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ITpu BEIOOpPE TEXHUUECKUX CPEACTB ATl TOCTPOCHUSI OECTIPOBOIHBIX CETEH CBA3M HAa OTHOCHUTEIBHO OONBIINX He-
TIOATOTOBIICHHBIX TEPPUTOPHAX MPECTABISIIOT HHTEPEC a3POCTATHBIE PETPAHCISITOPHI CBA3U. A3POCTAaTHBIE PETPAHCISTOPHI
TIO3BOJIAIOT OPTaHU30BaTh PAJANOCBS3b MEXKTY aOOHEHTAaMH, ISl KOTOPBIX HE BBIMONHSIETCS YCIOBHE MPSIMON BUAUMOCTU. B
LEJSAX MOBBIIEHUS] S)KOHOMUYECKOH 3 (PEKTUBHOCTH MOCTPOEHHUS CETU HEOOXOMMO PEHINTD 33aauy MUHUMH3AIUU TpeOyeMo-
TO KOJIMYECTBA a3POCTATOB, UTO SIBAAETCS YACTHBIM CIIy4aeM 3aaull O MUHUMAJIbHOM MOKPBITUH. B cTaThe mpeicTaBneH MeTo,
TIOC/IEI0BATENIbHON ONTUMM3AIMU Pa3MEIEHUs] a3POCTATHBIX PETPAHCIATOPOB CBA3M HA MECTHOCTH C LIEJIBI0 OpraHM3aIuU
CETH U3 MHOXECTBA HECBA3aHHBIX a0OHEHTOB. BXOAHBIMM JaHHBIMU Pa3pabOTaHHOTO AJTOPUTMA SIBIISIETCS MHOXKECTBO a00-
HEHTOB C 33laHHBIMH JByMEPHBIMH KOOPJHHATAMU. AJTOPUTM MO3BOJISAET MOITYyYHTh KOTUYECTBEHHBIN COCTAaB U KOOPAWHATHI
Pa3sMeIeHuUsT a3POCTATHBIX PETPAHCIIATOPOB HA OCHOBE MOCIE0BATEIBHOTO CBSI3bIBAHMS HCXOIHOTO MHOXECTBA A0OHEHTOB B
eIMHBIN Tpad) ¢ y4eTOM COXpaHEHUs YCIIOBHS TIOJHOI CBSI3HOCTH. METO OCHOBAH Ha ONPEICICHUN ONIKANIINX KOMIIOHEHT
CBS3HOCTH MCXOJHOTO rpada, KOTOpble MOXKHO CBA3aTh PAa3MEIICHUEM PETPAHCIATOPA B TEOMETPUUECKOM LIeHTpe Orkaiinieit
Taphbl y3710B U3 3TUX KOMIIOHEHT. B cirydae, ecnu paccTosHHE MEXTy y37TaMH BEIUKO U BO3MOKHOCTEHl OJHOTO pPETPAHCIATO-
pa He0CTaTOuHO, aATOPUTM TIpesIaraeT pa3MelleHHe HECKOIBKUX PETPAHCIATOPOB Ha MPSAMOH, COenHAIONEH OmKaiinme
Y3IIBI U3 3THX KOMITOHEHT. [Iporiecc mpopomkaeTcs MUKINIECKH 0 MOTHOTO CBSA3bIBAHMS HcXonHOTO rpada. [Tpu moncke 6mm-
JKalIIel KOMIIOHEHTHI CBSI3HOCTH YUHMTBHIBAETCSA BO3MOXHOCTh CMEILEHHUS a3POCTAaTHBIX PETPAHCIATOPOB, BXOAAIINX B TEKY-
LIyI0 KOMIOHEHTY CBA3HOCTH. TakiuM 00pa3oMm, ¢ NCIOIb30BAHHEM METOIOB JIMHEHHOTO II€I0YHUCIIEHHOTO TPOrPaMMHUPOBaHUS
1 MEeTOJa MOCIJIeIOBATeIbHOTO MOUCKA JOCTHTAaeTCs PEelIeHHe 3aadl 00 ONTHMAIbHOM MOKPHITHH. IIpakTHueckuM pesynb-
TaToM SIBISIETCS BO3MOXKHOCTh ONTHUMANBHOTO Pa3MEIIeHHs MUHUMAIBHOTO COCTaBa a’3POCTATHBIX PETPAHCIATOPOB C LIENBIO

obecrieueHNs1 MHO)KECTBA ADOHEHTOB HA MECTHOCTHU YCTOHUHBOM CBS3BIO.
Kirouessle crioBa: 6eCIIpoBOiHAS CETh CBSI3U, a3POCTAT, OECIMIOTHBIN JIETaTeIbHbIN amnmapar, OpraHu3alys CBI3M.

COBpeMeHHHe TEJICKOMMYHHUKAL[MOHHbBIE
CHUCTEMBI U CETH B Ka4€CTBE CPEbl pacIpo-
CTPAaHEHUs JICKTPOMArHUTHBIX BOJH MCIOJb3Y-
10T Pa3/JIMYHbIC JIMHUU CBSI3U: IIPOBOAHBIC, Ka-
OeJbHbIe, BOJHOBOAHBIC, ONTHKO-BOJIOKOHHBIE,
PaavoCBA3U. 3HAYUTEIBHOE MECTO CPeAu HHUX
3aHUMAIOT JIMHUM PaJAUOCBA3H, UCIOJIB3YIOIINE
CIOCOOHOCTBH PACIIPOCTPAHEHUS BOJIH B CBOOO/-
HOM npocTpancTBe. OJHAKO JUHUU PATUOCBA3ZH
nuarnas3oHa yactot cbiie 30 MI'n o nansHOCTH
CBSA3U OIPAaHMYECHBI IpEACIIaMHM IPSIMON BUIH-
MOCTH. B 3TuX yCIOBHAX IIMUPOKOE pacnpocTpa-
HEHHE NOJIy4YMJH perpaHcisTopbl cBsazu (PTP
CBSI3M) HA3€MHOI0, BO3AYIIHOIO M KOCMHUYEC-
koro 6asupoBaHus. [IpuMeHeHne Tex WU UHBIX
BUJIOB PETPAHCIIATOPA CBSA3HU B CO3/1aBAEMOM Te-
JEeKOMMYHHMKALIMOHHOM CeTH B OOIIEM Cllydae
MOJKET OIIPEIENATHCS ¢ UCTIOIB30BAHUEM TAKOTO
nokaszarens 3(pQGEKTUBHOCTH, KaK OTHOILEHUE
TUTOIIAIM 30HBI TIOKPBITHS CBSA3BIO a0OHEHTOB-
II0JIb30BaTeIIeN K CTOMMOCTH CyMMAapHBIX 3aTpar
Ha CO3[laHUE U JKCILTyaTallMi0 PETPAHCIATOPOB
CBS3HU.
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B ciyuae Bbibopa 11 paccMaTpuBaeMoit
3a/laud TMPEANOYTEHUS B TOJIb3Y MPUMECHCHHUS
a’POCTATHBIX PETPAHCISATOPOB CBSI3U BO3HUKAET
3a/laya UX ONTHUMAJILHOTO pa3MEIIeHHs B MPO-
cTpaHcTBe 1 MuHuMM3auu cocraBa PTC cBs3u
C LIENbI0 00eceueHnsT HeOOXOIUMOI CBSI3HOCTH
a0OHEHTOB-I10JIb30BAaTENEH C yUeTOM KOOpAUHAT
U penbeda MECTHOCTH.

Ha puc. 1 npencrasieH BapraHT pa3Mme-
11eH1sI a0OHEHTOB-I10JIb30BaTEIIeil HA MECTHOCTH
C y4eToM HX MoTpeOHOi cBsi3HOCTH. B paccmar-
pUBaEMOM BapHaHTE 4acTh aOOHEHTOB CETH (BEp-
HIMH Trpada) UMEIOT HEOOXOJUMYIO CBSI3HOCTb
10 YCJIOBUIO OOECIIeYeHUs] NPSMON BUIUMOCTH
(crmomaeie uHUM). C  wucnonms3oBanuem PTP
CBSI3M BO3MOXHO OOECIeUeHHE HEI0CTAIOIINX
CBSI3HOCTEH, YTO OTHOCHUTCS K 3ajade 00 ONTH-
MaJIbHOM TOKPBITUH.

B 3amaue 0 MUHMMAlIbHOM MOKPBITUU
Tpedyercs npu 3agaHHoM Tpade /' HalTH MUHU-
MaJbHOE KOJIMYECTBO pedep Takux, 4To Jrodas
BepiivHa Tpada WHIUACHTHA (TPUHAIJICHKUT)
pedpy, BXOAAIEMY B TOKPHITHE.
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Puc. 1. McxogHoe pa3menieHne aOOHEHTCKUX MyHKTOB
Fig. 1. Original location of subscriber stations

O6o3HaunM BepIIuMHBI Trpada uepes i
(i=1,2,..m),apebpauepe3j(j=1,2,.n)u
BBCJICM MATPHIly MHIMACHTHOCTH A = [a, | Ta-
KYI0, UTO

a z{l—e(:fzu seputuHa i uHYuoeHmHa peopy j,
t; | 0—6 npomugHnom cayuae
BBoas OyneBbl nepeMeHHbIE X, G=1,2,
...l)) TaKUE, YTO
v = {l—eCﬂu pebpo j soiidem 6 nokpvimie, (1)
7~ |0—6 npomusHom ciyuae,
MOJIy4aeM, YTo 3aJlaua O MUHUMAJIbHOM MOKPHI-
THHU CBOAUTCS K JUHEHHOM 3aj71a4ye IEI0UMCIICH-
HOTO IPOrpPaMMHUPOBAHUS BUAA

- .
Zx , =min;

j=1

n

Zaﬁxj >1; (2)
j=1

i=1,2...m;

j=12...n.
X, — OyJICBBI ICPEMCHHBIC.

Bropoe ycnoue (2) o3Hayaer, 4To kaxjas
BEpLIMHA UHIUJCHTHA XOTs Obl 0IHOMY pelpy. Pe-
LICHUE TAKOM 3a1a4M JOCTUIaeTCs IIPOrPaMMHOU
peanusanuel aIropuT™Ma  IOCIJIEAOBATEIBEHOTO
MIOUCKa HEOOXOANMOr0 MUHUMAJILHOTO KOJInYec-
TBa U KoopauHat PTP cBs3u, obecneunBarommx
CBSA3HOCTH KaXK/I0r0 a0OHEHTa XOTS ObI C OMHUM
n3 Omkaiimmx aboHeHToB cetu. Crienyer oTMe-
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Puc. 2. KoMIOHEHTHI CBI3HOCTH
Fig. 2. The connection components

TUTb, YTO YCIIOBHE 2 BBITIOJIHUTCS TOJIBKO B TOM
ciydae, eciu rpad sSBISIETCS CBS3HBIM, TO €CTh
HUMEET TOJILKO OJTHY KOMITOHEHTY CBSI3HOCTH.

[IpencraBuM MHOXECTBO a0OHEHTCKHUX
MTyHKTOB, PACIOJIOKEHHBIX Ha MECTHOCTHU, B BUJIE
rpacga, y3/1bl KOTOPOIO COOTBETCTBYIOT a0OHEHT-
CKUM IIyHKTaM, a pedpa — CyIIECTBYIOIIUM pa-
quonmuHusSM. B 1iensix  ymoOcTBa  JanbHEHIero
OTKCAHUsI OTHECEM PETPAHCIISITOPHI CBSA3U U ab0-
HEHTCKHE IyHKTHI K 00IIeMy KJIacCy KOMMYHUKa-
unoHHbIX yerpoucTB (KY). IIpu aTom perpancis-
TOp cBsA3U 0003HauMM ab0OpeBuarypoit KY-PTP, a
abonenrckuii myHkT — KY-PCT. Ha puc. 1 npen-
CTaBIIEH MCXOIHBIN rpad, OTpa)xkaromui pazme-
IICHHE A0OHEHTCKUX IMMyHKTOB HA MECTHOCTH.

Hcnone3yst BbIpaXXeHHE I pacue-
Ta JAJIBHOCTH TPSIMOM  PaJMOBHIUMOCTH
L= 3,57(\/h1 + \/hz), rie h,, h, — BHICOTHI aHTEHH
paZMOCTaHIU, ONPEACTUM Y3IIbl, MEX]Yy KOTO-
PBIMH CYIIIECTBYET PaIMOBUIUMOCTh. B nanHHOM
ciyyae 910 y3nbl PCT, u PCT..

OnpenenM KOMIOHEHTHI CBSI3HOCTH HC-
xonHoro rpada. Jlns rpada Ha puc. 2 monydaem
6 xomnonent cesasnoctu (KC), ato PCT,, PCT,,
PCT,, PCT,, PCT, n (PCT,, PCT,). Cpenu MHO-
JKECTBAa KOMIIOHEHT HAaXOJUM JBE OmmKaiiime:
PCT, n (PCT,, PCT)). bamxaiimumu KV u3
atux KC sisitoress PCT u PCT,, noMecTM uX
B MHOXXECTBO CBsisbiBanus W= {PCT,, PCT,}.
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Fig. 3. The original graph with RTR in GTS RCT, and
RCT, and connection matrix

Pacch/ITaeM KOOpI[I/IHaTI)I 0611161“0 Ico-
METPHYECKOTO IIeHTpa W 1o hopmysiam
X, =(2 x)/N;y, =(D »)/N,

i=1,N i=1,N
rne N — pazmep MHOkecTBa W, pazmemiaem KVY-

PTP B aTuX KOOpIMHATAX.

[Tonmyuennslii rpad n3odpaxeH Ha puc. 3.

OnpenenyiM = CHEQYIOLUIYI0 KOMIIOHEHTY
CBsI3HOCTH, HU 0HO KVY U3 KOTOpOil HE BXOIUT B
W. Ouesnano, uro sto PCT,. Jlobasnsem PCT, B
W, paccuntbiBaeM [ 1] MHOXXecTBa W 1 mepemenia-
em PTP, B I'Ll. IIpoBepsieM CBSI3HOCTb MHOKECTBA
W, 1 ecii OHO CBSI3HO, MPOJIOIKAEM TTOHMCK U JI0-
Oasnenue PT) Pl. B W. Eciin mocie noGasiieHus o4e-
penHoro y3na u nepemeruenust PTP B I'Ll muoxec-
TBO CBSI3aTh HE YNAJIOCh, yIAJeM M3 MHOXECTBA
ToCTIeIHUHN 100aBIECHHBIN y3€J1, BHOBb BHIUUCIISIEM
I'LL, nepemeriaem PTP B I'L] u nepexonum k cnemy-
rorieit mape KC. I[ToBropsiem mporiece muKIngIecKu
JI0 TeX TOop, MoKa cyiiecTByeT xoTs Obl mapa KC,
KOTOpbIE MOXKHO cBsA3aTh oqHUM PTP. Ilomyyaem
rpad, n300pakeHHbIIN Ha puc. 4.

CHoBa ompenensieM KOMIIOHEHTBI CBSI3-
noctu. Umeem KC, = {PCT.}; KC, = {PCT,,
PCT,, PCT,, PCT,, PCT,, PCT,, PTP, PTP},
W = {PCT,, PCT,}. Pasmemenune PTP B I'l]l W
HE MO3BOJIUT CBSI3aTh MHOXECTBO, CJIEI0BATEb-

JIECHOM BECTHHUK 3/2015

Oxm 30rmM O60rxM 90rM 120xm 150 xm
= il ,

Z

% P2 \\‘,J——""'—% és
5 x s

WM ()] WM (OS] WX (OZ] WM (6

A

PCT7

Puc. 4. Pesynbrar csaspiBanust KC PTP u PTP, u marpu-

114 CBA3HOCTH
Fig. 4. The result of the binding of the KC RTR, and RTR,
and connection matrix

HO, HEOOXOJJUMO COEAMHUTH Y3Jbl, BXOAAIINE B
W neckonpkumu PTP mo kpargaiimemy myTH.
Wrorossrii rpad (puc. 5) COCTOUT U3 OAHOM KOM-
MOHEHTHI CBSI3HOCTH, TaKUM O00pa3oM YCIIOBHE
(2) BBITIOSTHEHO M 3aja4ya pellIeHa.

OO0mmii  anropuT™M pemIeHUs  3aJa4u
IIPEICTaBIIEH Ha puc. 6.
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Puc 5. UtoroBsiii Tpad
Fig. 5. Total Count
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Puc. 6. Anroput™ momucka oNTUMAIBHOTO COCTaBa U pasMmereHust PTP cBsa3u
Fig. 6. The algorithm for finding the optimal composition and deployment of U4V connection
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METHOD FOR OPTIMIZING THE PLACEMENT OF BALLOON
RETRANSLATORS IN WIRELESS COMMUNICATION NETWORK
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alexdmitriev007@yandex.ru
Moscow State Forest University (MSFU), 1st Institutskaya st., 1, 141005, Mytischi, Moscow reg., Russia

When selecting hardware for wireless networks based on the relatively large unprepared areas UAV are of great interest.
UAV’s allow to organize radio communications between subscribers which have no line-of-sight propagation paths. In order to
improve the economic efficiency of the network construction it is necessary to solve the problem of minimization of the required
balloons quantity which is a special case of the minimal covering task. The method of consecutive optimization of UAV placement
for the purpose of creating a network with a great number of unrelated subscribers organization is presented in this article. The
input data of the algorithm is a set of users with specified coordinates. The algorithm allows to receive quantitative structure and
coordinates of UAV placement based on sequential binding of the initial set of subscribers in a single graph with regard to the
conservation conditions of a complete connection. The method is based on identifying the nearest connected components of the
original graph, which can be related to the UAV placement in the geometric center of the nearest pair of nodes of these components.
If the distance between the nodes is large and UAV’s power is not enough, the algorithm offers to place several retranslators on the
line connecting the nearest nodes of these components. The process continues cyclically until the complete binding of the original
graph. When looking for the nearest connected component the possibility of UAV which is in the current connected component
displacement is considered. Thus, using the methods of linear and integer programming and the method of consecutive search
the problem of the optimal covering can be solved. The practical result is the possibility of the optimal placement of a minimal
quantity of the UAV for the purpose of providing stable connection for users on the ground.

Keywords: wireless network connection, airships, unmanned aerial vehicle, the organization of communication.
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