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AHHoOTanusa

AxkmyaavHocmb. CmpemumeibHoe pa3gumue mexHo102UU UHMepHema geujetl npuses1o K IKCNOHEeHYUAAbHOMY pO-
cmy Kou4ecmeda pasAudHbIX UHMeA1eKmyaabHblX MeXHU4eckux cpedcms, npucoeduHsieMblX K UHMepHemy, 4¥mo, 8
€801 o4epedsb, chOCO6CMBOBAI0 NOSI8AEHUK 60/bWO020 06BeMa JAHHbIX, hodAexcawux nepedave no cucmemam
€8513U. I1IeKMpoMazHUMHble cemu c8s13U 061a0arm HedoCmMamoYHbIM NOMEHYUA10M 0151 pewieHusl daHHOU 3a0ayvu,
Haub6o.1ee 3gpheKkmusHbIMU 30€Cb 0KA3bIBAOMCS ONMuUYecKue cucmembvl nepedadu UHPopMayuu no ammocgepHuiM
KaHasnaMm. O0HaKo onmuyeckue ammocgepHble cucmembl 853U N0JBEPIHCeHbl 8AUSHUI amMochepHbIX Hakmopos,
m. K. U3-3a N02/10WeHUsl, paccesiHusl U Qu@pakyuu 1a3epHbulll yY 0caAa645emcsi o MOWHOCMU U nodeepzaemcsi yulu-
peHuro. B uccaedyemoil npedmemHoll obaacmu u3gecmuuvl pabombwl, nocesiujeHHbvle pacxodumocmu Jy4a, 2de pac-
cMampusaemcst 80npoc 3a8UCUMOCMU 8eAUHUHbI MAKCUMA/AbHOU pacxodumMocmu ay4d om makux nokazame.et,
KaK MOWHOCMb J1a3epH020 UCMOYHUKA, 2eoMempu4eckasi 0/UHA KAHA/d, 0/UHA 80/HbI onmu4eckol paduayuu.
Bmecme ¢ mem, 8 ykazaHHbIX pabomax paccmampueaemcst 00UH KaHA/1 J1a3epHOll cemu €8513U, d 80npoc 0 8blbope
duamempa .1a3epHO20 /1y4d 80 8CEX KAHANAX /1A3ePHOU MHO20KAHANbHOU amMmocdepHoll cemu He o6cyxcdaemcsl.
Leas. Cdhopmyauposana 3a0a4a onmumanbHO20 8bI60pa duamempa Aa3epHO20 NYYKA 8 MHOZOKAHA/AbHOU cucmeme
ammocgepHoli onmuyeckoll cesi3u pacnpedesieHHO20 mund ¢ yuemom pacxodumocmu Ay4d. B omauvue om uzeecm-
HbIX pabom, 8 KOMopbIX pewaemcs 3a0a4d ONMUMU3AYUU C YHemoM 8AUsIHUSL pacxodumocmu y4d, peuweHue no-
cmas/ieHHOU Yeau oxeambvledem KAK CMAyUOHApHble, MAK U MO6U/IbHbIE 8APUAHMbI peaau3ayuu KaHa/a08 cemu
ecell MHO20KAHA/ILHOU cucmembl. PewleHue nocmae/ieHHol 3a0a4u ocywjecmesieHo nymem ghopMupo8aHusi eQUH020
yese8020 pyHKYUOHANA U danbHeliwell onmumudayuu 04151 8blsi8/1eHUsl ONMUMAAbHOU 83AUMOCESA3U MexCcdy 8enu-
yuHoli paduyca /y4a Ha 8xode NpUEMHUKA KAHA/A U paduycoM Jy4d HA 8bixode uz/ayyamessi npu nodave Ha pac-
cmampugaemblli ammocdepHblli KAHA/ € yUemoM 803MOHCHOCMU e20 ywupeHust. [lokasaHo, ymo makoe pacuupe-
Hue duamempa /Aa3epHO20 Ay4d N0 8blsI8AEHHOMY ONMUMA/AbHOMY 3aKOHY N0380./1siem docmu4b MaKkcuMyma cpeo-
Hell 8eAUYUHbI UHIMeHCUBHOCMU /1d3ePHO20 1y4d, nepedaHH020 N0 ammMoc@HepHOMy KAHAY KO 8CeM NPUeMHUKAM
cucmemvl. [IposedetHble ModeabHbIE UCC/Aed08AHUS NPed/I0NHCeHHOU MemoduKu yvema ywupeHus duamempa
Jy4a nodmeepousiu 803MOHCHOCMb NOJAYYEHUS ONMUMA/IbHO20 COOMHOWEHUSI MeXCdy OCHOBHbIMU NOKA3aMeAsiMU
MHO20KAHA/NbHOU s1a3epHoll ammocgpepHoll cemu.

HayuHas Hosu3Ha. PazpabomaHa Mamemamuyeckasi Modesib ONMuUMU3ayuu 8bl6opa duamempa ay4a 8 MHO20KA-
Ha/bHOU a3epHoli ammocgepHoll cemu.

Teopemuueckas u npakmu4eckasi 3Ha4uUMocms. Onmumusayusi Nped10}ceHHOU Modeau N0380.1U/1d NOAYYUMb
payuoHaIbHOe COOMHOWeHUe Mexcdy OCHOBHbIM NOKA3AMeAMU MHO20KAHAILHOU aa3epHoll ammocgepHol cemu
pacnpedesieHHO20 mund, Y¥mo Modcem Hatlmu npuMeHeHue npu NOCMpoeHUU N0J0OHbIX cUCMeM.
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Annotation

Relevance. The rapid development of the Internet of Things technology has led to an exponential increase in the
number of different intelligent hardware connected to the Internet, which, in turn, has contributed to the emergence
of a large amount of data to be transmitted over communication systems. Electromagnetic communication networks
have insufficient potential to solve this problem, and optical information transmission systems via atmospheric chan-
nels are one of the real options for solving this problem. However, optical atmospheric communication systems are
subject to the influence of atmospheric factors, i.e. due to absorption, scattering, and diffraction, the laser beam is
weakened in power and broadens. In well-known works on the divergence of the beam, the question of the dependence
of the maximum divergence of the beam on such indicators as the power of the laser source, the geometric length of
the channel, and the wavelength of optical radiation is investigated. At the same time, in these works, one channel of
the laser communication network is considered, and the question of choosing the diameter of the laser beam in all
channels of the laser multichannel atmospheric network is not discussed.

Purpose. The problem of optimal choice of the diameter of a laser beam in a multichannel atmospheric optical com-
munication system of a distributed type is formulated, taking into account the divergence of the beam.

The essence of the proposed solution, unlike well-known works that solve the optimization problem taking into ac-
count the influence of beam divergence, the solution to this goal covers both stationary and mobile versions of the
network channels of the entire multichannel system. The task was solved by forming a single target functional and
further optimizing it in order to identify the optimal relationship between the radius of the beam at the input of the
channel receiver and the radius of the beam at the output of the radiator when applied to the atmospheric channel
under consideration, taking into account the possibility of its broadening. It is shown that such an expansion of the
diameter of the laser beam, according to the optimal law identified, makes it possible to achieve a maximum of the
average intensity of the laser beam transmitted through the atmospheric channel to all receivers of the system. The
conducted model studies of the proposed method for accounting for beam diameter broadening confirmed the pos-
sibility of obtaining an optimal ratio between the main indicators of a multichannel laser atmospheric network.
Scientific novelty. A mathematical model for optimizing the choice of beam diameter in a multichannel laser atmos-
pheric network has been developed.

Theoretical and practical significance. Optimization of the proposed model made it possible to obtain an optimal
ratio between the main indicators of a multi-channel laser atmospheric network of a distributed type, which can be
used in the construction of such systems.
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BeejeHue OMACHOCTH, MaJIbIM MOTPe6JIEHUEM 3HEPTHH, CIOCO6-

Pa3sBUTHe CeTeil CBA3U JUKTYET HeOBXOAUMOCTh co-  HOCTBIO CO3/JaHUsI CBA3M CO MHOTMMH YCTPOHCTBAMH.
3aHMS  KOMMYHHKAIHOHHBIX CTPYKTYp, OTJuuaio- I[IPAMEPOM TOMy sBasioTCS ceTH 5G, obecnedupaioliye
I[UXCSA BBICOKUMM MOKa3aTeJsAMM NpONycKaHusi, 6e3-  BPICOKYI0 CKOPOCTH KOMMyHHKALMK 110 CPABHEHHIO C
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CYLIECTBYIOLIMMU 6eCTPOBOJHBIMU CETSIMU CBsA3H [1, 2].
Kak oTMeuaeTcs B paboTax [3, 4], B c/ieAyIoLeM MOKO-
JIeHUU MOOWJIbHBIN CBs3u (6G) TeparepioBble aH-
TeHHBI GYAyT peasr30BaHbl B BUJe MaJorabapUTHBIX
JleTajiel, U 3/iecb MOTYT ObITb IIPUMEHEHbl CpeJicTBa
OTKPBITOU aTMOCcPepHOH CBA3HU.

CorslacHo [5-8], UHTepHeT Bellledl sABJsSIETCS KOH-
Leniyel, No3BoJAKILEN KOHTPOJIUPOBATb PeCypChl U
OCYLIEeCTBJIATbh KOMMyHUKALMI0 B peajlbHOM BpeMeHU
B pa3JINYHbBIX cdhepax, TAKUX KaK OU3HEC, IPOMBIIILIEH-
HOCTb, MEJIUIIMHA U T. JI. BrICTpOE pa3BUTHEe HHTEpPHETA
Bellled NMPUBEJIO K 3KCIIOHEHIUAJbHOMY POCTY KOJIH-
YyecTBa Pas3J/IMUHbIX UHTEN/EeKTyalbHbIX TEXHUYECKUX
CpeJACTB, IPUCOEJHMHSAEMBIX K UHTEPHETY, YTO, B CBOIO
ouepe/ib, IPUBEJIO K NOSIBJEHUIO OOJIBIIOTO MacCUBa
JlaHHBIX, MOJAJIeXalluX Iepejaye M0 CUCTEMAM CBA3MU.
Jna pelneHusl JAaHHOM 3aJlayd 3JIEKTPOMAarHUTHBIE
CEeTH CBS3U 06/1aJAI0T HEJJOCTATOYHBIM MOTEHI[UAIOM,
¥ OJIHUM M3 peaJIbHbIX BAPUAHTOB /I YCTpPaHEHUS
yKa3aHHOM Npo6JieMbl ABJASIIOTCS ONITUYECKasi CUCTeMaA
nepefayu uHPopmauUM Mo aTMOCPepHBIM KaHajlaM
[9-10]. BmecTe c TeM, Takue ONTHUYECKHE CUCTEMBI
CBSI3U TOJBEPXKEHBI BJIUSHHUIO aTMOCPEpPHBIX PaKTO-
POB, T. K. M3-3a NOTJIOLIEHHS, paccessHUs U AupaKLUU
JIa3epHbIH JIy4 0c1abJisieTCs IO MOLHOCTH U HO/iBep-
raeTcsi yumpeHu no guametpy [11, 12]. B cBs3u ¢ Ma-
JIOW BBICOTOW Tpacchl NPOXOXK/AEHHUS JIa3epHOro Jy4a
CUUTAETCS, YTO TYpOY/JEHTHOCTb aTMochepbl OTCYT-
cTByeT. PacxoauMocTh Jiydya NpuBesia K MOSIBJEHUIO
OTHOCHUTEJIbHO 00JIBIIOr0 KOJINYeCcTBa paboT MO ONTH-
MU3anuM Takux cucreM [13-20]. B aTux pa6oTax uc-
cneayeTcss BONPOC 3aBUCUMOCTH BeJUYMHBI MaKCH-
MaJIbHOM pacXo[yMMOCTH Jiydya OT TaKHUX NOKa3aTeJsel,
KaK MOLIHOCTb JIa3epHOT0 HCTOYHHKA, reoMeTpHUYe-
CKas AJIMHa KaHaJia, AJIMHa BOJHbI ONTUYECKOH pasua-
uuu. BmecTe ¢ TeM, B yKa3aHHBIX paboTax paccMaTpH-
BaeTCs OJJMH KaHaJl JJa3epHOHU CETH CBSI3H, @ BONPOC O
BbIGOpE JMaMeTpa JIa3epHOro Jiyda BO BCeX KaHaJax
JIa3epHOM MHOTOKaHaJbHOU aTMOCHEPHOH CeTH He 06-
cyxpaetcs. B HacTosiielt pabote chopmyinpoBaHa U
pellleHa 3a/jaya ONTHMaJbHOTO BbIOOpA AaMeTpa Jia-
3epHOro Jiyya BO B3aHMOCBSI3U C OCHOBHBIMU apaMeT-
paMM MHOTOKaHaJIbHOM ceTH aTMoChepHOH omTHYe-
CKOW CBfI3H, pe3yJ/bTaTbl KOTOPOM MOTYT OBITH HC-
M0/1b30BaHbI KaK B CTAllMOHAPHBIX, TAK U MOOUJIBHBIX
peanu3anusx cCeTH.

MaTtepuasibl U METOBI

[Ipexxe Bcero paccMOTpPUM CyLIeCTBYHOLIHME MO-
JleJIY, UCII0JIb3yeMble JIJIS1 OLleHKH BJIMSHUSA YILUPEHUS
Jiyya Ha IOKa3aTeJu CUCTeM ONTHYECKOH aTMocdep-
Hol cBsi3u [21]. [Ipu co3faHUM CUCTEM OIITUYECKOM aT-
MochepHOH CBA3HU yYeT pacxoX/AeHus Jyya uMeeT 0Co-
OyI0 BaXKHOCTD, T. K. M3-32 AUpPaAKLHUHU CBETA ONTHYE-
CKMH JIy4 TOJBEPTraeTcs YIIMPEHHI0, He JOCTUras
anepTypbl NpHeMHUKA. Kak pe3ysbTaT, MOSIBASIOTCSA
NOTEPU CUTHAIA H3-32 PACXOAUMOCTH, MO HPUYMHE

NpeBbIlIeHUs JUaMeTpa iydya pa3Mepa anepTypbl NpH-
eMHUKa. KpoMe 3TUX MOTepb, TaKKe CYIeCTBYIOT I0-
TepH HalleJIMBaHU JIyya U3-3a CMelleHUs II0CJIeJHEro
OTHOCHUTEJIbHO ONITUYECKOW OCH HalleJIMBaHUs Ha IPU-
e€MHUK. YKa3aHHble I0TepU JUKTYIOT HE06X0AUMOCTh
NpOBeJIeHUs1 aHa/u3a H3MeHeHUs HHTEeHCHUBHOCTHU
Jly4a 10 paiuajibHOMY HallpaBJIEHUIO I0NIepPeyHOoro ce-
YyeHHUs Jyda.

CorslacHo [22], AJsig XapaKTepUCTUKH Jia3epHOro
Jlyda Ha pacCTOSIHUU Z = L HCIOJIb3YIOTCA TaKKe MoKa-
3aTeJiM, KaK mapaMeTp KpUBU3HbI (L) ¥ OTHOILIEHUE
®penens Q, (L), onpezenseMble Kak:

L
Qo(L) =1- I 1)
2L
Qo(L) = k_Rg' (2)

rae Ry — pasuyc jiyda Ha ompejieJIeHHOHW JUCTAHINY,
BBIYMC/SEMBI KaK pacCTOSIHHME OT LEeHTpPaJbHOU
TOYKHU NONEPEYHOr0 CeYeHHs /10 TaKOW pasuabHOU
TOYKH, T/le UHTEHCUBHOCTb YMEHBLIAETCA [0 BEJH-

1
YHHBI (—) - Iy, Iy — MakcHMMa/IbHasA MHTEHCUBHOCTD Jlyda
e

B 1ieHTpe; () — painyC KPUBU3HBL; K — BOJIHOBOE YHUCIIO,
omnpejeJisieMoe C IOMOLIbI0 BBIPQXKEHHUS:

k=" (3)

rje A — AJIMHA BOJIHEI.
[Ipy 3TOM ylIMpeHHE ONTUYECKOTO Jiyya OlleHUBa-
eTcd Kak:

A
O=—r (4)

TRp
rie Rp — MUHHMaJIbHad BeJIMYUHA pajuyca Jyya,
omnpenesdeMas BbIpaKE€HHUEM:
R,
N 1/2° [5)
(G2 +1]

2Co

RB=

CornacHo [21] UHTEHCUBHOCTb ONTHUYECKOIO JIy4a
Ha pajyaJbHOM PACCTOAHHUMU T OT ONTHUYECKOH OCH
onpefe/seTcs Kak:

2

I,R2 22
I(r,L) = —RZ(L) exp [— —RZ(L)]' (6)

rae R(L) — paguyc jiyya Ha JUCTAHLIMH L, onpezesie-
MBbIii BbIpaXKeHHeM:

R(L) = Role? (L) + QF(L)]'2. (7)

CoriacHo [21] MowHOCTh onTU4eckoro Jyy4da (Py) u
WHTEHCUBHOCTh ONTHYECKOW BOJIHBI mpu r = 0 cBS-
3aHbl COOTHOIIEHHEM:

Py

1(0, L) = m

(8)
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[Ipy 3TOM, Ha NpPAKTHKE BBIIOJHSIETCS YCJIOBUE
@o » g, BCIEACTBUE Yero ypaBHEHHe IPUHUMaeT
cnenyromui Buj [3]:

R(L) = R, + L6. (9)

C y4yeTOM BBILIEN3/IO)KEHHBIX UCXOJHBIX MaTepHa-
JIOB 3adaua uccaedosaHusl gpopmupyemcst cAedyruum
06pa3zoM: pacCMaTpPUBAETCsS CUCTeMa ONTHYECKOM aT-
MochepHOH CBsI3H, B KOTOPOH MoKasaTeJb L (paccTosi-
HUe OT IepejaTyHKa 0 NPUEMHHKA) U3MeHsSeTcs B
npenaenax Lyin A0 Lyax- ITO YCJIIOBUE MOXKET ObITh pea-
JIN30BaHO IIPX PaCCMOTPEHUH [IBYX TUIIOB CUCTEM.

llepsvlili mun cucmembsl. PacpesesieHHass CTalUo-
HapHas CMCcTeMa ONTHYeCKOW aTMochepHOU CBA3Y, T
HCII0JIb30BaH OJIUH NEPEJAaTYUK U N KOJUYeCTBO CTa-
[[MOHAPHBIX MPUEMHUKOB (pucyHOK 1). B aToi# cTpyK-
Type L usmeHsieTcs B IPOCTPAHCTBE.

I1

pl

Puc. 1. CTpykTypa cucreMbl aTMOCPEPHOI CBA3H,
r/je nokasare/b L U3MeHseTcA B IPOCTPaHCTBe

Fig. 1. The Structure of the Atmospheric Communication System,
Where the Parameter L Varies in Space

Bmopoii mun cucmemul. CucTeMa MOGUIBHOMN ONMTH-
yecko# aTMocepHOU CBS3H, I/le MoKa3aTesb L u3Me-
HsleTCsl BO BpeMeHU. HanpuMep, HEMOABUXKHBIN Mepe-
JIATUYUK MOJ|IePKUBAET CBSI3b C MOOGUJIBHBIMU IPUEM-
HUKaMH, pacCTOSTHUE MEXAy KOTOPhIMH H3MEHseTCs
BO BpeMeHH, T. e. L = L(t) (pucyHok 2).

Lt

La(tz)

1
»!
Ll
1
1
|
|
|

e

Puc. 2. CTpykTypa onTu4eckoil MOGUIbHOM aTMocdepHOit
CBf13H, A€ IPUEMHHUK, YJA/IASCH OT lepeJaTyiKa B MOMEHTHI
ty,ty, ... Ly, 3AHUMAET MO3ULUM Tpq, Iy, ... , [, HA PACCTOSHUAX

Ll(tl)l LZ (tZ)v e Ln(tn)
Fig. 2. The Structure of Optical Mobile Atmospheric Communication,
Where the Receiver, Moving Away from the Transmitter
at Momentst,, t, ... t,, Occupies Positions T,y, Ty, .. , Ty,
at Distances L, (t1),L,(t5), ... , Ly (t,)

HpI/I 3TOM INIPUEMHHUK OIIOBELaeT nepefJaT4ymkK O Te-
KylmieM MeCTOPAaCIIOJIOXKEHHUH. ﬂOl’IYCKHETCﬂ, 4TO 3a
BpeMs ceaHca CBA3H MOOUIbHBIN NMNPpUEMHHUK NIPOXOAUT

JUCTaHIMIO, JAJIMHA KOTOPOW HAaMHOTO MeHbllle pac-
CTOSIHUSI MeXAy NepelaTYMKOM M NPHEeMHHUKOM, T. €.
MOeT ObITb He yuTeHa. CleAyeT onpesieIUTh Takoe
ONTHMaJIbHOE COOTHOLIEHHe MeX[y I0Ka3aTeJsaMHU
,L,Ryn 6, Ipy KOTOPOM HHTEHCUBHOCTb Jyya [O-
cTUrJIa 661 MAKCMMyMa B Cpe/IHEM Ha BXOJaX BCeX MpH-
€MHUKOB.

Jlis pereHus HOCTaBJIeHHOH 33/ja4y Ha 6a3e BbIpa-
xKeHus (6) onpefesnuM GyHKIMOHA Leau F:

1 (imax [ R2 2r2(L)
Kf RZ(L)"‘X"[_ RZ(L)]dL' (10)

min

F =

[Tpu 3TOM UMeeTCs BBUAY, UTO IOKA3aTeJb " MOXKET
ObITb U3MEHEH B 3aBUCUMOCTHU OT L. Beruucaum R(L),
pu KOTOPOM F loCTUT 6b1 MAKCUMAJbHON BEJTUYUHBI.
CorstacHo [5] ontuManbHass GpyHkuus R(L) npu aTom
YIIOBJIETBOPSIET YCIOBUIO:

d {ﬁ exp [— LiMO) }

R2(L) rw _ o (11)
dR(L)
U3 ycnoBus (11) nonyvaem:
IoR3 bR 2r3(L
_ tofo ofo ()=0. (12)
R#(L) ~ R*(L) R*(L)
[IpoBens coxpauenus B (12), HaxoguM:
R(L) =V2r(L). (13)

Ucxopa us (13), dynkuuonan (10) gocTuraet Mak-
CUMYMa, YTO JIETKO IPOBEPUTD, BBIYUCJIMB IOKA3aTeNb
Jlarpamxa (a):

dq2 {IoR% exp [_ 2r2(L) }

RZ(L) RZ2(L) (14)
dR(L)? ’

3HaK KOTOPOI'0 0Ka3bIBAETCS OTPULATEIBHBIM.

C yuetom Beipaxkenui (9) u (13) nosyyaem:
Ry + L6 = V2r(L) (15)

Wv
Ry + L6

r(l) = ——— 16
NG (16)

TakuM o6pasoM, npu ycaoBuu (13) ueseBoit yHK-
nuoHasn (10) gocturaetT MakcMMyMma. BeluncieHHas
onTuMu3anuoHHas ¢yHknus (13) coBMecTHO C BbIpa-
»keHHeM (9) mo3BoJISIET ONPEJEJUTh ONITUMaIbHBIN 3a-
KOH YLIMPeHUs JUaMeTpa 1y4ya, IpY KOTOPOM CpeJHss
BeJINYMHA HHTEHCUBHOCTH MOIJIA 6bI JOCTUYb MaKCH-
MaJIbHOH BeJUYHUHBL B oT/iMuMe OT pe3ysbTaToOB U3-
BECTHBIX paboT MO ONTUMHU3ALMUU CUCTEM aTMocep-
HOU ONTHYECKOW CBA3U C YYeTOM pACXOAMMOCTH Jia-
3€epHOT0 JIy4a, NMOJIyYeHHOe BbIpaXk€eHHWe I03BOJISET
ONTHMHM3UPOBATh MHOTOKaHAJBHYIO CUCTEMY MO dak-
TOPY VIIMPEHMs Jiyda MyTeM pean3aLlUU yCJIOBUS
(16), koTOpOE, B CBOIO OYepe/b, IPUBOJUT K ONTUMHU-
3anuu GyHKIMoHasa nesu F (10).

InekmpoHuKa, homoHuka, npu6opocmpoeHue U césA3s
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MOAeJ’leLIe HCC/ZIeA0BaHUA

[IpoBesieM Mozie/IbHBIE pacyeThl Ha 6a3e GOpPMyJibl
(15). JlomycTHM, 4TO HCXOAHBIH paZiMyC JIa3epHOTro
Jy4a paBeH 1 MM, T. e. R, = 1 MM.

Beruncaum R,. UCXOAHYHO HHTEHCHBHOCTbL Jiyya
0003HAYUM KaK Iy, [Ipu paguyce syda R, ero uHTeH-

Toucx

CHUBHOCTb YMEHbIIAaeTCA 40 BeJIMYHNHDbI . UHTEeHCcHuB-
HOCTb Jiy4da olipeieJIMM I10 BbIPpa*K€HU0:
P
IO = E: (17)

rae P — cunia cBeta; S — njowa/ib NoNepeyHoro ceye-
HUS JIyya.

I/ICXOAHaH WHTEHCHUBHOCTb JIyda HaxXO0AWUTCA B CJie-
AyrnieM COOTHOUIEeHUH C YKa3aHHBIMU BhbIllIe ITOKa3a-

reJIAMU:
oucx Sncx’ ( )

rae k — k03¢ puIMeHT NPONOPIMOHAIBHOCTH.

[Ipu focTrxkeHU paguyca R, cupaBeaUBO Cleay-
I0LI[€e COOTHOIIEHHE:

ki P
Omax — . (19)
e S(L)
rae S(L) - mioma b NomnepevyHoro cCe4eHus Jyda.
W13 (18) u (19) mosryyum cieayroliee COOTHOLIEHHE:
P eP
SPICX S(L).
U3 (20) HaxoauM mJowLia/ib NONEPEYHOro CeYeHUs
Jiyya Ha pacctossHuu(L):

(20)

S(L) = eSyex- (21)
W3 reoMeTpuH U3BECTHO, YTO:
S(L) = mR3. (22)
CpaBHuBasd (21) u (22) nonyuum:
TR = eSyen (23)
WJIn
(24)
_ 2,71+ 3,14r? — 166
3,14

CnMCcOK MCTOYHUKOB

JJ1s1 KOHKpeTHOro pacyeTa NIpMMeM CJIeyI0le MO-
JesbHble AaHHble: O = 10 prad; L = 100 M. C yyeToM
BbIpaxkeHus (16) BBIUMCIUM ONTUMAJIbHBIN pafinyc:

r(L) =1,66 + 100 M- 10 prad = 1,66 + 2 MM = 3,66 MM.

TakuM 06pa3oM, COTJIACHO BbILIEU3I0XKEHHOMY NPU
ontuMasbHOM pazauyce r(L) = 3,66 MM, a TakKe NpH
L =100wmMm; 0 = 10 prad; R, = 1 MM, 10 KpUTEpHUIO
(10) Ha BX0o/Zbl MPHEMHUKOB B CPeJIHEM MOCTYNHUT OI-
TUYECKHUM CUTHAJ/ MAaKCUMaJbHOM HHTEHCUBHOCTH.

O6cyxaeHue

TakuM 06pa3oM, NOCTaBJIeHA U pellleHa 3ajilaya Oll-
THMH3aLUKM aTMOCPepHOH ONMTHUYECKON CBSI3U MHOTO-
KaHaJIbHOTO THUIIA, pelleHHe KOTOPOI MO3BOJIUJIO OCY-
LIECTBUTh ONTUMAJIbHBIN BbIGOP AuaMeTpa Jiyda. [lo-
JIy9YeHHOE pellleHre MOXeT 6bITh paCIPOCTPAHEHO KaK
Ha CTallMOHApHble, TAK U MOOUJIbHbIE BApUAHThI CHU-
cTeM. B oT/inuMe oT U3BECTHBIX PaboT, B KOTOPLIX pe-
maeTcs 3a/jla4a ONTHMHU3aluK OJHOr0 KaHaJjia CBSI3H C
y4eTOM BJIMSIHUS YIIUPEHHS JIy4a, pelleHre MOoCTaB-
JIEHHOH 3aJlauM, OXBaThIBAIOLIEH BCI0 MHOT'OKaHaJlb-
HYI0 CUCTEMY I10 JJAHHOMY GaKTOPY, OCYIeCTBJIEHO Iy-
TeM GOPMUPOBAHHUS eUHOTO IIeJIeBOT0 QYHKI[MOHAJIA
U JaJIbHENUIIIEN ONITUMHU3ALHHU C LeJIbI0 BbISIBJIEHUSI OII-
THMaJ/IbHOUM B3aMMOCBSI3U MEXAY BeJIMYUHOMN pajuyca
Jlyda Ha BXOJie HEKOTOporo GUKCUPOBAHHOTO NpUEM-
HHMKa KaHaJla ¥ PaINyCcoM Jiy4a Ha BbIXOJe U3JIy4daTesist
C y4€TOM ero BO3MOXKHOTO YIIMPEHHS A0 MOoAA4Yd Ha
3TOT KaHaJl

3akJ/Il0ueHue

[lokasaHo, YTO ylIMpeHHe JAuaMeTpa JIa3epHOro
Jiy4ya /10 II0/1a4y ero B KOHKPeTHbIA aTMOoChepHbBIH Ka-
HaJl 110 BbIIBJIEHHOMY ONTHMaJbHOMY 3aKOHY [103BO-
JIsleT A,0CTUYb MaKCHMyMa Cpe/iHel BeJIMYMHb]l UHTEH-
CHMBHOCTH JIa3epHOTI0 Jiy4ya 110 KaHa/laM CUCTEMBI.

Pa3pa6oTaH MaTeMaTH4ecKH{ ammapaT U MOJeJb
ONTUMH3alMM MHOTOKaHaJbHOH Jla3epHOH aTMocep-
HOH ceTH 1o GaKToOpy YUIMPEHUs AUaMeTpa Jyya.

OnTuMHU3aLus NpeJo)KeHHON MOo/lesI yyeTa yIlu-
peHus AuaMmeTpa Jydya M03BOJIMJA IOJYYUTb OMNTH-
MaJIbHOE COOTHOIIEHNE MeX/Ay OCHOBHBIMH IOKa3aTe-
JIIMU MHOTOKaHaJ/IbHOH JlazepHOU aTMOCPepHOU CceTH.
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