DHIeNbCCKUM TEXHOJIOTHUECKU MHCTUTYT (puinan) deaepaabHOro rocy1apcTBEHHOTO
OIOJKETHOTO 00pa30BATEIBHOTO YUPEKICHUS
BBICIIIET0 0Opa30BaHUs
«CapaToBCKUli rOCyAapCTBEHHBIA TEXHUYECKUI YHUBEPCUTET UMEHHM | araprna
I0.A»

Ka(beﬂpa «EcTecTBEeHHBIE 1 MAaTEMAaTUYECKUE HaYK»

IJIEKTPOTEXHHMKA U JIEKTPOHUKA

Mertoanueckue ykazaHus K jabopaTopHoi padote «lcciaenopanue memnu
MMOCTOSHHOT'O TOKa»
IJIS1 CTYJICHTOB HAIPAaBJICHUI

09.03.01 «Mu(popmaTuKa U BEIUUCIUTEIbHAS TEXHUKA»
09.03.04 «ITporpammHas HHXEHEPUS

15.03.02 «TexHonornyeckue MamMHbl 1 000PyA0BaHUE)

15.03.05 «KoHCTpYKTOPCKO-TEXHOIOTHYeCKOeo0eCTIeYeHNEe MAITMHOCTPOUTEIBHBIX
IIPOU3BOJICTB

18.03.01 «XuMuueckass TEXHOJIOTHI
23.03.01 «HedrerazoBoe nemnox»

29.03.05 «KoHcTpynpoBaHue U31eNni JIETKON MPOMBIIUIEHHOCTH

O4HOM, 0OYHO-320YHON U 3209HOU (POPMBI 00yUEHUS

dureianc 2024
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JlabopatopHas pabora 2

NCCIEJOBAHUE LHEIIN ITOCTOAHHOI'O TOKA

Ilenv padomwbi: ONBITHBIM IIYyTEM ONPEACIUTH MOTEPU HANPSHKEHUS W
MOIIIHOCTH B IIETIM B 3aBUCUMOCTH OT TOKa B lenu. OmnpeneiauTb BHYTPEHHEE
CONPOTHUBJICHUE HCTOYHUKA M CONpOTHBJICHUE JuHUU. [IpoBeputh OanaHc
MomHoctet B nenu. MccnegoBars KIIJ mepemaun »HEpruM OT MCTOYHHUKA K
MIPUEMHUKY .

OCHOBHBIE IIOHSITUA

DneKkTpuyecKas HEPrus MOXKET COBEpIIaTh IOJIE3HYI0 paboTy B TOM
cilydae, eciii 00pa3oBaHa MPoCTeiIas dIeKTpudecKas Ielb, COCTOSIIAs U3 TPEX
OCHOBHBIX 2JIEMEHTOB: MCTOUYHHMKA DJICKTPUUECKON SHEPruu (1ajgee UCTOYHHUKA);
IMPUEMHHKA DJEKTPUUYECKON »JHEpruM (Jajiee MNPUEMHUK MM Harpyska);
AIEKTPUYECKUX MPOBOJOB CBA3BIBAIOIIMX MCTOYHUK € Harpyskou. lIpocreiimas
AJIEKTPUYECKAsA LEIb MOXKET COJEPKATh TAKKE BBIKJIIOYATEIIN, U3MECPUTEIIbHBIE
NpUOOPHI, MPEAOXPAHUTETHU U T. 1.

[Ipu pacuerax ©W aHamM3e OHIEKTPUYECKOM IEMA HCTOYHUKU U
MPUEMHHUKHA H300pakarOT B BHJIE CXEMbI 3amerieHus. Cxema 3aMeIIeHHs

MIPOCTENIIEN MIEKTPUUYECKON LIETM TTOKa3aHa Ha puc.l.

] —

Rer

+ U I::IRH

E

Puc.1. ITpocreiimas s5ekTprudeckas Lemnb

i mpocTeninen  AIIEKTPUYECKOM LENU  CHPAaBEJIMBBI  CIICAYIOLINE
COOTHOIICHHUS:

U = E -Rprl — ypaBHEHME 371€KTPUUYECKOTO PAaBHOBECHS;



E

l=—————
R, +R,

— 3akoH OMa JiJ1s1 IpocTeiel uenu,

Py = Py +Ppr — ypaBHeHUE GanaHca MOIITHOCTEH;
rne E — 3J1C ucrounuka, B BoibTax; Ry — compoTtuBieHue Harpy3ku, Ow;
Rpr — BHyTpeHHEe CONpOTHBIEHHE HCTOYHUKA, Owm; Uy — HampshkeHue Ha
3aKMMax MPUEMHHKA, B BoJibTax; | — Tok B memnu, B ammepax; Py = E-l —
MOIIHOCTb, pa3BUBAaeMas MCTOYHUKOM, B BarTax; Ppr = Rpr-12 — MommocTs
MOTEPh B UCTOUHMKE, B BaTTaX; Py = Uy:| — mone3Has MOIIHOCTh Ha HarpyskKe,
B BaTTax.

[Ipu mepenaue >JIEKTPUYECKONW PHEPTUU MO JUHUU DJICKTpOIEepeadnd B
Hell Tepsercs yacTh Hanpskenus AUyj = 2Ryl u mommuoctu APy = 2RI B
CBSI3U C ATUM HAMNpsDKEHUE Ha 3aXKUMax Harpy3Kd MEHbBIIE, YeM HampsiKeHUe
MCTOYHUKA Ha BEJIUYUHY

Ug=Up-AUz=E — I(RBT + ZRH),

rae Ry — conpoTuBieHue 0JIHOTO TPOBOJIA ABYXIIPOBOIHOMN JIMHHH.

Cxema 3aMCIICHUA LCIIHM C YYCTOM COIIPOTHUBJICHHA JIMHHUMK ITIOKAa3aHa Ha

puc.2.
I E

unl || HI
| I |

R
E R,
1
| I |

Puc.2. Hepa3BeTBiieHHas 1IeTb TOCTOSHHOTO TOKA

JIunun nepeaadr BBIIIOJIHAKOTCA MCEAHBIMHU, AJIIOMHUHUCBBIMH H PCIKEC
CTaJIbHBIMH  ITPOBOJIaMMU. COHpOTI/IBHCHI/IC MCTAJNIMYCCKOTO  IMPOBOJHHUKA
3aBUCHUT OT ¢€ro AJIMHbI I , IIom@aan  IIOIICPCHHOI0  CCUYCHMA S mu

QJICKTPOIMPOBOAAIINX CBOMCTB METallia, U3 KOTOPOI'O BBIITOJIHCH IIPOBOAHUK



S y-S
rie p — yAelbHOEe syekTpudeckoe comporuBieHue, B CU [p] = Owm-m,
Om - Mm°
cienoBaresibHo, 1 ——— =1MKOM - M
M

¥ - yIienbHas IPOBOIUMOCTB, [Y] = Cm/M.

Jns menneix npoBogoB  p = 0,0175 MkOM-M;  y= 56 MCm-M

Jnst amomuHuEBbIX TPoBOJIoB  p = 0,0286 MkOM:M; = 35 MCwm-Mm.

C TmMOBBIIIEHUEM TEMIEPATypPhbl COMPOTHUBICHUE METALUTHIECKOTO
MIPOBOJIHUKA YBEIIMYMBAETCS B COOTBETCTBUU C (hOPMYIION

R, =R; + a-Ry- (92 - 91) = Rl-(l+OL- (92 - 91)),
rae Ry, Ry — 3HaueHue conpoTUBICHHS MU TemiiepaTypax 01 u 62 B Omax.
3nadyenne R; Ui pa3iauyYHBIX TPOBOJHUKOB mpu Temmeparype 20°C
MPUBOJUTCS B CIIPABOYHUKAX;
0. — TeMIlepaTypHbIH KOAI(PPHUIMEHT dICKTPUIECKOTO COMPOTHUBIICHUSA,

paBHBII OTHOCHUTEIHLHOMY W3MEHCHHUIO COMPOTHBJICHUS TIPH HW3MCHCHHH
temrepatypsl Ha 1°C.

Benmnunaa oOpaTtHash CONPOTUBICHHIO HA3bIBACTCS IPOBOIUMOCTHIO
1
G:E . Enununia uamepenust npoBoauMoctu HasbiBaeTcss CumeHncom (Cwm).

Ha mpaktuke ceueHus MPOBOAOB JIMHUM 3JICKTPOIIepeladyd BHIOUPAIOT C
TaKUM pacyeToM, YTOOBI TIOTEPs HAMIPSKEHUS B HUX HE MPEBHITIAIIA:
— IS OCBETUTEIBHOM ceTHM Yy Haubojiee YyJaJeHHbIX HCTOYHHUKOB CBETa

BHYTPEHHETO pPabodero OCBCIICHHS II€XOB M IIPOKEKTOPHBIX YCTaHOBOK
Hapy>KHOTO OCBellleHus He Oosiee MuUHyC 2,5%, mimoc 5% HOMHHAIBHOTO
HaIPsDKCHHS;

— IS DJIEKTpUYECKUX ABurareneit Munyc 5%, mirocl0%.



J{ns 1enu MmoCTOSSHHOTO TOKA BBIPAXKEHUE ISl SHEPTUU DJICKTPUUYECKOTO
TOKa, MpeoOpazyeMoil B IMPUEMHHKE C compoTuBieHHeM R (3akoH Jlkoyis-
Jlenma) umeeT BUA

W = U-I-t = R-I%t.

Enununa suepruu 1B-1A-1c = 1B-A.c=1Br-c=1 [Ixk.

[Ipu pacuerax 3JIEKTPOIHEPTETUUECKUX YCTAHOBOK B KAuye€CTBE €IUHUIL
SHEPIruM BHIOMPAIOT BATT-4ac WA KUJIOBATT-4ac.

MOIIHOCTH B LIENHU ITOCTOSHHOTO TOKa

2
P:W=U'I:R-I2:U—
t R

Enununa momuoctu 1B-1A = 1B-A = 1BT (BatT).

B snexTposHepreTuke IMMPOKO MPUMEHSIIOT E€AUHUIBI  MOIIHOCTH
kui10BarT (KBT) n Merasart (MBT), puuem 1 kBt = 10° Bt u 1 MBt = 10° Br,
a B cl1ab0OTOYHON W HM3MEpPUTEIbHOW TEXHUKE — MWIIUMBATT (MBT), mpuuem
1 MBT =107 Br.

BaxxHeHIMMHU XapakTEepUCTUKAMK JJIA1 TPOCTEUINEH IENHU  SIBIISIIOTCA
3aBUCUMOCTH HANPSDKEHUST Ha 3aXMMaX MPUEMHMKA, MOIIHOCTH Harpy3KH,
MOIIIHOCTH ToTeph B ucTouHMKe M KIIJ[ oT Toka. DTH 3aBUCHUMOCTH TIpHU
3a/laHHbIX 3HaueHUsIX E u Rt MOryT OBITH BhIpaxeHbl popMyiaMu

U=E- RBT'l
PH =U.l=E1- RBT’|2
Ppr = RBT'|2
n= P
P, +P,

MakcuManbHasi MOUIHOCTh B HAarpy3ke pa3BHBAeTCS NPU PaBEHCTBE

CONPOTUBJICHUSI HATPY3KU U UCTOYHHKA, TO €CTh Ry = Rpr. DTO coriacoBaHHbIM

pexxum pabotsl uenu. [Ipu strom KIIJ = 0,5. On nmpuMensieTcss B c1a00TOYHBIX

LEeNsX, B YAaCTHOCTU B JJIEKTPOHHBIX ycwiurensix, rae KIIJl nHe wurpaer



cymecTBeHHONW ponr. B cumpHOTOWHBIX Temsax Rp>>Rpr, a KIIJ 6mm3ok x
enuautie. 3aBucumoctr U(I); Pu(1); Per(l); n(l) mpusenens! Ha puc.3.
ULP
n.,%
1001

50t

L 1 -
0 I:/2 I

Puc.3. 3aBucumocts HanpsikeHust, MmomHocty 1 KIIJ[ mpocreiimei nenu ot Harpy3Ku

Ha pHC3 TOK IK — TOK KOPOTKOI'O 3aMbIKaHHA, KOI'’Ja COIIPOTHUBJICHUC

Harpy3Kd paBHO HYJIIO.
METOJAUKA SKCIIEPUMEHTA

Onucanne IKCNEPUMEHTAILHOH YCTAHOBKHU
HccnenyemMast 1ienb COCTOMT M3 MCTOYHUKA MOCTOSIHHOTO TOKA, KJIEMMBbI
KOTOPOTO BBIBEJEHbI Ha MaHENbh CTEHAA, MOJEIU JBYXIPOBOAHON JIMHUM C
BBIBOJIAMM W JIaMIl HaKaJIMBaHWS B KayecTBe Harpy3ku. g u3MeHeHus
PEKUMOB pabOTHI IIEMU HAa CTCHJIE MMEIOTCS BBIKITIOUATENN: S1 U BKIFOYCHUS
nenu; Sy+Sg - N PEeryJupoBaHUs CWIbI ToKa B I1enu. Cxema oOmbITa

npexacraBieHa Ha puc.4. Hanpsokenue uctounvka nutanus He Oonee 50 B.

Ry
HL1 [HL2 [HL3 [HL4 |HLS
51 PV
—It
— 82 \S3 V84 \S5 \S6
= ]
—a-{ =

Puc.4. Cxema omnbiTa



IMPUBOPHI U METOJINKA N3SMEPEHUMI

Jns  u3MepeHHss TOKa HAa CTEHJE YCTAHOBJIEHbI  AHAJOTOBBIC
MOKAa3bIBAIOIINE aMIepMeTphl Kiacca TodHoctu 1,5. Cucremy mpubopa u
npenen u3MepeHus HeoOXoauMOo BbIOpaTh COTJACHO 3aJaHuio, TYHKT 4.1.
Hampsikenue HeoOX0AMMO U3MEPITh HUGPOBBIM BOJBTMETPOM MOCTOSHHOTO
toka Thna BP — 11A wmn mudpoBeiM mynstumerpoMm APPA — 201.TTopsimok
paboThI ¢ 3TUMH TPUOOPAMH TIPUBEICH HA CTeHE. TaM ke TaHbl (POPMYIIbI JIs
MOJICYETa MOTPEIIHOCTEH HU(POBBIX MPUOOPOB.

B nannolt maGopatopHoi paboTe MpU U3MEPEHUSX HCIOIB3YETCSI METO]T
HENOCPEICTBEHHOTO OTCYETA C MPSIMBIMU OJJHOKPATHBIMU U3MEPEHUSMHU.

TO4YHOCTP MPAMBIX U3MEPEHUI OLIEHUBAETCA ONpEEICHUEM a0COIIOTHOM
MaKCUMaJIbHOW TOTPEIIHOCTH mpubopa. [l aHaJIOroBbIX MMOKA3bIBAIOIIUX
npuOOpoB aOCONIOTHASL MOTPEIIHOCTH OIPENESIeTCs 110 popMyJie

AA =BG
100

rae Am — BepxXHUH nipenen u3Mepenus rnpudopa; G— Kiacc TOUHOCTH npudopa.

Jlnst iudpoBhIX MPUOOPOB BBIPAXKEHUE MJIsi OMpeeiaeHus] abCONMIOTHOM
MOTPEIIHOCTA ISl Ka)XJA0ro TUMa MNpHOOPOB pa3iMyHO M TPUBEICHO HA
71a60paTOPHOM CTEHJIE.

PesynpTar n3mMepeHus 3anuchiBacTCs B BUJIE

ATAA

rjae A — nokaszanue npuoopa.

[Ipu BbIMOTHEHWU J1a0OpaTOpHOW pPAOOTHI B TAONMIy HAOIIOICHUIA

3aMUChIBATh MOKa3aHUs TPUOOPOB.

TPEBOBAHUSA BE3OITACHOCTH TPYJA
1. Ilepen cOopkoil cxembl yOEauTECh B TOM, YTO CTEHJ OTKJIIOYEH OT
ceTd. Pydyka makeTHOro BBIKIIIOYATENS MPU 3TOM HAXOAUTCS B IOJOKEHUU

«OTKJI», a CUT'HAJIbHAs JIaMIla HC T'OPHT.



2. CTeHa BKIIIOYAETCS TOJBKO MpernojaBaTesieM WM J1a0OpaHTOM IOCIe
IPOBEPKH CXEMBI.

3. Ilpy wu3MepeHMsIX HE KacaTbCsl OTOJCHHBIX TOKOBEAYIIMX YacTei.
[TpoBoaa OT U3MEPUTENBHBIX TPUOOPOB JEPHKaTh 32 U30JIMPOBAHHBIC YACTH.

4. Tlo okoHYaHUU HSMepeHI/Iﬁ BBIKJIIOYUTE CTCHI.

MNOPAAOK BBIIIOJTHEHUS PABOTbI

1. Bri6pate u3meputenbHbie MpuOopsl. Jig 3TOro y mpenogaBaTes
MOJlyYWTh JAHHBIE 10 HANPSHKCHUI0 WCTOYHMKA W MOIIMHOCTH JIaMIl
HaKaJIuBaHUs. AMIIEPMETP BbIOpaTh 10 MAaKCUMaIbHOMY TOKY Harpy3KH.

2. Ilomyunts BbIOpaHHBIE NPUOOPHI y TpemoAaBaTeNss W 3amucarh HX
TEXHUYECKUE XapaKTEPUCTUKH, YKa3aB: HAUMEHOBaHUE MPUOOpa, €ro Mapky,
TUI CUCTEMBl M3MEPUTEIBHOIO MEXaHU3Ma, IMpeAesl H3MEpPEHUus, KIacc
TOYHOCTH, 3aBOJICKO HOMED.

3. CoOpatb cxeMy OmbITa U N0Ka3aTh €€ MPEeroaaBaTesto A IPOBEPKU.

4. Tlpu OoTKJIFOYEHHOH Harpyske (TymOsepbl S2+S6 OTKIIFOUEHBI) 3aMEPHUThH
HanpspKEHUE MCTOYHMKA B PEXKHMME XOJOCTOTO XO0Ja M 3amucarbh B pabouyro
teTpanb (Unxx).

S. BxitounTh OAHY JJaMIIOYKY B Harpy3ke U MPOU3BECTH 3aMephl TOKA
B e |, HanpspkeHust Ha 3akuMax uctouHuka Uy, HampspKeHHs Ha Harpyske
Uy 1 mazieHre HampspDKEHUST Ha aKTHBHOM COTIPOTUBIICHUH Ry poBoIa TMHUU
AU pos. Pe3ynbratel HaOmoaeHuit 3anucath B Ta01.1.

Jlanee moodepeHO BKIIIOYATh OCTAJIbHBIE JIJAMIIbl HArpy3KH, HE BBIKJIIOUast
HPEIbITYIINX, TPOBOIS KaX/IbIi pa3 M3MEpPEHHs TOKA U HAPSKEHUS.

Tabnuua 1

JlaHHBIC HAOJIIOICHUI

Ne /it I, A Uu, B Un, B AU pos, B




[Ipumeuanue: [Ipn n3MepeHUn HaNpsHKEHUSA HA IPOBOJE JIMHUU CIIENYET BOJIBT-

MCTP IICPCKIIIOUNTH Ha MECHBIIINM npeacii nI3MCpPCHUA.

OBPABOTKA PE3YJbTATOB HABJIIOJAEHUI

[To manHBIM HAOMIOJAECHUN BBIYHCIUTH W 3alUCaTh B Ta0l.2 CleayroIue

BCIINYHHBI:

MOITHOCTH pa3BuBaemyro uctoyHukoM P1 = |-Uyxx;
MOIITHOCTB OT/IaBaeMyl0 HCTOYHUKOM Py = |-Uy;
MOTEpPU MOIIHOCTHU B UCTOUHUKE APpr = P1 — Py;

CONPOTHUBJIEHUE OIHOTO MpoBoja IMHUU Ryi = AU o/,

Uu,-U
noTepro Hanpsbkenus B auaud AUx% = ———=.100;

MOIITHOCTB Harpy3ku Py = |-Uy;

P, PI-YAP =(1—E],

KIIJ B e n = =
/e nermt ="y Pl Pl

rae > AP=AP_ +AP, .

Tabauna 2

Pe3ynbrarsl BEIUMCIEHUM

P1, Bt | Py, BT |APg, Br| AUy, % | R1, OM | APy, Bt | Py, BT | ZAP, BT | 1, %

[Io pesynbraram HaAONIOACHUM W BBIYUCICHUM TOCTPOUTH HA JBYX

rpadukax ciieayroniue 3aBUCUMOCTH:

ua iepsom Uy(1); Un(l); AUx(D);
Ha BTropoM ZAP(I); Pu(l); n(1).

CocTaBuTh ypaBHEHHE OajlaHCa MOIIHOCTEH Uil MCCIEAYyEeMOW Ienu U

IPOBEPUTH €r0 IPU MAKCUMAJIBbHOM TOKE.




Breraucnurts MAaKCHUMAJIbHYIO OTHOCUTCIIbHYIO ITOTPCIIHOCTL N3MCPCHHA
TOKa, HAIIPSAKCHWA, MOIIIHOCTH, 3allMCAaTh 110 OAHOMY 3HAYCHUIO YKA3aHHBIX

BEJIMYMH C OLIEHKOW IMOTPEIIHOCTH.

COIAEPXKXAHHUE U OPOPMJIEHUE OTUYETA 11O PABOTE

Otuer odopmiseTcs KaKIbIM CTYACHTOM Ha OTIASIHHOM JIUCTE WU B
oTAenbHOM TeTpaau. OTdeT [JOJKEH COJAEp)KaTh HA3BAHUE WHCTHUTYTA,
nabopaTopHOil paboThl, GOPMYIUPOBKY 1€ PaOOThI, CXEMY OIBITA, MEPEUYCHD
MPUMEHSEMBIX TPHOOPOB M WX XapaKTEPUCTHKH, PE3yJIbTaThl HAOIIOICHUN U
BBIYHMCIICHUM: (OPMYJIbI, HCIOJb3yEeMble TMPU BBIYUCICHUSX, Tpaduki,
BBITIOJIHEHHBIE HA MIJUTUMETPOBOM Oymare (Uiu Oymare B KIETKY).

B oTuete noiKHBI OBITH CBEECHUS IO OLIEHKE TOYHOCTU U3MEPSEMBIX U
BBIYHCIISIEMBIX BEJITMYHH.

B koHIle oTyeTa JenaroTcsi BBIBOABI IO paboTe, B KOTOPHIX MPUBOJAUTCS
aHalIM3 M3MEHEHUs KaXJIOW M3 3aBHCHUMOCTEW, NMPUBEACHHBIX Ha rpaduke. B
BBIBOJIAX IO TMOTEPE HANPSDKEHWs] B JIMHUU JaTh 3aKJIIOYEHHE O MPUTOAHOCTU
JUHUU I OCBETUTENBHOM ceTu. JlaTh 3aKiloueHHe O MPaBUIILHOCTH
MPUMEHSIEMbIX TPUOOPOB, YYHUTHIBAsl, YTO TIPU MPABUILHOM TMPUMEHEHUU
npubdopa ero crpenka J0HKHA MOKa3blBaTh MU3MEpsSEMble 3HAYEHUS BO BTOPOM

MOJIOBUHE IIKAJIBI IprOOpa.

BOITPOCHI IJIA CAMOITPOBEPKHA

1. HauepTuTe mpOCTEHINYIO 3JIEKTPUUECKYIO LIENb U HAMUILNATE JJIs HEe
3akoH OMa, ypaBHEHHME pPABHOBECUS HANpsOKEHUN, YpaBHEHHE OasiaHca
MOILIHOCTEN.

2. OT KaKuX BEJIMYMH 3aBUCUT COMPOTUBJICHUE TTPOBOIOB?

11



3. Hammcarp ypaBHeHue OalaHca MOITHOCTEW JUIsl MPOCTEHIICH IenH,

AaTb MY aHaAJIN3.

4. Tlpu KakoM ycJIOBHM LeNb paboTaeT B COIVIACOBAHHOM pexXuMe?

KakoBbl TOCTOMHCTBA U HEJIOCTATKHU 3TOro pexxkuma? I'ne o npumMensiercs?

5. KakoBsl AOIIYCTUMBIC 3HAYCHUA IIOTCPU HAIIPSIKCHHUA B JIMHHUH IIPpU

OCBETUTEIIHOU Harpy3Kke?

6. Kakumu crioco6aMu MOKHO CHU3HUTH IMIOTCPH HAIIPAKCHUA B JTUHUK?

7. Harmucatb popMyIbl SJHEPTUN U MOIITHOCTH B IIEMTH TTOCTOSTHHOTO TOKA U

YKa3aTb CAMHUIBI UX U3MCPCHH.

12
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[ampnepun. — 2-e u3g. — Mocksa : ®OPYM : UHOPA-M, 2023. —
480 c¢. — (Bricmiee obpazoBanue). - ISBN 978-5-00091-779-4. - Tekcr :
anekrponnbii. - URL: https://znanium.com/catalog/product/2030904
(mara obpamienus: 15.09.2023). — Pexxum gocTyma: mo mojmcKe.

7. Mapkenos, C. H. DnekTpoTexHHKa U 3JEKTPOHHKA : yuyeOHOe mocodue /

C. H. Mapkenog, b. 5. CazanoB. — Mocksa : UH®PA-M, 2020. — 267
c. — (Bricmee oO6pazoBanue: bakamaspuar). - ISBN 978-5-16-014451-1.
- TekcrT: AIEKTPOHHBIMN. - URL:
https://znanium.com/catalog/product/982772 (mara oOpalleHust:

18.09.2023). — PeskuM gocTyma: 1o mornucKe.
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