2.6. IlpakTyeckne M y4eOHO-MCCJEI0BATENbCKHE 3aJ4a4H ISl JIA3ePHBIX M
BOJIOKOHHO-OIITUYECKHX THMPOCKOIOB ¢ HCHOJb30BAHMEM KOMIIbLIOTEPHOI
MO/ eJIH

Kpamkue ceeoenua no meopuu

* B JjlazepHoM MM BOJIOKOHHO-onTHYeckoM rupockone (JII, BOI, unrepdepomerp CaHbsika)
peann3oBaHa Ues WUCIOJIb30BAHMS ONTHUYECKUX SIBICHHUU NI MONYYCHUS WHEPIUAIBHOW WHPOpMAIUn
[1-3,26-28].

 Mpunnun peiicteus JII' m BOI' ocHoBan Ha 3¢ dekre Canbska (1913).

B 3aMKHyTOM ONTHYECKOM KOHTYpE B MPOTHUBOIIOJIOKHBIX HAMPABICHUSX PACHPOCTPAHSIIOTCS JBa
CBETOBBIX Jy4a (puc.2.32). IIpu HEemOABMIKHOM KOHTYpPE Pa3HOCTh (pa3 000MX JIydeH, MPOLISAIINX BECh
KOHTYp, paBHa Hymto. [Ipu BpamieHuu KOHTypa BOKPYT OCH, HOPMAJIBHOW K €ro IUIOCKOCTH, (ha30BbIe
HaOeru Jydyel HeOIMHAKOBBI, U PA3HOCTH (Da3 JIydeil mponopuroHaIbHa YIIIOBOM CKOPOCTH () BpaleHus.

* OcHoBHoe npeumymiecteo BOI' nan JII': BenmnmumHa MacmrabHoro kosdduinenta B BOI'

CyIIecTBeHHO OoJibiie, ueM B JII, 3a cuet O0bII0# JITMHBI BOJTOKOHHOW HUTH (JIJTMHA BOJIOKHA 1-2 KM),
T. €. BOI' — npuGop, Oosiee 4UyBCTBUTENBHBIN K U3MEPSIEMBIM MTapaMeTpaM.

* KoHCTpyKIIUsA M1 MaTeMaTH4YeCKHe MOJIeJTH
JIA3ePHOI0 U BOJOKOHHO-ONTHYECKOTO TMPOCKOIIOB
% « ®a3za Canbsika B JII' m BOI'
H3JIVUATEID
ATON) 8nfS 8nS
Age =oAt="""0=""20="""0 @80
c? C AC
A = c/f —nyMHA BOJHBI, S — IJIOIIAIb KOHTYpa
o[c!]- kpyrosas uacrora, f[I']- uacrora;, ®=2xf.
Puc.2.32. 3pdext Canbsika

B KOJIBIICBOM OIITUYCCKOM KOHTYPC



1. Koabuesoii saaszepublii rupockon (KJII') - akTuBHBIM uHTepdepoMeTp, B KOTOPOM KOHTYpP
oOpa3oBaH TPYOKOM, 3alOJIHEHHOW aKTUBHOW ra3oBOM paboyell CMEChIO Ielus U HEOHA, U CHCTEMOU

3epKaJl, 00pa3yroIuX 3aMKHYTBIA MyTh, puc.2.33.
B
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Puc.2.33. KJIT': a) cxembl akTHBHOTO MHTEpPEpOMETpa U COBMEIIEHUS BOJIH Ha €ro Beixoae 1-3epkano; 2 — mpusma; 3 -
(b OTOANEKTPOHHBIN YMHOXHTEINb (DDY); 0) wyactotHas xapaktepuctuka JII';  B) koHCcTpykTHBHas cxema UD KJII' 1-
nuadparma; 2—-3epkania; 3- ONTUYSCKU KaHall C aKTUBHOUM Cpeoi; 4— yCTaHOBOYHBIE JIEMEHTHI; S- aHof;, 6— kartom; /—
coBmenaromias mpusma; @Y, ycrpoiicTBo 00paboTku nHGOpMAITHH

4S
« Pasnocth yacror B KJII'  Af=f - f,=—0Q (2.81)
L, - nepumetp ALy

2. BOI': 3aMKHYTBII KOHTYp 00pa30BaH MHOTOBUTKOBOM KaTyIIKOM CBETOBOJIOKHA, puc.2.34
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Puc.2.34. BooKOHHO-ONITHYECKUI TUPOCKOI, €r0 XapaKTEPUCTUKU U SJIEMEHTHI

* Paza Canbsika B BOI'
AnRL ., _8nNS, o h )

R — cpennuii pajanyc BuTKa, L — iiMHa BOJIOKHA, AQc = T -

N — gucio BUTKOB, Se — CpcaHsAa IIomaab BUTKA.



IorpemHocTn BOI 3a cuer TepMuyYeckH HHAYIHPOBAHHOI HeB3auMHoOCTH (3 dexT Schupe)

Amnanu3 norpemHocten [1-3,29] BOI' BbIsIBUI OAMH M3 OCHOBHBIX MCTOYHUKOB TEIJIOBOIO apeida -
HEB3aMMHOCTh (a3 BcTpeuHo Oerymux BoimH (et Schupe), BbI3BaHHAsS HECTAIMOHAPHBIMH
TEeMITEpaTypPHBIMH TPAaTUECHTAMHU BI0JIb BOJIOKHA. HeB3aMMHOCTh BOZHUKAET, €CJIM BOJIHOBBIE (PPOHTHI ABYX
IIPOTHUBOIIOJIOKHO OETYIINX JIyYeH TPOXOIAT OJHY M Ty JK€ 00J1aCTh BOJIOKHA 32 Pa3InNIHOE BPEMS.

» Ucxonnble moJioxkennsi u gopmyJia 1Jis TermyaoBoro apeiidpa Schupe

* B nuamnasone (-50 + +50)°C temmepaTyp 3aBHCHMOCTh MOKAa3aTeJIsl MPeJOMJIEHHsI OT TeMIIepPaTyphl:

ny =ny + hpT'(G,0), (2.83)

SIEKTPOHHOE | — 9 (2
YCTPOIICTBO

OBPABOTKH _..‘J’th

« Hecraumonapuoe remmneparypHoe mojie BOI'
IIPEJICTABIISECTCS B BUJIE!

| SOTOIETEKTOP |

TEDH=T - fit)- f,(6), @84
B OHTVE
mraemh | AN T e  bespasmepnas dynkius f,(E) B Buae psga Oypwbe:
JAHOT
0<E<2/=L
X [ .i
O =2+ Sa cos™ 1 psin'™S  (285)
i—1 / /
“+— ITCE_, 2€ a
== j f,(E)cos—=dg b == j fz(a)sm—dé (2.86)
Lo
 Cornacho [1-3,29], hbopmyna /i yIrioBoi cKOpocTH Aperida, cocTapistomas
OCHOBY MaTeMaTH4eCKOH Mo/IeJIu Ter1oBoro apeida Schupe:
R i L o L b 87
— cpennuii pauyc BuTka, L —amaa sonokka, Q; (t) =-T"— 1’1 (t)(hT + oy 0)n10 Z_ :
— KTJIP, T — max TeMueparypHbIii mepemna. 21R '



* UccaenoBanue MOCTPOEHHBIX MaremMarudeckux wMoaeiaed BOI' u  ero japeiiga
MPeICTABJIEHO JaJjiee NPU PelieHNH Y4eOHO-UCCJIeI0BaTeIbCKOM 3adayuu 2.12u.

IIpakTuyeckue 3a1a4u 1-ro ypoBHS CJI0KHOCTH

3az[atm AJIA CAMOCTOATCIBbHOI'O PCIIICHUSA

3aoaua 2.32. B uarepdepomerpe CaHbsKa, pacmoyOKCHHOM Ha Bpalllaromieics
margopMe, Jdyd CBETa OT HMCTOYHHMKA S € JUIMHOM BOJIHBI A pazfensierca ¢
nomoIiplo aenutens BS na gBa nmyda, koTtopeie ¢ momoinbio 3epkan M1, M2
HAIPaBJISIOTCS HABCTPEUY JIPYT JIPYTy MO CTOPOHAM HPAGUIbHO20 MPEYZOIbHUKA
¢ nepumeTpoM L. Ompeneants no dopmyne (2.80) BeanunHy (Ga3oBOro casura
Canpsika A, BOZHUKAIOIIETO MKy MHTEPHEPUPYIOITUMHA BOJTHAMHU Ha BBIXOJIE
PD unrepdepomerpa, npu BpalleHuu miatGopMsbl C YIIIOBOH CKOPOCTHIO (.
8nS

S — momaas KOHTYpa A~ = ——0  (2.80)
Pc e

3aoaua 2.33.[31]. B wunrepdepomerpe CaHbska, pacHOJIOKCHHOM Ha
Bpalaroiieics miargopMe, Jyd cBeTa OT HMCTOYHMKA S C JJIMHOW BOJIHBI A
paszeisieTcs ¢ MoMoIpio0 aenutens BS Ha nBa myda, KOTOphIE ¢ TTIOMOIIBIO 3e€pKal
M1, M2, M3 HanpaBisitoTcsi HaBCTpeuy JPYyr APYry IO CTOPOHAM Keadpama ¢
nepumeTpoM L. Omnpexeants 1o dopmyne (2.80) BeauuwmHy (ha30BOro caBura
Canbsika A@, BO3HHUKAIOIIETO MEXIYy HMHTEpPEPUPYIONTIMMHU BOJHAMH Ha BBIXOJEC
PD unTtepdepomerpa, mpu BpalleHUH MmIaTHOPMBI ¢ YIIIOBOM CKOPOCTHIO L.

3adaua 2.34. B unrepdepomerpe CaHbsika, pacmoyiOKEHHOM Ha Bpallarolieics
niargpopMe, Jdyd CBEeTa OT HUCTOYHMKA S C JJIMHOW BOJHBI A paslensieTcsl ¢
oMot nenurtens BS Ha aBa myda, kotopeie ¢ momorteio 3epkan M1, M2, M3,
M4, M5 HanpaBisitOTCS HaBCTpeUy JApPYyr JpPyry IO CTOPOHAM HPAGUIbLHO20
wecmuyzonvhuka ¢ nepumerpom L. Ompemeauts no ¢opmysne (2.80) dazoBbrit
caeur Canbsika A@, BO3HUKAIOIMIMNA MEXIy HWHTEpGEpUpYIOMKUMH BOJHAMH Ha
Bbixozie PD untepdepomerpa, npu BpaileHuu miarGopMbl C YIIIOBON CKOPOCTHIO (.
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3aoaua 2.35. BOI" pacnonoxen Ha mardopme. [lmardopma Bpamaercs ¢
yrinoBoii ckopocthio Q =1c¢?t = const. Ceer ¢ amunoit BoiHb A = 0,63 MKM
OT CBETOMO/Ia S BBOJUTCS B BOJIOKHO, pa3zeiisieTcs B pa3BerBurene BS Ha
JIB€ BOJIHBI, KOTOPBIC PACIIPOCTPAHSIIOTCS HABCTPEUy APYT PYTy C pa3HBIX
KOHIIOB BOJIOKHA, BO3BpallaloTcs K pa3BeTBuTento BS u ckianpiBarorcs B
BBIXOJHOW BOJIOKOHHOW BETBH, a 3areM Ha ¢otompueMauke PD. OOmas
mHa BojokHa L=1000 m. OHO ynoXeHO Ha KaTylIKe B KOJIBIIEBYIO OYXTY,
cpenuuii quamerp koropoit D = 0,1 M. CkopocTh cBeTa npuHsTh ¢ = 3-108
Mm/c.

Onpeneauth aHATUTUYECKM M YHUCICHHO B JIONSAX 7, TIOJIB3YACH
dopmymnamu (2.82), (2.93), dasy Canbsika AQ MEeKIY HHTEPPEPUPYIOIIUMU
BOJIHAMH Ha BBIXOJI€ TUPOCKOTIA.

PaTogeTekTop

4mRL 87NS
Apr =————Q=—"5Q (o, Q(t) =0, + et (2.93
e =— o 28 () =Qg +&t (293)

K 3amagam 2.35, 2.36

3aoaua 2.36. [31]. BoiOKOHHO-ONITHYECKUI THPOCKOIT PacroiokeH Ha miargopme. Inardpopma HaumHaeT
BpallleHUE U3 COCTOSHUS MOKOS C YIIIOBBIM yckopenuem &= const=0,01c¢?. Caer ¢ anunOo# BoiaHb A= 0,63
MKM OT MCTOYHWKA S BBOAMUTCS B BOJIOKHO, pazfeisercs B pa3BeTBuresic BS Ha nBe BOJHBI, KOTOPHIC
PacIpOCTPaHSAIOTCS HaBCTPEUy APYT PyTY € pa3HbIX KOHIIOB BosiokHA jairHOM L=1000m.

[Ipoitnst BomokHO, yiaoxkeHHoe B Oyxty m3 N =3185 KOJbIIEBBIX BHUTKOB, BOJHBI BO3BPAIAIOTCSA K
pa3BeTBUTENO BS 1 cKagpiBatoTCA B BHIXOJHOM BOJIOKOHHOM BETBH, a 3aTeM Ha goronpuemuuke PD.

C momormrsio 3TOoro QoTonpueMHrKa peructpupyercs curHan uHTepdepennmmu U(t). Cropocth cBeTa
IpUHSTH paBHOM €=3-108 M/c.

OnpeaeauTh aHATUTHYCCKH, U YUCICHHO B JOJAX T, MOJIB3ysIch Gopmynamu (2.82), (2.83), mepuon T
uHTephepeHInoHHoro curnana npu ¢gasze Canbsika A = 27 pa.
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3a0aua 2.37. (OCHOBHBIE COOTHOIICHHS JUISI OINTHYECKUX THMPOCKOIIOB, AnR? 4S

ocHOBaHHBIX Ha a(dekTe CaHbsiKa, ’TO PAa3HOCTh BPEMEHH ITPOXOXKACHUS JTydeit Y 2 2
4wS 8nfS 8nS
u crenyromast u3 Hee (asa Canpsika A9 = @AL= o2 Q2= o2 Q= e Q

B otux popmynax macmradusie kodpdumueHTsr Ky, Ky, MEXIy U3MepsieMO YITIOBOI CKOPOCTHIO L)
U BBIXOJTHOW XapakTepucTuko At umm A¢ He 3aBHCAT OT MOKAa3aTessi NMpeoMJIeHusT N Cpelibl, B
KOTOPOU PacIpOCTPAHSIETCS CBET.

Jloka3arh, MOJIb3YSICh HUKECIEAYIOIUM YKa3aHUEM, YTO ITO YTBEP:KIeHHe CIIPaBeIJIHBO.

Ykazanue. JIna nokazarenbCcTBa BOCIOJIB30BATHCS CIACAYIOMIMMU MPEINOI0KEHUSIMU, TTOJIOKEHUSIMU U
dopmymamu teopun BonHOBOM ontuku [30,31]. PaccmarpuBaeTcsi KONBIECBOH ONTHYECKHH KOHTYP
panuyca R, Bpalaromuiics ¢ yriioBOi CKOPOCThIO {2 OTHOCUTEIBHO UHEPIIMATIBHOTO MTPOCTPAHCTBRA.

Iyt BCTpEeUHO ABMKYIIMXCS Jdydelt 3anuceiBatores B Buge V, t, =2nR + RQt,, V.t =2nR - RQt,

rne V, , t, - CKOpoCTh U BpeMs pacIpOCTPAHECHUSI CBETA B CpeJlie C MOKazaTeJeM MPEeIOMJICHHS N B
HaIlpaBJICHUU BPAICHUs] ONITUYECKOTO KOHTYpa; V_, t - CKOpOCTh U BpeMsi paclpOCTpPaHECHUS CBETA B TOM
e cpejie MPOTUB HAMPABJICHUU BPAIICHUS] ONTUYECKOrO KOHTYpa.

3aBUCUMOCTH CKOPOCTEN paclpoCTpaHEHUsI CBETA B CPEJIe OT MOKa3aTess MPeJIOMIICHUS] UMEIOT BUJL:

V, = c/n + RQ(1-1/n?), V_=c/n - RQ(1-1/n?),

e C - CKOPOCTh CBETa B BaKyyMe; (1-1/n?) — kosdpduuument ypneuenus (drag coefficient),
OKCIIEPUMEHTAILHO OINpeCICHHbIM B ombiTe ®U30 ¢ JBWXKYIICHCA JXUAKOCTHIO B  KOJIBIIEBOM
uHTepPepoMeTpe 1 000CHOBAHHBIN B CHEIUATIBHON TEOPUU OTHOCUTEIHHOCTH.

Ha ocHoBe mepBbiX JIByX ¢opmyn coctaBuTh At=t,-t. u mpeoOpa3oBaTh MOJYYEHHOE BBIPAXKEHUE C
y4€TOM BTOPBIX ABYX (popMyl u TOro, uto C >> RQ).

SMERTPOMHOE | — Q)
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Y4eOHO - uccie0BaTe/IbCKasi 3a1a4a 2-10 YPOBHS CJI0KHOCTH

3a0aua 2.12u. TlpoBecTH aHAJUTHUYECKOE U  YHCJIIEHHOE Bl

HCCJICAOBAHNC BOJOKOHHO-ONITHYECKOT0 rupockona (puc.2.3). —Jou
(]

qacmb A T BOJIOKOHHEDT

Wcnonw3ys matemarndeckue Mmoueian (2.82)-(2.87) mpoBecTH aHANU3  [eroms cmmToTmITE: o

BOI, BBIIBUTH €r0 OCHOBHBIE OCOOCHHOCTH, MPOBECTH KAUYECTBEHHYIO H iR

KOJJMYECTBEHHYIO OIEHKY TePMHUYECKH WHIYIHUPOBAHHON MOTPENTHOCTH

rupockorna (apeid Schupe).

MOIVIIATOP

Yacms b.
IIpoBecTn YMCIIEHHBIE KOMIIBIOTEPHBIE SKCIIEPUMEHTHI C IMOMOIIBIO MMPOrPaMMBbl YHACIEHHOTO PELICHUS U
auHaMuueckor Busyanuzanuu ~VOG”, NoATBEPAUTH MOJYYCHHBIE aHATUTUYECKUE PE3YIbTaTHI.

Ilpumep peuwrenusn yueono-uccineoosamenvckoit 3aoauu 2.12u

Qacmo A.

AnRL 8nNS
OcHoBHOe cooTHomIeHHUE (2.82) mokassiBaeT, uTo (paza CaHbska AQc = T Q=—"760
MPOTOPIIMOHATIFHA U3MEPSIEMO YITIOBOM CKOPOCTH MOJBHKHOTO OOBEKTA: AC AC

o L ¢ = b,
Ananu3 cootHomenuii (2.83) - (2.87) mns npetida Schupe. Qr)=-T 27R O +or nlO)nmElT
» Tepmuuecku unayupoBanubiid Apeiidh BOI' uMeeT MecTo npu HeCTAIMOHAPHOM TEMIIEpaType.
* B (2.87) Bxomar Tonpko ko3 dunments b; psnoB ypee, "oTBeuatone" 3a HEYETHOCTb (QYHKIINH
temnepatypsl f,(£) mo mune Bonokna &. Ecnu f2(§) uetHas no & (ciMMeTpUYHO#N OTHOCUTEIHLHO OCH
NEPIEeHIUKYISIPHON TPOJI0JILHON OCH BOJIOKHA M MIPOXOJIAIIIEH Yepe3 ero IEHTp), TO Apeii MUHMMAJIEH.
* Oco0eHHOCTb peaibHbIX KOHCTPYKIUK BOI' - BOTOKHO HaMaThIBA€TCSl HA KaTyIIKy B BUJI€ OyXTHI.
Binusinue TeMreparypHbIX NepenajgoB Mo MWIMHAPUYECKUM KOOpAUHATaM I, ¢, Z IPOSBIISETCS MPU 3TOM
B TOM, YTO BOJIOKHO MPOTPEBACTCS MEPUOANYECKH HEPABHOMEPHO Ha Pa3IMYHBIX yyacTkax. liMeroT
MECTO “TemIoBbIe MOJ0ChI” Pa3IMUYHON CTPYKTYPHI 0 JJIMHE BOJIOKHA, KOTOPBIE MTO-Pa3HOMY BIUSAIOT Ha
teroBoi nperid BOT.
* B [1-3,30] nokazaHo, 4To HanboJiee HEOIArOMPUATHBIMU, C TOUKHU 3PEHUS BIUSIHUS Ha TEIJIOBOM JIpend
BOI, saBisitoTcsi HecTAMOHAPHBIE TEMIIEPATYPHbIE NMepenaabl 110 PaANyCy HWIMHAPUYECKON OyXTHI.



Paccmorpum koHKpeTHBIC BUIBI Oe3pa3smepHbix pynakiuit fi(t), f,(&)
f,(t)=At+B(l—e ") +Csinot f,(t)=A+Bye ™ + Cocoswt (288)
1. IlycTh TemmnepaTypa U3MEHSETCS BIOJIb BOJIOKHA MO JIMHEHHOMY 3aKOHY

o<e<2=L  F,(§)=&/L (289)

Koaddurmentst psaga Oypobe qis 3Tou % 0 2
. PrE PR A b, /i b. _ 1 Zg=_lzi=_1.n_:_ﬂ (2.90)
byHKIIMY, BeIUUCICHHBIE 110 (2.86), i i i wl i - 6
2. ITycth TemrepaTypa U3MEHSETCs BIOJIb BOJIOKHA MO -
o f, (&) =sin(ng/¢) (2.91)
PMOHHYECKOMY 3aKOHY, KaK HeueTHast (DyHKIIAS KOOPIUHATHI &
AUEKRTPOHACE | —# () © b 9 1
S | fou Bhipaykenne == (292
EA
; N3mepsiemas yrmioBast CKOPOCTh
____ Tmm oo P Y p Q(t)=Qy +et  (2.93)

[MOJIBMKHOTO O0OBEKTA:

Hcxonnblie nanubie 1 mozaened BOI (2.82) - (2.93):

SA30BBIT
MOIVIIATOP

- mIapaMeTphl IBHKEHHS 00beKTa Q,=0+1c?t £=0+0,1c?

- IapaMeTpbl TEMIIEPATYPHBIX BO3MYILICHUN
T°=0+100°C; AB,C=0+1; v =0,001+0,1¢!; ® =0,001+0,1c;

- XapaKTepI/ICTI/IKI/I BOJIOKHA U I/I3queHI/Iﬂ
L =(100-1500) m: R=(0,04 = 0,1) m:  A=(0,63 + 1,55) mxnr; ¢=3-10°
Mm/c.




3ajaHus 1 CaMOCTOSITEJILHOM PadoThI

WccnenoBath, ¢ MOMOIIBIO TTpOorpaMmbl JuHamudeckor Buzyanuzanuu ’VOG”, BiausiHue
pa3IuyYHbIX (HAKTOPOB HA (YHKIITMOHUPOBAHUE BOJJOKOHHO-ONTHUYECKOTO TUPOCKOTA.

A, IMEHHO:

1. Biusinue Ha a3y CaHbsika U3BMEPEHUS MOCTOSHHON U MEPEeMEHHOMN YIJIOBOM CKOPOCTH
MOJIBUAKHOTO OOBEKTA.

2. Bnusaue Ha a3y CaHbsika TeOMeTpUUECKUX TTapaMeTpoB L, R BoJiokHA, IJTMHBI BOJIHBI
A U3TTyYEHUS.

3. UccnenoBanue TepMUyYeCcKy HHIyIUPOBaHHOTO Apeiida BOI™:

- IpH pa3IMIHBIX 3aBHCUMOCTSX f,(§) TemMmepaTypHBIX mMoJeii B BOJIOKHE,

- mpu pa3nmuyHbIX 3akoHax fy(t) (TMHEWHOM, SKCMOHEHIIMATHLHOM, TapPMOHUYECKOM)
U3MEHEHUS TEMIIEPATYPHI B BOJIOKHE;

- NpU Pa3IUYHBIX TEMIIEPATYPHBIX, TEOMETPUYECKUX U JPYyTUX XaAPAKTEPUCTUKAX
BOJIOKOHHOTO KOHTYa.
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