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TUTYJ. KpaHa.

B meroamueckux ykazaHHSIX H3J0KEHbI OCHOBHBIE MOJIOKEHUS, IIE-
peUYEHb TEOPETUYECKUX BOMPOCOB U METOJUYECKHE YKA3aHUS K BBIMOJIHE-
HUIO KypCOBO# paboThl. J[aHHBIE yKa3aHHs MIOMOTYT IPHUOOPECTH 3HAHUS B
00JIaCTH pelleHusl 3aa4y SHEePreTUKU M3BECTHHIMM MAaTEMAaTUYECKUMHU Me-
TOAAMH C UCIIOJIb30BAaHUEM TEOPUH I'paOB M MATPUYHOM anreOphl B pam-
Kax AUCHUIUIMHBI «MOJeIMpOBaHNE YCTAHOBUBILIUXCS PEKHUMOB B DJIEK-
TPUYECKUX CUCTEMAX>.
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BBEJIEHHUE

ITpu NpoEKTUPOBAHUU U IKCIUTyaTALlMM dJIEKTPUUECKUX CUCTEM U ceTel Tpedyercs
peliath pa3HoOOpa3HbIe 33/1a4H, CBA3aHHBIC C AHATU30M YCTAHOBUBILIUXCS PEKUMOB €€
paboThl. 11 3TOro MIUPOKO MPUMEHSFOTCS] BBIUMCIUTEIbHBIE METO/IbI BBICILIEH MaTeMa-
TUKU. Tak pacder yCTaHOBUBIIUXCS PEKHUMOB IEKTPUYECKUX CETEM CBOOUTCA K CO-
CTaBJICHUIO U PEIICHUIO CHCTEMbI JUHEWHBIX (MU HEMTMHEHHBIX) alreOpanvyeckux ypas-
HEHUI ¢ UCIIONb30BAHUEM IOHATUMN, KOTOPHIE XOPOILIO U3BECTHBI U3 OOIIETO Kypca Ma-
TEMaTH4YeCKOro aHaamsza [1-3].

MatemaTHuecKoe ONHCaHUE AIEKTPUUYECKOW CUCTEMBI HMEET CBOK CHELU(UKY, a
VMEHHO TOCTPOCHHME CXEM 3aMEIIEHHUsI OTAEIBHBIX JJIEMEHTOB 3JIEKTPUYECKOM CHCTE-
MBI: TEHEPATOpPOB (MCTOYHUKOB 3JIEKTPUUECKON IHEPrHH), TpaHCPOPMATOPOB, JTUHUI
UIEKTpoIepeaad M Harpy3ok [4]. A Taxke NOJydyeHHEe MaTEeMaTU4YeCKOro ONMCAHUS
AIEKTPUYECKUX CBA3EH MEXAY OCHOBHBIMM JJIEMEHTAMM JJIEKTPUYECKOW CHUCTEMBI.
YroObl co34aTh MAaTEMAaTUYECKOE OMUCAHHE CHCTEMbI, HEOOXOAUMO B BHUJIE MaTeMaTH-
YECKOM MOJENH IPENCTABUTH BCE CBA3M MEXKIY NEPEMEHHBIMU IpoueccoB. M3yueHue
OTUX IIPOLIECCOB, BKJIIOYAs MX MAaTEMAaTHYECKYyI0 HHTEPIIPETALMI0, HAIIPABJICHO HAa
oOecrnieyeHue Jydiieil paboThl IEKTPUUECKOW CHUCTEMbI, OCHOBHAs 3aJadya KOTOPOH -
BbIpa0OTKa SHEPrUH. 3HAYUTENbHBIN 00beM MOCTAHOBOYHOM 3a7auu, OOJbLIas pa3Mep-
HOCTh (PAaKTHUECKUX OOBEKTOB MCCIIECAOBAHUS, 3aTPYIHAIOT UX «KJIACCHYECKOE» pelie-
Hue. [IoaToMy OCHOBHOE BHUMaHUE B JJAHHBIX METOJNYECKHUX YKA3AHUAX COCPENOTOYE-
HO Ha METOJaX, KOTOpbIe CIIOCOOHBI CYIIECTBEHHO YIMPOCTUTh U B MaKCUMAaJIbHOU CTe-
neHu (opManu3oBaTh NPOLEAYPY pacdera. DTO CO3JaeT MPEANOCHUIKH Il NpUMEHE-
HUS B pacyeTax NepCOHAIBHBIX OBM: He TONBKO I MPOU3BOACTBA BBIYUCICHUN, HO U
JUIS BBIOOpA PallMOHAIBLHOTO PEIICHHUS U MOCIEIYIOIIETO €r0 aHaIHn3a.

IIpu 3TOM COBpEMEHHBIE MAaTEMAaTUYECKHE TPOTPAMMHBIE MAKEThI IO3BOJIIIOT J0-
BOJIbHO MPOCTO M HArJISIHO peIIaTh MOJA0OHbIE MH)KEHEPHBIE 3a/1a4uu 0e3 3HAHUS S3bl-
KOB MPOTPAMMHUPOBAHUS, a TakKe 00JagaroT OOraThiMU TpadUIECKUMHU BO3MOYKHOCTSI-
MU Ul BU3yallM3allUd pe3yslbTaToB pacuera. B OosbIIMHCTBE MOJOOHBIX MPOrpamm

HCIIOJIB3YIOTCA 06IJ_IerI/IH$ITBIe MaTeMaTHYecKue 00O3HAYEeHHS U HHTYUTUBHO IIOHAT-



HbI€ UMEHA BCTPOEHHBIX (PYHKLHMH, 4yTO OOjerdaer paboTy ¢ HUM IOJB30BaTENSIM, HE
3HAKOMBIM C IPOrpaMMHUpPOBaHHEM. B 4acTHOCTH, B METOOUYECKHX YKAa3aHUAX pac-
CMOTPEHBI BO3MOXHOCTH TpuMeHeHus1 matemaTtuueckoro nakera MATHCAD [5] npu
U3y4eHuu Kypca «MojenupoBaHUe YCTAaHOBUBILUXCS PEKUMOB B AJEKTPUYECKUX CH-
CTEMax» U BBITIOJIHEHUH KYpCOBOM pabOTHI O TaHHOW AUCIUILIUHE.

XapakTepHOM 4YepToh Kypca «MoaenupoBaHHE YCTAHOBHUBIIMXCA PEXKUMOB B
AIIEKTPUYECKUX CHUCTEMaxX» SIBJSIETCS IMIMPOKOE pa3HOOOpasue pas3zesioB MaTeMaTHKH,
OT/CJIbHBIE YAaCTU KOTOPOM HCMOJB3YIOTCA ISl PELICHUS 3a]ad 3JIEKTPOIHEPTETUKHU.
Cpenu pa3znenoB B IEPBYIO OUYepellb CleAyeT Ha3BaTh CIACAYIOLIUE: TUHEIHAs anredpa;
Teopusi rpadoB; nuddepeHIanbHble YpaBHEHUS; OIepaTOpHbIe PeoOpa3oBaHus; T€O-
pys ONTUMHU3ALNH; YUCIEHHBIE METOBI. YaCTUUHO TEOPETUUECKUE CBEACHUS U TIPUMeE-
PBI U3 YKa3aHHBIX pa3/ieJIOB MATEMATUKHU IPUBEIEHBI B HACTOSALIUX METOJIUYECKUX YKa-
3aHUSAX.

OaHUM 13 OCHOBHBIX BHJIOB 3aHSATUN CTYJEHTOB OYHOU (POPMBI 0OYUYEHUS MO KYp-
cy «MoenupoBaHie yCTAHOBUBLIMXCS PEKUMOB B 3JEKTPUUYECKUX CUCTEMAX>» SIBIIACT-
Csl BBITIOJIHEHHE KypCcOBOM paboThl. [IprucTynaTh K BHINOTHEHUIO PAOOTHI CIEIyeT MOoCiie
U3y4eHHUs HEOOXOJUMOro MaTepuaja Ha JIEKIMOHHBIX M MPAKTUYECKUX 3aHATHUSX, a
TaKXe UCIOJIb3Ysl PEKOMEHJOBAHHYIO JINTEPATYPY.

[lens maHHON KypcOBOHM pabOTHI SIBISCTCS 3aKPEIUICHHE TEOPETUUYECKUX 3HAHUM,
MOJYYEHHBIX MPU U3YYEHUU AUCHUIUIUHBI «MoOJIeIMpoBaHNe YCTAHOBUBIIUXCS PEXKU-
MOB B 3JIEKTPUUYECKUX CUCTEMAaxX», a TAKKe BbIPaOOTKA MPAKTUYECKUX HABBIKOB pacuera
YCTaHOBUBIIUXCS PEXKUMOB pabOThI SJEKTPUUECKON CETH MPU W3MEHEHHU YCIOBUU ee
pabGotel. [[nst oOnedeHus pacyeToB KypcoBOil paOOTHI, BCE pacyeTbhl PEKOMEHAYETCS
BBITIOJIHATH C UCIIOJIb30BAHUEM BBIYMCIUTEIBHON TEXHUKHU IIPU TOMOIIM IPOTPAMMHOTO
komriekca MATHCAD.

B nensix cTuMynupoBaHUsS CaMOCTOSITENIbHON paOOThl B METOJIMYECKHUX YKa3aHUSIX
HET TOTOBBIX YMCJIOBBIX IPUMEPOB. 31€Ch MPUBOASTCS TOJIBLKO OCHOBHBIE (POPMYIIBI, aJl-
TOPUTMBI U MOPSIOK oopmiieHus: pacueToB. VX mpaktuueckoil peanusanuein Ha 9BM
U, TeM OoJiee, aHAIUTUYECKON pabOTON KaXAbli CTYJAEHT 3aHUMAETCSl CAMOCTOSITENBHO,

IPY HEOOXOTUMOCTH KOHCYIBTUPYSCH C MPEMOAaBATEIEM.



1 OBIIUE ITOJIOXKEHUA

KypcoBas pabota — 3TO IOKYMEHT, KOTOPbIH MpeACTaBiIsieT co00il hopMy OTHET-
HOCTH O CaMOCTOSATEILHON paboTe CTyJeHTa MO JUCIUIUINHE «MoIenTupoBaHe ycTa-
HOBUBILUXCSl PEXUMOB B JIEKTpPUUYECKUX cucTemMax». KypcoBas paboTa BKIIOYAET aHa-
JUTUYECKYI0 M PAaCUYETHYIO YacTH, U MPEJCTaBIsAeT cOO0N 3aKOHYEHHOE PEIleHUE MO-
CTaBJICHHOW MPOOJIEMBI B paMKax U3y9aeMOU TUCITUATIITUHBL.

OcHOBHOI 3aauell KypcoBoOi paboThI MO IUcHUILTMHE «MojenupoBaHue yCTaHo-
BUBIIUXCSl PEKUMOB B DJIEKTPUUYECKUX CHUCTEMAaxX» SIBJISIETCS pacueT W aHaju3 yCTaHO-
BUBIIUXCSl PEXKUMOB SJIEKTPUUYECKOM CHCTEMBI, KOTOpPasi UMEET CIIOKHO3AMKHYTYIO
CTPYKTYpPY U MUTAETCS OT OJIHOIO UCTOYHUKA nuTaHus (0azucHbli y3en). KypcoBas pa-
00Ta MpeAyCMaTpUBAET pacyeT NapaMETPOB CXEM 3aMELICHUS AIEMEHTOB CETH, a TAKKe
pacyer eCTECTBEHHOI'O PaclpeeeHUs IOTOKOB MOIIHOCTH JIJIsl 3aMKHYTOW CETH.

Pabota odopmiisieTcs B BUAE PYKONMHUCH (MOSICHUTENIBHOM 3aMUCKH), OOBEMOM HE
oosee 30-40 cTpanull, U3Iaramnieil MOCTAHOBKY W PEIICHUE 3aJlaud, COJEpKaHUE HC-
CJIEIOBAHUSI M €r0 OCHOBHBIE pe3yNbTaThl. O0s3aTeNbHBIM CTPYKTYPHBIM 3JIEMEHTOM
KypPCOBOI pabOTHI ABIISAECTCS aHATUTHYECKUI 0030p TEMBI, COAEPKAIMUNA 0000IICHHBIE,
CHUCTEMAaTU3UPOBAHHbBIE U KPUTUYECKU CBENIEHUSA 00 HCCIEIyeMbIX METOAaX U 00JacTh
UX IpUMEHEHUs. B MOsSICHUTENBHYIO 3aMUCKY JOJIKHBI ObITh BKIFOUEHBI CXeMa 3aMellle-
HUSI, C HAHECEHHBIMH Ha HEE mapamMeTpaMy U HOMEPaMU y3JI0B M BETBEH U CTPYKTypHas
CXEMa C pe3yibTaTaMH pacueTOB PEXUMOB (TOKHM B BETBSIX M HANpsDKEHUA B y3nax). K
HUM TIPWIIAratoTcst paityipl IpOrpamMM M KCXOIHBIX TaHHBIX.

[Ipu BBITIOTHEHUHU BCEX Pa3/IENIOB CIEAYET UCIOJIb30BATh CIEIUATbHbBIE BHIYUCIIH-
TEJIbHBIE METO/bI, KOTOpPbIE pealin3ytoTca Ha OBM ¢ ncnonab30BaHUEM M3BECTHBIX MPO-
rpamMubix naketoB (MATHCAD). OTnaxeHHOCTh MpOTrpaMM MOATBEPKIAECTCS CPaB-
HEHHUEM PE3YyJIbTATOB PACYETA, BBINOJHEHHOTO Pa3IMYHBIMU MeToAamMu Ha OBM u npu
UCIIOJb30BaHNU BCTpoeHHbIX (yHkiuit MATHCAD.

KypcoBas pabota 3aBepiiaercs 3aKJIOYEHUEM, B KOTOPOM M3JIararoTcsi BBIBOJBI,
chopMynupOBaHHBIE U3 aHAIM3a MApPaMETPOB PACUETHBIX PEKHUMOB U BO3MOKHOCTEH

pa3pabOTaHHBIX MTPOTPAMM.



2 BAJJAHME K KYPCOBOM PABOTE JIJIS1 CTYJEHTOB OUYHO ®OPMbI
OBYUEHUNA

Obuwee 3a0anue

1. CocTtaBUTh CXEMY 3aMEIICHUS DJIEKTPUUECKOM CUCTEMBI (HOMEDP CXEMBI puc. 2.1-
2.4 B COOTBETCTBUU C BapHaHTOM 3ajaHus 1o Tabia. 2.1). BeiOpaTh MOJIOKUTEIbHbBIC
HaIpaBJICHUS] TOKOB BETBEH.

2. OnpenenuTh mapaMeTpbl cxeMmbl 3amelnieHus. [lapamerpsl nuHul U TpaHcop-
MaTOpoOB B3sTh U3 Ta01.2.2-2.5. 1o 3amanHON Harpys3ke moTpeOuteneit (Tadim.2.6), mo
3apsAIHBIM MOLIHOCTSIM JIMHUMN (aKTyaJlbHO 1t ceteil HanpsbkeHueM 110-220 kB) u no
NOTEPSIM XOJOCTOr0 XoAa TpaHCHOpMATOPOB [4] MOTYYUTh pacyETHbIE MOIIHOCTH Y3-
J0B noTpebnienus. Harpysky y3710B mpeacTaBUTh B BUAE 3a/1al0IIUX TOKOB. 3a/1af0IIne
TOKH MOJIyYUTh, UCIIOJIb3YSl HANPSHKEHUS U TPOBOAUMOCTH 3TUX Y3JI0B.

3. ITocTpouTth HampaBleHHBIN Tpad ceTu. BoiaenuTs B HeM AepeBo U Xopasbl. [Ipo-
BEpUTHh NPaBUIBHOCTH BbIAECICHUS JiepeBa U xop. IIpoHyMepoBaTh y3/1bl U BETBU B
YCTaHOBJICHHOM MOpsiike (0a3UCHBIN y3eT UMEET MOCIeIHUI HOMED).

4. CocTaBUTh NEPBYIO U BTOPYIO MAaTPHULbI COEAMHEHUI.

s 3a0anus 1.

1. Harpy3ku npeactaBuTh B BUAE 3aJAI0IIMX TOKOB.

2. CocTaBUTh BEKTOP 33Jal0IIMX TOKOB B y3jax.

3. CocTaBUTh MAaTpPUIly CONPOTUBJIEHUI BETBEN.

4. BBIMOTHUTH pacueT YCTAHOBUBILIETOCS PEXHUMa CETH C UCIMOJIb30BaHUEM aHAJH-
TUYECKUX METOJOB: Ha OCHOBE OOOOIIEHHOIO YPaBHEHUsI COCTOSIHUS; METOJOM Y3JIO0-
BBIX HANPSDKEHUH; METOJJOM KOHTYPHBIX TOKOB. [10/IydnTh TOUHOE pelieHne, UCTOb3ys
3JIEMEHTHI TeOpuu IpadoB U MATPUUHOM anreOpshl.

5. Ilony4yeHHsle B pe3ynbTaTe pacyeTa TOKM BETBEM M HANPSKEHUS y3J10B HAaHECTU
Ha rpa¢ cetd. Y TOYHUTH HAIIPaBJICHUS BETBEH IO pe3ysIbTaTaM pacyeTa.

6. [Ipoananu3upoBaTh MOJYYEHHOE PEIICHUE.



Jlnsa 3a0anus 2.

1. 3sMeHHnTh cXeMy B COOTBETCTBHUM C 3aJlaHMEM. BapwaHT mocieaBapuitHOTO pe-
KUMa MpuBezeH B a0 2.1.

2. Harpy3ku npencTaBuTh B BUC 3a/Ial0IINX TOKOB

3. CocraBuTh MaTpuily KO3QGUIIMEHTOB pacipeie]IeHHs IepeBa A Pa30MKHYTON
CETH.

4. BBIIOTHUTH pacueT MOCJIeaBapUHHOTO PEKMMa METOJOM Ha OCHOBE MATPHIIBI
K02 PUITMEHTOB pachpeaesieHns 1epeBa.

5. IlomydenHspie B pe3ysIbTaTe pacueTa TOKA BETBEU M HANIPSHKCHUS Y3JI0B HAHECTU
Ha rpad ceTd. Y TOYHUTH HAIIPaBJICHUS BETBEH IO pe3ysIbTaTaM pacyeTa.

6. [IpoaHanu3upoOBaTh MOJYYEHHOE PELICHUE.

s 3a0anus 3.

1. Harpy3ku npenctaBuTh B BHJI€ MOIIHOCTEH. 3a/atoliue TOKHM NTPUHUMAIOT BH]L
HEJIMHEWHBIX 3aBUCHUMOCTEN OT HANPSHKEHUS B y3JIaX UX IPUIOKEHHUS.

2. CocTaBUTh MATPHILy y3JIOBBIX IPOBOAUMOCTEN JJIsl 3aJaHHOM CXEMBI CETH.

3. CocTaBUTh CUCTEMY HEJIMHEHHBIX y3JI0BBIX YPABHEHHI B MAaTpUUHOUN QopMme.

4. Pemmnth 3amady ucnoiib3dys Metosl Hetorona mnm Herorona-Padcona, mpoctoit
UTEpAMU WM METOJA 3eienss B 3aBUCMMOCTH OT 3aJaHus. B kadecTBe HayaiabHBIX
NPUOJIMKEHUN TPUHATH HOMUHAIBHOE HAIIPSIKEHUS CETH.

5. Ha ocHOBaHUM NOJIyYEHHBIX TOKOB B BETBSIX M HANPSKEHUW B y3JlaX MOJTYYUTh
MOITHOCTH Hayaja U KOHLIA BETBU U COOTBETCTBEHHO NTOTEPU MOILHOCTH B CETH.

6. [Ipoananu3upoBaTh YPOBHHU HAIPSKEHUS HA y4ACTKaX CETH U YTOUHUTH (PaKTH-
YeCKUE HAMpsHKEHHS B y3J1aX Harpy3KH ¢ yueToM ko3 duinenta Tpanchopmaiuu.

7. HanecTtu Ha rpad ceTy MOIIHOCTH Hayajia ¥ KOHIIA BETBH, a TAK)Ke HaINPSKEHUS
y3JI0B.

8. IIpoanam3upoBaTh OIYYEHHOE PELICHHE.
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Taomuna 2.1 — UcxoaHble T1aHHbBIE

Ne Ne U wom.BH> U somHH> U v,
Bap | CXEMBI kB kB kB K sanazmio 2 K sanasmio 3
1 1 110 10 121 | amapuiiso otxmouerm JT1 w JT2 | VICTOA IPOCTOH HTCpaliin
Meton Herotona
. Mertop 3etimens
2 2 35 6 38 aBapuiiHO oTkito4eHsl JI1 u JI2 Meron Hbiotona-Padcona
3 3 110 10 121 aBapuiiHo otkiodensl JI1 u JIS Meron npoctoid urepanuu
Meton HeroTona
o Merton 3etinens
4 4 35 6 37 aBapuiiHo otkiodensl JI1 u JI3 Merox Heiotona-Padcora
5 1 220 10 230 aBapuiiHO oTKiIo4eHsbl JIS u JI2 Meron npocroii urepanun
Meton HeroTona
o Merton 3etinens
6 2 110 6 118 aBapuifHO oTkitoueHsl JI3 u JI2 Merox Heiotona-Padcora
o Merton 3etinens
7 3 220 10 231 aBapuiiHO oTkiIro4eHsl JI3 u JI4 Meron Haiotona-Pabcona
8 | 4 110 10 116 | asapuiino otkmoucnp JI1 u JI4 | MCTOA IPOCTOH HTCparin
Meton HeroTona
9 1 35 6 36 aBapuitHO OTKIIO4EHBI JI6 u J12 Meron npocroii utepanun
Meton HeroTona
. Mertop 3etimens
10 2 220 10 235 aBapuitHO oTKIt0ueHbI J14 u JI2 Meron Herotora-Patbcona
N Merop 3etimens
11 3 110 6 118 aBapuitHO OTKJIt0UeHbI T2 u JI2 Meron Herotora-Patcona
12| 4 35 10 35 | asapmitso orimouens JI3 w12 | METOANPOCTON HICpaliK
Meton Herotona
13| 1 110 6 124 | asapuiiso omimouens JI1 w Ji4 | TLCTOA IPOCTOR HTCpaiiy
Meton Herotona
. Mertop 3etimens
14 2 220 10 235 aBapuiiHo oTkio4YeHsl T1 u JI2 Merox Heiotona-Pabcona




[Tponomxkenue Tadmauibl 2.1

NQ N9 U Hom.BH» U nom.HH>» U.I/IH,
Bap | cXeMbl kB xB xB K samammto 2 K 3aganuio 3
15 3 35 6 37 aBapuiHO OTKIIOYeHsI T2 1 JI3 Meron npocToii utepaiuu
Meton Herotona
. Merop 3etimens
16 4 110 10 121 aBapuiiHo oTkiMoueHsbl JI4 u JI2 Metox Herorora-Pathcona
o Merton 3etinens
17 1 35 6 37 aBapuiiHo otkiodensl JI3 u JI5 Merox Hpiotona-Padcona
18] 2 110 10 116 | apapmiino otimouenst T2y J12 | M CTOA MPOCTOM HTeparims
Meton HeroTona
19 3 35 6 36 aBapuiino orkmouenst JI1 u T1 MeToz npocToii nTepanun
Meton HeroTona
o Merton 3etinens
20 4 220 10 224 aBapuitHO oTkIt0ueHbl T1 u T2 Merox Hsrorora-Pathcona
20| 1 220 6 220 | asapuitno orkmouens JI3 p JI2 | MCTOATIPOCTOM HTepai
Meton HeroTona
o Merton 3etinens
22 2 110 10 114 aBapuitHO oTkItoueHsl JI3 u JI4 Merox Hprorora-Pathcona
23 3 35 6 36 | aBapwmiino otkmouenst T2 u JI2 Meron npoctoid urepanuu
Meton HeroTona
24 | 4 220 10 230 | aBapuiino otkmouenst T1 u JI3 Meron 3eitnerns
Meton Herotona-Padcona
. Mertop 3etimens
25 1 110 10 121 aBapuitHo oTktoueHsl JI1 u JI2 Metox Hetorora-Pathcora
26 | 2 220 6 224 | asapuiino otimouens T3 u JI4 | MCTOA MPOCTOM HTCpain
Meton Herotona
27 3 35 6 35 aBapuiiHo otkiouenbl JI1 u JI4 Meroa npocroi urepatuu
Meton Herotona
. Mertop 3etimens
28 4 110 10 115 aBapuiiHo oTkimoueHsl JI3 u JI2 Metox Herorora-Paghcona




[Tponomkenne Tabnuip 2.1

NQ N9 U Hom.BH» U nom.HH>» U.I/IH,
Bap | cXeMbl kB xB xB K samammto 2 K 3aganuio 3
29 1 110 6 121 | aBapuiino otkmrouenst JI4 u J12 Meroz npocToii utepaiuu
Meton Herotona
. Mertop 3etimens
30 2 35 10 36 aBapuiino otkimovensl JI1 u T1 Merox Hatorona-Padcona
31 3 220 6 230 | aBapwmiiHo oTkimodeHsl JI3 u JIS Meron npocToii nreparun
Mertoa HeroToHa
o Merton 3etinens
32 4 35 10 38 aBapuiiHo oTkiMoueHsbl JI4 u JI2 Meron Hbtorota-Pagcora
o Merton 3etinens
33 1 220 10 240 aBapuiiHO oTKiIo4eHsbl JIS u JI2 Meron Hbtorosa-Pagcora
34 | 2 110 10 115 | apapmiiso orxmosensr T2 i 12 | TR MPOCTOR MTepams
Mertoa HeroToHa
35 3 35 6 36 aBapuiiHo oTKII04eHbI JIS 1 JI2 MeTox npocroit nepanun
Mertoa HeroToHa
36 | 4 220 10 235 | asapuiino otkmouenst JI4 u T2 Meron 3eitneis
Mertoxn Herotona-Padcona
37 |1 35 10 37 | asapuitio orxmouens JI5 1 JI6 | VCTOA MPOCTOR MTCparn
Mertona HeroToHa
. Mertop 3etimens
38 2 110 10 115 aBapuitHO oTkItoueHsl JI1 u JI2 Metox Herorora-Pathcona
39| 3 220 6 230 | asapuitno orimouennt J14 p T2 | VCTOA IPOCTOM HTCPaL
Meton Herotona
. Mertop 3etimens
40 4 35 10 38 aBapuitHO OTKIIOUeHBI T3 1 T2 Merox Hatorona-Padcona




Tabmuma 2.2 — JlaHHBIe THHUT

No % JIOTI 1 (map- JIDIT 2 JIDT 3 (map- JIDIT 4 JIDII 5 JIDII 6
Bap 5 Ka, JUIMHA, KM) (mapxa, Ka, JUIMHA, KM) (mapxa, (mapxa, (mapxa,
2! JTHHA, KM) JJTHHA, KM) JIJTHHA, KM) JIJTHHA, KM)
1 1 AC-95, 12 AC-70,7 AC-120, 17 AC-70, 10 AC-95, 10 AC-35,7
2 2 AC-70, 17 AC-35,20 AC-50, 10 AC-120, 16 - -
3 3 AC-95, 10 AC-240, 20 AC-120,7 AC-50, 10 AC-35,11 -
4 4 AC-150, 27 AC-35,10 AC-50, 12 AC-70, 16 - -
5 1 AC-300, 40 AC-240, 12 AC-240,9 AC-240, 8 AC-400, 20 AC-50, 5
6 2 AC-150, 22 AC-70, 17 AC-185, 27 AC-95, 15 - -
7 3 AC-400, 22 AC-240, 11 AC-300, 25 AC-50, 11 AC-50, 16 -
8 4 AC-200, 22 AC-50,7 AC-50, 14 AC-35,12 - -
9 1 AC-95, 15 AC-50, 18 AC-95, 20 AC-120, 6 AC-70,7 AC-35,9
10 | 2 AC-300, 12 AC-300, 21 AC-240, 15 AC-400, 28 - -
11 3 AC-150,7 AC-185, 21 AC-150, 17 AC-70, 17 AC-35,18 -
12 | 4 AC-120, 27 AC-70, 6 AC-50, 11 AC-35,12 - -
13 1 AC-120, 25 AC-120, 22 AC-95, 10 AC-150, 16 AC-70, 10 AC-35,11
14 | 2 AC-400, 20 AC-400, 10 AC-240, 13 AC-300, 20 - -
15 | 3 AC-150, 15 AC-95, 10 AC-95, 11 AC-35,15 AC-50, 11 -
16 | 4 AC-185, 22 AC-35,11 AC-50,9 AC-70, 6 - -
17 1 AC-150, 17 AC-35,10 AC-70, 10 AC-150,9 AC-35,17 AC-50,13
18 | 2 AC-185, 21 AC-150, 14 AC-240, 20 AC-70, 10 - -
19 | 3 AC-120, 17 AC-50,7 AC-120, 16 AC-35,10 AC-35,15 -
20 | 4 AC-300, 30 AC-50, 10 AC-35,11 AC-25,18 - -
21 1 AC-400, 22 AC-300, 11 AC-240,9 AC-300, 18 | AC-240, 28 AC-35,8
22 | 2 AC-120, 17 AC-95, 10 AC-95, 20 AC-150, 16 - -
23 | 3 AC-50, 5 AC-120, 10 AC-95, 18 AC-50, 10 AC-50, 13 -
24 | 4 AC-120, 12 AC-25,11 AC-35, 14 AC-50, 6 - -
25 1 AC-150, 27 AC-95,17 AC-70, 27 AC-120, 11 AC-185, 14 AC-35,8
26 | 2 AC-240, 13 AC-400, 23 AC-300, 27 AC-400, 11 - -
27 | 3 AC-150, 15 AC-50, 8 AC-120, 28 AC-70,7 AC-35,15 -
28 | 4 AC-300, 26 AC-35,8 AC-50, 15 AC-25,6 - -
29 1 AC-70, 14 AC-150, 17 AC-240, 24 AC-70, 16 AC-150, 20 AC-50, 10
30 | 2 AC-120,7 AC-50,7 AC-35, 16 AC-150, 11 - -
31 3 AC-300, 25 AC-240, 10 AC-400, 28 AC-35,10 AC-50,4 -
32 | 4 AC-150, 17 AC-25,10 AC-70, 6 AC-50, 11 - -
33 1 AC-400, 23 AC-400, 10 AC-300, 17 AC-240,9 AC-240, 19 AC-35,11
34 | 2 AC-120, 17 AC-150, 16 AC-240, 20 AC-150, 12
35 | 3 AC-50, 5 AC-120, 20 AC-70, 18 AC-35,10 AC-35, 14 -
36 | 4 AC-240, 21 AC-50, 11 AC-70, 8 AC-25,6 - -
37 1 AC-120, 13 AC-50, 11 AC-95, 15 AC-120,7 AC-50, 14 AC-50,10
38 | 2 AC-70,7 AC-95, 8 AC-70, 11 AC-150, 16 - -
39 | 3 AC-400, 15 AC-300, 14 AC-240, 18 AC-50, 10 AC-35,7 -
40 | 4 AC-95, 12 AC-35,11 AC-70, 5 AC-50, 6 - -
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Tabmuma 2.3 — JlanabIe TpaHCPOpPMaTOPOB

e e T-1 T-1 T-1
Bap | CXEMBbI
1] 1 T/TH-10000 TJIH-16000 -
2 | 2 T/IH-10000 T/IH-16000 :
3 3 T/IH-16000 T/IH-10000 :
4| 4 T/IH-10000 T/IH-16000 T/TH-10000
5] 1 TPJIH-40000 TPJIH-32000 :
6 | 2 T/TH-10000 TPJIH-25000 :
7] 3 TPJIH-40000 TP/IH-63000 -
8 | 4 T/TH-16000 TP/IH-40000 T/IH-16000
9 | 1 T/TH-10000 TMH-6300 :
0] 2 TPJIH-32000 TP/IH-40000 :
1| 3 TPJIH-25000 TPJIH-40000 :
2] 4 T/TH-10000 TMH-4000 T/IH-16000
3] 1 T/IH-16000 TMH-6300 :
14| 2 TPJIH-40000 TP/IH-63000 -
15| 3 T/IH-16000 T/IH-10000 :
16| 4 TPJIH-25000 T/IH-16000 TPJIH-40000
17| 1 TPJIH-25000 T/IH-16000 -
18] 2 TPJIH-25000 TPJIH-40000 :
9] 3 TMH-6300 TMH-4000 :
20 | 4 TPJIH-40000 TPJIH-63000 TPJIH-40000
21 1 TPJIH-63000 TPJIH-40000 :
2] 2 T/IH-16000 T/IH-10000 -
23] 3 TTH-16000 TMH-4000 :
24| 4 TPJIH-63000 TP/IH-40000 TP/IH-32000
25| 1 T/TH-16000 TMH-6300 :
26 | 2 TPJIH-32000 TP/IH-63000 -
27| 3 TMH-4000 T/TH-10000 :
28| 4 TPJIH-25000 T/IH-16000 T/IH-10000
29| 1 T/IH-10000 TPJIH-25000 :
30 [ 2 TPJIH-25000 T/TH-10000 :
31 3 TP/IH-63000 TPJIH-32000 :
2] 4 TPJIH-25000 TMH-4000 T/IH-10000
3] 1 TP/IH-40000 TP/IH-40000 :
3| 2 T/TH-16000 TP/IH-40000 :
35 [ 3 T/IH-10000 T/TH-16000 :
36 | 4 TPJIH-63000 TPJIH-32000 TP/IH-40000
37 [ 1 TMH-4000 T/TH-10000 :
38 2 T/IH-10000 TPJIH-40000 :
39 3 TPJIH-40000 TPJIH-32000 :
40 4 TMH-6300 TMH-4000 T/IH-16000
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Tabmuma 2.4 — CripaBounbie ganfbie 1mo JIDIT

Hamnpsxenue | Mapka nposo- Ry, OM/KM Xo, OM/KM
CeTH na
6-10 xB AC-25 1,176 0,44
6-10 kB AC-35 0,79 0,429
6-10 kB AC-50 0,603 0,418
35 kB AC-50 0,603 0,435
35 kB AC-70 0,428 0,432
35 kB AC-95 0,306 0,421
35 kB AC-120 0,249 0,414
35 kB AC-150 0,198 0,406
110 kB AC-70 0,428 0,444
110 kB AC-95 0,306 0,434
110 kB AC-120 0,249 0,427
110 kB AC-150 0,198 0,42
110 kB AC-185 0,162 0,413
110 kB AC-240 0,12 0,405
220 kB AC-240 0,121 0,435
220 kB AC-300 0,098 0,429
220 kB AC-400 0,075 0,42

Ta6nuna 2.5 — CripaBouHbIe JaHHBIE TI0 TpaHchopMaTOpam

Hanpsioxenne | Tun tpancdop- R.. Om X, Om
ceTu maropa

35 kB TMH-4000 2,6 23
35xB TMH-6300 1.4 14,6
35xB T/IH-10000 0,81 10,8
35xB TJIH-16000 0,45 8,4
35 kB TPJIH-25000 0,25 5.1
110 kB TMH-6300 14,7 2204
110 kB TJIH-10000 7,95 139
110 xB TJIH-16000 4,38 86,7
110 xB TPJIH-25000 2,54 55.9
110 kB TP/IH-40000 1.4 34,7
220 xB TP/IH-32000 6,3 175
220 xB TPJIH-40000 5,6 158,7
220 xB TPJIH-63000 3,9 100,7
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Tabnuna 2.6 — Harpysku

Ne Ne H-1 (MBA) | H-2 (MBA) | H-3 (MBA) | H-4 (MBA) | H-5 (MBA)
Bap | CXEMBbI

1 1 10+j5 12+j6 17+j8 8+j4 -

2 2 21+j7 17+j5 27+j10 9+j4 -

3 3 14+j5 22+j7 6+j2 11455 15+j4
4 4 18+j6 5+j2 19+j6 21+j8 -

5 1 27+j8 37+j11 29+j12 30+j15 -

6 2 21+j5 26+j7 17+j6 19+j5 -

7 3 26+j15 43+j25 28+j16 33+j17 26+j5

8 4 18+j5 27+j9 21+4j3 26+j5 -

9 1 11+j5 21+j7 16+j7 19+j5 -
10 2 25+j8 36+j11 31+4j16 40+j14 -
11 3 41+520 27+j15 36+j19 41+j15 25+j5
12 4 19+j6 17+j5 12+j4 18+j5 -
13 1 12+j5 6+j2 16+j7 9+j3

14 2 34+j15 26+j11 36+j9 42+j25 -
15 3 25+j5 23+j7 16+j5 16+j8 15+j5
16 4 20+j5 17+j6 19+j7 8+j3 -
17 1 10+j5 22+j11 18+j7 18+j5 -
18 2 23+j8 26+j9 27+j6 10+52 -
19 3 16+j6 12+j5 6+j3 21+j7 11+j5
20 4 28+j9 35+j15 39+j16 27+j10 -
21 1 304510 32+j11 37+j14 28+j7 -
22 2 21+j5 17+j7 27+j11 9+j4 -
23 3 14+j4 22+j8 6+j3 11455 15+j4
24 4 38+j15 25+j10 29+j11 29+j12 -
25 1 21+j8 26+j9 174j5 19+j4 -
26 2 26+j5 36+j15 37+j12 39+j25 -
27 3 16+j5 13+j5 18+j7 13+j4 16+j8
28 4 18+j7 27+i9 21+j5 26+j6 -
29 1 1145 21+j8 16+j5 19+j6 -
30 2 15+j6 16+j3 11+5 10+j2 -
31 3 41+j15 27+j12 36+j11 41+j25 25+j15
32 4 19+j5 17+j7 12+j5 18+j4 -
33 1 42+j15 36+j12 26+j5 29+j8

34 2 12+j5 6+j2 16+j6 9+i5 -
35 3 15+j7 13+j5 16+j6 16+j3 15+j5
36 4 40+j15 37411 29+j12 38+j14 -
37 1 10+j5 12+j4 18+j6 18+j5 -
38 2 23+j7 26+j8 27+j9 10+j5 -
39 3 28+j5 35+j15 39+j12 27+j10 26+j9
40 4 18+j7 15+j5 39+j13 27+j5 -
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3 3AJJAHME K KYPCOBOU PABOTE JIJISI CTYJEHTOB 3A0OYHOI ®OPMBI
OBYUEHUNA

Obuwee 3a0anue

1 CocTaBUTH CXEMY 3aMEIIEHUsS] AIEKTPUUECKOM CUCTEMBI. BHIOpaTh MOIOKUTEIb-
HbIE HAITPABJICHHS] TOKOB BETBEH.

2 OnpenenuTh MapaMeTpbl CXeMbI 3aMmernenus. [lapameTpsl muaMN 1 Tpanchopma-
TOPOB B34Th ¢ Ta01.3.2-3.5. 1o 3agaHHON Harpy3ke MOTpeOUTENeH MOJYyYUTh pacyeT-
HBIC MOIITHOCTH Y3JIOB MOTpeOaeHuss. Harpysky y370B mpeacTaBuTh B BUJIE 3a/IaFOIIAX
TOKOB.

3 [loctpouTs HampaBieHHbIN Tpad ceTu. Beiienuts B HeM JepeBo U xopabl. [Ipo-
BEpUTHh NPaBUWIBHOCTH BbIACICHUSI JiepeBa U xopi. [IpoHyMepoBaTh y3ibl U BETBU B
YCTaHOBJICHHOM TOpsiiKe (0a3UCHBIN y3eT UMEET MOCIeAHUI HOMED).

4 CocTaBUTh MEPBYIO U BTOPYIO MATPUIIBI COETUHEHUH.

Jlnsa 3a0anus 1

1 CocTaBuTh BEKTOP 3aJAOIIMX TOKOB B y3JIax.

2 CocTaBUTh MaTpHIly CONPOTUBIIEHUIN BETBEH.

3 BBIIIOJIHUTE pacdeT yCTAHOBMBUIETOCS PEKHUMA CETH C MCIOJIB30BAaHUEM Y3JIO-
BBIX YPaBHEHMH (METOJ Y3JIOBBIX HANPSKEHUM) U OJTHAM M3 METOJOB, YKa3aHHBIX B Ba-
pUaHTe 3a1aHus (U1 YETHBIX BAPUAHTOB HCIIOIB30BAaTh METOJ HAa OCHOBE KOHTYPHBIX
yYpaBHEHHUH, a JUIsl HEUETHBIX METOJI C MCIIOJIb30BAaHHEM OOOOIIEHHOTO YpaBHEHHUS CO-
ctosHus). [lodyduTh TOUYHOE pelIeHHe, UCTOIb3Ys 3JIEMEHThl Teopun rpadoB U MaT-
pUYHOM anreOphl.

4 Tlony4yeHHbIE B pE3yJbTaTe pacuyeTa TOKA BETBEU M HANPSIKEHUS Y3JI0B HAHECTH
Ha rpag ceTu. Y TOYHUTh HallpaBJICHUs BETBEW 110 pe3ysIbTaTaM pacyeTa.

5 Tlpoananu3upoBaTh MOJYYEHHOE PEIICHUE.

s 3a0anus 2

1 I3MeHUTh CXeMy B COOTBETCTBUU C 3aJAHUEM.
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2 CocTaBuTh MaTpUILy KOI(PPUITMEHTOB paclpeesieHus JepeBa Il pa3OMKHYTON
CETH.

3 BhIMOMHUTE pacyeT MociieaBapuilHOTO pPeXMMa METOJIOM Ha OCHOBE MAaTPHIIBI
K02 PUITMEHTOB pachpeeieHns 1epeBa.

4 TlomydeHHbIE B pe3yJIbTaTe pacueTa TOKM BETBEH M HANPSIKCHHS y3JI0B HAaHECTH
Ha rpad ceTd. Y TOYHUTH HAIIPaBJICHUS BETBEH 10 pe3ysIbTaTaM pacyeTa.

5 Ilpoananu3upoBaTh NOIYYEHHOE PEIICHHE.

Jlnsa 3a0anus 3

1 Harpy3ku npeacraBuTh B BUAE MOIIHOCTEM.

2 CoCTaBUTH MATPUILy Y3JIOBBIX IPOBOAUMOCTEN ISl 3aJaHHOU CXEMBI CETH.

3 CocTaBUTh CHCTEMY HEJMHEHHBIX Y3JIOBBIX YpaBHEHHUI B MATPUUHON Qopme.

4 PemuTh 3aauy ucnoJib3ys meton 3einens, Hetorona unu Hetotona-Padcona B
3aBUCHUMOCTH OT 3ajJlaHusl. B kauecTBe HaYaIbHBIX MPUOJIMKEHUN TMPUHSATH HOMHHAb-
HO€ HANPSKEHUS CETH.

5 Ha ocHOBaHHMM TMOJIyYEHHBIX TOKOB B BETBSIX M HAIPSDHKEHUM B y3jaX MOJIYYUTh
MOIIIHOCTH Hayaja U KOHLIA BETBU U COOTBETCTBEHHO MTOTEPU MOIIIHOCTH B CETH.

6 Ilpoananu3upoBaTh ypOBHHU HAIPSKEHUSI HA y4acCTKaX CETH U YTOUYHUTH (PaKTH-
YeCKHE HAIPSKEHHUS B y3/1aX Harpy3Ku ¢ yaeToM Koddduimenta Tpancpopmarium.

7 Hanectn Ha Tpad ceT MOITHOCTH Havajla M KOHIIA BETBH, a TAKKE HAIPSIKEHUS
y3JIOB.

8 IIpoaHaIM3UpPOBATH MTOITYYEHHOE PELICHUE.

Hcxonnas cxema ceTu npuBejeHa Ha puc. 3.1. B tabmnuie 3.1 yka3zaHbl UCXO/IHbBIC
JaHHBIE N1 CXEMBI CeTH (HOoMepa y3J0B U BeTBeil) B Tabnumax 3.2-3.5 — undopmarus
00 o0opynoBanuu, a Tabnuie 3.6 — uHPpopmMalus 00 Harpy3Kax.

JIsi HEeYeTHBIX BAPUAHTOB 3aJaHMI MCIOJIb30BaTh METOJ 3eijens s pacuera
HEJTMHEHHOW CUCTEMBI aJIreOpandecKuX YpaBHEHUHU, ISl TPYIIbI YETHBHIX BapUAHTOB

Metoa HeroTtona unu metoa Herorona-Padcona o 3aganuto npenojgaBatens.
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Pucynok 3.1 — Cxema cucTeMbl

Ta6nuna 3.1 — Homepa BepBeil u y3110B

No y3na

Ne BeTBH

Bap.
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[Iponomxenue Tadnuusl 3.1

Tabnuna 3.2 — adopmalius o TMHULX 3JIEKTPOTepe1auu

Ne

Ne BeTBU

Ne y3na

Bap.

=

16

17

18

19
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21
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23
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25

26

27

28

29

30
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38
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49
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No | Ugon, | JIDII 1 (mapxa, | JIDII 2 (mapka, | JIDII 3 (mapka, | JIDII 4 (mapka, | JIDII 5 (mapka,
Bap kB JUTHHA, KM) JUTHA, KM) JUTHHA, KM) JUTMHA, KM) JUIHA, KM)
1 35 AC-95, 12 AC-70,7 AC-120, 17 AC-150, 10 AC-50, 10
2 110 AC-70, 17 AC-150, 20 AC-185, 10 AC-120, 16 AC-240, 16
3 220 AC-300, 18 AC-240, 20 AC-240, 17 AC-400, 20 AC-300, 21
4 35 AC-150, 27 AC-35,10 AC-50, 12 AC-70, 16 AC-25,6
5 110 AC-150, 22 AC-70, 17 AC-185, 27 AC-95, 15 AC-120, 20
6 220 AC-300, 40 AC-240, 12 AC-240, 19 AC-240, 18 AC-400, 20
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[Iponomxenue Tadbnuipl 3.2

No | Upow, | JIDIT 1 (mapka, | JIDII 2 (mapka, | JIDII 3 (mapka, | JIDII 4 (mapka, | JIDIIL 5 (mapka,
Bap kB JUIMHA, KM) JUTHHA, KM) JUIMHA, KM) JUIMHA, KM) JUTHHA, KM)
7 35 AC-50, 22 AC-120, 11 AC-35,5 AC-50, 11 AC-70, 16
8 35 AC-70, 12 AC-50,7 AC-50, 14 AC-35,12 AC-95, 16
9 110 AC-95, 15 AC-150, 18 AC-95, 20 AC-120, 6 AC-70,7
10 | 220 AC-300, 12 AC-300, 21 AC-240, 15 AC-400, 28 AC-240, 25
11 110 AC-150, 7 AC-185, 21 AC-120, 17 AC-70, 17 AC-95, 18
12 35 AC-120, 27 AC-70, 6 AC-50, 11 AC-35,12 AC-25,5
13 110 AC-120, 25 AC-240, 22 AC-95, 10 AC-150, 16 AC-70, 10
14 | 220 AC-400, 20 AC-400, 10 AC-240, 13 AC-300, 20 AC-240, 19
15 35 AC-150, 15 AC-95, 10 AC-95,11 AC-35,15 AC-50,11
16 110 AC-185, 22 AC-150, 11 AC-95,9 AC-70, 6 AC-240, 15
17 35 AC-150, 17 AC-35,10 AC-70, 10 AC-150,9 AC-35,17
18 110 AC-185, 21 AC-150, 14 AC-240, 20 AC-70, 10 AC-120, 18
19 35 AC-120, 17 AC-50,7 AC-150, 16 AC-35,10 AC-25,5
20 35 AC-35,10 AC-50, 10 AC-70, 11 AC-25, 18 AC-120, 15
21 220 AC-400, 22 AC-300, 11 AC-240,9 AC-300, 18 AC-240, 28
22 110 AC-120, 17 AC-95, 10 AC-70, 20 AC-150, 16 AC-185, 15
23 35 AC-50, 5 AC-120, 10 AC-95, 18 AC-50, 10 AC-35,13
24 35 AC-120, 12 AC-25,11 AC-35, 14 AC-50, 6 AC-70, 15
25 110 AC-150, 27 AC-95, 17 AC-70, 27 AC-120, 11 AC-185, 14
26 | 220 AC-240, 13 AC-400, 23 AC-300, 27 AC-400, 11 AC-400, 25
27 35 AC-150, 15 AC-50, 8 AC-120, 28 AC-70,7 AC-35,15
28 220 AC-300, 26 AC-300, 28 AC-400, 35 AC-240, 26 AC-240, 35
29 110 AC-70, 14 AC-150, 17 AC-240, 24 AC-70, 16 AC-150, 20
30 35 AC-120, 7 AC-50,7 AC-35, 16 AC-150, 11 AC-70, 15
31 35 AC-95, 12 AC-70,7 AC-120, 17 AC-150, 10 AC-50, 10
32 110 AC-70, 17 AC-150, 20 AC-185, 10 AC-120, 16 AC-240, 16
33 220 AC-300, 18 AC-240, 20 AC-240, 17 AC-400, 20 AC-300, 21
34 35 AC-150, 27 AC-35,10 AC-50, 12 AC-70, 16 AC-25,6
35 110 AC-150, 22 AC-70, 17 AC-185, 27 AC-95, 15 AC-120, 20
36 | 220 AC-300, 40 AC-240, 12 AC-240, 19 AC-240, 18 AC-400, 20
37 35 AC-50, 22 AC-120, 11 AC-35,5 AC-50, 11 AC-70, 16
38 35 AC-70, 12 AC-50,7 AC-50, 14 AC-35,12 AC-95, 16
39 110 AC-95, 15 AC-150, 18 AC-95, 20 AC-120, 6 AC-70,7
40 | 220 AC-300, 12 AC-300, 21 AC-240, 15 AC-400, 28 AC-240, 25
41 110 AC-150, 7 AC-185, 21 AC-120, 17 AC-70, 17 AC-95, 18
42 35 AC-120, 27 AC-70, 6 AC-50, 11 AC-35,12 AC-25,5
43 110 AC-120, 25 AC-240, 22 AC-95, 10 AC-150, 16 AC-70, 10
44 | 220 AC-400, 20 AC-400, 10 AC-240, 13 AC-300, 20 AC-240, 19
45 35 AC-150, 15 AC-95, 10 AC-95,11 AC-35,15 AC-50,11
46 110 AC-185, 22 AC-150, 11 AC-95,9 AC-70, 6 AC-240, 15
47 35 AC-150, 17 AC-35,10 AC-70, 10 AC-150,9 AC-35,17
48 110 AC-185, 21 AC-150, 14 AC-240, 20 AC-70, 10 AC-120, 18
49 35 AC-120, 17 AC-50,7 AC-150, 16 AC-35,10 AC-25,5
50 35 AC-35,10 AC-50, 10 AC-70, 11 AC-25, 18 AC-120, 15
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Tabmuma 3.3 — Uadopmanus o Tpanchopmaropax [1C

Ne

UHOM,

Us,

T-1 T-2 T-3
Bap | kB kB
1 35 35 TH-10000 TAH-16000 TMH-6300
2 110 121 TJIH-10000 TJAH-16000 TPIH-25000
3 220 230 TPTH-40000 TPJIH-32000 TPJIH-63000
4 35 36 TJIH-10000 TMH-6300 TMH-4000
5 110 120 TPIH-25000 TJIH-16000 TMH-6300
6 220 235 TPJIH-40000 TPJIH-32000 TPIH-63000
7 35 37 TMH-4000 TMH-6300 TPJIH-25000
8 35 37,5 TJH-16000 TMH-4000 TJAH-10000
9 110 119 TJAH-10000 TMH-6300 TJIH-16000
10 | 220 227 TPJIH-32000 TP/IH-40000 TPIH-40000
11 110 117 TPIH-25000 TPJIH-25000 TJIH-16000
12 35 38 TJIH-10000 TMH-4000 TJAH-16000
13 110 115 TJIH-16000 TMH-6300 TPIH-25000
14 | 220 220 TPJIH-40000 TPJIH-63000 TPIH-40000
15 35 36,5 TJAH-16000 TJIH-10000 TMH-6300
16 | 110 112 TPIH-25000 TJAH-16000 TPIH-40000
17 35 34 TPIH-25000 TJIH-16000 TMH-4000
18 | 110 110 TPIH-25000 TPJIH-40000 TJIH-16000
19 35 35 TMH-6300 TMH-4000 TJAH-10000
20 35 37 TMH-4000 TMH-6300 TMH-4000
21 | 220 230 TPIH-63000 TPJIH-40000 TPJIH-32000
22 | 110 115 TJIH-16000 TJIH-10000 TPJIH-25000
23 35 38 TJIH-16000 TMH-4000 TMH-6300
24 35 36 TMH-6300 TMH-4000 TPJIH-25000
25 110 122 TJIH-16000 TMH-6300 TJIH-10000
26 | 220 232 TPJIH-63000 TPJIH-40000 TPJIH-32000
27 35 36 TMH-4000 TJIH-10000 TMH-6300
28 | 220 227 TPIH-32000 TPJIH-63000 TPJIH-40000
29 | 110 124 TJIH-10000 TPJIH-25000 TPIH-40000
30 35 37 TPIH-25000 TJIH-10000 TMH-6300
31 35 35 TH-10000 TAH-16000 TMH-6300
32 | 110 121 TJIH-10000 TJAH-16000 TPIH-25000
33 | 220 230 TPTH-40000 TPJIH-32000 TPJIH-63000
34 35 36 TJIH-10000 TMH-6300 TMH-4000
35 110 120 TPJIH-25000 TJIH-16000 TMH-6300
36 | 220 235 TPIH-40000 TPJIH-32000 TPIH-63000
37 35 37 TMH-4000 TMH-6300 TPJIH-25000
38 35 37,5 TJAH-16000 TMH-4000 TJIH-10000
39 | 110 119 TJAH-10000 TMH-6300 TJIH-16000
40 | 220 227 TPJIH-32000 TP/IH-40000 TPITH-40000
41 110 117 TPIH-25000 TPJIH-25000 TJIH-16000
42 35 38 TJAH-10000 TMH-4000 TJAH-16000
43 110 115 TJIH-16000 TMH-6300 TPIH-25000
44 | 220 220 TPIH-40000 TPJIH-63000 TPIH-40000
45 35 36,5 TJAH-16000 TJIH-10000 TMH-6300
46 | 110 112 TPZIH-25000 TJAH-16000 TPJIH-40000
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[Iponomxenue Tadnuupl 3.3

Ne UH0M9 U6,
wap| B | B T-1 T-2 T-3
47 35 34 TPJIH-25000 TJIH-16000 TMH-4000
48 110 110 TPJIH-25000 TPJH-40000 TAH-16000
49 35 35 TMH-6300 TMH-4000 TH-10000
50 35 37 TMH-4000 TMH-6300 TMH-4000
Ta6nuna 3.4 — CnpaBounuk 1o JIDII
Hanpsioxkenne | Mapka npoBo- R, OM/M Xy, OM/KM
CETHN Ja
35 kB AC-25 1,176 0,44
35 kB AC-35 0,79 0,429
35 kB AC-50 0,603 0,435
35 kB AC-70 0,428 0,432
35 kB AC-95 0,306 0,421
35 kB AC-120 0,249 0,414
35 kB AC-150 0,198 0,406
110 kB AC-70 0,428 0,444
110 kB AC-95 0,306 0,434
110 kB AC-120 0,249 0,427
110 kB AC-150 0,198 0,42
110 kB AC-185 0,162 0,413
110 kB AC-240 0,12 0,405
220 kB AC-240 0,121 0,435
220 kB AC-300 0,098 0,429
220 kB AC-400 0,075 0,42
Ta6nuna 3.5 — CripaBouHUK 110 TpaHchopMaTOpam
Hamnpsoxenue cetn | Tum tpanchopmarop R, Om X:, OM
35 kB TMH-4000 2,6 23
35 kB TMH-6300 1.4 14,6
35 kB TAH-10000 0,81 10,8
35 kB TTH-16000 0,45 8.4
35 kB TPJAH-25000 0,25 5,1
110 B TMH-6300 14,7 220,4
110 kB TAH-10000 7,95 139
110 B TJIH-16000 4,38 86,7
110 kB TPJH-25000 2,54 55,9
110 kB TPJIH-40000 1,4 34,7
220 kB TPJTH-32000 6,3 175
220 kB TPJH-40000 5,6 158,7
220 kB TPJTH-63000 3,9 100,7

25




Tabmuma 3.6 — Madopmarus 00 y3max Harpy3Ku

Ne H-1 H-2 H-3
Bap | (Pi+jQi1, MBA) (P21jQz, MBA) (P3+jQ3, MBA)
1 8+j7 17455 12+j4
2 12458 18+j4 29+j6
3 34+j12 32+j12 50+j18
4 12+j8 8+j6 3+j2
5 20+j12 16+j8 14+j7
6 36+j14 24+j10 50+j28
7 6+j2 7+j5 21+j7
8 18+j6 5+j4 9+j6
9 12+j8 7+j6 18+j5
10 38+j17 40+j25 42+j24
11 24+ 12 25+i13 17+j11
12 9+j3 5+j4 18+j13
13 15+j13 6+ j5 24+ 322
14 44+ 323 57+j23 37+ j24
15 15+33 14+3 8+32
16 27+j14 17+j4 26+j24
17 24+j13 15+j7 3+j2
18 27+j14 40+j20 14+j6
19 6+j4 4+j2 9+j5
20 4+j3 8+j4 3+j2
21 50+j26 38+j24 36+j5
22 18+j7 8+j5 20+j7
23 17+j6 6+j4 7+j6
24 8+j3 5+j2 22+j5
25 18+j7 7+ij5 12+j4
26 52+j28 38+j14 29+j16
27 4+j2 10+58 7+j3
28 34+j12 50+j22 37+j13
29 14+j2 20+j18 37+j13
30 24+j12 10+j8 7+j3
31 8+j7 17+j5 12+j4
32 12458 18+j4 29+j6
33 34+j12 32+j12 50+j18
34 12+j8 8+j6 3+j2
35 20+j12 16+j8 14+j7
36 36+j14 24+j10 50+j28
37 6+j2 7+j5 21+j7
38 18+j6 5+j4 9+j6
39 12+j8 7+j6 18+j5
40 38+j17 40+j25 42+j24
41 24+ 12 25+j13 17+j11
42 9+33 5+j4 18+ 713
43 15+j13 6+ j5 24+ 22
44 44+ 3§23 57+i23 37+ j24
45 15+33 14+3 8+32
46 27+j14 17+j4 26+j24
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[Iponomxenue Tadbnuipl 3.6

Ne H-1 H-2 H-3

Bap | (P1+jQ;, MBA) (P21jQz, MBA) (P3+jQ3, MBA)
47 24+j13 15+j7 34j2

48 27+j14 40+j20 14+j6

49 6+j4 4+j2 9+j5

50 4+j3 8+j4 34j2
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4 YKA3AHUA K BBITTIOJIHEHMIO

4.1 CocTaBiieHHE CXEMbI 3aMEIIEHUSI CETH U PACUET €€ TapaMeTPOB

Hcnonb3ysi TUIOBBIE CXEMbI 3aMEIEHUs] OTACIbHBIX ()PAarMEHTOB ceTU (BO3YIII-
HbIe U KaOeJlbHBbIC JTUHUM, TPAaHCHOPMATOPHI) U €€ CTPYKTYPHYIO CXEMY, HaJO COCTa-
BUTH CXeMy 3aMmerieHus ceTu. OHa MOXKET OBITh TTOJTHOW WJIM YIPOIICHHOW, HAIIPUMeED,
B CXEM€ 3aMEIIICHHS OTCYTCTBYIOT MOMEPEYHBIC BETBU — MPOBOIUMOCTH.

CxeMma 3aMeleHus JUHUHN 3JIeKTpornepenad OyAeT ONMpeaeNsaThCsi COOTBETCTBYIO-
UM Kiaccom Hampsikenus [4] (mo 3amanuto 35-220 xB). Bo3amoxHbI cnegyronue Ba-
PUAHTBI CXEM 3aMEIeHUs JIMHUH dJIeKTporepenay: s ceteit 6, 10 u 35 kB npunuma-
€TCsl CXeMa 3aMENIEHUs C YYETOM TOJBKO MPOI0IbHBIX MapaMEeTPOB CXEMBI 3aMEIIEHUSI,
a UMEHHO aKTHUBHOT'O U MHAYKTUBHOIO conpotuBieHus; ais cereid 110-220 kB npunu-
MaeTcsi CxeMa, B KOTOPOM YUMTBIBAIOTCS €lleé €MKOCTHBIE MPOBOIUMOCTU (3apsiaHbIC
MOITHOCTH JuHUi); st ceteid 330 kB u Bhille akTyanbHa MOJIHAS cXeMa 3aMelIeHUs

JIMHUY 3JIEKTponepenayn npuBeeHHas Ha puc. 4.1.

R X
. A AA .
— R/ = B/2
G/2 B2 G/2

Pucynox 4.1 — Ilonnas cxema 3aMeleHus TMHUM 3JIEKTpOIepeiadn

ConpoTuBIIEHUS TUHUHN AJEKTpOIepeaadn ONpeestoTcs no Gopmyam:

Rﬂzroll, Xﬂ:xoﬂ’
n n

rac rp , Xo — IIOTOHHBIC (y,Z[CJ'IBHLIC) AKTUBHOC N PCAKTHBHOC COIIPOTHUBIICHUA JIHU-

HUU eKTporepeaadn, OM/kM;
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L — nimHa ITUHUHN, KM;

1 — KOJIMYECTBO NapajuieIbHO pabOTAIOMIMX IeTei TUHUH.

EMKOCTHBIE TPOBOJMMOCTH JIMHUHU 3JIEKTPOIEPEIAUN ONPEACISAIOTCS MO CIIETYIO-
muM popmynam:

Y, =-jb, LL &,

rae by — noronHas (ynenapHas) EMKOCTHAs MPOBOJAMMOCTD JIMHUU AJIEKTpoIepeaa-
g, CM/KM;

L — nimHa TUHUHN, KM;

1 — KOJIMYECTBO MapajuieIbHO pabOTaIOMIMX IeTeH TUHUH.

Cxema 3amelieHus IByXoOMOTOYHOTO TpaHchopmaTopa OyJeT BhITJISAIETh, TaK KaK
npuBefeHo Ha puc. 4.2. Takum o0pa3om, cxema 3amenieHus TpaHchopmaTopoB B
Hamieil 3amade OyJeT MpeAcTaBieHa aKTUBHBIM C MHAYKTHUBHBIM CONPOTHBIICHUEM, a
TaKXe MOJIHOM IPOBOJAMMOCTBIO YUUTBIBAIOIIEW IMOTEPU XOJIOCTOTO Xona [4] (moTepu B

ctanu Tpanchopmaropa).

U, R, X U,
——1 Y
_‘
B; G,

Pucynox 4.2 — Cxema 3amMenieHust JByX00OMOTOYHOTO TpaHchopmaTopa

Compotusnienus TpanchopmaTopa MPUHUMAIOTCS B COOTBETCTBUU CO CIPABOYHU-
KoM (cM. Tabi. 2.5 u 3.5). [IpoBoaumoctu Tpanchopmaropa onpeaensroTces no Gopmy-
Jam:

B APXX . Ixx IIS‘HO/\/[
Y,, = + 2
100 W

p 2
U HOM HOM

rae AP, ,I. — cupaBoYHbIE JaHHbIE TpaHC(OpPMATOpPa aKTUBHbBIE TIOTEPU XX U TOK

XX 13 OIbITa XoaocToro xonaa [4], MBT u %:;
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S0, — HOMHUHAJIBHASI MOIITHOCTH TpaHcopmaTopa, MBA;

U0,y — HOMUHAIIBHOE HAIPSKEHUE CETH, KB.

[TapameTpbl CXeMBbI 3aMENICHUS CIEAYET MPUBECTH K OJHOMY HalpshbKeHuro. B ka-
gyecTBe 0a3MCHOTO HAMPSKEHUS MOXKHO BBIOpATh J1t000e Hanpspkenue. [IpuBenenue co-
MPOTUBJICHUN BBIMOJHSETCS 110 hopMyJiam

R =R[%;, X =Xk,

rae R, X — akTUBHOE M PEAKTUBHOE COMPOTHUBIICHUS djieMeHTa ceth, OM, mpuBe-
JEHHBIE K COOCTBeHHOU cTyneHu HanpsokeHus (Uyy);

R, X' — aktuBHOE W PEaKTUBHOE COMPOTHUBIICHUSI TOTO K€ DJIEMEHTA, NIPUBE/ICH-
HbIe K 0a3zucHomMy HanpsikeHuro (Uzy), Om;

kr — koadunment npuseneHus (kodpduurent Tpanchopmanun).

Koadhdumment tpanchopmaruu onpenensiercs o Gopmyie:

kT - UBH ,
UHH

rae Upy — BbICIIee HOMUHAJIBHOE HaIpsiKEHUE TpaHncpopmaropa, kB;
Uy — HU31Iee HOMMHATIBHOE HaMpsbKkeHue Tpancdopmaropa, kB.
VY3510BbI€ TOKM HArpy3KUd OMPENENSAIOTCS, UCIONb3Ys 3aJaHHbIe 3HAYEHHUS] MOIIHO-

cTeil y3noB notpedaenus [1-2]:

== P, Hazp ] Qﬁaep ‘
v U U

HOM HOM

J

3ap$II[HBIe TOKH B JIMHHAX 6YI[€M HCII0JIb30BATh AJIA IMOJTYUICHUA paC‘-IéTHBIX TOKOB

B y3J1aX MOTPEOJIEeHUS Yepe3 EMKOCTHBIE MPOBOJAUMOCTH 0 (OpMYyIIe:

Y
J =L, .
n

3apsiOHbLIL

Toku ot MMOTCPb XOJIOCTOI'0 XOaa TpaHC(I)OpMaTOpOB onpcACIIMM 4CpPE3 IOJIYyUYCH-
HBIC PaHEC IMMPOBOJUMOCTH I10 q)OpMy.HCZ
Jxx = Tp [UH0M°
ITocne BbIYCPYMBAHHA CXCMBI 3aMCHICHUA CCTH HAa HEC HAHOCATCA IMOJYHYCHHBIC

3Ha4YCHUA COHpOTHBJIeHI/II)'I U MOIIHOCTU WJIM TOKH HAI'PY3KH. B 3aBucumoctu ot IIPpHUHA-
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TOr'oO MCTO/Ia PaCdYCTa 39THU XaPAKTCPUCTUKHU MOT'YT OBITH npcaACTaBJICHbI YUCJIaMHU B KOM-

TJIEKCHOM (hopme.

4.2 Ilosmy4yeHue pac4eTHBIX MOILIHOCTEN yY3JI0B HATPY3KH (B 3a1aHUU 3a0YHUKOB)

Kak u3BECTHO M3 JEKIIMOHHOTO Kypca UCXOAHYIO CXEMY CETH HYXKHO MPEICTABUTH
B BHUJIC PACUETHON MOJEIH, KOTOpasi OyIeT COCTOSTh M3 CXEM 3aMEIICHUS OTIETbHBIX
AJIEMEHTOB ceTU. B HameM ciyyae (3agaHue Uil 3A04YHUKOB) Mbl UIMEEM YYACTKHU CETH,
MPEJICTABJICHHBIE TOJBKO JIMHUSMU dJIEKTponepeaaun. B y3max Harpy3ku npucyTCTBYIO
NMOHU3UTENbHBIE TpaHchopMmaTopbl. Hy)KHO MONYYHTH CXEMBI 3aMEIICHUS OTIETbHBIX
AJIIEMEHTOB CETH, a UMEHHO JUHUI U TpaHchopmaTopos. Cxema 3amenienus JISII 6yner
ONPEAEIISITCS COOTBETCTBYIOIIUM KJIAaccOM HampsbkeHus (mo 3amanuto 35-220 kB), HO
IIPUMEM JIONYIIEHUE, YTO JJI1 PacyeTa YCTAHOBUBILIETOCS PEKMMa B HAUIEH 3a/1a4€ MBI
npeHeOpexeM €MKOCTHBIMU MpoBoauMocTsiMu. [lorTomy cxema 3amemenust JIDII Ha

JTH000M KJlacce HaMpsHKeHUs OyIET BBITJISIIETh CIEAYIOIMHIM 00pa3om, cM. puc.4.3.

R X
] YN \——

Pucynok 4.3 — Cxema 3amenienus JIOII (mapamerpsl BeTBU rpada ceTH)

Cxema 3amerieHus TByX0OMOTOYHOTO TpaHchopmaropa OyAeT BBHITISACTh aHAJIO-
TMYHO, T.K. MBI OyJeM MPUHUMATH JOIMYIICHHE, YTO TOTEPH XOJIOCTOTO XOja TpaHC-
dbopmaTopa paBHBI Hymr0. Takum 006pa3zom, cxeMa 3aMeleHus: THHUN U TpaHchopmaro-
pPOB B Hamei 3amade OyneT MpejcTaBiIeHa TOJBKO aKTUBHBIM U MHIYKTHUBHBIM COIPO-
TUBJICHUEM.

JIst yopoIeHus: CXeMbl CETH BBITIOJIHUM psii ipeoOpa3oBanuid. M30aBumMcs pac-
YETHBIM IIyTEM OT YYaCTKOB TPaHC(POPMATOPOB B CXEME 3aMEIICHHs CETH. BEBIMOITHUM
pacder MoTeph MOIIHOCTH, B BETBSIX TpaHCHOpMATOpa, UCIOIB3YS CIEAYIOIIEe BhIpa-

KCHUC!

Pl-jlé’ + QH2&2 .
AS,, = —’2]2 Z(R+ jX),

HOM
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r1€ Pyaop 1 Q,yqzp — MOITHOCTB Y314 HATPY3KH 110 33JjaHUIO (CM. Ta011.3.6),
R n X — akTHBHOE UM MHAYKTUBHOE CONMPOTHUBJICHHE TpaHcPopMmaTopa (CrpaBoyHasi HH-
dbopmarus, cM. Tabm. 3.5).

Jlanee He0OXOIMMO TOMYYUTh SKBUBAJICHTHYIO Harpy3Ky BETBU TpaHcpopmaTop-

NOTpeOUTENb, UCTIOIb3YS BEIpAXKEHHE (pacueTHasi Harpy3Ka):

S =S +AS

p Hazp mp*

Kak u3BecTHO B pacueTHOI MO Harpy3Ky Mbl OyeM NpeICTaBiIATh B BUJIE 3a-
JAIOIIMX TOKOB (AKTYaJIBHO JUIA CiIy4as MCIIOJIb30BAHUSA JIMHEWHBIX BBIPAKEHUM B Ma-
TEMATUYECKON MOJEIH, PEATM30BAHHON 10 METOAY Y3JOBBIX HAIIPSKEHUN, KOHTYPHBIX
TOKOB M O0OOIIEHHOIO ypaBHEHUs cOCTOsHUsA). [loaToMy HEOOX0aUMO OT MOLIHOCTEN

Y3JIOB HArpy3Ku HepeﬁTI/I K 3aat0UM TOKaM HCII0JIb3Ys CIICAYIOIINUC BhIPAKCHUA:

P 0
[=-—" | =__%
p \/g H]IIU.H

ITocne aToro MoIHO MPUCTYIIUTD K IMMOJYUYCHHUIO HAIIPABJIICHHOTO rpa(ba CCTU.

4.2 PacyeT yCTaHOBUBILIETOCS PEKUMA IJIEKTPUIECKON CUCTEMBI

Kak u3BECTHO COBPEMEHHBIE JIEKTPUUECKHE CETH XapaKTEPU3YIOTCA JECATKAMH U
JIa’)K€ COTHSAMU Y3JIOB U BETBEHU, CJIEAOBATEIIBHO, KOJUYECTBO YPABHEHHI B MATEMAaTH-
YeCcKOM MoJenu Ui pacuera Takoi cetu OyaeT Benuko. CocTaBieHUE dTUX YpaBHEHUMN
BECbMa TPYAOEMKas 3a7ada, MO3TOMY €€ PEIICHHE LeIecO00pa3HO BO3JIOXKUTh HA BbI-
YUCUTENbHYIO TeXHUKY. [ 3TOTO OyIeM UCIobh30BaTh (hOPMaTM30BAHHBIN MTOIXO K
COCTaBJICHUIO ypaBHEHUH [1], KOTOpBIN OBbLIT ObI OJWHAKOB JJISI CXEeM JIF0O0O0M KOH(UTY-
paruu. Takoil moaxX0a MOXKET OBITh pa3paboTaH Ha OCHOBE aHATMTUYECKOTO TPEICTaB-

JICHUS CXCMBI 3aMCIICHUA C IOMOIIBIO TCOPUU Fpa(I)OB.
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Tak, nmpuMeHss Teopuro rpadoB K INEKTPUUECKUM IEMsAM, B CXEME 3aMEIICHUs
BBLACIISIOT y3J1bl, HE3aBUCUMbIE KOHTYpPBI, AEPEBO M XOPAbL. 3aTEM BCE AJIEMEHTHI MO-
CJIEIOBATENILHO HyMEPYIOTCS, @ UX B3aUMHOE TOJIO’KEHUE ONMMUCHIBAETCS CHEIUAIbHBIMU
maTpuniaMd. Ha 3Tom 3tame paboThl PEeKOMEHIYETCsS MPUACPKUBATHCS CIETYIOIINUX
IPaBUIL:

1. Hymepauus y310B (BEpIIMH) BEAECTCS CHU3Y BBEPX IO MEPAPXUU JIEPEBA CXEMBI,
T.€. B HalpaBJCHUH OT Hauboyiee yAaleHHBIX Y3JI0B K OamaHcupyromemy. bamancupy-
IOLIU y3€T SIBJISIETCS [TOCJIEIHUM B HyMEpAllu1 y3JI0B.

2. Jlaiee HyMepyrOTCsa BETBU Oepega cxembl. IX HanpaBieHue BbIOMpaeTcs oT 0a-
JAHCUPYIOLIETO y3JIa K Harpy3ke. Kaxnol BEeTBM NPUCBAMBAETCA HOMEpP KOHEYHOMU
BEPILMHBI.

3. B cxeMe 3aMelleHns BBIIACISIIOTCS U HYMEPYIOTCSA He3a8UCUMble KOHMYPbl, BbI-
OupaeTcst HalpaBJICHUE UX 00X0/1a.

4. BeIAEns0TCA X0pOobl CXEMBI, HE JIOIyCKasi 00Jiee 0IHOM XOpAbl B KaXKAOM He3a-
BUCHMOM KOHType. XOpJbl HYMEpPYIOTCS BO BTOPYIO OYEpPEb U B COOTBETCTBHH C I1O-
CJIEIOBATEIbHOCThIO HyMepaluu KOHTYpoB. HampaBienust Xopa JOJKHBI COBIAAAThH C
HalpaBJjeHUEM 00X0/1a KOHTYpPOB.

Kak u3BecTHO U3 Kypca JIEKIMIA HalpaBJiIeHHbIN Ipad) ceTH MOXKET OBITh NPEACTAaB-

JICH B BUJIC TaK HAa3bIBAEMOU IEPBOM U BTOPOU MATPUIBI COCTUHECHUN.

IlepBasi MaTpuua coeqHeHuil (BeTsei ¢ y3aamm) M.

[lepBast maTpuna COEAMHEHHMI COCTABIIAECTCS HAa OCHOBE HampaBiIeHHOTO rpada
anekTpuuecko ceTh. CTPOKM MEpPBOM MaTpHIbl COCAUHEHUN COOTBETCTBYIOT Yy3JIaM,
cTosOIBI - BeTBAM. Ha mepeceueHun i-ro cronbma u j-i cTpoku cTaBiaT (+1), ecin j-i
y3eJ SABJII€TCS HAa4aJIoM 1-i BEeTBH, (-1) - ecnu j-i1 y3en siBasercs KOHIOM 1-il BeTBH U 0,

CCJIM yY3CJI HC UMCCT CBA3U C 1-¥ BETBBIO.

Bropast maTpuna coeanHenuii (Berseil B koHType) N.
KonnuecTBo CTpok B HEH PaBHO YHUCIy HE3aBUCHMBIX KOHTYpPOB, a KOJIUYECTBO

CTOJNIOLIOB - KOJMYECTBY BeTBed rpada. TakuM oOpa3oM, KakJA0My KOHTYPHOMY TOKY
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OyZIeT COOTBETCTBOBATh CBOSI CTPOKA, a KaXKJIOH BETBH CXEMEI - CBOM cTojben. Marpura
3aMOJHSAETCS CICAYIONUM 00pa3oM: mpu 00Xo/e KOHTypa cTaBsT (+1), ecmu o0Xof
COBMAJAECT C HAMpaBJICHUEM BETBH, (-1) - ecnu He coBnagaeT u (0) - ecii BETBb HE BXO-
JUT B KOHTYP.

Takke B pacuere pexxuMa pa30oMKHYTON CETH MOXKET OBbITh UCIIOJIb30BaHa MaTpHIIa
ko3 duLeHTOB pacnpenesieHus jaepeBa (oOpaTHas K IEpPBOM MaTpHUIE COSTUHECHHM
JUTSl Pa30OMKHYTOM CETH). DTa MaTpHIla MOXKET OBITh TMOJy4eHAa HETOCPEIACTBEHHO W3

HaIpaBJIeHHOTo rpada CXeMbl.

IIpaBwio mosryyeHuss MaTpuubl ko3¢ uuueHToB pacnpenenenus Cp:

- cToJoITBI MaTpHIlbl Cp OTBEUAIOT y3JIaM, a CTPOKH BETBSIM;

- JIBUTAsICh OT MEPBOrO y3Jia K 0a3UCHOMY, TO €CTh IO MEPBOMY CTOJOIY CMOTPST
KaKWe BETBU BCTPEUAIOTCS Ha MyTH JIBWKECHUS, TIPH ATOM, €CJIM HAIIPaBIICHUE JIBUKEHUSI
COBIIQJIAaCT C HAIPABJIICHUEM BETBU CTaBAT (+1), eciau MPOTUBOMOJIOKHO - (-1), eciu
BETBU HE BCTPEUYAETCS HA pACCMOTPEHHOM IyTH - (0).

Jlanee paccMOTpPUM aITOPUTMBI pacuera Jjii HEKOTOPBIX MAaTPUYHBIX METOJIOB T10-

IpoOHee.

4.2.1 Metop y3710BbIX HaNpPsH>KEHUM

Opnum u3 Hanbosee MOMYJISPHBIX METOAOB MO COCTABJICHUIO UCXOJHON MaTeMa-
TAYECKOU MOJENH I pacuyeTa YCTAaHOBHUBILIEIOCS PEXUMA DIIEKTPUUECKON CETH SIBJIS-
€TCsl METOJI Y3JIOBBIX HarpspkeHui [1-3]. JlocToMHCTBO MeTOoaa MposBIsETCA B BEIOOpE
B Kaue€CTBE HE3aBUCHMBIX MEPEMEHHBIX Y3JIOBBIX HAaNpsHKEHUH. KOIMYEcTBO y310BBIX
HaIIpsUKEHUM, PaBHOE YMCIYy HE3aBHUCHUMBIX Y3JIOB, 3HAYMUTEIBHO MEHBUIIE KOJIWYECTBA
BETBEH, JUISI KOTOPBIX ONPENEISIOT UCKOMbBIE TOKH.

B ocHOBY 5TOr0 MeToza 3ajojKeHa MaTpuua ys3JoBbIX mposoxumocred (Y, ). Ilo
CYTH HEOOXOIMMO IIOJIyYUTh MaTpuiy Y, .

Martpuua y3J0BbIX NPOBOAMMOCTEH Y, — HeocOOEHHas KBaJpaTHas MaTpHILa,

MopsAa0K KOTOpOﬁ PaBCH KOJIMYCCTBY HC3aBHUCUMBIX Y3JIOB. DneMeHT Yii HaxXoaAUuTCA KaK
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CyMMa IPOBOAMMOCTEN BETBEH, KOTOPBIE COCAUHAIOTCS ¢ y3710M 1. Ha mecre Yj; Haxo-

JMTCS IPOBOJAMMOCTE BETBH i-] C 00pPAaTHBIM 3HAKOM. DJIEMEHTHI Yj; = Yji, TO €CTh Mart-

pula CHMMCTPHUYIHA OTHOCHUTCIIBHO rJIaBHOM JuaroHaliu. Ecnn MCIKIAY Yy3JI1aMH 1 I/I] HCT

HETIOCPEACTBEHHOM CBA3M, TO Ha MecTe Yj; = Y;j; ctaBuTcs 0.

AJZZOpMWlM Memooda ¢ UCNOIb308AHUEM MAMPUYHBIX onepauuﬁ:

. B cxeme 3amenienus d3IeKTpUIECKON CETH BBIIEIUTD JEPEBO U XOPBL.
. BBIIOJIHUTE HYMEPALUIO Y3JI0B U BETBEU CXEMBI.

. CocTaBUTh MaTpHUILy Y3JIOBBIX 33/IalOIIUX TOKOB J .

1
2
3
4.
5
6
7

CocTaBUTh MAaTpUILy CONPOTUBIICHUI BETBEN CXEMBI - Zjp.

. CocTaBUTH NEPBYIO MATPULLY COCTUHEHUNA M.
. TpancnonupoBaTh MaTpHiry M.

. PacueTHpIM myTeM MOITYYUTh MATPUILY TPOBOJIUMOCTEN BETBEH:

Y, =Z,".

8. Ucnonp3ys rpad ceTu nmosrydyuTh MaTpUILLy y3JI0BBIX IPOBOJUMOCTEN Y, .

9. OnpenenuTh MaTPUIly y3JIOBBIX CONPOTUBICHUI:
Z, =Y, "
10. Pemuts y3710B0€ ypaBHEHHUE:
Uy=Y, .

10. Onpenenuts MaTpUIly Y3JI0BBIX HANPSXKECHUN

Uy, =U,+nlUy.

11. PaccunTaTh TOKHM B BETBSIX CXEMBI 110 3aKOHY OMa:

=2, ™" W,.

O6IHI/IM L BCCX PACCMOTPCHHBIX MCTOIOB ABJISAACTCA HCO6XO,III/IMOCTL ACJIaTh

IPOBEPKY HalIEHHBIX TOKOB B BETBAX CXEMBI 110 IepBOMY 3akoHy Kupxroda:

MO -J<e,

Y HalJICHHBIX HANPsDKEHUH B y3i1ax 1o 3akoHy Oma:

M, WU,-Z,O<e,
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rIe - 3aJlaHHasi TOYHOCTh, Hanpumep, 0,001.

4.2.2 Ucnonb3oBanue MeToaa 0000IIEHHOTO YPAaBHEHUSI COCTOSIHUS M METO/Ia KOH-

TYPHBIX TOKOB

Meton ¢ wucosib30BaHHEM OOOOIIEHHOTO ypaBHEHHS COCTOSIHUS, KaK M METOJ
KOHTYPHBIX TOKOB aKTyaJI€H TOJIBKO JUIsl 3aMKHYTBIX CXEM JJIEKTPUYECKOM ceTH [1].

B ocHoBe MeToza 0600IEHHOTO YpaBHEHUS COCTOSIHUSA 3aJI0)KEHA TaK Ha3bIBaeMast
maTpuna A. Ee MOXXHO MOJTy4uTh U3 TIEPBOM U BTOPON MaTpHUIl COEAMHEHUN 10 (HopMmy-
ae:

| M
NZ,

Aneopumm memooa Ha ochose 0606UjeHHO20 YPAGHEHUS COCMOSHUA:

1. B cxeMme 3amenieHus 3JIEKTPUYECKON CETH BBIIEIUTD JEPEBO U XOPABI.

2. BBINOJHUTE HyMEPALHUIO Y3JI0B U BETBEN CXEMBI.

3. CocTaBUTh MaTpPHUIly Y3JIOBBIX 33JAOLIUX TOKOB J .

4. CocTaBUTh MaTpUILy COPOTUBIIEHUI BETBE CXEMBI - Zp.

5. CocTaBUTh NEPBYIO MATPHULLY COETUHEHUNA M.

6. CocTaBUTh BTOPYIO MaTpUIy COEAUHEHUN N.

7. Ilomyunts MaTpuny A.

8. Pemnth 000011ICHHOE YpaBHEHNE COCTOSHUS:
I =A'[F,

¥ J
rae F =
0

9. BBII(eHI/ITB N3 ITOJYYCHHBIX MaTpull MoAMaTpulbl I1CPCBA U XOP.

10. OHpeI[eJ'II/ITB MaICHNUC HAIIPSKCHUA B BCTBAX CXCMbI UJIK Y3JIOBOC HAIIPSI’KCHUC

n3 3akoHa OmMma:
U,.=Cl'z. .0
A a aB a

8. OnpenenuTh MaTpULy Y3J0BBIX HAIIPSHKEHUN:
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U, =U,+nlUy.
OOwmuM U1 BCEX PACCMOTPEHHBIX METOOB SBISIETCS HEOOXOAMMOCTH JENaTh
IPOBEPKY HalIEHHBIX TOKOB B BETBAX CXEMBI 110 IepBOMY 3akoHy Kupxroda:
MU -J<e,
Y HalJICHHBIX HAPsDKEHUH B y3J1ax 1o 3akoHy Oma:
M, W,-Z,O<e,

rIe - 3aJlaHHasi TOYHOCTh, Hanpumep, 0,001.

IIpu paccMoTpeHMH MeTOAa KOHTYPHBIX TOKOB HAaJ0 CHayaja HAyYUTHCS COCTaB-
JSITh MATPUIIBl KOHTYPHBIX COMPOTUBJICHHI 1O PopMyIIe:
- T
Z,=NLZ,[N" |,
a TAKXKE HEMIOCPEACTBEHHO IO CXeMe (CM. KOHCIIEKT JICKIIUN).

Hckomoe pacnpcacicHuc TOKOB MOJKCT OBITH HaﬁHeHO IMyTeM PCIICHUA CIICIOYIO-

LIEH CUCTEMBI YPABHEHUM:

_ C
I, =Z; ME, -NZ, O“ W

rae Ix — KOHTYPHBIN TOK;

Ca — MaTpula KOG)(i)(i)I/IHI/ICHTOB paciupCaciaCHusd TOKOB ACPEBA, COCTABICTCA aHaA-

C
a 9
JIOTUYHO MaTpunc Cp; 0-8 MaTpuIe 0 - 9TO CTPOKHU HYJICH, KOJIIMYCCTBO KOTOPLIX

C

a
n00aBsieTCsl TaKUM 00pa3oM, YTOObI OOIIee YUCIIO UX B MATPUIIE 0 COOTBETCTBOBA-

JIO YHCITy BETBEM.

Aneopumm pacuema smum Memooom KOHMYPHBIX MOKOE & 00weM caydae:
1. B rpade cxembl BBIACTUTE AePeBO () U XopabI (B).

2. BBINOJHUTH HYMEPALUIO Y3J10B.

3. Beinenuth HE3aBUCUMBIE KOHTYPBI, YKa3aTh HAIIPaBIICHHUE.

4. TIlponymepoBaTh BETBU JIepeBa U XOP/I.
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6. CocTaBUTh MaTpUILy Y3JOBBIX 3aJa0MIUX TOKOB J.

7. CocTaBUTh MaTpuUIly CONPOTHUBJICHUN BETBEU CXEMbl: Zp. U BBIJICIUTh U3 HEE
noaMaTpuily (0JI0K) COMPOTUBIICHUN BETBEH JiepeBa Z,z.

8. CocTaBUTh BTOPYIO MATPUILy COCTUHEHUH V.

9. CocTaBHUTh IEPBYIO MATPHUILY COETUHEHU 1JIs IepeBa CXeMbI M,,.

10. TpancnionnpoBaTh MaTpuiy N, HOJTYy4YUB MATPUILY N

11. ITo matpuiie M, onpeaenuTs MaTpUILy KO3(PPHUIIMEHTOB pacipeeIeHNs TOKOB
B BETBAX AepeBa cxeMbl C, WM COCTABUTH €€ TIO CXEME.

12.PaccunTaTh MaTpuily KOHTYPHBIX COIIPOTUBJIEHUN WJIM COCTaBUTH €€ IO CXEME
3aMeIICHUS Zx:

13. Onpenenuts MaTpUILy KOHTYPHBIX TPOBOJAUMOCTEN:

Y, =Z7.

14. OnpenenuTh KOHTYPHBIE TOKH UCIIOJIb3YsI KOHTYPHOE YpaBHEHUE.

15. PaccunTaTh TOKH, B BETBAX CXEMbI UCIIOIb3YS] MATPUYHOE BBIPAKECHHE:
Cq

I=N, +
o

oy .

16. OHpCI[CJII/ITL MaACHUC HAIIPAKCHUA B BETBAX CXEMBbI UJIN Y3JIOBOC HAIIPAKCHUC

u3 3akoHa Oma:
Uy=ClZ,,.
8. OnpenenuTh MaTPUILY Y3JIOBBIX HAMIPSAKEHUIN:
U, =U,+nlUy.
OO6mmuM 111 BCEX PACCMOTPEHHBIX METOJIOB SIBIISIETCS. HEOOXOJAMMOCThH JI€NaTh
IIPOBEPKY HalJICHHBIX TOKOB B BETBSIX CXEMBI 110 NepBoMY 3akoHy Kupxroda:
MO -J<e,
Y HalJICHHBIX HAPsDKEHUH B y3J1ax 1o 3akoHy Oma:
M, U,-Z,O<¢,
rJ€ - 3aJlaHHasg TOYHOCTh, Hanpumep, 0,001.

Mp1 Oyzem ucnosib3oBaTh citydail npu Ex = 0.
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4.2.3 PacyeT TOKOB B BETBSIX PA30MKHYTOW CETH MPH MOMOIIU KOA(PPUIIUECHTOB

pacripeieieHus: TOKOB JIepeBa

HpI/I HCIIOJIB30BAHUM 3TOro METoAa pacdeTa pa3OMKHYTOﬁ CCTU CHa4daJla Haao
O3HAKOMUTBCA C IIPAaBUIIOM COCTABJICHUA MATPHUIIbLI KOG)(I)(I)I/IHI/ICHTOB pacpcaciICHus
TOKOB CXCMBI Cp, d 3aTCM U3Y4YUTH AJITOPUTM pacCucCTa.

[Tpu pacuere pa30OMKHYTBIX CETEH PEIIaeTCsl TOJIBKO OJHO MATPUYHOE YpaBHEHUE:
I =C,U,
rae I — MaTpuia TOKOB B BETBSIX CXEMBI;

J —Marpuiia cToaoer y3J10BbIX 3aJal0IIUX TOKOB;

Cp — MaTpuiia K03PpGUIKMEHTOB pacipeie]ICHUs] TOKOB JIepeBa.

Aneopumm memooa:

1. BBIMONHUTE HyMEPALMIO Y3JI0B U BETBEN CXEMBI 3aMEILICHUS CETH.

2. CocTaBUTh MATPHILy y3JIOBBIX 33JJAIOIIMX TOKOB I10 JAHHBIM CXEMBbI 3aMELIEHUSI.

3. CocTaBUTh IMAarOHAJIBHYIO MAaTPULLy CONPOTUBIICHUN BETBEH CXEMBI - Zj.

4. CocTaBUTh MEPBYIO MATPUILY COEAMHEHUN Mp 1Jis1 pa30MKHYTOM CXEMBI, BKIIIO-
4asi B HEE BCE Y3JIbl, KpoMe 0a3MCHOrO y3Ia.

5. Ilo marpune Mp nosyunts 00paTHyro Matpuly Cp KO3(QPHUIHEHTOB pacrpese-
JeHus nepesa (oOopaTHas Kk MaTpuie Mp), HCTIONB3YS sl 3TOTO rpad CXEMBI.

6. Perinth MaTpuyHOE ypaBHEHUE OTHOCUTEIIBHO TOKOB B BETBSIX.

7. OHpeI[eJ'H/ITb MNaaCHUC HAIIPAKCHUA B BETBAX CXCMbI WUJIM Y3JIOBOC HAIIPSKCHUC

n3 3akoHa OMma:
Uy=C, [Z, .
8. OnpenenuTh MaTPUILY Y3JIOBBIX HANIPSIAKEHUIN:
U, =U,+nlUy.
OO6muM 111 BCEX PACCMOTPEHHBIX METOJIOB SIBIIIETCS HEOOXOJAMMOCTh JIeNaTh

IIPOBEPKY HalJICHHBIX TOKOB B BETBSIX CXEMBI 110 NepBoMY 3akoHy Kupxroda:

MO -J<e¢,
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Y HalJICHHBIX HAPsDKEHUH B y3J1ax 1o 3akoHy Oma:
T -
M,WW,-Z;U<E,

r€ - 3aJlaHHasg TOYHOCTh, Harpumep, 0,001.
4.2.4 Tlonyuenne paKTUICCKUX 3HAYCHUN TOKOB U HAMPsHKECHU

I[J'I?I BCCX MU3JIOKCHHBIX PAaHCC MCTOA AKTYaJIbHO CJICAYIOIICC. OxoHYaTeIbLHBIN I1e-
PECUCT TOKOB U HaHp}I}KCHI/Iﬁ JJIA pCaHLHOP'I CXCMBbI BHCKTquCCKOﬁ CCTH:

- JUTSL HAIIPSDKEHUH y3J10B ¢ KO3 PUIIMEHTOM TpaHCHOpMAaLIUU:

U U, _U Wy

U pakm _ ~ Y _ y .
T Uy Uy
UHH

- JIIs1 TOKOB BETBEM ¢ yueToM KoddduiinenTa TpaHchopmariiu:

fzmuzUM

1.

HH
CTpyKTypHBIE CXEMBI C PE3YJbTaTaMH PACYETOB HOPMAJIBHO M IOCIE€aBapUITHOTO
PEXKHUMOB JTOJKHBI OBITh OTOOpa)XEeHBI MO pe3yJbTaTaM pacueTa Mo BCEM MPEAIOKEH-

HbIM MeTofaM. TekcTol nporpamm i1t OBM pasmeniatorces B MPUIIOKEHUU.

4.2.5 UtepalliOHHBIE METOIbI

Kak u3BeCTHO peanbHbIE AIEKTPUUECKUE CETU MOTYT COJIEPKATh MHOKECTBO Y3JIOB
Y BETBEU, [TIO3TOMY MCIIOJb30BAHME AaHAIUTUYECKUX METOAOB PEIICHUS 3aJa4u pacyera
YCTAHOBHUBIIETOCSl PEXKMUMa MPAKTUUECKHU HE BO3MOXKHO. K TOMY %€ B pealbHBIX CETSIX
HArpy3Ky Ienecoo0pa3Ho MPEACTABISITh B BUJE MOIIHOCTEH, a 3TO MIPUBHOCUT JIOTIOJI-
HUTEJIbHYIO HEJIMHEWHOCTh B MaremMaTudeckyro mozaensb [1,3]. Takum obpa3om, BO3HH-
KaeT HEOOXOJIUMOCTh B MCIIOJIb30BAHUU UTEPAIIMOHHBIX METOJOB PEIICHUS MOI00HBIX
CHUCTEM HENMHEWHBIX ypaBHeHUU. Hanbosnee nomyspHble U3 HUX 3TO METOJ 3ehens u

metoa Herotona (Hetoton-Padcona).
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Pemenne cucteMbl HENMMHEWHBIX YPABHEHUN UTEPAMOHHBIMU METOAAMH paccMar-
pUBaeTCsA Ha MPUMEPE METOIa y3JIOBBIX HampsikeHui. bosee moapoOHo 06 HMCTOIB30Ba-
HUM METONOB 3eineinsa 1 HeroToHAa CM. KOHCIIEKT JIEKITUH.

I[J'I?I nmpuMepa MnpuBecACM OCHOBHBIC BBIPAKCHHA JII OCHOBHBLIX HWTCPAIMOHHBIX

MCTOHOB.

Merton 3eiinens. 3eiigens IlonpaBka no HampspkeHUo U Ha KaKIOM IIare BbI-

IMOJIHACTCA IO CIICAYIOINUM BBIPAXKCHUAM I CXCMbI U3 TPEX HC3aBUCUMBIX Y3JIOB!:

K+l _ 1 _P1+Q1+

U =— K (Y11+Y12+Y13)UB_Y12U§_Y13U3K;
Y, U,
1 (-~ +
Uyt = 2KQ2+(Y21+Y22+Y23)UB_Y21U1K+1_Y23U3K;
Y, U,
+ -P+ + +
U3Kl= 1 . Q3+(Y31+Y32+Y33)UB—Y31U1K1—Y32U§(1 5

Metoa Herorona (Herorona-Pacgona). /st cetn 1ByX HE3aBUCUMBIX Y3JIOB aJl-

ropuTMm MCTOJa 6y,Z[CT TaKHNM:

R+ jO
Y11U1 +Y12U2 +Y13U3 - IU 1 _(Y11+Y +Y13)U5
1
P+ jO
Y21U1 + Y22U2 +Y23U3 i U : _(Y21+Y22+Y23)UE .
2
P+ jO
Y31U1 + Y32U2 +Y33U3 - U 2 _(Y31 +Y32+Y33)UB

3

3Hak P B cilydae Harpy3Ku «-», HCTOUHHKA «+».
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—h+ JQl Y, Y,
11 U2
oW 1
= Y. -P + Y. ;
dU,0U,0U, 8 ¥, + 2 »
U2
Y, Y, —P+
31 32 Y, + 3 2JQ3
U3
U1K+1 UIK .

K+1| — K aW K K K K K K1Y\.
Uk =|u! —W(U1 USUS) w(ur.us.uk);
UK UX =23

3 3

UKt -l < UXt-uf|<e.

4.2.6 CocrasiicHrue 0aJIaHCOB MOIIIHOCTEN

IIpn pacuere yCTaHOBUBLIEIOCA pEeXUMa MATPUUYHBIMH METOJAMU MBI OyJeM
MMETh B Ka4eCTBE PE3YJIbTATOB pacueTa TOKHM B BETBAX U HaNpPsDKEHMS B y3iax. Ho ms
OLICHKH JOIYCTUMOCTH PEXUMOB HEOOXO0AMMa UHPOpMALUs O TOTEPSIX AKTUBHOW U pe-
AKTUBHOW MOIIHOCTH B 3J€MEHTaxX CeTH. YTOOBI MOJYYUTh 3TH MOTEPH B JIEMEHTAX
HEOOXOJMMO BOCIIOJIb30BAThCS MOJIYYEHHBIMU PACUETHBIMHM 3HAUEHUSMH TOKOB B BET-
BSIX CXEMBI U HAIIPSKEHUM B y3J1aX CXEMBI 110 aJITOPUTMY.

1. Heo6xoauMo BbIIETUTH MAacCHB MOJOKUTENBHBIX U OTPULIATEIbHBIX 3HAYCHUN
HaIIPSDKEHUH B y3J1ax. A UMEHHO BEKTOp V1 — MOJIOKUTENbHBIC HAPSKEHUSI, 1 BEKTOP
V2 — orpunarenbHble HANPSKEHUS.

2. Ilony4uTh IMaroHalabHYIO MaTPUIy TOKOB B BETBSIX CXEMBI.

;] 0000
01, 000

0 013 00
00010

000 0 I
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3. HOHy‘-II/ITB MaTpuIibl MOIITHOCTHU B HAYAJIC U KOHIC BETBU MCIIOJIB3Ys aJITOPUTMbI

IpUBEACHHBIE HA puC. 4.4.

IJ'V’):SQ I,:['Vlzsl

Aa Ja

HCT HCT

SK SK

Pucynok 4.4 — AnroputM pacuera MOIUTHOCTH B Hayalie U KOHIIE BETBU

4. Tlomy4uTh MaTpuLly MOTEPh MOIIHOCTH B BETBAX.
M5 Wy =Z, 0
AS=1,Z,T=1,IM% Wy
AS=1,IM% s
5. IlpoBepka mpaBUIIBHOCTH pacueTa MoTepb MOITHOCTH.
Sy +Sy —AS<¢
e SKk 1 SH — BEKTOP CTOJI0€EI] MOIIIHOCTEN B Hauaje U KOHIIE BETBH;

AS — BCKTOP CTOJ'I6CLI IMOTCPb MOIMHOCTH HA YIACTKC CCTH.

6. CymMapHbIe TOTEPU MOIIIHOCTH

ASs =n" [AS
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5 TPEBOBAHIS K O®OPMJIEHUIO KYPCOBOM PABOTEI

KypcoBas pabora odopmisiercss B BUJI€ MOSICHUTEILHON 3anmucku o0bémMom 30-40
cTpanull. TekcT — ucnomnp3yercs crangapTHeid mpudt «Times new roman» pazmera-
eTcsl Ha ofHOM cTtopoHe ymcta popmaTta A4 (210297 mm). CTpaHuULbl TOTKHBI UMETh
YeThIpe MOoJIs: cieBa - 25MMm, crpaa — 10 MM, a cBepXy u cHU3y — HE MeHee 20 mm. s
MaITUHOMHICHBIX PabOT — MPUGT OCHOBHOTO TEKCTA JOJKEH UMETh pazMep 14 myHKTOB.
MexyCTpOUHBIN UHTEPBAJ — ITOJTYTOPHBIN.

Kaxxap1il paznen KypcoBoil pabOThl pEKOMEHIYETCSl HAUUHATHh C HOBOW CTPAHMIIBIL.
Paznensl (kpome BBEICHUS U 3aKIIOUECHUS) JOJKHBI UMETh MOPSAJIKOBBIE HOMEpPA, 000-
3Ha4YeHHBbIE apabckumu 1udpamMu 0e3 TOUku Tocie Hudpbl. 3aroJIOBKM MUIIYTCsA 0e3
nepeHoca CJIOB MPOMUCHBIMU OYKBaMU; TOYKa B KOHIIE 3ar0JIOBKA HE CTaBUTCS.

[Togpazaensl TOMKHBI UMETh MOPSAIKOBBIE HOMEPA B Ipeaeax KaKIoro pasziena.
[Moapasznensl HyMepyroT AByMs HudpaMud — HOMEPOM pasjiesia u Iojapasjiena, pasje-
JAEHHBIMHU MEX]y COOO0M TOUKOMA.

Paccrosinue mexay 3arojoBKaMu M MOCJIEIYIONIUM TEKCTOM AOHKHO ObITH 10 MM.
Paccrosanue mexay mocinegHer CTPOYKOM TEKCTa M MOCHEAYIOIIMM 3arojIOBKOM — HE
MeHee 15 mm.

CokpallleHHE CJIOB B TEKCTE M MOJPUCYHOUHBIX HAINUCAX, KAK MPaBUIIO, HE JO-
nyckaetcs. [Ipy He0OX0IMMOCTH MPUMEHSTh COKpPAIIEHUS JOJKEH OBITh MPUBEACH Iie-
pEYEHb MPUHSITHIX COKPAILICHUN.

@opMyIibl 3aMUCHIBAIOTCS B BUJE CUMBOJIOB Ha CEPEAMHE CTPOKU. 3HAUCHUS KaXK-
JIOTO CUMBOJIa PaciIu(POBHIBAETCS C HOBOM CTPOKH B TOW MOCIEA0BATEIBHOCTH, B KO-
TOPOM OHM MPUBENICHHI B (hopMyJIE.

Bce nmmoctpanun (rpaduku, cXembl, YepTeKH) B TEKCTE UMEHYIOT PUCYHKaMH U
HYMEPYIOT B Mpejeiax pasjena AByMs HU(ppaMu HOMEPOM pasjiesia U yepe3 TOUKY HO-
MepoM pucyHka. [locie HoMepa 00s13aTeIbHO TPUBOAUTCS TOJIPUCYHOUYHBIN 3ar0JIOBOK.
CcbulkM Ha paHee MPUBEICHHBIE PUCYHKH JAIOT COKPAILIEHHWEM CJIOBAa «CMOTpH»

(Hampumep: cm. pucyHok 3.2).
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[{udpoBoit MaTepuan pekoMeHayercs opopMisTh B Buae Tabmull. Ta0nuub HyMme-
PYIOT B TipenieniaXx KaKJaoro pasaena AByMs mudpaMu: HOMEPOM pasjielia U 4epe3 TOUKY
HOMEpOM Tabsuibl (HanpuMmep: mabauya 2.1). [Ipu nepeHoce NaHHBIX Ha CIEAYIOLIYIO
CTpaHUIly B €€ BEpXHEN YacTu OTMeUaemcs: npoooaxceHue maobauyst 2.1 v OBTOPSIOT-
Csl BCE 3ar0JI0BKHU CTOJIOIOB (CTPOK).

Pacnieuatku nmporpamMm u pacy€ToB, BBINOJHEHHBIX HA DBM, naroTcs B BUjAE Mpu-
JIOKEHHM, KOTOPBIE Pa3MEIIAIOT B KOHIE MOSACHUTENIBbHOM 3anucku. Kaxoe npunoxe-
HUE JIOJDKHO HAaYMHATHCS C HOBOTO JIMCTA C YKa3aHUEM BBEpXY IO LIEHTPY cioBa «IIpu-
JIO’)KEeHUEe» W UMETh 00o3HaueHue, Hampumep: A, b, B u T.4., a Takxke 3aroioBok

(Ha3BaHUE).
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