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AHHoOTanusa

AxkmyaavHocmsb. Cucmembl 0mKpbIiMoli 1a3epHoli ammocPepHol c8s13u nodsepeHymul 8030elicmeurd N0200HbIX
ycaosutl. Bonpocam eausiHust doxcdell Ha aghdhekmusHoCcmMb 0mKpbImMoll 1a3epHoli ammocgepHoli cesi3u nocesiuje-
HO 60/1bW0e KOAU4Yecmao ModebHbIX meopemuveckux U IKCnepumMeHmaabHelx uccaedosanuli. Bmecme ¢ mem do
CUX nop He paccmMompeHa npob.iema 8bl6opa nokaszame.ell omkpblmoli 1a3epHoll ammocgepHoll onmuyeckoli ces-
3u 38e30006pa3HOU CMPYKMypbl € y4emom Heo6xoduMocmu MUHUMU3AYUU NOMePsb CUZHAAA.

Lleawvlo nposodumozo uccaedosanus sigasiemcsi paspabomka memoduku onmumu3ayuu 36e30006pa3Holl cmpykK-
mypul OMKpbIMOt 1a3epHOl ammochepHOll c8s13U 8 UHMepecax MUHUMUIAYUU CYMMAPHbIX NOMepb 0NMU4eCcKo20
CU2HA/IA U3-3a 02pAHUYEeHUl 8UGUMOCMU HA MHOXcecmee paccmosiHull Mexcdy yeHmpoMm u hepugdeputiHoimMu y31a-
MU.

CywyHocmb memoda 3aKkawvaemcsi 8 COCMasAeHuu U peuweHuu 8apuayuoHHol onmuMu3ayuoHHol 3adavyu no
OyeHKe CYMMApHbIX Nomepb N0 8cemM HANpas/ieHusiM 38e30000pasHoll cmpykmypbsl cucmembl nepedaqu daHHbIX C
UCno/1b308aHUEM 8blOPAHHOU U38ecmMHOU Modeau 0cAabAeHUss ONMU4ecKo20 CU2Ha1d u3-3a 8o3delicmeaust 00xHcos
(8 amoti modenu 8 sieHOM 8ude huzypupyem nokazameas 8UAUMOCMU HA JUCMAHYUSIX 0m yeHmpa do nepugepuli-
HO20 y3/4).

IkcnepumeHmbl. [IposedeHHble anpobayuoHHble IKCNepuUMeHmMAabHble UCCAedo8aHuUsl 8 yesom nodmeepduau
docmosepHocmb Modeiell, 831MblX 3 0CHO8Y NP08OJUMO20 UCCAed08AHUSL.

B pe3yabmame npogedeHHbIX meopemuyeckux MoOeAbHbIX UCC/Aed08AHULl NOIYYEeHO 8blpadceHue 051 8blYUc/e-
HUS1 MAKCUMA/IbHO 00OCMUNCUMBIX CYMMAPHBLIX NOMePb ONMU4ecK020 CUzHa/d 8 38e30000pa3HOll cmpykmype om-
Kpblmoll sa3epHoli ammocgpepHoll cemu cesasu. Kpome mozo, 8vlsa8/1eHo, Ymo 8 38e30006pasHoll cmpykmype om-
Kpblmoil sa3epHoli ammoc@depHoll c8513U MAKCUMA/AbHbIE CYMMAPHbIEe NOMEPU 0NMUYeckoz0 CuzHa/d 8 c/ay4ae
NPUHAMUST UHME2PA/IbHO20 02PAHUYEHUS HA 8HOBb 88€0eHHYI0 (YHKYUOHANbHYH 3A8UCUMOCMb Mexcdy JUCMAH-
yusimu om nepugeputiHozo y3/1a do yeHmpa u JA0KAAbHOU 8UOUMOCMbI0 803HUKAOM 8 MOM c/ay4ade, Kozda pac-
cmosiHue om nepedarujezo yeHmpa do nepugeputiHbiX Y3108 hpuema nponopyuoHa/abHbl K8AJPaAMHOMY KOPHKO
JI0Ka/1bHOU sudumocmu.

IIpakmuueckaa 3Hayumocms. Ha 6ase nosy4eHHbIX pe3y1bmamoe 8bipabomaHsl pekomeHdayuu no onpedee-
HUo ducmaHyuu yCmaHoeKu y3/108 npuemd om yeHmpa. Hameuaemcs peaausayusi nosy4eHHbIX pe3yabmamos 8
npoekmupyemoil omkpbimoli sa3epHoli ammocgepHoli cemu ces3u «LleHmp - npuzopodHbvle y3/1bl» HA AnuiepoH-
CKOM noJtyocmpose.

KioueBble cioBa: doxcdegble 0cadku, onmumu3sayusi, nomepu onmu4ecKkozo cucHa/a, ammocgiepa, J1a3epHas
C6s53b
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Annotation

Relevance. Open laser atmospheric communication systems are affected by weather conditions. A large number of
model theoretical and experimental studies have been devoted to the influence of rains on the effectiveness of open
laser atmospheric communication. However, the issue of choosing the parameters of an open laser atmospheric op-
tical communication system with a star-shaped structure, taking into account the need to minimize signal loss, has
not yet been considered.

The aim of the study is to develop a method for optimizing the star-shaped structure of open laser atmospheric
communication in order to minimize the total loss of the optical signal due to visibility limitations at many distances
between the center and peripheral nodes.

The essence of the method consists in compiling and solving a variational optimization problem for estimating the
total losses in all directions of the star-shaped structure of the data transmission system using a selected well-known
model of attenuation of the optical signal due to the effect of rain (in this model, the visibility indicator at distances
from the center to the peripheral node is explicitly included).

Experiments. The conducted approbation experimental studies have generally confirmed the reliability of the
models used as the basis of the conducted research.

As a result of theoretical model studies, an expression was obtained for calculating the maximum achievable total
optical signal losses in star-shaped open laser atmospheric communication networks. In addition, it was found that
in the star-shaped structure of open laser atmospheric communication, the maximum total losses of the optical sig-
nal in the case of accepting the integral constraint on the newly introduced functional dependence between the dis-
tances from the peripheral node to the center and local visibility occur in the case when the distance from the
transmitting center to the peripheral receiving nodes is proportional to the square root of local visibility.

Practical significance. Based on the results obtained, recommendations have been developed for determining the
distance of the reception nodes from the center. It is planned to implement the results obtained in the projected open
laser atmospheric communication network "Center-suburban hubs" on the Absheron Peninsula.

Keywords: rainfall, optimization, optical signal loss, atmosphere, laser communication

For citation: Mammadov A.M. Optimization the Effect of Rainfall on the Efficiency of Open Laser Atmospheric
Communication. Proceedings of Telecommunication Universities. 2025;11(6):62-67. (in Russ.) DOI:10.31854/1813-
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BBegeHue 6ote [2] uccienoBaHa mpo6JyeMa 3aBUCUMOCTH MaK-

Kak oTMeuaeTcs B paGoTe [1] cucTeMbl OTKpbIToii ~ CHMAJIbHOM Ja/IbHOCTH CBSA3H M CTENEHH 0C/Nab/IeHus
Na3epHO# aTMOChEPHOH CBA3M MOABEPIHYTH Bausa-  ONTHYECKOrO CHIHA/A B TAKUX CHCTEMAX OT WHTEH-
HUIO TOTOAHBIX YCJAOBHH. OCHOBHBIMM MOTOAHbIMM  CHBHOCTH 0CajkoB. B [3] mokasaHbl pesy/ibTaThbl HC-
$aKTOpaMy, BAMSIONMMH Ha KAadeCTBO OTKpPLITOM  C1€A0BAHHMA BIMAHHA JI0X/EH Ha MPOXOX/EHHe MO
JMIa3epHOI aTMOCQEPHOH CBsA3M, SABJAAITCA TymaH u  OTKPBITOH aTMOCOEPHOH JMHUM ONTHYECKOro Jyda
ocazki. BompocaM BAMSIHUS LOKAeH HAa 3dPeKTHB- JavHOHW BosiHBI 810 HM Ha pacctosgHun 700 M. Co-
HOCTh OTKPBITOM aTMocpepHOM CBsi3u mnocBsimeHa [V1IACHO 3TUM DE3yJIbTaTaM, MOTEPH CUTHAJIA yBEJIM-
oGuIMpHas TuTepaTypa (CM., HanpuMep, [2-6]). B pa-  UHBAIKMCh C YCHJEHHeM MHTEHCHBHOCTH JOXAA. B
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pabote [4] npejsaraeTcsi Mojesb Vil BbIUMCJIEHUS
CTeleHU ocjabJjieHHusl CUrHajla B CUCTeMe OTKPbITOHN
JlazepHOH aTMOChepHOU CBSI3U C YYE€TOM 3aKOHA pac-
npejeeHus JOXKAEBbIX KaleJsib 10 pa3MepaM.

B o6memM ciyyae, Kak oTMeyaeTcsd B paborte [5],
ocsabyieHHe ONTUYEeCKOTO CHTHala U3-3a JOX/[s
omnpejenseTcs o popmyJie:

Train = (1)
= exp(—(0,05556 + 0,00848R — 3,66 - 1075 - R)D),

rJie R - UHTEHCUBHOCTbD JOXK/s; [ — IUCTaHLIMS.

B pa6oTe [6] 6blyia mocTaBJeHa 3aja4ya ONTHUMaJb-
HOr'0 BbIOOpA AMCTAHLUN PacCloJIOKEHUS MPUEMHBIX
y3JI0B OT LIEHTPaJbHOTO y3ja B 3Be3/[000pa3HOH
CTPYKType CUCTEMbI OTKPBITOH Jla3epHON aTMocdep-
HOH CBSI3M B 3aBUCHMMOCTH OT WHTEHCUBHOCTH [I0-
XKJlel B 30He QYHKIIMOHUPOBAHUS BCEH CUCTEMBI.

BMecte ¢ TeM, [0 cMX NOp He pellleHa IpobJieMa
BbIOOpa MOKa3aTeJed OTKPBITOM Jia3epHOW aTMO-
cbepHOU ONTUYECKOUN CBA3U 3BE€34000pa3HOU CTPYK-
TYpPBI C yY4eTOM MUHUMHU3AL WU IOTEPDb CUTHAJIA. B UH-
Tepecax IOUCKA 3TOTO pelleHUs] Mpexje BCero pac-
CMOTpPUM GoJiee AeTalbHO MOJIENN YYeTa MOTEPh CUT-
HaJla u3-3a 0Ca/IKOB, U3JIO’KEHHBIE B [2-4].

CyuiecTByOLHe MOAETH

Kak oTMeuaeTcs B pa6oTe [2], HOTepH ONTHYECKOTO
CUTHaJIa B paCCMaTPHUBAEMbIX CHCTEMAaX HE 3aBUCHT OT
JUIMHBI BOJIHBI U OTIpeiesITI0TCs 10 GopMyIie:

2,9
8rain = 7' (2)
Lrain = 1010g(exp(_8rain ' d)), (3)

rAe Ly,in — IoTepu us-3a Joxaa (ab); V - BuguMocTs;
Orain = 2,9/V - koaddunueHT ocnabaenus (1/xkm); d -
JUCTaHIMA OT U3Jy4aTeJis o IPUeMHOTO y3Ja.

Ha pucynke 1 npuBefeH rpaduk 3aBUCHUMOCTHU
ocJiabJieHUs] OT UHTEHCUBHOCTH JIOXK /S,
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Puc. 1. 'paguk 3aBMCHMOCTH 0C/1a6/IeHNA ONTUYECKOro CUrHaia
B CHCTeMax OTKPBITOH JIa3epHoii aTMocdepHOH CBA3U
OT MHTEHCUBHOCTH J0XAA [2]

Fig. 1. Graph of the Dependence of Optical Signal Attenuation in Open
Laser Atmospheric Communication Systems on Rain Intensity [2]

B pa6oTe [2] Takke HU3J10)KeHA 3MIIUPHUYECKass MO-
JleJIb 1711 BbIYMCJEHUS CTelleHU 0CJ/1abjeHUs oNnTHYe-
CKOTO CHTHaJla U3-3a BJUSHUA AoXJed - A (nb/xm),
COTJIaCHO KOTOPOI:

A=1,076- K% (4)

[Ipu 3TOM CyMMapHble NOTEPU HA JUCTAHLUU JIJIU-
HOU d onpeieIAI0TCS KaK:

Lain =A-d =1,076 - K - d. (5)

B pa6oTe [3] npuBeaeHa nofo6Has GpopMyaUpOBKaA
CTeleHW 0cCaabjeHdus] ONTHYEeCKOro CUrHajia Hu3-3a
BJIMSTHUSA JIOXK/EH:

A=k-RY (6)

rae Ko3pPurrueHTh! kK ¥ o 3aBUCAT OT XapaKTEPUCTUK
JIOK/S1 U MOTYT GbITh OIpe/ie/IeHbl SKCIIepUMEHTAIb-
HBIM IIyTeM; B Tabsuie 1 mpuBejeHbl UX 3HAYEHUS,
u3MepeHHble B finoHny U PpaHLUH.

TABJIMLA 1. 3HayeHus k ¥ a, ©3MepeHHbIe B pa3HbIX CTpaHax
TABLE 1. Values of k and a Measured in Different Countries

CTpanbl k [od
AnoHus 1,58 0,63
OpanHuus 1,076 0,67

B pa6oTe [4] npeacTaBieHbl MOJielb AUH U MOJeJIb
Mondema. CorsiacHO mepBoH, ecid B TedeHHe roja
HNPOLEHT JOXJeld C MHTEHCUBHOCTbIO R MpeBhIlIAeT
3HaveHHe P, TO cTeleHb 0C/1abJeHNs U3-3a TAKUX J0-
kel MOXeT ObITh BbIYMC/IEHA [10 BBIPAXKEHUIO:

A(P) = k - R(P)* - Lr, (7)

rae L - AJvMHa MyTH MPOX0XKAEHHUs ONTHYECKOro Jiyda
OT LleHTpa [0 nepudepuitHoro ysuaa; r - ¢pakTop co-
KpallleHHUsI 3TOr0 MyTH:

1
"SI L/LRY (8)
Loy - 2623 .

B mogenn Mondema JjonyckaeTcs, YTO UHTEHCHB-
HOCTb A0/ paBHa R = 0,01, u npu 3asaHHON Bepo-
SATHOCTHU P 3a roJ; BEIYMC/IAeTCA CTelleHb 0C1abIeHus:

A(P) = k - R§y,log(P, L), (10)
rje
R(P
log(P,L) = LexP (— #02?@), (11)

npu 3ToM BeipakeHue (10) BepHo, eciu L < 7 kM.

BmecTe ¢ TeM, Bce pacCMOTpeHHbIE BhbIllle MOJeaU
XapaKTepU3yIT CJy4aldl MOJAEeJIUPOBAaHMUA CUCTEM C
OJIHUM NepeJaTYNKOM U OJHUM IIPUEMHHUKOM.

[t 3Be31006pa3HBIX CTPYKTYP CUCTEM OTKPBITOU
Jla3epHOU aTMOChepHOU CBSA3M (PUCYHOK 2), rlie HC-
M0JIb3yeTCA OJWH Nepefarliui y3eJ U n NpUeMHBIX

InekmpoHuKa, homoHuka, npu6opocmpoeHue U césA3s
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y3JI0B, IpMMeHeHHe YKa3aHHbIX MoJieJjiell npob/eMa-
THUYHO, T.K. TpebyeT 60JIbLIOTO KOJMWYEeCTBA BbIUMC-
JseHudl. Eciu y4yecTb, 4TO Takue BBIYMCJIEHHS B KO-
HEYHOM CJIy4yae MpecaeAyroT IeJib MOCTPOeHHUs ONMTH-
MaJIbHOW MOJieJId, TO aKTyaJIbHOM OKa3blBaeTCs pas-
paboTKa METOAMKH ONTHMHU3ALUK 3Be3/1000pa3HbIX
CTPYKTYp CHUCTEM OTKPBITOM aTMochepHON omnTHYe-
CKOU CBSI3U (pellleHHME ONTUMHU3ALMOHHOM 33Ja4u C
LeJIbl0 MMHUMH3AalUU CYMMapHbIX NMOTEPb ONTHYe-
CKOTO CHTHajla W3-3a OTPaHUYEHHOW BUJMMOCTH Ha
MHOX€ECTBE PACCTOSTHUN MeXJy LEeHTPOM U nepude-
PUUHBIMH y3J1aMU).

I1

Pa
Puc. 2. 3Be31006pa3Has CTPYKTypa OTKPBITOH Jla3epHOI
aTMocdepHOii ONTUYECKO CBSA3M

Fig. 2. Star-Shaped Structure of an Open Laser Atmospheric Optical
Communication System

IIpepiaraemoe pemeHue

B kayecTBe MOJieJi1 ONTHMHU3ANWU BbibepeM (3),
TaK KaK MMEHHO B 3TOH MoJesu sIBHO QUIYpUpYeT
NoKa3aTeJb BUAUMOCTH HAa MHOXECTBE AUCTAHIUH OT
LeHTpa J10 nepudepruilHbIX y3J0B.

PaccMOTpUM MHOXeCTBO JUCTAaHLUHU d; - paccTos-
HUR Mexay nepudepuiHbIMU y3JaMU [ U LeHTpasb-
HBIM y3J10M O - UCI0JIb3YEMBIX B CHCTEME:

D={d}i=1n (12)
rae

d; =d;_4 + Ad,Ad = const. (13)

[Ipu atom ycnoBus (12) u (13) He o3HayawT pa-
BEHCTBO PAaCCTOSIHUH OT IeHTpa /0 nepudepruiHbIX
Y3JI0B; 3/leChb pedyb HJET O PaBeHCTBE NpHpalleHUuH
3THUX PACCTOSHUM.

Mogenb (3) ¢ ydyeToM (2) mpeacTaBUM B CJeaylo-
11eM BU/IE:

1
Lyain = 10log [exp (78 _ ‘d>]' (14)
rain

59)8%¢

1, v
Lyain = 10log [% (—2 — d)]. (15)

Takum o6pasom, (15) MoKHO 3amucaTh B BU/JE Bbl-
pakKeHHUS:

Cl'U

Lyain — 2,9—'d' ¢, = const. (16)
[TocTosiHHAsA ¢; onpeJensieTcs Kak:
c; =10-C,, (17)

rae Cy - MOCTOsIHHAs!, BO3HHUKAIIIAs W3-3a HaJIUYHs
ocHOBaHus sorapuédma B (15) ue=2,7.

BBeseM Ha paccMoTpeHHe QYHKIIMOHANbHYIO CBS3b
MeXay d; U V;, Te U; - BUAUMOCTb B CEKTOpE, Xapak-
TepU3yeMOoM AUCTAaHIMEHN d;.

[Ipy sToM mpejnoJsiaraeM CyliecTBOBaHHUE YIIOpS-
JIOUeHHOT'0 MHOX€eCTBa:

rjae
V; = V;_; + Av, Au = const, (19)
dy = Y(vy). (20)

Ha 6a3se Bripaxkenuit (18) u (20) noctpoum cieny-
IOIMHA JUCKPEeTHBIH QyHKLMOHAA Leau F;, KOTOpbIH
JIOJDKEeH ObIThb CBEJeH K MUHUMYMYy IyTeM moz6opa
¢dyHknuu (20):

Cl'Ui

B=2."29 40

(21

OT BbIILIEN3JI0KEHHOUN JUCKPETHON MOJie/IU yCJIOB-
HO nepeiieM Ha HelpepbIBHYIO MOJeJb.

B aToM ciydyae PpyHKUMOHAI F; MPUHUMAET CJeay-
1200110207 8:379: 8

VUmax
F1 = f —Ldl). (22)
! 29-y()
Y

JJ1s BBIYMC/IEHUS] ONTUMAJbHOTO BUAA QYHKIUH
Y (v) BBeJieM Ha Hee Cilefylolllee HHTErpajJbHOE Orpa-
HUYeHUE:

Umax

j Y()dv = C,, C, = const.
Y

(23)

C ydetoMm BbIpaxkeHud (22) u (23) chopmupyem
ueseBo GyHKIMOHAA 6e3yC/J0BHOM BapUalMOHHOMN
onTUMHU3aUuU F,:

Tmax Tmax

Cc1V
F2=—f mdl)—)\ J- lIJ(U)dU—C, (24)
0 0

rge A — MHOXKUTEJb Jlarpal-mca.
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CorylacHo MeTojy Jitiepa, pelleHHe ONTHMU3ALU-
OHHOWU 3a/1auu (24) y/10BJIETBOPSET YCJIOBHUIO:

{2,‘;11;20) - 7\1]] (U)}

= (25)
b >
U3 ycnoBus (25) nonyvaem:
2 =0
2902wy’ 2= O (26)
(27)

[Ipu pemenuu (27) F, focTUraeT MakCUMyMa, 4TO
JIETKO TIPOBEPUTD N0 KpUTepHu1o Jlarpanxa. CorjiacHo
3TOMY KpUTEpHIO NMPUMEHUTEeNbHO K paccMaTpuBae-
MOH 3a/ave, ec/id NpOM3BOJAHAs BbIpakeHus (26) mo
¢yHKuU (V) oKa3biBaeTCsl OTPULATEJSBHOH BeJU-
4YHMHOU, TO F, NpH NOJIy4eHHOM pelleHUH [AO0CTUTraeT
MakcuMyMma. /Jyii BBIYMCIAEHHUS 3HA4YeHHUS A MOXXHO
BOCII0JIb30BaThCS BblpaxkeHUsAMHU (23) u (27).

06cyxxaeHue

TakuM 06pa3oM, paccMOTpeHa W pelleHa 3ajada
MUHUMH3ALKUU NOTEPb ONTHYECKOTO0 CHUTHajla M3-3a
OrpaHUYEeHHON BUJMMOCTH B OTKPBITON JiazepHOU
atMochepHON cuUCTeMe CBSI3M 3Be3000pa3HOU
cTpykTypsl. ChopMUpoBaHa BapHalMOHHAS ONTHUMH-
3alMOHHAs 3aJjlaya OLeHKH CYMMapHBIX IMOTepb IO
BCEM HaNpaBJEeHUsIM 3Be37000pa3HON CTPYKTYpbI
CHUCTEMBI.

C yyetoM BbipaxkeHU# (27) u (22) BBIYMCIUM MakK-
CUMaJIbHO [JOCTHMXKHMMYI0 BEJHUYHWHY CyMMAapHBIX IIO-
Tepk:

Fmax

_ C]_ Vv
Fu= | —F——=dv,
»
v 29 1’2,9-)\0(

rfie A, - BBIYMCIEHHOe Ha 6ase BbIpakeHUH (23) u
(27) 3HaueHwue A.

(28)

CHMCOK MCTOYHUKOB

U3 BrIpakeHus (28) mosyyaeM MUHHMaJIbHbIE MO-
Tepy CUTHaJjla B CUCTEME:

Umax
2-+c, 2 3
Flein = 3m . \/Ew/)\adU = § . Ufnax.

BujHO, YTO MaKCMMaJibHble IOTEPHU CUTHAJA B CH-
crteMme (F;,) BO3MOXHBI B TOM CJIyyae, KOTZa AUCTaH-
MU OT IepearLlero LeHTpa A0 nepudepuitHbIx y3-
JIOB IIpHeMa PONOPIMOHAAbHEI KBaJPaTHOMY KOPHIO
JIOKaJIbHOH BUJUMOCTH.

B TeopeTHyeckoM IJIaHe aZleKBAaTHOCTb IpeJJIO-
KeHHOUM Mojenn onTuMusanuu (24) obecneynBaeTrcs
TeM, 4YTO OHa OCHOBAaHa Ha M3BECTHOMN KJIaCCHYeCKOU
Mozend (3) U Ha pelleHUH KJIACCUYECKOH BapHalu-
OHHOH 3a/ayd. B 3kcnepuMeHTa/JbHOM IIJIaHE HaMe-
yaeTcs peaJu3alys MOJy4YeHHbIX pe3yJIbTaTOB B IPO-
eKTUPYyEMOH OTKPBITOH J1a3epHON aTMOCHEPHOU ceTH
cBa3U «lleHTp - npuropozHble y3/bl» Ha ANLIEpOH-
CKOM TnoJiyocTpoBe. McciiefoBaHMe TaKOH CeTH NMO3BO-
JIAT 3KCIEPUMEHTANBbHO NPOBEPUTH aZleKBaTHOCTDb IO-
JIydeHHBbIX B HacCTOsIIllell CTaTbe TeOpeTHYeCKUX pe-
3yJIbTaTOB.

3ak/Il0YeHHue ¥ OCHOBHbBIE BbIBO/JbI

[Toka3aHo, 4YTO B 3Be€37000pa3HON CTPYKTYype OT-
KpBITOHM J1a3epHON aTMOCPepHOH CBSA3M MaKCHUMaJb-
Hble CyMMapHble INOTEPU ONTHYECKOr0 CHUTHaja B
cay4ae MPUHATHS WHTErPajibHOTO OTPAaHUYeHHUs] Ha
BHOBb BBeJIEHHYI0O (QYHKIIMOHAJIbHYI0 3aBUCUMOCTb
MeXJy [AUCTAaHLUSIMU OT nepudepuilHOro ysaa [0
LeHTpa U JIOKaJIbHOW BUAMMOCTbI0O BOSHUKAIOT B TOM
cly4yae, KOrja AUCTAaHLMMU OT Iepefalllero LeHTpa
Jlo neprdeprUiHBIX Y3/I0B IpHeMa MPOIOPIMOHAIbHEI
KBa/IpaTHOMY KOPHIO JIOKaJIbHOU BUAUMOCTH.

Ha ocHOBaHMM BbIIIEyKa3aHHOIO 3aKJIIOYEHUS CAe-
JIaH BBIBOJ, O HelleJeCOO6Pa3HOCTH YCTAaHOBKHU Y3JI0B
pyveMa Ha OIpejeasieMOd BbIpaxkeHueM (27) pu-
CTaHIIUM OT LIeHTpa 10 neprudepruiHbIX y3/0B.
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