxem, rpadukoB, auarpamm, Qopmy,
MaTEeMaTUYECKUX MojieTieH, TabuIl.

Crnaiinpl mepea  BbIBOJAMH: TNPOTHO3UPYEMBIE pE3yJIbTaThl HCCIEIOBAHUS,
(rpaduKku, THCTOTPAMMBI, JUArPaMMBbI, CXEMBbl); SKOHOMHUYECKasT A(H(PEKTUBHOCTH
MIPOEKTA. JJOKA3aTEIbCTBO COIMAIBLHON 3HAUMMOCTH U T.1I..

Craiin npeanociaeHUN: BbIBOJIBI UCCIEIOBAHUS.

Nroroseriit cnaiin.

Odopmienue npe3eHTaluu.

B npesenTarun HeOOX0AUMO BBIACIUTH KIIFOUEBBIE MMOHATHS, TEOPUH, TPOOTIEMBI,
KOTOPBbI€ PACKPBIBAIOTCS B TMPE3EHTAIlMM B BHUAE CXEM, Juarpamm, TaOJull,
JOTIOJIHSIIOIIMX WM TOMOTAIOIIUX JIy4dllleMYy BOCHPUSITHIO TEKCTa JIOKJIaJa.
[IpennoskeHus B MPE3eHTALNU IOJDKHBI OBITh KOPOTKUMHU, MaKCUMyM — 7 cioB. Kaxxnas
oTHebHas HH(pOpPMaIUs JOJKHA ObITh B OTIETBLHOM MPEIIOKEHUU UM HA OTAETHHOM
cliamue.

MeToauka OleHUBAHUSA BbINOJHEHUS NMPEe3eHTANM A

basnbOnenka Iloka3aTenu Kpurepun

9-10 |[«oTIHYHO» 1. TlomHOoTa BBHIMONHEHUSABBIIONHEHBI  BCce  TpeOOBaHHS K
Mpe3CHTAIHI; HAallMCaHWIO W 3alllUTe MPEe3eHTAIUH:

2. CBoeBpeMeHHOCTH0003HaUeHa npoliemMa U 000CHOBaHa €€

BBITIOJTHEHYIS, aKTyaJIbHOCTb, CJHI€JaH KPAaTKUM aHan3

3. [IpaBUIBHOCTH OTBETOB HA|pa3TMYHBIX TOYEK 3pEeHHUS HA

BOIIPOCHI; paccmaTtpuBaeMyto npo0jaemMy U JOTUYHO

M3J10KEHA coOCTBEHHas MO3ULINA,

c(OopMyIHPOBaHBI BBIBOJIbI, TeMa)

[pacKpbITa MOJHOCTHIO, BBIIEPKAH 00BEM,
coOMIoIeHbl  TpeOOBaHMSI K BHELIHEMY
odopmiteHuto, JaHbI MIPaBUIIbHBIE
OTBETHI HA JIOTIOJIHUTEIbHBIE BOTIPOCHI.

7-8  |[«XOpoIIo» OcHoOBHbIE TPeOOBAaHUS K MPE3EHTALUU U
€ro 3alUTe BBHINOJHEHBI, HO NPH 3TOM
NMOMyIIeHbl HeIo4YeThl. B  yacTHOCTH,
UMEIOTCS HETOYHOCTH B  H3JIOKCHHUU
MaTepuana; OTCYTCTBYEeT JIOTMYecKas

MOCJICHOBATCIIBHOCTE B CYXJICHUAX; HC
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BBIJICPIKAH o0BeM IIPE3EHTALNY;
MMEIOTCS YIyIeHUsI B 0(popMIIeHNUH; Ha
JIOTIOJIHUTEJIbHBIE BOIIPOCH! IIPU 3allUTE
TaHbI HETIOJIHBIE OTBETBHI.

5-6 |«yIOBIETBOPUTEIIHHO VIMeroTcsT CYIIECTBECHHBIC OTCTYIIICHUS
oT TpeboBaHuii K paboTe. B wactHOCTH:
TeMa  OCBEIleHa JIMIIb  YaCTHUYHO;
momyiieHbl  (pakTHYeckue OmuOKH B
COJICP)KAaHUU TPE3CHTAlUM WK IIPH
OTBETE Ha JIOMOJHUTEIbLHBIC BOIIPOCHI.

0-4 |«HEYIOBIETBOPHU- Tema mpe3eHTallMM HE  PAcKphITa,
TEJIBHOY oOHapy>KuBaeTcs CYIIECTBEHHOE
HETMTOHMMAaHUE MPOOJIEMBI.

Tembl pedeparoB mnpemsiaraiorcs Ha BbBIOOpP WM 10 WHULMATHUBE CTYJEHTA.
CryaeHt BbIMOJHSET pedepaT M BBICBUIAET HA MPOBEPKY mpenopaBarento. [locne
IPOBEPKU COOTBETCTBUS COAEPKHUMOIO TEME, a TaKKe IMPaBWIBHOCTH O(OpMIIEHUs
HA3HAYAeTCs JICHb 3aLIUTHI. 3alIUTa IPOEKTA IPOUCXOIUT B paMKax periamenTa: 10-15
MUHYT BBICTYIUIEHHUE, 1aJI€€ OTBETHI HA BOIPOCHI I10 TEME IIPOEKTA.

MeToanka ouleHUBAHUSA BbINOJHEHUA pedepaToB

bannwu Ouenka Iloka3zarenn Kpurepun
9-10 «OTITUYHO» 1. IlomHOTA BrimonHeHs! Bce TpeboBanus K pedepary; JaHbl
BBITIOTHEHUS MpaBUJIbHBIC OTBETHI HA JOTIOJTHUTEIIbHBIC
pedepara: BOIIPOCHI.
7-8 «XOpOouIo» 2. TIpaBHALHOCTS BrimotHeHBI OCHOBHBIE TpeOOBaHUs K pedepary,
UMEIOTCS HEI0YETHI B 0(hOpMIICHUH; Ha
OTBCTOB Ha. JIOTIOJTHUTEILHBIE BOIPOCHI MPH 3aIUTE JaHBI
BOMPOCEL, HEMOJTHEIE OTBETHI.
4-6 «ynosnerBoput | 3. CaMOCTOATENBH | TpeGoBauus K pehepary BBIIONHEHbBI He
CIIBHOY OCTb BBIIIOJHEHHUS | MOJIHOCTHIO; TOMYIIEHBI (DaKTUYECKUE OLTUOKU
pedepara. MIPU OTBETE HA JIOTIOJHUTEIHHBIE BOTIPOCHI.
0-3 «HEYJIOBJIETBOP Pedepar He BBITIOJIHEH; OOHAPYKUBACTCS
UTEIBHO» CYHmCCTBCHHOC HCIIOHMMAHUC B TOM, KaK €T0
BBIIOJIHSATD.

IIpakTH4yeckoe 3aHsITHE - DTO 3aHATHE, HAMPABICHHOE HA YIUIyOJICHHE HAy4YHO-
TEOPETUYECKUX 3HAHUU WM OBJAJCHHUE ONPEIACICHHBIMU METOJAMHU CaMOCTOSATEIbHOU
paboTel. B mporecce Takux 3aHATHA BbIpaOATHIBAIOTCS TPAKTUYSCKHUE YMEHHUS
(BBIUMCIICHUH, pPAcYeTOB, WCIOJIB30BAHMS TaOJNHIl, CHPABOYHUKOB, HOMOTPAMM).
[lepen mpakTHYECKHMM  3aHATHEM  CHEAYET M3YUYUTh KOHCHEKT JIEKIMU U

50



PEKOMEHJIOBaHHYIO  MpernojaBaTesieM  JIMTeparypy, oOpamias BHHMaHue  Ha
IIPAKTUYECKOE NPUMEHEHHE TEOpPHUM W Ha METOJMKY pEIICHHsS THUIIOBBIX 3aJ]ad.
Ha npakTuyeckoM 3aHATHM TJIABHOE - YSACHHUTH CBSI3b pEIIAEMbIX 3aJad C
TEOPETUYECKUMH TMOJOXKEHUsAMH. [Ipu pemeHun mnpeuioKEeHHON 3a7adyu  HyKHO
CTPEMHTBCSI HE TOJBKO IMOJIYYUTh MPABUIbHBIA OTBET, HO M YCBOUTH OOLIMN METO[
pelieHus NoJoOHbBIX 3a7ay.

PGKOMGH,ZIyeTCH HCIIOJIB30BaTh CJIGI[YI-OHII/Iﬁ MMOPAOOK 3aIlMCHU PCHICHUA 3a1a4M:

e HCXOJIHBIC JaHHBIC IS PEIICHUS 3aa49M (YTO JIaHO);

e UTO TPeOyeTCS MONYYUTh B PE3YJIHTATE PEIICHHUSI,;

e KaKWe 3aKOHBI U TTOJIOKEHUS JOJKHBI OBITh PUMEHCHBI;
o 00mMH mIaH (1OCJIeI0BATEILHOCTD) PEIICHHUS;

e pacyeThl;

o TIOJIYYCHHBIH pE3yiIbTaT M €T0 aHAJIN3.

MeToauKa OLlEHUBAHUSA BBINOJHEHUS MPAKTHYECKUX 3aaHUH (3a1a4)

bannw Ouenka IHoka3aTenun Kpurepun

18-20 «OTJINYHOY 1. [TonnoTta | 3agaHue pemieHO CaMOCTOSITEIBHO.
BBLIIIOJTHEHUS IIpu sTOM cCoCTaBieH MpaBUILHBIN
MMPaKTUYECKOTO QNTOPUTM  pEIICHUs 3aJaHus, B
3a1aHK; JIOTHYECKUX PacCyXJICHHUSX, B
2. CBOEBpeMEHHOCTh | BbIOOpE (OpPMYT M pEIICHUU HET
BBLIIIOJIHEHUS 3aJaHN; OMOOK, TIOMYy4YeH BEpHBIH OTBET,
3. [locnenoBaTenpbHOCTh | 3aJaHUE PEIICHO paluOHAIbHBIM
)51 paIMoOHAIBHOCTh | CIOCOOOM.

14-17 «XOpOUIO» BELITIOJTHEHUS 3a/IaHMS; 3ajgaHue  pemieHo € MOMOIIBIO
4. CaMOCTOATENBHOCTh | TIPEIOoIaBaTelIs. IIpun 9TOM
pelieHust; COCTABJICH TMPABUJIBHBIN aJTOPUTM

pelIeHUsT 3aJaHusi, B JIOTHYECKOM
pacCyXJICHHH W  PCIICHUU  HET
CYIIECTBEHHBIX OIIMOOK; MPaBUIHHO
caenan  BeIOOp  dopMmyn  AuA
peLICHHUS; €CTh 00BsCHEHHE
pellleHuss, HO 3aJlaHue€ PEeIEHO
HEPALMOHAIBHBIM ~ CIOCOOOM WM
JTOTTYIIIEHO HE OoJtee JIBYX
HECYIIECTBEHHBIX OIIUOOK, MOJIy4YeH
BEpPHBII OTBET.

11-13 «yJIOBJIETBOPUTEIBHO 3ajaHue pemeHo C MOJCKAa3KaMH
npenonasarens. [Ipu 3Tom 3amanue
MOHSTO MPaBUIBHO, B JIOTHUYECKOM

pacCyXKJIE€HUH HET CYUIECTBEHHbBIX
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0-10

«HEYIOBIIETBOPU-
TEIHHO»

OIno0oK, HO JOMYIICHBI
CYIIECTBEHHbIE OIIMOKM B BbIOOpE
dbopMysl WIM B MaTeMaTHYECKHX
pacderax; 3aJaHHE pEUICHO He
MOJTHOCTBIO MJIH B O0IIIEM BUJIC.

3aJjaHuE HE PEIICHO.
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Jincr AKTyaJM3allMi OHCHOYHLIX MaTepHUaJa0B 10 JTUCHUIIJINHE
((BJIeKTpOHHKa H CXECMOTECXHHUKA»

OueHoYHbIE MaTepHualbl IEPECMOTPEHBDI,
00CyXIeHbI U 0JI0OPEHBI Ha 3aceaHuu Kadenps

[IpoTOKOI OT « » 20 r. Ne

3aB. xadempoit

OrneHOoYHbBIE MaTEPHAIIBI IEPECMOTPEHBI,
00CyX/IeHbI U 0JI0OpEHBI Ha 3aceaHuu KadeIpbl

[IpoTOKOI OT « » 20 r. Ne

3aB. kadenpoit

O1eHOYHBIE MaTEPHAIIBI TICPECMOTPEHBI,
00CYXKJIeHbI U 0JI00pPEHBI Ha 3acelaHnu Kadeapbl

[TpoTOKOJI OT « » 20 r. Ne

3aB. kadenpoit

OreHOYHBIE MaTEPHAITBI TIEPECMOTPEHBI,
00CYK/IeHbI U 0I00pPEHBI Ha 3acelaHuu Kadeapbl

[IpoToKOI OT « » 20 r. Ne

3aB. kadeapoit
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