MunncTepcTBO 00pa3oBaHus U HayKu Poccuiickoit @enepamun

(enepabHOE rocyIapCTBEHHOE OFODKETHOE 00pa30BaTENIbHOE YUPEKICHHUE
BBICIIIETO IIPO(ECCHOHATEHOTO 00pa30BaHMs

«AnTaiickuil TOCyIapCTBEHHBIN TEXHUYECKUI YHUBEPCUTET
uM. U.W. [TonzyHoBa»

A.A.TPUBAHOB

ABTOMATU3AIINSA PACYETA TOKOB B BETBSAX
CJIOKHOM DJIEKTPUYECKOM IEIHN C
MCIOJIb30BAHUEM SJIEKTPOHHBIX TABJIUII

Y4ebHO-MeToaIecKOe TOCOONE IS BHITIOJIHEHNS! KOHTPOIBHON paboThI
IUTS CTYACHTOB 3a09HOU (hopMBI 00ydeHus HanpasieHus 13.03.02
«DNEKTPO3HEPTeTHKA U ITEKTPOTEXHUKa» 10 Kypcy «MaTemaTudeckue
3aJ]a4M DHEPTETUKI» U CTYJICHTOB 3a04YHOM ()OPMBI 00yUeHUsI
cneruaibHocTH 140211 «DnekrpocHabxkeHHe» Mo Kypey
«MaTeMaTH4eCcKne METO/IbI B MH)KCHEPHBIX 3a7auax»

HM3a-Bo AntI'TY
Bapuaya ¢ 2015



VJIK 621.3.011 (075.5)

I'pubanoB, A.A. ABroMaTH3anusi pacuéra TOKOB B BETBSIX CIIOXXHOU
AJIEKTPUYECKOM LENH C MCIOJIb30BAaHWEM 3JIEKTPOHHBIX Tabnui: YuyeOHO-
METOMYECKOe MM0COOHEe /IS BBIOJIHEHHS KOHTPOJIBHOW paboThl IS CTY-
JICHTOB 3a04HOH (opmbl 00yuenus Hanpasienus 13.03.02 «DnexTposnHep-
TeTHKA U JJIEKTPOTEXHHUKa» M0 Kypcy «MaremaTinueckue 3aJaqu SHepreTu-
KM» W CTYICHTOB 3a09HON (opmbel oOyueHus crenmaimpbHOCcTH 140211
«QnexkTpocHabXeHHEe» Mo Kypcy «MaTeMaTHYecKne METOABl B MHXKEHEP-
HBIX 3amadax» [Tekcr] / A.A. I'pubGanoB / AnT. Toc. TexH. yH-T mMm. N.H.
[omsynosa. — bapuaym: U3zn-so Antl TV, 2015. — 96 c.

IIpuBeneHs! 3aaHua K KOHTPOJIBbHOI pabote mo kypcam «Maremaru-
YeckHe METOJbl B HH)KEHEPHBIX 3agadax» M «MaremaTudeckue 3aJadu
SHEPreTUKU» U METOJUYECKUE YKa3aHUs K €€ BBIIOJHEHHUIO.

st cTyIeHTOB, 00YUarOIIUXCS MO CHENUATBHOCTH «DIIEKTPOCHa0XKe-
HHE» U HANpaBJICHHIO OakanaBpuara «JIEKTPOIHEPTETHKA M IICKTPOTEX-
HUKa.

PaccMOTpeHO U peKOMEHIOBaHO Ha
3acelaHuu MeToIuuecKOn MIKOJIBI UM.
0.1. XomyToBa

IIpotokon Ne 2 ot 28.01.2015 .

© A.A. I'pubanos, 2015
© AnTaiickuii rocyapCTBEHHbIH TexHUUeckuil ynuBepcuter uM. V.. ITomsynosa, 2015



COJEPXKAHUE

BBEJEHMUE ...........ccooovoioeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e eeeees e 4
LEJIU U 3AJAYU U3YUYAEMBIX JUCHUILIHH. ............oovvvere..n. 4
3AJJAHUE HA KOHTPOJIBHYIO PABOTY ........coovvooovvoeereeeeeesesr. 5
ONNCAHUE KOH®UT'YPALIMU U IAPAMETPOB

DJEKTPUYECKOM LIEMH C HOMOIIBIO MATPHII .................. 6

BBITIOJIHEHUE JEHCTBUAN C MATPULIAMH ITPU
HNCIIOJIb30BAHUU ITPOI'PAMM MICROSOFT EXCEL U OPEN

OFFICE CALC ... s 11
CIOMEHUE MATPHIL. ... veevveeeeseeseeassessesseesseansesseassesseassesseaseesseassesseasssssesnsessesesasens 11
BBIUUTAHUE MATPHLL.....coiuviiiiiiiniiisiie s 12
VMHOMKEHHIE MATPHIL..c.vveervveureenteessseesseesnseesseesseessneassessssessseesnsesssesssseessnesnsessses 13
HaX0XIeHHE OOPATHOM MATPHLIBL .......vveuveureiiesiesteasresieeseesseessesieeseesnessnessessneaneas 15
TPAHCIOHUPOBAHUE MATPHLIBI .....v.vreeveiresenreseseesesesseessesessesssresesessssssresesssssnesens 18

METO/JUKA PACUETA TOKOB B BETBSIX IIEITH 11O

OBOBIIEHHOMY YPABHEHUIO COCTOSHUA .......................... 19

METO/JUKA PACUETA TOKOB B BETBSIX IIEITH 11O

VY3JIOBOMY YPABHEHMIOQ ...........ccoooiiiiiiiiiiciee e 22

METOJIUKA PACYETA TOKOB B BETBSX IIEITH 11O

KOHTYPHOMY YPABHEHMIO ...........ccoooiiiiiiiiii s 25

IHNPOBEPKA ITPABUJIBHOCTHU HAXOXKJAEHHUS TOKOB B

BETBAX LEII] .........oocoiiiiiiiie e 32

MCXO/HBIE JIAHHBIE JIJISI BBIIIOJTHEHUSI CEMECTPOBOM

PABOTDBL.........ooiii e e 34

KOHTPOJIBHBIE BOITPOCDIL...........ccocooiiiiiiiiieieee e 94



BBEJ/[EHHE

VYueOHble IUCHUIUIMHBI «MaTeMaTH4ecKue 3aaddl dHEPIeTHUKH» H
«MaTeMaTH4eCKUEe METOMABI B MHXKEHEPHBIX 3a7jadyax» OCHOBHOHM CBOEH 3a-
Jadel CTaBsT 3aKpervicHne (DyHIAMEHTAJIbHBIX 3HAHHUH, MMOJIYYEHHBIX INPH
n3ydeHun Kypca «Bricmiast matemaruka». K coxaneHuro, mpenomaBaTeinn
MaTeMAaTHKH UMEIOT ciaa0Oble IO3HAHUS B 001acTH MPOo(eCCHOHAIBHOM nesi-
TENBHOCTH 00y4aeMbIX U HE MOTYT 0OOCHOBaTh HEOOXOAMMOCTD HW3YyUCHHUS
OTIETBHBIX Pa3Je]IOB BY30BCKOTO Kypca «Bpicmielt matemaTukm». J{ns sto-
ro B y4eOHBIM IJIaH W BBEICHA IUCIWMILUIMHA, JOKA3bIBAaroOIIas HEOOXOqU-
MOCTbH CHCHHaJ’ILHOﬁ MaTeMaTHYECKOM IMOATOTOBKHM CTYJACHTOB Ha IpUKJIad-
HBIX 33/1a4ax U3 cepbl NpodeccCHOHANBHOMN eI TEILHOCTH.

BeImonHeHe ceMecTpoBoil paboThI Mo Kypcey «MaTeMaTHUecKHe 3a-
Jadr OHEPreTUKN HCO6XO[[I/IMO JUIA pa3sBUTUA NPAKTUYCCKUX HABBIKOB pE-
IIEHUS 33/1a4 C HCTI0JIb30BAHNEM KOMITBIOTEPHON TEXHHKH.

HEIN U 3A/TA9U U3YHYAEMBIX IUCLITHITVIHH

3agaueid KypcoB sIBISIETCS M3y4ye€HHUE OCOOEHHOCTEH COBPEMEHHBIX
MaTeMaTHYeCKUX METOAOB C LeJdbl0 (OpPMUPOBaHMSA 3HAHWH M HABBIKOB
MPUMEHCHUA DTUX METOHAOB JJId PCIICHUA TAKHUX 3aJa4 KakK paC‘IéT Tapa-
METPOB PEKUMa C y4ETOM CIIy4aifHOro XapakTepa MX H3MEHEHHMs, OIeHKa
Haﬂé)KHOCTI/I pa60T1)1 CHCTCMBI, BbI60p ONTUMAJIBHBIX CXEM U PEKUMOB
(YHKIMOHUPOBAHUS TEXHUIECKUX CUCTEM.

B nucuumimne «MaTtemaruyeckue 3afadd 3HEPTETUKH) MOCTaBJIECHbI
CIEeYIOLINE 3a0auu:

— chOopMHIPOBATH TPEACTABICHIU O 3a7a4aX B 00JacTH 3JIEKTPOCHAO-
KCHUS, TPEOYIOMMX I PEIICHHs MCIIONB30BAHNUS COBPEMEHHBIX MaTeMa-
TUYECKUX METOJIOB;

— HAYYUTb COCTABJIATH CXEMBI 3aMCHICHUA SJICKTPUICCKUX CUCTEM,

— H3YYUTb MCETO/bl aHaJIM3a YCTAHOBUBHINXCA PEKUMOB DJICKTPHUUC-
CKOH CHCTEMBI;

— HaAY4YUTh p€IIaTb CUCTEMBI JIMHEUHBIX ypaBHeHnﬁ C HUCIIOJIb30BAHHUEM
KOMIIBIOTEPHON TEXHUKH;

— JaTh NpeACTaBICHUE 00 HCIOIH30BAHUU METOJIOB TCOPHH BEPOSTHO-
CTEH U MaTeMaTHIECKON CTATHCTUKH B 3aJ1a4ax JIEKTPOCHAOKCHUS;



— HAY4YWTb ONPEAEHATh XapaKTEPUCTHKH HAAEKHOCTU CHCTEM OJIIEK-
TPOCHAOKCHUS;

— c(OopMHUPOBATH NpECTaBICHHE 00 OLEHKE CTATUUECKOH YCTOHYMBO-
CTU YCTaHOBUBIIETOCS pexXuUMa.

DopMa IPOMEKYTOYHOU aTTECTALMU — 3a4ET.

34A/JAHUE HA KOHTPOJIBHYIO PABOTY

B xoHTpONBHON paboTe HEOOXOIMMO PACCUUTATH TOKH B BETBSX IICITH
B COOTBETCTBHUH C BAPUAHTOM IIO

— 0000IIEHHOMY YPaBHEHHUIO COCTOSIHUS;

— Y3JI0BOMY YPaBHEHHUIO;

— KOHTYPHOMY YPaBHEHHUIO.

Kpome »Toro nmomxkHa OBITH BBITIOJHEHA MPOBEpPKAa IO 3aKOHAM
Kupxroda.

Howmep BapuanTa ompezenseTcs mo HoMepy 3a4¢THOW KHIDKKH, COCTO-
SIIe U3 BOCbMH TGP (PUCYHOK 1).
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Pucynok 1 — CtpykTypa HOMepa BapuaHTa

J1J1s1 BBITIOJIHEHHUSI CEMECTPOBON PabOThl HEOOXOMMBI CIIEAYIOIIHE HC-
XOOHBIC NAHHBIC:

— KOHQUTYpAIHsI CXeMBI IETTH;

— 3HAUEHUS 3aJIAI0NTUX TOKOB B y3Jax (OmpenessiroTes mo tadnuie 1 u
YMHOKAIOTCSI Ha KOO(Q(UIMEHT n3 Tabnuiis 4);

— 3HAYECHUS CONPOTHUBIICHNI B BETBAX LENH (ONPENENSIOTCS 10 TabIu-
ue 2);



— 3HageHns D/IC B BeTBsX (ompeaessroTes o Tadmuie 3).

s nmpumepa paccMOTPUM BBIOOP MCXOIHBIX JAHHBIX JJIs 3a4€THOU
KHIKKH HOMep 11152279, Tlo nepeiM nByM mmdpam (11) BeIOMpaem co-
npotuBicHus: R;=16 Om; R,=5 Owm; R3=1 Om; R;=15 Om; Rs=3 Om; Rg¢=
=27 Om; R;=27 Om; Rg=24 Owm; Rg=29 Om; R1;=12 Om. Ilo TpeTheii u yeT-
Béproii mudpam (15) Beibupaem kodddunuent B tabnune 4: k=1,6. Io ms-
To W mectoii mudpam (22) Boibupaem 3HaueHus OJ[C B BeTBAX:
E1:0 B;E2:*87 B, E3:0 B, E4:98 B, E5:10 B, E5:30 B; E7:0 B,
Eg=67 B;Eq=0 B;E1,=76 B. Ilo nByM mocnexanM nugpaM BEIOHpaEM CXeMy
79, a Takke Ga30BbIEe 3HAYCHHS 3aJAIOLMX TOKOB J, =—1A;J, =—1A;
J.=—1A; J4=4A;J, =—1A DTu 3HaueHus 3a[aIOUIHX TOKOB HEOO-
XOIMMO YMHOXXHUTh Ha KO3 duimeHt K, BeiOpanublii o Tabmuie 4. B pe-
3yJIbTATE MOJIY4UM:

Ja=Ja-k=-116=-16A;

Jy=Jp k=-1-16=-16A;

J.=J,-k=-116=-16A;

Jy=J4-k=4-16=64A;

Jo=J,-k=-116=-16 A.

Ecnu HOMEp 3a4€THOM KHMXKKU OTJIMYAETCS OT CTaHIAPTHOIO BOCh-
MU3HAYHOTO, HAIIPUMEP, COJEPKUT OYKBBI MM YHCIIO IU(P MEHbIIE BOCh-
MH, TO CJEIyeT PYKOBOJCTBOBATHCS CIEIYIOLUIMM MNPABHJIOM: BCE OVKBBI
HOMepa 3aMeHstoTes Ha nudpy 0, a kK HoMepy ¢ KOJIMUeCTBOM (P MEHbIIe
BOCbMH HEOOXOAMMO JOMHUCATh CJIEBA CTOJBKO HYJEH, 4TOOBI YHCIO HUGD
CTaJIo paBHO BOCHMHM. Ecim konmdecTBO IMdp B HOMepe 3a4ETHON KHIDKKU
0oJIbIlIC BOCBMH, TO HEOOXOJIMMO HCKIIOYMTH M3 HOMEpa CTOJBKO LHU(pP
cieBa, YTOObI KOJIMYECTBO NU(P CTajo paBHBIM BOoChbMU. JlanpHeimme orme-
panuy BBIMOJHSIOTCS TaK K€, KaK W C HOMEPOM, COJIEpKaIllUM BOCEMb
1ubp.

OITUCAHUE KOHOHUT'YPAIIUHU H IIAPAMETPOB
SJIEKTPHYECKOH IIEITH C IIOMOIIbIO MATPHI]

Kak n3BecTHO U3 TEOPETUUECKUX OCHOB AIIEKTPOTEXHMKH, TapaMeTphl
YCTaHOBMBILEIOCS PEKUMA 3JIEKTPUYECKOM LENM MOXHO HalTH IIpU HC-
[I0JIb30BAHUHU CHCTEM YPaBHEHHUH, COCTaBICHHBIX Ha OCHOBE 3aKOHOB
Kupxroga m Oma, a Takke P WUCIONB30BAaHUH Psifia CIEIHANBHBIX METO-
JI0OB, OCHOBaHHBIX Ha 3THX 3aKoHax. Ecin snexTpuueckas Lenb CpaBHU-
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TEJIPHO BENHKA, TO HCIIONB30BAHME CHCTEM YPAaBHCHHI CTaHOBHTCS HE
ynoOubM. [109TOMY Ha NpaKkTHUKE MOJYYWIIM PAacHpOCTPaHEHHUE CHOCOOBI
pacyéra yCTaHOBHBIIIEIOCS PEXKUMa, OCHOBAaHHBIE HA HCIIOJIb30BAHUH METO-
JIOB JINHEHHO anreOps! 1 Teopuu rpados.

J1n1st moOHMMaHUsE JabHEHIETo U3JI0KESHUS! ONUIIEM PSIJI TIOHSATHH.

Onexmpuueckas yenb — COBOKYITHOCTb YCTPONCTB, NMpeAHAa3HAYEHHBIX
JUISL TIPOTEKaHHS DJIEKTPHYECKOTO TOKA.

Ipunyunuanvnas snekmpuieckas cxema — rpapudeckoe H300paxe-
HHE C TIOMOIIBIO YCIOBHBIX TpapuUeCcCKiX U OYKBEHHO-IIM(POBEIX 0003HA-
YeHnH (MUKTOTpaMM) CBSI3€H MEXIy dJIEMEHTaMH 3JIEKTPHUECKOTO yCTPOi-
CTBa.

Cxema 3amewyenus — 3NEKTPUUECKAs CXEMa, B KOTOPOH BCEe peasbHbIE
9JIEMEHTHI 3aMEHEHbl MaKCUMAaJbHO OJNM3KUMH 10 (YHKIIMOHAILHOCTH Lie-
ISIMH U3 MIEJIBHBIX JJIEMEHTOB. DTOT BUJ CXEM HCIIOJIb3YETCsl IIPU TIOCTPO-
€HUHU MATEMaTU4YECKUX MOJEIEH.

I'pagh — 3TO COBOKYIHOCTH MHOXECTBa BepiinH U pédep. B Hamem
ciydae rpad siBisieTcs 0oJiee YAOOHBIM TS OMHMCAHMs KOH(UTYpAIHH JJICK-
TPUYECKOU IIEH, YeM CXeMa 3aMEelCHUs.

PaccMoTpuM mepexoJr OT CXeMbI 3aMeIeHus K rpady Ha cleayromeM
npuMepe (PUCYHOK 2). Y31Ibl cXeMbl (MECTO COSAMHEHUS ABYX U Oolee BeT-
Beif) CTAaHOBATCS BEpIUIMHAMU Tpada, a BEeTBH cXeMbl — p&opamu rpada. [Ipu
3TOM BJIEMEHTHI cXeMbl (conpoTtusiieHne u uctounnkd J/1C) He 06o3Haua-
torcs. PéOopam rpacda 3amatorcst HampasieHus. OHH BBIOMPAIOTCS TPOM3-
BOJIBHO M OTPaXAIOT YCJIIOBHBIE HANpaBJIEHUs TOKOB B BETBAX. B Hamem
ClTydae 3TH HallpaBJIeHHs BBIOpaHBI A1 yaoocTBa no HampasiaeHusaM DJ(C.

[Tocne cocraBnenus rpada MOXXHO MepeiiT K onmucaHuio KOHpUrypa-
LMK ¥ [TapaMeTPOB LENHX C MOMOILIBI0 MaTpull. Bce MaTpuibl pa3aeniM Ha
TPH TPYIIIBL:

— MaTpHUIIbl, ONKCHIBAIOIINE KOHPUTYPALIMIO LIETIH;

— MaTpHUIIbl, ONKCHIBAIOIINE NTAPAMETPbI CUCTEMBI;

— MaTpHIIbl, OIMCHIBAIOIINE MTAPAMETPHI PeXHUMa.

Marpuisl, onuchIBaloIIne KOHQUTYpanuio JIEeKTPHIECKOH enH, emé
HA3bIBAIOT MaTpPUIAMH WHIUACHIWNA (coemuueHuil). s rpada, p€dpam
KOTOPOT'O 33J[aHbl HAIIPABJICHUS, MOKHO COCTABUTh JIBE MAaTPHIIbI MHIIN/ICH-
LUN:

— [IEPBYIO MaTpULly MHIMIEHIUI My, OIUCHIBAIOLLYI0 COCIMHEHUE PE-
Oep B y3nax;

— BTOPYIO MaTpuIly WHIUACHINNA N, OMUCHIBAIOIIYIO COSTUHEHUE PE-
6ep B HE3aBUCHMBIX KOHTYpax.


http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%82%D0%BE%D0%BA

R;=50wm; E;=15B;
R2:10M; E2:10B,
R3:3OM; E3:20B,
R4:80M; E4:40B,
R5:100M; E5:25 B,
J=1A; J=2A,
J=1A.

Pucynok 2 — Ilepexon OT cXeMBblI 3aMeIIeHHS K Tpady

IIpaBuna cocraBieHnss MaTpUIBL My CIEOYIOIIHE:
— YHCJIO CTPOK MAaTPUIIBI paBHO YHCIy BEPIIUH Tpada, a Yrcio CToI0-
OB paBHO YUCITy pEdep;
— BIIEMEHTBI MaTPHIIBI MOTYT MIPUHUMATH CIICAYIOMINE 3HAUYCHUS:
e 1 - BepmuHa sIBISETCS HAYAIBHOU JUIS pedpa;
e -1 - BepmHa ABISETCS KOHEUHOU /I pedpa;
e 0 - BepimHa ¥ peOPO HETIOCPECTBEHHO HE CBSI3AHBIL.
s rpada, npuBeAEHHOTO Ha PUCYHKE 2, MOTYYHM:
1 2 3 4 5
af(-1 1 -1 0 O
My=bf1 0 0 -1 1
ct0 -1 1 1 -1
[IpokoMMeHTHpYeM pe3yabTaT Ha IpuMepe BepmuHbl a. C BepmnHON
a uMeroT coenuHenue péopa 1, 2 u 3, a pédpa 4 u 5 HEe UMEIOT COeTUHEHUSI.
[TosToMy Ha mepecedeHuH CTPOKH, COOTBETCTBYIOIIEH BEPIIUHE d, U CTOJIO-
IIOB, COOTBETCTBYIOIIUX p&Opam 4 u 5, muimem «0O».BepiumHaa sBIsSETCS
HadJaJbHOM (CTpenKa HalpaBlieHa OT BepIIMHBI) ais pebpa 2. I[lostomy Ha
MIEpPeCceUeHNH CTPOKH, COOTBETCTBYIOIIEH BEpIINHE @, U CTOJIONA, COOTBET-
cTByrOImUX pedpy 2, mumem «1y». BepminHa a sBisieTcss KOHSYHOU (CTpenka
HarmpaBieHa K Bepmmae) s pédep 1 u 3. [loaToMy Ha mepece4eHuu CTpo-
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K1, COOTBETCTBYIOIIEH BEPIINHE a, M CTOIOIOB, COOTBETCTBYIOIIUX PEOpaM
1 u 3, mumem «—1».

Crenyer NMOMHHTB, YTO HAaIpPaBICHHOE PEOPO HMMEET TOJBKO OJHY
HavyaJIbHYIO BEPIINHY M O/IHY KOHeuHy0. [loaToMy B Kakaom crosbie MaT-
puLbl My 10JKeH OBITh TOJIBKO OJIMH DJIEMEHT, PaBHBIN «1», M TONBKO OANH
9JIEMEHT, PaBHBII «—1», a Bce OCTalbHBIE AJIEMEHTHI JOJDKHBI OBITH PaBHBI
Hyo. Takum 00pa3oM, cyMMa 3JIEMEHTOB CTOJIOIOB MaTpHUubl My J0JDKHA
OBITH paBHA HYJIIO.

ITockomnpKy 1Mo epBOMY 3aKoHY (3akOHY TOoKOB) Kupxroda memnecoo6-
Pa3HO COCTABIATH YPaBHEHUS AJS BCEX Y3JIOB 3a MCKIIOUCHHEM OJHOTO, TO
13 MaTpulbl My UCKIIIOUUM OJIHY CTPOKY. Y3€I CXEMBI IEKTPUUYECKOH Lie-
I, I KOTOPOTO YpaBHEHHE II0 IepBoMYy 3akoHy Kupxroga He cocTaBms-
eTcsl, IPUHSTO Ha3bIBaTh Oanancupyiowum. CTpoKa, COOTBETCTBYIOIIAs Oa-
JIAHCHUPYIOIIEMY Y31y, UCKIIIO4aeTcss u3 Martpuisl Ms. B pesynbrarte ocy-
LIECTBIISACTCS MEePeX0]l OT MaTpulbl My, COCTaBICHHOU IJIsl BCEX Y3JIOB, K
Marpule M, B KOTOpOH OTCYTCTBYET CTpPOKa JUlsi OalaHCHPYIOLIEro y3Jia.
BanancupyromumM y3inoM MOXeT ObITh Jil000#. B Hamem ciyuae cuenaem
0aJaHCHUPYIOIIUM Y3€JI C:

1 2 3 4 5
a(-11 -1 0 0
bt1 0 0 -11

B nanpreimmx pacuérax OyneM HCIOIb30BaTh MaTpuIly M.

Teneps paccMOTpUM IpaBHiIa COCTaBICHUS MaTpHIb! N:

— YHUCJIO CTPOK MAaTpHIBl PaBHO YHCIYy HE3aBHCHUMBIX KOHTYpPOB, a
YHUCIIO CTOJIOIOB PABHO YUCITy pEOED;

— DJIEMCHTBI MaTpylbl MOTYT IPUHUMATH CICAYIONINUC 3HAYCHUS:

e 1 —pebOpo BXOAWUT B KOHTYp U €T0 HANPaBICHUE COBHAIAET C
HarpaBJjeHUEM II0JIOKUTEILHOTO 00X0/1a KOHTYpa,;

e —1— pebpo BXOAWUT B KOHTYP U €ro HAIpaBJICHNUE IPOTHUBOIIO-
JIO)KHO HAITPaBJICHHIO MOJOXKUTEIBHOI0 00X01a KOHTYpA,

e 0 - pebpo B KOHTYp HE BXOJMT.

Jns cocraBneHust BTopoit MaTpunbl HHIMASHINH N HEOOXOIUMO BBI-
JICTIUTh B CXEME He3aBUCHMbIE KOHTYpBL. KolMuecTBo He3aBUCHMBIX KOHTY-
POB m OTIPEEISIETCS 1O CIIETYIOIEMY BBIPAKEHHIO:

m=p-y+1,
rae  p — uucio pédep (BeTBeH, yHacTKOB) CXEMBI;

Y — 9HCIO Y37I0B (BEpIINH) CXEMBI.

B Hamrem ciiyyae 4HCIIO HE3aBUCHMBIX KOHTYPOB paBHO M=5-3+1=3.
Beinenum crienyronye He3aBUCUMble KOHTYPBI:

- 1-3-4;

I-2-3;



11— 4-5.
HampaBiieHue nmosioXuTenbHOro 00Xoaa KOHTYpa BhIOMPAETCs MPOH3-
BoJIbHO. J{71s Tpada, mpuBeAEHHOTO Ha PUCYHKE 2, HOTYYUM:

1 2 3 4 5

(1 0 -110
N=11{0 1 1 0 O
mo o o0 1 1

Teneps paccMOTpUM MAaTpUIIBI MMapaMeTpPoOB CHCTEMBI. IlapamerpaMu
CHCTEMBI SIBJIAIOTCS MapaMeTPBhl, OTHOCSIINECS K KOHKPETHOMY 000pyIoBa-
Hu0. B Hamewm ciydae 3a0cTpuM BHMMAaHHME Ha MAaTpULaxX COINPOTHBIICHUN
BETBEU U NPOBOJUMOCTEN BeTBed. MaTpuia CONpOTUBIICHUN BETBEU SABIIS-
eTcd KBaJApaTHOM, nuaroHaiabHOl. UHCIO CTPOK M YMCIIO CTOJIOIIOB paBHBI
yrciy péodep. o riaaBHOM AMAarOHANM 3alKMCaHbl 3HAYCHHS COMPOTHBICHHMA
BETBEH, a BCE OCTaJbHBIC IEMEHTHl PaBHbI Hy/II0. B HameM ciydae nomny-
YUM

i1 2 3 4 5 1 2 3 4 5
1R, 0 0 0 0) 15 0 0 0 0
200 R, 0 0 0| 20100 0

z,=30 0 R, 0 0[=30030 0
40 0 0 R, O| 40008 0
50 0 0 0 R) 50 00 0 10

Martpuria mpoBOAMMOCTEN BETBEH ABIIsIETCS 0OpaTHON MO OTHOIIIEHUIO
K MaTpuIle conpoTuBienuii BeTseit Y, = Z,*. Tlo ryaBHOii AUArOHANM 3amH-

CaHbl 3HaYE€HUs TPOBOANMOCTEH BETBEH, a BCE OCTAIBHBIC 3JIEMEHTHI PABHBI
Hy0. B Hamem cirygae nomyaum

1 2 3 4 5 1 2 3 4 5

1(Y, 0 0 0 0) 1(02 0 0 0 0
200y, 0 0 0| 200 1 0 0 o0

Y =30 0 Y, 0 0|=3 0 0033 0 0
440 0 oY, 0| 40 0 0 0125 0

50 0 0 0 Y) 500 0 o 0 01

PaccMOTpEM MaTpHIBl [ApaMeTpOB pexuMma. [lapamerpbl pexuma
CIIeIlyeT pa3/eluTh Ha JBE IPYIIIIbL:

— 3a[al0IKe TApaMETPhl PEKUMA, 3HAYECHUSI KOTOPHIX PEriaMeHTHDPY-
FOTCSI HOPMATHBHBIME JJOKYMEHTAMH W XapaKTePUCTUKAMU HPOM3BOAUTEIb-
HOCTU 000PYIOBaHHUS,
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— 3aBHCHUMBIEC ITApaMETPhl PEXHMMa, 3HAYCHHUS KOTOPBIX MEHSIOTCS B
LIMPOKUX Mpefenax B 3aBUCUMOCTH OT 3HaU€HHH MapaMeTpoB CUCTEMBI U
3aJal0IUX TapaMeTPOB peKUMa.

K nepBoii rpymnmne B HalleMm ciydae OTHECEM 3aJarolliue TOKU B y3Jax
u BJIC B BeTBsix. Ko BTOpO rpymme 0THOCATCSA HANPSDKEHUS B y371aX U TOKU
B BETBSIX, KOTOPBIE OYIyT MOJIyYEeHBI B pe3yibTaTe POBEICHNs PacuEToB.

Marpuna 3a7alolux TOKOB B y3JlaX SIBISIETCS CTONOIOBOW. Yumcio
CTPOK paBHO 4MCily y370B. Ilo aHanoruu ¢ nepBoil MaTpuueld MHUUASHIUI

OHa CoJIepXKaTh CTPOKY OanaHCHpYHOIIEro y3na (o6o3Hawgaercs J, )u He co-

nepxkath €€ (0603Hayaercs J ).DIeMEHTH MATPUIlBl PaBHBI 3HAYCHUSIM 3a-
JAIONIMX TOKOB B y3JaX C Y4ETOM HampaBieHHs TOKa. 3aJalolIiil TOK CUH-
TaeTcsl MOJOXKUTENIBHBIM, €CJIM OH HalpaBJieH K y31y. B Hamem ciydae mno-

JTy9UM
~afJ; ) af1
“bl-J,) bl-2)

Marpuna D/IC Taxke sBiserca cToiOIOBOH. UMCIO CTPOK pPaBHO
YHCITy BeTBeH. DneMeHThl MaTpHubl paBHbI 3HaueHHsIM DJ[C B BeTBsX ¢
yuétoMm HanpasieHus. D/[C cuuraeTcs MOJOXKHUTEIbHOM, ecl OHa COBIaja-
€T 110 HANpaBJICHHWIO C YCIOBHBIM HAIIpaBIEHHEM TOKa B BETBH. B Hamiem
CiTy4ae Oy M:

1(E;) 1(15
2|E,| 2|10
E=3|E; [=3|20
4| E, | 4[40
5(Es) 5(25

BBITIOJTHEHHE JIEHCTBHH C MATPHIIAMH ITPH
HCITOJIB30BAHHUH ITPOTPAMM MICROSOFT EXCEL
H OPEN OFFICE CALC

Ciio:xeHue MaTpuL,

Cnoxenue MaTpul COCTOUT B CYMMHPOBAHUU 3JJIEMECHTOB MATpPHI,
HaxXoOAIMXCsd Ha OAWHAKOBBIX MCCTax. CrnaraemMblie MaTpHUIbl JTOJKHBI
MMETh OJMHAKOBBIM pazMep. B o0mem Bume omepanuio CI0KEHUS MaTpHIl
MOYKHO TIPEJICTaBUTh CIEAYIONUM 00pa3oM:

11



a b g h a+g b+h
c d|+|i j|=lc+i d+]j
e f k| e+k f+l1

Ormepanusi CIOKCHUsT MATPUI] TPH HKCIONB30BaHUU mporpamm Mi-
crosoft Excel u OpenOffice Calc BrimonHsieTcst ciienyromnmmM oopazom:

— HE0OXOJIMO BBECTH JIBE MaTPHIIBI;

— BBIIOJIHUT OIEPALUIO MO3IEMEHTHOTO ClloKeHus. Jliast aToro mo-
CTaBUTH B STYEHKY, C KOTOPOH OyAET HAUMHATHCS MAaTPULA CYMMBI, 3HaK «=)»
U BBECTH HOMEpA CyMMHpPYEMBIX sideeK (PHCYHOK 3), a 3aTeM KONHPYIOTCS
CBOMCTBA SYEHKH ¢ POPMYIION Ha IpyTHe B COOTBETCTBUU C Pa3MEpPOM Mat-
PHILBI pe3yIbTaTa.

KOPEHb -0 X o | =B3+g
A B clp e Fla H 1 1

:

-3
2 5|+
-1 3

4
2

=

1
6| =
-3

L

Pucynok 3 — Bemmonuenue cnoxkenuns marpuil B Microsoft Excel

BblyvTaHUe MaTpUL,

Brerauranue MaTpul COCTOUT B HAXOXIACHHUU PAZHOCTU JSJICMCHTOB
ABYX MaTpHUll, HAXOOAIINXCA Ha OAUHAKOBBIX MECTAXx. Brrunrtaemoie MaTtpu-
bl JIOJDKHBI UMETHh OJIMHAKOBEIN pa3mep. B o01iem Bujie onepaiuio cioxe-
HUSI MATPHUIl MOKHO MPEACTABUTD CIEIYIONIUM 00pa3oM:

ab g h a-g b-h
c d|-|i jl=lc=i d—]
e f k 1 e-k f-I

Ormepanusi BBIYMTAHUS MAaTPHULl NPH HCIOJB30BaHUM mporpamm Mi-
crosoft Excel u OpenOffice Calc BrimonHsieTcst ciienyromumM oopazom:

— HEeoOXOMMO BBECTH [[BE MATPHLIBI;

— BBIMOJIHUTG OIEPALMIO MMOIEMEHTHOTO BhIYUTAaHUA. st 3TOrO MO-
CTaBHUTH B SUCHKY, C KOTOPOW OyaeT HaUWHATHCS MATPHIA Pa3HOCTH, 3HAK
«=» W BBECTH HOMEpa SYEEK MATPHUI[ YMEHBIIAEMOTO W BBIYUTAEMOrO (pH-
CYHOK 4), a 3aTeM KOIIHUPYIOTCSI CBOWCTBA SYEHKH ¢ GOPMYIIOil Ha ApyTHe B
COOTBETCTBHH C pa3MEPOM MaTPHIIBI PE3yJIbTaTa.

12



A B C D E F G H 1
1
2 [1]-3 1 -4
3 2 5|-[4 6|= 11
s ;103 2 3 6

5
Pucynok 4 — BeimosiHenne Berantanus Marpuil B Microsoft Excel

YMHOXKeHue MaTpHUI
Omepanyst yMHOXXCHHS MATpHIl COCTOMT B HAXOXACHHH CyMM
MTOYWIEHHOTO YMHOKEHHS JIEMEHTOB CTPOKH MEPBOI MAaTPHIBI HA 2JIEMEHTBI
cTonbua BTOpoi Marpumbl. [Ipum 3TOM umMciao cTONONOB IEPBOI MaTPHII
JIOJDKHO OBITh PaBHO YHCITy CTPOK BTOPOM MaTpuibl. B obmem Buae onepa-
LU0 YMHOXEHUSI MaTPHIl MO>KHO TIPEICTABUTH CIIEIYIOIINM 00pa3oM:
ab hoi a-g+b-j a-h+b-k a-i+b-l
1 . .
c d X(g C LT c-g+d-j c-h+d-k c-i+d-I
J . .
e f e-g+f-j eh+f-k e-i+f-l
Uucno cTpoK MaTpullbl INPOU3BEICHHUS PAaBHO YUCIY CTPOK IIEPBOM
MaTpHLBI, & YUCIIO CTOJIOLOB — YHCITY CTOJIOLIOB BTOPOI MaTPHIIbI:
k k
a; Gy b11 blk Cyp - Cy
a a b

n nm ml

b

mk Cnl an
HpI/I YMHOXXE€HUH MaTpUll OUYCHb Ba)KHO COGJ’IIO,I[EITL TMOPAAOK MaTpHII.
Ecimm MaTpulbl IMMOMCHATH MECTaMHU, TO PE3YJIbTAaT YMHOXCHHUA 6YI[GT CO-
BCEM HHBIM:
ab

g h i c d g-a+h-c+i-e g-b+h-d+i-f
X = .
i k1 jra+tk-c+l-e j-b+k-d+I-f

D

Ipu wucnonp3oBanmu mporpammsr  Microsoft Excel 2007 (2010)
HaXOXJICHHE IPOM3BEICHUSI MATPHI[ OCYIIECTBIISETCA CIEIYIOIUM o0pa-
30M:

— HEOOXOMIMO BBECTH 00€ MaTpPHIIHI;

— IIOMECTHTH Kypcop B sTYCHKY, B KOTOPOIl OyIe€T HAXOAUTHCS 3JIEMEHT
MIEPBOIl CTPOKHM M IEPBOTO CTOJIONIA MATPHIIEI TPOU3BEACHNUS;

— nucnoss3oBath ¢ynkmo MYMHOX. B kauectBe maccuBa 1 Bblae-
JIUTh NIEPBYIO MATPHILy, 8 MACCUBA 2 — BTOPYIO (PUCYHOK 5);
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— CKOTIMPOBATh CBOMCTBA sTICHKH ¢ (hOpMYJION Ha NIpyTrHe B COOTBET-
CTBHHU C pa3MepoM Matpullbl pe3ynbrara. Haxarts xiaBumry F2, a 3atem —
CTRL+SHIFT+BBO/I.

MYMHOHK hd K & Fe | SMYMHOM(B2:C4;E2:G3)

A B c D E F G u | 1 [
1
E 1 2 < 2 -1 -4 :‘:MYMHO}K(B2:C4;E2:G3)| 13
3 -1 4 1 7 3| 2 29
4 2 3

Pucynok 5 — Beimosnrenne ymHokenust matpui B Microsoft Excel

IIpu ucmonp3zoBanuu nporpammsr OpenOffice Calc mocnenosaresnb-
HOCTb JI€MCTBUI HECKOJIBKO OTIMYAETCS:

— He0OXOJMMO BBECTH 00€ MaTpHIIbI;

— TIOMECTHTh KYpCop B SYEHKY, B KOTOPOH OyJeT HaAXOAUTHCS DIIEMEHT
MepBOH CTPOKH M MEPBOTO CTOJIOLA MATPHILIBI IPOU3BE/ICHHS;

— BOCIIOJIb30BAaThCS MacTepoM (GYHKLIUI u B Kareropud «Maccus
BeIOpath pyHkmmrio MMULT (pucyHok 6). B HIDKHEM JI€BOM yIITy THAJIOTO-
BOI'0 OKHa HEOOXOAMMO MOCTaBHUTh IaJlOUKy, IV TOrO, YTOOBI cpasy Oblia
BBIYMCIICHA BCSI MATPULIA;

MacTe p dyniumH Lad)
| DyHKLN | CrpykTypa | ) PesynbTaT dyHKLHH

Kareropis MMULT

iMacan

|

MMULT( MATPHLA; MATPHLE )
DYHELHA
|FREQLIENCY
|GROWTH

|LINEST
|LoaEsT

BbIMHCNAST NPOH3BEAEHHE ABYX MATPHL,

|SUMPRODUCT

| SUMRZMYZ
ESUMXZP\"Z DopHyna PesyneTar |Cwnika:520

| SUMMYZ
~

| TRANSPOSE
| TREND

w

%

[ Cnpaexa ][ OTMEHS ] <= Hazan [ fanee >=> ] [ QK ]

Pucynox 6 — JlmanoroBoe OkHO MacTepa (yHKUMH B IIporpamme
OpenOffice Calc npu BbINOIHEHUH YMHOKEHUS MATPHILL

— HaXKaTh KHOMIKY «/lanee». B kauecTBe MaccuBa | BBIIEIUTDH NEPBYIO
MaTpHily, a MaccuBa 2 — BTOpYIo (pUCYHOK 7);

14
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'

'
£
—
12

- = : =
3 1 7 -3 & -1 4 =
4 2 -3
5 MacTep dyHiuKi
6 Im"“"“““-EC,TDYKTWa,,, ~mmL PesynbTaT dynum [5
7 Karerapns BLIUHENAST NPOHMSEEASHAS ABYX HATEHL.
|Macone v
5 [Macre &
— maTpNya (o6R3aTENLHO)
E] [EREQUERY BT0pas MaTpHua, KOMHYECTED CTPOK ETOPOA MATPHUB! M KOMHYECTED CTONGU0S
— | A, NEPBO MATPHLL AGTXHG BbiTh GAHAKTBLIN.
10
| tg‘IGEESSTT maTpuya |BZ:D3
11
= | —
12 ot
MURNIT
13 SUMPRODUICT
SUMRZEMYZ
14 SUME2PY2 Gopryna PesyneTar |5
=l SUMEMYZ e
15 TRANSPOSE =MMLLT(B2:03, D -
— TREND
16 3
—] v
17
— [¥] taccre [Ccrpasca ] [ omens | [ <<tiwan ]| asnee:s
18
Pucynok 7 — BrinmonHeHue yMHOXEHHMS MATpHUI] B IMporpamme

OpenOffice Calc ¢ momoripio Mactepa GyHKIHIA

— Haxatb kHonky OK. ITomy4uum pesynbTaT, peacTaBICHHBIA Ha pH-

CyHKe 8.
12—:' x E = ‘:MMULT(BZ:DS)FZ:G‘U
i =D s o s o s Ho I | z |
2 | -1 ] 4 1 2 = | 12
1 7| 3 X -1 4] = e 39
2 | -3
Pucynok 8 — Pe3ynpTar ymMHOXEHUS MaTpull B Mporpamme
OpenOffice Calc

HaxokaeHue 06paTHOM MaTpULbI
OGparHoii Marpuneii (A) HA3BIBAIOT TAKyIO, PE3y/NBTATOM YMHOXKE-
HHS KOTOPOH Ha UCXOnHYI0 Marpully (A) sBisiercs enuHudHas Marpuia (E):
A-AT=A'A=E.
EnvHuuHOll Matpuiuieil Ha3blBaeTCsl Takas MaTpulia, JAUaroHajibHbIe
AJIEMEHTBI KOTOPOii paBHbI 1, a Bce octanbHbie — 0.
CymiecTByeT psii cIocOOOB HaxoXkIeHus1 oOpaTHON MaTpuibl: ["aycca-
Xopnana, ¢ momorsio coro3noit marpuipl, LU(LUP)pasznoxenus, [lynsia.
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Ipu wucnonp3oBanmu mporpammer  Microsoft Excel 2007 (2010)
HaXOXJIeHHEe 00paTHOI MaTPHIIBI OCYIIECTBILSIETCS CIEAYIOIUM 00pa3oM:

— HE0OXOJMMO BBECTH HCXOJIHYIO MaTpHILY;

— TIOMECTHTh KYpCop B SYEHKY, B KOTOPOH OyJeT HaAXOAUTHCS IIEMEHT
MIEpBOI CTPOKH U IIEPBOTO CTOJIOLA 0OPAaTHOH MaTpHIbI;

— ucnonb3oBaTh pyHknuo MOBP. B kauecTBe MaccuBa BBIIEIUTH HC-
XOIHYIO MaTpuiy (pucyHok 9);

— CKOTIMPOBATh CBOMCTBA sTYEHKH ¢ (hOpMYJION Ha NpyTrHue B COOTBET-
CTBUH C pa3MepoM oOpaTHO# MaTtpuisl. Haxars kmaBmmry F2, a 3atem —
CTRLASHIFT+BBO/I.

MOEP v (" ¥ « f =MOBP(B2:D4|
A B c [ b [E]F G H ] ]
1
2 2 3 1 |-1 :MOBP(B2:D4)J 0,53333333 1,26666667
-5 = 0,2 -0,2 -0,6

w
'

—

N

(LA
|
(=]
(=]

0,133333333 -0,46666667 -0,7333333

Pucynok 9 — Haxoxaenue obparroii matpuiisl B MicrosoftExcel

IIpu ucnonn3oBanuu nporpammel OpenOffice Calc mocnemosarens-
HOCTbH ACHCTBUII IIPU HAXOKACHUH OOPaTHON MaTpPHUIIBI CIICAYIOLIas:

— HEe0OXO0JMMO BBECTH HUCXOTHYIO MaTpHILY;

— IIOMECTHUTh Kypcop B sIU€iiKy, B KOTOPOIl OyIeT HaXOJUTHCS JIEMEHT
MEPBOIl CTPOKHU ¥ MIEPBOTO CTOJIONA OOPATHON MATPHUIIBI;

— BOCIIOJIb30BaThCsl MacTepoM (GYHKIMHA M B Kareropuum «MaccuBy»
BbIOpaTh (yHkuuo MINVERSE (pucynok 10). B HibkHeM JieBOM yriy ana-
JIOTOBOTO OKHa HEOOXOAMMO TOCTAaBUTh TaJIOUKY, UL TOTO, YTOOBI Cpazy
OblIa BEIYHCIIEHA BCSI MAaTPHILIA;

— HaXKaTh KHONKY «/lanee». Beinenuts Matpuity, 111 KOTOPOH HY>KHO
Haiit oOpaTHyto (pucyHok 11);

— Haxxatb kHonky OK. Ilonmy4yum pesynbrat, npeAcTaBlI€HHBIH Ha pU-
cyHke 12.
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MacTe p chyHRUMH [Y
WYHKLMA | CTpYKTYpa ! PezvnbTaT diyHKUkK

KaTerops MIMNYERSE
|M6EEME b

MIMYERSE( MaTpHua )

DHELHA

FREGQUENCY o
GROWTH BiHMCnAeT 00paTHYH MATOHLY ANA TEKYWER KATPHUE!
LIMEST
LOGEST

MDETERM

MURNIT
SUMPRODUCT
SUMRZMYZ
SUMRZPYZ dopryna PesyneTaT |Owmbika: 520

SUMERYE -
TRANSPOSE I~
TREND

Macan [ Cnpagka ][ CTHEHS ] << Hazaa [ Aanee > ] [ QR 1

Pucynox 10 — JIuamoroBoe oxkHO MacTepa (DYHKIMI B IporpaMme
OpenOffice Calc npu HaxoxaeHH 0OPATHON MATPHUIIBI

& DyHKUMK | CTRYRTYPa | MINYERSE PESYNLTAT HYHKUHH !D,1538461538

7 Kateropua

MaccHe v
8

MYHEUHA
9 FREQLENCY WHEEPTHPYEMaA MaTpHUE,
GROWTH
LINEST . ‘
—1 MaTpviLa Bz2:D4
LOGEST B |

MDETERM

BeiumcnaeT oBpaTHYH MATPHUY ANG TEKYULEA MATDMUEL.

MaTPHUA (06AZaTENEH)

e MMULT
MURIT

13 SUMPRODUCT
| SUMKZMY2

14 SUMRZRY2 Dopmyna PesyneTar !U,lsas%lssa

f—1 SUMKMYE '=MIMVERSE(

15 TRAMSPOSE
e TREND

~
v
= [¥] Maccre [ Crpaeica ] [ OTMEHG ] [ << Hasaa ] danee ==

Pucynok 11 — HaxoxnaeHue oOpaTHOW MaTpUILI B MPOTpamMme
OpenOffice Calc ¢ momomipto Mactepa hyHKIHiT
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= v| i B = |=mMmuerseezod)

A [ B [ e [ b [ F e

2 1 3 -1 [0.1538462 0.615385| 1.3076923
-1 4 -5 = 10,2307692|-0,076923 -0,538462
1 -2 2 0,1538462 -0.384615 -0.692308

Pucynox 12 — PesympTarT HaxoxmeHHs OoOpaTHOW MAaTPHIEI B TIPO-
rpamme OpenOffice Calc

TpaHcnoHMpOBaHME MATPHULBI
TpaHCIOHMPOBAaHHOW MaTpHILEH HA3bIBAIOT TAKYI0, KOTOPas MOIydeHA
13 UCXOIHOH ITyTEM 3aMEHBI CTPOK Ha CTOJIOLIBI:

r (a d
ab c
=|b e
d e f
c f
Ilpn wucmone3oBanuu mporpamMmbl  Microsoft Excel 2007 (2010)
HAXOXKJCHUEC TPAHCIIOHUPOBAHHOW MATPHUIIBI OCYIIECTBISCTCS CIICAYIOIIMM
o0OpazoM:
— BBECTH UCXOJHYIO MATPHILY;
— IIOMECTHTH Kypcop B STYCHKY, B KOTOPOH OyIeT HaXOAUTHCS SJICMEHT
MIEPBOIf CTPOKH M IEPBOTO CTOJONA TPAHCIIOHUPOBAHHOHN MAaTpPHUIIBI;
— ucronb3oBath GyHknuio TPAHCII. B kagecTBe MaccuBa BBIICIHUTH
HCXOJIHYIO MaTpuily (pucyHok 13);
— CKOIIMPOBATh CBOHMCTBA sSTYCHKH ¢ (OpMyION Ha IPYTHE B COOTBET-

CTBHU C pa3MepoM o0parHON Marpuibl. Haxarts kiaBumy F2, a 3atem —
CTRLA+SHIFT+BBO/I.

TRPAHCT v (" X « f| =TPaHCN(B2:DS)|
A B C D E F G H 1 J K
1
2 2 4 1|T |STPAHCI(®B2:DS)| -1 3 4
3 12 5| = 4 2 6 -7
4 3 6 8 1 -5 8 9
s 4 -7 9
6

Pucynok 13 — HaxoxxaeHwe TpaHCOHHpOBaHHOW MaTpuisl B Mi-
crosoft Excel

Ipu ucnonp3oBanuu nporpammel OpenOffice Calc mocnenoBarens-
HOCTb JICHCTBHI MPU HAXOXKACHUU TPAHCIIOHHUPOBAHHOH MATPHLBI CICIYIO-
ast:
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— BBECTH UCXOJIHYIO MaTpUILy;

— TIOMECTHTh Kypcop B SYEHKY, B KOTOPOH OyJeT HAXOAUTHCS IIEMEHT
NIepBO CTPOKH U MEPBOTO CTOJIOA TPAHCIIOHUPOBAHHOM MaTpHIIbI;

— BOCIIOJIb30BAThCsl MacTepoM (YHKIMH W B KaTeropuu «MaccuBy»
BbIOpaTh ¢yHkuuo TRANSPOSE (pucyHok 14). B HmkHeM JieBOM yriy
JIMAJIOTOBOT'0 OKHA HEOOXOJMMO MOCTABUTH I'aJOUKY, AJIsl TOTO, YTOOBI Cpa3y
OblIa BBIYKCIICHA BCSI MAaTPHLIA;

f x|

| @ryrumn | Crpyrerypa PEsyNETaT hyHEWHH

Kateropva TRANSPOSE

{Hote X TRANSPOSE( maTpHua )

DyHELNA

[FREQUENCY .

| GROWTH PAHCNOHHPOBSHHE HATPHUb

|LINEST

|LOGEST

|MDETERM

MINVERSE

|MMULT

| MUNIT

| SUMPRODUCT

|SUMEzMY 2

|SUM=2ZPY2 DopHyna PesyneTar [Ownbka: 520

|sUnmy2

5| B &

| b
[V maccne [ Cnpaeka ] [ OTHEHa ] << Hazan [ Janee =3 ] [ Ok ]

Pucynokx 14 — JluamoroBoe OkHO MacTepa (DYHKIMI B IporpaMme
OpenOffice Calc mpu HaxoXeHNN TPAHCTIOHUPOBAHHON MATPHUIIbI

— HaxkaTh KHONKY «/lanee». Beiaenuts MaTpuily, A1 KOTOPOU HYKHO
HaTH TPAaHCTIOHUPOBAHHYIO (PUCYHOK 15);

— Haxxatb kHonky OK. Ilonmy4yum pesynbrat, npeAcTaBlIE€HHBIH HA pU-
cyHke 16.

METO/IUKA PACYETA TOKOB B BETBAX IIEITH
110 OFOBILIEHHOMY YPABHEHHIO COCTOAHHA

O0600mEHHOE YpaBHEHHUE COCTOSIHUS IMECT BUJ:
M N/

x| =

NZ, NE
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1
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h
[SS R Y=]
—

ES
|
L3l
—_
]
=]
L=}

] MacTep dyHruMH

& Fm—— |l‘:‘rpymypa | TRAMSPOSE PesynETAT tyHKUHA |-1

7 KaTeropua TPAHCNOHHPOESHHE MATPHUEL

g MaccHe L

S MaTPHUa (0BAzaTEN:HD)

9 1 MaTRHUE, CTROKH K CTONBUEI KOTOPOH NEPECTABNANTCA,

10 —
I | matpaya |

11

1z

13

14 Dopmyna PezyneTat |-1

% | |=TRANSFOSE! D =

18 |

17 =
=l fheecis. [ Crpaeka ] [ OTHeHa ] [ << Hasaa ] danes =

Pucynox 15 — HaxoxneHue TpaHCIIOHMPOBAHHONW MaTpHIBI B IPO-
rpamme OpenOffice Calc ¢ momorpio Mactepa GyHKITHIA

a2 v| & B = [-mansposkEzEd)
a | B

] s -

1

-1 5 6 91 [ ] 4 3
4 | 2] 7 | 3| = 5 = 1
3|1 81|68 6 | 7 -8

9 3 6

Pucynox 16 — Pe3ynpTaT TpaHCIOHHUPOBAHMS MATPHUIIBI B MPOTpaMMe
OpenOffice Calc

Marpuust M u NZ, npexncraBisrorcs co00H 3alHMcaHHbIE OJUH IIOJ
; M -
JIpyruM Osioku oOrmieit Matpuipl A = NZ | AHanornyHo MaTpuusl J u
6
NE npescraBisior co6oii 3amicaHHbie OIUH MO APYTHM GIOKH MATPHIIbI
J
B=| .
NE
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s pacuéra TOKOB 10 000OMIEHHOMY YpaBHEHHIO COCTOSIHHS HE0O0-
XO/IUMO:

1) cocTtaBUTH coaepiKalInecs B ypaBHEHHN MATPHIIbI;

2) TOICTaBHTH MATPHIIBI B yPaBHEHHUE;

3) BBIIOJHUTDH BHIYUCIICHHUS.

Hckomas MaTpuiia TOKOB B BETBSX paBHa:

l=4"'xB.

[IponmtrocTpupyeM pacuéT 1o 0000IMEHHOMY YPaBHEHUIO COCTOSIHUS.

OrmpeenM MaTPHIBI IPOU3BEICHHUMH:

1 2 3 4 5
L2 3 4 s 1Ry 0 0 0 O
(1 0 -110y20 R 0 0 O
NZ,=N-Zz,=11]0 1 1 0 Ox3]0 0 R; 0O O |=
mio 0 0 1 1) 40 0 R, O
500 0 0 0 Rg
1 2 3 4 5 1 2 3 4 5
IRk 0 -R; R, O I(5 0 -3 8 0
=Il{0 R, Rz O O|=1I001 3 0 0}
mio 0 0 R, Rg) mo o0 0 8 10
1 2 3 4 5 g
{1 0 -1 1 0) 2|E, | (E;—E3+E, I (35
NE=N-E=11{0 1 1 0 O[3/Ey|=1| E,+E; |=11|30]
mo 0 0 1 1) 4E,| W E, +Es 11 | 65
5( Es
3anuiem MaTpuusl 4 u B:
1 2 3 4 5
a(-11 -1 0 O a1l
b{1 0 0 -1 1 b|-2
A=1|5 0 -3 8 01|; B=1]35
nmyo 1 3 0 O 11| 30
m{o 0 0 8 10 1| 65

Toxwu B BeTBSIX OyIyT paBHEI
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-11 -1 0 0 1) 1(1861
1 0 0 -1 1 —2| 2]9646
=/ 5 0 -3 8 0| x|35|=3/6,785
01 3 0 0 30 | 4|5756
0 0 0 8 10 65) 5(1,895

METO/IUKA PACYETA TOKOB B BETBAX IIEITH
110 Y3JIOBOMY YPABHEHHUIO

OCHOBHBIM Ha3HAYCHHEM Y3JIOBOTO YpaBHEHHA (KaK M KOHTYPHOTO
YpaBHEHHS) SIBIISETCSl COKpPAIEHHS TOpsAKa CUCTeMbl ypaBHeHUH. Kak u3-
BECTHO, KOJIMYECTBO Y3JIOB B CXEME€ BCEI/Ia MEHbLIE KOJIMYECTBA BETBEM.
IToaToMy y31m0BOE ypaBHEHHE OyIeT MMETh MEHBIINM MOPSJIOK perraeMon
cucteMbl ypaBHeHU. [Ipyu aHann3e napamMeTpoB peasibHbIX SHEPreTUYECKUX
CHUCTEM, KOTOPBIX UHCIIO OTAENbHBIX JIUHUN U MOJACTAHUUNA BEIUKO, 32 CUET
WCTIONIb30BaHUs Y3JIOBOTO (MJIM KOHTYpPHOTO) YpaBHEHHs ymaércsi cylie-
CTBEHHO COKpAaTUTb BpeMs pacy€ra MpU HUCHOJIb30BAHUU COBPEMEHHBIX
OBM.

ITopsimok y3710BOrO ypaBHEHHUS! ONpPEAEIISeTCS KOJIMYECTBOM Y3JOB B
cXeMe 3a UCKJIIUEHHEeM OallaHCHPYIOMIETO, a KOHTYPHOTO — YHCIIOM He3a-
BHCUMBIX KOHTYpoB. [Ipu BeIOOpe crocofa pemeHus 3a1adi HeOOXOTUMO
PYKOBOJCTBOBATHCS CJIEIYIOLIUM ITPABUIIOM:

— €CJM YHMCJIO Y3J0B B CXEME€ 3a HCKIIOUEHHUEM OallaHCUPYIOIIETO
MEHbIIIe YKCIia HE3aBHUCUMBIX KOHTYPOB, TO Ieleco00pa3Ho UCTOIb30BaHUE
y3JI0BOTO ypaBHEHUS;

— €CJM YHMCJIO Y3J0B B CXEME€ 3a HCKIIOUEHHUEM OallaHCUPYIOIIETO
0O0JIBIIIEC YKCITa HE3aBUCUMBIX KOHTYPOB, TO LIEI€CO00Pa3HO HCIOJIb30BAHKE
KOHTYpPHOT'O YpaBHEHHUS.

VY3510B0€ ypaBHEHHE 3aIIUCHIBAETCS B BUIE

Y, Uy=J-MYE.
3aeck Y, — Marpuua y3I0BbIX IPOBOAUMOCTEH, pasHast Y, = MY, M.
M, — 3T0 TpaHCIOHMpOBaHHAsA MaTpuia M.

V3noBoe YpaBHCHUEC MO3BOJISICT ONPCACIIUTL MATpUlly HaprDKeHI/Iﬁ
Y3JI0B OTHOCHUTCIIBHO 6anaHCprI0mero T10 CJICAYIOLIEMY BBIPAKCHUTIO

U, =Y;*(d—Mv,E).

22



Korna marpuna U, Haiinena, He0OOXOAUMO HAaHTU MATpULly HaJeHUN
HaNpsUKeHUH Ha BETBSIX CXEMBI 10 BBIPAKEHHIO
U,=M,-U,.
Haiinennoe 3nauenue U, ucmosibdyeTcs AN HaXOXKAEHHUS TOKOB B
BETBSX M0 3aKkoHy OMa, KOTOpoe B MaTpUIHOU (hOpMe UMEET BU:
u,=Z2,-1-E.
Toxu B BETBSIX paBHBI
(e ) .
i=z;%(E+U,)=Y,-(E+U,).
BrinoaHuM pacy€T TOKOB B BETBAX CXEMBI [0 Y3JI0BOMY YPaBHEHUIO
IUIsl paccMaTpuBaeMoro npumepa. Haliném marpuny npoBoauMocCTeil BeT-

BeH
-1

1 2 3 4 5 12 3 4 5
1/5 0 0 0 O 102 0 O 0 0
200 1 0 0 O 200 1 O 0 0
Y,=2;'=[3/0 0 3 0 0|| =30 003383 0 0
40 0 0 8 0 40 0 0 0125 O
50 0 0 0 10 500 0 O 0 01
Matpuua y3J10BbIX IPOBOAUMOCTEH paBHA
1 2 3 4 5
iy, 0 0 0 O
12 3 4 5 200Y, 0 0 O
a(-11 -1 0 0
Y, =MYM, = x3]0 0 Y; 0 0 [x
7 bil 0 0 -11
40 0 0 Y, O
500 0 0 0 Y;
a b a b
(-1 1 -1 1
21 O L2 8 4 5. 21 0
af-Y; Y, =-Y; O
x3|-1 0 |= x3|-1 0 |=
blLYy, 0 O Y, Ys
4 0 -1 40 -1
500 1 500 1
a b a b
bl -Y, Y,+Y,+Ys ) bl-02 0425)

Haiiném matpuiy MYSE
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1 2 3 4 5
1Y, 0 0 0 0
1 2 3 4 5 200Y, 0 0 0
af(-1 1 -1 0 0
MY E = x3]0 0 Y; 0 O
b{l1 0 0 -11
40 0 0 v, 0
50 0 0 0 Y
1(E 1(E
2| E, 1 2 3 4 5 2|E,
af-Y, Y, =Y 0 O
><3 E3 = ><3 E3 =
blY, 0 0 -Y, Y
4| E, E,
5 Es 5 Es

bl Y,-E,~Y,-E,+Ys-Es ) bl 05

OnpenenuM MaTpUIly HANpsDKCHHH Y3JI0B OTHOCHTEIBHO OalaHCHUpPY-
IOIIEero

a(—Yl-E1+Y2-E2—Y3-E3j a(o,sssJ

-1

a b
L .\ |a(1533 02 af 1
Uy =Y, (3 -mY,E)=| | x -

-0,2 0,425 bl-2

a b
a( 0,333 a(0,6948 0,3269) a(0,6667) a(—-0,354
— = X = .
bl 05 bl 0,3269 2,5068) b{ —2,5 b\ —6,049

Marpuua nageHuil HanpspKeHUH Ha y3iax paBHa

a b
1(-1 1 1(-5,695
211 0 2| -0,354
. . a(—0,354
U,=M,-U,=3/-1 0 [ =3| 0,354 |
b\ -6,049
4 0 -1 4| 6,049
500 1 5| -6,049

Hcnonb3ys 3akon OMa, HAIEM TOKH B BETBSIX:
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1 2 3 4 5
102 0 0 0 0
201 0o o0 o
i=v,-(E+U,)=3[ 0 0 0333 0 0K
40 0 0 0125 0
50 0 0 0 01
1 2 3 4 5
1(15) 1(-5695)) 1(02 0 0 0 O
2/10| 2[-0384|| 200 1 0 0 O
x|3/20|+3| 0354 ||=3 0 0 0333 0 0 K
440| 4/ 6049 || 40 0 0 0125 0
5\25) 5(-6049)] 5,0 0 0 0 01

1/ 9305) 1(1861
2| 9,646 | 2|9,646
x 3| 20,354 |= 3| 6,785 |.
4| 46,049 | 4|5,756
5\ 18,95 5( 1,895

METOIHKA PACYETA TOKOB B BETBAX I[EITH
110 KOHTYPHOMY YPABHEHHUIO

Hcnonb30BaHHE KOHTYPHOTO YpaBHEHUs CBS3aHO C HEOOXOJUMOCTBIO
pasnenenus rpada Ha depego U xopowvi. JlepeBo — 3TO 4acTh rpada, KoTopas
BKJTIOYAeT B ce0s BCe BEPIIMHBI M 4acTh PEOEp, KOTOPHIE COSAUHSAIOT MEKIY
co0O# Bce BEpLIMHBI, HO NPU 3TOM He 00pa3yeTcs HU OJHOTO KOHTYpa.
Xopasl — 310 p&Opa, He Bouieaue B aepeBo. s oqHoro rpada MOXHO
COCTaBUTH Psi/l BAapHAHTOB JIEPEBHEB M COOTBETCTBYIOIIMX MM Xopa. s
rpada paccMaTpuBaeMON CXeMbl MOXKHO COCTaBUTH 8 BaAPHAHTOB JIEPEBHEB U
XOPJI, 4aCTh KOTOPBIX IIPeJCTaBIeHa Ha pucyHke 17.
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JlepeBo Xopasl

Pucynok 17 — BapuaHTsl fepeBseB U XOp1
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J11s BBITTOTTHEHUST pacu€éTOB MOXKHO BEIOPATh JII000€ coueTaHue JepeBa
u xopa. Beibepem 11t oapoOHOTO pacCMOTPEHUsI BapUaHT, MPUBEAEHHBIN
Ha pucyHke 17, r. JlepeBo oOpa3yercst BETBSIMH 3 U 5, a XOpJaMH SIBJISIOTCS
BetBU 1, 2, 4. CocTaBuM Jjisi BEIOPAHHOW KOH(UTypaluu JepeBa U XOPJ
MaTpHLbl, OIKUCHIBAIOIINE COCANHEHNE BETBEH B y3J1aX M HE3aBUCHMBIX KOH-
Typax. B oriauyme oT MarpuI, HCHOJIB30BaBIIMXCSA B pacuérax mo 0000-
IEHHOMY YpaBHEHHIO COCTOSIHUS U y3JI0BOMY YpaBHEHHMIO, JUISl pacuéra 1o
KOHTYPHOMY YpPaBHEHHIO HEOOXOIUMO UBMEHUMb HOPAOOK Cle008aHUs
eemeeltl 6 mampuye: CTiepBa IOJDKHBI 3aIIACHIBATHCS BETBU JACPEBa, a 3aTeM —
BETBHU XOpI. DTO MPaBWIO PACTIPOCTPAHICTCS Ha BCE MaTPUIIBI, UCTIONb3Yye-
MBI€ TIpH pacdyé€Te 10 KOHTYpPHOMY ypaBHeHHIO. [loaToMy Bce MaTpHIbI
CJIeyeT COCTaBHTh 3aHOBO IO TEM jK€ MpaBWiIaM, HO ¢ YIETOM OCOOCHHO-
CTel, 0 KOTOPBIX NOUAET peub HUXKE.
CocraBuM NEPBYIO MaTpPHIly MHIKACHINH Oe3 OalaHCUPYIOLIEro y3ia:
3 5 1 2 4
a(-1 0-11 O
blo 111 0 -1)
NS N

M Mﬁ

o

ITpu cocraBieHWH BTOPOIl MaTpHLbl MHIMICHIUH HEOOXOAUMO pac-
CMOTpETh CHCTeMY Oa3MCHBIX KOHTYPOB. Cucmema 0A3UCHbIX KOHMYPOS
MIPEACTABISIET COOOH CHCTEMY MCTHHHO HE3aBHCHMBIX KOHTYPOB, OCHOBAaH-
HBIX Ha OJJHOM 0a3nce, KOTOPHIM SIBIISIETCS JiepeBO. VICTHHHO He3aBHCHUMBbI-
MH KOHTYpaMH SIBJISIIOTCS Takue, B KOTOPBIX €CTh XOTsI Obl OJJHA BETBb, HE
BXOJIIasi B Ipyrue KOHTypsl. [IpaBuia cocTaBneHus BTOPON MaTpPHUIIbI HH-
LUJICHIMH U CUCTEMBI 0a3MCHBIX KOHTYPOB CIEAYIOIIHE:

— KOHTYpBI 00pa3yroTcsi IMyTéM NOOUYEepETHOM MOJCTaHOBKH XOPJ B J1e-
peBo. [l 06pa3zoBaHus KOHTYpa B IEPEBE MOXKET HAXOAUTHCS MOAbKO 00HA
xopoa. Tlocne onucaHus MTapaMeTpoB KOHTYpa XOp/a JI0JDKHA ObITh yJalieHa
U3 JiepeBa;

— MpH cocTaBlieHHMH MaTpuibl N cHadaja MOZACTaBIsIETCS XOpAaa, HO-
M€p KOTOPOH 3allUCaH B MaTpULIE NIEPBBIM;

— TOJCTaBJICHHAs XOpJa 3aMBIKaeT KOHTYp, KOTOPBIH JOIKEH OBITh
HaTMpaBJIeH 0 HANPaBJIEHUIO [TOJICTABICHHON XOPABI;

— 3aMKCBIBAETCs MEepBasi CTPOKAa MaTPHULBI B COOTBETCTBUU C IIPAaBUIIA-
MU €€ COCTaBJICHUS;

— MOJCTaBIEHHAs XOpJa W3BJIEKAaeTCs W3 JepeBa U MOJCTaBISAETCA
cnenymolmias, HoMep KOTOPOil 3alucad BTOPBIM;

— C 2TOH XOpAOH MOBTOPSIIOTCS T€ K€ ONEpally, 4TO U C MPEblay-
meil. To ke caMmoe NMPOBOJUTCS CO BCEMHU OCTaIbHBIMU XOPIaMHU, KOTOPbIE
HCTIONB3YIOTCS AJIs1 00pa30BaHMUA KOHTYPOB B IMOPSAKE BO3pACcTaHHS HOMe-
poB.
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CoctaBuM BTOpPYIO MaTpully HHIUAeHIWA. OOpasyromuecs He3aBU-
CUMBbIE KOHTYDBI PE/ICTaBIICHbI Ha pUCYHKe 18.

Pucynox 18 — KoHTypbI cicTeMbI 6a3uCHBIX KOHTYPOB

CocTaBUM BTOPYIO MATPHILy WHITUICHITHIA:

3 51 2 4
(-1 -1 0 O
N=1Il|1 0|0 1 0].

myo 1|0 0 1
%,—/

——
ND{

Tenepb coCTaBUM MAaTpPUIIBI, ONHMCHIBAIOIINE MAapaMeTpbl cucTeMbl. K
TaKUM MaTpUIaM OTHOCHUTCS MaTpHIA CONPOTHBIEHNH BeTBeH Z,. [IpaBuia
MIOCTPOCHMS ATOM MaTpPHUIBI T€ K€, YTO M NPHUBEIEHHBIE BhINIE, HO Oyaer
OTIIMYAThCA TOPAJOK CIEAOBAaHMWS BeTBEH B Marpuie. B coorBercTBuu ¢
BBIOpaHHON KOH(UTypanyen JepeBa MopsIoK clieloBaHus BeTBel Oyzaer 3-
5-1-2-4. 3anumieM MaTpuUIly CONPOTHBIICHUS BETBEH:

Ng

3 5 1 2 4 3 5 1 2 4
3R, 0 0 0 0) 33 0 000
50 R,k 0 0 0| 50 10 0 0 0

z,=10 0 R 0 0/|=10 0 5 0 0|
200 0 0 R, 0] 20 0 010
440 0 0 0 R,) 40 0 00 8

CocTtaBuM Temeph MaTpPHUIlbl 33JAMOIIUX MMapaMeTpoB pexnma. Mmu
seisitotes Marpuna DJIC E u maTpuia 3amarommx TOKoB B y3iax J . Mar-
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puma D/1C BeTBeil coctaBuseTcs ¢ y4€TOM HOBOTO TIOpsiAKa BeTBe 3-5-1-2-

3(Es) 3(20
5|Es | 5|25
E=1|E, |=1|15].
2|E, | 2|10
4\E,) 4l40

Marpuia 3a1al0Iix TOKOB B y3JIaX COCTaBJsAeTcs 0e3 yuéra HOMEpPOB
BerBeil. [loaToMy oHa HEe OymeT OTIMYATHCS OT MATPHUIBI, COCTABICHHOW
paHee:

=)l

KonTypHOE ypaBHEHUE 3aIUCHIBAETCS B BUIE:

MY .

NZN, -, =NE-NZ,| «|J.

Pemnrerne 3TOro ypaBHEHHs IO3BOJIMT HAWTH KOHTYPHBIC TOKH, KOTO-
pble SABIAIOTCS ToKamu B xoprax |, =1,.

Onpe,uenHM OCHOBHBIC COCTABJIAIOIIUEC 3TOI'0 YPABHCHUS:

3 51 2 4

Il (-1 -1 0 O

N=1II|1 O0(0 1 O

im{o 10 0 1

/%’_/

N, Npg

3 5 1 2 4 3 5 1 2 4
3(R; 0 0 O O0) 33 0 00O
50 R, 0O 0 0| 50 10 0 0 0
z,=110 0 R 0 0|=1{0 0 5 0 0
200 0 0 R, O 200 0 01 O
40 0 O O R,) 40 0 O O 8
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3 5 1 2 4
\ s 1 , 4330000
(-1 -1 1 0 0\5/0 10 0 0 0
NZ,=lII|1 0 0 1 0[1/0 0 5 0 0=
mio 1 00 1)2(0 0 01 0
40 0 0 0 8
3 5 1 2 4
I (-3 =10 5 0 0
=13 0 01 0f.
mio 10 0 0 8
[ | I ]|
3 51243_110
| (-3 =10 5 0 0)5/-1 0 1
Z,=NZN,=I| 3 0 01 011 0 0=
mi o 10 0 0 8/2/0 1 0
400 01
| Il {1}
| (18 -3 -10
=I1|-3 4 0
m(-10 0 18
3 5124320
(-1 -1 1 0 0)5/25| I (-30
NE=1I|1 0 0 1 0}1{15|=1] 30
m(o 1 0 0 1)2[10| M| 65
4( 40

J1d HaXOXXAEHHS MaTpHIIBI M;l HEOOXOJUMO HCIIOJIB30BaTh 4acTb
Matpulbl M, COOTBETCTBYIOLIEH iepeBy. B pe3ynpTaTe momydum:
3 5 1

a b
4 a(-10 3(-1 0
M, = = .
b{0 1 50 1
B HameM KOHKPETHOM NpUMEpPE MaTpULlbI M;l n M, pasubl. s

TOro, uT06b yMHOKUTE NZ, Ha M’ HEOGXOMMMO K ITOH MaTpHIle CHHU3Y

J00aBIATH HyJIEBBIE CTPOKU. UHCIIO J00aBIsSIEMBIX HYJIEBBIX CTPOK JOIDKHO
OBITH PaBHO YMCIIy XOpJ. B Hamiem ciydae umeeTcs TpU XOpAbI, OITOMY
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YHUCIIO HYJEBBIX CTPOK paBHO TpéM. IloaTomy mpaBas 4acTh KOHTYPHOTO
ypaBHEHHMS 3aIMIIETCS CIIETYIONIMM 00pa3oM:

a b
3 5 1 2 4 3(-1°0 a b
M I (-3 -10 5 0 0)5/ 0 1 (3 -10
NZ, | *|=11| 3 0 01 O0f0jO0 O|=HI|-3 0 |
0 mi o 10 0 0 8)0j 0 Of ML O 10
oo 0
a b
I (3 -10 | (23
M. a1
NZ,| *J=1|-3 0 | =11 -3
0 b{-2
mio 10 In\-20
N I (=30 | (23 I (-53
. M L.
NE-NZ, *[J=1| 30 |-1I| =3 |=1| 33|
I\ 65 I{-20 I\ 85

Haiiném matpuiry, oOpaTHY®O IS MaTPHUIBI KOHTYPHBIX COTIPOTHBIIC-
HUM:

I I m -1 I I n
I (18 -3 -10 | (0,098093 0,073569 0,054496

Z,jl =1l -3 4 0 =11 {0,073569 0,305177 0,040872 |.
m{-10 0 18 11110,054496 0,040872 0,085831
Teneps onpeneiM KOHTYPHBIE TOKH:

. ~ . M2
|K:|ﬁ=zkl-(NE—Nzg “

JJ

I I 1T
I (0,098093 0,073569 0,054496) | (-53 I (1861

= 11{0,073569 0,305177 0,040872 | 11 | 33 |= 119846 |=
11110,054496 0,040872 0,085831) IIl{ 85 11\ 5,756
1(1861
=2|9,846 |

415,756

Toku B BETBIX JAcpeBa HaﬁﬂéM 10 BBIPAKCHUIO!:
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| I | (1,861 a b

. . L. 3-110 3(-1 0)af 1
[, =Nyl +M!= 11| 9,846 |+ : -
5(-1 0 1 5

15,756
3(7,785 +3 -1) 3(6,785
- 5(3895) 5\-2) 5(1895)

IIPOBEPKA IIPABH/IBHOCTH HAXOK/IEHUA
TOKOB B BETBAX LHEITH

IIpoBepka NpaBMIIBHOCTH HaXOXKICHUS TOKOB B BETBAX MOXET IPOBO-
JUTHCS 10 TIEPBOMY (3aKOHY TOKOB) M IIO BTOPOMY (3aKOHY HampsDKEHHIN)
3akoHaMm Kupxroda.

I[Tepssiit 3akon Kupxroda dopmynupyercs cienyromum odpa3om: ai-
2ebpauieckas Cymma moxog 8 nobom y3ie moboi yenu pasna Hyno. Bbl-
TIOJTHUM IIPOBEPKY IO 3TOMY 3aKOHY ISl BCEX y3JIOB PACCMOTPEHHOM CXEMBI
(BXOozsIIHe B y3€] TOKH CUUTAEM IOJIOKUTEIBHBIMH, @ BBIXOASIINE — OTPH-
[IATSTBHBIMHU )

ysena: Iy —1,+13+J, =1861-9,646+6,785+1=0A;

yzenb: —l;+1, —15—-J, =-1,861+5756-1,895-2=0A;

ysenc: |, —lg—Il,+15+J, =9,646—6,785-5756+1895+1=0A.

Takum o0pas3om, MpoOBEpKa 10 NMEPBOMY 3aKOHY ITOKa3aja €ro BBIMNOJI-
HEHHe, TO €CTh TOKM HalJICHbI BEPHO.

Bropoii 3akon Kupxroda popmynupyercs crnemyronmm o6pa3oM: ai-
2ebpauyeckas CymMma naoeHuti HanpasCenull no a000My 3aMKHYMOMY KOH-
mypy yenu pagua aneeopauueckou cymme I/C, deticmsyrouux 80016 3mMo20
oice konmypa. Ecnu B kouType HeT D/IC, To cyMMapHOe MaJieHue HanpsiKe-
HHUH paBHO HYJIO. BBINOIHNM NPOBEpPKyY 10 3TOMY 3aKOHY ISl BCEX HE3aBH-
CHUMBIX KOHTYpPOB PacCMOTPEHHOW CXEMBI (IIOJ0KHUTEIbHOE HaIpaBJICHHUE
Ka)XJJOTO KOHTypa OCTaBHM TaKUM K€, KAKUM OHO ObUIO BBIOpaHO B pacué-
Tax):

KOHTYP I:

LR, — 15R; +1,R, =1,861-5—6,785-3+5,756 -8 =34,998 B;

E,—E;+E, =15-20+40=35B;

xoHTyp II: 1,R, +13R; =9,646-1+6,785-3=30,001B;

E, +E; =10+20=30B;
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http://ru.wikipedia.org/wiki/%D0%90%D0%BB%D0%B3%D0%B5%D0%B1%D1%80%D0%B0%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D1%83%D0%BC%D0%BC%D0%B0
http://ru.wikipedia.org/wiki/%D0%90%D0%BB%D0%B3%D0%B5%D0%B1%D1%80%D0%B0%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D1%83%D0%BC%D0%BC%D0%B0
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%BD%D0%B0%D0%BF%D1%80%D1%8F%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%B4%D0%B2%D0%B8%D0%B6%D1%83%D1%89%D0%B0%D1%8F_%D1%81%D0%B8%D0%BB%D0%B0

xoutyp Ill:: 1,R, +15R5 =5,756-8+1,895-10 = 64,998 B;
Pacxoxnenne Mexxay cyMMO# mageHni HanpspkeHuid u cymmont IJ1C

HE3HAYHUTENBHBI, U O0BSICHIIOTCS OKPYIJIEHHEM Hall/ICHHBIX 3HAY€HUH TOKOB
BO BpeMsl pacy€ToB.
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HCXO/IHBIE JIAHHBIE JlV/IA BBITIOJIHEHHUA
CEMECTPOBOH PAFOTbI

Tabnmma 1 — ba3oBble 3HaUCHNS 3aJAIOIINX TOKOB B y3JaX

Cenpmas u
BOCbMas
¢ pel HO- Ja Jp J. Jy J,
Mepa 3a4€T-
HOW KHM)KKHU

1 2 3 4 5 6

00 -2 1 1 — —

01 1 -2 1 — —

02 1 1 -2 — —

03 2 -1 -1 — —

04 -1 2 -1 — —

05 -1 -1 2 — —

06 3 -1 -2 — —

07 1 -3 2 — —

08 1 1 -1 -1 —

09 1 -1 1 -1 —

10 -1 1 1 -1 —

11 -1 -1 1 1 —

12 -3 1 1 1 —

13 2 1 -1 -2 —

14 1 -2 3 -2 —

15 -1 2 -3 2 —

16 2 1 1 -4 —

17 1 1 -3 1 —

18 -3 1 1 1 —

19 -3 -1 2 2 —

20 -2 -2 1 3 —

21 2 2 -3 -1 —

22 2 -1 2 -3 -

23 -1 2 2 -3 -

24 -1 3 -1 -1 —

25 1 2 -4 1 —

26 2 -3 2 -1 —

27 1 1 1 -3 -




IIponomkenne Tabmuisr |

28
29
30
31

32
33
34
35
36
37

38
39
40
41

42

43
44
45

46
47

48
49
50
51

52
53
54
55
56
57

58
59
60
61

62

63
64

65
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IIponomkenne Tabnuis |

66
67
68
69
70
71

72
73
74
75
76
77
78
79
80
81

82

83
84

85

86
87

88
89
90
91

92

93
94

95

96
97

98
99
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Tabnna 2 — 3Ha4eHNs] CONPOTHUBJICHNHN B BETBAX LIEITH

[lepBas
U BTOpas
:;ISI)S;; Rl Rz R3 R4 R5 Re R7 Rs Rg RlO
3a4ETHOM
KHIDKKY
1 2 3 4 5 6 7 8 9 10 11
00 5 10 15 9 7 14 26 6 5 19
01 12 25 1 24 18 8 28 23 1 24
02 23 11 4 8 4 28 2 12 7 25
03 4 9 4 27 29 7 27 8 21 15
04 2 26 7 20 20 29 11 30 18 17
05 29 24 26 23 27 3 8 5 29 13
06 11 17 2 12 9 3 24 10 21 8
07 3 15 17 19 14 1 22 21 30 18
08 26 23 3 23 25 16 21 9 19 28
09 13 25 1 4 17 26 29 20 3 13
10 17 12 6 21 29 30 10 12 30 13
11 16 5 1 15 3 27 27 24 29 12
12 23 9 19 15 26 22 22 6 7 13
13 28 25 12 17 4 21 2 7 9 24
14 9 23 18 11 26 14 18 6 5 20
15 5 18 2 12 4 13 25 29 5 28
16 26 17 26 12 16 20 24 5 4 2
17 7 6 29 20 25 18 4 30 22 9
18 8 25 7 20 6 24 16 22 14 13
19 28 30 27 7 6 13 10 17 16 7
20 30 29 23 24 30 27 20 13 1 28
21 12 2 14 16 28 5 27 29 18 14
22 30 23 8 2 23 28 7 22 22 4
23 18 6 1 23 29 8 3 21 20 27
24 12 29 9 10 13 11 18 7 28 27
25 23 25 7 21 1 16 14 17 28 25
26 18 8 27 11 10 3 22 23 13 17
27 2 2 4 9 28 14 25 10 20 26
28 27 17 4 8 13 26 2 23 4 22
29 9 10 22 8 25 5 2 4 2 22
30 29 7 23 19 17 5 21 15 9 16
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IIponomwkenne TabIHIBI 2

1 2 3 4 5 6 7 8 9 10 | 11
31 1 12 | 29 | 22 | 16 6 12 | 24 | 14 | 30
32 16 | 20 | 10 | 28 | 29 | 25 7 2 2 11
33 5 29 | 17 | 14 | 12 | 23 | 15 | 21 | 12 | 28
34 20 | 24 5 23 | 10 | 22 1 4 29 1
35 20 | 15 | 30 | 10 4 3 26 | 19 | 21 4
36 8 1 15 | 14 | 18 | 28 | 20 | 17 | 22 | 22
37 11 | 13 | 10 4 30 4 26 | 19 7 17
38 29 | 28 | 25 | 25 | 16 | 29 | 14 | 29 9 15
39 9 5 15 | 10 5 6 7 26 | 21 | 10
40 2 7 27 3 28 1 2 14 | 20 | 19
41 26 | 28 | 30 9 15 7 4 20 | 10 1
42 24 | 25 7 16 8 19 | 24 | 17 | 27 | 27
43 20 | 30 | 27 | 12 | 24 | 16 | 11 | 27 | 12 | 17
44 13 | 19 | 16 | 19 8 9 7 15 8 10
45 15 | 16 | 17 | 10 | 13 | 27 5 18 4 19
46 29 8 1 26 | 25 | 17 | 26 | 13 7 2
47 2 1 5 28 | 12 | 26 | 22 | 11 | 17 3
48 4 28 | 13 | 14 4 25 | 21 | 18 | 15 | 23
49 20 | 26 | 27 | 24 | 20 9 20 | 13 6 8
50 28 2 14 | 23 9 12 1 22 | 26 | 16 | 17
51 25 | 22 | 24 | 16 | 16 9 21 7 2 23
52 2 21 | 26 3 6 13 | 16 | 28 | 30 | 11
53 10 | 16 | 25 | 19 | 22 3 14 | 17 | 13 3
54 11 | 23 4 23 | 15 8 7 16 | 15 | 11
55 3 24 | 13 1 25 | 16 | 19 | 11 | 17 | 17
56 20 | 20 | 27 | 14 8 16 | 16 | 13 | 26 | 27
57 8 3 23 | 19 | 25 | 20 | 18 | 17 1 30
58 23 9 16 | 30 | 16 3 27 | 20 2 7
59 19 | 14 | 29 | 17 | 27 2 17 | 28 8 19
60 17 | 20 6 27 7 7 15 | 22 | 28 2
61 29 | 12 | 10 | 24 9 18 2 5 1 12
62 6 24 | 21 | 19 | 16 | 28 | 30 | 24 9 30
63 28 3 15 1 22 | 19 | 13 | 30 9 11 1
64 15 3 22 | 20 2 25 5 28 | 17 | 21
65 24 | 20 | 20 | 28 | 13 5 14 | 19 | 22 6
66 6 24 | 25 5 8 22 | 16 7 2 27
67 23 | 14 | 23 | 10 | 29 8 28 6 28 | 30
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IIponomwkenne TabIHIBI 2

1 2 3 4 5 6 7 8 9 10 | 11
68 28 | 30 1 20 | 16 | 23 3 6 29 4
69 19 | 14 | 30 | 21 | 20 3 1 2 2 12
70 18 | 23 | 15 9 4 14 8 6 5 6
71 27 | 22 | 11 | 20 6 13 | 14 3 19 | 27
72 4 3 12 | 15 4 12 7 21 | 14 6
73 13 6 22 | 20 | 28 4 5 25 | 26 | 24
74 22 | 21 | 18 | 28 3 3 18 1 11 | 13
75 21 | 18 4 11 | 28 | 13 | 28 | 29 | 27 | 20
76 7 2 20 | 17 | 20 | 25 9 28 | 25 | 17
77 25 | 16 4 22 6 10 | 17 | 11 | 24 | 28
78 9 2 14 1 17 | 10 | 30 | 23 | 26 | 19
79 6 13 5 4 10 | 19 | 28 8 27 | 25
80 12 | 18 | 27 7 10 1 11 5 3 7
81 27 | 24 | 12 | 28 | 26 | 21 | 16 | 28 | 11 | 13
82 27 1 7 4 8 15 5 11 | 10 9
83 12 | 21 | 15 | 28 4 11 | 29 9 13 | 29
84 14 | 28 1 14 8 29 | 20 | 16 | 18 | 15
85 12 5 24 | 25 3 28 4 13 | 22 | 29
86 17 | 23 | 27 | 13 | 30 | 26 | 23 | 27 | 17 2
87 7 17 2 6 22 | 29 | 21 2 7 24
88 24 | 17 | 22 | 16 | 10 | 29 9 10 9 25
89 23 | 19 | 27 1 22 | 19 | 18 | 16 | 28 | 18
90 12 | 18 | 13 | 23 3 21 | 13 | 11 | 29 5
91 24 | 23 | 10 | 26 | 17 | 20 | 13 2 26 | 17
92 6 11 | 24 | 13 | 13 2 15 8 13 6
93 7 7 14 2 22 | 25 | 26 | 29 | 11 | 28
94 24 7 11 2 23 | 19 9 16 | 24 | 26
95 12 2 18 | 27 | 27 | 13 9 23 | 30 | 24
96 5 13 | 10 | 13 | 19 | 27 5 16 | 26 6
97 25 3 3 15 | 25 | 14 2 24 | 29 8
98 29 | 25 | 16 8 9 10 2 12 | 14 | 13
99 18 5 21 | 22 6 13 1 18 | 25 | 16 | 23
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Tab6auma 3 — 3nauenus DJIC B BETBAX ICIU

IIsaTas u

mecras

E(I;I&)g;; El Ez E3 E4 E5 Es E7 EB E9 Elo

3a4ETHOM
KHIDKKY
1 2 3 4 5 6 7 8 9 10 11

00 0 70 | -90 0 70 30 | 100 0 35 0
01 48 0 -1 0 0 0 44 85 0 88
02 0 43 0 -58 0 0 17 82 0 -37
03 16 66 0 -50 0 -91 0 4 27 38
04 -58 0 0 18 | -59 0 -92 | -35 | -20 0
05 0 -53 | 31 0 -38 | 20 0 70 78 0
06 -48 | -21 0 0 0 60 | -52 0 -29 0
07 82 | -19 | 63 86 13 98 | -59 | -29 | 43 0
08 -41 | -40 -4 36 62 | -11 | -39 0 37 | -23
09 -18 0 0 -65 | 21 0 0 0 97 0
10 40 | -30 | 10 | -39 0 0 -4 38 0 0
11 0 0 -73 | 79 0 36 56 97 0 -96
12 0 7 -64 0 =77 0 0 0 27 79
13 -100| 71 99 0 0 0 0 -88 0 0
14 64 -7 -22 | -10 0 -18 | -28 | -96 | 73 0
15 0 -29 | -10 0 -53 | -40 0 78 59 | -84
16 0 0 -12 | -80 | 82 0 66 | -72 | -53 0
17 76 | -69 0 76 0 70 4 0 0 0
18 0 0 52 | -69 | -91 | -67 -4 0 0 1
19 39 46 | -70 0 -25 0 -86 | -47 0 12
20 68 73 | -21 | 42 | -38 | -65 | 94 0 0 58
21 52 | -77 0 75 72 | -84 | 32 48 25 | -35
22 0 -87 0 98 10 30 0 67 0 76
23 -38 0 0 -53 | -82 | 23 0 -80 | 34 76
24 0 -26 0 -16 | 54 65 0 47 0 -18
25 18 0 0 20 0 73 0 57 | -35 0
26 -27 | 52 89 0 36 12 | 93 | 42 | -92 -6
27 32 0 0 -61 | -75 0 0 0 36 | -18
28 -93 0 0 0 0 -7 0 0 0 -86
29 79 | 77 | 44 | 91 | 64 34 | -36 0 69 | -39
30 0 55 | -85 0 -86 8 89 0 35 0
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IIponomkenne Taduier 3

1 2 3 4 5 6 7 8 9 10 | 11
31 0 |-19] 0 0 0 0 | -18 | -32 | 28 0
32 0 0 |35 | 76 |49 |-16 |17 |80 | O 99
33 43 | <77 | -31 | 95 | 69 | -20| O 0 0 84
34 0 0 0 63 | 93 | 63 | -86 | -89 | 63 0
35 63 | 54| 0 | -75]|-28| 0 | -21 | O 0 | 48
36 711 ] 94 | 47 | -19 | 93 | 51 | 62 | 79 | 22 | 45
37 0 | 95| 12 0 0 |57 | 37 | 75 0 9
38 50 0 24 | -79 191 | -8 118 |20 O 0
39 -88 | 98 | -22 | O -1 | 39 | 68 | 19 | -63 | 18
40 0 62 | -28 | 76 0 72 0 51 0 0
41 0 0 23 | 75 | 49 0 0 0 | -77] 2
42 9 | 78 | -75 | -28 | 96 | -27| O 0 | -88 | 18
43 17 | 98 | 66 | 0 | -70 | O 0 5 | -711 ] 25
44 0 |[-70] O 97 0 33 | 94 | 52 0 0
45 0 0 92 | 34 0 0 19 | 77 | -16 | 49
46 32 | 46 0 0 77 | 35143 0 0 | -54
47 62 | 11 | 48 | O 42 | 92 0 |-28| -2 | -37
48 -74 | 53 | 88 | 66 |-74] O 76 0 0 | -19
49 0 21 |17 |92 | -2 |72 0 |33 |-27| O
50 -88 | -6 0 0 |[-212] O 0 38 | 93 -7
51 0 0 0 |-10| 83 0 0 20 | -78 | -82
52 46 | 36 0 2 73 0 |93] 0 -7 | -18
53 -77 | 60 | 43 | 87| O -4 | -35| -84 | -27 | 58
54 30 0 [-91|-37 | 28 0 87 | 90 | 19 |-100
55 0 0 11 | 48 | 73 | 40 | -55 | 2 39 | 60
56 51 0 |-30 | 61 | 92 | 57 | 72 | 40 | -30 | O
57 92 0 0 0 30 | -39 | 75 | -29 | 82 | 54
58 0 -7 | 50 |24 -28|-84| O 0 3 0
59 O |47 |67 | 8 |-25|-88| 0 |-76 | 58 | -34
60 14 | 471 0 | -94] 0 0 67 0 0 0
61 30 3 0 41 | 84| 0 | 23| -9 | 0 4
62 431 0 0 |49 O 0 0 0 0 0
63 0 73 | 40 | 38 | 87 |86 |-70| O 0 56
64 20 | 36 0 51 | 25 | 62 | 35 | 37| 98 | 7
65 -65 | 37 0 0 -7 | 58 | -38 | 68 | -12 | -97
66 571 0 34 0 0 14 | 23 | 49 | 73 0
67 341 0 | -13] O 0 |-20 | 40 | 47 | -49 | 80




IIponomkenne Taduier 3

1 2 3 4 5 6 7 8 9 10 | 11
68 49 0 |89 |-64]|-43]-60] 0 0 0 | -9
69 -20 | 28 | 23 |97 | O 0 |92 |-70 | 87 | 37
70 93 0 |-100| 4 15 0 |94 |-21| 0 | -35
71 46 | 67 | 81| O |51 |-86 | O |-25| 97 | 63
72 1 82 | 77 | 75 | 41 | 49 | 57| O 0 0
73 33 0 0 36 0 52 | -82 | -86 | 17 | 19
74 -7 0 0 | 53| 5 |-29 | 76 0 -6 | -23
75 -76 | -81 | -50 | -29 | -56 | 54 0 -6 | -67 | 49
76 0 2 | 45| -26 | 48 | 24 | 583 | -36 | 68 | -17
77 29| 8 |55 ] 0 56 0 0 |-78| 39| 0
78 44 |1 -76 | 99 | -32 | O 0 -9 | 61 | 47 | -10
79 98 | 75 | -14 | -65 | 50 0 0 -7 | 47 | 14
80 0 0 0 81 | 81 0 |97 |-82| 0 |-51
81 0 86 7 0 72 | 76 0 | -35| 46 | -83
82 91 | -82 | 43| 98| 9 0 0 20 | 14 | -49
83 25 [ 53 |74 O 0 37 0 27 0 0
84 -70 | 90 | 13 0 37 | 14 0 |49 0 56
85 66 | 76 0 [ 49| 83 | 42 0 |43 0 0
86 -60 | -49 | 78 0 0 |-23] 0 0 0 0
87 67 0 -2 | 84 0 0 | -35 | 47 1 87
88 -46 | 13 0 |[-95] 0 0 0 0 0 73
89 -96 | 27 | 82 0 | -71 ] 49 | -56 | 3 51 0
90 0 62 | -38 | 42 | 63 0 4 |49 | 66 | 4
91 79 0 |82 ] 0 86 | 42 | -30 | 0 | -24 | 47
92 0 |-10 | 20 0 0 0 |99 |11 |44 0
93 89 | -75 | 5 0 0 0 41 0 2 33
94 -92 | 98 | -13 | 31 0 |9 | 0 |-35] 7 0
95 0 -4 0 | -50 | 35 | 60 0 49 | -2 89
96 0 80 | 68 | -38 | 66 | O 0 0 |44 ] O
97 65 0 17 0 65 0 7 0 46 | 99
98 0 |-35] 5 4 |57 0 [ -39 ] 19 0 | -87
99 0 1 0 69 | 60| O | 84| O 0 | -66
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Tabmuna 4 — 3naveHns ko3¢ uIieHTa nepecuéra 3aJaf0IIX TOKOB B
y3Jax

Tperbs u Tperbs u Tperbs u Tperbsa u

4yeTBEpTas 4yeTBEpTas yeTBEpTas yeTBEpTas
UQPEI K UQPEI K UG pbI K UG pbI K
HOMeEpa HOMEpa HOMeEpa HOMeEpa

3a4€THOU 3a4€THOU 3a4€THOU 3a4€THOU
KHIDKKH KHIKKH KHHKKHI KHHKKHI

00 0,1 25 2,6 50 51 75 7,6

01 0,2 26 2,7 51 5,2 76 7,7

02 0,3 27 2,8 52 5,3 77 7,8

03 0,4 28 2,9 53 54 78 79

04 0,5 29 3 54 55 79 8

05 0,6 30 3,1 55 5,6 80 8,1

06 0,7 31 3,2 56 5,7 81 8,2

07 0,8 32 3,3 57 5,8 82 8,3

08 0,9 33 3.4 58 59 83 8,4

09 1 34 3,5 59 6 84 8,5

10 11 35 3,6 60 6,1 85 8,6

11 1,2 36 3,7 61 6,2 86 8,7

12 13 37 3,8 62 6,3 87 8,8

13 14 38 3,9 63 6,4 88 8,9

14 15 39 4 64 6,5 89 9

15 1,6 40 4,1 65 6,6 90 91

16 17 41 4,2 66 6,7 91 9,2

17 1,8 42 4,3 67 6,8 92 9,3

18 19 43 4,4 68 6,9 93 9,4

19 2 44 4,5 69 7 94 9,5

20 2,1 45 4,6 70 7,1 95 9,6

21 2,2 46 4,7 71 7,2 96 9,7

22 2,3 47 4,8 72 7,3 97 9,8

23 2,4 48 4,9 73 7,4 98 9,9

24 2,5 49 5 74 7,5 99 10
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Cxema 00

Cxema 01
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\‘\/I_I

Cxema 02

Cxema 03
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Cxema 04

Cxema 05

46



Cxema 07

47



48



Cxema 11

49



Cxema 13

50



Cxema 15

51



Cxema 16

Cxema 17

52



Cxema 18

Cxema 19

53



Cxema 21

54



Cxema 23

55



Cxema 25

56



Cxema 26

Cxema 27

57



Cxema 29

58



Cxema 30

Cxema 31

59



Cxewma 33

60



Cxema 35

61



Cxewma 37

62



63



Cxema 41

64



Cxema 42

Cxema 43

65



Cxema 44

Cxema 45

66



Cxema 46

Cxema 47

67



Cxema 48

Cxema 49

68



Cxema 50

Cxema 51

69



Cxema 52

Cxema 53

70



Cxema 54

Cxema 55

71



Cxema 56

Cxema 57

72



Cxema 59

73



Cxema 60

Cxema 61

74



Cxema 62

Cxema 63

75



Cxema 65

76



\\jl_l

Cxema 66

Cxema 67

77



Cxema 68

Cxema 69

78



79



Cxema 73

80



Cxema 75

81



82



Cxema 79

83



84



Cxema 83

85



Cxema 85

86



87



Cxema 88

Cxewma 89

88



Cxema 90

Cxema 91

89



Cxema 93

90



Cxema 95

91



Cxema 97
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Cxema 98

Cxema 99
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KOHTPOJIBHBIE BOIIPOCBI

agrwnE

o

12.
13.
14,
15.
16.
17.
18.
19.
20.
21.
22.
23.

24.
25.

26.

UYTo Ha3bIBAIOT AEKTPUUECKOH Lenbio?

UTo HA3BIBAIOT MPUHIUIAAIEHON IEKTPHIECKON CXeMOii?

Uro Ha3bIBAIOT CXEMOW 3aMEIICHHS?

Uro Ha3bBarOT rpagom?

Kakne MaTpuIsl HCIONB3YIOT TS ONMCAaHHUS KOHPUIYPAIlH 3JIEK-
TPHYECKON CXEMBI?

Kakne MaTpumbl MCTIONB3YIOT AJSI OMMCAHUS IapaMEeTPOB CHCTE-
MbI?

Kakue MaTpHIbl HCIIONB3YIOT IJIS OMMCAHUS TapaMeTpoB pexumMa?
Kak cocTtaBuTh NepBYI0 MaTpPUIly UHITUICHITNN?

Kak coctaBuTh BTOpYI0 MaTpUIly HHIUACHIUI?

UYro Ha3pIBalOT OAlaHCUPYIOLIUM Y3J10M?

C xkakodl mHenpi0 MpH pacdyérax HCIOIb3yeTcs OaTaHCHPYIOIINiA
y3en?

Kax cocraBuTh MaTpuily CONpOTUBIEHUN BETBEW?

UYro Ha3pIBAIOT 3aJAI0NIMMH ITApAMETPAMHU PeKIMa?

Uro Ha3bIBaIOT 3aBUCUMBIMHU ITapaMETPaMH pexuMa?

Kak cocTaBuTh MaTpuIly 3aIal0IiX TOKOB B y3/1ax?

Kak cocraButs MaTpuiry O/1C BeTBeit?

Kakwue onepariuit MO>KHO BBITIOJIHATE C MaTpUIIaMu?

Kakue neifcTBHsS HEOOXOAWMO BBIIOIHUTH JJIS CIIOKEHHUS] MaTPHIL
0e3 UCII0JIb30BaHUS BHIYUCIUTENLHON TEXHUKH?

Kakwne nericTBusI HEOOXOAMMO BBITIOIHUTE IS CJIOKEHUS MaTPHIL C
HCTIOB30BaHUEM O(QHCHBIX MAKETOB MPUKIIAIHBIX IpOrpamMm?
Kakne neficTBust HEOOXOIMMO BBIOIHUTE U1l BEIMUTaHNUS MaTPHIL
0€3 UCIIOIb30BaHMS BHIYNCIUTEIFHON TEXHUKH?

Kakne neficTBust HEOOXOIMMO BBIIOIHUTD U1l BEIMUTaHNUS MaTPHIL
C MCIOJIb30BaHUEM O(HUCHBIX MTAKETOB NPUKIAIAHBIX porpamMm?
Kakne neficTBust HE0OXOIMMO BBITTOJIHUTS JUISI YMHOXKEHHS MaTPHI
0€3 UCIIOIb30BaHMS BHIYNCIUTEIEHON TEXHUKH?

Kakwne ngericTBus HEOOXOAMMO BBITIOTHUTH JJIs1 YMHOKEHHUS MATPHIL
C UCTIONB30BaHNEM O(HUCHBIX MAKETOB MPUKIATHBIX IPOrpaMm?
UTto Ha3bIBAIOT OOPATHOW MaTpHIIEeH?

Kakum 006pazomM MOKHO HAUTH OOPAaTHYIO MATPHILY NMPHU HUCIIOIB30-
BAaHHUU COIO3HOM MaTPHIIBI?

Kakum o0pazoM MOXHO HaWTH OOpaTHYIO MaTpuily IO METOIY
I'aycca 6e3 obpaTHOTrO X027
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217.

28.
29.

30.

31.

32.
33.
34.
35.

36.

37.
38.

39.
40.
41.

42,
43.

44,
45,

46.
47.

48.
49,

50.
51.

52.
53.

Kakne nmeficTBusi HEOOXOIMMO BBIOTHUTH I HAaXOXKACHHUS 00-
paTHON MaTpHILBI C MCIOJNB30BaHUEM O(UCHBIX MAKETOB MPHKJIAI-
HBIX Nporpamm?

UYro Ha3bIBAIOT TPAHCIIOHUPOBAHUEM MATPUIIBI?

Kakne peiictBust HEOOXOIMMO BBINONHHUTH JUISL HAaXOXKICHUS
TPaHCIIOHUPOBAHHON MATpPHUIIBI C UCIOIBb30BaHUEM O(HCHBIX MaKe-
TOB NPHUKIJIJHBIX IporpamMm?

Uro mpencraBuser co0ol 00OOmMEHHOE YpaBHEHHE COCTOSHHS
ANEKTPHYECKON TeTn?

Kak naifTn TOKM ¢ MCHONBb30BaHHEM O00OOIIEHHOTO YpaBHEHHUS CO-
CTOSTHHS 3JIEKTPUIECKON mernu?

Kaxk BbIBecTH 00001IEHHOE ypaBHEHHE COCTOSHUS?

Kak dpopmynupyercs nepssiii 3akon Kupxroda?

Kak ¢popmynupyercst Bropoii 3akoH Kupxroda?

Kak BBINOJHUTH MPOBEPKY MPABUIHHOCTH HAXOXKAECHUS TOKOB B
BETBSIX LIEMH 110 epBoMy 3akoHy Kupxroda?

Kak BBINOJHUTH MPOBEPKY IMPABUIHHOCTH HAXOXKAECHUS TOKOB B
BETBSIX LIEIH 10 BTOpoMY 3aKkoHy Kupxroga?

C Kakoii 1eNblo UCMONb3YETCs Y3110BOE YpaBHEHHE?

B kakom ciydae 1enecooOpasHO HCIIOIb30BaHUE Y3JIOBOTO ypaB-
HeHus?

Uro mpencTapinseT co0oil y3110BOe ypaBHEHHE?

Kaxk BbIBeCcTH y3110BO€ ypaBHEHHE?

KakoB nops1ok HaX0>XAEHUsI TOKOB B BETBSIX IPH HCIIOJIb30BAHUH
y3JI0BOT'O ypaBHEHUS?

Kak coctaBuTh MaTpuIly NpOBOJUMOCTEH BETBEH?

Kak cocTaBUTh MaTpHIly Y3JIOBBIX HPOBOJUMOCTEH 0€3 HCIIOIb30-
BaHUS ONepaIiy MPOU3BEACHUS?

Kakwue cBoiicTBa MaTpHUIlB! Y3JIOBBIX IPOBOAUMOCTeN Brl 3HaeTe?

UYro npeacrasiier coboil marpuna U, ?

KaxoB ¢usnueckuii cmbica Matpunsl U, ?

B 4ém cocrouT (pu3NUECKHi CMBICT MEPBOH MaTpHIbl MHIUICH-
uit?

B uém cocrout ¢uzuueckuii cMpici Matpunsl MY, E ?

Kak coctaButs MaTpuiy MY,E 0e3 ucnonb3oBaHUs onepanuu
YMHOXEHHUS MaTpHI?

Kak 3anuceiBaercs 3akon OMa B MaTpudHOi dopme?

B uém cocrout ¢uzuueckuii cMpici Matpunsl U, ?

UT0 HaA3BIBAIOT CHCTEMOM 0a3UCHBIX KOHTYpPOB?
Urto B Teopuu rpadoB HA3BIBAIOT AepeBOM?
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54.
55.

56.
57.
58.
59.
60.
61.
62.
63.

64.

65.
66.

67.
68.

69.

70.

71.
72.

73.

Uro B Teopru TpadoB HA3BIBAIOT XOpIAaMU?

B 1ém cocTonT 0COOEHHOCTH COCTABIICHUSI MATPHUI] MIPU UCIIOJNIB30-
BaHWU JUIsl pacu€TOB CUCTEMBI 0a3HCHBIX KOHTYPOB?

Kak coctaBuTh mepByr0 MaTpuUIly MHIMJCHLIUN NPH HCIOJIL30Ba-
HUH ISl pac4€TOB CUCTEMBI 0A3UCHBIX KOHTYPOB?

Kak cocTtaBUTh BTOPYIO MaTpUIly MHIMICHLUN NPH HCIOJIb30Ba-
HUH IS pac4€TOB CUCTEMBI 0A3UCHBIX KOHTYPOB?

Kax cocTaBuTth MaTpuily COPOTHUBIEHUN BETBEH MPHU UCIOJIb30BA-
HUH U PacdéTOB CUCTEMBI 0a3UCHBIX KOHTYpPOB?

Kak cocraButre matpumy D/IC BeTBe# NHpH HCHOIB30BAHUU IS
pacuéToB CHCTEMBI 0a3UCHBIX KOHTYPOB?

Kak cocraBuTh MaTpuily 3aJarolIiX TOKOB B y3JIaX IIPH HUCIOJIB30-
BaHHU JUIs pacu€TOB CUCTEMBI 0a3HCHBIX KOHTYPOB?

UYro npexacTaBisfeT co00i KOHTYpHOE ypaBHEHHE?

Kak BbIBecTH KOHTYpHOE ypaBHeHHUe?

KakoB mopsaok pacuéra TOKOB B BETBSIX JIEKTPHUECKOM LEMH IpU
HCTIOJIb30BaHUH KOHTYPHOTO ypaBHEHHUs?

Kax cocraButh Matpuny Z, 06e3 HCHOJIB30BaHUS OIEPalUU yMHO-
JKEHUS?

Kaxwue cBoiicTa matpunsl Z, Bel 3HaeTe?

Kak cocraButh Matpuily NE 0e3 HCHOib30BaHUS OIepaIuu
YMHOXEHUS?

B uém cocrout Gpu3HUECKUi CMbICT MaTpUIisl M ;1 ?

Kak cocraButs Matpunyy M ;l 0e3 HCHONB30BaHUS Olepannuu
HaXO0KJCHHS 00paTHON MaTPHIIBI?
C xaxoi menpio NpU YMHOXXEHHH K MaTpHIEe M;l CHM3Y n00aB-

JISII0TCS HyJIeBble cTpoku? UeMy paBHO X YHUCIIO?
-1 .
B uém cocrour dusnueckuii cmpicn matpuisr NZ | (] ?
0

[Touemy TOKH B XOpAaxX ABISIOTCS KOHTYPHBIMH TOKaMHU?

KaxoB ¢usnueckuii cmbicn Matpunsl N1, ?

B 4ém cocrount pusmueckuii cMpici Marpuipl M ;1J ?
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