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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 KocMHUeCKHUX TPOCTPAHCTBAX.

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

B.C. Kpuxoposg
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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:

Anmupesonanc  E: —E;
%

=2>E-E =2EE, (12)
Pesonarnc E -FE

K H

r7ie OUTONIIPHBIE CUCTEMBI £ 1, MyIBCUPYSI, CO3JIAI0T 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, HapuUMeEpP, MBICIIH, MaMsTH, BOOOpaxke-
Hus [6].

I'apmMoHMsl - HanpaBIECHHOE JIBUKEHUE MEXIY HEpaB-
HBIMH MEXIy COO0OH pa3HOMMEHHBIMHU TMOJIOcaMu. MOoXeT
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, I'apmonus, /{3uaun
Xaoc ["apMoHus JI3nan
AHTH- N3omepus
AHTU-
peso- Pe3onanc C30HAHC Pe3onanc
HaC p [uc- | Tpanc-
1 0
AE = AE =
a = * H d d
g | loml=0: | EJ/E, | AEE [odo | [odo | 4
0 =+112 | =-1/2
Kocmo-,
2in AHTpomno-,
E«=E. | xanannposo- | Ex=E, |Ex=E.+1| Teorenesuc.
JTUMOCTH Cranns! /I3nan
[1,2,3].

***

IIpocTpaHCTBO MOSABISETCS TaM U TOT/A, TZI€ U KOrja
nosiBiiieTcss OHeprus. Bue Juepruu IlpocTpancrBa Her.
[IpoctpancTBo cBszaHo ¢ nepuoauyHocTsio (T = 1/v), obpar-
HOM gacToTe (V) KoseOaHui BOJTH, ITTUHOM 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 JBUKECHUS B HEM: X, Ly, +Z.

OrpaHuyeHue B ECTh CTENeHel CBOOOIbI HAKIIAbIBACT
PEaTbHOCTh 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 U3TY4aIOIeil CBET MOBEPXHOCTHIO:

Cgert B Boiine 3a IIpocTpaHcTBO

BriBon Hosrrit

JlecanTt Okkynanus BoiicKk ecanT

Berymas Ob6beMHas [ToBepx- Hany- Morsio-

BOJIHA CBETA poJHa roctHas YeHue EHUE (1.5)
R=A BoJiHA R=A

3 ) 0 3 Tc V

c=vA=(I/T)L |V =(4/3)nh" = Q=4nA"= v = Te = 3 = E
L=T-c @/3)n(Tc)’ | 4n(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, 1 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: rpaBUTA-
LMOHHOE U JJIEKTPOMAIHMTHOE — JAJIBHOACHCTBYIOLINE,
si/iepHoe U ¢J1a00€e — KOPOTKOACHCTBYIOILIHE.

OKCIIEpUMEHTAIBHO OMpeeNieHbl 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
OrpannuuBaercs nu Ilpupoma uerbipbMs  (popmamu

B3aumogenctBuii? Unu nx Oonpiie? A ecau OOJIbIIE, TO O Ka-
KHX MBI HE 3HAeM?

OTBeTHI Ha 3TU BOIMPOCH! OBLIN CBS3aHBI 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, TTO3BOJIIET OTBETUTHh HA BOMPOC O KOJIMYECTBE
dbopm B3auMOJICHCTBHIA.

Eciun rpaBuTanuonHoe, cjiadoe, 3JIeKTPOMATHHUTHOE
U filepHOE B3aMMOACHCTBUS HMCYEPNBIBAKT BCEe CyILIECT-
pywuue B [Ipupoge ®@opmbl B3auMOAEeHCTBUN, TO IMOTEH-
HHAJ UX PEe30HAHCHOIO PAaBHOBECHUS pPaBeH eIUHMIE. OTa
€IVMHHIIA BBITEKAET U3 3aKOHA COXPAHCHUS SHEPTUH.

Oxkazaynock, 4TO MOTEHIMAT ATUX YeThIpeX (HopMm 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
IIMOHHOE MarHUTHOE
Spdek- p1= p2= p3= P4 = ps =
TUBHOCTH 10 10" 10" 10" 10" (1.6
(1.6)
3aKoH CO- prop2pypsa/ps=1
XpaHeHHUs DHeprusi He UCue3aeT U HE MOSBIIICTCS BHOBb, HO,
DHeprun TpaHchopMHupyemMasi CBeTOM BO B3aHMOJCHCTBH-
SIX, ICPEXOIUT M3 OAHON (GOPMBI B IPYTYIO
[TocrosiHHas
R=2=1 =1 -1
B3aMMO- ’ g_p182£)3p4p5 g P3Paps - 1€ p1p2
neifcrpmii | A€ 22 =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
Opaiu MOCTOSIHHYIO B3auMojecTBuil R=2 3a paauyc kpyra u
OKPYXHOCTH M JOOMBAJIMCh BEKTOPHOI'O OINKCAHUS pPaBHOBE-
CUs B IIOTCHIIMAJIBHOW YJHEPTETUYECKON SIME.



Puc. 1.1. Benukas Iupamuoa u onna,
onucvlgaemvle e€ 6eKmopamu

IorenuunanabHas sima (R =2)

BnyTpenHee noie

['pannna co cpegou

Kpyr

OKpy»HOCTb

nR?=4n

2nR = 4.

(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
MOTEHIHAAIIOM:

J2=Sc /4 = Csc n/4 = 1/Sin /4 = 1/Cos /4.  (1.8)

CoBMecTHas TyIbCALHs JBYX BOIH C HOTEHIHANOM +2
IIPUBOJUT IIPU PE30HAHCE K IOSABJIECHUIO NMOoTeHnHana R = 2, a
TIpM aHTUPE30HAHCE - K MOTEHIMany 2+/2 = a, IJie a - CTopoHa
ocHoBanus Benukoit [Tupamuast (puc. 1.1.)

[Mponopuuu 37eMenToB Beaukon IMupamuabl onm-
CHIBAIOT 3aKOH CTyIIEHUs] MeTarajakTuyeckux BoJH Exu-
Horo Kocmoca (1.10).

OnemenTthl Benukoit ITupamuner (1.10) w  ayHHO-
COJIHEYHBIE PSAJIbI CBSA3aHBI KAK YKCIIO C JIOTapu(PMOM MO OCHO-
BAHHIO 2

log 542"=n=1273,4,5,6,7u8. (1.9)



Beaukas Ilupamuga: cryumenue
MeTarajakTu4ecKux BOJIH

Pamnycet | Cro- Aro- KBan
Dite- de-
MEHTBHI poma | Tle- Homy- Ma; Peo pat
(puc.1.1| Bt | Oma | OCHO= 1 PH- frepH- OCH(,)— po nes
) CaH- | CaH- Ba- on METp Ba- pu-
HOHW | HOH HUA ona
HUE
0003-
o T | RO A | T, 2a ¢,a> | L | Ty
IMoTen- \/5 \/5 3 \/5 5 6 \/5 8
uan 1 2 \/5 4 \/5 \/5 7 \/5
Jlyn-
HBIHA 1 2 3 4 5 6 7 0
pan
Con-
Heunbnd| | 2 3 4 5 6 7 8.
psan
5

(1.10

IMupamupa. CrnpaBka u3 uctopuu. [T ThICSUYEnETHI

Hazan ['eponot co cinoB XKpeuos [Tupamuasl 3anucan npaBu-

no: kBaapat BbicoThl (H) Ilupamunbl paBeH NpOU3BEAECHUIO

pamuyca (r = ~2 ) OKpyXKHOCTH, BIIFICAHHOI B OCHOBaHMe 11n-
6

pamunEl, Ha eé anopemy (L= 2 = 8):

H?=rx{=(42x8)=2"uH=2""

(1.11)

Kpeusr ckazanu ['epomoTy mpaBay, HO HE BCiO, MO0

npaBmwio ['eporora — TONbKO HE3HAUMTETIbHAs YacTh BapHaH-
TOB ONUCaHUs MpoleccoB crymeHuss HeOecHbix Ten (1.10):
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H'=rx{=a’r=L=...= T02 JSinz/4=

(Sin w/4)”" = (Sc w/4)" =2"">. (1.12)

il
Iupamuna. J{ns nrobureneit Hayku mpuOIMxeHU. Mbl
cTpouM pacuethl 1o Teopeme Iludaropa (H> = €* - r°, puc.
1.1), Benukas lluBunuzanus — no npaBuiy ['eponota (H2 =
¢xr, (1.10), puc. 1.1). CpaBHuM:

2_2_ 2 2 _
TeopeMaHuqbaeopa:H 2—1 r :8 2:7,75><Sinfz/4. (1.13)
IIpasuno I'epoooma  H™ =rxl 82

Ommbka B 7 pa3 — CIUIIKOM BBICOKAs IIeHA 3a COMHHU-
TEJIbHOE YAOBOJLCTBUE (DaHTA3UPOBATH HAJ MPUOIMKEHUSIMHU.
[TosTOMy y Hac laypeaToB MHOT'O, HAYKH — MaJIo.

***
Crpykrypa cBera. CBer ayanmuctuueH. OH W BOJHA
(E»=Q,, puc. 1.2), u yactuua (m, = D,, puc. 1.2).

m, JlazepHast Touka
PACIIUPCHUs

BoiHa cBeta

YacTuia csera

PaBHOBecue

Touka BOJHBI

JlazepHasi TOUKa CHKaTus

m,

Puc. 1.2. Pagnosechbiii KopnycKyIsApHO-60IHOBOU KEAHM C8ema
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YacTuna JeTUT NpSAMOJUHENHO, BOJHA oOpazyeTr 000-
JIOUKY, U3 KOTOpOW Hauboyiee 3HEPreTUHECKH IUIOTHOW yIia-
KOBKOM 00JjazjaeT moBepXHOCTh cdepbl Qo ¢ auamerpom Dy
(puc. 1.2).

YacTuia cBeTa v BOJIHA CBETA HAXOSATCS B PAaBHOBECHH,
KaK TMaMeTp U IOBEPXHOCTh CEpHI:

Qo:7T><Do2 u  Qo=Dy=1/n,

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

Ho 310 paBHOBEcHE NUHAMUYECKOE: YACTHULA JETUT CO
CKOPOCTBIO CBeTa (M *Xc = 1) paBHOMEPHO U NPSIMOJIMHENHO, a
BOJIHA, TAK)K€ CO CKOPOCTBIO CBETAa, COBEPILIAET AJIEKTpOMar-
HuTHbIe KoneOanus (E;xc=1).

il
CkopocTthb cBeTa. PaBHOBECHE BOJIHBI CBETA U YACTHUIIBI
CBETa C OKPYXKAIOLIECH Cpeor B JUHAMUKE WX [[BUkKEHHS OIl-
penensaeTcss uMIyJibcaMu paBHOBecHs. [IOCKOIbKY M BOJHA

CBETa, M YaCTHIIa CBETa — €ro KOMIIOHEHTHI, TO CKOPOCTh HUX
PaBHOBECHBIX UMITYJILCOB paBHa CKOPOCTH (C):

CxkopocTthb cBeTa
Konebanust BOJIHBI IToner yacTuIs:
(Er=1/n) (m.= 1/n)
E,c=(/n)c=1 u c=7n| mc=(l/nr)c=1 u c=m.

(1.15)

IToaromy Bce IIupamuaer [peBHero Mupa cBsizaHbl C
YHUCJIOM T = C.

***
Hyﬂbcaum{ BOJHBI CB€Ta JICTKO OIpCACIACTCA 110
AHAJIN3y ABHWKCHHUA TOYUCYHOI'O Y4YACTKa BOJIHBI, KOTOpLIﬁ oT

0001 JTa3epHO TOYKH 10 paBHOBECHOU opOuTH (Lo = mxDy

= nx(1/m) = 1) nenaet ToAbKO YeTBEpTH 0OOpoTa (ng = 1/4).
12



ITockosBbKy BOJIHA CBETA IYJIBCUPYET PABHOMEPHO, TO IO YET-
BEPTU 00OpOTa TOUYEUHOI'O YYacCTKa BOJIHBI CBETAa MOYKHO OII-
PEAENIUTh KHHEMATUKY ITYJIbCALIUU BOJIHBI:

KunemaTuka paBHOMEpPHOM My IbCALUU
TOY€YHOI0 Y4aCTKa BOJIHBI cBeTa (puc. 1.2)

VYrio-
Yucno VYron | Bpems
Ilepu- | Bas VYcko- | 3omotoe
060po- OBO- | MOBO- (1.16)
o CKO- peHHe | YHCIIo
TOB pora | pota
pocTh
Ny To |wmo=2mng| @0 |To= @o/|jo= cod |DPo= To/®ePo
1/4 | 4 2 | /2 1 2 | 16/7’.

DKBUBAJIECHTHOCTh YIJIOBOM CKOPOCTH TOYEYHOI'O y4acT-
Ka BOJIHBI CBETA MPSIMOMY YIJIy MPEIONPEACIISIET B3auMOIIEp-
MEeHJAUKYJIAPHOCTh BEKTOPOB HAMPABICHHOCTH PAa3JIAYHbBIX
dbopm sHepruit (JlexkaproBa cucTeMa OpAMHAT TPEXMEPHOTO
[IpocTpaHCcTBa) U UX U3JIyYEHUE MO HOPMAJIU K MOBEPXHOCTHU
W3J1y4daTets.

***

Bo3HMKHOBEeHHEe M NMPHPOAA KBAHTOBAHHBIX OpPOMT.
[Toutu cTO NET PUBUKU CHOPUIN O TOM, TOUYEMY DJIEKTPOH HE
najgaer Ha Aapo aromMa. H.bop BBIIABHHYJI MOCTYJAT: TOTOMY
YTO OH BpallaeTcs MO TaK Ha3bIBaeMOW KBAHTOBAHHOM OpOu-
Te, I/Ie eMy He HaJ0 PacxolA0BaTh COOCTBEHHYK) JHEPIrHI0.
C mocrynarom cornacunuck. [Ipobrnemy 3a0bumm. Ilepenum k
HOBBIM [Ipubmmkenusm. Ho MbI k pobieme BepHEMCH.

Ecnu »ekTpoH He pacxoyeT SHEpPTrHui0 Ha CBOE Bpallle-
HUE, CIIeJIOBATENIbHO, €€ pacXxoayeT opbura. A oTKyaa opouTa
yeprnaeT JHepruto? M3 kakux pe3epBOB, HApPUMEP, YepIaeT
DHEPTUI0 KBaHTOBaHHas opbuta Lo = Dy = w/(1/n) = 1
(puc. 1.2)? Ham, yBaxkaemblii YUTaTeIb, HOHITHO: U3 SHEPTUU
BOJIH M yacTtul] cBera. Ho onu Ttpanchopmupyrorcs? Jla,
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TpaHC(HOPMHUPYIOTCS U MPEBPAIIAIOTCS B JIEKTPOMArHUTHYIO

cpeny:

JJIeKTPOMATHUTHAS Cpe/la KBAHTOBAHHBIX OPOMT.
IIpupona npoucxo:xknenus (puc. 1.2)

[Ty nbCUpyIOIIHiA UMITYJIBC Op- | D/M | IlocrosiHHbIE
Bosna Yacruua Oura | cpena [22]
go=10"/4rnc?
; e 1 d/m
Exc|lodp =12-me|@pdp=——=1=Ly= g’ ’
* -(‘;(0 4 -!-(0 ? 2 0= Sl o= 471107
T'a/Mm.

TZ€ €, - DJIEKTPUYECKAs, a |1 - MaTHUTHAs [TIOCTOsIHHASA, OlIpe/ie-
JICHHBIE COBPEMEHHON HAayKOM IKCIIEPUMEHTAIIBHO.

(1.17)

Oto (1.17) 3HauuT, YTO KBAHTOBaHHAs OpOMTA yepHaer
CBOIO DHEPTHUIO Y BOJHBI M YACTHIIBI CBETa, KOTOPHIE B CBOIO
ouepe/b B3aNMOCHCTBYIOT C MYJIbCUPYIOIIUM MEXIy Xa0COM

u 'apmonuenr Kocmocom.

Puc. 1.3. Cmpykmypa ceéema - cmpykmypa Abconroma

CoznaBasi paBHOBECHBIE COCTOSIHMS, BOJHA M YacTULA
GbopMHpYIOT KBaHTOBAaHHbBIE OPOUTHI, KaHAJIbl TPOBOJUMOCTH,
a Takke TpaHCHOPMUPYIOT BOJIHY-YACTUILYy CBETa B DJIEKTPO-
MarHuTHyto cpeny (1.17). DTo oyeHb BaKHO, TaK KaK BHIBOJUT

14



Hac Ha AOCOJIIOT, KOTOPBIM MBITAIUCH PacCIIM(PpPOBATH MUCTH-
ku Ka66ansr u [Tudarop (puc. 1.3; puc. 4.10.[20]).

1.3 paBUTaLMOHHO-3NIEKTPOMArHUTHOE
paBHOBecue BceneHHoun

Cpena kak MCTOYHUK JHeprum AJs cBera. CBeT J0-
ObIBacT ceOe IHEPTUIO U3 OKPYIKAIOIICH CPE/Ibl.

15
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Y napHasi BOJIHA

Yacrtuia cseta

OpOwuTta

BoiHa cBeTa

doKyc-apIpKa

Puc. 1.4. Ceem 6 nonéme



CrtpyKTypa BOJHBI CBETA

3.
mCExcz~aouoc2><

1
CCOO.[(D do
0
=c'/4

PaBHoBecue
C BOJIHOM.

Crpykrypa
crycrka cera| KBsanTtoBaHHbIe ITnomanu
OpOUTHI OCBEIICHHUS
O6bem
1. Komp- | Ommun- | BuyTpen- Brem-
1 a ChI Hee HEee
m, [ dp
0 S = —
Lo=1 | L,=1 0 4S,= O Vo=
=c/2 = o 0 n(Dy/2)’ T @B)r(Dy2)
3
Bo3Hukaror
OpOHTHL ! ! 1/4n lm /6
2.
1
(mc+E;) f(o do
0 .
= X MakcumanbHbIN INOTCHIIMAaJI BOJIHBI
- 0
_ _ 4
Mosmsercs Bimax = Lo-Li'So @y Vo=L/(2471*)
TrpaBUATALIMSL

PaBHOBECHE MeXTy BOJTHOM U YaCTUIIEH

4 L L
c_ Elmax = X4 = - :1
4 247t ) 4.24

u L,=3-2°=3-64

(Iluab-Tsub, puc. 1.5) .

(1.18)

Buenpsisice (coynapsisick co Cpeioi), CBET CO31aéT
yAapHYIO BOJHY, pPe3yJabTaToOM TpaHchopMammu SHEPTUU KO-
TOPOM sIBJIsIeTCS BoJIHA cBeTa (puc. 1.4).

B3auMopelicTBHe 4acTUIIBI CBETA C OKPYXKAKOUIEH Cpe-
JIOM MPUBOJAUT K PABHOBECUIO C MMITYJIbCOM YaCTHIIbI 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 (|, = 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-m = TenecHsI yroy B OJIMH CTEpaIiaH).

[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.

18



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)
g p1p2p3paps =2 5 2816 =
(1+2+3+4+5+6+7=28)T,>.
B sTtom nosne BozHukaer cnmpainb Kynnanuuu u Tssb, a
3aT€M JIEKTPOMArHUTHBIE CPEIbl U 3apsi/ibl:

(1.19)

Kynna- bl U
YA TsHb Cpenbl Cpen
JIMHU 3apsiibl

25| 28165 | (N 1073510774-16n° | Spo/puSq/e,
2175 64

[Ipumeuanue: €, u |, mokazansl B (1.17); p =14-10"%

1 q=1610" - COOTBETCTBEHHO MATHUTHBIIT U HJICK-

TPUUECKUN 3apsibl, IPUPOJIA TPOUCXOKICHUS 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 (M,
CBOMMH LEHTPOCTPEMUTEIBHBIMU YCKOPEHUSIMU (J, = C®,)
co31aéT CTYCTKU CBETAa, a CBOMMH IICHTPOOCKHBIMU YCKOpE-
HUSMH (-], = C®,) 3TH CTYCTKH (Jla3epHbIE TOYKH, 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 ConHeyHbId Mepuo-
IIEHTHBIN
JTUYHOCTH
Tepmust OHO0- JK30-
[Tynscarus Pacuiupenue Coxartne (Toz'— 1)~1020 (1.21)
Yucno 0 s 20 -Apymna :
($hoTOHOB 10 ET(,Z 1o
271020 _
dopma B Bue ®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 NEPEX0Jax HUrpaer Ie-
PUOJUYHOCTb BpalIeHUs BUXPEH (POTOHOB:

OcHoBHbIEe IEPUOAUYHOCTH BUXpeii poTonos (1.20)
ITomst Ox3orepmust (Pyna) \ DOunorepmus (Apyma)
Bnytpennee Bremnsis cBs3b BnyTtpennee
oJie Pacmu- 1oJjie
[Tepu- Cxxarue
CTyCTKa peHue | MeTarajJakTUKH
M- [ 3=
HOCTH 1"_ To= To+1=55-5= 4= (T (1.22)
= s ] -(T,-
FpaBI/I- TO.(T0+3) = pesonanc  _ 5(-5) —25 _TO.(T0+3) =
Tamus 28 aumupesonanc  5—(=5) 28
Cokatas 10 2.5
[loBepx- T =16 000pPOTOB CIUPAIb -T2 = 16.
HOCTB Kynpanuau
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W3 rpaBUTaIMOHHBIX KOJieOaHUU (POTOHOB (popmMUpyeT-
Cs TPaBUTAIMOHHBIA 3aps W TPABUTAIIMOHHBIA HMMITYJIbC
Mpeicu, a KojiebaHUE MOBEPXHOCTH (HOPMHUPYET dIICKTpUYe-
ckuii 3apsia u uminyiasc BooOpaxenus (1.21, 1,22, [6]).

Ox3orepmust (Pyna) Ouporepmus (Apyria)
DneMeHTapHbIC ToHKO3HEpTreTHYECKUE
3apsIIbI UMITYJIbChI
B maccy

B maccy Tena MeIcib Boobpaxenne | (1,23)

TCJ1a

OnextpudectBo| I'paButanus | I'paButanus | DIeKTpUUECTBO

q=1610" 5 p=2810" S px=2810"Sq*=16-10"

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

***
Manbma. Crpoutenu [Mupamup B3smm 7/4 3a Enunuity
cBoero CUuciaeHus U Ha3BAJIM 3TO OTHOIICHUE MAJIbMOM.
***
MaruuTHbii 3apsaa 1 umnyabe (Ilamsate, [6]) Bo3HU-

KaCT KaK pE3yJIibTaT MUTO3a (,IICJICHI/ISI HOHOJIaM) rpaBUTalN-
OHHOT'O 3apsaa U UMITYJIbCa:

Bapsiier X 107 mmyssest X 107

1 1
q= ipzpj(pd(/) p= | q*= iu*:p*j¢d¢ px=|(1.24)
0 0

16 =+14 28 16 =+14 28.

B BUXPAX (I)OHOHOB BO3HHUKACT MHTCPBAJ PABHOBCCUA —
OCHOBA q)OpMI/IPOBaHI/ISI BCCX MCPHUOINICCKHUX CUCTCM Bcenen-
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HOU Kak id noner ToHkoi DHepruu, Tak u s nosuein Mare-
puu [8]:

I'paBUTAaMOHHO-3JIEKTPOMATHUTHOE
paBHOBecHe BcesieHHOM

OK30TEpMUs PaBHoO- OHI0TEpMUS (1.25)
CHKATHSI BECHE paclpeHmst

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

*
kk

Oto paBHoBecue (1.23) mepuoamuecku (y = 1/T) Hapy-
IIaeTCd B MOMEHTHI H3JIydeHHUsl (TOIJIOIIEHUsI) SHEPTUU TO-
YEYHbIM y4aCTKOM ITIOBEPXHOCTH u3itydareis (puc. 1.6).

k,2 = 82:10™

1
+q[pdp =+810™ =k

1
:tq*_[go dp=+810"=k,

k2 = 82.107%

Puc. 1.6.0nucanue mouxu uznyueHus-noenoueHus
Ha nosepxnocmu uznyuamens (Ouacpamma I naz Jaema [1])

Ha moBepxHOCTH 110001 WHEPITMOHHOW CHUCTEMBI, MYJIhb-
CHPYIOIIEH ¢ IePHOMYHOCTI0 Ty , BOSHHKAET JIEKTPHUECKOE
nosne. 11oaToMy 3leKTpHUYeCKHi TOK TE€UYET MO IMOBEPXHOCTH
npoBOAHMKA, a BooOpaxeHnne (37MEeKTpHUUECKU UMITYJIBC) BO3-
HUKAET B KOPE TOJOBHOIO Mo3ra. OIHAKO TOUYKY C dJIEKTpHYE-
CKOH IOBEPXHOCTBIO MOXKHO IPEACTABUTh KAK OJAWH W3 Bapu-
aHToB auarpammbl ['nma3 Jlarma (puc. 1.6), yuurtsiBasi, 4To
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ANIEKTpUYECKasi MOBEPXHOCTh HAXOJIUTCA B MYyJIbCHUPYIOLIEM
Kocmoce ¢ nmorenumnanom J[3uaH.

B stom nonie hopmupyercs TsHb (CrycTOK):

HIapoBass MoJIHMS.
duexkTpuuecknii crycTok (Tsaub)

e , [Tanema Beenennoii (1.28) | (1.26)
T;IHLEI—kz=8=64 112 7 _p* _p
b 64 4 q* ¢
5l

Jlazepnasi Touka. Ilone (1.26, puc. 1.6) ectb He 4TO
MHOE Kak ja3zepHas Touka (puc. 1.2). JlazepHas Touka myJbCH-
pPYET ¢ MOCTOSIHHOM MyJibcaluu, paBHoH (1.26):

* .qg* .
__PM o, pgt 2816 1, (1.27)
6, -7, ~ T,(T,-1) 123

[Ipy nosiBIEHNN ANEKTPOMArHUTHOM CPEbl B MOJIE BOJI-
HBI-4AaCTUIbl CBETA MEXJIYy HHMHM BOCCTAHABIMBAETCS I'PaBU-
TallMOHHO-3JIEKTPOMAarHUTHOE PABHOBECUE B JIA3€PHOM TOYKE
(1.25, 1.27):

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

1.4 CuncneHus no pesoHaHcy

B3anMonepneHaUKYyJISPHOCTb COCEIHUX OpOUT Oyner
MPOSBIISITH Ce0sl B TOM Cllydae, €Cclid BCE Bpalllalolirecs Mo
HUM KBaHTBI OyJyT UMETh UHAUBUAYAIbHYIO (OPMY DHEPTHUU.
Tak, HanpuMep, B paBHOBECHOM MOJIE:

7/4 S p*/q* S p/q S 2u*/q* S 2u/q, (1.29)

BCE BOCEMb OpOUT 3apsI0B-UMITYIHCOB OyayT B3aUMIIEPIICH-
TUKYJISPHBI, TaK KaK KaKIblii KBAHT UMEET CBOIO HHIUBHTY-
JIbHYI0 OpMY DHEpPrUU.
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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 ®, = Tt / 2, @ 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
IMotenmman | Toc/ ®,= 8 j¢ dp =30| T,w,/ c=2.
2

24
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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=448
_ =224 :Tow,/c=112. |(1.31)
u¥*q=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= q'pu(Towo/ ¢ = 2)-(Ig p3ps= 26)x
q*p*u*(Toc/ 0, = 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.

25



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:

k,=Toc/0,=8 u k.=Tym,/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: ycaoBus (pOpMHUPOBAHUS
OddexTus-
noctu B3aumo-| 10° | 10* | 10° | 107 10°=1 102 | 10° | 10* | 107
EeNCTBUN
K Henpam
Snep k,—=1—-ki—1—-k,
15 Hezp ke—1—k,«— 1k
Snep c P c
(1.36)
Ioten- k -k
waanel  |8-10°] 1-10% | 2:10° | 1-10> | —=——=1.6 | 1-10% | 8-10° | 1-10* | 2107
YPOBHEH k, +k.
Toren- k=8-10°+1-10*+2-10°+ ki=1,6+1-107+8:107+
M aIbl ) 4 s
Hepexoja 1-10+1,6 = 81211.6 1-10*42:10°=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 nenmar0oT HEBEPHBIM BBIBOA. Tak, BCIeEn
ThICA4eIeTHUM Mucrtepusim, aenaetr BeiBoA u FHO.M.Jonrum:
"MyapocTb He MOKeT M 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 107/ 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 SJEPHOTO B3pbIBA M JSHIOTEPMHYECKO-
HK30TEPMUYECKUMH PEAKIIUIMHE JEICHHS CYOCTPYKTYp OMOIIO-
THYSCKUX KOMIOHEHT KJICTOK.

CymHoCcTh Hammx 3a07yKJIeHUH COCTOUT B TOM, UTO
MbI He BblAe/sieM Crnenu(puKy pPe30HAHCHBIX M AHTHPeE30-
HAHCHBIX NMPOLECCOB: U TaM, I'I€ HAAO AEIUTb, Mbl CKJIAJIbI-
BAEM, a 1€ YMHOKATh — BBIYUTAEM.
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***
Bo3bMém reomerpuro. B Hell OTHOIIEHHWE UIMHBI OK-
PY>KHOCTH K AuaMeTpy (puc. 1.8) Bceraa paBHO 4uciy T

m,=¢€

Puc. 1.8 Ananu3z nons ¢ nomenyuanom

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

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

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

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

N yucno wt (1.42), u uucno e (1.43) onuceiBarot, B KO-
HEYHOM CYETe, SHEPI'MU CT'YCTKOB, B siApaxX KOTOPBIX Ha CEMU
rpaBUTAlMOHHBIX YpoBHiIX (1.40) mpoTekarOT pe30HaHCHbBIC
npouecchl. [ToaToMy orpaHu4um 4mciia T U € CeMbIO YMCJIa-
MM [IOCJI€ 3alsiTOl W CPaBHUM AHUTEPE30HAHCHBIE U PE30-
HAHCHbIE MOTEHLIUAJIBIL:
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ITone
Pexnm dopmupoBanue OpoOUT OpMHpOBAHHE FACP
g OM MacCC OTHOCUTCIBHOTO
I[p ITIOKOA
AHTHPE30HAHC n=23,1415926 e=2,7182812
| m= 3-14:1-592:6:10 8 | e, = 2:7-1-82:8-1-2:10°%
= 64810 = 3584107 (1.44)
5| e 648101077 | e,,=3-5-84-10%102%
Cramun =192:10* = 4810
pe30HaHCa 3| e 1:9-2:10°-10 e3x=4-8-10-1072"
= 1810 —32-10%
4 Ty = 1-8:10-1072 eax=32-10-10%
=8-10%° =60-102%° .

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

1
(eax=60"10""):(Myx=8107") =7,5=T+[pdp.  (1.45)
0

B mukpo-makpo Mwupax, myiapCHpyIOIUX € IOTEHIHA-
aom [I3man Egmnoro Kocmoca Bo3Hukaer cemepuyHasi Ile-
PHOAMYHOCTD, B TOM unciie 1 Cemb BeuHocreii.

***

Mexnay nonsimu t 1 € (1.44) u (puc. 1.8,) cymecrByer
cpena. [lorenuuan 3ToM cpenbl ONPENECIAETCS PA3HOCTHIO:

Ane=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

Ane=mn-e=0,4233114

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

Pe3onanc-

ATe)ox = 2-8:8:10°-10% = 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%' =60-107° .

(1.47)

Mexny cpenoii (1.46) u Maccoil OTHOCUTEIIBHOTO MTOKOS

(1.46) BO3HUKAET COCTOSTHUE PABHOBECHS:

(ATe)4x = AHTHUPE30HAHC Pe3onanc
1020
60-10 Pa3- | Otno- | Ilpowus-
Cymma
HOCTh | IIICHHUE | BEJICHHE
Cux =
60-102 | 120-107 0 1 |3600:10™
N3nyyenune
p 6emoro
dopmupo- | BuyTpennee ij¢d¢ =+172 | Conueuroro
BaHME | MOJIE CBETA: ‘ cBeTa c
ceeta |5!=1-2-3-4-5| Ilynbcanus Pa3HOCTHIO
Kocmoca: /[3nan | AJTMH BOJIH
3600A.

(1.48)

[TosiBiieHME paBHOBECHSI MEXKIY CPEIAOM, OKPYKAIOLIEH
MacCy OTHOCHTEIIBHOTO TOKOS, W SAPOM ITOW MAacChl MPHUBO-
JTUT K HEOOXOAMMOCTH JTIOOMBATHCS PaBHOBECHS SHEPreTHYE-
CKUX TMOJIE MEeXAy SAPOM MAacChl OTHOCHTEIBHOIO TIOKOS,
Cpelloil BOKPYT si/ipa, a TaKKe MEXAY HUMHU M TOJEM CaMou
KBaHTOBaHHOU opOUTHI. CHIOCOOOB JTOCTMXKEHHSI PAaBHOBECHS
O0ECKOHEYHOE MHOKECTBO. ITO U MEPEXO0 ¢ 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 (Ane)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 OPOUT

Cxarune Pacmmpenne PasHocTh
K]Z K2: :l:A:KZ'Klz

(1.49)

21072 81072 60-10
[pdp=-30-10" [pdp=+30-10""

81072 21072

***
Mexay mojisiMd OTHOCUTENBHOTO TOKOs ((POKYyCHhI, puC.

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

_ . 20 . —40 —
(Aﬂe)4x—60_}00 o 60 10_20 A w105 102, (1.50)
A=60-10 60-107 =¢,,

B 3aBucMMOCTH OT NEPUOAMYHOCTH BpPALICHUS BUXPEU
($OTOH-(POHOHOB M HMX HAMPABICHHOCTH, B TOJE IHC-TPaHC-
M30MEPUN BO3HUKAIOT MOJOKUTEIBHO M OTPUIATENIHHO 3aps-
YKE€HHbIE UMITYJIbChl TOHKUX ODHEpruii: Mbicib (+p*), mamsaTh
(£p*) u BooOpaxkenue (£q*), a TakkKe dJIeMEHTAPHBIC 3aPSJIbL:

DopmupoBanue BUXpAMH GpoTOH-POHOHOB
TOHKOHEPreTHYeCKHX HMITYJILCOB
U YJIEMEHTAPHBIX 3aps10B

DHeprus HepI/IOHI/Iq' KOHTyp Pe3y.]_IBTaT
p HOCTb KOJIe0aHMs HI;IJTI:C 1?;
1.51)
Dexrp- 2= (1020 & 1020 % (
Heckas T =16 16:(1075 107) | £q* | +q
I'paBuTa- " ”
LIMOHHAs To(Tott) =28 | 28:(10 5107 o 0
1
Marnurt- _ e
Hasl i28£¢d¢ +14] 141075 107) | £u* | +p.
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JIBIb>KEHME TUTAaHETapPHBIX CHCTEM MOJXKET OBITh DHEpTe-
TUYECKH DKBUBAJICHTHO MOCTOSIHHOM B3aMO/eCTBUM:
2 =1g p1p2p3paps = c/m, (pactmmmpenne) = T, o./c (cxatue).

DHepreTuyeckass IMIOTHOCTb CpElbl, MyJIbCUPYIOLIEH

Mexay hokycamu qunois (puc. 1.9), MoKeT U3MEHSATHCA:

I'apMonunyeckmne KoJjieOaHUs Cpeabl
MexAY (oKycamMu JUIIOJISA
®okyc | P Cpega dokyc Koutyp
y ABHO= ) BIauMo- Y koneGaums  |(1.52)
BECUC JCUCTBUA

(g‘o’fz)“_’if A= +2A = 60_614630 _ | ©/ DS A/£2A

- 60-10% | 120-107* 1/1 5 1/42.

= (D] (1)2

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-Imoénemot coyuyma
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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:

BIIMSIHUE 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 Meraranakrnue-
CKHMX BOJIHAX

B Kocmuueckux crycrkax

/4 V4
—@——>|47z<:>47z| . . 16 21
4 4 — o |Gl —=— (1.54)
[lnomans Kpyra v oK- V4 l6 @
pyxHocTh ¢ R =2, U3zBecTHOE B apXUTEKType 30J10T0E
B KOTOPBIC BIIMCAHO Yucao @ - 6a3uc 30J0TOTr0 CCUSHUS
ocHoBaHue Benukoit ®opm (Pyma).

[Tupamu el
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[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
OO0t
iZHj/Pi—PII’ K25 1/o|2 V=2 =42 042 S 1= )25
PaBHoBecHbIi | 1= Ch’n/4 - Sh’n/4 = Sin’n/4 + Cos’n/4
Paciierienue 0=12-12S512+12=1;
| 2910%050%00051 12 5 3/2; 1 53=2+1.

(1.55)

Ot (1.55) pacmierienuss Eqununbsl nonosiam (BceoO-
I MUTO3) CO3AIOT CTPYKTYpPY dHepreTuueckoro mnois Enu-

"oro KocMmoca:

Crpykrypa Equnoro Kocmoca (1.55)

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

(1.56)
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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:

£ Ee 214, (1.57)
E, E, 1

1
2

PaBuoBecue B KocMmoce mMeer Takoe k€ MHOXKECTBO
®opwm, kakoe umeroT B Kocmoce sneprernueckue nosst. Ho u3
HUX MOXHO BBIJICJIUTh PE30HAHCHOE PaBHOBECUE OUIOISPHBIX
U TOJIAIOJSIPHBIX CTPYKTYpP, AHTUPE30HAHCHOE PAaBHOBECHE
ITUX XKE CTPYKTYp U JIOrapu(pMUUYECKOE PAaBHOBECHE JIFOOBIX
II0JIEH CT'YyCTKOB:

Tpu Tuna pasuoBecuit Kocmoca

Pe3onancHoe AHTHPE30HAHCHOE Jlorapugmmyeckoe
PaBHOBECHE | [posmkenne | KoneGamus [(HA IPAMEpe mo= ¢) (1.58)

—12 .
@El)x= | (tl)x= | F)X | inny_ o
+1 +1 =71° 2in =0 =log,1.

HaMm Ba)XHO OTMETHUTH TO, YTO UMEHHO Yepe3 paBHOBE-
cue ogHa (opma DHeprum TpaHcHOpMUPYETCS B APYTyIo, a
Benukas L{uprinszanys uCronb30Bajia CBOMCTBA PABHOBECHS B
ceoerl Hayke. Hannpumep, oHu ncciienoBaiu mnosie:
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13(64 =2°) 5 17-(81 = 3. (1.59)

CHayana OHM HaXOJWJIM COCTOSIHUE JIOTapu(PMHUECKOTO
paBHOBECHUS:

log313 +10g,2° S log717 + logs3*
WIH 1+651+4 u 755, (1.60)

a 3aTeM ONPEEISUTN YHEPTETUKY OIS HaJl PABHOBECHBIM CO-
crostHueM: 7°-5°=24 u 7-5=135=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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2 KocmoreHesuc

1. Kocmorenesuc onucniBaer 3akoHbl Exunoii Bce-
JIECHHOM, KOTOPBIM NOAYUHSIOTCS U MAaKpPO-, © MUKPO-Mupsl
’KMBOT'0 ¥ HEKUBOTO, B (hopMe MHEPIMOHHBIX cucteM (Pyma)
Wi BHE (OPMBI MHEPIIMOHHBIX cHUCTeM (Apymna), B XOJ0OJe
IHAOTEPMHUYECKOr0 PACIIMPEHUS WU B )KAPKOM OTHE 3K30-
TEePMHMHU CKATHSA, B IUC- UM TPAHC-U30MePUHU PaCIIUPEHUS-
CKaTHsl, B M3JIYyYeHHMHU-TIOTJIOIIEHNH HMITYJIbCOB TOHKOM
Oueprun (Mbicau, [lamsaru u BooOpaxenus) u sHepruu Ma-
Tepuu (Hampumep, dJIEMEHTAPHBIX 3apsiioB, B MEpeXojax Me-
KTy COJTHEYHBIM U JIIOMHHECHEHTHBIM CBETOM...

il
2. OKoJ0Hay4YHbIe, OJIU3PETUTHO3HbIE, KBAa3UIK30TepHUye-
CKHE€ KpacHoOau, He yMesl MOHATh CyIIHOCTh, ONPaB/IbIBAIOT

CBOIO JICHb HE3HaHueM MmateMatuku. Ho Ha Bompoc: "A kTo 3a
BAaC B MarazuHe cyutTaer?" - OTBEYaroT: "ITO Mbl MOXKEM".

Tak m B KocMorenesuce, mMareMaTH4eCcKHe OIEpalUu
CBOJIATCS:

- K apu(MeTHYeCKOW TaOJIUIe YMHOKCHUS W YETBIPEM
JNEHCTBUSAM B apu(PMETUKE (CII0KCHHUIO, BBIYUTAHUIO, YMHOXKE-
HUIO U JICJICHUIO);

- K TaOJIMYHOMY OIpEJICTICHHOMY UHTErpaly:
[ do = (1/2)(a>-b%) = (1/2)-(a+b)-(a-b), 2.1)

KOTOPBIW OIKCBIBAET MOJIYPAa3HOCTh KBAAPATOB IIPEIEIIOB UH-
TErpajoB.

Bor u Bcé. [Tonsum? Koneuno! Korga s BTopoit pa3 Bbl-
[IUIa 3aMYyX 3a KyJbTYpHCTa... A OH 3/1€Ch IpU4eM? 3aKaH4u-
BaeT: "To Ha MeHs maznan OonbIION IIKad C MaJleHbKUM Kpa-
HUKOM!"

3. JI3maH-a1po06b. DTa JpoOb OMHUCHIBAET MOTECHI[MAT
MyJbCalldd JII0OOro 0€3 MCKIIOUECHHUS] KOMIIOHEHTa MUKPO-
Makpomupa EnnHoro Kocmoca, mynmbcupyromero Mexmy Hy-
JeM u eaunuieit (puc. 2.1).
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+1 -1

0
I
Jpdoigpp.pipips=—-2=-1
1
1

I
[odp-1g piorpspups =+ 2=+l

0

Puc. 2.1 Ceywenue 6onn 6 ounone ¢ nonocamu nuoc (+) u munyc ( -)

Ba)xHO TO, YTO 3TO Pa3HOCTh PaBHBIX MPEAEIIOB UHTETPaA-
na (2.1): a-b =0 npu a = b, koTopas co3AaéT Xa0THYECKOe
OpoyHOBCKOe ABMKeHUE (DOTOHOB BHYTPH A0MeHa (Xaoc), a
Enunnna (a /b = 1 mpu a = b) co3gaét HampaBieHHYIO pa3-
HOCTb MoTeHuanoB (a/b=1=a-b,Hoyxkenpua=> - 1),
TO ecTh ['apmoHuUI0.

J3uaH - 3T0 moreHuaa kojedanuss Kocmoca u ero xom-
MOHEeHT Mexay Xaocom U I'apmonueii, 'apmonueit u Xao-
com (puc. 2.1).

***

4. Konu4ecTBO M3JIyYEHUU-TIOTJIOMIEHU BOJIH WM May3
MEXJy HUIMHU B JOMEHHOU CTpyKType (puc. 2.1) cooTBeTCTBYET
YHUCIIy COYETaHUM U3 TPEX MO JBA:

Cy¥=3!/(3-2)! =123 =1+2+3 = 6. (2.2)
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Puc. 2.2 @opmuposanue mpéxmeprozo I[lpocmpancmesa
oomeHamu ¢pomonos

N3 Buxps lllectu qumnosneii GOTOHOB € IMC-U30MEpUEH, U

[lectn nunosient ¢ TpaHc-u3oMepren Bo3HukaeT KyHnanuau
1:2:3-4-5

1+2+3+4+5°
TpéxmepHoe IIpocTpancTBO, B KOTOPOM IHMIOIN JABUXKYTCS MO
niectu HanpasieHusM (£X, £Y, £Z, puc. 2.2). [Ipuuem, aBu-
YKEHUE TUIOJs (POTOHA U3 OJTHONM UHEPIIMOHHOM CUCTEMBI B
JIPYTYIO CONMPOBOXKAACTCS Mosipu3anuest (puc. 2.2), npu Ko-
TOPOM yroJ MoBopoTa AoMeHa (Miau GpoHTA BOJIHBI CBETA) U3-
MEHSETCS, U COJIHEYHBIN (JIIOMUHECIIEHTHBIN) CBET TpaHcop-
MUPYETCS B JIIOMUHECIIEHTHBIN (COJTHEUHBIN).

(6 =7/2 + 5/2), MeTaralakTHYECKHUM CBET & =

Pe3onaHCcHOE B3aMMOJEWCTBHE LUC-TPAHC-M30MEPHUECKUX
KBaHTOB CBETA!

6x6xps> = 3600 = 600A = AB, (2.3)

NPUBOJIUT K U3TYUEHHIO, PABHOMY Pa3HOCTHU JJIMH BOJIH B
cnekrpe 6enoro (AB) comHeyHoro cBera.
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Puc. 2.3 Pesonancno-anmupe3onancroe none pomonos:
0CHO6a NaaHemapHvlx cucmem Beenennvix

5. Pe3onancHoe (2.3) - anTupe3oHancHoe (2.2) COCTOsIHUE
(OTOHOB SIBJISIETCS OCHOBOM PAaBHOBECHBIX COCTOSIHMM IUIaHe-
TapHBIX CTPYKTYp (puc. 2.3).

B sTtom mone posib ConHIA BBITONHSAET KBAaHT C MOTEH-
nuaIoM 36, a poJib IUIAHETHI - KBAHT C MOTEHIIMAJIOM ITOBEPX-
HOCTH, paBHbIM 6 (puc. 2.3).

BryTpeHHue 1o 5TUX KBAaHTOB (BKJIIOYAsi TOBEPXHOCTH)
OyIyT paBHBI CyMM€ BO3pAaCTaIOIIUX B apu(PMETHIECKOM Mpo-
IPEeCCUU PHEPTETUUECKHUX CIIOECB:

T6=(146) / 2x6 =21 u T3 = (1+36) / 2x36 = 666. (2.4)

Ot (2.4) KBaHTBI U3TYYAIOTCS MOJKOCAMU JUIIOJNEH (puc.
2.3). Bo3nukaer HeoOxonumeii mist JKuzau Kant 666, 060171-
rauiplid kak uucno CaTaHbl, W pPa3HOCTb IOTEHIUAJIOB
21 - (-21) = 42, xoropas Tpakryerca Kuuroit MepTBbIX Kak
"42 boxecTBa TBOero yucToro cepamna’ (puc. 2.3).
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***
6. TodeuHbIil y4acTOK BOJHBI CBETA, BPAIlasiCh C MEPUO-
2, 2 2 2
qnyHocTeio Tp =4 =c¢c/o,” u -T,=-4=c¢"/ ,”, CO30a€ET IBE
WHEPLUOHHBIE CUCTEMBbI, 00JIaa0IINe UC-TPAHC-U30MEpHUEH

JIpyr OTHOCUTENBHO npyra (puc. 2.4). Bo3HukaeT 3aMKHYTHIHA
o0beM. Bo3nukaer ®opma, koropyro CTaHIbl ONUCHIBAIOT KaK

Pyna.
345 543
Apymna
(BHE DOpPMBI)
[ucuzomepuueckas Tpancuzomepuueckas
MHEPIUOHHAs WHEPIHOHHAS
cuctema (Pyma) cucrema (Pyna)

Puc. 2.4 Ilynecupyrowas 6 yuc-mpauc-uzomepuu cucmema
08YX UHEPYUOHHBIX CIMPYKMYP € NOBEPXHOCMbIO, KOMOPAS MAKHCE
nyavcupyem, Ho ¢ nomenyuanramu (T,= 4+1) Ceawennozo Tpeyeonvruka

[ToBEepXHOCTh HMHEPLMOHHOW CHUCTEMBI IyJIbCUPYET B
npenenax =1 (puc. 2.1, puc. 2.4). IlosBasercs mojie ¢ NOTEH-
nuasiamu T, — 1 =3, T,=4, T,+1 = 5 Csmennoro Tpeyrosb-
Huka, nountaBuerocss Crpourtensamu [lupamua. Ilounrtanock
ATO MOJIE MOTOMY, YTO OHO BBIBOJIUJIO HA MATEPUUYHYIO CBA3b,
0COOECHHO Ba)XKHYIO B KHBOM:

|«— Apyna Meicnu u [lamsatu— |
122432442452 467 +7° 140
14+243+4+5+6+7 28|

pesonamc 3-4.5

s
anmupezonanc  3+4+5 |
I

I
V4 +3% (cxatue). (2.5)
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Bosunukan Isarepuunsiii JIxa (2.5), kotopsiil Tpancdop-
MHPOBAJICA Ha TI'PABUTALIMOHHOE IIOJE C IMOTEHHHUAIOM 28 H
MarHuTHOE noJie ¢ noreHuuayioMm 140. DTu nonas HE UMEIOT
dbopmel. Takue nomnst CraHiel Ha3bIBalOT Apyna (puc. 2.4).

***
7. Enunbiii Kocmoc, coctosimuii u3 cryctkoB (Pyma-

dopMa), H3ITyYAIOMIIX MATHATHBIE HMITYJIbCHI £p* = +14-10%

[Tamsartu, cBsizad B EnMHy0 CUCTEMY 3TUMH UMITYJbCaMHU (pUC.
2.5.2).

1. Sueiika p-p* MarHUTHOM CUCTEMBI

u* D u “*

2. BzauMocBsi3aHHbIE B ITUC (TPAHC) U30MEPUUYECKUE TIETTH
A4elKu MarHuTHeIX cucteM Ennnoro Kocmoca.

Xu (TpaHc-u3oMepus)

-y I/IHepHI/IOHHLIe CUCTCMBI CTYCTKOB

AX (1muc-uzomepus)

Puc. 2.5 Peanuzayus Eounoco Kocmoca
MmasnumHvimu umnyrvcamu Ilavamu pu* (Apyna)

EnnnctBo Kocmoca He HOMHMHaiIpHOE, a PuU3HUYecKoOe,
Tak Kak [lamsaTe xpanut undopmanuro o [Ipomnom u nepena-
et e€ B byayuiee.

OcHOBHOH STYEHKOM B ILieNU 3TOM OeckoHeuHo# Ilamsarw,
ABJIsIeTCS €€ KOHeuHas siueika (puc. 2.5.1).
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CrpykTypa siYeiikM MArHUTHOM cucTeMbl npocta. U3
Henp fnpa (3apoapliieBblii My3bIpEK) MHEPLUUMOHHOW CHUCTE-
MBI, [1OCJI€ JUCCOLMAIMU TPABUTALIMOHHOTO UMITYJIbCA B IOJIE
(hOTOHOB:

JAuccounanus rpaBUTAIMOHHOTO MOJISI
HA MATHUTHOE B 3aPO/bINIEBOM NMYy3bIPbKe.
Pabora moacosnanus (puc. 5.2)

3apO/IbIIEBbII ITorok nossip- | IloTok 3kBaropu-
ITY3BIPEK. HBIX BUXpEU aJIbHBIX BUXPEN 2.6)
IToncosnanue MarHUTHBIX UMITYJIBCOB [L¥. '
3apsI0B Co3HaHue
(buokiteTka)
pp* 5 Toup® S F2u=p-(-p) SE2p* = p* - (-u%)
PE30HAHC AHTUPE30HAHC ‘ AHTUPE30HAHC.

W3JIy4aloTCsl  TOJSIPHBIE  BHXPHM  MarHUTHBIX  3apsJiOB
(puc. 5.2.1):

HOHﬂprle BUXPHU MAarHuTHBIX 3apsiioB

B Henpax UnepumonHOM B ®opme nonsspHbIx
CUCTEMBI (PE30HAHC) BHXpel (aHTUPE30HAHC)

(plg x W= (7AW T 1A X - TAX(-p),
a TaKKe DKBAaTOPHAJIbHBIE BUXPH MATHUTHBIX UMITYJICOB [ *
[Tamsaru (puc. 5.2.1):

2.7)

3KBaTOpI/IaJII>HbIe BUXPH MAIrHUTHBIX UMITYJbCOB

B Henpax Nuepuuonnoi | B dopMe 3KkBaTOpUaIbHBIX
CUCTEMBI (PE30HAHC) BUXpel (aHTUPE30HAHC)

(O*/q* X w*)’= (/4 w*)* T /4 x w* - T/4x(-p*).

(2.8)
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***
8. Equnbiii Kocmoc BHe DHepruu He cyuiectByer. [Ipo-
CTpaHcTBO U Bpems — aBe ¢popMbl DHEpruu.

OHeprus paclupeHus Cuna cxaTtus

I'na3

I'ma3 —
Yepnsiii ['1a3

Nmnynsc cxatud | Ycuime cxaTus
3 Fy+z=3
ke=Tow,/c=2 |k’ =2"""""=8.

Puc. 2.6 Juaepamma ['na3 Jaema: ¢hopmuposarnue
Onepaueti Eounozo Kocmoca mpéxmepnozo [Ipocmpancmaa.

Bne Dnepruun et Hu Bpemenn, nu IIpoctpancrsa.

[TpocTpaHcTBO OBIBACT IBYX THIIOB:

- BHe Dopmbl (Apyna);
- B Buae ®opm-cryctkoB (Pyna).

Apymy co3gaer  cHayajla  MMIYJIbC  pacIlUpEeHUs
Toc/w, = 8 (Oembrii T11a3, puc. 2.6), a 3aT€M MarHUTHBIA HM-
nynsc: p*/8=7/4-10%.

Pyna BO3HHMKaeT mpu TMEpexoAe HUMITYJIbCa CKATHS
(ke, puc. 2.6) B ycwiine cxaTHs, IJ1€ UMIYJIbC CXKATUS UCIIbI-
THIBA€T CXKaTHUE MO TpeM opauHaTaMm (X, y U Z), co3laBas
Tpéxmepnoe [IpoctpanctBo B Enunom Kocmoce (puc. 2.6):

Ennnblii Kocmoc (puc. 2.6)
Cxatue Pacmmpenue
(ITogxon K CrycTKy) (BBIXOM K Apyme) 2.9)
Nmnynse | Yewine Cuna Oueprust | Umnyinbc
ke=T,o/c| k& =2° F=(k’) | E=64=Tylo,| 8=Tuc/m,.
=2 =8 = 64 =g’
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2.1 CtaHuall.
AHepreTnkKa B3auMOCBA3U
NMoaco3HaHua u Co3HaHuA

1. IlpeaBeunass Martepsp - Poknaromasi, COKpbITas B
ceoux Iloxposax, Beuno HeBuaumsix, eme pa3 apemana B
npoxoskennu Cemu Beunocrei.

2. BpemeHnu He OblLI0, OHO NMOKOWJIOCHL B beckoHeu-
HbIX Heapax IIpogo/ukuresbHOCTH.

3. Bcesnenckoro Pazyma He 0bL10; 100 He ObLIO AX-
XM, 4T00bI BMeCTUTH Ero.

4. Cemu Ilyteit k biaaxkencrBy He ObLi10. He ObL10 M
Beaukux Ilpuunn Crpaganusi, 00 He ObLJIO HMKOIO ISl
MOPOKIEHUS UX U 000/ IbIIEHNsS] UMU.

5. Eannasa Tebma Hanoansuia becnpeneinbHoe Bcé,
100 Oren-Marteps n ChbIH eme pa3 0ObLJIM BOeAMHO, U CbIH
He npodyauics emre 1t Hosoro Kosieca u CrpancrBuii Ha
HEM.

6. Cemb IlpeBpiminux Baaaesik u Cemb UcTuH nepe-
CTAJIM CyllecTBOBaTh, W Bceaennas — HeoOxoaumocTu
CbiH — ObL1a morpy:kena B IlapanummnanHa, 4To0bl ObITH
BBIJIOXHYTOM T€M, YTO €CTh U B TO ke BpeMs HeT. He ObLi10
HHUYEro.

7. llpuuunbl  CyniecTBOBaHMSI HcC4Ye3JId; ObIBIIEe
Buanmoe u Cymee HeBuanmoe nokounsincs B Beunom He-
BbeiTnn - Ennnom britum.

8. Ilump Enqnnas ®@opma CymecrBoBanusi, Oecrnpe-
AeJibHasi, OeCKOHe4YHasi, OeCNPUYMHHAS, MPOCTUPAIACD,
nokosicb B0 CHe, inmennom CHoBujaenuii; ’Kuzup 0eccos-
HaTeJbHass myJabcupoBasa B IlpocrpancrBe BcesieHckoM
B0 BcecymiHoCTH TOM, YTO OIIyLIAeTCs OTKPBITHIM ['1a30m
Jlarma.

9. Ho rae Obl1a Jlarma, xkorga AJiaiia BcesieHHOM
obu1a B [lapamaprxa, u Benukoe KoJieco 0b110 AHynana-
Ka?
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*
kk

Pacwugpoeka CmaHusbi | [1]

CaoBa CtaHIIBI

CMbICH BBIpaXeHUH

Beunoctn

IIpeaseunas
Mareps -
Po:xnaromasi,

CoxkpslTas B
ceoux Ilo-
KpoBax,
Beuno He-
BU/MMBIX,
emé pas
ApeMaJja B

@DakTOop BpPEMEHHM. DHEPreTUYECKUM BOILIO-
IIEHUEM SBJISIETCS BOJIHA-4acTHIa cBeTa (pHC.
2.7).

Ey
+1 m.C

-1
E,

Puc. 2.7 Beunocmo becywetl
B0IHbI-UACMUYbL C8EMA
3Be3/a-u3inyyaTesb JIaBHO IMOTyXJa, a CBET
MPOJ0KAET JIeTeTh B OecrnpenenbHocTu Kocmo-
ca.
berymas BoiHa B CBOEH 3KCTpeMalbHOM 00-
JIACTU MUMEET JUIMHY BOJIHBI, SKBUBAJIEHTHYIO MO-
CTOSIHHOM B3aMMOJEHCTBUU U PABHYIO pPaInyCy
R=2:
A=+1-(-1)=2=1g p1p2p3paps=R. (2.10)
B oxpykHOCTB (KpyT) ¢ 3TUM paauycom CTpou-
TeJIK Bnucanu ocHoBanue Bennkoi [Tupamuasl.
Ponuth - 3Haunt u3nyuuts B JXKuzHp HoByro
XKusnbe. Ho XKu3Hb cBsi3aHa C BEUHOCTHIO CBETA.
CrnenoBaTenbHO, peub UIET O chepuyecKoil mo-
BEPXHOCTHU U3iIydaTess ¢ paguycoM R =2 (2.10).
Q=4n(R*=2% =16m =T, . (2.11)
Beuno HeBuaumel noriomaromme CBET MUK-
po-Makpo Yepusie Jpipbl. [lornomaromue Cset
B T0JI€ CHJIBI Cxkatust (puc. 2.4, puc. 2.6, 2.9).
Ho B MeTaranakTuyeckux mossx

JSinm/4 =2""*=/Cos /4 -»o10 GyayT siapa

CTYCTKOB, OIKCbIBaeMbie 00beMoM (V ;) BEHKO#
[Tupamuesr:

V.= 1/6:(F=64) /Sin # /4 =1/3-82""=1/3-a’H, (2.12)
T a, - IIonaasr OCHOBaHMs, a H - BeIcoTa Be-
sikoit [Tupamuipl.
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IIpoxosxe- [ToBepXHOCTh MHEPITUOHHON CHUCTEMBI, B TOM
| | num CeMu YHUCJIE U CTYCTKA CBETA, MyJbCUPYET A0 U3IIyye-
Beunocreii HUs Kak To+(To-1) = 4+3 =7 (puc. 2.4).
Dta nynbcaiysi BeYHa Nepes U3ITyYEeHUEM.
Bpemenn Mpb1 noHnmaem BpeMsi Kak MOHOTOHHO,
He ObLJIO, OHO | PABHOMEPHO [Isl BCex OeryIiyo BOJHY (pHC.
nmokomsocs B | 2-7), B xoropoii Ilpomuioe mepexomur B Ha-
Beckomeu- crositee, a Hacrosinee B bBynymee. 910 yn06-
nbix Hepax HO. Ho HeBepHO, moTomy uTo MBI Bpems oTpsl-
IpojoJiku- BaeM OT OHeprud. Bemukas I[luBunusauus pac-
cMmarpuBaia Ku3zub, IIpocTrpancrBo, Bpems
TEIBHOCTH. kak @opmbl JHepruu. Bpems ects Ilpomou-
JKUTEJNBHOCTh Iepexoga M3 OJHON (POopMbI
JHEPIvHU B APYIyI0 (popmy.
0
NN
4
5 N «——>

1. OcuoBanue [Tupamuasr 2. Benukas [Tupamuma

Puc. 2.8 Benukas [Tupamuna

[Tostomy Crpoutenu Ilupamun Opanu He
OecKkOHEYHYI0 BOJHY (puc. 2.7), a TOJIBKO JBe
MOJIYBOJIHBI. BEIIeNsu uX B OKPYKHOCTH C pa-
nuycoMm R = +1-(-1) = 2, u BIUCHIBaIIN B OKPYK-
HOCTH OcHOBaHHMe [lupammuiel, a 3aTeM U camy
[Mupamunay (puc. 2.8).

IIpogoxuTENLHOCTD, TO €CTh NMEPUOINY-
HOCTb OTCYTCTBHMS M3JIyYeHM, KOrja mpoliec-
CBl TIPOTEKAIOT BO BHYTPEHHEM IIOJIE sijipa Cry-

CTKa, OIMCBhIBAJIACHh CTPOUTCIIIMHA KaK HHpaMI/II[a
2

C OCHOBaHHEM I° = /2 = 2, BIINCAHHAs B BEIIH-

2
Kkyto [TupamMuLy ¢ ocHOBaHHeM a”= (2 V2 ) =8.
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Benukas Husuimmzauus B [lonstue Ilpomon-
JKUTEIILHOCTh ¥ BPEMs BBEJIO DHEPTUIO HACTOJIb-
KO T€HHAJIBHO, YTO MPOU3BEIICHUE BCEX AJIEMEH-
ToB [TupamMusl Oka3anoch OMHMCaHUEM TpaBHUTa-
MOHHOTO JIyHHOTO ToJis (puc. 3.10):

28
log ;2 =28=1+2+3+4+5+6+7. (2.13)

Benukas [usBmnuzanus ncnonb3oBaia B I1o-
HATUU BpeMeHu u CKOpoCTh CBETA, U CBSA3b CKO-
POCTH CBETa C MEPUOANIHOCTHIO (HOPMUPOBAHUS
T, = 4 MIHEPLIMOHHBIX CUCTEM:

c=VA=MT,=n,mpu VI,=1, (2.14)
rie
Toc=4n=A. (2.15)

Ot 4n = Toc Benukas [{uBwnmzauus npen-
CTaBWJIA KaK KPYT M OKPYXKHOCTb C pPailyCcoM
R=2:

S+n(R=2)+4n u L=2n(R =2)=4m, (2.16)
u Briucana B Hux [lupamuny.

Ho Bpemenu emé He Ob1J10, Tak Kak "He ObLIO
[Tupamuael", TO €cCTh MHPOLECC CryIICHUS BO
BHYTPEHHEM I10JIE MHEPLIMOHHON CHUCTEMBI ellé
He focTur ypoBHs S = L = 41 (2.15), npu koto-
poM cucTeMa cMoriia Obl M3IIy4aTh SHEPTUI0 B
OKPY>KaIOIYIO CPEery.

Bcesenckoro
Pa3zyma ne
ObLJ10; MO0 He
ObL10 AX-XH,
9YTOOBLI BMe-
ctuthb Ero

Bpems n JKu3Hp Kak 3HEPreTUYECKUE CHCTE-
Mbl uMeroT [lonobus npyr npyra: oHu obaagaroT
BHYTpeHHUMHU mnoisimu crymenus (Ilupammpa,
puc. 2.8) U MOJSIMU B3aMMOCBSI3aHHBIX H3JTyue-
Hul (puc. 2.5).

B stux (puc. 2.5) nonsx ase Gopmbl U3iyda-
tenei. [lepBolit popmMupyercss MarHUTHBIMU 3a-
psamamMu U uMmiyiascamu (2.6) m pabortaer Ha
ypoBHe Ilonco3nanus.

Bropas ¢opma umzmyuaTens BO3HHMKAeT MpuU
HAJIOXKCHUH APYT Ha Jpyra MarHUTHBIX UMILYJIb-
coB [lamsaru (2.8, puc. 2.5).
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[lepBBIii BUJI MAarHUTHBIX 3apsii0-MMITYJIbC-
HBIX M3JTy4aTeseil (YepHble KBaHTHI Ha puc. 2.5)
paboTaeT B JKUBOM KaK OMOKIIETKA.

Bropoii Bua n3nyyareneil BOZHUKAET MPU Ha-
JIOKEHUU UMITyJIbcoB [lamsitu (3kenTo-KpacHo-
Oenble KBaHTHI, pUc. 2.5) - PyHKIHOHUPYET Kak

3 HEHPOHBI JICBU3HBI (IIUC-U30MEPHsi) U MPaBU3HBI
(Tpanc-uzomepusi). Cymma HEHPOHOB JICBU3HBI U
MPaBU3HBI CO3JA€T COOTBETCTBEHHO JieBOe (AX)
1 npaBoe (Xu) noaymapus roJIOBHOIO MO3ra.
N Tonpko korma ecth Ax-Xu, MBI MUIIEM U
BocnpuHuMaeM Ox-poMaHc, AX-poMaHC U OX-
pOMaHC, IEPEeXO AN B OIaTHBIEC MIECHU.
Cemmu IlyTeii Hame IMounonaisHoe Bocnipusitue coObi-
Kk BiaskeHcr- | TUI OKpY>KaloIllero Mupa 3aBUCUT OT TOTO, BOC-
BY He Gbli0. | IPUHUMAEM JIM MBI JTH COOBITHS Ha YpOBHE
He 65110 K Moacoznanus wim Co3nanus (2.6, 2.7, 2.8).
B Tak, Ha ypoBHe Ilogco3HaHusi ¢ nepuoany-
CJIMKHX Xl N
HocThio T," = 16 mosBinsiercas Cemb IlyTeil k
IMpuunn
Baaxkencrny (2.8):
Crpananus,
n00 He ObLIO
HUKOTIO ISt Cewms Ilyteit k bnaxxeHcTBY =
2
X =
4 NOpPOKIEHUS] T, x [lonco3Hanue 2.17)
2 2 2 2 _ 2
HX U 000J1b- T, (p*/q*xp*) = 16(7/4) (u*)" = (7-u*)".

INCHUA UMHU.

[Tepuon T,” He ObLI 3aBepuieH, u Cemu Ily-
Teil K biiaxkeHcTBY He OBLIO.
®du3noNornYecKky, HalpuMep, 3T0 MOKET OBITh
CBs3aHO C TeM, uTo Yakpel Uenoseka eme He-
c(OpPMHUPOBAHBI UJIH 10 KAKMM-TO IPUYMHAM HE
(YHKIHOHUPYIOT.
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Enunas
TbMma Ha-
MOJIHSLJIA
becnpenesn-
Hoe Bce, u6o
Oten-Ma-
Tepb U CbIH
elé pa3 Obl-
JIM BOEIHNHO,

Oty cutyanuro onucbiBaer Aocomot [Iuda-
ropa u Ka66ana [20], HO To cymiecTBy 310 3-
(eKTUBHOCTh B3auMoOjAeHCTBUs cBeTa (ps = 10)
OpU HaJUYUU B TI0JIE HMITYJIbCOB YaCTUILIbI
(mcc = 1) cBera (Oren), Bonnsbl (Ejc = 1) cBera
(MaTepp) ©  DJIGKTPOMarHUTHOM  Cpefbl
(€olloc® = 1) MeX/Iy BONHON M dacTHIlel cBeTa
(CoIn, puc. 2.9), kotopsle emé pa3 ObLIN BO-
eIMHO.

DTOT MOCTyNAaT HACTOJIBKO BaXKEH, YTO XpH-
CTOC MocJie pacnaTus U Bo3HeceHus TUKTYET C
He6a "OtkpoBenus" Moanny borocnoBy, B ko-
TOpBIX BbIACIHSIET Bpemsi Amokajaumncuca u
Kpyr YuuBepcyma (puc. 2.9,[13]).

1.A6comror E,c=1 mec=1

€o },LOCZZI

2.Kpyr YHuBepcyma

Puc. 2.9 Abconrom u Kpye Ynusepcyma [13, 20]

Mue ynanoch pactmmppoBaTh CaKpajdbHBIH
cmbica Kpyra Yausepcyma [8].

OTO (pM0JIeTOBbIM KBAaHT B CIIEKTPE COJHEY-
HOro 0eJoro cBeTa, HAUMHAIOUIMICA C (hUOIeTO-
Boii BonmHBl A = 4000A 1 umeromuii BHyTpeHHee
nojie U3 UMIYJIbCOB dacTuilkl cBeTa (OTen),
BosIHbI cBeTta (Martepb) U 3JIEKTPOMArHUTHOM
cpensl (CbIH).

Cosznarear 1 Ero Coin Uucyc cowin Bo3-
MoxHbIM emé 2000 neT ToMy Hazaza gaTh Hawm,
JIOASAM, DHEPIeTUYECKYI0 CTPYKTYpy MO
AbGcomora (puc. 2.9). Ho mbI npeanowim co3-
AaTh Kpu3uC (U3NKH TOJ BOJAMTE]IHLCTBOM
OHHIITeHHA, U KPacHOOANHCTBO PEIUTHO3HOTO
JIOTMaTU3Ma.
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1 CbIH He
npooyaunJics
emié a5 Ho-
Boro KoJseca
u Ctpancr-
BUH HA HEeM.

A Benpb cymHocTh Kpyra YhauBepcyma [8]
npocta, 00 OHA OTpa)kaeT PE30HAHCHO-AHTH-
pe3oHaHcHble Kojebanus IlpopomxurenbHOCTH
B Apyne:

Ba3ucnbie npoueccol B Kpyre
Yuausepcyma (puc. 2.9, [8])

T-1=2 =3 T+l =4

Casroit lyx = ps. (2.18)

12:3:4 24

_ = =24.
1+2+3+4 10

®opmupyercst noreHuuan bora-CeaToro
Hyxa c¢ nopsiakom I{udp B Yucne, 3epkajabHO
oroopaxénnom Yuciaom-Ilorenuuaaom Aymm
(24 S 42). Toukue Dueprun Jymm u CBSITOTO
Hyxa dpopmupyior Koseco CtpancTBuii B coin-
HEYHO-TTOUTYHHOM Mupe:

42x24 = 1008 = 3628
Hymia - Bonopon | Connie -
Caaront [lyx | Ay=1,008] Jlyna.

(2.19)

Ho moka AGcomor He BbI3pen, Komeca
CrpaHcTBHI HET.

Cewmb Ilpe-
BBIITHHUX
Baaapik n
Cemb UcTHH
nepecrajau
CyIleCTBO-
BaTh,

Peus uaér 00 M3MeHEHUH MOTEHIMAIa IO,
SKBUBAJIEHTHOrO maibMe B [IpomomxkurensHo-
CTH:

[oms
[ToTen- Cem Cemb [ponomxku-
IIpeBbImHUX
LM aJIbl Ucrtun TENBHOCTh
Brnagpix
e Hmmyscsl 3apsabl Iepuonst (2.20)
cern | ToP*aq* =7 |Top/q=T7 | Totr=7
*
Bnaneik 7;) . P - _TO B =1
" .
Her I,+7 q I,+7 q




u Bcegennas

Cxartplif B mponopuusax nupamusl (puc. 2.8,

Heobxomu- 3.10) crycTok s1epHOTO BEIECTBA:
mocti ChIH lg\/ps 1gN10"™ 7

( = =—=1), (2.21)
ObLIa I0- T,+r Ty+t 7
IrpyKeHa B uHHUIMEpoBan B3aumoeicteue ([Tapanumiman-
ITapanum- Ha, puc. 2.1):
NaHHa, +1- (-1) =2 =1g pip2p3paps. (2.22)
YTOOBI OBITH B3auMozneicTBue  Kak  TEXHOJOTHMYECKHM

BbIJIOXHYTOM
TeM, YTO €CTh
H B TO Ke
BpeMs HeT.

(bakTop - €CTh; Kak CyOCTaHIHMs B3aWMOJICHCT-
BHIl — HET.

[Tocne B3ammoericTBH CyOCTaHIIUS B HOBOM
sHepreTuueckoil opme - "BblaAbIXaeTcs" (U3-
JTy4aeTCs-TIOTJIONIAeTCs ).

He 0ObL10 HU-
yero.

N pa3HOCTH MOTEHIMATIOB CTaja PaBHOW HY-
JI10.

IpuunHbI
CymecTBO-
BaHMS HC-
Yye3Jiu;

obiBIIce Bu-
AMMOE U
Cymee He-
BHAMMOE

Pa3sHOCTh NMOTEHLMAIOB MEXAY CUJIOW CiKa-
THUSI ¥ DHEPTUEH pacIIMpeHusi cTaja PaBHOW HY-
J10:

(ks® = 64) - (Toc/wo= 8)*=0, (2.23)
rue:
obiBIIee Buaumoe - sneprus Pacumpenus (m3-
nygenns) (Toc / @),
Cymee HeBuaumoe - cuiia cxxatus kc6 =64
(2.9, puc. 2.6).

NOKOMJIMCH B
Beunom He-
bbiTuN -
Enunom brI-
THH.

Beunoe He-britue Enunoe briTue
AHTHPE30HAHC Pe3onanc
8°-8°=(8-8)x(8+8),|  8Y8’=1, (229)
0x16 = OXT,> 82x8%= g%,

55



JInmn Ean- o
nas ®opma becnipenenphas: + Jgo do. (2.25)
CymecTBo- -
BaHusl, Oec- beckoneunas: oo = log,0 = log,log,1, (2.26)
npeneJbHasi, | rie a - 1100e OCHOBaHUE JIoTapudmMa.
0ecKoHeY-
Hasi, Gecnp- BGCHpI/I‘-II/IHH6aSIZ )
— A=k¢ - (Toc/g) =64 —-64=0. (2.27)
npocTupa- ITokosick Bo Cre: 1 = Sin“a+Cos’a, (2.28)
J1aCh, MOKO-
sicb Bo CHe, mumésHoM CHOBUIEHUN
JHIICHHOM Sin’n/4 - Cosn/4=1/2-1/2=0.  (2.29)
CHoBuje-
8 | Hmii;

Kuszub Oec- OtkpeiThii a3 JlarmMa - 3TO HMMIYJIBCHI
CO3HaTeJIb- cxarus (To,w./c = 2) u pacumpenus (Toc/wo = 8).
Hasi nyJbcu- | Cpera, BO3MYIIEHHAS DTUMH UMITyIbcamu, Oy-
poBajia B JeT mpeAcTaBisaTh codoit Yakpy Tperuit ['nas:
Ipocrpan- Menuranusi B Yakpe
crBe Bceesien- Tperuii Taas
E;E::{:::Tgce' Cunss oonacte | Tomy0Oas 061acTh

N 2 ‘
TOi, YTO psj(p dp=-300=| 300= J@ do (2.30)
OLIYLAETCH g 2
OTKPBITBHIM 300A = AC Al = 300A.
I'nazom
Jdarma
Ho rae obL1a | Anaiia Beenennoii-gyma 42 u Cesitoit [lyx-24.
Jlarma, Ko- [Tapamaprxa: AbcomorHoe beitne u Co3HaHue:
raa Auaiia p*/q* =T7/4;
Beenennon AobcontotHoe He-britre u becco3nanue:
obL1a B Ila- 0 /q=7/4;

g | PaMapTxa, U | Apypanaka: Ges pouTerneii.

Beaunkoe Ko-
Jeco ObLI0
Anynanaka?

***
Peur upér o kENTO-KpacHO-IyHHO-OENBIX
KBaHTax-U3JIydaTessix, KOTOpble (HOPMUPYIOTCS

HAJIOKEHUEM JIByX MArHUTHBIX HMITYJIbCOB
(puc. 2.5):
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u* u*;

_Q_
AK AT

AK-AJTT =TOA-2800A

. 107 = p,. (2.31)
(AK)* = (1400A)°

@opmupyeTcst mone ciaadblXx B3auMOJEHCT-
Buii. ®opmupyercst Helipon. Helipon dopmupy-
ercs B nosie Co3HaHus1, B TO BpeMs kak Menura-
nusa B Yakpe Tperunii ['ma3 (2.30) nmpoxoauna Ha
YPOBHE IIOJICO3HAHUSL:

I'enom boxectBennoro Yenoseka =

oywax Cesamoui [Jyx x Ilapamapmxa _

HeUupoH

42-24.[7)2 _ 1008 7?
4

—10—_1 E:72 630, (232)
P>

2
rjae 7°-"o6omouka" [8], a 630 — renom boxkect-
BenHoro Yenoseka Bonmu u Moru (Teorenesuc).

Ho rme Obu1 I'maz Jlarma, xorga reHOM
BboxectBennoro Yenoseka (2.32) 611 6€3 Poau-
Tenek (Anynanaka)?

OTtBeT:
2 2 2
Z4 630 _ 7--630 _s z . (2.33)
32-63 4
[odo
8
BO3HI/IKaJ'II/I 3apslzu,1 Hu I/IMHy.]'II)CI)II
7 2 * 2 2
4 q* q
(2.34)

s_ P+22 43 +4°+5° 46"+ 7
142+3+4+5+6+7 |

KaIljin CBA3H.
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kk

CmaHnua l [1]

PaccmarpuBaercs Hadano  (OPMHpPOBAaHUSA  KHUBBIX-
HEXUBBIX MH(POPMALMOHHBIX CUCTEM-CTYCTKOB M3 H3JIy4YeH-
HOI 1 Haxoxselcs BHe-Dopmel (Apyna) SHEPTUu.

1. [Tokazano Ilomobue wm3myuaTenss cBeTa C MPEIBEYHOM
Martepsto Poxxparomeit (Hanpumep, maHeta 3emuis). TouHO
YTBEPXKIIACTCS, YTO HM3IYUYCHUS MPOUCXOASAT C TEPHOTUIHO-
cteio Tott = 7 (puc. 2.4), o0beM u3JIy4yaTessi OMUCHIBACTCS
obobemoM Benmkou ITupamunbr (2.12), a OTHOIIEHHE MMOBEPX-
HoCcTH u3ny4atens (2.11) xk ero oobeMy (2.12) B mosie cBera:

167

m, l'l =6H=6-27"=3.2""=7.27" (335
Vo 7 gy
dbopmupyeT B3aumoeicTBue B [lepnoanuHOCTH UX MposiBiIe-

HH.

2. Benukas IluBmnm3zanusa paccmarpusaet JXusub, 1Ipo-
cTpaHcTBO, Bpems kak paszmnunble @opmel OHepruum. Kax
PHEPreTUYECKUE CUCTEMBI, 00IaIal0IIe BHYTPEHHUMH TOJIS-
MU U ITIOBEPXHOCTSAMU U3ITyUECHUS.

[Ipu Takom momxome, COOCTBEHHO BpemeHeM MOXKHO
CUMTATh CaM HUMIIYJIbC U3JIyYCHHUS DHEPTUM B OKPYXKAIOLIYIO
cpeny. HTEpBam HAKOIUIEHUS YHEPIUU MEXIY JIBYMS COCEH-
HAMU W3JIYUYCHUSIMH onpeaensercs Kak [[pogomKuTenbsHOCTb.

3. PaccmatpuBas JKu3Hb KaK IHEPreTHYECKYH CHCTe-
My, OO0JaJaonlyl0 BHYTPEHHHMM TIOJieM u3Jydareied wu3
CMEPTHBIX OEJIKOBBIX TeNl KJIETOK M M3JIydaTener Oeccmept-
HBIX UMITyJIbcOB Mpbiciu, [lamstu, BooOpaxenus (puc. 2.5),
Besvkas [{uBunm3anus roBoput o HUX Kak o Bceenenckom Pa-
3yMe. M 3TO paBUIIbHO, TAK KaK LEMb TOHKO-IHEPTreTUYECKUX
MMITYJIbCOB OXBaTbiBacT B Equnyto Cucremy Bero Beenennyto
(puc. 2.5). OgHako, CryCTKU-HEUPOHBI JIEBU3HBI (AX) U mpa-
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BU3HBI (XM) CHUHTE3UPYIOTCA M PACUICIUISIFOTCSA, TO €CTh HE
BCEI/la OHU €CTh U HE BCIOJly OHU FOTOBBI.

4. IToBecTByeTCsl O TOM, 4TO OTCYyTCTBUE Pazyma He nmaer
BO3MOYXHOCTH AMOIIMOHAILHOTO BOCIPHUSATHSA COOBITHI B OK-
PYXKaroIIEM MUDPE.

Henoarorosnennocts BHyTpeHHero noisis Hocurens Pa-
3yMa HE JaeT BO3MOXKHOCTHM BOCHPHSTHS Jake Ha YpPOBHe
IoaCO3HAHNS, Tie C MEePHOANYHOCTBIO T, = 16 BO3HHKAET
CeMEepUYHbIN KaHai BocupusaTus (2.17):

Cemb nyTeii K biaaxkeHCTBY

IToncosnanue. Pesonanc | Cosnanue. AHTUPE30HAHC | (2.36)

(Tu*)’ 7 Tu* - 7(-p*).

He 6b1110 cB0OOAHOM DHepruu Kynaanunu [Tamstu

%2
Const = ) = Z,u* (2.37)

Tu*=1(-p¥) 277
He 0110 U Cemu myTel Kk biaaxeHcTBy.

5. BekpoiBatoTes npuuuHbl oTcyTcTBUS CeMH myTed K
BbaaxeHCTBY: B TPUEIUMHOM II0JI€ BOJHBI-YACTHUIBl CBETA H
ANIEKTPOMArHUTHOM cpenbl Mexay HUMH (puc. 2.9) B3aumo-
JNEUCTBUS €IlE HE 3aKOHUMIIUCh, U TTO3TOMY HET U3JyYEHUU B
oKpy:karouryto cpeny. [lo cymiecTBy onuchiBaeTcsi CTpyKTypa
nosisi AGCOIIOTa, HE MOHUMAsl CYIIHOCTh KOTOPOTO €ro mbiTa-
muck pacudpoBatsk [ludaropeinpl 1 ciaymarenn KOCMOIo-
Huuyeckoit Ka66ansl [20]. Onu AbGcomtoTa HE TOHSUTH.

Torma Nucyc npoaukroBan Moanny borocioy "OTkpo-
BeHMs", B KOTOpbIX B ®opme Kpyra YHuBepcyma nan crpyk-
Typy AOcomota. Ho tenepp He monsimum Xpucta (2.19, puc.
2.9, [8)]).

6. B atom mectom nynkre Craniwl [ [1] omuceiBaeTcs
MOSIBJICHUE OOIIEr0 PaBHOBECHUSI MEXIy T'PaBUTAIMOHHBIMU H
ANEKTPUUYECKUMU 3apsiaMyd U UMITyJIbCAMH, HACTYHAIOIIETO B
teuenue Cemu BeuHocteil [IponomxkurensHocTu (2.29).
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Bo3HUKaIOT KOPOTKOAEHCTBYIOIIUE SAEPHBIE B3aUMO/IEH-
ctBus (2.21). [lo 3akonam QopMupoBaHUSI CTYCTKOB B IPO-
nopuusix Besmkou [Tupamuast (puc. 3.10), onna ¢popma cryct-
ka TpaHchopmupyercs B HOBYH0. [locie okoHuaHus TpaHc-
dbopmalnuu pa3HOCTh MOTEHIIMATIOB B MOJIE€ SEPHBIX B3aUMO-
JIEUCTBUM CTAHOBUTCS PABHOW HYIJIIO.

7. B moue, 3JIEKTPUYECKOW SIIOPOW KOTOPOIO SIBIISIETCS
nuarpamma "I'na3z [Jarma" (puc. 2.6), BO3HUKAET pa3HOCTh IO-
TEHIIMAJIOB MEXKy PaBHBIMH MEXIYy COOOI IHepruei pacum-
penusi (ObiBiice Buaumoe) u cuioii cxxkatusi (HeBumumoe)
(2.23).

Orta, pasHas Hymo (0xT,” = 16), cunrymspras Touka
Tonkoit DHeprum onpenensercs kak Beunoe He-britne (2.24).
Ho B 1O %€ BpemMsa B 3ToM mnoisie ecTh [IpoIomKUTEIbHOCTD
T02 = 16 mynbcaluu, paBHOBECHUE 82/ 8% = 1, ¥ BO3HHMKAET CTry-
cToK - IIoTOMOK, MOTEHLIHAI KOTOPOro PaBE€H KBaApary IO-
TeHuana crycrka - IIpeaka (2.24). DTo mose onuChIBaeTC
kak Enunoe beitue (2.24).

8. Ot1o nosie Beunoro He-beitus - Enunoro beitus npen-
cTaBiisieT coOoM moJjie, KOTOpoe MbI MoaydaeMm Ha ypoBHe [loj-
co3Hanusi nipu meautanuu (2.30). Ono OecrnpenenbHoe, Oec-
KOHeUHoe, OecripuuuHHoe (2.26, 2.27). Ilone Ha yposne Ilox-
co3HaHus Mog00H0 CHy, JnmeHHOMY CHOBHICHH.

9. Ilonkntouenue k IloacozHannto koMoHeHT noJist Co3s-
HaHMs, TakuxX Kak ayma - Cesarou [lyx, Ilapmaptxy (A6Gco-
motHble beitie n Co3nanue - He-beitne u becco3nanue), B
oJIe CJIa0BIX KOPOTKOJEHCTBYIONIUX B3aUMOICUCTBUI MPUBO-
TUT K (GOpMHUPOBAHUIO "000JIOUKHK" TEPUOTUYECKON CUCTEMBI
reHOMOB (TOJIOBKA CIIEPMAaTO30U/1a), a 3aTEM K Pa3BUTHUIO UM-
IyJIbCOB, 3apsA0B, CHHTE3Y-MYJbTUILUIETHOCTH IISITEPUYHOU
CBSI3M, B TOM 4YHCJIe OCITKOBBIX TEJl KJICTKH U €€ CyOCTPyKTyp
(2.31 +2.34).
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2.2 CtaHualll.
BupTtyanbHaa PeanbHocTb BoobpaxeHus

I'ne 0611 CTpouTesin, Jlyyezapubie Coinbl 3apu
MaunBanraps! ?... B HenoznaBaemoii TbMe, B X
Ax-xu ITapanummanna. Co3narenu ®@opm u3 He-
®opmbl - Kopens Mupa -/[pBamarpu u Cpadxa-
BaT nokouyaucsk B biaaxkencrese He-bouiTus.

..I'me ob10 Be3monBue? I'me cayx, 4roObl omry-
TUTH ero? Hert, He ObL10 HU be3moJiBus, HU 3BY-
Ka; Hu4ero, kpome Hepymmumoro Beunoro /Ibixa-
HUSf, He 3HAIOIIEro ceo.

Yac eme He nmpoomi; JIy4 emre He mpoHUK B 3apo-
abi; MaTpunaama emie He Ha0yXxJia.

Cepaune Ee eme He pacKpbLIOCH JJIS TPHUBXOXK-
nenust Exunoro Jlyya, 4yTo0bl 3aT€M HU3BEPIrHYTh
ero, kak Tpu B Yerbipe, B Heapa Maiiu.

Cemepo eme He poauinuch u3 Tkanu Csera. Equ-
Has Tema Obu1a OTHOM-Marepsio, CBadxaBart; u
CBaoOxaBart ObL1a Bo ThMme.

Ot /IBoe m ectb 3apoabim, u 3apoabim Exun.
Bcesiennasi Obl1a emie COKpbITa B bokecTBeHHOM
Mbpicau u Jlone boxxecTBeHHOM.
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Pacwugppoeka CmaHusbi Il [1]

No| Cnoa CraH1ibl CMBICH BBIpaX)EHUI
I'ne 0bL1M Crtpoutens — MyJbCUPYIOIINE HMITYJIBCHI
Crtpourenn, meicnu (p*), mamsatu (U*) u BooOpaxenus (q*)
Jlyuezapusie | (puc. 2.5)
Chobinbl 3apu |p* . | 7 4
Mansanra- e B e B 7* < 16.(2.38)
pobiI?.. F prap¥ 14T
Crpourtenu (opMUpOBad 000J0YKH C TIO-
TEHIMAJIOM 7° W TPOJOHKUTEILHOCTHIO TO2
nyJibcaluy (POTOHOB B 3THX 000JI04YKaX [§].
R
ManBantapa — Bcenennada. Couinbl 3apu
ManBanTapsel (C.3.M.) — UMIyJIbCHl MBICTH U
naMsITH B MOMEHT pPacCIIMpPEHHs; CBSI3aHHBIC C
BOOOpa)KEHUEM B T'PAaBUTAIMOHHOM IIOJIE C ce-
MEPUYHOI MPOJOIKUTENEHOCTHIO!
Crpinbl 3apu ManBanTapa (C3M) (2.39)
C.3.M.= p*(u*+u*)xToc/m, = 28%-8-100|
1
B Heno3na- Wznyyasce, C3M nonaxnarot B Uepnyro Bou-
paemoii TbMme, | HY noriomeHus-cxarus (2.9, puc. 2.6). B asroit
B UX AX-XHU Teme BozHukaeT Boobpaxkenue (2.39):
IHapanuum-
p Tpancopmanusa C3M B
MAHHA
BooOpaxkenue
[C3M = 28%8-10" = (T, +1)-28+(q*)*]
{(F = 64) = 4 7°(q*)", (2.40)
e 7° - 000J104Ka, a 4*=T,64-- Tstub;
u 8%32 - [{uHb B paclIMpeHuu, Koraa
Tsub B [IpoKOIKUTEIBHOCTH.
P.S. Benukas [{uBunuzanusa Hazeiaet BooOpa-
sKeHMe riaapHeiimum Apaxkonom Myapocru.
IHapanum- Bupryansnas PeanpHocTh  BooOpakenus
MaHHa Bne-®opmel. Apyna Beenennoit. E€ norenunan
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nouku 1y BocbMu [uab 1 AX-xu (puc. 2.10).

Cosnarenu
®opm u3 He-
®opmsl - Ko-
pens Mupa -
JaBamarpu u
CpaOxaBat
MOKOUJINCH B
buaaxxeHcrse 1.B BepmmHax yrioB Ky6a getsipe AX 1 4eTsipe Xu.
He-BbITHSI. 2.Ky6 Brimcan B 0607104Ky 7>
3.B nentpe Ky6a crycrox Boobpaxenns (q*)°.
Puc. 2.10 Cmpykmypa eupmyanvroti
Peanvnocmu Boobpasicenus
Konebanue Mexay UMITyIbCaMy U 3apsiaMu
coznaet PopMer:
q*) o pu
prur
16° ‘__’28‘14 (2.41)
2814 16"
32 7
i S
732
Apyna Pyna
(Bue-®opmbi) (Popma).
Bo3HUKaIOT pe30HAHCHO-aHTUPE30HAHCHBIE
notreHuuansl Apynel u Pynst (Kopens Mupa).
Kopens Mupa Kopens Mupa
[Tons Apyna Pyna
A 32 7*
sonane | 7 I
0,6530012245 1,53125
Pesomanc 655?122412'2 1:5:3-1:2:5-10°"
107°=172-10 =1510".
JBamMaTpu JleBamatpu = 72-10°%:15-10"*=4,8-107" =

p2:4800-107, e 4800 = 4800A - m1mHa BoMHBL
pasJeIISFoNIel CHHIO U TOIYOY0 00JIacTH
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cnekrpa Yakpsl Tpernii ['nas.

MOKOWJINCH B
BiuakencrBe
He-BrniTug.

Kak 651 nanexo uu 3amnuio Boobpaxkenue, oHO
OyZeT CBsI3aHO peaTUsIMH JTyHHO-COJTHEYHBIX psi-
JIOB:

Panbl
Con- _
He- 121314516 |7]8 36 |(2.43)
HBIA
Jlyn- =
L 0O(1]23(4|5|6|7 28

B 3TuX JyHHO-CONHEYHBIX peanusax bia-
skeHcTBO He-bbiTHsi Oymer oOecrnieunBaThCs
HOJIb-TIOTEHIIMAJIOM, a BBITHS - MOTEHLMANIOM C
JEHCTBUTEIBHBIM YHCIIOM:

He-0On1THE Brrtne
0 S| n’(n-1)’=2n-1.

(2.44)

...I'1e 0bL10
be3moaBue?
I'ne cayx,
4TOOBI OIIY-
THTDb €ro?

Tak, Hanpumep, bbiTHe 11 JTYHHO-COJHEY-
HBIX pAZOB OyJeT MMETh Pa3HOCTh KBaJIpaTOB
MOTEHLIUAJIOB:

I | I |0V |V | VI|VII] VII
T2 526 72| &

232 la] ]| 28’ (2.45)

3151719 11111315 512.

B stom (2.45) mone beitus BooOpaxeHue
OyIeT CTpOHUTH peanbHbIH (a HE BUPTYaIbHBIN)
mup TAHD B pacmmpsromerica Beenennoi:

512
143+5+7+9+11+13+15=64

=8=T,c/ e, (2.46)

W neru, urparolye cerofHs B HEJOCTOWHBIE
UTpbl BUPTYaJIbHON peaIbHOCTH, TBOPAT COOT-
BETCTBYIOIIYIO 3aBTPALIHIOK PEaJIbHOCTb.
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Hert, He ObLI10
Hu be3moui-
BUS, HU 3BY-
Ka; HU4ero,

be3mouBue omnpeaenserca  AaabHOACHCT-
BYIOIIMMHU B3aUMOJECHCTBUSMH: TPaBUTAL[MOH-
HpiM p1=107* n smexTpomarauTHEIM p3= 1072,

3BYyK (CIyX) — KOPOTKOJCHCTBYIOIMMHU B3au-
MOJCUCTBUSAMHU: IEPHBIM 107 = P4 M CIa0BIM

KpoMe....
pP2= 10_1.
Be3monBue Tpancopmupyercs B 3ByK Hpu
epexone NAIBHOACHUCTBYIOIUX B3aUMOJECHCT-
BHI1 B KOPOTKOJICHUCTBYIOIIHE.
Tpancpopmanus
be3monBus B 3ByK
MOTEHIMAJIbI
Tep- 1
MaKCH- | MMUHH-
MUs cpena
MyM MyM
Ig pa/pi |1 T
Dupo- | EPYPL PR [ dp =48
=423 =-25 % (247)
Ig p3pa |lg pa/ps |7
DK30- 3P4 P31 [pdp=336
"6 | 2o |lede
23426 | -25+2 336/48
Suno- | =49=7" | =-23 =7
3K30 obonouka |mepexonx | Cemb Bey-
K MaKCH- HOCTCH.
MyMmy
3Byk u be3mosiBHe moka apeManu mojg
000109K0il mosst ¢ IIpoaoIKNTEILHOCTHIO B
Cemb Beunocreii.
Hepymmmoro N tonpko Enunbiit Kocmoc Beuno mynbcu-
Beunoro /Ip1- | poBan Mexay Xaocom u ['apmonmueit:
XaHUs, He

3HAKOLIEro ce-
09.

1/2= j(p dp S _Tgo do =-1/2,
0 1

05-1505 +1. (2.48)
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Yac emre He Cemb BeuHocTeill BO BHYTPEHHEM I0JI€ U3TTY-
npoomi; JIyu | 9arens Boobpaxxenus emié He mMpoOILIH.
ele He Npo- DHepPruu MOTEHIUATBLHON SIMBI U €€ TPAHUIIbI
HHUK B 3apo- emé He cpaBHsiuck. Ummyase (To,mo/c = 2)
abIm; Mat- cxatusa (Marpunagama puc. 2.6) emé ocraércs
b o o .
3 | punaama eme Oeryuieid BostHOM. OH €€ He CTal yCHJIHeM 10
He Habyx1a TpexmepHomy IIpocTpancTBy (2.49):
(Tomolc = 2)*Y 73 =38, (2.49)
Martpunaama emie He Ha0yxJia.
Cepanue Eé Martpunaama u YepHblii (TOTIONIAIONINN)
emie He pac- I'ma3 Jlarma (puc. 2.6) - 310 pa3Has ¢popma onu-
KPBLIOCH ju1st | C3HMA OZIHOTO 1 TOTO e (bU3UIEeCKOro 00BEKTA.
NPUBX0sK/Ie- Onucanne MUKpPO-Makpo "TOYKH" MOIJIOIIE-
ust Equnoro HUSl DHEPrUU OKpYy Karolled cpeapl BO B3aUMO-
JEUCTBUAX:
Jlyua, yTo0bI
3aTEM HI3- Martpunaama: (T,0,/c = 2)"
BEPTHYTE €10, | " Cuadyanar POCT CTeneHu cxaTus
Kak Tpu B ol 0 Tipo-
YeTnIDE. B B Nwm- " | Yeu- | momxn-
pe, HO- BEpX- (2.50)
[y IIyJIbC JINC TCIIb-
4 Heapa Mauun. BecHe HOCTb HOCTh
2'=12l=[2"=]2 =] 2%=
Marpunazamaj 1 2 4 8 16.
Jlorapudmuueckue BomHBI ~MaTpunaamsl

OIMMCBIBAKOT TIIEPBBIC YCTBIPC OHCPIrECTHUYCCKUX
YpPOBHA KaK COJIHCHHOI'O, TaK W JIYHHOI'O pAla

(2.43):
log, 2° +log, 2" +log, 2° +log, 2’ +log, 2" =

0+1+2+3+4=10=ps. (2.51)
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OO0BsicHsAS pupoay AHTpoOTIOreHe3a, ABTOPBI
Crann /[3uan Ha30ByT 3TH (2.51) yeTblpe KBaHTa
dopmoBmukamMu, a Mucyc nBa ThIcsSUeneTus
Ha3aj CTPYKTYpy (hopMOBLIMKOB - Matpumnaama
(2.50) — npoaukroBan Moanny borocnoBy kak
Kpyr YuuBepcyma (puc. 2.9). Tak uto Ber gy-
Maere, uynen, Bepneie m HeBepHble, kakyro
uenb npecnenoBan l'ocnogs, moceuias CBoero
CpiHa B Hamly HuBWIM3alUil0 Ha MydeHue u
Cmepts? Momnutecs - 310 xopowo! Ho u nony-
MaTh He Memaer: 3aueM Tpu B Yerbipe, B He-
apa Maiin. 3auem B nymax Maitn (Bamux my-
nrax) Cemb Beunocreii?

Cemepo eme
HE POANJINCH
u3 Tkanm
Csera. Eqn-
Hasa Tema
obL1a OTHOM -
Marepsio,
CBadxaBart; u
CpaoOxaBar
ObLj1a BO
TobMme.

IIpexne uem Tpu B Herbipe MexXIy yCUIIH-
eM coxarus (2.50) u UMIyIBCOM paACHTUPECHHS
BO3HUKAET AMHAMHYECKOe paBHOBecHe (2.50):

Marpunaama CsabOxaBar
VYcunue cxxaTus Vmvmrystbe
pacimpeHus (2.52)

ke =(Towo/c=2)"""" | S5(Tue/ @, =2°)=ky

B srom none mummnyabe uznyyenus (Cpabxa-
Bar) mpeozoiieBan cury cxarus F = 64 (2.9), To
ecTb UepHyto BosHy cxatus (2.50, puc. 2.6):

Fik,=64:8=8=k.. (2.53)

UYepHasi BOJTHA MOTJIOMIAET UMITYJILC H3ITyde-
HUS U CBOOOJHBIM OCTAa€TCs YCHJIIUE CXKATHS
(2.53).

Ho stot (2.53) kBaHT, B KOTOPOM UMEET Me-

CTO YCHJIHE CXKaTHsl, MOTANacT B BOJHY pacIlu-
penus (benas Bomnna, 2.50, puc. 2.6, 2.9):
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Jtu /ABoe
(2.54) u ecTB

IMyabcauus ycujims c:kaTusi B BOJIHE

pacuipeHust
3apoabim, u X , | (2.59)
3apoabin ke =8)(E=64) 4 7 1_E-k
Equn E-k’ =56 7 416 E-k
Kak BoiHa-yacTHIla CBeTa CIIMBACTCSA B Jia-
3€pHYI0 TOYKY, KaK JKCHCKas SULEKJIETKa W
MYXCKO# CIIEpMAaTO30H/ CIIMBAIOTCS B 3UTOTY
(OIUTOIOTBOpEHHAS  SHIIEKIIETKA), TaKk W JTH
JBoe cnuBatorcs B Oxno (2.51):
16°5(7/4) = (p*/q*)* =
2
(p*p/q*q) = (p/q)", (2.55)
Bcenennasi e (p*/q*)” - mepexox Boobpaxenns k Bosxe-

ObLia ele co-
KpbITa B bo-
JKeCTBEHHOH
Mbicau u Jlo-
He boxkecT-
BEHHOM.

cTBeHHOU MbIciy, a p*p/q*q - mepexon k Jlony
boxecTBeHHOMY.

*
k%

WNmnysnbe cxatus, TpaHCPOPMHPYEMBI B
TPEXMEPHOM IPOCTPAHCTBE B YCHIHE CHKATUI
(ke = 8 = M) cosmaer MysKckoe Hauano, Bonna
pacmmpenus (E = 8% = XK) - sxenckoe.

B ycrnoBusix pacmmpeHusi )KEHCKOro Havana,
IToTromMkam npeajararorcae reHOMbI HACJICACT-
BeHHOCTH (puc. 3.14):

c XK*-M?

Oa)o XK-M

g —8>

8 =63.  (2.56
88 (2:50)
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CmaHua ll [1]

CraHua OnuChIBaeT YHEPreTUUECKU U KOJIUYECTBEHHO TOY-
HYIO CBSI3b MEXKIYy BUpTyanbHOU ToHkoM DHepreTukoit Booopa-
keHus, Ha3piBass Ero Kopuem Mmupa, u MaTepuaaucTUYECKON
PeanbHOCTBIO, KOTOPYIO CO37a€T BUPTyaibHOe BooOpakeHue.

1. [lynscupyronme umnyibcbl ToHKOW OHepruum Mbiciu,
[Mamatu u BooOpaxkeHus, u3ay4yaschb UCTOYHUKOM H3TyUCHUS,
HaxosIIMUMcs B mojie cxkatust (2.39), co31arT dHEPreTHYECKOe
nosie B He-®opmsl (ApyIly), SHEPTeTUKY KOTOPOW IMpeaorpeae-
nsiet BooOpaxkenue (2.41, 2.42, puc. 2.10).

Boobpaxenue, kak @opma DHepruu, SBISETCS EPEXOTHOU
Mexny Apynoi (Bue-®opwmel) u Pynoit (®opma), mexay He
boituem u beituem (2.44, 2.46).

BooOpaxenue (kak CBer) Tpanchopmupyer oaHU (POpMBI
SHEPruu B ApPYyTHE, HO INIaBHOE - BooOpakeHue Tpanchpopmupy-
eT BupryajabHocTh B PeajibHOCTb.

W MBI 10JIKHBI 3HaTh, B KaKW€ BUPTYaJIbHbIE UTPbl UTPAIOT
HAIlld COBPEMEHHMKH, TaKOe peajibHoe Oyayliee OyJeT y ux IMo-
TOMKOB. M3mMenuts Bynymiee moxkem MbI caMu, U3MEHUB TeMa-
TUKY BHUPTYQJIbHBIX HIP BOOOpaXXEHHs. DTO MOXKEM CHelaTh
TOJIBKO MBI cCaMu. boru B 3TOM Bonpoce O€CCUIIbHBI.

2. B nosie BUpTyanbHOI peaibHOCTH MPU3PAYHO BCE, KpoMe
BeuHoi nynbcaruu Enunoro Kocmoca mexay Xaocom u ['apmo-
Huel (2.47, 2.48). beamonBue emé He HapyLIEHO, 3BYK €lI€ He
npoOynuncs (2.46).

3. Umnynec cxatus emé octaércs Oerymieit BomHoM. Ero
TpaHchopMalusl B YCUIIME CXKATHUS M0 TPEXMEPHOMY IPOCTpaH-
CTBY €ILI€ HE 3aBEpLICHA.

4. Ycunue cxatvs CTaHOBUTCS PABHOBECHBIM C TMOJISIMH JIO-
rapumuueckux kosneOanuil mo B3aumojenctusam (2.50, 2.51).
Otot npouecc onucad Takxke B "OtkpoBeHusix" Moanna boro-
CJIOBA.

5. BO3HMKaeT IMHAMHYECKOE PAaBHOBECHE MEXKIY YCHIMEM
CKaTHsl U UMITYJIbCOM PACIIMPEHUSI.

6. mnynbsc cxxaTus B BOJHE pacmiupeHus: oopaszyer Eaunbiii
3apoAbIlI MY>KCKOTO U dKEHCKOIO Hayall.
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2.3 CrtanHualll
Benuknn [leHb
B BeuHoctn EanHoro Kocmoca

1. ...ITocsaennuii Tpener CeapMoit BeyHOCTH APOXKUT B
beckoneunoctu. Mareps Ha0yxaeT, pacipoCTPAHANACH M3-
HYTPH HApYxKYy, 10A00HO0 nmouke Jloroca.

2. Tpener pacnpocTpaHsieTcsi, KacasiCb CBOUM CTpe-
murteabHbIM Kpbliiom Beeii BeesienHoi u 3apoabia, nmpe-
oObiBawero Bo Teme, Thme, KOTOpPasi ALIIIMT HAJ APEM-
Jiomumu Bogamu Ku3un.

3. Tema uzay4yaer Cet, 1 CBeT poHsieT OTUHOKHUI
Jlyu B Boabl, B I'sryouny Jlona Marepu. JIy4y nponu3bsiBaer
JeBcTrBennoe fiino, JIydy npo0y:kaaert Tpener B Beunom
Siine u 3aponsier 3apoAbIil, HeBEYHbI, KOTOPBIi Cryma-
ercst B Muposoe Siino.

4. Tpoe ynagart B Yersipe. JIyuenocHoe EcrecTBo
ycemepsiercsi; Cemb BHYTPH, CeMb BoBHe. Cusitomiee Sii-
10, B ce0e TponuHoe, cCBOpaYMBaETCH, PACIIPOCTPAHAACH
M0.1049HO-0esibiMu CrycTkamu B I'nyomnax Marepu, Kop-
He, pactymiem B Henpax Oxeana 7KusHu.

5. Kopens octaercsi, Cet octraercsi, CryCTKH 0CTa-
I0TCS U, Bce ke, Oeaohoo Enun.

6. Kopenns 7Kusznu 0611 B kaxaoi Kame Oxeana bec-
cmeptusi, 1 Oxean 0b11 CBeToM Jlyue3apHbIM, KOTOPBIH
0b111 Oronb, u Teno, u /IBu:xenne. TbMa ucuesna u 6oJ1ee
He CylIecTBOBAaJIa; OHa Mc4ye3a B cBoeM EcrectBe, B Teute
Orns u Boasl, OTua u Marepwu.

7. Y3pu, o Jlany, lursa JlyyezapHoe tex /IByX, He-
CpaBHeHHOe, OsncTaromee Beanuue - [IpocTpancTeo Cee-
Ta, Coina [IpocTrpancrea TeMbl, Bo3HUKaOero us3 I'ny-
ouH Beaukux Temusbix Boa. 3to Oeaohoo Muaammia***,
Omn cusiet, kak Cosnue, On Ilnameneromuii, bo:kecTBeH-
Hblii [Ipakon Myapoctu; Ika ectb Hatyp, u Hatyp Oeper
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cebe Tpu, u Coro3 nopo:kaaer Canra (cemb), B HeM Ceme-
po, koTopble cTanoBATc Tpuaama, Coumbl 1 MHOKeCT-
BA.

¥Y3pu ero, npunoasimariiero Ilokpos u pa3Beprbi-
Bawuero ero ¢ Bocroka na 3anan. On ckpbiBaer I'opHee n
ocranJisieT IlogHo:xue, siBjieHHOe, Kak Beaunkas Niuiro3usi.
On HameuaeT mecTa 14 biaucraomux u odopamaer I'op-
Hee B 0e30pesxkHoe Mope Ornst u Equnoe IlposiBiienHoe B
Beauxkue Boabl.

8. I'me 0b11 3apoabin? U rae Hoide Obli1a Toma? I'ne
Hyx Ilnamenu, ropsitero B TeoeM CBeTHJbHNKE, 0 JIany?
3apoasim ectb TO, u TO ecTh CBet, beanblii, bancraro-
muii Coin OTa, Bo Teme CokpbiToro.

9. CBet - Xunaansii Ilnamens, u Ilinamens - Orub, u
Orub poxnaer Temuo, Bony npoussoasimee: Boay ’Kusuu
B Martepu Beiukoi.

10. Oren-Mareps npsizer TkaHb, BepXHHH Kpail ee
npuxkpemnie K lyxy, Ceery Enunoit ToMbl, 2 HUKHUI K
Tenesomy kparo, k Marepuu; u Tkanb 31a ectb Beesien-
Has1, coTkaHHas u3 /J[Byx CymHocTel, BOeAUHO CIUTHIX,
4yto ecTtb CBaldxaBar.

11. Ona pacnpocrpansiercsi, koraa /Abixanue Orus
Ha/l HeK; OHA COKpaliaercs, koraa JIpixanue Marepu ka-
caercs ee. Torna CpIHBI pa3beIMHAIOTCH M PACCHINAKOTCS,
4T00BI BepHYThCs B JIoHo Martepu, npu okoHuanumn Besu-
Koro J/IHsi, 4T00bI CHOBA COeIUHHUTHCA ¢ Helo. Korga ona
OXJIAJK/IAeTCH, OHA CTAHOBUTCH cusitomieil. ChIHBI ee pa3-
BOPAaYUBAKTCA U cOKpamarTcs Camu co0010 U CBOMMH
Cepauamu; onn BMelialoT becnipeae/ibHOCTD,

12. Torapa CpadxaBart nocbliaet doxart, YTOOLI OT-
BepauTh AToMbl. ""Kaxabiid ecTh yacTth Tkanu. Orpaxas,
noa00Ho 3epkaiay, «Camocyuiero Biaaabiky», Kaxkablid, B
CBOIO oYepenb, cTaHOBUTCH Mupom.
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Pacwudgppoeka Cmarusbi Il [1]

Ne | Cnosa Cranisr Cwmeicit Ciio
<Jdlocaeqauid Henpa Anpa ¢ norenumanom Cemp Hauan
Tpener MyJIbCUPYIOT MEXKAY XaocoM U ['apMoHuei:
CeabMmoii
Beunoctu 1 0
K=7 do- dp)=
ApoAIT B (!(p ¢ !(p ?)
bec- (To) To-(v = 1/To) = 7. (2.57)
1 KOHEYHOCTH

Marepb Ha- [Tornomenune Oneprunm Marepunckum Ha-
Oyxaer, pac- yayioM (J1a3epHasi TOUKa, 3UroTa U Tak Jajiee) 3a
npocTpansi- CYET Mepexo/ia OT CXKATHS K PACIIHPEHUIO:
SICH U3HYTPH (ke=Towo/c =2 u ky=Toc/W,= 8),
HaApPYKY, I10- k, g
A00HO Mmo4Ke K jgp dp = 7I¢) do =210. (2.58)
Jlotoca k, 2
Tpener pac- [Morennman 210 - 3T0 NONAPHBIA BUXPb, HC-
npocTpansier- | yCKacMblii CKaTbiM BHYTpeHHUM mosieM Ceera
csl, Kacasich (3apoapi Bo ThMme):
CBOUM CTpe-
MHATEIEHBIM K = ps(1+2+3+4+5+6 =21) =210. (2.59)
KpsbLiom Beeit

o Ot HU3JTy4YCHHA OXBATBIBAIOT U KBAHT CBCTA,
Bcesiennou u
3apoxnima u Bcio Bcenennyro (puc. 10), Bximrouass Owuo-

poa ’ KIIETKY:
npebrBao- 557 59=21. (2.60)
2 | mero Bo

ThMe,

TbMme, KOTO-
pasi AbIIMT
HaJ JIpeM-
JromuMu Bo-
aamu Kusau

Apemuaromue Boabl ’KuM3HM BO3HUKAIOT U3
IIyJILCUPYIOLIETO IOJIS CBETA:

1
+61=36[p dp =
0

0
18 5 -18 =36 [p dp=- 61, 2.61)
1

rae 18-7KBUBaJIEHT MOJIEKYJIIPHOTO BECA BOJBI.
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Tema uziny-
yaet CBeT,

CBeT ¢ moTeHIMalIaMU-IKBUBAJIEHTAaMH 6 U
36 (puc. 2.10) u3ny4aroT UX BHYTPEHHHUE TOJIA
(Tema, puc. 2.10):

IToBepx- 6 36
HOCTb
Pe3o- AHTH- Pe3o- AHTH-
BayT- HaHC | pe3oHac | HaHC | poHacpes | (2.62)
peHHee K= Ky=
oje 51= K,= | K5=35!660-30 =
120 15 =10* | 630.

u CBet poHs-
eT OAMHOKHIA
JIy4 B Boapl,

B stom mone (2.62) Oaunokum Jlydyom Oy-
JIET UMITYJIbC pacmupeHus (0eablii OTKPbITHII
I'na3 larma, puc. 2.6):

B ['1yOuny o e ol
Tona Mare- Ki: Ky =120: 15 =8 = Toc/wo. (2.63)
pu. Bonamu, I'nyounamu Jlona Matepu Oyner
aBisThes nojie Ky = 630, pacTBopuBIee B cede
NEePHOANYECKYIO CHCTeMYy TeHOMOB (puc. 13) u
cojepxariee 35 MOJIEKYJT BOJBI:
630 : 18 = 35. (2.64)
JIy4y nponu- Cnenure 3a ['masamu [larma (puc. 2.6).

3piBaeT /leB-
cTBeHHOe Sii-
o, Jly4 nmpo-
Oyxaaer Tpe-
net B Beunom
SAiiue u 3apo-
HseT 3apo-
AbIl, HEBEY-
HbIH, KOTO-
pblii cryma-
ercsa B Mupo-
Boe Slituo.

Nmnynbe pacimpenus (OTKpbIThIN [1a3) npo-
XOJIUT BOJIHY CKaTus (4epHasi BOJHa, JeBcT-
BeHHoe Sil1o0). Mexay BosiHaMu cxKaTus U
paciIMpeHusi BOSHUKAIOT KolleOaHusl (Tpemner).
OO0mmast yepHO-0enast BOJTHA cTaHOBHUTCS Beu-
HbIM fiinom (puc. 2.6), a B Hem popmupyeTtcs
3apozsii (MMITYJIbC CXKaTHs), HEBEUHBIN MOTO-
My, 4TO CXKaTue cMeHseTcs paciuupenueM. Ho
3TOT UMITYJIBC PACIIUPEHUS MOMAIAET B OKPY-
JKaroltee 1moJie ¢ noreHuuaiom Kz = 10% U, B
3aBHCUMOCTH OT IMEPHOAMYHOCTH BpPAIICHUS
doroHoB, hopmupyet uMIynbce p* u q* — oc-
HOBY Muposoro Siina.
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Tpoe ynaga-
0T B YeThipe.
JlydyeHocHoe
EcrectBO
ycemepsiercs;
CeMb BHYTpH,
CeMb BOBHe.

[Toncuutaem nepexobl kK MupoBomy Sy
(puc. 2.6):

I'ma3 Jlarma MA
NP |BC| Tp | BP | UC | Tp | P | WUc
0 +6
8 64 s 64 +— 2 s 8 TsY
: s (2.65)
OJI| I BA|3H | K | O]
bananc 1o npoAomKUTEIbHOCTH
T,+ t=7 BHyTpH TBO;}::Z

Yci10BHBIC 0003HAYCHHS:

WP - umnynbce pacmivpeHus;

BC - BonHa cxxaTus;

Tp - Tpener;

BP - BonHa pacmupenus;

NC - uMITyIbC CKaTHSA;

OJI - oguHOKUH JTyd;

A - dectBenHoe fitno;

BSI - Beunoe fino;

3H - 3apoasInt HEBESYHBIH;

K - Kynnanunu;

MAI - Muposoe Siino;

Hc - Uuepunonnas cucrema, T, = 4;

TBY - Tpoe B Uersipe.
JIlyyeHoCHOe BelecTBO yceMepseTcs 3a CUeT
CKaTHs, KOTOPOE MPUBOIUT K (POPMUPOBAHUIO
KyHpanuau, umeronei B KUAKUX Cpellax CIu-
paib B 3,5 = 7/2 obopoTa:

Too/c-p*/q* =2-7/4 ="7/2. (2.66)

Cusiromiee TpoudyHoe NOTOMY, UYTO CBET, MMEET TPH
sliino, B ceGe | KOMIIOHCHTBI: UMITYJIbChI BOJIHBI, YaCTHIIBI CBE-
Tpouunoe, Ta M 3JEKTPOMAarHUTHYIO CpeLy MEXAYy HUMHU
(puc. 4.10).
cBOpaYMBaeT- AHTHPE30HAHCHBIA PEXKUM B3aUMOJACUCTBUI
csl, pacnpo- B Abcomore (puc. 4.10):
1

CTPaHASCh MO-
JIOYHO-0eJIbI-
mu Crycrka-
mu B I'i1yOu-
Hax Marepwu,
Kopme, pacry-
mem B Henpax
Oxeana Kus-
HH

tlg ps [ dp =£12:1/2 = £6=
0

(Toc/w, -Towo/c = 8-2) = £(7/2+5/2) =
[(7/2)* - (5/2)*], (2.67)
MPUBOIUT K (POPMUPOBAHUIO B KHUJIKUX CPelIax
u ux Heapax monouno-6ensix Crnupaneit Kyn-
MaJIMHU, CKUMAIOIIAXCS ¢ MOTEHIINAIOM 5/2 1
PACHIMPSIONIMXCS ¢ TOTESHIHAIOM 7/2.
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Kopens ocra-

OnuceiBaercs ctpykrypa Ennnoro Kocmoca:

ercsi, Cper Eaunsiii KocMmoc
ocTraercs, T
Crycrku oc- OHKa Cger Matepus |[(2.68)
OHeprus
TalTCA
Kopenn Caer Crycrkmn.
U, BCE XKe,
Oeaohoo Oeaohoo - mocTosHHAS
Enun B3auMO/IeiiCTBHIA
Oeaohoo -
Oeaohoo IV— (2.69)
1 1
Ig pip2p3paps=25 = :
2 1gpp2 3P4 P
Kopennb Kus- Kaxnas Kamna Xunkoirn da3sl HachblIieHa

HH OBLLJI B Ka-
xKnon Kamie
Oxeana bec-

Tonxkoit Dueprueli (Kopenb) Kynnanunu, cps-
3aHHOM CO CBETOM:

Oxkean Ku3Hu
cMepTud, U
OxeaH ObLI Bona Cset Kynnanunu
Caetom Jly- 18 = w6 = 3ap+sp) | @70
Yye3apHbIM, ) 5
18 (tx6)" = (9+0)(7/2+5/2).
KOTOPBIii ObLT
Oronb, u Te- Orosp Terto [Tnams
1110, 1 ’HBH- Cxartue Oxszorepmust | Pacmumpenue 271
KeHue. (2.71)
k1 = T()Z(Doz/c2 k2 = 1g P3P4 k3 = ’-[‘0202/(4')02
JIBrmkenue 1o 3akoHy Tpéx - BTOPBIX:
3 _ ky —k, _ m(c+w,) _, 6Hymp.noe 2.7)

2 k, mc 6cs cucmema
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TbhMa ucuesJia
u 0oJiee He
CylIecTBOBAa-
Jia; OHA MC-
ye3Jia B CBOEM
EcrecTBe, B
Tene Orusa u
Boabl, OTHa n

N3nydennsiii OTOHb TEpPSET CBA3b C U3ITyYa-
tesnieM. Cxarue (mpuTsbKeHue, ThMma) Hcdesaer,
TOYHO Tak, kKak y Kocmuueckoro Kopabns mo-
aBisieTcss HeBecoMOCTh 3a mpenesnaMu  CHIIbI
nputskeHus. B 3akone Tpéx - BTOpbIX (2.72) B
obnactu HeBecoMocTu HCYE3HET CKaTHE U CBS-
3aHHBIM C HUM HMITYJIbC MC, XapaKTEPU3YIOIIUI
nocTynaTejbHble JBWKeHue Maccel B IIpo-
cTpaHcTBe - Bpemenu. Macca OyaeT nBUTaThCs

Marepn. 0e3 morepu COOCTBEHHOH SHEPIUH, Kak 3emiis
6 WM SJIEKTPOH (2.72):
k;-k;=32-26=6 5 m'(ctw,) = m'(3/2)n
u m=6Q273)l/n=4/n=N0, (2.73)
rae @ - 3omoroe Yucno.
B nynkre 7 Crannst III [1] or cosa Y3pu
(mocmotpu) u g0 cioB Oeaohoo Muaammmii
(2.69) uner onucanue maccel m (2.73), coBep-
maronield KBaHTOBaHHOE (0e3 3aTpaTbl COOCT-
BEHHOM SHEPruu) IBUKEHUE.
On cuser, [IpunaratenpHble B CTaHIE TOYHO YyKa3bl-
KakK COJIHIIe, BarOT, 4TO pC€Yb UACT O 3apdaax WU HUMITYJIbCAaX,
Ou IL1ame- UX PE30HAHCHO-aHTUPE30HAHCHOM HEPTUU:
HeIOLIMH,
Cusier | Ilmame- ITyns- Konebanust |
boxecTBen- xax | meomwit | camns | |y ~anta
Hblii JpaKon Comume | ... (1.95) | 2xa| Haryp [(ceme
3apsael |Mmnynscel|  Const
Mynapocru; 2.74
E)IZ,al:sch‘ia- p_Tlpr 11 L7 1 7‘—3i TS .
g 4 |q* 4| 34 |34 ~7]|300
TYp, 1 YUaTyp
7 | 6epet cebde
Tpu, u Cor03 | Tpuama: 3x4x(21+4) = 300, (2.75)
MOpokKIaeT
Canra (cemp), | ConmbI (JIyHbD):
B Hem CeMe- 3-4-21+3-4-4 = (9+0)*-28+48, (2.76)
PO, KOTOPLIC | 1y oscecTBa:
CTaHOBHTCH 7 P+2° 432 +4°+57 46" +7° +8°+97 +10° _ 385 ’ (2.77)
Tpunaua, B 142+3+4+546+7+8+9+10 55
CoHMBbI U
MHo:xecTBa.
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¥Y3pu ero,
NMPHUIIOAbI-
Malouero
IHoxpoB u
pa3BepThI-
BaIOIIIEro ero
¢ Bocroka Ha
3anmaa. On
CKpbIBaeT
I'opHee u oc-
TaBJISIET
IToano:kme,
sIBJIEHHOE,
Kak Beaukas
HNanro3us.

MarauTtHOe Tone 000ro Crycrka, B TOM
9HCiIe KBaHTa CBETA, TyaIUCTUYHO U COCTOUT U3
MarHUTHBIX 3apsI0B, M3Iy4aeMbIX KaK MOJSp-
Hble MATHUTHbIE CHJIOBbIe JTUHHH, UMITYJIHCHI
KOTOPBIX JBHXKYTCSI CO CKOPOCTBIO CBETA!

mc; (2.78
¥ B3aMMONEPIICHINKYJIIPHBIE MATHUTHBIC UM-
nynbcel [Tamaru (n*), HanpaBnennsie ¢ Bocto-
ka Ha 3amnaf (puc. 2.11):

10", (2.79)

Hama merposnorusi MoeT M3MEpPHUTh CKO-
pPOCTh MAarHUTHOTO 3apsifia, HO CKOPOCTb HM-
nyibca [Tamsatu - He ymeer.

[Mostomy CraHna mnpeaynpexaaet: y3pu Hu
Beaukyro Niunro3uio, KOTOPYIO HAJIO TOHSATD.

36
[¢ dp=630
6

Puc. 2.11 [[yanuzm maecnummnoeco nois
ceycmrka

Bmecte ¢ Tem, mynbcamus IMOBEPXHOCTH
KBaHTa cBeTa oT 6 10 36 (puc. 2.11) - 3T0 mpu-
nogHuMaromuiicss [1okpoB, HOCHTENb TE€HOMOB
(puc. 3.14).

[Tpuaém, THTCHCUBHOCTh X U3ITyUCHUS B Mar-
HUTHOW CHJIOBOI TMHUU 3apsiia U UMITyJIbca
Oyner paznuuna (puc. 2.11):

Hnumencusnocms 8 MazHUMHBIX NOISX

3apsizioB [MamsiTi
%:45 '1020 &20:45_10720 (2.80)
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On Hameuaet
MecTa ISt
Bbaucrarommux
U oOpaiaer
I'opuee B 0e3-
opexnoe Mo-
pe Orus u
Enunoe Ipo-

[lepexox MarHUTHBIX MMITYJBCOB dYepe3
NyJbCUPYIOLIYI0O IOBEPXHOCTh KBaHTA CBETa
npespautaer ero B Mope Orns (2.80), B 3k30-
TepPMHIO CONHeYHOro cBera (45-107%). TIpoxox-
JICHUE 4epe3 3Ty K€ MOBEPXHOCTb MarHUTHOTO
3apsiia BJIEYET €ro PacUIMpeHHe, SHAOTEPMHIO
AypbI IIOMHHECIIEHTHOTO cBedeHus (45-10%).

Bbosiee Toro, MarHuTHBIE NOJISAPHO-IKBATOPH-
albHbIE UMITYJbCHI (2.11) MO3BONAIOT UMILYJIb-

7 | ABJEHHOE B caM TOYHO ONpEAEATh MECTO IOCAJAKH Ha MO-
Besmmkne Bo- | gepxuocrn kpanTa, nTHmaM coBepmath neperie-
AbI TBI, & CIIEPMATO301]] HAXOAUT MECTO BHEAPECHUS

Ha IOBEPXHOCTH SIULIEKIETKH B MOMEHT €€ OIl-
JIOJJOTBOPEHHS.
MarnutHas cucrema p+pu* (puc. 2.11) ecthb
Kocmuueckuit Maraut - '"myteBoautens" B
Exnaom Kocmoce.
Ninro3um Peanmu Mupa ToHKHX DHEpruii.
I'ne 6611 3a- KakoBa crtpykrypa (pusnyeckue CBOWCTBA)
poabIm? umiryibscoB (I'masa [larma, puc. 2.6)?
M rie HbIHE Kax numnynsc cootHocutcs ¢ Dueprueid Cxxatus
6u11a ThMa? (Uepnas noromaromas BojiHa, puc. 2.6)?
I'ne dyx I'ne wsnydenne TOHKOW SHIOTEPMHUUYECKOMN
IlaameHu, Ouepruu Meiciu (p*), [Tamsaru (u*) u Boobpa-
xenus (q*), ...
rOpsIIero B CEeporo BelIecTBa U HEMpOHA TBOEro MO3ra, O
g | TBOEM CBe- Yuenuk?
TUJIbHUKE, O
Jlany?
1. DHepreTuka, CKpbITas 3a CIIOBOM TO, OIUCHI-
3apoabii BaeT MOIJIoNIeHHe P* CEPhIM BEIIECTBOM I'0-
ectb TO, n JIOBHOTO MO3ra (4epHasi BOJIHA C MOTSHIIHAIOM
TO ecTh (Tomo/c=2)® = 64, (puc. 2.6)), rjie MOTCHIHAI
Cger, Beaplii, | TOTVIOMCHHS PABCH:
bauncraomui

4 64 1
k=00 0 _Topm_a g,
p* 28107 7 7
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9ro (K;) morenmman ceporo Bemecrsa. Ho
HelipoH (3apoabimn) OyaeT UMeTh 00paTHBIN
NOTEHIINAT:

L:_:—-1020-—5—-1020naﬂbﬂ/lbl. (2.82)
K, 64 8 478

2. B mone neap HelipoHa (3apOAbIIIEBHIH My-
3BIPEK B KaIIe KUJIKOU CpPeIbl) TPaBUTAIIMOH-
HBII TTOTJIOUIEHHBINA UMIYJIbC (2.82) nenurcs Ha
JIBa MarHUTHBIX: MOJOKUTEIBHBIN U OTpHILa-
TEIBHBIN:

MarauTHoe 1oJie pacuupsomeics
Kynnaauunm (2.82)

HNC-U30MCPUsL TpaHc-u3zomepus

L1 p p p (2.83)
1 1 711 % 1 7
—Vodp=—10" .= | — |pdp=——"10" .=
Kll(pqp 32 2 K1!¢(p 32 2

3. Kynpanunu ¢ uuc-uzomepreil KOHTaKTH-
pyert ¢ 6em0ii BOJIHOM pacHINpeHus:

(Toc/®o = 8)*1/32-10%°-7/2 = 7-10%°, (2.84)

a Kynpanunu ¢ TpaHc-uzomepuen — ¢ 4epHoi
BOJIHOM CXKaTHs:

(Towo/c = 2)%(-1/32-10°-7/2) =-7-10%,  (2.85)
onucaHHbIMHU 31topoii ['na3 [larma (puc. 2.6).

4. Pacmmpsisich M IyJIbCHPYS B PE30HAHCHO-
aHTHPE30HACHOM pexxumax (2.84, 2.85):

—(7-10%)2/(7+7)-10° = —7/2-10%°, (2.86)
Kynpanuau nocturaer moBepXHOCTH HEMpPOHA

(Q) u hopmupyeT noTeHIHAaNI 3TOW NOBEPXHO-
CTH:
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Ex-(Q = -7/2:10% = 47R?) = 4R?, (2.87)
E:(Q = 4nR?) = 4R?= -7/2-10%, (2.88)

5. Heiipon nHaxonutces (kak Kamns B Okeane)
B CEpoM BeriecTBe rogoBHoro Mosra (Uepnas
BOJIHA, pUC. 2.6) ¢ 00HEMOM-3KBHUBAJIEHTOM T10-
TeHImany 62 (2.85):

me(V =4/3-wR;%) = 4/3-R,* = 64. (2.89)

Mexay moBepXHOCThIO HelipoHa (2.88) u
cxxuMarolei eé cpenoi ¢ CeMepuuHOil epuo-
JTUIHOCTBIO OYTyT MOSBIATHCS 24 DJICKTpHUC-
CKHUX 3apsija:

R} 64-3( 8 _zoj 24
— = —-=.10 =——'q. 2.90
R* 4 ( 7 71 (2:50)

B none mexny HEHPOHOM U CKUMAIOIIEH
ero BoJIHOM nosiBisercs Cearoit Jlyx.

6. [TosiBnenue B mone (2.90) ayuiu ¢ moTeH-
1agoM 42 IpuBOJIUT K 00pa30BaHUIO BOJIOPOIA
(1008=10°-(1,008 = AH)), HOSBISIOLIErOCS C
yactoroii bubaeiickoro Uncaa 144:

24 1008
4. =2 =228
( 7qj 7 1

~-12’q=—(T)r)’q. (2.91)

DHepreTudeckuii nepexos ot (2.90) no
(2.91) ABTopsl CTaHIBI HA3BIBAIOT: ITO €CTh
TO, u TO ectb Caer.
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baucrawomumii
Coin OtH1a,
B0 TrMme Co-
KPBITOIO.

N3nyvaronuii HEWPOH B  MOTIOLIAOLIEH
cpeze ceporo BemiecTBa rojoBHoro mosra. Ilo-
riomaomei Bce, kpome Cesaroro yxa (2.90),
a TaKKe MyJIbCUPYIONIEeH KaK UCTOUHUK U3JTyde-
Hus (u3nyyatens - Oren) B pexxume ot Xaoca K
lMapmonuu (puc. 2.11):

1
jgp dp = 1/2 = Oeaohoo-mnaamumi. (2.92)
0

IIpu sTOM mynbcauu HEWpPOHA U3IIy4aeTCs
nuc-uzoMmepudeckas Kynnamuau (2.83) u mar-
HUTHBIH uUMIynsc W* Bpamraercs ¢ Bocroka Ha
3anax (puc. 2.11).

Caer - Xuana-
ubii Iaa-
Me€eHb,

Nmnynecer p*, p* m q* npu pe3onance
dopmupyror TBoOpa — MOCTOSTHHYH) B3aMMO-
nelcTBUIA:

p*/u* =2 =1g pip2pspaps = p/K, (2.93)
IpY aHTUPE30HAHCE — IOJISl TPABUTALIMH U CYO-
cTpyKTypsI (9+0):

* %k
pr oa* T . 8_
7

2
(9+0)" —cyocmpyxmput L (2.94)
28 —epasumayus

u [lnamens -
Ornb,

BozHukaetr KOHTyp KoJieOaHUS MEXKIY 3aps-
JaMU ¥ UMITYJIbCAMU:

Pesonanc AHTHpE30HAHC

Nmvnyns Nmnyns

i 3apsibt i 3apsasl

* ok * %
2.1 P4 (p_*_q_*)c>(g+/_z) (2.95)
q- H g P |9 H P

)51 (9+0)° - 28
- 28 (9+0)>"
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U Or"e pox-
naet Temno,

[NTosBIAIOTCS. KBAaHTHI CBETa C MOBEPXHOCTS-
mMu 6 u 36 (puc. 2.31), KOTOpble BO3MYIIAIOT
OKPYXKAIOIIYI0 Cpely M3ITy4EeHHEM COJIHEYHOTO
CBeTa, HarpeBas e¢:

36
[pdop = 1/2:(36°-6%) = 18-35 =630.  (2.96)
6

Boay npowus-
BoJsiIee, -
Boay Kuszuu
B Marepu
Benaukoii.

Marepps - Beaukasa - 310 llarepuunas
sHeprusi cBszu (To+1) B Cemm Beunoctsax
(To+ ©=7), noTeHUMaN KOTOPOil paBeH Hpu pe-
3oHance 35 = (To+1)(Tott) = 5-7, a npu anTU-
pesonance 12 = (To+1)+(Tott) = 5+7.

Bona ’Ku3nu B nmojie Csera cBs3aHa C OT-
HOILIEHUEM:

9 36
d
-! v 630
18=M, , = = . (2.97)
2T, +DT +7) 35
[Tpuyem koneGanus TUMA:
252242 =7 (2.98)
dbopmupyroT "0007104YKY" MOJIEKYJIIBI BOJIBI.
Oteu-Marepsb Orteu-Mateps — 5TO MOTEHIMANIBI Kosela-
npsjer TEJNBHBIX TPOLEccoB, (opmupyrommx J[3uan
TkaHb, (puc. 2.2):
1
Oren = Jgo dop =1/2,
0
1
10 Martepb = j pdo =-1/2. (2.99)

0

[Mpsinerne wmu TkaHu — 3TO MyJIbCcanus
H3uan (2.98) B pe30HaHCHO-aHTUPE30HAHCHOM
peKUMeE.

B ycnoBusx aHTHpe30HaHCa IPOUCXOIUT
BOCIIPOU3BOICTBO J[3naH:
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10

AHTHPE30HaHC

1=12-(-1/2) 5 1/2+(-1/2) = 0;

(2.100)

1 0
Igp dp =1/2 wu I¢d¢) =-1/2.
1

0

[Tpu pe3oHaHce mpeaensl KoyieOaHUs Cpebl
HU3MEHSIOTCS OT MUHYC 1/4 10 MUHYC €IUHUIIBI:

Pe3onanc

14 =1/2:(-12) 5 1/2:(-1/2) = -1;

0 (2.101)

[@dp =1/2:(1-1/16) = 15/32.

~1/4
BEePXHUM Emunas TeMa — 93TO ckartas BOJIHA
kpaii e€ mpu- | (Tooo/c = 2)°, s10 Taup (Kuura Ilepemer)
KpeIuieH K (puc. 2.6).
Nyxy, Cery Cserom ot Enunoii TeMbl sBISIETCA TOMY-
Exunoii cdepa Lunp ¢ morenmmanom 32 (Kuawura Ilepe-
TBEMLL 2 MeH). [TosTomy BepxHmii mpenen OyaeT paBeH
Hmlmy,lﬁ -K 32. Hwkuuit npepen TkaHu, NPUKPEIUICHHOW K
Tenenomy 3IEKTPOMArHUTHBIM TOJIIM KoJieOaHus 3apsa0B:

Kparo, Mare-
puu; u Tkanb
3Ta ecTh Bcee-
JICHHaf1, CO-
TKAHHASA U3
JAByx CyuiHo-
cTel, BOCAMHO
CJMTBIX, YTO
ectb CBalxa-
BaT

1

(q+u)-102°j¢ do = 15.

0

(2.102)

[Torenunan JAByx CymHocTeil, CJIUTBIX BO-
ennHo, ¢ yuerom /[3man (2.100) ectr Bcenen-
Hast CBa0OxaBar:

1 32
® Ej(p dp+ j(p dp =0,5+399,5 = 400. (2.103)
0 15

Cpa0xaBaT — 3TO HMHEPIMOHHAs CHUCTEMa, B
KOTOPOM MPOTEKAIOT B3auMOIeHCTBUS Tops/py.
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11

Omna pacnpo-
CTpPaHseTcs,
Korjaa JIpixa-
Hue Orus Hajg
HEI; OHA CO-
Kpauaercs,
Korjaa JIpixa-
Hue Martepu
Kacaertcs ee.

Hynabcanusa Cpadxasar.
KpsuiaToe KoJgeco (2.102)

Pacmmpenue Cxatue
(3apsiabl) (MMITYJIbCHI)
q*
dp =30-10"
® = 400 Jfo Y

®=400 |[(2.104)

q
[pdp=30-10""
7]

4/310° =T/t /Ty 10°=3/4-104

Kpbuiatoe Koseco

Beaukwuii JleHb.
Touxa Hexap.

Torna CeIHBI
pa3beauHsi-
0TCH U pac-
CHINMATCS,
4yTO00BbI BEp-
HYThco B Jlo-
HOo Marepu,
NPHU OKOHYA-
Hum Besuko-
ro [us,

Cernbl (moteniuans! T, U T B aHTUPE30HAH-
ce) co3naroT uHepuuoHHsie cuctemsl (T, = 4) u
cpeabl BOKpyT HUX (1), (puc. 2.12).

ki
— >

«—
e N

(T4’ =7 |ka | |ks

ke
—

=Tyt T=Tot1

k7 | |ks

T=T,*7 1=T,-t
ks
Puc. 2.12 Cmpyxkmypa Kpvinamozo Koneca
(2.104)

B stom mone Bce mepexoast ot k; 1o kg pa-
0OTaIOT B aHTHPE30HAHCHOM PEKUME:

- HCUCTHBIC
- YCTHBIC

ny= (1+7+1+7 = 16);

ng=-(1+7+147=16).  (2.105)
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YTOOBLI CHOBA
COeTHHUTLCH
¢ Hero. Korna
OHA OXJIAXKIA-

Opnnako, Bce mnepexonasl k Touke Henp
(2.104), umeroweii norenuuans (T,” — 1° = 7)7,
OyIyT MpOTEeKaTh B PE30HAHCHOM PEXHUME C
MaKCHUMAaJIbHBIM MTOTEHIINAIOM, PaBHBIM MPOU3-
BEJICHUIO:

eTCsl, OHA
CTaHOBI/l"ECﬂ H = (n,=7>x1)x(0,=7%7)x
CUSIIOLIEH. (3= 7"x1)(ng=7°x7) = 7", (2.106)
ChbIHbI ee
pasBopaun- DTOT mOTeHIMaI U OyJNeT SBISATHCS MOTEH-
11 | garorest m co- | tmanom Henp Kpeinatoro Koseca (2.104, puc.
KpalawTcs 2.12).
Ero orHomeHue kK pa3HOCTH YETHO-HEYET-
Camu co6010
HBIX MOTEHIMAIOB OyneT ompenensath [Ipomon-
1 CBOMMHU JKUTeIbHOCTh Benukoro JlHs:
Cepauamu;
OHH BMeIIa- IIponoskureapHocTh Bestukoro /{ns
0T becnpe-
10
NeJIbHOCTh __ " T 9.10° (2.107)
n,—n, 32 ’
rae ny - ny = unes (Kaura [lepemen), a [1po-
noJpkuTenbHOCTh Benmukoro Jus (2.107) va
3-10° ner GonpIue o011ero BpeMeHu ATOKauI-
crca, paBHoro 6:10° er [13]:
9:10°— 6-10° = 3-10°. (2.108)
Toraa CBao- Pacimmpenne Benukoro Koneca (2.104)
XaBaT MOChbI- | CMeHseTcs cxaTtueM. CxaTtue MpoTeKaeT Ao IMo-
aaer ®oxar, | TeHUMana Yepuoit Bosubl (puc. 2.6), To ecThb
4T00KI OTBEpP- | A°-
IUTH ATOMBI. 6
(Towo/c =2)° = 64 = doxar. (2.109)
12 DTOT MaKCUMaJIbHBIM MOTEHIMAJ CKATUS M

ectb Poxar, OTKOMaHAUPOBAHHBIN I OTBep-
JKIeHusT ATOMOB, KOTOpPbI€ pPaCIJIaBWINCh B
Iponoskurenbnoctu Beaukoro Anus (2,107):

®oxarxBemnukuii [[ens = 64-7'/32 =

27" = orBepeHne ATOMOB. (2.110)
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"Kaxkabiid Kaxxaprit ATOM — 3TO CaMOCTOSITEIBHOE HH-

ecTh 4aCTh JUBHIyaJIbHOE PABHOBECHOE HSHEPreTHYecKoe

Trkanu. OT- none. MunuBuayansHocTh ATOMa (opMupyer

pakasi, 1mo- SOMHOSI/II_II/IOHHOG COYeTaHUE pa3IMYHbIX EDOpM
HEepPruH, O STFOTITIX TaB - CBOMCTB

106H0 3epKa- €pruy, ONPEACISIOIUX COCTA CBONiCTBA

AToMma.
ay, «Camo-

MHoxecTBEHHOCTh pasnuuuii B Dopmax
OHepruil paBHOBECHBIX CHCTEM CBSI3BIBAET JIIO-
Oyro paBHOBecHYI0 cuctemy ¢ Enuneim Kocmo-
com («Camocymum Baaabikoii»), Takxe sB-
JSAOUIMMCST PaBHOBECHOM CHCTEMOM, MOXYH-
HALIEHCS 3AKOHY COXPAHEHUS JHEPTUH.

Paszorpu xuakuil Kpucramul B IOPOILIOK, HO
KaKIasi MbUTMHKAa OyJeT MOBTOpPSTH CBOMCTBA
uenoro kpucraimia; pacwmenure Enumbbsiii Koc-
MOC Ha PaBHOBECHBIE COCTOSIHUSI MUKPO-MakKpo
MAaTEepUATbHO-TOHKOIHEPTETUYECKUX MUPOB, HO
OT 3aKOHA COXPaHEHHsI YPHEPTHH He yOeKUIllb, U
KQKJ0€ PaBHOBECHOE COCTOSHHE OyIeT BOC-
npousBoauTh Ennnbiii KocMoc.

cymero Biua-

ABIKY», KamkK-

JbIH, B CBOIO

12 odepenb, cTa-
HOBUTCH Mu-
pom.

*
kk

Cmanya lll [1]

Cranna omnuchiBaeT Haudajao (GOpMHpPOBaHUS BTOpOM Oa-
3ucHoil @opmbl DHeprun Enunoro Kocmoca - 3Heprum cry-
cTkoB Matepuu 13 MeTarajakTuiecKuX TOHKOIHEPreTH-
YyeCKHUX BOJIH BeeneHHom.

Onucanre HaYMHAETCS C Mpolecca KojaeOaHul 3apoabl-
meBoro mysnipbka B Karure, To ecte ¢ Henp Anpa, kotopsie
bopMHPYIOT PE30HAHCHO-aHTUPE30HAHCHO IYJIBCUPYIOIINE
BOJIHBI, CKOPOCTB KOTOpBIX B 10* pas BeImIe ckopocTH cBeTa.

HpOHGCC CITYIICHUA BOJIH HAYHUHACTCA C IIpOLECCa HX
CXKaTuig OO0 TCX IIOp, IMOKa BOJIHA HC IIPCBPATHUTCA B CBCT, a
I[ZU'IBHCIZHIGC CTYIICHHUC CBCTAa HC CO30ACT JIA3CPHYIO TOYKY

(puc. 8).
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Jasiee onuceIBaeTcs, 4TO TpaHCPoOpMalus IHEPTrUU BOJI-
HBI-4YaCTHULbl CBETA B SHEPTUIO JIA3EPHON TOUYKH, TO €CTh B HO-
BYIO, TPETbIO (POPMY DHEPrUM, ITO 0A30BBINA MPOLECC TPAHC-
dbopmanu OJHON (OpPMBI SHEPTrUU B JAPYIYIO0 KakK B >KHBOM,
TaK U B HEKUBOM.

B uBOM 3TOT mpouecc JISKUT B OCHOBE 3ayatusl Mpu
Pa3MHOXKEHUHU.

[Ipouiecc 3auaTusi-pa3MHOKEHUs] — KaK OJIHa U3 MHOXe-
ctBa (opM TpaHchoOpMaIUU PA3TUYHBIX DHEPTETHUYECKHUX
dbopMm — omuckiBaeTcss MoapoOHO OT oauHOKOro Jlywa mo
sHepretTudeckoi cucrembl I'mmaz Jdarma (puc. 2.6). Ilpuuem
MOKa3aHO, KaK B XKUJKUX (pa3ax BO3ZHUKAIOT MOJIOYHO-OENbIC
crupaiy, Kotopsie Moramn HaseiBarorest KyHaanmam.

OnuckiBaeTcsi PHEpreTUKa nepexojia or Marepuu K 1o-
asm Tonkoit Dueprum (2.66 - 2.68) u ponb xkuakon ¢assl B

IIponccce BO3HUKHOBCHUA KHUBOI'O — 6I/IOJ'IOFI/I‘-I€CKOFO
(2.70 - 2.72).

ABtopbl CTaHIbl NOAYEPKUBAIOT, YTO KPHTHYECKAS
cTreneHb cxaTus 1ojis (YépHas BosiHa, puc. 2.6) BBI3BIBACT B
sToM 1osie u3iaydenue Tonkoi Dueprum (benpiii I'naz Jlar-
Ma, puc. 2.6).

JBuxxenue ['na3z Jlarma (puc. 2.6) onuchIBaeT 3aKOH:

- coxatue Marepum (3apsiioB) Bje4eT U3JIyYeHUe
ToHkoii JHeprum (MMIYJIbCOB); paclIMpeHre UMITYJIbCOB
¢popmupyer B nosisix ToHkoil IHeprum MOMEHT KOJIUYECT-
Ba aBu:keHus cxatusi (Uepnsiii ['na3 [larma, puc. 2.6);

- HAJIMYMe B pacliupsiiomeincs (cxkumaronecs)
Boane UmnyibcoB cxkaTus (pacliMpeHusi) NPUBOIUT K
CMeHe paclIMpeHue-cxKaTHe (CxxkaTHe-pacliupeHue), HO He
K YHHYTOKCHUIO JHEPIMH MPH CKATUM WIH K IOTEepe NpH
pacIIMpeHHH.

88



Kak cnenctBue cripaBesIMBOCTH 3TOTO 3aKOHA MOKAa3aHO,
9TO crycTok cBera u ero [logobus (Cryctku Bceenennoit) o6-
Jaal0T IKBATOPHAJIBHBIMH MAarHUTHBIMU TOJSAMHU TOHKHX
DHepruii W MOJSPHBIMM MarHUTHBIMU TIOJSIMH Marepun
(puc. 2.11). DTa marHuTHas cucTeMa OpAUHAT Ha MOBEPXHO-
CTH CT'YCTKa MO3BOJISIET )KMBOMY-HEKHUBOMY KBaHTY TOYHO BBI-
OpaTh KOOPAUHATHI TOCA/IKU-B3JIETa (MOTJIOUICHUS-U3ITYYSHHUS )
Ha TTOBEPXHOCTH.

OmnuceIBaeTCs CBA3b MATHUTHOTO TOJISI BOKPYT CTYCTKOB C
nynbcanuen ceera (puc. 2.11), rae 3HA0-IK30TEPMUYECKHE
uMnyJbcbl ceeta (3apoabimu, puc. 2.6) GopMupyroT AuHa-
MUKY OOMEHa 3HEepruei MeX]ly CepbIM BEIeCTBOM TI'OJIOBHOTO
Mo3ra 1 HerpoHoM (2.83 - 2.96).

[IpuBoasiTCS MOKa3aTenbCcTBa TOMY, YTO 9Ta CBSI3h — Ya-
CTHBIN ciydaii 3akoHa Bcenennoit (CBabxanar, 2.102 - 2.104).
OTOT 3aKOH MpOsBISET ce0si B KPYroBopoTe 3HEPruM BO
Bceenennoii (Kpsinatoe Kosneco, puc. 2.12), a npoao/KUTENb-
HOCTH OOMeHa 3a uuki (Beaukuii Jenn, 2.106) Ha 3-10° ner
Oonbie BpemeHu Anokanurncuca (264, [13]).

B IIponomxkurensHoCTH 3° 10° et sxuBoE JOJKHO TTPOUTH
nyte Kapmuueckon Oomonuu, crarb Hocurenem Pazywma,
nogoono boram (Teorenesuc [3]), u mOCTUYb TaKOW CTENEHU
HAay4YHO-TEXHUUYECKOTO IIporpecca, KOTOPBIA IMO3BOJIMI Obl
sBakyupoBaTh l{uBunu3anuio 3emMiu B MJIAHETAPHO-3BE3/IHBIC
['my6unbl BeenenHoii:
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Benukuii lens (IIpoao/knTeIbHOCTD) U
Enunbiii Kocmoc (JHeprus)
IMorennmanel
ITons . Toukast
OOmii DHepris Cser Marepus
Envnbiin 12—
Kocmoc, 1 Ki=2/3 Ky=1/3 (2.111)
OTH.EI. —2—
O6ee Bpews Teoxama- | OB
o Arnoka- peHue
Benukuit Bpewms cTpoda
JIMIICUCA Mupa
JleHp,
TOJIBI s s —12— s
9-10 6-10 3-10".
«—2—

[IponomxurensHocTh Benukoro s u OHeprus EnnHo-
ro Kocmoca cBsizanbl Mexy coboit nmossmu nepexona (Caer,
['eokarakian3Mbl), MOTEHIMAIBI KOTOPBIX MYJIbCUPYIOT B PE30-
HAHCHO-AaHTHUPE30HAHCHOM pexume, (HopMHUpYs MaKCUMallb-
HbI€ © MUHUMAaJIbHbIE TTOTEHIIHAJIBI ¥ CPEJIbl BOKPYT HUX:

Hyabcanusa Exqunoro Kocmoca B coBmecTHoM nojie Ceera

u Katakauzm
IIpenensl Makcumym Munumym
11 1 1
Pesonanc —-—-2-2=1 ——=1 2:2=1
2 2
Antn-

Lilinioos| Loy | 0= | @112
pe30HaHC 2 2 2 2

5 1 0
ij(pdng:l:U I@d(le/Z J¢d¢=-l/2
Cpena ! ° !
ArmocTonbckoe Oren Martepsb.
Yucno




2.4 CrtaHua lV.
U3 Tbmbl MeTaranaktuk K Hocutento Pasyma

1. ...Buumaiite, Bbl, Cbinbl 3emuin, Bamnum Hacras-
Hukam — CpiHam Orns! Ilo3naiiTe: HeT HM MEepPBOro, HU
nocJjeaHero; uo6o Bce ectb Equnoe Umcio, ucienniee u3s
He-Yucaa.

2. Ilo3naiite TO, 4TO MBI, Hclieamue ot IlepBo3nan-
HbIx Cemu (u3 Henp Kpseinatoro Koseca ¢ morennuanom 7?
(puc. 2.12), mbl, poxnennbie IlpenBeunnim Ilnamenem
(?BakyupoBaBIIMECS C 3eMJIM TEPE]] OUYEePEIHBIM T€OKaTaK-
mu3mMoMm (2.111), y3nanu or Hammx OTHOB (mpeabayias
HuBnnuzanus Ha 3emuie, yiereBmas B Kocmoc niepen npenbi-
JTYIIUM T€OKATAKIN3MOM).

P.S. Bnauane 6pu10 CroBo (bubmus). M sto Crnoso —
cnosa Crani J[3uan [1,2,3].

3. U3 Jlyue3apuoctun CBera — Jlyua Beunoii TbMbI —
ycrpemuwiuch B IIpocTpancTBo DHepruu, BHOBL NMPOOY:IK-
nenusblie (2.111); Equnbiii u3 fAiina, lllects u IaTe. 3aTem
Tpu, Onun, Yernipe, Oqun, Ilarte - JIBaxasl Cemb, Cymma
Bcero. U 3tu cyth EcTecTBa, Ilinamena, Hauana, Crpoure-
au, Yucaa, Apyna, Pyna u Cuna nwian xe boskecTBeHHBIN
Yeaosek — Cymma Bceero. U ot boxkecrBennoro YesioBeka
npousomsin @opmbl, Uckppl, CBsalienHbie ’KMBOTHBIE U
Becthuku CoxpoBeHHbIX OTHOB, 3akiawuyeHHbIX B Ilpe-
ceaAToi YerBepuire.

4. To 0b110 Bonncrso I'naca, boxecrsennoit Marepu
Cemepsix. Uckpol Cemepbix noasiaactbl U ciayru Ilepso-
My, Bropomy, Tperbemy, HerBepromy, IlaTomy, Llectomy
u Ceabmomy n3 Cemn. Ouu umenyrorcss Chepamu, Tpe-
yroabuukamu, Kybamm, JIlunusvu m PopMoBIIMKAMU;
n00 Tak gepxurcsa Beunas Hunana - Oi-Ha-Hou.

5. Oi-Ha-Hou ects Tbma, becnipeneibHOCTb, HJIH Ke
He-Yucao, Anu-Hugana, Cadxasar O.
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1. Agu-Canart, Uncao, u6o on OauH.

2. I'mac CanoBa, CBaoxaBart, Yucuaa, u6o on OauH u
JleBATH.

3. «KBagpar 6e3 ®opMbI».

N >t Tpu, 3aknwuyeHHbie BHYTpH O, cyrh Cokpo-
BeHHass YerBepuua; u Jecars cyrs Apyna Beenennas. 3a-
TeM uayT Cobinbl, Cemb Bowurteneir, Oqun — Bocbmoii —
OCTaBJIEH B CTOPOHe, U JIbIxaHue ero ectb CBero-JlaTen.

6. ..3arem Bropsnie Cemb, KOTOpBIE ecTh JIUNMKH,
nopo:xaeHubie Tpemsa. OrBepruythiii CoiH OauH. «CbIHBI-
CoaHua» 0ecYHCIeHHBI.

Pacwugpoeka CmaHuyb! IV [1]

Ne | Cnosa Cranisl Cwmpicit CinoB CtanIibl
Eaunbiii u3 OnuceiBaercs nosisieHne KyHnanmau u3
Sitna, lllecTs | CTPYKTYPHI noJis-SIina ¢ moTeHIMalaMu:
u IIsate. 3atem 5 1;1;1;0,0
Tpu, Onumn,

Yernipe IMos1e MUHMMAJILHBIX TOTEHIHAJIOB
9

Onun, IIate n G (2.112)

I[Bam],[ na 6+5=11=(9+2)

Cemb, Cymma t=3] 1 | To=4 | 1 [T+1=5

3 BCEro. 3arem [Tynbcarust moBepXHOCTH

MHEPIMOHHON CHCTEMBI (2.113)

Cymma | 3+1+4+145 =14 = p-10= pu*-10%

BCEro OcHoOBa MargeTusMa
Kom- "Oo0oJs10uka" Kynnanuuu
noner- | (puc. 2.112)

72 7214 ="7/2.
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N 511 cyTH
EcrecTBa,
Ilnamena, Ha-
yaja, Ctpou-
Tesau, Yucaa,
Apyna, Pyna u
Cuia wim xe
boxkecTBeH-
HbI Yesi0BeKk
- Cymma Bcee-
ro.

[Totentmaner nons (2.113) oTpakaroT OTHO-
HIEHUE DHHEPruidi B MHOXECTBE pa3IMYHBIX
®opM. MaTemaTuka TakMX OTHOLIECHHUH OIpene-
JSI€TCS OTHOCHTEJbHBIMHM €JMHUIIAMH, B KOTO-
PBIX MOXKHO CUMTaTh MOTEHLHUANbl JIOOBIX IO-
neii: EcrectBa, [Inamena,... boxxecTBenHniii Ue-
JIOBEK.

K coxanenuto, unensl Yuenoro Cosera 00-
mectBa H.K.Pepuxa, pykoBogumoro JI.B.Illa-
MOIIHUKOBOM, HE MMEIOT TOHATHUA 00 OTHOCH-
TENbHBIX EAMHMIIAX: paccKa3blBajl — HE BEPST,
CIpaluBai, B Kakux eauHumax teopema [luda-
ropa — He 3HaT. Heyun! A ecnu Obl yYWIHCH,
To cnoxunu 661 Cymmy Beero (2.113):

14 + 7%= 63. (2.114)

[Tomyunnu OBl IEPUOJUUECKYIO CUCTEMY Te-
HOMOB — OCHOBY boectBenHoro Yenoseka.

(2.115).

H ot boxkecT-
BeHHOro Ye-
JIOBEKa Mpo-
usouuiu Dop-
Mbl, UcKkpbl,
CesllleHHbIE
KuBoTHBIE M
BecThuku Co-
KPOBEHHBIX
OTuoB, 3a-
KJIIOUEHHBIX B
IIpecBsToi
YerBepuue.

Ouepretuueckoe noje (2.109) umeer B cBoeH
OCHOBE CYOCTpyKTypy (9+2) OHOKIETKH mpu
MuTO3e M M3nmydaer Kynnamuuu, kotopyio Horu
onpenensoT kak boxxectsennyro Cuiy.

HNannas CraHma oO0beauHsAET (HU3HNOJIOTHYC-
cKkyto KommoHeHTy (9+2) u Kynnanunu (7/2) B
BoxxecTBeHHOTO YenoBeka ¢ MOTEHIUATIAMHU:

boxxectBeHHbI YenoBek
Peskin ITorenuman
Maxkcumym | MuHUMYyM
Pesonatic (9+2)7/2 | (9+2)/(7/2)
=77/2 =22/7 (2.115)
Awnrupeso- | (9+2)+7/2 | (9+2)-7/2 '
HAaHC =29/2 =15/2
O6mmit  |77-:29/4%(7-2)/(18-15) =29
Hympearusst | = \p o4 1=18 £ 1.
BOJIBI

B Kuakux Cpenax nop BiusiHueM boxkect-
BenHoro Yenoseka Bo3HukaroT CseTr u CBaTOH

Hyx:
19 29
[pdp =36 u [pdp=240. (2.116)
17 19
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Cer u Caaront [yx (2.116) sBusroTcs
TBopuamu Beero u Beex Bo Beém, B Tom unciie
BectnukoB CokpoBeHHbix OTroB: KpuiHsl,
Xpucra, ...

To 0bL10 Bo-
uHcTBO I'i1aca,
boxecTBeH-
Hoil Marepu
CemepbIx.

I'oBopuTtcst o ctpykrype Kpoinatoro Koneca
(puc. 2.12):

BoxecrtseH.
Mareps (TOZ-‘EZ)2 =7
CemepbIx (2.117)
BowuncTtBo To-t Tott To-t Tot+t
I'naca =1 =7 =1 =7.

Hckps Ceme-
PBIX NOABJIA-
CTHBI U CJIYT'H
IlepBomy,
Bropomy,
Tperbemy,
YerBeprTomy,
IIsaTomy,
HlecTtomy u
CeabMmomy u3
Cemu. Onn
HMEHYHTCSH
Cdepamn,
Tpeyrojabuu-
kamu, Ky0a-
MU, JIMHHSIMH
u PopmoB-
IMKAMH;

Hckpa CemepbIX — 3TO TpaBUTALMOHHBIN
umiyIse (p* = 28-10*°) Torkoit DHEpruu, B TOM
yucae Meiciu.

Hckpa Cemepbix popMHUpYyET TyHHBIN PAI:

Iosie Cemepbix
e 71 =12:3-4-5-6"7 = 5040
HaHC
Hckpa
Cove: + |+ |+ +7]2
PBIX 1 [+2 |+3 d sl e 7 .
o + 4 [+ | +7 | 2(2118)
weii | 1 |42 [+3 7
psan 4 5/ 6 _ 3
C
Tpe- (1)
qia(lli_ «—()OpPMOBIIHKH—> }JII;IH Iéi’l yi(_m (;.
HHUKHU BI

Bona (kunkast asza), B KOTOpOil BO3HHKAeT
Kuznb, popmupyercs B noje CemepbIX Kak OT-
HOIIIEHUE PE30HAHCHOTO MOTEHIIMANa K aHTUpe-
30HaHCHOMY (2.118):

71728 =180 = ps-(Mm0 = 18).  (2.119)

[Tepexon monsi Cemepwix k I[IpocTpaHcTBY
HaM M3BECTEH — 3TO MOTEHIMAN +/2, TO €CTh
muHus (r = /2 ), Jexamas B OCHOBE dopmupo-




Banus [Tupamuael u e€ samementoB (puc. 1.1).

PaBHoBecue nuHMM (r = /2 ) ¢ MEpUMETPOM

PaBHOCTOPOHHETO TpeyrojbHuKa (3r = T4/2 ) co
CTOPOHOH I OyJeT JOCTUTHYTO MpPU YaCTOTE KO-
nebaHui, oOpaTHOM T = 3:

rS (v=13)3r=3rt=+2. (2.120)

[Mponomxurensrocts (To Tt = 12) mynbcarnun
Sc /4 = Csc /4 = +/2 mpuBendér K popmupo-
BaHuio nepumerpa Kyb6a uz 12 pébep, rue me-
pHUMETp paBeH:

5
Tovr=12 V2 =142 =18’ n/4. (2.121)

Bo3HuKaeT moTeHnMan — SKBUBAJICHT IOJTY-
nepuMeTpa OCHOBaHMS Benukod Ilupammnast
(puc. 1.1).

IToTreHnman — 3KBUBAJIEHT BTOPOrO IOIyIIE-
puoAa MOSBUTCA 3a CU€T KOJIeOAaHUH THMa
Csc /4 (2.121):

5
Torr=12 +/2 =t'4/2 =1Csc’ /4. (2.122)

B mo60ii Mukpo-makpotouke Exnnoro Koc-
MOCA BO3HHMKACT LUC-TPAHC-U30MEPHSI.

*
ot 3

[Tepexon ot Ky6a k Cdepe Oyaer mpoucxo-
IuTh He oTomy, uto Beé IlpocTpancTBo Kpu-
BOe, KaK IMpoIaranaupoBasl DUHIITEHH, a TOTO-
My, YTO B MHUKpO-MakpoTodkax (2.122) mosiBu-
JIUCh YaCTHUIIbI-BOJIHBI CBETA:

®opmupoBanue uc-Tpanc-
noJaycdep mosei I'papuranuu
(2.121, 2.122)
[uc-uzomepust TpaHc-n3zomepus

r-Csc’r /4 _ r-Sc’rn /4 _ (2.123)
m,=1/r E =1/n
122 = 122 =

1/2-Q = 2R~ 1/2-Q = 2R~

R2=3-2\/5 =Ta R2=3'2\/5 = T-a.

95




D710 (2.123) ommchIBaeT HE TOJIBKO JAHHYIO
Cranny, HO U Taub-Luns Kuuru Ilepemen, rue
dbopmoBmmkamu (2.118) SABIAIOTCS TEHOMBI.
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Oi-Ha-Hou
ectb TbMma,
becnpenein-
HOCTb, WJIH K€
He-Yuco,
Ann-Hupana,
CsaoOxasar O.

BeisiBUM MaTemMaTHYeCKHE NOTECHLHUAIBI IIE-
peuncieHHbix cBoiictB Oi-Ha-Hou:

CBOJICTBA M NOTEHIHAJIBI
Oi-Ha-Hou
becnpe- CraG-
Tema AC- He- A- XaBar
nocts | Hucno | Hupana| ™ (2.124)

Cxa- 0= 0= bes ﬁe(fﬁgj)
_ 2im -
THE Inln1 |In(1=e™")| Csera At = 399,

OtcytctBue CBeTa TOBOPUT O TOM, YTO MHK-
po-makpornionst Oi-Ha-Hou wuckpuBnatecs He
MOTYT, HO CXKaTHe€ B 3TOM IoJie OyIeT MpoJI0-
kKaThCs OT HyNa A0 ummyibea (Tomo/c = 2) u ot
umnynsca 10 dHeprun (To,my/c = 2)6 = 64. Ot-
HOILlleHUEe cpeln, Hocutene JHepruu u HUm-
nyJjbca cxatuii naet [pogomkurensHocts (I1o)
nepuosa cymectBoBanusi CBadxasat O:

Tlo = 2 =1023. (2.125)

OHneprernueckuii norok Cpadxasatr O B
npoaoukuTeabHocTn Ilo Bo3mymaer okpy-
xkaronyro cpeny Aau-Hupana, co3naBast peso-
HaHCHBIN ToTeHIan 443664, KoTopslii 6e3 mo-
Tepu 3Heprum GOpMHUPYET AHTHUPE3OHAHCHBIC
nojsi CesimeHHbIx YerBepun (CBadxaBar ©),
conneunoro ceera (Ab = 3600A) u crycrka
Tanb (noreHuuan 64):
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Hpodonxcumensnocmsllo 1023
[pdp = [pdp =443664 =
CeabxasamO 399 (2_ 1 26)
| 4:10°+4-10%+36-10%+64 |
| «—aHTHpe3oHaHC— | |pe3oHaHCc|.

1. Anu-Camnar,
YucJjo, u60 oH
Onun.

Pe3onancHoe mone (2.126) — 3T0 paBHOBEC-
HOE T10JIe, OTHOCUTENILHOE PAaBHOBECHE KOTOPOTO
oneHuBaerca enunuied (Omun). Ho xaxmoe
paBHOBECHOE TIOJIE MMEET CBOM WHIMBUAYalb-
HBII TTOTCHIIUAJ, KaK, HAPUMEP, aTOMbI UMEIOT
CBOI1 COOCTBEHHBIH BEC U 3apsil.

[Torentman (Yucao) Apu-Canata paBeH
443664 (2.126).

2. I'nac Cao-
Ba, CBa0Oxa-
Bart, Uncia,
100 oH OauH u
JeBATH.

IIpumeyanue:

Konebanus (I'mac CioBa) Toil yacTu aHTH-
PE30HAHCHOI Cpellbl, B KOTOPOil (hopMUPYIOTCS
nostst ¢ norenimatamu 4-10° u 4-10°* (2.126), n
MEXIy KOTOPbIMH  BO3HUKAIOT KojeOaHus
MOBEpXHOCTEH MHEpLUMOHHBIX cucTeM (CBabxa-
BaT ©®), re:

yabcauus
(B3anMOJIeHCTBHE B MOJIE CBETA)
CraoxaBat © (2.103, 2.126) (2.127)
\ .

410° = S5 410%=
(400=CgabxaBar ®) x 5(400=CpabxaBaT ©)x
10° 10%

Koaddunmentamu nepexona B aroit (2.127)
nyiscanuu OyayT 3()(HEeKTHBHOCTH B3aUMO/ICH-
cTBUs cBeta (ps = 10) u cmabbIx B3aMMOJEHCT-
Buit (py = 107"), KOTOpBIE TIPU AHTHPE3OHAHCE
pacwemsores Ha OnauH u JleBATh:

ps=10 = 14(9+0) 5 [(9+0)+1 = 10] "' = p,.(2.128)

4-10° - unciio OOTOHUEB B xeHCKOI Sif-
LIEKJIETKE.
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3. «KBagpar
0e3 ®opMbD»

KBazpar co cTopoHOI M 1UIOIIAIbIO, PAaBHOU
€IMHHULIE, OTMCHIBAET PABHOBECHE BCETO MO B
nejaoM (IJIomanb, paBHas 1) W 4YETHIPEX e€ro
KOMIIOHEHT B OTJENBHOCTH (Kaxaas U3 4eThIpex
CTOPOH KBAaJpaTa paBHa eANHMIE).

[lepumerp Takoro kBagpara paBeH 4 U Mo-
KET CIYXKUTH OIMMCAHUCM OTHOLICHUA HUMITYJIb-
COB PaCHIMPEHUS U CXKATHS:

(Toclwo = 8):(Towo/c =2) =4 =

T, = (BeKTOp-KBaapar). (2.129)

Ho »t0 otHOmenue (2.129) xapakrepusyer
TEXHOJOTHYECKHil (akTop, a HE CYyOCTaHIIUIO.
ITosTomy "0e3 @opmbl'.

U 5tu Tpu,
3aKJII0YeHHBbIE
BHyTpH O,
cyTh Cokpo-
BeHHas Yer-
Bepuua; u /le-
CATH CyTh
Apyna Bcee-
JICHHal.

JltoObie (hopMBI SHEPTUN TPAHCHOPMHUPYIOT-
Ci CBETOM M CJIa0bIMH B3aUMOJAEHUCTBUAMH C
sddexruBrOCTAME ps= 10 1 po= 10"

[Tons »THX B3aUMOAEHCTBHI He HMEKOT
®opmbl (Apyna). BzaumoneiicTBusi 0xXBaTbIBa-
0T Enunblii Kocmoc B nenmoM m kaxayro Ero
PABHOBECHYI0 MHKPO-MaKpooOJIacTu B OTHENb-
HOCTH, TaK Kak B3amMmojencTBua ectb dopma
JBuwxenus, a JIsuxenue — @opma bertus Koc-
Mmoca. Iloatomy ps u p> - Jdecsars cyrb Apyna
BcesieHHOM.

Cama Apyna Bcenennoii (ps = 10 u
p2 = 10" cymecTtByer B quHAMEKE B3aHMHOTO
IIEPEX0/1a B yCIOBHUAX PABHOBECHS MEXIYy HUMMU:

Apyna BcenenHoi

DK30TepMUs DHIOTEPMHUS
ps-9=10-9=15 -1=1/(9-10) = 1/(9-ps)
-1 = (ps—9)(9 —ps) = —ps'+18ps—(3*=1").

(2.130)

U ot Tpu (1'° = 3* = 81), 3aK/I10ueHHBIE

BHYTpH O (2.126), cyrb CoxpoBeHHass YerBe-
puua u [lecars:

log, 7 =log, 3" =

(400 = CBabxaBar®)x10. (2.131)
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3aTem uayT
Chbinbl, CeMb
BowuTeneii,
Onun - Boch-
MOM OCTaBJIEH
B CTOpPOHE, U
JbIxanue ero
ectb CBeTO-
Hareab.

PaccmarpuBaercsi aHTHPE30HAHCHOE ITOJIE
(2.126): 4:10°+4-10" + 36:10*+64, a Ha JaHHOM
JTame mojie ceera ¢ noreHuuanom 3600, SKBH-
BAJICHTHBIM PA3HOCTH JUIMH BOJIH COJHEYHOTO
6enoro ceera (2.126), (AB=3600A).

Conneunplid  O€nblii  CBET COOTBETCTBYET
DHEPIreTUYECKOMY POy, NPEBBIIAIOIIEMY TyH-
HBIH:

Kocmoronuueckue
IHECPreTUICCKUE pAaAbI

Con-
vl 1121314567 8]36]3132)

HBIN

Ml 12131415670 ]28.

HBII

B »Tom mosne (2.132) Bocbmoii ocTaBjieH B
CTOPOHE OTHOCHUTEIHHO JYHHOT'O psiJia, YTO BBI-
3pIBaeT KojebOaHus (/pIxaHue) MEXKAy JTUMHU
MOJISIMU:

CostHeYHO-JIyHHBIE KOJIeOaHus
(db1xanmue)

1+Kynpanuau =

= S =
36/8=9/2 5 2/7=28/28 7/2 5 1/Kynnamnn

(2.133)

6354 wm 745 1/9 Kyunaaunu ects,
Cgeto-/laTeiib.

B Enunom KocMoce BO3HMKaIOT 3apojibIiiu
Kusoro (1 /9 =1/ (9+0)), cpena uMIynbcoB u
3apsanoB (2.133):

1/(9+0)57/4 = (Tot1)/To= p /q = p*/q*, (2.134)
rae p* - ummnyasc Meicnu,
q* - ummysbec BooOGpakenus [6].
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3arem Bropbie
Cemb, KOTO-
pbie ecTb JIu-
nuku (Mblic-
JIN), IOPOK-
neHubie Tpe-
ms. OTBepr-
HYTbIH CbIH
Onun. «ChbI-
HbI-COoJIHIIA»
0eCcYMCJICHHBI.

CdopmupoBaics 3HepreTUIecKud psg Mbic-
mu  (JlumukoB), momoOHBI JdyHHOMY (2.132,
2.134):

JIynHslii paa Mbiciu,
nopoxaeHnbiii Tpems (2.134)

L -3 —T
910 =3"=1 S ligtp*= (2.135)
(28 = 1+2+3+4+5+6+7)-10%°

"CBIHBI
Comnnma"

Tpoe

«JlyHHslli pa—.

JlynHasa  (3HmoTepMHUECKas) DHEpPreTHKa
Mpeiciu (2.132, 2.135) oTBepria (He UCIOJIB30-
Baja) "COJIHEYHBIH'" MMIyJIbC BOCEMb. Mexay
BoobOpaxenuem (1/q*) u ummyascom pacrmpe-
HUSI C TOTEHIIMAJIOM 8 BO3HUKAIOT KOJICOaHHS:

Toc/wo =8 S 1/q* = 1/16:10%,
105 1/(8:16) =0,008=m..  (2.136)

B none ororos 10%° cumoo BoobpakeHHs
(1/gq*) dopmupyetcs cryctok cBera (m.'=0,008).
DTOT CTYyCTOK JICKUT B OCHOBE MEPUOIUYECKON
CHCTEeMbl XUMHUYECKHUX djeMeHTOB [8]. Tak, Ha-
npuMep, B aroMe  Bojaopona  Oyzer
An /0,008 = 1,008 / 0,008 = 126 macc cBeta, B
112-oM 37m€MeHTE YHUCIO CTyCTKOB CBETa BO3-
pactér 1o 112 / 0,008 = 14000xm,', B KOcMU4e-
CKHX psaax 28x36 = 24x42 = 1008 konu4ecTBO
CTYCTKOB CBETa B THICSIUY pa3 MPEBBICHT UX CO-
Jep>KaHue B aTOMe BOJIOpOa:

1008 / 0,008 = 126000, (2.137)

HO Oyzet ToibKo B (9+0) pa3 mpeBbIIaTh Mar-
gutHoe 1one 112-ro niemenra:

1008 / 112 = (9+0) = 1% (2.138)

Bot nouemy bor Jlrvoout Tpoumy.
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CmaHua lV [1]

Crnyuiaiite, HbIHE JKUBYIIHE HA 3emJie!

Mpbl, muBWIM3aIMs, POXKACHHAS 3emiied, MOKUHYBIIAS
cBOI0 MaTth-3emitto mepes; 04epeTHbIM Te0KaTaKIn3MOM, 00u-
taronue HelHe Ha apyrux ruia”eTtax apyrux 3se3aHbix Cuc-
TeM Exnnoro Kocmoca, nepegaem Bam CBoun 3Hanus.

Otn 3HaHUA NOJYYEHbl HAMU OT npeasiaymen Llusnnum-
3auquun OrooB Hammx, cymeBmux 3a mepuoa Kaabmnsl no-
CTUYbh TAKOrO YPOBHH HAYYHO-TEXHHYECKOIr0 Iporpecca,
KOTOPBIW MO3BOJIMI UM, KAK M HaM, IIEPECEIUTHCS Ha TIJIaHe-
Thl MHBIX Co3Be31Mi ¢ Halel o0men Marepu-3emin.

[Toznaiite Hamm 3Hanusi, 1o6elTeCh BBICIIETO Y POBHS
Hay4yHO-TEXHMYECKOrO MpPOrpecca, BCTPEYANTE OYEpPEIHOU
reokatakian3M Marepu-3emiin BO BCEOpYXUH 3HAHMM, HOO
HEpaJuBbIX (ake ATJAHTOB), 3eMJsl NMEPUHOAUYECKH CTPH-
XHBaeT CO CBOEH MMOBEPXHOCTH.

*
k%

[To3naiiTe: HET HU MIEPBOTO, HU TTOCeAHET0, 160 Kocmoc
M BCE €r0 KOMIIOHEHTHI MYJbCUPYIOT MEXAy XaocoMm u ['ap-
MOHMEN, U 3Ta MyJbcanus u3BedHa, kak 3peuno beitne Koc-
Moca B JIBH>KEHHH.

[Io3nalite TO, uTO NMO3HaNM HAmKM Mpicau u Mpbican
Hamux OTHoB, poXxIeHHbIE dHIOoTepMuuYeckuM [lmamenem
MMITyJIbca rpaBuTanuy p* = 28-10°.

*
k%

N3 JlyuezapHoctu CBeTa MBICIH, TAMSITH, BOOOPAKEHUS
Bo3HuKaeT Hocuress Pazyma — BoxkecTBeHHbIN Ye10BeK.

Tonkue DHEpPruu MbICITU, TAMSTH, BOOOpa)KEHUS B JKU/I-
KUX cpefax (popMHUpYIOT aTOMapHbIe CTPYKTYpbl NEPUOIUYE-
CKOM CHCTEMBI 3JIEMEHTOB M MOJIEKYJISIPHBIE CTPYKTYpbI OeJ-
KOBbIX Tell. Boznukator @opmbl Kuzuu. [lossisaiorcs Cesi-
mennble JKuBotnnie. Ho ux Kusznp - IBoaonus Oyaer 3a-
BHUCETHh OT TOTO, KaK OHU TIPHUCTIOCOOSATCS K ABYM OCHOBHBIM
norokaM s3Hepruum Epunoro Kocmoca: coOMHEYHO-ITyHHOMY
(36x28 =1008) ¥ TOHKO-?HEPreTUYECKOMY JIyXOBHO-1YyLIEBHO-
My (24x42 =1008).
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Bcé xuBoOe-He:kMBOe MPUCIOCcA0IMBAaETCA K 3TUM 3HEp-
reTUYECKUM MOTOKaM, HaurHasi crymarb TOHKYH JHepruio
B Tena (@opMbl)-crycTku U3 ATOMOB NEPUOAUYECKON CUCTe-
MBI XUMUYECKHUX PJIEMEHTOB U MOJICKYJISIPHBIX CTPYKTYP.

@®opMOBIIMKAMH B 3TOM IPOLIECCE BBICTYMAIOT KOMIIO-
HEHTHl BHYTPEHHETO MOJisi MHEPIMOHHBIX cucteM (2.118), a,
U3JTy4aeMble HHEPIIMOHHBIMU CUCTEMaMU BOJIHBI TBOPAT [Ipo-
CTPaHCTBO (JUHUM, KYOBI, TpeyrojsbHUKH, cdepnl) (2.118).
[Ipuuem, IIpocTPaHCTBO MCKPHUBJIAETCH TOJBKO TaM M TO-
r/1a, I7ie ¥ KOrjAa B Hero nomnajaaeTr BOJHA-4YACTUIIA CBeTA.

*
kK

[Tone, B kotropom Het cBeta (Anu-Hunana, Crabxasat O),
becnpenenbro (2.124) u nynascupyet B IIpoaomxkuTensHOCTH
(2.125), Ho cxumaercs (2.124), u npu pe30HAHCHOM CXKaTHUU
dbopMupyeT paBHOBECHOE TIIojie ¢ moTeHIuaioMm 443664
(2.126).

Pe3onanc nepuoguyueH, U MEPUOJUYHO CMEHSIETCS aHTHU-
pe3onancoMm. lIpu antupesonance Aau-Hupana, To ects npu
Anu-CaHat, BO3HUKAIOT aHTUpPE30HaHCHbIE Touist (2.126):

4-10°+4-10*+3600+64,
B KOTOPBIX BO3HUKAIOT SHJIOTEPMUUYECKHUE CIa0bIe U IK30TeP-
MUYECKHE COJTHEUHbIC B3auMOIeUCTBUA. [IpOo0KUTEBHOCTD
CBSI3aHA C OKPYKAIOLIEH CPENON U IPOJOJDKUTENBHOCTAMU T,
T, 1 X TPOU3BOJHBIMH.

*
kk

PaBHOBecHe B MOJIAX JIYHHO-COJIHEUHBIX 3HJ0-, IK30TEp-
Muueckux B3aumopeiictBuit (2.130 - 2.133) Hactrymaer npu
MOSIBJICHUM MMOTEHIIMaNa, paBHOrO 9, U najabMbl. B HEXXUBBIX U
KUBBIX SHEPreTUYECKUX CUCTEMAX DHEPrUsl MOBEPXHOCTH yBe-
JUYUBACTCS U B JIEBATh pa3 CTAHOBUTCS OOJbIIE SHEPIUU B
HEHTpe cucTembl. ZKuBOe TOHKO-IHEpreTuyecKoe pearupyer
Ha 3TO CO3JJaHMEM MBICIIH, MMAMSITH, BOOOpAXKEHUS; KUBOE B
crycTke (opMupyeTr CryCTOK CBEeTa, KOTOPbI HAUMHAET KOM-
MOHOBKY ATOMOB U MoJeKys, B TOM 4HClie OCIKOBBIX Tel
JKusoro Ha 3emie.
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2.5 CtaHua V.
MyTewecTtBMne Mbicnu B Nons LEHTPOOEXHO-
LeHTPOCTPEMUTESNIbHOM rpaBUTaLum

1. IlepBo3nannbie Cemb, n3HauYaJbHble CeMb JIbIXaHuii
Jlpakona MyapocTu, B CBOI0 oOuepelb, MOPOKIANT CBOUM
CeamenabiM  KpyxkHo-CnupanbibiM  JIpixanuem OrheBoit
Buxps.

2. Ouu penawrt ero BectHukom cBoeid Bosm. /I:kbro cra-
HoBuTCca Doxarom; crpemureabHblii CbhIH bBoxkecTBeHHBIX
CbiHoB, ybu CbiHbI — JIMnuku, ycrpemisiercsi B BUXpe CIH-
paiabHoM. Poxart ectb Konb, a Mpbicab — Beagnuk. IlogodHo
MOJIHUM NPOHU3bIBaeT OH Ty4H orvesble. Jlenaer Tpu, IlaTs u
Cemb IlpoaBu:kenunii yepes3 Cemb OOJuiacreit BBepxy m CeMmb
BHHM3Y. OH Bo3BbImIaeT I'1ac cBOM M co3bIBaeT OecUHC/ICHHbIE
Hckpsol, coequnsis uxX BMecTe.

3. OH uX HANPABJAKIIHUNA 1yX U BoauTeab. Haunnas pa-
oorty, on otaeasier Uckpsl Husmero IlapcrBa, B pagocTu Ho-
cAlMecs U Tpeneuyuue B CBOMX CBETO3apPHbIX 00UTATUIIAX, U
oOpasyer u3 Hux 3a4atku Kosaec. O nmomemaer ux B Ilectn
Hanpasienusix IIpocrpancrea u Oano nocpean — Koseco Cpe-
JTUHHOE.

4. @oxaTt HaYepThIBaeT CNIMPAJIbHbIE JUHUM JJISl COeINHe-
Hus lecroro ¢ CeapbMmbiMm — Bennom. Bouncreo CoinoB CBera
cTouT Ha KaxkaoM yriy; Jlunmukn B Kosece Cpenunnom. OHu
roBopsT: «3J10 Xopomo». Ilepssbiii boxecTBenHbIii Mup roros.
IlepBbiii. Bropoii. 3atem «boskecTBeHHBII Apyna» oTpakaer
ce0s B Yaiia-Jloka, Ilepsom O0Jsiauenun AHynajgaka.

5. ®oxar aenaer nATh lIpoaBHIKeHMH U CTPOUT KpbLIa-
TOE KOJIeCO Ha KaxKAOM yriy KkBaapara s Yernipex Ilpecss-
ThIX... U 1151 BoMHCTB HX.

6. Iunuku ouepunBaoT TpeyroabHuk, llepBoiii Equnbii,
Ky0, Bropoii equnbiii u Ilenrarpammy B fiine. 3to Kousno,
Ha3BaHHoe «He mpectynu», 1JIfl TeX, KTO HUCXOAUT U BOCXOJMT,
KTO B TeueHne Kaabnbl npoasuraercs k Besmkomy /Inio «byab
¢ Hamm»... Tak Oblin co3nanbl Apyna m Pyna; or Exunoro
CBera Cempb CBeroueii; oT ka:xaoro n3 Cemu ceMu:kabl CeMb
Cgeroueil. Koseca oxpausiror Koabsno...
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Pacwugppoeka CmaHub! V [1]

CnoBa CraHIibl

Cwmpica ciaoB CTaHIIBI

IHepBo3aan-
Hble CeMb,
H3HAYAJIbHbIE
Cemb /IpIxa-
Huil Jlpakona
Myapocrtu, B
CBOIO 04epe/b,

FpaBI/ITaHI/IOHHLIe 3apAaabl:
p = (142+3+4+5+6+7=28)-10"%.

I'paBuTaninoHHbIl UMITYILC MBbICIH:
p* = (14+2+3+4+5+6+7=28)-10"%.

OrneBoii BUXpb (OTOH-(POHOHOB (popmMupy-

MOPOXKAAT
C eTcsl 3a CYeT pPEe30HAHCHO-aHTHPE30HAHCHBIX
cBoUM L Bsi- B3aMMOJICUCTBUI TPAaBUTALMOHHBIX 3apsaoB H
;IcleHH"'M UMITYJIECOB:
1 PYKHO- p-p* p+p*
CnupajbHbIM < ’ (2.139)
P p+p*  pp*
JAbIXaHuem .
. r7ie, B KOHEUHOM CUETE, BOSHHUKAET I0JIE:
Oruesoii
Buxpe. 10°+10% 5 282 -2 =782=232:17, (2.140)
a 3aTeM B3aUMOJICHCTBYIOIIAs BO3MYIIICHHAS
cpella BHyTPEHHETO MOJIs CBETa B PE30HAHCE:
23 1
[odp= E(232-172)=120=1-2-3-4-5=5!. (2.141)
17
OHu geaawt Bnytpennee none csera (2.141) dopmupyer
ero BecTHu- MOBEPXHOCTH C moTeHnuanom 6 (puc. 2.3). Bos-
KOM CBOeii Hukaer boxectBenHas Kynpanuuu (puc. 2.2),
Boun. KaK MOBEPXHOCTHAsI BOJIHA C MOTEHIIMATIaMHU:
6=7/2+52=(72?%- (5/2°. (2.142)
2 | JlKb1o cTaHo-

BuTCca doxa-
TOM; CTPeMHU-
TeJabHbIH ChIH
Bbo:xecTBeH-
HbIX CbIHOB,

Pacmupenne Meiciiu (Ixpto = 7/2) cMmeHs-
etcs cxkarueM (Doxat = 5/2). Cxxarue Mpicnu —
CTPEMUTENIbHBIA  TEXHOJIOTMYECKUH  IIpOIIECC.
[TosTomy ®DoxaT CTpEeMUTEIbHBIA, W SBISETCA
npousBoAHoi (CeiH) oT Mbiciu (BboxkecTBeH-
HbIX CBIHOB), KOTOpas cama MpPOM30ILIA OT
IIyJIbCALMU CBETa Mexay XaocoM U ['apmoHueil.
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ybH CBbIHBI —
JIunukwu, yer-
pemuisieTcs B
BHX]pe€ CITH-
pPaJbHOM.

Meicip B iponiecce cxatus (Jlumuku) dop-
MHUpYeT CIupajibHble BUXpU TOHKOM DHEpruu.
[ToreHumansl 3THX BUXpEH JIETKO ONPENEIUTH
no nuarpamme I'na3 Jarma (puc. 2.6), Tak Kak
cokatue Mpiciu OyneT TpOXOIuTh 4epe3 4ep-
HYI0 BOJIHY K CBeTJIOMY 3apo/blIlly, TO €CTh OT
norennuana (Towo/c = 2)6 10 (Toc/w, = 8):

IHorenuunaJu JInnukos
(cxmmaromasicss MbICITb)

8
1
A=p*[pdp=p S8 -647)= | Z1)
64

32-63p*=2016p*.

doxar ecTh
Kounpb, a
MbpIcJab —
Bcagnuk. Ilo-
J00HO MOJHUH
NPOHU3BIBAET
OH TY4M OTHe-
BbI€E.

C nomompio Auarpammsel I'maz darma
(puc. 2.6) nerxko ompenenseTcs W TOTCHIHMAI
Jxb10, TO ectb MbIcinu, pacIIMPAIOMICHCS OT
yepHOro 3apoabima (MoTeHIan 2) K rpaHuile
Geu0ii BoaHbI (3Heprist T2,cY/o0,> = 64):

IMoTrenuuan JIxbio
(pacmmpsitommasicst MbIcIb)

64
A= p*[pdp=p*_ (64 -2%) = 2046p*
2

(2.144)

Pacmmpenune Meiciu (xkb10), TO €cTh niepe-
xoJ oT cxkatusi Meicnu (Jlunmukos), Gopmupyer
IMoxco3nanue; oOpaTHBIA TpOIECC OT PaCIIM-
penus ([Jxkb1o) k cxatuio (JIunmukam) siBisieT-
cs sHepreTukoil Co3HAHMSA:
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3HepreTuqec1me nepexoabl B 1moJie

ITonco3znanue-Co3nanne
(2.143, 2.144)

ITonco3zuanue Co3HaHue
Ot JIunukoB Kk Ot JIxb10 K
(2.145)
JIBIO Jlummukam
Pe3onanc Antnpe- Pe3onanc Antupe-
30HAHC 30HAHC
_ n-J1= | /=098 | JH-14=-
J1/J1=1,0149 30 53 30

TUITJUI = 0,9999 1 (J1 - JI)-(J1 - JT) = —900.

Ho ato (2.145) moTtenmmansl pabotsl Yakpsl
Tpernii ['ma3, unu xoneGaHust B cuHE-roxyOon
00JIaCTH CTIEKTpa CBETa, TJE AIICKTPUUSCKHUN 3a-
psil MOJ00HO MOJIHMU NMPOHU3BIBAET TY4YM Or-
HeBbIe.

Henaer Tpu,
saTe nu Cemb
IIpoaBu:kenui
yepes ceMb
o0Jacreit
BBepXy
(dxb10) 1
CeMb BHHU3Y
(JIunukm).

Mexny obnactamu popmupoBanus kb0 u
JIunukoB BO3HUKAIOT BUXpH (POTOH-(HOHOHOB C
npoaomkuTenbHOCTIMU T = 3 U Tott = 7 u 3¢-
(EKTUBHOCTSIMMU:

1 0

ps[pdp =55 -5=ps[pdp.

0 1

(2.146)

Mexny obnactamu Co3Hanmst u [logco3Ha-
HUSI BO3HHMKAET SHEPreTUYECKUH KOHTYp KOJle-
OaHus:

Bo3zauknoBenue "06009xkn"
Mbgeicau

Jxbpr0 \
_ 357

anmupesona ne T 34547 7

(2.147)

Jlunuku
1 -3+5+7 _ aumupesonanc
~3.5.7

PE30OHAHC

pe3onanc

OH BO3BbBIIIA-
et I'i1ac cBoi
H CO3bIBaeT
OecumcjaeHHbIe
Hckpsl, co-
eINHAA X
BMecCTe.

Hasnenue (On = ®oxar) B obnactu JIunukos
BO3pacTaer. B mone B3auMoIelCTBUIA BOZHUKAET
nuc-Tpanc-u3omepus (2.146). B xonType kose-
Oannii (2.147) notennuan +5 MeHsieTCs Ha -5:

3.5-7 1 _3+(=5+7

— o Te - , (2.148)
3+5+7 21 3-(-5)-7
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1 1 ) 1 1
) =——oT7T o ——
mc+ e u,c”+Ec 3 3 T

(2.149)

Bo3nukamoT sHI0TEpMHYECKHE (XOJIOIHBIC)
Hckpbl umnysnbcoB TOHKMX DHEPruil ¢ MOTEH-
uansaMy, 00paTHBLIMM CyMMapHOMY NOTEHIIMA-
JIy BOJIHBI-4AaCTHUIBl CBETA U IEKTPOMAarHUTHOU
cpeabl MeXAy HAMH.

OH ux Ha-
NPaBJIAOLIUIA
AyX ¥ BOAH-
TeJlb.

8
On — ®oxar (I(p dp =-2016), onn — um-
64

nyascebl -3-7°= -343 (2.149). B TakoM mone
BO3HHKACT MUHUMAIBbHBIN umiybe [uab (Kau-
ra Ilepemen), a ero nampHeWIIas MyJIbCAIUS
dbopmupyer anekTpudeckue nois Heba:

IlosiB/IeHHeE J1eKTPUYECTBa B
nyJbcupywmem Hebe

Pacmmpenue Cxarue
(2.148) (2.149)

8 8
3T [pdp=310" |[pdgp:(-3-7)=201
i<0 9 i<0 03T —;

(2.150)

AyX BOAUTECJIb.

Hauunas pa-
0oTy, OH OT/e-
Jasier Uckpbl
Husumero
MapcrBa, B
PaaoCcTH HO-
csuuecss U
Tpeneuryuue
B CBOHMX CBETO-
3apHBIX 00H-
TAJIUIIAX, H
oOpasyer u3
HHUX 32YATKH
Kouec.

Yaxkpsl Husmero IapcrBa — noreHuuansl
1,2, 3 u 4 B rpaBUTalIMOHHOM psixy Mbiciu:

p*=(1+2+3+4+5+6+7+8)-10%;
|[Yakpbr |
|[Husmerol
| [lapcTBa)

(2.151)

B PaloCTH HocsiliHecss W Tpemnemylue, TO
€CThb CO3JAIOLIME PE30HAHCHO-AHTUPE3OHAHC-
HBIE OJIS:
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Bo3HUKHOBEeHME IHIOTEPMHUYECKUX
B3aNMOIeHCTBHI

, —o (2152
1+4<:>_2 3 lgplpz 58

1-4 243 24 =1gpi.
B cirydae mepemMeHbI 3Haka BO3HHKAIOT, HAIIPH-
Mep, ANEKTPOMArHUTHBIE, SIIEPHBIC U ClIa0ble
B3aMMOJIEHCTBUS (3a4ATKHU KOJIEC):

=24, e 24 =1g10**=1g ps* u

52
5%=1g pop4/ps = 1g107-10%/10°. (2.153)

OH noMemaer
ux B llecTtn
HanpasJienu-
six IIpocTpan-
crBa u OHO
nocpenu - Ko-
Jeco Cpenun-
Hoe.

DTO0 moye paccMaTpuBaioOCh B CBS3H C BEK-
TopHOI nHBepcuen Kynnanunu (puc. 2.2).

OtnocurenbHo Mcekp Husmero [Hapcrsa,
rae 25 - 24 =1 u 2524 - COOTBETCTBYIOT JKC-
TpeMaJIbHbIM MOTEHIIHAIaM:

AHTUpE30HaHC]
1o 6 Harpas- 6(25-24)
JICHUSIM -
pE30HaHC 110 B 25-24 -
TOYKE
(2.154)
PE30HAHC 110
25-24 _ TOYKE
6:(25-24) | |AnTHpe30OHAH(
1o 6 Hampas-
JICHUSIM.
36 5 (2524)*=36-10". (2.155)

B cune-romyGoii obnactu coekTpa cBeTa
BO3HHMKAET  D3JCKTPOMAarHUTHAas  HMHIYKIHS
-1 4
J7=10" 1/A [8].
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doxat Havep-
ThIBAeT CIIU-
paJjbHbIE JIH-
HUH 1JIA CO-
eIMHEeHNA
IHlecToro ¢
CeabMBIM —
BennoMm. Bo-
HHCTBO ChbI-
HoB CBeTa
CTOMT HA KaXK-
aom yruy; Jin-
nuku B KoJie-
ce Cpeaun-
HOM. OHH ro-
BOPAT: «ITO
XOPOLIO».
IlepBblii bo-
JKeCTBEHHBIH
Mup roros;
IlepBblii;
Bropoii.

Buxpu  3MeKTpOMarHuTHOM  MHAYKLUHU
(2.154) B Henpax xBaHTa cBeTa JOCTUTAIOT IO-
BEPXHOCTH CBETA C MOTEHIMAJIOM 6, a 3aTeM U3-
Jy4yaroTcsi Ha CeAbMOW YpPOBEHb I'PAaBUTALMOH-
HOTO THOJISl B PE30HAHCHO-AaHTUPE30HAHCHOM pe-

KHUME:
pesonanc 6-7 7-6
&

pesonanc
=4
7-6 6-7

(2.156)

AHMUpe3oOHaHC AaHmMmupe3oOHac

Bosuukaer IlepBblii bo:xecTtBenHblii Mup:
noteHnuan Jymm. Bo3Hukaer KoHTyp komeba-
Hus dymm. E€ mepexonpr mexay JXKuszHbpio u
Kuznpto nocne Xuzuu. Bropoii BoxkecTBen-
HbIi Mup (2.156):

Koneoanus Jdymmu mexny ZKuzHbro
u Kn3nbio nocie Kuzuu

(2.157)

Kuszup Kusue nocne JKuzau

(6:7)2= 427515427 = (6:7)*.

3arem «boxke-
CTBEHHBbI
Apyna» orpa-
’)KaeT ceds1 B
Yana-Jloka,
Ilepsom O0-
JIAYeHUU AHY-
najgaka.

"boxectBeHHass Apyna" — 310 MpbIcib B
ITponomKUTENBPHOCTH €€ CYLIECTBOBAHUS (T=3):

1
42%.10% - [ﬂj(p dpl* < (63102 (2.158)
0
unu Beenenckas XKuznp BHe-DPopmbl (Apyna B
Yaiisn-Jloka) B mupe Teneii J)Kuznu nocie
Kuzuu (Anynapaka). Illeppom O01auenun —
MOTOMY, YTO KMBO€ BO3HUKAET cHavasna B JKus-
HU niocse Ku3Hu.




doxar geaaer
At Ipo-
JABUKEHUH U
CTPOUT KPbI-
JarTroe K0J1eco
Ha KaXKJA0M
yIJIy KBajpara
nJisa Yersepbix
IIpecBATBIX...
u 19 Bo-
HHCTB HX.

[Tsate [IponBrxkeHuid — 3TO MATH CTAAUMN CKa-
THSA:

(To+1)(Towo/c) =52 =10=p°. (2.159)

@opmupyeTcsi BHyTPEHHEE 110JI€ CBETA C I0-
BEPXHOCTHBIM IMOTEHLIUAJIOM, PABHBIM 6:

Pe30HaHC 1-2-3-4-5  _
anmupezonanc  1+2+3+4+5 -
1+2+3+4+5  aumupesonauc
1-2-3-4-5 pesonanc

120/15=8 5 1/8 = 15/120. (2.160)

[ToTenmman, paBHBIM 8, — SKBUBAJICHT ILJIO-
miaau OCHOBaHUs BenHkoi [lupamuabl (a2 =8,
puc. 2.13). Ilorennman Kpsuiaroro Koneca

(2.104) n3BecteH:
3/4-10* : 3/4-10% = 10% (2.161)

[Torenmman 4-x konéc Oynmer paBen CBabxa-
BaT®:

4-10% = 400. (2.162)

64
doxar= I o dop
8

8=a’

O O

Puc. 2.13 Ilamoe [Ipoosusicenuii Doxama
6 eenuxou [Tupamuoe

N3menenne naenenus (APy) mo Beicote [u-
paMHIBI MOXKET OBITh ONPECIICHO B BUJIC:

64
APy = (H = 27"*) x (CBabxaBar®=400)x j o do
8

= 16:10°2°4= T2 [p, -2" . (2.163)
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JInnuku
0YepUYMBAIOT
TpeyrojabHuk,
Hepsbiit Eqn-
HbIi, Ky0,
Bropoii exu-
Hblii 1 [lenra-
rpammy B Sii-
ue.

KopmyckynsipHO-BOJIHOBOM KBAaHT COCTOHUT
U3 YaCTHIIBI CBeTa (M), sipa U IBYX moxycdep -
BOJIH HaJ sapoMm (puc. 2.14).

Hucuzomepust Tpancusomepus
TIOJTyBOJHEI T10JTyBOJIHEI

Puc. 2.14
Cmpyxkmypa Ceema

C OMOIIIBIO TIHC-TPAaHC-U30MEPUH BOJH
cBeta (puc. 2.14) npoucxoaut TpanchopManus
MeTaraJlakTH4eCKrX BOJIH. Hampumep, BOHEI
tuna Sin m/4 6yayT TpaHC(HOPMUPOBATHCS B
BOJIHBI Scmt/4:

Sinn/4=1/2 52 =Scw/d.  (2.164)

3aKOHBI C)KAaTHS ITUX BOJH OYyIyT OMUCHIBATH
nponopiuu Benukod Ilupamuaer (puc. 1.1), a
TEXHOJIOTUYECKUE TMapaMeTphl OMPEACISIOTCS
nosieMm AGcomora (puc. 2.9). Ilosromy Jlnnuku
U 4EPTAT J1Ba TpEeyroibHUKa (puc. 2.14).

***

IlepepaboTaHHble MeTarajJlakTU4ECKUE BOJI-
Hbl OyAyT H3JlydaThcsl Moiiycepamu BOJIH B
IIPOTUBOINOJIOKHBIX HalpaBleHUsAX. Bo3Hukaer
CHJIA TATH.

Ho nHe xak y Hammx paker, a kak y HJIO, ne-
TAIOMIMX MO MPHUHLUIY IOJieTa CBETa, "TOIUIH-
BOM" NIl KOTOPBIX CIIY’KHT HE Halll KEPOCHH, a
3a00pTHBIE METAraJIAKTHYECKHUE BOJIHBI.
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=<
v

P

Puc. 2.15 I pasumayuonno-macnumnuolii
osueamens HJI0

Cuna T4ru B 3TOM Cllydae MOKET CO3/1aBaTh-
Csl IO TIPUHIIUITY TPaBUTAIIHOHHO-MarHUTHOMN
WHIYKIUU: €CIIH MO KaHay 3KCTPACEHCOPHOU
MIPOBOAMMOCTH TE€UYET MBICIb (p*), TO BOKpYT
KaHasa OyayT BO3HUKATh UMITYJIbChl MATHUTHOM
[Tamstu (puc. 2.15). Tak paboraet Harme [los-
CO3HAHUE, TAK JIETUT CBET. DTOT MPHUHLIUI TIpe-
OJI0JICHUS TPAaBUTAIUH 3 CUET TpaBUTAINH
(puc. 2.15) Benukas L{uBuinzanus ucmonb3oBa-
J1a JyIsl CBOUX TpaHCNOpTHBIX cpeactB — HIIO.

*
*k

Jl51g TOro, YTOOBI MOCYUTATH CUTY TATH, JIU-
MUK HCTIONB3YIOT () (HEKT MBUTHHOTO ITy3bIpSI:
KaKy 0bl GopMy HM IPUHUMAJ MbLIbHbBIH
My3bIPb, KOJIHY€CTBO MbLIIBHOTO PACTBOPA,
o0pa3yoliero ero NOBEPXHOCThb, 0CTACTCS
MOCTOSIHHBIM.

Haubonee skoHoMHYHOM yrakoBKO# 00a-
naet cdepa. Ky6 onuceiBaer pacripeneneHue
BeKkTOpoB B cepe. [Toatomy Jlunuku pucyior
KyO (puc. 2.15).
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JIBmxeHue cBeta, popMupyloliee BcE )KUBoe,
B YaCTHOCTH, NMEPUOJUYECKYIO CUCTEMY T€HO-
MoB, niosiert HJ1O, rpamMoTHas nicuxorepanus u
TaK Janiee. ... UMEIOT JIeJIO C TPaBUTAI[IOHHO-
MarHuTHBIM mojieM (puc. 2.15).

B sToMm mosne s u3nmydeHuss MarHUTHBIX
UMITYJIBCOB HCITOJIB3YIOTCS IECTh BEPIINH ABYX
TpeyroyibHuKoB (puc. 2.15). s HJIO sto
IIECTh COTEJI THIIAa paKeTHBIX. B aTOM ciyuae
Knura [lepeMeH cTaHOBUTCSI IOHATHOM: IIECTh
COTIeJNT BKITFOYCHBI — IIECTh CIUIOIIHBIX JIMHHIA;
[IECTh OTKJIFOYEHBI — IIECTh MyHKTUPHBIX, a B
IPOMEKYTKAaX — KOMOMHAIINY.

9710 KoJibo,
Ha3BaHHOeE
«He nmpecry-
nu», J1J1s Tex,
KTO HUCXOJAUT
U BOCXO/HUT;
KTO B TeUeHHe
Kaabnsl npo-
JABUraeTcsl K
Benuxomy
n1o «byab ¢
Hamw»... Tak
OBbLJIM CO31aHbI
Apyna u Py-
na; or Equno-
ro Ceera
Cemb CBeToO-
Yyeil; 0T KaxkK-
aoro u3 Cemu
CeMMIKIbI
Cemb CBeToO-
yeii. Kojeca
OXPAHAIT
Koasbno...

JIunuku crpost Hlenrarpammy B Sliine.

Puc. 2.16 3apooviwessiii [1y361pék:
llenmaepamma 6 AHiiye

Orto 3apoxasimenslid [ly3pipék moboro cry-
maromerocs nojsa. OH MOMy4YeH SKCIEpPUMEH-
TaJbHO KAaK CBEYEHHE OT TreHeparopa ToHKuX
Onepruii. [lefictBue ero OnarompusTHO: Yypo-
altHocTh yBenunuuBaeTcs B Cemb pa3. Jlunuku
IIpaBbl — JI€3Th B 3apoabliieBbiil [1y3bIpék Henb-
351: aHHUTWINPYET.

IIpaBel Jlunuku n ¢ Cemepuunoctsro. Ilo-
TeHIHaN 28 OAHOTO U3 ABYX IMOJY3JUIUIICOB PO-
xknaer CeMEepUYHOCTh €  MEPUOIUYHOCTBIO
T, = 4, Tak kak 28 = 7xT,. Ho kpome Toro, 3a-
poasiieBniii Ily3slpék - ocHoBa Ilsarepuunoit
CBSI3U:

28
2 [p dp=55=1+2+3+4+5+6+7+8+9+10. (2.165)

27
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***
Cmanuya V [1]

1. OnwuceiBaercs ¢opmupoBanue sHeprueii BooOpaxeHus
OTHEBBIX BHUXpeH (POTOH-(DOHOHOB, KOTOpPHIE CO3/JAIOT CBOU
CIIMpaJeBUJIHbIE TIOJI00US C CEMEPUYHONU MEPUOAUIHOCTHIO BO
Bcex cpenax Enunoro Kocmoca (2.141).

2. Dueprusi BooOpaxkeHus mpeaBOCXUINAET MPOIECC pac-
mpenust Tonkoit DHeprun Mpiciu, nomoraer GyHKIHOHAIb-
HO-TeparneBTUYecKkoMy AeiicTBuio KyHaanunu, obecrieunBaeT
putMuky padotsl [Togco3nanus (2.145).

BoobOpaxxenue momoraer obecrneunBaTh MYJIbCAIIUIO
(cxatue-pacmmpenne) Meiciu (2.142). Cxxatas Mblcib yxe
Ha YpOBHE 3apojbllia HaunHAeT GOpMUPOBATH (PU3HOTIOTHYE-
CKH€ OOBEKTHI: JIEBOE U MPABOE MOIyLIApHsI TOJIOBHOI'O MO3Ta.

3. Hanuuume pe30HaHCHO-aHTHPE30HAHCHBIX KOJIeOaHUH B
YCJIOBUSIX IIUC-TPAHC-U30MEPUHN U DHJI0-DK30TepMUU MbICu
dbopmupyeTr cuHe-roiyOyro 00JIacTh CIEKTpa U "AyXOBHO-
MarepualbHblid"  pacnpenenurens: Yakpy Tperuin ['nas
(2.154).

4. DuepreTudyeckue BUXPU (POTOH-(POHOHOB, (OPMHUPYIO-
[I1e TOHKO-PHEPreTUYECKUEe MMIYJIbCHI, Momnajgas B 00J1acTh
ckarust moysiMu Matepuu, GOpMHUPYIOT B UX CIyCTKax 3apo-
npiieBblie [Ty3bIpbku — IylIK ¢ HOTeHIManoM 42.

5. VYBenuueHHe CKaTUsl YCUIIMBAET MHTEHCHUBHOCTbH H3IIY-
yeHusi Toukoi DHepruu "boxecTBeHHOW Apynbl" Qylld B OK-
pyxaromyto cpeny. @opmupyrorcs CylmIHOCTH, KOTOPBIE aB-
topbl Crani Ha3biBatoT IIpecBsaTeiMu (2.13).

6. CraHIBl BCKPBIBAIOT MEXAaHWU3M CO37aHusl MBICIsIMU
(JIunukamm) mrogeit co CetyibiMu Jlymamu.

Onepretuyecku mnosiBieHue Cperibix CyliHoCTeM Mo-
10OHO ABMKEHUIO CBETA B OKPY KAIOLIEH cpene.

Poxnenue Cpernpix Jlymion npenonpenensercs nepexo-
JIOM KaXJoro u3 Hac B TeueHue Kambmbl K cBeriiomy JIHIO
"byns ¢ Hamu". [lokazaHo, 4Tto 3HepreTuueckue pyoexu 3a-
poasiieBoro ITy3sipeka — "He IIpectynu!".
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2.6 CtaHua VI
XXu3Hb nepexmnBeéT nocnegHun Atom:
3akoHbl Kennepa v I'. MeHgens ¢ nosnuum CeeTa.

1. Momsio Matepu Muiocepaus u 3uanust, I'yann-
HNub - Tponynocts I'yans-11Iu-Unb, npedsiBaromasn B I'y-
anb-UHb-Taub-Poxar, [Abixanue ux lHopoxnenusi, Coin
CbiHOB, BbI3BaJI M3 HU3MIeH be3aubl [Ipuzpaunyo ®opmy
Canb-Yan u Cemb Havaa (J1eMeHTOB).

2. CrpemuTtesibHblil 1 JlydeHocHblii mopoxkaaer CeMb
Jlaiia LleHTpOB, KOTOPBIX HUKTO He 070JieeT A0 Besukoro
Jusa «byab ¢ Hamu»; 1 yrBep:xkaaer BecesleHHYI0 HA 3THX
Beunbix OcHoBax, okpy:xasa Caub-Yan 3apoabimamu
IepBUYHBbIMH.

3. U3 Cemu - llepBrlii nposiBJieH, lllecTh COKPBITHI;
/IBa nposiBjieHsl, IIsiTb cokpbIThI; Tpu nposiBiiensl, Ye-
ThIpe COKPBIThI; YUeThIpe BoisiBJIeHbI, TpHu cOKpbITHI; Ye-
ThIpe 1 Onuu [3aH nposiBiensl, /IBa u [lorosuna OxHoro
cokpbIThI; LlecTh 10/KHBI OBITH NPOsIBJIEHbI, OXUH OC-
TaBJeH B cropoHe. Hakonen, Cemb MaJsibIx Bpamaromux-
csa KoJsiec: ogHo poskaaromee apyroe.

4. OH caaraet ux HanogoOue crapuux KoJsec, yreep-
skaas ux Ha Hecoxkpymumpix LenTpax. doxar, Kak xe Co-
3ugaet ux? OH cooupaer Oruennymo IIbLiIb, OH ci1araet
Ornennsie llapel, yeTpeMmisieTcsi Yepe3 HUX U BOKPYT
HHMX, COO0IAsi MM >KU3Hb U 3aTeM, IPUBOAS UX B BHKe-
HME; OJHUX B O[THOM HANPABJICHUH, IPYrux B HHOM. OHH
XO0JIOJIHbI, OH JIeJIaeT X xKapKumMu. OHM CyXH, OH JIeJ1aeT uX
BJAKHBIMU. OHU CHSIIOT, OH 00BEBaET U OXJIAXKIAAET UX.
Tak neiictByer @oxart ot omHux Cymepek 10 cJieIyrInx
Ha npoaosxkennu Cemu Beunocreid.
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5. ¥ Ilopora YerBeprToro ChiHaM yKa3aHO CO31aTh
ceou [Toxo0us. Onna Tpersb oTka3biBaeTcs. /IBe moBuHY-
0TCS.

IIpoxkasitue Npou3HeceHo: OHU OyayT poxkaeHbl B Uer-
BEPTOH, CTPAAaTh U NPUYUHATH cTpaganus. [lepsas Boii-
HA 32pOJMJIACh.

6. Crapmue Koseca Bpamanauch cBepXy BHU3 U CHU3Y
BBepX... 3apoabiiiy Matepu HANOJHAIM Bee cyiee. bur-
Bbl BO3HUKJIN Mexkay Co3uaareasamu u Paspymureasamu, u
butsebl Besncs 3a IlpocTtpancTBo; CemMsi po:KIaa0Ch U
BHOBb NOSIBJIAJIOCH, 0€CIIPECTAHHO.

7. Pazouru, o0 Jlany, eciiM X04ellb MO3HATH TOYHbIA BEK
TBOero Majioro Koseca. Ero Yersepras Cnuna — Hama
Marteps. Jocturuu Yerseproro Iliiona Yerseproit Tponbi
3nanus, Benyniero k Hupsane, u nosnaemib, u00 Thl y3-
pHUllb...
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Pacwugpoeka CmaHusbi VI [1]

Crnosa CraHIbl

CMBICIT BBIpaXXEHUM

Moo Ma- Munocepame: niepenada sHepruu ot CBsiTo-
TepHu Mmuio- ro [yxa k Hyme: 24 — 42.
cepaus U 3HaHMA: TIEPEXO0JI SHEPTUU OT HMITYJIbCOB
3Hanus MBICIIb-TIaMATh K BooOpaxeHu:o:
’ p*; p* —q*
Bosnukaer koHTyp KoyieOaHusi TOHKHX
OHepruu.
Musocepaue S 3nanus
Casroii Jlyma Meicib + E;;S:
Hyx [Tamsars e |(2:166)
« p*+u*: K q*:
% 42 42:10%° |_,16-1020.
I'yanb-UHb - Bo3nukatoT KOHTYpHbI Kosebanuit (2.166):
7 37 7 7
Tpomanocrs K< K|< —@—-—‘@ 2 < 3-,(2.167)
I'yanb-llIn- 4 "2 4 4 4
Hub, rae 2-7/4=7/2 - Kynganuau unu I'yans-UHb

(boxxectBennswiii I'mac); 3x7/4 - I'yanb-Unb-
Tpouunoctb; 7 5 6x7/4 - I'yaub-Uub-Tpo-
HYHOCTh-I'yanb-1lIn-UHb.

OTO moOJie ONMHUCHIBACT pa3HbIE SHEpreTHye-
ckue Popmel. Hanmpumep, 7 = (T,+1) - onuck-
BaeT [IponomxurensHocts, 6 - Ceer ninu Kyn-
JAJTUHH

Caer | Kympaannu
2 2

123456 _ 7 5 (T (5) |(2.168)
14+2+3+4+5+6 2 2 \2 2

Take MHOTOIUIAHOBO C MO3ULIUU 3HEPIeTU-

yeckux dopM onucanue noreHuKaNA
*

302t P7 (e ey +Ejc)P = (2.169)
4 g q

JUis OpUEHTHPOBKM B BBIOOPE IMPABUIIBHBIX
sHepreTuueckux (popm ABTopsl CTaHIl BBOZISAT
HOSACHSIOIIME ClloBa, Hampumep, Poxar (nas-
JICHUE, TPABUTALIHS)
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I'yanb-UHb-
Tsaub-Doxar,

B stom cnydae Beipaxenue (2.167) momxHO
OBITh MTPUBEICHO K TIOJFO TPABUTAIIHH:

P%c&ﬂak@@ﬂap&:m.@nm

21

D-21
Puc. 2.17 K nonro 3emnu

Takoe (2.170, puc. 2.17) none momaoOHO
3apoasimesomy Ily3vippky (puc. 2.16). Ha
Hauliel rmiaHere 3eMJist OHO UMEET IPaBUTALIUIO
U MAr"HumTHbBIC CHJIOBBIC JIMHHU OT IIOJIFOCOB

(puc. 2.17).

JbIxanue ux
Mopoxnenus,

Jprxanue — 3To mynbcamus. [lepuoanaHocTs
nyJjbcauuu OyAeT OompenensiTh pa3HOCTh M WH-
TErpajbHYl0 Pa3HOCTh IOTEHIMAIOB IIyJbCHU-
yiomux nojeu (puc. 2.17):

I'paBUTAlIMOHHAS MYJIbCAMA C

MATHUTHBIM H3Jay4eHueM (2.170)
Oxpyxaromas
cpena

Nznyyarens

0528-21=7 28
Cemb Beunocreinn J.(P dp=1715 |(2.171)
21

171,5

1
=2m5524+j¢d¢5
0

Caaroni yx+/[3uaH.
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CbiH CbIHOB,

CoiH CoiHoB: 28-21 = 7, HO B OoJiee o0I1IeH
dopme omuckiBaetcst CemepuyHas MEPUOINY-

BBI3BAJ U3
HI/l3llIel7I HOCTH NN HpOILOJ'DKI/ITeJ'IBHOCTI).
Besansl [pu- IIpuspaynas ¢popma Csinp-Yan — Bo3my-
3paumyIo HICHHAs KoJeOaHWsSIMU H3IydaTessi cpena BO-
®opmy Csipp- | KPYT H3IyHaTes. Onpenensiercss KaK UHTErpa
pMy B MpeJiesiaXx aMIUTUTY Il KOoJIeOaHUM M3ITydaTenst
Yan.
(2.171).
1 | u Cemnb Ha- KocMoc wMeeT W3HAYalubHBIA ITOTEHIMA,
qaJj (3HGMEH- paBHBIﬁ najJbpMme:.
TOB)
7 T,+7 *
Lot _PT_P (2.172)
4 T, q* q
rae p*, q*, p u q - DIIEMEHTHI.
Bce monst u 3eMeHTBI TpaHCPOPMHPYIOTCS
TOYCYHBIM y‘IaCTKOM BOJIHBI CBE€TA C Hepnozmq-
HocThIO T, = 4:
Tox7/4=4x7/4=1. (2.173)
9710 (2.173) m ectb Cemp Hauas.
CrpemureJib- CBs3p Mustocepaust ¥ 3HaHHWIA [JacT BO3-

Hblil 1 Jlyuye-
HOCHBIH 1O~
po:KIaer
Cewmb Jlaiia
Lentpos,

MOKHOCTHh (JOPMHUPOBAHUSI HE TOJIBKO KOHTYpa
koneOanus (2.167), HO U KOHTypa KojeOaHMi

PE30HAHCHO-aHTUPE30HAHCHBIX ToJel (oToHa
(2.166):

Musiocepaune S 3Hanne

Casroit [lyx - Mbeicap+lamsaTh
Jyma — BooOpaxkenue
42.24 1008

_ — 56 21-16.10205(p*+,u*)q*
42-24 18 BANE ot —g*
Bonopom:An =1,008 | 10% - goroms

Bopga: M0 =18

(2.174)

CeMb

Jlaiia E7‘—7m-1020 EEJOZO
Henrpos 13 13
Hanor =3/13x(14-10% = u*),
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KOTOPBIX HU-
KTO He 0/10J1e-
et 10 Besn-
Koro J{us
«byab ¢ Ha-
MU}

***

OnoneTb-T0 HE OJI0JICIOT, HO HOIIBITAIOTCS
MOAMEHUTE. DTO caenanu ¢ Kuuramu Bemukoi
HuBunuzanuu, Benukou I[lupamumnon, pasmec-
TUB B Hell Xeorca, a celiyac mMpUuBaTH3UPYIOT
ITamars Poccumn.

*
kk

B cootBerctBUM ¢ ¢unocodueit Bocroka,
MpooJDKUTENLHOCTE Benukoro [us "byaws c
Hamu" coorBerctyer ([ 1], cTp.176):

B.Jl.an =31104-10"rer. (2.175)

210 (2.175) anTupe3onanc. PezonaHncHBIH mo-
teHman Benukoro J{Hs OyeT paBeH:

B.J1.p=(3-10")(1-10*)(1-10%)-10"'(4-10°)-10"’rrer =
12:10% rer. (2.176)

*
kk

B IIpomomxurensHoctn Benukoro JIHs
(2.176) Cewmp Jlaita LlentpoB Ilamstu (2.174)
WCYE3HYT:

JHepreruka Benukoro [Ius

(nns xpuctuad — 1Hs Crpamsoro Cyna
7 3-14-10° 7

12.10° 7 13.12-10° 26" (2.177)

107°5 12/26 5 26/12 5 10%;

105 6/13 5 13/6 5 10%.

[TamsTh Hame# nuBUIM3AUMU (HECMOTPS Ha
MOJMEHBI) COXpaHWJIa TOHATHE JI0KHHA (IBe-
Haauate) (2.176) u yeproBa A0KHHA (TpUHA-
nuath) (2.177), KoTophle CBA3aHBI MEXIY CO-
Ooii:
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U yTBep:KIaeT

ThI; TpH npo-
siBJIeHbl, Ue-
ThIpPe COKPbI-
ThI; Yerbipe
BbISIBJICHbI,
Tpu cokpbI-
ThI; Yerbipe u

Bcesiennyro Beunbie OcHoBbI Beesiennoii
Ha 3Tux Beu- (ITpo1OIKUTEIEHOCTH)
HbIX OCHO- 132-12% = 52 = 4°+3% (2.178)
Bax, (Tort D’ (Tor)* = (Tt )* = TPH(To-1)* = To
2 | okpy:xas Canp-Yan — Bosmymiennas cpena (HoToH-
Csaub-Yan ($hOHOHOB OT 10%° 10 10°:
(2.168) 3apo- =
AbIIIAMH k, = _[ pdp = %(1040 —10’40)—anmup630Hch
IHepBUuYHBIMU 107
(puc. 2.2, 2.4). 1 (2.179)
1 - 1
k, =-10% x10™ = - = pesonanc.
2 2
Buxpp 3Tux (oTOHOB OyJeT UMETh CBOIO HUH-
nuBunyanbHyo [IpomomwkurensHocts (2.178).
Kaxnpiii Buxpb ¢GoTOHOB OyneT HMETh CBOH
MT'HOBEHHbBIE JTUHEHHbIE U YTIIOBBIE CKOPOCTH:
Ki/Ty S Ty/Ka, (2.180)
U, B TO X€ BpeMs, Kaxaelid ¢GoToH Oyner dop-
MHUpOBAThCs B MoJie TpexmepHoro Ilpoctpancrt-
Ba I10 €T0 IIECTH HampaBJIeHHUIM (puc. 2.2).
N3 Cemu -
IlepBbIii ipo-
SIBJICH,
Ilects co-
KpbIThI; /IBa
MPOSABJICHBI,
3 IaTb cokpbI-

p* = 1410

Puc. 2.18 Cmpyxkmypa Jlatia [Jenmpa
Hamsamu (2.174)

122




Onun I3an
NPOSIBJIEHBI,
JIBa u IloJso-
BuHa OaHOro0
COKPBITHI;
lecTh 10/1K-
HbI OBITH
NPOSIBJICHBI,
OauH ocTaB-
JIEH B CTOPO-
He. Hakonen,
Cemb MaJjbIx
BpAaIAIOIIUX-
ca Koaec: oa-
HO POXK/IAI0-
1iee apyroe.

[Toka3eiBaeTcst mexanmsM paboter  Cemu
Jlaita Lentpos [lamsartu (2.174, puc. 2.18).
OTH UEHTPHl HAXOAATCS B 3apOJIbIIICBOM

I[Ty3sipbke CrycTka U UMEIOT MOTEHIIHAI:

Jlaiia Ientp (puc. 2.18)

(2.181)

Jlaiia [lenTp umeeT 000JIOYKY C TIOTEHIIMAII-
SKBHBAICHTOM 7°.

Opnako 000J109Ka TO BO3HUKAET, TO HCYe3a-
€T B 3aBUCHMOCTH OT MOCTYyIUIEHUs B noJe Jlaita
lentpoB BoHBI-9acTHIlBI cBeTa (2.181):

ko = (m+E;) - (-m¢ - Ey) =4/m, (2.182)
rze cepuueckas nosepxHocts Jlaita LlenTpos
Oyzer paBHa:

Quui = 4nR? = Tk, Y/ ko = 4nx 72, (2.183)

Takum oOpazom, chepudeckas MOBEPXHOCTh
Jlaiia LlenTpos ¢ pagumycom R = 7 Oyzner Bo3Hu-
KaTh (MPOSIBJISATHCH) C IEPHOINIHOCTBIO T,
(2.183).

R
O6wvém Jlaita llentpa (crycTka HeipoHa,
OMOKJICTKH, TOJIOBHOT'O MO3ra M Tak Jjiajiee) 3a-
MOJTHEH MAarHUTHBIMU IOMEHAMHU , B KOTO-

PBIX KaXIBIH U3 TMOIIOCOB MMEET IyJIbCHPYIO-
MM MarHUTHBIN umiysisce [Tamsaru (puc. 2.18):

JdomenHas crpykrypa [lamsitu

ITomroc minroc ITomroc MunycC
1 t 2.184
W [odp=+7-10" | *[pdp= 2159
0 1
-7-10%.
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***

Jlaiis LlenTp Haxomutcs B 3apOABIIIEBOM
[Ty3sippke cryctka. Croma e TOCTYMalT |
MarHUTHBIE 3apsfbl (+U), oOpa3yrolue BOKPYT
CTyCTKa MOJISIpHble MATHUTHBIE CHJIOBbIE JIM-
Huu (Mansie Komneca).

p=14-10"" p*=14-10
Puc. 2.19 Snuyenmp Jlaiia Llenmpa

[lomamgass B SNMIEHTP MAarHUTO-IOMEHHOMN
CTPYKTypbl, MarHUTHbIN 3apsa (1) U MarHuT-
HBIi MMIyJbC (WL*) MPUTIATUBAIOTCA pa3HO-
WMEHHbIMU TIotocamu (puc. 2.19). Bo3nukaer
KOHTYp KoseOaHus, (QYHKIMOHUPYIOUIMH 110
IPUHIMITY OTJIOUICHNUEe-U3ITyYeHHE:

IMyascanus dMMIEHTpa
3apoabimeBoro Ily3bipbka

N3nyuenne N3nyuenne
3apszga ITamsiTi (2.185)
.10 = +p/—p* +k/—p = —10%

EW =’ 5 () =@EpH)’

OtuM (2.185) KOHTYpOM MyJbcalluy NOIb3Y-
eTCS KaXKIbI yMaroluid, 0OCOOCHHO MEIUTH-
pyromnii. Ho Bbl TOMKHBI 3HAaTh: IKBATOPH-
ajJlbHOe moJsie uMImyJbcoB IlamsaTn Bpamaer
3eMJII0 TOJILKO B OJIHY CTOpOHY — ¢ Bocroka
Ha 3anaj.
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***

Pazob6paBmiuce co ctpykrypoit Jlaita Llentpa
(puc. 2.18, 2.19), Bbl, yBaxkaemblii 4YHUTaTEb,
CMOJKETE TIOHATH MEXaHU3M IPOSIBIEHHOIO H
COKPBITOT'O:

HMyascanus Jlaita IleaTpos
B I10JIe TPaBUTALIUHA
28 = |+ |+ [+ |+ |+ HIH0
2

-
(@)}
(9]
N
w

Sl 7l 71717777
. (2.186)
el 2] 3] 4[4+ 6

ABJICHO
Co- Cemp

wa | 6| 5| 4|3 [yl 0w
TO JIBIX
B KO-

;2?000001“‘:'

Jlaita Llentp

1
CeMb ManbIX KoJeC = iujgp do.
0

BriBonb! Takue:

- Ha 7,6,5,4 ypoBHsx rpaButaiuu Jlaia Llentp,
HanpuMep, HEUPOH, MyJTbLCUPYET PABHOMEPHO;

- CyMMa HMHTerpajioB Ha 7, 6 U 5-0M YypOBHSX
TpaBUTAllMU, B TpeAeNaX MPOSBICHHBIX U CO-
KPBITBIX KBAHTOB, paBHA M JKBHUBAJICHTHA MaK-
CUMaJIbHOMY TMOTEHIIMady Te€HOMa B TMEPUOJIU-
YeCcKOM cucrteMe reHoMoB (puc. 3.14):

6 5 4
(jgodwj(pdwjgodgo]i =63;  (2.187)
1 2 3 @,

- nynscanusa Ennaoro Kocmoca mexny Xaocom
u lapmonueinn nponukaer B Jlana Llentp Ha
TperbeM ypoBHe rpasutauuu (2.186), ¢popmu-
Py IATEPUYHBIE CBSI3U:
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4,5%x2,5

=5,625=5+5%107; (2.188)
45-25

126

- MeXay 5 u 4 ypoBHAMHU rpaBuTanuu (Gpopmu-
pytorcs [IponomkurensHocTy (2.186):

T =4 =
=4, 753 (2.189)
=3 I,=4
u Kynganunu:
4 7 7 3
dp=—<——= do, 2.190
!(p 9=3 5 !(p @ ( )

- B [I0JI€ TPABHUTAIMHU C MOTEHINAIOM, PaBHBIM 2
(2.186), 3akanumnBaercsi ¢popmupoBanue Kynna-
JVHU:

6 = 7/2+5/2 = (7/2)*~(5/2)%, (2.191)

u ¢popmupyercs Monana (Enuncrso) boJibimo-
ro Kouseca nonem Cgera:

Lt E)rm +E) L, (2.192)
m,xE,

Crpoutenu [lupamusa BBIAENAIOT U3 MOTEH-
ruana (2.192) nBoiiky kak R = 2.

Pucyiot kpyr nR* = 12% = 41 i OKPYKHOCTH
2nR = 212 = 41, BOUCHIBAIOT B HUX OCHOBAHHE
Besnnkon Ilupamuael. Hamm KOBBIpAIOT B HOCY:
"Y¢ onm nenaror?"

A Onu yxe nepenun K yposHo ot 1 no 0
(rpaBuTtanMonHoe mone 2.186), rae BO3HUKIO
Cemp Maneix Konéc, To ecTb MarHuTHoe Iose
MyJIbCUPYIOLIETO 3apsija:

1
1 [pdp =£14107x12=2710%.  (2.193)
0




OH caaraer ux
Hamoxoomne
crapmux Ko-
Jjiec, yTBep-
JKAasi UX Ha
Hecokpymmu-
MbIX IlenTpax.

Hecokpymmimeie IleHTpsl — 3TO BOJIHa-
yacTUlla CBeTa, a cinoxkeHnue Komec yxke omnuca-
HO (2.192). D10 Te Koneca, B KOTOpbIE BIUCAHO
OCHOBaHME Benukou IIupamunsl.

doxar, KaK
sKe CoO3uaaeT
ux? OH coou-
paetr Oruen-
Hy10 IIbL1b,

*
kk

ToueuHblii yyacTok BOJHBI cBeTa (OrHeH-
Hasi IIb1b) 00saaeT IEHTPOCTPEMUTETHHBIM
yckopeHneM (-j, = cm, = n/2 = ¢*/R). Lentpo-
CTPEMHTEIBHOE YCKOPEHHE CXKUMAeT NbUIb B

OH Craraet Ordennble Illapsl 1Mo 1miecTd HampaBICHUSAM
Oruennbie TPEeXMEpPHOTo mpocTpancTsa (puc. 2.18).
Iapel, "
*%
PaBHoBecHbiM  KombIlOM,  OKpY>KHOCTBIO
JUTMHOIO, paBHOU L, = D, = 1, cTaHoBUTCS Ta,
I/Ie BOJIHA-4aCTUIAa CBETA CTAJIKUBAETCS B pe30-
HAHCHOM IPOTUBOJICHCTBUHU:
L,=nD,=m/E; =1, (2.194)
npu m.=E; =D, = 1/m.
ycTpemisieTcst CronkHoBeHUe (pe3oHaHC) (POTOH-(POTOHOB

yepe3 HUX U
BOKPYT HHUX,
cooomasa uM
sKH3HDb U 3a-
TeM, IPUBO/S
HX B JIBHIKe-
HHE; OJJHUX B
0JTHOM Ha-
NpaBJIeHUH,
JAPYTHUX B
HHOM (pHuC.
2.20).

+m. /m, = +1 u -m, /+m, = -1 co3gaeT BOJIHEI,
KOTOpbIE€ B MAaTEMATUKE HA3bIBAIOTCS "KOJIbLOM
¢ elMHUIeH", TO €CTh OHU UMEIOT PAINYC, paB-
HbI enunuiie (puc. 2.20).

+1=1gps S lg py=-1
DK30TEPMHUSL DHJIOTEPMHSL
+1 -1
+1=+m./m. -my/me.=-1

Puc.2.20 Ilpoxosicoenue nrodvimu 01HAMU
aKcmpemanvHou obnacmu =1 —
9mo npoxodicoenue "xoney c eounuyen” - —
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OTnuuuTeNbHON OCOOEHHOCTHIO "KOJbIa C
enuHHLEeH" ABISETCS TO, YTO JTI0OOH MMITYJbC,
PO KOJIBIO, yBEIUYUBaeTcs B Tt pas [17].

Onu xoJ101-
HbI, OH JeJIaeT
HX KAPKUMH.
Onu cyxu, oH
aeaaeT Mx
BJIA’KHBIMH.
Onu cugamrT,
OH 00BeBaeT U
OXJIAKIAeT
HX.

OpnHako (QU3UKy 3TOrO IMpoLecca TEOPETUKHU
HE MOHMMAIOT, a MPAKTUKH HE PacCMaTpUBAIOT.
[TocMoTpHUM MBI:

Koabno ¢ Exnnnneii
I'eomerpus | Jlunamuka
(cratuka) CBETa
mC
Pannyc +1 T
mC
OKpyX- m, + m,
Py 2n=1L,
HOCTb m,xm,
K S e
1" =
py =S, mE, (2.195)
ITo- . T,m,
BEpX- =
< HOI()ITI) e m.E,
a,
[
=
O A "
OGbeM | —7m=v, | ——°
T mkE,

Tak neicTBy-
et Doxar or
oaunx Cyme-
PeK 110 cJie-
AYIOUIAX HA
NPOA0JIKEHU U
Cemu Beuno-
cTeil.

Ilepexon 4depe3 KOIbLO C €AMHUIEH — ITO
MEepexXol B IHA0-3K30TepMun (1 =1gps Slgp,=1
(puc. 2.20)), a TarxKe Nepexoa MEXIy UMITYJIb-
COM M dHeprueu (mg'c S wme-c = mc-cz).

Cemb Beunocreii (To+t = 4+3 = 7) kone0a-
HUM Mexy umnyibcoM (mqt+E; = 2/m) u sHep-
rueit (m'E; = 1/7°), Ipu ABHKEHHH CO CKOPO-
CTBIO CBETa (C = T) MPHU KOHIIEHTpAIuu (HOTOHOB
10"%, mpuBeneT kK 06GPA3OBAHMIO MATHHTHOTO
3apsiia (W) uim ummyibea (u*):
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E + +
(T +T)LC‘10720 :14'10720, (2196)
0 E
m,+ L,

rae p* = 1410 u p=14-10%.

Y Ilopora
YerBeprToro
CrpiHam yka-
3aHO CO3/aTh
csou Iloxo-
ous. OnHa
Tperb oTKa-
3bIBACTCS.
/IBe MOBHHY-
0TCH.

*

B Henpax 3apoasimesoro Ily3sippka (Jlaita
IlenTpe) cHadana HayuHAeT (HOPMHUPOBATHCS
Aobcomot (puc. 4.10), B cocTaB KOTOPOTO BXO-
AT MMIYJbChl 4YacTulbl (mec =1) - BOJHBI
(Exc = 1) cBera, a Taxke 3JIEKTPOMArHUTHOU
cpenbl EolloC’ (puc. 2.21)  (Ot1o Bce ChbIHBI
Cgerta).

To=4

&

Puc.2.21 Abconrom 6 unepyuonHoii cucmeme
T,=4

TexHonornyeckue Mpouecchl B3aUMOJICHUCT-
BUsI B AOCOIIOTE CO31al0T MHEPIHUOHHYK) CHC-
Temy (puc. 2.21). B 3apozsimeBoM my3bIpbKe
HaKarimBacTCs 3Hepr U1, Ha,Z[O HU3JIy4YaThCA.
BosiHa 1 wactuia cBeta U3aydaroTcs. IIEKTPO-
MarHWTHas cpefa He MOXKET: OHa CO3/JaeT Mar-
My (KHIKYIO TUIa3My) siiep HEXHBOTO, IUTO-
a3My B OMOKJIETKaXx.

*

koK ok
IpoxkasTue OKk30TepMuYecKas KMAKas ILUIa3Ma, HHUTO-
IIPOU3HECEHO: mia3Ma OHMOKJETOK HW MHOXKECTBO Apyrux
oHM OyayT @opM sAIepHOro BelecTBa poxiaeHbl B He-
POIK/IEHbI B apax MuepuuoHHbIX CHUCTEM € MEpUOIOM Bpa-
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quBepToﬁ, [ICHUSI TOUEYHOTO Y4YacTKa BOJHBI cBeTa T, = 4
cTpajaTh U (YerBeprasn).
NPUYHHSATD B arToi1 ke cucreMe KUBEM M MBI, yBaxae-
cTpajanus Mblid YUurarens. JKusem. Ctpagaem. [Ipuunnsem
Crpananusi.
5. il
IlepBas Boii- Bo3Hukna pa3HOCTh MOTEHIMAIOB B 3apo-
HAa 3apoau- neimieBoM  [ly3eippke. Xaoc OpOyHOBCKOTO
J1ACh. nBkeHusa kKoHuwicsa. llosBunmace ['apmonus
YHOPSAIOYEHHOTO  JIBHKEHUS MEXAY IUIHOC-
MHUHYC TIOJIFOCAMU OUTIONIAPHOM CTPYKTYPBL. DTH
MOTEHIMAJIbl MOKHO IMOCYUTATh:
3apoabIl CrycTKa ¢ sAPOM
U B cpelie COOCTBEHHOI0 U3J1y4YeHUs
Crpyk- | M3myue- | I'pa- Spo
TYypa HuUe HHULA
min max
meC + R
Horen- | E.c = _ 2 | EoMoCF
5 Akl * To= | &obeC m.c+E;c (2.197)
2 4 1 3
—(A2 12\—
Mymca- | ki=(4-2)(4+2) = | _ko=(4"-1)=15
s 12 ks=4’-3’=7
CasiToit
Tlyx k1Xk3-T0k2 = 12x7 - 4x15 = 24.
B mone Csstoro Jlyxa u 3apoxgaercs
Kuznp go Kuznu.
Crapumue
Koueca Bpa-
HAJTNCH C
CBEpXy BHM3 H OJTHNC
CHH3Y BBeEpX... R
6 [Inanera
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Puc. 2.22 K 3axonam Kennepa

O nBwxennn Crapmmx Kosec (kBaHTOBaH-
HBIX OpOUT, JBIDKCHHE 1O KOTOPBIM INPOHCXO-
IUT O€3 3aTpaThl MacCaMHM - CITyTHUKaMH cOOCT-
BCHHOW SHEPTUH) MBI 3HaEM M3 TPEX 3aKOHOB
W. Kennepa (puc. 2.22).

1. Ila”eThl BpamIAOTCA MO JIJIMNTHYE-
CKHUM opOuTaM, B poKyce KOTOPbIX HAXOIAUT-
cst Costaue. D10 (pakT, HO MBI HE 3HAEM MTPUINH
Takoro BpaieHus. Pazoepemcs.

OHEpruio B OKPYXAIOUIYI0 CPery H3IydaeT
ConHue. Orto SHEPrus U3ITy4EHUs
m.E,=1/n’=1/c’.

Bpamarorniasicsi mraneTa UMeeT IEHTPOCTpe-
MHTEIbHOE ycKopenne V/R. Jlns NHHEHHO#M
BOJIHBI (Kakoil sBIsieTcsl opOMTa) OTKIOHEHHE
OT paBHOBECHs OyJET paBHO JIOPEHIIEBY COKpa-
HICHUIO:

2 2

% %
l-mER— =,1-—, 2.198
AR c? ( )

HO 3TO U €CThb SKCHUCHTPHUCUTCT 3JUIMIICA, B (1)0-
KyCC€ KOTOPOI'O HAXOOUTCH COJ'IHI_IG. A KoopAau-
HaTaMu COJ'IHHa SABJIACTCS €0 U3JTYyUCHHUC!

2 2
m.E, vo 2 v

(2.199)
m, +E, ¢

rae 2/n = 1/m,, 1 BpallleHue TIaHeT MPUBOANT K
ux paBHOBecHIO ¢ COJHIIEM.
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3apoapium
Marepu (na-
pabonudeckue
BOJIHBI) Ha-
MOJIHAJIH BCe
cywee. but-
Bbl BOZHUKJIH
mexay Co3u-
AaTeIsiMU
(anunc) u
Pa3pymmure-
JIAMM (THUTIEP-
6ona),

2
OkcueHrpucuret ,[1—-Y / , JJUIMICa JTWHA-
c

MHYCH, TaK KaK IIOJTyOCSAMH IJUIMIICA ABJISAOTCSA
VHC. HOBTOMy KaHOHUYCCKNC YPABHCHUA B Ta-
KOM I10JIC 6}’IL}’T BBITTIAACTD TAK:

Anaunc

Bpawenue no opbume

y 4

T
b S

: " > X
F a=c
7 b=v

X/ YN =1

T'unepoona

Jlenenue nononam (Mumo3s)

F

A

y

i
‘7\F1—>x

/

\ asc
b=

X/ -y =1

A VA
\d

Ilapabona

Jlouepnuii 3apodvliu

aly
\.F » X
p2 1y =-ppr x=-p2

(2.200)

Bpamienue no snnuntuueckor opoure Obuio
CBSI3aHO C OOpaTHOW NPOMOPLUOHATIBHOCTHIO
YIJIOBBIX cKopocTeil yactuubl cera (ComHie -
[Togo6ue YacTHIbl) M TOYEYHOI'O ydacTKa BOJI-
HBI cBeTa (3emiis - maHeTsl) - [logobue Toueu-
HOT'O y4acTKa BOJIHBI:
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HUcrounnk JHeprun
KBantoBanubix Opout

P o, (2.201)

z
2 E, =nianema

Comnye=m, 2

@, x’

4_ T
T,=4S 1 =c’

1 BUTBLI Be-
Jauch 3a Ipo-
CTPAHCTBO;

il
Oty (pasdy Hamo TNOHUMATH C TO3HUIMH
CymHocTH (Hameil Hayke HEM3BECTHOM) BTO-
poro u Tperbero 3akoHoB Kemutepa.

%
*ok

Bropoii 3akon Kermiepa: paamyc-BeKTOp
Mexay niaaHeroii u CouiHHeM 3a paBHbIe
NMPOME:KYTKH BpPeMeHH ONHCHIBAeT pPaBHbIE
Mo MJIOIAIM ceKkTopa (puc. 2.22).

Oto ¢dakr? dakr. A B uem mpuumHa? He
3HaeM. Pazbepemcs.

[Tnomanp, orpaHWYEHHAs JILTUNTHYCCKON
OpOUTOMN, — SKBUBAJICHT HEPTUU Kpyra C Mo-
TeHnuaaom 7 = ¢ (2.195).

Bropoii 3akon Kemepa (S/t = Const) umeer
CBOMM Ha4yaJioM MOCTOSIHHYIO:

iziEZEarcSc\/_E....EConst. (2.202)
T, T, 4

Takum oOpazom, BTOpoi 3akoH Kermmepa —
9TO TOJIBKO YaCTHBIN CIIydall paclpOCTPaHECHUs
00paTHBIX TUIEPOOIUYECKUX, TPUTOHOMETPH-
YEeCKHX BOJIH U TaK JlaJiee C MOTCHIIHAJIOM Tt/4.

***

Tperuit 3axkon Kermepa: oTHomeHue Ky0a
paanyca-BeKTopa Mexay miaaHerod u CoJiH-
eM K KBaJpaTy nepuoia oOpalueHus IJia-
HeThl BOKpPYr Co/lHIIa — ecTh BeJMYHHA IO0-
CTOSTHHAS.
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910 (akt? dakr. A B yem mpuumHa? He
3HaeM. Pa3bepemcsi.

Ot nuHeitHOW BOJIHBI nepBoro 3akoHa Ker-
Jgepa Mbl CHayaja MEpeluld K MOBEPXHOCTHOMN
BOJIHE BTOPOI'O 3aKOHa, a ceiluac paccMmarpuBa-
eM 00BEeMHYI0 BOJHY TpeThero 3akoHa (2.195),
rae o0beMHasl BOJIHA IMYJIbCUPYET C NEPUOANY-
HOCTBIO Toz:

 _ 4/3x (R =1)’ _ T
T 16 127

Const =

(2.203)

Oto (2.203) mocrosiHHas TpeTbero 3akoHa.
A BOT U caM 3aKOH:
Totm.=R,*/T\’=...=R{/Ti* =12/ = Const,(2.204)
rae R; - pannychl-BEKTOPHI IUIAHET,
T; - mepuona ux obpareHus: BOKpyr CoJHIa,
12 - bubneiickoe Ywncno.

Cems poxaa-
JIOCh U BHOBb
MOSIBJISLIIOCH,
OecnpecTraH-
HO.

***

Bpaienue 351eKTpoHa 110 KBAaHTOBAaHHOM Op-
OuTe BOKPYT siipa aTomMa HapyllaeTcsl Mepexo-
JIOM BJIEKTPOHA ¢ OpOUTHI Ha OpPOUTY; BpallleHUE
3eMITH - CMEHOM TIOJIFOCOB; POCT OUOKIIETKH - €&
MUTO30M; Iepefadya F'eHHOW HACIEACTBEHHOCTH
- TIPOJIOJDKUTEIBLHOCTBIO Onoornyeckon Kusz-
HU. OIHaKO T€HOMBI IEPENAOTCS U3 MOKOJIEHUS
B MOKOJIEHUE, a 7ZKM3Hb - MepeKuBeT MocJen-
HHUii ATOM [2].

MexaHu3M 3TOH MHUPOBO33PEHUYECKOM KOH-
HEMIHUd MOXXET OBITh MOHAT IPU COBMECTHOM

pelIeHUH YpaBHEHUH JJUIMIICa M THUIEepPOOIbI
(2.200):

JHePreTHKa pa3MHOKEHHS
l'unepOona
DIurc PaBHOBe- (menenue,
(3BOJTIOLIHS) cue PpEeBOITIO-
1T1s1)
)(2/02+y2/v2 = 1 = Xz/cz—yz/v2 (2.205)
Pemenne:
Hammm renomsr: VIV =1= -y’
TepBoe mokonenue: 2 y*/v>=1+y*/v’=0,
Btopoe nokonenue: y2/V2—1 =0=0,
D22 2_ 2
rne: y/N=1 u y =v.
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PaBHOBECHE MEXy CKOPOCTBIO ¥ U KOOPAH-
HATOW MPOCTPaAHCTBA y OyAET NOCTUTHYTO 4Yepes
JIBa TOKOJICHHS, YTO COBHNAaJacT C 3aKOHOM
I'. Menpaens o paclieyieHuu TeHHOM HacCIeACT-
BEHHOCTH.

%
*ok

Tpu y° =1’ B S/UIHIICE BOSHUKHET Xa0C "IbIp-
Ku" (poIuTeNn):

TV o w oo, (2.206)
C

a B rurniepbosie (MOTOMKH BTOPOTO MOKOJIECHHUS) -
rapMOHUYECKHE KOJICOAHNS:

)
Rl A A Y (2.207)
C

HauwnnaeTcs pa3BuTHE B COOTBETCTBHH C 3a-
KOHOM CTYIIEHHS] HEOSCHBIX TEN MPOMOPIUIMH
Benukoit [Tupamuast (puc. 3.10).

***

3910 (puc. 3.10) crymenue npepsercs, Kornaa
SJIEpHOE BEIIECTBO BHOBH OYJET HACBHIIICHO
cBeToM 10 moteHnmana 3 (2.197). 'ennas Ha-
CJIEJICTBEHHOCTD PaCILENUTCS B OTHOLIEHUH 1:3.
Ho nepen »tum o6bem [Iupamuapl yBenuuuTcs
B TpH pasa 3a T° (IPOZOIDKHTEIBHOCTh BHE
WHEPIMOHHONW cucTembl [lupammunabr). Bo3Huk-

HeT cyOctpykrypa (9+0) marepuHckoit Ouo-
KJICTKU:

Vi/ Vi = (9+0). (2.208)

Cemsi pokIajoch U BHOBbL MOSIBJSJIOCH
0ecrpecTaHHO.
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Pa3zourn, o MauJioe koseco popMupyercs pu nepexoae
Jlany, ecn AJIeKTpruecKoro (q) 3apsaa K rpaBUTAIIHOHHO-
xouemp mo- | My (p). 910 manpma:
3HATH TOY-
HBII BeK p/q = 74 = p*/q*. (2.209)
TBOEro MaJio- | HEXHUBOE ‘ JKUBOE
ro Kouseca. .
B stom (2.209) na YerBepTtoii Cnuue BO3-
Ero Yersep- .
HHUKACT MEPEXOJ OT 3apsjoB K MMITyJIbCaM; OT
Tasg Cnuua -
HEXKUBOTO K )kuBomy. Hama Marepsb - poxna-
Hama Ma- oT Hac.
TepPb.
7 | HocTturum 3HaHUA - MBICIb + MaMATh, (HopMUpYIOIIHE
quBepToro 13006pa>1<eH1/1e (2.166):
Ilioxa Yer-
. g* 16-10*° 8
Beproii Tpo- 3uanus : = =—. (2.210)

nbl 3HAHUSA,

pr+u*  42:10° 21

3TO aHTUPE30HAHC (TPOMA), a CJIO0BO - MJIOJ -
yKa3bIBa€T Ha PE30HAHC!
%k
1 *=7—22-102°. 2.211)
P H

3nanua® :

CnoBo "YerBepThbIii" MOBTOpSETCS J1Ba pas3a
U CBSI3bIBAET PE30HAHC M aHTHUPE30HAHC!

BeAylIero K
Hupsane, u
NO3Haellb,
u00 ThI y3-
pMIlb...

IBOJIOLMA MO3HAHUA

AHTHpE30HaHC Pe3onanc
k k %k
LI |5 Tiq ” (2.212)
Tig* u*p
2132 5 8/7°x107%
7°-10% 51/3x8(2°=2""x2 1),
***
N y3puib Th1 Benukyto [Tupamumay:
72-10%%27* 5 1/3x8x27=
1/3xa’H = Vy. (2.213)
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kk

Cmanuya VI [1]

OnuceiBaercs sHeprerndeckas Momp Munocepaus u
3HaHus, KoTOphie ABISAOTCA Co3uaaressiMd, B TOM YHUCIE U
MaTEpPUATBHBIX MOJIEH.

1. Mujocepaue (kak mpoiiecc HachilieHus: aymu Csi-
TeIM JlyxoMm) n 3HaHusl (KaKk 3HEpreTuKa HAChIIIEHUS BOOO-
paXeHUs MBICIBIO U MaMAThI0) (HOPMUPYIOT KOHTYp KoJjeba-
Husg TOHKUX DHEprui.

B sTom koHType konebanumii mpucytctBytor Cet u Kyn-
JAJIMHY, a 3aTE€M MOSBIIETCS TPABUTALIMOHHBIN CTYCTOK, H3J1Y-
YaroUIMil NOJIApHbIE BUXpU ¢ moreHuuaiaoMm +21 (puc. 3.17).
ITosBasiroress Cemb Hawan Equnoro Kocmoca (2.173).

2. Cemp Hauan Emunoro Kocmoca dopmupyror Cemb
AMOLMOHAIBLHO-4YBCTBEHHBIX LleHTpoB IlamaTn B XKUBOM.
Onu OyayT coxpaHsaTbes, moka Oyner Kuznp. OmHAKO caMmy
Kuzup yHuuroxut I[lpomomkurensHocts Benukoro [dus (B
Xpuctuanctse 310 Jlens Crpamnoro Cyaa), (2.174, 2,176).

3akonbl u3meHenus: IlpoxosxurenbHocTH - 3T0 Beu-
Hble OcHoBbI Beenennoii (2.178).

OTH 3aKOHBI JUKTYIOT UHIUBUIYAJIbHOCTh BUXpel PoTo-
HOB B KaXJOM CYOBEKTE, HECMOTpPSI Ha OECKOHEUHYIO MHOXKE-
CTBEHHOCTh uncia cyObekToB. [103TOMy KaxAblii HHIUBUTYA-
JIEH U TOJIHOCTBIO CXOXKUX B TeueHue Bcer Kanbpnel HeT. OO111-
HOCTBIO CyOBEeKTOB ocTaercsi TpexmepHoe IIpoctpaHcTBO UM
[ectp creneneid CBOOOBI IBMKEHUSI IO HAIMIPABICHUSM MIPU
cB000/Ie MHANBUAYaTBHON Bom.

3. B Jlaiia Llentpe nnum 3apoxasimeBom Ily3eipeke Cryct-
Ka MOTJIONIAITCA-U3TYYal0TCsl MAarHUTHBIC 3apsiibl U UMITYJIb-
cel. [Ipudem, morjomieHue-u3IydeHUEe MPOUCXOJUT HE Kak
O0OBIYHO — Uepe3 0aphep-MOBEPXHOCTh MOTCHIIUAILHOMN SIMBI, a
caMa IMOTEHIHAIbHAs sMa BO3HHUKAET MEPUOIUYECKH 3a CUET
MyJIbCAIIMY BOJIHBI M YacTHUllbl cBeTa (2.183).
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[Ipu otcyTcTBHH 000JI0YKH OOBEM COXpaHSETCS H3-3a
JIOMEHHOM CTPYKTYpbl MAarHMTHBIX JWIIOJNEH 3apsiioB U HM-
nysibcoB (puc. 2.18, 2.19), xotsa o6bvem Jlaita [{entpa npoaon-
xaeT nmyJbcupoBaTh (2.186). Ilynscanus Jlaita hpopmupyet kak
Tonkue Duepruu Kynnanuuu (2.191), Tak 1 HOBbIE SHEPreTH-
YEeCKHe MOJIA, B KOTOPHIX MarHUTHbBIE 3apsbl HAYMHAIOT (Pop-
MUpoBaTh Matepuio.

4. B Henpax 3aponpieBoro Ily3sippka (Jlaita LlenTpax)
HEHTPOCTPEMUTENIbHBIE YCKOPEHUSI COOUPAIOT TOUCYHBIE yda-
CTKH BOJIH CBETa CHaYaja B MOBEPXHOCTHBIC BOJHBI, @ TIOTOM B
o0BeMBbI 3K30TepMHUUecKUX chep. BozHukaroT noss coynape-
Hui potoHa ¢ HoToHOM, KOHTaKkTa (HoTOHA C (POHOHOM, PE30-
HAHCHO-aHTHPE30HAHCHOE B3auMmojeiicTBue GoHOHOB. Bo3Hu-
KalOT J3KCTpeMalibHble 00JIaCTH BOJHOBBIX IOJICH, MPOXOs-
IMX Yepe3 IUII0C-MUHYC Kouiblla ¢ eauHuuamu (2.132, puc.
2.20).

[IpoxoxneHue Komiel ¢ eAUHULIEW HUBEIUPYET IHIA0- IK-
30TEPMHI0O U JAPYTUE NapameTpbl Cpell U, B KOHEYHOM CUETE,

OPUBOIUT K (OPMUPOBAHUIO MATrHUTHBIX TMIOJICH: 3apsiay W
[TamsTu (2.196).

5. A6comrot (puc. 4.10 u 2.21) HaunHaeT GopMUPOBATHCS
B Xaoce, HO BpallleHUEe TOYEYHOTO y4acTKa BOJIHBI CBETa U €&
HEHTPOCTPEMUTENILHOE YCKOPEHHE CO3/al0T  OWIOSIPHYIO
WHEPLUOHHYI0 cucteMy. KommoneHThl AOcCoiioTa pa3beau-
HSIOTCS: BOJTHA M YaCTHIIA CBETA M3IYYArOTCSI U CO3JAI0T B OK-
py’Karoleit cpeae oTHoleHue noteHnuansHoi (E,) n xuHneTu-
yeckol (Ey) snepruu, paBuoe 2:1:

Ipoucxoxaenue
NMOTEHIMAJTbHO-KHHETHYECKOIr0 OTHOLLICHU S (2.214)
(m+Ey):E; = (mA+E)):m. = c:0, = E:E, = 2:1.

2

DNeKTpOMarHuTHas Cpefia €,'ly,'c” = 1 ocraercs BHYTpH
MHEPLUHUOHHOW CUCTEMbI U HAUUHAET CO3/1aBaTh SJIEPHOE Bellle-
CTBO, UMEIOIIEE MHOXECTBEHHOCTh (DOPM KMUBOTO M HEXKHBO-
ro.
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6. DHepreTnyeckasl MIOTHOCTh SIICPHOrO BEHIECTBA W3-
MEHSIETCS OT 1 = €,1oc” (ITOCIIE H3IYUCHHS CBETA) 10 3 = EofloC
+ mcct+E;c (mo uznyuenus csera). [lorenmuman 3 = x+tytz
dbopmupyet tpexmeproe IIpoctpanctBo. Illna BoiiHa 3a cry-
ctku (ITpoctpaHcTBO).

B saepHoM BeliecTBe OTHOIIEHHWE SHEPTUM COOTBETCTBO-
BaJio 1:3. DTO cooTHOIIEHUE MNPOSABISIOCH BO BceM. B Tom
Yyycjie B PAcHICIJICHUH T€HHOM HACJIeJCTBEHHOCTH: '"'TeHHasi
HACJIeACTBEHHOCTDh paciuervisiercss B oTHomeHun 1:3 yepe3
aBa (2:1) nokouaenuns" (3axon I'. Mengens). Cemsi poxaa-
JIOCh M BHOBD MOSIBJIAJIOCH 0eCIPeCTAHHO.

7. Iloka3aHo, 4TO mEepexo KUBOTO-HEKUBOTO HAUMHACT-
Cs Ha YPOBHE IEPEXOJOB 3JIEKTPUUYECKOTO 3apsia K rpaBUTa-
HUOHHOMY. BO3HUK B Cpeie IpaBUTALMOHHBIA 3aps]l - BO3-
HUKIa majabma (7/4). Bo3nukia majgpMma - BO3HUKIIO OTHOIIIE-
HUEe Mbiciu U BooOpaxeHus (2.209). [losBuwinch 3a4aTku WMH-
tejuiekta. Hagancga moxox 3a 3Hanmsamu. Pa3BuBanoch Temo,
COBEPIIICHCTBOBAJICSI MO3T, U Mbl, Many-Mpbicnurenu, Openu
YHBUIO, Kak ceiuac, no Yerseproii Tpone 3nanuii, npusHa-
Basl JOCTYIIHBIM HallIEMY YMY TOJIbKO aHTUPE30HAHC.

IBoawonusa, 3ajgoxkenHas Co3gareiem kak (OcHoBa
beiTus Kocmoca, Besia Hac OT Mep30MAaKOCTU CETOIHSIIHETO
obiTuss Commyma 3emuin k YerBepromy Ilnoay 3nanmii. K
YMEHUIO MBICIUTh B PEXKUME pe30HaHCca. BbICTpbIX pazymom,
0 KOTOpBIX, IpUMEHUTENBbHO K Poccun, rosopun M.B. Jlomo-
HOCOB, KOTOPBIX CETOJHSIIHUE BIACTH OTOpBad OT TBOpUe-
CTBA U 3aCTaBWIM BBDKHUBATh B POCCHIMCKOM Trope-Ou3Hece,
IIPOHU3aHHOM KPUMHUHAJIOM.

Ho mb1 3naeM, kto Hama Mareps (2.209). Y3penu Bpa-
roB B uuo. Ilonsnu Crnosa boros, 4To TOJBKO MBI CaMU MO-
K€M CIPABUTHCS C BparaMu. M y>xe HauMHaeM HOBBIMU TJ1a3a-
Mu cMoTpeTh Ha CoopykeHus Benukou [luBunmzanuu - Ilu-
pamunbl (2.213). Xotsa emé cuuraem HupBany OjaxeHCTBOM
Jlenun, a He ropenuem Co3uganusi.
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2.7 CtaHua VIl
XXusHb Ao XXusHu u poxageHue B XKU3Hb

1. Tlo3naii Hayaso Ku3nu yyBCTBYIOIIEi U BHe ¢op-
MBl....

Buauase, bo:xxecrBennblid, Exunbiii ot Martepu-/lyxa;
3ateM, JlyxoBHblii; Tpu ot OgHoro, Yersipe or OgHoro u
IIsaTe, u3 koropeix Tpu, IIsare 1 Cemb. ITH cyTh Tponu-
Hble U YeTrBepuuHbie B HUCXoAsAmeM mnopsiake; Ilepsoro
Baaabiku poxkaennbie Pazymom Cobinbl, biaucraomme
Cemb. Onn u ectb Thl, 51, OH, 0 JIany; oHM OJIIOAYT TeOS U
TBOI0 MaTtepb-bxymu.

2. Eapunbiii Jlyuy pasmuoxaer madgable Jlyuyu. )Kusub
npeamectsyer @opme, u ’Ku3Hb nepe:xuBaeT MOCJAeTHUN
Atom. Yepe3 Oecunciaennnie Jlyuu, Jlyu-’Kusnu, Equnbiii,
noxo0Ho Hutu B Oxepedbe.

3. Korna Eapunbiii cranoBurcs /[(Byms, TpoudHbri
nposijasiercss U1 Tpoe Exunbl; 310 Hama Hwuts, o Jlany,
Cepaue Yesnoseka-Pacrenne, Ha3piBaeMoro CanranapHa.

4. Jt10o ectb KopeHb, HMKOIrZa He YMHUPAIOUIHIL;
Tpuszerunoe Ilnamsa Yervipex ®@urniein. @uruiam - HUc-
Kpbl, KOTOpbIe Hu3BJeKAWT H3 TpusaseiuhHoro Iliamenw,
ycrpeMieHHOro Cemsio, ux Iliams - Jlyuyu u Uckpbl equ-
HoH JIyHBI, oTpaskeHHo#l B cTpysuuxca Boanax Bcex Pek
3emun.

5. Uckpa Poxara, Hurbro tonuaimei ¢ Ilinamenem
coennHeHHasas. OHa crTpaHcTByeT 4epes3 Cembp Mupos
Maiin. Ona ocranasauBaercsa B IlepBom, craHoBsice Me-
TajiioM 1 Kamuem; npoxoaur Bo Bropoi, u y3pu - Pacre-
Hue; Pacrenue Bpamaercs B Cemn CMeHaX M CTAHOBHTCS
CesamieHHbIM KuBoTHBIM. M3 3THX CBOMCTB COYeTaHUI
Many-Mbicaurtensb co3naercsa. Kro cozpaer ero? Cemb
Kuzneih 1 Exunas Kusub. Kro 3aBepmiaer ero? Ilsite-
puunbii JIxa. KTo coBepmencrByer nmocieanee Teno? Poi-
0a, I'pex, Coma.
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6. Ot IlepBopo:xkaennoro Hutp Mexay ModyaanBbIM
CBujeresieM U ero TeHbIO CTAaHOBUTCS Kpemue u 0oJiee
osamcramomeil ¢ kaxxa0i CMeHo0... YTPEeHHUH COJIHEeYHbIN
Caet npeodOpasuiicsa B cusinue Iloaans...

7. «Hbine 310 TBOE Kouseco», ckazano Ilaama Uckpe.
«Thl - 51, moe IlogoOne u mosi Tenb. SI Cam 00J1eKkcst B TeOsI
u Tl Moii Baxana, no Jlnsa «byas ¢ Hamu», koraa tel CHO-
Ba CTaHellb MHOK M JAPYrumMH, co000 u MHOKI0.» Ilociae
3Toro Crpoureiin, 00JieKIIUCH B CBOIO NepBYI0 0060.104KY,
CILYCKAIOTCH HA OJUCTAIYI0 3eMJII0 U HAl JJbMH IJia-
BEHCTBYIOT - Oyly4d MMHU CAMUMM...

Pacwugpoeka CmaHub! VIl [1]

No | Cnosa Craniib CwmbIciT BbIpaKeHUM

1. Io3Haii Dopmy umerom ceycmku ¢pomonos. B npede-

Hayasto JKu3- | 1ax Hacvlwyenus aromMuHogopa ux KoHyeHmpa-

HH YyBCTBY- yus npu corcamuu pasna 1 0%,

foneii 1 BHe He umerom ¢hopmy (ene-gpopmul) paszne-

dopmbI marowuecs pomonwvl. Konyenmpayus ¢pomonog
10°° 6vina 6 momenm usnyuenusn. Ona coxpanu-
Jach, MAax Kaxk 3Hepeusi He ucyezaem, Xoms
Guxcuposannwiii 0o6vem 6 I[Ipocmpancmee (Py-
na) cman He Quxcuposannvim (Apyna).

1 | BuauaJe, Pyny u Apyny pasznensier myJbCUpYIOLIas
BoskecTBeH- (Ty = 1) mOBEpXHOCTh MHEPLIUOHHON CUCTEMBI:
HbIl, EqunbIii

HNuepunonnas Apyna
otr Marepu- Pyna cucrema, Toued- | BoxkecTBeHHBbIi
I[yxa (Apyl‘[a), I[yXOBHLIﬁ HBIH Y4aCcTOK Enunblii ot
BOJIHBI Marepu [lyxa
3amem, /[y-
Ay 0 | —10" 07 |(2215)
xoenwtit (Py- 40
) JK30TEPMHUS — 107" = SHAOTEPMUS
I1a), R
’ 1g(10%psps)| Tkl |g(10%pp,=10%)
=6 3545 =3
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Tpu or OnHo-
ro, Yernipe ot
OxHoro u
IsaTs, (uHep-
LIMOHHASI CHC-
tema 2.160).

B none Tonkoit DHeprun Apyribl BO3HHUKAET
noreHuuan (-5) - larepuunsiii JIxa. Dueprus
CBS3U MEXAYy ApyNoll M NMOBEPXHOCTBIO HHEp-
LIUOHHON cucreMsbl. [1oBEpXHOCTBIO, KOTOPYIO
(dopMupyeT BpalleHHe TOYEYHOI'0 yyacTKa BOJI-
HBl cBeTa. Bpanienue ¢ nepuonudHocteio T,=4
u mynbcarueit Tot1.

5
Bo3Hukna CBA3b TOYEHUHOIO Y4acTKa BOJIHBI

cBera ¢ Apynoii, B Apyrne Bo3HuKIa ZKH3HB 10
7Ku3Hu, YyBCTBYIOLIASA M BHE (DOPMBI.

13 KOTOPBIX
Tpu, IIaTe n
Cemb.

Boznukna Ilstepuanas cBsizp Mexay (oro-
Hamu B Apyne (2.215), B HEell BO3SHUKHYT B3au-
MOJICHCTBUSL:

-5+ (2=1g p1p2p3paps), (2.216)

nosiBsitcst Tpu, [1a1h, CeMb:

+2 +2

355 5 (7+0), (2.217)

npeareya cyocTpykTypsl (9+0) 6uonornueckoit
KJIETKH, HO yX€ B ZKM3HH 0€eJIKOBBIX TeJl.

***

Cyoctpyktypa (7+0) B mosie Apymbl moa00-
Ha cyocTpykType (9+0) MarepruHCKOM OMOKIIET-
KM JI0 MUTO3a.

[Tockonbky 3akonbl Kocmoca Exunbl a0s
Pynsbl u a1 Apynbl, To cyoctpykrypa (7+0) -
3TO MaTtepuHcKas "kierka" g0 muto3a B Kus-
uu no Kunzumn.

[Tpu MuTO3€ >Ta MatepuHckas "kjaerka" Oy-
IeT UMeTh cyOcTpykTypy (7+2), a mpouecc Je-
snenus "kiaerok" B Kusuu no Kusuu nonoden
TOMY, 9TO MIPOUCXOINUT ¢ OMOKJIETKOW B HaIIei
Kuznu:
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PasmHoOkxeHNe KJIETKH JeJIeHuEeM

Cramus
®dopma -
p lel'?)3a MHT03 H(?:E:)“
(2.218)
Bito- |04 040 [ or2) (K (010
Kusznp (9+0)
Kuseb 10 |, (7+0)
+ +
Ko | 355570 =(7+2) §(7+0).
ITH CYTh .
TpounuHble u >
YerBepuuHbIe Apyna u Pyma cBsizanbsl myJbcUpyIOIIEn
B HUCXO0/HA- HHepHHOHHOﬁ IMOBCPXHOCTBIO.
1meM nopsij-
ke; [lepBoro K Apyne (1=3) Kk Pyne
Baaabiku
o 3=(T,- (To=4)—(T ,+1)=
POKIACHHBLIC 1)(_( T 024) 5
Pa3yMOM pe3onanc N 4.3 _E — 20 4.5  pesonanc
ChbIHbI anmupeson.  4+3 7T 9 4+5  anmupes. (2.219)
(Mpicab u Ila- 4x335 1402124024324+ 524624 72=
MATH (22 1 9))9 Tpuszsranoe [lnams 5(142+3+4+5+6+7=28)
BJ—IHCTammHe quLIpeX (DI/ITI/I.HCI/I rpaBPITaLIHOHHO—MaI‘HPITHOe
CeMB. OHu u moste Mpiciu u [amsita.

ectb Tbl, S,
On, o Jlany;
OHHU 0TIy T
TeOs U TBOIO

Marepsb-

bxymu.

Ennnbrii Jlyu Otum Epuneiv Jlydom sBasiercss Exmncr-
Pa3MHOKAET BeHHbIH Jly4, OCTaBJIeHHBbIH B CTOpOHe

MaJble Jlyum.

(2.186). On B teuenue Cemu Beunocreit ¢op-

mupyeT ceMb MaibIx Koiec (2.186):

(Tott)x(7

rae (7-6) — sHepreTHyeckas cpejia, B KOTOpoi
Haxoautcsa EnuHcTBeHHbI 1 OQUHOKHH OT-
ctaBieHHbI JIyu (2.

-6)=17,

186).

(2.220)
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Kuzub (cy0-

Onunoxuii JIyu He yOSXKHUT OT Cpe/ibl, HOCH-

CTPYKTypa TEJIeM KOTOpOH OH caM M sBisercs. A cpena
(7+0)) npen- MyJIbCUPYET:
HIeCTBYeT y
®opme, u (Tot7)(7+6) =7-1357-13= (To+1)(7°-67).(2.221)
b
Kusnb nepe- A
JKUBACT IO- -
. IIpuBeneHHBINI  PE30HAHCHO-aHUPE3OHAHC-
CJIeTHUH .
HBII noTeHnwan XKuzau 1o XXuznu OyneT paBeH
AToM. :
(2.221):
7-(7-13)-(7-13
XK 00K = ( )-( ) =306,(703) .(2.222
T+7-13+7-13
***
Kuzup 10 Ku3Hu nepexuBeT MOCIECTHUMN
112-p1i1 2nement (Atom) Ilepuonnueckoit Cuc-
TEMBl XUMHYECKHUX 3J1IeMeHTOB ([8], 2.222):
K 0o 2K 306,(703
0 K _306.003) _ g oo (2223
112 112
BO3HUKHYT KMBBIE MAacChl OTHOCUTEIBHOTO
MMOKOSI, CBSI3aHHBIE C IIOCTOSSHHOM TOHKOM
CTpYKTYypoil [22]:
I 3 .,
—=—me" =137,0000021. (2.224)
a S
Yepes Oec- Hocurenamu JKu3Hu SBISIIOTCS MAacChl OTHO-
YUCJICHHBIC CHUTCJIbHOI'O ITOKO:
Jyumn, Jyu-
XKnuzun, Enu- 71313 2,738425926 .(2.225)

HBIH, IO00HO
Hutu B Oke-
peJibe.

0

C(7+7-13+7-13)-112
OTO aHTUPE30OHAHCHBIM MOTEHIMAN, KOTO-
PBIi IEPEXOANUT B PE30HAHCHBIN:
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Pe3onancurnie NMOTEHIIUAJIbI MAaCChI
OTHOCHTEJIbHOTr0 nokos (2.225)
me*=2+(7-10")(3-107)-(8-107)-
(4:10%-(2:107)(5:10%)(9:107)-
(2:10%)-(6-107) = 145152-10*
my** = (1:10°)-(4-10%)(5-10°):
2] (1:10%(5:10"):(2-10%)-10* =

2:107.

—

(2.226)

Pe3onanc

%
kk

Pe3onancHas macca (m,**) OTHOCUTEIBHOTO

20
HIOKOSI HaXOAHUTCS B KakaoM u3 107 ¢oTOoHOB,
UCHBITHIBAIOIINX B SHAOTEPMHUHU ApYyIbl TpaBu-

TalMOHHO (p;) - cnalble B3aMMOJCHCTBHS
(2.226):

Jlyun XKuzuu 1o Kuzuu (Llunp)

JLg=(mo**=2-10")-10°(p,=10*)-
(p2=10") =107

(2.227)

Ig JIx = 1g 10°? = -32 = -Iuns.

To, uro nis Hac Hebeca, 1uist Hammx ayumn
- lom Poanoii, Equnslii, monoono Hutu B
O:xepedibe.

Kozoa Eou-

Hbll CMAHO-
eumcsa JIBy-
ms, Tpounu-

HbIH NPOSIB-
Jsercs

m.=1/m - yacTuia ceera

|

Bomaa Csera

Jlazepnas Touka

Puc. 2.23 Usznyuenue (nposenenue) nazepHoti
moukou m. u E,
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Korpa na3zepHast Touka M3Iy4aeT BOJIHY-
YaCcTHIly CBETA - OHA MposiBJsieTcs (puc. 2.23).
[IposiBIeHne COCTOUT M3 Iepexojia OT Pe3o-
HaHca (m.E)) cBera B ma3epHO#i TOUke K aHTH-
pe3oHancy (m+ E;) cBeTa B okpy:karomieit cpe-
ae:
m¢'E) — m.tE;.
[mposiBneHue|

u Tpoe Exu-
HbI;

JlazepHas Touka

Bomana Csera

m.=1/m - yacTuia ceera

Puc. 2.24 Iloenowenue (coxpvimue) nazepuoi
mouxou m. u E;

Korna nazepHas Touka moriaouiaeT BOJIHY-
YACTHUILy CBETA - OHA COKPBITA (puc. 2.24).

[Tpy cOKPBITHU AHTUPE30HAHC TIEPEXOUT B
pe3onanc (mg+E;) — m.E;.

3TO HaIIA
Hwutp, 0 Jla-

HYy,

[Tepuonuueckoe uznyuyeHue (MposBICHUE) -
HOTJIONIEHHE  (COKpBITHE) (OPMHPYET pPe30-
HaHCHO-aHTHPE30HAHCHBI KOHTYp KoJjeOaHMi
CBETa:
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Ilyabcanus CBera

N3nyyenue [Tormomenue
(2.228)
mc+E/1:27z. : L_ mcE/l .
m.E, ‘ 2r m, +E,

B sTom (2.228) xoHType konebaHuit

1 = (4" = (8cw,) " = (Toc?)™;

0=2n+(1/2)n=(1/2)n (4n£l).  (2.229)

Cepaue
YeoBeka-
Pacrenue,
Ha3bIBAEMO-
ro Canra-
napHa.

Cnusinue J[Byx — BOJTHA-4acTHIlA CBETA, Sii-
LIEKJIETKA-CIIEPMaTO301/l, MY>KCKOE€ M JKEHCKOE
HA4ajio — B OJIHO (J1a3epHasl TOUKa, OIUIOAOTBO-
peHHasl  sifllexneTka (3Urora), OepeMeHHOe
Kenckoe Hauano), a 3areM nU3iydyeHue U3 3TOro
"0eccmennoro Oanoro" — ocHoBa (Cepaue)
Kusoro.

R
Cepnue ’KuBoro A0mKHO CTy4yaThb B YHHCOH
¢ Kocmocom, mynbcupyromum Mexay HyJIeM U
eqununei (051).
Cepaue XKuBoro momkHo ObiTh [lTomoOuem

Cgera (2.229).
Onpenenum Cantanapsa (2.229):

2n(1 - 0) = 41”21 — 4n” +1
+

2n(1 + 0) = 4n°2n + 4n’ 1
A =160 + 0+ 0

(2.230)

1=417° un m. = E;, =4mn.

Crpoutenn IlupamMua  moab30BaJIMCh
CanrTanapHa:
me=4n S 1/4n = 1/E,, (2.231)
M BIIMCBHIBAJIM OCHOBAHUC HI/IpaMI/II[LI B Kpyr u
OKPY’KHOCTB € paanycoM R=2 u moTeHImamaMmu
4 =m(R=2)*=2n(R =2).
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9710 ecTh Ko-
peHb, HUKO-
rja He yMupa-
wowui; Tpu
SI3bIuHOE
ILnamsa Ye-
Thipex PuTH-
Jei.

Mp1 yke paccMOTpenu cBsi3b BeuHo Cyiero
IpaBUTAllMOHHO-MarHutHoro mons ¢ Tpwu-

S3biunbiM  [lnamenem Yersipex ®urnieit
(2.219):

4x3° S5 140=ps \Ju-u*=5p-p*. (2.232)

DOUTHIIH -
Hckpsl, Ko-
TOpPbIE U3BJIE-
KarT u3 Tpu-
SI3LIYHOTO
Ilnamennu,
ycTpemJIeH-
Horo Cemblo,

N3nyyenue koHTypoMm Kosebanus Canra-
napHa (2.231), - on xe Kopenb, - doton-
¢oHOHOB ¢ yacToroi-3kBUBaeHTOM Cemu
Beunoctam (T,+t=7):

4.3} 140|
= —>
T, +7=7 7|

‘[gjf o 20‘. (2.233)

B XKusznum no Kusnu Bo3Hukaer J[IpakoH
Mynpoctu-Boobpaxkenue (q*), B 6mo-XusHu,
KpOMe BOOOpakeHus, - ele U OMOTOK:

3apsiabl 1 uMnyabcebl Popm Kusuu
X;gg;fo buo-Ku3up
Boobpaxxenne | BooOpaxenne | buorox (2.234)
4/7 =q*/p*520 | q*/p*S520 | g/pS520
q* S 20p* 200 S5 q* | q5 20p.

ux Ilaamsa -
Jlyyu u Uc-
KPbI eIUHOMH
JIyHbl, oTpa-
JKEHHOH B
CTPYAIIHUXCH
BoJnax Bcex
Pex 3emun.

Inama-Jlyun - sto 20p*; Hckpbr - 20p.
VYV Hux o0mmii uctounuk usnydeHus (Exunas
JlyHa). DOHeprusi usmydaercss IpH PpEe30HAHCE
(20p*x20p) ¥ BO3NIEUCTBYET Ha BCE KHUIKUC
cpeabl 3eMIIn:

Myo 18
20p*20p-T,  400-28°-16
3,58737244-10°°.

(2.235)
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B xunkoii cpene nosisisiercst 3apoasiin Ce-
ta (KyHnanuau) ¢ moteHIaniom

~3,6:10°=6%10". (2.236)

Opmnako sto (2.235, 2.236) anTHpE30HAHC-
HBI TIOTEHIIMAN, a TPAaBUTALMOHHBIC JIYYH B
KUJIKUX cpefax OyayT (yHKIIMOHUPOBATh U B
peXHMe pe30HaHca:

I'paBuTanus B :KUAKHX cpeaax
(2.235)

K, =3,58737244-10°.

Kop* =3(5-107)(8-10)-
(7-107)-(3:10™%)(7-107)-

AHTHpe-
30HaHC

! (2:10%)-(4-107)-(4-10®)-10°
= 5644810
K, * = 5-10%(6:10%)(4-10%)-

2 | (4:10"(810%10* = (2.237)
38410

K, * =3-10%(8-10"):

(4-10°-10*=96-10".

K, =(9-10")(6-10°)-
10°7=54-10.

K, * = (5-10")-(4-10°)-107°

=2-107%

ITate ¢a3 pe3oHanca
98]

5
Hckpa doxara ¢
IInamenem CoemuHeHH .
JlanbHOIEHCTBYIOIINE rpaBUTALIMOHHBIE

B3auMozeiicTBust JIyHbI (pi) ¥ 3JIEKTpOMarHuT-
HbIE€ B3aUMOJICHCTBUSA (P2) BBI3BIBAIOT B KUAKUX
cpelax Bce IATh M3BeCTHBIX B [Ipupozne B3au-
MOJCUCTBUM:

K, *ps /p1=2-1077-10'%/10* = 20 =
ps°lg p1p2p3paps. (2.238)

B Boze 3apoxnaercsa )Ku3Hb.
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Hckpa Doxa- [TepeBenem (pasy Ha S3bIK MATEMATHKU:
ta, Hutb1o
TOHYAHIIIEH ¢ Ilenrarpamma B fiine [1]:
Il1amenem 3apoabim
COC/IMHEeNHNAst. | | Mckpa doxara (2.237) | K, =2:10 |5 239
Hute ToHYaiimas p3/p1=10%
nams (2.232) 4-3*=108.
Bo3nukaer KOHTYp KojeOaHU:
2:107%10° 5 108] —> 27 5 5|, (2.240)
a 9to [lenrarpamma B fitie (puc. 2.16).
Omnua... [Tentarpamma B fiine (puc. 2.16) mynbcupy-

€T B pC30HAHCHO-AHTUPC30HAHCHOM PCIKNME:

Ilyascanus Ilenrarpammel B Hitne

AHTHPE30HAHC (2.241)

-22=5-275 0 527-5=22.

Pe3onanc

27/55 15527

[TosBnsieTca cHavyana NPUBEICHHBIA aHTUPE-
30HAHCHBIA TOTEHIMaJl, a 3aTE€M - PE30HAHC-
HBII1:

2 2
Awmmpe | 27757 414 9045455
30HaHC 22 _ (_22)
ol 1| Ona*=64-10" TsHb
T (2.242)
Z| 2 Oma**=24-107" |Casroit [lyx
™
8l 3 | Ona***=8-10"" | Bcenennas.

Omna cTpanct-
BYyeT 4uepe3
Cemb Mupos
Maiin.

Cemb MupoB Maiin - 3to Cempb rpaBuTta-
oHHBIX YposHeit Meicin (p*=28-10%).

Cemb MupoB Maiin (CtpykTypa
TPABUTAIMOHHOTO 1OJIs1 MbICIIN)> 10?

1+2+3+4+5+6+7=28.

(2.243)
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Ona ocrtaHan-
JuBaeTcs B
IlepBom, cra-
HOBsICb Me-
TAJJIOM U
Kamnuewm;

K
1(64-10750na*)5(6-4)(6+4)-107=2-107".
K
Pesonanc: 1 AHTUpPE30HAHC: (2.24
Mertann Kamenb 4)
M) (K)
210 10 5
T 64102 32 16

Han Kamnuem (Tsnp) - BozHukaior HebGeca

(IwHb):
K, =32/10=32p,. (2.245)

[Tynecanus Tsaub u Hunb nosneder Ilepe-
MeHblI, onricanHble B Kuure Ilepemen.

MPOXOIUT BO
Bropoii, u y3-
pu - Pacre-
HHE;

Bo BropoM ypoBHe Kk cO3HMIaHHUIO IPUCTYyIa-
et Cearoit [lyx (2.242):

2-Ona*=2-24-102'=48-10
pe3oHaHc

=

(2.246)

AHTHUPC30HAHC

«—
-

(8+4)(8-4)-10%"' = 48-102".

B pacturenbHom Mupe pe3oHaHCHbBIE U aH-
TUPE30HAHCHBIE TOJISI UMEIOT OJIMHAKOBBIE IO-
Tenmmans 48-107'=4800-107,
rae 4800A - niuHA BOMHBI, pazzenstomen cu-
HIOI0O U TOJNyOyr0 00JacTH CHeKTpa CBETa, TO
ecThb B obnactu Yakpel Tperuii ['nas.

Pacrenne
Bpalaercs B
Cemu CMmenax
H CTAHOBHUTCSH
CBslIEHHBIM
KMBOTHBIM.

Ilepexong x CasameHHomy KuBOTHOMY
MOXKET GBITB CBsA3aH C DJDKBUBAJICHTHOCTBHIO

(2.243):

48-107"  24rx 102 = 48-10% o
(T, +7)m +E,) 7 (7, +7)
KaK BJIMSAHUC BOJIHBI-HAaCTHUIIbI CBETA B aHTUPC-
3oHaHce (m¢+E,), Tak 1 BpamenueM (®,) To-
YEYHOT'O yJacTKa BOJIHBI CBETA.

,(2.247)
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Bo3umkaer mnoreHmman 24, MNOTeHIHAJ
Cesaroro /[lyxa. IlosBnsercs nHasBanue CBsi-
meHHble JKUBOTHEIE.

OTnuuuTenbHON 0COOEHHOCTHIO JKHUBOTHBIX
ot Pactenuii aBisiercs To, 4T0 y JKMBOTHBIX IT0-
aBnsieTcss Mpicnb (p*), mepexozsmias B BOOO-
axenue (q*):

BooOpaxenue JKuotHoro (2.247)
Hetlipon (mo3r) | buoknetka (teno)

4 _q* 21 [T _p 1
6(7=F]'10 Tg[z=; o7 |(2248)

Boobpaxenue * LZl 42
JKMBOTHOT'O Do < 36 42

M3 >Tux
CBOMCTB CO-
yetanuii Ma-
Hy-MpbIcJIu-
TeJb CO3/1aeT-
ca. KTo co3-
JaeT ero?
Cemb Kus-
Hed u Enunas
Ku3Hb.

CasilieHHble 7KMBOTHBIE UMEIOT BCE IpE-
IOCBUIKM TIOJHATBHCS MO BOCXOIALIEH CIIMpau
Opomtonuu 10 ypoBHs Yenosexka. Ho JBoJo-
M — 3TO He CeKCyajlbHbIe XYyI0:KeCTBa
Obe3vanp JlapBuHa, T71€-T0, KOTJA-TO POJIMB-
meid YueHoro MeIciuTens. JBOJIOIHUA - ITO
KOJ/UICKTHBHbIe ycuiausa 7KuBoro BO Bceex
®opmax KuzHu: Hameil OUOIOTHYECKON W
Kuszuum 1o ’KusHu, M3 KOTOpPOIl Mbl IPUXOAUM
B 7ZKu3np Bo UMsa DBoonun.

*
kk

Coznaer Yenoeka Cemb Kuzneir (p*) u
Enunas XKuss (Ona***=8-102 ) (2.242):

Coznanue Yenoseka u3 JKUBOTHOIO

Boobpaxenne CeMmb Enunas

’KHBOTHOTO: Kuzneit | XKusnb (2.234)

. 1 7,
o ‘1’?6?104 p*=28:10" | Ona***=8-10™" (2.249)

q; Rars qu -p*-OHa*** =
Boobpaxenue L7
Yenopeka: | © . 7g..10%2=224 q* ]
30 42 *

Hame BooOpakeHnue Bcero B 224 pasa (a 'y
MHOTUX U TOTO MEHBIIIE) Jy4Ille, YeM Y >KUBOT-
HBIX, TaK YTO IIOpa UCKATh APYTYIO IIUINY.
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Kro 3aBep-
1aer ero?
IsaTepuyHbIi
JIxa.

Beenewm IIstepuunsiii JIxa, TO €cThb:

1
+ps [ @ dp = 10-1/2 =45, (2.250)
0
B niosie BooOpakenus Uenoseka (2.249):

(go)* = (1/36)x(7*/4*)x28x8(£5)-10* =
(77/18)x(£5)-10*. (2.251)
***
ITocie B3auMoaeiicTBUA ¢ ToTeHIIHaIoM [1s-
tepuuHoro JIxa (2.250) BooOpakenne Yenobeka

CTaJIO TIPEBOCXOANTHh BOOOpaxkeHne CBSAIICHHO-
ro XKusotnoro B 1120 pa3 (2.249):

(go)*=224¢, (£5)=+1120q,..  (2.252)

Mosr YenoBeka ctan OTJIMYATBCA OT MO3Ta
JKUBOTHOTO HE TOJIKO KOJIMYECTBEHHO, HO M
KaueCcTBeHHO. Mo3r YenoBeka BOIIEN B PaBHO-
BECHE€ C TPABUTALMOHHO-3JIEKTPOMAarHUTHOMN
cpenoit Equnoro Kocmoca u cran renepatopom
3apsI0B U UMITYJIBCOB (2.244):

1120 = ps(7+/gq * = 4/Txpp* = 1/7xpp*).(2.253)

Takoe (2.253) cBOICTBO Hailero mMosra —
emé OAWH TOBOJ JIOOUTh U IIAIUTh bparbes
Hamux MeHbIINX.

KTo coBep-
IIEHCTBYET
nocjeaHee
Teno? Poi0a,
I'pex, Coma

Bepnautech k Bbipaxenuto 2.251:

Ppi0a - cBs3aHAa ¢ MOJEKYJSIPHBIM BECOM
Bozbl (MHz0 = 18).

I'pex - nuc-tpanc-uzomepus (5 -(-5) = 10 u
(5 + (-5) = 0) Bo Bcex e€ MpOSBICHUAX: OT Jie-
BU3HBI-TIPABU3HBI MOJYIIaApUid TOJIOBHOTO MO3-
ra 70 B3aUMOCBSI3U MYXCKOTO U KEHCKOTo Ha-
Yalr.

Coma - Jlyna, nposiBiisieT ce0s ipu

= To( q:, )* =
(To'7=28)-7%/18(£5)-10¥ = £7°/9-10%  (2.254)
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Or IlepBopo-
JKIEeHHOI 0
(2.246) Hutb
mexay Moui-
YaJIUBbIM
CBujerenem
u ero TeHblo
CTAHOBHUTCS
Kpenue u 00-
Jee 0J1m-
craue ¢
ka:xkaoi Cme-
HOIO... YT-
PEeHHUI COJI-
HeuHbIH CBeT
npeodpazuics
B CHSIHHE
IMoanus.. .

Nmmynec  cxatus  TpaHchopmupyeTcs B
TpexMmepHoM (x+y+z = 3) [IpocTpaHcTBe B ycH-
aue cxkaTtus (caoBo Mom4anuBelif)

Ilepexoa k TpexmepHOMY
IIpocTpaHcTB
MostyaauBbIi
Ceuperesin Ero Tenr | Bce kopoue
: (2.255)
Yeunue Hmmynece K, =
CXxXaTtus CXxXaTtus 8
pdp=30.
(Towo/c=2)’ T, 0./c =2 .!.
ik

TpexmepHOe ycHine cxKaTus TpaHchHOpMU-
pyeTcs B MMITYJIbC PACIIHPEHHSI, 2 UMITYJIbC -
B JHEPTHI0 PACHIMPEHHUSI.

ITepexon oT c:xaTHS K paclIMPEHHUIO
Mouayanu- | YTpeH-
. " Cusinue
BbIil 130707 Cas13b
Hoaana
CBuaeresb CBET
Ve Nmnynec | DHeprus K= [(2.256)
pacuvpe- | pacuim- | 64
coKaTHS
HUS peHus I(D d(p
8
(Tomo/c)*=8—8=T,c /w,—8=(T,c /m,)* | =32:63 =
2016.

***

ITorenunan IlepBopoxkaennoro (2.254) c
yaetom Hwutm (q*/p*=4/7) yBenuuuBaercs B
ki-k; - pas:

Yen. =I1,(4/7)kik, =
28-7%/18+(+5)-10%-(4/7):30-2016 =
+7%27-16:14-10% =
72'27(iu*)'(7rq*)' 10% =

To 7> (£p*) (Fq*) 107, (2.257)

Bosnuk Yenosek - Uckpa.
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«HbiHe, 310
TBOE KoJe-
C0», CKa3aJ10
Ilnamsa Uc-
Kkpe. «ThoI -
S, moe Ilo-
a00ue U Mosl
Tenn. I Cam
00J1eKkcs B
TEOS M ThI
Moii Baxa-
Ha, 10 /{Ha
«bynb ¢ Ha-
MH», KOIJ1a
ThbI CHOBA
cTaHellb
MHOI0 U JIPY-
TMMH, CO00I0
H MHOIO.»

Onpenenum norennuan KoJeca:

Ipupoaa u Yenosek
[Tnams Hckpa Koneco
(2.232) (2.257) (2.258)
2 Kon=Yen/Iln= (2.258)
Yen = 77x27x x
Mi=43 | o oot | TODERY

Koaeco, nocrasmeecss Yenoseky (Mckpa) -
sto [lpupona. o HOBOro reokatakin3ma, Ko-
TOpbIM OKOHUMTCS Tekymas Kauabna, Yemosek
u [Ipupoa cBsizaHbI HI€ANTBHO:

- ectb CemepuunocThb (Tt = 7) 1 naabma
(7/4 = p*/q* = p/q);

- ©CThb HeWcYepIiaeMblil 3amac 3JIeKTpoMar-

HUTHOU (+u*)(¥q*) sneprum Kocmoca. bepu -
HEe xouy!
***
['eokarakim3M HAcTyHaeT MpH JOCTHKCHUH
Konecom (2.258) kBampara cBoeil mnepBoHa-
YaJIbHOM BEJIMYMHBL. JTO 3aKOH KBAHTOBAHUS,

Hayajlo KOTOPOMY JaeT CBET, Iepexojis OT aH-
TUPE30HAHCA K PE30HAHCY:

m+E,— m+E; = m’ = E; % (2.259)

B 3ToM mone nazepHoil TOUKH Bce (HOPMBI
SHEPIUU cMewusaiomes: Thl CHOBA CTaHellb
MHOM ¥ IPyrumMH, co00ii 1 MHOIi.

%
*ok

[Tpu noctwxenun Komnecom (2.258) xBanpa-
Ta MEPBOHAYATIHLHON BEIMYHHBI:

(o)’ = [7(7/4) (+)-(¥9) 10'F =

7416 (u*q*)* 10, (2.260)
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Pa3HOMMEHHOCTD 3apsiIOB UCUE3HET. YTIOPSA0-
YEeHHOE TrapMOHHYeCKOe /JABUKeHHe TpeKpa-
tutcsa. BoznukHer Xaoc. Ho Xaoc He mo Bceii
BcesieHHO#i, a TUIIb MO OTAENBHBIM MHKPO-
MakpoCcrycTkam. IJT0 HcKjIYaeT boabioi
B3psiB BeesienHoit, u 1aet Bo3moxxHocts Cna-
cenus Pa3puthix [{uBnnm3zanmii myrtem nepece-
JeHust Ha aApyrue IwiaHeTel. B3peiB KoJgeca
(Kon)” mpomsomren. "Illenku" pasiereinnc.
Bo3nuk aHTHpe3oHaHC, KOTOPBIII CMEHHUTCS TO-
CTaJMIHBIM PE30HAHCHBIM CXKATHUEM:

%
*ok

DHepreTuka reokatakiansma (2.260)

Bspeis
ammipe- | (Kom)® = 7529536:10% = K,

30HaHCa

K * = (7-10%(5:10°)-(2-10%:

L] ©@10(E10G10): ) o)

9 (6:10%)10% = 567-10"".
<
5 Ki** = (5-10%)(6-10")-
Q 2 0 90 __ 93
g (7-10%-10"=21-10%,
3 K *** =(2:10") (1-10°)-10% =

2:10%,

3B€3I[I)I - OTO INIAaHCThI B IICPpHUOA HX 3K30-
TCPMHUYCCKOI'O KaTaKJIN3Ma.

ITocse 3Toro
CrpowuTtenn,

[lepromuyeck TMOBTOPSIFOIIUECS DK30TEP-
MHYECKHE KaTaKIN3MBbl MHKPO-MaKpPOCTYCTKOB
CTpEMSTCS BEPHYThCS B COCTOSIHUE TI€PBOHA-
YaJIbHOTO PAaBHOBECHSL.

BozHukaet KOHTYyp KosneOaHus:

K 6142812005105 If—l (2.262)

1 1

e (%)2= (16%14*28%107"%(1200,5)* =

1

qq*xppxpp* fp, «(1200,5)%
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00JIeKIIUCH B sTOM mosie BO3HUKAIOT MPEINOCHUIKH K

B CBOIO IIep- nepexoay OT pE€30HAHCHOI'O peKrUMa I1yJibCalluu

Bym 060- K aHTUPC30HAHCHOMY:

JOYKY, qq*xuu*xpp*\/;'(l441200,25 -
144-10%+12:10°+25107 =
12%10%+12:10*+5%107). (2.263)

7 ***

CIYCKAKTCH Janee Bo3HuKaer anTupe3oHanc. Ilosasi-

Ha OJIM- 1orcst moau. CTpouTenu INIaBEHCTBYIOT Haj

CTaIOIHyIO JIOAbMH, CaMU CTaBIINEC JIFOAbMMU:

3eMJII0 1 HAJX

- P = qq*xup*xpp* \[p, ((1200,5)° - A =

IJIaBeHCT- (qFg*tptpptp®) |fp, -

BYIOT - Gy/Iy- (12°10%+12:10°+5%10%).  (2.264)

44 UMM ca-

MHMH

P.S. TIlpuBems Cranubl J[3uan o Kocmorenesuce,
E.Il. biiaBarckas TOBOPUT 0 3aTeMHEHHOCTH TekcTa CraHil.
Ho BoTr oHm mepen Bamu, moit Unrarens. A rae temp? OnHO
cusHue Bricokon Hayku. biaBarckas — ymHHIIA: OHA 4yBCT-
BoBajia 3HayuMocTh CTaHLI.

*
*k

CmaHua Vil [1]

OnuceiBaercs sHepreTuka JKuzau 10 JKu3Hu u poxaeHue
B JKu3Hb O€JIKOBBIX CMEpPTHBIX TEN. YTBEPKIAETCSA, UTO
Kuznb g0 Ku3Hu mepBuUYHA, XOTS B LMKJIIE PEMHKAPHAIUMN
Kuznb nocne XKuznu — 310 1a ke XKuszup 10 Kuznu.

1. Kaxnpiii u3 Hac B KXuszuu no XXuszHu obnagaeT yMeHHEM
JyBCTBOBAaTh, XOTs, oOMamas TOHKUMH ODHEPTUSIMH, HE
UMeEET MPOCTPaHCTBEHHBIX (popMm (Apyma).
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Cas3p Tonkoit Dueprun (Apyna) B Kuznu 1o Kusnu
C DHEPTreTUYEeCKUM nojem, obnamaromuM hopmoii (Pyma)
MIPOUCXOJUT YEPE3 BPALIAIOIINICI TOYEYHBIN Y4aCTOK
BOJIHBI CBETA.

[leHTpOoCcTpeMUTENBHOE YCKOPEHUE TOYEYHOTO YYacTKa
BOJIHBI CBETA CO3JAET IIOBEPXHOCTh MHEPLIMOHHOM CUCTE-
MBI C IOTEHIMAI-3KBUBAIEHTOM T,=4. DTa MOBEpXHOCTH
nysnbcupyet B auanazone To+1 (2.215). [ynscanms no-
BEPXHOCTU MHEPLIMOHHON CUCTEMBI BO3MYILAET OKPY-
KAIOLYI0 BHELIHIOK cpely ApyIibl, CO3/1aBasi IOTEHLHAT
SHEPreTUYECKOU CBA3U, PABHBIM MUHYC IIATH; HO ITyJIbCa-
LU TOBEPXHOCTU MHEPIIMOHHON CUCTEMBI BO30YKIAET
Takxke saepHoe Beniectso Pymel. [lossusgercs Ceer u
KyHpanuau ¢ noreHuuanom, paBHbM 6 (2.215). B none
Pyne1 BozHukaet 6nokietka 5575(9+0), B mose ApyIisl
kietka 3555(7+0). XKuzupb u XKuznp 10 XKu3Hu cBSI3aHbBI
3akoHamu Ennnoro Kocmoca (2.218), u Hamm gyiu, 4yB-
cTByromre U BHe Popmel, B JKuszHu 10 JKU3HH OTy4daroT
Mpicab u [amsts (2.219).

Hocurenem Xusuum no Xusuu sBiusercs EIuMHCTBEHHBIN
Jlyd, oOnajaromuii B3aUMOJICUCTBUSMH B CpEAC MEXIY
norennuanamMu 7 u 6. Komebanusi okpyskaroImei cpeibl
dbopmupyrot B Jlygax XKuzuu no XXu3Hu Maccbl OTHOCH-
TEJIIBHOIO  TOKOS, MYJbCUPYIOIIAE B  PE30HAHCHO-
AHTUPE30HAHCHOM pexuMme (2.225, 2.226). Otu macchl
oowequnstor Hebeca, momo6Ho Hutu B Oxepenbe.

Kuznp 1o XKusznu, XKuzub, u XKuszup nociae XXuzHu cBs3a-
HBI MIPOLIECCAMU PA3MHOXKEHHUSI U PEUHKApHAIMU. JHEpre-
TUKY 3TUX mporeccoB popmupyer CBeT, a 3aTeM Kaxjaas
®opma DHeEpruum KMBOI'0 U HEKHUBOrO co3naer csou Ilo-
nobus aHepreTuxke Crera.



B ocHOBe mnponeccoB pa3sMHOKEHHMSI B OJXHOH M3
¢popm Kuzuu u peuHkapHanuu oaHol ®opmbl Kuznu
B JIpyrym JIeKUT MOIVIOLIEHUE-U3TyUYEHUE DHEPTUH BOJI-
HBI-4aCTHUIIbl CBETAa JIa3€PHOM TOYKOM cBeTa. Bo3HuKaer
KOHTYp KoiyieOaHus, Ha3BaHHbIM Canramapua (2.231).
OTUM KOHTYypoM KosieOanus mnosb3yercs Beé JKuboe B
moboit ®opme Kuzuu. Hocurenu Pazyma Benukoit [luBu-
JU3aluy, Hamnpumep, ucnonb3zoBaiv CanramapHa s
crpoutenbcTBa [Tupamua. OnoscaB 3emio [Mupamunamu,
Crpoutenu murTaaum 3eMia0 DHeprueil MeTarajiakTUKH.
banronu Hamy Marepp-bxymu.

PaccmatpuBaercs BeuHo Cyumii rpaBUTAllMOHHO-MAr-
HUTHBIH H3JIyYaTelb M CTPYKTypa H3J1y4aeMoil MM
JHePruM, Npy 4acToTe, paBHOM cemu (2.232, 2.233).

[TokazaHo, 4TO M3ITy4a€MOE€ IHEPreTUUECKOE MOJIE SB-
JSI€TCS HOCUTENIEM UMITYJILCOB BOOOPaKEHHSI U MaMsTH B
Kuzuu go Kuznu, a B 0uo-KuzHu, Kpome UMIYJIHCOB B
HeHpoHe, BO3HUKAIOT OMOTOKM B KieTkax (2.234). [Tpuuem
JaTbHOJICUCTBYIONIME TPABUTALIMOHHBIE M 3JIEKTpOMar-
HUTHBIC BOJIHBI, TIOTIAJasi B XKUJIKHE CPelbl (B TOM YHUCTIE
3emiIM) HAaYMHAIOT (DYHKIIMOHUPOBATH B PE30HAHCHOM pe-
KMME, B TO BpeMs Kak B 3dupe, razax W TBEPJBIX Tellax
PE30HAHC OrPaHUYEH.

Ilynecupys B )KMAKHX Cpelax B pE30HAHCHOM PEKUME,
IPABUTALIMOHHO-3JIEKTPOMAarHUTHBIE TaJbHOJAEHCTBYIOIINE
B3aMMOJICMCTBUSA 3a MATH CTAJIUW PE30OHAHCHOI'O CHKATHSA
(2.237) popmupyroT mosie, B KOTOPOM MPHUCYTCTBYIOT BCE
[Iare, cymectBytomux B [Ipupone, popm B3aumonericTuit
(2.238). B xxunkux cpenax 3apoxaaercs Ku3Hb.

Haércs sneprerrka OBomtounu ¢popm Ku3Hu, HauMHas OT
Kamusa-Meraina (nexuBoe) k Pacrenuto, CsillieHHOMY
XKusotnomy u Yenoeky. [lokazana sHeprerrka pa3BuTus,
0a3ucoM  KOTOPOro  SIBJISIETCS  PE30HAHCHO-aHTUPE30-
HAHCHBIA UMIYJIbC B )KUAKUX cpeaax (2.240 + 2.242).
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[Ipoxosk1eHHEe 3TOro UMITYJIbCa [0 CEMU YPOBHSM Irpa-
BUTAaLMOHHOM MbIciu (2.243) ¢popmupyeTt B noisx ToHKUX
Ouepruii cryctku (Kamenb, Mertann, Tsub), a Hag HUMU
HeOeca - [{unp (2.243, 2.244).

Ha BTOpOM rpaBUTaliliOHHOM YPOBHE I10J BO3/I€UCTBU-
€M CBETa MOSBJISIOTCA PACTEHUS], TO €CTh TAKUE DHEPreTU-
YECKHUE MOJIS )KUBOT0, Y KOTOPBIX PE30HAHCHBIE U aHTUPE-
30HAHCHBIE MYJIbCAIIUU COBMAIAOT (2.246).

Opomonusa Pacrenust ¢ nepuoguyHocthio (Tott = 7)
dopmupyetr CsinieHHBIX KUBOTHBIX. CBSIIEHHBIX IOTO-
My, uTo oHM oOnaaaroT Jymoit u Boobpaxenuem (2.247,
2.248).

N3 stux cBoiictB couerannii ([dymm u Boobpaskenus)
co3naerca Yenoek (Many-Meicnutens). Ero cozmaroT
pacmmpsromascsa Beenennas u nmynscupyronias Meiciib Ha
0aze PHEepreTHKH, JOCTUTHYTOUW CBAICHHBIMU JKHUBOTHBI-
MHU. 3aBepHIalOT DBOIIOLMI0 Mo3ra 4enoBeka B3auMO/IEi-
ctBus (2.251 + 2.253). CoBepHICHCTBYIOT TEJIO KUIKas
cpena, uzomepus, rpaButanus (2.254).

Many-MpICnuTelNb, KaKk U BCE KUBOE, BKIOYAETCS B IPO-
LIECC 3BOJIIOLIMOHHOIO COBEPIIEHCTBOBaHUA. Ero DBouto-
uusa nporekaer B Cornacuu ¢ 3akoHamu Kocmoca. Brayva-
J€ HMIYJbC CKAaTHHA 3aBOEBBIBACT TpexmepHoe IIpo-
CTPAHCTBO M CTAHOBUTCS YCHJIMEM CKATHS. Y CHIIHE CHKA-
THS TPaHCPOPMUPYETCS B MMIMYJbC PACHIUPEHHSA; HM-
MyJIbC PACIIMPEHHS] MEPEXOJUT B SHEPTUI0 PACIIUPEHHS

(2.256). Bo3HukaeT kKauecTBEHHO OOHOBICHHBINM YUemoBek
(2.257).

PaCH_II/IpeHI/IG-BSPBIB — HC CﬂyqaﬁHOCTB, a 3aKOHOMECPHOCTH
IEpexoJga OT pE€30HaHCA K aHTUPEC30HAHCY
[mcEkH(mc—i_Ek)_’mcEk] .

B3peiBaroTcs BCE CIyCTKM NMEPUOIUYECKH. 3EMIISI TOKE.
OTH TE€OKaTaKJIM3Mbl 3aCTaBJSIIOT 3€MIII0 BHOBb M BHOBb
poxatb JXXuoe. B Tom uncne Benukue [{uBunuzanuu un
HAC, TPEIIHbIX.



3 AHTponoreHe3uc [2]

AHTpOIIOT€HE3NC - 3TO YUEHHE O 3apoxaeHuu KuzHu
Ha 3eMJIe TIOCJIe OYEPEIHOTO F€OKATAKIN3MA.

Kak osnement Beicokoit Hayku, AmnTponoresesuc
BCKPBIBAET M ONMCBHIBACT IPUYWHHO-CICICTBEHHBIE CBS3U
¢dakropoB, Benymux K JKuzHu Ha 3emiie, He MPOTHUBOINOCTAB-
a1 MarepuanusM 1 TOHKOHEPreTH4YecKyro JlyXOBHOCTb, a
Hao0opoT, 00beauHssA ux B Ennncrse [IpoTuBOnonokHOCTEH.

Benukas usunuzanus, ywenmas Bo Temy Bekos, oc-
TaBWja HaM Y4eHue — AHTPOIOre€HE3UC, KOTOPOE BKIIOYAET
OMMCAHUE 3TANOB NOATOTOBKM 3eMiu K HoBoMy JKusHe-
dbopMupoBaHUIO TOcie o4yepenHoro I'eokarakiu3ma: 3apox-
JIeHUEe KpEeMHEeBO0poaHOM (6e3 gorocunTe3a) KuzHu B riny-
ounax Boj; mosiBeHue MEHTANIBHOW SHEPTUH B JKUBBIX MaTe-
pUANBHBIX Tellax; BO3HUKHOBeHUE Pac m cmocoOoB ux pas-
MHOXEHUS; Tpareuu M3-3a UCKaXXEHUSI CEKCYalbHO-II0JIOBOM
OpUEHTAIU; OLEHKY IMBWJIM3ALUNA, CO3/JaHHBIX, TAKUMHU KaK
Hallla; ¥, HaKoHell, nmosiBieHue Ilsatoit Pacel (Hac ¢ Bamu) kak
pe3ynbraTta BOXECTBEHHO-T€HETHYECKOTo CcIrocoba pa3MHO-
YKEHUSI.

Benukas [{uBunuzanus onuchiBaeT AHTPOIOTEHE3UC
TaK SICHO M TOYHO, 4TO ero 0asucHbii 3akoH: "MeuTa Ilpen-
KOB (Apyna) peaqusdyercsi B MarepuajbHoi Kuznu Ilo-
TOMKOB (Pymna)'" - co BpeMeHeM 0UIeT 10 KaXKJI0ro 13 Hac.
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1.

3.1 CtaHual.
NMoarotoBka 3emMnu K KpyroBopoTty XXusHu

JIxa, Bpamaromuii Yerseproe, Cayra JIxa Cemu, Tex, Ko-
TOpPbIe BPAIIAKTCHA, YeTpeMJisisi cBou KosieCHUIIbI BOKpPYT
Baaabiku cBoero, Exmnoro Oka namero Mupa... /Ipixanue
Ero nano xu3ub Cemu. Ono gajo Kusnub I[lepomy.

2. Cka3zaaa 3eman: «Baaapika Jluka baucrarwmero, Jlom moii

3.

nycT... Homum CoinoB TBoux Haceauthb Koseco 31o. Thi
nocjana Cemb CohinoB TBOMX Baaabike [Ipemyapoctu. Cemb
pa3 0Jmke K cede BUIUT OH TeOs1, ceMb pa3 00Jible OlLy-
maet oH Tedsi. Thwi 3anperns Ciyram cBoMM, MaJIbIM
Koabnam, yaapiausats Ceer TBOM M Temno, nepexsarsi-
BaTh BeJUKYH0 LlleapocTs TBOIO Ha MyTH NPOXO0KIACHUS eé.
Homuin ke HbiHe ux Ciayre TBoeil!»

Ckaszaa Baaapika Jluka baucraromiero: "$1 nouuiio tede
OroHb, korga HauHercs padora teosi. IloabiMu rosoc
TBOM 110 Apyrux Jloka; odoparucs k Oty TBOemMy, Biaabike
Jlotoca, npocu Ero CeinoB... Hapon TBo# Oyner ynpas-
aaTbesa Oruamu. Jloau tBou 0ynyTt cmepTHbl. Joan Biaa-
abiku [IpemyapocTu 6eccmepTHbl, HO He Chinbl CoMa.
IIpexpaTn TBOU ceToBanusi. Cemb IIokpoBOB emne Ha Tede...
Tol He roTOBA. JI10AM TBOU HE TOTOBBHI."

4. Ilocie BeTMKHX TPYAOB, OHA cOpocuJIa CBOM cTapbie Tpu

162

IHoxpoBa u odjexsach CeMbI0 HOBBIMH, U NPEACTANIA B
csoeMm IlepBom.



*
kk

Pacwudgpoeka CmaHuysbi |

Cnosa CraHIbl

CMBICIT BBIpaKEHUM

JIxa, Bpamalo-
il Yersep-
Toe, Caryra
JIxa Cemu
(maipma),

TeX, KOTOpbIe
BpAIalOTCH,
ycTpemuisisi
csou Kouec-
HHMIbI BOKPYT
Baaabiku cBoO-
ero, Exunoro
Oxa Hamniero
Mupa...
(BryTpennee
TOJIE CBETA &€).

JAbixanue Ero
(cryctka (3.3))
JAAJ10 KU3Hb
Cemu (T,*r,
puc. 3.1).

Omno naJo
Kuznb Ilep-
BOMY (TO €CTh
CTYCTKYy CBeTa

(3.3)).

JIxa-/lyx, Bpamaromuii MHEpIUOHHYIO
(To=4) cucremy B nosie Cera:

To-(Me+Ez) = To /0o = 8/m. (3.1)

=3

T,=4: nHEpIIMOHHAS CHCTEMA.
T - [10JIC BHE MHEPIIMOHHON CHCTEMBI
Litz_p_p*_7-CayraJlxa Cemn

L g q* 4
Puc. 3.1. Unepyuonnwiii ccycmox 6 none cghepui

Bpamenne co3maer neHTpoOeKHO-IIEHTPO-
CTPEMUTEIIBHYIO TpaBUTaIlni0. Bo3HUKaeT
naigpMma (puc. 3.1).

Hag cryctkom - 3emiieto, BO3HUKAIOT Mar-
HUTHBIC I1OJIA:

(3.2)

2

MarnutHoe nosne (GopMHUPYET BOKPYT IMyJb-
CUPYIOLLETO sApa:

120 =15 <:>l+2+3+4+5
1+2+3+4+5 5!
5151
& =——=36. 3.3
2t c 152 ( )
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Puc. 3.2 Maenumnoe none 6okpye ceycmka
ceema (3emau).

Cka3zaja 3em-
as: «Biaaapika

baucrarommit JIuk - u3nydartens JHOMUHEC-
LIEHTHOT'O XOJIOJAHOI'O CBETA.

JIuka Bau- Bnanpika Jluka baucraromiero - maipbMa UM-
CTAIoLIero, nyJabcoB p*/q* = 7/4.

Jlom Mo B none 3aponpimesoro Ily3bsippka siapa us3-
nycrt... Ilo- Jy4EeHUsI UMITYJIbCOB €€ HE mpou3ouuio. Buxps
i ChIHOB ¢dboton-pononor npeman B [Ipogomkennn Cemu
TBOUX HACe- Beunocreii (Ty+1) BO BHyTpEeHHEM T0JIE sJIpa.

autb KoJjeco
3TO.

ThI mocJjian B 3aponpiueBom Ily3eippke Snpa npounsom-
CeMpb CbIHOB | 710 u3iydeHue Meicinu (p*) u BooOpaxkenus q*
TBOUX Bu1a- (Baaagbika Ilpemyapoctu). Cemb Beunocreit
nbike Ipe- CMEHWJINCH U3ITyYE€HUEM UMITYJIbCOB:

MYApOCTH. (To+1)/To S p*/q* u 7q* = 4p*. (3.4)
Cemb pa3 Nmmynsc BooOpakeHUsT paciiupsieTcs, U3my-

0JIMIKe K cede

yast Ey-c =1 (Buaut) u mec = 1(omrymiaer):
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BU/IMT OH Te-
051, ceMb pa3
0oJibIIIE OIINY-
1IAeT OH Telsl.

CBs3b 3peHHs U OCSI3aHUS C
BOOOpaKeHNneM
Boobpaxxenue T 41
(IpoOIKUTENb- Tg*=—"——q*
T,
HOCTb)
(3.5
3penue ¢
I,——E *
(BONHA) [ ’ o, ich
Ocszanue T, —melg*
(uacTora) @,

TeI 3anpeTn
Cayram cBo-
UM, MAJIBIM
Koabmam,
YJIABJINBATH
Caet TBOM 1
Tenuo, nepe-
XBaTbIBATH
BEJIMKYI0
Ileapocth
TBOIO HA Iy TH
MPOXO0XKACHUS
eé.

B none 3aponpimesoro Ily3sipbka 3akoH co-
XpaHECHHUsI SHEPTHH COOJIOAETCS MPH PaBHOBE-
CHUHM MCXKY 3apiaaaMu U UMITYJIbCaAMU:

+0 +0
(Termo) p/q % 7/4 ‘—0»_ p*/q* (Cger). (3.6)

ITpouiecc (3.6) mporekaer 06e3 BbIICICHHS-

MOTJIOIIECHHSI SHEPTHH.

Homum xe
HbiHe ux Ciy-
re TBoei"

N3nyuenuto u3 3apoasimieBoro Ily3bipbka
sApa HM3Iy4aTells NPEealIeCTBYET pellaKCalloH-
HOe KoJiebanne MpIciu - UCTOYHUK [lamMsiTu:

1 0
p*[pdp =+u* 5 pr=p*[pdp.  (3.7)
0 1
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Cka3zaJa Baa-
abika JInka
baucrarwie-
ro: " momuaro
Te0e OroHb,

[lepexon OT HIOTEPMUMN PACHIUPEHUS K IK-
30TEPMUU CHKATHUS CBS3aH C MEPEXOoJaMHu OT UM-
MyJIbCOB K DHEPTHUSM:

[Tnams (pacmmperue) OroHb (cxarue)

KOrjaa Ha4YHeT- Wmnynsc | Dueprus | Mmnyabe | DHeprus
cs padora :
p K =T, =8 K12=64 K.o=1 %0 _» K26:64
TBOA. @, e
(3.8)
,0*64 7 o2 =
E_[pdp=2016-=-10 o
‘1*! 4 2046 = [ ¢ dp- 2. T 10
2 q 4
1821-10° S (9+2):31-107%.
Pabora 3emuin HayHETCS TOT/Ia, KOT/Ia SHEP-
T'Hsl paCIIMPEHUs] CMEHUTCS YHEPTUEH CoKaTHsl.
IMoabiMu ro- [Ipeononeit pa3HOCTh MOTEHIIMATIOB:
JIOC TBOHM 10 1821-10° & 11-31:10°, 10 ecTh mOXKIUCH,
npyrux Jloka; | Korna B3aMIMOJICHCTBUS YPaBHSIOT TOTOKH (o-
oGpaTHCh K TOH-()OHOHOB:
OT1uy TBOEMY,

Baaabike Jlo-
TOCA, MPOCH
Ero Cruinos...

2 2 3
18-21.10% . 285 5 P3P g0 4131,

) Ps
1821 S 11-31 m 1821-11-31=37.

(3.9)

W3 Bogsl (M.B=18) u monspHoro Buxps (Imo-
teHmman 21) Bo3HmKaer cyoctpykrypa (9+0)
MATEpPUHCKONW OHMOKIETKA W TMOTEHLHAT AYIIH,
paBHBII 42 W CBA3aHHBIA C CyOCTPYKTYypoi
(9+2) OMOKIETKH MPU MHUTO3E:

Hapoa TBOM
Oynaer ynpas-
aarbesa Oroa-
MH.

1821 =9:42 = (9+0)42 5 (9+2)-31. (3.10)
| < beccmepTHBIii — | |[«—CMepT—|
|  HBIE |
VYnpasnsatecs OTuamu:
1 0
i(jq)d(p-jgodqy):ﬂ, (3.11)
0 1

3HAYUT, BO BCCX SHCPICTUYCCKUX IMPOLCCCaX
NEPEXOAUTh Ha COCEIHEC SHEPTCTUUCCKOEC CO-
CTOSIHHUC.




Jlroau TBOM Bnaneika [IpemyapocTu - BooOpakenue (q*);
oyayT cmepr- | Chiibl COMBI - TPaBUTALMOHHBIA 3apsj U MM-
Hbl. JIroam yJbC (p-p*):
Buaabiku Casi3b cMepTHOTO ¢ BeccMepTHBIM
IIpe oc
PEMYyApOCTH beccmepTHbli CwMmepTHBIT

0eccMepTHBI, (3.12)
HO He ChIHbI 12 im0l ’
Coma (JIynsrl). qq* = 1675 28°=pp*,

K =28%/16” = 3+1/16.
IMpexparun Nznyuenue emé e npousonwio (3.12):
TBOM CETOBA-
nnst. CeMb 3+1/16=49/16=7"/4=pp*/(qq*). (3.13)
IToxpoBoB
ele Ha Tede...

TbI He TOTOBA.
JIrogu TBOM He
TOTOBBL."

Hwu cama 3emurs, HU >KMBOe Ha 3eMiIe elé He
CTaJIn ) KUBBIMHU MAarHUTaMH.

ocJie Besn-
KHMX TPY/AOB,
OHa cOpocuJia
CBOH CTapble
Tpu Iloxposa
U 00JIeKJIACh
CeMb10 HO-
BbIMH, U NMpeI-
cTaJIa B CBOEM
IHepBom.

3emius - Ilogodue crycrka Cera. CrycTok
W3JIy4aeT MOJSPHbIE BUXPU € MOTEHIMANIOM £21.

Orotr (+21) nonspHBIA BUXpPb H3IydaeTcsl B
[Tponomxurensuoctu (To+1)/T, = 7/4.

Ckopoctb (V21) U3yueHHs TOJISPHOTO BHUX-
ps B I[IpomomxurensrocTn 7/4 OyneT SBISATHCS
MOTEHIMAI-3KBUBAJICHTOM AnocTOIBCKOTO
Yucina:

V21=i21-T0/(T0+1:)=i12 EiT'TO. (314)

Oto u ecth Ilepsbiii [lokpoB 3emin.
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***
Cmanyal [2]

1. DHepreTudeckue mons (HOTOH-POHOHOB Bpalaid HHEP-
LUOHHYIO cucTeMy 3apoabima Crycrka 1 BHEMHEPLIUOHHYIO
cpeay BOkpyr 3apojseiiia. Oto BpamieHue (3.1) cozmaBaiio
MPEANOChUIKY JUIS CrylieHus sapa cryctka (3.5) u ¢dopmupo-
BaHusa B Henpax ero 3apoasimeBoro Ily3sipbka u BOKpYT ca-
MOT'0 CTyCTKa MarHUTHOI'O OJII UMITYJIbCOB U 3apsfoB (pHC.
3.2).

2. ®opMUpPOBAHUE MOJISI UMITYJIBCOB TOHKON DHEpruu B Mo-
ne JKuBo# 3eMiIn HAYMHAETCS ¢ U3IyYEHUS 3€MIIEW NMITYJIbCa
Mpeiciu u BooOpaxenus (Baaabixkm IDpemynpoctn). Ilpu-
4eM, UMITYJIbC U3JIy4eHUs] TOHKONM DHEpruu sBIsETCs YKBHUBa-
JEHTOM noTeHnuana IIpoaoinKUTENnbHOCTH BO BHYTPEHHEM
nosie cryctka (3.4).

Nmnynec usznydenus ToHkoil DHeprum BooOpaskeHUs
OKa3bIBAETCS COU3MEPUMBIM C JHEPreTUYECKHUMH HMITYJIbCa-
MU, oOOecreuuBaloUMU  (PYHKIMOHAIBHYIO JeATEIbHOCTb
3penus u ocsizanus (3.5).

Nsnyuenne snepruu B Henpax 3apoasimesoro I1y3eips-
Ka si/ipa CrycTka nporekaer 0e3 norepu sueprut (3.6), 4to mno-
3BOJISIET TAKXKE PACLICIUIATh TPABUTALMOHHOE TOJIE B KUJKUX
cpellax sAJIepHOro BEIlleCTBa Ha MAarHUTHbIE MOJs 0e3 MoTepu
sneprud (3.7).

B Henpax 3apoasimesoro Ily3sippka dopmupyercs
snuneHTp KuBoro Kocmuueckoro Maraura.

3. Kocmuueckuid MarauT, kak bor, nenur JKuBoe Ha cMepT-

Hoe u beccmepTHoe (3.12).

K beccmeptHomy otHOcuTcs Jyma u BooOpaxkenue,
CMEPTHOMY - TpaBUTAIUS U OMOTKAHMU.

dopmupoBaHUE LIUMKIA CMEPTHOE - beccMepTHOE mpoTe-
KAaeT 3a CUeT MEepPEeXOJ0B MEXKIy HUMITYJIbCAMHU-3HEPTUIMHU B
MOJI€ PACIIMPEHUS] U SHEPTUAMU-UMITYJILCAMU B TOJIE CHKATUA

(3.8).
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I[OCTI/DKGHI/IG COCTOAHUMA PAaBHOBCCHA MCK/AY OTHUMU I10-
M JOCTHUTaCTCA HC TOJBKO KOJHUYCCTBCHHBLIM IICPCXOJ0M
9HCPIreTUYCCKUX IMOTCHIOHWAJI0B, HO W HM3MCHCHHCM (pa3013mx
COCTaBOB BCIHICCTB, B KOTOPLIX IPOTCKAIOT 3TH SHCPICTHUUC-
CKHC ITPOLICCChI.

Tak, Hampumep, B CMEpPTHO-becCMEpPTHOM CrylieHUU
sHEepreTuyeckoro nois (3.8) HeoOX0AUMO MPHUCYTCTBHE BOJIbI
(M.B = 18), Aymm (morenuuan 21), cyocTpykTypsl (9+2) ma-
TEPUHCKON OMOKIIETKH MPU MUTO3E.

B sroii (3.8, 3.9, 3.10) sHEepreTHuecKkoil CUCTEME POJIb
BOJIbI orpomMHa. Cpena ¢ MOJIEKYJISIpHBIM BeCcOM 18 mo3BoJIseT
OMOKJIEKTKE MPU Pa3MHOKCHHUHU JICTICHHUEM NepelTu 0e3 3aTpa-
Thl THOW SHEPrUU OT MATEPUHCKON OUOKIIETKH K ABYM J0Yep-
HuMm: 18 = (9+0) + (9+0). Bonee Toro, mpu nepexojie OT pas-
MHOXXEHHS JIeJICHHEeM K 0oJiee CIIOKHBIM Ccrocobam pa3MHO-
KEHUs, )KUAKasg cpela SBIIAETCS TEM KOMIIEHCATOPOM, Ha KO-
TOPBIA AEHCTBYIOT I'PaBUTALIMOHHBIE BOJIHBI TOHKUX DHEPTHUiA.
Oto no3poiisgeT [Ipupose yCmoKHITh CIOCOOBI Pa3MHOKECHHUS:

CBsi3b MY’KCKOI'0 M 7K€HCKOI'0 Ha4aJl ¢ BOAO

Bona MY)KCKOC Ha4dalio ’KeHckoe Hauaso

M0 = 18 M=Teo/c=2 | K=Toc/o,=8 | (3.15)

1
18-(82)=2; 18+8+2=28; +1828 [pdp =+12°,
0

4. BO3HUKAOT B3aMMOJICUCTBUS, T'PABUTALIMOHHOE TOJIE, U
’Kusoe na 3emue npencraet B ceoeM [lepBom (3.14, 3.15).
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3.2 CtaHualll.
KpemHeBogopoaHas XXn3Hb B Bogax 3emnu

5. KoJaeco Bpamagiocs enie TpucTa MWIJIMOHOB JieT. OHo
nocrpomwsio Pyna (¢popmni); msarkne Kamuu, koTopbie
3aTBepaesu; TBepable Pacrenus, KoTopblie CTAJN
MArKuMu. Buaumoe us HeBuaumoro, Hacexombie u
maJble JKu3znu. OHa cOpacbiBajia MX CO CIIUHBI KaXK-
AbI pa3, uToO OHU ofoJeBaau Mareps... [lociie Tpexcor
MHWJJIMOHOB JIeT OHA cTaJia KpyrJjoil. OHa JexkaJjia Ha
cruHe; HA 00KY... OHa He npu3biBaja CoiHoB He0a,
OHA He XoTeJsa npu3sBatb CeiHOB MyapocTu. OHa co3-
aajia u3 YTpoonl ceoeii. Ona pazsuia Boausix Jlwaei,
YKACHBIX U 3JI00HBIX.

6. Boanbix Jlogel, CTPAIIHBIX M 3J100HBIX, CO3/1aJ1a OHA
caMa U3 OCTAaHKOB Apyrux. U3 ordpocoB, u3 nia cBonx
IlepBbix, Bropnix n Tperbux 00pa3oBaJjia oHA HX.
JAxuanu npuusiv 1 0003pesu - J[Xuanm ot cBeTJIOr0
OT1una-Matepu; u3 beabix O0sacrTeii npuuLIv OHU, U3
OobuTteneit beccmepTHbIX CMEpPTHBIX.

7. HenoBoubHbI ocTanuch oHU. «Het 31ecs Hawnei [Linoru.
He npuroansl Pyna stu nqus Hamux bpareses IlsaToii.
Het O0uranum aia ’Kusned. Umucrbie Boabl, He
MYTHBIE, J0JZKHBI MUTH OHU. Bhicymum ux.»

8. Ilinamena npumin. Oram U Uckpsl; Oran Houn u Oruu
JAns. OHu BhICYIIWJIN MyTHbIE, TeMHbIe Boabl. CBo-
UM KApOM OHM yTHIIMJIM uX. JIxa Cebilie u JIxamaun
Causy npumiin.  Ounm ucrpeduan @opmel, AByJITUKHE
u YyeTBeposmnkue. Ouu cpasuim Jlwaein-Ko3 u Jlwoaeii ¢
IHecoumu I'osioBamu, u JIogeil ¢ pplObUMH TeJIAMM.

9. Bona-Marepsb, Beankoe Mope, Bo3pbiaana. Ona nmoaHs-
JIach; OHa ucye3sa B JIyHe, koTopasi mogHsA/a ee, KOTO-
pasi mopoauJia ee.

10. Korna onm 0bL1H cTpedJieHbl, 3emiasi-MaTepb ocTa-
JIach OMYyCTOLIeHHOM. (OHa nMpocujia BLICYIIUTD ee.
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*
kk

Pacwugpoeka CmaHusbi Il

Cnosa CraHIibl

CMbICHT BBIpQ)KEHUI

Kouseco Bpa-
1IAJI0Ch elle
TPUCTA MIJI-
JINOHOB JIeT
(300-10° mrer).

B 100 pa3 Oonbuie, yem Bpems Amnoka-
nuncuca B "OtkpoBenusax" [13].

Bpewms Anokanuncuca

Oo0iee

6-10%ner.

IIpaBu3HBI

3-10%1er

JleBU3HEBI

3-10%1er

(3.16)

Omno nocrpou-
Jo Pyna
(opmbI);
markue Kam-
HH, KOTOpbIE
3aTBepae/in;
TBepabie Pac-
TeHHsl, KOTO-
phble cTaIu
MArKumMu. Bu-
JAMMO€E W3 He-
BHAMMOIO,

Bunnmoe (p/q) u HeBunumoe (q*/p*) - mare-
pHATBHOE U3 TOHKOYHEPreTHYECKOTO:

BuauMoe n3 HEBUIUMOTO
% %
AP SN
q P P q (317)
* 2 2 *
p_.ﬁz(zj @/@,(Z) _p.p*
q* g \4 4 q q*.

[Tpomnecc (3.61) 3akanuuBaercsa hopmMupoBa-
HUEM TPAaBUTAIIMOHHOTO TOJS C TOTCHIIAA-
SKBHBAJICHTOM, PaBHBIM aTOMHOMY BECY KpeM-
Hus (Asi = 28), (puc. 3.3).

Pacruias PactBop

ASi =28

Puc. 3.3 JJuaepamma pacnnas-pacmeop KpemHus
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B sToM ciyuae MATKMMH KAMHSAIMH, KOTO-
pble 3aTBepiesd, OyJeT paciulaB KpeMHHUs, a
TBepaAbiMu PacTBOpamMm, KoTOopble CTaJH
MSATKUMH, OyJeT TBepAblil pacTBOp KpPEeMHHS

(puc. 3.3).

HacexoMble n
MaJibie Kus-
Hu. OHa cOpa-
ChIBaJIa UX CO
CNIMHBI KaXK-
AbIA pa3, 4To
OHH 0/10JIeBa-
Ju Marepsb...

Mo

v

my=¢

Puc. 3.4 Mexanuszm yoanenus manvix Ku3snetl

3emnss Obuta guckom (puc. 3.4). Vnanenwe
HAaCEeKOMBIX, MaJIBIX JXKM3HEH U Macc (mo=e) OT-
HOCHUTEJIHFHOTO TIOKOSI COBEPIIIANIOCH IO THITY IIe-
pexojia Macc ¢ opOuThI Ha opouty (puc. 3.4):

3

1 _ce_ = 7" =137,0388+0,009 ,(3.18)

1 T,-1
o a)O_T0+1

c

ce

rje 1/a - moCcTOsIHHAsE TOHKOW CTPYKTYPHI [22].

IHocJuie Tpexcor
MMJIJIMOHOB
JIeT OHa cTaJia
KPYIJ10ii.

ITone cepuyeckoit MOBEPXHOCTH 3eMIIM TO-
cie 300 MHUUIMOHOB JIET BpalllEHUS MOXKHO
npencTaBuTh Kak (3.18):

Q = 4n(R*=2e3-10%),
rie R = 4-10* = 10-Cpa6xapar®.

(3.19)

Omna Jexana
Ha CNIMHE; HA
00Ky... OHa He
npu3biBajia
CroinoB Heo0a,

3emuis Bpaaiach (J1exkalia Ha 00Ky, Ha
cnmHe...), HO e€ nmoBepxHOCTh (3.19) mocturia
MaKCHUMyMa HaChIILECHUs YHEprUei:

mQ =4-2e3-10° = 64,8:10° >

2 61.108
OHA He XoTeaa [(Toc/®o=8)" = (Tomo/c =2)"]-10". (3.20)
NpU3BaTh
3eMJIs HAaXOAWIIAaCh B COCTOSTHUY PaBHOBECHS
CpiHoB Myn- <
¢ Kocmocom, HO ewé He u3iydania u yxe He I10-
POCTH.
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ryomana TOHKYI0 DHEPTHIO.

Omna co3nana
u3 YTpoObI
cBoeii. Ona
pa3Buiia Boxa-
HbIX JIoaen,
YAKACHBIX U
3JI00HBIX.

[ToBepxHOCTh 3emiin OblIa MEepeHACHIIICHA
SHEprueil moTomMy, 4to aTMoc(epHoe IaBlICHUE
HaJl IOBEPXHOCTHIO 3€MJIM IIO3BOJISJIO 3TO IEpe-
HACBILIEHHE, HO TMPENATCTBOBAJIO JHEPreTuye-
CKOMY OOMeHy 3eMJIi C OKpY’Karoled cpenoi.
B stux ycnoBusix XXusHp Ha 3emiie 3apoauiach
B riiyOunax e€ Bon, roe Her ¢oTtocunTresa (T.e.
riryoxe 100 merpoB). Takas JKusHb ecth U ce-
rogas: (OTOCHMHTE3a HET, a MMaHIUPHbBIE, JIH-
IIEHHBIE pa3yMa, MOJ3al0T, MJIaBalOT U CBETATCS
TrOJIOJHBIM O1ecKoM XHUITHBIX T'J1a3.

Boanbix Jlio-
aei, cTpaui-
HBIX M 3J100-
HBIX, CO3/1aJ1a
OHA caMa u3
OCTAHKOB JpYy-
rux. U3 or-
OpocoB, U3 ui1a
coux Ilep-
BbIX, BrOopbIX
u Tperbux 00-
pa3oBaJjia oHa
uXx.

N3 Toro, uto ObLTO, TO M COTBOpHIA. A OBLI
KPEMHHM, KOTOPBIA, KaK U yIJIEpOX, HAeT IIpe-
nensHbie (CH4) nmu (C,Hpi4) m HempenenbHbIC
MOJICKYJISIPHBIE IIETIH KPEeMHEBOIOpoaAoB. [lpu-
4yeM, MOJIEKYJIsIpHbIA Bec SiHs B 11Ba paza 00Jib-
11e MoJsiekyJsipHoro Beca CHy:

(M, =32)=2-(M,, =16). (3.21)

OBM Ha 6a3e kpeMHHs JAenaTh XOpOIIO, HO
Jroneit? [onyuymnuce y:kacHble U 3J100HbBIE.

JAxuanu npu-
LIUTH U 000-
3pesu - [Ixua-
HH OT CBETJIO-
ro Orua-
Marepu;

ATtmocdepa Hax 3emuielt paspsianiach. 3emis
Havajga M3JIy4aTh-TIOTJIONIATh CBET C MOTEHIIHA-
aoMm 36 (JIXuaHu NPUIILIH).

Ceer crai momagath B CPebl, HCTOUHUKOM
U3ITyYEHUS KOTOPBIX SIBIICTCS JTHMOO WUMITYJIBC
cxarus (To,mo/c = 2), Tub0 UMIyJIbC U3TyUEHUS
(Toc/w,= 8):

JIXrMaHU (cBeT ¢ moTeHIUATIOM 56)

Ot 2 o 64 Ot 8 1o 64
64 (3.22)

_ 64
[ dpi36=5633. [odprs=36
8

2

HCAOBOJIbHBI
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HenoBoJbHbI
OCTAJIMCh OHH.
«Hert 31ech
Hawein Iliioru.
He npuroausi
Pyna >tu st
Hamux bpars-

Cpena, B KOTOpOW 3apOJbIIIEM SIBIACTCS
MMITYJIbC TMOTJIONIEHUS, a OKpYy»XKarolas cpena -
SHEPTUs U3TYUYECHUS - HECTTOCOOHA K (DOTOCHHTE-
3y (Het 3aech Hameil [lnoTu). U, B TO e Bpe-
Msl, UMITYJIbC TOTJIONIEHUsI co3naeT dopmy, HO
ara Pyma He npuroana s [satoi.

eB IlsToi.

Her O0ura- B none ot 2 1o 64 otHomeHnue cpenbl k Ce-

JIVIIN JIJTSE Ty paBHsIETCS MOTeHIMany 56,33, KOTOphIil He

"Ku3Heii. paBeH 56, a, clnedoBaTelbHO, HE JaCT >KU3Hb

Yucrere Boxsr, | 724, 41, 2p,7/2q%, 4u*2p*, Tak Kak

7 | He MYTHBIE, 56 = (7/2><qE4p,E2p)'10205

AIOZKHBL TATH (7/2xq* = 4p* = 2p*)- 1072, (3.23)

OHMH.

Boicymmm [Tepeitnem Kk cuctemMe ¢ UMIYJIBCOM PaCIIH-

HxX». penus (3.22).

Iliamena

npunuia. Or- Il1amena

1 1 Mlekpei; Orau Houw - Orau Jlus - (3.24)

Orsn Hown u ckatue pacIIMpeHne

Orun ,Z[Hﬂ- p*/q* Tow/c=7/4-2=7/2532/7=4/7-8=T ¢/, q*/p*.

[Inamena ToHkoi DHEpruM MbICIH U BOOO-
paxkenus, nosuBiirecs y IlaToi, mo3Bomuiu
co3nath "oGomouxy" ¢ morenmmatom 7° (Pyc-
ckue Pynsl [8]), 1Be momychepst Hebec (Llunsb)
¢ noreHuanom 2-32, u sapo (TaHb) ¢ noTeH-
8 iasioM 64 (Kuura Ilepemen).

Onu BBICYLIN-
JIX MYTHBbIE,
TeMHbIe Boabl.
CBoum xkapom
OHH YTHIIHJIH
ux (3.22).

[Ipousomen nepexox OT ckaTusi (MyTHbIe
BObI (3.22)) K pacHIMPEHHUIO:

Tyc ! o, 8
[odo = [pdp =30. (3.25)
Tow, /¢ 2

Y TIlaroit Bo3HuKIA cuHe-TonyOas Yakpa
Tpertunit ['na3, a B Tene XKusoit 3emnu u IlsaToit —
OMOTOKH U UMITYJIbCHI:

1
30=[(q+) 107 S (q*+u*) 107 [p dg. (3.26)
0
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JIxa CBblle "
JIxamauH
CHusy npu-
L.

[TosBumucy  ummysbebl  (q*+p*) JIxa
Csbiue; u 3apsaas! (q+u) - JIxamann CHu3y.

Onu ucrpedu-
Ju Dopmbl,
ABYJIUKHE U
yeTBepoJIu-
KHe.

Uctpebuts ¢dopMy - 3HAYUT YHUUYTOXKUTH
kpuBu3HY [IpocTpaHCTBa, a 3TO JENIaeT CBET KakK
C IBYJIMKUMHU (TTOBEPXHOCTHBIE BOJIHBI):

-E;(Q = 4nR?) = 4nR%/1 = 4R%; (3.27)
TaK M C YeTBEPOJIUKUMU (0OBEMHBIE BOJIHBI B
[TponomxurensHoCcTH, HapuMmep T, = 4):

—(veED)A(V = 4/3xnR%)° = (4/3R*)*.  (3.28)

Onu cpaszuim
Jwnaeii-Ko3 u
Joaeii ¢
Ilecbumnu I'o-
JIOBaAaMH, H
Joaeii ¢
pPbIObUMH Te-
JaMMu.

VY Bcex Tpex rpynn CpaxxeHHbIX TOBTOPSIETCS
cioBo Jlwam. D10 nocrosiHHas Yenoseka: mnpo-
u3BegeHue 2836 = 1008 (comHEYHO-TYHHBIN
psn tena) u 42-24 = 1008 (TOHKHME SHEPTUU 1Ty-
U ¥ TyXa).

Koza mpsiraer (pacmmpsiercs). Cobaka Kyca-
ercsi (cxumaetcs). PriObe Teno mynbcupyer B
BOJIE:

MHzO'(ﬂ:jq) dp) = 18(£Y5) = £(9+0).  (3.29)

IMogsenem uroru:

Jiou - JIronm ¢ JIronnm ¢
Hecbumn pPHIObMMH
Ko3bl
roJI0BaMHU XBOCTAMH
K=1008 K=1008 K=1008
ITocTostHHas YenoBeka (3.30)
Pacmmpenne Cxarune [Tynscanus
k,=T,c/0,=8 | k=T,0,/c=2 (9+0)
k/k, =126 k/k. =504 | k/(9+0)=112.

B stom caydae (3.30) MBI mmMeeM A€o ¢
aTOMapHBIM BOJIOPOIOM:

Au/m¢' = 1,008/0,008 = 126; (3.31)
MOJIEKYJISIPHBIM BOJOPOJOM:
2H, — 4126 = 504; (3.32)

Y IEPUOJNYECKON CUCTEMON XUMHUYECKHX BJIe-
MEHTOB Ha OCHOBE PaBHOBECHS 3apsI0B U UM-
MyJIbCOB:
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112=(7q=8u= 4p)~1()205

(7q* = 8u* = 4p*)- 107, (3.33)
8 rae 112-pIif 371€MEHT OTHOCUTCS K M,
112 /(m' = 0,008) = 14000, (3.34)
KaK MarHUTHOE T10JI€ K CTYCTKY.
Bona-Marepb, Kuznb 3apomgmnacek B Bose (Boga-Mateps).
Beaukoe Mo- | Ho Boga nynscupyer (Bo3pbiaana). ITynscupy-
pe, BO3pbiga- | €T OT HMIIyJIbCa CHATHSA JIO MMITYIThCA paciiupe-
jga. Ona mog- | HWP
HAJIACH; OHA helan .
newesna By | vy [ dp=18[p dp=1830=540. (3.35)
He, KoTopas Ty /¢ )
MOJHsAIA ee,
KoTOpast 1mo- 3apoasimu JKu3Hu ¢ yyactuem GpoTocuHTE-
poaniia ee. 3a BO3HUKAIOT B MacCce OTHOCUTENIbHOTO MOKOS
9 m, = pse =27. (3.36)
[TosiBnenue 3apoapima Ku3HM yBeTUUUBAET
s dexkTuBHOCTH B3auMoaeiicTeuii (3.35, 3.36):
2909 _50-= pslg p1p2p3p4ps. (3.37)
pse 27
Bce Boapl 3emnn nogaumarorest k JIyHe kak
MEHCTpyaJbHble LHMKJbL. JlyHa mnopoauia
Kussup Ha 3emuie, a HE MPOCTO MEXAHUKY JABH-
’KEHUS IPUIMBOB U OTJIMBOB MOpPEH U OKEAHOB.
Korna oun Bogopon (3.31) u XuMuYecKuEe >IIEMEHTHI
ob1au (3.29) (3.33) mornu uWcue3HyTh ¢ 3eMJIM TOTJa, KOTJa
ucrpedaenpr, | CaMa 3eMiIsl cTaja >KMIKOM Miia3Moi (CxkKaThIM
3emun-Ma- CBETOM):
Tepb 0CTAJIACH
10 | omycromen- Kuakas niazma 3emin:
HOI1.

3.38)

36j.(p do T¢ d(0+36ji(0 do j(p dp=-18.
0 1 1 0
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Omna npocuJia Kunkas mnazma 3emun (3.38) crana ocThl-
BBICYHIHTH €e. | BaTb, TO €CTh NIEPEXO/UTH OT UMITYJIbCa H3ITyHe-
HUSA K SHCPTHUU CKATUA:

(Towy / c=2)"0=64

(-18) : I(D do =112, (3.39)

10 Toc ! ,=8

B none 3emnu BO3HMKJIM MMITYJIbCHI M 3apsi-
JIbl C 0OpaTHBIMM OTEHIMATIAMHU:

112 5 -1/112. (3.40)

CmamHua Il [2]

5. TpucTta MUIIIIMOHOB JIET PpaCTBOP-PACILIAB IUIa3Mbl HA OC-
HOBe KpemHus (puc. 3.3) Bpamaics kak cryctok I[Ipamarepu
3emMiIM Halllei, co3u/iasi U3 BUAUMBIX 3apsAJI0B HEBUAUMBIE UM-
nynbcesl (3.16, 3.17).

Ha sTom stamne 3emuist Obu1a IUCKOM U CTPSIXHMBAJIA C CE-
0s1 Menkue XKuzuu 1 HacekomMpIX ¢ MOMOIIBIO LIEHTPOOEKHBIX
cui (puc. 3.4). Menkue Kuszuu u Hacekombie hopMupoBanucey
KaK MAacCbl OTHOCUTEIBHOIO IIOKOSI C IOCTOSSHHOW TOHKOM
Crpyktypsl ([22], 3.18).

Hanuuue y Bpamaronierocs paciuiaBa-aucka (puc. 3.4)
HEHTPOCTPEMUTENBHBIX CUJI TPAaHCHOPMHUPOBATIO JTUCK B ce-
Py, Kak SHEpreTU4YecKu Hanboiee KOMIAKTHYIO YIIaKOBKY CTy-
ctka. [losBnenue cdepuueckoit ynakoBku 3emun-Crycrka
npuseno K [lepuogumanoctu IlpogomxutenbHocTH Tpanchop-
MalMu €€ PHEPTHU BO BHYTPEHHEM I0JI€ U HA MOBEPXHOCTHU
3emnu-pacmiasa (3.19).
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Oxnaxaenue 3emid co3nano B €€ arMocdepe pexum
HHEPreTUYECKOro InepeHachlieHus. OOMeH sHepruend Mexzy
3emnieir 1 Kocmocom mpekparwics. Ho 3emisa mpojomxana
octhiBaTh, (popmupysi Boawsl. B Bomax 3apoawnace XKusHe.
Kuznp BHe (oTocunte3a. Kusup He kak popma beitus Oen-
KOBBIX Tel (YIJ€BOAOPOAbl), a Kak (popmMa KPEMHMEBBIX TEl
(KpEMHEBOIOPO/IbI ).

6. ’Kusbie cyiiecTtBa Ha 0aze MOJIEKYJSIPHBIX KPEMHEBOO-
POAHBIX Lienel He Hapywanu 3akoH Enunoro Kocmoca o towm,
YTO CyMMa NpeAbIIyIIMX MOTEHUIHAJIOB - IMOJIE B JBa pas3a
oonbie nocnenyromeit (E, + E,= 2E.= 2E, npu E, = E,), Tak
KaK Mg, =2M., (3.21).

[TapannenbHo ¢ oxnaxaeHueMm Boa 3emnu ounnanace u
e¢ armocepa. Ha 3emito cranu MpoOHUKATH M3IYUYEHUS U3
Kocmoca. IlogBuinrcs npeAanoChbUIKM K CBEPLICHUIO HOBOTO
3BOJIIOUUOHHOTO [Ipoasmxkenus — nopoxaenus Ilston Pacel,
BO3HMKHOBEHHE KOTOPOW B CBOIO OYepelb TpeOOoBaIo DKOJIO-
TMYECKOM OBOJIIOLIHUM B OKpyXKawomen cpene. Boabl 3emmm
JIOJDKHBI OBITH OUHIIEHEHI (3.22).

7. AHanmM3 3KOJIOTUUECKOro cocTosiHus Boa 3emiin mokasain,
YTO yCJIOBUHM B3auMocCBA3U ToHkux DHepruit u XKunkux Cpen
B LeJsiX npojomkenus JXKusuu Het, 1 Boasl 3emin 1OJKHBI
OBITH OYHILIEHDI.

8. Ounctka Box 3emun npoxoauna HE MO MPUXOTH 3aXMe-
JICBUIETO CAHTEXHHMKA, a C TMOMOIIBI0 HUMIYJIbCOB MpbICiu u
Boo6paxenus Kocmuueckoro Pazyma (3.24). Uucteie Bogsl
no3posiuiid [Istoit oTkpeiTh Tpetuit I'maz (3.25), a 3emie —
n30aBUTHCS OT KPUBU3HBI M3TydaeMoit suepruu (3.27). Atmo-
cdepa Hamelr Marepu-3emiu cTaia rojryooi.
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Okonoruueckas npodunaktuka, npoBoanMas MbIcIbIo
u BooOopaxenuem Bricuiero Pazyma (3.24) B nons3y 3emJin
u Ilsaroit Pachl Ha Heil, OKazanach HENPUEMIIEMOU IJIsl CTa-
peix popm Hocureneit Pazyma (JIwaeii-Ko3, JIwaeii ¢ Iléch-
HMH roJjioBaMu, JIoaeil ¢ ppIObUMM TeJIaMHU) U OHH, KaK JTU-
HO3aBphl, couut co cieHsl Kuzuu. Ux youno usmeHeHue
cpenbl ooutanus. M3MeHeHre 3aKOHOMeEpPHOe, a HE OT Taje-
Hus ciydaiiHoro mMereoputa. B Eqnmnom Kocmoce Her Cory-
yaiiHocTel. Ciry4ailHOCTh — 3TO ellle He MO3HAHHAsI 3aKo-
HOMepHOCTh. [ToMHu 1 He rpemn. IoajocTy HEOTBPATUMO
HaKa3yeMa.

9. Jlyna He mpPOCTO T'PABUTALMOHHO-MEXAHUYECKU CMECH-
tenp Box 3emiu, co31a0mmi NpUIMBbI-OTIINBBI.

JIyua Jlynsl, kak Mpicnb, npoHHKaeT B Kaxayro Karuro,
u no npuHuuiy Hemopounoro 3auatus co3gaer B kaxnaon Ka-
e 3apossii XKuzuau (3.36, 3.37).

[TosBnenue 3apoapima B kaxaoin Karme )Kusnu yBenu-
yuBaeT 3(pPexkTuBHOCTh B3aumojencTBuil B 3Toi Karue B 10
pas (3.37).

10. DBOJIIOLIMOHHBIN TIEpeX0d, Kak U PeBOIIOLMOHHBIN
B3peiB, nMeeT cBOEH Ie/bI0 YHUUYTOXKEHHE CTapbhIX, OTKHB-
muX GOpM 3a CUET POKJICHHS HOBBIX.

Poxxnenne HOBBIX (opM TpeOyeT MOSBICHUS KAKON-TO
TpeTheil HOpMBI, KaK, HAPUMEpP, OTUIOAOTBOPEHUE SUIICKIICT-
KA CIIEPMAaTO30MAOM TpeOyeT MX B3aUMHOTO PAacTBOPEHUS U
(dopmupoBaHusa 3UroThl, )XUIKOU Ma3Msl (3.38).

B stom kontekcre 3adatns HoBoit ¢opmbl KHBOIO
Martb-3emMiis He UCKITIOYEHHUE, HO HOBOE MOTOMCTBO OyJIeT yM-
Hee, 00 OyJeT MMETh UMITYJIbChI-3apsJibl HE TOJILKO APKBUBA-
neHTHble 112, HO ¥ SKBUBaJICHTHBIE UX OOpPATHBIM BEJIWYHMHAM

(3.40).
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MoarotoBka Hebec k XKusHu o XXnsuum

3.3 CraHual lll

11. IlpeBbimiauii Baaasika npumes. On oraeana Boasl ot Te-

Ja ee, u 310 ctano He6om HaBepxy, Ilepsrimu Hebecamu.

12. Besmnkue Koransl npussaiau Baaabik JIyHsl 0 Bo3aymHbix
Tenax: «Ilopoaute Jlwoaeii, JIrogeit Bamero ecrecra. J[aiite um
ux BHyTpeHHne @opmbl. OHa ke c10:kuT BHemHue O00/10UKH.

My:xe-Kenamu 0yayt onu. Biaaasiku Ilinamenu rakike...»

13. IMouuiu OHU, KAXKAbIN B PEeIHAZHAYEHHYI0 eMy 3eMJTI0;
CeMb U3 HUX, Ka:KIblii B cBoii Yei1. Baaabiku Ilinamenn ocra-
JUCh M03aau. OHM He 3aX0TeJIM UIATH, OHHU He I0KeJ1aJIu TBO-
PMTh.

Pacwugppyem Cmanuy Il [2]

Cnosa CraHIbl

CMBICHT BBIpaXKEHUM

11

IIpeBbIHMH
Baanbika
npueI.

Oto umnynec q*/p* =4/7.

OnH oTaeana
Boawbl ot Tena
ee, M 3TO CTAJIO
He6om naBep-
xy, [lepBbiMHU
Hebecamu.

dDa3bl Boapr Teno
IMTorennuan Mmn,0 = 18 p*-107°=28
[NepBrie Hebeca une =32 =
(aHTHpE3OHAHC)|  [(28+18)+(28-18)]-q*/p*=
56-4/7 = 8-4.

(3.41)

12

Beaukue Ko-
raHbl NpU3Ba-
Jaun Biaaabik
JIynb1 o Bos-
AymHbIX Te-
Jax:

IMorenuuansnl Koranos

U Biaabiku JIyHbI
Benukue Korausr Buanpika
JlyHbl
1
Ki=t[pdp= | K= Ks=
’ p*¥1070=
302 7/6 23,

(3.42)

180




«Ilopoaure YenoBek MMeeT BHYTPEHHIOW (GopMy Oylia-
Jroneii, JIio- Iyx ¢ moteHiuanom 42-24 = 1008. (3.43)
aeil Balero
eCTeCTBA. Yenosek umeer O00JI0UKY JTyHHO-COTHEYHO-
Naiite um ux ro B3aumozcicTeus: 28-:36 = 1008. (3.44)
glyTpemgle O6e dpopmbr MoryT opmupoBath Koransl u
OPMBL. VHA | B o nbika Jlynsr (3.42):

JKe CJIOKHUT
BHEIHHE K5-KK5 /K, = 1008. (3.45)
000J104KH.

12 | My:ke-
Kenammu 0y- Bua

JTBIKA
nyT oHH. Bia- Myxe - Xenamu UIAMEHH
abiku [Lname- -
HH TAKIKE...» 24542 K, =7/4 = p*/q*; (346)
K
4 fz’ 7 Ky=4/7 = q*/p*.
IMomn oHm, Peur uner o K, u6bo sro we Bmagbika, Tak
KaKIbIi B Kak Brnaneika - Boobpaxenue:
MmpeaHa3Ha- 2
3emuni0; CeMb
W3 HUX. KA%K- nu 16K, =28=1+2+3+4+5+6+7. (3.47)
b

AbIA B CBOU
Yied.

13 | Bnaapikn BooOpaxenue (Baaabika [lnamenn) (3.46):

Ilnamenn oc-
TaJUCh 103a-
au. OHM He 3a-
XOTeJIM MATH,
OHM He MOosKe-

JIAJIM TBOPHUTD.

q* =Kyp* = (4/7)28 = 16. (3.48)

Boobpaxxenne ¢ MBICIBIO CO3IaI0T PA3HOCTh
IIOTCHIMAJIOB, PaBHYIO pe3oHaHCHOU IIponosn-
xutenbHOCTH (ToT = 12):

p*—q* = (28 16 = 12)-10%° = (Tot)-10%. (3.49)
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CmamHnua Il [2]

11. T'paButaumonnsiii JIyu Jlynsl B Karmne XXunkoi cpe-
JIbl )KUBOTO (Hampumep, B HelpoHe) popmupyer ummyibc Bo-
oOpakeHusl.

BoobOpaxenue "mepemermmBaer" rpaBUTAIMOHHBIA WM-
IIYyJIbC C )KUIKOU CPENION.

C noBepxHocTH XUAKOW cpeabl "ucnapsiercs” ToHkas
DHeprus.

Bokpyr 3emnu Bo3nukaet Hoocdepa. [lepsrie Hebeca.

12. B noochepe Hebec Bozmmkaer Kuszub. basuchoit
OCHOBOM 3TOM YKM3HU 10 OMOJOrMYECKOro POKIACHUS B HalLy
MaTepuanbHyto JKu3Hb OENKOBBIX TeN sBIseTCsl MbICib, 00pa-
6orannast Koranamu (3.42).

B Kuznu no Ku3Hu 4enoBeK MMEET TOJIBKO BHYTPEH-
Hioto aymy B Cestom [lyxe (3.45). O60109Ky OHOIOTrHYECKO-
ro Tena Jiylia BbIOUpaeT cama, Tak K€ Kak U MOJL.

B XKwuznu no Kuzuu Boobpaxkenue - Bnaawika [lname-
HU.

13. Tlpu mepexome k Oumonmoruueckou Kuszuu (poxne-
HUE) AyIlla 4YeJOBEeKa IONaJacT B II0JE€ T'PAaBUTALMM U Ha-
npaBjsieTcst B CBO# YeJl.

BooOpaxkenne He OCTaBIsSeT YENOBEKa, HO TEpecTaeT
ObITh TBOpIIOM, MO0 3aHWMAET BBDKUIATCIBHYIO TO3UIUIO
[Ipopomxurensuoctu (3.49).

P.S. Hacuer BooOpaxenust HesicHo. JKu3Hb MojHa npu-
MepoB TBopuecTBa BooOpaxkeHuem.
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3.4 CtaHualVv
U3 XKusuun po XXusHm B TpeTtbio Pacy

14. Cemb Bouncts, Bouew-Po:xxnennnie Biaagbiku, ycr-

pemiieHHblie Jlyxom 7Kusne-/laTesnem, Boiaenaunsin Jlr-
Jied U3 ceds1 caMuX, KaxK/Iblii HA cBoeil 30He.

15. Cemukabl Cempb Tenei Oynymux Jloaeit poxkaeHbl

16

17

ObLIH, Ka:KAbIH cBoero I{Bera u Buga. Kaxxawlii cremne-
HbI0 HM:Ke cBoero Orua. Otubl, beckocTHbIE, HE MOT-
Jau aatb Kuznb CymecrBam ¢ Kocrsamu. IloromcTBO
ux OblIM bxyra, iumennbie @opmbl n Pazyma. Ilo-
TOMY Ha3bIBaKOT ux Uxaiis-Paca.

Kak xe poxaarorcsa Manymusa? Many, odaanamomue
pPa3yMoMm, Kak co31aauch OHU? OTUbI NPU3BAJIH HA
NMOMOIIb CBOIl cOOCTBeHHBbIIT OroHb, KOTOPBIil €CTh
Oronp, ropsammii B 3emue. Jlyx 3emiun npussaJ cede Ha
nomoub CostHeunbiit Orons. J1H Tpoe co3xanum co-
e¢AUHECHHBIMH YCHJIUAMH (popmy roanyro. OHa morJa
CTOATh, XOAUTh, OerarTsp, Jexars uiu Jerars. Ho, Bce
’Ke, 0Ha ObL1a TOJIbKO Uxaiis, Tenb, pazyma jauieH-
Hal...

Jbixanue Hy;kaaja0ch B @opme; OTubl 1aau ee. [bixa-
Hue Hyxaajxoch B [lnornom Tene; 3emuast chopmmupo-
BaJia ero. /Ipixanue ny:xxaanocs B /lyxe Kusnu; CoJ-
HeuHble JIxa B1oxnyiu ero B popmy ee. /Ipixanme Hy-
xaaaoch B 3epkadie Tesa cBoero; «Mbl Janu emy Ha-
me coocTBeHHoe!» - ckaszaau JIxuann. JIpbIxanme Hyx-
aajgoch B Hocurtene /Keaanuii; «OHO uMmeeT ero!» -
ckaszaj Ocymuresas Boa. Ho /Ibixanue Hykaaercs: B
Pasyme, 4To0b1 BMecTUTH Beenennyio; «Mbl He MOKeM
AAaTh 3TO0)» - cka3aau OTubl. «5 HUKOrAa He UMeJ ero!»
- ckasaJ Jlyx 3emin. «@Popma cropur, ecju s 1aM e
cBoil!» -cka3zas Besukuit Oronsb... YesioBek ocrajics
NycThIM, 0eccMmbicieHHBbIM bxyTa... Tak beckocTHbie
naau 7Ku3Hb TeM, K10 craau Jlroasmu, Koctsavmu, yk-
pemsieHHbIMHU B Tperbei.
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Pacwugpyem Cmanuyy IV [2]

Cranua:
BBIPAKCHUS

CMbICHT BBIpaXKEHUN

14

Cemb Bouncrs,
Bouaero-
Poxnennnie
Baaabiku, ycr-
peMJIeHHbIe
Jyxom Kusne-
JaTesiem, BbI-
neanau Jlogen
U3 cedsl caMuXx,
KasKJIblil HA
cBoeii 3oHe.

dyx Kusne- Cemb JIroau nmo
Hartean BouncTB | CBOMM 30HaM
1+ 1x36 =36
2+ 2x36 =172
3+ 3x36 =108
4+ 4x36 =144 |(3.50)
q*=16-10"" 5+ 5x36 = 180
6+ 6x36 =216
7= 7x36 =252
28 28x36=1008
YEIIOBEK.

P.S. ToreHuan 4yenoBeka Ha 30HaX OMPEIEIIs-
eTcs mo unchy (n) gacreit n-1008 /36,
rmren=1,23...7.

15

CeMUKIbBI Tenu poXXaanuch 3a CYET KoJIeOaHUM:
Cemb Teneit * *
oyaymux Jlo- p—*<:>q—*| —[7* <47, (3.51)
nei PosKIeHbI 1 P
ObLIIH,
KaKIbId CBO- —
ero LBeta u Bo3nukaer CHEKTPATbHBIH
Buga. Kaxnabrii MR THEI Pl =
MarHuTHbIN psx IIBer Tenei
CTEeNEeHbI0 HU- 1%
xe cBoero Ot- L 1 OBaCTE
na. 3%+ 55  mornomenus: |(3.52)
4%+ YEPHBIN [[BET
5+ l
6+ Besiit, AB = 3600
7r= Kenrerit, AXK =70
140 Kpacnsiit, AK=1400.

P.S. Iornomenwue (3.52) oObsicHAETCS MOsBIE-
. 2

HUEM SHEPTHUHU MATSPUIHOU CBSI3U 5~ B HHEPITU-

OHHOU CHUCTEME C IIOTEHIINAJIOM S55.
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15

Otupsl, becko-
CTHBIE, He
MOTJIM 1aTh
Kuznup Cyie-
crBam ¢ Koc-
TSAMH.

Pe3onaHcHast sHEprusi MarHUTHOTO psaa, OT-
HECeHHas K dHepruu YenoBeka, MO3BOJISIET CO3-
JIaTh TOJIBKO MSITEPUUYHYIO CBSI3b:

17.2%.3.4*.5%.6*.7° _ 52

3.53
(28-36 = 1008)’ (3:53)

B MarsutHBIX BOJIHaX >»XHBOI'O BO3HHKACT
30JI0TOC CCUCHHEC, HO HC KOCTH.

IHoTomcTBO MX
ObL1n bxyra,
JINIIEHHbIE
®opmbl U Pa-
3yma. [loromy
HA3bIBAIOT UX
Yxaiin-Paca
(OTobpaxenue
unu TeHn).

TeHn-BOMHBI BO3MYINAIM  OKPY’KAIOILLYIO
cpeny. Bosmymennas cpena Obuia IloTomert-
BOM BOJIH, 1 OHO HE MOIJIO OBbITh HE YEM HHBIM,
kak IIpuspakom - BXyTOo, HO KaXIbplii UMeEI
CBOW MHAWBUIYaJbHbINA MOTCHIAT:

IMorenunanast bxyrto B cpene (3.53)
22 3?
5
K=lodp== | Ki=e|lopdp==
| ljzco p=7 | K pr 0=
g . 7 ~ 9
Q.¢ = —_—— = = —
E K; 3[¢>d<0 S| K 4[(06140 :
=
=p KS_ 72
6° _ 15
fcodcozﬂ Ks [¢d¢_
> 2 6
5
2 1 . (3.54)
)
I 21j¢d¢ 27_[(/76&0
2 0 1
)
S
z 212 -27/2=-3
O
5
% 21/2 — (-27/2) = 24.
<
(=W

BozHukaer noreHiuan-skBuBageHT CBSTOro
Hyxa, a 3arem Jlymmu:
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24x(Tott) /To = 24x7 /4 = 42. (3.55)
Kak xe pox- IIpoBenem pacdeT NOTEHIMAIIOB:
narorcs Ma- .
nymusi? Many, = 1 o
o0s1a1aoIIMe o K, = J.(p d(p_J'(p dp =1
pa3ymom, KakK 5 0 |
CO3/1aJIUCh o -
2 o]
onn? OTubI 2 5| g=PPF (p P )Igpd(ﬂ (7)
NPU3BAJIH HA = 2 q9*\ q q* 4
noMomb cBoii | S °
COOCTBEHHbIMH (3.56)
Oroub, koto- | |Z | Ky=
o FOI
16 pbii ecTh Eg 1-2-3-4-5-6-7-8 _1120
Oronb, ropsi- | |S ™| 14+2+3+4+5+6+7+8
muii B 3emuie.
MPUSBAL CEOE || 5 51+ KKK, [ do =+ 3000+~
HA IOMOILb S8 T 3-([(0 p== 2
CoJtHeYHbIli1

Oronb. IJTH
Tpoe co3nanu

Kak Tompbko Hauamace mynbcamus (Ibixa-
HHe), TaK Cpa3y MOTEHIHAN CXKaTUS HEOECHBIX

COCTMHEHHBIMH | 1o\ 5/2, n3MeHsieTcsl Ha moTeHnuan 7/2 - pac-
YCHINAMH mwupenre Kynganuuu. IlpuueM IOTEHIMAIBI
¢opmy roa- 6000 u 3000 cBsi3anbl co Bpemenem Amokanuii-
HYIO. cuca B OTkpoBenusix (3.16).

Omna morJa Ona - 3to Kynnanmuu: 7/2 + 5/2 =6,
CTOSITh, XO0- (712*-(5/2*=6 u 7/2-72=1.

JNTh, 0€raThb,
JIeKaTh WK
Jgerartb. Ho,
BCE JKe, OHA
OblJIa TOJBKO
Yxaiisi, Tenb,
pa3yma Jiu-
IeHHAs...

Kynpanunau - 3t0 Buxpp ToHKOI DHEpruu u
HUYeM UHBIM, Kpome Tenu BHe-DopMbl, OBITH
HE MOXET.

Kynganmuau 310 Meicie u BooOpaxkeHue B
noJie KoyueGaHmii:

“b

7
2

III
\S) | WD
Il

j (3.57)

Kynganuau - 370 cBOOOAHASI YHEPTHS, KOTO-
PYIO KOTZIa-TO M3IYyYWJI MO3T, HO TENepbh OHa
BHE u3nyuatens (pasyma, HO He Meicau, Jn-
IIICHHAs).
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Kynganuuu - 310 BUXph (POTOH-(POHOHOB,

obnamaromux yrioBo (m, =

7/2), AUHEHHON

2

(c =m) CKOPOCTSIMU U IEPUOUYHOCTBIO T,”.
[Tostomy KyHOamvHM MOMKET COBEPIIATH

JIBukeHue, TO €CTh CTOSATh, XOAUTH, 0eratb u

TakK JaJjiee:

Dopwmbl [IBu:kenus Kynaaanau

16 DJIeKTPOMAarHuT-
Bpamenue
HbIE KOJICOAHUS (3.58)
[(7/2° = (512)*T @ | (7/2+5/2)c =
=37 67.
Bosnukaer neBusHa u npaBusHa Buxpen (3.56)
kak Bpems Anoxkanurncuca B "OTkpoBeHUsX"
(3.19, [13]).
JbIXaHue HYyXK- 1 7 5 * 0
nanoch B @op- | —|Eo=H 1+ =k—=+", (3.59)
21 2 a* q
Me; OTbI Aa-
JIF ee.
JAbIXxaHue HyxK-
AAJI0Ch B
17 | IlnoTrom Te- K, = (7/4)’. (3.60)
Je; 3emuis
chopmuposaiia
ero.
J{bIXaHUe HYXK-
Aanoch B llyxe |y 1150 = po(7q = 8= 4p)10% =
Kuszuu; Coa-
HedHblIe JIxa ps-(Tq* = 8pu* = 4p*)'10_20. (3.61)

B/IOXHYJIH €ro
B opmy ee.
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17

JpIXaHHe HYXK-
najnoch B 3ep-

3epKaJio Teaa CBOEro:

kaje Texa co- | 2~ PN q ,(3.62)
ero; «Mpr Jla- | 4% p=(1+2+3+4+5+6+7=28)-10"

JIN eMy Halle

coocrBennoe!y | TAC 0 S p*p - q*q=(9+2)48.

- CKa3aJjm

JAxuanm.

JIpIxaHue Hy:K- | OT0 BooOpaxkeHue B mone cxxaTus:

najgocb B Ho-

cureie JKena- K= T(p do/q* = 126107, (3.63)
HUH; g

«OHO uMeeT 64

ero!» - ckazan Ks=Mm,0 Igo do/q* =

Ocymuresb o

Box. 182016 = 18~112. (3.64)
Pasyma nukto YkpermieHHasi KOCTAMH

HE JaJL. Tperbs

Tak beckocr- Pasym (BO3HHKAET Macca

HbI€ 1a/11 OTHOCHUTEJILHOT'O IIOKOS1)

Ku3Hb TeMm, *

KTO CTAJIH — s E-KZ-K3-1-K4-K5 =

JIroasmu, Koc- q 9 P (3.65)

TAMHU, YKpen-
JICHHBIMH B
Tperbei.

70-112%18%(7/4)* 10 =

74142183107 =

21%32-10"=2,7-10"°.
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CmaHua IV [2]

14. Booopaxenue Kocmuueckoro Pa3yma Bbiaenser B
JYHHOM TPaBUTAIMOHHOM II0JI€ CEMb HYHEPreTUYECKUX YpPOB-
HEel W IPOTOPIIMOHATIBHO MOTeHIKaaM ypoBHs (n = 1,2,3...7)
3aMoJIHSAET YPOBHU JIYHHOT'O MOJISI COTHEYHBIM CBETOM TaK, YTO
B UTOT€ BO3HUKAET 4yenoBek B Kuznu 10 Xuzuu (3.50).

15. Konebanuss mexay BooOpaxxenuem u Mpeicibio Ye-
noseka-Jlyxa (Tenn) hpopMupyIOT NEPUOIUYHOCTD MyIbCALIUU
BoiH Toukux Ouepruit u O6onouky Jlroaeit B Kuzuu no
Kuznu (3.51). dopmupyercs cemepuuHOoe MarHUTHOE T0JIe,
B KOTOPOM IOTEHIMANl Ka)JO0ro0 YPOBHSI YBEJIMYUBACTCA 10
KBaJipaTa MOTEHIIMAJIa COOTBETCTBYIOIIEIO YPOBHSI B IpaBUTa-
LIMOHHOM M0JIE:

B P+2>+3+4°+5°+6>+7° _ 140 — macnemusm
C 14+2434445446+7 _28—2pa6umauuﬂ'

(3.66)

OTOT TpaBUTALMOHHO-MAarHUTHBIA CIIEKTP SABJISETCS
IloxoOuem cnekTpa cBeTa, U MOTOMY Ka)Iblii MarHUTHBIN
ypoBeHb uMeeT cBoit 1BeT (3.53). Dtot user mroaeit B XKuznu
10 JKuznu, no-suaumMomy, coxpansiercss u B Kuznu (3.53). Ho
ATOTO HENb3s CTHIAUTHCS, KAK HEJIb3s HE BOCXMIIATHCS Kpaco-
Tou panyru. I[Ipuuem, yepHas Paca nepBou mposoxuiia nepe-
X0/l OT CEMEPUYHOr0 psAsia K aecsitepuanomy (3.53):

S 3 _Pa2 ¥ 56T AR 40 10T
55 142+3+4+5+6+7+8+9+10 ST

Bcee Pacel emié B JKuzuu 1o )Ku3Hu CBsi3aHbI PE30HAHC-
HO-aHTUPE30HAHCHOW ITyJIbCALlMEN CBOMX DHEPreTUYECKUX 30H
U, B KOHEUYHOM cuere, ¢opmupyrotr Uxaiis-Pacy (3.55), cBa-
3aHHy0 ¢ nyJhbcanued Kynnanunu (3.56), gpistoieiicst B mo-
nsx ToHkOM DHEpruM OTHOLIEHHUEM UMITYJIBCOB MBICIU U BO-
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oOpakeHHs, a B TMOJSX MATEPHUH - OTHOIICHUEM TpaBUTAIIH-
OHHOTO U JIEKTPUYECKOro 3apsaoB (3.57).

16. Onucanue toro, kak poxxaanuce Jroau, Cranma IV
HaunHaeT ¢ koiebanus Exunoro Kocmoca mexmay Xaocom u
['apMonwuei, a 3aTeM OMUCHIBAET BIMSHUE HA ATOT IIPOLIECC K-
3otepmuu Heap Anep u Conneunoro Caera (3.56).

dopma 3Ta JWHAMHUYHA, BKIIOYAET MOJISPHBIE BHUXPU
MPaBU3HBlI U JIEBU3HBI, KOTOPbIE SIBISIOTCS Oa3ucoMm s Mo-
CTPOEHHS 3aTEM TeJla YEJIOBEKA C €ro JIEBBIM U IIPABbIM I10JIy-
mIapusiMM MO3Ta, C IUC-TpaHC-U30oMepuer (DYHKIIMOHATBLHON
JeSITETHHOCTH OPTaHOB KU3HEOOESCTICUCHHUS.

B ocHoBe 3TMX mpoieccoB JeKUT (opma IBUKEHUS
Kynnanunu (2.58).

17. Ilepexon ot XXuzuu no ’KusHu B Haily OHoJoruye-
ckyto JKu3Hb CBsI3aH, NPEXKIE BCEro, ¢ MEPEXoJIOM U3 MOJIA
BHe-DopmbI B nouis, umeriue Popmy.

DHepruto i poxacHus B JKU3Hb KaKJIOMY IpeCTaB-
ngeT myabcanus-Abixanme Enqnnoro Kocmoca mexay Xao-
com u ["'apmonueit, 'apmonueii u Xaocom (3.59).

Ot10 JIpIXaHue ABISICTCA HE €AMHCTBEHHBIM HCTOYHHKOM
sHepruu. CBoro 3Hepruro npeactaBisitoT Jlyna, Comnnie, 3eM-
751, TOHKOHEPreTHYeCKUe IO ¢ 3€PKaJTbHO OTOOPaKCHHBIM
noteHuanom (3.56, 3.62), Booopaxenne Kocmuueckoro Pa-
3yma (3.63) u sHeprus KuaKou cpeasl (3.64).

Opnako ydactue Bcex 3TuX KommnoHeHT Co3uaaHusi-
pokIeHus1 B Onosiorndeckyro JKu3Hp He oOecrieunBaeT pa3Bu-
tus Pazyma, HO GopMUpYET TeT0 ¢ KOCTAMM.

beckoctabie nawT Ku3Hb TeM, K10 ctajau Jloabmu,
KOCTSIMHU, yKpemieHHbIMU B Tpersneii, moToMy, 4To B MpoO-
necce mnepexona Jymu (Apyna) B Teno (Pyma) Bo3HHMKaet
"IIpmHKA" Macchl OTHOCHUTENBHOIO MOKOS (M, = €) ¢ MOTEH-
mmatom 2,7-107° (3.65).

N3 sroit Uckper pasropaerca 3areM [lmams cmepTHOU
ouonornueckon Ku3Hu.
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3.5 CtaHua Vv
3apoabiweBbin MNy3bipek Pac

18. Mepabie 66111 Chinamu Horn. ChIHBI HX CTAJIN MOTOMCT-
BoM JKearoro Orua u benoit Marepu.

19. Bropas Paca npou3onuia yepe3 no4YKoBaHue U BblJeJIeHHE,
A-noJsioBast u3 becnoJioii. Tak, o Jlany, co3nana ob1i1a Bropas
Paca.

20. Otub! ux 0b1H CamopoxkaeHHbIMUA. CaMOpPOXKIEeHHbIE
Uxaiist ot Ostucraromux Tea Baaapsik, Otupl, Coinbl CymMepek.

21. Korga Paca cocrapuiacs, crapoie Boabl cMemaaucs ¢ 00-
Jgee cee:xxumu Bogamu. Korga Kanom ux ctajam MyTHbIMU, OHU
HCHAPUIKCH U ucYe31u B HOBoM [loToke, B :kapkom IloToke
Knuznu. Buemnsisi odosiouka IlepBoii crasia BuyrpenHeii Bo
Bropoii (uaBepcus). Crapoe KpbLio cTano HoBoii TeHbIo 1
Tenbro Kpbuia.

*
kK

Pacwugpyem Cmanuyy V [2]
No | Cnosa CraH1sl CwMmbICIT BBIpa)KEHU I
IlepBble ObLIM Vlora ucrosb3yeT NMITYJIbCHI M B3aHMOJIEi-
Coinamu Mo- | cTBus:
I'u.
K= p*/q* 1g p1p2pspaps = 7/2, (3.68)
dbopmupyromue Kynnanuau pacmupeHus
(3.68) 1 MHUIMANTHU3HUPYIOIINE € MYyIbCaIIH:
18 7/2 515 -5/2 (cxarue). (3.69)

[lynbcamust (3.69) BbI3bIBAET MOSIBICHUE
MarHuTHOM OCHOBBI M 3((PEKTUBHOCTH B3aH-
MOJEHUCTBUS CBETA C MEPUOJUYHOCTHIO T,:

51552 —[1454=T,5-10. (3.70)
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ChbIHBI HX
CTAJIM NOTOM-
cTBOoM Kel-
Toro OTa n
beoii Mare-

pu.

[TosiBnenne (3.70) B chmekTtpe cBeTa, TIe
pasHoCTH JUIMH BonH B Gernoit (AB = 3600A) n
xenroit (AXK = 70A) obnacTax crnexrpa MeHs-
IOTCSI C UBMEHEHHEM PEXHMa TyJIbCAIIH:

AB - AK @AE+A)1(
AB + K AB-NK

18 U TJIC TOBEPXHOCTHAS BOJIHA:
2
AB-AKY :
(—)2=142 -24[14} , (3.71)
(AB + AXK)
o0najlaeT TpHU3HAKAMHU JKUBOTO (MAarHUTHBIM
noem (14° = UU*) u Oymioit), JOKa3bIBaeT
cnpaBeTMBOCcTh CTaHIBI B €€ YTBEPKICHUH O
IIpenkax u [ToTomkax.
Bropas Paca OTOT Ccmoco0d pPa3sMHOKECHHSI COXPAHUICS
NPOM301LIA MIPU MUTO3€ CyOCTPYKTYp:
1€pE3 MOHKO- (9+0) — (9+2) — 2:(9+0), (3.72)
BaHME U BbI- B becnonoit uromnnasme OuokieTku (puc. 3.5).
aejaeHue, A -
M0JI0BasI U3
becmouoi. @0 Qo0
p* p*
H u
p* p*
ITornome- IToukoBa- ﬂeﬂe%zeoiiiiieplme
19 Hue (9+0) nue (9+0)

Puc. 3.5 [lenenue cyocmpyxmyp
8 OuoKIemke

B stom mosne (puc. 3.5) BoceMb BOJIOCKOB-
KT'YyTUKOB NEPEeKauMBalOT UTOILUIA3MYy U3 00b-
ema kietku (becmoJsias) B 00beM CyOCTPYKTY-
pbl (A-moJ10Bas ).

B o0bemMe cyOCTpyKTYpbl BO3HHKAET OCMO-
TUYECKOE JIaBJICHUE, MPEBBIIIAIONIEE OOBIYHOE
B 107 pas. BO3HHKAIOT JHIOTEPMHUUECKHE

SIIEpHBIC B3aUMOICHCTBHUS

1/ p, =10"= p4‘1/2.

192



Tak, o Jlany,
co3/J1aHa ObLIa
Bropas Paca.

ITo neBsTOMY KT'yTHKY-IIPOBOAHHUKY B 00b-
eM CyOCTPYKTYphI IOCTYNaeT IPaBUTALMOHHBIN
UMIYJIBC C p*, KOTOPBIM JETUTCS Ha JBa Mar-
HUTHBIX, U JUIsl BBIBOJA MAarHUTHOW JHEPruu

19 MpPOpacTaloT JBa HOBBIX BOJOCKA-KI'YTHKA.
[Ipuyem, MarHUTHBIA HMIYJIbC TPaHCHOPMH-
pyercs B MAarHUTHBIN 3apsan (L*—p). laBnenue
MOBBIIIACTCS M OMOKJIETKA fienuTcs (puc. 3.5).

OTubl Mx I'paBuTanmoHHelii umnyiasc p* (puc3.5) -
obLIu Camo- sto [lpuspak, Uxaiisi, Ho OaucTaomumii Bia-
POKIEHHBIMHU. | AbIKA  (QoToH-poHOH CaMOpOKACHHBIH IOX
CamMopox- JTABJICHUCM.
JACHHbIE
Yxaiis oT
O0JIMCTAIIMX
Tea Baaaplk,
20 | Otubl, CbiHBI Juarpamma I'ma3 Jlarma (puc. 1.6) Cymep-
Cymepek. KM MOXHO OIPENETUTh KaK MEPexo] MEeXIy
OeIol 1 YepHOIl BOJIHAMH.
64
JleHb: Oeast BOJIHA J o dp =2046
2
H . 64
OYb: YepHas J‘(p dp =2016 (3.73)
BOJTHA g
CVMEDKI 2046-2016 =
ymep 30.
BosHukaer cuHe-Tory00i CIeKTp.
Koraa Paca B Cymepkax (3.68) cBeT ouuInmacr BoIy,
cocrapuiiach, | NOTCHIHaN 30 ynBauBaercs:
crapbie Boabl

21 CMEIIHAJINUCH C 30-36 =1080 =60. (3.74)

0oJiee CBeKH- M,,=18

mu Bopamu.

Bosnukaer cuue-romy0Oast o0iacte Tperhe-
ro I'nmasa. Boapl cTAaHOBATCH CBEKHMH.
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Koraa Kanau
HX CTAJIU
MYTHBIMH,
OHM HCIIAPH-
JHUCh U HCUe3-
JIM B HOBOM
IToroke, B
skapkoM Ilo-
Toke ZKu3Hmu.

Hcnapenue Boasl (MH20 = 18) HaumHaercs
¢ mMmirysbea pactmpenus (To,c/w,=8) u 3akan-
YUBACTCS TIOTJIOIICHUEM BOBI OKPYKArOIICH
cpenoi:

T

pdp

K=M, > _ 142016 _
Tl o, 8

18%14= M7 \Juu*. (3.75)

Boga npuobperaeTr MarHuTHbBIE CBOWCTBA U
YBEJIIMYMBAET CBOW MOJEKYJSAPHBIA BEC [0
KBaJpara MepBOHAYAIbHOW BEIUYMHBI. BO3HU-
kaet JKuBast Boga u B Heil poxaaercst HoBast
Paca.

BHemnsas
0001049Ka
IlepBoii cTaia
BuyTpenneit
B0 Bropoii.
Crapoe KpbI-
JIO CTAJI0 HO-
Boi Tenblo u
Tenbro Kpbi-
Ja.

Hactynaer mnBepcusi, TO ecThb MyJbcalus,
noJo0Hasi BBHIBOPAUYMBAHUIO MEIIKAa C MYKOM
Hau3HaHKy. Eciu Berep cuibHbIM, TO Baa
MyKa cTaHeT TeHbKW BeTpa, HO ITyJIbCAIUIO
MOKHO ONucaThb OOpaTHBIM MOTEHLIUAIOM
(3.70):

K=18%14 5 1/(K=18%14)~2.2-10".  (3.76)

B none cBera Bo3HUKaeT 3apObILIEBBIN ITy-
3BIPEK:

6/2.2:10%=0,27)-10". (3.77)
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CmaHua V [2]

18. Hmnynbcbl U B3aUMOAECUCTBUS (HOPMUPYIOT Iyib-
cupytomniee nose Kynnanunu (3.69).

Pe3onaHCcHO-aHTUpE30HAHCHAST  IMyJIbCAIlUS  JKEJITO-
OenbIX KBaHTOB (DOPMHUPYET B HUX BOJIHOBYIO CPEIy - SKBHBA-
nent Cesitoro Jlyxa, u MarHuTHoe mone 14° = pp* (3.71) B
MOBEpXHOCTHOW BoTHEe KyHnanuHu.

19. BosuukHoBenue Btopoit Pacel mogjoOHO BO3HUKHO-
BEHUIO CYOCTPYKTYp "BOJIOCKOB-KT'YTUKOB" B IIMTOILIa3Me
ounonornyeckoit knetku. [Ipuuem, pazmuoxxkenue Bropoii Pacel
MoA00HO ACNEHUI0 CYOCTPYKTYpbl (9+2) MarepuHCKON Ouo-
Kietku (puc. 3.5).

20. IlomroroBka pa3MHOXEHHsI JEICHUEM CBs3aHa C
DKOJIOTMYECKON OYMCTKOM OKPY’KArOLIEH CPebl, TO €CTh KUJI-
koi (hazoii Box.

Dxosoruyeckas ourctka Box uaer kak Ha ypoBHe Ma-
TepuH, Tak U Ha ypoBHe Tonkoi OHepruum (3.68, 3.69). Pe-
3yJBTaTOM JKOJOTMYECKON OYHUCTKU SIBJISIETCSA CUHTE3 KMBOM
Boabi.

21. Pasmuo:xenue Pac B ’Kusoii Boae cBg3aHo ¢ us-
BepcuoHHOM nynbcauuent Kanens XKuakux Cpen.

[Tpy MHBEPCMOHHOM MyJibCAallMK (BbIBOpAUMBAHUE HAU3-
HAHKY) HE BCSl DHEPTUsl BHYTPEHHEIO IMOJsl MEPEXOJUT B OK-
PYXaroIIyl Cpeay: B HOBOM BHYTPEHHEM IIOJIE DHEpreTuye-
CKOM CUCTEMBI OT cTapoi octaercs 3apoabimeBblid ITy3pipex
(3.72).

3apoapimessiit [ly3bipek - actadera Kuznu, Jlnunoctu
u Pac.
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3.6 CtaHua VI
OT poxaeHus 13 fiua K ABynosiomy
Pa3mMmHoOXeHuto

22. Torna Bropas passuia Poxaennbix us Situa, Tpersio.
ot yeniamacs, Kanumm ero ysesnuniauch n Kanum craamn
TBepAbIMHU M KpyriabiMu. CoJiHle corpeio ee. Jlyna oxJia-
auiaa u opopmuiia ee; Berep muradu ee 10 3pesiocru ee. be-
Jablii JIeoeas u3 Ilognedecnhs 3Be3anoro ocenuna Kamiro
oouabmyo. Sitno Pacsl byaymeii, YesioBeka-inedeab KOHIA
nociaenywmei Tperbeil. CHavyaia MysKe-KeHa, 3aTeM
MY>KYMHA H JKeHIIHHA.

23. Camopoxaennbie 0bln Uxaiisi. Tenu ot Teqa CbiHOB
Cymepek. Hu Boga, HM OrOHb He MOTIJIM YHHYTOKUTH MX.
He Tak 0b1J10 ¢ CBIHAMM HX.

***

Pacwugpyem Cmanuy VI

Ne| Cnoa Craniisl CwmbIc BhIpakKeHU M
Toraa Bropas IlepBas Paca Ha MEHTaIbHOM YpPOBHE 3aHMU-
pasBuia Posxk- | Mamach XKenTo-0enoi obmacteio criektpa (3.71).
JAEHHBbIX U3 Poxnenune Bropoii conmpoBo:kaanoch HMH-
iina, Tpe- Bepcuei HepBO?. XKeNTo-0e0e BOJTHOBOE T10-
THIO ne (3.71) IlepBoii TpanchOpMHUPOBATIOCH B #KeJI-

TO-0es10e MaTtepuajbHOe Bo Btopoii. [losBu-
JIUCh JKeJITOK U Oestok Siina.

7KearTok - 3T0 yXe OIIOAOTBOPEHHAs CIep-
MaTO30MJI0M JKE€HCKas SIULEKIIeTKa, HaXOAsasi-
csa B coctossuuu 3UI'OTHI, roroBas k pa3Bu-
THUIO 3apOJbIIIA.

s cBeTra TakuM TPETBUM COCTOSIHUEM SIB-
nsercs Kamna XKugkolh mina3Mbl, B KOTOpOM
BOJIHA M YaCTHIA CBETA TEPAIOT CBOM WHIMBU-
nyanbHbIe CBOMCTBA, a Kars mia3mel mpuoOpe-
TAET JKEJIThIN LIBET.

Benok - kKopM I KeNTKa-3apojbllia.
KopwM, HachIIeHHBIH O€JIBIM CBETOM.

22
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ot yennuia-
cs1, Kanuim ero
YBEJIHYHJINCH
u Kanuu cra-
JIM TBEPABIMU
U KPYIJIBIMH.

Pazmep SAwur 3aBucen ot gaBneHus armocde-
pel Haa 3emiieidl, K KOTOPOMY 3BOJIOIMOHHBIM
MyTeM TIPUCIIOCAOIMBAIINCE BCE, POXKIAIOIIHC
Sinom:

p =pt/V =Const/V, (3.78)
rae p, V u t - COOTBETCTBEHHO JaBJieHHE, 00BEM
U TeMIepatypa, a R - ra3oBast MoCTOsSIHHASI.

Ycunenue mora o3Hayajao yBEJIMYEHHUE aT-
MOC(EpHOTO JaBJCHUS, a KaK OTBET HA 3TO -
MOSIBIICHHUE SHIIEKIIAYIINX JUHO3aBPOB OTPOM-
HBIX Pa3MEpOB.

Opnako xento-6emnast mpornopuus (3.71):

% =14%24(Ay' =796 (A)’,  (3.79)

ocTaBajach HEPYLIUMOMN U 7 pacxonoBaaoCh Ha
000710uKy - ckopayny Aina (3.79).

Coanue co-
rpeJo ee. Jly-
HA OXJIANJIA U
opopmmua ee;
Bertep nuranu
ee 10 3peJIoCTH
ee.

Ha >xentox u 6emnok, nocie ¢popMHUpOBaHUS
CKODJTYTIbl MOTEHIMANOM, SKBHBATCHTHBIM 7
(A)*, ocraBanocs 96 gacreii (3.79).

Onnako Ha HuX BimsieT CoiHie (MOTSHIHAT
36) u Jlyna (morenuuan 28), Tak 4TO HaM MpH-
JIETCsl pEIINTh 3a/lauy Ha YacTH:

% :ﬁ :2; Bcero 9+7=16, u 96/16 = 6.
Jlyna 28 7

Takum o6paszoMm, Ha 6enok (ComHile) moWaeT
9:6 = 54 vactu, a Ha XKenrok (Jlyna) - 6:7 = 42
YacTH:

Pacnpenenenue 3Hepruu B sue
Ckopiyma 7% =49
Benok (Comaiie) 9-6 =54 (3.80)
Kenrok (JIyna) 7:6 =42
Betep 54-42=12.

A Hamm Myzpeusbl, KOBBIPssl B HOCY, PEIIAIOT:
yTO0 panble? o wim kypumna? Y crnokouTech:
cHauana Oeno-xentas Uxaiis [lepsoii Packr.
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Beaplii Jlebenn
u3 Iloane-
o0ecbs 3Be3-
HOI'0 OCEHMJI
Kanio 60/16-
myro. Aiino
Pacs1 byay-
meid, Yenone-
Ka-j1e0eab
KOHIIA IocJIe-
AYIOLIeH
Tperbeii.
Cunavajia my-
JKe-’KeHa, 3a-
TeM MYKYMHA
H KEeHIIMHA.

Ilepexon k TpeThell BBI3BIBACT CABUT B HKEJI-
TO-3¢JIeHyI0 06sacTh crektpa (AXK3 = 250A).
Bwmecto xonTypa (3.71) BO3HUKAET HOBBIN:

(AB-AKY 910"
(AB-AK)Y 112:107
B sToM mone sHeprum xBataeT Ha JBe 000-
JIOYKU-CKOPJIYTIbl. DTU "KBaHTBl B CKOpJIyre",
HaXOJALINECs B KENTO-3eJIeHOM obmactu OyayT
CTPEMUTHCS K CBOMM IMIpeJeNiaM [0 WHIUBUIY-
anpHOMY LBeTy. Mykckoe Hagaino - k sxenromy
(AXK=70A) XKenckoe Hauano - x doTocuHTe3y
3enenoro (A3=400A):
0

~30-7'(A)%.

(3.81)

M _NK _ 704 _10,1.z=
K A3 4004 4

P2Tot1)/To = pap/q = p2p™/q*. (3.82)
MyXe-)KeHa| |[MyX4ynMHa W |
| ’KEeHIMHA |

23

Camopo:kneH-
Hble ObLIH
Yxaiisn. Tenn
ot Tea CpiHoB
Cymepek.

[Torenmmman Cymepek pasen 30 (3.73). On
COXpaHSeTCS U B OEN0-KEJITO-3eJIeHO o0nacTu
(3.81) cmektpa. Oto Uxaiis (Tenn) - Tonkas
Oneprus koHua Tperseit Pacbl. Onn CaMopoix-
JIEHBI TTOKa BooOpakeHunem (3.82).

Hwu Boxa, Hu
OrOHb HEe MOT-
JIA YHUYTO-
JKUTb HX.

Tounkast Dueprust ummnyiscoB p* u q* (3.82)
HE TOPUT U HE TOHET.

He Tak 0bL10 €
CbIHAMM HUX.

MeHranbHas dHeprus B KoHue Tperbeit Packl
(3.81) moaBeprnace uHBepcuu, U B YeTBepToit
Pace npeBpartunace B MaTepHalbHYIO peailb-
HOCTb JBYIOJIOTO Pa3MHOKEHUS:
Pasmuoxenne YerBeproii

B M0JIe TPAaBUTALIMHU
Myskckoe Havyano | JKeHcKkoe Hadallo
Cxarue | 3apsanel |Pacmmpenue MM:]inb_ (3 83)
Too/c= | pop/q= | Toc/®o= | pap*/q*
2 0,1-7/4 8 =0,1-14
0,1-7/4=M 0,1-14 =X

MK /(M+XK) = 0,28.
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CmaHua VI [2]

22. Kaxnas Paca cHauanma Meuraer o byaymem, pucys
ero BooOpaxeHnuem, 3arem peasmsyer MeduTy HMHBEpPCHOH-
HBIM B3PBIBOM, IpeBpailas cBO MeuTy B MaTepHaJIbHYIO
PeanbHocTh caenyromei Pacel.

[lepBas Paca meurana o xenro-6emoit 001acTu crekTpa,
KaKk 00 SHEpPreTH4ecKoM Ioiie, KOMGOPTHOM ISl pa3MHOXKE-
HUSL.

Bropas Paca peanuszoBana meuty llepBoit paszButnem
poxxaeHus u3 Sliina, rae kenaTo-0enasi CreKTpajibHas KOMOU-
HaIlMs BOJIH HAIllJJa CBOE€ MaTepHUalibHOE BOILIONICHHUE B (op-
MHPOBaHHHM KeJITKa 1 Oenka B Aime (3.78, 3.79, 3.80).

Poxnenne u3 fiua He sABISETCA MPOLIECCOM, U30JIUPO-
BaHHBIM OT Kocmoca. Connie, JIyHa u 3eMis npuHUMArOT ca-
MO€ HEMOCPEJICTBEHHOE y4yacThe B OPMUPOBAHUU CTPYKTYPHI
AiIIa: €ro CKOPJYMbI, OelKa, JKEITKa U YHEPreTUYECKUX BHX-
pelt nepexona mexay HumH (3.80).

Tpetsto Pacy crnoco6 pasmHOkeHUsI myTeMm PoxkaeHus
u3 fita e ynosinerBopui. OHa Bo3MeuTasia 00 yJI0BOJIbCTBU-
AX JBYIOJIONO Pa3MHOXKEHHUSI M CTaja COCPENOTaynBaThCS Ha
0eJ10-KeNTO-3eJICHON 00JIaCTH CIIEKTpa.

Jnsa Tpersent Pacbl MeuThl O ABYIIOJIOM pPa3sMHOXEHUH
ObLTM MeuTamu (HE 0oJiee TOro), KaK CETOIHS HAIllM MEUTAoT
o Ceetrnom bynymiem.

23. YetrBeprasa Paca peannzoBana Meuthl TpeTbeil o IBY-
nojaoM PazmMHoxeHnu.

Menranbnas Dueprusi Meursl Tpetbeit Pace Obl1a pea-
JU30BaHa B (POPMUPOBAHUHU SHEPIETUUECKUX MOTEHIIUAIOB
MYKCKOT'0 M JKeHCKoro Havas (3.83).

B3auMOCBs3b MYKCKOTO M JKCHCKOTO Hadajl KOCMHYE-
CKM TapMOHHUYHA, MO0 CBSI3aHA C TPAaBUTAIIMOHHBIM 1ojieM Jly-
HbI (3.83).
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3.7 CtaHua VIl 3
K Pazymy Bonu n Uorw.
PoxpeHne Hocutensa Pasyma

24. Cpinbt Myapoctu, Coinbl Houn, roroBbie BHOBB PoO-
AUTbCSHA, CNYCTHJINCh. OHU YBHIEIH HU3KHE (POPMBI
IlepBoii Tpern. «MbI MOxKeM U30paTh», cKa3aau Bia-
AbIKH, «MbI Myapbi». Hekoropsie Bouwin B Uxaiis.
Apyrue ycrpemuinu Uckpy. Hexkoropsle Bo3ep:ka-
Jauch 10 Yereproii. U3 cobcTBenHoi Pyna HanoiHu-
au onu Kama. Te, kTo Bouuiu, cieajauch ApxataMu.
Te, k10 moayunau Juib UcKpy, ocTrajuch JULICH-
HbIMHU 3HaHus; Mckpa ropena ciaabo. Tperbu ocra-
auchk Pazyma snmeHHbIMH. /[XKMBBI X He ObLIN I0-
TOBBL. JTHU O0bL1IM oTAeeHbI cpean Cemu. OHU cTaaN
Y3KOroJioBbiMu. TpeTbu ObliiM roToBBI. «B 3THX Mpe-
Oyaem MbD», ckasaau Baaabiku Ilinamenn u Temuou
Myapocrtu.

25. Kak nocrynuiu Manaca, Ceinbl Myapoctu? OHu o1-
Beprii CamoposkaeHHbIX. OHU He ToTOBbI. OHM npe-
HeOperm [lorom-poxaenabiMu. OHHU elie He COBCeM
rorosbl. OHM He 3aX0TeJIM BOWTH B nepBbIX Aiile-
POKIACHHBIX.

26. Korna Ilorom-po:knenHbie mopoausu Siime-
POKICHHBIX, IBYeINHBIX MOIIHBIX, CWJIbHBIX, CHA0-
JKEHHBIX KOCTAMU, Biaaasiku Myapoctu cka3asm:
«Tenepb OyaeM MbI TBOPUTB).

27. Tperbsi Paca ctana Hocurenem Baaasik MyapocTu.
Omna co3pana CeinoB Boam u Morm, cuiorw Kpusimmak-
TH co3J1aJia oHa ux, CeATeIX OTHOB, IIpeakoB Apxa-
TOB...
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Pacwuoppyem Cmanuyy VI [2]

Neo | Cnosa Craumsl CwmbIci BhIpakKeHU M
Crinbt Myj- Cwia Myapoctu - p*/q*; Cein Horu - 6enas
BOJIHA PACIIMPEHUS OT CXKATOTO MMITYJIbca (pHC.
poctH, ChIHBI i ..
7); TOTOBBIC BHOBB MOJHATHCS - q*/p*; cnycTu-
Houn, roro-
JIUCh - YEpHas BOJHA JI0 UMITyJIbCa PACIIMPEHUS
BbI¢ BHOBb (puc. 7):
poauTnc,
CIYCTHJIHCD. HNmnyascel B Kocmoce
ChIHBI Crycru-
ChblIHBI Houn T'oroBbie Cch
Myapo- (benas BHOBb IOA- (depHas
CTH HATHCA P
BOJIHA) BOJIHA)
64 64
pra*=| [pdp | a*/p*= | [pdp= | (3.84)
2 8
7/4 =2046 4/7 2016
7/2-3-11-31 5 4/7-32:63 =4-32-9;
k;=71131 53832 =k,.
k’-k2~510° u k/k.=3=~1.
OHH VBHIeH B Enunom KocMoce ¢ paBHOBECHBIM MOTEH-
yBHA LMaJIOM, PaBHbIM 1, 1Be TpeTu cocTaBisieT ToH-
24 | HU3KHE pop- Kasi DHeprusi, U OJHa TpeTh - DHeprust Mare-

mbl [lepBoii
Tpern.

pHH, TaK YTO OHHU YBUJAEIH HU3KHUE (opMbl Ma-
TEPUHU.

«MBI MOKEM
u30parTby,
cka3zaau Bia-

Jns toro 4troObl aHaIM3UPOBATH U BBHIOM-
paTh, HAAO HAWTH KPUTEPUH, MUHUMAJIbHBIN
KBaHT:

IbIKH, «MbI h= :l_l;j =36 (3.85)
MYApbID». b

Hekortopnie Cosnanne Iepuoanunocreii

BOIILJIA B B nose Kocmoca

Hxaitst. py- Bouum B | Ycerpemunu Boszepaa-

rme ycrpemMu- Uxaiis Vickpy THCh 110 (3.86)
au Uckpy. Yersepron |\°-
Hexotopbie 16 0| A28 | T _ 4
BO3/1€PKAIUCH h 36 h 36 h 3,6

1o UerBepToii. || =4,(4)-10%° | =7,(7)10%° | =1,1).
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M3 cobcTBEH-
Hoi Pyna Ha-
MOJIHUJIM OHM
Kama.

Kama - Hocurenps Xenanus unu BooOpaxke-
Hue (q*). Pyna (®opma) s Kama - snemen-
TapHBIA dJIEKTPUYECKUN 3apsia:

q*q=16"=Ty64 = (Toc/mo= 8)-32. (3.87)

Takoe (3.86) HamoJiIHeHMe CO3[ae€T B IPO-
noiokutenbHocTH T, = 4 cucremy TsHb (Cry-
cToK) ¢ aByms mnonychepamu Llunap (Hebeca),
onucanHyio B Kuure IlepemeHn.

Te, KTO BO-
LLJIH, C/IeJ1a-
JIUCh Apxara-
mu. Te, KTO
MOy YMJIH
auumb Uckpy,
OCTAJIUCH JIM-
IEeHHBIMH
3Hanmus; HMc-
Kpa ropeJsa
ciaabo. Tperbn
ocrajuch Pa-
3yma JIMIIeH-
HBIMH.

Mem}ly HMMHU BOSHUKAKOT
KoJIe0aHus:
Apxatst .HI/IIHGHHE)IC Pazyma (3.88)
3HAHUHN JIMIIICHHBIC
q*q=16" | p*/q*=7/4 | q/p=4/7
7/416°5 4/7] — |1 S (28)°].

Ha 3emie PaBHOBECHUC CTAJIO HACTYIIATh IIPpH
HAJIWYMH MOJICH T'paBUTallHU.

JKuBbI UX HE
ObIJIM TOTOBBI.
9TH OBLJIH OT-
JeJieHbl Cpeau
Cemu. Oun
CTaJIU Y3KOro-
JIOBBIMH.

Boigenum otaenéunsix cpean Cemu B molie
Pazyma nmumennsix (q/p):

Ne| 1 1213 [4]5 6 | 7

—1+2+3+4=10— |«5+6+7=18—
OTHENEHHBIE Cpeau MouekynspHbIi (3.89)
Cemu (y3KOTOJIOBBIE) BEC BOJIbI )

<~— 14+2+3+44+5+6+7=28 —
rpaBUTALIUS.

Tperbn ObLIH
TOTOBBI.

[Tone cBera cTano HE3aBUCHMBIM OT PEKUMA
MyJIbCAlUU:
I1X2x3 =65 6 = 1+2+3.
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«B 3THX npe-
OyaemM MbD»,
cka3aJum Baa-
abIkHa Ilmame-
HU ¥ TeMHOI
Myapocrtu.

Onpenennm noteHnuan Baaapik:

Bnanrika TemHoil
Mygapoctu

k,=q/p-6 =24/7

Bnanrika
IInamenn

ki=q*/p*-6 =24/7

Pacmupenue: Cixatue:
k,=8 k.=2
(3.90)
DHIIOTEPMHS: OK30TEPMHSI:
k;=lg p1p, =25 ky=lg p3psps =27
p=lakks _ g og

1™p™3

(3aponpiensiit I1y3bIpek).

25

Kak nmocrynu-
au Mamnaca,
Cobinbl Myn-
poctu?

OT0 MarHUTHbIE UMITYJIbChl [lamsiTu. Bo3Hu-
KaloT B KOHTYpe KoJieOaHUs:

q* |_)|(2/1*)2 :[Z)z ‘
2u* | (¢*)

|p*52ﬂ*<:>

W (3.91)

OnHu oTBeprin
CamopoxaeH-
HbIX. OHH He
roroBbsl. OHH
npeHedperu
IToToM - poxk-
J€HHBIMH.
Onu emre He
COBCEM IoTO-
Bbl. OHH He
3ax0Te/ I BOM-
TH B IIePBbIX
Siine - pox-
JEeHHBIX.

as
S S

|\ — TIOJISIpHBIE BUXPU MarHUTHBIX 3aPSA0B;
L% — 9KBaTOpPHAIbHBIE BUXPU MarHUTHBIX
nmityibcoB (Manaca, Ceinbl MyapocTn).

Puc. 3.6 Macnumnuie nons ccycmkos

Mamnacel, Ceinbl Myapoctu (3.91), dop-
MUPYIOT MarHUTHbIE HMMITYJIbCHI W*, Bpamiaro-
ume cryctok ¢ Bocroka Ha 3amazg (puc. 3.6).
DTUX 5KBaTOPHAIBHBIX MATHUTHBIX JTUHHUHA HET B
[Iepoii, Bropoit n B Hauwane Tperseir Pac. Y
HUX €IIIe HEeT 3a4aTKOB MHTEJUICKTA.
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Koraa ITorom
-pOsKIeHHbIE
MOPOANJIN
Aiue - poxk-
JAE€HHBIX, IBY-
eJIMHBbIX MOIII-
HbIX, CHJIb-
HBIX, CHA0-
JKEHHBIX KOC-
TaAMH, Baaabl-
k1 Myapoctu
ckazaau: «Te-
neps oyaem
MbI TBOPHUTDB).

Brnagpiku MyapocTd UMEIOT MOTEHUIHAI
B =0,27(3,90). /IByenunbie B My>KCKOM H KEH-
CKOM Havaiax uMeroT norennuan 0,28 (3.83).

10

Puc. 3.7 Ceeuenue om cenepamopa
Tonkoii Snepeuu
Bnaneiku Mynpoctu 6yayT TBoputh CBede-
Hue (puc. 3.7), KOTOPOE IKCIEPUMEHTAIIBHO I0-
JTy4eHo oT reHeparopa ToHkoi DHeprum [5].

C nmomouiplo 3TOro CBEYEHUs YIAeTCsl MOo-
BBICUTH YPOXKalHOCTh B 7 pa3. Y Hac 3To ObulM
nabopaTopHble dKcriepuMeHThl. Benukas [{uBu-
mu3anus nutana 3emunto ToHkoM DHepruen mo-
BCEMECTHO.

27

Tperbs Paca
craja Hocu-
TeJieM Baa-
abIK Mynapo-
CTH.

[TosiBunuce Manacel (puc. 3.6). Boznukiu
JeBOe W mpaBoe moymapust mo3ra. Cran ¢yHk-
IIUOHUPOBATh KOHTYpP KOJICOAHUST MYMXCKOTO M
»eHckoro Hauan (3.83, 3.90, 3.91):

0,28-(7/4) S 0,27]—(0,287* 5 0,274,
0,28-7° 0,27 -4°
I'= 2 2
0,28-7°+0,27-4
[NosiBunach nepuoanveckas CUCTEMa TeHOMOB
HACJICJICTBEHHOCTH.

~6,3. (3.92)

Omna co3npauaa
CpinoB Boun
n Horu, cu-
Jaorw Kpus-
IAKTH €03/1a-
Jia OHA MX,
Caarbix Ort-
uoB, [Ipeaxon
Apxaros...

[Ipenox Apxara - 3T0 myJbcUpyromui Ap-
xat (3.87):

f ‘ 16°
q*f¢d¢-qf¢d¢=——=—64-
1 0 4
Ho norenuuan 64 onuceiBaet cryctok TsHb,
Haa KOTOPBIM [JABC HNUC-TPAHC-U3OMCPHYCCKUC
unp (Knura IlepemeH), KOTOpBIE HUCIBITHIBA-
10T B3aUMOCBSI3b ¢ cujio KpusiHaTel, moaoo-
Hoit Kymnonosckoii (F = e /1°):
327327
32cw, +32cw,

(3.93)

Ex=m.EFi= =32. (394)
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CmaHua Vi [2]

3emuisd npuxouia B ce0s mociie o4epeaHoro, nepuoin-
YECKH MOBTOPSIOLIErocsl reokaTakiu3Ma. Ku3Hb HalakKuBa-
nack. B I'myGunax Bopg oOutanum skuBbie JIOMUHOGOPHI Ha
KpeMHe-OpraHndeckoil ocHoBe. B obnactu dotocuHTe3a Bo3-
Hukia [lpuspaunas Uxaiis-Paca u marepust becKOCTHBIX U yK-
perenHblx Koctamu. IlosBunucs poxaennele u3  Sina.
[Ipumna nopa BosHukHOBeHHs: Hocurenen Pasyma.

24. Kocmuueckue umnyiibebl Mpicin u BooOpakenust
cnyctuinuchk Ha 3emmto. Cocrosue MartepuansHoro Mupa
3eMiIM UM HE MOHPaBWIOCh. B3suce 3a aeno camu. Co3nanu
nepuoanvHocTH (3.86). DHepreTudyeckoe mosie 3eMJId CTajlo
caMmoperyiaupyembiM. B3smuch 3a "ynpajeHna' - Oyayiiero
Hocureas Pasyma.

25. Cnenanu poxaeHubix u3 fitna Hocuremsmu XKena-
Huii (3.87). Y Hocureneir XKenanuii nosiBUWIKNCHh YCIOBUS UX
peanuzanuu. Coluym paszaenuiica Ha ApXaroB, JUIIEHHBIX
3nanuid, Pazyma numieHHbix (3.88). Y3KOroJioBBIX OTAEIHIN
(3.89). Komnpomucc nanum B lllecrepke Csera - Kynnanunu,
CBOOOJHYIO OT pe30HaHCa-aHTHpe30HaHca, HO I[lamsaTe BO3-
HUKIIa B KoHIle Pacel poxaennbix u3 fitna (puc. 3.6).

26. Tpetbs Paca crana Hocutenem Mynapoctu (puc. 3.7).

27. MyZIpoCcTh NpOSIBUIIACH B COTJIACOBAHHOCTH ODBOJIIO-
MU KUBOTO C JuHaMuKoi mnynbcanuu Kocmoca. Hocutenb
Pazyma crtan ne Tonbko Hocurenem XKenanuii, Ho u Hocure-
JIEM MYJIbCUPYIOLIETO IO TPABUTALMU, YJIbCUPYIOLIETO TO-
751 TeHoB (3.92), dopmupyromux TsiHb (CTYCTKH TEHOMOB).

Mosr Hocurens Pazyma coBepiienctBoBacs. [lomno6Ho
[uup (Hebeca) nan Tsab (3emiast), BOSHUKIIN JIBa MOTYIIAPUS
Mos3ra, cBsi3p MEXIy KOTOPBIMU ITOAAEPKUBANIACh CHIIOU
Kpusimmaktu. Ota cuia poxiaana B 4yenoBeke beccmeprue
(3.94):

e 28-36=1008 =42-24 _

: 63. (3.95)
iEkj(p dp =16
0
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3.8 Crtanua VI
B3neTbl U NnageHuAa AByNonoro
PasmMHoOXeHus

28. U3 kamien nmora, u3 OTJI0KeHUH CyOCTaHIIUM, U3
MaTepuu MEPTBBIX TeJ JIoAed M KUBOTHBIX NPEKHEro
KoJuieca, 1 13 0TOpPOCOB nMpaxa Npou30LLIH NEPBbIE K-
BOTHBIE.

29. /KuBoTHBIE ¢ KOCTAMH, APAKOHBI [JIyOMH H JIe-
Taomue Capna 100aBJjieHbl ObLIM K PECMbIKAIOIIMMCSI.
Te, KOTOpPBIE MPECMBIKAJIUCH HA 3eMJIe, MOJYYNIN KPbI-
Jabsi. Te, 0 IIMHHOM 1Iee, 00MTABIINE B BOJAAX, CTAJM Npa-
POAUTEAMU NITHI MOTHEOECHBIX.

30. Bo Bpems TpeTbeii :KUBOTHBIE, JIUIIIEHHbIE KOC-
Teil, POCJIM M U3MEHSIIUCh; OHU CTAJIM ’KUBOTHBIMHU € KOC-
TAMM, UX Uxaiis CTaJIM VIOTHBIMHU.

31. KuBoTHBIE pa3beJMHUJINCH NepBbIMH. OHH Ha-
YaJIM OPOXKAATh. [IByeIMHBIN Y€JI0BEK TOKe pa3beAuHUII-
csa. OH cka3ai: «bynem, kak oHM; OyeM cO4eTATHCH U
co3aaBathb TBapei». OHU cesaiu TaK...

32. U te, k10 He MMesin UCKpBI, COUEeTAINCH C OT-
POMHBIMH CAMKAMH KMBOTHBIX. OHM MOPOJAWIH OT HUX
Hemble Pacbl. Hembl Ob1si u camu oHu. Ho s13bIK MX pa3-
Bsi3aJsics. SI3bIK MX MOTOMCTBA OCTAJICH HenmoABHKeH. OHM
NMOPOAMIH YyaoBHII. Pacy cor0eHHbIX 4y10BHUII, NOKPbI-
THIX PBIKMMH BOJIOCAMH, XOAMBIINX HA YeTBEPEHbKAX.
Hemy1o Pacy, 4To0bl He BblaJjia cpama.

206



*
kk

Pacwugpyem Cmanuy VIl [2]

Cnosa CraHnsl

CMbICIT BBIpQXKEHUI

28

N3 kaneit
1noTa, u3 oT-
JIOJKeHMH CcyO-
CTAHLMHU, U3
MaTepuu
MEPTBBIX TeJl
JI0eH M KU~
BOTHBIX
npexnero Ko-
Jieca, M u3 OT-
OpocoB npaxa
NPOU30LLIN
nepBbIe KH-
BOTHBIE.

3aKOH COXpaHEHHUs dHepruu Tpedyer 6e30T-
XOJIHOU TexHoyiornu. HoBoe BO3HUKAET U3 CTa-
poro:

Kamnu nora: M, , =18
pacTBOpPEI ’
MeptBbie Tena: M. =16
OpraHHKa CHy (3.96)
OT6pock! npaxa: p* PN q*
HMMITYJIBCHI q* p*.
Crapoe poxaaeTcsi B HOBOM:
Toc/®o'MH20:(q*)* S Mcay (p*)?,
(9+0) S (7/4)%. (3.97)

B ornoxeHnsx cyOCTaHIIMU TOSIBISCTCS 3a-
ponbimt XKusoro (3.97). Ho cybOcranuus - 3to
BCs NEpUOAMYECKAs CUCTEMAa XMMHUYECKUX dJe-
MeHTOB. B Hell 112 snemenToB u o 6328 3aps-
JIOB: £q, =, £p.

CkopocTts (opMupOBaHHS 3apsI0B B CyO-
craHuuu pasHa Yucny Yenoseka:
:6326-6:113.

7-112

(3.98)

Vy

Ho HepBLIe KHUBOTHBIC ITIOABATCA paHBH_IC
(3.97):

_ 6326-6_(7

2
_ 21 —1038.
YT 4)

(3.99)

[TepBbie )KMBOTHBIC MOSIBISIOTCS B 9 pa3 ObICT-
pee, yeM Yenosek:

v - vg=1038: 113 = 9. (3.100)
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ZKuBoTHBIE C
KOCTSIMH,

B oTnoxenusx CY6CTaHI_[I/II/I MHOTI'0 OpraHu-
KH.

APAKOHBI IJIy-
OMH H JieTalo-
mue Capna
n00aBJIEeHBbI
OBbL/IM K Tpe-
CMBIKAKIIMM-
csl.

JKu3nb, nporekaromas B cpeiax 3eMJI B CO-
OTBETCTBUHU C ypaBHEHUsIMH MeHzeneeBa B yc-
JIOBUSAX B3aMMOJIEHUCTBHUS:

lg p1p2p3paps =pv =Rt =Const =2, [(3.101)

rae: p, v, t ¥ R - COOTBETCTBEHHO /aBJICHHE,
0o0BeM, TeMIlepaTypa U ra3oBasi IOCTOSHHAS,

Te, koTOpBIE
npecMbIKAa-
JHCh HA 3eM-
Jie, MOJIyYHJIu
KpbLIbi. Te, 0
JJIMHHOH 11€ee,
oouTaBIINE B
BOJIaX, CTAJIU
npapoaure-
JISIMM ITHIX
NMojAHe0eCHBIX.

OyJzleT cBs3aHa ¢ AMAra3oHOM U3MEHEHHs 00be-
MOB (AV=V,-V,,) KUBBIX CYIIECTB U JIABICHHUEM
OKPY’KAIOIINX UX CPEII:

Av-Ap = (vie—v,)'(prpn) = Const =2,  (3.102)

CrpeMsieHrEe BBDKHTD 3aCTaBIISIIO KUBOE HIC-
KaTb cpeny obOurtaHusi Hauboiee KOMQPOPTHYIO
IUIsl CBOUX 0OBEMOB:

Vg 2/ pg
[ dp= qu) de
VH 2/ py

i pd X pl X (v X vid) = 4(pd % pid). (3.103)

Heo0xogumocTh - ABUraTes b nmporpecca, a
HE KCJIaHUC IIHHHHOIHeeﬁ MOJIYYUTb KpPbUIbS.
DBOJNIONHUS JUHO3aBPOB OTCTajla OT CKOPOCTHU
W3MEHEHUSI OKPYXKAIOLIEeW Cpelbl...M OHU BbI-
Mepiii. MeTeopuT He BUHOBAT.
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Bo Bpems
Tpertbeit xu-
BOTHBIE, JIH-
IIeHHbIE KOC-
Tel, POC/Iv U
H3MEHSJINCh;
OHH CTAJH

KUBOTHBIMH C

KOCTSIMH, HX
YUxaiig crajan
IJIOTHLIMM.

Uxaiis uMeeT moTeHIuaN, oOpaTHbIN maabMme
(ummynbebl); TBepaas Uxaiis MMeeT MoTeHIrall
paBHBII TabMe (3apsbl).

Uxaits pacmupsiercs (k,=Toc/®0,=8); TBepaas
Uxaiist coxumaetcs (ke=Towo/c=2).

Uxails HaxomuTcs B KUIKOM  cpexde
(MHn0=18); TBepaast (kocTtHast) Uxaiis cyuiecTt-
ByeT B opranuke (McHs=16).

3anuiuemM KOHTYp KojeOaHus:

*
9 h M, =2 818162 L= M, kL2 .(3.104
,0* P 2 7 4 4 q
| Uxaiis | | TBepmas Uxaiis |

Mexny Uxaiis n tBepronl Uxalis BO3HUKAET
JUHAMHYECKOE PaBHOBECHE:!

116:18-8 5 162:7°| — |12 5 7, (3.105)

rae Yucno 72 Kab6ana npuHumana 3a boros
[20].

B peansHOCTH y TBepaoi Uxalis nosiBisiach
O06o04Kka C IOTEHIIMAIOM 72, a II0Jx »"TOoH
CKOPJIYIIOii ITyJIbCUPOBAJI CBET:

1
36=72[pdp =2 S
0

(_1/2=72)I(p do=-36. (3.106)

B »9STOM mepeHachIIEHHOM [0 YeThIpex
MOJIEKYJISIPHBIX BECOB BOJIbI
(4MHy0 = 4:18 = 72) pacTBOpe KenTKa-Oenka
Cosupganocs Bceé.
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KuBoTHBIE
pa3beauHu-
JIUCH TEePBbI-
mu. OHH Ha-
4aJIM MOPOK-
narh. /JIByenu-
HbIH YeJI0BeK
TOXKe pa3be-
auHuIcsa. On
ckaszaiu: «by-
JeM, KaK OHH;
Oyaem coue-
TaThCA U CO3-
JaBaTh TBa-
pein». OHu
cJe1aJIi TaK...

B Sliine Co3umaanusi Cco3UJaJIOCh TaKKe
pa3benuHeHne Ha aABynoisix (3.105). Oto pass-
€IMHEHNE MPOXOIUIIO C YUYETOM YPOBHSI DHEpre-
TUYECKUX CONHEYHBIX psaoB (3.106):

Siino Co3unanus

36
me- |=8| 7 | 6 [ 5| 4|3 ]2 1

U30M

Tpac- Tl -6 -5 4] -3]-2)-1

HA30M 8

<—JXHUBOTHBIC—

<—YCJIOBEK —>

5

g

g

S

=

I

S

5 £ <——DHEPIus CBI3U—>
=]

= B

g <~ CBET —
£

5 <—  MAarHuTHBIC MOJS —>
m

o

= | <— AIEKTPUUECKUE TOJIS —>

Puc. 3.7 MyJIbTHILIETHOCTD Cpel
B Sliine Co3npanns

OHeprus MyJIBTUIUIETHOCTH OIPEENsIeTCs
KaK pa3HOCTb CYMM YK€ NPONACHHBIX YPOBHEU
(puc. 3.7):

- y )KUBOTHBIX: 1+2+3-(-1-2-3) = 12;

-y uenoBeka: 1+2+3+4-(-1-2-3-4) = 20;

- B IITEPUYHOM CBA3U:
1+2+3+4+5-(-1-2-3-4-5) = 30;

B nosie CBeTa KOMIIO3MILIUA COCTOUT U3 LIECTH
YPOBHEM, a HSHEPrusi MYJbTHUIUIETHOCTH — 42
(pBercs ayma);

B MArHUTHBIX U 3JIEKTPUYECKHUX IOJISIX YUCIIO
YpOBHEN COOTBETCTBEHHO paBHO 7 U 8, a 3HEp-
U MYJbTUIJIETHOCTH COOTBETCTBYET 56 u 72
(3.107).
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H te, KTO HE
umean Uc-
KPpbI, cove-
TAJHUCh C Or-
POMHBIMH
CaMKaMHM KH-
BOTHBIX. OHH
MOPOAUTIH OT
HHUX HEMbIe
Pacb1l. Hembl
ObLIM H caMHu
OHH.

Pe30HaHCHO-aHTUPE30HAHCHBIM PEXKUM  CO-
YeTaHUN YHEPTHil MYJIBTUIIIIETHOCTH KUBOTHBIX
u yenoseka (3.106):

12:20

—F=3
20-12

0, (3.108)

MPUBOAUT K (POPMHUPOBAHUIO SHEPTUU MYJIbTHU-
IJIETHOCTH NATEPUYHOM dHepruu cBssu. [lo-
pBana ctpyHa. He crano peun. Ponunucs He-
MbIe Pacel.

HeMpbl Ob11M M
camu onu. Ho
SI3bIK UX pa3-
BA3AJICH.
SI3BIK HX 1O-
TOMCTBA 0C-
TaJcAaA HeNmoa-
BHIKEH.

Peub mosBnsieTCS B YCIOBHUSX PE30HAHCHO-
AHTUPE30HAHCHOTO KoneOaHus AIIEKTPO-
MarHuTHo# cpensl (3.106).

IHoTeHnmnaua kojedanus
3JIEKTPOMATHUTHOM cpeabl

3.109
56-72 ( )

—=12-21=252.
72-56

JKvBOTHBIE C MOTEHIIMAIOM MYJIbTUTLIET-
HocTH 12 OynyT M3AaBaTh 3BYyKH, IIOCIIE TOTO
kak [IpoomKkuTenbHOCTS DBOIOMH OYIET CO-
OTBETCTBOBATh

21 =1 (Tott), (3.110)

YeJI0BEK TOJIBKO MOCIIE TOT0, Kak Ha 6as3e BOJO-
pona, JexKalero B OCHOBE epUOJMUECKON CUC-
TEMbI XMMHUYECKUX 3JIEMEHTOB CO3/1aeT PEUEBOI
anmapar (3.106, 3.108):

IHosiBsienne Peuyu y YesnoBeka

252 A, =1,008

(3.111)

== =126-10" = .
20 mS =0.008 P2

[ToTroMcTBO, TOpBaBIee MATCPHYHYIO CBS3b
(3.107) He 3aroBOpUT HUKOT/JA.
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Onu nopoau-
JIM 1y/0BHIIL.
Pacy coroen-
HBIX YY/JA0BHIII,
NMOKPBITHIX
PBLKUMH BO-
JIOCaMH, XO0-
AUBIIMX HA
YyeTBepeHbKAaX.
Hemyro Pacy,
4TOOBI HE BbI-
Jaaja cpama.

Pazspam naxasyem. Hakxazvigaromes u paz-
spamnuxu, u Illomomcmeo pazspamnuxos. Ymo
npu 3MOM NPOUCXOOUM C NOMOMCMEOM HOKA-
3b186A€MCs HA NpUMepe CKOMOI0MHCeCmea:

Crxomonodcecmeo
JKusotHrie Yemmosek
MyibTu- Pasym Myinbtu- Pasym
IINICTHOCTH IIJICTHOCTH (3 112)
12 . 20 - :
3.106) | P9 | (3.106) | 4P
12 p*/q*=12-7/4520-4/7= 20 q*/p*
77 5 1/3x8%2x5.

O6pazoBanacs 3UT'OTA (omnogoTBOpeHHAS
SIMIICKJIETKA) C TOTCHIHAJIOM 000J0YKH 72,
SHEPIHeU CBsI3U, PaBHOW 5, U BHYTPEHHHM IIO-
jgeM 1/3x8%2, B

2" =(gpip2pspaps)”.  (3.113)
pasa MEHbBIINM, YeM 00beM BeuKoi [Tupamuapt

(puc. 3.8):

Kentok (pblxmii)

75

Puc. 3.8 Onucanue 3UTI'OThI sexkmop-sniopoui
senuxou [lupamuowi

VH 218.27/4
23/4:3—.
Lg.
3

(3.114)

[Ipu pazsuruu mioxa B 3UT'OTE npoucxo-
JUT CTYILEHUE J10 JKEITKA.

Benukas [Iupamupa onmceiBaeT 3aKOH CTy-
mienus. [Ipu ckoronoxecTBe enTka HE MOITy-
yaercs. BosHukaer pbepkuid. OcTanpHOE 11O
Opeiiny.
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CmaHua Vi [2]

OnuceIBaeT ycreuHoe Hayajao U Tparudeckue OomuOKU JABYIIO-
JIOTO Pa3MHOKEHHUsI MIOCJIE MYJIbTUIUIETHOCTH MYKE-KEH B MYKUYHUHY
U KCHIIUHY.
28. U3 pactBopa, OpraHuUKH, TOHKOW PHEPrMM MOTHUOIIMX TeEl
OecCMEpTHBIX Iyl CO3AAIOTCS MEpPBblE KUBOTHBIE, a 4epe3 JECBATh
cMeH - yenoBek (3.97 - 3.101).

29. TlosiBneHue KMUBOTHBIX U YenoBeKa MPOUCXOAUT B YCIOBUIX
W3MEHEHUS JTABJICHUS OKPYXKAIOIEH Cpelibl, U )KUBOTHBIC, MEHSISI COO-
CTBEHHbIE 00BEMBI, MPUCTIOCAOIUBAIOTCS K JABJICHUIO OKPY>Karoliei
Cpelibl, MUTPHUPYSI MEXy BOJaMH, MOBEPXHOCThIO 3eMJIM U €€ aTMO-
cdepoii (3.102, 3.103).

MurpupyroT, OJHOBPEMEHHO H3MEHsS CBOW opraHu3Mm. Ha-
MpUMep, JIallbl MEHSIOT Ha JIACTHI, JIACTHI HA KPBbUIbS U TaK JaJiee.

30. Murpamusi o ¢a3oBbIM COCTaBaM cpeji oOutanusi (Boja,
MOBEPXHOCTh 3eMJIH, aTMOoc(epa) MpelonpeaeiseT HapaBIeHUE BeK-
Topa OBomouuu Buna. MeHsieTcsi HE TOJIBKO BHELIHUWA BHUJA, HO U
MEHTAIUTET KUBOTO (3.104).

CrpemiieHHE K paBHOBECUIO MEXy MoisiMU Matepuu Tena u
TOHKOH 3Heprueir BooOpaxeHus peanusyeT pasMHOXKeHue B (opme
poxxnenus u3 Hitia (3.106).

31. IIpupona cTpeMUTCs K COBEPIICEHCTBOBaHUIO BO BCcEéM. Crio-
co0 poxaenus u3 Sina HEyAOOEH MyKe-)KEHCKUM OObeIMHEHUEM
Hauan. Cunte3 Siine-poxxaeHuss CMEHSETCS MYJIbTHILUIETHOCTBIO C
LIEJBI0 IIepexoAa OT MyXe-KEH K MyX4uHe M xkeHmuHe. Ho Taxon
MepexoJ] - YaCTHOCTHh B o0miem jBrwkeHnn Ennaoro Kocmoca mo 3a-
koHaM KapMmel: mepuogudeckas MyJibCcalnus CHHTE3 - MYJBTUILIICT-
HOCTh (puc. 3.7). B Ennnom Kocmoce mosiBUIUCH caMIlbl U CAMKH JKH-
BOTHBIX, MYyKYHMHA U )KCHILMHA Y YEJIIOBEKA.

32. CBobGoaHBIE W PaJOCTHBIE, BBIpBaBIIHMECS W3 OKOB Sliina,

OHH OJIypeNH OT CEKCyaJIbHOM 03a00YE€HHOCTH, U MOJI4a cTanu Oec-
KOPBICTHO TpefaBaThes J[I00BU camka ¢ caMIlOM, MY>KYMHa C JKEH-
uHOoU. X A3bIKHM pa3BsA3aJIHuCh.

Opnako, ¥ B T€ JOUCTOPUYECKHE BpeMEHa ObUIM TaKue I'MTaH-
Thl CEKCYaJbHOH 032004€HHOCTH, KOTOPHIM OBLIO BCE PaBHO, "KTO
MO/ HUM JIEKHUT: MY’KYHHA WM KeHIIMHA", caMell MJIM CaMKa.

CxoronoxecTBo y3akoHunu. Ho 3urora w3 xearou crana
pbI:kKeil, moToMcTBO 37100HBIM. M He BemiaiiTe BUHY Ha OpaTheB Ha-
IIUX MEHBIIMX. PEIKUX U cpeiu Hac HeMaJo.
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JIWJIHA CJIE3bI, TOBOPS:

3.9 CraHua IX
NMepemeHsbl

33. YBuas 310, JIxa, KOTOpHIE HE CO31ABAJIU JIIO/EH, IPO-

34. «AMaHaca OCKBEPHWIH HAIIK OyAyluue O0UTAJIMIIA.
J1o Kapma. YTBepaum odutanuima Hamu B Apyrux. Jlyuie

HACTAaBUM HX, YTOObI HE CJOYYHJIOCH XyALIero.» QOHH UCIOJIHH-
JIM 3TO...

35. Torna Bce Jroau ObLM ogapeHbl Manacom. OHu yBH-
JeJIM TpeX, COBePIIEHHbIN pa3yMa JUIeHHbIMH.

36. Yerseprast Paca passuiia Peub.

37. OpauH cTaj AByMsl; TaK ’)Ke KaK U BCe 'KMBYIIHE H
NMPeCMBIKAKIIHECS, KOTOPbIe ObLJIN ellle eIMHbI, THTAHTCKHe
PBIOO-NITUIIBI M 3M€eH ¢ NAHIUPHBIMH I0JI0BAMM.

*
kK

Pacwugpyem Cmanuyy IX [2]

Crnosa CraH1bl

CMBICIT BBIpQKEHUM

33

YBuasa 3to,
JIxa, koTopsbie
He CO31aBaJIH
JIaeu, npo-
JIMJIM CJIe3bl,
roBops:

JIxa - 3T0 sHepreTuyeckuil ypoBeHb. B co3-
JTAaHUU JIIOJIEH y4acTHe He IPUHUMAJU 5, 6, 7 1
8 ypoBHH (puc. 3.7), COOTBETCTBEHHO UMEIOIINE
CyMMY MNOTCHIHUAJIOB MYJBbTUILNICTHOCTHU, pPaB-
Hyto (3.107):

M =30+42+ 56+ 72 =200. (3.115)

O®paza: "llpoamwan cje3bl", - ONHCHIBAET
UMITYJIbC PACIIUPEHUS BOADIL:

M = Toc/0oMH0 = 818 = 144 = 12°.  (3.116)

«AMaHaca oc-

Bosnukaer nepssiii unen Uxans Pacsl ¢ 1o-

KBePHUIH teHuuanoM k; = 3/2 (3.54).
Haumm Oyay-
34 .
e 0ouTa- k, - MM fM - =1.4950... » = (3.117)
auma. 1o (EM) -Mm 2
Kapma.
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34

YrBepaum
oouTaJIMIIA
HALU B IpYy-
rux. Jlyuue
HACTABUM HX,
4yT0OBI HE CJIIY-
YHJIOCh XY/I-
mero.» Ouu
HCIOJTHWIH
3T0...

"OouTaauma Hamu'" - 3T0 CyMMAapHbIN TO-
teHiman Uxaiis Pacel, paBublii 24 (3.54), Boi-
HOBYIO CYOCTaHIIMIO KOTOPOTO XPHUCTHAHCTBO
uCcTONKOBBIBacT Kak bor - Cesaron Jlyx. YTBep-
TUThH "00MTAJMIA HAIUM B APYrux" o3HayaeT
BryctuTh CBaroit lyx B [ymm (motenuunan 42)
monen (puc. 3.9).

Ayuia

Caaroint lyx

Puc. 3.9 Hacviwyenue ywu Ceamoim /{yxom

Oto Hackimenue Jym CesateiM Jlyxom mpoTe-

KaeT B PE30HAHCHOM pPEeXKHME:
42-24 1008
42_24=T=56=P- (3.118)
Tonkast DHeprus B s3HepreTHueckoi popme
Hymia - Cesiroit [lyx (puc. 3.9) Mmarepuanusyer-
csl B BOAOPOA
(1008 = 10°-1,008 rae 1,008 = An) u Boay
(18 = MH,0), a OTEHIMAT MYJIbTUILJICTHOCTH,
paBHbIii 56 (3.118), yka3piBaeT Ha TO, 4YTO MaTe-
pUaTu3aIys 3aKaHIYMBaeTCs Ha CEAbMOM T'PaBU-
tarmoHHoM yposHe (3.107, puc. 3.7).

35

Toraa Bce J10-
U OLLJIM 0/1a-
penbl Mana-
COM.

[locne nosnenus ymu, HaceimeHHON CBs-
TeiM Jlyxom (puc. 3.9), monu ObuUTM HaJENEHBI
Mosrom, HOcuTenem ceporo Bemectna (3.118).

Ha cenpMom ypoBHE MYIBTHILIETHOCTA MO3T
JICJIAJICS Ha JIEBOE W TPaBOE TOTYIIAPHs, SKBH-
BaJICHTHBIC TPABUTALIUU:

IMoTennuan mo3ra: P =56 (3.118)
Jleoe nonymapue | IlpaBoe nmonymapue

1 0
56
Plpdp=""=28 ijgp:_ﬁ:_zg,
0 1

(3.119)
2 2
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Onu yBuaean
rpex, copep-
LICHHBIN
pasyma Jiu-
IICeHHBIMM.

[TostBsieTcs LMC-TpaHC-U30MEPHS HEPTETH-
YECKUX BUXpEW B monymapusx. Bo3Hukaer um-
IyJIbC BOOOpaXEHUs B T'PAaBUTALMIOHHOM IIOJIE.
[losBnsercas Manac — Pa3ym, TO ecTb yMeHHUE
AQHAJIM3UPOBATh IPUYMHHO-CIICICTBEHHBIE CBSI-
31, 100 Pa3ym - He "nbIpka ot OyOumka'':

Mamnac (Pa3zym) mo3ra

JIeBoe
MOJIyLIapue

IIpaBoe
MOJIyLIapue

28-q*/p* =
28x4/7 =16

—28'q*/p*=
-28-4/7 =-16

45 4%

(3.120)

36

Yemeepmasn
Paca pazeuna
Peus.

yascanus Pazyma (3.120) mpuBena k po-
*aennto YerBeproit Pacel.
lna nosenenuss Peuu HeobOX00umbvl SHEPTHs
Kosie0aHusl Cpelpl, M3JAloIIel 3ByK, U HM3ITyda-
Teh KoJieOaHui (pedyeBoil ammapar, opraH, CUc-
TEMa OpPraHOB, CBSI3aHHAs C LIEHTPOM YIIpaBiie-

HUs - Mo3rom):

Peun B cBsi3u ¢ Mo3rom (3.120)

3ByuaHue
cpelsl

Opransl peueBoit
CHCTEMBI -
U3JTy4aTesn

(3.121)

DHEPreTUIeCKO 0COOCHHOCTHIO PEUH CTaJIO
y4acTHE B HEU 3JIEKTPOMArHUTHBIX I10JIEH, MMOJ-
JAIOIIMXCS BOCIIPOU3BOIACTBY [1aMATBIO KMBOTO
WJIY annapaTrypou HEKUBOTO.
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OauH cran
ABYMSI; TaK
JKe KaK M Bce
JKUBYLIHE U
MPeCMbIKAK0-
muecsi, KOTo-
phble ObLIN elne
€JIUHbI, TH-
TAaHTCKHE PbI-
00-nTHIILI M
3MeH C IaH-
HMPHBIMHU I0-
JIOBaAMH.

Koneoanus Exunoro Kocmoca, okpyxkaro-
IIEr0 MPHUXOJSNIYI0 B ceOs MOCie 04epeTHOro
KaTakiau3Ma 3eMilo, AoCTUIIM riiyouH e€ Bog,
aTMocQepslI 10 BCEH BBICOTE, TOBEPXHOCTH.

J3nan-Co3uaateu cTajau JAeJUTh MNOMO-
JaM Bc€ (O]l MOKPOBOM BBI3IOPABIIMBAIOIICH
3emnm). [axe To, uto emé ocraBasiock Emnu-
HBIM:

B3aumoneiictBue (2 = lg pip2p3paps) -
CHUHTE3UpOBAIIO J[31aHbI:

1
ijgo dp =+252=1gpipapspaps. (3.122)
0

B TtpexmepHom IlpocTpaHcTBE NOSABHIOCH
noJie - 3kBuBaJeHT Peun (3.121). 3atem Tsnb,
3atem Llunb, onucanusie B Knure Ilepemen:

IHepemenbl

berymas Bonna

1/ «
(3.122) 252

OObeMHast BOJTHA (3.123)

+(Y2 52y

(3.121)
Tsaub +158°
007131 +% 5132,
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CmaHua IX [2]

Cranna onuceiBaeT [lepeMeHbl, KOTOpPbIE MPOUCXOMIST B
MUKpo-Makpo Mupax Ilia”er mociie TOro, Kak OHU BCE
OoJbIiIe ¥ 00sbIIe U30aBISIOTCS OT MOCJIEICTBUIM OYEPEIHbIX
KaTakJInM3MoOB, U nyJibcanus Equnoro Kocmoca HaunHaeT BO3-
JIECTBOBATh HA CPE/Ibl TUIAHET.

33. Ilynscaumst Equnoro Kocmoca, mocie cuHTE3a Ku-
BOTHBIX M Jtofed (puc. 3.7), pacuiemisieT moJisi 3HepreTuye-
CKUX YPOBHEH, OCTABIIUXCSI CBOOOIHBIMHU.

Pacmennienue 3Tux ypoBHEH yBeanMunMBaeT 3(PQEKTHB-
HocTh (lg pip2p3paps=2) Beex cyuiectByrommx B Ilpupone
B3auMmoierictuii B 100 pa3 (3.115), a moTeHIMan KUIKUX
cpen nocturaet bubineiickoro uncna, papaoro 144.

34. Ilepemennbl B noyisix TOHKMX DHEPruil 3aTparuBarOT
npexzae Bcero Jymmu, koropeie HacemarTes Toukon Kocmu-
4ecKor JHeprueu, KoTopyro XpUCTHAHCTBO Ha3bIBaeT borom -
Ceateim lyxom.

35. CocymecrBoBanne Marepun u ToHkou OHepruu B
Enunom KocMoce kak 00111ero 3HepreTuyecKoro moJis MpuBo-
JUT K TOMY, 4TO Hackimenue Jymmu Cesateim Jlyxom (puc. 3.9)
BJIEYET 3a cOOOM MaTepuaau3alMio 3TOro Mpouecca B rpaBu-
TallMOHHBIC TIOJISl, B YACTHOCTH, CEPOT0 BEIIECTBA T'OJIOBHOIO
Mo3ra (3.119).

36. Marepuanuzaiuss TOHKUX DHEpPruil B )KUBBIX OMOJIO-
rudeckux oasax Tpetbedt Pacel dhopmupyer poxaenue Yer-
BepTour Pachl.

YM u pusnonoruss YerBeproit Packl mocturaer takoro
YPOBHSI, KOTOPBIA HEOOXOAUM U JOCTATOYEH 1St (hOpMHUPOBa-
Hug Peun (3.121).

37. Ilmanera ounuiaercs Bce Ooiplie. Biusane xoieda-
Hui Ennaoro Kocmoca Beé agpdexTuBHee. MynbTUIIIIETHOCTD
YCUJIUBAETCSl, U BMECTO THTAHTCKUX PbIOO-NITUIl U 3Mei ¢
NAHUMPHBIMHU TOJIOBAMU TOSBIISIIOTCS Oosiee MenKkue (popMbl
YKHUBOTO.
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3.10 CtaHua X
Tparegusa owmnb60o4Hou MNopAabIHK

38. Urak, nBoe, 1o ABa, Ha ceMu 30Hax, Tperbs Paca
3apoamwia Yersepryio Pacy: Cypa cranu Acypa.

39. IlepBasi, Ha Ka:xx10Hi 30He, OblJIa JIYHHOI'O LIBETA;
Bropas - xearas, 30/10Ty mo00Has; Tperbsi - KpacHas;
YerBepras -KOPpUYHEBas, CTABIIAsA YepHOH oT rpexa. Ilep-
Bbl€ CeMb YeJI0BEYeCKUX OTINPBICKOB ObLJIN OHOT0 IBETA
koxku. Ciienyrommue ceMb CTAJIH CMEIIMBATHCH.

40. Torna Tperbs u YerBepTas BO3ropananch. «Mbl
Hapu; mbl boru.»

41. OHu B35JIM KeH, NpeKpacHbIX BUA0OM. KeH ot Pa-
3yMa JIMIIEHHBIX, Y3KOr0J0BbIX. OHH MOPOJANIN YyT0OBHIILL,
3J100HBIX IEMOHOB, CAMIIOB M CaMOK, Takxke Kxamo
(lakuHu) MaJjioro pasyma.

42. OHM OCTPOWJIH XPaMBbI [IVISl TeJIA YeJ0BEe4eCKOoro.
My:xeii 1 :xeH ctaiau 6ororBoputh oHU. Toraa Tpermid
I'na3 mepecraJj 1eicTBOBaTH.

*
kk

Pacwucppyem Cmanuy X [2]

CnoBa

No CMBICTT BBIp@XKEHUI
CraHIbl
Hrak, n1Boe, B rpaBUTanMOHHO-IYHHOM psly IPOJOIIKH-
0 ABa, HA TENBHOCTh IEPEX0Ja C OAHOIO YPOBHS Ha JIPYrou

cemu 3omnax, | coorsercryer T, = 4, wim 1Boe, 10 1Ba HA CeMH
3onax (puc. 3.10).

Ypor-l 11 205 14 s her | 7] g
38 HH1 + | + + =
Tponon- T
JKHTENb- —
HOCTH To [To | To o To | To [To=| 7T, (3.124)
Mynbca-|  PESOHAHC T(Z 75 _ i =7 L* .
WA anmupesonanc 7T, g ’ p*
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Tperbs Paca

Y Tperbeit Pacel Bo3HHKIO BooOpakeHnue
(3.124). IIpousorien UHBEPCUOHHBIN B3PBIB (BBIBO-

3apoania
YerpepTylo | PaunBanue Hau3HaHKy). Meuta Tpetneit Pacwl ma-
Pacy: TEpUAIIN30BaJIaCh B pOKIeHUHU YeTrBepToi Packr:

Tperbs Paca Yersepras Paca

Meura (3.124) Marepus

s q* 4 7 p (3.125)
Ty—=T1T - —=—.
p* 7T 4 ¢

Cypa crana Boo6paxenue - bor (Cypa) Meutsl B Tperbeii
A-cypa. Pace - ctana Acypoii (He borom), a marepueit Uet-

o . 2
Beproii Pachl, 3akmioueHHONW B 000NOUKy 77, H
umeroniel [1pogomKUTeNbHOCT BHYTPEHHETO MO-
ns1, sxBuBanenTHyi0 T, (3.125):

ST, (3.126)

Ipumeuyanne 1

[IponomxurensHOCTh (3.126) peanuzyeT cedst BO
B3aUMO/ICHCTBUSX BOJIH, HAIIPUMED,

\/52 Sc /4 = Csc m/4:

28
7S5 T, = (Ig pipapspaps) * =v2 . (3.127)

HNmenno Takoe CTYHICHHUC OIMUCBIBAIOT 3JICMCH-
ThI-BeKTOpa Benukoi [Tupamuasl (puc. 3.10)

/T\ dnemenThl [Inpamuanl

;H\ rRaT2€LT2

a
™~
1| 2 |T| 4| |T | T |T
/Re>/rr3r5678
28

(r _ \/5 )1+2+3+4+5+6+7 _ \/5

Puc. 3.10 Inemenmur Ilupamuowr kax
BEKMOpHOe ONUCAHUE C2YUjeHUS
80 83aUMOOEUCMBUSX
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IIpumeuanmne 2

l'apmonusa BceneHnHnoir cBsizaHa ¢ XaocoM H
beckoHeyHOCTRIO JOrapuPMHUUECKUMU KOJeOaHNs-
MU:

I'apmonusi| Xaoc | beckoHeyHOCTH

(2.128)

1= 0= 0 =

lg ps=... | log.l=... | logy - log,l =...

IlosBneane B Xaoce MacChl OTHOCHTEIBHOIO
nokost ¢ 7= | , co37aeT B mose Xaoca KaHajl dKCT-
PaceHCOPHON MPOBOAMMOCTH C PAAUYCOM i U JIJTH-
HOl H:

Puc. 3.11 Ilpana 6 kanane 3kCmpaceHcopHol
IIposooumocmu

Hln ¢*"=2mim, (3.129)
ITo 3TOMYy KaHaITy CBEPXIIPOBOAMMOCTH JIBHKET-
cs1 KBaHT TOHKON DHEPIUu ¢ MOBEPXHOCTBIO CPEBI
Qi=4m (R=1) -2 =—4m.

Tpancdopmanus 3TOr0 MEHTAJBHOI'O KBAaHTA B
MaTepHalbHBI ONUCBHIBAETCS €ro IONaJaHUuEM B
KpYT (OKpY>KHOCTB) ¢ paguycoM R =2, rae:

S=m(R=2y’=L=2n(R=2)=-Q=4n. (3.130)

Cypa cTana Acypoii.
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IlepBas, Ha
Kaxknoii 30-
He, ObLjIa
JIYHHOT'O
nBera; Bro-
pas - KeJ-
Tas, 30JI0Ty
noao0Hasi;
Tperbs -
KpacHasi;
YerBepras -

KOpPUYHeBasl,

cTaBuIast
YEepHOH OT
rpexa.

OnpenenuM pa3HOCTH JIJIUH BOJIH B CIEKTpE
COJIHEYHOTO OeNoro cBerTa:

Pa3zHocTy 1nvH BOJIH B CIEKTpe

COJTHEYHOTO0 6ernoro cera, A [5]
KpAacHBIii AK=1400 | 1 | &
OpaH)KEBBII AO =380 E E
HKEJThIH AK=70 E ‘ZL:

JKEJITO-3€JICHBIN AK3=250 | & | % [.(3.131)
3CJICHBIN A3 =400 7 ‘:{‘
romay0oii Al' =300 %
cuHmii AC=300 | S| Z
(hroneToBEII AD =500 F %
Geblid AB = 3600 3
#x

UYepnepiit LBer - 3TO moryiomaeMslii 1 HEU3ITY-
Yaromuii 6enbiid CBEeT, GOPMUPYIOIINN MacCy OTHO-
CUTEJIBHOTO ToKOs (m = € = 2,7).

beunblii ceer ‘ UYepHsbli 1BET
AB = 3600 S 1/3600 = 2,(7)-10™.

(3.132)

*
kk

Cemb 30H JIyHHBIX; BOCEMb COJTHEUHBIX:

Comueunwii | 1|2 (3(4(5|/6|7]8
Jymneid |1 (2|34 |5]6|7]|0

36
28

(3.133)

*
3

CHCKTpaJ'II)HI:Ie JIMHHUH I10 BCEM 30HaM OJHHAKOBbI
U UMCIOT CJIICAYIOMUC XaPAKTCPUCTUKU

IlepBas:  Jlynnoro nsera, AJI = 2800.

Bropas:  XKeunras, AX =170. (3.134)
Tpetpsa:  KpacHnas, AK = 1400.
YerBepras:YepHnas, AU =2,(7)10™.
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IlepBbIe

ceMb 4eJ10-
BEYECKUX 1. JTynnas
OTHPHICKOB 2. XKentas
ObLJIM OIHO- 3. Kpacuas
o nBeTa 4. Yepuas
Kkoxku. Cie-
Ayroiue
ceMb CTAJIH
CMelIUBATh-
csl. Puc. 3.12 Cnexmpanvuoii kearnm
39 no écem 3o0Ham
B mnone BonHBI-4acTUIBI CBETa, MCKPUBISIOLIETO
sHepreruueckoe noine B [lpoctpancte u3 (3.134)
BO3HUKAET CPEpUYECKUN KBAHT C YEPHBIM SIPOM
(3.134, puc. 3.12).
B ycnoBusix paBHOBecusi B TeueHue Tott= 7
KBaHT OyJIeT UIMETh OJIUH I[BET:
1
%pzzﬁz%l(pdw. (3.135)
***
Ho kak tonpko kBaHT (puc. 3.16) BBEIWAET U3 CO-
CTOSIHUSI PABHOBECHSI, TJI€ OH HAXOJWJICS B TCUCHUE
Cemu Beunocreii (T,+t = 7), 1 HAaYHET B TeUCHUE
Cemn Beunocrteii (Tott = 7) myascupoBath, TO
[[BeTa B e€ro moje (Kak U B KOXke Jrofei) OyayT
CMEIIMBAThCS:
(£©%j-(ﬂ)+7)—> 400 = . (3.136)
NK AK 2
U B 3esieHoi o0nactu ¢potocunTe3a Kynnanunu Oy-
net co3unarts JKu3Hb.
Toraa Tpe- Ommbka Tperbux (kpacHbix) u YerBepThixX
Tha u Yer- (uepHBIX) COCTOsIa B TOM, YTO OHH MPOTHO3UPOBA-
4 BePTaA BO3- 7m Oyay1iee Mo CBOMM MOPSAKOBBIM HOMEPaM:
rOpIUJINCH.
«Mpb1 Hapu;

MbI Boru.»
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PE3OHAHC

3-4

_)
anmupesonanc  3+4
rae BooGpaxkenue (q*) - Bnagsika Mynpoctu.

%
P (3.137)
7 p*

O)IHaKO, ecau Obl KpaCHbIC 1 YCPHBIC COOTHCCIIN
cebs1 co cBoer Pa3HOCTBIO BOJIH, TO MOJYYHIIN OBI

4
0 MacCy OTHOCHTEIHHOTO IOKOSI B YCIIOBHUSAX CITa0BIX
B3aNMOJICICTBU:
PE30HAaHC AK -AY “2.(7)10.  (3.138)
anmupesonanc  AK +AY
OHu B3s1JIH [Mapam 3aryyissmii ¥ HE 3aMETHIIM, YTO BMECTO
“KeH, mpe- Myapsix xeH (q*/p* = 4/7) c 6orateiM BooOpake-
KPACHBIX HUEM, OHHU CBS3aJM CBOIO CyAb0y ¢ AypouKaMu
Bugom. Ken | (p/q=7/4).
ot Pazyma Hcxons u3 cBoux npencrasnenuit (3.136), oxu-
MIIeHHbIX. | A@TH monyants MynpocTs B KBaipare IpH XOpo-
, .
Y3KOI0J10- [IeM JTUYHKeE:
BbIX. 2
(Myx)(XKena) = (t-.q*/p*)-(q*/p*) = 3(4/7)". (3.139)
A 4TO0 osyuunu’?
41
Onu nopo- Ho unaye u ObITH HE MOTIIO, HOO peasbHBIC TO-
MM gygo- | TEHIHMAIBI MYy»a (3.137) m >keHbl TO3BOJSUTM UM
BMILL, 3J100- BOCIIPOM3BECTH JIMIIb MPU3pAUYHYI0 000JI0UKy 0€3
HBIX 1€MO- BHYTPEHHETO COJEP>KaHUS:
HOB, CAMIIOB 3 oy _ _
H CAMOK, (myx =2,(7)107)-(ckena = p /q = 7/4)
Takxe Kxa- ~ 72107 (3.140)
1o (Jaxunn)
Majioro pa- IlycToii YeJ0BeK BCeraa CyeTJuB H 3J100€eH.
3yma.

224




42

Onu nocrpo-

WIH XpPaMbl
JJIA Teja
yeJioBeye-
ckoro. My-
JKed | JKeH
cTaJIa 60ro-
TBOPUTH
ouu. Torma
Tperuit
I'na3 nepe-
cTaJ JaeucT-
BOBATh.

CyeToii BOKpYT ce0sl U Omopoi Ha KyJIbT JIMYHO-
CTH JI000M COIMYM CO3Aa€T BUJUMOCTD JEIOBUTO-
CTH, HE 3aloJHssl Toi mycToit o6onouku (3.139), B
KOTOpYI0 nonaiu /lakuHu Majioro pasyma.

Mgl 310 npoxoaunu B JKU3HM U MPOXOAUM CEil-
yac.

***
Jlyis Toro, 4yToOBI JKUBAs A€JIOBUTOCTh HE MOJ-
MCHAJIA COACPIKATCIBHOI'0 ACJia, HYXHA aHaJIUTH-
yeckas pabora Tperbero ['ma3a, KOTOpBI Kak BeChl

¢ "Toukoii omopwl" Ha mmuHe BoJHBI 4800A
(3.131).

Hyabcanus Tperbero I'1aza

AT+ Al - 4800
4800 AC+AD

.o (3.141)

Bl

Ho 3100HBIE 00Mamaiu TONBLKO OOOJIOYKOH, WU
Tperuii ['na3 nepecran neicTBOBATH.
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Cmanya X [2]

CraHlla IOBECTBYET O TOM, KAaK B PE3YJIbTATE JIOKHOMN
MIEPEOLIEHKU CBOUX BO3MOXKHOCTEN Tperbs u UerBeprast Pacel
ceNady HENMPaBWIHHYI0 CaMOOLIGHKY M HaBJICKIH Oenbl Ha
CBOE IIOTOMCTBO.

38. YenoBek CyYmCCTBYCT B I'paBUTAIMOHHOM II0JIC U BbI-
JKUBACT TOr'Ad, KOTAa IMOAYHUHACTCA 3aKOHAM I'PaBUTAIUMOHHOT O
I10JIA.

['paButranmonnoe noisie umeer CeMb ypOBHEW, MEPHUO-
JTUYHOCTH MEPEX0JA MEXKAY KOTOPBIMU MPEAOIPEAEISAETCS TIe-
PHUOJIOM BPAIIEHHUS TOYEUHOTO YYACTKaA BOJHBI CBETA.

[lynbcarusi TOYEUHOTO ydacTKa BOJHBI CBETa B PE30-
HAHCHO-aHTHPE30HAHCHOM pexume GpopmupyeT BooOpakenue
(3.124) u obOecrieunBaeTr 3HepreTUUecKuil nepexos ot Tperbei
k UetBeproii Pace (3.125, 3.126).

[Tpuuem, nepexon ToHnkoit DHepruu B DHepruro Mare-
puu onucad nponopuusiMu Beaukou I[Tupamuner (puc. 3.10 u
puc. 3.11).

39. [lepexonq Ha TrpaBUTAMOHHBIX YPOBHAX CBS3aH C
BO3MYIIECHUEM CIIEKTPAIIbHOM CHUTYyallud CpPelbl YpOBHEW, Ha
KQKJIOM U3 KOTOPBIX MOSBIISIETCS JIYHHOE, KEITOE U KPacHOoe
CBEUEHHUE MpH noriomarnieM yepHom siape (3.134, puc.3.12).

40. He noHsB CYIIHOCTH MyJIbCALIUM CIIEKTpPA CBETA, Tpe-
Tbst U YeTBepras omuO0O4YHO mocuuTan cedsi 3a Biambik
Mynpoctu. Bozropaunucs, 1 Ha pafocTax B3sIM ceOe B KEHBI
KpPacCUBBIX, HO Y3KOTOJIOBBIX, OISITh K€ OIIMOOYHO MPHUHSB UX
3a YMHEHBKHX.

41. Y3koronossle Hapoxanu Tperbeil m UeTBepToi mo-
TOMCTBO 3JI00HBIX, IYCTHIX, cienbix Ha Tperuid ['na3, norom-
CTBO 3JI00HBIX JIEMOHOB, ITpornoBeaytonmx Bmecto Kynbra bo-
ra - Kynst Yenosexka.

Bort u Bcs Tparenusi. Ho ecnu 310 He Tparenus (y Hac u
He Takoe ObIBaJO), TO Bac yxe Hu4eM He yAUBUIIb.
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3.11CTtaHua Xl
OueHKa Hawen uBUNu3aumm
Benukon UlnBununsauuen

43. OHu nocrpouniu orpoMHubie ropoaa. Iz pexkux nous u
MEeTAJJIOB CTPOMJIM OHHU, U3 OTHEel H3BepPKEeHHBIX, U3 0eJ10Tr0
KaMHS$ I'Op ¥ Y4ePHOI0 KAMHS BbICEKAJIH OHU CBOM COOCTBEH-
Hble N300paKeHus, 10 pa3Mepy U MoA00UI0 CBOEMY, M ITOKJIO-
HSLJIUCH UM.

44. OrpoMHbIe H300paKeHusi BO3JABUIJIM OHH, B IeBATH
yatis BbICOTBI, B pa3Mep CBOUX Tesl. BHyTpeHHHe OrHH YHHYTO-
sKMJIM 3eMJII0 X 0THOB. Boaa yrpo:xkana Uerseproii.

45. HapBunynucsk IlepBbie Besinkne Boabl. CeMb 00/1bIINX
OCTPOBOB IOIJIOTH/IM OHH.

46. Bce 0/1arouecTuBble ClIaceHbI ObLIU, BCe HEYeCTHBbIE
ucrpedaeHbl. BMecTe ¢ HUMH GOJIBIIMHCTBO OTPOMHBIX KHBOT-
HBIX, MPOMCIIEAIINX OT MoTa 3eMJIH.

***

Pacwuoppyem Cmanuy Xl [2]

No Cnosa CraHIbI CMbICT BBIpaXKeHU I
Onu nocrpo- Bcé paspymiaromias 5KOHOMHKa NpH edop-
HJIA OTPOMHBIE MHPOBAHHOU IICUXUKC HaAIIpaBJICHA HC Ha IIO-
ropoja. Moulb Marepu-bxymu, a Ha €€ paspylleHue:

Toukue Oneprum coumyma OOJIBIIMX TOPOJOB
MeHsUn Hoocepy Hax 3eMilei:

43
Counym 3emuis Hoocdepa
4 %
q 4 7 e 40 2
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N3 peakux
MOYB U MeTAaJl-
JIOB CTPOMJIH
OHH,

['eonornyeckuii MOMCK TOJIE3HBIX HCKOIae-
MBIX B WX MaTod(PQPEeKTHBHAS TEXHOJIOTHYECKAs
nepepaboTKa U3MEHsIa COCTaB - cBoiicTBa Kopsl
3emmu. Otpasisiia e€ Atmocdepy u Bonsr:

Kopa | H3me- Hapymenue
3emMyn | HeHHA mo 7/2
p 7 7 . BT (3.143)

N3menenue cocraBa 3emuoir Kopwl 3a cuer
nesitenbHOCTH uenoBeka (7/4 - X), rne X - cama
NeSITeNbHOCTh, OYyET CBSI3aHA C YHEPTETUUECKUM
notokoM u3 Heap 3emnu ¢ morenuuamom 7/2
[14]. OtoTr nmotok - Kynmanuuu 3emnm (3.143).
Bo3Hukaer BO3MOXKHOCTH MEXIy Halled naes-
tenbHOCThIO U KyHnnanunu 3emnn (3.143):

Cas3b HapymieHusi 3emHoi Kopbl
AeATeJIbHOCTHIO YeJI0BeKa 1
Kynnanunu 3emuin (3.134)

AXET7? =477, X*=161/16 = 10+5-10°
4

(3.144)

U3 OrHell u3-
Bep:KeHHBIX, U3
0eJ10ro KaMHs
rop ¥ YepHOTro
KaMHS$ BbICe-
KAJId OHH CBOM
COOCTBEHHDbIE
H300pakeHmsl,
1o pa3Mepy u
MoJ00HI0 CBO-
eMy, U TOKJIO-
HSJINCH HM.

CrpoutenbHBIMU MaTepHaIaMU SIBJISUIUCH Ma-
TepHuasbl, U3BJICUCHHBIC (M3BEP:KEHHbIE) 32 CUCT
TEXHOJIOTUYECKOH TepepadoTKU MOYB, a TaKXKe
€CTECTBEHHOE ChIPbE: Oe/Ible H YePHbIC KAMHH.

Bo nms yero muio crpoutenbeTBo? Bo nms
THIECJIABHOTO, ITyCTOIO CaMOIOKJIOHEHHUS TO-
[JIAIIHEH NapTUMHO-TOCYJAaPCTBEHHOM  JJIUTHI.
Mpe1 npoxoaunu. Ham 3amaBanu.
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Orpomubie
H300paKeHust
BO3/ABULJIN
OHH, B IeBATH
yatis BbICOTBI,
B pa3Mep CBO-
UX TeJl.

Ilon 31O omucanue momajgaeM U Mbl, U yXKe
YTOIUIECHHMKH - ATJIAaHTBI, KOTOpbIE CTPOMIJIU
CKYJBITYpHI Ha ocTpoBe [lacxa m Ha okpamHax
I'o6u B 27 ¢pyToB BBICOTHL, TIpH § PyTax B miedax
[2]. Y xOTs1 MBI MOMETBYE, HO TOKE MOXKEM CTaTh
YTOIUIECHHMKAMH, TaK Kak >)KUBEM B pUTME KO-
Jie0aHMii MPOIOKMTEIbHOCTEI:

[UTe S Tt > [P=9516=T,7, (3.145)
rae 9 OTHOCUTENBHBIX €IUHUI] ATIAHTHI IEPEHO-
CHJIM B pa3MepHOCTh 9 yatis.

Buyrpennue
OrHM YHHYTO-
KHJTH 3€MJTIO
UX OTLIOB.

Konebanus B [TponomkurensHoctu (9516) -
3TO KOJeOaHusl B SHEPTETHUECKOM T0JIe, KOTOPOe
Crpourenu [Tupamua HazBasin CBSIIEHHBIM Tpe-
YTOJIBHUKOM €O cTOpoHamu 3,4 u 5.

C no3unuu HU3UKHA MOTSHITHANBI 3, 4 U 5 OT-
pakarT KoJIeOaHHsI TOBEPXHOCTH WHEPLIUOHHON
CUCTEMBI:

(To+1)=5=T=4=3=(T,— 1), (3.146)
B TOM 4HcIie JUTochepbl 3eMITu.

Puc. 3.13 Oniopa cun eceokamaxiuzmos

Onnako xonebanus muTochepsl 3eMiTu CBsI-
3aHBbI C NyJbcanuei Aapa 3emnn, KoTopoe mne-
PUOIUYECKH IOCTUTaeT MOTEHIIHA-
HKBHBAJICHTOB KBaJAPaTOB CTOPOH CBSIIIEHHOTO
TpeyronbpHuka (puc. 3.13).

B srom none ana Henp fAapa Crycrtka ot-
KpBbIBAa€TCA KaHAJl CBEPXMPOBOIUMOCTH, TaK Kak
MOTEHIIMAN /1 OKa3bIBaeTCsl PaBHBIM HYJIIO:
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p = Ya(atbtc) = Y5(25+9+16) = 25
w b=+ p(p=ap—bp—0) =

=J_rzi5¢25(25—25)(25—9)(25—16) =0, (3.147)

Tak Kak 25 —25=p—a=0.

Takoil pe3oHaHCHBIM BBIOPOC SIIEPHOTO Be-
[IECTBa ONMHUCHIBAECTCS clioBamMu: "BHyTpeHHHe
OTHU YHHYTOKHJIM 3¢MJII0 HX OTIOB".

Boaa yrpo:xka-
Ja YerBeproi.

Pe3zonaHcHO-s7iepHas kaTacTpoda CMEHseTCs
AHTHPE30HAHCHBIM OTHOCUTENIBHBIM ITIOKOEM, ITPU
KOTOPOM IOTEHIMAll KaHaja sJepHON NMpPOBOAM-
moctH (h, 3.147) cTaHOBUTCS paBHBIM:

h?=(£1/25)*[25+(25-25)+(25-9)+H(25-16)] =
50/5*=0,08. (3.148)

Bosnukaer necsate cryctkoB (mg = 0,008)
cBeTa. BO3HHUKAIOT B3aMMO/ICHCTBHS:

44 !
k = (h*/0,08=10)+(h%/0,08 j 0 dp=5)=15,(3.149)
0
KOTOpBIC B COOTBETCTBUU C 3aKOHAMH KBAHTOBA-
Hust (15 — 15%) DocTHraroT KBapaTa nepBoHa-
JaJIbHOM BCJIMYMHBI, 1 KaHAJI IPOBOAUMOCTHU
(3.148) 6ynet Iogoouem Bogonposoja:
h’k?*= 150,08 = 18 = Mm,0. (3.150)
UYersepras Paca yroHyna. ATnaHTuABl Ha CTa-
J10. A KaK KMYMJIHCH!
HanBunyJanch Octposa - cyma. Cya - 1moJie rpaBUTaIuu BO
HepBble BeJIu- B3aHMOHCI>'ICTBYIOIHCM CBCTC!
KHe BOJbI.
CeMb 6015~ JHepreTu4ecKHil MOTEHIUAJ CyIIN
45 mx ocTpoBoB | |K = 36-(Ig pipapspaps = 2)-(plq=7/4) (3.151)
NOrJIOTHJIH =126.
OHHU.

Ho nmynbcanus mo60ro sHEpreTH4ecKkoro mo-
Jisi CBsi3aHAa C TNEPUOJIMYHOCTHIO, HANpHUMED,

230




Tott=7.

45

[Toaromy Bceemmpnsiii Iloton Oyaer mponos-
KaTbCsl 10 TEX IOp, IIOKa MEXy BOJOH U CyIllIen
HE HACTYIHUT JHEpPreTHYecKo-(pa30BOe paBHOBE-
cHe:

JHepreTnyecko-pazonoe
paBHOBecue BcemupHoro
ITorona

(3.152)
Bopa (3.150) Cymia (3.151)
(To+t)-MH0 =
7-18=1265 | 126 =K =36-2-7/4.

46

Bce 6J1arouec-
THBbIE cIlace-
HbI ObLJIN, BCE
HeYeCcTHBbIe
HCTpedJIeHbI.
BmecTe ¢ HUMH
00JILIIMHCTBO
OTrPOMHBIX
KHBOTHBIX,
npoucuenux
OT NoTa 3eMJIM.

brnaroyectuBslil TOT, B KOM TOCHOJICTBYET BO-
oOpaxxenue - Brnagsika Mynapoctu. "VY nenbHblit
Bec" (y) GrarouecTUBOro OyIEeT PaBeH:
v =q*/p*=16 /28 =4/7. (3.153)
HeuecTuBblii MEpKaHTWIEH U JEHCTBYET C
MIO3ULIMM TIpUMara rpaBUTanMu. Ero yzaenbHbIN
BEC, KAK U BeC OIPOMHBIX KMBOTHBIX, UMEET
MOTEHIMA, OOpaTHBIA yACIbHOMY Becy 0Jaro-

yecTuBbIX (3.153):
1 /y=p/q="7/4. (3.154)

O06e xareropuu MyJbCUPYIOT C MEPUOIUYHO-
CTBIO:

bnarouectuBbie Heuectusrie
'Y‘(T0+T)=4 21=7/4'12£T0’C /’Y (3155)
4 << MH;0 — 21 >> MHu0 —
BBITUIBLIN YTOHYJIH.
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CmaHua Xl [2]

CraHlla aHaTU3UpPyeT MPUYUHBI CIIACEHHsS OJIarouecTu-

BBIX M HEYECTHUBBIX B nepuoasl Bcemupneix [lotonoB u pac-
CKa3bIBAET O MEXaHU3ME BO3ZHUKHOBEHHUS MEPUOANYECKUX I€0-
KaTaKJIM3MOB, MEPHUOJIbI MEXAY KOTOPBIMH COKpallaer 0e3-
JIapHas IeSTEIbHOCTD JIFOIECH.

43.

44,

45.

46.

232

Ooburtarenu 3emiid, C LI€JIbIO MOBBIIIEHUS MPOU3BOIUTEb-
HOCTH TpyJla HAEMHBIX TPY>KEHHKOB, CIPYNIHPOBAINCH B
OOJBIIMX TOpPOAAX, HO HE YWIM, YTO 30MOMpPOBaHHAS
Mpiciip CouiymMa ropofioB HcKaxkaeT Hoocdepy 3emiu
(3.142), a olecreueHre ropokaH pabOToOM MOTPeOOBAIO
Pa3BUTHUS TPOU3BOJICTB, CHIPbEM [IJISi KOTOPBIX SBIISETCS
kopa 3emiu (3.144). OnHako, HapyILIEHHE YKOJIOTUYECKOTO
paBHOBecus B Hoocdepe 3eMii U BO BCEX Cpeliax 3eMiH
OCYIIECTBIISIOCH, TJIABHBIM 00pa3oM, JUIsl yJIOBJIETBOpE-
HUS TILECJIAaBUS IPABSIIEH SIIUTHI.

Ilycras, HO cyeTnuBas IE€IOBUTOCTh ATIAHTOB U UM IIO-
NOOHBIX M3MEHMJIA JKOJOrMYecKyro curyauuto B Hempax
3emuin. [IpubOnuxeHue BHYTPEHHUX OTHEM sAJI€pHOrO Be-
niecTBa 3eMiu U conyTcrByromue uM Beemupubie Ioro-
nbl (3.147, 3.150) yckopsiiuck. becrieunble ATIaHThI OKa-
3QJIMCh HAYYHO-TEXHUYECKU HECOCTOATEIIbHBIMY, ...H YTO-
HYJIH.

[Torn6asi, ATIaHTBl YTONWIHA MOIMYTHO W CEMb OOJBIINX
OCTPOBOB (KOHTHHEHTOB); XOTS IIENBI0 WX IMOSBJICHHS Ha
cBeT Ob10 Oepeub Marepb-bxymu.

ConpyxectBo Kocmuueckux I{uBuiauzanuii He XOTENO
UMETh JIeJI0 C ATIIAHTUYECKHUM XYyJIMTaHbeM (KaK CerojHs
HE JKeJIaeT UMETh JICJIO C HallleH IUBUIM3AIINECH), HO, Clie-
nys Ilpuanunam Kocmmuecko Mopanu, cmacino Bceex
0JIarO4eCTUBBIX, a HE TOJbKO oHOro Hosl.



3.12CTtaHua Xl

BoxecTBeHHO-reHeTU4YecKoe (*)OpMVIpOBaH ne

MaTton Pacbl

47. He MHOTHE OCTAIUCh: HECKOJIbKO JKeJIThIX, HECKOJbKO
KOPUYHEBBIX U YePHbIX, H HECKOJbKO KPacHbIX. JIIOAH JIYHHO-
ro BeTa UcYe3/1u HABCer/a.

48. IIsaTas, npoucuieamIas 0T CBALIEHHOT0 Poaa, 0CTAa-
JIACh; OHA CTaJIa yNPaBJsAThCA nepBbiMu bo:xkecTtBennbiMu Ila-
pPAMH...
49. ...3M1H, KOTOPbIe BHOBb CIYCTHJINCH H YCTAHOBUJIH
mup c IlsaToii, KoTOpbIE YYUIN U HACTABJISLIIN €e...

*
kk

Pacwugpyem Cmanuy Xl [2]

CnoBa CraHIIbl

CwmbICH BBIpaKEHUM

47

He mHorme
0CTAJIUCh:
HECKO0JIbKO
JKeJIThIX, He-
CKOJIbKO KO-
PUYHEBBIX U
YepHbIX, U
HECKOJbKO
KPAaCHBIX.

B TIpomomKuTeNnbHOCTH TeOKaTakin3Ma u3
Henp fnpa k ero noBepXxHOCTH YCTPEMUIIUCH Pe-
30HaHCHBIE (3.148) u anTuUpe3oHaHcHBIE (3.152)
JHEPreTUYECKUE MOTOKHU:

3Hepreanec1me NINOTOKHU U3 He)lp
Slnep B nepuoabl KATAKJIU3MOB
Pe3onanc AHTHpE30- VYepen-
3.148 HaHc (3.152 HEHHBIH
( ) ( ) (3.156)
2 = 1R = 12
h?=0,08 = (To+1)18 = 6 _ 1575
ps(m'= 0,008) 126 0,08
Cser Bognopon Bomnnsl.

W3 Henp flnep B MOMEHT KaTakin3Ma
(CMEHBI MOTIOCOB) TIPHU PE30HAHCE U3ITYYArOTCS
cryctku cBeta (ps'm' = 0,08, rae m.' = 0,008);
IIPU aHTUPE3OHAHCE — BOJAOPO/I, TAK KaK
Ay/m' =1,008 /0,008 = 126,
U BCEr/la Fe0KaTakJIM3My COITyTCTBYET Pa3HOCTh
JUTMH BOJIH, KpaTHas (3.156):

AL =126 /0,08 = 1575. (3.157)
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47

Oto wm3nydenue (3.157) Oynet B3auMoaeicT-
BOBaTh B PE30HAHCHO-aHTUPE30HAHCHOM PEXKHUME
CO CIIEKTpaJIbHBIM crycTKoM (puc. 3.12, 3.134):

Bausinue nznyuenust u3 Heap 3emuiu
HA CNEKTPaJbHBIH KBaHT (puc. 3.12)
IlBer TTorenuman BriBon

q . | AY-AL YepHblie
CPHEIM | Ay A1 73600 | ocrammcs
y | akar 072”11“aJ'II/ICLZ (3.158)
PACHBI | N var ™ 20,53
AK
_— A AL . 06(7:TanHCL:
ATBIA | ——— =
NK + AL —=0,96.
NK

Ota "coprupoBKa-puJIbTpPaUMs’ MTPOU30II-
Ja B CIIEKTPE COJHEYHOTI'O CBETA.

Ilepexonq K JyHHOMY 3HIOTEPMHYECKOMY
CBETYy IOBJIeYET 3a coOoi nuBepcuto. [losBUTCA
00paTHBIN MOTEHIIHAI.

JIroam JiyH-
HOI'0 IIBETA
Hcye3J Ha-
Bcerjaa.

ITosiBuTcst morennmann (3.158):

Horen-
IBer A BbiBog
AT + AL Ucuesnu: (3.159)
Jymmeit | AT-AA[9,92-10%/AT1
=9,92:10" | =3,5-107.

OHu ncyesnu, Ho Bo3HHKIA KyHnanuuu 7/2:1077.

48

IIsaras, npo-
HCLIeas
OT CBSILIIEH-
HOI'0 poja,
0CTAJIACH;

B Ilpupome IIsate ¢opm B3aumoneicTBui,
[Tate da3oBeIX cocTostHMIT BemiecTBa [8], U Bce
OHU OepyT Hauano u3 3(PPEeKTUBHOCTH B3aUMO-
JIEUCTBUI cBeTa B ImyJibcupytromnieM Kocmoce:
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48

Hsarepuunsiii Jxa [1]

1
Db dexTuBHOCTH +ps I(D dp=+5
0

Yucno a3 [8] (3.160)

Uucno B3auMOaenCcTBUI
Yucno pac
ODHEprus CBs3u

Nl ||

Benukas Ilusminzauus o6oOuiana naTepuy-
Hy cymHoctb Enmnoro Kocmoca tepmuHOM
[arepuunsiii JIxa

***
O cBsiLIEHHOM poje

Ucuesnosenue moaen JlyHHOro msera co-
npoBoXaaiochk  pacmupenueM — KyHpanunu
(3.158).

Ho Kynpgamuam mnynscupyer u oOpasyer
BETBb CXKaTHsl C MOTEHUMAIOM 5/2, 00pasys, Ha-
pUMeEp, CryIIeHHe HEOECHBIX Tel BOKPYT 3eMin
¢ 3TuM ko3¢ urrentom [ 14].

Takoe "crymenue HeOecHBIX Ten" Oyjaer
dopmupoBate U KyHmanuHu, OCTaBIIasCS Kak
cBoOOnHas sHeprus or Jlronel JyHHOTO IBeTa
(3.158):

(3,5 1)107 = 5/2%xp, ", (3.161

OHa cTaJjJia
YHPAaBJISATh-
csl ePpBBIMU
bo:xecTBeH-
Hbivu Ila-
PAMM...

Korna rosopst o Llapsax, To roBopsaT o Ha-
CJIeICTBeHHOH BJIACTH.

63 | 62 | 61 | 60 | 59 | 58 | 57 | 56

55 | 54 | 53 | 52 | 51 | 50 | 49 | 48

47 | 46 | 45 | 44 | 43 | 42 | 41 | 40

39 | 38 [ 37 L 6°] 9| 34 | 33 | 32

31 [ 30 [ 29 | 9| 67| 26 | 25 | 24

23 | 22 | 21 | 20 | 19 | 18 | 17 | 16

15 14 | 13 [ 12 | 11 | 10 9 8

7 6 5 4 3 2 1 0

SAnpo: 6 +9+6+9=30.
VYnaneno: 27 + 28 + 35+ 36 = 126.
Cymma 0e3 ynaneHHsix u sapa: 1890 = 63x30.

Puc. 3.14 Ilepuoouueckas cucmema 2eHOMO8
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HacnenctBeHHOCTh nepeaeTcs TI'€HOMaMHU.
['eHOMBI UMEIOT NMEPHOAMUYECKYIO CHCTEMY (pHC.
3.14), B KOTOpOI MOTEHIMAJI CYMMBbI YIaJIEHHBIX
TE€HOMOB, paBHbII 126, TOUHO COOTBETCTBYET BO-
JIOPOJly, BBIACISIEMOMY NPU aHTHUPE30HAHCE TeO-
karakiau3ma (3.156).

TakuM o0pa3oM, sApO TeHOMa MyJIbCHUPYET
0] HAaTIOPOM SHEPreTHYecKuxX MoTokoB u3 Henp
F€HOMa, TOYHO TaK e, KaK 3TO ObLJIO C I[BETHBIM
kBaHTOM (3.157, 3.158).

bonee Toro, cxxarue uznmyuenus u3z Henp An-
pa (3.157) popmupyeT MakcUMaIbHBINA MOTEHIIH-
an renoma (puc. 3.14) B mose cBera:

I'enom boxectBennoro aps
3.157
* AL (1575 : (3.162)
—=——=0630.
5/2 5/2
Ero oTHoOmIeHHME K YJaJeHHbIM TE€HOMaM
dopmupyert ILsats Pac, a konebanusam sipa reHo-
Ma naet dymy:
Po:xxknenue IlsaToit Pacel u eé
Ay renomom bokecTBEHHOI 0
Haps (puc. 3.14)
1;[);;2? Hyma IIaroii Pacer (3.163)
630 630 (630
— =5 | ——|—|=21+21=42.
126 30 30
3mMuu, KOTO- 3MeH, KOTOpPbI€ BHOBb CITyCTHJIUCH - 3TO TO-
pbie BHOBb JsipHBIE BUXpH ¢ noTeHnuanamu +21 (puc. 3.15).
CIYCTHIINCH Hx "cmyck" oOecrne4nBaloT CBOMCTBA IBYX-
H ycTaHOBH- | IIOTIOCHOTO MarHuTa: ecin FO’KHBIH TMOJIOC U3ITY-
ST MEP ¢ YaeT, TO CEBEPHBIN TMOTJIONIAET, U HA00OPOT: Ce-
49 | Mstroii, Ko BEPHBIN U3JTy4aET - FOXKHBIN MTOTJIOMIAET.
, KO-
TOpbIE Y4H-
JIKM K HA-
CTaBJISJIU
eé...
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CrpykTtypa BUXpSL:
21=1+2+3+4+5+6
Crpyxkrypa Kynnanuuu
(TTOBEpXHOCTH KBAaHTA):

5

Puc. 3.15 Cmpyxmypa xeanma:
Kynoanunu - Ceem

*
*%

YcranoBuianm KOHTAKT ¢ IlgToii, 3Ha4uT
co3many 00IIee pPe30HAHCHO-aHTHPE30HAHCHOE

ITOJIC:

42° -5°
42-5

HpI/I AHTHUPE30HAHCEC 3TO IMOJIC UMECT BUA!

YpoBuu |1 [ 2 |3 (4 (5167

[HAJIBI

= 8,280952381}. (3.164)

Bsaumo- 1 1 1 1 10

meiicteus | 1 [107] 07 [0 [0 |0 |
SRR (3.165)

Horen- | ¢ 5g 19 | 5|2 |3 |92
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CmaHnua Xl [2]

CraHua ONMChHIBACT KaTaKIUM3Mbl Ha 3eMJiie, KOTOpbIC
Penurusimu o3ByuuBaercs kak Crtpamnbiii Cya. [leno Bkyca.
Ho reokarakin3Mbl — 3TO €CTECTBEHHbBIE MEPUOIUYECKUE TPO-
1ecChl, TpauK KOTOPBIX MBI MOKEM HM3MEHHTh CBOUM OTHO-
HIEHHEM K 3emJie, HO U3MEHUTh pe3yJIbTaT — HE B HAIIUX CHU-
JIax.

47. T'eokarakin3M uMeeT CBOIO [IpoAoIKHUTENBHOCT.
B teuenune IIponomkurensHnoctu Henpa fapa mynscupyror B
PE30HAHCHO-AaHTUTUPE30HAHCHOM pexume. [lpu pe3onance us
Henp Slnpa BeIpbIBatOTCS CryCTKU CBETA; IPU AHTUPE3OHAHCE -
BOJIOPO/I; U TIPH JTIFOOOM peXuMe - u3iydeHue BoiH (3.156).

DHeprus, u3ilydaemas SIpoM IpH KaTakiiu3mMax Hapy-
maeT (OHOBBIM CHEKTP CPEe.bl, OKPYKAIOIMIEH SIAPO: >KENThIN
YCUJIUBAETCS, KPACHBIM M YEpHBIN - 0CiIabeBaloT (TYCKHEIOT),
JIOMUHECLICHTHBIN JIYHHBIN - ucue3aet (3.158, 3.159).

Hcue3HoBeHNE JIFOMUHECLIEHTHOTO JIYHHOTO ITOJIS TIOJ
HaIopoMm 3HepreTudeckux Buxpen u3z Henp fnpa, tem He me-
Hee, He OCTACTCs OECCIIeIHBIM: B MONe rpaBuTamuu p; =107
Bo3HuKkaeT Kynnanunu (3.159).

48. KynpainHu nyiabCUpyeET, paCIIUpPSsACh U CKUMASICh.
[Ipu cxxatum Bo3HMKaAET noTeHnuan cryuienus Hebecuoix Tei,
paBHbIN 5/2. B3aumoneicTBus B 3TOM CTyCTKe BeayT K (op-
mupoBanuto [Isroi Pacer:

(5/2) x 1g p1p2p3paps = 5. (3.166)
dopmupyeTcs U Aylla, U MEpUOAUYECKAs] CUCTEMA Te-
HOMOB (3.163).

49. Cxaroe nynbcupytoiee noie Kynpanunu uznyda-
€T C MOBEPXHOCTU U KOHTAKTUPYET C MATHIM YPOBHEM BHYT-
penHero noss kBanta Kynnanunu - Ceera (puc. 3.15). Bo3nu-
kaer Cemb DHepretuueckux ypoBHed Bcenennoit (3.165), B
KoTopoi u xuseT Ilaras Paca.
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4 TeoreHe3uc [3]

Teorenesuc - 310 Yuenue o byaymem.

O tom bynymem, korna IBomonusa Ilsroir Pachl Ha
3emiie MpUBEAET K OYEPEAHOMY WHBEPCHOHHOMY B3pBIBY, U
Mbl, Hocureau Pazyma, cranem boxxectBennbimMu Jlroasmu, a
BepHee JIloabMH, CIIOCOOHOCTH M BO3MOKHOCTH KOTOPBIX
OyAyT TakuMMH, Kak y bora.

Teorenesuc - He mycrasg MedyTa O pbIHOYHOM CBETIIOM
bynymewm.

Teoreneszuc co3nan Ha Peammsax Enmunoro Kocmoca.
Peanusax EauncrBa u IlporuBomosioxkHocTu Martepuu u
ToHKkOM DHEpruu, OTBEpraeMoil COBpEMEHHON MaTepUaIuCTH-
YECKOU HAYKOM.

3akonsl Teorenesuca OazupyroTcs Ha TOM, uyTo MeH-
TagabHass JHepruss Meurtbl IlpeakoB cTaHOBUTCS peanueit
MatrepuanbHou ’Kuzuu IloTromkoB.

Nuaunuaropamu rpsaaymero nepexonaa K Joaam-boram
saBiasiemcs Mbl - IIatas Paca.

Takoll mepexo CBs3aH C YHEPreTUKOW OOMEHa B TOJIe
cBera, npu kKotopoM besasi [IoBepxXHOCTh KBaHTa CBETa aK-
TUBHO KOHTAKTUPYET C KPACHBIM ITOBEPXHOCTHBIM YPOBHEM.

Otcrona u ¢pazeosorusi: besasblii beik, Kpacuas Ko-
PoOBa, a 1ajiee HBETOBbIE XapaKTEePUCTHKH IMPOLECCOB.

4.1 CtaHuall.
MamMATb: MeHTanbHasaA U reHeTU4YeCcKas

1. C tex nmop, kak Poxat coeAUHUI BE JUHUU OTHSA, 00-
pa3ysl KOJIbIO IUIAMEeHH, YToO0bI AaTh MecTOo cTtonam Ilsaroro,
noay-boru 3anosHsor 310 KocmMuuyeckoe nmoJsie cBouMu 00pas-
amu.

2. Bnepen u Hazag npomyanuch IlepBeHubl, NpocKaku-
Basg Mexay OrHeHHbiMu MeuyaMu, BBIPOCHIMMHM W3 T0JIOBBI
MoryumecTBeHHOro, crpeMsich HaiiTu IlacTOnma Ko JHIO pPoOK-
nenusi boasmoi Kpacnoit KopoBbl. M0/10KO 0T 3T0li KOPOBBI
co0epercsa n noredyer Pexamu u3 Boasl 1 Buna, 4To0n1 yroaurb
waxny IBaxabl Po:xknennbix Ilosenureneit Cesmennoro Muc-
TH4ecKoro Orus.
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Pacwudgpoeka CmaHusbi I [3]

Crnoa CraHIibl

Z

CMBICH BBIpaX)EHUI

C Tex nop,
Kak doxart
COEIMHUJI IBE
JIMHUHU OTHS,

-X

Puc. 4.1. Corcamue macHummubix uMny16co8

JIBe nuHUM OTHA - 3T0 +U* U - u* B pexkume
COKaTHs 110 IECTH HANPaBJICHUSAM TPEXMEPHOTO
[IpocTpaHcTBa B pe30HAHCHO-aHTUPE30HAHCHOM
pexume (puc. 4.1), obnaaromye MOTCHIIUATIOM:

i

-z Konbno ITnamenu

IToTeHnHuag c:xxaToro HMITYJIbCa

IMamsaTu

MarauTHbIi UMITYJIbC

IIpocTtpancTBo AnTHpE30-
Pe3onanc
HaHC
6 nanpasnenuii | IIpoussenenue | Cymma-pa3HOCTb
ki=(-pp*)° = | ky=6p*+6p*
+X, +y, +
o T 14210 | =12:14-10%.

(4.1)

o0pa3ys
KOJIbIIO MJ1a-
MeHH,

B none (4.1) dopmupyercs kosnebaTeabHbIN
KOHTYP, COCTOSAIUN U3 TOUYKU-U3IydaTess U Io-

7151 U3ITy9eHHs (KOJIbIO MJIAMEHN):
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Crpykrypa noJs lHamsatu (4.1)

Snpo Touka Konsno
M3ITy9aTens U3ITy9aTeNb IUTaMEHU 49
(cxarue) (mynbcammst) | (pacmmpeHue) (4.2)

ki 5 kk S ki/k
6/7-10%° 5 12-14-10*° 5 7/6-10°%.

9yTO00BI 1AThH
MECTO CTONaM
IIsiToro,

6 - benast moBepxHOCTh
5 - KpacHsrit npunoBepxHOCTHBIN ciioi (I1sThIi)

Puc. 4.2. Cmpyxmypa keanma 6enozo ceema
KBaHT cBera ¢ 0enoil MOBEPXHOCThIO, 00Ja-

JarolIed TOTEHIHAIOM 6, MMEEeT BHYTpPEHHEE
nosie u3 Ilsatu YposHeii:

1+24+3+4+5=15
. 4.3)
1-2-3-4.5=120

Kaxnaplii ypoBeHb UMEET CBOM MHANBHUYaJIb-
HBIA 1BET: 5-bIii ypoBeHb - KpacHblil, 4-blii -
Kearslid, a nanee (1+2+3)/(1-2:3)=1 — UepHblii
(puc. 3.12, 4.2).

***

ITepexon ot oxHoi Packl k HoBoM Pace (kak
mro0ast uHast popMma 3ayaTHsi) CBsI3aH C HHBEPCH-
eil, To ecTh '"BHIBOPAYHBAHMEM HAU3ZHAHKY'.

IIpn Hamuuuu uHBepcuu, cmonou Ilamoi

Oyzer Oejiasi MOBEPXHOCTH € MOTEHIHAJIOM 6
(puc. 4.2).
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noJay-boru
3aMOJTHAIOT
310 Kocmuue-
CKoOe 1oJie
CBOMMH 00-
pa3zamu.

***
benas noBepXHOCTh BO3HUKAET B noiie Ilams-

TU MyTeM KojeOaHus SHEPreTHUYeCKOro KOHTypa
(4.2):

3anoaHenne 060109ek 6° u 7
¢oron-pononamu (4.2)
N3nyua-
TEJIb
6" 5 (2:67)°10"'57°10""
775 (2:67)10°56% 10"

O06oouka

Wznyuenue | (4.4)

Bunepen u na-
3aJ mpoMy4a-
Jucs Ilep-
BEHUbI, MIPO-
CKAKMBas
mexay Or-
HEHHbIMH
Meuamu, Bbl-
pOCIIMMU U3
roioBbl Mo-
ryumecTBeH-
HOTO,

I'osioBa MoryumecrBeHHOro — 3T0 TOYKa-HU3-
nydarens (4.1, 4.4).

Ornennble Meun u3 roJiobl Morymecr-
BEHHOI'0 — DJHEPreTHMYECKOE IOJIE H3IIydaTels,
IyJIbCUPYIOLIETO B pexume (4.7):

(2-6-7) -10%°
(2-6-7) -10%

- (2-6-7)-10%
(2-6-7) -10%°°

wm (1022 =10""510%"= (102%*.  4.5)
OtoT (4.5) BUXpb (POTOH-POHOHOB HOCTATO-
YyeH 1 00pa3oBaHus 3apsiioB (MMITYJIbCOB) B 23
CTETICHH.
[ToBprmenue cxatusi GOTOH-(POHOHOB JIO TIO-
teHmana "3apozsimeBoro Ilyseippka, To ecTh
10 27 CTENeHHU:

27

tlpd
10" = 107 (4.7)

IIPUBOAMT K NOTEHIHAITY-YuCIy, KOTOPOE Ha3bl-
Baercs ['aromom.

[Torenunan "3aponpiueBoro Ilysesippka" B
anepHoit Touke [lamstu paBen ["aromny (4.7).




***

Korga Astopsl Ctanusl ropopar: "Bmnepea u
Hazaa npomuanuch IlepBeHunl", To peusb uaeT
o xonebanuu mexay Obonmoukoit n M3nydyennem
(4.4), xOoTOpPOE €CTh HE YTO MHOE, KaK SHEPTHs
penakcanuu (KoJeOaHus M3TydaTelns mepea Mo-
MEHTOM HU3JTy4YCHHS):

PenakcanmuoHHbIe
koJsiebanus Mamsarm (4.4)

O6omouka Nznyuenue (4.5)

(4.8)
615 7-1 0440_(1 0-20)23 472

B MoMeHT uznydeHus, To ecTb Koraa y Bac
BCHOBIXMBAIOT BOCIIOMHHaHWsA, Bamra Ilamars
MyJIbCUPYET B PEIKUME:

6 -7 _(6+7)-(6-7) -1
72-6> (7+6)-(7-6) +1’ 49)

cTpeMscCh
Haiitu Ilact-
OMIIA KO JHIO
POKIEHUsA
boabmoi
Kpacnoii Ko-
POBBI.

5 - KpacHas noBepxHOCTb
6 - benblii NpUNIOBEPXHOCTHBIN CIIOM.

Puc. 4.3 Keanm o6enozo ceema (puc. 4.2)
nocie uneepcuu
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DHepreTrKa BCIBIIIKY (03apeHUe-U3ITyde-
Hue) [lamsTu cBsi3aHa ¢ PHEPTETUKOW peraKca-
uu (4.8), a penakcanus — ¢ JHEpreTUKON UH-
Bepcuu (puc. 4.3).

Cnoamu "boabmasi Kpacnas Koposa"
ABTopbl CTaHIBl MOAYEPKHUBAIOT, YTO MOBEPX-
HOCTh KBaHTa CBETa CTajla KPACHOM: MPOU30IILIA
WHBEPCHSI.

***

He kpacHeiiTe AeBOYKH-MaIbYUMKH: HHBEP-
CHsl IPOUCXOAUT Tipu Jr00oM 3auatuu. Criepma-
TO30H]] 3AKPEIUISIETCS] B MATHUTHOM I10JIE MOJIE-
kynsl PHK, a 3areM nHBepcHus NEpEHOCHUT €ro B
nektpuueckoe nosie JHK... u ¥Y3pu, - nreH-
YUK MPOOUBAET CKOPIIYILY.

***
CpaBHum wuHBepcuto cBera (puc. 4.2 u
puc. 4.3) c unsepcueit B none PHK-JIHK, 3Has,

uyto amamerp Monekynsl PHK pasen 2A, a
JTHK - 4A:

HNuBepcusn

Cgerta PHK-JHK

Kp.5 S Ben.6 | PHK.2 S 4 JTHK | (4.10)

ben.6 5 Kp.5 JIHK .4 5 2.PHK

25536 1 54.

Bo3znukaet oOuuii KOHTYp KosieOaHus:

4-1

36-25 900 3

= <:'>___
36-25 (9+2) 4 41
3600 1200 T,z p?

39+2) (9+2) (9+2)

4.11)

boasmas Kpacnas Koposa - poauniace.
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MoJjioko oT
3TOM KOPOBbI
codepercsi u
noreuet Pe-
Kkamu u3 Bo-
Jabl 1 Buna,
4T00BbI YTO-
JIUTD KAKIY
JBaxasl Po-
skneHHbIx Ilo-
BeJINTeJIel
CBAIEHHOT 0
Mucruuecko-
ro Orus

IMacTOumeM s 3TOM KOpOBHI OyAeT siB-
JSAThCSl TIEPUOJINYECKAsi CUCTEMAa I€HOMOB (pucC.
3.14).

B Kusznu 1o ’Ku3Hu reHOMBI HACIEACTBEH-
HOcTU OyayT opMHpOBaTHCS 3a CUET CYOCTPYK-
Typ (9+2)"; B GHONMOrMUCcKOi JKu3HH - 3a cuer
cy6eTpykTypsI (9+2):

JBaxabl Po:xxnennnie IloBenuTtenn
Ceamennoro Mucrunueckoro Oruas
(mocurenu cyberpykryp (9+2)*")

(4.12)
Kuzars no Xuzau Kuzsb

1/(9+2) S (9+2).

Mosaoko (TOTOMCTBO, Kak pe3yjibTaT pas-
MHOKeHHs1) ToTedeT Pexammu u3 Boabr (OKen-
ckoe Hauano) u Buna (Mysxckoe Hauamno):

Kusun
Ao Ku3Ho
Kuzun
4.13
K=T,< =8 4.13)
= (9+2)2—“’<;) =T,9+2).
METO?0

Pa3zmHuoxeHue OyaeT mepuoIuIeCKUM.
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Cmanuyal [3]

1. latoTcst cBeieHUsI O CTPYKTYPE SHEPreTUUYECKOTrO IM0-
ns Ilamsitu: meHtanbHOU (Apyna) u reHeruyeckou (Pyma),
(GYHKIIMOHUPYIOIIEH B TPEXMEPHOM MPOCTPAHCTBE MO HIECTH
HarnpasyieHusM (puc. 4.1).

[ToguepkuBaercs, 4To sHEepreTuyeckum Oazucom llams-
TU SIBIISAIOTCS BUXPHU (POTOH-(DOHOHOB, NMHAMUKA IMyJIbCALUU
KOTOPBIX MPUBOAUT K O€N0-KpacHOW MHBEPCUM KBaHTa COJI-
HeyHOTro Oesoro ceera (puc. 4.2).

2. nBepcust myiabCUPYIOIIEH MOBEPXHOCTH CBS3aHA CO
BPEMEHEM pelaKcallii, TO €CTh MPOOJKUTEILHOCTHIO MTOATO-
TOBKH K UCTOPTalOIIeMy YCUIIHIO POXKICHUS KPACHOTO KBAHTA.

B MomeHT uHBepcuM CKAaThld (PU3MOTOTUYECKUN H3ITY-
gatenb (Heps) Ilamstn umeer motenmuan 10" orHocurens-
HbIX enuHul] (4.7), HO TOCII€ BCHBIIIKKA O03apEHUs] MaMSTU
JanbHeIas padoTa MpoOTEeKaeT B PABHOBECHOM pexume (4.9).

KpacHo-6enast nHBepcHsi KBaHTa CBETAa U CMEHA MarHe-
tudmMa B Mosekyinax PHK=JIHK B3aumocsszansl (4.10) u
dbopmupyror Kuznup (Pymna). Ota CBA3b BO3HUKAET KaK MEH-
tanbHas Apyna emé B XXuzuu no Kusnu (4.12), u nostomy
Mbi1 — JIBaxabl Poxknennnle (4.12).

Ho xak Hac B cBoe BpeMms poauia B JKU3Hb MEHTaJIbHAs
sHeprusi YerBeprou Pacel, Tak ¥ Hamm MedThl, MeuThl [IsTOM
Pacel, Mmarepuanusyer Csernoe byayiiee uAymux 3a HaMH
JIronen Bomu n orw.
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4.2 CtaHua ll.
KynganuHau n YepHaa Obipa

1. Ckazaa Uznyvaromuii Cusiromemy JInny: "5 Opoury
TeHb Ha TBoe 1Mo, YTOOLI BO BpEMEHH AHS H HOYH I10-
KpbiBasia oHa ero. Koraa rens coier ¢ TBoero muua u
3acusielib Thl CHOBA, #1 B3J1ej1el0 TBOe MOTOMCTBO U Ha-
JeJII0 €ro CHJIOM M MOIUbIO".

M cHoBa Boccusielllb Thl, CeMHUCJI0HBIA CBeTOM, 1 JIUI0
TBoero IlepBeHua orpa3ur cBer, ucxoasuii or TBoero
auna. He Oyaer 00Jiblie 4epHOTo 1 KOPUYHEBOT0 M OK-
palieHHbIe 30J10TOM NMPOOYASTCS 0TO CHA M OyyT mpa-
BHUTb, KAK NMPAaBUJIM OHU B ObLJIble BPpeMeHa.

3B€3Ha C MOYCPHEBIINM JIMIIOM 6yz1eT OXBa4vcHa Mmoxka-
POM U HABOJHCHHUEM, 3AJIUTA KHCJIOTOH U KpPOBbIO.

Koraa-To cBetiibie pa3syMoM CbIHOBBA 110J1y-boros Opo-
CIJIM IJIy0OOKHe TeHHM Ha Julo 3Be3abl. OHN MOXUTHIN
Or'OHb, CBETHILIUICA B ee IJ1a3aX, 1 cOOpPa/Iu B CBEPKal0-
LIYI0 MaccCy, YTOObI CKOBATh CBOM KOI'1a-TO rHOKMe 4YJie-
Hbl. Bo3me3aue ObICTPO NpHUILIO0, Opocasi HX B IPONACTb.

*
k%

Pacwudgpoeka CmaHusbi Il [3]

q CioBa CraH1bl

CMbICH BhIpaKEHUHN

Ckazaa U3-
JIyYaroIuil
Cusiromemy
Jlumy: "1
Opoily TeHb
Ha TBoe Ju-
10, YTOOBI BO
BpeMeHHU JIHA
U HOYH MO-
KpbIBAJia OHA
ero.

OnuceiBaeTcs MyJNbCUPYIOIIUN  U3Ty4yaTelb
10°'% 8 KOTOpOM 101 - Hznyyvaromuid, u 107190
Cusiroriee JIumo (4.7).

B sTtom onucanuu: Jlenb (pacumpenue) - usiy-
yarens ropuT; Houb (cxxaTue) - u3ayyarens HE ro-
pHT.

*
kX

YacroTy mysbcanuu 3TOr0 reHepaTopa MOYKHO
onpenenuTs 1o guarpamme I'nas larma.
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Yacrora nmyJabcanumu
Kocmnueckoro Maruunra
Wznyyaer (/lenp) [Tornomaer (Houb)

Nwm- Nwm-
OHeprus OHeprus
My JIbC My JIbC
k, = K= k. = K, =
64 64
Toloo | [9do | Taode | [pdp (419
8 8
=8 = 2046 =2 =2016
Iepu- _ K, -K, :2046—2016:5
on " K,-K, 8—2
Yac- | V=1/T=0,2=p,lg pip2p3p4ps
TOTa BzaumopeiicTBus.

Koraa Tennb
coiijier ¢
TBoero Juna
M 3acusielib
Tobl cHOBA, A1
B3J1€JIeI0
TBoe moToM-
CTBO M Haje-
JII0 ero cH-
JIOM U MO-
mb'".

Korna npounzoiiieT nHBepCUsi KPACHOI0 KBaH-
Ta (puc. 4.2) — a »to B Tom uucie u Ilsaras Paca —
Y TIOBEPXHOCTh BHOBH CTaHET OeJioi (puc. 3.15), a
B ToM unciie Yeaosek byayuiero, To sHeprus
MyJICUPYIOIIEH Oeol MOBEPXHOCTH KBaHTa OyIeT
TOYHO paBHA YHEPIUU /AP MEePUOIUIYECKOIi cuc-
TeMbl TeHOMOB (puc. 3.14):

DopMHUpOBaHHE AAPA NEPUOAUYECKOM
CHCTEeMbI TeHOMOB CBETOM

Ts:6 =56 =30 = 6+9+9+6.

(4.15)

B atoM reneruveckom moJie (4.15) mosBurcs
reaoM bo:xecTrBenHoro YenoBeka ¢ moTreHua-
Jaom 630 (3.162); mynbcanus XKuznu B YUenoBeke
Bynymero Oyner coorBeTcTBOBaTh puTMuKe Koc-
Muueckoro Maruura (4.9):

-1 6*-9* |_6-7_ _(n-1)-n" -1
H=92—62 776> T P —(m-1% +1
Snpo (4.16)
HEePUOUIECKON o
CHCTEMbI KocMmuueckuii Maruur.
TCHOMOB
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U cHoBa BocC-
cusielib ThbI,
ceMHUCJI0M-
HbIi, CBe-
TOM, U JIUI0
Tsoero Ilep-
BeHIIA OTPa-
3UT CBET, UC-
XOASIIH OT

BoccranoBuTCs rpaBUTAIMOHHO-JIYHHAsT 000-
JI0YKa BOKPYT Y€PHO-KPACHO-KEITOro KBaHTa (pHC.
3.12).

[TosiBUTCSI ceMMCIOHHBIA MarHUTO-TPaBUTALIN-
OHHBIN PSA:

(T5=5)(28=142+3+4+5+6+7)=
1422432442452 +6°+7°=140

I'paButanus

(4.17)

MarneTuszm

Teoero jin Cseem - Kynoanunu naunem uznyuamucsi c ne-
na. uoouyrnocmoio Ts:
Hyascanusa Kyngaannu
Cser KyHpanuau
(CI/IHG-U [Tornome- Vsyucnue (4.18)
roxy0oii) HUE
30 = Ts(Q=6) = T5'5/2 = 5°/2+T5"7/2 =7-5/2.
IlepBeHnem OyaeT U3Ty4YECHHBIN KBAaHT
(cxarue) — 7-5/2 5 5-7/2 —(pacmmpenne) (4.19),
KOTOpHIii (B cuHe-rony6oit Yakpe Tperuii [ naz)
JIaCcT TOBOJ Ha3BaTh boxkecTBeHHOro Yenoseka
byaymero, ¢ onHoi ctopoHsl, YUesroBexkom Bosiu
(mporecc cxaTusi), a ¢ IPYro CTOPOHBI, Yesi0Be-
kom Horn (mpouecc pacumpenus) (4.19).
He O0yner .
Gonb e Yep- _ Yeaosek Bosm u Uoru
HOT'O ¥ KO- Hora—pacmmpenue \ Bousi-cxxaTue
pHYHEBOTO W Ts72=5725 7-52 = (Te+1)-5/2 | (4.20)
rae 7/2 - koahumment| rae 5/2 - ko umm-
OKpameHHLIe pacliupCHud CHT CXKaTus.
30J10TOM
npooyasaTcst KBauT ¢ yepnbim sapom (puc. 3.12) uzmyyaer.

0TO cHA H 0y-
AYT NPABUTh,
KaK NpaBUJIn
OHM B ObLIbIE
BpeMeHa.

H3ayyaer ¢ moBepXHOCTH JIYHHOIro LBeTa (puc.
3.12, (4.17)). Uznyuenusii Ilepsenen (Hora,
4.20) cTaHOBUTCS CBOOOAHBIM W HAYWHACT JKUThH
camocrosTensHO (4.20): oT yepHOTO sipa oH n3ba-
Buiics (puc. 3.12).

Comym, nobusrmiicss CBOOObI, HCTIBITHIBAET
CHaJaJia Takyro ke srioputo, kak [lepBenen, Ho,
He 3Has Kocmudecknx 3aKOHOB, BHOBb POPMHUPYET
Yepuoe sapo Baacru.

249




Jlynnsii: AJl
Kpacusiii: AK
Kenrsriit: AXK

Puc. 4.4 Ceycmok suepeuu Kynoanunu

Uanyuennsiii kBanT-Hora (4.18) nameko He
aHapXucT: OH noHMMaer, uro "CBoOoza ecTb
oco3HaHHas HeoOxomumocTh" (K.Mapkc), u dop-
mupyet codctBeHHoe JKEJTOE saapo. Takoe sin-
PO HBIHEUIHHE MOJUTTEXHOJIOTH Ha3Baiu Obl Bia-
CTbIO, HO PBIHOYHO-MATEPHATUCTUYECKUNA TalbTO-
HU3M HE TIO3BOJINT UM pPaccMOTpeTh TOHKO-
Oneprerndyeckne Hawanma cryctka kBanta Kynna-
nuHu (puc. 4.4).

*
k3
IIpobyxneHne OKpalleHHBIX 30J10TOM CBs3a-

HO C JKEJITO-KPaCHO-JIyHHBIM KOJIeOaHUEM:

Ilyabcanms crycrka Kynnanunn

(puc. 4.4)
Bzaumoneii-
Bonnbl TloTenumansr CTBISL (4.21)
MK AK | 70 1400 | 1051510
= S
AK AJT | 1400 2800 | p, 515 ps.

B3anMonencTBus BEpHYTCS K U3HAYAIIBHOMY
pUTMY.
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3Be31a ¢ mo-
YyepHEeBIIUM
JIMIIOM OyaeT
OXBaYyeHa
MOKAPOM U
HABOJAHEHHU-
eM, 3aJIMTa
KHCJOTOH U
KPOBBIO.

YepHsblii:
ALA=1/3600

Puc. 4.5 Keanm ueprnoeo siopa

Makpo-Mukpocryctok (puc. 3.12) morepsier
atmocdepy, KOTopast 3aTeM, IepPexos OT pacIlu-
penus k cxaruto (4.20), chopmMupyeTr Crycrok
Kynnanunu (puc. 4.4).

OcTtaHeTcst KBAaHT YepPHOro (TIOTJIOIAIOIIEro)
sigpa (puc. 4.5), KOTOpHIN OyAET MyIbCUPOBATh
MEKIY TOJIEM UMITYJIbCA U SHEPTHU:

Coxartas myJibcanus

NMmynec cxaTus OHeprus cxatus | (4.22)

ke = Towo/c =2 5 Ec= (To0o/c)’ = 64.

Han cryctkom Tsub nosiBiisitorest HeGeca Luab
(Knwura Ilepemen):

11 = Eo/k. = 64/2 = 32. (4.23)

Coxatune YBCIINYMUBACTCA. IlosBasercs SJICKTPHU-
YCCKOC I10JIC:

1
&1 [pdp =+16)107=q=q*.  (4.24)
0

UYepHoe sap0 MOTIIOMIAET CBET U BBIJIEIAET BO-
nopon (3.156). IosiBnsroTcst BOJa ¥ KUCIOTHI:
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TOK (KPOBB):

1
+36 I(p dp =+18 =+MHy0 (BoJQ) ;
0

H,O + H, 5 OH + 3H" (kucrnora).

(4.25)

CxxaTtue nmpooinKaeT ycumuBatbes. [1osBsroT-
cs1 ¥ THOHYT kuBbIe (9+0) CyOCTpYKTYphI OMOKIIE-

36 j@ d(p'jg{) do =36"Y2(-Y5) = (9+0). (4.26)

Koraa-to
cBeTJIble pa-
3yMOM CBIHO-
Bbi noJy-bo-
roB OpocuJIn
riryookue
TeHHU HA JIN-

3| 1o 3Be3abl.

Ilyabcanms Yepnoii Apipsl (puc. 4.5)
ITosre ummynbca ITose sHEeprun
k. 2 Y

= =720054,3402(7)-107"=—
A4 1/3600 E,
ITornomenwne ceera 3
u3 cpensl: 7200A - ,,EZE;E:E?ZCK‘?
JUIMHA BOJIHBI GENOro 45 Ap
1BeTa (puc. 4.5).

OmnuceiBaeTcs MyJIbcalus HOBEPXHOCTH (AL)
YyepHOro kBaHTa (puc. 4.5) B moJje c:katus (4.22):

(4.27)

Bosnukaer Yepnas /[pipa, HE 3Hast CTPYKTYpPBI
KOTOpoM B ["aJlakTHKE JIeTaTh HEIb34: KaKasi-
HUOYIb MOWMAET. A UX MHOTO.

OHu noxu-
THJIA OTOHb,
cBeTsIIMiics
B ee rjasax,

B none Yepnoii [pipbl, yike moriaoTuBeit
HMILYJIC 0eJIOr0 cBeTa ¢ IJTHHON BOJIHBI 7200A
(4.27), cxxaTre IPOIOIIKACTCS U UMITYJILCHI CBETa
TpaHC(HOPMUPYIOTCS B SHEPTHIO CKATOTO KBAHTA C
noteHIanom (4.27):
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u codpaju B
CBEpPKalo-
Y10 Maccy,
9T00BbI CKO-
BaTh CBOH
KOI'J1a-To
ruoKue uJje-
HBI.

Bo3HHKHOBEHHE U MYJIbCAIUS
Jnepruu Henp Yepnoii Ibipbi
(puc. 4.5)

Pe3onanc AHTHpPE30HAHC

(4.27) [Torennman | DKBHBaJCHT

° 4 T,
S 1
= 3-10 P2
= 2 2
S 4-10 Topz
&
Tl': 0 0
E5 2:10 2:p5"
< y ;
< (0,7)-10 0,(7)-p2"

(4.28)

Bo3mesaue
OBICTPO
NPHUIILIO,
Opocasi ux B
NPoNnacrhb.

JK30TepMUYECKHIi pe30HaHC OBICTPO CMEHMII-
Cs SHAOTEPMHUYECKNUM aHTUpPE30HaHCOM: "XoTenu
MOTPETHCS, HO 3aMep3nn", - cka3all Obl SKC-IIPEMb-
ep Poccun Bpemen HoBbix Pycckux — akc-ToBapuig
B.C.UepHOMBIpAHH.

*
kk

B rnyounax Henp Snpa Yepnoii [Ipipsl mpote-
KaeT ceMepHuYHas IyJIbCalys:

Henpa YepHoii aAbIpbI -
HHKYOaTOp (oTOHOB

MunumMym

Makcumym DOTOHBI

p1p2=10"10"
=10

0,(7):107

0,(7)-[105 —10®
=10

0%

(4.29)

"1. IlpenBeunas Martepb-Poxnawmas,
cokpsiTas B cBoux Ilokposax, Beuno-

HeBuaumbix, elie pa3 apemMaJia B Ipo-

nosizkeann Cemu Beunocreit"”

(Cranma I [1]).
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***

[Tpubnuxenne QOTOHOB K TOBEPXHOCTH U3
Henp Snpa, momoOHO pa3BUTHIO 3apoibliia, MPH-
BOJMT K IOSIBJICHUIO 3K30-3HI0TEPMUYECKUX B3au-
MOJICUCTBHIL:

YpoBeHb Hayasa B3auMO/1eiicCTBUI B
Henpax Yepnoii JIpIpbi: 2p24 (4.28)

OK30TEpMUs OHpoTepMus (4.30)

ki =1g p3paps=27 k,=1g pip2=-25
107[#(ki ko) = +2 = +lg p1p2p3paps].

*
kk

Crnenyronuii ypoBeHb UMEET HOJIb-TIOTEHIIA
(4.28), moTOMY 4TO Ha TOM YPOBHE BO3HUKAET
cymma (4.30): +2+(-2) = 0.

VYV XKusbix Hocuteneit Pazyma nossisiercs ka-
HaJI 3KCTPACEHCOPHOM IPOBOJINMOCTH.
X
*%

T
-0 P2
5 «—
+0 5
Top2

T, - ”HEpLIUOHHAs cUcTeMa NOBEPXHOCTH YepHOH JIpIpHL.
Topz2 - HHEPLIMOHHAS CUCTEMA BHYTPEHHETO
IIPUIIOBEPXHOCTHOTO CIIOS.

TP2- 00J1aCTh BHEHMHEPIIMOHHOTO NEPEX0/a.

%0 - kaHa1 IPOBOAUMOCTH

Puc. 4.6 V kanana nposooumocmu

BHemiHsii U BHYTpPeHHsISI NMOBEPXHOCTH 4ep-
HOro kBaHTa (puc. 4.5) U ero acTpOHOMHUYECKOIO
[Tono6us Yepuoii JAbipbl GyHKIHMOHUPYIOT Yepes
KaHaJl 3KCTPACEHCOPHOM CBEPXMPOBOAUMOCTH Me-
KAy JBYMsS WHEPIUOHHBIMH cucTemMamu (4.28,
puc. 4.6).
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CmaHnua Il [3]

Cranna II onuceiBaer nBa npouecca. IlepBbiii U3 HUX -
W3JIyYEHUE DHEPIUM CHXKAThIM IIOJIEM M3JIydarels, a 3aTeM
dbopMHpoBaHUE B MOJIE U3TyYeHUs HOBOro kBaHTa KyHaanuuu
c Kentem siapom (puc. 4.4).

Bropoe onucanue nocsijaeTcss uepHoMmy (IOTJIO0MIA0-
niemMy) sapy, usnyuuiiemy atmocdepy. Ilogoduem Takoro
KBaHTa sBJsieTCS acTpoHomuueckas Yepnas Jlpipa, morio-
LIAI0IIast CBET.

1. IMynecupyromuii Kocmuueckunii M3ayuyarennb (Mo-
KET OBITh KaK B MHUKPO-, TAK U B MAaKPOMHPAX) C TOTCHIIHAIOM
10" (4.7) uMeeT HepHOIMYHOCTb MyNBCAIUH, PABHYIO 5, U
4acToTy, paBHYO 0,2 W CBSI3aHHYIO CO B3aUMOJICHCTBUSMU
(4.14).

B ycnosusix, korna Kocmudeckuit Uzmydarens paboraer
B pEXKUME U3ITyYECHHUE-TIOTIIONICHUE (AeHb-HOYb ), U3TyYEHHBI
kBaHT (opmupyer Cper; CBeT pacuIeIisieTcss Ha JBE BETBU
Kynpanuau; Kynpanuau dopmupyer sSapo NepHOIudYecKoin
CUCTEMBbI T€HOMOB (4.14), B mepHOJUYECKON CHUCTEME T'€HOB
nosiBiisieTcst TeHoM ¢ moteHiumaiom 630 (3.162), B 10 pa3
OoJbIIe MaKCMMaJIbHOTO TeHoMma uyenoBeka [lstoii Packr
(puc. 3.14). [losiBisieTcst Bo:kecTBeHHbIN YesioBek.

2. boxecrBennblii YesnoBek, rpsaymuii Ilstoit Pace
(Ham) Ha cmeny, sBisiercsd sHepreruyeckum Ilogodomem u3iry-
YEHHOI0, a 3aTeM CrycrtuBuierocss kBaHra KyHpaamnm c
JKeJITHIM AIIPOM U KPACHO-0eJI0H MOBepXHOCThIO (puc. 4.4).

Ilynpcanmss Tuma cxatus-pacmuupenus KyHoanuHu
IIPOTEKAET B CTPOrOM COOTBETCTBUM C ITyJbCAllUEd CHHE-
rojiyooit o0nacTu crnekTpa cBerta. Ity obnacts [Israst Paca Ha-
3piBaeT Yakpou Tperuyt I'ma3z m monp3yercs €0, MEAUTUPYS,
Kkax Morn.

BoxecTBeHHBIN 4Ye/iOBeK OyaeT CBSI3aH MeauTAlUel
C OKpY’Kalllen cpeaou, KaK CEroJiHs Mbl CBSI3aHbI C HEU JIbI-
XaHUEM, HO OH HE TIOTEPSIET AbIXaHUS.
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JAbixanue BboxectBenHoro YenoBeka OyaeT IUKTO-
BaThcs pacmmpenueM (Mora) u cxaruem (Boas) Kynnamuau
(4.20). TTosToMy oH Oyznet Yesnosexom Boan u Horu [3].

3. OcraBuieecs 6e3 "armocgepnl”, kak Bracts 6e3 Ha-
poaa, yepHoe (Toroniaroiiee) siapo (puc. 4.5) crano xBararhb
BCE, YTO JaKe He MJIOXO JIeHKUT, BKJIHYas U CBeT, U TBOPUTD
camo B ceOe. Bo3HuKIIa opuruHangbHas MmyJbcalus: MyJbca-
uMsl, MPU KOTOPO# JBHKEHHE B M0JIe He BLIXOJUT 32 IPaH
peKuMa MOTJIOIICHUS.

llpedcmasums makylo nyibcayuio MOMCHO 0OPA3HO.
Hapoo ywen - ocmanuco nauanonuku. A scums nHaoo. Ymo 6y-
oem?... Bvl npagvl: kpynuwiii HauanbHUK cbecm 6oJlee MeKo-
20. Imo 3aKoH poltHOYHOU IKOHOMUKU - ITodobue 36epunozo
3akona Buvlcueanus.

Tak mpou301LJI0 U ¢ YEPHBIM KBAaHTOM (pHC. 4.5).

He uMess BO3MOXXHOCTM BBIUTHM M3 OOJACTH CHKaTuUs
(4epHOTHI TOTJIONIEHHS ), ITOBEPXHOCTh YEPHOI'0 KBaHTa CTajia
MyJIbCUPOBATh B JMANa30HE: UMITYJIbC TOTJIOMICHUS S dHep-
TSl TOTJIONIECHUSI. Boixo0a HecbeOeHHbIM HAYANbHUKAM TaKasl
nynbcanus He octaBisuia. M3 Heap Yepnoro Crycrtka Bbije-
JSICST BOAOPOJI, HAa TOBEPXHOCTU JIMIU JOXKIH, KUBbIE CyO-
CTPYKTYpHl TeHOMOB Tubmu (4.22 + 4.26). Boga, KucJI0THI,
KPOBb 321 3Be31y ¢ MOYepPHEBIIMM JHIIOM, HO OHA BCE
norjolajia v norjiouiana. . .

ITornowmenHas 3Heprus ornpasisiack B Heapa YepHoit
Hpipbl (4.6). Tam cxxumanach 10 COCTOSIHUSI MEpeXoja OT IK-
30TEPMHUHU CXATUSl K DHAOTEPMUU paciiupenud. [losgBunuch
B3auMojiericTBus (4.28). OnHaKo, B IPEAJABEPUHU ITUX B3aUMO-
neiictBuil, Ha "ckaagax" Henp Yepneix plp ckiiajnbiBanach
cuTyanus, kKotopyr onucbiBaeT Kocmorenesuc: "He ObLi10
Huuyero" (Cranma I [1]), a UepHombipaus: "XoTeam Kak
Jy4lle, HoJy4YnJioch Kak Bceraa'.

Ho wuwmeiite B Buay - 310 nedpumut Yepnoit 3Be3anl ¢
PHIHOYHOW SKOHOMHMKOW U MEHTaJIbHBIM HHIWBUIYATIHU3MOM:
"YenoBeK 4ENOBEKY - BOJIK'.
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4.3 CraHualll.
Koneco XXusxuu

1. Korna koabuo IlmaMeHd BHOBb Pa30MKHETCH M
JIMHUA KU3HU OyJeT 0CBOOOkKIeHA U3 IJIeHA, NATepKa 00-
pPymIMTCs Ha mecrepky M cocku Cypadxu mopoasit yerbl-
pex rojiy0ok, Kaxkaasi U3 KOTOPbIX OyJdeT HeCTH BETOYKY
CesanienHoro Slcensi B momomb celHaM Maliu U AJ19 HcIe-
JeHus: ux. Poxar cjaeiaer euie OAuH, 0oJiee MUPOKHUI 1IAT,
BHOBb Iepecevyer JUHUI U CHJIOH CBOeH MPaBoOM PYKH Ha-
NMPABUT BBEPX HUCXOASALIYIO 1YT'y JIUHUH KU3HH.

2. Yerbipexcioiinbie JIxacbl H3BEPrHYT M3 CBOMX
ypeces 0aKTepuu, KOTOpbIe, HA 0J1aro 4eJioBeKa, NMpeBpa-
TATCHA B TPEXCJIOHHYI0 000/104YKY *KUBOTHBIX, PbI0 U NITHII.

3. Ha O6oae Koaeca, rae ;kuByt CoiHOBbSI OTHA U
Iliiamenu, He OyaeT OoJibIIe MeCTa JJisl OTPOMHBIX TBapeil
U MOJI3Y4YHX rajgoB.

IloneBble KMBOTHbIE W NTHIBLI BO3AYIIHOW CTUXHU
BCTPETATCHA U Pa30MIyTCs ¢ MUPOM, U Te, U Apyrue OyayT
NUTATHCS MYPIYPHBLIM 3€PHOM, 1apOM, MOJYYeHHBIM MPS-
MO0 u3 pyk boros. Bcece pacrenus, mpouspacramoumme mnoj
kopoii Kojsieca, OTHbIHE OKaKYTCSl MO/ 3aNPEeTOM, M 4eJI0-
BeK Oy/JeT KUB He rpy0oi nmuiei, a cuJioii ceoeii Bosm.

Korna Kouaeco caemaer moaropa odopora, UcKpbI
BOILJIOTATCS B IUI0JaX, J0TOJIe YeJI0BeKY Heu3BecTHbIX. U
pe0eHOK, M B3pPOCJIbIii YeJIOBEeK BKYCAT 3THX IUIOAOB, H, K
yausJjeHnio boros, cjioBa MyIpocTH CJIETAT € UX ry0.
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*
kk

Pacwugpoeka CmaHusbi lll [3]

NG

Cnosa CraHIibl

CMBICIT BBIpQXKECHUM

Koraa xkoabuo
Ilnamenn
BHOBb pa-
30MKHETCH U
JMHNA KU3HHA
Oyner 0CcBO-
0oskIeHa u3
nJieHa,

MarHuTHbIM KICTOYHUK U3TYUYECHHS C TTOTEH-
uuanom 10°'% (4.7) pasopsercst, To ecTb Gyzer
M3ITy4aTh 3JIEKTPOMAarHUTHYIO BOJIHY U3 TOJIS
Henp Snpa uepnoro kBanra (4.29) npu ycio-
BUU:

IHoreHumag u3ny4eHus
3JIEKTPOMATHUTHOM BOJIHBI Y€PHBIM
KBaHTOM (YepHoii Ipipoi, puc. 4.5, 4.29) (4.31)
_g*u* 0,(7):10°

gu 107"

— O, (7) A 10+]00 ,

?q

rae 0,(7) - llepuoguuanocts 0,(Ty+1), nau AuHUA
JKU3HU, 0CBOOOKIEHHAS U3 MJIeHA.

namepka 00-
pywmumcs Ha
uiecmepKy u
cocku Cypao-
xu

Kosnebanns BonHoBEIX noseit Equnaoro Kocmo-
ca MeXIy +1 HapyIINUTBCS HE TOJKHBIL:

2 2
-1 _ (5 62) czocmt Cypabxu . (4.32)
+1 (6 -5 )— cocKu
Haunnaercs hopmupoBanne Ax-Xu, 0 KOTOPOM

rosopmwiock B Cranue [, myHKT 7.3 Teorene-

3uca [1]
MOPOIAT Ye- Bosnukaert nnepruonHnas cucrema: (puc. 4.7),
ThIpEX roJy- | Iie 1=5%-6%+1=62-5 (4.33)

00K,

B IHUC-TPAHC-U30OMCPUH KaXXJas.

-1 +1

.= Wo="/2

+1 1

Puc. 4.7 Unepyuonnasa cucmema
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KaKaas u3
KOTOPBIX 0y-
JeT HeCTH Be-
TouKy CB1I-
IIEHHOT 0
Slcens B mo-
MOIIb CHIHAM
Maiiu u piasa
HCIeJICHUS
HX.

B sroit mHepumonHoi cucteme (puc. 4.7), xa-
Kbl TOYCUHBIN YYaCTOK BOJIHBI CBETa, BpaIla0-
IICHCSI ¢ YTIIOBOM CKOPOCTBIO M, = T1/2, OyIeT sB-
JSITBCS HOCUTENIEM PaBHOBECHOT'O KBaHTA CBETA!

+1 = (mAE ), = (Untl/m)ynf2.  (4.34)

[Ipu nepexone Kk KUBOMY, SKBUBAJIEHTAMH *1
OyIyT SIBISITHCS pa3HOCTH BeTBel (BeTOYeK)
pacIIUPAIOMIENCS U CKUMAIOIIENCS CIUpaieit
Kynnanunu (4.34):

BeTouka cBamiennoro Scens
(Kynnanunan)

+1 =+(7/2 - 5/2).

(4.35)

Ota Betouka (4.35) anpecoBana cbiHaM Maiin
(mepuoauyeckas cucrema reHoMoB, puc. 3.14) no-
ToMy, 4T0 KyHIaIIMHK My TbCUPYET, U TIPH
7/2+5/2= (7/2)*~(5/2)* = 6 HaunHaet dbopmMupoBath
SIIPO TIEPHOAMYECKON CHCTEMBI TEHOMOB:

~1_6>-9* (6+9)-(6-9)

I = . (4.36)
+1 9°-6> (9+6)-(9-6)

doxar caesa-

€T elle OJJMH JIunus, kotopyro nepecex Moxar

b

0oJ1ee Mpo- 0

KHH mar )

BHOBb ne, e Fi F Cuta paBoi

P pyxu doxara

ceyeT JIMHHUIO

U CHJION CBOEH

NMPaBoOH PyKH +1 -1

HampaBHUT
BBEPX HUCXO-
ASILLY 10 YTy
JJUHUH KU3HU.

F1- aucxonsmas muaus JKu3Hn

Puc. 4.8 @oxam u aunusa Kusnu
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B mone (4.36) notenmman -1 S (62-9%) - xapax-
TEpU3yeT BOCXOISILYIO JIMHUIO KU3HU, a TOJIe
+1 5 (9°-6°) - HucxomsyIO (puc. 4.8).

Crpemsicy k mogbemy Kuszau, doxaT mepece-
KaeT JIMHUIO, TO €CTh TpeOyeTcs, 4TOObl KOHTYPbI
PE30HAHCHBIX KOJEOAHWW CTalld aHTHPE30HAHC-
HBIMU:

Cuna Xuznum (puc. 4.8)

dopma Hucxo Bocxoasmas
Dueprun | A -1—0
Jlo Tlocne
=0 doxara doxara

(15-45) |(4.37)
Pesonanc | 159%-6° | -156%-9> | Teo./c

=45 —45 | =2590
[ 05451 | 05-45+1 | (05 44)

Anti = 44 =44 | xk.=88,
PE30HAHC rre k= 2.

[Tocne BmemarensctBa Poxara (HaBieHHE)
KU3HEHHBIM TOHyC ChiHOB Maiin (reHOMBI) yBe-
JMYUIICS BABOE.

OpranusM oTpearupoBaj BO3MYIICHUEM (U-

3UOJIOTHYECKOU CPEIbL:
88

[odp =69. (4.38)

—44

BosmyieHHass cpenma mepelnnia OT pe30oHaHca
(4.38) kK aHTHPE30HAHCY:

DuU3H0JI0THYECKOe BO3MYIIEHHE
Ouoopranusma reioma (puc. 3.14)

Pe3onanc _ ITpuBeneH-
(4.38) I'=696 b | (4.39)
Antn- 2=61+9+6 = ]1:_22 =

pe30HaHC 21 21,65(3).

[HosBasitoTCcst TpexcJ/ioliHble 000JI0YKU - TPU B
nepuoze (4.39).
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Yerbipex-
CJIOMHbIE
JIxacel u3-
BEPrHYT U3
CBOMX 4pece
O0akTepuu,
KOTOpBIE, HA
0s1ar0 4eJi1o-
BeKa, IpeBpa-
TATCH B TPex-
CJIOHYI0 000-
JIOUKY K-
BOTHBIX, PbI0
U NITHIL.

DHepreTuka uznydenus GoHoHoB u3 Henp
Marnutsoro fxapa (4.31) ssrsercst [lomobuem xax
U1 He)KUBOTO, TaK U JUIs )KUBOTO.

MexaHu3M H3ITydeHHsl yKe ObUT PacCCMOTPEH
panee (4.30), a yeTbIpexciaoiinbie JIxachbl OnuCHI-
BAIOT MEPEXO0JIbI MEXY ABYMSI MHEPIIHOHHBIMH
CHCTEMaMHU:

Hepexoa Mexay AByms
HHEPUHOHHBIMH cucTeMaMi (puc. 4.6)
2 4102 HNuepumonnas
Top2™ =410 cucTeMa (4.40)
TPy = 310" [Tepexon
T,=4 Nuepumnonnas
cHCTEMA.

B o6nacTtu nepexona t-p; = 0,3 BO3HUKAIOT
TpeXcJIoiHbIe 0007109KH )KMBOTHBIX, PbIO,
ITHL.

***
BakTepusi - 3T0 )KMBoOe, MoeAA0IIEe KUBYIO

KJIETKY.

Pa3py1ienne uBoM KIETKH Ha YPOBHE €€ Cy0-
CTPYKTYpHI (9+2) pu MUTO3€ HAUNHACTCS MPU
MEePECHIICHUN OMOKIIETKU YHEPTHEH B3auMO/IeH-
CTBUU:

Paspymenue cyocTpykTyphl (9+2)
OMOKJIETKH B3aMMOAEHCTBUAMHU

(9+2) + (Ig p1p2pspaps =2) = 13
P.S. - stoT IIpOoNLECC - MUTO3 KIJICTKU.

(4.41)

BakTtepuu B OMOKIIETKE BBITOIHSIOT POJIb
B3aMMOJICVCTBUI B 3[I0POBOM KIIETKE.

*
k%

N3Beprim 6akTepuu - ¢hppasa, KOTopasi OTHO-
CUTC K NPUBCACHHOMY INOTCHIIHMAY TCHOMOB
(4.39), koTOpBIE MYJICUPYIOT B PE30HAHCHO-AHTH-
PE30HAHCHOM pEeXHUME.
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Ilyabcanusi reHOMOB
Pesonanc I-2 _
4.39) —= 21,65(3)
omnsp- Muto3 Tpex- (4.42)
AHTHpE- HBIC cy6- CIIOMHbBIe
Z(;;Ia;olf BHXpH CTPYKTYp | 00OJOYKH
TEHILUAITbI 21= 065 P
73 135107 | 0,(3)-10™

OTHOIIEHUE MOJIIPHBIX BUXPEH TEHOMOB K OC-

TaJbHOM YaCTH SHEPTeTUUECKOTro moJs (4.42):
21/0,65(3)=32,14287354, (4.43)

naroT HaM Lunb - 32; MarHuTHY0 OCHOBY - 0,14;
6a3uc aymm - 0,042; mpuBOJ K TpaBUTAIUH -
0,0028; BO3BpamaroT K NEpUOANIHOCTIM
0,0000 (7 = Tott) 1 0,00000 (3 = 1); MpOBOAAT ue-
pes mATepHUHyIo CBs3b - 5-107; BO3BpaIIaioT B
WHEPLUUOHHYIO CUCTEMY - 4 107,

Ot1o none (4.43) nepuoanuno (Koneco).

Ha O6oae
Koaeca, rae
KUBYT CbIHO-
Bbsl OTHA U
Ilnamenn, He
Oyaet OoJiblie
MecTa JJIs Or-
POMHBIX TBa-
peii M 1MOJI3Yy-
YHX IrajioB.
IToseBble XKH-
BOTHbIE U
NTHIILI BO3-
AYIIHOM CTH-
XHM BCTpe-
TATCA U pa-
30layTCH ¢
MHUPOM, U Te,

N 510 Koseco ’Ku3Hm omnuchIBaeTcsi Kpome
Crann /I3uan eme u Knuuroii Ilepemen, HO mo-
HUMaHuE ITHX TEKCTOB MOYKHO HauyaTb C PE30-
HaHcHOro Koseca ZKusnu.

Kogeco Kusznm (4.43)
21/0,65(3)=32,14287354

AntHu-

pe3oHaHC
P,=(3:10%)-2(1-10™)-
410%)2:10%) (8104 | 449

Pesonanc | (7-107)-(3:10°)-(5-107)-

(4-10%) = 161280-107*=
16,1280-10°°.

***
B mone Koseca Kuszuu Qopmupyercst diek-
Tpuueckuii (q*) 3apsn (ouotox) m Bomopos. Ioss
cJ1a0bIX B3aMMOJICHCTBHI JOCTUTAIOT MakCHMyMa

(4.43):
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U pyrue 0y-
AYT NUTATHCS
NYpPIypPHbIM
3epHOM, /1a-
poM, nmoJjy-
YEeHHbIM Nps-
MO0 u3 pyk bo-
TOB.

duaekTpudecTBo U Bogopoa B KoJsiece
Kuznu (4.44)

P, 16,1280-107

AHC

q 16107

(4.45)

=1,008-10"" = 4,, - p?.

*
k%

B Kouece Kuznm Mexay sHEpreTU4eCKUMHU
KOMIIOHEHTaMHU B TPEXMEPHOM MTPOCTPAHCTBE BO3-
HUKaeT msaTepuyHas cBsizb (4.43):

IIaTepuunas cesa3b B Kosece ’Kusnu

[16/0,1280]-107" =[5> ~*¥*%=7-107,

(4.46)

B nomnsix BHe @OpMBI KOOPAMHATEI IPOCTPAH-

CTBa X, y " Z 3aMCHJICT HpOI[OJ'DKI/ITCJ'ILHOCTB T= 3
(4.46).

*
*%

Kogeco Kusnm u3 antupe3onanca (4.44)
BHOBB MEPEXOTUT K PE30HAHCY, U TIOTEHIUAIBI €T0
MEHSIFOTCS:

Bropuunslii pezonanc Koaeca dKusuu

AHTH- P, = 161280-10*
PE30HaHC
P*,=(1-10%)(6-10%)-(1-10% | (4.47)
£ (2:10%)(8:10%) 10 =
Pesonanc 6:16:102°-10%* = 6-16-10"4
= 6'16/p4.

Bo3HHKaIOT JHAOTEpMHYECKHE SIEPHBIC
B3aUMOJICHCTBHSA, (OPMUpPYIOIIUE JIorapupMuye-
CKHE BOJIHBI KOJICOAHUI Cpebl B MOJIE CBETA!
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Py

e ps’lgl0'* = -1400 = -AK. (4.48)

[TossBunmock myprrypHoe 3epHo (4.47, 4.48), na-
POM IOJIy4EeHHOE IpsAMO U3 pyk boros. I1umu
xBartajgo. Menkue (KUBOTHBIC U IITHIIBI) CTAJIH
XUTh B Mupe. bonbume ncuesnu. Oaurapxu Toxe.

Koraa KoJueco
cesaer moJ-
TOpa 000opoTa,
HUckpsl Bo-
IUIOTATCS B
I10aX, 10TO-
Jie YeJIOBEKY
HEN3BECTHBIX.

3a monTopa obopora Koseca Bo3HHKaET 1oJie ¢
bubaeiickum notreniuanom (4.47):

K=1,5P,*=1,5616-10"=144-10". (4.49)

310 (4.49) 5HepreTnyecKoe aHTUPE30HAHCHOE
COCTOSIHUE MEPEUIET B pe30HAHCHOE. BO3HUKHYT
IJI0]1bI, 10TOJIE YeJI0BEeKY HeM3BeCTHbIE!

Iuma Boros: moxaeii Boau u Morn
Antn- _ -4
pEe30HaHC K=144-10 (4.50)
K*=(1-10%)(4-10")(4-10%)x
Pesomare | 514 _ 16101 =10%,

N pebeHok, n
B3POCJIbIH Ye-
JIOBEK BKYCHAT
3TUX IJIOJAOB,
U, K yAUBJIe-
Hu10 boros,
CJI0Ba MYApPO-
CTH CJICTAT C
HX ry0.

[NoTpebnenne m000# MaTepuaIbHON MU
MPOU3BOJIUTCS 3aTE€M, YTOOBI 00ECIICYUTh OpTa-
HU3M JHEPrueii — B KOHEYHOM cueTe, OMOTOKOM —
KaK OCHOBOM OKHCIUTEIHLHO-BOCCTAHOBUTEIBHBIX
MIPOIIECCOB MHIIEBAPCHMSI, T/Ie OMOTOK - KOHEUHAs
uensb npouecca. Ho K* (4.50) B 10° pa3 nuTa-
TeJIbHEe TOr0, YTO MBI €UM CETOIHS.
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Cmamnua Il [3]

Conepxxanue CraHIbI CBA3aHO C ONMMCAHUEM MeEXaHM3-
Ma niepexoa Ilaron Pacel k bynymen @opmanmu.

PaccmaTpuBaercs kak cama SHEpPreTuka JBOJIOLNH, TaK
U cpeaa, U3 KOTOpPOMl 4esoBeK byayliero craHer uepnarh
sHepruto xu3Hu B Kosece ZKusuu.

1. Ilocne wu3nyyeHus >IEKTPOMArHUTHOW BOJIHBI He-
npamu fAnpa Crycrtka (4.31), snekTpoMarHuTHasi BOJIHA Ha4M-
HaeT crymarbes (4.32), oOpa3yss HMHEPIUOHHBIE CHUCTEMBI
(puc. 4.7) u cpeny nepexoja Mex1y HuMu (puc. 4.6).

[Ipu crymenun oOpasyercs mepuoanydeckas cucTeMa
F€HOMOB, M BO3HHUKAET SBOJIIOIMOHHBIN MPOLECC Pa3MHOKE-
HUS KaK B CAaMUX MHEPIIMOHHBIX CUCTEMAX, TaK U B cpejiax Ie-
pexojia MEeX1y HUMH.

B cpenax nepexona Mexay MHEPLUUOHHBIMU CUCTEMaMU
BO3HUKAIOT SMUUEHTPBI CKATUW IJIIEKTPOMArHUTHBIX BOJH, KO-
TOpble (POPMUPYIOT >KUBBIE MHEPIUOHHBIE CUCTEMBI T€HOMOB
13 DHEPreTUYeCKuX MoToKoB cBeTa — Kynnanunu (4.34—4.36).

B npouecce cryiuienust 10MOIHUTEIBHOE CKAaTUE BOJIHBI
YBEIIMYMBAET KU3HEHHYIO CHIy TeHOMOB BiaBoe (puc. 4.87,
4.37). Bo3HuKaeT mnepuoaMYECKas CUCTeMa TI'E€HOMOB (pHC.
3.14) u, npex e Bcero, siApo 3TON CUCTEMBL.

[lepuoanyeckas cucteMa réHOMOB IYJbCUPYET, a BO3-
MyIIeHHas] UMH (HU3HOTIOTHYECKas cpeaa hopMupyer, mpexie
BCEro, TpexcaoiiHbie 000104kH (4.39).

2. DHepreTuyeckuii 6azuc TpexcJaoiHbIX 000J109€eK /1a-
€T BO3MOKHOCTD MOSIBJICHUS )KUBOTHBIX, PbIO, TITHIL.

Nx mnosBieHue o0OYyCIOBJICHO COBEPIICHCTBOBAHUEM
KOMITOHEHT OMOKJIETOK, €€ cyOCcTpyKTyp (4.41).

CamodopmupoBanne CcyOCTPYKTYp OMOKJIETKH SIB-
asiercsa [logoouem dpopmupoBanus 3emun (4.42).

Tak xe, kak ¥ 3emJis, TCHOMBI B OMOKJIETKE UMEIOT TO-
JSIPHbIE BUXPU C MOTEHHHANIOM *21, a OTHOUIEHHWE 3HEPTrUU
OTUX BHUXPEW K OCTaTOYHOM DSHEPIUM M3JIy4yaTelsi-TeHOMa
dopmupyet Koseco ’Kuznu (4.42, 4.43).
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3. ABuxenue Koseca Ku3HHM HOCHT NOCTyIIAaTEIbHO-
DBOJIIOLIMOHHBIM XapakTep M MNPOTEKAET B NEPUOJUYHOCTH
CMEH PE30HAHCHO-AHTUPE30HAHCHBIX NIEPEMEH.

Ha nepsom 3tanme /[Buxenus Koseca BO3HHKaKOT BO-
AOPO M 3JIeKTpuUYecKuii 6MoTokK (4.45), 3aTeM nATEePUYHAS
IHeprus cBsi3u (4.46).

HanbHeimee Bpamenne KoJsieca Ha mosaropa o0opo-
Ta KOHILICHTPUPYET DHEPTUIO0 JJIEKTPOMAarHUTHOW BOJIHBI [0
TaKOM CTEIEHH, YTO CaMa BOJIHA CTAHOBUTCS HE 3aMEHUTEIIEM
ALK, a camoi nuieit (4.50).

Kak HJIO He nyxeH "kepocuH" Hamux paker, Tak Jlio-
nsav Boan u Horu e nyxen "CMak" HAIINX KyTHHAPHBIX
W3BICKAHHM.

N pedenok, 1 B3pOCiabIH BKYCAT 3THX IUIOJOB: "'byasb ¢
Hamn!"

4.4 CtaHua lV.
BooGpaxeHue kak wkana MyapocTtu

1. Juxkuii beabiii bbik nokpel1 boasmyo Kpachyro
KopoBy. OganM ucTropraomuM ycuwinem oHa poauia be-
Joro TesneHka KeHCKOro pojaa.

2. Ilo 00eum CTOpPOHAM rOJIOBBI €€ BHIPOCJIO MO OJ-
Homy 3osiotomy Pory, a mocpeauHe HEOKHIAHHO BBIPOC
Por ¢ bpuiannantoBsim HakoHedyHuKOM.

3. beictpo pocau Tpu Pora, no HeCKoOJIbKY JIOKTeH B
nenb. /IBa 3oJsoTbix Pora okpyxuiam miemeHa MeHs1o-
meicsa 3Be3abl. Cpeanuii Por uzornyJics, Boues B 3eMJII0
u Hamynaja teaa 3meid Myapoctu. On BbhiTamma Ux u3
YKPBITHS M BBICOKO BO3HeEC.

4. Korna HUx ruasa yspeau Oesoro rteaeHka, OHu
CKa3aJM B OAMH roJioc: "ThlI - 3T0 3HaK HaM. A celyac Mbl
BoiaeM B Koubuo 3o/0Tbix Poros u ornagum Hamy Myxa-
POCTH T€M, HA KO0 Thl CaM YKaKelllb, U OHU OYyAyT HAIUM-
Mu [locs1aHHUKAMHU KaK Cpear MOJIOABIX, TAK U CPeIM CTa-
puKoB''.
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Pacwudgpoeka CmaHubi IV [3]

CrnoBa .
CMbICH BBIpaXKEHHM
Crauiibl
I[“Kmf CnoBo JIMKHMii OTpaskaeT COCTOsHHE Xaoca, B
bebii KOTOPOM HAXOJUTCS II0J€ OEIOro CBETa; CIOBO
bbIk no- Boabmasi yka3plBaeT Ha TO, 4TO KpacHas 00JacThb
KPbLI CIIEKTpa pacIIupeHa:
boabmyro =
Kpachyio Jukwuit (Xaoc) (pac(g;;?; 0
Koposy. i
poBy betit brik Kpacnas KopoBa
0
B= AB I¢ dp= K=T,0./c-Ak = 4.51)
! 2:1400A =
-3600A(-Y2)= 2800A
-1800A
CBsi3b € BOJIOM JIyHHBIH CBeT.
Onnum ue- Ects skBuBaneHt Bomsl (B), ecTh 3KBHBaJIeHT
Topraro- Jyunoro csera (K). Bosnukaer nosne Tonkoit DHep-
UM yCH- | ryy (Yxaita-Paca (3.159)):
JIHEM OHA
pornia K 28004 3
Bejoro T T -1,(5) = - (4.52)
Tenenka —18004
JKEHCKOIr 0
pona BoszHukaroT He TOJIbKO TeHH JII00BH, HO K MaTe-

pUaIbHBIC BSaHMOHeﬁCTBHHI

AHTH- bh-K
=-5040 =k
Pe3oHaHC B+K : (4.53)
Pesonanc | (5:10°)(4:10")=2-10°=k,.

Poxnmaercs benpiii TenmeHOK KEHCKOro poja
(4.53).

IlosBiastercst Beaplii TesleHOK ¢ 3aYaTKaMu
aymu. Haumnaercss dopmupoBanne CBSIIIEHHBIX
KUBOTHBIX.

267



Poxnenue besaoro Teaenka
JKEHCKOI0 pojaa

A k, 2:10° _
HTH- 6 =T =—— =
pe3oHaHc k5040
39,68253968
1 Te*=(3-10)-(9-1)(6:10") |43
Peso- | (8:107%)(2:107)(5 10)-(3-107)
HaHe (9-10°)(6:107)-(8:10™) =
16796160-10 = 16,79616:10™"
beniii s 1025
TeneHoK b, =Ts*/Ts=0,42-10.
Ho oberm MarauTHbIH 3apoabiiieBbii [Ty3pipek
CTOpOHAM s 5
) +0,21-10-30m10T0i# Por
I'0JIOBHI ee
BBIPOCJIO
10 OTHOMY
3o0s10TOMY p* - Bpunantoeiid Por
Pory, a no-
cpeauHe (b) -0,21~10'25 - 3osotoi Por
2 | HEOKH- Puc. 4.9 Keanm Jlynnozo Uznyuenus:
AAHHO BbI- noasapHvle euxpu - 3onomuie Poea,
poc Por ¢ IKEAMOPUALbHBLIL - Bpuniuanmosoiil
bpuinu-
AHTOBBIM Pacmennenue xBanta b, (4.54) dopmupyer asa
Hakone4- | momspusix Buxpst (1Ba 3o0i0Thix Pora (puc. 4.9)); a
HUKOM. U3IyYEHUE MATHUTHBIX SKBATOPHAIBHBIX HMITYJIb-

coB - Por bpumnnanToBsiit (puc. 4.9). Ilpoucxoaur
¢dopmupoBanue marHutHoro mnoissi Keanta Kynpa-
JIMHU C YKEJITHIM SIIPOM U 0e0-KpacHOW MOBEPXHO-
cThIO (puc. 4.4).

***
Crnoro BpwiiHaHTOBBIH ymoTpebseTcs MoTo-
My, YTO OpWJTHAHTHI (OPMHUPYIOTCS HA OCHOBE YT-

Jepoja ¢ aTOMHBIM BeCoM A; = 12 - 5KBUBAJICHTHBIM
Tot=12.
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Best dpaza Cranusr 1V, nyskra 2 monHOCTBIO
OTNHUCBHIBACT MarHuTHoe moJje (puc. 4.9) BOKpyT Cry-
ctka Kynnanunu (puc. 4.4):

MarnuTHoe 1oJie BOKPYT CrycTKa
Kynnaaunu
XKentele nonspHsle OkBaropu-
BUXPH MarHUTHBIX aJIbHBIN
3apsiIoB BUXPb
C 0 MarHuTHOTO
eBep r
HMIIyJIbCa
J (4.55)
EC = EIOES EH* =
021102k | QHIOMK 0409028 %
H —_,u 1,7
=1.05-107 = 10°
=1,05-10 11,05-10° 0,49-10
[pumeuanne: AKX = 70A, p= 14107
w* =14-10%,

Bokpyr xBanta KyHpmamuau ¢opmupyercss mar-
HUTHAasi KOOPAWHATHO-YNPABIIAIOLIAs CUCTEMA.

beicTpo
pocau Tpu
Pora,

Ckopocts pocra Poros (V,) ompenensercs or-
HOIIICHHEM PE30HAHCHOTO TOTEHIMATa MarHUTHOU
CHUCTEMbI K aHTUpe30HaHCHOH (4.55):

CKopocTh pocTa MAarHUTHOT'O IOJISI
BOKpYT crycTka Kynaaannm (4.55)
AHTH- K, = Ee f" A
pe30HaHC Ep 0,49
4,28571486 (4.56)
K,=4(2:107)-(8:10%)-(5:107)
Pesonanc | (7-107)-10°(4-10°)-(8:107)
(6:10™) = 430080-10*
Cxopocts Vo=Kai/ Ky =
pocra 9,96492480-10°.

ITorenunan Luup, paBHblii 32 (Kaura Ilepe-
MEH), CBSI3aH CO CKOPOCTBIO PACIPOCTPAaHEHUs Mar-
HUTHOTO TOJISl BOKPYT KBaHTa KyHmanmumHM, KaK yuc-
mo 102 cBsmsaHO cO  cBOUM norapumMom
1g 10 =32.
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JIBa 3o.10- Mensiromasncst 3se3aa - uinu I'ma3 Jlarma - cBsi-
TIX Pora 3aHa ¢ ummynbcamu cxkatus (k.=2) - pacmmpenus
OKPY/KHJIH (kp=8), BOKpYT KOTOPBIX ()OPMUPYIOTCS BOJIHBI C IO-
IIeMeHa TEHIMAIOM 64, HampaBlIeHHBIE MPOTHUBOMOIOKHO
MeHsio- HUMITYJIbCaM.
eiics Oto mnone Menswomencsas 3Be3Abl OKpYyXaeT
3 MarHuTHBIC BUXPU 3aps/ioOB U CO34aeT TIpaBUTA-
BE3/bl. LHio:
dopMupoBaHUE IPABUTAIIUMN
NOJISIPHBIMU BUXPSIMU
MATHUTHBIX 3apsI0B (4.56)
3onoroit Por CeBepa 3onoroit Por Ora
Cpena me- Cpena
Marnerusm HSIOIIEHCS Marnerusm Mer[ o
3Be31bl i:?;:l
e 2 4.57)
. 64 . 64
c = 10 = d
1,0510° J.go de | 05107 J8.€0 ¢
2
= 2046 =2016
k1 — kz 10
I'pasumayua — =28,01120448-10"".
c 0
Cpennnii MaruautHasiii umnynsc (u*) Ilamstu MeHsIET cBOe
Por uso- HarpaBjeHue B 3apoasimieBoM Ily3sipeke Henp cry-
rHyJcs, ctka (puc. 4.9):
BOILIIE]I B
3eMJII0 U Pyma 3apoabIeBbIit Apyna
Iy HaTeit ITy3bIpex Boobpaxenwst
HamynaJi Boobpaxenwst Y
Mympoern || % L, S R L
=10 e T A ) 1610 =
(Boobpa- 16 —u-E.-u
KCHHUA q*) -100, % Mocr mMexay *.10100
10 /q Boramu 1 Jliogsmu q 107
On BbITa- YkpoiTe - Pyma (dopma) usnyuarens (4.59)
mua Ux u3 100] 4
BooOpaxkenue ¢ nmorenimanom 10" /q (4.59)
YKPbITHA U
Broicoko Bo3Hec - Apyna Boobpaxenus (4.58) ¢
BBICOKO N )
noTeHIanoM g *- 10 (4.60)
BO3HEC.
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Korpa Ux
rjiasa y3-
pesu Gesio-
ro TeJIeH-
ka, OHn
CcKa3aJiu B
O/IUH TI'0-
Jaoc: "Thl -
3TO 3HAK
HaM.

Pyna wuznydarens BooOpaxenus (4.58) moxer
CIIyXHUTh yIOOHON Toukoi oTcuera Bcero Bo Beém
Enunoro Kocmoca.

JI.1.MenpeneeB reHuanbHO UHTYUTHUBHO BBIOpA
1/16 aromHOTrO Beca KUCIIOpoaa (KHCIOPOIHAS SIH-
HUIA) 332 CUCTEMY Pa3MEpPHOCTH aTOMHBIX BECOB B
NEPUOANYECKON CUCTEME XHMHUYECKUX 3JIEMEHTOB.
Kucnoponnas enununa, kak pa3MepHOCTb, COBIaia
¢ Pynoit BooOpakenus u okazanacek paBHoit (4.58):

1 1 1
—q, =—:—-10"* =10, 4.61
16 1616 (4.61)

B sToii cBsi3u ciaoBa: "TeI - 3TO 3HAK HAM", - 03-
HaYyaloT Mepexo]] K pa3MEePHOCTH OTHOCUTENHHO Py-
el BooOpakenus (4.58):

BoJiHBI ¥ CBEeT B pa3MEpPHOCTH
Pynb1 BooOpaxenus (4.58)

[Tons BouHbl CrycTku cBeTta
o] " _ [
= SinZ = SeZ= | M = me =
I
o=
s £
= V2 | 2107 | 2107
=R 1
) -

m V2

V2:g, | Mo | Miqe= | (4.62)

g 9
o 1| =2 43210
§ E =2 3
=
z 5 32-10°
= ;
m &
g
M
[Iponopuuun Heﬁ?{?ffm
TTupavutel IlepemeHn.
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A celfuac
MBI BOMi-
JIeM B
KoJabuo
300TBHIX
Poros n
OTAAAUM
HaIy
Myapoctb
TeM, Ha
KOI'0 ThI
caM ykKa-
JKelllb, ¥
OHHU OyayT
HAIIUMHU
ITociranHu-
KaMH, KaK
cpeau Mo-
JOABIX,
TaK U cpe-
AU CTApH-
KOB'"'.

YkaxkeM Ha cTapble 3apsabl ¥ MOJIOAbIE HM-
mybChl (4.58)

3apsiabl (CTAPUKH) Nmmynseel (MoJ10ab1€)

Pldo | WG | 99 |P/do= W¥q | 47/
= = = *q¥* o o=
Pq [ =uq | =q° | pxq | @)

pxq*
3apobIIeBbIf Konb1o 3010ThIX
[Ty3bIpexx 10'%° Porosx10"%’.

B noste (4.63) 1 3apsiibl pg, 4g ¥ ¢ , U MMITYIBCh
p*q* u*q*u (q *)? spistrorcs [ocJaHHMKAME, WK
HU3JYYeHHOHM DHEPruel, U3JIydaTeleM KOTOpOU sB-
JgeTcs  MarHuTHbIM  3apojpimeBbidi  [Ty3bipek
(puc. 4.9; 4.63).
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CmaHnua IV [3]

CTOJIKHOBEHME MArHHUTHBIX 3apsAJ0B W HMIIYJIbCOB
(GopMHpYET MATHUTHBIH CTYCTOK, B HEJpPax KOTOPOIrO Haxo-
qutcst 3apoabimeBbiid Ily3bipek: HOCUTENb KUBOW U HEXU-
Boii sHepruu (puc. 4.9). Cranna IV onuceiBaeT MeXaHH3M
dbopmupoBanus [ly3bipbKka U €ro QyHKIUY.

1. ®opmupoBanue 3apoasimieBoro Ily3pippbka B mar-
HUTHOM $IJIp€ HAYMHAETCS ¢ KpacHO-OeNbIX B3aUMOJACHCTBUH B
kBaHTe KyHpanuHu ¢ xkenteiM sanpoM. BzanmonencTBus npu-
BOJAT K U3Iy4CHUIO JIyHHOrO CB€Ta, MOSBICHUIO TPaBUTALUU
U BOJbl. B JXMBOM IUIOAATCA M pa3sMHOXKAIOTCS CBSIIEHHBIC
JXKuBoTHBIE; B HE)KUBOM - (POPMUPYETCSI CIIEKTP CBETA.

2. Cnextp Csera dopmupyercs nomooHo Pamyre. Boi-
BOpDAYMBAHHE CIEKTPA HAM3HAHKY HAYMHAETCS C WU3JIyYEHUs
KENTHIX MOJSIPHBIX BUXpeH (puc. 4.9). DTH BUXpHU BO3HUKAIOT
B Henpax Snpa mpu mepeceueHu#n ¢ OpUIJIMAHTOBBIM (Oe-
JBIM) MarHUTHBIM UMITyJIbCcOM (puc. 4.9). Bo3HukaioT pasHo-
CTM MAarHUTHBIX MMOTEHIMAJIOB Ha MOJIIOCAX U 3KBATOPE CTyCT-
KOB (4.55).

3. DTa pasHocTh noTeHuuanoB (4.55) dbopmupoBana uc-
TOYHUK HM3TYYCHHsS] MArHUTHBIX HMMITYJIbCOB, CKOPOCTh KOTO-
32

pbIX nocturana V), n Oeiaa B 107°pa3 ObicTpee cBera.

4. CBs3b U3Nly4aTesis MarHUTHOTO UMITyJIbCa C TPaBUTa-
UOHHBIM U AJIEKTPUYECKUM TMoJjieM (OopMHUpOBajia IHEPreTHU-
YeCcKylo IKaly, B KOTOpod BooOpakeHue ObLIO 3TalIOHOM
Myapoctu (4.63).
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4.5 CtaHuaV.
AGconoT Kak npeaBecTHUK KyHaannHm

1. "HaGepembcst Jid Thl XpaOpoCTH, YTOOBI NMEPEYUTH
Moeil BoJie?" - Bckpuuaa doxar B rHeBe CBoeMm. "Ocme-
JUIbCA JU Thbl BbI3BaTh THeB Cusitomero Jimma m Ero
kpy:xamux xo3sieB? IloOepernch, a He TO s TONHY TakK
CIWJIBHO, YTO PYXHET MOCT Me:xkay boramu n Jwabmu, H TO-
r/1a He CMOKelllb Thl 00JIbIIIE CJOYKUTh YeJI0BeKY WJIH yaa-
PATH MO WAEAJIbHO HACTPpOeHHBbIM cTpyHam'". "Cmorpure!
K ce0e 30By 1, JIxac, CBeTubix /IXxuaHoB - cbiHOBeil 3akoHa
u Myapoctu u Cusiromiee Jiuno, u Bcex, Bcex. OHUM IPpUMYT
pewienue'.

2. U3 Ero roJossl, Ero crynueit, Ero jnesoii pyku, u
Ero npaBoii pyku, HeCJIUCh YeTbipe MOLIHBIX MOTOKa Or-
HSl.

OHM NPOHUKJIK B Kuiuine Boros m 0bICTPO MpUHeECN
Boros k MocTty, rae @oxat cTosiJI ¢ 3aHeCeHHO cTonoi. OT
Ero nmynka jeresu uckpol U He 3Haa OH, 4TO Bce OHU 00-
JIaJaJiM MOIIbIO, MIPeO00JIeBaIoNIell CaMy CMePTh.

3. Bor npumuiu Bce oHH, boru Heb0a M mpeucnoaHei,
ropopsi Takue cjaoBa: "Mbl MOYTH NOTEPSJIM HAIILY CIO-
COOHOCTH K cO3JaHMI0 U paspyuieHur0. CpiHOBbs Maiin
CHJI0¥ OTHSIJIM Y HAC MOLUb M MYAPOCTh''.

"Tol, Betukuii 6pat, no/keH 3apepunthb [sareiii Hlar,
HO KOI/Ja Thl OTAOXHENIIb OT TPYJAOB CBOMX M CHOBA 3aHe-
cemib ¢BoI0 crony AJs Hlecroro Ilara - orasinucey! Te 0y-
aemn oauH".

"Te, KOro ThHI ceyac MOHOCHUIIb, CTAaHYT boramm mpe-
ke, 4eM Tbl 3aBepmnmb c¢Boil Illectoii Ilar, a 6oabure
Tebe cTonbl He MOAHATH, H00 Koabuo Ilnamenu pasomk-
HETCA nepea T000I U TUMHNUSA KU3HU OyaeT nmepepe3ana'’.

4. XoTb U He ucnyrajicsa ®oxart, HO 3aHECEHHYIO CTOILY
CBow omycTus1 Ha AanabHuUil Oeper Bpemenn ¢ maJioii cu-
Joii. Bce morpy3miocs Bo Thmy. Jluma Cusiriomux ObLIn
cKkpbIThl 0T Bpamawmuxca Kogec. lyx cHoBa "3agymas-
csa'.
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*
kk

Pacwudgpoeka CmaHuybi V [3]

Neo| Cnosa CraHIbl CwmbIc BbIpaKeHUM
"HaGepewbcs MoryT JIu cTapMKHU-3apsi/ibl 1€ COKUMATHCS
JM TBI XPa0- | (4.63)? Vnu cikaThe CMEHUTCA paciHpeHuem?
POCTH, YTOOBI
NnepeYyuThb Mo-
eil BoJie?" -

BCKpHYAJ
doxar B rHe-
Be CBoem.
"OcmenL- [Tone GpoTOH-POHOHOB HE CHHTE3UPYETCS B
Csl JIM TBI BbI- | Erypoe. BosuukaroT ummyiscsl. [lone ¢poToHOB
3BaTh I'HEB (c KocMHUYecKoi KOHIIeHTpanuei (4.63), paBHOIA
1 | Cusiromero 10'%) popmupyer "3apoasimessiii Iy3bipex”
JIuuna u Ero (puc. 4.9). "Ily3bipek' ocMenBaeTcsi U U3JIy-
KPY:Kalux YyaeT MarHUTHbIEe HMITYJIbCHI (X035€B). Bo3Hu-
x03s1eB? kaer mone ¢ 10'%° dboTonamu (4.63).
ITobeperuce, Jasnenue (Poxar) yepoosrcaem pa3pyiuTh
a He TO i 3apoabimesslii Ily3bipek (4.58):
TOIHY TAK
x(_ ,, %
CWJIBHO, YTO H ( H ) ( _&j
p= =1, (4.64)
PYXHET MOCT poE- (- ) v
me:xny bora-
MU H JTI0Xb- KaK HaIly (PU3UKU TPO3ST BOJILIHI/IMvB3prBOM.
Mz, Ho B3pbIBa He OyaeT: MarHUTHBINA (DOTOH
(4.64) He nypak, OH BBICKAJIb3bIBAET U3-T10]]
doxara ¥ CTAHOBUTCS KPbLIATBIM KPY KALIUM-
cs umnyJabcom IamsaTu.
U TOI'/1a He

CMO2KelIb ThI
0oJibIIIe CITy-
KUTDb YeJI0-
BeKYy MU
yIapsATh M0
UeajJbHO Ha-
CTPOEHHBIM
cTpyHam''.

®oxar - naBjaenue. J[apneHue AECIOTHYHO:
cuja ecTh - yma He Hajo!

I'po3st 3apoabimieBomy Ily3bipbKy (4.58,
puc. 4.9), kak "Llaps eBpero”, Doxar He MOHUMA-
eT, uro "[ly3bIpek" cmocoOeH K HHBEPCHH, U
BBIBEPHETCSI HAU3HAHKY, YXO/s OT HAJIOTOBOI0
OpeMeHHu:
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Kputnyeckoe naBienue:
uHBepcus 3apoapiieBoro Ily3pipbka

Pymna cxxatus Apyna
(4.55) paciiupeHust
~HE -Eu _ —pop*
—pEpt —p-Eu (4.65)
4
Const,, = “*)4 (E.—E,)E,. =1,029-10]

-aHT HpGSOHaHCHaH MAarduTHasda 1OoCTOsSITHHAasL
Const,*=1-(2:107)-(9:10)-10"*° =18-10"°

- P€30HaHCHAas]d MarHuTHas moCTOdHHasd.

***

BriBepnyBInch u3-noj doxara, SHEPTUU
MarHUTHOTO H3iydeHust HadyHyT Co3ugaHue BOJIbI
(18=MH,0), MaTepUHCKHX U JOUYEPHUX CYOCTPYK-
Typ Ouoxnerok 1o mutosa (9+0). Haunyt Co3u-
nath JKU3Hb.

"CMmoTtpuTe! doxat cobupaet Bcex (4.63) U HaUMHAET J1a-
K ce0e 30BY §1, | BUTb TI0 MAaKCUMyMYy':
JIxac, CBet-
JHeprus, CBO0O0IHAA OT JaBJICHUSA
JbIxX /[xnanos (4.63)
- CbIHOBeI RPN
1 3axona n E, =4 H9 PTG 1T (¢*)" _ 4.66)
MyapocTu u '[goa’(p
Cusionree 3
JInuo, u Beex, 1/63-72° = (1/9)-7°2%".
BCeX.
***
B nosne CBoGoanoii oT JlaBjieHUs1 SHEPTUH,
TO €CTh B I0JIe BHE-(hOpMBI (Apyna), Wi B 1oJe
sHepruu Kuznu o XXuszuu, suepruu 3apoabl-
el reHoMoOB U cyOcTpyKTYp (9+0) OnokeTku
B3aUMOCBs3aHkI (4.66):
(9+0) = 63(To+1) ", (4.67)
rJIe TIOTEHIIUA OKPY KaIOIIeH CpeIbl paBeH
732 = (14)-(16). (4.68)
1 | Onn npumyTt I[Tpu Hannuun GoToH-HOHOHOB
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pemenue''.

10100 10—100

10—100 < 10100 >

BO3HHUKAET AJIEKTPOMATHUTHBIA KOHTYp KoJieha-
HUU 3apsJI0B U UMITYJIHCOB (4.68, 4.69):
14316710710 = (w9 (q*) S

(4.69)

whq’ =14*16"-10"%/10""%. (4.70)
W3 Ero roJjo- 1. Bexmop no Cmanye [3]
T'onosa

Bbl, ETo
crynHei, Ero
JIEBOH PYKH,
u Ero npasoii
PYKH HECJIHUCH
YyeTbIpe MOIII-
HBIX MOTOKA
Orns.

Crynasa CrynHs

2. Bexmop no Cmanye ¢ mpexmeprom I[Ipocmpancmee:
(uembvipe cpanu)

3. Onucanue Abconroma ITugpazopom [20]

4. Onucanue Abconroma Kabbanoii [30]

Puc. 4.10 Aoconrom

"T"onoBa u aBe cTynHu" - "TpeyroiabHUK"
(puc. 4.10.1). B tpexmepnom IIpoctpanctse - 310
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[Mupamupa (puc. 4.10.2). V ITupamuabsl ¢ ocHOBa-
nueM B ¢popme Tpeyronbarka YUETBIPE rpanu.
OHH SIBIISIIOTCS U3IIy4aTeIsIMU YeThIpeX MO~
HBIX NOTOKOB OrHs npu [1sT1 KOHEUHOCTAX Ye-
noseka (puc 4.10.1,2).

I'panb nupaMubl - TpEyroJbHUK UHTEPECYET
4eJI0BE4YECTBO ThicsueneTusiMu. [ludarop pac-
cMmatpuBal ero kak Aocomot [Tpuposs! u Beiae-
it 10 Touek (puc. 4.10.3). Ka66ana craBmia 6
3anaThiX U yeTbipe OykBsl 1 (puc. 4.10.4).

Bce Muctepun npoumioro v HaCTOSIIETO MbITa-
1otcs Haiitu Talinyro JlokTpuny Adcomarora. Ho
Hukakoi Taitnbl, a TeM 60see TaiiHoii JlokTpu-
HBI, HET.

Ectr BomHa cBeta E)c = 1, gacTuma cera
mcC = | U 3JIEeKTPOMAarHuTHas cpeJa MEeX1y HUIMU
- €otoC” = 1. OnE 1 hopMupyIOT MOTE AGCOMoTa
(puc. 4.10.5).

B none AGcomora, 4To OBl TaM HU HaXOMM-
JOCh W Kakylo Obl (OopMy OSHEPrHH Cpeabl HH
TpaHcpopmupoBan Obl CBET, 3PPEKTUBHOCTH
B3alMOJICHCTBUI cBeTa ocTaHeTcsa paBHOU ps=10
(puc. 4.10.5).

Cser B moje AOcoIoTa IMyJNbCUpPYET, CO3/a-
Basi umItyaschl pacmmpenus (k, = Toc/w, = 8) 1
cxatus (ke = Towo/c = 2).

Me:x 1y HUIMHM BO3HUKAeT PE30HAHCHO-aHTHPE-
30HAHCHOE I10JI€ MyJIbCALUH.

ITyascanus AdcosoTa

Pesonanc AHTUpE30HAHC

Kok | £2-&7 kotk | (47D

=6 =60 | =10.

ke/kp | keky | ky/ke
+1 16ET02 4 =T,

AGcomoT sBisieTcst 3aposieM Beero Bo
Bcém, u yeThipe MOIIHBIX MOTOKAa OrHA Ipe-
JONPEEHAIOTCS YEThIPbMS TPAHSIMH TUPAMHU/IBI
Aolcomora (puc. 4.10.2; 4.71).
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JHepreTu4ecKnii NOTOK U3
IMupamuabl AdcosroTa

EA'=2,(2)-107
B3aUMOJICHCTBUSL.

(4.72)
6-60-10

= = 4450
+1/2-16-4

OHM NpoHUK-
JH B JKUJIHIIE
borosB u 0bI-
CTPO NpPUHEC-
Jau boros k
MOCTY, Iae
doxar cTosI
¢ 3aHeCEeHHOH
CTOIIOM.

B3aumoeicTBUS NPOHUKIIM B 110J1€ APYIIbI
(xkunuma boros). B yactHOCTH, B TIOJIE MarHuT-
HBIX CUJIOBBIX JTUHUH (puc. 4.9).

BsaumoneiictBus (4.72) u mynbcanus Mar-
HUTHBIX UMITYJIbCOB MEHSIET UX JBHKCHHEC Ha
MIPOTUBOMOJIOKHOE:

1
wHlg pipopspaps [@dp =-p*.  (473)
0

MarsuTHBIN UMITYJIbC, KaK OyMepaHT, eaeT
METJII0 ¥ BHOBb HeceTcs K 3apoabimeBomy Ily-
3bIPBbKY (puc. 4.9).

Ot Ero nynka

A ®oxat KIET ¢ 3aHeceHHoM cTonoi. U3 ero
nynka (3aposeieBoro [ly3sipeka (puc. 4.9))

JIeTeJIn uc-
KPBI H He Jgeresu Uckpbl, TO €CTh 3JIEKTPOMarHUTHBIE 3a-
3nan Om, uto | PA7WI (4.70):
BCe OHH 00-
wq =14°16"-10"°107%, (4.74)

JaJgaJId MO-

6eccmeptabie Hckpsl Beunoctu @opmbl B 6ec-
TEI0, Hpe- cMepTun Apynsl UMITYJIbCOB (4.70):
010J1€Bal0-
CMEpTh.

Bor npumim
BCe OHM, boru
He0a u mpe-
HCIOAHEN,
rOBOPSA TaKue
cjoBa: "Mpl
MOYTH MOTe-
PSUTH HALITY
CIOCOOHOCTD
K CO3/1aHMIO H
pa3pyuieHuIo.

Ho noaxons x 3apoasimesomy Ily3bipbky B
He/lpax MarMsl CIT'yCTKOB BO3HMKA€T PE30HAHC
MEX/1y MarHUTHBIMHU 3apsamMu (L) ¥ UMITyJIbca-
MU (p*), TpaeTopuu NOJIETOB KOTOPHIX Iepece-
karotcs (puc.4.9).

[lepeceuenne MarHUTHBIX 3apsAA0B (£L) U
MarHUTHBIX UMITYJIbCOB (+1*) BIEUET 3a COO0H
60 moromnieHrue GOTOHOB, JTHO0 B3aMMHOE
YHUUTOKEHUE (POTOH-(POHOHOB, TUOO U3TyUCHHE
(hOHOHOB.
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CbIHOBB
Maiiu cuioi
OTHSIJIM y HAC
MOIIb U MY/]I-
poctb'" (4.76).

Cobinbl Maiiu
I[Tormorienue () (+ 1) —107%
(doToHOB (= p*)-(+ 1*)
Heitrpamsa- | (-p)-(+p)-(u)-(+usx) = | 4+70)
s 14*
Vanyaerme | (H4%) (Z4%) _ | jes0
(poHOHOB (—p)-(+ ) '

MuHuManbHOE YMCI0 COYETaHHM MPH coyaa-
PEHUSAX MAarHUTHBIX UMITYJILCOB U 3apsiIOB PAaBHO
2ud:

41
CP=—" _=12=T, 7, 4.77
4 (4_2)' 0 ( )

TO ecTh paBHO bubneiickomy uncay 12.

"Tbl, BeJIH-
KHui Opar,
J0JIKEH 3a-
Bepmuthb Ils-
ol Illar, Ho
KOI/Ja Thl OT-
JOXHeIIb OT
TPYAOB CBOMX
H CHOBA 3aHe-
cellb CBOKO
CTOMY /1JIfl
IlecToro
Ilara - orus-
Huchb! ToI Oy-
aemb oaquH".

KBanrt cBera ¢ MOBCPXHOCTHBIM NOTCHIHUAJIOM
6 UMeeT BHYTPEHHEE T0JI€ U3 MATH YPOBHEM:

1-2-3-4-5 120

De30HaHc B
aumupeszonanc  1+2+3+4+5 15

=6,(4.78)

u 3apoabliieBblid [1y3bIpek ¢ HOMb-MOTEHIIMATIOM:

IlepemMeHna HanpaBJieHUsI TBUKEHHUS
B HeJpax siiep (KBaHT CBETa)

IToBepx- 3apo/bIIIIeBbIi
Bnyrpennee noie
HOCTb Ily3bIpex (4.79)
6 5041321 0

[laru ®oxata —
OI''IAIHUCH <—
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[Tocne Toro, kak MoxaT OrJsiHyJIcs (CKaTHe
CMEHHWJIOCH PACHIMPEHUEM), OH OCTAJICH OJUH, TO
€CTb B ITOJIC MCKAY HOJb-ITIOTCHIIHUAJIOM U CIUHH-
el (pacmmpenue), Korjaa npu cxKaTuu myTh Jie-
xan ot 1 1o 0.

OtMeTuM 3TOT BaxkHelmui 3akod Equnoro
Kocmoca:
- cxaTue popmupyer Xaoc:

0
[o dp=+1, (4.80)
1 2

- pacuiMpeHue NPUBOAUT K rapmonnu (4.79):

(4.81)

"Te, KOT0 ThI
ceifluac noHo-
CUIllb, CTAHYT
boramu npe-
JKJie, YeM ThblI
3aBepIIUIIb
ceoi lllecroit
Iar, a
0oJibIIIE TEOe
CTONbI HE
MOJAHATH, HOO
Koabuo
Iliiamenu pa-
30MKHeTCS
nepea To00it
H JIUNHUA
JKU3HU Oyner
nepepe3zana'’.

JHaBnenue (Poxart) cxumaio (MOHOCHII0) 5-
bIii, 4-b1i1, 3-1ii 1 2-0i1 ypOBHH.

Ho BTOpO# ypOBEHB - 3TO B3aMMOAECHCTBHS.
CnenoBatenbHo, boramu (MarHUTHBIMU UMITYJTb-
caMH) MOTJIU CTaTh KBaHTHI 3-€r0, 4-0T0 U 5-0T0
YPOBHEH, MyJIbCUPYIOLINE B PE30HAHCHO-
AHTHPE30HAHCHOM PEXKHUME:

pe3oHanc 3-4.5 :@:5. (4.82)
anmupeszonanc  3+4+5 12
Otu [T Th MarHUTHBIX UMITYJIBCOB
5p* =5-14-10°= 70-10%° (4.83)

dhopmupyrot cemepuuHocTh Ennnoro Kocmoca,
HO y Poxara (naBneHue) B Teuenre Cemu Beu-
Hocreit (Cranna [ [1]) paGots! He Gyzer, Tak Kak
B "3apoapimieBoM [ly3pippke" Oymryer pacmmpe-
HUE.
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XoTh U He
HCILYTaJicst
doxar, HO
3aHECEHHYI0
crony CBoro
OIYCTHJI HA
JaJILHUI 0e-
per Bpemenu
¢ MaJIOH cH-
JIOM.

IToka B 3apoasimeBoM Ily3bipbke Ha MpoTs-
xeHun Cemu Beunocreit (To+t = 7) Oymyer
paciIMpeHre MarHUTHBIX UMITYJIbCOB (U*), Tpy-
“KeHHMK - PoxaT paboTaeT B 00JIaCTH MEXy HY-
ném (Xaoc) u enunuueit (F'apmonns), popmupys
boxectsennyto Kynnanunu (4.82, 4.79):

1
cnupans colcamus -5 Jgo dp=15/2, (4.84)
0

0
CRUpanb pacuupenust - (TO + T)I(O dp=-17/2.(4.85)

1

Bce nmorpy3su-
JIOCh BO TbMY.
JIuna Cusito-
IUX ObLIN
CKPBITHI OT
BpalIaloIIuX-
csa Koaec. yx
CHOBa '"'3a/1y-
MaJcs'.

Pabota Beach B 00J1aCTH MOIJIOMIEHUS IO
nAaBjeHueM 0e3 uziayudenus. [lostomy Beé ObLIO
BO TbMe. U cusiromue Jluna Kynapaannm 6sumu
CKpBITHL OT KoJiec MArHUTHBIX UMIYJIbCOB (LL*).
Hacrynuna nopa MeHATh HanpaBJI€HUE JIBUKE-
Hud. Jlyx (MarHUTHBIC UMITYJIBCHI [1¥) CHOBA
"3agymasncs".
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CmaHua V [3]

CraHua BCKpBIBAET MEXAaHHU3M SHEPreTHYECKUX IPOLECCOB,
NpOoTEKaIKX B 3apoabiieBoM [Iy3ppbke MarHUTHOTO siipa KUBOTO
U HEXUBOTO, & TAK)KE MOKa3bIBA€T TH MPOLECCHl BO B3aHUMOCBSI3U C
TaKMMHU 3araJ0YHBIMH MOJIAMHU Kak A6comot u KyHnanunu.

1. PaccmaTpuBaeTcst HeyJjauHas MOMBITKA N30€KaTh MEPEMEHBI
HAIPABIIEHHOCTH TPOIIECcCa CKATHsI HAa pacIIMpeHue B o0yactu 3apo-
neieBoro I1y3eippka Henp marautHoTO sinpa (puc. 4.9, 4.64).

Jloka3piBaeTCsl B3aMMOCBSI3b PyIibl CokaTusi 1 ApyIibl pacuiupe-
Hus (4.65). [lomuepkuBaeTcs, 4To n30exaTh NEPEeMEHbI HapPaBICHHO-
CTH TIPOIIECCOB (C)KaTUsl Ha pacIIMpPEHUE, MOTIOUIEHUSI Ha U3ITyYCHHE
U Tak janee) BOau3u 3apoabiuieBoro Ily3bsippka HeNb3s, U 3Ta nepe-
MEHa HalpaBJIE€HHOCTH NPOLECCOB HMEET CBOK PE30HAHCHO-
AHTUPE30HAHCHYIO MOCTOSIHHY1O (4.68).

[TocrostHHass mepeMeHbl HaNpaBICHHOCTH MPOIECCOB BOIM3U
3apoaprmeBoro [ly3pipbka cipaBeiIBa Kak Il HE)KUBOTO, TaK U IS
KUBOTO. B XKMBOM OHa 00BEIUHSET Mporecc KojaeOaHWs TEHOMOB H
dbopmupoBanus cyoOCTpyKTyp B OrokiieTke (4.68).

2. PaccmatpuBaercs nozie 3apoasimieBoro Ily3sippka. 910 mo-
ne Mucrepun Bcex BpemeH, Bkiouas [lucdaropa u KabGbGany, pac-
cmaTpuBaiu kak Abcomot (puc. 4.10). Ha camom nene - 3to mose
BOJIHBI-YACTHUIbl CBETA M 3JIEKTPOMATHUTHOW Cpeibl MEXAY HUMU BO
B3aMMOJCHCTBUSAX M  PE30HAHCHO-AHTUPE30HAHCHOM  IyJIbCALUU
(4.71), dopmupyroiiee Ha4aI0 B3aMMOJICHCTBUI Ha JTIOOOM SHEPreTH-
geckoM ypoBHe (4.72). B3aumopeiicTBue Ha ypoBHE 3apOABIIIIEBOTO
[1y3bIpbKa MPUBOIUT K MOSIBICHUIO 3JEKTPOMArHUTHBIX moseit (4.74,
4.75).

3. Ha nonxone x 3aponasimieBomy Ily3sipeky B Henpax Pac-
aB-PacTBopoB (B 3K30TE€pMHM - MarmMa) BO3HHMKAeT CUTYalHsl, IPH
KOTOpOM 4acTh (POTOHOB MOIJIOMIAETCA, YACTh (DOHOHOB MU3JIydaeTcs, a
yacTb poToH-poHOHOB "HeMTpanusyerca" (4.76, 4.78).

[Iponoskenue cxxaTus siapa B 3TOH CUTyallMd MPUBOJIUT K U3-
JYYEHUIO0 MAarHUTHBIX UMITYJIbCOB B II0JI€ APYIIbI, a C)KaTHe CMEIaeT-
Csl B OKCTPEMaJIbHYI0 00J1aCTh JIF000H BOJIHBI, TO €CTh BO3HHUKAET KOH-
Typ Konebanus 051, hopmupyronwmii [[3uaH.

4. JIsman dopmupyet Bcé: KocmoreHnesuc, AHTpOIOTEHE3NC,

Teorenesuc,...popmupyer J[[3man u boxecrBennyto KyHnanuau
(4.84, 4.85).
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4.6 CtaHua VI
M3 Tbmbl BekoB. lNpeateya XpuctnaHcrtea

1. Tema u cyMepku eme oanoii Houm mMuHOBajIM.
Cronma MoryuecTBeHHOr0 BHOBb 3aHec/1ach, 1 CBouM ¢a-
kesoM OH ocBeTus Juna Cusiriomux. Jpivsmuecss Uckpbi
NPOOYAWINCH K KH3HU, OTBICKAJIM cocku Cypadxu u nu-
Tasicb MOJIOKOM ee, ObICTPO HaOpaau cuiay. Cesaras I'opa
npooyamwiace M U3 IrIyOMH NOJHSUIMCH Oogbluue o0gaka
AbIMA, IJIAMS U TPOMOBbIE 3BYKH.

SBuiaKCH NeMOHbI NPEUCHOAHEH M COTPSACAJH IO-
BepxHOCTbI0O TemHoil 3Be31bl, MOKA OHA BHOBbL HeE Mpe-
CTaJI1a B CBOEM MOJAJIMHHOM rapMOHMYHOM BH/E.

2. Oopamasics k Cusiromemy Jiuny, Mepy KpuKHYJI
rpoMkKo: "YabIOHHMCh MHE U CHUMM JieAsiIHbIe OKOBBI, OILy-
TaBlIMe MaJjible KMBbIE CYLIECTBAa, TaK, YTOObI OJeThbie B
HOBBIE ofexkabl UCKpBI 3acTaBWJIN KUBbIE CylIeCTBA pac-
TH, ¢ TeM 4T00bI CbhiHbI Malid CMOIJIM MUTATHCH UMH, KO-
r1a OHH BHOBb NPHUIAYT JA00MBATHLCH HCIHOJHEHUS] CBOUX
JKeJJaHui''.

3. 3arem npunuin [xuansl Yoxaunsl - [3B61 YeTBep-
Toro - Te, Koropbie norepnesnu Heynauy B Tperbem. Cka-
3aiu oHu Cusitomemy Jlumy: "Ilo3BoJib HAM 3aBeplIUTDH
HAII TPy TaM, I/ie Mbl MOTEPIEJN HeyAady: Mbl H3BJICKJIN
YPOK M3 HAIIUX Heyaad''.

3arem OHHM BOLILIM B Tejia, CO3JAaHHbIe AJs HuUX. OT-
ubl YerBeproro cramu HUx xe moromcrBom IlssTtoro. Oum
B3f1JIM ce0e CynpyroB M TBOPWJIM B OITPOMHBIX KOJIMYeECT-
Bax. Ho uxX moTroMcTBO 3HAJI0 BCIO TSKECTh NperpeieHnu
oTHOB nepex boramu wiu 3HAJ0 MPUYMHBI, 10 KOTOPBIM
OHO BBIHYXKJAECHO NpoxoauTh ucnbiTanue Kapmoi. Ux pa-
3yM He ObLI CBOOOJEH. SIpOCTHOI M 0KeCTOYeHHOH ObLIa
ux Oopnda ¢ AyxamMu npHUpoOAbI, 00JIa4eHHbBIMH B HHU3LIHE
(¢opmbl, M ¢ feMOHaAMHM - X03ieBaMu npeucnoaueii. Muoraa
OHM TepIeJId MOPaKeHne, a MHOI 1A OAePKUBAJIU Modexy.
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Onu kpuuyaam oOpaszam, kKoropbie OHH co3qa7H
CBOMMH COOCTBEHHBIMHM PYKaMH, W 3Be31aM, H TeM, KOro
Heab3s1 yBuAeTh: ''Packpoiite Ham TaliHbl HAIIMX OTLOB.
Mbl cienbl, TJIyXu U IJIyNbl MO0 CPABHEHUIO C HAIIMMU
Bparamu. Mbl mapumM B TeMHOTe B momckax Caera, 3a-
skermero Oronb, cefyac Tak ¢jiado ropsiuiuii BHYTPH Hac.
MpI 3HaeM, 4YTO B YKPOMHBIX MecTax 3TOT CBeT ropur sip-
KO M CBETJIO, HO KaxKAbIi pa3, Koraa Mbl nmoadupaemMcs K
HeMYy, OH ucde3aer. U mocJie Toro, kKak Mbl nepecraemM BH-
aeTh caadbIid oTdgeck 3TOoro Ceera, TbMa Crymaercs emle
Oosbmie. Tak mycTh MBI Jiyullle yMpeM, YeM OyJaeM BeYHO
CTPAJAaTh OT IJI0XKYylIedl Hac 001 B HEYTOJIEHHOM KaxKae
toro Ceera'".

4. 3arem mpoOyamjioch cocrpaganue B cepaue Mo-
rymecrseHHoro, Toro, Kro BesnyecTrBeHHO e3a1uT Ha be-
Jgoii Jlomaagu; 1 OH oTBeTHJ TaKUMHU cJIoBamMu: "SI momwiro
BaM cBoero CpiHa. OH Oyzer o0sayeH B Oroub M Oyaer
(pakesiom, KoTOpbIH 3a%:KeT Orows B Bamux cepauax. Or
3aKKEHHOr0 TaKUM 00pa3oM OrHsl HCTUHHBIN CBET 3acusi-
eT HaJa Bamu''.

IIpocTpaHcTBO MeXkAy BEPpXHUMHM M HUKHUMH BOJA-
MH He0eC OTBOPWIIOCH, U siBUJICA HekTo, MOryniecTBeHHbIH
U SIPKHUii, CJIOBHO coJiHIle. OH cTaj Ha o0palleHHoii BBepX
nayre TemHoi 3Be31bl U KOCHYJICS He3PSIYMX IJia3, ylIed u
ry0d Bcex IpocuTesieil, cCOOpaBIIMXCA TaM BHEThb, CJIbI-
aTh ¥ roBOpuTh ¢ Hum.

A ckazan On um: "5 mocaan, 4To0bI OBITH Gakenom,
KOTOPBIH 32:keT OroHb B BallIUX CepAlax, U sl OCTAHYCh C
BaMH /10 TeX nop, noka CesimeHHblii CBeT He 3acHsieT TAK
SIPKO, YTO KAXAbIii Bpar cTaHeT BUJEH BAIIMM IJIa3aM, HO
TOJBKO Bbl Oyaere 00J1aiaTh CHJIOH, YTOObI YHMUYTOKHUTH
ero. Maure codepure Tonuso u passeaure Oroun'.

285



5. OH rpomko no3saJj, u Beaunkasa Martb onycTuinach
BMecTe ¢ JIumukamu. OHU ocTyaAMIn U CxaJIu OrHeHHbIe
HUckpol. Koraa B konue IIssToro Hacrynmia 10Jrasi Ho4b,
10 Tpex, Uerbipex u IlaTuyrosibHbie ObLIM CKATHI U OTJIU-
Tl B lllecTu- 1 CemmnyroJibHble.

Ilects CpiHoBeit doxara NpUILIA, YTOOBI 3aKa-
JIUTh, YIULIOTHUTHh U HanmpaButh WX B ¢opmy, cooTBeTCT-
Bywouyw Uxaiism boros.

7. JiBe HOBBbIe IBepH OTBOpUWIHCH U3 KoHeuHOCTH B
beckoHeYHOCTD.

Scubiii Oenblii ayu boxkecTtBeHHoro CoJiHIIa CBeTHJI
CKBO3b TOJIBKO YTO OTKPBIThIE¢ ABEPH U HE PacceuBaJICH.
IoBepxHocTh KOoraa-Tto TemHoi 3Be31bl H3MEHMJIACH: OHA
cBeTuIach ApKuM cBetoM. Ee cnyrHuk Kosieca moitmasu
JUIIb PacCessHHbIE Jy4YHM, MOCKOJbKY OHH ObLIM IIOC-
JIEATHMMH B 3TOM I'OHKe.

8. Beaukasa Marb kpuxknyJja Beunomy: "5 Bce cae-
Jajaa 1jsa TBoero xoraa-ro orsepruyroro ceina. 1 Oun 0y-
JAeT NPABUTh MOUM IOTOMCTBOM, B TO BpeMs KakK sl Bep-
Hychb K TeOe'. U 3akpblinch BpaTa, OTACIMB BePXHUL MU
OT HUKHEI 0.

9. Cnycruica [Apaxkon Myapoctu, 1 ¢ HUM XO035IMH C
bpuiuinanroBoi Jymoii. CBoeil cOOCTBEHHOM 00:KeCTBEH-
HOI CYIIIHOCTHIO OHU 00bs1iM Gopmbl, co3nannble M Hux
- 1 0oJib1Ie He OblIM OHU ChiHaMu Maiin, a Ob1au ChiHa-
mu Bosn u Morn.

10. Hukakux npenssTcTBUH OoJibllie He OyaAeT BO3-
ABUTaTbCA MEXKIAY KOHIOM M 0eCKOHEYHOCTBbIO, YTOOBI
IlecToe Moru10 Jerko nepeiitu B Ceabmoe.
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kk

Pacwudgpoeka CmaHubi VI [3]

Z

Cnoa CraHIlbl

CMBICH BBIpaX)EHUI

TbMma u cy-
MepKH ele
oaHoii Houn
MHHOBAJIN.

[IpoaomKUTENEHOCTD - HHTEPBAJ NEpeXoaa
OJIHOH (OpPMBI 3HEPTUM B IpyTyto. Bue DHeprun
[IponomxurensHocTy HeT. [loaTomy IIponoiku-
TEJIBHOCTh MOYKHO OIIUCATh SHEPreTUYECKON
smtopoit ['ma3 [larma (puc. 4.11).

[enb

aCCBCT

Cymepku

Puc. 4.11 Ilpooonxcumenvrocms 6 ouazpamme
Ihaz Jlaema

ITpoao/IKUTEIbHOCTH

ky=Toc/m,=8

Houb
OHeprus

Pacmmpenue

k, = 64

Cymepku
Nmmnynsc

(4.86)

k.=T,m,/c=2

Jenn
OHeprus

Cxarue

kb= 64.

Paccser
Nmnynse
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O10 (4.86) 1aeT BO3MOKHOCTH ONPEACIIUTh
noteHumansl Kocmuueckux CyTok:

Kocvnueckne Cyrkn
Houb: TeMa u | OT cymepek k | JleHb: paccBeT
CyMepKH paccBery U CUsHHE
H= A=H-= =
6 k 2
f ¢ i (4.87)
[pdo | [pdp f(o dg
kc kc t3
2046 30 2016.
Crona Mo- Musosao [srs Houeit (4.82, 4.87):
rymecTBeH-
HOI'O BHOBbL 5-H=5-2046 = 10230. (488)

3aHecJach,
CBounmM daxke-
Jom OH ocBe-
THJI JINLA
Cusiromux.

Hauanoce cxatue B PE30HAHCHO-AHTUPEC30-
HAaHCHOM PECKHUME!

Cxkatne nociie 5 Houeii (4.88)
5H/k.’=159,84375
Hs'=10%(5-10")-9:
(8:107)(4:10%):
(3-107)(7-10%:
(5:107) =
151200107
B 5TOM mosne BO3HUKAET KOHTYpP TpaBHUTaIU-
OHHO-3JICKTPOMAarHuTHBIX KoJIe0aHMii, OCBela-
romux Juua Cusiiommx:

AHTUpPE30HAHC

(4.89)

Pesonanc

1
151200(10" = p,)
1
1512-(10% = p, )’

151200:(10"2=,/p,) <

wm 1512-101°s

(4.90)




B stom (4.90) rmone mpoucxoauT nepexoa oT
JAIbHOICUCTBYIOUINX JIEKTPOMArHUTHBIX B3au-
MoOJIeHCTBUH (P3) K KOPOTKOAECHCTBYIOLIUM
SIIEPHBIM (P4) B3aUMOJICUCTBUAM. S ipa paano-
AKTUBHBIX DJIEMEHTOB MPH JOCTHKEHUU KPUTH-
YECKHX MACC 9K30TEPMHUYECKH B3PBIBAIOTCS
(simepHBIN B3pBIB); OMOIIOTUYECKHUE SAPA - IH/0-
TepMHYecKH AeasaTcs (MuTo3). BozHukaer
Kuzub (4.90).

JApiMsiuecs
Hckpsl npo-
OyIMJINCh K
JKU3HHU,

Mexay SAepHBIMHI H DJIEKTPOMArHUTHBIMH
B3aMMOJICHCTBUSIMHU BO3SHUKAET KOHTYp Kojeba-
Hus (4.90):

CBs3b AIePHBIX 1 MATHUTHBIX
B3aHMO/IeiiCTBHI B TOUKE 3apOKAeHUs

(1/151200=6,6:10°)/p; S
pal 6,6:107,
prps 5 (6,6)107"°.

(4.91)

rIe

OTBICKAJIM CO-
cku Cypadxu
U, NUTASACh
MOJIOKOM ee,
ObICTPO HAa-
Opasau cuiy.

B none (4.91) llecTepku - 3T0 MOTEHITUAIBI
noBepxHocTeid. C TOBEPXHOCTAMHU KOHTAKTUPYET
BHYTPEHHUU CJIOU IOJIS C MOTEHIHaIoM 5. Bos-
HukaeT cutyanus (4.32), Ho st 6,6 = 6+0,6:

Cocku-cocku Cypaoxu (4.32, 4.91)

2
-1 (52 *62)+0 1 (52 *62) 10! cocku Cypabxu .
i | R

(4.92)

Casaras I'opa
npooyamnJiach,
U U3 rJIyOuH
NOHSIJINCH
0osbLINE 00-
JIaKa JbIMa,
iamMs 4 rpo-
MOBBIE 3BYKH.

[lenHyto peakuo B3auMOJAEHCTBUN B HEXKHU-
BOM aTtoMe B opme p3ps (4.91) MbI yxe nomy-
Y. JTO AAepHbIN B3pbIB. O TOM, CKOJIBKO TaM
IpIMa, TUIAMEHU M TPOXO0Ta - yke u3BecTHo. Ho
ecth eni€ Cesarasi ['opa - 3To maccu buosnoru-
yeckoi XKuznu (4.91, 4.92).

Oty Cartyo I'opy ToXxe IbITatoTCsl B30PBaTh
PBIHOYHBIM N0AX010M K TanncrBam JIo0BH,
3a4aTHEM B MPOOUPKE M KIIOHUPOBAHUEM, TIPU
BCEIPOIICHUECTBE a0OPTOB.
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SIBnaucob ae-
MOHBI Ipenc-
NoJHeH U Cco-
TPACAJIH TO-
BEPXHOCTHIO
Temnoii 3Be3-
JbI, IOKA OHA
BHOBL HeE
npejacrajia B
CBOEM IIO/I-
JIMHHOM rap-
MOHHYHOM
BHJIE.

JIeMOHBI TPEUCTIOIHEN - 3TO MarHUTHBIE 3a-
psaabl (£1) v uMmiysbesl (Fu*). Corpsicanu B

PUTMHUKC ABUKCHUA TOUCUHOI'O Y4aCTKAa BOJIHBI
CBETa OT CyMepeK J10 paccBeTa (4.87):

MarnuTHble reoKaTaKJIN3MbI:
npu4uHbI B 3akoHax Henap crycrkos

2

(=) (+ 1) (= ®)-(H - 1) =

Ty (4.93)
) :
w530-73'7/45
2
*
30 73[1—£=” J
4 q gq*

Bnosb (4.93) Bo3HMKaeT najabma. 13 mar-
HUTHOTO IOJIS MOSIBJISIFOTCS TPaBUTALIMOHHBIE U
ANeKTpUUecKue 3apsapl. BoccranaBnuBaercs
paBHOBecue ¢ KocMocoM.

OoOpamasch K
Cusmomemy
Jluuy, Mepy
KPUKHYJI
TPOMKO:
"VabI0HUCH
MHE ¥ CHUMH
JieJIsiHbIe
OKOBBI, OIY-
TaBIIWE Ma-
Jible KUBbIE
CylIecTBa,

Ilo "mpunararenbHbIM" MOYKHO OIPEIENINUTD
noreHnuan Mepy:

I'pomko kpuuammii Mepy
Cusroniee "V 1pI0HUCH CHuMH neas-
JInmo mHe..." HBIE OKOBEI
MarautHsie
NIy ThCh Jlens (4.87) | Dumorepmus | (4.94)
(-*)(Hp*) D =3263 -25=lg pips
Mepy=(-11*)(-25)-32:63 =
Pesonanc p}é7(3y5)2(73 1)040.

Mepy ycnokanBaeTcs: M BXOAUT B aHTHpe-
30HAHCHBIN PeKUM

Mepy*(anTupesonasc) — (2'+3*+5°+7°)-10% =
M* = 505-10%. (4.95)




TaK, YTOOBI
oJieTbie B HO-
Bbl€ O1€K/IbI
Hckpsol 3a-
CTABMJIM KH-
BbI€ CylIecT-
Ba pacTu,

[osiBneHue qyny *UBBIX CYIIECTB CBA3AHO C
HOBOM pe30HaHCHOI Bemblikoil Mepy (4.95)

DopMHUpPOBaHUE TYIIH KMBOI'O
AHTHpE30HAHC M* = 505-10*
(4.96)
Pe3onHanc (5:10%)-5-10% = 5*10*
Jlyma Ig 10¥ =42.
28

Puc. 4.12 Cseuenue Toukot nepeuu

Poct aTx (4.96) MeNKuX )KUBBIX CYIIECTB
MPEIOIIPEEIIICTCS CPENIO: cBeYeHUueM OT re-
Hepatopa Tounkoi DHepruu (puc. 4.12).

TaK, YTOObI
oJieTbie B HO-
Bbl€ O/1€K/IbI
Hckpsol 3a-
CTABMJIM JKH-
BbI€ CylIecT-
Ba (4.96)

HoBrble oniex sl u cyObEeKT 00esanus — 3T0
"[lenTarpamma B Hiine" ([1, 2], puc. 4.12). D10
Cseuenne KocMoca, KOTOpoe MBI, C IIOMOIIBIO
AKCTPACEHCOB, BOocTIpon3Benu kak CBeueHue re-
Hepatopa Tonkoit Duepruu ([5,6,7,8], puc.
4.12).

Ero cBoiicTBa:

- yBesnmuenue [Inogosuroctu B Cemb pas;

- YHHUYTOXXECHHE BUPYCOB - MOJTHOCTHIO, KPOME
Bupyca B1U-1 (CIIN), koTOpbIi yHUUTOXKAET-
cst Ha 19%.

pacru,

JXussble cymecTBa (KpoMe MapasuTUPYOLINX
Ha KUBOM OaKTepuil) pacTyT B OTHOIIEHUH 7:1
nocye obmydenus 3apoabiueii. [Ipuuem, Cae-
yeHue (puc. 4.12) MmoxeT 1elicTBOBATh HETO-
cpenctBeHHO (100%), MOKET OT BUICO3AMKICH
(75%), a moxet ot dotorpaduu (25%).
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¢ TeM, YTOOBI
Cpinbl Maiin
CMOI'JIA -
TaTbhCs UMM,
KOI'/1a OHH
BHOBb NIPUIYT
JI00MBaThCS
HCIOJTHEHHS
CBOMX JKeJja-

Hui''.

"O6onouka" fitma ¢ [lerTarpamMmmoit BHyTpH
(puc. 4.12), ecTb HE UTO HHOE, KaK 3apOblIlIe-
BoIH [1y3bIpek (puc. 4.9), B Heapax koToporo
Bo3HUKINU IIsitepuynbie CBSA3H MEXy KOMIIO-
HeHTamu nosst. [lonst, paBHOBECHOTO IO OTHO-
menuto Kk Ennnomy Kocmocy.

B sTOoM paBHOBECHOM MOJIE TIEpEX0/1a rapMo-
HUYECKUX runepoonmyeckux koiedanuit [14]:
Ch’p - Sh’p =1 =", (4.97)
BCTyMaeT B CBOM IpaBa 3aKOH CrylleHHsl He-
0eCHBIX TeJ: NPH CIYLIEHHH BOJIH COCTOSIHHE

pPaBHOBeCHsI HACTynaeT Npu (OPMHPOBAHUM
Macce (m,=€) OTHOCUTEJBbHOI0 MOKOS.

Maccbl OTHOCUTENBHOTO IOKOS B YCJIOBHUSX
paBHOBECHs, TO €CTh BpalleHHe 10 KBAHTO-
BaHHBIM 0opOMTaM 0e3 3aTpaTbl COOCTBEHHOM
JHEPIMH, SIBIAIOTCA HOCUTENsAMHU "aTMocdepsnr”
¢ moteHnuayiom 217 (4.99).

[Totenuuan "atmocdeps" odecreunBaeT:
- B3aUMOJICHCTBHS, TaK KaK
2=1g p1p2p3paps, (4.98)

- TpaHC(OpMaIUIO YHEPreTU4YecKux (opMm B
nossix TOHKOM DHEprum co CKOPOCThIO, PaBHOMU
2

- TpaHchOpMAIMIO PHEPreTHYECKUX (popMm B
nosisix Marepuu co CKOPOCTBIO € = T.

***

Bparmienrne Macc OTHOCHUTEIBHOTO IOKOS TI0
KBAaHTOBAaHHOUM opOuTe, 00Jamaromeil moTeHma-
oM ¢ noctosiHHO# (1/0) Tonkoit CTPyKTYpBI
[22], cozmaer mumy Coinam Maiiu. Camoii 3a-
raJlOYHON JUIS HAIleH IUBWIU3AIMKH (YyHIaAMEH-

TaJIbBHOW MocTOssHHOW. BekpeiBaro miist Bac, Jtro-
0e3HbIl YnTaTenb, IpUpoay €€ MPOUCXOKICHUS:
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IMocrosinnas Toukoit CTPyKTYpBI.
IIpupoaa npoucxoKaeHus
T,-1 3

1. comi==me" =137+21-107.
a T,+1 5

(4.99)

3arem npu-
M J[XuaHsl
Yoxanbl - /13-
BbI UeTBep-
Toro - Te, Ko-
TOpbIe NOTeP-
neJy Heyaady
B Tperbem.
Cka3aiu oHu
Cusiromemy
JIumy: "Ilo-
3B0JIb HAM
3aBepPIINTH
Hall TPYA
TaMm, rje Mbl
norepmnesu
HeyJAa4y: Mbl
H3BJICKJIN
YPOK M3 Ha-
IMX Heyaayq'".

B Tpertseii 66u1u beckocTasie (3.53, 3.55):

17.22.32.4°.5%.6>-7" _
28-30=1008

KOTOpBIE Ha 3TOM dTare MOriu Obl yHKIIMOHHU-
poBatb kak IlenTarpamma B Siine (puc. 4.12);
CO371aBaTh CBEYEHHEM II0JIS C TOTEHIINAIOM

27 = ps-(e =m,), U ITUM YKPEIUIATh MaTepH-
aJbHY10 xu3Hb beckocTHbIX KocTsimu.

52, (4.100)

B Tpertbeii Obls1a TOHKOOHEPTETHYECKAS
Uxaiis - Paca (3.55). B HOBOIf ONBITKE COTBO-
peHus MaTepuaabHOM Ononorndeckon XXKuzuu,
o0beauHeHHbIe ycusust beckocTHbIX U Uxaiis-
Pacel Mornu naTh OCHOBHBIE KOMITOHEHTHI JUJIS
(dopmupoBaHUs OETKOBBIX TEIl - KUAKYIO CPEay
(Bomy) 1 000JIOUKH OpraHU3Ma, OPTaHOB U CyO-
CTPYKTYp OpraHOB:

000,109KH KOMIIOHEHT
OpraHusma >KuBoro
Yxaiig-Paca E:;I;g 1](3 (l)fli:
1K2K3
(3.55) (3.53) ~1800 (4.101)

Cvmma Pasz- DHeprus O6omoukw:

y HOCTb CBSI3H ko tk;=49
k=3 | k,=24 k= 52 kzz—k32= -49.
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3atem Onn
BOIILIM B TeJIa,
CO31aHHbIE
g Hux. Ot-
bl YerBepTo-
ro cragu Ux
’Ke MOTOMCT-
BoM IlsiToro.
OHH B3JIH
cele cynmpyros
U TBOPWJIHN B
OTrPOMHBIX
KOJIMY€eCTBaX.
Ho ux norom-
CTBO 3HAJIO
BCIO TSIKECTh
nperpemeHnin
OTIIOB Nepes
Bboramu nimn
3HAJIO IPUYH-
Hbl, 110 KOTO-
PbIM OHO BbI-
HY’K/I€HO MpOo-
XOJUTh UCIbI-
Tanue Kapmoii

Cusroniee JIMo - MarHUTHBIE UMITYJIbCBI-
3apsbl (4.64) — mynbCUPYET B AHTUPE30HAHC-
HOM-pe30HaHCHOM (4.65) Tak ke, kak beckocT-

Hble u Uxaiis-Paca (4.101):

Iyascanum sKUAKUX cpes
B MarHuTHoMm noJe: (4.65,4.101)

K aHTHpE30HaHCY K pesonancy

BeckoctHbIE U

Cusromiee JIurto o
m 1t YUxaiiga-Paca

Const, =1,029-10" o 1800 = kikk,
Const,. =18-10" 52 =k, +k, +k,

(4.102)

52-1,029
Const,, = W .

aHTHPE30HAHC

10° =165,1481482

Consty+=10%(6-10")-5-(10")(4:10?)-
(8:107)(10™*)(4:107)(8:10°°)-
(2:107):10° = 61440-10%.

Hx pa3ym He
ObLI1 cB00O-
neH. Sipoct-
HOI U 0Kec-
TOYEHHOM
ObLI1a NX
OopbOa ¢ ay-
XaMH NPHUpPO-
JbI, 00J1aYeH-
HBIMH B HU3-
mue ¢popmbl,
U C IeMOHAMHU
- X0351eBaMM
NMPeuCIoIHeH.

B stom anTupesonancuom (Consty) peso-
HaHCHOM (Consty+) none (4.101) Bo3HukaeT Mup

HAaCCKOMBIX:

Bo3HnKHOBEHHE HACEKOMbIX

Const,. _ 61440-10” _
Const,, 1651481482
372,0296029-10*°=3720296029-10",

/i€ Iepexo/l K aHTUPE30HAHCY JaeT
COKpOBEeHHY10 COpPOKOBHHILY:

(3+7+2+0+2+9+6+0+2+9=40)-10"=
410" = T, p7 .

(4.103)
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Huorna oum
TepIeJu mo-
pakeHmue, a
HHOTA 0/1ep-
JKMBaJIH 10-
oemy.

***
9BOJHOI_[I/I$I B MUPC HACCKOMBLIX CO3JiaBaJia

HoBble ®opMmbl Hocureneit )Kuznu. Hacekombie
TepIeau NopaXeHUue Ipu AaHTUPE30HAHCE:

ki =4-10"+4-10'° = 8-10"°, (4.104)
Tak Kak nmoreHuuan 8 = Toc/m, — "oroupancs"
pacuupsronercs BeeneHnoi.
Hacexombie oepxuBaiii ToOSBI IPH PE30-
HaHce, 100 CBOMMU pyKaMH CO3/1aBajii buoopra-
HU3MBI, UMEIOIIHNE YJICKTPUUCCKUE 3apsIIbl:

ky=4-10'4-10"=16:10"10" = q-ps.  (4.105)

Onu Kpuyau
oOpa3am, KO-
Topbie OHU
co31aJam
CBOMMH C00-
CTBEHHBIMHU
pyxkamu, u
3Be3/1aM, H
TeM, KOT0
HeJIb3sl YBH-
aeTb: ""Pac-
Kkpoiite Ham
TallHbI HALIIKUX
oTIOB. MBI
cjienbl, TIIyXu
U TJIyNbI 110
CPaBHEHHIO C
HALLIMMH Bpa-
ramu. Mbl
HIAPUM B TeM-
HOTE B MONC-
kax CBera,
3aKeriiero
Oronb, ceifuac
TaK cj1a0o ro-
PALIUIA BHYT-
pM Hac.

Kaxxnip1ii, K KOMy B3bIBJIM HACEKOMBIE, UMEET
CBOI MOTEHIIHAI, a, B KOHEUHOM CYeTe, 3TOT bor
HACEKOMBIX 1 Hall bor:

KomnonenTsl bora HacekoMbIX
O6pa3sbl, co3- Koro ne
JaHHBIE cCaMHMH | 3BE3[bl: | YBHJETH:
HaCEeKOMbIMHU 3apsabl UMITYJIb-
(4.104, 4.105) oI
k, ; 0 p* (4.1006)
al——:210 azz—ﬂ a3:_*/1*
1 q q
o\, +a 270 1
alayta) 2 ] L
a,-a, 7 a,
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MpbI 3HaeM,
4YTO B YKPOM-
HBIX MecTax
3ToT CBeET ro-
PUT SIPKO U
CBETJI0, HO
KaXKIbIi pa3s,
KOI'/1a MBI
noadoupaemMcs
K HEMY, OH
ucue3zaer. U
nocJjie Toro,
KaK MBI Ile-
pecTaeM BH-
JeTh Caa0bIi
0T0JIeCK ITO-
ro Caera,
ThMa Cryuia-
eTcs elre
ooapme. Tak
MyCTh MbI
Jy4lie yM-
peM, uyem 0y-
JIeM BEYHO
CTpaaaThb OT
IJI0KYLIeH HAC
00/11 B HEYTO-
JICHHOI JKaiK-
ae 3Toro Cee-
Ta'".

Hacexomble 1 BO3HUKIIHNE B XOZ€ YBOJIIOLIAN
Hocutenu noBbix ®opm buonornyeckoit XKuzuu
BCTYHAalOT B mepuoj 00ps0bI 32 Pasym.

Pa3ym OHu MOTyT IIOJTy4UTH C IIOMOILBIO
Kynpanuau, noTeHunan KOTOpol paBeH:
6 =7/2+5/2 = (7/2)* = (5/2)".

KyHI[aJII/IHI/I IIOSIBJISIETCS B aHTI/Ip630HaHCHOM

nosie (4.106):

Vo x 6=12/7"x (107°+10™). (4.107)

Cget ucuesaet. Pazym He nosiBisiercs. Trma
crymaercsa emé Oomnpine. B Ttpexmeprom Ilpo-

ctpanctBe mpoHocuTcs Cemb  Beunocreid
(Cranua I [1]):
B = (To+1)*Y™* 3 =77, (4.108)

Pa3zym poxnennbix HacekoMbIMU, IEPEKUB
Cemb Beunocreit, moutu rotos (4.107, 4.108):

M = B-(1/a)-6 = 7°x12/7°-(107°+10%) =

12:(107%+10%. (4.109)

Ho cBera Her.

3aTem npooy-
AUJIOCH CO-
cTpajaHue B
cepaue Mo-
rylecTBeH-
HOTIO,

VY nawer nuBuinzaunn Cetaom Morymect-
BeHHOro 0b1J1 Xpucroc. Ero pacnsinu, a Hama
IOypb Tak IpU HAac U ocTanack. [loaToMy nmocMoT-
pHUM, XOTs ObI TEOPETUUECKH, KaK MOyMHETh. Co-
OepeM BceX y9acTHUKOB IpoIiecca:




Toro, KT0 Be-
JJHYECTBEHHO
e31uT Ha be-
Joi Jlomaam;
1 OH oTBeTHI
TAKHMH CJI0-
Bamu: "'S
NMOILII0 BaM
cBoero CopiHa.
On Oyzner 00-
JIaueH B
Oronb u Oyaer
(paxesiom, Ko-
TOPbIii 3a:K-
skeT OroHn B
BallIUX CepPa-
max. Or 3axk-
sK€HHOro Ta-
KHMM 00pa3om
Orsst HICTHH-

SIBienune Xpucra Hapoay

Morymect-
BEHHBIN Ha CpIH MOTy-
Crpaxaymme o
pasyma (4.109) beunoit Jlo- LIECTBEHHOI'O
maam (4.21, (puc. 4.4)
puc. 4.4)
OHI0-3K30-
doron- Tepmuueckue | MsmyudeHue
(hOoHOHBI — aH- | KoyeOaHUs B KBaHTOM C
THUPE30HAHC; oJIe CoJl- 6eoii mo-
IIpomomku- | HEYHOIO CBE- | BEPXHOCTBIO
TEJILHOCT B | Ta W CIa0bIX | JIYHHOTO CBe-
pe3oHaHce B3aUMOJIEH- Ta
CTBUU
12(10°+10) | p,515ps | AL =2800

Asnenue—Tyt(1074+104)T(To+1)ps/po=
12(107%+10%-2800 =
336-10%(107°+10%) =

(4.110)

., 34,106
HBIii CBeT 3a- 336(107"+10°).
CHSIET HaJl
Bamn''.
Ipoctpancreo [IpocTpanctBo oTBOpHIIOCH A1t KyHnanuuu,
MEKIY Bepx-

HUMH U HHK-
HUMH BOJAMH
He0ec 0TBOpH-
JIOCh, U SIBIJI-
cst Hekro, Mo-
ryumecT-
BEHHBIUA U
SAAPKHUii, CJ10B-
HO COJIHIIE.

Bopota I'paButanumu (4.110)

Aenenue 336(107°* +10°) _

Kynoamunu

56 = -28+(-28) =
(28) - (-28)x(107*+10°).

U B YCJIOBUSX IIC-TPAHC-U30MEPUH PACKPOIOTCS
BopoTa rpasutauuu (4.110):

(4.111)
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OH cran Ha
oOpaleHHol
BBepX ayre
TemHoii 3Be3-
AbI M KOCHY.JI-
Csl He3pSIUMX
rJia3, yme u
ry0 Bcex npo-
cuTelie, co-
OpaBIIMXCS
TaM BH/I€Th,
CJABINATH U
TOBOPUTH C
Hum.

BosnukaroT Bopota rpaButaiuu (£28) u Hek-
TO C IMOTEHIAAIOM (10'34+106) CTall MOJA TOJsp-
HbI (OOpallleHHBI BBEPX) BHUXPb MAarHUTHBIX
3apsigoB (4.111):

AHenenue

Kynoanunu - Maecnummuuie 3apsowi B
33610 +10°)
6-(Topr=4-14-107

(4.112)

)s 107 +10%.

Ocranucsh (4.112) Tosbko GOTOH-(OHOHBI H,
Ka3aJI0Ch, MOXKHO Bclieql 3a 'ocrionom ckas3ars:
"Ila 6ynet Ceet!" Ho stoT CBeT - aHTHpe30-
HaHCHBIN.

H ckazan On
um: "1 no-
CJIaH, YTOObI
ObITH (pake-
JIOM, KOTO-
PBIA 32%KeT
Oronb B Ba-
KX cepalax,
U 5l OCTaHYCh C
BaMH JI0 TeX
nop, noka
CBAlIeHHBIN
Caer He 3a-
cusieT Tak sip-
KO, YTO KaXK-
AbIHA Bpar cra-
HET BUJIeH
BalllM TIJia-
3aM, HO
TOJBKO Bbl
Oynere 00-
JajaaThb CH-
JOoi, 4TOOBI
YHUYTOKUTH
ero.

JronssM mpencTouT mopaboTaTth Haj COOOM:
co0paTh TOMJIMBO — O3HAYAET C MOMOIINBIO Me-
TUTAIMA TOMHATE KyHTamuHH  cOOCTBEHHOTO
OpFaHI/I3Ma, C TCM I-IT06LI HOJ'Iy‘II/ITB CYMMyI

7/245/2 = 6+6 = (7/2)* - (5/2)*=

12=1g 10" =1g ps. (4.113)

U ecnin y Mory1ecTBeHHOT0 ObLIH KojieOa-
HUS P2 5 1 5 ps (4.21), To y KaKAOTO U3 HAC
(xak y Ilogoomii bora) OymyT xKosiebaHus TUTIA:

lgpSlgl=05Igps. (4.114)

Ho nac muoro u Aypa Cormyma HachIIaeT
HOOC(epy 10 MOTEHIIhaIa

lg 102 - 10" — ps. (4.115)
B none (4.112) Bo3HUKAIOT KOJICOAHMS:
(10*+107% /10 S50 5
1010 5 10710, (4.116)
105 10
e 10515 10%. (4.117)
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Hnure, code-
puTe TOIIUBO
U pa3BeauTe
Oronp''.

Wrak, bor 661 momor HaMm, Mbl OBl TOMOTIIN
bory, u nmonyunnu Pazym. A mbl uto ¢ boramu
nenaeM? Tamum Ha [onrody

OH rpomko
no3Baj u
Beaukasn
Martb omyc-
THJIACh BMeECTe
¢ JIunukammn.
Onu ocTyauim
H CKaJIH
OrbeHnble
Hckpbl.

Benukas Marts - Boma. JIunuku - MpICiu.
Cobepem No3BaHHBIX.

IToTeHMaJa MO3BAHHBIX
Benuxkas
Mars OH (4.117) Jlumku
_]'I = A%
e |y T |@118)
MH,0°ps/p2 10751510 J¢ do
64
_ VMITYJIb- =
1800 3apsIbl oo 32-63p*.

B stom (4.118) mosie Boja pearupyer ¢ uM-
myJbcaMu, a JIMIUKY (MBICIIH) C 3apsiiaMu:

(32:63p*)* 10" 5 1 5 10*1800,

199148544 5 1/18 5 10*. (4.119)

Dt10 anTUpe3oHaHcHoe noiue (4.119), mynscu-
pysl, IEPEeXOIUT B PE30HAHCHOE:

(1-10%+(9:10")-(9:10%-(1-10°)-(4-10%)(8-10%)-

(5:10%)-(4-10")(4-10%) = 207360-10™. (4.120)
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Koraa B KoH-
ue IlsToro
HACTYNHJIA
J10JITasi HOYb,
(4.88).

Jonras Hous SH = 10230 (4.88) npuBoauT K
PE30HAHCHOMY CKATHIO:

Hs*=1512:10"° (4.89),
KoTopoe nedopmupyert noie (4.120):

207360-10°%1512-10'°=31352832:10%. (4.121)

910 (4.121) nose onsATh NEPEXOTUT B pE30-
HaHCHOE:

3-1-3-5-2:8:3-2:10%%10%" = 4328-10°, (4.122)

a 3aTCM BHOBb HACTyIa€T PC30HAHC!

432810 — 192:10”* — 18-10—8-10°". (4.123)

Jlorapudm >THX monel GopMHUpyeT, HAIIPH-
Mep, NOTeHIHabl cBeueHHus ToHKoi DHepruu
(Ig 10%*-10*" = 28+27 (puc. 4.12)), nosiBiIcHNe
JeCATEPUYHBIX PSIOB:

lg 10°°=55=1+2+3+4+5+6+7+8+9+10 =

/7% (1422432442452 +67+7°+8%+97+10%).(4.124)

D10 VCKpBI rpaBUTAIMOHHBIX U MAarHUTHBIX
noneit. Ho ects u [lnamst: 3aposii Xuakux ¢a3

(18-10%%) u stanon pacumpenus BeeneHHoil
(8-10°h).

TO Tpex-, Ue-
ThIpex- u Ils-
THYTOJIbHbIE
ObLIH CKATHI U
OTJIUTHI B
IlecTu- u Ce-
MMYTOJIbHBIE.

Peun uner He o reomeTpudeckom [Ipoctpan-
CTBE, a 00 n3MeHeHuu 3(HEeKTUBHOCTH B3aUMO-
JNEUCTBUMN MPU NEPEXOAE OT TPEX-, YEThIPEX-, M-
TUYPOBHEBBIX CUCTEM K IIECTH- U CEMUYPOBHE-
BBIM.




YpoBeHb AHTH- | b oHanC
pe30HaHC
o .| Tpéx 0,222 2°10°
< 2| Yernpéx | 02222 | 2%10"° [4.125)
5 2 Ilaru 0,22222 | 2%10°°
= 5| Ulecrn | 0,222222 2010
® 5] Cemm |0,2222222 | 27107,

Bosnukaer rpaBUTallUOHHAs ITOCTOAHHASA:

26 . 27 . 10721 . 10728
2°.2*.2°.10°-10" 107"
Y B TeYeHUE NPoaoKuTeIbHOCTH (T,+7) B mose
dororos 10" BosHuKaeT MarHUTHBIN 3apsi:

=2.10%, (4.126

Constp =

(To+1)-10%Const p = 14102 = . (4.127)

IHects ChI-
HoBeil doxarTa
NPHUIILJIA, YTO-
Obl 3aKa-
JUTb, Y-
JOTHHTH H
HANIPABUTH
HUx B popmy,
COOTBETCT-
BYHOILYIO
Yxaiiam bo-
TOB.

®opwmoit, cooTBeTcTByOmel Uxaiiam (Ton-
kol OHeprun) boros, sBnsercsa Kynaaannu c
MIOTEHLIUAJIOM:

KyHpamaa = 6 = 7/2+5/2 = (7/2)-(5/2)°. (4.128

[Toatomy cxatue Oynet nporcxoauts Ha Illec-
TOM 3HepreTudeckoM ypoBHe (4.125) B pe3o-
HaHCHO-aHTHPE30HAHCHOM PEXHME:

Cxatune Kynnaaunu (4.125)
K HoBOMY (6:7+5j.(26.1021 _
AHTHUPE30- 2 2) 0222222
HAHCY 9,000009-2°-10")

(-L S eaohy

2 2
(10™%)-(107)-(107™)-

(10°)-(9:10°)-2°-107'=

2%.92.10% = 6-2°-9%10*%.

(4.129)

K pe3onancy

dbopmupoBa-
HUSL Ty TIIH

B sTom HOBOM pe3onance Kynnanunu (4.129)
nymura GopMUpYyeTCs 3a CUeT JIorapupMUIECKUX
konebannii Ig 10**= - 42, u comyTcTByeT MOSB-
nenuto 0,81p-q:

6:2°-9>10%/2816=0,81p-q.  (4.130)
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/IBe HOBBIE
JABEPHU OTBO-
PWINCH U3
Koneunocru B
beckoneu-
HOCTb.

Bo3HuKIIa  TpaBHTAllMOHHAs  ITOCTOSHHAS
(4.126) - momobme nBYyX JABeped IHUC-TpaHC-
U30MEPHH:

Const p=1072*- (-107"), (4.131)
B KOTOPBIX UMEIOT MECTO OBITH JIOTapuMHUe-
CKHEC BOJIHBI:

Kanan
Beckoneunoct
KoHnedHocTh | TIpOBOIUMOCT .
n (4.132)

1 S log,l = 0 5 log,0 = oo.

SlcHbII OebIii
Jay4 boxkecr-

Mopans Cranusl: Hocurens Pazyma nomxen,
kak u KocMoc, myibcupoBath B OMOJIOTHYECKOM

BE€HHOI'0 purme Jlenp-Hous.
Coanua cBe-
CobepeM nepeunciIeHHBIX:
THJI CKBO3b
TOJILKO YTO
OTKpBIThIE BOEeeJZHHeHY‘(I) ) OTKpbIThIE
KECTBCHHOT
ABEPH U HE C Bopota (4.17)
paccenBaJjiCs. Sl (4.133)
AB=36"ps/p.=3600| Const p =210
AB-Const p = 7200107 = 72-102°.
Bot MBI ¥ npunm k sHepretuke 72 boros,
nourtaembix Kabo6anoii [20].
IosepxnocTh Temuas 3Be3aa - 3To Ta 3B€3/1a, KOTOpast 1Mo-
Koraa-tTo TJIOIIAET CBET, TO €CTh M3IIyYaeT Pa3sHOCTh JJINH
TeMHOI/I 3Be3' BO.HH, paBHyw:
JbI U3MEHU-

JacCh: OHA CBC-
THWIACHh APKHUM
CBETOM.

Ahas=1/3600 = 2,(7):10™. (4.134)
Pa3HocTh MJMH BOJIH, H3Jy4yaeMmbix Yep-
Hoil 3Be3moii, popmupyer cemepuunyro Ile-
PHOIMYHOCTH 00pa3oBaHusi macc (m, =e =2,7)
OTHOCUTEJIbHOTO Mokos (4.134):

Ay = 2,(7) 107 = (mo= €):0,(7)-10°.  (4.135)




***
Ocgemienne YepHoii 3Be3/1bl Uepe3 OTKPBIThIC

Bopota benbim BoxkectBeHHbIM CBeTOM 3acTaB-
nseT "CHATDH e€ 3aH0BO'":

Ahy5-AB-Const p = 1 /3600-7200-107 =
3600-10% = AB / p4’. (4.136)

[TosiBnsieTcst kBaapaT 3pEeKTUBHOCTH sIIep-
HBIX B3aUMOAEHCTBUN. DOPMUPYIOTCS TEPMO-
siIepHbIe 3BE3bl.

Ee cnyTHuK
KoJeca noii-
MaJId JIMIIb
paccestHHbIE
JIy4H, 1O~
CKOJIbKY OHH
ObLIM Mmoc-
JEeIHNMH B
TOM I'OHKE.

ATMocdepy Ha TepMOSICPHBIME 3BE30aMU
COCTAaBJISIIOT BOJHOBBIE MOJIs: (Y — o0 — ) -
ayuu + ynetpaduonerossie (ot 1 /3600 mo
4000A), cnekTpa coJIHEYHOro 6eJ10ro cBera
(ot 4000 10 7600A), a 3aTem nuHHBIE HHBpPa-
KpPAcHBIE M PaJHOBOJIHKI (HaunHas ¢ 7600A) u
nHHbIE (4.13).

4000 7600 el
—
Tepmo- 7,0, - AB - Koneca  Benukas
AnepHas JIy4u CIIEKTp I10rJ10- IMupa-
3Be3na  ymerpa-  6esoro IICHUS MH7A B
tuoner. cBeTa Kombie

4.13 Hoenowenue paccesanuvix nyueu

[Tornomatecs B 3ToM (puc. 4.13) mone OyayT
JIy4u ¢ JJMHAMHK BosH 6ombire 7600A. TTpouecc
TIOTJIONICHUS OYJIET CBSI3aH C MPOXOKACHUEM
koubiia (mc+E; = 2/7):

7600A / (m+Ey) =2/n =

7600-w, = 3600A 7. (4.137)

303




[Ipouecc cryuienns: BOTHOBBIX MOJICH OMUCHI-
BAETCS BEKTOP - SMIOPOM Benukou ITupamuasl
(puc. 4.13), nomaab OCHOBaHUSI KOTOPOM BITH-
cana B kpyr-Koms1mo S; =2n(R=2) =4n, u

3600A-1/S, = 41 = 900A. (4.138)

BHe cryuienus octaHyTCs BOJHBI IJTHHOIO
menee 900A, oHY ¥ HAYUHYT TBOPUTH - CHAYasIa
CIIEKTp CBeTa!

AK - AD = 1400A — 500A = 900A, (4.139)
a motoM (9+0) n KuzHb.

Bemikast Benaukas Marts - 5to Kynnanunu B )Kuakon
Marn kpuk- daze (4.139):
HyJ1a BeuyHo-
my: "SI Bee B.M.=62%9>10"
caesaa auist = (18 =Mmp0)-2°3 10 (4.140)
TBoero xo-
r1a-To OT- OtBepruyThlii ChIH - U3]Iy4€HUE OT TEPMO-
BEPrHYTOro anepHbIx 3Be3[ (4.136, puc. 4.13):
CbIHa. 0.C.=AB /ps* = 3600-10*, (4.141)
N On Oyaer K
NpaBUTh MO- Ilepexog BM.— O.C,, rze:
UM IIOTOMCT-
—28
BOM, K= ocC. _ 36(5)0 310 - 1 10%=
BM. 18-2°-3°-10 16-27
0,0023148148:10'°. (4.142)

[IpaBnenue peanusyeTcss B HaONIOJCHUU Tie-
pexoma antupe3onanca (4.142) B pe3oHaHC
(K — K*):

K*=(10")-(10?)-(2:10°)-(3-10%)-(1-10”)-

(4-10%)-(8-107)-(1-10™®):(4:10°)-(8-10™'%)

=3072-10"°. (4.143

3aTrem BO3HHUKHYT emé JABa KBAHTOBAaHHBIX
COCTOSIHHA:




K = (3-10%)-(10%)(7-10')(2:10°)-10™° =
42:10%10° =42-10, (4.144)

K*** = (4-10"):(2-10%)-10%° = 8-10*. (4.145)

[TosiBuTCS nymia (moreHuuan 42) B porapud-
MHYECKH-BOMHOBOI 06omouke (Ig 107 =—49) u
TeNo, GYHKIIMOHHUPYIOIIEEe C 3aKOHAMH PaCIIn-
penus Beenennoii (8 = Toc/m,), a Takke Yakpa
Tpernii [nas (Ig 10* = 48), rue 4800A, rpannna
paszena cuHeil u rory0oii obnacteil criekTpa
(4.144, 4.145).

B TO BpeMmsl,
KAK 51 BEpHYCh
K Teo0e".

OH - MoryumecrBennbiii Ha Besoii Jlomaan
C MOTEHIMAIOM P2 S 1 5 ps (4.21).

Omna - Beankas MaThb ¢ IOTEHIIMAIOM BOIbI
u Kynnanuau (4.140).

I/I, KOoTa B3pOCJbIC U ACTHU MMUIITYT:

Cama + Mama = J[ro00Bb, TO OHH OIUCHIBA-
IOT TOJBKO AaHTUPE30HAHCHYI0O KOMIIOHEHTY
JItoOBH, a e€ pezonancHyto yacTh (CamryxMarry)
YIIyCKAIOT, Pa304apOBBIBAIOTCS U PA3BOISTCA.

CMoTpuTe, Kak HaJIo TUCATh:

Ona—0n _6-2°-9*10% —(p, &1 py)

- .(4.146
OnxOna  (p, &1 p;)-6-2°-9°10% ( )

N 3axpbuiuch
BpAara, OT/1e/IUB
BEPXHUII MUP
OT HMZKHETO.

Tenepb CIOKONHO AOKIUTECH ABYX HYJICH:
P25 15 ps;
05 1-p25ps—p2;
0505 ps—pr— 1+p=10-1=9, (4.147)

u Hecute (9+0) B Bamm cemeitHbie OTHOIICHUS

(4.146):
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Ona—0On _6-2°-9°-107% - (9+0) _
OnxOna (9+0)-6-2°-9>.107

)
9i0.[1_é?25j. (4.148)

B stom mosie (4.148) Bo3HMKAET aHTUPE30-
HAHCHBIM TTOTEHITUAIT:

k=1/(62%=0,0052083333-10", (4.149)
KOTOPBIN OyJIeT epeXOouTh B PE30HAHCHBIC:

k*=10"102(5-107)-(2:10%)-10°(8-10)-
(3-107)(3:10®)-(3:107)-(3-10'%)-10* =
648107 = 648/ps; (4.150)

k** = (6:10%)-(4-10")-(8:10°)-10"* = 192:107; (4.151)
k% = (10%)-(9-10')-(2-10°)-10° = 18-10°%; (4.152)
k*xx = (10')(8-10%10°= 8:10°. (4.153)

Bosnukarot Yetsipe [Tomns (4.150+4.153), ¢
KOTOPBIMU CTAJTKUBAIMCH U KOTOPBIC MBITATUCH
MOHATH Bce MuUCTHKM Hamel nuBuian3anuu [20].
Ho s moka mory coo6muts Bam 0 HUX cnemyro-
iee:

1. B mone k* (4.150), o6nanaromiem aJiek-
TPOMAarHUTHBIMHU B3aUMOJICUCTBUSMU, PE30-
HAHCHOE CIIUSIHUE CyOCTPYKTYp MaT€pPHUHCKOM
6uokteTkr (9+0)° IPOHCXONT B TAPMOHHH C
Kocmuueckum pacuimpenuem Beenennoil:

I"'apmonus Ouokyerku u BeesienHoil

k* = 648-10" = (9+0)X(Toc/mo = 8) /ps.

(4.154)

2. Bropoii ypoBeHb 3HEPreTUUYECKOTO MOJIS
(4.151) siBnsieTCS ICTOYHUKOM SHEPTETHUECKOTO
BUXPs ¢ IEPUOANYHOCTHIO - [TpogomkurenbHo-
cTei0 Tyt = 12:
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N3nyuartenns BooOpaxkenust
U OHOTOKA

K% =192.107 = (4.155)

16:12:10” = q'q* Tot-10”.

3. Tpetuit yposensb (4.155) bubnus onuce-
BaeT Tak: "M packpbuncs Xiusaou HedecHbie".

To, 4TO BO3HMKIIA BOJA - PABUIILHO, HO OHA
ciykuT He Toabko i IloToma, Ho u st 3apo-
sknenus JKuzHu:

Bopna u 3apoxaenne ’Kusnu B Heil

k*** = 18:10° = Mm,0-10°.

(4.156)

4. YerBepThlil ypoBeHb KOCMHYECKOTO MOJIA -
3TO cama paciupsitomascs Beenennasi:

Pacumpsiromasicsa Beesiennasi

K**x% 8.107 = Toc/m, 107,

(4.157)

*
%%

Bunure, B 3Tux (4.154 + 4.157) nonsix HeT u
Hukorna He Obuto Hukakoit MUCTHKH U 4ep-
ToBmMHbI. He Obuto u Taiinbix JdoxkTpun. He
nyraiite Camry + Mamry. Hebeca mynbcupyroT ¢
yacroron v = 1/8 = 0,125 = 53-10'3, OTHENAS
BEPXHUI MHP OT HMKHEro. JTo 3aKk0H ExmHoro
Kocmoca. Takoi ke 3akoH, Kak 1 To, uTo Carmra
+ Mama cranyTt moabmu Bonu u Horu, ecan
oyayrt ¢ Hamu.
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Cnycrmiics

Hpaxon Mynpoctu - Boobpaxenue (q*); Xo-

Apakon Mya- | 3quy ¢ Bpunmanrosoit Jlymoit - [amaTs um-
POCTH M € HUM | 11y 00 p* B BUXpE C IEPHOAMIHOCTEIO ToT.
Xo3s11H ¢ Crmycrtucs, co3aall Cpeay CxKaTusi OT SHEPTHH
{ | bpwimanTo- | cxarus (2% no UMITyJIbCA PACIIUPEHUS 2%):
Bo Jlymoii.
8
_aTH _ 1614 o) 310% 237632107
H= e g[(pd(p_ [ 32:6310°=3763210° |(4.158)
Caoeil S06CT' dopmbl, KoTopble 3aHsIu BoobOpaxenue (q*)
BEHHOHU 60'“ u [amsate (u*), (4.158) - 3TO HElPOH B cepoM
KECTBEHHOM | geyyrecTBe ros10BHOrO Mo3ra. Heiipon co3man
CYIMHOCTBIO | s pux: Moicim (p*), [Mamsita (u*), Boobpa-
OHH O0BSLIN skeHmsI(q¥).
(¢opmbl, co3-
JAaHHbIE 1A &
Hux, u 6osibize B none HelipoHa BO3HUKAIOT pe30HAHCHBIE
He ObLIM OHM koneOanus (4.158):
CohiHamu
Maiin, a ObLIH MomHocTh HeilipoHa B Pacax
Cl.’,maM" Bom Ortan [ToreHnman Pacel
u Uoru. 20
1 H=37632-10 Pactenus
9 HA=(109(710): |
A02).02.100.01.100y. | CBslIEH-
2 6 190)_(3 10 (25(1)0_) Hble XKu-
107 = 21'365(}0 " | BoTHBIE
756-10
CbIHbI (4.159)
*k—("7. 2 (K. 1 . Maiin:
3 |1 0(7 l(go)_(s 105)3 Many-
(6-10°)-10°7=21-10"" | \ e
TCIIN
4 |H¥*=(2107)1-107 =
210> i
Bomn n
N3o- H***_\/E .1027. \/5 .1027 Horn.
MepHst B
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*
*k

9 Me1 - Coiabl Maiin - Many-Msicaurenu. JIro-
v Bomu n Woru - namm [Motomku. [Toxkenaem
HM ycnexos!
H“Kam’“i npe- [Tepexon ot lllectoro k CenpMmomy TpeOyeT
IATCTBHH 3arparhl sHepruu (4.125):
0oJIb1LIE HE OY-
7 28
JeT BO3/1BH- k, = Ceobmoe _ 26 .10_21 ~2.107. (4.160)
rarbCcs Mex- Llecmoe 2°-10
Ay KOHLIOM U
beckoneuHo- DopMHUPOBAHUE YIHEPTETUUECKON EMKOCTH
CTBIO0, YTOOBI HeifpoHa 3a cueT aKKyMyJIMPOBAHHS MarHUTO-
IllecToe MOIJIO | 5 e rpyueckux UMITYIIBCOB (q* 1 [*) IpOTEKAET
JIETKO NePEHTH | g pe3oHaHCHO-aHTHPE30HAHCHOM PEKIME U H3-
B Cenbmoe Jy4aeTcsl Kak MoJjie ¢ 0OpaTHBIM MOTCHIIUAIOM:
(4.116)
Konedanus Boodpakenns
u [lamsitu B Helipone
N3nyuenue Ilormomenue
k _atHE kg=q>:r'u*>l<
10 qF+pt q-# (4.161)
(16-14/30 = S 3x 1 102
1/3x8x28)-10%° |~ 3.28

MaxkcuManbHBIM NOTEHIINAT:
K =k;kg/ko =2:10"-kg* =
2/9%64x28%10°°,

Ho u stot (4.161) MakcUManbHBIH MOTEHIIUAT
MEHbLIE YHEPIUM HelipoHa Yenoseka Bonu u
Woru (4.149):

H***  2.10%
K §-64-282-10”

5,97895408:10%°. (4.162)

[Iperpan k CenpbMoMy HeT.
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CmaHnua VI [3]

1. OnuceiBarOTCS 3aKOHOMEPHOCTU 4depenoBanus [Ipo-
JOJDKUTEIIBHOCTEN B IPOLIECCAaX HW3IYUYEHHUS-TIOTJIOMIECHUS U
00JacTH dHepreTudeckoro nepexona mexay Humu (Kocmuye-
ckue cyTku (puc. 4.11, 4.86)).

PaccmarpuBaercss pe30HaHCHO-AHTUPE30HAHCHAS ITyJIb-
calMsi B 00JACTH KPUTHUYECKUX [aBICHHUM, NPUBOJAIIUX K
SAJIEPHOMY B3pbIBY (HEKHMBOE) M OHOJIOTHYECKOMY B3PBIBY
ABOJIIOIIMOHHOTO Tepexo/ia B )kuBoe (4.89).

BcekpeiBaercst mexaHu3Mm 3K30 (sepHbIi) - 3HA0 (OHO-
JIOTUYECKU) TEPMUYECKUX B3pBIBOB )KMBOr0 M HEKHUBOI'O KaK
PE30HAHCHBIM KOHTAKT JAJBHOJIEHUCTBYIOLIErO AJIEKTpOMar-
HUTHOTO (M TPABHTAIMOHHOTO IIPH P3 = P1 ) ¥ KOPOTKOACHCT-
BYIOILIETO SI/IEPHOTO B3auMojencTuil (4.91).

[Toka3aHO, 4TO PHEPreTUyYecKas CUCTEMA YKUBOIO, BbI-
BEJICHHAas1 B3pbIBOM M3 COCTOSIHMSI PaBHOBECHS, MOXET CaMo-
BOoccTaHaBiIuBatThes (4.92). SnepHble B3pbIBBI HEXKUBOTO - Ca-
MU HE BOCCTaHaBJIMBarOTCA. OHU MOTrYT BOCCTaHABIMBATHCS
Tonbko kuBbIM M Camoi JKusnpro. IlosToMy 3a peuieHue
Tpymsna ("Otma" - mpesumenta CIIIA) cOpocuTh aToMHYIO
6oMOy Ha SnoHuto OyayT MOJITO pacIiyiayuBaThes enié He Po-
nuBiIMecs nokosienus. Onu OyayT HepoymeBath: "B uem rpe-
xu oTHOB?" OTBEUar: B IypOCTH M HAIVIOCTH KalUTAIA3MA U
ero [loo6ust rocy1apcTBEHHOr0 KanmUuTAJINU3MAa, HA3BAHHOTO
B CCCP - coumaanzmom.

Karakin3mel B siipax *UBBIX U HEXKUBBIX CTYCTKOB BO3-
HUKAIOT EPUOANYECKH U BBI3BAHBl SHEPTE€TUYECKUM ITOTOKOM
MarHuTHBIX Buxpen u3 Heap Snep (4.93).

OtBeprasg ToHKyI0 DHEpPrui0 MarHUTHBIX HMITYJIbCOB,
KaK Npe3peHHy0 MeTtapu3nKy, Mbl HE MOYKEM 3aMEpUTh Mar-
HUTHBIN NOTOK W3 Henp 3emnu. He moxkem mporHo3upoBaTh
3emuterpsicenus (4.93). Tak uro qis aypakos - rudeanb Ilom-
neu neno oosraHoe. Ho mopa 6e3 gypaxos. ..

2. ®opmupyercs NATEPUYHAS PE30HAHCHO-AHTHPE30-
HaHCHas cBs3b (4.94, 4.95). Jlorapudmuueckue kosiaedaHus B
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nose pesonanca cMemaror Tperuii ['nas or 4800A B snekrpu-
yeckoM 1oje [5,6] B 06macTs BonHbl uHOI0 42004, HO yxe B
MarHuTHOM moJie [6,7,8]. Bo3HMKaeT MarHuTHBIM KBAHT C MO-
TeHuuaiom 42 ((nyma), 4.96).

Hyma nynscupyer B Tene Omo-Kuznu, kak Ilenra-
rpamma B Sliine ([1], puc. 4.12).

[lynbcamus gymu, co3gaBas runepooandeckue Kojaeda-
HUS U TpaHCPOPMHUPYST X B MacChl (M,=€) OTHOCUTEIHHOTO
nokos (4.97), co3naeT mOCTOSSHHBIE TOHKOW CTPYKTYpHI (4.99).

[TocTositnHast Toukoit CTpyKTYpbl — HOCUTEIb KaJOpHUA-
HOM muIu, KoTopyto mo0saT CeiHbl Maiin.

3. Haumnaercs 3BomrounoHHas OopnbOa 3a Teno u Pa-
3yM.

Boprba 3a Teno mpoxoauT B YCIOBUSX UCIOJIB30BAHUS
cyOcTaHUUHA, KOTOpbIEe ObUIM MOJTy4YeHbl NPH (POPMUPOBAHUHU
Tpetbeii Pacbl. D10 beckoctunie u Uxaits Paca (3.53, 3.55),
KOTOpbIE MOJBEPTatOTCs BO3ACHCTBUIO MAarHUTHOTO MOJIS 3eM-
JIU: 3apsiIoB U UMITYJIbCOB (4.102).

[Tog BO3AECMCTBHEM STHUX H3IYUYECHH BOJHOBBIE MOJIS
CrylarTcs. Bo3HukaeT macca OTHOCUTEIBHOIO IMOKOS C I0-
crositHHOM Tonkoit CtpykTypsl (4.99). V beckocTHBIX BO3HU-
katoT koctu (4.101). IlosBisiroTCA HaceKOoMble. DBOJIIOLUSA
dbopMupyeT MHOXKECTBEHHOCTh Apyrux Popm Hocurenei
KuzHu, Ho... 6e3 pazyma.

OnHako, MepBbIM LIAr K COTBOpPEHMIO Paszyma yxe crue-
JIaH CaMHUM TOSIBIICHUEM HACEKOMBIX, TO €CTh MEJKHUX >KHUBOT-
HBIX, BO Bcex cpenax 3emuu (4.103).

3emist IOpoM MX CTpsAxuBajia co coero juna (4.104),
Mopoi oHU ojepxuBayiu 1odes! (4.105) u TBOPUIU, TBOPUIU
BCE HOBBIE U HOBbIE CyIIHOCTH, JIMIIEHHbIE Pazyma.

Ho Bce numennsie Pazyma He Moriu u3bexarb o0myue-
HUS CBETOM — DKBHUBaJeHTOM boxxecTtBeHHOW KyHnanuHu
(4.106+4.108).

Onnako, CBetunpHuk Pazyma He BenbixmBan boxect-
BeHHBIM orHeM BooOpaxkenus (4.109).
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4. Kocmuueckne cuisl MorymectBeHHOro benoro
KBanra (4.21, puc. 4.4) u ero nynHoe usnydenue (puc. 4.4)
MOCHENININ Ha MOMOIb cTpaxaymuMm (4.109). JlyHHbie U3ity-
YEeHUs CO3JaM B CEPOM BELIECTBE I'OJIOBHOI'O MO3ra IyJbCH-
pytoinyto rpaBurtaruio (4.111, 4.112), a nynbcanus ceporo
BellecTBa u3nydana ToHkue DHepruu (OTOHOB, KOTOPHIE C
neprHouaHOCTBIO (-To) S (+T,)* hOPMHPOBAIH 3apSbl U HM-
MyJIbCHI B TI0JIe cBeTa (4.116):

+T,210"=+q 5 T, = +q* = +T,>10°.  (4.163)

[TosiBmitoch BoobOpakenue.

5. OnuceiBaercs popmupoBanue TOHKUMU DHEPrusimMH,
B TOM uucie OHeprued Mpiciu B xuakou cpene (4.118),
HSHEPreTUYECKUX YPOBHEU, KOTOPHIE SIBJISIIOTCS COCTaBHBIMU U
OCHOBHBIMHU KoMIIOHeHTaMu Bcenennoit (4.123).

[TokazaHo, kKak Ha OCHOBE PE30HAHCHO-AaHTHUPE30HACHBIX
MEepPEXo0JIOB C YPOBHS Ha ypoBeHb (4.125) cHauana dhopmupy-
€TCsl TpaBUTAIIMOHHAs MOcTosiHHAas (4.126), a 3aTem ajemMeH-
TapHbIA MarHUTHBIN 3apsia (4.127).

6. O0bsacuserca nepexon Kynmanunu kak boskecTBeH-
Hoit ®opmbl Tonkoi DHepruum u3 coctostHus 5/2+7/2 x co-
CTOSIHHIO CTAOMIIBHBIX KOJICOAHUH:

(7/2)* = (512)* S (7/2+5/2)(7/2-5/2)

B 00beMax (hU3UIECKUX TEIl.

[Toka3piBaeTcsi, 4TO Ha ypOBHE ITOrO mepexona B (u-
3MOJIOTUYECKOM JKHBOM Telie (OpMHPYETCS OMOTOK CHIIOO
0,81 p-q (4.131), a B HEApaX (PUBHOTOTHUUECKOTO CTYCTKA KHU-
BOro (opMupyercs 3apoisim AymmM ¢ moteHnuaiom 107
(4.129).

7. 1 B koneunom (Pyma), u B beckoneunom (Apyma)
Ennneiii KocMoc 1 Bce €ro KOMINOHEHTBI NYJIbLCUPYIOT, U3ITY-
Yas-ToryIonas, CKUMasiCh-pacIIupsisiCh, TMEPEXOAsl C OpOUTHI
Ha OpOUTY, MEHSS TTOJTIOCA U Tak aajee. Bee aTu GeckoHeUHBIC
@opwmsl [[BHKEHUS €CTh Bapyalyy Ha TEMY IyJIbCALMHU.

VYBenrueHne MHTEHCUBHOCTHU MyJIbCAllUM MPUBOJIUT K
LEMHBIM PEaKIUsIM TEPMOSIEPHBIX TIpoiieccoB (4.136).
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Bo3HuKkaoT B3pBIBBI U CTYCTKU TEPMOSJIEPHBIX 3BE3]I
(puc. 4.13). 3Be3n, uzinyyaromux vy, o, B - ayuu, yasrpaduose-
TOBbIE MOTOKH, COJIHEUHBIN CBET, MH(GpaKpacHbIE U PaTUOU3-
nyuenus (4.13). Ognako cama 3Be3/1a, KaK U Hallla HayKa, MO-
KET OTJIOBHUTH TOJBKO WH(GpPAKpaCHOE W PAAUOUIYYCHUE U
CTYCTUTh UX B Iponopuusx Benukon [Tupamuner (4.13). Hama
IMBWIM3ALMS U TOTO MEHBIIE: CTYHIAeT A0 3BYyKa PajuoBOJI-
HbI, @ BOJH C 0o0Jyiee BBHICOKMMH YacTOTaMHu (3JEKTPUYECTBO)
nepesaer no MnpoBOJaM M TPAHCPOPMUPYET UX C MOMOIIBIO
CXEM, apXUTEKTypa KOTOPBIX JUKTYETCS I1IEJICBBIM MpEIHA3HA-
YEHUEM.

Ho Hama Hayka HacTOJIBKO JypHa II00aJbHBIM HENpPHU-
arueM Tonkux Onepruii, uro Bce leapsie Japsl Kocmoca
(4.137+4.139) ne nna Heé, He 111 Penuruii, He 111 COBpEMEH-
Horo Coiyma 3emiil, B KOTOPOM BCTPEUYAIOTCS MHOTHE XO-
poire Apy3bsa-ToBapuiy (6€3 TOCmom), U JaKe JTOUMBIE.

8. Konrakt Benukoit Marepu (Tonkoit Dneprun Kyn-
nanvuau B Kunkux cpenax) u OrBepruyrtoro CeiHa (M3myue-
HUM TepMosiepHbIx 3Be3a (puc. 4.13)) npUBOIUT K TOMY, YTO
MOJIYYMBIIME pa3yM IMOJIyYaroT 1ylly B o0onouke Tena (4.143,
4.144).

[TosiBnsrorest Aeru Cosnna, To ectb Hocurenu Pazyma,
’KU3Hb KOTOPBIX CBsI3aHa C BOJIOM U (DOTOCUHTE30M, HO U C Ma-
TepuanibHON nuiei. [losBistorcs B OECKOHEUHOM IMKIE KO-
HEYHOM TpaHChOpMAaIU OTHOM (POPMBI FJHEPTUU B APYTYIO.

B GeckoneyHom mnwmkie tpaHchopmaruii ogHUX (GopMm
sHepruu B Jpyrue KyHpajamHu TO BBIPBIBAETCS 3a MPEIEIb
Pynb1 (Oopmel) B Apyny (BHE POpMBI), TO BO3BpAIAETCs Ha-
3aa. llynecamms Kynpaaumau wHuiuupyer MoryuiecrBeH-
Hbl€e B3aUMOACHCTBHS P, S5 1 5 ps (4.21). BzaumogeiicTBus B
BoJIe AatoT Hauasno JKuznu (4.146+4.148).

Bo3uuknoBenune xuBoro Hocurens Pazyma CosHeuHno-
ro Yenoseka (Many-MblcJanTesis1) POUCXOAUT HE cpazy, a
MyTEM 4YeThIpeX Pe30HAHCHBIX MepPexoa0B, KOTopble MucTu-
KU BBIJICIWIM B OTJICJIbHBIC MOJISA, U TSAHYTCA K HUM ThICS4e-
JIETUSIMHU.
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Ho B 3Tux nonsx TaliH HeT.

Ha nepBoM pe30HaHCHOM YpPOBHE JOCTUTaeTCsi KOHTAKT
ouokiietkn co Bcenennoit (4.154); Ha BTOPOM - BO3HHUKAET
BUXpb OMOTOKA B KieTke U BooOpaxkenue B HelpoHe (4.155);
Ha TPEThEM MOSIBISIOTCS KUJKHUE Cpelibl opranusma (4.156); u,
HAKOHEI], Ha YETBEPTOM - JKHMJIKUE CPEIbl BCEro KUBOIO rap-
MOHUYHO coracyrrcs ¢ mnyiascauuet Camoro Kocmoca
(4.157), obecrieunBasi TeM camMbiM ODBOJIIOIIMOHHOE Pa3BuTune
Kuznm.

9. Boobpaxenue (q*) u Ilamsars (u*) Equnoro Kocmoca
HaxXoJsAT B HelpoHe rosoBHoro mo3sra Yenoseka (Hocutens
Pazyma) ®opmy, co3JaHHYIO AJIs1 HUX: Apyna NMepexoauT B
Pymy.

Bo3HuKaeT HMCTOYHHMK W3Iy4YEHUS PE3OHAHCHBIX HM-
nyJibcoB (HEHpoH). THTEHCMBHOCTh MMIYJICOB HEHpOHA Xa-
paKkTepu3yeTcss UX H3IydyeHHem. Kpurepuem s>HEpPruv Mus3iy-
YEHHBIX HEeUPOHOM UMNYIbCO8 q* u pu* 6yoem a6n1amvcsa cno-
coonocmo ux Hocumeneii, obraoameneii HeUpoHo8, NOMHUMb
U aHaIU3Uposams (80006pasicamy).

[To »>TOM CHOCOOHOCTH >XMBOE Ha 3eMiie IEIUTCI Ha
pactenusi, CaieHHbIX JKuBOTHBIX, Many-MebicauTesneit (Hac
¢ Bamn) u smozeit Bonu u Moru (Hammux ITotomkos (4.159)).

10. Baxneilimum Bonpocom aiisi YenoBeka Bonu u Ho-
ru, 3ansBuiero llecroii u CenpbMoii YPOBHU B rpaBUTALU-
OHHOM CeMEpPHYHOM JIYHHOM psiay, OyJeT BOMpPOC O TOM,
XBaTUT JIM y HETO HeWpoHa 3Heprun s nepexona c [lecroro
ypoBHs Ha CeapMmoii (4.160).

IIpoBepka MakCUManIbHOM 3aTPaThl SHEPTUHU B IOJIE KO-
nebanus B Helipone [lamsatu u BooGpaxkenus, ¢ yueTom mnepe-
xona ¢ Hlecroro Ha CexbMol, ycraHoBuna: Yenosex Boiu I/I
Horn wumeer CBOﬁOI[H])II/I Ilorenumasn, paBHbIl 6 10%
(4.162). Ho sto 10* suepruii boxxectBennoit Kynmamuun. U
ecnu Mbl, Many-MebicauTenu, Juiib moaodue (U HE Bceria
nobOpokadectBeHHoe) bora, To Hamu [loromku camu cTanyT
boramu, ecnu He MOMAYT MO IMYTH HW3BpallCHUA Tperher u
Yerseprou Pac.
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4.7 CtaHua VIl
ToOHKO3HepreTuyeckasi BO3roHka U nepensiaBka

1. Hakonen, Coiabl Maiin yrapuwm no UneanbHo Ha-
crpoenHoii CTpyHe, ¥ PH 3TOM 3BYyKe ucuesia Mumnosus. Uc-
THHA OTKPLLIACH NMOJHOCTHIO. HOBOpOXKIEHHBIE 00/1aYMINCH
B 3HaHue, Cuiry, 0J1eCK 10CTHKEHUI, CJIOBHO B OJ1€STHHS.

2. Bun3 no ycoinanHou 3Be3namu tpone boros - Tpome
MauabIx Or’ei, :mAyIMUX POKACHUS B JAPYyrux ¢popmax, npo-
mea Hekro, Hemoxoxuit Ha boros, HO poacTBeHHbI WMm;
Henoxoxxud Ha JlyxoB TpoHa, HO M3BECTHBIM MM; MOXOMKUM
HA YeJIoBeKa, HO mpeBocxoasimii ero; Hekro, o0s1aueHHbIH B
OIeXKIbl, CBepKaInMii, kak WHell Ha coJiHUIE, BeJIMYeCTBEH-
HbIH, CYyPOBbIH JIMIIOM, HO TUXHH I'0JI0COM.

3. On 3amaraj ot MaiabIx Ordeit kK CBery, H ¢ KaKIbIM
CBOMM IIIATrOM HACTYNAJI HA O4epeaHylo 3Be31y, a Ta u3JaBa-
Jia 3BYKH HexkHelmei meaoauu. OH moaxoaus Bee OJIMKe
U 0JIMEKe, U 3BYKH CJIMBAJIMCH B TPUYM(PAILHYIO MIECHIO.

4. HakoHen, JOCTUTHYB caMoro Bepxa, OH ocraHo-
BIWICH M HAKJIOHWICS, YTOObI YC/IbIIATH MECHI0, KOTOPYIO
AajieKko BHU3Y, moa Ero Horamm, 3Be31bl neJiy Tenepb siCHO
U IPOMKO.

5. Korpa-to Temnas 3Be3a ceiiuac cBepkasia 0JieCKoM,
OTPA3UBIIMMCS OT €ro JHIA, U a0COJMITHO ICHO OH cJIbIIIAT
MeJIOAMH, I0TOJIe COCTOSIBIIME JIMIIb U3 TUXUX 3BYKOB IEYAIH U
oosm.

6. Ilapb siBIJICH caM M ceifyac ObL1 u3BecTeH uM. "5 -
nepsbiil", - ckazaa OH, "M A - MoCJeIHMIA, U 002 MBI - OTHO
Juuo. Ceer npuiies u3 TbMbl. Bece npumio u3 auyero. U3
CwmepTH npuuLIa Be4Has sKu3Hb. JleJ1o caenano''.
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Pacwudgpoeka Cmarusi VIl [3]

Cranua: .
No H CMmbICH BBIpaXKEeHUI
BBIPAXKEHUS
Hakonelr, HNanunio3us - 10KHBIH 00pa3, HApUCOBAHHBIN
CLINBI BooGpaxenuem:
Maiin yna-
pUIIH 10 Iorenuman Uiuto3un
UneanbHo L_ b _ayg= (4.164)
HACTpPOEH- g* 16-10° '
Hoii CtpyHe, IMorenmman CoinoB Maiiu (4.159):
U IIPU 3TOM H** =21-10";
3BYyKe€ HC- U ueanbHo HacTpoeHHoU CtpyHsl (4.162):
uesna M- H**#/ K = 597895408107,
JIH03Msl.
npu yaape CeiHamu Maiin (H**5>H***/ K)
BCTYIIAKOT B pe30HaHCHbII>’I KOHTAaKT.
26
= 201893408 107 _ 584712099 .10". | (4.165)
21-10
Bo3Hukaet THX0€ aHTUPE30HAHCHOE 3ByYaHHE
| CTpyHBI, IEPEXOISIIEE B PE30HAHCHOE:
HUcrTuna or- 3 i C
KpbLIACH By4YaHue naeaabHoil CTpyHBI
nosHoCTHIO. | | AN C*=0,284712099-10
pe30HaHC
Ci*=2:10"(810%)(4-107):
4 -5 -6 -7
< 1 (7:10%) (1-10%)2-10)107-
3 (9-10%)-(9:10°)-10%=72576:10"
g 2 Cy* = (7:10%(2:10°)(5:10%)  |(4.166)
= (7-10™")(6:10%)-107* = 29410
= 3 |Cs* = (2:10%)+(9:10")-(4-10%)-10°" =
g 72:107°
g 4 Cy* = (7-10"(2:10%)-10® =
= 14:1077
5 |Cs* =(1-10")(410%-10""=4-10"°.
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HoBopox-
JAeHHbIE 00-
JIAYHJINCH B
3nanue, Cu-

IIpu 3TOM ncuesnu Ninrozuu:

Cs*/1/q* = 410°°x16:10% =

3= 64107, (4.167)

Jay, 0J1eck e 64 - Tsub - Cuia, lg 107° - Greck cBera, a
JMOCTHIKE- BeCh KoMIuieke (4.167) - 3nanue.
HHUH, CJIOBHO
B OJleSIHMI.
BHu3 1o BHU3 - OT SHEPrUM CKATHUS 1O UMITYJIbCA
yebImanmoji | PACIIHPEHU (4.86, puc. 4.11):
3Be31aMu 8
Tpone Boros ki=[pdp=-3263=-2016. (4.168)
- Tpome Ma- 64
abix Orneii, 3Be3nnas Tpona boros - ummnynsce (p*, p*,
AAYIIUX q*), Tpoma MajabIX OrHeii - 3apsasl (p, W, q). Ux
PORICHUH B | 1yo30pancHO-aHTHPE30HAHCHAS KOMOHHALHS
ApYyrux bopMupyeT 3Be311bl1.
¢popmax, KoauuecTBo opm 38e31 Oyzaer onpenensTs-
¢ cyMMoit unciia coueranuit u3 llectn komro-
HEHTOB 110 2, 3, 4, 5, To ecTh OyAeT paBHATHCS
N = C+Ce+Cs+Cs” =
30+120+360+720 = 1230. (4.169)
3Be3bI-CIYCTKH CBOMMH U3ITy4eHUAMHU A
BO3MYIIAIOT OKPY>KAIOIIYIO CPEAY MIPH JBUKCHHUH
ot 720 dopm mo 30:
30
k= [p dp="-258750. (4.170)
720
npowre OO6mas sHeprus nepexoaa COCTaBUT BETUYH-
HekTo, He- HY, paBHY1O (4.168, 4.170):
MOXOKHH Ha K = ki'ks = 5216410, (4.171)
boros, HO
POICTBEH- B I10JI€ KOTOPOW HAYHYTCS pe30HAaHCHBIE TPE0O-
nprii Mm; pazoBanus (4.171):

k= (5:10%(2-10°)(1:10%)(6:10")-4 = 24-10".(4.172)

SBuscs Hekro, koro XpucTuaHCTBO Ha3bIBa-
et bor Cearoii Jlyx.
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HENMOXO0KUM
Ha /lyxoB
Tpona, Ho
H3BECTHBIH
HM;

TpoH - numnyJbc paciperus: BeceneHHou.

Jyx TpoHa - UMITyJIbC paclIupeHus TOUeYHO-
r'0 y4acTKa BOJIHEI cBeTa: ToC/m,=8.

bor Cearoii [lyx ces3an ¢ Jlyxom Tpona pe-
30HAHCHBIM TiepexooM (4.159):

ki* =24-10" - ko* = (2:10")-(4-10°-10" =
(8 = Toc/m,) -10'°. (4.173)

MOXO0KUM HA

B sTom (4.173) none Bo3HUKAET MoJIe, Ipe-
BblmIatouiee nosie bora Cesaroro lyxa:

YeJI0BeKa,
HO NpeBoc- ko*/ ki* = 8:10'° : 24-10'° = 1/3x10, (4.174
XOAAIIUHA
€ro; HO u nonie Csitoro Jlyxa npessimaeT mojie Ye-
noBeka (4.173):
ki */k = 24-10"°/52164-10* = 4,6008741:10".(4.175)
HexkTo, 06- Pacmmpenue BOJTHOBBIX IOJIEN BHE CTYCTKOB
IAYeHHbIH B (Apymna) co3naer SHIOTEPMHIO IPABHTALOHHOIO
1 c1ab0ro B3aUMOJICHCTBUN:
O1€XKIbI,
cepralo- ki*xpipa = 2410151024107 = 24-1071°.(4.176)
M, KaK
Hneii na Ortcrona Uneit Ha conHile.
COJIHIIE,
BeJIHYECT- Bonnossie nosns bora Cesroro [lyxa I/ICIEBI—
BeHHbIii, THIBAIOT TPaBUTALIMOHHO-CJIA0bIE B3aUMOICHCT-
BUS:
ki*/p1pa =24-10/107% =24-10%. (4.177)
CypOBBbIii C nepHoanHocn:}o, SKBUBAJICHTHON OJHON
JMLOM, naieMme, bor Cesaroii lyx ¢popmupyeT Hamm
AYUIN:
Ki*/p1p2 X(To+1)/To= 24-10%-7/4= 42-10*.(4.178)
Heno cepsesnoe. He 1o myTok.
HO THXMHii Pacmupenue nonst Cearoro Jlyxa cH>XaeT
FOIOCOM. SHEPTreTUUYECKYIO MIOTHOCTH OKpPYXKaIoIeh cpe-

nbl. OcniabnseT ypoBeHb HHTEHCUBHOCTH 3BYKa.
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BaauMozeiicTBus B 9k30TepMuH (p3ps= 10°°)
CHIKAIOTCS B SHIOTEPMHH 10 p1p2= 107, I'po-
XOT SIIEPHOTO B3pbIBa MEPEXOUT B HIenecT Beu-
Hoctu Apynsl Kocmoca:

I'onoca CsToro Jlyxa

DK30TepMUst Onporepmust  |(4.179)

ki *p3ps = 24-10" |k *-p1pr =24-107"°.
OTCYTCTBI/IG ToJIOCAa KOMIICHCUPYETCA TEJICIIa-
THEH.

Omn 3amaraJn
0T MaJIbIX
Orneii Kk
Csery,

U ¢ KaXKIAbIM
CBOMM IIIa-
rOM HACTYy-
naJj Ha oyve-
PeHYI0
3Be3ny,

OH - Casroii lyx B sunorepmuu (4.179):
CH. =k *pip,=2410",
Ot maubix orueii (C” = 30) k CBety
(C¢* =360) - cpena (4.169):

C2=360
I = j(/? dQ—64350,  (4.180)
C2=30
SHEPTHsl NPONAECHHOTO My TH:

Jl=C.JI.xIT; = 15444-10°°, (4.181)

*
k%

J1 - BomHa (4.182), crymasck B pe30HAHCHBIX
MoJIsAX, (opMHpoOBaIa Ha KaXIOM IIIary odepe-
HYIO 3BE31y:

Pe3onaHcHoOe cryuienue
BOJIHbI-AyXa ([1)

1 J1 = 15444-107 Bonna

> J,* = (1:10%:
| (F1OY@10)@10Y) | oo (4.182)
(4-10°-10%=3210°

3 Hz*z(_g.101).(2.100),103E 3Be3na:

Kynna-
CBET 6 104 H}II/IHI/I.

Cearoii [yx nocturaer nosisa csera. Dopmu-
pyercs MOTEHIHA:

CJ./ L*=2410"6-10" =4-10". (4.183)
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***
B none He6ec (Ilmub (4.182)) HaunHaer
(hopMHUPOBATHCS TPABUTALIHS:

32X 528, (4.184)

rae K=28/32=7/8 = wq = p*/q*. (4.185)

Bo3uuxkaror SJICKTPOMArHuMTHBIC I10JIA 3apsA10B
1 UMITYJIECOB.

a Ta u3aaBa-

B 371€KTpOMarHUTHBIX MOJISAX MPOTEKAIOT
B3aumoiecTBus (4.185):

Jia 3BYKH
He)KHel el
= = = Ak /q*
MeJIO/THIL K lg pip2p3paps = 7/4 = p/q = p*/q*. (4.186)
[losasngrorcsa rpaBUTAIUOHHO-3JICKTPUYICCKUC
I0JIs1, IYJIbCALUS] KOTOPBIX U3MEHSIET UX Gpopmy
SHEPTUHU, BO3BpAILas K pa3HO3aPsHKEHHBIM JJIEK-
TPOMarHUTHBIM TOJIsIM (4.186):
1
7/4x [pdp =7/8 = p/q=p*iq*, (4.187)
0
u
0
714x [ dp =-1/8 = -wq = -u*/q*. (4.188)
1
OH noaxo- A Heoeca pacciianBaroTcs Ha TpaBUTallMOHHBIE
W BCe YPOBHH.
gﬁzﬁz " 28 = 14243+4+5+6+7. (4.189)
u 3ByKl/l Z[BI/I)KCHI/IG B IIOJIC I'paBUTAllMU COIIPOBOXKaa-
CAMBAINCE B | €TCA 3BYKOM, a JYHHBIU psAJ] 10100€H TaMMe:
TPpUYM-
danbnyio I;zf;‘j[ 112134 5 |67
MECHIO. (4.190)
T'amma Ao | pc | MA (1)21 COJIb | JIi1 | CH
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Hakomnern,
JTOCTUTHYB
€camMoro Bep-
xa, OH ocra-
HOBHJICS U
HAKJIOHWJI-
csl, YTOOBI
YCJABIIATH
NMeCHI0, KO-
TOPYIO Ja-
JIEKO BHH3Y,
nox Ero Ho-
ramm, 3Be3-
AbI MeJIH Te-
nepb siCHO U
TPOMKO.

Camoro Bepxa Apynsl Beenennoii nocrura-
IOT UMITYJIBCHI.

Ha camom BepXxy paclIvpeHHe MEHAETCS Ha
c)KaTue MyTeM MepeMelieHUs B3auMOIeHCTBUN
(2 =1g p1p2p3paPs) ¥ MyIBCAIIAH U3 OKPYIKAIO-
11ei cpebl BO BHYTPEHHEE TOJIe 3apoblia:

IMepexox Apynbl Beesiennoii B
3apoapi crycrka
3apoapbIi: Bonna:

TIOTJIOIICHHUC H3JIYYCHUC
0

[o do

=4 =1
2

(4.191)

1

jco do

0
TS=-1651
15 1/16=1/T2

D10 (4.191) 3HAYUT, YTO MOTJIOMICHNUE UJIET
MeJJICHHEeE, YeM U3TydeHHE:

H3nyyenue | IHorJomenue
T Toc/®o=-128 5 1/8=1/T>Towo/c |(4.192)
-16 5 1/64.

JlocTrxeHre MakCUMyMa pas3jinyus B 00J1acTu
Iepexo/ia NOrIOUICHUSI-U3IIyYEeHUsA, KOTOPOE
UMeeT MecTo B oOnacti Apyna S Pyma, 3a-
CTaBJIsAET 3Be3/bI 3By4aTh ICHO H T'POMKO.

*
*%

OunbTparnys 3ByKa MPOUCXOIUT B JTFO00M
AKCTpPEeMalIbHOM TOUKe BOJHBI (puc. 4.14):

noznouwenue = ki = Tom, /<:~T02 =32, (4.193)

usiyuenue = ky = Toc /0o To > = 1/2. (4.194)
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0

|
!
U3ITyYCHUC : HOTJIOLICHHE

+1=T, 2 -1 ET02

Puc. 4.14 K ¢punempayuu 38yka

Wznyyatbest OyayT UMITYJIbCBI, TOTJIOIMIATHCS -
3apsbl.
P
Ha camplii Bepx MeTrarajlJakTuKHu, TO €CTh B
IKCTpEeMalIbHYI0 001acTh BOJIHEI (pHcC. 4.14),
kpome CBsatoro Jlyxa, MOTYT IIOAHATHCS HMITYJIb-

col (4.193,4.194):

I'paBura- N3nyuenue
LIUOHHOE BOOOpaKEeHUS
IIOTJIOLICHUE

ki(p*/q)-1* S(q*/p*)-u*k,C.J] = 24-107°, (4.195)
32:(7/4) W*S4/7)u*-1/2,
(W¥)*5(16/49)-(1/2)-1/32=(7-2) >

B 3TOM none BO3MOXKEH BapuaHT MyJIbTHU-
IUIETHOCTH uMITyIbca Iamsti (p*)” Ha oToH-
(doHOHBI (1T03TOMY MBI 3a0b1BaeM 0 JKu3HH 110
Kuznn):

[(n*=14-10") < 1/14*]-24-107"°,

14%-24-10%° @%-10‘“’,

10° = (14)*=
2,60308204:107. (4.196)
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Koraa-To
TemHast
3Be3aa ceii-
yac CBepKa-
Ja 0JiecKoM,

3Be3na Opu1a TemHo#, Korja He XBaTano ¢o-
TOHOB, TO €CTh Mpu ycnosu# (4.195):
(72 (n*)? = 14410 5 1, (4.197)

rae no (u*)* megocraer eme 10* poronos:

Temuas 3Be3aa
pru(u*)’ = 14*10%.

(4.198)

0Tpa3uB-
IIUMCSH OT
€ro JIMna, u
a0COJIIOTHO
sicio On
CJIBIIIAJ
MeJIOTUH,
JA0TOJIE CO-
CTOSIBIIIHE
JHIIbL U3 TH-
XHX 3BYKOB

3Be3na (4.197) 3acBepkana, Tak Kak Moaydnsia
negocrarome 10*° (hOTOHOB M3 BOJTHOBOTO OIS
Castoro Jlyxa (4.196):

Temnast 3Be3na-(10 5 147,
wru(p*(10% 5 14%;
(u*)* 5 14%=2,60308204-10°.  (4.199)
Ho Tixme 3Byku nevaym u 6014 T€X, Ubs
MaMATb aHHUTUIIMPOBAJia, CTaJlnu CI_Hé CHBIIIHEN

(310 mOJIE ¢ noTeHImanoM 147 (4.199)).

neyaJju "

00J1H.

Hapsb saBUII- AnHMrmmpoBaHHas "B bUIb" aHTUPE30HAHC-
csl caM U Has [Tamate He 3axoreBmux "beite ¢ Hamu" cra-
ceiiuac G | 74 CTYIIAThCs PE30HAHCHBIMH NEPEXONAMHM:
H3BECTEH AT

uM. peso- 2=2,60308204-107

HaHC

2/¥=2:(6-10")10%(3-107)-

1 10*(8:10%)-(2:10°)-107-

(410107 = 2304-10™"!

2% =(2:10°)(3-10%)-10"
410" =48107

3 | e3*=[(4'10)-8]-10°=32-10""

4 | 2,4=(3-10)2-10*=6-10".

(4.200)

Pe3oHaHcHBIE ypOBHU
S}

323



Bce npumio
W3 HUYEro.
N3 CmepTn
npuILia
BeYyHasi
Ku3Hb. [esto
caejaHo".

Ha getBepTom ypoBHE pe30HAHCHOM TpaHC-
dbopMaruu ymepmux ummyiabcoB [Tamaru
(4.199), Bo3nukiia Kynnanunu (4.200). Boznukia
Ku3zHb.

Crnosa "Jles10 caesiano", OTHOCSTCS K mepe-
XOJy OT 2 110 24, T1e:
N 2,60308204-107

k=<

* 33 =0,4338470067-10%.(4.201)
24 6-10

Jt0 (4.201), cBsi3aHHOE € TpaBUTAIUEH, KaK U
m000e MHOE, OYET peTepIieBaTh PE30HAHCHBIC
TIEPEXO/bI:

Antn-

peso- k=0,4338470067-10°

HaHC

ki*=(410")(3:107)-(3-107)-
(8:10)(4:10°)(7-10°°)-
107-10%(6:107)-
(7:10"%) = 451584107’
ko* =(4-10°)(5-10%)-(1-10°)- | (4.202)
(5-10%)-(8:10")(4-10°)107"=
64-10"!
ks*=(6:10")(4-10°)-10"" =
24-10"" = Casroit dyx
ky*=(2:10")4-10°)-10""=
8-10” = Beenennas.

PezonancHeie TICPEXOabI
[\

*
kk

N3 Cmepty, U3 TbMBI, U3 HUYETO BOCCTAHOBUI
Coszparens rpenssle Qyy, ...BO3HUK BOIIPOC:
"A Kak HacyerT... INIOJAUTECh, pa3MHOXKalTech?"

Cosnarens Henoctmxum u Jlornuen. OH uc-
II0JIB30BaJ KBAApaT SACPHBIX B3aUMOCHCTBUN

(4.201):
28 20
108 =p2 55582 V27, (4.203)

28
co3nas u3 [Isarepku sHEpruto cBsi3yu, a U3 V2 u

\/E 20 nBe Benukue [lupamunst (puc. 3.10): ogHy
C IIUC-, a IPYTYIO C TPAHC-U30MEPUEH.

Jl5ig poJyieHus KU3HU B pUTME: "TITOIUTECH-
pa3MHoOKaiTech", Hafo OBLIO CO3AaTh MEPUOIH-
YEeCKYI0 CHCTeMy reHOMOB (puc. 3.14).
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Iaps (re- U st0T renom (b(;[g)MI/IpOBaJ'ICH n3 Meraranak-
HOM) SIBHJICS | THUCCKHX BOIH V27 = (Sc /4)*®, u 6bL1 OH
caM H ceii- nepBbIi (r = /2 ) n mocnexuuit (L = /2 7), KaK
yac ObL1 U3- | anemenTtsl [Tupamusst (puc. 3.10), HO BO3MyIIAT
BECTEH UM. cpeny Kak reHoMm (puc. 3.14):

6 "4 - mep-
BbIii", - CKa- L=v2’
3aj On, "u n1 _
- IOCJIEAHHUIA, .[ ¢ dp =063 : (4.204)
U 00a MBI - r=\2
OJIHO JIUIIO.

Cmanya VIl [3]

1. OmnuceiBaercss TrapMOHUYECKMM KOHTAakT MaHy-
Meicnuteneit (Hac ¢ Bamu) ¢ 3apoxnaronieiics LluBunuzanuei
Jroneit Bonu u Uorn.

KonTakTtHas B3auMoCBsi3b Hac ¢ Hamumu [loTomMkamu
CpPaBHUBACTCA C HJCAJTbHO HACTPOCHHOW CTPYHOM, IATH PE30-
HaHCHBIX IepexoJIoB kKoTtopoi (4.166) mpuseayt HoBopoxk-
nernbix Jlrogeit Bomu u Morn k 3uanusm, Cuie, OJyiecky noc-
THKEHHUM, HO TIPU YCIOBUU UX OTKa3a oT MJIII03MH — JIOXKHO-
ro oopasza, HapucoBaHHOTr0 BooOpaxkeHueM.

2. PaccmarpuBaerca bor Cesaroir [dyx. OnuceiBaercs
Ero npupozaa Mex3Be3aHOro npoucxoxacHus (4.169+4.172).

[IpuBOaUTCS XapaKTEpPUCTUKA BOJHOBOTO MOJISI: 3HIO-
tepmust (4.176), nanmmuue cmaboro romoca (4.179), cmoco0-
HOCTh TBOPHUTH Ayl 4eyioBedeckue (4.178), mpeBOCX0ACTBO

HaJ YemoBekoM B 4,6-107 pa3, cBA3b ¢ sHepruen BceenenHon
(4.174).
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3. PacnpocTpaHeHre BOJHOBOIO IMOJS C MOTCHIMAIOM
Cestoro Jlyxa B mex3Be3qnoMm nojie Kocmoca (4.181) - cry-
narh HeOecHble BOJMIHBI MertaranakTuku. Bo3Hukanu 3Be3nbl,
nosiBisics cBer, QopmupoBanach Kynmanunu (4.182). Han
cryctkamu TsHb packpsiBasinch Hebeca Ilunb (4.169), B ko-
TOPBIX, KaK MY3blKa, PUTMUYHO MYJbCUPOBAIM 3JIEKTpPOMAr-
HutHele (4.185, 4.190, 4.188) u »saekTporpaBUTALIMOHHbBIC
(4.183) momns.

Meiciu (p*) Kocmoca, ero rpaBuTalinOHHbIE UMITYJIbCHI,
paccmanBanmu HeOeca-I{uHp Ha cemepuuHbIE PSAJbI, U 3BYKH
3Be3/1 CIMBAJUCH B TpUYM(PanbHyo necHio (4.190).

4. JlaeTcst MEXaHU3M aHaNM3a MOJIs, B KOTOPOM UMITYJIb-
Cbl MEHSIOT HalpaBJICHUE CBOETO JIBUXKEHUS, HAIpUMEp, pac-
IIMPEHUS Ha CKaTHeE.

OcHOBHBIMH  (paKTOpaMH HW3MCHEHHsI HaIPABJICHHUS
JIBH>KEHUSI UMITYJILCOB B MeTtaranaktuke BHe @opmel (Apymna)
OCTAlOTCsl B3aUMOJCUCTBUS M IIyJbcalys Mexay XaocoMm U
[Mapmonueit (4.191). Ognako, IIpoaoKUTENBHOCTh MIEpexo1a
K CXKATHUIO U PACIIMPEHUIO Y UMITYJIbCOB pa3Has: paclIupeHue
poxoauT B 64 paza OvicTpee cxatus (4.193, 4.194). Komnen-
CaIMOHHBIM (PaKTOPOM TAKOI'0 PA3IHYUS B CKOPOCTSX SIBIISIET-
cst hopmupoBanue [lunpb u Aup (Kaura [lepemen).

[TpoI0IKUTETBHOCTH MPOLIECCOB PACIIUPEHUS-CHKATUS
BOJIH CBSI3aHbI C KBaJpaToM Iepuoja oOpamieHus TOYEYHOIro
y4acTKa BOJHBI cBeTa IpH norjoueHuu. [Ipu uznydenuun npo-
JOJDKUTENBHOCTh UMEET 00paTHYIO BeIMuunHy (puc. 4.14).

B nosie mepeMeHbl HampaBi€HUs JBHKEHUS HMITYJIbCa
BEpOSITEH BapuaHT NoJHON aHHurwmiuuu Ilamstu (4.196).
OTO ABIISIETCS NPUYMHON npeaynpexaeHus "byns ¢ Hamu".

5. B3auMoOCBsI3b 3HIOTEPMUYECKUX BOJIHOBBIX IIOJIEU
Cesitoro Jlyxa co 3Be3gamMu OpOSBIISIETCSA, HAIPUMEP, B TOM,
YTO 3TH BOJHBI ABJSIOTCS "MocTaBIUKaMu" GOTOH-()OHOHOB
K KBaHTaM - 3Be3JaM, MEepexXOAsIIUM OT PACIIMPEHUS K CiKa-
trio (4.193).
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Casaroii Jlyx - He BakyyM u He "apIpka ot OyOnmka', a
uMItysibc ToHKOM JHeprum:

CJ.=2410"" = Tot Ig pipapspaps/~10¥ . (4.195)

On 3axuraer 3B€3I[BI HOBBIM CBETOM U CITacaeT AylIn.

6. Kuura /[3nan B pasHbIX pazzenax NpeaynpeKaacT:
"byne ¢ Hamn", a B 3Tom nmynkre Cranus! VII [3] noka3siBaer,
KaKMM CJIOKHBIM IyTeM uAeT pereHepauus [lamsaru (p*), pac-
nbuteHHOM borom-Jlyxom CesaTeiM Ha (oTOH-(HOHOHBI (4.199).

st Boccranonenus [lamstu TpeOyeTcs: 4eThipe KBaH-
ToBaHHBIX Tiepexona (4.200). [Ipuuem, Ha Tpetbem u YeTBep-
TOM YpoBHsAX "mepemiaBka" nocturaer Kocmuueckux Bep-
muUH: nosiBisieTcss noreHuuan Cesaroro [lyxa u Bcenennoit
(4.202). Coszmarenb CTpPOro COONIOMAET 3aKOH COXPaHCHHS
DHepruu, HO 0 TOM, KaK Takas "meperuiaBka’ cKa3bIBaeTCs Ha
YyBCTBYIOIIMX U BHE POPMBI, TOBOPAT JIMILIb UX TUXHE 3BYKH
nevyaau u 6osm (4.199).

BoccraHoBnenue Aymu W3 TEMHOW IBUIM - MYYMTEIb-
HBIM 9HJ0-9K30TEpMUYECKHUN ITpouecc. YepTH, KOTIbI, pOBa,
cepa U mpouasi yooras yTBapb JI€PEBEHCKOM KOTEIbHHU, KOTO-
poii Haty CBSAIEHHOCITYXUTENN OCHACTUIIN U OIIMCBIBAIOT AJl
co BpemeH Berxoro 3aBera, B IIpupone orcyrcrByrot. He xo-
4y myraTh, HO TO, YTO €CThb - cepbe3Hee. A Bawm, mocne Boc-
CTAHOBJICHHUs AYILIHN, HAZIO MOJYYNUTh €€ U TEHOM, a Yepe3 He-
ro teno. Tak 4To, CTO pa3 MoAyMau, MPEXKIE YEM ITOCTYIUTh
nomio aaxe Meicaplo, HemapoM B CBsmeHHbIX [Iucanmsx
BCEX pEJIMTMO3HBIX KOH(eccui 3aokeHa HopMma: "Jlepakmu
MOMBICJIBI CBOM B YHCTOTE".
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4.8 Crtanua VIIl. Tpetun Nnas:
paayra Mbicnu - Bnagbika Boo6paxeHus

1. Moxar yxe 3aHeC CBOIO CTOILY, HO He OIyCKaeT ee 10
TeX IMOp, MOKA He CMOKeT cAejaTh CBoMl caMblid HIMPOKMIA
war. Ceiabl Ilnamenn kpuyatr Emy ¢ 6oapmum Oecmo-
koiicTBOM: "Cpinbl Maiim He CMOTYT A0CTHYb ''3aIPEeTHOM
rpanuubl'', ecjid Thl ONycTUIIL CBOIO CTOIY HA MX e MPek-
J1e, YeM OHHU JOCTUrHYT Uxaiiv 310 rpaHunb'.

2. ®oxar noBbimaer CBOH roJ10C, J0Jr0 3BY4YABIIMIA
MPUIJIYIIEHHO, ¥ MPHUKAa3bIBaeT OrHeHHbIM cJjyram Cpoei
BoJiu nepenarb Ero yastumarym CoiHoBbsiM Ilmamenn: "5
HE OCTAHOBJIIOCH paau boros mim Jroaei, HO 3T0 A cAenalo.
HNnute k Coinam Maiin 1 yaapbTe N0 CBSIIIIEHHOH CTPyHe ce-
MHCTPYHHOI JIMPBI B KAKIOM U3 HUX. BbITH MOXKeT, 310 pa3oy-
JUT UX OTO CHA M JACT UM CKOPOCTHb B JIOCTH/KEHHM LIeJIH, 110~
Ka MOf1 CTOIA He OIyCTHIACH Ha AajabHuii Oeper TeMHoro Ilo-
TOKA'".

3. BepHysuch nocjaaHnbl U ckasaiu: "Mbl He MoOmkeM
Pa30yMTh CBALLEHHYIO cTpyHY. Ho nsiTh U3 ceMu CTPYyH 3a3BY-
4ar, a /IBe HEHACTPOEeHHbIEe OYAYT TOJbLKO OpeHYaTh''.

4. Torna doxar, pasrHEeBaBIIUCh, BBIIYCTWI IOTOK
IJIAMEeHH, KOTOPbIii B35J1 B KOJIbIIO He0eca U pa30yansi Anrypos
Ha ux BbIcoTax. Ha BeTpe HMX KpbLIbeB OBICTPO NMPUMYAIHCH
Onu 13 HapcTBa NMoKosi U odparwinch K Moxary ¢ peyblto, ro-
BOPpH Takue cJioBa: ""OmycTu cTomy CBOI0, €CJI X04ellb 3TOro,
U 3aBepIUM CBOH 1UAr, HO MpeKIe YeM ThI caejaelb 3T0, y3-
HaW, 4YTO 0 TOr0, KAK BHOBb 3aHeCelIb CTOINY CBOIO, MbI C
HammMu OpaTtbsimMu, boxkecTBennsiMu CTpouTessiMmu, OT-
namum CpiHam Maiin Bce T000ii cKpbIBaeMoe, U JIB€ CTPYHbBI
JIMPBI 00Jib1Ie He OyAyT 3By4aTh PACCTPOEHHO'".

5. ""Koraa nepBasi CTpyHa 3a3BYYHT B IIOJIHYIO CHJIY - Thl
yMpewb, H00 Thl CTap M TBOS padora MOYTH 3aBeplieHa, a
MOTOMY yMepb CBOii THEB M Jail MeCTO YCWIHIO, eCJIM XO4Yelllb
MPOVIUTH CBOM COOCTBEHHbIE TPYAbI''.
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*
kk

Pacwudgpoeka CmaHubi VI [3]

Cranua: .
Ne i CMBICHT BBIpaKECHUI
BBIPAXKECHUS
doxar y:ke Pacmmpenne cMEHUIIOCH C)KaTHEM, HO CiKATHE
3aHeC CBOIO ele He HavYaJoch (puc. 4.15)
CTOIly, HO HE U C’*‘f‘THH 1. B Honb-noTeHImMane do-
OIyCKaEeT ee | NCHIC HET  yat ¢ 3aHeceHHOIT CTOMO.
| - .
110 TeX Top, i 2. CrutourHasi JJMHUS - OKOH
: \ YUBLIEECS PACIIUPEHHUE.
MOKa He | \
i 3. [IyakTHpHOE - HE HAYaB-
CMOZKET C/1e- i || meecs cxaTre
Jatb CBoi +1 i s -1
camblil 1K~ i
poxwuii mar. Puc. 4.15 Honvo-nomenyuan nepeo cocamuem
B sTtom mone doxar umeer moTeHIMal, paB-
HbIl npousBefcHuo IIpoaosKUTeBHOCTH W3-
ayuennst (T,?, puc. 4.14) Ha dHepruro pacimpe-
Hus (dus (4.87, puc. 4.11)):
1 JHeprus B Hosb-nmoreHumase

(puc.4.15),
doxar ¢ 3aHECEeHHOM CTOIOM

(4.205)

64
Eo=T,> [pdp=126=263.
8

[Tynscanus Kocmoca B 5KMBOM BBI3OBET B 3TOM
(4.205) nosne uuc-TpaHC-U30MEPHIO:

1 0
Eo[pdp+63 | u | Eo[pdp=-63
0 -1

(4.206)

[{nc-nzomepust TpaHc-uzomepus.

[TosBsiTcss xpomocombl, Mosiekyiasl JHK u
PHK ¢ neBo- u npaBo3akpy4eHHBIMU CIUPATIIMU
MOJIEKYJISIPHBIX LETICH.
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Camutit wiu-
POKuil wmaz
Doxama
(anmupeso-
HaHc)

OmnpenensieTcss Kak MPOU3BEICHUE MPOIONIKH-
TEIIBHOCTH CHKaTHUs (TO2 = 16, puc. 4.14) Ha sHep-
ruto Houm (4.87, puc. 4.11) - cxxarus:

JHeprus CxaATus
Cawmbrii mupoxuii lllar ®oxara

64
Fmax:T02 J.(D d(p: 16:2046 = 32736 = (4207)
2

2%.3-11-31.

D10 sHepreTudeckoe moie cxarus (4.207) co-
JIEPKUT MHOroe: nmoreHuuansl [{uHb (2° = 32),
npoaospkuTenbHocT B nosie Iuup (3 = 1), cuc-
TeMy u3 JaByx Uuep wu omgHoro  SIHp
(3x2°=32 + 64 + 32), cyberpykTypy (9 + 2 = 11)
OMOKJIETKM TIPU MHUTO3€ W moTeHnuan 31, pasue-
msronii Kpyru Husmero u Cpennero Iopsakos
B Kpyre Yuusepcyma Noanna borocnosa B "OTt-
KpOBEHMSIX", HAMMCAHHBIX O]l TEJIENaTUYECKYIO
nukToBKY Mucyca Xpucra [8, 9,13].

Ho B 3TOM BHXpe mHbOpMAIUu MBI HE MMOHU-
MaeM, 4TO caMmblid Upokui mar doxara aenaer-
Csl HE TOJIBKO B AHTHUPE30HAHCHOM, HO U B PE30-
HaHCHOM PEXHUME.

Camuvlit wmiu-
POKuil wmaz
Doxama (pe-
30HAHC)

Campiii mupokui mar doxara B pe30HAHCHOM
PECIKUME GYIIGT HMCTH CIICAYIOINC MOTCHIIUAIIBI:

ArTh- Fou = 32736

pe3oHaHC

Fr*=(3-10%-(2:10%(7-10%):
(3-10")(6:10%) =756-10"°

(4.208)
Fy*=(7-10%)+(5-10")(6:10°)
-10"°=21-10"

Pe30HaHC
\S]

3 |F3*=(2-10")(1-10%=2-10".
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Cepinbl I11a-
MEHH KpH-
yat Emy ¢
00JIBLIITHM
0ecroKoiicT-
Bom: "CpbI-
HbI Maiin He
CMOIYT J10C-
THYDb ''3a-
NpPeTHOo
rpaHuubl',
€CJIM Thl
ONyCTHIIb
Cgoro cTomy
HA UX IIeH
npexje, 4eM
OHM JOCTHT-
HYT Uxaiu
3TOM rPaHM-
1105 A

[Torennman CeinoB Ilnamenu omnpexaenseTcs
B KMBOM KaK M3JIyuyeHHE '"3apoAbIlIeBOro Mar-
HHUTHOIO My3bIPbKa" B aHTHUPE30HAHCE:

.= ap) 2,040816327 -10%, (4.209)
HE, (1)

" PC30HAHCE!:

Pe3onanc CoinoB Ilnamenu
[1*=(2-10")-(4-10%)(107)-

1| (810%(1-107)(6:10°)(3:107):

(2:10®)(7-10%)-10% = 1152-10**
IT*=(1-10%)-(1-10%)-(5-10")-
(2:10% 10**=10"" = p5-10*.

(4.210)

Cpinbl I1l1aMeHH - 5TO B3aUMOJIENCTBUE CBETA
B moJie OTOH-(OHOHOB.

Kpuuam Emy On=F; =210 (4.208),
Coinvt Maiiu &
"3anpemnasn ks* = 8107 (4.202),
zpanuya’’ e
Yxaiiu "3a- Const,* = 18-10"° (4.65),
npemnou s
epanuypt”’ 25 =610 (4.200).
doxar no- PaBHomepHas mynbcanus (rosqoc  doxarta
BbILIAET 3BYYHUT NPHUIJIYIIEHHO) B IKCTPEMAJIbHBIX 00-
Caoii roJoc, JacTsax (Hampumep, B aTOMHOM OomOe, Korja JiBe
JI0JITO 3BY- MOJIYKPUTHUYECKHE MacChl SIEPHOIO BELECTBa

YaBIIMH NPHU-
IJIyLICHHO, H
NPUKa3bIBaeT
OTHEHHbIM
cayram Cso-
eil BOJIM Ie-
penatsb Ero

CIIMBAIOTCSI B KPUTUYECKYIO) - rosioc doxara mo-
BBIIIAETCS.

Torma ®oxar (4.208) BMecte ¢ CbIHAMHU
IInamenn (4.210) BeicTymaer mpotuB boros
(4.65) u moneit (4.200, 4.202) B put™me myJsbca-
LIHUUA TPAaBUTAMOHHOTO mOJs (28=1+2+3+4+5+6+7)
- CBsIllIEHHOM CTPYHE CEMUCTPYHHOM JIMPbI:
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YJALTHUMATYM
CBLIHOBBSIM
IInamenn: "5
He 0CTaHOo-
BJIIOCH Pajiu
Boros (4.65)
WJIH JII0AeH,
(4.202, 4.200)
HO 3T0 (Oyny
JIaBUTH) 1 C/Ie-
aaro. Unute K
CupiHaM
Maiiu (4.202)
U yIapbTe 1o
CBAIIIEHHOM
cTpyHe (10-
TeHnuai 28 -
rpaBUTAIA )
CEMUCTPYH-
HOM JINPBI
(14243+4+5+6
+7=28) B Kamx-
JIOM U3 HHUX.

CBo0OoaHasi 3Heprus nocje CxarTust

k.Const. -2,
ﬂ = —4 n H 4 28 =
Fy -1,

8-107-18-10"°-.6-107% _

28 =
210" -10*

18-24-28:10* = 12096-10°2.

4.211)

Cxatuto He ypnaercs noracuth CusHue [(Hs

(I =2016 (4.87), puc. 4.11).

buITH MO-
7KeT, 3TO pa3-
OyauT MX 0TO

Bcenreixupaer HoBblii /leHb:

K-10%=Ey / 1=12096 /2016 = 6:10°%. (4.212

CHa M 1aCT [TosiBiieTes boxxectBennas KyHnnanunu.

HM CKOpPOCTH

B I0CTHIKEe-

HUU LEJIH,

oKa MOs [Toka Kynmanuau Oyaer co3uaatb HoBwie

CTOIIA He @opMBI )KUBOTO B TOJIE PACHIMPEHUS U3TYYCHHOMN

omycTuiach | PHEpruy, doxar OyaeT NpojoKaTh TaBUTH "3a-

HA TaJbHU POIBIIIEBBINA IMy3bIpeK" sAnpa BIUIOTE /IO TMOTEH-

Geper Tem- LMAJIOB KaHaja 3KCTPAHCEHCOPHON MpPOBOAMMO-
CTH, a Mepell ITUM — Ha SKCTPEeMalbHYIO0 00J1acTh

Horo Iloro-

Ka'. BOJIHBI € MOTeHIManamu: -1 + 0 + +1.

U noxa Kynoanunu cynsem 6 Apyne, npocie-
oum nyme Doxama 6 Pyne, mo ecmov 60 6HympeH-
HeMm noje ceema C pPe30HAHCHO-AHMUPE30HAHC-

HbIM NONMEHUUATIOM 6:
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IToJe cBeTa

1:2-3-4-5

1+2+3+4+5

TpaBH-

Iyt Te—
Tauus

6—

5 4e—

2

3

(=]

(4.213)

doxa-
JlaBJie-

Ta 1—
HHUC

2—

3—

4

5—

6—

T—

TOCTOAHHAsA 8
Bcenennoii

8

8 8

8 8

T=13:

B stom (4.213) none najJbHUM OeperomM Tem-
Horo IloToka OyneT nojie ¢ HOMb-MIOTCHIINATIOM, a
OMKHUM OeperoM - ToJie ¢ MOTEHIIUAIOM, PaB-
HbiM enunuie. U noka Kynpanuuu rynser B Te-
yeHue 6 OTHOCUTEINIbHBIX €IUHUI] BpeMeHu, doxaT
MyJIbcUpyeT Mexay Oeperamu TemHoro Iloroka,
co3gaBas JI3man u Uxaiis-Pachl,

perynupys

IMynbcanus 1aBJjieHUs: B IKCTPeMAJib-
HOM 00J1aCTH JI000H BOJHBI

IIponou-
JKATENb- YUxaiig-Paca
HOCTb
1 0
(4.214)
3= | Jodo=" | [pdp=1s
1 0 0 1
6(I(l’d¢’—f¢?d¢’) s | onooon
0 1 1 0
6[V2- (-] |n[pdp="|n[pdp=—"
oie-3 o
Bepnyaucno VYV Cesamennoii CTpyHBbI - TpaBUTalUH, 3TOM
MOCJAHILI M | CEMHUCTPYHHOM THpe:
CKa3aJm:
"MbI HE MO- | |ram- o pe | ™ gl | us | en ;a
sKeM pa3oy- Ma 1 b 3a
AUTE CBSi- ||l | | 34 5 | 6 | 7= 28
LHICHHY 0 B KyH{aH: (4.215)
[oR
CTPYHY. 2 BuyTtpennee mose 6 7 N 5
& ceera (4.213) T 9"

333



Ho narn u3
CeMHU CTPYH
3a3Byvar, a

B rpaBuTaniMoHHOM 1OJ€E, KaK U B MYy3bIKaJb-
HOIl ramMmMme, rpaHuna Mexay csetoMm U KyHnanuan
MIPOXOAUT IO LIECTOMY YPOBHIO, HO M CBET, H
KyHpannHu uMeroT CBOM MHAMBUAYAJIbHBIE BHYT-

JAB€ He Ha-
CTpOEHHbIe peHHUE TIOJiA, MYJbCUPYIOUIME B PE30HAHCHO-
GyIyT TONE AHTHPE30HAHCHOM PEXKHUME:
0 BDEH NHBepcHOHHO-BHEMHBEPCHOHHBIH
I:' nepexoa Me:xkay ceetoM u Kynnaaunu
1athb . B noJie rpasutanuu (4.215)
Cger Kynnanuau
| Kynn (4.216)
WHBEPCHH 123456 7 _42_ 67
HET 1+2+3+4+5+6 2 12 6+7
MHBEPCHS |1+2+3+4+5+6 1 7 _42_ 67
OBLIa 1.23-4-56 6 2 12 6+7°
[Tocne uHBepcuM MATH U3 CEMH CTPYH 3a3BY-
YaT ¢ MOTEHI[UAIOM JYIIIH:
6:7=4252, (4.217)
a 1Be OytyT OpeHuaTh.
Torma ®o- 13 3apoasimesoro Ilyssipeka B Henpa Snpa
XaT, pasrue- | KBaHTa CBETa MOJ JABJIEHHEM NPOU3OLILIO U3ITY-
BABLINCH, YeHHE TPABUTALMOHHO-IJIEKTPUUYECKOTO HMITYIIb-
BBIIYCTHII ca, KOTOpBIN momnas B nosie /[3uan cdopmupoBan
HOTOK TLIa- MOJIOKUTEIBHO-OTPUIIATENIbHBIE  3JIEKTPOMArHUT-
HBIE TIOJIS:
MEHH, KOTO-
pbIi B35l B I'paBUTALMOHHO-)JIEKTPHYECKOE
KOJIbIIO He- U3BEpP:KeHHe s/Ipa CBeTa U
Oeca u pas- TpaHchopManus 3TOro MmoJjisi B
6YIII’IJ1 Amy- 3JIEKTPOMArHUTHOE
POB HA HX H3Bepxe- [Tepexon
BBICOTAX. Hus (Tpa- AJIEKTPOMArHeTU3MY
BUTAIUS 3emuist Hebeca
) O (4.218)
7
] ~[pdp=
" pdp= *
p*_7 49 _To_#
- *
g* 4 7 u 8 q
g =— Koo B
q [Inamenu.




B uyBcTBY0mux, Ho BHe @opMmbl (Amypax),
TO ecTh Haxoassmuxcsa B Kuzam mo Kuszam -
npocHynack [lamsars (u*, 4.218).

Ha Berpe ux

Berep KpbLIbeB HMEET Pa3HOCTb MOTEHLHUA-
aoB (4.218) Ilamsitm AmypoB (4.218), wiu

KPbLIbeB

(ITamsaiT!) najIbMy:

ObICTPO

NPUMYAIHCD ki = pu*/q* - (-u*/q*) = 7/8+7/8 = 7/4. (4.219)
Onuu u3 nap- I{apcTBO MOKOS XapaKTEPHU3YETCs HAJIUYMEM
CTBA MOKOSI M | HOJIb-TIOTEHIMAIA:

00paTWINCH

k Doxary ¢ HHq*+H(-u*/q*) =0. (4.220)
peubio, ro-

BOPS TAKHE

cJI0Ba:

"OnycTn "OnycTd CTOIy CBOI, €C/IH XO0Yellb...", TO-

CTOIY CBOIO,
eCJIM Xo4Yellb
3TOro, M 3a-
BepIUH CBOM
mar, Ho
npeskae 4em
ThI c/IeJ1a-
elb 310, y3-
HaM, YTO 110
TOr0, KaK
BHOBb 3aHe-
celllb CTOIY
CBOIO,

rJla TIOSIBUJIOCH OBl YHEPTeTUYECKOE TOJIe CKATHUS

or 0 1o -1 (puc. 4.15) ¢ IPOIOIKUTEIHLHOCTHIO
2

T,

-1
k=T, [pdp =
0

16%5:[0 — (1) ] =-8 =— Toc/wo.  (4.221)

MBI ¢ HALIIM-
MM OpaTbsi-
mu, boxecr-
BE€HHBIMH
Crpoures-
MH,

BoxkecrBennbie Ctpontenu (4.210):

I.* = 10*.

OTAAANM
Cobinam
Maiin

Croinbl Maiiu (4.200):

ky* = 8-107.
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Bce T00OI Bcé 100010 cKpbIBaemMoe - BHYTpEHHEE IOJIe
CKpbIBaeMoe, | CBCTa:
U JIBE CTPY- _ 1-2:3-4-5 :12O:6 (4.222)
HBI JIUPBI P 142+43+4+5 15 S
0oJib11IE HE A
OyayT 3By- Amypsl rpo3at Poxarty otHiATh Y Hero IIpo-
1aThb pac- OJIKHTETHLHOCTH:
CTPOEHHO". I *ky* -k ks =
10*-8-10%-6:7/4 = 12-7-10* =

Tot(T,+1)10°%. (4.223)
"Koraa mep- | Hauunaercs paccMoTpenue npo0ieMbl M3MeHe-
Basi CTpyHa HUS 1aBJICHHS IPHU Nepexoie 001aCTH HOJIb-
3a3BYYHT B NMoTeHnHAaJa J000i BoiHbI (puc. 4.16).
MOJIHYIO CH-
JIy - Thl M- T T
pelb, 100 o 5 5
ThbI CTAp M 0 2 g
TBOSI padora ©
MO4TH 3a- l l
Bepriiena, Puc. 4.16 Ilepexoo Honb-nomenyuana
MOTOMY

. 6 npoyecce 0asnenus

yMepb CBOM
THeB M Jail Ecnu 661 @doxat ocMenHics MpoIoibKaTh
MECTO yCH- JaBJIeHHE B 00JIACTU OT HYJIS 10 MUHYC €IUHHMIBI,
JIMI0, €CJIN To OH nosty4ns Obl yCHJIME CHKATHUS, TO €CTh UM-

Xo4enrb Mpo-
IJUATH CBOM
COOCTBEeHHBIE

Tpyasl'.

Hy.]'IBC CJKaTHuAa B TpCXMepHOM HpOCTpaHCTBe
(4.221):

Vemme | k= -8 = -2° = -(Towo/c)* . [(4.224)

*
k%

Yceuname cxkatus (k;) B [Ipoao/LKuTe IbHOCTH
CKATHA (Toz, puc. 4.16) npuBeaeT K MOTEHIIHAII-
SKBHUBAJICHTY IMPOU3BEACHUS BCEX DJIEMEHTOB Be-
mukoit [Tupamuns! (puc. 3.10, 4.224):

Toko = 16(-8) =24 = 2>, (4.225)




***
Mexny ycunuem cxarust B cryctke (Pyma) u

UMIYJIbCOM  PAaCHIMpeHHs  Oerymied  BOJHBI
(Toc/®o= 8) BOSHHKHET paBHOBECHE:

I[HHZIM](I‘IECKOE PAaBHOBECHUEC B BOJIHE

Pacmmpenue Cxkarue

Nmmynsc Yceunue

o=-8=  |(4.226)

kp=Toc/mo=8

+1 -1.

***
[Ipo1OIKUTENBHOCTD PACIIUPEHUS UMITYJIBCA
paCIIMpeHHs ¥ yCHIHs c:KaTst paHa T, .
Mexny 3aponpiieBbiM [1y3bIpbKOM B CIyCTKE
(Pynma) n MexranakTuuecKUMU BoJIHaMu (Apy-
na) BO3HUKAET JMHAMUYECKOE pPaBHOBECHE B
¢opme nyabcanmu mexay XaocoM u ['apmonHm-
elt, hopmupyromeit Jl3uaH:
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IMyabcanus ¢ noreHuuaaoMm JI3uan

(4.226)
beckoneuHOCTH 3apopIeBbIid
Meraranaktudyeckux | Ily3bIpek crycTka
BoJH (Apyma) (Pyma)

1 . (4.227)
) [ dop=-Y2 -1) [ dp=+V

) [pdp=+Y2 | (Dpdp=-Ya.

Uucno coyeraHud IEpeMEH HaIpaBICHUN
JIBIDKEHUS B 3ToM Tioie (4.227) OyaeT paBHO 1O
7IBA U3 YETHIpEX:

4 1.2:3:4
(4-2) 1.2

C: = =12=T,r. (4.228)

Oto BaxHelee Yucno Penurun u Muctepun
JIOHOCAT 10 Hac Kak Amocrosnbckoe YUucno wnm
UYucno 3nakoB 3oaMaKa.

***

®opMHpOBaHKE HAa TPaHULIE C HOJIb IOTEHIIMA-

nom J{ust u Houn (4.87, puc. 4.11, 4.16) npuBoaut

K Pa3HOCTH MOTEHIINAJIOB, PABHOM:
H-J1=2046 - 2016 = 30. (4.229)
Bo3HuKkawT cuHe-roryobie KojieOaHusl B CIEK-

tpe cBera (3.131). Ilossnserca Yakpa Tperuit
I'nas.
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CmaHnua VI [3]

CraHua onuchIBaeT BaxkHeHllee (U3MUECKOE SIBICHHE
CMEHBl PacUIMPEHUs MaKCHUMAaJlbHO CXATOTO Mojs. Mbl npu-
BBIKJIM HA0JII0IaTh. PACIIMPEHUE CMEHSETCS CHKATUEM, MPHU-
TSOKEHHUE - oTTajlkuBanueMm. Ho, Ha0aroaasi, Mbl He MOHMMA-
eM ruIyOMHHBIX siBJeHuil mpoueccoB. Ctanua VIII onuckiBa-
€T IMEHHO TTyOMHHBIE PUYUHBI TUX MPOIECCOB.

1. JIsst TOro 4TOOBI C:KaTHE MOTJIO MOJHOCTHIO YHUUTO-
KUTh paclIMPeHre, KaK IKCIJIyaTallus - TATY K cBodoje,
JKCIUTyaTaTopaM Haao Tak Haxkath Ha CkotoB-lI'oeB, 4TOOBI
ATUX WU3TOEB PHIHOYHOM 3KOHOMHKHM cTpammia Cama MbIcab 0
Coboze.

Jns moGenpl HAA0 MOACYMTATH CHJIbLI MPOTHBHUKA:
Coiabl Maiin (4.200), moTeHuuan 3anpeTHO TIPaHMLbI
(4.65), Tonkyto sHepruto (Uxaii) 3anpetrHoit rpanuiist (4.200),
3aTeM OIEHUTh CBOM CHJIbI (4.208), HAWTH COINO3HHMKOB
(4.210) - 1 MO’XKHO MPUCTYMATh K MPUBATU3AINH.

2. JlaBneHWe HE CMOIJIO YHHUYTOXUTh Pacmupenue
(4.211). Joctmxenune obmacTelt KpUTUUECKUX JABIEHUHN CIIPO-
BOLIUPOBAJIO IK30TEPMHUYECKUN B3PBIB C BbIJICJICHUEM SHEPTHUU,
CIIOCOOHOM TBOPHUTH HOBBIE DPOPMBI DHEPTUH, SKBUBAJICHTHBIC
cBety - 2-18, Boxe - 18, cybcrpykrypam - (9+0), Csatomy [y-
Xy - 24, rpaButauuu - 28... u Tak aaiee. Cpeau 3TUX HOBBIX
(dopM 3HEpPruM NOSBISIIOTCS SHEPTUu cBeTa (Marepusi) u sHep-
rust Kynnanunu (Tonkas Dneprus) (4.212).

KyHnanunau, kak 3Heprus paciuupenus, popMupyer mno-
ns1 BHe-Dopmbl (Apyna), CBeT SBAsSETCS UCTOYHUKOM TOJIEH,
umeromux ®opmy (Pyna). TodeuHblil y4acTOK BOJIHBI CBETAa,
pactupssch (epexo/is Ha BHENTHUE OpOUTHI), popMHUpyeT Bce
IISITh CYIIECTBYIOIMX B [[pHupoie B3aumMoaeiCTBUM:

¢/, =2 =g pip2p3paps, (4.230)
MPUBOJIUT K MOSIBICHUIO J[3naH:
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[ PR i 4231
62_.([¢)(01/I ° 2!40(/7, (4.231)

sHepreTudeckor ocHoBbl KocMo-, AHTpono- u Teorenesuca.

@opmupoBanue J[3maH NOpoOTEKaeT TMOJ [ABICHUEM,
ormucanHbpiM Craniei kak myrtemectBus Poxara mo Geperam
Temuoro Iloroka (4.213, 4.214).

3. Ha Illectom ypOBHE rpaBUTAIMOHHOTO MOJISI MEXIY
MOTEHIIMAJIaMi TOBEPXHOCTEW KBAaHTOB cBeTa U KyHnanuHu
BO3HUKA€T PABHOBECUE C MOTEHUUAIOM, paBHbIM 6. OnHAaKo,
BHYTpEHHHE Toyisi cBeta W KyHOanuMHU MyJIbCUPYIOT TIO-
pazHomy (4.215). Hymesnas (4.217) rapMoHusi BOCCTaHABIIH-
BaeTCs MOCJE UHBEPCUU, HO TOJIKO Ha MATH U3 CEMU YPOBHEU
rpaBUTAMOHHOTO 105 (4.216).

4. HenocTtaTo4HOCTh MAarHMTHOM 3HEPruM B 3apOIbl-
meBoM Ily3bIpbke TpaBUTALMOHHOIO IOJIS, & TAKXKE MPOXO0XK-
JIEHWE MarHUTHOTO MOTOKA Yepe3 KUJKYIO IJ1a3My B JIA3€PHOM
TOUYKE CBeTa (MJIM Yepe3 Marmy 3eMJin) BbI3bIBAE€T U3BEPKEHUS
IPaBUTALMOHHO-3JIEKTPUUECKUX UMITYIbCOB (4.218), KoTOpbIE
3a cueT myJbcanuu - /[3maH nepexonsTr B OTPUUATEIBHO U
MOJIOKUTENIBHO ~ 3apsDKEHHBIE  DJIEKTPOMArHUTHBIE  MOJIA
(4.218).

IlosiBjieHHMe MarHMTHBIX UMIYJdbCOB B Hebecax, Ko-
TOpBIE TOCJI€ TPABUTAIMOHHBIX U3BEPKEHUN KOJIBIIOM OKpPY-
JKUJIM CTYCTOK, HAPpYIIHI0 mokou Kusuu 1o ’KusHu.

YyscTrByromme u BHe-GpopMbl (Aulyphl), UM MBI B
Kuznu no Kuzuu mnm B Kuzuu nocie Xuznu, - npoOyau-
nuck. Ha 6a3e BooOpaxkenus (q*) y HUX mpoOyauiach NaMsTh
(U*), 1 Ha KPBUIbSX MArHUTHBIX UMIYJbCOB [lamstu (4.219)
Amypsl  HOpuJeTeIM  HA  BBIPYYKY  HaM, TPEIIHbIM
(4.220+4.223). OHu BbIBEJIM HAC HA CBET U3 00JIACTH KPUTHUYE-
CKOro JaBjieHHs U rpo3unu Poxary, uyro aumar ero IpomgoJ-
KU TEJTBbHOCTH.

5. Ilponosmxenue naBjaeHusi Ha 3apoabieBbiii Ily-
3pIpeKk B cryctke sigep (Pyma) mpuBoaut x Tpanchopmammu
MMITYJIbCA C)KaTHsl B YCHJIME C:KATHSA, TO €CTh pacHpOCTpaHe-
HUE UMITYJIbCA CXKATHS MO TPEXMEpPHOMY MpocTpaHCcTBY Ily-
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3bIpbKa (4.226). Mexny Apynoi pacuumpsoueiics B Merara-
JAKTUKE BOJIHBI M YCUJIMEM JIaBJICHUSI B IMy3bIPbKE HACTYIAET
paBHOBecue (4.226). OnHako, 3TO TUHAMUYECKOE PaBHOBECHE,
KOTOpOE MposBIseT ce0s B popMe Mmyabcaluu MEXy Xaocom
u ['apmonueii (4.227) u umeeT BO3MOXKHOCTh 12 pa3 u3MeHUTh
HaIpaBJeHUE IABUKEHUS MO LIECTH KOOpJAMWHATaM (+X,ty,*z)
TpeXMepHOTO  TpocTpancTBa (4.228). D10 uHcmo —
12 = Tyt = [£x| + [£y| + [£z| — Penurun u Mucrepun 10oHOCST
0 Hac Kak AmoctoJjbckoe Umciao mwim Yucao 3HakoB 3o-
JHAKA, OHO CBSI3aHO CO CBETOM, UMITYJIbCAMH U 3apsiJIaMHU:

p*- q* = (28 - 16):10*=12-10" 5 1210 =
(28 -16)10%=p - q. (4.232)

B sTOoM mose, mpu c:xkaTUM, BHYTpH KBaHTa cBeTa o0Opa-
3yeTcsl CIMEeKTP CBeTa, a NpU pacHIMpeHdH — paayra (puc.
4.17). Bozuukaer Tpernii I'na3: pagyra Meicnu - Bnagsika
Boo6paxenus (4.229).

4.9 CtaHua IX. 5
Mo3r CbiHoB Bonu n Uoru -
TBopeuy MaTepuanbHoOCTU

1. C Bocroka, 3anaga, CeBepa, IOra npunumm 4erBepo
Cearpix. Ilo nyru Onu coOpanu HcrpedOuresiei, ToJmuB-
mmxess Ha Ux gopore, M 3aCTaBJIsUIM MOCJICAHUX JABUIATHCS
ObICTpee.

2. Y "3anperHoil rpaHunpbl'' OHM OCTAHOBWINCH U
KpukHyad B oguH rojoc Kean-IIIn: "Ckaxu TOIbKO 01HO
CJIOBO, CJIOBO M3 JIBYX 4acCTeil, U YCJIBIINM €ro Ioj Byalbl0 Ha-
LIHX KpbLIbeB''.

3. Torma rpomkum rosiocom KBan-mmm mpomssesia 310
c10B0. OT Hero B3APOrHy/JM He0eca U BHOBb OTKPBUICH IMYTh
Mexay ornennoii Kpacnoii 3Be310ii u 3Be3/10ii, KoTopas ObLIA
OYMILIEHA OT CBOEH YePHOTHI.
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4. Ckazan O Carbeim: ""Colepute CBOMX X0351eB U C/ie-
JIalTe KWINIA, K0cToliHbIe AHresqi0B I'ostoca. Onu mposexyT
HOBOpO:KIeHHBIX ChinoB Bosm m Horm nmo orkpbIToii MHOIO
Tpomne, YTo0bl OHH CMOIJIN 3aceIuTh orHeHHYI0 Kpachyio 3Be3-

1y HOBOI pacoii ".

*
%%k

Pacwugpoeka CmaHusbi IX [3]

CraHnna: i}
Ne BBIPAYKCHISL CMBICTT BBIpaXKEHUH
C Bocroka, B Heiipone ceporo BeriecTBa ro10BHOTO MO3-
3anana, CeBe- | I'a - HOCHUTETA Yakpsr Tperuit ['nma3, Hauaioch
pa, FOra npu- | o6pasosanne 3apoasimesoro Iyseipbka, T0u-
IIUIH YeTBepo | HO TaK Ke, KaK 5T0 OBLIO B JIPYTHX sapax (puc.
CBATBIX. 3.6, puc. 4.9, puc. 4.17).
1

Puc. 4.17 Pe3onancnoe ¢popmuposanue 3apo-
ObLULeB020 NY3bIPLKA HEUPOHA

B 3apoasimesom Ily3bipbke Helipona Oyner
IIPOMCXOANTh PE30HAHCHOE B3aUMOJEHUCTBHUE
MarHUTHBIX UMITYJIbCOB U 3apsiioB (puc. 4.17).

[Ipuyem 31O B3aumojeicTBUE OyIET MpOTe-
KaTbh B YCJIOBMSIX LHC-U30MEPHH 3apOJIbIILIEBOTO
Ily3blppka HeHpOHA JIEBOr0 MOJYLIAPHA TO-
JIOBHOTO MO3ra W TpPaHC-M30MEepHH INPaBOro
MOJIyLIApHS:
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I'osioBHOI Mo3r
(3apoaplleBble NY3bIPbKH HEHPOHA)

JleBoe nonymmapue
(umc-uzomepusi)

[IpaBoe nomdymapue
(Tpanc-uzomepus)

JI, =
+%(—ﬂ)ﬂ*(—ﬂ*)ﬂ
=+7-14

IL, =
_%(—ﬂ)ﬂ*(—ﬂ*)ﬂ
=-7-14°.

(4.233)

ITo nyru Onu
coopasm Uc-
TpeduTe e,
TOJIHUBIINXCS
Ha Ux nopore,

Ha nonxoae x 3apoapimeBomy I1y3eipbKy
MAarauTHbIM 3apiaaM U UMITyJIbCaM NPHUIIIIOCH
MPONTH JKUIKYIO (ha3y Ceporo BellecTBa rojoB-
HOI'0 MO3Ta, HACBIICHHOTO I'PaBUTAllTUOHHBIMU
3apsaaMH U UMITYJIbCaMU, HAXOALUMUCS B aH-
TUPE30HAHCHOM PEXHUME:

I'onosHoit Mo3r
(rpaBMTalUsI B CEPOM BeleCTBe)

JIeBoe nonymapue
(TpaHc-uzomepus)

IIpaBoe nonymapue
(1mc-uzomepus)

JI. =
[0)
7‘) (p*p - (-pp*)
=-414°

I, =
,
+7° (p*p - (-pp*)
=+4-14°,

(4.234)

HcTtpeburensMu rpaBUTallMOHHOE MOJIE Ha-
3BaHO IIOTOMY, YTO OHO JIBUYKETCS B HalpasJie-
HUU, TPOTUBOIOJIOKHOM MarHuTHOMY (4.233).

1 3aCTaBJISLIH
MOCJIeTHUX
ABHUIaThCSI
ObICTpee.

Pe3onancHbBIC MAarHUTHBIC TIOJIS YCKOPAIOT
ABWIKCHUC aHTUPC30HAHCHBIX I'PABUTALIMOHHBIX

(4.233, 4.234).

I'osioBHOM Mo3r
(KOHTAKT HelipoHA
¢ cepbIM BelecTBOM)

«(7/4)14=-7"12

IIpaBoe
JleBoe nomymapue
noJrymapue
3 3
mne 7% e T4
—-4-14 —-4.14

«(7/4)14 = -7*/2.

(4.235)
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Y "3anperHoi
rpaHuub"
OHM OCTAHO-
BIJINCH

Konrakt 3apoasimenoro Ily3pipbka Heil-
POHA C CepbIM BeleCTBOM I'OJIOBHOIO MO3ra
NPUBOIHT K (POPMHPOBAHHIO TTOTCHINATIOB +7°/2
(4.235).

Orto moie (4.235) MoxeT ObITH Apynoit
Kynaanunu ¢ IIpogonxkuTe/IbHOCTHIO
(Tot1=7):

Apyna Kynpaanuu
JleBuzna [IpaBu3na
paciiupeHust pacIMpeHus
+72/2 =7/2 (T+1) S =772 = -7/2 (To+ 7).

(4.236)

2 | M KPUKHYJIU B Ho moxer takxe popmupoBats "000104Ky"
O/IMH T0JI0C (morenmman 49, [8]), Kopy JE€BOTO U MPABOTO
Kpan-11Iu: MOJTYIIAPHUI TOJTOBHOIO MO3ra:

"Crazku Kopa ("o0os10uka')

TOJBKO OHO T'ooBHOro Mosra

CJIOBO, CJIOBO JleBoe IMpaBoe

H3 JIBYyX 4yac- HoJIyIapue noJryuiapue (4.237)

TeM, U yCJIbl- 72 L 72 p

IINM €ro Mmoj +7549I¢d¢ —754916061(0-

ByaJIbI0 HA- . 1

X KPblIb- [TosiBunMCH KoneOaHus Mexay XaocoM U

eB''. I'apmonuei, To ecth KBan-Illu (4.237). U ero
yeabimaan noja Byaabio Kynnaaunm (4.236).

Toraa rpom- Temnas 3Be3na (4.197):

KHUM r0JI0COM wep(pu*)? = 14%10%.

KBan-mu npo- 3Be3/1a, OUMILIEHHAS OT YEPHOTHI:

H3BeJIa ITO wrd 144180

ca0B0. OT Hero (w*)" = 14-107 (4.238

B3POTHY/IH Ornennas Kpachas 3Be3na (puc. 4.4, 4.21):

He0eca M BHOBb

3 | oTkpbLICS MK AK| | (AKY =196-104‘5105p’ (4239
nyTh Mexkay AK T M| MK AT 196-10° ’
OTHEHHOM

Kpacnoii 3Be3-
no0ii 1 3Be3/10ii,
KOTOpas Obli1a
OYMILEHA OT
CBOCH YePHOTHI

Ksan-mm (4.21), Benukas Martsb:
P2 s 1 hary Ps.
***
DHI0-3K30TePMHUUECKUN MEPEX0]] MArHUT-
HBIX UMITYJIbCOB [lamsTu:
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Tlons
pomecest 3Be3na, KBaH-mm: OrueHnas
pont ounnicHHas | Bemnkas Kpacnas
OT YEPHOTHI Martb 3Be3na
;gggg W= | p;S1Sps | ps=
secHe 14410 |10'51510 10
S0 | o | 515 —1(4.240)
TepMus K7 p2 Ps
4 3 2
Momsas  |(UW¥)'p2” | S p’ S 1
SHIOTEPMHS 4 3 Sp,°-
BCEro MoJIst (M*) P2 -1 IE)—T 0

Cka3zaa On
(BooGpaxenue q*)
CBATBIM (u*)*:
"Cobepure
CBOMX X035I€B
(mbicin (p*)?)
U caeauTe
KUJINIIA (060-
JIOUYKHU C IIOTCH-
uanom 7°), 10C-
TOWHbIE AHTe-

[TocTaBnennas BooOpakeHuem 3amada BbI-
MOJTHSIETCS KaK OTHOILIEHHE KOHLIEHTPUPOBAH-
HBIX UMITYJIECOB ITamsatu x UMITyJIbCaM Meicnu:

() 14*10%
(p*)z - 282 '1040 -

7210% - v6onouxa =

(To+r)2- 10% - 2amma. (4.241

JoB I'ostoca

(ramMMa B TIOJTC

(OHOHOB).

Onu (4.241) [luc-TpaHc-u30Mepus pa3iesuT 000I0UKY
NPOBEIYT HO- (4.241) na neBoe u mpaBoe oIy apys TI'onos-
BOPOKIECHHbIX | HOTO Mosra CeinoB Bosn u Moru:

CrpinoB Boun
u Moru no ot-
KPBITO MHOIO
Tpome,

4TOOBI OHH
CMOIJIH 3ace-
JINTh OTHEH-
Hy1 Kpacnyro
3Be31y HOBOII
pacoii".

@dopMupoOBaHHE MOJTYIIAPHI MO3ra
JleBoe IIpaBoe
[{uc-n3omepus Tpanc-n3omepus

7-10%°=+/7%-10% $-7-10=-/7%-10% .

(4.242)

Yro6s1 Mosr Ceiros Bonm u Horu cran
TBopoM HE ToIBKO BooOpaxkeHus, HO 1 MaTe-
pHaNbHOTO 32 cueT A (HEKTUBHOCTH B3aUMOICH-
cTBuii cBeTa (ps) Kpacnoit 3se3nnt (4.239).
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***
CmaHua IX [3]

Cranna onuceiBaeT mporecc GOpMUPOBAHUS TOJIOBHOTO
mo3ra Yenoseka Bonu n Uoru.

1. MarauTHbIC 3apsbl B UMITYJIbChl B3aUMOJICHCTBYIOT
B 3apoabimeBom Ily3bipbke Heiipona (puc. 4.17) B pe3so-
HAHCHOM pe:xxkume (4.234).

Ha nytu x 3apossimeBoMy Ily3blpbKy MarHuTHbIE 3a-
pSAAbl U UMIYJBCHl MPOXOJAT Cepoe BellecTBO T'OJIOBHOIO
Mo03ra B 00beMe HeMpOHa, TJIe BCTPEYaIOT COMPOTUBIICHUE aH-
THPE30HAHCHOT0 TPABUTALMOHHOTO moJst (4.235).

['paBUTALIMOHHBIN MOTOK yckopsieTcsi (MmarnuTHas Ila-
MATH YCKOpsieT rpaBUTanMoHHYI0 Mpbicasb). [luc-TpaHnc-
MU30MEPHS MEXKIY JIEBBIM U IIPABBIM I1OJIYIIAPUAMU TOJIOBHOIO
Mo3ra coxpansiercs (4.236).

2. Ilynbcamusi 3HEPreTUYeCKuX MOTOKOB MeEXAy 3apo-
apimeBbIM Ily3pIpbKOM HelipoHa M cepbIM BelIeCTBOM B
o0bemMe HelipoHa Mojo0OHA MyJbCcallMd MEXAy 3apoablie-
BbIM Ily3bipbKkOoM B Heapax siapa 3eMJld M MarMoil siipa
3emuu.

Takasa nynbcanus naer Apymy Kynpanunu (4.237) u
Pyny aurocdepsl 3emin, i Kopy NMoJylIapuid roJI0BHOIO
Mo3ra (4.238).

3. BzaumopencTBuUsl, CHavYaia 3K30-3HA0TEPMUUYECKUE, a
3aTeM SHIOTEPMUYECKHE, YBEIMYMBAIOT NoTeHIUan [lamsTu
Heitpona 10 (u*)* p,’-1.

4. BooOpaxenune Coznmarenss coBepiieHCTByeT Mosr
CoiHoB Borm n Horu (4.241) n Yix Mosr craHoButcst TBop-
oM MarepuanbHoro (4.242).
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5 Kunura lNepemeH

Yr1BepxnawT, uto Knure IlepemMen Tpu Teicaun JIET, a
e mpenHa3HauyeHHe - ObITh Tramankoi-opakyiom. Ho Kumura
Ilepemen cama yuactByert B [lepemenax, Mmonenupys ux.

CBoliCcTBa, conepKaHUE U METONOJIOTHS CTUIIS MU3JI0KE-
HUS 3aCTaBisOT MeHs oTHecTH Kuury IlepeMen k nureparype
Benukon [{uBunuszannu, BO3pacT KOTOpou, cyas mo CraHiam
[3uaH, He Tpu ThICSAYHU, a 10 MUJJTUOHOB JIET.

Knura Ilepemen onuceiBaet Tpancpopmanuio Bcex
Heprerudyeckux ®opm, cymecrsyromux B Equnom Koc-
Moce. OnKChIBAaET B YCIOBUAX COOJIIOJAEHUS 3aKOHA COXpaHe-
HUSI DHEPTUM.

Knura Ilepemen, kak u Cranusl [[3uaH, 1eJ1uT DHEPruto
Enunoro Kocmoca Ha Tpu ocHOoBHble @opmbl: Cusinue Jin
(Tonkass Dueprus, "Kopennb"), Hunb (Hebeca, cer), Taub
(Marepust, CrycToK).

Tabnuna rekcarpamm B Kuure [lepemen - 370 HHCTPYyK-
OUsl JUISI DHEPTETUKOB '"HA3€MHBIX' CTallMOHAPHBIX 3HEPro-
CTaHLIMM WM HECTAIMOHAPHBIX, B TOM YHUCIIE JIETATEIbHBIX
anmapaTtos turna HJIO.

Onepretukn Benukon LluBwimzanumm, urpas rekca-
rpaMMaMH, KaKk IIaXxMaTHbIMU (pUrypamu, MOriid J0OaBIATh B
M0y TOUKY (KJIETKa Ha IIaXMaTHOM JOCKE) HEOOXOIUMOe
KOJIMYECTBO dHEpruu B popme MeTaraiakTHUeCKUX BOJIH.

PacmmdpoBkoii 3TUX BOMPOCOB MBI U 3aliMeMCs, HayaB
C BHYTPEHHETO MOJIsI KBAHTA CBETA.

5.1 CBeT n KyHgannHu B peunHkapHauuu lNepemeH

1. Usomepus caywieHusi

Crymenue MeTarajakTu4eCKUX BOJIH HAYMHAET TO-
YEUHBIN y4aCTOK BOJHBI CBETA C YTIIOBOW CKOPOCTHIO 0,=T/2.

CrymieHue MmpoTrekaeT B I0Jie BOJIHBI CBETa, TO €CTh B
noJie e€ UMITyJibca BpaieHus, paBHoro E,o, = 1/n-1/2 = 1/2.
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OcBeleHHas tZ
MOBEPXHOCTh

KBanr csera:

X 3JIy4aTesb, SIpO
-Z

Puc. 5.1 HU3omepus ceywenusi 8 mpexmepHom npocmpancmee

OT1O0T uMITysc 3acrasisieT KocMoc mynsCcupoBaTh € MO-
TeHMaioM /[[3uan ot Xaoca k ['apmMonum m ot ['apmoHun k
Xaocy.

Crymienue nporekaeT B TpexmMepHOM MPOCTPAHCTBE,
MMEIOIIEM IIeCTh CTETeHeW CBOOObI MepeMenieHu (+x, £y,
+z, puc. 5.1).

[TornomeHHbli paBHOBECHBIM BOJIHOBOW HMITYJIbC W3
MeTarajakTHUKU onpenenser opauHatsl [IpoctpancTsa:

Sin’a.+ Cos’a=1=x=y=z. (5.1

Ch’o + Sh’a=-1=-x=-y=-z (5.2)

CymMMa 3THX BOJH TPYNIUPYET MPOCTPAHCTBO B IUC-
TPaHC-U30MEPUYECKHUE MOJIS:

N3omepus IlpocTrpancrBa
Iwc- Tpamnc- (5.3)
xtytz=3=E"1 -x-y-z=-3=-E-1.

dynnameHTanpHbBIM CBOMCTBOM lIpocTtpancTBa B m30-
MepuH (npu paBHOHM [IpoIOIKUTENBLHOCTH) SIBISIETCSI CLIOCOO-
HOCTB B cityuae cyMMbl ¢popmupoBaTh Xaoc: 0 = Et+(-Et) =0,
a NpU HAIMYAKA PA3HOCTU — IIEPEXOIUTh K I'apMOHMM cBeTa:
6 =E-1-(-En1).
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2. [Qyanu3m lNpocmpaHcmea

IIpocTpancTBa BHe DHEPruM HeT. DHEPIUs TOCTUTAET
HauOoJbIIeH IMIOTHOCTH yrnakoBku B ¢opme I[llapa. Ilpo-
CTPaHCTBO Kak ¢popma DHepruu Mmakcumym TpexmepHo (puc.
5.1). bonee yem Tpexmepnoro [IpocTpancTBa Her.

[TpoctpancTBo Kak gopma DHepruu myascupyeT. OHO
uckpuBisieTcs (mo DUHIITEHHY) U 0CBOOOXKAAETCS OT KPUBU3-
Hbl (1o EBknuny). Ho Hu EBknna, Hu DUHINTEHH AaXke HE J0-
raJipiBanuch o ayajausme Ilpocrpancrsa:

Jlyajiu3M mpocTpaHCTBA B MoJie CBeTa
HckpusienHoe Cser He nckpusieno
R =A = 1g pipap3paps=2 c=n R =1g pipapspaps
®opma BOJTHBI Horex- R=2=\ Hores- niopa
1uan 1uan BEKTOPOB
oo Mt E,
berymias >nR=4n "M E | 4=9R OTpe305<
OKpY>KHOCTh MPSAMO
5 5 (5.4)
Kpyr | nR™=4n 16 4=R Ksanpat
m=
ToBepx- | TTopepx- AnR2 | (m vy ) Ky6 6e3
HOCTHAsL |  HocTh 16 o | 164R IBYX
cheps —1on rpaHe
4 7R = 4t = 4 7R* = | OObem ITu-
O0beM- [ap f (Gme + ?,z )i f pamMuIbI
Hast Va | Zgag | "0 | Z84x | v=teln=4)

3. CeoboOHasi QHepaus

Bounnsl, 3amonsss cheprudeckoe TpeXMepHOE POCTpaH-
cTBO (puc. 5.1), 3acCTaBisIIOT €ro MyJIbCUPOBaTh: OHU TO HC-
KPHUBIISIIOT, TO BRIIPAMIIAIOT [IpocTpaHcTBO.

[Tonaganue ummynbca B 00bem Chepsr:

Vux(h= mc\/m ol
1/3x8x4nx1/2"4n = 1/3x8x2™ = 1/3xaH =V, , (5.5)
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IPUBOJUT K (OPMUPOBAHUIO HEUCKpHUBIEHHOTO [IpocTpancT-

Ba C MOTEHIMAJI-)KBUBAJIEHTOM, PaBHBIM 00beMy (V,) Bemn-
) 2 .

kol [Iupamunpl, rae a” — e€ ocHoBanue, a H — BeicoTa.

Benukas LluBunuzanus 3Haia: eciau yepe3 NUpPaMULy
IpOXOAUT MeTrarajgakTuyeckas: BOJHA, TO BBIACISAETCS CBO-
O0onHast SHeprus, paBHas MOTEHUUATY HPOXOJALIEH BOJIHBI,
n60 [Mupamuna He u3mensietr ceoro Gopmy.

IMosry4yenne cBOOOHOM IHEPTUH OT reoMeTpudeckux ®opm
MarepuansHoe
[Tona MeraranakTuka [Tupamuga P
oJie
Pexum AHTHpE30HAHC Pe3onanc Anrtupesonanc | (5.6)
Bomab! C=AY+®,=C/2 | —=C,ViCwo,— | ctm,= 3/2X®,
nc- | Tpanc- | CBobOonHas
IIpoueccsr 1 ‘ P A
H30MEPHUsI OHeprus.

dyanusm IlpocTpancTBa Mo3BOJIsIeT MOJY4YaTh JHEP-
T, cHuMas e€é ¢ JwobIx ¢opm, ¢ororpaduii, UKOH,
Knur, IlTupamua. JTro6as ®opma IIpoctpancTBa MOXKET CTaTh
HMCTOYHUKOM CBOOOJHOM »HEpruu. JHeprocranuuen. Bemukas
[uBuimu3anus ymena 3TUM IOJIb30BaThCS B TEXHUUYECKUX IIE-
JI4X. Y Hac IOKa TOJBKO SICHOBUIAIIME TBOPAT yyjeca — IO
dboTorpadusiM — u3ydast ©X YHEPTHUIO.

il
Ungpopmayus, 3anucannas ¢ Knuee Ilepemen — 310 CBO-

0onnas sHeprus. [loatomy Kuura Ilepemen cama yyacTByeT B
Ilepemenax, Mmonenupys ux.

4. CuHxpoHHas uzomepus lMMpocmpaHcmea

[{uc-TpaHc-u3omepuiecKas yJIbCalUs CryCcTKa-
IIpocTpancrBa (5.5, Puc. 5.1) MoXeT npoTekaTb CHHXPOHHO,
a MOKET OTCTaBaTh O ¢aze, HO OHA Bcerja OyJeT pe3oHaHC-
HO-aHTUPE30HAHCHOM:
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CunxpoHHO-u30Mepuueckas myJjabcamnusa [Ipocrpancrea
(5.5)
AHTHpE- PesoHAHC AHTHpe-
30HAHC 3oHanc | Cymma | Pasnocts | (5.7)
(1c) min max (Tpanc)
E1 -Et/Et | (-E1)Et -Et -ps  [-5-9-1-(+3)
=3 =-1 =9 =-3 =-10 |=16=-T,"

IIpn cuaxpoHHOU mysbcanuu cryctka B IIpocTpancTse
BOZHHKAIOT B3aHMOJCHCTBHS cBeTa (-ps = -10) B epUOIHIHO-
cri -Ty” = -16, T/Ie 3HAK MUHYC TOKa3bIBAET, U4TO B3AHMO/ICH-
CTBHUSI HAIIPABJIEHbI B CTOPOHY CXKAaTHs CTyCTKA.

***
Benukas [Tupamuna onuceiBaet 3ToT mporecc (5.7) kak

MNepeMCcIICHUC OT OCHOBAHMU:A HI/IpaMI/I,IIbI K €€ BCPIIUHE, TO
eCTh KaK CKaThue oobema J0 TOYKH.

*
o 3

B mosie cuHXpOHHOTO CXaTHs BO3HHMKAET KOHTYp KoJIe-
oanus (5.7):

2

_,0; PN _TO
—T; —Ps

10 16
_<:>_
16 10

%‘%@%‘ — |64 < 23] (5.8)

Atopbl Cranil [[3uaH Ha3bIBalOT 3TOT KOHTYp (5.8)
"fliinom ¢ Ilenrarpammoii”’. B Ilepemenax morenuuan 64
cBs3aH ¢ TaAHb U onuckiBaeTcs 64 uepornudamu. 1ot 3apo-
neil B o0beme cryctka. [lynscanus Tsub B Kocmoce popmu-

pyet Llunsb:

1 0
64 [pdp =32 5 64 [pdp =-32
0 1 (5.9)

[uc-n3omepus Tpanc-n3omepus
Iusap Iluns.

351



Kaxnas u3 nonycdep Llunp onuceiBaeTcss 32 veporiu-
damu. [{uap — monoBuHa 000M0uKM Haja crycTtkoMm (Hebeca).
N Hebeca mynbCcUpyIOT B ITUC-TPAHC-U30MEPUH.

*
*k

[{nc u TpaHc-n3omepudeckne L{nHp CBsI3aHBI MEXAY CO-
0oii u ¢ TsaHp nsATepUYHOI 3HEpruei cBsasu (5.8):

JHepreTuvecKas CBsi3b B CryCTKe

MynbTUIIIIETHOCTD Crycroxk | MynapTUILIIETHOCTD
CryCTKa Tsanb CBSI3U
1 o 1 1[
Lol —o22] o ftde2ssie |55 e =
202 8 5 J5

5

riae a— cTopoHa ocHoBaHusA Bemukoiut [Tupamupel,

paBHasg 22 .

*
kk

(5.10)

MynbTHIIIETHOCTD TsATeprUHOM CBsi3H (5.10) dpopmupy-
€T TPaBUTAIMOHHBIE U MArHUTHBIE TTOJIS:

EnnncTBO cBSI3M, rpaBUTANUM U MarHeTu3ma (5.10)

CBs3b ['paBuTanus

Marsetusm

55 1H243+4+5+6+7=28 5 1 42°+3%+4*+5°+6+7°=140

(5.11)

EnuncTBO P+2° 432 +4°+57+6°+7° 140

CBsA3H

142+3+4+5+6+7 28
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5. BosiHoeasi npupoda 30J10Mo20 Ce4YeHusl

Ces3b (5.11) rpaBuTanu ¥ MarHeTU3Ma pacrpoCcTpaHs-
€TCsl Ha TOYCYHBIH YYaCTOK BOJIHBI CBETa U €r0 KoJeOaHUs ¢
NEePUOANYHOCTBIO T, A€IaeT TOYEUHBIM yYaCTOK BOJIHBI CBETA
u3JIy4yaTesaeM BOJH ¢ 30J10ThiM CeueHnem:

Touka BOJIHBI CBeTa - H3JIy4aTeab 3010ThIX BosH

(5.10)

AHTHpPE30HAHC

Pe3onanc

AHTHUpPE30HAHC

30J10ThIE BOJHBI
TPaHC-HU30MEPUU

Toueunslii yya-
CTOK BOJIHBI CBETA

3010THIE BOJTHEI
I C-U30MEPUH

1

J5-1

12 01929394 Ps

J5 -1
(\/§+l)j).(pdgo
1:\/§_1<:>_\/§+1:

2 2

<:>\E+1

e

=

[IpaBuno 3omnororo
CeueHUs

E

1

To=4=
—(J5+D)(5-D)—
MAKCUMYM
MUHUMYM
V5+1-(5-1)=2
BzaumoaernicTBus

1

\B+1

—>\E—1<:> -

(\/g—l)j(pd(p@

18 919293 P4Ps

\/§+1
\/g—l \/§+1
1: = :

2 2

1

[IpaBuno 3omnoToro
CEUCHMS.

(5.12)

30JI0TO€ CEYEHHME OCTaeTCs JIJId Hac 3arajkol moTomy,
YTO HaIlla HayKa HE MPEJICTaBIsAeT cebe¢ HU B3aMMOJICHCTBUM,
HU CBETA, HU U30MEPUHU BO BCEU €€ 3HAUMMOCTH.

[TooTromy Hamia Hayka ragaetr, Ho He no Kuure Ilepe-
MEH, a M0 MapajurMaM akaJaeMHUKOB.
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6. Mpasumauyus u ToHkass dHepausi
Kkak TsiHb e lNupamude

TsaHb (CryCTOK, SIAPO) HE OCTAETCS HEMOJBHKHOW TOU-
KOW OIOPBI IJis pblYaroB ApxuMmeaa v napagurm Halux aka-
J1eMUKOB. THAHBb MyJIbCUPYeET:

I'paBUTANMOHHBIC NYJILCHPYIOLIHE BOJHBI B AAPaX
I'paBuTalIMOHHBIE BOTHBI o ['paBuTanIIOHHBIE BOJTHBI B
B siape (TpaHC-U30MepHs) snpe (1rc-u3omMepus)
¢ ‘ 5.13)
1 1 (5.
(—@ﬁ el e o[Lon
2 12 V2
V2
CHHTE3 MYJIbTUILIETHOCTH CHHTE3 MYJIBTUILIETHOCTH.

HyJ’IBC&HI/IH I'paBUTAOWMOHHBIX BOJIH B CI'yCTKax CBE€Ta
IMPOUCXOJUT KBAHTOBAHO:

n=1,2,3,4,5,6

1/\2 5 V2 , (5.14)
B COOTBETCTBUU CO CTPYKTYpPOH BHYTPEHHETO MOJIsl CBETA
(n=1-2-3-4-5=15!) u ¢ y4eTOM OBEPXHOCTH BHYTPEHHETO
noJist ceera (n = 1-2-3:4-5-6 = 6!).

Astopbl Kauru llepemMeH onuchIBarOT MIECTEPKY rekca-
rpaMMoOil pepeIBUCTON JIUHUU (- - = 6), Benukas [{uBunu3a-
s CTPOUT 1o Gopmyie (5.14):

n=1,2,3,4,5,6,7

1=42 : (5.15)

BeJIMKYIO [Inpamuny. @yHaaMeHTaIbHOE COOPYKEHUE, dIle-
MEHTBI KOTOPOT'O COOTBETCTBYIOT I'PABUTALIMOHHBIM YPOBHSM:
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N3menenne rpasutanum u ToHkol JHepruun
B 00beMe ITupamubl
. Bonsl
JlyHHbIi DNeMEeHTHI OTHOMIeHUs 1
Tpuronomer- Tumep6o-
psn ITupamu bt KonebaHus
PHUYCCKUC JIMYCCKUC

1 ) ]

1 r ﬁ 1 \/5 llT
2 . -1

2 R 2 (iv2) I
3 . -i

; . e aay |
4 . 4 +17

4 2R 2 (iv2) it
5 . 5 -0

5 2a 2 (iv2) i
2 6 . 6 -1

6 a’=1( 2 (iv2) It
7 . -i

8 ) 8 . p +1

CONHIIE To V2 @i V2 )

(5.16)

B stom cnydae (5.16) pe3oHaHCHO-aHTHUPE30HAHCHBIN
noteHan ToHkoN DHepruu, GopMbl KOTOPO B3aUMOTpaHC-

bOpMHPYIOTCS ¢ TIOCTOSTHHOW CKOPOCTBIO i=C , OyJayT MMETh

2
MIEPUOANYHOCTS - T,

Tonkasi Jueprus B [lupamune (5.16)

IMonsa 9T OHKAA | b BHOBeCHE Kone6aune
HEPTHUS
1-(-i-i-1 1+1-(-1-1 4 4§
Paznoctun (=4i ) :(4 ) Viaar —-16 < +16

Konebaunus B nora-

ToHnkast DHeprus

Marepus

pudmMugeckux
JIEKTPOMArHUTHBIX
BOJIHAX

-16:1g(p3=10"%) = 1g10™* 5 Ig 10*=16:1g ps= 10"?).

(5.17)

B o6beme [Mupamuasl Bo3HukatoT ToHKHE DHEPruu, KO-
TOPbIE KOHCEPBUPYIOT NPOMYKTHI M 3aTauyMBalOT JIE3BUS; 4 B
COLIMYME BO3HUKAIOT akagemMudeckue Komurersl mo 0opsoe
¢ JukeHaykoi. JXnyT, OnakeHHble, HE MOpa JU 3aTOYEHHBIM

Je3BueM. .. kak Ocramna BCHI[Cpa Ha JABCHAALATOM CTYIIC...
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7. Ceem u KyHdanuHu: aHepausi peuHKapHauyuul

UYenoBek BOCHPUHUMAET TOHKYHO DHEPIHI0 YaKpaMH.
B yakpsl noctynaer s3Heprus KyHnainHu — 5KBUBAJIEHT CBETA,
HO C IPYro¥ 3aKOHOMEPHOCTBHIO MYJIbTUILNIETHOCTH ITOBEPXHO-

CTH:
Ceert u Kynjanunu B yakpax (paBHOBecHe)
Cger s Kynnanmmaun
Buytpennee | Iloeepx-| Cym- |Ilepe- | Cym- | IloBepx- BuyTtpennee
I10JIE HOCTb Ma X0 Ma HOCTb I10JIE
14+243+4+5=15 +[3-(-3) = 6] = 21 s 21 = 6:% + % = 15=14+2+3+4+5.

(5.18)

Bo3HUKaOT KOHTYpbI KOJEOAHUI MEXAy BHYTPEHHUMU
MIOJISIMU M TIOBEPXHOCTAMM, a Takxke Mexay Csetom n KyHna-

JIMHU.

C nosunun Kauru MepTBbIX: Ha 6-0ii JeHb NMpedbIBa-
HusA B bopao nmepex To6oi npeacranyr 42 I'po3nbix boike-
crBa. OHU BbIAAYT M3 TBOero cepauna. OHU MOpoKIAEHHE
TBOeH Yncroii JIrooBu. Ilo3naii ux.

Tak u ciyuunocsk, u6o (5.17):

05 +42,

(5.19)
a MbI BIUTOTHYIO TIOJIONUIN K Heooxoaumoctu [lo3HaHus 2HEp-
TETUKU PEUHKAPHALMH.

0+ -0
+1 T\ 1
+2 ! -2
+3 : -3 MUsuma (3)
+4 : -4
|

+5 | i | -5 Top(5)
+6 1 N -6
6 | o +6 Tor (6)
-5 : +5
-4 i +4  O3supuc (4)
-3 | +3
2 ! +2
ol ! +1

x!/»

Puc. 5.2 Oboorcecmenennvie nomenyuajlbl 2apMOHUYECKUX 60/IH
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B Emnmnom Kocmoce cymiecTByeT Ba THIAa BOJHOBBIX
MoJIeH: Oeryiye BOJTHBI TAPMOHUYECKHX KOJCOAHWI M BOJIHBI
norapu@mMuyYecKux KojeOaHu, BO3HHUKAIOIIUE TMPU COoyIape-
HUSX.

["apMoHHYeCcKre BOJIHBI OETYT 10 MOBEPXHOCTHU CIYCTKa,
Jorapudmuyeckue — B ero ooseme (puc. 5.2).

UtoObl MBI ObUTM OOJIEE BHUMATEIBHBIMU K OKpYIKaro-
niemy Hac Mupy, Benukas [{uBunuzanus o6oxecTBujia mo-
TEHILMAJIbl YEThIpeX UMITyJbcoB: M3una-3, O3upuc-4, ['op-5 u
Tot-6.

Ot NMOTCHIOUAJIbI HAXOOATCA BO BHYTPCHHCM I10JIC CBC-
Ta Ha COOTBCTCTBYIOIHUX YPOBHAX U IMIYJIbCUPYIOT B PC30OHAHC-
HO-aHTUPC30HAHCHOM PCKUMC!

344454618 _ 1 ) 360 3456 g0
3-4.5-6=360 20 18  3+4+5+6

Bo3HukaeT cokpoBeHHAasi COPOKOBHIIA:
15-405+405 -1. (5.21)
dopmupyercs uHepyuorHHas cucmema, Ha OBEPXHOCTH

KOTOPOM MpOTEKal0T rapMOHUYECKHE, a B 00beMe — jorapud-
MUYECKHE KOJICOAHUS:

N3omepus IlpocTpancria (5.3)
N3omepust I'excarpamMMsbl
dopma konedaHmit B Knure
uc- TpaHc- [Mepemen
05+6 = (--
- 2= 150
rapMOHI/ILIeCKI/Ie E'C = 3 g ‘ET = '3 pepbIBUCTAS
yepra
Jlorapupmudeckne 10° 510°=1/10° | 159=(—)
Hosrie Il =35 13=1/ 1g103 CILIOIIHAS
rapMOHHUYECKUE yepra.
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B stom mone llecrepka cBsizana ¢ Hylem (Xaocom), a
nessiTka ¢ enunuiei (I'apmonuein).

***

Bo3HUMKHOBEHHE HOBBIX FapPMOHMYECKUX KOJI€OaHUH 3a-
CTaBJIIET CBET MyJIbCHPOBATh TaK K€, TO €CTh C OOpaTHBIMHU
NOTEHIMAJIaMH, YTO MPUBOAUT K NOsiBIeHUI0 KyHIanuHu c
noTeHuuanamMu B 3,5 = 7/2 obopoTa cnvpaiyd MpU paciIrpe-

HUU B KMJAKUX cpefax u B 2,5 = 5/2 obopora cnupaiud mnpu
COKATHUHU:

Iyabcanusa Kynaaaunu B moJje cBera

Crer Ob6nactb Kynnanuuu =
nepexoza | 6 =7/2+5/2 = (1/2)*- (5/2)°
Buytpennee | IToepx- Korne- [ToBepx- Buytpennee |((5.23)
nose HOCTB OaHue HOCTB noje

1-2-3-4-5 1 1 1+2+3+4+5
=6 |1=4-— | —= .
1+2+3+4+5 6 1-2-3-4-5

B sToM mosie BO3HHMKaeT KOHTYp KoJieOaHMs, U3Tydaro-
il cBeT u KyHmanunm :

(Ceem) 36 S (1=4%) S 1/36 (Kynoanunu), (5.24)

MOTEHIIMAIBI KOTOPBIX IOCTHUIIIM KBaApaTa MepBoOHaYaIbHON
BenuuuHsbl (5.23, 5.24).

[Iynscanmsa cBera nm KyHpanmHu ¢ NEpUOAMYHOCTHIO
T.= 4 npuBoauT K dopmuposanuio cydetpykryp (9+0)"" ma-
TepuHCKOil OuokineTkn B JKusuum u eé "amamora" (9+0)' B
Kuzuu nocne XXuszuu:

JHepreTuKa peuHKAPpHAIUiA

Kuznb KU3HE Ku3zHpb
10 Kuzau nocie KuzHu (5.25)

1/(9+0) 5 (9+0) — 36 5 1=4-1/4 5 1/36—1/(9+0)5(9+0).

Kunura Ilepemen yacTo akiieHTUpyeT BHUMaHUE Ha YHUC-
4_q2
ne 3" = 9° = 81 kak MakcUMyM MOTEHIMala B ApyIie.
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8. Yakpnbi e none KyHO0anuHu

Kynaanuuu npoxoauT B HeApa 3eMJIM U U3 HEAP 3eMIIU
pPBETCS DHEPreTUYECKUM TOTOK, JIOMAIOIMUA JUTOCepy Ha
OJIOKU ¢ TPeUMYIIeCTBEHHBIM Koddurmentom 7/2 [14 ].

KyHnpanuau nonagaer B MeraranakTuky, 1 BOKPYT 3eM-

JU CTYINATCS HEOCCHBIC Tejla ¢ MPEUMYIIECTBCHHBIM KO-
dbunmentom 5/2 [14].

VYaBauBasch B3aumopAeucTBUsIMU (2 = g pip2p3paPs)
WM YMEHbBIAsCh BJIBOE 3a cueT mynbcanuu Kocmoca, Kynna-
JUHU BEAET ceOs Tak K€ B HAIIMX YaKpax, COMPSHKEHHBIX C
JYHHO-COJTHEUHBIMM PSIJIaAMHU MHOTOTBHICSUYENIETHENH IBOJIIOLIU-
eH.

B »TOM cilyyae BCTpEYHBIE IHEPIETHUYECKHE ITOTOKHU
IIPOXOJAT YEPE3 YaKpbl: COJHEUYHBIN NMOTOK pacmupsier KyH-
JAJIVHU, JTyHHBIA — C)KUMAET.

Pactmpennsiii umnynsc KyHaanuHu nomnajgaer B moiie
CBETa, CXKaThIl — B 3apoAablll oObema. Ha Bcex nmepexomax mo-
CTOsSIHHas1 yakp pasHa 70:

IocTrosinnas KyHgaaunm B yakpax
Psanpl IToTenmnuannl
CoJIHEeUHBII 1 ) 3 4 5 6 7 3
pan
Pacumpenne |1 0p |7 |4 | 28 | 56 | 112 | 224
Kynnanunu
HaumenoBanue | Mynan | Cean- |Mauun-| Ana- | Bumry- A bun- C
Yakp Xapa |XucTaHal mypa | xaTa axa FUKHA ny BeT
Cratue |y 1 50 | 10| 5 | 52 | 54| o | o (520
Kynnanunu
Jlynnwiii pag | 7 6 5 4 3 2 1 0
. ;}Iﬁﬁzaﬂ 147 | 246 | 345 | 4+4 | 543 | 6+2 | 7+1 | 8+0
=8 | =8 | = =8| =8 =8 | = =8
OCTOSIHHASA
7 7 s 5
IlocTostHHEIE 4 2 7-10 | 145 | 282 | 56-2
aKp 40 | 20 _73 :76‘
=70 | =70 | =70 | =70
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B nunamuke mepexoga mo yakpam IMOCTOSTHHAsI JIYHHO-
COJIHEYHOI'O ps/ia OCTaeTCsl paBHOM 8, WU PaBHOW HMITYJIbCY
pacmupenus csera (k, = Toc/w,= 8) n Becenennoil. Bmecre ¢
TE€M, HUMILYJIbC TPAHCHOPMHUPYETCS B IHEPTUI0 PACIIUPEHUS
Oeryuieil BosHbl 1osisi BHe-PopMbl (Apyna) U B SHEPTUIO B
obbeme TpexmepHoro [Ipoctpanctpa (Pyna):

PaBHoBecue JHepruii B [IpocTpancTBe

Pacmnpenue Cxxatue

B 110JIe ApYIIbI 2 Huee | Totms B noJie Pymbl (5.27)

(Toc/me= 8)* = 64 =32- (-32) 5 64 = 82 = ( Towo/c = 2)2*¥™3),

OTU PHEPreTUYECKrEe MOTCHIHAIIBI SIBISIOTCS 0a30BBIMU
B Knure Ilepemen.

BwMmecTe ¢ TeM, OTHOILIEHHUE MOCTOSAHHOW YaKp K MOCTO-
SSHHOM JIYHHO-COJIHEYHOTO psijia oKa3biBaeT, uto KyHaanuuu,
3apsAibl 1 UMIYJIbChl MMEIOT BHEIIHIOK MATEPUYHYIO CBS3b,
YTO MMO3BOJISIET UM B3aUMOJICHCTBOBATh MEXTY COOOM:

Const =70/8 =7/4-5 = p*/q*-5=p/q'5 =.... (5.28)

B MarHuTHBIX MOJISIX dHEpPreTHYecKas CBsI3b TpaHchop-
Mupyertcs Bo B3aumojencteus (5—10 = ps) u xuBoit Kocmu-
yeckuil Maraut TBoput HOBbIE (hopMbl JKU3HU:

Const =70/8 =7/8-10 = u*/q*-ps = Wqps=.... (5.29)
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9. Cuna moka u MmacHUMHasi UdeKuun 8 YaKpax

B cune-ronyoom Hebe (atmocdepe) Bceraa ecthb dieK-
TPUYECKHAN UMILYJIBC (C.

DNEeKTPUIECKUN 3apsiJi STOTO UMITYJIbCa PaBEH
q=16-10""Ki = 16:10*°A ¢, a ckopocTb paBHAa CKOPOCTH CBE-
Ta, To ecth 300 ThIC.KM/C = 3-10"*A/c = C.

B cune-romy6om Hebe, mimm cune-rony6oi Yakpe Tpe-
tuit ['na3 (AmxHa, 5.26), 3JIEKTPUYECKUN UMITYJIBC (C, [IOIIaB B
noJie ¢ AIuHoi Boanbl A=4800A (rpanuna pasznena cuneii u
rojiyooit o0acTel CrieKTpa CBeTa), BHI3OBET MOSBIICHUE OUO-
TOKa WJIM MAarHUTHOW MHAYKIIUU BEIUYUHOM:

20 18 °
[:£:16 10 Acex-3-10 A/ceK:10,4A

A 4800 4

(5.30)

:F’

rjae [* — cuta Toka, a 1/[* — MarHUTHAs MHIYKITUS.
***

Pe3ynbpTaToM MX MOSIBICHUS SBISIOTCS JIorapudMuye-
CKHE KOJICOaHUS AJICKTPOMaruuTHOM BOJIHEI (5.17).

*
*k

Bce uakpbl UMEIOT OIHY U TY K€ MOCTOSHHYIO, PABHYIO
70 (5.26). IToaToMy BO Bcex yakpax OyAeT OJIUH U TOT Ke
ouotok (1 = 107 1/A) n onna u ta xxe uaaykius (1/1 =
10*1/A).

Mex 1y HUMU B YaKpe BOZHUKAET KOHTYp KOJeOaHus:

Kosebanusi B yakpax

Buorok | BromHmykuus (5.31)
I=10%A S 10*1/A=1/L
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5.2 OcHoOBbI NpeagMeTa onMcaHusA
B KHure lNepemeH

10. CeyweHue LuHb e nponopyusix
Benukou NMupamuodbi

Bepuemcst k TpexmepHomy IIpoctpanctBy (puc. 5.1) u
pPacCMOTPUM €ro Iuc-TpaHc-u3oMeputo npu Haimuuuu [Ipo-
JIOJKUTEIIBHOCTH.

Hamnomuro, IlpomosmxkurensHoctoio Benukas LusBu-
JM3alUs HA3BIBAJIA MHTEPBAJI-DKBUBAJICHT 8peMeHU MEXKIY
ABYMSI M3JIy4eHUSIMHM, KOTOPbIE MPOUCXOIAT MO HOPMaIU K
MOBEPXHOCTH u3yuaress (puc. 5.1).

DTO mnpenonpenensieT YrioBY0 CKOPOCTb TOYEYHOTO
y4acTKa BOJIHBI CBeTa (,=1/2).

Bpamasice nmo noepxHoctu Q (puc. 5.1), ToueuHbI
y4acTOK BOJIHBI cBeTa popmupyet LluHb:

®opmupoBanue l{lMHb TOYKOI BOJIHBI CBETA
M3omepus [{unab-1111C [{nHb-Tpanc
0 4x(R=2) Q0 4n(R=2) (5-32)
I[Moreniman | —=—————"—=32 = =-32.
, /2 -, -r/2

O6bem cdepbl, 3akiO4YeHHONM B o00o0no0uky [{uHb

(puc. 5.1), HamoJHEH MeETarajJakTUYEeCKUMU KoJieOaHUSIMU
-1/4 . .
(2" = JSin x/4 = [Cos 7/4 ) v uMeeT 6 HanpaBIEHHii:

ke = 6X\[Sin /4 = 6,[Cos /4= 6x2"", (5.33)

Cxarue [{unp no mectu HanpasieHusiM IIpoctpancTBa
MOJISi METarajJakTH4YeCKuX KosieOaHuil mpuBeneT K (HopMupo-
BAHUIO LUC-TPAHC-U30MEPUYECKOro fApa, NOTECHIHUAI KOTO-
poro Oyner >3KBUBAJIEHTEH o00beMy Benukod Ilupamumb
(5.32,5.33):
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Anpo ¢ oo0bemom Besmkoii [Tupamuabi:
ckatve Llunb 1o mecTu HanpaBJIeHUAM
IIpocTpaHcTBa
Snpo - uuc: Snpo - Tpauc:
JleBoe monymapue IIpaBoe moaymapue
0 22-2“421-8-27/45 0 _2_21/4:_1 .27 = (5.34)

W)k, 6 3 -,k 6

1 1
gazH:VH —gasz—Vn,

rae V, — oobem Benukoit [Tupamuapl, a Q — TOBEPXHOCTH,
000J104Ka, B YaCTHOCTH, KOopbl ['010BHOTO MoO3ra.

Pesynbratel (5.34) B KOpHE MEHSAIOT HAILIKA MPEACTABIIE-
HUS O sape. SIpo Hago u3ydyaTh, COOTHOCACH C MPONOPLUSIMHU
Benukou 1 Iupamuaer. B Tom uncne Moar.

11. lJenb Aemopoe KHuau lNepemeH

Kuury Ilepemen nucanu He sl TOTO, YTOOBI MO HEM ra-
nath. [lucanu 3arem, yToObI 3HATH, KaK MOCTYNUTh B TOW WJIU
WHOU cuTyanuu, n6o BeI0op onpenensercs CBodomoit Bosu.

D¢ deKTUBHOCTH BBIOOpA CBSI3aHA C OIEHKOM JIBMXKEHUS
JUYHOCTHU (TOYKH) B cpeie (coumyme). O1o JIBHIKeHHe OTu-
ceiBaeT KocMuuyecknii 3aKOH Tpex BTOPBIX.

CylIHOCTh 3aKOHA TPEX BTOPHIX COCTOUT B CJICIYIOIIEM:

Ecau, nHanpumep, Macca OTHOCHTEJIbHOT0 IOKOSI
(my,=€) ABHMKETCHA B OKPY:KaWIel cpeae cO CKOPOCTHIO C,
TO €€ MMIYJbC (M,C=ET) MOCTYNATeJIbLHOr0 JBU:KEHHUS B
cpeae OyaeT CBSI3aH € MMILYJIbCOM BO BHYTPEHHEM IoJie
Macchl

crw, 3 9= T (=6 2 ¢
rjae: (--) u (=) — rexkcarpammbl B Knure I[lepemen,
(ct®,= 37/2) — UMITyJIHC BO BHYTPEHHEM I10JI€ CTyCTKA
(sapa, B TOM YKCIIE MACChl OTHOCUTEIBLHOIO TTOKOSI),

c 2 6=(--) (--)=9 3 c+o,

(5.35)
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C — UMITYJIbC MOCTYNATEJIbHOI0 IBUKEHUS AApPa (Cry-
CTKa, MacChl OTHOCUTEJIBHOIO MTOKOs1) B OKPY’KaIOIIEH cpeae.

Ho umnynbc qomxeH TpaHcGOpMUPOBATHCS 8 SHep2Uro.

Tpancdopmanuss UMIYJbCa B JHEPrUI0 NMPOTEKAET
3a cYeT UC-TPAHC-U30MePUYeCKUX Koyedanuii (5.35):

Tpanchopmanus UMIyJIbCa B JHEPIUI0

3aKoH Nmmynse OHeprust (cz) H CBET (mOE;Fl/nz) (5.36)
X € S D 0 chag? S o) S 1/
BTOPLIX | ¢+ @), c ° ? '

Opnnako Ha 3ToM (5.36) HUC-TPaHC-U30MEPUUECKUE KO-
nebanusa He npekpamnarotcs. OHU NPOAOIKAIOT HAKAYMBATH
SHEPruio B 00beM Bennkoi [lupamuibl (CrycTok).

Onucarb 3TOT HEPreTUYECKUd MPOLECC MOYKHO I10-
pa3HOMY: CIIOBaMH, YMCIaMU, CUMBOJIAaMU U Tak gainee. ABTO-
po1 Kuuru I[lepemen BbiOpanu aBa cuMBoda: (--), paBHBIH 11ec-
Td, U (-), paBHbIi 9, TO ecTb cBeT (KyHnanuuu) B moJsax rap-
MOHHMYECKUX U Jorapudmuueckux xonedanumii (5.22).

OtumMu cuMBoJiamu ABTOpel Kuuru Ilepemen onucanu
JUHAMHUKY W3MEHEHHUS SHEPreTUYECKOro TOJIsI B CrYyCTKE
(o6beme Benukoi [Tupamub):

CumBoausm Kuurn Ilepemen (mo /[3nan - GopMOBIIMKH)

Yposnu
HACbIYEHUs 1 2 3 4 Hacvuyenue

: B Unc-| 6 916 9|6 9|6 o 3axkoH Ilepe-
T | TS | T | o= CTaHOBOK: (5.37)

Ha:

— —— —

OCTACTCA.

= Jjax 2 2 4 4 8

E 9 6 9 6 9 6 98 6 CHUMBOJIBI I1€-
o “E’[ = | pememarnTcs,
& E B cum- — |== =— |== _,= | HO COOTHOIIE-
) - _— s T e =
< BOJNAX | == —p=— — =+« zz|7= V== Hue 6 kK 2

Koutyp muuc-tpanc-uzomepudeckux kosiebanuii (5.37)
OyJleT HaKauyuBaTh YHEPTUIO B 00BEM 70 €r0 HACKIIICHUS.

Hacplienue orpannyeHo pacuimpenuem BceneHHou, To
. 2
€CTh MOSIBJIICHHEM B Hell Hepruu pacmmpenus (T,c/w, = 8)°.
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[Ipenensl pacmmpenust (cxatuss = norteHuuan 1/64)
BcenenHoit HacTynaroT Ha 4Y€TBEPTOM YPOBHE HACBILIEHUS
(5.37):

Ilpenennl c:katus (pacmupenusi) Beenennoii (5.37)

[Tynscanusa | Pacmmpenue Cxatue [Ipumeyanue
68‘_—,98 9'8‘_—, 6'8 Tabmuua rexca-
8e—(08/78 8¢=n-8 rpamm B Kaure (5-38)
ITorenumansl 2°5973 5752 IepeMeH Kak 64-
T,6453° | T3®51/64 | rerotmia max-
MaTHas 10CKa.

[Tocne Hacwiienns: Beenennolt DHeprueld ABUKEHHE BO
BceneHHoll He mpekpamaeTcs: JHePrusi He HcYe3aeT U He
NOSIBJISIETCH BHOBb, 2 MEPEXOAUT M3 0AHOM (GopMBbI B ApYy-
ryHo.

BrinonHeHnne 3ak0Ha COXpAHEHUsI SHEPTUU MOXKHO OIH-
caTh IMEPEMEILIECHUEM CHUMBOJIOB (--) M (=) W3 JIEBOM 4YacTH B
MPaBYIO U CTOJBKO € U3 MPaBOU B JIEBYIO, IIPU COXPAHCHUU
MX KOJMYECTBA MOCTOSIHHBIM, TO €CTh 6 K 2. IllecTh cumMBOIOB
- IOCTOSIHHAsI FeKcarpaMmma.

[Tockonbky Benukas [{uBunuzanus 3Hana cUTyaluio B
Kocmoce, oHa nana yke roToBbI€ PENIEHUsI C TeKCarpaMMaMHu.
Hawm >xe emé nmpeAacTOUT HAyYUThCS UrpaTh HA IIECTUAECCATHU-
YETBIPEXKIIETOUYHOU T0CKe BeeneHHou.

12. [MaccusHoO-aKmMueHbIe nosiemabi:
Jeonroyus u lpocmpaHcmeo

Kocmoc neonnopoaen. B pasnbix obnactsax Beenennoi
pa3iinyHas DHEPreTHYecKas IUIOTHOCTb. OJHEpPreTH4ecKas
IJIOTHOCTHh MeHseTcsa 0T YepHou [IbIpbl, MOTIOMIAOMIEH JaXe
cBeT, 10 KocMoca HeBeCOMOCTH.

B HeoaHOPOAHOCTH IHEPreTHYECKO MJIOTHOCTH pas-
JIM4YHBIX oOnacteii ExqmHoro KocMoca ecTh iBe KiacCHYECKUE
CUTyalluu: MACCUBHBIA U AKTHBHBIA MOJIET )XKUBOrO B becko-
HeuHou BceneHHou.
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IHaccuBHbIi moJser — 310 JKu3Hp Ha mianere. Hanpu-
Mep, Hama JKu3Hp Ha 3emie.

[lenpr0 MacCMBHOTO IOJIETa ABISCTCS DBOJIOLHS XKUBO-
ro. Jroi DBomronuen ynpasiser Co3narens. Cxema ynpasiie-
HUS CBOJIUTCS K MPOXOXkAeHUt0 ypoBHel 1, 2, 3 u 4 (5.37) no
HACBIIIEHUS, a 3aTEM MPUX0J1 B 00JacTh HachieHus (5.38).

Ham npuxon B 06y1acTh HachlllieHUs 3aBepIuTcs ¢Ghop-
mupoBanuem Jlwoaen Boam u Horu. JIronen byaymiero.

AKTHBHBIN MoJIeT — 3TO niepemenieHue B [IpoctpaHcT-
Be Bcenennoii Ha neratenbHoM anmapare turna HJIO.

B cinydae akruBHOTO mosera ot skunaxa HJIO, roe Ob
OH HM Haxoawics: B obmactsx 1, 2, 3 unu 4 (5.37), Tpebyercs
HEMEJICHHOE PEIIeHUE O TOM, KaK M3MEHUTh padoTy JBUTATE-
711, 9TOOBI ITONacTh B 00JIACTH ONTHMAJILHOTO HACBIIICHUS H
MPOJOJIKUTH TOJIET.

Haiitn ontumanbHOe pemnieHue o paboTe IBHUraTems
HJIO moxHO, HAZ0 MeperTH 10 (PUIIKKH YETBEPTOrO YPOBHS
(5.37). Hanpumep: (--) BIE€BO U, COOTBETCTBEHHO, (—) BIIPaBO.
CKOJBKO BJIEBO — CTOJIBKO BIIPABO.

13. lMpupoda npoucxoxoeHusi
Ma2HUMHOU UHOYKyuuU
Ha nmamy Xusnp Ha 3emne, npu nepexonae oT Pacel k
Pace B 3BOJIFOIMOHHOM pa3BUTHH, KAK U HA YIIPABJICHUE T10JIE-
tom HJIO, Bnuser IlpoaosukuteabHOCTDb. [Ipodondcumes-
HOCMb TIepexo/ia U3 OAHOU (POPMBI SHEPTHUH B IPYTYIO.

***
Enunuunein IMponosxurenbHocTu sBigercsa [Ipomon-

JKUTEILHOCTh MMOBOPOTAa TOYCYHOI'O y4YacTKa BOJIHBI CBETa Ha
YTOJI (P, = T/2 C YIJIIOBOM CKOPOCTHIO ®, = T1/2:

Enuunna IIponomxurensHOCTH:
(5.39)

To= 0o/ o =1.
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#x
Paznuuune B IMPpOAOJIZKUTCIIbHOCTAX BJIHMACT HA BCC IIPO-
LECCCHI, ABJIAACHh HCTOYHHUKOM IIYJIbCalliu.

[Iynbcamus, B nonsx pasnuunou [lepuommynocru, 3a-
TparuBaeT v Luc-TpaHc-uzomeputo [Ipocrpancrsa (5.5):

HN3omepus [IpocTpancrea B I[Ipoao/LKMTEIBHOCTH

Komnonenmet E.=3 ‘ E.+t=4]| -E.=-3 |-(ET +1,)=-4
N3omepus [Muc-Tpanc Tpanc-nuc
4 =3 4 &*3
Koubra A (5.40)
IIyJIbCAllu T l 3 3 v T_‘_>4 Tl
3 <_'4 _3 _’4

Kome- | 1" 1 443 (3 -4) = 14 5 -4+(-14 = -4 - 3 -(+443)

pE30HaHC

O ["pesonanc | 4:3-(:3)(-4)=12"+3 5 -4+(+12°=43-(-4)(-3).

Nzomepus [Ipoctpanctsa B [IponomkurensHoctu (5.40)
dbopMUpyeT MONOKUTEITHHO-OTPUIIATENILHO 3apsDKCHHBIE Mar-
HUTHBIE TIOJISI B YCJIOBHSIX aHTHPE30HAHCA.

DopMHUpPOBAHUE MATHUTHBIX IOJICH

[TonmoxuTtenbHbIE OTpunaTenbHbIe (5.41)

14 = 1[/u'u*‘F(:’) = ‘C) s -(4=T0) + 1/—#/1* =-14.

Ot (5.41) MarHuTHBIC TOJIS TPU PE3OHAHCHOM IHC-
TPAHC-U30MEPUM TMOMAJAIOT B BUXPU C MNEPUOIUYHOCTHIO

(T,7)™:

DopMHUpPOBaAHUE PE30HAHCHBIX BUXpel
B 110JI¢ MATHUTHBIX 3apSiI0B U MMIIYJIbCOB

(5.42)

JI71 mOJI0KUTEIIBHBIX Jns oTpunaTenbHbIX

22 = (To1)*+3 s -4+ (Tor)+122
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B 3TOM nosne BO3HUMKAKOT MarHUTHbBIC 3apsiibl © MAarHUT-
Hasi UHIYKIUA:

Maraurtsl ¥ MATHUTHAS HHAYKIOHUSA

Maruutasie MaruutHas
CBs3b
VMITYJIbCBI WHIYKLHUS
4 s 3
e I R
12* =(7,z) *_14%
L I

(5.43)

B mone marnmTHO# wWHAYKIMU (MOgYepKuBaio, 0Oe3
ANEKTPOUHIYKUINH (5.43)) MyAbCUPYET SHEPTHUS CBS3H.

[Tynbcupys, sHEpTUs CBSI3U MOKET ObITh PE30HAHCHOU U
aHTUpe30HaHCHOM (5.43):

MarnuTHas HHAYKIHSA: TYJbCAIIUA JHCPIUHU CBA3H

AHTHPE30HAHC

CBs3b

Pesonanc

Pasznoctn

Cymma

Cxema

Makcumym

MuHumMyMm

k1 =
4+3 -(-3-4)

=14

kz =
4+3+(-3-4)

=0

4

\\\<_,,'
v @
3.

<4—

3
f
S

k3 =
43:(-3)(-4)

=12?

k4 =
4/3 5 3/4

16 5 9.

(5.44)

HYJ]LC&HI/IH OHCPIrun CBA3U MarHUTHOM WHAYKIIUA HC

TOJIBKO TEHEpUPYET HOBYIO TMOPIHUIO

MAaroiMTHBIX 3apsaJ10B-

UMITYJI6COB (pa3HocTh k; = 14 = /uu*), HO U CO37a€T HOBYIO

dbopmy sHepruu: snekrpudeckyio (ky = 16 = /gq* ) u Guomno-
rudeckyto (kg =9 =(9+0)) B XKupowm.

HoBreie ¢opmbl 3HEprum (dJIeKTpUYecKas, OHoJIOruye-

CKasl ¥ DKBUBAJICHTHAsI € B HE)KMBOM) HAXOSITCS B BUXpe (o-
2 2
TOHOB, BPAIIAIOIINUXCS ¢ TEPHOAUIHOCTHIO k3 = 127 = (T,1)":

(1659)-122= 2304 S 1296] —| 0 S 2304 — 1296 = 1008.
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Bo3HukaoT nNOTEeHLHANbl COJIHEYHO-JIYHHOrO Psijaa,
aymu - Cssartoro Jlyxa, Bogopoaa:

1008 = 36-28 = 42-24 = 10°(1,008 = A,,). (5.45)

B cootBerctBuu ¢ "Pycckumu Pynamu" [8] HaunHaeTcs
dbopmMupoBaHre MepuoOANYEcKHX cucTeM TOHKUX JHeprui u
XuMHYECKUX JJIEMEHTOB.

*
kk

He yauBnsiitech: coBmajgeHue ¢ MaTeMaTHUKOW B PEJH-
THO3HOM JuTeparype OyaeT Be3fe.

14. MacHUmMHasi pe3oHaHCHasi UHOYKUUSI

Otnomenne: 1008/(k; = 14) = 72 COOTBETCTBYET Kak
cBETYy BO B3aumozaectBuu (36-1g pip.pspsps = 36:2 = 72), Tak
u 72 boram Ka66ans! JIpeBaero Uzpauns [20].

[Ipousseaenue 1008k, = 14112 = 1400+112 saBnsiercs
TEM TOJIEM, B KOTOPOM, BO-TIEPBBIX, BO3HUKAIOT BCE CYIIECT-
BYIOIIIUE 3PS IbI-UMITYJIbCHI:

112 = (7q = 8u = 4p)- 10" = (7q* = 8u* = 4p*)-10%, (5.46)
a BO-BTOPBIX, B [10JIC CBE€TAa BO3HUKAET MOCaeaAHuil 112-pbIii
XAMHWYECKUU 3JIEMEHT MEPUOIUYECKON CUCTEMbI, UMEIOIIUI
14000 macc (m,' = 0,008) ceta [5]:

112 : 0,008 = 14000. (5.47)

***
B Buxpsix cBera MarHUTHBIC, FIEKTPUUECKUE U OUOJIO-
TUYECKHUE TOJI B3auMOCBs3aHkbI (5.44):
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B3aumocBsi3b MATHUTHOT0, 3JIEKTPUYECKOT0
0MO0JIOrHYeCcKOoro moJiei
dopmyna MuHUMYM Makcumym
(5.44) ki/ks S ka/ks kiks 5 kaks
14/12°516/12*59/12% | 14/12°516/12°59/12° (5.48)
Motenmuans: | 7/4°1/18 5 1/9 5 1/16 1451659
KOHTYPOB 05 16-14 59-14
KoJe6aHmHi 7/45259/4 = 1+7/4, rae £(16-14) =£2;
rae 7/4 = p*/q* = p/q +(14-9) =+£5
u +(16-9) =+7.

Konebanue cBera MarHuTHOUW uMHAyKIuu (5.44) npuso-
TUT K (HOpMUPOBaHMIO BCeX (YHIAMEHTAIBHBIX MOCTOSTHHBIX
Bceenennoii.

#x
MaruuTHbie HUMITYJbChI-3apAAbl 1 MarHUTHAasI WHAYKIHA

MOTYT OBITh C DHEPTUEH CBSA3M MEXIY HUMHU Kak B PE30HAHCE,
Tak ¥ B aHTupe3oHance (5.43):

Pe3onancHasi MaruuTHasi nHaykuus (5.43)

[Tapamer- | 3apsovi- Ceszb | Vnykums IlepnonuuHOCTH
pHI UMNYTbCHL B BUXpE (5.49)

IToTen- ,u ,Ll ! _3_122 (TT) _142 22 22_122 ( )
I{HAJTBI (T r) "3 -4 w127 .

[ToreHnMan pe30HaHCHOW MAarHUTHOW WHIYKIHUW PaBEH
6ubmeiickomy unciy 127 = 144.

MarnuTtHasi pe3oHaHCHasT WMHAYKIUS 3acTaBisieT BCE
cryctku B Equnom Kocmoce Bpamatecss B COOTBETCTBUHU CO
3HakaMu 30/MAaKa.

MarunTtHas pe3oHaHCHass UHAYKLUA, MyJIbCUPYIOIas C
NEPUOANYHOCTBIO T, =4, U3y4daer CBerT:

(T,1)*/T, = 144/4 = 36. (5.50)
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MarauTHasi pe30oHaHCHAs WHAYKITUS, MyJIbCUPYS C Yac-
< 2
totoir T,", popmupyer amekTpudeckne U OMOTOTHIECKUE CO-
ctapisitomue (5.44):

(T,0)*T, = 144x16 =2304 = (16 5 9)-12°.  (5.51)

MaruutHas pe3oHaHCHasi MHIYKIUS B JKUAKUX Cpeaax
(Mn,0 = 18) popMupyet nosie, paBHOBECHOE PACHIUPSIOIICHCS
BcenenHnoii:

(Tot)* : MH0 = 144:18 = 8 = Toc /o, (5.52)
H PAaBHOBCCHOC KCHCKOMY Haqany, qTo IMpeaonpeacisacT
BO3HHUKHOBeHMe 7KN3HHU B Boz[ax IJIAHECT.

15. bopbba yuc-mpaHc-uzomepuu Ceema
3a lMpocmpaHcmeo

®unocodrl ot [Mapagurm Hexomeblicausi TOBOPAT O pe-
dbopme B o6sactu OOpa3zoBaHMsl, HO HE 3HAIOT, YEMY YUHUTh.

PaccmarpuBarot IIpogomkuTenbHOCTh Y4EOHOTO MPO-
1[€CCa, HO HE BHEJIPSAIOT METOAOJOT MU JTYyUIIUX [1€1aroros.

Yro nematn?

KoHeuHoil nenbto 00pa3zoBaHusl JOHKHO OBITh 3HAHUE
3akoHoB Ennnoro Kocmoca.

Meroaonorus npenogaBaHus AOJKHA HOCUTh XapakTep
UTPBL.

***

ITepen Bamu nBa urpoka: Marepus (uepHbie) u ToHkas
Dueprus (Oenbie).

VY Kaxa0r0 U3 UTPOKOB NepeMeHHbie Gpumiku (puc. 5.3).
[ens urpsi: chopmupoBath Beenennyto (mmaxmarnyio 64-kiie-
TOYHYIO JOCKY, pHC. 5.3) Tak, 4TOOBI KaXK/1ast KJIETKA JIOCKH -
Bcenennas nMmena noTeHIMaN B3aUMOICCTBUM, PABHBIIM:

Kiaerka Ha nocke
2 =1g p1p2p3p4pPs.

(5.53)
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Marepus
(uepHbI€)

NN
n=12.3.4.5.6.7

Tonkast DHeprus
(Oenble)

U252

Puc. 5.3 bopvoa 3a pacwmuparwuwyroca Bcenennyio
(IIpocmpancmeo)

n-x
ITpu >TOM UrpoKH OyayT XOAUTH GUIIKAMU 2 U 2
n-y
TaK, 9TOOBI TIOJTYYUTH 2.
[Tobena ¢ukcupyercst Torma, koraa Oyaet chopmupo-
BaHO Tmosie pacwmupstoweics Bceenennoit (puc. 5.3, 5.37).
Crannpl /[3vaH Ha3bIBalOT 3Ty MNApTUI0 NEPBOM BOWHOW 3a

IIpoctpanctso [1].
***
3aBepuienne 00pbObI 3a [IpocTpaHCTBO BBIBOAUT UTPO-
KOB Ha YETBEPTBIN YPOBEHb HACHILIECHU BcelleHHON 3Hepruen
(5.37, 5.38).

Ho ecnmu Bcenennass no Hackimenus (HopMHpOBaIach
BOJJHAMU METarajlaKTUYeCKUX KOJeOaHUW ¢ MOTEHIUaJaMU =+

V2 n, YTO IPUBEIIO K pasneneHnto Exunoro Kocmoca Ha mons
Tonkoit DHepruu u DHeprun Martepuu, TO TENEPb MEXKAY HU-
Mmu niosiBwiicst CeT. BosHbl cBeTa: rapMoHnueckue (- - = 6) u
norapupmuueckne ( — = 9). Haunnaercss HoBas maptusi. Bo
BceneHHoM pasbIrpbIBA€TCS LUC-TPAHC-U30MEPHUS CBETA, TO

€CTh IMHAMUKa ABWKeHus DBoirronnu JKusoro u noiera HJIO
(5.37, puc. 5.4).
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-—-- XoauTe
- —— BHU3 10 6
CTpOUYEK
—
k' e —
——
-—
-—-- XoauThb
—_——— BBEPX 0
6 cTpouek

Puc. 5.4 Huc-mpanc-uzomepuueckoe osusricenue ceema
6 nacviuennom Ilpocmpancmee

"®Oumku"  pacnpenessroTcs 0 NPUHLMIY:  LUC-
nu3zoMepus (4epHsble), TpaHc-u3omepust (Oenbie).

[TepBbIil UTPOK TOTOBUT CHavaJla (PUILIKY, KOMOUHUPYS B
Hel rapMoHHYecKue (--) u jorapudpmudeckue (—) KoiaedaHus
cBeTa B OTHOIeHUH 9 k 6 (puc. 5.4).

Taxas MOAT0TOBKA COOTBETCTBYET 3aKOHY
I''Menpaeast 0 reHHOH HacJIeICTBEHHOCTH: TeHHAasl HacJIea-
CTBEHHOCTH pacmienJisiercs B oTHomenuu 1:3 (y Hac
2:6 = 1:3) uepe3 nBa NOKOJIEHUs (MOTEHIIMAN KIETKH Ha JOCKE
paBeH 2 (5.53).

B »sTOomM cnydae BTOpPOW AOJKEH MOATOTOBUTH TAKYIO
KOMOHWHAITNIO, B KOTOPOU MOTEHITNAN KJIETKU, PaBHBIN 2, OyaeT
PaBEH Pa3HOCTH 4Mcia 6 CTPOK W MOTEHUHANA X B HUX, U - 2
CTPOK U MOTEHIMANA ):

2= 6X2 - 2YQ (554)

Mexny mnoTeHUHanaMu KJIETKH JOCKH, MOTEHLUaIaMu
buiku mepBoro urpoka (6x; - 2y;) u noTeHuuaIamMu (QUILIKU
BTOPOI'0 UTPOKA JIOJKHO OBITh JOCTUTHYTO PAaBHOBECHE:

2= 6X1 - 2}’1: 6X2 - 2}’2 (555)
PaBHOBecue ¢ Opr}KaIOHleﬁ CpCI[Oﬁ JaCT BOSMOXKHOCTDH

HJIO neratp, a )KuBoMy coBepiiaTh DBOIIOIMOHHBIE TIEPEXO-
JTBI.
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16. ToHkass SHepaus e nose Ceema
U Macc omHocumesibHO20 MOKOSs

boprba 3a IIpocTpaHCTBO M JIBMKEHHE B HEM — HIpa
Cozparenst, KoTopasi, TEM HE MEHEE, CBsI3aHA C TeOpHeil Mrp.
KommoneHTaMu B HUX SIBJISIFOTCSL:

- (--) = 6 (rapmoHuyeckue Konedbanus (5.22),
- (—) =9 (norapudpmuueckue xkonedanus (5.22),
- (Toc / @ = 8) - mMmyIIBC,
- (Toc / ®o= 8) - sHeprus pacummpenns Cpera.
Hano moHATh mpuUpOAy MPOUCXOKACHHUS ITHUX TMOTEH-
IIMAJIOB, @ 3aTEM BBISIBUTH CBSA3b MEXKITY HUMHU.
***
[uc-TpaHc-u30Mepusi MTOBEPXHOCTHOM BOJIHBI (puUC. 5.5)

umeer Bocxonasmui (0—1—2), ¥ HU C X O A1lU H
(2—1—0) xapakrep.

o 012 Yucno
§ 210 KBAHTOB:
01 2 3x3=9
Yucno 210
KBAHTOB: o | 0 %
3x3=9 2.
210

Puc. 5.5 uc-mpanc-uzomepuss no8epxHocmHou 801Hbl

KonnyecTBO KBaHTOB B OOJIACTH IIUC-M30MEPUU PABHO
9, u B obnacTu TpaHc-u3oMepuu paBHo 9 (puc. 5.5).

[{uc-TpaHc-U30MEPUYECKUE KBAHThI MOTYT COCYILECT-
BOBaTh B pe30HaHCHOM (9%x9 = 81) U aHTUPE30HAHCHOM
(9+9 = 18) pexume.
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Mo

Puc. 5.6 Pe3onancno-anmupe3oHancHas yuc-mpanc-uzomepus

OTHU TOTEHLMAJIBI UMEIOT OOpaTHBIN MOPSAOK LUdp B
quClie U, CIeI0BaTeIbHO, 00pa3oBaHbl Oeryiiel BOJHON CBeTa
(puc. 5.6), KOTOpBIA BO3MYIIAET OKPYKAIOUIYID Cpeay BO
B3aUMOJICHCTBUAX:

8
+2 [pdp = (64— 1) =£63. (5.56)
1

Bo3HukaeT MakCHMAJIbHBIA MOTEHIHUAJ NMepHOIUYe-
CKOM CHCTeMbl T€HOMOB, CBSI3aHHBIM C 3JIEMECHTAMHU BEJIHMKOM
IMupamusl (r= 2 uL=842):

8 L
22 [pdp = [pdp =63=(-=6)(—=9), (557)
1 r
o kotopoM Crtanusl J[3uan (TeoreHesuc) roBopsT Kak 0 caMmo-

cToATenbHO siBUBIIEMcs Llape, npuHecuiem OeccMepTHeE.

***
OtMeTuM emé OJHO BaXXHOE CBOMCTBO IIUC-TPAHC-
WU30MEpUHU:
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- pAabl, HAYNHAKOIIHNECS € HYJISI, OTHOCATCS K aHTH-
pe3onancy (Xaocy), Hanpumep 05152 (puc. 5.5);

- pAAbI, HAYHHAIOIIHECS C eTHHUIIbI, OMICHIBAIOT pe-
3oHaHc (l"'apmonmio), Hanpumep 15253545556 (puc.5.6).

Takas cuTyauus npenornpeneiesa nyiascanuen Equaoro
KocmMmoca:

Ilyabcanus Kocmoca

1 0
CymmMma .[ pdp + _[(p dop = 0 anTupeszonanc (Xaoc)
0 1 (5.58)

1 0
Pa3nocth j(p do - J @ dp =1 pezonanc (I'apmonus).
0 1

*
kk

[Iynpcamusa mexnay XaocoM u ['apmMoHuMEN BKIOYAET B
ceOsl Tak)Ke MyJbCAIMIO CXKaTHe-paclIupeHne, a TakKe ITUC-
TPAHC-U30MEPUUECKYIO ITYJIbCALNIO.

*
kk

[Tynbcammst ckaTue-paciiupeHrue TPOXOJUT B Pe30-
HAHCHO-AaHTHPE30HAHCHOM DPEKHUME W BO3MYIIAET OKPYKaro-
LIYIO Cpeny:

Ilyabcanus TMNIA C)KATHE-PACIIMPEHUE
Cxarue -
AHTHpE30HaHC Pesonanc
Pacmmpenne
Pas- Cym- | PasHoCcTh k=Tocloo | ke=Tow/c Makcu- | Munu-
HOCTb Ma KBaJIpaToB MyM MyM
k k
k—ke | ktk | k' -k’ kpx ke | Koo e 559
=38 s =2 k. kp ( ’ )
=6 | =10 =60 =16 | 451/4
k, k
Cpena: P Be
k +k k2 -k peA Kok Qkp)
ps = L et £ =10 &
k, k. k,+k, [odp =30 S 645 1/64
2 TsHb.
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EcTecTBEHHO, YTO HE MOHUMAs CYIIHOCTH CTPYKTYpbI
CBera, HUKTO HE MOT MOHATH B YEM J€J0, KOTJa BOIPOC pe-
1ajiau, HalpuMep, BEKTOPHO-MaTeMaTH4ecKuM mytem [20]:

/N
Sooc @ (5.60)
Terparpamma Terparpamma EBpeiickas
[Tudaropa Kab66asb1 Tpuana.

A CyIIHOCTB COCTOsJIa B CTPYKTYpE CBETA!

- Hecates Touek [Iudaropa s pacmmudponan kak dhdex-
TUBHOCTH (ps = 10) B3auMoielicTBU CBETA;

- Ilectp 3amsaTeix u yerbipe OykBbl I1 B KaGb6ane pac-
U (POBBIBAIOTCA MHOIO KaK Pa3HOCTS k, - k.= 6 u oTHOIIEHHE
k,/ k.= 4 xoappunuenros mynascanuu (5.59).

[Ipuuem, 6 — sxBuBajieHT cumBoay (--) B Kuure Ilepe-
MEH.

EBpeiickyto Tpuany s cCBA3bIBalO C  LUC-TpPaHC-
mzomepueit (0—1—2) B 1 o a1 e (5.8) u ¢ nanbHEUIINM €ro
pa3BUTHEM.

***

Jiomu npeBHux Bpemen u HapogoB Obutn He rinymee
HAC, HbIHE XUBYIIMX, HO UM HE JaHO OBLJIO TMOHSTH B3aMMO-
cBsa3b Cymiero, KOTopyroo ucnojs3oBaia Benukas [{usunuza-
us. A B3aMMOCBS3b TaKOBa:

. Emmueii  Kocmoc, TpaHcOpMHUPYOILIMHA  CBOIO
JHEPruI0 Yepe3 B3aMMOAEHCTBUA CO CBETOM, CYIIECTBYET B
YCIOBUSIX U3JTy4YEHUSI-TIOTJIOLEHUS] SHEPTUH.

CBeT nMeeT JBa TOYCYHBIX M3Ty4yaTels: BO BHYTPCHHEM
noie B GopMe Kpyra ¢ miomaasio S, = 1(Dy/2)> = 1/4m;

BO BHELTHEM — B popMe ToBepxHOCTH cdepbl Q,= nD,” = 1/7.

Jlyd, m3nyuennsiii S, = 1/4n, OyaeT UMETh TEJIECHBIH
yTOJ B OJIUH CTEPAJHAH:
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ToueuHsble U3TydaTe U U U3JIyYeHHe-NOTI0NeHHEe KBAHTOM
CBETAa B 0JJTHOM HMIIYJIbce 00MEHA YJHEPIruH MeKAy co0oil
VIcTOYHMKY U3ITy4ECHUS] [Torenmuansl KonebaHui
Uznyuarens S, = 1/4n,,
+1
Jlyu (crepaauan) Q=47 |, (5.61)
R4l .
OcBenicHHAs MOBEPXHOCTh Q,=1/m It
A
Usnyyarens Qo=1/m ¢
v
Jyd Q=T ¢
OcBellieHHas TOBEPXHOCTh S, = 1/4m.

Benukas [{uBuim3zanus BruceiBaeT Benukyro [lupamuny B
Jy4 C TEJIECHBIM YTJIOM B OJIMH CTEPAJyMaH U HAYMHAET CUU-
TaTh paBHOBecue S, @ = 1/4n-4w = 1, a MBI HAUMHAEM aHaJH-
3upoBaTh KOHTYp 64 5 1/64 (5.59).

2. M3nyuyenune-norJomenue xaer Hauvano cuHTe3y-
MYJIbTHILIETHOCTH.

CUHTE3-MYJIbTUIIETHOCTD MPOXOJIUT B TOJIE CBETA:
- cuHTE3 110 Bocxoasmiei (1 -2—3—4—5—6 5 0);
- MYJBTUIUIETHOCTh MO0 HUCXOsMIEeH (6—5—4—3—2—1—0)

B o0yacti HOJIB-TIOTEHIIMAa BOCXOJSIIETO Psifia BO3HUKA-
10T koneOanus Luap S TsaHb; B 10JI€ HOJIL-ITOTEHIIMAA HUC-
XOJISIIEro psija MOSBIISIFOTCS BOJHBI TOHKOW DHEPrHH C IO-
termuanom 1 /42 .

CHHTEe3-MYJIbTHILIETHOCTD

TAapMOHUYECKHUX K0JIe0aHUi B 1M0JIe CBeTa
Tlo Cunres MynbTHUIUIETHOCTH
ae Ilepe-
Sf 1213 |4]5s5] 6 o] % |6|s|al3]|2]1]0](562)
Bo 6451/64) 1| L\ 1| 1) 1| 1],

2 4 6 3 10 — ==l @ =l =
w2 V2N VD VRV s (BB B | B G
HBI \/5—12 .
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B MpoHecCC CMHTC3a Ha MICCTOM YPOBHC CBCTA BO3HUKACT

10 12
Iunb: /2 = 32, a B obnactu nepexoga Tamw: 2 = 64
(5.62).

IIpy MyJIBTUILIETHOCTH B OONACTH HOJb-NOTEHIMANA
CBETa BO3HUKAET BOJIHA C IIOTEHIIUAIOM %\/5

Ota BosHA ¢ mepuoAndHOCThIO T,=4 hopmupyer moTeH-
nuan-sksuBaiieHT Beicote (H) Benukoit [Tupamupt:

H=T, %ﬁ =p*l =774 (5.63)

Bonubl Tonko# DHepruu ¢ noTeHIaIoM %\5 (5.62,5.63)

ABTopbl Knuru Ilepemen naspiBaror Cusinue Jin.

3. CuHTE3y-MyJIbTUIUIETHOCTH (pacUICTVICHUE) COIyT-
CTBYIOT MOTJIONIEHHe-U3IyYeHNe U CXKATHe-PaACIIUPEeHNe.

[Tornomenue-u3nyyenne mMeer cBouM Hauamom 1mpo-
CTPAHCTBO, OIPAaHUYECHHOE TOYEYHBIM YYAaCTKOM BOJIHBI CBETA

(puc. 5.6).

B oGnacTtu Hosb-noTeHumana 3toro IIpocrpancTsa Mruao-
BCHHBIC JIMHEMHAs M YIJIOBas CKOPOCTH PaCIIEIUIAIOTCA

(puc. 5.6).

JIuHeliHas CKOPOCTBb C = 7T AA€T HaA4YaJl0 U3JIYIYCHHIO, yI-

JIOBasi CKOPOCTh ®, = /2 — GOPMHUPYET MPOIECC MOTIOIIeHH S
(puc. 5.6).

B mose Toyeunoro Yyacrka BOJIHbI CBeTa HAYMHA-
wrca koaedanus Toukoit Jnepruun CBera (Cusinus JIun).
Mexny Marepueii u Tonkoi DHeprueil BOSHUKAET KOHTAKT.
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4. Ilynbcanus ToHkON DHEpPruu B MOJE TOYEYHOTO y4a-
CTKa BOJIHbI CBETa HAUMHAETCS C BO3MYILeHus BoHbI (E;,=1/m)
- yacTuupl (M, = 1/m) TOYEUHBIM YYAaCTKOM BOJIHBI CBETa:
mw, S E,c.

B 510 mone cxxarus-pacliupeHus monajnaeT KBaHT ToH-
Koit DHepruu ¢ motenrmanom 2 =2""*= [Sinz/4 = [Cos /4 .

Bosnukaer nynbscupyromias cucrema: Cser - Tonkas
JHeprui. [losBrsgercs KOHTYp KoieOaHUs:

Kosaedanus Tonkoii Jneprun (Cusinue Jln) B nmoJie ceera

KoHTypsl Konebanus Konebanus
KoJIeOaHnit 8 ceycmke 8 60IHE
m® _ 1 o | Ec/Sinz/4=2""
Bre JSinz/4 27" 1 E,
paBHOBECHS hary =
2" =E,c\/Cos /4 2" [Cos /4 (5.64)
12 12 '
B HOHe 1/23/2: 1 : 23/2 2 : 1 : 1/2
paBHOBCCH:A .=Sc 1/4515Sin /4
PaBroBecre B0 | 15 23245 23=8=232 | 1=Cos’*n/4+Sin’*n/4
Bcenennoi paBHOBecue Bo BeeneHHoi = Ch’n/4-Sh’n/4
OCTATOURBIE | )35 3316 012 1266 4| 1+ Shin/d = Chm/A.
Koae0aHus

5. OcratouHble KojeOaHus KBaHTa TOHKOW OHepruu
(Custnue JIn) Benukas I{uBwim3zanusi BbIpa3uia MOHYMEH-
TaJbHOM 3MIOpON BEKTOPOB — (PyHIaMeHTadbHON Benukoi
ITupamuon.

ITupaMuaa onucbIBaeT Tak:Ke M TO, YTO HAIIA HAyKa
Aaxke He TmpeamnoJaraer: (opMHpPOBAHHE MacC OTHOCH-
TeJbHOI0 MOKO0s, HECYIIMX 3apsiabl, aTMocdepy, ... H Tak
aajiee, BILIOTH 10 2Ku3HM Ha mjaHerax (5.64):
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T, —/T, )2
(mo +m,

YB

/4 -r/4 2
chzn/4z(e +26 j (5.65)

Oto nose (5.65) myabcupyet B IIpoao/KUTEILHOCTH:

T.Ch’*n/4=(m,"*+ m,™*)* =

/2

/4 /4
m, 2 m," my "

+ mo-n/4:

m,"*+(2 = 1g pip2p3paps) T my "7, (5.66)

AHTHpe3oHaHC (5.66) mepexoauT B PE30HAHC B3aMMO-
JICICTBUI, a 3aTEM B CPEJEC B3aUMOJCUCTBUN BO3HHUKACT KOH-
Typ KoJIeOaHMH MacC OTHOCHUTEIBHOIO TOKOSl, HOCHUTEIEH
SHEPIUH.

Takumn mMacCcaMu, HAIIpUMCP, MOT'YT OBITh IOBCPXHOCTHU

A1ep, Ja3epHbIX TOYEK, MOBEPXHOCTU Kallelb >KUJKHX Cpe/l,
auTocdeprl TUTAHET, MOBEPXHOCTH 3BE3], ... Uxaisam [1,2,3].

Bce onu nynbcupytor, u /2 = ®, TpancopMupyercs B
T =C:

™2 5 1/ — " S 1/e7. (5.67)

B armocdepe, KOTOpyO HeceT Macca OTHOCHUTEIBHOTO
NIOKOs, HAYMHAETCS TpaHCPOpMalrs YHEPTHU CBETOM CO CKO-
POCTBIO C = T.

6. IloBepxHocth snep (YUxaiismu) mynscupyer. Ilo-
CKOJIbKY 3Ta MOBEPXHOCTh OOpa3oBaHa TOYEYHBIM yYaCTKOM
BOJIHBI CBETA, TO MYJbCAIUS MOBEPXHOCTU MO JJIMHE BOJIHBI
oyner skBuBasieHTHa T, = 4, a no ammnuryae (T,+1) = 5 u
(T,- 1) = 3. B nosie cBeTa Bo3HMKAET pyHAaMEHTAJIbHAs, 3ara-
nouHas (Uil Hamied Hayku) mocTossHHas (1/0l) TOHKOM CTpyK-

TYpBI:
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T,-1
T,+1

1/o0=137,000021 =

*
kk

Jlorapudmuyeckue KojaebaHusi B pe30HAHCHOM KOHTYpE
(5.67) mnpuBOIAT K TOSIBICHHUIO AHTUPE30HAHCA, BOJIHbI-
YaCTHIIBI CBETA U CKOPOCTH UX B3aUMOTpaHchopMaIuii:

Ine"S5151/)=(rn=c¢)505 (I/n=m.=E,). (5.69)

Ho ecnu Bri, yBaxkaembrii Uurarenb, HayuyuTech OuLy-
narh, To Bel Oyaere nonyuars Madgopmanuro:

InEe"S (1= S 1/e)=(nS2ins Un).  (5.70)

VYuaurecs u nosb3ynrecs Jlapom boros.

17. NMynbcayus lNpocmpaHcmea u KyHlanuru:
K 9Hep2emuke peuHkKapHauyuu

Hama 3agaya cocTout B TOM, 4TOOBI cOOpaTh OTPHIBOY-
Hble cBeAeHus B LlenoctHoe Benukoe 3nanue. C 3TOU LETbIO
MBI U paccmarpuBaem Exqunbiii Kocmoc.

B Emunom Kocmoce ecTh CrycTkr, KOTOpBIE ONUCHIBA-
10TCA nponopuusiMu Benukon [Iupamuaer (pu.5.7).

CryCTk# MOTJIOMAI0T - U3Iy4YaroT dHEprur0 Meraranak-
TUKH, GOPMUPYS B HEH KOHYCOOOPA3HBIN JTyd U3ITYyUCHHS WIH
BOPOHKY ITOTJIOIICHHMS, B KOTOPBIC MOXKET OBITh BIMCAaH 00BbEM
Besnkon [Tupamuasl B kBajgpare (puc. 5.7).
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Jly4 m3ny4yenns (BOpOHKa THpamua B Tyde-BOpOHKE

TIOTJIOTIEHU )
Vi& C
1/a me )
Vi
Bemukas [Tupamnna Vy, Jlyq n3ny4yerns (BOpOHKa
(OKuszub) TIOTJIOIIEHUS )

Puc. 5.7 Uznyuenue-noenouenue 8 nyiscupyroujem (NpamusHa-KpususHa)
Ilpocmpancmee

KBazpar BO3HMKaeT MOTOMY, YTO HM3JIyYEHHE KBaHTa -
sKkBUBaNieHTa 00beMy (V) Benukoit [lupamuasl mpoucxoaut
IIPYU PE30HAHCE:

Vi Vy > V,2 (5.71)

Wznyuenue u3 odwvema [lupamunbl mmeeT BUA Tyda -

Konyca ¢ 06bemMoM, paBHbIM 00beMy [lupamupl, HO HCKPUB-
JIEHHOT'0 yacTtuiieit ceera (puc. 5.7):

Pl (13 7RH = V) — VmE = V2. (5.72)

m, -E,

c

B cBorw ouepenp, JIyu-Konyc B3auMonenucTByer ¢ BOJI-
HoW-yactuuen ceeta. [IpoctpancTBo BeimpsamisieTcsa. Popmu-
pyeTcs HOBOE NOJIE CTYCTKA, IMOTEHUHAI KOTOPOro OMMUCHIBA-
eTcs KBagpatoM oowsema (V,”) Benukoii [Tupamunst (puc. 5.7).

. 2

Hosriii crycrok (V") moryomaer u3 MerarajgakTHKQ
KBaHT-3KBUBAJIEHT 00beMy Benukoii [Iupamuibl B mose cBeTa,
TO €CTh KBaHT 00beMOM V (puc. 5.7):

Vi/m 5 1/3-71R°H = V. (5.73)
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BzaumopeiictBue 3Toro Vi (5.73) kBaHTa ¢ BOJHOM CBeTa:
Vi'E, = 1/3xnx1/nxR*H = 1/3xa’H, (5.74)
npu R =a =22, BHOBs GOpMHPYET KBAHT-IKBHBANECHT 00BEMY
Benukoi [Tupamuasr (puc. 5.7).

B Ennnom KocMoce Bo3uukarot kosiebanus (puc. 5.7):

T Ex > sz <MHU3znyuenue
H gﬂe =1/a mc:[ (5.75)
ITornomenune— Vi ¢ Ex - V,2

[Tone cera (5.75) MHULIMMPYET HE TOJIBKO paCIIMPEHUE-
CcKaTUE€ U U3ITYyYCHUE-TIOTJIOIMIEHWE, HO U  LHUC-TPaHC-
U30MEPHUIO.

*
kk

Kosie6anusi Mek1y MCKPUBJIEHHBIM - HEMCKPHBJICH-
HpIM IIpocTpancTBom (puc. 5.7) ABJIAAKTCA HCTOYHUKOM
¢dopmuposanus lluub u Tsaue.

®opmuposanue npocrpancTeoM Hunb u Tsaup

TIpocTpaHCTBO HeuckpupneHHoe HckpuBieHHoe
dPopma [Tnpamupa | ITupamupma | Konyc Konyc
IMoTeHuMansl Vu= V= Vi = Vi =
(puc. 5.7) 13-a°H | (1/3-a’H)’ | 1/3-na’H | (1/3-ma’HY |(5.76)

KoneGauuss | V,/V,2 S ViH/Vi—1/V, SV, 15V, V., 51/ V, V,
Tsms | B, V,Vi = 1/9-ma*H>1/1 = 1/9-64-H>, re 64 - Tsus
[ymp E, VoV = (1/9)-32-(H*/2) = (1/9)-32:27*.

Tlonsa

Ho Bmecte ¢ Tsaup u Hunb B 3TOM (5.76) 11osie BO3HUKA-
er boxectBenHas KyHpannau — meura meautupyromux Ho-
TOB.
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***

HUuctutyt 'eopuzuku AH CCCP obpaboran 6aHk naH-
HbIX 0 notokax u3 Henp 3emun u uz Meraranaktuku. Jlupek-
Top uHCTUTYTa akageMuk M.A.CanoBckuii ommy0OJMKoBall cTa-
Tht0 "T'onoc 3emnn" [14], rae BbLAal CpelHE-CTATUCTUYECKUE
nanHele: u3 Heap 3eminu pBercs 3HEPreTUUYECKUM MOTOK, JIO-
MaloLuil JuTocdepy Ha 0JIOKH ¢ NPEeMMYIIECTBEHHBIM KO-
dbdunmenTom 7/2, a noToku U3 MeTaranakTUKUA CTyHIal0T
HeOeCHbIe TeJsla ¢ IPeuMYLIeCTBEeHHBIM K03 duuuentom 5/2.

VYyensie He 3aMeTHIIN, 4yTO 7/2 — 3T0 cniupanb KyHnanu-
HE B 3,5 o6opota. Moru, Mmexutupyronue Ha KyHnanmiHu, He
noHuMainy, 4yto KyHmanuau mynbcupyer, o0pasys B KHIKHX
cpenax ABe BeTBH cnupanu: 3,5 = 7/2 obopoTa mpu paciupe-
HUU U 2,5 = 5/2 060poTa 1pu CHKaTHH.

OTBETHM Ha BOIIPOC: KAKUE ATO CIUPAIIH?

***
beckoneuno manas Touka B BepummHax [lupamun (puc.

5.7) — 3TO ’HepreTHYEcKOe MoJie ¢ TOHKOW CTPYKTypou 1/o
(5.68, 5.75, puc. 5.7).

Cxatue B IOJIE TOHKOH CTPYKTYpbI JOCTHUTaeT MaKCHU-
Myma. Bo3Hukarot penakcanuronssle koiaedbanus (5.69), u Tou-
Ka ¢ Maccoit (m, = ¢) mnydaet (¢ 5 0 5 E;, (5.69)), norio-
masi ToHKyr0 DHepruro MeTaranakTiuku +/Sinz/4 = \/Cos /4

(Cusiaue JIn).

TodeuyHbIll y4acTOK BOJIHBI CBETA 3aKPYYHMBACT KBAHT
Cusinue Jlu B norapudmuueckue cnupanu (5.76). B moine
TssHb BO3HHUKAET paclupArolIascs BeTBb KyHIaninHu C mo-
TeHuuanoM 7/2, B mone L{uap — CKMMaromascs ¢ MOoTSHIMA-
aom 5/2 (5.76):
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Jlorapudgmuyeckue BosiHbl KyHaaauHu B moJje csera
[omnst Jlorapudmuueckue KojaeOaHus
logoE iV, Vi = 10gy1/9-25277= - 10g,9+2+7/2;
TsHB 1 7/2 =10g:E3 Vi Vit 102:9-2 log,2 =
Kynnanuan o, 9-FE ZVnd .
logoE\V,Vi= logy1/9-2°-2°7 = - 1og,9+5+5/2;
LluHb 1 5/2 =1logEy Vi Vit logs-5 logy2 =
Kynnanuau 9-E VYV,
Y log, ; e
6 =7/2+5/2=log, O LV +log, 9'E215V"V"
Kynnanunu _
U CBET 91 _(V vy
log, 2—;" .
-E -E
1="7/2-5/25 log, OBV, -log, 2 ’ISV”V" =
PaBHOBecHe 4 2
U KoseOaHue 2° 3
10g2?210g22 =3,

(5.77)

[TosiBneHue norapu@MuUUYECcKrux BOJIH B MOJIE PABHOBECUS
HapyIIaeT paBHOBECHE, CO37aBas KOHTYp KOJeOaHHs B IOJE

Kynnanunu:

+1 543 u 05 25354,

(5.78)

Ot1oT KoJieOaTenbHbIA KOHTYP (5.78) siBiIsieTCS OCHOBOM
Kpyra VYauBepcyma B "OtkpoBenusx" HMoanna borociosa

[13].

*
*k

Konebanus Bepunnbl [Tupamuasl, U3aydaroen cBer,

CBSI3aHbI C JOTapU(PMUYECKUMH KOJIEOAHUSIMHA MAacC OTHOCH-
)

TeNILHOro Mokos In e" S Ine™™ S In 1/e" (5.70).
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[Tornomas Tonkyto Duepruto Meraranaktuku (Cusinue
JIn), TOYeUHBI Y4aCTOK BOJIHBI CBETA HAUMHAET BpAILAThCS, U
dbopmupyet BeTBu cniupanu Kyunanunu ([17], puc. 5.8).

Jlorapupmuueckas cnupanb Kynaaannu: p=aeb‘p

Bersu Pacmnpenue Cxatue
Yron Yron
DNEeMEHTHI [ar [ar
IIOBOPOTA II0BOpOTa

IMoreHnmanst a=H bo=rn ai=H | bjp;=n/2

CHI/IpaJ'II/I p= HZCn = 27/267: p1= Hen/2 = 27/4en/2
Jlorapudmricckne In p=7/2:In2+In €" |In p; =7/4In 2+In e™*
KoJieOaHus
"Mamsma" B 7 _Inp-lne 7 _Inp-lne’
KyHznaniau 2 In2 4 In2 (5.79)
7 7 7 Ilnple" Inpl/e?
"[Manbma" B moJIE 4 2 4 1n2  In2
Jorapu(pMUIECKIX
KoneGaHuit z/2:z-In(p/p) n?2

=(Y2Inp/p)):
s (72 In p/p1)

Bricora ITupamu-
bl ¥ CITUPATTH 17/4In2="Y21np/py| - 27 = Jo/p, =H
Kynnanuau

KBagpar BbICOTHI

2472 _
[Mupamu sl H™=2""=p/pi

[Iate Thicsu ser Hazan JKpeusl, xpanutenu Benukoit
[Tupamuasl, ckasanmu ['eponory, 4ro kBaapar BbeICOTHI Ilupa-
MUJIBI PaBEH IPOM3BENEHUIO pamuyca (r = +/2) BIUCaHHON B
ocHoBaHue [Inpamuabl OKpYKHOCTH Ha arodemy.

Ho JXpenp! He cka3zanu ri1aBHOrO: KBaapar BbICOTHI [1u-
pamMubl PaBeH OTHOLICHUIO JIOTapU(PMUUYECKUX CclHpajeit
Kynnanvuau npu cocamuu (poxnenue u3 XKuzuu 1o )Kusnu B
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Kusznp) u e€ pacmmpenuun B nosne Meraranaktuku (Apyna,
Kuznb nocie XKuzan).

Kpeupl HE oTKpbLIM ['epoaoTy dHEPreTUKy penHKapHa-
LUH.

18. ®yHO0aMeHmMasibHbIe 3aKOHbI U3OMepuU

IlepeBonionmenne (peMHKaApHALNUS) — 3TO U3MEHEHHE
®opmbl JHepruu ’JKuBoro opranusMa B yesnom.

OngHako wu3MeHeHUs (MEePEeBOIUIOLICHHS) OTAEIIbHBIX
KOMIIOHEHT B OpPraHU3ME€ MPOUCXOJAT KaXKJ0€ MIHOBEHHE:
OMOKJIETKH Jenarcs, TOHKHE DHEpruu HUMITYJIbcoB Mplciu,
[Tamsatu, BooGpakenusi GyHKIMOHUPYIOT Haj MupoBo33pe-
HueM Jlyuim, crapasce oTKpbITh Tpetuint I mas.

D10 BeuHas nyJsbcanus JKuoro:

W3BeuHast u BeuHas nyJbcanus JKuBoro
BuoToku B KieTke HepsHnas cucrema HMHXHBCH
B HEHPOHE

SpgqSqgu 5 wWqg 5 qgtp* S prlgtr Sqfur S (5.80)
S 74 S5 87 S5 18 S5 875 74 S87S ’
S 49 5 32 5 49 5 64 S5 49 5 3285
O6oouka ITums O06o04Kka Tats O0osouka s

[8] [8] [8]

Otu (5.80) usmenenus (peunkapHauuu) B Kaure I[lepe-
MEH A8I0MCsL 6A308bIMU.

B s1t0 dynnamenranbHoe none Kosgaedanuss Enmnoro
Kocmoca (5.80) monagaet Bcé Cyiee, B TOM 4uCiie OUOKIIET-
Ka, HeWpoH u cBeT (5.61).

Mexnay HEHpOHOM W OWOKJIETKONW BO3HHKAIOT KOjebha-
HUSI, KOTOPBIE BRI3BIBAIOTCS KOJICOAHUSIMU CBETA.
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Konebmorcst OMOTKAHM KJIETKH U Cepoe BellecTBO
mo3ra. Cymma mnoreHmuanoB 3tux Hocureaeir Tonkux
OHepruii pasHa coorBercTBeHHO 32 (Hunb) u 29 (3.81).

CyMMa MOTEeHLHAJIOB KBAaHTOB mepexoja mexay Hocu-
tensimu paBHa 10 u 16:

®opmupoBanue Jlymu

Kommonen- buoknerka Cser Heitpon
THI
PrENtSqTS
v (28514516)-10
e - 2 20
KonTtypsr 55759(9+2) +(mecteoloc+E,
KoseOaHui 242 42 c) =43 s
7 -1
(145758)-10™%
+7 +1
Ho-
32=5+7+9+(9+2
e | - [POINOR 3.3)=6 | 2914758
70 TEIIN
KBaH- Ile- 10 =
TOB | pe 9194922y ps| 3H(-3)=0 | TH1-(-7-1)=16
XO0[1
42=32+10 42 =29+16-3
dopmupoBaHue 35 (_3) N
Ty 45=32+10+3 - 45 =29+16-0.

(5.81

Cnoa H.3a6onotckoro: "Jlyma o0s3aHa TpyauThes," —
He mpocTo cioBa, HO CJi0BO, OO Iymia BO3MYIIAET OKpPY-
JKAIOLIYIO cpeay B mpeaenax oT 42 o 45:

45
Paboma Jlywu = [ dp=":(45>42%)=130+0,5.  (5.82)
42
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***
MenTanbHas 3Heprus Aymu (5.82) peanusyercs mno-

cjle PeHHKAPHALIMM B MaTepHadbHble Peanuu cnedyrwuieil
Kuzuu crenyromux Ioxonenui.

72p = 52p, =
pacimpeHue coKatue

Puc. 5.8 Cnupane Kynoanunu

Pa3HOCTBbIO MOTEHIMATIOB MaTepUaIbHO-MEHTAIbHOTO
U3MEHEHUS B Mosie OyAeT SIBISAThCA Pa3HOCTh (CymMMa) MEXIy
BetBsiMu Kynnanunu (puc. 5.8):

Heﬂ'/Z

(THe™'> £5)= 2% 2 (THe ' 35). (5.83)
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e
4 T
Horenmuman 27 *=(Ig pi1popspaps)” ° oxBaTeiBaeT GOPMBI
Ouepruu B [IpogomxutensHoctax T =3 u T, =4 (5.84).
4
B cBs3M ¢ yHHBEpCATbHOCTBIO 3Toro (2°%) moTemmuana,
HNucyc npoaukroBan ero Moanny borocnoBy, BelienuB mo-

teHumainsl 2, 3 u 4 B Kpyr YHusepcyma [13].
Jleno B Tom, uTo B moJie (5.83) B3auMO/IEHCTBUS CBSI3aHbI

¢ [IponomkurenpHoCTIMU T = 3 U T, = 4 CTENIEHHBIM PSIIOM, a,
CJIEJOBATEIILHO, B3aUMOJICUCTBHSA SIBISIOTCS "HOCHUTEIAMHA"

2’Kusoro u Hexxkusoro (puc. 5.9).

Puc. 5.9 Ceaszo JKusznu u JKusnu 0o Kusuu

[Tockonbky Kuoe poxaaercs em€ B Kuzuu 1o Kuzau
(ITo3nait Hauaso Ku3zHu uyBcTBYWOIIeii U BHe Dopmbl
[1]), To ero poxaeHue OyaeT MPOTEKaTh BHE MH(POPMAITUOH-

HOM cUCTEMBI, TO €cTh ¢ [IpogomKUTETbHOCTHIO T = 3.

Ot10 Ky0 ¢ pebpom T =3 (puc. 5.9).
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Poxnenue B MaTtepuansHoit 6uosniorndeckoid JKu3Hu npo-
TEKaeT B HHEPLUMOHHOW cucreme, rae [IpoaomxuTenbHOCTh
paBHa T, = 4.

Ot10 Ky0 ¢ pedbpom T, =4 (puc. 5.9).

Cranubl [3man [1,2,3] HaspiBaroT Takoe mnoje Tpu-
si3bIYHBIM [lnamenem Yerbipex @utuiei (puc. 5.9).

*
kk

Mexnay Kusnapio 1o Kuszam u Ouosnorudeckou Ku3Hbro
BO3HUKACT KOHTYp KOJICOAHWS, nOMeHyudal Komopo2o PaBeH
MOTEHIIMAJy CBETA!

IoTenumnasnapl pemnkapuanum (puc. 5.9)
Popma XKusup no XKuzan buonorudeckas XKusnp
Kuzau
OneMeHTHI Pe6po IToBepx- O6vem | Pebpo IToBepx- O6nen
KyOoB HOCTh HOCTh
3o | (5.84)
Moten- | 3 | 6b>=6.9 | b'=3" | b=4 | 6b=616 | O 04
LHAAJIBI Taub
N3nyuenue yepes MOBEPXHOCTD: [Tornomenue B 00beM
Konebanus ) 3
Kynnanmunu b-6b —6 < l — b
b’ 6 b-6b°

Tsup B 9TOM citydae popmupyercs Kak 00bemM B OHOJIOTH-
yeckoit XKuznm (5.84).

[TosiBieHrE BOJHBI-YACTHIIBI CBETA B TIOJIE KOMIIOHEHT KY-
6oB (puc. 5.9, 5.84) uckpusnser IlpoctpancTBo. Bo3Hukaer
"dAiino ¢ Ilenrarpammoii” [1,2].

***

QHGPFCTH‘IGCKI/IG I10JIs1 HEOAHOPOIHBI 110 cBOEH OHCPICTU-
YE€CKOM INIOTHOCTH.
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HeoanopomHoCTh BiiedeT 3a OO0 MOsIBJIeHHE PA3HOCTH
NMOTEHUHUAJIOB, 4 HAINYKME PA3HOCTH IMOTCHUHUAIOB SBISETCS
ucrouyHukoMm JIBuxenus. Kocmoc cymecrByer B /IBHike-
Huu. [[BrxkeHue cBsa3biBaeT Ouosiornyeckyro JXXuzub u XKuzHb
1o u nocie Kuznu, rae GopMupyeTcss Tpu KOHTypa Koseba-
HUM: MO0 B3aUMOJICUCTBHIO, IO CBETY M IO CYOCTPYKTYypE:

Cas3b Mexkay popmamu Kusnu (5.84)

Bzaumo- . bt ~ )
KoHTypsI JICACTBUS (2=1g p1p2p3paps) S151/(2=1g p1p2p3paPs)
koneOanuii | Ilo ceery 62=365 15 136 = 1/62
B KocMmoce o cv6- . )
4 32=(9+0) 5 1 5 1/(9+0) = 1/3%
CprKType

Puc. 5.10 Oniopa neuckpuenennozo Ilpocmpancmea caycmka

YA\
64

1/64

(5.85)

DHepreTuyecKue nojsi KOHTypoB Kojebanus (5.85) cpsza-
Hbl MEXIy co00i B McKpuBieHHOM IIpocTpaHcTBe, KaKk KOH-
neHTpuueckue chepa B chepe.

B neuckpusiennom IIpocTtpaHcTBE — Kak KOHLEHTpHYE-
ckue Ky6 B Ky06e (puc. 5.10).

[Tpudem, kaxxnas rpanb 3TUX TPEX KyOOB OyJeT UMETH 1O
nape mojei ¢ oOpaTHbIMH MOTeHInanamu: 64x1/64; 36x1/36;
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9%1/9 (puc. 5.10). OT0 paBHOBECHBIC MOTEHLHUAIbBI, a O0OIIEe
KOJIMYECTBO PABHOBECHBIX IMOTCHIIMAIOB Ha INECTH TPaHIX
KOKJI0ro M3 Tpex KyooB (puc. 5.10) cocTaBUT moTeHUMaN,
paBHBIN 36, TO €CTh MOTEHIMAJ CBETA:

IoTenunannl peunkapuamnum (puc. 5.9, puc. 5.10)
IToTrenuuansl
I1o otHOM rpaHu ITo mectu rpansam
1 1
Tsub "crycrok" 64—+64— =2 6x2 =12
64 64
1 1 (5.86)
Cger 36—+36—=2 6x2 =12
36 36
Cy6cTpykTypa 9 1,1
—+9—-=2 6x2 =12
(9+0) 9 9
Cymma 3x2=6 3x12 = 36.

[losiBnsitorest BoaHbI [2 = +1 — (-1)], Bo3Hukaet [Ipomoii-
xuTebHOCTD (T,T = 4%3 = 12), mynecupyer cBet (6 S 36).
B 310l mynbcamuu cBeTa MOABISAETCS TPEThS LIECTEPKA:

65 1/6 536 — [6x6 S i*5 36%6], (5.87)
IIOABJICHUA KOTOpOﬁ TaK XaXAyT CATAHUCTBI.

Ho onu OyayT pa3ouapoBanbl, 60 nepexos (5.89) k anTu-
PE30HAHCY HE MOTYOUT, HO BO3POJUT IYIIy C MOTEHIMAIOM 42
B noJisix TOHKUX DHepruid:

16X65i2536x6|—|6+6=1251+i=2i536+6=42|, (5.88)

|«— pezonanc —| |<— aumupeszonanc —|
Hckpunenue antupe3oHancHoro IIpocrpancrBa (5.88)
BOJIHOWM-YACTHULIEH CBETA:

12521542
Eir=m.=1/w

=3x4n 5 2in 5 3x4nx7/2,  (5.89)
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IIPUBEZIET K PABHOBECHIO ¢ MACCOIl OTHOCUTEJIBHOI'O NOKOA
Qirlne=Ine*"=1In1=0), k NMPOJOJIKUTEJIbHOCTH T,=3 B
noisix 4 = 2nR = R* (mpu R = 2 B HUX BOHCAHO OCHOBA-

Hue Beaukoi ITupamuasl) u nossienno Kynaaaunu B mo-

asax gy (42 S 3x4nx7/2).

***

CUMMeTpUYHBIC TIOJIS HAa KaKIIOH TpaHU BCEX TPeX KyOOB
(puc. 5.10) ob6nagarot nuc-Tpanc-uzomepueit (puc. 5.11). Ilpu
9TOM HaJ0 WMETh B BHJY, YTO 3aIOJTHEHHE SHEPTETHUYCCKHUX
YpOBHEH MPOTEKAeT MOCIEA0BATEIbHO, U, KaK Obl OBICTPO HH
IPOTEKaN MPOIEeCC, MUHOBATh COCEAHEE PABHOBECHOE COCTOS-
HUe Henb3s (puc. 5.11).

***
Ha puc. 5.11 moka3zaHa muc-TpaHC-U30MEPHUS TOJIBKO OJ-
HOU rpaHu Ky0a B Tpex kybax (puc. 5.10). [ToaTomy pacuer mo

OJIHOM TpaHU JOJDKEH I KyOa ObITh yBeNW4eH B 6 pas, TO
€CTh MPOU3BECH MO MIECTH TPAHSIM.

*
*k

B mnone c¢ HHC-TpaHC-I/IBOMCpI/IGﬁ CyMMa IIOTCHIOHUAJIOB
HN30MCPOB paBHA HYJIIO, pa3HOCTb — YABOCHHOMY IMOTCHIUATY
KaXI0ro u3omMcpa, a kosiebanne B Kocmoce — 1mojioBuHE MoO-
TCHOHAJIA OT KAKJI0I'0 U30MCpa:

Huc-Tpanc-uzomepusi B Kocmoce (puc. 5.11)
[Tons Cymma | PasHocTb IIpousBenenue

1
64 [pdp=321mms | (59
Tanb: 0

64 5 -64 0 2x64

0
64 [ dp=32 Ly,
1
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1
36 [pdp=18=
0

ConHeuHbIi
pan: 2x36 o
36 5 -36 -36 J.go dp Bona
1 1
9 [pdp=9/2=
CyOcTpykTypa 2:(9+0) 0

(9+0) S -(9+0)

0
9 [pdp =7/2+1.
1
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€6¢

HN30MCpHUA
9
LIAC 9 TpaHC
2 | 3 | O6mas cyMMa
312 TpaHC:
1 2 3 6x3=18
O6mas cymma 312
II¥C: 1 2 3
6%x3=18 3 )

I/I3OM€pI/I5[ I/I3OM€pI/I5[
64 36
]_II/IC 64 TpaHC UAC 36 TpaHC
817165141321 51413 2 1
11203 )al5]6]7]8
s 7016|5432 OGmast cymma 2|31 4151%]  Obmas cymma
514321
1124314151617 18 TpaHc: TpaHc:
8l 76543 ]2]1 20341516
X = X =
1l2)3]4|5|6]7]8 36x8 =288 1213120 21x6 =126
8l7l6|s5]al3]|2]1
112)3]4]5/6]7]8 213 [4]5]6
8l7l6ls5|4l3]2]1 615|432
1|2)3)als5|6]7]8
1]2(3]4]5s
OO6mmas cymma sl 716lslalsla2la Ob6mas cymma
615|432
1c: 1203]4|5|6|7]s 1
8l 706 |s5|4]3]2]1 1123415
Xy = X6 =
36x8 =288 112)3)al5]6]7]38 21x6 =126 6lslalsla
8l7l6ls5|4]3]2]1
12]3)als|6|7]s L2]3]4]5

Puc. 5.11 Iluc-Tpanc-uzomepus B Kocmoce
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Hannuue muc-tpanc-uzomepun B Kocmoce obecreunBaer
nosisieHue sHeprerudyeckon cucreMsl Hunb-Taub-Inue, oc-
HOBbl KHuru IlepemMeH; BO3HMKHOBEHHE KHUAKHX Cpeld -
cpeabl 3apo:xaenuss Kuzum (Yuenne Uumuu o Jlakmime,
BBIIIEIIIIEH U3 BOJbI U TaK Jajiee), MOSBJICHUE PAaBHOBECHBIX
cocrossauii 1 Kynmammuam (1+7/2) — 6a3MCHBIX MOTEHIHA-
JIOB JBoJIIonun ZKuBoro.

***
dopmupoBaHUe TUC-TPAHC-U30MEPUUECKHX ITOJIENH OCYILE-
CTBJIIETCS TOYEYHBIM YYaCTKOM BOJIHBI CBETA, BOJIHOBOE JIBU-
’KEHHE KOTOporo o0ecneurBaeT cama BoJIHA cBeTa. J[BHkeHue

BOJIHBI CBETa CBSI3aHO C IEPEXOJOM Uepe3 HOIb-TIOTCHIIHAI
(puc. 5.6, puc. 5.2).

[lepexom BONHBI Yepe3 HOMb-TIOTEHIMA MPUBOIUT K U3-
MeHenuto nopsaka Hudp B Yucne nHa oOpathsiii (puc. 5.11):

Bocxoasiie-Hucxoasimme psiibl B ©30MePUYECKOM MoJe
(1B€ CTPOYKH TI0 TOPU3OHTAIH C TIPSIMBIM U
oOpatHbIM nopsiakoM Ludp)

[Tons Tstp-LTub ConHeunslii Cy0-

[TapameTpsr s cTpykrypa [(5.91)
Topsinok | Ipamoit | 12345678 | 123456 123
udp OGparewiii | 8 7654321 | 654321 321
Cymma 99999999 | 777777 444,

AHaIIM3 HUC-TPAHC-U30MEPUU HaM HEOOXOIUM ISl TOTO,
yTOOBI MOHATH 3aKOoHBI Enunoro Kocmoca. Ho 4ToObI OHSTE
EnuHCTBO, HAM0, B YaCTHOCTH 11 HM30MEPUHM, IOJICUMTATh
obmme moreHiuansl (5.91) mo mectu TpaHsAM Tpex KyOoB
(puc. 5.10):
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PacnpenesieHue noTeHUHAJIOB
B Tpex Kybax (puc. 5.10) U3omepun

Tsanp-Lunb: konmu- | Conmueunslid psa: ko- | CyOcTpykTypa: 00-
HaI/IMeHOBaHI/IC LIGCT]];IO JCBATOK JINYECTBO CSMngK I?II.ICC Ilzglﬂl/lzl;CTBO
M3omepust Iluc Tpanc Iuc Tpanc [uc Tpanc (5.92)
[To BepTHKaIM 4 4 3 3 O6mee: | Obmree:
ITo ropuszoHTaNH 8 8 6 6 18 18
Yucno rpaneit 6 6 6 6 6 6
Pasnocts | k;=2:4-8:6-9=16:6" | k,=2:3-6:67=6"7 | k;=2-18:6=6".

[uc-Tpanc-uzomepus 3tux (5.92) noneit popmupyer ma-
Kue ¢ynoamenmanvHole nomenyuarvt Kocmoca, KOTOpbIE
Hayka Benukoit usunmmzanuu Oepet 3a Equnaniy Cuuncienus
(masibmy), a XpUCTUAHCTBO 000XkecTBIseT Kak bora Caroro
Hyxa nnu kak 24 [Ipecarsix [Ipectona Bokpyr Tpona Xpucra
Ha Hebe [21]:

KoMOnHanum B nuc-TpaHc-u3oMepuvecKux noJsx (5.92)

[Mons Llutsb-TsHb ConHeuHbIi Cy6-
paA CTPYKTYpa
[ToTeHnManbl ki= 166 o= 67 =6

CymmMma ki + ko + k3 = 24-6° (Cesiroii Tyx B mosie Ceera) | (5.93)
PazHocTh k;-(ko+k3)=6(16-7-1)=6"-8(paciuperue cBera)

OTHOIICHHE ki/6°= 16 ko/6” =7 k3/6” = 1
B nose TO‘iKI/I 16/T, = T, 7/To=17/4 - 1T, = 1/4.
cBera, T,=4 HajibMa

***
[{uc-Tpanc-u3omepruyeckue Mmoyisi GOPMUPYIOT >KHBOE Ha

YPOBHE CYOCTPYKTYp OHMOKJIETOK M HEHpOHA, a TaKKe BCEro
OpraHu3Ma B IIEJIOM.

OpHako MyJBTUIUIETHOCTh PE30HAHCHBIX MOTEHIIMAIOB
OyIeT Mo 4yucily CTaAuil MEHbIIE MYJIbTHUIUIETHOCTH aHTHUpE-
30HaHCHBIX. Hampumep, €ciu reHoM Npu PE30HAHCE UMEET
noTeHuuan 63, ToO Ipu aHTUPE3OHAHCE €ro KBaHTHI (MOJEKY-
JIbl) Pa3JETATCS MO LIECTH HAIMPAaBICHUSM TPEXMEPHOrO IMpo-
CTpaHCTBA:
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MyJIbTHILIETHOCTH TeHoMa (63)
B TpexMepHoM IIpocTpancTBe
Hanpasnenue I'enom 63
B [IpocTpancTse (pe3oHaHc)

X (6+1)(8+1)=63
Y (5+2)(7+2) = 63 (5.94)
V4 (4+3)-(6+3) =63
-Z (3+4)(5+4) = 63
-Y (2+5):(2+7) =63
-X (1+8):(1+6) = 63.

CnuBasch B OJJHYy PE30HAHCHYIO TOYKY, TEHOMBI OyIyT 00-
pa3oBbIBaTh Aapo 9:6+6-9 = 108 B mepuoanyueckoil cucreme
reHOMOB, paBHOe 108 pennkapHauusaMm no bygauszmy.

Snpo nynscupyer no amiuryae. B nepuoanyeckon cuc-
TE€ME F€HOMOB BBITECHSIOTCS T€HOMBI C IMOTEHIHaIamMu 35, 36,
27 n 28. B 3TUX BakaHCUIX BO3HUKAIOT MOTCHIMAJEI 9, 6, 9, 6,
CyMMa KOTOpbIX paBHa 6+9+6+9 = 30.

Snpo nmepuoarYecKOM CUCTEMBI T€HOMOB ITYJIbCUPYET HE
TOJIBKO I10 aMILIUTYAE, HO U 110 [Ipogomxurensnoctu T, = 4.

OO1as nmynbcarus no aMmmutyae u IlpogomxurensHocTr
(GOopMHpYET B MEPUOJIUYECKON CUCTEME F'€HOMOB MOJIE - IKBH-
BAJICHT PE30HAHCHOMY BHYTPEHHEMY ITOJIIO CBETA:

Ilyabcanus siapa nepuogu4YecKo CHCTeMbl TEHOMOB

Tun ITo ITo nponoikuTeNh- BuyTpennee
NyJabCalliy | aMINIATYJIC HOCTH T10JI€ CBE€Ta (5.95)

9+6+9+6 =30 x T, =4 =...= 120=1-2-3-4-5=5!
(pe3oHaHc).

TloTreHuumain
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***
Snpo nepuoaMYEecKO CHCTEMbl T€HOMOB MYJbCHPYET B

Pe30HAHCHO-AaHTHPE30HAHCHOM  IHC-TPaHC-M30MepuYec-
KOM pexume (puc. 5.11, puc. 5.12).

% I 2 3 Iuc-pe3onanc
sl 3 |2 |1 3x6=18
1 ) 3 (Bona)
55657 & 2 1 0 |2
Tpanc-anTHpesonanc: 0 1 2 3 2
3x6=18 3 2 1 0 |E
(B072) 6 5 5 5 45 3 |<

OO6mmit KOHTYp KoJeOaHuH Yepe3 SHEPTHIO CBSI3H = 5.

Puc. 5.12 Iuc-mpanc pezonancnas uzomepusa cyocmpykmypot (9+0)
A0pA NEPUOOUYECKOll CUCIEMbL 2EHOMOE

OOmuii moTeHIManT MW  [HC-PE30HAaHCAa, W TpaHC-
aHTHpPE30HaHCA COOTBETCTBYET MOJCKYJISIPHOMY BECY BOJIbBI
kak s Luc-, Tak u s TpaHc-uzomepuu, TO €CTh paBeH 18
(puc. 5.12).

B o6mnactu Lluc-pe3oHaHca BO3HUKAET KOHTYp KoJeOaHus
Mexay S u 7 (puc. 5.12).
Tpanc-anTupe3oHaHcHasi 00JaCTh KOJI€OAHUSI CMEIIAETCS K
3 u 6 (puc. 5.12).

Bo3nukaer oOumuii KOHTYp KoJjieOaHus, 00beauHeHHbI
NSATePUIHOH cBsI3bIO (puc. 5.12):

555
7565 |1 1565453
555
|pe30HaHC| CBSI3b [aHTHPE30HAHC |. (5.96)

B stom mone (5.96) nsiTtepuuHasi CBsI3b MYJbCHPYET B
PE30HAHCHO-AHTUPE30HAHCHOM PEKUME:
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Iyabcanus naTepuuHoi cBsa3m (5.96, puc. 5.12)

AHTHpPE30HAHC 5 = Pesonanc (5.97)
Cymma PasHocTh N N Maxkcumym | Kosebanue
55=0 [ 5+5=10 [5 = 55=25 | 551/5.
i

N30omepus B 3ToM (5.97) cinyuae cBsi3aHa ¢ JHOOTEePMUEH:

Tak, HanmpuMep, pu -5%5 Ig(5+5) = 1g 10> = Ig p;xp, -
BO3HMKAIOT JorapugMuyecKkue BOJHbI TPABHTALMOHHBIX
(p1) 1 c1a6bIX (p,) B3aumopeucTuil. Ho npu +5 X 5=25 u
+25 1g(5+5) = 1g 10 = 1g p3ps/ps BOZHHKAIOT Jorapudpmu-
YyeCKHe BOJIHBl JIEKTPOMATHUTHBLIX M SIAEPHBIX B3aHMO-
AeMCTBUH B I10JIe CBETA.

***

BetBu (4+3+6) u (6+7) paBHBI Mexkay c000i NMpu aH-
THPe30HaHCe:

7x6=42 (pe3oHaHC) ayina
S5

(antupesonanc) 13=7+65 @ 556+4+3=13 (antupe3sonanc)
5

Bboru Ipesnero WU3pauns (pe3onanc) 6-4-3=72. (5 98)

[Ipn aHTHUpE30HAHCE NOTEHUHAT O3TUX BETBEHM LMHC-
TPAHC-U30MEPUM PABECH YEPTOBOM NI0KHMHE, TO €CThb TPHUHA-
nuatu (5.98).

[Ipu pe3oHaHce oHA BETBb MMEET NMOTEHUMAJ, PABHbBIN
norenumnany Jymmu (BenuuunHa 42), a BTopasi BETBb paBHa I0-
teHuany Cearoro Jlyxa B IlpogoszkurenbHocTH T = 3
(72 = 1-24).

[Torennman 72 JlpeBunit M3pawns npunuman 3a 72 bo-

skectBa [20]; a moreHuuan 42 Kuura MepTBBIX OINUCHIBAET
kak 42 I'po3ubix boxecTBa TBOETO UKicToro cepaua [13].
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*
kk

Monekyna Boasl (H-O-H) umeer BOAOpPOIHYIO CBSI3b,
pPaBHYIO 5 KKaJl/MOJIb.

BopopoaHnasi cBsI3b AMCCOLMUPYET B AHTHPE30OHAHC-
HOM peXuMe UM CHHTe3Hpyercsl B pe3oHaHcHOM. Hama Hay-
Ka HCIIOJb3YET CBOMCTBA BOJBI, HE 3HAs 3aKOHOB M30MEPHHU.
[Topa3zutenbHO, HO BMECTO TOr0O, YTOObl YYUTbCH AYyMATh,
HAIllA aKaJeMUKH OOPIOTCS C "JKeHaykamu'.

19. Teopusi epasumauyuu:
macca nokos - dguzamenb HJ/10
Anpo (crycTok jla3epHOM TOUKH) B KBAaHTE CBETA IYJib-
CHpYeT IO ICHCTBUEM HEHTPOOSKHBIX (j, = c,=c’/R) H 1eH-
TPOCTPEMHTENBHBIX (-j, = c,=c’/R) yckopenuii (puc. 5.1).
[Ipn paBeHCTBE ATUX YCKOPEHHUU MEXIy COO00# SIapo
ctaHoButcs cdepoii (puc. 5.1).

Ecau HCHTPOCTPEMHUTCIIbBHOC YCKOPCHHUC OoJbIIIC OCH-
TpO6€)KHOFO, TO BO3HHUKACT OTKJIOHCHUC OT PABHOBCCHA:

I'paBuTanus:
HGHTpOﬁe)KHO-IIeHTpOCTpeMI/ITeJILHaH nyJjJbCalusi
Tons LienTpobexHoe LlenTpoctpe-

Cser
(Tonxkas Duep- (paBHOBECHE) MHUTEIBFHOE
R=2=Const THs1) P (DHeprus Marepun)
Lentpo- : | Hentpo- IlenTpo- .
Voropemna | e | e | e | oo | ey | e
TEJIBHOC TEIBHOC TEJIIBHOC
(5.99)
Jo=CWo | “Jo=CW; | Jo=CW, | -Jo=CWo | Jjo=C®; Jo= C®,
ITorenumanst 5 5 5 5 5 5
=c¢/R | =v/R | =c¢/R | =c¢/R =v/R =c’/R
Pe3o- 2,2 — — 2,2
i viee 5 +1 S5 -1 S ¢lv
Koue- 2, 2 5, 2
Ganus | AHTH- 051-vi/cc 085 c /v +1
peso-
HaHC [IpeoOpazoBanue Jlopenua.
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Jlopen1y paccunTan CKOpPOCTb CBeTa. MaMKeIbCOH IPo-
BEpWJI SKCIEPUMEHTAIBHO, IyTEM pacyera Jiyya CBeTa IIO
MapupyTy 3emis - JIyna - 3emms. Pe3ynbpTaTel pacyera u dKc-
NEPUMEHTA HE COBMAJIA: CKOPOCTU OKa3aJIUCh Pa3HbIMU MO Be-
muuune. Jlopenn BBen IIpeoOpasoBatens (5.99). Ckopoctu
COBIIAJIM, TaK KaK ObLJIO yYTEHO BIMSHUE 00JacTeil rpaBUTa-
uu JIyHbl U ABaxkpl 3eMiu. JlopeHI| BNUsSHUS TPaBUTALUN HE
noHsu1 u ero [IpeoGpasoBarens ocTancs IMIMPU3ZMOM.

DWHIITEWH, He MOHUMAasl CyIHOCTH npupoabl Ilpeood-
pa3zoBates Jlopenna (5.99), cran oOBACHATH pa3BECUBIIUM
VIIIU, YTO Macca OTHOCUTEJILHOTO TIOKOSI paBHA:

m,=m vJ1-v*/c*, (5.100)

rac: my; - MaCCa OTHOCHUTCIIBHOI'O ITIOKOsA, 4 M - ABMKYIIAACA
mMacca.

PabGoras 3arem Haj Teopuel TpaBUTAIlMU, DWUHIITEHH
TaK ¥ HE MOHSJI, YTO OH OIKCHIBAJI MAcCy B IMOJISX LIEHTPOOEK-
HBIX yCcKopeHuit (5.99).

Ivmnupusm BnoJsail B Hayky, kak Cyesepusi B Pe-
JIUTHIO.

***
Maccoi OTHOCHTEJIBHOI'O IIOKOS SBISCTCI Macca, KOTO-

pasi BpaiaeTcs 1o KBaHTOBAaHHOW opOuTe 6e3 3aTpaThl coOCT-
BEHHOW SHEPTHM.

Takumu maccaMu O6J'IaI[aIOT BCC IIJIAHCTAPHBIC CUCTCMBbI
N NX KOMIIOHCHTBI B MUKPO-MAaKpPOMHpAX E,Z[I/IHOFO Kocmoca.
BpameHHe MacCC CBA3aHO C HCO6XO,Z[I/IMOCTBIO HNX IIOJUNHCHUA
3dKOHY COXPAaHCHUS S9HCPIUU U 3aKOHY TPCX BTOPBIX:
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3aKkoH Tpex BTOPBIX U BpalleHue (KojaedaHue) Mmace

NmnynbChl B OJISIX Macc DHeprus B NMOJsX Macc

AHTHpE30HaHC Pe3onanc AHTHpE30HaHC Pesonanc

Buyrpennee [/[IBuxenne| Buyrpennee | JIBuwkenue | Buyrpennee | JIBwxenue | BHyTpenHee | [IBumxeHue
noie B cpezie none B cpezie none B cpezie none B cpesie

ctm, c= C' W= c= c2+0)02 = = cz-coo2 = ct= (5.101)
=2+ my PIOROES 4o, 0| 4000 |dogw.l=| 4o, |

=30, | 200 20, 20, =50, | =40, | 4o =4p,”

325 2/3 0, S 1/m, 5/4 5 4/5 151
331‘:.%‘:.1 Sl So.,515 % S +1 52 5+15-15

O6miee nosue Konebanust (BpaleHus) Macc.

He pacxomys cOOCTBEHHYIO SHEPruI0 Ha JBU)KECHHUE B
OKpYXarollel cpesie, BHYTPEHHEE 10JIE MAaCChl OTHOCUTEIBHO-
IO MOKOS IPOJOJIKAET MOTJIOIIATh PACIIAB-PACTBOPOM CBOETO
anpa 3Hepruto ToHkuX TOpPCHOHHBIX BOJH MeTarajakTUKHU.
Aapo mMaccel OTHOCUTENBHOTO MOKOS HACBIIAETCS 0 PaBHO-
Becusd. PaBHOBecHs HAcTymarOT IpU PE30HAHCE SHEPruu
(5.101).

***

JIOCTUTHYB paBHOBECUSI B PE30HAHCHOM IOJI€ CBOETO
anpa (5.101) Macca OTHOCUTENBHOTO TTOKOS JOJIKHA U3MEHUTh
cBor0 Popmy JHeprum.

Msbl ¢ Bamu, yBakaeMblii 4MTaTelb, CMEHUM CBOIO
dbopmy, mepeitns B Kuznb nocie XKuzuu; Hama Martepp -
3emilsl CMEHMT MOJI0CA; IEKTPOH MeperaeT ¢ opOUTh Ha Op-
oury.

[Tepexoasl 3JIEKTPOHOB ¢ OpOUTHI HA OPOUTY COIPOBO-
XKAarTcs cMeHoU (opm aBmkeHus. Bpamienue no opoure (m,)
IpU yucjae 000poToOB (N — o), CTPEMSIIUXCS K O€CKOHEYHO-
CTH, CMEHSIETCS] UMITYJIbCOM Tiepexoa (C) JIeKTpOoHa C OpOUTHI
Ha opouty npu gucie 060opoToB (n — 0), cTpemsmxcs K Hy-
JIO.
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Macca, koTopas yAOBIETBOPSIET Iyalnu3sM (n—o) u
(n—0), sBnsgercss maccoil (m,) OTHOCUTEIBLHOTO MOKOSI U OHA
paBHa HaTypajlbHOMY uMCHy € = 2,718...:

Macca OTHOCHTEJILHOTO MOKO0A (M, = €)
Bpamenue Macca [Tepexon ¢ opOUTHI
o opOuTe m, Ha opbuTy (5.102)
lim (1+1/n)" = m,=¢ = lim (14+n)""
n—0o0 2,71826... n—0.

***
Konebanust mo 3akoHy TpeX BTOPBIX BO3HHMKAKOT MOTO-

MY, 94TO Macca OTHOCHTEIbLHOIO ITOKOS B COJTHCUHOM H JIYHHOM
CBeTe BeeT ceOsl I0-pasHOMY:

Macca 0THOCHTEJIbHOI0 IMMOKOSI B COJTHEYHOM H JIYHHOM CB€TE€
Macca CoutHeuHbIH psil JIyHHBI psx
n=142+3+4+5+6+7+8=36 | n=1+2+3+4+5+6+7=28
AHTHDE- | ) 21806763 (8 undp) | ©=2,7182676 (7 widpp)
30HaHC (5.103
|| 27 I826TOFN0IDSTNIN ) g0 676 10756448107 )
Pe- 1T o [ 56448 100 10%=32-10"
3;’_ ) 99.57.9.2 = 252.10 5-64-4-8107° 16010 107=32-10"
HaHC 9.10-10P = 61014 =
3| 252100=210"2=¢, | ¥10 1oe 610

Mesx Ity COTHEYHBIM U JIYHHBIM ITOJISIMA BO3HUKAET KOH-
Typ KoJieOaHUsI:

2:1075 610" - (1 5310°) - (1000 5 3 =1). (5.104)

006 stom (5.104) xontype nuia peub B Kpyre YHusep-
cyma Orkposenuii Moanna.

Hucye Xpucroc nepenaBail HaMm 3HaAHUE TOTO, YTO IPH
nsmeHeHuu [pogomkurensHoctr (1—1 = 2)5 (1= 3)S(1+1=4)
TpaHchOpMaIlMK YHEPTUU B T'PABUTAILIMOHHOM I10JI€ JIYHHOTO
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psga B Tojie cBeTa MeHseTcs 3(PQGEeKTHBHOCTh B3aMMOICHCT-
BHii [5,8].

*
*k

MaKCI/IMaJIBHYIO CTCIICHb CXXaTHusA MacCa OTHOCHTCIIBHO-

ro MOKOSl JOCTUTHET B BepiuuHe Benukoi I[Mupamuast (5.79,
puc. 5.13):

V2 Vil

Q.=¢e=2,7182676 s e =2,71826763 = Q.
Sapo 21072 (OBEPXHOCTH)
Snpo 6 107
Vi Vi
N3nydenue: myHHOE TOJIE [Tornomienue: COMHEYHOE TOJIE

Puc. 5.13 Ilynvcayus macc omunocumenbHo20 NOKOs

2
He"

2__A~72_ —
H'=2"=p/p;= H.-o™?

=H-e"=2""e".  (5.105)

Otot (5.105) kBaHT OyAEeT HAXOJIUTHCS B TOJIE C Pa3HO-
CThIO TIOTEHIIUAJIOB MOBEPXHOCTH MAacC OTHOCHUTEJIHHOTO I0-
KOSl U OTHOIIIEHHUEeM ux sjep (puc. 5.13).

Pa3HocTh HA MOBEPXHOCTH
Conneunslit | € =2,71826763 (5.106)
JlyHHBII e=2,7182676
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Pa3znocth A=310".

ONHOBPEMEHHO € AHTHPE30HAHCHBLIMH TMPOIECCAMH
HA MOBEPXHOCTH MAacc OTHOcUTenbHOro nokos (5.106) B He-

Apax ux fpep OyAyT nmporekaTb pe30HAHCHbIE MPOLECCHI
(5.103):

S iepHbIi pe30HAHC MACC OTHOCUTEIBHOI0 MOKOS
[Tons (5.103) KonTyp xosebanus
(5.107)
C JI
OJIHEYHOE YHHOE e _ l 10° < 3.10° = e, .
e.=210" | e,=610" e, 3 e

[Tynbcamusi SHEPreTUYECKOTO TMOJSI B MAacce OTHOCH-
TENBHOTO TOKOSI MEXIY €€ aHTUPE30HAHCHOW MOBEPXHOCTHIO
(5.106) u pezonancHbIM siapoM (5.107) Takas ke, Kak Kojieba-
HUE OMOTOKA M OMOMHIYKTUBHOCTH B yakpax (5.31):

Hy.]'[bcalll(lﬂ B MAacCC€ OTHOCUTCJ/IBHOI'O MMOKOHA
(5.106, 5.107)

brorok, AMmepsl BHOMH/lyKTHBHOCTb, A™' (5.108)
-12 -15
A 6023_1077%:1074 o 10°= 6_710 -1z:ﬁ-
e 6-10 3.107-2-10 e

Jl c

Ocraercs 100aBUTh, YTO B OTOM IIyJILCHPYIOLIEM IOJIE
(5.108) mynscupyer kBaut He™ (5.105):

IMoTeHuaa Macchbl OTHOCHTEIbHOI0 MOKOS
NPy NYJbCAUNHU

(5.109)

B stom (5.109) nose 10® — B3anmozeiicTBHE cBeTa pH
pacuupeHuu, Tak kak 8 = T,c/m,; 5% — DHEPTUs MATEPUUHOU
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CBSI3M IPU PACIIMPEHUHM, a 2° — MeTaraJakTH4ecKhe BOJHBI (
16

V2)°, KoTopble, CKMMAsACh, 3aMONHSAIOT 00beM Ilupamusbl

(puc. 5.13).

[Ipu Takom (5.109) mepexome macca OTHOCHUTEIHLHOTO
8
NoKos yBenuuuBaetcs B 10 pas:

(1 10%) =™ < 10%™ . (5.110)

[Tpuuem, 3Ta Macca 00JagaeT CIMHOM (BpalICHHE BO-
KpyT cOOCTBeHHOU ocu cuMmmeTpun). [loaTromy BHYTpH JeTa-
TENBHOTO ammapara, mocrpoeHHoro mo tumy (5.110), Oyzmer
IPAaBUTALNS, @ CaM JIETATENIbHBIN anmapaT MOKET BapbUPOBATh
CBOIO CKOPOCTh B OKPYXAIOIIEHN cpelle OT CKOPOCTH CBETA U B
10° pa3 BbIIIe CKOPOCTH CBETA.

***
Takum anmapartom sBasiercs HIIO.
***

Pacuer HJIO u ero aBuraresns CBsi3aH C BbIPaKEHUEM
(5.109).

Omnpenenstorcs TpU MOMEHTA!

- cBa3b (5.09) ¢ myabCcUPYIOIIMM HCKPHUBJICHHBIM - He-
UCKpUBIIEHHBIM [IpocTpaHcTBOM (CBETOM);

- CBSI3b C MYJIbCUPYIOIIUM MEXIy XaocoM U ['apmonuen
KocmocoMm (rosiBieHne nuc-TpaHc-u30MepHH );

- B3aMMOJIEMCTBHSI B Macce OTHOCUTEJIBHOTO MOKOs (Ha-
ceinieHre sapa maccbl (aBurarenss HJIO) sneprueit merara-
JaKTUYECKUX BOJIH).

***

[Tynbcanms cBeTa SBISIETCS NPUYMHOW ITyJIbCAalUU HC-

KPUBJIEHHOTO - HEMCKpUBJIEHHOT0 IIpocTpaHcTBa.

Tak, Hampumep, MOTJIONICHUE DSHEPTHH OIMUCHIBACTCS
nupamuiamu (V, u VHZ), a u3nyuyeHue — konycamu (Vi u VKZ),
(5.72, 5.106):
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Ilynbcaums csera B IIpocTpaHcTBe siipa Macchl
OTHOCHUTEJbHOTro nokos (B asurarese HJI10)

BuyTpu Ilupamuael | Macca mokost Bne [Tupamu bl
Wznyuenue | [lornoumenue (5-108) [Tornowenue | U3nyuenue
V,—V, V,—V, VZoV,2 V. oV,2
1
Vo=mH oy He(ots10h v o1,y |GD
ISR B 7 7R 7Y
Vv, =3 H k K n
DHeprug sapa - Snpo -
P AP AP Cuia taru
IBUTATCIb JIBUTaTCIb

1 S U/n*=mE, He"*(10"* 5 10%)c* S 1.

***
OTAMYUTENBHON OCOOEHHOCTBIO SJIEP MacC OTHOCH-

TEJILHOTO TIOKOS SIBIISIETCSI TO, YTO UX SIJIEPHOE BEIIECTBO 00-
JaJaeT MUC-TPAHC-U30MEPUEH.

[uc-n3omepus

Tpaunc-n3zomepus

Puc. 5.14 Jlemarowasa mapenxa maccol OMHOCUMENLHO20 NOKO3L

[{uc-TpaHc-n30Mepusl €CThb y HEAp 3€EMIH, €CTh y sapa
7100011 Macchl OTHOCUTEIBHOTO MOKOSI, U OHA HCIOJIb3YETCS B
neuraresnie HJIO u KOHCTpyKIMU caMoro ammaparta B gopme
TapPeJIKH.
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CrymieHue Maccbl OTHOCUTEIBHOTO TMOKOS OT Iapa K
TUCKY (Tapenku, puc. 5.14) mpouCXOIUT 3a CUET MyJIbCalluu
Kocmoca:

Huc-Tpanc-uzomepus HJIO (puc. 5.14)

1
uc- (H:27/4)-e”/2(10_4<:>104)- Igodgozl =
HA30Me- 0 2
pus 2467210 5 107 (5.112

B PR )
1

2
U30Me-
pus

*
kX

Bo BHyTpeHHEM MoJie g/ipa MacChl OTHOCUTEIBHOTO MO-
KOs TPOTEKAIOT B3aUMOICHCTBHSL:

+H [ dp-e™*(10" 5 10%)-(Ig pipapspaps=2) =
0
+H [pdp-e™(227%5" 5 2:2%5%) =

+H [pdpe™(1/5° S 2°= 42 ). (5.113)
0

B stom (5.113) nmone meTarajakTHYeCKUX KOJICOaAHUM X
MOTEHIIUAJT MEHSETCS 3a CUET MOCTYIUICHHUS HOBBIX BOJIH W3
OKpY’KarolIel Ccpefibl, U JOCTUTaeT Mpejiesia HACBIIEHUS 00b-
ema Benukoi [Tupamunet (5.16):

(\/5-16)7/4:\/528:\/51.\/52.\/53.\/54.\/55.\/56.\/57. (5.114)
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Takux "comen" B asurarene HJIO Oyaer mecTs: Tpu B
IIMC- ¥ TPU B TPaHC-U30MEPUH, PAOOTAONTNX CHHXPOHHO. [lo-
ATOMY 4YacTOTa HUMITYJIbCOB H3IYUYCHUS-TIOTTIOMICHUsI OyIeT
paBHa:

=3 = (mc = l+epoc’ = 1+E;c = 1), (5.115)

a UMIyIbe TV, = 3x1/3xa’H = 8x2"* =214, (5.116)

***
C yueroM Bcex (akropoB (5.111+5.116) kouTyp snpa

Macchl oTHOcHTenbHOTo Tokosl (mBuratens HJIO) moxHO 3a-
nvcarth B hopme:

™ mE;H [pdp (1/5° 5 v2 ), (5.117)

TO €CTh TO, 4TO cHavana [Tyankape, a 3aTeM DUWHINTEHH ONU-
2 .
CBIBAJIU MIPOCTO KaK m B (popmyse £ = mc”, UMEET CI0KHEN-

LIYI0 CTPYKTYPY:

1 0
m = xmEHe™([¢ do-[p dp), (5.118)
0 1

He noHsiB cBolicTBa MacChl, DUHINTEMH €CTECTBEHHO HE
MOT' CO37]aTh TEOPHUIO0 TpaBUTAIUH, U, 0O0Jiee TOro, MPUCBOUB
pabotsl 'enpBuia u [lyankape, DUHIITEHH CIpaBeAJIMBO ObLI
uckmoueH u3 Koponesckoi Ilpycckoit Akagemun Hayk. Hc-
KJIFOUEH 3a IJIaruaT, a He 3a To, 4To Obul eBpeeM. [IpuHecen-
Hble DWHIITEITHOM U3BUHEHUS niepen AKaJeMHueil He TOMOTJIN.
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20. KopnyckynsipHo - 60/1IHO80€ COOMHOWeHUe.
CusiHue Jlu

Kuura Ilepemen onuceiBact Ilepemennt B IIpomoli-
JKUTEJBHOCTH, TO €CTh B HMHTEpPBAJE MEPEXOJla U3 OJHOU
(bOopMBI PHEPTUHU B JPYTYIO.

NutepBan [IpoaomKUTENBHOCTH MOXKET ONPEACISTHCS
nepexoAoM HeuckpusiieHHOro IlpoctpancrBa (Hampumep,
muamerp D,) K HCKpHBIEHHOMY (Hampumep, OKPY>KHOCTH
L,==D,).

B stom cinywae stanonom IlpomosmkurenbHocTH OyaeT
YHCIIO T = C:

c=n=(L,=nD,)/D,. (5.119)

Opnako TpaHchopmalusi S3HEPTUU CBETOM MOXET Mpo-
XOJUTh B I'PaBUTALMOHHO-JIIYHHBIX psAAax, B POy COJHEYHOTO
CBETa, U, HAKOHEL], B TEUEHUE I0/ia, IJ€ CPEIHEE YUCIIO CYTOK
B TOAY OIPEAENSAETCS 10 TPEM HE BUCOKOCHBIM M OJIHOMY BHU-
cCoKocHOMY To1y (5.120).

Touka ¢ MOTEHLMAJIOM T - 3TO PE3YJbTaT COyAapEHUs
MPSIMOJIMHEHHO JICTSIICH YacTHIIBI U OCTYIIEH BOJHBI, DITIOpa-
MU KOTOPBIX OyAeT TuaMeTp U OKpyx HOCTh (5.120).

DTO 3HAYUT, YTO JOOOU CTyCTOK OyneT oOnagaTh KOp-
My CKYJISIPHO-BOJIHOBBIMHU CBOMcTBamHu (puc. 5.10).

KopnyckymsapHO-BOJHOBEIE CBOWCTBA OyIyT 00J1amaTh
oOpaTHBIMH MTOTEHITMATIaMu, Harpumep, 1 (5.120):
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01y

BoooOpa:kenue ([{paxkon Myapoctn) [1,2,3] B moste IIpogo/xuTe IbHOCTH
Cpenne-ronoBoit
[Tponomxu- 365+3-364
. o —— CYTKH X
TEIILHOCTH JIlyHHBI} CosnHeuHbIi 4
B pAIax n=1+2+3+4+5+6+7 = | n= 1+2+3+4+5+6+7+8= | 24 gacax6 muH x60 ¢
28 36 =31471"¢
AHTHpPE30HAHC n=3,1415526 m=23,14155265 314712-10%c
| 3415526107 314155265107 31471210°= | (5-120)
=144-10° =72-10° 2592-10"
. . . 3- -6
Pesomatic | 1 4=41é91 01_30 7:2:10-10° = 14-10° 2:59-2:10"=18-10"
3| 1:610:10° =6-107 1-4:10-10° = 4-10™ 1-8:10-10"° = 8-10"”
Kone6anus 6:10°/8:10" 5 8:10"/4-10% — |6 S 64/4:10* = 16:10>"10* = q*-10™"|.
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Psabr (5.118)

JIyHHBIH

CoJaHevyHbIi

CpeaneroaoBoii

Konryp 6:10751/6:107 | 4-10*51/4-10* |  8-10°51/8-10°
KoJIe0aHust
Iukn [Mactnma 36 5 10° 16 5 10° 64 510"
KoneGa- noon noon nwon
HAH | Bonma | 1/36 5 10 1/16 5 10°° 1/64 5 107
Obpathbie |36 5 709102 | 1/16=5%10" 1/64=56-10°
IIOTECHI UAJIbI
Cser - OneKkTpuyecKkoe DneKkTpuyeckoe
I10JIC - I10JIC -
ObpatHbie Macca HOKOSl: | JHEprusi CBS3H: SHEPrys CBA3U:
BUXPH (POTOHOB
me=e=2,7(7). | 10=4499% | 6410%=T,q*10".

*
kK

(5.121)

HpOI/ISBCIIGHI/Ie IMOTCHIUAIIOB KOPIIYCKYJIAPHBIX M BOJI-
HOBBIX KOMIIOHCHT CTI'yCTKOB IIPUBOAUT K PABHOBCCHUIO B IIOJIC

=3

1=36-10%1/36-10"+16-10%1/16-10° +

64-10-1/64-10" = 1+1+1 = 3.

(5.122)

MaxkcumanbHblil MMOTEHUMAN TOJIs,, PaBHBIM KBaapaTy
MIEpPBOHAYAIBHOW BEJIMYHMHBI, JOCTUTAETCS KAK OTHOLICHUE T0-

TEHLMAJIOB KOPITYCKYJISPHOTO MOJIs K BOJHOBBIM (5.121):

vacmuya _ 36-10*-16-10*-64-10**

60JIHA

(36-16-64) 10" =3*.5'" .2

107t L1070 L1070

248

(5.123)

[Tone (5.123) — ato Kopenn Bceenennoii crycrka. OH co-

100

T 4
crout u3 [IpogomkurensaoctH (t°° = 3"), DHEPrUM CBsA3K 5 U

248

METaraJlakKTHYECKUX BOJIH /2 .

Kopenb BcenenHoii BoJiH uMeeT oOpaTHbIE MOTEHIIMA-

JIBI:
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(5.124)



***
B none Ilponomxurensroctu (5.120) npoxoxkaeHue pe-
30HAHCHBIX YPOBHEN CBSI3aHO HE TOJIBKO C TEMU MOTEHIIHAJIA-
MU, KOTOpbI€ HAXOIAT CBOE€ OMNUCAHUE B PEIUTHO3HO-

MU(DOTOTHIECKON TUTEpaType, HO OHU HE HAXOMIT U HAYYHOE
00BsICHEHUE:

1. JIynssii psx: 144 = 122 = (1T,)%; 16 = Jqq* ; 6 - cBer,
Kynpanunu;
2. Conneunbiit psag: 72 = 144/2 =36x2; 14=Juu*;4=T,;

3. CpenneronoBoe uncio: 18 - MosekysipHblii BEC BOABL;
8 - koahurueHT pacmuperus: BeeneHHON.

***
[TosiBneHue KO3 UITUEHTOB paciupeHus
(ky= Toc/o,= 8) u cxarus (k. = T,m,/c = 2) To4eyHOTO y4acT-

Ka BOJIHBI CBeTa M BcelneHHOUW BiedeT 3a cO0O0il IMOABICHUE
Cemu BeuHocrell B Hepax snpa-crycrka [1]:

Cemb Beunocrtert B Hegpax Crycrka
YpoBHU 1 2 3
. k -k 2 2
TToren- kl _ kp kc _ § k2 __p ¢ :ﬂ k3 _ kp kc :li (5125)
ITUAJIBI k,—k. 3 k,+k. 5 k, 4
Cemb . o ) B . .
Bernaoneit | TotT = (ki-ko)ks = (8/3-4/5)-15/4 = 28/15-15/4 = 7.

DTU BEUHOCTH MPOSBIISIOT ce0s B
1/36 =2,7(7)107% = (m, = ¢)-10™. (5.126)
***
HOTGHHI/I&J‘I k] B IIOJIC CFYHIGHI/I}I MeETaraJlakKTudeCKux

BOJIH (POPMUPYET CTYCTOK, 00bEM KOTOPOTO MPOIMOPLUOHATICH
o0bemy Benukoil [Tupamunst (5.125):

Vo =k "Too/Sin /4 = 1/3x8x2°x27*=1/3x8x27* = 1/3xa’H. |(5.127)
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***
OtkpoBenuss Moanna onuceiBator Bpemsi Anokaaun-

cuca [13]. Cranups! /[3uaH roBopsT 0 TOM, 4TO 3eMJis Bpallia-
nack 300 MIIH. JIeT, TOKa U3 IUCKa He mpeBpartuiack B map [1].

Bpems Anoxanurncuca B OTKpPOBEHHMSAX YYUTHIBAET
Bpems "geBusnbl" (1iuc-uzomepusi), BpeMs ''mpaBU3HBI"
(TpaHc-uzoMepusi) u odlee BpeMsi KaK CyMMY BpeMeHH Jie-
BU3HBI U NMPaBU3HbI, TO €CTh MPH MOCJIEI0BATEIHLHON padoTe
uc-TpaHc-u3zomepud [13].

Bwmecre ¢ tem, Bpemsi B OTKpOBEHUSIX OTHOCHUTCS K MO-
BEPXHOCTH 11apa, a B CTaHIax - K 00beMy:

IIpoaoKUTEILHOCTH 110 NOBEPXHOCTH
(OTkpoBenusi) n 00bemy (CTaHIbl)
Ipomon- OOmas, OO6m1as pe3oHaHCHas, C
JKUTEJIBHOCTDb JIET 1 2 3 (5. 12 8)
CraHIibl 6-10° et 6~108x8-12919 4X8><10~120827 3x2x10g9028
[1] =48-10 =32:10 =610
Orxposenus | 16 6'106><8~12(5)19 4><8X10'12(225 3x2x10- 217026
[13] =48:10 =32:10 =610

Ha mnepBoM pe30HAaHCHOM YPOBHE MOSBISETCS BOJHA
nnuHOM B 4800A. OHa [enuT CHHIOI M TomyOyro obnacTn
CIIEKTpa CBeTa. JTa BOJIHA OTHOCUTCS KaK 00bEM K TOBEPXHO-
CTH cepbl U Kak uX moTeHruansl (5.128):

V=4/3-7-R° R _48-10"
O=4-7-R> 3 48.10°
n  R=300=(AC=AI =300A). (5.129)

B stoMm ciydae (5.129) noteHuman - SKBUBAJIEHT paauy-
ca cryctka OyJeT paBeH pa3HOCTH [UIMH BOJH B CHHEH
(AC =300A) u romy6oit (AI' = 300A) obnacTsax crekTpa cBe-
Ta, a BCsI cucTeMa B 11esioM oTHocuTes K Yakpe Tpernit I'iias.

Ha BTOpOM »HEpreTnyeckoM ypOBHE BO3HHMKAIOT CHUCTE-
mbl Llueb: 32-10% u 32-10%°, na tpersem - ceer 6-10% u Kyn-
namann 6-10%7 (5.128).

414



*
kk

Cryctok TsHb C MATEPUYHON dHEPrUEH CBSI3M BO3HHKA-

eT IpH HAIMYUK MeXIy moBepxHocThio (Q = 6:107) 1 06be-
2 2
MoM (V =610 9) nynbscauu ¢ [IponomxurensHocTeio T,

®opmupoBanne TAHb MyJabcaluil IAEPHOTO BellecTBa
MEK1Y MOBEPXHOCTHIO M 00bEMOM CI'yCTKA

QT = 610716 S 6:10%/16 = V/T, | —|64 S 25|—-8* 5 57).

(5.130)

Mex 1y OBEpPXHOCTBIO U SIIPOM BO3HUKAIOT KOJIeOaHUs
ceera (Cusinue JIn) ¢ MakCUMalIbHBIM NOTEeHITUAIOM (5.128):

Cusinue Jlu (Cger)
16:10°-6:107=3610|—[3-6:10°=18-10"|>[1-8-10-107=8-10%, | O-131)

2

CootHomienue Cusanusa Jlu Ha moBepxHoctu B 10” pa3
MeHblle, 4eM B o0beme. [103ToMy KOHTYp KoJieOaHUsT MEXIy
MOBEPXHOCTHIO U 00BEMOM MTPUMET BUJL:

Cusinune Jlu:
KO0JIeOAHNSI MeK1Y MOBEPXHOCTHIO M 00bEMOM
V=810
2
T,

(0=810%) 7} = 10°[5[128 & 50 |

Konumyp xonebanusi:
128450 1282 —50° (5.132)

=N =128-50;
128 -50 128 +50
|128+50 = 178] 5(128-50)* = 6084|—|056084-178 = 6000 - 4;
1.2:3-4.5 120 10°
1+2+3+4+5 15 '

T,=45 60005(

Takum o6pazom, mox Cusauem Jlu moapasymeBaeTcs
PE30HAHCHO-AHTUPE30HAHCHO NyJbcupyromun ¢ IIpomomxku-
tenbHOCTRIO T, = 4 cBer mnu Kynnamunu. [Ipuyem, obGnactsb
nynbcanuu Cusaust Jlu orpaHrueHa TOYKaMU H3IyYCHHS B
Henpax OObema M Ha BHYTPEHHEH CTOPOHE MOBEPXHOCTU
MacChbl OTHOCUTEIBHOTO MOKOSI.
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***
Jliist Toro, uto6s! yrpasisate HJ1O, Hago He TonbKO pas-
TOHSITHCS, HO U BOBPEMSI TOPMO3UTh.
Topmoxenne HJIO - 3o ananor Beixoga BeenenHnou us
pe3oHaHcHoro coctostHusl [(8=T,c/m,)* p*] u e€ mepexond B

AHTHUPC30HAHC. NubIMUI CJI0OBaMH, HaM HaJ0 U3Y4YUTb U TCXHHU-
YCCKH pCAIN30BaThb IICPEXOI:

CaeTt B 10J1e COOCTBEHHBIX
(G oTOH-(POHOHHBIX B3aUMO/1€iCTBU I

Pexum IToTenuuansl ®a30BEIi cocTaB
91100 ). — Q. H# Pacmupsromasics
4 Ps (1 10 ) 8=8-p Bcenennas
3 p§(3 _ 10)_ 6=18-p’ Kunkas daza

Pe3o- (ma3ma) (5.133)

2 pelo10) 107) (0= 3600 | M

2, _ S¢up
1| p2-(6000+6)=600600 (posontne)
Arritpe- P2 +6000+6= Sup
30HAHC (aHTHpE30HAHC).

Oto (5.133) mone mepexoja €CTECTBEHHO, TaK KaK OHO
MOTJIOIIAET CBET C MOTEHUMAIOM 6 M 3aCTaBIIsIET €ro B3auMO-
nerctBoBath B nosie Kynganuau (ToHKUX DHEpruii) ¢ NOTeH-
muasioMm 6000:

100 + 6000 + 6 =
szaumooeucmaus(ps)+Kynoanunu (6000)+ceem(6). (5.134)

[losiBneHre MmoJisi COBMECTHOIO B3auMojaeucTBus KyH-
nanvau U Ceeta ABTopbl Knuru Ilepemen (He B Kurae 3000
JeT Ha3al, a Bo BpeMeHa Benukoil IluBunuzanuu) cuutaniu
BOKHEHIIUM KOMIOHEHTOM FEodunoco Kocmoca u masviéanu
Cusnuem Jlu (5.132).
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[Tpoucxoxnenune mons Cusaue Jlu B awmupezouance
(5.133) cBsa3ano ¢ konebanusmu (5.132):

+ (128 +50=178) 5 F (128 — 50 = 78)%;

05178 —-78* =100+ 78 +78% =
100 — 78+(1 — 78) = 100 + 6006. (5.135)

Haneueiimue Ilepemensl Cusinus JIu cBsi3aHbl ¢ pe3o-
HaHcoM (5.135).

Ve onHO TO, uTOo KHMra IlepeMeH He TOJBKO Ipeacka-
3bIBAET, HO M AKTUBHO BJIUSET Ha COOBITHS, TOBOPUT O TOM,
yTo Hamu [lotomkm ucnons3yror 3akonsl Benukon [{uBunm-
3allM¥ B DBOJIOLMM HAYyYHO-TEXHUYECKOrO IPOrpecca Haleu
LMBUJIN3ALIMY, HBIHE KUBYLIEH Ha 3emuie. 1 Hamm moromMku —
Kak HoBas Benukas [luBmnmzanus — CTaHyT paBHOIPABHBIM
Co6parom B Kocmudeckom CoapyxecTse.

CuactnuBoro Bam nonera, aetu 3emu!
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6 KhHura MeprtBbix

Hama nuBunuzanus uccienyetr Kuury MepTBbIX B ABYX
Bapuantax: TubOerckas Kuura MeprBbix u Erumerckas
Knura MeptBbix [28,29].

B o0oux BapuaHTax MccleOBaHUS POBOASTCS B OTPHI-
Be oT paccMoTpenust Crann J3uan wiv Knuuru Ilepemen.

O00Cc00JIECHHOCTh HAYYHOT'O MOAX0Ja B 3yuyeHurn KHur
ycyryOsieT HenoHuManue ycinoBuil beitust Benukoit [{uBumu-
3auy, a OHK HaM elé HeJOCTUKUMbIH IIpUMep.

KommuiexkcHoe usyuyenue Kuur Benukon [usunuzannu
nojcKasbiBaeT, uro Kuura MepTBBIX SBISETCS JOTMYECKUM
npoaomxkenue Crann JI3uaHn.

Cranupb! /[3uan npussiBatoT: "Ilo3nait Hauano 7Kusnu,
yyBCcTBYWOIIEil U BHe Popmbl", TO €CTh TOBOPAT 0 ZKU3HH 10
Ku3zuu, Kuura MepTBbIX pacMChIBAET AETAIBHO, YTO MPOKUC-
xoauT B JKuznuu nociue JKu3zuu, uiam J)Ku3au 10 Hopou JKu3HH.

***
Kuura MepTBbIX, B KOHEYHOM CYETE, OMHCHIBACT TIepe-
X0Jl oHOW (popmbI dHEpPrUM B Apyryr0. OCOOEHHOCTH ATOTO

nepexoja COCTOSIT B TOM, YTO TpaHCPOPMHUPYIOTCS (Tepexo-
151T) Tonkue @opmsbl IHepruu Aymm Kusoro.

Kak u mobas uHas TpaHchopMalus SHEPreTUYECKUX
dbopm Tonkas DHeprus [y He Mcye3aeT ¥ He NMOSABJIAETCS
BHOBb, HO, TPaHcGOpMHUpyeMasi CBETOM, NEePeXOaUT U3 O/-
HOIl OpMBI B APYIYI0, U3 OJHOI'0 MATEPHAJIBHOIO TeJa B
ApYyroe, 0CTaBasicb Be4YHO CBsA3aHHOUM MpIicib1o, [IamsaThI0,
BooOpa:xenuem ¢ Apynoii (BHe-®opmbl) Eqnnoro Kocmo-
ca.

[TousB 3akoH CoxpaHeHUs DHEPrUM OTHOCUTEIBHO
sHepruu Jymm, Mbl yxe He OyZeM YAUBISATHCS TOW OCHOBO-
nosiaratome ponu CBerta, KoTopyro mpuaaer emy Kuura
MeptBbix. be3 Cpera He Oyner TpaHcopmaruu B Gpopme Ie-
peBorutomieHus. [loaromy u Erunerckuii, u Tuberckuii Bapu-
anTbl Knuru MepTBbix HaunHarotcst co Cera [29].
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Erunerckas Kuura MepTBbIX IPUBOIUT IIECTh TUMHOB
B 4yecth Pa (bor Conniia) Ha Bocxoge W ceIbMOW TMMH B
yecth O3UPUCA VYH-Hedepa, 1aps BEUHOro, BIacTEIHHA
OECKOHEYHOTO.

***
Oszupuc - oboxecTBieHHass UeTBepka: mepuo] Bpailie-
HUS TOYEYHOTO y4acTKa BoJiHbI cBeTa (T,=4).

Ces3p O3upuca ¢ ceibMbIM TMMHOM HE CllyyaiiHa: B
PE30HAHCHOM PEKMME BO3ZHUKAET IPaBUTAIUS, TAK KaK:

O3upuc xCedomoti ['umn = 4x7 = 28= 1+2+3+4+5+6+7, (6.1)
a TIPU aHTUPE30HAHCE TIOSIBIISETCS] TOTCHITNAT-)KBUBAJICHT:

O3upuc xCedomoti ['umn = 4+7 =11 = (9+2), (6.2)
CyOCTpYKType OMOKIIETKH MPH €€ MUTO3E.

[Tomywyaercst Tak. O4yepTHJI TOYEUYHBIM y4acTOK BOJIHBI
CBETAa MHEPUMOHHYIO cucremy ¢ T, = 4, U B HEM BO3HUKAET
Kuznb ¢ cyocTpykTypoit (9+2).

***
B cootBerctBun ¢ TubGerckoit Kuuroit MeptBoix [28],
AyX ymepiuero odJjiagaetr HeBuAuMbIM TesioM bopao. Cyme-

cTtBoBanue bopao peanbHo, kak Peansna nynscanus Equnoro
Kocmoca ¢ morennuanom JI3uaH:

bopno kak PeanbHocTh nyabcupywimero Kocmoca

+p*/u*t =42 5 Vo= Fu¥p*, (6.3)

rae p* u pu* - umnyascsl Mpiciu u [lamsitu ymepiuero.

B stoMm (6.3) nosie Tena OENKOBBIX TKaHEH CMEPTHBI U
YHUYTOXAIOTCS THUCHHUEM, a cTycTKku Mpiciau u [lamstu - Oec-
CMEPTHBI U MyJIbCUPYIOT, U B3aUMOJCHCTBYIOT B PE30HAHCE C
Enuneim Kocmocom, HammmM Co3paTenneM.
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***
Tuberckas Kuura MepTBbIX ONMUCHIBAET TPU CTAJIUU OC-
BoeHus [ymioi ceoero HeBuaumoro tena bopo (6.3):

1. IlepBuuHbIi YUCTHIN cBeT. Pasym - camo Co3HaHue
(6e3 ceporo BemiecTBa TOJI0BHOTO Mo3ra). Pazym cusitomuii u
HeoTaenuM ot OnaxkeHcta. CoBeplilieHHOE MpocBeTiaeHue. He
poxnaercs. He ymupaer. TBo€ Co3Hanue - boxkecTBeHHO.

Thl HaunHaems BeIOMPaTh HOBYIO JKu3Hb. [losBisgroTcs
coMHeHus u crpaxu. Ho onu He ot Kocmoca, a ot TBoero Pa-
3yma. TBoero Yposus Co3nanud. B siipopun CoseprieHHOTo
ITpocBernenus cebs oOMaHyTh HeBO3MOkHO. CaM rpemmi -
caMm OTBETHIIIb.

2. Bropuuynbiii yucTbeiii CBer, kak u IlepBuuHbIi,
JuumeH ¢(opMoodpa3ywomeil aKTHUBHOCTH, TO €CTb B €rO
BOJIHAX HET LUEHTPOOEKHO-LIEHTPOCTPEMUTEIBHBIX YCKOPEHUI
(£)o=Cc®,), @ €CTh TOJBKO UMITYJIbCHI:

Crpykrypa llepBruuHoro u
Bropuunoro yucroro Csera
m.Ej(co, = j,) = 1/n*xn?/2 = 1/2 = p*/p*
nepexoA Jdymm ot Msiciu (p*) k [Tamsitu (u*).

(6.4)

JlelicTBUE BTOpUYHOIO YMCcTOr0o CBETa 3aBUCUT OT TBOEH
Kapwmel. Ecnu 161 ipu 2Kuzuu HaOpascs ApsHU MO MPUTOHAM-
MajuHaMm i B Jlyme-koHrpecce, To T€0s BTOPUYHBINA YHCTHIH
CBET UCITyTaer.

Ha Btopoit ctynenu bopno ymepmmii obperaer sdpup-
HBIM JTyOJIMKAaT 4eJ0BEYECKOro Tella, TaK Ha3blBA€MOE CHUSIO-
1Iee WITI030pHOE Telo [28].

OHepreTudyecku OOpETEHHE WIUIIO30PHOTO Tejla BO3-
MOYHO NP U3MEHEHHUH HAIPaBJICHUs JBUKEHUS MAarHUTHOIO
MMITYJIbCA WJIM TIPY Ha4yaje B HEM B3aMMOJICVICTBUN:

Tut(lg pipapspaps = 2) = p* = pu* — (-p*). (6.5)
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3. Hauunaercsa bopao ¢ mocTuxkenus PeanbHocTH, rae
MOSIBIIAIOTCA KapMUUYeCcKue BujieHus [28].

***
Tuberckas Kaura MeptBoix aemut DBomornuio Hesu-
JIUMOTO TeJa - bopio Ha mecTs 3TaNoOB:

JBosonus bopao
DTansl I IT 111 10% \% VI 6.6)
Conep- | Bo upe- Bo MowmeHT MoMeHT Hoctu- Crpemienue :
xanue | Be Ma- pOXx- JKEHHUE pe- | K HOBOMY
CHE cMepTH
3TarioB TCPpU JCHUS AJIBHOCTHU POKACHUIO.

Crtpaxu Ha 3TuX (6.6) Tanax CBsI3aHbl C COACPKAHUEM
COOCTBEHHBIX MBICIEH (6.5) U SBISIOTCS UX OTPAKCHUEM.

***
Muctuueckas ¢unocodus [IpeBnero Erunra paccmar-
pHUBaET YeJIoBeKa Kak MUKPOKOCM B MakpoKocMoce, a B bopmo

CO3HAHUE YMEPIIEro CYIIECTBYET MOJOOHO TaJUTOLMHALIUSM,
KOTOPBIE TPEBOKAT KAPMUUYECKUE UMITYJIHCHI.

OTU UMIYJIbCHl TPOsABIAIOT ceds kak boxkecta. Ilep-
Bbie Cemb nHEl nipeObiBanus B bopno - ato [Jo6pwie boxecr-
Ba, a 3aTeM OHHU cTaHoBATCA ['po3nbiMu. Beero boxects 110.
42 W3 HUX KOHIEHTPHUPYIOTCA B oOnactu cepama. JlecsaTts - B
obnactu ropya. 58 - B roJioBHOM Mo3re. Takoe KOJIUYECTBO
BoxecTB maeT BO3ZMOXHOCTh MEPEUTH OT OMOKJIETKH TIPU MU-
to3e (9+2) k bopmo, a 3arem ot bopo k 6GMoKIeTKE:!

ps:(6+5) = ps:(67-5") = 110 = p5:(9+2), 6.7)
rzae 6 - 6enast HOBEpXHOCTh KBAHTA CBETA, a 5 - KpacHas I10-
BEPXHOCTh BHYTPEHHETO TOJISI KBAaHTA CBETA HA €0 MATOM
(1-2-3-4-5 = 5!) ypoBHe.

B Teorenesuce Crann [I3man [3] sra (6.7) cutryarus
onuceiBaerca Tak: "Moryuuii besablii Beik nokpsii1 boJib-
myo Kpacnyio Koposy'.
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B sHepreTuke - 310 1mose kojaeOaHus B aHTHPE30HAHCHO-
PE30HAHCHOM PEXKHME:

(6.8)

JKBHBAJEHTHOCTD 4ncja boxecTB cyocTpykType (9+2)
AHTHPE30HAHC ITepexon Pe3onanc
Paznocts | Cymma Pasrocts | CyGerpyic- Makcumym | KomeGanms

KBapaToOB TYPBI
| es5=11 | 652=11 | FCO-1D= ~ 6/5 5 5/6
6-5=1 | 912y | (9r2) | OO | 052301 5005
B E——

B stom mone (6.8) mo 1miecTu HampaBJICHUSM TpeXMep-
HoTo IIpocTpaHCcTBa BO3HUKACT MATEpUYHAS CBS3b, M B IOJIC

CBETa BOZHMKAIOT PasHOCTH JIuH BoiH cuHeil (AC = 300A)
wu rony6oii (AT = 300A) obnacTeii ciektpa 6enoro csera:
psx6x5=300=AC = AT. (6.9)

Bo3Hukaet Takxke ueanbHOE PaBHOBCCHUC KOMIIOHCHT IT10JIA:
2 g2 _ _

6" -5 —11536 25 (6.10)
6+5=11 6+5

6-5=1= < 0.

Bwmecte ¢ Tem, norenmuan-s3kBuBajgeHT 110 boxxecTtBam
Hyum, nepexoasiiiuM mpu paBHoBecuu (6.9) B bopno, Bieuet

3a cobOoi yBenuueHue 3PGeKTUBHOCTH (Ps) B3aUMOJICHCTBUS
CBETa J0 KBaJpaTa CBOEH NIE€pBOHAYAIbHON BEJINYUHBIL:

Horenunan-3xkBuBajieHT 110 boxecream lymiu B bopao
Pacmonoxenune Cepmiie [es Mosr Obmee
KOJIMYCCTBO
KomaecTso 42 10 58 110 |6.1D)
2 2
PaBHOBecHe pr = o8 —427 1600 _ 10°.
58-42 16

[lo mectn HampasneHussM TpexmepHoro IIpocTpancTsa
Oyner uznydarbcs 110x6 = 660 kBaHTOB-aHaAIOrOB BOXXKecCTB.
W oHM JagyT BOCBMHUTPaHHUK, HApUMEpP, B MUKPOTPYyOOUKe
nopsl siapa kietku ampubun [8]. PaccTosHue Mexay mapa-
JICNbHBIMUA TPAHSMU 3TOTO0 OMOJOTMYECKOIO BOCHBMUTPAaHHUKA

paBHO 660A [8].
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6.1 NpaBUTaUMOHHOE CMeLLeHUue CreKTpa cBeTa.
MNMepBbIN AeHb Bopao

bopno, XoTh 1 HEBUAUMOE, HO TEJIO U, KaK JII0O0E MHOE
Teo, uMmeeT "00oouky" ¢ moTeHnuanom 49 [8].

[To-BuariMomMy, cpok npeObiBanus B bopmo, paBHbIil 49
JTHSIM, OTpaHUYeH oTeHIInanoM "obonouku" bopo.

Bwmecre ¢ Tem, cemepuunocth HaunHaeTcsi ¢ Cemu Beu-
HocTed [IpomomkuTenbHOCTH MpeObIBaHUS BO BHYTPEHHEM
noJse sijapa, onucanHoM B Kocmorenesuce [1].

Ho BHyTpeHHee mouie siapa CBETa - OTO CIEKTP CBETa.
IToaromy Kuura MeptBoix onmceiBaetr [IpoIomKUTEIbHOCTD
npeObiBanus B bopo, cBs3bIBas €€ cO CIIEKTPOM CBETA.

Bo3beMeM I IIPUMEPA OITMCAHUC TICPBOTO THA.

YMmepmmii ounyincs B bopno. He nonimer, rae on. Koop-
JuHauys B noyisix ToHkuX DHepruil uHas, yem B nosie Mare-
pun. U Tbl cTaHelb cO3epuUATh BCe sIBJIEHHUSI B BUAe HeDda U
00:kecTB, a HE0O CTAaHET TeEMHO-CMHUM (6.9).

3aTem nmosiButTcs bor, ""paccenBaommii cemena (Bcex
Bemleil)", 0esoro mBera, BocceaaloNMii HA TPOHE JbBa B
o0bsaTusix Matepu Hebecnoro IlpocTpancrBa, u B pyke y
HEro - K0Jieco ¢ BOCEMbIO CITULIAMM:

conHeynwvll psad = 1+2+3+4+5+6+7+8 = 36. (6.12)

JT0 - MaTepusi, Npe0bLIBAINAA B CBOEM H3HAYAJIb-
HOM COCTOSIHUH, KOTOPOeE eCTh roJiy0oi cser [28].

***
B Mockosckom YHuBepcurere um. M.B.JIomoHOCOBa B
90-x rogax OBLI MPOBEJICH OIBIT. 3aMasHHYIO aMITyJIy ¢ Kpac-
HBIM PacTBOPOM KayHYJIM, KaK MasiTHUK. PacTBop cTan CUHUM.

OmnbIiT He noHsM. He noHsuin moTomy, 4to oTBeprainu ToHkue
DHepruu, CBOOOAHO MPOXOSIINE Yepe3 TBEPAbIC Tea.
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B bopno taxxe npoxomar cmemenus. To, yro st bora
yMeeT Oenblii 1BeT ¢ JIuHOoi BonHbl 7600A, s Tebs Oyner
CUHE-TOJIyOBIM C JIJTHHOW BOJIHBI 4800A. DTH OTKIOHEHHUS
MPOU30MIYT OTOMY, UTO JJisi TeOsl B MEPBBIM I€Hb NMpedbIBa-
Hus B bopno, nox nelcTBUEM pa3HOCTH JJIMH BOJIH:

AL = 7600A - 4800A = 2800A =
(14243+4+5+6+7 = 28)-107, (6.13)

rpaBuTanus ucuesHer, u Pyma (popma) craner Apyrmoi (BHe-
dopmpl).

I[J'DI TEOS Pa3HOCTb IOTCHHHUAJIOB B ITOJIC COJHCYHOI'O
CBCTa:

AB - AL = 3600A - 2800A = 800A = Toc/m, 107, (6.14)

COKpaTHUTCA J10 SKBUBAJICHTA MOTEHIMaNa pacinpenus Bee-
neHHoM. ThI cTaHemb nepea BBI0OPOM HOBOTO Tella, HOBOM
(GhopMBI, HOBOTO TIEPEBOILIONICHUS. 3aBOIHYCIIBCS. 3aX0UYETCS
1oKos1. BMecTe ¢ HUM BO3ropHuTCsl TYCKJbIN OeJIbIil CBeT,
HUCXOAAIINNA U3 MUPa 13BOB (U3 a11a).

He ey npu XKuznu Tyxsoro, He BeiOupait B JKuznu no-
cine Kuznu tyckioro. "Iloa BJIAMsIHHMEM IJIOXOH KapMbl Io-
ay6oii ceet Myapoctu JIxapma-J/laT BbI30BeT y TeOs1 cTpax
U y’Kac, U Thl 3axo4emib OeskaTb OT Hero. I BO3HMKHeT Yy
TeOs1 NPHUSA3Hb K TYCKJIOMY 0eioMYy cBeTy 13BOB" [28].

*
kk

[lepBsiit nenp npedbiBanust ymepiiero B bopao nmogoo6en
MeauTanuu Ha 4akpe Tperwi ['na3: kaHajabl MPOBOAUMOCTH
OTKPBIThI, TPABUTALIUS CHATA, HO IYTh HEBEIIOM.

"Ho ThbI He J0JIKEeH CTPAIUTHCH 00KEeCTBEHHOIO Io-
Jy0oro csera, CHAIOLIEro, OCACNUTEIbHOI0, BEJIMKOJICITHO-

ro: He Mo3BoJisAl cede 0osATHCA ero'. IT1o cBer MyapocTu
[28].
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6.2 CBA3b cMepTesiIbHOro oo6Mopoka
C YNCNOM NepeBONJIOLWEeHUN

bynausm yTBepkKIaeT, 4TO KaxKIbli YEJIOBEK MOXKET IIe-
peBoromarkes 108 paz. [loueMy UMEHHO 3TO YUCIO?

Ananusupyss Kaury MepTBbiX, npoiry oOpaTHUTh BHH-
MaHHE Ha CIeIYIONINe 00CTOSTENbCTRA.

IIpencmeprHblii 00Mopok aaures 3,5 aus [28]. Oto
NOTEHIMAI-3KBUBAJIEHT 3,5 000pOTOB pacCHIMPAIOIICICS BETBU
KyHnpanuau. 3,5 1HS B CEKYHIaX COCTABUT BEIUYHUHY:

IIpoa0/KUTENIBbHOCTD MPEJICMEPTHOTO0 00MOPOKA, C
7/2 cytok*24 gacax 60 mun. X60 ¢ = 302400 c.

(6.15)

B teuenue 31oii (6.15) [IponomkUTEnbHOCTH Yy yMepIlIe-
ro MPOU30MAET CHEKTPATbHO-IPABUTAMOHHOE CMEILECHHE Ha
2800A (6.13).

[ToTenmman, 0OpaTHbII CKOPOCTH CMELIEHUS:

302400 ¢ /2800A =108 ¢ /A, (6.16)
OyZieT paBeH MO BEITMYMHE YUCITY MEPEBOIIOIEHUMN, & CTPEM-
JIEHHE CUCTEMBI K PABHOBECHIO CO CBETOM:

(AB =3600A) : 108 ¢ /A =33,(3)x(A)*/c, (6.17)
MPUBEAET K TPUEIUHCTBY MO MOBEPXHOCTHOU BoJHE (6.17).

I/I, B TO K€ BPCM:A, OTHOIICHUC CKOPOCTH CBCTA K YHUCIY
peI/IHKapHaHI/Iﬁ IIPUBOAUT K ITOABJICHHUIO MAaCC OTHOCHUTCIIBHOI'O
IIOKOSI B CEMEPUYHOU NEPUOAUIHOCTH:

_ ckopocmb ceema 300 moickm/c

m0~ o = 0
108¢/ A 108¢/ A
18 0 o
M=2,7(7)-1016 A : (6.18)
108 ¢/ A ¢

[losiBIIEHME MACChl OTHOCUTEIBLHOTO ITOKOS IIOCJIE CMEp-
TH - 9TO CTPEMJICHUE YMEPIIETO K HOBOMY POKJICHMUIO.

MexaHu3M pOXJIEHUS YYBCTBYIOIETO U BHE-(OPMBI B
HOBBIE (popMbI, onucbiBaeT Kuura Meptebix. OnuceiBaeT, cBsi-
3bIBasi MEXAHU3M CO CIIEKTPOM CBETA.

425



6.3 MwupHble boru Bopao (cnekTp cBeTa)

B Kuure MepTBBIX TepBbIe CeMb JIHEH MpeObIBaHUS B
bopio, nmpu3zpayHOM HEBUAMMOM TEJE, CBSA3aHbI C MOSIBJICHUEM
MHPHBIX BOXKECTB B pa3jIMUHBIX CHEKTPAIBHO-IBETOBBIX UYB-
CTBEHHO-IMOIIMOHAIBHBIX KOJICOAHUSIX:

Cuekrp cBera B 00s1actu MupHnbix bosxkects B bopno [28]

JHu IBer YyBcTBa BboxxecTBa (MUpHBIE) IlBet aga
lony6ast Mynpocts. Boxe- | Tyckublii
TemHo- Crpax. Y yAp yer
1 . CTBeHHass MaTb becmpe- |0Oenblii cBeT
CHUHUU Yaxac
JensHoro IlpocTpancTBa ectu Jlok
Benprit HeBo3myTumebrii  romy0oi.
5 | cBermpo- 3nopesHus | Crektp ¢ marblo 3yOmamu. | Tyckiblid
o0Opasza Bo-| ymepmiero lomy6oit 1BET MyIpPOCTH, |CEpHIi IIBET
IIBI moT0OHBIN 3epKay.
Kenteiii. B pyke nparones- .
. o Tyckubiit
Kenteiid HBI KameHb. [IpooOpa3 ocs-
Topapras. TOITyO0BaTO-|
3 | mpoobpa3 3aHust. Mynpocts PaBenctsa .
Drousm N JKEIITBIN, U3
3emian mepen TOOOW CBET TBOETO .
MUpa JroIeH
COOCTBEHHOI'O pa3yMa.
N . | Tyckno-
. | AmuHocte. | becnpenenbHblli  KpacHBIN N
4 | KpacHsrii . N KpacHBIH
CkynocTb cBeT. Spkuii. Custonuit
IBET
. 3enensiii. Jlopke ¢ de- .
3eneHsli, Hopx Tyckibit
TeIpbMs 3yOnamu. [Ipoobpas N
5 | mpoobpa3 3aBHCTH 3eIICHBII
Bomu, Myapocts Csepuie-
BO3/1yXa CBET
HUSL.
Cser Bcex msitu Ponos: Ge-
o JBIA JTy4ye3apHbIH, MKEJIThII
Tomy6oii, YHC3apHbIH, KC He guctrie
o Crnalble Kap- | JIlyde3apHbId, KpacHbBIA IIy-
OebIi, . . [IpHU3pavYHbIC
6 N MUYeCKre 4ye3apHBIA, TOIXyOOH Iyde-
JKENTHIH, N nytu [lec-
o CBSI3U 3apHplii. CBeT  4eThIpex
KpacHBIN ™ Jlok
Mynpoctu. He mnosiButcs
3€JICHBII.
BoxecTtBa Xpanutenu 3ua-
HUH; yTh B MUP KUBOTHBIX. | TYyCKIbIH
PazHouBeTHbIE Ty4n 04u- rosry6oi
Bce nare | Ompayvatorast YO Y
7 LIEHHBIX CKJIOHHOCTEH. [[Be- |uBeT u3 Mu-
I[BETOB CTpacThb N .
Ta: OeJbIil, KpacHbIMH, >Kell- pa KHUBOT-
TBIH, 3€JeHbIH (HeT roixy0o- HBIX.

T0)

(6.19)

B stom (6.19) bopno ¢ Mupnsimu boxectBamu msaTH-
JTHEBKa (OT MEPBOTO MO MATHIN JACHb BKIIOUYUTENIBHO) CKJIA IbI-
BaeTCA U3 MEPEXO0/I0B:
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IIaTuaHEeBKa CIEKTPAJIBHBIX NEPEeX010B
nATuAHeBKU B bopao
AHTHpE-

Jlan 1 2 3 4 5 soHAHC

PasHoctu smue| AC AT 2 AB SAXK 5 AK | kitkoks S0 | kyko/ks
Bom, A [300-[300—] 3600 [570—]1400] 1+12-20= | 1-12/20=

ki=1]k=12] =1 560 3551
20 '

Pezonanc

(6.20)

KoaddummeHTs]

B stux (6.20) crnekTpaibHBIX MEpexoaax aHTUPE30HAHC
(-7 S 0) dbopmupyeT ceMepHUHBIC TEPUOJAUIHOCTH, a PE30-
HAHC B TOJIE CBETA M MacC OTHOCUTENbHOro mokosi (3/5 5 1)
MPUBOANT K (DOPMHUPOBAHHUIO TTOCTOSTHHOW TOHKOW CTPYKTYPHI
(1/a):

l/ow = 3/5xmxe™ = 137,0000021. (6.21)

Konebanus mecroro u ceabmoro aueit (6.19) npuso-
JUIT K CUCTEME:

IlosiBjienue "najasmbl" B moJsie bopono: 6 u 7 nuu
[uun 6 1eHb | 7 1eHb
Crektp (AB+AXK+AKHAD) S ( AB+AK+AXK+A3) (6.22)
Al 300 7 _p* _p
p — 54+ nu 05-1-—=——=F_=£
€3yJIbTaT 3 - - 400 4" g% g

Ha cenpmoii nenp B nosie bopao nosiBunack "manema',
MOSIBIJINCh UMITYJIBCHI U 3apsjibl. [lepeBorionienrue cTaao He-
N30€KHOCTBIO.

*
kK

[Tepexonpl B bopao ot cuHe-rony6oi 10 6emnoit odaactu
CIIEKTpa Ha IEPBOM, BTOPOM U TPEThEM JIHE NpPeOBIBaHUS B
Kuzuu mocne KuzHu TPOXOAUT B PE30HAHCHO-AHTHUPE30-
HaHCHOM pexume (6.20):

(kitko)® — k3* = (1+12)* 122 = 5% (6.23)
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BosHukaer mnsrepuuHas cBsa3b. [IpomoipkuTenbHOCTH
MPOLECCOB yMEHbIIAKOTCA. YacToThl yBennuuBaroTca. [loss-
Js€TCs OcA3aHue. BO3HUKAET CBALLEHHBIN TPEYTOJIbHUK:

5% = 4243 = T+ (6.24)

B stom (6.24) mynbcupyromieM MoJie KeJITO-KpacHbIC
Mepexo/ibl yCUIIMBaIN B3auMoiercTus (6.20):

k3 =20= psxlg P1P2P3P4Ps = 10-2. (625)

TOHKO-3HEPTEeTUYECKUE BOJIHBI TICUXHUYECKONW SHEPTUU
PUCOBAJIM KAapTUHBI TOSABJICHUSA THeBHBIX bokecTB, HO OHHU
oCTaBajuCh TONbKO BooOpaxkenuem, a peaabHOCTh IlepeBo-
IJIOIICHUS JiexKaua 3a e€ npeaenamu, kak Okean beccmepTus.

6.4 XXvBOM MarHuT YeTbipHaALATOro AHA
B boppo

Otan 100pOBOJIBHOrO BbIOOpa (opmbl HOBOM Ku3HuU
koHuwiics. Havancs stan ¢gopmupoBanus HoBoi Pymnsl (pop-
Mbl B IIpoctpancTBe). OTBETCTBEHHOCTh YMEPIIETO MOBHICHU-
nack. JloOpeie boxkecTBa 3Tana BbIOOpa CMEHUIUCh THEBHBI-
mMH boskecTBamMu TBOpUECKOTO MpoIEcca CryIEHUS] HEOECHBIX
Ten bopro.

Mpmuorue 6ositcs TBopuecTBa. bodTcst HE TONIBKO Yy>KOTO
TBOPYECTBA, HO U COOCTBEHHOI0.

Co6ctBennoe TBopuectBo B bopao Bcenser B HUX
cTpax u yxac. "Pa3ym, He o0peTIINii HE3aBUCUMOCTb, OJIy-
JKI2€T OT OJHOr0 CyMEPe4YHOro COCTOSIHUSI K JApyromy"
[28].

Teneps mosiBisrorcss 'HeBHble BoskecTBa (COOCTBEH-
HbI€ BUJICHHUS), UCXOISAIIUE U3 MCUXUYECKOTIO LIEHTPA TOJIOB-
HOro mo3sra [28].
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EnBa ycneBaeTr moracHyTh OJJHO CHSIHHE, KAK BCIIbI-
XUBaeT Jpyroe: ymMepuieMy ¥ MrHOBEHHSI He OCTaeTcsl Ha
paccesinue, ero pasyM MnpeObIBaeT B COCPeI0TOYEHHOM
OoapcTrByIeM cocrosinuu [28]. BocrmoMuHaHue o0 3€eMHOM
KU3HU € €€ KPOBBIO U MEP30MAKOCTSIMU BBI3bIBAECT Y HEKOTO-
PBIX UYBCTBO BPaXbl, U OHU MEPEXOAT HAa HUZIIUN YPOBEHbD.

***

['po3nbie boxkecTBa AEUCTBYIOT ¢ BOCBMOTO IO YETHIP-

HaJAThIN JE€Hb BKIIOUYUTEIBHO.

Onuncanne ['po3HbIx BokecTB - 3TO XyH0KECTBEHHO-

penuruo3Hoe  ommcaHue — TpexmepHoro  I[IpoctpaHcTBa
(puc. 6.1).

"Tpu roJioBbl y Hero [28]".

D10 mnockocTy KpyroB B opauHarax XOY, X0OZ, YOZ
(puc. 6.1). "lllectp pyk" [28]. DTO 1IECTh CTENECHEW ABUXKE-
Hus B TpexMmepHoM [Ipoctpanctse (puc. 6.1).

hv

hv

hv

Puc. 6.1 Tpexmepnoe I[Ipocmpancmeo
6 onucanuu no Knuee Mepmeuvix [28].

"YeTpIpe Kpenko NnocraBjeHHbIe HOTH'" [28]. D10 ye-
ThIPE B3aUMONEPIICHIUKYJIISIPHBIX U3ITydeHus (puc. 6.1).

Jlanee onuChIBalOTCSl M3MEHEHHUS CIIEKTpa CBETa Ha JIu-
nax boxects. Hanpumep, miist BOCbMOTo JHS: "mipaBoe JIMIo
0eJ10e, JieBOE - KPacHoe, TO, YTO MOCPeIH - KOpUuiHeBoe"
[28].
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N3 Tesa BbIpBIBaeTcsl OCJeNHUTENbHOE IJIaAMs, Jie-
BATHL IJ1a3 (T° = 9) MIMPOKO PACKPHITHI M IJISIAT ycTpa-
maroume. ... [28].

***
[IpeObiBaHME Myl yMEpIIEro B Mpu3padyHoM Tene bop-

J0 C BOCBMOTO II0 I1GTBIpH.’:l,Z[HaTLII‘/i JACHb BKJIIFTOYHUTCIIBHO MOXK-
HO YCJIOBHO p3,36I/ITI) Ha JBa dSTalla:

- ¢ BOCBMOTO TT0 JIBEHAIIATHIN UCT CTyIICHHE HeOec-
HBIX BOJIHOBBIX TOJICH AyIIN CIIEKTPOM cBeTa (puc. 6.1);

- Ha TPUHAALUATBIA U YETBIPHAALATBINA JHU CTYCTOK AY-
11 IPUOOPETAET MarHUTO-CIIEKTPAIbBHYIO CUCTEMY OPHUEHTH-
poBku B Equnom Kocmoce.

***

Beigenum cBenenus, nanneie B KHure MepTBbIX 0O
BOCBMOM - JIBEHA/IIATOM JIHE MpeObIBaHUsS ymepiiero B bopo
B TaOJIHUITY.

B Knaure MepTBbIX Moka3zaHo, U3 KaKoi 00JIaCTU TBOETO

Mo3ra (LIEHTpaJIbHOW, BOCTOYHOM, FOJKHOM, 3aIlaJHOM, CeBep-
Ho¥) B ["po3Hbie boxkecTBa TBOero BooOpaxkeHus:

Cuexkrp I'po3nbix boxkecTs ¢ 8 mo 12 nenn
npedbiBaHusi ymepuuero B bopno [28]
1 JIuna Pyku
H
BoxecTtBa
" fpa | Tlocpe- | Jle- IpaBbie JleBble
BOE JIMHE BOE
KOpWi_ Be- | Kopuu- | Kpac- To- Ko- 1y | Jte-
8 HEBBIN Jluck Meu J10-
(6e3 mosra) noe HEBOE HOe nop con | ma | mex
(6.26
Cunnit IBera TPOABIIAOTCA Ha Topx- To- Ko- Ya | Jle- )
9 (BocToY- | TpUHAALATHIN JIeHb (pHUC. Yama 10~
xKe op ma | mex
Hasi) 6.2) KOJI
[paro-
Kenreiit | Be- XKen- | Kpac- ten Tpe- Ko- | g, | Tre
10 HBIH Kesn J10- 3y-
(toxHas) | 1oe TOE HOE 3yber ma
Ka- KOJI Gen
MEHb
Kpacmi- Be- Kpac- Cu- Tpe- Ia- Ko- 1y, | Ba-
11 | uepusrii Jloroc J10- pa-
Joe HOE Hee 3ybeny | auua ma
(3anaHasi) KOJI OaH
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12

3eneHsli
(ceBepHast)

be-
JI0C

3ene- Kpac-
HOE HOE

Meu

Tpe-
3yber

Jmmna

Ko-
I10-
KOJT

Ya

MEX

*
kK

Ha Tpunanuateiii AeHb U3 BOCTOYHOM OOJACTH TBOETO
Mosra (6.26) nosiBsatcst niepen Toboir Bocemb Kepum m Xra-
MEHMBI C TOJIOBAMHU Pa3HbIX KUBOTHBIX, BBIXOASIIUX U3 TBOE-
ro mo3ra (puc. 6.2). Iosssrcs [1ate OtiioB (IlenTarpamma) u
I'po3ubie boxkecTBa u3 BHENIHET0 MoJist (puc. 6.2).

Kepumel

Puc. 6.2 Cnexmp (6.24) Tpunaoyamozo ous

XTaMEHMBI

Bocemb I'po3nbix boxkecTB M3 TBOEro Mo3ra

Yactu Cesepo- IOro- IOro- Cesepo-
Cesep POl Bocrok Or 3anan P
Mo3ra BOCTOK BOCTOK 3arazl 3arazl
Ne 1 2 3 4 5 6 7 8
Kenro-
Buyr- | Uep- Kpac- | XKexn- | 3ene- | Kpac-
Y P Cunsg | benas P P 3el1e-
penHee | Has Has Tas Hast Hast
Hast
Kento-
Breni- Kopnu- Kpac- Yep- Yep-
Cunstst| Cunss P 3ene- P p P
Hee HeBas Has Hast Has Hasl.

(6.27)
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[To-BuaumMomy, HaMm emé paHo MPHUCTYIATh K pacmud-
POBKe, TaK KaK HET I[BeTa Ha toro-3amaje (6.27). Ilepeitnem k
14-omy nHrO.

Ha uyerblpHannateii geHp nosiBatcs Yerteipe Crpaxka
Cropon Cgera (puc. 6.3).

Kenras ror benas Boctok

Puc. 6.3 Koopounayus mozea ceemom (6.285 [28])

OHu ucxonsat u3 TBoero Mosra. x tpuauate [28]. D10
yucino 30 ompenensercs Kak CyMMa OTHOLICHWM IUIKOC TBOE
paBHOBecHOe coctosiHue (E;c = 1) B mosie cBeta (puc. 6.3).

Tpuauats I'po3nbix boxkecTs 14-ro nus B bopao
30=E;c +tAK /AKX +AB /A3 = (6.28)
1+1400A / 70A + 3600A / 400A = 1+20+9.

Bo3Hukaer usmydarenb, UMEIOMUNA dKCTPEMaTbHYIO 00-
JIaCTh BOJIHBI C PA3HOCTHIO OTeHIMaIoB +1 — (-1) = 2.

be3 310l pa3HOCTH MOTEHIMAJIOB B OKPYKAIOIIYIO Cpe-
Iy MO3T ymepiiero OyaeT uzinydath 28 I'po3nbix boruss ¢ ro-
JIOBAMU Pa3HBIX )KUBOTHBIX [28].
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[To cymecTBy, B mosie (hOTOH-(DOHOHOB, 3aTIOTHSFOIINX
npuspauHoe Teno bopao, BozHuMkaeT rpaBurtaunus (puc. 6.3,
6.28):

E,c+AK/AK+AB/A3 — (1 — (-1)) = 142049 -2 =28 =
1+2+34+4+5+6+7 = pp*. (6.29)

***

Toukue Oneprum ("IIycrora") BBI3BIBAIOT MOSIBICHUE
Mupnbix BoxecTB; aKTUBHBIN TI'paBUTALMOHHBIN (2.26) Ywuc-
Teid CBeT, cusmomuyii B m3HadainbHOM ToHkou Dnepruu. Ho
UYenosek cBsi3aH U ¢ nosiBiaeHUEM | 'HeBHBIX boxkecTB [28].

[TosiBneHue TpaBUTALMOHHBIX 3apana (p) WU HUMITyJbca
(p*) Bieuer 3a coOoit mosBienne Co3HAHUS B IPaBUTAI[MOH-
HOM noJje. Haimuue rpaBUTallMOHHOTO NOJIA B MOJISIX TOHKHX
Ouepruii bopao cMemaer cnekTpaibHble JIMHUU, U OHU OIU-
ChIBarOTCs Tak [28]:

CnexkrTpanabHblie cMemennsi B IlpocTtpancrse
o]\ BJUSAHUEM I'paBUTANMH (6.29)
Cropona
P BboxectBa
CBeTa
3enenas (borarcr-
3eneno-yepHas (nmuma) | bemas (Morymiectro)
1.3aman BO)
Kpachas (HacnaxacHue) Kpacnas (Ctpactb) Kenras (Paxma)
Yepnas (IToce-
5 Tomy6as (Betpsr) BOB) YepHo-3eneHas (6.30)
.Cesep
Kpacnas (OKenmunst) | Kpacnas (I'po- | Cunss (Boxebr)
Ma)
3.BocTok benas, ta, uyTo 30BeTcs TanmHCTBEHHAs
4 I0r Kenras, ta, uto 30BeTCsA TanmHCTBEeHHasA
5.3amag Kpachas, Ta, yto 30BeTcs TanHCTBEHHAs!
6.CeBep UYepHo-3eneHas1, Ta, 4TO 30BeTCs TanHCTBEHHAS.
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['paBuranus, Kak npusma: CBET, nonagas B bopno, cme-
1IAeTCs M3-32 OTCYTCTBHS T'PaBUTALlMH; CBET, BBIXOASA U3 bop-
J10, CMEIIIAETCS U3-3a MOSBJICHUS TPABUTALINU.

O cMmenieHusIX MOXHO, HalpuMep, CYAUTh MO OanaHcy
cnektpa mexay 3amagoM u CeBepoM (myHKTHI 1 u 2, 2.27),

NIPUHSB BO BHUMAaHWE, YTO PA3HOCTH JIJTMH BOJIH YEPHOT'O CBETa
oOpaTHa pa3HOCTH OENoTOo:

3aman Cenep

3eneHo-uepHas + KpacHoe
+ OGenas + kpacHas +
3eJIeHas + KeuTast

lNomyGoe + kpacHoe + yepHoe +
KpacHOE€ + 4EpPHO-3EJICHOE + CHHEE

(6.32)
Kenroe = AXK S rony6oe+cuneet+uepaoe = AI'+AC+1/Ab

(AX =70A) - ( AC+AT = 600A) S 1/AB = 36004;
1908000 (A)’ S 1.

B npuspaunom Ttenme bopao BO3HHKAET TPEXMEPHOE
[IpocTtpancTtBo (2.32). DT0 aHTUpPE30HAHCHOE cocTosiHKE. [ 'pa-

BUTAlLlUS yBelnuuuBaroierca nonu Marepuu cxumaet [Ipo-
ctpanctBo bopmo:

Cxatue Marepuei
3Hepreruyeckoro Ilpocrpancrea bopao, (A)’
AHTHPE30HaHC 1908000 S 1
1 b= 1.9.;(2)1%%.8'103 N BoxectBa (6.33)
Pesonanc 2 B =7-10-2:10°= 14-10’ MarauTHOE 110J1e
3 B,=10-4-10"=4-10° TIpOJIOIIKHTETBHOCT
KyHanuau B, /B,=14-10"/4-10°=0,1-7/2 = 7/2:2/5.
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***
[losBnenne B bopno rpaBuTanmu cmemaer KOOpIHWHa-
U0 Mo3ra cBeToM (puc. 6.3). BMecTo 3e1€HOT0 U3TydeHus Ha
Cesepe (puc. 6.3) BO3HUKAET YEPHO-3€JIEHOE, TO, UTO 30BETCS

TaunctBeHHbIM (6.30). MeHsieTcs SHEpPreTUKa MOJISIPHBIX MPO-
THUBOMOJIOKHOCTEH (puc. 6.3).

Cesep _ 3enenas _ 4004 - 14004  Kpacnasa  3anao

10z Kenmas 70;1 3600;1 Benas  Bocmox
40

Yo 12007 (6.34)
7 18

***
B stom ciiyuae (6.34) Bo3Hukaet "obonouka" bopno, u B
ATOM TI0JI€ MPOTEKAET B3auMoeiicTrre crera (6.31).
"O6osouka" 72 S 72=36 (1g P1P2P3P4P5 = 2) Bzaumoneiicteus. (635)
***

Ho ecau Ceep 3anumaer uepHo - 3eneHoe (A3 / Ab)
TanHCcTBEHHOE, TO cOOTHOIIEHUE (6.34) MEHsETC:

Cesep _ Hepno—senenan A3
02 Kenmas Ab - NK

_ 4004 _ 14004 _ 3anao
36004704 36004 Bocmox’
280A 5 14] — 20A S 1] — |A S 1/20]. (6.37)

Bonna 1iMHOIO B OJWH aHICTPEM BBI3BIBACT B3aHMMO-
neiicrsue ¢ a¢dekTuBHOCTHIO B 1/20.

(6.36)
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6.5 Cugna boppo: cocTtosiHue, Korga ymepLium ycT-
pemnsaeTtca K HoBomy PoxaeHuro

OobaagarTenu mI0Xoil KapMmbl, JUIIEHHbIe 3HAHUA 00
HcTune, 1 nopaskeHHbIe CTPAXOM U Y:KaCOM NpPH BCTpeye ¢
Hell, NPUXOASAT K 0CO3HaHUIO [28].

Uepes tpu ¢ nonoBuHoi aus (7/2 - ato Kynnanuau B
[TponomxurensHocTr) [lo3Haromuii nmpuodperaer cusiioiiee
TeJ0, KOTOPpOe HANIOMHHAET MpeKHee Tea0, U TO, YTO CBe-
TUTCA [28].

ITO TeN0, POKIACHHOE KeJAHUEM, - UJLIH3US MbIC-
jgepopm B Ilpomexyrounom CoCTOSIHUM, M HA3bIBAETCS
OHO TeJIOM sKeJIaHmil [28].

Tpu ¢ NOJOBUHON IHSA, B TE€UEHHWE KOTOPBIX Thl OBLT B
0eccOo3HATEeIbHOM COCTOSIHUM, IPOXOIAT MTHOBEHHO, IOJI00HO
"mpBIKKY (popesu u3 Boabl" [28].

B 310 MraoBenue mnepea ToOOW IpeacCTaHET TOT MHUP, B
KOTOPOM ThI JOJKEH POJUTHCS 3aHOBO: KMBOTHBIM HJIM YEJIO-
BEKOM HHU3KOI'0 YPOBHS pa3BUTHS, oOuTareneMm Ana wim Pas, u
TaK Jaiee.

Jlo cepeauHbl 4YETBEPTOTO JHS ThI JIyMaelllb, 4TO 00Ja-
Jlaelllb TEM K€ MPEKHUM TEJIOM, HO CKOPO TMOSBSTCS BUJICHUS
TBOETO OYIYIIETO POXKICHHUS.

Takoe miepexo/IHOE COCTOSIHUE OIpeesieTcs Kak
NnpesKHee U TO, YTO MOosIBUTCA [28].

He cnenyii 3a atumu Bunenusmu. He cobnasusiiics nmu,
160 Oyzaels cTpajaTh B MIECTH CTENEHSIX CBOOOABI IBHXKEHUS
TpexmepHoro [IpocTpancTsa.

Tenepp HAAO YCMOKOUTHCS U B OE37EIHHOM COCTOSHUU
SACHOCTH (KaK MpU MEAUTAllMd Ha YpPOBHE MOACO3HAHMsI) OIle-
HUTH 00CTaHOBKY TEJIOM >KEJIaHUH.

*
kK

Ecnu nipu xu3HM Tl OBLT crien, riyx, xpoM, 1o B Ilo-
CMEPTHOM MHUpE TJIa3a YBUIAT, VI YCIBIIIAT, OyAeIlb XOAUTh
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0e3 xpomoThl. [loaTomy o bopao roBopAr, kak o Tene, Hajie-
JICHHBIM BalllUMHU 4yBCTBaMH.

bopio - Teno xenaHui MOTOMY, 4TO TBOM YM OTIAEIIUIICA
OT CBOET0 BMECTUJIUILIA, TO €CTh MO3Ta.

BonnoBbeie nons Tonkux Ouepruit Meicau, [lamsatu u
BooOpaxenuss Moryr cBOOOJHO MPOXOJUTH 4Yepe3 BCE TBEP-
nbie da3bl U UX Mepol OyJieT najbma:

7/4 = p*/q* = 2u*/q*. (6.38)

B stom (6.38) mupe Cuana bopno Bce apyr npyra Bu-
nat. He mpuBsi3pIBajlicsi K TeM, KOIro yBUAMIIb, IyMal 0
CocTpangarenbHoMm [28].

***

N3 ocobeHHOCTEN CyIIECTBOBAaHUSI yMEPIIETO B MpOMe-
KYTOUHOM cocTtosHuM Cuana boplio MOXHO BBIJIETUTH Clie-
yIolIee:

- OH BUJIUT U CIBIIIUT POJHBIX U OJIU3KHUX, HO HE MOXKET
BEPHYTBCS B CTApPOE TEJIO;

- OH HE JI0 KOHIIa CO3HAET, YTO OH Haxoautca B Cuana
bopno, u eciii OH HE OTPUHET XKaXIAy MUMETh TEJIO, TO OH B
bopno u ocranercs; no Cuana bopao ymepuiero rousier BeTep
Kapwmsr.

['onsier 49 nHel, TO eCTh yMEPIIMM UMEET BO3MOKHOCTD
pa3pymuth "o0onouky" (moteHiman 49) mpexHero actpaib-
HOTO TeJa TyIIH.

***

Brixon u3 bopno npoxoaut u uepe3 Crpamnbiii Cya, HO
TOJIBKO JUISI T€X, KTO IOJ BIWSHHUEM IUIOXOW KapMbl HE CMOT
JOCTHYb OCO3HaHUs VICTUHBI.

CIeHBI CTPALIHOTO CyJa - 3TO OMHCAHHE (PUIUISCKUX
MYYEHHI, TPUMEHUTEIBHO K acTpalibHOMY Teny bopo.

Henpto Crpamuoro Cynsi siBIsieTCSI MTHOBEHHOE J0C-
trkenre CosepiueHHoro [IpocBeTinenusi.
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***

OTnmuuurtenbHOM 0coOeHHOCTRI0O KHuru MepTBhIX sBIS-
ercss He okoHuaTenbHOCTh Crtpamnoro Cypa. [axke ecnu
Crpamnblii Cya He no0uicst MrHOBeHHOTro (COBEpILIEHHOIO
IIpocBeTnenust, TO My4YE€HHUKY, HOCUTENIO Ipsi3HOM Kapwmsl, na-
€TCS BO3MOYKHOCTH aIleJUIMPOBaTh K BCeoNpeaessioiemMy
BJIUAHUIO MbIC/IH.

[lepen koMaHIMPOBKOW HA MEPEIIaBKy B AJl HOCUTEIIO
rps3HOM KapMbl gaercst COBET HE NMPUBA3BIBATHCA K PAJOCTH U
HE OTTAJKMUBATh I€4alib, TO €CThb COXPAaHSATh YyBCTBO CBOOO/I-
HOE OT JKEJIaHHUM.

Ecnau Thl HE cnyTaellb 3TH YyBCTBA C PACCESIHHOCTBIO,
COHJIMBOCTBIO U CTPAXOM, TO Mepe]] TOOOM MOSBUTCS TYCKJIIBIN
CBET IIECTH JOK (KBaHThl CBETa MO IIECTH HAIMPaBICHUSIM
TPEXMEPHOTO MPOCTPAHCTBA):

Tyckabii cBeT rpsizHoi Kapmbl
B npeapo:kaenuu u3 bopao
OpauHatel | +7 +Y +X -X Y -Z
Caer Benpiii | XKenteiii | Kpacusiii | 3enensiii | ['ony6oii | Cepsrit: (6.39)
sorapone | M | e | vupa | wpa | pasar | [
p J{>BOB P o P p P Ana.
JEeHUs JII0JEeH Mpex. AcypoB | BOTHBIX

[To mepe mpuOOIIEHUST HOBOTO POXKIEHUS CTapoe TEJO
OyIeT TYCKHETh, HOBOE - pa3ropaThCsl.

*
*k

B sTom monie (6.39) ecTh MHOXKECTBO PEIICHUH, HO OJHO
00s3aTeNIbHO ISl BCEX: HOBOE POXKJICHHE, KaK U H3IIy4YCHHE,
MIPOUCXOIUTH TOJBKO B YCIIOBUAX paBHOBecus. Hampumep, To-
raa, Kormaa
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AB - NK - AK 3600701400
=222 28 ACep= =
A3-AT-ACep 400-300

6-7>. (6.40)

A, crnenoBaTelbHO, B TYCKJIbIN cepblii 11BeT Ana (6.39)
MOCBUTAIOT 3aTeM, 4yToObl KyHaamuau (6 = 7/2 + 5/2) ObiBIIETO
IPEUTHUKA HE TOJIBKO OYUCTHIIOCH TIEPETUIaBKOM, HO U TIPHOO-
pera "060m10uKy" ¢ motenuuanoM 7- (6.40).

6.6 MomeHTbI nepeBONIOLWEHNN

Kuura MepTBbIX TOBOPUT O TOM, UYTO YMEPIIUNA YK€ B
Bopo MokeT BUAETh MECTO CBOETO POKIACHUSA:

Omnpenenenne KonTnHenTa Oyaymero poxaeHus
Cesep Boctok 3anan IOr
(6.41)
Ozepo u ctaga | Ozepo u ctau | O3epo u TabyHbl | OrpoMHbIE
KOpPOB jnebenen Jomanen JIBOPLIBI.

[Ipnuem, npocseTiieHNe B Telle bopao B COOTBETCTBUU C
Kuauroir MepTBbIX IaeT BO3MOXKHOCTb IPEAYragaTbh KOHTYPBI
CBOETrO OyyIIEro SBOJIIOLIMOHHOTO COCTOSIHUSA:

Conep:xxanmne BUjeHHUI nepea poxaeHuemM B JKusHb
KewM po- Kusort-
SBOM Acypom [IpeTom BA
quamcs? A yP HBIM P y
Mpaunslie (6.42)
UYro JBopis! IIpexpacHbie Temepot ITycTeiHHBIE | uepHBIE U
YBHAMIIb poru PaBHUHBI KpacHbIe
JoMa.

B cootBerctBun ¢ Kuuroit MeptBeix uHpopmaius o0
DHEPTETUYECKOM COCTOSIHUM YMEPIIETO MOCTYIAET KaK CIOPT-
CMEHY Ha Mapa(OHCKON JUCTaHIUH.

***
IIpouecc HOBOro pokaeHHMsI CBA3AH € IIyOOKHM HC-
KYCCTBOM COCP€I0TOYHUTCH, He o0Jjiekass MbICIb HU B Ka-

Kyl0 ¢popmy Ha "mycrom'" YUucrom Csere. biaroagaps 3ro-
MY ThI BOH/ieIIb B MAaTEPHUHCKOE 4YpeBo [28].
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#x
HCI/IXO-(i)I/IBI/IOJ'IOFI/I‘-IeCKI/IMI/I oTallaMH IICPCBOINIOIICHHA

SIBIISICTCSA: BXOJXK/ICHHE B MAaTEPHHCKOE UYPEBO M 3aTBOPECHUE
BparT 4peBa.

Ecnu tebe cyX1eHO pPOIUTHCS U3 CIIEPMbI U AUIIEKIETKU
B MaTKe B MUD JIOJEH, TO TeOsl MpUBJIEUET OUIyIIeHHE 0JIaro-
yXaHHS.

N306eras omyumieHuii Bjie4YeHUs] M OTBpPAllEeHUs, ThI
BOepewib 0J1aronNpUsTHOE MAaTEPUHCKOE YpeBo [28].

He Bxomu B mepBoe momasiieecss upeBo. MoOumuzyi
caMoco3HaHue. Torga, BO3MOXHO, Thl CMOXENIb CHAENIATh BbI-
00p MeXIy POXKICHUEM U3 UYPEBAa U CBEPXBHECTECTBEHHBIM PO-
xnenueM Ha Hebecax.

***
Bce aBieHus - 3To Mo coOCTBeHHBIH MOTOK CO3HAHMS,
a Ceporo BellecTBa rOJIOBHOTO MO3ra HeT. OH e111€ He POXK/IEH,
u pa3yM - beckonedeH B [Ipoctpancte. [loaTromy BoctpusiTHe

B bopno cBepxbecrecTBeHHOE, a IlamATs B necaTh pas Jrydiie
[28], otHOMmIEHUST AB/A3 = 9)

Bce siBnenus - orel, MaTh, OPHIBBI OYpU U Tak Jajee -
WJUTIO30PHBI, B KAaKOM ObI BUJI€ OHU HE MOsIBUIUCh. He moHsB
3TOro, ymepiui OyAeT MpUHUMAaTh HECYLIECTBYIOLIEE 3a CY-
LIECTBYIOIIEE, MILTIO3UIO 32 PEATIbHOCTb.

***
Ceityac Tbl YBUJMIIL COCIUHSIONMIMXCS MY>KUUH U KEH-
mmH. (310 He wumo3us). Jlymail o HuX kak o boxectBax.

TBepHoO HEpPKUCH OHHOW EIUHCTBEHHOW LENU - COCIUHUTH
1eTb I0OPBIX JE.
***

Kuaura MeptBeix onepexaer ®peiiga: "Y Toro, KTo po-
JIATCSI MY>KYAHON BO3HUKAET BJICYECHHE K MAT€pHU M OTBpAIlle-
HHUE K OTIly, @ TOr0, KTO POJWIICS >KEHIIUHOM, - BICYEHUE K
OTIlY ¥ OTBPALICHUE K MAaTE€PH, a TAKKE PEBHOCTh K TOMY WU
apyromy" [28].
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Onnaxko, 310 6aszucHas Wmmo3ust bopao He nomkHa me-
pexoauTh B Mup Jrojei: "UTh CBOMX poauTeNei, CBOMX Ipe-

n

KOB .

CpaBHUB cBeueHHE OT reHeparopa TOHKoOW ODHepruu,
r7I€ OJMH TOIY?JUIUIC UMEET moTeHuan 27, a BTopou - 28, ¢
HEKOTOPBIMU THOETCKUMU CHCTEMaMH MOTH, MOXKHO MTPOBECTH
CJIEAYIONIYI0 aHAJIOTHIO.

27 4actei o0pa3yrT MPEXOJAIIYI0 JUYHOCTh, TO €CTh
27 yacteit yemoBeyeckoro Tena [28]:

I[BallllaTb ceMb 4acTed 4eJJ0BeYecKoro Teja
(HekoTtopbie THOETCKHE CUCTEMBI HOTH)

IIaTe I1aTe
Kowm- I1g7h xM3-
NepBO- opra- [ecTs cno- Omu
no- ITsats ? HEHHBIX TO- Ny
J7eMeH- HOB cobHOCTEMH H
HEHTHI KOB
TOB YYBCTB
Hucxops-
1 3emisa TEJIO fm KOXa Bocnpusitue
1005074
[Hoanepxu- (6.43
oIy~ BarOIIMI Te- :
£ 12 Bona tmy i SI3BIK Bkyc
g IIEHHE | JIECHOE TEll-
o
E = J10
qyBCT- OHH3bI-
213 Oronb Y P o riasa 3penne Y.
= Ba BaIOLIMI
)
= JKena- Bocxons-
a | 4 Bozayx M HOC Ob6ownsane
g HUS 1093074
IMonnepxu-
CO3Ha- N
5 Dup BaIOLITHA yIIU Ciyx
Hue
Kusup
6 - - - Paccyxnenue

Bre »>tux 27 yacrter HaxoauTcsa mojco3Hanue. Ho BHe
27 HaxoauTcs 28, TO €CTh TPaBUTALIMOHHBIN MOTEHIIAAI W
=28.

DTO MOTEHIMal BTOPOTo noiy’unnca CBedeHus OT Te-
Hepatopa ToHKON DHepruu.

[Tonysmuncel CBeUeHUS MyJIbCUPYIOT:

+1

27=17) =—== 28=(T,t7)T,, (6.44)
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o0pazys pu Iepexone KBAaHTOBAHHYIO opouty
L,=2nR,= 1 ToueuHoro yyactka BOJIHbI CBETA.

Kuaura MepTBbIX HacTaumBaeT: oOpaTUCh K yMepLIEMY
ceMb Pa3 M IPOYTH YeThbIpe MOJMTBBI, 3AIIUIIAIOMMNX OT
CrpaxoB B bopno. [Tomyuums 28 = 7x4; yinems B [logco3na-
Hue. OcBOOOUIILCS OT COBOKYMMHOCTH Tena (6.43).

[ToitmyT 1 3TO HBIHEWIHKUE NIcUXHaTopsl? nu um Hamo
yepe3 KIMHUKY?
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YACTb II

Om aemopa

"Komumem no oenam Omxpvimuti u H3obpemenuii” 6
CCCP ovin peopeanuzosan 6 "Komumem no oenam Humen-
Jgekmyanviou coocmeenHocmu P®". Cmanu pecucmpuposams
moeapmuvie 3HAaKU, nojaesHvle uzoenus, uszoopemenus. Hacuem
OMKPLIMULL YIMBEPAHCOAIOM, YMO 8Ce OMKPLIMO.

Ilepedaua paccmompenus 3asa60x na Omxpvimus 8 yacm-
Hble PYKU npeciedyem yeivio NPUSAmu3ayuio UHMeIeKmydib-
HOU CcOOCMBeHHOCMU, KaK Obliu NPUBAmMuU3UPOBAHbI Mamepu-
anvrvle yennocmu CCCP 6ropoxkpamueti nocm-Coro3zHuix 1 ocy-
oapcme.

Ilockonvky O10poKpamy 0okazame mo, Ymo emy Heebl200-
HO, HEBO3MOJICHO, Mo 5 uznazaro 3aa6ku Ha OmKpvimus 8 OaH-
HOU pabome, cocmosiuell U3 08yx 4acmetl.

B nepeoii uacmu paccmampusaromes me 3aKoHvl, KOMO-
pble 0bocHosbiéatom 3asa6Kku Ha OmKpbimus, AGIAIOUUECsT BMO-
poii wacmoto pabomol. Codepocamenvhas uacms 0beux yacmell
oxeamuleaem npupooy Gopmuposanus nepuooudecKoll cucme-
Mbl 2eHOMO8 HACIEOCMBEHHOCIU, PA3HO00PA3UL (POPM HCUBLIX
U HeNCUBLIX SOEPHBIX Geujecms, mexanusm nepexooa ToHKux
Onepeuti 6 Jnepeuro Mamepuu, Inepeemuxy nepegonioweHull
u ce:36 medcoy Jluunocmoro, Coyuymom u Bracmoro 6 dyanu-
CMU4ecKoM MamepuaibHo-0yxoeHom Eouncmee.

Bce smu eonpocet Oanexu om eymanumapHo-guno-
coghckux Hnno3ull u onucwl8aromcsi mouHblMU NPONnOPYUAMU,
MamemMamuxa KOmopuvlX YX00um 6 peiucuo3Ho-mughonouyec-
KVIO Ope8HOCHIb.

Hanuuue emopoii uvacmu (3as6xu na Omxpvimue), 00y-
CNIOBNIEHO makKdice u mem, umo peeucmpayus H3zobpemenuil
mpebyem omcymcmeus. npedsapumenvHuix nyonuKayui, a pe-
eucmpayusi Omkpwvimuti, Haobopom, mpebyem nyoIuKayuil.

B.C.Kpuxopos
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1 CuHrynsapHasa Todka Bnacrtu:
oT reHoma ao Couunyma.

1.1 Xapaktepuctuka EguHoro Kocmoca.

Enunsiii Kocmoc cymiecTByeT B OECKOHEUHONM MHOMKECT-
BEHHOCTH D3HEpreTudeckux (opm, 00JaJarolux HHIWBHIY-
anbHpIMu @opmamu DHepruu. beitne OHeprun Enunoro Koc-
Moca peannzyercs B Jpmwxenun. O6o6mennas popma JlBuxe-
HUS MPOSIBIISIET ceOsl BCera, BO BCEM U Be3zie BO Bzaumoneii-
CTBUSIX: TPaBUTAIMOHHOM (p;), claboM (p,), DIEKTPOMArHUT-
HOM (p3), siAepHOM (p4), B TIOJIE€ CBETA (Ps).

Ceert fBISIETCA TOM SHEPreTUYECKON CpPElOM, B KOTOPOU
ofHU (GOpPMBI SHEPTUU TpaHChHOpMUpPYETCS B Apyrue (Hopmbl
SHEPIUM B COOTBETCTBUU C 3aKOHOM COXPAHEHHUS IHEPTHHU:
"Inepeuna nHe ucuezaem u He nNOAGAAEMCA 6HOBb, HO MPAHC-

gopmupyemca 60 63auMo0eiicmeusX c6emom U nepexooun
u3 00HoIl hopmut 6 opy2yw" (mabn.l).

Taomuna 1

dppexTuBHOCTH B3aumoaeiicTeuii B Eqxunom Kocmoce
1 32KOH COXPaHeHUs] JHePIruu
(pacuet OTHOCUTENBHO SIIEPHOTO BEIIIECTBA)

Hanenoneiicteue | KopoTkoneictsue
B3anmoneiicTBus ) ) Cser
I'paButa- | DOnektpo CrnaGoe | Slxepuoe
IMUOHHOC | MAarHUTHOC
D¢ dhexTuBHOCTH {3 02 ‘1)012 ?0-1 ?0 14 ﬁ 0!
3akoH | = P1P2P3Ps 0=pip2p3Ps—Ps
COXpaHEHUs Ps
SHEprun pE30HAaHC AHTHPE30HAHC
Hocrosmmast | 5 =g p, p, py paps = Ig p1 p2 ps st g ps.
KocMmoca
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***
Enuneiii KocMoc cymiecTByer B YCIOBHUSIX aHTHUPE30-
HAHCHBIX U PE30HAHCHBIX B3aMMOJICHCTBUM.

AHTHPE30HAHCHBIMM PABHOBECHBIMH B3aMMOJeiCT-
BUSIMHU OyIIyT SBJISATHCS T€ B3aMMOCHCTBHSI, B KOTOPBIX YHEP-
reTuueckue KBaHThl (Hampumep mc U E;) UMeoT uHIuBHUIY-
anbHbIe KO PuIeHTHI (puc. 1). ITO B3aUMOJEHCTBHE MEKITY
toukamu A u B (puc. 1). Ilpu aHTHpE30HAHCHOM B3auMMOJIEN-
CTBHH DHEPIHsl KBAHTOB OMpPEIEISIETCS CII0KEHUEM WU BBIUH-
TaHUEM:

mc Ej Pe3onancuoe
cxkarue (Touka B)

AHTI/Ipe3OHaHCHOG
CXXaTuc

AHTUPE30HAHCHOE
paciivpeHue

Pe3zonanchoe
mc Ej pacimpenue (Touka A)

Puc.1. Cmpykmypa pasnosecrozo
KopnyckyasipHo (mc) — 6oinosozo (E) nona ceema

AHTHpe30oHaHc¢ (puc. 1):
(E,.=1l/n) - (mc = 1/m) = 0; (1)
(Ex=1/n) + (mc = 1/m) = 2/m.
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AHTHpe30HaHC (POPMUPYET CHHTYJISIPHOE TOJIe, B KOTO-
POM Pa3HOCTh HMeET HOJIb-MOTEHI[HAJI, 3 CYMMA - y/IBAMBACT
MOTEHITHAJ AeHCTBUTENIbHOTO uncia (1).

Pe3oHaHCHBIMH PaBHOBECHBIMHM B3aMMOJACHCTBUAMU
OyIyT SIBASTHCS T€ B3aMMOJICUCTBHS, Y KOTOPBIX IHEPreTHYEC-
CKM€ KBaHTHI (Hanmpumep mc U E; B Toukax A u B, puc. 1) Oy-
IyT MMETh OOIlMe MpPOCTPAaHCTBEHHO-BPEMEHHBIE KOOpJMHA-
Thl. TO 3HAYMT, 4TO B Toukax A u B (puc. 1) uaauBuyab-
HOCTb BOJIHBI M YaCTHUIIbI CBETA HCUE3HET. BO3HUKaeT miiasma
JIa3ePHON TOYKH, YHEPIrUsl KOTOPOU ONMPENEIAETCS YMHOKE-
HUEM, JIEJICHUEM, BO3BEICHUEM B CTETIECHb:!

Pe3onanc (touku A u B, puc. 1):

mc'E;, = l/nz; mc/E), =1; mc'E; = E) = mcz. (2)

B anTupezoHaHcHO-pe30HaHCHOE Tose cBeta (puc. 1) u3
OKpY>KaloIlel CpeJibl MOCTYNAal0T BUXPH, PA3JIUYHbIC IO CBOUM
sHepreTuyeckuM (popmam. CeT TpaHchHOPMUPYET UX B HMHBIC
sHepreTuyeckrue Gopmbl U 3Ta TpaHchopManus CBETOM 00b-
equnsaetr Kocmoc.

***
B AHTHUPC30HAHCHO-PC30HAHCHOM PCKHMC IIYJIbCAIIUH

HHEPreTUYECKOTO TMOJIsI OOUINM SIBIISIETCS MEpPeXoa B 00acTu
CUHTYJIIPHOTO 1oJisA ¢ noreHnuanamu 0 u 1:

Ilyabcanust B cuHryasipaom node (1), (2):

0
1 T

d z—ESin2£ u dp=——=—-Cos* =
-[¢ 4 2 4 -!‘go 4 2 4°

3)

rae: 0 - Xaoc OpOyHOBCKOTO JABUKEHUS,

|1 - F'apMoHus HAPABIEHHOTO JBHKCHUS.
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O10 (3) rOBOPUT O TOM, UYTO MOSBJICHUE CUHTYJSPHOU
TOYKHM He BiedeT 3a coboil boabsmoro B3psiBa Bceenennoit,
KaK YTBEPKAAIOT (PU3HKU-TEOPETUKH COBPEMEHHON HAYKH, HO
npuBOUT K hopmupoBanuto "J[3uan" ([Ipobdbu), koTopast sBIIs-
erca cosuparesiem Kocmo-, Aurpomo- u Teorenesuca, onu-
canHbiX B "Kuure J[3uan".

Kasyc ¢ "bonbmnM B3peiBoM" porMCX0IUT OTOMY, UTO
MBI HEOPEKHO OTHOCUMCS K HOJb-IIOTEHLHATY, IPUHUMAs €T0
3a TOYKY, JIMIIEHHYIO SHEPIrUU U MpOoCTpaHcTBa. B 3TOM mpm-
yuHbl MJT1031MH MaTeMaTH4YecKoro nmoaxoaa Kk Peajbsnocru
€ MO3MIMHU 0ECKOHEYHO MAJIBIX BEJTHYHH.

MaremaTtuka OECKOHEYHO MAaJbIX JIMIIAET TOUYKY DHEp-
MM, YTO HapyllaeT 3aKOH COXpaHeHUs 3Hepruu. Touka u3
sHepreTuueckoil PeanbHocTH TpaHchopmupyercs B AOCT-
paKuuio. DTOMy MoMoraer (u3HuKa, Tak Kak MOHATHE "Baky-
yM" (IycToTa) Takke HapyllaeT 3aKOH COXPAHEHUs DHEpPrUu.
OpnHako, 3TO HEe KpU3HC (PU3NKH U MATEeMATHKH, a IIyTaHUIIA
B T0OJIOBaX YYEHBIX, KOTOPBIE NBITAIOTCS pa3o0paTbcsi ¢ HEH
YBEJIIMUEHUEM CpOKa cpeaHero oodpaszoBaHus 1o 12 ner. Yem
JyMaroT?

Honb-noTeHnman B 3HEPreTUYECKOM I10J€ BO3HHKAET,
HalpuMep, B PEKUME aHTUPE30HaHCAa TaM W TOrja, Koraa
sHeprus B koHile (Ey) mpoiecca Oyner paBHa 3HEpruu B Haya-
ne (E,) npouiecca. Bo3HukaeT IHepreTuveckoe moJe, B KOTO-
pOM, HE3aBUCUMO OT (POPMBI IHEPrEeTUYECKOrO IEPEXOAA,
PA3BHOCTD (AE = E; - E; = 0, npu E; = E,) moTennuanos
paBHa Hymo. DHepruu E, u E,; Moryt ObITh Kak GECKOHEYHO
OO0JBIIMMH, TaK U OECKOHEYHO MAJIbIMHU, TO €CTh OIHCHIBATH
KaK MaKpo-, TaK 1 MUKPO-I"aJIaKTHKH.

OtnuuutenbHOM 0coOeHHOCTRIO ToJs ¢ AE = 0 sBiseTcs
TO, YTO KOMIIOHEHThl BHYTPEHHErO TOJs (Hampumep,
E;, u mc), He WMes HampaBiAIOMIEH Pa3HOCTH TOTEHIIMAJa
JEeHCTBUTEIBLHOTO YHCIIa, OYIyT COBEPIIATh Xa0THYECKOe Opo-
YHOBCKOE nBWkeHHE. Benukas [luBunmzanusi Ha3bIBaeT 3TO
coctosinue Xaocom (3).
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Opnako Xaoc mpekpalaercs Mnpu Nepexojae OT aHTHpe-
3oHaHca K pesoHancy, rae E/E. = EJ/E, = 1 (mpmu
E, = Ey). Bo BHyTpeHHEM 1oJie BO3HHUKAET HaIPaBJIECHHOE
YIIOPSIIOYEHHOE IBMYKEHUE K IUTOC-MUHYC ITOJIIOCaM, TaK KakK:

Bo3nukHoBenue I'apmMoHuu

Ey/Ex=1=(n+1)-n=E\/E,, 4)
rIe: n=1,2,3,4...

BosHnukaer I'apmonus BO BHYTpeHHEM IoJie. Bo3HUKarOT
MeTarajakTH4eCKHe BOJIHBI B OKpyxatoient cpene (3), (4).

***
JBuxenue kak ¢popma beitus Sueprun Exunoro Kocmo-

ca peasin3yer ce0sd B OECKOHEYHOW MyJIbCalluU MEXTy Xa0COM
u ['apmonuei:

Pexum Xaoc IIepexon I'apmoHus
AUTH- | \p B -E,=0|-0=log]— |AE=(n+1)-n=1
pE30HAHC
)
E
Pesonanc |log | —=% 2 1=0 — 0=log,l - Ex it =1
-E, -E, '

ITepexon mexay Xaocom u ['apMoHuUeEn CBA3aH ¢ MOSBIIE-
HUEM JIoTapu(pMUUECKHX KoneOaHui. DTH KojlebaHUs He 3a-
BUCAT OT OCHOBaHUS Jorapudma, Tak Kak Jorapupm eTuHHUIIbI
pH JItoOOM OCHOBaHMH "a" paBEeH HYJIIO.

Enunsiii KocMoc cymectByer B opme MmerarajgakTuye-
CKHX BOJIH U "CI'YCTKOB' 3THX BOJIH.
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1. "CrylueHI/Ie" MEeTaraJakTH4€CKUX BOJH

Sm— = = Cos— B IOJIIX \/_ Sc— = Csc— )51 Y Pl
\/— 4 4 Sin® 2 Cos

4

V2 V2
(%) -3 K () (5)2
% V2 =82 =Cse=

T VA
2. "Crymenne" MeTaratakTHUYECKUX BOIH Sc— = Csc—=+/2
4 4

2 NG3
22

V2 V2

Puc.2. "Ceywenue" memazanraxmuueckux 60111

[TprueM, MeTarajJlakTHYeCKUE BOJTHBI POPMHUPYIOT TOUCY-
HBIN y4acTOK BOJHBI CBETA C HOTCHHI/IEU'IOM c/To=n/4:

Sm— = Cos

T (6)
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B ycnoBusix pe3onanca:

Sinz-Coszz
4 4

1
~—=|pd
S =]ede, (7)

O'—.'—‘

ATH METarajakTUYeCKrue BOJHBI (POPMUPYIOT KOJIEOAHUS MEXK-
Iy XaocoM U ['apmoHuei, a npu aHTUPE30HAHCE:

Sin£+C0s£:«/§ESc£ECsc£ (8)
4 4 4 47

BO3HUKAIOT TAPMOHUYECKHE KOJIeOaHUsi C OOpaTHBIMHU MOTEH-
nuanamu (6, 8), (puc. 2.1 u 2.2). Bo3HukawT konedbaHust Sc
n/4 u Csc 1/4, KOTOpbIE B CBOIO OUepe/ib MPH pPe30HaAHCe MPHU-
BOJSAT K TMOCTOSIHHOM B3aumojeiicTBuit Kocmoca (Tadsm.l),
PaBHOM:

e
m 2=lgpipapspaps=+l-1= 2J§=a
10 -1 | ScmACsmd= 242 O

aHTH-
pE30HAHC.

1-(-1)=2 pE30HaHC

a TIpH aHTUPE30HAHCE BO3HMKAET MOTEHIHMAI, PABHBIA 2+/2 U
SKBUBAJICHTHEIN CTOpoHE (a = 2+/2 ) ocHoBanus Benukoii I1u-
pamubel. BoHOBBIE MOJIS METaralakTUKH HAYMHAIOT (OpMU-
poBats "cryctok". IIpuyem, kaxxapii s5emeHT [lupamuasl cBs-
3aH ¢ BOJIHOBBIM nosieM (/2 ) mpu n=1, 2, 3, 4, 5, 6, 7, 8. Ya-
CTHBIM CIy4yal Takou CBsi3W omnuckiBaeT IIpaBuiio ['eponora, a
Oonee monmpoOHass u 00IIas 3aKOHOMEPHOCTh PAaCCMOTPEHA
MHOIO paHee B HECKOIbKUX padoTax no Enunomy Kocmocy.
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***
JIBm>xeHue "crycTka" OTHOCUTENIBHOTO TOKOs (Macca OT-
HOCHUTEJIBHOTO TIOKOSI My = €) COBEPILIAETCS 110 KBAHTOBAHHBIM

opbutamM, TO €cTh OpOHUTaM, TZIe Macca HE PacxoAyeT Ha CBOE
nBkeHue cooctBennyto sHepruto (Ilocrynat H.bopa).

Ho kBanTOBanHas opOuta - 3TO Ta OpOHWTa, TIe Macca
OTHOCUTEJIBHOIO MOKOsA (M) = €) He BCTPEYAET COMPOTHUBIIE-
HUSI CBOEMY JIBM)KCHHIO HU B PE30HAHCHOM, HU B aHTUPE30-
HAaHCHOM TMoJIsiX. Takue opOUTHI (MM KaHaJbl SKCTPACEHCOP-
HOU MTPOBOJMMOCTH) AOJKHBI UMETh MOTEHIIUAIBI PABHOBECHSI
1 vn O:

®dopMHUpoBaHHE KBAHTOBAHHBIX OPOUT:
2n'Rg=1 u 2wR;=0 mpuR;=1

Pe3onanc (cBer) | AHtHpe3oHaHc (Tonkas DHeprus)

(10)
1 =2nR, (puc. 1) 0=In1l=ne™=

2 . .
=—mq|pdp 2i-mln e = 2w,
Eﬂ 0

KBantoBanHasi opOuTa, Kak W KaHal IKCTPACEHCOPHOMU
MPOBOAMMOCTH, B JTIO00N CUTYaIlMU OCTAETCs MyJIbCUPYIOLIUM
DHEPTeTUYECKUM TOJIEM, IBHKEHUE MO KOTOPOMY IpENompe-
JIENSIeTCA MUHTETPAJIbHONM Pa3HOCTHIO KBAJAPATOB MOTEHIMAJIOB
opour (10):

Pa3HocTh KBAAPaTOB NOTEHIIHAJIOB OPOUT
B Pe30HAHCHO-AHTHPE30HAHCHOM peKuMe:

27-Ry (pesonanc) 1 L T (1 1)
pdp == ~(2a) " = [pdp-cSc i
0

27-i° (anmupesonaic
ip
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JIBU>KEHME 10 MYJbCUPYIOIIMM KBAaHTOBAaHHBIM OpOUTaM
MPOUCXOJIUT MTOTOMY, YTO B KBAHTOBAHHBIX MOJIAX METarajiak-
TUYECKHUE BOJHBI 00JIaaI0T SHEPTUEH, paBHOM:

T, :
E=02~Scz-llozx/§~cz-llo. (12)

***
KBanToBaHHBIE OpPOUTHI M OSKCTPACCHCOPHBIC KaHAIIBI
IPOBOJAMMOCTH — 3TO JHIIb JBE (GOpPMbI U3 OECKOHEYHOTO
yucia ¢opm J[BrmkeHus 0e3 3aTpaThl COOCTBEHHOW JHEPTUU

oObekTamu J[BmkeHus. Bce oHM mpenonpesensioT B3auMo-
JIeicTBHE MeX 1y XaocoM u [ 'apmonueii:

Bcé necymee Kocmnueckue Boanbl Co3uganus
Pe3onaHc AHTHUPE30HAHC Pe3onaHc
1g p1p2p3 P4aps 1g p1 P2 p3 P4 ps
1 H1-(-1)] =£2; 0
=Jodo= |irc)=x0;| = [pdo= (13)
0 1
2 _ -
2:12=1 ij@d(ﬁ=:|:2 2:(-1/2)=-1.
N3 Xaoca 0 ' N3 I"'apmoHnu
K ["apmonun B Xaoc.

B stoMm moxe I[P aHTHUPC30HAHCE BCCraa 6y,Z[€T Ha0JIro0-
AaTbCs ITOABJICHUC ITOTCHIIMAJIA, PABHOI'O ABYM, HC3aBUCHUMOT'O
OT pCXKHMaA IIYJIbCAlluU:

He3zaBucumocts nocrosinnoii Kocmoca
0T peskuMa nmyJbcanuu (tadn.l):

(14)

AHTHPE30HAHC Pe3onanc

2+2=4 2:2=2"=4,
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B cBoeit kuure "3aragku erumeTckux nupamun”
K.®Jlaysp numer: "Crpoutenu ObUIM BETUKOJIEIHBIMH T'€0-
ne3uctamud. OHU 3HAJIM, YTO HA JUAroHaJIM KBaJipaTa MOXKHO
MOCTPOUTH HOBBIN KBaJpaT, IJIOIA b KOTOPOTO BABOE OOJIbIIIE
IJIONIAM MEPBOro KBajpara'. BmecTe ¢ Tem, HECyIne SHEp-
ruto kocmudeckue BoJIHBI (13) dhopMupyroT "COHEUHBIN Be-
Tep", TO €CTh MOTOK KBAHTOB CBETA C MOBEPXHOCTSIMU, UMEIO-
IIIUMU MTOTeHIaN +6 (puc. 3):

21

21

21

o
!

Puc. 3 ®@opmuposanue kocmuueckoii 6onnoti (13)
PA3HOUMEHHBIX K8anmog ceema (15)

Pa3zHonMeHHbIe KBAHTHI CBeTa 15
6 -2t (1-2); -6--2-1-(1r2]

C y4eTom 3HEpreTHYeCcKrX CI0€B BHYTPEHHUX IOJIEH:

+[6+5+4+3+2+1]=+21, (16)
MOTEHIIUANT KaXI0ro KBaHTa OyneT paBeH + 21. DTH MOTEH-
[HaJbl IPU UC-TPAHC-U30MEPUH TIJIa3Mbl CO3/Ial0T TOJISIPHbBIC
SHEPreTUYECKUE MOTOKH, 0 KOTOphIX B "KHure MeptBbIX" TO-
Boputcs kak o "42 = 21 — ( — 21) I'po3sasix boxkecTBax, BbI-
HIEAIINX U3 TBOETO Cep/illa Ha IMIECTOW JAeHb MpeObIBaHUS B
bopno".
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***

I'apmonus u Xaoc cocymectByroT Bceerga, Besne u BO
Bceém. CymiecTByrOT OHM U B TOJI€ CBETa. | 'apMOHUSI TTOSIBIIS-
€TCsl B MHIUBHUIYyaJbHBIX OOJACTSIX CIEKTpa cBeTa (KpacHOM,
OpPaH)XEBOM, MKEITOM, 3EJICHOM, TOJyOoM, cuHeld M (uoyeTo-
BOI), Xa0C - MPU CMEIICHUN WHANBUIYyaIbHBIX I[BETOB CIIEK-
Tpa cBeTa (3KeNTO-3€JeHbIN U Oenblii), (Tad.2).

Ta6muma 2
CrnexkTp coJiHeYHOro 0eJI0ro cBera:
I'apmonus u Xaoc. 3apsaasl 1 UMnyJbebl

Crextp
JUtHEL | P Kpac- OpaH-| yeon | Kemro- | 3eme- |1 OY| cu- | PO
BOJIH o | xe- . . . | Ooii . | nero-
HBIN o TbIN 3CJICHbIN HBbIN HHUHN o
BbIN BbIN
Huanazon | 7600 | 7000 | 6200 | 5820 | 5750 | 5500 | 5100 | 4800 | 4500
A 4000 | 6200 | 5820 | 5750 | 5500 | 5100 | 4800 | 4500 | 4000
Pasoct | AB= | AK=| AO=|AXK=| AK3= | A3= | A'=|AC=| AD=
A 3600 | 1400 | 380 70 250 400 | 300 | 300 | 500
Iopsinox Xaoc l'ap- | I'ap- | T'ap- Xaoc T'ap- | I'ap- | I'ap- |T'apmo-
B IIOJIE MOHHSI | MOHHSI | MOHHSI MOHHS | MOHUSI |MOHHSI| HHUS
bubnei- 2
AB =3600 A3+Al'+ AC +AD
cKOe 122:1442105—:4.( 26)
4HCIIO AK3 =250 NK3
Teprio- (Tot)’ = 13%-52= 13%- (To=4)*- (1 =3)*
AMYHOCTD Castiennslit TpeyroasHuk Crpouteneit [upamun
NK =170)- p3 -
£ | 3apsan ( ) '0520:28-10 Y =p
3 (AK3 = 250)-10
=~
Z AK =70)-10%
;‘g‘ Mpicib ( ) 7= 28-10"% = p*
(APK3 =250)- p;
PaBHOBecue AK = 1400
ol (M (g ppopypups =2)=112=Tq =8u= 4p) 10%
I'paBUTallun
OpaH)KCBO AO =380
awerro- | Tor(AO=380) = 1520 | -py & |\ oo™ 0 = 1,52 ps°
3erneHast —
3K30-3HI0- <—3HIoTepMus: 152— <— 93K30TepMHA:152 —
Tepmus Konebanus mexmy Xaocom u ['apmonueit
-AO: = 103(A) = 103 2.
Oparxeas p2 TorAO-AXK3 =380-10 (A) = AO-10°A & AO Ps;
perexe- 10A < 1
patust Beixon snepruu B IIpocTpancrso.
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Uurartens, BauuManue! I[lonydyennsie nanusie (Tabd1.2) oT-
paxaroT pe3yibTarhl JBH:KeHMs] DHEPruu MexXIy XaocoM U
['apmonmen. DTOT pe3ynpTar 3Hana Benukas LluBunmsanus.
Otn 3HaHusl OHa crapainach nepeaars I'psigymmum (B ToM
yucie HaM) yepe3 Jormbl Peauruii oTKUBIIUX U COBPEMEH-
HeIX KoH(eccuit. K stum 3nanmsam coBpemenHas Hayka
"mpogupaercs” yepe3 "mmnoBHuk Ilpubam:kenmit", npu-
ommkeHuit - kak metoaa Iloznanus. Ho Bcé - rpannuosnee u
npoie, yem Hamu Mimo3un. W kak roBopsat ABTopsl CTaHil
"Il3uan": "Buumaiite, Boi, Coinbl 3emnu!" A s Bam Oyny pac-
CKa3bIBaTh 0 cOTBOpeHun Mupa B "karuie cBera" (Tabmn.2). by-
JIEM aHAJIM3UPOBaTh TAOIUILy 2.

1. Bzaumotpanchopmarus Marepun u ToHKOM DHEpPruu
MPOUCXOJUT BO B3aUMOJECHCTBUAX C ydacTHeM (POTOH-
(OHOHOB, YHCIIO KOTOPHIX B Mpejieiax HACBIIIEHUS JIOMUHO-
dopa coorserctByer 10°° honoram u 10%° poronam.

2. Tpancdopmanus okxpyxkaromied cpenasl (Bcex (opm
Ouepruit Marepuu u ToHKON DHEprum) He 3aBUCHUT OT (HOPMBI
NBUKEHUS (POTOH-GOHOHOB, HO  OMNpPEACNSIECTCS Pa3sHOCTHIO
Mexay sHepruei B koHue (B = myc’ IPH Cyil = Vil Ant1)
u Hauaine (E,=m,c’, npu c¢,=v,A,) mporecca:

_ _ 2 2
AE =E,; — E,=Am'(c"y+1 — ¢),
WIH C TIOMOIIBIO PA3HOCTH JITMH BOJIH:

AE (17)
AN =N =My —————
. Am-(v2, V)
OOmenpuHATOE ONpeIeJICHIE SHEPTUHU THIIA:
E=mc’=m(vL), (18)

OIUCBHIBAECT SHEPTUIO0 JAHHOTO0 COCTOSIHMSI, HO He U3MEHEeHHe
JHEPruu MeKAYy ABYMS cocTosiHUAMHU. OTCcyTcTBHE (DHKCa-
IMA Pa3HOCTH DHEPreTUYECKUX COCTOSHUM (NIPUHATONW B
HHEPIreTUKE CBS3HOW almaparypbl) HE OTBEYAET HA BOIPOCHI,
CBSI3aHHBIE C U3MECHEHNEM JHEePruM B /{BUKeHHH.
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3. Bsaumotpancopmainus OECKOHEYHOTO MHOXKECTBA
dbopm Tonkoit DHepruu u JHeprun MaTepuu cBeTOM 3aBUCUT
OT KOHUeHTpauuu (HoTOH-POHOHOB B 00bEME MPOCTPAHCTBA,
OT XapakTepa ABWKeHUsA BHUXPH (POTOH-(POHOHOB, OT Ile-
PHMOAMYHOCTH BpalleHUs Kaxxaoro (oHoHa (rpynmnsl (oHo-
HOB) B COJJHEYHOM (JIIOMHHECIIEHTHOM) BuXpe. Hambomee
IpUMedaTelbHas epPHOJUIHOCT, paBHast 12 u 127 = 144,
onucaHHas B Actpoisioruu, bubmuu u ap., dopmupyercs B
CIIEKTpE CBETa KaK OTHOIIeHHUE (Tadir.2):

ActpoJoro-bubseiickas "'"mepuoguyHOCTh " !

Ab T A3+Al+AC+AD (19)

12° =144 = xT, =(T,7)’.
AC+A AK3

Jocturas nepuommunoctn (Tot)” = 12°, BUXpb (OTOH-
(hOHOHOB MOXKET U3MEHSITh JIJAMUHAPHO-TYPOYJICHTHBIA Xapak-
TEp CBOEro  JBWXEHHUS, (QOpMUPYS  TEPUOJUYHOCTHU-
DKBUBAJICHTHI, HaIpUMeEp, "4epTOBOM MrOKUHE" (TPUHAIIATH)
unu "cBsilieHHOMY TpeyroyibHUKy'" Crpoureneit [Tupamun, to
€CTh TPEYTOJIBHUKY CO CTOpoHamu 3,4 u 5:

N3meHeHune NepuogUYHOCTH B BUXPAX
(¢poHoH-PpoTOHA:

122 = (Ty1)’ = 13> - 52 =13 - 4> - 3%, (20)

rne: 13=Tyt+1 u To—1=1t=3.

4. TleproAMYHOCTS - 3TO BEIUYHHA, 0OpaTHAs yacToTe (V)
U CBsI3aHHAs CO CKOpocCThIo cBeTa (c = A-v=1/T), rae:

122 ! 5 Ps (21)

Ab 52 A3+M+AC+A@:6OE\/@EM+AC,
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Ot10 (21) naeT HaM BO3MOXKHOCTH MPEJICTABUTh SHEPTETH-
Ky CHeKTpa OeJoro COJIHE4YHOro cBera (0e3 KpacHOW, opaHxke-
BOM U »eToM o0acTeil) B BUAEC paBEHCTBA!

dopmupoBaHue 0eJI0r0 CBeTA:

1257 = 3600 = (Tot)*(Ty*+1°) = AB =

AL - (A3+ A+ AC+ AD)
NK3 (AT +AC)

(22)

Ps

CaMbIM 3aMeUaTeIbHBIM B TIOJIE COJTHEYHOT'O OEJIoro CBe-
Ta ABJISETCS TO, YTO DHEPIUU KPACHOM, OPAHKEBON U KeJl-
TOH oO0JiacTeill CIEKTpPa OCTAKTCH CBOOOJAHBIMHM. DTO 3Ha-
YUT, YTO KPACHYIO, OPaHXKEBYIO U XenTyro sHeprun Cozna-
Tedb ocTaBuil cebe kak HMHcTpymMeHT Co3MIaHUSI HOBBIX
®opm HexuBoro (Kamenb, Metamibl) u sxuBoro (Pactenus,
Cesamennbie JKuBoTHbele, Many-Mebicnurens, UenoBek Bonu u
Woru, mono6usiii boram. Teorenesuc, "Kuura H3uan").

Hannune cB000aAHONH KPacHO-OPAHKEBO-KeJITOH JIHEp-
TUM B cIieKTpe 0esioro cBera rnpeaonpenenser Teket CraHiy
Teorenesuca: "beablid Bbik mokposl1 Kpacuyw Koposy":

"Boabl'" 3apokaeHUs dKUBOTO ABYNOJbIMU

cyocTpykrypamu (9+0):
AB 3600
— (T, ==——7=18=2:(910
AK o +2) 1400 7= 18=2:010), (23)

rae: 18 = MH,0 - MOJEKYIISIPHBIN BEC BOJIBI,
2(9+0) = 18 - coBmeleHne MY>KCKOTO U KEHCKO-
ro Hayan cyocTpyKTypsl (9+0) GuokieTky.

"Kpacnas KopoBa poauna (pacmupenue Ty-c / @y = 8)
Bbenoro TeneHka >K€HCKOrO poja C ABYMs 30JI0TBIMH (5KeJ-
TBIMH) pOramMu’, MeXJIy KOTOpPBIMH 3aT€M BBIpOC "OpHJLIN-
aHTOBBIN por". DTOT TEKCT, 3aTPAaruBarOIINA POKIECHUE, CBSI-
3aH C B3aMMOJECUCTBUSAMMU:
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AK

AR 20 = psl = AP
K =Ps1gP1P2P3P4Ps = K3 Ps >

(24)

rje jaBa "3070ThIX (KedThIX) pora" B "Bomax 3apoKacHHs"

(23, 24) otHocsatcs k benomy Tesenky:

K poxknenuro besioro Tenenka skeHCKOro poaa:

py[% 2(9+0) = 20-2(9+0)] = 3600 = AB,

re: (9+0) — cyOcTpyKTYpa MAaTEPUHCKON
KEHCKON OMOKJIETKH).

(25)

DTO KEHCKOro poja Oenoe moisie (25) mylbcUpyeT B
uHepuuoHHou cucrteme Ty £1 = 4 + 1, cozmaBas "cryctku" u

HMITYJIbCBI:

IMyabcanusi KpacHO-KeJITOH 00J1aCTH B CIIEKTPe
0esioro cBera (25) "cBAIIEHHOr0 TPEYroJbHUKa':

Ilepronab To-1=3 To=4 Totl =5
®opMma Nwm- Nwm- Nwm-
CTYCTOK CTYCTOK CTyCTOK
noJist yJIbC yJIbC yJIbC
Torenman| 22— |3ab=| AP_ |4ap=| AP _ |s5aB=
noJst 3 4 S
1200 | 10800 900 14400 720 18000

®u3nyecKkuit CMbICI TOTEHIIUAJIOB:

- 1200 — AtomusIii Bec yriaepoma (Aqps = 12-10%);

- 10800 : 900 = 12 = Tyr;

-900 = AK — A® = 900A — pa3HOCTb pa3HOCTE#l B CIIEKTPE
COJIHEYHOTO O€JIOro CBETa;

- 14400 — actposioro-61baeiickoe Ynucio B MOJI€ COJTHEYHO-
ro ceera mpu (Totps)’;

- 720 — 5KBUBAJICHT JIBYX COIPSHKCHHBIX OKPY>KHOCTEH 10
360 yrinoBbIX rpagycoB, TO €CTh OECKOHEYHOCTh
"HaJl BEUHOCTHIO" (0);

- 1800 — monekysipHbII BeC BOJIBI B IIOJIE CBETA
(Mu,0-ps” = 18-10%) 1 momyoxpyxHocTh B 180 yr-
JIOBBIX TPAyCOB, SKBUBAJICHT CKOPOCTH CBETA U TU:

1800 = 180-ps= m'ps = c*ps.

(26)
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B COOTBETCTBHH C 9KBHBAICHTHOCTHIO Tt = ¢ = 180 = 180"
MOJIEKYJIIpHOMY Becy Boibl (MH,0 = 18-k.e.), ’KUBOE 3apOK/a-
eTcsl B Bojie, a "OpwimnaHToBbId por benoro Temenka" - ato
OTHMCAHKE YTJIEBOJIOPOIHBIX COCTUHEHHM, OCHOBBI OMOTKAHEH.

5. B xeJqTOM moJie cBOOOAHON IHEPrUM BBIXOJ U3 JKEII-
TO-3€JICHOT0 HJ0TEpMUYECKOro Xaoca BieueT 3a coboit dop-
MHPOBAHUE T'PABUTALIMOHHOTO 3apsia U MbICH:

3apsia (Tabi.2) Mpicanb (Ta61.2)
pzizzg.l(ﬁo p*EM:%.loﬂo (27)
03 NK3 107 PINK3- '

6. B kpacHOM moJsie cBOOOHOM YHEPTUM BBIXOJ U3 JKEII-
TO-3€JICHOT0 HJ0TEpMUYECKOro Xaoca BieueT 3a coboit dop-
MHUPOBaHHE B )KMBOM I'€HOMa C MOTEHIHAJIOM 56, a B Jr000M
HHEPTreTUYECKOM IT0JI€ TIepUOAUIYECKUE CUCTeMBbI U3 112 KBaH-
TOBAHHBIX COCTOSIHUM, XapaKTEPHBIX IS MOJield rpaBUTAIH-
OHHO-3JIEKTPOMATHUTHBIX COCTOSIHMIA (Ta0:1.2):

KpacHoe paBHOBecHe 3apsiioB

3apsisl (7q=8u= 4p)'10205 112=2 % (28)

Umnynsesl | (7q* = 8p* = 4p*)-10=112=2 455 .

7. B opaHaxkeBoil 001acTH CBOOOJHOM 3HEPIrUU BBHIXO]
U3 JKEJTO-3€JICHOr0 SHJIOTEPMUYECKOro Xaoca YCUIMBAET
OpPaHKEBYIO SHEPI'UIO B UeThIpe pa3a (Tadn.2):

OpankeBbli TeHEPATOP NYJIbCALMU:

_ 89 _ 1520 =TyAO =4-A0 = AQ L0/ =8

NK3- p; Tyw,/c=2

(29)

rae: 4 - 3To oTHoIIeHHe Kod(PUIMeHTa pacmpeHus,
(Torc/ @9 = 8) K KO3PIUITUEHTY CKATHUSA,

(Torwo/ ¢ = 2) mpu pe3oHaHCE.
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HpI/I AHTUPC30HAHCEC BO3HHUKACT OpPaHIKCBAA PaA3HOCTH
JJIWH BOJIH, DKBUBAJICHTHAA:

8
AO(8-2)=6-A0 1 A0 [@ de =30-A0. (30)
2

OpanxeBblii TeHepaTop OyAeT WHHUIMHPOBATH Pacmpo-
CTpaHEHHUE CBETa B MIPOCTPAHCTBE (Tab1.2).

1.2 CBoGoAHas 3Heprusi B cnekTpe cBeTa.

N3nyyaromas pasHocTs A1uH BoaH (AB = 3600A), 6enas
MOBEPXHOCTh KBaHTa COJHEYHOTO CBETa MYJbCHUPYET BO B3au-
MojeicTBusix Xaoca u ['apmonuu ¢ 3¢(HeKTUBHOCTHIO, paBHOM

(puc. 4):

Iyabcanus 0eJ10il MOBEPXHOCTH:

1
1 (1)
pi- [ de=10° 5=50=50A=35,

0

00pasys aMIuTyy konebanus & = 50A u pasHocTH pas3HO-
CTEH JUIMH BOJIH, paBHBIE (puUc. 4):

8 =50A

7
\_/

< 3500A—>

— 3600A—"

Puc. 4 Iynvcupyrowuii kganm 61020 COTHEUHO20 cema

AB=3600A u AB-25=3500A. (32)
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[lynbcanus "nmepeMemmBaer" rapMOHMIO WHIWBUIYaslb-
HBIX LIBETOB M, KaK XyJOKHHK CMELIMBas Kpacku, coznaer Ho-
BbI criekTp Xaoca (tad6i.3).

Tabnuna 3
3akonomepHocTu Xaoca
B CIICKTPE 0€JI0r0 COJIHEYHOI0 CBeTa
Bensiit | Kpac- | Opan- | Xen- | XKenrto- | 3ene- | T'o- . Puo-
IBer N . o Ny o . |Cunuii| nero-
(puc.4)| Hbli |>KeBblil | THIM | 3enmeHbId | HBIH |JIyOoi -
PasHocts, | AB-20 | AK=| AO= |AX=| AK3= | A3=| A= | AC=| AD =
A 3500 | 1400 | 380 70 250 400 | 300 | 300 | 500
Hosbriit
cnektp  |<3500- | «— 1750 — [«250— | «— 1500 —
Xaoca, A
Omioumene | AB25 | AKFAOAXK | AX3 AB+ATHACHAD
3CIICHOI AX3 AXK3 AX3 AXK3
obmacru | ~ 14 =7 =1 =6
['paBuTanus 14+7+1+6 & 28 & 1+24+3+4+5+6+7.

"CmemaB kpacku" (ta6i.3), Co3uaaren-CBeT COTBO-
pui Xaoc BO BHYTPEHHEM IIOJIE CIEKTPA COTHEYHOTO CBETA.
Bo3Hukna sHepreTudeckas CUTyalus, KOTopas ABJISETCA "Ha-
yanom" Kocmorenesuca: "llpexBeunass Mareps - Poxnaro-
mas, cokpoiTasg B cBoux Ilokposax, Beuno - HeBuaumpix,
emé pa3 apemana B npoaokennu Cemm Beunocreii”
([1], Tabm.3).

B xaornuHoM BHyTpeHHEM moJie cBeTa (Tabi.3) BO3HHU-
KaloT:
- PAaBHOBECHBIH KEJITO-3€JI€HbIN "3apoapbii”
(c norenmmanom 1);
- "coJiHeUHBIN BeTep" ¢ MOTEHIIUAIOM 6, SKBUBAJICHTHBIM
PA3HOCTHU MEXIY PACIIUPEHUEM U CKATHEM
(To-c/wg= 8 - Tomwo/c = 2) uMIyabca CBeTa;
- BUXPb (D)OTOHOB C CEMEPUYHON MEPUOTUYHOCTHIO
7 = Tott = 4+3 (1a61.3); u B oTux "Cemu Beunocrax",
KpOME KENTO-3€JIEHOr0 "3apo/piiia’", BOSHUKAET BTOPOU
oenblii (Ab - 20) "3apoapimu". "6. ITu J{Boe
(A3 u Ab - 20) u ectb 3apoabim, u 3apoabim Equn"
(otnomenue (Ab - 20) : AXK3 = 14).
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B xaoce BHyTpenHero moss cBeta (Tabmn.3), B mpeaenax
HACBIIICHHS TIOMUHOGOpA J1a3epHOM TOUKH (HOTOH-(HOHOHAMU
C KOHILIEHTpAueun 10% (OTOHOB, BO3HUKAIOT MArHUTHBIE M
I'PaBUTALIMOHHBIE 3apsSbl U UMITYJIbCHI (Tab1.3):

@®opMHUPOBaAHHE MATHUTHBIX M TPABUTANMOHHBIX
3apsA0B U UMIIYJILCOB B Xaoce
BHYTPEHHEro0 1oJisi CBeTa:

MarnuTtHoe nosue ['paBUTaIIMOHHOE TT0JIE

3apsn Nmiyasc 3apsn HNmmynsc (33)

AE—25' 1 AE—25‘1020 1 ¥
AK3 102 AK3 L1gP1p2P3Paps | LI P1P2P3P4Ps5

=1410"=p [=1410"=p | =2810"=p | =2810"=p*.

B Hepapax »xuakoii miaa3mbl cBeTa (@ 3aT€M U B XKUJKOU
OKpyXaromei cpene) GoOpMHUPYIOTCS KUBbIe-HeKUBbIE Mar-
HHUTBI, BOIUIOIICHHBIE B TpPaBUTAIMOHHbIE Tena. Tak o0cTouT
neno B Xaoce CrekTpa cBera. A 4To MPOM30MAET, KOraa 3TOT
xaoc (1ab6m.3) TpaHcGopMuUpyeTCsl B TAPMOHMUIO.

***
Xaoc BO BHYTPEHHEM I10JIE€ CIIEKTPA CBETA IPH MYJIbCA-
MU Tepuoanyuecku Oyner TpaHchopmupoBatbes B I'apmo-
Huio. [Ipu I'apMoHnu MHIMBHIYaTbHOCTH LIBETOBBIX OOJac-
Teil OyneT BOCCTaHaBIUBAaThCSA. B KMBOM rapMoHM4YecKas
HHAUBHUAYAJIBbHOCTh CIEKTPAJbHBIX o0JiacTeil (popmupyer
Yakpsl, OIHOM U3 KOTOPBIX SBISETCS cHMHe-roayOast Yakpa

Tpernii a3 ¢ rpanuneii pasgena no juuHe BodHBI B 4800A
(Tabmn.4).
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Tabnuua 4
I'apMoHunueckoe moJie BHyTPEHHET 0 MOJIst
CIEKTPA COJTHEYHOI0 CBETa

O6HaCTB Tago6eﬂ_ Conneu-
Hapg HOE . Makyi-
TEIa Komunk| pexnas 00- Cepnue| Tpernit ['ma3
KOCTSIMH HACTE CIUTeTE- Ka
(Yakpnr) e
.. | Kpac- |Opan-|Ken-| XKenro- | 3ene- |[omy- .| ®uomne-
IBer Benprit N - . o > |Cunuit N
HBIA DKEBBIH| THIN |3esieHBIN| HBIH | 60it TOBBIT

[wnana3on 7600 | 7600 | 6200 |5820| 5750 | 5500 |5100 | 4800 | 4500

A 4000 | 6200 | 5820 [5750| 5500 | 5100 |4800 | 4500 | 4000
PasHoctn | AB= | AK= |AO=|AXK=| AX3 | A3= |[A=|AC=| A®D
A 3600 | 1400 | 380 | 70 | =250 | 400 | 300 | 300 | =500
(7600 — 4800)A Crobommas
Oo0nactb =28—> SHeprus
28 =100A «4800-4000—
rpaBUTALIIU 2%
T'paBUTalUA 8 = T()C /(DO
TapMoHHs 28 = 1+2+3+4+5+6+7 (rpaBUTAllMOHHBIH)
nonei 36 = 1+24+3+4+5+6+7+8 (conHeuHsbIi).

[To cpaBuenuto ¢ Xaocom (ta6:.3) B aTom nosne I'ap-
MOHUM (Tabs.4) rpaBUTALIMOHHOE TOJI€ BO3HUKAET PAHbBIIEC —
yXKe Ha ypoBHe cuHe-roinyboro pasnena (Yakpa Tpermid
I'na3). Cunsis u ¢uosneroBasi 00JacTU CeKTpa 00Opa3yrT CBO-
0onHy10 (10 OTHOIIEHHIO K Xaocy (Tabi.3)) sHepruto, ¢ mo-
TEHIIMAJIOM 8 — SKBUBAJICHTOM UMITYJIbCY PACIIUPEHUS CBETA.

[Tockombky Best sHeprus Exmroro Kocmoca Tpancdop-
MUPYETCSI CBETOM, TO CBOOOJIHASI SHEPTUs MOSBIISCTCS BCAKUN
pa3 Kak B MyJibCUpyIOLIeH cucreme Xaoc < I'apmonus no-
sBisieTcss rapMoHusi. [losTomy Hama BceneHHas u siBasieTcs
Pacmupsiromneiicss Beesiennoii.
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***
Pacuimpenue B3aumonencTByOmux (HoHOHOB (HOpMHU-
pPYET JIeKTPUYECKUH 3apsaa 1 MMITYJIb¢ BooOpaxkeHus:

DJIeKTPUYeCKH il NMmnyasc
3apsna: BooOpaxenus:
g=Tic/axlepppipips | q*=10"1gpipapspaps= | (34)
10%° To-c/owy =
82:10%°=16-10" 8-2:10%"=16-10"".

Pa3HocTh MeX]ly TpPaBHTALIMOHHBLIM IOJIEM U CBO0OO/I-
HOM JHepruei (Tabn.4) OyaeT onpenensiTbCsi pasHOCTHIO Me-
Iy TPaBUTALMOHHBIMU M 3JEKTPUYECKUMU KOMIIOHEHTaMH,
KpaTHO# Oubneiickomy uncny 12. Ho mockonsky 12 =3-4, To
5Ty "Tpon4yHble M 4YeTBepu4Hbie" ABTOphl "KHurm [I3mnan"
Ha3piBalOT Takke '"'Tpu-S3biunbiM  Ilnamenem w4erbipex
Durnien':

"Tpu-S3prynoe [liiams yersipex Purniiein”
([1,2],Ta6n.4):

NmryibChbl

3apsiibl (Msicis-Boobpaxerue)

(35)

p-q=(28-16)-10"" = | p*-q*=(28-16)10" =
12:10%° 12-10%°.

Ot (35) TrpaBUTAMOHHO-AJNEKTPUUECKUE PA3HOCTU
ONKCHIBAIOT aHTHPe30HaHc. Ho Benukas LluBunuzanus B3sina
I'PaBUTALMOHHO-3JIEKTPUUECKOE OTHOLICHHE PEe30HAHCHOIO
1oJIs 32 eAMHULy cBoero CUMciIeHHus1, TO €CTh 32 NAJIbMY:

namma = |——=—=——=— (36)
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Hamnune aHTUpE30HAaHCHO-PE30HAHCHOM  ITyJIbCALUH
IPENONpPENEIAeT MOSBICHUE MOJSIPHBIX BUXpPEW € MOTEHIMA-
oM £21 (puc. 3), Tak Kak IMEHHO 3Ta MyJibcaus (GopMUpyeT
YKUBBIE Y HEXMBbIC IPABUTALMOHHO-3JIEKTPUYECKHE U MAar-
HUTHO-3JIEKTPU4YeCKHE YHEPreTUYECKUE CUCTEMBI 3apsA/IOB U
VMITYJIbCOB:

I'paBuTaniuoHHoO- Maruauro-
JIEKTPUYECKAast JIEKTPUYeCKasi
PE€30HAHCHO- PEe30HAHCHO-
AHTHPE30HAHCHAS AHTHPE30HAHCHAS
cHCTEMA: cucTrema: (37)
(p-q10”p/q (@-n10*u/q
3apsiabl 3apsibl
=21 =T7/4=p/q
M- | (p* - %) 10%p*/q* || Mm- | (q* - p#) 1070 p¥/g*
ITyJIbCBI =21 IyJIbCBI =7/4=p/q.

[Tepexon (37) cBs3aH C 3€pKaIbHO-OTOOPAKEHHBIMHU
yucinamu 12 u 21. Kpyr ¢ 12 yactsiMu COOTBETCTBYET KaJleH-
Japio (aCTpOHOMUYECKOMY, acTposiorndeckomy). Ho He Toub-
KO KaJICHAapIo:

1. "IBaauate uersipe [IpecBsaTrix [IpecTona, okpyxaro-
mux Tpon Xpucra Ha Heoe" ([3], (37)):
(21:7/4=12)(c / ®p= 2) = 24 (XpUCTHUAHCTBO);

2. "Copox aBa ['po3nbix BoxecTBa, BbITIeImux u3 TBoero ((38)
cep/ilia Ha IecTor JeHb npeObiBanus B bopao"
("Kuaura MeptBoix", [3], puc. 3):
24 :7/4 =42 (bynnuzm).

Otu norenumansl (37, 38) uHTEpHpETHPOBAaHBI XPH-
cruancTBoM U byaauamom. B pakypce Cucrembl Cuncnenus
Crpouteneit (¢ mosuunu Hayku Besmkoil HuBuauszaunuu),
9TH noTeHuanbl (38) onuckiBaloT sHEpPreTuky Tperbero I na-
3a (Tabn.4) B MOMEHTBI CHHE-TONYObIX MepexojoB (puc. 5)
rPaBUTAIMOHHOI0, MATHUTHOIO H JJEKTPUYECKOI0 WM-
NnyJbCOB:
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buoummnyJibcel

Tpetuit ras Ckopocth | Cc= 300TII§C.KM/C
cBeTa =3-10""A/c
duone- | | Dextpu- | q-c=1610""A/c
TOBBIH || yeckuii 310" A/c
Maruut- | pc=14-10""A/c
\HC HBIN 3-10" A/c
4000 || pasura- p-c=2810""Alc
4200 || uMOHHBIH 310" Ale.

Puc. 5. Dnepeemuyeckue umnynocol-ucmoyHuKu OUOMoKa
6 oonacmu Yaxpor Tpemuii a3z

(39)

B stom mone OynyT uMeTrh MeCTO JUOO MOCTOSIHCTBO
Bonubl (A = 4800A) npu n3menenuu cuibl 6MoToka (3pdeKt
MEJIUTAINK), JUOO TOCTOSHCTBO OHOTOKA MPU HU3MEHEHUU
JUTUHBI BOJIHBI (A (PEeKT MasiTHUKA):

buoroku (Ammnep)

dddexr mequtanmu (39) | Iddext magTHuKa (39)
Onextpu-| 1,=—9¢ _—10*A |Onextpu-|[, =9 _—10“A
YECKUU 4800 ng YECKHH 4800 zgx
Maruurt- |1, = #€ —7 10"*A| Maruur- L=—#¢ —=10"A
o 0 )
HBIN 4800 A S HBbIN 4200 A
I'pasura-|[,= P° —710*A | [pasura- L=—°_=10"A
WHOHHBIH| 4300 A 4 LINOHHBIN 8400 A

BzaumoneiicTBue B OHOIIONE:

[lepexoxn oT cuHe-romyOoi

I A (4800A) x puoneronoit
J .31 = 10"1g p1 p2p3 P4 ps=| (4200A) u undpaxpacuoii
1 2
ad (8400A) obmacTsam
210°A CIICKTpA.

(40)
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Takum oOpaszom, eciii Mbl MEIUTUPYEM, TO B OOJACTHU
Tperbero I'nmaza Mel He TONbKO yaBanBaem noreHunan JHK u
PHK, Ho ¥ yBenMunBaeM BeanunHy Toka oT 107°A 0 2:10™A,
10 ecthb B 10° pa3. TlosBnsieTcs HeIUTenbHAS SIeKTPOMATHHT-
Hast cpena (po'10° = 107), dopmupyromas IeKTPUIECKYO
(g0 = 107/4n-¢c* ®/m) 1 MaruuTHyIO (Lo = 47-10” I'n/m) mocto-
SIHHBIE.

Yuenuss Boctoka 0 MenuTanuy CBSI3BIBAIOT 3TOT IPO-
recc ¢ moabeMomM Kynaanuum.

il
I dext masiTHuka (40) CTaBUT COBPEMEHHYIO HAYKY B
Tynuk. Tak, Hanpumep, B 2002 rogy mo TEJIEBUIAECHUIO T'OBO-

puiIu 00 PKCIEPUMEHTE, MOCTaBICHHOM B MOCKOBCKOM YHHU-
Bepcurere uM. M.B.JlomoHocoBa.

B 3anmasunyo k0510y ¢ KpaCHBIM PacTBOPOM HUYETO HE
MOTJI0 mocTynuTh. Ho xorja kondy kadanaw, Kak MasTHUK, TO
pacTBOp M3 KPacHOro craHoBwics cuHuUM. IIpodeccypa He-
noymeBana. [louemy? Jla moTtomy, 4To mpodeccypa oTBepria
Tonkyto DHepruio, a rpaBUTALMOHHBIM (P:C) U MArHUTHBIM
(K-c) UMIyJibcaM CTEKJI0 KOJ0bI He oMeXa: 3TH UMITYJIbChI
NMPOXOAT Yepe3 JOObIEe TBepAble CPelabl. 3aJCP>KUBAIOTCS
ATU UMMYJbCHl TOJBKO B KUIKUX cpeaax. Ho B »Kuakux cpe-
Jax yroi (o) KauaHus MasiTHUKA OyJIeT MEHSTh JJIMHY BOJIHBI,
a, CIIeIOBATENIbHO, U LIBET pacTBopa B kojbe. Hampumep, mns
ciyyas (41):
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HN3MeHeHMe NJIMH BOJIH M LIBETA PACTBOPOB
npu MAITHUKOBOM 3 deKxTe:

0
2
[Py ) _Tme T 8A4 3 T,
q Z’nan 4ﬂ’n+l 4 ﬂ‘n+1 2 ﬂ’n+l ’

rac:. o, — yroj OTKIIOHCHUS MasaTHHKA, (41)
kn — Ha4daJibHasd AJIMHA BOJIHBI 1 IBET pacTBOpPA,

)\,nﬂ — JJINHA BOJIHBI ITOCJIC IBHMXKCHUA MasITHHUKA U
HBET pacTBOpa MOCJIC OTKJIIOHCHHUA HA YTOJI Oly,.

N3meHeHMe HBeTa PAaCTBOPOB B CBSA3M ¢ MASTHHKO-
BbIM 3()(peKTOM M3HAYAJIBLHO 0a3UpPyeTCsl HA HAJIUYHMHU CBO-
00HOI1 YJHePruyu B MyJIbCHPYIOILEM CIIEKTpPe CBeTa.

***
B sHepreTnueckoMm mojie ¢ MasTHUKOBBIM 3 dexkToM
(41) npu nnuHE BOJNHBI B aHrcrpemax (A) snekTponut xkus-
KO cpenibl OyAeT UMETh CUTy ToKa B ammepax (A). [Ipu stom
KUOKasg cpela dJIEKTPOJuTa B KaXJOW CBOel Karuie Oyaer
MMeTh OGOJIOYKY C IMOTCHIMAIOM 7°, KOTOpas 3apoikKaaeTcs
enie B noyisix ToHkux DHepruii [4].

Jmnaa (A1) "Oerymieir B 00beMe Kariu BOJIHBI" OyaeT
NpUAABaTh JAHHOM KaIule KOHKPETHBIM WHIAWBUIYAIbHBIN
LBET, MasITHUKOBBIN 3(pPeKkT OyAeT UBET KaIllJIu U3MEHATh, TaK
Kak OyJIeT U3MEHSTh ITMHY Oeryiieil B 00beMe Karuik BOJHBI.

MasTHHKOBOE IBHXKEHHE B KAXKIOW Kaljie >KUIAKOCTH
CBsI3aHO C (PyHIAaMEHTaIbHBIM 3aKOHOM 3/2, XapaKTepu3yro-
I[UM OTHOIIICHUE KOJeOaHWUW BHYTPEHHETO TOJIS Karuid U e
JBWKEHUS B OKpY»Karolieit cpene (41):
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3akoH Tpéx BTOpPHIX (41):

EE (0 =42R?) .(SzﬂRz)Em-(cha)O)
2 (V:;I'ﬂ_R3) (L=27R) m-c

rae: Qu S — nmoBepxHOCTH chephl U MIIOMIA/Ib Kpyra

(MOBEpXHOCTHBIEC BOJIHBI),

V — 06beMm chepsl (coOCTBEeHHAs BOJTHA),
L — okpy>xHOCTH (O€ryias BoJiHa);

a TaKXKe:

m(c + wy =7+ n/2=31/2)— BHyTpEHHEE MOJIC
MyJIbCUPYIOIIEH KA C MAacCOM my,
m:c = m'7T — UMITYJIbC JBUKECHUS KAILIH.

(42)

[Tormomenne paBHOBECHBIX KBAHTOB Karied Oyner
IPUBOJIUTH K "CTyIIEHUIO" HEOECHBIX TeJl ¢ MOTEHIIHAIOM 5/2,
a 3aTeM K QopmupoBaHuio u3 Heap kammum sHepreTHUecKux
MOTOKOB, JIOMAIOIIUX, HapUMep, TuTochepy 3eMian Ha OJIOKU
C MPEUMYUIECTBEHHBIM K03 duuentom 7/2 [5]:

"Crymenue"
He0eCHBIX TeJI:

1+3/2=5/2

IHoToxku 3Heprum
U3 HeAp KaIIu:

1+5/2="17/2.
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ACHAT = 600A

AB = 3600A

AT+AC = 600A

Puc. 6 Jlenenue 6enoco keanma (A b) na yuc (mpanc)
cune-2onyboii (A C + AT = 600 A) u mpanc (yuc)
cony6o-cunuti (AI'+ A C = 600 A) keanmui.

[Tox Bo3melcTBHEM ATUX TOTOKOB (BHUXpPEH) »HEPruu
(43) Oenasi MOBEPXHOCTh Ja3epHOM Karau cBera (puc. 4)

YMEHBILIAETCsl B IIECTh pa3, popmupys muc (TpaHC) U TpaHC
(1tuc) cuHe-rosyobie KBaHTHI (pUC. 6):

+ Ab =3600 A Ei3600AE
7 5 7 5 1-6
— | . i+i
[2 2) [2 2)
+ 600A =+ (AT + AC). (44)

I[eJ'IGHI/Ie CIICKTpa CBCTA, KaK H naﬂbHeﬁmee JACJIICHHUC

BOJTHOBBIX TIOJIEH, OOYyCIIaBIIMBACT MYJILTHIJIETHOCTH CIEK-
TPaJbHbIX JJUHUM:
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Konebauune: 61 =...

IIpupona MyJbTHILIETHOCTH
Haugaio MYJIBbTUILIETHOCTHU

CIIEKTPAJbHBIX JMHMIL:

P+2°+3*+4°+57+6°+7° 140

6-1=5= =
1+2+3+4+5+6+7 28
+
P +22 437 +42 457+ 62 +7*+8* +9* +10*> 385

142+3+4+5+6+7+8+9+10 55

5+7 =12 - ocHoBa ¢opmupoBanus nepuoguuHoctu Tyt = 3-4.

(45)

3HAYMMOCTH MYJIbTHILIETHOCTH HAIlla HAyKa MEPEKU-
na. OHa HaHecna COKPYIIAIIINKA yaap 0 KBAHTOBOI Mexa-

Huke. CrHeKTpaJibHbIA aHaiau3 nokaszan, uyTto kBaHT (hv),
Obl Mal OH HU ObLI, MPOJOKACT JNEIUTHCS, @ KBAHTOBAS
XaHUKa HE CMOTJIa CTaTh TEOPUEH €IMHOTO TOJISI.

1.3 fApepHas aHepreTuka XXMBOro U HEXXNBOTO

KaK
MC-

[Tynbcanums siaep ("crycTkoB" MeTaralakTUYeCKUX BOJIH
C aMILIUTyZaMH 2 U /2 (pHc. 2)) CO30aeT BOKPYT sAep SHEP-
reTUYeCKyl0 atMocepy KOPOTKOJEHCTBYIOIIMX B3auMOCH-
cTBUM (simepHOE U cinaboe), koTopyro ABTopsl "Kuuru J[3uan"

HazeiBasM "Uxaiiam" ([2], puc. 7).
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Puc. 7 Cmpyxkmypa nyavcupyrowezo saopa:
8 He20 8nuUcaHo ocHoganue geauxou [lupamudsi

DHepreTudeckue I1ojsd Kak caMUX siep Ipu I = /2 |
R =2 ammnurynax, tak v "Uxaiam" sijpa MOKHO ONpPEACTUTh
B COOTBETCTBHUU C T€OMETpHEH cep TpeXMEepHOro MpOCTpaH-
cTtBa (puc. 7, Tabin.5).

Tabmuna 5
Ilyabcupymolee siipo B TpeXMepHOM NpocTpaHcTBe (puc.7)
IToBepx-
Pagnyc |Okpyxnocts| Kpyr HOCTb O0Bem
AMIun- cepsl
YA Avmom- berymas BHyT_U Hosepx-
PEHHUH | HOCTHad Anpo
Tyaa BOJIHA
W3JydaTeab  BOJIHA
Makcu- R= |L;=27nR=|S;=nR*=[Q,=4nR*=V,=41R*/3 =
MYM 2 47 47 167w 32n/3
Mg To 2= 2mr=2 Sy=nrr= |Qy=4nr’ =| Vo= 4nr’/3 =
v V2 J2m 271 8n 82 /3
L L
Iymben- | R > 1 il Zf Si2 8 | Q>Q Vig ¥
2 1 Vv, SV
pyromas | r R 11 S, S| Q0 Q 2 1
"Yxaiam'" 21 1/2 7 2112 [ 281212 h 2101242
Mera-
ranac- | V20 o, WO o g 12 @19 42,
TUYECKHE 0,V oV,
BOJIHBI
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B Takom mosie (puc. 7) sapo (o6beM) morJjomaer MeTa-
rajJakTHYeCKHe BOJHBLI ¢ MOTEHIHAJIOM +2, a MoBepx-
HOCTh f/Ipa M3Jy4aeT MeTarajJakTH4eCKHue BOJHBI € IO-
Tennuanaom 1/+/2 (tabn.5). IIpuuem, Hempa sAapa caMu Myllb-
cupytorT. "I'eneparop" myJabcaTropa B HeApax siipa MOXET
OBITH ONHCAH AMIOPON Kpyra (Tabi.5), a ero aHTUPE30HAHCHO-
PE30HAHCHBIE MEPEXO0/IbI CBA3AHbI C 3aKOHOM TPEX BTOPBIX:

JInnamuka 3aKkoHa Tpex BTOpbiX B Heapax siapa:

+ (S} - S7) — anmupesonanc N 3 - 2_ S,S, — pesonanc
S, - S, — pesonanc 21> 3

T (S} - S7) — anmupesonanc (46

PesynpraT: £9/4 = 1 £4/09.

B Henpax mo0ObIX siiep MHUKPO-MaKpOMHUPOB C MEpPUO-
TUYHOCTBIO Ty = 4 BO3HMKAET KOHTYp KOJIeOaHUs CyOCTPYKTY-
po1 6moksetku (9+0). bonee Toro, moreHman 9 peanusyer ce-
Os1 TOBCEMECTHO KaK OTHOIICHHE SHEPrHH IMOBEPXHOCTU K
o0bemy (9:1) B MFOOBIX MHUKPO-MaKpOTaJIaKTHKaX [6].

***

[TosiBnenune norennuana 9/4 B Hegpax sinpa (46) cBs-
3aHO ¢ TMosBjIeHUEM B d3TuX Heapax uMIynabca YacTUIIBI
(m.c = -1/t = 1) cBera, rae A0 €ro MOSABICHUS TOJE UMEIO
noTeHuual, paBuslii "manbme". [Ipuyem, B Henpax 3k3orep-
MHY€CKOro siipa OyAyT NPOTeKaThb KOPOTKOAEHCTBYOIIHNE
siiepHble (py = 10”4) B3aUMO/IeiiCTBHSI, 2 B IHI0TEePMUYe-
CKHUX SIIPaxX - KOPOTKOAEHCTBYIOILME Caa0dble B3auUMO/eii-
crBust (p, = 10™). GopmupoBanue siaep HEKXHUBOTO B IK30TEp-
MUHU SIJIEP U )KUBOTO MIPU MEPEXO0]e MEKY IK30TEPMUEH U H-
norepmueit nponokutcs. [Ipudem, Kuzup Bue @opmel Oyaet
cymectBoBath U B sHjoTepmuu ("Ilo3naii Hauyaso Kusum,
yyBcTByOmeil 1 BHe @opmbl" [1]). A KuszHb B 3K30TEpMUU
obopsetcs ("He npectynu!" [1], Ta6:1.6).
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Tabnuma 6
N3nyyenne-noraomenue B Henpax sigpa (46)

[Ipoueccsl Toromere Cpena sinpa mex- | M3nyuenue Oery-
B HeZpax (boTOHOB Iy TIOTJIOLIEHUEM | IIUX BOJH C IO-
spa U U3TyYCHHEM BEPXHOCTH
5 9/4="1/4+1/2= | 9/4-4/9 =5-13/36 | 4/9 =4/7+8/63 =

HEpreThKa 1 1 Telw
nonei £+mc Igpd¢ 55~w 1—0—2
0 pzAE P (TOC/a)O) -1
K?iii;iiiiaﬂ p/qeq/p; 1/2 < 8/ 63; q/pep/q;
N p?-q’=528= | 63-16=47= | ¢*- p>=-528=
DY 1 16:3:(9+2)10% 6-7+5 16:3:(9+2)-10%
Henpax siipa (9+2) - (9+2) :

Jnsa nac Heapa siapa - TaiiHa, KOTOPYIO MBI CTPEMHUM-
Csl MOHATH ¢ OMOILIBbI MIIII03Mil O TUIIOTETUYECKUX Macco-
BBIX 4yMClax WM HykiaoHax. Jima Benukon [lusninmsanun He-
Apa siApa - U3yYEeHHasi CTPAHULA, KOTOPAsi MOXKET, HAIPH-
Mep, OOBACHATHh (PU3UUYECKUN CMBICH MOJIYYEHHBIX MOTEHIMA-
JIOB:

13 — morapudm Tpou3BeACHUI KOPOTKOACHCTBYIOIINX
AJIEPHOTO U cN1a00To B3auMoIeicTBUH (Tad1.2);

33 = 3(9+2) = 1(9+2) - cyOCTpyKTypa MaTEpUHCKOM
ounokiieTkn npu muto3e B nosie Kocmoca Heecomoctu, rue

MEPUOJIMYHOCTh JKBUBAJIEHTHA T = 3. DOTa NEPUOAUYHOCTH
CBsI3aHa CO B3aUMOJEUCTBUIMMU:

Crs3b epUOAMYHOCTEN U B3auMoaelcTBUI (Tab1.2)
(Ig p2 ps = 13)*- (1/1-1/3)(Ig po/ps = 12)° =
1

r 2_2_m2, 2_ 2 2. “47)
s [pdp)'=5"=Ty +7 = (Tt + 1)’ = (Tor)’;

36 — norapudm otHomieHUs d(PGHEKTUBHOCTEH albHO-
JEUCTBYIONIUX  SJEKTPOMATHUTHOTO W  TPABUTAIIMOHHOTO
. . 121 124
B3aumozeiicteuii (g ps/p; =1g 10°°/10" = 36);
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63 — moTeHHMaN cpeibl (SAEpHOTO BEIECTBa), B KOTO-
PYIO U3Iy4aroTcs Oeryiiue rapMOHHYECKHME MeTaraaakThye-
CKHE BOJIHBI ¢ IOTEHIHATaMH 2 1 Toc/wg /2 = 8+/2 :

82 1
[ pdp=—(64-2-2)=63 (48)
= 2

***

Hamm yoorue 3Hanusi 00 SHEpreTuke A/pa Ha MpakTUKe
KOHYAKTCs TpareausiMu XupocuMbl, Haracaku, crensMu non
CemumnanatuHckoM, YepHOOBLIEM .... 1 HAKOTUICHHEM pPajuo-
aKTUBHBIX OTXOJOB, KOTOpPbIE MBI €Il He B cUJiaX nepepado-
TaTh, U CBAJIMBAEM B OTCTOMHMKH 10 "mydmmx BpemeH". On-
HaKo, "NMy4lInx BpeMEH" MpU YPOBHE TEOPETHUECKUX 3HAHUM
COBPEMEHHOW HAyKd B OOJACTH SIEPHOM SHEPTeTUKH HE Oy-
net. He Oynmer moromy, 94To Mbl OnmupaeMcsi He Ha peaibHOCTh
Qyalu3Ma MaTepHAIbBHO-TOHKOYHEPTEeTUYECKOro MOoJs  sAapa,
TpaHC(OPMHUPYEMOTO CBETOM, a Ha MPHAYPKOBATO-TEOPETH-
YyecKHe NMpeACTaBJICHHUA O Spe KAK BEIIECTBE, COCTOSILIEM U3
TUMOTETUYECKUX HYKIJIOHOB. [Ipuyem, 4To Takoe HYKJIOH - MbI
HE CTPEMHUMCS MOHSTH, BBIJIBUTAs BCE HOBBIC W HOBBIC Mapa-
JUTMBbI Ha "TIPOKMCIINX APOAKAX' CTPOCHUS aTOMa KaK dJIeK-
TPOH-IIPOTOH-HEUTPOHHOM CHUCTEMBI. [10ATOMY H3II0KY CBOM
B3Il HA CTPOEHHUE sIpa.

SAnpo — 310 "crycTok" sHepruu, KOTOpbId (hopmupyer
METarajJakTH4eCKHE, LAC-TPAHC-U30MEPUUECKHUE, JHJIO-
AK30TEPMUYECKHUE, IyJbCUpPYIOIIME OT Xaoca K [apMoHuu
BOJIHBL. S Ipo — 3TO "CrycToK" BOJH M B 3TOM €r0 KOPIYCKY-
JIIPHO-BOJIHOBOM ayanus3M. I1o3ToMy sSapo TOMKHO COXpaHATh
BCE CBOICTBA BOJIH:
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CaoiicTBa siipa: U30Mepus, TEPMHUsi, IYJIbCALUS

Xaoc - 'apmonusn

Xaoc [lepexon ["apmonus
0 1
[odp=-12 | 12-(-)=1 | [edp=102
1 0
Tepmusn (Tabn.2)
DHIO- DHII0-’K30 JK30-
lgpipr=-25 |1gpipr p3paps=2| 1gp3psps=27

Pacmupenue = ccamue

Pacmmpenue Uxansam Cxarune

8
Tyc/wy=8 [odp=30 Ty oolc = 2.
2

(49)

B none sgpa (49) HMCTOYHMKOM HW30MEpPUM SIBISETCA
nyJibcalus Mexay XaocoM U ['apMonuent (moreHuumanst +1/2).
Y4uThIBasi 3HAYMMOCTh 3TUX APOOHBIX MOTEHIHAJOB, BBICO-
kas Hayka Bemmkxoin LluBwimszannu nepenaer 3nanus I'ps-
aymuM B dopme "Kauru [poGeii", oObscHsAS apoOsMu DBO-

monuio Kocmo-, Autporno- u Teorenesuca [1,2].

*
kk

KonudecTBO 3BOJIOIMOHHBIX MApUIPYTOB B SIEPHOM Be-
HIECTBE, COCTOSAIIEM U3 Myiabcupytomen BosHbl (E;) - yacTuiisl

(m,) cBeta, onpeaensercs o hopmylie:

SnepHoe BemecTBo

mcEl <:> (E/l + mc) .
(mc +F A) E,m, ’
[(mEy)*=1/n"] & [(m+E;) =4/n];

1 41’ = 107/gy = poc®/10’.

(50)
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B sgepHOM BeliecTBe BO3HHMKAET dJEKTpUYecKas (&) U
MariutHas (1) MOCTOSIHHbIE NPU € = T, TpaHC(HOPMUPYSICH B
SHEPTHIO IEKTPOMATHUTHOH cpesbl (goploc” = 1). Bo B3ammo-
nerucTBUAX, d3(DPEKTUBHOCTL KOTOPHIX 00paTtHa 3((PEeKTUBHO-
CTH SJIEPHBIX B3aUMOJCHCTBUN, BO3HUKAET HEpaBHOBECHAs
cuctema: 107/ < poc™10" u  (gopoc’=1) & 10 =p, ™.

JIBe MOTYyKPUTHUYECKUE MAacChl CIMBAIOTCA B KpPUTHYE-
cKkyro. BosHukarwT nenssle peakuuu. [Ipoucxomut saepHbIiit

B3pBIB C MEpUOIUYHOCTRIO ToT = 12 mo ¢akropam BpeMeHU
Tox 1:

KosnvecTBO 3BOTIOHMOHHBIX MAPIIPYTOB
B ''00xoa" simepHOro B3pbiBa

Bue unepyuonnou cucmemui: K;

K, = C;Oz' = C132 = 12

|
—=10x11x12
8]

1= k1
B unepyuonnoii cucmeme: K,

12
K,=Cp, =C}, =

!
§=9x10x11x12 (51)

9= k2
B none ceazu: K;

|
[{3:CiorEC1525172"E8><9><10><11><12

72 = k3.

Takum 00pa3om, YHCJI0 MyTel, CIIOCOOHBIX YBECTH Ue-
JoBeuecTBO OT I'eokaTakjin3ma siIepHOTr0 B3pbIBa, MHOXE-
CTBO M, B TO K€ BpeMsl, UX YUCIO SKBUBAICHTHO 3/2 adhdek-
TUBHOCTH DJICKTPOMAarHUTHOTO B3aMMOJCHCTBHUS - OCHOBBI
BoooOpaxenus (51):

K" K>'K; = 3/2:10" = 3/2-p5 (pe3onanc). (52)
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A 3TO 3HAYUT, YTO MYTH CIACEHUS MBI JOJKHBI UCKATh
cooctBeHHbIM Pazymom. "He mpectynu!" [1].

***

OBOJIIOUMOHHBIN yTh CHaceHusi ¢ MOMOIIBIO €O0OCT-
BeHHOro Pa3yma cBsi3aH, BO-IEPBBIX, CO CIIOKOWHBIM aHTUPE-
3oHaHCHBIM pexumMoM (K +K,+K3), Hanmuuuem cBSI3H MeExIy
Kuznpto B uHepuumoHHout cucrteme ¢ Ty = 4, Kusnbio nocine
KuzHu ¢ T = 3 ¥ 110JeM CBSI3M MEXAY HUMH C TTOTCHIIUAIOM S5

(52). Tlo cymectBy, 3T0 coxpaneHue Kusoro B mosge Cas-
menHoro Tpeyroabuuka CTtpouTesiei.

OTHOIIEHNE DJHEPreTUYECKUX MOTEHIMAJIOB B IOJE
Ceamennoro Tpeyronbauka k JKu3uu BHe @opmMbl OKa3aHO B
dbopmyre (51), a ux cymma paBHa k;+k,+k; = 82.

Opmnako st TOro, 4ToObl COBEPIICHCTBOBATH Pa3ym u
"mponykt" ero nearenbHOocTU: MbIcab, Ilamsars, Booopaske-
HHMe, HEOO0XO0IUMO "NMJIOAUThLCSI W pa3MHOKaThbes!", a s
ATOr0 HEOOXOAMMO MMETh CyOCTpYKTYpy (9+2) mMaTepuHCKOM
OMOJOTUYECKON KIIETKH TMPU MHUTO3€ (Pa3MHOXKEHUE JEICHH-
em). BmecTe ¢ Tem, Bcero 3Toro okaxxercsi Majo, eciu He Oy-
JIET KBAaHTa-3KBUBAJICHTAa BHYTPEHHEMY IMOJIO CBETa, B KOTO-
POM MOBEPXHOCTh UMeeT MOTEeHUnA 6, a BHyTpeHHee MmoJie
- morenmuaJa: 1-2-3:.4-5 = 5! = 120. Ho, Cnasa Co3nareio,
»kruBoe OH BCEM 3TUM CHAOIWII:

"7Kusnb nepe:xuBet nocaeanuii Arom" ([1], 51):

K1+K2+K3 =120-11-82 = 5'(9+2)(k1+k2+k3) (53)
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*
kk

qI/ITaTeHB, BHUMaHue! CBO6OI[H8,$I AACPHasA SHCPIrus BO3-

HUKAET KaK Mepexoj] OT pe3oHaHca K aHTupe3oHaHcy (53):

o 2
ATOMHBIN A=10’40'[ K -K,-K, j —
B3pbIB K +K,+K,
3apsiiamMu 10740 (14- 105)2 = “2.p3
HCPIi(OTpOH- Lo o[ KK K, 2 _
HbIH ;meal;- KKK )
HBIN Y11 )
[TamsThIO 10%(7:107)" = (1/4)1*4/p,
M = K, +K, +K, _
10 - K
"MI/IpHI)II\(JI _ 519+2)-82- 107 _
aTom" (142434445 +(9-2)+(1+9+72)
cosnmaHbs | _ [120-11-82 _ 108240 _ 33’6_28)1020 _
115 115
= [3:(9+2)+0,6]-10%p.
fg;;g"l;_ Ty2M = [3(9+2)+0,6]16:102%p =
N T[(9+2)+0,6]qp,
OHHBIH
rae: 0,6 — MOBepXHOCTh KBAHTA CBETa
Tyanu3m A
sapa P2 Ab .

(54)

SnepHbie TpolIECChl OTBEYAIOT HA BOMPOC BO3ZHUKHOBE-
Hus ZKHBOro B )KUJKOU cpene. Pa3MHOKeHne TPOUCXOIUT 3a
CUeT JeJeHUsl CyOCTPYKTYypbl MATEPUHCKOM OMOKIIETKH MpU
Muto3e (9+2). Ota cyOCTpyKTypa aHTHPE30HAHCHASI U pealiv-
3yeTcsi BOJIOCKaAMHU-KTyTUKaMH (PECHUYKaMH), MO KOTOPhIM
COBEpILIACTCS O0OMEH HUTOIJIA3MOM Mexay o0ObeMamm Cy0-
CTPYKTYPbI M OHOKJIETKOM BHe 3TOM CcyOCTpyKTYyphl. HO
HUTOIUIa3Ma MYJIbCUPYET B PE30HAHCHO-aHTHPE3OHAHCHOM
pEeXUME U MPOMOPILHUIX, TUKTYEMBbIX T€OMETPUEH CYyOCTPYKTY-

pBIL:
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(92=18) - [(9+2)=11] =17, (55)
|pe3oHaHc]| |aHTHpE30HAHC| |ceMepUYHOCTB|
rjie 18 OTHOCUTENbHBIX €IMHULl — YKBUBAJIICHT MOJIEKYJISIPHO-
My Becy Bojibl (MH0 = 18 k.e.) siBisieTcst HEOOXOIUMBIM U
JIOCTAaTOYHBIM MMOTEHITUATIOM JIJIsl TIOSIBJICHHS IBYX CyOCTpYK-
Typ (9+0) mouepHUX OMOKIETOK.

*
kk

Kuzup kak dopma pasMHOXKEeHHUS cyOcTpykTyp (9+0)
OMOKJIETKM 4YepraeT CBOI HHEPrui0 "MupHoro aroma" wu3s
ANEKTPOTPABUTALMOHHOIO SIAPA, KOTOPOE TAKKE MYyIbCUPYET B
PE30HAHCHO-AHTUPE30HAHCHOM pekume (54).

IHyabcanus cyoCcTPyKTYpbI
kak Beunocts ZKM3HU B pa3MHOKEHHH

[(9+2)+0,6]-t'q'p = 11,6 T°q'p - aHTHUPE3OHAHC CYOCTPYKTYPBI

[9-2:0.6]'t'p/q  =10.8 t'p/q - pe3oHAHC CYOCTPYKTYPEL
AEx=............ = 0,8tp(q-1/q),

rae: 18 (Boma);
0,6 - (conHeuHbIN BeTEP);
0,8 - (ko3(purmeHT pacMpeHus WiK CTyCTOK CBETa
m.*= 0,008 u 0,8 =100-m.* [4]);
T'p - nocrosinHble MeTaranaktuku Equnoro Kocmoca;
(q - q ") — GHOTOKM MHIMBHIYaNTBHON CYOCTPYKTYpHI
ouonoruueckoro xuoro (Kusus).

(56)

***

ITepexon n3 Kuznu B Kuszup nocie )Ku3Hu UMeeT MHO-
KECTBEHHOCTh (popM. Ho IHepreTnka 3Toro mepexoaa cpsza-
Ha ¢ TpaHcdopmarmeit 3apanoB (p — p* u q — q*) B um-
MyJIbChI, C BOBHUKHOBEHUEM 3JIEKTPUYECKOTO pE30HaHca, KO-
ria (q — 1/q) — q'1/q = 1, a Takke ¢ UBMEHEHUEM TIEPUOANY-
HOCTH OT T 110 /T +7* =5. Ilpu Takoi Tpanchopmanuu 3Hep-
rusi pa3MmHoxkenusi B ZKuznu nmociae Kuzum (AExx) Oyner
paBHa 56:
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JHeprusi pasMHo:keHus B 2Kuzuu nocsie Kusznu (56):

ABsx = 0,8 T + 77 - p*(q*-1/p*) = 0,8:5-p* = Top* = (57)
57

112:10%° = (7q* = 8p* = 4p*)-10™.

Pazmuoxkenne B 7KusHu mocje Ku3Hu CBSI3aHO C
rPAaBUTAIIMOHHO-)JICKTPOMATHUTHBIM PaBHOBECHEM — Ha-
4ajoM BCEX MEPUOJUUYECKUX CUCTEM [4], B TOM YuCIEe MepHo-
JIAYECKOM cucteMsbl JKHU3HH, peanu3yemMon B IEPUOIUYECKOU
CHUCTEME T€HOMOB.

***

ITocrtaBuB nepen PenurusiMm 3agady COXpaHEHHUsS 3Ha-
Huil Eqnnoro Kocmoca, Benukas [luBunn3anus akueHTHPOBA-
Ja BHUMaHUEe Ha mpodjeme BeuHocTH Kusnu. Tak, Hanpu-
Mmep, B XKuznu nocie XKuzHu ects BBIOOp poxaeHus BHE Dop-
MBI (omsATh ponauThes B JKusnu nocne XKuszuu) wiu B gpopme
0MO0JI0rMYeCcCKOro HOBOIoO Tesa (57). DToT TyanusM pa30ouT Ha
normMaThl: XPHCTHAHCTBO — OHOJIOTMYECKAs >KU3Hb JAeTCs
OIMH pPa3, HO JKM3Hb Ayln BeyHa; Peaurum Bocrtoka mocrty-
JUPYIOT BEUHOE TMEPEBOIUIONIEHUE B OUOIOTHYECKUX (opmax.
N B TO xe BpeMsi POTUBOMOJIOKHBIE TIO CMBICIY PEJIUTHUO03-
HbIE JOTMAaThl WJUTIOCTPUPYIOTCSI TOUHBIMU MaTe€MaTUYEeCKUMU
nanaeiMu. Hampumep, "OtkpoBenust” Moanna borocnoBa u
bubnusi KOMMEHTUPYIOT TOTEHIIMANBI B paBeHCTBax (56, 57)
TaK:

- noreruan 0,8:t:ps = 0,8:3:10 = 24 — Tpon Xpucra Ha
Heoe oxpy:ken 24 IlpecBarbeivMu Ilpecrosiamu;

- motermman 0,8 7 + 7> - p,=0,8-5:10 = 40 — "CoxpoBeH-
Hast CopoxkoBumna';

- notenuuan 40-7/4 =70 = 7ps — Cemb Beunocreii ("Kuaura
H3uan").
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***
I'ne rpanp MeX1y KUBBIM U HE)KUBBIM ?

B cootBerctBuu co Cranmamu [1], B sHI0TEpMUN OECKO-
HeyHo pacmmpstomerocss Kocmoca ’Ku3Hb 4yBCTBYHOIIET0
cyuectByeT BHe @opMmbl. B 3k30-3H10TEpMHUM OylIyeT Ouo-
Joruueckas *u3Hb, Kamieit kotopoi sBisiemcsa Mbl camu. Ho
B 3K30TE€PMMHU )XKHUBOE CYIIECTBYET JI0 OTHOCUTEIBHO BBICOKHX
Temriepatyp B popme Oaktepmii. [lonbem Temmneparypsl 6mo-
KJIeTKH yOuBaeT Oaktepuu (crocoO crepuinsaruu). CTaHIbI
ONMUCHIBAIOT 3T0 Tak: "Baaapiku Ilnamenu ocranuch mo3a-
au. OHU He 3aX0TeJH WATH, OHM He MOKeJIAJU TBOPHUTH"
[1]. Takum 0oOpa3zoM, FK30TEPMUS — ATO Cpella HEKHUBOTO. B
ATOM cpejie TMPOUCXOIUT MOTJIONMEeHne (POTOHA IK30TEpMUUE-
CKUM sJIpoM Tipu cxatuu (Tabn. 6). [losBisercs KBaHT —
"erycrok" HexuBoro (Tadi. 6):

IK30TePMHUYECKHUI KBAHT-" CryCcTOK' HEKHUBOIO

Cxarne — Ty mg/c = 2;
B3aumopeiictBust — 1g p; ps ps= 27;
Pe3oHaHCHO-aHTUpE30HAHCHBIE KoebaHus (Tadia. 6):

AHMUPE3OHAHC — (7/4)2 - (i1/2)2 _ E _ i (58)

pezonanc —7/4-1/2 14

"Crycrok'" He:KHBOTI0 B IMHAMUKE B3aUMOJCHCTBHS
CKUMAIOIIETOCS K30TEPMUUECKOTO MOJIS:
(T0+T)’T0‘(00/C'lg P3P4Ps= (T0+’C) = 7(45/14)227 = 535
"Crycrok" Hexusoro: K, = 53°,

***
Kusoii s>anorepmuueckuii "crycrok'" BHe Popmbl —
310 ecTh "crycrok' Tonkou JHeprum aymu B KusHu no-
cje ZKu3HM, KOTOpBI BO3HHMKAET IIPU PACIIMPEHUHN B MOJIAX
SHJIOTEPMHUYECKUX B3aumozcucTBuid B TeueHue "Cemu Beu-
HOCTel" PE30HaHCHO-aHTUPE30HAHCHOM ITyJIbCALIUU:
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JHAOTEPMHUYECKHI KBAHT-"crycrok"
Tonkoi DHepruun (nymu) B ’Kuzuu nocjae ’KusHu
YcnoBus: pacmmpenne (To-c/wo= 8),
B3auMoeicTBus (Ig p; po= - 25),
nepuoaAndHocTh (To+t =7),
PE30HAHCHO-aHTUPE30HAHCHAS MyJIbCALNS

KBaHTa, U3JIy4YEHHOTO sIpoM (Tab. 6): (59)
2 2 1
L (417)" ~(8/63) =£55-9f¢d¢-
4/7-8/63 2 )

"Crycrok" aymmu B 7Kuzuu nociae 7Ku3Hu:
K= (Tott) k- Toc/oglg pip2 =

7-(45/2)-8+(-25) = - 28-5°9.

***
[Tepexon mexny HexxuBbim (58) 1 Beuno Kusbim (59)
peanuzyetcs B hopme Ouonorndeckoii 2Ku3nu ¢ 6eccMepTHOU
YO M CMEPTHBIMU OEIKOBHIMH KOMITOHEHTAMH TEJI. ITO

Hamma ¢opma XKuzau B Cemu Cmenax (To+t = 7). [lynbcarum

OKPY/KAIOIIEH Cpelapl MEXAy CXKaTHEM M PACHIUPEHUEM
8

(I(D d¢ = 30), a TakkKe PE30HAHCHO-AHTHPE30HAHCHBIE ITyJIb-
2

calliy HaIIUX COOCTBEHHBIX OMOJOTHYECKUX KJICTOUHBIX SIACD
(Tabi1. 6) MPUBOJAT K MOSBJICHUIO TEHOMOB C MATEPUYHON CBSI-
3B B TIOJIC CBETA:

e (9/4)° —(4/9)° _9"—4" _6300+5 _63-10° +5
9/4-4/9=1 36>  36°  (AB-p)’

(60)

3HaHue yCIOBUN (POPMHUPOBAHUS JKMBOIO [AcT HaM
BO3MOKHOCTb OIIPEIEIUTh €ro KBaHT-''CrycTok' B TeX ke
napameTpax, B KAKUX Mbl ONPENEISUIM SHEPreTUYECcKHue "cry-
ctku" HexkuBoro (58) u aymu (59):
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IHI0-IK30TEPMUYECKHI KBAHT-""CIyCTOK'"' KMBOI0
B CMepTHOM 0ej1koBoM Ku3Hu

8
YcmoBus:  mynbcanus (Jgp dp = 30),
2

B3aumoiercTBus (1g p1p2pspaps = 2),
nepuoaAndHocTh (To+t = 7),
PE30HAHCHO-aHTHPE30HAHCHAS MTYJIhCAITUS

Aapa OHMOJIOTHUECKON KIIETKU
[k = (6300+5)/(36)°].

"Crycrok" Tesia u nymu B 7Ku3Hu:
8
6300 + 5
Ky =(Ty+7)-k-1g p,p,034P5 'I(D do = 7'(37)2'
2

=70-(6300+5)-6™.

2-30

(61)

%
*ok

B "armocdepe" Bokpyr sapa ("Uxaiism", puc. 7), B yc-
noBusxX JKu3Hu Ay u OEIKOBBIX TeJl 3apOXKAAeTCs EPUOIU-
YyecKasi CUCTEMa T€HOMOB HacCJIEICTBEHHOCTH, B KOTOPOM Mak-

CUMaJIbHBIN MOTEHIMAJ PaBeH 63.

[lepuoanyeckasi cucTeMa T€HOMOB HAcCJEICTBEHHOCTHU
MOSIBIISIETCSL TOTOMY, 4TO moJie Ky (61) mpoaomxaer mynbcu-
pOBaTh B PE30HAHCHO-AaHTUPE30HAHCHOM DPEXHUME, KaKk U CO-

NyTCTBYIOIIAasi TeHOMY cyOcTpykTypa (9+2) Ouoknerku
muTo3se (55), (tabum. 7):

npu
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Tabmuua 7
CBs13b 10J111 TeHoMoB (61)
U cyOCTPYKTYPpHI (9+2) Ouokierku (55)

buoknetka (56) ['enom (61) CBs3b

klz k2: k4.k2 :i.1048.

[(9+2)+0,6]t-q-p | 7-6300-536°/60 | k, -k, 16
k

- oo kb Lo
9-2:0,6:tp /q 7-(6300+5)-60/362 k, k 3 ’

4

B srom momne (tabin. 7), cCBA3BIBAIOIIEM CYOCTPYKTYpPY
(9+2) Guosiornueckoil MaTEPUHCKOMN KIETKH MIPU MUTO3E C Tie-
PUOIMYECKOM CHUCTEMOW T'E€HOMOB, HAIJISIAHO IPOSBIISIOTCS
dbynaamenTanbhbie 3akoHbl EquHoro Kocmoca:
- YBEITMYCHUE JIEKTPOMArHUTHOTO B3aUMOJICHCTBUS JIO BEIIH-
annel ps ° = 10" = 10" npusoaut x GopMupoBaHuIo MOTEH-
uana:

1.16.k4'k2
3 k, -k,

=10% = p (62)

- norapudMuyecKkue Kojebanus »Toro moJjs (62) B mosue
CBETa MPUBOJAT K BOJIHE, JyuHOIO B 4800 A, pa3aeIsIonen
CUHIOIO U Toi1yOy1o obnactu criektpa B Yakpe Tperuii I'a3:

ps°1g 10* = 4800 = 4800A; (63)

- B3aUMO/ICHCTBUS B 10JIE€ CBSI3U (62) IPpY HAJTUYNH Me-
TaraJakKTH4YeCKUX FrApMOHMYECKHX KoJeOaHuil Thna
\/Sin /4 TIpegONpPENENsSIIOT 3aKOHOMEPHOCTH U3MEHEHHUS dTUX

CBA3EH, ITOKA3aHHbIC B Iponopuuu Beaukou Ilnpamuabt:
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1/3- 16 1/Sm;z/ g p1p2pP3 Paps =

1/3-16-27142- k4 L =01/38 2" =1/3-a’H= VH) (64)

-k, k k
rae: a— ocHoBaHue, H — Beicota B 00bemMe (V) BeTuKoi

[Tupamuer;

- B TOHKOSHEPT€TUYECKOM I10JI€ IHA0TEPMHUYECKOi
Knuzum nocse XKuzum, unu Meiciu npu JXKu3au, npornopuuun
Benukou [Tupamubl B ""cryctke" coxpaHsroTcs, HO dhdek-
TUBHOCTb TPAaBUTALIMOHHOI'O B3aUMOJICCTBUS YMEHbILIACTCS

JI0 KBaJipata nepBoHAYaIbHON BETUYUHBI (Ta0117), (64):

k -k
#-JSin wl4-1g p1p2p3pPaPs =
2 My
1/3:16° \[Sin z/4-2:10* = (1/3-82"* = 1/3-aH = V) 'pi>.  (65)
***
[Tepexon OT IHAOTEPMUM KUBOT0 K IK3IOTEPMHUU HEKU-

BOI'0 HC MMCCT SAPKO BBIPAKCHHBIX I'PAHMUII, HO DHCPICTHUKA IIC-
pexoaa onpeacirsiCTCA OTHOMCHUCM

OTtHomeHue :xkuBOro (59) k He:xkuBOMY (58):

k, -28.5°.3 _ 28 o

k, 5.3 27 (66)

CrtpykTypa nosist moka3aHa Ha puc. 8.

[Tone ¢ morenmuanamu 28 u 27 (puc. 8) yxe MoaydeHo
oT reHepatopa Tonkoi DHepruu. CBoWCTBa 3TOrO CBEUYCHHUS], a
TaKke BUjaeo3anucu u Gororpadun 3Toro (puc. §) mos amnpo-
OMpOBaHbI. ITO CBEYCHHE YHUYTOKAET BUPYChl, PACKUCJISET
MOYBbI, MOBBILIACT YPOKAUHOCTL U BpauyeT. [lonoxuremns-
HOE BIIMSAHUE TOHKOIHEPreTHYECKOr0 CBeYeHHS CBSI3AHO C
NMPAaBIWJIOM 30JI0TOI0 CEYeHHUsl, KOTOPOMY NOJIYUHSIIOTCS
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BoJiHbI MeTarajakTuku. OJIHaAKO caMoO€ MOPa3UTEIIbHOE CO-
CTOUT B TOM, YTO 3TO cBeueHue (puc. 8) omucano Oosee 10
MUWJLTMOHOB JieT Ha3aa Cranuamu "Knauru /[3uan" [1]:

(K

N

Puc. 8. Ceemsaweecs none om ecenepamopa Tonkoii Suepeuu:
Ilenmazpamma ¢ Hitye

"5. ®oxar aenaer nATh IIpoaBuiKeHUT W CTPOUT
KPbLIATOE KOJEeCO HA KAXKIAOM YIJIy KBaapara ajas Yerse-
poIx IIpecBsarThix ... u A Bouncrs ux. Cranna III. Kocmo-
reHe3uc, . 5 u 6.

6. JIMNMKH 0YepPYUBAKT TPEYTrOJbHUK (ITOTEHIUAT
Tpu = +1 = 3), [lepBblii Equnbiii, Ky0 (morenmnuan-skBuBa-
JIEHT BOCBMHU ero yriiam = Toc/my = 8), Bropoit Equnbiii (310
TPEeyroibHUK — H3oMepueii T = - 3) u IlenTarpammy (310 5%)
B Siine".

A Tenepp cpaBHuM TekeT Crann ¢ [leHTarpamMmmoii B -
nunicousie — "Sune" (puc. 8) u onpeneauM Mpou3BeAeHNE BCEX
nepeyucieHHbIx B CTaHIe TOTEHIUATIOB:

(5-4-3-8-3 = 1440)-5> = 36000 = ps AB, (67)

rae 144 = 12° — bu6neiickoe Yucio:..."la Byner Caer".
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Opnako, u 310 (67) He Bce, TaKk KaK pPE30HAHCHO-
aHTUPE30HAHCHAS MyJIbcalus Mpoaosnkaercs (68):

Pe3oHaHCHO-aHTHPE3OHAHCHAS IYJbCAllUS
B "Hiine ¢ Ilentarpammoii" (67, puc. 8):

Peszonanc N 5-4.3.8.3.5 _5-4-3-8-3-52=
Aumupezonanc  (5+4+3+8+3)-(5+5) 230 B
828:10% = (+/2)°-10% - (+/2)* -10* - (+/2)° -1-10* = 68)

(\/5)14 108 E(\/E)m .58 :
rae: uyucio 8§28 mpencraBiieHO B (hopMe MOTEHIIUAIOB
(V2 =Sc /4 = Csc 7/4) BOJIH, (GOPMHUPYIOIIUX sIIpa:
800 =(~2)>10%  20=(+2)>10; 8=(+2)"1.

***
MeTarajakTU4eCKHUE BOJIHBI MpeaAONpCACIIAIOT KaK B3au-

MOJICUCTBUS, Tak MU MmyJbcauuio EguHoro Kocmoca mexay
Xaocom u 'apmoHuei:

Boaubl B MeTarajiakTruke:

0 1
J.(Dd(D :1/2<:>1gp1p2p3p4p5:2¢>- 1/2 = J.(Dd(DQ (69)
1 0

rie: (£1/42) © (£42) © (FU/V2)

BwMmecte ¢ TeMm, mro0as U3 0eCKOHEUHOM MHOKECTBEHHO-
ctu hopM rapMOHUYECKUX KoyieOaHuil OyaeT 3aBUCeTh (B JItO-
0ot obOmactu MeraranakTUKi) OT MyJbcaluu (IMOTEHIUA,
paBHblii ¢/T) = m/4) ToyeyHOrO ydacTKa BOJIHBI cBeTa (puc.l),
KOTOpPBIA ¥ (OpMUPYET OOpaTHbIE FapMOHHYECKHE KoJieda-
HUSL:

n/4 = arcSin (1/4/2) = ........ =arcSc (V/2)=..., (70)

TpaHCHOPMHPYS UX IOTOM B FHNEPOOINYECKHE W TPUTO-
HOMeTPHYeCKHe KOJICOAHUs:
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, -1
V2 =Scm/d=.... =(Sinm/4) =.... (71)

il
KuHemMaTuka JBIDKEHUS TOYEYHOTO YYacTKa BOJIHBI
CBETa OIpenessieTcsl Ha OCHOBE PABHOMEPHOW MyJibCallMU
BOJTHBI cBeTa. Ho mpu mybcariuy BOJTHBI CBETa KaX bl €€ TO-
YEUHBIN Y4acTOK OyJeT COBepIaTh BpallleHHE: YeTBEPTh 000-
pota (ng = 1/4) npu cxxaTuu (pacliupeHUH) U MOJHBIA 000pOT
(4ny = 1) mo xkBanToBaHHOU opbute (Ly = nDy = wl/m= 1)

PaBHOBECHOT'O KOPITYCKYJISIPHO-BOJIHOBOTO 10JIs cBeTa (puc. 1,
Tabm. 8).

Tabmuua 8
Kunemaruka Bpall¢HUA TOYCYHOI'0 YYaCTKa BOJHBI CBETA
Yucno | VYron VYriooBas | Bpewmsa
Ilepuon YckopeHue
[Mapamerpsl| 00opo- | MmOBO- CKOpPOCTH | TTIOBOpOTA |~ .
BpaIeHus N - +jo=tmoc
TOB pota We=27ny | To=Qo/Wg
B nynb-
cupylowei | p, @0 |To=1my| o To %]
PO N =1/4|=n2| = = /2 =1 |==+1/2
ITo kBaH-
ToBaHHOH | 4, 40, T, ®' T =51
opoute | — =27 =1 =27 =1 |=+27"

JlnHaMyKa JIBUKEHUS TOUYEYHOT'O Y4YacTKa BOJHBI CBETA
dbopmupyet kak "crymenue' HeOecHbIX TeJ (ocHOBa JKu3Hu
nocie JKuzHu), Tak U J3Heprernveckne moroku u3 Heap
siaep [5]. Ilpu ogHOM 000OpOTE MO OpOUTE CTymIarOTCs Hebec-
HBIE Teja, IPU ABYX — U3 HEJP SJEP BBIPHIBAIOTCS IHEPTETHYE-
CKHE MTOTOKH, JIOMawIuue Jurocdeps! " crycTtkon':
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Cryuenue HeOeCHBIX TeJl
(ovH 000POT 10 OpOUTEe):

51’10 = Il()+41'10 =
(1/4)y+1 = 5/4.

*
kK

"IlsaTe [IpoaBuKeHM i
doxara'".

***
Bo B3auMonencTBuaX:

5n9 1g p1p2p3 paps=5/2.

Buxpu u3 Heap saep
(1Ba obopoTa o opouTe):

7110: Ny - 2'41’10:
(1/4) -2 =7/4.

*
kK

"Cemb Beunocreii",
"KpsbL1aToe (c0) koJ1eco",
"MMaasma", p/q.

***
Bo B3auMoencTBuax:

Tng 1g p1 p2p3 paps=7/2.

Pe30HaHCHO-aHTHPE30HAHCHBIN
MOTEHIMAJ KOJICOAHWI:

(Tn)’ =(5m)’ |
Tn, - Sn,

g P1P2P3P4ps & E

1

Tn, - Sn,
ode
(7n,)* = (5n,) '([

48/35 < 35/48,
mpu AU = (48)* — (35)* = 5>7%.

Bo3snukaer "obGonouka" siapa [4] v BoJIHA TOBEPXHOCT-
. 2
HOM PHEPTHH CBSA3U C MOTEHIIUAIOM 5°.

(72)

Bo3nukaer wunHBepcusi (BBIBOpAaYMBAHHE HAWU3HAHKY)

57 &

28

—|

sHepreTudeckoro nois "Aina c [lenrarpammoit” (puc. 8). I11-
TEpUYHAsl 3HEeprus cBs3u B "Slifme" BbIpbIBaeTCS Ha MOBEPX-
HOCTh "Sliina", 00paszys MOBEPXHOCTHYIO SHEPIUIO CBSI3H (TH-
na BOJIOPOJIHOM). DTO MOBEPXHOCTHOE IMOJE PaCIICIUISIETCS,

¢opmupys Aypy:
P+2°+3°+4°+5°+6°+7° 140

[+2+3+4+5+6+7
|« Cnextp Aypbl

(73)
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BmecTe ¢ TeM, OKOHYaHME WHBEPCUU MPUBOIUT K HC-
xonHoMy cocrosHuio "Ilentarpammsbl B Sitne" (puc. ).
CrekTp cBeTa BO3BpalllaeTCs W3 OKpPYXKAloOIIeW Cpelabl BO
BHyTpeHHee Tosie. HarisaHeiM nOpuMepoM HHBEPCHOHHOMN
IyJIbCAL[MH CBETA SIBJIETCS pajyra.

***
HNuBepcronHas mynbcalus - HE PEAKOCTb. Tak, Hamnpu-
Mep, myJabcupyer Mosekysa ammuaka (NH;). Ho BMecto Aypel
aMMHAK BBIACISIET PE3KUN 3amax, UCIOIb3YEMbIA B COBPEMEH-

HBIX BBITPE3BUTENSX. A Kak ObITh co cBeToM? JlaBaiite pa3oe-
pemcs.

Cger (nentarpamma) B "Sifne" 3K30TepMUYEH, CKUMA-
eTcsi rpaBUTAlIMOHHBIM TosieM "fina" (puc. 8). Haxonsce B
WHEPIIMOHHONW CUCTEME, OH MYJbCUPYET C MEPUOAUYHOCTHIO
Ty =4. DTOT cBET B HALIEM TeJ€ ONpeAeseT dSHepruto Jymmu.

g

52 Aypa

Puc. 9 Hnsepcuonnoe none "Aiiya c Ilenmaepammon” (puc. 8)

Cger BHe "Sitna" (puc.9) pacmmpsercs, SHIOTEPMUYEH.
Haxopscpe BHE MHEPIIMOHHON CHUCTEMBI, OH IYJILCUPYET C IIe-
PUOIMYHOCTBIO T = 3 U siBiseTcs Aypoil Hammx Jlymi, cBA3b
KOTOPBIX UMEET KOJMYECTBEHHOE COOTHOIIICHHE:
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Cesa3b Jlymn u eé Aypsl
HA IIpMMepe CBeTa B s/ipe U BHE siApa

Aypa (cBet BHe siapa) (puc. 9) Hyma (cBet B sigpe) (puc. 8)
1

KA= 52'T'T0‘C/w0(ij¢ dQ)) = Kz[z 52'T0'lg P3 P4 ps'To‘(Do/C =
0

+52.3-8-1/2 = 100-3 52.4.27-2 = 200-27 (74)

*
kk

(KI[/KA = (9+O)
124224 3%44%4 5246474+ 8°49°+10°+11°+12°+13> o 6313
14+24+3+4+5+6+7+8+9+10+11+12+13 7-13.

[Tpuuem, cBsa3p [y u Aypsl peanuszyercss B OUOJIOTH-
YECKOM IJIaHE B siipe Ka:KI0H OMOKJIETKHM, TaK KaK MHUKPO-
TpyOOUKa MOpHI sAJipa Ha OCHOBE TalOylIMHA HMEET TPUHAa-
AUaTh CyObeAHMHMI, OOHAPYXCHHBIX 3JICKTPOHHOM MHKpPO-
ckonuen [4].

***
Kusoe BHe ®opmbl (Kusznp nocne )XKuzHu) u HEXUBOE

(66) cBsi3anbl ¢ dHepreTukoil Jymm m Aypbl OCIKOBBIX Tel
Kuzum (74):

Cas3p lymm n Aypsl Hameit JKu3Hu ¢ HesKMBBIM H
AKu3nbio nocje Kuznu (66, 74):

K, K K
B S :9§.52:l.700 _q:_ﬂ=§.52l:i5.700

K, K, 27 3 K, K, 279 3

K2 K2 (75)
Mpu: —3 =3%7%10" u  —5 =3*=1"
KH KA
"O060J10uKa" IlepuoanyHocTh
(Pycckue Pynni) [4] ("Kuwura Ilepemen").
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1.4 MeTaranakTnyeckume BOJHbI
ovonornyeckom XXusHu

buonornueckass JKu3Hp npoTtekaeT B mpeaenax MExXAy
He:KMBBbIM U ZKuBbIM BHe DOpPMBI B YCIIOBUSIX MHBEPCUOH-
HOM mynbscaruu dymu u Aypsi (66), (72).

JluHamMuKa 3TUX TMEpPEeXOJ0B MpenonpeneseT Kak nepe-
X0J1 K HeXXHBOMY (THbeInb, cMepTh, "He mpectynu' [1]), Tak u
nepexoa u3 Kuzuu B XKuznae nocne KuszHu, Wik HOBOE POXK-
JIEHUE YyBCTBYIOIIEro, HO B ZKu3Hu BHe @OpMbI. DHEPreTH-
Ky 3THX MEPEX0I0B MOKHO PACCUUTATH:

NuBepcuonnbiii (AU) nepexon
ouosorndeckout ’Kuznm k ne:xxkupomy (Ky) n
poxaenue B 2Kusnu nociae Kuzum (66), (72)

Ilepexon B HexwuBoe | [Tepexox B XKusub nocie XKusuu
("He mpectynu"): (Ku3zub BHE hopMBI)

K, 27-5%.7° K 2.22.42
AN=22 "  ° __a — 555574 =
X, e K, X, AU =28/27-5757 (76)

= 27 najipM (1750-7/4 = 5*27 nansm)”’
1. IIpu 1750 = AK + AO + AXK - 28 = 1750A.
2. TIpu 1750A/AXK3 = 250A =17.

ky —ki _ 5"

kk, 5

K, =

3. Ilpn

“lostst= 51610,

ITepexon u3 Kusuu B HexuBoe 1 u3 ’KusHu B Kuznb
nocjae KM3HM NPOMCXOAUT B TPABUTALMOHHO-3JIEKTPUYEC-
KoM 1oJie ¢ JIynaeiM Yuncnom, T7ie Bo3HUKaeT 000JI04Ka:

28 naneM = (142+43+4+5+6+7)-p/q = 28-7/4=7*.  (77)

IlepeiiTu B HexMBOE B 54 pa3 Jjerue, 4eM IepelTu B
Kusznb nociae Kuznu (76):

k»/ k; = 5%28 mansm / 28 mamsm = 5°. (78)
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OT10 mpenonpenenser To, 4YTo "myma 00si3aHA TPYAUTh-
csl M ieHb, 1 HOUBb'" (M.IO.JIepMOHTOB), a JICHTSIH - U B HEXKU-
BOM JIEHTAU (OTMeThTE: peub uaet o yie, a He 00 aBTOMaTe,
B TOM YHCJIE OAHKOBCKOM).

ITepexon u3 Guonmornveckoi Ku3Hu Kak B HEKHBOE, TaK
1 B JKu3Hb nociie JKu3Hu mpoucxoauT 4epe3 COCTOSIHUE IHeP-
reTHYeCKOro paBHosecus. Penurum 310 nosie paBHOBECHOIO
Mepexo/ia TPAKTYIOT Kak Yucruianuie.

"JHepreruka YumcTmamma" dQopMupyercs 3a cuer
4 |
TpaHchopmalMu aHTUpe3oHanca (57 - 57) B pe3oHaHC
4 -4
(57-57=1) wiu aHTUPE30HAHC C HOJIb-TTOTEHIIUATIOM:

1
54—16-10'4-T0'2-108-(if(ﬂ dp =112y =5"-5*=0. (79)
0

B stoMm (79) UncTnanie nepuoaudHoOCTh ""CoxXMeTcs" B
To/Ty> = To* = 256 pa3, B3aMMOEHCTBHS JOCTHTHYT 3 peK-
THBHOCTH, paBHOH 10° = p1'1/3 = 107" a unreHcuBHOCTDH
Kojebanus Mexay Xaocom u ['apMoHMeid Bo3pacTeT 10
BOCBMOM CTENIEHU MEPBOHAYAIIBHOTO 3HaUYeHUs. Bmecte ¢ TeM
yCrokouWtech W He OoiTech Umerwinuma, w00 KaHAIOM
CBEPXIPOBOAUMOCTH (79) MBI MOJIB3YEMCS KaXJJ0€ MTHOBEHbE
KaK IKCTPACEHCOPHBbIM KaHAJI0M, a CTPOUTENIH UCIOJIb3YIOT
€ro 1o BCeU BbICOTE BeMKOU [TupamMuasl.

***
Pe3oHancHo-aHTUpe3OHAaHCHAs Iyiabcauus B Siine ¢

Ilentarpammoii (68), (puc. 8) dopMupyer meraragakTuye-
CKHUE BOJIHBI ¢ 0OpaTHBIMU MOTEHIIUAIAMHU:
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MerarajlakTu4yeckue BOJHbI
B "Hiine ¢ [leararpammoit” (puc. 8)
- uctouHukK popmuposanus Tsaub 1 Hlub
("Kuwura Ilepemen")

1
ﬁ3o-58(lg PIP2P3PspPs=2) & x/§'30-58(i.[(0 dp ==£1/2)
0

(V2)" & 1 & =(2)" (80)
®opmupoBanue TsaHb (3eMis, CrycToK):
log ; (v/2)* = 64 = (Toc/wo)’.

®opmupopanue Huub (Hebo):
1

(tlog . (V2) *=F64)(F[pdp =1/2) =+ 32.

Pacnpoctepteie Hag cryctkom Hebeca (80) myabcupy-
0T, U3ITy4as-Toronias Hepruro Metaranaktuku. Ho, BMecTe
C TE€M, B MyJIbCUPYIOIIEM sijiepHOM BemiecTBe ("Uxaiisam", (puc.
8)) BO3HUKAET MepPUOAUYECKAsi CHCTEMAa FTeHOMOB HACJIeCT-
BEHHOCTH B Ononornveckoit JKu3Hu.

***
ToJIbKO JTIEHUBBIN CETONHS HE 3HAET 0 MAPAHOPMAJIBbHBIX
3¢ dexTax, BOSHUKAIIUX B 00beMe Besinkoil Ilupamuabi.

Ho nockonbpKy NpUYXH 3THX SBICHUN HE 3HAET HUKTO U3 HBIHE
JKUBYILIUX Ha 3eMJIe, TO pacCcKa3bIBalo.

1. Besmukas IlupamMuaa - 310 31M0pa BEKTOPOB, ONHCHI-
BAIOIIasi 3aKOH COXPAHEHHUs SHEPIMM BO B3aUMOJACHCTBUSX
(ta6um. 2, puc. 10). Ilnomanas ocHoBauus [Tupamuas (a° = 8),
BIIMCAHHOW B OKPY>KHOCTh C PaJUyCOM - KBUBAJICHTOM JIOTa-
pudMa mpousBeAeHUsT BceX U3BEeCTHBIX B [Ipupone B3aumo-
nenctBui (Tab. 2):
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DK30TEPMUYECKUIN CBET

JI*oMUHECIIEHTHBINA CBET

Puc. 10 Benukas Ilupamuoa - sniopa 3aK0Ha cOXpaHeHus: JHepeuu
60 63aumooelicmeusx (maon. 2)

R=1g p1p2pspaps =2, (81)

a BeIcoTa H - sxkBuUBaieHT:
H=T, Sinz/4 =2 (82)

B atom (puc. 10) mosie ocHOBaHME OMUCHIBAET JAJIbHO-
JercTByolue (TpaBUTAIlMOHHOE W DJICKTPOMAarHUTHOE) B3a-
MMOJICHCTBHS B I0OJIE CBETA:

2
=8 = 1gL(&J —1g 10", (83)
P1P3\ Ps

Ilo cyliecTBy, a* - SKBHBATCHT KO(QHIHEHTa pacIIipe-
Hus, a kooddurment cxatus (Tome/c =2 = a,°) Gyaer >KBUBa-
JIEHTEH ILIOMIAIHU alz =2 (npu a, = V2 ), OMUCHIBAOIIEH 00-
JACTh KOPOTKOJEHCTBYIONIUX (SIIEPHOTO U CIabOro) B3auMo-
nericTBUl B mosie cBeta (Tad. 2, puc. 10):
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6 14 -6
) L. P 10710

af =2=lg—=—==lg 6 - (34)

Ps 10

[Iupamua onuchiBaeT M MOBEACHUE cBeTa. Tak, Hampu-

Mep, CO CTOpPOHBI OCHOBaHUs B [Iupamuay mocrymaer aHTUpe-

30HAHCHBINA JIFOMUHECIICHTHBIN CBET U3 MeTarajgakTUKH C Tie-
PHUOAUYHOCTBIO T = 3.

[Tocne cxaTusa 3 UHEPUHOHHOW cucTeMbl [Iupamunasl (¢
nepuoAn4HOCThI0 T) = 4) u3my4daercssi KOpOTKOAECHCTBYOLIUN
PE30HAHCHBIN YK30TEPMHUUECKUN UMITYJIbC cBeTa. [loTeHnmnans
MOTJIONIEHHOTO Y u3daydeHHoro Ilupamumoit uMIyiabcoB
(mgc=1wu E;-c=1) cBeTa MOXHO pacCuUUTaTh:

JAnHamMuKa u3JIy4eHUsI-MorJIONeHUusI CBeTa
Besinkoii [lupamupoii (puc. 10)

ITornomenue TIOMUHECIIEHTHOTO N3nydeHne COJIHEUHOTO
AHTUPE30HAHCHOTO CBETA PE30HAaHCHOT'O CBETA
Ig Py

k; = 1(m.ctE;¢) ’202 g pips = k, = To(mcc'Exc)a12~lgp5-lg—
a

2

32(-1/8)(-24) =18 =Mu0  |=4-1-2:1:15=120=1-2-3-4-5=5!

Kunkas cpena: BuyTtpennee nosue (85)
pacTBOpHI M "'miazma’ "'COTHEYHOro BeTpa"

Crycrok (I[Tupamuna) ¢ msITepuyHOM SHEPTUEH CBA3H

dbopmupyeTcs B3auMOIeHCTBUSIMU B MeTaranakTuke:
%-TO fSinz/4-1g p1 p2ps paps = 1/3-82"%5 =

1

1/3-aH-5=Vp'5

ki k, = 18-120 =2*3%5 = T, 1°-5.

B oTnnume ot Hac, Tyno oTBepraromux ToHKue JHepruu
Kak npeapaccyaku Metapusuku, llusnauzanus Crpounteneii
HCTIOTB30BAIA KAHAI C PAIAYCOM T; =i = +/—1 ¥ JTHHOM, paB-
Hoil BeicoTe (H) [Iupamuapl, kak "IKCTPACEHCOPHBIN KaHAJ
nposoauMoctu Tonkoit Iueprum" (puc. 11). Ilpu sTOoM
CrpouTtenu BOCHOJB30BAIUCH TEM, YTO JIOTapudM €AUHUIIBI
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mo JIF0OOMy OCHOBAHHMIO DAaBEH HYJIO M OINHCHIBaeT Xaoc
(log,1 = 0). Ognako Xaoc mpekpamaeTcs, Korja Ha KBAHTO-
BaHHOUW opOuTEe mosiBisieTcs Macca (my = €) OTHOCUTEILHOTO
nokos [4]:

Kanan skcTpaceHcopHO
MIPOBOAUMOCTH

(ITpana)

L=4n

Puc. 11. Umnynoc Tonxoti Suepeuu (Ilpamnsi)
8 KaHane 5KCmMpaceHCoOpPHOU NPo8OOUMOCIU

Macca OTHOCUTEIILHOTO ITOKOSA

Bpamenue o opoute | [lepexoxn ¢ opOUTH Ha OpOUTY
lim (1+1/n)"= e =lim (1+n)"", (86)

n—oo n—0

r7ie: 1N - 4uciio o0OpPOTOB HA OpOUTE.

2i o
B stom ciayuae 1 = e (ypaBHenue Diinepa) U HOJb-

noTeHIMal Xaoca TpaHCPOPMUPYETCSI B OKPYKHOCTH (0pOu-
Ty) C paANyCcOM, PABHBIM MHUMOMY 4McJy i (puc. 11):

O=log,l=In1=In(1=¢"")=2milne. (87)

Bo3HukaeT MUJIMHAPUYECKUI KAaHAJ IKCTPACEHCOPHO
MPOBOIMMOCTH C ITOBEPXHOCTHIO (puc. 11):

Qg = 2niH = 212" = 471 (Sc w/4)*. (88)
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B stom kanane mpoBomumoctu Tonkod Duepruum (88)
HOSIBJIIETCA KBAaHT TOHKONW DHEpPruu ¢ MOBEPXHOCTHIO Chepbl

(Qn), paBHoii (— 4m) (puc. 11):
Qn=4n (1’ =i’ =-1)=-4n. (89)

Ortor kBaHT ToHkoi OHepruu (89), B TOM UMHCIE U3
Kuznuu BHe @opmbl (Kuzupe nocne KuzHu), nonagaeT B Mo-
ne Marepuun. CTpouTenn ONUCAIN 3II0pY Nosist MaTtepun Kak
KpyT (S) - okpyxkHOCTh (L) ¢ pagnycom, paBHbIM JIBYM H 3K-
BUBAJICHTHBIM JOrapu(My MpOU3BEICHUS BCEX W3BECTHHIX B
npupoze B3aumoaeicTeui (81).

3aTeM B 3TH KPYr-OKpY>KHOCTh CTpOUTENM BIUCAIH OC-
HoBaHue Benukoil [Tupamuasl (puc. 10, puc. 11). Ctpourenu
yum, uto kpyr (S = (R = 2)° = 4711) — 5T0 dMIOpa BHYTPEHHE-
ro NoJii MaTepUabHONW MOTEHIMAIBHOM SIMBI, & OKPYXHOCTb
(L =27:(R = 2)> = 41) — rpaHHLA dTO} MOTCHIIUAIBHOM MBI C
okpyxkaromiei cpefoil. Takum o6pazom CTpouTesin onmcaan
JHEPreTUuKy mnepexoaa u3 noJsed Tonkoil JDHepruu B moJie
Matepuu Ge3 3aTpaThl MUTPUPYIOIIMM KBAHTOM COOCTBEHHOMN
HHEPTUU:

Murpanusi KBaHTOB MEXAY MOJIEM
Tonkoi DHeprun u JHeprueit Marepun:
Kgaut Marepus
Ipane ['panuna no-
Tone (Toukas [loTeHunanbHas paniua o=
ama TEHLUAJIbHOU (90)
DHeprus) SIMEI
[Torenunansl| Qp = -4 S=4n L=4n
S/On = 4N2 232 )
Iepexobl lQ—Hi2 K= % L/S=+1=i"
-1 = 1 -1
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13350:10)115

1. TTorenunan nepexona Tonkoit Juepruu B Matepuro
CBSI3aH C BE3JECYIIUM (PpaKkTaioM i=+/—1.

2. Tlepexon peanusyercss B JIFOOOW JKCTpeMallbHOW 00-
JIACTH BOJIHBI B "KOJIbIIE ¢ eAMHHUIIEH", TO €CTh MeXKIy £1.

3. Ilepexon B nossix ToHKOM DHEprum AyaJJuCTHYCH:

G +i®) - =%’ _ (1=D-(1+]) _ 0-2 1)
42 4 .2 _l'4'l'2’

1 1 -1

K=

1

U MMpUBOAUT K TOMY, UYTO B IIOJIC Xaoca [MOoTCHOMAJIBI YABAH-
BaroTcCs. CTpOI/ITeJ'II/I BBIIIOJIHAJIN 3TO IIPABUIIO BCCraa, Koria
Ha JHAaro"HaJiia Kpajaparta CTpoOnuJaIu HOBBIM KBaaAparT, TaK KakK
[omaab HOBOI'O KBaJapaTa BABOE 00JIbIIIE Iomaar Ha4dajib-
HOTO.

B To ke Bpems, ecnu B Xaoce BOZHUKAET Macca OTHOCH-
TEJIBHOTO MOKOSA, TO B 3HEpreTnyeckoM mnoJie Tonkoi JHep-
MM BO3HUKAET KOHTYP KO0JIeOaHUS:

KonTtyp kos1e0aHusi CMHIYJIsIpHOM TO4YKH (91):

= .7 . '4.'2
(0_27zllne)2<:> i

)

i (0=27-i-lne)-2 (92)

rae npu Ine=1=i' nomyunm:
4n/i<>i/4n wm l6n” ©i=-1.

Onnako boabmoro B3peiBa BcenenHoi mnpu koieba-
HUU CUHTYJISIPHOW TOYKH HE MPOU3OUIET, TaK KaK CUHTYJISIP-
Has TOYKa CyIIECTBYeT He B "aOcTpakTHOM Abcomiore", a B
peabHOM Cpee ¢ MOTCHIMAIAMMU:

IoTeHnmaJbI cpeibl BOKPYT CHHTYJISIPHON TOYKH:

. 20 %k 93
k:mc E}“E@Lq_:kz ( )

L10* g T m-E, p*
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B stoMm none (93) nepuoauyeckoe MosIBICHUE pe30HAHCA
k;'k, = 1 Oyzmer kaxablii pa3 npeaoTBpamarh bonbmioit B3psis.
Ho pocTt rpaButanum Hen30exeH:

I'paBuTanus B CMHTYJasspHO# TOuKe (92), (93):
(16m%k; = p) © -1 & +1 & (161 k, = p*1’); (94)
(1/m")yp < p* mpul/n’=(Eym)’.

Bo3nukaer acrponomuueckass Uepnas [lpipa, HO OHa u3-
Jy4aeT HEUTPUHO, KaK MO3T U3iny4yaeT Mbicib (p*).

***

OT1ianyuresbHOl YepTodi Bequkod Ilupamuabl sBJIs-
€TCsl IKBUBAJIEHTHOCTh BCeX ee 3j1eMeHTOB (puc. 12) mera-
raJJakTHYeCKUM BOJIHAM (ﬁ)-n npu n =1, 2, 3,4, 5, 6, 7,
dbopmupyroum sapa - "cryctku"” (puc. 12).

Puc. 12 Snemenmut genuxoti Iupamuowt
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B 1O xe Bpems, Kaxmas W3 3THUX METaraJaKTUYCCKUX
BOJIH B fI/IEPHOM BellleCTBE CTYCTKAa CBSI3aHa € KOPOTKO-
AeHCTBYIONIUM SIIEPHBIM W JAJbHOAEHCTBYIOIIMM 3JIeK-
TPOMATHUTHBIMU B3aumoaeiicteusimu (84), (tadma. 9):

V2 =lg\p,/p; . (95)

Tabnuma 9
JKBHBAJEHTHOCTH dJjieMeHTOB IImpamuasbl (puc. 12)

MeETaraJJaKTun4e¢eCKumM BOJIHaAM B CryCTKaX o0 (S (pI/IC 2)
Panuycsl Cro- Ano- Knazpar
nementriBrican-Oncan] POR2 fnaro- Tlomy- | dewma, Pe6po| mepe-
N " locHOBa-| Halb [EpPUMETp|TLIONAIb
HOH HOH 2 xoma Ty
HUSI a
Obo3na- r R a 2R 2a t=a