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JlabopaTopHast padora Nel
HccaenoBanue BIMSIHUS MOMeX 001ero 1 HOPMAJBLHOI0 BU/I0B BO BXO/I-
HBIX LeNsAX U3MEepPUTEeJbHbIX Npeodpa3oBaTeiei.
Ieap padorsl: ncciel0BaHUE BIUSHUS IIOMEX HOPMAJIBHOIO M OOLIETO
BUJIOB Ha TOYHOCTh PabOThl M3MEPUTENIBHBIX IPE0Opa3oBaTEIEH.

Hcnoabn3yemoe 000pyaoBaHue.

JlaGopaTopHBIi CTEH JUIS UCCIASIOBAHUS TTOMEXOYCTOHYUBOCTH M M3MeE-
PUTEIBHBIA MPpeoOpa30oBaTe/Ib-HHTETPUPYIOMIUA BOJIBTMETP MOCTOSHHOI'O TOKa
tuna B7-37, mectunexaanbii Mmarasun conpotupiaeHnii MC tuna P-33.
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Puc.1. [Ipumep ucTouHmKa moMex oOIIero Buaa.
1. O0mue TeopeTHYeCKHE CBEIECHMS

HcrouHnku momMex B H3MEPUTENBbHBIX MPeoOpa3oBaTeNsiX U CHOCOObI
OLIEHKHU MTOMEXO03a[UIIEHHOCTH.

B o6mem Buzae moja nmomexam MOHHUMAIOT JIFOObIE (PaKTOPBI, MCKaXKaIo-
Me pe3yibpTarbl u3MepeHus. Jlanee mox nmoMexamu IOApa3syMeBaroTCs Mapa-
3UTHBIC CUTHAJIbI, JEHCTBYIOLIME HA BXOJAE M3MEPUTEILHOIO IpeoOpa3zoBaTes
(MII) Hapsimy ¢ mOJIE3HBIM CUTHAJIIOM — HAIPS)KEHUEM ITOCTOSIHHOTO TOKA.

HcrounnkamMu moMex MOTYT OBITh AJIEKTPOMArHUTHBIE HABOJKH, TEPMO-
OJIC, TOKM yTE€UKH, MPOTEKAIOLINE 110 PACHPENCICHHBIM COMTPOTUBIECHUSM H30-
JSUUH, U apyrue sBieHus. OTMEUYEeHHbIE MCTOYHHUKU BO3HUKAKOT HEMOCPEICT-
BEHHO BO BXOJTHOM KOoHType UII.

Ha puc.l npencraBinen mcrouyHuk nomexu uHOro Buua. MII usmepser
HanpspKEHHEe MOCTOSTHHOro Toka U, cosznmaBaemoe tepmonapor TII, mpuBapen-
HOU K HarpeBatento H, mo kotopomy npotekaeT nepeMeHHblid ToK 1 . HiokHwuit
koHell H u xopnyc UII 3a3emnensl. U1 nomkeH MMETh CHMMETPUYHBIN BXOI
(HM OMH U3 BXOJIOB HE COEIMHEH C KopiycoMm). B naHHOM ciiydae Touka co-
€IUHEHUSI TEPMOIIApbl C HArpeBaTeJIeM HAXOIUTCS MOJ ONPEIECICHHBIM IIOTEH-
LIHAJIOM () OTHOCUTEJIBHO 3eMiu. [Ipu aTOM pacnipenenéHnuble CONPOTUBIICHUS U
EMKOCTH M30JsIIUHU (TTOKa3aHbl MyHKTUPOM) Mexay koprycom WIT u Bxomamu.
A, B He MoryT ObITh oinHaKOBBIMH. [loaTOMY TOKM yTeuku [i,I, co3naBaembie
HanpspkeHrueMm U He paBHBI, 4YTO IPUBOJUT K MOSIBJICHUIO PA3HOCTU HAIIPSKEHUN
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Uag. OTa pa3HOCTh MOTEHIMAJIOB SIBJISETCS MAPA3UTHBIM CUTHAJIOM, JIEUCTBYIO-
MM BO BXOJHOM KoHType UII. T.e. Hanpspkenue U, XOTA U HE NEHUCTBYET He-
MOCPEACTBEHHO BO BXoAHOM 1enu VI, HO 4aCTUYHO «IIPOHUKAET B HETO)»

7 OUEHKM BIMSHUSA TTOMEX, MCIIOJIb3YIOTCS 3KBHUBAJIICHTHBIE CXEMBI B
KOTOPBIX AJIEMEHTHI C PACHPEICICHHBIMU TApaMETPaMH 3aMEHSIOT COCPEIOTO-
YEHHBIMH, a BCIO COBOKYITHOCTh MCTOYHUKOB MOMEX 3aMEHSIOT ABYyMs (puc.2).
Oto DJIC nomexu HopmaiasHoro Buja En.B. 1 3J]C momexu obmiero Buaa Eo.B.
B nanpHelimeM OyaeM paccMaTpuBaTh IMOMEXHM IMOCTOSHHOTO TOKAa M CHHYCOM-
JajdbHBbIC, UMES B BHJIY, YTO MEPUOIUIYCCKHN CHUTHAI MOXET OBITh MPE/ICTABIICH
B BHJIC CyMMBbI TapMOHHUK. Cpeau CHHYCOUIANBHBIX MOMEX HAMOOJBIINA HHTE-
pecC MPEACTABIAOT IOMEXU CETEBOM YaCTOTHI.

[IpencraBum EH.B. B Bujie CyMMBI lomex: £#.6. p EH6. - cOOTBETCTBEHHO

IOCTOSIHHOTO ToKa M cunycoupansHoi DJIC. Cocrasnsromas £4.6. geotnnunma
OT moJje3Horo HamnpsokeHuss U. Paznuynbie cXeMHBIE CITOCOOBI HampaBieHBI HA

3amuTy OT £76. UX HasplBAIOT CHOCOOAMH 3aIMUTHI OT MOMEXH HOPMAIBHOIO

BHUaA. OI[HaKO Kakue Obl He IMPUMCHSAJINCH CHOCO6LI, HCKOTOPOC BJIMAHUC Ens.
OCTacTCA.

Crenens 3amminendocty UIT ot £76. xapakTepusyror KodpQuiueHTom
NOAABJIEHNS CUHYCOUIAJIBHOW IOMEXHA HOPMAJIBbHOIO BUA, BEIPAKAEMOTO0 B 1b.

Kne.= 201g Et.gm
/AU

rae EH.B.m — aMmmumryga cunycouganbHon JD/C momexu HOpMaJIbHOTO
Buja; AU — n3menenne nokazanui MII, BBI3BaHHOE 3TOM MTOMEXOM.

A
En.B
ncC B UI1
e
v
A
Eo.B
_/

Puc.2. DxBuBasieHTHas cxema, OTpa)karouias HaJln4ue IMOMeX HOPMaJlbHO-
ro En.B. u oomero Eo.B. BunoB, IC — HCTOYHUK M3MEHSIEMOr0 CUTHAJIA.

IIpu xparkon xapakrepucrtuke 3amuiesHoctd UII o Ex.B. naercs 3Haue-
uue K6 1ompko Ha OIHOM YaCTOTE, KaK MPaBUIIO ceTeBOM. [Ipu Golee MOIHOM

XapaKTEPMCTUKE JAETCS YacTHAs 3aBUCUMOCTh K76-(f),

O/1C nmomexu oOmero Buaa Biuser Ha nokazanus WUII numbs moctomibky,
IIOCKOJIbKY HEKOoTopas ee nons E’o0.B. mpoHukaer Bo BxoaHyw uens UII. Cro-
coObl, HampaBlIeHHBIC Ha yMeHbIIeHUe oTHomeHus E’0.B./Eo0.B. Ha3bIBaIOT cIIO-
co0aMu 3aIMUTHI OT OMEX OOIIETO BU/A.
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OnekTpoaBrKyIure cuibl Eo.B. 1 E’0.B. MOXKHO, Kak M paHbllIe, IPEACTa-

BUTH B BUjI€ cocTaBistonux £o06. Eos. E'oe. E'06. (CreneHp 3alUIIEHHOCTH
UIT ot momex oO1ero Buaa XapakTepusyroT AByMs Kod(puimeHtamu mnojasie-
HHS IOMeEX OOIIero BHUIA.

Ko.s.=201g— Eos.
Eoe
Kos. =201g—= Eos.
E'os.

DnexTpoABKyIas cuaa £06. nepemenmas Bo BXOAHYIO LI€Nb, HEOTIIHU-
YyuMa OT MOJIE3HOTO CUTHAJIa — HAIPSIKEHUS OCTOSIHHOTO TOoKa U — U BBI3BIBAET

u3MeHenne nokazanuii UI1 na Hexkoropyro Benmumauny AU, mostomy Ko.6. MokHO
3aIMCaTh B CIICYIOIICM BH/IC:

Koe—ZOlgEog

av|
DJIC E'os. mepemremimas Bo BXOJHON KOHTYp, JEHCTBYET B HEM TaK ikKe,
kak Ens., [TosTomy ecnu B UII ncnonb3oBaTh Kakoi JIMOO CIOCOO 3alUTHI OT

MoMeX HOPMajbHOTO BHJIA Ene. , TO OH B PaBHOH Mepe OTHOCHTCS M K MOMexXe

obiero Buaa E'06., mepemenmeii B mero. T.e. E'06. MOXKeT NOTONHUTENHHO
NOJABJIATECS, a U3MeHeHHe nokasanuii AU, KOTOpoe OHa BBI3BIBAET, OIpPEIEIs-

erca Ki6. B cBasu ¢ 5TUM BBOIAT elie oJuH K03()(HUIUEHT, Ha3bIBAEMBIN (-
(GeKkTUBHBIM KO3()QUIIMEHTOM MOAABICHUS CHUHYCOMJAIBHBIX MOMEX OOIIEro
BUJIA:

Eo.e.aqbqb =201g Eos.m

vl

rae E.o.B.m — ammutyna cunycouaanbioi 3J]C momexu obiiero Buaa;
AU — u3meHenue nokazanuil M1, Be13BaHHOE JI€HICTBHEM ATOM MOMEXH.
Eosm  FEoem E'oem
HpeﬂCTaBI/IB AU E'osm AU ,
Ko.6.3¢p@ = Ko.s.+ Kn.e.

MOKHO 3aIIiCaTb

IIpu kpatkoii xapakrepuctuke 3aumiménHoctu UII or nomex obiiero Bu-
na npusoaurcs K06 Ha omHOM uyacToTe, Kak IPaBWJIO CETEBOM, M 3HAYEHHUE

Kos. TIpu Gonee MONHOI XapaKTEPUCTHKe- YacTOTHAs 3aBucHMocTs K06-(/)
(wu I?o.eagbqb.(f) ).

B nocniegnem ciyuae

Ko.6 = Ko.6.(0) = Ko.6.3¢g(0)



2.1. Onpenenenne 3apucumocty  KH-6-min(m)

Kn6.(m) onpenensiercst wis Hauxyqumx 3Hadenuii f. VIIT B pexunme u3me-
pernst U ¢ MepuOJUUECKUM 3aIlyCKOM IMOJKIFOYACTCsl K TEHepaTopy CHHYCOH-
nanbHbIX HanpsokeHud G (cM. cxeMy Ha puc.3). CpelHeeKBagpaTuiecKoe 3Ha-

yenane DJIC EH6. pmuTHpYIOMIEH TOMEXY HOPMAIbHOIO BHIA, M3MEPSAETCS

BOJIBTMCTPOM IICPCMCHHOI'O TOKA. HCO6XOI[I/IMO CO6HI’OCTI/I YCJIIOBHC
Enem <1.2*Unom,

rae Enem . aunmmryna DJIC Ens.; Unom - gomunansHoe Hanpsbkenue U
Ha BbIOpaHHOM Juamna3oHe u3Mepenus. [Ipu pexnMe HauxyqmIuX 4acToT, clie-
NyeT UMETh B BUIY, 4TO y npubopa B7-23 miuTenbHOCTh NEPBOTO TaKTa UHTET-
pupoBanus cocrasiseT 40 mc.

JIns Ka)KIoro yCTAaHOBJEHHOI'O 3HAYEHUs YacCTOThl HYKHO HEKOTOPOE
BpeMs HaOII0AaTh 32 U3MEHEHUEM HCKa-
XKeHUM npubopa u 3aUKCUpPOBaTh CPeld HUX HanOoJbllee o adCOIIOTHOM Be-
mmunne AU . D1u n3menenus o0ycioBieHbl TeM, 4to (asosbiii capur? DJIC

Ens. N3MCHAKOTCA OTHOCUTCIIBHO Ha4dalla IICPBOTO0 TAKTAd MHTCTPUPOBAHUA CHUH-
XPOHU3UPOBAHHOTO C CCTBIO. HauOompiime ucKakeHus COOTBCTCTBYIOT HaH-

xyamemy ?, 1.e. HaumenbuieMy K#.6.3pauenns K#.6.minpppcnsercsa mo ¢op-
MyJIe

Krn.e.=20% 1g(E|Z‘Z’|")
C
- Un
0
| (LLB)
3

Puc.3 Cxema dKCIIEpMMEHTA U JUIs onpeeneHus Kr-e.



2. Onpenenenne coorsercreusi UII mo 3navenuro Kn6.min g mo-
MeXH YaCcTOThI CeTH.

Jlnst onpexenernss KH6.min(50/%) yeoGxonumo cobpats cxemy, mpe-
CTaBJICHHYIO Ha puc.4

99999 Om
Lo Me 250
= C
UH | ~ | P33 | 080m|~ .| un
— | EHR (LLB)
, 3
o)

Puc.4 Cxema skcriepumenta s onpenenenus K16-(507%)

Marasun conpotuBieHnii ME HCIONIB3yeTCA Kak AEIUTENb HampsKe-
Hus, caumaemoe ¢ MH. KoaddunmenT nenenus cienyer BoIOUpaTh TaK, YTOOBI

obecnieuntsh paBeHcTBO EH6m=Unom  rne Enem _ gummuryma DJC Ens.;
Unom - gommuansHoe 3Hadenne U Ha BeIOpaHHOM auana3zone. CpenHeeKkBapa-

trueckoe 3nadenne DJIC E16. uzmepsiercs BoabTMeTpoM V. Ecin mokasanus
UII ocTaroTcst HyJEBBIMH, 5TO 3HAYMUT, yTo Kr.6.min >8005  rak kak 3HaUeHHE

4
Unom ga Beex muama3oHax COOTBETCTBYET YHCITY 10", Takum 0o0pa3om, OTCYT-
CTBUE HCKAXKEHUN NPU NPUIOKEHHOM HAINPSKEHUU, UMUTHUPYIOLIAM MOMEXY,

SIBIISIETCA CBUAETEIBCTBOM TOI'0, YTO Kh.6.min > 8005

3. DKcnepuMeHTAJIbHOE onpe/eeHue 3HAaYeHus1 K o,

Heobxoammo coOpaTh cxemMy SKCIIEpUMEHTa, MPEJCTaBICHHYIO Ha pHC. 5.
CHavana ¢ nomMoup0 HuppoBoro Npudopa He0OXO0AUMO YTOUHUTh HANPSKEHUE
Ha Beixozne MH, a 3areM mcnonb30BaTh €ro B Ka4eCTBE MMHUTAIMU TIOMEXHU 00-
mero Buga E
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Puc. 5. Cxema sxciepuMenTa Jj1st onpeaeneHus: K o.e.

.||_
A}

Ha MC neobxoaumo ycTaHOBUTH 3HadeHue cornpotuBieHus 1 kOm. OHO cooT-
BETCTBYET RBBIX. 5KBUBAIEHTHON CXEMBI 3aMelleHus1 u3mepuresbHon nenu Ul
u UH. Ecou UII (IIB) yaoBnerBopsieT TpeOOBaHUSI TEXHUYECKUX YCIOBUM TIO

3HauyeHU0 Ko, TO €ro MokasaHus JOHKHBI OCTAThCs HYJIEBBIMH JaXKe Ha Jua-
na3one 0,1 B (ayig Toro, 4To0s! pu K 05 =140 1B MOKa3aHMs H3MEHHIINCH XOTS
Obl HA oJMH KBaHT — 10 MkB, HeoOX0oaMMO MPUIOXKUTH HanpsbkeHue He 10 B, a
100 B. U3 coobpaxkeHuii TEXHUKH OE30MaCHOCTU TaKue HaIpsKEHUs B Jlabopa-
TOPHOM MPAKTUKE HE UCTOJIb3YyIOTCs). [l onpeneneHus Koo pu nomexe ~10
B HeoOxonuMo yBeIMUMBaTH CONPOTUBIEHUE ycTaHaBinuBaemoe Ha MC 1o tex
1op, MOKa MOKa3aHue Nprubopa He COCTABUT HECKOJIBKO E€IUMHMII MIIQJIIETO pas-

psina (HeckoJIbKUX KBaHTOB) Ha auana3one 0,1 B. A K., HeoOXoauMo paccuu-
tath 10 popmyne [[[OCT 14014 — 82. [Ipubopsl u peodpazoBaTE U3MEPH-
TeJIbHBIC HAMPSIKEHUS, TOKA, COMPOTUBIICHUS MU poBbie. OOIIME TEXHUUECKHUE
YCJOBHUAL. |:

Koo = 201g%+201g12

sy
riae R, — COpOTUBIIEHUE, YCTAHOBICHHOE Ha Mara3uHe conpotupiieHuit MC, B
KOm.

mc

4. Onpenenenne K, (10 k') u lzo_g.gqbqb (f).

s onpenenenus ko3(@uuueHTa noiaBiIeHus MOMEXH OOLIETO BUAA Ha
gacrote 10 xI'm — K, (10 xI'n) u a¢pdpexTuBHOrO KO3QPUMEHTa TOAABICHUSA



~

nomex obuiero Buaa K, ., OT YaCTOTHI IOMEXH [ HEOOXOIUMO COOpATh CXeMy

HKCIEPHUMEHTA, IPEICTABICHHYIO Ha puc. 6.

MC
y4 -4 c
A ;g—g nn
B E 22
| Fo.s. —TL/Qf
V Eo.e.

Puc. 6. Cxema sxcrniepumenta st onpenencanst K, (f ).

Ha MC nHeoO6xoauMo ycTaHOBUTH 3HadeHHe comportuBieHus 1 kOm. B atoi
cXeMe BOJIbTMETp V M3MepsieT IPOHUKIIYIO BO BXOAHOH KOHTYP 100 E s OT
Bceit DJI1C E‘O.g., KoTOopyro umutupyer reneparop I. Ilocimennss usmepsercs
BOJIBTMETPOM V TIepel CHSATHEM DKCIEpUMEHTa. AMIUIMTYyAa TMOMEXH
E, . ., O0C EM_ He JOoJpKHA mpesplmars 1,2 U, Ha BBIOPaHHOM AMaIla3oOHE

usmepenus. st nocrpoernst K, , .. ( f) HEOOXOOUMO HCIONB30BATH (HOPMY-

Jay:
Ko.e.aqbd). = Ko.e. +K

H.6.

5.Conep:xxanme oTuera

HaumenoBanue u Homep pabotsl. Llens pabotsl. uarpammsl paboThl cxe-
Mbl. Tabnuia ¢ pe3yiabTaTaMu pacueToB W U3MepeHuid, rpaduku. [TpuHunu-

aJIbHas cxcMma.



6. KonTpoabHbIE BONIPOCHI

1.IToctpouts JIAUX K 0B (f ) g UIT ¢ 3ammToit oT moMex o0Iero Buaa

MyTEM CUMMETPUYHOI'O BXOJa C SKPAaHUPOBAHUEM, €CITU U3BECTHO, YTO Ry =0;
Rino= Runx=1 kOM; Rpr=0,1 TOM; Cgr=511D.

2. Haittu K, 5 nna UII ¢ cuMMeTpUYHBIM BXOJOM H 3allIUTHBIM SKPaHUPO-

BaHMEM, €CJIM HU3BECTHO, YTO K o .5 (50I'm)=120 nb; R.x1=0; Ryuxo= Reapx=1
KOM; Rgr=31,8 I'Om; Cp=10n1®.

3. locTpouts JTAUX K 0 B (f ) st UIT ¢ cuMMeTprYHBIM BXOJOM M 3alIUT-

HBIM JKPaHUPOBAHMEM, €CJIM M3BECTHO, 4TO Ry 1=0; Ryxo= Rax=1 KOM;
Rgr=0,1 TOwm; Cgr=10n®d. Ha BX0j€ YCTaHOBJICH HU3KOYACTOTHBIH (PUIBTP C
MOCTOSIHHOM BpeMeHH 10Mmc.

4. HaiiTu MUHUMAJIbHYIO YacTOTY JUISl U3MEPUTENBHOrO MpeoOpa3oBaHus JBOM-

~

HOTO MHTErpupoBaHus Ha kotopoii K ; , —>00, eciiu JUIMTENIBHOCT HHTETPH-
poBanus cocrasisieT 100 mc.

5. Haittu compotuBiierne Rgp, ecnum u3BecTHO, 4TO Rypx1=0; Rypxo= Rpux=1

kOM, a 3aBUCHMOCTb K o g =60-401g40f.
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JlabopaTtopnasi paGoTa Ne2
HccnenoBanne cnoco00B 3alIUTHI BXOJHBIX Leleil n3MepuTelIbHbIX
npeodpasoBareJieil 0T MoMex 001Iero 1 HOPMaJIbHOIO BUIOB.

Leab 1abopaTopHoii padoThI: KCCIEAOBAHUE CIIOCOOO0B 3aIUTHI U3MEPHU-
TeJIBHBIX TpeoOpazoBaTeieil OT momMex 00IIero BUAa MyTEM UCIIOIb30BaAHUS
CUMMETPHUYHOTO BX0/Ia U CHMMETPUYHOTO BXOJa C 3alUTHBIM SKPaHUPOBAHU-
eM.

1. KpaTkue TeopeTnyeckmne CBeeHUs.

[Tpu 3amuTe OT MoMeX 00IIero BUIa UCIOIB3YIOT IBa Criocoa:
e CHMMETPUYHBIA BXOJ
o CHUMMETPHUYHBIN BXOJ C SKPaHUPOBAaHHEM

1.1 CuMmMeTpUYHBII BXOJ

[Tox cummerpuunsiM BxogoMm UII nmoapazymeBaroT TakoM BXOJI, KOT1a BXOJI-
HBIC 32)KHMBI U30JIMPOBAHBI OT KOpITyca (B OTIWYHE OT ociiorpada, B KOTO-
POM OJIH M3 BXOJIOB COEAMHEH C KOpITycoM mpubopa). MiHoraa Takoit BXo/ Ha-
3bIBAIOT «IUJIABAIOIIUM» (MOTEHIMAT BXOJIHOTO0 KOHTYpa OTHOCUTEIIBHO KOpITyca
HM3MEHSETCSI, «IIaBACT»).

Ha puc. 1 Raf, Rgr 0oTOOpaxkarot pacnpeenéHHble COMPOTUBICHUS U30JIsI-
uuu, Cag, Cgr — pacnpenenénunie émkoctu Mexay kopmycoMm UII (touka F) u
€ro BXOJIHbIMU 3axkuMaMu (Touku A u B). DJIC none3Horo curxuana u noMexu
HOPMAaJILHOTO BHJIa HE TToKa3zaHbl. [lomexa obmero Buaa npeacrtasieHa 3/1C
E,, Kopmyc ucrounmuka MH (Touka D) MoxkeT OBITh COEAUHER ¢ MFOOOM TOUKOMI

€ro CXeMbl, IO3TOMY BBIXOJHOE COMPOTUBIICHUE Ry« pa3aeIeHO HA IBE YaCTH
Riuxt, Repxz. COPOTUBIIEHUS TPOBOIOB JIMHUH CBSI3M 0003HAYCHBI T, 1.
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RBbIX

x @ | Rer
— F

Puc.1 Mcnons3oBanue cummerpudHoro Bxoja B UII.

[Tockonbky Bxox UII cumMeTpuuHbiil Touka B HE coequHeHa ¢ KOpIycoM
(toukoii F), Bo BXOAHO! KOHTYp OyIeT MPOHUKATE JIMIIb YaCTh E,, , IPHUIEM

MaJiasi, TOCKOJIbKY R Bennko, a Cgr Majia. B COOTBETCTBUM C SKBHBAJICHTHOM
cxemoii (puc. 1) tpeOyercs Haiitu Ko g (f) — koo punrent nonaBneHuss moMmexu
obmero Buna E,, CxeMy, npeJCcTaBIEHHYIO HA pHC. | MOKHO U300pa3uTh B

Oosee yaioOHOM 15l aHanmu3a Buje (cM. puc. 2.a). B nuaronanu AB mocta
AFBD MosxeT 0Ka3aThCs HylIeBOE HaIpshKEHue, T.¢. B, =0.

Ho sror cnydait MmasioBeposiTeH. byzieM OpueHTUpPOBAaThCS HA HAUXYAIIUN
ciydai — ciydai Hanbobiero pazoamanca mocta. O0brdHO RAr>Rpr, CAr<Cgep,
MOTOMY, 4TO 3auM B coeanHén ¢ obmieit Toukoit cxembl UIT u 3Ta «Touka
MMEET T€OMETPUUYECKHUE pa3MEPhl, 3HAUYUTEILHO MPEBBIIIAIOIINE pa3Mephl TOU
YaCTH CXEMBbI, KOTOpasi coeinHeHa ¢ 3akumMoM A. CrieroBatesibHO, pa30anaHc
MocTa (puc. 2.a) Oyet Tem OoJbIle, 4eM O0Jblie, 4eM MeHbIe Ry, U 11 B
npenesne — npu KopoTkoil muHuu cBsa3u (r;=0) u npu coenunenuu kopmyca Ul c
KpaiiHel Toukor Ry (Ryux=0). Takum 06pa3zom, MOXKHO MPUHSTH (HA HAUXYI-
I C—quaﬁ) RBLIXZZRBblx; I'1=Ty, RBBIXIZO'

12



rq ZBX B RBF
Reuix1 A, D R Cer F
D
(Eon)
RBbIX2 I @ ?
Rar
L
ra
I G I
11
6)
A D RBbIX B RBF
CBF F
s

Puc. 2 DxBuBanentHoie cxembl Ul ¢ cMMMETpUYHBIM BXOJIOM B YCIOBUSIX JIEH-
CTBUSA MOMeX o01miero Buaa Eqp. @) — monHas, 0) — ynporméHHast.

B sToMm ciydae Touku A u D coBMeIaroTCs, 1 MOCT BBIPOXKIaeTCs B OoJiee
IPOCTYIO CXEMY, IPEACTABICHHYIO Ha pUC. 2.0. YUUTbIBas, UTO Zy>>Ry ik, ITY
CXE€MY MOXHO ell€ ynpocTuTh (0TOpachiBast Rar, Car IOCKONBKY OHH MOZCOE-
JUHEHBI napamenbto E,, ). JlaHHas cxeMa npeacTaBieHa Ha puc. 2.8. Pas-

HOCTh HAMPSDKEHUM MEXKIy TOUKaMu A U B — 3To 1 ecTh 707151 ToMeXxu 00IIero

~

BUIa E, , Ipomeamas Bo BXxoaHoi kontyp MIT E
C yuérom manoctu R, x, MOKHO 3aMKcCaTh:

N’ = RBBIX
Eop =Eos. R—\/1+ (G)TBF)2 s

BF
rae 7gzp = Rgp - Cgp. Torma Ko g, uMeer Bun:

~

E R
Kop =20lg=> =201g—* !

EOAB_ R’BLIX \}14‘((01-31;)2
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s moctpoeHust 3aBUCUMOCTH Kop(f) BBIACISIOT ydyacTkH, Korjaa (r,.)° >>1,

(t40)" >>1.

S R
Torpa Kos =K,, =20-Lg—2—.

BbIX

Koz =K ,,—20-1gw-7,,. =20-1g !

W Ry - Cppe
YacroTtHas xapakrepuctika Kop mpencraBiieHa Ha puc.2.T.
Cormacao I'OCT14014-81 Ilpubopsl u mpeoOpazoBaTe U3MEPUTEIIbHBIC Ha-
NpsDKEHUs, TOKA, COMPOTUBJIEHUS 1UdpoBbie. OOIMIMEe TEXHUYECKUE YCIOBHS.
ConportuBienue Rgpx MpUHATO 3amaBaTh paBHbIM 1 kKOM. 3HaueHue Rgr He-
TpyaHo obecrneunts Ha ypoBHE 0,1 + 10 rOm, Cgr = 0,1 + 10 HD. Ilpumem Rgp
=11rOMm, Cgr =1 HD. Torma

Kos =20-Lgl0° =120 nb.
K,,(50I'y) =70 nb.
Takoe IIOJaBJICHUC B OOJIBIINHCTBE CJIy4dacB OKa3bIBACTCA HCAOCTATOYHBIM.

1.2. CoyeTanue CHMMETPUYHOI'0 BX0/1a C IKPAHMPOBAHUEM.

Kopniyc UIT urpaer ponb skpana 3;. Yacte anemeHnToB cxembl UII (1o
KpailHel Mepe, BXOJHOM YCWIHTENIb) IOMEUIEHA BO BHYTPEHHUU SKpaH 3,
AIEKTPUYECKH U30JUPOBaHHBINA OT D1, Rcp, Cop OTpaxaroT pacnpenesieHHbIe Co-
IPOTUBIIEHUS U €MKOCTh M30JSIUU MEXYy dKpaHaMu D U D, DKpaH I, coeau-
HEH C PKpaHoM I3, B KOTOPOM HaXOJUTCS MPOBOJAA JIUHUU CBSI3U I U 1. Compo-
TuBJieHUE sKkpaHa D3 — r3. Takum oOpazom, UII nMeer Tpex3aKMMHBIM BXOJ
ABC (Hi, Lo, Gu — BbIcOkHii, HU3KHA, 3amuTa). CXeMy MOXHO MPEACTaBUThH B
0osee yaA0OHOM BHJE, IPEACTABICHHOM Ha puc. 4. Cxema COACPKUT TpU MOIY-
Mocta ADB, ACB, @A u genutenb HANPSHKEHUS C HU3KOOMHBIM TUIEYEM T3.
Oo6pathsiii nomymoct AFB u onpenenser pasHOCTh MOTEHIIMAIOB Touek A u B
st Mmocta ABCD, a 3ateM, Hao60poT, oTOpocum nostymocT ACB 1 onpenenum
Ty € Pa3HOCTh MOTEeHIUaIOB Mg mocta AFBD. MoXHO 3aMeTUTh, 4TO NpHU
otOpaceiBanuu nosiymocta AFB ocraBiiasics 4acTh CXeMbl OTIUYAETCS OT yKe
paccmoTpeHHo (puc. 2.1) Tonbko TeM, uTo K, IpuiokeHo K guaroHajayd HE He-
MOCPEJICTBEHHO, a Yepe3 JEIUTENb HaMpsHKeHUs ¢ dyemMenTamu 13, Cop, Reg. T1o-
ATOMY OCTalOTCSA B CWJIE BCE PACCYXACHUS, KOTOPbIE MPUBEIU K YIPOIIECHUIO
CXEMBI, IPEACTABICHHON Ha puUC. 2.a. B pe3ynbrare nojiyyaem cxemy npeacraB-
neHHyro Ha puc. 4.6. OHa mpencTaBiasieT CcoOO0OM MBYXCTYNEHUYATHIN ETUTENb
Hanpspkenus. C yueTom Manoct RBbIX, 13 MOXKHO MOJIYYHUTh:

Ry - Rep . 1

Ry - 13 \/1+(W-Z'BC)2 '\/1+(W-TCF)2 ’

TAC 7o =Ry - Cpe 5 Tep = Rep - Cope

Kop =20-Lg

14
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Puc. 3 Hcnonp30BaHME CUMMETPUYHOTO BXOJa COBMECTHO
C 3aIUTHBIM 3KPAaHUPOBAHUEM

s mpubnmxeHHoro pacyera nmojgokuM Rpe= Rcp=1r1OM, Cge= Ccp = 1 HO,
TOT'/Ia B COOTBETCTBUM C MOceaHen popMynoit
K,, =20-Lgl0” =300 nb.
K, (50Iy) = 200 1bB.

Ot6pocum B cxeme puc. 4.a. moamymoct ABC, Torna nosygaercs cxema IMoHO-
CTBIO COBMNAJAIOIIAs C MMOKA3aHHOW Ha puC. 2.a. U COOTBETCTBEHHO CBOSIIASCS
K cxeme puc. 2.B. Ho ecTh cyliecTBeHHOE KOJUYECTBEHHOE Pa3jInyHe: B CXEME
Ha puc. 3 3HaueHus Rgr u Cgr ropasmo Oosbllie 4yeM B cxeMme Ha puc. 1. ITo Tak
Ha3bIBa€MbIE TIPOXOAHBIC COMPOTHBJICHUS U €MKOCTh, OOYCIOBJICHHBIC HE HJIe-
ATBHOCTBIO JKPAaHUPOBAHUSA TpaHcpopMaropa HCTOYHMKA NUTaHUA. [Ipumem
OPUEHTUPOBOYHOTO pacyeTa, uTo Rgr 1 Cgr oTianyaroTes oT Rge , Rep 11 Cpe 1
Ccr Ha 1Ba mopsiaka: Rgr = 100 rOm, Cgg= 10 n®. Torjga B COOTBETCTBUE BBI-
paxenusam 1 Kog a1t cxemsl Ha puc. 2.B. MoxkHO HailTu Kog = 160 ab, Kop(50
I'm) =110 nb.

Takum 00pa3oMm ABYXCTyINeHYATblil aenuTenb (cM. puc. 4.0.) CTONb CHIBHO
yMenbinaet BausHue Rpc , Cpe ¥ Reg , Cep, 94TO KOA(PGULIMEHT MOgaBIEHUS OTI-
penensiercs He uMH, a Rgr ,Cpr . Db PexT yBennueHuss moMexo3aiuiieHHOCTH B
CXEMe C 3aMKHYTBhIM SKPAaHUPOBAHUEM OOYCIIOBJIEH T€M, YTO B HEW Rgp 3HAUM-
TeNbHO 00JbIIe, a Cgr 3HAUMTEIIBHO MEHBIIIE.
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Puc.4. OxBuBanentHeie cxeMbl U1 ¢ ciMMeTpUYHBIM BXOJOM U 3aIATHBIM K-
paHUPOBAHUEM: &) TIOJIHAS, O) YIIPOIIICHHAS.
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2. Xox n1abopaTopHoii padoThbI.

2.1. Onpeodenenue onmumanvno2o nooxknouenus aunuu céasu HUII npu uzme-
PeHuU HANPAICEHUSL.

DKCNEPUMEHTAIBLHOE OMPEJAEICHUE ONTUMAIBHOTO MOAKIIOYEHUS JIMHUU
ces3u HII k uccnenyemomy HanmpspKeHHUIO B YCJIOBHSIX JCMCTBUS IIOMEX OOIIIETO
BHUJIa OCYILIECTBIISIETCSI B COOTBETCTBUU CO CXEMOM, NMPUBEAECHHON Ha puc.S. B
KOTOPOM, HCTOYHUKOM CHUTHAJIa SIBJIICTCS HAIPSDKEHHWE B JMAaroHa M MoOcCTa, 00-
pazoBaHHOTO pe3ucTtopamu R, R,,R3,Ryc.

Caauana HyXHO ITUGPOBBIM TPHOOPOM M3MEHHUTH 3HAYEHUS PE3UCTOPOB
R,R,,R3, ycranoBnennsix B creHze. [locie 3Toro Ha Mara3uHe COnpOTUBICHUI
MC HY)XHO YCTaHOBUTH TaKOE 3HAYCHHUE COMPOTUBICHUS Ryc, 9TOOBI UyeThIpex-
riednii MocT, oOpazoBaHHbIi R,R,,R3,Ryic ObLT ypaBHOBEIIIEH.

E R, R, L
12| + <& ur
= U <& 1
—
R3 RMC
\_/
a)

—IJ R, R, C

b
uH A o

2 3 i

ki
L
R;
—
0/o/a o U,
) }
r |k, MC «
1
B)

Puc.5. Cxema s3xciepuMeHTa i1 OIpeieIeHHs] ONTUMAJIbHOTO HOJKIOYEHUS
JVMHUM CBS3M MPU HAIMYUM 1ToMeX ob1ero Buaa E, ,
Tenepp HEOOXOAMMO PELIUTH JIBA BOMpPOCA!
— Kyna nonkmounts 3axum 3 u3mepurenabHoro npeodpaszosarens (L[B);

17



— Kak Beirognee nogknounts 3akuMbl C 1 O 11 u3MepeHus HanpsbkeHus U B
JMaroHajau MOCTa.

[Ipu pernienuu nepBoro BONpoca Hy>KHO PYKOBOACTBOBATHCS CIEAYIOIIH-
MU COOOPAKEHUSIMHU:

3axuM 3 HY>KHO TIOAKIIOUUTH Tak, 4To Obl DJIC E, ., *MUTHpYIOIIIAs TIO-
Mexy 00111ero B11a, Kak MO>KHO MEHbIIIE TPOHUKAJIA B LIETIh MOCTA, T.€. CO3/1a-
BaJla B €0 KJIeMMaXxX KaK MOKHO MEHbIIIE TOKa.

J171s1 pelieHrst BTOpOro BOIpoca HY>KHO MOCTOBYIO II€Ib MPEJCTABUTH B
BU/IC YKBUBAJICHTHON CXeMBI (pHC.6),

Rebix1 C
] 1 -« o7
—
S ~ 2w
Rebix2 2 3

Puc.6. DxBuBaneHTHas cxemMa UCTOYHMKA HanpspkeHus U.

Boruncnute 3HaueHus Revix] u Revix2 cunrtasi, 4TO BHYTPEHHEE COMPO-
THBIIEHUE UCTOUHKKA E=(); y4ecTb, uTOE,, OyJeT BIMATH T€M, MEHBIIE, YEM

MEHbIIIE COMPOTUBIIEHHE HCTOUYHHUKA CUTHAJIA COCPETOTOUEHO B BETBU A Q.
OnpenenuBIIMCh C ATUM BOMPOCOM CIIEyeT cOOpaTh CXeMy, MpeCTaB-
JeHHYI0 Ha puc.5.0. E,, TMOKa HE MOJaBaTh W 3aKUM 3 HUKYJa HE MMOJaBaTh, a

na UII (IIB) ycranoButh nuamazon 0,1B.

N3mepuB conpoTuBieHue R ¢, HY’)KHO BBIBECTU MOCT U3 COCTOSIHUSL PaB-
HOBECHsI HACTOJbKO, 4TOObI moka3zanus MII nmpumepHO COOTBETCTBOBAIU CeEpe-
JMHE ana3oHa.

3areM Hy»XHO Ha reHepartope I' ycTaHOBUTH Kakoe MO0 U3 HebJaronpu-
ATHBIX 3HAYeHMI 4acToThl f U 3Hauenwme E,, nopsaka 10-30B M OpMIOKUTH

~

E, s Mexnay kopmycoMm UII u mocTtom, kak nokasaHo Ha puc. 5.a, a 3axuM Ne o

NpeXHEMY HUKyJa He nojkirovarh. [lokasanme UII m3meHuTbes, npudeM 310
U3MeHeHue OyAeT QIIyKTynpoBaTh U3-3a U3MEHEHUH (ha3bl .

3aTeM Hy>»XHO IIPUCOCIUHUTH 3aKUM 3 B COOTBETCTBUM C PaHEe INPUHS-
TbIM pemeHneM. Eciau npucoenunenue 3axumoB C,0,3 Kk MOCTy BEpHO, TO
(GuykTyanus noka3aHUi JOJIKHA PE3KO YMEHBIIUTHCS, TaK YTO MOKa3aHHUE CTa-

~

HCT TaKHUM K€ HUJIM ITIOYTH TaKHM K€, KaK A0 I10Ja4u EO.B.

Janee cnenyer cienaTh IPOBEPKY: BO-NIEPBBIX, IOMEHATh MECTAMH TOJI-
kioueHre K 3axkuMaMm C 1 O: BO-BTOPBIX, BOCCTAHOBHB MPEKHE MOAKIIOUECHHE
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K 3TUM 32KHUMaM, TPUCOCAUHUTD 3KUM 3 K KaKOH-HUOYAb IPYyrol TOUKE MOC-
Ta. B 00oux ciyvasx (uykryanus nmokasaHusi J0JKHbI BO3PACTH.

2.2. OmnpeaesieHHe yYMEHbUIICHUS TMOTPENIHOCTH, BHOCUMOM JIM-
HUSIMU CBSI3M, NIPU UCMOJIb30BAHUU Y€THIPEXIPOBOAHOI JIM-
HHMHU CBSI3M M0 CPABHEHHUIO € IBYXIIPOBOJIHOI.

Kak cnenqyer u3 puc.7a, npu ABYXIIPOBOJHOW CXEME BKIIOUECHUS U3MeE-
pAEMOr0 CONPOTHUBJICHHUS R CONPOTUBIEHUS T KaXAOr0 W3 ABYX IIPOBOJOB
(r1=r3=r) BHOCUT OTHOCHTEINBHYIO MorpenrHocTh 21/R = 200r/R,%.

RO
o— |
U R
G
R
}ﬁly—\ (K\Ar
L
RO
- } ~re o
J L L IO U

MOH

2 T

Puc. 7. Cxemsl nogxmoueHust UII ns usmepenus conpotuiieHus R — a)
JBYXMPOBOAHAs, 0) YETHIPEXITPOBOIHAS

[Ipu yeThipexnpoBOHOM cxeme (puc.7.0) MOKHO IKCIEPUMEHTAIBHO OII-
pelenuTh BIUSHUE T, BKJIIOYas €ro Mo o4yepeAu B KakJAOoW U3 MpoBOAOB rl-r4.
CoOoTBeTCTBYIOLIME CXEMbI MOKa3aHbl HA puc §.a-T. J[Be Muajmme aqeKkaabl Mara-
3MHA CONPOTUBICHUM  HMMUTHUPYIOT T @ Ha OCTaJbHbIX YCTaHABJIMBACTCS
R=1kOwm. UN3meputensHplii npeoOpa3oBaTenb pabOTaeT B pPeKUME HW3MEpPEHUS
cornpotuBsieHud. 3axumsbl [1,U1,12,U2,3. D10 3akMMBbI Ha JTUILIEBOM MAHENU Ja-
OOpaTOpHOTro CTEH/a, K KOTOphIM KabeneMm nojcoeaunsercs UII.

B cootBeTcTBUM ¢ puc. 8. B TpeX CAydasiX U3 YETHIPEX BJIMUSHUE I' TOKHO
OBITH MPEHEOPEKUMO MaJibIM. [103TOMY B TOM €IMHCTBEHHOM CITy4ae U3 YEThI-
pex, T/ie BIUSHHUE I 3aMETHO (BJIMSHUE I' ONMPEAeNseTCs M0 U3MEHEHUIO MoKa3a-
Huii T AR npu r=50m 1o cpaBHeHuto ¢ r=0), OHO MPaKTHYECKH ObLIO OBbI Ta-
KHUM >K€, €CJIM Obl B KaXKJOM U3 YEThIPEX MPOBOJOB I'l-r4 BKIIOYWIM 1O COMPO-
TuBIEHUIO T. Clie10BaTeIbHO, TPOBEAEHHBIN 3KCIIEPUMEHT I03BOJISIET OIpEe-
JUTh NOTPENTHOCTh, BHOCUMYIO COMPOTUBIICHUSMU I' TIPU YETHIPEXIPOBOIHOMN
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cxeme BKiIroueHus: oHa coctaBisieT AR/R =100 AR/R, %. Ee 3HaueHne Hy»)HO
COMOCTaBUTh C PACYETHBIM 3HAUEHHEM JIJISl ABYXIIPOBOHON CXEMBI.

A - A —

11| U1 Iaiu_% SL 11 |u1 Iaﬂ 3i

99999 T 0,9 7
MC MC
A - Al ml
11 vt 1elue 3l IENE 3L
—o0 —a
99 -
[0] (0]
MC MC

Puc. 8. BapuanTsl cxeM moakiroueHus usmepsiemoro conporuierus (MC)
10 PKCIIEPUMEHTAJIBHON CXEME COCTMHEHMUSI.

2.3. HaxoxaeHue onTUMAJbLHOT0 BAPUAHTA MOAKJIIOYEHHUSA 325KUMA
3 npu U3MepeHnH CONMPOTUBJIEHUS B YCJIOBUSAX I€HCTBUSA
NMOMEeXH 001Iero BH/aA.

B kauectBe compoTtuBieHrns R MOXHO HMCIIONB30BaTh Mara3uH COIpPO-
Tupienus MC, noaxIoueHHbli AByXIpoBoaHoi cxeme (puc 9). DJC Eos, umu-
TUpPYIOIIAs MOMEXY OOLIEro BUAA, MOXKET ObITh MPHIIOKEHA MEXAY JI0ObIM R 1
kopirycom UII Puc. 9. Ona npunoxena mexay 12,U2 u koprmycom
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[T UL} [2|U2] 3

MC

Puc. 9. Cxema OKCIICPUMCHTA AJIA HAXOXKACHUA OIITHUMAJIBHOI'O ITOJKIIOYC-
HUs 3a’KHMa 3allTUTHOI'O 3a3C€CMJICHUA 3.

Br16op onTuMaibHOTO BapuaHTa MOAKIIOYCHUS 3aKUMa 3 JTOJDKEH OBITh
OCHOBAaH Ha TaKOM JK€ B MPHUHIUIE COOOpaXEHUH, KaK U TMPU U3MEPECHUU Ha-
NPSKEHUM. DTO MOAKIIOUYEHUE JOJKHO OBITh TakuM, 4To0bl DJ[C EoB co3maBa-
Jla KaK MOKHO MEHBIIUN TOK B U3MEpsieMOM pe3uctope R.

PemuB, Kyna gofeH ObITh MOAKIIOUEH 32KUM 3, CIeayeT coopaTh cxe-
My, MIPEACTABICHHYIO HAa PUC. 9, HO 3a)UM 3 MOKa HU KyJa He nojkirodars. Ha
MarazuHe conpotuBieHuid MC peKkoMeHAyeTCsl yCTaHOBHUThH 3HaueHue R mo-
psiaka HecKoJIbKUX KOM U BBIOpaTh COOTBETCTBYIOIINUNA TUANIA30H U3MEPEHHUS.

Ha reneparope I' He0OX0IMMO YCTaHOBUThH Kakoe-In0O U3 HeOJIaromnpu-
STHBIX 3HAYCHHUH 4acTOThI f ¥ 3HAUCHHE MOMEXH FOB nopsinka 10-30B. ITokaza-
Hue npubopa OyaeT QIyKTyupoBaTh U3-3a U3MEHEHUH (a3l @.

Tenepp MOXHO NMPUCOEIUHUTH 3aXUM 3 B COOTBETCTBUU C HPHUHSATHIM
pEIICHUEM.

Ecmu 310 pemenue BepHO, TO (PIyKTyarusi MOKa3aHWUW JTOJDKHA PE3KO
YMEHBIIIATCS, TaK, YTO MOKA3aHUE CTAHET PABHBIM WJIA MOYTH PAaBHBIM yCTaHOB-
nenHomy Ha MC 3nauenuro R.

Pexomennyercss caenate IMPOBEPKY: NMPUCOEOUHUTH 3aXUM 3 K KaKOW-
100 APYroi TOUKE CXeMbl — QUIyKTyalus JOJIKHA BO3PACTH.
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Coaep:xxanue oTuera

HaumenoBanue u Homep padotsl. Llenb pabotsl. J[narpamMmmel paboThl cxe-
Mbl. Tabnuia ¢ pesyiabTaTaMu pacueToB W uU3MepeHuid, rpaduku. [TpuHiunu-
aJlbHas cXeMma.

4. KOHTpPOJIbHBIE BOIIPOCHI.

Jlatb onpenenenue cumMeTpuaHOro Bxoaa MII.

JlaTe onpenesieHne 3alUTHOTO SKPaHUPOBAHHUS.

K demy noaxIIroueH 3auM 3alUTHOTO 3KpaHupoBaHus BHyTpu UII.

K kakoi BepmnHe MOCTa CIIeAyeT MOAKIIOUYNATH 3aKUM 3aLIUTHOTO JKpa-
HUPOBaHUsA?

5. Yro nokaxer WII, ecau mussectHo uto, EoB=10B u K,, =1401b, a em-

s

KOCTh MEXIY 3aKUMOM OOIIIHi 1 KoprmycoM paBHa 10nd?
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JlabopaTtopnast pa6ora Ne3
HcciienoBanue Koppekropa
Leab padoTbl: 03HAKOMUTHCS C HA3HAYCHUEM, U3YUUTh NMPHUHIUI JIEUCT-
BUS, pabOTy KOPPEKTOpA HETMHEHHOCTH.

1. KpaTkue TeopeTnueckue CBeeHU.

OCHOBHOM NPUYNUHON HETMHEHHOCTH JU(DMOHOMETPHUECKOTO Ipeodpaso-
Barens (JJM) siBnsieTcss HeTMHEHHOCTh MEMOPAHHOTO OJIOKA.

YyBcTBUTENbHBIE AeMeHTHI B JIM (MeMOpaHbl, MeMOpaHHBIE KOPOOKH,
cuIb(GOHBI U T.J.) UMEIOT HEIMHEHHYIO 3aBUCHMOCThH TEPEMEIEHUs OIpe/e-
JICHHOW TOYKH YYBCTBUTEJIBHOI'O 3JIEMEHTA OT ACHCTBYIOWIEW HAarpy3ku. M3me-
HeHue (OpMbI TOBEPXHOCTH MeMOpaHbl (rodpupoBaHue U T.JA.) HE BCErjaa IMo-
3BOJISIET JAOCTUYh HEOOXOAMMOW JTMHEHHOCTH BBIXOJIHOM Xapaktepuctuku BX.
[ToaToMy Ha mpakTuke nmpuOeraroT K 3JeKTpoHHOM Koppekuun BX JIM. Takas
KOPPEKIIMS MO3BOJISIET B HEOOXOJUMBIX TMpeJesaX YMEHbIIATh OTKJIOHEHUE pe-
anpbHOM BX JIM 0T nuHEWHOro 3aKOHA W SIBJISIETCS OJTHUM M3 HauboJiee MmprumMe-
HSIEMBIX METOJ0OB MTOBBIIEHUS TOYHOCTH COBPEMEHHBIX JIM.

CtpyKkTypa 3JIeKTPOHHOT0 KOppeKTopa u crnocod koppekinuu BX JIM 3aBu-
CAT OT BUJA HEJIMHEMHOCTH.

AHaau3 cnoco6oB auHeapuszanuu BX

OObryHO JuIst TMHeapu3anuu BX MCHONB3YIOT ClielUaibHble HETUHEHHBIC
3BEHBS, KOTOpPBIE BKIIOYAIOTCA MO0 110, 1100 mocine npeodpazoBatens. B atux
3BEHbSIX JIMHEAPU3alMs JOCTUTAeTCSd KYCOUYHO-JIMHEMHOW AanImpOKCUMAaLUENd H
BBITIOJIHSIETCA, KAK MMPABUJIIO, C MIOMOILBIO MOCIEA0BATEIIBHO COEAUHEHHBIX PE3U-
CTOPOB, IITYHTUPOBAHHBIX CTAOMIUTPOHAMH HJIU JHOJIAMH.

Ky (AP)

Ap-100%@

Puc.1. Henunetinas BX Tenzomerpudeckoro 6moka JIM, KOTOPYIO MOXKHO
JMHEApU30BaTh JIEKTPOHHBIM KoppekTopoM [IM tumna «Candup-2»
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AM ¢ AT/l nMeroT deTslpe BUAA XapaKTEpHbIX HenuHenHocTed BX. Otn
HEJIMHEWHOCTH, KaK BUAHO U3 PUC. 2, 3 1 4, OTIMYAKOTCS IPYT OT APyra 3HaKOM
otknoHeHus BX JIM oT nmuHEeHHOro 3aKoHa. 3HaK OTKIIOHEHHS MOJKET OBITh Kak
OTpHULIATENBHBIA (PUC. 2) WIN MOJIOKUTEIbHBIA (pHC. 3), TaK U 3HAKOIEPEMEH-

HBIH (puc. 4a, 40).

mp, % AL mA

+0

+o02 001
0,02

T06 o0p3
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T! oos
0,06

—+-14 007
0,08

__40  50_..60---T0__ABa==T00
Ny = o
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e m
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..--"'""-F' ’
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Puc.2. Orknonenust BX /IM oT TMHEHHOW XapaKTEPUCTUKU C OTPULIATEIb-

HBIM 3HAaKOM.

Op %  ALmA
0,025
+04 0,02
0,015
<402 0,01
0,005
+4-0
0,005

10

20

30

40 50 60 70 80 Ap
— - 100%

AP yome

Puc.3. Otkiionenne BX JIM OT JUHEHHOW XapaKTEPUCTUKHU C TOJIOKHU-

TCJIIbHBIM 3HAKOM.
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d

mp, % AlLmA

T 0,08

0,06

0,04

T04 0,02
T0

0,02

T-08 0,04

0,06

T-16 0,08

2 0,1

np, %o Al A

0,005
+-0,2 0,01
0,015
+04 0,02
0,025
6 +-06 0,03

Puc.4. 3naxonepemensslie oTkioneHust BX JIM oT TMHENHON XapaKTEPUCTUKU.

CrpykTypHas cxema npeobOpaszoBartelnis BbixogHoro curnana JTJl ¢ anek-
TPOHHBIM YCTPOWCTBOM JIMHEAPU3AMU M Tpaduueckoe MOSICHEHHE MPUHIIUIA
JMHEApHU3aIuy ISl OJJHOTO M3 BUIOB OTKJIOHCHU MPECTABICHBI HA pHC. 5a, 50,
rzie BBeleHbl cienyrommue o0o3HadeHus:: Uppix (Ap) - BBIXOJHOM CUTHaN mpe-

oopasosatens (IIp); Usx xop (Ap) - BXOJHOH CHI'HAJ yCTpOWCTBa JMHEAapU3a-
un; OKH - dopmupoBaTenb KOPPEKTHUPYIOMIETO HAMPSIKEHUS U@KH (Ap) -

KoppekTupyromee Hanpsokenue; Uppix kop (Ap) - BC ycrpolicTBa nuneapusa-

1107078

YCTpoiicTBO JMHEapHU3alid COCTOUMT U3 cymMMmaropa u (GopMHpoBaTess
Koppektupytomiero HanpsbkeHus (OKH), B kotopom yisi co3aaHusi HE0OXOau-
MOl (pOpMBbI HANPSKEHMSI UCIOB3YETCS MPUHIUIT KyCOUYHO-JIMHEMHON arpoK-
CHUMAIIUH.

[TpuHuun (GopMUpOBaHUS KOPPEKTUPYIOUIETO HAMPSHKEHUS TMOSICHSIETCS
puc. 6 (06-1). U3 nanpsokenust Uspix (Ap) (opMupyroTcsi HampsbKeHus BHIA
Ao - Usgix (Ap) u HaAPSDKEHUS BUA
a; '[UBLIX(Ap)—Ui]'F{Sign[UBLIX(Ap)—Ui]} (puc. 6, B, 1, 1). Koppektupyro-
Iee HaNpsHKEHUE MOTY4YaeTcsl B pe3yJibTaTe CyMMHUPOBAHUS ATUX HaIPSHKEHUM
U UMEET BUJI:

U(bKH (Ap)= a() - UBbix (Ap)- Z;:ai [Ussix (Ap)— U; ]-F{sign[Upix (Ap)- U 13 (

1)
0, mpu Ugp ¢ (Ap)-U; <0 |

rae F{sign[Ussix (Ap)-U;]} = { 1, iput Uy (Ap)-U; 207
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a)
CTpPOHCTED
_ J[Ermel;pmamm Upnrx xop(AP)=Upnx (":"P:'-I_Uq]m{(ﬂl')
Uppr (AP)=Ugy xoplAp)
Tip -
Upnulap)
e $PEH

8) Uppr (4P)=Ugy xop(ap)
'l | Brixomao ExHEIIIpH}KEHHE npeodpaszoeaTens

Upxn(ap)  KoppexTHpyromsee HampsaxeHme
L —— T ﬁ{.

B BIXO0OHOE HAlIpAMKeHHe YCTP 0HCTEA JIHHe AP AL

4 Upnix xop{AP) = Upnix (Ap)+ UIIJKH(-&P:N

UBBDE max

Puc. 5. CtpykrypHas cxema npeoOpa3oBarens BeixogHoro curxanga JIT/I
(ITp) ¢ 37eKTPOHHBIM YCTPONUCTBOM JIMHEAPHU3ALUH BBIXOJIHOM XapaKTEPUCTUKU
mudMoHOMETpa (a) 1 TpaduuecKoe MOSCHEHUE TPUHIIAIA JIMHEPU3AINH BBIXO/I-
HOTO HelMHeWHoro curHana npeodpazonaresns (Up) (6).
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Upprx (AP) a)

4 Ussmxmax

Uz M//

L1} ] xﬂ'ﬁf
/ JiP--

ay Unm(":"P} M__________
_,_,—l—"'"'-_.—”_.—"_._-—"—._"—- a
0 Ap
2
5)
i —al'[Unm(ﬁP) —Uﬂ- F {ui:n[u,m(npil—uﬂ} A
= *_ —
‘&
4~ 22| U (AD) = Uy} F {sign| Uy (4D) -~ Uy} 1) -
———— -
) a2
)
b —ay [U,,m (Ap) _U:':]' F {sign[UBm (Ap) —U,_,;I } .
L 3] . -
€)
=3
Ugnn(ap) =25 Uppnx (AP) —Tlgi ai'E.TBm (Ap)—-U 1] F {SignI:UBm( AP)-U l:l 3
Ap
e R ——e e

Puc. 6. [Ipunmun ¢opmMupoBanusi KOPPEKTUPYIOIIETO HAMPSHDKEHUS U3 He-
nuneinoro BC npeo6paszoBarens

1, N - HOMEP U KOJMYECTBO yYaCTKOB, C IOMOIIBIO KOTOPBIX POPMUPYETCS
HE00XO0AMMOE KOPPEKTUPYIOILIEE HAMIPSKEHUE;

U - 3Hau€HUE BBIXOJHOTO HEKOPPEKTUPOBAHHOTO HANPSKEHUSI HAa KOHIIE 1-
IO y4acTKa KOpPpPEKLHUH.

[lonydeHHOE KOpPPEKTUPYIOLIEE HaNpPsKEHUE U(bKH (Ap) B pesyabTare

CJIOKEHUSI C HEJIMHEHHBIM BBIXOJHBIM CUTHaANOM mpeoOpa3zoBarens Useix (Ap)
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MO3BOJISIET TMOJYYUTh HA BBIXOJE YCTPOWCTBA JIMHEAPU3AIIUU  CHUTHAI
Usbixkop (Ap) , HEOOXOIMMO ONH3KUN K JIMHEHHON 3aBUCHMOCTH, YTO 3aBUCHT

OT KOJINYECTBA YYACTKOB KOPPEKIMU. YYAaCTKU MOTYT OBITh paBHbIC (T.€.
Ap 1=Ap2—Ap 1=Ap3—Ap3 u T.1.) ¥ HEPABHBIEC B 3aBUCUMOCTH OT BHJa HEJIU-

HerHoCcTH UBpix (Ap) M JKeIaeMoro pe3yJbTara.

Upetam o g | P Ry

1) A i 1] A i
o[ e ]

Puc. 7. [lpyHuunuansHas cxema siYeUKu

AnmapaTHasi peaau3anys JTy4ell HanpspKeHus, H300paKeHHbIX Ha puc. 6(B-
1) U COOTBETCTBYIOIMX BTOpPOMY cilaraemMoMmy (1) ocyliecTBisieTcsl CXEMHOM
SYEUKOW, Ha3bIBAEMOU «HI€aJIbHBIM» THOAHBIM KIOUOM WIH «HUJI€ATbHBIM JHO-
JIOM», TPUHIIMIIHAIbHAS CXeMa KOTOPOW MPUBEJEHA Ha puc. 7.

B cxeme nHa puc.7 noka 12 < Il syelika 3akpbITa, U BEIXOJTHOE HANIPSIKEHNE
paBHO HyJ10. Kak Tonbko 12 cranet 6osbiiie 11, sueiika OTKpbIBa€TCS U MPOITYC-
KaeT Ha BBIXOJl HAIIPSDKCHUE

R. Upnix (Ap) _ Uj
R Ry
Benuuunsl TokoB 11 u 12 npu Uspix (Ap) =const ycTaHaBIMBAIOTCS MPHU

NOMOIIM ToKo3anamux pe3uctopoB R1 n R2. OtHomenue pesucropo R1/ R2
MO3BOJISIET YCTAHOBUTHh OPUEHTUPOBOYHOE 3HAUEHHE NapaMmerpa a. (cMm. puc.4.7).
JIJ1st TOYHOM YCTaHOBKM IIapaMeTpa a, IIpU TPagyHupOBKE U HACTPOMKE MCIIOIb3Y-
eTcst noreHuuomerp R3.

IIpu mHacTpoiike BCero npeoOpasoBaTellss 3HAUCHUE IapamMerpa a;, Ha

KOKJIOM Yy4YacTKe BBICTABJISCTCS TaKUM, YTOOBI B TOYKE Ap; BBIXOJHOH TOK
npeobpaszoBaTessi COOTBETCTBOBAN 3HAYCHUIO
Ap;
—1 .5 MA.
ApHom
[TpuanunuansHas cxema @KH, cocrosimero u3 Tpex CXEMHBIX SYEEK
(n=3), mpeacTaBiieHa Ha puc. 8.

Ip; =
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2. MeToauka npoBeaeHUsI IKCIEPUMEHTA

st uccnenoBanusl pabOThl KOPPEKTOpa CHUMAETCS 3aBUCUMOCTH BBIXO/]I-
HOT'O HANpsKEHUs] KOPPEKTUPYIOLIETO YCTPOMCTBA OT BXOJHOTO CUTHAIA pacxo-
nomMepa, (popMHpyeMOro ¢ IOMOIIbIO Mara3uHa B3aMMHON MHIyKTUBHOCTH.

3. Hcnouas3yemblie NpUOOpPLI M 000pyAOBaHHE

Pacxomomep.

Maket 1ab0paTOPHOTO CTEH/IA MO UCCIISIOBAHUIO KOPPEKTOPA.
Ocumnorpad C1-83 (C1 -93) ¢ nByMsI IHYypaMu.

Bosnbsr™erp B7-37 co mHypoMm.

CoenunutenbHbie MPoBOJA (4 1IT.).

Nk =

4. TlopsinoK BBINOJHEHUS Pa0OTHI

1. [ToakirouuTh JTaOOPATOPHBIM MaKET C MPUHITUIIHAIBHONW CXEMOHM KO-
peKTopa K pazbeMy IU(PMOHOMETPUYECKOTO PacxoJoMepa ¢ KPACHOM METKOM.
Pacxogomep moAKIOYMTE K Mara3uHy B3aMMHOW MHAYKTUBHOCTH B COOTBETCT-
BHH C pucC. 9.

BxurounTs ocuniiorpag u pacxoioMep B CETb.

2. Tpems nepexitoyaTensiMi Mara3uHa B3aMMHOW MHJIYKTUBHOCTH YCTaHO-
BUTH 3HaueHue 4Ml H. [lepexntouaTens MO B cpeiHee MOJ0KEHUE.

3. YOenuThcs, 4TO CUETUMK pacxoioMepa cuuTaeT. B mpoTuBHOM citydae
TymOJjep 3Haka M NepeKsIiounTh B APYTO€ MOJI0KEHHE.

4. IlpucoenMHUTH MEPBBIA KaHaAJI ocuuiuiorpada K BeIXOLy (OpMHpOBaTE-
Js1 YOPABIISIIOUIETO HANpPSKEHUs (TOYKA 5) W BKIOYUTH BHYTPEHHIOK CHHXPO-
HU3aLMIO 10 NEPBOMY KaHajly. 3apuCcOBaTh OCHHILIOTPAMMY.
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_UBBI?E
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Ry YPs
Rj2 ¥VDg

Da21

R4

Ry7 Rig
HH
Rig >
DA22

UpHE

Puc. 8. [IpuannnuansHas cxema @KH, cocTosmmero u3 Tpex CXeMHBIX SYEEK
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Pacxomontep
(BHMI O CTOPOHEBI TI0TE.TENY eHHA)

22329998 o
Mg
=

Marazps pralnH0E HHIYK THEHOCTH

Puc. 9. [logkmrouenne pacxogoMepa K MarasuHy B3auMHOM MHAYKTUBHOCTH

5. C momoIpi0 BTOPOTO KaHaja ocuuuiorpada 3apucoBaTh OCHUAIIOTPAM-
MBI B KOOpAMHATAX HAIMPSHKEHUs MyHKTa 4 Ha BBIXOJ1axX

- BXOAHOTO CHMMETPHUYHOTO yCUIuTeNs (Touka 1),

- hazocBUTAIOIIETO YCTPOMCTBA (TOUKA 2),

- (pa304yBCTBUTENILHOTO BBIIPSAMUTENS (TOUKA 7),

- puIBTpYIOIIEro yeuauTess nmoctossunoro Hanpsbkenus O YIIH (touka 8),

- ¢hopmupoBarens ynpasisitouiero Hanpsbkenus OYH (touku 4.6). u onop-
Hoe HanpsbkeHnne OYH (touka 3).

6. C momomipio ocumiorpada onpeaenutb (a3oBbld CABUT, BHOCHUMBIMA
(ha3ocaBUTAIONIUM YCTPOHCTBOM, 110 purype JIuccaxy.

7. I3MeHUTh B3aUMHYI0 MHIYKTUBHOCTh B 1,5-2 pa3a u cHOBa MOBTOPUTH
IYHKT 5, 3apUCOBBIBast U3MEHUBIINECS OCLHUIIOTPAMMBI.

8. Cusatp 3aBucuMocTh BbhixogHOTo HamnpsbkeHuss OYIIH (touka 8) u Ha-
NPsDKEHUST Ha BBIXOJE KOppEKTopa (Touka 9) oT B3aMMHOW MHAYKTUBHOCTH M C
MOMOIIBIO BOIbTMETPA, 11t M oT 0 1o 10 mI'H, ¢ marom 0,5 mI'H. [{anHbIE CBE-
CTH B Ta0JIMIly ¥ TOCTPOUTH rpauKH.

M, mI'H 0 0,5 1 9,5 10
U ¢ymH, B
Uk, B
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Conep:xxanme oTuera

HaumenoBanue u Homep padotsl. Llenb pabotsl. JnarpamMmmel paboThl cxe-
Mbl. Tabnuia ¢ pesyiabTaTaMu pacueToB W uU3MepeHuid, rpaduku. [TpuHiunu-
aJlbHasi CXeMa KOPPEKTOpa M BXOJHOTO MpeodpaszoBarelisi pacxoaoMepa, Mmpei-
CTaBJICHHAs HA TUIAHILIETE.
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Ipuioxkenue
Onucanue J1a00PaTOPHOIro CTEHAA MCCJICIOBAHUSA ITIOMeX.

Ha nuneBoit nanenu crenna (puc.Il) pacnonoxeHsr:
6-Tu ekaaHbIN MarazuH conpotuiienniit MC (tuma P-33);
UCTOYHUK NBYX HanpspkeHud MH: moctosinHoro (3axkumsl 1,2) nopsiaka 10B
U CUHYCOMJAJIBHOTO (3aKUMBI 3,4) CO CpeAHUM KBAIPAaTUYECKUM 3HAUCHHEM
nopsika 30B, MMEIOLINM YacTOTy CeTH M cABHHYyTOro 1o dase 90° oTHOCH-
TEJIbHO HAIPSIKEHUS CeTH (XyALIee );
3aKHMBI, K KOTOPBIM ITOJICOEAMHEHBI ITIOCTOSTHHBIE Pe3UCTOpbI R, Ry, Rj;
3akuMBbl ¢ o6o3Hauenusmu 1y, Uy, I, U; 3 U coenuHEeHbl ¢ HUMH IITBIPbKU
JUTSI TIOJICOEIMHEHUSI K HUM U3MEpUTEIbHOr0 npeodpaszopatens (B7-23);
3akuM ¢ obo3HadeHueM K qis mpucoegHeHUsT K HEMY MPOBOJA, COSAMHEH-
HOTO C KOPITYCOM HM3MEPHUTEIBHOTO Mpeodpa3oBaTers;
TyMOJIep BKIIFOUCHHUS CTEH/IA MO HAIIPSKEHUE.

+ -
ol O— —0 O0——0 O K
Il Ul IZ U2
02
NH R, Ry

4
O R,
O O O O
MC

Puc. I1. JIuueBasi manensb 1a00paTOPHOTO CTEHIA
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