MWHWUCTEPCTBO HAYKW W BbICLLEFO OEPA3OBAHMS
POCCUMCKOWN ®EAEPALINM

denepasnbHOe rocyapcTBeHHOE HI0AKEeTHOE 06Pa30BaTe/IbHOE YUPEKAEHNE BbICILETO
obpasoBaHusA

PA3AHCKWW rOCYAAPCTBEHHbIN PAOMOTEXHUYECKUM YHUBEPCUTET UMEHM B.®.
YTKUHA

Kadenpa pagmoynpasieHus n cBssu

METOANYECKME MATEPUAbI
no gucumnavHe (Mmoaynto)

«OnTUYecKme cucteMbl nepesadm nHpopmaLmm»

HanpaBneHme noAroToBku

11.05.01 «PaanosneKTPOHHbIE CUCTEMbI MU KOMMNIEKCbI»

HanpaBsieHHOCTb (Npoduab) NoAroToBKM

Paguocuctembl U KOMNAEKCbl YNpaBaeHuA

YpoBeHb NOAFOTOBKU cneumnanmtet

Mporpamma NOArOTOBKM crneuuanntet

KBanndukauma BbiNyCKHUKa — MHXeHep Popma 0byyeHna — o4HanA

PasaHb 2025



6041

MHHMCTEPCTBO HAYKH H BLICINEIO OBFAJOBAHKS POCCHICKON ®FAEF ALHH

PAIAHCKHIH N'OCYIAPCTBEHHBIH PAIOTEXSHYECKHH YHUBEPCHTET
um. B.®., YTICHHA

HCCJIENOBAHUE ATMOC®EPHOI
ONITHYECKOH JIMHHAH CBSI3H ARTOLINK MI-G

MeTtopuueckue ykazaHus
K naboparophoii pafore

Dr

Psazaus 2021




Y JIK 621.396.67 .
Icenenopanue arMecdepHOR ONTHYSCKOH THHUM CBA3HM Artolink M1-G: me-

TOMTYecKHe yKa3arua K JraboparopHol pabore / Pa3a. roc. paaMOTEXH. YH-T; COCT.

JL.B. Aponos. Pszass, 2021. 12 c.
Conepxar onucaume .1660pETOPHOH paborsi. [TpOOIDKHTEEHOCTE pabothi 4

4acz, IOMAIIHAA TOAroToBKa K patore — 4 yaca

[lpemHasnaueHs NS (POBS/IEHHS JabOPaTOPHBIX pabor B maboparopuu
yerpoiicrs CBY 4 auTeHH MMCHH Jizypeara I'ocynapcCTBEHHOR MPEMHH, 3aCITyXEH
HOTO JICHATE/I HAYKH H TEXHHIG4, JIOKT0Pa TEXHHYECKHX HayK, npodeccopa Bacumas
Urasosiaa [TONOBKHEA NPY WIYHCHHA JHCIHIHHAB «ONTHYECKHE CHCTEMEN MIEPe-

Aa4n».
Tabn. 2. Wn. 5. Bu6nrorp. : 8 Hass.

Onmuyeckue cucmemsi nepedas, ammocgepHsie ONMUYeCKe TUKUL CER3U
(AOJIC). rasepnas césie

[leyaraeTca NO PEUICHINO P3/IAKIHOHHO-H3/IATENBCKONO COBETA Ps3anckoro
FOCYAP-TBEHHOTO PAJHOTEXHIYECKON0 YHHBEPCHTETA.

Fenensent: kadenpa PYC Pa3ackoro rocyIapCrBEHHOrO PajHOTCXHUHE-
ckoro yrnuBepcHTera (3a8. kadeapoit npod. C.H. KupHiuioB)

Mccnenonasue arvocdepiiol ommrueckol muuu cBask Artolink M1-G

Cocrapurens  ApoHos Jicorn Bayecnasosuu

Pe,1axrop P. K. Manryrosa
Koppexrop C. B.. Makymnna
Iojmucano B nevars Mm.cobow_ @opmar Gymaru 60x84 1/ 16.
Bymara nucuas. Ilevars tpagapernas. ¥cn. net. J- 0,75.
“Trpax 50 ox3. 3axas 39 4.
Pssanckuif rocy AapCTneRHEH paHoTexHIyecKult YRHBEPCHTCT.
390005, Pa3ans, yn. 'arapuna, 59/1.
Pe 2Kl BOHHO-H3IATENE CKH LCHTP PIRTY:

g

.laGoparopsaa paGora
HCCJE/[OBAHALE ATMOC®EPHOHR
ONTHYECKOH JIMHUH CBA3M ARTOLINK M1-G

TEOPETHYECKAN YACTb

C noMompto aTMOCPEPHBIX onTHYecKax Juuui caasu (AQJIC) op-
FAHUBYIOTCH COEMMHEHMA THMNa «royka-Touka». AOJIC cocrour u3 napw
MIEHTHYHBIX MPHEMOTICPEAAIOMIMX MOJIY.IeH, PACHIONOXKEHHBIX B Npeaenax
MpAMOH BUOMMOCTH OTHOCHMTENBHO ApYr Apyra. Kpome toro, B .1MHMIO
BCTPOEHBI ONO. HHTENBHbIE YCTPOHCTBA, OTBSHAIOIIEE 38 IUTAHUE, MOHHTO-
PMHT ¥ HacTpPOiKy npuémonepenalomux vopyner (ITIM) u noakinouenue k
KkaHanoobpasylomeMy 00opyAoBaHHIO. Bl OCHOBE TEXHONOTHH JIEXHUT nepe-
Jfada JaHHBIX MOAYJIHPOBAHHEIM Ste_um_nmuﬂn:—v_z H3TYYEHHUEM 4Epe? aTMO-
cepy. B xauecTse nepenaTaMka HCNONb3YETSH, KAk NMPABHJIO, N0.TyRpOBOA-
HUKOBKIH nazep. BxoaHoi anextpuueckuii curaan nocrynaer B IMIM, B ko-
TOPOM OCYIIECTBIAIOTCS NOMEXOYCTOWYHBOZ KOJAHPOBAHHE M MOIYNISALIS
OITTUYECKOrO M3IY4EHUs, KOTOPOe POKYCHPYETCA OIMTHHECKOH CHCTEMOii ne-
PeNaTUHKa B Y3KHH Ia3ePHBIH JIyd H nepe1aerca B atmocgepy.

Ha npuaumaiowieli cropoHe onraueckas cucrema [MIM dokycu-
PYeT ONTHYECKHI CHIHAT Ha BBICOKOUYBCTBHTENbHBIH POTOAMON (HNH Na-
BUHHBIM JHON), KOTOPBIH MpeofpasyeT OITTHY2CKOE H3JTyYEHHE B 3/IeKTpUYe-
ckuit curean. [Ipd 3TOM YeM MMpE EGKTPHYECKas [O0Ca CHIHAIA, TeM
Goneie CkOpocTs nepenayk Hudopmauau. [IPHHATHIA CUrHan AeMOaYHPY-
erca U npeobpasyercs B CHPHAJIBI BBIXOLHOT0 HHTep(eiica.

Hepedamuux. HazHayeHHe ONTHYECKOrd NepejaTyHka — GopMHpo-
BaHHE HCXOJHOrO CHTHAJIA C 3a/IAHHBIMH 112paMETPaMK MOAYJIIMH U BBIXO/-
Ho#t MomuocThI0. CTPYKTYpa OfITHYECKON) MEpeNaTdHKa NnoKasaHa Ha puc. 1.
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Puc. 1. CTpyxTypa ONTHYECKOTO NepesaTyHKa

ITockonbKy B ONTHYECKOM JIHAIIA30HE NPAKTUYECKH OTCYTCTBYET
npo6nema 3JIEKTPOMArHATHON COBMECTHMOCTH H OFPRHWYEHHS HA UIHPHHY
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CNeKTpa CHrHaia, TO OOBIYHD MPHUMEHAETCA CaMblid NPOCTOH BHA MOAYNsA-
UHH — aMIUIATY AHAas (MOAY. IIHA TTO HHTEHCHBHOCTH). 3TOT THN MOXY AN HU
nassisaeTcs OOK (on-off keying).

INepepatuuk npejicrasnseT coboi 0OBYHYI0 «MHTANKY», BKIIOYCH-
HOE€ COCTOSIHHE KOTOpOH COOTBETCTBYET « 1%, a BeikmoueRHoe «0». Takoi
BHI MOJYNALMH ITPUMEHAJNCH €DIS Ha 3ape PA3BMTHA IEKTPOCBA3H B CHCTE-
Max renerpaguposanus. KopeHHoe OTIHYE COBPEMEHHBIX CHCTEM COCTOUT
B CkopocTH Moxynsaumy. JIni nepegaun noroka 10 I'éut/c tpefiyerca rewe-
pauris UMIyascoB ¢ WHPHHOR 100 nc 1 crabunbHOCTHIO PPOHTOB HE XyXKe
20 nc. 3ra 3aa4a Cero/iHA MOXET ObITh pemIeHa IpAMOil MOAYJIILHEHR Toka
JlazepHoro auoa. s 6onee BEIZOKMX CKOPOCTelH HEOOXOMHUMO NPHMEHATh
BHEUIHH ONITHYECKHUE MOXYNATCPEL.

['eHepupoBaHHE CTCAb KOPOTKHMX HMITYJBCOB MOXET OHTB OCYy-
LIECTBJIEHO TOJILKO HA MAJIOMOIHBIX reHepaTopax. THIHYHAs MOLHOCTh BO-
JIOKOHHEIX MEPENAaTUYHKOB JeKAT B AHanasone 0,5-2 MBr. lng yBemrdenus
MOI(HOCTH NpHMeHsroTes orrrHueckue ycrwiurema (OV mim OA — optical
amplifier), koTopbie OBIBAlOT MOYIPOBOAHUKOBEIMH HITH BOJIOKOHHO-OIITH-
yeckumu. TlocnenHnii THIT YoHNUTeNeH uMeeT GONBIIYIO BBHIXOIHYIO MOIU-
HOCTb M JTyYine noaxofyr 41a nerions3oBanua B AOJIC. Kpome Toro, OV
BbIOOTHSHOTCA B MHTEPAIEHOM BOJOKOHHOM HCIIONTHEHHH, He TPeGYIOT Ioc-
THPOBKH. HE GOATCA MBUTH H AEMOHCTPHPYIOT HAJXEXHOCTH B COTHHM THICHY
4acos HapabOTKH Ha 0TKaz. -

B kayecTBe 3aaK0IIETO '€HEPATOPA UCTIONB3YETCA MOV IPOBOAHM-
KOBbI i JIazep ¢ mpAMOH MOTYJisIIHMes TOKa Hakauku. JUns 31oro Henomns3yercs
creuHanv3upoBaHHas MHKpPOCXEMa JpaiBepa azepHoro guoaa. Oua obec-
NeuxBaeT ONMTHMANbHBIC PeXxiiMb! paboTsl 11101, BKJTOYaA 3aaHHe HYKHO#H
BENH{HHbI TOKA CMEIECHHA, YPOBHA TOKa MOIYALMH, 3 TAKKE KOMIICHCA-
LM} TEMIMEpaTypHsIX Apeddos.

{Tpuémnux. Knaccuieckas CTPYKTYPHAs CXeMa ONTHYECKOro MpH-
EMHHKA JUTA MPUMEHEHHA TIPKBEJICHA HA PUC.2.
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Puc. 2. Ctpyxrypa onruueckoro NpHEMHHKA JULL BHICOKOCKOPOCT-
woif mepenagy HHGOPMALHH
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Ipuémuuk moxer OwiTh BhimonseH Ha PIN uan APD ¢oroauorne.
Jns nuanasosa auH BOAH 1,55 MKM MaTepuan, H3 KOTOPOrO BBINOJHACTCA
cobersenHo ¢oropmon, — 310 InAsGa. CnextpanbHas .-wu_swﬁ,o:v:oqnv
3TOro MaTepHaja JIeKHT B auanaszoHe ot 1200 xo 1700 uM. CkopocrHbie
CBOWCTBA ONpEAENAIOTCH, NPEXIE BCCro, pasMepoM (POTOYYBCTBUTEIBHOM
mwiowaaxu. [ins ckopoctd 10 I'6ur/c ee auamerp cocrasaser or 30 xo 50
MKM. DTO MEHBLIE JHAMETPA IIPUMEHAEMOTO BONOKHA — 62 Mikm. JLis corna-
COBaHHA Pa3MEpPOB CBETOBOrO MOJA M IUIOINAAKHM Tpebyercs CrneuManbHas
OITHYECKas CHCTEeMa. |

B kauecTBe HENOCPENCTBEHHOro mpeobpasoparens wuoaéox (O/E)
HCTIOJE3YETCA CXeMa KIacCHHeckoro npuemHika. Ho Ha ero Bxone no6ass-
€TCA NMpeABapUTENbHEIA onTHIecKuit ycunurens (puc.3).

oco noy oce
0.8 Hm 0.8 um
~ 1 1CD
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Puc. 3. CTpykTypa onTH1IECKOro NpHeMHHKa C npeasapHTeasHbiM OY

Ipensapurensheiit OV obecneunnaer no:o::SRj,.:zn ApHPOCT
onTH4eckoro curuana Ha 20-25 ab. YcuneHnue 3aBHCHT oT MOIIHOCTH ONTH-
4ECKOH HAKaYKM M MOXKET OBITh JIEFKO OTPEryIUPOBAHO NMyTEM BBEJCHHA 06-
paTHOH cBs3u 1o Toky dorommona. IlpeaensHas YyBCTBUTENBHOCTD TaKOM
CXeMbI S 3aBHCHT OT IMYMOB MPEABAPUTEILHOTO YCHIIMTEIA H ONHCHIBAETCH
BbIpaXXEHHEM

S =-58+ NF + OSNR,[0bM], )
rae NF — mym-gaxrop ycunurens, OSNR - onrruueckoe OTHOMEHHE CHrHa
LIyM, KOTOpOE Onpeaesercs B 3aJaHHOH OITTHYECKOH noJioce. s oqHOMO-
noseix OY OSNR cocrasmser 33,5 ab, s Mmaoromonossix OV — 13-15 gb.

B unrepecax ynmyumenus OSNR B cxeMy BBEEHE! ABAa ONMTHUECKHX
¢unerpa. Yposens ommubok BER=10"? coorsercrayer OSNR 17 B, ans
BER=10" focraro4so 15 aB. ACTOYHHKOM MyMa B NpUeMHMKE A TAKOH
CXEMbl ABNAIOTCA GHEHHA MEXIY CINOHTAHHBIM M3JYYEHHEM YCHIMTENS W
CHIHAJIOM, H 10 CBOEMY XapakKTepy 3TOT LIyM NMpHOmkaercs x ApoGosoMmy.
JanHbii THI oTyMa 3(EKTHBHO PEOIONEBAETCE C MOMOLLI0 H3OBITOYHOrO
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KOAHpoBaHHA. OHO yBenMuHBaseT TPebGyeMYyIO 3JIEKTPHUECKYK: MONOoCy Ka-
Hana Ha. 710 %, HO JaeT BLIATPSILE 0 SKBUBAJNICHTHOH YYBCTBHTEILHOCTH B
6-7 ub.
[{EJIA PABOTbI

1. Uayuenue Teoperrieckux ocHos AOJIC.

2. lNpuobperenue HaBpiKOB pacdyera rapameTpos cucrem AOJIC.

3. UccnenoBanue BiiusHua arMocdepsl Ha paboty AOJIC.

4. TIpuobpererue HaBbkoB paboTsl ¢ o6opynosanuem AOJIC
Artolink M1-GE.

OKCITEPUMEHTAJIbHAS YCTAHOBKA

Onucanue sxcnepumenmanvioil yemarnoeku (puc. 4). Cocrour u3
ABYX MICHTHYHBIX MPHEMOTIEPEAIOIIMX 1a3€PHBIX MOJYJIeH, ABYX GIoKoB
uHTEpd2HCOB ¥ KOMOHHHPOBAHHBIX KabeneH, COSMUHMIOMMX TA3EPHBIA MO~
avin: 4 610k uuTepdeiicor. brok HHTepdeHCoB BEICTYMAET B KauecTse HC-
TOYHHKA TUTAHHA LIS J1a3epHON) MOKYJIA H CIYXHT JUIS NOJAKNO4EHHS Ka-
Hanoo6pasywlero 06opy10BaHidA ¥ KOMMYTAaUMH TOTOKOB TcpefayH HH-
dopmaugu.
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Puc. 4. CrpykTypHa:i CX€Ma 3KCIIEPHMEHTAIBHOM YCTaHOBKH

[I1IM umeeT NpUEMOTIEPSIIOUIYIO ONTHYECKYIO CHCTEMY, BCTPOEH-
HYIO CHCTEMY aBTOMATHIECKOH KOPPEKTHPOBKM OCH JMArpaMMbl HanpasJieH-
Hoctd (OJIH), onrruueckni yewrrens (OY).

Jina pa6oter ITITM HCnob3yeTcs ABE JUMMHEI BOMHLI H COOTBET-
CTBEHHO PEANH30BaHO JIENICHUE A CITYKeOHBIH KaHa (CJIK), koTOpbIi Bk~

CTynaeT B KAYECTBE CEPBHCHONO H OTBEYAaeT 32 TOYHOE HaBENEHHUE K mepe-
[avy cuy>»><ebOHBIX AaHHBIX O COCTOSHHM yNANEHHONO TEDMUHANA, U H3IMepH-
TenbHbIM HHpopMauroHHBIH kKaHan (M3K), keTopterii ucnonedyercs i npo-
XOMHEHHS BBICOKOYACTOTHBIX curHanoB. CryxeOHbIM kanan paboraer Ha
anuHe BOMHB 785 HM. IIpennasHauyeH 1)1 CpraHu3aund paGoTsl CHCTEMEL
ABTOMAaTH4ECKOM MOACTPOMKH OCEH JAuarpamMm HanpaBiICHHOCTH U TOYHOrO
NO3UUMOHMPOBAHHSA TEPMUHAIOB YCTAHOBKM I(PYr OTHOCHTENBHO [(pyra Ha
Pa3MHYHbIX AHCTAHLHUAX.

bnok unrepdeiicos (BH) obecneynBacT NMUTaHUE NazePHOI0 MO-
Jyns, 06MEH CUrHaJIaMH TENCKOHTPOJIA K TeJEyITPaBIEHHS C BHEDIHHM KOM-
NBIOTEPOM Yepe3 CEPBHCHBINA MPOTOKOA M MOJUIIOYCHHE KaHanoobpazyio-
mero obopynosanusa. KananooGpasyiomee 050pyaoBaHue MOAKTIOUZETCH K
SFP+, pacniosiokeHHOMY Ha Gnoke HHTeppeiicos, ¢ noMoLpio mobux SFP+
monyne#, nopnepxkusarommx cranaapr [DGBASE. Paspa6orana ruata us-
‘repdeiica ¢ BOZMOXKHOCTBIO MOKIIOYEHHT 10 4-X NPHEMONEPENATIHKOB Ha
ocHoBe ctanaaptHeix SFP+ Momyneit ¢ npomyckHoi criocobuoctsio o 10
[6ut/c kaxmpii.

[NapameTpsl ONMTHYECKOTO BOJOKHA, IIPHCOEAMHEHHOrO K HCTCUHHKY
W3ny4deHusa: nauaMetrp cepauesuHsl D=8 MkM, umcioBas anmeprypa
NA;=0,12, noka3zaTenk NpejioMIeHUs cep,Iuesiisl n=1.475.

Onryyeckoe  BONOKHO, MPUCOCHMHCHHOE K QOTONPHEMHHKY:
NA;=0.27; D;=62.5 mxMm; n;=1.475.

1M BONOKHA ONTHYECKH COCQMHEHEI TOPUAMH MEXIy Co00#, npu
JTOM OITHYECKOE BOJIOKHO, COSXUHEHHOE C HCTOYHHKOM H3JTy4YeHHd, ONTH-
YeCKH COENUHEHO ¢ GOKOBOI MOBEPXHOCTHIO OMTHYECKOrO BOJIOKHA, COENH-
HEHHOro ¢ (OTONMPHEMHHKOM, MOX YIJIOM 1, KOTOPBIH OMpeenierca 3

YCIIOBHA:
sina = ?Aw\ = .zg s
/S n

OTCHUTHIBAEMOrO OT ONTHYECKOrO BOJIOKHA; [P 3TOM TOpEL TPeThEro BO-
JIOKH4, ONTHYECKH COSAHHEHHBIH ¢ MPHCMOMNEPENAOmEeH MOHOCTATHYHOH
ONTHYECKOH CHCTEMOM, OTULTM(OBAH MOJ1 YIJOM § K MOBEPXHOCTH, ne¢pIieH-
JIMKYJIAPHOH K CBOEH OCH MpH, YCIIOBUH, 4TO

Mﬁl?&\wm Vm?\wvzx.

rae D>Din NAy/n>NA/ng.
JlaHHOE H3MYHYEHHE, BBIXONALIES K3 BOJNOKHA, XapAKTEPH3Y/ETCH HHC-

noBoit aneptypoit NA, koTopas: passa

NA=siny;
UA€ Y — MONOBHHHBIN YrOJI pACXOMHMOCT! H3/Y4EHHA, BHILIEAUIErO H3 ONTH-
YECKOro BOJIOKHA B BO3AYX.
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COOTBETCTBEHHO YHCHOBas anepTypa M3JydeHUs BHYTPH BOJOKHa

asua "7/ | e n — nokasarens NPENOMIIEHUS CEPALIEBHHbI ONTTHYECKOro
4 n

BOJIOKHA.
BhiBOJI YCNIOBMi /I JAHHOTO COMIACOBaHMsA NOKA3aH Ha PHC.5.

-——
—
= —

Puc. 5. YcnoBue s yriia BBOAA BXOAAIIETO U3y EHHS

Ha puc. 5 1 — onTudeckas OCh BBOIMMOTrO M3JIydeHHs; 2 — OnTHYe-
cKas OCh MHOIOMOJOBOrO ONTHYECKOro BoiokHa; 3 — MHOrOMOOBOE BO-
JIOKHO; @ — YIrOJI MEXIY ONTHYECKOH OCBIO BBOAMMOIO H3JTyUeHHUA H ONITHYE-
CKO# OCBKO MHOMOMOZOBOIO BOJIOKHA; 01 — Yrojl paCXOMMOCTH BBOJHUMOrO
M3JIyYeHHs, COOTBETCTBYIONMIHA YHCIIOBO anepType ONTHYECKOro BOJIOKHA
4; §, — yron pacxoJMMOCTH H3TY4€HHS, COOTBETCTBYIOIMI YUCIIOBOH anep-
Type MHOTOMOZOBOr'O ONTHYECKOr0 BOJIOKHA 2.

Vrnst 01 1 02 cBf3aHbl COOTHOMICHHAMH C YHCJIOBLIMH anepTypaMu

ONTHYECKHX BOJIOKOH CIEAYIONIAMH BBIPAKCHHAMH:
NA,

sin 81 = —;
n
sin02 = N2
n2
TTOCKONEKY AO/DKHO BBIMOJHATECA YCIIOBHE MOJHOTO BHYTPEHHErO
OTP@KEHHA, CIENYET, YTO YroJl MEXLY ONTHYECKOH OChIO BBOJHMOrO H3ITy-
YEeHHS ¥ ONTHYECKO OCHI0O MHOTOMOJIOBOIO BOJIOKHA HOJDKEH COOTBETCTBO-
BaTh YCNOBHIO, YTOON KOHYC OINTHYECKOrO BBOAMMOIO H3ITy4EHHA Haxo-
JAICA BHYTPH KOHYCa JONYCTMMBIX YIJIOB PaclpOCTPAHCHHUA H3YYCHHA B
MHOTOMOIOBOM BOJIoOKHE. F3 pHC.5 3T0 CBOJHTCA K YCIIOBHIO
NA; NA;

a= 02—-01lumsina < ———.
ny ny
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Vron B ROKEH COOTBETCTBOBATH YCROBHIO, KOTA M3NyHeHHe, pac-
NIPOCTPAHAIOIIEECS BHYTPU BOJOKHA ¢ MaKCHMATBHO HOMYCTHMEIM YIJIOM,
COOTBETCTBYIOMMM YHCJIOBO#H aneprype NA./n: NPH oTpaXkeHuH Ot Ludo-
BaHHOrO TOpLIA Ha ABOMHOM Yro P, He HaXOMUICA BHYTPH KOHYCA € YI/IOM,
COOTBETCTBYIOIIHM 9HCIOBOM aneprype NA:/ny. Takum obpa3zom, Ha yron B

HaKN3BIBAETCA YCIOBHE
1 NAp _ . N4,

ny nz nz

JIng MHOroMOJIOBOrO BOJIOKHA ¢ YKa3dHHBIMH paHee MapaMeTpaMu

0,495> sinf > 0,182 wm 29,7° > £ > 10,5°
[IPH HCKJIFOUEHHH OTPXEHHOI'O M3JTYYeH A (CTAeTCA ellle paccesHHb!H CBeT.
J1s OITTHYECKH MOJMPOBAHHBIX MOBEPXHOCTEI JIONA paccesHHOrd CBera co-
craenger 0,1-0,01 % or MOMHOCTH NANA:OUIETO HA OBEPXHOCTH H3 Ty YEHHA.

MotuwnocTs npuemanka (P) B 51aronpHsTHBIX MOTOAHBLL YCTOBHAX
C METEOpOIIOrHYecKoi JanbHocTEIo L, Haxozsuielica B npenenax ot 18,1 go
20 KM, onpeenseTcs BHpOKEHHEM

D?-Py

h=—2tky, @)
rae D — cBeroBoi nuamerp onmHYeckoi cucreMsl, M; P, = 3 MBT — sbixon-
Has MOINHOCTH nepenatdyrka; k=0,4 - cKBO3HOE MPOMYCKAHHME OMTHYSCKMX
CHCTEM; ¥ — NOJIOBHHHBIH YToJl pacXOJHMOCTH M3JTyYeHHd, BHIIEMINEro U3
ONTHYECKOro BOJIOKHA B BO3AYX, Pall; ¢. — YTON MEXAY ONTHYETKOi OCHIO
BBOJMMOI'O M3/IYYEHUS M OITTHYECKOH OCEIO MHOPOMOIOBOTO BOJIOKH:A, Pajl.

Beipaxxerue mus onpefesieHus MOLHOCTH Ha npuemuuke () npu
BO3JCHCTRHM MELIAIOMHNX MOrOAHBIX ABJICHUA HMEET BHA,

dz _aR

P.=P .aﬁw.lxzn. 100, €))
rae R — nucranums, xM; di — ZMaMeTp aneprypsl nepenaryuka, M; d; - aua-
METp anepTypel npueMuuka, M; D = 0,15 — pacxoauMocts usnyyeHust, Mpan
(nio ypogrno 1/e pnsa rayccoBekux myukor; FWHA nns npamoyrossoro pac-
npenenenus), o — kodddunment 3aryxawus B armocdepe, aB/km,
P, = 3 MBT — BBIXOHa% MOIHOCTE NEPEAATIUKA.

B ypasHeHuu (3) MOMHOCTD Ha IPHEMHHKE MPONOPIMOHATHHA
MOIIHOCTH U3NTy4EeHH H IUIOIIANH NPHEMHOF arlepTypsl H 06paTeo rponop-
OHOHAJIbRA KBAJPAaTy PacXOJMMOCTH y4Ka HUTYYCHHS H KBAADATY JUTHHEI
JIHHEH CBA3U.

[IPEBAPUTEJILHEINA PACUET
Jnn addexrrrHOMN IKCTUTYaTauHK 060Dy IOBAHHAS HEOGXOMMMO MPO-
W3BOJMTH pacuer 3HepreTHdeckoro Gromkera munvm. K pabore wenocpen-
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CTBEHHO Ha JIaDOpaTOpHOH YCTAHOBKE HOMYCKAIOTCS TONLKO CTYAEHTSI, BB~
NOSIHUBLIHKE BEIYUCIEHHUS H O3HAKOMHMBIIHECS C TCOPETUUECKHUMH CBEICHH~
amu 06 AOJIC u napamerpax [TTIM.

Koadpuument aTMocepHOro 3aTyxaHHs — HEKOHTPONUPYEMBbIH Ia-
paMeTp OKpYXKaroueH Cpejibl M He 3aBHCAMMM OT JUIMHBI BOJIHBI B TAXEJBIX
NOTOAHKIX YCNOBHUAX. [TpHHMMaeMas MOLIHOCTb IKCTIOHEHLMANBHO 3aBHCHT
OT NPOU3BENEHHS aHHOTO KO3 HIHEHTa HA PACCTOSHHE U B peallbHOM at-
Mocdepe 114 CHCTeM ¢ TpeByeMBIM YPOBHEM JOCTYIHOCTH 99,9 % atoT dak-
TOp B YPaBHEHHH OKa3biBaeT Haubonbinee BauanuMe. B Tabn. 1 copepxarcs
UCXOAHbIE JaHHBIE A NPEBAPHTEIBHOIO pacyéra.

Tabmua 1. Hcxonusle naHHbie

No BapuaHTa IToroaHkie yCNOBHA 3atyxauue, nb/xm
1 SlcHas moroaa 1
Q6aa4HOCTh 320
2 Cwmor 10
['ycToi TyMaH 40
3 Jlerku# TyMan 20
O61a4HOCTh 380
4 I'ycroii TymaH 70
SAcuas noroaa 0
5 O6na4HOCTh 350
Cwmor 16
6 Jlerkui TYMaH i 22
SAcxas noroaa 3
3anauue:

1. OnpeaenuTs MOLIHOCTb MPHEMHHKa 11 AMCTaHuMK 0,5; 15 1,5 kM
YIPH HAJIMUMM CMOTa, JIETKOro TyMaHa (TyMaH 1), rycroro Tymaua (TymaH 2)
cooTBercTBeHHO Homepy Gpuraast. IlocTpouTs rpaduk 3aBHCHMOCTH MOLI-
HOCTH OT AANLHOCTH.

2. PaccuuraTte ypoBeHb F€OMETPHUECKHX NOTEPh 1A KAXIOH AH-
CTaHUMHU B SKCIIEPUMEHTE MO BHIpaXEHUIO (4) ¥ NoCTpouTs rpaduk, Wiuno-
CTPHUPYIOILHUH 3Ty 3aBUCHMOCTE!

= M

L=, @
rae Q=0,15 - yros pacXoXHMMOCTH H3Ny4cHHs, Mpaz; R — paccroauune Mexay
MPHEMHOH M NEepeAAloIed anepTypaMH, M.

I[MPOI'PAMMA PABOThBI
1. Bkmouuts uHTepdericHsie Moxynu M1-GE-2.
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2. TloMecTuTs NpensTCTBUE (Hanpumep, TETPAJHBIA  IUCT) MEXAY
ONTHYECKMMH MOJY/ISMH H IO HATHYHIO 3BYKa YOeIHTECA B UX paborocno-
cobrocTH. (Hamuuue 3Byka CBHAETENBCTBYET OO HCIP2BHOCTH CHCTEMBI
HaBeJIeHUA.)

3. Ha IK 3anycTuTs nporpaMMHoe obecrnedeHue .ﬁo_ﬁhsﬁwauﬁ. Bo
sruianke « COCTOSHHE» MPOBEPHTH COCTOSHHE CHCTEMBL HABCICHHA.

3.1. Iepeiitu Bo BAanKy «Ilopaepikay. Onpene:MTh MOLIHOCT
CHUTHAJIa Ha MEpPEAatoNIeM H NPHEMHOM ONTHYSCKHX moayax. 3adukcupo-
BaTh NOKa3aHMA. _

3.2. VCTaHOBUTE Ha IIBEJLIEPE MEXIY NMPHEMHBIM H -__%Q_EoE::
ONTHYECKUMH MOJYJUIMH CTEK)Ia, IMHTHPYIOIIIHE ECTECTBCHHBIC IIOMEXH:
CMOT, JIETKUH TyMaH, TycTOi TyMaH. _

3.3. Cusrs crexna. _

3.4. TIpoBecTH NOCNEAOBATENBHYIO YCTAHOBKY 328% UMHTHPYIO-
mmx paccrosiue. CTekna YCTaHaBIHBAIOTCA Ha WIBEJLIEPE MEXKILY MPHEM-
HBIM H NEPEAAOIHM ONTHYECKHMH MOLYIAMM.

Pe3ysTaThl M3MEpEeHHil 3aHeCTH B Tabu. 2.

Tabnuua 2. Pe3ysbTaThl H3IMEPEHHH

L, M [ 1.2 | 500 | 1000 | 1500
1. Be3 MMHTaLMM IIOTOAHBIX YCIOBHH

Prp, MxBT _ [ _ |

2. Pexaum «Tyman 1»
Pup, MKBT | _ _ _

3. Pexcaum «TymaH 2»
Prp, MKBT | | | C

4. Pexxum «CMory |

Py, MKBT _ _ _ -

4. Tlocne OKOHYaHMA dKcnepHMenTa Bpiumouuts [TK u uHTEp-
deicusie Moy M1-GE-2.

OBPABOTKA PE3YJIbTATOB U3MEPEHUM
I[lo maussM Tabn.2 MOCTPOMTH TpaduK 3aBHCHMOCTH MOIIHOCTH
[PHEMHHKA OT PACCTOAHHA MPH PAaTHYHBIX TIOFOIHBIX YC.TOBHAX, HCCIIENO-

BaHHBIX B SKCIIEPUMEHTE.

COJIEPXXAHHE OTYETA

Ilens paboThi.
Cxema SKCrepUMMEHTATEHOH YCTAHOBKH.

INpeapapuresbHBE pacyeThl.
PeaynsTaThi H3MepeHHuii B Buze Tabnuu 1 rpachukos.

BEIBOIBI.

e
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Ha ycmotpenue nipenopaBsaTens acmycKaeTcs UMeTh OJMH OTYET Ha
6purany.

KOHTPOJIbHBIE BOITPOCHI

1. Kakumu JOCTOMHCTBAMM M HEJOCTATKAMM 06NIanaion armocdep-
HBIE OTITHYECKHUE JIHHHH CBA3Y NIC CPABHEHHIO C BOJIOKOHHO-ONTHYECKUMH?

2. CpaBHMTE IOCTOHHCTBA H HEJIOCTATKH aTMOCGEPHOH ONTHYECKOH
JIMHHH CBA3M M PaMOKaHANOB Nepeayn naHHbiX. Ilepeuncinte oﬁonz Mx
NIPHMEHECHUA.

3. Ot 4ero 3aBHCHT TIpEreNbHAsA YYBCTBUTELHOCTh NPHEMHHKA aT-
MOcchepHOH OMTHYECKOH JIMBHH ¢BA3H?

4. M306pasute CIpyKTYPY ONTHYECKOrO NMPUEMHHKA C MPEXBADH-
TenbHbM OV,

5. H306pasure CTpyKTYPy ONTHYECKOTrO NEPeaTYHKA.

6. Kakum 06pasom roro;1Heie YCIOBHS OKa3biBAOT BIHAHHE Ha pa-
6oty AQOJIC?

7. Y10 npeACTaBAOT COBOM MOTEPH MOIHOCTH Ha pacCesHUE U No-
roueHe?

8. Uro Takoe reomerpueckre notepu? OT yero oHu 3aBucHT?

9. Kakue myMsI COMPOBOXAAIOT NPHEM ONTHYECKHX CHIHANOB?

10. Kakue Buasr oTOLECTEKTOPOB HCMIONB3YIOTCA B aTMOCHEPHOM
ONTHYECKOH NMHHK cBA3H? Hazoumme UX ACCTOMHCTBA H HEMOCTATKH.

11. BHast MORYJISILFM NE3EPHOTrO H3NYYeHHUS. MeToEl MOAY AWK
ONTHYECKHX CHIHAJIOB.

12. ®OHOBBII OMTHYECKHH LIYM H €ro OCOBEHHOCTH.

13. OnTuMansHetif BIGOP JIHHBI BOJIHBE ONITHYECKOr0 NEpe1aTYHKa
aTMOCHEPHO#H ONTHIECKOH 1HHH CBA3H.

14. TpeGoBanud K CHCTeME HAaBEASHHA aTMOCHEPHOH ONTUYECKON
JIHYH C353K. TOYHOCTE HaReAeHA.

I5. Jlasepst onTHueckn: cucTeM mnepenaun uHdopMauuu. Onr-
MaJiEHBliT BBIGOp Na3epa atMOCHSPHOH ONTHYECKOM THHHH CBA3H.

16. INepeuncnure BEYTPCHHNE H BHELIHHE NapaMeTps!, BIMSIOIHE
Ha paSory AOJIC. OueHute 11X B.IMAHHE.
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Aemop Hacmoswux mMemooudeckux ykazawui evipaxcaem baazo-
daprocme xomnanuu AO «Mocmkom» u nuuno Oznesy bopucy Hzopesuuy
3a nepedannyio xageope paduoynpaerenus u ceasu AOJIC Artolink M1-G, a
maKoice 30 MeXHUYECKYIO NOOOEPICKY.

Aemop evipaxcaem b6razooaprnocme Kparowunoti Mapuu Heopeéne,
cmydenmye zpynnet 018M, 3a axmueroe yuacmue 6 no0zomogxe OGHHbIX Me-
moduueckux ykazanuii u Muxaiinunoti Enene Onezoene, cmydenmye 2pynno
818 3a nomows 6 chopke u ycmanoeKe Oepacamens cméxon Ha nabopamop-

HOM cmeHOe.
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MEPBI BE3OIIACHOCTH ITPH PABOTE
C HCTOYHHKAMH JA3ZEPHOI'O H3JIYYEHUA

B npeuecce BINONHEHUS 1a60paTopHO’ paboTsl HCNONb3YETCH M3~
AyueHHe noaynpoBogHukosoro sasepa UK nuamasona (1550 M), HeBHIH-
MOT'Q YenoBeusCKOMY riasy. JlaHHOe H3Ty4deHHe ABJIAETCA ONacHbIM H BpEa-
HBIM (aKTOpOM, MO3TOMY paboTa ¢ HHM TpebyeT cobMmoNeH!s ONpeaeieH-
HBIX Mep 6e3011aCHOCTH.

MEPbI BE3OITACHOCTH

1. B ycTaHOBKe MPHMEHEH Jia3ep; O CTENEHH ONacHOCTH NeHepHpY-
eMoe H3JlyYeHHe OTHOCHTCA K Knaccy 1.

2. B pa6oteii 30He YCTaHOBKH 3aNpemaeTcs HCToNb308aTh IPHOOpEI
U IPEIMETHI C 3ePKabHBIMU IoBEpXHOCTAMH. [Tepen HayanioM paGoTE! HEoO-
XOIMMO YBeaKTHCS B HCTIPABHOCTH YCTAHOBKH H OTCYTCTBHM ONACHOCTH N0-
NaJaHuA Na3epHOTO H3/lyYeHHs BHE BEIACNEHHOH 30HBI.

3. TMepconan, paboraoudii ¢ Na3epHEIMH YCTaHOBKaMH, 00#3aH
[107630BaTHCA HEOBXOMMMBIMH CPEACTBAMH HHAMBHAYANEHOH 3aIIMTHl B CO-
OTBETCTBHH C TpeGOBaHHAMH, ONPENEIACMBIMU KIACCOM J1a3ePHOH OMacHo-
cti. ['N1a3a COTPYAHHKOB AOJHKHBI OBITE JaLIALIEHBL MACKAMH WIH OYKaAMH.

4. O Bcex HapyWeHHAX B paboTe YCTaHOBKH M APYTHX OTCTYIUICHUAX
OT HOPMATLHOTO PEXHMa PaBOTE HEOBXOAHMO HEMEUTeHHO COODIIHTS Npe-
TIOIaBaTENIO WK OTBETCTBEHHOMY 3a NabopaTopHio.

3ANPEINAETCA .
1. Ipu paboTe ¢ na3epHBIM H3TYYCHHEM:
CMOTpETH HABCTPEUY NEPBUYHOMY H 3€PKATBHO OTPAKCHHOMY JIy4Y;
OCTaBLATh GECKOHTPONEHEIM MPOCTPAHCTBO, B KOTOPOM NIPOH3BO-
JATCS MAHMITYJIALHH;
paborarts Ge3 3aIUTHLIX OUKOB B 30HE H3MYHCHHA;
TPOBOJMTE PEMOHTHBIE H HANaN0YHbie paboThl MPH NOAKIIIOYCHHOH
K CETH YCTaHOBKE.
2. Ipm 3KcIUTyaTalMy YCTAHOBKH:
IIPOM3BOIUTH 3aMEHY CETEBAIX PEAOXpaHHTeNeH, COeIUHEHHA H
- pasbeHeHHs Kabeleil pU BIIIOYEHHOH B CETh YCTAHOBKE]
Ha610/1aTh NPAMOE KITH 3CPKAJILHOE OTPAKEHHE JTA3ePHOro Hamyye-
HHA;
paboTars Ha 3aBeOMO HEMCIPABHOH yCTaHOBKE;
OCTABJATE YCTAHOBKY 0€3 MPHCMOTPA BO BIUBOYEHHOM COCTOSHUM;
NPOH3BOIHMTE BKIIOYSHHE JIA3€Pa MPH PACCTHIKOBAHHOM Pa3beMe H3-
AY4aTeNd HCTOYHHKA THTaHUS.
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