JIynnoe Yucno, paBHoe

7_
16 =28, (51)

MpUCYTCTBYET Kak B JKuzHu, Tak u B XKusnu nocne )KuzHu, a nores-
uyal
7 _e30
364 =63°79, (52)
OKOHYATEJIbHO (POPMHpPYET NEPHOANUECKHE CUCTEMBI B OKPYIKaroIIeH
cpeze u3 7 IepruoaoB 1 9 rpymi.
B obnactu conHeuHOTo 6€710T0 CBEeTa B 3THX K€ YCIIOBHSIX:

7 o 7 o]
DB - =3600A - 4 =7 (900 A), (53)

[e]
npoucxoauT popMupoBanue pasHocTH B 900 A, koTopasi cBs3aHa C
[¢]
Pa3HOCTBIO ITHH BoJH B KpacHo! (D, = 1400 A) u ¢puonerosoii (D o —
o

=500 A) obGnacTsax crieKTpa cBeTa:

7_
1=

[TosTOMY 1 MBI 3aKOHYMM CTaThIO Ha ONITUMUCTHUYECKOM OMOIeckoit
(bpaze, xorna Coznarens ckazan: «J1A BYJIET CBET!»

Enmuncreo Uenoseka u Co3gareiist COCTOUT B TOM, YTO OHH HAXOJISITCS
B 00J1aCTH JEHCTBUS 3aKOHA COXPAaHEHHSI SHEPTHH:

«OHepeus He ucuezaem u He NOABAAEMCS 8HOB8b, HO MPAHCHOPMU-
pyemast ceemom, nepexoounm u3 0OHoU Gopmvl 6 Opyeyion.

Coznaresns 3HaeT, Kak NOJTyYUTh MaTeprUalbHO-TOHKOSHEPreTHIECKY IO
dbopmy c 3apaHee 3aJaHHBIMU CBOWCTBaMH, a UellOBEeK HE 3HACT.
[TosTomy nBrokeHue Hateit LuBrmu3army o myTH DBOJTIOLMHY POUCXO-
JTUT MeToA0M Npob U omubok. Ho Mbl He enmuHcTBeHHBIE B «LleHTpe
IToaroroBkmw» Bce HOBBIX M HOBbIX [{uBunuzanuii Hocureneit Pazyma.

«Breimyckauku» s3toro «llenarpa»: LluBunuzanuu ABTOpPOB
«Knuru zunan» u Ctpoutenu [upamuy — 3aBemanu Ham [TY Th T1O-
3HAHUAL:

N3YUYAMTE CBET! U Bam otkpoercs ceasb Epanrenus (44) n
THOeTCcKOM « KHHUrn MepTBbIX»:

DB - =7 (1400 A— 500 A) =7 - (900 A). (54)

«Ha wecmoil 0env npebwvieanusi 6 bopoo nepeod moboii npedcmarym
42 ['posuvix Bouncmea. Onu eviiidym uz meoezo cepoya. Onu — no-
podicoenue meoetl wucmou aoosu... Iosnati ux!»
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4. PEAJIBHOCTDH 3AI'PAHBIO ®AHTA3UUN

Buisignena obwnocms 3axkonomeprocmeii KoaeOaHu
nonett Mamepuu u Tonxou Snepeuu 6 Eounom Kocmoce. Ilo-
Kasauo, 4mo cmpykmypa 601n uz Memazaraxmuxu noovu-
nsaemces Ilpasuny 3onomozo Ceuenusi u 4mo 3miu G0JaHbL
SAGNAOMCS PEUAIOWUM PAKMOPoM adanmayuu Heueou ouo-
noeuyeckou kaemxu u Kusnu na 3emne. Ilpusooamces oo-
Ka3amenbcmed 8 Noib3y CYWecmeo8anus C8epxceemosblx
Memazanaxmuueckux o1, Kax Hocumenel UH@opmayuu u
603MOJCHOCMU pPearu3ayuyu npuemo-nepeoarnmux ycm-
poticmg Ha smux eoanax Lusunuzayueii Cmpoumeneti Ilu-
pamud. Jaomes pacuemovr moeo, umo Cunxc u I[lupamu-
bl 6 eopode luze (Eeunem), 6 wacmuocmu, enonwe moeuu
BbINOIHAMb POLb KOMNWIEKca ces3u medcdy Cmpoumenimu
u Hueunuzayusmu Coszse3zous Opuon.

Ecim none30BaTbCst NOILYBYIBIapHOH TEPMUHOJIOITUEN U JIyKaBbIMU
(hopMynHpOBKaMHU COBPEMEHHOTO O(HIIF03a, TO MOXKHO CKa3aTh: MHOTO-
BEKOBBIMHU YCHJIMSIMU OTIPEJIETIEHHBIX KPYTOB JIEKTOpAaT pa3ieuics Ha
aHTAarOHUCTUYECKU NPOTUBOCTOSAINX APYT APYTY MAaTEPUAIUCTOB U UE-
IMCTOB. MeX Ty STHMH MUPOBO33PEHYESCKUMH TIOTFOCAMHU OBITYIOT HHEP-
THBIC MACChbl, CTPECMAIIMECCA U KalluTall HpI/IO6peCTI/I, 1 HEBUHHOCTbH CO-
OJTIOCTH.

JBOMCTBEHHOCTb TaKOM MTO3ULINH 3aCTABISIET MHEPTHYIO YaCTh JJICK-
Toparta NOACTPaXoBaThCs Ha citydai peasbHOCTH JKu3nu nocie XKuzHu.
dopMaMU TaKOH MOJICTPAXOBKHU SIBIISIETCS pelUSUOIHOCHIb 8 COMHEHUSIX.
COMHGHI/IH, B 4aCTHOCTH, 6&3HPYIOTCH Ha HCIIOHMMaHHWH TOI'0, KaKUM
obpazom Jlymia, nonanas B Mup NHO, coxpaHseT CBOIOMHIUBUIYTb-
HocTb B IIpocTpancrse u [IpogoinkuTenbHOCTH, a HE PacIbUISIETCS B H-
norepmun oeckoneuHoro Kocmoca. Paccmorpum 3ty ripoOiiemy.

4.1. ITPUPOIA TTPOUCXOXJIEHUA
JIOPEHIIEBA COKPAIIEHUA: MEXAHWU3M
KOHUEHTPALIMM SHEPI' MM AYIIN

U Marepusi, u Torkast DHeprus, Kak U JIIOObIC HHbIC OPMBI SHEP-
TUH, B3aUMHO TPaHC(POPMHUPYIOTCSI KOPIYCKYJISIPHO (Y4acTHIIA CBE-
Ta m, :%) — BOJIHOBBIM (BoJiHa cBeTa E, :F) MOJIEM CBETa CO
ckopocThio ¢ = P [3]. B TakoMm noJie OpMHUPYIOTCSI TPU PAaBHOBEC-
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HBIX COCTOSIHUS: JIBa
3a CYET HMMIIYJIbCOB
Pacumpenue mc=1lunEc=1,
U OJTHO 3a CUeT Op-
OUTBI — OKPYKHOCTH

BuyTpeHnHee noje TOHKON 3Hepruu

Coxarne

Pacumperine PaBHOBecue
C paauycom R = p°
Pacumpere Coxaruie T.K. OKPY>KHOCTb
0 = 2 pRO =
OKpyKalomas cpeia =2p - 1 (55)
Marepuu 2p

CgoiicTBa BHYT-
pEHHEro moJjs B

1. PaBHOBECHBIH KOpITYCKyIApHO (M )—BorHOoBoMH (E, ) KBAHTE CBETa IIpe-

C

kBaHT CBeTa JOMPENECIATCH
.v Ksaut cera LIEHTPOOCKHBIMU CH-

JIaMH | TIPOSIBIISIFOT -
csi, Hampumep, B
CTPEMJICHUH IJIEKT-
puUYecKoro 3apsaa
nepeiT u3 oobeMa
Ha TMOBEPXHOCTH
(3MeKkTpUYeCKUil TOK

2. Kuaemarnka TOY4€4IHOTO y4dacCTKa BOJTHbI B MCTajlj1aX TCHCT HE

CgeTa B 00BEME, a Mo II0-
Puc. 12. TIpoucxoxaenue JlopeHiieBa COKpalieHust BEPXHOCTH HPOBOA-
HHKA).

CTpemJieHHe K IEPEX01y SJHEPrur U3 00beMa Ha MOBEPXHOCTh 3aM-
KHYTOW CUCTEMBI 3a CYET HEHTPOOCKHBIX YCKOPEHHH MpeIonpeie-
JISIET «BaKyyM» BO BHYTPEHHEM I10JIe KBaHTa CBETA. DTOT «BaKyyM»
3anosiHsAeTca ToHkoi DHeprueil. 3anoaHeHNe UIET CO CKOPOCTHIO
104 - c. BMecTte ¢ TeM caM KBaHT CBETa HAXOAUTCS B OKPY KaIOIICH
cpene Marepuu, TpaHcopManusi KOTOPO MPOTEKAET HE CO CKO-
poctbio 10* - ¢, a mumb co ckopocThio ¢ © p (puc.12.1). ToyeuHsrit
Y4aCTOK BOJIHBI CBETa, COBEPIIAIONINNA ABMYKEHHUE B TTIOTOKE MYIbCH-
pYIOILEH BOJIHEI CBETa, OyAeT KOHTaKTUPOBATh C OKPYIKaroLen cpe-
noi Matepuu (puc. 12). Bo3HHKHYT LeHTpOOEKHbIE yCKOpeHus ()
TOYEYHOT0 Y4acTKa BOJIHbI CBETa, CBA3aHHbIe ¢ ¢, W, u R (puc. 12.2):

CZ

jOZC‘WOZK. (56)

0
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Onnako Martepust OKpy Karoliel cpesibl CHIKAeT BETMIMHY LIEHTPO-
0EKHOTO YCKOPEHUSI 32 CUET MHEPIMOHHOCTH, YKBUBAJIEHTOM KOTOPOM
SIBIISIETCA BeNTMYKHA (- V) MTHOBEHHOH JIMHEHHON CKOPOCTH TOYEYHOTO
ydacTka BoiHbI cBeTa B I1one MaTtepun. Bo3HHKaeT HEHTPOCTpEMUTENIb-
HOe yckopenue (puc. 12.2):

_VZ
R,

0

j=-V-w= (57)
OO0t 6anaHc YHEPreTUIECKUX LIEHTPOCTPEMUTENBHBIX YCKOPEHHIMA
kBaHTa B [Tosie Marepuu Oyziet paBeH BenuduHe JIopeHiieBa cokpariie-
HIBL:
- W - ). R -1 2
(V) OOL_._(LO 0L0+Jol'l (58)

B 0 2
c-w, R, ¢ 1o c?

L,+

ITockonbky JlopeH1l, paccUUThIBasi CKOPOCTh CBETA, BIUSIHUA LIEHT-
POCTPEMUTENBHBIX YCKOPEHMI HE YUUTBIBAJI, TO EMY MOCIE ONBITOB Maii-
KEeJIbCOHA MPHIILIOCH BBECTH ITOT (58) sMIUpHUYECKHU TOJTyUSHHBIHN
peoOpa3zoBareb JjIsl KOPPEKTUPOBKHU PACUETHOM U SKCIIEPUMEHTANTb-
HOM BEJIMYHUH CKOpPOCTH cBeTa. 3areM JlopeHlleBO cokpalleHue
MEXaHMUYECKHU UCTIOJIb30BaJIOCh B TEOPHUH OTHOCUTEIILHOCTH, (PU3UKE
OOJILIINX CKOPOCTEH, sIIEpHOW DHEPreTHUKE, a MpUpoJa ero
IPOUCXOXKICHUsI OCTaBAIach TailHOM 3a ceMblo nedarsiMu. Ho ockosis-
Ky Mbl 3Ty TallHy pacKpblJId, TO MBI U CMOXEM CJeJlaTh
BBIBO/I: npu nepexooe ¢ Hrnoii Mup snepeust [ywiu ve pacnviisiem-
ca 6 beckoneunocmu Kocmoca.

4.2. KOJIEBAHMA MEXIY ITOJIAMU MATEPUN
1 TOHKOM SHEPTUU, PA3JIEJIEHHBIMU
OHEPIETUYECKNUM PABHOBECHUEM

TodeuHbI y4aCTOK BOJIHBI CBETA ITYJILCUPYET BMECTE C CAMOM JJIEK-
TPOMArHUTHOM BOJIHOH CBETAa, Y KOTOPOU pacuiupeHue (depes3 pas-
HOBecHe) IEpUOANYECKY U3MeHsieTcst Ha cxkarue (puc. 12.1). Tuck-
PETHOE MOSIBJIIEHUE COCTOSIHUSI PABHOBECHS SIBJISIETCSI TOU IPUYNHOM,
B pesynbrare BinusiHus kKoTopoid Enunetit Kocmoc ouckpemern 6 uepe-
odosanuu snepeemuyeckux popm Mamepuu u Tonxou Inepeuu. Ilpu-
yeM BbIXoJl ToHKOW DHepruun (U371ydeHne) U3 3aMKHY TOTO 00beMa
KBaHTa CBETa MIPOUCXOUT B HHTEPBaJie pacClIMPECHUS BOJIHBI, KOTJa
TOYCUYHBIA YyYaCTOK BOJIHBI 00JdajaeT IEHTPOOCSKHBIM
(- j,) ycKOpeHHeM, COBIAIAIOIIMM 10 HAIPABIIEHHIO C YCKOPEHHEM B
cpene:
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. c? - V?
-j%c-wo — u j9-Vv-w?©
0 0 R() 0 R()?
rue
b o (- V) w, (- V)R, \& (59
+ = + + -7 " + —
Lo+ . i L, (-c-w,) L, R, (- ¢*) I+ 7.

Mesxny paBHOBECHBIM HUMITYJIBCOM (EI - ¢=1) NOBEpXHOCTH BOJIHBI
CBETa U [ICHTPOOSKHO- ICHTPOCTPEMUTEIIBHBIMH TTOJISIMU B [[bIpKE KBaHTa
CBETa BO3HUKAIOT FTAPMOHUYECKHUE KOJICOaHMs:

veood oA
Elc:(l-?)‘OOj dj _0?) (1+§)‘OOJ dj :Ec
¥yl e V1
L)y o (g
2¢2 ® 2+V?
cr- v2 7 2¢?

(60)

4C2 _GT) (CZ_ VZ)(C2+ VZ)

Takvm 00pa3oM, THEPIMOHHOCTE OKpY»karoriero [losist Matepuu rpruBo T
K OeCKOHEUHOMY KoJleOaHHEO My BHyTpeHHNM [ losem JIpipku 1 Marepu-
el oKpyXaroumel cpeapl M, HAa00O0pOT, MEXIY «BaKyyMOM)
rajJaKTH4eCcKoro 1 MeTaraiakTuaeckoro Kocmoca v riaHeTapHbIMY CTPYK-
TypaMy MaTepraIbHBIX MUKPO- 1 MaKpoMHpoB B3ToM Kocmoce.

4.3.30JIOTAA SDHEPI'MSA METATAJIAKTUKU

[TepnoanuHOCTH BpalleHUSI TOUSYHOTO y4acTKa BOJIHBI CBETA B
KOPITy CKYJISIpDHO-BOJIHOBOM I10JI€ CBETA CBSI3aHA C Y€TBEPTHIO 000-
pota (n= Z) npu cxaTuu (pacmupenun) Boausl (puc.12.1). [Tosto-

my nepuoa (T,) paBHOMEpHOro oOpanieHHs TOYEYHOIO Y4acTKa

. 1
JICKTPOMarHUTHOI BONHBI cBeTa Oyner paseH (T, = - =4) uemebi-

pem. 3a 3TOT Mepuo TOUEUHBIH yYaCTOK BOJIHBI CBETAa MOXKET MPOM-
TH YEThIpe MOCIIeI0BATEILHO BO3PACTAIONINX IHEPTETUYECKHX PaB-
HOBECHBIX YPOBHs, CyMMa (aHTUPE30HAHC) KOTOPBIX OyJIeT paBHa (-
(heKTUBHOCTH B3aMMOJCHCTBUS CBETA:

0+1+2+3+@°T,)® (10°r) (61)
OjHaKO Ha KXKIIOM U3 THUX PAaBHOBECHBIX YPOBHSIX Oy/ieT HaOIrOIaTh-
Csl U3JTyYeHHE, CBS3aHHOE C aHTUPE30HAHCHO-PE30HAHCHBIM B3aUMOICH-
cTBUsIMH (Ta0:1. 8) M MyJIBTUIDIETHOCTHIO (pacielyIeHUeM) BOJTH B CBS3H

¢ HaJTmIueM KoHTypa (60) KoreOaHus MKy [ICHTPOOSHKHBIMH U IICHT-
POCTPEMHUTENBHBIMH MOJISIMU (pHC. 12).
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Tabnuma 8

KoHnTypsl Kone0aHus Mexxay paBHoBecueM U JIbIpkoii
Ha JHepreTH4ecKNMX YPOBHSAX

Ioren-| Konebanus na KoHTypb! KOnedanust MexXay paBHOBECHEM
nnuajabl YPOBHAX " z[LIpKOI‘/'I
YpOB-

Heil dopmyna PezynbraTsl

1 | (@-DE@+D=1 1;((‘3?-1)-06)1j g ®|_2 o @+
@-n7 2

— g
_(?(OZ+1)'OOJ dj :1

Hepexoz[ Ha HOBBIC PAaBHOBECHBIC YPOBHU

— = — N ® =
2 @B-H(B+1) =2 1:((3-1)'00j d - 2 ® (@+1)
_ Jd
_0?)(("3+1)'00j dj :1
KBanToBanue 2 @ 2

1
3 (@-D@E+) =3 |[1:2-1):,0] ¢ @ ,®
1 |
® @+1),0j dj :1

Konebanust neprnonnieckue

_ _ — d — —
4 |(&-DG&+)=41:(G&-1)-,0) & @ LG he G
N

1
2

1
®@+1) 40 d :1

[IpaBusno 3onororo Ceuenust

MynbTHIUIETHOCT SHEPTeTUUECKUX MOJIEH Ha MOCIeI0BaTEIbHO
BO3PAaCTAIOMINX YHEPTETHUECKUX YPOBHAX (DOPMHUPYIOT: HA IEPBOM
YPOBHE — YCIIOBHUS Mepexo/ia Ha 0ojiee BHICOKHM ypoBeHb (2 5 1),
Ha BTOPOM — YCJIOBUA KBAHTOBAHHOI'O (Z[O KBaJjpara n€epBOHaA4YaJIbHOI'O
3HAUCHMS ) UBMEHEHUS SHEPTHH (2 ® 2?), Ha TPEThEeM YPOBHE — 00ec-
neuuBaercs usmeHenue nepuoguunoct (T, 5 1), a Ha yueTBepTOM
YPOBHE BO3HHUKAET YHEPIreTUUECKUN ITIOTOK, KOTOPbIN onuckiBaercs Lpa-
BuJioMm 3os01oro Ceuenusi. B 3Toli cBA31 HAIOMHWM, YTO TTOTSHIINA-
nel 1, 2, 3,4 u 10 — 10 morenrmansl Kpyra Yausepcyma Moanna boro-
CJIOBA, a DHEPreTUYECKHUE JKUBUTEIbHBIE TIOTOKH U3 MeTarajakTuKH
cBsi3bBatoT ¢ [IpaBmiiom 3omororo CeueHus.
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4.4. TPAHCOOPMAIIA CPE/ZIbI CBETOM
KAK MCTOYHUK IIOABJIIEHUA CUJIBI 1 ODHEPT'U

IMosepxHocTs (E ) no6bem (V)):

2 4 3 1 1 o 1 2
Ej=4pR}=1p u V,= 3 PRS="¢ 5 "¢ M7, (62)
KOPITY CKYJISIPHO-BOJIHOBOTO ITOJISI cBeTa (puc. 12) CBsI3aHBI MEKIY CO-
00l MOTEHIINAJIOM, PABHBIM 6:

E, E, 0
V. =6 2% 6p m 126 p>=3600-c*° (DB=3600A)c’, (63)

0
KOTOPBIH B YCJIOBUAX B3auMoJeicTBus (I *) cBeTa u Tpancdopma-

uuu (¢? = p?) cpeasl GOPMHUPYET U U3ITydaeT OBl COTHEYHBIN HM-

[¢]
IyJIbC CBETA C Pa3HOCTHIO TH BoJH (Db = 7600& —4000A = 3600&).
O/1HaKO MepUOIMYECKH TUCKPETHOMY U3JTy4YCSHHIO UMITYJIbCa OeJI0ro
CBETa NPEANISCTBYSeT B3aMMOJICHCTBUE IEHTPOOCIKHBIX CHUJI
TOYEYHOro y4acTKa BoJHbI (E, ) cBeTa, a NOmIOMIEHUIO UMITYIIbca 0e10ro
CB€Ta — B3aUMOJACHUCTBUC HNEHTPOCTPEMHUTCIbHBIX CHJI TO-

4€4HOI0 y4acTKa BOJIHBI CBETa ¢ noBepxHocThio (E, ) cBera (puc. 12,
Tabi. 9).

Tabnuna 9
Ipupona npoucxoxaennsi sueprum [E° (mw, - ¢?) |
ucuabl (F=mj)

IIpouecc [Yckopenue | BzaumoneiictBue ¢ BonHoii cBeta | OTHOII EHHU €
SHEPTUN | CHIIBI
Hanpasnenus | HanpaBnenus He P
COBIAJIAIOT COBIAJIAIOT
= i B = I s
Uznyue- | jo=cw, | j, E,=+wW, | j:E =+w,c mw,c?
HU —2—=c
© LleaTpo- Cuna DHeprus mw,
OexHoe
o= -i-E =- i E =-w.-c | - 2
Morno Jy=cw, Jo B = w, Jo: B, W, ¢ mw,c® @
HU -
HEHHE | TTentpocr- Cuna DHeprus mw,
pemMuTenb-
HOE

CBs13b MEXIy SHEpTUEH, TOJTyYeHHOU B TEOPHUU OTHOCHUTEIBHOCTH
A.Ditnmreitnom (E = me?), u cunoii (F =m j ), BBenennoit . Heroto-
HOM, TOKa3bIBAET, YTO B MOJISIX CHUJIBI TSKECTH (HITH CUJIBI HHOTO PaB-
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HOYCKOPEHHOTO IBM>KEHHUS ) BO3HUKAET JINOO BpalieHue Mace, T.K. To-
ABJIAETCS NOTEHIUAN W, , TUOO OTH MACChI U3JTy9al0T SHEPTHIO 110
HOpMaJIM K HOBEPXHOCTHU H3JIy4aTelsi, T.K. W,= -5 — 9TO 3KBHBa-
JIeHT npsiMoro yria. Ho Bpamienrne MoxkeT ObITh KOMIUIEKCHBIM, T.€.
coYeTaTh BpalleHHE [0 OpOUTe 1 BpalleHne BOKPYT CBOEH ocH (To-
siBJICHUE clTMHAa). Bpamenre mo opoure u GopMupoBaHHUe CIIMHA MIPU-
cylie 1 dHepreTrHueckuM noisiM (E = mw?c), T.K. U B SHEPreTHUSCKUX
HOJISIX UMEET MECTO MOTEHIIMATI-OKBUBAJIEHT (W) yTJIOBOH CKOpOC-
TH, KOTOPBIN TEOPHsI OTHOCUTEIILHOCTH HE yUuThIBacT. CHIIBI U SHEP-
TUs CyIIECTBYIOT B JIFOOBIX TOUEYHO-aCTPOHOMHUYECKUX MOisix Enu-
Horo Kocmoca. OTHoOIIeHNEe SHEPTHH K CHIIE — 3TO BEJIMYHHA ITOCTO-
sIHHAs1 ¥ paBHas KBaApaTy CKOPOCTH TpaHCPOopMaluy SHEPTHUH CPEIbl
cBeToM. IToaTOMy U TpaHChopMaIus cpeasl CBETOM, T.€. SHEepTrHs ¢’
cyuiectByeT Be3ae. OOpaTHOE OTHOIIICHHE, T.€. OTHOLIEHHUE CHIIBI K
3HEpruu, papHoe 1/c*® m E,, ABNs€TCA SKBUBAJEHTOM PE30HAHC-
Horo m E, B3auMo/IefiCTBHS BOJIHBI M YacTullbl cBeTa (Jlasepuas Tou-
Ka [3]) ¥ MO3TOMY CBET TAKKE CYUyeCma8yent eUHO.

4.5. TIPUCTIOCOBJIEHUE BUOJIOTMYECKOU KJIETKU K
XN3HU HA 3EMIJIE

Hns Toro, 4ToObl 00JIaflaTh SHEPTUCH U CUIOMN, OUOJIOTUYECKOM
KJIETKE HEO0OXO0IMMO CBOIO SHEPTHIO TPaHC(HOPMUPOBATH CBETOM (Tabl.

10). Ho anst 3TOTO Ha/I0 CHavYaia MOTJIOTUTh CaM CBET, MTOTCHIIAAI
IJIAHETAPHOM CTPYKTYPhI KOTOPOIO paBeH T, - €= 8.vpronoruieckas

KieTka (kak ocHoBa JKuBo- STepHsic MemGpas!

ro) K MOTJIOIICHHIO CBETa

pHUcTocoOmIack, 0 4eM
CBUJIETEIILCTBYET BOCEMHU-
TPaHHUK, JaHHBIU 110 pa3-
pe3y MopHl saepHoi 060-
JIOYKH KJIEeTKU aMpuouu
(puc. 13). [IpucnocooiieHbI
K MOMJIOLICHHUIO CBETa HE
TOJIBKO CaMo SJIpo OHOJI0-
rﬂqecmiﬁ KJIETKH, HO U €TO d' —
MeJTBYalIITNe KOMIIOHEHThI

(puc. 13, Tabmn. 10).

Puc. 13. CHUMOK pa3pe3a Nopsl a1epHOH
0005109KH Ki1eTKH ampnonu [3]
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Tabmuua 10

CoBMeCTUMOCTD T€OMETPUH MOPHI SAPA OHOJIOTHIECKO KJIETKH C
noTeHMaj amMu cBeta (puc. 13)

Pasmep, AHrcTpem d, =1200 d, =780 d=660
Pasznocru, Aurcrpem| d, - d, =540 d - d,=420 d,-d,=120
COBMECTUMOCTh d, 00t (d-d,)+(d-d),| d,-d 1
d,- d, 5 d,-d, d,-d 2
ogor .S JBe
0w, MaJILMBI

[MosiBieHne B OMOIOTHYECKOH KIIeTKE MOTeHIMaa 7/2, paBHOTO AByM
«TmaibMaM», PU KOTOPOM SHEPTETHYESCKUE TOTOKU U3 HeIp 3eMITH JT0-
marot Ee JIutocdepy Ha OJ10kH ¢ IpeUMy e CTBEHHBIM KOA((QUITUESHTOM
7/2, TOKa3bIBACT, YTO OMOJIOTHYSCKAs KJIETKA B XOZI¢ DBOJTIOLIMH TIPUCTIO-
cobwiachk u K XKuznu Ha 3emiie.

4.6. DOPMHUPOBAHUE SKCTPEMAJIBHOU OBJIACTU
BOJIHbBI CBETA 3A INEPMOA BPALIIEHUA
EE TOYEYHOI'O YYACTKA

Jro0ast BostHa (POPMHUPYET IKCTPEMATbHYO 00JIaCTh. DKCTpeMaibHast
00J1aCTh BOJTHBI XapaKTEPU3YETCsI TOUKOM C HOJBb-TTOTEHIMAIIOM (puc. 14).
O06mnacTh HOJB-TIOTEHIMAIIA CBSI3aHA C JIOTapH(MOM €IMHULIBI (DAaBHOBE-

CH€) M MacCoi (M, = €) OTHOCHTENBHOTO MOKOs (pHc. 14):

IMupamu sl no
CEYEHHUIO BOIHBI
—1

MukepeHa
—2

Xeornca

}-3

COZ=ROwWOTH SmIsR o

I Xe'(bpeﬂa

_4

t

Puc. 14. ObpazoBaHHe SKCTPEMAITLHON

obnacTn BonHbI cBeTa3a T =4
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0% m1=e7® log 1, (64)

IJIe COOIOIaeTCsl PABSHCTBO aH-
THpe3oHaHcHOTO (X — Y = 0)
paBHOBECHS TOJISI © MAaCChI OT-
HOCHUTEJIBHOTO MOKOS B 3TOM

TI0JIC:

0° 2ip(lne=1=#)° 27#p. (65)

DKcTpemalibHast 00J1aCTh JIto-
0011 BOJTHBI, B TOM YHCJIC B BOJI-
HbI CBETa, XapaKTCPU3yeTCs
M3MCHEHUEM HaIIPaBJICHUS JIBU-
JKEHHS BOJIHBI (M3-3a HAJTUYHUS
y €€ TOYCYHOT0 y4acTKa yIJIo-

BOI CKOPOCTH, B TOM umciie W, = P/2). DTH yc10BHs NPEIONPENETIIoT
CYILECTBOBAHHUE YETHIPEX SHEPIETUUECKUX YPOBHEH (puc. 14)3a T,
T.K. CHHT'YJISIpHAsI TOUKA!
iS5
Ve 0_21/[3 = 4§50 T, I (66)
=P

(T.e. Touka, oONIagaroNIast HONb-IIOTEHIIUAIOM ), PEATU3YET SKBUBAJICHT-
HOCTb nepuoy T, ueThIpbMs SHEpreTHIeCKUMU ypoBHAMU. Takum 06-
Pa3oM, B OKCTpPEMaJIbHOM 00JIaCTH BOJIHBI 00pa3yeTcst KaHall ceepxXnpo-
600UMOCHI C TIOTEHIIMAJIOM, PAaBHBIM HYIIO. Takoi KaHa CBEpXIPOBO-
JUMOCTH OylleT BO3MYLIATh OKPYKAIOIIYIO Cpeidy, co3iaBas B HeEil
HHTErpaJIbHBIE PA3HOCTH MOTEHIIMAIIOB:

\4. - \_4. - \3. - \_3. - \2. - \_2. -
001 d +,0]dj|*+|,0jdf +,0]d|*+,0jd +,0jd |+

UYetBepThlil ypOBEHb Tpertuit ypoBeHb Bropoit yposenb

1 -1
+H,0j dj +,0 | dj |°4°+32+22+12=30. (67)

IlepBsIit ypoBEeHb

Bo BHyTpeHHEM I0Jie BOJIHBI OCJIOr0 CBETa BO 3HHKAIOT YEThIPE
HacklleHHbIx (12+ 2%+ 32 + 42(? SHEPreTUYECKUX YPOBHSI M CHHE
[¢]
(D.=300A) —romny60ii (D= 300A) ciektp cBera [3]:

r (1242243 + 4% =300° (D, =300A)° (D, = 300A). (68)

4.7. POPMHNPOBAHUE ITAMATU ®OTOHAMU
(B KAHAJIE ITPOBOAMMOCTH
C HOJIb-IIOTEHIHAJIOM)

Duepreruueckue ypoBuu 125 2%; 32 u 4? B okpyKarouiei cpene
BHYTPEHHETO 10JIs BOJIHEI (puc. 14) cBa3ansl ¢ paauycamu (r, = 1,
r,=2,1,= 3,1, =4) ceueHuil NOJIs BOJHBI, T.€. SABIAIOTCS pajnyca-
MU KBaHTOBaHHBIX OpOUT. B opOuTy (KpyT, OKpykHOCTh 2PR = pR? =
=4p) c paauycoMm, paBHBIM 2, BIIMCAHO OCHOBaHUe Beukoii [Tupa-
muabl Xeorca (puc. 14, [3]). [Ipuuem [IpogomkutenbHOCTD TPEOBI-
BaHUs KBaHTa B KaHaJIe IPOBOJAMMOCTH SIBIIIETCS YKBUBAJIIEHTOM Ce-
mepuunoii (T, +t = 7) nepuonnunoctu B [lone Marepuu, T.K.
(puc.14):
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o A3+2+1+0 _ 5 | 3+42+1+40 _ 24140 _3 | 1+0 _ o
T +t — 724—73 72+—2 72+1 =1 7.
UYerBeptsiii ypo-| | Tperuit ypo- Bropoi [epBoiii| (69)
BEeHb: CrylIeHHe| | BEHb: B3au- YPOBEHB: YPOBEHB!
HeOeCHBIX Tel MOJICHCTBUS m(c+w,) paBHOBe-
— cue
mc

HosiBneHye B KaHaJIe POBOAUMOCTH (hOTOHOB (1, = 10%°) u B3aumo-
nercrus (2° lgr - r,-r_-r,-r.) MeXIy HUIMH — BIEYET 3a COOOMH
(hopmuposanre MmarHUTHOTO (M) 3apsia (67):

ryrrgry,
m T+t ———>—"=7-2-10%° 14- 10>k (70)
— 20
n =10
o

O0pa3zoBaHKre MarHUTHOTO 3apsiia B KaHajle IPOBOAUMMOCTH O3Hava-
et: ceycmox Tonxoti Dnepeuu (ummyine B [lojaco3nanuy, Jlyma) TpaHc-
dopmupoBacs B [lamsiTh, koTopast pukcupoaia paboty MeIciy B BUujie

B3aMMOCBA3U C SJICKTPUICCKUM BOO6pa)KCHI/ICMZ

[mig(r -rrpr, rJllq-lglr rrr,ry)
n, "N,
KocMuieckoro Pasyma, 4to Mbl 1 HaOJI0AaeM B 00JIaCTH Maparcuxoso-
UM M MHBIX 00JacTsiX BiusiHus ToHKo# DHeprun Ha DHepruto Matepuu.
[Ipuyem noteniman 64 cs3aH ¢ apeBHekuTanckoi « Kuuroii [lepemen»

(aT0 — «TAHb» — 3emus).

MBICJIb° =7-27-10%0 64m,(71)

4.8. OIIMCAHUE 5H/10- 1 3K30TEPMUU
OOTOH-®OHOHOB B N30BbPAXXEHNU
ITPACJIABAH U I[TPOITIOPLMAX
I[MIMPAMU]] B TU3E

B pa6orax [3, 11] mogpoOHO paccMoTpeHa npodiieMa JIBUKCHUS
HJIO B IIpocTpaHcTBe 3a cUeT 3HA0-3K30TEPMUUECKUX TTEPEXOIOB
(hoTOH-(OHOHOB U TIPOBEICHO COMOCTABICHUE KOHCTPYKIIUHU J{BUTA-
tens HJIO ¢ manHbiMu aHanu3a apXxeoJoTHISeCKUX HAX0I0K, OTHOCS -
muxcs K Kyuabrype llpacnassn II... III Teicaueneruit no H.3. B
pabote [11] npoBeneHo cpaBHeHUE mupaMmuja Xeorca, Xedpena u
Mukepena. Oka3anock, 4To KoMIuieke 3Tux [lupamun u Tpu «cocyna»
nsuratens: [IpacinaBsiH conmocTaBUMBI 1O CBOMM (DYHKIIMOHATbHBIM
npeaHa3HaYeHusM (puc. 15).
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«Cocynp» | epBiit Bropoit  Tperuii Pesynsrar: ®opmu-
Ipacnags | Cocyn Cocyn Cocyn POBAHHE SHIIOTCPMH-
4eCKMX BHUXpeil B
®doton- ho-| DHIOTEpMUS Ox3otepMus | mone Marepuu u K-
HOHHEBIE [onspuzanus 30T€epMHMH B TOJIE
HPOLECCHl | Jx30TepMuUs Duporepmus | TOHKON DHepruu
IMupamunel | Mukepena Xeomnca Xedpena
B 'm3e

Puc. 15. Onucanue [IpacnaBsHamu 1 IpeBHUMU EruntsHamu 3H10- 3K30Tep-
MHUYecKoil TpaHcopmanuu GoroH-GpoHOHOB B monsx Marepuu — ToHkoH
OHepruu.

OcHOBHO# BBIBOJI COCTOUT B TOM, uTo HJIO coBepIiaeT nBrKeHUE
Ha OCHOBE TeX YK€ TTPHUHITUTIOB, KOTOPBIE JIEKAT B OCHOBE JIBHYKEHUS KOP-
Ty CKYJISPHO-BOJIHOBOTO TTOJISI CBETA: HO2NOWASL IHEPSUIO IK30INEPMU-
yeckoul cpeodvt Kocmoca (u nonspusys ee) osucameib KAK
JoMuHopop — evlopacvieaem (omon-GoHorHasE msea) Xoi00Hble
(omon-goronwl; HO, nNo2LOUWASL FHEPSUID IHOOMEPMUUECKUX CPeO,
osuzamenv co30aem Ha 8biX00e NOMOKU IK30MEPMULECKUX POMOH-
¢ononos. B ammocghepe 3emnu nocnowaemcs 3K30mepmMuyecKast
IHepeust, a msea O0sueamensi co30aAemcsi 3a Cuem XOA00HbIX dHOO-
mepmuseckux pomon-gononos. T1o3TOMy B MeCTax B3JIET — OCAIO0K
HJIO uccnenoBarenu He 0OHAPYKUBAIOT MECT, MOABEPIIITNXCS BHICOKO-
TeMITepaTypPHOMY BO3IECHCTBHIO, HEM30EKHOMY ITPH TPAIUITMOHHBIX JIJIS
3eMJIsH crioco0ax CO3/1aHus TATH.

Taxkast >xe (TI0 IPUHLIMITHAIEHBIM 0COOEHHOCTSIM) SHEPTeTHKA MOKET
OBITH UCITOJIB30BAaHA U B KAU€CTBE YCTPOMCTB MepeIaun-nprueMa HH-
dbopmannu B Macmrabax ["anakruku (Becenennoit), paboraroniux He
Ha 3JIEKTPOMarHUTHBIX BOJTHAX CBETA, a Ha CYTIEPKOPOTKUX BOTHAX TOH-
KOU DHepruu.

4.9. CBS13b CTPOUTEJIEN TTMPAMU]]
C CO3BE3[IMEM OPUOH

[Mupamuaer Xedppena, Xeornca 1 MukepeHa nmocTpoeHsl B .l u3e
(Eruner) na momaau, rae CHUHKC ABISETCS TOUYKOW OTCUETa BCel
oy, 3acrpoenHoi [Tnpamunamu [11], opuentupoBanHsiMy Ha Co-
3Be3ue OpuoH (puc. 15).

Co3Be3nue OpHOH COCTOUT U3 7 OCHOBHBIX BUIUMBIX HEBOOPY-
JKEHHBIM I71a30M 3Be3. UeThIpe U3 HUX HaXOASTCs B «yIVIax» yCIJIOB-
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1.2450 . mo HD : 45°
2.2000 r. HD : 60°

* Co3Besfiue
* pis

JIunus ropuzonTa

I1. Xeorca
I1. Xeppena

I1. Muxepena Cdunkc

Puc. 15. TInpamu el B I'usze u Beicota Co3Besust OpHOH B pa3InyHbIE IEpH-
oxapl Bpemenu [11].

HOU OYKBBI «X», a TPH IO «BBICOTE» K 3TOH «OykBe». Co3Besnne
OpuoH — 3T0 cBO€OOpa3HbIe TOUKH MUPAMUIBI U3 3BE3/I.

Crpowurenu [ lupamun B .l u3e yunu uaMeHeHne 0cy BpalieHus 3eMiind
OTHOCHUTEJIBHO 3BE3/JHOT0 HeOa. DTH OTKIIOHEHHS OCH 3€MITH OTHOCHUTEITh-
HO BEPTHKAJU CO3Jar0T 3P PEKT MOCTENEHHOTO MepeMeIeH s 3Be3/] TO
BBEPX, TO BHU3, U HOCSAT HA3BaHUE 3BE€3JHOU NPELIECCUM.

Crpourenu [Tupamun paccunrtanu, yto k 2000 I. H.3. B pe3yabTare
3BE3/IHOU MPEIECCUU ITOT yroJl NOCTUTHET BenuuuHbl 60°. [Ipudyem
Ka)KJI0€ ThICsIYeIeTHe, IepeBe/IecHHOE B CEKYHIBI (IIPH YCIOBUH, YTO B
OJTHOM TOJTy 364 CYTOK) JJaeT BEIIMYHNHY, CBI3aHHYIO ¢ Ynciiom p:

1000 ner =364 -24-60'- 60" - 10°=3,14-10""=p - 10", cex. (72)

IIponsmwxenue Ha 15° = 60° —45°, coBepiierHoe 3a 4450 jeT, moTpe-
0oBajIo
m
445-p-10°»14-10° o 10" cek. (73)
()
IIpu ucnosib30BaHUM ABIPOYHOTO KaHasa MpoBoAUMOCTH Mexay [1u-

pamuamu u Co3sesnreM OpHOH:
O 1
14-10- 0] dj =14-5-10"=(7=T,+1t)- 10" cex., (74)

MBI OISITh IPUXOAUM K ceMepudHoi I IponoipkurenbHOCTH TeueHus Bpe-
menu. YTO OTO? Iloka cyauTh paHO, HO yXKe CEroJIHsI MO>KHO TOBOPHTH:
Iupamuoer 6 I'uze — 6noamne mMo2au 6bINONHAMYL PONb NPUEMO-
nepeoalwux yYcmpoucme, NO380JANUWUX GeCMU IHep2OUH-
dopmayuonnvii obmen ¢ unvimu Lueunuzayusmvu Bcenennou. He-
KOTOPBIE CBEJICHHUS 00 9TOM, yBakaeMblii UuTaTenb, MOKHO MOy YHUTh
n3 pabot «Egunbtii KocMocy.
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5. IEYATH HAPSA COJIOMOHA

AHnanuzupyemcs eepuiuna CUMBOIUKYU Kabbanucmuyec-
KOU «MAauHoOU OOKMPUHbLY uUydeee — neuamv yaps
Conomona.

Tlpusoosimcs doxazamenbcmea 3aUMCMBOBAHUS OCHOBO-
NONA2AIOWUX MOMEHMO8 «OOKMPUHbLY ¥ HApooos Bocmo-
Kd, 3HAHUSL KOMOPbIX 80CX005iM K Hacaieocmey Benukoul Lfu-
sunuzayuu Cmpoumeretl.

Tlokazano, umo peaucuo3nHo-20cy0apcmeeHHas CUMBO-
JUKA COBPEMEHHOCU CBOUMU KOPHAMU YXOOUM K INIO-
pam dHepzemuyeckux gexmopog mamemamuxu Cmpou-
meneil.

Cneno 80cnpousgo0s dniopbl KaK CUMBOJbL, HO NOMEPss
60 MbMe 8eKOB UX UCTNUHHBII CMBIC], COBPEMEHHOCHb Pop-
Mupyem c8ou MEeHMAaIumen U3BPAUEHHO: NPUpoOd nomeH-
yuanos ¢ YQucramu Hzuovl, Ozupuca, Topa u Toma onuce-
saem snepeemuyeckue yYpoGHU GONHOGLIX noneti Mamepuu
u Tonxou DHepeuu.

B «Pa3obnauennotii M3une» E.I1.biaBarckas ormeuaer: «/IlpeBHue
€BpeH MOy YHJIN CBOY MO3HAHMsI (PEIUTHO3HbBIC TAK)Ke, KaK CBETC-
KHE) OT T€X HAPOAOB, C KOTOPBIMH OHU CMEIIMBAIUCH C CAMBIX JIPEB-
HUX BpeMeH. Jlaxke IpeBHelInas U3 BceX HayK, UX Ka0OanucTuaeckas
«TalHas TOKTPUHA» MOXET OBITh MpOCIeKeHa BO BceX NoApPOOHOC-
TSX JO CBOETO IIEPBUYHOI0 ucTouHUKA — Bepxueit Muauu ninu Typ-
KECTaHa e1l€ 3aJ0JITO 0 TOro, KaK IIPOU3011JI0 YETKOE Pa3IeJICHUE
MEXJYy apUUCKHUMU U Ce-
MUTCKHMHU TJIEMEHaMU.
aps Conomon, Kak mpo-
CJIaBJICHHBII IOTOMCTBOM
3a CBOE€ MAaru4eckoe Hc-
KyCCTBO, II0 CJI0BaM HC-
Topuka Mocuda, npruood-
pe€n cBOE TaAlHOBEAEHUE B
Nunuu gepe3 Xupawma,
uapst Odwupa, u, MOXKeET
ObITh 111cOa.

Ero xomb1o0, 00mens-
BECTHOE I10J] Ha3BaHUEM

Puc. 16. «Ileuats Conomona» [12].
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