AHHOTALIUA

Pabora mnocesmeHa pa3pabOTKe YHCIEHHOIO pelareis 3aJadyd IOMCKa
€MKOCTH J3KBUBAJICHTHOIO KOHJIEHCATOpa [UIA Y4YacTKAa JJIEKTPUYECKOW ILEIH.
[IpencragiieHO onpeeneHne 3aK0OHa COXPAHEHUS 3apsia, KOTOPBIN SBJISETCS OJJTHOU
u3 0a30BBIX 3aKOHOMEPHOCTEH B 00J1acTH pacuéra IeKTpruIecKux rernei. Bmecre ¢
TeM pa3o0paH MpUMep JCHCTBUS 3aKOHA COXpPAHEHHUs 3apsa JJig KOHIEHCATOPOB,
COCJIMHEHHBIX MeX1y coOoi. Ecnm mis mocienoBareiabHOr0 U MapalielbHOro
COCIMHEHUs KOHJEHCATOPOB BbIBeACHBI (OpMYJbI Uil pacyérta EMKOCTH
SKBHUBAJICHTHOTO KOHJIEHCAaTOpa, TO i1 Yy4acTKa ILEMHU MPOU3BOJIBHOU
KoH(Urypauuu BeIBeCTH 0011e (OpMYIIbl 3aTPYIHUTENBHO. Tak KaK MpUMEHEHUE
3aKOHA COXpaHEHWs 3apsja i JaHHOW 3ajadyu MPUBOIUT K (HOPMHUPOBAHUIO
CUCTEMbl JIMHEWHBIX YpaBHEHUM, B paboTe MpuBeAcHBI 0A30BbIC OMPEACICHUS U
nousitusi, csizanHbie co CJIAY. Takxe pasoOpan meron ['aycca kak oawH U3
HamOoJee W3BECTHBIX 4YHCICHHBIX MeTonoB pemeHus CJIAY. C yderom Bcero
BBINIIECKA3aHHOT'O C(POPMUPOBAH AJNTOPUTM YHCICHHOTO PelIaTess 3aadu MoucKa
€MKOCTH SKBUBAJIGHTHOTO KOHJIEHCATOPA, a TAaKXKe MPEJIoKeH YIoOHbIN (popmaT
daiima ¢ BXOIHBIMU JaHHbIMU. [IporpammHoe penieHue ObUIO  YCHEIIHO
armpoOMpPOBAHO HA TpUMeEpax Iened pa3audyHON KOH(GUTypaluu U MOXKET ObITh
UCIIOJIb30BAHO YYEHUKAMU B XOJI€ U3YUEHUS pa3/iesioB Kypca (PU3UKH, CBSI3aHHBIX C

KOHACHCATOpaMH, B TOM YUCJIC JJIA CaMOIIPOBCPKHU.
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BBenenune

Ienr mpoekTa. pa3padoTarh  aIrOPUTM  HAXOXKICHUS  EMKOCTH
SKBHBAJICHTHOT'O KOHJIEHCATOPA JIJISl yJacTKa JIEKTPUIECKON TSN, COCTOSIIETO U3

KOHJICHCATOPOB, U PEAIN30BATH €r0 B BUAE MPOrPaMMBI.
3ajgaum npoekra:

¢ M3Yy4YUTb MCTOAbI pacdcTa €MKOCTH SKBHBAJICHTHOI'O KOHACHCATOpa JIA

Y4acTKa LIETH B CTATUYECKOM PEKUME;
® U3YYUTh METOJbI PEILICHUSI CUCTEM JIMHEHHBIX anreOpanueckux ypaBHEHHIH;
e pa3paboTaTh AITOPUTM PEIICHUS [TOCTABICHHOM 3a/1a4H;
® MPEIJIOKUTH CTPYKTYpPY (hailiia BXOHBIX TaHHBIX;

e pa3paboTaTh MPOrpPaMMHYIO pEaNH3aIHI0 AITOPUTMA, YKA3aHHOTO BBIIIE.

3aKoH COXpaHeHMs 3apA/Ia

3aKOH COXpaHEHHUs SJEKTPUUYECKOTO 3apsja TJIACHT, 4TO ajredpandeckas
CyMMa JIEKTPUUYECKHX 3apsJI0B BCEX YaCTHI] U30JIMPOBAHHON CUCTEMBI HE MEHSIETCS
IIPU TIPOUCXOAAIIUX B HEH MpoIieccax. DISKTPUIESCKUN 3apsil OO0 YaCTHIIBI UITH
CHUCTEMBI YaCTHI] SIBJISIETCA IEIbIM KPATHBIM 271eMEHMAPHOM) INEKMPUUECKOMY

3apsady (paBHOMY IO BEJIMYMHE 3apsAly JIEKTPOHA) UM HYJIEBBIM.

OgHuM U3 TOIATBEPXACHUI 3aKOHA COXPAHEHHs AJIEKTPUUECKOro 3apsja
CILY’)KMT CTPOr'O€ PaBEHCTBO (110 aOCOIIOTHOW BENWYMHE) HIEKTPUUYECKUX 3aPsIIOB
ANEKTpOHA M TOpoToHa. M3yueHue JBHXKEHHUS aTOMOB  (MOJIEKYN) U
MUKPOCKONIMYECKHX  TE€I B  DJJIEKTPUYECKHX  MOJAX  IOATBEPKIAET
ANEKTPOHEUTPANIBHOCTh BEIIECTBA M, COOTBETCTBEHHO, PAaBEHCTBO 3apsOB

3JIEKTPOHA U MPOTOHA (M DIEKTPOHENTPAILHOCTS HEMTPOHA) ¢ TOYHOCTBIO 10 1072,

ITonHBIA SIEKTPUYECKUN 3aps]l COXPaHAETCI W B TOM CJydae, eciu
NepBOHAYAIbHBIE 3apsiibl Tel ObUM OTJIMYHBI OT Hyds. Ecnu 0003HAUMTH
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NEepBOHAYAJIBHBIC 3apsabl TEI KakK (i M (2, a 3apsaa TEX KE TCI II0CIC HX

B3aUMOJICMCTBUS KaK ¢ 1 U ¢ 2. TO MOYKHO 3aIKCaTh:

g1+q2=01+ 02

[Ipu nr00BIX B3aUMOJIEUCTBUSIX TEN WX TOJHBIA SJEKTPUUYECKUN 3apsii OCTAeTCs
HEU3MEHHBIM. B »TOM 3akiiouaercss GyHIaMEHTAIBHBIA 3aKOH MPUPOJBI — 3aKOH

COXpaHCHH: JJICKTPHUICCKOI'O 3apsiaaa.

3aKkOoH coxXpaHeHuUs 3apsjia ObLT ycTaHOBJEH B 1750 r. aMeprUKaHCKUM YUEHBIM
Y BUJHBIM MNOJUTHYECKUM aesitesieM benmxamuHom @panHkinHOM. OH K€ BBEI
MOHSITUE O TMOJOXKUTENBHBIX W OTPUIIATENIHLHBIX 3apsiiaXx, 0003HAYMB WX 3HAKaAMU
«+» U «-». 3aK0H COXpaHEHUs 3apsiia UMeeT ri1yOokuit cMbici. OH OYEBHJIEH, KOTa
YHUCJIO JIEMEHTAPHBIX YacTHUIl He MeHsieTcsl. OTHAKO 2JIEMEHTAPHbBIE YACTHUI[BI MOT'YT
BO3HUKATH (POXKIATHCS) U UCUE3ATh, T. €. IPETEPIEBATh PA3TUUYHbIE IPEBPALCHUS.
Bo3HukaloT W ucYe€3al0T d3JEMEHTAapHbIe 4YacTUIlbl Bceraza napamua  (c
MIPOTUBOIOJIOKHBIMH 3apsiiaMu). MHOTOUYMCIIEHHBIE HAOIOJACHHS MpEBpaIieHUI
AJIEMEHTAPHBIX YaCTHI] MOATBEPKIAIOT 3aKOH COXPAHEHMS 3apsAna. JTOT 3aKOH

BbIpaxxacT OJAHO U3 q)YH}IaMeHTaHBHBIX CBOMCTB QJIICKTPUYCCKOI'O 3apsaa.

[TocMOTpuM, Kak MOXKET OBITh TPUMEHEH 3aKOH COXpAaHEHHs 3apsjia Ha
y4JacTKe IIeNH MOCTOSHHOI'O TOKa, COCTOSIIEro M3 KoHJeHcatopoB. KongeHcarop
npescTaBigeT co00l /1Ba MPOBOJHUKA (HAa3bIBAEMBIX 0OKIAO0KAMU KOHJEHCATOPA),
pa3fen€HHbIe CIOEM JUAJIEKTPUKA, TOJIIIMHA KOTOPOro Majla IO CPaBHEHHIO C
pazmMepamu IPOBOIHUKOB. 3apsibl HAa 0OKJIaAKaX KOHJEHCATOpa paBHbI 110 MOAYIIIO
Y TIPOTHUBOIIOJIOXKHBI 110 3HAKY, a OOIIMI 3apsij] KOHJIEHCATOpa paBeH abCOTIOTHOMY
3HAYCHUIO 3apsijia OJJHOM 13 00Ki1a10K. Eciii MBI COETMHUM HECKOJIBKO 3apsKEHHBIX
KOHJIEHCATOPOB MOCJIEI0BATEIHHO, TO OOIIUI 3apsii CUCTEMBI IepepacipeaeIuTCs
MEXIy OOKJaJKaMy KOHJIEHCATOPOB C y4ETOM 3HAKOB 3apsnoB. V3 3TOro MOXHO
clenaTh BaXXHBIM BBIBOA. 3apsa] MEXIy COCEIHHMMM oOkiaakamu 2 u Oonee
KOHJIEHCATOPOB paBeH HyI 0. Eciii MBI COEAMHNUM HECKOJIBKO KOH/IEHCATOPOB, TO B

COCANHAIOIIEM Y3JIC O3TO IIPpaBUJIO 6y,JICT BBIITOJTHATHCA.



PaccMmoTpuM coeuHeHne KOHEHCATOPOB, IPEICTABIEHHOE Ha pUCyHKe 1.

Py

Py
Puc. 1. Ilpumep ydacTka 3JMEKTPHUECKOH IIETH, COCTOSIIET0 U3 KOHIEHCATOPOB

CyMMapHyI0 3JIEKTPOEMKOCTh MOKHO BBIYUCIIHTH 1O (hopMyJIe:

__ Yo6m
Co61u TR

r11€ (oo — MOJIHBIN 3apsia 1 U = @1 — (2 — HANPSDKEHUE MEXKIY KIIEeMMaMHu.

[Ipoananu3upyem mnepepacnpeneieHue 3apsjga MEXIy KOHJIEHCATOpamMHu U
HalijieM 00J1acTH, TJe 3aps]l MKy IUIACTUHAMU COCEIHUX KOHAEHCATOPOB paBeH
Hymto. Ha pucynake 2 o0nacTé HyJIEBOTO 3apsjga MEXAY COCETHUMHU

KOHJIEHCATOpaMu 0003HAYEHBI IOJyObIM LIBETOM.



Puc. 2. Pa3znenenue nenu Ha 00JacTH HYJIEBOTO 3apsiia
ITonHbIM 3apsil 3TOM CHUCTEMBI PABHSETCS IIOJIHOMY 3apsiy TOJBKO JBYX
KoHAeHcaTopoB, eMKocTaMu C u 2C, KOTOpBIE SIBIISIIOTCS CAaMbIMH OJIM3KUMHU K
MOJIOKUTENIbHOM ~ KJleMMe. 3apsifi NpuObIBa€T HA IUIACTUHBI TOJBKO JTHX
KOHJICHCATOPOB, a Ha OCTAJbHBIX OH Iepepacrpenesiercs, U HUKAKUe HOBBIC

3apsJbl HC CO3Ja0TCA B CUCTCME.

YtoO0mI MMPOAOJIZKUTH PCIICHUC, MBI B ITIPOM3BOJIBHOM HOPAAKC ITPUITUCBIBACM
3apsaJbl BCEM KOHJACHCATOPAM, KaK IIOKa3aHO Ha PHCYHKC 3, H I10J1ydacm

CIEAYIOIIYIO CUCTEMY YPaBHEHUN:

1. —q1 —q3+q5s =0
2.9 +q4—qs =0

3. (Pl—(Pz—%
4. (Ps—(P1=Z—2
>. (Pz—(P?,:%
6. (P4—(P2=Z_Z
7. 03— @ =



Py

-

2C q,

Puc. 3. PaccTaBnenue 3aps10B Ha KOHEHCATOpax

Tenepp, 3Has, 4TO0 @1 — @4 = U, HEOOXOAUMO PEUIUThH JAHHYIO CUCTEMY U

HalTu q1 ¥ q2. CknaasiBaeM ypaBHEHHUs 3, 4, 5 U MOIydaeMm:
0=24+L4+5 ynuq, +2q, + 2q5 = 0.
2c ¢ ¢
3areM CKJIaJIbIBa€M ypaBHEHUS S, 6, 7 M NOJydaeM:

0=%+Z—Z+%,mn2q5+q3+2q4=0.

N3 ypaBHeHuil 3 u 6, yuuTbiBas, 4TO Pa3HOCTh MOTEHUHUAJIOB (1 U @4 paBHa U,

HaxXxoauM

y_ 0 G

C 2C

Tenepb 00BEAMHUM MOTYYUBIINECS TPU YPABHEHUS C TIEPBBIMU BYMSI YPAaBHECHHUS
HaIlleW UCXOJAHOM CHCTEMBI, BBIPA3UM W3 HUX 3apsAlbl 3, Q4 U (s Uyepe3 3apsiasl (1 U

02 ¥ IOJTYYHM

[ToncTaBuB qaHHBIE BEIpOXXEHUS B OPMYITY JJIs OOIIEH eMKOCTH, HAlIEM



lg:| +lq2l  7C
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oot U 5
JlaHHBIN METOJ HaXOXJEeHHS OOIlel EeMKOCTH CHCTEMbI KOHJEHCATOPOB
YHUBEPCAJIEH. Y HEro €CTh JOMOJHUTEILHOE NPEUMYIIECTBO: HAM HE HYKHO 3HATh
VCTHHHBIC 3HAKH 3apsiIOB 3apaHEE; €CIU Mbl MPEINOI0KNIN 3HAK HENPABUIIBHO,

PCUICHUC IIPOCTO AACT HAM OTpHHaTCHBHBIﬁ OTBCT.

B xoze penienns ykazaHHOM BBIIIE 33/1a44 Mbl JOPMUPYEM MAaTEMATUYECKYIO
MOJIeNIb, KOTOpas MPEJCTaBIseT COOOM CHUCTEMY JHMHEHHBIX ainreOpanvyecKux

YPaBHECHUH.

CucremMbl JIUHEHHBIX aJIredpanvecKux ypaBHeHU

Cucrema nuHelHbBIX anreOpandyeckux ypaBHenuin (CJIAY)— cucrema
YPaBHEHHUH, KaX10¢€ ypaBHEHUE B KOTOPOMU
SIBJISICTCSI IMHEWHBIM — aJreOpandeckuM  ypaBHEHHWEM TEpBOW  CTeneHu. B
KJIACCUYECKOM BapuaHTe KOd(h(PHUIIMEHTHI NMPU MEPEMEHHBIX, CBOOOHBIE YJICHBI U
HEU3BECTHBIE CUMTAIOTCS BEIIECTBEHHBIMU YMCIIAMU, HO BCE METO/IbI U PE3YJIbTaThl
coxpaHsitorcs  (JiuOO eCTeCTBEHHBIM 00pa3oM 0000mIatoTcs) Ha — ciayyai

JTHOOBIX noneﬁ, HallpuMcEp, KOMIIJICKCHBIX 9YUCCII.

OOt BU CUCTEMBI JIMHEWHBIX aJIreOpanyecKuX ypaBHEHUI:

a1 + a2y + -+ a1 T, = by
az1T1 + AT + -+ + ATy = by
Am1T1 + Q22 + 0 + A Th = by
31ech M — KOJMYECTBO YPaBHEHUH, a N — KOJIUYECTBO IEPEMEHHBIX, X1, X2,
.., Xn — HEHM3BECTHBIE, KOTOPHIC HAI0 ONPEAEINTh, KOOMPHUIUEHTH a1, 12, ...,
amn ¥ cBOOOAHBIC wieHbl Dy, by, ..., by mpenmonararoTcs u3BeCTHBIMH. MHIEKCHI

KO3(QPUIIMEHTOB B CHCTEMax JHHEWHBIX YypaBHEHHH (i) (OpMUPYIOTCA IO



CJIEIYIOUIEMY COTJIAlIEHUIO: NEepBbI MHAEKC (i) 0003HayaeT HOMEp YpaBHEHUS,

BTOPOM (j) — HOMEp MEePEMEHHOM, IPU KOTOPOI CTOUT 3TOT KOAPPHUIIMECHT.

CucreMa Ha3bIBa€TCsl 0OHOPOOHOU, €CIH BCe €€ CBOOOIHBIEC WIEHBI PABHBI

Hy;to (b1=b,=...6n=0), uHaYE — HEodHOpPOOHOII.

Keaopamuas cucmema nuneunvlx ypasHeHuitl — CHUCTEMAa, Y KOTOPOH
KOJIMYECTBO YPaBHEHUI COBMAJAET C YHUCIOM Heu3BecTHbIX (M=n). Cucrtema, y
KOTOPOM  YHCIO  HEU3BECTHBIX  OOJbINE YUCIA  yYpaBHEHUH  SBJISETCS
HEZ00NpPeIeIEHHOM, TAKKE CUCTEMBI TMHEHHBIX anreOpandecKux ypaBHEHUHN TaKkxKe
Ha3bIBAIOTCS NpsAMOoy2oibHbiMu. Eciu ypaBHEeHUN OOJbIIe, YeM HEU3BECTHBIX, TO

CHUCTCMaA ABJIACTCsL HGpCOHpCI{CJ’IéHHOﬁ.

Pemenue  cucreMbl — JUHEHHBIX — anreOpanyeckux  ypaBHEHUM —
COBOKYITHOCTB n YuCeN Cy, Cy, ..., Cy , TAKUX YTO UX COOTBETCTBYIOLIAS [10CTAHOBKA

BMECTO Xi, X2, ..., Xn B CUCTEMY OOpalnaer Bce €€ ypaBHEHHUS B TOXKAECTBA.

CucreMa Ha3bpIBAaETCSl COBMECTHOM, €CIIM OHA UMEET XOTA Obl OJTHO PELICHUE,
U HECOBMECTHOM, €clii y He€ HET HU OJHOro pemieHusd. PemreHus cuuTarorcs

Pa3In4YHbIMHU, CCJIN XOTA OBI OIHO U3 3HAYCHUM IICPCMCHHBIX HC COBIIAAACT.

B namem ciydae cucteMa ypaBHEHUN COCTABISIETCS TaKUM 00Pa3oM, YTOOBI

OHa TMOJIYYWJIACh ONPENEIICHHON (MMella €IMHCTBEHHOE PELIECHUE).

Marpuunas ¢gopma

Cucrema TMHEHHBIX anredpandeckux ypaBHEHUH MOXKET ObITh MpeICcTaBlIeHa

B MaTPUIHOHN (hopMme:

aip  ajp - Qg T by
asr Qe - Q2p T by
Aml Am2 = Qmn Ly, bm
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https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D0%B4%D0%BE%D0%BE%D0%BF%D1%80%D0%B5%D0%B4%D0%B5%D0%BB%D1%91%D0%BD%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B5%D0%BE%D0%BF%D1%80%D0%B5%D0%B4%D0%B5%D0%BB%D1%91%D0%BD%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D0%B6%D0%B4%D0%B5%D1%81%D1%82%D0%B2%D0%BE_(%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D1%80%D0%B8%D1%86%D0%B0_(%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)#%D0%9C%D0%B0%D1%82%D1%80%D0%B8%D1%86%D0%B0_%D0%BA%D0%B0%D0%BA_%D0%B7%D0%B0%D0%BF%D0%B8%D1%81%D1%8C_%D0%BA%D0%BE%D1%8D%D1%84%D1%84%D0%B8%D1%86%D0%B8%D0%B5%D0%BD%D1%82%D0%BE%D0%B2_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D1%8B_%D0%BB%D0%B8%D0%BD%D0%B5%D0%B9%D0%

CokparniénHas 3anmuch mMatpuaHoir Gpopmbl CJIAY Beimsaur tak: Ax=b.
3nece A — 3TO MaTpHIa CHUCTEMBI, X — CTOJNOEI HEU3BECTHBIX, a b — cronben
cBOOOJHBIX wieHOB. Ecau k Marpuue A mpunucaTth cupaBa CTOJ0El] CBOOOJHBIX

YICHOB, TO IMOJYUYUBHIAACA MAaTPHUILId HA3BIBACTCS pacmnpeHHoﬁ.

Metoani pemmienust CJIAY. Meton I'aycca

Yucnennsie metoabl pemieHust CJIAY nenstcs Ha Be rpyIIIbL:
® TMpsMbIe (TOYHBIE) METO/IBL;
® uTepalMoHHbIE (MPUOIMKEHHBIE) METO/IBI.

K npsiMbIM MeTOZ1aM OTHOCATCSI TAKME METO/Ibl, KOTOPBIE B MPE/INOI0KEHUH,
YTO BBIYUCIICHUS BEAYTCS 0€3 OKPYTJICHUI, TO3BOJIAIOT NOJYYUTh TOYHBIE 3HAUCHUS
HEU3BeCTHBIX. OHU MPOCTHI, YHUBEPCAIbHBI U UCIIOIB3YIOTCS 1JI IIMPOKOT 0 Kiacca
cucteM. OJTHAKO OHU HE MPUMEHHUMBI K cUcTeMaM OobIKX mopsakos (n < 200) u
K IJIOXO OOYCIIOBJIEHHBIM CHCTEMaM M3-32 BO3HUKHOBEHHSI  OOJBIIHMX
norpemnocteid. K HuM MoxkHo oTHecTu: mpaBuio Kpamepa, MeToabl 0OpaTHBIX

Matpul, ['aycca, NporoHku, KBaApaTHOTO KOPHS U JIp.

K npubnnkeHHbIM OTHOCSTCS METObI, KOTOpPBIE Ja)Xe B MPEANOI0KEHHH,
YTO BBIYMCIICHHUS] BEAYTCA 0€3 OKpYIJeHUH, MO3BOJISIIOT MOJYYHUTh pEUICHUE
CHUCTEMBI JIMIIb C 33JaHHOM TOYHOCTBIO. DTO UTEPALIMOHHBIE METOMBI, T. €. METOBI
NOCJIEOBATENIbHBIX NMPUOIMKEeHnH. K HUM OTHOCSTCS METOZ MPOCTOM HUTEpalui,

MeToJ1 3eiiens U Apyrue.

Merop lMaycca (Mam MeTo1 OCIIEI0BATENIbHOTO UCKIIOUYEHHSI HEU3BECTHBIX )
IIPUMEHUM JUISI PELUICHUS CHUCTEM JIMHEMHBIX YPaBHEHUW, B KOTOPBIX YHCIIO
HEU3BECTHBIX MOXKET OBITh JINOO PABHO YHMCIY YPABHEHHM, JTMO0 OTIIMYHO OT HETO.

Cucrema M JTMHEHMHBIX ypaBHeHI/Iﬁ C N HEU3BECTHBIMU UMEET CJ'IC,Z[y}OHII/Iﬁ BU/:

11



( allxl + a12X2 +...+ alan :bl
a21X1 + a22X2 +...+ aZan :bz

TIe X1, X2, ..., Xn — HEM3BECTHBIE, & j- KOXPPHUIMEHTHI IPU HEU3BECTHBIX, D; -

CBOOOJIHBIE YJIEHBI (MJIM MPABBIE YACTH).
K snemeHTapHbIM IIpeoOpa30BaHUSAM CUCTEMbI OTHECEM CIIEAYIOLIEE:
e [iepeMeHa MeCTaMU ABYX JIOOBIX YpaBHEHUIA;

® YMHOXCHHUC o0eux yacTel J1000r0 U3 ypaBHCHI/Iﬁ Ha IIPOU3BOJILHOC YHCJIO,

OTJIMYHOC OT HYJIA,

e mpubaBieHre K O00EUM 4YacTIM OJHOIO M3 YPAaBHEHHH CHCTEMBbI
COOTBETCTBYIOILIUX YacT€l APYroro ypaBHEHHUs, YMHOXKEHHBIX Ha J000e

IIEUCTBUTEIHLHOE YHCIIO.

DOneMeHTapHble Npeo0pa3oBaHUsl NEPEBOJIAT CUCTEMY YpaBHEHUH B
PaBHOCHJIBHYIO €i. DTH NMPeoOpa30BaHUs B CYIIHOCTH SBIIIIOTCS OCHOBOM METOMA

l'aycca.

Paccmorpum npumenenue wmeroga laycca gma  CIIAY ¢ Tpems

HCU3BCCTHBIMMU:

1% + 81Xy +agXz =by
QX1 + AxXy +axXg =Dy 1)

Q31X + azyXp +azzXz =D3
Ha rmepBoM 11are HCKJIFOUMM HEM3BECTHOE X1 U3 BCEX ypaBHEHUH cuctemsl (1),
kpome nepBoro. Ilycts koaddurment a1 #0. HazoBeM ero Beaymum 31€eMEHTOM.

Pazpgenum nepBoe ypaBHEHHE CUCTEMBI HA @11. [lonyunm ypaBHEHUE:
1 1 1
Xl + a12( )XZ + a13( )X3 - b.l.( ) (2)

L _ . 1) _ by
rae a,;’ = a11'] =123,b;7" = "t

12



UckmtounM x1 U3 BTOPOTO U TPeThero ypaBHeHuM cuctemsl (1). s saToro
BBIYTEM W3 HUX YypaBHeHUE (2), yYMHOXKEHHO€ Ha KOIPQPUIMEHT NpH X1

(COOTBETCTBEHHO d21 U a31). CHCTEMa PUMET CIICAYIOIIUN BU/:

@) Dy _n@D
Xg+815 " Xo + 813 " X3 =y
@ Dy _p.@D
pp "Xy +agg X3 =by 3)
@ Dy _pH @
a3y "Xy +azg X3 =Dbs
Ha BTOpOM IIare HCKIIIOYMM HEU3BECTHOE X M3 TPETHErO YypaBHEHHUS
cuctemsl (3). ITyctb ko3 dunuent a,,™ = 0. BeiGepeM ero 3a BemylInii SIEMEHT 1

pa3zie’IM Ha HErO BTOPOE YpaBHEHHE CUCTEMBI (3), IOJy4YUM ypaBHEHUE:

Xy + a23(2) Xg = b2(2) (4)

(1) )
(2) _ %23 ,(2) _ by

e ayy =~y by =

22 22

N3 Tperpero ypaBHeHus cucteMbl (3) BbIUTEM ypaBHEHUE (4), YMHOXKEHHOE

Ha a33(1) Ilosmyyum ypaBHEHHE:

2 2
835" « X3 =1y

)

IIpennomarasy, 4to a3’ # 0, HAXOIUM X3!

(2)
X3 = b3

— b3
2 3
a33()

B pe3ynbTaTe npeodbpa3oBaHuil cucTeMa MPUHAIA BU:

X+ a12(1)X2 + 313(1) X3 = bl(l)
2 2

Xy +a55 X5 = b,? _ (5)
Xq = b3(3)

Cuctema (5) HaszbiBaeTcs mpeyeonvHot. Ilpoliecc npuseaeHus cuctemsl (1) k
TPEYroJbHOMY BUIY (5) Ha3bIBAIOT npambim x00om memooa I aycca. Haxoxnenue

HCHU3BCCTHBIX M3 TpGerJ'IBHOﬁ CHUCTCMBI Ha3bIBAIOT 06pamelM Xo00om memooa
13



I'aycca. [Ing 31010 HalJICHHOE 3HAYEHMUE X3 IIOACTABIISIIOT BO BTOPOE YpaBHEHUE
cucTeMsbl (5) U HaXOIAT Xp. 3aTeM Xz U X3 NOJCTABISAIOT B NEPBOE YpaBHEHHE U

HaxogAaT Xi.

B obmiem ciydae 1uist CUCTEMBI 71 JIMHEHHBIX YPaBHEHUHN C 71 HEU3BECTHBIMU
IPOBOJATCS aHAJIOTMUYHbIE TpeoOpa3oBaHusd. Ha kaxaoM miare UCKIIOYAeTCsl OTHO
13 HEU3BECTHBIX U3 BCEX YPABHEHUM, PACIIOJIOKEHHBIX HI)KE BEAYILIETO YPABHEHUS.
IToaTromy meron I'aycca umeer apyroe Ha3BaHuUE — METOX IOCIEAOBATEIBLHOIO

HCKIIIOYCHUS HCU3BCCTHBIX.

Ecan B X0I¢C HpCO6p&30BaHI/Iﬁ CUCTCMbBI IIOJYYACTCA IIPOTHBOPCUNBOC
YPaBHCHHUC BHOA 0= b, rac b = 0, TO 3TO 03HA4YACT, YTO CUCTCMA HCCOBMCCTHA U

pPELICHUN HE UMEET.

dopmar ¢ailia BXOAHBIX JAHHbIX

[IporpammHuasi peanu3aiysi ajiropurMa JOJDKHA TO3BOJIATH 3aIllyCKaTh
QITOPUTM Ha PA3IMYHBIX BXOTHBIX JaHHBIX Hanboee ya100HbIM 00pa3oM (B MEPBYIO
ouepenb — 0€3 HEOOXOAMMOCTH BHOCHUThH HCHPABJICHUS B MPOTPAMMHBIN KOI).
[TosTomMy OBUTO IPUHSATO pelieHne pa3padboraTh cBod dopmat ¢aiiia ¢ BXOIHBIMU
JAHHBIMH JJISI TPOrPAMMBI, KOTOPBIM BIIOCIEICTBUM ObLIO ObI Jerko o0padoTaTh

nepes peeHneM 3a1a4u.
Pazpaborannsiii popmat daiiaa UMeeT CIeayIonue 1eTald 1 0COOCHHOCTH:
e (haii 1oIKEeH OBITh TEKCTOBBIM M Ha3bIBATHCS «INPUt.tXty;

® KaXJas CTpoKa (pailyia ONHChIBAET BETBb MEXKY ABYMS y3JaMH Y4acTKa LIETH,

Ha KOTOPOH pacIojio’KeH KOHICHCATOP;

® y3JIbl HYMEPYIOTCS CJIEBA HAIIPABO U CBEPXY BHU3 B COOTBETCTBUU CO CXEMOM,

Hymepauus HaunHaercs ¢ 0;

e crpoka ¢aitna mmeer cunenytommid BuA: Ci N; Ny, rme Cj — emkocts I-TO

KOHJIeHcaTopa (eauHHuIa u3MepeHus B nanHoMm ciydae [Mk®D]), a Nj u Ny —
14



HOMepa Y3JI0B, MKy KOTOPBIMH PaclojoXKeH I-if koHneHcaTop (00braHO N;

< Nk).

Hanpumep, y Hac ecTh y4acTOK IIeNU ¢ KOHIEHCATOpaMH, N300paKeHHBIN Ha

puc. 5.

Ci-10mrd

~30med

P,

C.-20mrd

C=20mrP

Puc. 5. IIpumep yuacTka 1enu ¢ ykazaHHbIMU EMKOCTSIMU KOHIAEHCATOPOB

HabGop BXOMHBIX MaHHBIX JJIS TAKOTO ydYacTKa IIenu OyJeT BBITJISAICTh

CJIEYIOIUM 00pa3oMm:
1001
2013
6012
3002
2023
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AJII‘OpI/ITM HAXO0’KJIeHUsI EMKOCTH JKBHMBAJEHTHOI0 KOHJICHCaTOopa €

YIe€TOM (l)opMaTa BXOJHBbIX JaHHbBIX

Hanpsokenne Ha ydacTke LenM IpUHHUMAETCS paBHbIM | B, mnpuuem
CTapTOBBIM NOTEHIMA] NMPUHUMAETCS paBHbIM | B, a KOHEYHBIM MOTEeHUMAT —

paBubiM O B.
PazpaboTanHbIl adrOpUTM UMEET CIETYIONTUN BU/L:

1. Ha ocHoBe @aitia ¢ BXOAHBIMH JITaHHBIMHU 3alOJHIETCS MAaCCUB C

nHpopMaIre 0 KOHJEeHCATOpax.

2. OHpe,Z[GJ'ISICTC}I KOJINYCCTBO HCHU3BCCTHLIX IIOTCHIIHMAJIOB Ha OCHOBC BXO/JHBIX
JaHHBIX (HaXOI[I/IM HauOOJIBIITHI HOMCD MOTCHLHAaJIa U BbIYUTACM M3 HECTO
CAWMHUIY, TaK KaK HyMCcpaluuAa IMOTCHIUAIOB UJICT C 0, a 3HAa4YCHUS BXOJHOI'O

H BBIXOJHOTI'O ITOTCHIINMAJIOB I/ISBGCTHBI).

3. ®opmupyetrcs 3 u3HayanbHO MycThix MaccuBa st CJIAY: wmatpuna
K03()GUIIMEHTOB MPHU MCKOMBIX ITOTEHIIMAJIaX, BEKTOP CBOOOIHBIX WICHOB U

BCKTOP HCU3BCCTHLIX ITOTCHIIHAJIOB.

4. TTocTpOYHO 3amOJIHSIETCA MaTpPUIa B COOTBETCTBUM C 3aKOHOM COXPaHEHUS

3apAa0B U C YICTOM BXOAHBIX JAHHBIX!

4.1. Tlpu 3anoJTHEHUH 3JIEMEHTA Ha OCHOBHOM TUAroHa Il MaTPUIIbI: €CJIU B
XOJI¢ TIPOBEPKM MAacCHBa BXOJHBIX JAHHBIX BCTPEUACTCS CHUTYAIWs,
KOrJia HOMEp TEepBOro MOTEHIMalla PaBeH HOMEpPY CTPOKH ILTHOC 1
(cuutast or 0), torma [i, i]-aeMeHT MaccuBa yBEIUYHMBACTCS Ha

CMKOCTbD IMOAXOAAIICT O KOHACHCATOpA.

4.2. Tlpu 3amoJHEHHH OCTAIBHBIX DIIEMEHTOB: €CIH B XOJ€ IPOBEPKU
MacCHBa BXOJHBIX JaHHBIX BCTPEYAETCS CHUTYyaIlHsi, KOIJla HOMEp
IEPBOr0 M BTOPOrO IMOTCHIIMAJIOB PaBHbI HOMEPY CTPOKH IuTIOC 1
(cumras ot 0), Toraa [i, j]-amemeHT MaccHBa yMEHbBIIACTCS HA €MKOCTh

MMoAXOAIIICTO KOHACHCATOpA.
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4.3. Tlpu 3amoHeHUH JIEMEHTa BEKTOpa CBOOOIHBIX YJICHOB: €CJIH B XOJIC
NPOBEPKH MacCHBa BXOJHBIX JaHHBIX BCTPEYACTCS CHUTYaIWs, KOTAa
HOMEp TEPBOrO MOTCHIMANA PaBEH HYJIO, & BTOPOW HOMEPY CTPOKH
witoc 1 (cumras ot 0), Torma [i]-ameMeHT MaccuBa yBeTUYHMBACTCS Ha

CMKOCTb IMOAXOAAIICIO KOHACHCATOPA.

5. Marpurna k03pPuUIMeHTOB U BEKTOP CBOOOIHBIX WICHOB MPEOOPa3yIOTCs MpU

MOMOIIIM AJITOpUTMA IPSAMOro xoaa meroaa ['aycca.

6. HpI/I IIOMOIITH O6paTHOFO X0aa MCTOHda Faycca HaxoaATCsaA HCHU3BCCTHBIC

IIOTCHIO UAJIbI.

1. HaXO,Z[HTC}I 3apsAabl Ha KOHACHCATOpAX, IMOAKIIOYCHHBIX HCEIIOCPCACTBCHHO KO

BXOAYy CXCMEI.

8. Haxomurcs obmiast éMkocTh KoHIeHCcaTOpoB ey 1Mo popmyiie Cosuw = Josu/Uosu-

IIporpamMHas peaju3anus aJJrOpUuTMAa

[Iporpammuas peanuzaius pazpaboTaHa Ha si3bIKe IporpamMmupoBanus C++.
DTOT S3BIK COAEPNKUT CPEACTBA Pa3padOTKH MPOrpamMm JUisl HIMPOKOrO CIEKTpa
3a7a4. OT HHU3KOYPOBHEBBIX YTUJIUT W JpadBEepoOB JO BeCbMa CIOXHBIX

IPOrpaMMHBIX KOMIUIEKCOB. OcoOeHHOCTH si3blka C++:

¢ BBIYHUCIINUTCIIbHAA IMPOU3BOAUTCIIbBHOCTL: SA3BIK CIIPOCKTHPOBAH T4k, YTOOBI
AaTb IIPOrpaMMHUCTY MaKCHUMaJIbHBIN KOHTPOJIb HaJd BCCMH aCIICKTaMHU
CTPYKTYPBhI U IIOpsAJKa HCIOJIHCHHUA IMPOTrpaMMbl; HUMECTCSI BO3MOXHOCTH

paboThI C MaMSTHIO HA HU3KOM YPOBHE;

® TIOJJICpKKA PA3IMYHBIX CTWICH NPOTPAMMHPOBAHUS: TPATUIIMOHHOE
MMIIEPAaTUBHOE IIPOrpaMMHUPOBAHUE (cTpykTypHOE, 00BEKTHO-
OPHUEHTHUPOBAHHOE), O0OOIMEHHOE MPOrPaMMHUPOBAHKE, (PYHKITMOHAIBHOE

IPOrpPaMMHUPOBAHKE, TOPOKAAIOIIEE META-IIPOrPAMMHUPOBAHUE;
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e jnocTtynmHOCTh: mig CH++ CylecTByeT OrpoOMHOE KOJUYECTBO Y4YEOHOMU
JUTEpaTyphl, MepeBeIEHHON HA BCEBO3MOXKHBIC SI3bIKM; HECMOTPS Ha TO, YTO
SI3bIK UMEET BBICOKHU MOPOT BXOXKACHUS, CPEIU BCEX SA3BIKOB TaKOr'o pojia

C++ obnanaer HanOosee IMUPOKUMHU BO3ZMOXHOCTSIMU;

e ya00HBIE MHCTPYMEHTHI JJI paboThl ¢ (aitmamu: B C++ s 3TUX 1enen
UCIIOJIb3YIOTCS CIIeLIMAJIbHbIE THUIIBI IaHHBIX, HA3bIBAEMbIE TOTOKAMU; TTOTOK
ifstream cioyxut s paboThl ¢ (aiimamMu B pekuMe 4TeHus, a ofstream B

PCKUMCE 3allUCH.

Ha BBIOOp s3bIKa KpOME YKa3aHHBIX BBINIEC MPEUMYIIECTB S3BIKA TAKXKE
noBJHsIT TOT (pakT, yto C++ ceiiuac akTUBHO M3y4YaeTCs B MIKOJIAX (B TOM YHUCIE U

B HaIIIEH IIKOJIe).

[Tporpamma BbIMONIHEHA B cpene paspaborku Microsoft Visual Studio
(Community version), o0béM koma coctaBuin 125 crpok. JluctuHr Koma

HpOFpaMMHOﬁ peain3anuu MpCaACTaBJICH B ITPHUIIOKCHUU.

BuiBOABI

Bce mnocraBneHHble Lenu M 3aJaud B paMKax IpoeKTa ObUIM MHOM
BBINOJIHEHBI. B npoiiecce paboThl Hal IPOEKTOM s TOAPOOHEE PACCMOTPEN CLIOCOOBI
peunieHns 3a1a4 pacuera dJIEKTPUUECKUX LENeN ¢ KOHIEHCATOPaMM, O3HAKOMMIICS C
MaTPUYHBIM MPEACTABICHUEM CHUCTEM JIMHEHHBIX aireOpandyeckux ypaBHEHHH U
YUCIICHHBIMU METO/IaMH PEIICHMS TAKUX cucTeM. MHoM OBl pa3paboTaH anropuTM
HAXO0XKJIEHUS] EMKOCTH SKBUBAJIEHTHOI O KOHAEHCATOPA ISl y4acTKa €U, KOTOPbIN
JIer B OCHOBY UMCJIEHHOT'O peuiaTelns MoCTaBIeHHOM 3aaaun. Pemarens Ob1 MHOM
HAIMCaH Ha s3bIKe TporpaMMmupoBanus C++, U B Xoe padoThl HaJl HUM S yJTy4ILINT
CBOM HABBIKH NPOIPAMMHUPOBAHHs HA ITOM s3bIKE. [[1s manpHEWIIEro pa3sBUTHS
IIPOEKTA S IUIAHUPYIO UCCIIEN0BaTh BO3MOKHOCTb ITIOCTPOCHUS
NOJOOHOIO pemaresiss He TOJBKO I CTaTUYECKOrO peXuMa, HO M C y4ETOM
IIEPEXOIHBIX IPOLIECCOB.
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Hpuaoxenue A

JIucTUHT OCHOBHOrO (paiiina NpOrpaMMHON peaiu3anuu

#tinclude <iostream>
#include <vector>
#include <fstream>

#include <cmath>
using namespace std;

typedef struct {
int ¢, f1, f2;
}Tin;

int main() {
ifstream Fin;
Fin.open("input.txt");
int i = 0, kolC, kolF =90, j, k, U = 1;
float del, a = 0, Q = 9, Ce = 0;
Tin C;

vector <Tin> Input;

while (!Fin.eof()) {
Fin >> C.c;
Fin >> C.f1 >> C.f2;
Input.push_back(C);
}
kolC = Input.size();

for (i = 0; i < kolC; i++) {
if (Input[i].f1 > kolF) kolF
if (Input[i].f2 > kolF) kolF

Input[i].f1;
Input[i].f2;

}
kolF--;

if (kolF == @) {

for (i = @; 1 < kolC; i++)
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Ce += Input[i].c;
cout << Ce << endl;

}

else {

float** matrix;

new float* [kolF];

matrix

for (i = @0; 1 < kolF; i++)
matrix[i] = new float[kolF];

float* Vec;

Vec = new float[kolF];

float* Fi;

Fi = new float[kolF];

for (i = 0; 1 < kolF; i++) {
for (j = 0; j < kolF; j++)
matrix[i][j] = ©;
Vec[i] = 0;
Fi[i] = ©;

//dopMupoBaHme MaTpuLbl
for (i = 0; i < kolF; i++) {
for (j = 0; j < kolF; j++) {
if (1 ==173){
for (k = 0; k < kolC; k++) {

if (Input[k].fl == (j + 1) || Input[k].f2
== (j + 1)) matrix[i][j] += Input[k].c;

}
}

else {
for (k = 0; k < kolC; k++) {

if  ((Input[k].f1 == (i + 1)) &&
(Input[k].f2 == (j + 1)) || (Input[k].fl == (j + 1)) && (Input[k].f2 == (i +
1))) matrix[i][j] -= Input[k].c;

}
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for (i = 0; i < kolF; i++) {
for (k = 0; k < kolC; k++) {

if ((Input[k].f1 == @) && (Input[k].f2 == (i + 1)))
Vec[i] += U * Input[k].c;

}

// nocne ¢opmMumpoBaHMA MaTpuubl M BeKTOpa CBOOOAHbLIX 4/€HOB

for (i = 0; i < kolF; i++) {
for (j = @; j < kolF; j++) cout << matrix[i][j] << " ";
cout << Vec[i] << endl;

}

cout << endl;

// npamon xop meTopa laycca
for (k = 1; k < kolF; k++) {
for (i = k; i < kolF; i++) {
if (matrix[i][i - 1] != @) {
del = matrix[i][i - 1];

for (j =1 - 1; j < kolF; j++) matrix[i][]j] =
((matrix[i][j] / del) * matrix[i - 21][1i - 1]) - matrix[i - 1][]];

Vec[i] = ((Vec[i] / del) * matrix[i - 1][1i - 1])
- Vec[i - 1];

// nocne npamoro xopa laycca

for (i = 0; i < kolF; i++) {
for (j = @; j < kolF; j++) cout << matrix[i][j] << " ";
cout << Vec[i];

cout << endl;

// obpaTHbli xoh MeToda vaycca
for (i = (kolF - 1); i > (-1); i--) {
a = 09;

for (j = 0; j < kolF; j++) {
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if (j '= 1) a += (matrix[i][j] * Fi[j1);

}
Fi[i] = (Vec[i] - a) / matrix[i][i];

for (k = 0; k < kolC; k++) {
if (Input[k].fl1 == 0) {

if (Input[k].f2 == (kolF + 1)) Q += abs(U * Input[k].c);

else Q += abs((U - Fi[ (Input[k].f2 - 1)]) * Input[k].c);

Ce =Q/ U;

cout << endl << Ce << endl;

system("pause");

return 0;
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