-2. Pa3zpsinka rajgbBanmdeckoro jiemMenTa [Ipubopsr u obopymoBanme

YcioBue

3amanue 10-2. Pa3psizka raJJbBaHUYECKOT'O 3JI€eMEHTA

ITpubopsr n obopymoBaHue: rajibBanudeckuii saemert 1,5 B, nudpoBoit MmyasrumeTp, cekyH-
JoMep, moctostHHblil pesucrtop 1,0 Om, mepemenHsbiii pesucrop (mpoBosodnbiii peocrar) 10 Ow,
HepeKJIIoYaTesIb JIBYXIIOIIOCHBIHM, COeUHNTEIbHBIE ITPOBO/IA.

Brumanue!

1.Y6edumecwv (68 meuenue 5 munym nocae nauasa Bawezo pabouezo spemeni), 4mo HauaibHaA
I/[C ucmouruxa He menee 1,3 B, 8 npomusHom cAyHae nonpocume Yy 4AeH08 0PKOMUMEMA 3a-
MEHUMD €20.

2. CKO/L’bS.ﬂugU@ KOHMAaKrMdvL NPOB0AOHTHO20 PEOCTNAING MO2YTN HEMHO20 omxodums om €20 06M0m7<;u,
noamomy pe2ynsapHo nodocumatime ux naavuyamu.

lasnpbBaHMYeCcKNE 37IEMEHTHI, KaK U BCe UCTOYHUKM TOKA, XapaKTEePUIYIOTCS JIBYMS ITapaMeTPaMI:
9/1C ¢ u BHyTpEeHHUM cONPOTUBJIeHEEM 7. KpoMe TOro, 9acTo Ha 3J1eMeHTax YKa3bIBaIOT 3aPsI0BYIO
eMKOCTh (), u3MepsieMyIo B MA dac (MUImaMIep dac).

B ,ILaHHOfI pa60Te Bawm HeO6XO,HI/IMO nuccJje0BaThb XapaKTEepUCTUKM ITPOMBIIIJIEHHOI'O I'aJibBaHU4de-
CKOI'O 9JIEMEHTa U UX M3MEHEHUA B XOIE Pa3pPAIKU 6aTapeﬁKH.

Yactp 1. Harpy3sounas xapakTepucTHUKA.

Bam neobxrodumo noaAyvumsv rapaxrxmepucmuru 2a14b6AHUYECKO20 IAEMEHA dsastcont:
«CBEIHCE20» U NOCAE €20 paapadvcu. Hoamo.my npoeedume cHaA4vaAa u3MepeHus, Co cee-
HCUM INEMEHTTIOM, TLOTINOM BbLTIOSAHUINE 3adanus wacmu 2, nocae 4eeo npoeedume u3-
MEPEHUA danrotli wacmu 3a0aHUSA C YACTNUYHO pCLSp.ﬂ,d’U/B’lU,U,MCﬂ INEMEHTIIOM.

B darmnoti nacmu pabomor Bam 1eobxodumo uamepums ¢ 8vbicoK0T MOYHOCTBIO TAPAKMEPUCTIUKY
2040DB8AHUYECKO20 INEMEHMNEA, MOIMOMY 6 TO0E UMEPEHUSA 00HOT 346UCUMOCTIUY OHU JOAACHDL OCTNA-
6aMbCA NOCMOAHHUMY. OIHAKO 2044D8AHUMECKUTE IAEMEHN NOCTNENEHHO PA3PANCAEMCA, NOIMOMY
uameperus, Hado nposodumuv o6vicmpo, Ho we cnewa. [lodkaovatime saemenm K yenu mosvko Ha
8pema NPOGEIEHUA USMEPEHUTL.

st Tounoro m3mepernst D/IC 1 BHYTPEHHErO CONPOTHBIIEHUS MCTOYHUKOB TOKA M3MEPHIOT, TaK
Ha3bIBAEMY10, HAI'PY309HYIO XapPaKTEPUCTUKY — 3aBUCHUMOCTDL HalIPDA2KCHHA Ha BHEIIHENR e oT
cuibl ToKa depes nee U(]).

st u3MepeHus Takol XapaKTEPUCTUKU UCIIOJIB3YHTE 3JIEKTPUICCKYIO
Tellb, MOKA3aHHYI0 Ha pUCYHKe. 37ech Ry - sTajoHHbIi pesucrop (uc- C
o—.

nosib3yiiTe pesuctop 1,0 Om, compoTuBIeHe KOTOPOrO CIUTANTE NU3BECT-

HBIM U [OCTOSIHHBIM), R - TlepeMeHHbIi pe3uctop (Ucrosb3yiite mpoBo- T yd
71—
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JIOUHBI peoctat ¢ conporusierrem 10 Om). Mysbrumerp ucroib3yiire
B peXKUME€ U3MEPEHUA HaIlIPA2KCHUNA. HepeKﬂ}oan TOYKH IIOAKJ/IIOYCHUA
BOJIbTMETPA, Bbl MOXKeTe M3MepATh HalpSKEHUE Ha STAJOHHOM pPE3U-
crope Uy 1 HanpsizKenne Ha Bceil BHermHel e U'.

Bce pesynbrarnl uamepenuit 3anecure B Tabsuiy 1 B JIucrax orBeTos.
Ucnonw3yiiTe eiuHAIbI U3MEPEHNs, YKa3aHHbIE B 3TON TabJIHIIE.

['pacdukn jursg oMMHAKOBBIX 3aBUCUMOCTEN CTPOTEe Ha OTHOM OJIaHKe.

1.1 3anumure TeopeTUIecKyto (hOPMYJTy, OMICHIBAOILY IO 3aBUCUMOCTD HAIIPSI?KEHUsT Ha BHEITHEe
Ienu or cuibl Toka depes uHee U([).

1.2 3amumure GOPMYJIBI, MO3BOJISIONINE TI0 pe3yabTaraM u3Mepenus Hanpszkennit Uy, U u u3-
BECTHOMY COIPOTHBJIEHUIO Ry paccunTarh: CUJIY TOKa B Iienu [; COMPOTUBJIEHNE BHEIHEeH mnenu f7;
MOIITHOCTD, BBIJIEJIAIONLYIOCS BO BHEIIHEN 1enu P 1Mpu IpoTeKaHUU TOKA.

1.3 l3MepbTe 3aBUCUMOCTD HAITPS2KEHU Ha BHeMHel e U 0T CUJIbl TPOTEKAIOIIETo 10 Heil ToKa
1. Nsmepenus npoBeiuTe JIBAXK/IbI: MEPBBII Pa3 CO «CBEXKUM» 3JIEMEHTOM, BTOPOi — IIOCJIE TOTrO,
KaK 3JIEMEeHT Pa3pPs/INTCsd B XOJle BBINIOJIHEeHNd 3aJannii Jactn 2.

1.4 IloctpoiiTe rpaduku 1Moy deHHBIX 3aBUCHMOCTEI].

1.5 Vkakure KaKuM CriocoboM 1o 1oty deHnoii 3apucumocts U () MOXKHO pacCInTaTh XapaKTepH-
ctuku ynemerTa J/IC € u BHyTpeHHee COPOTUBJIEHUE 7.

1.6 Mcronb3ys mosrydeHnble SKCIEPUMEHTAIbHBIE 3aBUCUMOCTH, PACCUUTANTE MaKCUMAJIBLHO TOY-
Ho 3HadeHnsa I/IC semenTa € m ero BHyTPEeHHee COMPOTHUBJICHUE T Uit JIBYX ciydaeB. Ouennure
MOTPEITHOCTH HallJIEHHBIX 3HAYCHUI. YKayKUTe, KAKUM CIIocoOOM BbI mTpoBesin pacdeTsl.

1.7 Ucnosb3ys mosryueHHble JaHHbIe, TOCTPOiiTe rpaduKn 3aBUCKMOCTH MOITHOCTH TOKa, Ha BHEIII-
Heit et P ot ee conporuBiennsa R. Pe3ynbraThl pacueToB 9TUX BEJIUYNH 3aHECUTE B COOTBET-
CTBYIOIIHE CTOJIONBI TabJHIGL 1.

1.8 Ilokaxkure, 9T0 MaKCHMaJ/bHagd MOITHOCTb TOKA BO BHEIIHEN IENU JIOCTUTAETCHA, KOIJa CO-
[IPOTUBJIEHNE BHEITHEH e PaBHO BHYTPEHHEMY COIPOTHUBJIEHNIO MCTOYHMKA R = r. 3amummre
dopmyity 11 MaKCIMAaIbHO MOINTHOCTH TOKa BO BHEITHEH IIEIN.

1.9 Ilo pesyabraTtam maMepeHHil paccuuTaiiTe, KaKUMH MOTI'YT ObITh MaKCHMaJbHbIE MOITHOCTHU
TOKa BO BHEITHEN Ieru. YKaXKnUTe, IPU KaKUX COIMPOTHBJICHUSX BHEITHEN eI OHM JOCTUTAIOTCH.

YHacts 2. Pa3psa/ka raibBaHUYECKOTO 3JIEMEHTA

HUszmeperus darHot 4wacmu MOHCHO NPOBECTNU TNOALKO 00UH PA3: 80-NEPEBIL, €20 0AU-
MEeABHOCTDS cocmasasem boaee nNoaYy«aca; 80-8MOPHLIT, 8 TOJE €20 NPOBEIEHUS 2aAbBA-
HUYECKUU dAeMeHM CUAbHO padpsadumcs. TuwamenvHo npodymatime nocaedosamens-
HOCTB ceoux delicmseull u nod20mosbmecs K nposederuto uameperul!

B sroit wactu 3amanus Bbl HOJKHBI McCiie[oBaTh M3MEHEHHE XapPaKTEPUCTHK
rajJbBAaHUIECKOIO JIEMEHTa IIPH ero paspsiake. st mpoBeieHnsT n3MepeHuil nc- N\
[OJIB3YHTE JIEKTPUIECKYIO TIEITh, CXeMa KOTOPOil ToKa3aHa Ha pucyHKe. Vcmorb- QZ/
gyiite pesucrop Ry = 1,0 Om.
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[Ipu 3aMKHYTOM KJII0Y€ BOJIBTMETD MU3MepPsAeT HalpsKenue Ha pesucrope Ry - U,
IpU PA30MKHYTOM - HEKOTOPOU Hampsizkenne U .

2.1 [HomxyunTe GopMyJIbI, TO3BOJIAIONINE IO U3MEPEHHBIM 3HAYEHISM HAIIPSIZKe-
uuit Un U, a TakKe M3BECTHOMY CONpPOTHBJEHUIO Ry, paccuntars I/IC € u
BHYTpEHHEee COIPOTHUBJIEHNE UCTOYHUKA, 7.

[IpoBeure n3MepeHns B CJIELYIONIEH HOCIEI0BATEILHOCTH (BCE PE3YIbTAThI N3-
Mepernii 3anocure B Tabsuiy 2 Jlucro oTBeTOB):

1) cobepure 11€elb, MOKA3AHHYIO HA PUCYHKE, IIPU OTKJIIOUEHHOM 3JIEMEHTE;
2) MOArOTOBBTE CEKYHJIOMED JIJisi U3MEPEHUs] BPEMEH;

3) MOJKJIIOYNTE UCTOYHUK TP 3aMKHYTOM KJIIOUE; Yepe3 KayKjylo MUHYTY (HauuHas ¢ HyJIeBOIi )
3anmchiBaiiTe 3Hadenus Hanpszkenns U. [To ncrevennn 5 munyt (mocsieinee 3HATEHIST HATPSIKECHUST
TaKKe HAJI0 M3MEPUTh) PA30MKHUTE KJIIOY, OCTAHOBHUTE CEKYHJIOMED, u3Mepbre 3Hadenue U (910
HAJIO0 CJIEJIATH JOCTATOYHO OBICTPO).

4) 3aMKHHTE KJIIOY, OJJHOBPEMEHHO 3aIlyCTUTE CEKYHJOMED U B T€UEHHe CJIEIYIONIIX 5 MUHYT, [IPO-
BOJIUTE M3MepeHUs 3HaYeHui HanpskeHuit U (4epe3 KazKyro MUHYTY ).

HpOBeﬂI/ITe U3MeEpeHnud TakKuM METOJO0M B T€HEHHUEC 30 MUHYT.

1. IIpoBeuTe u3MepeHus MO MPUBEJICHHON METOIUKE, Pe3yabraThl 3aHecute B Tabuiy 2. 2. Ilo-
cTpoiite TpaduK 3aBUCUMOCTH CUJIbI TOKA B Ienu oT BpemeHu. 3. Paccumraiite snadennsa D/1C u
BHYTPEHHET0 CONPOTUBJIEHHsI B MOMEHTBI OCTAHOBOK (T.e. Yepe3 Kazkjple 5 MUHYT). DTU 3HAUCHUSI
cJelyeT BHECTHU B BblJesieHHble gueiiku Tabsmnbl 2 u urorosyio Tabusmiy 3 4. Paccuuraiite 3na-
YEHUS JIEKTPUIECKOr0 3apsiia (), KOTOPbIl TPOTEK Yepe3 Iellb 3a BpeMs t OT Hadaja U3MEePeHHit
(3T BpemeHa yKazaHbl B iepBoM crosibre Tabsmipr 2). KpaTko onummre, Kak Bbl pacCIATAIN Be-
JimanHbl 3apsioB Q. 5. [loctpoiite rpadukn 3aucumoctu I/IC ragpBaHUTIECKOTO 3JIEMEHTA U €0
BHYTPEHHEr0 COIMPOTUBJICHUS OT MPOTEKIero 3apsaa (). 6. Paccunraiire u mocrpoiite rpaduk 3a-
BUCUMOCTU MaKCHUMAJILHONU MOITHOCTH P .y, KOTOPYIO MOXKET PA3BUBATH MAJbBAHMYECKUN 3JIEMEHT
BO BHEIITHEI Ie1U, OT MPOIe/iiero 3apsaaa (). 7. Canras, 9To noyvennas B 11.2.7 3aBUCUMOCTD BbI-
MOJTHAETCA B T€YEHUE BCETO BPEMEHN PadOTHI A TbBAHMIECKOT'O 3JIEMEHTA JI0 €0 TOJTHOM pa3paIKu,
OIEHHTE 3apSIOBYI0 eMKOCTh (B MA 9ac) TaKoro sJeMeHTa JI0 Hadasa ero UCIOTb30BAHUS.

Peinenune

3amanue 10-2. Pa3psiaka rajbBaHUYECKOro 3JjieMeHTa Pernienue.

Yactp 1. Harpy3souHnas xapakTepuCTHUKA.

1. (I)opMy.na 3aBUCHMMOCTU HaAIIPA2KEHHA OT CUJIbI TOKa

£

Yol caedyem, wmo Hanpascerue na snewnetd yenu (U =

U3 saxona Oma das noanot uyenu I =
IR) pasmo
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U=e¢-1IR

1. PacyetHnbie Cl)OpMy.TII)I AJId CHJIbI TOKa, COIIPOTHUBJIEHNA IEeIlIN U MOIIMHOCTHU TOKa

Dopmyavi caedyrom us 3arxornos Oma u owcoyas - Jlenua:

Cuna moxa I = 2o -
Ry’

Conpomusaenue enewnet yenu: R =

U .
T 7

Mowrocms moxa 6o enewnet yenu: P = Ul

1. PesyabTaThl n3MepeHUil 1 pacyeToB HArpy304YHOU XapaKTEPUCTUKM.

Tabsmma 1.

«CBEXKHWI» IJIEMEHT

Pa3psAKEeHHBIII 3JIeMEeHT

Uo, mB U, mB I, MA | R, Om | P, MmBm | Uo, mB | U, MB | I, MA | R, Om | P, mBm
123 1239 123 10,07 152 94 821 94 8,73 7

118 1243 118 10,53 147 99 823 99 8,31 81

139 1196 139 8,60 166 109 800 109 7,34 87

153 1158 153 7,57 177 117 784 117 6,70 92

161 1128 161 7,01 182 125 763 125 6,10 95

185 1112 185 6,01 206 138 733 138 5,31 101

202 1078 202 5,34 218 152 704 152 4,63 107

224 1021 224 4,56 229 162 687 162 4,24 111

253 981 253 3,88 248 178 647 178 3,63 115

277 940 277 3,39 260 196 609 196 3,11 119

303 872 303 2,88 264 228 529 228 2,32 121

337 821 337 2,44 277 247 502 247 2,03 124

1. I'pacdbuku 3aBUCUMOCTH HAIIPSIXKEHUSA OT CUJIbI TOKA
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Harpy3ouHble XapaKTepPUCTUKH
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HanpsaxeHue, mB

600

500

400

300

200

100

0 50 100 150 200 250 300 350 400 450 500

cuna ToKa, mA

2. MeToj1, pacuyeTra XxapakTEepPUCTHUK 3JIEMEHTA

U3 gopmyave n. 1.1 caedyem, wmo sHympeHHee CONPOMUBAEHUE PAGHO KOIPHUUUEHNY HAKAOHA
epagpura (¢ obpamnvim 3naxom), a 3/C — cdsuey epagdura.

1. 3Havenus mapaMeTpoB JIEMEHTA U UX MOTPEITHOCTH

Ceexkuii ssieMenT | PaspsiKeHHBIN 3/1eMeHT
J1C € 1460 mB 1035 mB
MTOTPENTHOCTE A& 20 mB 10 M=
BHYT. COIIPOTUBJICHUE T 1,91 Om 2,18 Om
[Torpemtaocts conporusienust Ar | 0,10 Om 0,06 Om

Meron pacuera, pacdeTHbie (DOPMYJIbI
Hcenoavszosan MHK

1. I'padpukm 3aBUCUMOCTHA MOMIHOCTU OT CONPOTUBJICHUS
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400

350

300
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200

150

MOLWHOCTL, MBT

100

3aBUCUMOCTb MOLHOCTU OT conpoTuBneHuA

2 3 4 5 6 7 8 9

conpoTueneHue, Om

10

11

12

1.8 ,Z[OK&S&TGJH)CTBO TOro, 4To MaKCuMaJibHad MOIIHOCTL BO BHeEIIIHEN Oeru 1nmpu R=r.

Mowmrocms 60 enewnetds yenu onucwvieaemcs gynryued

Maxcumym smoti pynxkuuu docmuzaem npu R =r

DopMyaa 0rs MAKCUMANLHOT MOUHOCTIU

R
P=c?—— _
S (R+r)2

2

€

Rnax -

4r

1.9 Yucnennnle 3Ha9eHns MAKCUMAJILHON MOIIHOCTH

Crexuii ssteMenT | Pa3psiKeHHBII 3/1eMeHT

MaxkcumasibHass MOIHOCTEL | 279 MBT 123 MBT

Yactp 2. Pa3p$[,£[Ka raJIbBaHNYI€CKOI'o dJieMeHTa

2.1 @opwmyisl s pacdera D/C u BHYTPEHHETO COMPOTUBJICHUS
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2.2 — 2.5 Tabauna pe3y/ibTaToB U3MEPEHUIA
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o0I1ee BpeMst

uarepsaJj 0-5 Mun

t, Mmun U, mB | Q, MA wac | 3IC, mB T ey OM

0 0 800 0,00 1446 0,888

1 1 730 12,75

2 2 702 24,68

3 3 693 36,31

4 4 687 47,81

5 ) 684 59,23 1262 0,930
nHTepBas 5-10 Mun
t, muH U, MB | Q, mA wac | 9/1C, mB T gn, OM
0 684 59,23

6 1 680 70,60

7 2 649 81,68

8 3 643 92,44

9 4 639 103,13

10 ) 635 113,74 1235 1,039
naTepaa 10-15 mun
t, mun U, MB | Q, mA wac | 31C, mB T en, OM
0 635 113,74

11 1 626 124,25

12 2 618 134,62

13 3 612 144,87

14 4 606 155,02

15 ) 600 165,07 1214 1,126
naTepBa 15-20 MuH
t, mun U, MB | Q, MA'wac | 3/IC, mB T e, OM
0 600 165,07

16 1 559 174,73

17 2 555 184,01

18 3 550 193,22

19 4 545 202,34

20 5 542 211,40 1170 1,275
naTepBa 20-25 MuH
t, mun U, mB | Q, MA wac | 3/IC, mB T ey, OM
0 5420 211,4

21 1 541 220,43

22 2 935 229,39

23 3 528 238,25

24 4 520 246,98

25 5) 511 255,58 1098 1,264
uHTepBas 25-30 MuH
t, Mmun U, MB | Q, MA wac | 3/IC, mB T ey OM
0 500 255,575

26 1 490 263,92

27 2 484 272,03

28 3 473 280,01

29 4 461 287,79

18(knacc. DkcrnephvenTaabHbIR TYD. 450 295,38 1036 1,432




Nrorosast Tabsmia 3. XapakTepuCTUKU 3/IEMEHTa B 3aBUCUMOCTHU OT HMPOTEKIIIEr0 3apsijia

t, mun | Q, MA wac | 3C ¢, mMB | v, Om | Ppax, MBm
0 0 0,0 1446 0,888
5 5 59,2 1262 0,930
10 10 113,7 1235 1,039
15 15 165,1 1214 1,126
20 20 2114 1170 1,275
25 25 255,6 1098 1,264
30 30 2954 1036 1,432

2.3 I'paduk 3aBUCHMOCTHU CHJIBI TOKA OT BPEMEHU

3aBUCMMOCTb CUIbl TOKa OT BpeMeHMN

1000

900

800

L 2

700
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400

Cwvna Toka, mA

300
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100

0 5 10 15 20 25 30 35

Bpems, MUH

2.5 MeTonuka pacdeTa IpoTekiiero 3apsga ()

Heobxo0umo “ucieHHo cymmuposams (UHmMezpuposams) 3a6UCUMOCTIG CUAbL MOKG OM PEMEHU.
B navanronori momenm QQ = 0;

Janee nocaedosamenvho paccuumoleaem

Tp1 + I

At
2

Qr=Qr+
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Umobv, noaywums peaysomam 6 mMA wac, yumem, wmo At = Ivuna = %qae

2.6 I'pacdukn 3aBucumoctun I/IC n BHyTpEHHETO CONMPOTUBJIEHUsT OT MPOTEKIIETO 3aPIIA.

3aBMCcMMOCTbL CONPOTUBMNEHMUA OT 3apsaaa
1,6 1
1,4 o
.--""'--—-_—_

L e
@
z 1,0 _o— |
g _le—
£ 08
2
8 06
=
T 0,4
m

0,2

0,0

0 50 100 150 200 250 300
3apnan, mAyac
3aBucumocTtb 3[C oT 3apsaaa
1300
O_\
_N

1200 \.\*
o ~
=
g
(=1
m

1100

1000

0 50 100 150 200 250 300
3apsag, mA.yac

2.7 3aBUCHMOCTb MaKCHMAJIBLHON MOIIHOCTH OT 3aps/ia
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3aBUCUMOCTb MaKCUMaribHOW MOLLHOCTU OT 3apsAaa
600
y = -0,8973x + 485,71

500
[
m
i e
= [
o 400 —~—]
g ﬁ)\
I
3 25
Z 300 BB s
> B
o \O\
5 \
= K
S 200 s
)
=
3+
2 100

0
0 25 50 75 100 125 150 175 200 225 250 275 300
3apsan, mA.yac

2.8 MeTO,ZL pac4deTa HaYaJIbHOI Bapﬂ,ILOBOﬁ €MKOCTHU 1 ee YucCJieHHOe 3HadYeHue.

Horyuennviti epaduk, xax 2mo nwe cmparno aunetinoii. Ilo nemy aezko natimu xosdduyuenm na-
KAOHG (CMpanmo, Ho npaxmuyecku paser 1), u napamemp cdéuza no mowke NePeceuenus ¢ 0Coio
P (npumepno 500). Mz amozo caedyem, wmo MOULHOCTG CIMGHEM PABHOT HYA0 NPU NPOMEKULEM
sapade npumepro pasrom () =~ H00MA - gac, amo u ecmsv ee 3apadosas EMKOCND.
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