AJINIOPUTMHUYECKHUE METOJAbI KOHCTPYUPOBAHUSA 3BC

§ 1. OBIIIAA XAPAKTEPUCTUKA OCHOBHBIX 3AJIAY OTAITA
KOHCTPYKTOPCKOI'O ITPOEKTUPOBAHUA
B ocHOBY mOCTpOEHHS COBPEMEHHBIX BBIUUCIUTEIBHBIX KOMILJIEKCOB IOJIOKEH
MoaynbHBIM mpunnun. OH mpennonaraer uepapxuueckoe nocrpoenue IBC u3 Moaynei,
pa3OUTHIX HA HECKOJIBKO KOHCTPYKTUBHBIX ypoBHEH (puc. 1.1).

(T23)
DJeMeHT Jueiixa | [laHensb [xad 9BC

Puc. 1.1. Hepapxus koHcmpyKmueHviX YpOGHell.

K d4wncily OCHOBHBIX KOHCTPYKTOPCKHMX 3aJad, THUIIOBBIX JJII BCEX YPOBHEH

KOHCTPYKTUBHOM UEPAPXUU, OTHOCSATCS:

v/ KOMITIOHOBKa KOHCTPYKTHBHBIX MOJLYJICH;

v/ pasMeleHne MoyJIel HU3IINX HEPAPXUUCCKUX YPOBHEH B MOHTaKHOM MPOCTPAHCTBE
MOJYJIEN CIEAYIOIINX YPOBHEW HEPAPXUU;
TPacCUpPOBKAa MOHTAKHBIX COCAUHEHUN;
[OJIyYeHHE KOHCTPYKTOPCKOM TOKYMEHTALNN;
TECTUPOBAHUE aNNapaTypsl.

ASRNAN

KOMNOHOBKa — »3Tam KOHCTPYKTOPCKOTO TIPOCKTHUPOBAHUS, 3aKIIOYAIOIIMNACS B
pacnpeneneHuy BceX (PYHKIMOHAIBHBIX AJIIEMEHTOB CXE€Mbl B TPYMIbI, COOTBETCTBYIOIINE
KOHCTPYKTUBHBIM  €JIMHUIIAM  pPa3IMYHOTO  paHra, U3 KOTOPHIX  peaTu3yrTCs
pazpabatsiBaemble OBC. Ha »5sTame KOMIIOHOBKHM OCYIIECTBIISIETCS paclpeesieHue
anemMeHToB B MukpocxeMbl (MC), MC B sueliku, siueek B aHeu, aHesel B mKadbl U T.1.

B nanpHeitmem OyneM Ha3bIBaTh KOHCTPYKTHUBHYIO €IMHUILY HU3IIETO paHra — JIEMEHTOM,
KOHCTPYKTHUBHYIO €IMHUILY BBICIIETO paHTa — OJOKOM.
Bo3MoXxHBI IBa BapruaHTa MPAKTUYECKOM MOCTAHOBKHU 3a/1a4l KOMITIOHOBKHU:

1) KOMIIOHOBKA CXEMbl KOHCTPYKTUBHO YHH(DHIIMPOBAHHBIMU OJIOKAMH, COCTaB KOTOPBIX
dbopMHpyeTCsT HEMOCPEICTBEHHO B MPOIECCEe KOMIIOHOBKM (KOJMYECTBO BHIBOJIOB M
AJIEMEHTOB OJIOKa U3BECTHO 3apaHee);

2) KOMITOHOBKAa CXeMbl (DYHKI[HOHAJIBHO THUIHU3UPOBAHHBIMH OJIOKAMH W3 3aJaHHOTO
Habopa.

B mepBoM ciywae 3amaya 3akiodaeTcs B pa3OMEHMM CXEMbl YCTpPOWCTBAa Ha OJIOKHU
3aIaHHOTO pa3Mepa C M3BECTHBIM UYHCIIOM 3JIEMEHTOB M KOJMYECTBOM BHEIIHUX BBIBOJOB.
OTO Tak Ha3plBaeMas 3ajlada pa30ueHus. 3ajadaMu TaKOro THIIA SBISIOTCS 3aJlauu
pazouenus o TO3am, TO308B no nanensiMm, pazouenre bUC na UC yacTHOTO IPUMEHEHMUSI.
IIpu pemeHun 3a7a4yd  KOMIIOHOBKM OOBIYHO UCIIOJIB3YIOTCS CIICIYIOIIUE KPUTEPUU
KauecTBa:

a) MHUHUMAJIbHOE YUCIIO MEKOJIOUYHBIX CBA3EH;

0) MUHUMAaJILHOE KOJIMYECTBO OJIOKOB;

B) MUHHMMAaJbHOE YHCJIO TUIIOB UCTOJb3yEeMbIX OJIOKOB;

r') BO3MOXKHO 0o0Jiee MOJIHOE UCTI0JIb30BaHUE KaX0T0 OJI0Ka.




B xadyecTBE OCHOBHBIX OTpaHMYCHUN B 3a/1a4€ KOMIIOHOBKHA OOBIYHO BBHICTYMAIOT:
a) MaKCUMAaJbHOE YHCIIO DJIEMEHTOB B OJIOKE;
0) MakCMMaJLHOE YHCIIO BHEITHUX BBHIBOJOB OJIOKA;
B) OTpPaHWYCHHS HAa COBMECTHYIO WM Pa3/IeTbHYI0 KOMIIOHOBKY HEKOTOPBIX JJICMEHTOB,
00yCIIOBJICHHBIEC TETIJIOBBIMU TPEOOBAHUSMHU, TPEOOBAHHSIMH TOMEXO03AIUIIICHHOCTH U

T.1.

PasmellleHne — 3amada ompejaelieHHs TaKoro MECTOIOJNOKCHHUS SJIEMEHTOB B
3aJJaHHOM  MOHT@XHOM  MPOCTPAHCTBE, NPU  KOTOPOM  HAWUy4dllIUM  0Opa3om
YIOBIIETBOPSIIOTCS HEKOTOpHIE TpeboBaHms. B kauecTBe 3jIeMEHTa 37eCh MOTYT BBICTYIIATh
paguoneranu, UC, saeiiku, manenu, mkadel. [Ipu sTom mpenmosnaraercs, 9To J1eMEHTHI B
MOHTQ)XHOM TPOCTPAHCTBE OMPEIACICHHBIM 00pa30M COCIUHSIOTCS MEXAy COo00i. OTu
COCIMHEHUSI MOTYT OBITh BHITIOJIHEHBI TIOCPEJCTBOM HABECHBIX WJIM MEYATHBIX MPOBOIHUKOB,
KT'YTOBBIX COCAMHEHUN UM JPYTUX WH(POPMALIMOHHBIX MarucTpaseH.

NwmeroTest nBa TUma 3a1a4 pa3MeIieHus:

1) pa3melneHne OJHOTHUIIHBIX JJIEMEHTOB Ha 3apaHee 3aJaHHbIX U PEryIsIpHO
Pa3MEIICHHBIX TTO3UITUAX;

2) pa3MeIlIeHHEe DJIEMEHTOB Pa3HOro THIIA, Pa3HOTa0apUTHBIX, KOIJA YCTAaHOBOYHBIC
MeCTa 3apaHee HE OIPE/ICNICHbI, & YCTAaHOBKA 3JIEMEHTOB OCYILIECTBIISIETCS B MPOIIECCE
pasmemienus (BUC).

3agaya pa3MeIIeHUs] HOCUT B OOIIEM CIydyae MHOTOIICJIEBOM XapakTep, U MPHU €€ PEIICHUN
JIOJDKHA TIPOU3BOJUTCS ONTUMHU3AIMS MO COBOKYIHOCTH KpuTepueB kadecTBa. OpHako, B
KaXJIOM KOHKPETHOM CiIydae OOBIYHO YJAeTCS BBIACIUTh HaubOoJee BaKHBIM KpUTEpUH,
YUYUTHIBAs APYrue TMOKa3aTeJdu B KayeCTBE OTrpaHUueHUM 3amaun. M3BeCTHBIE alTOPUTMBI
pa3MenieHus ONTUMHU3UPYIOT CIEIYIONINE MOKa3aTeIN KauyecTBa:

a) CyMMAapHYIO JUIMHY BCEX COCIMHEHUI;

0) MIMHY caMOM JIJTMHHOM CBSI3H;

B) YHCJIO CBSI3€M MEXIy MOAYJIAMH, HaXOASUIMMHUCA B COCECIHUX IO3UIMAX
(MakcuMu3anus);

I') YHUCJIO NIepeceYeHUd MPOBOJHUKOB;

J1) YHCIIO LIETIeH ¢ BO3MOYKHO 0oJiee MPOCTOi KOH(UTyparuei.

TpaccupoBKa MOHTaKHBIX COCIMHEHHN — 3ajlavya peaju3allid COCAMHCHUN MEeXIy
BBIBOJAMU  MOJYJIEW TMPEABIAYIIEr0 paHra B MOHTaXHOM IPOCTPAHCTBE MOAYJS
CIIENYIOLIEr0 paHra B COOTBETCTBHM CO CXEMOM M C YYETOM KOHCTPYKTHBHO-
TE€XHOJIOTHYECKUX OTPaHUYECHUM.

NmeroTcs ABa TUNA 3a7a4 TPACCUPOBKHU:
1) TpaccupoBKa MPOBOJIHOTO MOHTAXKA;
2) TpacCHpOBKa IEYaTHOTO MOHTAXa.
Kpurepun ontumuzanuu:
a) MHUHUMYM CYMMapHO! JJIMHBI POBOJIHUKOB,;
0) MHUHUMAaJIbHOE YUCIIO NEPEXOAHBIX OTBEPCTHUI;
B) MUHUMAaJIbHOE YUCJIO CJIOEB;
I) MakCHUMaJIbHas YAAJIEHHOCTb IPOBOJHHUKOB JPYr OT JApyra (CHWKEHUE 3HA4YCHUI
Mapa3uTHBIX EMKOCTEN).
OrpaHuyeHus:
a) OTCYTCTBHE NEPECEUEHUI TPOBOJIHMUKOB B OJJHOM CJIOE JIJIS IEYaTHOTO MOHTAXKA;
0) orpaHMYEHHOE YHUCIIO MACK K OJHOMY KOHTAKTY IIPH MPOBOJHOM MOHTAXKE.




IIpumeuanue 1. KpblcnHas nenps — kparyanias Lemnb.

[Ipumeuanne 2. Ilpu BTOpOM BapHaHTE KOMIIOHOBKM (KOMIIOHOBKA CXEMBbI
(GYHKIIMOHATBFHO  TUIMM3UPOBAaHHBIMU  OJIOKaMH M3 3aJaHHOro  Habopa)
HOMEHKJIaTypa OJIOKOB HW3BECTHAa 3apaHee, M 3ajJadya 3aKjIl4acTcsi B
IPEICTABICHUN MCXOJHOM CXEMbl COBOKYIHOCTBIO CBSI3aHHBIX MEXIy COOOi
0JI0KOB M3 3aJaHHOro HaOopa. JlaHHas 3ajadya BO3HUKAET IpPU MEPEXOAE OT
(YyHKIMOHAIBHOW CXEeMbl K MPUHLMIHMAIBHOW — Tak Ha3blBacMas 3ajada
HOKpbITHs. OHa COCTOMT B IPHUBA3KE IEMEHTOB (YHKIMOHAJIBHOW CXEMBI K
KOHKPETHBIM THUIIOBBIM MOAYJISIM U3 3aJaHHOrO Habopa. Ilpu sTtom Kaxabii
MOJYJIb MOXET BKJIIOYAaTh B C€0s HECKOJBKO THUIIOBBIX 3JIEMEHTOB, B 0OIIEM
Cllydae CBA3aHHBIX MEXKAY COO0il.

§ 2. MATEMATUYECKUE MOJIEJIM CXEM 5BC
Jlist  ommcaHusi  (PYHKITMOHAIBHO-JIOTUYECKUX CXEM ITMQPPOBBIX YCTPOWUCTB U
NPUHIUHATBHBIX DIIEKTPUYECKMX CXEM aHaJOTOBBIX YCTPOWCTB HCHOJB3YIOTCS TPHU
OCHOBHBIE MaTeMatuyeckue mozenu (MM):
1) rpad kommyrarronHoi cxemsl (I'KC);
2) runeprpad (I'T);
3) B3BelICHHBIN HeopueHTHpOoBaHHBIN Tpad (BHI).

I'pad KOMMYTAIIMOHHON CXEMBI

Brenem cnenyromye 0003HauYCHUS:

E={e €,...,€,} — MHOXKECTBO JIICMCHTOB CXCMBI, IIPHYEM €0 COOTBETCTBYET
(UKTUBHOMY 3JIEMEHTY, HAallPHIMEp, Pa3beMy.

V={V,,V,, ..., V,} — MHOXECTBO LiNCH CXCMBL.

K, = {kil, (R p} — MHOKECTBO KOHTAKTOB I-T'0O JIEMEHTA.

K= U K, — MHOeCTBO KOHTAKTOB BceX (N+1) 31eMEHTOB CXEMBI.
i=0

AEN =G =(Y, V)

Y=EUVUK

U=WUF

['KC — tpexxpomaTudeckuil Tpad ¢ BepIIMHAMH TpEX TUIIOB («AJIEMEHT», «KOHTAKT,
«uenby) u peopamu aByx tunoB W u F («anemenT—konTak™ — W, «koHTakT—11e11b» — F).
JI1s1 mpuMepa pacCMOTPUM CXEMY, IPUBEIAEHHYIO Ha pUCyHKe 2.1.

Ko1 K11
Vi1 e Kis K21 e, k22 Koz
K12 Vo Va
V3
€3
Ks1 K32

Puc. 2.1.



I'KC nns cxemsl puc. 2.1 npuBesieH Ha pUCyHKe 2.2.

W F
Puc. 2.2.

Just onucanuss ['KC MOXHO HCHOJIB30BaTh CHHCKOBBIE CTPYKTYPhI (IMHAMHYECKUE
MaccuBbl). Paznmuyaror ABa BUJa CIIUCKOB:

1) crucKH AJIEMEHTOB IO TETISIM;

2) CIHUCKH ICTEH 10 2JICMCHTAM.
CHHCOK 3JIEMEHTOB 10 LENSAM MTPEACTABIISIETCS MOCIEA0BATENBHOCTBIO AP YUCE, IEPBOE U3
KOTOPBIX OIKCHIBAET IEMEHT CXEMBI, MOJKIIOUYEHHBI K HEKOTOPOU LIETIH, & BTOPOE YUCIIO
3a/1a€T HOMEP KOHTAKTa 3TOr0 3JEMEHTA, NPU MOMOUIM KOTOPOrO0 OH MOJKIIOYEH K LEINU.
[TocnenoBaTenbHOCTh JJIEMEHTOB CIIMCKA, OTHENEHHAs 3HAaKoM “3” (TO4Yka ¢ 3amsiToi),

OITMCBIBACT OAHY LCIIb CXCMBI. CIIMCOK DJIEMEHTOB IO LCIAM JIs1 CXEMBI PHC. 2.1 nmeet BHU.
Vi Vo V3 Vy

(0.1).(1.1); (13).(31). @1); (1.2) (3.2); (2.2),(0,2)

HaunbGonee ymoOHBIM SIBIISIETCA CIUCOK IIETIEH MO 3JIEMEHTaM, M3 KOTOPOTO Cpa3y BUIHO
KakWe LEeNMHU MOAKIIOUEHBI K AJIEMEHTY, a UMEHHO: KaXK/asl U3 Map YHUCEN MEePBbIM YUCIOM
OMUCBHIBAET HOMEP KOHTAKTAa HEKOTOPOTO JJIEMEHTA, a BTOPbIM — HOMEp IEMHU, K KOTOPOil
MOAKIIIOUYEH 3JIEMEHT MpPH MOMOIIM JAHHOro KoHTakTa. [locimenoBaTenbHOCTh 3JIEMEHTOB
CIIMCKA, OTHEJICHHas 3HaKoM ‘‘;” (TOouka C 3amsiToM), OMHUCHIBAET OAWH AJIEMEHT CXEMBI.
Crucok 1erneit mo ajeMeHTaM JjIsl CXeMbl puc. 2.1 uMeeT BUA:

€ € € €3

(1,1).(2,4); (L1, (23),32); (1,2),(24); (1.2) (23)
E O E O

I'KC moxeT ObITh OMMCaH C IOMOIIIBIO CIIEIUATBHBIX S3BIKOBBIX CPEJICTB:




L 12 1(1), 3(2), 2(1),

rae L — mpusHak siemeHTa; jajnee, He MEHEee 4eM 4Yepe3 OJIMH MpoOen, CIenyloT HOMEp
aneMeHTa — 1, TUI ayneMeHTa — 2, a TakkKe CIUCOK Lened, B KOTOPOM 4epe3 3amsiTyro
NEPEUUCTISAIOTCS HOMEpa LIeTel, HHIUMACHTHBIX IaHHOMY 3JIEMEHTY, C YKa3aHUEM B CKOOKax
3a HOMEpaMHu Iiernei, HOMEPOB KOHTAKTOB, OJKIIOYAIOIINX LIETb K JIEMEHTY.

Jis omucanus ['KC MOXHO HCIONIB30BaTh Matpuilel HHOUACHTHOCTH (A m  B),
OTIPENENSIONTUX MHOXKECTBO pebep Tuma F («xonTakT—1ienb») w tHna W («dmeMeHT—
KOHTaKT»).

A=Ha

il ?
1, eciut Lenb V; MHIMACHTHA KOHTAKTy K ;,
rae a;=

0 B mpoTHBHOM ciTy4ae.

ij

B=b

(n+1)k '

iji

1, ecu BIIEMEHT €; UHIMACHTEH KOHTAKTY K,
rae b.=
0 B MpOTUBHOM cIy4ae.

Jlns cxembl puc. 2.1 matpuiia A OyAeT UMETh CIEeIYIOIUM BU/T;:
Kor ko2 ki Kkiz kiz ka ke
vi| 1 0 1 0 0 0 0
A = v2| 0 0 0 0 1 1 0
vs | O 0 0 1 0 0 0
va | O 1 0 0 0 0 1
Jist cxemsl puc. 2.1 matpuiia B 6yner umeTs cienyromui BUL:
Koi ko2 ki kiz  kizs  ka ke
eo | 1 1 0 0 0 0 0
B = e | O 0 1 1 1 0 0
e2| O 0 0 0 0 1 1
es| O 0 0 0 0 0 0

oopoé‘_
opooé‘_

—oood
=
Hoooé‘_

I'KC MoxeT ObITh OIKUCaH C TIOMOIIBIO TAOJIUIIBI KOHTAKTOB:
T=|t,

]
( n+1 )*pmax

S, eCJIi KOHTaKT k ; IOZIKJTIOYACT DJICMEHT €; K LI V,
rae t. =

OTCYTCTBYET B IPOTUBHOM CIIy4ae.

Pmax — HAMOOJIBLIIEE YMCIIO KOHTAKTOB Yy OJHOTO JIEMEHTA.
Tabnuia KOHTAKTOB JJIsl IprMepa pucC. 2.1 BBIMISAUT CAEAYIOIMM 00pa3oMm:

1 2 3
€0 1 4
e1 1 3 2
e 2 4
es3 2 3

I'KC sBnsercs HanboJjiee TOYHOM MOJIEIBI0O U OOBIYHO HMCIOJIB3YETCS MPHU PEIICHUM 3ajad
TPACCUPOBKH U Pa3MEIICHUsI pa3HOTa0apUTHBIX 3JIEMEHTOB.



[uneprpad

I'uneprpad — »To Takoe 0600mIeHHEe Tpada, B KOTOPOM KaxJa0My peOpy COOTBETCTBYET HE
napa BepIlMH KaK B 0OBIYHOM rpade, a MPOU3BOIbHOE MOJMHOKECTBO BEPIINH.

JlanHast Mo/ielib OOBIYHO MCHOJB3YETCS MPU PEIICHUH 337a4d KOMIIOHOBKH. JTO CBSI3aHO C
TEM, UYTO MPU KOMIIOHOBKE KOHTAKThI BCETJa pacipeesitoTcs B OJIOK BMECTE C 3JIEMEHTAMH,
KOTOpbIM OHM MHUUAECHTHBL. [loaTomy Ha ['KC MOXHO MCKIIOUYUTH MHOMXECTBO
sanementapubix pedbep W u F. Ilpu sToM kaxpmas 1enb, OmuChIBaeMass MHOKECTBOM
KOHTAKTOB Oy/IET OMHUCHIBATHCS MHOXXECTBOM MHIIUACHTHBIX €/ JIEMEHTOB.

['unerpad — sto rpad Buma H=(E\V), rme E — MHOXeCTBO BepIMH, COOTBETCTBYIOIIEE
MHOXXECTBY AJIEMEHTOB, V — MHOXECTBO pelep, MpU 3TOM KaxKoe pedpo MpeAcCTaBisieT
MOJIMHOECTBO 3JIEMEHTOB LI, HHIUJEHTHBIX V.

Jliist cxembl mipumepa (puc. 2.1) 3Tv MOJIMHOXKECTBA UMEIOT BU/I:

U(v, )={e, & | U(v, )={e, e}
U(Vz ):{el €5 ,93} U(V4 ): {62 ’eo}
V1 V2 V4 €o
€1 €2
V3
€3

I'T s cxembl mpumepa (puc. 2.1) npeacraBieH Ha pucyHke 2.3.

Puc. 2.3

I'T MoeT OBITh OMKCaH C TOMOIIBIO MAaTPUIILI MHITUACHTHOCTH H:
H = ||hik||(n+1)x| !
b= 1, ecu DIEMEHT €, HHIUACHTEH LENH V,,
T T 0 B mpOTHBHOM cCITydJae.
s cxembl npumepa (puc. 2.1) Matpuiia HHIIUAECHTHOCTH UMEET BUJL:

Vi V2 V3 Va

o 1 0 0 1

H = e | 1 1 1 0
e2 | O 1 0 1

0 1 1 0

€3



bonee yno6HO omuckiBaTh rumneprpad ¢ MOMOIIBI0 CIHCKA MEMeH MO JIEMEHTaM U CIIHCKa
AJIEMEHTOB IO LETISIM.

Coucok memnei MO  3JIEMEHTaM  MPEACTaBIAECTCS  MOCIEIOBATEIBHOCTHIO  YHUCETN,
ONpENENSAIOIMX HOMepa Lened, NpuYeM MOANOCIEAOBATEIbHOCTh YHCEI, BbIACICHHAS
3HaKOM ““3” (TOYKa C 3arsITON), CONEPKUT HOMEpa LieTeld UHIIMJICHTHBIX OJHOMY 3JIEMEHTY
CXEMBI.

€ € €2 €3

}f 1,2,3; 24; 2,3

o

CImcox 3JIEMEHTOB II0 OCIIAM K&)I(I[Oﬁ IMOAITOCIICAOBATCIIBHOCTBIO YHUCCII 3a4daCT HOMCpa
QJIEMCHTOB, MHIIMJACHTHBIX HGKOTOpOﬁ ICIIN.

vy v, Vg v,

0,1; 1,2,3; 1,3; 0,2
ﬁ 1

BwmecTo oiHOrO criMcka 3JIEeMEHTOB MO LEMSIM C pa3ienurensaMu (“;”) MOKHO UCIOIb30BaTh

nBa crrcka SP u RSP Buna:

SP=0,1,1,2,3,1,3,0,2

RSP=0,2,57,9
AHAJIOTUYHO JIJIs CITUCKA TIETICH 110 DJIEMEHTaM:

ST=1,41,2,3,2,4,2,3

RST=0,2,57,9
[Tpu ucnonb3oBanuu nap cnuckoB SP-RSP wimn ST-RST B mosunusx HauuHas ¢ RSP[i]
(RST[i]) mo RSP[i+1]-1 (RST[i+1]-1) B ciiucke SP (ST) ompenenstorcs HOMepa 3JIeMEHTOB
(ereit), MHIIMACHTHBIX I—H(—My) 1IeTH (JIEMEHTY).

[Tpumeuanue. [Ipu mCronp30BaHWM MPUBEACHHOTO BBINIC TPaBHIIa HEOOXOIUMO
rmojiaraTh, 4TO HHAeKcarus diaeMeHToB cruckoB RSP u RST coBmamaer ¢
WHJEKCAIIMEH COOTBETCTBYIONIUX CTPYKTYP CXEMBbI, MO KOTOPBIM TPOUCXOJUT
o0benuHEHHUE (T.C. ¢ MHACKCcAMeH 1enei s RSP, ¢ mHaekcaue 3IeMeHTOB JIJIs
RST). Unanpekcanusa crimuckoB SP u ST ompexnensercss w3 3HaYEHUW DIEMEHTOB
cnuckoB RSP u RST (T.e. B JaHHOM cilydae MHIIEKCHI 3JIEMEHTOB ciickoB RSP u
RST nexar B quanasone 0..8).

[Ipumep: Ilycts [=2. Umeem
RST(2)+1=6 (mo3urus)
RST(2+1)=7

CnenosarenbHo, B no3unusix 6 m 7 cnucka ST onpenensiorcs HoMepa ueneid (2, 4),
MHIIUJICHTHBIX 2JIEMEHTY 2.

B3BeneHHbIi HEOPUEHTUPOBAHHBIN rpad

BHI srto rpad Buma G = (E, U), rne E — mHOXecTBO BepmmH rpada, COOTBETCTBYIONMINX

MHOKECTBY dJieMeHTOB cxeMbl; U — MHOkecTBO pebep rpada, mpu 3TOM Kaxaoe pedpo
U; €U B3BELICHO HEKOTOPHIM YHCIOM C;, ONPEACIAIONIMM CTENEHb CBA3HOCTU SJIEMEHTOB

ei u €j. Jlpyrumu cioBamH, Cij — KOJIMUYECTBO OOIIUX IIETIEH, CBSI3bIBAIOIINX DJIEMEHTHI €j U €;.



BHI" nnsa cxemsl mpuMmepa (puc. 2.1) nokazan Ha pucyHke 2.4.

eoO\ 1 — er

€2

Puc. 2.4

BHI" onuceiBaeTcs ¢ MOMOIIBIO MaTPHITBI cMeKHOCTH C.
C= ch

(n+l)x(n+l)’
rzie ¢;-Bec pebdpa.

Jliist cxemsl puc. 2.1 maTpuilsl cMexxHocTi C uMeeT BUJL:
€o €1 €2 €3
e | O 1 1 0
C = e | 1 0 1 2
e2 | 1 1 0 1
es| O 2 1 0
Yacto BMecto matpunibl C ucnons3ytor Matpuity C', kotopas otiaumdaercs oT C tem, 49To
KQKIbIA JMAarOHaJIbHBIA DJJIEMEHT B HEM HE pPaBEH HYJIIO, a4 PAaBEH YHCIY LEIew,
VHIHJICHTHBIX COOTBETCTBYIOIIEMY JJIEMEHTY.
€o €1 €2 €3
e | 2 1 1 0
C' = e1| 1 3 1 2
e2 | 1 1 2 1
es| O 2 1 2
Henocrarok monenu BHI' — oHa siBnsiercs rpy0oii 1, daiie BCero, UCMOJIb3yeTcs B 3a/1auax
pa3MeleHus pa3HorabapuTHEIX MOAYJICH.

§ 3. MATEMATHUYECKAA ITOCTAHOBKA 3AJJAY1 KOMIIOHOBKHU CXEM
KOHCTPYKTUBHO YHUOUILINPOBAHHBIMU MO/YJISIMU

ITycTb uMeeTcst cxema, cocrosimas u3 N snementoB: E={e ,e,,... e}, re eo —
pa3beM.
JlaHHY0 CXeMy HeOOXOMMO CKOMIIOHOBaTh B I Giokos: B={b,, b,,..., b }.

OG6o3Ha4nM yepe3 S; BEC — YMCIIO HIEMEHTOB j-T0 6II0Ka.

CraButcs 3a1a4a pa3OUTh CXxeMy Ha OJIOKU Tak, YTOOBI CyMMapHBI BeC KaXa0ro 0J10Kka ObLI

Obl HE OONbIIE HEKOTOPOM 3alaHHON BenmuduHbl Sj, T.e. S;<S; (j=1,r), a uucno

BHEIIHMX BBIBOZOB P, Kaxmoro Onoka He mpeBbimano Obl 3aganHoe Pj, T.e.

P, <P; (j=1,r).Ecau Bce Gl1oku oguHaKoBele, T0 S;=S u P;=P.

[Ipu perenuu 3Toit 3a1a4 HEOOXOAUMO BHIPAOOTATh KPUTEPHUI pa3OHEeHMUS:
1) MHHUMAaJBHOE YHCIIO MEXKOIOYHBIX CBS3CH;
2) MUHHMMAaJbHOE YUCIIO BHEIITHUX BBIBOJIOB KaXKJIOTO OJIOKA;



3) mr000ii ApyToil KPUTEPHIA.
Marematuueckasi IMMOCTAHOBKA 3aa4d KOMIIOHOBKHM 3aBHCHUT OT BBIOOpa HCXOHOU
MaTeMaTUYeCKOM MOJICITH CXEMbI, ONTUMHU3HUPYIOIIEr0 KPUTEPHS KAuecTBa M OT ydeTa TeX
WM UHBIX OTPaHUYCHUIA.

MaremaTudeckasi IOCTAaHOBKA 3aJ1a4 KOMIIOHOBKHU C
ncnoab3oBagueM moaenu BHI

Kputepuii ontumuzanum — yrcino Mex0mounsix cBszeil. BHI' Oyaem mpeactaBisiTh B
BHJIe MaTpHIlsl C:

C =,

(n+1)x(n+1)
BBenem B paccMOTpeHUE MaTpuily peuieHui &, KoTopas OnpeaeisieT BApUaHT KOMIIOHOBKHU
3IEMEHTOB CXEMBI B OJIOKH.

§= H‘.fij (3.1)

1, ecnu ’neMeEHT €, CKOMIIOHOBaH B OJIOK b i

1
n*r

rae &.=
0 B mpOoTHBHOM ciTy4ae.

Ha »nemenTs1 MaTpHIBI pemeHHﬁ HaKJIaAbIBAIOTCA CICAYIOIIHNC OI'PaHUYCHUA!

— ., 1 Vi=1n 19 T.e. KaXKIbIi 2JIEMEHT MOKET OBITh PACIIOJIOKEH
Z;‘fii —Law vi=4n (3:2) TOJIBKO B OIHOM OJIOKE.
J:

r J— Yucnao 3JI€EMEHTOB B OJIOKE MOJDKHO OBITH HE
Zé:ij <Sjmma vV =1r (3.3) OOJIbIIIE 3aIaHHOTO.
j=1

BeiBenem (hopMyity Ui 4Kciia BHEIIHHUX BBIBOJOB OJIOKA.
Ouesunno, uto Boipaxkenue €, &;(1-&, ) o3Ha4aeT Mo MEKOIOUHBIX CBA3EH, KOTOPbIE

BBIXOJST U3 0JI0Ka Dj OT 3/1eMeHTa €i Ha DJIEMEHT €k ,pacIioJIOKCHHBIN BHE OJ10Ka bj.

n
OueBUIHO, YTO BBIPAKEHHE Zcik i (1-&, )+ Cp&; O3HAuaeT 4MCIO MENKONOUHBIX CBS3EH,
k=1
BBIXOAAMMX U3 Onoka Dj OT a5eMeHTa € Ha BCE OCTaJbHBIE JJIEMEHTHI CXEMBI,
pacrooKeHHbIe BHE Oy1oKa bj, BKiTIoUas snemMeHT €o.
Jlis  Toro, 4YTOOBI TOJNYYHTh OOINEE YHCIO BBIBOJOB OT OJjoka bj, Heobxomumo

IPOCYMMUPOBATh MPEIBITYIIEe BEIPAXKESHUE TIO I
n

DD i (1-&)+co |<P, 4y V=11 (34
i k=1

i=1
Tenepb IMOJIYy4YruM (bOpMy.Hy AJIs1 CYMMApPHOT0 4rcJia M€)K6J'IOIIHBIX CBA3EI:

mli—n=%z izn:cikfij(l_gik) +2icio‘§ij (3.9)

r
j=1] i=1 k=1 j=1i=1
C yueroM BeipaxkeHus (3.2) BTOpoi wieH BblpakeHus (3.5) nepenuiieM B BUE:

n r n

D Co D & =D Cp=CONSt —unCIO CBA3CI C BHCIIHMM Pa3beMOM CXEMBI.

i=1  j=1 i=1

[TosToMy B KauecTBE MOXKHO B3SITh TNEepBYyI0 uyacTh 1eneBol ¢ynkuuu (3.5). T.o.,
HEO00XOAMMO HAWTH TAKyHO0 MaTpPHUILy pelieHui &, YIOBIETBOPSIONIYIO OorpaHnyeHusM (3.2)—
(3.4), nna xkotopoil obOecrieunBaeTcss MUHMUMYM MeneBoil ¢yHkuuu (3.5). JlanHas 3amada



ABIIIETCS 3a/layeil KBaJApaTUYHOTO IIEJIOUMCICHHOTO MPOTPaMMHUPOBAHUS C OyJIEBBIMU

NEPEMCHHBIMH Cij.

B cBsi3u ¢ tem, uro monens BHI' siBnsiercst Tpy0oil MOfeNblo, TO U MOJIydYeHHbIE (POPMYJIbI
(3.4), (3.5) HOCAT rpyOBINA XapakTep.
JUts1 mpuMepa paccMOTPUM CXEMY, IPUBEACHHYIO Ha pUcyHKe 3.1.

€o

€0

€1

() €4
Puc. 3.2

Vi

€3

RV L Vg

! ] €3 :

i i i Vs

E : €4 !
Puc. 3.1

BHI' nns pgaHHOM cXeMbl TIPUBEACH Ha pUCYHKE 3.2
(npumeuaHue: Bec pebOpa Ha  pHCYHKE 00O3HAYeH
KOJIMYECTBOM CBSI3EH).

[Iycth TpeOyeTcst pa3OuTh MPUBEIECHHYIO CXEMY Ha OJIOKH C
OrpaHUYECHHSIMU:

S<2, P<4.
N3 paccmorpennss BHI' HeTpynHO BUAETH, UTO IO JaHHOU
MOJIEIN HEBO3MOXHO Pa3OUTh CXEMY HE TOJIbKO Ha JiBa, HO U

Ha yeThIpe Os0ka. Ha camoMm e jiene 3To He Tak (CM. CXEMY).
DTO TOBOPHUT O HETOYHOCTH JTAHHOW MOJICIIH.

MaremaTruueckas IOCTaHOBKA 3aJa49Y1 KOMIIOHOBKH C

Tuneprpad onumem kak H =, |

HUCTIOJIL30BaHueM moaenu ['T

(n+1)xl

Paccmotpum Ty ke 3amady, T.e. 3ajady HaXOXKJEHUS MaTpUIlbl pemieHudd & JUis
JaHHOTO BapuaHTa pasouenus. Ha osnemenTsl MaTpuiibl &ij HaKIAIbIBAIOTCS TE KE
orpanuuenus (3.2 u 3.3), 4TO U BHIIIIE.

OTmeTHrM, YTO Kaxkaas Ienb Vk B Onoke Dj MoxeT morpeOoBaTh juOO OJMH, MO0 HOJIb
BBIBOJIOB. /{7151 TOro 4TOOBI 1enb Vk moTpebdoBaia OAUH BBIBOJ HEOOXOAMMO U JOCTAaTOYHO,
9TOOBI XOTsI ObI OJIUH 3JEMEHT, MHIMICHTHBIM TaHHOU 11eTH, ObUT ObI PacmoioKeH B OJIOKE
bj, © X0Ts OBl OJMH 3JICMCHT, WHIIMJCHTHBIA JAHHOW IICTH, BKJIFOYAs 3JIEMEHT €o, ObLI OBl
pacrmoJjioxeH BHe 0j10Ka bj.
MaTteMaTiyecKku BBIIIIECKa3aHHOE 3aITUCHIBACTCS CIICIYIONTUM 00pa3oM.

n — CyMMa »3JICMEHTOB, MHIMACHTHBIX IE€Md Vk H
Z ;21 (3.6) pacIoIOKEeHHBIX B OJ1oKe Dj.

i=1

n
Zhik( 1-&)+h, 21 (37) — CyMMa »JJIEMEHTOB, WHIUJEHTHBIX IIeMU Vk U
i=1 pacIoyIoKEHHBIX BHE OJ10Ka bj.

1, mpu X >0;

Beenem B 0003HaueHus Gpynknuto: (X )=

0, mpu x<0.



C yueToMm JaHHOTO 0003HAYEHUS BBIPAXKEHUE
() h&)=1 (39)
i=1

OyzleT chpaBeIJIMBO, €CJIM IeMb Vk COJACPKUT XOTsA Obl OJMH 3JEMEHT € B Oioke bj.
Bripaxenue

T(ihik(l_gij)+h0k)=1 (3.9)

CIPaBEIIMBO, €CJIN IIEb Vk COJICPIKUAT XOTS ObI OJIMH 3JICMCHT BHE OJIoKa bj.
Yucno BHEIIHUX BBIBOJOB OJioka Dj, KOTOpble TpeOyrOT Memu Vk, ONpenessieTcs u3
BBIPAKEHUS:

| n n _
DFOOMNE WO M (1-&)+h, )<P;  (3.10).
k=1 i=1 i=1
Teneps momyunm GopmyiTy s YrCiia MeKOIOUHBIX CBs3ei. OUeBUIHO, YTO BHIPAKCHHE
PO NE) (Bl
j=1 i=1

OTpeesIeT KOTMIeCTBO OJOKOB, B KOTOPBIX COAEPKATCS JICMEHTBI, HHITUICHTHBIC IIETIH V.
KonuuecTBO MeXOJIOUHBIX CBs3CH, KOTOpbIe TpeOyeT Iiemb Vk (0e3 ydera sjeMeHTa €o),
OTIPEIEISACTCS U3 BRIPAKCHHUS:

zﬁ”(ihiké,- )-1 (3.12).

KonuyecTBO MEXOIOUYHBIX CBS3€H, KOTOpBhIE TPEOYET LEMb Vk C YYETOM BHEUIHETO pa3zbema
€0, OIIPENIEISAETCS U3 BhIPAKECHUS:

zﬁ”(ihiké‘q )-1+h,  (3.13).

JIyist onpeiesieHUusl CyMMapHOTO YHCiIa MEXKOJOUHBIX CBSI3eH MPOCYMMHPYEM BBIpaKCHHE
(3.13) mo BceM 1iemnsaM Vi (k =1, I).

o r n |
mli—nzzzsv(zhikéij )' I +Zh0k (3'14)
k=1 j=1 i=1 k=1
const
3anaua (3.14) sT0 337a4a HEMMHEHHOTO 1EJIOYUCICHHOTO MPOrPaMMHUPOBAHUS C OYJIEBHIMU
MIEPEMEHHBIMH.
Teneps BepHeMcs K Haiiemy npumepy (puc. 3.1).

Martpuna uanuaerataoctu (teneit) I'T umeer Bu:

Vi V2 V3 Vg Vs
e | 1 0 1 1 1
_ e | 1 1 0 0 0 _
H = o0 | 1 1 1 0 0 T.o., 3IeMeHTHI hik U3BECTHEL.
es| O 1 0 1 0
es | 1 0 0 0 1

Martpuna pemenuii & A1 HaIero MpuMepa UMeeT BUI:
b1 b
e1 ‘ u S ‘ ‘ 1 0 ‘ T.o., osaementsr & s



¢ = €| n ¢En | = 1 0 HaIIero BapHaHTa
es | &1 & 0 1 KOMITIOHOBKH TO>K€ U3BECTHEI.
0 1

es | &n

®opmyna (3.13), mpuMeHeHHas JUIsI KKIOW IEMH Vk, MOKa3bIBAaeT, YTO Ka)Kaas W3 HUX
TpeOyeT TOJILKO OJIUH BHIBO/I.

®opmyna (3.14) nna Hamero BapuaHTa pa3OueHHs (KOMIIOHOBKH) JaeT CIACAYIOIIee YHUCIIO
MEXOJIOUHBIX CBsI3eil: L = §+ ¢2+ E.+ ¢1+ E.— ?+ 4 =6

{
ViV Vs Ve Vg T Y,
T BiouHas ~ opraHu3amps  CXEMbI
Vi ¢ o pucynka 3.1 mpu TakOM BapHaHTE
P el
pa3MeIeHnsT IPUBEICHA Ha PUCYHKE
Vs e L 3.3.
bo
(o Vo V1
Va b2
€3
Vs €4
Puc. 3.3

O6HIa$I XApPaKTCPHUCTHUKA AJITOPUTMOB KOMIIOHOBKH
KOHCTPYKTHUBHBIX MOI[VJ'ICﬁ

Bce cymectBytomume aaropuTMbl KOMIOHOBKH KOHCTPYKTHBHBIX MOJYJIEH MOKHO
pa3IeIuTh Ha JBa OCHOBHBIX KJIacca: TOYHBIC W MPUOIMKEHHBIC aJrOPUTMBI, KOTOPBIC, B
CBOIO Ouepeb MPeACTaBICHb HECKOJIBKUMH ITOIKIaccaMu (CM. puc. 3.4).

AJITOpUTMBI KOMITOHOBKH

A 4 A 4

TouHbBIE ANTOPUTMBI [TpubM>KeHHbIE AITOPUTMBI
AunroputMmsl Jlaypepa [TocnenoBaTenbHbIE AITOPUTMBI
ANTOpUTMBI, OCHOBAaHHBIE Ha [TapamensHo-
METOJ/I€ BETBEH U I'PaHULL 110CJIEOBATEIbHBIE AJITOPUTMBI

AJ'IFOpI/ITMLI, OCHOBAHHBIC Ha
METOAC JUHAMHUYCCKOI'O HTCpaL[I/IOHHble AJITOPHUTMBI
IMporpaMMHUpPOBaHHA

Puc. 3.4 Knaccugurayusa ancopummos KoMnoHo8Ku



Anroputmel Jlaypepa OCHOBaHbI Ha CBEICHHMM 3a1a4d KOMIIOHOBKM K TaK Ha3bIBA€MOU
3aj1a4e MOKPBITHS, BOSHUKAIOUIEH pU MUHUMM3AHUK OyJeBbIX QYyHKIUI. DTH aJrOpUTMbI B
Ka4eCcTBE MOJIENIA CXEMBI UCTIONB3YIOT Tutieprpad (marpuiy H).

CymiecTByeT HECKOIbKO MOAU(DUKAINI alrOpUTMOB Ha OCHOBE METOJa BETBEW M IPAHUILI, B
KOTOPBIX B KayecTBe Mojaenu cxembl ucnoyib3dytorcs [T mnm BHI. Onu oTnmuarorcs
CIIOCOOOM BBIUMCIIEHUS OLICHKHU.

[Ipu coBpemeHHOM ObicTponelicTBUM OBM TOuHBIE anropuTMbl MO3BOJIAIOT pELIaTh 33J1a4u
C YHCJIOM NIEpEMEHHBIX He Oosee 20-Tu. B CBA3M ¢ 3TUM Ha MPAKTUKE MIUPOKO MPUMEHSIOTCS
OpUOIMKEHHBIE, SBPUCTHUUECKHE AJITOPUTMbI, MaTeMaTH4YECKH Ci1ab0 OOOCHOBAHHBIE, HO
JAroue Herioxue pe3ysbTarsl. CyTh OCIIEI0BATEIBHBIX AJITOPUTMOB — IMOCIEA0BATEIBHOE
3aloJIHeHHWE OJIOKOB eIle HE pachpeiefieHHbIMU B OJIOKM »ieMeHTamMu. B kadecTBe
OYEPETHOTO DJIEMEHTA BHIOMPAETCS AIEMEHT MAaKCUMaJIbHO CBSI3aHHBINA C AJIEMEHTaMHU, YXKe
BKJIIOUEHHBIMU B (opmupyemsbiii  Onok. Ilpomecc 3amonHenus On0ka 3JIeMEHTaMU

MPOJOJDKAETCS J0 TeX Iop, IMOKa HE HapyMIAIOTCS OTPAaHWYCHHS Ha MOIYJbHYIO (S) m

KOHTakTHYIO ( P ) emkocTu Onoka. Mimerorcs pa3inudHble MOIU(UKAIIMN TaKUX aJITOPUTMOB,
OTJIMYAIONIUECss BBIOOPOM KpHUTEepUs JJid KaHIujaTa Ha BKIIOYEHHE M CIOCOOOM
BBIYMCJICHUS OLICHKHU.

CyTp mapamieNnbHO-TIOCIAEAOBATENbHBIX aJTOPUTMOB: 3IE€Ch CHAdala BBIJCISIOTCS
HEKOTOpPBIE TPYIIIbI 3JIEMEHTOB, HAIIPUMEP, CUIILHO CBSI3aHHBIE MEXKTY COOOM, a 3aTeM 3TH
TPYIIbl MAPATIEIBLHO PaCHpeAesIIoTCs M0 OJIOKaM ¢ YY4E€TOM KOHTAaKTHBIX M MOYJIbHBIX
OTPAHUYECHHUM.

NtepaniioHHbIE QJITOPUTMBI CIIYXKAT JJid YJIY4YIIEHHS HEKOTOPOTrO HAYallbHOTO BapHvaHTa
KOMIIOHOBKH, TIOJYYEHHOTO JIMOO BpPY4YHYIO, JUOO C TIOMOIIBIO MOCIEI0BATEIbHBIX
aJITOPUTMOB, U COCTOSIT B OOMEHE (IMepEeCTaHOBKAX) AJIEMEHTOB, MPUHAJICKAITUX Pa3HBIM
6sokam. [Ipu 3TOM OCyIIECTBIAIOTCS OJJUHAPHBIC, TBOMHBIE U, B OOIIEM Cily4ae, TPyIIOBbIe
[IEPECTAaHOBKHU 3JIEMEHTOB.

§ 4. HOCHEHOBATEHBHBIPI AJI'OPUTM KOMITOHOBKH
Bynem omnuceiBath cxemy ¢ nmomorisio ['T: H = (E, V)

E=1{e,,e,...,€,} - MHOXKECTBO 2IEMECHTOB CXEMBI,
V= {Vl, V,, oo, V|}‘ - MHOXECTBO LIENIEN CXEMBI
3anada: Tpebyercs pa3outh cxemy Ha Onoku B = {b,, b,, ..., b} Tak, uro6s1 Kaxabiii GroK

coziepkai He Oosiee 4eM 3aJJaHHbIe YHCIIO DJIEMEHTOB S M YKCIIO0 BHEITHUX BHIBOJIOB P, T.€.
s, <§,P <P, j=1r.

B paccmarpuBaemom anroputme mpoiiecc GOpMUPOBAHHS OYEPETHOTO OJIOKa HAYMHACTCS C
BBIOOpA TMEPBOTO, TaKk Ha3biBaeMoro Oa3zoBoro siementa (b2J). B xauectBe bD BriOupaercs
AJIEMEHT, HMEIONIMI  MaKCHUMallbHO€ 4YHCJIO OOIMX Iemned Cco  BCeMH  eIle
HEpachpeleIeHHBIME  JJIeMeHTaMu  (dJIEMEHT €o Yyxke pacmpezeneH). Jlamee 0ok
MOCJIETIOBATEIHLHO 3aIOJIHACTCS DJIEMEHTaMU U3 YHCIIa elle HepachpeneaeHHsix. s aToro
M3 MHOXECTBAa BCEX HEPACIPECICHHBIX DJEMEHTOB BBIICISCTCS IMOAMHOXKECTBO TaKHUX
3JIEMEHTOB, pacIpeielieHne KOTOPhIX B OJIOK HE TPUBOAMT K IIPEBBIIMICHUIO 33JaHHOTO YHCIIa
BBIBOZIOB M3 Ojioka. 3 HMX B OJIOK pacrpeaciseTrcs 3JIEMEHT, UMCIOIINN MaKCHUMAaJIbHOE
qrciio OOIIMX IIeTel CO BCEMH DJIEMEHTaMH, YK€ pachpeeleHHbIMU B O1ok. Ecim takmx
AJIEMEHTOB HECKOJIbKO, TO CPEIW HHUX BBIOMpAETCS JIEMEHT, MpH J00aBICHUH KOTOPOTO B
OJIOK YKCJIO BBIBOJIOB M3 OJIOKa MUHHMAaIbHO. ECIM M TakMx 3JIEMEHTOB HECKOJIBKO, TO



BBIOMPAETCSl DIIEMEHT C MaKCHMAIBHBIM IOPSIKOBBIM HOMepoM (st (dopMann3anuu
3a7a4n).

Paccmotpum Gonee mompoOHO mpouenypy dopmupoBanus Oioka bj. Bygem cumrath, 4TO
omoku b1, bz, ... , bj1 yxe chopmupoBansl. Ilycte |j — MHOXECTBO 3IIEMEHTOB,
HepacrpeeJIeHHbIX B 3TU MPEALICCTBYIONINE OJIOKH, T. €.

=B\ (JEBI e |

rine E(bk) — MHOXKECTBO 351eMeHTOB OJ10Ka Di.
[TocetoBaTeNbHBIN aIrOPUTM KOMITOHOBKH MOKHO TIPEICTABUTH B CIIEAYIOIIEM BHUJIE.
IT. 1.

Ipu BrIGOpe B 115t Beex anemenTor X € |, Beramcnsieres onenka La(X).

L, (Xx)= Z q (4.1),

max VeV (x)
1, ecm E(v, )/ )(1,\x)#D;

rae g, =
0 B mpOoTUBHOM cCITydae.

35ech (k — CBS3M DJIEMEHTA CO BCEMHU HEpaclpeIeICHHBIMU 3JIEMEHTAMU,
V(X) — MHOKECTBO LieTiel, HHIIUJCHTHBIX 3JICMEHTY X,
E(Vk) — MHOXECTBO 3JIEMEHTOB, HHIIUACHTHBIX IEIH Vk,
L1(X) — uncio cBs3ei 271eMEeHTa X CO BCEMHU €IIe Hepa3MEIICHHBIMU JICMCHTAMHU.
B 6110k pacnpenensercs 3JieMEHT ¢ MaKCHMalibHOM orieHKor L1(X). Ecnu Takux 31eMeHTOB
HECKOJIbKO, TO BBIOMpAETCS 3JEMEHT C OONBIIMM MOPSAKOBBIM HOMEpPOM (s
(dhopmanuzaiuu 3a1a4un).

IT. 2.

[Tyctes Ha t-m mare QopmupoBanus Oyoka Dj MMeeTcss MHOXKECTBO 3JEMEHTOB E(b}),
pacrpe/elIeHHbIX K 3TOMY IIIary B OJIOK Dj (b}). [Tpu ompeneneHUU OUEPEIHOTO AJIEMEHTA

JUIs Beex HepacnpeneseHHbix sneMenToB X € (1, \ E( b} )) BbIUMCIIseTcs oneHka La(X).

L(x)= 2, p (42),

min veeV (E(b§)(/ x)

1, ecmn E(v, )/ [ i VE (b)) x |=2;

0, B IPOTHUBHOM clTy4ae.

rue p, =

3nech V( E(b} )[ /X) — MHOXeCTBO ILieIlel, MHIMICHTHBIX BCEM 3JIEMEHTaM OJloKka bj K

mary t, BKItouasi dJIEMEHT X,
L2(X) — uncio BeIBOJIOB OJ10Ka bj Ha 1rare t ¢ yueTtom sieMeHTa X.
IT. 3.

JIst BceX DIEMEHTOB X, Ui KOTOPBIX BBINOJNHseTCs ycioBue L,(X)< P, Beraucusercs

orenka L3(X) — uncio cBsi3eit aneMenta X ¢ GopMUPyEMbIM OJIOKOM b} :

L3(X)= Z o (4.3),
max VeV (x)

1, ecru E(v, )/ ) E(b})#D;

rne g, =
0 B MpOTUBHOM cITy4Jae.



B 070k bj BrirouaeTcst anmeMeHT ¢ MakcuManbHOM oreHkoi Lia(X). Ecnu Takux sieMeHTOB
HECKOJIbKO, TO CPEIM HUX BBIOMPAETCS JJIEMEHT ¢ MHUHMMaabHON oreHkoi Lo(X). Ecnu u
TaKUX 3JIEMEHTOB HECKOJBKO, TO BBIOMPAETCS AJIEMEHT C MaKCHMAaJIbHBIM IOPSIKOBBIM
HOMepoM (U1 popMalIU3aluu 3a7a4n ).

I1. 4.
Ecim vy st onHoro snementa X € (1 )\ E(b} )) ycaoBue L,(X)<P He BhImOMHSETCS, TO

nomnojiHeHne Ojoka bj mpekpamaercss U HaumHaeTcsl (HOPMUPOBAHKE CICAYIONIET0 OJI0Ka
(mepexon k m.1).

IT. 5.
ANTopuTM 3aKaHUYMBAET pabOTY, KOTJa BCE AIIEMEHTHI CXEMBI PacIpee/ieHbI B OJIOKH.
[Tpu mpakTUYECKOW pean3aliy anropuT™Ma BMeCTO GopMyJibl (4.2) Iiist OpeeIeHNs YUcia
BBIBOJIOB M3 0JIOKAa yJIOOHO HCITOJIB30BaTh (DOPMYIIBI JUIsl TIPUPAICHHS YKCIIa BBIBOJOB U3
omoka bj mpu moGaBiIeHUM B HETO AJIEMEHTa X.

L(x)=L(b)+AL(x) (44),

rae L( b} ) — KOJIMYECTBO BBIBOIOB 0JIOKA Dj 10 100aBICHHUS B HETO JIEMEHTA X.

ALZ(X)= Z Apk (4.5),

VeV (x)
=1, ecmu (A2D0)&(B=9);
rae Ap, =4 0,ecmn (A=) &(B#D),
1, ecn A=Q.
3neck A= E(v, )/JE(D'),  B=1,\(E(b})(/x).

[Tocnennee Boipaxenue (st APk) MOMKHO MOSICHUTD € MMOMOIIBIO pUCyHKa 4.1.

* X —e Apk=—1
L ——
b; o X o Ap=0
— )
° X Apk=1
o
Puc. 4.1.

PaccMoTpuM paboTy nociae0BaTeNbHOTO aJITOPUTMa KOMIIOHOBKHY Ha IPUMEDE.
[lycTh HEOOXOMMO pa30OUTh CXEMy, NMPUBEICHHYIO Ha PUCYHKE 4.2 Ha TUIOBbIE OJIOKHU C

YHCIIOM 3JI€MEHTOB S < 3 U 4HciIoM BbIBOOB P <6, MUHUMU3UPYS TIPH STOM KOJIMYECTBO
MEXKOJIOYHBIX CBA3EH.

[lepen HaUaIOM KOMIIOHOBKHA MHOYKECTBO HECKOMIIOHOBAHHBIX 3JIEMEHTOB |1 COAEpXKUT Bce
AJIEMEHTHI CXEMBI KPOME €0 (3JIEMEHT €0 YK€ paCIpEeICICH).



Vi1 ° V3 °- Vo
€1 V4 €2 /_ €3 [
V2 #
e es —/ 1 €5 —.—L
/
Vs ( Ve 4 -
V7 V12
€7 Vs €s —T V1o €9

Puc. 4.2.

Jlns BeiOopa B Beramciaum orieHky Li(X) mo dopmysie (4.1) s Bcex 3J1eMEHTOB MHOKECTBA
1.

I,={e,.e,, ...6&}
V(e )={v,,v,,Vv,, Vv, }
E(v,)={e;. &, &}
E(V2)={e1’ 64}
E(V3)={el’ € 65}
E(v,)={e,,e,.e,,€,¢e}
B cootBerctBuu ¢ ¢popmymnoii (4.1) L (e, )=0q,+0,+0,+q9,=1+1+1+1=4.

Borumciss mogo0HsIM 00pa3oM orieHkH Li(X) I 2JIeMEHTOB €2, €3, ... , €9 OIPEIACIIUM, YTO
MaKCHUMalIbHBIM YHMCJIOM CBSI3€l CO BCEMH €Ille HEpa3MENICHHBIMH 3JIEMEHTaMH 00JamaeT
snement e7— L, . =L (e )=5.

1max
Ananorn4Ho BbUMCIAOTCS oneHkH Lo(X) u L3(X). Berumcnaum, namnpumep, La(€s) — cBsizu
SJIEMEHTA €9 C 3JICMEHTaMH (OPMHPYEMOTO 0JI0Ka, B KOTOPBIN BOIILIHM 3JIEMEHTHI €7 U €g (CM.
HIDKE).

V(eg)z{vw Vigs V12}
E(v,)={e,.e,.e,,€,¢e}
E(ve)={e;, & €, 6}
E(vy,)={¢&}

i 0é
Takum obpazom L,(e,)=0q, +0,, + =0+1+0=1.
P 5(€5)=0, + 05, + 0y, bl={e e}
Pe3ynbTaThl BRIUMCICHUN YTOOHO CBECTH B TaOIHILY.
L1 L2 L2 L3 L1 L L. L Ls
1 2 3 4 S) 6 7 8 9 10
e1 4 5+3>6 4+3>6 — 4* — - _ _
€2 3 59+3>6 4+3>6 — 3 4+1 2 4+1 2%
€3 3 59+3>6 4+2=6 1 3 4+3 — 4+3 —



€4 4 5+2>6  4+2=6 2 3 4+0 3* — —
es 3 5+2>6 4+0<6* 2 — — — _ _
€6 2 5+2>6  4+2=6 0 2 4+1 1 4+1 1
€7 5* — — — — — — — —
eg 4  5-1<6*  — S —
€9 2 5+3>6 4+2=6 1 2 4+2 1 4+2 1

B kauectBe BD 610ka b1 BEIOMpaeM 37eMeHT €7 ¢ MaKCUMaJIbHO# orenkoi L1(X)=5.

JIJ1st OCTaJIbHBIX 3JICMEHTOB CXEMbI BBIYKCIISIEM OICHKY L2(X) — BBIBOIBI. Pe3ynbTaThl cBEieM
B rpady 3 TaOIuUIIbI.

Bcero omuH anmeMeHT €3 MOXeT ObITh BKIIIOYEH B OJOK D1 0e3 HapymieHHs KOHTaKTHOTO

orpanndenns P <6. Takum obGpasom, b} ={e,, e,}, konuuecTBo BBHIBOJOB M3 GiOKa —

YeThIpe.
Jlns  BeIOOpa oOdYepemHOro djeMeHTa Onoka b1 BeumciuM  omeHku  Lo(X) s
HECKOMIIOHOBAHHBIX 3JIEeMEHTOB (Tpada 4 TalGauIs).

s snemenToB (P <6) es, €4, €5, € €9 BeuuCIMM oneHku L3(X) — cBs3u (rpada 5
TaOJINIIBI).

[Ipy ONMHAKOBBIX MaKCHMAJIbHBIX OICHKAX L3amax=2 2JIEMEHT €5 JaeT MCHbIIEE YHCIIO
BBIBOJIOB U3 OJIOKa (YETHIPE) 4eM DIIEMEHT €4, MO3TOMY cocTaB Oioka bi={e7, es, es}; P1=4,
S1=3.

dopmupoBaHue BTOPOTo OJI0Ka MPOBEIEM aHAJIOrHYHO mepBomy (rpadsr 6 — 10).

Cocras bo={e1, e4, €2}.

OcraBiiecs 3JIeMEHTBI pacipeaeauM B 0510k bz ¢ P3=6.

KonmuecTBo MEKOIOUHBIX CBS3CH MPU TaHHOM BapHaHTE KOMITOHOBKH — JIECSTh.

IIpu pemenun 3agaun koMnoHoBKM Ha [I9BM nenecooOpa3HO HCHOIB30BaTh CIIHUCKU
3JIEMEHTOB MO LEISIM U CITUCKU LEIEU 110 3JIEMEHTaM C COOTBETCTBYIOIIUMU PA3ACIUTEIISIMA
(cm. § 2, Tumeprpad).

[Mpumeuanus: Beranciaenue oreHok Li(X) u L2(X) mist mpumepa:

X =1

I, =€ —¢&, V(el) =V, V5, V5, Y,

e(V)) =e,e,¢

e(Vz) =€,6

e(V;) =6 e, 6

e(V,) =€, &

G =0, =0 =0, =1+1+1+1=4

L (6, =5 1.1

Hns cxembl puc. 4.2 COUCOK DHJIEMEHTOB IO MLEMNSIM U COOTBETCTBYIOUIMM CIIHCOK
pa3faenuTesie UMEKOT CIEYOIMNN BU!

Vy v, V3 Vy Vg Vg V7 Vg
—t— — N A \ — N —A ]

€,:6,,6,,8, ,6,,8, ,8,,8,,6 ,6,,8,,8,,6,,65,6,,6,,8, ,6:,6, ,6,6 ,6;,€ .6,

Vg V1o Vi1 Vi
—_—~ —A

€,,85,65,85,64,85,€;,€5,65 ,€;,Eg
RSM =0,4,6,9,14,17,20,22,24,26,30,33,35



B nosummm RSM(1)+1 mo RSM(I+1) B crnmcke Sn ompeaenstorcs HOMEpa JJIEMEHTOB,
uHIUAeHTHBIX 1-1 nenu ().

RSM (1) = 0, RSM (2) = 4,RSM(3) = 6, RSM(4) =9 11 T.1.

[Tycth 1=3, RSM(3)+1=6+1=7 — mo3umus, RSM(4)=9 — no3urus.

CrenoBatesbHO, B MO3UIMSX 7-9 CIIUCKa Sn OMpeIessieTcss HOMEp JIEMEHTOB, MHIUCHTHBIX
V3. AHAJIOTUYHO COCTABJISIOTCS CIIMCKH IETICH 10 MOTYJISIM M CITUCKH pazaenuteneit (RSn).
Cxema mocjieIoBaTeIbHOTO aJirOpUTMa KOMIIOHOBKHY TIPUBE/ICHA HAa PUCYHKE 4.3.

C HAvAO

v 1
/ BBOJ aHHBIX /
v 5

Be16op 3eMeHTa, MakCHMAaIbHO CBSI3aHHOTO C
HECKOMITOHOBAHHBIMH  3JIEMEHTaMH  (BBIYHCICHUE
ouenku Li(X))

A 4 3
BLI60p HCCKOMIIOHOBAHHBIX 3JICMCHTOB,
BKJIFOYCHUC KOTOPBIX B 010K HeE INPpUBOJAUT K

npesbieHnio P (Berancnenue Lo(X))

A 4 4
Bb16op cpeau HUX 31€MEHTa ¢ MaKCHUMAaJbHOM

. t
onenkoit L3(X) — cBs3u anementa X ¢ 610kom b j

Taxoi smeMeHT OquH?

6
Breibop cpeau HuX 3J€eMEHTa ¢ MHUHHMAaJbHOU

oneHkoi L2(X)

3
\7

Bce BO3MOXHBIE DJIIEMEHTHI
BOLILTH B OJIOK?

Bce 0110KkM CKOMIIOHOBAHBI?

/ Br1BOz pe3ynbTaToB /

A 4

C KOHEII )

Puc. 4.3. Cxema nocredosamenvrhozo ajizopumma KOMNOHOBKU




§ SAJAYA ITOKPBITUA CXEM HABOPOM KOHCTPYKTHUBHbBIX MOI[YJIEﬁ.
B pesynbraTe penieHus 3a4aud MOKPBITHS KAXKIBIA DJIEMEHT CXEMBI IPUBI3BIBAETCS K
HEKOTOPOMY KOHCTPYKTHBHOMY Mo yar0 u3 Habopa Q={Q1, Q2, ...,Qm}.
MareMaTHyeckass IOCTAaHOBKA 3a/a4d MOKPHITHS 3aBUCHT OT THIIA KOHCTPYKTUBHBIX
Moyseil Habopa. Pasnuyaror 3 THIIa KOHCTPYKTHBHBIX MOJYJICH:
1) Kakablil MOIYJIb COAEPIKUT 0A30BbIE JTOTHUYECKHE IEMEHThI OJHOTO TUIIA, IIPU 3TOM
BCE BXOJIbI U BBIXOJIE JIOTHYECKUX JIEMEHTOB ABIISIOTCS BHIBOJAMH MOJIYJISL.

2) To e, 4TO U HPEABIAYIIUI THII, OHAKO B OJJHOM KOHCTPYKTHBHOM MOJYJE MOTYT
COAEPKaTbCsl PA3HOTUITHBIC JIOTUYECKUE DJIEMEHTHI.

Mopynu 1-T0 1 2-TO TUIIOB HA3bIBAIOTCS MOJYJISIMU C HECBSI3AHHBIMU AJIEMEHTAMH.

3) KoHCTpYKTHBHBIH MOY/Ib B OOIIEM CiIydae COJCP)KUT CBSI3aHHBIC MEXIy COOOMH
Pa3HOTHUIIHBIE JJIEMEHTBl M HE BCE BXOJHBIE M BBIXOJHBIE BBIBOJBI 3JIEMEHTOB
VMMEIOTCS Ha BHEIIHUX KOHTAKTaX KOHCTPYKTUBHOTO MOJTYJIS.

PaccmMoTpyiMm ~ MaTreMaTHMYecKyl0  TOCTAaHOBKY  3a/Jlaud  TOKPBITUS ~ CXEMBI
KOHCTPYKTUBHBIMU MOJIYJISIMU C HECBSI3aHHBIMU AJieMeHTaMHu (1-ro v 2-To THUIIOB).

O0o03HaunM Yepe3 b KOMMYECTBO JOIMYCCKHX 3JIEMEHTOB li THIIA, COMAEpIKAIIUXCS B
¢dbynkunonansHO-morudeckon cxeme (OJIC). [Ipu takom moaxoae coctaB GJIC moxet ObITH
omrcaH Matpuiei-ctoaomom: B=||bi||n, rme N — 4ucI0 THIOB TOTHYECKUX DIEMEHTOB CXEMBI,
bi — uncnao nmormueckux siementoB ti tuma B ®JIC. Bynem cumrtarh, YTO KaXKIbIA THII
KOHCTPYKTUBHOTO Moayis Qj B oOmmieM ciiy4ae COAEPKUT HECKOJIbKO THIOB 1 6a30BBIX
AJIEMEHTOB, @ BECh HA0Op KOHCTPYKTUBHBIX MOAyJied Q MOXKeT OBITh OmMHMCaH MaTpHIlei



A=||aij||nxm, TI€ &ij — KOTMYECTBO 0A30BBIX JOTUYCCKHUX JIEMEHTOB THIIA {i B KOHCTPYKTHBHOM
moayne tuma Qj (i=1,n; j=1,m).

[Tpumep.
Q1 Q2 Qs
P, G, Y t1 — 2NJIN-HE;
T D T N B AR T t — 3UJIU-HE;
T Lot (S ts — mpocreiinmit RS-rpurrep;
R RS : E t4 — JK-Tpurrep.
e b — b
Q: Q> Qs
t1 2 0 1
A = 1 1 0
ts 0 1 0
ta 0 0 1

B kadectBe KpuTepHs ONTUMHU3ALMU OyAE€M HCIOJb30BaTh MHUHUMYM CTOMMOCTHU
noKpbITHS. O003HAYMM Cj CTOUMOCTH KOHCTPYKTHUBHOTO MOAYJs Q.

[Tycts mns mokpeitus OJIC HEOOXOAMMO BBIACIUTH Yj KOHCTPYKTUBHBIX MOayJeil Qj,
TOT'/la B KQUECTBE 11eJIEBOM (DYHKIIMHM MOYKHO B3STh (DYHKIMIO BUJIA:

I=2ve ).
=1

bynem cunTaTh, 4TO KaKblil TUI 0A30BOr0 JIOTUYECKOTO JIEMEHTA CXEMbBI MOXKET OBbITh
peann30oBaH Kak 0Aa30BBIM JIOTUYECKHM 3JIEMEHT TOro k€ Habopa, Tak u bJID npyroro tuna
Habopa. Hanpumep:
21 31
—— ——
& e =
—— o—l—
O0603HaYMM uepe3 Xki KOJMYECTBO JIOTMUECKHX AJIEMEHTOB Tuma tk, KOTOpoe HIET Ha
ITOKPBITUE JIOTUYECKUX DJIEMEHTOB cXeMbl Thma ti. BosmoxkHocTh 3aMensl bJID tuna tk Ha
BJID tuna ti 6ynem onricbiBath MaTpuiied W=||Wkil|nxn,
1, ecau BJID tuna t, mMoxer ObITh 3aMeHeH Ha BJID tuna t,

& °

W,. =
k
' |0 B npoTuBHOM ciyuae.
OueBnanHo, 4TO Xki>0 ecimm Wii=1.
YuuThiBas BBEICHHBIC O00O3HAYEHHWsS, 3aJiadyy IOKPBITUS MOXHO C()OpMYyIHpPOBATH

CJIEIYIONTUM 00pa3oM: €CJIU Yj KOJIMYECTBO TPEOYEeMbIX KOHCTPYKTUBHBIX MOAyJel tuma Qj,
m

a B KaxaoM Qj KOHCTPYKTHBHOM MOJYJIE COJEPKUTCS @ij JIEMEHTOB THma ti, TO Zaij Y;

j=1
ONpPENEISAECT KOJMYECTBO JIOTMYECKUX JJIEMEHTOB Tuna ti, COaepx ammxcsi BO BCEM
BbIZIeTICHHOM J1sI TOKPBITHST DJIC Habope KOHCTPYKTHBHBIX MOYJIEH.

OueBugHo, uTo mis MOKphITHS Bced DJIC HEOOXOIUMO BBITIOJHEHUE CIIEIYIOIIETO

YCJ_IOBHH:
m m m
Zaij + Z X, — Z X, b (*%),
j:l k=1

k=1



r7ie BTOPOE CJIaraeMoe — KOJIMYECTBO JIOTUYECKUX 3JIEMEHTOB JIPYTHX THIIOB, KOTOPBIE UIYT
B TMOKPBHITUM Ha pealn3alfio JOTHYECKHX 3JIEMEHTOB Tumna li; mocienHee ciaraeMoe —
KOJIMYECTBO JIOTMUECKUX AJIEMEHTOB THMa ti, KOTOphIe MIYT HAa peaju3aluio JIOTUYECKUX
AJIEMEHTOB JIPYTHX TUIIOB.

T. 0., cTaBUTCS 3a/a4a OTHICKAHUS TAKUX 3HAYEHUU Yj U Xki, YAOBICTBOPAIOMIMX (**),
yTOOBl OOECIeUHBAICS MHUHHMYM IiefieBod ¢yHKIuM (*) — CTOMMOCTH TMOKpbITHA. Ha
NPAKTUKE HCIOJIB3YIOTCS NPUOIMKEHHBbIE METOMbI, ONUpAIOUIMEcs Ha Ccheuuduxy
UCIOJIb3yEeMbIX KOHCTPYKTUBHBIX MOayseil. Eciiu uMeem J1eo ¢ HeCBsI3aHHBIMU AJIEMEHTaMU
KOHCTPYKTUBHOTO MOJYJsl, TO 3/IeChb B pE3yJbTaTe OINpeaeieHuss TpeOdyeMoro uyucia
MOJIyJIel He OCYIIECTBISIETCS MPUBS3KA JTOTHYECKUX JIEMEHTOB CXEMbl K KOHCTPYKTHBHBIM
MOJYJISM, OTCIO/Ia TOSIBJISIETCS BO3MOXHOCTH ONTHMHU3ALMUA MO JIPYTOMY KPHUTEPUIO, B
YACTHOCTH 110 KPUTEPUIO MUHUMYMa MEXKOJIOUHBIX CBS3CH.

[Mpumep Q={Q1, Q2, Qs}, t={t1, t2, t3, t4} npuBenen Hamu Bbime. TpeOyeTcsl MOKPHITH
®JIC, onmceiBaemyto BektopoMm B={5, 4, 1, 1}, 3amanHbIM HAOOPOM KOHCTPYKTHUBHBIX
MOJTyJIEN.

brok-cxema anroputma omnpeneiaeHust TpedyeMoro Yncia KOHCTPYKTUBHBIX MOIYJIEH T10
KPUTEPUI0O MUHIMYyMa CTOUMOCTHU TIOKPBITHSI PUBEJICHA HA PUCYHKE.



ITpumep:

C HAYAJIO

D

A 4

1

YnopsinounBanue KOHCTPYKTUBHBIX
MOJTyJIEN 110 CTOUMOCTH
2 A 4
L=1
3 -
=1
4 |
Kt=| D b>0, a >0, i=1,n
i = /a, i 7 ij = =4
A 4
0 L H L
k= min(k;)
- v
O —_— — JR—
B=B- kjL A
7 B>0 Her
8 Aa
=i+l
9 i<m
Her
10
L=L+1

A 4

C KOHEI




Q Q Q
ElS tf2 0 1
§=ij At 10
bj ) L0 1 0
t,J0 0 1

A ={21,0,0}, A ={0,0,1,0}, A, ={L0,0.1}

Penrenue:
J{ns1 Haiiero npumepa:

A=1j=1i =1,kif -k, :b'l'=[5}=2

91

b

ﬂ,=1,j=1,i =2,k: - kzll :2:|:4:|:4

a1
Tak kak a31=0 u a41=0, T0 B KauecTBe KO3pPUIUEHTA k%:min(k %1,k121):2
B=B-k’-a;={5,4,11-{4,2,0,0}={1.2,11}>0
T.x. B>0, monaraeM, 4To j=2 U BBIYUCIIAEM
K,=4 K}, =1 u, cnenosaremso, Ky =min(4,1) =1

1

_ 1
B={1.2103-{0110}=| |>0

1

[Tomaraem j=3 = ké =1
B=B-k!-a,={0,1,0,0}>0
Ilepexogum Kk A =2:

k3, =1, (ocramsanic bi=0) = ki =1, B=B—k’ & <0
T.o. umeem ki=2 , klz =1, ké =1, k12 =1
TpebyeMoe 4nCiI0 KOPITYCOB j-I0 THIIA OMPEAEseTCs 1Mo hopMyIie:
Yi= ; kj
OTH NaHHBIC MMOJICTABIISIEM B BeIpaxkeHue (1) u onpenensem:
y, =kj+k? =2+1=3,
y, =k, =1,
y, =ki =1.
[Tocne onpenenenus TpeOyeMOro ynciia KOpIycoB, MOXKHO OCYIIECTBUTh ITPUBSI3KY

AJIIEMEHTOB K KopirycaM. J1Jist 5Toro MoryT ObITh UCIIOJIB30BAaHBI PACCMOTPEHHBIE paHEe
AITOPUTMBI PEIICHUS 3a7]a9 KOMITOHOBKH (3a/1a4u pa30ueHus).

§ 5. 3AJIAYA PABMEIIEHN I KOHCTPYKTUBHbBIX MOYJIEMN
Paznuuaror nBa TuIa 3aa4 pa3MEILCHUS:
1) pasMerieHrne KOHCTPYKTHBHBIX SJIEMEHTOB B 3apaHee PUKCHPOBAHHBIC MTO3UIIHH;



2) pa3MelieHre JEMEHTOB B HEMIPEPHIBHOM MOHT)KHOM IPOCTPAHCTBE, KOTJa MO3UIIHH
3apaHee He OIpEAENICHbl, a ONPEIENSIIOTCd B IpoLecce pa3MelieHus (Hampumep,
npoektupoBanue BUC).

PaccmoTtpum niepByro 3aaauy.
[lycTh uMeeTcs: peryiasipHO€ MOHTAKHOE MPOCTPAHCTBO C YXkKe (PUKCHPOBAHHBIMHU
nozumusvmu P ={ p,, p,, ..., P, }, @ TakKe HMeeTcs KOJIMYECTBO N<M 3JIEMEHTOB I

pa3MEILEHHUs.
bynem cumtarh, 4TO JUIMHA CBA3EH OINPENEIACTCS PACCTOSHUEM MEXIAY N€OMETPUYECKUMU
LIEHTPAMH COOTBETCTBYIOIUX MTO3UIIUH, T. €.

2 2 )

g =(X =%, Y +(V =¥, ) (5.)
qame BCCTO TaKasad MCTPHUKaAa HCIIOJIB3YCTCA TOrdd, KOraa IOCICAyromiasa TpacCUPOBKaA
COGI{I/IHGHI/Iﬁ OCYHMCCTBIIACTCA € IIOMOIIBIO IMPOBOJAHOI'O MOHTA’YXa «B HaBaJ» (HpOBOI[a C

n3ossinueit). [Ipu MCIOIB30BaHUM TEUATHOTO WJIM JKTYTOBOIO MOHTa)XKa HCIOJB3YIOTCS
COOTBETCTBEHHO MeTpUKH (5.0) u (5.B):

qu=‘xk_xq‘+‘yk_yq‘ (5.4)
dyg =‘xk - xq‘t+‘yk - yq‘t (5.8)

rae t — KoJIM4ecTBO MPOBOJHUKOB B KIYTE.
Metpuku (5.0) u (5.B) 0OOBIYHO HCHOJB3YIOT TOI/A, KOTJa HapsAly C MUHUMH3aluen
CyMMapHOM B3BCIICHHOW MJIMHBI CBSI3€M CTaparoTCsl MUHUMHU3UPOBATH TaKKe JJIUHY
HauOoJee JJIMHHOM CBsI3U (OHA ONpEEsieT BpeMs 3aJIEPHKKHU CXEMBI).

Ecnu nns mpocToThl paccy X AeHUN MOJIOXKUTh M=N, TO BapuaHTOB pa3MelleHust oyaet N,
npu  3TOM JI000M BapuaHT pa3MEIICHUsT MOXET ObITh 3aJaH IepPeCTaHOBKOU
7#={x(1), #(2),..., z(m)}, toe m(i) — HOMEp MO3MIHH, B KOTOPYIO YCTaHABJINBACTCS
3JIEMEHT €.
Chopmynupyem MaTeMaTHYECKYIO MOCTAHOBKY 3a/1a4M pa3MEIIEHUS.

Ilycte L(m) — cymmapHas JivHA MEXDJIEMEHTHBIX COECIUHEHUN, COOTBETCTBYIOIAS
HEKOTOPOMY BApUAHTY Pa3MEUICHHUS 7.
Ilycte Es — MHOXECTBO IMPEKTUBHO pa3MEIICHHBIX 3JEMEHTOB, K YHCIY KOTOPHIX, B
JaCTHOCTH, OTHOCSTCS Pa3beMbl M BHEITHUE KOHTAKTHBIC IIOMAIKHA. 31eCh S — MHOYKECTBO
VMHJICKCOB JUPEKTUBHO PA3MEIIEHHBIX 3JIEMEHTOB.
PaccMoTprM HEKOTOPBIN MPOU3BOJIBHBIN 3apaHee HE pa3MElIeHHBIN 3ieMeHT. Onpenenum
CYMMAapHYIO0 JUIMHY €ro CBsi3eil CO BCEeMH IUPEKTUBHBIMH dreMeHTaMu. OO03HAuUUM 3Ty
JUTMHY KaK:

Ii;z(i) =Zcisdﬂ(i)7r(s) (5-1)

seS
rae (i)m(s) — pacCTOsHUE MEXIY | U S,
Cis — DJIEMEHT MaTPHIIbI CMEKHOCTH BHT,
i — PaccTOsHEE MEXIY T(1) M 7(S).
CymMapHast B3BEIIEHHAs IJIMHA MEKCOEIUHEHNI HEIUPEKTUBHO pa3sMEIIEHHBIX DJIEMEHTOB
€i M &j OIpEIEIIAETCS KaK:

Cijdn(i () (5-2)
C yuerom (5.1) u (5.2) cymMmapHas B3BEUIEHHAasl IJIMHA MEXCOCIMHEHUW ISl BapuaHTa
pa3MereHus £ OyeT onpenensaThes u3 BeipaxeHus (5.3):



n n

1 n
L(”)=_Z 1 Cidciyei +;Ii7r(i) (5.3)

min 2935
Takum oOpa3zom, HE00X0TUMO HalTH TaKOM BapHaHT pa3MenieHus
a*={zx*(1), z*(2),..,7*(m)} mpu KOTOpOM OOECHEUNBACTCSI MHHHUMYM IICIICBOI

byaknmn (5.3). 310 KOMOMHATOPHAS 3a7a49a PA3MEIIICHHUSL.
Teneps paccMOTPUM MOCTAHOBKY 3a/1a4y IIEJIOYUCICHHOTO MPOTPAMMHUPOBAHMS.
[TycTh mepecTaHoBOYHAsI MaTpHIla (MaTPHUIA PEIICHUN) UMEET BU/I;

X=|%| .. (5.4)

n*n

1, ecnu aneMeEHT €; pasMelleH B no3unuu k,
rae X, =
0 B IPOTUBHOM cClly4ae.
Ha sneMeHThI MaTpuIbl peleHuil X MOKHO HaJI0KUTh CIIETYIOIINE OrPaHUYECHUS:

n — T.e. KakIOMy 53JIEMEHTY COOTBETCTBYET OJHA
Z X, =1lmma Vk=1,n (5.5) [O3HIAL.
i—1

KaxnpIii 371eMEHT MOXKET 3aHUMATh TOJILKO OJIHY
MMO3HUIIHUIO.

ink=1zu1ﬂ Vi=1,_n (5.6)
P

[Ipy TakoM moOAXOAE CyMMapHas B3BELIECHHAs JJIMHA MEXCOCIUHEHUH MOXKET OBbITh
MPEACTABICHA CIEAYIOIIUM 00pa3oM:

L(X )=%zn‘,zn‘,zn:zn‘,cijquxikqu Y hx  67)

i=1 j=1 k=1 q=1 i=1 k=1
B Bbipaxkenuu (5.7) mepBbIl 4i€H 3TO CyMMapHas B3BELIEHHAs UIMHA MEKCOEAWHEHUN
MEXIy CO000i HEIMPEKTUBHO pPAa3MEILECHHBIX 3JIEMEHTOB, BTOPOM WIEH — CyMMapHas
B3BCILICHHAS JUIMHA MEXCOEIUHECHU MEXAY HEIUPEKTUBHO PAa3MEIIEHHBIMA U TUPEKTUBHO
pPa3MENIEHHBIMU JIEMEHTAMM.

HeoOxoaumo HaiiT Takyiro OyineBy MaTpuIly pemieHud X, KOTopas yIOBIETBOpsuia Obl
orpanudeHusM (5.4) u (5.6) u obecrieunBana MUHUMYM LiefieBor pyukimu (5.7). DTa 3amaya
SBJISIETCS] KBaJIpATUYHOM 3a/1aueil 1IEJIOYMCICHHOTO MMPOTrPaMMUPOBAHUS.

B cnmyuae korzma sjeMeHThl He CBSI3aHBI MEXJy coOOil M 3apaHee He (PUKCHpPOBaHBI, a
CBS3aHbl JMIIb C AUPEKTUBHO PA3MEILIECHHBIMM JJIEMEHTAMM, COOTBETCTBYIOIAs 3ajaya
ABJISIETCS 3a7]a4eil TIMHEWHOTO Ha3HAUEHHUs. DTOT (DaKT UCHOIB3YETCS B PsAJI€ MPUOIMKEHHBIX
AITOPUTMOB Pa3MELIEHNUS.

B Hacrosmee BpeMs pa3padOTaHO MHOTO QJITOPUTMOB pa3MELIEHUs, KIacCUPUKALNS
KOTOPBIX MPUBEACHA HA PUCYHKE S.1.
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Puc. 5.1. Knaccuguxayus aneopummos pazmeujeHusl.

§ 6. KOHCTPYKTHUBHBIE AJITOPUTMbI PASMEIIEHW A

Cpenu KOHCTPYKTHBHBIX aJITOPUTMOB pa3MEIICHUS BBIJCTSIOT MOCIEI0BATEIbHBIC U
napajiebHO-TI0CIEI0BATENbHbIE AITOPUTMBI.

B mnocnenoBartenbHOM alTrOPUTME HCIOJIB3YETCS N—IIaroBbIA MPOIECC MPUHSTHUS
pemienus. Ha kaxxnom 1miare 3aech pa3Mmeliaercss OJuH JJIeMEeHT. B mapaienbHo-
MOCJIEIOBATEILHOM AJITOPUTME HA KAXKIOM IlIare pa3Meliaercs rpyIlma 3JIeMEHTOB (WU
JIa’Xe BCE DJIEMEHTHI).

Cpenu mocnenoBaTeabHbIX AJITOPUTMOB Pa3IMYaAIOT MOCIEAOBATENbHBIE AITOPUTMbI
pa3MeNIeHus 1Mo CBSI3HOCTU U MATPUYHBIE aJITOPUTMBI.

HOCJ’IGI[OB&TGHI)HBIG AJITOPUTMBI Pa3MCIICHUA 11O CBA3HOCTHU

CymHOCTh 3TOr0 MHOIOIIArOBOTO aJrOPUTMa CBOJAUTCA K IMOCJIEI0BATEIbHOMY
pa3MEILEHUIO OYepeaHOro MoAayis (dJIEeMeHTa) B  ONpEACNCHHbIM  y3el  IUIaThl.
[Ipeanonaraercs, 4To 4YacTb Moxayied (WM XOoTs Obl OJUH) 3apaHee pa3MelleHbl Ha
MOHTaXHOU TJIOCKOCTU. B KauecTBe Takux MOJysieid MOTYT ObITh BBIOpaHbI JTMOO KOHTAKThI
pazpema, 100 MOIYJH, (PUKCUPOBAHHBIE B OMPENIEICHHBIX MO3UIMIX B COOTBETCTBUU C
IUPEKTUBHBIMU  YKa3aHUsIMH  paszpabotumka. [lpm BbIOOpe odepeaHOro  MoOIyJis
ONTUMU3HUPYETCS 1ieNieBass (PYHKIMS, YYUTHIBAIOIIASA CBSI3U 3TOTO MOAYJS C MHOXECTBOM



paHee pa3MEIICHHBIX U Hepa3MeIleHHBIX MOAyJel. B kauecTBe Takoil GyHKIIMU, HAIpUMED,
MOJKET ObITh BBIOpaHa CJIEIyIOIIAs:
J=0C=>c,->c, (61
max S —
JeEy JeEy
rjie Cij — 2MEMEHT MaTPHUIILI CMEKHOCTH BHL; EX & EX — cooTBercTBeHHO MHOXeECTBA

pa3MEIICHHBIX U HEPa3MEIEHHBIX Ha K—M I1are ajaroputMa MoyJiei.
3ajada pa3MeIIeHus: IPU 3TOM CBOJUTCSA K MaKCHMM3alUK OIleHKH (6.1) 1o BCEM MOJYJISIM,

MPUHAJIEKAIUM MHOXECTBY Er'f .

Jlanee mu1st BRIOpAaHHOTO MOJYJISI HAXOAUTCS HanOoJiee mpuemiieMas mo3uius Ha miate. J{ms
BBIOOpAa TAaKOW TIO3WIUHA MCIOJB3YeTCS KPUTEPU MHUHUMAIBHOCTH [IJTMHBI CBS3EH
pa3sMEIaeMOro MOAYJISI C YK€ pa3MEUICHHbIMU MOIyIsMHU. [Ipu 3TOM, O4YEBUIHO, HET
HEOOXOJIMMOCTH paccMaTpPUBATh BCE HE3aHSThIE HAa HTOM Iare MO3WIMH, a JOCTATOYHO
OLICHUTH JIMIIb MHOXECTBO MO3UILHM, COCEAHUX C 3aHATbIMU. lIpu 3TOM mO3ULUA Pi, B
KOTOPYIO HEOOXOAMMO IIOMECTUThH I—i MOJIyJb, ONPEACIIICTCA M3 YCIOBHUS MHHUMHU3AIMU
CJICQYIOLIETO BBIPAKECHUA:
F= min ch”dpi . (62)
' ieEp

rae Cij — DJEMEHT MaTpHIbl CMEKHOCTH BHI | R¥ —MHOMXecTBO MO3UIIMM, COCETHUX C
3aHATBIMH, Ha K—M miare.

PaccmoTpum paboTy mocieaoBaTeIbHOIO aJropuTMa pa3MeIieHus M0 CBSI3HOCTH Ha
npumepe (puc. 6.1).

1
. €1 3 2 €2 y93 ye4
1 1 3
1 >/ es % es —2 7/ &7 8/ es H Ly=34
1 1 2
: €9 yﬁlo 2 €11 g/6312 1
Puc. 6.1.

[lycTh 351eMEHT €2 OUPEKTUBHO IMOMEUIaeTcss B 6-10 MO3MIIMIO, DJIEMEHT €3 JUPEKTUBHO
IOMeNIaeTcs B 9-10 MO3UIHIO.
YtoObl BHIOpATh OYEPEIHON pa3MellaeMblii MOIyJb, HEOOXOAUMO B COOTBETCTBUU C (6.1)
HaWTHU MOAYJIb C MAaKCUMAJIbHOM OLICHKOM J.

IT. 1.

Brraucnsem OICHKU 110 CBA3HOCTH IJIsI KAKJI0T'O HCPASMCIICHHOTO MOJYJIA:



e, :J=3-1-1=+1; €y =-2,
e, :J=-1-3-1-1=-6; € =-2;
e. :J=+1,; € - J =-3;
e, :J=-3; e, - J==2;
e, :J=—7; e, :J=-4

DNEeMEHTHI €1 M €5 UMEIOT MaKCUMAIbHYIO OIEHKY, paBHYI0 +1. Jlns manpHewero ananmsa
BBIOMPAEM 3JIEMEHT €1 (C MEHBIITUM TOPSIKOBBIM HOMEPOM).

IT. 1.1.
Mopyinb €1 B cCOOTBETCTBUU C (6.2) pa3MeliiaeM Bo 2-10 MO3UINIO (C MEHBIIUM HOPSIKOBBIM
HOMEpPOM) (CM. HUKE).

" Jax =1 - COOTBETCTBYIOILUH IIEMEHT €, ;
+ e, + R“'={2,5,7,10};
es | + E'={e, e, };
P,=6;P,=9;

C,=3; C,;=0.
Omnpenenum F, npemnonaras, 4To MOJIyJb €1 pa3MelieH
BO 2-#i mosumuu: F =c, xd,, =3x1=3;

B 5- mosumuu: F =c, xd,, =3x1=3;
B 7- mosumuu: F =c, xd,, =3;
B 10-if nosumuu: F =c, -d,;, , =3.

OKOHUATENIbHO pa3MellaeM €1 BO 2-10 MO3UIUI0 (C MEHBIIMM MOPSAJIKOBBIM HOMEPOM) U
KOPPEKTUPYEM MACCUB COCETHUX MO3UIUH.

2 _ .
n o1 n RZ—{l, 3,5,7,10};
+ €2 + Ef={e 6,6}
€3 +
II. 2.
Onpenenum caeayommui MOIYJIb ISl Pa3MELICHUS.
e, :J=-4, e, @ J=+1; g, :J=-3;
e, :J=-7; gg 1 J=-2; e, 1 J= 0;
e, . J=-3; e, : J=-2; e, 1 J=—4

Monynb €5 IMeEeT MaKCUMaJIbHYIO OLIEHKY, paBHYy1O0 +1. B cooTBeTcTBUM C (6.2) OH
MMOMEIIAETCS B 5-10 MO3UIIHUIO.

Ut gurt n
OKOHUATENbHBIM BapUaHT pa3MEIICHUS TPEACTABIIEH HA puUC. 6.2.
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Puc. 6.2.

prynHeHHaﬂ CXCMa IIOCIACAOBATCIIBHOI'O aJIrOpUTMaAa pasMCHICHUS IMPUBCACHA HAa PHUCYHKC

6.3.
<3 HAYAJIO D)
Ol A\ 4
/ BBoJ1 TaHHBIX /

A 4
—02
Pa3menienue TUPEKTUBHBIX MOTyIEi

A 4
DopMUPOBAHUE MACCHUBA COCEIHUX
MO3ULUI

ole 28 \
— 4 14
04 Br160op ouepenHoro

HEPa3MCHICHHOT'O 3JICMCHTA

Y

Beruucnenue onenku J (6.1) mo .
HEepa3MeIICHHBI
CBSI3HOCTH C€ Hepa3MelIe (]

i MOMYJIM IPOCMOTPEHBI?

07 =
r Br160op Moayss ¢ MakcUMalibHOM

ouenkoit J (6.1)

A 4
28
08




27
07

A 4

27

y

—08
Br16op odepenHoii coceqHelt mo3uuu

v

Beruucii-e munsl cesizeit F (6.2)
MOJIYJISI CO BCEMHU pa3MeI-MU MOYJISIMUA

Br160op nmo3unuu ¢ MUHUMaIbHOM
miHou cBsizu F (6.2)

\ 4

—12
Pa3zmenienue MoayIist B TO3ULMEO

Koppeknust maccuBa coceTHUX

A

04

HO3UIINH

Bce cocennue nozunuu
MIPOCMOTPEHBI?

Bce monynu
pa3menieHbl?

A\ 4

/ [TeuaTs pe3ynbTaToB /

A 4

C KOHEI] >

Puc. 6.3. Cxema nocnedosamenvroco aneopumma pameujeHus.

3amMeuaHue: coOCeTHUE TO3UINN.

[TpuBenem

KpaTKHUM IIEPEUCHb UJACHTU(UKATOPOB JUIsL peann3anumn

MOCJIeI0BATEILHOTO aJITOPUTMA Pa3MEIICHMUS.
L — gncno 31eMeHTOB;

D — 4KCiI0 TUPEKTUBHBIX JIEMEHTOB,;
M — 4KCII0 MO3ULINM IO TOPU3OHTAIIH;
N — 4KCII0 MO3ULIMI IO BEPTUKAJIH,

E(l) — MaccuB TUPEKTUBHBIX 3JICMCHTOB;
P(l) — MmaccuB TUPEKTUBHBIX TTO3UIINN;

POS(LI) — Homep mo3uIKH, B KOTOPYIO pa3MeiacTcs 3JeMeHT ¢ Homepom LI;

Z(l) — MaccuB COCETHHX TIO3UIINH;



SP1 — cnucok 31eMEHTOB, CBSI3aHHBIX C TAHHBIM 3JIEMEHTOM;
SP2 — cnincok KOIM4YecTBa CBSA3EH MEXIY dJIEMEHTaMH;
RSP — cnincok, yctanaBnuBarommii cBsizHOCTH SP1 u SP2.

[IpuBenem parMeHT pa3BEepHYTOH OJIOK CXEMbI aJTOpUTMa MO3BOJISIIOIIEH OMPEAeIUTh
AIIEMEHT WJIM MaKCUMAaJIbHYIO OLICHKY.

v
MAX=-999;1=1,0C=0
L*

POS(1.1)=0?

v
A:=RSP(l,1+1)
B:=RSP(l,1+1)
J1=A

»
>

y

12=SP1(J1)

OC=0C-SP2(J1) | OC=0C-SP2(J1)

v
J1=J1+1

S
——wax<oc =

MAX:=0C; LI:=I11

»lda
L > |
A

Y
11=11+1

v

Yurewm, uto cnicku umerot Bua SP1=(2,4,9), SP2=(1,1), RSP(1)=0, RSP(1+1)=1, RSP(2)=3
ot E(1) nepexoaum k E(4).
[Tpu BEIOOpPE MO3HIIMM DJIEMEHTA €l YacTo ucmoib3yercs He mozaens BHI', a monens I'T. B
ATOM ClIy4ae MPH OMPEACTIECHNUN MO3ULIMU MOKHO YUECTh B3aUMHOE PACIIOJI0KEHHUE JIEMEHTA
B II€MH, & TAKXKE MUCIOJIb30BATh B KAUECTBE OIIEHKU ISl TO3ULIUM KPUTEPUIT MUHUMHU3ALINHT
MHOTOYTOJIbHUKA OXBaTHIBAIOIIETO 3JIEMEHTHI L[ETIH.

Tema IlapasiesibHO-IOC/IEI0BATEIbHOE Pa3MeLlleHUe

MeTox 00paTHOrO pa3MeneHusl.

JIns Kaka0ro U3 HEpasMEIEHHBIX SIEMEHTOB e eE,i=1n , BBIUMCIAETCS HEKOTOopas

OLICHKA.



BhIuCIseTcs Takke HEKOTOPas OLEHKa M IS KaXI0ro MOcaJodHOro Mecta. Bee aieMeHTsI
¥ TIOCA/IOYHBIE MECTA YIOPSAIOYUBAKOTCS, U OCYIIECTBISETCS OJHOBPEMEHHOE Pa3MEIEHHE
BCEX DJIEMEHTOB B ITO3HIIHH.

IMycre matpunaC=|c;| - marpuna cmexnoctu BHI,D=|d;| - marpuma paccrosmuii

MEX/Ty TIO3HIIHSIMH.
B cooTBeTcTBHMM ¢ yKa3aHHBIM METOJIOM JUIsI KaXIOTO JJIEMEHTa €i PacCUMTBhIBACTCS
CYMMapHOE YHCIIO CBSI3€H I-T0 3JIEMEHTA C OCTAIbHBIMU YaCTSIMU CXEMBI Ci = ZCij (1)
eieE
j#
JIns Ka)Ioro IOCaJOYHOTO0 MECTa BBIYHMCISCTCS CyMMapHas JUIMHA pPACCTOSHUHN J-Oro

[I0CAI0OYHOI'O0 MECTa CO BCEMH OCTAJIbHBIMU MO3UIUSIMU Di pZE;D it rne P — uucio
P
i#]
II0CAJIOYHBIX MECT Ha IIaTeE.
Bce ouenku cBsA3aHHOCTH C; yNOPAI0YMBAIOTCSA MO BO3PACTAHMIO, 4 OLICHKM JUIMHBI d; - TI0
yOBIBAHUIO:
c, <C, <Cjy <...<C,
d,>d;,>d,>..>d,
DJIeMEHT e,, YCTaHABJIMBAETCS B MO3ULHUIO Pj1), ,, — Pj) 1 T.1. DTO CBA3aHO ¢ TeM, 4T0 MIN
CKAJISIPHOEC YMHOXKEHHE JBYX BEKTOPOB OyACT TOI/Ia, KOT/ia KOMIIOHCHTHI IIEPBOTO BEKTOpa
YIOPSIOYCHBI TI0 BO3PACTAHHIO, & JIEMEHTHI IPYTOTO M0 YOBIBAaHUIO.
[Ipumep:

©
%1@2/;2 5 /e5
g QP
S LY/

Pacrnmumem marpunsl C u D:

e e e e e PP B PR R

eflo0 1 1 3 5 RI0 1122

el 0 01 0 Rl 0211 dl:6,d2=5,d3=7,d4=6’d5:8
C=efl 0010 C=RJ1 201 3

&3 1 1 0 2 P2 1 1 0 2

&5 0 0 2 0 Rz 1.3 20

LH[l'la./leOE:1+1O+6+4+l+l+1=24

ci=1 0, ng=2, 039=2, C43=7, cs=1

d1n=6, d2n=5, d3n=7, d4n=6, d5n=8

Ynopsaouum ci 1o Bo3pacranuio, di o yObIBaHHUIO:

c2,=2, c3,=2, c4»=7, ¢5.=7, ¢1,=10

d5n=8, d3n=7, d1n=6, d4n=6, d2n=5

Taxum 00pa3om, BTOpOH 3JIEMEHT pa3MeliaecM B 5-10 MO3UIINIO, 3-Ui - B 3-10 MO3UIUI0, 4-1 -
B 1-10, 5-11 - B 4-10, 1-11 - B 2-10.

OKoHUaTeNbHBIN BapUAHT Pa3MEIlCHUs TPUBEICH HA PUCYHKE:



() Leyapnas=18 (18<241), ut0 1 Tpe6oBATOCH

1
1/e1 @ 2/32 5/e5 IOKa3aTh.

NI

HNrepannoHHble aIrOPUTMbI pa3MelieHUs

OTH alNropuTMbl NPEIONAraloT 3aJaHHBIM HEKOTOPOE HayajdbHOE pa3MEIIEHUE, KOTOPOE
MOXET OBITh IOJIYYEHO HEKOTOPbIM KOHCTPYKTHUBHBIM QJITOPUTMOM  pa3MEUICHUS.
HccnenyroTcsi HEKOTOpPOE MHOXXECTBO BO3MOKHBIX BapHaHTOB pa3MELICHHs, OJNM3KUX B
HEKOTOPOM CMBICJIE K HAYaJbHOMY, M HAXOSAIIME PAa3MEUIEHHWE C MEHBUIMM 3HAYEHUEM
1esneBo QYHKIMU  Leywmapnoe. HallleHHOE pa3zMelieHne NpPUHUMAETCS 3a HMCXOJHOE, U
MpOLIECC MOBTOPSETCA. AJITOPUTM 3aKaHYMBAET PabOTy, €CIIM B OKPECTHOCTHU IMOJYYEHHOTO
pa3MeIleHUs OTCYTCTBYIOT BApHAHTBI C MEHBIIMMU 3HAYEHUSAMH LI€JIEBON (DYHKIIMH.
Paznuyarot 2 rpyniibl UTEpAlMOHHBIX AJITOPUTMOB:

1. anropuTMbl MapHBIX IEPECTAHOBOK

2. aNrOpPUTMBI IPYIINOBLIX IEPECTAHOBOK

AJITOPUTM NAPHBIX EPECTAHOBOK.

Cyrtb: IlocnenoBaTenbHOE LEIEHANPABICHHOE YIIYUIIEHHE MPOU3BOJIBHOTO HAYAJIBHOIO

pa3MelleHdss MOJyJied Ha IUlaTeé MO BBHIOPAHHOMY KPUTEPHUIO IyTeM MapHbBIX

nepectaHoBOK. C  3TOM LENpl0 Ha KAKIAOW HWTEPAlMHM  AITOPUTM  OCYIIECTBIISIET

BBIYHMCIICHHE MPUPAIICHHOW CYMMAapHOM JJIMHBI BCEX CBSI3€M JUIsl BCEBO3MOKHBIX MAPHBIX

IIEpECTaHOBOK Moayse. M3 Bcero MHOXeCTBa MEPECTAHOBOK, MAIOIIUX OTPUIATEIBHOE

MpUpAILEHNUE, BBIOUPAETCS MOJMHOXKECTBO, KOTOPOE YIOBJIETBOPSET CIEAYIOIIHUM

TpeOOBaHUSIM:

1. BblOpaHHOE MOJAMHOXECTBO TMEPECTAHOBOK IO3BOJISIET MAKCHUMAJIbHO YMEHBIIHUTh

CYMMapHYIO JUIMHY BCEX CBSI3EH.
2. IlonMHOXECTBO 00pa3yeT JUIIb HE3aBUCHUMbIE TIEPECTAHOBKH, B KOTOPBIX MOJYJIU HE
CBSI3aHbI C MOAYJIAIMU APYTUX MNEPECTABISIONINXCS Tap.

Jlaniee OCYIIECTBISIOTCS TEPECTAHOBKU BBIJICJICHHBIX TaKUM 00pa3oM map MOayJel u

MEPEXO K CIEAYIOLIEH UTEPALIUH.

OnucaHHbIN UTEPAMOHHBIN MPOIECC CXOAUTCSA K JOKAJbHOONTUMAIIBHOMY Pa3MENIEHUIO

MopayJel Ha rate. BeiBemeMm QGopMyinbl i cymMMapHOW IiuHBI L Becex cBsizell u ee

npupaileHue AL Mmpu nepemMenieHu MOTyJIeH.

[lycts uMeeTcss MIOCKOE WM OOBEMHOE IUIATO C Yy3JaMH, MNpPeJHA3HAYECHHBIMHU IS

YCTAaHOBKHM MOJyJeil. 3ajaHa MaTpuIia paccTOSHMIA D=HdinM, rae dij ompenensercs B

OOBIYHOM MJIM OPTOTOHATBHOM METpUKaX.
JlaHbl HEKOTOpBIE COBOKYITHOCTHM MOJYJIEH, MOMJICKAINIMX Pa3MENICHUI0, W MaTpuila
C= Hcij H Yycria CBA3el STUX MOLyJel MEKITy COOOil.

mxn

[TycTh Ha HEKOTOPOH UTEpPAIIMU UMEETCS CIIEIYIOIIee pa3MeleHre MOIyJIeH Ha TuIaTe:
y3JIbI 1 2 3 ... |e .. |N

Moy | ty to ts cee | Te cee | T




rae te - HomMep MOy, OKa3aBIIErocs Pa3MEIICHHBIM B y3J1€ TUIAThI.
IlocTaBUM B COOTBETCTBME 3TOMY BAPHUAHTY pPa3MELICHUS MAaTpUIy CBs3ed R= Hrij

nxn

DJeMeHT lij paBeH YUCITy CBS3€i MeXIy MOAYISAMH, ti 1 {j HaxomsaTcs Ha JTAaHHOM UTEpalluy B
y3Jax | ¥ | COOTBETCTBEHHO.

Tak xak paccrossHEe Mexay y3namu | u K paBHO dik, TO CyMMapHas JUIMHA CBSI3€H MEXKIY
MOyIsIMH ti 1t

lii=ric*dik , (1)

OTCIO/Ia CyMMapHasl JUTMHA CBS3eH i MOMIYIIsl, pacIONIOKEHHOTO B I-OM Y3Jie, CBS3aHOTO CO
BCEMHU MOJYJIbHBIMHU CXEMaMH, PaBHa!

n
Li = Z(rik *dik) (2)
k=1
JIJ1st cyMMapHO# IJTUHBI BCEX CBSI3€H MPHU TAHHOM BapHaHTe MoJiydaeM GOopMyITy:
1 n n
L= _ZZ(rik *dik) (3)
2 i=1 k=1
[Mpumeuanne: mycth i=k=13 Torma
L= rll*dll + r12 *d12 + r13 *d13 + er*d21 + r22 *d22 + r23 *d23 + r32 *d32 + r33 *d33
Haiinem QgopMyny s mpupailleHHsi CyMMapHOW JUIMHBI BCEX CBSI3€W MpPU NEPECTAaHOBKE

MoyItel i 1 tj, pacroI0KeHHBIX B y3J1aX | ¥ ] COOTBETCTBEHHO.
J{nst cymmapHOU JvHBI CBsi3eH ti U fj CO BceMU OCTAIbHBIMUA MOIYJISIMU UMEEM:

n n
Lij = Z(rik *dy )+ Z(rjk *djk) - Z*rij *dij (4)
k=1 k1
3ameuanue: mycth N=4, i=2, |=3
L23 = r21 *d21 + r22 *d22 + r23 *d23 + l‘24 *d24 + r31 *d3l + r32 *d32 + r33 *d33 + r34 *d34 - 2* r23 *d23
Haiinem QgopMyny s mpupalieHuss CyMMapHOW JJIMHBI BCEX CBSI3€M IPH NMEPECTAHOBKE

Moayiel ti u tj, pacrosIoKeHHBIX B y3JaX | U | COOTBETCTBEHHO. {1 cCyMMapHOW JTUHBI
cBs3el ti 1 tj co BceMr OCTaBIIMMUCS MOLYJIIMU UMEEM:

L;; =i(rjk *dik)+i(rik *djk) (5)

3aMeTHUM, 4TO B3aMMHAs IEPECTaHOBKA MOAYJIEH 1 M tj COOTBETCTBYET MEPECTAHOBKE CTPOK U
CTOJOIOB ¢ HOMepoM | W | B marpuiie R. Beruutas us (5) Beipaxkenue (4), onpenenum
MPUpPAILICHUE CYMMAapHOW JJIMHBI BCEX CBSA3EH MOCIIE NEPECTAHOBKU MOIYJIEH C HOMEPOM ti n
tj .

n J—
AI-ij = Z*rij *dij _Z(rik *rjk)(dik *djk) 1,J=1n (6)

k=1

BBenem B paccMmotrpenue Marpuily P=RxD, 3JIeMEHTbI KOTOPOW OMPEAECIAIOTCS IO
dhopmyie:

Pjj =Zrik xd, (7).
k=1

[TonycymMma naMaroHajdbHBIX 3JIEMEHTOB MaTpullel P (momycnen) paBHa cymMmapHOM
JUTMHE BCeX CBsi3ei, ompenenseMmoit gopmymnoit (3). C moMompio 3JIeMEHTOB MaTpuilbl P
MOTYT OBITH JIETKO BBIYHCIICHBI 3JIEMEHTHl ALjj MaTpuIel mpupameHuii s BCeX MapHBIX
nepectaHoBoK. C y4eTOM CUMMETPUYHOCTH MaTpulibl D Beipakenue (6) mpeoOpa3yercst K
BU]LY:

[L; =2rid; +q; @) i,j=1,n;

rae qijz(pij_pii)+(pji_pjj)=7ij+7; (9)



Breruncinsiss o BeipaxkeHusiM (8) u (9) anemMeHTh MaTpulbl npupanieHuid AL, MoxxHO
BBHIOpAaTh TOJMHOXECTBO TIEPECTAHOBOK, YIAOBJICTBOPSIONIMX  BBINICTICPECUNCICHHBIM
TpeOOBaHUSIM.

[Tpumep.
IlycTp HauanpHOE pa3MEIICHHUE CBS3aHHBIX C CHCTEMOW MOJYJIEW Ha Ijare ¢ 6-10 y3jiamu
UMEET BUJ, IPE/ICTABICHHBIN HA PUCYHKE:

1 2 3
J €1 1 €2 J €3
1 5 6 1 Ly=33

4 5 6
/64 1 €5 1 €6

3
Bo BTOpOM y35e pa3melieH pa3beM, KOTOPBIM 3alpeuieHO IMEPEHOCUTh Ha JPYryIo
nosutro. Eciu paccrosiHus dij MeX/Ty y3i1aMu | | ] ONIpeeNICHbI B OPTOrOHAIIBHOM METpUKE,
To Matpuna D Oyner numers BUA:

Pa P2 P3 Pa Ps Ps

pi| O 1 2 1 2 3

p2| 1 0 1 2 1 2

D = p3| 2 1 0 3 2 1

pa| 1 2 3 0 1 2

Ps| 2 1 2 1 0 1

Ps| 3 2 1 2 1 0

€1 €2 €3 €4 €s €6

er| O 1 0 1 0 0

e2| 1 0 0 5 0 0

R = e| O 0 0 0 6 1

es| 1 3) 0 0 1 3

es| O 0 6 1 0 1

es| O 0 1 3 1 0
CocTaBUM COOTBETCTBYIOIIYIO HayalbHOMY pa3menieHuto matpuiy P=RXD. Dnement
P11 onpeesseTcs 3 BBIPAKEHUS: P11=r11011+r12021+ 113031+ 14041+ 15051+

+r16061=0+1-1+0+1-1+0+0=2 u T. a. 1 T. II.

1 2 3 4 3) 6

1] 2 2 4 2 2 4

2 5 11 17 8 7 13

P =3]15 8 13 8 1 6

4116 8 12 18 10 14

5116 10 4 20 14 8

6| 7 8 11 4 3) 8




CyMMapHas 1MHa BCEX CBS3€M B HAYAJIbHOM Pa3MEILEHNH paBHA MOJIYCIEAY MAaTpPULIbI
P: L = %(2+11+13+18+14+8)=33.

Brraucnum manee mociieoBaTenbHO MaTpuIlsl p, p*, Q u AL. OTmeTum, uto matpura y*

€CTh MaTpPHIIA P, Y KOTOPOU CTPOKHU 3aMEHEHBI Ha CTOJNOIBI, a Q= p+y*.
1 2 3 4 3) 6

1 0 0 2 0 0 2
2|6 0 6 -3 -4 2
y = |pipill = 3|2 -5 0 -5 -12 -7
4 | -2 -10 -6 0 -8 -4
5 2 -4 -10 6 0 -6
6 | -1 0 3 -4 -3 0
1 2 3 4 5 6
1 0 -6 2 -2 2 -1
2 0 0 5 -10 -4 0
¥ = |pipill =y = 3|2 6 0 6 -10 3
4 0 -3 -5 0 6 -4
5 0 -4 -12 -8 0 -3
6 2 2 -7 -4 -6 0
1 2 3 4 5 6
1 0 -6 4 -2 2 1
2 0 1 -20 -8 1
Q = p+y* = 3 0 -11 -22 -4
CHUMMETD. 4 0 -2 -8
5 0 -9
6 0
1 2 3 4 5 6
1lo — — o0 —
2 0 -
AL = 3 o -11 2 -2
cummertp. 4 0 0 0
5 0o -7
6 0

ALij=2r;dij(>0)+qij(>, <, =0)

B wmarpunme AL mnpodepkoM yKazaHbl 3JIEMEHTBI, KOTOPbIE 3aBEJOMO SIBIISIFOTCS
MOJIOKUTEIBHBIMU B CHITY MOJIOKHUTEIBHOCTA COOTBETCTBYIOIIUX 3JIEMEHTOB MaTpuilsl Q, a
TaKXe AJIEMEHTHI, OTBEUAIOIINE HEJOMYCTUMOMY Iepepa3MellieHrto Moayis 2 (pa3bema). 13
paccMoTpeHust MaTpullbl AL BUIHO, YTO K yMEHBIIEHUIO CyMMapHOW JJIMHBI BCEX CBs3el
MPUBOAST B3aUMHBIE TIEPECTAHOBKM TMap MOAYJEH, pAacloOKEHHBIX B HA4aJbHOM
pasMelleHny B crieayomux y3ax: 3 u 4 (AL=-11), 3 u 6 (AL=-2), 5u 6 (AL=-7).

[Tpumeyanus.

1. [MTaper momyiielt {ei u e} u {€x U €q} ABISAIOTCS HE3ABUCHUMBIMH, €CIIA DJICMCHTHI

MaTpuIlbl cBA3ell R paBHbI Hymt0. [[71s1 Halero mpumepa JOMyCTUMOM SIBISIETCS
JIMIIB OJTHA TiepecTaHoBKa (mapa 3 u 4), obecnieunBaromas |ALmax|=11.



L,

2. [Tapsr Momynel, oTHocsmuecs K 1-it crpoke unu 1-my ctonbuy AL, sBastorcs

3aBHCHMBIMH.
(3,4), (3,6) — 3aBuCHMBI,
(3,4), (5, 6) — 3aBHCHMBL.

[Ipou3BoAMM NEPECTAHOBKY JIEMEHTOB €3 U €4 (CM. PUC.):

1
e,

e

1

: €2 5 €4

1/ 3

3 > es L yees
1

Lz:22

JUist HOBOro BapuaHTa pasMmenieHuss HaxoauMm Matpuisl R u P. C 3Toil uensio
HeoOxoauMo B Marpulle R, cOOTBETCTBYIOIIEH HayalbHOMY BapHaHTy pa3MELICHUs,
MMOMEHSTh MECTaMU 3JIeMEHTHhI 3-T0 U 4-ro cTonOnoB u 3-eil u 4-eit ctpok. Marpuna P
MOJIy4aeTcsl YMHOXKEHUEM HOBOM MaTpulibl R Ha crapyro D.

1 2 3 4
1] 3 1 1 S)
2110 6 2 16
P = 3]16 8 12 18
4115 8 13 8
5111 15 19 )
6 9 6 ) 10

3)
3
12
10
1
9
7

6
3
8
14
6
18
6

CymMmapHas JjiMHa BCeX CBSI3€l HOBOIO BapUaHTa

1

= = (3+6+12+8+9+6)=22<33.

2

BrIm10THUM ClieAyIOIY10 UTEPALHUIO.

1 2 3 4
110 -2 -2 2
2| 4 0 -4 10
y = 3| 4 -4 0 6
4| 7 0 5 0
5| 2 6 10 -4
6] 3 0 -1 4
1 2 3 4
110 2 2 0
2 0 -8 10
Q = 3 0o 11
4 0
5
6
1 2 3 4

NE2E=X

R oY

OR~RDNMNNMNNOO®

OCUINEFEDNWO




AL

1 -
0 -
0
ManI/IIIa AL He uMeeT HH OJHOTO OTPpHULATCIBHOI'O 3JJICMCHTA, IIO3TOMY IIPpOLCCC
YIYUIICHHUA HAYaJIbHOT'O PAa3MCIICHUA 3aKOHYCH. T. 0., pasMCIICHHC, I/I306pa}KCHHO€ Ha
IMOCJICAHEM PUCYHKC, COOTBCTCTBYCT JIOKAJIbHOMY OIITUMYMY.
biok-cxema AJIroOpuTMa IMapHLbIX IICPCCTAHOBOK.

HAYAJIO )

OO0k WwN PR
o

Beruucnenne matpuiy D u R

n
»

A 4

Brruncienne cymMmapHOW JUIMHBI  BCEX
CBsA3€l (MOdyciea) W MaTpUIlbl MPUPALIECHUN

Al

2

ECTb OTpHLIAT. 31I-ThI B Her

AL?

Jla
Brienenne moaMHOXKECTBA JIOMYCTHUMBIX
[IapHBIX [IEPECTAHOBOK

4

5 \ 4
Koppektupopka matpuiibl R v MaTpuiibi
CBs3EU

6

BriBox pe3ynbpTaToB

C KO‘}'IEL[ D)

AJITOpUTMHYECKHE METOAbI TPACCHPOBKH MOHTAKHBIX COeIMHEHU
TpaccupoBka 3aKkiIO4aeTCs B ONPEICICHUM KOHKPETHOW TeOMETpPUU I€YaTHOTO WIH
MPOBOJTHOTO  MOHTa)Xa, pPEATU3YIOLUIEr0 COEIMHEHUS MEXAY DJIEMEHTaMH CXEMBbI.
NcxoaupIiMu JaHHBIMU JJIS1 TPACCUPOBKHU SIBJISIFOTCSI CITMCOK IIETIe, METPUUECKHE MTapaMeTphl
U TOMOJIOTUYECKHE CBOMCTBA THUMOBOM KOHCTPYKIMM M €€ 3IIEMEHTOB U PE3YIbTaThl




peleHns 3a1a4n Pa3MEILEHMs, 110 KOTOPBIM HaXOJATCS KOOPAMHATHI BBIBOJOB JJIEMEHTOB.
@opmasibHasl ITOCTAHOBKA 3a1a4d TPACCHUPOBKU M METOABI €€ PElIeHUs B 3HAYMUTEIBHOU
CTENEHU 3aBHUCAT OT BHJA MOHTaxa (IIPOBOJHOM WM NEYATHBIM) M KOHCTPYKTHUBHO-
TEXHOJOTUYECKUX  OTPAaHWYEHUH,  ONPEACISAIOINX  METPUYECKHME  ITapaMeTpbl |
TOIOJIOTHYECKHE CBOMCTBA MOHTAKHOT'O ITPOCTPAHCTBA.

TPACCUPOBKA ITPOBOJHOI'O MOHTAXA (1poBojia C U30JISIIHEH )

TpaccupoBka MPOBOJAHOIO MOHTa)Xa MOYKET OCYIIECTBIIATHCS MO IMPSAMBIM, COCIUHSIOIINM
BBIBOJIbI 3JIEMEHTOB (MOHTAK B HaBaJI) WJIM C IIOMOILBIO JKT'YTOB, KOTOPBIE ITPOKJIAbIBAIOTCS
B CHELMalbHBIX KaHanaX. OCHOBHBIE OTPAHUYEHHSI — KOJIMUYECTBO IPOBOJHUKOB, KOTOPBIE
MOKHO TIOACOEAMHUTHh K 1 BBIBOJY, M UHMCJIO IPOBOJOB B KaXAOM XKIyTe (IIPOIyCKHas
CITOCOOHOCTH KaHAJIOB).

TpaccupoBka HPOBOJHOIO MOHTaXa 3aKJIIOYAETCS B OINPEIACICHUN MOpsAIKa COCAUHEHUS
BBIBOJIOB B COOTBETCTBUM C NPUHUMIIAAIBHOW DJIJIEKTPUYECKOW CXEMOW WIM C Y4YETOM
3a/laHHbIX orpaHndeHuil. Kpureprem kauectBa OOBIYHO SIBISIETCS MUHHMAJIbHASI CyMMapHasi
JUIMHA coeanHeHus. HaxoxneHue mopsnka COCIMHEHUS BBIBOJOB MOJYJIEW BHYTPH LIETH
CBOAMTCS K 3aJlaye MOCTPOECHMS Ha BEPIIMHAX KpaTyaiiiiero cs3biBaroniero aepesa (KCJ).
bynem ncnonp30BaTh MOJIENb CXEMBI (LIETIH) B BUIE Tpada, B KOTOPOM BBIBOAAM 3JIEMEHTOB
COTIOCTABJIEHBI BEPILIMHBI, U Ha HUX CTPOUTCS MOJHbIN rpad uenu. [Ipu sTom, ecnu 4yucio
BEpILUH rpada paBHsETCs N, TO YUCIO pedep moyHoro rpada r=n-(n-1)/2.

[Ipu TakoM mojxoje Kaxaas 3J€MEHTapHasl Lelb MOXXET ObITh IPEJCTaBICHA OTAEIbHOU
KOMIIOHEHTOU CBA3HOCTH.

CraBurcsa 3amada noctpoeuss KCJl mns cxembl Ha TEX KOMIIOHEHTaX CBSI3HOCTH, YHMCIIO
BEpUIMH B KOTOPBIX OoJbLIE 2.

OTMeTUM, YTO PACCTOSIHUS MEXAY Ka)KIOM Mapoil BEpPIIMH MOXKET OBITh ONpPENENICHO B
OOBIYHOM WJIM OPTOrOHANIBbHOW MeTpuke. Ha N BepmmHax mojgHoro rpaga MOXHO MOCTPOUTh
th 1epeBbeB, THIE t =n""7.

L. 4 XN

[Ipu n>10 Tounoe pemenue 3amaun noctpoenus KCJ| metomom mosHOro mepebopa He
nenecoodpasno. CymecTBYIOT NPUOIUAKEHHBIE aITOPUTMBI PEIICHUS 3TOU 3a7auu, JAIoIIe
pe3yabTaThl, JOCTATOUYHO OJIM3KUE K ONTUMAaJIbHBIM.

Aaropurm KpackkaJjia
ITycteh 3aman nmomHbI Tpad G =(X,U) . Kaxaomy pedpy rpada mocraBieHO B COOTBETCTBUE

[Tpumep: n=4

uncno Uij — Bec mii anamHa gaHHoro pebpa. Takxke i# j; i, j=1,n. Takoil rpad Ha3pIBaeTCA
B3BemieHHbIM. CTaBUTCS 3a/a4a:; cpeau Beex JaepeBbeB (N-(N-2)), KOTOPbIE MOXKHO BBIICIUTh
B JIaHHOM rpade, TpedyeTcss HaAlTH IepeBO ¢ MUHUMaIIbHOM AnuHOi. B nepese (N-1) pedpo.
ITycts C = Hcij ann — MaTpHIla JJIMHBI pedep rpada.

1. Bce pedpa rpada n(N-1)/2 ynopsaounBaroTcs B MOPSAKE yObIBAHUS JJTMHBI, HAYHMHAS C

pebpa C, = rrlujn C; ¥ 3aKaH4uBas C, = maxc; .

2. TlocnenoBarenbHO MPOCMATPUBACTCS YIOPSAIOUEHHOE MHOXKECTBO U’ MiuH pedep, Ha
KaKJIOM Iare B JIepeBO BKJIOYaeTcs OJHO pedpo. B kauectBe Takoro pedpa
BBIOMpaeTcs pedpo Cpeiv He BKIIFOUCHHBIX B JICPEBO, UMEIOIIEe MUHIMAIBHYIO JITTHHY
U He 00pa3yrolee UKIOB C pedpaMu, yKe BOIIEAIIMMU B JIEPEBO.



OrmeTruM, 4YTO TIpH paboTe »dTOTO aJIrOPUTMa BO3MOXKHO TIOSIBJICHHE HECBS3HBIX
MOJIIEPEBHEB, KOTOPBIE 3aTEM COEIUHAIOTCS, 00pa3ys OJHY KOMIIOHEHTY CBSI3HOCTH.

[Tpumep: tpedbyercs moctpouth KCJ| mns menu, comepikarieit 6 3KBUMOTEHITUATBHBIX
KOHTaKTOB (BBIBOJIOB). [lomHBIN Tpad nmeeT BUA:

£
~ i S
-~ -
s = A

X5 |
|
|
I

#

HyCTb MaTpuLa JInH pe6ep rpa(ba Lenyu UMeET BU:
X1 x2 x3 x4 x5 x6

xt. 0 3 7 2 6 1
x2 3 0 1 3 9 6
U=x3 7 1 0 3 5 9 n=6;n*n-1)=15
x4 2 3 3 0 1 1
X506 9 5 1 0 2
x6 1 6 9 1 2 0
puc.l

1. YnopsanouuBanue ajiH pedep moiHoro rpada
Ufﬁ'U;3’U15’U16’U124’U526’U132’U§4'U§4'U§4’U§5’U55’U56’U173'U§5’U??6 - 15 SJICMCHTOB.

2.1. Bxmrowaem B U], B JEpeBO W TMoJy4aeM 1-yiO H30JMPOBAHHYH) KOMIIOHCHTY
CBA3HOCTH.

2.2. Bkitouaem B JiepeBO U,,, MOTy4aeM 2-yI0 U30JMPOBAHHYIO KOMIIOHEHTY CBSI3HOCTH
(2,3).

2.3. Bxiouaem U ,;, mostyyaeM 3-10 H30JIMPOBAaHHYIO KOMIIOHEHTY CBA3HOCTH (4,5).

2.4. Bxmou. U, moaydaem 4-10 U30JMPOBAHHYIO KOMITIOHEHTY cBs3HocTH (1,6,4,5).

PeGpo U,, 00pa3oBbIBacT UK - OpaTh HETB3S.

Pebpo U, Toke 0Opa3oBBIBACT UK - OpaTh HENB3S.

2.5. Bxmouaem B aepeBo U,,. KC/I moctpoeno. CymmapHast 1jauHa — 7.

Henocratku:

1) Heo0Oxoaumo Ha Ka)IOM IIare MpoBEPsTh YCIOBUS HEOOpA30BaHMS IIUKJIA, a TAKKE

HaOIIOACHUS 32 PA3IMYHBIMUA KOMIIOHEHTAMU CBSI3HOCTH.
2)  Bombiiioe BpeMst yXOAHUT Ha yIOPSIOUYMBaHKE pedep MoJHOro rpada.
AJITOPUTM ITPUMA

Ucnonb3yer TOT XK€ MNPUHIUII COCTUHEHMS OJMKAMIIMX BEPIIMH, YTO U aJITOPUTM
Kpackana, HO Ha KaxJOM MIare K CTPOSILIEMYCS AEpEeBY NPUCOEHUHSETCS OJvKanias
M30JIMPOBAaHHAs BeplIMHA. B OCHOBE asiropuTM™ma jiexxar 2 TEOPEMBI:

T.1. Kaxnas Bepmmua KCJI HemocpeacTBEHHO CBsi3aHa, N0 KpaiHed wepe, ¢ 1
Oy>kaiied BepIIMHOM.



T.2. Kaxnaelii nu3mepsiemblii (pparMeHT moJaepeBa CBs3aH, MO KpaitHeir mepe, ¢ 1 u3
U3ITUPOBAHHBIX ()PArMEHTOB KpaTyalimm pedpom.
B cootBerctBuu ¢ T.1. moctpoenue KCJI moxeT ObITh HA4aTO ¢ MPOU3BOIBLHOM BEPIIIMHBI

rpada:
1) BeiOupaem BepiivMHy, HaIpuUMep, X1 M HaXOIMM Kpardaiiinee peOpo, WHIMICHTHOES
3TOM BepmuHe. ITo pedpo U,,.

2) Bxurouaem B KCJI 310 pedpo, BeraepkuBaeM 1 u 6 cToIOIBI (4TOOBI HE OBLIIO MUKIIOB),
nomevaeMm 6 CTPOKY U BHIOMpPAEM U3 HEE MUHUMAJIbHBINA 31€eMEHT U, =1.

3) Bxarouaem B KCJI U,,, BeiuepkuBaem 4 cronbeir, momeyaeM 4 CTpOKY U BEIOMpAEM U3
HEe MUHUMAJIbHBIN 31eMeHT U, =1.

4) Bxmouaem B KCJI U,,, momedaem CTpOKY 5, BbIUEpKHBaeM 5 cToJiOel, BbIOMpaeM
U, =5.

5) Bxutouaem B KC/I, BeruepkuBaeM 3 cronberr, moMedaeM 3 CTPOKY M BBIOMpPAaEM U3 He
U,,=1.

KC/JI noctpoeno, cymmapHas 1inuHa pedep paBHseTcs 9.

e
gD,
e o
1
1)
o 1
A
(o
Ky

OTmeTHM, YTO BBIYEPKUBAHUE CTOJIOLOB UCKIIIOYAET BO3MOKHOCTh 00pa30BaHuUs LIUKIIOB.
T.o. Ha T-M mare aJiropuT™Ma UCIONb3yeTCs Teopema 1, u gasiee Teopema 2.

B srom anroputme Bcerna ¢opmupyercss | KOMIOHEHTa CBSI3HOCTH, T.€. | pa3pacraercs
IO JIEPEBY.

Aaropurm IIpuma nocrpoenust KC/I npu orpannyeHun Ha JIOKaJIbHbIE CTENICHU
BepPIIMH
JlokanbHasl CTENEeHb BEPIIUHBI p(X;) - 4UCIIO pedep rpada, MHIUIESHTHBIX ATOW BEpIIUHE.
3agaua noctpoenust KCJ[ ¢ orpaHM4eHHBIMU JIOKAJbHBIMU CTENEHSAMH BO3HUKAET MPU
MIPOEKTUPOBAHUM MTPOBOJAHBIX COETMHEHHI, KOT/1a OTPAHUYEHO YUCIIO MaeK K 1 KOHTakKTy.
Yamre BCcero KOIM4eCcTBO NaeK K KOHTAKTY PaBHSETCS 2.
Ipumep: mycTh 3amana marpuna C=|c;| , rme N — wmucno konrakros memu. ITycts

HeobxoauMo noctpouth KCJ npu p(x,)<m (i=1,n). JIas perieHus MOKHO NPHUMEHHTh

anroput™ lIpuma ¢ BEIYEpKMBAHMEM CTPOKH, COOTBETCTBYIOIIECH BEPIIMHE, JIOKAIbHbBIC
CTEIEHH KOTOPOM CTaHOBSITCS PaBHBI M.



X1 x2 x3 x4 x5 x6

xx 0 3 2 1 1 5
x2 3 0 4 6 8 7
C=x3 2 4 0 5 4 3
x4 1 6 5 0 6 10
xX51 8 4 6 0 9

x6e 5 7 3 10 9 O

L, =17
ANropuTM™ SIBISIETCS PUOJIMAKEHHBIM, PE3yJIbTAT 3aBUCUT OT BBIOOPA UCXOJHOM BEPIIMHBI U
OT BEPIUMHBI, UMEIOIIEH HA TEKYILEM I1are MUHUMAJIbHYIO OLICHKY.
AJI'OPUTMHUYECKHUE METOJAbI MOHTHUPOBKHA ITPOBOJHOI'O MOHTAXA

Marpuus! Hlteiina

px) <2
IIpumep:
X X X X, X X5 X,

x 0 10 3 5 4 5 4
x, 0 0 4 6 3 7 8

c % 3 403 1 43
X, 5 6 3 0 3 1 4
X, 4 3 1 3 0 5 2
X, 5 7 4 1 5 0 4
x, 4 8 3 4 2 4 0

C; =minC;

i=Ln "

Iynkr 1: onpeneianTh B KakJIOM CTOJIOIE MHHUMAJIbHBIN 37eMeHT. Ecnu B j-M cTonOIe
MUHUMAaBHBIM sBsieTcst Cij, a B cTos0ne L munumanbhbiM sBisgercs Cji, u I>], To BMecTo
anemenTa Cj B cTosiome | BeIOMpaeTcs clieay ol o BeJIMurHe 3JIeMeHT. T.0. uMeeM:
Cy1=3C;, =3C;; =1,C;, =1,C; =2,C;, =4,C;; =3,C;; =Cy =1

IIyHkT 2: ynopsaounTh BhIIEICHHBIE peOpa B MOPSAIKE HEBO3pacTaHUs ux JJIMHBL Pebpa,
MPUBOAAIINE K MPEBBILICHUIO JIOKAIBHOM CTENEHU p(X)<2, BBIYEPKHYTH: U, U, U, . T.o.

nociie 1-i ureparuu OynyT monydensl 2 parmenta crposierocs KCJ —au b.



a) b)

IynkT 3: npu nepexojae K CIeAyIomed UTepaluu U3 UCXoaHON Matpuilbl C BBIUEPKHYTH
CTOJIOIBI, COOTBETCTBYIOIIME BepIIMHAM 3 W 5, JIOKaJIbHBIE CTENEHW KOTOPHIX Ha I-i
uTepanuu yxe Obui paBHel 2. Ilonaraem |I,, =«o|,C,; =C,, =oo. Torna matpuna C’.

X1 XZ X4 XG X7

X 0 10 5 5 o
e X, 10 0 6 7 8
X, 5 6 0 o 4

X, 5 7 o 0 4

X, o 8 4 4 0

IIyHKT 4: onpe1eTuTh MUHUMAJIBHBIN 3JIEMEHT Ka)KJ0ro CTOJI0A:
Cy=5C,=6C, =4,C;=4C, =8

K nepeBy nob6asnsercs pedbpoC,, =4, Torna KCJ| npuHuMaeT cieayromuii BU:

[Ipu nepexoae k ciexyromiei urepanuu u3 C’ BBIYEPKHYTH CTOJIOIBI, COOTBETCTBYIOIIUE
BepIHaM 4 u 7, TOKaJbHbIE CTETIEHH KOTOPBIX paBHstoTcs 2. Torma marpurna C’”

X1X2 X6
x 0 10
“x, 10 0 7
X, © 7 0

Munumansroe pedpoU,, =7. Oxonuatenbubiii Bug KCJ Ha creyromem pucyHke:

IBPUCTUYECKHUE AJITOPUTMBI IIOCTPOEHUA KCJ ITPH p(x,) <2



Takpe anropuTMbl OCHOBAHBI Ha MPUOJMKEHHOM PEIICHUHM 33aJa4d O KOMMHBOSIKEPE C
MOCIIEAYIOIUM 0TOpachIBaHUEM pedpa ¢ MAaKCUMAIbHBIM BECOM.

IIynkT 1: BEIOMpaeM MUHUMAIBHOE PeOPO U CTPOUM UK Yepe3 2 BEPIIHHEI.

IIyHKT 2: K TOMY LUKy 100aBIsieM OJHY M3 OCTABIIUXCS BEPIIUH TaKUM 00pa3oM, YTOOBI
JUIMHA IIUKJIa yepe3 3 BEepIUNHbI Obljla MUHUMAJIBHOM.

IMynkr 3: mycth Ha TekymeM K-M Imare mocTpoeH IMKI, OXBaThIBAIOMIMK I BepiiuH. B
Ka4yeCTBE BEPILUMHBI, BKIIIOUAEMOM B IIMKJI HA TEKYIIEM Ilare, BbIOMpaeTcs Takas BEpIIMHA,
BKJIFOUEHUE KOTOPOM MPUBOAUT K MUHUMAIbHOMY NPUPALEHUIO JJIMHBI LUKJIIA.

ITyHkT 4: 13 raMUJIBTOHOBA LIMKJIA UCKIIIOYaeM peOpo MaKCUMAaJIbHOU JUIMHBI.

IIpumep:

Han nonueiii rpad uenu. Tpedyercs nHaittu KCI pu p(x,) <2.

Hynkr 1: Ctpoum nens XiXe:

L =2
Hyskr 2: CTpouM IMKIT X1X2X3:
X2
1 2
X1 X3
2 L, =5
AL, =5-2=3
HynkT 3: CTpouM LUK X1X2X3Xs5!
X2
L, =9
AL, =9-5=4

Iynkr 4: CTpouM 1enb XaXsX1X2Xs:



KCJI X4XsX1X2X3 mocTpoeHo. JIoKaibHbIE CTENIEHN BEPILUH HE MPEBBIIIAIOT 2.
TOYHBIE METOIbI HIOCTPOEHUSA KCJ ITPU p(x,)<2

MeTtoa BeTBeil M IPAHUIL
Ilycte Marpuma pmuH pebep mnojHoro rpada, IMOCTPOCHHOTO Ha IUIONIAAW BBIBOJA
anexkTpudeckon nenu C umeeT ciaeayronui BUI:
0 4 10 18 5 10

*14 0 12 8 2 6
10 12 0 4 18 16
***18 8 4 0 14 6
5 2 18 14 0 16
**110 6 16 6 16 O

ITycte Go — MHOXECTBO BCEX JIEPEBHEB, JIOKAJTBHBIE CTEICHU BEPIIMH KOTOPBIX HE
npeBblmaloT 2. Cpeau 3JIEMEHTOB MHOXECTBA p, HEOOXOJMMO BBIOpATh TaKOE JIEPEBO,

KOTOpO€ HMEeT MUHHMaJdbHOEe L,. B cooTBercTBMM € METONOM BETBEHW U TPAHULL
HEOOXOUMO TOJIYYUTh OIECHKY ¢, KOTOpas 3aBEeIOMO MEHBIIE OICHKH ¢ JII000ro u3

JepeBbeB 1, WU MHOXXECTBO JOMOJHUTEIBHBIX pemeHuil Go. s momydeHus cHHUMaeMm
orpannuenus Ha p(x) U crpoum KCJI. CymmapHas nnuHa pedep MOXKET ObITh BbIOpaHa B

kauecTBe onieHKH. KCJ[ umeeT Bu;

1 2 6 4 3
o4 b o 6 @ 4 ¢
2
5
&, =22

Pucyem nepeso Betseii, rae UT — 310 MHOKECTBO pedep aepesa t.

0
(X1,X2)& Uy \QG)GEUt

Gy G, Gs
(X2,Xs5)&U;

Pemennie HeoOX0UMO MCKaTh CPEI JIEPEBBEB MpHU p(x;)<2. Jas TOro, 4ToObl MOIY4YUTH
OLIEHKY ¢&(G,), HeoOX0AMMO BOCHOJIb30BaThCcsl anroputMoM llpuma Oe3 orpaHuyeHuid Ha
JIOKaJIbHbIE CTENEHH p(x;), nojaras B maTpulie C anementsl C, =C, =x.

[Tonyuum matpuity C’, u3 kotopoit MoxkeT ObITh mocTpoeHo KCJI, kak Ha pUCYHKeE.



0 o 10 18 5 10
**lo 0 12 8 2 6
10 12 0 4 18 16
18 8 4 0 14 6
*15 2 18 14 0 16
***M10 6 16 6 16 O
L, =23, p(x)<2
£(G,) =23
Jlnis momyueHus olleHKH &(G,) mosaraeM B maTtpuiie C anemenTsl C, =C,, =o'
0 4 10 18 5 10
*14 0 12 8 o 6
10 12 0 4 18 16

C =
2 4xx18 8 4 0 14 6
5 o 18 14 0 16
**I10 6 16 6 16 0
Crpoum KC/I:
1, 13 5 6
5 6
5 3 4
L, =25 p(x)<2
£(G,)=25

Jlia mostydeHus: oleHku &(G,) mosaraem C,, =C,, =. [lonydaem Matpuny Cs, u3 xoTopoi

dopmupyercs KCJI, npuBeieHHOE HA pUCYHKE:
0 4 10 18 5 10

*14 0 12 8 2 o
10 12 0 4 18 16
**18 8 4 0 14 6

5 2 18 14 0 16
10 o 16 6 16 O

ol
w

Takum oOpaszom, aepeBo Gi, MPUBEICHHOE HA PUCYHKE, SIBJISETCS ONTUMAIbHBIM JIEPEBOM
npu p(x)<2.
TPACCUPOBKA ITEYATHbBIX COEI[I/IHEHI/Iﬁ



HNcxonHbiMu TaHHBIMU TSI PELICHHS 3aa4M TPACCUPOBKU MEYATHOIO MOHTAXa SABJISFOTCSA:
MPUHLIHUNNATBHAS CXeMa COEUHEHU; Tadaua pa3MenIeHrs 3JIEMEHTOB; KOHCTPYKTOPCKO-
TEXHOJIOTUYECKUE OTPAaHUYCHHUS:
pa3Mepsbl IeYaTHOM TIaThI
KOJIMYECTBO CJI0EB MHOTOCIOMHOM TeuaTtHoi matel (MITIT)
00J1acTH, 3aMpelieHHbIe JJI MPOKIIAJAKU IPOBOJHUKOB
MUHHMMaJbHas APUHA IPOBOJHUKOB
MUHHMAaJIbHOE PACCTOSIHUE MEKY IPOBOIHHUKAMHU
THUIIBI U Pa3MEPbl KOHTAKTHBIX IIOMAT0K
mar KOOpJMHATHOU CETKU
[Ipu >THX WCXOMHBIX JAaHHBIX HEOOXOAMMO pEaJu30BaTh BCE COCAWHEHUS TaK, YTOOBI
COCIMHECHUSA, NMPUHAMNICKANIME PA3HBIM LEMNSAM, B OJHOM CJIO€ HE HMEIU IMEPECCUCHHM.
JIOTIOTHUTENBHO HEOOXOAMMO ONTUMU3ZHPOBATH CIEAYIOLIUE MTOKA3aTeNId KaueCTBa:

1. MUHUMYM CyMMapHOW JUTHHBI TIPOBOJIHUKOB (M3-32 7 ,)

NogakrowdPE

2. MUHMMYM 4YHCJa TEPEeXOAHBIX OTBEPCTHM  (DJEKTpUYECKas HAJIEKHOCTh U
MEXaHU4eCKasi TPOYHOCTh )
3. MUHHUMAaJbHAs JJIMHA TapAJICIbHBIX YYACTKOB COCEIHUX MPOBOJTHUKOB
4. MakcuMallbHas yAAJIE€HHOCTb MPOBOJHUKOB APYT OT ApYyTra ( Luap 1 Crap JOTKHBI OBITH
MUHUMAaJIbHBIMU )
5. paBHOMEPHOE pacIpeiesieHue TPOBOJHUKOB B MOHTAKHOM MIIOCKOCTH
TpaccupoBka IeYaTHBIX COEAMHEHHI MPEANO0JIaracT BhIMOJIHEHUE CIEIYIOIUX 3TAIOB:
1. Omnpenenenue mNoOpsAKa COEOUHEHUS BBIBOJOB BHYTpH 1enu  (IIOCTpOEHHE
Kparyaiiiero cBszbiBaroniero aepesa - KCJ).
Pacnipenenenue coenqunenuii no cinosm MIIIL.
HaxosieHue nocieoBaTeaIbHOCTH POBEACHUS COEIMHEHUI B KaXKI0M CJIOE.
4. TlonmyueHue KOHPUTYpAIMH POBOTHUKOB.

W™



ANTOpUTMHYECKUE METOBI TPACCUPOBKHU

/ COCTMHEHMH \
Tonorpaduveckue I'padoreopernueckue
MCTOIbI AJrOpUTM TIOCTPOEHHUS MCTOAEL
v min gepeBbeB v
[Tomyyenue cnivicka [Toctpoenwue rpada
COCAMHEHU I Meton packpacku rpada CXEMBI
* IepeceueHu i ¢
Paccnoenue AHanu3 riaHapHOCTH
OpToroHanbHOE pacci-e
v C MHUHUM-M TE€PEX0JI0B —
OuepenHoCTh ITnanapu Boiaenen
NPOKJIAJIKN COSAMHEHUI OLIeHKA JUIHHBI COeI-ii 3aIust ue
2
v THIIA IIepecey-i U Ip. TIOCKHX
noJrpa
TpaccupoBka Arpady
. OB
COCAMHCHUH JIMHAMHYECKUE CXEMBI
v YIIOPSIIOYNBAHHS ~—
KoMOuHMpOBaHHBIC N3o0paxkenue rpada
QITOPUTMBI BoJHOBOI AMropHT™ CXEMBI Ha IJIOCKOCTH
[Monmyyenue rcku3a
TpaccupoBka 1o TOIIOJIOTHH
MarucTpassimM
KanaypHas TpaccupoBka

Iepsrlii 3Tan: OnpeneneHue NopsaKa COSIUMHEHNUS BBIBOJOB BHYTPH LEIIH.

3agaua comgutrca K moctpoeHutro KCJI. Ilpu meyaTHOM MOHTa)k€ COEIUHEHHS MOYKHO
BBIMIOJHATh HE TOJBKO IO SKBUIOTCHIMAJIBHBIM BBIBOJAM, HO U B JIOOOH TOYKe
npoBoAHuKa, mosromy noctpoenne KCJI 3neck popmupyercs kak 3anaya Illreitnepa:

K muoxectBy P={PR,P,,...,P} i =1,n OCHOBHBIX TOYEK JOOABUTH MHOKECTBO S ={S,,S,,....S, .}

JOTIOJIHUTENIBHBIX TOUeK M nmocTpouTh KCJ[. MHOXkecTBO P OCHOBHBIX TOYEK COMOCTABIICHO
BBIBOJIaM I1ICTIHM, a JIONIOJHUTEIbHBIE TOUKH IMPEICTABISIIOT COOOM MecTa COCIMHEHUHN THIa
NPOBOAHUK-NIPOBOAHUK. [Ipu ompenesneHun MOJIOKEHUS TOTMOJHUTEIBHBIX TOYEK MOXHO
paccMaTpuBaTh TOJIBKO Y3JIbl KOOPJAWHATHOW CETKH, MOCTPOECHHOM HA N 3aJaHHBIX TOYKAaX.
Torga yucno Takux Touek Q <n.

Mertona TouHoro penieHus 3aaaun [ITeiiHepa it peasibHBIX 1IeTei TpedyeT 00bIIMX 3aTpaT
MAIIIMHHOTO BPEMEHHU.

Bropoii 3tan: Pacnipenenenue cCOeIMHEHUM IO CIIOSIM.

B pesynbraTre BBINOJIHEHHMS TMEPBOTO 3Tala TPACCUPOBKU  DIIEKTPUUECKAS  LEMb
npeacrasisercss KCJl, sBmstommmces miockum rpadom. Ho cookymHocts KCI[ (MC)
MOKET UMETh MepeceYeHs] MeXKIy peOpamu, MPUHAIICKAITIMHI Pa3HBIM JEPEBbSIM, TaK KaK
MOCJIETHAE CTPOSATCS Ha (PUKCUPOBAHHBIX BEpIIMHAX, M CYIIECTBYIOT OTPaHUYEHUS Ha



pa3Mep MOHTa)KHOTO TOJIs, ITUPUHY MPOBOJTHUKOB M 3a30PbI MEXIY HUMH, B TO K€ BPEMS B
KaXJIOM CJIO€ TIEYaTHBIC TTPOBOJHUKH HE JTOJDKHBI TIEPECEeKaThCSI.

[Ipu opTOoroHaNBPHON TPACCHPOBKE BO3MOXKHO PACTIPECIICHHE COSAMHEHUH 1O ABYM CIIOSM,
MIPU 3TOM KaK[Ias IEeMb MPEICTaBISICTCS B BUIE OPTOTOHAIBHOTO TOKPHIBAIOIIETO JEPEBa,
BEPTHUKAIbHBIC BETBH KOTOPOTO HAXOAATCS B OJTHOM CIIOE€, @ TOPU3OHTAIBHBIE — B JIPYTOM.
Ha pucynkax mnokazano KC/I (1a ) u oproronanstoe LllteitnepoBo nepeso (10).

P3 Ps?
1
1 P Pl. sz. ljsl
:
1
1
a) P4 6) Ps o
Pucynox 1
B) r)
2
1 1 2
mKCAd1u2 e)uemu 1 u2

B y3nmax npepesa lllteitHepa HEoOXOaMMO [ejaTh MEXKCIOWHBIE MEPEXOMbl, MPH STOM
KOJIMYECTBO IEPEXOJ0B MOKET ObITh BecbMa OOJIBLIMM, YTO YXYJIIaeT MEXaHUYeCKHe
[apamMeTpbl NEYaTHOU IUIAThl U CHAYKAET HAJIEKHOCTh CXEMBI.

B o6meMm cinyyae pacripeneneHie COSAMHEHNU 10 CI0SIM MOXKET OBITh CPOPMYITUPOBAHO KaK
3aJ1a4ya MpaBUJIbHON pacKpacky BepIIMH rpada nepecedeHui (CM. HUxKe).

[Ipenmnonaraercs, YTO COEAUHEHHE MTOTHOCTHIO BhINONHAETCA B 1 cioe. [Ipu oproronansHoi
TPACCUPOBKE HA BEPLIMHAX KAXKIOW LENH CTPOUTCI MHUHMMAIBHBIM OXBaThIBAIOLINI
npsAMoOyroyibHUK (puc. 1B). CumTaercs, 4YTO JBa COEIMHEHUS MEPECEKAIOTCS, €CIU
MIEPEKPBIBAIOTCS COOTBETCTBYIOLINE UM MHOTOYTOJIbHUKH.

[Ipu npencraBnenun nenu KCJl HeoOxoaumo ompeneisTh MepecekaeTcs JIM Kakjas napa
BETBEM OTUX JepeBbeB. [l mapbl BETBEW IPpU H3BECTHBIX KOOPAWHATAX BEPLIMH
COCTAaBIIFOTCS YPAaBHEHUS MNPAMBIX JIMHUM W HCCIEIYIOTCS OTH YPaBHEHUS, METOJAaMHU
AHAJIMTUYECKOW TE€OMETPHUH OIPENECISAIOT BO3MOYKHOCTh IEPECEUEHUSI COOTBETCTBYIOIIUX
coenuHeHuii. Bepmuubl rpada mepecedeHUN  COMOCTABISIOTCS — cocelsM, pebpa
YCTaHaBIIMBAIOT BO3MOXKHOCTD IepeceueHusi. Packpacka OyneT mpaBUIIBHOM, €ClI HUKaKHe
CMEKHbBIE BEPILIMHBI HE OKPAILLIEHbI OAHUM LIBETOM. MHMHMMAaJIbHOE YUCIIO LIBETOB, KOTOPOE
HEOOXO0IMMO JUIs IPaBUIIBHOM pacKpacKu, ONpeaesseT TpedyeMoe YUCIIO CJIOEB MIAThI.



OTMeTUM, YTO MEPEKPHITUE MHOTOYTOJIBHUKOB, NOCTPOEHHBIX HAa BEpPIUMHAX LENed WIu
nepeceuennii KCJI, emé He 03HayaeT, 4To COOTBETCTBYIOIIME LIEMH HENb3s1 TPACCUPOBATH HA
OJTHOM cJI0€ €3 mepeceyeHu.

Ha puc.lr nokaszaHbl NEpeKpHIBAIOIIMECS MPSAMOYIOJbHUKM M TEpECEKaroluecs Lenw,
COEIUHSIONINE OXBaTblBaéMble HMMU BepiMHbI, nepecekatoumecs KCJ (1g) u He
IEPECEKAIOIINECS TPACCHI, COEINHSIONINE T€ K€ BEPILUHBI.

[Tpu yuere BO3MOXHOCTU NMPOBEACHUA KOHQIMKTYIOLIUX TPOBOAHUKOB 0€3 ImepeceueHus 3a
cueT orubaHusi, paclpeneseHUE COCAUHEHMH IO CJIO0SAM MOXKET OBbIThb CAENaHO IIyTeM
OOBEIMHEHUSI TPOBOJHUKOB, MAYIIMM IOJ HEKOTOPBIM YIVIOM JAPYr K APYry B TPYIIIBL
Kaxxnas takas rpymma 3ateM Tpaccupyercsi B cBoeM cioe. Hanpumep, npu opToroHaabHOU

TpaccupoBke pedpo Uij KCJI 0THOCHTCS K IpyIIe TOPH30HTATBHBIX, eCIH X, —X;| 2|y, —y|, 1

K TPYIIE BEPTUKAIBHBIX B IPOTUBHOM CIIyYae.
Jns MIIII npoBOAHMKH MOTYT TPyHIUPOBATHCS B COOTBETCTBUU C MX MPUHAIIECHKHOCTHIO
HEKOTOPBIM CEKTOpaM, 3aIaHHBIM IS KaXIOTO CIOS.

Tpermit 3Ttan: 3agaya HAXOXKACHUSA IOCIEAOBATEIBHOCTH NPOBEACHUS COCAUHEHUN B
Ka)KJIOM CJIO€.

TpaccupoBKka COEAUHEHUM BBITIOIHSAETCS MOCIEAOBATEIRHO, U KaXK/1as MPOJIOKEHHAs Tpacca
SIBJISIETCS MPETSITCTBUEM JIJI BCEX HE MPOBEICHHBIX.

Chopmupyem ycrnoBUsST OTCYTCTBHSI NE€pECE€UYEHUs JIBYX peOep U METOJUKY OIpeeTeHUs
MOCJIEA0BATEILHOCTH UX TIPOBEACHUS.

Ay

uS

Paccmotpum aBa pedpa Uij u Uk, X ypaBHeHHE B mapaMeTpuyeckoit popme:
xHep =AX; +(1—i)xj
Ynep=AYitA-A)Y;j

xnep:ny+(1—,u)xK
Yrep=HYy tA-1)Y,
rae
(XK - Xa)(y_; - yo) - (yK - y())(x_j - Xo)
A
_ (Xj B Xd)(yj - yz) _(yj - yo)(xj B Xi)
A
A= (XK - Xo)(y‘,' - y;) _(ylc - y())(xj - Xi)
Pebpa nepecexarotcs, ecimm 0< A <1, 0< pu<1.

Z:

[Tpumep: 1) Xi=1, yi=1, Xx= 3, Y«=6,
Xj=8, ¥ji=8, Xp=7, Yp=4,



2 =3/7; 11=0,5 — mpsiMbIe epeceKkarTCs
2) Xi=1, yi=1, Xk= 3, yk=6,

Xi=4, Yi=4, %=1, Yp=4,

A=-1/3 (<0); 1=0,5— npsimble HE IEpECEKAIOTCS
Ha ocHoBanum BeIpakeHust (1) ompeenseTcss CHHCOK IepeceKaroIuxes —peodep.
Henepecekaromuecss pedpa MOXHO TpacCHpOBaTh B IPOW3BOJIBHOM mopsake. Jlis
OIIPEIIEJICHUS] TIOCIICAOBATEIFHOCTH TPOBEJCHHS TEPECEKAIONIMXCS pedep COCTaBISIOT
YpaBHCHHS YIJUHCHHS IPH OTrMOaHWH, CYMTas, YTO OTMOAIONIMH MPOBOAHHUK MOXKET
POXOJUTH CKOJIb YTOJIHO OJU3KO OT BEPIIMHBI. ITH YPABHCHUS COCTABISIOTCS JJIsl BCEX IMap
nepecekaromuxcst pedep. g kaxmoro peOpa MNOACUUTHIBAETCS YHUCIO OTrMOAHUN U
ynHerne. Criucok pedep pamkupyeTcs: B MOPSIIKE BO3pacTaHus yucia orudanuii. Ecim y
HEKOTOPBIX TPYHN pedep YKMCIo OrMOAHWi OAMHAKOBO, TO TEPBBIMU IPOBOIATCS pedpa ¢
MCHBIITUM YIJTHHCHUEM.
Ha pucynke 2 wm3oOpaxkeHsl aBa pebpa. Eciu mepBbiM

AY
npoBectd pedpo Hij, TO YAIIMHEHHE BTOPOTO pebpa lp mpu
— j orubanuum BepmmH | uW ] OyAeT ONpenensTbCs:
i
- AL =1+, 1,
— Al =1 +1;, =1

Tak Kak IepecedyeHue paccMaTPHUBAETCS TOJIBKO IS
napel pedep, TO HEOOXOJAUMO IOTOJHUTEIBHO MPOBEPSTH
OTCYTCTBUE MEpPECEYEHUN ¢ JPYruMu OJM3IeKAIIUMU
pebpamu.

Yereprslii 3Tan: TpaccupoBKa OTAEIBHBIX COCIUHEHUMN.

Yaie Bcero 3Ta 3a/1aya peliaercs B J1Ba 3Tamna. B Hauane ocyiiecTBiseTcs npeaBapuTeIbHas
MpUOJIMKEHHASI TPACCUPOBKA, a 3aTEM OKOHYATEIbHAS.

[TpubnmxeHHast TpacCUPOBKA MPEACTABIAECT COOOM CTaIUIO MIIAHUPOBAHUS OKOHYATEILHOM
TPacCUpPOBKH, HA KOTOPOI ompenessieTcs, Mo KakuM o0acTsaM (KaHajaam) JOJKHbI
CJIEI0BATh OTAEINIbHBIE coenHeHus. [IpeaBapuTesbHas TpacCUpPOBKa OCYIIECTBIISIETCS Ha
MaKpOMOJEIIH.

[lenb €€ — paBHOMEpPHO pacHpeleiIuTh COEIMHEHUs ©0€3 MpPEeBbIIIEHUs NTPONYCKHOU
criocoOHOCTH oOacteil (kaHasioB). Yare Bcero oHa OCyIIeCTBIISIETCS 32 ABa IPOXO/Ia.

Ha nepBoMm mpoxone AOIMycKaeTcsl MPEBBIIIEHUE MPOIYCKHON CIIOCOOHOCTH, M B pacuer
MPUHUMAETCS TOJBKO KpaTyallliue paccTOsSHUA Mexay coeauHeHusmu. llocie mepsoro
BBISIBJIAIOTCSI KPUTUYECKHE KaHAJIbI 00JIACTH, U B pacyeT MPUHUMAIOTCA TOJBKO KpaTdaiiine
paccTostHUS Mexay coearuHeHusiMu. [lociie 1-ro mpoxoaa BBISABISIIOTCS KPUTUYECKHE KaHAJbI
(obmacTH) ¥ pEruCTPUPYIOTCS NPEBBILIEHUS TPOITYCKHONW CITOCOOHOCTH.

Bropoii aTan 00bIYHO COCTOUT U3 HECKOJBKUX UTEpPALU, HA KAKI0M U3 KOTOPBIX BBOJAATCS
Mporpeccupyroiue mrpadsl 3a MPEeBbIIEHUE MPONYCKHON CIOCOOHOCTH.

B pesynbrare BBINOTHEHUS NPUOIMIKEHHOM TPACCUPOBKM OKOHYATENbHAas TPacCHUpOBKa
pacmanaercss Ha psi 0o MPOCTBHIX 3a/ay, MUMEIOIIUX MEHBIIYI0 Pa3MEpHOCTb. MeTobl
OKOHYATeJIbHOM TPaCCUPOBKU MOTYT OBITH Pa30UTHI HA TPH TPYIIIIHIL:

1. BomHOBOI aNTOPUTM U €r0 MOAU(PUKAIINH.

2. ANropuTM TPacCUPOBKH 110 MarucTpajJbHBIM KaHAJaM.

3. KomOuHMpOBaHHBIE AITOPUTMBI.

::III
Puc.2

A 2o

MaTtemMaTHyecKHe MO/J1eJIM MOHTAXKHOIO MMpPOCTPAHCTBA



[lon MOHTa)XXHOW 00JACTBIO THUMOBOM KOHCTPYKIIMM TMOHUMAETCS  METPUYECKOe
MPOCTPAHCTBO, B KOTOPOM YCTaHABIMBAIOTCS BXOJSAIIME B HEE THUIMOBBIE KOHCTPYKIIMHU
MPEbIAYIIUX YPOBHEW, U BBIMOJHIETCSA AJIEKTPOHHOE coeluHeHue BbIBOAOB. DopManbHas
MMOCTAaHOBKAa W PEIICHHWE 3a7a4 B TOIOJOTHYECKOM KOHCTPYMPOBAHWW HEBO3MOXXHBI 0€3
MOJIYYCHHs] MaTeMaTUYeCKOM MOJEIM MOHTAXHOro mpocTpaHctBa. K koTopoi
NPEeIbABISIOTCS TpeOOBaHUS BBICOKOW CTeneHW (opMaiv3aly U Hambojiee TOYHOTO U
MOJIHOTO  OTOOPaKEHMUSI ~METPUYECKUX TMapaMeTpoB UM  TOIOJOTMYECKUX  CBOMCTB
KOHCTPYKITUH.

MeTpudeckuMu rapamMeTpamu SIBJISIIOTCS TabapuTHBIE pa3Mepbl 30HBI MOHTaXa, I0MyCTHUMAas
MIMpUHA TPOBOJHUKOB U 3a30phl MEXAY HUMH, KOOPJAMHATHI M pa3Mepbl BHEIIHUX
KOHTAKTHBIX IUJIOIIA/IOK, IIar YCTAHOBKH U pa3Mep MOAYJIEH, KOOPJUHATHI U pa3Mephl Mojei
UX KOHTaKTOB.

K Tomonornueckum cBorictBam oTHoOcATCS: uncio cinoeB MIIII m mepexonoB co cios Ha
CJIOH;

HaJIMYue 3aMKHYTBIX O0JIACTEU, 3alPEIIEHHbIX [ MPOBEICHUSI COCIUHEHUN; OrpaHUYCHUE
Ha B3aUMHOE pACMOJIOKEHUE COCAMHEHUN; KOJUYECTBO MOHTAXHBIX IPOBOJIOB,
MIPOBOAUMBIX K OJTHOMY BBIBOJTY IIEIIH.

B kadecTBe MaTeMaTM4eCKOM MOJEIM MOHTAXHOTO MPOCTPAHCTBA HCIOJB3YETCS
HEOPUEHTUPOBaHHBIN Tomojorudeckui rpad G, (rpad pemerku). [Ipu 3TOM MIOCKOCTH
MOHTaXHOTO TIPOCTPAHCTBA pa3OMBAECTCS Ha DJIEMEHTApPHBIC TUIOMIAIKHA, CTOPOHBI KOTOPBIX
paBHBI IIAary IMPOJIOKEHHS MPOBOJAHUKA MO COOTBETCTBYIOIIEMY HarpasiieHuto. Jlns
[IEYaTHOIO MOHTa)XXa »dJIEMEHTapHas IUIolaaka — KsaapaT. Kaxaol snemeHTapHON
IJIOIIAJIKE CTABUTCSI B COOTBETCTBHE BepinumHa rpada permerkd. JIBe BepmuHbl Tpada
COCMHSIOTCS PEOpOM, €CIM MEXKIY COOTBETCTBYIOIIUMH IUIOIIAIKAMU MOXKET OBITh
MPOBEJCHO COEJUHECHHE C YYETOM METPUYECKMX M TOMOJIOTHYECKUX MapaMeTpoB
KOHCTPYKIIUH.

Briensior oproroHaibHbIN MOHTaX (a) u 45°-MoHTax (0):

Ci|Gj |Cy

Ct|Ck |Cm

a) 6)

BOJIHOBOM AJITOPUTM PEIIEHUS 3AJIAYN
TPACCUPOBKHA

BoabmMHCTBO anropuTMOB KOH(MUTYpAIIUU TICYATHBIX TTPOBOJHUKOB MCTIOIB3YIOT UICHO
BOJTHOBOTO anroputMa JIu, KOTOPBIM MpEACTaBIseT COOOW MPOIEAYPY HAXOKIACHUSI
KpaT4aiiiero myTu B rpade.

B pabote JIu miaockocTe MOHTa)ka pa3OMBAaeTCS Ha AJIEMEHTapHbIE MPSIMOYTOJIBHUKH
(4elku), CO CTOPOHOW pPABHOM PACCTOSHHUIO MEXKAY OCSIMU COCEIHMX T€YaTHBIX
MPOBOAHUKOB. MUHUMalIbHAsi BEJIMYMHA MPSAMOYIOJIbHUKA (SYEHKH) oOmpenensercs
TEXHOJOTMYECKUM 000PYIOBAHUEM.

IIpu wucnonws3oBanuu [IPII, BKiItOYEHHME JJIEMEHTApHOM SYEUKH B IIyTh O3HAYaeT
MIPOBEJICHUE NEYATHOTO MPOBOJIHHUKA, TaK KaK MOKa3aHO Ha PUCYHKE 1.



A
A 4

Puc. 1

CunTaeM, 4TO OCHOBHAsI KOOPAMHATHAS CETKa cMeleHa Ha /2, 9ToObl MyTH CIIeI0BaIH
U3 STYEUKU B TYEHKY, & HE 110 KOOpAUHATHBIM JuHusAM (P11

Ha xaxnpom mare anroputma Hekoropsle sueviku JIPII 3amsater. K HUM oTHOCATCA
AYelKY, TMomnajaronme B 00JacTh 3ampeniéHHbIX Ui TPACCUPOBKHU: KpaeBbI€ MOJIS IUIATHI,
30HBI PAa3MELICHUS YJIEMEHTOB U X BBIBOJIBI, PAHEE IIPOBEAEHHBIE IPOBOIHHUKHU.

OcnoBa anroputMa JIlu — nponeaypa Moucka ONTUMAIBHOIO, B CMBICIE HEKOTOPOIO
KpUTEpUS, MyTU MEXKIY JBYMS SUEHKaMU, PpU COOJIIOJIEHNH Psiia YCIOBHI:

A

B

IlepBas yacTh anropuT™Ma MOJAEIUPYET MPOLIECC PACHPOCTPAHEHHS BOJIHBI OT 3JIEMEHTAPHOM
wiomanku A no ceodoansiM stueiikam JIPIL. Ilpu pacnpoctpaneHuu BOJIHBI OT A, allTOPUTM
nocaeaoBaTeabHo cTpout @Di(A4), D(A), ..., Pk(A) — e€ bpoHTbl. MHOXKECTBO sYEEK,
BXOJAIMX B I-¢ (pOHTHI s Beex 1<K, Ha3pIBalOT K-i OKpeCTHOCTBHIO siueku A. Ok(A)-
OKPECTHOCT.

Ecnu nmpoBeieHre myTH BO3MOXKHO, TO Ha K+1 mare okaxercs, uto B eOk+1(A). Eciau B
cieayromuii GpoHT He ymaéTcs BKIIOYUTH HU OJIHOM CBOOOJHOM suekku, T.e. Ok(A)=
Ok+1(A4), TO TIpU TaHHBIX YCIOBUSX ITyTh TPOBECTH HEBO3MOXKHO.

T.o. nepBas yacTp anroput™a JIu onpenenseT BO3MOKHOCTb MPOBEICHUS MyTH MEXITY
saueiikamu 4 u B.

Bo BTOpoit yactu anropurMa JIu, HaunHas ¢ B, MO ONpeneIEHHBIM MMPABUIIAM BBINOJIHAECTCS
nepexoa ot sueiiku K-ro ¢ponTta k sueiike K-1-ro ¢poHTa, 10 Tex mop, moka He Oynmet
nocturuyta 4. IIpolineHHbIe SYEHKH — HICKOMBIM Ty Th.

VYcnoBusi, KOTOpbIE JOJKHBI ObITH BHITIOJHEHBI MTPU MPOBEACHUU MYTH, U BO3MOXXHOCTD
OIIEHKH €ro0 ONTUMAJIbHOCTU JOJIKHBI ObITh 3aJI0’KEHBI B MPaBUIa, IO KOTOPHIM MPOUCXOUT
NBIKEeHUE (pOHTA.

Hnsa siueex JIPII ycranaBnuBaercst otHomeHus: cocenacra. SAueviku [IPII cumrarorcs
COCEIHUMH, €CIM OHM WMEIT obmiee pedpo. PacmpocTtpaneHue BOJIHBI 3aKIIOYAETCS B
NPUCBAaWBaHUKM COCEIHUM siUeiikaM 3Ha4deHHs BecoBod (yHKImH. Bec sueiiku K-ro ¢gponra
Py sBasercs dyHkiueit Beca sueiiku k-1 ¢ponta. B oOrieMm ciydae kK BecaMm sideek
MPEABSBISIIOTCA cleayromme TpedoBanust: Pyi# Py # Py1 , B OonbImHCTBE MOIUBUKAITII
anroput™Ma JIu Ha Beca sueeKk HakIaabIBaeTCs orpanudeHue: P> Pyii. B sTom ciydae
MPOBEJICHUE TTyTH 3aKJII0YaeTcs B nepexoje oT B K A, T.0. uTo0bl Py MOHOTOHHO yOBIBAJIO.
IIpy 5TOM BO3MOKEH BapUAHT, KOI/Ia HECKOJBKO SYEEK, COCETHUX C JaHHOW, HUMEIOT
OJIMHAKOBBIM Bec. [l omgHO3HAYHOTO BHIOOpAa MpU YYETE KPUTEPUS MHUHUMAIHHOTO



KOJIMYECTBAa M3THOOB MPOBOAHHMKA CIEAYyeT COXPaHHUTh HAampaBlieHHWEe IBUXKEeHHs. Ecmu

MIPUXOUTCS AEJIaTh MOBOPOT, TO YUUTHIBAEM 3apaHEE 3a1aHHBIN NOPSIOK MPEATOYTEHUH.
Hanpumep, myctb Py= Py1+1 — T.e. paBHO paccrosiHUIO K-Ii SUEHKU OT HMCXOMHOM

A4elku 4 B OPTOrOHAIBHON MeTpHKe (C y4ETOM 3ampeniéHHbIX siueek). Pabora anropurma

JUI 3TOTO CiIyd4asi IPUBEJCHA Ha PUCYHKE:
1 2 3 456 7 8 9 101112

114 3 2 3 45 6 7 8 9 10 #
213 21 2 3 45 6 7 89 #
32 1 A1 2 # 6 7 8 9 10 #
43 2 1 2 3 # 7 8 91011 #
54 3 2 3 4 # 8 9 10 # # #
665 4 3 4 5 # 91011 B
16 5456 78 91011
g7 6 5 6 7 8 9 1011
Puc. 2.

Bomna pacnipoctpansercs u3z 4, Pa =0. ®ponT Bomubel qoxoaut 10 B Ha 12-m mare. B
XOJIe TIOCTPOCHUS IMyTH U3 stuciiku (6,9) ¢ P=11, MOXXHO TIEPEHTH B 3 COCCIHHE SUCHKH C
P=10. 31ecy nepexo1 OCyIIECTBISIETCS COXPaHss HAIPABJICHUE BIIEBO — BBEPX, AHATIOTUYHO
u3 ssuerku ¢ P=10, y sueniku P=9, 2 cocenHux staerikn P=§, T.K. B 3TOM ClIy4ae IIPUXOJIUTCS
M3MEHATHh HAIMPABJICHUE JIBMKEHUSA, TO MEPEXOJUM IO TMPEANOYTEHHOMY HAMPABICHUIO —
BBepX. T.K. Bec K-ii siueliki B JaHHOM BapHUaHTE paBEH PACCTOSHHUIO OT A, TO HaiJIEeHHBIN
MyTh — ONTHUMAJIbHBIA, B CMBICIIE €ro UIMHBL. T.K. anroput™ Jlu mpezacramisier coboi
QITOPUTM HAXOXKJEHUS KpaTdaiiiero myTtd B rpade, TO OH JIETKO pacipoCTpaHsieTcss Ha
MHOTOCJIOMHBIN MEeYaTHBI MOHTaX, MIPU UCIOJIb30BaHUU Moaudukanuu B Bujae rpada. [pu
HaJUYMM OTPAHUYCHHUS HA TMEPEXOJbl CO CJOs B CJIOM MOXXHO YBEIMYHTH Bec pedpa,
COEJIMHSIIONIETO IBE CMEXHBIE BEPIIMHBI rpad)a Ha COCETHUX CJOSX, [0 CPABHEHUIO C BECOM
pebpa rpada coenUHSIONIEro BEPIIMHEI B OJHOM clioe. B o0mieM ciaydae BecoBast PyHKIIMS
MOXET 3aBHUCETh OT MapaMETPOB, YUYNUTHIBAKOIIUX UIMHY IYTH, YHCIIA MIEPEXOA0B U3 CJIOS B
CJIOM, cTeNeHb OJIM30CTH MYTH K IpyroMy u T.1. Hanpumep, B BUjie alIuTUBHON (yHKIIUU:

P, =Y aR K

@i — BeCOBOW K03(h(PHIIMEHT, yUUTHIBAIOIIHIA BaXKHOCTb I-TO TIapameTpa.
Pi(K) — 3HaueHHMe yunTHIBAEMOTO TTapaMeTpa.

VYcnoxuenue PyHKIMU Beca yBeTUYMBaeT 00bEM HHPopMaluu Ha oaHy stueiiky JPII u
BpeMs padoTel 1-it yactu anropurma. Kpome Toro, He nmpencraBisieTcss BO3MOKHBIM CTPOTO
000cHOBaTh BbIOOp 3HaueHud @;. [Ipu mpakTuyeckoi peanuzaruu ainroputMa JIu BaxkHas
npobsieMa — cokpaieHue oobémMa namsitd IBM, HeoOXoauMOTro IS 3allOMUHAHUSI BECOB
saueek JIPII. Ilpu BeluMCIeHHH BECOB siU€eK MO BbIpakeHU0 P=Pjy.1+1s4eiika MoxeT ObITh B
CJIENYIONIUX COCTOSIHHMSIX: CBOOOJHA, 3aHsATa Wik uMmeeT Bec or 1 mo L (mMakcumaiibHO
BO3MOJKHAasl JUIMHA ITyTH, olpeaensemMas kak konuuectBo siueek J[PII B myTh).

Heobxoaumoe, 1j1si 3allOMUHAHUSI COCTOSIHUAS OJHOW SYEWKH, YUCIO 2-X Pas3psiioB
MaMSATH:

N = llog,(L+2)T,,,



HaubGonee »ddextuBHBIM criocoboMm komupoBaHusi coctosHus sueek JIPII smsiercs
METOJ] MYTEBBIX KOOpAHMHAT Mo Moayiio 3. Ilpu BeIOOpE MOCIEAOBATENLHOCTH SYCEK Ha
dTare MOCTPOCHUS IYTH 10 METOAY ITyTEBBIX KOOPAWHAT JIJIS KKIOW SYCHKHU, HAUMHAs ¢ B
(B cimywae cocencTtBa mo pédpam), JOCTATOYHO 3HATH, OT KAKOW COCEIHEW SYEUKU B HEE
npunuta BoxHa: V(3), —>(2), T(1), <—(4). T.o. suciika 37eCh MOXET UMETh CIEIYIOIIHE
NpPU3HAKH: CBOOOJHA, 3aHATA, OJHA W3 IIYyTEBBIX KOOPJIWHAT, CJIEJOBATEIBHO, YHUCIIO
pas3psAO0B Al KOAUPOBAHUS COCTOSHUS sTUY€EK paBHO log,6=3.

[TyreBoit koopauHatoit Ci ppoHTa D) sIBNIAETCSA Ta coceqHss ¢ Hell siuelika Cj ¢ppoHTa
@Dy.1, oT KoTOpoH C; mosrydmia CBOH Bec.

[Ipu mcnonp30BaHUK METOJAa YTEBBIX KOOPJIAMHAT COCEHUM SlYEMKaM MPUCBAUBAOTCA
BECA B COOTBETCTBUU C NOXKEIAHUSAMHU Ioab3oBaTens. [Ipu mpoBedeHUHM MyTH CIHEAYET
JIBUTaThCsl HANPABJICHUU MPOTUBOIOJIOKHOM PACIPOCTPAHEHUIO BOJHBI, B COOTBETCTBUU C
MyTEBBIMUA KOOPAUHATAMH.

KoaupoBanue BecoB siueex mo mod3
OnHo Oazupyertcs Ha TOM, 4TO Py.1# Py # Py+1. SIueiikam, BKIIOUEHHBIM B MOCIIEIYIONINE
(GpPOHTBI, MOJKHO MPUCBANBATh HE CAMM Beca, a MX 3HadeHus mo mod3 (7,2,3,1,2,3...). Kon-Bo
pa3psI0B HA KOJUPOBAHUE COCTOSHUMN stueek paBHO N =log,5 . Ha mpakTuke ucnonab3yercs

MOHSTUE BEPTUKAIBHON M TOPU30HTAIBHOW IMOIY3aHATOCTH SYEUKH, 3T COCTOSIHUS TaKkKe
HYHO KOJUPOBATh.

[TpoBenenue myTH 3akiodaeTcs B orcieknBanne otMeTok (1,2,3). Ecnu siueiika nmeet
HECKOJIBKO COCEIHUX SYEEeK C OJWHAKOBBIMM METKAMH, TO MCIOJb3yETCA MPABUIIO
MIPUOPUTETHBIX HAIIPABIICHUMU.

IIpu nBWKEHMHM OT sYeku B Ha puc. 3 UCHOJB3YETCS CIEAYIOIME IPABUIIO
MIPUOPUTETOB: ¢—, T, -, 4.

1 2 3 45 6/ 7 8 9101112
12 1 3 2 3 1 2 312 3 #
211 3 212 312312 #
33 21 A1 2 # 3 12 3 #
41 3 2 1 2 3 #1 2 3 1 #
52 1 3 2 3 1 4# 2 3 # # #
663 2 1 3 1 2 # 3 1B
7113 21 2 312 31
82 1 3 2 312 31

Puc. 3

Mertoasbl yckopeHusi padoThbl BOJTHOBOI0 AJITOPUTMA.

BomHOBOI anroput™ XapakTepu3yeTcsi BHICOKON d(PPEKTUBHOCTHIO HAXOXK/IEHUS TIyTH 32
cu€T uccienoBanus Bcex cBoOoAHbIX sueek TP, Ho TpeOyeT 3HaunTenpHOTO BpeMeHu t Ha
pacnpoCTpPaHEHHUE BOJIHBI.

Hcnonp3yroTcs pa3iuyHbleE METOABI YCKOPEHMS BBINOJHEHMS |-ro srama ajnropurMa.
OpHuM U3 HUX SBJSETCS MPaBUIIBLHBIN BBIOOp Hayana TOYKM Tpacchl (puc.l).
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Puc.l1.

N3 paccmorpenuss puc.l BUAHO, UYTO TIpU BHIOOPE B KAyeCTBE HUCTOYHHUKA
pacnpoCTpaHEHHsI BOJHBI SYEMKM A,  MaKCUMAJIbHO YIAIEHHOM OT LEHTpa IUIaThI,
MIPOCMATPUBAETCSI MEHBIIEe YUCI0 CBOOOAHBIX stueek J[[IP. DTo cTaHOBUTCS OYEBHIHBIM IO
Mepe pocTa Ynciia MPOTPACCUPOBAHHBIX LIETIEH.

bonee adexkTrBEeH METOT BCTPEUHOM BOJIHBEI (pHC.2)

I1r?
M = — = 2 - BBIMI'PBIIT B KOJIMYCCTBC A4YCCK.

2"

4

s peanpHbiX coctosHuid JIPII BeIMrpbll Bo BpeMeHH OyneT OTJIMYaThbes OT 2.
OpHako, B cpeaHeM, OIEHKa SBJseTcsl OOBEKTUBHOW. lcronb3oBaHMe NaHHOW HIEH
MIPUBOJIUT K YCI0KHEHUIO aITOPUTMA.

[Tone pacnpocTpaHeHUs! BOJIHBI MOKHO YMEHBIINTh, OTPAHUYMBAS €T0 OXBATHIBAIOIINM
MPSIMOYTOJIBHUKOM, BHYTPU KOTOPOro HaxondTcs siueiku A u B. HauanbHas nomans
MPsIMOYTOJIbHUKA (TIe4aTHOM 11aThl) 00bdHO Ha 10-20% Oosnblie Tutomaam
MPSIMOYTOJIbHHUKA, TPOXOAIIEro uepes stueiiku A u B. Eciu ipu 3ToM coelMHEHUE HAWTU HE
YAAJIOCh, TO TPAHMIIBI OXBATHIBAEMOTO MPSMOYTOJIbHUKA paciupstorces. JJanHblil MeTos
obisanaet 0osbIeit A3PHEKTUBHOCTHIO YCKOPEHUS pabOThI aJITOPUTMA TT0 CPABHEHUIO C
Mmetonamu 1 m 2.

AJITOPUTM PABUHA

VBenuueHnue ObIcTpoAciicTBUS B anroputMme Pabuna pmocturaercss 3a  Cy€T
MPEUMYILIECTBEHHOTO PACIIPOCTPAHEHUS BOJIHBI B HAIIPABIECHUU STYEHKU-LIEIH.

B amroputme JIu, KOTOpBIA SBISETCS peanu3alMedl METOJa JIHHAMUYECKOTO
MIPOTPaMMUPOBAHUS, TaKas LIEJICHANPABICHHOCTh OTCYTCTBYET.

Anroputm Pabuna, KOTOpBIH peanu3yeT METO]| BETBEW W TPAHUII, MO3BOJIIET TaK Ke,
KaK 1 aroput™ JIn, HaX0JUTh TT00ANTBHBIH ONTUMYM I11es1eBON QYHKITUH (Lmin).

[TycTh TpeOyeTcss HAUTH MyTh MIN JUIMHBI MEXIy siueiikamu 4 u B.

Paccmorpum HekoTopyto siueliky Cj , BKIIOYAaEMYyI0 B OY€peAHON (POHT BOJHBI.
3nauenne BecoBod ¢yHkimu P, mpunmceiBaemoe Ci suelikoil (poHTa, ompenensieTcs u3
BBIPAKEHUS:

P =L(G,A)+H(i,B) () ,

rae L(i,A) — nirHa npoiiieHHOTO BOJIHOW My TH U3 siueiiku A B siueiiky Cj , a

H.s =l % —Xg [ +]Y; — Vs |: (2) - paccTossHue Mexny Ci u B B opTOTrOHaNBbHON METPUKE.



HetpyaHo yBuieTh, 4To H,, SABJIIETCS HWKHEN OleHKOU myTy u3 CiB B, IOJy4eHHOH B

OPEANOJIOKEHNNA OTCYTCTBUS NPENATCTBUI HA 3TOM MYTH.

Otcrona, BeipaxkeHue (1) B 11e10M IpecTaBiIsgeT cOO0W HUKHIOI OLIEHKY MyTH U3 A B
B, npoxopsiero uepes siueiiky Ci.

CornacHo MeTOly BETBEH W TpPaHUI], ONTHUMAJILHOE PEIICHUE CJeAyeT HCKaTh B
MMOJMHOKECTBE PENICHHUM, MMEIOIIEM HAWIy4dllyl0 OLIEHKY. B COOTBETCTBMH C 3TUM B
c(hOpMUPOBAHHOM OYepeTHOM (POHTE BOJIHBI BBIACISIOT ITOJAMHOXKECTBO SYCeK ¢ MIN
OLICHKOM 1, W pacnpocTpaHEHHWE BOJHBI HA CICAYIOUIEM IIare OCYLIECTBISICTCS U3 SYEEK
3TOr0 MOJAMHOXECTBA.

3amMeTuM, 4TO JJIsi COKpAILEHUsI 30HbI TIOMCKA, PACHPOCTPAHEHHUE BOJHBI B aJrOPUTME
PabuHa ocymiecTBisieTcss B TEPBYI OdYepelb, U3 TEX SYEeK C MIN OICHKOW, KOTOpbIC
MOJIYYUJIU 3Ty OLEHKY MOCJIETHUMHU.

[TocnenoBaTeNbHOCTh MPOCMOTPA COCEOHUX SYEEK Ta K€, 4TO W B ainroputMe Jlu;
MOCTPOECHUE MYTH OCYIIECTBISIETCS C UCIIOIB30BAHUEM ITYTEBBIX KOOPAUHAT.

OddektuBHOCTh anroputmMa PabuHa 1o cpaBHeHHUIO ¢ alropuTMoM Jlu mokaszaHa Ha
puc.3, Ha KoTopoM s Kaxnoi sueiiku JIIP ykazano 3HaueHue BecoBoul ¢yHKuuu Pj .
[udpamu B mpaBbIX yriax sueek 0003Hau€HA MOCIEI0BATEIILHOCTh PACCMOTPEHUS STUEEK Ha
JTane pacnpoCcTpaHeHWsT BOJHBL. (CTpenkamMu yKa3aHbl IYTE€BbIE KOOpAWMHATHL. BonHa
pacrpocTpaHsieTcss OT STYEHKUM ¢ MUHUMAJIbHBIM 3HAYEHUEM BECOBOM (DYHKIIUMU M OOJIBIIIUM
MOPSAIKOBBIM HOMEPOM.

8 15 | 13 | 11 115|115 |11 13
7| 15 <—13T<—11T‘1iT ot | 11 | 11 | 13
6 9T

15 | «13|«11 |«9—| 9> . 9T 11T-| 13

5 # | # | # | # |9o| 9> [11] 13
4 15 |13 |11 [«95| 95 (115 13| 15
3 # | # | # | # | # 13do] 15
2 134 <_13¢‘1T13 15

-

1 B | 13 | 13
1 2 3 4 5 6 7 8 9 10

Puc.3.

AJITOPUTM CJUIEKEHUA 3A HEJIBIO

Bo3MOXHO panpHEHIee COKpAalleHUE 30HbI IIOMCKA IIPU TPACCUPOBKE B Ciydae
npuOIMKEHUH peanu3aliyd MEeToJa BETBEH M TpaHMIl, MOJYYHUBIINX HA3BAHUE «AJITOPUTM
CIIEKEHHS 3a Lenblo». B 3TOM anroputme B KayecTBE 3HAYEHUN BECOBOM (DYHKLIMM IS
aueikn  Cj HA  JTane  pacupoOCTPAHEHUS  BOJIHBI  MCHOJIB3YETCS  BBIPAXKEHUE
Hig =% —Xg [+]Yi — Ye

[Ipumeyanue: BOJIHA pacpOCTPAHAECTCA OT MHOYKECTBA SYEEK ¢ MUHUMAJIBHBIM BECOM,
HayMHasi C SYEMKW C OOJBIIMM/MEHBIIMM MOPSIKOBBIM HOMepoM. IIpoBenenue mytu c
IIOMOILIBIO AJITOPUTMA CJIEKEHHUS 3a LIEJIbI0 OCHOBAHO HA UCIIOJIB30BAHUU METOHA IyTEBBIX
KOOpJHHAT.

3nech pacnpoCTpaHEHUE BOJHBI IMPOMCXOAMT M3 TEX SUYEEeK OYEepeIHOTo (pPOHTa,
KOTOpbIE OJIMKE PacHoJIOKEHbI K sSUeilke — 30HE€ (3anpeliéHHble SYEHKH HE YUYHUTHIBAEM).
[Tpu 3TOM cokpamaercst 30Ha noucka. OHaKO, U3-3a MPUOIMKEHHOTO BEIYMCIICHUS HIDKHEN



OLICHKU JJI1 MOAMHOYECTBA IyTeH, BeAymux u3 A B B uyepe3 C-yTu, BO3MOXHa MOTEPS
r7100amTbHOT0 MUHUMYMA.

[Ipumep:
8 10|98
7 10 ‘ﬁj 18- Tf 6
6 9 k8> 7 [6d| 5
) # | # | # | # |5l 4| 5| 6
4 5 |4 3> |41 51" 6
3 # | # | # | # | # |[4d] 5
2 |2 “i" 4
1 B | 1|2

1 2 3 4 5 6 7 8 9 10

[Tpumeuanue: anroput™m Jlu TpeGyer mpocmorpa 84 sueek, anroputm Pabuna — 44
SYEUKH, AJITOPUTM CIICKEHHUSI 32 IEJIbI0 — 35 sUeeK.

JIYYEBOH AJII'OPUTM TPACCUPOBKHN ABPAVTUCA

B 1aHHOM ajropuTMe yMEHbBIICHHE BPEMEHHBIX 3aTparT JOCTHraeTcs 3a CYeT
pacnpocTpaHeHHs BOJHBI HE MO BCEMY OO IUIATHI, @ BIOJb OMpeIeiIeHHbIX JTyuei. Maes
3TOTO AJTOPHUTMA COCTOUT B TOM, YTO IIPU PACHPOCTPAHCHUN BOJIHBI ()POHT 3aHMMAET HE BCE
cBoOoaHbie sueiiku JIPII, a oaHy, BbIOpaHHYIO 1O OMNpEAEICHHBbIM MpaBHiIaM. Takum
00pa3oM, MOCIIeI0BATEIEHOCTh (PPOHTOB MPEICTABISET COOOH TTyH.

[TocTpoeHue MyTH B Jy4EeBOM alTOPUTME OCYIICCTBIISCTCS C UCIIOJIb30BAHUEM METOJIa
NYTeBBIX KOOpAMHAT. B JByxiydeBoM airoputMe H3 Hadasa A W KoHIa B Tpaccer
PacIpOCTPaHAIOTCS HABCTPEUy APYT APYry 2 jayda: ai, az, b1, by.

Jyau aib, w by @&, HaspBaoTCA  pasHOMMEHHBIMU. JIyuum  moodepemHo
pacnpocTpaHstoTes (IIararT) 10 TeX MOp, MOKa pa3HOUMEHHBIC JIyUd HE IEPECEKAOTCS, WITH
1oKa 4 Jyda He CMOTYT MPOJBUHYTHCS Aajblie (TynuK). B mepBoM ciiydae oCyIiecTBIsIeTCs
nepexo/l K MPOBEACHUIO Tpacchl. Bo BTOpOM citydae Tpaccy MpOBECTH HEBO3MOXKHO.

PaccMoTrpuM paboTy anroputMa Ha mpumepe. [Ipexae BCero MOXHO BbIOpaTh
HEKOTOPbIC HATIPABJICHUSI JIBHKCHHUS JTyUeii:
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PACHPEJEJEHUE COEJAHEHWM IO CJI0OSIM MHOT' OCJIOMHOM
INEYATHOM IIJIATBI

MHOrocnoiHbIi MOHTaX MEYATHBIX (TJIEHOYHBIX) COCAMHEHUN MEXJTYy KOMIIOHEHTaMU
DIIEKTPOHHOW CXEMBI IO3BOJIIIOT COKPATUTh CYMMApHYIO JJIMHY COCIUHEHHU (Tsax min),
YMEHBIITUTH BEC U Ta0APUTHI MPOSKTUPYEMOU aIapaTyphbl.

[Ipn pa3zpaboTke MHOTOCIOMHBIX CTPYKTYp BO3HHMKAET 3ajladya pacupeleeHust Io
OTJICTILHBIM CJIOSIM TICYATHBIX IJIAT CXEMbl COCMHEHUM, MPETEHIYIOIMMNX HA OJTHA U TE XKe
00JIaCTH MOHTa)KHOTO MTPOCTPAHCTBA (KOH(MIUKTYIOMIUX MEXTY CO00iN).

[enwio pemienus 3Toi 3amaun sBisieTcss obecrnieuenue 100% pa3BOaKH COETUHEHUH,
YMEHBIIICHUE YHCIIa CI0EB W MEXCIOWHBIX TIEpeXoJIoB, HamboJiee palMoHaIbHOE
MCIIOJIb30BaHUE 00bEMA MOHTAXKHOTO MPOCTPAHCTBA.

AJTOPUTMUYECKOE pacTpeiesieHUe COSAMHEHUN MO CJIOSIM MOXKET BBITIOIHATHCS 10,
MOCJIE WJIM B TIPOIIECCE TPACCHPOBKHU OT/ICIBHBIX COCTUHEHUH.

Paccioenne 10 TpacCHpOBKM CBS3aHO C aHAJM30M CXEMbl COCIUHEHHHA C IIENBIO
BBISIBIICHUS TE€X COCIWHEHWW WJW TPYMII COCIWHEHWH, pacmlpeneicHrue KOTOPhIX B 1 ciioi
HEen30€XKHO MPUBENET K BOZHUKHOBEHUIO NIEPECEUCHHI Ha ATAre TPACCUPOBKH.

Haubonee oOmmii momxoa K TakOMy aHaIM3y NPEANojiaraeT MCIOJIb30BaHHUE
TOTIOJIOTHYECKUX METOJIOB, MO3BOJISIONINX HA OCHOBE MCCIIEIOBAHUS CBOMCTBA MJIAHAPHOCTH
rpada (runeprpada) cxembl BBISIBUTH BO3MOXXHOCTH €€ peanu3anuu 0e3 MepeceueHHuil B
3aJ1aHHOM (MUHUMAJILHOM) YHCJIE CJIOEB.

Hecmotps Ha TO, 4TO TpeGoBaHME TUTAHAPHOCTH rpad)a CXEMbl SBISECTCS PEHIaONUM
yCJIOBHEM €€ TJIOCKOM peain3aliuu, TeM He MEHEee, OTPaHUYCHUE METPUUECKOT0 XapakTepa
(orpaHuYeHHBIE pa3MEphl KOHCTPYKIMH, KOHTPOJUIEpPA, JIMHBI MPOBOJAHUKOB U T.I.)
CO37aI0T TPYAHOCTH TPH TPAKTUYECKOM HCIOJIB30BAHUU TOMOJOTUYECKOTO TMOJX0Ja K
PacCMOTPEHHMIO TIATHI.

BonbmmHCTBO MPUOIMKEHHBIX AJITOPUTMOB PACCIOCHHS 0 TPACCHUPOBKM CBS3aHa C
BBCJICHHEM OIPECICHHBIX KOJIMYECCTBCHHBIX OIEHOK KOH(MIUKTYEMOCTH IIETIeH TpPH HX
pacnpeneneHud B 1 cioil. OTH OIIEHKM BBIYMCIAIOTCS Ha OCHOBE HWH(pOpMAaIU O
pacToJOKEHUN DSJEMEHTOB W KOHTAKTOB IIETMEH, MOMYYeHHBIX IIOCNIEe pEIIeHUs 3ajad
pa3MereHus. Takoro pojia OIEeHKH MOTYT 3aBHUCETh OT CTETICHH TIEPEKPHITHUS MUHUMATBHBIX
MIPSMOYTOJIBHIKOB, OXBaTHIBAIOIINX KOHTAKTHI OT/ICIBHBIX IIETICH, YMCIIa KOHTAKTOB IIETICH 1
T.1. [locne ompeneneHuss CTeNeHHM KOH(PIMKTYEMOCTH KaKIOW TMaphl IENed CTPOUTCS
B3BEIIECHHBIN Heop. Tpad KOHPIUKTOB G=(H,V), B KOTOPOM Kaxaod BepmmHe heH

COOTBETCTBYET HEKOTOpas LEMb, a KaXIOMYy peOpy V,; €V COOTBETCTBYET HaJIMuue
koHpaukTa Mexay uemsmu Hi um Hj. Bec peOpa mnpuHuMaercs paBHBIM OLEHKE

KOH(JIUKTYeMOCTH (YHCIy TIEPECeUeHUil) MEXKIy COOTBETCTBYIOIIMMHU I1emsmMu. Jlamee
OCYIIIECTBIISIETCSL packpacka BepmmH rpada G B 3aaHHOE YHCIIO IIBETOB, MPU KOTOPOM



CyMMa BECOB pelep, COSAMHSIIONIMX BEpIIMHBI OJHOTO IIBeTa, MUHMMajibHAa. Packpacka
BepIIKH rpada KOHPIUKTOB OCYIIECTBISIETCS Pa3IMUYHBIMU 3BPUCTHUECKUMHU aJIrOPUTMaMHU.

ITpumep:
hi \ / hl cun h2 cun
ha N\

h2

h3
h4 kpacu h3kpacu

K=2(Tpebyemoe uuco cioen)

1. XpomaTtuueckoe uncio rpada y(j) ykasplBaeT HauMEHBIIIEE KOJUYECTBO IIBETOB, C
ITOMOIIIBI0 KOTOPBIX MOYKHO OKPACUTh €r0 BEPIIMHBI TAKUM 00pa3oM, 4TOObI B HEM HE OBbLIO
HU OJHOM IyTrH, KOTOpasi COeANHsIA Obl BEPIIMHBI OJHOTO U TOTO K€ I[BETA.

OuyeBHIHO, YTO YHCIIO CIOE€B MHOTOCJIOWHON MEYaTHOW IJIaThl PABHO XPOMATHUYECKOMY
gucny Tpada mnepecedenuit. [ns mpumepa y(j)=2. CnemoBarenvHo, s 100%-i
TPACCUPOBKH JIOCTaTOYHO 2 cioeB. B obOmem cimydae s y(j) OTCYTCTBYIOT MPOCTHIS
dbopMyIibl, U BO3MOXKHA JMINbL OIleHKa. Eciam uucimo pedbep M yaoBIETBOPSET YCIOBUIO
(n-1) <m<0.5n(n-1), rie N — YuciIo BepIuH rpada, To OlIEHKa CBEepPXY OT y(j) Oyaer umeThb

Bt y(j) < 3+,/9+28(m—n) .

Teopema: myctb p,, - 3TO MakCUMajlbHasi CTeNeHb BepIIMH rpada (ducio pebdep,

MPUHAJJICKAIUX KaKoi-To Bepiune). s 6onbmmHcTBa rpadoB »(j) < p,.., -

2. Paccnoenue nocie npeaBapuTeIbHON TPACCUPOBKU COCTOUT B cienytomemM. Ha 1-m
JTane ¢ MOMOUIBI0 OJHOTO W3 aJITOPUTMOB ITOCTPOEHUS KpPaTYAWIINX CBSI3aHHBIX JECPEBBLEB
(KCH) ocymectBisieTcsi npeaBapuTelbHas TPacCUpPOBKa COECIUHEHU B OgHOM cioe. B
IIpOLIECCE MOJYYECHHsI COBMELICHHONW TOIOJIOIMHM MUHHUMH3UPYIOTCSI TAKHE T'€OMETPUYECKUE
pa3Mephl, Kak JJIMHA, YUCJIO MeperuOoB, yucio nepecedeHuil. Jlamee tak ke, Kak U B
QIrOpUTME PACCIOEHUS 1O TPACCUPOBKHU, CTPOUTCS Tpad KOH(MIUKTOB, HO HE MEXKIY
LHEMsIMUA, a MEXIy OTACIbHBIMU JBYXKOHTAKTHBIMM COCIUHEHHUSIMU (OTpe3KamMu
npoBoaHuKoB). I[Ipu 3tom rpad koHpaukroB G=(X,V) sBiseTcs HEOPHUEHTHUPOBAHHBIM
rpadom, Hanuuue pedpa B KOTOPOM MEXIY X M Yj COOTBETCTBYET IIEPECEUEHNUIO OTPE3KOB B
COBMEILIEHHOW TOIOJIOTHH.

Bepmmmua 'K packpammBaeTcs B 3alaHHOE€ MHWHHUMAJIbHOE YMCJIO LBETOB TaK, 4YTO
BEpIIMHA MEpBOro ILBeTa He uMmeeT HU 1 eaumHoro pebpa. Kaxnoe mnoamMHOXeCTBO,
COOTBETCTBYIOIIIEE BepIuMHaM |-ro mBera, pacrpezensercs B 1 u3 cioes. He Bomenmme Hu B
1 U3 TOMHOKECTB OTPE3KH ( YTO MOXKET UMETh MECTO IpH 3aaHHoM K), mocnenoBaTenbHO
pacupenessroTCs B T€ CJIOM, B KOTOPBIX OHM MMEOT MUHUMAJIBHOE YHCIIO ITEPECEYEHU M.

3. Paccrioenue B npoliecce TpacCUpOBKH OCYLIECTBIISETCS OJTHOBPEMEHHO C MPOKIAIKON
coenuHennii B MHoOrociorHoM JIPIT ¢ momompio pa3iaudHbIXx MOAU(HUKAIKA BOJTHOBOTO
anroputMma TpaccupoBku JIu. PaccMoTpuM MaTeMaTHYecKyro MOCTAHOBKY 33Ja4M 1O CIOAM
Mocjie TpPEABApUTEIILHOW TPacCHPOBKH. bymem cumrtath, uro ymcio cioeB — K. Ilycts
G=(X,Y) — rpad mepeceueHuii, B KOTOPOM Ka)KJIOW BEPIIHMHE Xj COOTBETCTBYET OTPE30K I,
i=1n a pedpy (XiXj) COOTBETCTBYET N OTPE3KOB i U j B COBMENIEHHOMN TOMOJIOTHH.

TpeOyeTcs pacnpenenuTb OTPE3KM MO CJIOAM, T.0., YTOOBl CYMMapHOE YHCIO
MepPECeUCHN ObLII0 MUHUMATBLHBIM.

BBenem B paccMoTpenue MaTpuiy Y = Hyij

nxck |



1, ecniu OTpe30K 1 HA3HAYAETCS B CIIOH j

rae y, =
! 0, B IPOTHBHOM CITy4ae

ITpu Takom moaxoe 3aga4ya pacCIOCHUS MOXKET OBITh CPOPMYTUPOBAHA:

k n-1 n
TpeOyetcst MunumMu3upoBath O, . = Z Z Zcip X Yy x Y,y (%), TI€ Cij — COOTBETCTBYIONIMMI
j=1 i=1 p=1

k _
2IEMEHT MaTpulbl cMexHocTH rpada G npu orpanmdyennn Yy, =1(i=1n) - KaxIblid
j=1
OTPE30K MOKET ObITh PACIIONIOKEH TOJIBKO B OJTHOM CJIOE.
JlanHast 3aaua SBsIeTCs] KBaJAPATUYHOM 3a7a4e 1eI0YHCIIEHHOTO MPOTPaMMUPOBAHUS C
OyneBbIMU nIepeMEeHHBIMH (Vij,Ypj) PaccMOTpuM npuOInMKEHHBIN aITOPUTM €€ PEILICHUSI.

Auropurm pacciaoenus MITIIT

1. B cooTBeTCTBUU C pe3ysbTaTaMU IMPEABAPUTENBHON TPACCUPOBKHU CTPOUTCS Tpad
KOH(IMKTOB OTPE3KOBG = (X,V), COOTBETCTBYIOIINIA TOTIOJIOTHH CXEMBI.

2. U3 rpada KOH(PIMKTOB MOCIEAOBATEIBHO YAANSIOTCS BEPIIHHBI, HMEIOIINE
JOKaJbHYIO CTENEHb (YHciio pedep, MHIMACHTHbIX BepwuHe) <K. VYnanenue
BEPILUH 37E€Ch U JIaJe€ OCYIIECTBISETCS BMECTE C MHLUUJCHTHBIMU UM pPEeOpaMU.
dopMupyeTcsi CIUCOK TakuxX BepIirH. OYeBUAHO, YTO OTPE3KH, COOT-HE TaKUM
BEpIIMHAM, MOTYT OBITh peajnu30BaHbl B cioax K 6e3 nepeceueHuit.

3. ®@opMupyeTcsl CIIUCOK S1 OTPE3KOB, pacnpeaeeHHbIX B 1-1 cioi. C 3ToH Leibio B
rpadpe G1=(X1,Vi1), rme X;=X\S; Vi=V\Vs , rae Vs — MHOKeCTBO pebep,
UHIUJCHTHBIX BEpIIMHAM MHOXECTBAa S, HAXOAUTCSI MAaKCUMaJIbHOE YHUCIO HE
CMEXHBIX MEXIy coboi BepmuH. Ilpu 3ToM wucmonb3yeTcss NpUOIMKEHHAS
npoueaypa. W3 rpadpa Gi mocienoBaTenpHO — YAANSAIOTCA — BEPIIMHBI  C
MaKCUMAJIbHBIMU JIOKaJIBHBIMU CTETCHSIMU JI0 TodyudeHus rpada 0e3 pebdep.
MHOXEeCTBO OCTaBIIMXCSA MPH 3TOM BEPIIMH Trpada BKIIOYAECTCS B CIHCOK Si.
O4eBHIHO, YTO COOTBETCTBYIOIIME JTOMY CIIMCKY OTPE3KHM MEXIy co0oil He
KOH(DJIUKTYIOT U MOTYT OBITh PACIIOJIOKEHBI B 1-M ci10€ 0€3 nepecevyeHuil.

4. Jlanee wu3 rpada Gj, U3 KOTOPOTrO UCKIIOUEHBI BEPIIMHBI CIHCKA Sy,
MOCJICIOBATEIBHO YAQISIOTCS W 3aHOCATCS B CHUCOK S BEPIIMHBI, WMEIOIINE
nokanbHyto creneHb <(k-1). OTpe3kH, COOTBETCTBYIOIIME 3TUM BEPIIMHAM, BCETia
MOTYT OBbITh pacmoniokersl B (K-1) cioii (kpome 1-r0) 6e3 nepeceuenuii. [Tomyuaem
rpa(b G2:(X2,V2) X2:X\(SU51), V2:\(VSUV51)

5. AnanornuHo (GopMuUpyroTcs S152,Ss,..,9¢ . [Ipr 3TOM MOXET oCTaThCs HEKOTOpPOE
MHOKECTBO OTPE3KOB S*, KOTOpOE HeNb3sl peajn3oBaTh Oe3 mepecedyeHuid B 1-m
cIoe.

6. U3 cnucka S mocneaoBaTenbHO B TMOPAAKE, OOpaTHO TOPSAKY BKIIOUEHHUS B
CIIMCOK, BBIOMPAETCS OUYePEIHON OTPE30K M BKIIIOUAETCS B TOT CIJIOH, B KOTOPOM OH
HE uMeeT ImepeceueHuit. Tak ciiol 00s3aTeIbHO HaWJETCs, YTO CIEIyeT U3
npoueaypbl GOpMHUPOBAHUS CIIKUCKA S.

/. I3 cnoucka S* mocienoBaTeNbHO BBIOMpAETCS OYEpPeAHOM  OTPE30K |
pacnpenensiercss B TOT CJIOW, IJIe UMEET MUHUMAJIbHOE YHCIIO nepeceueHnil. Ecnu
CJIOEB HECKOJIBKO, TO OTPE30K PACHPEENISIETCS B CJIOM C MEHBIIUM OOIIUM YUCIOM
OTPE3KOB.

[Mpumep: ITycts k=3. I'pad KOHIUKTOB:
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IlocnenoBarenbHO yhansieM BEpPLIMHBI JIOKAJIBHOW CTENEHH, KOT.<3. dopmupyem
S$={2,6,1,4,3,5,7}. Ctpoum G;=(X1,V1), IpeCTaBICHHBII Ha PUCYHKE:

9 11 15

13 14 8

N

N3 rpada G1 mocnemoBaTenbHO yaaasieM BEPIIMHBI ¢ MAKCUMAIbHOM JTOKAJIBHON CTETICHBIO.
CHavayia uckimodaercs Bepmmaa 11, 3arem 12,13,9,8,10. Bepmmnsr crmcka S;={14,15}
o0pa3yloT BHYTpEHHEE YCTOMYMBOE MHOXKECTBO, T.€. MAaKCHMAaJIbHOE HECMEKHOE MEXIy
co00¥ YKCIIO BEPIIIHH.

Otpe3ku 14 u 15 crnucka S; momeniaem B mepBbiid cioi miatel. U3 rpada Gi ynamsercs
BepinHa Sp; mosrydaem rpad Go:

Crnicok S 31ech He
JIOTIOJTHSETCS, T.K.
OTCYTCTBYIOT BEPIITHHBI
JIOKaJIbHOM CTETICHH,
kotopbie <(K-1)=2
(.4)




U3 rpada G, mocnenoBaTebHO yIaIst0TCs BEPIIUHBI C MAKCUMAITbHOM JIOKAJTbHON
crenienbio (11,9,8,10), u momyugaem S;={12,13}. Haznagaem um 2-ii cioii. Ctpoum G3(6e3 12
u 13). U3 Gz naxomum S3={8,10}, koTopoe pacrpenensieM B 3-i CIIOi.

@\ Bepmuna 9 u ull Brirouaercs B S*. Jlanee
MOCJIe10BaTeIbHO(B 00paTHOM TOPSIIKE)
pacripenienseM 1o CJIOSIM OTPE3KH U3
crmcka S.

7,5,3- B 1-ii ciioit; 4 — 2- caoii; 1 — 3-i1
@ cJIoit; 6 — 1-# ciioii; 2 — 2-1 CJIou;

Pacnpenensem n3S*: 9 — 3-it cnoii(1-e

° nepecevenue); 11 — 1-i crmoii(1-e

repecevYcHue)

T.o. PaCIIOJIOKCHHUC 110 CJIOAM CIICAYHOIICC!:
S1={14,15,7,5,6,3,11}

$2={12,13,4,2,}

$3={8,10,1,9}

I'EHETUYECKHUE AJI'OPUTMbI
OCHOBHBIE ITOHATHUSA 1 OHPEJAEJIEHUSA

MexaHU3M TE€HETHYECKOrO HacjienoBaHHd. B KaXgol KIIETKE JII0OOro >KHBOTHOI'O
COJICP’KUTCSI BCS T€HETHYecKass uH@opmaius ocodu. Ita mHopMalus 3alvcaHa B BUJEC
Habopa mosekyn [IHK, kaxnmas u3 KOTOpBIX HpencTaBiiieT cOOOM LENOYKY M3 MOJIEKYI
HykJeoTu10B uetbipex tumnoB: A, T, 1I, XK. CoOctBeHHO MH(OpMAINIO HECET MOPSIAOK
cinenoBanus Hykineotu0B B JIHK.

Takum 006pa3oM, reHeTUYECKUd KOl 0COOU - 3TO JUTMHHASI CTPOKA, IJI€ UCIIONIBb3YOTCS
yetbipe cumBosia: A, T, LI, XK. B xuBoTHOU KkieTke kaxnas MoJiekyna JJHK okpyxkena
obosoukoi. Takoe 0Opa3zoBaHNE HA3BIBAETCS XPOMOCOMOM.

Kaxxmoe BpoxkaeHHOE KauyecTBO 0coOM (IIBET rjia3, HACIEACTBEHHBIC OOJIE3HM, THII
BOJIOC U T. [I.) KOJUPYIOTCSI ONPEACICHHON YaCThI0 XPOMOCOMBI, KOTOpasi Ha3bIBA€TCA T€HOM
3TOr0 CBOMCTBA.

Paznuune 3HaueHMs TeHa Ha3bIBACTCS AJUICIISIMHU.

[Ipu pa3smMHOXXEHUU OCOOM MPOUCXOIUT CIUSHHUE ABYX POAUTEIBCKUX KJIETOK, U UX
JHK B3aumozeiictBytoT, oopa3ys JJHK notomxka.

OcHOBHOI croco® B3auMoAecTBUSL — KpoccoBep-ckpetienue. [Ipu kpoccosepe JJTHK
MPEKOB JEUTCA Ha JBE YacTH, a 3aTeM OOMEHHMBAETCs CBOMMHU TojioBUHamMu. [lpu
HacJIeJOBaHUM BO3MOXKHBI MyTallUM, B pPe3yJIbTaTe KOTOPHIX MOTYT U3MEHHUThCS HEKOTOPHIE
re€Hbl B KJE€TKaX OJHOTO U3 poauTeneil. 3MeHEeHHbIe TEeHbl MEepeNaloTCsi MOTOMKY H
MPUJIAIOT €My HOBBIE CBOWCTBA. ECIM 3TH HOBBIE CBOMCTBA IOJIE3HBI OHU, CKOpPEE BCETO,
COXpaHsTCSs B JaHHOM Buje. [Ipm SToM Tmpom30iIeT CKauyKoOOpa3HOE TMOBBIIIICHUE
MPUCTIOCOOISIEMOCTH BHIA.



IF'EHETUYECKUE AJITOPUTMBI

['eHeTHYECKME ANTOPUTMBI — 3TO MOCJIEAOBATEIIBHOCTh YIIPABISIONIUX ACHCTBUUA U
ornepauuii MOJAEIUPYIOIIME 3BOJIIOLMOHHBIE MPOLIECCHl HA OCHOBE AHAJIOIOB MEXaHU3MOB
MH(GOPMALIMOHHOTO HACJIEJOBAHMSI U €CTECTBEHHOTO 0TOODA.

['eHeTryeckue alropuTMbl Ha MOUCKE JIYUIIUX PEIICHUH C TOMOUIBIO0 HACIEIOBAHUS U
YCUJICHHSI TIOJIE3HBIX CBOMCTB MHOXKECTBA OOBEKTOB OMNPEEICHHOTO TMPUIIOKEHUS B
POLIeCCEe UMUTALIUU UX DBOJIIOIIUH.

B renetnueckux aaropurmax CBOMCTBAa OOBEKTOB 3HAUCHUSIMU IMOJICH, BBEJCHHBIMU B
3aIliCh, HA3BAaHHON XpPOMOCOMOM.

['eHeTryeckre alropuTMbl ONMEPUPYIOT XPOMOCOMAMU, OTHOCAIIUMHUCS K MHOKECTBAM
00BEKTOB - TOMyJsuU. VIMUTanMsi TeHETUYECKUX NPHUHIIMIIOB - BEPOSTHOCTHBIA BBIOOP
poauTenel Cpear WICHOB MOMYJISIUHN, CKPEIIUBAHUE X XPOMOCOM, OTOOpP MOTOMKOB JIJIsI
BKJIIOUEHUSI B HOBOE MOKOJICHHE O0OBEKTOB HA OCHOBE OLIEHKHU I1eJIeBOM (PYHKIIMU, YTO BEACT
K ABOJIIOIIMOHHOMY YJIYYIIICHHUIO 3HAYCHUIO TeneBoi GpyHkiuu F (pyHKIMsS mone3HocTr) ot
MTOKOJIEHUS! K TTOKOJICHHIO.

Jlns moucka ONTUMAIBHOTO PELICHUSI UCIOJB3YIOTCS TAaKXKe METOMbl, KOTOphIE, B
OTJIMYME OT TEHETUYECKHUX aJITOPUTMOB, ONEPUPYIOT HE C MHOKECTBOM XPOMOCOM, a C
€IMHCTBEHHON XPOMOCOMOHM.

Tak MeToa JIOKAJIBHOTO JMCKPETHOIO IMOWCKAa OCHOBAaH HA CIy4ailHOM W3MEHEHUU
OT/IEJIbHBIX AP B 3HAUEHUE F'€HOB B XPOMOCOME, TAKME U3MEHEHHS HAa3bIBAIOTCSI MyTallUEH.

[Tocne oyepenHO MyTalMK OIIEHOYHOE 3HaUeHUE PyHKIIMKU F, U pe3yabTaThl MyTalllK
COXPaHSIOTCSI C HEKOTOPOM BEpPOSITHOCTHIO, 3aBUCAIIEH OT MOJYyYEHHOro 3HaueHus F.
PesynpraT coxpaHsieTcsi B XpOMOCOME, TOJBKO €CJIM 3HauYeHHe (YHKIHMH IOJIE3HOCTH
yVIy4dIIWIock. B MeTrone MoJenupoBaHMsS OTKHra pe3yJbTaT MYTallMM COXPAaHSAETCA C
HEKOTOPOH BEPOSITHOCTBIO, 3aBUCSILEH OT MOJYyYEHHbIX 3HaUeHU QpyHkuuu F.

INOCTAHOBKA 3AJJAUM TOHMCKA OIITUMAJIBHBIX PEHIEHUHA C
NOMOUBIO TEHETUYECKUX AJITOPUTMOB
JI71st TpUMEHEHUS TeHETUYECKUX aJITOPUTMOB HEOOXOIUMO:

1. BblaenuTh COBOKYITHOCTH CBOMCTB OOBEKTa, XapaKTEPU3YIOIIUXCS BHYTPECHHUMHU
napaMeTpamMl W BIUSIONIMMHU Ha €ro MOJIE3HOCTh, T. €. BBIJIEIUTh MHOYXECTBO
yIpaBIAOmuX napameTpoB X=(X1, Xz, ... , Xn). Cpeas X TUIOB MOTYT OBbITh BEJINYHHBI
pa3NUYHBIX TUIOB. Hanmuyme CUMBOJBHBIX BEJIMYUH OOYCIABIMBAET BO3MOKHOCTH
pelIeHus 3a7]a4 HE TOJIbKO MapaMeTPUUYECKOM, HO U CTPYKTYPHOM ONTHUMU3ALINH.

2. CdopmynupoBaTh KOJWYECTBEHHYIO OIICHKY TIOJIG3HOCTH BapHaHTOB OOBEKTOB —
bynkuumio F.

Ecniu B ucxomHoM BuEe 3a7aya MHOTOKpUTEpHAlbHasi, TO Takas (OpMYIUPOBKa
03Ha4yaeT BBIBOJI CKAJISIPHOTO KPUTEPHS.

3. PazpaboTarh MaTeMaTHUeCKyl MOJENb OOBEKTa, MPEACTABIAIONIYI0 COOOM aaroputM
Berunciienus F qiua X.

4. IlpeacraButh X B (hOpME XPOMOCOMBI — 3alMCH BUAA: X1 X2 X3 ... Xnp

Hcnonp3yercs cneayronias TEPMUHOIOTHSL:

I'en — ynpaBiisieMbli mapameTp X;

Annenp — 3HaYCHME T'eHA;

JIokyc — nmo3uuys, 3aHMMasi TEHOM B XpOMOCOME;

['eHOTHI — SK3EMIUIAP XPOMOCOMBI, MPEACTABISIIONIMI COOON COBOKYIMHOCTh BHYTPEHHHMX
apaMeTpPOB MPOESKTUPYEMOTO C MOMOIIBIO TEHETUYECKUX aJITOPUTMOB OOBEKTA;



['eHo(OHT — MHOKECTBO BCEX BO3ZMOXKHBIX T€HOTHUIIOB;

DeHOTHIT — COBOKYITHOCTh F€HOTHIIA U COOTBETCTBYIOIIETO 3HaueHus F;

[lon ¢eHOTHIIOM MOHMMAIOT COBOKYIHOCTb BBIXOJHBIX MAPaMETPOB, CHHTE3HPYEMBIX C
MTOMOILIBIO TEHETUYECKHUX AITOPUTMOB OOBEKTOB.

MNPOCTOU TEHETUYECKHUUN AJITOPUTM

Co3spgaHue
HaYa/IbHOI | CrpewpmsaHue | MyTtaumun _| Otbop OTBET
A Ll Ll Ll _>
nonyasaumm (kpoccosep)
Brauane reHepupyrOTCS HadalbHAs TMOMYJAINHMS — HECKOJbKO O0CO0eH CO CiaydallHbIM

Ha0OpOM XpOMOCOM. ['€eHeTHUECKUI allrOPUTM UMUTUPYET 3BOJIIOLMIO 3TOM MOMYJIALMHA KaK
LHUKJIAYECKH MpOLIecC CKPEUIMBaHUA OCOOEH MyTallMd W CMEHbI MOKOJIEHHH (0TOopa).
BbluucinuTeNnbHbIA NPOLECC HAYMHAETCS ¢ TeHEPAalUd UCXOJIHOTO MOKOJIEHHSI — MHOYKECTBO,
BKitoueHHoro N xpomocom. N — pazmep nonynsuuu.

['eHepans BBINIOJIHAETCS CIydyallHbIM BBIOOPOM ajuiessMM Kaxzaoro reHa. Jlanee
OpraHU3yeTCs HUKINYECKUN MTPOLIECC CMEHBI TOKOJICHM.

for (k =0; k <G; k++)

for (J=0; j<N; j++)
{Bb100p pOIUTENHCKON TTAPHI XPOMOCOM }

Kpoccosep

MyTranun

Onenka F

Cenexuus
{3aMeHa TeKyIIero MOKOJIEHUS HOBBIM }
G — 4ncno MOBTOPEHHUI BHEIIHETO IIUKJIA.

JUIsi KaXIoro BUTKA BHEIIHErO0 UMKJIA T€HETHUYECKOTO ajroOpuTMa BBINOIHIETCS
BHYTPEHHUI LIUKJI, HA KOTOPOM (POpMUpPYETCS SK3EMIUISPbI HOBOTO MOKOJICHUSI.

Ha BHyTpeHHeM LMKJIE€ TOBTOpSIETCS OIepalus BbIOOpa poAMTENEH, KPOCCOBEPHI,
MYTalll{, OLIEHKH MPUCIOCOOIEHHOCTH TOTOMKOB, CEJIEKIIUU XPOMOCOM.

PaccMOTpUM airOpuT™M BBITIOJIHEHHSI OIIEPATOPOB B IPOCTOM T.a.

Buvioop pooumeneit

OTOT onepaTop WIIIOCTPUPYET ECTECTBEHHBIN 0TOOP, €CIIM OTOOP B POAUTEILCKYIO APy
XpPOMOCOM C JTy4IITUMU 3HaueHusAMH F Ooree BeposTeH.

I1p. Tlycte F Tpe6. min-t., Toraa Pi Be1OOpa poautens ¢ xpomocomoii Ci BEIYUCIIACTCS:

P = (Fra = P (i~ F) )

Fmax — Hauxyauiee 3HaueHus F cpenn 3K3eMIUISIPOB TEKYIIErO MOKOJIEHHUS.
Fi —3HaueHUs1 PyHKIMH I-0r0 IK3EMIUISAPA.
(1) HazwiBaercs IIpaBuio koseca pylneTKH.
Ecnu B koznece pyJieTKH BbIJIENIEHBI CEKTOPbI MpomnopuuoHaibHbie (Fmax — Fi), TO
BEpOSITHOCTh MOMNAJaHus B HUX — CyTh Fj, onpenensieTcss B coorBeTcTBUM C (1)



Ilp. Ilycmv N = 4
Fi u P B Tabnuue:

I 1 2 3 4

Fi 2 7 6 3
Frax — 5 0 1 4
Fi

P; 0,5 0 0104

Ckpewjusanue

CkpelrBaHe 3aKJII0YaETCs B MEpeaue y4acTKOB I'€HOB OT POJUTENCH K MOTOMKAM.
[Ipu npocTtoM (OJTHOTOYEYHOM KpPOCCOBEPE) XPOMOCOMBI POJMUTENECH pa3phIBAIOTCS B
MO3UIMK OJMHAKOBOM mJii 000ux poauTeneil. MecTto paspbiBa paBHOBEpoOsTHO. Jlanee
pexomMOuHaIus, 00pa30BaBIIUXCA YacTEeH POIUTENBCKUX XPOMOCOM, Kak B Tabnuue 1, rae
pa3phIB NOJpa3eisieTcss MeXay S U 6 JIOKycaMu.

XpOMOCCOMBI I'enbl
A f a c d g k v e
B a b c d e f g h
C f a Cc d g f g h
D a b C d e k Y e
Mymauyuu

Onepanust MyTaluu BBINOJHSAETCA ¢ BeposATHOCTHIO P( ). Ilpoucxonut 3ameHa aienu
3HA4YeHUEM, BbIOMPAEMbIM C paBHOW BEPOSITHOCTBIO C 0OJACTU OIPEIECIEHHOIO TeHa.
bnaronapst MyTanuu paciupsiercss 00J1acTh TeH. MOUCKA.

Cenekuusn

[Tocie kaxgoro akra reHepanuu napa MOTOMKOB B HOBOE NMOKOJEHHE BKJIHOYAETCS
JTYYIIUN SK3EMIUISP MapHI.

BHyTpeHHMI LMK MPOCTOrO r.a 3aKaHYMBACTCS, KOTJIAa YUCIIO IK3EMIUISIPOB HOBOTO
nokoseHust craneT N.

KomudyectBo moBTOpeHMit G BHENIHEro IIMKJIA 4Yalle BCEro  OMNpeaesseTcs
aBTOMATHYECKHU, TIO BBISBJICHUIO MPU3HAKOB BHIPOXKJICHUS (CTAarHaliMu), HO C YCJIOBUEM HE
MPEBBIIIEHUS JINMUATA MAIUHHOTO BPEMEHH.

PASHOBUJIHOCTHU I'EH. OIIEPATOPOB
Kpoccosep:
B-niepBbIX, 1OMyCTUMBI CX€Mbl MHOTOTOYEUYHOI'0 KPOCCOBEPA.
Bo-BTOphIX, OTMETaeM CHUTyallud, KOTJa Ha COCTaB ajlielib HaJ0KEHBI JIOMOJTHUTEIbHBIC
YCIIOBHSI.

Hanpumep. Tlycts 3agava pazdoueHue rpada gucio BepmuH B nmoarpade A; u Az JOIKHO
ob1Th N1 1 No. [lycth K-ThIi ansens paBeH 1. OTo o3Havaer, yto K monamaer B Aj, eciu xe

K-TbIW ajuienb paseH 0, To B Ao.

OueBuHO, 9TO YuCO 1 B XpoMocoMe JoJIKHO ObITh paBHO Ni, a uncio 0 Na.



[Ipu pekoMOWHANIMK JIEBBIA YYACTOK XPOMOCOMBI OEpeTcss OT OJHOTO M3 poauTenei 0e3
M3MEHEHUH, a B MPABOM y4acTKE OT JPYToro POAMTEIS HYKHO coryiacoBath 9ucio 1 ¢ Nj.
OnuH u3 conoco6oB — metonq PMX.

JUIsi WiuTIoCTpallid METOJla PacCMOTPUM npumep JABYXTOUYEUHOTO KpoccoBepa B 3ajaue,
KOTJla B XpPOMOCOME JOJDKHBI MPUCYTCTBOBATh, MPUYEM TOJIBKO MO OJHOMY pa3y, BCE
3HAUYEHUS T'€HOB U3 3aJIaHHOT0 Habopa.

ITycTh B ip. Habop BKIIOY-T OT 1..9

1 2 3 4 5 6 7 8 9 Ponmure
3 7 1 9 2 4 8 6 5 mm

1 2 1 9 2 6 7 8 9

1 2 3 9 5 6 7 8 4

B Tabnuiie TpeTbs cTpoka COAEPKUT XPOMOCOMY MEPBOTO U3 MOTOMKOB, CTE€HEPHUPOBAHHOTO
B pe3yJbTare IPHUMEHEHHs MEPBOrO M3 KpOcCOBEPOB. llomyyeHHbIE XPOMOCOMBI HE
OTHOCSITCA K YHUCIYy JONYCTHMBIX, TaK KaK B HUX 3HAa4eHHs IeHoB 1, 2, 9 BcTpewarorcs
BTOPOTO POJIa, a 3HAUYECHUSA 3, 2, S OTCYTCTBYIOT.

UYeTBepTas CTpOKa IMOKa3bIBAET pe3yibTaT npumeHeHns Mmeroga PMX. B atom metone
BBIICTISIIOTCS CONPSDKEHHBIE Mapbl ajjiesied B JIOKYCe B OJHOM M3 PEKOMOMHHPOBAHHBIX
yacteld. B Hamem npumepe 31o napsl 3—1, 4-9, 5-2. XpomocoMa noTomMKa mpocMaTpUBaeTCs
cieBa Ha mpaBo. EciM BCTpeyaroTCs IOBTOPSAIOLIMECS 3HAYEHHs,, TO OHHU 3aMEHSIOTCS
CONPSDKEHHBIM  3HayeHWeM. B mp., MOBTOPHO BCTpeUYarOLMEcs ajuleid  3aMEHEHBI
3Ha4YeHUsAMU 3, 5, 4.

Mymauyuu

briBaroT ToueyHbIC MyTalMH (B TIEPBOM T'€HE), MAKPOMYTAIIUU (B HECKOJIBKUX T'€HaX)
1 XPOMOCOMHBIE (TTOSIBJISTFOTCS HOBBIE XPOMOCOMBI)

OOBIYHO BEPOSATHOCTH TOSBJIICHUS MYyTaIlMi yKa3bIBACTCS CPEIW MCXOJHBIX JTaHHBIX,
HO MO>XHO aBTOPEryJMpPOBaTh YHUCJIO MyTallMd IMPU HUX pPeAIM3allid TOJIBKO B TaKOU
CUTyaIliH, KOTJa UX POJUTEILCKHE XPOMOCOMEBI pa3ndaroTcs He Oosiee, ueM B K reHoB.

Cenekuusn

[Tocne ompeneneHus U TMOJOKUTEIBHOW OIEHKHM MOTOMKAa OH MOXET OBITh Cpa3y
BKJIFOUYEH B TEKYIIYIO MOMYJISLHWIO BMECTO XYILIErO U3 POAUTENICH, IPU 3TOM U3 aJrOpUTMa
HCKJIFOYAETCs BHEIIHUM IUKIL.

Jlpyroii BapuaHT CEJEKIIMU — OTOOp TMOCJE KaKIOTro OMEpalMi CKPEIIMBAHHS JBYX
JYYIIUX K3EMIUISIPOB CPEIU IBYX HOTOMKOB U JBYX POJUTEIEH.

YacTo UMEHHO TMOTOMKHU C Fpin TPUHYKIEHHO BKIIOYAIOTCS B HOBOE IOKOJICHHE,
Takol TMOAXOJ Ha3biBaeTcss H»aunymoM. OH cHocoOCTByeT OOJIbIIeH CXOAUMOCTH U
JIOKAJIbHOMY  JKCTPEMyMY, HO B MHOIODKCTPEMaJIbHOM CHUTYyallud OTPAHUYUBAET
BO3MOKHOCTb IONAJaHUsA B OKPECTHOCTHU IPYTUX JIOKAIBHBIX SKCTPEMYMOB.

Tpetuit BapuaHT ceynekiuu — 0TO0p N 3K3eMIUIIPOB Cpelld TEHOB PENpOAYKIIUU
TPYIIbl, KOTOpPAas COCTOMT W3 POAUTEIICH, IOTOMKOB, MYTAHTOB, YIOBJIETBOPSIOIIUX
ycioButo: Fi < t. t — mopor 3HaueHust GyHKIHUHU T0JIe3HOCTH. [Topor MoXKeT ObITh paBeH W
cpenHeMy 3HaueHMIO (GyHKIMH F B TekymeM TMOKOJEHWU WM 3HadeHuto F ocolw,
3aHUMAIOIIEe ONpeIeTIeHHOE OPAIKOBoe MecTo. CyTh MATKON CXEMbI 0TOOpa — BKIIIOYEHHUE
B HOBOE nokoJienre N Jydmux npencraBuTenei penpoayKIuu TPyIIb.



XKectkass cxema oTOOpa — HOBOE IIOKOJICHHE, W SK3EMIUIIPHI BKIIIOYAIOTCS C
BEPOSTHOCTBIO, onpeneisiemont (1).

YerBepThlii  BapuaHT  CEJICKIMH —  TEPEyNopsJAOYMBaHWEe —  Ha3HAYCHUE
MEePEeyNopSAI0YNBAHNE TCHOB CBS3BIBAHHS CO CBOMMH CBOWCTBAMH, HOCSIIMMH Ha3BaHHE
AMHUCTAcHUC. DMUCTACUC UMEET MECTO, €CITi F 3aBUCHUT HE TOJLKO OT 3HAYEHUI T€HOB, HO U OT
UX TO3UIIMOHUPOBaHUs. CBs3bIBAHKME SIUCTACKCA TOBOPHUT O HEJIMHEHHOCTH (yHKIUU F, 4TO
HPUBOJIUT K YCJIO)KHEHUIO ONTUMH3AIIMOHHON 3a/1a4H.

OCOBEHHOCTHU 'EHETUYECKUX AJI'OPUTMOB
['eHeTnyeCcKue anropuTMbl — HE €IMHCTBEHHBIN CIIOCOO pelIeHUs 3a/1a4 ONTUMU3ALUY.
1) TlepeGopHblii MeTOn Hamboyiee MPOCT B MPOTPAMMUPOBAHUH, TPU STOM HEOOXOIUMO
BBIYHCIUTH 3HAUCHHUE 11eJ1. (YHKIIUH BO BCEX TOUKAX, 3alIOMUHAsI MAKCUMAJIbHbIC U3 HUX.
Munycel: Bosblias BBIYMCIHTENbHASA CIOKHOCTh, HO €CliM Iepedop BCEX BapHAHTOB 3a
pazyMHOE BpeMsl BO3MOXEH, TO HAHJEHHOE PELICHUE SIBISETCS ONTHMAIbHBIM.

2) MeToj rpaIueHTHOTO CITyCKa.

BriOuparoTcss ciaydaiiHble 3HA4Y€HHWs IMapaMeTpPOB, a 3aTeM OTH 3HAYCHHUS H3MCHSIOTCS,
N00UBasICh HAMOOJBIIIEH CKOPOCTH POCTa IIE. ... QYHKIIUH.

OTu MeToasl palboTaroT OBICTPO, HO HE TAPAHTUPYIOT ONTUMAIBHOCTU PpEUICHUS.
[IpakTuueckue 3agauu ,KaKk MPaBUIIO, MYJIbTUMOJAIBHBI M MHOTOMEpHBL. KoMOuHUpys
nepeObOpHbIE METOBI MOXKHO TMOJYYUTh NMPUOIU3UTEIBHBIE PEIICHUS, TOYHOCTh KOTOPBIX
OyJIeT BBIIIIE C YBEIHMUYCHUEM lj.

['eHeTnyeckue alropuTMbl MPEACTABISIOT COO0N MMEHHO TaKOW KOMOWHWPOBAHHBIM METO/T
MEXaHU3Ma CKPEIINBaHMS.

TEHETUYECKUE AJIIT'OPUTMBI JIJII TPACCUPOBKU JBYXCJIOMHBIX
KAHAJIOB
B Hacrosiee BpeMs MONYYWIM PaclpOCTPAHEHHE KaHAJIbHBIE aJITOPUTMbI TPACCHUPOBKH,
KOTOpbIE€ TPEOYIOT MEHbIIIE MAIIUHHBIX PECYPCOB U OOJBIIMHCTBE CIy4aeB 00€CHEeUYHUBAIOT
CTONPOLIEHTHOE Pa3BEICHUE LIETIEH.

bonpuioe pacnpocTpaHeHHE MOMYYWIH aITOPUTMBbI MOJEIMPOBAHUS 3BOJIIOLMH. JTO
XOpOILIO U3BECTHAS! ONTUMHU3UPOBAHHAS METOAOJIOTHs, OCHOBAaHHAS HAa aHAJIOTUH IIPOLIECCOB
HaTypaJIbHOM CeNIeKLIUU B OMOJIOTHH.

[louck B mOJE  CTPYKTYpHBIX MOAM(UKAUMN  aJalTHUPOBAHHBIX  CUCTEM
OCYULIECTBJIISIETCS TEHETUYECKUMU aJITOPUTMAMH.

OcHOBHass OCOOEHHOCTb TI'€HETUYECKHUX aJITOPUTMOB COCTOMT B TOM, YTO
aHAIU3UPYETCS HE OJHO pELIEHUE, & HEKOTOPOE MOJMHOXECTBO KBA3HOIBITHBIX PEIICHUH,
Ha3BaHHBIX XPOMOCOMAMH WJIA CTPUHTAMH.

Jns  KaxIoW XpOMOCOMBI JODKHA ObITh 1en. ¢yakmus F(n), Ha3zBaHHas
OBOJIIOLIMOHHOM.

N- YUCJIO JIEMEHTOB B XpoMocome. DyHkius F(N) BBIUUCIISET ONMpEaeICHHBIA BEC KaXKI0u
XpOMOCOMBI. B Kaxmoil nomyiasiiud XpOMOCOMBI MOTYT TOJBEPraThCs JIEUCTBUIM
Pa3IMYHBIX OIEp-B: KPOCCOBEPA, NHBEPCHH, MyTallUH, CETPErALIMU, TPAHCIOKAIMH U T. II.

['eHeTnyeckue anropuTMbl O00JaJAIOT BO3MOXKHOCTBIO BBIXOJA U3 JIOKAJIbHBIX
ONTHMYMOB, 4YTO MO3BOJIIET MOJYy4YaTh JY4YUIME PEIICHHs, YeM IpU PELICHUH 3a1ad
KaHAJIBHOM TPACCUPOBKH CTAPBIMU AITOPUTMAMHM.



3AJTAYA KAHAJIBHOM TPACCHPOBKH B KJIACCUYECKOMN MOCTAHOBKE

KananpHble anroputMbl Oa3UpyIOTCS Ha MPENCTaBICHMM O KaHajlaX M MarucTpasx.
Maructpanplo Ha3bIBAETCA OTPE30K MPAMOM, MO KOTOPOM IIPOXOAUT COEOUHEHHE B
IIPEUMYLIIECTBEHHOM HaIIPSKEHUH.

Kanan — o0nacTe mpsAMOYrojibHOM (OpPMBI, HA OJHOM MM HECKOJIBKUX CTOpOHaX
KOTOPOM paCIIOIO0KEHBI KOHTAKTBI C CHCTEMOM OJTHOHAIIPABJICHHBIX MaruCTpaje.

Kaxnmasg menp — coequHEHUE HKBUIIOTCHLIHAIBHBIX KOHTAaKTOB IIPEJCTAaBIEHO Kak
OJIMHOYHBIA TOPU3OHTAIBHBIA CETMEHT C HECKOJBKMMH BEPTHKAJIbHBIMM CEIMEHTaMH,
KOTOPBIE COCUHSIOT TOPU30HTAIIBHBIN CETMEHT C KOHTAKTaMH LIETIH.

['opu3oHTaNbHBIE CETMEHTHI PACIIONATraloTCs B OAHOM CJIO€, BEPTUKAIbHBIE B IPYTOM.
CoenuHeHuss MEXIy TOPU3OHTAIBHBIMU M BEPTUKAIBHBIMU JIENATCA 4Yepe3 IMEepPEeXOHbIE
OTBEPCTHS.

OcHoOBHasi 3a7adya KaHAJbHOM TPACCHPOBKH — BBIOOD HAaWMEHBILIEH TPACCUPOBKU
KaHaja, 10CTaTOYHOM Ul pa3sMELIEHUs B HEM BCEX COCAMHEHHUM W Ha3HA4Y. COCAMHEHUN HA
MarucTpasx.

HeobxoaumMo MUHUMH3UPOBATh CYMMApHYIO JJIMHY COSIUHEHUM, YHUCIIO MEePEXO0THBIX
OTBEPCTUU U T. 1.
3ajaya KaHaJbHOW TPAacCUPOBKM B KJIACCMYECKOW ITOCTAHOBKE OCHOBAaHAa TPACCUPOBKE
JBYCTOPOHHETO KaHaja 10 BEPXHEWM U HWXKHEH CTOPOHAM KOTOPOrO MPOXOAAT JIMHEHKU
KOHTAKTOB.

N3nomsl (T. €. mepexo/ibl) TOPU30HTAIBHOIO Y4acTKa ¢ OAHOM MarucTpaid Ha Jpyrou
HE JIOIIyCKAIOTCA.

Onucanue KaHAJIO0B

1 0 3 1 4 2 3 2 top
* * * * * * * *
] L] ] []
] O
] 1 H] [ 1
] ;:[: []
LT LT - LT LI
3 * sk * pk * k
[a3 a r r n n C C
bottom
[ nepexoaHble
* KOHTaKT

Kanan onuceiBaeTcst 1ByMs mociiefoBaTreabHocTAMU tOp 1 bottom, B KOTOPBIX pa3MeIarTes
BEpXHHUE W HWXKHUE JIMHEWKM KOHTAKTHBIX TUIOMIAJIOK KaHAIoB. Pa3smep o0enx
nocieaoBaTeabHOCTEN paBeH C — YKCIIO KOJIOHOK B KaHaJe

MmuoxectBo neneit onpenensercs kak Net = {Ni, N, ..., No} (n — 370 uncno mnermneii)

Ilpumep:
top={1,0,3,1,4,2,3,2}; bottom={6,4,6,6,3,0,55}; n=6; C=8

FOpI/IBOHTaJ'IBHBIe N BCPTHUKAJIIBHBIC OI'PaHNYCHUA



[Ipy kaHanmpHOM TpPACCHPOBKE HE JOIMYCKAETCS HAJNOKEHUS BEPTUKAIBHBIX H
TOPU30HTANBHBIX CETMEHTOB Iweneil. Jlnga pemeHuss 53TOM 3amayu  BBOJATCSA Trpadbl
BEPTHUKAIbHBIX U TOPU3OHTATILHBIX OTPAHUYCHU.

BepTukanbHble  OTpaHWYEHHsS]  OMHCHIBAIOTCA  OPUEHTHPOBAHHBIM  Tpadom
BEPTUKAIBHBIX OIpaHUYeHUH (T.B.0.)

GV = {Enet, Ev}

Enet — MHOeECTBO BEpIIMH, COOTBETCTBYIOIIMX MHOXKECTBY 1iereit net

EV — MHOkeCTBO HaIpaBIISIONIUX pedep.

PeGpo (N, m) cymecTByeT Toraa, Korja Ienb N pacrojoKeHa BbIIIe Henu M s
peI0TBPAIICHUS HAIOKEHUSI BEPTUKAIBHBIX CETMEHTOB IIETEH.

JIis HaIIMX TOCIe0BaTENbHOCTEH I'.B.0. Ha PUC.:

@/@

puc.

@

Hanpumep, Ha puCyHKe BBIII€ B T.B.0. CYIIECTBYET MyTh U3 1 B 6. 3HAUuT, 4TO LIeNb |
J0JKHA OBITh PACIIOIOKEHA BBINIE IIeMu 6, 4TOObl HE OBUIO HAIOKEHUM BEPTUKAIBHBIX
cerMeHTOB Ha 1 u 6 KoHTakTOB. UTOOBI 3ajaya peliajach B paMKaxX KJIaCCHYECKOM
mocTaHoBKU 3amauu, rpadp GV pomkeH OBITh alMKIWYHBIM, WHA4Ye 3a7ada MOXET OBITh

peiuicHa TOJIBKO € BBCACHHUCM H3JIOMOB, a 3TO IHIPOTHUBOPCUUT YCIOBHAM KJ1aCCHUYECKOM
IIOCTaH. 3ada4H.

Janee 6yeM UCTIOJIb30BAaTh PACIIMPEHHBIH T.B.0. (P T.B.0.)

GRV = {Enet, Erv}
Enet — MHOECTBO BEpIIMH, COOTBETCTBYIOIINX MHOXKECTBY Iiereit net
Erv — MHOXXECTBO HaIpaBIIIONIUX pedep.

Pe6po (n, m), mnpunHamiexaiee Erv, cymectByer Toraa, Koraa B I.B.0. CYIIECTBYET
MyTh U3 BEPIIMHBI N B M.

pwnc.

o
o

Ha pucynke 2a B r.B.0. €cTb IyTh U3 4 B 5 uepe3 3. CneqoBaTenabHO, B P.I.B.0. CYIIECTBYET
pebpo (4, 5) 1 (4, 6)



['opu3oHTanbHBIE OTpaHUYEHHUs TMPEACTABICHB HE OPHUEHTUPOBAHHBIM TIpadom
TOPU30HTAJIbHBIX OTPaHUYEHUI] (T.T.0)

GH = {Enet, En}

En — MHOXecTBO pedep.

Pebpo (n, M), mpunamnexamiee EH, cymecTByeT Toraa, Koraa MarucTpaid Uit N 1 m
pa3HeceHb! JJI UCKIIIOYEHUS HAJIOKEHUS TOPU30HTAIBHBIX CETMEHTOB N ¥ M.

(6] (2)
Sl

Ha pucynke 2B r.r.0. ectb myTh U3 1 B 6, 3Ha4UT, 4TO LEeNb | JOJKHBI OBITH PACIOJIOKEHA
Bbllle 6, 4TOOBI HE OBLIO TOPU3OHTAIBHBIX HajokeHud. Ilemm 1 m 5 Moryr ObITH
PacIonoKeHsl Ha ogqHoM Maructpanu. Llens 1 u 2 Toxe.

TEHETHYECKHME AJITOPUTMBI JIJISI KAHAJIBHOM TPACCHPOBKH
['eneTnueckue anroOpuTMbl — UTEpPALlMOHHAS TMPOIEAypa, KoTopas oOpadaThiBaeT IPYIIITY
XPOMOCOM PEUIEHUI, Ha3BAHHYIO OMYJIAIIUEH.

Uucno xpomocom B momynsnuu — ee  pasmep N. Kaxmas xpomocoma cocTouT u3
T€HOB, KaXJIbI T€H XPOMOCOMBI MOXKET OBITh B HECKOJIBKUX COCTOSIHHUSIX — aJlJICIIH.

[IpuBenemM COOTBETCTBUE TEPMHHOB TEHETHYECKHX aJTOPUTMOB M KJIACCUUYECKHE
3a1a4H.

JIeHOTHI — TOMOJIOTUSL PACTIOJIOKEHHMS 1IeTIeil Ha KpUCTaILIIE.

['eHOTHI — reHeTHYECKas cXeMa KOAUPOBAHUS TOMOJIOTHH.

XpoMocoma — KOAUPOBAHHOE MIPEACTABIICHHUE IIEPBOT0 BApUAHTA TOIOJIOTUH.

['eH — sIeMEeHT XpOMOCOMBI, 3aJa0IIUI HEKOTOPHIA (PparMeHT TOMOJIOTHUH.

[Tomysiiiust — HabOp XPOMOCOM.

dutHeca — neneBas QyHKIIHS, ONPEACIISIONIas KAYECTBO PEUICHUS 3a/1a4u.

["enepaniys — IepBBIA MUK PAOOTHI TEHETUYECKUX aJITOUTMOB.

['eneTndeckue anropuTMbl TPEOYIOT, YTOOBI XPOMOCOMBI OIICHUBAIUCh C TOYKH
3penus F 3amau. @Oyukuus F oleHHMBaeT K-J. KauyecTBa PEUICHUS, COOTBETCTBYIOIIETO
JAHHOM XpOMOCOMe (JITTUHY IIETIeH, CUII0 MarucTpaiei).

['eneTnueckue alropuT™Mbl  00pabATHIBAIOT MOMYJISINIO PEIICHUN, 3aKOIUPOBAHHYIO
B XpoMmocoMy. B mpouecce 00paOOTKy MOMyJSIIUM K HEH MOCIEI0BATEIbHO MPUMEHSIOTCS
T€HETUYECKHUE OIepaTophl, TAK KaK KPOCCOBEP U MYyTallMs, ¢ 3aJJaHHBIMU BepiinHaMu P(c) u
P(m) u np.

3areM NpPOBOAUTCS PEeAyKIMs (aHalM3) yBEJIMUYMBAIOUICHCS MOMYJsUUUA s 0TOOpa
JY4YIIUX PEUIEHUA, KOTOPBIE COCTAaBAT CIEAYIOIIEE MOKOJEHUE, IIOCIHE YEro LMK
(ToMyNsIMs ) MTOBTOPSIETCSI.

Uwncio Takux NMKJIOB Ha3bIBAeTCsA 4yuciIoM reHepanuu 1. B obmem cimydae mMoxker
OBITH TTOCTPOEHO OOJBIIIOE YUCIIO APXUTEKTYP peaTu3aliyi TeHETHIECKOTO TTOKCKA.

CTAHIJAPTHASA CXEMA 'EHETUYECKOI'O ITIOUCKA. CTPYKTYPA
I'.A.



1) Omnpenenenue pazMepa monyssinuu M, yrcia reHepanuu T, BEpOSITHOCTH KpOCCOBEpa
P(C), BepositHocTH MyTanuu P(M).

2) 3amanue ciaydaiHbpIM 00pa3oM HadaibHOU momyssiiuu [1(0) pasmepom M.

3) T nonoxuth paBHBIM 0.

4) Bri0op ciaydaitHeiM oOpa3zom M map xpomocoM u3 nomyisuun I1(t) u npuMmeHeHue
KpOoccoBepa K KaKI0i mape ¢ 3a1anHoi BeposiTHOCTHIO P(C)

5) IlpuMmeHeHue onepaluyu MyTaluy K KaKaoH xpomocoMe monyJsiun T1(t) ¢ 3amaHHO#
BEPOSATHOCTHIO P(M).

6) Ot6op M XpoMOCOM ¢ HaWIy4IIUM 3HaueHHeM F u3 nomyduineiics nomyssiuu [1(t)
B HOBYIO momyJsiuio 11 (t + 1)

7)t=t+1

8) Ecmm t < T, To mepexox Kk myHKTY 4

9) BBIBOJ XpOMOCOMBI C HAMITYUIIIMMH 3HAUCHUSMHU.
TEHETHYECKOE OITIEP-U ITPUM-E B AJITOPUTME KAHAJIbHOM

TPACCHUPOBKMN.

KOANPOBAHUE XPOMOCOMBI

[IycTh XpoMOCOMa ONUCHIBAET B3aMMHOE PACHOJIOKEHHE Ienel kaHana. J[ns storo
KaXJI0il mape meneit (N, M) cTaBUTCS B COOTBETCTBUE I'€H, KOTOPBIA MOXKET MPUHUMATh 3
coctosius: 0 — eciii M JoJKHA pacnojiaraThes Boiie N, 1 — ecmu M A0KHA pacioiararbest
HUKE N U * — ecliM UX B3aMMHOE PACMOJIOKEHHE HE MMEET 3HAUCHUS WJTU OIpPEIEsieTCs U3
B3aUMHOTO PACIIOJIOKEHUS OCTAIBHBIX IENed (ITO MPOUCXOJIUT €CIM IEeNMH HE HMEIOT
TOPU30HTAIBHBIX OTPAHUYCHHI)

JI71s1 HaIIero npuMepa XpoMocoMa MOKET UMETh BH/I, IPUBEICHHBIN B TaOJIHIIE:

merp (1|1 (1(1/1(2(2/2(2|3|3|3|4 4|5
n
menb (2|3 (4|56 |3|4(5|6[4|5|6|5|6|6
m
I'eH *10]0*|0(0|*|O0O|*]|1|/0|0O|*]|0O|*

B cTpoke «reH» 3amuchIBaeTCs 3HAYEHHE I'€Ha B XPOMOCOME, 3aJalOlUi pacIoOKEHUE
LIETIEN, TOKa3aHHOE HA PUCYHKE 1.

Jmuaa xpomocoMbl L = N*¥(N-1)/2 = 6*5/2 = 15. nnuHa XpoMOCOMBI JI0CTaTOYHO
Oonpiias, 4to Henpuemiemo. [losTomy I MOHMKEHUS AJIMHBI XPOMOCOMBI HUCIOJIb3YETCS
aHaju3 p.r.B.o U r.r.o (puc. 2)

[lonmkeHue JUIMHBI XPOMOCOMBI TIOJydaeM 3a C4YeT TOro, YTO B3aUMHOE
pacrojoxeHue nap 1erneu yxe 3aQuKCUpOBaHO P.I.B.0., © U3BMEHEHHUE 3TOT0 PACIIOJIOKEHHUS
IIPUBOJNT K HAJOXEHHUIO BEPTUKAJIBHBIX CETMEHTOB LENEd B KaHale. OTO BEAET K
00pa3oBaHUIO «MEPTBBIX» XPOMOCOM, TO €CTh TaKOH, W3 KOTOPOM HeNb3s MOIYYUThH
pelIeHue, yAOBIETBOPSIOIIEE YCIOBUAM 3aa4l TPACCUPOBKHU.

Bropoii npueM, MO3BOJAKOMINN YMEHBIIUTH JJIWHY XPOMOCOMBI, OCHOBBIBAETCS Ha
TOM, €CJIM IIENU HE MMEIOT TOPU30HTAIbHBIX OTPAaHWYEHUI, TO MX B3aWMHOE IOJIOKEHUE
aub0 HE BaXKHO, JMOO OMpEeAeNseTcss U3 COOTHOIIEHHS] C OCTalbHBIMM UensMu. Takue
COCTOSIHUSI OTMEUEHBI «*». TakuM 06pa3om, AJIMHA XPOMOCOMBI MOKET OBbITh onpeseneHa: L
= NGO — NRVO, rae NGO — 4yucio ropuzoHTanbHbIX orpanuueHuii B 1.r.0.(9), a NRVO —
YUCJIO BEPTUKAJIBHBIX OTPAHUYEHHM B P.I.B.0.(6).



Lenu 4 u 5 He 3aBUCAT APYT OT ApYra, Kak 110 TOPU30HTAIM, TaK U 1O BEPTUKAIM. J{7s
napel ueneu (1, 6) (2,5) (3,4) (3,5) (3,6) (4,6) B3auMHOE paCIOJOKEHUE KECTKO 3aJ]aHO
p.T.B.0., a a B3auMopacnosoxenue nenei B (1,2) (1, 5) (2, 4) (2, 6) (4, 5) (5, 6) (cm. 1.1.0)
HE UMEEeT 3HaYeHUS, TaK KaK IENH B 3TUX Mapax He KOHPIUKTYIOT IO TOPU30OHTAIIH.

B namem npumepe xpomocoma OyJeT BHITJISAETh TaK:

menp |1 (1|2
n

menr [ 3 (4|3
m

reH 0/0|0

1 — nomxHa OBITE BhINIE 4, a 2 JOJDKHA OBITH BHITIE 3.

ITosryyeHnune U3 XpOMOCOMBI 3CKH3a KAHAJIA C Pa3BeleHHbIMHU HeNsIMH

Jns monyueHusi W3 XpoMocoMbl Bujia A=(ai, ap, as,), rae a; paBHa 0 wim 1 sckuza
KaHajga C pa3BEICHHBIMM LEIIMHU ucnonb3yercss rpad tomomormm (I'T). I'T —
opueHtupoBanHbiii rpad Buma GT=(ENet, ET), rne ENet — mHoxectBo mneneit, ET —
MHO’KECTBO HAIIPaBJIICHHBIX peOep, OMUCHIBAIOLUIMX B3aUMHOE pACIHOJIOKEHUE LEeneld B
KaHaJIe.

Pebpo (m, n) eET cymiecTByeT Torga U TOJIbKO TOTJa, KOr/a LEnb M pacroyiokeHa B
KaHaJIe BBILIE LENH N, T.€. HA MarucTpaid ¢ MEHbIIUM HOMepoM. I'T cTpouTcs Ha OCHOBE
PI'BO, HampaBieHHble peOpa KOTOPOTO COOTBETCTBYIOT MapameTpaM LENei, B3auMHOE
pacnoJIoKEHUE KOTOPBIX JKECTKO 3aJaHO0 ¢ J100aBJICHUEM HANpaBICHHBIX pedep,
COOTBETCTBYIOIIMX MMapaMeTpaM BETBEH, 00pa3yIOMIMX XpOMOCOMY A. JJisl HAILIETO IpuMepa
puc.l I'T Oyzner umeth BUA, IPUBEICHHBIN Ha puc.3.

Ilerns M 1 1 2
Ilens n 3 4 3
['en 0 0 0
A=(0,0,0)

I'pad Tonmomorum st xpomocombr A=(0,0,0).

Kanain BoccTanaBnuBaeTcs U3 XpOMOCOMBI CIEAYIOIIUM 00pa3oMm:

[IIar 1. CtpoumM 1o xpoMocome rpad TOMOJOTHH.

lar 2. ITonmaraem i=0.

[ar 3. Haxomum Bepmwmubl (1 v 2 18 Hamiero ciaydasi), Y KOTOPBIX €CTh TOJbKO
ucxonsmpe nyru. PasmenmiaeM WX Ha MarucTpaid ¢ HOMEPOM | WM Ha MarucTpaid C



MEHBIIIUM HOMEPOM, €CIIM 3TO BO3MOXKHO U YAQISIEM 3TH BEPIIMHBI C MHIMACHTHBIMU UM
pedpamu u3 I'T.

Hlar 4. i=i+1

[lar 5. Ecim I'T He mycT, TO BO3Bpamaemcs K mary 3.

[ITar 6. He Hapymas B3aMMHOT'O PAcCIIOJIOKEHHS, CMEIIAEM LIENU 110 MarucTpaliH Tak,
YTOOBI MUHUMU3UPOBATH JJIMHY BEPTUKAJIBHBIX CETMEHTHBIX LIETICH.

[Ilar 7. Bo3BpaiaeM IMoJIydeHHBIH 0oOpa3el] pa3MelIeHHs Ielel B KaHaje HIMPUHOM I
(cm. anroput™m pacciaoenue MIIII).

Hns xpomocombl A=(0,0,0) mmeeM: Ha TIEpBOM Iare HaXOJWM BEpIIMHBI 1 U 2, y
KOTOPBIX €CTh TOJbKO HcxoaHble ayru. Llemu 1 m 2 pasmemaem Ha Maructpaiu Mml,
MOJIy4aeM CJIETyIOUUi Ipad TONOJIOTHH:

/ A\/
\ 4

7
N

Ha BTopoMm miare uckiroyaeM BepuinHy 4, a 1ienp 4 pazmemiaem Ha M2 noxyyaeM ['T
IIPEJICTABJICHHBIN HA PUC.S.

©, (s

Ha TpeTheM mare uckinrouaeM BepIIMHY 3, a LeTb 3 pa3MellaeM Ha MarucTpaiu 3.

Ha 4-om mare Ha3zHadaem nernsm 5 u 6 maructpainb M4 (5 u 6 He KOH(PIUKTYIOT HU 110
BEPTUKAJIM, HU TIO TOPU30HTAIIH).

Ha puc.] mnokazaH mnonydeHHBI 0Opa3el] TPacCUPOBKU, KOTOPBIA  SIBISETCS
ONTHUMAJIbHBIM peuieHueM Juisl Hamero npumepa. Eciu xpomocoma A=(0,1,0) (omiuuue ot
MIPE/ICTABICHHOIO PEIICHUS 3aKI0YaeTCcsl B TOM, UTO LieNb 4 pacronaraercs Bbllie uenu 1),
TO rpad TONoJOruu OyIeT UMETh BU/I:

Ienu 2 u 4 pacnonaraem Ha Maructpainu Ml(ynamsem 1 u 4).

! \
1,
-

\
~

©,
©,

[emns 1 pacronaraem Ha MarucTpaiu m2.



OEREN
D>

[lens 3 pacnonaraem Ha Maructpanu M3, 5 u 6 — Ha maructpanu M4.

OCKH3 KaHajga € pa3BeICHHBIMU LemsMu s Xxpomocombl A=(0,1,0) mokazaH Ha
PHUCYHKE:

6 4 16 16 13 10 I5 I5

[Toxcuuraem CyYMMapHYIO JUTAHY BEPTUKAIBHOTO
CerMeHra; LZ =3+4+4+3+3+1+4+2=24

HeaeBass pyHKUMSA OLEHKH XPOMOCOMBI

Korma renernueckue ajaropuTMbl NPUMEHSIOTCS JJIS PEIICHUS ONTHUMH3AIMOHHBIX
3a/lay, BaKHEUIIUM TpeboBaHUEM sBiseTCs pa3paborka 1eneBoit ¢yHkuuu (D) mas
MOJIYYSHHBIX PEIICHUN.

['A 00BIYHO MCTIONB3YIOT JUISI MUHUMHU3AUKA (MAaKCUMHU3aIlUN), HO KEJIAaTeNbHO, YTOObI
neneBas (QyHkuus ObUIa TMOJOXKUTEILHONW. B Haimem ciydae 3ajmaua 3aKilO4aeTcs B
MUHAMH3AIIN 11e7eBoi  GyHKkumun. [IpuHMMas BO BHUMaHWE XapaKTEPUCTHKU 3a]1ad
KaHAJIBHOW TPAcCCHUPOBKH, IielieBas (QYHKIMSA MOXET OBITh OmpeneicHa CIeIyIonuM
o0Opazom:

F(A)=(Used Track(A)+2)*C + Total Vert Seg(A)

C — uncno xkoHTakToB ( 8 nmuHeek Top mimm Bottom )

2 — YUCJIO CJIOEB TIEUYaTHOM IJIaThl

IMporpammuas  ¢yukuus Used Track(A) ompenensier yucio maructpajiei (B Haiiem
npumepe 4) 3aHMMaeMble KaHAJIOM, MOJYYEHHBIM MPU BOCCTAHOBJICHUH XPOMOCOMEI A, a
nporpammuas ¢yukuus Total Vert Seg(A) onpenenseT JIMHY BEPTUKATBHBIX CETMEHTOB
IIETY B MOJIyYEHHOM pPElICHUH.

JlniHa BEPTUKAIBHOTO CETMEHTA IEMU OMNpEeNeNsieTcsl KaK pacCTOSHUE MEXIY
KOHTAaKTaMH W TIEPEXOJHBIMU OTBEPCTUSAMH, KOTOPHIE COCAMHSIOT BEPTHKAIbHBIE U
TOPU30HTAJIbHBICE CETMEHTHI. Hampumep miis KaHama TPUBEACHHOTO Ha pHC.] 3aHATBIX
Maructpajied paBHO 4, JJIMHAa BEPTUKAJIBHOIO CETMEHTa paBHa 22, T.o.leneBas (QyHKIMSA
xpomocombl F(A)=(4+2)*8+22=70, a nns xaHana ¢ xpomocomonr A=(0,1,0) (puc.7) F(A)=72.

Nannass wMetoguka ompeneiacaus F(A) HanpaBieHa B TMEpBYIO odepelb Ha
MUHHAMHM3AIMI0 [MAPUHBI KaHajda, a BO BTOPYI0 HAa MHWHHMH3AIMI0 CYMMAapHOHN JJIMHBI
COEIMHEHUM.

Kpoccosep u myranus
CornacHo ctpykrype ['A, Bce XpoMOCOMBI (CIy4ailHO TOJYyYEHHBIE PELICHHUS)
onenuBaroTcs nesieBoit gpyukuueit F(A). [anee, cormacHo mpoueaype cenekinun (0Tdopa)
MIPOU3BOAUTCS TTOCTPOEHUE CIIHMCKA YMOPSAIOUYCHHBIX XpoMocoM. Ha ocHOBe aHaim3a ATOro



CIHMCKa MPOU3BOAUTCS MOAOOP Map XPOMOCOM Ha OCHOBE 3JIMTHOM CENEKIMH(XpOoMOcoMa C
HAWTYYIIUM 3HaYCHHEM LIeJIeBOM (DYHKIIMU U CITydailHO BBIOPAHHOM XpOMOCOMOI).

[Tocne monbopa map mpumensieTcst oneparop kpoccoBepa — OK ¢ BeposTHOCThIO P K
KaXJ0M nape xpomocoM. McxoHas XpoMOcOoMa Ha3bIBACTCA POAUTEIBCKOM, & XPOMOCOMBI,
MOJIyYeHHBbIE TTOC)IEe OnepaTopoB ['A — MOTOMKH.

AnroputMm npumeHeHus: OK peanuzyertcs cienyronmm o0pazom:

lar 1.i=0
[ar 2. BeibpaTh XpOMOCOM C HAWIYYIIHM 3HAYEHHEM LEIEBON (DYHKIMHM KaK IIEPBOTO
POIUTEIS.

[ar 3. BeiOpaTh Nponu3BOIBLHO BTOPOTO POTUTENS.

[ar 4. CrenepupoBarh ciy4aiinoe yncio RND e[0,1].

Mar 5. Ecoim RND<P,, TO mnpuMeHHTH oOmepaTrop KpoccoBepa K BBIOPAHHBIM
XpOMOCOMAaM M JT0OABUTH MOJYYHUBIIMXCS MOTOMKOB K MOMYJISLIUH.

Hlar 6. i=i+1.

[ar 7. Ecau i<Mm, nepexon k miary 2 (Mm — pa3indHble MOMYJISIIH ).

[Ton oneparopom KpoccoBepa MOApa3yMeBaeTCsd OOMEH, CKPEIMBAaHUE T€HETUYECKOTO
Marepualia MEXAy ABYMS Pa3IMYHBIMU XPOMOCOMAaMH (MTOTEHUHUAIBHBIMU POJUTEIISIMU).
ITocne okoHYaHUS onepaTopa KpoccoBepa MOJyYEHHbBIE IOTOMKH ITOJBEPTratOTCs MyTaluu. B
OOJIBIIIMHCTBE CIy4yaeB MOXKET OBbITh BBIOpAaH CTaHAAPTHBIN JBYXTOYEUHBIH OMNEPaTOp
KpoccoBepa. [lepBas u BTOpasi TOUKH pa3pbiBa B TAKOM OIEPATOPE KPOCCOBEPA BHIOMPAIOTCS
CIIy4aiHo.

YacTp nmepBOro poauTesa nepes NepBOM U MOCiIe BTOPOM TOUYKH pa3pes3a KOMUPYETCs B
AHAJIOTUYHBIE MecTa B MOoToMKe 1. MecTto mexay mepBod M BTOPOM TOYKOM pa3pesa BO
BTOPOM POIMUTENE KONUPYETCS B aHAJIOTMYHOE MECTO MEPBOr0 MOTOMKA. BTOpoil moToOMOK
CTPOUTCS aHAJIOTUYHO.

PaccmoTpum mpumep peanuzanuu omneparopa KpoccoBepa. IlycTe BepTHUKanbHas
BOJIHUCTAs JIMHHS O3HAYAET TOUKY pa3pesa onepaTopa KpoccoBepa.

Pomurens O 1 0 F(A)=72

1 (puc.7)
Pomurens 1 1 F(A)=7

9 0

[Toromox O 0 0 F(A)=70 (puc.1)
1

ITotomok 1 1 1 F(A)=77

2

[ToTomMOK 2 aHaIOrM4eH poaUTENIO 2. B TaHHOM Cily4ae Imoiay4eH NOTOMOK | ¢ myummm
3HaYEHUEM LIeJIEBOM PYyHKIIMH, UeM 3HaueHue 1eyneBout pynkuuu (72,77).

MyTauus npou3BOJILHO U3MEHSET 1 TeH BhIOpaHHOM XPOMOCOMBI CIy4ailHO HM3MEHss
3HAUYEHHWE T'€Ha C BEPOATHOCTHIO Py paBHON HOpME MyTanuu. AJNTOPUTM TPUMEHEHUS
orepalyy MyTalluu BhITJISIUT CIETYIOUMM 00pa3oM:

ar 1. i=i+1.

[Iar 2. CrenepupoBarts ciydaiinoe yrcio RND [0,1]

ar 3. Eciu RND< Py, To npumennts OM K i-0ii xpoMocome M.

lar 4. i=i+1.

lar 5 ecmn i1<M, To K 1rary 1.

Cwmpbicn OM BBeneHue 100aBOYHBIX M3MEHEHU B MOMYJslUi0. B mpocreiiem ciydae
MOKET OBbITh BbIOpAaHa TOYEUHAs] MYTallMsl, OHA 3aKJIIOYAETCS B U3MEHEHUHU MPOU3BOIBHOTO



reHa B XpOMOCOME C BEPOSTHOCTHIO Py DTO mpoucxoaut creayronmm o0pa3oM: OJUH U3
T€HOB XpPOMOCOMBI BBIOMpAETCs CIyd4ailHO, a 3aTeéM MEHAET CBOE€ 3HAa4YCHHE Ha
npotuBomnoioxHoe. [Ipumep xpomocomsl (10 npumenenuss OM): 0,(1),0. 3nauenue uenesoit
byHKIIHA — 72.

Xpomocoma nociie npumerenuss OM: 0,(0),0, 3HaueHue neneBoi Gpyuakuuu — 70 — min.
BriOpannas Touka MyTanuu nokazaHa B ckoOkax. I[locne mpumenenus OM mnonydaetcs
XpOMOCOMa C JIy4llIMM 3HaueHueM IieneBoi ¢yHkuuu. JlanpHelinee yiydiieHue padboThl
T€HETUYECKOr0 alTOPUTMA MOXKHO TMOJYYUTh 32 CUET COPTHUPOBKHM I'€Ha B XPOMOCOME WIIU
NyTeM UCIOJIb30BaHUsl Ooiiee CIIOKHOW 1ieneBoit  ¢yHkuuu. Kpome TOro, MoOXKHO
aHAJIM3UpOBaTh  MapajulelibHbIE M [OCJENOBAaTEIbHO —  TapajielbHble  METOJbI
TF€HETUYECKOr0 TIOUCKA.

Teopernueckass BpeMEHHas CJIOKHOCTb PACCMOTPEHHOIO T'€HETHYECKOro alropuTMa
coctaBisieT t*(M*P*2)*2*Py*O(N>)

O(N2) — BpeMeHHas CII0)KHOCTB ACKOUPOBAHUS XPOMOCOMBI;

M — gucnio ueneu;

t — 9MCII0 MOKOJICHHUIA.

Oco0eHHOCTH reHeTHYEeCKHUX AJITOPUTMOB

['eHeTHyecKue anropuTMbl — HE €IUHCTBEHHBIN CIIOCOO pEelIeHUs 3a/1a4 ONTUMHU3ALUY.
CpaBHUM CTaHIAPTHBIE MTOAXO/IbI C TECHETUYECKUMH aIrOPUTMaMH.

1. [lepeOopHbIii MeTon — Hambojee MpocT B HporpammupoBaHuu. [[ns moumcka
ONTUMAJIBHOIO peHIeHHUsT TpeOyeTcs IOCIEeN0BATEIbHO BbIUMCIUTh 3HAYEHMS IIEJIEBOM
(GyHKIMHA BO BCEX BO3MOXKHBIX X.T., 3alIOMHHAsi MaKCUMaJIbHbIN U3 HUX. HepoctaTtok 3Toro
MeTo/1a — OOJIbIIas BEIYUCITUTEIbHAS CIOAKHOCTD.

2. Meton TpaaueHTHOroO chycka. B Hauane BbIOMpaeTCs HEKOTOpOE cliydailHOe
3HAUYEHHE TMEpPeXOofoB. A 3aTeéM O3TH 3HAYEHUA I[IOCTENEHHO W3MEHSIOT, J0OUBAsICh
HauOOJIbIIEH CKOPOCTH pocTa 1esneBoil GyHkiuu. [Ipu qoCcTHXKeHUN T0KaIbHOTO MAaKCUMyMa
Takol MeToJ ocTaHaBiauBaerca. Jlid TmoOMCKa TJIOOAJIBHOrO ONTUMyMa TpeOyroTCs
JOTOJHUTENbHBIE  METOAbl. ['paavieHT paboTaeT ObIcTpee, HO HE TapaHTHPYET
ONTUMAJIBHOCTHU PEILICHUS.

['paguenTHBIE METOABI MOTYT MOJYYUTh MPUOIMKEHHOE PEIIeHHEe, TaK KakK CJIO0KHOCTh
OyZneT Bo3pacTaTh C yBeJIMUEHUEM BpeMeHu pacuerta. ['A npeacTaBiseT co0oil Takoi METO/I.



