-1 Cynepkonjiercarop. lIpubopsl 1 obopyaoBaHue

VYciioBue

Bananue 11-1 CynepKoHIeHCATOP.

IIpnGopsr m obopyoBaHMe: caMOIeIbHBII KOHJ/IEHCATOP, NCTOYHUK HallpsizkeHus 1,5 B, nBa 1o-
CTOSTHHBIX PE3UCTOPAa COIPOTUBJIEHHEM IPUMEPHO paBHBIM 1 KOM, MyJIBTUMETD, COCIUHUTETbHBIC
IIPOBOJIA, CEKYHIOMED.

ObxTaIKaMu KOHEHCATOPA CIyKaT MOJTOCKN rpaduTa ¢ TPUKPEIICHHBIMU MTOJIOCKAMU TKaHU, U3~
FOTOBJIEHHOH 13 yTIepoaHbIX HaHoTpyOok'. IIpocTpancTBo MexK Iy OOK/Ia KAMHI 3aIlOMHEHO YKHUJI-
KM CHJIMKATHBIM KjieeM. CBOHCTBA 9TOTO KOHJIEHCATOPA CUIBHO OTYAIOTCA OT CBOMCTB OOBITHOTO
KOHJIeHcaTopa. Tak 9ToT KOHjeHCcaTop 0bJ1a/1aeT MaMAThio (MOYKHO CKa3aTh, YTO OH OYEeHb 3/I0Ma-
MSTEH) — €r0 XapAKTEPUCTUKHU 3aBUCSIT OT MPEJILICTOPUH: KaK, KOIJIa M HACKOJBKO OH 3apsizKaJics
u paspsKaJjcd. [loaromy pu 1npoBejieHMN U3MEPEHUil CTPOTO CJIelyiiTe IPUBEJIEHHBIM B YCJIOBUU
zaJtaan nHCTpyKinsaM! Eciin BB He TpoBoinTe N3MEpeHusT 3aKOPOTUTEe OOK/Ia KM KOHJIEHCATOPA.

*B xo1e n3MepeHnii HanpsiKenue Ha KOHJIEHCATOPE He JIOJZKHO npeBbinarsh 600 MB.*
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Hauntyameit TeopeTuteckoii MoJie/ibio KOHJIEHCATOPA sABjsieTcs beckoHeunas RC' - nenouka. OjiHa-
KO, TIOJTHBI aHAJIM3 TAKOH MOJIEIN ABJIAeTCs CJIOXKHOM 3aa4eil, 0cOOEHHOTO JIJIsT SKCIIePUMEHTA/b-
Horo typa. [losromy B manHOil 3aade BaM HEOOXOIUMO IIPEJJIOKUTH HEKOTOPhIe HOJIee yIIPOIeH-
Hble MOJIEJIN, IIPUYEeM He CTPAIIHO, eCJIM B Pa3HbIX 3aJlaHusAX BbI Oy/eTe I10J1b30BaThCs Pa3HBIMU
MOJIEJIAMMU.

***Ipn nmpoBeneHnN U3MEPeHuil yI00HO HOIL30BAThCS CEKYHIOMEPOM C IaMSATBIO STAIOB.

Ecnu BbI He ymMeere paboraTh ¢ CEKYHIOMEPOM B TAKOM PEXKKME — OOpaTUTECh 38 KOHCY/IbTaleit
K OpraHu3aTopaM OJMMIraIbL. ***

Yactp 1. 3apsgaka KoHAeHcaTopa.

B nanwnoit yactu BaM HEOOXOJIMMO H3YUUTh ITPOIIECC 3apsii- R

KU KOHJIEHCATOpA B IIelN, IIOKa3aHHOi Ha pucyHke. Ha cxeme —
oboznavenbl: C* - mccieIyeMblit KoHIeHcaTop, IR - conmpoTns-

JIEHWE TeNu 3apsaku. Pe3nucropbl B Henu 3apsjKy PUTIas T $__
HBI K UCTOYHUKY. VI3MepbTe u npuBeanTe uxX 3HadeHus. /s C
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cOOPKU TIEITH UCIIOJIb3YIHTE COeTMHUTEIbHBIE IPOBOJIA C PA3b-
eMaMU TUTA «KPOKOIUI» - TTPU HEOOXOIUMOCTHU BbI MOXKET UX
OBICTPO MOJKIIOYATH K HYXKHBIM TOYKAM.

WccnmenoBanne mporecca 3apsajiKy ITPOBOAUTE CAEAYIOMNUM 00pa30M: MOAKIIOYNTE KOHJIEHCATOD K
HCTOYHUKY Yepe3 PEe3UCTOp, JOXKIUTECh, MOKa Halpsikenune Ha HeM He jocturaer 600 mB (310
MOZKET 3aHATH HECKOJIBKO MHHyT) HOCJ’IG 9TOI'0 6bICTpO HEPEKJIIOIUTE IMOJIAPHOCTD ITOJAKJ/IIOYEHU A
NCTOYHUKa IIMTaHUAd, KOI'la HallpAXKeHure CTaHeT paBHBIM HYJIIO, U B 9TOT MOMEHT 3aIlyCTUTE Ce-
kyngomep. [lociie wero mpoBojiuTe BpeMeHHBbIE m3MepeHus. PekomeHiyemM 3alioMuHaTh BpeMeHa,
Korjia Halpsizkenusi jiocturaior 100 mMB, a 3arem depe3 kaxkjbie 50 MB — Takum obpaszom, BaMm
yJIacTCsl U3MEPUTh BpeMeHa 3apsiaku 10 Hanpszkenns 550 MB. IToHgaTHO, 9TO Ha 3HAK HAIIPSXKEHUS
06pamaTb BHUMaHHA HE CTOUT, T.K. O6KJIa,ZLKI/I KOHJ€EHCaTOPpa OANHAKOBBI.

Pexkomenjryem Tak:ke mepej mepBbIM U3MepeHHeM 2-3 pasa repe3apdnTh KoujencaTtop ot +600
MB 10 —600 MB u obpatno.

11

1.1 IIpoBeuTe n3MepeHnsi 3aBUCUMOCTH HAIIPSAXKEHUSA Ha KOHJIEHCATOPE OT BPEMEHU B IIPOIiecce
zapgaku oT 0 1o 550 MB. l3mepenus mpoBeguTe TpH JIByX 3HAYEHUAX COMPOTHUBJIEHUS IIETN
sapsiiku R (depe3 o/iH Pe3ucTop U 4Yepes JiBa MPUIASHHBIX PE3UCTOPA)

B pmannom skcnepuMenTe Mmporece 3apsIKu MPUOJINKEHHO ONUCHIBACTCH yPaBHEHUEM

AU 1 —
= __(U - U): (1)
At T
rJie T - XapakTepHoe BpeMs 3apsaiku; U - HEKOTOpOoe MPeJIeIbHOe 3HAUeHNe HAIIPsizKeHus (KOTopoe
MOZKET OTJIMYATbCs OT HalpsizKeHust nucrounnkal). Pemennem ypasuenus (1) siBasercst QyHKIHst

U=U|(1-—exp —; . (2)

J171s1 IpOBEPKH TIPEJITIOZKEHHON MOJIEJH TIPOIIecca, OMUChIBaeMoro Beipaxkenusmu (1)-(2) meobxou-

MO: &) WCIOJIb3ys ypasHeHue (1) onpeesnTh 3HaUeHUE MPeebHOro Hanpskenus: U; 6) mocpes-
CTBOM JiHeapu3aIyy (byHKINE (2) OnpeienTh 3HaYeHIe BPDEMEHU 3apsiKI T.

Jlng qucjieHHoro pacyera MpoOU3BOIHON PEKOMEH IyeM HUCIIOIb30BaTh CUMMETPUIHYIO cxeMy. [IycTh
BaM HM3BECTHBI 3Ha4YeHUs Hanpskenuit Uy B MOMEHTBI BpeMenu tj. Torjma mpousBojiHasd B MOMEHT
BPEMEHU tj, PACCUUTBIBAETCS TI0 (DOPMYIIE

AU Upp1 — Uiy
At let1 — te—1

(3)

1.2 TlpoBeuTe onucaHHyO HPOIEIYPY OOPAOOTKU IOJIYYEHHBIX SKCIIEPUMEHTAJIbHBIX JIAHHBIX.
[pacduuecku mojTBepaUTe NPUMEHUMOCTh Teoperndeckoii Mogenu (1), ompejenure YucIeHHbIE
3HaueHns mapaMerpos U u T JUId Ieneil ¢ J[ByMs Pa3/IMuHbIMU 3HAYEHUSIMU CONPOTHBIICHN R.
OrnennTe MOrPENTHOCTH HAMJICHHBIX 3HAYCHUN BEJIMYUH T.
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1.3 IIperozKuTe 3JEKTPUIECKYTO CXeMY YIPOIIEHHON MOJIEN KOHJIEHCATOPA, 00bACHSIONYIO (X0~
Ts1 ObI KQUECTBEHHO) TOJIyUYeHHBIC IKCIIePUMEHTaIbHBIE jJanuble. Onpe/iesmnre apaMeTphl Batieil
MOJIEJIN, OJTHUM M3 KOTOPBIX SIBJISIETCSI €MKOCTh KOHJIeHcaTopa (0653aTelIbHO).

YHacts 2. IIponiecc pa3psaaku KoH/ieHcaTopa.

OngTh peKOMEH/ IyeM epe/T IEPBBIM U3MEPEHUEM 2-
3 pa3a mepe3apsaanTb KorjaerncaTop or +600 MB 1o | I—
-600 MB u obparHo. 3apsiure KOHJICHCATOP JI0 Ha-
npszkenns 600 MB 1 ObICTPO OTKJIIOYUTE UCTOYHUK
nutanusd. [locTaBUB KOHJIEHCATOD Ha Pa3psIKy de- C
pe3 pesuctop. [Ipu sToM HanpsizKeHNe Ha KOHIeHCa-
TOpEe PE3KO YN IeT — U3MEPEHNUs MTPOBOIUTE IIOCTIE
storo srana. He 3axopavwusatime ucmowrux —
8bL €20 bvicmpo «nocadumer, a HO8BL He noayvume!

2.1 VzmepbTe 3aBUCUMOCTH HANPSXKEHUS HA KOHJIEHCATOPE OT BPEMEHHU B IPOIECCE PA3PSIIKHU.
2.2 IIpoBepbTe, ABJIAETCA JIX MIPOIECC PA3PAIKN SKCIMOHEeHTTHAILHBIM. 2.3 [IpeanoxuTe mpocTyio
CXeMY, KaIeCTBEHHO O0bsICHATOIILYIO IOy IeHHYIO 3aBUCUMOCTh. OIeHITe IapaMeTphbl 9TOH CXeMbl,
pacdeT uX IMOrpentHocTeil He Tpedyercs.

B nannoit yactu m3mMepeHusi IpoBEIUTE TOJIHKO IIPHU OJTHOM PE3UCTOPE B IIEIIH.

Yactp 3. 3apsagka 1ocjie pa3psIKu.

B npornecce pa3psiaku, UCCIEIOBAHHOM B 9acTU 2, HA KOPOTKOE BPeMsi 3aKOPOTHUTE OOKJIAIKN KOH-
JIeHcaTopa, Tak, YTOObI HAIPsXKEHHEe Ha HEeM yIaJjo JO HyJid, MOcje 4Yero yoepuTe 3aMbIKaHUE
OOKJIaJIOK U ITPOHAOJIIOaliTe 3aBUCUMOCTD HAIIPSI?KEHUsI, TTOKA3bIBAEMOI'0 MYJIBTUMETPOM OT Bpe-
MEHU.

3.1 Tounbix uzmepenuii mpoBoauTh He Ha1o! [TocTpoiiTe cxemarndeckuii rpaduK 3aBUCHIMOCTH Ha-
NpsI2KEHUs OT BPEMEHU, YKayKUTe TOJILKO 3HAUEHUS ITapaMeTPOB 9TOM 3aBUCUMOCTH B HEKOTOPBIX
XapaKTepHbIX TouKax 3.2 KadecTBeHHo 0O0bscHUTE TIOJIYYEHHYIO 3aBUCUMOCTD. Pacuer mapamer-
pOB He TpedyeTcs.

Pernenne

Bananue 11-1 CynepKoH/ieHCATOP.
Cpasy 1nojgepkHeM, 9TO pe3y/bTaTbl H3MEPEHUl B JaHHON 3a/ade CyIeCTBEHHO 3aBUCAT OT Bpe-

MeEHH, IIpoHieamero 1mocjie u3roToBjiennd KOHaeHcaTopa, ToO9Hee OT BpEMEHN 3a/IMBKU 3JIEKTPOJINTA
— CHUJIMKaTHOI'O KJIedd. Pe3yﬂbTaTbI MOT'YT OTJINYaTbhCA B HECKOJIBKO pa3!
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Hactp 1. 3apsagka KOHIEHcAaTOpA.
B tabymuie 1 npuBejienbl pe3yabraThl U3MEPEHUil 1t KOHJIEHCATOPA MOC/Ie TPEXIHEBHOM BhIJICPK-

ku. B Tabsmie npuBejieHbl cpejiHre 3HAYEHUsT BPEMEH 3apsA/IKU Uepe3 PEe3UCTOP COIMPOTUBJICHUEM
R =1,0 kOm 70 yKa3zaHHOTO HAIIPsizKEHUsI, YCPEJHEHNE TPOBOIMIIOCH 110 3 H3MEPEHUSIM.

Tabaumna 1. 3apsigka «CTaporo» KOHIEHcaTopa.

U,MB | t, ¢ %,MB/C In(U — U)
0 0 6,15
75 26 | 2,632 5,98
100 38 | 2,174 5,92
125 49 | 2,174 5.85
150 61 1,923 5,77
175 75 1,786 5,69
200 89 1,613 5,60
225 106 | 1,515 9,00
250 122 | 1,429 5,40
275 141 | 1,220 5,28
300 163 | 1,087 5,14
325 187 | 0,926 4,98
350 217 | 0,714 4,79
375 257 | 0,543 4,56
400 309 4,26
3aBUCUMOCTb HaNpPsDKEHUS OT BPeMEHM Npu 3apsiaKe
450
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Ha pucynke nokaszan rpaduxk mosydennoit 3apucumoctu. [loctpoenne sToro rpaduka He ods3a-
TeJIHLHO.
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asee mpoBejieM 00pabOTKy B COOTBETCTBUU C YKa3aHUAME. PaccauTaeM 3HAUEHUS] CKOPOCTH U3Me-

Henus Hanpsizkenns U’ = 8% 1 nocTpouy rpaduk 3aBICHMOCTH 3TOH BeJMUMHB OT HAIpPSZKEHUs]
(em. puc.)
3aBMCUMOCTb CKOPOCTU N3MEeHeUA HanpAKeHWA OT HanpaXeHWA
2,5

/

/

Bt

/

0,5

CI{OpOCTb HM3MeHenAa HanpAXeHnA
(dU/dt), mBlc

0,0
0 50 100 150 200 250 300 350 400

HanpsxeHue U, mB

[Tonyuennasa 3aBUCUMOCTDH OY€Hb OJIM3KA K JIMHEWHOMN, YTO MOATBEPXKIAET IIPUMEHUMOCTD YPaBHe-
HUS

AU 1 —
= (U-T), (1

B JIaHHOM cjryuae. [lapamerpsl 9ol imHeitHoit 3asucumoctu U = aU + b, paccuntannoe mo MHK,
paBHbBI

a=—-62-10"3¢""

b =289 MB/c (2)

Ucnonb3yst 911 3HAUEHMsI, OIIPE/IE/IUM apaMeTphl 3aBucumoctu (1)

1 — b
7':——:1600, U=—-=460mB (3)

a a
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YU CJICHHbBIA pacder HpOI/I3BO,Z[HOI71 110 3KCIIEPUMEHTAJIbHBIM JJaHHbIM IIPUBOJUT K OOJIBIIIIM mnorpeni-
HOCTAM. HOSTONIy numMeeT CMBICJI JIMHEeapu30BaThb 3aBUCUMOCTD

v (1o (). .

C ucnonb3oBanueM HaiijgeHHoro suadenns U = 460 MB, T.e. ipeacTaBuTh ee B BUIE

(T —U) =T — . (5)
I'paduk 3T0it MMHEAPU30BaAHHON 3aBUCUMOCTH TOKa3aH Ha CJIEIYIOIEeM PUCYHKE. 371eCh IKCIepH-
MeHTaJIbHBIE JITAHHBIE XOPOIIO JIOYKATCS Ha MPIMYIO, UTO JJ0Ka3bIBaeT IPUMEHUMOCTD UCIIOJIB3YEMO
TEOPETUIECKON MOJIE/N.

S e

3apsaka KOHOeHcaTopa (MMHeapu3oBaHHasA 3aBUCUMMOCTL)

6,5

60 +—

LT
TR

EL=SS

4,5 S

norapvugM OTKNOHEHUS HaNpPsKeHUA
o
(=]

4,0
0 50 100 150 200 250 300 350

Bpems. ¢

SHaveHne XapaKTePHOTO BPEMEHU 3aps/IKI, PACCIYUTAHHOE 0 9TOI 3aBUCHMOCTH paBHO T = 162 c.
Kak u3BectHO, 3TO BpeMmsi paccuuTbIBaeTCs 10 (hopMyIIe

T=RC (6)

CuietoBaTe/IbHO, EMKOCTb KOHjIeHcaTopa mpumMepro paia C' = 0,16 & (160000 mx®). Kak ciemyer
U3 [IPOBEJCHHOIO aHa/IN3a IIpe/le/IbHOe HallpdAzKeHne, JJ0 KOTOPOI'o JOJIZKEeH 3apaKaThbCd KOH/IeHCa-
TOp MEeHbIIe HalpsiyKeHns ucToIanka (pasHoe Uy = 1,5 B)
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g 06bsicHeHns JJAHHOTO PE3YJIbTAThl MOYKHO ITPEJIIOKUTH -
CJICAYIONIYIO 3KBUBAJICHTHYIO CXCMY. R R

—11— .
OTrmeTnM, 9TO HE3aPSPKEHHBIN KOHIEHCATOP NMEET <«HYyJIe-
BO€E COHpOTI/IBJIeHI/Ie» - HOSTOMy Ha MaJIbIX BpeMeHaX MO2KHO

CYUTATH, UTO BCE KOHJEHCATOPHI OECKOHEYHON IEMOYKU He C
yCIeBaloT 3apaauThed. B 3Toil cxeme TpejiesibHOe Halps-
JKeHne, JI0 KOTOPOro 3apsizKaeTcs KOHJIEHCAaTOP PaBHO ﬁ(

R*

U=Uy——.
"R*+ R

N3 s7oit hopmyite ciienyeT, YTO KOHJIEHCATOPY MOYKHO <«IIPUIIACATH» COIPOTUBJIEHUE

R* = R——— ~ 440 Om. (8)

Yacts 2. IIporiecc pa3psaku KoHJ/IeHcaTopa.

B Tabnune 2 npuBegeHa 3aBUCHMOCTDH HalpsizKEeHHE Ha KOHIEHCATOPE OT BPEMEHH B IIPOIECCEe ero
paspanku upes pesucrop R = 1,0 kOm

Tabsmna 2 Paspsiaka koHaeHcaTopa.

U.vB[t.c|,In(0) | 5¥ uB/c
250 0 3,52
295 17 542 | 1,16
200 43 530 0,70
175 88 0,16 0,45
150 155 | 5,01 0,32
125 246 | 4,83 0,25
110 317 | 4,70

Huxxe nokazan rpaduk 1aHHON 3aBUCUMOCTU B JIOTapU(MUIECKOM MacIITade.
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norapudgm HanpsKeHUA

5,6
5,5
5.4
5,3
5,2
5,1
5,0
49
4,8
4,7

4,6

Paspsapka koHgeHcaTopa norapudmMmmyeckuin Macuitad

50

100
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200

BpeMms. C

250 300 350

Henuneitnocts sToro rpaduka CBUIETEILCTBYET O TOM, UTO MPOIECC PA3PIIKU HE SBJISETCS IKC-
MOHEHINAbHBIM. [IpryemM ckopocTh pa3psaiku co BpeMeHneM ymeHnbinaercd. [lisg Gombineit yoe -
TEJILHOCTH TTPUBEIEM IpadUuK 3aBUCUMOCTH CKOPOCTH U3MEHEHUs HAIIPSAXKEHUA OT HAIIPSKEHUS Ha,
KOHJIEHCATOPE. DTa 3aBUCUMOCTDb TaK¥Ke He JIMHENHA.

R

#—

R*

—— R N——

2
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3aBMCUMOCTb CKOPOCTU pa3pAAKHN OT HanpAXeHUsA

1,4

1,2

1,0 /

0,8

0,6

0,4

CKOpPOCTb pa3psAaKu

B S8

0 50 100 150 200 250

R R’

0,2

0,0

KauecTBenno JaHHYIO 3aBUCUMOCTL MOXKHO 00DBICHUTE Ha OCHOBAHNIHI CHG,ILyIOIHGfI 9KBUBAaJIEHTHON
cxeMbl. OcHOBHAA niaed: ¢ TeHeHUuEM BpEMEHU <«ITOAKJIIOYalOTCA» K pPa3pdKe BCE boJtee «JaJICKHUE»
KOHJICHCATOPHBI, IITPX 9TOM BO3PaCTacT KaK S(b(i)eKTI/IBHaH €MKOCTb I€EIld, TaK 1 €€ COIIPOTUBJIECHHUC.

Yactp 3. 3apsaka mocJje pa3psiIKu.
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CxemaTtn4yeckas 3aBUCUMOCTb

"aBTo3apagku”
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BpsAmMSA (c)

CxemaTnyeckast 3aBHCUMOCTD HAIPSKEHUS Ha PE3UCTOPE IOCJIe TOro, KaK KOHJEHCATOp ObLI 3a-
KOpOUYeH, MoKa3aHa Ha pucyHke. /locratouno OeicTpo (3a Bpems nopsika 60 c¢) HampskeHue Ha
KOH/IeHCaTOpe BO3PacTaeT, 110CjIe Yero OUYeHb MEJJIEHHO IIPOJIOJIZKaeT ClaIaTh.

KauecTBernHno Takoe mosejieHne Tak:ke 00bsICHIMO B paMKaxX 95KBUBAJIEHTHON cxeMbl. PaccMoTpen-
HOW B HPEebIYIIell 4acTu: MU 3aMBIKAHUM Pa3psi?KaeTcs MepBblii KOHJIEHCATOP (OTHOCHTEIHHO
HeBOJIBINON eMKOCTH] ); TIOCJIE TOTO, KaK 3aMbIKaHUue yOPAHO, ITOT KOHJIEHCATOD 3apPAKAETCs OT BTO-
pPOTO KOHIeHCaTOpa OOJIbIIeil eMKOCTH.

! Taxoit MaTepuaJ NCIOMB3yeTCS B aKKYMYJISATOPaX OOJIBINOM eMKOCTH JJIS 3JIeKTPOMOOUIICH.
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