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BBEJAEHUE

JIaGopaTopHBIi NPAKTUKYM MO IUCIHUIUIMHE JJIEKTPOCHAOKEHUE 3TaHUI 1

HACEJIEHHBIX MECT C OCHOBAMHU 3JIEKTPOTEXHUKHU M 3JIEKTPOHMKHM IIpEIHA3HA-
yeH 1 cryaentoB HanpasieHuss CTPOUTEJIBCTBO Bcex npodueit.

1.
2.
3.

Beck kypc pa3zeneH Ha Tpu 4acTu:

OCHOBBI 2JIEKTPOTEXHUKH;

OCHOBBI 2JIEKTPOHUKY;

OCHOBBI 3JIEKTPOCHA0XKEHHUS.

JIaGoparopHble pabOThI TaKXKE pa3/ieieHbl Ha TPU YaCTH:

OCHOBBI 2JIEKTPOTEXHUKHU —(11a00paTOpHbIe paObOThI) BHIMOIHSIIOTCS C UC-
noab3oBanueM nmakera ELECTRONICS WORKBENCH.

OCHOBBI PJIEKTPOHUKH — (JTaOOpaTOpHBIE pabOTHI — IUPPOBHIE YCTPOICTBA)
BBITIOJIHSIFOTCS ¢ UCIOJIb30BaHuEM makera b.A. Kpayse.

OcHOBBI 31€KTpOCHAOKEHUS — (J1abopaTopHbIE paOOThI) BBIIOJIHSIIOTCS C
pexxume on-line ¢ uconp3oBanuem caiita on-line electric.

BrlinonHenue 1adopaTOpHBIX padOT pa3IeleHo Ha YacTH: CTYJAEHT 00s3aH

BBITIOJTHUTH TIPEABAPUTEIIFHOE JOMAIITHEEe 3a1anne. Ha 3aHsITHIX MpoBECTH Jia-
O0oparopHyo padboTy, 0pOpMUTE OTYET. A Ha CJICAYIOIIEM 3aHITHU 3AIUTHUTh.

OTueT cocTaBseTCA OTACJIBbHO KaXX/IbIM CTYJACHTOM M BKIKOYACT B ceOst:

- KPaTKyI0 XapaKTEPUCTUKY PaOOTHI, B KOTOPYIO BXOJIAT LIEIb paOOThI U KPATKHE
TEOPETHUYCCKHUEC CBCACHMUS;

- BBIIIOJTHCHHOE TIPEABAPUTEIILHOE JOMAIIIHEE 3a/IaHUE;

- CBOJIHYIO TaOJIMITY Pe3yJbTaTOB 3aMEPOB U PACUETOB;

- BBIBOJIBI 110 pabore.



JlabopaTopuas padora Ne 1. DJIEKTPOTEXHUKA. BBOJITHAA
JIABOPATOPHAS PABOTA. KOMITIOHEHTHEI ELECTRONICS
WORKBENCH

1. HEJIb PABOTHI:
OBnazneTs HaBbIKaMU paboThl ¢ nporpammoit Electronics Workbench.
2.0BIIME TTOJIOXXEHMSA U OB BEKT NCCIIEJJOBAHUA.

[Iporpamma Electronics Workbench nmpennaznaueHa s cXeMOTEXHUYECKO-
T'0 MOJICJIMPOBAHMUS aHAIOTOBBIX U MU(MPOBBIX PAIUOIIEKTPOHHBIX YCTPOUCTB pas-
JMYHOTO HA3HAYCHUS.

Jlnst onepanuii ¢ koMmrnoneHtamu Ha ob6mem nojie Electronics Workbench
BBIJICJICHBI JIBE 00JIaCTH MAaHEh KOMIIOHEHTOB U T10J1€ KOMIIOHEHTOB (puc. 1)

-~ Electronics Workbench
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Pucynok 1

[Tanenb KOMIIOHEHTOB COCTOUT W3 MUKTOTPaMM MOJIEW KOMIIOHEHTOB, MOJIE
KOMIIOHEHTOB — U3 YCJIIOBHBIX M300pa)keHUN KOMIOHEHTOB. [1lenykom MbIbio Ha
OJHOW M3 MUKTOIPAMM IOJIEM KOMIIOHEHTOB, PACIIOJIOKEHHBIX HA ITAHENIN, MOKHO
OTKpPBITh COOTBETCTBYIOLIEE Mnoje. Ha puc. 1 OTKpBITO 1oJie NCTOYHUKOB CUTHAJIA
(Sources). PacronokeHre >IE€MEHTOB B IMOJISIX OPUEHTHPOBAHO HA YaCTOTYy HC-
NoJIb30BaHusl KoMIoHeHTa. Ha puc. 2 mokaszansl Bce umeromnuecs: B Electronics
Workbench nosst koMnoHeHTOB.



B 6ubnmnorexu snementoB mporpammbl Electronics Workbench BxoasT ana-
JIOTOBBIE, IIU(PPOBBIE U HU(PPO-aHATIOTOBbIE KOMIOHEHTHI.
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Bce KOMIIOHEHTBI MOYKHO YCJIOBHO Pa30MTh Ha CJCAYIOIINE TPYIIIBL:
HcTtounuku (Sources)

bazoBrie kommnonenTs (Basic)

Juonasr (Diodes)

Tpauzucrops! (Transistors)

Amnanorossie mukpocxemsl (Analog ICs)
Muxkpocxemsl cMmerrannoro tuma (Mixed I1Cs)
[Mudpossie mukpocxemsr (Digital 1Cs)

Jlornueckue nudposbie MUKpocxeMbl (Logic Gates)

. Hudpossre mukpocxemsr (Digital)

10 WNunukaropusie yctpoiictsa (Indicators)

11. AHanoroBsie BEIYMCIUTENbHBIC yeTpoiicTBa (Controls)
12. Kommonentsl cMmemannoro tumna (Miscellaneous)

13. UuctpymenTsr (Instruments).

CoNoORrWDE

Ba3oBble koMmnoHeHTHI (Basic)

X
| EledRd] | #] Af30/m3E

CoenunurenbHblii y3ea (Connector) o

V3en npuMeHseTcs ISl COCIUHCHHS TPOBOJIHUKOB M CO3IaHUS KOHTPOJIbHBIX
touek. K KaKaoMy y3i1y MOMKET MOACOCAUHATLCS He 00Jiee YeThIPeX MPOBOIHUKOB.
[Tocie Toro kak cxema coOpaHa, MOKHO BCTaBUTh JOMOJHUTEIbHBIC Y3JIbI IS TIO/-
KITFOUCHUS TTIPHOOPOB.

Pe3ucrop (Resistor) Ea

CompotuBiieHne pes3uctopa usMmepsercs B OMax u 3aaercs MPOU3BOIHBIMU
BennurHamu (ot Om 10 MOwm).

Konpaencarop (Capacitor) | i}

EmkocTh KOHJIeHcaTopa u3MepseTrcs B dapagax W 3a7aeTcs MPOU3BOIHBIMU
BenuurHamu (o1 nd g0 D).

Karymka uanykrusnoctu (Inductor) |m

NHayKTUBHOCTD KaTYyLIKU (JIpoccesisi) udmepsiercs B ['enpu u 3amaercst npous-
BOJHbIMU BeninunHamu (0T MKI'H 10 ['H)



-—

Iepexaouarenn (Switch) | -

[lepexmrouarenb, ynpaBaseMblid Ha)KaTHEM 3aaBacMON KJIaBHUIIN KJIaBUATYPHI
(o yMoI4aHUI0 — KJIaBHIIa ipodena).

Ilepemennsblii pe3uctop (Potentiometer) e

[TonoxxeHne NBUKKA MEPEMEHHOTO PE3UCTOpPA YCTAHABIMBAETCS IMPU MOMOIIU
CIEIUAIIBHOTO 3JIEMEHTA — CTPEIIOUKHU — peryysitopa. B 1uanoroBoM okHE MOXHO yC-
TaHOBUThH COIMPOTHUBJICHHE, HAYAJILHOE MOJIOKEHUE JIBMXKKA ( B MPOIEHTAX) W IIar
npupaiieHus (Takxke B mpoleHTax). MMeeTcss BO3MOXKHOCTh M3MEHSATH IMOJIOKEHHE
JBUYKKA TIPY TTOMOIIH KJIABHII — KJTtoUeH (110 yMOJTY4aHuIo — KiraBumia R).

Hcnonb3yembie KIaBUILIN — KITFOYH:

® OyKBHI OT A 10 Z;

e 1udper ot 0 10 9;

e KiaBuiia Enter na knaBuarype;
e KJjaBuIa mpobden [Space].

JIyist yBeIMUeHUsI 3HAUYCHHUS TOJIOKEHUS JBUXKKA HEOOXOJAMMO OJTHOBPEMEHHO
Ha)kath [Shift] u xaaBuiy — K104, 11 yMEHBIIEHHS — KJIABHUIIY — KJIHOY.

Ipumep: JIB>KOK yCTaHOBJIEH B MOJ0KeHUH 45%, 1miar npupanieHus — 5%,

KJIaBHIIa-KIro4u-1pooden [Space]. Haxkatuem, knaBumm [Space] IMOJI0KeHHE
JBUXKKa cTaHOBUTCA paBHBIM 40%. [Ipu KaxxaoM mociienyroneM HakaTHud Ha KJ1aBU-
mry [Space] 3Hauenue ymensbinaercs Ha 5%. Ecnu Haxkats [Space] + [Shift], To mo-
JI0’KEHUE ABWKKA TOTEHIMOMETPA YBEIUIUTCSA HA 5%.

Mepemennniii konnencarop (Variable Capacitor) | 4

[lepemeHHBINT KOHAEHCATOP IOMYCKAaeT BO3MOXKHOCTh M3MEHEHUS BEIMYUHBI
eMKOCTH. BennmurnHy eMKOCTH YyCTaHaBJIMBAIOT, UCIOJB3Ysl €€ HadallbHOE 3HAuYCHUE
ko3 puIeHTa NPONOPUUOHATBHOCTH CAEAYIOIIUM 00pa3oM:

C=(nauanpHoe 3HayeHune/100) — kodrhPuIEeHT MPONOPIIUOHATHHOCTH.

3HaueHNEe €MKOCTH MOXKET yCTaHaBIMBAThCS C MOMOIIBIO KJIABUII — KIHOYEH
TaK ke, KaK ¥ MOJ0XKEHHE IBUKKA IEPEMEHHOTO Pe3UCTOPA.

Karymka ¢ nepemennoii unaykTuBHoctoio (Variable Inductor) -4~

BenuuuHy WHIYKTUBHOCTH 3TOM KAaTYyIIKHM YCTaHABJIMBAIOT, UCIOJIb3Yysl Ha-
YJaJIbHOE 3HAUYEHUE €€ MHIYKTUBHOCTU U KO3 (dUIIMEHTa NMPONOPIUOHAIBHOCTH Cle-
JTYIOIIUM 00pa3oM:

L=(nauanpHoe 3HaueHue/100) — koadPpuireHT NponopLUUOHATBHOCTH

3HaueHUE WHAYKTUBHOCTH MOET YCTAaHABIMBATHCS C MOMOIIBIO KIIABHII —
KJIFOUEH TakK ke, KaK U MOJO0KEHUE JBUKKA IEPEMEHHOTO PE3UCTOPA.

KoMnoneHTbl HcTOUHMKH (SOUICES)
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3azemuenue (Ground) .

KoMmnoHeHT «3a3emiieHHe» HMEeT HYJEBOE HAMpsHKEHHE M TaKUM 00pa3oM
o0ecreunBaeT UCXOJHYIO TOUKY JUIs OTCYeTa MOTeHIManoB. He Bce cxembl Hyxkna-
IOTCSl B 3a3€MJICHUU 711 MOJICIIMPOBAHMSI, OJTHAKO JII00ast cxema, CoepKalias:

® OMEpaIMOHHBIN YCUIIUTENb;
e TpaHchopmarop;

® yIpaBisieMblil HCTOYHHUK;
e ocuwuiorpad,

J0JKHA OBITh 00S3aTE€NBHO 3a3€MIIEHA, WHAYe MPUOOpHl HE OyAyT MpPOHU3BO-
TUTHh U3MEPEHUS WM WX TTOKAa3aHUS OKaXyTCs HEMPABUIIbHBIMH.

Byovme enumamenvuvl npu 3azemieHuu mpaHcghopmamopos u yYnpaeniiemvix
UCMOYHUKOS.

HUcTounuku

Bce ucrounuku B Electronics Workbench uneanbusie. Buyrpennee conpoTus-
JICHUE UJCAIBbHOTO MCTOYHUKA HAMPSDHKEHUS PABHO HYIIO, MOATOMY €T0 BBIXOIHOE
HaIpsHKCHUE HE 3aBHCHT OT HArpy3ku. VaeanbHbI UCTOYHHUK TOKA UMEET OCCKOHEY-
HO 0O0JBIIOE BHYTPEHHEE COMPOTHBIICHUE, ITO3TOMY €r0 TOK HE 3aBHUCUT OT COIPO-
TUBJICHUS HArPY3KH.

Hcrounuk nmocTossHHOro Hanpsizkenus (Battery) ‘%

O/IC ucToyHMKa MOCTOSIHHOTO HAINpsKEHUs! Wi Oatapen usmepsiercs B Bosb-
Tax W 3a/JaeTcsl MPOoU3BOAHBIMU BenmmunHaMu (0T MKB no kB). Kopotkoit ueprtoii B
n300pakeHnn OaTaper 0003HAYaeTCsl BBIBOJI, MMEIOIIMK OTPHUIIATEILHBIM TOTCHIIH-
aJT; TI0 OTHOIICHHIO K JIPYTOMY BBIBOITY.

bamapes 6 Electronics Workbench umeem enympernnee conpomusnerue, pag-
HOe HYI0, NOIMOMY, eClU HeoOX00UMO UCNONIb308AMb 08¢ NAPAJLIEIbHO NOOKIIOUEH-
Hble bamapeu, mo ciedyem GKIIOYUMb NOCIe008AMENIbHO MeHCOy HUMU HeDOoNbUuloe
conpomusenenue (nanpumep, 6 1 Omy).

Hcrounuk nocrosinaoro Toka (DC Current Source) ‘ @
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Tok ucrounnka nocrositHHOrO ToKa (direct current) uzmepsiercs B Ammnepax u
3aJ1aeTCsl IPOU3BOAHBIMU BeTMUMHAaMU (0T MKA 10 KA). CTpernka yka3bplBaeT Hallpas-
aenue Toka (ot "+" k "-")

Hcrounuk nepemennoro Hanpsizkenns (AC Voltage Source) ‘ @

HeiicTBytomiee 3HaueHue (root-mean-square - RMS) HanpsbkeHHs] HCTOYHHMKA
u3Mmepsierca B BonpTax W 3ajaeTcsi MPOU3BOJHBIMU BeauurMHaMu (0T MKB 10 kB).
HmeeTcsi BO3MOXKHOCTh YCTAaHOBKHM 4YacTOTHI M HadanbHOW (pa3wl. Hampspkenue wuc-
TOYHHMKA OTCUMTHIBAETCS OT BBIBOJIA CO 3HaKoM "-". JlelicTByIoIIee 3HAUCHHE HaIpsi-
xeHus:t VRMS, BeipabaTbiBaeMoe MCTOYHUKOM TMEPEMEHHOTO CHHYCOMAAIBHOTO Ha-
IPSDKEHHUS], CBSA3aHO C €r0 aMIUIMTYyAHbIM 3HaueHneM VPEAK cnenmyrommm, COOTHO-
HICHUEM:

UVRMS — UVPEAK
J2

Hcrounuk nepemennoro Toka (AC Current Source) ‘ @
JlelficTByIOIIEE 3HAUEHHE COKA MCTOYHHMKA M3MEPACTCS B AMIIEpax M 3a/1acTCs
IPOU3BOJHBIMU BeaMYMHAMK (0T MKA 10 KA). MIMeeTcs BO3MOXKHOCTH YCTAaHOBKH

YaCTOTHI M HAYaJILHOU (1)213131.

KomnoneHnTsl MHANMKATOPHBIE yeTpoiicTBa (Indicators)

BoabT™merp (Voltmeter) ‘ |
BonbrMmeTp (BHYTpEeHHEE COIPOTHB- vV
JICHHUE, PEXKUM U3MEPEHUS TIOCTOSH- |

HOTO WJIA TIEPEMEHHOT'O HAITPSDKEHUS).

Ammnepmerp (Ammeter) ‘ (&l
AmniepmeTp (BHYTpEHHEE COTPOTHB- | All-
JICHHUE, PEKUM U3MEPEHHUSI TIOCTOSTH-
HOTO WJIM TIEPEMEHHOI0 TOKA).

Hucrpyments! (Instruments)




Ocuuinorpad (Oscilloscope) |

N3obpaxxenne Ha paboueM 1ose -
AC| 0| -

JIunesas ma”enb ocuusuiorpada nokazana Ha puc. 3. Ocuwiorpag uMeer 1Ba
kaHasia (CHANNEL) A u B ¢ pa3znensHO# peryaupoBKOil YyBCTBUTEILHOCTH B JHa-
na3zoHy ot 10 mxB/aen (mV/Div) no 5 kB/gen (kV/Div) u perynupoBKoi cMemeHus
no Beptukaiu (Y POS). Beibop pexxuma 1mo BXoAy OCYIIECTBISETCS HaXKaTHUEM KHO-
IIOK . Pexxum AC npenHasHaueH 111 HaOJIIOIEHUS TOJBKO CUTHAJIOB I1e-
PEMEHHOI0 TOKa (€ro enie Ha3bpIBalOT PEKUMOM «3AKpPBITOTO BXOAa», MOCKOJIBKY B
TOM PEKHUME Ha BXOJI€ YCHUJIUTENS BKJIIOYAETCS Pa3[eMUTENbHbI KOHJIEHCATOp, HE
MPOMYCKAIOIINI MOCTOSHHYIO COCTaBJIAIONIYI0). B pexxume 0 BXOJHON 325KUM 3aMbl-
Kaercs Ha 3emito. B pexxume DC (BK/IIOUEH MO yMOJIYaHUIO) MOYKHO MIPOBOAMUTH OC-
Iorpaguueckue M3MepeHusl Kak MOCTOSHHOTO, TaK UM IEPEMEHHOro0 TOKa. JTOT
PEXKUM €lIe Ha3bIBAIOT PEXKUMOM «OTKPBITOTO BXOa», MOCKOJIBKY BXOJIHOM CHTHAJ
IIOCTYIIaeT HA BXOJ BEPTUKAIBHOIO YCWIHMTENS HEnocpeacTBeHHo. C mpaBoil CTOpo-
HbI 0T KHONIKK DC pacnosnokeH BXOIHOW 3aKUM.

- x|

E-cpandl Ground (&

—Time base Trigger
(i1 =l | Bdge  EE | F

¥ position | 1M = | Lewvel

: —Channel A Chanmel B ————————————
[ 1 = Rl =
Yoposition (i | | ¥ position [mm B
acjoEB ¢ | AjoEE G

PucyHok 3

PeskuM paszBepTKH BbIOMpaeTcs kHonkamy MMM B4 | &8 | | B pexume Y/T
(OOBIUHBIN pEXUM, BKIIOYEH MO YMOJYAHUIO) PEATU3YIOTCS CIEAYIOIIME PEXUMBI
Pa3BEPTKU: M0 BEPTUKAIIN - HANPSHXKEHUE CUTHAJA, IO TOPU3OHTAIIM - BPEMSI; B PEKHU-
Me B/A: mo BepTuUKalid - CUTHaN KaHana B, 1o ropu3oHTanu - curHai kaHaia A; B
pexume A/B; no BepTuKaliy - CUTHAJ KaHalia A, 0 TOPU30HTAJIM - CUTHAJ KaHaia B.

B pexume Y/T nnurensaocts pa3septku (TIME BASE) moxer ObITh 3a/1aHa B
nuamna3one ot 0,1 uce/men (ns/div) mo 1 ¢/men (s/div) ¢ BO3MOXXKHOCTBbIO YCTaHOBKH
CMEIIICHHUS B TEX K€ €IUHUIAaX 110 TOPU30HTAIIH, T. €. o ocu X (X POS).

B pexume Y/T mpemxycmotpen Takxke xaymuid pexxuMm (TRIGGER) c 3amyc-
koM pazBepTku (EDGE) mo nepenneMy nnu 3aaHemMy GpOHTY 3aIyCKaIOIIero CUrHa-
Ja (BbIOMpAETCs] HAKATUEM KHOTIOK ) 1@ = | 'ynupyemom ypoHe (LEVEL) 3a-
nycka, a Takxke B pexxume AUTO (ot kaHana A win B), oT kanana A, ot xkaHana B
i ot BHemHero ucrounnka (EXT), mogkimrouaeMoro k 3axumMy B OJIOKE yrpaBie-

EIEN ~| B Ed | 5
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Husi TRIGGER. Ha3Banubie pexumbl 3amycka pa3BEpTKH BbIOMPAIOTCS KHOMKaMU

3azemiieHue ocruuiorpada ocymecTBiaseTcs ¢ nmoMmoipo kieMMbl GROUND
B [IPABOM BEpPXHEM YTJIy mpubdopa.

Dscilloscope _

hid

Ti B, AEERA = T2 H.Aa688 = T2-Ti H.Ha6E8 =

il Wi SRR -]

“WH1 “WHZ “WHZ-E1
—Time b@ase ———Trigger ——————— Channel # ———— Channzl B
[ =] | Bdge  EE %) [ = ([ =] | FReduce |
¥ position | m = Lewrel | m |E|“ ¥ pasition | m = | ¥ position | m = Rewverze
Ml 5% | A8 BN A[8/Ec] | Ac/oEE ac| o savs

PucyHnok 4

[Tpu Haxxatuu Ha kHOMIKY ZOOM ImiieBas maHelnb ociuuiorpada CymecTBeH-
HO MeHsieTcsl (puc. 4) - yBeJIMYMBACTCS pa3Mep 3KpaHa, MOSBISETCS BO3MOXHOCTb
IPOKPYTKH U300paKEHUS 0 TOPU3OHTAIM U €r0 CKaHUPOBAHUS C MOMOUIbIO BEPTH-
KQJIbHBIX BU3UPHBIX JIMHUM (CMHErO0 M KPAaCHOTO I[BETA), KOTOPBIE 3a TPEYroJibHbIC
yiiku (oHM 0003HauYeHbl 1udpamu 1 U 2) MOryT ObITH KypCOPOM YCTAHOBJIEHBI B JIIO-
0oe Mecto 3kpana. [Ipy 3TOM B MHAMKATOPHBIX OKOIIKAX MOJ 3KPaHOM MPUBOISATCS
pe3yJbTaThl U3MEPEHUS HANPSKEHUsI, BPEMEHHBIX MHTEPBAJIOB U MX IPUpPAIICHUI
(MeX1y BUBMPHBIMU JIMHUSIMHU ).

N3o00paxkenre MOkHO MHBepTUpOoBaTh Haxkatrem kHonku REVERSE u 3anu-
caTh AaHHbIC B (aiin HaxatueM kHomku SAVE. Bo3BpaT k HCXOAHOMY COCTOSIHHIO
ocmntorpada mpousBoautcs Haxxkaruem kHonku REDUCE.



JlaGopaTopuas padora Ne 1. OJIEKTPOTEXHUKA. UCCIIEIOBAHUE
MHOI'OKOHTYPHOI CUCTEMBI IIOCTOSIHHOI'O TOKA.

1. OEJIb 1 3AJIAYU PABOTHI.

SKCHepI/IMeHTaHBHOC HCCIICJOBAHUC CJIOKHBIX MHOT'OKOHTYPHBIX CHUCTCM IIO-
CTOJAHHOI'O TOKA. HpI/IO6peT€HI/IH HaBBIKOB pacdcTa TaKUX HCHCI?I.

2. OBILME ITOJIOXXEHNMA.
BennunHa TOKa B HEPA3BETBICHHOM JIEKTPUYECKOM LEIU ¢ HECKOJBKUMHU HC-
TOYHUKAMU ONpeesieTcss OTHoLeHueM anredopandeckoit cymmbl 3/1C Bcex ucrtou-

> E
ﬁ.

Hanpsoxenue Ha 3akMMax MCTOYHHKA, paOOTAIOIIET0 B PEXUME MOTPEOUTES,
oonpie yeM DJ[C caMOoro UCTOYHMKA HA BEIMYMHY MaJCHHS HANPSIKEHHUS HA BHYT-
PEHHEM CONPOTUBIIEHUH TOr0 UcToyHuka U, =E,  + IR

nomp — “~“nomp nomp *

HHKOB K IIOJIHOMY COIIPOTHUBJICHUIO ICIIN | =

Hanpspbkenue Ha KiieMMax UCTOYHHKA, paOOTaIOIIEro B pPeXXUME T'eHepaTopa,
MeHble, yem DJIC ucTouHHKa Ha BEIMYMHY IMAJICHUS HANpSHKEHUS Ha BHYTPEHHEM
COIPOTUBJICHUH 3TOIr0 UCTOUHMKa U,, =F, - IR, .

Hampsixenue Ha mo6oMm ydactke U = E + IR.

[ToTenmnuanbpHas quarpaMma MpencTaBiseT co0oi rpapuk M3MEHEHUs] TTOTECH-
[AAJIOB TOYEK LIETH OT BEJIMYUHBI COMMPOTUBJIEHUN YYaCTKOB MEXAY 3TUMH TOUKAMHU.

[Tepseriit 3axkon Kupxroda: anredpanyeckas CcyMmma TOKOB B BETBSX, COCTMHEH-
HBIX B OJIMH Y3€JI, paBHA HYJI0. TOKH, BXOJSAIIUE B y3€], IPUHATO CUUTATH MOJIOKH-
TEJIbHBIMHU, & BBIXOSIINE — OTPULIATCIIbHBIMH.

Bropoii 3akon Kupxroda: anredpanueckas cymma 9/]C B 3aMKHYTOM KOHTYype
AIIEKTPUYECKOM 1IeTIM paBHA alireOpandecKkoil CcyMMe MaJIeHU HanpsbKeHUM Ha BCeX
ydacTkax 3Toit memm, T.e.  » E=>"IR. DJIC ncrounuka, copnajaomas ¢ BeIOpaH-

HBIM HallpaBJIeHHEM 00X0Ja KOHTYpa, CUMTAETCS MOJIOKUTENbHBIM, a HE COBIAJIat0-
1asi — OTPULIATEIIbHOM.

Meron cBepThIBaHUSA:

Cxema ynpomjaercs 1o BO3MOXKHOCTH J0 TAKOH, B KOTOPOH IMPUMEHHUM 3aKOH

Owma.
MeTo HaAJIOKEHUS :
1. B kaxioi BEeTBM paccMaTpuBaeMOM LIENM HAIpaBJeHUE TOKa BHIOU-
paeTcs mpor3BOJIBHO
2. KonnyecTBo pacdeTHhIX CXEM LIENU PABHO KOJIUYECTBY UCTOYHHUKOB
B HUCXOJIHOM CXeMeE
3. B KQXJIOW PacyeTHOW CXEME JIEMCTBYET TOJIbKO OJMH MCTOYHHUK, a

OCTAJIbHBIC MCTOYHUKHN 3aMCHANOTCS MX BHYTPCHHHUMH COIIPOTHUBIIC-
HHSAMMU.



4, B kxaxnoil pacdyeTHOM CXE€ME€ METOJIOM CBEPTHIBAHUS OINPEACIISIOT
YaCTUYHBIE TOKU KaKJ0W BETBH.
S. Hckomble TOKH Ka)XIOW BETBH PACCMATPUBAEMOUN CXEMBbI ONpEIEs-

IOTCA KaK aﬂre6panqe(:1<a51 CyYMMa 9aCTUYHBIX TOKOB B 9TOM BETBHU.

2.1 MeTo1 KOHTYPHBIX TOKOB
SIBnsieTcs OMHUM U3 OCHOBHBIX METOJOB pacueTa CIOXKHBIX 1eneid. OH 3aKito-
4aeTcs B TOM, YTO BMECTO TOKOB B BETBSIX ONPEIEISIOTCA HA OCHOBAHUU 2-TO
3akoHa Kupxroda tak Ha3pIBaeMble KOHTYpHbIE TOKHU. [Ipu 3TOM UCKITIOYarOT-
cst ypaBHeHHs 1-To 3akoHa Kupxroda. YpaBHeHus MoryT ObITh 3alMICaHbI, €C-
JIY IPUIIACATH KAXKIOU STYEHKE HEKOTOPBIA KOHTYPHBIN TOK, COBIIAJAIOIINN C
TOKOM BHEIIHUX BETBEM.

2.2 MeTo y310BBIX TIOTEHITHAIOB

OTOT METOJ1 MO3BOJIAET YMEHBIIUTh YNCI0 ypaBHeHUH Kupxroda 3a cuet uckito-

4YeHUs ypaBHEHUH 2-r10 3akoHa. Ha cxeme nmpuHuMaem noteHuuan Touku "O" pas-

HBIM HYJIIO.

2.3 MeTtoj 3KBUBaJIEHTHOTO T€HEpaTopa
Merton pacdeTa TOKa B BBIACIECHHON BETBH, OCHOBAaHHBIN HA 3aMEHE AKTUBHOTO
JBYXIIOJIFOCHUKA 3KBHBAJIEHTHBIM I'€HEPATOPOM, MPUHATO HA3bIBATh METOJIOM
DKBUBAJICHTHOI'O I'€HEPATOPA, & TAKKE METOJOM XOJIOCTOTO XOAa U KOPOTKOIO
3aMBIKaHHUS.
Pexomennyercs Takas IOCIEN0BATEIBHOCTh pacyeTa TOKa 3TUM METOIOM:
1. HaliTu HanpspKEHHE Ha 3aKUMaxX Pa30MKHYTOH BeTBU 12;
2. ONpeAeNnuTh BXOJHOE CONPOTUBIIEHUE R, BCEH CXEMBI 110 OTHOILIEHUIO K

3axuMaM 12 npu 3akopouyeHHbIX UcTouHUKaX D/1C 1 pa30MKHYTBIX BETBSIX
C UCTOYHUKAMU TOKA;
3. TMOACYMTATH TOK IO hopMyIIe
I =U,/(R+R,)
€CJI CONPOTHUBJIEHNE BETBU 12 paBHO HYIIO0 R =0, TO JJIs1 HEE€ UMEET MECTO
PEXKHUM KOPOTKOTO 3aMbIKaHUs, a MPOTEKAOIIUNA B HEM TOK €CTh TOK KOPOTKOTO
3aMBIKaHUS
I =U,/R,

2.4 TloteHImaapHOM AUarpaMMoil Ha3bIBaloT rpaduk, Ha KOTOPOM IO OCH a0cC-
LMCC OTKJIAJIBIBAIOT COMPOTUBJIEHUSI PE3UCTOPOB, a IO OCU OPAUHAT — TOTEH-
[[AAJIbl COOTBETCTBYIOIINX TOYEK AJEKTPUUECKOI cxembl. COMPOTUBIIEHUS pe-
3UCTOPOB OTKJIAJIBIBAIOT TOOYEPETHO APYT 3a APYTrOM B TOM MOPSIKE, B KOTO-
POM OHHM CIIEAYIOT MpU 00X0/1€ UCCAEAYEMOTO yJacTKa LIETH.

2.5 bananc momnHocTen. [Ipu npoTekaHny TOKOB 10 COITPOTUBIIEHUSAM B IOCIIE -
HUX BbIENseTCA TemioTa. Ha oCHOBaHMM 3aKOHA COXPAHEHUS SHEPTUU KOJIU-
YECTBO TEIUIOTHI, BHIICIAIONIEECS B €AMHUILY BPEMEHH B COMPOTUBIICHUSIX
CXEMBI, IOJ>KHO PABHATHCS SHEPTUH, JOCTABIISIEMON 3a TOXKE BPEMS HCTOUYHH-



KOM IIUTaHUs. YpaBHEHHE SHEPTETHIECKOrO OAIAHCa ITPU IIUTAHUM TOJIHKO OT
ncroynnkoB D/IC umeer Bux Y I°R =) El

Korpa cxema nuraercst He TOJIbKO OT UCTOUHUKOB DJIC, HO U OT UCTOU-
HUKOB TOKA, T.€. K OTACJIBHBIM y3J1aM CXEMbI OATEKAIOT U OT HUX YTEKAIOT
TOKH UICTOUYHHKOB TOKA, PYU COCTABJICHUHN YPAaBHEHUS SHEPreTUYECKOro Oa-
JlaHCa HEOOXOIMMO YUYECTh U SHEPTHIO0, TOCTABISIEMYI0 HCTOYHUKAMU TOKA.
JonycTtum, 4To K 1-My y371y CXeMBbI MOJITEKAET TOK , a OT 2-T0 y3JIa OH yTeKaeT.
JlocTaBisiemasi MICTOUHUKOM TOKa MOIIHOCTBh paBHa U,,| . Toraa oOuuit Bu

ABHEHUS DHEPreTUUECKOro OajlaHCca UMEET BUJI IPR=>MEI+>U.,.I
12

3. BAJAHUE HA PABOTY
1. Jlns cxeMbl COCTaBHTh ISl BCEX Y3JI0B M BETBEM ypaBHeHHUs 3aKoHOB Kupx-
roda;
2. OmnpenenuTh TOKA B BETBSAX HUCIOJB3YS JIFO0OH U3 METOA0B (MCXO/IHBIC JTaH-
HbIe Tabimma 1)
3. TlocTpouTh MOTEHIIMATBHYIO TUArPAMMY;
4. CocrtaBUTh OajlaHC MOIITHOCTEM.

4. TIOAT'OTOBKA K PAEOTE U [TPOI'PAMMA EE ITPOBEJIEHU .

4.1HadepTuTh cXeMy MPOBEICHUS SKCIEPUMEHTA, MPEIBAPUTEIHLHO TOIKITIOYHB
HE00XO0IUMbIE TPUOOPBHI.

4.2V3y4nth cXxeMy MOCTOSSHHOTO TOKa, 3alicaTh BEIMYMHBI COMPOTUBICHUIN BXO-
JSIITUX B HEE PE3UCTOPOB U ONPEACIIUTh OCHOBHBIE XapaKTEPUCTUKH MPUOOPOB
(mpenesnsl U3MEPEHUSI U KJIACC TOYHOCTH).

4 3TIpoBenenue paboOThI

4.4CpaBHUTH pPe3yJIbTATHI pacueTa U IKCIIEPUMEHTA, CJIeTIaTh BBIBO/I.

4.5 IoaroroBuTh ONMAaHK OTYETA U MWJUIMMETPOBYIO Oymary ¢ 4epTexeM IMOTEH-
[IHAJIbHOW JUarpamMMbl.
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PucyHOK 1. cxeMa MHOTOKOHTYPHOM LIENHU ITOCTOSTHHOT'O TOKa
5. COOEPXKAHME OTYETA T10 JIABOPATOPHOM PABOTE

OT4eT cocTaBIsACTCS OTACIBHO KaXKIbIM CTYJICHTOM M BKIJIFOUAET B CEOs:

- KpaTKyIO XapaKTePUCTHKY PabOThI, B KOTOPYIO BXOJIAT IIEJIb PaOOTHI U KPaTKHE
TEOPETHUYCCKHUE CBCIACHMUS;

- BBIIIOJTHEHHOE TIPEABAPUTEIILHOE JOMAIIIHEE 3a/IaHU¢E;

- CBOJIHYIO TaOJIMITY Pe3yJIbTaTOB 3aMEPOB U PACUETOB;

- BBIBOJIBI 110 paborTe.

6. KOHTPOJIBHBIE BOITPOCBI.

6.1Kak ¢ momorisio IpuOOPOB MAarHUTOAIEKTPUIECKONH CHCTEMBI OTIPEACITUTh Ha-
IpaBJIeHUE IEKTPUUYECKOTO MOJIS U MOISPHOCTD HANPSKEHUS ?

6.2Kak 3anmceiBaeTcs Al BHIOpaHHBIX MMACCHBHOM W aKTMBHON BETBEH 3aKOH
Oma?

6.3UTo Ha3bIBAETCS Y3JI0M U KOHTYPOM JJIEKTPUYECKOM 1enu?

6.4Kak u3MepuTh NOTEHIIMA TOUYKHU?

6.5MoryT 11 TOKH B BETBAX U MOTCHIIMAJIBI TOYEK UMETh OTPUIIATEIILHOE 3HaYe-
Hue?

6.6Kak mocTpouTh NOTEHIMAIBHYIO TUArpaMMmy?

6.7Kak mo moTeHIManbHOU AUarpaMMe OTPEeIUTh HAMPSIKEHUE MEXKTY JBYMSI
TOYKaAMH?

6.8Kaxk onpenensieTcss BemnyuHa U HANPABJICHUE TOKA B HEPA3BETBICHHOM IIETIH C
HecKobKuMu DJ1C?

6.9Kak onpenensiercs HampspKEHUE Ha KJIeMMax MCTOYHHUKA, pabOTarolero B pe-
KUMeE TeHepaTopa U B pexxuMe noTpeouTens?

6.10. Kak onpenensitoTcss MOTEHUMANIBI TOYEK JICKTPUUECKON Henu?

10
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6.11. Kak ucnons3yrotcst 3akoHbl Kupxroda nms pacuera CIOXHBIX JEKTpHUE-
CKHUX 1emnen?

6.12. JlaifTe onpeneneHue mepBoro U BToporo 3akoHoB Kupxroda.

6.13. B uem 3akirouaeTcs METOI HAIOXKEHUA?

6.14. Korna u kak MOKHO MPUMEHSATh METO/1 Y3JI0BOTO HANPSKEHUSA?

6.15. B yeM 3akirouaeTcsi METOT KOHTYPHBIX TOKOB?

6.16. Korna m kak UCHONB3yeTCS METOJ CBEPTHIBAHUS, NPHUBEAUTE PACUETHBIC

dbopMyIBI.

11
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JlabopaTopnas padora Ne 2. OJIEKTPOTEXHUKA. UCCJIIEJJOBAHUE
[HOCJIEAOBATEJIbHOUN HEITM CUHYCOUJAJIBHOI'O TOKA.

1. OEJIb 1 3AJJIAYUA PABOTDI.

N3ydenne aMImuTyIHBIX U (a30BbIX COOTHOIICHUU B MOCIIEIOBATEILHOM I1e-
1, COIEPIKAILIE PE3UCTOP, KOHIEHCATOP U UHAYKTUBHYIO KaTyIIKY.

2. OBIIME NNOJIOXEHMA 1 OBBEKT MCCJIELOBAHUMAL.

2.1 Ha pHCl I/I306pa}K€Ha CXCMa IMoCjICaA0BaTCIbHOIO0 COCANHCHUA 3JICMCHTOB
LCIIKM CHHYCONOAJIbHOI'O TOKAa
. C L
ad R ™ d
m
e | S

yR g{' _QYL
U

Puc.1. Cxema mmocieoBaTeIbHOIO COSTMHEHNS DJIIEMEHTOB
Hanpsxkenne U paBHO BEKTOPHOM CyMME HAIIPSKEHUM HA DJIEMEHTAaxX LEIn:

3nech U, =Rl U, =—jl/aCl; U, = jall,

no3TtoMy U = (R + jol — j%)i =(R+ j(a)L—i))l :

Orcrofa cineayeT COOTHOIIEHHE MEXKAY JEUCTBYIOIIMMH 3HAYEHUSMHU
TOKa Y HANPSIKCHUS:

U

| = .
\/RZ +(wL_a)1C)2

KommiekcHoe COIIPOTUBJICHUC LICIIN:

Z =

- |C

. 1
=R+ jloL - —),
(@ a)C)

a €€ IIOJIHOC COIIPOTHUBJIICHHUC!

zzL\/Ru(wL_i)Z.
| aC

12



13

1
IIpu yactoTe ®, =—— HACTyHaeT PEeKUM PE30HAHCA, T.€. PEXKUM, NpU

JLc

KOTOPOM TOK M HAIpsDKEHHE Ha BXOJE LIENH COBNAAAIOT IO (asze, a peakTUBHas
4acTh BXOJHOTO CONPOTHUBIICHUS PaBHA HYIIO. B mocienoBaTtenbHOW LENH 3TOT
PEXUM Ha3bIBACTCS

PE30HAHCOM HaNpsKEHUW. BEeKTOpHBIE AuarpamMmbl LENU MIPU PA3IMYHBIX 4acTO-
Tax IPUBEJICHBI HA PUC2.

@<y W=y W>wMy
fol,«.:;)lc-; (uL=~a% cuL>$
UL<UC * U] =U(.‘ UL )Uc

<0 =0 ©>0

ar—sagmmne _od — e
~¢ Ux P —

¥ U o |
ez

Puc.2. BekTopHbIe 1MarpaMMsl LENH IPH Pa3IMYHBIX YaCTOTaX
N3 BEKTOpHBIX IHarpaMM BHIHO, YTO IIPH 4aCTOTaX, OTIWYHBIX OT PE30-
HAHCHOM, YToJl MO’KHO HalTH 1o (popMyJie:

ULC
Ug

rae U . - HanpspkeHue Ha 3jemMeHTax L um C (1.e. Mexay Toukamu b u d Ha
puc. 1).

|p| = arctg

3AJIAHUE HA PABOTY
3.1. Ucxonnsie nannbie Tabauna 1 u cxemsl puc. 3,4,5
3.2. I1o UCXOIHBIM JTAHHBIM OIPEICIUTh HAMPSIKEHUS HA AJIEMEHTax U TOK B IIETH
3.3. s cnyugaeB RC, RL, RLC mocTpouTh BEKTOpHBIE JHUArpaMMbl
3.4. OnpenenuTh aKTUBHYIO, PEAKTUBHYIO U MOJHYI0 MOITHOCTH UCXOAHBIX CXEM

XO/ PABOTBI.

4.1 VI3yuuTh onucaHue padoThI.

4.2 TloarotoButh OJaHK OTYETA U MPEABAPUTEIHHOE JOMAIITHEE 3aJJaHIe U MHJI-
JUMETPOBYIO Oymary sl CHATHSI OCLIIJIOTPAMM

4.3 CoOpatb cxemy

4.4  Tloaxkar0YUTH TPUOOPHI

4.5 YcTaHOBUTH YacCTOTYy U JICUCTBYIOIIEE 3HAUCHUE U (pa3y CHUTHaja TeHepaTo-
pa

4.6 YcTaHOBUTH HEOOXOAUMbIEC 3HAUCHUS CONTPOTUBIICHUN

4.7 CHsaTbh NOKa3aHUs PUOOPOB, ONPENCIUTH Pa3zy HANPSHKEHUS U TOKA

4.8 CpaBHHUTbH C pacueTHBIMH, CIETATh BHIBOABI IO KAXKIOW U3 CXEM

4.9 3apucoarh nokaszanusi ocuuuiorpaga, cieiaaTb BIBOIBL.

4.10 CpenaiiTe BBIBOJ IO paboTe

13
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pscilloscope x|
Expand Ground (%
Time base Trigger
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E - |
'
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E
+
@mnwsu Hzil Deg 1 Ok

A+

I pscilloscope |
Expand Ground (%
Time base Trigger
oot srdiv B | Bdge B R @
¥ position Lewel
M s 5N - 5] £
—Channel & Channel B
: [50 viDiv B [ wow E
¥ pasition | 0,00 E‘ ¥ position | 0.00 E
1 scjoMM ¢ | sclo/EE &

Puc.4 Cxema uccinenosanust RL-1iemoukn
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T oscilloscope = -
Expand Ground (%
Time base Trigger
0.01 =/ div Bl | Edge EE x| &

¥ position Level
—Channel A——— Channel B
[50 wiDiv B [ wow E
f pasition | 0.00 E‘ ¥ position | 0.00 E
0@ | AoEE ©

PI/ICITS Cxema II/ICCJIGI[OBaHI/I}I RLC — nenouku
5. COOEPXAHUE OTYETA I1O JIABOPATOPHOM PABOTE

OT4eT cocTaBIACTCS OTACIBHO KaXKIbIM CTYJICHTOM M BKJIFOYAET B CeOS:

- KpaTKyIO XapaKTepUCTHKY PabOThI, B KOTOPYIO BXOJIAT IIEJIb PaOOTHI U KPaTKHE
TEOPETUYCCKHE CBEICHUS;

- BBITIOJIHEHHOE TIPEIBAPUTEIILHOE JOMAIIIHEE 3a1aHHE;

- CBOJIHYIO TaOJIMITy PE3yJIbTaTOB 3aMEPOB U PacyeTOB;

- BBIBOJIBI 110 paboTe.

6. KOHTPOJIBHBIE BOITPOCBI.

6.1. IlomxHoe compoTuBIeHKE TPH MocaeaoBarenbHoM coenunenne RLC snemenToB

6.2Moaynb TOJHOTO COTPOTHUBIICHUS TpHU TocienoBaTenbHOM coenunHeHnn RLC
AJIEMEHTOB

6.3®aza moJIHOrO COMPOTUBJICHUS TPHU TocieaoBaTeabHOM coeauHeHun RLC aie-
MEHTOB

6.4 ®opmyna Ditnepa

6.5Kak nepeBecTr 3HaUCHUE TOKA U3 KOMIUIEKCHOW (POPMBI B IMOKa3aTEIbHYIO M Ha-
obopor

6.6 YTo Ha3bIBaETCS PE30HAHCHBIM PEKUMOM €T CUHYCOUJATBHOTO TOKA?

6.7Kak sKkcrieprMeHTaIbHO OTPEETUTh PE30HAHCHYIO YacTOTY B MOCIIEA0BATEILHON
nemu R, L, C?

6.8 B 1enu, n3obpaxenHoit Ha puc.l, U, =4B, U _=10B, U, =7B. Uemy paBHbI Ha-

npsbkenue U u yron o?
6.91Touemy B peasibHOM IIEMK B PEXXUME pe30HaHCA HaNpsDKeHUH U . =07

15
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6.10 Moryr nu B nenu, n3obpaxxenHoi Ha puc. 1, Hanpsokenus Ug, U u Uc mipe-

BOCXOJIUTH MPUIIOKEHHOE K 1Ienu Hanpsbkenue U?
6.11 VYkaxuTe aHATUTUYECKUM MTyTh ONPEIEICHUS PE30HAHCHOW YaCTOTHI.

16
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Jlabopatopnas padora Ne 4 SJIEKTPOTEXHUKA. UCCJIENOBAHHE
TPEX®A3HBIX HEITEN.

1. HEJIb 1 3AJAY PABOTBI.
- HccnenoBanmne ammnuTyaHo-(ha3oBbix cootHomenuit anst I/1C B TpexdazHom
reHEepaTope

- HW3mepenue nuHEHHBIX U (Pa3HBIX HAMPSHKCHUN
HccnenoBaHue aMIUIUTYIHO-(a30BbIX COOTHOIIEHHUH MEXJIy TOKaMH U Ha-
HOPsDKEHUSAMHU B 3-X (pa3HBIX LEMSIX IPU pa3InYHbIX COENMHEHUsX (a3 reHepa-
TOpA U Harpy3KHu:

. CoennHeHune 3Be371a-3B€3/1a C HYJIEBBIM IIPOBOJOM

. CoenuHeHue 3Be31a-38€371a

. CoenuHeHne 3Be31a-TpEyroJIbHUK
HccnenoBanre HECUMMETPUYHBIX PEKUMOB
N3mepeHrie MOITHOCTH B TpeX(a3HbIX LEMsIX

'O w >

2. OBILME NOJIOXXEHUA 1 OFBEKT MCCJIEJOBAHU A

MHorogasHast Lernb — 3TO COBOKYIHOCTh HECKOJIBKHMX 3JIEKTPUUECKUX 1ENel, B
KOTOPBIX JAEUCTBYIOT cuHycouganbHble J/C OIHOW M TOM K€ 4acTOTHI, OTJIMYAIO-
muecs Apyr oT apyra no ¢asze u co3zgaBacMble OOIIMM HCTOUYHUKOM DJIEKTPUUECKON
sHepruu. OTIeNbHbBIE 3JIEKTPUUECKHE 1LIeNH, 00pa3yroliue MHOTO(a3HyI0 CUCTEMY,
Ha3bIBAIOT (ha3aMu, YHUCIIO Lenel, BXOAAIIUX B CUCTEMY Ha3bIBAIOT YHCIIOM (a3.

CosokymnHocts D/C, neiicTBytomux B MHOTOGa3HON CUCTEME, HA3bIBAIOT
MHorodazHo cucremoin J]C, a COBOKYITHOCTh TOKOB, MMPOTEKAIOIINX B ATHUX IEMAX
— Tpex(}a3zHoil CUCTEeMOI TOKOB.

MHuorodaszHelii reHepaTop COCTOMT U3 M 0OMOTOK, CABUHYTHIX IPYT OTHOCH-
TEJIbHO ApYra Ha HEKOTOpBIE YIiibl. Bpamas ux ¢ HOCTOSIHHOM YIII0BOM CKOPOCTBIO B
OJIHOPOJTHOM MarHUTHOM T0JIE, TOJIyYHMM M-MHOTO(a3HbIil reHepaTop CUHYCOUIab-
HbIX D/]C, cIBUHYTHIX 1O (pa3e Ha yTJibl, PABHBIE YIJIAM MEX]1y OOMOTKaMH.

MHuorogasHasi cucTema Ha3bIBae€TCsS HECBSI3aHHOM, €CJIM €€ COCTABJISIOLINE
AIEKTPUUECKHU HE COEIMHEHBI MEXK]Ty CO00M, B MPOTUBHOM Clly4ae cUcTeMa Ha3bIBa-
€TCsl CBS3aHHOM.

CymiecTByeT 1Ba OCHOBHBIX CIIOC00a CBSI3bIBAHUSI MHOTO(A3HBIX CUCTEM: CO-
€UHEHUE 3BE370M U COCIMHEHUE MHOTOYTOJIbHUKOM (TpeyrojabHUKoM). CoeuHeHne
3B€310! BBIMOJIHSIIOT, 00bEUHISA Hauanda Bcex ero ¢a3 B 0JIHy OOIIYIO TOUKY, Ha3bl-
BAEMYIO HEUTpabHON TOYKOM. CBSsI3b MEKYy T€HEPATOPOM U HArPY3KOM MOMKET
OCYILECTBISATHCS MpU OMOIIH 1poBoAoB A,B,C, naynmx oT KOHIIOB BC€X 0OMOTOK
(coenuHeHue 3Be37a-3B€3/a), @ UHOI1a U OT HEUTPaJIbHOW TOUKHM reHepaTopa (3Be3-
Jla-3Be€3/1a ¢ HEUTpaJIbHBIM MPOBOIOM). [Tpu 3TOM MpoBoa, uayIIKre oT 0OMOTOK ,
HAa3bIBAIOT JINHEMHBIMHU, a IPOBOJ UAYIIUN OT HEUTPAIBHON TOYKU — HEUTPAJIbHBIM.
CoeauHenne 0OMOTOK T€HepaToOpa MHOTOYTOJIBHUKOM OCYILECTBIISIIOT, COSANHSS Ha-
4aJ10 0OMOTKH Kax 01 (pa3bl ¢ KOHIIOM OOMOTKH ClIeayromei dhassbl.
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O/IC, uHIyKTHpYEeMbIe B 0OMOTKAaX TeHepaTopa, HAMPsHKSHUS Ha 3aKHMax
ATUX 0OMOTOK U TOKM B HUX Ha3bIBAIOT (Pa3HBIMU, a HAMIPSHKEHUS MEXKY COCETHUMU
JMHEWHBIMH MPOBOJIAMH U TOKU B HUX HAa3bIBAIOT JINHEHBIMHU.

Jlns Tpexda3Hoi CUCTEMBI

e, =E,sinwt,e, = E_sin (a)t —2—”),% = Emsin[a)t —4—”j = Emsin(wt +2—ﬂj.
3 3 3

Ar 27

e =l

— 3 = 3 = 3
s —E,e =Ee °® =Ee :
Ar .27 Ar
e = e
3 =Ee 3 =Ee 3.

A B C

2r  2m
3
Puc.1 BonHoBas u BeKTOpHbBIE JUarpaMMbl Tpex(pa3HoU CUCTEMBI T€HEepaTopa
CooTHoleHust MKy (pa3HbIMU U IMHEWHBIMU TOKAaMU U HAIIPSDKEHUSIMU OTI-
PEIEIA0TCS TUIIOM COEAUHEHUS U TUIIOM Harpy3Kyu — CAMMETPUYHOMN UJIM HECUM-
METPUYHOH (OTHOPOTHOM UM HEOTHOPOIHOM, PABHOMEPHOU UITM HEPABHOMEPHOM )
Jns cumMeTpudHON Harpy3ke Z, =72, =2.,2,, =2,.=Z,

wws‘&
(.

[Ipn paBHOMEpPHOU Harpy3ke MOAYJIM CONPOTHUBIIEHUN PaBHBI
Lo =2y = Loy Loy =Ly =Ly
[Ipu OTHOPOIHOM HATPY3KE @, =@, =@, , Pap = Ppc = Pea- PAZHBIA YTOJ KAKIOU
dassl ¢, =arctg(X, /R,), rae X,,R,- peakTUBHAS U aKTUBHAsI COCTABJISIFOIIAS KOM-
MJIEKCHOTO COMPOTUBJIEHUSI HATPY3KH COOTBETCTBYIOLIEH (ha3bl.

3Be31a-3Be3/1a ¢ HYJIEBBIM IIPOBO/IOM NPH JIIO00H HATrpPy3Ke:

dasnble Toku |, =U,/Z,;1, =U,/Z,;1, =U_/Z,

TOK B HEUTpaJIbHOM npoBoae I, =1, +1, +1,

JMHEHHOE Hanpsukenue U, =U J3

3Be31a — 3Be3/1a € HyJIeBbIM MIPOBOJAOM NPHU CHMMETPUYHON HATPY3Ke:
®dasuble Toku |, =1, =1,=U,/z,, TOK B HEUTpAJIbHOM ITpoBOJE |, =0
3Be3ma-3Be31a 0e3 HyJ1€eBOI0 MPOBO/Ia NPH JK000i1 HATPY3Ke:

. U, Y,+U, Y, +U_ Y
Hanpsoxenne cmemenust HedTpamu U, = =2—4 =8=8 —=C=C
Ya+Yg+Yc+Yy

3Be3ma-3Be3/1a 0e3 HyJ1eBOI0 MPOBO/Ia NPU CUMMETPUYHOI Harpys3ke:
Y.U,+U;+U
:—l :!B:!C,YN:L’UON:—A(—A =8 _C):O.
Zy+Z A YA+ Yy

—A
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Torma 1, =0 ¥ HEUTPAJIBHBIM IIPOBOJ HE HYKEH.
Toku B pa3HBIX NpOBOJAX:

UA_UON
= =N -y Y,
—A ZO+Z = A—_A
Uu,-uU
B: B =~ ON :QBXA,
Z,+Z
Uu.-uU
LG ====°0 =U.Y,
Z,+Z

OJIMHAKOBBIC 10 BETMUYMHE U TOCIEI0BATENLHO CMeIeHs! o dase Ha 120°, To
€CTh

Ia+1g+1c =0.

JIuHeiiHple TOKU paBHbI (Pa3HBIM

HecMotps Ha 3aMeTHOE yOOpOXKAHUE JIMHUX 3JIEKTPOIIEPEady IIPU UCIIONIB30-
BaHUM HEUTPAIBHOTO MPOBOJA, €TO0 TEM HE MEHEE B MMOTPEOUTENHCKON CETU ITPUME-
HSIOT BCIIEICTBUE BO3MOKHOM HECUMMETPUU cucTeMbl. [Ipn 3TOM ceueHnne HyaeBoro
POBOJa OEPyT WM PaBHBIM CEUEHHIO JIMHEWHOTO MPOBOJIA, WM JIaXKE€ MEHBIINM.

3Be3aa-TpeyrosfibHUK nNpu nNooon Harpyske
(azHbie Hanpsbkenua U, =U,, =U, =U

C ca
JMHEWHbIe HanpshkeHus U, =U ,
JIMHEWHBIC TOKH !A = !ab _!ca ’ !B = !bc - !ab J lC = !ca - !bc'
3Be31a-TPeyroJIbHUK MPH CAMMETPUYHOI Harpy3ke
nuHeliHbIe TOKK 1, =31 51, =1, =1, =1

C

asubie TOKA |, =1, =1, =1,=U,/Z

MoumHocTh B Tpex(dasHou cucreme:
AxTtuBHas P, + P, + P, =P,

P=3U,l,c080 Ugl, =—=2,P=3U,l,c0s¢ =/3Ulcosp, e unuekc « JI » (MuHeiHbIe

V3
BEJTUYMHBI) OOBIYHO OIMYCKAETCH .
[Tpu cummerpuunoi Harpy3ke (a3 P =3P, .Cuctema, o0amaronias TAKUM CBOMCTBOM
, HA3bIBAETCSl YPABHOBEIIEHHOM.
PeaktuBHas MOIIHOCTE Q=Q, +Q; + Q.
WJIM TIPU CUMMETPUYHOM Harpy3ke Q =3U 1 ,sing = J3Ulsing .

[Tomuas MOIIHOCTH pu CHUMMETPUYHOU Harpyske
S$=3U,l, =+/3-Ul,S=/P? +Q?

N3mepenne MmoutHOCTH B Tpexha3HOW CUCTEME MOXKHO MTPOBOUTH TPEMS U
JIByMsI BaTTMeTpaMu. CxeMa ¢ TpeMs BaTTMETPaMHU MPEIOIaracT HaJIudue HyJIeBOro
MPOBOJIA, @ CXeMa C ABYyMs BaTTMETpamMu (cxeMa ApoHa) OoJiee yHUBEpCallbHA: 10-
Ka3aHUs BATTMETPOB B ATOU CXEMe OTpeeseTcs mo hopmymam:

PP
P.=U 1 ,cos(p—30°); P,=U 1, cos(p, +30°);go:arctgﬁ

1+2
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IIPY CUMMETPUYHOMN Harpy3ke P, +P, =U 1, cose; P, —P, =U 1, sin ¢

3. 3AJJAHUE HA PABOTY

3.1 CoenunHenue 3Be34a-3B€3/1a C CHAMMETPUYHOM HArpy3Kkou puc. 2,3

3.1.1 Ilo ncxoaHbIM JaHHBIM Ta0J1.1 ONpenenuTh 3HaUeHUs TMHEWHBIX U (pa3HbBIX
TOKOB U HAIIPSIKEHUU

3.1.2. Ilo momy4eHHBIM 3Ha4YCHMAM I1.3.1.2. ONpeennTh aKTUBHYIO, PEAKTUBHYIO
Y TIOJIHYIO MOIIIHOCTH Harpy3KHu.

3.1.3. IIoCcTpOUTh BEKTOPHYIO AUArpaMMy TOKOB U HAIPsSKEHHUM

3.2. CoequHeHue 3B€3/1a-3B€3/1a C HECCUMMETPUYHOM HArpy3Kou puc.4

3.2.1. IloBToputh myHkTsI 3.1.1.-3.1.3

3.3. CoenrHEeHME 3B€3/1a-TPEYTOJIBHUK C CHMMETPUYHON HAarpy3Kou puc.S

3.3.1. Ilo ucxoaHbIM JaHHBIM Ta01.2. ONPEAEIUTh 3HAUECHUS TUHEWHBIX U (Pa3HbIX
TOKOB U HaIIpsDKEHUI

3.3.2 [loBroputh myHkTs 3.1.2.-3.1.3

3.4. CoennHeHME 3BE31a-TPEYTOJIBHUK C HECHUMMETPUYHOU HArpy3Kou puc.6
3.4.1. IloBroputh myHkTsI 3.1.1.-3.1.3

4. TIOATOTOBKA K PABEOTE U [TPOI'PAMMA EE BBIITIOJIHEHU .

a. M3yunth onucanue pabOTHI.

b. [MoxroToBuTh OJIAHK OTYETA M MUJLTUMETPOBYIO OyMary JUist CHSITUS OC-
LUJIOTPaMM.

c. CoOpath cxemy

d. TToakarounuTh MPUOOPEI

€. YCTaHOBUTDH YACTOTY U JCUCTBYIOIIKE 3HAUCHHUE U (pa3y CUTHAJIA TeHe-
paTopoB

f. YcraHoBUTH HEOOXOAMMBIC 3HAUCHHUS COMTPOTHBIICHUH KaXKA0M 13 (a3

g. CHaTh noKazaHus MpuOOpPOB

h. CpaBHUTH C pacUeTHBIMH, CACJIATH BBIBOJIBI ITO KAXKIOMY U3 COCTMHECHUH

I. 3apucoBarh noka3aHus ocuuuiorpada, cenaTh BHIBOJIBI.

J. Cnenatite BBIBOJ 110 paboTe
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+0scilloscope

x|
Expand Ground (®

—Time base Trigger

0.01 sidiv E | Bige EE x| i*
 position EE Lewel mﬂ
MR o | A | B A5 B ]
—Charnel #—— |- Chann=l B

[zo00 wiDiv 2 | [zo00 viDiw =

¥ position | 0.00 ﬂ ' pasition | 0.00 ﬂ
EHojoc] = | EMojoc| G

Puc.2 Cxema MoaenupoBaHus CUCTEMBI 3BE€34a-3BE3/1a C CHMMETPUYHON HATPy3KON
(ocummiorpadg uzmepsieT TMHEHHOE HAMPSIKEHUE)

J EH o o
J 1

220 S0 Hz/0 Deq

L &]

BB (A )220 WS He/20 Deg,, Ube

“oscilloscope

la 0.1k Ohm
” ” 11
W ]| Uab
mlL;F 0.1k Ohm
o
mIL;F 0.1k Ohm
I
X
Expand Ground (%
Time base Trigger
Bige MEE | ©®
Xpostie Leve
EE i~ | 8 KN ~| B Ea |
—Channel #———— Channel B
[200 wiDiu B |[zo0 wioiu =
¥ pasition | 0,00 E ¥ position | 0,00 E‘
ERojoc] - EMojoc]

Puc.3 Cxema MoaenrpoBaHusi CUCTEMBI 3B€3a-3B€3/1a C CAMMETPUYHOMN HArpy3Koil

(ocmmmtorpad u3MepsieT ¢ha3Hoe U JIMHSHHOS HAIIPSKEHHS )
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S Expand Ground (%

Time base Trigger

; powa B | e el o
Hpostion 000 [ | Level [o00n0
—Channel & Channel B
[z00 wiDiuw B |[zo0 wiDiv
f position | 0,00 H‘ ¥ position | 0,00 H‘
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L, #L #L,
Puc. 4. Cxema MOJCINPOBAHUA CUCTEMBI 3B€3/1a-3B€3/1a C HeCI/IMMeTpI/Iquﬁ Harpys3-
KOU

Zah

lah

111

Puc.5 Cxema MoaenrpoBaHusi CUCTEMBI 3B€31a — TPEYTOJIbHUK C CHMMETPUYHON Ha-
Irpy3KOM1

Zah

lah
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Puc. 6 cxema MoeMpoBaHus 3B€3/1a — TPEYTOJIBHUK C HECUMMETPUYHON HAarpy3Kou
Zab * Zbc * an

5. COJIEPXKAHUE OTYETA I10 JIABOPATOPHOI PABOTE

OT4er cocTaBsAETCS OTACIBHO KaXKIBIM CTYICHTOM H BKJIFOYAET B CEOS:

- KpaTKYI0 XapaKTEePUCTUKY pabOThI, B KOTOPYIO BXOIST IIEJIb PA0OThI U KPATKHE
TEOPETUICCKHE CBEIICHUS;

- BBITIOJTHEHHOE TIPEBAPUTEIILHOE JOMAIIHEE 3a/IaHUE;

- CBOJIHYIO Ta0JIMITy Pe3yJIbTaTOB 3aMEPOB U PaCUETOB;

- BBIBOJIBI 11O paboTe.

6. KOHTPOJIBHBIE BOITPOCBI.

6.1 JlaitTe onpenenenre MHOTO(}a3HOM CUCTEMBI

6.2 Uto Takoe Tpex(a3Has cucteMa U Kakue cXeMbl coeiMHeHns uctouHukoB D/1C ¢
NOTPEOUTEIAMU MPUMEHSIOTCA. JIOCTOMHCTBA M HEJOCTATKU Pa3IMUHBIX CXEM CO-
EANHEHUS.

6.3 CocTtaBbTe BBIpaKEHHUS JIJIi MTHOBEHHBIX 3HaueHu# (a3Hbix JJ1C 1 ux KOMIUIEK-
COB JUIsl IBYX, YETBIPEX, IIECTH U ABEHAALATU(A3HBIX CUCTEM.

6.4 Kakas Harpy3ka Ha3bIBa€TCsl CHAMMETPUYHOMN, pABHOMEPHOU U OTHOPOAHOM

6.5 YKaxxuTe COOTHOLIECHHS MEXTy (pa30BbIMU U JIMHEUHBIMUA TOKaMHU U HaIpsiKe-
HUSIMU B PA3JIMYHBIX CXeMaX COETUHEHUS

6.6 Kak n3MeHseTCs Ipu CUMMETPUYHON HAarpy3ke MIHOBEHHOE 3HAUYCHUE B KAKJIOU
¢daze u cymMMapHasi MTHOBEHHasi MOIIIHOCTh

6.7 UTO MOHMMAIOT IO CMENIEHUEM HEUTPAIIH, B KAKUX CIIy4asiX 3TO BO3HUKAET U
KaK OIPEJENINTh

6.8 Heo6x0aMMOCTh HEUTPATBHOTO MPOBOJIA

6.9 UTo MOHMUMAIOT 1O aKTUBHOM, PEAKTUBHOM U TIOJHOM MOITHOCTH 3-X (pa3zHoi
cucremsl. [IpuBeaure pacueTHbie HOPMYIIBI.

6.103apucyiite cxemy U3MEpPEHHUsI MOIIIHOCTH TPEMsI BATTMETPAMU

6.113apucyiite cxemy ApoHa

6.12 Kak n3meHsieTcss MOIIHOCTD MOTpeOIsieMas CHMMETPUIHOM HAarpy3KO# MpH Tie-
PEKIIFOUEHUH €€ CO 3BE3/Ibl B TPEYTOJIbHUK
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JlabopaTopuas padora NeS [[UOPOBA DJIEKTPOHUKA. NCCJIEJJOBAHUE
JIOTUYECKUX 2JIEMEHTOB

1. HEJIb U 3AJAYN PABOTHI:
YrnyOuTh M 3aKpenuTh 3HAHUS O pazaeny Jlornueckue 3JIeMeHTHI.
2.0BIIHME ITOJIOKEHMA 1 OBBEKT UCCIIEJOBAHUA

Jlormdeckue 37€MEHTHI IHUPOKO NPUMEHSIOTCS B IU(PPOBBIX U3MEPUTETbHBIX
npubopax, ycTpoicTBax aBTOMATUKH U BBIUUCIUTENbHON TeXHUKE. OHHU BBITOJIHS-
I0T MPOCTEHINE JIOTHYECKUE OmNepauuu Haja HudpoBoil uHGopmanuen. Jlornue-
CKHE 2JIEMEHTHI BBIITOIHAIOTCS B BUJIE MUKPOCXEM. B KauecTBe aKTUBHBIX 2JIEMEHTOB
U POBBIX MUKPOCXEM IPUMEHSIOTCSI OMTIONSIPHBIE U TTOJIEBBIE TpaH3uCcTOphl. Ha
BXOJIaX U BBIXOJAX IU(PPOBBIX MUKPOCXEM MOTYT MOSIBIATHCS JIUIIb BA XapaKTep-
HBIX YPOBHS HanpsbkeHus: Hu3koe (okojo 0 B) u Beicokoe (Hanpumep, 5 B). Huzkuit
YPOBEHb HANPSKEHUS COOTBETCTBYET IBOUYHOMY yucHy 0, a BBICOKHI - TBOUYHOMY
yucny 1.

Jlormueckuit snement HE (unBeprop) (puc.l.). MHBepTOp MMeeT 0 uH BXOA
X m oauH BeixoJ Y. CurHal Ha ero BBIXOJIE BCErJa MPOTUBOIIOIOKEH BXOTHOMY.
To, 4TO BBIXOJIHOM CHUTHAJI TPOTUBOMOIOKEH BXOAHOMY U300paKaeTCsl Ha CXeMe
3JIEMEHTa KPY»KKOM Ha BbIxojie. Ha puc.2. mpuBeaeH pucyHOK MUKPOCXEMBI
K155JIH1 u ee ycnoBHoe uzobpakenue. Mukpocxema cogepxut 6 snementoB HE.
Ha cxeme ykazanbl HOMepa HOxeK MUKpocxeMbl. [Iutanne nogaercs va 7 u 14 HOX-
KA MUKpPOCXEMBI. 14 HOYKKa MOAKIIIOUAETCS K TIOJI0KUTEIBHOMY IOJIFOCY UCTOYHHUKA
nutanus. Ha koprmyce MHKpOCXeMbl MMEETCsl METKa (KJII04), YKa3bIBarOIIasl IEPBYIO
HOXKY. V3yueHue JIOrnueckux 3J€MEHTOB OyJIeEM COITPOBOXK/IATh IKCIIEPUMEHTAMHU.
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Brox curnanos +5 B wimn 0 B OyneT ocymiecTBAsSTLCS ¢ TOMOIIBIO MyJIbTa, a WH]IH-
Kal[usl HalPSKEHUS HA BBIXO/1aX 3JIEMEHTOB - C IOMOUIBIO YCTPOMCTBA KOHTPOJISL.
N3o0pakenue mysabTa BBOJA CUTHAJIOB M YCTPOWCTBA KOHTPOJIA TMPHUBEICHO HA
ctpanuiie 6. Ha mynpTe BBOJa CUTHAJIOB PACIIOIOKEHBI 8 KHOMOK, 0003HAYEHHBIX
D7...D0 u 3a)KuMBbI 17151 TOAKIIOYEHUS] BHEITHUX YCTPOUCTB. JIt00as U3 KHOMIOK MO-
JKET HAXOJIUTHCS B COCTOSHUU <BBIKJIIFOUCHO> WM <BKJIOYEHO>. BKIITOUEHHOMY CO-
CTOSIHUIO COOTBETCTBYET 3aKPALICHHBIN MPSMOYTOJbHUK KHONKA. BKITtoueHue u BbI-
KJIFOYCHHE KHOMKH OCYILIECTBIIACTCA HAKATUEM HAa COOTBETCTBYIOIIYIO KIJIABUIILY
7...0. B nonoxxeHnu <BBIKIIOYEHO> HANPSHKEHUE MEKTY COOTBETCTBYIOIIUM 3a3KU-
MOM U KOPITYyCOM ITyJIbTa paBHO HYJIO (3HaueHue currana 0). Korga kakas-m0o
KHOIIKA BKJIIOUEHA, HAMIPSXKEHUE MEXKTY COOTBETCTBYIOIIUM 3aKUMOM U KOPITYCOM
mynbTa paBHO +5 B (3HaueHue curnana 1). Takum oO6pazom, eciiv KHOTIKA BKITFOUCHA
CUTHaJI paBeH 1, ecnu BeIkitoYeHa - 0. YCTpOHCTBO KOHTPOJIS COJIEPKUT BOCEMb CBE-
toguonoB D7...D0. CBeueHune cBETOAMOAA CBUIETEIBLCTBYET O TOM, YTO COOTBETCT-
BYIOII[EE HAMPSHKEHUE UMEET BBICOKHM ypoBeHb (+5 B), T.e. curnan pasen 1. Ha
cTpanuie 7 Bel MoxxeTe akciepuMeHTHpoBaTh ¢ Mukpocxemon K155JIH1, nonasas
Ha BxoabI 2i1ieMeHToB HE curnaner O u 1.
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Jlornueckuii snement MJIM MoxkeT nMeTh 1Ba ¥ 00Jiee BXOA0OB U OAUH BbI-
xoJl. HampspkeHne HU3KOro ypoBHSI (COCTOSTHUE JIOTHUECKOTO HYJIs1) CYIIECTBYET Ha
BBIXO/I€ TOJIBKO MTPU OTCYTCTBUHU HANPSHKEHUI BBICOKOTO YPOBHS (COCTOSTHUM JIOTU-
YECKUX €UHHII) Ha JIF00OM U3 BXOA0B. [Ipy Hanmunm HanpsHKEeHUS! BBICOKOTO YPOBHS
X0Ts1 OBl HA OJTHOM M3 BXOJIOB Ha BBIXOJIE Oy/IeT HampsKEHUE BBICOKOTO ypoBHA. Ha
puC.3 IPUBEICHO YCIOBHOE M300paKEHUE JIOTUYECKOTO JIBYXBXOJA0BOTO dJIEMEHTA
NJIN ero tabmmia nctuHHOCTH. Ha prc.4 mpuBeneH pucyHOK MUKPOCXEMBI
K155JUJI1 u ee ycnoBHOe nzoopakenne. Mukpocxema K155JIJI1 comepkuT deTbipe
anemenTta 2WJIN. Jlanee Bbl MokeTe 3KCIEPEMEHTHPOBATH C MUKPOCXEMOM
K155J1JI1, monmaBas Ha Bxoabl dnieMenToB MJIN curnaner O u 1.
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Jlornueckuii snement WMJIM-HE wmoxer nmeTs nBa u 0oJiee BXOIOB M OIUH
BbIX0A. HanpskeHne HU3Koro ypoBHs (COCTOSIHUE JIOTHYECKOTO HYJISI) CYIIECTBYET
Ha BBIXOJIE, €CJIU XOTsI Obl Ha OJTHOM BXOJI€ UMEETCS HANPSKEHUE BBICOKOTO YPOBHS
(cocTosiHME JTOTMYECKOM enuHuIlbl). [Ipu oTCyTCTBUM HaNpsKeHU Ha 000MX BXOaX
Ha BBIXOJIe OyAeT HallpshKeHHE BhICOKOTro ypoBHs. Ha puc.5 npuseneHo ycioBHoe
n300pakeHue Joruyeckoro AByxBxoaoBoro anemeHTta MJIM-HE u ero tabnuia uc-
TuHHOCTHU. Ha puc.6 npuseneH pucyHok mukpocxeMsl K155JIE] u ee ycnoBHOE u30-
opaxxenue. Mukpocxema K155JIE1 conepxkut uerbipe anementa 2WUJIN-HE. [lanee
Bl MoxeTe 3xkcnepuMeHTHpoBaTh ¢ MuKpocxemoit K155JIE1, nonaBas Ha BXOAbI
sanemeHToB MJIM-HE curnanst O u 1.
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Jlornueckuii snemeHT W MOXXeT UMETH JiBa U 00Jiee BXO/IOB U OJIMH BBIXO/I.
Hamnpsixenue BbICOKOTO YpOBHS ( COCTOSTHUE JIOTHYECKON €TUHUIIBI ) OyJeT Ha BbI-
X0JI€ TOJILKO B TOM CITy4ae €CJii OyayT HampsHKEHHs BBICOKOTO YPOBHS Ha BCEX BXO-
nax (¥ HA TIEPBOM W Ha BTOPOM M Ha TpeTheM M T.1.). Ha puc.7 npuseneHo yc-
JIOBHOE M300pakeHre JIOTHUECKOTO JIBYXBXOAOBOro 3nemMeHTa U u ero tabnuia mc-
tuHHOCTH. Ha puc.8 npuBenen pucynok mukpocxemsl K155JIM1 u ee ycioBHOe u30-
opaxenue. Mukpocxema K155JIM1 comepxkut detwipe anmementa 2. Jlanee B
MOXETe IKCIIEpeMEHTHPOBaTh ¢ MuKpocxemoit K155JIM1, mogaBast Ha BXOIbI AJie-
MeHTOB U curnaner 0 u 1.
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Jlornueckuii saaemedt M-HE moxer umerts aBa 1 0oJjiee BXOIOB U OJIMH BbI-
xoJ1. HampskeHne HU3KOro ypoBHS (COCTOSTHUE JIOTHYECKOTO HYJIS1) CYIIECTBYET Ha
BBIXO/I€ TOJILKO MPHU HAMPSHKEHUSIX BHICOKOTO YPOBHS (COCTOSIHUSX JIOTHYECKUX €/1H-
HUI[) Ha BceX ero Bxojax. Ha puc.9 nmpuseneHo ycinoBHOE M300pakeHHE TIOTUYECKOTO
nByxBxogoBoro 3nementa U-HE wu ero Tabmuma uctuanoctrn. Ha puc.10 npuBeneH
pucyHok mukpocxembl K155JIA3 u ee ycmoBHOe n3o0pakenne. Mukpocxema
K155JIA3 conepxut uethipe anementa 2M-HE. Jlanee Bol MoxeTe skcriepeMeHTH-
poBath ¢ mukpocxemoit K155JIA3, nogasast Ha Bxoabl anemenToB U-HE curnaner 0
nul.
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Harmpsixenue BbICOKOTO YPOBHS (COCTOSIHUE JIOTHYECKOM €IMHUIIBI) CYIIECTBY-
€T Ha BBIXOJI€ TOJIBKO IIPU HECOBIAJCHUN YPOBHEN HAIIPsKEHUHN Ha BXoaax. Hamps-
YKEHUE HU3KOTO YPOBHS (COCTOSIHUE JIOTUYECKOTO HYJISA) HA BBIXOJIE OYJIET B TOM CITy-
yae, Korja Ha 000MX BXoAax OyIyT HaNps>KeHUsl HU3KOTO WJIH BBICOKOTO ypoBHs. Ha
puc.11 npuBeaeHO ycI0BHOE N300paKeHHNE JTOTHIECKOT0 AJIEMEHTa <<HUCKIIOYaIolIee
NJIN>> u ero Tabnuna uctuaHocTH. Ha puc.12 npuBeaeH pucyHOK MUKPOCXEMBI
K155JITI5 u ee ycnoBHoe m3o0paxenue. Mukpocxema K155JII15 comepkuT deTvipe
aneMeHTa <<uckiarouaroniee MJIN>>. Ha ctpanuiie 22 Bbl MOXeTe SKCIEPEMEHTH
poBath ¢ Mmukpocxemoit K155JIT15, mogaBast Ha Bxobl 371€eMEeHTOB curHaibl O u 1.
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- llIudparop (mpumep npuMeHEHHs! TOTUYECKUX FIEMEHTOB)

Ha cnenyromeii ctpanuiie npuBeieHa cxemMa, 00ecreunBaroas oJyyeHue ecTHa-
JIATUPUYHOTO KO/ HaXXaToM KJIaBUIIM. B cxeme ncrnonb3yeTcss MUKpocxema
K155J1A3, conepxamas yetobipe Joruueckux sementa 2M-HE. BrixogHbie curnansl
3THUX AJIEMEHTOB OIPEAETSIOT KO HAXaTO! KIaBUIIKU. Bbl MOXeTe, Ha)XuMast Ha Kiia-
BUIIIH KJIABHATYPHI KOMIIBIOTEPA, COOTBETCTBYIONINE YKa3aHHBIM Ha CXEME KHOIKaM,
HaO0I01aTh U3MEHEHHUE COCTOSIHHUS DJIEMEHTOB.

DIIEMEHTHI U IPOBOJHMKY, HAXOIAIIMECS IO HAIIPSHKEHUEM BBICOKOT'O YPOBHS
OKpallEHbI B KPACHBIN LIBET, @ HAXOIAIIMECS N0 HANPSLDKEHUEM HU3KOTO YPOBHS - B
Oenplii nBeT. Korja KHOMKY BBIKIIIOUEHBI, TpaH3ucTopbl VT1-VT3 3akpbIThl 1 HA
BCEX BXOJax Jiornueckux 3inemeHToB DD1.1-DD1.4 npucyTCcTBYIOT JJOTHYECKHE €11~
HUIIbI, 3 HAa BBIXOJAX - JOTUYECKUE HYJIU. 3aMbIKaHUE KHOIIOK BBI3BIBAET MOSBJICHUE
JIOTUYECKHUX HYJEH Ha BXOAAaX JIOTMYECKUX 3JIEMEHTOB. 3AMBIKAHUE KHOIOK C 4 10
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F BbI3BIBa€T OTKpBITHE COOTBETCTBYIOLIErO Tpanzucropa VI1-VT3, npu 3tom no-
TEHLHAJ KOJJIEKTOPA Y IMOJKIIOUYEHHBIN K 3TOMY KOJUIEKTOPY BXOJ JIOTHYECKOTO
9JIEMEHTA CTAHOBUTCS MPAKTUYECKU PABHBIM HYIIO. [10sIBICHUE JIOTMYECKUX €IMHULL
Ha BBIXOJaX JIOTHYECKHUX IEMEHTOB XapaKTEPU3yeTCsl OKpalllMBaHUEM BbIX0A0B D3,
D2, D1, DO B kpacHBbI# LIBET.

3. OIIMCAHUE MO/JEJIA JIABOPATOPHOI'O CTEHIA.

Mopaenb 1ab0paTOPHOTO CTEHAA COACPIKUT:

- UCCJIEIyeMbI€ MHUKPOCXEMBI,

- THE3/10 JIJI1 YCTAHOBKHU UCCIIETyEMON MUKPOCXEMBI;

- MyJIbT BBOJA CUTHAJIOB;

- YCTPOMCTBO KOHTPOJIS;

- ICTOYHUK ITUTaHus 5 B.

CxeMa MoJieNIi 1abopaTOPHOro CTEH 1A IPUBECHA Ha CICAYIONICH CTpaHHMIIE.

goooonan

HccnenyeMble MUKPOCXEMBI

B BepxHelt yacTu 3KpaHa pacrosoKeHbI IECTh HCCIETYEMbBIX MUKPOCXEM.
Muxkpocxemsl conepxkart jornueckue aementsl U, NI, U-HE, NJIN-HE, <<uc-
kmovaroriee MJINM>>. Jlns nmpoBeneHus ucciaeaoBannii TpedyeMas MUKpocxema
BCTaBJIAETCS B rHE3/10. UTOOBI BCTABUTh MUKPOCXEMY B THE3/I0 MJIM BBIHYTh U3 HETO
HaJI0 HaXKaTh KJIABUIIY, COOTBETCTBYIOLIYIO HOMEPY MUKPOCXEMBI. Pe3yIbTaTOM BBI-
TIOJTHEHUS JIAOOpaTOPHOU PabOTHI TOJDKHO OBITH OTIPE/ICIICHNE THIIA IOTHIECKOTO
3JIEMEHTA HCCIIeNyeMbIX MUKpocxeM. Ha crenytomei crpanniie NpuBEIEHbI yCIIOB-
HBIE NU300paXKEHHSI MUKPOCXEM 0e3 yKa3aHusl TUIOB JOTHYECKHUX DJIEMEHTOB.
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Ilynvm e600a cucnanos

Ha nynpTe BBOJIa CUTHAJIOB PacnojIokeHbl 9 KHOMOK, 0003HaueHHbIX D8...D0
Y 32)KUMBI JIJIS TTOAKIFOYEHUS] BHEITHUX YCTPOUCTB. JIt00ast U3 KHOMOK MOKET HaXo-
JOUTHCI B COCTOSAHHU <BBIKJIIOUCHO>> HMJIN <BKJIIOYECHO>>. BKJI}OquHOMy COCTOSTHUIO
COOTBETCTBYET 3aKpaIICHHBIN MPSIMOYTOJIbHUK KHONKH. BKIIIOUeHUE U BBIKIIOUEHUE
KHOIIKH OCYILIECTBIISIETCS] HAXKATHEM Ha COOTBETCTBYIOUTYIO KinaBumry 8...0. B mono-
YKEHUU <BBIKJIIFOUEHO> HAIPSKEHUE MEXKTY COOTBETCTBYIOIIMM 32KMMOM M KOpPITY-
COM TyJbTa paBHO Hy0 (3HaueHue curaana (). Korga kakas-mi06o KHOMKA BKITFOYE-
Ha, HAPSHKEHHE MEKy COOTBETCTBYIOLIUM 3aKMMOM U KOPIIYCOM ITyJIbTa PaBHO +5
B (3Hauenue curnana 1). BkiitodeHHOMY COCTOSIHUIO KHOTIKM COOTBETCTBYET CUTHAI
JIOTUYECKOM €AMHUIIbI, @ BEIKJIIOUEHHOMY - CUTHAJI JIOTUYECKOTO HYJIA.
Yempoiicmeo konmpona

VY CTpoiicTBO KOHTPOJIS COAEPKUT BoceMb cBeToino0B D7....D0. CBeueHue
CBETOAMO/Ia CBUJETENBCTBYET O TOM, YTO HANPSKEHNE HA BBIXOJE JIOTHYECKOTO 3JIe-
MEHTa UMEET BBICOKHI YPOBEHb +5 B, T.e. CUTr'HaJI Ha BBIXOJE AJIIEMEHTA PABEH JIOTU-
yeckoil ennHUIE. OTCYTCTBUE CBEYEHUS TOBOPUT O TOM, YTO CUTHAJI PABEH JIOTHYE-
CKOMY HYJIIO.
Bo3moorcnvr 06a percuma:
- UCX.II. (ucxogHoe MojoKeHue);
- PABOTA

WNHaukanys yCTaHOBJIEHHOTO PEeKMMa COMPOBOXKAACTCS HAANMUCHIO BHU3Y JK-
pana. [{ns nepexona u3 pexxnma < MCXOJIHOE ITOJIOJKEHUE > B pexum <
PABOTA > u o0paTHO clieyeT Ha)KUMAaTh KJIaBUILY | .
Pesrcum HCX.IL

OTOT pEXKUM CIYKHUT JJI1 YCTAHOBKU HYKHOM MUKPOCXEMBI B THE3/10. Y CTaHO-
BUTb MUKPOCXEMY MOYKHO TOJLKO B CBOOOJTHOE THE3/10. Y CTAHOBKA MUKPOCXEM B
THE3]I0 M BO3BpaT Ha MECTO OCYLIECTBIISIOT, HaKUMas Ha Kiapuiu 1 - 6. [Ipu no-
MEILEHUH UCCIIEAYEMO MUKPOCXEMBI B THE3/I0 MYJIbT BBOJA CUTHAJIOB MOAKIIIOYACT-
Cs K BXO0JIaM JIOTUYECKHX BJIEMEHTOB, a YCTPOMCTBO KOHTPOJIS - K BHIXO/IaM.
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Pesxrcum < PABOTA >

[Ipu Bxmrouenuu pexxuma < PABOTA > Ha uccinegyemyro MUKpPOCXEMY MOJa-
€TCS HANPSHKEHUE OT HCTOYHMKA MTUTAaHUS. B 3TOM pexxume, Haxkumas Ha KiaBuu ()
- 8, MOKHO T0/1aBaTh HA BXOJbI JIOTUYECKHUX JIEMEHTOB JIOTHYECKHUE CUTHAIBI | U

0.
4. 3BAJAHUE HA PABOTY

1. CauMUTE TAOJIUIIBI ICTUHHOCTH BCEX JIOTHYECKUX DJIEMEHTOB.

2. Ilo momy4eHHBIM 3KCIIEPUMEHTATBHBIM JaHHBIM OMPEACIIUTE TUII JIOTUYECKHUX
3JIEMEHTOB.

3. Hapucyiite ycnoBHBIC H300paKeHHS HCCIICIOBAHHBIX MUKPOCXEM.

5. TIOJAOTOBKA K BBITIOJIHEHUIO JABOPATOPHOM PABOTEL

[Ipu moAroTOBKE K BHITIOJIHEHUIO JIA0OPAaTOPHOU PabOThl HEOOXOUMO MpOpa-
ootath Teoperndeckuii marepuan no reme JJOI'MYECKUE 9JIEMEHTHI. Hapucyii-
T€ YCJIOBHBIE N300paKEHUS UCCIIETyEMbIX MUKPOCXEM C YKa3aHUEM BBIBOJIOB JIOTHU-
YECKUX 3JIEMEHTOB.

6. ITOPAJIOK BBITTOJIHEHW A JIABOPATOPHOM PABOTHL.

B pexume <ucxogHO€ MOJIOKEHNUE™>, YCTAHOBUTE UCCIEAYEMYI0 MUKPOCXEMY B
rae3no. [lepetinute B peskum <pabota>. IlomaBast Ha BXOABI JIOTHYECKUX DJIEMEH-
ToB curHaibl 1 u 0, coctaBbTe Tabyuiy UCTUHHOCTH. [1o Tabmuite onpeneauTe THI
JIOTUYECKHUX AJIEMEHTOB UCCIIEyeMON MUKPOCXEeMbl. BEpHUTECH B pEKUM <HUCXOJIHOE
MIOJIOKEHUE™>, OCBOOOAUTE THE3/I0, a 3aTEM, YCTAHOBUB B HETO JIPYTyI0 MHUKpPOCXeE-
MY, TPOJOJDKUTE UCCIICIOBAHUS.

goooonan

7.COJIEPXKAHUE OTYETA I10 JIABOPATOPHOU PABOTE
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OT4eT cocTaBIseTCA OTACIBHO KaXIbIM CTYICHTOM U BKJIIOYAET B ceOs:

- KPaTKyI0 XapaKTepUCTUKY PabOThI, B KOTOPYIO BXOJIAT LIEeTb pa0OThl U KpAaTKHE
TEOPETUYECKHUE CBEACHMUS;

- BBIIIOJTHEHHOE MPEABAPUTENIbHOE JOMAIIIHEE 33/IaHUE;

- CBOJIHYIO Ta0JIUIly pe3yJIbTaTOB 3aMEPOB U PACUETOB;

- BBIBO/IBI 11O paboTe.
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JlaGopaTopuasi padora Ne6. [[UIOPOBAA DJIEKTPOHUKA, NCCJIEJJOBAHUE
TPUITEPOB RS, D, JK.

1. IEJIb U 3AJAYA PABOTBI:
YriyOuTh M 3aKpenuTh 3HAHUA MO0 paszneny Tpurrepsl

2. OBIIME ITIOJIOXXEHUMA
Tpurrepom Ha3bIBaIOT YCTPOUCTBO, 00JIafatoIlee ABYMs COCTOSIHUSIMU YcC-
TOMYMBOTO PaBHOBECHS U CIIOCOOHOE CKAYKOM MEPEXOJIUTh M3 OIHOTO COCTOSHUS B
Jpyroe 1oj BO3ACHCTBUEM BHEIIHEIO YIPAaBIAIOIIEro curuaia. [[ns nepexona
TpUITEpPa U3 OJTHOTO YCTOWYUBOTO COCTOSIHUS B IPYroe HEOOXOUMO, YTOOBI BXOIHON
CUTHAJI MIPEBBICUIJI HEKOTOPOE 3HaueHHe. OJTHO U3 OCHOBHBIX IPUMEHEHHI TPUTTEPOB
3anomMuHaHue nHpopmarmu. [Tox mamMsAThIO TpUTTEpa MOAPA3yMEBAIOT CIIOCOOHOCTH
OCTaBaThCA B 3aIAHHOM COCTOSIHUM M ITOCJE MPEKPALEHUS JEHCTBUA MEPEKITI0Yato-
niero curana. [IpuHaB ogHO U3 cocTostHUM 3a 1, a aApyroe 3a 0, MOKHO CUUTATh, YTO
TPUITEP XPAHUT (IOMHUT) OJIUH pa3psi]] YKCia, 3alIUCAHHOTO B JIBOUYHOM KOJIE.
TuIIBI TPUTTEPOB:
- aCHHXpOHHBIN RS-Tpurrep;
- D-Tpurrep;
- JK-tpurrep.
- AcunxpoHHbIi RS-Tpurrep. AcuHxpoHHbI RS-Tpurrep BbIIIOJIHAETCS HA JIO-
ruueckux sneMmeHTtax WIIM-HE wnu U-HE. Tpurrep Ha3zpiBaeTcs aCHHXPOHHBIM
MIOTOMY, YTO OH Cpa0aThIBaeT cpa3y ke MpU N3MEHEHUHN CUTHAIOB Ha BXoAax. CXeMbl
¥ YCJIOBHBIE 0003HAUYEHHUsI aCHHXPOHHBIX RS-TpUTTEpOB HA IOTUYECKUX PJIEMEHTax
NPUBEACHBI HA CIEAYIOIIEH CTpaHUIIE.

RS-tpurrep umeer aBa Beixoja: mpsMoil 1 uHBepcHbIH. [IpsiMoil BeIx0 000-
3Hauaercs OykBor Q, a maBepcHBId Q. Ecniu Ha omHOM M3 BBIXOZOB 1, TO HA Jpy-
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rom 0, 1 Ha000poT. RS-Tpurrep umeeT nBa BXoja, HA3bIBAEMBIX HH()OPMAITMOHHBIMH:
S u R.Bxox S (set-ycTaHoBKa) - 3TO BXO/ YCTaHOBKH MPSIMOTO Bbixoaa Q Tpurrepa
B COCTOSIHHE JIOTUYECKOM equHULIbL. [10sIBIIeHNE UMITyJIbCa HA BXOAE S MEPEBOIUT
Tpurrep B coctossare Q = 1. 910 Ha3bIBaeTCs ycTaHOBKOM Tpurrepa B 1. Bxox R
(reset-cOpoc) - 3T0 BXOJ yCTaHOBKH MPSIMOTO BbIxoja Q TpUrrepa B COCTOSIHUE JIO-
rudeckoro HyJs. [losiBiieHre uMITynbca Ha BXoAe R nmepeBouT TpUrrep B COCTOSIHUE
Q = 0. D10 Ha3bIBaeTcs ycTaHOBKOU Tpurrepa B 0 uinu copocom. Bxoast S u R mo-
TYT OBITHh MPSIMBIMU WJIM HHBEPCHBIMH. B 3aBUCHUMOCTH OT 3TOTO yCTaHOBKA TPUTTEPA
B | 1 cOpoc Oyner mpoucXoAUTh MpH Moaaue Ha Bxoabl S u R nubo curnanos 1, mubo
curHasioB 0. B RS-tpurrepe na snementax U-HE (puc.1) BX0apI SABISIIOTCS HHBEPC-
HeIMU. [Ipu ycrioBHOM M300pa’keHUN TpUTTEpa MHBEPCHBINA BXOJ H300paXkaeTcs Kpy-
AKOUYKOM. [[1s1 M3MEHEHUs COCTOSIHUS TPUTTEpPa Ha BXOJIbl HAJ10 NO/IaBaTh HAMpsKe-
HUE HU3KOr0 YPOBHS (CUTHAJIBI JIOTHYECKOTr0 HyJIs1). XpaHeHrne HH(pOpMauu UMeeT
MECTO B TOM CITy4dae, Korja Ha Bxojax R u S curnansl nornueckux eaunui. B RS-
tpurrepe Ha anementax WJIN-HE (puc.2) Bxoas! aBisitoTcs npsimbiMu. {75 uzme-
HEHHUSI COCTOSIHUSI TPUITEPA Ha BXOJbI HAJI0 MOJABATh HAIIPSKEHHUE BBICOKOTO YPOBHS
(curHasBl TOTUYECKON €AMHUIIBI). XpaHeHHEe HHPOPMAIIMK UMEET MECTO B TOM CITy-
yae, Korja Ha BxoJ1ax R u S curnansl nornueckux HyJse. RS-tpurrepsl umeror 3a-
MPEIIeHHYI0 KOMOUHAINIO CUTHAOB. [Ipu 3anpeiieHHoi KOMOMHAIIMY CUTHAJIOB Ha
BXOJIaX COCTOSIHHE TPUITEPA SIBISIETCS HeonpeaeneHHbIM. [l nepeoaa RS-
TpUITEpa U3 OJTHOTO COCTOSHMSI B IPYTrO€ JOCTATOYHO MOJIaTh Ha COOTBETCTBYIOIIMIA
MH(OPMAIIMOHHBIA BXOJl KPATKOBPEMEHHBIN UMITYJIbC. ACUHXPOHHBIE RS-Tpurrepsl
YacTO UCIOIb3YIOTCA B KauecTBe (POpMHUPOBATEIEH UMITYJILCOB C YIIPABICHUEM OT
KHOIIOK U KOHTaKTOB pele. M3BecTHO, UTO 3aMbIKaHUE MEXaHUYECKUX KOHTAKTOB CO-
MIPOBOXKIAETCS UX IPeOe3roM, T.€. MHOTOKPATHBIM MEPEXOAOM B TEUEHUE KOPOTKO-
IO BPEMEHHU U3 3aMKHYTOT'O COCTOSIHUS B pa30MKHYTOE. JIJI1 HCKITFOUEHUSI 3TOTO He-
MPUSATHOTO SIBJIEHWS KOHTAKThI MTEPEKIII0YaTeNel MOAKII0UaoT KO Bxoaam RS - tpur-
repa. [lepextoueHne Tpurrepa NpoOUCXOAUT B MOMEHT IEPBOr0 3aMbIKaHNS KOHTAK-
ToB. [locnenyronuii ux apede3r Ha COCTOSIHUM TpUTTEpa He ckaszbiBaeTcs. Ha puc.3
npuBecHAa MPOTUBOAPEOE3roBas cxema, u najee Bel Mmoxkere HaOII0AaTh 3a TEM, Kak
oHa paboraert. [lepexmtouarenn SA ynpasnsercs kiapuimamu 1 u 2. CocrosiHue npsi-
MOTO BBbIXOJ[a TpUTrTepa KoHTpoaupyercsa ceeroguonoM VDO0. CocTossHHE KOHTAKTOB
TPEXTO3UIIMOHHOTO MEPEeKItoUaresis SA KOHTpOIUpPYOTCs cBeToauogamMu VD1 u
VD2. Korna nepekiitouareiab HaXOAUTCS B HEUTPAJIbHOM TOJIOKEHUH, Ha BXoJax R u
S Tpurrepa HanpsiKeHUE BBICOKOTO YPOBHSI (JIOTUYECKHE €IMHULIBI), CBETOIUO IbI
VDI u VD2 cBetstca. [Ipu 3aMbIkaHUM KOHTAKTOB, COOTBETCTBYIOIINAN CBETOIUO/T
racHer.
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- D — Ttpurrep
D - tpurrep umeet oguH MHGOPMAIIMOHHBIN BX0 D ¥ OAMH BXOJ] CHHXPOHU3AINH
C. Ha Bx0/ CHHXpOHM3AIIMHU TIOJIAI0TCSI UMITYJILCHI OT T€HEPATOpa TAKTOBBIX CUTHA-
noB. Hekotopeie D - Tpurrepsl MOTyT UMETh JONIOJIHUTENBHBIN BXO S YCTaHOBKHU
Tpurrepa B 1 1 Bxoq copoca R. dyHKIMOHANIBHAS OCOOCHHOCTh TPHUTTEPOB ITOTO
THUMA COCTOUT B TOM, UTO CUTHAJ Ha BbIXoJie (Q B TakTe n+1 MOBTOpSIET BXOIHOW CUT-
HaJI Ha THPOPMAITMOHHOM BXOJI€ B MPEABIAYIIEM TaKTE N M COXpaHsET (3allOMUHACT)
3TO COCTOSTHUE JI0 CJIEAYIOLIEro TAKTOBOIO UMITyJIbca. D-Tpurrepsl moapa3aensitorcs
Ha TPUTTEPHI CO CTATUYECKUM U TUHAMUYECKUM YIIPABICHUEM.
D-Tpurrepsl co cTaTHYeCKUM YNIPaBJIeHHEM

B takux tpurrepax curtan ( 1 umum 0 ) ¢ undpopmanmonnoro Bxoaa D nepena-
eTcs Ha BeIXxoJ] Q B T€UEHHE BCErOo BPEMEHH, NTOKA KO BXOJly CUHXPOHHU3ALNK TTPUIIO-
JK€H TaKTOBBIM UMIYJIbC. TPUTTEP 3alIOMUHAET CUTHAJI, CYIIECTBOBABIINI HA UH-
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(dbopMaIrimoOHHOM BXOJI€, TIepe]l CHATHEM TaKTOBOTO uMMyJjbca. Ha cienyromeii ctpa-
HUIIE TPUBEJCHO YCIOBHOE N300paskeHne Mukpocxembl K155TMS, conepxanieit 4
D-tpurrepa co cratudeckum ymnpasieHueMm (puc.4) u quarpamMma padoTtsl oHOro D-

Tpurrepa (puc.S).

Mukpocxema umeeT Ba TakToBbIX Bxoqa C1 u C2. Tpurrepsl paboTaroT camo-
CTOSITENIBHO, OJTHAKO TAKTUPOBAHKE OCYILIECTBIseTCA onapHo. CocTosiHue TpUurrepa
MEHSIETCS] B COOTBETCTBHH C COCTOSTHUEM MH(OPMAIIMOHHOTO BX0/1a, KOT1a BXO/T
CUHXPOHU3ALMKU HAXOAMUTCS B COCTOSIHUM Jorudeckoil 1. ITpu nepexoie TakToBOTrO
UMITYJIbCA B COCTOSIHUE JIOTUYECKOTO HYJISI TPUITEP 3alIOMUHAET 3alMCAHHYIO B HEM
WHGOPMAIIUIO U COCTOSIHHE €T0 OCTAE€TCs HEM3MEHHBIM HE3aBUCHMO OT COCTOSHUS
UH(OPMAITMOHHOTO BXO/A.

D-Tpurrepsbl ¢ ITMHAMHUYECKHUM yIIpaBJeHUEM

B Tpurrepax ¢ nuHaMU4YeCKUM YIIpaBJICHUEM, B 3aBUCUIMOCTH OT HCTIOJTHEHUS,
CUTHAJI, UMeIoIIuiics Ha Bxoje D, nmepegaercs Ha Bbixoa Q B MOMEHT MEPEKIIIOUCHUS
CUTHAJIa CHHXPOHHU3AIUHN U3 HYJIA B €IMHUILY WM U3 €AUHUIIBI B HYIb. Eciu urdop-
Mallys 3alIOMHHAETCS] B MOMEHT MEPEKIIOUCHHS] CAHXPOCHUTHAJIA U3 HYJIS B €IMHUILY,
TO TPUTTEp ympaBiseTcs PpoHTOM cuHXpocurHana. Ecnu undopmarius 3armoMuHaeT-
Cs B MOMEHT NEPEKITIOYEHUSI CHHXPOCUTHANIA U3 €IUHULIBI B HYJIb, TO TPUITEP yIpaB-
JISIeTCSl Cpe30M CMHXpocurHana. Ha crienytonieit cTpanuiie MpuBeIEeHO YCIOBHOE
n3zobpaxenne MukpocxeMbl K155TMS, coneprkamieit 4 D-Tpurrepa ¢ [uHaMHUYECKAM
ynpasieHueMm (puc.6) u auarpamma padbotsl ogHoro D-Tpurrepa (puc.7).

39



B mukpocxeme K155TM8 Bxon cunxponuzanuu C oOuuii 1j1st BceX TpUrre-
poB. Jliist cOpoca TpUrrepoB UMeeTcsl aCHHXPOHHBIN Bxo1 R. YcranoBka Tpurrepon B
HYJIEBOE COCTOSIHUE OCYILECTBIISIETCA MMOJaYel Ha BX0J R HanpskeHusl, COOTBETCT-
BYIOIIIETO YPOBHIO JIoruueckoro Hyss. Madopmanus, moctynatonas Ha nHGopmMa-
LMOHHBIA BXOJ TPUITEPA, IEPEIAETCS HA COOTBETCTBYIOIINN BbIXOJT () B MOMEHT Iie-
pexojia TakTupyromero umnyibca C u3 HyJs B COCTOSIHHE JIOTUYECKOW €UHULBI.
Ha Bxoze R momkeH ObITh YPOBEHB JIOTHYECKOW €TMHHUIIBI.

D - TPUITCPBI UCITOJB3YIOT B KAUCCTBC 3alIOMUHAIOIIUX 3JICMCHTOB, a4 TAKIKC B
Ka4€CTBEC I[CJ'IPITCJICﬁ HaCTOThI.

Ha npenpinyieit ctpanune Bel Mornu HaOm0aTh, Kak ¢ momolso D-
Tpurrepa MukpocxeMmbl K155TM8 MOKHO YMEHBIINTh YaCTOTY UMITYJIbCOB. YacToTa
MUTraHus cBeroanoa VD, NoAKIIOUeHHOro K BeIXoay (Q Tpurrepa B JiBa pa3a HHXKE
Y4acTOThI UMITYJIbCOB, BHIpA0aThIBAEMBIX T€HEPATOPOM YaCTOTHI. [|J1s TOTO, YTOOBI
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TPUTTEP BHIMOIHSIT (HYHKIUIO ACIUTENS YACTOThI HA 2, UHBEPCHBIIN BBIXO]] COCIUH -
eTcsi co BXxoAoM (puc.8). Kaxaplit UMITyJIbC, MOCTYMAIOMIMK Ha BXOJl CHHXPOHHU3a-
LMY BBI3bIBAET MU3MEHEHHE COCTOSHMS TPUITEpA, IOCKOJIbKY CUTHal Ha BXxoze D
BCEr/ia MPOTUBOIOJIOKEH CUTHATY Ha BbIxoze Q.
- JK — Tpurrep
JK - Tpurrep siBisieTcs yHUBEpCaIbHBIM. DTOT TUI TPUITEPA HE UMEET HEONPEAEIICH-
HbIX COCTOSIHUU. JK - TpUrrep umeer:
- nH(OpMALTMOHHBIN BXOT J;
- nuH(opmannoHHbIN BXxo1 K;
- BX0J1 cuHxpoHu3zamuu C;
- BXOJ YCTaHOBKH B 1 S;
- BXxoz copoca R;
- IPSIMOUM M UTHBEPCHBIN BBIXO/IBI.

Oco6ennoctb JK-Tpurrepa cocTouT B TOM, YTO MPHU BCEX BXOHBIX KOMOWHA-
nusix, kpome ogHort J =K =1 on geiictByetr nogo6Ho RS-tpurrepy, npuuem Bxon J
urpaet poJib Bxoja S, a Bxox K urpaer pons Bxoga R. IIpu BxoaHoi komOuHanuu J
=K =1 B Ka)XJ10M TakTe IIPOUCXOAUT ONPOKUIBIBAHUE TPUITEPA U BBIXOJHBIE CHI-

HaJIbl MCHAIOT CBOC 3HAYCHUC.

Muxkpocxema K155TB1 npencrasnser coooii JK - Tpurrep. Tpurrep umeet no
Tpu BxoJa J u K, cBsazannsix onepauueit M. Tpurrep MoxxeT paboTath B TPEX pexu-
Max:
1. Ha Bxozw1 J u K nogarotcst curHaisl BBICOKOTO ypoBHsI (Jioruueckue 1). Ha Bxon
C nocTynaroT TaKTOBBIE UMITYJIBCBL. B KaKJIOM TaKT€ IPOUCXOAUT OMPOKUIBIBAHNE
TpUTITEepa M BBIXOJHBIC CUTHAIIBI MEHSIOT cBOE 3HaueHue. JK - Tpurrep padotaer B
pexuMe aenuTens 4acToTel Ha 2 (puc.10).
2. Ha Bxoapt J u K moctymnaer mensromuiics curnai. Tpurrep paboTaeTt B pexxume
CUHXPOHHOH 3amnucu uHpopmauuu co BxoAoB J u K, mpuyem Bxon J neiictByer
nomo6Ho Bxoxay S, a Bxon K - mogo6Ho BXx0oay R.
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3. Acunxponnslil pexum. [Ipu nogaue napopmaruu Ha Bxoasl R u S tpurrep pabdo-
TaeT aHaJIoru4Ho RS - Tpurrepy.

- HecuMMeTpUYHBIH TPpUITEP

HecummeTpuunslil Tpurrep Takxke o0aagaeT 1ByMs YCTOMUKUBBIMUA COCTOSIHUSIMU,
CMEHa KOTOPBIX MPOUCXOIUT CKAUKOOOPA3HO MO/ IeHCTBUEM BXOJHBIX CUTHAJIOB. Y
JAHHOTO TPUTTEPA IIPU OTCYTCTBUU BXOJIHOTI'O CUTHAJIA BBIXOJHOM CUTHAJI OJTHO3HAY-
HO onpeneneH. Takue Tpurrepsl He 00JaaI0T MaMATBIO U UCIOJIb3YIOTCS HE JUIs
00paboTKu U XpaHeHUs HH(OPMALINH, a B KAU€CTBE MOPOTOBBIX JIEMEHTOB U (Hop-
MUpPOBAaTEJIeH MPSIMOYTOIbHBIX UMITYJIbCOB M3 CHUTHAJIOB MPOU3BOIBHON (POPMBI.
HecumMmerpruHnble Tpurrepsl 4acto HaspiBatoT Tpurrepamu [llImurra. Hecummerpuu-
HbIE TPUITEPHI BBIITYCKAOTCS KaK TOTOBBIE U3/EIINs, HAITPUMEDP, MUKPOCXEMA
K155TJI1 conepxut 2 Tpurrepa.

Jlormdeckasi pyHKIMsI, BBIOJHSIEMAs KaXaAbIM TpurrepomM, - 41-HE. B otnu-
yie oT 00bIYHOTO HHBepTOpa Tpurrep LlIMurra umMeeT pazHbie ypoBHU CpabaThIBaHUS
IIPY BKJIFOYEHUHU U BBIKIIOYEHHUU. Pa3HuIa HANIPSKEHUH NTPU BKIIIOYEHUU U BBIKIIIO-
yeHuu (rucrepesuc) coctanisieT He MeHee 0,4 B. Eciiu BbINOIHEHHST TOTHYECKUX
ornepauuii He TpeOyeTCsi, BCe YEThIpE BX0J1a TPUITEPA COSAUHSIOTCS MEKIY COOOM.

3. OIIMCAHME MOJEJIN JIABOPATOPHOI'O CTEHIIA.

Monenb 1a60paTOPHOIO CTEHIA CONEPIKHUT:

- HCCIIELyEMBbIE MUKPOCXEMBI;

- THE3J10 U1 YCTAaHOBKHU HUCCIIEAYEMOM
MHUKPOCXEMBI;

- IyJIbT BBOJA CUTHAJIOB;

- YCTPOMCTBO KOHTPOJIS;

- ICTOYHUK IUTaHus S5 B;

- UICTOYHMK PEryaupyemoro Hanpsokenus P,

- BOJIBTMETp V.
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Cxema MoJienu J1abopaTopHOTO CTEH IA.

Hccneoyemwvie muxkpocxemot
B BepxHel yacTu 3KpaHa pacrosioKEeHbl YEThIPE HCCIEYEMbIE MUKPOCXEMBI,
conepxariue Tpurrepsl. [Ipu npoBeneHun ncciaeaoBaHuil Tpedyemas MUKpocxema

BCTaBIIICTCS B THe3/10. Ha ciemyroneli cTpaHuiie MprUBEICHBI YCIOBHBIC H300paxke-
HUSI MUKPOCXEM.

Ilynom 6600a cucnanos

Ha nynbTe BBO/Ia CUTHANIOB pacnoiokeHbl 4 KHONKH, 0003HaueHHbie D3...D0
Y 32)KMMBI JIJTS TTOAKIFOYSHUST BHEIITHUX YCTPOUCTB. JIt00ast n3 KHOMOK MOKET HaXo-
JIUTHCSI B COCTOSTHUM <BBIKJIFOUEHO> WJIM <BKJIIOUEHO>. BKIIFOUEHHOMY COCTOSIHUIO
COOTBETCTBYET 3aKpaIlCHHBINA MPAMOYTOJIbHUK KHONIKU. BKITIOUEHNE U BBIKIIIOUEHUE
KHOITKHM OCYILIECTBIISIETCS] HAXKATHEM HAa COOTBETCTBYIOLTYIO KiaaBumry 3...0. B mono-
YKEHUH <BBIKJIIOYEHO> HAIMPSKEHUE MEXKAY COOTBETCTBYIOLIUM 3aKUMOM U KOPITY-
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COM ITyJIbTa paBHO HYyJIO (3HaueHue curnana (). Koraa kakas-nmi0o KHOIKA BKIIIOYE-
HAa, HaIPsDKEHUE MEKy COOTBETCTBYIOLIUM 3aKMMOM U KOPIIyCOM ITyJIbTa PABHO +5
B (3Hauenue curnana 1). BKiIto4yeHHOMY COCTOSIHHIO KHOIIKM COOTBETCTBYET CUTHAII
JIOTUYECKOM €AVHMIIBI, & BBIKJIIOUEHHOMY - CUTHAJI JIOTUYECKOTO HYJIA.
Yempoiicmeo konmpona

Y CTpoiCTBO KOHTPOJIS COAEPKUT ueThipe cBeroquoaa D3....D0. Ceuenue
CBETOMOJA CBUIETEIBCTBYET O TOM, YTO HAIIPSDKEHUE HA BBIXOJE JIOTHYECKOIO dJIe-
MEHTa UMEET BBICOKHU YPOBEHb +5 B, T.€. CHrHAII Ha BBIXOJE DJIIEMEHTA PABEH JIOTH-
yeckoi eauHuIEe. OTCYTCTBHE CBEUEHHSI TOBOPUT O TOM, YTO CUTHAJI PABEH JOrnye-
CKOMY Hym0. McTouHUK perynupyeMoro Hanpsbkenus P npuMeHnsieTcs mpu uccie-
JIOBaHUH HECUMMETPUYHOTO TPUITEpa U 0OeCieunBaeT M3MEHEHUE BEIMYMHBI Ha-
npsbkeHnss ot 0mo 5 B. BennunHa HanpspKeHUs N3MEHAETCS HAKATUEM KIIABUIT 8
n 9 . Homepa knaBum ki1aBuaTypbl yKa3aHbl HA pUCYHKE ncTouHuka HP.

4. 3BAJAHUE HA PABOTY

1. [TogaBas Ha Bxoabl TpurrepoB RS, D u JK npoOHble curHaiel, cocTaBbTe TaOIu-
LIl COCTOSIHUM TPUTTEPOB.

2. I3MeHsia HanpshKeHUE Ha BXOAE HECUM METPUYHOTO TPUITEPA, CHUMUTE €T0 Te-
PEIAaTOYHYIO XapaKTEPUCTHUKY.

3. Hapucyiite yciaoBHbIE U300paXeHUs UCCIICIOBAHHBIX MUKPOCXEM.

5. TIOATOTOBKA K BBITIOJITHEHUIO JJABOPATOPHOM PABOTBHIL.
[Ipu moAroToBKE K BBHIMOJHEHUIO J1a00paTOpHOM paboThl HEOOXOAMMO TpOpa-

ootath Teoperuueckuit Marepuai o reMe TPUI'TEPBI. Hapucyiite ycioBHbIe u30-
OpakeHUs UCCIIETYEMbIX MUKPOCXEM C YKa3aHUEM BBIBOJIOB.
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HccaenoBanue RS-tpurrepa

g oo

Hccaenoanue D-Tpurrepa

g na
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HccaenoBanue D-Tpurrepa

E &3

Hccaenoanue JK-Tpurrepa

§E 3 =
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HccienoBanue HeCHMMETPHUYHOI0 TPpUITEpa

6.COJIEPYKXAHUE OTYETA ITO JIABOPATOPHOM PABOTE

OtueT cocTaBiseTCs OTACJIBbHO KaXXABIM CTYACHTOM M BKIIIOYACT B ceOs:

- KpaTKYIO XapaKTepUCTUKY pabOThI, B KOTOPYIO BXOJAT IEJb PaOOTHI U KPaTKHe
TEOPETUUYECKUE CBEACHMUS;

- BBITIOJTHEHHOE TIPEIBAPUTEIILHOE JOMAIIIHEE 3a/IaHUE;
- CBOJIHYIO Ta0JIMILy Pe3yJIbTaTOB 3aMEPOB U PACUCTOB;
- BBIBO/IBI 11O paboTe.
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7. TIOJAOTOBKA K BBITTOJIHEHHIO TJABOPATOPHOI PABOTHL.

[Ipu moATOTOBKE K BHITIOJIHEHUIO JIA0OPATOPHOU PabOThI HEOOXOIUMO MpOpa-
ootath Teoperndeckuit marepuan no reme KOMBUHAIIMMOHHBIE
YCTPOMCTBA ( IELLIUDPATOPEI ). Hapucyiite ycIOBHbIC H300paKeHHs HCCIIe-
JyeMbIX MUKPOCXEM. Y CJIOBHBIE H300paKeHUs TPUBEICHBI HA CIIEIYIOIICH CTpaHH-

€.

8. [TIOPSIJOK BBITIOJTHEHU ST IABOPATOPHOM PABOTHI.

B pexnme <ucxoaHoe MoJI0KEHUE™, MOAKIIOYUTE UCCIENYEMYI0 MUKPOCXEMY
K ITyJIbTY BBOJIa CUTHAJIOB U yCTPOMCTBY KOHTpoJis. [lepelinute B pexxum <paborta>.
[Tonasast Ha Bxobl curHaiiel 1 u 0, cocTaBbTe TabNMIly HCTUHHOCTH. BepHuTech B
PEXUM <HUCXOIHOE IOJIOKEHUE™>, OTKIIIOUHATE NIEPBYI0 MUKPOCXEMY, BKJIIFOUUTE BTO-

PYIO M IOBTOPUTE UCCIIEIOBAHUS.

9. COIEPXXAHUE OTYETA I10 IABOPATOPHOI PABOTE

OT4eT COCTaBIIACTCS OTICIBHO KaXKIBIM CTYJICHTOM M BKJIFOYAET B CEOS:

- KpaTKYIO XapaKTePUCTHKY PabOThI, B KOTOPYIO BXOJIAT IIEJIb PaOOTHI U KPaTKHE
TEOPETUICCKHE CBEIICHUS;

- BBITIOJTHEHHOE TIPEBAPUTENILHOE JOMAIIIHEE 3a/IaHUE;

- CBOJIHYIO TaOJIMITy Pe3y/IbTaTOB 3aMEPOB U PACUETOB;

- BBIBO/JIBI 11O paborTe.
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JlabopaTopuasi padora Ne 8. DJIEKTPOCHABXEHUE. PACUET
OJIEKTPUYECKUX HAI'PY3OK.

1. OEJIb 1 3AJIAYUA PABOTDI.

[IproOpereHne HaBBIKOB pacyeTa MMEKTPUIECKUX HArpy30K Pa3IMuHbIX 00BEK-
TOB.

2. OBIIUE ITIOJIOXEHNMAI.

Pacuem rnekmpuueckux Hazpy3oK 0OUHOUHBIX IjleKmponpuemuukos. Homunanb-
HON MOIIHOCTHIO OJIMHOYHOTO JJICKTPONPUEMHHKA HAa3bIBA€TCS MOIIHOCTH, 0003HA-
YeHHas Ha 3aBOJCKON TaOJHMYKe, B MACIOPTE, Ha KOJIOE WIIM IOKOJIE HCTOYHUKA CBe-
Ta.

[Ton HOMHHAIBLHOW AKTUBHOM MOIIHOCTBIO 3JIEKTPOJBUTATENS Pyoym MOHUMA-
€TCS MEXAaHWYECKass MOIIHOCTh HA €ro BAly NP HOMUHAIBHOM HANpPSKEHUU U HO-
MHHAJIBHBIX YCJIOBHUSX OXJaXICHUSA. [[pUMEHUTENHHO K MHOTOJBUTATEIIBHBIM IPH-
BOJIaM, MCKJIFOYas KPaHOBBIE YCTAHOBKH, MOJ TEPMUHOM «IIPUEMHHUK IJIEKTPOIHEP-
TUW» CIIEAYET MIOHUMATh BECh arperar B LEJIOM, a MOJ] €r0 HOMUHAIIbHON MOIIHOCTBIO
— CyMMY HOMMHAJIBHBIX MOIIIHOCTEW BCEX €r0 AJIEeKTpoABUrareneil. s Bcex ocrainb-
HBIX MPUEMHUKOB MO0JI HOMHUHAJIBHOM MMOHUMAETCSl aKTUBHAsI MOIIHOCTb, MOTpeOIIsie-
Masi U3 CETH NPU HOMUHAJILHOM HanpsbkeHuu. [lpu pacuerax Harpy3ok 3a yCTaHOB-
JICHHYH0  HOMHUHQJIBHYK)  MOIIHOCTh  OTJEJIBHOIO  IIPUEMHHMKA  ITOBTOPHO-
KPaTKOBPEMEHHOT'O0 peXuMa paboThl MPUHUMAETCS €r0 MOITHOCTb, IIPUBEICHHAS K
JUTUTENIbHOMY pexkumMy padoTsl (I1B=100%).

[Ton HOMHHATBHON PEaKTUBHOW MOITHOCTBIO Qpom OTAEIBHOTO 3JIEKTPOIPH-
€MHHUKA MTOHUMAETCSl pEaKTUBHAsI MOIIIHOCTh, MOTpeOIsieMast U3 CETH WM OT/laBacMast
B CE€Th MPU HOMHHAJIBLHOW aKTUBHOM MOIIHOCTU Pyoy M TTPM HOMHUHAJIBHOM Harpsi-
weHun Ugoym. PeakTuBHAasT MOITHOCTH NMPUEMHHUKOB MOBTOPHO-KPATKOBPEMEHHOTO
pexuMma taxxe npusogurcesa Kk [1B=100%.

HcxonHbpIMU TAaHHBIMUA JJ1S1 pacueTa dJIEKTPUUYECKUX MapaMeTpOB PEXUMA OJU-
HOYHOTO JICKTPOIPUEMHHUKA SABJISIOTCS:

— HOMUHaJIbHOE HanpspkeHue Uyow;

— HOMUHaJIbHAsI MOIIHOCTb Pyoy (711 KOHJIEHCATOPHBIX YCTaHOBOK — HOMH-
HaJIbHAs PEaKTUBHAS MOITHOCTE Quom);

— HOMUHAQJIBHBIN KOA((PHUITMEHT MOITHOCTH COSY;

— HoMuHaNbHBIN KT/ Nyowm;

— MPOJIOJDKUTENIBHOCTh BKItOUeHus [1B.

Pacdernas moHas MOITHOCTD Sp AJESKTPOIIPUEMHHKA OIIPEACIISIETCS 1Mo (hop-
MyJI€:

g, = fmowa

F
— JUTSE DJIEKTPOIBUTATEIEH: COS P T zopg
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— 715 DTIEKTPOJBUTATENIEH C MOBTOPHO-KPATKOBPEMEHHBIM PEXUMOM PabOTHI:

P, ~NIIB

S __  HOM

p
77710/»1 Cos 4

— JUISt CHJTOBEIX TpaHC(OPMATOPOB: <2 = Kaone ;

— JJI1 CBAPOYHBIX allllapaTOB: SP = SHDM JIIB ;

— JII KOHACHCATOPHBIX YCTAHOBOK! SP = QHGM .
PacueTHas akTuBHas MOIIHOCTB Pp OIIpCACIIIACTCA 110 q)OpMYJ'Iel

P _ PH&M
s P -
— JIJIS DJIEKTPOIBUTATEIICH: T e
— JUTSI SIEKTPOBUTATEIIEH C TOBTOPHO-KPATKOBPEMEHHBIM PEXXUMOM PabOTHI:
P _ Pm’\ HB
), = SHOM NI
T 2z

— I IF000T0 3JIEKTPONIPUEMHUKA: Fp=8pcos@

PacueTHas peakTUBHAS MOIIHOCTH Qp onpenensercs no gopmyie: Lz = {329
rae tgp — ko3 PUIUEHT peaKTUBHOU MOIIIHOCTH, COOTBETCTBYIOIIUI COS.
Pacuetnsiii Tok |p onipenensiercs no popmyiie:

T
— U1 TpeX(a3HbIX 3MEKTPOINPUEMHUKOB: NERTI ;
In= S
— U OAHO- U IBYX(Da3HBIX AJNEKTPOIPUEMHUKOB: Ubrone

Pacuem nexmpuueckux Hazpy3oK Memooom koigppuuuenma cnpoca. J{ns
OTPEICJICHNS PACUCTHBIX HArPY30K MO METOAY K03 dUlleHTa cripoca HE0OXOAUMO
3HAaTh YCTAHOBJIEHHYIO MOIIIHOCTh Poy TPYIIIBI IPUEMHHUKOB U KOI(PHUIIMEHTHI
MOIITHOCTH COS( U crpoca k¢ JaHHOM TpyIIIibl, ONpeeseMbI€ MO CIPAaBOYHBIM MaTe-
puansam.

Pacuernyro aktuBHyt0 Pp, peakTuBHYI0 Qp U MOJIHYIO Sp HATPY3KH TPYIIIIHI OJ1-
HOPOJHBIX TIO PEKUMY PAOOTHI MPUEMHHUKOB OMPELIISIOT 0 PopMyIiaMm:

Py =l Py

I :Pp'fgﬁp;

SP:“-.,IIP.E+Q§ ,

rze tge COOTBETCTBYET COSY JAHHOW IPYIIIbI JIEKTPONPUEMHHUKOB.
Pe3ynbTaThl pacueToB nenecoodbpazno opopmisITh B BUjae Tadi. 1
Tabnuua 1. Pe3ynbrarhl pacyera 3JIEKTPUYECKUX HArPy30K

YcraHnoBieHHas
HanmenoBanwe snek- | (HOMHUHaIbHAS) Pp, Qp, Sp,
Kon-Bo | k¢ cosQ | tgp
TPOIIOTPEOUTENS MoHoCTh kBt | kBap | kB‘A
PHOM, KBt
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DnexTponoTpeduTenu

Hroro

Onpenenenre pacueTHON CUIIOBOM HArpy3KH IO YCTaHOBJICHHONW MOIIHOCTH U
K03 puIEeHTyY cripoca ABIsieTCs] MPUOIMKEHHBIM METOJIOM pacueTa, o3TOMY €ro
MPUMEHEHUE PEKOMEHAYIOT JIJIsl IPEIBApUTEIBHBIX PACUETOB U ONpeieNieHus o01iie-
3aBOJICKMX Harpy3oK.

Pacuem nazpy3zox nompeoumeneii 31ekmpoinepeuu 00 1 kB. [1nga uHaAuBUAY-
AJIbHBIX JIEKTPONOTPEOUTENEH 3a paCUETHYIO HArPy3Ky IPUHUMAETCA UX HOMHHAJIb-
Hasi MOIIHOCTb Pyonm. U1 moTpeduTeneit moBTOPHO-KPATKOBPEMEHHOTO PEXUMA pa-
0O0ThI (CBapOYHBIE arperaThl, KPaHbl U T.I1.) B KAUECTBE PACYETHOW HArPy3KU IPUHU-
MAaETCA MacnopTHAasE MOITHOCTD P, npuBenenHas k [IB=100%:

PHI::'M = me ¥ HB :
rac IIB — MMPOJOJDKUTCIBbHOCTL BKIIFOUCHHA, IIPUHUMACMAA B J0JIIX CAMHHAILIBI.

AKTHBHAas1 pacueTHasi Harpy3Ka rpymiibl NOTpeOUTeNel, NOAKIIOUEHHBIX K Y31y
NATaHUs HanpsbkeHnewm 1o | kB, onpenensercs:

bl

PP,:-’M = KPZK'E.,MPHJ’

iml

niun:

P =%l
rac

Fows = %ua; Promis

»

Pma =_Z Hu.aiEuaM!

iml
rae Poy; 1 Poy — cpenHue 3a cMeHy HarpyskH - 1-ro moTpeOuTeNs u rpymnmnoBas, KBT;
Kp — KOO(pGUIUEHT pacu€THON Harpy3Ku, ONpenesieMblid Mo TaOauLIaM; Ky, ,; — KO-
b GUIMEHT MCIONB30BAaHUS aKTUBHOM MOIIHOCTH JJIsl 1-TO MOTpeOUTENs, CrpaBoy-
Has BeJIM4YuHA; P, ; — HOMUHANbHASI MOIIHOCTb 1-TO MOTpeduTens, KBT;

Pacuérnas peakTtuBHasa Harpy3ka Ha mmHax PII, nuTaromuyx oTaenbHble y4acT-
KU IIPOM3BOACTBA Q, ONpEAEsIeTCs B 3aBUCUMOCTH OT 3(P(PEKTUBHOIO YHCIA IPUEM-
HHUKOB Ny
pu % =10

QP,:-’M = 1?12 'i{'u,fu' P:u'ﬁg{;%;
i=l

npu "¢ ¥ 10

QP,::M = _leu,ai Pu,iﬁga% 2

rac
Qﬂ i = Hu,eu' P:u'ﬁg{;% ;
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Qcae = Z Hu,u’ P:u.z'f’g'?% :

rrne Qcy; 1 Qe — CpEIHHE 32 CMEHY pEaKTUBHBIC HATPY3KH - I-T0 IOTPEOUTENS 1
IpyIIOBast; tgP; — COOTBETCTBYET COSY;j, MPUHATOMY JJIsl JAHHOTO OTPEOUTEIS U3
CIPABOYHBIX MAaTE€pPUAJIOB.

Pacuérnas peaktuBHas Harpy3ka Ha muHax TII onpenensiercs o BbI-

PAKCHUIO: Cran = KL ufEP
O pexkTuBHOE YNCIO MTPUEMHUKOB MOXKET ONPEAEISATHCS MO YIPOLIEHHOMY
BBIPAKECHHUIO:

22 P:u'
__ial

.3234, = —P .

R InAE
r1e Py max - HOMUHAIIBHAS MOIIIHOCTH Han0oJiee MOIIHOTO MPHUEMHUKA TPYIIIIHL.
['pynmoBoi k03P GUITMEHT UCIIOJIB30BAHUS B I[EJIOM 110 O0BEKTY ONPEACIACTCS
o hopmyiie:
]
ZHH,M F ni

_ =l
- ]
Jom

[Tonnas pacueTHas MOIIHOCTD 1O OOBEKTY B 11eJI0M, KB-A:

II 2 2
SP.FM = PP.:-’M + QP,M! :

[TonHpI pacdyeTHBIN TOK, A:

f _ SP,:M
FPorun — "
ﬁUﬂﬂM
rae Ugowm - HanpsbkeHue cetu, kB.

Pacuemmnan nacpyska om 31eKmponpuemHuKos Keapmup. PacueTHas Ha-
rpy3Ka NMUTAONIMX JUHUNA, BBOOB U Ha mmHax PY-0,4 kB TII ot anextponpuemHu-
koB kBapTup (PkB) onpexnensercs no dhopmye, kBT,

PK6 = Pke.y() n,

rae Py, - yaenpHas Harpyska DJIEKTPONPMEMHUKOB KBAPTHP, NPUHMMaeMas II0
Tabyi. 2 B 3aBUCUMOCTH OT 4HCJa KBapTHUp, npucoeanHeHHbIX K JunHuu (TII), Tuma
KYXOHHBIX IUTUT, KBT/KBapTuUpy C 00s3aT€IbHBIM Y4YETOM MPUMEUYAHUN K JTaHHOU
Tabnuie. YIenbHble 3JIEKTPUUYECKHE HAarpy3Kd YCTAHOBJIEHBI C YYETOM TOTO, YTO
oO1iasi HEPaBHOMEPHOCTh HArpy3KH TMPHU pachpenesieHuu ee mo ¢azaMm TpeXQaszHbIX
JIMHUHI U BBOAOB HE MpeBbIMAET 15 %; n - KOJIMYECTBO KBAPTHUP, IPUCOETUHEHHBIX K
munuu (TTI).

Tabnuua 2 Y nenbHas pacueTHasi HArpy3Ka 3J1€KTPONPUEMHUKOB JKUITbIX KBAPTUP

YaenbHas pacueTHas dJIeKTPUYeCKasi HArpy3Ka IpH KOJIu4ecTBe
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KBapTHp, KBr/kBapTHpY

IMoTpeduTenn 31ek-
TPO3HEePIruu

ID 1 569 121518 24 40 60 100 200 400 600 1000

KBaptups! ¢ rumramMu
Ha IPUPOJHOM rasze

45452823 2 1816514 1.2 1.05/0.850.77/0.71/0.69 0.67

KBapTtupsl ¢ mnmutamu
Ha CKIDKEHHOM Ta3e (B
2 Tomuucnenpurpyn- 6 |6 34292522 2 1814 |13 108 1 10.920.84/0.76
MOBBIX YCTAHOBKAaX U
Ha TBEPJIOM TOILIHBE)

KBaptupsl ¢ anekTpude-
3 | ckumu mumramu, momr- |10 (10 |5.1/3.8(3.2(2.8/2.6 2.2/1.95|1.7 |15 |1.36/1.27|1.23 1.19

HOCTBIO 8,5 KBT

JleTHHEe TOMUKH HA
4 | yuactkax camoBeix To- | 4 4 2317141211 /0.9 0.76 0.69 0.61 |0.58 |0.54 0.51 | 0.46
BapHIIECTB

[Ipumeyanus
1 YnenbHble pacyeTHbIE HArpy3KH IS YMCia KBAPTHUP, HE YKA3aHHOTO B TaOIUIlE, ONPEIEISIOTCS
IIyTE€M UHTEPIOJIALINH.
2 VnenbHbIE pacueTHbIC HArPY3KH KBAPTHP YUUTHIBAIOT HArpy3Ky OCBELICHHS OOIIEIOMOBBIX MO-
MEIIEHUN (JIECTHUYHBIX KJIETOK, MOAMOINM, TEXHUYECKUX ITAKEH, 4epAAKOB U T.1.), a TAK)KE Ha-
IPY3KY CIa0OTOYHBIX YCTPONCTB M MEIKOTrO CHJIOBOTO 00OpYyIOBaHHS (IIUTKU MPOTHUBOMOKAPHBIX
YCTPOMCTB, aBTOMaTUKH, yyeTa TeIlla U T.I., 3a4UCTHBIE YCTPOHCTBA MyCOPOIIPOBO/IOB, 110 IbEMHU-
KU ISl UHBAJIUJIOB).
3 VnenpHbIE pacueTHbIE HArpy3Kd MPHUBEICHBI NIl KBAPTUP cpeaHed oOmied mmomanpio 70 M2
(xBapTupsbl oT 35 10 90 M2) B 34aHUSAX 110 TUIIOBBIM ITPOEKTaM.
4 PacueTHy!0 Harpy3Ky JUIsl KBapTUP C MOBBIIIEHHONH KOM(POPTHOCTBIO CIIEAyeT ONpPEesiTh B COOT-
BETCTBUU C 33JJaHUEM Ha MPOEKTUPOBAHUE WM B COOTBETCTBUHU C 3asIBICHHON MOILIHOCTBIO U KO-
s dunmeHTaMu crpoca U OJTHOBPEMEHHOCTH (TabIuIbI2 U 3).
5 YaenbHble pacueTHbIE HArpy3KU HE YUUTHIBAIOT IOKOMHATHOE PAacCEIEHUE CeMEl B KBapTHpeE.
6 YenbHbIE pacyeTHbIE HarPy3KU HE YUUTHIBAIOT OOIIEIOMOBYIO CUJIOBYIO HAarpy3Ky, OCBETUTEIb-
HYIO U CUJIOBYIO HAarpy3Ky BCTPOEHHBIX (IPUCTPOCHHBIX ) MOMEILEHUI 00IIeCTBEHHOr0 Ha3HAUEHUS,
Harpy3Ky peKJIaMbl, a TAaK)Ke IPUMEHEHHE B KBapTUPaX dJIEKTPUUECKOTO OTOIUIEHHUS], JIEKTPOBOO-
HarpeBaTesiel U OBITOBBIX KOHJIUIIMOHEPOB (KPOME SJIUTHBIX KBAPTUP).
7 Jns onpeneneHust Ipu HEOOXOIUMOCTH 3HaYEHUsl YTPEHHET0 WM JHEBHOTO MAaKCHMyMa Harpy-
30K cienyeT NpuMeHsATh KodpduueHTsl: 0,7 - 175 )KUIBIX JOMOB C 3JEKTPUUECKUMHU IIUTAMU U
0,5 - 17151 )KUIIBIX TOMOB C IJIUTaMU Ha ra3000pa3HOM M TBEPJIOM TOILIMBE.
8 DNeKTpUUeCKyl0 Harpy3Ky >KUJIbIX 3[JaHUI B MEpUOJl JETHEr0 MaKCUMyMa Harpy3oK MOXHO OIl-
peleNuTh, YMHOKUB 3HAUEHHE HArpy3KHW 3UMHETO MakcuMyMma Ha kodhduuumentsr: 0,7 - 11 KBap-
TUp C IUIUTaMU Ha TMpUpoJHOM Taze; 0,6 - 1uIsi KBapTHP C TUIMTAaMU Ha CXKMDKEHHOM ra3e U TBepAOM
toruise U 0,8 - 1J11 KBapTUP € DIIEKTPUUECKUMHU IITIUTAMH.
9 PacueTHble JaHHbIE, IPUBEJCHHBIE B Ta0JIMIIE, MOTYT KOPPEKTUPOBATHCSA JJIi KOHKPETHOTO MpH-
MEHEHMS C yYETOM MECTHBIX ycsIoBUH. [Ipy Hanu4uuy 10KyMEHTHUPOBAHHBIX U YTBEP)KIEHHBIX B yC-
TAQHOBJICHHOM MOPSAJIKE IKCIEPUMEHTAIbHBIX JAaHHBIX pacueT Harpy3oK ClieyeT MPOU3BOAMUTH IO
HUM.
10 Harpy3ka wuiroMuHanyMu MOIHOCTBIO A0 10 kBT B pacueTHOl Harpy3ke Ha BBOJZIE B 3JaHUE
YUUTBIBAThCS HE JJOJDKHA.
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Pacuetnast Harpy3ka nuTarONMX JUHUHN, BBOJOB U Ha mmHax PY-0,4 kB TII ot
AIIEKTPOIPUEMHUKOB KBAPTHP MOBBIIIEHHON KOMGOPTHOCTH Pp.KB omnpenensieTcs mo
dbopmyie, kBT,

Pp.K6 = PKG n Kov

riae Py, - Harpy3ka 3JeKTpOnpHUEeMHUKOB KBapTUP MOBBIIIEHHON KOM(MOPTHOCTH;

N - KOJIMYECTBO KBAPTUD;

K, - k03 ¢punreHT 0THOBPEMEHHOCTH JJIsl KBAPTHUP MOBBIIIIEHHOW KOM(OPTHOCTH.

PacueTHble Harpy3ku 3JIEKTPONPUEMHHUKOB KOTTEKEW HOMYCTUMO ONpEse-
JSITh, KaK JJIs1 KBAPTUP C MOBBIINIEHHONW KOM(OPTHOCTHIO B COOTBETCTBUU C 3aJIaHUEM
Ha TMPOEKTUPOBAHUE WM TIO 3asBJICHHOW MOIIHOCTH C YYE€TOM KOA(D(OUIIMEHTOB
crpoca 1o Tabin._3, ¥ B 000uX ciydasx MpuMeHss KodQGUIreHTs 0JHOBPEMEHHOCTH
— Taou. 4.

He nomyckaercs mpu onpeAeneHn pacueTHOM Harpy3Kd HECKOJIBKUX JIOMOB
WJIM Harpy3KH MHOTOCEKIIMOHHOTO KHIJIOTO 1oMa Ha muHax PY-0,4 kB TII cymmupo-
BaTh pacyeTHbIC Harpy3ku Ha BBojax BPY (BPVY-1, BPY-2 u 1.1.). Harpy3ky creny-
€T OMNpeAeNATh MO Tabsl. 2 JJIsl KaXJAO0ro 3JEMEHTa CETH B 3aBHUCHUMOCTH OT YHCJIA
kBaptup. Hanpumep, narpyska mmnax PY-0,4 kB TII oT 351eKTponprueMHUKOB KBap-
TUP MHOTOCEKIIMOHHOTO JIOMa OMNpeNeNsieTcs OOIIMM KOJMYECTBOM KBapTUp, MPU-
COEQMHEHHBIX K JaHnHou TII.

IIpr cOBMECTHOM IOJKIIOUYEHUN TUIIOBBIX KBAPTUP U KBAPTUP C MOBBILICHHOU
KOM(OPTHOCTBIO pacyeTHas Harpy3ka 3JIEKTPONPUEMHUKOB KBAapTUP, B YaCTHOCTH,
Ha BBOJIE B KWJIOW JIOM B aBAPUIHOM PEKUME OMPEACISIETCS PACUETOM OTAEIBHO TEX
U IAPYTHUX HArpy30K U ¢ yueToM Kod(dpuirieHTa 0 JHOBPEMEHHOCTH.

Tabnuua 2 Koad¢uuueHt crpoca i1l KBapTUP HOBBIIIEHHON KOMGOPTHOCTH

3asiBjieHHast MOIIHOCTH, KBT Ko3¢dunuent cnpoca

14 0.8
20 0.65
30 0.6
40 0.55
50 0.5
60 0.48
70 0.45

Tabmuma 3 KosddurmenTsr 0oTHOBpEMEHHOCTH JJII KBAPTHUP MOBBIIICHHONW KOM-
dbopTHOCTH
Ko npu ynciie kBapTup
ID XapakrepucTuka kaptup 15| 6 | 9 |12 |15 |18 | 24 |40 60 |100 |200 400 (600 u Go.ee
1 C anexTporutuTaMu 1/1/0.51/0.38|0.32|0.29 0.26 |0.24 0.2 /0.18 |0.16 |0.14 0.13 0.11

Pacuem rnexmpuueckux Hazpy3ox RpOMblULIEHHBIX 00bEKM06 (cmpou-
menvnasa naouiadka). [1oTpeGHOCTH B 3JIEKTPOIHEPTUN HA CTPOUTEITHHOMN TIIOMIAIKE
JIOJKHA OTIPEJIENATHCS B MMPOEKTAaX OPTaHMU3AIMHA CTPOUTEIBCTBA MO0 (PU3UIECKUM
oO0bemMaM paboT U pacyeTHbIM (popMyiam.
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B roponckoM cTpouTenscTBe 00ecneueHrne CTPOUTENbHBIX TUIOIIAI0K 3JIEK-
TPOIHEPTUEHN OCYIECTBIISIETCA, KaK PAaBUIIO, 33 CUET UCIIOIb30BAaHUS CYLIECTBYIO-
IIMX TOPOACKUX CUCTEM.

DneKTpocHa0KeHUe NpeJHa3HAYECHO /111 SHEPTETUYECKOr0 00eCTIeUeHUs CH-
JIOBBIX U TEXHOJIOTMUECKUX MOTPEOUTENEN, BHYTPEHHETO U HAPYKHOI'O OCBEIIECHUS
O0OBEKTOB CTPOUTEILCTBA, YUACTKOB IIPOM3BOJICTBA CTPOUTEIBLHO-MOHTAKHBIX padoT
Y UIHBEHTAPHBIX 3JaHUI.

[locnenoBaTenpHOCTh pacyeTa IEKTPOCHAOKEHUS CTPOUTENBHON MIIOIIAIKH
BKJIIOUYAET: OIpeieJICHHE MOTPEeOUTENeH IEKTPOIHEPTUH, BHIOOP HCTOYHUKOB TOJTY-
YEHHSI SJICKTPOIHEPTHH U PacueT UX MOIIIHOCTH, COCTABIICHHE paboyeil CXeMbl AJIeK-
TPOCHAOKEHUSI CTPOUTEIBHOM IIIOIIAIKH.

PaccMoTpuM mociie[oBaTeNbHOCTh pacyeTa 3JIeKTPOCHAOKEHNUS.

OCHOBHBIMH NIOTPEOUTENIAMH 3JIEKTPOIHEPTUU HA CTPOUTENBHOM IIJIOIIAIKE
SBJISIFOTCS CTPOUTENBHBIE MAILIMHBIL, MEXAHU3MbI U YCTAHOBKU CTPOUTEIBHON IJI0-
I1aJIK1 UM UHBEHTAPHBIX 3AaHUM.

CymMmapHas HOMUHAJIbHAsI MOILIIHOCTb UX 3JIEKTPOABUTATEIECH COCTAaBUT

E=2F

rae i — MOIIHOCTH AJIEKTPOIBUTATEIS i-i MAIIMHbI, MEXaHU3Ma, YCTAHOBKH, HHBEH-
TapHOTIO 3AaHus, KBT.
TexHonornueckue nporeccsl (OTTauBaHUE FPYHTA, INEKTPONPOrpeB OETOHA U

BR=2F
ap.). [loTpebisiemass MOIHOCTD AJIs1 TEXHOJIOTMYECKUX MPOLIECCOB 7,

rae & — norpebiseMas MOLIHOCTH j-TO TEXHOJIOMMYECKOro mporecca, KBT.
OcBeTruTenbHble TPUOOPHI U YCTPONCTBA ISl BHYTPEHHETO OCBEUICHHS, CyM-

B=3F

MapHast MOIITHOCTb KOTOPBIX COCTABUT & )

rae & — MomHOCTh K-ro 0cBeTHTENBHOTO NpHO0pa UK yCTaHOBKH, KBT.
OcBeTuTenbHble MPUOOPHI U YCTPONCTBA AJISl HAPYKHOIO OCBEIIECHUS 0OBEKTOB

FR=%"F
nu TeppI/ITOpI/II/I, CYMMapHa}I MOIIIHOCTH KOTOpLIX Z:: )

rae & — momuocTs |-ro ocBeTHTENEHOrO NPUOOPA NITH YCTAHOBKH, KBT.

RB=2F
Capounbie TpaHC(HOPMATOPBI, MOIIIHOCTh KOTOPBIX £,

rae 7 — MomHOCTh -T0 cBapouHOTO TpaHcopmaTopa, KBT.
OOmumii mokasarenb TpeOyeMOl MOIIHOCTH JJIsi CTPOUTEIHLHOM TUTOMIAJKNA COCTa-

pon[ KB | KR
BUT Cosgy COSgy

+E R+ EF+ K,I—';]
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rae o — KO3(pPUIMEHT MOTepH MOITHOCTH B CETAX B 3aBUCHUMOCTH OT WX MPOTSHKEH-
HOCTH, ceueHust u Ap. (paBen 1,05 — 1,1); c0S ¢; — KOIPPHUIUCHT MOIIHOCTH JIs
IPYIIBI CHIOBBIX TOTPeOUTENCH IeKTpoMOTOpOoB (paBeH 0,7); COS ¢, — K03 duIu-
€HT MOIITHOCTH JJIsl TEXHOJIOTHUeCKUX noTpedureneit (paseH 0,8); K; — koadgdunmeHt

OJIHOBPEMEHHOCTH PabOTHI AIEKTPOMOTOpOB (10 5 mT. — 0,6; 6 — 8 mT. —

0,5; 6onee 8

wt. — 0,4); K; — To ke, Ui TEeXHOJIOTUIECKUX MOTpeOuTeNel (MpUHIMAETCSI paBHBIM
0,4); K3 — To ke, 1 BHyTpeHHero ocBenieHus (paBeH 0,8); Ky — To ke, U1 Hapyx-
Horo ocBenienus (paseH 0,9); Ks — To ke, 171 cBapodHbIX TpaHchopmaropos (10 3

wt. — 0,8; 3 -5 mr. — 0,6; 5— 8 mt. — 0,5 u 6onee 8 mr. — 0,4).

[Ipu ompenencHUM pacxoaa ACKTPOIHEPTHH HAa BHYTPCHHEE M HApYKHOE OC-
BEILICHHE 11€71€CO00Pa3HO UCTIOB30BaTh YACIbHBIE MOKA3aTEIN MOIIHOCTH (Ta0I. 5).

Tabmuma 5
YaenbHasn
OcBemaemasi mI01AAb MOIIHOCTD,
Bt/m°

30HBI IPOM3BO/ICTBA MEXAHU3UPOBAHHBIX 3EMJISTHBIX, OETOHHBIX PadoT, 0,8
KaMEHHOM KJIAJIKU
30HBI IPOU3BOJICTBA CBAMHBIX, MAJIOMEXaHU3UPOBAHHBIX 3EMIISTHBIX U 0,5
OETOHHBIX padboT
['1aBHBIC TPOXOJIBI M IPOE3/IBI 5
BTopocTeneHHbie MpoXoJIbl U TPOE3bl 2,5
OxpaHHOE OCBEIICHUE 15
Ckiazpl 3
KoHTopckue u o01iecTBeHHbIE MOMEIEHUS 15
MacTtepckue 18

OcCBeNIEHHOCTh MECT MPOU3BOJICTBA CTPOUTEIHLHO-MOHTAXKHBIX padOT JOJKHA
ObITH HE MeHee 2 JIK. PeKOMeHTyeMble OCBETUTEIbHBIC MPUOOPHI MMPUBEICHBI B Ta0JI.

6.
Tabnuma 6
IlInpuHa 30HbI TEPPUTO-
P PP OcBeruTe/ibHBbIE TPUOOPHI
puu, M
o 20 CBETHJIILHUKH C JaMIIaMM HaKaJIdBaHUS
Ot 21 no 150 OcseturenbHble TpuOopsI ¢ ammnamu JPJI
Ot 151 mo 300 [TposkeKTOpHI C JaMIIaMU HaKaJIUBaHUS
Cs. 300 OcBeturtenbHbIe TPUOOPHI C KCEHOHOBBIMH JIAMITAMH

B ropojackux ycioBHSX BbIOOP HCTOYHHKOB 3JIEKTPOIHEPTUU JIJII BPEMEHHOTO
AJIEKTPOCHAOKEHHS CTPOUTEIBLHON MJIOIIAAKH OCYIIECTBISAETCS OOBIUHO 32 CUET MOJ-
KJIFOYEHUS K TOpPOACKOM diexrpocucreme. I[Ipy HEBO3MOXKHOCTU MOJCOECIAUHEHUS K
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TOPOACKON DIIEKTPOCUCTEME MPUMEHSIOT JIEKTPOCTAHIIMH, KOTOPBIE PacIoaraioT B
MecTaxX COCPEIOTOUEHHsSI TOTPEOUTENEH SIEKTPOIHEPTHH.

[locnenoBarenbHOCTh pacyeTa JJIEKTPOCHAOXKEHHS YyKa3zaHa B OJIOK-CXeme
puc.l1

Onpegenexue NoTpeBuTEnen 3NEKTPOIHERTMA W MX MOLWHOCTH P

‘

PacyeT CyMMapHO#i MOLHOCTH 3NEKTPOMOTOPOE MALLMH,
MEXaHHIMOB M YCTaHOBOK CTDDHTE‘"bHUﬁ nnowageun
Pi=LPy

!

PacyeT HeoBXOguMON MOLLHOCTH 4NTA TEXHOMOMMYECKUX NPOLECCOR
Py=LPy

!

Pac4eT CyMMapHOi MOLHOCTH OCBETMTENBHLIX NPUGOpOE
BHYTPEHHEID OCBELUEHHA
Py=IPy

!

PacueT cyMMapHoR MOLWHOCTH OCBETUTENEHEIX NpUBopos
HAPYHHOMD DCBELLEHWS
P=EP,

!

PacueT cymMMapHOR MOWHOCTH CEAPOYHEX TpaHchopmaTopos
P5=IFT;

y

Boifop MCTOYHHMKOE 3NEKTRO3HEQTHI

'

CocTasnedne patoHen CXembl 3NeKTROCHADMEHHA CTPOMTENEHON
NNOWaakM

Puc. 2. brok-cxema 31eKTpoCHA0KESHHS CTPOUTEIHHOM TUIOMIAKH

3. 3AJJAHUE HA PABOTY

Hcnonb3yst UCXOAHBIE TaHHBIE KYPCOBOTO MPOEKTA MPOBECTH PACUET IICKTPHU-
YECKUX HArpy30K ISl MPOMBIIIJIEHHOTO O0OBEKTA, PE3YJIbTaThl CBECTU B TAOJHIIBI.

4. TIOAT'OTOBKA K PABOTE U [TPOI'PAMMA EE TTPOBEJIEHU .

Pacuem napamempoe 3;1eKmponpuemMHuKa
1. BBectu HNCXOOHBIC JaHHBIC DJICKTPOIIPUCMHUKA ITPUBCACHDLI B Tabim. 7.
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Tabmnura 7 - UcxonHele TaHHBIE

HaumenoBanue napa- Enununa nzmepe-
Ob6o3HaueHune 3HaueHue napameTpa

MeTpa HUS

Tun norpebuTens — —

Tun noaxkiIro4YeHUS — —

HomuHansHOE Hanps-

Uniom kB
KEHHE
[TacnopTHas MOITHOCTH Prom KBt
Homunanbneiii k03¢ du-
Coso —
[UEHT MOLIHOCTHU
Homunanbshbi K03 du-
IHAEHT II0JIC3HOI'O Aeii- NHOM —

CTBHUA

2. [loxyuuTs pe3ynbTathl pacuera Tadi. 7

Tabnuna 7 - Pe3ynbTaThl pacuera

HanmenoBanue napa- Enununa nzmepe-
O6o3HaueHue 3HaueHue napameTpa
MeTpa HUS
PacuerHas nonHas
Sp kB-A
MOIIIHOCTb
PacuerHas akTuBHaA
Pp kBt
MOIIIHOCTb
PacueTrHEbIil TOK Ip A
Homunanehsiit koagdu-
Coso -
LUEHT MOLIHOCTH

3. CpaBHUTH pe3ysIbTaThl PACUETOB

Pacuem NeKmMpuUuUeCKux Hacpy3oK Memooom Koagbqbuuuenma UcnoJib3oeanus

1. BBectu nucxomgusle qaHabie Tadi1. 9

Tabnuua 9. IlepeueHp MeKTPOINPUEMHUKOB
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AKTHBHasA
HaumenoBanue Tun
MOIITHOCTH Kon-Bo
3J1eKTPONPUEMHHKA TMOAKJIIOYEHHUS Prom. kBT
o)

DnekTponpueMHuK 1 Tpexdas3HbIit

DNEeKTPOIIpUEMHUK 2 Tpexda3HbIit

OnexTponpueMHK 3 Tpexda3HbIit

Hroro
2. IlomyuuTs pe3ynbTaThl pacueToB Tabdi. 10
Tabnuna 10. Pe3ynbrarsl pacyeTa 3IeKTPUUIECKUX HATPY30K
AKTHUBHas
HaumenoBanue Tun R Ku Pcm, Q p Q S Ip,
OJ1- CM, p, P, p,
BO cos KBap n> | K kBt |kBap| xB-A
OJEKTPOTIPHEMHUKA | IOJKITIOCHUA | 5 o (otH.CML.) kBt A
OnexrtponpuemMHuk 1| Tpexdazubiit
OnexrtponpueMHuk 2| Tpexdazubiit
OnexrpornpueMHUK 3| Tpexdasusbrii
Hroro

3. CpaBHUTH pe3yJIbTAThl PACUETOB

Pacuem rnexmpuueckux Hazpy3oK 31eKmponpuemMHuKo8 Keapmup

1. BBecTn HICXOHBIE AAHHBIE IO TUIIOBBIM KBapTHPAM M MO KBAPTHUPAM IOBBIIIEHHON

KoM(popTHOCTH

2. Pe3ynbratel pacueroB Tabu. 11, Taba. 12, Tabdmn. 13.

Tabsuua 11. Pesynprarel pacyera no TUIIOBBIM KBapTH

paM
ITotpeburenn Kon-Bo YaensHas Pacuetnast | Koagduuunent | Pacuernas | Pacuernas | PacuerHsrii
IEKTPOIHEPTHH | KBAPTHUP MOIIHOCTb MOIIHOCTb MOIIHOCTH peaKkTHBHAS | IOJHAS TOK THIIO-
Pxs.ys THITOBBIX cosQ MOIITHOCTh | MOIIHOCTH | BBIX KBap-
kBT1/kBaptupy | KBapTHp THITOBBIX THIIOBBIX THP
Pp.xs.trrm, KBapTHUp kBapTHp | lpxsrum, A
kBT Qp xs.Trm Sp.xB.THIT;
KBap kBA
Ksaptupsi ¢
IUTUTaMH Ha
MPUPOJTHOM rase
KBaprtupsl ¢
ANEKTPHUYECKUMH
TUIUTaMH, MOIII-
HOCThIO 8.5 KBT
Tabiunal2. Pe3ynbrarsl pacuera no KBapTupam NOBBIIIEHHON KOM(MOPTHOCTH
Iotpedu- | Ycranos- | Koi- Koad- Harpyska Koaddrmm- Pacuer- co | Qpxn | Spxe. | lpxe.
TeNn JIeHHas BO (UOMEeHT | SNMEeKTPONpH- | €HT OAHO- | Hasg MOMI- | S® | i, K K
9NeKTpo- | (3asBiIE€H- | KBap cpoca €MHUKOB BPEMEHHO- HOCTb kBap | kBA A
3HEpruu Hasi) THD K¢ KBapTup I0- et Kol KBapTUp
MOIIHOCTh BBILIIEHHOM HOBBI-
PycT, kBT koMdOpTHO- ICHHO N
ctH Pyg ks koMpopT-
KBT HOCTH,
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Pp.xB.ric:
kBT

KBaptupsl
tuna 1

KBaptupsl
THma 2

UTOIo
0 KBap-
THpaM
MOBBI-
LICHHOHI
koMopT-
HOCTH

Tabnuna 13. Pe3ynbTaThl pacyera no KBapTHpPaM B 1IEJIOM

CyMmMapHast Harpyska
KBapTup, kBT

KomngectBo
KBapTHUP

Koaddumment omHoBpemMeH-

Hocth Kol

Pacuernas Hapy3ka Ha

BBOJE Pp i, KBT

pacuem 3JIEKmMPUUECKUX HAZPY3OK CIMPOUumesibHblxX IUZOIM(IOOK ((360820 npombsiui-

JICHH020 00beKkma)

1. BBectu ucxongunie nanabie Tadi.14.

Tabnuna 14. TlepedeHb PIEKTPONPUEMHUKOB CTPOUTIIOMAIKA (CBOETO MTPOMBIIII-

JIEHHOTO 00BEKTA)

HaumenoBanue JICKTPONNIPUEMHHUKA

PyCT, kBT

KoaunuectBo

Kpan 6amennsrii Kb-405

HapyxxHoe ocBenienue

Tpanchopmarop cBapoUHBIi

Tpanchopmarop noHMKarOIUI

BaroHsI ObITOBKH

Ilomemenus mis OXpaHbI

MeTannoo6pabaThIBaIONINE CTAHKH

Tpancdopmarop HarpeBa 6eToHa

Kommnpeccop

IlepeHOCHOM 1EKTPOMHCTPYMEHT

2. [lommyuuTs pe3yabTaThl pacyeToB Tabd. 15.

Tabnuna 15. — Pe3ynpTaThl pacueTa Harpy30K CTPOUIIIONIAAKI

HaumeHnoBaH#e 371E€KTPOTIO-
TpeOuTes

VYcTaHoBIIeHHAs
MOIIHOCTh
Prowm, kBT

Koapunnenr oxgno-
BpeMeHHocTH K

cosQ

tge

Pp,
kBt

Qp,

KBap

kB-A

CyMMapHasi MOIIHOCTb DJIEK-
TPOMOTOPOB MaIllMH, MeXa-
HU3MOB U YCTAaHOBOK CTPOHU-
TEILHOM IIomaaku Py
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HCOGXOILI/IMaH MOIIHOCTDb AJIsA
TEXHOJIOTUYCCKUX IIPOLIECCOB
P,

CymMMapHas MOITHOCTH OCBE-
THTEIBHBIX IPHOOPOB BHYT-
peHHETo ocBemeHus P;

CymMMapHas MOITHOCTH OCBe-
THTEIBHBIX IPHOOPOB HAPY K-
HOI'0 OCBemeHus Py

CymMapHas MOIITHOCTH CBa-
pOYHBIX TpaHchopmaTopoB Ps

HToro nmo CTpOI/lTeJIbHOﬁ IVIOIHA/IKE C YYE€TOM IMOTEPDb B CETHAX

3. CpaBHUTH pe3yJIbTAThl PACUETOB U CJETIaTh BHIBOIBI.
5. COJIEPYXAHME OTYETA I10 JIABOPATOPHOI PAFOTE

OT4eT cocTaBIsACTCS OTACIBHO KaXKIbIM CTYJICHTOM M BKIJIFOUAET B CEOs:

- KpaTKyIO XapaKTepUCTHKY PabOThI, B KOTOPYIO BXOJIAT IIEJIb PaOOTHI U KPaTKHE
TEOPETUICCKHE CBEIICHUS;

- BBIIIOJTHCHHOE TIPSABAPUTEIIEHOE JOMAIIIHEE 3a/IaHNE;

- CBOJIHYIO TaOJIMITY Pe3yJIbTaTOB 3aMEPOB U PACUCTOB;

- BBIBOJIBI 110 paborTe.

61



62

JlabopaTopuasi padora Ne 9. OJIEKTPOCHABXEHUE. PACUET
SJIEKTPUUYECKOI'O OCBEIIEHHM .

1. HEJIb U 3AJIAYN PABOTBI.
[TproOpeTenust HaBBIKOB pacueTa EKTPUIECKOTO OCBEIICHHUS.

2. OBILME ITOJIOXXEHUA

Buvioop cnocooba pacuemos. B 00MbIIMHCTBE CTy4aeB CBETOTEXHUYECKUHN pac-
YEeT CBETOBBIX YCTAHOBOK CBOJAMUTCS K ONPEACIICHUIO YHUCIIa U MOIITHOCTH UCTOYHUKOB
CBETa, 00ECIeYNBAIOIINX 3aJaHHYI0 HOPMHUPOBAHHYIO OCBEIIEHHOCTh WJIM K OMpejie-
JIEHUIO OCBEIIEHHOCTH, CO3/1aBa€MOI Ha pabOYMX MOBEPXHOCTIX MO 3alaHHOMY pa3-
MEILEHUIO CBETWJIBHUKOB U MOIIIHOCTH UCTOYHHKOB CBETA.

Bce mMHOroo6pasue nmpuMeHsIEMBIX METOJIOB pacueTa OCBEIICHUS CBOAUTCS K
JIBYM MPUHIUIIAAIBLHO PA3JIMYHBIM METOaM: TOYEUHOMY METOIY U MeToly Kodhdu-
LMEHTA UCIOJb30BaHusA. Kpome Toro, CymecTByOT YNpOILIEHHbIE MPUEMBI pacyeTa,
OCHOBAaHHbBIC Ha OJJHOM M3 JIBYX YKa3aHHBIX METOJIOB, HanboJee MPUMEHUMBIM U3 KO-
TOPBIX CYUTAETCS METOJI YAECIBHON MOIIIHOCTH.

Meron kordduirieHTa UCrob30BaHUS MO3BOJISIET 00€CIEUUTh CPETHIOK OC-
BEIIICHHOCTh TOPU30HTAIBHOMN MOBEPXHOCTH C YYETOM BCEX MAJAIOIINX HA HEE MOTO-
KOB, KaK MPSIMBIX, TaK U OTPpaKeHHBIX. COOTBETCTBEHHO 3TUM OCOOEHHOCTSIM, METOJ
MPUMEHSIETCS ISl pacueTa OOIIEro paBHOMEPHOTO OCBEIICHUSI TOPU3OHTAIBHBIX T0-
BEPXHOCTEH BO BCIIOMOTaTEIbHO-OBITOBBIX, aIMUHUCTPATUBHO-KOHTOPCKUX U TTPOU3-
BOJICTBEHHBIX TMOMEIICHUAX, a TaKXKe MJis pacdyeTa HApyKHOTO OCBEIICHUS, B TeX
CllydasiX, Korjga HOpMUPOBaHa CPEHssE OCBEUIEHHOCTD.

TodeuHblli METOZ B OCHOBHOM IpPEIHA3HAYEH MJI1 ONPEACIICHUSI OCBEUIEHHO-
CTU B ONPEIEIICHHBIX TOUYKaX MOBEPXHOCTH, CO3/1aBAEMOM BCEMU M3ITy4aTeNsIMU, OC-
BEIAIONIMMU JTAHHYIO TOYKY, CIIEOBATEIbHO, MPUTOJCH JJIi OOecreyeHus: MUHU-
MaJbHOW OCBelIeHHOCTH. [IprMeHeHrne TOYeUHOTO METO/a 11eJIeco000pa3Ho Kak s
pacdeta 00IIero paBHOMEPHOTO OCBEIICHUS, TaK U JIsl pacueTa YCTAHOBOK C TOBBI-
IICHHON HEPaBHOMEPHOCTHIO OCBEUICHUS (HAIPUMEP, JOKATU30BAHHOE OCBEILCHUE
CBETHJIbHUKAMH TIPSIMOTO CBETA), a TaK¥Ke Il pacueTa MECTHOIO M Hapy>KHOTO OC-
BEILEHUS MIPH JIFOOOM PacioIOKEHUH OCBEIAEMbIX IIOBEPXHOCTEH.

XoTs o011ee paBHOMEPHOE OCBEIICHUE MOXKET OBITh pacCCUMTaHO OOOMMH Me-
TOJaMH, BCE )K€ B 00JIe€ OTBETCTBEHHBIX CIydasX MPEANOYTCHUE OTIAETCS TOYCUHO-
My METOJy, TOCKOJIbKY OH MO3BOJIsIET O0jiee TOYHO MPOAHAIM3UPOBATH pacipeese-
HHE OCBEIICHHOCTH 10 TUIOIAIU TTOMEIIEHUS.

Ynpomienusie dopmbl MeTona KodhUIIMEHTa HCMOAb30BaHUS  (TaOIUIIbI
YAEJIbHON MOIIHOCTH) UCHOJIB3YIOT B TEX K€ CIIy4asix, YTO U caM METOJ. Y IPOILECHHE
pPacyeToB IOCTUTAETCS 3a CUET HEKOTOPOH yTPaThl TOYHOCTH, TTOITOMY TAOJIUIIBI CTie-
JyeT IPUMEHSITh TOJIBKO MPU TE€X MapaMeTpax PacCUYUThIBAEMOW YCTaHOBKHU (THUII CBE-
TUJILHUKA, KOY(DPUITUEHTHI OTPAKEHUS U T.J.), KOTOPHIE B HUX YKa3aHBI.
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Pacuem memooom yoenvHout mouwypocmu. puOnvKeHHBIA METO OTIpeIerie-
HUS MOIIHOCTEW OCBETUTEIHLHON YCTAHOBKH MPU PABHOMEPHOM paclpe/ieJICHUH 1c-
TOYHHMKOB CBETA IO YAECIbHONU MOIIHOCTHU (@) 6oJiee MPOCT MO CPABHEHUIO C OCTAIIb-
HBIMH METOJIaMHU.

VY 1e1pHOM MOIIHOCTBIO @ (BT/MZ) HAa3bIBACTCS BEJIMYMHA, PaBHAS OTHOLICHUIO
0011eH (YCTaHOBIEHHOW) MOIIHOCTH UCTOYHUKOB CBETA (Pyc;), YCTAHOBIICHHBIX B

MOMEIICHUH, K IIOMIAAN JaHHOTO moMerneHus (S).
P

yem

S

=

[Topsnoxk pacyera:
1. Hamertutp oOliee YUCIO CBETHIBHUKOB U UX PS0B UCXOS U3 ONTUMATBHOTO
UX pacnoioxeHus. OnpeneauTs 001ee YUCI0 NCTOYHUKOB CBETa

N=N_n,

rae N — Kom4ecTBO HICTOYHHUKOB CBETa, N ; — KOJMUECTBO CBETUIILHUKOB, N — KOJIH-
YECTBO JIAMII B CBETUJIbHUKE.

2. OmnpenenuTth 3HAUYEHUE YAEIBbHON MOITHOCTH

VY aenbHas MOIIHOCTh YCTAHABJIMBAETCS MO CIPABOYHBIM Ta0JMLIaM B 3aBUCUMOCTHU
OT BBICOTHI MMOMEIIEHUs, KOIPPUIIMEHTOB OTPAKEHUSI, TUIIOB JIAMII ¥ CBETUJIbHUKOB
39; 48; 49]. B nacrosiiee BpeMsi CYIIECTBYET OIPOMHOE KOJUYECTBO CBETUIILHUKOB
pa3IMYHBIX TUMOB M (PUPM MPOU3BOIUTENECH, TOITOMY TAOIUIBI YACTBHBIX MOIIHO-
CTEeH 4acTO MPHUBOJATCS B 3aBUCUMOCTH OT THUIIa KPUBOW CHJIBI CBETa U, TAKUM 00pa-
30M, MO3BOJISIIOT OXBAaTUTh OoJiee MMPOKUNA KPYr CBETOTEXHHUYECKOW MPOAYKIMHU. B
cllydae €clid B CITPaBOYHBIX JAHHBIX MPH BBHIOOpE TUIA CBETMJIHHHUKA HE YKa3aHa ero
KpUBasi CHJIBI CBETa, €€ HEOOXOAUMO OMPENeNuTh. J{JIs 93TOro paccunThIBaeTCs MOKa-

3aTCJIb

L
h

p

rae L — paccrosiHre MeXIy CBEeTHIIBHUKAMU WJIH UX PSTaMH.

[To 3HaYeHUIO A ¥ CIIPAaBOYHBIM TAOJMIIAM ONpPENESETCS TUIOBAask KpUBas CU-
JIBI CBETA.

Crnenyer y4yecTh, YTO TaOJMIBI YAEIBHBIX MOIIMHOCTEH OOBIYHO MPUBOISTCS
st ocBemenHoctd E,=100 nx u 3HaueHuid kodpduimentoB orpaxeHus 0,=0.5;
£:=0.3; p,=0.1. IIpn pacyere ycTaHOBOK, MIMEIOIIMX APYIHe 3Ha4eHUs Kodpduiuen-
TOB OTPaXKCHHS CIIEAYET MOJIb30BATHCS CIEAYIONUMHU KOA(h UIIMEHTaMH TIepecdeTa
(K):

1.08 ma p,=0.5; p=0.5; p,=0.1.

0.92 mna p,=0.7; p.=0.5; p,=0.1.
0.84 mna p,=0.7; p.=0.5; p,=0.3.

Bo Beex apyrux caydasx K,=1.
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[Tepecder myst APyTo¥ OCBEMIEHHOCTH E,, MPOU3BOIUTHCS 1O (hOpMyIIe:

W = Wy, ﬁl{ y
TI€ Wioo — YAEIbHAsA MOIMHOCTB pu ocBemeHHocty 100 1k; K|, - mornpaBoYHbIi KO-
¢ ¢uimeHT Ha paznuure Ko UIIMEHTOB OTpaXeHUs MOTONKA (0,), CTeH (O.) U pa-
Oodelt MOBEPXHOCTH (0,).

Kak nmpaBuiio, cripaBouHble JaHHble npuBenarcs st ycioBHoro KITI=100%
(wmu B ponax KIIJI=1). PacueTHoe 3HaueHUE yIEIbHOW MOIIHOCTH @ JJi1 PeajbHO
MPUMEHSEMbIX CBETUILHUKOB OIPEACNAETCS JAOMOJIHUTEIbHBIM JEJICHHEM TaOJIUnYHO-
r0 3HAYCHHUS Moo HA BBIPAKEHHBIH B J0yAX eauHUIBl KI1J] cBeTUIBHUKOB (7];).
Kpome Toro, Heo6X0IMMO YUUTHIBATh PA3HUILY MEXAY KOI(PPHUIIMEHTOM 3araca mo-
MelleHus1 TpUHATHIM Uit pacyeta (K,;) mo cnpaBoYHbIM U peasibHbIM 3HAYEHUEM KO-
sa¢umenTa 3amnaca B Tabymie yaeabHbIX MomHocTeH (K,:):

EK.K,
1007706K31 ’

3. PaccumuTaTh 00111y10 (YCTAaHOBJICHHYIO) MOIIIHOCTh UICTOUHHKOB CBETA
P =0aS.

W

O = Wy

4. OnpeeTuTh MOIITHOCTh UICTOYHHKA CBeTa (P))

PVCm
p, =
TN

Toueunviit memoo pacuema. PacyeT OCBEUICHHS B TOYKE TOPU3OHTAIBHOM,
BEPTUKAJIHLHON WJIM HAKJIOHHOW IUJIOCKOCTH TOYEYHBIM METOJIOM CBSI3aH C OIpesese-
HHEM CBETOBOTO MOTOKA, MAJAOUIEr0 OT U3TydaTesiei 00l popMbl Ha deMeHTap-
HYIO IUIOMIAJKY, COAEPKAIIYI0 pacyeTHYI0 TOUKY (puc.l). Ha pucyHke nmpuHsTHI cie-
Ayrolmue 0003HauYeHHs: A — pacueTHas TOYKa, h, — BBICOTa PacHON0KEHHUS OCBETHU-
TenapbHOro mpudopa (O) OTHOCUTENTHHO PACYETHOM IUIOCKOCTH; d, p — pacCcTOsHUE OT
MPOEKIIMA OCH CBETHJIBHHMKA Ha OCBEIIAEMYIO MOBEPXHOCTh JO PACUETHON TOUKH.

Bce mHOr0006pasue ¢popm usirydarenei mo mpoieccy (GopMUPOBaHUS OCBEIICHHO-
CTH B TOUYKE MOJIpa3AeisieTcs Ha:

1. TodyeuHble — 3TO UCTOUYHHUKU CBETA, OT KaXJOT0 U3 KOTOPBIX B PACUETHYIO
TOYKY MOJKET yHacThb TOJBKO OAWH Jiyd. TOUYEUHBIM MOXKHO CUUTATh H3JIy4aTelb,
pasMepsl KoToporo He mpeBbimaroT 0,2 paccTOsSHHS 10 OCBEIIaeMOW TOYKH IIPO-
ctpaHcTBa. K TOYEUHBIM H3Iy4yaTeasiM OTHOCSTCS: IMPOKEKTOPBI, OCBETUTEIIHHBIC
npudopst ¢ APJI, MI'JI, HJIB/I, HIIH/I (puc. a).

2. JIunetinple (CBETAILINE JIMHUHU) — 3TO UCTOYHUKHU CBETA, OT KaXJOT0 U3 KO-

TOPBIX B PACUETHYIO TOUKY MOXKET CXOJAUTHCS MHOXKECTBO JIydeH, JIe)KaIUX B OJTHON
MJI0CKOCTU. JIMHEWHBIM MOXKHO CUWUTATh M3ydarTellb, IJIMHA KOTOPOTO MPEBBINIACT
(1/2)h,. K nuHEHHBIM OTHOCSTCS JIIOMUHECIEHTHBIC CBETWIIBHUKH (puc. 0).
3. IloBepXHOCTHBIE — 3TO UCTOUHUKHU CBETA, OT KAXKJOTO U3 KOTOPHIX B PACUETHYIO
TOYKY MOXET CXOJMTHCSI MHOXKECTBO JIy4ei, 00pa3yIomux TeJIeCHBIN YTrol, mMpuoIu-
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XKaronuiicsa B pezene K 2n. K HuM oTHOCSTCS, HAapuMep, YCTAHOBKH OTPaKEHHOTO
CBETa B BUJIC CBETOBBIX ITOTOJIKOB.

O

a)
Puc.1

Pacuem oceewenus npou3eoocmeennvix nomeujenuii. CBETOBOM MOTOK JIaM-
el Dy, HEeoOXOoMUMBIN 1719 oOeclieueHUs 3aJaHHOM MHHHMAJIbLHONM OCBEIIEHHOCTH
Esopw TPH KOJIMYECTBE OJHOTHITHBIX CBETHABHUKOB N ornpenensaercs no popmyie:

/e K3 — KO3 UIMEHT 3amaca, CipaBOYHasl BEJIMUUHA,
F — [UI0LIa/16 OCBEIAEMOil TOBEPXHOCTH, M’;

Z — Ko PUIMEHT MUHUMATLHOM OCBEIIEHHOCTH:
z=1,1 — ny1s TIOMUHECLIEHTHBIX JIAMII,

z=1,15 — ms mamn HakanuBaHus 1 Jammn JPJI,

Ewp.u ,
riae E., — cpennss ocBem€HHOCTD, JIK;
N — K03 (HUIUEHT UCTIONIb30BAHMSI CBETOBOTO MMOTOKA UCTOYHUKA CBETA, AOJIH €U-
HULL.

Kosdduiment n npuHumaercs o B 3aBUCUMOCTH OT TUIA CBETHUJIbHUKA U TH-
na Jamibl, KO3(QPUIIMEHTOB OTPaXXEHUS TIOTOJIKA Py, CTEH P.; U paboyell MOBEPXHO-
CTH pPp, @ TAaK K€ B 3aBUCHMOCTH OT MHJIEKca NnomenieHus. Munexc noMenienus y4u-
THIBAET €r0 pa3Mephl U OMpeesieTcs Mo popMyie:

_ a Hh
FT ke b))
rae a, b u h — umHa, muprHa 1 BBICOTA TOMEIICHHUS, M.
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Ecau i CBETHJIBHUKOB U JIAMIT N3BCCTCH, TO OIIPCACIINB I10 NMaCIIOPTHBIM
JaAHHBIM CBETOBOM ITOTOK OIHOTO CBCTUJIBHHUKA MOKHO OIIPCACIINTL UX KOJIMYCCTBO,
HE0O0XO0ANMOoe ATt CO3AAHUS Ejpopy:

E _ w Bz

NpR 2

2.0

OO1m1ast MOIIHOCTh CBETHJILHUKOB, YCTAHOBJICHHBIX B 1-OM TIOMEIIICHUH:
Ers = F1V,

rac P1 — MOIIIHOCTBh OJHOI'O CBC€THUJIBHHUKA.
PacuétHas MOIIHOCTb OCBCTUTCJIBHBIX YCTAHOBOK IJIA I-ro IMIOMCHICHUA OIIPC-
ACIACTCA:

PP,::'cs,z' = EJHEPAPMJ’

MN=

e Kc — K03 (UIMEHT crpoca, 3HaueHus npuseaeHs! B [40];
Krpa — KOO PUIIUEHT, YIUTHIBAIOLIUN TOTEPU MOIIHOCTH B YCKOPETYJIUPYIOIICH at-
naparype, 3HadcHus mpuBecHbI B [40].

PacyeTHas peakTUBHAS Harpy3Ka OCBETHTEIbHBIX YCTAaHOBOK JUIS I-T0 ITOMe-
ICHUS:

QP,M&,:’ = PP,xsjfga‘?:
rac tg([) COOTBCTCTBYCT COSQ OCBETHUTEJILHOMN YCTaHOBKH. 3HayeHus COS( IMPUBCACHLI
B [40].

PacuéTHbIe MOIIIHOCTH OCBETUTEIILHEIX CETEH B IICJIOM:

E]
PP.:J{& = Z PP..::{&.:’ ;
i=l

E]
QP.:W = Zl QP.acsi ;
T

II 2 2
SP,::':-’& = PP,ci'fﬂ + QP,:?{:& :

Pacuem oceewjenus ryncunvix u 0ougecmeeHHblx nomeujeHuil. 11eapo cBETOTEXHU-
YECKOT0 pacyera sBISETCS pa3padoTKa PEeKOMEHAAIM IO PaCMOJIOKEHUI0 ONTH-
MaJbHOTO KOJMYECTBA CBETHUJIBHHKOB HYKHOTO THIA B MOMEIIEHUU MJISI CO3/IaHUs
KOM(OPTHBIX, YOBIECTBOPSIOIIUX BCEM HOPMaM YCIIOBUI MPeObIBAHNS YEIIOBEKA.

OpauM u3 Hanbosee BaXKHBIX KaueCTBEHHBIX MOKa3aTeNeil OCBEIIeHUs, peria-
MEHTHUPYEMBIX HOPMATUBHBIMU JOKYMEHTAMH, SBJISICTCS KOIPPHUIIMEHT MyJIbCallHH.
st obuCHBIX TTOMEIIEHU HOPMUPYEMbIH KOA(PGUIIMEHT MyJbCAIlMH B COOTBETCT-
Buu ¢ CanlluH 2.2.1/2.1.1.1278-03 cocrasisiet He 6osee 10%, a ecau B MOMEIIECHU-
X TUTaHUpyeTcs padoTa 3a KOMIBIOTEPOM, 3TO 3HaYEHHE COCTaBisieT He Oosee 5%.
HauGonee nmpocTsiM 1 3(PHEKTUBHBIM CIIOCOOOM YCTpPaHEHUS MyJIhCAIUA CBETOBOTO
MOTOKAa SIBJISIETCSI MCTOJIb30BaHUE CBETHIILHUKOB C DJIGKTPOHHOM ITYCKOPETYIUPYIO-
1IEH armnaparypou.

[Tpu BBIOOpE CBETHIIBHUKOB TAaK)KE HYKHO OMPEACITUTHCS C THUIOM IMOTOJIKA B
MOMEIIEHUH AJI TOr0, YTOOBI MOHATh, KAKUM 00pa3oM (pUKCHPOBATh HA HEM OCBETH-
TEJIbHBIE IPUOOPHI.

[To meToty K03(p(HUIIMEHTOB UCIIOIB30BAHUS HEOOXOAMMOE KOJMYECTBO CBE-
TUILHUKOB N B OCBETUTEILHON YCTAHOBKE OMPEEISIETCS C MOMOUIBIO0 (POPMYJIBI:
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Eg-&-Kx

Ey-n-g ’
rie Ey — HOpMaTHBHBIH YPOBEHb OCBEIIEHHOCTH, JIK; S — ILIOLIA1b TOMEIICHHS, M,
K3 — xoaunuent 3anaca; Ky — koadpuiimeHT ucnosb3oBaHus; N — KOJIWYECTBO
JamI B cBeTUibHUKE; Dy — CBETOBOM MOTOK OJHOM JaMIIbl B CBETHIILHUKE.
OCHOBHBIM KPUTEPUEM, TI0 KOTOPOMY ONpEIEsieTcss HEOOX0AMMOE KOJIUYECTBO OC-
BETUTEIBHBIX TPUOOPOB, SIBISIETCS HOPMUPYEMbI YPOBEHb OCBEILIEHHOCTH Ey. OTOT
nokaszarenb s nomerienus mo CanlluH 2.2.1/2.1.1.1278-03 (CHull 23-05-95) co-
craiseT 300 Jk 715 pacyeTHO# MmIocKocTH Ha Beicote 0,8 M OT mosna.

[Tnomane momenieHus onpeaensercs no popmyIe:

S=a-b,

rIie @ — JUIMHA MOMeIIeH s, M; b — mupuHa momemeHus, M.

Koaddument ncnonszoanus Ky xapakrepusyet 3pPeKTUBHOCTD UCIIONB30-
BaHUs CBETOBOIO MprOopa B momenieHuu. /s ero onpenenenns HeoOX0MMO 3HATh
UH/IEKC MOMEIIEHUS (¢ U KO3 (ULIUEHTB OTPaKEHUS CTEH, 110J1a U TIOTOJIKA.
PaccuurtsiBaeTcs unnekc nomemenus (puc. 1) no popmyie:

&
hl —hg]-(d +b] ’
rac hl — BBICOTA IIOMCIUICHUA, M, h2 — BBICOTa paC‘leTHOﬁ IIOBCPXHOCTH, M.

N:

o

F

h

h,

Puc. 1 — Cxema nomenieHus

C ydetoM K03 PUIIMEHTOB OTpaKeHUsI CTEH, M0Ja U MOTOJIKA 10 TabJIuLam
IPOU3BOJUTENEH CBETHIILHUKOB ONPEAEIstoT KO GULIMEHT UCTIonb3oBaHus Ky;.
J1J1s N3BECTHOTO KOJIMYECTBO JIaMI B CBETHJILHUKE N BHIOPAHHOTO THUIIA U CBETOBOTO
notoka @y o dpopmyre (1) onpeaensercst TpedyeMoe KOTUIECTBO CBETHIIBHUKOB. C
yaetoM gomycka -10%-+20% koim4ecTBO CBETUIILHUKOB MOXKET BaphbHUPOBATHCS.

3. 3AJJAHUE HA PABOTY

HCHOJ’IBBY&I HCXOOHBIC JaAHHBIC KYPCOBOI'O IIPOCKTA IIPOBCCTU PACUCT JJICKTPHU-
YECKUX HAI'PY30K AJIA ITPOMBIIIIJICHHOTI'O O6’bCKTa, PpE3YJIbTAaThl CBECTHU B Ta6JII/IHI>I.
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4. TIOAI'OTOBKA K PABOTE U ITPOI'PAMMA EE ITPOBEJIEHU L.

Pacuem oceeuieHnocmu npouseodcmeennblx nomemenuﬁ. Pacuer OCBCIICHHO-
CTH OCYHICCTBIIACTCA MCTOAOM KOB(I)(I)I/IHI/ICHTa HCIIOJIBb30BaHHUs CBCTUIILHHUKOB

1. BBectu ucxoaneie qaHubie B Tadm. 1-5.

Tab6muma 1.
Hopmupye- Koadduru-
Beicora Beicora PMUDY Koappymu- bmu
Haumenosa- |/Inuna upuna Beicota . |MBId ypo- Koaddumu- |ent orpaxe- |Cpe-
cBeca cBe-  paboueit CHT OTpaxe- N
HUE IIOMe-  [OMelle- [[OMelle- HoMele- BEHb OCBE- CHT OTpaxke- HUs pabodeli na B
TUIBHUKOB  |[IOBEPXHO- HUS TIOTOJI- o
HICHUS Hus (A), maus (B), maus (H), m LIEHHOCTH o HUS CTEH, % TOBEPXHO- [LIeXe
(He), m ctu (Hp), m Ka, % o
(Enopm), 51k cty, %
ITomeme-
Huel
Tabmuma 2
HanmeHnoBanue Pacuernas Cpena B [Tun cBetmiib- KonuyectBo Mo1HOoCTh CBETOBOI MOTOK
cos@ Tun namMmnsl
MOMELICHHUS BeicoTa (Hp), M juexe HUKa mam (Nor), T mammsl (Pi), Br mammsr (©i), 1M

TTomemenue 1

TaOmuma 3

Koaddurment Mutm-

N Kosdhpummenr Koadduiment uc-
MallbHOH OCBEILEHHO- buu buu

HaumenoBanme [Cpema UWunekc mo- | Kosdduumentsr (Tum

MOMELIEHUS B 1lexe MemnieHus (i) |oTpakeHHs Jlammsl | (2) 3anaca (K3) nosb3oBaHus (Ku)
ITomemenne 1
Tabnuua 4
Haumenosanue Tun ceetuns- Komnuectso  [Tunm KomnuectBo cBe-  KosnmdecTBo CBETHIIB-
IIpumeuanue
[IOMEILEHUS HUKa mamr (N) mamiel  THUIBHUKOB (NcB)  HHKOB (NCB), IpHHSTOE
ITomemenue 1
Tabnuua 5
Mou- Mo-
HOCTb
Mouur- MoIIHOCTE HOCTbH
HanmenoBa- (Tumce- Kommye- [Tun |KomnuectBo peaKkTuB-
HOCTh  |ycTaHOoBNeH- [Koaddumu- Kosddunu- aktipHas COS
HHE [TIOMe-  TWIBHHMKA (CTBO JIAMII JIaM- CBETHJIbHU- Hasi pac-
mammel  Has (Pyct), |eHT cipoca ent [IPA  pacuer- |@
[ICHUS (Ni) nel | koB (NcB) yeTHas
(Pn), Br kBt nast (Pp),
<Br (Qp),
kBap
TTomemieHue
1
2. [oayuyuTs pe3ynbTaThl pacueToB TaodI.7
Tabnuua 7

MomHocTs | MoOIHOCTE
KomuuectBo | MomHocTs | MoLIHOCTS yc-
aKTHUBHAs | peakTHBHas

CBETHIIBHUKOB mammsl (Pi),| TaHOBIEeHHAs cosQ

pacyeTHas | pacueTHas
NcB Bt Pycr), kBt
(Noa) Eyer) (Pp), kB | (Qp), KBap

HaumenoBanue | Twum cBe- |KommuectBo| Tum
TIOMEIIIEHUS TubHUKA | Jamil (Ni1) |aMIisl

TTomemenue 1

UTOIro - - - -

68



69

3.CpaBHUTH pe3yJIbTaThl PACUETOB U CJIENATh BHIBO/]I

5. COOEPXKAHUE OTYETA I10 JIABOPATOPHOM PABOTE

OT4eT cocTaBIseTCS OTACIBHO KaXKIbIM CTYJICHTOM U BKJIIOYAET B ceOs:

- KpaTKyI0 XapaKTePUCTUKY PabOThI, B KOTOPYIO BXOJIAT LIE€Tb pa0OThI U KpAaTKHE
TEOPETUUYECKHUE CBEACHMUS;

- BBIIIOJTHEHHOE MPEABAPUTENIbHOE JOMAIIIHEE 33/IaHHUE;

- CBOJIHYIO Ta0JIUIly pe3yJIbTaTOB 3aMEPOB U PACUETOB;

- BBIBO/IBI 11O paboTe.
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JlabopaTtopuasi pa6ora Ne8 DJIEKTPOCHABXXEHUE. BbIbOP YUCJIA 1
MOIIHOCTU TPAHCOOPMATOPOB ITIOJCTAHIIMN

1. HEJIb U 3AJJAYN PABOTBI.

[IpuoOpeTeHust HaBHIKOB pacyeTa U BbIOOpA YKClia U MOLTHOCTEH TpaHchopma-
TOPOB TMO/ICTAHIIUH.

2. OBILME ITOJIOXKXEHUA

Buioop uucna u mowynocmu mpancghopmamopos noocmanyuil
[Ipu BBIOOpE TpaHCcHOPMATOPOB YUUTHIBACTCS:
1) kareropust HAIEKHOCTH dJeKTporoTpeduTenei. g 1-it kareropuu oNTUMAaNIbHBINA
koadummenT 3arpy3ku cocrapisietr K3=0,6-0,7; nns 2-it kareropun — K3=0,7-0,8;
s 3-i kareropun — K3=0,9-0,95;
2) nonHas pacuetHast momHocTh TII SP, kB-A.
MunumansHoe yncio TpancopmaropoB NT onpeaesnsiercs o hopmyiie:
__Se
T OK,S,,

riae Sp — pacyueTHas IoJIHas Harpy3ka nojacraniuu, kBrt; K3 - koagduunent 3arpys-
KU TpaHCc(OpMaToOpOB, IPUHUMAETCS B 3aBUCUMOCTH OT KaTErOpUU Ha/I€KHOCTHU TO-
TpeOuTeNnen AMEeKTPOIHEPTUN; SHOM.T - HOMUHAJIbHAs! MOLITHOCTh TpaHchopmaropa,
kB-A, BeIOMpaemasi U3 CTaHIAPTHOT'O PsiJia MOLIHOCTEW CUIIOBBIX TpaHC(HOpMaTopoB
[18].

dakTryeckuii KO3PPUUUEHT 3arpy3Ku TpaHCcPopMaTopa B HOPMAIbHOM pe-
KM€ OTPEETsIOT o GpopmyIie:

Se

v NTSHT

Koadduruent 3arpysku Tpancgopmaropa B mocacaBapuitHOM peKuMe COCTa-
BUT:
S
KB.I‘[GR = i
(NT _1)SHT

Buvioop nomunanvnon mowjnocmu cuinogozo mpawncgopmamopa no 3a0au-
HoMmy 2paghuxy Hazpy3ku. BpiOop MomiHocTH TpaHC(HOPMATOPOB MPOU3BOIUTCS HA
OCHOBAaHHMH PACUETHON HArpy3Kd B HOPMAJIBHOM PEXHUME PAaOOTHI C YUETOM pexuMa
paboThI SHEProcHa0XKaIoIEH OpraHu3aliy M0 PeakKTUBHOM MOIIHOCTU. B mocneana-
PUIHOM pEeXHUME ISl HaEKHOTO IJIEKTPOCHAOKEHUST TIOTpEOUTENel perycMaTpu-
BaeTCs MX MUTAHKE OT OCTaBIIerocs B pabore Tpanchopmaropa. [Ipu sTom vacteb He-
OTBETCTBEHHBIX MOTPEOUTENICH C IENbI0 CHUXKEHUSI Harpy3ku TpaHcpopmartopa mMo-
JKET OBITh OTKJIFOUCHA.

g mogcuéra OnyCTUMON CUCTEMATUUYECKOW HArPYy3KHU AEUCTBUTEIIbHBIN
rpaduk (puc. 1) npeodpasyercs B 3KBUBAJECHTHBIN JBYXCTYNEHYAThIN rpaduk.
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S, kBA
18000

14000

12875 kBA
12000

10000

1 2346567829 1011121314151617 18192021222324 T, uac
Puc. 1 — Cyrounslii rpaduk Harpy3Ku

[Ipenmnonaras, 4To MOITHOCTh TpaHCchOpMaTOpa HEUZBECTHA, ISl IpeoOpa3o-
BaHUs rpaduKa UCTIONB3YETCS TPUOIMKEHHBIN MOX0. J{J1s1 TOro HaXOAST Cpe-
HIOIO Harpy3Ky M3 CyTOYHOTO rpaduka mno ¢popmyse

24
[ f @t
S, = OT
Ha ucxonnom rpaduke Harpysku (puc. 1) Tpancopmartopa BbIAEISIOT TUKO-
BYIO 4aCTb U3 YCIOBHSA S, > S, M IPOBOJAT JIMHHIO HOMHHAJIBHOH MOIIHOCTH
TpaHchopmaropa S,y , OHA KE JIMHUS OTHOCUTEIIbHOW HOMUHAJIbHON Harpy3ku K =
1. Beigenstor Ha rpaduKe yd4acTOK Meperpy3Ku MpoI0/HKUTEIBHOCTRIO N,
OcTaBiIyrocst 4acTh UICXOJHOTO rpadka ¢ MEHbILIEH Harpy3Koil pa30ouBaioT Ha
T MHTEPBAJIOB Atj, a 3aTeM ONpEeeNsIoT 3HAaUeHNS S1 Sy, Spn.
PaccuuteiBatoT kodpPuiineHT HauanbHOM Harpy3ku K; 3KBHBaJIEeHTHOTO Ipa-
duka o popmyiie
K =S4 :i\/sfml +S2At, +...+ S2At,
S S At + AL, +...+ AL

cp cp

rae Sy — HauanbHas Harpy3ka, MB-A;
S1, Sy, ..., Sy — 3HaueHus Harpy3ku B MHTEpBaiax Aty Aty ..., Atp,.

Yyactok neperpy3ku N’ Ha ucxoaHOM rpaduke Harpy3Ku pa30MBArOT Ha P MH-
TepBaioB Ah, B Ka)JOM MHTEpBaJe, a 3aTeM ONPENeISIOT 3HaYeHus S, S,, S, .

PaccuuThiBaloT npeaBapuTeIbHOE MPEBBINICHUE IEPETPY3KH IKBUBAJICHTHOTO
rpaduka Harpysku B uatepsaine h =Ah;+ Ah, +...+ Ah, mo dpopmyne
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_S_;&_i (Sy)2Ah, +(S,)?Ah, +...+ (S, )Ah,
S S Ah, +Ah, +...+ Ah,

cp cp

[Tonyyennoe 3Hauenue K,  cpaBHuBatot ¢ K, =1,40 (puc. 1) ucxomnoro rpa-
¢uka Harpysku: K, <0,9K, ., . [Ipy HEBBIIIOJIHEHHH YCIOBUS KOPPEKTHPYIOT ITPOIOII-

KUTEITHHOCTh MEepPErpy3ku 1o Gopmyiie
_ (Ky)*h
(09K )

MakcumanbHO AOMYyCTUMAasi CHUCTEMaTHYeCKas Harpy3ka OIpeaeNseTcs IMpu
YCIOBUH, Y4TO HAMOOIbIIAs TeMmepaTypa oomotku +140 °C, mambomburas Temmepa-
Typa Macia B BEPXHHX cI0sX +95 °C ¥ H3HOC H3OJSIMHU 32 BPeMs MaKCHMAJIbHOM
Harpy3KHu Takoil ke, Kak Impu padbore TpaHchopMaropa Mpu MOCTOSHHOW HOMHUHAIIb-
HOM Harpyske, KOTJla TeMiiepaTypa Haubosee Harperoil Touku He mpeBbimaer +108
°C [19].

[To monmy4yeHnbIM 3HaueHusM Kj; u h (4) mpu cpenHeii TeMieparype oXJiax-
JAIOLIeH cpefbl 3a BpeMsi aeicTBus rpaduka Oy, (CC) mo [19, IL1] onpenemntor mo-
MyCTUMOE 3HaueHue neperpy3ku K, , . Jlemaercs BbIBOJ O JOIYCTUMOCTH CHUCTEMa-
TUYECKOM MEPETPY3KU.

HomuHansHas MOIIHOCTH CHIIOBOTO TpaHchOpMaTopa HaXOIUTCS U3 BRIpaKe-
HUS

s S,, _ KsS,
NK

nHom.T N K

Ha ocHOBaHMM BBIMOJHEHHOTO pacuéTa MPUHUMAIOT K PACCMOTPEHUIO BapHaH-
ThI MOIIHOCTEH CHJIOBBIX TpaHC(HOPMATOPOB.
Koaddurment 3arpysku TpancgopMaTtopoB B 4aCckl MAaKCHUMyMa Harpy3KH Ofl-
penensoT no hopmyse
S

_ max
K3T1 -

NS
3aTeM pacCYUTHIBAIOT MIPEIBAPUTEIHLHOE MPEBBIIIICHUE TIEPETPY3KU HKBUBA-
JICHTHOTO TrpaduKa Harpy3Ku
[Tonmyyennoe 3nauenue K, cpaBHuBawoT ¢ K, (puc. 1) ucxomnoro rpaduka

n.oon n.oon

nomT

Harpysku: K, <09K . . [Ipu HEOOXOAMMOCTU KOPPEKTUPYETCS MPOIOJIKUTETb-

HOCTb MepPErpy3Ku
JlomycTuMas cucteMarudeckas meperpyska 3a CuéT HepaBHOMEPHOCTH
cyrounoro rpaduka K, onpenensercs no [19, [1.tabxn.1] npu h (4), yrounénaom
3HaueHnM K, U cpeiHel TeMneparype OXJIaKAaroe Cpeabl 3a BpeMsl 1€MCTBUS
rpaduka 0,y (°C). Jlenaercst BBIBOJ O JOMYCTUMOCTH CHCTEMATHIECKO eperpy3KH.
B ciydyae momycTUMOCTH CHCTEMATUYECKOW MEperpy3KH OMPEAeisieTcs BO3-
MOKHOCTb TIEPETPY3KH HAMEUYEHHBIX TPaHC(HOPMATOPOB MPHU BBHIXOJIC U3 CTPOS OJHO-
ro u3 Hux. JlomyctuMasi aBapuiiHas neperpy3ka onpeenseTcsl npeaebHO JOMyCTH-
MBIMU TeMIIepaTypaMu OOMOTKH (14OOC) U TEMIIEpATypOil Macjia B BEPXHUX CIIOAX
(115 °C). JimrenbHble aBapHifHbIe MEPErpy3KH MaC/HBIX TPAHC(GOPMATOPOB IOIYC-
KaIOTCSl B COOTBETCTBUU CO CJEAYIOLIMM IPaBUIOM: TpaHCHOPMATOP MOXKHO Tepe-
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rpyxatb Ha 40% cBepX HOMHUHAJIBHOIO TOKA B T€UEHHE HE 0oJjiee 5 CyTOK MOApsI Ha
BpeMsi MaKCHMMYMOB Harpy3ku oOLIeH MpOJIOJKUTENILHOCTBIO HE Oojiee 6 4acoB B
CYTKH TNPHU YCJIOBUH, YTO KOADPUIIMEHT MpeANIeCTBYIONIEH HArpy3KH HE TIPEBBIIIACT
0,93.

[Ipu oTkiOYeHNH OJHOTO TpaHchopmaTopa pacueTHbIN KO3 GUIIMEHT aBa-
puitHol neperpy3ku coctaBuT K ;. JlomycTumelil koadpuuneHT aBapuitHoi nepe-
rpy3ku Kas gom Haxoast mo [19, I1.tadna.H.1] B 3aBucumoctu ot h (4) pu cpeaneit
TeMITepaType OXIaKIAIOIIeH CpeIbl 3a BpeMs AeiicTBHs rpaduka Oy, (°C). lemaercs
BBIBO/I O JIOITYCTUMOCTH aBapUHHOMN NEPErpy3KU

3. 3AJJAHUE HA PABOTY

I/ICHOHBBY}I HCXOOHBIC JaHHBIC KYpPCOBOI'O IIPOCKTA IIPOBECTH PACUCT JJICKTPHU-
YCCKHX HArpy30K AJIA IIPOMBINIIICHHOT'O O6’b€KTa, PE3YJIbTaThbl CBCCTU B Ta6JII/IIII>I.

4. TIOAI'OTOBKA K PABOTE U ITPOI'PAMMA EE ITPOBEJIEHU .

Pacuem u evi6opmpancgopmamopoe npomuluiieHHO20 00beKma

1. BBectu ncxomuble JaHHEBIE B TAa0I. 1.

Tabnuna 1. McxoaHbie qaHHBIE
Brenute pacuetHyr0 akTuBHYIO MomHOCTE Pp TII (xBT):

Brenute pacuerHyro peaktuBHYyI0 MomHOCTs Qp TII (xBap):

Bri6epuTe MUHIMAaNBHOE KOJTUYECTBO CUIIOBBIX TpaHchopmaTopoB Ha TII:

BBIOpATh
Bribepute MakcUMaIbHOE KOJIMYECTBO CHIIOBBIX TpaHchopmaTopos Ha T1I:
BEIOpATh
Bribepure nporeHT MOITHOCTH NOTpebuTeIel 3 KaTeropum,
KOTOPBIE MOTYT OBITh OTKJIFOUEHBI OT JJIEKTPOCHAOKESHHUS
N 0/, BBIOPATH
B MOMEHT aBapUHOMN Meperpy3Ku CHIIOBBIX TpaHchopmaTopos (%):
Bribepure MUHIMaNBHBIN KO3()(QUIIMEHT 3arpy3KH CHIOBBIX TPAaHC(HOPMATOPOB B HOPMAIILHOM PEXHME: BhiGpats
Bri6epure MakcuMaIbHBIN KOAQQHUIINEHT 3arpy3KH CHIIOBBIX TpaHC(HOPMATOPOB B TIOCIICAaBAPUITHOM PEXKU-
Me: Bribpats
2. [lonyuuts Tabauiy pe3yabTaToB — Tab.2
Tabmuma 2
IMapamerp Pasmepnocts | Bapuant #1 | Bapnant #2 | Bapuanr #3
Pacuernast momHOCTH (Sp) kBA
HomunansHas MomHoCTh TpancdopmaTtopa (SHOM) kBA
KommuectBo Tpanchopmaropos Ha nojactanuuu (N) T

Koadduument 3arpysku Tpancdopmaropa B HOpMalb-

OTH. e[l
HOM pexume (K3). A
KoadpummenT 3arpysku Tpancopmartopa B mociea- oTH. ex
BapuitHoM pexume (Kas). T
[Ipo1eHT MOIIHOCTH OTKJIIOYEHHBIX TTOTpeOUTENEH B %
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HOCHeaBapHﬁHOM PEKUME.

IIpoBepka Ha AOMyCTUMBIE CHCTEMAaTUUECKUE U aBa- MpoBeputh... ‘ MpoBeputb... ‘ MpoBeputb... ‘
puitebIe ieperpy3ku mo [OCT-14209

MopobpaTh... ‘ MopobpaTb... ‘ MopobpaTh... ‘
[Mon6op mo 6a3e qaHHBIX

3.BeiOpath Mapky TpaHchOpMaTOPOB

4.IIpou3BecTy MPOBEPKY Ha JAOMYCTUMBbIE CUCTEMAaTHUYECKUE U aBapUiiHbIE TIepe-
TPY3KHU

5. BeiOpaTh npaBUIbHBIA BapHAHT

6. CaenaTh BBIBOJIBI

5. COAEPXKAHME OTYETA T10 JIABOPATOPHOM PABOTE

OT4eT cocTaBIIACTCS OTACIBHO KaXKIbIM CTYJICHTOM U BKJIFOYACT B ceOS:

- KPaTKyI0 XapaKTEPUCTUKY PaOOTHI, B KOTOPYIO BXOJIAT 1IE€Ib pa0OTHI U KPATKHE
TEOPETHYCCKHUC CBCIACHMUS;

- BBIIIOJTHCHHOE MIPSABAPUTEIIEHOE JOMAIIIHEE 33/IaHUE;

- CBOJIHYIO TaOJIMITY Pe3yJIbTaTOB 3aMEPOB U PACUCTOB;

- BBIBOJIBI 110 paborTe.
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