YcioBue

10 kJjacc.

IIpouyTuTe 3TO B NEpBYyIO oYepe/ib!

1. IloytHBINT KOMILIEKT COCTOUT M3 OJHOTO 3aJIaHUli, Ha BBIIIOJHEHUE
KOTOPOI'0 OTBOJUTCS IATH YaCOB.

2. O3HAKOMbBTECH C IE€pevYHeM 00OpY/IOBaHUs — IIPOBEPHTE €ro Ha-
Jmare u paboTocrocobHoCTh. [Ipu orcyTcTBHN 00OpYIOBAHUSA WJIN
COMHEHHHU B €ro pabOTOCIIOCOOHOCTH HEMEJJIEHHO obpalaiTech K
HpeILCTaBI/ITeJ'IHM OpFKOMI/ITeTa.

3. Jlna Bac npuroroB/ienbl JIMCTBI OTBETOB, B KOTOPBIX OTBEJICHBI
HOJIST JIJIsT 3aHECEHUsT BBIBOJIOB (DOPMYJI, ITOJIYUEHHBIX PEe3y/IbTaTOB,
KOMMEHTAapUEB 110 XO/1y BBITOJIHEHUsT PaboThl. s pe3yabraroB us-
MepeHnii B JIncrax oTBETOB 1OJIOTOBJIEHBI Tab/IuIIbI, JIjIsd TIOCTPOE-
HUs rpaduKoB — UX OJaHKH. JIMCTHI OTBETOB — 9TO BAIll YHUCTOBUK.
JI1s1 9epHOBUKOB UCIOJIB3YiiTe YncThie pabovune JINCTHI.

4. Tax Kak Baln pa6OTbI CKaHUDPYIOTCs, IUIINUTE TOJIBKO Ha O,ﬂHOfI
CTOpPOHE BCEX JIUCTOB. HO,ZLHI/ICbIBaTb JIMCTBI 3allpediacTCH.

6. B xo/1e paboThl MOXKeTe HCII0JIb30BaTh PYUKH, KapaHIallu, dep-
TeXKHbIE TTPUHA/JIEKHOCTH, KAJTBKY/ISITOP.

2KejaeMm ycriexoB B BBIIIOJIHEHUU JAHHBIX 3aJaHUi!

ITaker comep>kuT: - TUTY/IbHBIH JucT (1 ¢TP.); - ycI0Bre SKCIIepUMEHTAIBHOTO 3a1anus (7 cTp.);
- smcrel orBeToB (9 CTp.);

DkcnepumenTasibHoe 3aganne 1. «Mlunyukas

Eciu B PacTBOpP COAbLI ILO6&BHTB HEMHOI'O JIMMOHHO KHCJIOTBI, TO HaAYHETCA IIPOIECC BbIJICJICHUA
VYIVIEKHCJIOTO ra3a, TO €CTb PaCTBOP CTaHET ra3upOBaHHBIM, T.€. HIMITY Y1M. B JaHHOM 3a/laHNN BamMm
HeO6XO,H‘I/IMO uccjsieJo0BaThb IIpo1ecC BbIACJICHUA Ia3a.

ITpubopsr n obopymoBanue: [lupui 150 M1, ManomeTp ¢ BepxHuM mpejenoMm uamepenus: 300
MM. PT. CT., KOJiba ¢ OTBOJIOM, IIPOOKa PE3UHOBasi C TEPMOMETPOM, IITyIEp, TPYOKHU ILIaCTUKO-
BbI€ COeJIMHUTEIbHBIE, GapoMeTp (OMH Ha KaOWHEeT), pacTBOD COJIBI, PACTBOD JIMMOHHON KHCJIOTHI,
caadeTKn.

Buumanue! 1. Cremure, uToObl 10Kazanus mManomerpa He mpebimaan 100 MM pT. cT., WHAYE
IPOOKa MOYKET BBICKOUUTH U3 KOJIObI. 2. Cepuio 9KCIIEPUMEHTOB ¢ pacTBopaMu Bbl cMoxere mpo-
BECTH TOJBKO 1 pa3, Mo3TOMY TIIATEJLHO MPOAyMaiiTe MOCJeI0BATEIbHOCTh BaIlUX JACHCTBUNA U
Oy/IbTe aKKypPATHBI IPU BBITIOJTHEHUN PAOOTHI.
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B nmannoit pabore Bam mpejocraBiien craHIapTHBIN IPUOOP JjId U3YYeHUs I'a30BbIX 3aKOHOB U3
KOMILIIEKTa 000py/I0BaHusA KabuHeTa (PU3UKU.

CobepuTe IKCIEPUMEHTAIBHYIO YCTAHOBKY: IIJIOTHO 3aKpOiiTe KO0y MPOOKOM, BCTaBbTE IITYIEPa
B OTBOJ KOJIOBI, B OJIHy U3 COEJMHUTETHLHBIX TPYOOK BCTaBbTE MAHOMETD, YCTAHOBUTE IMOPIIEHD
mmpuia Ha orMerke 150 MJI U BcTaBbTe €ro B JIpYyryio TpyoOKy mmTyrepa. MeajgeHHo u3MeHsiiTe
00bEM BO3/IyXa B IIIIPHUIE U HAOJIOANTE 3a MOKA3aHUSIMUA MAHOMETPA. BbIsiCHUTE: €CTh JIU yTeuKa
BO3/Iyxa u3 Bameit ycranoBku. Eciim ectb, TO ycTpanute e€ m HpuCTyraiTe K OCHOBHON YacTu
3aJ1a49U.

B KOJI6y HaJIUT PpacTBOP COJAbLI, OH JOJIZKEH HaXO/JUTCA TaM BO BCEX IKCIICpHMEHTaX.

Wcnonp3yiiTe ciepyromue obo3nadenust: Vy — BHYTpeHHNT 00bEM BO3/lyXa B yCTaHOBKE 0e3 o0bema
mpura (00bEM KOJIOBI ITI0C 00bEM MITYIEpa 1 COeIMHATEIBHBIX TPYOOK, MUHYC 00bEM PacTBOpa,
B K0J10e); Py — armocdepHoe aBiieHne; p - Pa3HOCTh JaBjieHne B Koyibe u aTMOChepHOro JaBIeHusT
(mokazaHust MaHOMETpa); v — O0ObeM BO3JyXa B YaCTH INIPUIA, COEIMHEHHON ¢ Koboi (jaee
Oy/ieM Ha3bIBATD 9Ty BEJIMIUHY /IS KPATKOCTH OObEMOM IIIIPUIIA); Umax = 1H0MIT — HOTHBII 00beM
IIIIPHIIA.

Bce mzmepenus mpoBouTe TP KOMHATHON TeMIlepaType, BJIayKHOCTLIO BO3J/yXa IpeHedperaiire.
Konrposupyiite moctosiacTBO Temiieparypy B Kosibe. He 3abbiBaiite npuBectu Bce hopMydIb! (¢ X
BBIBOJIAMH ), KOTOPbIE UCIIOJIH30BaHbl Bamu B pacderax.

3 KU
MOJIB ’

Monspnas macca Bozjyxa pasHa My = 29 - 10~

KD
MOJIB ’

Mounsiphast Macca yriekucioro raza (COy) pasua M; = 46 - 1073

Cunraiite, ato fgassenue B 760 MM pT. . pasro 1,0 - 10°11a
Jx

Moib- K

YHuBepcaabHas razoBasd rmocrosguiad R = 8,21

Jlomyckaercst u3aMepeHne JaBJIeHUI B MM PT. CT., U U3MepeHne 00beMOB B M.

Yactp 1. IamMepeHne BHyTpeHHEro oobemMa.

1.1 ¥Ykaxkure yemy paBHo armocdepHoe jaBienue Fy u komHaTHas Temueparypa 1.

1.2 zmepbTe 3aBUCUMOCTD MOKa3aHUT MaHOMeTpa p OT 00beMa IMIIIPUIa v.

Vraorcume, 6 xaxot nocaedosamenvrocmu Bow nposoduau uzmepenus. Pesysvmamo, usmeperud
npedcmasome 6 Tabauue 1 Jlucmos omeemos.

1.3 IlosyanTe TeopeTuvecKyo (pOpMyJIy OIHMCHIBAIONIYIO 3aBUCUMOCTH PA3HOCTHU JaBJICHUNR P OT
o0beMa BO3/lyXa B MOPIITHE ¥ MPU U30TEPMHUYECKOM IPOIIECCe.

1.4 IlpencraBbTe MOTYyYEHHYIO 3aBHCUMOCTD B JIMHEAPU30BAHHOM BHJE, T.e. HAIUTE Takyio Oe3-
pasMepHyo (DYHKIIMIO HEKOTOPON BeJMIUHBI Z(p), 9TOOBI €€ 3aBUCHMOCTb OT OObeMa BO3/yXa B
HIIpUIEe ObLIa JTHHEHO

Z=Av+ B (1)
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Besmuunbt Z(p) 10/KHBL OBITH PACCUUTAHBI HA OCHOBAHMU SKCIIEPUMEHTAJIBHBIX JaHHBIX. 3Me-
HEHNsI 00bEMOB U JIaBJICHUI HEJIb3sl CINTATh MAJIBIMH.

1.5 Ha ocHOBaHWM 9KCIEPUMEHTAIBHBIX JAHHBIX HOCTpoiiTe rpaduk 3asucumoctr Z(v). Haiigure
qucsieHHble 3HaveHnst Kodddurmentos A, B B dyukimn (1).

1.6 Paccuuraiite BHyTpennnii oobem npudopa V. OrieHuTe MOrpernrHocTb HafiIeHHOTO 3HAYEHUS.

1.7 PaccuuraiiTe Maccy Bo3jyxa B KOJI0€ U KOJMYIECTBO MOJIEHl 9TOr0 BO3JyXa.

Yactp 2. Beigenenue rasa.

B sroit vactn Bam HeoOXoauMo IIPOBECTH UCC/Ie0OBAHUE IIPOIECCa BBIJIEIEHHUS Ta3a B XO/Ie XUMU-
JeCKOI peakImy MeXKJIy COJION M JJUMOHHOM KucJIoToil. Ilpeamaraem caeayioniyio mocyie/10BaTe b
HOCTb IIPOBEJIEHNS SKCIEPUMEHTA: - YCTAHOBUTE TOPIIIEHDb MIIIPHUIA B Kpalinee mojioxkenne v = 0; -
OTKPOIiTe NPOOKY KOJIOBI 1 AKKYPaTHO BJieiiTe BHYTPb 20 M (3To BblJJaHHAasI BaM HOpLLI/IH) pacrtBopa
JIMMOHHOM KUCJIOTBL; - JOZKJINTECh, KOTJIa 3aKOHINTCsI OyPHOE BBIJIEJIeHNE Ta3a, (9TOT MPOIECC JIJTHT-
cst mpuMepHO 10 ¢); TWIOTHO 3aKpoiiTe KOJIOY IPOOKOI, 3aKPEIHTE ee ¢ TIOMOIIbIO PE3UHOK; - CJIerKa,
BCTPAXHUTE KOJIOY C IIMIIYYKOMN, 9TOOBI IPOIECC BBIJEICHUs Tras3a IOIIe] aKTUBHEE; OO TUTe
HECKOJIBKO CEKYH/I, YTOOBI IOPIIEHb CABUHYJICS, 3aTeM OBICTPO, YTOOBI MOXKHO OBLIO IIpeHedOpedh
BBIJICJICHHE Ta3a 3a BpeMs M3MEpPEHUil, IPOBeINTEe HEOOXOINMbIC M3MEPEHUSI; - IIOBTOPUTE TIPOIECC
BCTpsIXUBaHUsA (U TIOC/IE/yOe U3MepeHust) 3 pas3a; - [ocje TOro Ipucrynaiire kK obpaborke
pe3yiabTaToB u3Mepennii. Pac4ér morpeliHocTeili B JaHHOI 4acTu He Tpebdyercs.

IToce Ka2KJ10I'0O BCTPAXUBaHUA IIPOBEJINUTE CJIEAYIOIUE U3MEPEHUA CJIE/YIOIUX BEJIMINH:

2.1 Ilocyie ocTaHOBKU TOPIIHS IIIIPHUIA U3MEPbTe 00beM rasa B IIIPUIE Uy U TOKA3AHUS MAaHO-
MeTpa Po.

2.2 TlnasHo m3MeHsst 00bEM ra3a B HIIPUIE, U3MEPbTe 3aBUCUMOCTb PA3HOCTH JIaB/ieHnil (1lokas3a-
Hust MaHoMeTpa) p(v) or obbeMa raza B IIIpHIE v (J0cTaToqHo 4-5 n3MepeHuii).

[Tocsie mpoBejieHNsT BCeX M3MepeHuii MPOBeIUTe CJIEYIONLYI0 UX 06paboTKy (JijIs KaxKIoil cepun
M3MEPEHHIH, [OC/Ie KarXKJ/I00 BCTPSIXUBAHUS )

2.3 Ha oxnom Guianke moctpoiite rpaduku 3aBucuMocTeii p(v) 1mocse KayKioro BCTPIXUBaAHUS.

2.4 Tlo nmocTpoeHHBIM TpaduKaM pacCUuTaiiTe MacChl YIJIEKHCJIOTO r'a3a, BBIJIEJUBIIETOCH TOC/Ie
Ha4aJla U3MEPECHUI.

Kpamrxo onuwume memoduky pacwema macco, yeaexucirozo 2asa. Ipusedume pacwemmovie dopmy-
avt. Mootceme npedaoocumos epaduyeckuts memod pacuema.

2.5 Vcnosib3yst pe3ysibraThl MPOBEICHHBIX U3MEPEHUil (a Ipu HEeOOXOJAUMOCTH MOXKETe MIPOBECTH
JIONIOJTHATE IbHbIE M3MEPEeHUsT ), PACCIUTANTE CUIy TPEHUs MOPIIHS O CTeHKHU IIIIPUIIA.

SKCHepI/IMeHTaHBHOG 3aJlaHue 2. X{I/I[[Kaﬂ. . . ITPOBOJIOKa

[Iporecchl, mpoucxo/idAe B pacTBOPax JEKTPOJUTOB IIPU IPOTEKAHUH JIEKTPUIECKOTO TOKA
CJIOZKHBI 1 MHOTOYHUCJICHHBI: JIBUKEHIE NOHOB B pacTBOpHUTE/IE, MosiBIeHNE TajbBanndeckoin /1C,
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BO3HUKHOBEHUE JIBOMHOTO 3JEKTPUIECKOTO CJIOS y TIOBEPXHOCTHU JIEKTPOJIOB, TOABIEHNE KOHTAKT-
HOU Pa3HOCTH MOTEHITNAJIOB, KOTOPas MOXKET 3aBUCETh OT IMPOTEKAIOIIEro ToKa, XUMUYECKHNe pe-
AKIUU C y4acCTUEM 3JICKTPOJIUTa U JIEKTPOJOB ¢ T.Ji. lIpu BLIOJHEHUN JTAHHOIO 3aJlaHUsd BaM
HET HeOOXOMMOCTH (JIa U BO3MOYKHOCTH) BHUKATH BO BCe TOHKOCTH TPOTEKAIONIUX MPOIECCOB —
HAJ0 TIIATEJLHO U aKKypPaTHO IPOBECTU HEOOXO/MMbIE M3MepeHHus, 00padoTaTh UX Pe3y/IbTaThl,
BBICKA3aTh HEKOTOPbIE PA3yMHBIE IIPEIIIOJIOKEHHS 10 KaUeCTBeHHOMY 00bsicHeHNI0 Bammx sKcie-
PUMEHTOB.

IIpnGopsr m obopymoBaHME: PACTBOP JIMMOHHON KHUCJIOTHI, KalW/LIdApHas TPyOKa CO CTaJbHOI
ITPOBOJIOKO#1, KYCOK M€JIHO ITPOBOJIOKH, MYJIBTUMETD, HCTOUYHUK dJIEKTpUIecKoro Toka 1,5 B, nepe-
MeHHBIN pe3ucTop 22 kKOwMm, nenoydka u3 5 pe3ncropon conporunserneM 10 KOM KaxKIblii, JUHeKa
30 cM, coeIMHUTETLHBIE TIPOBOJIA.

OCHOBHOI1 3JIEMEHT UCCJICJOBAHUS — TOHKAs KAIINJI-

JgpHasg TpyOKa ¢ PacTBOPOM JIMMOHHON KHCJIOTDI. ; I }

B y3Ko0e ropJbIiko TpyOKu BCTaBJIeHA TOHKas yKe- +

JIe3Has MPOBOJIOKA, KOHEI| KOTOPOoil 3akperuien. Co === o —
BTOPOT'O KOHIIA B TPYOKY MOYKHO BCTaBJIATH KYCOK Cu Fe
MEJIHOTO TIPOBOJA B H3OJISIIIUU C OTOJIEHHBIM KOH- _—'_:’_

IOM. DTy MPOBOJ MOXKHO IIE€PEJIBUTATH IO TPYOKE, R

yCTaHaBJIMBas HYy2KHOe paccTogHNe L MexK Iy KOHIIaMM ITpoBooB. [IpoBoia ciryzkaT a/1ekTposaMu,
MIOJIOZKUTETLHBIM 3JIEKTPOJIOM OyJieM cunTaTh MeIHbIN 1poBo/l. Ha pucynke mokazano obo3navdeHue
TPYOKHU Ha JIEKTPUIECKUX CXEMAX.

g 3anoHenus TPpyOKM pacTBOPOM KHUCJIOTHI U3BJIEKUTE MEJIHBIN ITPOBOJ U3 TPYOKH, OIyCTUTE
TOJICTBIN KOHeIl TpyOKM B CTaKaH C PAaCTBOPOM M, BCACHIBAas BO3JYX Uepe3 TOHKHUiI KOHeI[ TPyOKH
(He jiocTaBas CTAJIbHON POBOJIOKH), 3AII0JHITE TPYOKY.

Brumanue!

- He docmasatime otceneanyro nposoroky u3 mpyoku — 6cmasisms ee obpammno He npocmo! - Me-
HAtMe pacmeop 6 mpybre 0if KarHcIol CEPuL IKCNEPUMEHMOE, HE OCMABAATME KUCAOMY 6 mpybKe
nocae nposedenus usmepenuli (3mo npueodum K Koppo3ul 2eKmpodos U CHUNCEHUIO YUCAL NONY-
wennux 6aa106). - Caedume, wmobv, 6 mpybke He 0Ka3aA0CH NY3VPLKOM 6030yxa. - Ucnoavaytme
desungunupyrowyro carpemxy oas npomupku mpyoxu neped ee sanosHeruem. - JIuMoHHas Kucio-
ma abcomommo 6e30nacha — HeM HUYe20 CMPAUH020, eCAU 0Ha HeMH020 nonadem Bam 6 pom, o
numo ee e pexomendyemcs. - Beezda cobarodatime nosapHocmd nodkaoweHus mpyory, co2AacHo
NPUBLIEHHBIM INEKMPUYECKUM CTEMAM.

Tak kKak JIBa Pa3HbIX MeTaJlJla IIOI'PY2KEHbI B PaCTBOD 3JIEKTPOJIUTa, TO JaHHYIO

TPYOKY MOKHO PACCMATPUBATH KaK T IbBAHUICCKUI 9JIEMEHT — UCTOYHUK TOKA 7
co ceonmu xapakrepuctukamu: IJIC (¢) u BHyTpeHHUM cOmpOTHBICHTEM (T°). +!:|
Yactb 1. Uamepenns I/1C u BHyTpEeHHET0 CONPOTUBJIEHUSA D
1.1 I[onsrraiirecs m3ameputsb JIC TpyOKM HEOCPEICTBEHHO C ITIOMOIIBIO MYJThb- E | r

tumetpa. 1.1.1 B kakom pexkmme josken paborars mysabrumerp? 1.1.2 Samnu-
IIUTe MOKA3aHUA MYJIbTHMETPA IIPU JABYX MOJSPHOCTAX MOJIKJIIOUEHUsT TPYOKH.
1.1.3 Moxkuo i cuntaTh 3Tu nokazanus 3uadenueM J/1C Tpyoku?
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1.2 IlonwITaiiTech W3MepUTh BHYTPEHHE COMPOTHUBJIEHNE TPYOKH € TOMOIIBIO
mysibTuMeTpa. 1.2.1 B kakom pexkume jjomken paborars myabrumerp? 1.2.2
Sanummre MOKa3aHus MYJIbTUMETPa IPHU JIBYX MOJISAPHOCTIX ITOIKIIOUCHUS
Tpyoku. 1.2.3 Moxkuo /i cunrarh 3Tu nokasanus 3uadenneM JJ1C tpyoku?

st 6oee HaIeKHOTO MCCJIE/IOBAHNS XapaKTEePUCTUK HCTOYHNKA TOKA, KaK Mpa-

BUJIO, U3MEPSAETCH €0 Ha2PY30UHAA TAPAKMEPUCTNIUKAG: 3aBUCUMOCTD HAITPSZKe-

HUS Ha BHEITHEH 1eru OT CUJIbI TOKa B 9Tl 1eru. Cxema Ieru Jijisd U3MePEHus 3TOI XapaKTepPUCTU-
KU TIOKa3aHa Ha PUCYHKe. B KadyecTBe epeMeHHOro Pe3nucTopa UCHOIb3yHTe TEMOYKY MOCTOSTHHBIX
pPe3UCTOpPOB. Y0enauTech, 9To ux conporubierns paBubl 10 kOM. B mporusHOM cirydae obparmaii-
TeCh K OPraHn3aTopaM OJIMMITHAIHI.

1.3 TeopeTuueckoe omnucaHmue.

T
R
|

1.3.1 Ilomyunre TEOPETUUECKYIO 3aBUCUMOCTD HAIPSAXKEHUSA HA PE3UCTOPE OT ]
cusibl TOKa vepes Hero - U([), npu 3amanubix 3Hadennax D/C (¢) u BHyTpeH- R
Hero conporusienns ucroununka (r). 1.3.2 Tlocrpoiite cxemarudeckuii rpaduk (i% |
sasucumoctu U (7). Ykaxkure GpU3NIECKUl CMBIC]T KOODJAUHAT TOYEK Tepecede- \_®_I
Hus rpaduka ¢ ocamu KoopjumHat. 1.3.3 YkaxkuTe, KaKk C IOMOIIBIO ITOCTPO- U
enHoro rpaduka omnpenennts (paccaurarb) D/1C 1 BHyTpeHHE COMPOTHUBIIEHIE

HNCTOYHUKA Hanbosiee MPOCThIM criocoboM. 1.3.4 YKaxKuTe, KaK 10 U3BECTHOMY

3HAYEHUIO COIPOTUBJICHUsI HArPY3KU R 1 M3MEPEHHOMY 3HAUCHUIO HAIIPAZKEHUS

Ha HeMm U paccanTarh CUIy TOKa B IEIN.

3anoanume mpyoxy pacmeopom. Cobepume INEKMPUNECKYIO Uenb, NOKA3AHHYI0 Ha pucyHre. 1Ipo-
sedume HeobToduMbLE UBMEPEHUA, NOCAE IM020 Yoarume pacmeop ud mpyoky (6 cmaxan OAA uc-
NOAB306AHHO20 PACMEOPA) U MOALKO NOCAE IMO20 NPUCTYNATIME K PACHEMAM.

1.4 NI3amepeHns u pacyeThl.

1.4.1 Vsmepbre 3aBucnMOCTh Hampsizkenust U Ha Harpyske (pesucrope R) oT ee CONPOTHBIIEHUS
pu 5 pa3INIHbIX PACCTOSTHUAX MEXKJLY 9JIEKTPOJIAMU TPYOKH.

Pesyavmamot, uamepenuti sanecume 6 Tabauvyy 1 aucmos omeemos. He 3abydvme yxkazamv edu-
HUUDL USMEPEHUS BCEX PUSUMECKUT BEAUNUH. SHAYEHUA PACCTNOANUT MeAHCIY INEKMPOJaMU YKa-
olcume 6 geprHeti cmpoxe madbAuLbL.

1.4.2 PaccunraiiTe 3Ha4eHUs CUJI TOKOB [, JIJIsT BCeX MPOBEIEHHBIX n3MepeHuii. Pesyabrarsr pacue-
ToB TakxKe 3aHecute B Tabsmuiy 1. 1.4.3 Ha omrom Giianke noctpoiite 5 rpaduKoB 3aBUCUMOCTET
HAIIPSKEHUs Ha HArpyske or cuibl Toka B 1enu U(7). 1.4.4 C moMoIipio MoCTpOEHHBIX Tpadu-
kOB HalijuTe 3HavdeHus D/[C 1 BHyTPpEHHUX COMPOTUBJICHUI TPYOKU-UCTOUHUKA /I D PA3IUTHBIX
PACCTOSIHUI MEXKJTy JIEKTpo/iaMu. Pe3ysibraThl 3aHecute B HUKHUE cTpoKu Tadsuibr 1.

1.5 3aBuCMMOCTb BHYTPEHHETrO CONPOTUBJIEHUSI OT PACCTOSHUS MEXK/Y IJIEKTPOIAMU.

1.5.1 Ilo pesysibTaTaM usMepeHuil MOCTPONTE rpaduK 3aBUCUMOCTH BHYTPEHHETO COTTPOTUBICHUS
OT paccrosHus MexK Ty ssektponamu (L). 1.5.2 Kadecrrenno (T.e. 6e3 dhopmyst u ances) o6 bsiCHY-
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Te MOJIyYeHHYI0 3aBucuMOCcTh. 1.5.3 Ilpemioxkure nmpoctyio popMyI1y, OMUCHIBAIOILY IO Oy I€HHY O
saucumMocTh 7(L). Hafinure qnciennble 3HadeHns ee napamerpoB. 1.5.4 YKaykure, deMy PaBHO
9JIEKTPUYIECKOE CONPOTHUB/IeHNE 1 CM CTOJIOMKA PacTBOpa B TPyOKe.

Yactb 2. TpyOka Bo BHeIIIHEIl memnu.

B nannoit yactu 3ajanus Bam HeoOXoanMoO HCC/e0BaTh XapaKTEPUCTUKU TPYOKH C pacTBOPOM
NpU HAJUYIUU B IENU UCTOYHUKA JIEKTPUIECKOTO TOKa. TPaJIMIIMOHHO OCHOBHON XapaKTEepPUCTH-
KOI 3JIEMEHTa CUUTAETCS 3aBUCUMOCTH CHUJIbI TOKA Y€pe3 STOT IJEMEHT OT HAIPSAXKEeHUd Ha, HeM
(BAX — soavmamnepras xapaxmepucmura). OJHAKO B JAHHOM CJlydae JJis YIPOIIEHUs oOpa-
O0TKH pe3yabTaroB BaMm mpejiaraeTcs MOCTPOUTH M IIPOAHAIU3UPOBATH OOPATHYIO 3aBUCUMOCTD:
3aBHCHMOCTH HAIIPSYKEHUsT Ha TPyOKe OT CHiibl ToKa depes uee U([]).

g npoBejiennsa M3MEPEHnii UCIOJIB3YITe elTh, 10-
Ka3aHHYIO Ha CJeayioneM pucynke. [lns msmene-
HUS HAIIPSIYKEHUS UCIIOIL3YTe BBIIAHHDIN ITepeMeH-
HbIil pesuctop. [lops 10K MoK /TI0UeHST €r0 BHIBOJIOB
OIIpesIeINTE CAMOCTOATETHHO. B KavdecTBe MOCTOSH-
HOT'O pe3UCTOpa [y UCHOIB3YHTE OIUH PESUCTOD U3 — m——m— - -
IENOYKY (pACKpy4IHBaTh MEMOUKy He Hajo) Ry = 10 —
kKOwMm. Vcrounuk toka — Garapeiika 1,5 B (u3mepbre R
sty IC, ecim ona okazxkercs menbine 1,4 B nompo-
cuTe 3aMEHUTH DaTapeiiky ).

S

2.1 Teopernueckoe onucanwue. 2.1.1 [Toxyaure hopmyIty, OIUCHIBAIONTY IO 3aBUCUMOCTD HAITPSIZKE-
Hust Ha TpyOKe oT cuiibl Toka depes Hee U([1). 2.1.2 Tlocrpoiite cxemarudeckuii rpaduk 3aBuCcH-
moctu U(I) B nanHOi nenu (cauraiite. 9TO HAIPSYKEHNE MOKET OBITh KAK IIOJOKUTETbHBIM, TaK
1 orpunaresibubiM). 2.1.3 Vkazkure dbusndeckuii CMbICT KOOPJMHAT TOUEK TepecedeHnst rpaduka
C OCSIMU KOOD/IUHAT.

3amnoyiHuTe TPYOKY PACTBOPOM JIMMOHHOM KUCIOTHI, YCTAHOBUTE PACCTOSTHUE MEXKIy JIEKTPOIaMU
paBHbIM L = 15 cm, cobepume saekmpuyeckyro uenv, nposedume Heobrodumvie usMeperus, 0c60-
bodume mpybry om KUCAOMbL NOCAE Ye20 npucmynatime K 00pabomxke pe3ysomamos uamepeHul.

2.2 Usmepenus n obpadoTka pesyibraros. 2.2.1 [Iposenure n3mepenns: 3aBUCUMOCTU HAIIPsIZKe-
Hus Ha TPyoke U oT cusibl ToKa [. YKaxKuTe, KAK BbI ONPEJIEIATN CUITY TOKA.

Pesyavmamor uamepenuti u pacwemos zanecume 6 Tabauuy 2 sucmos omsemos. Hamepenus npo-
sedume npu 08YT NOAAPHOCTMALT NOOKMOYEeHUs bamapetru: npamol (Kax nokasano ma pucynke)
u 0bpammot. Ioaaprocmsd NOOKAOUEHUA BOALMMEMPOE HE USMEHATME — HANPAHCEHUS MO2YM,
OBUMB KK NOAOHCUMEALHOMYU (NPU NPAMOM NOOKAOUEHUY), MAK U OMPUYAMEALHOLMU.

2.2.2 Ilocrpoiite rpaduk nosiydennoit 3apucumoctu U([). 2.2.3 Paccunraiite smauenus /1C
U BHYTPEHHErO COIPOTHUBJICHUsI TPYOKHU (JJ1si KazKJ0il TOJISIPHOCTH TOJKJIIOUCHUsT OaTapeiiku oT-
JiesibHO). OTieHHTe TTOrPEITHOCTH HAllJIeHHbIX 3HadeHnit. 2.2.4 CpaBHUTE Pe3yJIbTATHI, TOJIY YeHHbIE
B 9TOI 9aCTH, C XapaKTepUCTUKaMK TPYOKu, HaiiaeHubiMu B yactu 1. [afite kadecTBennoe o0bsc-
HEHMe BO3MOXKHBIX pacxoxkaeruii. 2.2.5 /laiire kagecTBeHHOE 00bsiCHEHIE OCHOBHBIX OCOOEHHOCTET
nostyaennoii 3asucumoctn U (7).
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Pemenune

10 xaacc

(0as arcropu)

VBaxkaeMble YIeHbI YKIOpH!

7 ¥ S
- MYt N/~ A A

Bagaqu, IpeaJIozKEeHHbIC MIKOJIbHUKaM JIJId PpEIIeHdA Ha OJIMMIINaJAe, HE CTaHdapTHbIE U JOCTaTOYHO
CJIOZKHLIC. Hpe,ZLJIO}KeHHbIG 31€Chb BapuaHTbl HYTefI peHleHI/Iﬁ He AdBJIAIOTCA € JMHCTBCHHO BOSMOXKHDBI-
MU. YYaCTHUKA OJIMMIIKaJAbl MOI'YT IIPEAJIO?KUTH CBOU CITOCOOBI pemeHnA. Ecan st cmocobnr Ipu-
BOJAT K IIPpaBUJIbHBIM OTBETaM U (bI/IBI/I‘{eCKI/I O6OCHOBaHbI, TO 3aJa4da (I/IJH/I €€ OTAeJIbHbIC HYHKTI:I)
JOJIZKHBI OH€HNBaTbCA MaKCHUMaJIbHBIMHA OasIaMu.

He 3a6bIBaﬁTe, qr0o Bol JOJIZKHBI OIICHHMBAaTh HE€ TOJIbBKO KOHE€YHBIC OTBETLI, HO N OTJCJIbHBLIC IIpa-

BUJIBHBIC IIIar' B XOJ/Ie peLHGHI/IH!

He oicanetime 6annos (ecau, KoHewHo, ecmdv 3a wmo!) das HAWUT 3aAMEUAMEANLHBLL

10 kacc. DKCIepUMEHTAIBHBIN TYyP. 7



wroAbHuUKos!

OkcnepumentasibHoe 3aanue 1. «[umyukas (Pemenue)

Yactb 1. IsamepeHune BHyTpeHHero oobema.

1.1 Usmepenns npoBoAuInCh 1pu armocdepHoM jgapjiaexHun Py = 730 MM pT. ¢T. u TemiepaType

T =23C=296 K

1.2 Pesyibrarhl u3MepeHnii 3aBUCUMOCTI PA3HOCTU JIABJICHUN OT 0ObeMa rasa B IIIIPHUIE ITPUBE-
nenbl B Tabmume 1.

Tabmuma 1.
v, MJI1 | p, MM PT. CT. | TapameTp 4
150 0 1,000
140 12 0,984
130 25 0,967
120 36 0,953
110 49 0,938
100 60 0,925
90 75 0,907
80 93 0,888
70 116 0,864
60 124 0,856

1.3 Teoperuueckast 3aBucuMocThb p(v) ciaeayer u3 3akona Boitist — Mapuorra:

(Fo+p)(Vo +0) = (Vo + tmax) = p= % .y (1)

1.4 BosmoxkHas JimHeapu3alius JaHHON 3aBUCUMOCTH UMeeT BHJT

Py (Vo +v) 1 Vo

Po+p  (Vo+ vmax) (Vo+ Umax)v (Vo + Umax)

B sroit 3aBucuMocT Oe3pa3MepHbIil TapaMeTp Z eCTb

P
7 =9
FPo+p

KosddbunmenTs! auneiiHoit 3aBUCHMOCTH BbIpaKatoTcs (hopMyiaMu

| v
A=— " B—_—N 4
Vo & tons) o & vuns) )
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Eciu paccanrars 91 KO3DPUIMEHTHI, TO UCKOMbBIII 00beM MprOOpa BBIYUC/ISIETCS 10 IIPOCTOI
dopmyie

V-2, (5)

1.5 Paccunrannble 3HadeHus napameTrpa Z npusesennl B Tabsmre 1. 'paduk jmHeapnzoBanHOiM
3aBUCUMOCTH ITOKa3aH HA PUCYHKE

1,02

1,00 /

0,98

0,96 //

0,94 //

0,92 '/
/

0,90

0,88 /

0,86 /

4

napameTp Z

0,84

0 20 40 60 80 100 120 140 160

obLem BOzayXa B WNpuue . Mn

SuaueHust KoapGUIeHToB JuHeHOi 3aBucuMocT, paccuautanabie 1o MHK, paBabl

A = (1,63 +0,08)mr 3B = 0,757 0,008 (6)
1.6 O6bem Bozjyxa B KOJIOe, paccunTaHHblil o dopmyiie (5), paBen

Vo = (456 & 23)mu (7)

1.7 Maccy Bo3jyxa B KOJIO€ MOXKHO IOCUUTATh, UCXOJd U3 YpaBHEHUd cocTosinus Menjeneena —
Knaneiipona

1 BV
m = —

= 7 = 0,550, (8)

10 kacc. DKCIIepUMEHTAIBHBII TYP. 9



Yacts 2. Brigenenue rasa.

2.1 — 2.2 Pesysnbrarhl n3MepeHnst 3aBUCHMOCTeN p(v) mocsie BCTPSIXUBAHUsST KOJIObI TPUBEJICHBI B
Tabmue 2.

Tabmumna 2.
[I€PBOE BCTPAXUBAHLE BTOPOE BCTPAXUBAHUE TpeTbe BCTPAXUBAHIE
v, MJI P, MM PT. CT. | U, MJI P, MM PT. CT. | U, MJI P, MM PT. CT.
30 32 40 60 100 30
40 15 95 41 60 86
20 45 30 79 80 55
10 63 50 47 70 72
5 65 65 24 110 12
35 23 70 20 105 22
m=4,3Mmr m="7,2mr m=10,5mr

2Kupubim mpudrom B Tabsuiie 2 BblIeIeHbI 3HAUEHUS Vg, Do.

2.3 I'padukn 3TUX 3aBUCUMOCTEN MTOKA3AHBI Ha, PUCYHKE.

120

100

60 O\Q \é

[ i
20 A

\\
0 N

0 20 40 60 80 100 120 140 160

[aBneHWe p, MM pT. CT.

06bemM Bo3ayXxa B WNpule . Mn

2.4 Tlosyuennbie TpaduKN MPAKTUYECKN JTUHEHHDBI, 9TO TO3BOJIAET CUYATATH U3MEHEHUsS 00bHEeMOB
U JABJICHUN OTHOCUTEILHO MaJIbIMU. B 9TOM npubImKennn ypaBHEeHUE COCTOSHUS Ta3a B Ipudbope
nMeeT BUJL

(Po+p)(Vo +v) = (0o + Av)RT = o
Pov + Vop = AvRT

10 kacc. DKCIepUMEHTAIBHBII TYP. 10



N3 koroporo ciemayer, 9To Moy YeHHbIE 3aBUCUMOCTUA MOTYT OBITH OIUCAHBI JUHEHHON (dyHKIHEi

p——Pov+AmRT (10)
Voo My Py

[TocTpoennble rpaduKm XOPOIIoO MOATBEPKIAIOT ITY 3aBUCHMOCTD: BO-TIEPBBIX, OHU JIMHEIHBI; BO-

BTOPBIX, KOA(DDUIMEHTHI HAKJIOHA ITPUMEPHO OJIMHAKOBBI U TPUMEPHO PaBHBI TEOPETUIECCKOMY 3Ha~

YCHUIO.

Ceobosubie wienbl B dyukiusx (10) jerko onpegesnTs rpadudeck ¢ MOMOIIBI0 TOYEK Iepece-
yeHus rpadukoB ¢ ocbio 00bemos v'. Ilosmaras mig stux Touek p = 0, moayunmM OPMYILY IJIsd
pacdeTa MacChl BLIJIEJIUBIIETOCH YTJIEKACIOTO ra3a

MyF} ,
= . 11
VORTU (11)

Py, AmRT
v =
Vo My Py

0 = Am

Paccaurannbie 1mo 3Toit hopmysie 3HAUEHUA MAaCC ITPUBEJIEHBI B ITOCJIEIHENH CTPOKE TaOIUIIbI 2.

2.5 Jlyia ompejieieHnsl CUJIBI TPEHUs TOPIITHS O CTEHKH IIMPHUIIA JJOCTATOTHO 3aMETUTH, UTO €CJIN
CXKaTh Ta3, a 3aTeM OCBOOOIUTH IOPIIEeHb, OH OCTAHABIMBAECTCS MPH IMOKA3aHUIX MAHOMETPa IPH-
MEpPHO PaBHBIM 23 MM PT. CT. SHAYUT IIPU ITON PA3HOCTH JABJICHUN CHJIa TPEHUSA YPABHOBEIIHBAECT
JaBJIEHUS Ta3a, II09TOMY OHA pPaBHA

F = pS = 3,6H. (12)

dkcnepuMeHTasbHOe 3a7anue 2. 2Kuakas. .. npoosioka (Pemienne)

Yactb 1. Uamepenns D/1C u BHyTpEHHETO CONPOTUBJIEHUSA

1.1 1.1.1 MysibTuMeTp JO2KeH OBITh BKJIIOUEH B PEYKUM U3MEDEHUsT HAIIPSIZKEHMsI (PEsKUM BOJIBT-
merpa) 1.1.2 Iokasanus mynerumerpa U; = 652MB Uy, = —656 MB 1.1.3 Jla, 10 3Havenus
9/IC, Tak Kak COMPOTHUB/IEHNE MYJIHBTUMETPA 3HAUUTE/THHO MIPEBBINIAECT COIMPOTUB/IEHNE TPYOKHU —
MCTOYHUKA.

1.2 1.2.1 Mynbrumerp HAJ0 BKJIIOYATH B PEXKUM H3MEDEHHUs COMPOTHBIICHNUIT (PeKUM OMMETDA)
1.2.2 Ilokazanus mynbrumerpa Ry = 55 kOM Ry = —27k0Owm 1.2.3 Her, 310 He ecTb CONMPOTHUBIIE-
HUe TPpYOKH, TaK KakK TpyOKa mmeeT uctounuk /1C.

1.3 TeopeTuueckoe omnucaHmue.
1.3.1 U3 3akona Oma JjIs IIOJIHOM IIEITN

€

= —— 1
R+’ (1)

CJIeJTyeT, YTO UCKOMas 3aBUCUMOCTH HalpszKeHnd Ha BHemmHel e U = [ R oT cuibl TOKa NMeeT
BUI,

10 kacc. DKCIepUMEHTAIBHBII TYP. 11



R
R+

= I(R+r)=¢ = U=e—Ir (2)

1.3.2 Cxemarnueckuit rpaduk 3aBUCUMOCTH (2) SBJISIETCsI TPAMOIL
JIMHUEH ¢ OTpHUIaTe/]bHBIM HakK/JIOHOM (cM. puc.). IIpomomxkenue \ ]
rpaduka 10 IepeceveHnss C OCSAMH KOOPJMHAT OTCEKAaeT: HA OCH g
Harpsizkeanit 3aadenne J/1C - €; HA ocu CUT TOKOB 3HAYEHME TOKA, :
KOPOTKOro 3amblKanug [kz = =. 1.3.3 Snauenue /IC cuumaercs
HEIIOCPEJICTBEHHO ¢ Tpaduka, a 3HaYeHHe BHYTPEHHErO COIPOTHB-
JIEHUsSI PaCCIUTBIBAETCA 110 (hopMmyJie

w1

g = -

r= Ty (3) ]KB

1.3.4 3nadenne cuyibl TOKa PacCIMTHIBAETCS Ha OCHOBaHMM 3akoHa OMa JjIst yIacTKa IerH
U
I =—. (4)
R

1.4 IamepeHuss u pacyerhbl.

Pesynbrarer uamepennit u pacueros npusejensl B Tabsmie 1. Tadbauma 1.

L, cMm 29 27 23 20 17

R, xOm U,MB | I,MmgA | U, MB | I, MmxA | U, MB | I, MmxA | U, MB | I, MmxA | U, MB | I, MxA
10 59 5,90 62 6,20 70 7,00 77 7,70 87 8,70
20 104 5,20 108 5,40 119 5,95 129 6,45 145 7,25
30 137 4,57 143 4,77 156 5,20 167 5,57 183 6,10
40 164 4,10 170 4,25 186 4,65 200 5,00 212 5,30
50 186 3,72 192 3,84 205 4,10 218 4,36 234 4,68
9J1C, mB | 400 404 403 410 405

r, KOM 58 55 47 43 36

['pacdukm mosryueHHbIX HArPY309YHBIX XapaKTEPUCTHUK MMOKA3aHbl HA PUCYHKE.
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Harpy3ouHble XxapakTepucTKu

% 300 \§\\
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5 6 7 8 9
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Harpy3ouHble XapaKTepUCTKU
500
400
gsoo s\&\y\
AN
& 200 AN \i\o\\\g\\s\
100 %ﬁs\\;\?\\\s\
\
| NN
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
cuna Toka (MkA)

1.5 3aBUCHMOCTH BHYTPEHHEIO COIMPOTHUB/IEHUS] OT PACCTOAHUS MexK 1y daekTpogamu. 1.5.1 ['pa-
(UK 3aBUCHMOCTH BHYTPEHHETO CONPOTUBJIEHHsI OT PACCTOSTHUS MEXKIy deKTpogamu r(L).
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3aBUCMMOCTb COMNpPoOTUBITIEHUNA OT AJIUHbI

100

o
o

o]
o

-]
o

\

conpotueneHne (KOm)
B [4)]
o o
\

30 //
20 //
10 //
0
0 5 10 15 20 25 30

ANnuHa (cm)

1.5.2 /lannas 3aBUCUMOCTD JIMHEHA, HO HE POXOJUT dYepe3 HyJib. [[o-BunmMoMy, MOMUMO COIIPO-
THBJIEHUS CaMOTO CTOJIONKA PACTBOPA IMPHUCYTCTBYET 3aMETHOE JIOMOJTHUTETBHOE COTPOTHBIIEHUE —
COIIPOTHUBJICHNE «KOHTAKTOB» 3JIECKTPOJIOB C PACTBOPOM KHCJIOTHI.

1.5.3 ©@opmyity, ONUCHIBAIOILYO TOJIYI€HHYIO 3aBUCUMOCTD 7 (L), siBjisieTcst uHeiiHon (byHKIHei

r=ry+ pL. (5)

[Tapamerpsr 3Toit dynkimu MoxKHO HaiiTu 10 rpaduky, wimm [lo MHK. Yucnennsie 3navuenust:
ro = 1,8 KOM - uMeeT CMBIC/I COIPOTUBJIEHUST KOHTAKTOB; p = 7,2%

1.5.4 DyrekTpudeckoe conpoTusieHne 1 ¢M CTOIONKA pacTBOpa B TPYOKE M €CTh IapaMerp p.
Yactb 2. TpyOka Bo BHeIIIHell 1emnu.

2.1 Teopernueckoe onucanue. 2.1.1 @opmyiia, onuchIBaoNas 3aBUCKIMOCTD HAIIPsIXKEHUsT Ha, TPYO-
Ke OT CHIJIBI TOKa Yepe3 Hee HeloCPeICTBEHHO ciieyer n3 3akoHa Owma

Ul)=¢e+Ir. (6)
2.1.2 TlocTpoennnrit cxeMaTHIecKuil rpaduK 3aBUCAMO-
cru U(I) B JaHmoil nenu mokasaH Ha PHCYHKeE []4
&
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2.1.3 Touka mnepecedenusi ¢ ochio Hanpskenuit — DJ1C
9JIEMEHTa; TOYKA IepecevdeHnsi ¢ OChlo TOoKa - I’ - 3Ha-
YeHUe CUJIbI TOKa, KOTJla HalpsiKeHne Ha HEeM PaBHO 1
nporuBono/oxkHo I/C.

2.2 Ismepenns u o6padboTka pe3yabTaToB. Pe3yiib-
TaThl U3MEPEHNI U PacdeToB NpuBe/ieHbl B Tadbmune 2.

rpauK 3aBUCUMOCTH Ha pUcyHKe. Tabsura 2.

IIpAMOe IIOJAKJIIOYEeHNEe

obpaTHOEe TOJAKJIIOYCHIE

Uy, mB U, vB I, vxA | Uy, MB U, vB I, MxA
156 1388 15,6 -189 -790 -18,9
121 1206 12,1 -167 -668 -16,7
91,4 1036 9,14 -146 -552 -14.,6
75,6 943 7,56 -131 -460 -13,1
59,8 849 5,98 -113 -352 -11,3
41,6 738 4,16 -97 -255 -9,7
29,4 662 2,94 =77 -129 -7,7
19,1 596 1,91 -55,5 9 -5,55
12,1 545 1,21 -50 48 -5
4,8 498 0,48
-9,2 405 -0,92
-22 325 -2.2
43 192 43
-52 126 -5,2
-61 64 -6,1
9/1C, MB (463 £ 32)mMB 9/IC, mB (339 + 25)mB
r (61,7 £ 1,4)kOm T (60,5 £ 1, )kOm

2.2.3
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BAX TpyOGKkn

j—— 099’9’9/

HanpsaxeHue (MB)
Xﬁ

=
/

cuna Toka (MkA)

U

Cusbl TOKOB paccauTaHsbl 1o gpopmyne [ = e

2.2.4 Paccunranunble 3/1eCh 3HAYEHUsI BHYTPEHHET'O COIPOTHBJIEHUS NMPUMEPHO B JIBa Pa3a OTJIH-
YAIOTCS OT MOJYyYeHHBbIX B dacTu 1. 3uadenus IJ[C Takke OTIUYAIOTCS OT MOJYIEHHBIX PaHee.
DTO CBUJETEIHLCTBYET O TOM. UTO MOJ JIEHCTBHEM 3JIEKTPUIECKOTO TOKA W3MEHSAIOTCS CBOWCTBA
KOHTAKTHOTO CJIOA, IIPAMBIKAIONIEI0 K 3JICKTPOIAM.

2.2.5 HawuboJiee cymecTBeHHass 0COOEHHOCTH MOJIYYE€HHOW 3aBUCUMOCTHU — Pa3pbiB rpaduka, mpo-
SBJIAIONMNNCS B pa3andHbiX 3Hadennsax I/IC TpyOku 1npu pasHbIX MOJSIPHOCTSAX BHEITHErO MOJIs.
DTO 03HAYAET, UTO O] AEHCTBUEM JIEKTPUIECKOTO TOKA BOZHUKAET JOMOJTHUTETbHAST KOHTAKTHAS
9/1C, 3aBucsmas or HampaB/ieHnsT TOKa. [[oaTBep:KIeHneM 3TOTO CIYyKUT TOT (PakKT, ITO Cpe-
nee 3nadenune I/IC mo ABYM HOJAPHOCTAM THOAKII0YeHus puMeprno pasuo D/1C, mosyuennoit B
nepsoit yactu. [losromy nonosaurensuas I C okazpiBaercs npumepHo pasHoii 60 MB.
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