DHIeIbCCKUM TEXHOJIOTHUECKUI MHCTUTYT ((dunuan) denepanbHOro rocy1apcTBEHHOTO
OI0JPKETHOTO 00Pa30BaTEIILHOTO YUPEKICHUS
BBICIIIET0 0Opa3oBaHUs
«CapaToBCcKnid roOCy1apCTBEHHBIN TEXHUYECKUI YHUBEPCUTET
uMmenu ["arapuna FO.A.»

Kadenpa «EctecTBeHHBIE 1 MATEMATHUECKUE HAYKI

IJIEKTPOTEXHHUKA U JIEKTPOHUKA

Meronnueckue yka3zanus K 1jabopatopHoit padote «lccnenoBanue menu
MOCTOSIHHOT'O TOKa»
JUISL CTYZICHTOB HaIpaBJICHUM

09.03.01 «MudopmaTuka 1 BEIYUCITUTEIbHAS TEXHUKA)
09.03.04 «IIporpamMMmHasi HHXEHEPUS»

15.03.02 «TexHOMOTHYECKHE MAIIUHBI U 000PYIOBAHUE)

15.03.05 «KOoHCTpYKTOPCKO-TEXHOIOTHUECKOEO0ECTICUeHNE MAIIIMHOCTPOUTEIBHBIX
TIPOM3BOJICTBY

18.03.01 «Xumuueckas TEXHOJIOTHUI»
23.03.01 «HedrerazoBoe memnox»

29.03.05 «KoHcTpyrpoBaHue U3EIHM JIETKONH TPOMBIIIIIEHHOCTH

O4HOM, 0YHO-3204HOM U 3a04HON (HOPMBI 0OYUECHHS

Jureqanc 2026
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Jlaboparopnas pabota 2

HNCCIEAOBAHUME LEIIN TIOCTOSAHHOI'O TOKA

Ilenv padomwbi: ONBITHBIM IIYyTEM ONPEACIUTHh TMOTEPU HAIMPSHKEHUS U
MOIIHOCTH B IIEMU B 3aBUCHUMOCTH OT TOKa B uenu. OnpeneauTbh BHYTPEHHEE
CONPOTHUBJICHUE HWCTOYHWKA U CONPOTHBJIEHHWE JUHUHM. I[IpoBepuTh OanaHc
momHocterd B nenu. Mccneposate KIIJ| mepemaum sHEpruM OT HMCTOYHMKA K
MIPUEMHUKY.

OCHOBHBIE ITIOHATHSA

DnexkTpudecKass SHEPTHsi MOXKET COBEpIIATh TMOJE3HYI0 padoTy B TOM
ciydae, ecJii 00pa3oBaHa MPOCTEHIIas EKTpUIECKas Ielb, COCTOSIIAs U3 TPeX
OCHOBHBIX 3JIEMEHTOB: UCTOYHHUKA AJIEKTPUUYECKOU PHEPTUU (J1aJiee UCTOUHUKA);
NPUEMHHMKA SJIEKTPUUECKON »HHEpPruu (Jajiee MNPUEMHUK WIM Harpyska);
AIEKTPUYECKUX MPOBOJOB CBS3BIBAIOIIMX MCTOYHUK C Harpyskou. IIpocrteiimas
ANEKTPUYECKasl LEMb MOXET COJIEPkKAaTh TAKKE BBIKIIIOUATENIH, U3MEPUTEIIbHbIC
PUOOPHI, TPEAOXPAHUTEIHN U T. .

[Ipu pacdetax W aHamu3€ OJJIEKTPUYECKOM I1ENM WMCTOYHUKU U
MPUEMHUKHA HW300pakaloT B BUJIE CXEMbI 3amemieHus. Cxema 3aMemeHus

MPOCTEUIIEH AIEKTPUIECKOM 1IENH MoKa3aHa Ha puc. 1.

] —=

Rgr
+ Yl [Ra
E

Puc.l1. Ilpocreitmas snekTpuyeckas 1enb

Jig  mpocTerien  AIEKTPUYECKOM LENU CHPABEIJIMBBI  CICIYIOLINE
COOTHOIIICHHUS:

U = E -Rgtl — ypaBHEeHuUE 371€KTpUUECKOTO PABHOBECHS;



E . .
| = —— —3akon Oma aJi npocTeuiei enw,

R.+R

H BT

Py = Py +Pgr — ypaBHEeHHME OataHca MOIIHOCTEH;
rae E — 3/IC ucrounuka, B BoibTax; Ry — compoTtuBieHue Harpys3kud, Ow;
Rt — BHyTpeHHee compoTuBieHue ucTtouHuka, Owm; Uy — HampspkeHue Ha
3a)KMMax MpPUEMHUKa, B BojibTax; | — Tok B menu, B ammepax; Py = E:| —
MOIITHOCTh, pa3BUBae€Masi UICTOYHUKOM, B BaTTax; Ppr = Rpr-1? — MouHoCTh
OTEPh B UCTOUHUKE, B BaTTaxX; Py = Uy:| — mone3nas MOLIHOCTh HA HAarpys3kKe,
B BaTTax.

[Ipu mepenade 3JIEKTPUUYECKONW PHEPTUM 1O JUHUHU DJICKTPOIEpeIaund B
Hel TepsieTcs yacth Hanpspkenus AUjp = 2Ryl u momHoctu APy = ZRH-IZ. B
CBSI3U C OTUM HANpPsHKEHHWE Ha 3aKUMax Harpy3Kd MEHbIE, 4YeM HallpshKeHHE
HMCTOYHUKA HA BEJTUYUHY

Uy = Uy - AUy = E - I(Rgr + 2Ry),

rae Ry — conpotuBieHue 0AHOTO NIPOBO/IA IBYXITPOBOAHOMN JIMHUU.

Cxema 3aMCIICHUA LCIHU C YYCTOM COIIPOTHUBJICHHA JIMHHUH ITIOKAa3aHa Ha

puc.2.
I E

onnl | HI
| I |

R
E R
1
| I |

Puc.2. Hepa3BeTBieHHas LI€Tb NOCTOSSHHOTO TOKA

JInHun nepeaadyn BLBIIIOJIHAIOTCA MCEAHBIMH, AIIOMHHHUCBBIMHU M PCKE
CTaJIbHBIMH  IIPOBOJAMM. COHpOTI/IBJ'ICHI/IC MCTANIMYCCKOTO  IMPOBOJHHKA
3aBUCHUT OT ¢€ro AJIMHbI I , Iiom@aau  IOIICpCYHOIO  CCUHCHUA S u

QJIICKTPOIMPOBOAAIINX CBOMCTB MCTajllla, U3 KOTOPOI'0 BBIITOJHCH IIPOBOAHHUK



S y-S
rie p — YyACIbHOE 3yekTpuyeckoe comporuBiienne, B CU [p] = Owm-m,
O™ - Mm°
cienoBarelibHO, 1 ————— =1MKOM - M
M

¥ - yeabHas IpOBOJAUMOCTb, [Y] = Cm/Mm.

Hns megueix mpoBogoB  p =0,0175 MkOm:-M; 7= 56 MCM-M

Jns amromuHUEBBIX TPOBOJIOB  p = 0,0286 MkOM:-M; = 35 MCwm-Mm.

C mnoBbIIEHUEM TEMIEpPAaTypbl COMPOTUBICHUE METAIUIMYECKOTO
MIPOBOJTHUKA YBEITUYMBACTCS B COOTBETCTBUU C (hOPMYJIION

Rg = Rl + OL'Rl' (92 - 91) = Rl'(1+OL' (62 - 91)),
rae Ri, R, — 3HaueHne conpoTuBiieHus Mpu Temieparypax 0; u 6, B Omax.
3nauenne R; uIs pasmuuHBIX MPOBOJHHMKOB Iipu Ttemmeparype 20°C
MPUBOJUTCS B CIIPABOYHUKAX;
0. — TeMIlepaTypHbI KOI(PPUIIUEHT DICKTPUIECKOTO COMPOTUBIICHUSA,

pPaBHBI OTHOCUTEILHOMY HM3MEHEHHMIO COMNPOTUBIEHUS TMPU H3MEHEHUU
temreparypsl Ha 1°C.

Bemnunna o0paTtHass COMPOTHBICHUIO HA3BIBAETCS MPOBOJIUMOCTHIO
1
G=E. Enunuiia uamepenust npoBoAuMOoCTH Ha3biBaeTcsi CumencoM (Cm).

Ha mpakTuke cedeHus mpoBOJOB JTUHUU DJIEKTPOTIEPEIadll BBIOUPAIOT C
TaKUM PacuyeToM, YTOOBI OTEPs HAMPSDHKEHHS B HUX HE MPEBbIIIaia;
— . OCBETHTEIIbHOW CeTH y HaubOojee yAaJeHHbIX HCTOYHHKOB CBETA

BHYTPEHHETO pPab0O4Yero OCBEIIEHUS IEXOB W MPOKEKTOPHBIX YCTAaHOBOK
HapY>KHOTO OcCBellleHus He Oonee MuHyc 2,5%, mimoc 5% HOMHUHAIBHOTO
HaTPSHKCHUS;

— IS DJIEKTpUUYECKUX aBurateneit munyc 5%, mirocl0%.



JIns 1ienu MOCTOSSHHOTO TOKa BBIPAYKEHUE ISl SHEPTUHU DJICKTPUYECKOTO
TOKa, TpeoOpa3yemMoil B MpHEMHUKE ¢ compotuBieHneM R (3akon Jxoyms-
Jlenua) umeeT BUI

W = U-I-t=R-I“t,

Enununa suepruu 1B-1A-1c = 1B-A.c=1 Br-c=1 JIxk.

[Ipu pacderax 2JIEKTPOIHEPTreTUUECKUX YCTAHOBOK B KAdyeCTBE €IMHUIL
SHEPIruu BHIOMPAIOT BaTT-4acC WJIM KUJIOBATT-Yac.

MOH_IHOCTB B IO CIIN ITIOCTOSAHHOI'O TOKa

2
p=N_yi=r.r=-L
t R

Enununa momuoctu 1B-1A = 1B-A = 1BT (BatT).

B snexktposHepreTMke IIMPOKO MPUMEHSIIOT E€AUHULBI  MOIIHOCTH
kwioBatT (kBT) u meraBart (MBT), npuuem 1 kBt = 10° Bru 1 MBt = 10° Br,
a B CJIA0OTOYHOM M U3MEpPUTEIBHOM TeXHHKE — MWUIMBATT (MBT), mpuuem
1 MBt = 10" Br.

BaxuenmumMmy XapakTepUCTUKaMU Ul NPOCTEUIIEW UENU SBISIOTCSA
3aBUCHUMOCTH HANpsDKEHUS Ha 3aKUMaxX IPUEMHHUKA, MOIIHOCTH Harpys3Kw,
MoIHOCTH noTtepb B uctouHuke W KIIJ[ oT Toka. DTH 3aBUCHMOCTH NpH
3aaHHbIX 3HaYeHUsIX E u Rgr MoryT OBbITh BhIpaskeHbl hopMyIamMu

U=E-Rgrl
Py = Ul = E-| - Rl
Ppr = RBT"2
n=—jl——

P, +P,

MakcuMmasibHass MOIIHOCTH B HAarpy3ke pa3BUBAETCS IIPU PABEHCTBE
CONPOTHBJIEHUS HATPY3KU U UCTOYHUKA, TO €CTh Ry = Rpr. DTO coriacoBaHHbIM
pexum paboTsl nenu. [Ipu stom KIIJ = 0,5. On npumensiercss B c1abOTOYHBIX

LeNsX, B YACTHOCTH B OJJEKTPOHHbIX ycuwiurensx, rae KII ne wurpaer



cymecTBeHHoOM posr. B cunmbHOTOUHBIX memsix Ry>>Rpr, a KIIJ[ 6mm3okx &
enunute. 3asucumoctr U(l); Py(1); Per(l); n(l) mpusenens Ha puc.3.
ULP
n.,%
1001

50t

L 1 -
0 I:/2 I

Puc.3. 3aBucumocts HanpsxeHnus, MmomHocTH U KITJI npocreiimeii ienu ot Harpy3ku

Ha puc.3 1ok lx — TOK KOpOTKOrO 3aMbIKaHHs, KOIZa CONPOTUBIECHUE

Harpy3Ku paBHO HYJIIO.
METO/IUKA S9KCIIEPUMEHTA

Onucanue IKCIEPUMEHTAIBHOH YCTAHOBKHU
HccnenyeMas 1enb COCTOMT M3 MCTOYHUKA ITOCTOSSHHOIO TOKA, KIEMMBI
KOTOPOTO BBIBEJCHBI Ha IIAHENb CTEHAA, MOJCIN JABYXIIPOBOJHOM JIMHUU C
BBIBOJJAMM M JIaMII HAKAJIMBAaHUsA B KayecTBe Harpy3ku. g u3MeHeHus
PEXUMOB pabOTHI LI HA CTEHJE UMEIOTCS BBIKIIIOUATENN: S; ISl BKIFOUYEHUS
nenu; Sy;+Sg - Uil PeryaupoBaHMs CuiIbl Toka B 1enu. Cxema ombiTa

npexacraBiieHa Ha puc.4. Hanpsokenue uctounuka nutanus He 6onee 50 B.
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d

50
1

o to

Puc.4. Cxema ombiTa
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MMPUBOPHI U METOJIUKA U3MEPEHUI

Jlns  u3MepeHus TOKa Ha CTEHAE YCTAHOBJICHBI — aHAJIOTOBbIC
MOKA3bIBAIOIINE aMIIepMETphl Kiacca ToyHocTH 1,5. Cucremy mpubopa u
npenen u3MepeHus HeoOXoauMO BBIOpaTh COTJACHO 3aJaHui0, TYHKT 4.1.
Hamnpsbxkenne HeoOXoaumMo u3MepsiTh MU(PPOBBIM BOJIBTMETPOM ITOCTOSHHOTO
toka TMna BP — 11A wim mmudpoBeiM mynstumetpoM APPA — 201.Ilopsaox
paboThI ¢ 3TUMHU TTPUOOPaMH TIPUBEJCH HA CTCHIE. TaM ke JaHbl POPMYIIBI IS
MOJICYETa MOTPEIIHOCTEH U(POBBIX MPUOOPOB.

B nanHo# maGopaTopHoi paboTe MpU U3MEPEHUSX HUCIOIb3YEeTCS METO/I
HEIMOCPEICTBEHHOTO OTCYETA C MPSMBIMHU OJTHOKPATHBIMHU H3MEPEHUSMHU.

To4YHOCTh MPAMBIX U3MEPEHUHN OLICHUBAETCS OIpe/eieHneM a0COTOTHON
MaKCUMaJIbHOW TOTPEIIHOCTH mpubopa. [l aHaNIOrOBBIX IMOKA3bIBAIOIINX
pruOOPOB aOCOMIOTHAS TTOTPENTHOCTD OMPeeNsieTcs 1Mo hopmyrie

AA =BG
100

rae Ay — BEpXHUU TIpees u3Mepenus npruoopa; G— Kiacc TOUHOCTH mprudopa.

Jlnst uppoBBIX MPUOOPOB BBIpAKEHUE IJIA OMpENeTcHUsT aObCOTIOTHOMN
MOTPEIIHOCTH ISl KaXJAO0ro THIA MpHOOpOB pa3iMdHO W TPHUBEACHO Ha
71a00paTOPHOM CTEH/IE.

Pesynbrar usmMepeHus 3amuchiBacTCs B BUJIE

ATAA

rae A — mokaszanue npudopa.

[Tpu BbmMoOnHeHMH nabopaToOpHOl paboOTHl B TaONMIy HAOMIOACHUN

3aIIMCBhIBAaTh IIOKAa3aHUsA HpI/I60p0B.

TPEBOBAHMUS BE3OITACHOCTH TPY A
1. Tlepen cOopkoii cxembl yO€AWTECh B TOM, YTO CTEH]I OTKJIIOUEH OT
ceTd. Pydka MakeTHOTrO BBIKJIIOYATENS MHPU ITOM HAXOAUTCS B TOJIOKECHUH

«OTKJI», 4 CUTHAJIbHAA JIaMIla HE TOPHUT.



2. CreHn BKIIOYAETCS TOJBKO TNpENojaBareieM WM Ja0OpaHTOM MOCTe
MPOBEPKU CXEMBL.

3. Ilpy wu3MepeHUsIX HE KacaTbCi OTOJEHHBIX TOKOBEAYUIUX YacTel.
[TpoBosia OT U3MEPUTENBHBIX MPUOOPOB AEPKATH 32 U30JIMPOBAHHBIE YACTH.

4. 1o OKOHYaHWU U3MEPEHHI BBIKJIFOYUTH CTEH/I.

MOPAJOK BBIIIOJIHEHUS PABOTbI

1. BriOpats m3mepurenbable mpudopsl. s 3TOro y mpemnoaBaress
MOJyYUTh JAaHHBIE 110 HANPSHKECHUIO WCTOYHWKA ¢ MOIIMHOCTH  JIaMII
HaKaJIMBaHUs. AMIIEPMETP BBIOPATH M0 MAKCUMAIBHOMY TOKY HAarpy3KH.

2. Tlonyunts BbIOpaHHBIE MPUOOPHI y TIpemoAaBaTeNsi W 3amucarh HX
TEXHUYECKHE XaPaKTEPUCTUKH, yKa3aB: HAMMEHOBaHWE TpHOOpa, €ro Mapky,
TN CHUCTEMBI HW3MEPUTEITHLHOTO MEXaHW3Ma, MpeAeaT HW3MEPEHHUs, KJacc
TOYHOCTH, 3aBOJICKOM HOMED.

3. ColOpath cxeMy OIbITa ¥ TIOKa3aTh €€ MPETNOoIaBaTelto JIJIsl IPOBEPKH.

4. Tlpu oTKIIOUEHHOW Harpys3ke (TyMmOmepsl S2+S6 OTKIIIOUEHBI) 3aMEPHUThH
HaIpsHKEHUE MCTOYHUKA B PEKUME XOJOCTOTO XOJIa W 3alucaTh B padodyio
tetpab (Upxx).

5. BxmtounTs 071HYy TaMIOYKy B Harpy3Ke ¥ IPOU3BECTH 3aMEephl TOKA
B e |, HanpspKkeHusT Ha 3akuMax uctouHuka Uy, HampsDKeHUs Ha HarpyskKe
Uy 1 mageHne HanpspKeHUsT Ha aKTUBHOM COTIPOTHBIICHUH Rj; mpoBoma muHuM
AU, pos. Pe3ynbraTel HaOMoaeHui 3anmucare B Ta01I.1.

Jlanee moodepeaHO BKIIOYATh OCTAJBHBIC JIAMITHl HATPY3KH, HE BBIKITIOYAS
MPEABIIYIINX, POBOAS KaXIBIA pa3 U3MEPECHUSI TOKA U HAIIPSKCHUS.

Tabmura 1

JlaHHBIC HAOIIOACHUM

Ne /i I, A UI/I, B UH1 B AUHpOB) B




[Tpumeuanue: [Ipu u3mepeHnn HaNpsHKEHUS HA MPOBOJIE JIMHUM CIIEIYET BOJIBT-

METp MEPEKIIFOYUTH HA MEHBIINMN NPENEI N3MEPEHNUS.
OBPABOTKA PE3YJbTATOB HABJIIOJAEHUI

ITo naHHBIM HAOJMIOJEHMN BBIUMCINTH M 3alACaTh B Ta0J.2 CIELYIOLIUE
BEJIMYMHBL:
MOIIHOCTb pa3BUBaeMyr0 UCTOUHUKOM Pl = I-Upyxx;
MOILIHOCTb OT/IaBaeMyl0 HCTOUYHUKOM Py = |-Uy;
OTEpU MOIIHOCTU B HCTOYHUKE APt = P1 — Py;

CONPOTUBIIEHUE OJHOTO NMpoBojaa TMHUU Ry = AUp,04/1;

u,-u

notepro Hanpspkerus B mann AUp% = ———=.100;
n

_ 2.
MOTEPH MOIIHOCTH B JIMHUU APy = 2R 1%
MOITHOCTh Harpy3ku Py = I-Uy;

P, _PI-3 AP {ij’

P1 P1 P1

KII/J B uenu n =

rie ) AP=AP_ +AP, .

Tabmura 2

PesynbTarsl BEIYKUCIEHUM

Pl, Bt PI/I, Bt APBT, Bt AU_]'[, % Rﬂ, OMm APJ‘[, Bt PH, Bt ZAP, Bt n, %

[To pe3ynpraraM HaOMIOACHUNH U BBIYMCIEHUN TOCTPOUTH Ha JBYX
rpaukax cieqyroue 3aBUCUMOCTH:

Ha niepsom Uy(1); Un(1); AUx(D);

Ha BTOpoM ZAP(1); Py(1); n(1).

CocTaBuTh ypaBHEHHE OalaHca MOLIHOCTEH JUIsl UCCIENYyEMOM LENu U

IIPOBEPUTH €T0 NPU MAKCUMAIBHOM TOKE.
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Boeruucauth MaKCUMAJIbHYIO OTHOCUTCIIbHYIO ITIOTPCHIHOCTh U3MCPCHUA
TOKa, HAIIPSXKCHUA, MOIIHOCTH, 3alIMCATh 110 OJJHOMY 3HAUYCHHUIO YKA3aHHBIX

BEJIMYMH C OLICHKOM IMOTPCIIHOCTH.

COJEPKXAHUE U OPOPMJUIEHUE OTUYETA 110 PABOTE

Otuer odopmisieTcss KakIbIM CTYJIEHTOM Ha OTAEJIBHOM JIMCTE WIH B
ornenpHOM Terpamd. OTyeT JOJDKEH COAEpXKaTh HAa3BaHWE WMHCTHUTYTA,
n1abopaTtopHOil paboThl, (POPMYIUPOBKY LIETH pabOThI, CXEMY OIIbITa, IEPEUCHb
IPUMEHSEMBIX MPUOOPOB M UX XAPAKTEPUCTUKH, PE3ylbTaTbl HAOMIOJECHUN U
BBIUMCJICHUM: (OpPMYJIBI, HCIOJNb3yeMble TIPU BBIYUCICHUSAX, TpaduKy,
BBITNIOJIHEHHbIE HA MUJUIUMETPOBOM OyMmare (min Oymare B KIETKY).

B oryere n0sKHBI OBITH CBEAEHMS IO OLIEHKE TOYHOCTU HU3MEPSEMBIX U
BBIYMCIIIEMBIX BEJIMYUH.

B koHue oTueTa aenaroTCs BBIBOABI 110 pabOTE, B KOTOPHIX MPUBOAUTCA
aHaIM3 U3MEHEHHUs KaXKIOW W3 3aBUCUMOCTEH, NMpHUBEACHHBIX Ha Tpaduxe. B
BBIBOJIaX II0 NOTEPE HANPSLKEHUS B JIMHUM AAaTh 3aKIIOYEHHE O NMPUTOJHOCTH
JUHAA I OCBETUTENbHOM ceTu. JlaTh 3aKiII0YeHHWe O MPaBUIBHOCTH
OPUMEHSEMbIX TPUOOPOB, YUWUTHIBAs, YTO TMpPU NPABUILHOM NPUMEHEHUU
npubdopa ero crpeika J0KHA MOKa3bIBaTh U3MEpseMble 3HAYEHUS BO BTOPOM

MOJIOBUHE IIKAJIBI TTpUOOpa.

BOITPOCHI IJ1s1 CAMOITPOBEPKHA

1. HauepTuTe MpOCTEHINYIO 3JEKTPUUYECKYIO LIENb U HANUIIUTE JJI1 HEee
3akoH OMa, ypaBHEHHE pPaBHOBECUs HaNpsDKEHWM, ypaBHeHHE OanaHca
MOILIHOCTEH.

2. OT KaKuX BEJIMYMH 3aBUCUT COMPOTHBIICHHUE MPOBOIOB?

11



3. Hanucare ypaBHeHue OajaHca MOIITHOCTEH ISl MPOCTEHINEH Iemnu,

AaTb EMY aHaJIN3.

4. Tlpu KakOoM YCJOBUHM ILIellb pabOTaeT B COIJIACOBAHHOM pEXHUME?

KaxoBsl JOCTOMHCTBA U HEAOCTATKHU 3TOTO pC}KI/IMa? I'ne on HpI/IMCH}ICTC}I?

5. KakoBsl AOIYCTUMBIC 3HAUCHHA IMOTCPHU HAIIPAKCHUA B JIMHUU IIPpU

OCBETHUTEJIbHON Harpy3ke?

6. Kakumu crioco6aMu MOYXHO CHU3HUTH MOTEPU HAMPSIKEHUS B IMHUU?

7. Haniucatp q)OpMy.HI)I 9HCPIruv 1 MOIIHOCTHU B LCIIH ITIOCTOSAHHOI'O TOKA U

YKa3aTb CAMHUIBI HX U3MCPCHHA.

12
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