[loKyMeHT NoAnucaH NpoCToil 3NeKTPOHHOM NOANMUCHI0
NHbopmaums o Bnagenbue:

®WO: EmenbsHos Cepreii [eHHafbeBNY MI/IHOBPHAy]KI/I POCCI/II/I

[lonxHOCTb: pekTop
[ara noanvcanns: DEARPATBEHOE TOCYTAPCTBEHHOE DIOKETHOE 00pa30BaTEIbLHOE

YHUKanbHbI MPOrpaMMHbIA KIKOY:

Oba7d3e34c01 2ebad 1611 20064c278195 VIREIACHIS, BRIGHIETO 00pa30oBaHuUs

«FOT0-3ama I TOCYTapCTBEHHBI YHUBEPCUTET

(IO3T'Y)

Kadenpa nnppacTpyKTypHBIX IHEPTETUUECKUX CUCTEM

VTBEPXKIAKD ;
[IpopekTop 10 yueoHo# paGoTe

. O.I', JlokTioHOBa
« Y »_ @B (S~ 20p4 .

NUCCJEJOBAHHUE SJIEKTPHYECKOHN HENHU C
MAPAJUIEJIBHO COEJUHEHHBIMHU WHAYKTHUBHOU
KATYIIKOH U KOHAEHCATOPOM

Metoanueckre yKa3aHus MO BBIMOJHEHUIO JIA0OPaTOPHOI pabOoThI
10 AJIEKTPOTEXHUKE

Kypck 2024



VJIK 621.3 (076.1)

Cocrasutenu: A. C. Pomanuenko, 1. A. bammMakoBa

Penensent
Kannnnar texandeckux Hayk, JoUeHT A. C. Yepuwviuiég

HUccaenoBanue 3J1eKTPUUYECKOH LENH ¢ MapajijieJibHO COeIMHEH-
HBIMH MHAYKTHUBHOW KATYHIKOH M KOHJAEHCATOPOM. METOJIMYECKHUE YKa-
3aHUS 110 BBIMOJHEHHUIO JA00PAaTOPHOU PaOOTHI MO BJICKTPOTEXHUKE IS
CTYJICHTOB TEXHHYECKHX CIICIIMAJILHOCTCH W HAIpaBJICHHH MOJATOTOBKHU /
Oro-3an. roc. yu-t ; coct.: A. C. Pomanuenko, 1. A. bammakosa. -
Kypck, 2024. - 9 c.: un. 3, Tab:a. 2. - bubauorp.: c. 9.

Metoauyeckue ykazaHusi COJIEpKaT CBEICHUS MO HUCCIIEIOBAHUIO TTPOCTHIX OJI-
HO(DA3HBIX AJIEKTPUUYECKUX IIENeld CHHYCOMJAIBHOTO TOKA. YKa3bIBaeTCsl MOPSIOK
BBITIOJTHEHUS JTabopaTopHON paboThl, mpaBuia odopmicHus ordeta. JlabopaTtopHas
paboTa OTHOCHUTCS K pa3feny «DJICKTPUUYSCKHUE 1M CHHYCOUIAIbHOTO TOKa» U OX-
BaThIBACT MaTepuaj IO CICAYIOINIMM TEMaM: CXEMbl 3aMCICHUS M SKBUBAJICHTHBIC
CXEMBbI, 3aKOHBI AJIEKTPUYECKUX IICNEH, METO/Ibl aHAJIN3a U pacyeTa AJICKTPUUYECKUX
1[eTiei, PE30HaHC TOKOB, TOCTPOECHUE PE30HAHCHBIX KPUBBIX M BEKTOPHBIX JUArpaMM.

Metoandeckue yKa3aHHs COOTBETCTBYIOT TPEOOBaHHMSAM pabodHMX MporpaMm
TUCHUTUIMH «DJIEKTPOTEXHUKA», «OCHOBBI AJIEKTPOTEXHUKHU U AJICKTPOCHAOKECHUS,
«INEKTPOTEXHUKA U DJICKTPOHUKA», « TeopeTuuecKkrne OCHOBBI JJIEKTPOTEXHUKU.

[Ipenna3HayeHbl JUisl CTYACHTOB TEXHHYECKUX CIEIMAIbHOCTEH M HaIpaBlie-
HUM MOJITOTOBKHU MPHU MPOBEICHUH JIAOOPATOPHBIX 3aHSATHUH.

TekcT reuaraeTcs B aBTOpCKOﬁ peaAaKkunu

[Toanucano B nevathb ®dopmat 60x84 1/16. bymara odceTHas.
VYen. neu. 1. 0,52, Yu.-uzn.a. 0,47 . Tupax 50 sk3. 3aka3 . becruiatHo.
FOro-3anagHblil rOCyJapCTBEHHBI YHUBEPCUTET.

305040, r. Kypck, yn. 50 ner Okts6ps, 94



3
1. HEJIb PABOTBI

1.1. OnbiTHas NPOBEPKA OCHOBHBIX COOTHOIIEHWUW MJISI LEHNH CUHY-
COMJIAJIBHOTO TOKAa C MApAJUICIIBHO COCIUHEHHBIMU WHIYKTUBHOW KaTYIII-
KO ¥ KOHJICHCATOPOM NEPEMEHON EMKOCTH.

1.2. O3HaKkoOMJIEHHE C SABJICHUEM PE30HAHCA TOKOB U YCIOBUSIMH, MIPU
KOTOPBIX OH BO3HHUKAET.

2. IIOAI'OTOBKA K HNCCIIEAOBAHHMAM

2.1. I3y4nTh 1O KOHCIEKTY JEKIIMH U PEKOMEHJIOBAaHHOMY YYEOHUKY
B pazjeiie «INEKTPUUECKUE II€NMU CHUHYCOUJATIBHOTO TOKA» CIIECAYIOIINE
BOIIPOCHI:

1) aKkTUBHas, pPEAaKTUBHAs W TOJHAS IPOBOJUMOCTH ITACCHBHOIO
JIBYXITOTFOCHHUKA;

2) mpeoOpa3oBaHKE IMOCIEAOBATCILHOIO COCIMHEHUS DJICMEHTOB B
napajuieJIbHOE U 00paTHO;

3) aylekTpHUYecKas Ielb CO CMEIIAaHHBIM COSIUHECHUEM DIICMCHTOB;

4) noBsiieHre KO3(OPUIIMCHTa MOLIHOCTH;

5) siBleHHE pe30HaHCa TOKOB B AJICKTPUYCCKOW IICTIH, YCIOBHS BO3-
HUKHOBEHUS U €r0 MPUMEHEHHE.

2.2. OCBOUTb METOJIUKY BBIMIOJHEHHS J1a0OpaTOpPHOUN padOThI MO Ha-
CTOSIIIIIM METOJIMYECKUM YKa3aHUSIM.

2.3. 3aroToBUTh OTYET CO CXEMOH AKCICPHUMEHTAIBHON YCTaHOBKH,
TaOHIIEH JJIS SKCIIEPUMEHTAJIBHBIX U PACUETHBIX JaHHBIX.

3. IPEABAPUTEJIBHBIE CBEJIEHUA

OJEKTPUYECKYIO LIEMb, COCTOSAILIYI) M3 MApaUIEIbHO COEAMHEHHBIX
MHIYKTUBHOM KAaTYIIKH M KOHJIEHCATOPA, MOKHO IIPEACTABUTh CXEMOM 3a-
MelIeHus, n300paKeHHON Ha pucyHke 1.
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Pucynok 1. Cxema 3amMenieHus napajiieIbHON AJIEKTPUUECKOU LIENH
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B cxeme 3amenieHus MHAYKTUBHAS KaTyIlIKa MPEJCTABICHA B BUJIC
IBYX WJCATU3UPOBAHHBIX SJIEMEHTOB: PE3UCTHUBHOI'O 3JIEMEHTA C aKTHB-
HBIM COIPOTHUBIICHUEM Ryi W ulieabHON WHIYKTUBHOW KaTYIIKU C pEaK-
TUBHBIM MHJIYKTUBHBIM CONMPOTUBIEeHUEM Xy = wL = 2nflL, rne w — yrio-
Basg 4acTOTa KOJeOaHUW DJIEKTPUUECKON BEIMYUHBI, f — YacToTa KoJieha-
HUH 3JIEKTPUYCCKON BEIMUYMHBI (MMPOMBIIUICHHAS YacTOTa TOKa paBHa 50
I'n); L — "HAYKTUBHOCTS.

BeTBb 11€MKM ¢ KOHJEHCATOPOM MPEACTABICHA B BUJIE HJICATBHOTO
KOHJICHCAaTOpa C PEaKTUBHBIM €MKOCTHBIM compoTuBieHueM Xc = 1/wC,
rae C — éMKOCTh KOHJIEHCATOpa. DTO BBIMOJIHAETCS, €CIIM IpeHeOpedb TO-
KOM YTE€UKHU KOHJIEHCATOPa, YTO Ha MPAKTUKE YaCTO UCHOJIb3YETCS.

Ecnu u3BectHo HanpsibkeHue U U COMpOTUBIICHUSI BETBEH, TO MOXKHO
OTpEeNIeTUTh TOKM B MapaJlJieIbHBIX BETBSIX M B HEPA3BETBJICHHOM YaCTH
LEIH:

lc=U/Xe, I =UNR:+XE, 1=U/Z=UY,

r7¢ Z— MOJIHOE CONPOTHUBIICHUE DJICKTPUIYCCKON 11ETIH;

2 2
Y = \/ G +(Bc — B.)" — monHast mpoBOAMMOCTb LISTIH.
3neck 00603HaueHo: G=G; — aKTHUBHASI TPOBOAUMOCTD:

R«
G =—; , — aKTHUBHAS MPOBOJUMOCTH BETBH C MHIYKTHBHOH Ka-
R K + XK
TYLIKOM;
B=1/Xc — eMKOCTHasI MPOBOAUMOCTD;
B —B —_ X«
L =Bk = , — MHIYKTUBHAsS ITPOBOAUMOCTD.
RK + XK

B 3aBUCUMOCTH OT COOTHOLLIEHUS MEXKAY UHAYKTUBHON U EMKOCTHOM
MPOBOJUMOCTSIMU BO3MOXHBI TP pEXKUMa paOOTHI 1IEITH

1) B_ > B¢ — nenb uMeeT WHAYKTUBHBIN XapakTep Harpy3ku. Tok B
HEPa3BETBJICHHON YaCTHU LIEMU OTCTAET OT HAMPSHKEHUS Mo asze Ha yrod

B.—B
=arctg——= -
@ g G

2) B < B¢ — 1ienb IMEET eMKOCTHON XapaKTep Harpy3ku. TOk B He-
Pa3BETBICHHOMN YacTH 1IEMU ONepekaeT HanpsKeHue 1o ¢ase;

3) B = B¢ — pe30HAHC TOKOB, KOT/Ia pEaKTHBHBIC COCTABIISFOIINE TO-
KOB KOMIICHCUPYIOT APYTI JAPYyra, a TOK B HEPA3BETBICHHOW 4YaCTU LIENH,
pPaBHBIN aKTUBHOW COCTABJISIONICH TOKA, COBIAJIAET MO (paze C HANpPSKEHU-
eM (¢ =0 ). [Ipu >TOM TOK OyAeT HAMMCHBIIMA W3 BCEX TPEX CIyYacB U
paBed | = UG. D1oT (akT mMO3BONSIET IMIHUPOKO HCIIOIH30BATh SBJIICHUE
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pE30HaHCA TOKOB WJIM PEXUMBI paOOThI EMHU, OJU3KHE K PE30HAHCY TO-
KOB, JIJIsl TIOBBIIICHUSI KOA(D(PUIIMEHTa MOIIHOCTU COS( 3JIEKTPOTEXHUYE-
CKUX YCTAHOBOK C IIE€JIbI0 YMEHBIINUTh BEJIMYMHY TOKOB B JIMHHM NEPEa-
YM, a 3HAYUT YMEHBIINUTH IIOTEPU SHEPTUU U MOTEPU HANPSIKEHUS B JINHUU
nepeaaun. [Ipu sToM moBwimaercs ko3¢ dunreHT momHoctu u KITJI re-
HEPUPYIOIIUX YCTPOUCTB, a Takxke KIIJl anexkTpoTexHnueCcKnX yCTaHOBOK.
B cBsi3u ¢ TeM, 4TO paccMOTpeHHas 1enb 00J1a/1aeT MaKCUMaJIbHBIM COTIPO-
THUBJIEHUEM JUISl TOKA TOW YacTOThI, HA KOTOPOM BO3HUKAET PE30HAHC TO-
KOB, OHa TaKXE IIHUPOKO HCIOJB3YETCd B KAYE€CTBE AJIECKTPUUECKOIO
¢unbTpa. Takyio cxeMy Ha3bIBAIOT 3arpaguTeIbHBIM (DUIBTPOM.

[Ipumep BEKTOpPHOM aMarpaMMbl ISl CXEMbl HAa PUCYHKE | 1ipum
WHyKTUBHOM XapakTepe 1eNu JaH Ha PUCYHKE 2.

I\

=C |\

I

Pucynok 2. [Ipumep nocTpoeHHss BEKTOPHOM AUarpaMMbl
4. OIIMCAHUE SKCIIEPMMEHTAJIbHOM YCTAHOBKU

HUccnenoBanua mnpoBogsarcs Ha creHae JIOC-5, muraromemcs OT
TpéxdazHoi cetu Hanpsbkenuem 220/127 B. lns npoBenenus nadbopaTop-
HOM paOOTHI UCIOIB3YETCS CIEAYIOlas anmnaparypa cTeHaa: OJIOK BKIIIO-
YeHUsI, aBTOTpaHcpopmaTop, 070K KOHIAECHCATOPOB, a TAKKE WHIYKTHUBHAs
karymka K.

[IpumMmensieMble U3MEpUTENbHbIE TPUOOPHI: PV — BOJBTMETP 3JEK-
TPOMAarHuTHOM cucTeMbl Ha Hanpspkenue 150 B; PS — dgazometp anmexTpo-
JTMHAMUAYECKOUW cucTtembl Ha Hanpsbkenue 127 B, tox 5 A; PA, PAl, PA2-
aMIIEpPMETPHI AJICKTPOMATHUTHOM CUCTEMBI Ha TOK [ A.

BHUMAHMUE! Ilpu BxirodeHus Bbikiatouatesnss Q cBOOOMHBIE KIIEM-
MBI ¥ PO3ETKHU OJIOKA MUTAHUS HaXOATCs 1o HanpspkeHuem 220/127 B.
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5. TIOPSIJIOK TIPOBEJIEHUS UCCJIEJIOBAHUIA

5.1. O3HaKOMUTKLCSI C HUCIOIb3YEMBIMU OOOPYJAOBAaHUEM U U3MEPHU-
TEJIbHBIMU MPUOOPaMH, ONPEIACTUTh LIEHY ACICHUS U3MEPUTEIbHBIX MPHU-
O0pOoB.

5.2. CoOparb 2JIEKTpUUYECKYI0 cxeMmy (pucyHOK 3) W jgaTh €€
NPOBEPUTH JIAOOpaHTy WU MpenoAaBarento. [Ipyu 3ToM Bce BBIKIIOYATEIH
0JI0Ka KOHJIEHCATOPOB JOJIKHBI HaXOIUTHCA B BBIKIIFOYEHHOM COCTOSIHUH
(HIKHEE TIOJOXKEHHUE), a peryisTop aBroTpaHcpopmatopa T — B
MOJIOKEHUHU JI0 YIIOpa MPOTUB YaCOBOU CTPEIKH.
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Pucynok 3. Cxema 3KCriepuMEHTaIbHOW YCTAaHOBKH

5.3. Bxmounth creHn (BeikdouaTedabr (Q OJloKa  BKIIOYCHHS
YCTaHOBUTh B  mnosiokenne "Bki.") ©W  mopgath C  MOMOIIBIO
aBToTpanchopmaropa 7' Ha UCCIAEAYEMYIO CXEMY HAIpPSIKEHUE, YKa3aHHOE
npenogasareneM (B mpenenax or 30 go 100 B B 3aBHCcMMOCTH OT
UCIIOJIb3yEMbIX 32)KMMOB KaTYIIIKH).

[TPUMEYAHUE: TIlpu BbIOTHEHHH pabOThl  HCHOJIB3YIOTCS
CICAYIOIINE 3KUMBI KATYIIKH, HANPSKEHWE U PE30HAHCHOE 3HAUYCHUE
€MKOCTH:

saxkuMel 1-5, U = (90-100) B, Ce; = (5-6) MkD;
sakumel 1-4, U = (90-100) B, C; = (8-9) MxD;
saxkuMel 1-3, U = (50-70) B, Cpes = (15-16) Mk D;
sakuMel 1-2, U = (20-40) B, Cpes = (24-26) M.

5.4. IlpousBecTy W3MEPEHHS MPU OTKIOUYECHUU BCEX KOHJIEHCATOPOB
(Bce TyMOJephl 010Ka KOHJSHCATOPOB B HUKHEM I10JI0’KEHUHN) U 3aHECTH B
tabiuiy 1. Ho 1aHHBIM ombITa ONpeaeuTh NapaMeTpbl MHAYKTUBHOMN Ka-
Tymku Y, Gy, BL.
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5.5. Mcnonb3ys yciioBue pe3oHaHca TOKOB B = B¢, onpenenuts pe-
30HAaHCHOE 3HAYCHHE EMKOCTH KoHJIeHcaTopa 1o ¢popmyite C = B /(2nf).

5.6. M3mensst €éMKOCTh OaTapen KOHJEHCATOPOB TakK, YTOOBI yrojl ¢
U3MEHSJICS TPUOIU3UTENBHO Yepe3 15°, BHIMOJHUTE YEThIPE U3MEPEHHUS J10
pE30HaHCa, U3MEPEHHUE NPU PACCUUTAHHOM PE30HAHCHOM 3HAYEHWUH €MKO-
ctu (pu pe3oHaHce cos@ =1, @ =0) u deTbIpe U3MEepEHHUs M0CIIe PE30HAH-
ca. PesynbTaThl m3MepeHuit 3aHecTy B Ta0IuIly 1, ykazaB, Kakoil xapakTep
Harpy3ku B KaKJOM M3MEPEHHU UMeENa ucclieayeMast lenb (MHAYKTUBHBIN,
PE30HAHCHBINA, EMKOCTHOM).

Tabauma 1. DxcriepuMeHTaabHbIC JaHHBIE UCCIICIOBAHUS

Ne N3mepeno Xapakrep
UB| LA | I, A]| I, A|CMk®D| @, rpan| cosg| Harpysku

=
=

|—\
Blo|o|~Njo|o|sw =

Ta6J'II/II_Ia 2. Pacuetnnie JaHHBIC UCCIICIOBAaHUA

No Brraucieno

I1IT G]_, BL1 BC! Y1 P! QL! QC! Ql Sl
CMm | Cm| Cm| Cm | Br Bap Bap | Bap | BA

OOINOOUPRRWN|F-

[EEN
o
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5.7. BBIKIIOYNTH CTE€HJ, MPUBECTH BBIKIIOYATEIN U PETYISTOPHI B
UCXOJIHOE COCTOSIHME U, HE pa3Oupas Lenu, AaTh MPOBEPUTH Pe3yJbTaThl
U3MEPEHUH MPEIIOIABATENIO.

6. OGPABOTKA PE3VJIbTATOB W3MEPEHUN U
COLEP)KAHUE OTYETA

6.1. [To maHHBIM MEPBOrO OIBITA BHIYMCIHUTH MapaMeTpPbl KaTYIIKA U

3aHECTH B TIEPBYIO CTPOKY TAOIHIIHI 2!
Y=Y;=1,/U, G;=Yic05¢,, B =Yising, Q.=U’B,.

[TapameTpbl KaTyIIKH HE 3aBUCAT OT M3MEHEHHUS €MKOCTH KOHJEHCA-
TOpa, MMOATOMY BBRIUYHCICHHBIE mapameTpbl Gy, B, Q, moBTOpHUTH B OCTaIbB-
HBIX CTPOKaX TaOIUIIBI 2.

6.2. JIJist KaK10T0 OMbITa BEIYUCIUTD U 3aHECTH B TAOIUILy 2!

Y=I/U, Bc=l,/U, QC:UZBC, Q=Q_— Qc, P=Ulcosep, S=UI.

6.3. [Toctpoutsh rpaduku 3aBucumocteit Y, |, ¢, cose, Q, S B PpyHK-
1 Be.

6.4. IlocTpouTh TpHU BEKTOPHBIC AWAarpaMMbl JJia ciiydaeB B >B,
B =B¢ (mpu pe3onance), B <Bc. g mocTpoeHusi BEKTOPHBIX AUArpamMm
n3 Tadauir 1 u 2 BeIOMpaeTCS HYKHBIH PEXXUM pPaOOTHI JIEKTPUICCKOH I1e-
nu. Hanpumep, 11 MOCTpOEHUsI AuUarpaMmbl Juisi ciiydas, korga B >Bc,
MOYHO B3ATh BTOPON WJIM TPETUH ONBITHI, a JJs ciydas, korma B <B,
MOYKHO B3SITh MOCJIEAHUN WU MPEANOCIEIHUN OBITHI.

[Ipr mocTpoeHMM BEKTOPHBIX AUArpaMM M 3arlOJJHCHUU TaOIHIhI 2
AKTUBHOW MPOBOJIMMOCTBHIO BETBU C EMKOCTHIO TIPEHEOPETaroT U CUUTAIOT,
YTO BETBb 00JIaIa€T TOJIBKO EMKOCTHOM ITPOBOJIMMOCTBIO B

7. KOHTPOJIBHBIE BOITPOCHI

1. Kak omnpenenuth akKTUBHYIO, PEAKTUBHYIO W TMOJHYIO MPOBOIU-
MOCTb LEIH?

2. B xakux 1ensax v npu KakuxX YCJIOBHUSAX MOXKET BOSHHUKHYTH pe30-
HaHC TOKOB?

3. Ilo xakoMy mpu3HaKy OblJIa HaliJiecHa TOYKa pe30HaHCa B IKCIIEPH-
MeHTax? JlokaxuTe MpaBUIbHOCTh 3TOTO METO/IA.

4.Yemy paBeH KOA((UIIMEHT MOIIHOCTH SJEKTPUUYECKON IEenu Mpu
pPE30HaHCE TOKOB?

5. I'me ucnonb3yeTcs sIBIEHUE pe30HAHCA TOKOB?
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6. ITouemy cTpemsaTcs MOBBIIATH KOIPHUITUESHT MOIITHOCTH JICKTPH-
YECKHX YCTAaHOBOK?

7. Kak Bnusier Ko3(PpGUIIMEHT MOIITHOCTH Pa3BETBICHHOM IIEMH Ha Be-
JUYUHY O0IIero Toka?

8. Korma Tok B HEpa3BETBICHHOM YAaCTH IIENH OTCTAeT 1O ¢a3e OT
HaIpPSDKEHUS U KOT/1a ONEePEeKaeT HaNpsoKeHue?

9. MoryT i1 TOKA B BETBSIX DJIEKTPUUECKOU II€MU MPEBBIIATh TOK B
HEPA3BETBICHHOW YaCTHU 3TOU KE LETH?

10. Ilouemy pe3oHaHC B MapayieIbHOM LEMU HA3BIBAETCA PE30OHAH-
COM TOKOB?

11. OOBSCHUTH BEKTOPHBIC IUArpaMMBbl ISl PA3IUYHBIX PEKUMOB
paboThI SKCIIEPUMEHTAIbHON ycTaHoBKH (B >B¢, B =B, B <B().

12. OOBSICHUTH BUJI IOCTPOCHHBIX B MMyHKTE 6.3 KPUBBIX.

13. 3agaya. B nienb nepeMeHHOro TOKa BKJIFOYEHBI MapajuieIbHO WH-
TyKTUBHAsI KaTyIlIKa, aKTUBHOE COMPOTHUBIIEHHE KOTOpor R OM, MHIYK-
tuBHOE — X OM, U KoHJeHcaTop. OnpenenuTs BeIUYUHY EMKOCTHOTO CO-
NPOTUBJICHHUS, IPU KOTOPOM B JIAaHHOM LIEMU BO3HUKAET PE30HAHC TOKOB, U
BEJIMUYMHY TOKa B HEPA3BETBICHHOM yacTu 1enu. 3HauyeHus R u X 1 Ha-
npsbxenus cetu U 3a1aet npenoiaBaTess.
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