B.C.Kpukopos

EJIHUHBIH KOCMOC
Tom 1

yacmu I u 2

Hayka Bequkon LluBniauzanun:

PacuingpoBannbie Ctanubl Kuur /I3uaHn,
Kuauru Ilepemen u Kuuru MéprBblix.
Bausinue Mbicau Counyma
Ha Aypy 3emuiu.

3asaBku HA OTKpPBITHSA.

MN3nareabckuii 10M
«KocMuuecKii HHTEJLICKT)
MockBa, 2005




YACTb |

Om aemopa

3emis, Hama Martb, kak sinekjgerka Kocmoca, us-
BEUHO PO’KJIaJia )KMBOE, BEPIIMHOU KoTOporo 0bl1 Hocurenn
Pasyma.

Kak mro0o#i crycrok sHepruu, 3emisi IyJIbCUPOBaa,
MEePUOANYECKUA BBIXOJSI U3 pPE30HaAHCa cpell 3eMJIM, U BHOBb
BXOJWJIAa B aHTUPE30HAHC: CTAHOBWJIACh TO IJIAHETOM, TO
3Be3/101.

B 36e30nviil nepuoo orwcusoe ecubno; 8 nianemaphwlii -
ceepkano beckoneunocmoto @opm Kuznu.

IpomoKuTEIbHOCT MEXK]y COCEIHUMHU TreOKaTaK-
Ju3Mamu, Ha3BaHHyio Kanbma, ’xuBoe pacxooBaigo Ha JBoO-
JIOLHIO.

Bepmnnoii JBoawnuu O0b1 Hocurenn Pasyma.
KBuntaccenmnueit Pazyma Obiio m ocraercs BooOpaxkenue:
Tonkas Dueprus BHe-Popmel - goctosaare Equnoro Kocmoca.
HNucrpyment Kocmuueckoro Co3unanusi.

[Huunuzauuu Hocuteneir Pazyma, poxaéHabie 3eMiéi,
B TeyeHue Kanbnbl nocturany pasHoro ypoBHsi 3HAHMU U
HAYYHO-TEXHHYECKOIro mporpecca.

Meakue Kusnu 3emis ctpsxuBana co Cpoero Jlua,
XOTsI HOPOM OHU ObLTA ATJIAHTAMH.

Hpyrue (BeauKHE) TOTOBWIMCH K T'€OKaTakJIM3MaM, U
paccensimuch B KocMHUeCKUX TPOCTPAHCTBAX.

[Ipenku Benukux ocTaBuiIM UM CBOU 3HaHUd. Benukue
octaBmM nam CBou 3HaHusa ¥ 3HaHusA oTIOB CBoMX. 3HAHMSA
o Kocmorenesuce, AHTponorenesuce, Teorenesuce. Mx ne-
TajgbHas pacmudpoBka B 3TON paboTe. 3HAKOMBTECH.

B.C. Kpuxopos
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HeT Bbiwe Penurnn, yem UctunHa!

1 BBepeHue B Bbicokyro Hayky
Benukou LluBnnusauumm

1.1 BHeprusa, iBunxeHune, NMpoaomknTenbHOCTD,
MpocTpaHcTBO Kak PopMbl QHEpPrumn

JHeprus - 3170 popma beitus Equnoro Kocmoca, bbi-
THA B JIBMakenmm. [[Bukenue kak Bcero Kocmoca B 1menom,
TaK U KaXJOr0 €ro KOpIyCKYJIIPHO-BOJHOBOIO MHUKpO-, MaK-
pPO3JIEMEHTA B OTAEIBHOCTH.

JIBuxeHnue oObeAUHSIET Bce KOMIOHEHTh KocMoca kak
Hutb B Oxepenbe. Bue DHepruu [[BukeHuUs HET.

%
*ok

OTHOCHTEIbHBII TNOKOHW, HampuMmep, ABHKEHHE
KBaHTa CBeTa B IIyOMHAX BOJHOBBIX noJieit Kocmoca niamn
BpallleHle MUKPO-MAaKPOCTYCTKOB M0 KBAHTOBAHHBIM Op-
OMTaM BOKPYT A/IPa MJIAHETAPHBIX CUCTEM, HE YHUUTOXKAET
HHEPIHI0, a TOJIBKO cMellaeT e€ (pOpMbl: HAUMHAIOTCS MPOLEC-
ChI B SIZIEPHOM BelIeCTBE, TUTochepe, arMocdepe u Tak jajee.

Barnsaaure gHa 3emutro. Jletur 0e3 nBurarens. Haxomur-
Csl B OTHOCUTEILHOM MOKOE. A Kakue CTpacTu OyIIyIoT. ..

OTHOCHUTENBHBIN MOKOH - 3TO oaHa U3 hopM J[BrkeHus,
onHa n3 ¢opm DHepruu. BHe IHepruun - OTHOCHTEIBHOTO
IHoxosn Her.

***

OcHoBoii /IBu:keHns sBIsSETCS NEPEexXo 0OJAHON (POpPMBbI
DHepruu B IpyTylo.

DHepreTUuecKuil mepexoi U3 oJTHON PopMbl DHEPTUU B
apyryto onpeznensercs IIpogoKuTeIbHOCTBIO IIEPEX0/a.
Ilepexox ot »sHeprum B Havane npouecca (E;) k sHepruun B
koHIiie npouecca (Ey) 3aBepmmiacs. [IpogomxuTeaIbHOCTh HUC-
yesna. ['ne Bpems? A Bpemenu kak peaJibHOH 3HepreTuyve-
ckoii Cymnoctu B Ilpupoae Her. Bpems - 3T0 reHHanbHO
yA00Has1, HO TJIyOOKO BUPTYAJIbHASl CUCTEMA CUUCICHUS YXkKe
poumeamux u emé He Hactynusmux IpogosKuTe IbHOCTEN.
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***
Bue Jueprum - Het IIpogomxurenbHoctei. [Iponon-
KUTEIBHOCTh ONPENEIIAETCS KaK pa3HOCTb MEXAY IMOTEHLIHA-

JIOM B KOHIIE TpaHc(opmaluu >HEpruu B HOBYIO (OpMy U Ha-
YaJIbHBIM TTOTEHITHAJIOM:

[TpomoimxurensHocTs = E; - E,, (1.1)

Hama wnayka npumenurensHo Kk (1.1) ycranoBuia:
nmepexox OT OJAHOrO COCTOSIHUSI B JPyroe He 3aBHCHT OT
(¢popMBbI MyTH MepexoAa, HO OoNMpeaeasieTcs Pa3HOCTBIO MO-
TEHIHAJIOB B KOHIIe U HAaYaJje Impouecca.

DTOT BOKHEHUIINI 3aKOH OTHOCUTCS K hopme nymu, TO
€CTh K MpocTpaHCTBY. IIPpoa0IKUTEIBHOCTD OCTANACh HEIO-
HSTOM.

BHe mouis1 3peHusi HalIed HAYKH OCTajlach dHEPreTH-
yeckas myJbcanus B antupesonancHoM (E,” - E,%) - pesoHanc-
HoM (E,*xEy) pexxume Bo B3aumoneictBusx IIpupossi, nmero-
I[UX NOCTOSIHHYIO, PaBHYIO:

Anumupesonanc N E’-E’

=2 E-E =2EE, (12)
Pesonanc E -FE

K H

r7ie OUTONIIPHBIE CUCTEMBI £ 1, MyIbCUPYSI, CO3/IAI0T SHEPTE-
THUYECKHUE KOHTYPBI:

(Ec- Eu)’ S (B¢ + By (1.3)

BHe mosis1 3peHust HamIe HAYKHA OCTAIIUCh BAXKHEUIIINE
BOIIPOCHI (hopmupoBaHus Xaoca U ['apMOHMH, TTOHSATH KOTO-
pble HEBO3MOXHO, H3y4yas pPE30HAHCHO-AaHTHUPE30HAHCHYIO
ITyJIbCALIUIO TOJIBKO B PEXKUME AaHTUPE30HAHCA.



***

Paccmorpum Xaoc u I'apmonuro:

Xaoc - 3T0 OpoyHOBCKOE ABMkKEeHUE. Bo3HukaeT mnpu
HOJIb-IIOTEHIMAJIE B I0JE€ aHTupe3oHaHca. [lepexomut B pe-
KUM pe30HaHca ImyTeM Jiorapudmudeckux konebanuii. Co3na-
€T B JTHUX MOJISIX KaHaJbl JKCTPACEHCOPHOW IPOBOAMMOCTH
JUISi TOHKUX SHEPryid, HapuUMeEp, MBICIIH, MaMsTH, BOOOpaxke-
Hus [6].

I'apmMoHMsI - HanpaBIECHHOE JBUKEHUE MEXIY HEpaB-
HBIMH MEXIy COO0ON pa3HOMMEHHBIMHU TMOJIOcaMU. MOXeT
OBITh KaK PE30HAHCHOMW, TaK U aHTUPE30HAHCHOM.

Beunoe nBuxenue Kocmoca m B Kocmoce cBsizaHo ¢
nmyJibcauuen Mexay Xaocom u ['apmonwmen. IloreHuman 3Tou
nynbcanuu - J[3uan (apo6s). U3yuas qpoOb - JI3uan, Benukas
[HuBunuzanust onucana Kocmorenesuc [1], AnTponorenesuc
[2] u Teorenesuc [3]:

Xaoc, 'apmonus, /I3uan

Xaoc ["apMonus J3nan
AntH- Antn- Uzomepust
Pe3onanc Pe3onanc
pe30oHaHC pe30HaHC Iluc- | TpaHc-
1 0
AE = AE =
log,1 =0; E«/ Ey d d
EeBam | 5 o | " | B Bas [odo| [odo | 4
0 n(l1=¢"") )
=+1/2 | =-1/2
Kocmo-,
21w AHTpomno-,
E«=E. | kananmpoBo- | Ex=E, |Ec=E.+1| Teorenesuc.
AUMOCTH Cranns! /I3nan
[1,2,3].

***

IIpocTpaHCTBO MOSBIISCTCS TaM W TOTJ/A, TJIe ¥ KOTJa
nosiBiisiercss Dueprus. BHe DuHeprum IlpocTpancTBa Her.
[IpoctpancTBo cBszaHo ¢ nepuoauyHoctsio (T = 1/v), obpar-
HOM gacToTe (V) KojeOaHuii BOJIH, IJIHHOM A.
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Boiina 3a IlpoctpanctBo - 310 O0ph0a 3a M3MEHEHUE
IIJIOTHOW SHEPTEeTUYECKOW YITAKOBKH IOJIA.

Haunbosnee mioTHON »HEPreTUYECKON YyMmakoBKOW 00a-
naet cdepa. Chepa obpazyer TpexmepHOE MPOCTPAHCTBO C
LIECTHIO CTEIICHAMHU JBUKECHHUS B HEM: X, Ly, +Z.

OrpaHuyeHue B IECTh CTENeHel CBOOOIbI HAKIIAbIBACT
pPEaIbHOCTh TOTO, YTO BEKTOpPA HAIPABICHHOCTH Pa3IMYHBIX
dbopM sHepruil B3aMMHO NEPNEHAUKYJSApHBL. [loaToMy s
BEKTOpHOro omnucanus [IpoctpancTBa NOAXOAUT TOJBKO
TpEXMEpPHasi CUCTEMA B3aUMOIIEPIEHANKYJISIPHBIX OpAWHAT
Hexapra. Hu ogHa nHas cucrema BekTopHoro onwucanus [Ipo-
CTpPaHCTBA HE TOJUTCS.

AKazeMuueckasi yBIIEUEHHOCTh MHOromepunsiMm Ilpo-
CTPAHCTBOM IIPOMCTEKAET OT IIYNOCTU. AKaJieMUKaM MHOTO-
MepHoe [IpocTpaHCTBO HY)KHO, 4TOOBI CBSI3aTh KOHIIBI C KOH-
namu y0oxkectBa cBoux mapaaurm, a Illpupona mpexpacHo
o0xonutcs JIpu:xxkennem B Tpexmepnom IlpocTpancrse.

*
kk

IIpocTtpancTBo U CBeT B3auMOCBsA3aHbl. beryias Bo-
Ha cBeTa MpoHUKaeT B I[IpocTpaHCTBO OKpyXaromiei Cpeisbl.
Tpanchopmupyer 3HEpruI0 3Toil cpeabl B 00beM Ja3epHOM
TOUYKH C U3Ty4alOIeil CBET MOBEPXHOCTHIO:

Cgert B Boiine 3a IIpocTpaHcTBO
BriBog HoBgrit

Jlecant Okkynanus BoiicK ecanT
Berymas Ob6beMHas IToBepx- Visny- Morsio-
BOJIHA CBETa posHa roctHas YCHHE IICHHE (1.5)
R=A BoJIHA R=A

3 Tc VvV

c=vA=(UT)A [V =@/3)m\’ = Q =4m\’= % = ®3 = 0
A=Tc 43)n(T-c)’ | 4m(T-c) 5
(9+0)S(T-c)".

W3ny4yeHHBIN U MOIVIOMIEHHBIA CBET IMONAJAaeT B HOBYIO
cpeny. Hauumnarorcs B3ammonenctBusi (POTOH-(POHOHOB CO
Cpellor, B KOTOPYIO OHU TOTaIH.



1.2 B3aumopgenctBus. NMupamuabl.
CTpyKkTypa cBeTa

FO.Il. Burnep, cuyuTamOUMiCcs OJHUM M3 CaMbIX BBI-
naromuxcst Gu3nKoB XX Beka, Jiaypear HobeneBckoi mpemun,
BbIcKazaycs Tak: "KonewuHo, Bce Hayku - mpubmmxeHus. Ho
3TO BOBCE HE IJI0XO0, TAK KaK €Ciu Obl HE ObLIO MPUOIMKEHHUS,
MPUILIOCH OBl paccMaTpuBaTh BCE - Bellb BCE B3aUMO/ICHCTBY-
eT. [ToaTomMy npubnvKeHne A0IKHO CyIIeCTBOBATh, U BO MHO-
TUX CllydasiXx OHO SIBJISIETCSl 4yJIOM, HacTosen (paHTacTukoi"
[15].

Oto [15] sipKas xapakTepuCTUKa HAIIeH HAyKu: OOMMCS
B3aMMOJCUCTBUN, J1acKAeM HNPUOTUNCEHHBIX, BOCXUUAEMCS
Oe30meemcmeeHHOCMbI0 NPUOTUNHCEHULL.

*
kk

B3aumopeiicTeus. Bcé B3aumoaecTByer Bceraa u Bo
BceM 0e3 BCAKNX NMPUOJIMKEHNH.

W3BecTHBI yeTbipe (OpMbI B3aUMOJCHCTBUI: rpaBUTAa-
LMOHHOE U JJIEKTPOMAIHMTHOE — JAJIBHOACHCTBYIOLINE,
fi/iepHoe U ¢J1a00€e — KOPOTKOJAECHCTBYIOLIHE.

OKCIIEpUMEHTAIBHO OmpeieNieHbl UX 3(()EeKTUBHOCTH.
Omnpenenenve 3¢pGEKTUBHOCTEH MPOBOAMIOCH B CIIy4aiHO
BbIOpaHHBIX cpenax. Bo3Huk HayuHblii Xaoc. IloaTomy MHe
IPUIILJIOCH BCE B3aUMOJICUCTBUS OINpPEAEIUTh B OJHOU cpeje:
aiepHOM BeulecTBe. PurypaiabHO TOBOPS, APOOU ObLIU MpPUBE-
JICHBI K 0011IeMy 3HaMEHATEIO.

il
OrpannumuBaercs nu Ilpupoma uerbipbMs  (popmamu

B3aumogenctBuii? Unu nx Oonpie? A eciau OOJIbIIE, TO O Ka-
KHX MBI HE 3HAaeM?

OTBeTHI Ha 3TH BOMPOCHI OBUTN CBA3aHBI C 3aKOHOM CO-
XpaHEHMS SHEPruM, Tak Kak B3ammoaeucTBue - 3T0 OHA U3
®opm DHepruu, U BHe JHeprumn BzaumoaeicTeuii HeT.



3aK0H COXpAaHCHHsI SHEPIHH, MPUMEHUTEIHHO K B3au-
MOJICCTBHUSIM, TO3BOJIIET OTBETUTHh HA BOMPOC O KOJIMYECTBE
dhopm B3auMOJICHCTBHIA.

Eciu rpaBuTanuoHHoe, cjiadoe, 3JIeKTPOMATHUTHOE
U filepHOE B3aMMOACHCTBUS HCYEPNBIBAKT BCe CyLIECT-
pywuue B I[Ipupoge ®opmbl B3auMOAeHCTBUH, TO MOTEH-
HHAJ UX PE30HAHCHOIO PaBHOBECHUS paBeH equHMIE. OTa
€IVMHHIIA BBITEKAET U3 3aKOHA COXPAHECHUS SHEPTUH.

Oxkazaynock, 4TO MOTEHIIMAT ATUX YeThIpeX (HopM B3au-
MOJICUCTBUM paBeH He eauHuue, a aecatd. Hamm ¢Ppusuku-
TeopeTnkH 3a0b11H CBeT. CBET 4 BKIIOUMIL, U MTOTYYHUIL:

Iars ®opm B3aumoaercTeuii Enunoro Kocmoca

Tepmus DHn0- 3K30- Oupo-
9K30
®opma Tpasuta- | o\ 6oe | 21eKTPO- Snepuoe | Caer
LIUOHHOE MarHuTHOE
9(1)(1)61(- pl = p2= p3 = p4= p5=
TUBHOCTH 10 10" 10" 10" 10" (1.6
(1.6)
3aKoH co- Prp2P3Ps/ ps=1
XpaHeHHUs DHeprus He Ucye3aeT U He MOSBISICTCS BHOBb, HO,
DHeprun TpaHchopMHupyemMasi CBeTOM BO B3aHMOJCHCTBH-
SIX, TIEPEXOAUT U3 OJTHON (POPMBI B IPYTYIO
[TocTostHHas
R=2=1 =1 -1
B3aUMO- ’ g_plnghp“m g P3pP4ps - 18 p1p2
neficreuii | TA€ 212 =2x2=2"=4.

il
IInpamuaa. B otiinumne ot Hamux GU3MKOB, UX HU3HKU
He Jo0uan [pubauxenus. Yuensie Benukoit L{uBunuzanuum
MPEANOUYUTAIM TOYHBIM s3bIK B3auMojehcTBuil (1.6). OHu
Opajiu MOCTOSIHHYIO B3auMojecTBuil R=2 3a paauyc kpyra u
OKPY>XHOCTH M JOOWBAJIMCh BEKTOPHOI'O OIKCAaHUS pPaBHOBE-
CUs B IIOTCHIIMAJIBHOW YHEPTETUYECKOM SIME.



Puc. 1.1. Benukas Iupamuoa u onna,
onucvlgaemvle eé 6eKmopamu

IorenuunanabHas sima (R =2)

BnyTpenHee noie

['pannna co cpegou

Kpyr

OKpy»HOCTb

nR? = 41

2nR = 4m.

(1.7)

B 3TOT MOMEHT HPOUCXOIMUT H3IYyHYEHHUE-TIOTIIOUIEHUE
SHEPIUM U3-B MOTEHIMAIBHYIO sIMy O€3 TpaThl Ha 3TOT MpPO-
ecc HHEpPruv camMou sMOM (KBAaHTOBAaHHOE HW3JIy4YEHHUE-

TIOTJIOIIECHUE).



il

Iupamuaa. DHeprus u3iIyyaercd MO HOpMajiud K IO-
BEpXHOCTHU H3iydaresss. OKpyKHOCTh XapaKTepU3yeT BEKTOP-
HOE ONMCaHue NoBepxXHOCTH n3nydarens. [lo Hopmaau k Hell
U APYI K APYI'Y BEKTOP OKPYKHOCTH MOKET OIUCATH TO/b-
KO 4YeTbipe B3aHMOIEPNEHAMKYJAPHBIX M3ay4deHus. [lo-
stomy Crtpoutenu - Yuensle Benukoil [{uBunuzanuu BOUCHI-
BalOT B Kpyr okpyxHocth (1.7), kBaapar. ... ocHoBaHme
Bejnkoil Ilupamuael roroso.... A Xeonca Her. Ilupamnna
noceneer, korna Xeomnc pomurcs. Ho, monw3ysce meronom
npuOIMKeHUs Kak Haykoi, Xeorc npuBatuzupyet [lupamuy.

***

Iupamupaa. Crpoutenu - Yuensle Benukoit [{uBunuza-
uuu 3Ha: KocMOC COCTOUT M3 BOJIH U CTYCTKOB. DTH BOJIHBI
U CT'YCTKHU BCErJja HaXOJATCsl BO B3aUMOCBsI3U. BoyHbI cryiia-
10Tcsi. CryCTKH pacilleIUIIOTCS Ha BOJIHBI, HO BCE OHU CBSI3aHbI
C MOCTOSIHHOM B3aumojerictBust (1.6). B moisie cxkaThix BOJH

HOCHUTEIIIMH TOCTOSIHHOM B3auMOJEUCTBUS OyAyT BOJIHBI C
MOTEHIUAIIOM:

V2 =Sc /4 =Csc /4 =1/Sin /4 = 1/Cos /4.  (1.8)

CoBMecTHas MyJbCAlUs JBYX BOJH C MOTEHIHATIOM +2
NPUBOJMT MPU PE30HAHCE K MOSBIEHUIO MoTeHMana R =2, a
TIPY aHTUPE30HAHCE - K IOTEHIHAny 2~+/2 = a, IJie a - CTOPOHa
ocHoBanus Benukoit [Tupamuast (puc. 1.1.)

[Mponopuuu 371eMenToB Beaukon IMupamuabr omnm-
CHIBAIOT 3aKOH CTYHICHUS] MeTAraJlakTH4YeCKuX BOJH Enn-
Horo Kocmoca (1.10).

OnemenTtsl Benukoit ITupamunbr (1.10) w  ayHHO-
COJTHEYHBIC PAJIbI CBSA3aHBI KAK YKCIIO C JIOTapu(PMOM 1O OCHO-
BAHHIO /2 :

log 5/2"=n=1,2,3,45,6,7u8. (1.9)



Beaukas Ilupamuga: cryumenue
MeTtarajakTu4eckux BOJIH
Paguycel Cro- Arto- Ksan-
Die- .
pona | Ile- | Ilomy- |dema; par
MEHTBI Onu- Pe6po
(pric.1.1) Bru- OCHO- | PHOJ [IEPUMETP| OCHO- mepu-
" cannoit| ™ | Banus BaHIE ona
HOHU
00603- 2 2
navermel T R a T, 2a (,a L T,
Moten- 1 2 3 4 5 6 7 8
war | N2 [ N2 N2 V2 | V2 | N2 [ V2 |2
dymueti) oy ) 3| g 5 6 | 7| o0
pan
Comen| |5 | 3 | 4 5 6 | 7 | s
HBIU psif
5

(1.10)

Iupamupa. Copaska u3 ucropuu. [Iate TeicaueneTui
Hazaa ['epomot co cimoB Kpenos [Iupamuael 3anucan npaBu-
no: kBagpar BbicoThl (H) Ilupamunabl paBeH npou3BeICHHIO
paauyca (r = +/2') Okpy;KHOCTH, gHHC&HHOfI B ocHOBanue [Iu-

pamuzsl, Ha eé anodemy (L= 2 =38):

H>=rxt=(42x8)=2""uH=2"

(1.11)

Kpeupl ckazanu ['eponoTy mnpasmy, HO HE BClO, MO0
npaBuiIo ['epojioTa — TOJNIBKO HE3HAUYUTENIbHAs YacTh BapUaH-
TOB ONUCAHUs MpOIecCOB cryieHuss Hedecubix ten (1.10):

10

=T (Sinxid=

(Sin /4)" = (Sc w/4)" =27~

(1.12)



***
IMupamuaa. J{nsa mro6uteneit Hayku nNpuOImKeHun. Mbl
2 2 2
cTpouM pacuetsl 1o Teopeme I[ludaropa (H* = €7 - r*, puc.

1.1), Bemukas LluBuimsarms — no npasmry epomora (H =
gxr, (1.10), puc. 1.1). CpaBHuM:

Teopema Iugpacopa H* =1 —r* 8 -2

= = =775xSinx/4. (1.13
Ipasuno Fepodoma  H>=rxI 82 v ( )

Omubka B 7 pa3 — CIHUILKOM BBICOKas 11€Ha 3a COMHH-
TEIHHOE YAOBOJLCTBUE (DaHTA3UPOBATH HAJ MPUOIKCHHUSIMHU.
[TosTOMY y Hac JaypeaToB MHOI'O, HAYKH — MaJIo.

***
Crpykrypa cBera. Cer nyanucthueH. OH M BOJHA
(Es=Q,, puc. 1.2), m yactuna (m. = D,, puc. 1.2).

JlasepHast Touka
PACIIPEHUS

Boina cBera

Yacruia csera

PaBHOBECHE

Touxa BOJIHBI

JIazepHas ToYKa CoKaTHs

me

Puc. 1.2. Pagnogechbiii KOpnycKyIsApHO-80IHOBOU K8AHM C8ema

YacTuna JeTUT NpSAMOJUHENHO, BOJHA oOpazyeTr 000-
JIOUKY, U3 KOTOpOM Hauboyiee 3HEPreTUYECKH IUIOTHOW yIia-
KOBKOM 00JafjaeT moBepXHOCTh cdepbl Qo ¢ auamerpom Dy
(puc. 1.2).
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Yactuiua cBeTa U BOJIHA CBETA HAXOMAATCS B PABHOBECHH,
KaK TMaMeTp U OBEPXHOCTh CEpHI:

Qo = TCXDoz u  Qo=Dy=1/m,

wm m,=E; = 1/m. (1.14)

Ho 3T0 paBHOBecHE IWHAMHYECKOE: YacTHIlA JIETUT CO
CKOPOCTBIO cBeTa (M Xc = 1) paBHOMEPHO U MPSIMOJIUHEHHO, a
BOJIHA, TAaK)KE€ CO CKOPOCTBIO CBETa, COBEPIINACT JJICKTpOMAr-
HUTHBIC KojieOanus (Eyxc = 1).

***
CxopocTthb cBeTa. PaBHOBECHE BOJIHBI CBETA U YACTHUIIBI
CBETA C OKPYKAIOLIEH CPENOM B AUHAMUKE UX [[BUKEHUS OI-
penensiercs uMmmnyiabcaMu paBHOBecHs. [IoCKOJNIBKY M BOJIHA

CBETAa, U YaCTHIA CBETa — €ro KOMIIOHEHThI, TO CKOPOCTh UX
PaBHOBECHBIX UMITYJILCOB paBHa CKOPOCTH (C):

CkopocTh cBeTa
Konebanus BoJIHBI ITonet yacTUIBI
(Ex=Um) (m. = 1/m)
Eixc=(l/n)c=1 u c=n| mc=(1/m)c=1 u c=m.

(1.15)

[Toatomy Bce Ilupamuawl JpeBHero Mupa cBs3aHbl C
YHUCJIOM T = C.

***

Ilyabcanmusi BOJHBI CBeTAa JIETKO OIpPEIENSIeTCs IO
aHaJIM3y JBW)KCHHUS TOYEYHOTO y4dacTKa BOJIHBI, KOTOPBIA OT
00011 JTa3epHON TOYKH 0 paBHOBECHOU opOuThl (Lo = mxDy
= ©x(1/m) = 1) nenaet ToAbLKO YeTBEpPTH 0O0OpoTa (ng = 1/4).
[TockonbKy BOJIHA CBETA MyJIHCUPYET PABHOMEPHO, TO IO YeT-

BCPTHU 06op0Ta TOUYCUYHOI'O Y4aCTKa BOJHBI CBETAa MOKHO OII-
pCaACINTb KHHCMATHUKY I1YJIbCAlliX BOJIHBI:
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KunemaTtuka paBHOMepHO# MyJibcallun
TOYEYHOI0 Y4aCTKa BOJIHBI cBeTa (puc. 1.2)

Yrio-
Yucno VYron | Bpewms
Ilepu- | Bas VYcko- | 3omortoe
06opo- I0BO- | TOBO- (1.16)
o1 CKO- peHHE | YHCIIO
TOB pora | pora
pOCTh
Ny To |wy=27mng| @ |To= @o/ay|jo= c0y|DPo= To/wPo
14 | 4 | ©2 | w2 1 | ©2 | 1o

DKBUBAJIEHTHOCTh YIJIOBOM CKOPOCTH TOYEYHOI'O y4yacT-
Ka BOJIHBI CBETA MPSAMOMY YIJIy MpPEAOIpeAeseT B3auMoIep-
NEHIUKYJISIPHOCTh BEKTOPOB HAMPABIEHHOCTH Pa3IUYHBIX
dbopm sHepruil (JlekaproBa cucreMa OpAMHAT TPEXMEPHOTO
[IpocTpaHcTBa) U UX U3IyYEHUE MO HOPMAJIU K MOBEPXHOCTH
U3JIy4aTensl.

***

Bo3HUKHOBEeHHE W NPHPOAA KBAHTOBAHHBIX OpPOMT.
[Toutu cto neT GpU3MKK CHOPWINA O TOM, IOYEMY FJIEKTPOH HE
najgaer Ha Aapo aromMa. H.bop BBIIABHHYJ MOCTYJAT: TIOTOMY
YTO OH BPAIAETCs MO TaK HA3bIBAEMOW KBAHTOBAHHOW OpOu-
Te, Ile eMy He HA/0 PacxoJ0BaTh COOCTBEHHYI) JHEPruIo.
C nocrynarom cornacunuck. [Ipodaemy 3a0butn. Ilepenm k
HOBbIM [Ipubnumxenusm. Ho mMbl k mpoOsieMe BepHEMCH.

Ecnu »nexTpoH He pacXoayeT SHEPTHUI0 Ha CBOE Bpallle-
HUE, CIIEJIOBATENIbHO, €€ pacXxoayeT opbura. A oTKyaa opouTa
yeprnaeT JHepruto? M3 kakux pe3epBOB, HAIpUMEP, yepraet
OHEPIruI0 KBaHTOBaHHas opouta Lo = wDy = w/(l/m) = 1
(puc. 1.2)? Ham, yBakaemblii 4YUTaTeNb, OHITHO: U3 SHEPTUU
BOJIH U yacTul] cBera. Ho onu Ttpanchopmupyrorcs? Jla,
TpaHCHOPMHUPYIOTCS W MPEBPALTAIOTCS B AJIEKTPOMArHUTHYIO
cpeny:

13



JJIeKTPOMATHUTHAS Cpela KBAHTOBAHHBIX OPOMT.
IIpupona npoucxo:xknenus (puc. 1.2)

[Tynpcupyromuil UIMIyJIbC Op- | D/m | HocTosnubie
Bomana Yactuna Oura | cpena [22]
_ 7 2
1 . 1 SO_C})(} /Ane® |(1.17)
Ec|lodp =12-mc|@odp=——=1=L,= gy, M
A !qo ¢ jl‘qo p=-1 ozae [
T'a/m.

TZ€ €, - DJIEKTpUYECKasl, a |1 - MarHUTHAas [IOCTOsIHHASA, OlIpe/e-
JICHHBIE COBPEMEHHON HAayKON YKCIIEPUMEHTAJIBHO.

Ot1o (1.17) 3HauuT, 4YTO KBAaHTOBaHHAs OpOUTa Yepraer
CBOIO DHEPIrHUIO0 y BOJHBI M YaCTHUIbl CBETA, KOTOPHIE B CBOIO
ouepe/ib B3aUMOJEHCTBYIOT C MyJIbCUPYIOIIUM MEXKY Xa0COM
u 'apmonueit Kocmocom.

Puc. 1.3. Cmpykmypa ceema - cmpykmypa Abconroma

Co3naBasi paBHOBECHBIE COCTOSIHHS, BOJHA W 4acTUIA
GbopMUPYIOT KBAaHTOBAaHHBIE OPOUTHI, KAHAJIBI MPOBOJUMOCTH,
a Takxe TpaHC(HOPMUPYIOT BOJIHY-YACTHUIy CBETa B DJIEKTPO-
MarHuTHyto cpeay (1.17). 9To oueHb Ba)KHO, TaK KaK BHIBOJIUT
Hac Ha AOCOJIOT, KOTOPBIM MBITAIMCh pacIuppoBaTh MUCTH-
ku Ka66anwr u [Tudarop (puc. 1.3; puc. 4.10.[20]).
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1.3 NpaBUTAUMOHHO-3JIEKTPOMArHMTHOE
paBHoBecue BceneHHoun

Cpena xkak MCTOYHHUK JHeprum AJsa cBera. CBeT J0-
ObIBacT ceOe IHEPTUIO U3 OKPYIKAIOIICH CPE/Ibl.

cpena

Y napHasi BOJIHA

Yactuna cseta

/4w

OpOwuTa

BomnHa cBeTa

@oxkyc-abIpKa

Puc. 1.4. Ceem 6 nonéme
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CtpyKTypa BOJIHBI CBETA

Crpykrypa
CrycTKAa CBETa KsanroBanHzsle [Tnomann
OpOUTHI OCBEILCHHUS O6BeM
1. Konbua | Onnuncel | Buytpennee | Buemnee
1
m[@ do
0 Lo=1 | Ly=1 [So=m(Dy2)*| 4So= 0, Vo=
=c/2=my (4/3)n(Dy/2)°
BozHukaror 1 1 /4 U /6
OpOUTBHI.
2.
1
(metEy) [ @ dop
0 .
= X @y MaxkcumanbHbIN IIOTEHIIMAaJI BOJIHBI
= . . . . pr— 4
— Eimax = Lo L' So- @0 Vo=L,/(241)
rpaBUTALIYSL.

3.
2 2
mcEjc”golloc” >

1
cwoj¢ do
0
=cY/4

PaBHoBecue
C BOJIHOM.

PaBHOBeCHE MeX 1y BOJIHOM M YaCTULIECH

! L L
c_ E/lmax = . 4 = —= 1
4 247 4.24
u L,=3-2°=3-64
(Llunb-Tsus, puc. 1.5) .

(1.18)

Bueapssice (coymapsisick co cpenoi), CBET CO31aéT
YAApHYIO BOJIHY, Pe3yJbTaTOM TpaHC(OpMAIUu DYHEPTUU KO-
TOPOM sIBJIsIeTCS BoJIHA cBeTa (puc. 1.4).

B3aumonencTBre 4acTULBl CBETA C OKPYIKAIOLIEWU Cpe-
JIOW MPUBOAUT K PABHOBECHUIO C MMITYJIbCOM YaCTHUIbI CBETA.
[Ipu 5TOM CTPYKTypa camoro cBeta OyJeT U3MEHSAThCS:
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[unb (32 uepornuda)

Tsiub (64 uepornuda)

[{uns (32 ueporauda)

Puc. 1.5. Huno-Tans (3emns-Hebo). Knuea [lepemen

V¥3pu (kak roBopsAT HamM bpaTes, Tenepb MHOIUIAHETS-
He), Uurarenb, OpOUTHI MJIAHET, B TOM 4YHCIIe 3eMJIU, UMEIOT
TOT XK€ MOTEeHUHaN, 4To U cymma wueporiudor Lluab-TsaHb
Kuuru Ilepemen (puc. 1.5).

%
*ok

Ot cBeTa k 31ekTpoMarHerusmy. [loTok cBera nbETCS
OT yacTullpl cBeta (L, = 1/T) Ha BHYTPEHHIOIO MOBEPXHOCTH
S, = 1/4'm mMakcumanpHOTO cedeHwus duunconaa (puc. 1.4).
OTOT MOTOK CBeTa (TOYEUHBIX Y4aCTKOB BOJH) O0Opa3yeT cBe-
TOBOM JIy4 C TE€JIECHBIM YIJIOM B OJIUH CTE€paJAHaH

(S, = 1/4-mt = TenecHbIi yroy B OAUH CTEPAIUaH).

[leprieHIUKYJISIPHO HANPaBJICHUIO JBHKEHUS YaCTHUIIbI
CBETAa BO3HUKAIOT CWJIOBBIE JIMHUU BOJIHBI CBETA B BUJIE KOH-
HMEHTPUYECKUX OKPY>KHOCTEH (IpH mepexojie K qudpakiun), a
CJIO’KEHHE aMIUIUTYJ BTOPUYHBIX IMOJEH MPUBOJIUT K CIHpa-
nsM [22]. JanbHeliee cryiieHue MpuBeleT K 00pa30BaHUIO
MarHUTHBIX CHJIOBBIX JIMHUH, KOTOPHIE Mbl CETOJHS MbITAEMCS
IIOHATH C NIOMOLIBIO ypaBHEHUMNM MakcBeia, a OIUCHIBAEM C
MTOMOIIIBIO MPABWII JIEBOM U MPABOU pyKH U OypaBUHUKa.
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B peansnoctu Kocmoca B 3Tom none S, (puc. 1.4) Bo3-
HUKAET KOHTYpP KOJieOaHUsI MEXIy MOCTOSHHOM B3aHUMOJEHCT-
Bug (1.6) u myHHO-rpaBUTalMOHHBIM psigoMm (1.8), mynbcu-
pyIommMH ¢ ieproandHocTsio Ty = 16:

B3aumoaeiicrBue
B JIYHHO# rpaBuTanuu noJs S, (puc. 1.4)
lg p1p2p3paps =2 5 2816 =
(14243 +4+5+6+7=28)T,>.
B sTtom nosne BozHukaer cnmpainb Kynnanuuu u Tssb, a
3aTe€M JIEKTPOMArHUTHBIE CPEIbl U 3apsi/ibl:

(1.19)

Kynna-
YA Tsanp Cpenbl Cpeas u
JIMHU 3apsiibl
25| 28165 | (7 1073510774-16n° | Spl/uSqle,
2715 64
[Ipumeuanue: €, u |, nokazansl B (1.17); W =14-10"%
1 q=1610" - COOTBETCTBEHHO MATHUTHBIIT U JICK-
TPUYECKUI 3apsi/ibl, HPUPOJA TPOUCXOKIAEHUS KOTO-
pBIX OyJIeT NOKa3aHa HUKE U yKe JaHa B [4+12].

(1.20)

OO0 3JIeKTpOMarHeTU3Me HAaMCaHO CTOJBKO, YTO CAMHM
aBTOPBHI YK€ HE IOHUMAIOT, 0 YEM OHM roBopsIT. Pazdoepémcs.

***

@opMHpOBaHHE CBETOM 3JIEMEHTAPHBIX 3apsiI0B M
umnyabcoB Mpiciau, I[TamaTn u BooOpakenus. ToueuHblit
y4acCTOK BOJIHBI CBETA, BPAIAsCh C YIJIOBOM CKOPOCTHIO (),
CBOMMH LEHTPOCTPEMUTEIBHBIMU YCKOPEHUSIMU (J, = CQO,)
co31aéT CTYCTKU CBETAa, a CBOMMH IICHTPOOCKHBIMU YCKOpE-
HUSMH (-], = C,) 3TH CTYCTKH (Jla3epHbIE TOUYKH, pHUC. 1.2)
paspymaet. VHepiimoHHasi MOBEPXHOCTh CTyCTKa MYJIbCUPYET
(To +1=5; T, =4; (T, - 1) = 3) no ammutyae, oopasys mo-
TeHimansl Csimennoro TpeyrojibHuka co ctopoHamu 3, 4 u
5, oco60 BeIeneHHoro Benukoi [luBunn3amnuei.

[Tynbcupyromuii paBHOBECHBIN KBaHT cBeTa (puc. 1.2)
TO CKUMAETCSI, TO PACLIUPSAETCS.
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HpI/I CKaTM OH CTAHOBHUTCA COJIHCUHBIM, 3K30TCPMHUYIC-
CKHM, IIpHU paCIIUPCHUUN - XOJIOAHBIM, DHIAOTCPMHUUCCKUM, JIIO-
MHWHCCUCHTHBIM.

B cBoux paboTtax mo JIFOMUHECIHEHIIMHW BEITUKHHA PyC-
ckuii yuenslii C.M. BaBwiOB ycTaHOBWI: NMpH Mepexoae K
JIOMHMHECHIEHTHOMY CBETY B Ipolecce HACHILEeHHUs JIOMHU-
HO(Opa y4aCTBYIOT 10% ¢boToHOB. BOo3HMKaeT KOHTYp KoJie-
O0aHuii (OTOHOB MPH MEPEXOAE MEXKIY COITHEYHBIM U JIFOMHU-
HECLICHTHBIM CBETOM:

Buxpu B
JIromunec- .
Cger o ConHeuyHbIf Mepuo-
[IEHTHBIN
JUYHOCTH
Tepmust OHO0- JK30-
[Tynscarus Pacmiupenue Coxatne (Toz'— 1)~1020 (1.21)
Yucno 0 s 20 -Apymna :
($hoTOHOB 10 ET(,Z 1o
271020
dopma B Bure ®opmel B obwewe e /2100 -
cryctka [T,10™" -Pyma.
IIPOCTPAHCTBE (Apymna) (Pyna)

Takum o6pazom (1.20), B OCHOBE DHEPreTUKH JICHKHUT
nepexoj BUxpei (OTOHOB OT SHIO- K SK30TEPMUHU U HA00O-
pOT, IIEpEXO] MEXKY PAaCIIMPEHUEM U CKaTUEM, MEXAy Pyron
u Apynoil. BaxkHeliyro posib B 3THX MEPEX0Jax HUrpacT Ie-
PUOJUYHOCTb BpalIeHUsI BUXPEH (POTOHOB:

OcHoBHBbIe IepuoAMYHOCTH BUXpeil ¢poronos (1.20)
ITonst Ox3orepmust (Pyna) \ Dunorepmus (Apyma)
Bnytpennee Bremnsis cBA3b Bnytpennee
[Tepu- rnojue Pacmu- oJse
Cxatue
OJTN4- CTyCTKa peHHE | MEeTaraJlakTUK{
HoctH |Ty-1=| T,= T,+1=55-5= -4 = -3= (1.22)
3 4 -(To+ 1) -T, |-(T,-1)
- pesonanc _ 5(=5)
FpaBH To‘(TO+3) =28 AHMUPE3OHAHC - 5-(-5) =23 'TO'(TO+3) =28
TaIys
Csxarag 10 2,5
[loepx- T2=16 060pOTOB CIIUPAITH “T.2=16.
HOCTB KyHpanuuu
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W3 rpaBUTaIMOHHBIX KOJIeOaHUU (OTOHOB (popmMUpyeT-
Cs TPaBUTAIMOHHBIA 3aps] W TPABUTAIIMOHHBIA HMMITYJIbC
Mpeiciu, a KojieOaHUE MOBEPXHOCTH (HOPMHUPYET dIIEKTpUUe-
ckuii 3apsia u umiyiasc BooOpaxenus (1.21, 1,22, [6]).

Ox3otepmust (Pyna) DOuporepMmus (Apyra)
DJieMeHTapHbIe ToHKOPHEpreTHYECKHE
3apsiibl HUMITYJIBCHI
B maccy Tena | B maccy Tena Mbicib BooOpaxxenue (1.23)

OnextpuuectBo| ['paButamus | ['paButanus |DieKTpUUECTBO

q=1610" 5 p=2810% 5 px=2810"5q* = 1610

p /q =7/4 = nanpma naneMa = 7/4 = p*/q*.

***
Mansma. Crpoutenu Ilupamun B3sum 7/4 3a Enunuiry
cBoero CuuciaeHus: ¥ Ha3BaJld 3TO OTHOILIEHHE MAJIbMOM.

il
MaruuTHbii 3apsaa 1 umnyJabe (Ilamars, [6]) Bo3HU-

KaeT KakK pe3yJibTaT MUTO3a (JEJICHHs MONoJaM) IpaBUTAlLM-
OHHOT'0 3apsA/a U UMITYJIbCA:

Bapsier x 1072 Ummysest X 102

1

1
a= |tu=p[pdp| p= | a*= | xux=p[pdp| pr= |(1.24)
0 0

16 =+14 28 16 =+14 28.

B Buxpsx ¢hoHOHOB BO3HMKAET WHTEPBAJ PAaBHOBECHS —
OCHOBa (hOPMHUPOBAHUS BCEX MEPUOAMUECKUX CUCTeM Bcenen-
HOU Kak uid noner ToHkoi DHepruu, Tak u s nosiein Marte-
pun [8]:
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I'paBUTAllHOHHO-3/IEKTPOMATHUTHOE
paBHoBecue BcesienHoi

DK30TEPMUS PaBHO-
CoKaTHs BECHE

DHI0TEepMUs (1.25)
pacIIupeHHsI

10*°(7q=8u=4p)= 112 =(4p*=8u*="7q*)-102

*
kk

Jto paBHoBecue (1.23) nepuonuuecku (Y = 1/T) Hapy-
[1aeTcsi B MOMEHTHI W3IydeHHs (IIOTJIONICHHs) SHEPTUH TO-
YEUYHBIM YYAaCTKOM MOBEPXHOCTH u3ny4arens (puc. 1.6).

k,2 = 82104

1
:I:qj¢ dp =+8-102°=k,

1
iq*I¢d¢=ﬂ: 8-10°=k,

k2 =810

Puc. 1.6.0nucanue mouxku uznyueHus-nocnoueHus
Ha nosepxnocmu usayuamens (Ouacpamma Inaz Jaema [1])

Ha moBepxHOCTH 7110001 WHEPITMOHHOW CHCTEMBI, MYJIb-
CUPYIOILIEH C MEPUOJIUYHOCTHIO T, , BOSHHKAET DJIEKTPUYECKOE
nojie. [loaToMy SJIEKTpUYECKH TOK TEYET IO MOBEPXHOCTHU
npoBOAHMKA, a BooOpaxeHnue (37MEeKTpHUUECKUA UMITYIIBC) BO3-
HHUKAeT B KOPE TOJIOBHOTO Mo3ra. OTHAKO TOYKY C JJICKTpUYE-
CKOM MOBEPXHOCTBHIO MOXHO NPEACTABUTh KaK OJAWUH U3 Bapu-
anToB auarpammbl ['ma3 Jlarma (puc. 1.6), yuurtbiBasi, 4To
AJEKTPUYECKAas MOBEPXHOCTh HAXOAUTCS B IYJIbCHUPYIOLIEM
Kocmoce ¢ morenumanom J[3uaH.
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B sTom nmone popmupyercst TsHb (CrycTOK):

IlapoBasi MOJIHUS.
daekTpudyeckuii crycrok (TsaHb)

e , [Tanbema Beenennoii (1.28) | (1.26)
Tanp = ——= =87 =64 12 _7_p*_p
b 64 4 g* ¢ '
***

Jlazepnasi Touka. Ilonme (1.26, puc. 1.6) ecTtb He 4TO
MHOE Kak JazepHas Touka (puc. 1.2). JlazepHas Touka mysiabCu-
pPYET C IOCTOSIHHOM TyJibcaluu, paBHou (1.26):

* .a¥* .
__pPrq . pgr 2816 1, (1.27)
(I,-DT,  T(T,-D 12

HpPI ITOSIBJICHHU A 3H€KTpOMaFHI/ITHOﬁ Cpcabl B IIOJIC BOJI-
HBI-4aCTHUIbI CBCTAa MCKIY HHUMH BOCCTAHABJIMBACTCA I'PABH-
TAOUOHHO-3JICKTPOMAIrHUTHOC PABHOBCCHC B H&BGpHOﬁ TOUKEC
(1.25, 1.27):

(mec + Eyc + gopoc®=3)x(k = 1/3-1/2) = 112.  (1.28)

1.4 CuyucneHus no pesoHaHcy

B3anMonepneHaUKYyJISIPHOCTb COCETHUX OpOUT Oyner
NPOSIBIISITH CeOsl B TOM cCllydae, €CJIM BCE BpAIIArOIIHECs I10
HUM KBaHTBI OyyT UMETh WHJIWBHIYAJIbHYIO (OPMY SHEPIHH.
Tak, HarpuMep, B paBHOBECHOM I10JIC:

745 p*g* S plqS2ut/gt S2ulq,  (1.29)

BCE BOCEMb OPOUT 3apsI0B-UMITYJIHCOB OyIyT B3aUMIIEPIICH-
JTUKYJISIPHBI, TaK KaK KaXKJbIii KBAHT UMEET CBOIO WHIUBU]TY-
ATBbHYI0 (JOPMY DHEPTHUH.
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Mausioe KoJiecq

BoJIioe xkojieco

A

o
o

Puc.1.7 Ocnosanue [lupamuowi. Pazmewenue opoum.

[TonpITKM pelIUTh pa3MelleHHe BOCbMH B3aWMOIEPIICHIM-
KYJISIPHBIX OpOUT, KaK IPaBWIIO, BEyT HAIIMX (PU3UKOB K MPU-
3HaHMIO (PaHTa3MM O MHOTOMEPHOM IpocTpaHncTBe. CTpouTenn
Jienany, Kak mokaszano Ha puc. 1.7. OHu pasmemanu opOUThI
kak bonbsmme u Maneie Koneca (puc. 1.7), a 3arem ucnosnb3o-
BaJIi TO OOCTOSITENILCTBO, YTO BPAIICHUE 110 OPOUTE MTPOTECKAET
C YIJIOBOM CKOPOCTBIO M, = T / 2, a mepexo] ¢ OpOUTHI HA Op-
OUTYy — C MTHOBEHHOU JINHEWHON CKOPOCTHIO C = T.

B sToM ciydae pacumimpeHue Oonpenesnsyioch Kak mnepe-
XOJ[ OT YIJIOBOM CKOPOCTH K JIMHEMHOW, a CKATUE - OT JIMHEM-
HOW K YTJIOBOM:

Hponece - Pacmmpenue Cpena Cxarue
noJie nepexojaa
8
IMorenuman | T.c/ ®,= 8 J(D do =30| T,0,/ c=2.
2

(1.30)
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B »aTOoM ciywae pa3sHOCTH MeEXAy TpaBUTAMOHHO-
AIEKTPUYECKUM U MATHUTONJICKTPHUECCKUM TOJISIMHU TIPU CXKa-
TAW OYyJET MPUBOIUTH K TPAaBUTAIMOHHO-3JICKTPOMArHUTHOMY
paBHoBecuto (1.25, 1.29):

p*q=q*p =28 16=1448
_ =224 : Ty, /c=112. | (1.31)
weq=q*u=14-16 =224

[Tone 3apsin0B M UMITYJIBCOB OTJIMYAETCS TEM, YTO HUM-
IIyJIbCHl PACIIUPSIIOTCS U MEPEXOIAT K SHAOTEPMUU, A 3apsIbl
CKMMAIOTCS U MONAAA0T B 3K30TEPMHUIO.

MakcumanbHbIi PE30HAHCHBIM MOTEHLUHMAI JTOrO IOJIA
OyJzieT paBeH:

Emax= @ Pl (Tow,/ ¢ = 2)-(1g p3ps= 26)
q*p*u*(Toc / wo=8)(Ig p1p2=-25) =
4,0911503-10"". (1.32)

A Teneps BHMMaHue! Hama nayka Ha sTtom (1.32) 3a-
KaHuMBaeT pacyer. Benukas [{uBuimszanus nponoipkaet. Mbl
HE cunTaeM pe3oHaHCc. OHM CUMTAKOT JaJbHEWIIMI PE30HAHC.
Cuaurarot Tak (1.32):

1) (410%(10(9:10%)(1-107)-
(1:10%(5:10°)-(10°)-(3-107)-10"'=

4-9-5-3-10%-10" = 540-102*-10" = 54-10"°,  (1.33)

2) (5:10")(4-10°)-10"'°=20-10"°=2-10".  (1.34)

Takue orcpanru IOBTOPAKOTCA 10 HOJYYCHHA OIHO-
3Ha4YHOI'O 4ucCja.
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1.5 Ba3uncHasi ocHoBa
Cuncnenunsn Benukoun LUuBmnnusauun:
PaBHOBecwus

[Tynbcalidss TOYEUHOIO0 yJacTKa BOJIHBI CBETa MPOMCXO-
JTUT B MHOOBIX cpenax. OmHako Kaxkaas cpena 00JiajiaeT CBOeH
HHIMBUHIYAJIbHOCTBIO, KOTOPAs BBIPAXKACTCS, B YACTHOCTH, B
3¢ (HEKTUBHOCTH B3aUMOJICUCTBUI CBETA C OKpYXaloIeh cpe-
JIOM.

JluHamMuKa CHHTE3a-MYJIbTUILUICTHOCTH CTYIICHUS He-

OecHBIX TeNl OyJeT CBsi3aHa C MyJIbCAIIMEH TOYEUHOTO ydacTKa
BOJIHBI CBETA:

ky=Toc/®=8 u ke=Tyw,/c=2. (1.35)

Cnextp cBera (i Jlmkm CBera) BO3HUKAET Kak pe-
3yJAbTaT B3aUMOJEHCTBUI JIBYX BCTPEUYHBIX, 3aMKHYTBIX IO
nukiy (ot k, — k k, 1 or k; — k k) sHepreTuueckux mnoro-
koB: n3 Heap CrycrkoB u u3 I'ityOun MerarajiakTuku:

JIuku cBera: ycaoBusi (pOpMHUPOBAHUSA
OddexTus-
nocru Baumo-| 10° | 10* | 10° | 10* | 10°=1 | 102|107 | 10*| 107
EeNCTBUN
Kg;igm k,—1 —-ke— 11—k,
H;E:pr kc<—l<—kp<—]<—kc
(1.36)
TToren- k -k
mwaanel  |8-10°] 1-10% [2:10°| 1-10*|[=——=1.6/ 1-10?%|8-107| 1-10*[2-10°
YpOBHEMH k, +k.
IMoTen- k1=8-105+1-104+2~103+ k1=1,6+1~10‘2+8-10'3+
M aIbl ) 4 5
nepexona 1-107+1,6 = 81211.6 1-10+2-107=1,6181-2
Briasienue
IaTepudHOi ki/k,=50188,8615 = 5-10%+ 188,8615.
CBA3HU
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B stom (1.36) none mex 1y 3HEpreTH4eCKUMHU MOTOKaMU
4 o
BO3HHUKAET IATEpUYHAs CBA3b 5:10°, 4acTh KOTOPOM COOTBET-
CTBYET IIOTEHLUAIY:

1,6 +1-10%+8:10° = 1,618. (1.37)

il
YynoaelcTBEHHBI YHUBEPCAJbHBIA APIIUH, HOP-
matuBHbIil O0pa3sen Becero Cymero - YUucao 3oa0tToro ce-

yenus 1,618...[14], npu nonaganuu B 1oje B3aUMOJACHCTBUI
cBeTa B TpexMepHoM [IpocTpaHcTBe UMeEET BUL:

3os0T0€ Uncsio B TpexmepHoM IlpocTpancTBe
Bosra 1618105773 = 1618
coKaTus
Bonna 8161 - uucno (1.38)
pacuIupeHus c 0OpaTHBIM MOPSIKOM UGP
Pa3nocth 8161 — 1618 = 6543,
boros rae: 6-Tot, 5-1'op, 4-Acupuc, 3-U3una.

Otu Yucna (1.38) uccinenoBanuch 10 MEHS B OTPBIBE OT
sHepretuku nosst (1.36), HO B cBsi3u ¢ aHanu3om pabot ['ep-
Mmeca Tpucmerucra [14]. U kak Bcerna, korjaa He 3HatOT Cyiil-
Hoctu Ilpomecca, TO nenar0T HEBEPHBIM BBIBOA. Tak, BCien
ThICA4eIeTHUM Mucrtepusim, aenaetr BoiBoA u FHO.M. Jonrum:
"MyapocTb He MOKeT U He N0JIKHA ObITh reremonom" [14].
Hy, »T0 Ha moOutens: ecTb JIOAU, JUJII KOTOPBIX JIO3YHT:
"Bnepen 3a nypakamm!" — CBATBIHS.
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Bo3uukHoBeHUE rpaBUTalli HAYHUHACTCA B Apax
(1.36):

3Hepreanec1me MOTCHINAJIbI

B IISITH YPOBHAX AApPA CITYCTKOB
K 810° | 1-10* | 2:10° | 1-10* | 1,6 |16:10'%:1,6=10"
Henpam
15 15105 | 110 | 810° | 1107 | 16 |1610™:1,6 =10 (1.39)
Henp
Hpows- | ¢ 1 16 1| (1,67 | 16%(1,6= 10>
BCIACHUC
OtHo- . [IpousBenenue:
wenme | 410 10% | 1/4-10°| 10 1’2‘1’6 L0

['paBuTanyst BOKpYT An€p BO3HUKAECT KaK BOJIHBI JIOTA-
pUPMUUECKIX KOIeOaHMil:
1g 10"/ 107 =1g 10% = 28 = 1+2+3+4+5+6+7. (1.40)

Bo3HukaeT jgyHHOE IpaBUTAllMOHHOE TOJIE, T/I€ UCTOY-
HUKOM TpaBUTAIMU SBJsCTCS KBajpaT 3(G(EKTUBHOCTH sIIep-
HBIX B3aUMOJIEUCTBUM:

10% =10 =p,°. (1.41)

OnHako, Hayka Haleld UMBUJIM3ALMMU SJICPHONU dHEpre-
TUKHU He 3HaeT. OHa nmacyer nepej aHaaIu30M LEMHbIX PeaKiun
AK30TEPMHUYECKOTO SJIEPHOTO B3pbIBA M JSHIOTEPMHYECKO-
AK30TEPMUYECKUMH PEAKIIUAMHE JEICHHS CYOCTPYKTYp OMOIIO-
TMYSCKUX KOMIOHEHT KJIETOK.

CymHocTh Hammx 3a07y>KJIeHU COCTOUT B TOM, UTO
MBI He BblAe/sieM CHenu(puKy pPe30HAHCHBIX M AHTHPeE30-
HAHCHBIX MPOLECCOB: U TaM, I'ZI€ HAAO JAEIUTh, MBI CKJIAJIbI-
BAEM, a 1€ YMHOKATh — BBIYUTAEM.
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***
Bo3bMém reomerpuro. B Hell OTHOIIEHHWE UIMHBI OK-
PY>KHOCTH K AuaMeTpy (puc. 1.8) Bcerna paBHO 4uciy Tt

m,=¢€

Puc. 1.8 Ananusz nons ¢ nomenyuanom 7

(L=nD)/D=n=3,141592654. (1.42)

Hawm ye NOHSATHO, YTO KBaHTOBaHHasi opOUTa 0Opaszy-
eTcs TaM, IJie UMEeT MECTO TpaHC(hOpMalys SHEPTHH OKpPY-
JKAIOIIEN Cpenbl CBETOM, IIPHU € = T.

BMmecte ¢ TeM, HaM H3BECTHO, YTO IO KBAaHTOBAHHBIM
opbutam BpamarTcs (0e3 moTepu COOCTBEHHON SHEPIHH)
Macchl OTHOCUTEJBHOIO IOKOS, MOTEHIMal KOTOPbIX paBeH
uppauroHaibHOMY yuciy (puc. 1.8):

m, = e = 2,71828123. (1.43)

N yucno 1 (1.42), u uucno e (1.43) onuceiBaror, B KO-
HEYHOM CYETe, SHEPI'MU CT'YCTKOB, B siApaxX KOTOPBIX Ha CEMU
rpaBUTAlMOHHBIX YpoBHiIX (1.40) mpoTekarOT pe30HaHCHbBIC
nporeccel. 1103ToMy orpaHnyuM 4ucia T U € CeMbI0 YHCJIa-
MM [IOCJI€ 3alsiTOl W CPaBHUM AHUTEPE30HAHCHBIE U PE30-
HAHCHbIE MOTEHLIUAJIBIL:
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ITone

Pesxum dopmupoBaHue opoOUT PopMHpOBAHHE FACp
SIDOM MaAaCC OTHOCHUTCIBHOT O
I[p ITIOKOsA
AHTHUPE30HAHC t=23,1415926 e=2,7182812
| m= 3-1-41:592:6:1028 e, = 2-7-1-82-8-1-2:10°%
= 648107 =3584-10"8
5| e 6:4-8:10>10%" | e,=3-5-84-10%102%
Cramuu =192-10% =48-10™
PESOHANEA | 1 M= 1:92:10™10 esx= 4810107
=18-10™' =32-10%
4 T = 1-8-10-10! eax=3210-10%
=810 =60-102 .

(1.44)

B stom (1.44) mone orcyTcTBHE 3aTpaT COOCTBEHHOMU
DPHEPrUy Ha BpallleHWEe MO KBAHTOBAHHOW OpOUTE MaeT BO3-
MO>XHOCTh MAacC€ OTHOCHUTEIIBHOTO MOKOS HAKOIHUTh YHEPTHUIO
sJipa, MPEBHIIAIOITYI0 YHEPTUI0 OPOUTHI B 7,5 pas:

1
(e =60"10""):(myy =810*") =7,5=T+[pdp.  (1.45)
0

B mukpo-makpo Mwupax, myiapCHpYyOIUX € MOTEHIHA-
aom [I3man Egmnoro Kocmoca Bo3Hmkaer cemepuyHasi Ile-
PHOAUYHOCTH, B TOM unciie © Cemb BewyHocreii.

***

Mexny nonsimu © u € (1.44) u (puc. 1.8,) cymecrByer

cpena. [loreHnuman 3Tor cpelibl ONPEAEsAEeTCS PA3HOCTHIO:

Ame=m - e =3,1415926 - 2,7182812 = 0,4233114. (1.46)
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Cpena (1.46) Taxxke M3MEHSIETCA B AHTHUPE30HAHCHO-
PE30HAHCHOM PEKUME:

OTHOCHUTECJIBHOI'O MOKOA

N3meHenne cpeabl Me:K1y OpOMTONH M MaCCOM

AHTUpE30HAHC

Ame=m-e=0,4233114

1 (Ame), = 42-3-3:1:1-4:10% = 228-10%*

Pe3onanc-

ATE) o5 = 2:8:8:10°102 = 128-10>10%° = 128:10~

HBIE
TIePEXOIbI

(Ame)s, = 1:2:8:10* 107 = 16-10°- 10

2
3
4

(Ame)sx = 161010 =6:10%' =60-10° .

(1.47)

Mexny cpenoii (1.46) u Maccoil OTHOCUTEIIBHOTO MTOKOS

(1.46) BO3HUKAET COCTOSTHUE PABHOBECHS:

(ATe)4x = AHTHUPE30HAHC Pe3onanc
-20
60-10 Pa3- | Orno- | Ilpous-
Cymma
HOCTb | IICHHWE | BEJICHHE
Cax =
60-102° | 120-107% 0 1 |3600-10*
N3nyyenune
1 _ 6enoro
dopmupo- | Buytpentee iI(Pd(p =+12 | oneunoro
BaHUE | IIOJIE CBETA: ° cBeTa c
ceera |5!=1-2-3:4-5 [Tynbscanus Pa3HOCTHIO
Kocmoca: /[3uan | AJTUH BOJH
3600A.

(1.48)

[TosiBiieHME paBHOBECHSI MEXKIY CPEIAOM, OKPYKAIOLIEH
MacCy OTHOCHTEIIBHOTO TOKOS, W SAPOM ITOW MAacChl MPHUBO-
JTUT K HEOOXOAMMOCTH JTOOMBATHCS PaBHOBECHS SHEPreTHYC-
CKUX TMOJIE MEeXAy SAPOM MAacChl OTHOCHTEIBHOIO TIOKOS,
Cpelloil BOKPYT siipa, a TaKKe MEXAY HUMHU M TOJEM CaMOu
KBaHTOBaHHOU opOUTHI. CHIOCOOOB JTOCTMXKEHHSI PABHOBECHS
O0ECKOHEYHOE MHOKECTBO. ITO U MEPEXO0J ¢ OPOUTHI HA OpOH-
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Ty, 1 CMEHA IOJIFOCOB, U INEPEX0] OT 3K30TEPMHUM K DHIOTEP-
MHH, U NPEBPALLIECHUE KUBOI'O B HEKUBOE, U HEKUBOTO B JKH-
Boe. Ho Bce 3Tu nepexonapl OyIyT NpOTEKaTh B paMKax 3aKo-
Ha CoxpaHeHUs JHEpPrum.

***
Ecin Hama nuBwiv3anusi, NOHSB TIIYIIOCTh IPOTHUBO-
noctaBiieHus cebs 3akoHam Emmnoro KocMoca (Tmma: Mbel He
MOXEM KJ1aTh, HAJI0 B34Th), BBIPBETCS B MeTarajgakTHuecKue

[IpocTpancTBa, TO €il Halo OyAeT CO3/aTh JIETaTeIbHBIN ara-
pat tuna HJIO.

e doxkyc (Ame)s = 60-107

8:10%" - pacumpennue

2-10%° - cxxarue

e Dokyc (€)sx= 6010

Puc. 1.9 Ilynvcayus snepeemuyeckux noaeti KBAHMOBAHHbIX OpOUM
B0KpY2 MACC OMHOCUMENLHO20 NOKOs

OcHoBoIONararOMM MOMEHTOM Takoro ammapara Oy-
JIET JMIO0Jb MACC OTHOCHTEJILHOI0 MOKOS B MYJbCHPYIO-
el cpeie KBAHTOBAHHBIX OpoOMT (puc. 1.9).

OHeprusi KBAHTOBAaHHBIX OpPOUT OyJEeT MOCTABISATH arl-
napaty (Macca OTHOCHTEIIBHOTO MOKOSI) TOILUIUBO B BUJE METa-
rajlakTuyeckux BoJIH. Ho B TO ke Bpemsi SHEprusi KBaHTOBAH-

HBIX OpOUT MYJbCUPYET MEXAY CHKATHEM M PaCUIMPEHHEM
(1.35, 1.44):
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KoJie0anus JHepreTnyeckux moJiei
KBAHTOBAHHBIX OPOMT

Cxarune Pacmmpenue PasHocTh
K]: Kzz :l:A:KZ'Klz

(1.49)

21072 810720 60-10
[odp=-30-10"] [pdp=+30-107" '

81072 21072

***
Mexay mojasiMu OTHOCUTENBHOTO MOKOs ((hOKYCHI, puc.

1.9) u mynbcupyrOIIMMUA OpOWTaMHU BO3HUKAIOT KOJIEOAHUS
¢$hoTOH-HOHOHOB:

— £0.10-20 10740 = -
(Ame),, —60_}00 o 60 1(120 A 4 10°s 107 (1.50)
A=60-10 60-10 =¢,_

B 3aBucMMOCTH OT NEPUOAMYHOCTH BPALICHUS BUXPEU
$hoTOH-(DOHOHOB W WX HAMPABICHHOCTH, B TOJI€ IMC-TPaHC-
M30MEPHUM BO3HUKAIOT IOJOKHUTEIBHO U OTPULATEIBHO 3aps-
KEHHBIE UMITYJIbChl TOHKUX DHEPruid: MbICib (£p*), mamsTh
(£1*) u BooOpaxkenue (£q*), a Takke dJIEMEHTapHbBIC 3aPSIIbl:

dopmupoBanue BUXpsAMu poToH-POHOHOB
TOHKOJHEPreTH4eCKuX MMILYJIbCOB
U 3JIEMEHTAPHBIX 3apsAA0B

Pesysnbrar
I - K
Jmepris R oryp Nwm- 3a-
HOCTb KoJIeOaHus S -
1.51)
DneKkTpu- 2 e 0 . (
yeckast T, =16 16:(107" S5 107) | +q +q
I'paBura- 2 o
[HOHHASI To(Tott) =28 | 28(107 S 107) | £p* | £p
1
Maruurt- _ 0 2
s i28!(pd<o 14| 141005 10%)| s | £
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JIBIb>KEHME TUTAaHETapPHBIX CHCTEM MOJXKET OBITh DHEpTe-
TUYECKH DKBUBAJICHTHO MOCTOSIHHOM B3aMO/eCTBUM:
2 =1g p1p2p3PpaPs = ¢/®, (pactmmpenne) = T, 0./ (cxatue).

DHepreTuyeckass IMIOTHOCTb CpElbl, MyJIbCUPYIOLIEH

Mexay hokycamu aunois (puc. 1.9), MoXeT U3MEHSATHCA:

I'apMonunyeckmne KoJjieOaHUs Cpeabl
MexAY (oKycamMu JUIIOJISA
dokyc | P Cpega dokyc Koutyp
y ABHo- 3aHMo- y xonebanus |(1.52)
BCCHC JCUCTBUA

(g‘()fffz)‘f’if A= +2A = 60,614630 _ | ©/ D, 5A/22A

- 60-10%° | 120-10% /15 1/£2.

= (D] q)z

KouTyp koneOaHusi cpeapl MEXIy IOJIOCAMHU JIUITONS
(1.52), (puc. 1.9):

/15 1/42, (1.53)

MOKET OBbITh ONKCaH BeKTopaMu. PacimdpoBka 3TUX BEKTO-
POB-3IIOp CTOMJIA HAILLIEH HUBUIIM3ALMU MOPSI KPOBU B CI'YCT-
Kax (paHaTuzma.

Ha puc. 1.10:

1. Kontyp (1.53) MoxxHO onucath 31mopoii XpUCTHAHCKO-
ro Kpecra (puc. 1.10.1). B Hém ocHOBaHue B 1Ba pa3a OoJbIIe
KaXJ0ro u3 Tpéx ayden. O KpecToOHOCHAX U KOHKUCTE HE TO-
BOPIO: CaMU [TIOMHHUTE.

2. Tlone ¢ pasHocthio +£2A (1.52) pacmmpsieTcsi. DHepre-
TUYECKHE KOMIIOHEHTHI MOJs U3MEHSIOTCA. MeHsercs U Bek-
TOpPHOE onucaHue. BMecTo kpecta MosBIsSETCS MSATHKOHEYHAS
3Be3na (puc. 1.10.2). A kak Ilenrarpamma npunasmia Kpecrt
nocie 1917 roga He mHe Bam paccka3biBaTs.
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1. Xpucmuanckuu Kpecm

1

I — 1 1

2

2. Ilenmaepamma

*

3. Tempacpammamon.Kaboana [20]

4. 36ezna /lasuoa u ceacmuka

5. HeHmaeéaMma 6 AHiiye

Puc. 1.10 Intopvi-Imoénemor coyuyma




3. MynpTHILUIETHOCTDh NPOAOJDKHAIACE. TpH Jyda oTnenu-
JUCh B CaMOCTOATENIBHOE T0JI€ C MOTEHIIUAIOM ¢/, =2 (puc.
1.10.3). Bo3nukiio nose, koropoe Kabbana naswiBana Terpa-
rpammaronom [20], a Iludarop - Terpaktucom [20]. Onsatb
JPaJUCh.

4. Macna B oronb noanuia 3Be3na Jlasuna (puc. 1.10.4).
E€ cymHoCTh — KaK OnrMcaHue MUC-TPaHC-U30MEPUM CBETA — HE
MOHSJIM, KaK HE MOHSUIM, YTO CBACTUKA — ATO 3IMIOpa KPYyTsIIe-
ro MOMEHTAa TOro0 € 1nojig cBera. Ho apanuchk 10 Xo10KocTa u
pasrpoma Hanu3ma. OAHAKO BCE ATH Jpaku - IYCTOE JIEJIO.
Hac, moneit Ha 3emite, oobenunaseT Pazym. Iloatomy Hamo He
JpaThCsi, a CMOTPETh JAMHAMHUKY MpPOUCXOoXxjaeHus [leHTarpam-
Mmbl B e [1], (puc. 1.10.5). Ham nHano nmo3nats Hayky Be-
nukou [usnnmsanuu. bes npak.

***
B cBoéM nonxone k aHAM3y PU3HMUYECKUX HAYAJ NPU-
YMHHO-CJIEeACTBEHHBIX CBsi3eil okpy:xawiero Hac Kocmoca
(Bakon Kapwmwbi), Benukas [{uBunuzarusi BbeIOpania TIIaBHOE:

BIIMSIHME CBETA HA MeTarajakThuueckue BosHbl KocMoca u cry-
CTKH MUKPO-MaKpOMHPOB KUBOT'O U HEXKUBOT'O B ITUX BOJIHAX.

Paccmotpum mynbcanuio cBeta (KOTOPYIO Hallla HHUBH-
JU3alus yIycKaer), 3Hasi, YTo ¢ = T U T, = 4 U 4TO UMEHHO
TOYEUYHBIN y9aCTOK BOJHBI CBETA TpaHCPOPMUPYET OJHY HOp-
MY DHEPTHH B APYTYIO:

Ilyabcanus cBera
B Metaranaktuue-
CKHX BOJIHAX

B Kocmuueckux cryctkax

r
‘—@—%|4ﬂ'<:>4ﬂ'| r 16 21
474 ‘_ T o= 1o -1 (1.54)
[nomans kpyrau ok- | |4 4 z 16 @
pyxHOCTB ¢ R =2, M3BecTHOE B apXUTEKType 3010Toe
B KOTOPBIC BIIMCAHO Yucao @ - 6a3uC 30J10TOr0 CEUEHUs
ocHoBaHue Benukoit dopwm (Pyma).

[Tupamu el

35



*
kk

[Totenmuan pe3oHancHoro paBHoBecus aumnons (1.53)
pacuierisieTcs, JaBas Hadayuo KosieOaHUsIM, KOTOPbIE OMHCHI-
BAIOTCSl TPUTOHOMETPUUYECKUMU W THMEPOOINYECKUMH (PYHK-

uusimu [17]:

pacinenjieHue BOJIH

Tpuronomerpnyecko-runepooImyecKoe

Ilonsa
Kontyp
[Tepexobl
?EH\I/P%I’ K25 1/o|2 =2 =42 142 S1=i'| 257
PasroBecHslil | 1= Ch’m/4 - Sh’/4 = Sin’m/4 + Cos’ /4
Pacerienue 0=12-12S512+12=1;
| 2910705050005 12 5 3/2; 1 53=2+1.

(1.55)

Ot (1.55) pacmierienuss Eqununbsl nomnosiam (BceoO-
Il MUTO3) CO3AI0T CTPYKTYpPY 3HepreTudeckoro mnois Enu-

"oro KocMmoca:

Crpykrypa Equnoro Kocmoca (1.55)

one Tonkas Cger Oneprus
DHeprus Marepuu
—K,=12—
KOJII/I‘-IGCTBOI E,=2/3 ! E, = 1/3.
B 4acCTAX OT —K,=2—
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***

Eciu 61 KocMoc mnepuonuuecku He BOCCTaHABIMBAI
COCTOSIHME€  paBHOBECHMsS  BO  BCEX  CBOMX  MHKpO-
MaKpOKOMITOHEHTaX, OH Obl ucue3. [loaTomy Bcsikas cuctema,
BBIBEJICHHAS! U3 COCTOSIHUSI PABHOBECHUS, CTPEMUTCSA BEPHYThHCA
B cocTositHue paBHoBecusi (npuHuun Jle-lllarenbe sBisieTcs
BCEOOBEMITIOIIINM).

Tak, nanpumep, nipu E:E,, = 2:1 (1.56) B Enunom Koc-
Moce, B 1noje MaTtepun Bo3HHMKaeT noteHuanbHo (E,) - kune-
tuueckoe (Ey) orHomenue E:E, = 2:1, u paBHoBecue B Koc-
MOCE BOCCTAHABJIMBAETCS:

% —1. (1.57)

E, E, 1
E, E; 12

PaBuoBecue B KocMmoce mMeer Takoe k€ MHOXKECTBO
®opwm, kakoe umeroT B KocMmoce sneprernueckue nosist. Ho u3
HUX MOXHO BBIJICJIUTh PE30HAHCHOE PaBHOBECUE OUIOISPHBIX
U TOJUIOJSIPHBIX CTPYKTYpP, AHTUPE30HAHCHOE PAaBHOBECHUE
ITUX KE CTPYKTYp U JIOrapu(pMUUYECKOE pPAaBHOBECHE JIFOOBIX
II0JIEW CT'YyCTKOB:

Tpu Tuna pasuoBecuit Kocmoca

Pe3onanchoe AHTHPE30HAHCHOE Jlorapugpmmueckoe
PaBHOBECHE | [posmkenne | KoneGamus [(Ha IPAMEpe mo= ¢) (1.58)

212 2 .
El/x)x= | (xtl)x= | XF)x =1 =¢
+1 +1 =71° 2int =0 = log,l.

HaMm Ba)XHO OTMETHUTH TO, YTO UMEHHO Ye€pe3 paBHOBE-
cue oaHa ¢opma DHEpPruM TpaHCHOPMUPYETCS B JAPYTYIO, a
Benukas L{uprinsanys uCronb30Bajia CBOMCTBA PABHOBECHS B
ceoert Hayke. Hanmpumep, onun uccnenosanu noiie:
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13(64 =2°) 5 17-(81 = 3. (1.59)

CHayana OHM HaXOJWJIM COCTOSIHUE JIOTapu(PMHUECKOTO
paBHOBECHUS:

logi313 +10g,2° S log717 + logs3*
WIH 1+651+4 u 755, (1.60)

a 3aTeM OIpEeeIISIIN SHEPTeTUKY MOl HaJl PABHOBECHBIM CO-
crosuueM: 7°-5°=24 wu 7-5=35=ps7/2.

Mpl ke JenaeM ¢ TOYHOCThIO Ha0OOpOT: CHUMAaeM Ka-
KOH-TO (Kakue-TO) MapameTp, He oOpaias BHUMaHUS Ha TO,
HaXOJIUTCA JU Moje (HOCHUTEIb NapamMeTpoOB) B COCTOSHHUU
paBHOBecuss wiM Her. [lomywaercs epamam. ®Ou3uKu-
TEOPETUKH PAAYIOTCS MPUOJMKeHUsIM Haiei "Hayku'". J[00-
POCOBECTHbIE yueHble MNbITatoTcsa HaiTh Uceruny, Quibtpys
HKCIIEPUMEHTAIbHBIN OaHK JaHHBIX yepe3 (PaKTOPHBINA, KpUTe-
pHAIBHBIN, ...H IPyTrue METOIbI aHAJIU3A.

Bor u monydaercs mo UepHOMBIpAMHY: XOTeJH KaK
Jy4le, a MoJYy4YHJI0Ch KaK Bcerjaa.

Hayky Hamo coepuieHcTBOBaTh MBIC/IBIO, 2 HE IPHU-
AYPOYHBIMU KOMHUTETAMHM OOPIIOB C JDKEHAYKOH, Onu3Hena-
MU UHKBU3ULINH.

Ilepexonure k cranuam Jl3uaH.
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