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Pedoepat
Obcsar podoru 29 cropinok, 10 imocrpariii, 16 Jrkepes mocuianb, 1 TaOJIUIs.

Koouosi ciosa: BAPTATIINTHA HEPIBHICTD, TPAHCIIOPTHA MEPEZKA,
TPAHCIIOPTHA PIBHOBATA, IPOEKIITHUI METO/I.

O06’eKT JTOC/TIKEHHSI: 3a/1a19a TPAHCIIOPTHOI piBHOBArU 3 POPMY/TIOBAHHIM B TEp-
MIHaX BaplallfiHUX HEPIBHOCTEI.

Meta poboru: mnepeBipuTu podOTY KJIACUYHUX aJrOPUTMIB PO3B’d3aHHdA Bapia-
LIHHIX HepiBHOCTEMN JJIs 3a/a9 TPAHCIOPTHOI piIBHOBArU PI3HUX MACIITAOIB.

[HcTpymenTn po3pobkn: MoBa mporpamyBanis Python, cepemosuiie mporpamy-
BanHs PyCharm.

Pesynbratu pobotu: 0y/10 po3pob/ieHo 3aCTOCYHOK JIJIst TPOIPAMHOTO TTPEJICTaB-
JIEHHs 3aJ1a9l TPAHCIIOPTHOI PIBHOBAIU, a TAKOXK PeaJsii30BaHO Ta IPOTECTOBAHO JIJIsi

Hel OCHOBHI a/I'OPUTMU PO3B’si3aHHY BapialliifHUX HEPIBHOCTEIA.
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1 Bctyn

Y cy4acHOMY CBITi MU MOCTIiHO OTOYEHI IEBHUMHU (PI3MIHUMU MeperKaMu: TPaHC-
MOPTHUMU, KOMYHIKaIIHHUMU, eHepreTuIHuMN Toio. OKpiM (i3mIHUX HE MEHII Ba-
JKJIMBUMH € 1 1HII aDCTpaKTHI MepexKi, 10 YacTO XapaKTepPU3yIThCs BiJICYTHICTIO
BIJIMOBIJIHOCTI MiK By3JIaMU MeperKi Ta KOHKPETHUMH JIOKAIIsAME 1 MiXK 3B’si3KaM
Mepexki Ta peaJbHUMN (pizmaHuMu Mapiipytamu. [[obymoBoio i BUBUeHHsAM TaKnUX
MeperK 3aiiMaeThCs MeperkKeBa eKOHOMIKa. 11 i/l MoJsAraloTh v TOMY, 11106 CTBOPUTH
dopMasIbHI MOJIEI TAKUX MepexK 3 MOJIaIbIINM 3aCTOCYBaHHAM BIJIOMIX MaTeMaTH-
YHUX KOHCTPYKII Ta aJilOPUTMIB s psijly 3aJad, 10 MOXKYTh BUHUKHYTHU HaJiaJll
TaKUX ¢K: MONIYK HaflKOPOTHIONO MHLISAXY, HOIIYK MaKCUMAaJbHOT'O IMOTOKY, IOIIYK
IIOTOKY MIHIMaJIbHOI BapTOCT1 Ta IHIII.

Jlana pobora 30cepe/KyeThes Ha KJIACHYHIN 3a/1adl MepeyKeBOl eKOHOMIKH - 3a-
Jadi TpaHcropTHOI piBHOBaru. Ils mpobsiema Brepiie Oysia posrigayTa e B 1920-
TUX POKaX 1 IOJISITa€ y MOJIe/IIOBaHHI ITOBEIIHKN KOPUCTYBaUiB TPAHCIIOPTHOI MEPEXKI,
[0 KEPYIOThCA MEBHUMU MIPKYBAHHAMHU 1 HAMaralOTbCsd CKOPOTUTU CBIil 1HJIUBIJLY-
aJIbHUI Yac, BUTpadenunil Ha MOI3JIKY JI0 MyHKTY IPU3HaYeHHs.

Posyminns 1iel 3a1a4i HaJla€ 3MOT'Y e(peKTUBHO CIIJIAHYBATU TPAHCIIOPTY MEPEXKY
IIEBHOI MICIIEBOCTI, & TAKOK MOJITUKH Ha, KIITAJIT TPAHCIIOPTHUX 300PiB U1 10/IaTKIB.
Y cydacHOMY CBITI 3 OCTITHIM 301/IbIIEHHAM MMEPCOHATBHUX TPAHCIOPTHUX 3aCO0IB
Ta PO3POCTAHHAM BEJUKHUX MICT Ta IXHIX NPUMICBKUX TEPUTOPIil rapHuil ausaiin
TPAHCIIOPTHUX MepeXK BLJIIIPAa€ HEIMOBIPHO BayKJUBY POJib 3 JEKLIBKOX MPUYMH.
[To-mieprrie, mpoeKTyBaHH:A Ta OYIIBHUIITBO JOPIr BCe Ie 3aJUIMIAETHCT 3aTPaTHUM
sK 1 B ¢piHaHcax, Tak i B 4aci. Ilo-npyre, TpancnoprHa iH(pacTpyKTypa 3a3BUYail
3aJIUIIAETHCS Y BUKOPUCTAHHI IIPOTITOM JECATUIITH 1 TOMY eTall [JIaHyBaHHS Ma€
BPaxXOBYBATU TaKOXK 1 MaiiOyTHI moTeHniitni Tpenju Ta 3Minu. llo-Tpere, mepexka
MOBUHHA, OyTH 3PYyYHOIO JJIsI KOPUCTYBAIB.

A 6adrmo TpaBWIBLHO CIJIAHOBAHA MEpeKa, MOYKe ITPUBECTH 10 3HAUHOT €KOHOMIT
KOIITIB HeoOXigHuX 11 Ha OyIIBHUIITBO Ta IiJTPUMKY, 3MEHIIIEHHSI BUTPAT KOPUCTY-
BaviB Ta 3MEHIIEeHHs IIIK1IJIMBUX aBTOMOOLIBHIX BUKUIIB. Pa3oMm 3 TuMm, 11s 3a1a4a €
JIOBOJII HEIIPOCTOI0, 0O 3aJIE2KUTH Bl OaraTboxX 3MIHHUX, IHOYMHAIOUN 3 MICIIEBUX OP-
raHiB CaMOBPsJIyBaHHS, K1 MOXKYTh MaTU CBOI 3MIHHI IIPIOPUTETH, Ta 3aKIHUYIOUN
MOTOJIHUMI YMOBAMH, sIKi MOYKYTH OYTH HerepeI0adyBaHUMI Ta TaKOXK BILTHBAIOTDH

Ha TTOBEIHKY KOPHUCTYBadiB MepexKi.



5

Bci Buime naBejieni pakToOpy MOKa3ylOTh HEOOXITHICTD aJIeKBATHUX MaTeMaTu-
YHUX MOJIeJIelt 3a/1a4l TPaHCIIOPTHOI PIBHOBAIU, & TaKOXK CIIOCODIB 3aCTOCYBaHHS IIUX
MoJieJieil Ha npakTuill. IIporsarom ocraHHIX JecaTUITH OJHIEIO 3 HANWIOIMIMPEHIITNX
1 Haffkpallle BUBYEHUX JIjId OaraTboxX 3a/lad MepPeyKeBol eKOHOMIKH CTaJjia MOJIeTb Ha
OCHOBI Bapiamiitnux nepiBnocteil. Bapiaiitai nepiBHOCTI cami 110 cobi MaIOTh JIOBOJI
IIOTY?KHUII Ta PO3BUHEHUN TEOPETUYHUI allapaT, SIKUl 3aCTOCOBYETHCS JIJIsT Teope-
TUYHOTO OTHCY 3aJ/1a9i TPAHCIIOPTHOI PIBHOBATM, a TAKOXK MOKe OyTH BUKOPUCTAHMI
JUIst 11 PO3B’sI3aHHA.

O06’exTOM JIOC/IIIZKEeHHs JaHOl poboTH Oy/e MaTeMaTuIHa MOJe/b 3a/adi TpaHC-
MOPTHOI PIBHOBAru Ha OCHOBI Bapialliiinnx HepiBHOCTell. MeToro mociizkenns € re-
peBipka e(eKTUBHOCTI 3aCTOCYBAaHHSI BIJOMUX aJI'OPUTMIB PO3B’I3aHHS BapialiiiHux

HEpIBHOCTEI IS TOITYKY PO3B’s3KYy 3a/ladi TPAHCIIOPTHOI piBHOBAIN.

2 TeopeTnyHi BIAOMOCTI NpPo BapiauiiHi HEPIBHOCTI

2.1 OcCHOBHI HOHATTY

C e : : : N

BapianiitHi HepiBHOCTI BUKOPUCTOBYIOTHCS JIJIsT PO3B’sSI3aHHS 314 OINTUMI3aIll,
3a/1a4 IOIIYKY HEPYXOMUX TOUYOK, PO3B’sSI3aHHSI CUCTEM HeJIIHIfIHUX piBHsAHL. B paniii
poboTi HAM 3HAL00/ISATHCs ITOHATTs BapialliifHUX HepiBHOCTE!, a TaKOXK TeOpeTHUHi

BIJIOMOCTI IO/I0 ICHYBaHHSA X PO3B’g3KIiB Ta aJTOPUTMIB X TOIIYKY.

Busuadenns 1. Hexah K - Henopo>kHs MigMHO>KMHA Ti/1b6epTOBOro npocTopy

H, F: K ¥ H -onepaTop B H. BapiaLjiliHa HepiBHICTb - Lie HepiBHICTb BUIIAaY:
hF(X);y xi 0 8y2K (1)

Hagaui 6ynemo BBaxkaTu, 1o npoctip H me nmpocrip R". Haspa "apiariitai He-
piBHOCT"BuHIKae HectipocTa. ¥ Bursii (1) Moxke 3ammcyBaTHCs KpUTepiil onTu-
MaJIbHOCTI B 3ajadax Minizaril nesaux ¢yukuii. Cupasmi, nexait K R" - onykiia

ta 3amkHeHa, T : R" ¥ R - onykia ta audepenmiiiora. Tosi:
f(x) = rr%ilgf(y) O hrf(x);y xi 0 82K (2)
y

[Ipu 1poMy mocTaHoBKa 3aj1a4i (2) € MEHII IMUPOKOIO 3a MOCTAHOBKY 3a1adi (1),

OCKLJIbKI He OyJb-siKMil orepaTop F 1pejicTaBisieThbesd y BUIJISI I'PAJIIEHTY TIEBHOI



dyukii T.
Bapianiitai HepiBHOCTI TiCHO IIOB’SI3aHi 3 IOHSITTSIM IIPOEKIIil:

Teopema 1. Hexaih K - 3aMKHeHa Ta onykna nigMHO>KWHA TiNb6epTOoBOro npo-
cTopy H. Togi 8x 2 H icHye eanHuin eneMeHT z 2 H Takuii, LWo:

kz xk ky xk 8y2K (3)

EnemMeHT z Ha3nBaTb MPOeKLield X Ha MHOXKMHY K i no3HayainTb Pk (X). Mpu
LLbOMY YMOBa (3) PiBHOCW/IbHA HACTYMNHI YMOBI:

hz x;y zi O 8y 2 K (4)

Teopema 1 mae Ham MOXKINBICTE BuzHauuTu onepatop Pk : H ¥ K Merpuanoro
npoekTyBaHHdA, 4id aKkoro KPk(X) XK = minyok Ky XK. [lexinbka geranbHux

crocobiB JIoBejieHHs TeopeMnu 1 MOyKHA 3HAHTH B [2].

Jlema 1. 3 ymoB (3) Ta (4) Bunameae, wo X 2 K € po3s’s3koM BapiauiiHOi
HepIBHOCTI (1) TOAI i TifIbK/ TO4i, KON X € HEPYXOMOK TOYKOK OnepaTopa

T(X) =Px(x  F(x)) (5)
[osefeHHa. Crpasii, skmo = 0, To 3 ypaxyBaHHsIM (4) MaeMo:

hF(x);y x1 0 8y2K O hFXx)y xi1 0 8y2K O
h(x (X F(x));y x1 0 82K O x =P(x + F(x))

]

Jlema 1 J1e2KUTh B OCHOBI 1100Y/I0BU HAMIIOIIMPEHININX 1TepaIlifHuX METO/IIB 110~
IIYKY PO3B’sI3Ky BapialiiffHuX HepiBHOCTEl, a TaKoyK J0IOMAara€e JOBECTU iCHYBaHHsI

PO3B’A3KY.

Teopema 2. Hexah K - KOMNakTHa Ta OnykK/ia MHO>XWHa, a F - HenepepBHa Ha
K. Togi BapiayiiHa HepiBHICTb (1) Mae NpUHaiMHI OfWH PO3B’A30K.

[oBefeHHA. Oneparop T BusHauenuii crisignomentsM (5) Oyjie HellepepBHUM, K
KOMITO3UIIis HEellepEePBHUX OIePaTOPiB. 3a/UIIacThCsl BUKOPUCTATH JJIsI 1 Teopemy

bpayepa 1po icnyBanHsg HEPYXOMOI TOUKH Ta JieMmy 1. []



KF (Xl) F (Xg)k Lkx: Xok (6)
Aécia+aiiy 3 11ddaod F jaceaarouny iniiotiiel, yéui aey aiaieuied
X1, X2 2 K
hF(x1)) F(X2); X1 X2 O (7)
REUuT a fiidaiaitaaiii (7) caiiiéoe ianodias iasiaiifiol ia nodias oa aiaaoe
6ifad X1 6 X», Of T0deiatii aecia+aiiy fnoatail” inoniitnoi
Aégl'a—°|'iy 4 liddaod F jaceaarouny Aeedit inioriiel, yéui iniét
0aéa ~enel > 0, Ui aéy aiaietied xi;x,2 K:
HF(x1) F(X2); X1 Xa  kxi  xok (8)
Oaiodia 3. Reu 11adaoid  F 1 Aoaial itiotiiel, ol dica'ycié aadiaoiéir
fasiaiiinoi (1) ad6aa aeieéi (ca oiiae, uf aii inior)
i it faaiait a X, alaiéuieé aia-

Aladaaiiy. [acaé x, - oica'ycié aasiagiii iadiainoi (1),
0 K. Oiai

hF(X2); X1 Xol = h F(X2);X2 Xi + HF(X1); X2 Xii h F(Xp);Xo  Xq =

= h F(xy);x2 xi h F(x2) F(X);x2 Xl

hF(x1); X2 X1 OTféiélée x, 1 dica'ycéll aasiaciéil” iasiaiinoi (1)

hF(x2) F(X1);X2 x4 > 0 ¢ 6ifae fodiai” itiiofiitnoi Tiadaoioa F
Oli0 hF(X2):X1 X < 0, & 6& icia+al, uf 6itad hF (Xo);y Xoi 0 &eéi-
i6touny ia aey ataieuilal y 2 K ofaol x, ia ! dica i 2
14eiel oica'ycéii aaii” aadiaoiéil”

-
=
L]



1. Caaali xo2 K 03 > 0
2. [a esivi n+1 fa-enspuit:

Xnr1 = Pe(Xn F (Xn)) 9)

Caicoiiét, ul C A Néii+aiio éietéinonu éaiéia oifdaa X, = Xnps1
ileed ia 46oe aifyaidoip, ofié a yéinoi édeoadip coieiée cacae+aé 1aedapol
fafnooii6 6i1ao:

KXn  Xp+1k < (10)
aa - 6a yéanu iaiadaa cadaia oi+iifiol, el ié idaaiait ainyaiooe.

1adadaiié idiaéoi ia aTionoeio iiteeio K ia éileeiié i0ddaci” diaiiieéu-
ieé ifaié aaosiaoiéiié iasiaiinoi

Xns1 Xnt F (Xn);y Xpaai 0 8y 2 K (11)
ia i&opeé Maeya ileed 400€ ia &l 8iioy caicaiieel, yéei +eiii iajadiai
ciadiaeoe aicaycié (11) ia éieeiié i0adasi” 1a0iad. Aead yeé iiaeia iMidoeoe
fid0aoid F aey 10deiaii” iadiainioi 1 éiiiéiel 1 faitio adasiaiod. A 6a
icia+al, Ui ifeeia caiénaoe ianodiid aéaiaacaiod caaa+o
_ 1 .
Xn+1 = arg Tz'? §h><,X| + hF (Xn) Xn;Xxi (12)

0Aaidi" fagifiéil” Tioelicadi” édaadace+ii cada+i aiféiasedii ~e fa iaéédava i
aey ieo inior oya adaéoeaied agaioeoiia.

|5ediaitip itaediéacitp id1aéoiéiiar iaoiad 1 caiiia foaet ia ¢lii-
i6 MReiataiinou . Aéy 01ai, uia aéaidedi caidaany aaia iiieiataiinou ial



»> 0 8n; 21 oide ntl h=1 (13)

fa+-eéneptit
Xn+1 = Pk (Xn F (Yn)) (15)
Nnéy +1am caiéugdétii nia 1i 'ITééabél‘lTﬁy ia éaié 2.
RE i 6 AeTadéo idiaéoiéinal iaom:

é
fa+efiépaace cia+aiiy F 6 4aid oigied 0i+éad, a 0aéie ciadiaeoe aai iofaéoi’
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1. Caaali xo=yo2 K 0a 2 05

2. laeéedivi n+1 1a-enéeptii
Xn+1 = Pk (Xn F (yn)) (16)
Y1 = Px (Xn+1 F (yn)) (17)

cia+ail F ia éiaeilio €aioi
1. Caaati xo2K oa 2 0O
2. laéedivi n+1 1a+enéptii
Yn = Pk (Xn F (Xn)) (18)
3. REul aeélidtouny éitaa x, = y,, 01 16eieiylit Ta+eneaiiy, a iiaéga
EREVERRN

laiel ¢ iaéaielig i4aaaiio 1 14014 161a8004aaiiy ¢ aiaaeooyi, caidiiii-
aaieé b. 1agioiéei a 2014 di6i a [9]
p_
X 5211 2 21
1. Gaaalll Xo=yo2 K oa 2 0;—==
2. [a é8i6i n+ 1 fa+efneptii
Xn+1 = Pk (Xn  F (yn)) (20)

3. Béut aeéliotolny 6ifaa X, = yn = Xn+1, O T0€TCIYIT Ta+enéaiiy, a

Yne1 = 2Xn+1 Xn; (21)
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faaiaiinioi (1). O aeiaaéd ae 161aéoiéii 0 |
feeuiip. Adoaei aiaadaaiu uial 16iifé caiseilnoi iaddaaied ieaideoiia
lleeia ciaéoe a [2, 9, 14, 15].

Odiodaeuiel 1a'1eoll aéy iiadaiae aaii” iladei 46aa 1adasea, Ui nééaaa-
polfiy ¢ iifeeéie aocéia N 0a iileeeie 08438 L. Adceaiiileeieé N aiaitaiaa-
bol aediaii oi+éé 1ad@ddoia i 16ieoe idécia+aiiy, a caéiee 1A6a0daNdy. badda
¢ L 1oitioiaaii oa aiaiaiaapou oice=iei aioiaai, ui ¢'tiadpou dicii o1+ée.
Adaseaoeidil, uf N iifioeol n 4éaidioia, aL - m

[&6aé ie ialii aocee  y;z 2 N. Olai geydil dia y a1 z a6aail iaceaaoe
iineiaraiinol 6adad ¢ L

i& Bicaeyaaceiail vieiee peyoe, 43 &ieia 53451 cOMOBI-AlOUAY 1A Aitligd Ba-
[ ¢



cia+eoe, Ul ¢ a cadaeuilio aeraaéd caéazeeol naia
a4 11076ia i 66 5348a0, A i34 6egd Aid 110166 ~483c & . Oadie 43aaa08IAl,
Of 66iB6I" ¢ ! Aif0A0iUT A8aaéeie
Aiasiaiit 4284411 oie  x; +A0A8c 1a8@d60 P, 0a GASOIONT bi iToTée 6 Aa-
8018 X = (X1;X2, Xk 2 R¥. Caycié lice 5343dieié 0a geydiadie ifotéaie
A883seAOUMY fafobiiel Aiiadiaiediiyi:
X
fi= X (22)
j=1
8
. <1 yeui 54adi a iacdaeeol @éydop,
"0 aiigii6 dagi

ca d(y;z) Tiieo aey €ieeii” 1ade (y;z) 2 D (ofaoi éiéuéinod
ia, yéei imodiail aificacedny ¢ y ai z). Oiai ileeia caiéfiaoe diaiyiiy

X
d(y; z) = X; 8(y;2)2D (24)
P 2P (y;2)
Aé(;l"—él’iy 5 [foié x +56°g iadgdooe adaaii jaceaaoe arionoeiei, yéui
aii 1 jdaia'tiei oa aey iuiai aeéniopouny oitae (24)
Aéc;l'é—él’iy 6 lfoié f —ééé(; daadda aodaai jaceaaoe arionoeiei, yéut aii
1 1al N6t aionoeieé 1oié +ééég iadgoodoe X, ul

Fiiaaiaiediiyie  (22).
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3.2 Oidiagicasiy 1iyooy diai
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Xk
Ciotal = Ci(x) x; = hC(x );x i
=1
Caoiénotit géyoiai aeodaoe C(x ). Ingienée x 1 oi+éip diaitaaae, o ¢ oitae
(25) fieiad?, uf ie ia ifeedll cidigeoe cadaélii aeodaoe adau-yéeie ciiiaie a
digiiaiei 616en00aa+ia ia 1adedo0ad. Olaot aéy alaielinal iigiar ATonoeiial
iotéo x iatn
Xk XK _ _
Ci(X) X Ci(x) X )h C(x);xi h C(x);xi)
j=1 j=1

fi6loufy. O& iciaal, Ui ifictiada  (y:;z) 2 D

X; >0 o0a Ci(x)>Cj(x)

ReuT iddaiifioeoe 1Moié  x; ia1ad@do0 p;, 01 cadaglia aadoifiol ¢idigéouny ia
(x ) x; > 0. Oli6 46y dAcOEU06p+ial ifoiéd X

hCi(x );xi > hCi(x);x i)h C(x );x xi<0
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xn xn Xk
re(f);hi = a(f) hi= ¢aianmoi(22) =  c(f) y =
i=1 i=1 ]:1
Xk o Xk _
= Yi c(f) = c diaiinoi (23) = yi Cj(x)= hC(x);yi
ji=1 =1 j=1

A 63 icia=al, f:

he(f);h fi 8h2F () h C(x);x xi 8x2X

Aagi 110oiaia iai 04ddasediiy aeieeaal ¢ oaioaie 4 O
O aéiaaéo, éiee aey 00ieoi” c(f) aeétiotouny oitaa feiaooe=+itnoi = REl-
aiaia @ @
C C
—= = gjj (28)
f f
Of cada+a (27) déaiaaeaioia ianoaiiié Tioelicadiéiié cagax+i
xXn z fi -
g(f) = G(f)d ! min (29)
1 0 f2K

Agy ii+-a0éd iadaaioeit aliénoeli iileeeié X oaF iloiéia géyodia oa 0aaad
ia éfiiaéoiinou oa Tiéeinou. liteeeia X R caaatoufy iaaisi éiiiéied
Taideedill (24) ofi6 adaa caiéiaiip yé 1adaoei féii+aiii" eieuél aiéiaied

iileeei. Taldaediiiotn X Aeéieeaar ¢ oial, ol

iloiéo idaiatiia i ineieuée 6idodo! a (24), of 1 Taidseai
' maXy:z)2p d(y; z). OlaoT X aéaa

o
(@Y
. ©
o
X
0
)
@
o
°
—
)
Qo
1



16

+enél [0;1]1 éNdiiadip x= x 1+(1  )Xo. IN€iEUEE 1acdaa 1101€e Xq; X2
1 gfiorioeieie, of afie iddia'tiii, a 10eed é X 0. Caéégéeiny 1adaaioeoe
aeéiiaiiy oiia (24)
X X
8(y;2)2 D : Xj = Xq+@ )Xy =
P 2P (y;2) P 2P (y;z)
X ¢ '
= Xy +(1 ) Xz = d(y;2)+(1  )d(y;2) = d(y;2)
P 2P (y;2) P 2P (y;2)
losed, iilee@ia X &04a 1i6ééip oa élitaéoiip, a ohio iileeia F, ul
1 gifiéiel 1a0aoaldaiiyi oadiee adad Ti6eelp i éfiiaéoilp. A dacéelinaoi,
yéul aéladaoe aia 66iésié aascoifioi 0aaad ¢ iaiadadaiifioi, of ca oaidalip 2
) 0a (27) a6adou iaildieeiiie

Caaayée oaivaiai 4 oa 5 ie iieedil ¢ano
diaiiaade dicaeyiooi daiiga ~efiagiii 1ao
idgdae+. [aideéeas, yeul ie oi+ail ciaéoe

AAAAAA O 2 ONA & S LT

A&y T+a0806 4a444i1 aéy éfeeii
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(y;2)2D d(y; Z) r(y; Z)
A -eéndeuieéd aédaco (32) ial e

i1088i840a06i". Olid 0aéiee ifidr 0aéa 1a0deéa yé nadaaiy iaaeewséiaa 4asoinou

(average excess cost), Yo Ticia+elltAEC
P m P . .
AEC = _i=t G fiP 220 A(Y; 2) 1(y;2) (33)
(v:zy2p d(Y: 2)
Oy aaée+eéia yaey! niaip nasaaip diciedp liee +aiii 1laidieei ia 6aéoe+ilio
@ey00 éieiial éioenodaa+a oa +afii 6 aidici ia iaééidiogiio geyso, ainoo-
iiN6 6UN6 8idéno0aa+o. ia aiaiiio aia aiainnii Moeaée , AEC ial 0aéi e



A

cafoifivaaoe idaanoaaeaié aeua ifaael aey ioeééaaied caaa+,

73N

[agisinoigel naoaa oulal ¢+ ofitéiaiy 1adaaei: cadayée fo+aniel caftaai
GPS oa ~eféaiiei oeodiaei adieiéaciéiel dacal iddaaeél cadaoe iadaeed aia-
iTaiaio idagoe+il ai adai-yér iifoaainoi. laideéeas, ia ben. 1 ¢ladaseail

A A~ NTA NN

aa iddanoaagaiiy aieia iifoa Ee a. C iigéie @ a

O
Q.)/
0
ad»
(‘ID/
Q_)/
([N

. QO
(D:
V<
o

O
QJ/

QD
D
q\
s

006iési” ¢ caédeseaol aia 1oféia 11 anido 6aadad, a ia eega aia 11o1éd ~adac nail
da4aT a;. [6&i6R0eIT, Ul fal aifodiii Aioadaseaiiy 167 1loiée ~adac daada
(fx, ;fX) a sicii iNdioe, a caélee +an, tk idladiaieé aey i6i'cad daada a
Oiai, ieedii ATdTacaaoe jaaéeceoe 606idip aadoinoi 6 aeaeyai
xn
Gi(fa; fm) = wij G (fj) (35)
=1
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peén. 1: Oliéiaiy aidieeill” idddeei E&laa

[}
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_ 0 i
a(fi)=f" 1+ — (37)
Ui
ééfio - +af aiedilan 1oi'cad (01aol 6 aeiaaés, éiee iddasea iacadaioaseaia).
Cacae+aéf io adaa 1omiaoiéiel al aiaseeie oice+il aigiae, ul aiaitaiaar
3ailio 6aado. u; - idaéoe+ia lifioéinou daada, - Tadaiaode, ui ifeedou adoe

Beéur ey aniod
> 0; > 1, 01 6acéetodp+a aaéoio-606iéoiyc adaa noaiarl iniioliitp ia RT
A
8f6 h2R":  c(f) c(h)f hi= ——@F' h') (f; h)s=
iz Ui’
X 50
= —=(fi h)® (f;' T+ f hie +fih 24 >0
i=1 I
Oaéiae afi éfiiiaioe ¢ 46aool iaiddadail aeoadaiciéiaieie, a olié 0aéip

+eili 1lee6ou aigeaaone é ioiée foniaiic daadad. (aideééas, yeut iatii 1a-
dadoanoy yé ia bef. 2, of a6aed aaeeéi ioiéd 3; f, aieeiool fa +af 187°ao 1
0a4006(1; 2) iaaiol yeui éiai aganieé ioié f,, 46aa iaéei



A&y &ieeiial 53403 a BicAEyiallifeei6 A 33438, Ul iapou 4i6 Aiielio

2402ei0 ¢ a;. Oiai ileeia caiefiaoe iafodiié 66iedip 4¢0da0:
0 fi X j
g(fi)=1f7 1+ — + if (38)
ui a 2A;

a4 j; ; - iadaiaooe, Ui ifodiail idaedace cagdeeil dia éiiedaocii” iadaeei oa
giiedaoiial iacasoanoy
4.2 laodeody iieood

A&y caaaiiy 6i1a (24) iai i&iasiai ciaoe iiteeio D N N iad ii-
+~a0éiaed oi+ié oa i6iéoia idecia+aiiy, a oaéle €ieléEinoi éioefodaa~ia, yéel

\\\\\\

|0& iadéeesediii 1a00e0i 1iedd 1 ada Tnitaied iiadiae. ladgeé ieyaal
6 aeéioenoaiii aaitacadi+ied iféacieéia oa aaied fAldiaglied fieosdaaiu aéy
ciadiaeediiy ifadaiiéiaed caélifiioiinoaé epaaé 6 aeaidi iviéoia ivecgia+aiu
Gii 1T°cale. Oaééé 1a0ia ileed adaed adaéoeaiel, al 1édii 1a0desi iMedo

a6 a oiciioiinoi: éiéuéinou ~aé iadadaoi aiélga
ca Cadaéuio éieuéinol 5aadsd 1addeei. ONi6 casa+a aécia+aiiy 1aodeosi ilieod
éega +adac iofée ia 6aadad (i0e+i6 ia 1aia'ycéial iadiol it afio 6aadad)

Dicaeyiail 1aofa iitaiaiiy 1410 riadiaia caiofiiitaaieé a [1]. 1aay iey-
dal a ofio, ul ioeiééalouny iaaia aiana ii+aoéiaa iadéeaeaiiy fooeiaia
fa Tiifai noaocenoe+ied aaied, yéa ioii 1Médaudrouny fiiiodadaseaiiyie ii-
oléia f 7aail” iidiileeeie 08440 L L. Noaaeoudy iafiooiia Tiogiicasdiéia
cada+a
X 2 X 2 :
a( ;f)= yz yz T(@ ) fi 7 min (39)

(y;22N N a2l



daf Oiailaaaeiéé 10ié aéy 1aooeoi (40)
vz 0  8(y;z22N N (41)
Ooiédiy (39) aiaiiieouny at 0eio iaéidioed éaaasadia i oiftaep! AidTAS iiii-
licoaaoe aiadeeaiiy dacoetodp+T" 1aodeoi Mieod aia ii+acéiaial iaaceaeaiiy
i aiadesaily 10deiailal diaitadaaeiial ioiéod aia fifioadasedil. lileeieé
ileeia 00aé06aaone yé diadit aiaide al if+aoéiaial iadeeaseaiiy [aioeéeas

>

A00e0i 1Tie00 aiailaiaat 6iiéaédia cia+aiiy oiaifaaseiial
ifotes. Ofi6 Gisiitaa 66186y A (39) 4644 &egd 06iésip aid . O Tieefa
caiefiace " ~anoéfii 1iGiaii 11 anido 4eaiaioad 1a0deoi 1Miedo

@g X @f
=2( +21 ) (fi 1) (42)
Y @
yz yz

xafoeiii 1oiali @@ L aiatadaseapoll +60&2aifiol diaitadseiial ifoies &l ciii a
1206€0i iTied6. Adoaell a

(42) aapou ial ilaeéedinol 1adadoiéo r g, ui aicaiéy* canoinoaaoe adaaitioieé
Aioné aéy iiv6éo

D

=
(O
El

1. Caaalt i+ao

2. Ciadiaeii diaitaaseiee iioié  f, ui aiaitaiaal n-

5. Béul .1 faf aéagoiadt, of coieiytiifl. liaéead caielgdtii nia 1oa



23

5 la-énépaaeuii déniaseiaioe

0]
aiaadaaginy fa nefoaii ¢ 1616anioi Intel A

[81adaiia caddcia+aiiy digdiaeyeinu fa ifai i6iadaidaaiiy Python ¢ ae-
ioefoaiiyi aiagitodéé numpy aéy 1a+eneaiu, aiagitoaée networkx aéy ofaioe ¢
doaoiael idaanoaaéaiiyi 06aifiiooil” iadaeei 0a aidéiioaée pandas agy 1adia-

Q)

ore i7-7700HQ +&

Ca(fa) =10fa Cofp) = fp+50 c(fc) = fc+50
Ci(fa) =10fg cCe(fe) = fet+ 10
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