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Po3rnsanyTro TeopermuHmMii 0asuc KOHGOPMHOro BiTOOpakeHHSI KOOPAMHAT Yy
rinep6osiuHOMy NpocTopi. 3anponoHOBAaHO AJITOPHTM HA OCHOBiI BHKOPHCTaHHS TinepoosIivyHOro
noroky Piyyi, mo mae 3Mory 30iapmHTH e(eKTHBHICTH MapmipyTu3amii iH(popmauniinmx
NMOTOKIB 32 paXyHOK He3HAYHOI'0 3POCTAHHS BilMOBIAHOI eBKJIiI0BOI METPUKH.
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The work is dedicated to routing effectiveness increasing for heterogeneous networks with
dynamic variables heterogeneities. Digtribution of information flows in heterogeneous networks
depends on the structural heter ogeneities that can dynamically change because of incorrect settings,
overload, migration of virtual machines and other emergencies. These factors consider ably influence
the success routing, notably in large-scale networks that provide a wide range of services. We
propose algorithm based on Ricci flows that allow transition from one space to another with
preservation properties of conformal mapping network structure to improve the availability of
nodes. A wide range of foreign scientists considers the Ricci flow in Euclidean space. This work
representstherouting algorithm based on Ricci flow in hyper bolic space, which allows smoothing the
ver ge heter ogeneities. Consequently, laying circuits can be designed o that its metric is compatible
with the Euclidean metric by applying Poincare disk that allows usto depict the networ k topology on
a single canonical disk with round holes and convert nodes to form of virtual coordinates. We
perform the network simulation based on comparison of routing algorithms using hyperbolic and
traditional Ricc flows and GeoRou (Geometric routing), which represents the best results of
geometric algorithms. The algorithm converge faster than others do, since it allows reducing the
probability of errors in the curvature and ensuring effective delivery in the presence of complex
dynamic gructural variable heterogeneties. We also perform the smulation of distance vector
routing based on real coordinates using virtual coor dinates. With real coordinates, successful routing
was observed in 78.66 % cases, based on virtual coordinates —in 92.5 % cases Therefore, routing
algorithm based on hyperbolic Ricci flow improves effectiveness compared to other routing
algorithms by adight increasein the respective Euclidean metric.

Key words: Ricai flows, dynamic routing, Poincar e disk, Euclidean metric, virtual coor dinates.

Beryn
3pocTaHHs MOMUTY Ha TEICKOMYHIKAIIHHI MEPEKi 3yMOBIIIOE HOBI BHUMOTH INOJAO 3a0e3reueHHS
HAJIHHOTO Ta SKICHOTO JOCTYIy A0 iH(OKOMYHIKAI[IfHUX TOCHYT, SIKi HaJaloThCS KOPHUCTYBAYEBI.
MynbTucepBicHa Mepexa o0 €JHye B CBOEMY CKIIAJi MHOXXHHY BY3JiB 3 PI3HHMH TEXHOJOTTYHHUMH
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ocobmuBocTsiMu. Jlnsg Hel BaXIMBUMH € THTaHHs, [0 TOB's3aHI 3 MNPUHHATTAM pilIeHb MIOA0
BUKOPUCTAaHHSI HAasBHUX MEPEXKEBHX PECYpCiB, iX PO3MOIITY ISl IMiABWIICHHS JOCTYITHOCTI BY3IIiB.
Oco0nuBO akTyanbHHMHU € TIpoOiieMu BTpaT iHdopMarii Ta BiAMOBU B 00ciyroByBaHHi. Hepo3s’ sizaHumu
3aIMIIAOTHCS 3a/1a4i, OB’ 13aH1 31 CTPYKTYpHHM OallaHCyBaHHSM iH(pOpMAIIHHUX MOTOKIB 3 ypaxyBaHHIM
3MiH TONOJOrii, ONTHUMI3aIi€l0 MPOIAYKTUBHOCTI CEPBICHMX MPOrpaMHUX IUTATGOPM Ha OCHOBI
eexkTuBHOrO YyIpaBliHHSI pecypcaMu BipTyanbHuX MamuH. OOMiH iHQOpMamiiHUMH TIOTOKAMH Y
TeTEPOTEHHUX Mepexax 3alieKUTh Bl CTPYKTYpPHUX HEOAHOPIJHOCTEH, SKi MOXYTh JAWHAMIYHO
3MIHIOBATHCh BHACTIIOK TOMUJIKOBOT'O HAJNAIITYBAHHS, TIEPEBAHTAKEHb, MIrpallii BIpTyalbHUX MAIllH Ta
IHIIMX aBapiiiHUX cuTyalid. Jns minBUIIEeHHS eQEeKTHBHOCTI MapIIpPyTH3allii 3a HAasBHOCTI CKJIaJIHHX
JMHAMIYHO 3MiHHHX CTPYKTYPHUX HEOIHOPIMHOCTEW 3alpOMOHOBAHO aJTOPUTM Ha OCHOBI BUKOPHCTAHHS
norokiB Piudi B rinepboniunomy npocropi. OCHOBHI IUTaHHS, OB’ sI3aH1 3 TOCTIKEHHSM TIOTOKIB Piyui B
eBKJIIJOBOMY TIPOCTOPi, pO3IIHYTO B podorax [1, 4, 5]. B [2, 3] npencraBieHo TeopeTHuHuii 6asuc s
3aificHeHHsT KOH(OPMHOTO BioOpaykeHHs KoopauHaT. Posrismaerbes rinepbomiunuit mpoctip [6, 10], mis
00YHCIIeHb BifcTaHell BUKOPHCTAaHO MOzes aucka ITyankape [7, 8, 9]. 3amaya migBuiieHHs ePeKTHBHOCTI
MapmpyTtu3anii HaOyBae 0COONMBOI aKTyalbHOCTI y 3B'S3Ky 31 CTPIMKHM 3pOCTaHHSIM KLTBKOCTI
KOPHUCTYBaUiB Ta PO3UIMPEHHSM CIIEKTpa iHPOKOMYHIKAiHHIX TOCIYT.

3acTtocyBaHHs NoTOKiB Piuyi B TesiekoMyHikaniiiHux 3apayax
Teopito morokiB Piuui Ha moBepxHsIx 3anpononysas P. ['aMinbToOH 115 piMaHIBCHBKMX MHOXKHH, BOHA
na€ 3Mory eOpMyBaTH METPUKY, BAKOPHCTOBYIOUH BH3HAYCHI KPUBH3HH.
OTxe, € MOXIJIMBICTh TEPEXOJUTH 3 OJHOTO MPOCTOPY B IHIIMK 31 30€peKEHHSM BIACTUBOCTEH
Mepexi, gedpopMyroun MeTpuKy PimaHa.
dopma reoMeTprYHOro 00’ €KTa, SIKUi € neopMOBaHUM YK HErJIaJKUM, MOXKE OyTH 3MiHEHA, SIKIIO
BCi KpHMBHM3HHM OJHAKOBi. 3aCTOCOBYEThCS KOH(OPMHE BiOOpa)KEHHS JUIS BCTAHOBJICHHS BiIIOBIIHOCTI
MK yciMa HETPIaHTYJISPHUMH ITOBEPXHIMH.
[Morik Piu4i € mporecoM 3MiHK (HOpPMH PIMAHIBCHKOI METPUKH BiAMIOBIHO JI0 KPUBU3HU MOBEPXHi.
Hexait S—rangka moBepxHs 3 piMaHiBChKOIO MeTpuKor0 g. Toxi
a, _
dt
ne t —yacoBwmii mapametp; K —raycciBcbka KpUBH3HA 3 METPUKOIO J; A — 001aCTh TTOBEPXHI.
BpaxoByroun BracTHBicTh raycciBcbkoi kpuBusuu g(t), popmyna (1) HaOyBae BUIIISLY
dg; _

T - 2Kgij (t) ' (2)

PC)
2K + N 1)

HactymHi TeopeMu MiATBEp/PKYIOTh, [IO MOTIK Piu4i € KOHBEPreHTHHM 1 TNPHU3BOIUTH IO
KOH(OPMHOI MapaMeTpu3allii METPHKH, SKy MOKHA OOYHCIIMTH, BCTAHOBHBINM 3HAYCHHS HEOOXITHOL
kpuBHu3HH B O U BCiX By3IIiB Ta ONTHMI3yBaTh eHeprito Piuui meroqom Herorona. Taka onmrumizanis €
THYYKOIO Ta HaJAIMHOO JIJIS TOMOJMOTII “ ciTKa” 3 MOraHOo TPIaHTYJIAIIER.

Teopema 1. JInst 3aMKHEHOT TIOBEpXHI 3 Bl eMHUMH Xapaktepuctukamu Efinepa, sKIo 3arajbHa
obnactb MoOBepxHi 30epiraeThCs MmiJ 4Yac MOTOKY, TO MOTIK Piudi KOHBeprye 1m0 Takoi METpPHKH, 0
raycciBCcbka KpUBH3HA OyJI€ CTAJIOK Y BCIX TOYKaX.

Teopema 2. [Ins 3aMKHEHOi TIOBEPXHI 3 JOJATHUMH XapakTepucTHkamu Eliepa, sIKIIo 3araibHa
obnactb MoOBepxHI 30epiraeThCs MmiJ 4Yac MOTOKY, TO MOTIK Piudi KOHBeprye 1m0 Takoi METpPHKH, 0
raycciBChbKa KpUBH3HA OyJ/I€ CTAJIO Y BCIX TOYKaX.

3Buuaitauii NoTik Piuvi BuMarae, mo0 yci KyTH TepeTHHy OyiaW TOCTpUMH, TinepOoNmidHud —
MoOJH(]IKY€E i BUMOTH Ta JIO3BOJISIE SIK MIEPETHH KiJI ITiJ] TOCTPUM KYTOM, TaK i BIICYTHICTb iX TIEPETHHY.

MeTtpuka ykJaaganHs KiJ Aj4 rinep6oJiyHoro notoxky Piuyi
Jnst 3a0e3neueHHss BUCOKOT KOH(POPMHOCTI y CITKax 3 IMOTAaHOK TPIaHTYJSIIEI0 y3aralbHIOEMO
TPaIUIiHHy METPUKY YKIaJaHHS KT IO METPUKH YKJIaJaHHs KUl 3 BU3HAUCHHSIM BIJICTaHI MDK KOJaMH
HE3JISKHO BiJ] X B3a€MHOTO PO3TAIlyBaHHS B TiepOOTIYHOMY POCTOPi, BUPAKEHOT SIK

|, =cosh™(coshr, coshr, +1, sinhr, sinhr,) . 3)
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YMOBH TOCTPOKYTHOTO TEPETHHY HE € ileallbHUMH JUIS TPAKTHYHUX pillleHb JUCTaHIiIHO-
BeKTOpHOI Mapmpytu3zaiii. CiTkn TPUKYTHOI cerMeHTallii, oTpuMaHi 3 HabOpy JaHWX Mpo 3 €JHAHHS B
CCHCOPHIM Mepexi, 3aBXJU MICTATh BY3bKi TPHUKYTHHUKH, JI0 SKHX Ba)XKO 3aCTOCYBATH IMPOIMOHOBAHY
METPHKY YKJIaJaHHS KiJl.

VY Bunazuky mnosiBu KoHQIryparii TYIOKyTHOTO BHIJISIAY MapIIpYTH3allis MOXKe BUOUPATH NUIIX Ha
rpaHi TOMOJOTrii, OCKUIbKM HaWOMMKUYWiA Cycin By3Nla BiACYTHIH. SIK HACHiZOK, BHKOPHUCTOBYETHCS
JMCTaHIIHHO-BEKTOPHA MapIIPYTHU3aIlis TI0 Kpasx BipTyaJbHHUX BY3IIiB.

lapanTtyeThbes, 110, BPaxOBYIOYH JOBUIBHY KOH(QIrypamiro CITKHM 3 TPUKYTHOK CErMEHTAIli€lo,
rinepOoiyHe yKIaJaHHsA Kil MOXXKHA BHUKOHATH TakK, MO0 11 METpuKa Oyae CYMICHOIO 3 EBKIIIJOBOIO
METPHKOIO.

Otxe, MeTos TinepOoniyHoro moToky Pivui 3abe3nedye BUCOKY KOHPOPMHICTb.

Mogaean aucka Ilyankape nJis rinep0oaiyHoro npocropy
Taka Moenb sBjIsSE COO0K OAMHMYHUI JTUCK Ha KOMIUIEKCHIN IUIOIIMHI Ta BUKOPHUCTOBYETHCS JIJIS
oOuMCIIeHHS BiJCTaHel y rinmepOoniaHoMy mpocTopi. Hexall moBepxHs S mpencTaBlieHa MHOKHHOIO TOYOK,

n
. . o . . . .
110 3aJI0BOJIBHSAIOTH HEPIBHICTE g X <1, ne X — koopauHara, a N — po3MipHICTb. Toxal Merpuka Pimana
i=1

BUTJISJAE SIK:
o n o
,_ 4a X
s = o o
@-a;x) (4)
Hexaii z, Ta 7 € nBoma toukamu jaucka [lyankape. Toxi reogesuka mpoxoauTs uepes Z, ta 2z, i

NEPETHHAE OJMHUYHE KOJNO B TOYKAX Z, Ta Z , A Z, Ommkue no z, , a z — 1o z . Ha ocHosi

neperBopenb Gopmynu (4) rinepOonivuHa BiAICTaHb MK Z, Ta Z BHPAXKAETHCS SIK:

(z,- )z, -2), ,
(z.-23)z,-2) (5)

d(z,.2)=(n

BingnosinHo, onuiiemo neperBopeHHs Mebiyca ans mucka [lyankape y BUTTISI 3CYBY:

2

F.(2)=c+

Z+C (6)
Jie CTa I' € BIIOBITHO IIEHTPOM Ta pajiycom koina C.

OTmxe, MepexeBa TOIOJNOTIsI MOXe OyTH BimoOpa)keHa Ha KaHOHIYHOMY OJUHHYHOMY IHCKY 3
KPYTIJIMMH OTBOPaMH, BY3JIH cepBicHOT MmiaTopMu Ha SKOMY TPAaHCPOPMYIOTHCS J0 BUTIISLY BIpTYaIbHUX
KOOD/IMHAT.

AJITOpPMTM BU3HAYeHHS BipTYaJbHUX KOOPAUHAT
JIs1st yTBOpEHHS TirepOoiuHOro MPOCTOPY BUSHAYMMO OCHOBHI TTOHSTTS |
Iij +Iki - Ijk

2

1. Jlns xoxxHOT uiommay Fy, MareMaTHYHUM anapatoM € I, =

2. Jlns KOXKHOTOo By3/a V. pajiyc Horo xona JopiBHIOE MINT,.

Beenena xondopmua nedopmanis 3MmiHIoe paaiyc I xoma C, Ta 30epirae i#oro iHBepCHY BiJCTaHb.
Otxe, y pasi mepexoay BY3JIIB 3 €BKIIIOBOrO MPOCTOPY B TinepOoIiYHUN HE0OXimHa JuIne iH(opMallis
Mpo JOBXKHHY MEX Ha OCHOBI JMCKPETHOI METPHKH, sIKa 3aJCKHUTh BiJl MOMUJIKH KPHUBH3HU T4 PO3MIPY
kpoky. [Torik Piudi nerko moaudikyBaTu Ui 00UKCIEHHS METPUKU 3 Halepel BU3HAYCHUM 3HAYCHHSM
KPHUBU3HHU.

Eneprisi posriisiHyToro MmoToKy € ONYKJIOK B JOMYCTHMOMY IPOCTOpI METpUK. Merpuka, sKa

3a0e3mneuye HEOOXIIHY KPUBU3HY, € TI00aJTbHUM OITHMYMOM.
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OTke, 3amMpOIMOHOBAHUIA AITOPHUTM HE 3YIMWHUTHCS Ha JIOKAIBHOMY ONTHUMYMi, & 3BEHCThCS [0
€JIMHOTO TII00AEHOTO ONTHMYMY.

Jnst mpencraBiIeHHs AMCKPETHOI TinepOomiyHoi eHeprii Piudi 3actocoByeThes MaTpuils ['eccena.

Ha puc. 1 nogano anroputM noOyIOBH BipTyallbHIX KOOPAWHAT 3 BUKOPUCTAaHHSAM Jucka [lyankape,
SIKHH 3IHCHIOE TUCTAHIIIHO-BEKTOPHY MapIIpyTU3aIlilo B TinepOoIivHOMY ITPOCTOPI.

Koxxnomy By3imy Oyne BiioMo, sIKi IPOMDKHI BY3/IM OepyTh Y4acTh y MpoIleci nepeaBanHs JTaHUX

JI0 MICIIS TIPU3HAYCHHS.

4

I'eH. mianapHuii rpad Ty
TpUKyTHa citka M, 3 V BepiunH,

HYITH0 BOTO TIOP AIKY 3i Fimnwa,
BCTAHOBJICHUMH BIJICTAHAMH
{z,.7,.2,)e F (7}
o] Zw, 2y, Z&- KOOpAUHATH THCKY
Ll .
* Ilyankape Bu3HadeHi 3a:
Jlist koxHOI mapu BepiiuH [ Vi, Vj] F #
BH3HAYAEMO JOBXUHY Hal0B 0T rpaHi | max A2} =c+ g

BHKOPHCTOBYIOUM AJITOPUTM 2

C=2

TEE
C —uentp aucky Ilyankape

¥, ~ nedocmynsa Pt
: - A Il
e - FOF_LF,
ré _G}sa}s}:ﬁ_{fgt{}) Sr T
- cycinu i BOynoB. y Fijk

r. =(l, cos8” I, sin6%)

17 € Fy

v, P; Y, —oocmynni V,.V, —docmynui

TaK ¥o.¥F ., F

> é #

- cycinu i BGymoB. y Fijk

V, - docmyma

Puc. 1. Aneopumm nobyoosu ipmyanibHux KOOpOuHam

Pe3yabTaTu MoJeI0BaHHS i3 BHKOPUCTAHHSM BipTyaJlbHUX KOOPAUHAT

Jlyis meMoHcTpallii y mpolieci BUKOHAHHS pealibHUX 3a7ad BY3JIHM MEPEXi B MPOBEICHUX JOCiAax
po3niicHO Ha wyotupu kiactepu Bigmoigno mo 20, 50, 100, 150 omguHuMIb, SKI MIKIOYEHI
CaMoOpTraHi30BaHUM CITOCOOOM IS TepeaBaHHs IHPOPMAI[ITHAX MMOTOKIB MiX BIPTyaTbHUMHU MalllHHAMH,
10 MOXYTh MITPYBaTH.

[opiBHsIEMO pO3pOONEHHUN aIrOPUTM, SKWHH NMPOACMOHCTPOBaHMH Ha pHuc. 1, 3 TpamuIiiHUM
notokoM Piyui (TRF) ta GeoRou (Geometric routing), sikuii € HaiikpaiiuMm cepei TI'e€OMETPUYHUX
QITOPUTMIB MapIIPyTH3aIlil.

J171st TOpiBHSTHHS BUKOPUCTAHO TaKi KPUTEPIi, SIK KUTBKICTh BY3IIiB, iTepalliii Ta HEOTHOPITHOCTEH.

{06 mocsATHYTH MaKCUMAallbHOI TOYHOCTI, CEpEJHE 3HAYCHHs pe3ysbTary obumcmoBanoch 3 1500
CKCIIEPUMEHTIB.

3anpornoHOBaHMUN aJIrOPUTM Yy pa3i 30UIbIICHHS KUIBKOCTI By3JiB morpedye Ha 20-25 % menine
iTepariii, HiXK HIIII.
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Puc. 2. 3anescnicme xinobxocmi imepayiti 071 6USHAYEHHS MAPUWPYIY 3 BUKOPUCHIAHHAM
sanpononoganozo areopummy, TRF ma GEOROU 6i0 kinvkocmi 8y31ie y mepedici
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Puc. 3. 3anescnicme xinbxocmi imepayiti 071 6USHAYEHHS MAPUWPYINY 3 BUKOPUCHIAHHAM
sanpononosanozo aneopummy, TRF ma GeEOROU 6i0 kinvkocmi HeoOHopiOHocmell y Mepexci

Ak 6aunmo 3 puc. 3, 3a KUIBKOCTI HEOIHOPIAHOCTEH 70 2 MPEACTaBICHI aIrOPUTMU (PYHKIIIOHYIOTh
MPAaKTHYHO OTHAKOBO, MPOTE KOJIH IIEH MOKa3HUK 3pOCTAE, TO 3aMPOIIOHOBAHUI anropuT™ mnorpedye y 2-5
pa3iB MEHIIIE iTepalliii, HK 1HIII.

Puc. 4. Ilpoyec mononoziuno-3anexcHoi mapupymusayii
inghopmayitinux nomoxig y xmapunxogit cucmemi 3 8000 gy3ris
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Puc. 4 BinoOpaxae epeKT MUCTAHIIHO-BEKTOPHOT MapLIpyTH3allil Ha BIPTYaJIbHUX KOOpIUHATAX.
MapmipyTu3aliiss He 3aBXIH MOXKe OyTH YCHIIIHOIO 32 YMOB HOPMaJbHOTO “3KaliOHOro” alroputmy. 3a
HAasBHOCTI CKJIAJHUX JWHAMIYHO 3MIHHHUX HEOJHOPITHOCTEH e(eKTHUBHIIIC BUKOPHUCTOBYBATH BIpTyaslbHI
KOOp/IMHATH, SIKi TAF0Th 3MOT'Y YTBOPHTH MapILpyT, 110 3AaTHHI OMUHYTH HEOIHOPiAHICTh (puc. 4, 0). Ha
puc. 4. a) MOTIK He I0Ja€ HEOTHOPITHOCTI JMCTAHIIIHO-BEKTOPHHUM aJrOpUTMOM; 0) — mojae
HEOMHOPIAHICTh, 0a3ylOYHCh HA CHUCTEMi BIPTyaJbHHUX KOOPIMHAT, B) — IUIAX MOTOKY Yy MPOCTOpI
BIpTYyaJIbHMX KOOpJMHAT Ha Mojeni aucka [Tyankape.

[TopiBHSIEMO METOMM BUKOPUCTAHHS BIPTYaJbHUX Ta pPEATbHHX KOOPIHHAT 3a KPHUTEPiEM
CIACTUYHOCTI MUIAXY, SKHH ITI0Ka3ye, y CKUIbKH pa3iB OOXIAHMHA IUISX MOBIIMH 3a OCHOBHHI, Ta
rapaHTyBaHHSM JOCTaBKM B Mepexi, o Mictuth Oinbmie Hik 5000 map By3nmiB THIy BiAIIpaBHHK —
orpuMyBad. Pe3ynbraTu BigoOpaskeHi B TaOIHII.

IopiBHAHHSA €JACTHYHOCTI TA FapaHTiil 10CTABKU AITOPUTMIB

Meron YacTka yCHilnIHOro Cepenne 3HAUCHHS MakcumainbHe 3HAUCHHS
JocraBieHHs, % €IACTHYHOCTI €aCTHYHOCTI
BipryanbHi KoOpauHATH 92.5 1.59 321
PeasibHi KOOpAUHATH 78.66 1.17 1.54

3riIHO 3 OTPUMAHUMHU Pe3yJIbTaTaMH, BipTyaibHi KOOPIUHATH 3a0e3Meuy0Th OUTbIY e(eKTHBHICTh
MapIIpyTH3aIlii 38 PaXyHOK HECYTTEBOTO 30IIBIIEHHS €TaCTHYHOCTI MapIIPYTY.

Bucnorok

Ha ocHoOBi 3actocyBaHHs TinepOONIYHAX TOTOKIB Piui BHKOHaHO KOH(OpPMHE BiOOpaXKEHHS
CTPYKTYpH Mepexi Uil NMoOYJIOBH BIpTyaldbHHUX KOOPAWMHAT il BY3JIiB Yy TilmepOONIYHOMY MpOCTOpi i3
3aCTOCYBaHHSIM JIMCKPETHOI IHBEpCiiiHOT MeTpuku PimaHa ais AWMCTaHIIHHO-BEKTOPHUX aJTOPHTMIB
MapIpyTH3aii.

[MpakTnyHa 3aja4a YHHUKHEHHS MHOXXHHHOCTI TpaHed B Te€OMETPUYHIM TOMONOTii po3B’'s3aHa 3a
paxyHOK KOH(OPMHOrO IUTaHYBaHHS BIPTYaJIbHUX KOOPIWHAT, IO € YHIKaJbHUM B TiNepOOTiYHOMY
MpOCTOpi, TMepecHsIaHHS MAaKeTIB JUCTAaHI[IHHO-BEKTOPHUMH METOJaMH pEalli30BaHO Ha CTPYKTYPHHUX
HEOJHOPIHOCTSX TOIOJIOTIT MEpEexi.

[TokazaHo, 10 HEOMHOPIAHOCTI, SIKI MOXKYTh YTBOPIOBATHCS BHACIIAOK Jii 30BHIIIHIX (akTOpiB, B
mporeci NepeBaHTakeHb abo0 >k Mirpamii  BIpTyaJbHHUX MamMH OyAyTh YCHIIIHO JIONATHCS
iH(pOPMAIITHIMH TOTOKAMH.

OTxke, 3ampONOHOBAHMK alTOPUTM MapUIPyTH3allii Ha OCHOBI TinepOoNiYHOro MNOTOKY Pivui
30ibIIye eheKTHBHICTH MapIIPYTH3AIlii 32 HASSBHOCTI CKIIQJAHUX JTUHAMIYHO 3MIHHUX HEOJJHOPIHOCTEH 3a
paxyHOK HE3HAYHOIrO 301IBIIEHHS BiIIOBIAHOT €BKIIIIOBOI METPHUKH (IIMB. TaOIIHIIIO).
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