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AnroputMm bennmana-®opaa

Anroputm bemimana-®opaa o3BossieT HalTH KpaTJaiiime
IIyTU OT y3J1a-ACTOYHHUKA JI0 BCEX Y3JI0B-aIpecaToB. bes
OTpaHUYEHUs OOIIHOCTH I10JIaraeM, YTO y3JIOM UCTOYHHKOM
ABJIAETCS TIEPBBIN y3€ll.
AJITOPUTM UTEPUPYET YUCIOM IyT h.

1) HauanbHble ycIoBUs

D" =0; D° =oo ansBeex i#1;

2) Ureparust mpu h<N

Dih+1 = mjin(D“j +dji) s Beex |1 #1;

D", - anuua kpaTyaiiero myTu ot 1-y3ia 1o i -y3na
P YCJIOBHH, YTO IIyTh COJIEPKUT He Goiee h ayr,
d;, - paccTostHUE OT j — y371a JI0 COCEIHETO | — y311a,

h — gucno ayr kpaTyaifero myTH,
N — 9ucII0 y37I0B CeTH.

3agaua Nel

Kpatuaiimme nyta 10 5 y3na, ONpenenuTh MapuipyT
noToka ot 1 710 5 y3na.

1 ar:

D, =min(d, ; + D;) =min(d,, + D,;d, ; + D;) =

min (1+00;3+00) =00
je(2.3)



D, =min(d, ; + D,) =min(d,, + D;;d, , + D,;d,5 + D;) =
min (1+00;24+0;4+0)=4;,n=5

je(1.4,5)

D, =min(d, ; + D,) =min(d;, + D,;d, , + D, +d;, + Dg) =

min (3+00;3+0;1+00) =0
je(1,4,6)

D, =min(d, ; + D,) =min(d,, + D,;d,; + D;;d, s + D;;d, s + Dg) =
min (2+5;3+;6+0;4+x)=6;n=5

je(2,3,5,6)

Ds = min(d ; + D,) =min(d;, + D,;dg , + D,;dg s + Dg) =
min (1+;4+6;2+0)=2;n=5

j€(3,4,5)

2 mar:
D, =min(d, ; + D,) =min(d,, + D,;d,; + D;) =
min(1+4;3+x)=5n=2
ie(2,3)
D, =min(d, ; + D,;) =min(d,, + D;;d, , + D, +d; + Dg) =
min (3+5;3+6;1+2)=3,n=6

je(1,4,6)

[lar D, D, D, D, Ds

1{(e;0) |(5:4) (o;0) |(5:6) (5;2)

21(25 |54  [(63) [(56) [(52)







Aaroputm JAuiikcTpa

Anroput™m JIuiikcTpsl peliaeT 3agady O KpaTdaliimx
OyTAX M3  OJHOM  BEpPIIMHBI NI B3BELIEHHOIO
opuentupoBanHoro rpaga G = (V, E) c¢ wucxoaHoii
BEPILMHOM S, B KOTOPOM Beca BceX pédep HeOTpHIATEIbHBI (
@ (u, v) >0 mst Beex (U, V) e E).

Kaxnolf BepmimHe u3 MHOXecTBa BepuMH u3  V

COIIOCTaBUM  METKy —  MHMHHUMAJIbHOE  HM3BECTHOE
paccTosiHUE OT 3TOM BEpPLIMHBI 10 a. AJNTOpUTM paboraer
[OLIArOBO — HAa KAXAOM IIare OH «IIOCELaeT» OJHY

BEpIIMHY © TBITACTCI yMEHbIIATh MeTKH. Pabota
aJropuTMa 3aBEpIIAETCS, KOIAa BCE BEPIUIUHBI ITOCCILCHBI.

Nannuamm3anus. MeTka caMoi BEpIIIMHBI & [oJIaraeTcs
paBHO# 0, METKH OCTAJIBHBIX BEPIIMH — OCCKOHEYHOCTH.
DTO OTpa)kaeT To, YTO PACCTOSHUS OT a JI0 APYTUX BEPUINH
MOKa HEW3BECTHHI. Bce BepmmHbBI rpada MmomMedaroTes Kak
HEIOCEIIEHHBIE.

INPUMEP
PaccmoTtpum paboTy anroputma Ha mnpumepe rpada,

NoKazaHHOro Ha pucyHke. Ilycte Tpebyercs Hailtu
paccTosiHus OT 1-if BepIIMHBI 1O BCEX OCTAJIbHBIX.

Kpyxkkamu 0003HaueHbl BEPIIUHBI, JUHUSIMH — MYyTU
Mexay Humu (pebpa rpada). B kpyxkax 0003HAYEHBI
HOMEpa BEpLINH, HaJ pedpamMu 00O3HaueHa MX «LEHa» —
JUIMHA TYyTH. PAnoM ¢ KaxIoW BEpPLIIMHONW KpacHbBIM



0o003HaYeHa MeTKa — JJIMHA KpaTdyalllero IMyTH B 3Ty
BEpILKHY U3 BEpIIUHBI 1.

IlepBbiii mar. PaccmorpuM mar anroputMma JleMKCTpsI
JUIsL  HAlero IpuMmepa. MHHHMaIbHYIO METKY HUMEET
BepmmHa 1. Ee cocemsimu sIBIISIFOTCS BEpIIUHBI 2, 3, 6.

[lepBhIif MO ouepenu cocex BepmIMHBI 1 — BepmnHa 2,
OTOMY YTO JJIMHA IMYTH 10 Hee MUHUMaJbHA. JMHA MyTH
B Hee yepe3 BepmMHy 1 paBHa Kparyaimemy pacCTOSHHIO
7o BepiuHbl 1 + anuHa pedpa, uaymero u3 1 B 2, to ects 0
+ 7 = 7. DTO MeHbIIIE TEKYIIeW METKH BEPUINHBI 2, TIOITOMY
HOBasl MEeTKa 2-i BEpLIMHBI paBHa /.




AHAJOTUYHYIO OMEpaIUio MPOJENbIBAEM C ABYMS
JIpyruMu cocensiMu 1-i BepmmHbl — 3-i 1 6-i.

Bce cocemm BepmmHbl 1 mpoBepenbl. Tekyiee
MHHUMAJIBHOC PACCTOSAHHUEC J0 BCPIIHMHBI 1 cuyuraercs
OKOHYATENIbHBIM U TEePEeCMOTPYy HE MOMAJIEXKUT (TO, YTO ITO
JNEUCTBUTENILHO Tak, BIepBble Jokazan Jleiikcrpa).
Breruepkanem e€ wu3 rpada, 4ToOB OTMETUTH, YTO ITa
BEpIIMHA MOCEIICHA.

Bropoii mar. Illar anroputma mnosropsercs. CHoBa
HAXO/UM «OJIKaNIIyI0» M3 HEMOCEHICHHBIX BEepIIUH. DTO
BEpINMHA 2 ¢ METKOMH 7.



CHOBa  mbBITaeéMCs  yYMEHBIIUTh  METKH  cocenei
BBIOpAaHHOW BEPIIWHBI, MBITASICh MPOWTH B HUX Yepe3 2-10.
Cocensimu BepiuHbl 2 sBisitores 1, 3, 4.

[1epBblii (10 MOPSAKY) COCen BEpIIMHBI 2 — BepmnHa 1.
Ho ona yxe mocemena, no3tomy ¢ 1-if BepIMHON HUYETO
HE JICJIaeM.

Crnenyronuii coces BepmuHbl 2 — BepmuHbl 4 u 3. Ecin
UATH B Heé yepe3 2-10, TO JJIMHA TAaKOro IyTH Oyner =
Kparyaifliiee paccTosiHue 10 2 + pacCTOSIHHE MEXTy
BepmiiHamMu 2 u 4 = 7 + 15 = 22. Tlockonbky 22<co,
yCTaHaBJIMBAaEM METKY BEpIIMHBI 4 paBHOU 22,

Emé onun cocen Bepumubl 2 — BepiuHa 3. Ecnu unru
B He€ uepe3 2, TO AIMHA Takoro mytu oynxer = 7 + 10 = 17,
Ho Texymas Merka Tperbedl BepimiuHbl paBHa 9<17,
MIOATOMY METKa HE MEHSETCSI.



Bce cocenu BepminHbl 2 TPOCMOTPEHBI, 3aMOPAKUBAEM
paccTosiHUE /10 HEE U [TIOMEUYAEM €€ KaK ITOCEIEHHYIO.

Tpernii mar. IloBropsiem mmar aiaropuTma, BBIOpaB
BEpILUHY 3.

JanbHelimme maru. [loBropsem 1mar anropurma s
ocrapmmxcs BepuuH (910 OyayT o nopsaky 6, 4 u 5).

3aBepuieHHe BBINOJHEHHSI AJTOPUTMA. AJTOPUTM
3aKaH4YMBaeT paboTy, KOIJa BBIYEPKHYThl BCE BEPIIMHBI.
PesynbTar ero paGoThl: KpaTyallMii MyTh OT BEpIUIMHBI 1
o 2-1 cocrasuser 7, no 3-i — 9, no 4-i1 — 20, no 5-i1 —
20, no 6-11 — 11.

[Tockonpky anroputm JlelkcTpsl BCAKHM pa3 BbIOMpaeT
Juis  00pabOTKM BEpIIMHBI C HaMMEHbIIEH OIEHKOMN
KpaT4alllero MmyTH, MOKHO CKa3aTh, YTO OH OTHOCUTCS K
’KaJIHBIM aJITOPUTMAaM.



3. 33[[6[))1(1(3 HaKeTa B CCAHCE U 110 CE€TH B
HEJIOM.

Cpenuss 33,[[6[))1(1(3 naxKeTa B CCaHCC!

1
0, ~4d.
Zl(ﬂ. (ﬂ. ﬂf)+ﬂ.+ ),

[ne A - CKOpPOCTh MOCTYIICHUH B | — JINHHIO,

1 .
— - cpenHee BpeMms Mepeaayuu nakera 1o | — TMHuH,
H;
y - CpPeIHsIsl 3aJIepyKKa PacpoOCTpaHeHUsI U 00pabOTKH B 1 —
JINMHUMU.

CDGZLHSISI CETCBAA 3aJCPKKaA IMaKcTa
HC 3aBUCHUMO OT CCAaHCOB

O — A-d
Z—ll(ﬂ. Aed)

r7e y - o01as CKOpoCTh HOCTyHJIeHI/Iﬁ MaKETOB B CETh,

A - CKOPOCTh MOCTYIJICHHH MAKETOB B | — JINHHUIO.

3amaua Nel
B cerm puc. 3.1 umerorcs 4 ceanca: ACE, ADE, BCEF,

BDEF, no xotopeiM nepenaércsi MyacCOHOBCKUM MOTOK C
uateHcuBHOcTssMu 100, 200, 500, 600 makeToB B MHHYTY
COOTBETCTBEHHO.
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Puc. 3.1
JITMHBI TIaKeTOB paclpeieieHbl AKCIOHEHLIHUAIbHO CO
cpenaum 3HadenneM 1000 Owmrt. Bcee mmHuM nepemaun
UMEIOT MPOIMYCKHYI0 CMOCOOHOCTh, paBHYI 50 KOHT/C.
3anepKKa pacrlpoCTpaHEHHUS B KaXKAOH JIMHUM paBHA 2MC.
Hcnonp3ys anmpokcumaruio KneiiHpoka, HaliquTe cpeaHee
YHUCIO MAKeTOB B CETH, CPEIHIOI 3aJEep)KKy IaKera
(He3aBHCHUMYIO OT C€aHCa) U CPEAHIOI 3aJEPIKKY IaKeTa B
Ka)kJIOM CeaHce.
Pemenne:

A = Apoe =1007 /1 8174, = A, =200i /1 &
Ay = Ageee =5001 /1 8134, = Age =600i /1 &f

L =1000480 ;N =508420 /fi;d = 2i fi=0,002f
,u=£=M:50n/ceK
L 1000

Annpokcumanus  KiieliHpoka mMo3BOJIIET I KaXJAO0u
JIMHAU CBSI3U NPUHATH Monaens M/M/1 He 3aBHUCHMO OT
B3aUMOJICHCTBUSL MOTOKA ATOW JIMHUU C MOTOKAMHU JPYTUX
JIMHUH.

3anepxkka B ceance ACE:

Tice =Tac T =22mc+27me = 49uc




+0.002=22mc

1 1

« =4 +4) 50_(@+@)
60 60

+0,002 =27 mc

3anepxka B ceance ADE:

Tooe =T ap + Toe =23mc+29mc =52mc

1 1
Ty =——+d=—"+0.002=23mc
AC 4 50_@
60
1 1
T. . = +d= +0,002 = 29mc
« u— (A +4,) 50_(@4_@)
60 60
3anepxka B ceance BCEF:
Tocer = Tae + e + T = 26mc + 27 me +33me =86.mc
1 1
T,.= +d = +0.002 = 26.mc
AC Py 50_@
60
1 1
T..= +d= +0.002 =33mc
T a4+ ) 50_(@4_@)
60 60

Tee =27Mmc



3anepxka B ceance BDEF:
Tooee = Tap + Toe +Te = 27mc+29mc +33mc =89mc

1 1
T, = =) +d = s +0.002 = 27 e

T, =33mc;T,,, =29mc

CereBas 3anepxka (HE3aBUCUMO OT CEaHCOB):
e M — 4ucio JUHUKN B CETU

A, - HHTEHCHBHOCTb MTOCTYIUICHUH B | — IMHHIO

T, - 3amepxka B | —uHUN

y=A+A,+A,+A, - UHTEHCHBHOCTH MOCTYIJICHUI B
CETh

T= L :
A+A4+ A+ 4,

/11 'TAC +(ﬂ*1 +/13) 'TCE +/12 'TAD + (/12 +l4)'

TDE +ﬂs 'TBC +/14 .TBD + (Aa +A4)'TEF
1 .
100+ 200 +500+600

2200+600-27+200-23+800-29 +
~801 i
500-26+600-27 +800-33



Yuciio makeToB B CETH:

100+ 200+500+ 600
N=y-T= -0.08 ~1.86(nax)
60
3amaya Ne2
PaccmoTpuM ceTh, npesicTaBiIeHHYIO Ha puc. 3.2
72 =2
71 =2
2 1/3
1/4
1 Y
2/3
1/2
3/4
[ 5 [ 4
75 =2
Puc. 3.2
Benmaunbt Vi OTHOCSTCS K MHTEHCUBHOCTSIM

ITyaCCOHOBCKOTO BXOJISIIIETO IIOTOKA:
¥, =2nax | c;y, =2nax | c;y; =2nax/ c

BeposiTHOCTH  pa3BeTBIEGHUS MapuipyTa IIOKa3aHbl Ha
pucynke uuciaamu (Q). IlpomyckHas CrmocoOHOCTh BcCex
KaHaJlOB OJMHAKOBa WM paBHa 3mak/c. Haiigure cpemnue
3aJIep’KKM M3 KOHIIAa B KOHEI[ MeXay y3idamu 1 u3 3 1o
MapIIpyTam:

1) uepes y3en 2;

2) depe3 y3na5wu 2.
3ajiepKKoii pacpocTpaHeHus npenedpeys (d).



Penrenne:

Onpez[eJmM HUHTCHCHUBHOCTDb IIOCTYIUICHUA [JIA KaXaoro

KaHalia:

A =y, =2naxlc

A =q12%1=%-2:0.5na1</c

215=q15'11=g-2=gna1</c

1 3, 7
252 :%z'(75+A15)=E'(2+E)=Znal</c

Ay = A, =£nai</c

1 1 7, 1
/123:qz3‘(7z+/112+/152):§'(2+E+Z)=Ena1</c
2 1 7, 17
124:q24'(72+ﬂ12+252):g'(2+§+z):€mﬂ</0
Ay =0nax/ c
DT =T,+T, = ! = ! + 1 ~1,032cex
M= Ao 3_1 3_E
2 12
1 1 1 2 4 12
2)T—T15+T52+T23—3_3+3_7+3 17_§+E+E~2’1cek



3amaua Ne3
O6parumcs k puc. 3.3

yi:Zn/c

;/i=2n/c

(%s) 304

(%) 14

/ (2) 1/2

}/i:Zn/c

Puc. 3.3

Bce IMPOITYCKHBIC MUHTCHCHUBHOCTHU JINMHUN PaBHBI
u=3nax | c

a) Haiiaure cpenHroro 3aepKKy 10 CETH Uil BEpOSATHOCTEH
pa3BeTBIICHUS, YKa3aHHBIX B CKOOKaxX (Kak B 3amade 31)
6) IlycTb BepOSTHOCTM MapUIpyTOB HM3MEHWINCh U CTaJH

3 1

paBubIMH Oj5 = 2 O, =~

1Oy =7
4 2
Haitaure cpenHior 3aepkKKy 1O CETH U CPAaBHUTE C
BEJIUYMHOM, HaliIcHHOM



Penrenne:

1 A
T =—- .
? Y iz/“li_/?‘i,
V=0tV 7s

Hcnone3yss WHTEHCHBHOCTH, TOJNy4YeHHBbIE B 3amade 31,
OTPEJIENINM CPETHUE 3aJICPKKU B KOKIOM KaHAJIE!

T, = ! = ! =0,4cex; T = ! = ! =0.667cex
— 1 — 3
M=, 3_= M=o 3-=

2 2
1 :

T, =—== 0,8cex; Ty, =0,8cex

3-°
4

Tzsz%:O,GSCeK;TM:%:GceK
3-— 3——

12 6

y=y+y,+ys =bnax/c

7
T:E-ZL=3.666K
Voial _ﬂ"l

6) OmnpeneauM HWHTEHCUBHOCTH C  Y4€TOM  HOBBIX
BEPOSATHOCTEMN

3 1
Ap =0y =~ -

4-2:gna1</c;/115:q15-7/:4-2:%na;</c

1 1. 5 5

As :qsz‘(75+115)25'(2+§):Z”a’(/c:ﬂm :Z
1 3 5. 19

Ass :q23'(72+ﬂ12+252):§'(2+§+Z)=§nal</c



Ao ZQ24'(72+Z12+/152):%’(2+2

+§):gna1</c
4" 8

2 2
5 19
4 _5 g _19
3-2 73195
4 8
5 19

(1 +0, 4+7 +—) 1,787 cex

3ajgadga Nes
PaccmoTtpum ceTh ¢ koMMyTanuel makeros (puc. 3.4).

Y3en
Ha3HayeHuA




C TepMHMHAJIOB TIIOCTYNAlOT IIyaCCOHOBCKUE IIOTOKU C

. : 1
WHTEHCUBHOCTSAMU )1 = <15 =1 73 =1—nlc
2 2
Bce makerl MMEIOT  JUIMTEIBHOCTH B CPEIHEM
1 1
00CcITy>)KMBaHUS —=ZcH pacrpeeneHbl o
7

MOKAa3aTeIbHOMY 3aKOHY.
Bce onu wanpasmsiores B y3en 4. Ilpomyckuble

crioco6HOCTH Beex muamin L =6n/c.

a) Halinure cpenHioro 3aepxky makeTra oT y3ia 1 mo y3na
4, ecriy BCe OHM HAIPABIISIOTCS Yepe3 y3em 2.

6) [ToBTOpHTE Q), €CIIM MAKEThl HAMPABISIOTCS MO MyTH 1-2-
3-4.

B) Temeppr makeTsl HaAMpaBIAIOTCS MO CIy4alHBIM
Mapmpyram oT y3aa 1 K y3iny 4, BBIOMpacMbIM C
BEPOATHOCTSIMHU:

G = =30y = =Gy =1
13— g T gt
Haitgure cpeaHioro 3aaepKKy 1O CETH.
Pemienmue:

7/=71+7/2+73=%+1+1%=3n/c

T:T12+T23+T34:3i:i=gcel<
u—-y 6-3 3
1 3
OV =T, + Ty + T, =3——=——=1cex
u—y 6-3

2
6)//112 :7/-q12 :3§:2n/c’ﬂl3:7/q13:3§:1n/c

-



3 3
%3=7-q23=2-1:5n/c;234 Ay + Ay = 1 +1= 2 e

%(o.5+0.2+o.333+o.714+1) ~0.916¢ex

2/3<T,,<1



4, 3anaHne Ha CaMOCTOHATCJIbHOC BbINIOJIHCHHUE

3agauga Nel

Hcnons3ys anroputm bemmana-dopaa, moCTpoUuTh
KpaTuaifiye nytu 10 1-y3ia oT BceX OCTalbHBIX Y3JI0B.

AL

Puc. 4.1

3agauga Ne2

Hcnons3ys anroputm bemmmana-dopaa mnocTpouTs
KpaTyaiflie myTu oT BCeX y3JI0B JI0 2-y3/1a-ajpecara Jjs
cern 2.1. [ludpamu yka3aHbI JUTHHBI TYT.

()

A

— Puc. 4.2




3agauga Ne3

Ucnonp3ys anroputm JuilkcTpa HAWTH KpaTyalllve myTH
oT 1-ro y310B — azipecaToB Jyisl CETH.

3agauga Ned

Haiitu kpartyaifimii myTs 10 7 y371a ¥ ONpeAEIUTh MapLIpyT
noTtoka ot 1 10 7 y3na.




3amaya Ned
Ucnonb3ys pacnpenenéuubpiii anroputm benmanna-dopaa
[OCTPOUTH KpaT4alIIMe MyTH OT BCEX y3J10B 10 1-y3na-
azpecara Jis ceTu Ha puc 5.1.

3agaga Neb

Kparuaiimme mytu g0 5 y3ina, onpeaeauTb MapupyT MOTOKa
ot 1 5o 6 y3ia.

Puc. 4.6




3ajaya Ne7
PaccMmoTpum ceTh, mpencTaBieHHyI0 Ha puc. 4.7.
72 =2

~

2 1/3

2/3

2/3 //\5
Puc. 4.7

Benunuunst Vi OTHOCATCA K UHTCHCHUBHOCTIM
IMyaCCOHOBCKOI'O BXOALICTO ITOTOKA:
¥, =2nax | c;y, =2nax | c;y, =2nax |/ c

BeposiTHOCTH pa3BeTBICHUS MapIIpyTa MOKa3aHbl HA
pucynke uncnamu (q). IIpomyckHas cnocoOHOCTB Beex
KaHAJIOB OJIMHAKOBa U paBHa 3mak/c. Halioure cpennue
3a/IepXKKH U3 KOHIIA B KOHEIl Mex 1y y3inamu 1 u3 3 mo
MapIIpyTam:

1) uepes y3en 2;

2) dyepe3 y3na5wu 2.
3azepKKoii pacipocTpaHeHus npenedpeys (d).



3ajaga Ne§
PaccmoTpum ceTh, mpencTaBieHHyIo Ha puc. 4.8.
72 =1

71:3 \

L D

‘\\i 23 ]]2/
' s

Benuunnsl 7; OTHOCATCA K  HMHTEHCHBHOCTSAM
yaCCOHOBCKOTO BXOJISIIETO MOTOKA:
yrn=31aélfy,=1Taé/n,y,=271aé/n
BeposiTHOCTH pa3BeTBIICHUs MapIIpyTa MOKa3aHbl Ha
pucynke uncinamu ((). TIpomyckHasi CHOCOOHOCTH BCEX
KaHAJIOB OJIMHAKOBa U paBHa 3mak/c. Haliqure cpennue
3aJIep)KKM M3 KOHIIA B KOHEIl MEKAY y3inamu 1 u3 4 o
MapIpyTam:

1) uepes y3en 5;

2) dyepe3 y3na 2 u 5.
3anepxKoii pacrpocTpaHeHus npenedpeus (d).



3ajaga Ne9
B ceru puc. 4.9 wumerorcs 4 ceanca: BEF, CDF, ACDF,

ABDF, no koropeiM nepenaércs 1myaCCOHOBCKUN IOTOK C
unteHcuBHocTssmu 100, 200, 300, 400 nmakeroB B MUHYTY
COOTBETCTBEHHO.
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Puc. 4.9.

JITMHBI TIaKeTOB paclpeieieHbl HKCIOHEHLIHUAIbHO CO
cpenaum 3HadenneM 1000 Owmr. Bee mnmuHuMM nepemaun
UMEIOT MPOIMYCKHYI0 CMOCOOHOCTh, paBHYI 50 KOHT/C.
3anmepkka paclpoCTPaHCHUS B Ka)JIOW JIMHUHA paBHA 3 MC.
Hcnonp3ys anmpokcumaruio KneiiHpoka, HaliquTe cpeaHee
YHCIIO TIAKETOB B CETH, CPEIHIOI 3aJepXKKy MakKeTra
(He3aBUCUMYIO OT CE€aHCa) U CPEIHIOI0 3aJIepXKKy IaKeTa B
Ka)XJIOM CeaHce.



