IIpakTHyeckoe 3ansiTue no Teme 1
«HcTopust pa3BUTHS ONTHYECKOI cBsi3H. COBpeMeHHbIe
M NePCeKTHBHBIE ONTHYECKHE BOJTOKHA

HccaenoBane MHOrOMOI0BbIX ONITHYECKUX BOJIOKOH (MMOB)
C YC€YEHHBIM CTENEHHBIM NMPoduIemM nmoKazareast NpeIOMICHUS

1. Teoperuyeckue cBeeHMSsI

YcedeHHbIH cTeneHHOW mpodwiib Tokaszarens mnpernomieHus (ITITIT)
OMUCHIBAETCS COOTHOIICHUEM:
2 a 2 2
n -b—ZA-(}r I, ] 0<|ri<r, Nip —N
n2(r): 10 ‘/ core) ‘ ‘ core A= 10 2

ng, M > rcore 2n120

! 1)

rae Njp — MoKa3arelib MPEJIOMJIEHUs CEpIILEBUHBI Ha onTuyeckor ocu OB, n, —
nokaszarenab mpeiaomiieHus obomoukn OB, A — Beicota IIIIII, rere — pammyc
cepaueBunbl OB, ( — mokasarenab CTENEHHOro MNpoduisi, I' — pacCTOSHHUE OT
ontuueckor ocu OB.

Paznuunbpie Tumbl dyded (MOJ) B MOKHO XapaKTE€pU30BaTh JIyYEBBIM
WHBAPUAHTOM B, KOTOPBIM MpPEACTaBIAeT COOON MOCTOSHHYIO JJI JAHHOTO Jy4a
CKaJSIpHYIO BEJIMYMHY, XapaKTEpPU3YIOIIYI0 €ro HalpaBi€HUE B JIFOOOH TOUKe
MONIEPEYHOT0 CEYEHUS CEPALIEBUHBI.

B =n(r)-coso,(r), )
rae 0,(r) — yroiu, oOpa3yronuiics Mex1y KacaTelIbHOW K TPACKTOPUH JIy4a M OChIO
OB.

TpaekTopuu HampaBisieMblx Jyded B TakoM OB HuKorga He JOXOIST 10
TpaHUIBl cepaleBuHa-000M0uKka. HampapnsieMsplil 1yd pacnpocTpaHsieTcsl BHYTpU
LEHTPAIbHOU 4acTH CEpJLICBUHBI, OTPAHUYEHHOU HWIHHAPUYECKON
IIOBEPXHOCTBIO, HA3bIBAEMOM BHEIIHEN KAYyCTHKOM, Ha KOTOPOM JIEkKAT BCE TOUKHU
MOBOPOTA 3TOT0 Jiy4a. Paguyc BHEIIHEW KayCTUKH I AJIs JIyda ¢ MHBapuaHToMm B
MOYKHO HaiTh 1o dopmyre, cienyromeit us (1) u (2):

e = e (182 0,22 3

Bce mHampaBnsemble Jydyd UWMEIOT HMHBApHUAHTHI, YJIOBJIETBOPSIOIINE
YCJIOBHIO:

ny(A)<B<ny(2). (4)
KonuuectBo HampasnsieMbix jyued B OB Cc ycedeHHBIM CTENEHHBIM
npoduiieM MOXKHO MPUOIMKEHHO OIIEHUTD 110 BHIPAKEHUIO:
:ﬁ. q szn'rcore'NA (5)
2 q+2 A ’
rae V — HopmupoBaHHas yactora OB, NA — uucnoBas aneprypa OB:

NA =/nf—nj . (6)

VY nensHOE BpeMsl paclpOCTpAaHEeHMsI Jiyda Ha eAUHUYHOE paccTosiHue B OB ¢
yceueHHbIM creneHHbIM [IIII1 3aBucuT TOJIBKO OT J1y4eBOro MHBapuaHTa B:




_ 1 Mgg Nyo B
B)==-."9 10 4 (2-p)-—|,
(B) = gap | (PO +R-p) (7

IJI€ ¢ — CKOPOCTb CBETA B BAKyyMe€, Nigg, P — IPYIIIOBOM I10KA3aTENb IIPEIOMIICHUS
cepaueBuHbl Ha ocu OB u mapaMeTp BHEOCEBOM [UCHEPCHMU MaTepualia
CEpALEBUHBI, ONIPEAECIAEMBbIE BEIPAKCHUSIMU:

Mog = no(A) - x% — no(A) A dA

. " oy AR ®)

st ontenku ko3¢ dunrmenta MM MOXHO BOCIIOJIB30BATHCS YIPOIICHHBIM

BBIPAKCHUEM:
tmax _tmin
D, :fztmax ~ Tmin» 9)

A€ thax A tmin — BpEMEHa pacnpoOCTPaHEHUS CaMOr0 «MEIJIEHHOTO» U CaMoOro
«ObicTporo» nyuet B OB mnuHO# L, Tmax U Tmin — COOTBETCTBYIOIIUE YACIbHbBIE
BpEMEHA paclpOCTPAHCHHUS.

Ha puc. 1 nmokazaHa 3aBUCUMOCTh yJIEIBHOTO BPEMEHH PACIPOCTPAHECHHUS
JUIS pa3JIMYHbIX 3HAYECHWU MHBapuaHTa B. M3 pucyHKa BUIHO, YTO MAaKCUMAJIBHOE
yJIETBHOE BpEeMs PACIPOCTPAHEHUS Tmax BCETA COOTBETCTBYeT BepxHeu (B = Nnyp)
i HuxHel (B = ny) rpanuile 1uana3zoHa HanpaBSIEMbIX JTy4eil:

Tmax = MaX [T(nlo )’ T(nZ )] (10)
t(B), Mxc/km Dm, HC/KkM
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Puc. 1. 3aBuCUMOCTH yIETHHOTO BPEMEHHU Puc. 2. 3aBucumocTh k03 dummerra MM/ ot
3aJIepP’KKHM OT BEJIMYMHBI MHBAPHAHTA nokazarens crernennoro [TITIT

N3 puc. 1 takke BUAHO, YTO YAEIbHOE BPEMSI PACIPOCTPAHEHUS IPUHUMAET
MHHUMAJIbHOE 3HAYEHUE I ONPEACICHHOIO 3HAYCHUSI NHBAPUAHTA B!

_ q+p
B = Nyo - - (11)

2-p
OaHako Iy4, COOTBETCTBYIOIIMI WMHBApUaHTy By, HE BCErjga YAOBIETBOPSET
ycaoBuio (4), TO ecTb OH MOXET He ObITh HalpaBiasgeMbIM. [103TOMY IS Tpin

MOJKHO 3aI11ucaTh.




©(Bp,) npu n, < B, <Ny

Fmin = min[t(nyo ) t(n,)] npu By, <n, , By >Ny (12

Chaydail Ty =T(n10):r(n2) COOTBETCTBYET MHUHHUMAIBHO JIOCTUKHUMOMY
kodppunmerty MMJI, kotopelii qocTuraeTcst nmpu mokaszaresne crermeHHoro TITTIT

PaBHOM OIITHMAJIBHOMY 3HA4YCHHIO!:

n Ny+N
— 2 10 2
qut :2__p—

13
Mo Mo (13)

[Tockonbky Bce Bxomsamme B (13) mapamMeTpbl 3aBUCAT OT JJIMHBI BOJIHBI,
ontumuzarus [T ¢ nenpro monaydeHuss MUHUMAaIbHOTO Kodhduimenra MM]]
BO3MO’KHA TOJIBKO HAa OJTHOM JUIMHE BOJIHBI.

[MupoxononocHoctb OB MoxkeT OBITh NPUONIKEHHO OIEHEHA T10
BBIPAXKCHUIO:

W =0.44/D,, . (14)

Jns OB, mnapaMerpbl KOTOpOro TMpHUBEAECHBI Ha puc. 1, mnomyyaem:
NA =0.212, By = 1.492, Qopt = 1.781, Dy min = 63 nic/km, Wax = 6984 MI'n-km.

3aBucumocts MM/ oT mokazarenss npopuias  UMEET OCTPbIi MHUHHUMYM
(puc. 2). IlockoabKy CymiecTByIOIIME TexHOJOruu wu3rotosineHus OB He
MO3BOJISIIOT BBIIEPKUBATh 3TOT MapaMeTp ¢ O0NbIIONH TOYHOCTHIO, B peanbHbix OB
MMJI 3HauuTeabHO OOJbBIIE MHHHMAJIbHO JIOCTHDKUMOM M COCTaBIISET
0.2—-2 Hc/xm.

N3 npencraBiieHHBIX BBIpXKEHUN BUJIHO, 4TO MM/ ¥ MIMPOKONIOIOCHOCTH
MM OB 3aBUCSAT OT AJMHBI BOJIHBI, TaK KaK OT JIJIMHBI BOJHBI 3aBUCST MOKA3aTEIN
MPEJIOMJICHUS CEPJILIEBUHBI N1g M 000s104KHK Ny OB.

3aBUCUMOCTh II0Ka3aTensl IPEJOMIICHHs KBapLEBOTO CTEKJIa OT JJIMHBI
BOJIHBI BJAJIM OT PE30HAHCHBIX YaCTOT XOPOIIO OIMCHIBAECTCS YPABHEHUEM BUJA!

k AI }\‘2
n(h)= > 55 +1, (15)
02 -2
KOTOpPO€ Ha3bIBAaIOT ypaBHeHUWeM wid psaoMm CennMeiiepa. B ypaBHeHue BXOAST

pPE30HAHCHBIC JUTMHBI BOJIH A U Oe3pa3mMepHbie KodhumueHTsr Aj, KOTOpHIC s
Pa3HBIX CTEKOJI IPUBEACHBI B Ta0JI. 1.

Ta6n. 1. Koadpdunmentsr Cemnmeiiepa it KBapLEBBIX CTEKOJ

CocraB crekJia (B

Bap.
MOJISIPHBIX IPOLIEHTAX)

AL A, Az M, MKM A2y MKM A3, MKM

O/HOKOMIIOHEHTHBIE CTEKJIA

Cunukammusle cmexnia

Hew. | 100% SiO, | 0.6961663 | 0.4079426 | 0.8974794 | 0.0684043 | 0.1162414 | 9.896161

JABYXKOMIIOHEHTHBIE CTEKJIA

dimopocuﬂmcamnbte cmeKna

wer. | 1.0%F,99.0%SiO, | 0.691116 | 0.399166 | 0.890423 | 0.068227 | 0.116460 | 9.993707

Fepmanueeo-cuﬂukamnbte cmeKaa

1 3.1% GeO,, 96.9% SiO, | 0.7028554 | 0.4146307 | 0.8974540 | 0.0727723 | 0.1143085 | 9.896161

N

3.5% GeO,, 96.5% SiO, | 0.7042038 | 0.4160032 | 0.9074049 | 0.0514415 | 0.1291600 | 9.896156

3 4.1% GeO,, 95.9% SiO, |0.68671749]0.43481505)0.89656582 | 0.072675189 | 0.11514351 | 10.002398




4 5.8% GeO,, 94.2% SiO, | 0.7088876 | 0.4206803 | 0.8956551 | 0.0609053 | 0.1254514 | 9.896162
5 7.0% GeO,, 93.0% SiO, |0.68698290 |0.44479505 |0.79073512 | 0.078087582 | 0.11551840 | 10.436628
6 7.9% GeO,, 92.1% SiO, | 0.7136824 | 0.4254807 | 0.8964226 | 0.0617167 | 0.1270814 | 9.896161
7 11.2% GeO,, 88.8% SiO, | 0.7186243 | 0.4301997 | 0.8543265 | 0.0634539 | 0.1277683 | 9.896181
8 13.5% GeO,, 86.5% SiO, |0.73454395|0.42710828 |0.82103399 | 0.086976930 | 0.11195191 | 10.846540
9 13.5% GeO,, 86.5% SiO, | 0.711040 | 0.451885 | 0.704048 0.064270 0.129408 | 9.425478
10 | 19.3% GeO,, 80.7% SiO, | 0.7347008 | 0.4461191 | 0.8081698 | 0.0764679 | 0.1246081 | 9.896203
11 | 3.5% GeO,, 96.5% SiO, | 0.7042038 | 0.4160032 | 0.9074049 | 0.0514415 | 0.1291600 | 9.896156
12 | 3.1% GeOy 96.9% SiO, | 0.7028554 | 0.4146307 | 0.8974540 | 0.0727723 | 0.1143085 | 9.896161

2. BanaHne U METOAUYECCKHE YKAZAHUSA 110 €I'0 BbINIOJHCHUIO

1. I[lonyunte y mnpenogaBarens Homep Bapuanta N. Omnpegenute cBou
UCXOJIHBIC JTaHHbIE JJIs1 pacyeTa napamerpoB MM OB mo Ta6a. 1. [l HedeTHBIX
BAapUAHTOB cuMTaiiTe 000104Ky MM OB H3roTOBIEHHOW W3 YHCTOIO KBapLEBOTO
CTeKJa, Uil YETHBIX — M3 (PTOPOCHIMKATHOro crekia. CepAleBUHy CUUTanTe
W3TOTOBJIEHHOM W3 TE€PMAHUEBO-CUJIMKATHOTO CTEKJIA, KOHUEHTPALUIO OKCHJA
repMaHusi BBLIOEPUTE B COOTBETCTBUH C BAPUAHTOM.

2. PaccumrtaiiTe 3aBHCHUMOCTH TOKa3areyel mpesomiieHus: ooosiouku Ny(A) u
cepaneBuHbl Nip(A) MM OB, a Takke rpynmoBOro mMokasaTess MPEIOMIICHHUS
CepALEBHHBI Nigg(A) OT JUIMHBI BOJHBI, HOCTPOWTE CEMEHCTBO TpadHKOB
3aBHCHMOCTEH BCEX MEPEUUCIICHHBIX TTapaMeTPOB.

3aBUCHMOCTH IIOKa3aTeei MpeIoMIICHUs O00O0JIOYKH Ny(A) W CepIeBUHBI
N1o(A) HCcaemyeMoro BOJIOKHA pacCYMTHIBAIOTCS 10 BeIpakeHHto (15). I'pymmoBoit
MOKa3aTeNb TNPEJIOMICHUS CepALEBHHBI Nigg(A) Ha onTtHueckoir ocu MM OB
paccuuThiBaeTcs 10 BbIpaxkeHuto (8). JIMMHY BOJNHBI CleAyeT H3MCHITh B
nauarazone ot 800 no 1400 Hwm.

3. Paccumraiite 3aBucumoctu yuciaoBoi aneptypsl NA(A) MM OB Ha ero
ONTHUYECKON OCH W BBICOTHI mpoduisi mokasatens npeinomsieHuss A(A) oT JUIMHBI
BOJIHBI, TOCTPOUTH COOTBETCTBYIOIIHE IPpapuKH.

Yucnosas ameprypa NA(A) u Beicota npoduis A(A) pacCYMTHIBAIOTCS IO

BeipakeHusM (6) u (1). JuHy BOJHBI clieayeT U3MeHsATh B AuanazoHe oT 800 1o
1400 aMm.

4. Paccumrairite IIIIII OB na mnnmuaax BomH 850 m 1300 HM, MOCTpOMTE €ro
rpaduKy.
ITIIIT n(r) paccuuteiBaeTcs 1O BhipaxkeHHIo (1). Pamuyc reore CEpIAIICBUHBI
MM OB npumute paBHbIM 25 MKM, [OKa3aTelib CTEIEHHOTO Npo(uiis (| IpUMUTE
paBHBIM 2.

5. Paccuuraiite 3aBUCHMOCTB (opt(A) ONTHMAIBHOTO IOKA3aTENsl CTEICHHOTO
npoduns MMOB mpu HacelmaromeM BO30YXKICHWHW OT JUIMHBI BOJHBI U
MOCTPOMTE rpaduK.

3aBUCUMOCTh
ucrosb3oBanueM (8).

Qopt(A)  paccumteiBaeTcst 1o  BelpaxeHmoo  (13) ¢



6. Paccumraiite 3aBUCUMOCTh KO3 duimeHTa Me:kMo10Boi aucrepcun Dp(A)
u mupokomnosiocHoctd W(L) MMOB npu HachllaroieM Bo30YKICHUH OT JITHHBI
BOJIHBI MPU MOKA3aTeJIe CTENEHHOTO MPOQuJIsi, paBHOM 2.

Dm(A) paccumtbiBacTcss 1o Beipakenusm (9), (10), (11), (12). W(Rp)
paccunThiBaeTcs 1o Beipaxkenuio (14). Jlnuny BomHbl u3Mensatb ot 800 mo 1400
oM. [lpu mnoctpoenuu rpaduka yCTaHOBUTH JOTapuMHUUECKH MacimTad 1o
BEPTUKAIILHON OCH.

7. Paccunraiite  3aBucumocth  kodpdummenra MMJL  Dp(q) wm
mpokomnonocioctd W(q) MM OB 1npu  HachlmamIieM BO30YXKIACHHH OT
nokasarens creneHHoro mpoduis ( Ha qmHax BomH 850 w 1300 BHM nmns
HACBIILAIOIIETO BO30YKIAEHUS, IOCTPOUTH IpapuKH.

Dm(Q) paccumteiBaeTcss mo Beipakenusm (9), (10), (11), (12). W(q)
paccunthiBactcss 1o BbipaxeHuto (14). Ilokasatens cremeHHOro mpoduIIs
u3MeHsaTh ot 1.6 nmo 24. Ilpu mnocTtpoeHun rpapuka  yCTAaHOBUTH
JorapupMUYECKU MacIITad MO BEPTUKAIBHON OCH.

8. PaccunraiiTe 3aBHCHMOCTD KO3 duIineHTa MEKMOa0BOM aucnepeun Dp(A)
u mpokomnosocHoctd W(A) MMOB nipu orpaHinueHHOM BO30YXKACHUU OT JUTHHBI
BOJIHBI IIPH MOKa3aTese CTETIIEHHOTO MPOQUIIsi, pABHOM 2.

JIns pacyera MpUHATH alepTypy UCTOYHUKA O PABHOU 10°. Paccrosinme Z ot
U3ITydaronien miomnaaku a0 Topua OB npusasaTs paBabiM 50 MkM. Paamyc obmactw,
KOTOPYIO UCTOYHHK 3aCBETHT Ha Topiie OB, onpeaenuTts mo BEIPaKEHUIO:

rs=2-1ga. (16)

JUis  ompeneNieHHMs TpaHUWI] JAWarna3oHa HaNpaBISIEMBIX JIyded TIpH
OrpaHUYECHHOM BO30yXJaeHUH HeoOxomumo 1o Qopmyne (15) paccuutarsb
MOKa3aTelb MPEJIOMIIEHUS N, COOTBETCTBYIOIINI paguycy .

Jlns onerku Dp(A) Oymem cuuTaTh, YTO MHBAPHAHTHI HAMPABISIEMBbIX JTydeit
YJIOBJICTBOPSIOT yCIOBHIO Ng < B < Ny, u ucriosib3oBath BeipakeHUs (9) u (11). Tmax
U Tnin OyIEM pacCYUTHIBAThH IO (popMyTam:

Tmax = MaX [T(nlo ), T(ns )]’ (17)
 [(By) npu ng < By, <Ny
Fmin = minfe(ng ), o(ng)] npu By, <N, w By, > nyg (18)

Jmuny BomHbl u3MeHATh oT 800 mo 1400 mm. Ilpu moctpoenun rpaduka
YCTaHOBUTH JIoTapu(pMudeckuit Macmrad 1mo BEPTHKAIHLHOU OCH.

9. Paccumraiite  3aBucumocth  kodpdummenra MMJL  Dp(q) wm
mmpokonojocHoctd W(q) MM OB mnpu orpaHu4eHHOM BO30OYKICHHU OT
nokaszaresnsi creneHHoro mnpoduias ( Ha guuHax BogH 850 m 1300 M 1os
HACBIILAIOIIET0 BO30YXKIAEHUS, IOCTPOUTH rpaduKH.

Dm(g) paccuuteiBaetcst mo Beipakenusm (9), (10), (17), (18). W(q)
paccuntbiBactcs 1o BbipaxkeHuto (14). Ilokasartenb cTenmeHHOro mpoduIs



m3MeHath ot 1.6 nmo 2.4. Ilpu mocrpoennn rpaduka yCTaHOBUTH
JorapuMuyecKuil MaciTad 1Mo BEpTUKAIBHON OCH.

10. Ins uccnenyemoro MM OB 1npu HachllalomeM W OTPaHUYEHHOM
BO30YXKICHUM ONPEICIUTE ONTUMajIbHbIE 3HAYCHHs TIOKa3aTelsi CTETCHHOTO
npouiIs 1 MaKCUMAJIBHO JOCTH>KUMBIE IIUPOKOIIOJIOCHOCTH AJIs JUIMH BOJIH 850 u
1300 =M.

11. Ouenute OMYCTUMBIA pa3dpoOC 3HAYEHUN TMoOKa3aTeasi CTENeHHOTrO
npoduis ¢, ecnu Tpedyemasi mmpokronosocHoctb MMOB cocraBisier He MeHee

50% OoT MaKCUMAJILHO JOCTHKHUMOTO 3HAUEHUS.

12. TIpoananu3upyiTe pe3ynbTaThl BCEX PACUETOB, CACTANTE BHIBOIBI.



