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PAHXXUPOBAHUE NI’PA®A, MOAEJ/IUPYHOLLEIO
CTPYKTYPY CUCTEMbI

PaHroMm BeplMHbI Ha3blBaeTCs Takoe Lenoe 4ucio, 4To Bce
BXOAALME B 3Ty BepLUMHY pebpa McxoasT vM3 BepwmH 6onee HU3KUX
paHros. PaHxupoBaHuMeM rpada Ha3blBAETCS Ha3HAYEHWE paHroB
BCEM ero BepLunHaM.

3agaya paHxupoBaHus rpada paspelwmMa Toraa um TObKO TO-
raa, Korga rpad He CoaepXXWUT HU OAHOro KOHTYpa. MpuUMeHUTENbHO K
CUCTEMAM 3TO O3HAYaET, YTO CUCTEMA, CTPYKTypa KOTOPOW Moaenmpy-
€TCs AaHHbIM rpad)oM, He A0/MKHA cofepXXaTb 06paTHLIX CBA3EMN.

Mpy aHanuse CUCTEM paHXMpOBaHWE MPUMEHSETCH AO0BOSIbHO
yacto. Hanpumep, ecnu BeplumHamm rpada n3obpasuTb AMCUMNINHDI,
n3yyaemble B BY3e, a pebpamMmm — UCNOMb30BaHNE 3HAHWI U HaBbIKOB,
NOJTYYEHHbIX MPU U3YYEHUWN APYrUX AUCUMNIIMH, TO NONYy4UTCs Crneay-
towmii rpac (puc. 1):

MaTeMaTWKa
3NEeKTPOTEXHUKS
W TaK ganee.
UsMKa
MaTepuanoBeneHne
KMMMA

s s
;

—— —
paHr 0 paHr 1

Puc.1. Cxema rpada aucumnimH

Mepefava 3HaHMN U HABbIKOB MPOMCXOAWT TONbKO OT AWCLN-
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M/IMH, U3YYEHHbIX paHee, K AMCUMIJIMHAM, M3y4YaeMblM No3gHee, HO
He HaobopoT. 3TO 03HAYaEeT, YTO BCE AUCLMMIIMHLI, U3YYaeMblE B XO-
Ae obydeHusi, AOMKHbI 6bITb pacrnpeaesieHbl No ceMecTpaMm C MoMo-
b0 pPaHXMPOBaHUS.

ApyruM nNpuMepoM paHXupoBaHus rpada SBNSETCA yCTaHOBIe-
Hue cybopanHaumin B ceMbe. Ecnu B kayecTBe BepLUnH rpada n3obpa-
3UTb YIEHOB CEMbM, @ OPUEHTMPOBaHHbIMK pebpaMm 0603HaYMTL 064-
3aTesibHble A1 UCMOSTHEHUS YKa3aHusi, TO ANs MHOrMX cemen (naTpu-
apXanbHblii TN ceMbW) BYAET XapakTepHa cheaylolas paHXnpoBaH-
Hasl CTpyKTypa (puc. 2):

0 paHr {
1 paHr {
2 paHr {

Puc. 2. CxeMa rpacda Ans «ceMby NaTpuapxasbHOro Tuna»

B coBpeMeHHOM TuMe ceMbM, rAe MyX U XeHa daKTUUYecku paB-
HOMpaBHbI, CTPYKTYpa 3TOW Masioi coumasibHOM CUCTEMbI MOXKET ObITb
paHXMpoBaHa TOSIbKO B TOM C/ly4Yae, KOraa MyX M XXeHa He JatoT apyr
ApYry yKa3aHui, obsi3aTeslbHbIX K UCMOSIHEHUIO, MHAYe CTPYKTypa He
MOXET 6bITb paHXWpoOBaHa M3 — 3a KOHTYpa, MPOXOASALLEro 4epes
BepwuHbl «OTeu» n «Matb» (puc. 3).

Puc. 3. CxeMa rpada «ceMby COBPEMEHHOMO TUMa»
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Elle 60nee cnoXHoW, HO TaK e He NoAAaloLIENCcs paHXnpoBa-
HWIO, MOMYYaeTCa CTPYKTypa CeMbM, rae 6paT v cectpa (NpUMMepHO
O[IHOrO BO3pacTa) NbITAOTCA AaBaTb APYr Apyry ob6s3aTeNbHble K UC-
MOJTHEHWIO YKa3aHWSI.

Takoro poaa HepaH>XMpoBaHHas CTPYKTypa COLMAbHbIX CUCTEM
(He Tonbko Manbix, HanpuMep «Coto3» Poccum ¢ Benopyccuen) npu-
BOAMT K KOH(IMKTHBIM CUTYaLMSIM.

CTyneHTbl AO/KHbI MOHWMATb, YTO B TEX MPOU3BOACTBEHHbIX,
3KOHOMMYECKMX, KOMMEPYECKUX CUCTEMAx, FAe UM MNpeacTouT pabo-
TaTb (@ TaKKe, BO3MOXHO, KOTOpblE UM MPEACTOUT CO3/1aBaTb B Kaye-
CTBe pykoBoauTenein hupM UM MeHemXepoB) CTPYKTYpa ynpaBneHus
OOJ1KHa 6bITb TWAaTENIbHO paHXWpoBaHa BO n3bexxaHue KOHCb)'IVIKTHbIX
CUTYyauuii 1 NoTepu ynpaeneHusl. B yacTHOCTU, HeJONyCTUMbI CTPYK-
Typbl TUNA M306paXXEHHON Ha puC. 4, KOraa BO3MOXHbI NPOTUBOPEYUM-
Bbl€ YKa3aHUs AByX OpraHoB ynpaBieHus.

e
Sl

Puc. 4. Hegonyctnmas CTpyKTypa CUCTEMBI

ANroputMbl paHXunpoBaHusl. [ins paHxupoBaHus rpada AomKHa
6bITb 3afaHa ero MaTpuua wHUMAeHLM. DTO KBaapaTHasl MaTpuua,
MMeloLas CTOMbKO CTPOK M CcTonbuoB, CKOMbKO BepwwuH rpada. Ecnm
U3 BEPLUMHbI C HOMEPOM i B BEpPLUNHY C HOMepOM j ecTb pebpo (ayra)
, TO B CTpoke i n B ctonbue j ctout 1 (eamHuua). Ecnm Takux pebep
Heckonbko (MapannenbHble Ayrn), To B CTPOKe i U B ctonbue j cra-
BUTCS HaTypanbHOE YMCNO — KOMMYeCTBO 3TuX pebep. Ecnmn u3 Bep-
WKWHBbI i B BepwuHy j pebpa HET, TO Ha nepeceyeHun CTPOKM i K
cronbua j crtount 0 (Honb).

ANropvTMOB paHXMPOBaHUSI BCEro ABa — NpsiMOM U 0bpaTHbIN.
MpsiMoli npolue, 06paTHbIM HECKONBKO CIIOXKHEE M3 3@ TOro, YTO YMCI0
paHros rpada 3apaHee HeM3BECTHO.

MycTb rpad 3agaH cnegywowent MaTpuuel uHUMAeHUM (Tabn.

1).
Tabnuua 1 — MpyMeH MaTpULbl MHUMAEHUMN
13 BEPLUUHbI B Bepumny 1 2 3 4
1 0 1 1 0
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2 0 0 1 0
3 0 0 0 0
4 1 0 0 0

MpsIMOM anropuTM HaUMHAETCA C HaXOXAEHUS BCEX KOpHeW
rpaca, T.e. TeX €ro BEPLIUNH, B KOTOPbIE HE 3aX0AUT HU OAHO pebpo.
Ecnv BepluMHa ¢ HOMEPOM j SIBNSIETCS KOPHEM, TO B CTOJMI6LE C HOMe-
POM j CTOST BCE HY/IM, M HA0OOPOT. 3HAUUT, 3afa4a HaXoXAEHUS BCEX
KOpHeN rpada COCTOUT B HAXOXAEHWM BCEX HYNEBbIX CTOMGLOB €ro
MaTpuUbl MHUMAEHUMIA. B npuBedeHHOM MOAESIbHOM MpUMEpPEe TaKoM
ctonbel TONMbKO OAMH M COOTBETCTBYET 4-i BeplmHe. BbluepkuBas
3Ty BEPLUMHY BMECTE C UCXOASILLMMM M3 Hee pebpaMu, NonyyaeM noa-
rpacd ncxoaHoro rpada. B MaTpuue mHUMAeHUMIA pebpa, ucxoasiume
n3 4-ii BeplUMHbl, 0603HAYalOTCS eaAMHULAMM B 4—iA CTPOKE. 3HauuT,
BblYEPKMBAHMWE
4-I1 BEpLUINHBLI BMECTE C UCXOASLUMU U3 Hee pebpaMKn O3HAYaET Bbi-
YyepKMBaHWE B MaTpuuUe MHUMAEHUMI 4-ro cTonbua u 4-i CTpoKku, B
pesynbTaTe Yero rosiyyaeTcss MaTpuua MeHbluei pasmepHocTu (Tabn.
2).

Tabnuua 2 — nntoctpaums 2 3Tana aaroputMa

1 2 3
1 0 0 1
2 0 0 1
3 0 1 0

BeplwunHa 4 3anucbiBaeTcs kak uMetowas mnagwwmii padr (0).
M3-3a TOro, UTo BblMEPKHYTA eauMHULA, CTosBLUIAsA B 4-i CTpoke U 1-M
ctonbue, NosIBUNCS Hynesol ctonbel (COOTBETCTBYHOWMA 1-i Bep-
LUMHE), KOTOPOro paHblue He 6bi10. 3TO 3HauYuT, YTO B HOBOM rpade
Ha 3-X BeplUMHax, KOTopbli siBNsieTcs nogrpadom umcxogHoro, 1-s
BEpLUMHA ABNSETCS KOpHeM. TakuMm 0bpa3oM, anropuTM MOBTOPSIETCS
Ans noarpada mcxoaHoro rpada. Beluepkusaem 1-biti ctonbel n 1-yio
CTPOKY, MpW 3TOM McYe3aeT eauHuua B 1-i cTpoke u 2- ctonbue u
NosIBNISIETCS HOBbIN HYNIEBOM CTONGEL, COOTBETCTBYIOLLEN BEPLUNHE 2
(tabn. 3).

Tabnuua 3 — Wnnioctpauus 2 sTana aaroputma

2 3
2 0 1
3 0 0
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BbluepkuBaHue 1-ro ctonbua u 1-oi CTPOKM O3HAYaEeT, 4To 1-4
BEpLUMHA UMEET CNeayoWMn paHr, T.e. NepBblil. Tenepb BblYEpPKMBaA-
IOTCS CTPOKa M cTonbel, COOTBETCTBYIOLME BEPLUMHE 2. DTa BepliMHa
UMeeT paHr 2. BeplunHa 3 oka3biBaeTcs NMMCTOM rpada, T.€. U3 Hee He
BbIXOAWUT HE 0AHO pebpo (4TO MOXHO 6blI0 BMAETH M3 MaTpuULbl UH-
LUMAEHUMI ncxoaHoro rpaca), U umeet paHr 3.Takum obpasoMm, uc-
XOAHbIN rpac nmeeT Bcero 4 paHra: 0, 1, 2 u 3. B paH>XMpOBaHHOM
BMAE OH n3obpaxkaeTtcs cnegyowmm obpasom (puc. 5).

o

ROSROS

S SRR T |
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paxT 0 paxT 1 paxT 2 paHT 3

Puc. 5. Cxema paHxnpoBaHHOro rpacda

Kak BuauM, B Kaxaylo BeplunHy 3axoaaT pebpa Tonbko w3
BEPLUMHbI 6onee HNU3KUX PaHros.

PasymeeTcs, B KaXAOM paHre MOryT HaxoauTbcsl bonee ofHOM
BEPLUMHbI, €CNIN Ha OYepesHOM Liare anropuTMa OKaXKEeTCH HECKONbKO
HyneBbIx cTonbuoB. Korga Bce BeplUMHbl pa3MelleHbl N0 CBOUM paH-
ram, pebpa mexay HUMKU M306pakaloTcs Ha OCHOBE UCXOAHOW MaTpu-
Ubl MHUMAEHLINNA.

Beuay manoro uvcna BeplumH rpad, n3obpaxkeHHbI Ha puc. 5,
Nerko MoXeT 6bITb OTPaHXMPOBaH M 63 MaTpuLbl MHUMAEHLNIA, ecrun
OH M3HayanbHO M306paxkeH rpaduyeckn Kak Ha puc. 6.

Puc.6
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O4yeBUAHO, UTO BepLlUMHA 4 ABMSETCS KOPHEM, a BepluMHa 3 -
JIUCTOM 3TOro rpada.

OpHako rpadebl, Moaenupylowme CTPYKTYpY peanbHbIX CUCTEM,
coaepXxaT COTHM, @ MHOrAa WM ThiCAuM BepluH. WX paHxuposaHue
MOXET ObITb BbINOMHEHO TOJSIbKO C MOMOLLbIO anroOpuTMOB, peanusye-
MbIX Ha DBM.

O6paTHbIM anropuTM OT/IMYAETCS! OT NPSIMOTO TEM, YTO Ha Kax-
[OM Liare HaxoAsTCsS He KOPHW, @ JIMCTbS - BHAYane UCXOZHOro rpa-
(a, a 3atem ero noarpadoB. COOTBETCTBEHHO OTbICKMBAIOTCA HE HY-
neBble cToN6UbI, @ HyNeBblE CTPOKM MaTpuUbl MHUMAEHUMIA. TTOCKOSb-
Ky YMC/I0O paHroB 3apaHee HEM3BECTHO, MaKCMMarsbHblii paHr 0603Ha-
yaloT Yepe3d N M NpucBavMBalOT ero NUCTbsM ucxogHoro rpada. OT-
6pacbiBas NUCTbS BMECTE C BXOAAWMMM B HMX pebpamu, nonydatoT
noarpad mcxoaHoro rpada, HaxoasT B HEM JIMCTbS M MpUCBanBalOT
UM paHr N-1 un T.4. lNMocnegHnM BepluMHaM, KOTOpble OKa3blBalOTCS
KOPHSIMM ucxoaHoro rpada, npuceaveatoT paHr 0, nocne 4ero Haxo-
ANTCA MakcuMasbHbI paHr N. MOXHO MokasaTb, YTO 06paTHbIV anro-
pUTM paHXMPOBaHWS CBOAWUTCS K MPSMOMY anroputMy Ans UHBEPTU-
poBaHHOro rpada, T.e. B KOTOPOM Bce pebpa MMEOT NpPOTUBOMOSIOX-
HOE HarnpaB/iEHNe MO OTHOLWIEHMIO K ucxogHoMy rpady. MHBepTupo-
BaHHbIA rpad MMeeT MaTpuuy MHUMAEHUMIA, TPaHCMOHMPOBAHHYIO MO
OTHOLLEHUIO K MaTpuLe UHLUMAEHUMI UcxoaHoro rpada.

Ecnn Ha KakoM-TO Liare nNpsiMOro asroputMa He OKaXkeTcsl Hu
OAHOrO HyneBoro cronbua, TO 3TO O3HAYaeT, YTo B O4YepeaHOM MoA-
rpacde MMEeeTcs KOHTYp, M 3TOT noarpad He MOXET ObiTb paHXupo-
BaH. TOT e BblBOA CNeayeT, ec/iv Ha KakoM-TO Wware obpaTHoro an-
ropuTMa He OKaXKeTCsl HWM OfHON HyneBol CTpoku. COOTBETCTBEHHO
NCXOAHBIV rpad CoAepXUT XOTs1 Bbl OAMH KOHTYP M 3ajaya paHXupo-
BaHWSA AN Hero HepaspelwunMa. [ns Takux rpadoB ykasaHHble anro-
pPUTMbI MPUMEHSIIOTCS C LIENbIO BbIAENEHNS B UCXOAHOM rpade KOMMo-
HEHT CU/TbHOWN CBSIBHOCTMW.

BapvaHTbl 3afaHuil NpuBeAeHbl B MPUIOXEHMSIX K MeToaude-
CKMM YKa3aHUsIM, B KOTOPbIX MpPeACTaBfieHbl MaTpulbl WHLUMAEHLMIA
NCXoAHbIX rpadoB, NoANeXalMX paHXMpoBaHMIO. Bo Bcex 3apaHmax
KOHTYypa OTCYTCTBYIOT, 3aja4a PaH>XMPOBaHWS pa3peLumma.

PEKOMEHAYEMASA JINUTEPATYPA

1. BBeaeHve B cUCTEMHBIN aHanu3: y4eb.nocobue / B.M. AUMuUT-
pos, J1.B. BopucoBa, b.B. XXmaiinos — 2-e usa., ucnp. v gon. — Poctos
H/O: U3paTenbckuit ueHTp ArTY, 2013. - 77 c.
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2. CUCTeMHbIVi aHanu3 1 NPUHATUE peLLEHNiA: y4ebHoe nocobue
/ C.A. bapkanos, W.C. Cyposues, A./. MNonoBunHkMHa ; Hay4.pea. B.H.
BypkoB. — BopoHex : M3paTenbcko-nonurpaduyeckmin LeHTp Bopo-
HEXCKOro rocyfaapcTeeHHoro yHusepcuteta, 2010. — 652 c.

BOMPOCHI AJi1 CAMOKOHTPO/JIA

YTO Ha3bIBaeTCS paHroM BEPLLUHLI.

PaHxvpoBaHueM rpaca Ha3blBaeTCs.

3afgavya paHXupoBaHus rpada.

Y10 Takoe rpad?

YTO HY>XHO 3aaaTb, YTObbI rpad 6bin onpeaeneH NOMHOCTbIO?
Cxema rpada.

Kakmm MaTteMaTuyecknMm o6beKTOM 3aaeTcs CTPYKTypa CUCTEMBI?
M306paznTe rpadoByto MoAENb CTPYKTYPbl TEXHUYECKON CUCTEMBI.
OnucaTb anropuT™ paHXUpoBaHMUSI.

WONOUThWNE
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