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BBEJIEHUE
Oco0oe 3HaueHuE ONTUYECKUX U ONTOAIEKTPOHHBIX TEXHOJIOTHM JIJIsl HAYKH U
TEXHUKH, B TOM YUCJIE U I HHHOKOMMYHHUKALUI, TPU3HAHO MUPOBBIM COOOIIECT-
BoM. B mrone 2013 roga mpaButensctBoM Poccuniickoit denepanuu yTBEpKICH
IJIaH MEPONIPUATUI «IOPOKHAs KapTa» «Pa3BuTHe ONTOANEKTPOHHBIX TEXHOJIOTHM
(boTonuku)» ¢ aeranuzanueit 10 2018 roxa.
B coorBercTBrn ¢ muiaHoM, npuHATEIM Ha niepuof 2013-2018 rr., ogHOM U3 1e-
Jed JeATeIbHOCTH MMHHUCTEPCTBA CBSI3M U MAcCCOBBIX KOMMYHMKALIUW, JEJIErupo-
BaHHOU [IpaBurensctBom PO, sBiisieTcst paBHBINM JOCTYII K yciyram cBsi3u U MHTep-
Hety. K 2018 rogy mnanupyercs o0ecneynTb HIMPOKOIOJIOCHBIM KaOeIbHbIM HHTEP-
HeTtoM 80% >xuteneit Poccuu, nmpuiyeM MarucTpajbHBIM MOJKIOUYEHUEM IO BOJIO-
KOHHO-ONTUYECKUM JIMHUSM CBSI3U JOJDKHBI OBITH OOECIieueHbl BCE HACEJICHHBIE
IYHKTBI C YUCIIEHHOCTBIO HaceleHus Oonee 8 Thicsiu uenoBek. /g qoctuxeHns 3Ton
LIEIM MHBECTULIMN OIepaTopoB U POHIa YHHUBEPCATBHOW YCIYTH CBSI3M HaIlPaBIIs-
I0TCSl Ha CO37/aHue UHPPACTPYKTYPbI ONTOBOJIOKOHHBIX JIMHUI 110 BCEW CTpaHe.

BonokoHHO-ONITUYECKHE CETHU M CUCTEMBbI OBICTPO Pa3BUBAIOTCS, HA CETrO-
JHSIIHANA JIeHb YK€ JIOCTUTHYTHI TepaOUTHBIE CKOPOCTHU Mepeadu Mo OJHOMY BO-
JIOKHY Ha PacCTOSIHUSI COTHU M THICSYM KUJIOMETPOB Oe3 pereneparuu. Ha moBectke
JTHSI CTOSIT BOIIPOCHI IIIMPOKOTO BHEPEHUS:

® KOTepEHTHBIX CHUCTEM prueMa CUrHasioB co ckopocTsmu 100 ['6ut/c, mo xax-

JIOMY M3 JIECATKOB KaHAJIOB, MEPEAABAEMBbIX IO OJIHOMY ONTHYECKOMY BOJIOK-

HY,

e rnepeaaud MHPOPMaIIMK Ha THICSYHM KUJIOMETPOB 0€3 MPOMEKYTOUHOM pereHe-
palu C MOMOIIBIO ONITUYECKUX COTUTOHOB,
® CIMOJIb30BaHUs OTIEIBHBIX MOJ B MHOTOMOJIOBOM BOJIOKHE ISl Mepeaaydu

MHOTOKaHAJIbHBIX CUTHAJIOB

¥ MHOTHE JIPYyTHE BOIPOCHI.

[Tostomy crynentsl, oOyuaromuecss B CIIOI'YT no nanpasnenuto 11.03.02
«MHPOKOMMYHHUKAITMOHHBIC TEXHOJIOTHH U CUCTEMBI CBSI3W» JIOJDKHBI UMETh COBpE-
MEHHbIEC 0a30BbIC 3HAHUS B 00JIACTH ONTUYECKUX U OMTORJICKTPOHHBIX TEXHOJOTHUM.

[{enpro npenogaBanusi TUCHUILIAHBI «DU3MKA U TEXHUKA ONTHYECKON CBSI-
3W» SABIIAECTCS U3yUYCHHUE (DU3UUECKUX MPOIIECCOB M3IYUCHHS U TIPHEMa ONTUYECKO-
ro W3JIy4eHHMs, PaclpOCTPAHCHHUS HU3YYEHUS MO COBPEMEHHBIM ONTHYECKUM BO-
JIOKHaM, 03HAaKOMJICHHE C KOHCTPYKIIUSIMHU U TTapaMeTpaMy ONTHYECKUX BOJIOKOH U
KabeJeil, MaCCUBHBIX U aKTHUBHBIX ONTUYECKUX KOMIOHEHT, C METOJlaMHi U TTPUOO-
paMu 1Sl U3MEPEHHUS TapaMETPOB BOJIOKOHHO-ONTUYECKUX JIMHEHMHBIX TPAKTOB.

OcHOBHbIE 33J1a4¥ JTUCLMIUIMHBI 3aKI0YAIOTCS B U3YUYEHUH METOIOB MPOEK-
TUPOBAHUS U CTPOUTENIHCTBA BOJOKOHHO-oNTHUecKuX JuHUM cBsa3u (BOJIC), B 03-
HAaKOMJIEHUHU ¢ ocoOeHHocTsaMu dkcrryatanun BOJIC, moy4eHrnn HaBBHIKOB TEO-
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pPETUYECKUX HCCICOBAaHMUMA, yMEHHUS paboTaThb C TEXHUYECKOW JIHUTEpaTypod u
CIIeIMaJIbHOW U3MEPUTEIILHON anIapaTypou.

[To qucuumMHe NpeaycMOTPEHbBI 1a00PATOPHBIE U NMPAKTUYECKUE 3aHATHUS, a
TaK)K€ BBIMOJIHEHUE KOHTPOJIbHON padOThI. 3alUTa KOHTPOJIBHON paboThl, a TAKXKE
claya 3ayeTa 1o JabopaTOpHBIM U NPAKTUYECKUM 3aHATHAM IPEIIIECTBYIOT caue
HK3aMEHA 10 JUCLUIUINHE.



IMPOTI'PAMMA AUCIUIIJINHBI

1. HayanbHble cBeleHUs1 00 OoNTHYECKO# CBsA3U. OCOOEHHOCTH MOCTPOEHUSA
BOJIC, ux 3j1eMeHTbI

OCOOEHHOCTH ONTUYECKON MNepefayd CUTHAJIOB MO HaNpaBIISIOLNIMM CHCTE-
mam cBs3u. lIpenmymectBa u Henoctatku BOJIC mo cpaBHEHHIO ¢ MeTaylInye-
CKHMH JIMHUSIMU CBSI3H. DJIEMEHTHI BOJIOKOHHOI'O TPAKTa: ONTHUYECKUI Kabelb, cO-
€IMHUTENbHbIE My(PThl, OKOHEUHbIE TYHKTHI, PET€HEPATOPbl, UICTOUHUKU U TIPUEM-
HUKH U3JIy4YEHUS, ONTUYECKHE yCuauTenu. CeKTpallbHOE YIUIOTHEHUE.

2. ®u3nYecKHe OCHOBBI MPOIECCOB PACIPOCTPAHEHHS CBETA B ONTHYECKHX
BOJIOKHAX

['eomerpuueckas u BosHOBas ontuka. [lomspusanus ceera. OTpaxkeHHe u
IpeJIoOMJIEHUE CBETa Ha rpaHuIle pa3zeia 1Byx cpela. @opmyssl Openens, siBIeHUE

MOJIHOTO BHYTPEHHET0 OoTpaxkeHus. HanmpaBisieMble U BBITEKAIOMINE MOABI (JTyUH).

3. KoHcTpyknum onTuyecKux BOJIOKOH U Kadesiel

Knaccuduxanus kabeneil, MapKUpOBKa, AJIEMEHTHl KOHCTPYKIIUU, HUCHOJIb-

3YCMBIC MAaTCPHUAJIbI.

4. 3aTyxaHue B OITHYECKHX BOJOKHAX

3aTyxaHue B ONTHYECKOM BOJIOKHE. Enunuiisl uamepenus 3atyxanusa. CoocT-
BEHHBIC U JOMOJHUTENbHBIE oTepu. KoaduimeHT 3aTyxaHus, ero 3aBUCUMOCTh
OT IJvHbI BOIHBL. OKHaA MpO3payHOCTH. BiusHUE 3aTyXxaHus Ha JJIMHY pEreHepa-

IUOHHOI'O y4JacCTKa. Bnusuue 34aTyXaHusl Ha MUHUMAJIbHYIO JUIMHY CCTMCHTA CCTU.

5. MHoromoaoBbie ONITHYECKHE BOJTOKHA

TpaekTopuu Jydyeil B CTyNEHYATHIX U TPAJAUEHTHBIX ONTUYECKUX BOJIOKHAX.
[Tonstue monel. HopmupoBannas yactora. KonnuectBo moa. MexmonoBas auc-
nepcus. llIupokononocHocTs. PaBHOBECHOE pacnipenenenue Moa. BBoa nznmydenus
B ONTUYECKOE BOJIOKHO. Hncnoas aneprypa. [lorepu Ha BBOAE uznyuyenus. Baus-
HUE IIMPOKOIOJOCHOCTH HAa MAaKCUMAJIbHYIO JUIMHY CETMEHTa ceTh. MHoromomo-
BbIC BOJIOKHA C YCEYCHHBIM CTeTeHHBIM mpoduieM. Pexomenmamus MCO G.651.
MHOroMO/10BbI€ BOJIOKHA 111 BBICOKOCKOPOCTHBIX CETEH.

6. OaHOMO0BBIE ONITHYECKHE BOJIOKHA

VYcnoBre 0JHOMOJIOBOTO PEKUMA pacpoCTpaHEeHus u3inydeHus. JnmHa Bo-
HBI OTCEUKH. XpoMaTuueckas agucnepcus. MaTepualibHasi 1 BOJTHOBOJHAS AUCHEP-
cusd. JliinmHa BOIHBI HyJEBOM naucnepcuu. Jnamerp monoBoro nosus. BausHue xpo-
MaTUYECKOM IHCIIEPCUU Ha JUIMHY PETEHEpPAlMOHHOIO ydacTka. PexomeHnanuu
MCD. Knaccudukanust ¥ mapameTpbl COBPEMEHHBIX OJIHOMOJOBBIX ONTHYECKHX
BOJIOKOH.



7. IlaccUBHbBIe ONITHYECKHE KOMIIOHEHTDI

Oco0eHHOCTH U TapaMeTpPhl MAaCCUBHBIX KOMITIOHEHTOB. Pa3beMHbIE U HEpa3b-
€MHbBIC COEJIMHEHUSI ONTUYECKUX BOJIOKOH. BHOCHMBIE U BO3BpATHBIE TOTEPHU B CO-
equHeHUsAX. KOHCTpyKIIMM M mapaMeTphl pa3beMHBIX COEAUHUTENeH. MexaHnue-
ckue coeauuutenu. OnTuyeckue pasBeTBUTENH. Onrtuueckue UHTEPHEPEHIIUOH-
Heie QuIbTphl. YcrpoiictBa WDM. Onrtrueckue u3omsTophl. ONTHYECKHE aTTe-
HIOQTOPBI.

8. Ilepenarommue ycrpoiicrea BOJIC

TpeboBanus k nepepatouM ycrpoiictBaM. Mctounuku usnmyuyenus. Ceto-
U3ITy4YaroIIMe JUOMbI, UX NapaMeTpbl U KOHCTpYKUUU. CIIOHTaHHAs JIFOMUHUCLIECH-
nus. JIazepHble TUOBI, UX MMAPAMETPhl U KOHCTPYKIMU. BRIHYK/IeHHAs JIFOMUHHUC-
neHuus. BHyTpeHH:s ¥ BHEIHA MoLysanusl. CTpyKTypHas cXeMa IepeAaroniero
ycTporcTBa. MOy asITOPHI.

9. ®oTonpuemMHbIe yCTPOIiCTBA
®doTonnonbl, UX MapaMeTpbl, KOHCTPYKLUHU, CXEMBbl BKJIIOUEHUS. JIaBUHHBIN
dotoauoa. Ucrounnku nryma B poronpuemMHbIX ycrpoiictBax. [lapamerpsl gorto-
IPUEMHBIX yCTPOUCTB.

10. U3mepenust napamerpoB BOJIC

3agauv TEXHUYECKOM DKCIUTyaTaunu. M3MepeHne OCHOBHBIX ITapaMETpPOB BO-
JIOKOHHO-ONTHUYECKUX TPAKTOB C MOMOIIbIO ONTHYECKUX TECTEPOB U pediIeKTo-
MeTpoB. [1nanoBbie u aBapuiinble u3mMepenus. OnpeneneHne pacCTOSHAN 10 MECT

MTOBPEXKICHUN U HEOTHOPOHOCTEM.
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KOHTPOJIBHAS PABOTA
N METOANYECKUE YKA3ZAHUA K EE BBIITIOJITHEHHUIO

Homep BapmaHTa KOHTpPOJIbBHON PaOOTHI OMPENENSeTCs NBYMS IMOCICTHUMHU
uppaMu HoMepa 3a4ETHOM KHUKKU.

3ananue 1. Pacuer 3aBucuMocTH KO3 (PUIIHEHTA 3aTyXaHUS
ONTHYECKOI0 BOJIOKHA OT JAJIUHbI BOJIHBI.

PaccuuTarh 3aBHCHMOCTH KOA(D(GUIIMECHTA 3aTYXaHUS Ola(A), 0OYCIIOBIEHHOTO
HOIJIONIEHHEM, KO3 UIMeHTa 3aTyXaHUs Os(A), OOYCIIOBJIEHHOIO PEIeeBCKUM
paccerBaHHUEM, a TaK)Ke PEe3yJIbTUPYIONTHI K03 duiueHt 3aTyxanus o(A) onrtude-
ckoro BosiokHa (OB) B 3ajanHHOM TUana3oHe JUTMH BOJIH A.

[TocTpouTth rpaduku 3aBUCUMOCTEH 0la(A), os(A) 11 a()).

Hcxoonwvie oannvie k 3a0anuio 1
BepXHSISl Amax ¥ HUKHSISL Amin TPAHUIIBI THATIA30HA JITMH BOJIH, B TIpEIEIax KOTOPOTO
CJIEITyeT MIPOBECTH pacueThl Ola(A),0ls(A) 1 al(A), OTIpeNesIsIOTCS BRIPAKCHHUSIMH:
Amin =1100+40- (M —5) +30- (k —5) =M, 1)
Amax =1400+10- (M —-5)+25- (k —5) uM™, (2
rae mu Kk — mepBast u Bropas nudpa B HOMEpE BapHaHTa COOTBETCTBEHHO.

3HadeHUs JJIMH BOJIH B COCEIHUX TOUYKAaX, Ha KOTOPBIX OYIyT MPOBOIUTHCS
pacueTsl, 10KHBI OTINYAThCA HE OoJiee YeM Ha S5 HM.

Memoouueckue ykazanus K eblnoaHenuo 3aoanusn 1

3aTyxaHue B ONTHYECKOM BOJIOKHE XapaKTepU3YyeT OCIA0JICHHE ONTUYECKOU
MOIIHOCTH, pacnpoctpanseMoil Bnoias OB, u Beipaxkaercs B n1b. Bennunna 3ary-
XaHMs, OTHECEHHAs K €IMHUIIEC JUTMHBI BOJIOKHA, Ha3bIBaeTCs KOAPHUIIMEHTOM 3a-
TyXaHHs ¥ BbIpakaeTcs B 1b/KM.
[ToTepu, BO3HUKAIOUIME MPU PACIPOCTPAHEHUU CHUTHAJIA MO OJHOPOJIHOMY
kBapueBoMy OB, 0OBACHSIOTCS B OCHOBHOM JIByMsI TPUYMHAMU:
® T[OTJIOIIEHUEM ONTHUYECKOr0 M3IYyUYCHMs] YacTHI[aMU Marepuajia — CaMoro
KBapIIEBOI'O CTEKJIA U BPEIHBIX MPUMECEH,
® PEJIEEBCKUM PACCESTHUEM ONTUYECKOTO U3IIYUYEHUS.
[TorTomy pe3ynbTupytonmii KoahPuimeHT 3aryxanus o.(A) MOXHO TIPEACTAaBUTH B

BUJIE CyMMBI KO3 (UIIMEHTOB 3aTyXaHUs, 00yCIOBICHHBIX MOTJIOMICHUEM Oq(A) U
paccesiHueM os(A):
alA)= a5 (1) + a5 (4). )
Koapduument 3aryxanusi oa(A), 00yCIOBIEHHBIN MOTIJIOUIEHUEM, B CBOIO
ouepeb CKJIaJAbIBACTCS U3:



e KOd(DPUIMEHTOB OCTATOYHBIX TOTEPh H3-32 PE30HAHCHOTO TIOTJIOMICHUS
KBapia B HUH(paKpacHOU ai(A) u ynpTpaduoneToBor oy(A) obmacTsax
CIIEKTpa,

e Kk03h(PUITMEHTOB TOTEPH OoH(A) M3-3a PE30HAHCHOTO TOIJIONIEHUS Ha MOHAX
rupoKcHIbHBIX rpymi OH', koTopbie 00yCIaBIMBAIOT MOILIHBIE PE30HAHCHI HA
mrHax BoiH 1.29 m 1.383 MM, a Taxke Ooliee cltaOble MMKU B 00JaCTH JUIMH
BoiH 1.13,0.95, 0.875, 0.825 u 0.725 MkM;

® KOY(p(PHULUEHTOB HOTEPD Olimp(A) M3-32 PE30HAHCHOIO MOTJIOLIEHUS Ha JpY-
TUX BPEAHBIX MPUMECSAX, B TOM YHCIIe, HA MOHAX METAJUIOB NEPEXOIHOU
rpymisl (Fe, Cu, Cr, Ni, Mn), koTopbie BBI3bIBAIOT PsiJI TOJIOC TIOTJIONICHHS B

nuamna3zoHe puH BoiH 0.5-1.5 MkMm.

[lepeuncnennbie KO3PGUIUEHTH TOTEPh MOTYT OBITH PACCUUTAHBI TIO TPHU-
BEJICHHBIM HIDKE (OpMYyJIaMm.

Jlist K03 (HUIMEHTOB OCTATOYHBIX MOTEPh U3-3a PE30OHAHCHOTO TOTJIOMIECHUS
KBapia B MHGpaKpacHou ain(A) U ynbTpaduoneToBoil oy (A) obmacTsax cnekrpa

ClIpaBCAJIMBbl COOTHOIIICHHA

iy (2)= Ay -0 =18 @

A
rae Ay = 7.81- 10™ nb/xm, Ains = 48.5 MM, Ay = 2.55- 1073 nb/xm, Ayt = 4.63 MKM.

st pacuera k03GQUIIMEHTOB MOTEPh Olon(A) M3-32 PE30HAHCHOTO IOTJIO-

au.tu):AJ.t-exp[%"], ©)

HICHUS Ha MOHAX TUAPOKCHIILHBIX Tpyrit OH™ MOXKHO UCTIONB30BaTh BRIPAKEHHE:

K -
*oH (1):_2 il 27’ ()
" onl (-2 ) +(A2}“ij

rrae K — 91cio yuyuThIBaeMbIX MIPHU pacyeTe Pe30HAHCOB, Aj — LIEHTpaJIbHAsI IJIMHA BOJI-

HBI I-TO pe3oHaHca, A\ — ClIeKTpalibHas IIMPUHA I-T0 pe30HaHca, Jij — aMIUTUTYy 1A I-ro
pe3oHaHca.

B xoHTponbHOM paboTe mpennaraercst yu4ecTh TOJBKO JBa OCHOBHBIX PeE30-
HAHCA, BBI3BAHHBIX THAPOKCHIBHBIME Tpynmamu OH', mapaMeTpbl KOTOPBIX TpHBE-
JeHbl B Ta0. 1.

Koa¢ddunmenTs! moreps Oimp(A) U3-32 pE30HAHCHOIO MOIJIOLIEHHUS Ha ApY-
TUX BPEIHBIX MPUMECSAX IIPU COBPEMEHHOM yPOBHE TEXHOJIOTHH Mpou3BojicTBa OB
MPAKTUYECKH CBEJICHBI K HYJIO B IIMPOKOM Jauana3zoHe uiuH BOJH (0.7-1.6 MkMm),

MO3TOMY B KOHTPOJIBHOM paboTe UX pacueT He MPe/InoIaraeTcs.
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Tabsmra 1. TTapamerpsl aist pacuera ooH(A, Aon)

Homep | Pesonanchas anuua | CriekTpanbHas IMpU- | AMIUIMTYZAa pe3o-
pe3oHaHca BOJIHBI, MKM Ha Pe30HaHca, HM HaHca, 1b-HM/KkM
1 1.290 30 2.0
2 1.383 30 10

Takum o6pazom, KO3IPGUIIMEHT 3aTyXaHUs O,(A), 00YCIOBIEHHBIA IMOTIIO-
IICHHEM, MOYKHO PacCUMTaTh 1O BBIPAXKCHHIO:

&3 (4) = cting () + e (A) + ton (A). W

Koaddunment 3aryxanus os(A), 00yCIOBICHHBIA PEICEBCKUM PACCESTHUEM,
MO’KHO PACCUUTATH 10 BHIPAKEHUIO:

as(ﬁ)=%, ®)

rie Ks — ko duimenT paccenBaHms, 3aBUCSIIIIA OT TEXHOJIOrUH npon3BozcTea OB. B
. . 4

JTAHHOM KOHTPOJIbHOM padoTte npumem ero paBHbM 0,8 MxM -1b/kM. [lotepu Ha perne-

€BCKOE PACCEMBAHUE ONPEIEISAIOT HUKHUM IIpesiel noTeps, npucymmx OB.

Ilopaook eévinonnenusn 3a0anusn 1

1. Onpenenuth 1o BelpakeHusM (1) u (2) nuana3oH AJIMH BOJIH, B IIpeeax
KOTOPOT'O HY>KHO ITPOBECTH PACYETBHI.

2. PaccuuTarh B 3a/laHHOM JMana3oHe JUIMH BOJH KO3(PQUIKUEHT OCTaTo4-
HBIX TOTEPH Olinf(A) U3-32 PE30HAHCHOTO TOTJIONIEHUS KBapIlia B MHGpaKpacHoi 00-
nactu o dopmysie (4).

3. PaccunTaTh B 3aJJaHHOM JAMarna3oHe JJIMH BOJH KOA(PQHUIMEHT OCTaTOU-
HBIX MOTEPb Olyt(A) U3-3a PE30HAHCHOTO TOTJIONICHUS KBapIia B YIbTpadroieToBOM
obmactu o gopmyie (5).

4. PaccunTtaTh B 3aJaHHOM JWana3oHE JJIMH BOJH KOA((HUIIMEHT MOTEph
oon(A) U3-3a pe30HAHCHOTO TMOTJIOMIEHUS Ha MOHAX THAPOKCHIBHBIX Tpynm OH™ mo
BeIpakeHuio (6), cuutas, uto K = 2. [TapameTpbl pe3oHaHCOB B3STh U3 Tab. 1.

5. PaccunTaTh B 33IaHHOM JMana3oHe JJIUH BOJH KOA(DPUIIMEHT 3aTyXaHus
0la(A), OOyCIIOBIEHHBIN TOTIOMEeHneM, 1o BeipaxkeHuto (7). [loctpouth rpaduk
ota(A).

6. PaccunTaTh B 3aJaHHOM JMana3oHe JJIUH BOJH KOA(DUIIMEHT 3aTyXaHus
as(A), 0OYCITOBJIICHHBIN PEICEBCKUM paccessHueM, 1o BeipakeHuio (8). IToctponts
rpadux os(M).

7. PaccumTaTh B 3aJJaHHOM JIHaNa30HE JJIMH BOJH PE3YJIbTUPYIOMHA KOA(-
durnment 3aryxanus o(A) mo Beipakenwuio (3). [loctpouts rpaduk o(A).

8. ChopmynmupoBaTh BHIBOJIBI.
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3ananmue 2. Pacuer 3aBUCUMOCTH YIIHPEHUSA ONTHYECKHUX UMITYJIbCOB
B 01HOMOA0BOM OB, 00yCJ/I0BJIECHHOTO XPOMATHYECKOM M CIIepCUei,
OT JAJIMHBbI BOJIHBI.

PaccuuTarh 3aBUCMMOCTH TOKa3aTesei MpeloMIIeHUsT cepaieBuHbl Ni(A) u
o6oitouku Ny(A) OB ot mmuHbl BosHBL [locTpouTh rpaduku 3aBucumocteit Ni(A) u

nzo\,).

Paccuntare 3aBucumMoctu ko3 duimeHToB MarepuanbHOH Dpga(A), BoHO-
BonHOW Dy(A) m pesymbrupyromieir xpomarnueckoit Dgy(A) mucmepcum OB ot
JUTAHBI BOJIHBL [TocTpouTs rpaduku 3aBucUMOCTER Diat(A), Dyw(A) 1 Dene(L).

PaccunTtarh 3aBUCHMOCTH YIIHPCHHS ONTHUCCKHX MMITYJIbcoB At(L) 3a cuer
XPOMaTUYECKON JUCIIEPCUU B CTaHAapTHOM omgHoMoa0BoM OB (OM OB) ot miu-
HbI BOJIHEL. [locTpouTs rpaduk 3aBucuMocTs At(A).

Hcexoonwie oannwvie k 3a0anuio 2

Jluamnas3oH JJIMH BOJIH JJis MPOBEJICHHS PAcUYETOB OMPENEIICH B MCXOJHBIX
JAHHBIX K 3aJaHUIO 1.

B Tabi1. 2 npuBeneHbl HCXOIHBIE JaHHBIE JJIs pacyeTa 3aBUCUMOCTH TTOKa3a-
Tens npenomiieHuss 000109k OB ot miuHbI BOHBL. CMBICH MPUBEACHHBIX KO3(]-

(buLKEeHTOB OyIeT MOSICHEH HUXKE.

Tabmuma 2. [TapaMeTpsl I pacyeTa mokasaresei mpeToMIeHHsT 000I0YKH

Bapuant CocraB Tun i
CTEKJIa Kod(duImeHTa 1 2 3

. A 0.6961663 | 04079426 | 0.8974794
0-9,50-59 | 100% SIO, M, MKM 0.0684043 | 01162414 | 9.896161
1019 6060 | LO%F A 0691116 | 0399166 | 0.890423
’ 90.9% SiO, M, MKM 0.068227 | 0116460 | 9.993707
2025, 7079 | 3.0%B:0s, A 0.6935408 | 04052977 | 09111432
: 97.0 SiO, M, MKM 0.0717021 | 01256396 | 9.896154
2030, 5080 | 35% B:0s, A 0.6929642 | 04047468 | 0.9154064
’ 96.5% SiO, M, MKM 0.0604843 | 01239609 | 9.896152
1049, 9009 | 13:3% B2, A 0.600618 | 0401096 | 0.898817
’ 86.7% SiO, M, MKM 0.061900 | 0123662 | 9.098960

B pabote mpenmonaraercs, 4To CEepALIEBHHA BOJOKHA M3TOTOBJICHA U3 KBap-
IIEBOTO CTEKJIA C Jierupytomien qo0aBkoit okcuna repmanns GeO, (Bapuantsl 0-9,
20-29, 40-49, 60-69, 80-89) nmm nentokcuaa dochopa (Bapuantsl 10-19, 30-39,
50-59, 70-79, 90-99). Konuenrparuto jgerupyroiieii 106aBku P B MOJSPHBIX MPO-
[IEHTAaX PaCCYUTANTE MO BHIPAKEHUIO:

p=9.5-(N-50)-0.15, (9)
rae N — Homep BapHaHTa.

[[Iupuny criekTpa ONTUYECKOr0 CUTHAJIA AL paccuuTtaiiTe mo gpopmyre:

12



AL = A+ AX (N =50), (10)
rae N — Homep Bapuanta, Ahg =1 am, AA; = 0.01 aHM.

Jmury OB L paccuutaiite o gopmyie:

L =L, +L(N-50), (11)
rae N — Homep BapuanTta, Lo = 100 km, L; = 0.5 km.

JlnaMeTp Cep/IIIeBHHBI ONTHYECKOTO BOJIOKHA Ugore paccumTaiiTe mo gopmyiie:

doore =do + dl(N _50)’ (12)
rae N — Homep BapuanTa, 0y = 8 mxm, d; = 0.05 mxwM.

Memoouueckue ykazanus K 6bIn0JIHEHUIO 3A0aAHUA 2

1. Pacuer 3aBHCHMOCTEH MOKa3areyed MpenomiieHus cepiaueBuHbl Ni(A) u
0600uku Ny(A) OB OT AMWHBI BOJTHBI U MOCTPOCHUE I'PAPUKOB 3TUX 3aBHCHUMO-
CTEH.

CnektpayibHasi 3aBUCUMOCTD MOKa3aTesIel MpeIoMJICHUs] CTEKOJI, UCIIOJIb3ye-
MBIX i1 m3rotoBiieHns OB, B nuana3zone 0.6—2 MKM XOpPOIIIO ONUCHIBACTCS JIHC-
nepcuoHHoM popmynoin Cennmeiiepa:

n?(1)-1= ZA‘

2
. (13

A

B (9) BXomaT pe3oHAaHCHBIC UIMHBI BOJH Aj U Oe3pa3MepHbic K0dDduuumeHTs A;.
3HadeHus A U Aj 1ist pacdeta Np(\) mpuBeaAeHbI B Ta0. 2.

Jlnst pacuera Ny(A) UCTIOIB3yeM BhIPaKCHUE:

m(4)=ng;(2)+ Ay p, (14)
rae Ngi(A) — 3aBUCUMOCTD MOKA3aTessl MPEJOMIICHUSI YUCTOrO IUIaBJIEHOrO KBapla
OT JJIMHBI BOJIHBI, P — COAEpPKAaHUE JIETUPYIOLEH MPUMECH B MOJSIPHBIX IPOLICH-
Tax, Ay — k09 HIIEHT anmpokcuManuy, paBubiil 1.4145-10°° s okcuma repMa-
aust 1 1.6520-107° s menTokcHma dochopa. 3aBHCUMOCTD Ngi(A) paccUUTaTh 110
BbIpakeHuto (13) ¢ ucnonb3oBaHueM Ko3((PUIIMEHTOB, MPUBEICHHBIX B Ta0J. 2

(100% SiO»).

2. Pacuet 3aBucuMoOcCTeil KOAPGHUIIMEHTOB MaTepraibHOW Dpat(A), BOHOBOI-
Hoit Dy(A) u pesynmprupytomei xpomarndeckoir Dey(A) mucnepcnu cTaHIapTHOTO
OM OB 0T nuHBI BOJHBI B IOCTPOCHUE TPAPUKOB ATUX 3aBUCUMOCTEH.

Hucnepcueit OB Ha3bIBalOT siBJ€HUE YIIUPEHUS (YBEIMUEHUS JITUTEIBHOCTH)
ONTHYECKUX HMMITYJIbCOB IIPU pacnpocTpaHeHuu ux no sromy OB. Jlucnepcus or-
PaHUYUBACT JAIBHOCTh U CKOPOCTh OITUYECKOU CBSA3H.

13



B OM OB 0CHOBHBIM BUJOM AUCHEPCUU SBISIETCA XpOMamuieckas oucnep-
cusi, 00yCIIOBJIEHHAs] pPa3JIMYMEM TPYMNIOBBIX CKOPOCTEH CHEKTPalbHBIX COCTaB-
JSFOUIMX ONTUYECKOr0 CUTHAA.

XpomaTtuueckasi TUCIIEPCHs CKIIAIbIBAETCS U3 MaTePUATbHOM M BOJHOBOIHOM
mucnepcuil. Mamepuanvuas oucnepcusi 00yCIOBI€HA 3aBUCUMOCTBIO TTOKa3aTens
npenomiieHus cepAaueBuHbl OB OT IuHBI BONHBL. Bonosoouas oucnepcus 3aBU-
CUT OT KOHCTPYKIIMH U pa3MepOB BOJIHOBO/A.

Koadpoumuent xpomarndeckoin mucnepcuu Den (M) MOXHO paccuuTarh IO
bopmyiie:

Denr (ﬂ“) = Dpnat (’1)4' Dw(ﬂ“)' (15)
Bemuauabl Denr(A), Dmat(A) 1 Dy(A) mpuHSTO BBIpaKath B TIC / (HM"KM).

Koaddunment marepuansaoii qucnepcun Dimy(A) mns crannapraoro OM OB
MOYKHO PacCUUTaTh 1Mo Gopmyiie:

/1 d°n
Dmat =-=.—1

, 16
c A2 (16)

rie ¢ = 3-10° m/c — ckopocTh cBeTa B BakyyMme. Jlist pacdera BTOPOii MPONU3BOIHOMN
TIOKa3aTeJIs MPETOMIICHHSI CEPIICBUHBI 110 JUTMHE BOJHBI Ni(A) HEOOXOIUMO JABaXK-
1bl poauddepeHiupoats (13), B pe3ynbTare noayduM:

dn, (1) 3. AL

“u By )M 7
d2n (1) | & ARE2+2) (dny(a)?

aw |& (2 - 22) (dzj ) 1o

Koadduiment BoaHoBoaHou aucrnepcuu Dy (L) mns crangapraoro OM OB
MOXHO paccuuTaTh 1o Gopmyiie:

b, =212, by (3)). v (1), (19

rae V(L) — HopMupoBaHHas yactoTa, A(L) — BeicOTa MPOQHIIs, KOTOPHIE PACCUUTHI-
BAIOTCS MO BBIPAXKECHUSAM:

V(2)= 0t 02 (2)-nd (2), 20
A=) o

2n (1)
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bespasmepnsiii mapamerp D(V), Bxomsammii B (14), Ha3pIBalOT mapaMeTpPOM HCKa-
xenust. Ha puc. 1 npencrasieHa 3aBucumocts npoussenenus D(V)-V ot V.

D(V) -V

0.8

N A

3 A
T\

0.2

0 1 2 3 4 5
HopmupoBaHHas YacTtoTa V

Puc. 1. 3aBucumocts D(V)-V ot V

HeoOxonumbie anst mpoBeneHust pacuetoB 3HadeHus: D(V)-V moxHO omnpee-
JIUTh HEMOCPEJICTBEHHO MO IpaUKy WM BOCIOJIB30BATHCA CIEAyromer (yHKIIH-
eit, anmpokcumupyromeii D(V)-V:

1.41 0.86
= expl—————| npuv <1.1
(V —0.55)+° p( V-—OSS) P

4.9

D(V)-V = .
0.82(1— exp(— WD —0.056 npuV >1.1

(22)

3. Pacuer 3aBHCHMMOCTH YIIMPEHHS ONTHYECCKHX HMIyJIbcoB At(L) 3a cuer
xpoMmaruueckoit nucnepcu B OM OB ot jajiHBI BOJIHBI M TTOCTPOCHUS rpaduka
3TOU 3aBUCUMOCTH.

Yumpenue mMmiyibea At(A), oOycoOBICHHOE XPOMATHYCCKOW TUCIICPCHUEH,
MOYKHO PaCCUMTATh 110 BHIPAXKEHUIO:

A(2)=[Diae (1) A1 L, (23)
rae AL — muprHa CIIEKTpa ONTUYECKOTo curHana, L — amuna OB.

Ilopaook evinonnenusn 3a0anus 2

1. Onpenenuth mo Taba. 3 mapaMeTpbl ONTUYECKUX CTEKOJ CEPALIEBUHBI U
o0onouku crangapraoro OM OB.
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2. PaccumnTarh B 3aJJaHHOM JUANIa30HE JIJTMH BOJIH [TOKA3aTEIH MPEITOMIICHHSI
cepaueBuHbl Ni(A) 1 00omouku Ny(A) OM OB ot mnHbl BOJHBI 110 Gopmyiiam (13),
(14) u (9). IToctpouts rpaduxu Ni(X) u Ny(A).

3. PaccuuTaTh B 3aJJaHHOM JMana3oHEe JUIMH BOJH KO3()(UIMEHT maTepu-
anpHOU aucniepcud Dpg(A) OM OB o dopmysam (16-18). IToctpouts rpaduk
Dmat(1)-

4. PaccunTarth B 3aJlaHHOM JUara3oHEe JUIMH BOJIH BBICOTY mpoduis A(A)
OM OB no ¢opmye (21).

5. PaccuuTath B 3aJJaHHOM JMana3oHe UIMH BOJH HOPMUPOBAHHYIO YacTOTY
V(A) o popmynam (20) u (12).

6. [lins xaxmoro paccuntanHoro 3HaueHus V(L) mo dopmyse (22) ompene-
nuTh 3HaveHue npousseneHus D(V)-V.

7. PaccunTaTh B 3aJaHHOM JIMANa30HE JUTHH BOJH KO3(PHUIIMEHT BOTHOBOI-
Hou aucniepcuu Dy, (L) OM OB no popmysie (19). IToctpouts rpaduk Dy, (L).

8. PaccunTaTh B 3a/JJaHHOM JIMAIla30HE JUIMH BOJH KO3()PHUIMEHT XpoMaTH-
yeckoit qucrnepcuu Den (L) o hopmyie (15). [Toctpouts rpaduk Den(1).

9. Onpenenuts mo ¢opmynam (10) u (11) nnuHy BonokHa L u mupunHy
CIEKTpa ONTHYECKOro curHasia AA.

10. Paccunrarh B 3aJaHHOM JWaNa30HE JIMH BOJIH YIIMPEHUE UMITYJIbCa
At(L), oOycoBICHHOE XPOMATHYCCKOM mucrepcucii, mo Beipakenuio (23). Ilo-
ctpouth rpadux At(L).

11. CpopmynupoBaTh BbIBOJIBI.
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