1.1. OCHOBHU Be/IMYNHN U 3aKOHN Nnpun NOCTOAHEH N NMPOMEHJIUB TOK

ENeKTpMYeH TOK - HACOYEHO ABUXKEHWNE Ha e/IEKTPUYHIN 3apaaN.

YCnoBus 3a Bb3HMKBaHE Ha eNIeKTPUYEH TOK:

1) fa uma cBO6GOAHWM eNeKTPUYHK 3apsan, CNOCOOHN a M3BBLPLUBAT HACOUYEHO
[BWXEHWE,

2) [la Ma eneKkTPUYHO nose, KOeTO Aa OCUTypY ABUXKEHUETO Ha 3apsaauTe.

[MonyyaBaHe Ha CBOGOAHM 3apa/au.

CBobofHM 3apaan uma B MeTanmnTe. ToBa ca eNeKTPOHM, 0CBOOGOAEHWN NpW
KpucTa/iM3aums Ha MeTana, No eanH OT BCEKWN aToM. 3apsaja Ha eneKTpoHa e npueT 3a
oTpuLaTeneH, cToiiHocTTa My e 1,6.10"° C. KoHUeHTpauusiTa Ha eneKTpoHWUTe e
0k0110 6,022.10% mol™. 1 mol meg (Cw) e ¢ maca 64 g.

CBobofHM 3apsagy MMa B efieKTponutuTe. ToBa ca BOAHW pas3TBOpM Ha
KNCENNHW, OCHOBW WA COMM BbB BOAA. 3apAAnTe ca MOSMIOXKMUTENHM UK OTPULLATESTHU
MOHK, MONTYYEHN Ype3 OTAaBaHe UM NMPUCHEANHABAHE HA eNIEKTPOHM KbM aTOMU U/
MO/eKynn. IoHMTe, KOMTO ce nonyuyaBaT OT cspHata kucennHa H,SO, npu
Pa3TBAPAHETO U BbB BO/A, Ca MOMIOXUTENHM BOAOPOAHN H' 1 oTpuLaTenHu

cyndatHn SO, FoHu:
H,SO, ~ 2H" +S0,%.

[Mocoka Ha TOKa - CbBMafga C nocokaTa Ha ABMXKEHWE Ha MONOXUTEHUTE

eNeKTPUYHN 3apsau.

ConeMuHa Ha enekTpUYHMA ToK | - 3apsagbT, NpemuHan Mnpe3 HanpeyHoTo

CEUYEHMe Ha NPOBOAHIKA 3a e[JHNLA BPEME.
KoraTo npe3 NpoBOAHMKa NPeMUHaBa eNeKTPUYEH 3apsaj  3a Bpeme t,

roneMmHaTa Ha TOKa €.
| = ﬂ
t

3a M3mepBaHe Ha rofiemmHaTa Ha TOKa Ce M3Mo0/i3Ba OCHOBHATa eAuHuUua OT
cuctemara SI Amnep [A].

[MOCTOsAHEH eNneKTPUYeH TOK - MOCOKaTa M roneMumHaTa Ha TOKa ce 3anassat

HENPOMeHEHN C TEYEHNE Ha BPEMETO.
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[MpOMEH/IMB eNneKTpUYeH TOK - MOCOKaTa U rosieMmHaTa Ha TOKa Ce U3MEHAT C

TeYEeHNE Ha BPEMETO.

[yncmpall, enekTpuyeH TOK - MOCOKaTa Ha TOKa ce 3anasBa, rosemMmHarta ce

N3MEHA C TEYEHNE Ha BPEMETO.

[NbTHOCT Ha TOKA j - FOMIEMMHA Ha TOKa 3a eAuHULA N/OLL OT HarNpPeyHoTo

CeyeHVe Ha NPOBOJHWKa, Pa3MnoOXKEHO NeEPNEeHAMKYNAPHO Ha NocoKaTa Ha TOoKa.
KoraTto npe3 npoBOAHMK CbC CeYeHne S Teye TOK C rosieMmHa |, NA1bTHOCTTA €:
I

_g_
EAnHMUATa 3a NIBLTHOCT Ha TOKa B cucTeMaTta S| e oTHOLLEHME Ha eanHnLaTa

OA C
3a rofIeMMHa Ha TOKa KbM eiHMLaTa 3a noL: AMnep 3a KBajgpaTeH MeTbp F2E

ENeKTpMYHO N0/e, KOETO ABWXXKWN HA 3apsaauTe.

Cb3aaBa Cce OT M3TOYHMK Ha €NeKTPOMABMKELLO HampeXeHue: YCTPOICTBO, B
KOETO BbHLUHM CTPAHWUYHWU CUIN - XUMWUYHW, MEXAHWUYHW, MarHUTHW, pasfens,
MPeHacsAT 1 HaTPynBaT 3apsan BbPXY NOMKOCMTE Ha U3TOUYHUKA.

EnekTpnuHUTE 3apsAav B M3TOYHMKA Ha €NeKTPOABUIKELLO HarpexeHue ce
[BMXAT TMPOTMBOMONOXHO HAa CWUIUTE Ha €eneKTPOCTaTUYHOTO Tofie  nopaau
[ENCTBMETO Ha BbHILIHWTE cuM. Taka B Kpauljata Ha BbHLUHAaTa Bepura ce
noaabpyKa NOCTOSIHHO e/IEKTPUYHO Mofe.

ENeKTpoABMKELLO0 HANPEXEHNE € - pa60TaTa, N3BbpLUBaHa OT BbHLUHUTE CUIN

npyv TMpPeMecTBaHe Ha eAuHMLA MOMOXKUTENeH 3apAd OT  oTpuuatenHus 1o
MOJIOXKUTENTHUA MOMKOC HA N3TOYHUMKA.
KoraTto B uU3To4YHMKa e 13BbpLUeHa paboTa A 3a npeHacsaHe Ha MONOXKUTeSeH
efIeKTPUYeH 3apss g, eNIEKTPOABVKELLOTO HaMpPeXeHe e:
g=2
q
EAnHMUaTa 3a eNneKTPOABMXKELLO HanpeXxeHwe B cuctemata Sl e nonydyeHa

KaToO OTHOLLIEHWE Ha eAMHMLaTa 3a paboTa KbM eAMHULATA 33 eNeKTPUYUEeH 3apsif;



OCHOBHW BETMYMHN N 3aKOHU Npn NOCTOAHEH U NPOMEH/INB TOK
WL
[>xayn 3a KynoH %EM e HapeyeHa Bont [V].

3aKoHU Ha OM 3a efleKTpuyHaTa BEPUra.

3akoH Ha OM 3a eJHOPOAEH YYacTbK - B MeTasleH NMPOBOAHUK rofieMmnHaTta | Ha

TOKa € NPONopLMOHa/Ha Ha HanpeXxeHneTo U B KpauLiaTta Ha MPOBOAHMKA:

| =GU zl.U.
R

A,
KbaeTo G e MnpoBOAMMOCTTa, R € CbMNPOTMB/EHME Ha e 2]
NPOBO/JHNKA. |

[ ]

EAMHMUATA 33 CbMPOTMBAEHWE HA NPOBOAHMKA B

cuctemata Sl e OTHOLLEHME HA eAMHMLIATA 33 HanpPeXeHwe KbM eauHuLaTta 3a

rofieMnHa Ha Toka: Bont 3a Amnep %E 1 e HapeyeHa Om [Q].

EanHnuaTa 3a npoBoAMMOCT B cucTemata Sl e peumnpoyHa Ha egnHuLaTa 3a
CbMPOTUB/EHME N e HapeveHa CuMeHc [S].

CbnpoTUBIEHNETO Ha NPOBOAHMKA 3aBUCK OT Heroearta hopma, pasmepu u ot
BELeCTBOTO Ha TMPOBOAHWK. 3a €eAHOPOAEH JIMHEeH MeTalleH NPOBOAHUK
CbMPOTMB/IEHMETO R e npaBo MPOMOPUMOHAZIHO Ha [Ab/kKuHata | m obpartHo

MPONOPLMOHANHO Ha NIoLTa S Ha HANPEYHOTO CeYEHNE Ha NMPOBOAHYIKA:

R:'D_'L
S

KbAETO P € CneyuduyHo eneKTPMYHO ChbMPOTUBNEHME Ha BELLECTBOTO Ha

NPOBOAHMKA.
EamHMuaTa 3a 3a cneyudmyHo eneKTpryHO CbNpoTUB/EHNE B cucTemaTa Sl e
NPOM3BeAEHNE Ha eAMHMLATa 3a CbMPOTUBMEHME MO eAuMHMLATA 3a Ab/MKUHA:

Om.MeTbp [Q.m]. M3non3Ba ce 1 KpaTHaTa eanHmna OM No KB.MUAMMETHP 3a METHP

2 2 2
EQ%E 3amen p=0,017 Q% 3a anymuHuin p = 0,028 Q'ﬂ.
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3akoH Ha OM 3a HeeoHOPOAEH

yYacTbK OT Bepurara. Ag |, - r B

HeeqHOpOAHUAT Y4aCTbK oT l — F

ENEKTPUYECKa Bepura CbAbpxKa MU3TOYHUK

Ha €/IEKTPOABMKELLLO HarnpexXeHne.

PeanHute N3TOYHNLN Ha

ENEKTPOABMIKELLLO Hanpe>xexHune

npuTeXasart BbTPELLUHO €1EKTPNYHECKO

CbMpoOTUBNEHNE I, KOETO B/NAE Ha TOKa BbB BEPUraTa, KOATO € BK/HOYEHA KbM
N3TOYHMKA. C OTYMTAHETO Ha BbTPELLHOTO CbMPOTUBNEHNE 3aKOHBT Ha OM 3a uanata

BEPUra nMa Bna.

1= ¢
R+r

PaboTa Ha Toka A - npn NPoTnvaHe Ha eNEeKTPNYEH TOK BbB BEPUTa, CbCTaBEHA

OT M3TOYHMK Ha HarpeXeHwe N KOHCymartop, paboTara B KOHCyMaTopa e paBHa Ha
paboTaTa, KOATO M3BbPLUBAT BLHLLUHUTE CU/IX B U3TOYHMKA.

PaboTtata Ha BbHWHWUTE CUAM A, KU3paseHa uUpe3 HanpeXeHWeTo BbPXY
KoHcymaTopa U, e: A=(q.U.

3apagbvT g, npeHeceH npe3 Bepurata 3a Bpeme t, e d = L.t Kbgeto | e
rofemMyHaTa Ha Toka.

Torasa 3a U3BbpLUeHaTa paboTa A B KOHCyMaTopa ce rnosy4yasa:

A=U.lt.
MoLLHOCT Ha ToKa P - paboTaTa, M3BbpLUeHa 3a eMHNLA BPEME:

P=A=U.I .
t

CopHUTE (hopmynu 3a paboTaTa U MOLLHOCTTA Ha eNeKTPUYHKS TOK M3pasaBaT

3aKOHBT Ha xayn-JleHL.
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Pa3KN0HeHW eNeKTPUYECKM BEPUTM NMPY NOCTOSIHEH TOK

Pa3k/10HeHa eneKkTpuyecka Bepura - B eHa To4Ka ca CBbp3aHu TPU UM NoBeYye

MPOBO/HMKA. TouKaTa Ha CBbp3BaHe Ce Hapuya Bb3e.

MbpBK 3aKOH Ha Kupxod: - anrebpuyHata cyma OT TOKOBETe, Chbupaliy ce

BbB Bb3€/la, € paBHa Ha Hy/a.

TOKbBT, B/M3aLL, BbB Bb3e/a, Ce NMprema 3a NoMoXKMTENEH, a TOKbT, M3/n3all, oT
Bb3esla — 3a OTpuuaTteneH. 3a Bb3ena, NMokasaH Ha qumrypara, MbpBUAT 3aKOH Ha

Kunpxo® nma Bmaa:

BTopn 3aKOH Ha

Kupxogh - BbB BCEKU

MPOWN3BOJIHO n3opaH

3aTBOPEH KOHTyp OT
efiHa pa3kIoHeHa
Bepura, aarebpuyHara

cyma oT

Nnpon3BefeHNATa Ha

roNeMMHUTE Ha TOKOBETE | Mo CLAPOTMBNEHMATA R OT CLOTBETHMUTE y4yacTbLM Ha
KOHTYpPa, € paBHa Ha anre6p|/|L|HaTa CyMa OT eNneKTpoaBmXeWnTe HalpexXedHna & B

KOHTYpa.

ZLR=ZQ
1= J=

3a NONoXWUTe/NHa NOCOKa Ha 06MKasiHe Ha KOHTypa Ce npuieMa Nnocokata Ha
[BWKEHME Ha YaCOBHMKOBATa CTPe/ika. TOKOBETe, KOMTO CbBMafaT C MocokaTta Ha

obvKansHe Ha KOHTYpa, Ce MnpuemMmat 3a MNOMA0XKUTENNHUN, a KOUTO HE CbBragar C
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nocokaTa Ha obuKansHe - 3a oTpuuarenHn. EAH Ha M3TOYHMUMTE ce npuemaT 3a

MOMOXWUTENHU, aKO Cb3[aBaT TOK, HACOYEeH MO MocoKaTa Ha 0bMKansHe Ha KOHTYpa.

3a 3aTBOPeHua KOHTYp, NOKasaH Ha (urypara, BTOPMAT 3aKOH Ha Knpxodg nma suga:
I1.R1-13.R; =¢; —¢,.

[MpaBmna Npyn CbCTaBAHE Ha ypaBHEHNS CbC 3aKOHUTe Ha Knpxod:

1. V36bupa ce Npou3BO/HA MOCOKA Ha TOKOBETE BbB BCUYKM Yy4acTbUW OT
Bepurata. [elcTBMTeNHaTa MOCOKa Ha TOKa Ce Ornpefens cnef pellaBaHe Ha
3afadata. AKO TbPCEHMAT TOK € MOJIOKUTENIEH, TO nocokata My e 6una nsbpaHa
NpaBuIHO, a aKo e OTpuLaTeNieH - UCTUHCKaTa My MOCOKa e MPOTMBOMOJIOXHA Ha
n3bpaHarta.

2. N3bupa ce nocoka Ha oOMKansHe Ha KOHTypa W Ce chassa CTPOro.
[MpounssefeHneTo |.R € NONOXUTENHO, aKO TOKBLT Ha JafleHNs y4acTbK CbBMnaja no
MocokKa C MocokaTa Ha OOGuMKansiHe Ha KOHTypa W obpatHo. EAH, BKA4eHM no
n3bpaHata nocoka Ha obOMKansHe, ce Mpuemar 3a MOJIOKUTENTHN, & BK/IOUYEHUTE
MPOTUBOMO/IOXHO - 33 OTPULLATETHM.

3. CbCTaBAT ce TO/MKOBa YpaBHeHWs, Ye 6poAaT MM fa 6bae paBeH Ha 6post Ha
TbpCEHMTE BenuuMHW. B cucTemaTa ypaBHeHMs TpsibBa Aa Yy4yacTBaT BCUYKU
cbnpotmeieHmna n EAH Ha pasrnexgaHata Bepura. Bceku pasrnexpgaH KOHTYpP
TpsbBa Aa CbAbpXKa Makap M eAuvH eNnemMeHT, KOWUTO He Ce CbAbpXKa B NnpeauLiHuTe
KOHTYpMU.

CBbp3BaHe Ha CbMPOTMUBIEHMA.

- YcnopeaHo CBbp3BaHe - BCUYKN CLMPOTUB/IEHUA Ca CBBP3aHM KbM eHO U

CbLLO HanpexxeHue U.

O6WMAT TOK | Npe3 TAX e cyMa OT TOKOBETe 1 1

npes3 oTAeTHUTE CbNPOTUBNEHUA.

=1+ 1+ ... +1, e
AIRA AR
Te3un CbNpPoTNUBAEHNA Ca EKBUB/IEHTHU Ha ~

<

e[]HO CbNPOTUBNEHNME R, peyunpoyHaTta CTOAHOCT

Ha KOeTO MMa CTOMHOCT :
YcnopefHo cBbP3BaHe Ha

CbMNpPoTUBMEHNA




OCHOBHW BE/IMYNHN 1 3aKOHMW NPW MOCTOSHEH 1 MPOMEHINB TOK

1 1 1 1
i S T
R R R, R,
Kbaeto Ry, Ry, ..., R, ca CTOMHOCTUTE Ha OTAE/HUTE CbMPOTUBIEHUS.

- MocnefoBaTenHO CBLP3BaHE - CLMPOTUB/IEHMATA Ca CBBLP3aHN eAHO Clepa,

APYro, TOKbT | Npe3 CbnpoTUB/IEHUATA € eMH W CbLL,
O6woTo HanpexXeHe U e cyMa OT HanpeXxeHmsaTa Ha
OT/Ae/IHUTE CbINPOTUB/IEHNSA
U=U+U,+..+U,
Tes3n CbNPOTUBIEHNSA Ca eKBMBA/IEHTHWN Ha eiHO
CbMpOoTMBIEHME R CbC CTOMHOCT:
R=R;+R,+ ... +R,
KbleTO Ry, Ry, ... , Ry Ca CTOMHOCTUTE Ha OTAENHUTE
CbMPOTUB/IEHMS.
Pe3ynTaTHOTO CbLMPOTUBNEHME R e paBHO Ha cymaTa OT

CTOMHOCTYU Ha CBbpP3aHNTE nocneanoBarTesiHO CbMPOTUBNEHNA.

lNocnepoBaTenHo
CBbp3BaHe Ha
CbMPOTUB/IEHNSA

[M0-BaXKHN XapaKTePUCTUKM Ha U3TOUHULIM U KOHCYMAaTOpPW Ha TOK

CrapTepHa akymMynaTopHa 6aTepus.

Kanauutet 45 - 120 A.h.
HanpexxeHune 11-14 V.
BbTpewHo cLnpoTuBIEHNE 0,002 - 0,010 Q
CTapToB TOK 200 - 500 A
CbxpaHeHa eHeprva L J, KWh.
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["eHepaTop
HanpexxeHune

BbTpewHo cbnpoTMBIEHNE
OTpgaBaH TOK

OTgaBaHa MOLLIHOCT

Craptep
HanpexeHne

CTapToB TOK

CbnpoTunBIeHNe

3anainTesiHa CUCTEMA

HanpexxeHne
KoHCcymupaH ToK

CbnpoTurBIeHNe

Namnu
HanpexxeHune
MowHocT

CbnpoTurBIeHNe

EnekTpoasuraTenu

HanpexxeHune
MowHocT

CbnpoTurBIeHNe

13-14,5V.
0,02 - 0,10 Q.
30-90 A

12 V.
200 - 500 A.

12 V.
3,5, 10, 15, 21, 60, 65,70,75 W.

12 V.
20 - 100 W.
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OCHOBHU BefIMYNHUN Ha NMPOMEHNTNBUA TOK

[MpOMEHNINBO HanpeeHne - MNoBTapsa €eAHO UM CbWO W3MEHEHWe Ha

HanpeXXeHNeTo OT MOMIOXMTENHA KbM OTpuULatenHa CTOMHOCT M 06paTHO, npe3
elHaKBW NHTEPBaIN OT BPEME.

Mepvog T — BpeMeTO, Aa KOETO Ce M3BbPLUBA eAMH LMKb/ Ha U3MEHEHME Ha
HanpexeHneTo. EgmMHMuaTa 3a neprof e cekyHaara [s].

JInHeinHa yecToTa f, unm camo yectoTa - 6pOFIT Ha NbIHUTE N3SMEHEHUA 3a €N~

HWLa Bpeme. EuHMLaTa 33 YecToTa e euHuLA 3a CeKyHaa ‘s, HapeyeHa Xepu, [Hz].
YecToTaTa € cBbp3aHa C nepmoja upes popmynata; f =%

BbpxoBa v amnanTyaHa ctomHoct Uy, ce Hapn4ya MaKCUMasiHaTa AOCTUIrHaTa

CTOMHOCT Ha HanpexxeHuneTo. 3mepsa ce BbB BonT [V].

MoOMEHTHaTa CTOMHOCT U Ha CUHYCOMOA/THOTO HallpeXXeHne B MOMEHTa OT

Bpeme t ce faBa c hopmynara:
u=u,.sin(w.t)=U,_.sin(2.7.f.t),
Kb[eTO W Ce Hapuya Kpbrosa 4yectoTa. Kpbroeara yectoTa w Ce m3passsa C
yectotara f no dopmynata w = 2.1f.

®daza Ha CMHYCOMANHATA eNIEKTPUYECKA BE/IMYMHA € apryMeHTa Ha cuHyca: &

= 2.1.f.t = w.t. IamepBa ce B pagnaHu [rad].

AKTNBHO na OMOBO CbMNPOTUB/EHUE R - €/1EMEHT, B KOIMTO CTaBa HeobpaTumo

npesBpbLLaHe Ha enekTpuyeckaTa eHeprna B TonaMHa. pn Hero 3akKOHBLT Ha Om 3a
4aCT OT BepUrata € B cuia 3a MOMEHTHUTE N aMNINTYQHUTE CTOMHOCTM Ha TOKa U
HalpeXeHneTo.

. u U
I=— 7 I, =—
R R

B TakaBa NpOMEH/IMBOTOKOBA Bepura MakCUMa/HUTe cTonHocTM Uy, Ha
HanpexxeHneTo u |, Toka ce nosyyasat eAHOBpeMeHHO. PasmepHocTTa Ha OMOBOTO

cbnpoTmereHne e Om [Q].
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PeakTVBHW €/IEMEHTM - TMNpPU KOUTO WMMa 06paTI/IMO npespbLUaHE Ha

eNeKkTpuyeckaTta €HeprMs B  eHeprus Ha

MarHUTHOTO 1N ENEKTPUYHOTO MOse. BN
320 /.\ ......................................... " Um
PeakTBeH enemeHT e KOHZEH3aTopbT - 240 / ..... \ ....................... "‘Ueﬁ-
160 f
cucrtema oT [Ba 61130 pa3nonoxxeHn 80 / \ [
0
N30/IMpaHN eneKkTpoda, BbPXY KOUTO CTaBa | -8o \ 7
=160
06paTMOo HaTpynBaHe Ha eNleKTPUYHN 3apaaum. 240 \\ //

Llpyr peakTVBEH €NeMEHT € Kpbria | -0

0 0.005 0.01 0.015 0.02 ts

HaMOTKa OT MPOBOAHWK - 606MHa, MpU KOWTO

IMa 06paTMMO NpeBpbLLAHE Ha eNeKTpuYecKaTa eHeprs B MarHUTHO Mose.

MoOMEHTHa  MOLWIHOCT p - p
U,
npou3sefeHne oT MOMEHTHUTE o / \ / \ K
. . 1. - i
CTOMHOCTV U Ha HampexeHueto n i Ha | | | /- .
0 <k >
TOKa. TA e NpoMeH/MBa BeINYMHA U Ce
MEHW C  y[BOeHaTa 4ecToTa Ha
HanpeXXeHNeTo 1IN TOoKa.
0 0.005 0.01 0.015 0.02 ts
CpegHata  MOLLHOCT P -

MOLLIHOCTTA 3a eAVHNLA BPEME:

.

T
p= %.J'um.sin(z.;z. f1).0 sin(2.z. f.4).dt =05U .

E(DeKTUBHN CTOMHOCTM Ha HAMPEXEHMUETO U TOKaA.

KpaliHuAaT pesynrtat OT ropHus n3pas ce npeacTass Karo:
P=405U,.+05.1 =U_,.l,,
kbgeto U, =405U, =0,71U nuU, =+05.1,=0711_

ce HapuyaT epeKTMBHM CTOMHOCTUN Ha HaMpPEeXeHMETO M TOKa.

CpeaHaTa MOLLHOCT Ha NPOMEHNMBMS TOK, M3paseHa upe3 e(eKTUBHUTE
CTOAHOCTW, MMa BMAA Ha MOLLHOCTTA Ha MOCTOsSIHEH TOK. EnekTpousmepBaTenHuTe
ypean B MPOMEH/IMBOTOKOBA Bepura OTYMTaT e(IeKTUBHWUTE CTOMHOCTM U Ha

HanpeXeHneTo n l¢ Ha ToKa.
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