3. 3akoH CtecpaHa-bonbumaHa

B npenpiaymmeit riaBe Ml BBIBEIH 3aBUCHMOCTH TUIOTHOCTH SHEPTHH M3IYYEeHUS OT 9acTOTHL. Bo MHO-
TUX 3aJa9ax HMCIOIB3YIOTCS MHTETPAIBHBIC MO CIEKTPY XapaKTEPUCTUKU: TUIOTHOCTH DHEPTUH, WHTECHCHUB-
HOCTb 1 MOTOK. CHavaia BRIYHUCIMM TUIOTHOCTh SHEPTUHU. 3aTEM OIPENCINM TTOHSATHSI HHTEHCUBHOCTH U T10-
TOKa ¥ BbIBeeM (GOpMyJTy Uil TIOJTHONH MHTEHCHBHOCTH. B KOHIIEe T7aBbl chopMyIMpyeM MOAETs TPAHULIBI
W30TPOITHOT0 HCTOYHUKA, B paMKax KOTOPOH cripaBemnuBa hopmyna Credana-bonpumana.

3.1 UlumeepanbHas no criekmpy NJI0MHOCMb 3Hepauu
[Ipounterpupyem Gopmyny (4.7) rnaBsl 2 Mo BceMy HHTEPBAITY YacTOT:
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TMOJIy4YuM, 4TO IJIOTHOCTH SHEPIrUHr MPOIOPHIHUOHAIbHA ‘IGTBépTOﬁ CTCIICHU TEMIICpAaTypPhl:
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Brruucnum 6e3pa3MepHbIii HHTErpall B paBoii yactu nocienneil popmymsl. OH sSBiIsSETCS YaCTHBIM CIydaeM
UHTErPaJIOB BUJA
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COOTBCTCTBYIOIIIUM N = 4. Pa3moxxum ,Z[pO6L B NIOABIHTCTPAJIBHOM BBIPAXKCHUU
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HckoMprit HUHTCrpall NpE€aACTaBIACTCA B BUAC psAaa
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CymMa B mocneiHe (hopMyJie u3BecTHa Kak a3erta—(yHKuus Pumana:
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Brimummem psin e€ 3HaueHU, HEKOTOPBIC U3 KOTOPHIX MOHAA00ATCS HaM B AalbHEUIIIEM:

n &(n)

AHAJINUT. YHUCJIIO
2 ’/6 1.645
3 1.202
4 /90 1.082
5 1.037

Oynknusa {(n) UMeeT aHAINTUYECKOE BBIPKEHHME MPU YETHBIX 3HAUCHUAX apryMmeHTta. MTak, MHOXHUTENb
MpOonoOpuruOHAJIBHOCTHU B q)OpMYJ'IC, BBIpa)KaIOI.LICfI 3aBUCUMOCTD INIOTHOCTU SHEPIUN U ot TEMIICPATYPhI T:
(1.1) U=aT,

paBeH
mk?
15008

(12) a= 7.56464-10"° spr o K.

B nocnenneit popmyiie mprcyTcTBYeT nocTostHHas bonpmana
k=1.380210"" spr/K,

O3HAYaroIIasl, YTO TEMIIepaTypa B HEH BbIpaxkeHa B rpanycax KenbBuHa.

HMHorma MHOXUTENb a Ha3bpIBalOT MocTossHHON Credana—bonsivana mis mmoTHocTH SHeprun. Hc-
MoJIb3yeTCs Takxke apyras popma 3akoHa Credana—BosbiiMaHa, CBA3bIBarOIIas MOJHBINA MTOTOK F M TemIe-
paTypy 4€pHOro Tena:

F=oT"

YrtoOBb!I ONpeenuTh BENUYHHY G, HEO0X0IUMO chOpMyIHPOBATH MOJIENb, B KOTOPOH TIOTOK OT YEPHOTO Telia
oTIMYeH OT HyJs. Takas Monmenb OyJeT W3JI0XKEHa B CIEAYIOIIUX pa3lienax, a ceiiyac BBIYHCINM TOJIHOE
4UCIIO KBAaHTOB Ny B €AMHUYHOM 00BEME 4€pHOro Tena. JlIst 3TOro NpoMHTErpupyeM IO BCEM 4acTOTaM
¢dopmyy (4.8) BTOpOIi I1aBHI:
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Ecnu uzmepsate TeMmneparypy B rpaaycax KenbBuHa, TO
(1.3) Ny~203T.

B kauectBe mpumMepa OIleHHM IUIOTHOCTH YHMCIIa (JOTOHOB PEIMKTOBOTO H3IIyYeHUs, TeMIepaTypa Ko-
TOPOTO, KaK U3BECTHO, paBHa 2.73 K:

N, ~400 (I)OTOI;IOB
cM

[locnenHss BennYrHA 3HAYUTEIHHO MPEBBINIACT CPEIHIOK IUIOTHOCTH YacTHIl BO BceneHHOMN, KoTOpas 1o
-3 -3 —6 -3
pa3HBIM OIIEHKaM JIeKUT B Auana3zone ot 107 cm ™ g0 10 cm .

3.2 OcHOBHbI€e MOHSIMUSI meopuu U3Jly4eHusi

Onucanue moJjs N3JIYUCHHA OCHOBAHO HA MOHATUN MHTCHCUBHOCTH KaK OHECPIuu, HpOTeKaIOHIeﬁ qgepes3



€IMHUYHYIO TJIOHIA/IKYy 3a €IWHUILy BPEMEHH B 3a/JlaHHOM HaIlpaBJIEHUH B M30paHHOM WHTEpBaje 4acToT.
XO0Ts MHTEHCUBHOCTD SIBIISIETCA XapaKTEPUCTUKOM TONBKO MO U3IyUYeHHS W HE 3aBHCUT OT crocoba mu3Me-
peHus, U1 e€ onpeeeHns 0Ie3H0 BBECTH MPEICTABICHUE O HEKOTOPOM aOCTPaKTHOM NMPHOOpe, KOTOPHIN
MBI Ha30BEM «KOHTPOJIbHOM MIIOMIAIKON.

KontponpHo#i miomaakoii OyeM cUuTaTh MIIOCKYI0 MOBEPXHOCTh HEOOMBIINX pazmepoB (puc. 2.1),
Ha KOTOpoil 3amaHo HampasieHue. O003HaunM depe3 AS e€ miomanp, a N — MepneHANKYJSIPHBINA eil enu-
HUYHBIA BEKTOP.

AS

e

Puc.3.2.1 KonTponsuas miomaika

HamnpagsnieHre u3mydeHus XapaKTepU3yeTcsl NByMs BEIMYMHAMHU: BEKTOPOM K ¥ TelecHbIM yriiom AQ
BOKpYT Hero. [Ipu u3BecTHBIX K 1 AQ TOBOpPSAT 00 «HM3IydyeHUH B HAMPABICHUH K BHYTpH TEIECHOTO yTiia
AQy. NHoraa peub UAET MPOCTO 00 U3TYUCHUH B ONPEACIEHHOM HAMpaBieHUN K, TIPH 3TOM TEIECHBINH yroi
AQ) mogpasymeBaeTcs.

MHTeHCUBHOCTBL

[lonsiTHe MHTEHCUBHOCTH Na€T HanOoJee MOJTHOE MPEACTABICHHE O MPOCTPAHCTBEHHOM M YaCTOTHOM
pacmpenencHuN GOTOHOB (TIPH HEOOXOIUMOCTH — ¥ O COCTOSHUSAX TOJISIPU3AITIH ).

Bnauane COCPEAO0TOYMM BHUMAHUE HA TOM YacTH U3JIYyUYCHU, KOTOpas MPOXOAUT B HAIIPABJIICHUN BCK-
Topa N. Bemmanuer AS u AQ) TIOJIOKUM HACTOIBKO MaJbIMH, YTO M3IYYCHHE MOXHO CUUTATh OJHOPOIHBIM
BJIOJTH TUIOMIAIKY W HE 3aBHCSIUM OT HaIlpaBlIeHUs BHYTpH TenecHoro yria AQ. byxem cnennTs 3a mpoxo-
KACHUCM U3ITYYCHUA B TCUCHUE CTOJIb KOPOTKOI'O MPOMEKYTKa BPpEMCHU, YTO HUKAKHE €0 XapaKTCPUCTUKHA
HE yCIEBAaIOT M3MEHUThCA. B Takux ycnoBuax koiumdecTBO 3Heprum AE, mporekiieil yepes mioniaaxky 3a
BpeMs Af B MHTEpBaJie 4acTOT A, MPOIOPIHOHATRHO Tpou3BeneHuio AS-AQ-Aw-At. CnexoBaTrensHO, OT-
HOIIICHHUEC

(2.1) AE

AS - AQ - Ao - At

HE 3aBHCHT OT Pa3MepOB KOHTPOJBbHOW IUIOMIAIKH, MPOJIOLKUTEILHOCTH U3MEPCHUS U BBIOPAHHOTO yriia
pacTBopa.

Ho mocnenuioo ¢hopmyity emié Helb3si CYNTATh MOJHOIEHHON XapaKTePUCTUKOM OIS U3TyUEHHsI, TaK
KaK OCTajach 3aBUCHMOCTh OT HApaBJICHUS IUIOMAIKH. J[EHCTBUTENIBLHO, €CITH HAKJIOHUTD IUIOMIAAKY Tak,
4TO BEKTOPHI K ¥ N 00pa3yioT yroi 6, To B TOM K€ CaMOM TI0JIE€ U3TyYCHHUS] KOJTMIECTBO SHEPIHH, TPOIIE/I-
IIeH Yepe3 TUIOIIAIKY, YMEHBITUTCS IPOIOPIIUOHATIBHO |cOsO)|.

Bennunna sHepruu, NpoTeKaoneil CKBO3b IUIOMIAIKY, MPOMOPIHOHATIbHA TUTOMIAIH ¢€ MPOSKIMHA Ha
IJIOCKOCTH BOJTHOBOTO (PpOHTA:

AE oc AS cos6.

Takum obOpazom, ecimi Az, AS 1 AQ) YIOBIETBOPSIIOT YCIOBUAM MPUMEHUMOCTH (opMyis! (2.1), To oTHOIIIE-
HUE

AE
AS cosO A AQ At

YK€ HC 3aBUCHUT OT HAIIpaBJICHUSA KOHTpOJIBHOﬁ Iiomaaku U MOXET OBITH IIPUHATO B KAY€CTBC XapaKTCpH-



CTHUKHU MOJIA U3TTYyUYCHU.
Yerpemum k Hyio AS, Ao, AQ u At. [lomydatomuiics B pe3yJIbTaTe Mpeaes Ha3pIBaeTCs HHTCHCHBHO-
CTBIO:

(2.2) dE

I = .
Y dS cosB dQ do dt

WHTeHcuBHOCTS sBIsieTcsl yHAAMEHTAIbHBIM MOHATHEM. B cilydae aHW30TPOITHOTO MOJISI U3yUYeHUS! UMEH-
HO 4epe3 He€ BBIPaKaloTCs BCe Ipyrue QyHKIUH HapaBieHNUs U YacTOTHI.

«Bxopsawasn» u «BbiXxoasLwas» 3aHeprus

HMHTEeHCMBHOCTDh BCETJAa CUMTAETCS MOJIOKUTEIbHONW BEJIMYMHOM, UYTO 3aCTaBIs€T HAC IMPUIIKMCHIBATH
OTIpENICIEHHBIN 3HAK MPOXOMAAIIEH uepe3 miomanaky Hepruud AE. A uMeHHO, U3 MOJIOKHUTEIEHOCTH OTHO-
menust AE/cosO B (2.2) cienyer:

2.3) AR >0 mpu 0<m?2
' <0 nmpu O<m2

W3 naHHOTO COrJIAIIeHUs BBITEKACT CICAYIOIas TEPMUHONIOTUSA. Eciu O — OCTphIit yro, To TOBOPAT, YTO
M3Iy4YeHHE «BBIXOANTY» U3 IUIOMAIKH, a TIPU TYHOM yTiie 6 OHO «BXOAWT» B HEE. DTOM yCIOBHON TEPMUHO-
JIOTUU MBI OyJieM MpUACPKUBATHCSA B AaibHeimeM. OHa OnpeeNseTcs BBIOOPOM 3HAaKa HANpPaBICHHS BEK-
TOpa N BIOJIb NEPHEHAUKYJISIpa K KOHTPOJbHOM momaake. CMEHUB HAaIpaBICHUE N HA MPOTUBOIOJIOKHOE,
MBI [IPEBpAIlaeM «BXO/AIIEe) U3TYUCHHE B «BBIXOIIEe» U HA00OPOT.

Y4éTt cummeTpun

Beeném chepuueckyro cuctemy koopawHat (puc.3.2.2). Hadano orcuéra momemaeMm B IICHTP KOH-
TPOJBHOH TUIOIIAAKH, a HanpaBjeHne Ha monroc P Beibepem Brons BekTopa N. [Ipu Takom BeIOOpE oceit
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Puc. 3.2.2 Cdepnucckan cucrema

KOOPIAHAT.
MOJIIPHBIN YTOJI HEKOTOPO# TOYKM M COBIagaeT co BBEAEHHBIM paHee yriom 0 Mexmy Bektopamu N u K.
ITlmockocTh 3KBaTOpa COBNAAAET C KOHTPOJIBHOH IJIOMIAAKON. AZUMYyTalbHBIN yTOJ () OTCUUTHIBAETCS BAOJIb
9KBaTOpa OT HyJieBoro Mepuauana PG.

Bo Bcex pemraeMbIX HamMM 3aJlavyax MoJIe U3My4YeHHs 00JalaeT TOCTATOYHO BBICOKOH CTEIEHBIO CHM-
METpUH; 10 KpaiiHe#l Mepe, OHO BCeTa IMINHAPUIECKH CHMMETPHYHO. DTO 00CTOSTENLCTBO MBI YUUTHIBA-
€M COOTBCTCTBYIOUIUM BBI60pOM KOHTpOJIBHOﬁ IJIomaaKu, HalpaBJidgsd BEKTOP N BOOJb OCHU CUMMCTpPUH.
Hampapnenne HymeBoro MepuauaHa MOKHO BBEIOMpAaTh MPOM3BOJIBEHO, TaK KaK OT a3UMYTAIBHOTO yIia @
WHTEHCHBHOCTh HE 3aBUCHUT. [103TOMY WHTErprpOBaHHE MO () B TAHHOM CIIy4ae CBOJIUTCS MPOCTO K YMHO-
JKeHUIo Ha 27. B manpHelimeM MBI OyleM CUMTaTh, YTO CHCTEMa OTCYETa BEIOpaHA MMEHHO TaKUM 00pazoM,
YTO WHTEHCHUBHOCTH 3aBHUCHUT TOJBKO OT IOJIIPHOTO yruiia §, a MpH WHTETPHPOBAHHUH TIO TENECHOMY YIIIY
CHpaBeNINBO PAaBEHCTBO



(2.4) % £(0)dQ = 2nf1m(e) £(9)do,

MO3BOJIAIONIEE CBECTH ABYMEPHBIM MHTErpajl K OZHOMEpHOMY. 31ech f{0) — mobas QyHKIHs HONIPHOTO
yria.

MoTok

Cpezu/l KOCMHYECKHX 00BEKTOB BCTPCUACTCA MHOT'O moYe4HblX NCTOUYHUKOB M3JIyUYCHHA, TO €CTh, UC-
TOYHHUKOB, YIJIOBBIC Pa3sMEPbl KOTOPBIX 3HAYUTCIHBHO MCHBIIIC pa3pemaromel71 crocobHoCcTH Teneckomna. K
HUM OTHOCATCSA MPAKTUYCCKU BCC 3Bé3Z[LI, KpoMe COJ'IHI_[a. [loHsATHE HMHTEHCHBHOCTH AT U3JIYUCHHUA TOYCY-
HBIX UCTOYHHUKOB JIMIICHO CMbICJIA U IJIA HUX IMOJIBb3YIHOTCA I[perﬁ BEIIMIYUHOU — TTOTOKOM H3JIyUCHHUA. ITo-
TOK ABJIACTC Mepoﬁ TOJTHOM SHEPruu, HpOTeKaIOH.[CfI qgepe3 CAMHUYHYIO ITUIOMAJKY, HAIIPABJICHUEC KOTOpOﬁ

n3BecTHO. Pa300KEM TOINTHEI TenmecHbIH yroi 4 Ha N y4acTKOB Majoro pasmepa AC);:

N
ZAQi =4r.

i=1

Teneps uzmepum sHepruto AL, TpoxoIsryto yepes IIOMAAKy B HanpaBieHun AQ;, 1 Hailném cymmy

(2.5) AE= iAEi.

i=1

[Ipu 5TOM MBI yuuTBIBaeM cornameHnue (2.3) o 3Hake AEj: eCIu dHEPTUA «BXOIUT» B INIOMIAIKY, TO € TIpH-
MUCHIBAEM IMOJIOKUTEIIbHBIN 3HAK, & €CJIU «BBIXOJMUTY», TO OTPUIIATENIbHBIN. B nipenene 6eckoHeYHO 0OIBIIIO-
ro 4YKcia pa30ueHni Ha OECKOHEYHO MaJIbIe IUIoNanku cyMma (2.5) mpeBpainaeTcsi B MHTETrpal

AEzjﬁdE,

rae 0003HaueHne KOHTYPHOTO MHTErpajia HallOMHHAET, YTO MHTEPUPOBAaHUE BelETCS TI0 BCEM HAIPaBIICHH-
sIM ¢ ya9€ToM 3Haka dE. Bo BpeMs CyMMUPOBaHHS TI0 YTIJIaM MBI, KaK | BBIIIE, TTOJIATAIA BEMHIUHBI AS, At 1
A® HACTOJIBKO MaJbIMM, UYTO 3Heprus AE nponopuuoHanbHa npoussencHuto AS At Aw. Kak u B ciayyae uH-
TEHCUBHOCTH, IOTOKOM [, Ha3bIBAETCS Mpee

j;dE
(2.6) F,=—2—,
dS dt do

Comocragisist onpeaenenus (2.2) u (2.6), mpuxoauM K BEIPAKESHUIO MOTOKA Y€pe3 HHTCHCUBHOCTS:

27 F,=§I,c0s0dQ.

VY TOUYEUHBIX UCTOYHUKOB U3MEPSETCS UMEHHO TMOTOK M3TyYeHHs. B ciyvae NUIMHAPHUECKOH CHMMETpPHH,
KOT/Ia cripaBeyinBa hopMyia

27
(28) F,=2n j 1,(0)sin0cos0do.
0

OOBIYHO MBI OyIeM TOJIBL30BAThCS MOCIEAHEH (HOPMYIIOH.

CyMMHpOBaHHE IO YTIIOBBIM MTEPEMEHHBIM B (2.6), Ha TIEPBBIA B3I, TOJDKHO O3HAYaTh, YTO IMTOTOK
HE 3aBHUCHUT OT HANpaBJICHUS. JTO JEHCTBUTENBHO TaK, €CIM UMETh B BHAY XapaKTEPUCTHKY IOJIS MU3Iyde-
Hus. Ho BenmmunHa moTtoka 3aBHCHT OT HaIpaBJICHUA TIJIOMIAIKHU. 3ILCCB IMPOABIIACTCA pa3IMIuC MEXKIAY HWH-
TEHCUBHOCTBHIO U MOTOKOM. ECliM MBI M3MEHUM HaIpaBJIeHHE KOHTPOJBHOH IUIOIIAIKKU, HE MEHSS MOJIA U3-
Jy4eHUs], TO MHTEHCUBHOCTH B JJFOOOM HAlpaBJICHUH OCTAaHETCS MPEXHeH, HO MOTOK Yepe3 IUIOMAAKY CTa-
HeT npyruMm. [loaToMy mpH BBIYKCIEHMH MOTOKA BaXXKHO YKa3bIBaTh, O KaKOW IUIomaike UaET peus. [Jamee
MbI OyJIeM UMETh B BUJy OOBIYHO MPUHUMAEMOE MPEIIOI0KCHHIE, YTO TUIOMIAJKa PACIIONIOKEHA MTSPIICH -



KYJISIPDHO JIy4y 3pEHHS.

CpeﬂHﬂﬂ UMHTEHCUBHOCTDb

Cpe,Z[HHH HHTSHCHBHOCTH J® OIMpeACIACTCS Kak ,I[eJ'IéHHLIfI Ha 4n HUHTCrpal OT MHTCHCUBHOCTHU II0
BCEM HallpaBJICHUAM!

1
2.9 J =—¢1 dQ.
(2.9) @ 4TE§ ¢

B ciry4dac H3OTp0HHOﬁ ( HE SaBI/ICHI]_Ieﬁ OT HallpaBJICHUA ) HMHTCHCUBHOCTH, KOraa
IUJ = 10,

MOCTOSIHHBIA MHOXUTENb [y MOXHO BBIHECTH 3a 3HAK MHTErpajia. YUUTHIBas, UTO TEJIECHBIA YroJ MOJHOU
ctepsl paBeH 47, TOTYyIUM
Jo =1 0-

B (2.9) MBI cymMmmEpyeM MMEHHO MHTEHCHBHOCTB, @ HE MPOMICAIIYIO Yepe3 IJIOMaAKy SHEPTHIO C yUETOM
3HaKa. JTO CBOMCTBO OTIMYAET CPEIAHIOK MHTEHCHMBHOCTH OT MOTOKAa. OCOOEHHO CHIIBHO pa3jnyue MpOsIB-
JISIETCSI B TOJBKO YTO PACCMOTPEHHOM CITy4dae W30TPOITHOTO M3IYUYeHHS. 37€Ch KOJUIECTBO «BTEKAMOIIEH) U
«BBITEKAIOMICH» IHEPTUH OJWHAKOBO B KAXKIOM HAIIPABICHWH, OTKyAa CIEIyeT, YTO MOJHBIH MOTOK depes3
T00YI0 IIIOMIA/IKY paBeH HYyJIIO.

MHTEHCMBHOCTb U NMIOTHOCTb dHeprum

Cpennsiss MHTEHCUBHOCTBb CBSI3aHA C IUIOTHOCTBIO JHEpruM u3nydeHus. OO0O3HAYMM MOCPEACTBOM
dUy(QQ) MI0THOCTh SHEPTHH KBAHTOB, JIETAIIMX B ONpeneiI€HHOM HampaBieHuu d€2. 3a BpeMs Af B Temnec-
HOM yriie AQ gepe3 momanky AS, pacnoioKeHHYI0 NepIeHIUKYIISIPHO pacCMaTpUBaEMOMY HaIIPaBJICHUIO,
MPOXOIUT KOJIMYECTBO SHEPTHH, paBHOE NpousBeacHUI0 dUy,(Q2) Ha 00BEM mapasieNnenuneaa miomanso AS
U BBICOTOH c'Af, (¢ — CKOpOCTh CBeTa). BOCTIOIp30BaBIINCE ONpeieIeHneM WHTEHCUBHOCTH (2.2), Hamu-
eM

dU. (@ =11 do,
C

OTKYya IMOJIYYUM BBIPAKCHUC JIA IMOJTHOM IIOTHOCTH OHEPruu:

(2.10) U, =1§ 1, dQ,
C

WM, coryiacHo (2.9)

@iy U, =g
C

I/ITaK, IIJIOTHOCTD S3HCPIUU U3JIYUCHHUA OAHO3HAYHO CBA3aHa CO cpe;[Heﬁ HMHTCHCHUBHOCTBIO.



MoTok oT rpaHnubl N3OTPOMHOIro UCTOYHUKaA

ChopmynupyeM MoJelb TIpaHHIBl H30TPOMHOTO HCTOYHHMKA. [ paduueckd oHAa H300pakeHa Ha
puc.(3.2.3).

G

k

0
n

Puc.3.2.3. I'pannna
HBUT[JI‘.}HH[)H} HCTOYHHEA
AHAIATHYECKH MOJICIIb ONPECIIICTCS CIEAYIONICH 3aBUCUMOCThI0 HHTEHCUBHOCTH OT TOJISIPHOTO yTia 0:

I, ecmm 0O< kil
(2.12)  1,(0)= n2
0 ecnmm 0> 5

CMBICITT 3TOTO BBIPOKEHUS B TOM, YTO MCXOJIAIICE OT TPAHUIIBI H3IYYCHUE H30TPOITHO, HO OTCYTCTBYET U3-
Ny4YeHue, BXoJsinee B He€ n3BHe. Takoe moyie U3NydeHHs Y)Ke He SIBISETCS M30TPOIHBIM, M MOITOMY €ro
ITOTOK MOYKET OBITh OTIINYCH OT HyJIs1. C momMomsio (2.8) momydanm

(2.13) F=nl,.

[HomuepkuéM, 4To, cTpOoro roBops, (2.13) He ecThb CBSI3b MEXIY MOTOKOM M MHTEHCHUBHOCTHIO, TaK KaK MOTOK
— 9TO YHMCIIO, @ UHTEHCUBHOCTh — (YHKIMs yria. PaBeHCTBO 4yncia 1 QYHKIUU BO3MOXHO TOJIBKO B TOM
cityyae, eciau (GYHKLUS MPUHUMAaET MOCTOSHHOE 3HaYeHUe BO Bceil obmactu onpezaenenus. Ho m3orponHoit
WHTEHCHBHOCTU OTBEYaeT MOTOK, paBHEIA Hymo. Popmymna (2.13) cnpaBennmuBa TonbKo Al GyHKIUU [,(0)
u3 (2.12).

®dopmyna CrecpaHa-bonbuymaHa

dopmyna Credana-bonbiiMana A1 HHTETPAILHOTO 110 BCEMY CIIEKTPY MOTOKA u3siydeHus F cripase-
JIUBA B pamMKax C(OPMYJIUPOBAHHOW BBIIIE MOJETH TPAHUIBI U30TPOIHOTO MCTOYHUKA. BHyTpu 4épHOro
TeNa MHTCHCUBHOCTD / paBHA CBOEMY CpPEeIHEMY MO yIiiaM 3HAYeHHIO J, KOTOPOE, B CBOKO O0Yepe/lb, C TOMO-
meio popMyitel (2.11) BeIpakaeTcst depe3 INIOTHOCTh 3Hepruu. Bocmomb3oBaBmmch (1.1) u (1.2) oxoHda-
TEJIBHO TMPUXOIUM K

(2.14) F=cT,
rae
c k! s )
c=—a=———=5.6686-10" spr/(cm” -c-K*
4 60c°n’ pr/( )

ectb moctosiHHas Credana—bonbiMana Ui MOTOKA H3IIyYeHUs, WIM MpocTo mnoctosHHas CredaHa—
Bonbimana.

3.3 Hekomophbie npunoxeHus

[IpuBenéM HECKOIBKO MPIIIOKEHUH MOIETH YEPHOTO Tella K KOCMUYECKIM O00bEKTaM.



CBetmocTtb ConHua

Cnextp ConHua 0J1M30K K INIAHKOBCKOMY C TEMIIEPaTypoi
T,~610°K,

10
a ero paguyc R coctaBiseT okoio 6.96:10" cm. [losTomy cBetumocTs ConHila paBHa

L, =4n-R.-oT; ~3.826-10% spr/c.

Omna 00ycioBIeHa, B KOHEYHOM UTOTe, IIepepaboTKOi BOJOPOa B TEIHM, MPUUEM U3ITyUSHHE YHOCUT OKOJIO
0.8% ot sHeprum MOKOs B pacuére Ha OIWH HYKIOH. Ha cragmm riaBHO#M mocienoBaTeNbHOCTH B 3TOM IIPO-
1lecce yuacTBYET OKOJIO OJHOM JecATol Macchl 3Be3abl. [Ipurnumas mMaccy ConHia pasHoit 2-10% r, mpuxo-
UM K BBIBOZlY, YTO €rO 3arac 3HEPTUU COCTABISAET OKOJO 1.4:10” apr. Takum oOpa3zom, CoNHIly OCTanoch
«KWTBY Ha IMaBHOI MOCIen0BaTe bHOCTH mpumepHo 10'0 mer.

ConHevyHasa NnocTosAAHHas

CHoBa cuntas CoiHIle YEPHBIM TEJIOM, OLEHUM 3HEPTHUI0, MPUXOAALIYI0 OT HETO Ha €AUHUYHYIO IUIO-
maaKy B OKpecTHOCTH 3emiu. Paccrosnue r mexay 3eminéil u CoiHIleM NpUMEM PaBHBIM OJHOM acCTPOHO-
MHUYECKON €INHULE:

r=1ae=1495979-10" cm.

PazpgenmuB cBetumocTs ConHIA Ha TUIOMAAL cPephl paguyca r, MOIyYnM TaK Ha3bIBAEMYIO COJTHEUHYIO T10-
CTOSIHHYIO, TO €CTh, ITIOTOK BCETO M3IIyUYCHHUS, TTAJAIONINI BHE aTMOC(Ephl 3eMJIN Ha TUIOMIAIKY SAMHIIHON
IUIOLIAAM TIPU CpeiHeM paccTosHuu 3emun oT ConHua:

L, ¢ dpr kBT
= =1.36-1"——=1.36 .
/ 4r? oM’ ¢ M’

B Hacrosiiee Bpems cpelHECTATHCTHUECKOE IHEPrornoTPeOIEHHE COCTABISET HECKOJILKO KHIIOBATT HA OJI-
HOT'O JKUTeNs Halled miaHeTsl. HecKodabKo KBaJApaTHBIX METPOB COJMHEYHBIX OaTapeid, Ka3aloch, MOTIH OB
00eCITeunTh CpeNHEIyIIeBYI0 TOTPEOHOCTh B dHepruu. OaHako, HU3Kas »(hHEeKTUBHOCTH Oarapei (TeopeTu-
YecKHi K.11.J. 6arapeil cocraBnseT okono 40%, a cepuitHbIX 351eMeHTOB — 10%.), IepeMeHUYnBOCTD MOTO/IbI,
HEKPYTIOCYTOUYHBIH peXUM pabOThI, HEMPEACKa3yeMble SKOJIOTHUECKUE TIOCIEACTBHUS 3aTEHEHUS] OTPOMHBIX
TUTOIIA/ACH M BBIBEICHUS UX M3 XO3SIMCTBEHHOTO 000poTa — BCE 3TO JEIaeT MEePCIEeKTUBBI COTHEYHOM dHEp-
TeTUKH BeCbMa MPOOJIEMAaTUIHBIMU.

Temnepatypa 3emnu

OnennM TeMriepatypy 3eMiTd, UCXO/I U3 YCIOBHSA JIydnucToro Oamanca. [loBepxHOCTh 3eMin cunTaem
abcomroTHO Y€pHBIM TeJIoM ¢ Temneparypoii Te . Pagnyc 3emmn o6o3HaunM Re. Ha 3emitio npuxoauT suep-
rust ConHITa, paBHasi TIPOU3BEACHUIO COJIHEYHOH TOCTOSHHOW f Ha TUTOIIa s 3eMHOTO TUCKA MPUYEM JTOIIS
9TOTO M3Iy4YeHUs, paBHas anp0eno A, oTpaxkaeTcsi 0OpaTHO B MHPOBOE MPOCTpaHCTBO. CpenHee 3HAUECHHE
anboeno 3emuu A (ansbeno bouna) pasuo 0.36. Bynem nonarath, 4To, TOCTaTOYHO OBICTPO BpAIasich, 3eM-
7. paBHOMEPHO TPOTPEBAETCS U BCIO MPHINEANIYI0 HA HEe€ 3HEPTHI0 Tepeusiaydaer mo 3akoHy CredaHa-
Boneimmana. OTcrona cieayer ypaBHeHHE OanaHca:

2

R
ol =2 | -nR;-(1- A)=cT, -4nR2,
r

0]

W3 KOTOPOTO cieayeT GhopMyraa Il TeMIIepaTyphl 3eMITH:

2 1/4

Ty _|1-4[ Ry
T, 4 r



Pagmyc 3emnn BbIan M3 OKOHYATEIBHOTO pe3ynbraTa. Takum oOpasom, sl ompenesieHHs TeMIepaTypsl
HarpeBaeMoro ConHIleM 00BbEeKTa BaXKHBI HE €ro pa3Mepsl, a pacctosinue oT Connua. [loacrasnss 3HaYeHUS

M3BECTHBIX ITAPAMETPOB, MOyYNM YHCICHHYIO OIIEHKY TeMIepaTypsl Teg:
Te=Te/23 =258 K=-15°C.

B pelictBuTenbHOCTH KIUMaT 3eMiId 3HAYUTENbHO Oojee Msarkuil. EE cpemusist Temmeparypa cocraBiseT
okono 18°C 3a cu€T Tak Ha3bIBAEMOTO MAaPHUKOBOTO 3P deKTa — HarpeBa HIKHEH aTMOC(ephl U3TydeHHUEM
MOBEPXHOCTH 3eMii. ATMOcdepa MOIJIOMAeT BOCXOAAIIMN OT IOBEPXHOCTH IJIAHETH! OTOK JUTMHHOBOJIHO-
BOTO HM3JIy4YEHHUS, HATPEBAETCS U, B CBOIO O4Yepelb, HarpeBaeT MOBEPXHOCTh 3eMin. Kak Mbl yCTaHOBWIIN B
paszene (2.7) BTOpOH TJaBbl, Ul 4eJIOBEYECKOrO IJla3a MakCHMYyM B clieKTpe u3nydeHuss ColHIa Mpuxo-
JUTCS HA JIMHY BOJIHBI 0koslo S500A. TemnepaTypa 3eMiu, COrIacHO OLEHKE MPeAbLIYLIEro pasaena, Ipu-
MepHO B 23 pa3a MeHblIe TeMueparypbl CoHIA, CIeJ0BaTENbHO B €€ CIIEKTPe M3JIyUCHUsI MAaKCUMYM IIpH-
XOAWTCS Ha JUIMHY BOJHBI mpuMepHO 10 MkM. Ponp nmapHukoBoro addexra mmroctpupyet puc. 3.3.1. XKén-
THIM IIBETOM BBEpXY 0003HAUYEH CIIEeKTp n3iay4eHuss ColHIa B MOJeNH YEPHOTo Teja, a
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Puc. 3.3.1. a) CnexTpbl YepHOMD TENa

NpM OBy 3HAYMEHWAX TEMNEDaTypbl;

B) nornowenue nanyyeHna atmochepoi.
KpacHBIM — m3iydeHue 3emin. O0a CIeKTpa NMPUBEICHB B OTHOCHUTEIBHBIX CAMHMIIAX. 3eNIEHAS JTUHUS
BHH3Y — CTEIeHb MOTJIOMICHUS 3eMHON aTMoc(epoil U3IIydeHusI Ha pa3HbIX JUIMHAX BOJH. XOpOIIO BUIHO,
YTO COJHEUHBIN CBET MPOXOAUT CKBO3b aTMOC(epy MpakTHUeCKH OecrpensaTcTBeHHo. HaobopoT, Ha yJacTke
crrektpa ot 10 mo 20 MKM HaXOATCs MONOCKH ToriomeHus mojiekyn CO,, H,O, O;, CHy. OHn—TO 1 TI0TJ10-
IIAF0T U3JTyYeHHUE, IPUXOIAIICE C TIOBEPXHOCTH 3EMIIH.

AddekTnBHAA TemnepaTypa 3Be3fbl

He Tonpko y Connna cnektp uznmydeHust 6am3ok Kk pynkoun [lnanka. Takum cBodcTBOM oOmagaer
O0sbIIMHCTBO 3BE31. [lo3TOMY B acTpOHOMUM MPHHATA 0cO0asi €IUHNULA U3MEPEHUS HHTETPAIBHOTO [TOTOKA

— oppexmusnas memnepamypa 1. OHa onpenensercs cieayromuM oopazoM. Eciu naTerpanbHelii mo-

TOK, I/ISJ]y‘laeMI:Iﬁ C MOBCPXHOCTHU 3BE3/1bl, pAaBCH FStarJ TO

dwusndeckoe colepkaHue dTOro OIPEJIeIeHNsT paCKpPhIBaeTCs ero cpaBHeHHeM ¢ Gopmynoit (2.14). Dddek-
TUBHAasI TeMIlepaTypa — 3TO TeMIlepaTypa 4€pHOIo Teja, pa3Mepbl U CBETUMOCTh KOTOPOIO COBIAJAIOT C
pa3MepoM M CBETUMOCTHIO 3Be3abl. DopmanbHo (3.1) mpuMEHHMO K JH000MY MCTOYHHMKY U SBIISETCS] BCETO

U Mepoit motoka. Ho ecii ncTognnk MmeeT TennoByio Npuposy, To Benmduna 1., 1aéT mpesicTaBIeHne

0 TEMIICPATYPEC €TI0 NOBEPXHOCTH.
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