Peasm3anus aJropurMoB Teopuu rpacgos B Python

Hmeercsi CTPYKTYpa KJIACCOB:

RandomGraph — kiacc HeopHeHTHPOBaHHBIX rpadoB
(poauTenbCKUi Kitace):

- cydaiiHbIe Beca pedep

- CIydJaiiHble Beca BEpIIUH

- TOJIBKO HEHAIPaBJIEHHbIE CBSI3H

- HET KpaTHBIX pedep

- HeT TIeTelb

- JTr00bIe IBE BEPIIUHBI TOCTHKUMBI (CBSI3HBIN rpad)

RandomDiGraph — noaknacc
OpPHUEHTHUPOBAHHBIX IPadoB:

- ciryvaiiHble Beca pebep

- CIydJaiiHble Beca BEpIIUH

RandomEulersGraph — noakiacc
HEOPUEHTHUPOBAHHBIX MIEPOBBIX IPpadoB:
- eJUHUYHBIEC Beca pebdep

- CAMHUYHBIC BE€Ca BEPIINH

DK3eMIUBIPhI BCEX KJIaCCOB UMEIOT CIIeNYIOIINe aTpUOyThI:

ATpuoyT Onucanue

n Kosmuectso Bepund rpada. Tum — int.

w Marpwuna Becos rpada. Tum — list of lists:
w=I[026,8,--3--1[2093,-49,--1,[690,7---- -]
B,37055---1[--50-829-[.4-5-0-6,4],
39-,-8-0--1---96-01,[-----4-10]
IIpumep:

W 0 1 2 3 4 5 6 7 8
0 0 2 6 8 - - 3 - -
1 2 0 9 3 - 4 9 - -
2 6 9 0 7 - - - - -
3 8 3 7 0 5 5 - - -
4 - - - 5 0 - 8 9 -
5 - 4 - 5 - 0 - 6 4
6 3 9 - - 8 - 0 - -
7 - - - - 9 6 - 0 1
8 - - - - - 4 - 1 0




A Marpuna cmexnocty rpada. Tum — list of lists:
ITpumep:
A 0 1 2 3 4 5 6 7 8
0 0 1 1 1 0 0 1 0 0
1 1 0 1 1 0 1 1 0 0
2 1 1 0 1 0 0 0 0 0
3 1 1 1 0 1 1 0 0 0
4 0 0 0 1 0 0 1 1 0
5 0 1 0 1 0 0 0 1 1
6 1 1 0 0 1 0 0 0 0
7 0 0 0 0 1 1 0 0 1
8 0 0 0 0 0 1 0 1 0
Al Crrcok cMexHOCTH (crucok coceneit). Tum — list of lists:
Al =1[1,2,3,6], [0,2,3,5,6], [0,1,3], [0,1,2,4,5], [3,6,7]1, [1,3,7,8], [0,1,4], [4,5,8], [5,71]
B Marpwuna uHnuneHimii rpada. Tum — list of lists.
R Marpuiia goctmxumocreit rpacda. Tun — list of lists.
D Martpuna kparuaiinmx paccrosuuii rpada. Tum — list of lists:
D=][0,21],[2,0,3],[1,3,0]]
\Y Martpwuna BecoB Bepiiua. Tum — list.
E Crucok pebep rpada B dhopmare (Bec, Havano, korerr). Tum — list of tuples.

mean_degree

Cpennsist creneHsb BepiinHbl rpada (CpeiHee KONMUIecTBO pedep Wik YT, BRIXOMAIIMX U3
BepinuH). Tun — float.

min_edge weight

MunuMasbHbIH Bec pebpa. Tun — int. 3HaueHue mo ymomyanuio — 1.

max_edge weight

MakcumanbHbiil Bec pedpa. Tun — int. 3nauenune o ymomyanuio — 1.

min_node weight

MunumansHbli Bec Bepumnsl. Tun — float. 3nauenue no ymomuanuo — 1.

max_node weight

MaxkcumainbHbii Bec Bepuinabl. Tun — float. 3nauenue no ymomuanmo — 1.

num_of edges

KonuuectBo pebep miu ayr rpada. Tum — int.

degrees Crricok creneneit Bepiud rpada. Tun — list. st opueHTHpOBaHHOrO rpad)a — CIMCOK U3
JIBYX CITHCKOB.
dead_ends Crwcok Bucstuux BepinuH rpada. Tum — list.
isolated_nodes Crwrcok u30aupoBaHHbIx BepiuH. Tum — list.
density [TmotHocte Tpada (0 — min mycroro Ttpada, 1 — mwit momHOro rpada).
Tun — float.
diameter Juamerp rpada. Tum — int.

is_connected

Merka cBsizHocTH rpada. Tum — bool.

Knaccel uMeroT cieayromnme peaain30BaHHbIE METOIBI:

class RandomGraph

__init__() — xoHCTpyHpYyeT Tpad, co3maet aTpuOyTHI rpada.

W_generation() — remepupyeT ciry4aiiHyto MaTpHiry BecoB W.

V_generation() — resepupyeT CydaiHyio MaTPHIly BECOB BEPIIHH V.

replace_from_files() — cuursiBaer matpuist W 1 V U3 BHEIIHUX (aiiios.

graph_draw() — pucyer rpad, BLIEISET MyTh Ha rpade (IpU HEOOXOAUMOCTH), BBIICISET JCPEBO HA
rpade (mpu HEOOXOAMMOCTH), BBIACNISET BEepIIMHBI rpada (mpu HeoOxomumocth). s
pabotsl TpebyeTcst ycTaHoBKa Moayiel networkx, matplotlib.

class RandomDiGraph(RandomGraph)
w_generation() — reHepHpyeT CITy4aliHyIo MaTpuily BecoB W OpHEHTHPOBaHHOTO rpada.
graph_draw() — pucyeTt opreHTHpOBaHHBIH Tpad

class RandomEulersGraph(RandomGraph)
w_generation() — reHepupyeT ciydaiiHyro MaTpuiry BecoB W aiiiiepoBoro rpada.




Kak renepupyercs ciayuaiinblii rpag kiaacca RandomGraph.
Crenenb BepurHbl (i — KOJIMYECTBO pedep, HHIMICHTHBIX BEPIIMHE

Cpennsist creriens BepnH ( d) — XapakTepH3yeT IIOTHOCTE pebep rpada

Haumenbimmii cBsi3HbIN rpad — 1epeBo [TonHkri rpad — conepkut Bce pedpa

e = n — 1 pebpo

2(n-1)
n

d=

[Ipu no6asnenuu B rpad ogHOro pedpa cymMmapHas CTENeHb BCEX BEPIIMH yBETUYUBAETCS Ha 2.
ds = e - 2 - cyMMapHas CTeTeHb BCEX BEPIINH

- 2e
d = — - cpeHss CTEIICHb BEPIIUHBI
n

Ecnu MBI 3a1aeM CpeiHIO0 CTETIeHb BEPIIMHBI, TO YUCIIO pedep:

n-d
°="7
Hanpuwmep:
n =20
d=3

e = 30 pebep



3amanue Nel

Hanumure u mpotectupyiite meronasl kiacca RandomGraph u moakmacca RandomDiGraph,

KOTOPLBIC BBIIIOJHAIOT CIICAYIOIINC I[ef/'ICTBI/IH:

B matpurie BecoB W H3MeHsIeT 3HAYCHMSI BECOB HA OTPHUIIATEIEHBIC

Ne Onuncanue MeToaa HMms meToga

1 | Meron kinacca RandomGraph. adjacency(self)
[To matpurie BecoB W BEIMHCISIET MAaTPUILY CMEXHOCTH A.
Meron kinacca RandomGraph. reachability(self)
[To MatpuIe CMEXHOCTH A BBIYHCISIET MATPHILy TOCTIXHUMOCTEH R u
MIPOBEPSIET, SABJSIETCS JI TPpad) CBI3HBIM.

2 | Meron kmaccoB RandomGraph u RandomDiGraph. incidence(self)
[To matpurie BecoB W BeIMHCIISIET MaTpHIly MHIIMICHTHOCTH B
Meron knaccoB RandomGraph u RandomDiGraph. w_edges(self)
ITo matpurie BecoB W BbrumciisieT ciucok pedep E B dopmarte (Bec, Havaso,
KOHEII).

3 | Metonx kitacca RandomGraph. node_degreeses(self)
[To matpure BecoB W BBIUHCIISIET CTENIEHN BCEX BEPIINH, (hopMHUpyeT
CIIMCOK BUCSYMX BEPUIMH M CIIMCOK U30JIMPOBAHHBIX BEPIIUH.
Meron kinacca RandomDiGraph. node_degreeses(self)
[To matpure BecoB W BEIYHCIISET CTENIEHN MCXO/Ia M CTEIIEHU 3aX0/a BCEX
BEpIUINH, (POPMHUPYET CITUCOK BUCIYMX BEPIIMH (C OTHON WHIUACHTHON
JIYTOM) ¥ CIIMCOK M30JIMPOBAHHBIX BepInH (0€3 MHIIMICHTHBIX JYT).

4 | Merox kitacca RandomGraph. neighbors(self, v)
I[To matpure BecoB W 1 HOMepy BEpIIMHBI BEIYUCISIET CIIUCOK COCEeH
BEPIIMHEI.
Meron kiacca RandomGraph. nearest_neighbor(self, v)
[To matpure BecoB W 1 HOMepy BEpIIMHBI BEIYUCISIET ONMKaNIIEro coceaa
BEPILUHEI
Meton kimacca RandomGraph. adjacency_list(self)
ITo matpurie BecoB W BBIUKCIISET CIIMCOK cMexHOCTH Al.

5 | Meron kmacca RandomGraph. shortest_distances(self)
[o matpuie BecoB W BBIMHUCIISIET MATPUILY KpaTYalIuX paccTossHui D
(anropurm ®noiiga-Yopiernia).
Meron kmacca RandomGraph. diameter_calc(self)
[o matpuie kparyaimux paccrosiauii D Berumcnser quamerp rpada
(paccrosiHre Mexy HauOosee yaaJeHHbIMH BEPUIMHAMH).

6 | Meron kimaccos RandomGraph u RandomDiGraph. metrics(self)
ITo maTpuiie BecoB W BEIMHCIISIET METPUKH Ipada: YHUCIIO0 BEPIIUH, YHCIIO
pebep, HauMeHbIIHI Bec pedpa, HanOOIbIINKA Bec pedpa, HAMMEHBIIHIA BEC
BEPIUMHBI, HAHOOJIBIINI BEC BEPIIHHBI.
Craruueckuii Merox kiaaccoB RandomGraph u RandomDiGraph. @staticmethod
B matpurie BecoB W1 ymamser pe6po edge mpu ycioBHH, 4TO OHO edge_deleter(W1, edge)
CYIIIECTBYET.
Craruueckuii Merox kiaaccoB RandomGraph u RandomDiGraph. @staticmethod
B matpure BecoB W1 mobasisier pe6po edge Becom weight. edge_inserter(W1, edge,

weight)

Craruueckuii MeTox kiaacca RandomGraph. @staticmethod
B matpure BecoB W1 ymanser pebpa, HHIIMHICHTHBIE Bepinie node. node_deleter(W1, node)
Craruueckuii MeTox kiaacca RandomGraph. @staticmethod
B matpure BecoB W1 ymanser pedpa, Bec KOTOPBIX MEHBIIE 3aaHHOTO edge_filter(W1, weight)
3HauyeHus Weight.

7 | Meron xmacca RandomGraph. path_length(self, path)
ITo matpre BecoB W 1 ciimcky BepiiuH Mapipyrta path Bermciser qmuHy
mapuipyra (False, eciin Mapmipyra HeT).
Meron xkmacca RandomGraph. tree_weight(self,
ITo matpue BecoB W u criicky pebep edges_list Beramcisier Bec nepesa, edges_list)
obpazoBanHoro pedpamu (False, ecnu xotst 661 0gHOrO U3 pebep HeT B
rpade).

8 | Meron xmacca RandomGraph. negative_weights(self)

Merox knacca RandomGraph.
Crpout nonoxaenue rpada. Meron m3menser matpuiy BecoB W Ha
MaTpHILy BECOB JononHeHus rpada. Beca pebep npuHIMaroTces =1.

inversion(self)




3amanue Ne2
Hanumure u nporecTupyiTe METOM, BBIIOJHSAIOIIMN pacyeT 0 OJJHOMY U3 AJITOPUTMOB TEOPUU
rpados.

OO0mas nugopManus 10 NCXOAHBIM IAHHBIM, TPeOOBaHMS K pa3padaTbIBaeMOMYy MeETOAY

1. B 3amaye paccMaTpuBaroTcs rpadsl ¢ 3aaHHBIME BecaMu pedep (U mpu HeoOX0IMMOCTH ¢

3a/IaHHBIMHU BECaMH BEPIIHH). B HEKOTOPBIX 3a1a49ax Beca Bcex pedep MOTyT paBHATHCS 1.
Bce rpadbl SBISIOTCS TPOCTBIMHU, TO €CTh HE JOIYCKAIOT HECKOJIBKHX CBSA3CH MEKIY
BepmuHamu. Pazmep rpada mo n=250.

HeopuentupoBanubiii rpad cosmaercs Kak odk3emiunsip kiacca RandomGraph,
OpHEHTHPOBaHHBIN rpad — Kak sx3emiutsap kiracca RandomDiGraph, siiiepos rpad — kak
sx3eMmiutsap kiacca RandomEulersGraph.

HeobOxomuMo mpeaycMOTpeTh OTPHCOBKY Tpada © pe3yibTara, MOJYyIEHHOTO MU
BBITIOJTHEHUH aIropuT™Ma (KakoW-IMO0 MyTh, OCTOBHOE JEpEBO, LEHTpHI rpada). s
oTpHCOBKH Tpada ucnoab3oBaTh MeToa graph_draw().

Tembl 11 pa3padoTKu

Ne

Onucanue MeToaa Nmst meToma

1

IMouck kpaTyaiiniero nyTa B rpade mo aaropurmy Jleikcrpbl dijkstra(self, start, end)
Ha Bxoze:

self — HeopueHTHPOBaHHBIM rpad

start — Homep CTapTOBOW BEPIIMHBI

end — HoMep KOHEYHOH BEePIIUHBI

Ha BrIxoge:

path — kpaTuaiimi MapaipyT Mexay Start u end (crmcok BepmH,
BXOJISIIIAX B MapIIPyT)

length — nrHA MapmipyTa

IMounck KpaTyaiiero myTH Me;Kay AByMsi BepIiiHaMu rpada mo floyd(self, start, end)
anroputmy DJoiina-yopiesia

Ha Bxone:

self — HeopueHTHPOBAHHBIM rpad

start — Homep cTapTOBON BEpPIIMHbI

end — HoMep KOHEYHOU BEPIIHHEI

Ha BrIXOzE:

path — kpaTuaiinmit MapapyT Mexay start u end (crmcok BepimH,
BXOJISIIIIAX B MapIIPYT)

length — nmrHa MapmpyTa

Iouck k kpaTuaiimmx nyteii B rpade no anxroputmy Hena yen(self, start, end, k)
Ha Bxoze:

self — HeopreHTHPOBaHHBIIH Tpad

start — Homep cTapTOBOW BEpPIIMHBI

end — HoMep KOHEYHOU BEPIIHHEI

k — konmmgecTBO TIyTEH

Ha BrIXOzE:

paths — kpartuaiinme MapmpyTsr Mexay Start u end (crvcku BepivH,
BXOISIIMX B MApPIIPYTHI)

length — nmuEBr MappyTOB

[IpumMeganwne: a7 MOUCKa KPaTYalInX MyTel B Tpade HCIOIb3yHTe
anroput™ JleMkcrpa




IMouck KpaTyaiiero mMyTH Me:xkay J100oi napoi BepmuH rpada no
anroputmy ®@opaa-bennivana

Ha Bxoge:

self — HeopueHTHPOBaHHBIHN rpad

start — Homep CTapTOBON BEPUIMHBI

end — HoMep KOHEYHOW BepUIMHEI

Ha Brixoge:

path — kpaTuaiimi MapupyT Mexy Start u end (crucok BepuInH,
BXOJISIIINX B MapIIpyT)

length — nuaa Mappyra

ford_bellman(self, start,
end)

Ilouck myTH ¢ MUHUMAJIBHBIM KOJMY€CTBOM MPOMEKYTOYHBIX
BepIIMH (BOJTHOBOW aJrOPUTM)

Ha Bxoze:

self — HeopueHTHPOBaHHBIH rpad

start — Homep cTapTOBON BEPUIMHBI

end — HoMep KOHEYHOW BEePIINHBI

Ha Brixogze:

path — mapmpyr Mexy start u end (CrMcok BepIIHH, BXOIAIINX B
MapLpyT)

length — konruecTBO pedep Mapipyra

wave(self, start, end)

IMonck MEUHUMAILHOTO OCTOBHOT'O JIepeBa HEOPHEHTHPOBAHHOIO
rpada no anropurmy Kpackana

Ha Bxoze:

self — HeopueHTHPOBaHHBIN Tpad

Ha Boixoge:

edges — cucok pedep, BXOAAIINX B MUHIMAILHOE OCTOBHOE JIEPEBO
rpacda (CIHCOK KOpTeXei)

weight — Bec MEHIMAJILHOTO OCTOBHOT'O JIePEBa

kruskal(self)

IToMcK MUHMMAILHOI0 OCTOBHOI'O IEPEBa HEOPHUEHTHPOBAHHOTO
rpaga o anropurmy Ipuma

Ha Bxone:

self — meopuenTHpOBaHHBIH rpad

Ha BrIxone:

edges — crcok pedep, BXOMAIINX B MUHIMAIBLHOE OCTOBHOE JIEPEBO
rpaga (CIUCOK KOpTexKei)

weight — Bec MEHIMAaJIBHOTO OCTOBHOTO JICPEBa

prima(self)

IMonck MUHHMAIBLHOTO OCTOBHOTO /IEPEBA HEOPHEHTHPOBAHHOIO
rpadga no anropurmy bopyBku

Ha Bxoze:

self — HeopueHTHPOBAHHBIH Tpad

Ha Beixoze:

edges — crcok pedep, BXOMAIINX B MUHIMAIBHOE OCTOBHOE JIEPEBO
rpaga (CIUCOK KOpTexKei)

weight — Bec MEHIMAaJIBHOTO OCTOBHOTO JIePEBA

boruvka(self)

IMouck nyTH ¢ HAaNGOIbIIIEH POMYCKHON CIIOCOGHOCTHIO MEXKIY
ABYMsl BepLIMHAMH

Ha Bxone:

self — HeopreHTHPOBAHHEII rpad

start — Homep cTapTOBOW BEPILIMHBI

end — HoMep KOHEYHOU BEPIIHHEI

Ha BrIxXoze:

path — mapmpyt Mexmy Start u end ¢ HauOGOIBIIEH MPOITYCKHOM
CIIOCOOHOCTBIO

max_throughput — makcumanbHas IPOITYyCKHAS CIIOCOOHOCTh
INpumMeyanne: 11t 00xoma rpada uemonp3yiite morck B mmpuny (BFS)

throughput(self, start, end)

IMonck MpocTOro HeHTpa U MeANAHbl HEOPHMEHTHPOBAHHOTO rpadga
Ha Bxone:

self — HeopueHnTHpoBaHHBIN Tpad

Ha BrIXOzE:

centers — cmucok meHTpoB rpada

medians — ciimcok mMeauaH rpaga

[Tpumeuanne: 1uIs IOMCKa KpaTYaWIInX PACCTOSHUN MEXKIY BEpIIMHAMUA
rpada ucnonp3yiire anropurM Poina-Yopirenia.

center(self)
median(self)




IMouck TBOWHOTO MPOCTOro HEHTPA HEOPHEHTHPOBAHHOIO rpada double_center(self)
Ha Bxone: double_median(self)
self — HeopHueHTHPOBaHHBIN Trpad

Ha Brixoge:

twin_centers — cmucok map eHTpoB rpada

twin_medians — ciucok map Meauan rpada

[puMeyanue: A1 OUCKA KPATYAUIINX PACCTOSHUI MEXIy BEpIIMHAMH
rpada ucnonp3yiire anropurM Dioiina-Yoprenia.

7 | Iouck BHEUIHET0, BHYTPEHHEr0 U BHELIHE-BHYTPEHHET0 IIEHTPA center(self)
OPHEHTHPOBAHHOIO rpaga
Ha Bxoze:
self — HeopueHTHPOBaHHBIH rpad
Ha Brixoge:
outer_centers — cmMcoK BHEIIHUX IIEHTPOB Tpada
inner_centers — CUCOK BHYTPEHHUX IIEHTPOB rpada
outer_inner_centers — cmucok BHENIHe-BHYTPEHHUX IIEHTPOB rpada
[puMeuanue: a1t IOUCKA KPATYAUIITNX PACCTOSHHI MEX Iy BEPIIMHAMHE
rpada ucmosb3yiite anroputM Droiina-Y opiiesia
IMonck cMIILHBIX KOMIIOHEHT OPHEHTHPOBAHHOTO rpada components(self)
Ha Bxoze:
self — opueHTHpOBaHHBIH rpad
Ha Brixogze:
COMPONENts — CMUCOK CHITbHBIX KOMITOHEHT rpada
[pumMeyanue: s 06xoaa rpada ucmonp3yiTe mouck B rayouny (DFS)
8 | Ilouck 7iliepoBa MUKJIA B HEOPHEHTHPOBAHHOM JiliepoBoM rpade eulers_cycle(self)
Ha Bxoge:
self — HeopHUeHTHPOBAHHBIMH DIIEPOB rpad
Ha BeIxOZE:!
eulers_cycle — cmucok BepIIKH diIepoBa MUKIIA
[TpuMmedanue: I MOMCKA 3MIEPOBa IIUKIIA UCTIOIB3YHTE MOUCK B
rinyouny (DFS)
9 | Ilouck ToYEK couIeHeHHs rpada (BepIiuH, yaajleHHe KOTOPbIX cutpoints(self)
NPUBOJANT K pacnaay rpaga Ha 2 cuiibHbIe KOMIIOHEHTDI)
Ha Bxoze:
self — HeopueHTHPOBAHHBIM rpad
Ha BrIxXOz€:
CUtpOINtS — CIICOK TOYEK COWICHEHHs Tpada
[Mpumeuanue: 1is IOUCKA TOYEK COWICHEHHs Tpada UCTIONB3YHTE MOUCK
B riyouny (DFS)
10 | O6xox rpada B riIyoUHy dfs(self, start)
Ha Bxone:

self — HeopuenTHpOBaHHBIH rpad

start — Homep cTapTOBOW BEPILNHBI

Ha BrIxogze:

dfs_nodes — mocte10BaTENBEHOCTE BEPIINH IPH 00X0/1€ B TIyOHHY
dfs_edges — pebpa B mepeBe 00xo/a B TIyOHHY

OO0xox rpada B LIHPUHY bfs(self, start)
Ha Bxone:

self — HeopuenTHpOBAHHBIH Tpad

start — Homep cTapTOBOW BEPILMHBI

Ha BrIXOzE:

dfs_nodes — mocite10BaTENBEHOCTD BEPIIUH TIPH 00XO/E B IIHPHHY
dfs_edges — pebpa B mepeBe 00X0/1a B MIUPHHY

JlonoTHUTeIbHBIEC TEMBI 1JIs1 Pa3pa00TKHU:

1.
2.

ITonck MakcuMalibHOTO MOTOKA 10 anroputmy dopaa-dankepcoHa.

OmnpeneneHne KOJIMYECTBA U PACIIONIOKEHHS p-1IEHTPOB Ipada Mo 3aJaHHOMY KPUTHYECKOMY
PacCTOsIHUIO A.

ITourck MakcuMalibHOM KIMKH rpada (mosiHblli noArpad HauboIbIIero pa3mepa).

ITorck MakcCUMalIbHOTO HE3aBUCMMOT'O MHOKECTBA BEpIIMH Tpada.



3aganue Ne3 (MOKHO BBINIOJHATH BMeCTO 3agaHust Ne2)
Hamumure n nporectupyiite monakiacc kiacca RandomGraph, mo3sonsromuii MoiemupoBath
IBYIOJBHBIN Tpad co B3BeMICHHBIMH pedpamu. [IpuHATH B 1BYJ0IBHOM Ipade TpuOIU3UTEIHEHO
paBHbie pasmepsl pouieil. [Tonkmace RandomBiGraph nomken conepikarh ClieAyrOIne METOJIbI,
HepeonpeeIONINe METO bl POAUTEIHCKOIO Kilacca:

class RandomGraph
class RandomBiGraph(RandomGraph)
W_generation() — reHepupyeT ciydaliHyr0 MaTpuily BecoB W ABYIOIbHOTO rpada.
hungary() - mouck MakKCUMaNbHOTO MAPOCOYETAHHS B IBYIOTBHOM Ipade BEHrepCKUM arOPUTMOM
(penieHne 331a4K O HA3HAYCHUSIX)




