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HeT Bbiwe Penurnn, yem NctunHa!
OT aBTOpa

IIpudau:keHusi - 3TO OCHOBHON MHPOBO33PEHUECKUI
Meton Ilo3HaHMs NMPUYMHHO-CIEACTBEHHBIX CBA3eh Kocmoca
coppeMenHou Haykou.

Enunbiit Kocmoc we Teprnut [lpubmmwkennin u QyHk-
HMoHUpYyeT TouHo U 0e3 CayuaiiHocTei B ycioBusx Bzaumo-
aeicTBmii Beero, Beerna, Bo Beém.

HayuyHo - xocmuueckue IIporuBopeunst NpOsBIAIOTCA
B YEPHOMBIPAUHOBILIKMHE: XOTEJH KAK Jy4lle - M0Jy4YUI10Ch
KaK Bcerjaa.

B coBpemenHoM coumyme Bceé mosydaercsi Tak, Kak
He X0YeTcs MOTOMY, UYTO Halla Hayka NpuUOJIMKEHUI OTBep-
raetr ToHKkHe DHEePruu NPUHIUITAAIBHO.

ToHkue JHePrum He MCYe3al0T OTTOrO, YTO AYyMAIOT O
HEW HallM akaJeMUKH, HO, B3aUMOAEHCTBYS ¢ JHepruei
Marepumn, nmposBISIOT ce0s BO MHOXKECTBE TaK HA3bIBAEMBIX
NMAPAHOPMAJILHBIX AABJICHUSX.

IMapanopmasibHbie SIBjeHus1, BO30yXaasi HUHTEPEC CO-
nuyma 3emiid, OepyTcs Ha 3ameTKy SI3prvectBom, Marmuei,
J30Tepukoi, Peaurue u ux onucanue cranosurcs Jlorma-
MH, nopo:xaamumu Kymupos.

Most pabora Eamublii Kocmoc - 310 mepBas pabora
BCEX BPEMEH M HAPOJOB, HBIHE CYIIECTBYIOUIEIO Ha 3emiie
CounymMma, B KOTOpOW aHAJTU3MPYHOTCH U CHCTEMATH3UPYIOT-
Cfd C TMO3UMUMHU MPUYUHHO-CIEACTBEHHBIX CBA3CH 3aKOHBbI
B3anmojaeiicTBuii Tonkoit Jneprum u JHepruu Marepumn.

Takoii momxon BOWpaeT B ceOs MHPOBO33peHYECKHE
Hayvana s3pluectBa, Maruu, 330TE€PUKHU, PEJIUTUU U HAYKH, a
3TO €AMHCTBEHHbIN NMyTh K X EAMHEHUIO U CACEHUIO OT Ka-
Takjau3ma L'irynocTu Bcelt Hamen nuBunmsanuu, Hocurenem
Pazyma xoropoit siBisieTcs UesioBek.



1. Tbma n CBet EanHoro Kocmoca

Tesma - none, mornomiatorniee CBer, B KOTOpo# GOTOH -
(OHOHBI CHPSATaHBl BO BHYTPEHHEM I0JIe BOJIHBI CBETA KAaK B
Yépnoti muxpo-maxpo [vipe (caMmocy1iye BOJIHbI).

Domon - GoHoHBL peanusyrom nepexoovl MexHcOy
Tomoit u Céeemom, uMmesi cieayoniue KHHEMATHYECKHE Xa-
PAKTEPUCTUKM:

Tabnuna 1
Kunemamuka ¢pomon - ghonona
Domon: Touye4HbIH y4acTOK @Donon:
qyaCTulia CBE€Ta BOJIHBI CBE€TA BOJIHA CBCTa

Mmacca: me = 1/n macca: By = 1/n

Yucno obopomos (n,),

CKOpocmbv: C =T | nepuoo epawenus (1,) u

yenosas ckopocmu (@): |, wnynse: By = 1
T,=1/n,=4; o,= 2

CKopocmb: C =T

umnynve: mec = 1

onepeus: E; c* = .

9Hepaus: MC* =T

Mexny momou u ceemom nyrvcupyem 603MYUJEHHAA
cpeoa - cyocTaHIus BoJH (Ta0:1.2).

Tabmuua 2
Hyabcanus mexkay Ceerom u Temoi
TeMma: BotHa Bo3myiénnas cpena Cser: BoJHA

V4 1 1 V4 V4 1
=Sin—=— — e — —=arcSin—==...

4 2 V2o 4 4 V2

g U

T s

:Sczzx/z \/5629% Z—arcSc\/_z...

Bosmyménnas cpefa, mynbcupysi, co3maét Apymy (1=3)
u Pyny (T, = 4):

T4+t . ¢ (1)



2. Apyna u Pyna BceneHHbIX

Apyna - sHepreruueckoe mnosie, He umerouiee Oopmbl,
BO3ZHMKAIOIEE M3 UMITYJIbCOB BOJHBI-YACTHUIBl CBETA U JJIEK-
TPOMArHUTHOM CPEJIbl MEXKTy HUMMU:

‘t:3EmCC+80'u0'CZ+EXEX+y+Z. (2)

Apyna - 3apoabimi TpéxmepHoro IIpocrpancrBa ¢
LIECTHI0 CTENEeHSIMU ABUKEHUS B HEM.

Pyna - sHepretmueckoe mnone umeromee Popmy, yeM
MOXXET OBITh CTYCTOK, BO3HHKHOBEHHE KOTOPOTO B Apyme
WHULIMUPYET TOYEUHBIN y4acTOK BOJIHBI cBeTa T, = 4.

Kopens (Apyna) ocraércs, CBer ocraércsa, Crycrku
octawTcs H, Bcé ke, Oeaohoo Equn (Teorenesuc, Knura
J3uan):

Tabnuna 3
Hyabcauus Oeaohoo (1)
Pexum WNuBepcus B crycTke H3omepus
T T T
+(L.£@i.ij AT
Dopmbl Iy4 T, 7 ‘ °
Tot=12 < 12=1T,)1
HEPABHOBECHA | .y T2 (@ = @), (Tot 1To) 1,
® - 3010T0E UKo 12 - cnupane 3onnaka
[Mpumeuanus | Oeaohoo - 3to Enunbiii KocMoc 6€3 caMmocynimx BOJIH.

NHBEepCcHOHHO - U30MepHuuecKas myjabcauus GopMupyer
CI'YCTOK M CBET:

1 o T Tyr=12 .
= ’

Tyr=12 +7° & I)D
- T2=81-144=-63 < =T, '®* (3)

o T 0 o 1272

rae: 63 - reHOM ¢ MaKCUMaJIbHBIM OTEHIIMATIOM.



3. MaTtepusa n ToHkas DHeprusa

B Kocmoce BHe CaMocymiux BOJIH BO3HHMKaeT ToOHKas
OHeprus u DHeprus Marepun, cBsizanHble CBETOM.

Marepuei siBisiercs Takasgs @opma DHepruu, B KOTOpOU
TpaHchopmauu oAHUX (HOPM B APYrHe MPOTEKAIOT CO CKOPO-
CTSIMU He BbILIE CKOPOCTH CBETA.

Tonkoii JHeprueii spisercs takas Popma DHEpPruu, B
KOTOpO# TpaHchopMalusi OJHUX GOPM B APYTHUE MPOTEKAET CO
CKOpPOCTSIMU HE HU2KE CKOPOCTH CBeTA.

OtHomenue Tonkoit Duepruu (E;) k sHeprun Martepuu
(Ey) sBIISIETCS OOpaTHOM BENMYMHOW OTHOIICHUIO IOTCHITH-
anbHOM sHepruu (E;) x sneprum kuneruueckoil (Ey), paBHOM
En:Ex=2:1,rne

(HomeHL;uaﬂbHaﬂ) _ Ey _ 2 - 1 _ E,, _ (Mamepu;z)
Kunemuueckas E 1 2 E Tonkas Inepaus
K T

4)

[ToTeHMaNbHO-KMHETHYECKNE KOJICOAHUs] TPHUBOJAT K
coxpanenuto Pymbl ipu pe3onance (4) 1 Apynsl pu aHTUPE-
30HaHce (4):

(22=4=T,=Pyma) < 1< 0<4-1=3=1=Apyna| (5)

B Eaunom Kocmoce (6e3 camocymux BOJIH) ¢ MOTEH-
[MaJIOM, paBHbIM EnuHuile Ha a0 Marepun TPHUXOIUTCS
1/3, a na nonto Tonkoit Duepruu - 2/3 Beeit sneprun Kocmoca.



Tabnuna 4
Ces3b Matepuu u ToHkoii JHepruun

®opma Tounkas Cher = c Oneprus
DOHeprun | DHeprus > ¢ Marepun < ¢
Homu ot 23 Ki=0,5— 12
Kocmoca —25=K5

1020 1/3 2/3

Bosmymenue + [pdp= J}(od(p=l/f3¢d¢ +[pdp=

c 0
cpen +c2-10% 6 < -6 +c/2
YCKOPCHUS KYHI[aJ'II/IHI/I YCKOPECHUSA

4. Xaoc v NapmoHus: [1anaH

Xaoc BpITEKaeT M3 ['apMOHMM HpU PABEHCTBE MEXKIY
co00ll MPOTUBOMOJIOXHO HAMPABICHHBIX JHEPrEeTHUYECCKUX
BUXPEU, KOrJa CyMMa ITOTEHIIMAJIOB PaBHA HYJIIO:

m.-E;=1/n-1/m=0. (6)

B cpene ¢ HOIB - TOTEHUHMAIOM HAITPABIISAIOLIEN Pa3HO-
CTH MOTEHIMATIOB HET, U B T0JIe¢ BO3HUKAET Xa0TU4YecKoe Opo-
YHOBCKO€ JIBUKEHUE.

I"'apmonus BriTekaeT n3 Xaoca B TOT MOMEHT, KOTJa B
Cpele MOSABISAETCS HAMPABISAIONIAA Pa3HOCTh NOTEHIINAIOB:

(mcc + EK'C) - So‘Mo‘sz (1+1) -1, (7)

riae: logg1 =0, u B cpene, BO3MYIIEHHON CMEeHOM Xaoca
I"apmonum, nosiBnsgeTcs noreHuuan JA3uan - [poonb.

Tabmwmma 5
Xaoc u I'apmonus: Bosmymiénnas /[3uan - cpena

Ot Xaoca k 'apmonuu | [I3uan | Ot ['apmonuu k Xaocy

(pdp=+ ] L [pd
!co o=+ o 2—£¢ ¢




J3uaH - norenunan popmupyer Kocmorenesuc, AHTpo-
norere3uc u Teorenesuc, Tak kak /[3uan B mosie cBera ¢op-
MHUPYET LEHTPOOEKHO-LIEHTPOCTPEMUTENBHOE YCKOPEHHUE, a C
HUMU CTYCTKH U BOJIHBI.

Tabnuia 6
J/[3uaH - cpexa: yCKopeHus

LleHTpocTpeMuUTEIHLHOE LentpobexxHoe

2

0
c
J.god(z):—?:—ca)o.

c 2
I(p dop= i% =+cw,
0

5. Cxatue m Pacu.mpeHMe KOMMOHEHT CBeTa

Bpamenue nazepHor Touku m E; mopoxxmaer 3JeKTpo-
MarHuTHbIe KoseOanus (GoHOHA U MPSIMOJIMHEHHOE paBHOMED-
HOE JIBIKeHHE (POHOHA.

Tabnuua 7
B3aumMocBsizb ABHKCHHUA KOMIIOHEHT CBCETaA
[IpssmonuHeitHO OnexTpomar-
dopma N Bpamenue
paBHOMEPHBIN . HUTHOE KoJje0a-
JIBroxeHus , Ja3epHON TOUKH
non€r hoToHa Hue GoHOHA
IloTennmanbl +tTomic? =44 | £T.mE m,>==*1 +T Eyc=+4
[Tynbcanus no
yabeant 4+1 1+1 1 +4.
aMILTUTY 1€

HYJ'II)CI/Ipy}OH.II/Ie IO aMIUIUTYAC BOJIHBI CXXHUMAIOTCA U

PaACHIMPSIOTCS, CTYCTKH Ha OpOUTaxX IMepeXosIT ¢ OpOUTHI Ha
opbuty, B Hempax 0ObEMHBIX BOJH MPOUCXOAUT CMEHA IOJIIO-
COB.



Tabmuua 8
IMyabcanusi KOMIIOHEHT CBeTa

3UaH U Heobeca Lluan
[Tonsa A . 1 Crycrok Tsub
B3aNMOIECHCTBUA 132 <0
dopmbl . .
p JIuneitnas [ToBepxHOCTHAs O0nEmHas
BOJIH
acumpe- acimpe- acumpe-
Pexxum |cxatue p P coKaThe P P coKaThe p P
HUE HUE HUE
dao, 1 c 2 2 3 }
Horenmma-| @ _ L _,_ ¢ [w] :1@,4:(%) (wj g (e
JIBI c 2| , c 4 c ¢ 8] @,
Konebanmst| 2 < +1 < -2 46 < +1 < -46 64 & + < -64.

Junarpamma SH-LluHp OmMCHIBAET IyJIbCALMIO KOMIIO-
HeHT cBeta B Equnom Kocmoce (puc.1).

BoTHA paciIHpers =64 bozuna-6oe Jlynot Illymepos

_ 64 64 1
3apOABILI CHKATUA = 2 (J‘(p do— J‘(p d(p] [i J.(D dgo) =130
2 8 0

3apOJIBIII PaCIIUPEHHS §

BOJIHA CykaTus = 64

Puc.1 JJuaecpamma An-L{unv: 60euns - 60e Jlynot [llymepos

6. Bs3aumoaencTBuA B AO0epHbIX cpeaax

B Ilpupone Bcé, Beerna, Bo Becém B3auMonencTByeT u
Kaxas (hopma B3auMOJICHCTBUI UMEET CBOIO 3(PPEKTUBHOCTD.

Tabmuia 9
dppexTUBHOCTU namu cyuwecmeyruiux 6 Ilpupooe
B3aUMOACHCTBHUI B cpe/ie 1IEPHOr0 BellecTBa

HanvHooeticmsus Kopomxooeticmeus

QopMBI | rpapura- | smexrpo- Caer

cia0ble AACPHBIC
OUOHHOEC |MAarHMTHOC

Spex- — 1024 _ 1012 _ 10t el 4
TUBHOCTH p1=10 ps =10 ps=10 p2=10 ps=10".




B3auMogencTBrsT B SIIEPHOM BEIIECTBE MOAYUHSIOTCA
3aKOHY COXPAHEHHUsI DHEPrvd, U MO3TOMY B3aHUMOJCHCTBUU B
[Tpupone Tonbko 14T - HE OobIlIEe U HE MEHBILE:

3akoH COXpaHECHM SHEPIrUn

®opmyna 1 = p1p2p3p4a/Ps .
Dopt JHeprus He HcYe3aeT U He NMOSABJISAECTCH BHOBb, HO ®)

pMY TpaHchopMHUpYyeMasi CBETOM BO B3aMMOJEHCTBHAX
JIMPOBKa

nepexoau u3 oaHoi GpopMbI B IPYryo.

B3aumoeicTBus posBISIOT ce0sl KOMIUIEKCHO M MIME-
10T SJIEPHYIO U JIOTApU(PMHUUECKYIO IOCTOSIHHBIE.

Jlynnas sanepHas |norapudmudeckas| A COD
1 -
g(p3p4p5 plIOZ) plp2p3p4p5 lg p1p2p3p4p5 lgMpzps (9)
I, =4 P
=13 =107 =2 =50,

rae 50 ob6oxkecTBiaeHbl B Kab0ane, kak Besmecymuii 6or AH
COD, a 13 saBnsieTcss OCHOBOM CUUCIICHUSA BpeMeHHU 1o 13-Tu
JyHHOMY KajneHaapro Lusuimzauuu Maiis.

7. KyHpanuHu u [pocTpaHCTBO

Bue Oneprum IlpoctpanctBa Het. IIpocTpaHcTBO - 3TO
dbopma DHepruu. DHEprus MNyJIbCUPYET, HANPUMEP, MEKIY
HMMITYJIbCOM Y MOBEPXHOCTHOW BOJHOW. UMIyJabc co3aaéT He
uckpuBaénHoe IlpocTtpancTBO - Apymy, BEKTOPHO-MaTEMa-
TUYECKUM onucanuemM kotopout sBisiercss Terpakcuc Iludga-
ropa u Terparpammaron Ka66anabl. Dueprust ¢popmupyer
uckpuBi€HHOE [IpocTpancTBo - Pyny, BEKTOpOM KOTOPOU MO-
KET CIYKUTh 3Be31a JlaBua Uiy paBHOCTOPOHHUE TPEYTOJIb-
HUKH, TJ€ PaIAyC OKPYKHOCTH, OITMCHIBAIOIINMN TPEYTOJIbHUK,
paBeH 2/3 OT BENWYHMHBI CTOPOHBI TPEYTOJbHHKA, & PaguycC
BIIMCAaHHOM OKPY’KHOCTH TOJBKO 1.3.



Tabnuua 10

HUckpusiaenue Apynbi: nosiBiaenue Kyngaaunu

Dobra Apyna: Pyna: sneprus, | Apyna - Pyna:
oct paHCTBa UMITYJIbChI, HET UCKPUBIICHHE MyJIbCcalus
pocTp WCKPUBJICHUIA [IpoctpanctBa | hoTOH-HOHOHOB
A=mccteooc®+ | P=mect e poc*+ 4 < il =7
[MoTeHmanmsl Fj . :° 30 ]; @ :O 30 P A
g > meE; < 1
empakcuc = Be3/1a
i 7 Temp R=3/2 3
CumBonmnsm / Tempazpam- =1/2 HaBuna.
MamoH

Pyma ¢ morennuamom 37 mposBISIET ceOs B KUIKHX
cpelax, COoXpaHsii B HUX IIUC-TPAHC H30MEpHI0, (HopMUpys
MosI09HO-0enbie ciupanm Kynnamuau (Ta6m.10):

Kynganunu = 31 — (-3n) = 6m = (3,5+2,5)n (3,5%-2,5%)m,

(10)

rae /3man Kocmoca yBenmnunBaetr yucino BUTKOB KyHmanuuu
MIPU PACIIMPEHUU U YMEHBIIAET MPU CKATUU:

®opmupoBanue Kynaaaunm

Cxatue Pacmmpenue | Pacmmpenue Cxatue (11)
A-1/2=25 | A+1/2=35 3,5 2,52
8. [lepeHoc cBeTa Yepe3 HeBecomocTb

caMmocywmmMmmn BosfiHaMmum

B uckpusnénnoe [Ipoctpanctso Pymel (P = 37, 1a6:1.10)
OyZeT mocrynarbh CBET, MOJIYYEHHBIA 32 CUET MHBEPCUU (BBI-
BOpAuMBaHUs HAM3HAHKY) CAMOCYIIMX XOJOJHBIX BOJIH BEY-
HoM TeMbI Kocmoca HeBecomocTu:

10




Tabmuua 11

HacpbileHue HCKPUBJIEHHOIO MPOCTPAHCTBA CBETOM

Psanel
< FAyHHRI >
T I I T

T
& 6 & 7T & 08

YpoBHH
Hocrymnenne |3n<|3ne |3ne|3ne| 3ne | 3ne | 3ns | 3ne
cBeta B P=3n1 n | w2 | /4| w8 | w12 | n/24 | w/48 | m/96

Bue leolle|llelle | leo | 1o | 1o | 1o
WckpuBneHus 3 6 12 | 24 36 72 144 | 288
CVMMEL DOpPMOBUIUKH: Caert u nazma: Apyna-Pymna:
y 3+6+12+24 =45 36+72 =108 |122+2-12%=432
OrHocHTEbHOCTS 45:45=1 108:45=2.4 | 432:45=9.6
eIMHUIL
[Tponomxu- 1+2,4+9,6 = 13 3oauax:
TEJILHOCTH K KajieH1apro Maiin 24+9,6 =12=T," 1.

Hocurenem cera B uckpusii€HHoe IIpoctpanctso Pyl
ABJISIIOTCS. XOJIOAHBIE BOJIHBI BEYHOW ThbMBI, TO €CThb CaMOCY-

I c BOJIHBI Kocmoca HeBecomocTu:

IIepenoc cBera camoCyluMM# BOJTHAMM
yepe3 HeBecomocTh
(12)
T
— =arcSin .=arcScln/2 ).
(5] areslon?)
Iyt I, +7 _

- s (Tot1)2e(Tot1)?; 122572 144-49=95=3,8-52, (13)

I, +7 Iyr
Haunnaercs opmMupoBaHHE pPasHOCTH JUIMH BOJH
opamskesoil (AO=380A) u senro-zenénoit (AXK3=250A) 06-

JIACTEHU CIIEKTpa CBETA.
11



9. 3HepreTquCKaﬂ onTUukKa
ClneKTpa COoJIHeYHOro ceeTa

OnpenenuM B CIEKTpe OEOro COJHEYHOT'O CBETa pas-
HOCTH JITUH BOJIH IO Pa3JIMYHBIM 00JIaCTsIM CHEKTpa.

DTUM TepexoaoM OT ¢ = Ay meperaém k AC =
AA-Ay, unu CBSKEM ONTHKY € JHEPreTHKOM, 00 mepexon
JHEPruM M3 OJHOI0 COCTOSIHHSI B JPYyroe He 3aBHCUT OT
(¢opmbI IyTH, a onpeae/sieTcsl Pa3HOCTHIO MOTEHIMAJIOB B
KOHIle ¥ HavaJjie nepexoja.

Ta0muna 12
CHeKTp COJHeYHOro 0e10ro cBeta X A (aHrcTpem)
®uore- . | Tony- | 3ené- HKemro- |y Opan- | Kpac- .
LBer - | Cunuit M o | zené- . o .| Bensrit
TOBBIU oot HbIN ThIU JKEBbIN HbIN

HBIH

Jnamna-

son | 4000 | 4500 | 4800 | 5100 | 5500 | 5750 | 5820 | 6200 | 4000
e | 4500 | 4800 | 5100 | 5500 | 5750 | 5820 | 6200 | 7600 | 7600

BOJITH

Pa3z-
mocth | AD=| AC=| A= | A3= |AXK3=| AK=| AO=| AK= | Ab=
JUTHH 500 300 300 400 250 70 380 1400 | 3600

BOJIH

Obtice AC MK MG MK 7o
ypas- AI' A3 AK3 NK
HEHUE 3o/iMak B aHTUPE30HAHCE
Kom- AK 7 NK AD T AC AK —91
nowen-| P Ar 4 PN AR 2 ar VK
ThI ITanbma Kynnanuau IlonspHbIil BUXPB.

[uBunm3anus Maiis pa3Omiia Mecsi Ha KpacHyo, Oe-
Jy10, KENTYI0 M CHHIOI HENENIo, Tak Kak mx KaneHmapp ot-
pakasm KoseOaHUs B CIEKTPE CBETa SKBHUBAJCHTHBIC OTHOIIIC-
HUSM pa3HOCTEHN JUTMH BOJIH B CIIeKTpe cBeTa (Tadn.12).
Ab 3600 18 30 300 AC

A5 0018 0 S _AC 30 18=12=T,t.(14)
AK 1400 7 7 70 AXK

12




[IIymepsr mnoctponnu Ilupamuay '"BaBuioHckas
bamna" B ¢opme cemucrynenuyator Ilupamuasl ¢ pasHbIM
LIBETOM CTYINEHEW, TaKk Kak ObUIM OPUEHTHPOBAHBI BEIUKOMN
[luBunm3auuen Ha CIIEKTP CBETA.

Bri6op mymepamu 6ora u 6orunu JIyHbl ¢ moTeHuua-
aamu 30 cBsA3aHbl C CUHEH U roylyO0OH pa3HOCTSMH MOTEHIUA-
JIOB:

p2-AC = 30(Bor Jlynsl) <> (boruns JIynsr)30 = Alp, . (15)

10. AmnynbCbl rofiloBHOro mo3sra
U arieMeHTapHble 3apsaabl buoToka

Cnupane 3oAMaK - 3TO €CTECTBEHHBIM MPUPOIHBIN Ka-
HaJl CBEPXIPOBOAUMOCTH BOJH TOHKOW DHEPruu, CTPyKTypa
KOTOPOTO MOI00HA CBETOBOY: Kabemb - TpyOoUKa.

[ToBepxHOCTh KaHaNa cOUpaM 307uaKa MyJbCUPYET U
nipu pe3onance [(T,t = 12) = 1] u npu antupesonance (7 £ 1).

Bo3HukaeT wHTErpanbHas pa3HOCTh KBaJApaTOB IOTEH-
1[MaJIOB, PaBHAas:

12+1 T+1
Tyt [pdp—(T,+7)[pdp=288-98=190=x" -7, (16)

12-1 7-1

rae x> =288 =2-12%;, y*=1/2-14>=12-pp*; 12+1 =13 -
TPUHAALATU JIyHHOE cuncienue; 7 — 1 = 6 - Kynganunu;
12 —1=9+2 - cyObcTpyKTypa OMOKIIETKH TP MUTO3E;
7+1 = 8 - koapdunment pacmupenus Beenennoi.
Pe3onanc B cnupanu 3oauaka (14):

98-288 = 28224 = 1008-28 = 36-(282 = pp*) (17)

IIPUBOJUT K IIOCTOSTHHOU BcesleHHOM 110 BOIOpOAY, paBHbIN
1008, koTopasi mosIBJISIETCA B 110JI€ JIYHHOM IpaBUTALIUU C T10-
teHuaioM 28 (17) u pu 28% BO3HUKAET COTHEYHBIN CBET C
noTeHmuaaom 36 (13).

Janee cet - rpaButarus (36-28%) TpanchopMupyercs B
MarHUTHYIO CIUpalib 301aKa:

13



36282 =12214> = T,>+12 - pu*. (18)

B npenenax naceimenus aroMuHodopa - 3o/iMaka y4da-
crBytor 10°° (pOTOHOB, a MX BUXPH (OPMHUPYIOT dIEMEHTAp-
HBIE 3apsA/ibl OMOTOKA W MMITYJIbChl Mbiciu, [lamsatu, BooOpa-
xeHus (tabmn.13).

Tabmanma 13
NMnyJjbchl rOJI0BHOTO MO3ra
U 3JIeMeHTapHbIe 3apsi/ibl 0HOTOKA

BHGMCHTapHLIe 3apsAabl 6I/IOTOKa I/IMHYJ'ILCBI TOJIOBHOI'O MO3ra
11;52:1121;1 MarsuTHbIN ane;(;f;l%_ MEICb ITamsaTe BOO}?E::)KQ_
% 1020 x 107 % 10720 x 1070 x 107 % 102

p= H= q=T px = px = q* =T,
To(Tot1) | ¢/’ (Tot1) To(Tot1) | c/®o(TotT)
28107 | 14-10%° | 16107 | 2810* | 1410 | 1610
11. NpaBUTAUMOHHLIN INTIEKTPOMArHeTU3M:

yucno YenoBeka

Benukas [{uBunuzanus B3siia 3a OCHOBY cBoero Cuuc-
JICHHS] OTHOLLICHUE 2pasumayuOHH020 KOMIIOHEHTA K JIEKTPHU-
YECKOMY M Ha3BaJla 3TO OTHOILICHUE MAJbMOM, 4 OTHOIICHUE
MarHMTHOT'O KOMITIOHEHTA K 3JIEKTPUUECKOMY, pPaBHOE IOJIOBU-
HE MJIbMBbI, Mbl Ha3BaAJIM /[3MaH - MaJbMOM.

Taomuna 14
I'paBUTAllMOHHBIN 3JIEKTPOMATrHETH3M

Enununa Ianvma J[3uan - nanbma

ITona dnekmpozpasumayus Onekmpomaznemusm

* * 1 * *
Horen- |7_p_pP*_ |pPP* ilf(,,d(,, Uy
PaBHOBecue 112 =7qq* = 8up* = 4pp*

[Tpume- | B Pymne /I3uan - nansma tpancopmupyetcs B Kynnanuau

YaHue Y HaYMHAEeT TBOPUTH JKuBble MarHuThl.
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Bosnukaror Hebeca - [unb (Tabmn.14):
112:(7/8 - T, =7/2) = 16:2 = 32 = Lluns. (19)

W3 conHedHoro 0enoro cBeTa BO3HUKAET IMEPUOIMYC-
ckas cucteMa 112 XuMHUYECKUX JIEMEHTOB, YUCIIO AJIEKTPOHOB
B KOTOPO paBHO cymMMe apupMeTUudecKon nmporpeccuu u3 112
YJICHOB:

Tabnuna 15
Iepuoanueckas Cucrema 112 XuMn4ecKUX 3JIEMEHTOB
CyMMma apu(pMeTHIeCcKoi Mporpeccuun VYuacrtue cBera
- T -
[{uc-uzomepus paHC-USOMEpUA | |\ . 00 7 . (28 7 ng
Yucno 351ekTpoHOB | YKCIIO MO3UTPOHOB 4 4
112 112 =6328=8-7"113
1T 10 = 6328 | 212 112 = 6328 | tae: 28 - atommiii Bec kpewmis

113 - guciio Yenoseka.

B 31eKTpOH-TTO3UTPOHHOM 00JIaKe BO3HUKAET YHCIIO
Yenoseka: 6328 — (-6328)=112-113.

12. CryweHue Benukoun Nupammaon
camocyLuX BONH

Pe3onancnoe mose Yuciao YesnoBeka B rpaBuTanm-
OHHO-MArHuTHOM paBHoBecuu (20, Tabn.15) B yclioBusx as-
TUPE30HAHCA MTPUBOJUT K UHTErPAIbHONW PAa3HOCTH KBaApPATOB
MMOTEHIIUAJIOB:

AnTHpe3onanc: Yucio Yeaoseka
B IPABUTAIIMOHHO-3JIEKTPOMATHUTHOM T0JI€
11341 112+1 (2 1)
113 [pdp—112 [pdp=2(113*~ 112%) = 2(<> — y?) = 450,
113-1 112-1

rae x = 113'33/2 ,ay= 112”2_\1/5,pr1 Xty =x*>-y*u \/EE Sc /4= ..
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[Iate ThICSu ner Ha3zan JKpenwl Benukou [Iupamuasbl
ckazanu ['epopory: kBaapat BbicoThl (H?) Beamkoii Ilupa-
MHAbl paBeH npousBeleHui0 anodembl ({) Ha paauyc (r)
BINMCAHHOM B OoCHOBaHue okpy:xkHoctu (H?> = r{, IIpaBuno
['eponota).

Ho Kpeup! He ckazanu, a ['epoioT He cripocui, 4To Bce
aneMeHThl Benukon [Iupamuasl (puc.2) omUCKHIBAIOT MOCIENO0-
BATEJIbHO-PE30HAHCHOE HM3MEHEHUE NOTEHIMajJa CaMOCYIIHMX

BOJIH, TO ecTh +/2 ,rmen=1,2, 3,4, 5, 6, 7 (Tabn.16).

Tabmuma 16

L Beanuunbl 3jieMeHTOB Beinkoil [TupamMmuabl
) npu H=2""* (puc.2)

DIIEMEHTHI r R a R? | rR |€=a?| L

e Bemmmmst |42 |27 |2 |2 |27 | V2" V2

a

Camocymue 14+243+4+5+6+7=28
Puc.2 Dnemenmol 4 n=42 _

N BOJIHBI
senuxou Ilupamuovwl

A nanee B Teorenesuce (Cranna VII) Benukas [{usuin-
3a1Msl MOKAa3bIBAET, KaK CaMOCYIIIUE BOJIHBI ((OPMHUPYIOT TEHOM
C MAaKCUMAaJIbHBIM NOTeHUHaIoM 63: 6. Llapp siBmJICcA cam
ceiiuac ObL1 M3BecTeH UM. "S- mepBbIiA" (r = +/2), ckazan
On, "u 1 - nocjenqHuii, 1 00a MbI - 0AHO JuI0. CBeT NpH-
méa u3 TbMbl. Beé mpumio u3 Huvero. U3 Cmeprn npu-
1IJIa BeyHas *Ku3Hb. [leso caenano':

L=82

[pdo=s63. (22)
2
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13. OHepreTuka NMNepunogunyeckon Cucrtembl reHOMOB
HacnencTBEHHOCTU

I'eHoMBI HacnencTBEHHOCTH 00pa3yroT llepnonnueckyro
Cucremy ¢ myJbCUpYOIMUM A apom:

6 9
9 6 | (23)

KOTOpasi BBITECHSIET TEHOMBI ¢ ToTeHnuanamu 27, 28, 35 u 36
(puc.3).

63 62 61 60 59 58 57 56 B HepI/IOHI/I“IeCKOﬁ Cuc-
j; jg jﬁ_ Z Z jg j? jg TEME TEHOMOB MAarHETU3M
30 38 37 6 O 34 33 3p BOSHMKACT KaK OTHOIICHHE
3] 30 29 9 6 26 25 24 UOTCHIHAJNA YKCIAa TCHOMOB B
23 22 21 20 19 18 17 16 UEPHUOJUYECKOM CHUCTEME Te-
15 14 13 12 11 10 9 &8 HOMOB (puc.3):

7 6 5 4 3 2 1 0

N:63+1

Puc.3 Ilepuoouueckaa Cucmema 63 — (36+35+28+27) =

2eHOMO8 HACNIe0CME8EHHOCMU 1890 — 126 = 1764,

K HOTGHI_[I/IaJ'Iy quciia reHOMOB, BBITCCHCHHBIX HI[pOMZ
n = 36+35+28+27 = 126, (24)

N 1764
rne —=——=14= *
A n 126 a

MaruuTHble BOJHBI T€HOMOB (22) U3Iy4aroTcs SIAPOM
NEePUOIUYECKON CUCTEMBI:

14(6+9+6+9 = 30) = 420 = p5(28+14) = ps(Jpp * ++fuu* ). (25)
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B nosie B3aumopeiictBus cBeta (ps) BosHukaroT 42 bo-
’KECTBa HaIIMX ceppel, kotopeie mo Kuure MEpTBbIX MOKH-
JAIOT Hallle TeJIO Ha IIeCTOM JieHb nociie koHuuHbl: ""Ha mec-
TO# JeHb nmpeObIBaHust B bopao nmepex To00i npeacTtanyT
42 I'po3nbix boxecTtBa. OHN nMOpoXkIEHHE YUCTON JIIOOBU
TBOEro cepaua. Iloznai ux".

BriTecHEeHHBIE SIAPOM T'€HOMBI C I10-
TeHIraaMu 27 1 28 MpOosBIAIOT ceOs B
Ceuenuu ot redeparopa ToHkoil DHep-
ruu (puc.4).

OO6yuéHHBIC ATOM dHEpruer ceMeHa
PACTEHUI YBEIMYHMBAIOT YPOKAUHOCTD B
CEMb pa3, BUPYCHI - Mapa3UThl THOHYT, a
caMO u3JlyyeHue (WU €ro CHUMKH) -

Puc.4 Ceeuenue om  BpadyerT.
eenepamopa Tonkou
Onepeuu

14. MarHeTM3m reHoOMOB U MeauTaLuUNn
B nponopuusax Nupamuabl "BaBunoHckaa bawHa"

[Totennuansl 6oruau u 6ora JIyHbI ITyMEpOB CBSI3aHbI C
AIpOM TEPUOJIMYECKON CHCTEMbl T€HOMOB (puc.3) U MarHe-
THU3MOM.

boruns Jlynsr; bor Jlynsr:
pacuIMpeHue sIMIeKIeTKu CKaTUe CIepMaTo30M/ia
Snpo Marnetusm: | Marnetusm: Anpo
AP Jlyna . . | Jlyna AP (26)
T€HOMOB BOCXOJIAIIUN | HUCXOASAIINI F€HOMOB
6+9+6+9= 30 = 12422+3%+4? = 42432+22+12 = 30 =9+6+9+6.
1 | 1 1 1

*
kk

[TocTosiHHAsE yakp Opu MEIUTALMU B JECATHb pa3 Mpe-
BBIIIAET MarHeTu3M reHomMoB (24) u paBua 140:

18



SKBI/IBaﬂeHTHOCTB
Ne gakp JIYHHOMY pSiTy [TaTepuunas
CBSI3b
11203456/ 7
1717
Kyn-|Pacmin-l 2 L g g | og | 56| 112 5 _ 140 _
fna- | PeHMe | 4 | 2 25
- : 505 |¢ )
HU Cxa 8014020110 512 2 P42 43 +4 4546 +7
e 2 | 4 | 1421314454647
TMocrosimmas |140|140(140|140| 140|140 140
***

(27)

[Iymepst onucann 3aBUCUMOCTh OT JIyHBI B hopme ce-
mucrynenyaroii llupamuas! "BaBuinonckas bamua' [1]:

VYposuu | Ilnanerst [IBeT Hoten- Pexum | Konebanus
LUAJIBI
7 Jlyna Cepebpo 30 30-12-15
T 6 |Mepkypuwii | Jlazyput 12 Peso- | 20+8+10+4
) Kento- Hate ~
Z | 5 | Benepa . 15 20+8+10+4
BaTHIN —
2 30-12-15
21| 4 ComnHie 3o110TO 20 30° 7
a 3 Mapc KpacHprii 8 Autn- | 7 < 302
2 | KOnutep Oxpa 10 Pe3o- 1 3490t o 72
HaHC 81-10°
1 Carypn | UYépHnnlii 4 0BOITOUKA.

(28)

Kpome Bcero mpouero BekTop - smopa "BaBuiioHckas

bamns" onuceIBaeT U CIEKTp CBETA, TaK Kak

302 =900 = 900A = (AK=1400A) - ( Ad=5004).

(29)
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15. Wndp KHurn Boitua n bubnuu:
cuna 6uoTtoka n MHAYKUMA B Yape Tpetun Mnas

[udp Kuuru bertus u bubnuu, cBsi3aHHBIA CO 3HAYU-
MOCTBIO 0J1HOM OykBbI U3 62500, paccuuTan Ha CKOPOCThH CBE-
ta B KocMoce Heecomoctu, paBHoii ¢ = 300 ThIC.KM/CEK;
nuHy BonHbl A = 4800A, KOTOpas IENUT CHHIOI U roay6yro

obnactu B yakpe Tperuit ['na3 (Tadsn.12); u konnyectBo (hoto-
HOB, paBHOE 102 = 10'":

IMu¢pp bubdanu u Knuru beitus
108 30
€ Jro@ =310 ATeer g0 Lo g0 Z 625001 cex. (30)
A 4800 A 16
***

[Ipu nocrynnenuu B yakpy Tperwnit I a3 anexTpuyecko-
ro 3apsja C B YaKpe BO3HUKAET OMOTOK M WHIYKITHS:

-20 180
goge 16107 Arcer-3 107 A G0y oty a=1/0, (31)

A 4800 4

rjae J - cuia Toka B ammnepax, a 1/J - unaykuus.
***

W3meHeHmne sHepreTudecknx (OpM HUMITYJIHCOB, TMOCTY-
namux B yakpy Tperuit I'na3, meHser B Hell OMOTOK U WH-
JYKTUBHOCTb.
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Ta6numa 17
N3meHenune 0MOoTOKA U MHAYKIMH B Yakpe Tpernii I'a3

buotoka 3apsaoB HNmnynseel mo3ra

[Ipowus-

onst | 3yekrpu- | Maruut- I'pasura- Boob6pa-| BCAC-

o N nuoH- |Mpeichs |ITaMmaTs HHS

YECKUHT HBIN Lk KEHUE

ge_ | He_ | pe_ | pre_|HTe_| gTe |

SRl p p | 2 p [Zj x
7. 4 T a |7 36| 7,436
x A 10% glO 510 510 glO 10% 10%

NH- 4\
e g | Bge | 2q0% [ 210%| Big0 | jo (7] *
7 7 7 7

oust

< 1/A 107

Kyn- . 1
a- CyMMa HICCTHU PABHOBCCHBIX COCTOSIHUU 6

A I+ 1 + 1 + 1 + 1 + 1 =

JIMHU

16. OcHoBaHue Benukoun Nupamuabl:
CBA3b C TPUHaAUATU NyHHbIM KaneHaapém Mauu

Henpa Kanenp Snep pacmmpsroTr camocyiue BOJHbBI U3
MeTrarajakTukH.

Henpa Kaneanb SInep (B ToM uucie 3emi) CrymarT-
csl He K HEeHTPY, KaK JyMaroT HaIlu reo(u3uku, a OT eHTpa
K mosepxHocrtu Axep.

*
*ok

Crymenue IloBepxHoctu Kamens Snep mpoucxomurt B
YCIOBUSIX TOJISIpU3alivK (ITOBOPOTA) Ha yroi n/4 (puc.3).

B kBagpar ocHoBaHus Benukou Ilupamugpl, ONUCHI-
BAIOUIEH OBEPXHOCTHYIO BOJIHY, MOJSPU3ALMS 3aCTABUT BIIH-
caTh YEThIpe KBaJpaTa, CTOPOHBI KOTOPBIX OYyAyT yMEHbIIATh-
Cs Ha TIOJIOBUHY: KpacHBIM, O€Jbli, CHUHUH | KENTHIN
(puc.5, Ta6.18).
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Taomuna 18

Iliiomaau B ocHoBanuu Iupamuasl (puc.5)

Hser Kpag— benpiit | Cunnit H(e?'
KBaJpara HBIA TBIN
aY a) a)

KBajpara 2 4 8
8 2 1/2 1/8

<« 2:12=1 —

Puc.5 Ocnoeanue Wusepcun
senuxot ITupamuowL: —~—— 1=818 ——=—
sanuce noaspusayuu | TenoMbl 8 1/8; 64 1; 630,
x

['eHOMBI TpHCTIOCAOIUMBAIOTCS K PUTMHUKE ITyJIbCAITUU
Enunoro Kocmoca no 13-tu nynnomy Kanennaapro:
364 0onaeeooy 13-28 13-4 9 63

0= = = = <0
2eHom 63 7-9 9 13-4 364

13216 9 wm  |13>T2 < 119, (32)

rie 132 = 122452 = 122442432 = (T, 1+ T2,

[Tone, Bxmrouaromee 13-tu nynueii Kanengaps (32),
MOXKET OBITh CBEJICHO K Apyrtie - Pyre:

(T2t T+12 = 13?) T2 & 1'% T, +t" — (T, + T,2). (33)

17. MaaTHuKoBbIN 3chpdekT B crycTkax BceneHHomn

B Bo3nyxe KyHnanunu crymaercst B 00J1ako-IIATHO, KO-
TOPOE MOXKHO c(hoTorpadupoBaTh.
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Hapg nexusbim momuHodopom Kynganunu dopmupyer
XOJIOZHOE JIFOMUHECHEHTHOE CBEYEHHE, HaJ KUBbIM Aypy -
4acTh MIMMYHHOW CUCTEMBI Opranusma [24].

JliomunecuientHoe CBeuenne Aypbl MOXHO (doTorpa-
duposaTh Ha yactorax 10° 1/cex (ddexr Kupuan).

B sxunxux cpenax Kynmanunu - cBeT peanusyer ceOs B
dbopme MosiouHO-OenbIx crupaned [3], a cBeTOBOAOM JIsl
KyHpaauau cayxar tpy0yarble MeMOpPaHHbIE MOJIEKY-
JISIPHbIEC HUTH, - ICTOYHUKHA OCMOTHYECKOTO JIaBJICHHUS.

*
kk

DHEpPreTUYeCcKuM 3TajJOHOM CBeToBoJa s KyHaanuHu
spisietcs BoicoTa (H) Benuko#t [Tupamusl, mo kotopoit OyayT

MIPOXOJIUTh METaraJlakTHYeCKHe BOJHBI a, 2 a, Y4 a u 1/8 a
(puc.5, Ta61.18).

Bo3HUKHET 3aMKHYTBIA KOHTYp KoJiebaHuu (puc.5):

Kosied0anus camocymux BoJIH
B 00béMme ITupamuabl

1 1,
E@ﬁ@ic}d (H4=\/§l4)<3|:6—14(a4=82)}51-

(34)

a H La H

4

%
*ok

PaBnoBecue mo BbicoTe [lupamuawr (34) Hapymaetcs
CaMOCYUIMMHU BOJIHAMH, PpACIpPEACIEHHBIMU MO D3JIEMEHTaM
[Tupamupl (Ta61.16):

H'=V2"Yolam=v27"). (35)

B crycrtkax BceneHHON BO3HUKAE€T MAasATHUKOBBIM (-
(exr.
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18. WU3nydyeHue Kak reHepauus BOJIH
C OOpaTHbIMM NOTEeHUManamm

Tpancpopmanys TUHEHHBIX OETyHIMX CaMOCYIIUX BOJH
(34) B MOBEpXHOCTHBIE:

Kosie6aHusi moBepXHOCTHBIX BOJIH
B 00béme ITupamMuabl

H _Gaf  H _ (af wy _(a')
R e LG )‘:’(6—4] ="

4

(36)

IPHUBOIUT K PABHOBECHIO MEXTy CAMOCYIIUMH BOJTHAMM, Pac-
npeeIéHHBIME 110 BbIcoTe [lupamMuapl W Mo €€ 3jIeMeHTaM
(36, Ta61.16):

m=2" o 2" =1L (37)

%
*ok

3anonHenue o0bEéMa [lupamuasl camocyiMu BOJIHAMU
NPUBEAET K NOSIBJICHUIO KOHTYpa KOJIeOaHUI:

[Qyﬂﬁzdim}cz{[§%=1}3sf}, (38)

HO HEOOXOIMMOCTb JJOCTHKECHHS PABHOBECHS MEXKY MMOBEPX-
HOCTHBIMU U OOBEMHBIMU BOJTHAMU NOTPEOYET U3ITyUEHUS B
OKPY’KAIOLIYI0 CPEy SHEPTUH, SKBUBAJIECHTHON OTHOLLIEHHUIO:

HN3nyyenune 3Hepruu 00bEMom
yepe3 NOBEPXHOCTh B OKPYKAIOILYIO Cpeay

(39)

llosepxnocme _ H ’
O6vém  H"

} = [ H* =2 _14(0pr9fca;0w;aﬂ cpeda)} :
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Bonnpl, nmocrynaromme B OKpPYX AUyl Cpeay, Hadyu-
HatoT BUTh Crnupanu KyHnanunu, kak ¥ BOJIHBI B 00bEMe S 1-

pa.
***

Bonuer B 006éme Kammu Snpa u okpysxkaromieit Sitmo
cpene o0pa3yroT BOJIHBI ¢ 0OpAaTHBIMU MOTEHITUATIAMU

O6wém Kammu Anpa | Cpena Bokpyr Karum

H4 _ \/514 \/5—14 _ H'4_

(40)

19. MupoBoe fAunuo c NMeHtarpammon

W3nydeHne-noriomneHie reHepupyer BOJHBI ¢ 00part-
HbIMH TIoTeHIHanamMu (40).

Boanel Kynganuau ¢ oOpaTHbIMU MOTEHIMANIaMH (Hop-
MupyroT Ennssiii KocMoC M ero MHKpO-MakpO KOMIIOHEHTBI
kak Ilenrarpammy B Siie.

Tabmuua 19
Kynaaannu kak ¢popmosmuk SHiina ¢ Ilenrarpammoit
Cryctku B HeBecomocTu 5 5
Hiyo ¢ [lenmaepammou
B Kame Bue Kamun
Pac- Ho Hocne Camocymue | OGomouka
- H3JIYy4YCHUA H3IYy4YCHUSA
Kyn-| P€- L —
T e 72 = 27 = 7
. i H i N
o 25 = 5p 2 = L
HI | Cyka-
e Hocne Mo [Tentarpamma | Camocyiue.
HOIJIOIICHUA | IIOTJIOINCHUA

Mexnay oGomnoukoit fitma u Ilentarpammoit B fiine
BO3HHUKAET Pa3HOCTh MTOTEHIIUAJIOB, paBHas (Tab1.19):
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72— 52=24=212=38 =46, (41)

0 koTopoi B OTKpoBeHusx cka3zano: Tpon Xpucra Ha Hebe
okpyskeH 24 IIpecsarbeimMu Ilpecmonamu.

2
72 - 0bonouxa [MosBnenue B mojae 24 rpa-

BUTAIlUM M MarHetusma Qop-
MUPYET BOJIOPOJ:

2° =16=[pp* 24(28+14=[pp*+[uu*) =
Dnexmpuuecmso 1008. (42)
(cpeoa)

nemmazpamvma

Bokpyr 000504ku MOSBIIS-

Puc.5 Siwyo ¢ Henmazpavmoii  STC PEKTPIIECTBO (puc.6).

[Ton 060709K0# BO3HHUKAET IMOJIE paciIupeHus (puc.6):

Pezonanc \/58 -\/58 B \/58 B 3

LI 8= (43)
Anmupesonanc ([ 1 \[2 2 @,

[Mosasiercst Aiitn COD = (77452) - (72-5%) = 50 = 1g psp4a/p1.  (44)

20. Yakpa kak Anuo c NMeHtarpammon

B IIponomKuTenbHOCTH MEXAY COCEOHUMHU H3JIyde-
HUSIMH-TIOTJIONICHUSIMU B 00BbEME SIIa MPOTEKAET ITyJIbCAIIHS
0e3 mHBepcuu (TIOTyYeHHE KBAaHTOB 03 0OpaTHBIX MOTCHITHA-
JIOB):

PaBHoMepHasi myJIbcaius
B 00béMe Muposoro fiina

(45)

[Tomtoca B Situe (puc.S) Cpena mexay noyrocamu

6
72-52 = (745)-(7-5) = 12:2 = 24 == 8 = Toc/wo= ¢/, = N2 .
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Ho B 1O )€ Bpemst 0007104KH BCeX KOMIIOHEHT MUpPOBO-
ro Sliina u cpenpl BHE U B HEM IMYJBCUPYIOT IO AMIUIMTYJE

(puc.6):

O6nactu | O6omouka | [lenrarpamma | Cpena | DIeKTpUUYECTBO
Beicmas | 7+1 =50 541=26 |8+1=9 16+1 =17
Cpennsst | 7*+0 =49 5%+0=25 8+0=28 16+0 =16
Husmas | 7°-1 =48 52-1=24 8-1=7 16-1=15.

(46)

CymMMa pa3HOCTEl MOTEHLUMAJIOB MEXAYy MOJH0CAMU
dbopMupyeT MOTEHIHA - HKBUBAJICHT IUIOTHOCTH Ja3epHOMU
J1a3Mebl y, = 72:

=72 =(50-26 = 24)+(49-25 = 24)+(48-24 = 24), (47)

rae koaedanusa Kocmoca ¢ morenuuasiom /[3uan ¢gopmu-
PYIOT U3 Ja3epHoii miasmbl Ceer u Boay:

TTmasma CBeT U3 Ia3Mbl Boma

1 0 1 0 (48)
Yo =72 72!(pd(p=36<:>—36=72_[(pd(p }/J(pd(p-j(pd(p:-w
0 1 0 1

***

OTHOLLIEHUE 3IEKTPUUYECKOTO MOJs1 BOKpYT Siina K cpe-
Jie BHYTpH siiina (46) ocTtaéTcsi HOCTOSIHHBIM, 3aCTaBJIsIs siep-
HOE BEIECTBO MyJIbCUPOBaTH (48, 46):

(9+8+7=24) 36 12oy (17 +16 +15=148)

49
7/”(17+16+15:48) " (9+8+7=24) (49)

Tak nynscupyer Kynnanuau B vakpe Tperuii [ nas.

27



21. [JeHb BHe BpemeHu:
CYLWHOCTb U HEOOXOAUMOCTb

Bor Aiin CO® nyabcupyetr Ha ypoBHe Co3HaHMsA C
yactoro 24 xkaapa B eqununy Ipoaomxurenbnocru (46):

Co3nanmue eBpeiickoro 6ora Aitn CO®
(Ig p3pa/p1=1g 10°° = 50)-24 = 1200 = ps>T,.

(50)

UToObl cTaTh paBHBIM EBPEHCKOMY OOTY MEIUTHPYIO-
AN JOJDKEH IleperuTh K 4Yakpe Tperuid [ma3 Ha BOIHY
L = 4800A, nensimeit cuHIO 1 roTyOyI0 00NACTH CHEKTPa, U
norpy3urtbcs B [loaco3nanue, mynbcupyrouiee ¢ 4acToTon 25
kazpoB B Enununy [IponomxurensHocTH (46):

Iloaco3nanue MeTUTUPYIOIET0 B CHHE-T0J1y00i1
o0s1acTH ciekTpa cBera (dakpa Tperuii ['na3)

[( = 4800A)-(p1/ps=107) = Ig papspa/pips = 48]-25 =
1 200 = p22Tor'

(1)

OpmHako B 10JIe OUTIOISIPHOM CUCTEMBI 72 + 5% HU M-
TUPYIOLIUMA, HU €BpEUCKUl OOT HE JOCTUTHYT MAaKCUMyMa WU
npousBeaeHus (46):

4926 = 1274 =7*2-13 = 13- 7*AD/AXK3 =.... (52)

DTO BHYTpPEHHee moJjie 1moj o0osoukoi (52) momo6HO
3aKyJiice, OHO Kak M MbI )XKUBET no 13-t nynHomy Kanenna-
pro, HO B 365-ToM jiHE, TO ecTh /IHe BHe BpemeHnn.

*
kk

env 6ne Bpemenu ckpoim 6 soepnom eewyecmee Mupo-
soco Aiya ¢ Ilenmacpammoii, HO MOXET OBITh onpedenéH 1o
CyMME JTHEW JIBYX JIET, OAUH U3 KOTOPBIX yYUTHIBAEeT JIeHb BHE
Bpemenu:
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364 + 365 =729 = 9. (53)

JleHbp BHE BpEMEHM, NIPOTEKAOIINMI B SIEPHOM BEILECT-
Be, (OpPMHUPYET IPaBUTALUOHHO-3JIEKTPOMArHUTHOE PaBHOBE-
cue B Muposowm Sliine:

729 — 132 =560 = ps:(7+/qq* =8 uu* =4\ pp*)ojc.  (54)

22. MepuTtauusi: UHBEPCUOHHbLIE
U TepMMYecKkue B3pbIiBbl

byooucmeor 63anu 108 peunkapnayuii we ¢ nomoaxa, Ho 8
mooice 8pems OHU He 3Haau, ymo 6 uaxkpe Tpemuu [nas npu
nepemere Hanpasienus osudcenus suxps Apynot - Pynwvi (49):

AB-py* =36 <> £122 = T 21, (55)

BO3HUKAIOT pa3HoCTh (122 — 36 = 108)
u cymma (144+36 = 180),
HOBAs Pa3HOCTh MEXKTy KOTOPHIMH BO30OHOBJISET
IUTOTHOCTH SIZICPHOTO BEIIECTBA U PACIIPOCTPaHsI-
€T SIZICPHOE BEIIECTBO MO JPYTUM YaKpaMm:

108 — 108 = 72 = .. (56)

Crenyet Taxxe otMeTuTh nogooue 180 gumcmy 180° yr-
JIOBBIX TpaxycoB, a 180° - mogoOHO yrily T B pagvaHax M T
CKOPOCTH CBETA C = T.

Taxoe I[lo0obue TOBOPUT O TOM, YTO MPU MEIUTAIUU B
Yyakpax MpOUCXOIUT MHTEHCUUKAIUSA TpaHC(POpMaLUU dHEP-
MU CaMOCYIIMX BOJIH CBETOM, KOTOPBIM BO3HHMKAET IPU HH-
BEPCHH SIIEP BOJIH BEUHOU ThbMBI:
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Menuranusi: CBeT MOABJISIETCS
U3 sijiep caMOoCYIIHX BOJIH

Bomnsl Camocymiue Cser Camocymiue ( 57)

KoneGanns | Sip n/d = A2 " | /4 < n/4 | Scn/d= 2

[Tpumeyanue |  rue n/4 = arcSin (1/ V2 ) = arcSc (\/E ).

HpI/I MCIHUTAllM BOSHUKACT JIBa THUIIAa B3PBIBOB!

- UHBEPCUOHHBIN B3pbIB CAMOCYIIUX BOJIH, IZI€ NPU BBIBOpA-
YUBAHWW HAW3HAHKY 000JIOYKA COXPaHSIETCS:

Sin /4 = 1/42 < 2 =Sc n/4; (58)

- TEPMUYECKHUNA B3PBHIB MYyJbCUPYIOMIETO B PE30HAHCHO-AHTH-
PE30HAHCHOM pexkume cBeta (57):

Pesonanc _ m/4-7/4 =T _o
Anmupesonanc — m/A+x/4 2 0

e (39)

1 _2 z/4+7/4 _ Aumupesonanc

w, 7 7/4-7w/4  Pesonanc

23. CospgaHue B3aMmMoaencTBUAMMU
TpéxmepHoro lNMpocTpaHcTBa

Hocurensimu cnaGbix B3ammozeiictuii (p, = 107) sB-
Js10TCST BeuHble cTpanHunbl Kocmoca HeBecomocTu - diie-
MEHTapHbIC YaCTHIIbI: JICNTOHBI, OO30HBI, MIO30HBI U TaK Ja-
Jiee, KOTOphIE MyTEM KOeOaHUi CO CBETOM:

p2=1/10 & 10 = ps, (60)

co3natoT TpéxmepHoe [IpocTpancTBo (puc.6).
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1. Crabuwie 2. Cnabuvie g3aumo- 3. Bzaumooeiicmeus
83aUMOOeUCMEUs. oelicmeus u ceem ceema
Z 1/p, =10 Z 1/ps =10 Z 1/ps =10

Y Y Y
P - -X X & . X
- 1/p

X ' v -X
7 2:10 -Z 1/p2:10 -Z 1/p5:10

Puc.7 @opmuposanue mpéxmepnozo I[Ipocmparncmea c wiecmvio cmene-
HAMU c80000bl 83aUMOOelicmsuil ceema u ciadwvix 3aumooeticmsuii (60)

[Ipu dopmupoBanuu IIpocTpancTBa OCHOBHYIO pPOJIb
UTpaeT OTHOIIEHHWE PA3HOCTH COCEIHUX JHEPTreTUYECKUX
ypOBHEH, Bcerga paBHoe eauHule: (ntl) —n=1unn=1, k
3G (HEKTUBHOCTH B3aUMOJCHCTBUH MO IIECTH CTENEHSIM CBOOO-
Ibl (puc.6):

Ta6muma 20
IIpocTpaHCcTBO BO B3aMMOAEHCTBHUAX
ITonst
Puc.6.1 Puc.6.2 Puc.6.3
[Tonycdepsb
X Y Z X Y Z X Y Z
X, =Y, =Z=1|——— =107 | &= . —. = =107 | =~ —. = =10°
Py Py Po Py Py Po Ps Ps Ps
X=-Y=-7= -1 -i.i.iz_l(f -£.L.£=_10-3 -ﬁ.i.éz_m*
Py Py Py Ps Ps P Ps Ps Ps
MakcumyM 10%-10% = 10° -107103=-1 [-107107=-10".

[IpocTpaHCTBO pacmupsieTcss IAIbHOJICUCTBYIOIUMU
9 6
B3aUMOJICHCTBHUAMU: IEKTPOMarHuTHeIM p3 = (10°)* u rpaBu-

tarmonusM p; = (10°)*. Bo3uukaer Boiina 3a IIpocTpaHct-
BO [3].
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24. ®POTOH - POHOHBI
B TpéxMepHoOM lpocTpaHcTBe

DnemeHTtapHbeie 4dactuiibl B Kocmoce Heecomoctu ¢
3
noteHuuanoM 10~ (ta6i.20) myabCUPYIOT U co3Aat0T (JOHOH -
(GOTOHBI 3a CUET CIKATUS U PACIITHPCHHUS.

Taomuna 21
IloBenenue ceera B TpéxmepHom IIpocTpancrse
Mo ®otoH ®oHOH ®oTOoH-POHOH
IIpoueccsl
m**=T,m./c 107 m*=T.c/my 107
[lynbcamus B Konebauus
=0,002 =0,008
[IpocTpanctBe 0,4 0,108
Cxatue Pacmmpenue =
Tepmns: **lg ppaps=| toc=lg papi= 0,108 0,4
¢TI P3paps = | Mg popr = 400 108
(opmmpoaime |\ " 16557 27| (008+(-25) = — o
CTYCTKOB U 0.054 0.2 108 400
Kocmoca ’ ’ rae 108=1"T,=3%4
HeBeCoMOCTH SKBOT‘epMI/I}I 9H,Z[OT‘epMI/I$[ 400 - Cpabxanar O
) [uc | Tpanc | Iuc | Tpanc | 1082 )
H3omepus: 0,0545(+0,054)= | 0.2+ (-0,2)= - = 3%10%=
CUHTYJIIpHAs 400
0 u 0,108 0wu 04
TOYKa 0,0729.
pEUMHKapHALIHS Pyna
— 3,525
B none ¢oton - poHoHoB norenuuan 36 = 1 ocTa-

€TCA TOCTOSIHHBIM M ONPEAENSeT CTEINEHb KOHIIEHTPAluu
Kynpanunau B umiyiabsce cBera: m.C + 80M002 +E,c=3,a10"
xapakrepuszyer 3h()EKTUBHOCTh B3aUMOJICUCTBUNA BOJIHBI -
YaCTULIBl CBETA C JJIEKTPOMArHUTHOW CpEeNOM MEXIy HUMU

(Tabm.21).

B Ipocrtpancrae ¢ motentmanom 10° (puc.6.3) Bo3Hu-
KaeT  KOPOTKOACHCTBYIOIIEE  SJAEPHOE  B3aUMOJCHUCTBUE
(Tabn.21):

[36.10-4‘10-6 = 36-10-10]:(p1 — 10-24) — 36.(1014 — p4)’ (61)

a B oste 10°® (puc.7.1) HaunHaeT oposBIATH cebst a3 dekT
Kupnuan (cBetutbest Aypa).
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6/~6 -4 -12 20
[Tpu [10°/3°-107]> = 37107 nmromuHOMOp HACHIIIACTCS
dboToHaMH 10 Tpenena U O0SCIEUYMBACT MEPEXO] JTFOMHHEC-
EHTHOTO CBETA B COJTHEYHBIN.

25. lNpuBeAéHHbIN HOTOH - HPOHOH
M Ha4yano XnsHu

NuauBryallbHOCTh MyJibcanuu (GpoTtoHa U GoHOHA TPHU

uX OOIIeH TepMHUH ¥ H30MEPHUH MPUBEAET K 3HAYEHUIO (POTOH -
4
(doHoHa (my), paBHOTO 16-107":

IIpuBeaéHHbIH MOTEHI A (DOTOH - (POHOHA

€30HAHC lnf'n;* _
m, =—L =M (6= Jgg* =12) 10
anmupe3oHanc n%-+n%

(62)

Bo3nukaromuii cryctok asnekrpuuectBa (62) cxumaer
I'PaBUTALIMOHHO-MarHUTHOE SIZIEPHOE BELIECTBO, U B ApyIe -
Pyne BcenieHHOM BO3HUKAKOT ra3bl, YIiaepoa U KPEMHHUM.

Tabnuma 22
Bo3HuKHOBEeHME ra30B, yIJjepoaa U KpeMHHUS U3 BUXPel
¢oron-pononos nax Kameit Slapa

DneMeHTsI Bozo- Fe: AsoT Kucmo- | Vrie- erli/l—
pox | mu pox pon Hui
- c
ApyHa TO—T — 1 To = 4 (TO+T) — = 1 4 T02: 1 6 Tozc: 1 2 To(T0+T)
Pyma @, P
ATOMHEIE

AH: 1 AHe:4 AN: 14 Ao: 16 AC: 12 ASi:28 .

BE€Ca

Hag cryctkom (Kamneit Snpa) Bo3Hukaer o00o0mouka
(;murocdepa), a Hag mutochepoit atmocdepa.

DnemMeHTapHbIe ra3bl aTMOC(hephl HaJl CTYCTKOM, CTYyIIa-
ACh, B CBOIO o4epenlb POPMUPYIOT OECKOHEYHOE MHOMKECTBO
MOJIEKYJIIPHBIX COCMHEHHH, HampuMep Kak B Tab.23.
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Tabnuua 23

MoviekyJisipHbIe COeIMHEHUS B aTMOC(epe HAL AAPOM

T"a3el ¥ Boza AmMmunak Metan Cuian Bonma
Monekymsp- | NH;=14+3= | CHs=12+4= | SiH4=28+4= | H,0=2+16=
HBIE Beca 17 16 32 18.

N3 monexynsipubix CBOMCTB - CoueTaHWid BO3HUKAET
Kuzub OHONOrHYecKux MaTepHUalbHbIX dHepreruueckux Cuc-
TEM.

26. 3aBMCMMOCTb peuHKapHauumn
OT UCTUHHOIO MOJIEKYSIIPHOIo Beca

Pacuér no0oit sHepreTuyecKo CUCTEMBbI CBSI3aH C OII-
peelieHueM PEe30HaHCHOrO MoTeHIuana (Mpou3BeJeHue, Ya-
CTHOE), OINpeelIeHNeM aHTUPE30HAHCHOrO MOTeHIuana (pas-
HOCTh KBaJIpaTOB), M OMPEIEICHUS WX OTHOUIECHUS C IOCJe-
JYIOIIUM BBISIBJICHHUEM KOHTYpa KOJIeOaHUIA.

He moHumasi TMHaAMUKH SHEPreTUYECKUX MPOILIECCOB B
XUMUU (KaKk ¥ BO BCEM JPYyrom), Halla HayKa OTpaHUYMIIACH
OMpEeNICICHUEM MOJICKYJISIPHBIX BECOB, TO €CTh TOJIBKO CYMMBbI
NOTEHIMAIOB, Hanmpumep Tab6m.22. Ilpu Takom moaxoxae 3a
OOpTOM aHaliM3a MPUYMHHO-CIICJICTBEHHBIX CBSI3eM OcTaércs
Pa3HOCTh TMOTEHIIMAJIOB, PA3HOCTh KBAApPATOB MOTEHIIMAJIOB,
MPOU3BEACHUE-YAaCTHOE MOTEHINAJIOB, & TaK)K€ MPUBEIEHHbBIC
MOTEHUAIIBI.

Paccunuraem rasel u Boay (1a0n.23) ¢ yué€Trom Hemoc-
Tarmmx GakTopoB (Tad.23).

A panee nepen Bamu MHOXKECTBO MapLIpyTOB, HalpH-
Mep

17-11 1 7 4 1
= Lamnd = — = ’
14 108 48 7-9 Kk,

kk, (63)

1 Bpl, )KMBOW MarHuT, BCTyNaeTe€ B HOBBIM BUTOK PEMHKApPHA-
1007078
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Ta0muna 24

MoviekyJisipHbIe COeIMHEHUS B aTMOC(epe HAL AAPOM

Monnekyna AMMHaxk MeTtan Cuinan Bona
(I)opMyJIa NH3 CH4 SIH4 HZO
Cymma 14+3=17 | 12+4=18 28+4=32 16+2=18
Pasnocth 14-3=11 12-4=8 28-4=24 16-2=14
[Ipu-
BenéH- | PasHoCTh 142-32= | 122-4%?= | 282-42= 16%-22=
HBIIi | KBaJpaToB 17-11 18-8 32:24 18-14
MoJIe-
[Ipowus-
KYIAP- | pororme 14-3 12-4 284 16-2
HBIN
BeC UPHBG: 17-11 2:18-8 3:32.24 k4:18-14
A€HHBIH | K, =113 12-4 28-4 16-2
M. Bec =3 =48/7 =7-9/4.

27. MeTtaH-amMuMaK:
pPacyéT MeXMONeKyNAPHbIX CBA3EU

Pacuér MonexkynsipHbIX BeCOB, JaHHBIM B Ta0n.24, Xa-
pPaKTEepeH JiA ONpPEJEICHUsS BHYTPEHHErO MOJIA B MOJIEKYyIax.
DHEPreTuKy CBSI3M MEXK]y MOJIEKyJaMu HEOOXOJMMO PacCciu-
THIBATh MO CTPYKTYPHBIM (hOpPMyJIaM MOJIEKYI.

Tabmuma 25
Ipumep pacuéra MeKMOJIEKYJIAPHBIX CBA3eH
I el
H 14-12 14-12 H
Bepuwnanu &14 a+12 1412 |© %
H H=1| 13 < (To+1)-1008 H H
oo 34 43
Ocnosanusimu 1@ 3+4 4.3 q WC
Ho T 41=76 12T 1) H
Bepuna- H i 144 _14-4 H _H .
OCHOBaHUE A_ 14+4 144 g W
H H=1 180 < 562 H
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Han octeiBaromiemM CrycTkoM, Hampumep, nepBOHavalIb-
HO BO3HUKILEH 3eMiIH, B aTMOC(Eepe BO3HUKAIOT METaH U aM-
MUaK, U3 KOTOPbIX 3aT€M BO3HUKAIOT OCJIKH - YIIEBOAOPOJIbI U
ouosnornyeckas Ku3Hb.

IIpn KOHTaKTE€ MOJEKYJ] BEPIIMHAMHM BO3HUKAET ITyJIb-
cauus, CUHXpoHHas 13-t nynnomy Kanennmapro B cpene mo-
cTosiHHOIM Beenennoii o Bogopoxy B none 1, + 0 (Ta6m.24).

KoHTakT aMMHak - METaH OCHOBAaHUSIMU MOJIEKYI (BO-
JIOPOJTHBIMH CBSI3SIMH) BO3HUKAET PE30HAHC - aHTUPE30HAHC B
noyigx Apyna - Pyna (ta0mn.25).

B3anmocBs3p BEpIIMHBI U OCHOBAHUSA MOJIEKYJ IPHUBO-

JIUT K MOJisipu3anuy Mosiekya Ha yroa ©n = 180° = 180, nocne

Yero BO3HHMKACT IPABUTAIMOHHO-IJIEKTPOMArHUTHOE PaBHOBE-
cue (Tabmn.24):

180 <> (56> = 72/4-qq* = 16pup* = 4pp*). (64)

28. K OcHoBam kKpemHeBoaopoaHou XXusHu

buonornueckas )Ku3Hb Ha OCHOBE YIJIEBOJAOPOJIOB, Ha-
4ajg0 KOTOPOW Ja€T MpelNesIbHbIM YIJIEBOJOPOJ METaH, HeE
enuacTBeHHas opma Kuzuu B Equnom Kocmoce.

Hamu IToromku, nocturayB ypoBHsa Henoseka Bonu u
Horn (TeoreHesuc), o6A3aTeNbHO BCTPETAT KPEMHEBOIOPOJI-
Hyto ¢opmy XKuzuu u Hocurens Pazyma B KpeMHEBOJIOPO-
HOU (opme JKu3HU, HaYaIO KOTOPBIM JIAIOT aMMHUAK M CUJIaH

(SiHy).
[Ipyn KOHTaKTE BEPIIMH MOJIEKYJ aMMHAK - CHUJIaH BO3-
HUKawT 42 boxectBa Cepaua u noie:

E)-Vy = 43114 = Ty/vmpp*, (65)

rae: V, - 00béM MarHuTHOH cepsbl (Tab.26).
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Tabnuna 26
MekMoJ1eRyJIsIpHbIE CBA3H KPEeMHEBOAOPOAHOH Ku3HH

MITIOHEHTBI IlpuBenénunasa
Ammuak (NHj3) PHBE]L

Cunan (SiHy)
CBsi3b SHEPrus CBs3U

H 14-28 _ 28-14 | H
Bepummnanu =141 14428 14-28 S‘%
H H=1|4? < 14282 = 7-28-56 H~ H
H 3.4 4-3 |H_H
—Q—
Ocnosanusmu N 3+4 4.3 u W
H | Tt = 7 125(T o1y H

. H 328 28-3 | H _H
Bepwuna+ N=14| S¢.3 = >33 S1€
OCHOB8aHUe H

H

52 < (28-3)%/31

Konrtakr ocHoBanusimu npu NH;+SiH, ocranercs Tta-
KM ke, kak ¥ mpu NH;+CH, (ta6m1.25, 1a6:1.26).

[losiBneHWE MATEPUYHOW CBSI3M CBSI3aHO C KOHTAKTOM
OCHOBAHUS MOJIEKYJIbI aMMHUAKa - BEPIIMHBI MOJIEKYJla CHJIAHA,

TJIe TIOSIBJISIOTCS TTOTEHIMATBI Oora U 6orwHM JIyHBI IIrymMepoB
(Tab611.26):

52(30+1) =288 =224 =2(7-16=8-14=428).  (66)

29. BopopopgHas cBA3b
KaK BUXpb POTOH - POHOHOB

Bomopoanyro cBsa3p popmupyrot potor (m.**) - dhono-
HBI (M *):
A4, =1,008 -0,008 =1 A, =1 (67)

hd =125 < 500 = —2 ,
m" =0,008 m" =0,008

rae Ay - aTOMHBINA Bec Bosiopoja 6e3 ¢poHoHa.

B cnaGoit BomopomHON CBSI3M € MOTEHIHMAIOM
5 kkas/Mosb (HOTOH - POHOHBI CO3AAOT KOHTYP KOJIeOaHus:
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Kosebanusi ¢poToH - (pOHOHOB
B I10JI¢ BOJAOPOAHOM CBSI3H

68
125-500 500—125 | @oron | PonoH | POTOH-POHOH (68)

f—
500+125 125-500 | 125 = 53500 = 4-5%|5*4-5° = 62500.

N3 monst BogopoaHo#t cBsizu B (HOTOH - (poHOHAX (68)
noreHuuag 62500 ucmosb3oBajicd Kak MM@P-KI0Y 114
Tekcta Kuuru boitus.

Konebanust potoH - poHOHOB npu GopMUpOBaHUU BO-
JIOPOJHOM CBSI3U B MOJI€ TAPMOHUYECKHUX KOJIeOaHMH caMo-
CYIIMX BOJIH ( Sin/4=27"" ) IPOXOAMIN MO 3aKOHAaM CTyIIe-
HUSI HEOECHBIX TEJ, OMUCAHHBIX MPONOPHUsIMU Benaukou [lu-
pamuibl (68):

Crymenue ¢poToH - GOHOHOB B BOJIOPOIHYIO CBA3b

[(125:500)2 = 16:5'% < 3-57 = 5002 — 125]- /Sin /4 ;

%16 Sinzt/4 = %8 7 E%azH =V, < 5°/Sinz/4; (69)
5Ser/4-V, <1,

rae Vi - 006Em Benukoi [Iupamusl.

%
*ok

Harnelii MupoBo33peHueckuii Jro-LleHTpu3sm coBpe-
MEHHOTr0 colmyma Ha 3emiie npuBén k oOmectBy IloTpeodJie-
HHUSA.

Hayka o6mectBa [loTpebiennst Tyma moToMmy, 4To pe-
mraetr Menrtansabie [Ipobnemsr Enunoro Kocmoca mo ocra-
TOYHOMY NpUHLMIY. OCTaTKOB € CTOJBKO - CKOJIBKO OT
TEJIbLA - KO3JIa MOJIOKA.

38



30. KucnopogHas cBA3b: BoAa U reHOMbI

’Ku3Hb, Kak Ha OCHOBE YTJIEBOJOPOJOB, TAK U HA OCHOBE
KPEMHEBOJOPOAOB, O€3 BOJIbI HEBO3MOXKHA, U TO3TOMY IPOBE-
JIEM PacUET MOJIEKYJIIPHOTO BECA BOJbI:

MoJiekyJIsipHBIHA BeC BO/bI
npu H, =2 ke, O =16 k.e

[Ipowus- Komne6amms I'enoMBI (70)

Cymma | Pa3zHocTh
BEJICHUE oz HeOecaMu

18=16+12| 14=16-2 32=162] 32 16-2B322c>16>2=4-63
=N
Cger:36/2 |margetusm| Lluap |16+2 32 163 = 256=16%

KBagpat Hebec - Lluab onucad 1mojgoBHHON AHarpaMMbl
SH - l{uHb, CBA3aHHOM CO BTOPOM MOJOBUHOW JUAarpamMMbl KO-
JIEOAHUSIMU

164 164 ]
ﬁ 55j¢d¢+151023+1@100855j¢d¢5&64 (71)
64 2 2 ?

Kone6anuss Hebec - Llunp nanmumupyet koiebdaHus re-
HOMOB (68), IIpOTEKaIIMX B COOTBETCTBUHU C IMPOMOPIHUSIMU
Benukoi [Tupamune! (puc.2, Ta61.16):

L=8+2
32=1023+1 = 463=T, [pdp . (72)
2

Otu xonebanusa Hebec u ux BIMsSHHUE HA CTYCTKH, B TOM
Yyclie Ha TeHOMbI HacleICTBeHHOCTH, onucanbl B Kuure Ile-
pEMEH.

%
*ok

B Bojie GyHKIMOHUPYIOT /IBE CBSI3U: BOAOPOAHaA (69) u
KHCJI0pPOAHAasA, KoTopas B 16 pa3 0oJiblie BOAOPOAHOM, HO
npupoja Jo00W CBSI3M MPOUCTEKAET U3 KojebaHus (OTOH -
dboHoHa.
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Tabnuma 27
d®opmupoBanue cBsa3eil poToH - GoHOHAMHU

Casi3u Konebanus
Bogoponnas (67) Ku=165"% <35
Kucnopommas | Ko =ToKy = 16257 < (3:16 = 48)-5”
Boxa Ku0 = KyKo = 16%5%* < (3:48 = 122)-5"
I"'eHOMBI Kr=16%1/63 = (Ko/Ky)*1/63 < 1.

31. Bo3HUKHOBeEHMe 3neKTpuyecTBa
Ha noBepxHocTu Kannu

®oToH - (GOHOHBI 00pa3yIOTCS MPHU PE30HAHCHOM B3au-
MOJIECTBUU CAaMOCYILIUX BOJIH BEYHON ThMBbI.

B MOMEHT pe30HaHCHOrO CTOJIKHOBEHHUS CaMOCYIIHX
BOJIH BO3HHUKAIOT SIZICPHBIE MPOLECCHI, 3PPEKTUBHOCTH KOTO-
PBIX OMNPENENSIIOTCA B3aUMOACHCTBUSAMU, MAKCUMYMOM KOTO-
phIX sBIsIOTCS szepHbie (ps = 10'Y) B3anmopeiicTus.

CTONKHOBEHHE METarajlakTUYeCKUX BOJH (OPMHUPYET
(GOTOH - (POHOHBI, KOTOpPbIE MOCIIE CTOJIKHOBEHUS Pa3JIeTaloT-
cs1, 0Opa3sys MEKTPHUECKYIO CPEy C HOCTOSHHOM [, = 47-107
I'a/™m [17].

O} PexTUBHOCTD AEPHOIO B3aUMOAECHCTBUS B 3TUX II€-
profax pacmerisiercst Kak ps = 10" < 11 10’ < 107,

Mexny 27eKTpUYeCKOl 1 MarHUTHOM cpeaMy MOSIBIIS-

eTcs rpaHmIia paszena, a y Kammu siapa obonodka - mutocdepa
(Tab6m.28).

Tabawna 28
JJIeKTPOMATHUTHAS 000J104KA
MOJIA SAAePHBIX B3aMMOACCTBUIM
Snepnoe DneKTpuueckas Obomouka MaruutHas
paciierniiesue cpena Kannu Anpa cpena
p4=10"=1 | 100 ©epdnc® | 16n2cecc o | po/dn=10"
107 < 107 | 4t0=10"(mEy)* | Togo(meEL)? o |  HoEr =4-10".
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Bosuukaer cBs3p o6onouku Kammm SAnppa (ta6n.28) c
renoMamu (70, Ta611.26):

63 < T = po/ee (ME,)? = g * . (73)

Dnektpuueckoe mone Ha noepxHocth Karmmm fAnppa
cxkumaetr Karuo kak B MUKpO, Tak ¥ B Makpo mupe. Ha 3emie,
HarpuMmep, nosipisgercs: TBepap - tuTocdepa.

32. NMynbcauunsa noBepxHocTn Kannu fAgpa -
reHepaTop Bogopoaa

Bonoponnas cBsizb 005agaeT B3aMMOJCHCTBUAMH, KO-
Topbie popmupyroT Kynnanunau (1abm.26):

Ku=165" <35 u 10" < 3/5=0,6 = px(3,5+2,5). (74)

dopmupoBaHUEe BOJOPOIHON CBSI3U HUHUIIMUPYET MYJIb-
carust noBepxHoctu Karm Sapa no amrutye:

T,-1=3  5=T,+1
=
T,+1=5  3=T,-1

Pl =10 =

=107 =p)°, (75)

rac pp u p3 - COOTBETCTBCHHO ,IIEUILHOILGﬁCTBYI-OHIHG rpaBuUTa-
MHOHHOC 1 3JICKTPOMArouTHOC B33HMOH€ﬁCTBHH.

Crupanmu KyHmanuHu cUMasiCh-paclivpssich COOTBET-
CTBEHHO UMeEIOT 2,5 u 3,5 obopora:

KynaaauHu Bo B3aUMOIEHCTBHUSAIX
Ha 000J10YKe sApa

Bzaumo- Bz3anmo-
nencr- | Cxarue Kynnanuau Pacmmpenue| neicr- (76)
BUS BUA
2
10° 2-2,5 o 22 -3—251,4(0,6)2 3,5% 10

1o lo 1o 0,504 =(Ap).
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B kpacHo-xé€ntoil 00JaCTH CHEKTpa CBETa BO3HHUKAET
NOCTOsAHHAs BeeneHnnoi no Bogopony:

_ AK
1008 = 0,504'[E~p52 = 2000). (77)

*
kk

B Boxe BomoposHas ¥ KUCIOpPOJHAS CBSI3U OOBETUHS-

FOTCS.
Ta6auma 29
13-Tu xyHHoe CUucieHre U KMCJI0POA-BOA0POA B BOjAe
Bemiectsa Bonopon Kucnopon Bona
Cas3u Kp=165" < | Ko=16>15" < | Kmo=16*15" <
(Ta611.26) 35 485 1225
B3anmo- 4 3_ 6 5 12
N 10" —=0,6 10" <5 107 < 6,354
JIENCTBUSA 5
B3anmonenicteus [IponomKUTENBHOCTD
Makcumym
g 10*10%10° = 10" %-55-3 = 0,09-62500.

Tpunaauatu TyHHbIN CYET MOSABISETCS B Jorapudmuye-
cxnx noysix 1g 107 =13, a 62500 - mudp Kuuru Beirus.

33. O6onouyka Kannu
Kak ABOWUHaA cnupanb 3oauaka

HSITepI/I‘{HLIG CBA3U B BOJAC XaPAKTCPUIYIOTCA HAITUINUCM

B HHUX JBOWHOW crnupanmu 30/MaKka C TOTEHIuaioM 122
(Ta6m.29):

Kmo = 1635 < 122:5', (78)

B OuoxkiieTke ABOIHBIE MOJIEKYJISpHbIE criupaiu ¢op-
MHUPYIOT 000J10YKY KIETKH.
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JIBoiiHast cnupanb 3oaMaka, oOpaszyroimias 000JOUYKY
JT000TO CTYCTKA, MyJIbCUPYET, HO CTAOMIIBHOCTh OOOJIOYKH B
1[EJIOM TIO/IJIEPKUBACT B3aMMOKOMITCHCAIUs criupaliel (puc.8).

Pezonanc Anmupezonanc
(Tyr=12)x2,5=30 (T,+tt=7)%x3,5=245
boe Jlynv Pacwupenue

Anmupe3sonanc Pe3onanc
(Totr=7)x3,5=245 (T,r=12)x2,5 =30
Pacwupenue boe Jlynv

Puc.8 Ilynvcupyrowas oeotinas cnupans 3o0uaxa

[lynbcanusi crnupaneid MpOTEKaeT 3a YEThIpe TaKTa U
MEXIy ABYMS COCEIHMMH TaKTaMH BO3HUKAET Pa3HOCTh IO-
TEHIIMAJIOB, paBHAs

k;=30-24,5=5,5, (79)
U popMUpPYETCS CyMMa:

ko =30+24,5=54,5, (80)
rae k; + k, = 60.

OTU MOTEHIMANBI ONMKCHIBAIA IIyMephl Kak 6ora u 60-
ruHio Jlynel, Bens Cumcienue, kpatHoe 60 [1], a apeBHue
rpeKku OOOXKECTBISUIM PUTMHKY MyJIbCAIIMM JBOWHBIX CIIHpPa-
neit 3oamaka 6orom Bpemenu mo umenu Kponyc [6]:

Kponyc = 14455 = pT,t° = ps5,5. (82)

[Tpuuém pazHocTh psk; = 55 dhopmupoBana rpaBUTaIIK-
OHHO-MarHUTHY CEMEPUYHOCTH BceneHHo:

P+22+3+4+5 46"+ 77 +8 +9 +10° B 385— macnemusm (83)

7 =
1+424+3+4+5+64+7+8+9+10 55= pk, —epasumayus
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34. ®ecckun Auck MNMpacnaBsiH: cnMpanu 060M04YKn

Benukas L{uBunm3zanus npugaBana 00JbIIOE 3HAUYCHUE
M3y4YeHHMI0 HAMHU CTPYKTYPHBI MOBEpPXHOCTel B popMe ABOI-
HBIX CIIUpAJIEH.

JokazarenscTBOM 3TOMY citykuT Pecckud Juck Ilpa-
cJaBsiH, TJIe cama (opMa HOCUTEINS 3aliCH TEKCTa SBISACTCS
MOJIEJIbI0 000JIOUKH - MOBEPXHOCTH (pucC.9).

2 = Ig p1p2p3p4p5 Hanecenue Tekcra Ha 00e CTO-

T POHBI AOUCKAa TOBOPHUT O TOM, 4YTO
/fﬂ YUYUTBIBAJIUCH Ba pPCXKHMa IIyJibCa-
p52:100

O aHTI/Ip€30HaHCHBIﬁ n pe30-

Qy HaH('JHBII‘/JI.

Ymenue texcra or LlenTpa He-
CéT MO3UTHUB. UTEHUE TOTO K€ TEK-
cra K LleHTpy HecéT HeraTus.

Puc.9 Cmpyxkmypa 3anu-
cu mexcma Ha @ecckom
Jlucke Tlpacrassn Takoe pazHourenue tekcra dec-

ckoro /lucka ykaspIBaeT Ha TO, YTO
[IpacaBsiHaM TBITAIMCH OOBSICHUTH CIICTYIOIICE:

1. JIBH:KeHMe OT 3MHULEHTPA siAepHOM peakuuu (110
crimpanu ot LlenTpa Jlucka) coBmagaer ¢ 3HepPreTH4eCKUM
BUXPEM CaMOCyIIUX BOJH pacmupenuss Kynaanuam npu
aHTHpEe30HaHCce:

KIE(TO+T=7)-3,5-[ Sc/4-Csen/d =4]E98. (84)
Sinz/4-Cos /4

2. JIBH:KeHMe K JMUUEHTPY sAepHON peakuuu (1o
cnupamu K IlenTpy /lucka) BcTpedaer CONPOTHUBJIEHHE Ca-
MOCYIIHX BOJIH U3 METAraJaKTHKH H, C:KUMASCh, MEepPexo-
JUT K PE30HAHCY:

(85)

K, E(TO .T:12).2’5'(Szn7r/4'C0s7z/4 _1j57,5-

Scr/4-Csen/4 4
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CooTHOIIEHNE 3THX BCTPEYHBIX YHEPTETUUYECKUX MOTO-
KOB IPUBOJAMT K 3amycKy 13-Tn myHHOTO cuncienus Bpemenn:

ki : ko =98:7,5=13,06). (86)
***

[llects B mepuoae (84) sro Kynganuuu (B3auMoJiencT-
BUE B Apyne) t-lg pip.ps3psps= 3-2 = 6, a OTHOILIEHHE MOCTO-
SHHBIX B IIeHTpe W Ha rpanu ucka: 100 : 2 = 50 (puc.9) - sk-
BHUBAJICHT eBpetickoro 6ora Aitn COD [2].

35. Pa3HoCTb noTeHUuanoB
no AnuHe cnupanu 3oauaka

DHepreTUvecKuii mepexoa OT Havama mporecca (IeHTp
Hucka) k ero okoHyanutwo (pedpo [[ucka) He 3aBUCHUT OT Dop-
MBI TIyTH, HO ONPEIENSICTCS Pa3HOCTHIO TIOTEHIIMAIOB B KOHIIE
¥ Hayaje mpoiecca:

Pa3HoCTh NOTEHUHAJIOB HA MOBEPXHOCTH - TUCKE
(puc.8)
[Tone Lentp | Pebpo | Pebpo | Llentp | Konebanus (87)

IToTen- lon _ n < n — lon =4in&s F IOn
LHAAIBI | | | |

Hauano »tuM mepexojam [HarOT cia0Oble B3aUMOJIECHUCT-
BUI U CBET, a 3aTeéM MOCTOSHHBIC B3auMMOJCHCTBUM

(2 =1g pip2p3paps U P1pap3Paps= 10°):

Pa3HocTH MOTEeHHAJIOB B 1OJIE P, P5s*M N = 2

n=-1 n=1 n=2 (88)

BzaumoaerictBusa
clia0ble CBET OCTOSIHHBIE

Horenmuaner | 107 —(-1)=1,1 | 10'=1=9 | 102—2=98.
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B mone kosie0aHuil 3TUX B3aUMOIECHCTBUUA MOABIACTCS
MAarHeTHus3M;

0<981,1125-9>35=14= Juu*. (89)

B Ilentp /Inucka - mOBEpXHOCTH MOCTYHAKOT I'PaBUTALIU-
OHHbIE MOJS (P;), KOTOPbIE TPAHCPOPMUPYIOTCS B DIEKTPO-
MarHuTHbIC, GOPMHUPYS SIEPHBIC B3aUMOJICUCTBHS (Py4), @ BO3-
HUKaeT MOTEHIINAI-O)KBUBAJICHT eBpeiickoMy 0ory AitH COD:

P
P

12
10 0% e s0. (90)

0—24 -

P

B mosie pe30HaHCHOTO paBHOBECHUSI BOSHUKHYT TPaHUIIBI
paciMpeHns B3aUMOJICHCTBHMN, a UB TIOJISAX JIOTAPUPMUICCKIX
BOJIH TOSBIISIOTCS 0007109KH (90):

1<107:50=0,2-10¥ < 0,2:(10* < 49), 91)

rae: 10% - mpexen B 061acTy pacinpeHus B3aMMO/ICHCTBHIL;
49 - moTeHnuan o6omouku [22].

36. NMoBepxHOCTHOE HaTAXeHue 0b6osoYeK
Pacmnpﬂ}omeec;l MAarouTHOC IIOJIC AACP HaXOIUTCSA B
JIOBYHIKAX 3JICKTPUICCKUX 000JI0YEK.

JHeprusi NOBEPXHOCTHOI0 HATSIKEHUs 000J104€K OIl-
peaesifieTcs KaK OTHOLIEHHE 3JIEKTPUYECKOr0 MOTeHIHAJIa
K MarautHomy (1a61.30).

DHeprusi noBepxHocTHOro HatsbkeHus Kamaum Boabl
dbopMUpYyET BOJAOPOA-KHUCIOPOTHBIC CBS3H.

HpI/I HCIIPCPBIBHOM IIOCTYIUUICHUHU CaMOCYIIIUX BOJIH C

12
MOTEHIUANOM 2 HOJ MarHUTHYIO 000JI0YKY B MAarHUTHOM
sanepHoM BemectBe (mpu vactorax 106 ' Ha eauHuUIy npo-
JOJDKUTENbHOCTH ) TposiBisieTcs 3 dext Kupnuan (ta6:1.30):
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V27 (B 80) = N2 50 =100 = p, . (92)

Taomuna 30
JHeprus NOBepXHOCTHOrO HaTsi:KeHus1 Kanuim Boabl

BemtectBo Bonopon Kucnopon Bona
Ky=165" | Ko=165" | Kmo=16>5%
DNEKTPUUYECTBO
HaJl MAarHUTHEIM I1OJIEM B 000J104Ke
MarsuTHoe
OJIE IO
000JI0UKOH

Sy = Kiu:Mg =80 = Ko:My =|01,0 = Knyo:Mpj =
IToBepxHOCTHOE 1 |

HATSKEHUE =165 ~-16'5° l~16-4~516.
3 3 3

[ToBEpXHOCTHOE HATSHKEHHE HMMEET IMOCTOSIHHYIO, paB-
Hyto 1/3:16 = 1/t T,? (1a6:1.29), T/1€ NOSBIEHUE CAMOCYIIHNX
BOJIH ¢ moTeHuuanoM 27 = 297° predér cryuienue mo 3akoHaM
Bennkou I Iupamu b

1 ;
Vn:§'16'2/Tﬂ =

.8-27* E%azH . (93)
37. CotBOpeHue BceneHHbIX
nynbcupylowen o60noyYKkon

DNeKTpOMarHuTHass 000JI0YKa BOJBI, BKIIFOUYAIOIIAsT BO-
JOPOJI-KUCIIOPOIHBIEC CBSI3H, MYJIBCUPYET B PE30OHAHCHO - aH-
TUPE30HAHCHOM pekume (Tadi.31).

IIpu aHTHpe30HAHCE HAa BOCBMHU DHEPrEeTHUECKUX
YPOBHSIX (PKBHBAJEHT COJHEYHOro psfa: 1+2+3+4+5+6+7+8
= 36) dopmupyercs 13-tu nynnas nynbcanus (Kanenmapb
Maiist), msrepuanas cBsisb (25-10%), anexrpuuectso (16103 =
Jag* -10%) u uucno Carausl (666), kotopoe B Hempax Karuu

dbopmupyet Jlenb BHe Bpemenu.
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IIpu pe3oHaHce BO3HHWKAET YUCIO - IMHQP, 3aT0KEH-
Hbiii B Knury Beitus (ta6m.31).

Tabnuma 31
Pe30HaHCHO-aHTHPGSOHaHCHaH nmyJbCcalus 000JI0YKH
Pexum AHTHpE30HAHC Pes3onanc
d1 =08u + 00 * OH,0 = 82 =0n " 00 * OH,y0 =
ToTeHMIAbI 1302516666 = 1/3-16%5% =
13-10%4+25:10°+16-10°+666 3-(4-5%%4*
Jlens BHEe Bpemeru 4/3-62500%64.

Hanomwunaro, uro 62500 mmdp-xoa Kuauru beitus, no-
TeHuuan 64 - 3TO MOTEHUMAN CrycTka TsHb, OTHOLICHUE
4/3 = T/t B moine cBeta hopmupyet 006EM chep:

2
Lo/ T A7 6 2 0=rY, (94)
v/ m+E, 32 3

rae ?n = | kaJ, a B cepy ¢ paauycoM R = 2 BnucsiBaercs
Besvkas [lupamuna Erunra.

B cBow ouepenp Ywucino CaraHbl SBISETCS CyMMOU
apru(MeTHYecKoi Mporpeccun ypoBHEH B KBAaHTE CBETA:

1+36

36 = 666. (95)

38. Mynbcauusa anekTpoMarHUTHOU O6O0STOYKHN
no amnnurtyae

AHTHpPE30HAHCHbIE UMITYJIbChI BOJHBI-4ACTHIbI CBe-
Ta nocrynawrt u3 Heap Kanuiu flapa Kk ero mosepxHocru u
NOJA BO3ACHCTBHEM INOBEPXHOCTHOI0 HATSIKEHUA Iepexo-
JAAT B Pe30HAHCHOE COCTOSIHME:
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Bo3unknoBenue "TBepau"
3JIEKTPOMATHUTHOM 000J10YKH

Cser 110 DeKTpOMarHuTHas
[lons Hw P (96)
000J10YKOH 000J104YKa
Umnystbest | mee = Bpe = 141 =2 | (oo - AP = 12=1°
Pexum AHTUPE30HAHC Pe3onanc

Pe30oHaHCHBIA TOYEUHBIM 3JIEKTPOMATHUTHBIA CTyCTOK
2
(8olto€”)* = 12 (96), monagas Ha PAEKTPOMArHUTHYIO 00O0JIOUKY,
CTAHOBHUTCS] TOUYCYHBIM YYACTKOM BOJIHBI - 000JIOUKH.

ToueuyHblil y4acTOK 3JIEKTPOMATHUTHON OOOJIOYKH TO
Bpamiaercs 0e3 moTepu COOCTBEHHOM 3HEpruM BMecte ¢ 000-
JIOUKOM (DJUIUIIC KBAaHTOBAHHBIX OPOWUT), TO HU3Iydaercs 00o-
JI04KO# 1o mapabose, pByIie opouTy.

Ta0muna 32

Bpamenue u usiyueHue

TOYEYHOI0 y4acTKa 000104KH (96)

Onunc (BpalieHue)

[Tapabosna (n3mydenue)

A

NS

I'eomerprueckuii
0o a —»; X \
o0Opas ::b _//l
DKCLEHTPHCUTET = \1-b*/a* <1 =J1+b*/a*> > 1
[Tonobus 2=b’=n%2 cc=a’=n’
S8,
Mo & &
u3Iyye- ) >
) , 1 1 Wy
Kose- HUS &l = —C—‘;:l——@(HZ:H—g:r j
OaHus 5 S
Hpu [EJ @(iJ 135=15 16
u3jyde- 9 NG
i 0 +(1=16—15).

Bo3nukaer IMyJbCalna 000JIOUKH IO AMINIATYAC KOJIC-

Oanus ToueyHoro yvactka: 3 =T,

-1,

4=T, 5=T,+1.
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39. Macca oTHOCUTeNnbHOro NOKos

A.DVWHIITEHH, JaBas MOHATHS MacChl OTHOCHTCIHLHOTO
nokos (m,) ¥ CBSI3BIBAM €€ C IBIKYIIEHCS Maccoi (m) JIOpeH-

LIEBBIM COKPAIIEHUEM (,/l—vz/ e ):
m,=m l—vz/cz, (97)

o1IMO0AaJICA NPUHIMINAIBHO, TAK KAK OTHOCUTEJIbLHbIH 10-
KO 3TO TO e /IBHMKeHHe U MPOTUBONOCTABJATH M, U M MO
NPUHIMITY TOKOSA-IBUKEHUS HeJIb3Sl.

Macca m, - 3T0 ABMXKYIIASACA MACCa-CTYCTOK TOYEYHOTO
y4acTKa BOJIHBI CBETa B IIEHTPOOEIKHO (J, = C'®,) - IEHTPOCT-
PEMUTENBHBIX (-], = -C*®W,) MOJISX.

JIeNCTBUTEIILHO-UCTUHHOW  MacCOM  OTHOCHUTEJIBHOIO
nokosi (m,) OyAeT SIBISAThCS Ta Macca, KOTopasi MOXKET COBEp-
miaTh Ha KBAHTOBAaHHOM opOuTe 0Oe3 3aTpaThl Ha BpalleHHE
COOCTBEHHOM dHEPTHH OECKOHEUHOE YHCIIO 000POTOB (N — ),
a mpu v> = c*

w/l—vz/c):\/m:\/a, (98)

NepPeXoaUTh C OPOUTHI HA opOuUTY (Tabm.33).

Tabmanma 33
PopmMupoBaHHE MAaCC OTHOCHTEJIbHOI0 MOKos [18]
TBiKerie Bpaienue Macca m, [Tepexon ¢ opbu-
10 OpOuTe 1 TIEPEXO/IbI ThI HA OPOUTY
. n — — : T/
TToTeHIMaNsL M, lim(1+1/n) e=my=e lim(1+n)
n—»o n—0
At™ a 2 .
cobeps | mp =e my=e
HaJ Maccoil e
1 c
UMty ibehl Mace | @y, = 57 e’ (2:1)-¢™* cmy =m-e”
DHeprusi KHHETUYECKast 1:2 HOTEHIIMAaIbHAasA
CoOTHOIIEHHUS Marepus: 1/3 k—1~2 Toukas
B Kocmoce ’ k—2 Dueprus: 2/3.
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[lynbcanyss MMIyJibca MacChl OTHOCUTENIBHOTO IOKOS
M0 aMIUTUTY/E BOJIHBI CBeTa (POPMUPYET MOCTOSIHHYIO TOHKOU

CTPYKTYPBI:

l—137,0000021zﬁ-7r-6”.
a Ty+1=5

(99)

40. 3ﬂeKTpOMaI'HeTM3M KOPbI rOJ1IOBHOIro mMo3ra

TodeuyHbIll y4acTOK BOJHBI CBETA, MyJIbCUPYS C MEPHO-
T4HOCTBIO T, = 4, CO30a€T MO aMIIMTYJE BOJIHBI MIOTEHIHA-
apl To£ 1w 3,4 u 5.

[Ipu nmynpcanuu 1o aMIUIMTYAE€ BHYTPEHHEE IOJIE CBETA

TaKke mynbcupyer mexay 0 < 1, n ata mynpcanus oTpaxaer-
Csl Ha IMMOTEHLIHAJIAX [TOBEPXHOCTH:

AmMmutyaa T,-1=3 To,=4 | T,+1=5 Obmee
oJe
Buytpenmiee | 3 153 | 053 | 1515
noJie
0+ (To-l) | 134=| 345= | 1-1,55=
Pesonanc _ 5 12 60 75 (100)
AmnTH- 0H(To-1)= | 143+4 | 3+4+5= | 1+1,5+5=
pe30HaHC 3 =8 12 7,5
[TpuBenénunprit 3/5= 12/8 = | 60/12 = 7,5/7,5 =
MOTSHITHA 1 1,5 5 1.

[TpuBenénnas nmynbcanus Ha 3, 4 U 5 ypoBHsIX oOnanaer
LUC-TPAHC U30MEPHUEH, a pPa3HOCTh MX MOTEHLHUANIOB (HOPMHU-
pYET B 2JIEKTPOMArHUTHON Cpejlie 000JIOUKH 3IEKTPUUECKOE U
MarHUTHOE I10JI€ 3JIEMEHTAPHBIX 3apsiioB (q U L) U UMITYJIbCOB
[Tamstu (1*) u Boobpaxkenus (q*).

[Ipoueccrl ¢ noreHuHaamMu +15 ONUCHIBAIOT B YaCTHO-
CTH 3HEPIreTHKY B KOpE r0JIOBHOrO Mo3ra (1a0:1.34).
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Tabnuma 34
Dopmuposanue 6 00010uKe INTEKTPOMATHUTHOM cpebl
onoroxoB Iamamu u Booopaxicenus (100)

H3omepus [uc- Tpanc-
1+1,5+5=17,5 -7,5 = -(1+1,5+5)
IloTenumansl
JIEBOE TIOJTyIIIapue MpaBoe MOJyIIapre
O6omnouka +[7,5—(-7,5)] = =15 +(16+14)-(1/2)
HIS= (Vg * Ty pu*)2|-15 = -(\lqq™* + pu*)/2
CyIHOCTB ! 1 p 1
do=— dp=——.
{co 0= !(o o=

41. B3anmogencTBuUs U BOCEMb YPOBHeEN
B obono4ke Kannu Boabl

Kanus Boabl MMeeT CBOI0 KOHKPETHYIO JHepreruye-
CKYI0 CTPYKTYPY, KOTOpas CO31a6TCsl B3aMMOAeHCTBUAMMU.

[IepBbie YeThipe sHepreTuueckux ypoBHs B Hegpax Ka-
M, Ha3BaHHble B Kuure J[3uan dopmoBumkamu [3], co3na-
I0TCA 32 CYET B3aUMOJICMCTBUI CBeTa M JIOrapupMUUEecKux
BOJIH KOPOTKOJICHCTBYIOIIUX CIa0bIX M SJAEPHBIX B3aUMOJAEH-
cTBuii (Tabm.35).

Taomuna 35
BHyTpeHHsIs1 TOBEPXHOCTH 000/109Kku Kanuiu Boabl
B3anmopencreus @OpMOBIUKHT ITons
ps=10 < -10 = -ps- +10 = +(1+1+3+4) | rpaBuTanusd

]g% 15 -15= lg% +£30 =+(1%143*+4?)|  marseTHIM
H 4

lg& =13 -13= 1gp_5 137 = T 2024 T 2472 13-Tu nyHHBII
Ps yon Kanennaps.

Konebanue ps<>p, B KOHEUHOM CUETE MPUBOJUT K CTy-
cTKy TsiHb ¢ noTeHuHaNIoOM 64:
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CBs13p B3aUMOACHCTBHI
U Jorapugmuyeckux BoJH B Kame

[Tepuoast 1 2 3 4 5 6 7

/10 |1l | 10 |1 | 10 | 1 | 10*
<10 107 1] 107 | o1 | 1072 | o1

Jlorapugmsl | -1<1|0<-2|4<0 | 0-8 | 1620 | 0-32 [ 64<0.

(101)

pan:’pSn

Ha BoCbMOM ypOBHE BO3HMKAIOT B3aUMOICHCTBUS
10" 1 n norapudmuueckue Bonuel Ig 1 = 0 < Ig 107" =
-128, nocrtatounble, 4TOOBI C€O3/1aTh cUCTeMy TsHb - JBa
IluHp, ¥ BOCBMOW YpPOBEHb OrpaHHMYMBAECT paclupenue Bcee-
JICHHOM.

B rpaBuranmmonno-marautHor Kamiie Boabl Bo3HHMKaeT
ATeEpUYHas CBA3b U KyHIaIMHU 110 BOCBMU YPOBHSIM:

P+22+32+4°+52+6°+7°+8 204

5+0,(6). (102)
1+2+3+4+5+6+7+8 36

42. lNynbcauunsa BonH B Kanne nasepHoun lNna3mbl

JIrob6as Kamnsa-Crycrok, B ToM unciie Kuakas Iliaazma
CaeTa, KOTOPYIO IIpH3BaHa u3y4yath Aruu-Hora, Gopmupysch
cama, dopmMupyer BOKpyr cedsst u B cebe Tpéxmepnoe IIpo-
CTPAaHCTBO C IIECTHIO CTETICHSIMHU CBOOOIBI MEPEMEIICHUS IO
B3aMMHO MEPIECHIUKYJISIPHBIM HAIIPaBICHUSIM.

Tpéxmeproe IIpocTpaHCTBO BO3HHMKAET TOI/A, KOTJa
CaMOCYIIIFE BOJIHBI ()OPMHUPYIOT BOJIHBI CBETA, a 3aTEM MarHe-
TU3M crycTtka Tsap u HeOec [{unp (Tabm.36).

B mone Kamnu [Timasmer Bo3HUKaeT o0Iuii Kojiedareinb-
HBIN KOHTYDp (Ta611.36):

327 86 T 7t 3228642222 (103)
7 32 7 8-64
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Tabmuna 36

IHynabcanus ceera B TpéxmepHom Ilpocrpancree Kanu

JIuneiinas IToBepxHOCTHAs O6bémHas IIpuBenén-
Bon- HBIW ITOTEH-
HBI Camo- Camo- Camo- | uman mysb-
Cser Cger Cser
cylue cyuiue cyuiue cauuu
ma- | €| | < ; e
pe- | o, V2 =2 w; V2 =4 o, V2 =8 64 32
e 147
7
Cra-| @, _| o2 _L|oy | g _lley 1| ge 1] 8248
THE | ¢ 2 ¢ 418 8 7
864
" c P 3
H- | ¢ % = R (i&] -1= | 1-1-1 1
Bep- | @, ¢ =—
p 0 @y ¢ . @, ¢ 1+1+1 3
cud Ejxc EoloC mgC

[TosBsercss aABOHAA 000J10YKAa C IIOTEHIIMAIIOM 74, a
86 28

CaMOCYILHE BOJHBI CTYIIAIOTCS A0 NOTEHIMANa V2 =27

rae: 28 - rpaBuTalUS +/ pp *;

1
56=112 Iq)d(p- OCHOBA I'PaBUOAJIEKTPOMArHETU3MA.
0

Moi SAu-Ilunb (Ta61.36).

54

64
2 =
g =
6

4

64 64
I¢d¢—j¢d(p=305(l+l+l)p5.
8 2

Benukas ueunuzauus onucana none (103) guarpam-

(104)



43. KopeHb XunsHm B OkeaHe beccmepTtusa

Bce mb1 :kuBém noa Hebecamm, a HebGeca Llunb myinb-
CUPYIOT HaJ| crycTKoM TsiHb (Ta0m.37).

Tabmmma 37
NuBepcuonnas nuzomerpus LHiuub-TAHb
KoMnoneHTHI [{uHab-HEOCCA TsaHB-CTyCTOK [unb-Hebeca
Tportecch! Visomepsi ITormo- | Usny- | MHBepcuoHHasA
11(S3505(§ YCHUC HU30MCEpuUs
- 641(pd¢ 32 64 _ 14 14 ¢ J 7
OTCHOHAJIbI — = — e —_ =
: 141 4| 1T |6’ w
Cucrema 264 o Mol o -147.
KOJICOaHMt

B cryctke TsHb BO3HUKaeT cucTeMa KoJieOaHUN MEXIy
MAarHUTHBIM U DJIEKTPUYECKUM IOJISIMU:

642 = 16° = qq* Jqq * < pp* = 142, (105)

B nunarpamme SAv-Iluap none ¢ noreHunanom 64* onu-
ceiBaeTcsl 4€pHOU (Torsomenne) u Oemoit (M3aydeHue) BOJ-
HaMH, MEX1y KOTOPhIMU BOZHUKAET MarHUTHAs CBSI3b.

64 = (Toc/w, = 8)° mormomenue
8 MarHetusm 142 = pp*
5 (106)
64 = (T,o,/c =2)? - uznydenue
2 2 2
rae %—64 =2 024-1023=1. (107)
2 2 2
u %—64 8 1024-1028=16. (108)
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B mone konebanwmii moa 000709KOM BOZHUKAET MEPEX0/T

OJIMHOYHOTO KBaHTA, BO3HHUKAIOT B3aUMOJCHCTBHUSI C TOTCH-
_ 50

nuanom 50 = 1g psps/p;=1g 107 u reHom ¢ moreHmagom 63

(Ta6m.37):
r+1

1
72=49 & £32:64 [pdp =16:(64—1=63).  (109)
0

"6. Kopenb Kuszum O0b11 B kaxaoid Kamine Oxeana
BeccmepTus [3].

44. eHombl HacnegcTtBeHHocTU B OkeaHe XXu3Hu

Omtopel Terpakcuca Iludaropa u Terparpammarona
Ka606anbl [2] - 3TO HEOCO3HAHHOE MO CYUIHOCTH, HO JIaHHOE
B OmynieHusiX BEeKTOPHOE ONUCAHUE PABHOBECHOI MHBeEP-
cuu B Kanum Sapa (1a6:1.36).

B Henmpax Kamnm flgpa npoucxonaut WHBEPCUOHHAsS
nyJibcalusi, KoTopas (OpMHUPYET MYyJIbCUPYIOLIYI0 CUCTEMY
SAnpa 'enomoB (puc.3, 1a61.36):

dopmupoBaHue AaApa
Ilepuogunueckoit CucreMbl FeHOMOB
Nmmynbcebl
Tlona B Kynpanuau P SAnpo
mcCHeooC +EsC (110)

K =3,5+2,5B A 3).
arie 6=3,5+2,5 B Apyne B Apyre = 3 (puc.3)

1/3 & +1 13+(1+1+1)=3 | 6 9

Konebanus
1o+[3-(-3)] = %6 <49 9 6

SAnpo nepuoauvecKoil CUCTEeMbl T€HOMOB ITyJILCUPYET B
PE30HAHCHO-AHTHUPE30HAHCHOM pekuMe, (GOopMUpYysS B IIATE-
o 4
puuHoOii cBa3u Apyny (3” = 81) u kBaHT cBeta (6> = 36):
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DopMHUpOBaHHE ATPOM
cucTeMbl FeHOMOB Apynbl 1 CBeTta

Ckarme: | 649 15 5 9-6 9 | 10229
956 | o1k 0> _ |t
[Ty - - 69 54 18 6/9 2| 559
CAOlML | pacnmperne: | 649 5 9-6 6 | 15236
69 69 18 ~9/6 3 | 5562

Pe3onaHcHO-aHTHpE30HAHCHAS TYJIbCALUS TATEPUUHON
CBSI3M MPUBOAUT K 2,5 obOoporam cnupanu KyHpmanuuu npu
CKaThH, a MyJibcanus cyocTpykTypsl (9+0)* B cBeTe CBSI3aHO ¢
oTHoIeHueM 4/9:

55_25_, 9'-6' 4 T,

=— 112
9°.6> 9 (9+0) (112)

545 10

rae Pyna (T, = 4) cszana ¢ Kynnanuau u OMOKIIETKOM.

45. OnucaHue nbe3oaddekTa
Anarpammon AH-LUuHb

OO6yuas Hac 3akonam Egunoro Kocmoca, Beaukas Hu-
puin3anust ocrapuia Kauru, Ilmpamunbi, Actposoruye-
ckne Kanennapu, auarpammsl U Tak jaajee, I7ie Bc€ CBs3a-

HO MEXIy cOOO0H, HarpuMep, KaK Ha puc.9.
1. @ecckuui /uck Ilpacnagsn 2. Jluaecpamma An-Lune u
8 noJjie 83auUmMo0elcmeaull anemenmol Decckoeo Jucka

entp decckoro Jucka

20 =64 160

decckuii 8 decckuii
JlucK Juck
64 =82

Mar"HeTusm = 142 = pp*

Puc.10 Conocmasnenue @ecckozo [ucka u ouacpammol An-Liuns
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Becy 3TOT Marepuan Hago Hay4duTbcs NoHuMaTh. Ha-
npumep, Pecckunt Jluck B auanasoHe ypoBHeW +2 — £8, rue
2= T, w,/c noreHunan cxarus, a 8§ = Ty c/m, - MOTEHIMAT
pacIIMpeHus.

DTO 3HAYUT, YTO MOBEPXHOCTHASI BOJIHA - 3KBUBAJICHT
@®ecckoro Jlucka, usiyyaer B Cpefy C JHEPreTUYECKUMU
ypoBHsIMH 8§ — 9 — 10 = ps, a IOTJIOIIAET CPEeIon ¢ IHepre-
TUYECKUMU ypoBHsIMU 0 — 1 — 2 (puc.10).

W3mydyeHre U NOTJIOLIEHHUE cpell, onucaHHbIX dDecckum

Huckom (puc.10) siBnsieTcs SHEPreTUUYECKON CUCTEMOM, dKBHU-
BaJICHTHOU reHepaTopy JIEKTPUUYECKON IHEPTUU:

Cpena BHe ®@ecckoro /[ucka Kak aHAJIOT
3JIEKTPHUYECKOr0 reHepaTopa

Pacmupenue [Tornomenue OneKkTprecTBo | (113)
1 2
9j(pd(p=9-18=2-92T 1[pdp=2 T 160 = ps-[qq * .
0 0

Hax moBepXHOCTBIO CTYCTKa BOSHHUKAET MYJIbCUPYIOIIEE
aieKTpuyeckoe noje ¢ noreHuuanom 160 (113, puc.10), sB-
JIsIrOIIeecs OCHOBOM Bcex (hopM mbe3o3dderTa: npsiMoro, 00-
paTHOro, onTonbe303¢(deKTa 1 Tak aajee.

46. ®opmupoBaHue TpéxmepHoro lNpocTpaHcTBa
Hepapamu Apep
Hctounukom mynbcanu BeelleHHBIX B KaxkaoMm €€ 3a-

POJIBIIIIE, T/I€ CaMOCYIIUE BOJHBI J2° TpaHCHOPMHUPYIOTCS B
doton (m**-p,® = 0,002:107 = 2), sIBISETCS TPOLECC MEPEexo-
Ja SAEPHBIX B3aUMOJCUCTBHN B JOTapU(MUYECKHE BOJHBI
(puc.10.2):

ki
ps/P2 =107 & 2=1g p1p2ps paps, (114)
2

rae: k; =2:100=0,02;
k, = 100:2 = 50 - sxBuBasieut 6ora Aiitn COD
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Hocureas Pa3zyma omymaer mnpo-
1ecchbl, JHEPrusi KOTOPbIX FeHepupyeTcs
CaMOCYLIMMH BOJHAMHM U MPOXOAUT ye-
pe3 name Iloaco3HaHue, XapakTepusys
sty ®opmy DHeprum kak, Hanpumep bo-
JKECTBEHHYI0 AKTHBHOCTS [2, KaGbana].

Omrymare 00XXECTBEHHYIO — aK-
THUBHOCTBH XOpOIIO, HO 3HATH - CH_Ié
aydine, 100 HOJIb-TIOTCHITUAJ SBJIS-
eTcsi JIF000oM JTorapupMUIECcKO BOJI-
HOM JTI000T0 PAaBHOBECHOTO COCTOSIHUA B OeckoHeuHOCTH Bce-
JICHHBIX.

Puc.11 Ouepeemuuecxas
AKMUBHOCMb COMBOPEHUSL
Kannu HAopa

(login =1) < (log,1 = 0) < (log,0 = ). (115)

[Tepexon Mexnay HyJAE€M M €IUHHIIEH B mojie OO0XKeCT-
BEHHOUW akTUBHOCTH (puc.10) mpUBOIUT K BCEOOBEMIIONMIEMY
I3uan, ocHoBe GpopmupoBanusi Kocmo-, Autpono- u TeoreHe-
3uca [3, 4].

[TpyunHON OOXECTBEHHOM AKTUBHOCTH SIBISIETCS Mepe-
X0]1 TUa GopMHUPOBaHUS APYIIbI U UMITYJILCOB CBETA!

1g 10%10"10* = 0+1+2 =3 =t =m.c + &' po'c” + Ey. (116)

B3auMHasg nepneHAMKYJISIpHOCTh HMITYJICOB CBETa
dopmupyet B Apyne TpéxmepHoe IIpocTpaHcTBo.

47. OWHaMMKa NOCTOSAHCTBA MNJIOTHOCTU
AOepHOro BewecTBa

Jlazepnasa Kanns Sapa morsomaer camocyuiue BOJHBI
U TpaHcGoOpMUpYeT UX B CBET 3a CUET CIIa0bIX B3aUMOCHCT-
BUM W B3aUMOJICUCTBUN cBeTa, (popMHUpYsS MYJbCHPYIOLIHE
Henpa SAnpa:

Henpa SAnpa=1+1=2,1,0npu+1=Igpsu-1=1g ps|(117)
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Jlazepnas Kamna Snpa msaydaer kBant (9+0) cBoen
MOBEPXHOCTHIO C MOTEHIUAIOM C*/®,* = 8.

N3ayyénnplii kBant (9+0) nmyascupyer (9+1), dop-
MHPYs ceMepUYHOCTD (9-2 = 7) u MuTO03 (9+2) OHOKIIETKH.

Konebanust n = 1 GopmMupyroT mar cnupaim 3BOJIIO-
MM, DKBUBAJICHTHBIA TUCKPETHON CYMME Pa3HOCTH:

R=[1—(-1)=2]+ [1+(-1)=0]. (118)

Ota nuckpetHocTh (118) 3acraBnser Kammo Aapa us-
Jy4aTh-NOTJIOIATh SHEPTUI0 KBAHTAMU KaK IIPU aHTUPE30HaH-
ce, Tak U Npu pe3oHaHce (1abi.38).

TaoOmuna 38
2
JKBHUBAJEHTHOCTDL /; ¥ ILIOTHOCTH SIIEPHOIO BellecTBA
B Kamue fapa

Pexnm AHTHUpE30HAHC Pe3onanc
Vsvererite 9 B 11213815 9 318 3363 72
Y ‘ ‘ ‘ (9+0) | BOJA | CBET | Iula3ma
ITornomenue 7 25 23 3 8 2 4 2 2 2
16 < 16 < 16 < 16 72 & 72 < 72 & T2
Pesynbrar
CYMMBI IIPOU3BCACHUS.

T, =
[Ipn mynpcanuu ¢ NEPpUOANMYHOCTBIO 1, = 16 >KBUBa-

JIEHTHOCTh IIOTHOCTH (Y, = 72) sipepHoro BemiectBa B Karie
Anpa coxpansiercs kak cyoctpykrypa (9+0), Boma, cBeT u
mia3zMma (Tabm.38).

B nuHaMuke MyJnbCUPYIOLIEro MOJS BO3HHKAET 3JEK-
TPOIPaBUOMAarHeTU3M:

1
+4(72-16)[ p dp =112 =£(7-16=8-14=4-28=3,5-32=...), (119)
0

rae: 3,5:32 - Heb6eca Llunp B pacmmpsitomeiics cnimpanu Kys-
JTQJTUHU.
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48. 110 boxecTtB Hawero Tena u Kanna Aagpa

Kamna fnpa nynscupyer mexny Henpamum n Iloepx-
HOCTBbIO, TO €CTh MOTeHIuatamMu 2 u 8 3a cyér (OTOoH-
(OHOHOB, (hOPMUPYS KOHTYD KOJIeOaHUS:

Hyabcanus ¢poron-pononos B Kame siapa

() -} _(2=22)o° _15 4 _ miom (120)

mom 82:10° 4 15 (' —(m" )
e | < 15247 =5625 u 0< 157 —42=209.

%
*ok

Han Kanneit Snpa uznyuénnas cyoctpykrypa (9+0) B
cooTBeTCTBHH ¢ Teorenesncom [4] OyneT MyJabCUPOBAThH B at-
mMocdepe KpacHoi 3Be3/bl, TO €CTh C MOTCHIIMATIOM:

Hyabcauus (9+0) B atmocdepe Kpacnoii 3Be3abl

AK =1400 4 9 20
| Eapa
NK =704 209

1 20492 =49... u 0 20°—92=319.

(9+0): =22 .(9+0) (121)

AK
NK

***

B Henpax Kamm fnpa myJascanus B pexxuMe IorJio-
LIeHUs] MeTAraJJaKTU4eCKUX BOJH J0oCTHraer 3/2, To ecTh
1,5 obopota Koneca Bcenennoii, o koropom rosoput Teore-
He3ucC [4] M IPOTEKAET MO CXEME:

Hy.]'lbcalll/lﬂ MorJIomeHus
METaraJIaKTH4€CKUX BOJH SIAPOM
212 32 2.1

Zeof= It e 0=3-22=5u 1=3%22=2725.
21 2 3 2°-1

(122)
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B nosie Kamns - mag Karmreit - B Karuie Bo3HuKaeT cym-
Ma TMOTEHIINAJIOB, CBA3aHHAS C MUTO30M OMOKJICTKH:

Y = (202-92)+(15%-42)+(32-22) = 16:3(9+2) = T21(9+2),  (123)

Y TJI€ Pa3HOCTb NOTEHIUAIIOB SBJISIETCS SKBUBAJIEHTOM Hucmy
110 boxects, onncannbix B Kuure MEpTBbIX:

A= (20%-92) — (152-4%) — (32-22)=319-209 - 5=110.  (124)

C »tumu boxectBamu MbI Bo3HukaeM B KocMmoce.

49. Pe3oHaHCHO-aHTMpPEe30OHaHCHas
nynbcauusa BceneHHoun

KBaHTOBO-BOJIHOBAasE MEXaHHUKA TOJbKO (PUKCUPYET
JUCKPETHOCTh JHEPreTHYECKUX MoJeil Ha YPOBHE THIIOTe-
3p1 ML.IllaHka, HO HE MOHUMAET MPUYUHHO-CIIECICTBEHHBIX
ceazerl npoucxoxaeHus JUMCKPETHOCTMH, kak sHepreTu-
4eCcKoro mnporecca GopMupoBaHus HoJIb-nioTeHMana (118).

Teoperuueckast ¢puzuka, onepupys ¢ noustueMm Ba-
Kyyma kak ¢ IlycTtoroii BHe DHepruu, cTaBUT ceOs B JIOKHOE
nonokenne  Hucnposeprareass 3AKOHA coxpaHenus
JHEPruM, KOTOPbIM CaAMH K€ U IPU3HAIOT.

Beicmiasi MaTeMaTHKa Ha 0€CKOHEYHO MaJbIX, CTpE-
MAIIUXCA K HYJIIO, ONIEPUPYET HYJISIMU, JIMIIAs HOJb - IIOTEH-
[aJl SHEPTrUu M IMpeBpallas TOUYKy B aOCTPaKLMIO BaKyyMa:
JieJal ¢ HEeW 4TO XO4eulb - NoJiyduils Miumo3nio ouepenHou
[Tapagurmer.

HpI/I?)HaGMl HOJIb-IIOTCHIMAJI MBI HC 3HACM, HO...

Ho HoJIb HYJIIO PO3HB! U 51 TOBOPIO 3TO HE TOJIBKO IS
MOJIMTUKOB, TeocoPoB u (uocodhoB, onepUPyHOIINX HYJIA-
MM, KaK JIbIpKaMH OT 0yOJinKa.
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Hounb-noTeHman BO3HUKAET Ha YPOBHAX CAMOCYIIUX U
JorapuMUYECKUX BOJIH M TMPOSIBISIET ce0si BO B3aMMOJICHUCT-
BUSIX B JBOMYHOU CHICTEME: €CTh WJIM HET CTOJKHOBECHHS B3au-
MOJICUCTBYIOIIMX KOMITOHEHT TIOJIS.

Ta6numa 39
Pe3onaHcHO-aHTHpe30HAHCHAs NyJbcauus BeeseHHo
Bounbl Camocymme B3aumopeiicteus | Jlorapudmudeckue
Honp |=Sin = Cos n/2 | HET CTOIKHOBEHUH 0=Ig1=log,l

Emumamma| =Sinn/2=1 <

1= Cos 1 ps'p2=1010"=1|Igps=1 < -1=1g p,.

He uMesi BO3MOKHOCTH BO B3aMMOJACHCTBUAX IOJIY-
yuth MUHyc Enumnuny, Koseco BcenenHoi Bpamiaercs B
OJHOM HamnpasJieHuH, co3aaBas log,log,n = log,1 = 0 u
log,0 = co.

50. fApepHblie 3HAOO - 3K3IOTEpPMUYECKUE
peakuum n B3pbIBbI

ATOMHas PHEpPreTuKa, OOMILHO YHABO3UB CBOM MucTe-
pUU YEJOBEUYECKUMU KU3HSMU U 370POBBEM >KHBOTO CYIIETO
Ha 3emiie, YCTAaHOBWJIA €AMHUIYY U3MepeHHUs 3P(HEKTUBHOCTH
MOIEPEYHOr0 CEYEHMUS AJIEPHBIX peakuuii [17]:

1 Gapu = 10™* cm®. (125)

C no3uiuy B3aMMOJAEMCTBUII aTOMHAsI SHEPreTUKa yC-
TaHOBWJIA, YTO €AUHUIA U3MEPEHUS YPPEKTUBHOCTU SAEPHBIX
pEaKUHil B MONEPEUHBIX CEUCHUAX ABIACTCS IPPEeKTUBHOCTH
rpaBHTANMOHHBIX B3ammoxeiicremii (p; = 107%), oGparHoii
BEJINYMHOW JIJI1 KOTOPBIX SIBJSIFOTCSI BCE OCTABUIMECS B3aMMO-
NEeHUCTBUS:

16apa=p; =10 < 10* = p,pspo/ps=p2. (126)
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BaxxHo oTMETHUTb, UTO HpU P; OyIET MPOTEKATh XOJO/-
HbI SIICPHBIA CUHTE3 W XOJIOAHBIM WHBEPCUOHHBIA B3PbIB
(MyJIBTUIUJIETHOCTb), TpPHEMIIEMbIH JJIS JKMBOTO, a TIpH
P2 = 10** BO3HMKACT IK30TEPMHUUCCKUI S/ICPHBIH B3PHIB, OII-
poOoBanHbIi B 1945 rony B Haracaku u Xupocume.

***

Hocurensimu 3x30TepMuu OyayT sBIsATHCS POTOH - (o-
HOHBI COJIHEYHOTO cBeTa (M * m m. **), a HOCUTEIIMH SHI0-
TEpMUU - 3JIeMeHTapHble yacTtulbl KocMoca HeecomocTtu ¢
MaccaMu, 0OpaTHBIMM MO BenYruHe POTOH - poHoHaM (120).

OHJ10- ¥ 3K30TepMuyeckue peakunu B Ennnom Kocmoce
B3anMMOCBs3aHbl (Ta611.40).

Tabmuua 40
MexaHu3M IHI0- IK30TEPMUYECKUX PeaKIHH
@®OoTOH - (HOHOHBI [ToTennmansl SInepHble peakuun
* sk \2
- 15
ConueyHsle k. = M =— SHO- JK30-
m, -m, 14
_ _ prpzke= | p2*psks =
JItoMuHECIIEHTHBIE k,= 1/k.=4/15 102-15/4 | 10%-4/15.

ONUIEHTPOM 5K30- M JHIOTEPMHUH OYIyT COOTBETCT-
BEHHO OTHOLICHHUs, paBHble 10°°-4%/152 i 10°%15%/42.

B snuneHTpax npoucxoasT iAEpHbIE B3PbIBBI.

51. ®opmupoBaHue BceneHHbIX
3NUUEeHTpPaMN AaepHbIX B3pbIBOB

BceneHHble BO3HMKAIOT M3 CaMOCYIIMX BOJH BEYHOMU
ThMbl FTAPMOHUYECKUX METaraJakTU4eCKUX KojaeOaHu.

OObéMHas BoiHA B TpéxmepHOM lIpocTpaHcTBE MOXKET
UMETh TPU CTENEHU CBOOOIBI MPH JIBWKCHUH B OJHOM Ha-
npaBJiieHuH (X, y, Z) WIK UMETh IIECTh CTeNeHeNd CBOOOIbI MpHU
JIBUYKEHUU B JIBYX HalpaBleHUsX (£X, Ly, +z).
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Tabnuna 41
CrpykTypa camocymux BoiH MeTaraJakTuKu
(puc.2, 1ab61.16).

% OO0bEMHEIE
Bonnsl | JIuneiinsie | [ToBepxHOCTHBIE
XY,z :tX, :l:y’ +z
V2 e Nele | Nele | Rele
Konebauus ; : 6
1/42 /2 /42 /42
DneMeHTt B _ j L
[Mupamu bt r=42 R=2 a=242 a?=(=_8.

HampaBieHHOCTh J1OOBIX paziuyHbIX (POPM SHEPIUU B
JIBWYKEHUHU BCEr/la B3aMMHO NEPHEHAUKYJIAPHO U Mpeonpeie-
JSIETCSL O, = T/2, IpU NOSIBJIICHUU CBETA.

*
kk

Bcenennble BO3HMKAIOT TaM M TOT/a, IJie U KOTJa B
BOJIHAX JIOTapu(MHUUECKUX KOJI€OAaHUW COXpaHsieTcsl Jora-
pudM mpousBeaeHUs Bcex cyuiecTByomux B Ilpupone B3au-
mMonencTBuit: 2 =1g p; p2 p3 paps=1g 10%

[ToTeHMaIbl 3HIO- SK30TEPMHUUYECKHX SIHIEHTPOB
AepHbIX peaknuil (Tabm.40) cCOXpaHsSIOT TBOWKY B BOJHAX JIO-
rapupmMuUecKux KoJIeOaHU:

d®opmupoBanue BeesreHHBIX
3MULEHTPAMM SI/IEPHBIX B3PbIBOB

Tepmust SH0- 3K30- CMmenrangas

Bsaumopieiictaus | 107015242 |10°"4%/152| (10')* <(4%/15%" (127)

pg((l))ﬁ;l- inlp()HO lg1g10102=1g102-1g10=21g1().1g10:2,1_1

4eckue | 15%=
BOJNHBI | 3454

log ﬁ(44 _\2 16] logs3*-logsS* = 16-4-4 = 8.

B rnorapudmuyeckux BoJIHAX BO3HUKAIOT JOTapupMHU-
yeckue papHoBecus tuna log,n =1 u log,1 = 0.
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52. Honb-noTeHUuan v yaBoeHWe 3Hepruu cpea

Honp-moTentuan nepuonyecku BO3HUKAET B JTIO00M U3
OECKOHEUHOI0 MHOXKeCTBa myJibcupyromux Popm DHepruu
Enunoro Kocmoca.

Hoab-noreHunuan xapakrepusyer nepexo OT OJHOI0
JHEPreTU4YeCKOro YpoBHsl K ApPyromy, or OAHOM (opmbl
JHEPIruM K JAPYrou.

Hainune HoOJb-MOTEHUMAJIA Mpeaonpeneasier JIUC-
KPETHOCTh (KBAHTOBAHHOCTH) JIIOOOI0 JHEPreTUu4ecKoro
noJIsl.

Honb-noreHnman BO3HUKAET KaK IPU PE30HAHCE, TaK U
IIPY AHTUPE30HAHCE.

[Ipn aHTHpE30HAHCE MOSIBIECHUE HOJB-IIOTEHINANIA CBS-
3aHO C PAaBHOMEPHO TEKYIIHMM 3HEPIreTHUYECKUMH IPOLECCa-
MH, B KOTOPBIX DHEPTUM B Hayaje M KOHIE MPOLECCA PABHBI
MEXAy OO0 U paBHBI, HAPUMED X.

Pa3zHOoCTh KBagpaToB IIOTEHLHMAIOB B PaBHOMEPHO Te-
KYILUX YHEPTETUYECKUX IIPOLIECCax, paBHAas

X% — x* = (x+x)"(x — X) = 2x-0, (128)

MIPUBOJIMT K Pa3HOCTH PaBHOM HYJIIO U K CYMME BJIBOE 0OJTb-
el HayaJbHOTO ITOTSHIINAJIA.

VYBenuueHne Ha4aJbHOTO MOTEHI[MAaja BJIBOE MPOUCXO-
JIUT 3a CYET BO3MYIIEHUS KOJICOAHUSIMHU X OKpY Kalolel cpe-
JTBI:

x+1

Wo:%[(xﬂ)z_(x_l)z]zzx . (129)

YIBOEHME HA4dajlbHOIO ITOTEHLHAIA MCIIOJIb30BAIOCH
Crpourtenssimu Ilupamup, KOTOpble Ha JuaroHajgu KBajpara
CTPOWJIM HOBBIW KBaJpart, IVIOLAAb0 BIBOE OOJIBLIE TIEPBOTO.

B3auMozeiicTBue nByX COCEIHUX ypOBHEW BO3MYIIIEH-
HBIX cpejl (BHYTPEHHETO U BHEIIHETO) C U3Ty4YaTeJIeM X:

66



(x+1)+(x—l)

=2=1g p1p2p3P4ps, (130)

BCErJa MPUBOJIUT K B3aUMOJCUCTBUAM U UHTYUTUBHO 3HAKOMO
Halrel nuBuian3anuy kak Yucima Gudonaqyu.

53. Pe3oHaHcHble Honb n EanHuua:
B3aumMoaencTBUA B rnorapupMmyecknx BosiHax

[Ipu pe3oHaHCe TakKe BO3HUKAECT HOJIb-IIOTCHIIUAL.

Pe3oHaHCHBIN HOJB-TIOTEHITMAN CBSI3aH C MEPEXOJA0M OT
b (HEeKTUBHOCTEN B3aUMOACUCTBUN (SE€pHBIC PEaKI) K JIO-
rapu(pMUIECKUM BOTHAM:

SnepHbie Jlorapudmrueckre BOJIHBI

peaKunu pe30HaHC anrupesonanc  |(131)

10" — | logylg 10™ = logex-1g 10 = 1 — |0 = logylog,lg 10"

[Tpu sinepHo-norapudmuueckux TpaHchopmaiusx ogHa
dbopma sHEpruu nepexoauT B APYryro (Apyrue), HO MPOJIOI-
KAIOT CTPEMUTHCA K PAaBHOBECHIO: CHavaJla K pe30HAHCHOMY, a
3aTeM K aHThpe3oHaHcHOMY (131).

CtpemieHue SHEpruM Jorapu(pMUUecKux BOJH K pe3o-
HAaHCHO-AaHTHPE30HAHCHOMY PaBHOBECHIO SIBJISIETCA MPUYMHON

1
1
BO3HUKHOBEHUS J[3naH (ij.(p d(DZiEJ’ a 3ateM Kocmo-, AH-
0

Tporno- u Teorenesuca [3, 4].

Jlorapudmuueckue BosHbI QopMupyroT obonouku Ka-
nenb Snep, u Benukas LluBunun3zanus ucnonb3oBajga 3aKOHO-
MepHOCTH Jorapudmuyeckux konedbanuit log,x = 1 u log,1 =0
JUIsL OIIpe/ieNICHUs] PABHOBECHUSI HAJ U B CTyCTKaxX BO B3aMMO-
nencTBusax (Tabn.42).

Hogeie sorapudmbl BO3HUKAIOT NpH paBeHCTBe Yucna

6
OCHOBaHHIO Jorapudma, Hanpumep log ;2 =6.
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Tabmma 42
IPpPpeKTUBHOCTH B3aUMOAECTBUIA
B JIOTapU(PMUYECKUX BOJTHAX

B3aumoneiict- | I'paBura- DJeKTpo- Craboe | Sneproe | Caer
BUS LIMOHHOE | MAarHuTHOE
Obexrusro- | o2t | 102 |5 =107 | py=10" [ps =10
CTH
I o 24 = 12= 1= 14= 1=
orapu(GMsl . .
p iz.ﬁﬁ 3 ﬁ4.3 12 ﬁ2.7 it
HoBble 2+6+1 = 4+1= logi2= | 2+1= |logi'=
norapudmbl 9=1y, 5=7; 2=7, 3=vyy |4=7s.

54. BsaumopgeuctBuA B rorapudMmyecKkux BosiHax:
XPUCTUAHCTBO U Oyaau3m
O6o03HaunM Jorapu(pMUUECKUE B3aUMOJCHCTBUS OYyK-

BOH Y M COXpaHUM CHUMBOJIBI-IIU(PBI AJEPHBIX B3aUMOIEHCT-
BUii (Tabn.43):

Taomuna 43
B3aumopeiicTBHs B siIePHBIX

U JjorapupMHuYecKuX nmpoueccax

B3aumoneiicTBus T'paura- | Snextpo- Cnaboe |SAAnepuoe| Cset
IMUOHHOE | MAarHUTHOE
Caasp ¢ Tpo- JlansHOACHCTBHUE Kopotkoneicteus | [lepexo
CTPaHCTBOM A P 2 pexXoa
Snepusle 24 a2 PPNl S _
- p1 =10 p3 =10 p2=10"|ps=10"| ps=10
Jlorapudmmue- _ _ _ _ _
CKHE MPOIIECCHI 9=" S=Vs 222 | 3=Ys | 4=Ts

[TpsiMoli 3aBHCHMOCTH MEXAY SACPHBIMH W Jorapud-
MHUYECKUMH (Ha 000JI04Kax) mpoiieccamu HeT (Tab1.43).
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[Tostomy Mucyc Xpucrtoc BBIHYXKJIEH ObUI JIUKTOBATH
HNoanny borocnoBy Kpyr YHuBepcyma ¢ moreHmuanamu Ko-
POTKOAEHCTBYIOIINX B3aUMOJIECUCTBUN U CBETA, TO €CTh 2, 3 U
4 (Tabn.43), roe nmontopa obopora Koneca Beenennoii (Teo-
T'€HE3HC) COOTBETCTBYIOT:

VoYa:Ys=23:4=6:4=1,5. (132)

B arom sxe mose (130) Bo3uukaetr Apymna (T = 3) - Pyna
(T, = 4), Kynnanuuu (2-3 = 6), 1 Bce UCTOYHUKH (HOpMHUPOBa-
Husi Equnoro Kocmoca Ha ypoBHE KOPOTKOACHCTBUS.

I[&HBHOHCﬁCTBHC B IIOJIC CBCTa IIPUBOAWUT K 3KBHUBA-
JICHTHOCTH.

c=Y1Y3Ys=954=180=180°=n = 10-MHn0, (133)

MPUBOJNT K KOJIEOAHUSIM, B KOTOPBIX BO3HUKAET TOHKOIHEPTE-
trueckoe CBedeHue ¢ moTeHuanom ps-27 (132, 133).

Nl sy 32216270=9-523=y7,77,. (134)
Vs V274

MakcuMmallbHbI pPE30HAHCHBIN MOTEHIUa Jorapupmu-
YeCKHX MporeccoB (Tad1.42):

YiY2 Y3 VaYs = 9-5:2:3-4 = 1080 = ps-108, (135)

cBsA3aHbl co 108 penHkapHauusamMu 000s104ky 110 by iaiusmy B
I10JIE CBETA.

55. 'nybuHHas npupopaa
BO3HUMKHOBEHMUA NMOMUHECLEHLUM - Aypbl

JlanbHOACHCTBYIOIIME B3aMMOACUCTBUS (rpaBUTAIIMOH-
HOE€ U 3JIEKTPOMAarHUTHOE) B SIAEPHBIX IMpoleccax GopMUPYIOT
yIapHbIe JIa3epHbIe BOMHBI CBeTa ¢ moteHuuanoM 10°°, a B mo-
JsX Jorapu(MUUECKUX BOJIH 3apsibl-UMIYJIbChl TpaBUTALIU-
OHHO-3JIEKTPOMArHUTHOTO paBHOBecHs (Tab1.43):
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92—52=56E%\/qq*54\/,u,u*52\/pp*. (136)

KopoTtkonelcTByromuye B3aUMOJEHCTBUS U CBET B 00-
JaCTH SAEPHBIX peakuuil (OpMUPYIOT 3JIEKTPUYECKHE MOJI-
HUU:

*

Vaq
YaYs : Y2 = 1016 = 10 = MonHuns, (137)

a B 001acTH Jiorapu(pMUUecKuX BOJH BO3HUKAET 13-TH JIyH-
bl Kanennapsp, kak cucrema orcuéra [IponoimkurensHocTen:

1
i(y22+y42+y52)j(p do =+(2>+32+42 = 29)/2 = +13, (138)
0
Y [10JI€ € TOJIyIIAapUEM FOJIOBHOI'O MO3Ia, HMEIOIEro OTEH-

nuain 29 (ta6m1.43).

Tabnuua 44
Cesa3b B3anmoaeiicreuii B IIpocrpancrse
¢ popmoii npoueccon

OCTPAHCTBO j -
TIpomecchl HanbHozelicTsue KopotkozeiicTBus
SlnepHble p3:p1=10" P4Ps:pr=10'"°
Hocurens cBera Hocurens 31eKTpuyecTBa

HOF&I(%?M%CKHG iyt = 92-5%= 56 | yatt vt yst = 33+42422 =29

CkopocTs cBeTa = c = (56+29):(56 — 29) = 85:27 = 3,(148)
20— 1036 . 1016

JlroMMHECHEHIHS 107=10"":10

[Ipenen HaceleHus JroMuHOPOpa POTOHAMH.

[Ipu nepexoze OT sIAEPHBIX MPOIECCOB K JioraprupmMuye-
CKMM BO3HUKaeT cBeueHue Ilomyammmnca Tonko DHepruu ¢
MMOTCHIINAIOM 27 W JIOMHHECIICHIMS, BEICBOOOKIAOIIAs 10%
dbotonoB no ganHeiM C.M1.BaBuiiosa.
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56. LllapoBasi MONHUA
M nepeaayva eé aHeprum B Yakpy

Bo3HMKHOBEHHE  TPaBUTAIIMOHHO-IJICKTPOMArHUTHBIX
MOJICH SJIEMEHTApPHBIX 3aps/IOB M MEHTAIBHBIX HMITYJIHCOB
MBICIIH, TTAMSITH U BOOOPaKEHHUS, CMEIAaeT PaBHOBECHE C IIO-
teHuaioM 56 (136, Tabn.44) u B noje Bo3HukaeT Kynnanuau
(o0o0uKa KBaHTa CBETA):

[Tons | I'paButanms Marnetusm DIEKTPUUECTBO
Cmemte-| 6 _ﬁ_z 56 _§_4 56 _§_35

Hue |[[pp* 28 uu* 14 qq* 16 7 |(139)
Kynna- 244=6=2.513,5=3.5°2.5— Crnumpane Kynnanuuan

JVHH pacIIupeHHs..

[TosiBieHHE B MOJISIX 3apsAI0B-UMITYJILCOB BIICUET 3a CO-
6oit nosieinenne Hebec-1luup B mosisx rpaBUTAIIMKM, MAarHUTHOMN
000JI0YKH B MAarHUTHOM T0OJI€ U JABOMHOM 3JIEKTpUUECKON 000-
JIOYKHU HaJ MarHUTHbIM nojeM (139):

Hons Hebeca-Iunp O6oiouka Apoitnast
000JI0YKa
* * *
sl [94% 16 )sgl |ar 145 oo™ _281)(140)
[ToTeHITMAIE] pp* 28 gq* 16 * 16
32 =1lunb 49=Q, 2:(49 = Q,).

[Tynecamus Hebec-Lunp ¢ wactoroit 50 kagpoB B eau-
auity IlpomomkuTensHOCTH (9KBHUBAJIEHT €BpEHCKOMYy Oory
At CO® [2]) 3apsikaer Hebeca aiekTpruiecTBOM:

32x50 = 1600 = ps>+/qq * . (141)

DNEeKTpUYECTBO IHC-TpaHC wu3oMepuuecknx Hebec-
Hunb cxumaer [unb B cryctok TsHb (moteHnuan 64):

(132 — (-32) = 64]x50 = 3200}-50 = 16:10*,  (142)

/i€ JajibHeiee cxaTue GOpMUPYET IIAPOBYIO MOJIHHIO C TO-
termuanom 16:10* (142).
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Buorok J; = 10* A B uakpe Tpernii I'na3 Tpaschopmu-

pyeT  DHEprui0  IMApoBOM  MOJHUM B  OHOKIETKY:
16:10%10A =16A.

57. BaxHeuwwue hopmbl TpueguHoro Kocmoca

OnexkrpomarautHas (Q, = 49) u aBe dIeKTpoOrpaBUTa-
LIMOHHBIX 000504k (2Q, = 2-49) B3aumocss3ansl (140).

®opm B3aUMOCBS3U OECKOHEUHOE MHOYKECTBO.

1. D30mepuueckuu cumeousm 2. Cybecmpykmypuvi 6uoxkiemxu

Tpueournoeo Ilnamenu
@ pp* i@ pp*

pp* * 4

(9+0) (9+0)

3. bunonapnas cucmema Lluno 4. Cnupanv Kynoanunu

98=2-49

32-:50 = 1600
49

Puc.12 IIpumepwr Tpueouncmea

D30TEepUKH B3SJIM CUMBOJIM3M TPEX 0007104YeK KaAK IMO-
JieMy 3HaAMeHHM.

ABTonobuTenu u3zodpenu ceerodop (puc.12.1), a Xpu-
cTuaHcTBO 000:kecTBUIA Tpu Exuncro: bor - Oren, bor -
Ceoin, bor - JIyx CasToil.

Benukas LuBmim3zauus HaspiBasia 310 none Tpu Exu-
HbIM [lnamenem Yernipéx @utnieii [3].
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*
kk

Ennneiii KocMoc ucnolsib30Ball JMHAMUKY TPUEIUHCTBA
B pacmupsitonieiica Beenennoit myTtéM co3mganusi CyOCTPYKTYp
(9+0) Ouoknetkn g0 muto3a u (9+2) mpu Murose, rae 8 Bo-
JIOCKOB-TPYOOUYEK KTYTUKOB SKBUBAJICHTHBI MMOTEHITUATY pac-
mupenus Beenennoit (8 = ¢*/w,*) ceetom (puc.12.2).

%
*ok

Omnoit W3 pacnpocTpaH€HHBIX (OPM  BOILIOIICHUE
TPUEAUHCTBA SIBJIIETCA OUIONSIPHAS] CUCTEMA, HAYaJI0 KOTOPOM
naét ounonsapHas cucrema Hebeca-1{uns (puc.12.3).

HebGeca-1{lunp BOCHIpOM3BOAATCS BCSKHWA pa3 Korjaa u3
00J1aCTH CaMOCYIIMX BOJIH IOCTYHA€T SHEPIHsl - SKBUBAJICHT

\/510 =32, TaK KaK

98-1 49-1

98+1 49+1
T(f[( [pdp- j¢d(p=9sﬂ—(32-50=1600)z_32 . (143)

*
kk

[TomyunB W3 MeTarajJakTUKH JOMOJHUTEIBHBIN MOTEH-
nuan 32 (143), kBanT Ha opoure (puc.12.3) nmepexoauTt Ha HO-
BYIO OpOUTY, TpaHCHOPMHUPYS TPASKTOPUIO B crimpanb KyHma-
nunu (puc.12.4).

PaBHOBecne Mexay cxkaTueM W pacmmpeHueM Kynma-
JIMHU COXpaHIETCS IpHu GOPMUPOBAHUU MArHUTHOTO TTOJIS:

3,5:2,5=1,4=py(14= Juu*). (144)
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58. Cnupanb 3oaunaka
n [peBHe-CnaBsiHCKnn KaneHpgapb

Juepreruka Tpueaumnoro Kocmoca ¢opmupyer
Ennncreennyro ¢opmy IlpocrpancrBa - tpéxmepnoe Ilpo-
CTPAHCTBO ¢ HIecThIO cTeneHasMu CBo0oabI /IBH:KeHHMS 1O
B3aMMHO IEePIEHAUKY/JISIPHBIM HalNpaBJICHUSM, CBS3aH-
HBIM ¢ ®, = T/2.

[Tynecamus KyHmanuau B TpEXMEPHOM MPOCTPAHCTBE
dbopmupyet Crinpans 3oauaka (Tad1.45).

Tabaua 45
Kusbie maruutbl Cniupanau 3oamnaka (puc.12.4).

Iysnscamust | Crimpans | 1HCIO 000pOTOB | Marxetnsm JIBoliHas
Kynnanunu | 3oquaka paciunpeHue| ckaTie (144) Cnupanp

6+1
j(pdgo 12 3,52=7 R.52=5 7=145 [12°=T>.
6

-1

JpeBunii CnaBsaackuii KaneHaapp OCHOBaH Ha IIECTHA-
JUATEPUYHOM CUCTEME CUHMCIICHHSI M 00pa3yeT MPOMEKYTKH
Bpemenu (IIponoikutenbHOCTh, HO HE Bpems, KOTOpOro Het
B [Ipupone), nazannoro Cepo:xbumu Kpyramm [29].

Kpyr Xuszuu 144 Jleta
Jleta 9 Mecs1EeB
Mecs 41 u 40 nueit
Jlenn 16 gacoB
Yac 144 yactu ! (145)
YacTtb 1296 = 362 noneu
Jloms 72 MTHOBCHHS
MrHoBeHue 760 MuroB
Mur 160 curos
Cur 14000 caHTHUrOB.
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HoBonerue Bcerma ormedanoch B J€Hb OCEHHETO paB-
HoneHcTBud. Heuétapl Mmecsan nmen 41 nenp, uéruniid 40. Ho-
BbI€ CyTKH CBaporpa HauMHalIMCh B MOMEHT 3axoaa CoJsiHua B
JAeHb PABHOACHCTBHS.

Cpapoxpnmu Kpyramm Ha3bpBajgoch NPOXOXKIACHUE
Connuem 16 Yeproros 3a 180 Kpyros Kuznm, 1O ecThb
16 x 180 = 2880 = 20-12>.

[Motenmman 20-122 = AK/AXK-T 21> Ha3bIBajICs CyTKAMH
Caapora, a 180 x 144 = 25920 ner - mepuox odpaiieHust
Hameil CosHeuHnoit CucreMbl BOKPYI Hallledl rajaKTHKHU
[29].

U B o xe BpeMss CUI (145) sBnsieTcst OTHOLIEHHEM

112 : (m* = 0,008) = 14000,

3aBepmaromum Ileprnoanueckyro Cucremy u3 112 snemeHTOB
[22].

59. NMynbcauua Cnupanu 3oaunaka
noA, 3fIeKTPU4eCcKomn o60104Kon

Cnupanas 3oauaka - 3TO SHEPreTUYECKOE MArHMTHOE
MoJie, KOTOPOE POXKAAET KMBble MArHUTHI (Ta01.45) U KOTO-
poe maHo HaMm Benukou lluBwnmsanmen kak acTpoJorumye-
cknil Kanennaps.

Crnupans 3oa1MaKa NyJbCUPYET B PE30HAHCHO - aHTHUpE-
30HAHCHOM pexuMme, GopMHUpYs NPU PE30HAHCHOM pacllupe-
HuK 35 BUTKOB KyHIanvHu, a npyu aHTUPE30HAHCE LIUC-TPAHC
n30Mepuio criupaiu (Tab.46).

Tabnuua 46
Hyabcanus Cnupaian 3oamaka:
MHTO3 - Tejenatus (1abdn.44).

Pexum | Peszonanc |Anrtupesonanc |CyOcTtpykrypa (9+2)
[Mepexon |ki=Ty7-5 =|k,=To(7>-5%) = ki—k,=44=
K MUTO3Y 140 96 T, (9+2)
1
Tepexor Kk (ki — k= 44)- (i [o dcoJ =+22
TeJenaTuu 0
22 O6ykBbl ABpaama [1].
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Poct Cimpann Kynpanunan B Kamiie u Oxeane ’Kusuu
OTPaHUYUT BJICKTPUUECKasi MOBEPXHOCTH (Ta01.47).

Ta6numa 47
Cnupanb 3oanaka B 3JIeKTPHUYECKOM MOJIe
AHTHpE30-
Pexum Pe3onanc Hagc Cune-rony6as Yakpa

ConnedHO-yHHBIN T3t = 16-12|16% — 122 =| +(12+22+3%+42)=2-52 =
Ceeto-JlaTenbxps =192- |112=80= +(30+50) = +80

1+243+4+5+6+7+8 = 36 CosiHEUHBIH psia
7+6+5+4+3+2+1+0 = 28 JIyHHBIH psin

8+8+8+8+8+8+8+8 = 64 Tanb - crycTok

dopmMupoBaHUE
Cgero-/laTens

MaruutHoe noine: 12+22+32+42 = 30

[Tpumeuanue 1 50 = Ig p3 pa/ps - 6or Aitr COD.

Pacmmmpsiromasicss Crnimpane 30/1Maka, HATOJIKHYBIIUCH
Ha dJeKTpuueckyto odonouky Kamnu Ku3zHu, HaUMHAET CXKU-
Matbes (3,5 — 2,5 = 1), naBas psnx mociaeaoBaTeIbHbIX paBHO-
BECHBIX COCTOSTHUM.

60. YckopeHuss B MarHMTHOM norse
cnupanu 3oamaka

30J10ThIE BOJHBI MeTaranakTUKH, TO €CTb BOJHBI, MOJ-
YUHSIOIIKUECS MPABUJIY 30J10TOr0 CEYEHUsI, POKIAOT TOUEU-
HBId Y4YaCTOK BOJIHBI CBETA, BPALIAIOLIMKCI C IEPUOJIUYHO-
cteio T, = 4 (Tab:1.48).

Tabauma 48
Coznanue poHoHOM 30J10THIX BOJIH MeTarajakTuku
Haumenosanue [Iponecchl U MOTEHIMABI
I1
| To=4= (5= (5 +1) = (+5-1)2 & 215 +1)
dboHOHA
[TpaBuio 30J10TOTO 1:\/5_1:\5“:1 npu il=ij.(pdgo.
CCUCHHUS 2 2 2 0
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Bo3nukHoBenue B Meraranaktuke [Istepuunoi Cssu,
KOTOpPYIO HecyT 3010Thie BoJHBI, c:xnmaer MeraranakTuky B
rajakTUKHU 3BE3JHO-IJIAHETAPHBIX CUCTEM B MAKPOMHUpPAX, A B
MHUKPOMHUPAX, HAMPUMEP, CKUMAIOT XPOMOCOMBI B CIIMpalu, a
CIupain XpoMocoM B OuokiieTku. @opmupyrores [lepuonnue-
ckue Cucremsl 3Bé3anoro Heba, Xumuueckux DIeMEHTOB, ...
I'enomoB HacnencrBeHHOCTH.

Mexnay obonoukoit (72 = 49) cnupanu u nonem Ilare-
puuHoit Csizu (52 = 25) Bcerna OyJieT BO3HUKATh MarHUTHOE
noJe:

721 52 = (1,47 = pup*. (146)

B pezonancho (T,t = 12) - antupezonancaom (T,+1 =7)
nojie Apymnsl - Pynbl BO3HHKaeT MarHUTHBINA MTOTCHITMAI, PaB-
HbIH (146):

g, = pAUp*[Tot — (To+1)] = 1,4%(12 = 7=5)=9,8. (147)

[TosiBUTCST MOTEHIMAN - SKBUBAJIEHT YCKOPEHHUIO CBO-
00HOr0 NaJeHMs], B KOTOpOe OyAET MOCTyNnaTh CBET.

[TosiBIEeHME UMITYJIBCOB BOJIH-YACTHIL CBETA:
g,+p2:(m.ctE)c) = 9,8+0,1(1+1) = 10 = ps, (148)

MPUBEAET K TOTCHIINAI - SKBUBAICHTY d((EKTHBHOCTH B3aHU-
MojieiicTBHs cBeTa (148).

[Iepexon k moJt0 CBETa W MOSIBJIEHUE B HEM TPEX HUM-
IIYJIbCOB:

10g,+mecteo poc® + Exc) = 9843 = 101 (149)

nact skBuBasieHT 101 manouke, U3 KOTOPBIX PUMCKUMHU LU ]-
pamu 0611 coOpan mudepodaaT vacoB MoCKoBCcKoro KHs3s Ba-
cunus 111
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61. 3akoH Tpéx Bropblix:
KpecT u dBonouus

JIBoJonus nepexoga Many-Mpicaureas B Yenose-
ka Bosu n Horn Teorenesuc Kuuru /I3uan cB3bIBaeT ¢
noJsyropamu (1,5) o6oporamu KoJsieca Beesiennoii [4].

Ouepretuka 3tux 3/2 = 1,5 000pOTOB CBS3aHA C MyJIb-
cauueit Apynsl B noJie nepexoaa Xaoc <> ['apMonusi, kotopas
BBI3BIBAET PA3HOCTh MOTECHIMAIOB MEXK]y dHEPrUsSMH JBHUKE-
HUS BO BHYTPEHHEM I10JIE KBaHTA CBETA U SHEPTUEH JIBUKEHUS
B OKPY’Karolllen cpele.

JIBuxeHnue c¢ mponopuusiMud 3/2 s Ha3biBal0 3aKOHOM
Tpéx Bropsix (Ta01.49).

Tabnuua 49
3akon Tpéx Bropsix: npumMepbl NPOsIBJICHUA
1 3
B Apyne irj.god(oz_—
0 2
3
w, 12 3
B Apyme-Pyme T .70 "= _=
Py Y Tl 8 2
B El—m(c+a)0)_§
KBaHTE CBETa E,—me 5
1
1 1
Bextop Kpecr 5
AC=Al')-NK 3
B cnekrtpe cera| p, = ( ) =2 A.
AK 2

B kBanTe cBeta E; - 3TO €ro BHyTpeHHEE MyJIbCUPYIO-
uiee noiie, a E, - IBM>KEHNE KBAHTA CBETA B OKPYKAIOLIEH Ccpe-
ne (1ab6m1.49).
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JIBrxeHue B CIIEKTpe cBeTa B KpacHyro obisacts (Kpac-
Hasi 3Be31a Teorenesuca):

> A(AK = 14004) =2100 (A, (150)

MPUBOJIUT K U3TYUYCHUIO MOJISPHBIX BUXPEH HAJl CTYCTKOM, U
ux noteHmansl +£21-10? GopMupyoT MypnypHYI0 3Hepruo
Ku3znu Ha kpacHoii 3Be3ae (150, [4]).

OcHoBaHue >mropbl Xpuctuanckoro Kpecra onuceiBaet
norjomenue GoToH - HoHOHA JIa3epHON TOUKOM:

2 =c(m+E)) =c(2/mt = 1/w,) = c/m,. (151)

JlazepHast Touka ¢hoTOH - POHOHA BhIpabaTHIBAET SJIEK-
TPOMATHHUTHYIO (€o°lo'c” = 1) Cpely M M3Iy4aeT TP B3aUMHO
MePIEHINKYISIPHBIX Ty4a (MC + €y Lo'c” + EjC), MOKa3aHHBIX
kak Jlyuu Kpecra (1a0:1.49).

Omtopamu Jlyueit Kpecta BO B3aUMOCBSI3U  SIBJISIIOTCS
Terpakcuca I[Tudaropa u Terparpammarona Ka66amsr [1].

62. dnekTpuyeckmn 6anaHc B norse ceeTa
B antope Kpecta

[IpyunHa Heynaun B NnoHMMaHuM EauHCTBa MHpoO31a-
Hus nudaropeiamu, apropamu Kab0amnsl, mociegoBaTensiMu
3Be3abl JlaBuaa, cocrosiza B TOM, YTO OHU OpaJjiM roJiblid
CHUMBOJIM3M TPEYIrOJbHUKOB (A u @), a JHepreruYecKue
npouecchl JA0AYMBIBAJIM B Mepy CBOero MOHMMAHMS, He
CTpeMsiCh MOJYYHTh 0ajlaHC JHEPrUM Ha BXOJe - BbIXOJe
NMPOLECCOB.

[Ipomnm TeICSYENETUSA, HO COBPEMEHHbIE TEOPHH OT-
HOocuTeIbHOCTH A.DiHmTelHa U kBapkoB B.I'mH30ypra Bcé
TaKiKe CTPAJAAKT OTCYTCTBHEM OaJjlaHca.
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Ontopa Xpuctuanckoro Kpecra mo3BOJs€T COCTaBUTH
sHepreruyeckuid O6amanc Enunoro Kocmoca, ¢popmupoBanue
KOTOPOI'0 HAYMHAETCS Ha YPOBHAX (QOTOH - poHOHA (Tabi.50).

Tabauua 50
JHepreTuyecKuii 0ajganc
no >miope Xpucruanckoro Kpecra (1a6:1.49)

[Torennmans
O6nactu Ha Kpecte| Ilponecchr Pexxum i
HMITYJILCOB
JIyum Kpecra N3nydenne |AHTUpE30OHAHC mcc+8ouocz+Ek=3
Touxa JlazepHast Wusepcust. 11 1
nepeceyeHust Kannsa Pe3onanc 32 6
OcHoBaHue

ITormomenue | AHTUpPE3OHAHC m.+E))c =2
Kpecra - P (metEa)e

Tpu dhopmbl %@3-221 %@3-%2:5 %@3-226

HEpaBHOBECUA
CBCT CBCT.

Bosuukaror B Karuie cBera ¢ nmoreHiuaioMm 1/6 oqmHo-
kuid Jlyuy, Ilarepuunbiii JIxa [3] u Kyngaaumum, koTopbie
BO3MYIIIAIOT OKPYKAIOIIYIO cpeay, GOpMHUPYS MOTESHIIHAIBI 2
u22:

6+1 5+1
[pdot [pdp =12£10,rne T=22 A =2. (152)
5-1

6-1

B none marepum Ouosiormdyeckod JKu3HM BO3HUKAET
cyOcTpykTypa (9+2) = 22/2 GuokieTKr npu MuTo3e (IMIoau-
Techb, pa3MHoO:KaiiTech), a B JKuznu 110 u nocie XXuzHu npo-
SIBJISIETCS TeJenarusi, Kak 22 OykBbl ABpaama [1].
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63. Pe30oHaHCHO-aHTUpPE3OHaHCHOe
¢opmMupoBaHue cpeag CBETOM

Jlazepnas Touka, wm Kamas SAxpa, nmyabcupyer B
OKpYy:kawouleil cpeae, co3aaBasi HepaBHOBECHbIE H30MepH-
yecKkue KoJjiedaTebHbIe cucTeMbI (Ta0:1.50).

Ilepexoabl KOMIIOHEHT CBETA K AHTUPE30HAHCY

Kynnanuuu 58 boxecTB B ['onose | Ilocrosinnas Yakp
[uc- | Tpanc- [uc- Tpanc- Hwuc- | Tpanc-
6= -6-1| 130 & -30<-1 136 -36-1

JyHa JyHa
05 50 | 0029 & 290 035 -35<0
MO3T MOJTyIapHs

00 <-10=0

00 < -58<0
yucio | boxkecTs

00 < -700

0<:>10<:|> 0<=0

0=58 <:I> 0<=0

0<:>70<:|> 0<=0.

(153)

[Tynbcupyst B pezoHancHoM pexume, Kynamanuuu ¢op-
mupyeT cnupaib 3oauaka (1 < 0 < -12 < -1); 6or u Goruns
JIyHBI mrymMepoB co3aalT ux cucremy CUuclieHusi, KpaTHYIO
mectugecatu [2] (1 < 0 < -60 < -1); a pacuiupeHHbIN
KBAaHT cBeTa (OPMHUPYET sIEPHOE BEIIECTBO C IIOTHOCTHIO
=72 (112 0< -1) (153).

M3MeHeHune HalpaBII€HHOCTH YHEPreTUYECKOTo Mpoliec-
ca OT pe30HaHCa K aHTHUPE30HAHCY O3HAuYaeT Mepexoj] OT CHH-
T€3a K MYJbTHUIUIETHOCTH, OT CTYCTKOB K BOJIHAaM, OT IOTJIO-
HICHUS K MU3IYYCHUIO, OT MPUTSKCHHSI K OTTATKUBAHUIO, OT JK-
30TepMHH K dHAO0TEepMuUM (153).
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[Tpu antupesonance B obmactu KyHnaanHu MOSBISIOT-
cs B3auMmojeiicTBus ceera (£10 = £ps ); JeBoe U MmpaBoe Mo-
JyHIapysi CTYCTKOB - UCTOYHMK 13-TH JYHHOW ITyJNbCallUM 110

1
Kanennapro Maiiu [29] (Igo dp = 13) u npuynHa BO3HUKHOBE-
0

Hus 58 boxecTs B rojose Yenopeka (0<0<>-58<0), a myJib-
caiys KBaHTa CBETa C MOTEHIHAIOM 36 MPUBOJIUT K MOCTOSH-
Hoi Yakp B Kocmoce:

+70 = 140 [ijgo d(p] — 140-(£1/2). (154)
0

64. Kpect: poopmupoBaHue CBeTa
m csoero NMNoao6bus - EamHoro Kocmoca

Tpanchopmupysi camocyIue BOJHBI, CBeT (popMuUpyet
Csou Ilogo0usi, KOTOpHIM B KOHEUHOM cué€te saBisiercss Koc-
Moc. Bosnukaer CeMepUYHOCTh, B3aMMOJICHUCTBUS M JIOTa-
pudMuyeckre BoIHBI (Tabm.51).

Tabaunma 51
Kpect: popmupoBanue Cera
u cBoero Ilogoous - Enxnnoro Kocmoca

Touka
nepece-
DIIEeMEHThI YEHUs CeMepUYHOCTh
OcHoBaHue Jlyun
Kpecra OCHOBa- B Kocmoce
HUS U TTy-
yen
ITons Camocymme| Kamg- |(M3myuéHnsie
Kl/ Kz =-7
(Ta6s1.50) BOJIHBI SAnpo MMITYJIbCHI
W3omepuue- 1. Jlorapudmuye-
ckie pasHocTH 70 < -70 |58 < -58| 10<=-10 CKHeE BOJTHBI
0= +140 |0 = £116| 0= £20
(159) —(1;1;7;14;28;56j
Paznoctu + | 116 —-140=-24 | 20-116=-96 42
CYMMBI 116 +140=256 | 20+ 116=136 | 2. Bzaumojeiict-
1 % 1 B¢ Bust: 107 < 107,
Bosmyenue | K| =TT J-(O dp 5 K, -7 _[(0 dp =|  cessanHble ¢
cpen 0 +256 0 -% €o M L
-2030 290 Y

82




B n3nyuénnom none nan Kamen flnpa Bo3Hukaer ce-
mepuuHas myibscamus Ki/K, = -7, a B norapupmudeckux BoI-
Hax NOSIBIIIOTCS SHEPrETUYECKUE Psiibl ceMH Yakp:

IHocrosinnast Yakp = 140
Yakpb, NeNe | 1 | 2 | 3 | 4|56 |7
Pacmmpenue |7/4|7/2| 7 |14 |28 |56 | 112 (155)
Cxatue 80 (40|20 (10| 5 |5/2]|5/4
IMpoussenenue | 140|140 |140(140|140|140] 140.

[TocTositnnast Yakp (155) paBHa 1uc-TpaHc u3oMepuue-
CKOHM pa3HOCTH camocylux BoJiH (Tabm.51), a cama cemepuy-
HOCTh BO3HHMKAET HAa YPOBHE B3aUMOJICUCTBUI, PABHBIX KOPHIO
KBa/IpaTHOMY M3 SIZICPHBIX B3aUMOICHCTBUIA:

ps=10"<= 10" 1/10" =107,
BJICKYIIUX 3a cO00i (OPMUPOBAHUSA DIIEKTPUUECKOW M Mar-
HHTHOMN cpej, TaK KaK €, = 10'/4mc? ®/m u po = 41107 Tr/m.

65. lNMosiBNeHWe HEMHEPTHLIX rasoB
M yrnepoaa npu cryweHmun Heb6ecHbix BonH

Crymenue HebGecHbix BoslH mpoucXoauT B pe30HAHC-
HOM Buxpe T, 1 =12.

Crymenue HaunHaeTcs B ApyIie, IpOJOJKAETCS B KNI~
Kux cpenax, hopmupys Kynaanuau m 301Mak U yBEIMYUBAs
MarautHoe none ot 1,4 no 14 = Juu* (1a6:1.52).

CryiieHnre HeOECHBIX TeJl COMPOBOXKAAETCS MOSIBICHUEM

aTOMOB HEMHEPTHBIX Ta30B: BOJAOPO/I, 30T, KUCIOPOI B aToMa
yriepona (ta61.52). Bo3uukaror Tsab u L{unsb (Ta051.52).
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Tabmuma 52
Mexanu3Mm crymenusi He6ecubix Bosin

IMonsa Apyna Kynpanuau 3oanak Maruetusm
Pacumpenne 170 < 1.4 1.253.5 & 141,25 7= 1,45 | 14 iy 1,410
30T

Catne  |1,75/1,4c51,25] 3,5/1,42,5 | 7/1,4<5 | 1,4/1,4510
3+43=6 | 6+6=12 |12+12=24|24+24=48

Cymmbl

Kucnopon
Mepexon | (T _g_ ¢ [12To/1=16=Ty% 24T /1 = 32 | 48T,/ = 64
B Pymy T N Kucnopon b [{uHb.

B xone crymenuss He6ecubix Bosin B Apyne Bo3HUKaET
PE30HAHCHOE BHYTPEHHEE MATHYPOBHEBOE IMOJIE CBETa, KOTO-
po€ TMOJI BIUSHHEM COKPOBEHHOW COPOKOBHUIIBI (OPMUPYET
BOJIHY JIJIMHOIO B 48001&, JEJISIITY0 CHHIO U rostyOyro obJac-
THU CIIEKTpa, HanpuMep B yakpe Tperuii ['na3 (Ta61.52).

Crymenue BoiH B Pyne Crywmenue BosH B Apyne
K, = 8+16+24+48 = 120 = 5! K, = 6+12+24+48 =90 (156)
psToK, =4-120 = 4800 = psToKa =10-40-90 = 3600 =
4800A =2 AB = 3600A.

B mone Apymnbl BO3HUKAET SKBUBAJICHT PAa3HOCTH JIJTUH
BOJIH BO BHyTpeHHeM noiie cBera: 90 = (AK — AD)-ps, a 3aTeM
Pa3HOCTH JJIMH BOJH COJTHEYHOTO O€JI0ro CBETA.

Pe3onancHo-anTupe3oHaHcHas myJibcanus cseta (156):

4800 —3600° 21

4800-3600 36

'%le’laﬂbﬂ/lbl, (157)

1
34 3

IMPUBOAUT K IIOJY B TPECTh IAJIbMBI.
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66. CryweHue ToHKOU dHeprum
n KHura MépTBbIx

Apyna n Pyna Enunoro Kocmoca nynscupyer no "am-
miuryae" ceoux IIponokurenbHOCTEN, CO3/1aBasi MarHETU3M
Y TPUHAJAUATH IEPUOJUYHBIN OTCUET "BpEMEHU "

Hynabcauus Apynsi - Pynsl Eqnnoro Kocmoca

13-Tu nyHHBII
Kanengaps

0 < (20+6)x
Ty+1=5|7-1 020-6= ]

2
1,-1=3 r+1 4 14=\Juu* (ij(pdg@)sil&

0

Pyma Apyna Maruetusm

(158)

B cpene, BOo3MyméHHONM MarHeTu3MoMm, (GOopMHUpPYETCs
IpaBUTALMS:

14+1

28 = jgod(pz,/pp* . (159)

14-1

Ot reneparopa ¢ LC (émkocTb -
S 27 WHJIYKTUBHOCTb) KOHTYPOM BO3HH-
kaeT CBeuenue ToHkol DHEepruu, o
KOTOpOM s pacckasbplBall paHee, U
MOIY?JUIANICHI  KOTOPOTO  HMMEIOT
v NnoTeHIuanbsl 27 u 28 B JBOMHOM
=4 SHEPreTUYECKOM CJI0O€ MOBEPXHO-
ctu (puc.12.3 u puc.13).
Puc.13 Ceeuenue om cene- ITuc-tpanc wm3omepuss Caeue-
pamopa Tonxot nepauu yyg Toukoit Dueprun OBUIO JAHO
HaM, JIFOJsM, B (hopMe TTOBECTBOBa-
Husg o 110 boxecTtBax B Telle yelloBeKa, OMUMCAaHHBIX B KHure
MéptBbix [8]:
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110 boxectB CBeuenusi Tonkoi Inepruu (puc.13).

28427 =282 - 272 = 55 <> -55 = (282 - 27%) = (28+27) (160)
0 < =110.

[lynbcanus o aMIuIuTy 1€ 000JIOYKH C TOTeHIUaaom 27
npuBoauT K 108 penHkapHanuam, a 000JI0YKU € MOTEHIIUATIOM
28 - K rpaBUTallMOHHO-MArHUTHOMY-3JIEKTPUYECKOMY PaBHO-
BECHUIO:

boxecrtBa 3apOoAbIIIN-UMITYJIECHI

27+1 2841

2 [ dp =108 =10 (5 mee) + [pdp=112= (161)

271 28-1

58 (B ronose) + 42 (B cepaie) 7\/qq* = 8\/;1,u* =4\/pp*.

67. PeuHkapHauus kak Henopo4yHoe 3avatue

Kaxnas pemnkapHanusi - 310 o4epennoe Henmopou-
Hoe 3ayartue, ¢pusznueckas CylHOCTb B KOTOPOM CBSI3aHA CO
CTYILIEHUEM MeTarajakTudeckux BoJiH B Apymne (156) u ¢op-
MHUPOBaHUU CTYCTKOB - cyocTpyktyp (9+2) m (9+2) B Ouo-
kietke (puc.12.2).

Taomuna 53
"HenopouHoe 3auatue'
KaK HauyaJ0 peunkapHanuni (Hou)

Crymenue criekrpa ceta (O1) Crymenue B 6uokierke (Ha)

AK
pz(AK—AcD)+E:9O+20:110 940 _ 0o sumoza

2,(AK —AD)=90 C>9+2_ MUmo3

+[110-(9+2) — (9+0)-90] = (1210 — 810 = 400) <> 0.

Crymienue criektpa cBeta (O1) TpUBOIUT K OKOHYAHUIO
W3JIy4eHUs, TO €CTh K ThMe (Ta0:1.53).

86




B TthMy monamaer u mone cybctpyktyp kietku (Ha).
Bosnukaet konebatensHblil mpoiiecc Hou (Tabdmn.53).

PesynbpTaTom KojebaHUd ABIISETCS MOTSHIIMAJ, PABHBIN
400, sxBuBajieHT CpaoxaBatr O B JecATh pa3 00JbIIHIA
CoxpoBenHoii CopoKkoBHIIBI.

Cranna IV, 1.5, Kocmorenesuc [3] omuceiBaer Ta61.52
TaK:

5. Oi-Ha-Hou ectb Tbma. bBecnpeneabHOCTb
(log,U = 0), unm xe He-Uuciao (0 < ...), Agu-Hugana,
Caaoxasat O (...<> 400 = Cpabxasar O).

1. Aqu-Canat, Uncso, u60o on Oqun (28 — 27 =1);

2. I'nac caoa, CBaoxaBar, Unciaa, noo on OauH u
10+1 20+1

HeBsathb (19 =10 < _[godgo =20 < I¢d¢=40<:>...).

10-1 20-1

4. "KBaapart 6e3 ®opmbi" (\/52 = Sc n/4-Csc n/4).

" 3t Tpu 3akiaovensl BHYyTpu O ("adcoawt" @),
cytb CoxkpoBennas Yersepuua (ps-T, = 10-4 = 40), u [e-
catThb (ps = 10) cyrs Apyna Bceesiennasi. 3arem uayt ChbIHbI,
Cemb Bowurteseir, Oqun BocbMmoil ocTaBjieH B CTOPOHE M
Jbixanue ero ectb CBero-darenn (1abin.47).

68. CryuweHue CBeTa B 3apsaabl-MMMNYNbChbI
non o6onoykamm

N >t Tpn, 3akmouénnbie BRYTpU O [3], B3THI 5MO-
gemoil 3HameHu D30TepHKOB, u3ydanuch [ludaropom kak
Terpakcuc, a Kab6anmucramu kak TerparpammatoHn [1].

VY mens sty Tpu nokazansl Ha puc.12.1 u 12.3, a pusu-
YecKasl CYIIHOCTh ATUX DIIOP CBsi3aHa C 000J104KOil (IIOTEH-
nrain 49) uau 1BOHOM 000/104YK0i ¢ MOTEeHHNAJI0OM 2+49.

B Eannom KocMoce moa 0007104YKH NOCTYNAIOT BOJIHBI
OT COJIHEYHO-JIYHHBIX PsII0B, Hocutenen Ceero-/larens.
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Tabnuma 54
IHocTtyniienue cBeta noa 060104k Heap siaep

JIlyHHBIN psig 0 1 2 3 4 5 6 7 =28

ConHeuHbId psij 8 7 6 5 4 3 2 1 =36

Csero-/laTtenn 8 8 8 8 8 8 8 8 =64

O06omnouka 49 |49 149149 |49 | 49|49 | 49 | =849

JIBoitHast o0ommouka |2:49(2:49(2:49(2:49(2-49(2:49|2:49(2-49 |=16-49.

IIpn mocTrymjieHun cBeTa Moja 000J0YKY Ha KaxKJIOM
13 BOCBbMH YPOBHEM B YCJIOBUAX PE30HAHCA BO3HUKAET IMOTEH-
[HaJI, pPaBHBIA U SKBUBAJICHTHBIN IMOTEHIMAJIaM T'paBUTAIUU-
MarHeTu3Ma:

8:49=392=2814=p*u=pu*= Jpo*uu*=.... (162)

Pe3onancHas Touka BceX BOCBMHU YPOBHEH 000JIOYKU
IIPUBOJUT K T'PaBUTALINU:

8:392 =3136 =428 =T,p*p. (163)

IIpu mocTynjieHuM cBeTa MOJ ABOMHYI0 000J104KY Ha
Ka)KJIOM M3 BOCbMHU YPOBHEH B YCJIOBHUSIX pPE€30HAaHCAa BO3HMKA-
€T MOTEHLMaJ, PaBHbIM U SKBUBAJICHTHBIA MMOTEHIMAIAaM I'pa-
BUTALUU:

82-49 = 784 = 182 = p*p. (164)

[Tpu noctymieHuu cBeTa noj JIBOMHYI0 000JO0UYKY BCEX
BOCBMM YPOBHEW BO3HHUKAET I'PaBUTALMOHHO-JIEKTPOMATHUT-
HBII DKBUBAJICHT:

8784 = 6272 = 281416 = pp* s *qq * . (165)
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69. ®opmupoBaHMe GUNONAPHON CTPYKTYPbI
¢poTOH-(hOHOHA

Cxkatp cryctok Ha Bce 100% Henp3s: CKaTUIO MELIAOT
MOCTYMAIOIIUE B CTYCTOK CaMOCYIIIME BOJHBI METarajiakTHKH,
KOTOPbIC HHUIIUUPYIOT CMEHY MPUTSHKEHUS OTTATKUBAHUEM.

[Tynbcauus THNa NMPHUTSKEHHE-OTTAIKUBAHME DPEAIIU-
3yeT ce0si B 0eCKOHe4YHOH MHo:kecTBeHHOCTH Dopm [IBH-
skeHus 1 Popm CyOcTaHUM, HAPUMED B PA3HOMMEHHOCTH
3apsAI0B M HMMIYJbCOB B CrYCTKE, CO3/IaHUU IJIAHETApHbBIX
CUCTEM B CI'yCTKaX MUKpo-Makpo mupoB Equnoro Kocmoca.

Co3naHue IJIaHETapHBIX CHCTEM - CTYCTKOB CBSI3aHO C
ux (GopMHpOBaHHEM JIa3epHBIMU CTyCTKaMu (HOTOH-(HOHOHOB
(puc.14, Tabn.55).

Tabnuna 55
Bunoasipuasi cucrema JjiazepHbIX To4ek (puc.13)
JlazepHbie
DD I meB, = 1/ 2meE, = 2/7| meEy = 1/ < w2 = meEy/2
mk, 2 3 3
Kone6anus 1212 S elero=coe,
w, T 2
124 m.E, < 0, < Ao,
DopmEt CeMepuYHOCTb: "
JIBIIKEHUS Mep : 31y4YEHHE UMITYJIbCa
7= [1+2[+4] BBI3BIBAET BpallleHHE CI'yCTKA.

Mexnay AByMsl Jla3epHbIMU TOYKaMHU B KBAaHTE CBETa
BO3HHMKHYT Pa3HOCTU MOTEHIMANOB (puc.14):

Cpena mexay Ja3epHbIMH TOYKAMU

Coxatune Pacumpenue (166)

€1 = [m+(m+E)) |=0,*/c*=3/8n | £, = [m+(mc-E)) |=c*/ 0,*=8/7.

B Apyne (t = 3) Bo3nukaer TsHb ¢ moTeHIIMAIOM 64 1
Tsub KONEONIETCS:
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Koaebanus Tsaub B Apyne (166) (167)
81/82 =3/64 & €16y = RYG =" 82/81 = 64/3.
2m.E; Kuura IlepemeH, ocraBieHHas

Benukon [luBmnm3anuei, moapoOHO
ONMUCHIBACT ITyJbcalMio TsHb B Apy-
ne, a s BEpHYCh K OUIOJIAPHBIM
CTPYKTypaM IUIAHETAPHBIX CHCTEM.

mth

Puc.14 Bbunonsapnas
cucmema Keauwma ceema

70. BunonsipHbIN MarHuT:
nATepuYHan cBs3b, 13-Tu nyHHbIW KaneHpaapb

®DoKyChl - CryCTKH OHUIONAPHBIX CHUCTEM HMEIOT OJH-
HapHYIO U JBOIHYI0 0007104Ky (puc.12.3), a cama OumnonsipHast
cucTteMa OKpykeHa TOHKONM ODHeprueu, PHEpPreTuKa KOTOpOU
apisietcs [logobuem Ceuenus ot reHepatopa ToHKOM DHep-
ruu (puc.13).

@OKyChl TaKOM DJIEKTPUYECKOM CUCTEMBI MMEIOT CBS-
3aHHBIC MEXKIY co0oi moreHmmansl @, (163) u d, (165), ok-
PY’KEHHbIE  TOHKO-dHEpPreTHueckol obomoukoil  (puc.lS5,
Tab11.56).

Tabnua 56
doKychl OMMOSIPHON cucTeMbl (puc.14)
dokychl B o6onouxke B msoitok B3anmocssi3b pokycos
00oouke
dopmyna (163) (165) 1
+ @zj.?’ do=o,
Hotenmman | @) =28-14-8 | @, =28-14-6 ’
CD]'C/(,OO = CDz.
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Bimsinue nmynscupyromen TOHKO-
HEPreTUYECKO 000TIOUKH Ha (POKYCHI
OyneTr nposiBisATh ceds B (popmupoBa-
HUU JKUBBIX - HEKUBBIX MAarHUTOB U UX
AHTUPE30HAHCHOM B3aUMOJIECTBUHU
(puc.15, Ta61.56):

Puc.15 Bunonsapuas
cucmema

Marue-
M B dokyce @, B dokyce @,
Horen. 28?2 :28'14'16:14-8 14.4:28-14-8:28 1@1
¢ 2-28 + 2-28 ¢ 169
[HAAJIBI I(o do j(p a’(o( )
28-1 27-1

2 2
Hyseca- (14 : 8) — (14 : 4) = 8 -4 = ﬁ = 1,5 =3axon Tpéx BropsIx.

st 14-8-14-4 84 32

[TpuBenéHHas mynbcanysi MAarHUTHBIX TOJEH OUIOJISIp-

HBIX CHCTEM YKa3blBaeT Ha JBIKEHHE ITHX MOJIEeH MO 3aKoHY
Tpéx Bropsix (169):

326 2/3..94...0 & +9-4=5) 19 < 4 0 < £13. (170)

B KUBBIX - HEXHUBBIX OUIOJSPHBIX MAarHUTHBIX CHCTE-
Max 3a noJyitopa obopora O6oaa Koneca Beesnennoii [4] Bo3-
HUKaeT NsATepuyHas cBs3b U 13-Tu nyHHbIA OTCUET IIpomon-
JKUTEJIIBHOCTEN.

71. NpaBUTaLMOHHO-MarHUTHbIE Oypu - reHepaTopbl
Buxpen Mbicnu u NMamaTtm

B ¢poxycax @, u @, (puc.14), ananorax "cTpyH'", Bo3-
HUKAIOT CHA4Yajia IPaBUTALMOHHBIE, a 3aTeM MATrHHMTHBIE
KoJIe0aHus cpel.

Cpena u cpena crpeMsTcsi K PABHOBECHIO, CO31aBasi
HOBbIE€ BOJIHBI, MIOCJIE JOCTH/KCHUSI PABHOBECHS CO Cpela-
MU, HANIPUMEP rPABUTALMOHHONA U MATHUTHOM:
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JInHaMKuKa IBUKeHUS OUIOJIAPHOM CUCTEMbI
IIPHA TPABUTAIIMOHHO-MATHUTHOM PaAaBHOBECHM
[Tons (puc.14, | B doxyce @, | B doxyce @, Dmropa -
Tabn.55). (169) (169) pe3ynbTar
CBs3b (pokyca @, D, Ocuoanne | (171)
(CprHI)I) C 29+1 14+1 28+1 14+1 BEJIUKOUN
OKpPYIKaroIeu '[ pdo I pde I pdo J. @ do | Tupamumer:
Cpeﬂoﬁ: rpa_ 28-1 14-1 28-1 14+1 2
MarLeTusmoMm | 2-28-24 ‘ 2-28-2-14 /2

JI71s1 BOJTHOBBIX TOJIEH: caMOCYIIME BOJIHBI, BOJHBI 3ara-
Xa, BOJHBI CBETA, PAJIMOBOJIHBI U TaK Jiajiee dIMIopa - OCHOBA-
Hue Benukoi [Tupamunsl sBisiercs anaioroM "KBaapara 0e3

dopmur” ([3], 171).

MupoBo33peHueckrii MOAX0 Hameil Hayku K Pea-
ausam Exunoro Kocmoca kak K To4eK ONMopbl, HAXOAALIEH-
¢l B CTaTHKe, HE TAa€T HAM BO3MOYKHOCTH IOHSTH THUHAMUKY
npouecca ¢opmupoBanusa Kammu Anpa u [Hosepxnoctu Kan-
JIY, IMEIOLIEN CIENYIOINE CTaIUHN:

1. PaBHoBecue Kocvmuveckoit MpIciiM ¢ siICPHBIM
BELIECTBOM MO3ra U PABHOBECHE SIICPHOI0 BelIeCTBA MO3-
ra ¢ Haueil MAarHUTHOM MAMSATHIO.

2. I[BI’I)KeHI/Ie CI'YCTKOB CB€Ta-IaMsITU IO MMOBEPXHO-
CTH MO3ra M MosiBJICHHME B KOpPE U HaQ KOpOﬁ roJIOBHOTI'O
MO3ra 3JEeKTPUIECKOTO Booﬁpamennﬂ.
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72. MosiBneHue anekTpuyecTsBa (B TOM yncne
Boo6paxeHus) Ha noBepxHocTu Kannu Aapa

AHanuzupys smopy B popme ocHoBaHus Benukout [1u-
pamuzsbl (171), Mbl aHaIM3UpyeM CrylieHHuEe HEOECHBIX (camo-
cymux) BoJH (puc.2, Tab1.16).

1. Ocnoeanue 2. Onnunmuyeckue 3. llapabonuueckuti
Tupamuowl opbumsl nepexoo0 mexicoy

opbumamu
X

Puc.16 Bpawenue no opoumam 8 "keadpame 6e3 gpopmot”

Urpas pons "kBagpata 6e3 ¢opmbl" [3] 1J BOJIHO-
BbIX I10JIel, OCHOBaHue Benukou [lupamuael B BEeKTOpHOU
dbopme OnMChHIBAET JABUKEHHE JIA3€PHOM TOUKH SIIEPHOTO Be-
1IECTBA IO AJUIMIICOMIANIbHON noBepxHOocTH Karmum fAnpa, raoe
JMaroHanab KBajpaTa W €€ MOJIOBUHA SIBJISIIOTCS SKBUBAJICHTA-
MU KBaJpaToB OosbIoi (a;*> = 4) u manoi (b> = 2) nonyocei
aJuurca u napadossl (puc.16).

[TosiBUTCSt onmMcaHuEe IMJIAHETAPHOM CUCTEMbI C mapado-

JUYECKUM I[E€pEXOJOM KBAaHTOB C OpOUTBI Ha OpOUTYy
(Tabn.56).

Ta6muma 57
HAdyeiika MUIAHETAPHOM CUCTEMBI
Huc-uzomepus | Luc-tpanc nepexoawl | TpaHc-uzomepus
2 2 2 2 2 2
LA . .
a b a b a b
x2+ 22 =4 x2—=2y?=4 X2+ 2y?=4
Onnuric [Tapa6ona Onuric.
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Bparenue na3epHbIX TOUYEK 3aCTaBISET HAC TO CKIIAIIbI-
BaTh, TO BBIUATATH YyPAaBHCHHUS DOJUIMIICOB - TapadOJIbI
(tabn.57), uyto BHEYET 3a COO0OHM TO TMOSBICHHE HOJIb-
MOTEeHIMAaJIa, TO YJBOSHHWE HAYaJbHOTO MOTEHIMaNa. Bo3HH-
KaeT 2JIEKTpU4eCcTBO U B HEM BooOpaxxenue (1ab1.57):

2(x*2y? = 8) = (2x*+4y?) = (16 = /gq* ) u Tak manee. (172)

73. Mpupopa npoucxoxaeHus
M BcecywHocTb 3akoHa Kennepa

3akonbl M.Kemepa TOYHO ONMCHIBAIOT BpalleHUE ILIA-
HeT BOKpyr ComnHna.

Kak u Bcs Hamia Hayka B 11e51oM, 3akoHbl Kemiepa guk-
CUPYIOT SBJICHHSI, HO HE 00BsCHAIOT ux [Ipupony.

[ToaToMy, Hampumep, HayKa Halled 3€eMHOM LMBWIM3A-
MU NpeObIBa€T B COMHEHHMH: NMPUMEHUMBI JIM 3aKOHBI MOJI0-
Ous 3akoHam Keruiepa Kk MUKpoMHpaMm, *XUBBIM - HEXXHBBIM
cucremam, Beenenneim, Meraranaktukam?

Pa36epémcst ¢ 3TUM BOIIPOCOM.
***

IlepBbiii 3akon Kenuiepa. Ilnanersl BpamamwTcs mo
JLUIHNTHYECKUM opOuTaM, B oKyce KOTOPbIX HAXOIAUTCH
Couanne.

Koopaunatoit (okyca ammuntudeckod opOouTh Oyaer
SBIIATHCS TOUKA, MyJICUPYIOINIAs B TPUBEAEHHOM PE30HAHCHO-
AHTUPE30HAHCHOM pexxume (puc.16.2):

F(poxyc) = azafjlbz = 44_22 = 2;/5 I\/EESC%E..., (173)

rae: 24/2 = a - cTOpoHa OCHOBAHHSA BENUKOH [Tupamussl, a
HOJIb-TIOTEHIIMAJ BO3HUKAJ, HarpuMep 1ipu Sin 1Tt = 0.

KoopauHatsl (oKyca LIMNTHYECKHX opouT (2, 0
u 0, /2 ) onpenensoT MyJibcanueii CAMOCYIIMX BOJIH.
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DKCUEHTPUCHUTET 3AJunIca (€) CBSI3aH C €ro MOJyoCsIMU

(puc.16):
b’ 2 1 s
e=| 2 N Z 1/2 in7s (174)

U onpeesisieTcsl myJbcamueii caMoCylux BOJIH.

CBs3b (hokyca ¢ IKCLIEHTPUCUTETOM OPOUTHI BOKPYT He-
ro ¢popMupyroT KojebarenbHyto cuctemy (173, 174):

Fle=2 < Fe=1<¢F=1/2, (175)

B KOTOPOM y4acTBYIOT B3auMozeicTBus (Ig p; pa p3 ps ps= 2),

1
J3nan (i J' pdp= i%} U paBHOBECHE.
0

Hanuune stux Qaxropos (175) nemaer nepBblii 3aKOH
Kemepa BceoObEMITIOIIUM JJIsl KUBBIX - HEKHUBBIX MHUKPO -
MaKkpoO MHUPOB.

74. Btopowm 3akoH Kennepa
M BHYTpeHHee none ¢hoToHa

Bropoii 3akon U.Kemepa: 3a paBHbIe IPOMEKYTKH
BPEMEHU paauyC-BeKTOp Mekay miaaHeroi u CoaHuem
OnUCHIBAET paBHbIe cekTopa (puc.17), Mo CymecTBy OMUCHI-
BAa€T IIOCTOSIHCTBO CEKTOPAIbHON CKOPOCTH:

Vcek = Si/Ti= ... = Const. (176)

[TocTositHCTBO cekTopasibHOM ckopocTu (Vceek) moBepx-
HOCTHBIX BOJIH (Si) OepéT cBOE HayaIo0 B MPOIECcce MPOXO0XKIe-
HUS CAMOCYIIIUX BOJIH:

Sin /4 - Sc /4 - Cos /4 - Csc /4 = 1 (177)

yepes mwionanp Si = 1/4-w cedenus BHyTpeHHEro moiisi (oToHa
m, = 1/m (puc.17).
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Bo BHyTpeHHeM moJjie (pOTOHA BO3-
HHMKAeT TOYKA-H3Jy4aTelb CaMOCYIIUX
BOJIH, JIy4 M3 KOTOPO# oOCBellaeTr Te-
JIECHbIH yroJ1 B OJMH CTepaJiMaH BoO-
KpPYr TOYKH, TO ecTb yroa 1/4m = S,
(puc.17).

Konebanust TOUKHU-U3Iy4yaTessi BHYT-
pu ¢$OTOHA, COBEpIIaeMbIe O]l HAIIOPOM

Puc.17 Bmopoti
saxon M. Kennepa ~ CaMOCYIIMX BOJH (177), co3aar0T KOHTYP

KOJICOAHUS:

S/1<=1/S; n S2=@n)’<1,
NN
(m.E; = 1/7%) < 16. (178)

Ha mnoBepxnoctu ¢orona m. (puc.17) Bo3HHMKaeT
HHMC-TpaHce u3omMepudeckoe noje lHunp:

+ (e = Jag* —(cJag* =16 (-16)=32)= 1jums) ,  (179)

a BOKpYT ()OTOHA BO3MYIIIEHHAS Cpefa, MyIbCUPYIOIIAs 110
aMIUTUTY/IE:

16+1
i(kzz j(pd¢=z-16=3zj, (180)

16-1
YTO U ONPEJETUT MOCTOSIHCTBO CEKTOPAIbHOU CKOPOCTH:

Vcekr =k, : k; =+32/+432 = 1 = Const. (181)
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75. Tpetumn 3akoH Kennepa:
naTepuyHan cBsA3b Kocmoca

Tpernii 3axon Kemepa. OTHOIeHHe KBajgparTa Ime-
puoaa odpameHus mianer BOKpyr CoJuHua k KyOy paamyc-
BeKTOpa Mexay miaHeroil 1 CosHIEM eCTh BeJIMYHHA I110-
CTOSIHHASA:

3 3 _ 3 1
R_1=&=(R;2)=1=J‘(pdgoEConstlJ, (182)

0

xapaktepusyet [[3uan - norennuain (182), a B uenom otHoe-
HUE 00bEMA K KBaJIpaTy nepuoja oopamieHus 00bEMa BOKPYT
dboxkyca smunca (puc.17).

[Tone V/T;? (182) umeeT nBE MOCTOSTHHBIX.

[lepas moctostHHas R*/T? obmamaeT BCceoOBEMITIONIN-
MU cBoricTBamMu 1pu R = 1g py pop3 paps=2u T2 =16. B
ATOM Clly4yae IepBasi MOCTOSHHAsT MMEeT CBOWMCTBa JIpodu -
3uan u npunumaetr ydactue B popmupoBannu Kocmo-, AH-
Tporno- u Teorenesuca [3, 4].

3uan Tperbero 3axkona Kemiepa cBsizaHa KoJjeda-
TeJibHOU cuctemMoii (175) ¢ mepBbim 3akoHoMm Kemuiepa.
Bropas nocrosinnas B Tperbem 3akone Kemnnepa cpsiza-
Ha C BOJIHOM (yacTulieil) cBeta B Apyre npu €€ mepexojie B
Pymy:
T )

Const Eiﬂz—z—~4,1887wzlmﬂ, (183)
23 r-m, T1-E,

IIpU KOTOPOM CBET BBIAENSAET OAHY Kanoputo [17].

O6mias nocrosinHas no Tperbemy 3akoHy Kemepa Oy-
net paBHa (182, 183):

Const, - Const, Al 2 _mrE, (184)
3 2 3 T-mE,

c
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B coorBercTBMHM ¢ 3THMH NOCTOsiHHbIMH (184) B
Ennnom Kocmoce BO3HHKaeT BceoObeMulIOlee JIBHKECHUE
no 3akony Tpéx Bropsix, a Takxke (yHKIHMOHUPOBAThH KOJe-
OaTeNbHBIN KOHTYD:

W | N
B}
Il
w | N

@%:Ei—ﬂ, (185)

dbopmupytonuit nsaTepudnyto (b < 3% — 22 = 5) cBs3b.

76. 3akoHbl Kennepa
n penuruosHo-muconornyeckmne aktbl

Crpoutenu Benukou [lupamuabl UCNONb30BAIM PABHO-
BecHe BO BHyTpeHHeM noje ¢oToHa (puc.17), koraa

1
SO'LOKP}OKHOCTH = E A =1 > (186)

Sor Sprra

rI€e: Sipyra = T(R=2)* ¥ Loxpysnocrn = 2T(R=2) cooTBETCTBEHHO
KpPYT ¥ OKPY>KHOCTh, B KOTOpPbI€ BIMCAHO OCHOBAHME BeJIU-
kol Ilupamuasl.

B nonsx ToHkux DHeprui Touka S, IOCTUTAET PaBHO-
BecHs IMyTEM MOTJIOMICHUS cheprudeckoil odonouku Q; ¢ pa-
JTAYCOM 1= +/—1:

So'[Qi = 4n(iz =-1)] = i (-4m) = 1. (187)

PaBenctBo motenmuana (187) u morenuuama (186) co-
OTBETCTBEHHO MHUHYC W TUIFOC CIUHUIIC YKa3bIBaeT HA Pa3HO-
HAIPaBJICHHOCTh YHEPreTHYCCKUX BHXPEH B MOJsAX TOHKOM
DHepruu v SHepruu Marepuu.

B nmonsax Marepun sHEpreTU4eCKUil BUXPh JBUKETCS B
OJIHOM HamnpasjeHuu ¢ Boctoka Ha 3anan qyist 3eMiiu.
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B Emunom Kocmoce nBuxkeHHME KOMIIOHEHT B MHKPO-
MakpoMupax HE ucYepnblBaeTcs 1o 3akoHam Kermepa
(puc.18.1 u 18.2), HO UMeeT OECKOHEYHYI0 MHOXECTBEHHOCTh
dbopm. Hampumep Bparmienue mo opoute ¢ moryocsiMu by =2 u
a;> = 4 (puc.18.1) Oyaer sABIATHCS SHEPreTUYECKUM IKBUBA-
JICHTOM IyJbcauuu Apyrsl o ammutyae (puc.18.3):

_ 2(mcc+<90,uoc2 +Eic) (188)

cexm 3+1 D)
[pdp=2-3=(35+25)

3-1

rae: 6 - Kynnanvau.

1. Opouma 2. Bmopou 3. Ilynvcayus 4. Kpye
3akoH Kennepa Apynol no Yuueepcym [6],
amnaumyoe Omxposenue

4

1 O6nactu

Hwusmas

4000

Puc.17 Bapuanmoi 0gudicenuss nomumo saxornos Kennepa

Haubos1ee motHO OecKOHEeYHOCTH KoJiedanmii (3+1)

onucsiBaer Kpyr YHuBepcyma, gaHHbIii B OTKpPOBEHHSAX
(puc.17.4).
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77. MosiBNeHue aneKkTpnyecrtsa
Ha opbuTtax n B mo3re

Bpanienue no AByM M30MepHYECKHM JJLIMIICOMIAJb-
HBIM OpPOMTAM TPHUBOAUT K MEPUOJUYECKOMY IMOSBIECHUIO
CYMMBI € HOJIb-IIOTEHIIHAJIOM WU Pa3HOCTH, MOTEHIHAJ KO-
TOPOil BABOE 00JIbllIE HAYAJBHOM BEJUYUHBI OAHOIO M3
KBaHTOB (Ta011.58).

Ta0muna 58
IMyabcanus, BbI3BaHHAS BpallleHUEM 10 U30MepHYeCKUM
ALIMNTHYECKUM opouTam (puc.16, Tadn.57)

Monymapus [uc-n3omepus: § Tpch-HsoMepHﬂzv
SJUIAIICOU/T JIEBBIN SJUIATICON/]] TIPABBIN
KommnoneHTsI Paznocts | Cymma Cymma | PasHocth
Orarnbl 1 A=0 x*+2y*=4 | -x*-2y*=- 0=A
MSATH
b 2 00020 -2x+H4y*=8)<=0
pOJBH-

HKEHUH 3 0= (2x*H4y*=8) =00 0<0.

DTO moJie ¢ MATHIO HOJb - MOTEHIMaJaMU U MOTEHIHA-
aamu 8 = ¢*/w,* Cranma V, Kocmorenesuc [3] ommchiBaer
TaK:

5. "®oxar genaer narb [IpoaBukennut (MATH HOJIb-
NMOTeHIUAIO0B) (Ta0a.58) M CTPOUT KpbLIaTOE Kojeco (op-
O0uTa) HA KAXKIAOM YIJIy KBajapaTa (KBajpaT IJIOomaibio 8§ = a2
ABJIeTCSl OCHOBaHMeM Benukou I[lupamuabl, Tab1.58) mas
Yerepbix [lpecBsaTbix... u ajas BouncTs ux" (puc.18).

B nosne snaunTuyeckux opOUT, OKPYKArOIUX KBajpa-
ThI, BOSHUKAIOT MYJbCUPYIOIIUE DJIEKTPUUECKHUE PA3HOUMEH-
HbIE 3apsibl (puc.18), MOTeHIIMaT KOTOPHIX PABEH:

1 0
85,/qq*J‘¢)d§o u —SE,qu*J-godgo . (189)
0 1
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0o = 1t Cxarue

¢, = © Pacimpenue

Puc.19 Ionapuzayus Ha yeon mnpu corcamuu-pacuiuperuu noaet
coceonux sunmudeckux opoum. Cmanya V. Kocmozenesuc [3]

[Ipu pe3oHaHce 3TUX 3apsiA0B BO3HUKAET CTYCTOK TSHb:
8:(-8) = -64 = Tsnb, (190)

MIpY AaHTUPE30HAHCE - AJIEKTPUYECTBO (puc.18):
8- (-8)=16==%,/qq*] . (191)

Bo3HukatoT MO3T 1 BOOOpaxkeHue B HEM.

78. EanHbin Kocmoc Kak cneacTteue
B3aumoaencTesum poToH - cpeaa

Konebanusi temmnepaTypbl COMPOBOXKIAIOT JIIOObIe He-
paBHOBecHbIe npouecchl Ennaoro Kocmoca, a cama Tepmust
CBsI3aHa ¢ B3auMoAchHCcTBUAME (Ta071.59).

Kpome tepmum Ha (dopmupoBanme moseir B Enunom
Kocmoce BIUSIOT n30MepHst U MyJIbCalus CKaTUS-PACTIKCHUS

(1a61.60).
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Ta0muna 59

B3aumocBsi3b TepMHM U B3aUMOJAEHCTBHI

Tepmust DHI0- 9K30-
B3aumo- p1/p2 < p1p2 <= P2/p1 Pa/P3 <> P3Pa < P3/Pa
JCUCTBHS 102 < 107 < 10% 10° < 10%° < 107
23 & -25< 23 226 -2
Jlorapud- 0 -2 <23 25280
YCCKHEC BOJIHBI
0=0<25 0=26<=0

Bnusiaue
CBETa Ps

25-26-(Igps =1) _ 650 _ .
2625 —(Igps=1) 50

[IpuBenénnas mynbcanus. 13-tu nyHHblid Kanenaaps.

Taomuna 60
IJKBHBAJICHTHOCTH Pe;KMMOB moJieil mepuoay T, =4
Tepmus [lynscanus N3omepus
Pexum -
9K30 JHJO | CKaTue pac;fépe uc Tpanc
ks = ke =
ki = ky = ks = ky = mem, = | -Epo, =
Horen- PP g pp,| .. @ c_|1xz |1x
ANkl lg 12TO—O: Iy,—= | .2 = | 2.2 =
Ps = c @, T 2 T 2
=25 -25 2 8 1/2 -1/2
neaﬁll{{c}??n Kok kg =(_25)'8'(_1/2):10024ET.
T, koky-kg  25-2-(+1/2) 25 ‘

Bwmecre ¢ tem pasnocts 100 — 25 = 75 aBnsercss uCTou-
HUKOM (pOPMUPOBAHUS

102

(t/T, = 0,75) = (100 — 25 = 75)-10>.
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79. CryweHue ¢poHOHa B pOTOH
U B AAEPHYIO nrna3smy

Bce @opmbl DHeprun u ux umiyiascbl B Enunom Koc-
MOCE B3aMMOCBS3aHbI BOJITHOM-YACTUIIEH CBETa:

mce E.’ mc' 1 1 (193)

C — — — — — — —

: =
E.c* myc Ec" ¢ m °

c

BHe B3anMMOCBsI3M CO CBETOM
OHCPI'UH - UMITYJIBCOB HCT.

@®OTOH BO3HUKACT MPHU CTYIICHUU
(¢oHOHA B KOJIbLIE C eauHulieh (puc.l,
[18, ctp.119]):

B\

fx, y)y=c Ecaun o6aacts I, orpaHu4eH-
Puc.20 Coyuenue Hasl OKPYKHOCTBIO X* = y? = 1, TO
Gonona & pomon nocrosinHas ¢ynkuusa f(x,y) npu

(Koavyo ¢ eounuyeu [18]) TNPOXO0:KIEHUH KOJIbLA C eINHNIIeH
YBEJIMYHBAECTCH B T pa3:
1 A1ea?
Hf(x, y)dxdy = 4J-a’x jf(x, y)dy =
a 0 0

4f(x,y)_l[\/1 —x’dx= 1 f(X,y). (194)

HpOXO}KILGHI/IC paaga KoJjen € GHHHHHGﬁ CrymacTt (1)OTOH
2n

— -2 .
B sitepHoe BemectBo (m:E;)" = " = ¢ 3a cuér ¢poron - do-
HOHHBIX KOJICOaHMII:

I I
m.=1l/n < lno B oronon[n "= mE)" =1 | (195)

B okpyxaromieit cpeae ¢oToHsl, (GOHOHBI U UX OOIIas
cyOcTaHIus - TUIa3Ma SiIEPHOTO BEIIeCTBA MPU YKBUBAJICHTHO-
CTH T = ¢ OyAyT (popmMupoBarh siipa MUKPO-MaKpO CTyCTKOB,
KBaHTOBaHHBIC OPOUTHI BOKPYT sIEp U MOJISPHU30BaTh (pa3Bo-
paurBaTh) GPOHT BOJHBI CBETA, IEPEXOAS OT JIFOMUHECIICHITUN
K COJTHEYHOMY CBETY.
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]_[I/IC-TpaHC H30MCPUYCCKHUE IICPCXOJbl SJUIMIITUYICCKUX

u mapabonmdeckux opouT (Tabn.57) OyayT uepemoBaThCs
(Tabn.61).

Tabnuua 61
B3anMocBA3b JLUIMNTHYECKUX U MAPA0OIHYECKHX OPOUT

@®opMbI U TOTEHIMAIIBI OPOUT CymMBbI

Onnunc: x*+2y? =4 [Tapabona: x*-2y* =4 | 2x*=8

[Tapabona: x>-2y* =4 Omnunce: x*+2y* =4 2x* =8

Omuanc: x*+2y* =4 [Tapabona: x>-2y? =4 | 2x*=8

Cymma: 3x*+2y? =12

3x*2y* =12 6x> =24
Cymma: 12 +12 +24 = 48.

Bo3nukaer CI/IHC-FOJIY68.H I'paHuna pasaciia B CIICKTPC
CBCTa.

80. CBa3b gecekTa macc ¢ MO3rom,
BpemMeHeM, BaBunoHckon bawHen
Macca CTYCTKA - 3TO KOHIHCHTPUPOBaHHasA 3Hepr1/m.

[Ipu oTTankvBaHUM U B3pPHIBE MAcC, 3aKOH COXPaHEHHS
JHeprum OCcTaércsl CnpaBeJIUBbBIM, U DHEPTUsl HE UCUE3aET,
HO TIEPEXOIUT B HOBBIE (POPMBI MACCHI - BOITHBI.

B siiepHBIX peakuusx 4acTh 001Iel Macchl, KOTOpast
NnepexoauT B BOJIHBI, cO31a€6T AedexTt macc [17]:

Am =[10%(A — 10)? — 64]-10” a.e.m, (196)

rjae: Am - neext Macchl;

A - TIOJIHOE YHCJI0 HYKJIOHOB B AJp<C, HA3bIBACMOC MAaCCO-
BBIM 4YHUCJIOM,

a.e.M. - aTOMHasl €IMHHIIA MacChl, paBHas 1/16 maccel
M30TONa KUCIOPOAA.
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DOKCIEpUMEHTAIbHO HaWJieHHass 3aBucumocTth ([17],
196), ¢ nosuuuu teopun Enmnoro Kocmoca Oyaer mmersn
MOJIHOE YHCJIO HYKJIOHOB, PaBHOE

A=112="7qq* =8 Juu*=4./pp*,
a ,He(beKT MacCC COCTAaBUT BCIINYUHY:

Ama.e.m =[107%(112—-100)2—64]-10>-1/16 =391-10”. (197)

BonnoBoe nosie, mosydenHnoe kak aedexrt macce (197),
B CBOIO OYEpE/Ib M3Iy4aeT-MOTIONIAeT OAUHOYHBIE PaBHOBEC-
HBIC KBAHTHI, a, CJICI0BATEILHO, MMyJILCUPYET MO aMILUIUTY/IC:

(Am = 1)= (390 £ 1)-10, (198)

B okpyxaromeit cpesie BO3HUKAET pa3HOCTh KBAJIPaTOB
noTeHuanon (198).

(390+1)}107
fco dp =2-390-10"° = 13[30 — (-30)]-107"°. (199)

(390-1)1073

W3 sHeprum, KOTOpyr0 Hamu (U3UKKA CUUTAIOT JeQeK-
TOM Macc, HXHUM (U3MKHN MOCTPOWIN IBAa MOJyLHIapus ro-
JIOBHOI'0 MO3ra, IyJIbCUPYIOIIUE C 4aCcTOTON JyHHOro Ka-
JeHaapss Maiiu U UMEIOIIEro JIBa U30MEPUUECKUX (POKyca C
IIOTEHIAAIIOM £36.

Otu (boruns Jlynsr u bor JlyHbl HMBUIM3AMU IIyMe-
pPOB), KpOME BCEr0 MPOYEro OMUCHIBAIOT 4Yakpy Tpermid
I'1a3 1 BHoJIHE 3aC/Iy’K€HHO BBIPAa3HJIH CBOM NMOTEHUHUAJIbI
B [lupamune "BaBuiionckas bamusa' (26).

-1
JlBa nonymapus ¢ uucioM doronos 107" mpusomsr k

20
107, To ecTh K yucity (OTOHOB B Mpejiesax HaCBIIEHUS JI0-
MuHodopa o ganueiM C.M.BaBuoga.

1010 A 1020

‘ ! 1 S0 <1107 (200)

105



81. OcHOBbI U30MEpPUU U €€ CUMBOJIU3M

HN3Ha4yaJ I bHO HCTOYHUKOM U30MEPHUH SABJIAETCH:

- aHTHPE30HAHCHOE OTTAJKHBAHME WIH PAa3HOCTHBINM
B3pPbIB, NPUAAKIINHA YYaCTHUKAM B3PbIBA-0TTAJIKHBAHUS
NMPOTHBOIOJIOKHYI0 HANIPABJICHHOCTDH IBUKCHUS;

HUckpusiaenue 1noJéra ¢oroH-(POHOHOB M IJIEKTPO-
MATHUTHO# cpeabl Mex1y HUMH myJabcupyromum Kocmo-
com:

1
(MC? = gy to'c = Ejc? = 1) [i I(p do = i%] = (n/2=w,), (201)
0

U CMEHbI OTTAJIKMBAHUS NPUTAKeHUeM (puc.18).

CuMBOJIOM OECKOHEYHOCTH H30MEpPUHU SBJISETCS ©, a
AMIopa OECKOHEYHOCTU OINKUCAaHA BOCEMbBIO TPEYTOJIbHUKAMHU C
KaTeTaMu b = +/2 W miomaasiMu, paBHBIME | = S, BIHCAHHBI-
MU B ocHOoBaHue Benukoi [Tupamuasl (puc.21).

1. Beckoneunocms Hzo-
mepuu

OTH BOCEMb PABHOBECHBIX CO-
CTOSIHUI MPOSIBIISAIOT ce0s B YaCTHOCTH
CD B COBMENICHUU JJUTUNTUYCCKUX W TIa-
pabonmuyeckux  opobut  (Tabm.61,

2. Ocnosanue enurot  nye 19) g B 06mweM ciydae B ko3(du-

Tupamuowv N
T IUEHTE pacmupeHus BeeneHnHoi, pas-
s, S, HOM
ST AN
=N ¢¥/oo’ = 8.
. Kaxnyro u3 Tpé€x map opOuT 311-
a=2b=42 nurnc -napabona (tabn.60) 6ynyT co3-
S, =1 JaBaTh TpU KoMIoHeHTa cBera (201),

Puc.2l Crnsonisn bopmupyst KosebaTeNbHbI PE30HAHC-

Hzomepuu, dsuncyweri  HO (0,%) - anTUpe3oHaHCHBI (3®,)
cunvl Beenennoti KOHTYP KOJICOQHMIA:
(ma6a.60)

106



ig _ 60_3 3 _ 3w, anmupesonanc (202)

b

3w, 3 @, @,  pesoHanc

rae: w4 < (9+0) — co,’> < 18 (Boga) —
c’m,? < 36 (cBeT) — C*w, < 72 (mna3ma) —
e 144=122= T,2t* (nBOMHAs ciupayib 30/1MaKa).

[To mepe crpssmitennst HCKpuBIEHHOTO [IpocTpancTBa, B
KOTOPOM BO3HHMKaeT CyOCTpykTypa (9+0) OMOKIETKH, BO3HU-
KaeT BOJia, CBET, sjiepHoe BenlecTBO (203) u nBoOMHAsS civpalb
3oamaka (203, Tab6m1.61).

82. Pe30HaHC - aHTUpPE3OHAHC.
Cnupanb 3oamaka B pe3oHaHce Apynbl - Pynbl

Hocturas pe3onanca, Apyna - Pyna ¢gopmupyer pe-
30HAHCHOE BHYTPCHHee NATHUYPOBHEBOE I0Jie KBAHTAa CBe-
Ta.

[TosiBnenue mecroro yposHs dhopmupyet Karmio Sapa ¢
DHEPreTUYECKONW INIOTHOCTBIO sIepHOro BemectBa Kare,
paBHOM 72 OTHOCUTEINIbHBIM eIMHUIAM (Ta0:1.62).

Tabnuua 62
KBant CBeTa B pe3oHaHCcHO Apyne - Pyne
Tlonsa TToTenmnuanl
Apymna - Pyna (pe3oHaHc) Tot=43=12
BuyTtpennee nose cseta p21:2:3-4:5=12
KBaHT B 000/104Ke Kamiu sapa p26! =y, =72
Iuc Tpanc
3oanak 6 n (-6) =
12
CuMBoOII - 3aIIUCh 110 é § ::: é
Knnre [Iepemen 1 == - 3. =

107



MHOromImaHoBoCTh WITPUX - 3anucu noisa Csera B Apy-
ne - Pyne, nokazannas B Kuure Ilepemen [32], mpuBoauT K
MBICJIA, YTO CIUIOIIHAs yepTa (——) ONUCHIBAET PE30HAHC, a
HITPUX-3AIUCH (= =) - aHTUPE30HaHC (Ta0.62, Tabn.61).

[Tpu Takom moaxozae aHTUpe3oHaHC (= =) Oyaet GpopMu-

pOBaTbCsl HE B3aMMOJAECUCTBHEM Slnep, a B3aMMOAEWCTBHEM
op6ut (1ab1.63).

Tabnuua 63
AnepHo-norapupmMudeckas myJabcanus
cnupayu 3oauaka

ITone IMTorennuanel
SAnepHble peakuun p? e ps=10"
JlorapudMuueckue BOJHbI 3x2£2y*=12
y+1
BosmymiéHHas cpena T I¢ do ==+2y?
y-1
[Tepexon oT snnurca k napabone |2x> =8 x=4=T,.

AnepHo-norapudmuueckas mysbcarus HoToH - (o-
HOHOB B Apymne - Pyne (1a6:1.63) npuBenér x cnupaiu, mo-
no6uou ynutke [lackans (puc.22, [18]):

(X2 +y? = ax)® = b*(x* = y2). (204)

[Ipupona co3maér Takue

X ﬂ‘ YJIUTKH, KOTOPBIC CBS3aHbI C
-5 ’ nBoiikor (a—b=4-2=2)u
. yuciamu - psaamu GuboHayyuy,
a TakKXKX€ C 30JI0TBIM YHCIOM

Puc.22 Yaumxa Ilackana [18] 1,618.
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83. PenurnosHble onucaHuA aHepreTu4ecknx
BUXPEN: XPUCTUAHCTBO U Nyaansm

OnHO HamMpaBIEHHOCTh YHEPTETHUYECKOTO BHUXPS B Ha-
men BceelleHHOM, e BUXph ABWKETCS MO CHUPAIH YJIUTKHU
OT PMUIICHTpPA SIACPHBIX peakuil K nepudepun Jorapupmuye-
CKHUX BOJIH, oniicaH B riaBe 21 EBanrenus ot MoanHna [5]:

"6. OH ke cka3aJ uM: 3a-

KHHbTE CeTh MO NMPaByl CTO-

\ POHY JI0AKH, U moiMaeTe. OHM

3aKMHYJHM, M Yy:Ke He MOIJIH

BBITAIIUTH CETh OT KOJUYECT-
NN Ba pbIObI" (puc.23).

Puc.23 Pacnonodicenue cemeli "11. Cumon IIéTp momén n
no ceuenuio Yaumxu (puc.20).  BBITAIIMJ HA 3eMJII0 CeTh, 3a-

MOJIHEHHYI0 0O0JILIIUMHU PbIOa-
MH, KOTOPBIX ObLJIO CTOSl MSITHAECAT TPU; U NMPH TAKOM
MHOKeCTBEe He mopBaJjiach cerb' (puc.23).

B »tux EBanreianckmx TekcTtax IarOTCsI CBEIEHHUS O
MaKCHMaJbHOM MOTEHIIMAJE B3aUMOJICHCTBUI B ApyIe cBeTa:

(T =me + gpoc’ = Byc = 3)-lg(M = 1051]= 351=153.  (205)
PP

B cBot0 ovepenr HHAYU3M CBA3BIBAET COTBOPEHUE MHpPA
KUBOTO C YETHIPbMsI pykamu OOTvHHU JIaKIIMBbI, BBIIIIEAICH U3
BOJBI W OJHOHampaBjieHHOCThbI0 Cnupamun Kynaaannu B
00J1aCTH paclIupEeHHUs.

Takoit "oOwepenuruo3Hblil" >HEPreTUYECKUl BHXPb
CO3J1a€T MYJIbCUPYIOLIEE MOJIE ¢ TOCTOSHHON B3aUMOJICHCTBHS
10%:

50+1
[pdp =2-50 = (50) — (-50) = 10> = ps/ps. (206)

50-1
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84. Mponopuun Benukon NMupamunabl
n gnarpammbl AH-LnHb
Kak BeKTopHoe onucaHue EauHoro Kocmoca

Ceenenust o crpykrype Exunoro Kocmoca HanoOosiee
MOJIHO OTpaKeHbl B mponopuusix Beaukoit IMupamuabi
(puc.2, Ta6:1.16), B KOTOpPOIl BepIIMHA ONMUCHIBAET PE30HAHC
caMoCYIIHX BOJH (/2 -+/2 =2 <> 10%), niiomaab 0CHOBAHHUS
(a> = 8 = 8S)) - aHTHPE30HAHC PABHOBECHBIX COCTOSIHUIA
(puc.21), anogema (U = 8) - mepexoa Mexkay Pe30OHAHCHBIM
U AHTHPE30HAHCHBIM COCTOSIHUSIMM ¢ (OpMHPOBaHME Cry-
cTkoB Tsanb u Hebec - llunb (puc.24):

a?=8-8 =64 =2°= 82 = Tsnp. (208)
1 1
a’l: (i I @ dcoj = i645 = £32 = {unb. (209)
0
1. Benuxas Ilupamuoa 2. Jluaecpamma An-Llune
2 pe30HaHC
\ 64 (pacmupenue: 82)
(=8 2 (pe3oHaHC)
o \,; 8 (aHTHPE30HAHC)
/ =4 64 (cxarue: 2°)

éaz =8- aHTHPGSOHaHC?

y 7

a

Puc.24 Cosmecmumocmo nponopyuii eenuxou Ilupamuosi
u ouazpammol An-Luno (206, 207)

TpéxmepHoe IIpocTpaHCTBO Kak TAaKOBOE CIIYXKHUT CBs-
3YIOIIUM 3BEHOM MEXKJY PE30HAHCOM CXKaThs U aHTUPE30HAH-
coM pacupenus (puc.24):

2 =38, (210)

rae: 3=1=m. +ao'uo-cz= Exc=x+y+z
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[lepexon OT UMITYJICOB CBETA K DHEPrUM cBeTa TpeOyeT
HIECTU CTeneHe cBoOoapl B TpéxmepHoM IIpocTpancTBe
(puc.24):

(To 0 /c =2)°. (211)

[losiBneHue B CryCcTKE IIECTH CTEeNeHed CBOOOABI B
tpéxmepHom IIpoctpanctBe dopmupyer Kynpamuau u eé
[IpousBoansie (Ta01.64).

[TpousBogusiMu KyHmanuHu OymyT SBIATHCS YHEPTETH-
YEeCKHE TMOJIA C PA3TUYHON CTEMEHBIO YMAaKOBKHU (IIJIOTHOCTH)
HHEPTUU B OJTHOM U TOM ke 00béme [IpocTpancTBa, Harpumep
B 006éMe (V,) KBaHTa cBeTa ¢ quamerpom D, = 1/7:

1

1

67

E%mE 212)

Pa3nuuus B IOTHOCTH SHEPrETUYECKON YIAKOBKHU MPH-
BOJAUT K IIECTH (ha30BbIM COCTOSHUSM cyOcTaHIuu Bcenen-
HOM: CaMOCYILMM BOJIHAM, CBETY, ra3aM, XUIKUM U TBEPIBIM
TeJlaM, KUJAKOHU I1JIa3MBl.

85. ®asoBbin cocTaB cy6cTaHUUM
EavHoro Kocmoca

®opmupyst Enunbiii KocMoc, ToueuHbIi y4aCTOK BOJIHBI
CBETa COXpaHSET MEePUOANYHOCTh T, = 4 Ha JIFOOBIX YPOBHAX
pactupstorieiics Beenennoit (t1ab611.64):

(T2 =144): (1,82 =44,4) npud=T,, (213)

dbopmupys Ipy aHTUPE30HAHCE BUXPSI HOTCHIUAT B OJIHY
NnajbMy:

(Tott=7):(Ty=4)=p*.q* =p:q= Jpp*:qq*= ... 7/4. (214)
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B none cBera ToOUeUHBIN y4aCTOK BOJIHBI CBETA, Bpalla-
ack, hopmupyet Goron (m** =0,002) - ponon (m.* =0,008),
AHEPreTUYECKas MIOTHOCTh KOTOPOIro B 00hEME KBaHTa CBETa
Oynert paBHa (212):

DOTOH - (POHOHHAS MYJIbCALUS
B Cpejie CAMOCYIIUX BOJIH

Pesxum B cpene H =T,/Sinz/4=2""*

AHTH- |y (0 m %)V, = 6107 - B, = mE, 107
pe30HaHC 6 (215)
Pesonanc |ky = m*—m.**-V, = 16-10 % m.E; = %8-10'6 mcE),

O0BEM 1
BEJIUKOM ko/ ki'H= —8H-107 = V107,

[Tnpamu el 3

Crymasicb B pe30HaHCHO-aHTUPE30HAHCHOM PEKUME 10
Kammu Sapa (kuakoil 1uta3Mbl) caMoCyIMe BOJIHBI (popmu-
pytoT B Equnom Kocmoce msath pa3oBbix coctosiHuii cyOcTaH-
uuu (Tabn.65).

Tabnuna 65
da3oBbie cocTosiHuA cyoctanuun Ennnoro Kocmoca

®da30BbIC COCTOSHUS CYOCTAHIIUU
da3ml Camocymme Kun- | Teépasie Kunxas
BOJIHEBI Cser T'a3bl
KOCTH Tena miasMa
2 2 (2ay*= | (4a)*= | (Ba)*= (128a)*=
Pesonanie | " =p? | =8 | 5, 322 642 1024
AuTi- | AJ2+4/2 | 2a2= | 4a2= | 8a2= | 128a= | 256a*=
pe30oHaHC =3 16 32 64 1024 2048
IIpuse- 2 2 2
b 1 8 1 2 2
nysbCanys a 2 16 2| 32 64 128 2048
B gacTax: 32 64 1024
J3nan \/E ! 16 00713 Tsab wuup-TsHb.

B Eaunom Kocmoce kaxkaasa mocienywoumasi ¢asa
BO3HHMKAaeT M3 BO3MYIUEHHOH CpeAbl BOKPYI NpeabIaylleH
(ha3pl: HA 3TOM BCEOOBEMITIONIEM 3aKOHE MPOUCXOIUT B YacT-
HOCTH U pa3Burtee Pac.
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86. MarHeTnam sigepHoro BeLwiecTBa

Kaxnas mocaenyromass Paca Bo3HuKaer M3 cpenbl,
BO3MYILIEHHON mpeabiaymein Pacoii: Tto, 0 4uém Meurana
ymenmas Paca, peanusyercsa e€ xuyuen Pacoun-Iloromkom
(Tabm1.65).

Bo3myménnas ucropuueckas Ilamsares, Gopmupyemas
B /[3nanax (tabin.64), sBusiercst cpenoit - Co3nareneM ¢pa3oBo-
PKOHOMHYECKUX MUPOBO33PEHUECKUX CTPYKTYp Counyma.

[Tynbcamms Jl3uan GopMupyeTr u3 caMOCyIIUX BOJH HE
TOJIBKO CBET, T'a3bl, )KUAKOCTHU, TBEP/IBIE TEJA U SAIEPHOE BEllle-
cTBO (Tabm1.65), Ho u Kocmorenesuc, Antponorenesuc, Teo-
reHesuc [3, 4], cBsi3b MEXKAY KOTOPBIMU OnucaHa Teopueid Pac.

Teopus Pac, octaBiieHHass HaM Beaukon LluBuiansa-
nueil, Hu4ero o0Iero He UMeeT ¢ PacM3MOM, HAIIU3MOM,
CHOHU3MOM.

Teopuss Pac Besuxou LluBuim3anumm OCHOBAHA Ha
paBeHncTBe Bcex cyObekToB Kocmmuueckoro Coumyma, Ha-
Juunn 'y kaxnaoro Cyobekra CpoOoast Boum BbIOOpa
MapmpyTa B Xaoce Camocynux BOJIH, HAKOIJIEHHE ONbITA
- mamMaTH B Xaoce BH:KEeHUS 0e3 3HAHUSA TNPUYMHHO-
ciaeacreeHnbix cBsaseii Exumnoro Kocmoca, unesnenanpas-
JIEHHOe JIBU:KeHHe BeJiel cBeTa (Tadir.65).

3nanue Toro, yto Joboit Comumym Hocureneir Pazyma
HalpaBUT CBOM MapuHIpyT B KOHEYHOM CU€Te MO MyTH (a He
IPOTHUB) CBETa, MO3BOJIMIO Beiaukod LluBuiuzanuum 3ampo-
rpamMmmupoBaTh Kuury BeiTus mudp - KoJIoM ¢ MOTEHIIUAIOM
1 : TOZ-IO'6 = 62500, a Taxxke patb guarpammy AH-I{uHb
(puc.24), e (Tabn.65):

164
1024 = [pdp +1=1023+1
2

164
u quod(p = 1028 = 14-72. (216)
8

113



B stom none (216), onucannsimM auarpammoit Au-I{unb,
pasHocth noteHuuanos 1024 — 1008 = 16 = T, aBnsercs 3KkBU-
BasieHTOM T%, a 1008 - mocrossHHOM BeenenHol no Boaopony,
oOJnajarome CBOMCTBaMHU sJIEpHOTO BemiecTa (y, = 72) u

MarHeTusmMoM (14 = Juu ™).

B mnone SH-1{mHb BO3HUMKAEeT OCCKOHEYHOE MHOKECTBO
®opm DHepruu:

dopmbi | Boropon Snepuwiit | | Conseuro- | Bona B
MAaro€Tusm JIYHHBIC I10JIA HebGecax (217)
7
Morenunan| 1,008-10°= 1472 =6316 = 2836 =32-18_.
| | | |

Bcé npumio u3 Huuero [3, 4], To ecTh U3 caMOCyIIMUX
BOJIH.

87. U3ny4yeHue-nornowieHue:
3HepreTuka koga KHuru bbiTus

CymectBoBanue cryctkoB Hebdecnnl Tes1 Mukpo-makpo
MHUPOB BO3MOYHO TOJILKO NMPU HATTUYUHU IHEPTUU CBI3U MEXK]LY
IUIaHETAPHBIMU KOMIIOHEHTAMH CTyCTKa, €IMHCTBO KOTOPBIX C

OCTalbHBIMU KOMIIOHeHTaMH KocMoca omuchiBaeT guarpaMmma
An-Luns (puc.24, Ta61.66).

Tabmauma 66
Hyabcanus cryctkoB B Exnnom Kocmoce (puc.24)
CHUMBOJIBI KommoneHTs! IToTenmuanl
3apobIi CkaThlil 3apOoJIbILLI ki=+T,w,/c ==+2
pactipenue Pacmmpennas BomHa ko = +c%w,’ = +64
67 Bapoapin | Pacmmpennslit 3apogpin | ks = +¢* /o, = +8
RATHC CsxaTas BoJIHA k4= (To-c)o/c)6 =464
Konebanus +2 <& +64 < +8 < +64
Heb6ec L{unb +] & 4+32 & 432 & +4,
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B nmuarpamme SH-Llunp 3adukcupoBaHBl COCTOSHUS
MaKCHMyMa pelaKCallMOHHBIX KOJeOaHUi, TO €CTh MOMEHT
nepen u3MeHeHueM (opmbl-HarpaBiaeHus: ABuxkeHus. [loaro-
My MaTe€MaTU4YeCKOE€ OINHUCAHUE PEJIAKCAIIMOHHBIX COCTOSHHM
CBSI3aHO CO 3HAKaMU IUTIOC-MUHYC (Ta0i1.66).

PasnonanpaBnennoe konebanue Hebec (32 < -32,
64 < 0) Bieué€T 3a co00I MOSIBJICHUE CTyCTKa TSHb U TIsITe-

puuHoii cBm3u (t4 < -1, +5 < 0) B Hempax crycrtka
(Tabm1.66).

%
*ok

B MomeHT m3nydeHue (MOTJIONMICHUS) YHEPTUU CIKATHIM
3apOJIBIIIEM, WU PACIIMPSIONIMMCS SIIPOM, B TOUKE - U3JTyda-
TeJe BO3HUKAET JSHEPreTUYECKOE PaBHOBECHE C HHTEPBAIOM
MIPOJIOJDKUTENBHOCTH, paBHBIM T, u 1/ T, Mexay usmydeHuem
U TorJionieHueM (1aby.66):

Hynbcaunﬂ CXKXaTuc pacmpeHuc CXKXaTuc pacmIupeHuc

3apONBIIEH |5 = T .oo/c| =8 |Tomo'e1/4| e 1.

(218)

[Ipomieccel MeXIy CKATHEM H PACIIMPEHUEM, MEXKIY
IIOTJIOLIEHUEM U M3llydeHueM uMeroT [IponoipkurensHOCTH €
oOpaTHBIMM NMOTEHLMATIAMHU:

[Tornomenue 1/T,=1/4 < 4 < T, (219)

[Tosromy Benmkas L{uBunmszamus 3ammdpoBana Kaury
beiTnst kogom

1:10%Ty2=1: 62500. (220)
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88. OcHoBbI B3aumMocBA3un n3ny4yeHuns, HacblileHUs,
nornoweHuns

PaCCMOTpI/IM MMpoucCChl U3JTYICHHUSA U MOTJIOICHHUS.

HN3nyyenuem siBJIsieTcsl Mpolecc nepexoaa IHepruu
U3 TOYEYHOr0 Yy4acTKa 000JI0YKH B OKPY:KAIOIIYIO Cpeay
HaJ 000JI0YKOI, I1e IHepreTuyeckas MJIOTHOCTH CpPeabl
Oy/leT yMeHbIIATHCHA BBO€, HATIPUMED:

1n=72 (1azma)—36 (ceet)— 18 (Boga)—(9+0) cyoecTpykrypa.(221)

IHoryomenne ABJIsAETCH MPOLECC Mepexoaa IHePruu
U3 TOYEYHOI0 Y4acTKa 000104YKH BO BHYTPEHHee MmoJIe M0/
000/10YKO0M, I/le JHepreTuyecKasi IIOTHOCTh cpeabl Oyaer
YBEJIMYUBATHCA B 1BA pa3a, HaIpUMep:

(9+0) cyoerpykrypa— 18 (Boma)—36 (cBeT)—72= y,(mma3zma). (222)

N3ny4yenue BieYET 3a OO0 MYyJIbTHILUIETHOCTb KBaH-
TOB U BOJIH, MOJOOHO PACILEIIJIEHUIO HA CIIEKTPAJIbHbIE JIMHUH;
NOIJIOLEHHe BbI3bIBAET CHHTe3 (CrylieHue) HeOecHo-
BOJIHOBBIX IOJICH.

W3mydeHre MpoNCXOAUT ¢ BHEIIHEH CTOPOHBI 000JI0Y-
KM, IIOTJIOLIEHNE C BHYTPEHHEH, a TOYKH M3JIy4YeHHUsI- NOIJI0-
IIeHus pa3fesieHbl Mexay co0oii unTtepBajsamu IlpomoJ-
KU TEJIHLHOCTH.

N3nyyenune, Kak ¥ NOTJIOLICHUE, IPOTEKAET B YCIOBUAX
HACBIIIEHUS TOUYKHU-U3IIy4YaTeNsl U TOUKU-IIOTJIOTUTENS SIHEPTU-
€M, DKBUBAJICHTHOM KBaJpaTy NepPBOHAYAIBHOW BEIUYUHBI, T
SHEPIHUs HACBHINIEHHMS, HAPUMED +/gq* = T,> = 16, umeeT BO3-

MO>KHOCTh TPaHC(OPMHUPOBATHCS B KBAHTHI C OOPATHBIMU II0-
TeHIranamu (1Tadi.67).
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Tabauua 67
N3ay4denne - norJionieHue HACHIIEHHBIMM H3J1y4YaTeJIAMHU

ITpoueccol N3nyuenne Hacpienue Ilornomenue
IToTeHmamnnl oy =23 SL=16=4<1/4 Ty w,/c=2
+4-¢3/ @, = +32 1 0 1
Heobeca iZTo'mo/C:(ij(D do= iE)
u J[3uan 0
18870513 J3nan
1 1
OnEKTPH- | 137 [ 1) dop =+(16=+/gq * +32: [0 dp =64
o !(p 0 =+(16=\/gq*) : {qo ¢
7 Tt JJIEKTPUYECTBO Crycrok TsHB
8+1 2+1
22=8— |pdp =16 2 — dp =4
Cpeﬂa 8-[1 2J:1¢ ¢
U3ITy4daTenb U3ITyYaTeb.

89. Muposoe Anuo c NeHTarpammon:
¢pOTOH - (pOHOHLI B MeTaHe

Poxnenne u Cmeprts - ABe DopMbl M3JIyYeHUST JHEP-
THH.

CMepTh UMeeT Tyallu3M HM3JIy4deHus: Ju0o ayiia u3iy-
yaeTcs (MOTJolaeTcs) SAepHbIM BEUIECTBOM, MO0 AylIa BO3-
HOCHTCSI, TO €CTh U3JTy4aeTcs B cpey HaJl 000JI0YKOM.

dyaam3M cMepTH Kak Npouecca H3JIy4eHUs-NorJio-
HIEHUS TMOAYEPKUBAETCH BCEMH PEJIUTHO3HBIMH KOHec-
CUSIMU NMOHATUAMU 00 Ane u Pae.

Hauano npeacraBiieHusM O TPOIECCE U3IIYUYECHUS! KakK O
npouiecce u3Beunoro Poxxknenuss nano B Kocmorenesuce ([3],
Cranna I).

"1. IIpeansBeunass Mareps - Poxxknaromas (usnyya-
Telb), COKpbITasi B cBoux IlokpoBax, Beuno HeBuaumpix
(Henpa Kanu fnppa), emé pa3 apemajia B NMPOAOJIKEHUH
Cemu (T,+71=7) Beunocreii".
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Peub unér o Tom, uto npu aHTUpe3oHaHce Apynsl - Py-
bl (T, + 1 = 7), Ha3piBaeMoM CeMbl0 BeunocTsimm, 31eKTpu-
yeckoe mosie popmupyer "majabmy" U JYHHBI TpaBUTAIU-
OHHBbIN psAA:

(To+t=7)(16=4 < 1/4)=(74=28 < 7/4 < T-1/7). (223)

JI0 MyJbTUIJIETHOCTH 3JIEKTPUYECKOTO TOJS C MOTEH-
nuaioMm 15 (tabn.66) B Apyne - Pyme Obul pe30HaHCHBIM
BUXPb, KOTOPBIII BO3MYLIAl OKPY’KAIOLIYIO CPEdy 10 COCTOS-
HUS TPAaBUTAIIHIOHHO-MarHUTHOTO PABHOBECHS:

16
2[pdp = 112=7Jqq* =8 [uu*= 4 pp*
12
npu 12=T, . (224)

B oaroii cpene (224) uz pezoHaHCHOro BUXPsS (OTOH -
dboHOHOB BO3HHMKana TBEpHas (asza B ¢opme yriaepomaa ¢
A. =12, nmerommas 6000 dotonos = 12 : 0,002 u 1500 doHO-
HOB = 12:0,008.

MakcumanbHbIA Pe30HAHCHBIN MOTEHIIMA Yucia GOTOH
- oHOHOB OBLT paBeH

k = 6000 x 1500 = 9-10°. (225)

Cozunanue HOBbIX (hopM JKu3HM UCIIOIB3YET YIJIEBOIO0-
poabl, Hayano kKotopeiM naétr metan (CH,), B koTOopoM o0111ee
pPEe30HAHCHOE YnCI0 (OTOH - POHOHOB OYET paBHO

(k = 9-10%-(4-1/0,002-1/0,008 = 25-10%) = 15>10"°. (226)

Bosuukio Sito (9:10°) ¢ Ienrarpammoii (25-10%) -
Muposoe Siiio [3].
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90. CamocyLime BOSHbI - co3uaaTenbHas
cybcTaHuma ana Kocmuyeckon Mbicnu

Kocmuueckue Mpiciu (JIunuku [3]) cMmemmBaroTcs ¢
camMocyuIuMu BoJiHaMH U B o0béMe Kamnmu Snpa ocratorcs
(GOTOHBIL:

N3omepus uc- Tpanc- Paznoctb

Jlunuxu p*=28-10" | - p*=-28.10"
Camocywue \/2(T0+T=7) \/2T0+T=7)

(227)

= 44/2-10%.

Benukas I{uBuiauzamus ONHUCHIBAae€T MOJE C MOTEHIHMA-
oM 4+/2 = 2a kak HoaynepuMeTp OCHOBaHHs BeluKoil ITupa-
muabl, a C.J1.BaBuiioB yCTaHOBUII, YTO 10%° - 510 umcio doto-
HOB B TIpe/eNiaX HACHIIMCHHS JTIOMUHOGOpA TP TEepexoae OT
COJIHEYHOT'O CBETA K JJIOMUHECIIEHTHOMY .

[Tpu mromMuHecHeHITUN (PPOHT BOJIHBI CBETA MOJISIPU3YET-
Ccsl Ha Yrodl 1/2 = m,, a MyJibcalus ¢ MoTeHnuaaoM J[3uan mpo-
JOJDKAeTCs, (POpMHUPYS CHKUMAIOIIUECS W PACIIUPSIONTUECS
BeTBU KyHnanunu B Siine ¢ [lentarpammoit:

[Monspuzanus ¢o-

Sino c [lenrarpammoit: KyHnanuau TOHOB: CaMOCYIIIUE
BOJIHBI (225)
Cxarue Pacmmpenne I (228)
1 1 + 4\/5500_[(P do =
+(Tot1) [ dp =+2,5|+(Ty+1) | @ dp =£3,5 0
0 '([ ) .([ 10205:&\/5“_1020.

Kocmuueckass Mbiciib "BbiyBaeT" moBepXHOCTh Karmin
aqpa, B KOTOpO# ynenbHOUM emunwuieil [loBepxnoctu Oynet
SABJIATHCS TPEYTONBHHUK C KATETAMHU, PABHBIMU +2 M IUIOIIA-
1610, paBHOi1 1 (puc.21).
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BekropubiM onucanueM nosepxHoctu Kams fnpa Oy-
IyT SIBISATBCA TPEYTOJbHUKH, PACIOJOKEHHbIE B OCHOBAaHUU
[Mupamupsl (puc.21), To ectb rpanu Ky0a u o mectu rpassm
Kyoa:

I'panb Ky0a [ects rpaneit Kyda
Hsomepus uc- Tpanc- uc- Tpanc-
[ToBepx- 4S;1=+4 | 4(-Sp)=-4 | 24=64 | -24=-46 (229)
HOCTH [IepBb1it Bropoit
(puc.21). |Enuueii S;| Exussii Pasnocts = 48.

"6. Jlunuku ouyepumBawT TpeyroabHuk, IlepBbiii
Enunsbii (S;), Kyo (48 S; = 1), Bropoii Enunbii (-S; = 1), n
IHentarpammy B fiine (229). 3to Koabuo, HazBannoe '""He
npecrynu'', 171 Tex, KTo Hucxoaut (bor Jlynsi: 4°*+32+22+17
= 30) m Bocxoaut (boruns Jlynsl: 1?+224+3%+4% = 30), k1O B
TedyeHur Kaiabnbsl npoasuraercsa k Beaunkomy IHio "byab
¢ Hamu"...([3]. Kocmorenesuc. Cranma V).

91. Appo v ero cNyTHUKKU

B Henpax Kamnm siapa mpu peakimusix MexXJy camocy-
IIMMHU BoJIHAMU U (oToHaMH (227) BO3ZHUKAIOT KOPOTKOJECH-
cTyromue saepubie (ps = 10'*) B3ammozeiicTBus, mocIe KO-
TOPBIX MoJIst ¢ noTeHmanom 107 = p1,/41 co31ar0T BOKpYT -
pa MarHUTHbBIE CHUJIOBbIC JIMHUM (KBAaHTOBAaHHbIE OPOUTHI), a
noist ¢ motenmuanoM 107 = gdnc? bOpPMUPYIOT dJICKTpHYE-
CKyto cpeny (puc.24):

ps=10"=10" < 107, (230)

rze JorapuMUYECKUe BOJIHBI SIBIISIIOTCS SKBUBAJICHTaMU
Apynbl - Pynbr:

+lg 10" =47 =+ (T, +1). (231)
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1. Opoumul 6okpye sA0pa 2. IIpoyeccwl 6 0bonouke

72 =-49

Ig 107 >[{— 1g 107

Ig 107 —|d— 1g 107
0

Puc.25 Cmpyxmypa Kannu fopa

[Tornomenue nmorapudpmMudeckux BOJIH (HOPMHUPYET TO-
TEHIIMaJ 000JIOUKH, PaBHBEIN -49 (puc.25).

"6...Tak Obl1M co3nanbl Apyna u Pyna; or Ennnoro
CBera Cempb CBetoueii (228); ot kaxaoro uz Cemu cemMu-
Kabl Cemb (TO ecthb 49) Csertoueil. Kosaéca oxpansior
Koabuo" ([3]. Kocmorenesuc. Cranna V).

Kounb1o - 310 3kBaTOpHalIbHAs OKPYKHOCTh Ha 000J104-
ke Karumm Anpa; Konéca - kBaHTOBaHHBIE OpOUTHI CIIyTHUKOB
(HanmpuMep, 3JIEKTPOHOB U TTO3UTPOHOB BOKPYT fAJ1ipa ATOMA).

Mexay sSApoM B CIIyTHHKAMU sIIpa BO3HUKAIOT IIEHTPO-
0exHbIe (J, = C'®, = ¢*/2) U HeHTpocTpeMuTeabHbie (j = v¥/R)
yckopeHus (puc.25).

LleHTP0OEKHO-IIEHTPOCTPEMUTEIbHOE  pPaBHOBECHE
MeKIY sAPpoM M ero CnyTHUKAMM BO3HMKHET MPH YCJIOBHHU
MOSIBJICHUS JIOPEHLIEBOTO COKpanleHus u aBuxkenus Cmyr-
HUKOB 1o 3akoHaM U.Kemuepa:

IMTorenmuman moinsa
JIBr>KeHUE B MOJIE C HOJIb-ITOTEHIIMATIOM
eMHHIIA
cz V2 1 vZ vz vz R (232)
2 R 0 c c c 2
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92. Kannsa Xu3Hu B Hegpax OkeaHa XXusHu

3akonbl BcemupHoro Tsarotenus (F = mym,/r?*) u Kynona
(F = g-q/r*) GepyT cBOE Hauasio BO B3aMMOCBS3MU SiJipa U €ro
CIyTHHKa (puc.26):

F =mcc*AMEwv?/A=Vv3/A* 1npu A* =12 (233)

3onotoe yucino @ = 16/n* u npaBuio
30JIOTOTO ceueHHsI OepyT CBOE Hadajao BO
B3aMMOCBSI3M BOJHBI-YACTHUIIBI CBETA MPHU
4acTOTe CBETa, paBHOU y = /4 = ¢/T,:

mc@Eyv

c

Nmmynbscel

Ev mc

E 7\/2 o (17 )2
DHepruu m c’ ( P jz (234)

Ay, =~
Yo 4

2
Puc.26 Cesasv Aopa 3onotroe v_2 = g 7’
u Cnymuuka Hucao @ c 3

B none ¢ 3omoteiM Yuciom (234): v*y*=16/n*y*c?, no-
MUHUPYIOUIYIO POJIb UTPAET MIOBEPXHOCTHAS BOJHA, B KOTOPOi

A= 16/m>c>= D2 = 16 = (V5" - 172 (235)

IoBepxHocTHasi BoHA A’ (233) B mOJISIX CryCTKOB
¢popmupyer u3BecTHoe B apxurektrype 3oa0toe Unciio @, a
B IOJISIX BOJIH MX MOAYUHEHHOCTH NMPABUIY 30JI0TOrO ce-
YeHHUS:

1:\/52_1 = \/§2+1 1 e Ty = (/5-1)(V5+1)=4. (236)

B 3onoreie Bomubl Epmnoro Kocmoca mpexzae Bcero
MOMNaJal0T MMITYJIbChl BOJHBI-UacTUllbl cBeTa (mcc, E,c) u
. 2
AHEPrus JICKTPOMArHUTHOM Cpeibl MEXAY HUMU (€, UoC = 1).
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"4. Tpoe (m.c + 80'M0'Cz + E,c = 1+1+1 = 3) ynaaarwr B
Yeroipe (T0=\/52 =J5-1= 4). Jyuenocnoe EcrtecTBO yc-
MUpseTcs (TO0JI SIACPHBIX B3aUMOJCHCTBUM PaCUICIUIAIOTCS:
ps=10"=10" < 107). Cemn BuyTpH (Ig 10" =7 =T, + 1,
prc.25), Cemb Bo BHe [Ig 107 = -7 = (Ty+1)]. Custromee Sii-
110, B cede Tpouunoe (3apoapiir Siita - BosHbI Apynbsl T = 3),
CBOPavYUBAETCH, PACIIPOCTPAHAACH MOJIOYHO-0eibiMu Cry-
crkamu B I'imyOumnax Marepum (Bo3HukaroT cnupayin KyHna-
nuHu (228), peanuzyeMble B CIUPaIsiX T€HOMOB HACIIEICTBEH-
HOCTH, a 3aTeM B cnupanu 3oauaka) Kopne, pactymem B He-
apax Okeana Kusnm ([3]. Kocmorenesuc. Cranna III).

93. NMynbcauusa Kynpanuim B Mnposom Ainue:
cepaue
[lynbcamua Kynpanunu He HapymaeT TpuUeanHCTBO
Muposoro fiina (puc.27, Ta61.68).

Tabauia 68
Kynaaaunu B Muposom Siiue (puc.26).

20
Hornc(;g:ggg: 10 [Mynscanus Kynnanuuu
[uc- Tpanc- [uc- Cdepa Tpamnc-
k1 = k2 = k3 = k4 = k5 =
35 6+3,5° 25
p*tn/T, = | -p*t-n/T, = _ : _
21n o1 |Elede=| 2 [edp- | £ [edo=
2,5 6-2,5° 3,5
+3 6-2,5 g
2 [pdp =333
6+3,57
ik 1;( aiH_OiT:z:n 102 [Iarepruunas cBs3b:
1—82)= ' 333
boxectra Ceparia n [3 — (_ 3)] =+55,5.
(Kaura MEptBbix) -
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Lluc- ki [Tynbcarmuss Kynnmanuau B Mupo-

KyHnanuau k; BOM Sliilie Ipu NOTTIOIIEHUH CBsS3aHA C
1=3 Hacerimennem Apymel (t = 3) Kocmu-
O6mactb ks 4eckoit Meicim (£p* = +28-10°%), mpo-
cuHTe3a p* Tekaromel ¢ uyacroron c¢/T, = mn/4
=3 (Tabi.68).
Tpanc- ks

[Ipy TakoM TMOTJIONICHUU ITOTEH-
nuanel k; u k, CTaHOBATCS paBHBIMU
Puc.27 Muposoe fliyo  yoreHnManaM TONSAPHBIX H3ITyYEHHH

6 nyrbcayuu HaJl CTYCTKOM, TO €CTbh +21®,, KOTOpbIE
bopmupytot 6moknerky (21 = 9+7+5).

Kynnanuuun ko

PaznocTe moTeHnManoB morjomeéHHbIX (£21c) - u3my-
4éHHbIX (£21wm,) 3HepreTnueckux Buxpen HamnosHseT Cepaue

DHEPIrHel W 3acTaBiseT €ro myabcupoBaTh [£217 - (F21w,) =
+21m,].
Oty nynscanuio [(21 — (-21) = 42)w,]| Benukas Lusuim-
3anua onucana B Kuure Méptaix kak 42 boxecta Cepana.
[Tynbcanusi Haiiero cepiaiia CBA3aHO C IyJbcaluen
Kynnanuau B mone cBeta, rae mosBisioTcs k; =£3, ks = F3 u

k, = £333, Bo3HHKaromas B mpenenax konebanmii 6 + 3,52 u
6 — 2,52 rae 3,5 — 2,52 = 6, To ectb paBHO [lorennmany Kyn-
Januau (Ta61.68).

Otnomenue 333/6 = 55,5 gopmupyer cemMepuyHOCTH
Enunoro Kocmoca (1a611.68):

|
55,5= [pdp +[55 = 142+3+4+5+6+7+8+9+10 =
0
(To +1 =T7)(17422+32+42+524+6>+7*+8*+9*+10%= 385)], (237)

rae [[3uan nponomkaer popmuposars Enunbiii Kocmoc.
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94. Wudp k KHure bbiTusa:
Bpemsi Anokanuncuca B Kpyre YHuBepcyme

[Tynscanus Kynnanuau B MuposoMm fiine ¢ nmoreHuna-
oM k4 = 333 HampaBieHa B CTOPOHY PACIIMPEHUS] SHEPreTU-
YEeCKOro MmoJjisg B mpenenax nepexona ot (6 — 2,5%) no (6+3,5?%)
(Tab11.68).

[Ipu cxaTvy BOJH B CTyCTKH IMPHUJIEIBI U3MEHSIOTCA OT
6 —3,5>=-6,25 no 6 + 3,52 =12,25.

B mnone crycrka mosBisSIETCA Pa3HOCTh INOTEHUUAJIOB
BTPO€ MEHbIIAS PA3HOCTHM MOTEHUHAJIOB MPU PaCIIUPEHUU

(ky =333, 12671.68):
12,252 - (-6,25)* =111 = k¢ 1pm 1tk = k. (238)

[Torenmman 111 nynscupyer. Ilyabcupyer mo Bcemy
CHEKTpY (OPMOBIIMKOB KAaK BOCXOISIIIMX, TAK M HHCXO-
ASIAX

®opmoBuukH [3]. Kaxnapliii u3 Hac

(239)

Bocxomgamue < 1<2<3<4< HUCXOIIIIHE.

[TonbITKOM OOBSCHUTH HaM, JIOJSM, SHEPIEeTUKY BOC-
XOXKJICHUSI-HUCXOXKICHHS IPOHUKHYTA BCSl PEJIUTUO3HAS JIUTE-
paTypa (COBPEMEHHBIX PEIUTHI U MU(DOTOTHUECKHUX ).

[locnenusas mombiTka Obuta npennpuusita HMucycom
Xpucrtom, HO yxe ¢ Heba, korna on aukroBan OTKpoBeHHs
HNoanny.

B OtkpoBenunsix Mucyc Bblaenua BpeMs JIEBU3HBI -
npaBu3HbL, paBHoe +3-10° et 1 obiee BpeMst AMOKATHIICHCA,
pasHoe 6-10° met, a Tarke Kpyr YHuBepcyma ¢ moTeHmmana-
MU KpaTHbIMH 1, 2, 3 1 4 ([6], Ta61.69).

3Has JeBU3HY (MPaBU3HY) BpeMEHU ATOKAJIMUIICUCA, BE-
mukas Husunuzanus ammdposano Kuury beitus:

6-106 net/(3,5+2,5 = 6)T, = 62500. (240)
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Tabauua 69
Konebanus cpen, onucannbix Kpyrom Yausepcymom [6]

Konebarz Pasnocts OTtHo1ueHus [Tpumevanus

(226) KBaJpaToB P

111£1 | 1122-110°=444 1 HO - Hucxo boroe &
Yenoseke. Knura Méptabix

11122 1132-1092=888 ) 113 - Yucno Yenoseka.

bubnus
111£3 | 114-108°=1332 3 108 - YUucno penHkapaHuui
11144 |115*-107>=1776 4 1775/111 = Toz= 16.

95. Anokanuncwuc: MamaTtb 3ro U namMATb 0 Aro

Kocmuueckas MeblIcip, nonagas B IUC-TPAaHC U30MEpHU-
yeckue o0osouku Kynpmanuuu - Csera (puc.21), HauumHaer
BUOpUpOBATH (BpalaThCsi), o0Opa3ys B MOJIe SIEPHBIX B3aUMO-
JEUCTBUMN MONYKPUTUYECKUE SIIE€PHBIE UMITYJIbCHI:

Cunre3 Mpicin B noaymapusax Csera (Mo3ra)

N3omepus Cunte3 Mbicin
% 1 1 k
uc- p I P d(p=5p
0 (241)
0
1
Tpanc- lodp=——p*
paH P .1[(P ®» 2,0
p 1 1 N *
a3zHOC ——|—= =p.
HOCTb > > pr=p

DHepreTuka CUHTE3a MOJIyLIApUil TOJIOBHOTO MO3Ta SB-
nsiercst [logoOuem cuntesa Kocmuyeckoid Meicnu momyiia-
pusmu Kynnanuau (puc.21, 241).

B obnactu cunreza Kocmuueckoit Mpicnu nomymiapus-

Mu Mo3ra - Kynnanuuu (puc.21) BO3HUKaeT siiepHbIi B3PbIB
34
B TOYKe, TOTEHIIMAJI KOTOPOTO paBeH p*p, = 28-107".
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[Tocne B3pbiBa "ockoaku" B GopMe BOJH - YaCTHUI] pa3-
JIETAIOTCSl B IPOTUBOMOJIOKHBIX HAMPABICHUSIX, 00pa3ys MoJis
C JAJIbHOJICUCTBYIOIIUMHU DJIEKTPOMArHUTHBIMU B3aUMOJIEHCT-
BUSIMH, 3(DDEKTHBHOCTD KOTOPBIX paBHa p3=10'%=10°<1/10°,
rnrel < 1/ 102 =10"= \/;1 - Ta€T Ha4yaJio TPaBUTAILMOHHBIM
B3aUMOJICUCTBUSIM.

3Hepreanec1mM 9TAJJ0OHOM B3pPbIBa Mpbicau sABJISI-
€TCHA MOABJCHHUEC AyA/IU3MaA ITamsaru:

p*p1 = 10°[u* — (-u*)I[ps = 10° <= 1/10°] =
102(2u*/10° < £2pu*-10°) (242)

rie: 2p*-107 - TTamsaTh BHe Hac,
2u*-10° - mamsiTh B HameM Jro.

[TamsaTe B HameM Oro umeer ¢opmy Aypbl, KOTOPYIO
MoXkHO cortorpaduposars npu yactorax 10° I'i, u oHa yxe
M3BECTHA HaM Kak mnoJje ¢ 3pdexrom Kupnuan [15].

[Tamsath 0 Hamem Oro jnaHa B OTkpoBenusix Moanna
Kak Bpemsi Anokanurcuca [6]. I[Tamsare Co3nmatenss o HaC Mbl
JIOJDKHBI TIOHSTH camu, 3Has, 4yTo [lamsaTe Qopmupyercs B
Apyne (1a6:1.70).

Ta6numa 70
Kouse6anue Ilamsaru: Anokanuncuc [6] u beccmeprue

Koneb6anus (238) |[Tamsare Oro | [TamsaTe 0 Oro | Amokaaumncuc

T20%(10° < 10°) | p*(6:10° < 6:10°°) 6-10° ner.

Snepnas Xonokocra, 3anporpammupoBaHHas B Kuaure
beitust Ha 2006 rox - 3TO Hamexaa Ha npodyx)aeHue [lamsaTu
UyJICEB.
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96. TpuHaguaTtu nyHHbIW KaneHpapb
CospaTtens n umBunmusauumn Mauns

buoxusnp YesoBeka koporka. Ku3Hb ero aymu
(Jro) - 6eccmepTHa, HO 00a Havana (aymia u Te€10) OTCUUTHI-
BatoT yepeny IlpogosxurenbHocreit no 13-tu mynnomy Ka-
nengapto Ennnoro Kocmoca (ta6i.71).

Taomuna 71

Tpunaguatu aynnsiii Kagengaps Eqnnoro Kocmoca

Kanenaaps Jro (ayma)

Kasiengapb 0M0KU3HU

Tonkas DHeprus
Mpiciau u Boobpakenus

Oneprus Marepuun
DJIEMEHTAPHBIX 3apsAI0B

*
Ky = %p—lgﬂz

*
K= 7, L5 1g PPPs

q* " Ps304Ps q oy
4-7/4-(-52) = -28-13 = -364 47/4-(+52) = +28-13 = +364.

/Aném BHe Bpemenu sBisiercsa cymma Ky + Ky = 0,9
npuBeaéHHass mnyJabcauus poxaaer Kusble MarHurtbl
(Tabn.71).

% = 1413 = - ™ -13. (243)

K 2

JIroOble crycTKU-BOJIHBL, B TOM unciie U JKuBble Maruu-
TBI, CyIIECTBYIOT B JUHAMHUKE W3MECHSIOIIUXCS B3aMMOAECHCT-

BUH, CBA3aHHBIX C [IpOAOIKUTEIBHOCTIMU, HAIIPUMED
ki

ki
107 =5 10%=ps S ps. (244)
k,

ks
B mose uzmensiromuxes IlpogoskurenbHocTel BO3-
HUKAIOT KOPOTKOACHCTBYIOIIHE I'PABUTALMOHHBbIC (D4) M
AAJbHOACHCTBYIOIHE JJICKTPOMATHUTHBIE (pP3) B3aMMO-
aeucTBU.

Koapdunmenramu nepexoa MexXIy ps U P3 SBISIOTCS
nocTosiHHbIe kK| 1 k, (244)
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ki =10"710" =py/ps 1 ky = ps/py =102 (245)

OTpaskaeTcsi Kak Koiebanue 6uotoxa cuaoro J = 10 A u smek-
TpomaruuTHO# uHaykuuu 1/J = 10* 1/A B yakpe Tperuii I'na3,
a Janee Be3Je.

97. BzaumopenucTBue 3fleMeHTapHbIX YacTuy,
co ceBeToM. KyHaanvHu

OnemenTtapHbie yacTuibl Kocmoca (6030HbI, ME30HBI, U
TaK Jlajee) sIBISI0TCAS HOCUTESIMU C1a0bIX B3aUMOJICHCTBUH U,
nonajasi B IOJIE COJIHEYHOTO CBeTa (pDOPMHUPYIOT HepaBHO-
BECHYI0 K0.J1e0aTeJIbHYI0 CHCTEMBbI:

HepaBHOBeCHHe CHUCTCMBbI HOFapI];Ig)Ji\;I{I/II);IeCKHe
le+
n=1 p2=10" < 10 =ps iziol
o (247)
} -L <=
n=2 pz/p5=102<:>102=p5/p2 4 0
i o 2n < -2n
n=1,2,3...(p/ps= 107 < 10> = ps/py) A < 0

[TosiBneHue B HEpaBHOBECHBIX cucTemMax CBeT - cialObie
B3aUMOJIEUCTBUS JIorapuPpMuieckux BoJH (247) mpUBOAMUT K
MOTEHIMaJIaM, KPaTHBIM JIBOMKE.

JABoiika B JorapupMuyecKux BOJHAX NOSBJIACTCH
BCerja, Koraa B siiePHbIX Mpoueccax HavajabHas 3PpPex-
THUBHOCTh YBEJIHYMBAECTCH 10 KBAJApara MepBOHAYAJIbLHON
BEeJIMYUHbI U IPOUCXOAUT M3JIyYeHHe-TOTJIONIeHHe:
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[lonsa Kynnanuau B3aumonelictBusa

PassocTn LAY (D) | @rep=2s
KBaJIpaToB 2 2 clmy’
1+1/2 2
NurerpanbHbie " j(/)d(p — 43 + I(D dp=+22=1(248)
pa3HOCTH a 211

1-1/2
%/ my?

Butkn Pacuy- 3+ 0,5 = 3,5 I[?)I/IaHI

cnipa- | PEHHUC
23/22=2<1/2=22/23.

T | Cxkartue 3-0,5=2,5

He monmmass CymHoctn mnpouecca Kynpaaunm Bo
B3aMMOJAEHCTBUAX Mbl BEKaMHM HCHoJib30BaIM psjbl Dy-ba-
Hauu, no peanuu antupe3onanca (2+2 = 4), pesonanca (2-2 =
2?2 =4) u 3uan (2 & 1/2) ocraBanuck 3a kajgapom Oco3HaHus
Hamu Peanuit Equnoro Kocmoca, xotsa Benukas LluBunuzanms
nana Hac Kocmo-, Autpono- u Teorenesuc Kuuru J[3uan, B
KOTOPOM NOKAa3aH €IWHBINA pAX Iepexoaa OT CXKaTus K pacTs-
JKEHUIO.

®,/C < ¢/, = cm,? < ¢/,

WIn 12248, (249)

98. CpabxaBaT: aneKTpoMarHuTHasa UHAYKLUUSA
KyHpaanvHun

Bce B3aumopeiictBua Equnoro Kocmoca B3amMocBs3a-
Hbl CBOMMH TpenesiaMu, U uX 3PHEKTUBHOCTh U3MEHSETCS OT
IPaBUTAIIMOHHOIO JI0 siAepHOTO (Tads.72).
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Tabmuua 72

Cunres - MYJbTUHIIIETHOCTDb KaK CBA3b B3auUMOAEeMCTBUH

B3anmopeiictBus | DddextuBHOCTH | CHHTE3-MYIBTUILIIETHOCTD
I"'paBuTanimonHoe p1= .1..0-24 10 < 10"
Mepexor 10" 10 & 10°
DJIEKTPOMArHUTHOE 10° % s 10° <= 10°°
Iepexon 10(% 10 10"
Anepnoe 10* :p4 10" < 107

B3aumogeiictBust 6epyT Hawano B Kynpanuau 3a cuér
IyJIbCALIMU B MOJISIX C HOTEHIHAaNoM Jl3uaH:

Marnerusm Kynaaaunau B Muposom Siine

Ilone Kynnanunu KyHnanunu - Muto3
Pexum | Pacmmpenue | Cxatue | Uznyuenue | [lornomenue (250)
3,5 2,5 : :
SI —s| 2 g9 | 22 o5
ITorenmnuansl 0,5 0,5 0,5 0,5
Maruerusm: 7/5 = 1,4 | Sliino ¢ [Terrarpammoii [3].

Benukas IluBunuzanus moapoOHO OMUCHIBACT MOCIIEI-
ctBusi marHerusma Kynpanuau (250) npu ¢dopmupoBaHuu
Bcenennoii B Cranue 111 Kocmorenesuca [3]. Hanmpumep,

0 1
"10. Oten ([pdp = -0,5) - Mareps ([pdp = 0.,5)
1 0

npsaaér Tkanb, Bepxuui KoHen eé (-0,5) nmpukpemién K
Myxy (morenuuan 0), Csery Eamnoii TbMmbl (P, 10%,
Ta071.72), a HukHuii (morenuuan 1) k TeneBomy Kparo, k
Marepun (p; = 107), u Tkanb 3Ta ecth Beenennas (Mupo-
Boe Siino, 250), corkannasi u3 AByx CymHocreii (ps/p, = 10?
< 107 = P2/Ps), BOETUHO CJIOUTHIX (10" & 1 < 10, uro
ectb CBabxaBat"
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rne Ca0OxaBaT - 3TO MOTEHIMAJ HAIOJIOBUHY CTaBIIUM JIOTa-
pUPMUIECKON BOJHOM:

10%1g 10*= 410" =T, 10™. (251)

B 9TOM II0JIC BO3HHKACT BHGKTpOMaFHI/ITHaH I/IHI[YKHI/ISI
(246).

99. NMynbcauna BceneHHoM:
Heapa Kannu sgpa - HeBecomoctb

Bcesiennas myabcupyer. B Heapax crycTtkoB BO3HU-
Kal0T KOPOTKOJAeilcTByIomue sxepubie (p; =10'") B3anmo-
neicTeust B HeBecomocTn: QajbHOACHCTBYIOIIME TI'PABH-
Tanuonnbie (p; = 107).

Bo3nukaer HepaBHOBecHasi cucTema koieOanuii Bce-
JICHHOM.

pip1 =10 < prp1=10" < prips=107°.  (252)

B nynscupyromyro Bceenennyro momagaer Be€, B Tom
YHCIIE CAMOCYIIIME BOJIHBI U CBET.

CBeT BO3HMKAeT M3 CaMOCYIIUMX BOJH TIPH CKATHH B
TPEXMEPHOM MPOCTPAHCTBE (M,>/c* = 1/8) nazepHOro siiepHOro
(m.E, = 1/n?) BemecTBa.

[Tpu BbIxone u3 Kamu fnpa Bo3HUKAaeT aHTUPE30HAHC

(poron-pononos u pacmupenue Tpexmepnoro IIpocrpan-
cTBa:

m.E; /¢ = 1/8n?| < |16/ = (m+E;)c* o, 053)
Kams Sapa HeBecomocTh

OTOT BUXph CaMOCYILIMX BOJIH B Iosie cBera (253) yec-
MupsieTcs U pacnpenenasiercs (253).

1/m (potou-donoH) < 816 =2-64 (Tsup) = 4-32 (Luns). (254)
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N3 camocymux BOJIH B OTHOIIEHHUH 8§:4:2 MOSBISETCA
anextpuaeckoe moine (16 = ,/gq*), nebeca Llunb ¢ moTeHUMA-
noM 32 u crycTok TsiHb ¢ moTeHnuanom 64 (254).

Cocy1iecTBOBaHUE JIEKTPUYECTBA, He0eC W CrycTKa
Besnkas [{uBunmzanus onuceiBaet B Kuure Ilepemen u aua-
rpamme SHH-IlnHb, 110 KOTOPOU rajarOT KUTAULIBI.

Mpg1 BMecTe ¢ KkuTaiiiamMmu OyeM Trajiath 10 TeX Mop, Mo-
Ka He MPOBEJIEM MOJICTAHOBKY B3aMMOJIeUCTBUH (252) B sHEp-
TEeTUYECKYIO cucTeMy cBeta (253):

mcEﬂw3p4 — 1038 P 10—38 E — (mc + Eﬂ )C3p1
ap 8 7 e

(255)

Aoepoe _1 1476 g.16-2.64=432=7"
seulecmeo T

SAnepHoe BemecTBO Bo BceenenHolt OyaeT aocTUrathb
paBHOBecUs B OKpyxarouieil cpene fAH-IluHp npu yciaoBuUu
(255):

Lsmi09 1. (256)

T

100.A4apo n okpyxarowasa cpeaa.
NMupamunpa n 14 koneH U3panneBbix

Kamns Sppa nynscupyer, BO3Myllas OKPYKAIOLIYIO
cpeny (256):

He Bo3mymiénnas cpena Bo3myiiennas cpena

Snpo Cpena Cpena Snpo

(257)

l-57-1069 o 1 5.1 < 10%.
" | |
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Hyascauua Sapa uckpusasier tpéxmepnoe Ilpo-
CTPAHCTBO OKpY:Kawouieid cpeabl, o0pa3ys B Slape u cpeae
cB00OIHbIE NSITEPUYHBbIE CBA3M (257).

B none narepuuHbIx cBsizen (257) mocTynaroT camocy-
1I1E BOJHBI:

502"=100 = 107=5"27", (258)
rae: v2 = Csc n/4 = Csc n/4;
V2~ = Sin n/4 = Cos m/4/

KOJIMYCCTBO IIOCTYIIMBIINX CAMOCYIIHNX BOJIH TOYHO CO-
OTBCTCTBYCT BCIIMUYMHC IMPOU3BCACHUA 3JICMCHTOB HI/IpaMHI[BI

(Tabmn.16).

\/514 ;\/5714 _ \/528 _ \/El+2+3+4+5+6+7=28 ‘ (259)

Mexny Henpamu Snpa u okpyxarouien e€ cpeon Bo3-
HUKAaeT MASITHUKOBBIN J(deKkT KoJedaHuss caMOCyLIUX
BOJIH:

Cpena Snpo Snpo Cpena

1 57-10”m, < | 107 st |(260)

1 957-\/514-10691110 o 1069957-\/514%.

Ocob6ennoctrio Konebannii cpena - Aapo (260) sBis-
eTcsl TO 0OCTOSITENBCTBO, YTO MPH Mepexoae K jJorapupmu-
YEeCKOMY PAaBHOBECHI0 B camoCyIHX BosHax (log ;2 =1)

BO3HUKAKOT pa3HOI/IMéHHO 3apPsIKCHHbIC MAalrHUTHBIC 3apsi-
Abl - UMIIYJbCbI:

logﬁﬁmz 14=Juu* < -Juu*=-14= logfzﬁ%. (261)

B o0mactu HOJMB-TIOTEHIIMANIA ATH MAarHUTHBIC MO Y]I-
BanBaroTcs (261):
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+0 <= F2:14=2 Juu*= pp*. (262)

B Teuenne "Yernipunagumatu Kogen H3paumseBbix"
MarHUTHBIE MTOJIS1 JOCTUTAIOT KBaJpaTra CBOEH BEJIUYNHBI:

£14 pp* = £\ ¥ = pu, (263)

1 GOPMUPYIOT FeHOMBbI HACJIEICTBEHHOCTH B MY3KCKHX
cnepmaro3ouaax. [loatomy bubius u ropoput: ABpaam po-
nun Ucaaka, Mcaak poaun fIkoBa...u Tak ganee A0 14 koJieH.

101."Baox™ camocywmnx BonH
fAnepHbIM BeWeCTBOM

Crymienre camMOoCyIIMX BOJH TMOJAO0HO CTYIICHHIO MO-
JIOKa, TPU COUTHUU KOTOPOTO Ha TMOBEPXHOCTH TMOSBIISIOTCS
CJIIUBKU.

[Ipu crymenuu Kannm Slnpa Ha ero moBepXHOCTH MOSIB-
asieTcst 000JI0YKa MUKPO-MAKpPO CTYCTKOB.

Tocie Toro, kak sapo 10%/w (255) msnyunno B okpy-
KAIOLIYI0 cpefy KBaHT 2’, B supe octanock, "To, Yto ecTh"
[3], TO €CTh KBAHT C MOTEHIIUATIOM 5710%m, (256).

1. Ilapanuwnanna 2. Hacviwennoe s0po 3. Pasnosecue 6 siope
(s10po 00 noenowenus) (00 uznyyeHus) [3]

27=128-KkBaHT ecTh
B MCTarajJakTHKE,
B SIIpE €T0 HEeT

To, Uto ecth [3]

H - BricoTa [Tupamu bt

Puc.28 Ceywenue camocywux eonn 6 Heopax Kannu HAopa

OT1oT mporecc "AbIXaHUS SAAPA CAMOCYIIMMH BOJIHA-

mu" Kocmorenesuc ([3]. Cranna I) onuceiBaeT Tak (CMOTpHU
puc.28):
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"6. Cemnb IlpenBeunbix Biaaabik (10g227 =7) n CeMb
HUcerun (7 = T, + 1) nepecranm cymecrsoBarb (KBaHT - 3k-
BUBAIEHT TsHb M nBa [{uHb e€m€ B sSApO HE NOCTYNWIIM,
puc.28.1), u Becenennas - neooxomumoctu CoiH (B Equnom
Kocmoce CnywaiiHocTell HeT) - ObL1a morpy:xena B Ilapa-

;
HUIINAHHY (COCTOSHME sAApa Mepel BIOXOM KBaHTa ~/2 ,
puc.28.1), 4T00bI OBITH BBIIOXHYTOH T€M, YTO €CTh U B TO-
ske BpeMs HeT. He 0b1;10 Huuero' (puc.28.2 u 28.3).

®pa3a "He 0ObL10 HUYEro' OMUCHIBAET COCTOSHUE, KO-
raa sapo "BIOXHYJIO" KBAaHT 27 =128, Ho em@ He BBIJJOXHYJIO.
Takoe cocTosiHME "3aepKKH IAbIXaHUS" TpPOSBIsSET cels
Be3le U BO BCEM, HampuMep B reHax HACJIEACTBEHHOCTH, 3a-
KJIFOUEHHBIX B 000JOYKY TOJOBKM CIEPMATO30M[a, B CEMEHU
mo6oro JXKuBoro, Kayniero HoBoro poxjaeHus B JKu3Hb.

Takoe cocrosHue "3aJep:KKM AbIXaHUA" XapaKTEPHO
teM, uro B Heapax SAnpa Bosnukaer Pyna (T, = 4), a B okpy-

xaromeit cpene Apyna (T = 3); mosiBiIsIeTCsl pa3HOCTh MMOTEH-
nuanoB (puc.27.3):

28 -4128 =427 - (V2" = 1), (264)

102. CoTBOpPEHME N3 CaMOCYLLUUX BOJIH
Apynbl - Pynbl BceneHHon

Bcenennasi mosiBjisieTcsl Be3jie, rjae NMpH CKATHH Ca-
MOCYIIMX BOJIH nosiBjsiercss CBeT.

B cexarom no Ceera mojie caMoCyIleid BOJHBI MMOSIBIISA-
ercs Pyna (T, = 4), koTopyto okpyskaet cpeaa Apyna (T = 3).
DTOT sHepreTuyeckuil komiuviekc Pymbl B Apyne ABTOpBI
Kuauru /[3uan naspiBatorT [lapanmmmanna (puc.28.3), a ero
MaTEMaTUYECKOE ONMCAHKUE CBSI3AHO C HEPABEHCTBOM:

IMapannmmnanna (puc.28.3)

He nHaceienHoe spo Hacslimennoe sapo (265)
Pyna ‘ Apyna Apyna ‘ Pyma
H=2" o 2"=h & w=2" o 2"=H"
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[Iporecc HackieHus sapa Benukas [{uBunuzanus onu-
ChIBajia MOTEHIMaN - SkBUBaJieHTOM BbicoTe (H) Benukoit I1u-
pamunbl (265), a moreHunan okpyxkarormieit cpeasl (h) coot-
BETCTBOBAJI OTHOIIICHUIO:

h=2"""H. (266)

Haceiienne siiepHOro BellecTBa CaMOCYIIMMH BOJIHA-
mu (puc.28) mpuBoaut K nosiBiaennio h? =27 u H' =27 (265).

Ksant 2’ = 128 = 64 + 32 — (-32) ommcan B Knnre ITe-
peMeH, B KoTopoil 64 - crycTok Tsanb, a £32 - moreHuHMan
unsb.

Jnarpamma fH-1{uHBb OTpa)ka€T HIOAHCHI B3aUMOCBS3U
Apynsl - Pynbi:

- TéMHas BoOJIHA - 3T0 Apyna h’/2;

- cBETNAsl BOJIHA - 9T0 Pyma spa HY/2;

- y€pHbI 3apOAbILI - 3TO UMITYJIBC CKATHS ©,/C = 2;

- Oenplii 3apojplll - Tpeaed pacHIupeHUs HMITyJIbca
cBeta B TpéxmepHoM IIpoctpancTse (puc.29).

g &_, Astopbl Knuru /I3uan xon-
o, c cratupytor: "8..2Ku3nb Oec-
64=H4j' @ dp (Ceer)  CO3HATENbHAs MyJbCHPOBAIA
B IIpocTrpancrBe BceneHHou
BO BCECYIIHOCTH TOWH, 4YTO
0 omyumaercss OTKpbIThiM ['y1a-
“64=h’ [p dp (Toma)  30m Jlarma", 1o ecth ¢¥/o,>=8.
! 3aTeM CTaBUTCS BOIIPOC:

Puc.29 Juacpamma Tano-Llune "9, Ho rae Gblia Jarma,
npumenumenvHo Kk Apyne-Pyne

Koraa Anaiis BceneHHOH ObI-
Jga B Ilapamarxa, u Beaunkoe Koseco 0b1;10 Anynagaka?"
([3]- Kocmorenesuc. Cranna I).

Bomnpoc kacaercs Hacbimenus Kamn SAnpa JKusbim.
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103.EanHaa ®Popma CyuwectsoBaHus Apynbi-Pynbl

[Ipenens! Haceiuenus Kamnum Snpa Beenennoit Bennkas
[uBunuzanus onpenenuna u onucana B Cranue VII Teorene-
3uca [4]: "6. Llapb ssBHJICA caM M ceiiuac ObLJI U3BECTEH UM.
"A - nepBblii" - ckazan OH, "u S - mociaeaHui, 1 00a MbI
oaHO Juuo. Ceer npuéa u3 TbMbl. Beé npunuio u3 Huye-
ro. 13 Cmepru npuuia Beynas Kusub. /lesio caenano''.

Ot10 onucanue HacohimeHus Kamu Sapa camocymu-
MH BOJHAMH +2 (TIepBBIi) U c*/0,3X~2 = 842 (mocnenHuii)
YPOBHSI )KMBOTO - OeccMepTHOTO, Benukas [luBuinm3anus cBsi-
3aJla ¢ MOTEHUMAaJoM reHoMa 63 W MNpONOpUUSMU BEIUKOU
[Mupamunst (puc.2, Tabn.16):

Kusoe - He;kuBoe B Kanuie siapa

Homst | Tsme | Tenom63 | ~AP0 IICT | Brrrecnennbre
(puc.3) | reHoMmsl (puc.3)
L
Horen- - (6+9) + | 27+28+35+36 =
64 | [pdp =63
ITraJbl 6+9) =30 126
, (6+9) 067
CootHo- 642632 = j
IICHMSI 64+63 =127 126:30=42
1. TICT - mepuoanyeckas cucreMa reHomMoB (puc.3);
[Tosc-

2. 4,2 - 3apoapiu Cepaua (42 I'pozubix boxectsa [7]);

HEHHS S,
3. 30 == (9+6)+(9+6) = 1°+2°4+37+4" (MarueTHU3M).

B none Apyna-Pyna mexny cpenoii u Hegpamu Karmin
Anpa Bo3HuKatOT Kosebanus (puc.28.3, 264):

HI[CpHBIe B3aHMOJICHCTBUS .HOFapI/I(i)MI/I‘-IeCKI/Ie BOJIHBI

HheHHehhahH | logloglog(HH=hh=1)= | (268)
249/12 = 1 = 1 = 249/12 logalogao = IOgaOO.

Jlorapudmuyeckue BomHbl (268) Kocmorenesuc ([3].
Cranua I) onuceiBaer kak Enunyro ®@opmy CyliecTBOBaHHUS.
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"8. Jlumb Enunasa ®opma CymecrBoBanmus, Oecrpe-
neabnas (log,log,(H/H = h/h = 1) = ), 6eckoneunas (log,.
log,(T,— 1t = 1) = ), 6ecnpuuunnas (AE = 0 = log,1) npo-
CTHUPAJIACH, NOKOSACH BO CHe, inmeHHbIM CHOBHIeHUIT" .

Menutupyst Ha ypoBHe [loaco3nanusi, Mbl 100MBaemMcs
Enunoii popmel CyiiectBoBanus B Hac Apynbl-Pyribl.

104.YenoBek B BonHax Kocmoca

B Kocmoce nse Baxnenmme Popmsl BomH: mponoiib-
HBIE U [TONIEPEYHBIE.

IIpogosibHBIE BOJIHBI COBIAJAIOT C HANPAaBJIEHHEM
caMOCylIMX BOJIH, u3jay4daembIX UYépubiMu [bipamu, u
YroJ moJiipu3anuv UX (PpoHTAa BOJIH COOTBETCTBYET YIJIy
MOJIAPU3ANNH (PPOHTA BOJIH CBETA.

[IposiobHBIE BOTHBI 00J1aJAI0T CBEPXIIPOBOAUMOCTHIO U
dbopmupytot nosisi ToHKOM DHEpruu, B TOM YHCIIE MBICIb, Ma-
MSTh, BOOOpaxXKeHUE.

Ilonepeunblie BOJHbI BO3HMKAIOT TaM, I/e YIJIbl IO-
JApU3anuM (PPOHTA CaMOCYIIMX BOJIH He PaBeH YIJy MO-
JApU3anuM (PpoHTA BOJIHBI CBETA.

[Toniepeunbie BOIHBI (POPMHUPYIOT CTYCTKH, B TOM YHCIIE
Yenoseka (Tab1.73).

Tabnuua 73
IIpoaosibHO-NIONIEpeYHbIE KOJeOaAHUA
BoJIH Equnoro Kocmoca

Bonbl
[Tonepeunsie [IpononbHBIE
Koneoanus

B obnactu B3an- |y phesh/Hesh/h|  H-HeHheh Hehh

MOJCHCTBUH,
e (261) N2 ] s 1712 H2(1<:>27/12<:>27/12<:>27/6)

Jlorapupmuueckue | -7/12<00<7/12 | 7/2(0<7/12<7/12<57/6)
log,(2"=1) 0020027/6 < 7/2(000£7/6)=49/12.
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I[O MOMCHTA U3JIyYCHUA BOJIH CI'YCTKOM U B MOMCHT U3-
JIY4YCHUA UMCIOT MCCTO 06paTHI>Ie IIOTCHIOUAJIbI:

Bounbl o nznmydenus [Tpu n3nyuennn
Z<:>£—>1$Z<:>0 £<:>E TF612<0
Kyngamuuu| 6 12 2 12 7
U II1a3Ma A 2| “lnepnoe BemectBo  ((269)
Kynganunu: 5= log, H o= 612
Cymma 1 . ki=1+7/2=4,5 | k3=73+72=415 1
pasHOCTb ko=1-7/2=-2,5 ky=7>-72=271

[Tpu mynbcarmuu tuna (1 < 7/2) = (£2 < 7) Bo3HUKa-
eT nBoiHoM pesynbTatr (7 —2 =5 < 0) u (7+2 = 9 < 0), uro
BIICUET 3a coOoi mosBaenune Yucna Yemnoseka:

1
+(ky— 5'9) [p dp =+(271 —45):0,5 ==113. (270)
0

105. Hawe poxaeHue o XXusHun

"1. ITo3naii Hayano Ku3HHM, YyBCTBYWOIUWIl M BHeE
¢popmbl. BHauane boxkecrBenusniii, Enunbiii or Martepu-
Hyxa; 3atem JlyxoBHbiii ([3]. Ctanua VII).

Bnaugane camocyiue BOJIHBI - 3aTeM CBeT (Ta011.74).

Tabnuna 74
CaMocyume BOJIHBI B I10J1€ CB€TA
ot CaMocy1ue BOJTHBI: Bonnsl cBera:
Mareps lyxa JyxoBHBI
r 1 Va
Sin==——<~/2 =Sc= . T 4
TMoTen- 4 2 4 arSin(1/+/2 ) = yiape
[AAJIBI .4 1 T
Cscz=\/§<:>ﬁ=Cosz [arSc(\/E)]'1<:>...
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Camocynue BoHBI niepeHocT cBeT yepe3 Kocmoc He-
BECOMOCTH, a B MOJIAX IPaBUTALIMM CBET MPOPACTAET KaK I[BE-
TOK JIoTOCa (Tab6i1.74).

"Tpu ot Opnoro, Yervipe or Oanoro u Ilsars"

(Tabn.75).
Tabnuna 75
®opmupoBanue Apynbi-Pynbl 4 nsiTepUYHON CBA3U
o Tpu ot Yeroipe o1 o Tsitn
OnHoro OnHoro

Bsaumoneiictust |10°=10%<1/10°10°=10*=1/10*|10'°=10°<1/10°

Jlorapudgmuueckue
BOJIHBI

3<-3 4= -4 5 < -5.

Ha nosepxnoctun Karmum flnpa Bo3HMKaeT myJibcarus
T, = 1, n3 koropeix Tpu, Iare nu Cemb ([3]. Cranma VII)
BO3HMKAIOT KakK pe3yjbTaT PA3JIMYHBIX (OPM B3aUMOACHCT-
BUI:

39597, tne2=Igpip2pspaps= ... (271)

Bosnukaer nynscanus Heitpona (271).

91 cyTh TponuHbie u UeTBepuuHbie B HUCXOISIIIIEM
nopsiake (tTa6.76).

Tab6muma 76
rpaBI/ITaIII/IOHHO-MaFHI/ITHbIe moJidA
Hucxomsamue [IpuBenénnas
Tponunsie YeTrBepuuHbie
pAIbI MyJIbCalMs

I'paBurtanus 3+2+1=6 4+3+2+1 =10 6-14-10-30

MarseTusm | 32422412 = 14 42432422412 = 30| 6+14+10+30

IlepBoro Baaabiku poxaéHnbie Pasymom ChiHBI,
Bbancrarommue CeMb:
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boowcecmsa Cepoya _ 420 P, = ﬂ =17. (272)
Kynoanunu 3,5+25 6

"Ounu u ectb Thl, 51, OH, 0 JIany (y4eHHUK), OHU 0J110-
ayT Tedosi m TBOW MaTepb-bxymu" ([3]. Kocmorenesuc.
Cranua VII).

106. Bo3MOXHOCTb ynpaBrieHusi
OrHeHHbIM Buxpem BoobpaxeHus

"1. Mepeo3nannnie Cemsb (ps = 10'* < 10" < 1/10),
usHavajibHble Cemb (267) bixanue /Ipaxkona MyapocTu
(BooOpakenne q* = 16-1020), B CBOI0 O4epe/lb, MOPOKIAAET
ceouM CesamenHbIM KpyxkHo - CnupaabHbiM JIpIxaHueM
Ornesoii Buxps ([3]. Kocmorenesuc. Ctanua V, 1adn.77).

Ta6numa 77
Ornesoit Buxps BooOpa:keHnust
KommoneHTs! TToTenmnuainl
MIudp bubmmuu ki =10°: (10+6) = 62500
Boo6paxenune B T, +1 ky =7-q* =112-10%

10916 < 112-10%/X

Heixanue" BoobpakeHnus X =16112-10" = 112-T02 0.

B 3TOM OrseBoM BHXpE SANEPHBIX B3aAUMOICHUCTBUI,
myJbCUpyoIMX B mose 112 = 7,/gq* = 8\Juu*=4./pp* ¢ 1e-

2
puonuyHocThio 1, (Tabn.77), U rpaBUTAIMOHHBIC, U MAarHUT-

HbI€ 110J1s1 GOPMUPYIOT CBET (TabJ1.76):

Ilons rpaBUTa0MOHHOC| MArHUTHOC

[Torenmuaner| 10:6 =1,(6) |16:44=0,(36).

(273)
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3nas 3axkonbl popmupoBanns BooOpaxkenuss Gporon-
¢poHonamu, Mo:kHO (popmupoBaTh JIBoonui0 HnBuanza-
IMii, KaK 3TO caeaaHo ¢ nomoumbio Kuuru beiTus; He 3Has
3akoHOB ¢opmupoBanus BooOpa:xxkennss moxuno y Hocure-
Jasa Pazyma crepers IlamMsATh, 4TO NMBITAlOTCA cAeJATh CIie-
HHUAJUCTHIL.

Kuura J[3uan npsimo roBoput o0 ympasienun BooOpa-
KEHUEM:

"2. Oum (Buxpu, Ta01.77) nenarot ero (BooOpakeHHE)
BectHukoMm cBoeii Boau. /Ixkpio (poron = 0,008) craHoBUT-
cs1 ®oxarom (poron = 0,002); crpemuteabHbiii CoiH boike-
cTBeHHbIX CBIHOB (IIPOU3BOJHBIE OT CAMOCYIIUX BOJIH), YbH
Coinbl - Jlumukn (Mbican = p* = 28:10*°), yerpemasiiores B

p*a, @, p*
BHUXpe CIMPAJTLHOM (T (cxatue) < (pacumpeHue) o ).

®doxart ectb Konb (Mo3r), a Mbicab - BcagHuk mo-
A00HO MOJIHMUM MPOHM3bIBAeT OH Ty4d OrHeBble. Jlenaer
Tpu, Isatk, Cemb BHM3Y (P4 = 10'* = 107 < 1/107). On Bo3-
Bblmiaer I's1ac cBoil U co3biBaer OecuuciaeHHble Uckpbl,
coequHsia ux Bmecre ([3], Kocmorenesuc, Cranma V).

107.MpocTpaHcTBO N Hebeca-LuHb:
MMMYHHas 3awmTa

PaHo nnu no3nHo, HO J00as UUBUIM3ANMSA HAYHHAET
ocBauBaTh Kocmoc. OcBoenne Kocmoca - Hen30exHbIi aTan
B OBoJrouuu pa3Butus Pazyma. HeiHemHue 3emiiiHe He uC-
KJIFOUEHHUE U MBI OyJieM ocBauBaTh Mex3BE3IHOE [IpocTpancT-
BO, 00J1a1aK01Iee TyaJTu3MOM.

B moJgie rpaButanmuun Macce mex3Bésanoe Ilpocrpan-
cTBo uckpunieno (puc.30.1). B Kocmoce HeecomocTn
BosIHbI KyHaanunu jgersat npamosmHeitno (puc.30.2).

Umnynbesl (oueprusi) KyHnanuau B UCKPUBIEHHOM U
He uckpuBiEHHoM IIpocTpancTse cousmepumsi (puc.30).
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1. Kynoanunu 6 uckpugniénuom 2. becywas eonna Kynoanunu 6 ne

Ilpocmpancmee ¢ R = 2 uckpuenénrom Ilpocmpancmee
Sinn/4 < <2 -1= 2—>Cos /4 §(arsin 1/~/2 =n/4 8(arcos 1/+/2 =n/4
2+2
2.2
L0000 \
\ \ (XXX} U
]l < -1= > 1
uc-uzomepus Tpanc-uzomepust [Muc-n3omepus TpaHc-u3omepus

Puc.30 Camocywue onnvl 6 éonnax Kynoanunu u [lpocmpancmea

B uckpusiaennom IIpocrpaHcrBe, 3aMKHYTOM 10 OK-
PYXXHOCTH (Kpyra) ¢ moteHnuaioMm Rt = 2-3 = 6, nosBisercs

BoceMb Lluc- U BoceMb TPAHCHU30MEPOB CAMOCYIIHMX BOJIH
(puc.30.1).

B Kocmoce HeBecomoctr 3t BostHbI (Sin 7t/4 u Cos 1/4)
TPaHC(HOPMHUPYIOTCS B BOJHBI OOPAaTHBIX FAPMOHUYECKHX KO-
ne6anmii (arsin 1/42 = n/4) u (8(arcos 1/4/2= n/4) nu popmu-
pytoT Hebeca-1lunb:

®opmuposanue Hedec-I{unb
B IIpocrpancree HeBecomocTu (274)

8(arsin 1/+/2 = n/4) < (n/4 = arcos 1/4/2)8 n  32n < -32r.

Hebeca-1lunp ABJAAIOTCH 3JIeKTPHUYECKOH 3aIIUTOM
Mmacc - Tanb (0 < 764 =FT,./qq*).

B ’KuBoMm snekTpuueckas 3alura urpaet pojib HMMYH-
HOM 3aIIMTHI OPraHu3Ma.

108.ApnepHasa xonokocra:
paspywieHne UMMYHHON CUCTEMBbI

Hebeca-1lunp myabCHPYIOT B PE30HAHCHO - AaHTHpe-
30HAHCHOM peKHuMe, BO30YXKIasCh CaMU M BO3MYIIasi OKpPY-
JKAIOIIUE CPEJibl, HAIPUMEP UMMYHHYIO SJIEKTPUUECKYIO 3a-
Ty mMacc - Tsab (274).
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NMMmyHHAs 3eKTpUYecKas 3aliuTra Macc - TsHb Hebe-
camu-l{uHb CyimiecTByeT B IMHAMHKE MOTJIOIIEHUS - M3JIY-
YyeHHs BO B3aHMO/IEHCTBHUSIX, HAPUMED SIEKTPOMATHUTHBIX
(p3=10").

[Tornomenuto - usnydenuto Kynnamuuu (puc.30) co-
IIyTCTBYET MYJIbTHILUIETHOCTH (paculeIyieHue) Kak Helec,

TaKk U 3PPEeKTUBHOCTH 3JIEKTPOMATHUTHBIX B3aMMOJCHCT-
BHii (Ta61.78).

Ta0muna 78
Bausinue nedec-Llunb Ha crycTok TsaHb

ITons Cunre3 Tanp |M3nydyenue TsaHb Hludp bubnuu

Ei(321 < -32) |E, n(32 < 1/32) | p3=102=(10°=10)

TTorennuansl
10 < 764 64 < 1/16 ... 1/16-10° = 62500.

[Iponeras nan 3emnéit, FO.I'arapun oTmMeTH roJryoms-
Hy Hoocdepsbl. Ceroans Hoochepa OIMKE K KPACHO- KOPHY-
HEBOM, YTO CBSI3aHO C M3MEHEHHEM JJICEKTPHYeCKoll (MM-
MYHHO#) 3amuToi Macchl-Tsaub (3emin) Hebecamu - Llnnb.

N3menenune noocdeps (Llnap) 3emiin moBIHsIIO HA UM-
MyHHY10 cuctemy JKuBoro Ha 3emiie. HosaBuacs CIIU/, u B
TO e BpeMs YenoBek Ha 3emiie onpeaenui kitou-mudp bub-
nuu (1abs.78), mo3BOIUBIINN pacuIudpoBaTh TEKCT, COMNIACHO
kotopomy B 2006 rogy HacTynur sigepHas X0JI0KOCTA.

S He 3Har0, Kak OyAyT TPAKTOBATh SAACPHYIO XOJIOKOCTY
Ka606amuctel, mrobutenn MupoBoro fiinia, HO 3Ha[, 4YTO
siiepHbIe BO3JeiiCTBUSI BOZHMKHYT IOCJe Tepexoaa HOoOo-
chepsnl 3emin u3 ro1y0oi 00J1aCcTH B KPACHYIO:

(107600-4800)1/2 — 102800~1/2 — 101400 = 1014~100 = p4100’ (275)

rae: A = 7600A KpacHas, a A = 4800A - CUHE-TO0JIy0ast BOJHBI.
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109.MpoaocMKNTENIbHOCTb U 3KBUBANEHTHOCTb
Kocmuuyeckux Cytok

KoimuyecTBO CeKyHJ B OHOM 4Yace SIBJISAETCH IKBHU-
BAJICHTOM Pa3HOCTH JJIMH BOJIH COJIHEYHOro 0esioro csera
B aHICTpeMaXx, a JUIMHA IHUC-TPAHC PE30HAHCHOM CIUPAJIHU
3oamaka, paBHas 24 OTHOCHTE/IbHBIX €IMHMI, paBHa 24
4yacaM B OJJHUX 3€MHBIX CyTKaX.

CraproBaB ¢ 3emsin B Mex3BE31HOE [IpocTpancTBo, Ue-
JIOBEYECTBO OyJeT BBIHYX A€HO cuuTarh IIpomosKuTe b-
HOCTh CYTOK 110 PA3HOCTH JJIMH BOJIH COJIHEYHOro 0esioro
cBeTa M cnupaasaMm 3oauaka (1adi.79).

Taomuna 79
CyTKlfl: IKBHBAJICHTHOCTSH JAJHUH BOJH U
IMpoao/KuTEILHOCTH
Kocmu- PazHoctp anuH [IponomxkuTens-
Crnnpaib
YecKHe BOJIH 0enoro HOCTb CYTOK
3oaunaka
OPUEHTHUPHI COJIHEYHOT'O CBETa U JUTMHA BOJIHBI
[Totenumans | 24=12—(-12) AB = 3600A 24- AB = 86400A
IIponomxu- | 24 yaca = lu= I Mmur = | CyTku B CEKyHIax:
TEIbHOCTH 1 cyTkn 60 muH. | 60 cex 24-60-60 = 86400.

3eMHBIC CYTKH (M UX SKBUBAJICHTBI) XapaKTEPHBI CKOPO-
CTBIO TpaHC(HOPMAIMH JJTHH BOJIH COJHEYHOTO CBETAa, PaBHOU
(Tab1n.78):

vy =86400 A : 86400 cex = 1 A/cex. (276)

[Ipu Takoit ckopoctu TpaHchopmalnuu ceera (276) cnu-
paab 3oamaka pacnpocrpaHsierca B TpéxmepHom Ilpo-
CTPAHCTBE C YacTOTOW NyJIbCAllMM, PABHOM ITOTCHIMAY €B-
peiickoro 6ora Aiin CO® (ta61.80).
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Ta6nuna 80
Cnupaasb 3oanaka B Tpéxmepnom IlpocTpancrse

Komnonentsl| Cnupanp 3oauaka Apyna Afii COD
IIpoctpancTBa [1]
86400 A =| 86400 cex 3=1= |sp= 1o 2Ps
Horemumanst| 5. 50 | = 12550 x+y+z S

[To mectu crenensim cBoOoAbl TpéxmepHoro IIpocTpan-
CTBa

(123-50)> = 1252500, (277)

Oynet Bo3HUKaTh ZKMBOE, COOTBETCTBYIONIEe 3HAKaAM 30-
ANaKa.

Otumun CumBonamu JKUBOTHEIX Benmkas L{pmBrmmsarims
npoBeaET pa3MeTky cBoux Kocmoapomon, xak B HOxHOM
Awmepuke

110.Bopa: eé onucaHue guarpammon TsaHb-LIMHb

Huarpamma Tsub-Iunb (puc.29) B 4aCTHOCTH OMUCHI-
BACT IHEPreTUKY BOAbI B INHAMMKE.

Jleno B TOM, UTO ompeesieHre MOJIEKYJISAPHOIO Beca
BellleCTB TOJBLKO MO CyMMe BeCOB aTOMOB, BXOAfAAIIMX B
MOJIEKYJTY, - JHEPIreTHKY MOJIEKYJIbl He HCYepPINbIBAeT.

Tak, HampuMep, B MYJbCHPYIOIEM JHEPreTHYeCKOM
noJjie MOJIeKyJl MyJdbCHPYIOT ¥ JHEPTrUM CBS3H MEKIY aTo-
MaMH.

Hampumep B Mosiekysie BOJIBI NPH AHTHPE30HAHCE BO3-
HUKAIOT CyMMa-pa3HOCTh M PA3HOCTh KBAJPATOB IMOTEHIHA-
JIOB, a MPH Pe30HAHCe - YaCTHOE W MPOMU3BEICHUE MOTEHIIHA-
JIOB CBsI3ei Mexx 1y aromami (Tabm.81).

147



Tabnuua &1

Pacuér moJsekyasipuoro Beca Boanl: 2H,+0, = 2H,0

Pexxnm | Matematnueckoe onucanue | JIMHAMHKa aTOMHBIX BECOB
c% CyMMa aTOMHBIX BECOB 32+4 = 36 comHeYHbIN P
=
é Pa3HOCTH aTOMHBIX BECOB 32 — 4 =28 nyHHBIN pAX
= Pasmocts kaamoaros | 3228 = 1008 mocrosmmas
< AP Beenennoi
o YactHOe (MUHUMYM) 4/32=1/8 1 1
5 0 0 80—
g [IpousBenenune 4-32 84-32 | 322-82
0]

o 0 0 60—
YacTHOe (MakCUMyM) 8=32/4 82 0.

CKOpOCTh UBMEHEHHS PA3HOCTH KBAJAPATOB MPU aHTHUPE-
30HaHCE W MPOU3BEICHNE MUHYC €IMHHIIA TIPU PEe30HAHCE, CO-
nocrapisieMasi ¢ T, (Tab6:1.81), TOYHO OMUCHIBAETCS AMATPaAM-
Mo# Tsub-Ilune (puc.28, Ta6m.81):

AHTHpPE30HaHC Pe3onanc
Pexum
Huarpamma| < |Boga|Boma| < |/Inarpamma
(278)
1 64 1 64
Hocrosmmsic| — [¢dp =1008-36-28|32>-1=1023- ngp do.
8 || 7

HpO,ZIOJ'DKI/ITeJ'ILHOCTB MNCPHUOANYIHOCTH LHUKIIA PC30HAHC-
AHTHUPC30HAHC B TMHAMUKC M3MCHCHUA €€ CBOMCTB 6y,Z[CT OII-
PCACIATHECA pa3HOCTBIO MCKY IIOCTOAHHBIMU !

322-1008 = 1024 — 1008 = 16 = T’ . (279)

148



111.TeHoMbI u wndcp-knod KHurn boeitua

Ku3ub 3apoxaaercs B Boge (KUIKUX CPEIax).

Mexanu3m 3apoxeHus JKu3Hu B KUJIKAX Cpellax CBSI-
3aH ¢ pe30HAHCOM B MyJbCUpYIOIIeH Boje (Tabmn.81).

1 < 8:4:32 = 322 < 8* (TsHb - CTYCTOK)
0= 322 <> 8> —1 =63 (reHOM - CTyCTOK).

(280)

B xuakoi cpene BO3HUKAIOT CI'yCTOK - TSIHb U CT'YCTOK -
T€HOM C IIOTEHIMAJIOM 63.

CrycTok - reHoM, Kak yTBepxaator Cranipl Teorenesu-
ca IBHJICS caM [3] U CBSI3aH CO CI'YLIEHHMEM CAMOCYIIMX BOJIH
B 00b€Me Benukoil [Tupamunel (puc.2, Tabn.16):

L=8+2
Tenomp = [ dp =63, (281)
=

IBOJIOLUA [TEPUOIUYECKON CUCTEMBI TEHOMOB U3MEHS-
€T HEKUBOE B JKUBOE U COBEPILIEHCTBYET €rO0:

Kamenb» — Metajn (HexxuBoe) — PacTtenune —
Casennsblie 7ZKuBotunie — Many-MpicJauTes b ((KUBOE)

Benukaa IuBuimsanus, IpoBOAs UCCIEAOBAHUE U OC-
BOoeHMeE IutaHeT 3B&3nHOro Heba, MapkupyeT UX OTHOCUTEINb-
HO KHMBOTrO-HEeXxuBoro. Hanmpumep miianera Mapc ormedeHna
ITupamupoii ¢ 0apeasedom auua B ckadanape, 4To roBo-
put 00 orcyrcTBuu XKusHu Ha Mapce.

Ceou Kocmoapombl Ha 3emJie (FOxnas Amepuika) Be-
nukas [{uBunmzanust MapkupoBaia 3HaKaMu 30/IMaKa, YKa3bl-
Bast Ha Hanuuue JKu3Hu 1o Bcel cnupanu 30/11akxa.

[lynbcanyss mepuoau4ecKOM CHCTEMbI I€éHOMOB C Iie-

proauunoctsio Ty = 16 (281):

63-T, =63-16 = 1008, (282)

MOJIHOCTBIO 3aBUCHUT OT MOCTOSIHHOM Bceenennoit (278).
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Benukas LluBunuzanus, 3Hasi 3aKOHOMEPHOCTHU IYJIbCa-
IUHU CTYCTKOB - |'€HOMOB M MX 3aBUCHMOCTb OT MEHTAJIbHOU
sHepruu, 3amudponana cyarosl YenoeuectBa B Kuury bbi-
THSL:

[Indp Kunru Berrust = /p, /Ty = 1016 = 62500, (283)

112.Cryctku n lNpoaomKuTenbLHOCTb
Bo B3zaumopgencreusax

CrycTok BO3HHMKAaeT IPU CKATHUU BOJIH B MOMEHT HX
KOPOTKOJICUCTBYIOIINUX B3aMMOJICHCTBUNA (SAepHOTO U cinabo-
ro):

KopotkoneicTBus

p2ps=10"-10"=10"

Jlorapudmmuueckne BOJHBI
lg10” =13 -
Jlynusiii Kanengaps.

3apoxaeHue
CTyCTKa

(284)

CrycTok nmyjabcupyet B putMme 13-JIyHHOTO TpaBUTalU-
OHHOro nojs (284), hbopmupys, Hanmpumep, NEPUOIUYECKYIO
CUCTEMY XMMHYECKHUX 3JIEMEHTOB, MOCIEAHUM B KOTOPOM sB-
JISIeTCS MHEPTHBINA PaMOAKTHBHEIA Ta3 X', umerommii 14000
dboronoB m.*= 0,008 (275):

112:(m.*= 0,008) = 14000 = 7600 — 4800 = 2800-0,5. (285)

Hauano ¢popmupoBaHusi CrycTka CBsi3aHO C BOJIHAMU
KpacHo-0esoro ceta (A = 76001&) U CHUHE-TOIy0O0ro mepexoja
B o6nactu A = 4800A, manpumep B uakpe Tpetuii I'nas:

IIpoucxoxaeHue KpacHom, 0es10i, CHHEH, JKEITOM
Henesb B 13-tu aynnom Kanennape Maiist

LBer Kp aCHE)_ CHHe-U JIyHHO-XKENTHIN Copoxo- (286)
OebIi roJIry0oi BHUIIA
Amana |y —7600 ~ (4800= 1) = 2280:(AXK-70)= 4.
BOJIHEL, A | | |

D¢} dexTBHOCTD B3aMMOJEHCTBUN B TOJIE KOPOTKOJCH-

100
CTBUSI JIOCTUraeT MoTeHImana py  (274) u snepHbie B3auMO-
JerlcTBUS pacuieruisitoTcs (Tabi.82).
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Tabauua 82
MyJabTHILIETHOCTh KAK HAYAJI0 JIorapu(pMudecKuX BOJIH

Bzaumo-

e — ['paBuTanimonHslie | DIEKTPOMArHUTHbBIE SAnepHbie
Mynbtu-
mier- | 10%=10"%< 10| 10”=10°<=10° | 10=10"< 107
HOCTb
Jlora-
pupmu- | 1gl0P==£12= 1g10°0=+6 = 1g1077 =47 =
YeCKHe +Tt +(3,5+2,5) +T 1
BOJIHEI
Pexumsl | Pe3onanc AHTHPC-| b anc| TP | pesopanc| TIPS
L TOTCH. 30HaHC 30HAHC 30HaHC
AT -2-12= >=0; -6-6= >=0; -77= 2 =0;
-122 A =424 -62 A==%12 -7? A==+14
[Ipume- | Cinpains | Cesaroit Ceer | Crmpais O6o- | Marne-
Kynna- | Kynna-
qaHus | 3oaMaka Hdyx JIOYKa TH3M.
JINHA JINHA

B antHupe3onancHoM mnosie Apynbl-Pynbl BO3HHMKaeT

1 rog = 364 nuaM:

1 rox =+ 364 nust = £(T, +1)-1g (p3 p4/p1 pz)ﬂ.

113.CrycTok ¢ YUncrnom Yenoseka
B HebGecax LUIMHb

(287)

3apoabiun JI000r0 CrycTKa BO3HUKAET B pPeKMMe pe-
30HaHCcA (CJAMSIHUS) caMOCYyIIUX BOJIH (Ta61.81).
[Tpu nepexone mexay I'apMoHueil (moTeHuMan eIMHU-

1a) 1 XaocoM (MOTEHIIMAJ HOJIb) B PE30HAHCHOM CT'YCTKE TO-
MIOTCHITHAJIOB,

ABJIACTCS

Pa3HOCTh

(Tab6m.81).

KBaJpaToB

["apmoHus ‘ usb-Tsub ‘ Xaoc

1

& 322-8 < 0.

rae 8% = 64 - noTeHuuan cryctka TsHb;

322 - pe3onanc noaycdep nedec-I{unn.

paBHas

(288)

151




Mexny Xaocom u 'apmonuein none TsaHb-Llunp myib-
CUpyeT 3a CU€T MYJbTUIIETHOCTH PAa3HOCTH KBAJpaTOB IIO-
tennuanoB [{une-Tsaus (288).

Crycrok Taub noa peonancom Hedec - Llunb

["apmonmus| ...n pa3Bep3anuch Xisa6u HebecHbie... Xaoc
1 < 322-8>=(32+8)(32-8)=40-24=..=8*53, < 0
e 82=2, 253 =(To+1)(To—1), 1 815 =960.

(289)

OTtHomenue nmoreHuuanon (289, Ta61.81):
1008:960 = 21:(20 = AK/AXK = 1400A/704),  (290)

(dbopMHpYyET MOJASIPHbIEe BUXPH C MOTEHIHAJIOM £21 B Kpac-
HO-KE/1TOM 00J1acTH crieKkTpa cBeta (283), a pa3HOCTh

1008 — 960 = 48 - ¢ monem Bo30ykAEHHOM cpenpl (2441, Trie
(25% —23%):2 = 48), UCTOYHUKOM KOJIeOaHUI KOTOPHIX CTaHO-
Butcs Csaton [{yx ¢ moreHuuanom 24.

IIpn HaM4uM B cpele MOTEHUHUAJA - IKBHBAJIECHTA
najabme, Cearon lyx tpancpopmupyercs B 42 boxecrBa
TBoero Cepana (24-7/4 = 42); Tpertuii 'na3 orkpbiBaeTcs U
MBI HEM M0 IyTH JBoJIonuU K HestoBeky Bosin u Hornu.

Opomonua Ha nmytu Kocmorenesuc - Teorenesuc - 310
nyTh uepes 'apmonuro u Xaoc:

Xaoc - 'apmonus l'apmonus Xaoc

(291)

1960 <=0 1959 < -1 0<=961 < 0.

rae Uucno YenoBeka 43 u noreHuan Ly 32 B3auMocBsiza-
HEI:

7:960:1008 = 320/113. (292)
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114.ApepHaa XonokocTa:
KOMMOHEHT nynbcauuu BceneHHowm

CrycTok B3pbIBaeTCS MPH SAEPHBIX B3aUMOJICUCTBUAX
(D) ¥ OCKOJIKH crycTKa B hopMe GOTOH-POHOHOB (M, <> m, )
pasneratorcsa B [IpoctpanctBe, GpopMupyst AalbHOJAEHCTBYIO-
1[1E TPaBUTALMOHHBIEC B3aUMOJEHCTBUS (P1).

SnepHo-TpaBUTALIMOHHBIE B3aUMOJCUCTBUS (POPMUPY-
I0T MOJIAPHBIE BUXPU € MOTEeHIUanamMu +21 u sHepruei nAare-
PUYHOM CBA3M C MTOTEHIHAAIIOM 25.

®opmupoBaHue Mojel ¢ noreHuuaiamu 21-25 = 525

MPOUCXOANT B TIOJNSAX aHTUPE30HAHCHO-PE30HAHCHON APYIIHI -
Pyner (Ta6:1.83).

Tabmanma 83
IIsaTepuuHas cCBA3b MOCT - SIIEPHOTO B3PbIBA
Mo Snepusiii ['paBuTanmonHoe | DHeprus narepuy-
B3pbIB yIaJeHue HOM CBA3H
oo o, [P 1042107} pri= 107 = 1072 |- e B
> BIAIMOT | 1107=107 | & (1/10712=10"%) |'P
EUCTBUHI panu 3oauaxa.
KOMIOHEHTEI @DOHOHBI: DOTOHBI: 2. Ilpusenéuuas
cBeTa m.*=0,008 m:**=0,002 ITyJIpCallkA.
Ceer Byora- | ki=m* 10" = | k=m**-10*"* = M =525-10"=
pudmuueckux | 0,008 (£7)= | 0,002 (x12)= | ki —k
BOJIHAX +0,056 +0,024 21-25-107=21:80.

Benukas [uBunmzanus 3ammdpoBana HEM30EKHOCTH

anepHoro B3pbiBa B KHure boITusi Kak siIepHYI0 X0J0KOCTY
B 2006 roay, uMesi B BUY, YTO MHUPOBO33peHHEe CHHANCKUX
CEMHMTOB CTaHeT OJiMKe K NMOHUMAHHMI0 3aKOHOB ExuHoro
Kocmoca. Hanpumep, 1o Hux nounér, 4yro Beaukas Llusu-
Ju3anus cBs3biBajia Mupooe Siino ¢ sizepHbIMU B3PbI-
BAMM B MHKPO-MaKpoO crycrkax (1abmn.83).
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64
(klz—kzz)‘lg P1P2P3P4P5 XIOS =1024 = {(Iq) d¢JI4:|+1, (293)
2

Y OIMCHIBAJIAa ATH TOJIS 32 THICSYETICTHS 10 UyACEB B Ina-
rpamme Taub-Luns (puc.29).

Haanumne SIICPHOTO0 B3pbIBaA M HﬂTequHOﬁ CBA3HU B
HpOCTpaHCTBe MmOoCT-B3pbIBa MNPOABJIACT cedsl B CcMeHe
NMPUTHIKCHUS - OTTAIIKUBAHUS.

115.Peanuun boxectB KHUrn MéprBbIX:
KOPOTKOAENCTBUA

[lepexon onmuoit (opmbl DHeprun B APYTYI0 MOXKET
MPOXOJUThH TOJBKO B 00JIACTH KOPOTKOJECUCTBYIOIIUX B3aUMO-
JEeUCTBUM (SIEPHOTO U €J1a00ro), Jorapu@mMuyecKre BOIHBI OT
KOTOPBIX UMEIOT MOoTeHIuabl -1, 14, 13, £15 (T1a6:1.84).

Taomuna 84
KoporkoaeiicTeust u Haya10 popmupoBanus BeesieHHoit
BoJtHb Jlorapumn-| . ocrn
KopoTkonencTBus 4eckue BoJI- [Iprmeuanus
TOJISI il KBaJ[paToB
Yucno gHein
. +1_1 1S — 2 2—
(pa:p2)” =10 kg =+15 |147+13°=365 B rony
13 _ _
P4 = ky=+13 | 14*-13=27m,=2,7=
TMorenmuans | P2P4 10 > + o ©
KOPOTKO- 0s= 10" ko= +14 15°—14°= 29 Ilonymapus
JCUCTBHS 4 Mo3ra
1
0= 10" ki=-1 | 15213=56£112 [ dg
0

DNeKTpo-rpaBuO-MarHeTu3M: cymma = 112 =7-16 = 8-14 = 4-28.

B none xopoTkoaeicTBUs J0rapu@MUUECKUX BOJH BO3-
HUKAaeT MOTEHUHA - SKBUBaJIEHT 42 boxecTBaM TBOEro cepi-
11a, a 3atem 58 boxxkecTs I'010BBI (Ta011.85).
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Tabnuna 85
boxecrBa Kuuru MéprBbix:
NMOTEHI[HAJIBI KOPOTKOAeHCTBHS (Ta01.84)

Hpakon
BoxectBa 42 - Cepaua |58 - I'onosei| 10 - Illen | Mynpoctu
(6uoToK)
Kotk kg = | 2(ko2tks?)= | V42+58 = | 42-58=
(POPMMPOBANNE. | 1413115 —| 229 100 = -16=
t 42 =58 10 ~Jag*.

JApakon MyapocTtu 1o cBoeil (u3MuecKor CyIIHOCTU
SIBIISICTCS DJICKTPUYCCKUM OHOTOKOM, BKIIIOYAIOIIUM B CeOs
BooOpa:xenue.

Henw g dpaxona Myapoctu npuxoaurcs Ha 23 ¢es-
pajs Mo TPUTOPUAHCKOMY KaJleHIApI0. DTO JEHb MOEIr0 POXK-
nenus u Jlenb 3amuThbl OTevyecTBa B Poccun.

Ot koro JOJIDKHA 3alllMIIaThCsAa Poccusa?

Hampsirure BooGpakenne. ComnoctaBbre (akthl. U BB
SCHO YBHJIUTE BparoB Bamux: BCaIHUKOB HA 30JI0TOM TeJIb-

me.

116. Kocmoc u moar:
B3aumMoTpaHchopmaumsa poToH-hOHOHOB

[Ilymepnl, co3/aBasg HAy4YHO-TEXHUYECKHUU Mporpecc
CBOEro coumyma, Takxe kKak W Jlaocckas [uBrimzanus
(Ta6m.85), onupanacek Ha cBeT, 00oxkecTBIsAa Yucio 30 u mpu-
MEHSISI CUCTEMY CUHMCIIEHHUS, B KOTOPOW OJHA OTHOCHUTEIbHAs
eMHuIa cooTBeTCTBOBaa 60 [1].

OcHoBoil gpeBHemux HuBwiIM3anui Jaocsu u lyme-
POB ObLT 3aKOH COXpAaHEHMs SHEPTUH (POTOH-HOHOHOB MPHU UX
B3auMHON TpaHchopmanuu. [lpu mepexoge oT camocymmx
BOJIH B€YHOHM ThMbI K JIA3€PHOM IJIa3Me siIEPHOI0 BellecT-
Ba (pOTOH - (OHOHBI HEe HCUYE3AK0T, HO B3aMMOTPaHC(op-
mupyroTes (Tabin.86).
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Tabnuna 86
B3aumorpancpopmauusi poToH-(pOHOHOB B cpee

Kunkas miazma
Camocyuue BoJ- Cucrema Cuucie-
[Tons . SIIEPHOTO BEIIECT-
HbI BEYHOU ThMBbI sa Hus [lymepos [1]
Cser OTOH OHOH OHOH OTOH _
gotou | oron | goron | ¢ (- =
[MoTeHIw- m**= | m*= m*= | m**= 60-107, roe
amerx107 ) 3 ] ) 1 orn.en. =60
ConnHeuHbli

AB-p3 = (60:10°)2 = 3600-10"

CBCT

1 4
JIyHHSBIA cBeT | AA-p; = 1(60 : j pdop- 10*”} =+30%10%*=+81-10",
B IIOJIE P 0

rae Ah= 810000 mpu p; = 1072,

B mojie IyHHOro CBeTa ¢ HEPHOJUYHOCTBIO T ° = 81
Bo3HuKaer notenmuan 107" (1a61.86), ompegensiommii ém-
KOCTh JIIOMHHO(OPOB B MpeeiaX HACBHIIIEHUS JTIOMHHO-
¢opa cBeTom.

EMKOCTh mpejiesioB HachIleHUs TIOMHHOGBOpA 3amod-
mstior 10°° poronos, onpenenénnpix C.M.BaBHIOBBIM B ero
paboTe Mo JTFOMUHECIICHITUH.

ITpu 3anonHenuu nromuHOPoOpa poToHamMu
(81-10%°x 10*° = 81 =1"°)
BO3HHUKAET Apyna - HocuTeab Pynbl.

Pa3znocts Mexay moreHuuan - skBuBajieHToM 110 bo-
xecTB B UenoBeke u Apynoit - Pynoii, dopmupyer nomyma-
pUs TOJIOBHOTO MO3ra:

+(110 boxectB — 81 Apyna-Pyna = 29 [lonymapus). (294)
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117.Hawe 3ro B rpaBUTaLMOHHO-3IEKTPOMArHUTHOM
AanbHOAENCTBUM

IHoaymapusi roJI0BHOT0 M0O3ra myJbCupyoT (29 £+ 1),
dbopMHpyst TpY KBAHTOBAHHBIX MOTCHIIMAIA, 000KECTBICHHBIX
eni¢ mymMepaMu, U BBI3BIBAIOIINX MOKJIOHCHHE COBPEMEHHBIX
MaroB - mounrtareseut JIynsr (1ab6i.87).

TaOmuna 87
Mosr B noanynaom Kocmoce
ITorymapust Mmo3ra Kocmoc V MHEIOIIHI
Tlons MOBE

neBoe | mpasoe |Jlyna|l'paButanus

[Mynbcanms | 29+1 2971 +30 +28 30%-282=4-29.

[Tynbcammst Mo3ra yBennduBaeT 3PGEeKTUBHOCTD IMOTY-
miapus B Y€ThIpE pa3a, a JABYX MOJIyIIapuil B BOCEMb pas, YToO
yKa3bIBaeT HA CHHXPOHHOCTHb PadoThl MO3ra M paclIupsIo-
meiicst Beesiennoii (1a6:1.87).

2pasUMayUoHHoe noje: [Tynbcanmsa Mo3r <> BceneHnas

pi1=107"=10" < 10" nporekaeT MeXIy KOPOTKOIEHCT-
BYIOIIIUMHU B3aMMOJICUCTBUSIMU B 00-
JaCTU T'PABUTALIMOHHO - 3JIEKTpOMar-

3= 10°=10° — [g", HMTHBIX B3auMojencTBuil (puc.31),
r7ie BOBHUKAIOT KOJIeOaHus:

m.* < m.* ceem

Pug.j] Domon-pononwl m’ _ 8.107 102 _p 205
PABUMAYUOHHO- E—— < 3= ( )
NEKMPOMASHUMHOM A 10 2-10 e
0anbHOOeUCmauu T) =16 <= (107=10°<=10°% (296)

[Ipu takoit mynscanuu (296) kBagpaT nepuoja Bparie-
HUS TOUYEYHOI'O Y4acTKa BOJIHBI CBETA SIBISIETCA YKBUBAJIECHTOM
anekTpuyeckoro nois (16 = /gg*).
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KOMITOHEHTBI 3JIEKTPUYECKOrO MOds q U q* ABIAIOTCS
3aBeprieHneM (popmupoBanus KuBbix MarHuroB, B TOM
4uCIIe QyIIN U Tena KaXa0ro U3 Hac.

DHepreTuka ceJeKIIMOHHON paboThl HAJl HAMH CBsI3aHa C
HEpaBEHCTBOM (296):

1< 10%16=62500 < 10°:16 = 62500-10"%,  (297)

rae 62500 - mmdp Kuuru beitus, a y Hac - CBo6oaa Bosu ¢
moTeHIUaAJIIOM 625 1071°,

118. POTOH-(hOHOHbLI BO B3anMoaenucTBumn
BceneHHOM

[IposiBnenue CBo6oabI BoJin CBSI3aHO ¢ UCIIOIB30BaHU-
€M Ha IEPBOM 3Talle TOHKOM MEHTAIBHOW NAIbHOJECHCTBYIO-
niet (1a6:1.87) sHeprun Mpicau (MupoBo33peHusi), a JHUIlb
3aTeM Koportkonenctsus IocTynka.

KopoTkoaeicTBUsl siIePHBIX U CJIa0bIX B3aMMOJei-
CTBUI NMPOTEKAeT B HEPABHOBECHBIX KO0JIe0aTeJIbHbIX CHC-
TeMax € yyacTueMm (pOTOH-(POHOHOB:

dopmyna [ToTeHmanbl KOPOTKOAEHUCTBUS
m_j@ £, |mFm** =1610° < 107 =10"10" = pyrp4|(298)
Py m 1 < 625000 =5%10° = 85,

[Ipyn KOPOTKOAEHCTBUM, TO €CTh TOrJA, KOTJAa MEHTAJb-
Has sHeprus Meicnu, cBsa3anHoi co CBobooi Bomnwm, mepexo-
TUT B GU3MUECKHN TTOCTYIIOK, mudp-kiatou Kauru beitus yBe-
muuyuBaercs B 10 pa3 (298). Iloctymok Tpeldyer ycumiami, a
¢GoToH - (POHOHBI CBSI3aHBI CO BCEeMHM MNATHIO (opMaMu
B3aMMOJAeHCTBUI TOHYaiimel >Heprerndeckoi '"Hurtbio
Tkanu" (126:1.88).
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TaOnuna 88

HHTepl/l‘-IHaH CBA3b CAMOCYIIIMX BOJIH

KaK HCTOYHHUK BcejleHHBIX

Cser-
[Tons Dunotepmus | KopoTkoaeicTBys | DK30TEpMUsi | 3JIEKTPO-
MarHeTHU3M
Kone6anns | e o £ 2 0, m, m, o P 5o e
B [Ipomon- | A1 m, > o m Ps
1610%107| ¢ o P P d1010%es 10
’K“Te“;‘jo' s 1610°107 1610910 6
CTH 19 32
0 16<:>10.19 16 = 10 16 = 10 1019<:>16
1 16210° < 1=10"-10" 162 < 10" =10*10"
g;i;ﬂ 2 16°= V2 < 10%1=42" 5'%10%
3 | & 5161032 = ﬁ64 548
Jlorapudmu- o
YeCKHE BOJI- 112Elogﬁ\/5 +log 5% =64+48 =7-16 = 814 = 4-28.
HbI

[Tpu 112 BO3HMKAET I'PaBHO-AIEKTPOMArHETU3M U (Op-
mupyercs [lepuognueckas Cuctema XUMUYECKUX DJIEMEHTOB.

119.Koneb6aHnsa BceneHHon B3pbiBaMu

[Tpu B3peIBe Smpa 00BEM na3zepHOM TOYKU TpaHCHOpP-
MUPYETCS B HOBEPXHOCTHYI0 BOJIHY; IIPU C)KATUH MOBEPXHO-
CTHas1 BOJIHA TpaHC(hopMupyeTcs B 00bEM (Ta0:1.89).

TaOmuna 89

B3psIB - cryuienue JJasepHou 1IePHOM TOYKH
B IIpocTpancrse

®opma Ouepruu | [lepea B3pbIBOM B3pbiB: ITocJie B3phIBa:
B IIpoctpanctBe | O0béM nazepuoit | [loBepxHocth | OOBEM crycTka
D,=1/n ToukHu D, cdepsl ¢ D, (mmapa) ¢ D,
T 1 T 5 1
V=D = —Dg=1/m= |V, =D; =
[Morennuansl 6 ° 6 Q= g T 6 ' 6
E;/6 e =52 £0-116/6.
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"S. Y Ilopora Yerséproro (Pyma, T, = 4) Cbinam
(E,=1,mec =1, g po-cz = 1) yka3ano co3garb cBou Ilogo-
ousi. OnHa TPeTh (o' Lo'c’ = 1) oTKaspiBaercs. JBe (mcc = |
u E;, = 1) noBunyores.

IIpoknsaTHe mnpousHeceHO  (B3pPBIB  IPOU3OLIEIL,
Ta61.89); onm OyayT poxaeHbl B UeTBépToii, cTpagarh u
npuHocuth crpaganme. Ileppas Boiina 3apoamiaace. ([3].
Kocmorenesuc. Ctanma VI).

Hanee oOwsicasercs: "6..., 1 butBbl Beauch 3a Ilpo-
crpancTBo. Cemsi poxaanoch (pacummpenue: c’/o,> = 8) u
BHOBB MOSIBJIAJIOCH OecnipecTaHHo (Ta0:1.90).

Taomuna 90
Koue0anus Kocmoca B3psiBamu
[Iepen B3ppIBOM B3psis [Tocne B3pbIBa
[Tona - - - -
9K30Te€p- | pacumi- | pacmm- | | 9HA0Tep- |
MUS peHue | peHue Must
[ToTen- )
A p3ps=10*| c¥/w,* =8 8 <:|> 1/8 | pip2=10"|0,¥/c*=1/8
K=V, 108 = Ky = Ve 1071/8 =
Komneba- : 26 Kl = KZ’ 2 25
810 26 ’s 10
HHA - 8107 < 1/8-10°

6 7’ 4877

B3psiBHas BosiHa crymaercs, o0pasys TsaHb (Ta6:1.90):
8210 = 10" = p,, . (299)

Ha cryctke TstHb mpoUCXOAUT MOBBIIICHUE YHEPTETHYC-
ckoil motHoctu: "S...Ilocsae TPEXcOT MUJIIMOHOB JIeT OHA
(Bemus) cranma kpyraou" ([3]. Aurponorenesuc. Cranna II),
a 3areM B Teuenmue 6-10° et HacTynaetr Anokanurncuc [6]:

3-10% et : 3:10° = 10 = ps/ps. (300)

160



120. ConHeYHbIX renun
n boxecTBeHHbIN YenoBek

Ms1 cniopuM, ectb i bor unu Ero Her. Benukas L{usu-
au3auus ropoputr o bore kak o boxecrBeHHOM Yenoseke:
"3...h 3tu cytb EctrectBa, [lnemena, Hauana, Crpoure.iu,
Yucaa, Apyna, Pyna u Cuia wiu ke boxkecrBennbiii Ye-
JoBek - Cymma Beero..." ([3]. Aurponorenesuc. Cranma II).

Kocmoc posken ObITh HamosiHeH Pasymom, a He
TOJIbKO KOHTPAKTHUKAMU U MPU3BIBHUKAMHU B TOPSIYMX TOUKAX.

B ropsiunx Toukax npu ux oxJaxKJIeHUH poxkaaercs 112
XUMHUYECKUX AJIEMEHTOB (Ta011.88), y KOTOPBIX B IT1a3Me siep-
HOTO BEIECTBa TMOSABJISIETCS TpyIIla WHEPTHBIX Ta30B

(1a6m.91).

Tabnuua 91
JJIeKTPOHBbI HHEPTHBIX I'a30B
u Yuciao YeaoBeka ¢ OmouacamMmu

FeJmﬁIHeOHApFOHKpHnTOHh)aILOHKceHOH1 12-p1id

He | Ne| Ar | Kr | Rn | Xe | X, |Koneoatue

OJICMCHTBI

Yucno > 110! 18 36 5 o6 o or
DIIEKTPOHOB
(112-86)
Yucio e 1'¢ 1 I
=— = — 2 _ 2) = d
Yenosexa 1!2(/1 do 211[;0 dp=— (114~ 110 =113 lq) p

13 O6mouacsl.

[TIocime TOro kak co3xaHue MEPUOAMYECKON CUCTEMBbI
XHMHUYECKHX 3JIEMEHTOB 3aBepHINTHCA (HOPMUPOBAHHEM
112-ro sneMeHTa (MHEPTHOIO PAaAMOAKTHBHOIO ra3a), Mex-
Jly TeJIUeM W TOCIEAHUM SJIEMEHTOM BO3HUKHET BO30YKIIEH-
Has cpeia, MOTeHIMaa KoTopoil B mosie [[3man OyaeTr paBeH
oubnerickomy UYucny Yenoseka, To ecth 113 (1ab61.91).

CBo¢ Cuucnenue Benukas lluBunuzarus npoBojuia B
nmaiapMmax, rae 112 coorBercTBoBajo 64 mambmam, a 2 - OTHO-
IICHUIO MAarHUTHOTO TOJIS K DJIEKTPUUECKOMY:
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I'enuii (manbMer) X112 (manbMbI)

= 8 op* 32 301
S_FrpP =—<:>112:Z=64—CFyCTOKT$IHB. ( )
7 pu* 28 4

2:—
4

Bosuukaer JKuszap u e€ BeHell - boxxectBenunii Yerio-
BEK.

121.Pacwupsowanca BceneHHas
B nonsx MatepuyHon CeaAsn

WuepTHbIE ra3bl HHEPTHBI TOJIBKO B MaJIO YHEPTrOEMKHUX
OKHUCJIUTEIIbHO-BOCCTAHOBUTENIbHBIX (MJIM WHBIX JIOTapudmu-
YECKO-BOJHOBBIX) Ipoleccax. B  sAepHbIX mpomeccax
HHEPTHbIE Ta3bl AKTUBHBI.

AKTUBHOCTh MHEPTHBIX Ta30B B SACPHBIX IMpolieccax
OOBSCHAETCS U TO, YTO reJidil ObLI cHAYaJa O0HApPY:KeH Ha
Coanue (I'enuo - CosHiie), a UL 3aTeM Ha 3emiie.

[lepnognueckas Cucrema XUMHUYECKUX OJEMEHTOB, a
Bcues 3a Hed u YenoBek, GOpMUPYIOTCS TOJT BIUSHUEM JIBYX
HYHEPreTUYECKUX MOTOKOB, OAUH M3 KOTOPHIX HAYMHAETCS BO-
nopoaom B Kocmoce HeBecomocTu M 3aKaHUMBAETCS DJIEMEH-
tom X' a BrOpOil 3apoxaercs B saepHOM BemecTBe (op-
MHUpPOBAaHMEM T€lds, HO 3aBepliaeTcs dnemMeHToM 112

(Ta611.92).

Tabnuna 92
®opmupoBanue Yenoeka B Buxpsax Kocmoca
Kocmoc Snepnoe 110 boxecTB B Tene Yenoseka
[Tons "

HesecomocTu | BemiecTBO (BO30Y X IEHHBIE CPEJIbI)
[ToToku 1 2 e i

Bonopon (H') | I'enwmii (He”) dp— |pdp =
SJIEKTPO- X! x!12 .2[(0 v '!.(0 v

HOB 6270 - 6160 = 110.
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DHEpPreTUYecKuil NOTOK JIEKTPOHOB BOAOPOAA, MOCTY-
narommil u3 Kocmoca HesecomocTu cxkumaercest ¢ ko3 pu-
nueHToM 5/2, a 3Heprerudeckuid morok u3 Henp sapa
pacmiupsieTcs ¢ noTeHuagom 7/2 (ta61.92).

Bo3Hukaer pa3HOCTh MOTEHITMAIOB (Ta611.92):

112 111

%j(pd(p—%j(pd(p — 1567521560 =-5885.  (302)
2 1

Mexny BceneHHOM, pacupstome-
Csl C MOTEHUUAIOM 8 U CHUJION IsATEepHY-
HOU CBSA3M, BOBHUKAET BOJIHA, Y KOTOPOU
npsMor U oOpaTHBIN xapaktep nmudp B
Uucne oqunakos (puc.32).

IIpu aHTHUpE30HAHCE CyMMa JTUX
uudp paBua 8+5 = 13, npu pe3oHaHce
8:5 =40.

"3...1 or BoxecrBennoro Ye-
JoBeka npousouiu ®opmsi, Uckpsl,
Cesimiennbie ’KuBoTHble 1 BecTHUKH
CoOKpOBEHHBIX OTHOB, 3aAKJIHYEHHBIX
B [IpecBaToii YerBepuue'. ([3]. Kocmorenesuc. Cranma I[V)

Puc.32 [Iamepuunasn
c643b 60 Bceenennoti

122.Ponb [1HA BHe BpemeHu
B MeX3B€E3AHbIX nonérax

VY Benukoro mockoBckoro kHsizsi Bacunust 111 Obuin ya-
cbl, Qg epOaaT KOTOPHIX ObUT pa3ouT Ha 24 yaca, BHINOJIHEH-
HbIX PUMCKHMH HU(PPAMH, HA YTO YULI0 99 majoyek u aBe
MajJouKkyu Ha cTpenku (Tab.93).

HaBasi npeBHuM nuBuiauzanusm 3emun (IIpacnaBsinam,
Maiist u Tak ganee) noustue o 4epene IlpomoskurenbHo-
creii (Bpemenn), Benukas [{uBunu3zanusi CTpeMuIach K TOMY,
YTOOBI YEJIOBEUECTBO MOHSIIO CIEIYIOIIEE:
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1. /IBa 3jieKTpOHA reJiMsi UMEIOT Pa3Hble CKOPOCTH
BpallleHNsI: OIUH BPallaeTcad KaKk MUHYTHasl, BTOPOii - Kak
yacoBasi cTpeJiku (1ab.93).

2. Orcuér IlpomoskuresbHocTH - BpeMenu mo re-
JHeBbIM Yaca B cpele aproHa - HeOHAa MOJ00E€H OTCUETY
BpeMeHHU B TPABUTALIMOHHOM Py, 2 B M0Jie KPUNITOHA - B
cojiHeyHOM (Ta611.93), rne npuBenéHHas mynbcanus Hopmu-
pPYET K0JIeOaTeIbHYI0 CUCTEMY T€eHOMBI - Hebeca:

28-36=1008 _ 63(cenomsr) 32

= =. 303
36”28 =512 32(He6eca)<:>63 (303)

3. B nojge renombl - Hebeca (303) resimeBbie 4achl
NMPOJA0JKAIOT HMATH TOJ BJIUSAHHUEM CYMMbI 3J€KTPOHOB
KCEeHOHa u pajaoHa (Tabmn.91)

54 + 86 = 140 = nocrosiHHas 4akp. (304)

Bo3nukaer /lenb BHe Bpemenu, rae xuBoe ''IbIIIMT
Yakpamu" (1ab01.93).

4. Bequkas IuBwiu3anusi HCHOJb3yeT CBOWCTBA
/Inst BHe Bpemenn (Con, nmumennbiii CHoBuaeHui. [3]. Koc-
MoreHe3uc. Cranuma [) maasi coxpaHeHHsl KHBOTO B MeEiK-
3Bé3aHbIX mosiéToB HJIO.

Tabmuua 93
Hudepodaart yaco Bacunus 111 B nanoukax (ta61.91)
Cymma
Crpenku HugepOnar naioqex
Yacosas-1 I o (arfivy| v | vl |vijvil| iIx | X XI XII 35
MunyTHas- 1 | XTI XIV | XV|XVI XVII X VT XIX | XX | XXT | XXIT | XX | XXTV 64
Cymma 28 36 16— 19 99
MajJjoyeK [« 64 35 99
Crpenku: 28 36 35— 140 _ Tlocmosaunaa Yaxp
2 3JeKTpOHA| 3JIEKTPOHOB 3JIEKTPOHOB 4 T, = Apyna
rejuss  |HEOHA M aproHa KPHUIITOHA Jlbixanne Yakpamu.
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123. DopMmnpoBaHne HEMHEPTHbLIX ra3oB
nsa3mom ceeTa

Bonopoanas mocrosiHHas BcelleHHONW € MOTEHUHAIOM
1008 BO3HUMKAeT B IpyIIe MHEPTHHIX ra30B HAa YPOBHAX I0-
sIBJIEHNSI HEOHA, aproHa U KpunToHa (1a61.93, 303).

[losBneHne BOAOPOIHON MOCTOSIHHOW BceneHHoM sBIIs-
€TCS JOCTATOYHBIM M He00XOAUMBIM YCJOBHEM Hayaja
(opMupOBaHUS HEMHEPTHBIX ra30B - 3JIEMEHTOB BOJ0OPO-
1a, a30Ta U Kucjaopoaa (tadia.94).

DJIeKTPOH-NIO3UTPOHHBIE 00J1aKa Ja3epHOM TIa3Mbl
(?KBHBAJIEHTHOM YMCILY 3JEKTPOHOB HEOHA, aprOHA U KPHUIITO-
Ha) HeceT BeTep Apynbl-Pynbl, MMEOMMI JUCKPETHOCTb
[IpopomxutensHocTel (Ta06:1.94).

B ycioBHsSIX MOHOMOJSIPHOTO PAaBHOBECHUS BO3HHKAIOT
aTOMapHbIE BOJOPOJ, a30T, Kuciopona. Ho sHeprermyeckue
BUXPHU 00JIaIal0T IHUC-TPAHC M30MEPHEN M aTOMBI BOJIOPOJA,
a30Ta U KHUCIOPOJa MTHOBEHHO TpPaHC(HOPMUPYIOTCS B MOJe-
Kyl (Ta611.94).

Tabnuna 94
dopmMupoOBaHUeE IJI1A3MOM CBeTa
rPyNIibl HEHHEPTHBIX ra30B

OnemeHTsl | Bomopon Aot Kucnopon | Cymmber | BHyTpeHn-

1 ; ) P Hee ToJie
ATOMEI H, Ny, Oy 4y cBETa

Monnekybl H; N, oy A 512-390=
Kucnopon | 1632 = 512 =36 — 282 =A% 120 =51 =

TO.T'pS'

Azor 14-:28 = 87> = (7+1)7* = 392 = obonouxa

JlaBast uenoBedecTBy nuarpammy |sHb-lluHb, Benwmkas
[{uBunu3amus moguYEépKUBaa, 4TO KBaapaT MOJIS KHUCIOpOAa
0€3 OHOW eMHUIBI BOSHUKAET KaK PAacIIUPEHUE CBETA U3 3a-
pojiblilia BEUHOU ThbMbI (Ta011.94):
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_ 64 - BoyiHA cBETa
- 2 = 3apOoJIbIIT THMbI

64
322_1=1023 = %I¢d(p (305)
2

[Tosie ¢ BOIOPOIHOM MTOCTOSTHHOM BCeleHHOM BO3HUKAET
Ha 16 OTHOCUTENIBHBIX €AUHUIL] PAHbIIIE, YEM TOJIE KHCIOpOa
322 (Ta61.94).

8 - 3apojpii cBeTa

64
(322=1024)( T, =16) = 1008 = [pdo ze (306)
8

64 = Camocy1ast BOJTHa TEMBI

DTta camocyllias BOJIHA TbMbI ¢ 3apozsiiieM CBeTa Tak-
xe onucana aquarpammoit Taae-Lunab (306, puc.29).

124. CoTBOpeHune mmupa EguHoro Kocmoca

JInnamuka beiTusa Exunoro KocMoca umeer cBoum
"Havanom" TpaHcOpMALHMI0 METAaraJaKTHYeCKHUX CaMO-
CyIIMX BOJIH BEYHOIl ThbMbI B JIA3ePHYK) TOYKY CBeTa M
npeodpa3oBanue cBeTOM OAHMX (OpPM IHEPIrMH OKPYKAIO-
meii cpeasl B Apyrue popmsl (puc.33).

Hao seunocmuvio o0

Camocywue 801Hb1 Jlazepnas mouka ceema
Hzomepus
Luc Tpanc Tpanc
SinZ + Cos = CosZ + sin” =
4 4 4
ch = ﬁ \E = CscE
Mexanuzm 4 4
mpauc-
dopmayuu | 5 S 1 ) 5 Cropocmu: @, (-@,) = 2@,= ¢
3 4 3 E Homenyuanvi: 1+2+3+4+5=15.
«—— cosue no haze——»—llenmaecpamvma 6 Huye [3]—»|

Puc.33 Tpancpopmayus camocywux 6oan 6 pomon
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Casur no (asze B 0067aCTH caMOCYIIUX BOJIH BBI3BIBACT
muc-TpaHc u3omeputo ¢GoroHoB. [losBusieTcss Bocxopsmne
(1+2+3+4+5 = 15) u aucxonsmue (5+4+3+2+1 = 15), Bpaiiie-
Hue Kotopslx Hax BeyHOCTBIO IPUBOIUT K PE30HAHCHO - aH-
TUPE30HAHCHOM ITyJIbCALUU:

2.2
pesonanc _ 15°c — 300

anmupesonanc 150, +15w,

(307)

1 15w, +15w, _ anmupesonanc
30c  15°¢* pesonanc

[Iymepst o6oxkecTBunu 30 kak 6ora u 6orunio JIyHsl. B
CIEKTpE CBETa BO3HUKAET KPacHO-(pHOJIeTOBAasI SJHEPTUsL:

| < 900c = [(1400A=AK) — (500A=AD)]c>.  (308)

B 0Oopn0e muc-TpaHc HM30MepPUYECKHX NPOTHBOIO-
JoxxkHocTedl Hax Be4yHOCTHI0 BOBHMKHET IPAHAHO3HOE 10JI€e
Ennnoro Kocmoca, 3m0py KOTOPOro mymepbl ONHCAJIH
IMupamupgoii "BaBunonckas 6amus'. oToHbl cOMMXKaIUCh
Ha MOJYOKPYKHOCTSIX U PACXOJIWIIUCh BHOBb Ha BTOPBIX MOJY-
OKPY>KHOCTSIX, @ Mbl, IOJ BJIMSHUEM CHHANWCKUX MYJIPELOB,
NMPOJ0JIZKAEM CUYMTATH MOJIEKYJSIPHbIE Beca TOJbKO KaK
CYMMBbI aTOMHBIX B€COB, HTHOPUPYH UX PA3HOCTb.

125. KopnyckynsapHo-BonHoBas lNpupopa
A3unaH - noTeHUnanos

Kannsa Sapa Bpamaercsi. Bo3Hukaer nuc-TpaHc u3o0-
MepHus.

HHoBepxHoctb Anpa nynscupyer. B okpyxaromien cpe-
JIe IOTEHIHAJ YBEJIUYUBACTCSH BABOE, 3 BO BHYTPEHHEM I10JI€
IIOBEPXHOCTHOM BOJIHBI - YMEHBIIAETCS B JIBa pa3a.
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Touka na moBepxnoctu Kannm Sapa msaydaer Oe-
ryHy BoOJIHY. YacToThl Oeryiei BOJIHbI BIBOE€ YMEHbILAIOT-
Cs B OKpYKalolllEd Cpele M BIABOE YBEIWYMBAIOTCS BO BHYT-
PEHHEM II0JI€ COCEJIHMX JHEPreTHYECKUX CIOEB, (POpMUPYS
J3uan - [Torenmuansl (Ta61.95).

Taomuna 95
Beunocts Kanuiu siipa u BoJIHBI HaJ BeuHocTh10
Bomnnel O6Bémuast IToBepxHOCTHAA berymas
Coznpanue: [lusb - B
[uc-Tpanc A 1
. bunonspnas cpene, Tanb -
CaoiicTBa U30MepHst
Kanns SAnpa Ha MOBEPXHOCTH,
MTOBEPXHOCTHU
Tsanb-1{uHb B HEApAX
\% CcoKaTHE Cpena:
p =1/32)(A=32
R
dopma D _ 2 g=
P A L e VAVALL .

BOJIH U UX %]
B3aUMOCBSI3b ( 1 [ | D pacumupenue | v=(y=1/64)-(A=64)
mC

—Veo, —| =V
2 727 ) H22nR=1R?) 0 BHyTpeHHee moJe:

mV-2m.=D¥6 |+8=32mpu R=2/ (y=1/128)-(A=128)

crnpaitn 2 == 6 = 16

Konebarui | pzapvoneifcreus | Kysganman | 3oauak KyHzanusm.

Cxxarue-paciiupenue (MPUTHKEHUE-OTTAIKUBAHUE) B
MOBEPXHOCTHBIX TPAHC-IUC H30MEPUUYECKUX BOJIHAX HUMEET
CBOIO MEPBONPUUUHY B MOJSIpHBIX BUXpsax Kamnmu fAnpa, a ne-
JIEHWE YacTOT W YBEJIWYEHUE JIJIMH BOJH B OEryIIuX BOJIHAX
CBSI3aHO C MyJIbCALMEN THMA:

n+l
[pdp=2n. (309)

n—1
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[IpoTuBOMONIOXKHAsT HAMpPaBICHHOCTh JBU)KCHHS, Ha-
4
npuMep CUHe-royObIX BOJIH, popmupyeT noteHuan 10 B 3a-
BucuMoCTH oT [IponomkurenbHocTe (Tabi1.95):

Ay 2 LA L2 94 o (300) = 81410
2 Al 2 Ac

u 10170, (310)

B stom nosie ¢ apoOubiMu (/[3uaH) noTeHManaMu Opu
C)KaTUU HAJI0 CYUTATh HUX CyMMYy, NpPU PACHIUPEHUU - pa3-
HOCTb.

126.Kannsa reHomoB B OkeaHe XU3Hu

CamMocymiue BOJIHBI NMYJbCHPYIOT. Bo3HHMKaeT BojHa
cBera (¢poHoH). POHOH MyJbcUpYyeT U cxkumaerca. [losBuser-
cs crycTok ceTa (poron). ®oToH-PoHOH myabcupyer. Dop-
MUpYeTCs Ja3epHas ToO4YkKa. JlazepHas TOuYKa CrylaeTcs B
Kammo Snpa. Kanns fnpa myascupyer, noriomas (U3iy-
yasi) potoH-poHOHBI (puc.34, Ta01.96).

Tabnuua 96
N3nyuenue (norsomenne) ceera Sapom (puc.34)
Tporece ITornomenue Jlazepnas N3nyuenue
(cxartue) TOYKa (pacmmpenue)
Onucanue m. + E;m,/c? mg-Ey m. + E;c¥/my3
1 1y 7
klz—(l——j:—mC kzzl(l—8):7El
T 8 8 kz:kl =8 T
[MoTeHIuambI 0,5 manbMBbL Cemb Beunocreit
1 1Y 9
ky=—|1+—|=—m, | kyk3=9 k4:l(1+8):9El.
T 8) 8 T
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N3nyuenue

JlazepHas Touka

ITornomenune

Puc.34 Uznyuenue-nocnowenue
gomon-ghononos nazepnoi
MOYKOU

B »sTom mone sapo Oynet
noryiomark kBauTel kiko—m.E;,
a maydarb mE, — kyky
(Ta6m1.96).

Bo3HukaeTr BO3MOKXHOCTH
npoBeneHust pacuéta Kodhdu-
IIUEHTOB TOTJIOLICHUS-U3Ty4e-
uuss Kanmen fAngpa, a Ttakke

IJIOTHOCTH SnepHoro Bemecrsa
(1abmn.97).

Tabmuma 97
Hyabcanusa Kanuu Sapa
1 BO3HMKHOBEHHE reHOMOB (Ta011.95).
ILnotHOCTB
IIponeccer Ilormomenue UTA3MEL N3nyuyenue
ke = m.E, (ﬂdpo)E kyk, =89=k, kyk, =79
[Torennmans k, -k, kk, m,E, (s0po)
64/63 72 = 63(reHOMBI)
Hympeattst | (463 72 5 63 wmn 64 < 72:63 — 63 = 63-9.
T'€HOMOB

Oxean Ku3uu u3 Kanjim reHoMoB BO3HUKAET NIPH MO-
cryriennn B Kammio ummnyneca 7/8-mc.c = 7/8, rae
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127.K BepwmnHe BaBunoHckon bawHu

C HpiHEIIHUME TPYIHO, HO Yuénble Hamero byayuie-
ro nommyt: "1. JIxa (3HEpreTnyeckuil ypoBEHb), Bpalllal0-
muit Yerséproe (Pyna Kamnu fppa), Cayra Jixa Cemmu
(ypoBHHM JyHHOrO pAna 1 +2+3 +4+5+6+7 = 28, roe
28:(4 = T,) = 7) Tex, koTopble BpamawTcs (kBaHTbI (HOTO-
HOB-CT'YCTKOB), ycTpemuisisi cBou KoJsecHuubl (opOuUThI) BO-
kpyr Baaabixku cBoero (flapa), Exmnoro Oka namero Mmu-
pa (yibCcUpyIOmui B puT™Me pacimmpenus (c3/w,* = 8) - cxa-
e (w,’/c* = 1/8) 3apoaplieBblil my3pIpéK mia3mel B Heppax
Snpa)... Abixanme Ero (mynbcamus) mana ku3nb CeMu
(srynsbiit pag). Ono gano ’Kusus IepBomy" ([3]. Cranma L.
AHTPOIOT€HE3NC).

1
[Tepserit = (T,w,/c = 2)‘[ij(/) dp= i%} =+]. (312)
0

[Mutupyemass CraHIa AONOJIHAET ONMUCAaHUE HEPABHO-
BecHOU cuctemsl (311) curyanueit, mpu KOTOPOH 1MoJie ¢ HOJb-
MOTEHIIUAJIOM 3aIOJIHSIETCSl TYHHON IpaBUTAllME U BOBHUKHET
cucTema:

K Bepumnne Ilupamuns! ""BaBuionckas bamnsa' [1]

B Hese-

comoct | B rpasutanun | bornna JIyHsl bor JlyHbl
(303)
<0 Ilepexon

0=81-21=60 | 0<=88-28=60
MarHeTu3My:

1 0
66[ 9 dp =30 60 pdp =—-30.
0 1

n
1 1
+[pdp | £28[pdp==+14
0 0
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Benukas Husunuzanusa nana nayke lllymepos Cucre-
My Cumncienusi, B koTropoii oqgna OtHocuTesbHass Eqununa
paBHa 60 (313); Beaukas LuBuiauzanus aajna peIUruu
IllymepoB 6ora u 6orunio Jlynsl (313), HO cuHalickue ceMu-
Thl TIOAMEHWIM HAyKy M pEIUThi0 IIyMEPOB JIMPUYECKOU
TPECKOTHEM, U JJOBOJBHBIL... ""MbI CO3/IaTEJIM TOATUYECKON HAY-
ku'" [1].

Xopomwu co3narenu, He yMmeromue 10 X XI Beka paccuu-
TaTh MOJIEKYJISIPHBIE BECA TPOCTENIINX COEAUHEHUM.

128. MeToAaunKa pacyéta MOJEKYNSAPHbIX BEeCOB
B AUHaMUKe

MovJiekya - 3TO CryCTOK M3 aTOMOB, Hampumep X U
Y. Monekyna myJlIbCUpPyeT. ATOMBI, KOMIIOHEHTHI MOJICKYJIBI,
TOXKE MyJIHCUPYIOT, HE TEPSSI CBOIO MHIUBUAYATbHOCTh XUMU-
geckoro ateMmenTa (anajgor Co6oasl Bomm y ®&uBoro).

[Tynbcamust aTOMOB B MOJIEKYJI€ MMPOTEKAET B PE30HAHC-
HO (X'y) - aHTUPE30HAHCHOM (X £ y) pexuMax.

Bo3HukaeT HepaBHOBECHAs! CUCTEMA ITyJIbCAIUU:

Xty X=).

Sxys ;
X—y X+y

(x+y)? < xy(x*—y?) < (x*=y%);
4 = x?—y? (314)

rjae: 4 - moteHuuan-3kBuBasieHt T, (Pyma);
V16 =./gq* - dekTpUYECTBO;
/64 =4 - cryctok TsHb, cxaThlil B ApyIe;
33232 - Hebeca-1lunp B caMoCyIuX BOJTHAX M TaK Ja-
aee.

B nro6oii Monekyne (aToMe) uMeeT MeCTO ObITh OMOop-
Has 4yactota (opOuTa), ompenenstomas MaKCUMaJbHbINA IO-
TEHLHUaJ X'y, a TAKXKe JBa COCEAHUX YPOBHs (OpOMTHI), ompe-
JeJISIIOIIME MOTeHIMAIbl X + Y U x - ) (puc.35).
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(35 (xty) B chepuyeckom TpEXxmMepHOM dHEpre-

‘ 2 3Y  TuueckoM 00bEMeE MOJIEKYJIBI ISl aTOMOB
“ 1’ (x-y) X, y ©MeeTcs 6 cTerneHell CBoOO bl M Kax-
IBI U3 aTOMOB 8 pa3 TepeceKaeT OIop-
HbIl ypOBEeHb (OpOUTY 2) MOJICKYJIBI XV

Puc.35 Iymvcayus  (puc.35).
amomoe x uy 6

OTHU TIepecedyeHrs BTOPOTO OMOPHOIO
MOJIEeKye Xy

DHEPreTHYECKOTO YPOBHS BHOCSIT TIO-
IIPaBKHU B HEPABHOBECHYIO CTPYKTYpY MoJieKyJbl (311):
RN DI
6-8 48 12

u |l & x*—y?) =Tyt (x> —y?). (315)

[Tonyuennsiii pe3ynbTaT (315) roBOpUT O TOM, 4TO 4a-
kpa Tpurnii ['nas ¢ ol Boausl A = 4800A Ha rpanune
pajiena CUHEeH U Tojy0oi o6sacTel CriekTpa y JIroAei BO3HUK-
J1a HE CIIy4ailHO, TaK KaK

A = 48004 = (6 = 3,5+2,5 = 3,5-2,5°)-(c/wo’ = 8)-ps%, (316)

rae 6 - Kynnanunu ;
8 = ¢3/wy* - pacmpenne BeeneHHoii, a MeToAMKA pac-
4€Ta MOJIEKYJSIPHBIX (ATOMHBIX) BECOB MOJABEPrJiach
00pe3aHuIo0, TO €CTh CUUTAETCS TOIBKO CYMMa aTOMHBIX
BECOB.

129.KncnopogHasa eaMHuULa XMMUYECKNX 3JIEMEHTOB
Kak wudp-knod KHurn boitus

Ornpenenenue MOJEKYISIPHBIX BECOB B JUHAMHMKE HX
dbopMHpOBaHUS TOYEYHBIM YYACTKOM BOJIHBI CBETA TPeOyeT OT
Ja3epHON TOYKH B3aMMOJAEHCTBHUIA, a OT cpeabl B hopme Mo-
JIEKyJIbl IIepexoaa oT Xaoca mjiasmsl k 'apmonuun ynopsgo-
YEHHOU MOJICKYJIAPHON CTPYKTYPHbI.
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C yuéroM HaMuus B3aUMOAECHUCTBUM U TAPMOHUU MOJIE-
KYJISIpPHOUM CTPYKTYpbl HepaBHOBecHas (314) npumer BUA:

DopMHUpPOBaHUE MOJICKY.JI
BUXPAMHU (POHOH-(POTOHOB

. ['apMoHUs B MOJIEKYyIIe
B3aumoneiictBus poHoHa

. 1 (317)
4lg pipapapaps=2)=8 < S (¥ = =y?) [pde
0

(Cger) 1 <:> (x>-y?)-1/16 (monekyna).

Cucrema konebanuii (308) roBopuT 0 TOM, 4YTO MOJie-
KYJSIPHBI BeC JOCTHUTAeT Pa3HOCTH KBAaJApPaTOB aTOMHBIX
BECOB JJIEMEHTOB, (pOPMHUPYIOIIUX MOJEKYJIYy, B TOT MO-
MEHT, KOI/1a B UCXOAHOM BHXpe POTOH-(POHOHOB HACTYNA-
eT paBHOBecCHe.

IIpoOIKUTENBHOCTD MEXKAY ABYMS COCEHHMH PABHO-
BECHBIMU COCTOSHUSIMU B BUXpE (POTOH-()OHOHOB COOTBETCT-
Byer 1/T,2=1/16 =0,0625.

[IpogomxurensHOCTh, paBHas 1/16 COOTBETCTBYET MO
BenuunHe 1/16 atroMa KucCiopoaa, TO €CTh OJHOW KHCJIOPOJ-
HO€ €IMHUIIE MacChl, pacyeT KOTOPOil mpousBoaAuTcs Kak 1/16
maccbl u3otomna O'° [17].

Takol CHUCTEMOM KHCIOPOJHO-aTOMHBIX €IWHHUI[ CUHC-
JIEHUS MBI IT0OJIb3YEMCS M HaM 3Ta CHCTEMA U3BECTHA.

HewusBecTtHo HaMm To, uTto 1 kucnopoaHas u 1 aTomHas
SAUHUIIBI OTPAXKAIOT HE TOJIBKO MPOJIOJDKUTEIBHOCTD 1/Ty2, HO
u cBa3b drToit IIpomomkurenbHOCTH ¢ (POTOH-POHOHOM
(m*m**)", kotopyro Benmkast [[MBHIH3ALHS MCIIONB30BANA
Kak mm@p-kirou 1151 Kauru bertus:
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Kucno- | Ilpoxoi-

poaHas )KII?ITJ:J'IB— ®DoTOH-(HOHOHBI [ugp
Kuuru beitns

eIUHNIIA HOCTbH (3 1 8)

1 1 1
1/16 /T2 — =—10°=62500.

m-m 0,008-0,002 16

130. AnekTpuyeckasa 3feKTPOH-NO3UTPOHHAas nya3sma
MHEePTHbIX ra3oB

CotBopenue Mupa HauMHAETCSl HE C TJIMHBI, a € MJIa3-
Mbl. B 1u1azme npe:kae Bcero 3aposkIarTcs 3JIEKTPOH - MOo-
3UTPOHHBbIE CTPYKTYPbI 3JIEKTPUYECKHX CrYCTKOB, /J1al0-
IUX HAYAJIO0 TAPMOHHYECKUM CTPYKTypaM aTOMOB HHeEPT-
HBIX Ta30B:

IX rpynna uHepTHBIX ra3oB

o KpuIi- | KCC- 112
DOneMeHTHl |Telui | HEOH | aproH pagon| X 319
TOH | HOH ( )

Hucno > 10| 18] 36 | 54 | 86 | 112
5JIEKTPOHOB

DJIeKTpUYECKas IUIa3Ma CryILIaeT SAEPHOE BEUIECTBO U
o0JalaeT UUC-TPAHC H3OMEpPUEH, HAMPUMEDP DJIEKTPOHBI ATO
LUC-TPAHC M30MEPUUECKUN CTYyCTOK, @ IO3UTPOH - TPAHC-U30-
Mepuyecknil. [1o3ToMy 0 moBegeHMH 3JIeKTPUYECKON IJia3-
Mbl MOHO CYAMTH N0 CyMMe - Pa3HOCTH 3JJEKTPOHOB,
uMesi B BUAY HAJIMYUe NMPOTHBOIOJIO)KHO HANPABJICHHOMI
H30MepHH NMO3UTPOHA.

Bmecre ¢ Tem aHanu3 3JIEKTPOHHOM IIa3Mbl TPYMIIBI
WHEPTHBIX Ta30B NPUBOJUT K CEHCAIMOHHBIM peE3yJbTaTaM
(319):

1. Pa3HOCTH 3JIeKTpOHOB 3JjieMeHTa 112 u renusa coot-
BeTcTBYIOT 110 boxecTBam B Tele yenoBeKka B COOTBETCTBUU C
Kuuroit MéptBeix [7] n [JaocckuM MUPOBO33PEHUEM:

(112-2 =110) snexktponoB = 110 boxecTB =
(42 cepana + 58 ronossl + 10 1men). (320)
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2. CymMMa 3J€KTpOHOB KCEHOHa M pajJioHa (opMupyer
MArHeTH3M, TPABUTALMIO, IATEPUYHYIO CBSI3b H CeMepHY-
Hoctb Kocmoca:

(86+54 = 140) 21EKTPOHOB <>
P+2°43°+4°+5°+6°+7> 140

= : (321)
1+24+3+44+5+6+7 281
I7I€ Pa3HOCTh ATUX AIEKTPOHOB co3aaéT Hebeca-Ilunb:
+(86 — 54 = 32) snexktpoHoB = [{uHb,
U 32 -(-32) =64 (TsHb) (322)

M3 HUC-TPAaHC U30MCPHHU KOTOPBIX BO3ZHHUKACT CI'yCTOK TsAHB.

3. DneKTpoHbI Teiivs, HeOHa U aproHa B CBOEH CyMMe
CO3JAI0T M0JI€ C MOTEHIUAN-7KBUBaJIEHTOM JIyHbl, paBHbIM 30
10 PEJINTUO3HBIM B3rJIsiAaM mrymepos [1]:

(2+10+18 = 30) 2JIEKTPOHOB =
30 - 6or (6oruns) JIyHsl. (323)

B srom myHHOM HeGecHOM Tmone (QopMuUpyeTcs dIeK-
TPOHBI MOJIEKYJI HEMHEPTHBIX Ta30B: 16 y O,, 14 y N, u 2 y Hs.

131.Cepaue YenoBeka B UCKpax nnasmbl
¢poTOoH-hOHOHOB

3emin emié He Opuro. Hamra rumanera-Martes emé ObLia
00JIaKOM CTYIIAIOMICHCS TUTa3Mbl, B KOTOPOH (PoTOH-(POHOHBI
(m** = 0,002 < 0,008 = m.*) nayanu hopmMupoBaTh rpaBu-
TAllMOHHBINM, MATHUTHBIA U SJIEKTPUUECKUN YPOBHU (Ta01.98).

[Ina3ma oxnaxpanace m orBepaeBasa. Bo3Hukamm 112
XUMHUYECKUX dJIeMeHTa, 3ateM [luab-TsHb (Hebeca - crycTok)
Y XHBOE B HUX, B ToM uunciie Hucroe Cepaue Yenoseka ¢ 42
boxxectBamu B HEM (325). DHepreruka Yenopeka Oblia 3ampo-
rpammupoBana enié B Arau-Ilone (1a6:1.98).
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Ta6muma 98
Cryumenue 001aKa-1jaa3Mbl

B I'PAaBUTAITHOHHO-MAaIrHUTHOM I10JI€

Cnou  |Dnextporpa-| I'paBumo- | DuekTpo- Maruto- | T'pasuo-
rpaBU- | JIEKTPHU-
I1J1a3MBbI BUTaAUA MAroc€eTu3M| MaAar”H€Tu3im
Tangus YcCTBO
Vammany-|  2P% o ppE a9t L HeE L pPE L 99*
aJbHBIC qq * pp*  pp* g9t | pp* pp*
cion 28? 142 16> 14 28? 16
ITyJIbCHU- — L = = — = — = — = -
pylomeii 16 280 [ 147 T16° | 147 | 28
MJ1a3MBbI 7/4 < 12 & §/7a7/8 & 2 <& 477
R I I OO -
[nasma ¢ 56 56 56 56 56 56
00IIMM I10-
TeHIHMATIOM 7-14-56 — 28-56 64-56-49-56 | 112:56 —32-56

7056 <0 <« | 15560 < 80:56 < 0
Crycrok (70 —15-280)56 = -25:56 = -1400 < 0 < ...

B none nynecupyromeit miazmel cymma 7-14+32 = 130
ONpeNeNAeT MyJbCalUI0 10 13-TU TyHHOMY KaJleHJaplo, CyM-
Ma 28+112 = 140 sBiasteTcst OCHOBAHUEM I BO3SHUKHOBEHUS
JKMBBIX MAarHMTOB, a cymma 64+49 = 113 mpegonpenenser
Yucno Yenoseka (Tad1.98).

CrymeHve Iia3Mbl MPOTEKAeT IMOJ BO3ACHCTBHEM (HO-
TOH-()OHOHOB NMPU HAJIMYHWU PA3HOCTH MOTEHIIUAJIOB, KPATHOM
42 boxectBam Cepana Yenmoseka (1a6i1.98).

112 112
Cepaue =| ————=56-10° |-| ————=14-10° |=42-10%. (325
P (m =0,002 ] (mczo,oog (325)
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132.3akoOHOMepHOCTU hOopMUpPOBaHUA
nsasmMbl MHEPTHbIX ra3oB

Ceer, mynbcupysi B oOjake-Tyia3Me, CTYIIAeTCsS cam,
co3naBasi (pOTOH-(OHOHBI, CO3/IaBasi Ha MOBEPXHOCTH TLTa3Mbl
MOBEPXHOCTHOE HATSDKCHHE.

OHepretuueckumu y3inamu oOonoukn Kammu  fAnppa
(r1a3mbl) Jr000r0 atoma OyIyT 3JIEKTPOHBI (IIO3UTPOHBI), CBSI-
3aHHBIE ¢ (POTOH-(HOHOHOM.

Crymenue ¢poToH-(pOHOHOB B 3J1€KTPOHBI

Cymma Paznocts
B e . (326)
m, m, 0,002 0,008 m, m, 0,002 0,008
dntn_ Sn__ s, an-n_ 3 _sgs,.
0,008 0,008 0,008 0,008

JIro6o# >nekTpoH (MO3UTPOH) HaX OOOJOYKOW siapa
aToMa MMEET NMOCTOSIHHYIO CYMMBI, paBHy10 625, U pa3HOCTH,
paBnyto 375, rae 625+375 = 1000.

I[Ton BiusgHumeM noteHnuaia 10° BoO3HHKAET IUIa3Ma
MHEPTHBIX Ta30B, a 3aTEM B 3TOM IUIa3Me BO3HUKAIOT 3JIEKTPO-
HBI (IO3UTPOHBI) U MOSBIISIOTCS MHEPTHBIE ra3bl (Tabm1.99).

Tabauua 99
Tpanchopmanusi 31eKTPOHOB
B (pOTOH-()OHOHBI HHEPTHBIX I'a30B

DJIEeMEHTHI TeJIUi | HEOH | apTOH | KPUIITOH | KCEHOH | paJIoH X'

Yucno snektponoB n=2 n=10{n=18 | n=36 | n=54 |n=86 n=112.
Cymma: 625n | 1250 [6250|11250| 22500 | 33750 |53750|70000
Paznocts 375n | 750 |3750( 6750 | 13500 | 20250 |32250|42000

Pasnocrs 500 12500 4500 | 9000 | 13500 [21500|28000
pasHocTei
B uacTax 1 | 5| o 18 27 | 43 | se.
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CymMma (OTOH-QPOHOHOB B TIpyIIE HHEPTHBIX TIa30B
dopmupyet cemepuuHoctb Mupa CryctkoB (7-104); pasHocTh
(42-10%) - BoxectBa Cepaen XXKuBoro; pa3HOCTb pa3HOCTEH
(28:10%) - rpaBUTaLIMIO; CYMMa OTHOILIEHU B MOJI€ CBETA!

(ps = 10)+1+5+9+18+27+43+56 = 169 = 13> (327)

SIBJISICTCS IPUYMHON BO3HUKHOBeHUS 13-TH iyHHOTO KasneH-
napst Equnoro Kocmoca (1a611.99).

133.JlyHa n B3aumoTtpaHcdopmaums
MHEepPTHbIX ra30B B HEUHEPTHbIE

Bnusnue miazmel Ha 7KuBoe H3ydaeT Arnu-Hora. On-
HAaKO HU silepHAsi JHEPreTHuKa, HU Arun-Hora CYIIECTBEH-
HbIX ycrexoB B Iloznanuu Ctpykrypsl Il1a3zmsbl He UMEIOT,
TaK KaK HE MOHMMAIOT 3aKOHBI CryIIeHHsl o0jaKa sJIEpHOTO
BelllecTBa (TU1a3Mbl).

SIBISISICH  DHEPTETHYECKUM JKBHUBAJICHTOM, HAIPUMED
IpyNmbl MHEPTHBIX ra3oB (Ta0m.99), mma3Ma crymaercs To-
CJIEIOBATEIBHO: PE30HAHC CAMOCYIIUX BOJIH, (DOTOH-(POHOHHI,
AJIEMEHTAPHBIE 3apsibl, aTOMbBI, MOJIEKYJIBI,. .. 3BE3qHOE Hebo.

JIro0oii crycrok - y3enok Tkanu BcesieHHOH, mMyJib-
cupywouei ¢ norenuuaaom /3uan [3], papabim £0,5.

Crycrok Bo3HuMKaer B TpéxmepHom IIpocrpancrse,
00JaIaroIeM MIeCThIO CTeNeHAMH CBO0OABI (X, 1y, £7).

CrycTok BO3HHUKAE€T TaM U TOTJA, A€ U KOTJa MOSBIIs-
€TCSl Pa3HOCTh KBAIPATOB MOTEHIIMANIOB (X* — y?).

3aKkoH mepexoga crycrka OAHOH (popmMbI IHEPrum
(x? - y?) B CryCTOK Apyrou ¢popmsl 3Hepruu (x;° - y;°) cBsI3aH
C YHMCJIOM COYETaHUM mecTu 1o aB8a (1a6:1.100).
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Ta6numa 100
3aKkoH nmepexoaa crycTrka ogHoil ppopMbl 3Heprum B IPyryro

ITomsa| IlecTh KOMIOHEHT VYcnosus nepexona Hucno
OHepr Cpell BOKPYT CT'YCTKOB dbopm sHEpPTUN Coueranuit
1-b1i1 2 5 6!

-y=(x+y)(x - +y=(x1+y1) (X1- !
erycrox | X 7YX Y (-y) fxty=0aty) (a-y) CZ=(6—2)'
2-0ii !
cryeror KT YPCHY G- y)| XY=y (oY) | =30

Yucno Coueranuit u3 6 mo 2, paBaoe 30 (ta6m.100) uc-
noJyib3oBaiock ABTtopamMu KHuru J[3naH B omucaHUM BOCXO-
asmux (12+22+32+4%=30) u aucxoasammx (4>+32+22+12=30)
¢popmoBuIMKOB [3], mIyMepamu B onucaHuu Oora (0OruHM)
JIynbl, Bepunnbl [Iupamuasl "BaBuiaonckass bamusa' [1]
Y TakK Jajiee.

Peanmu, ognako, coctosT B ToMm, 4To B Apyne CBera ¢
MOTEHIHAIOM TPs = 30, DIEKTPOHHBIE IOJS UHEPTHBIX T'a30B

rejinia, HCOHAa W aproHa MnepexodAT B JJICKTPOHHBIC ITIOJISA HC-
HHCPTHBIX I'a30B - MOJICKYJI a30Ta U KUCJIOpOAa:

Tpancdopmanus 3JIeKTPOHOB
HHEPTHBIX I'a30B B HEMHEPTHbIE

(328)

®opma razo | ['enuii + HeoH + aproun | Apymna ceta| No,+O;

Yuciio 351eKTpOHOB 2+10+18 = 30=1ps =l4+16.

134.HenHepTHbIE rasbl
B nna3me cryctkoB Mupamunabl

B o0nake mima3mbl BEMIECTBO CTYIIACTCS B DJIEKTPOHBI
aTOMapHBIX BOJOPOJA, a30Ta U KUCIOPOJa, U3 KOTOPHIX BO3-
HUKaIOT MoJiekyJbl Hy, Ny, u O,.

J3uaH - myJabcamuMs MOJIEKYJ ra3a COXpaHsieT HX
paBHOBeCHE ¢ AaTOMAPHBIM BOJOPOI0OM, a30TOM M KHCJIOPO-
aoM (ta6m.101).
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Tabnuua 101

ATOMHO-MOJIEKYJ/ISIPHOE PABHOBECHE HEMHEPTHBIX I'a30B

DIIEMEHTHI

ATOMEI
raszos

OnexTpu-

MOJ'IGKYJ'IBI ra3oB
YC€CTBO

H|N

0 H, Ny O,

PaBHoOBecue

1+7+

2jgp do 14j¢ do 16j.¢) do
0 0 0

g [<l6=—| 1 + 7 + 8

Ywucio
3JIEKTPOHOB
BHE IIyJb-
carumn

Jag*
IMoTeHIHAabI TyJILCHPYIOLIHNX

AJIEKTPOHOB

[Ipumeuanue:

Cymma anektpoHoB O+N = 7+8 = 15 = [+2+3+4+5,
SKBUBAJICHTHA MTOTEHIIMATY BHYTPEHHETO I10JISl CBETa

IPU aHTHPE30HAHCE.

y i
h=7=N
A

vy

R=2 1
a2=8 = ozjqo do

0

Puc.36 Coemewenue
seauxou [lupamuowvi
U nUPaAmMuobl
HEeUHePMHbIX 2A308

Cnenyst ykazaHusiM, JaHHbIM Hucy-
coMm Moanny B OTKpPOBEHHMSIX, MBI JOJIK-
Hbl U3 Yucen nocrpouts Ourypsl [6], TO
€CThb JaThb BEKTOPHOE ONHMCAHUE IOJs
AJEKTPOHHOM  CTpYyKTYyphl  (Tabn.101,
puc.36).

IIpy BEKTOPHOM ONMCAHUU DJICK-
TPOHHOUN CTPYKTYpbl HEHMHEPTHBIX Ta30B
B (opMe nupaMuabl €€ OCHOBaHUEM
OyJlyT BOCEMb DJIEKTPOHOB KHUCIIOPOJIa, a
BBICOTA h - ceMb DJJIEKTPOHOB a30Ta
(puc.36). OcHoBanus Benukoit Ilupamu-

JIbl 1 TUPaMUJIbl HEUHEPTHBIX ra30B Oy1yT oOmmmMu (puc.36).

[Tynbcammst 00BEMOB cryctkoB (00bémbl [Iupamun) B
ATOM CITydae MOKET ObITh OMHMCAaHA MyJIhCAITUEH UX BBICOT.

ITons T"a3bl B mitazme Pacmupenue | Cxxatue
h=7_ 2" =H 329
Konebanus (szm = P |_) 40T 7274 ( )
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135.Kannsa fAppa: anekTpuyeckas cBA3b
Mexay atmocdepon n Hegpammu

BriTecHEHHBIE BUXPSIMU CaMOCYIIMX BOJIH, MOCTYMNAKO-
mux B miaasmy us Hesecomoctu MerarajiakTukKu, 3JIEKTPO-

Hbl HEWHEPTHBIX Ta30B (POPMUPYIOT HaJ CryCTKOM Hebeca -
[{unp (Tabn.102).

Taomuma 102
HeuneprHbie raspi: HeOeca LluHb Hax crycTKOM

Mounexyiibt Bonopona A3sora Kucnopona | Cymma
Yucno 351eKTpOHOB 2 14 16 32
®otoH- | cymma | 6252=1250 625-14=8750 625-16=10" | 2-10"
(hoHOHBI
(316) |PasHOCTH 375-2=750 [375-14=5250375-16=6-10*| 12-10°
32000
OOm1ast cymma 2000 14000 16000 5000
dopmbl B3aumo- Onextpu- | Hebeca-
. MarseTtuszm
SHEeprun nelcTBUs YeCTBO [{unb

[TosiBienne Hajn cryctkoM HeOec IluHb, copepskammmx
HEWHEPTHBIC Ta3bl: BOJAOPOM, a30T, KUCIOPOa, mpuaaéT Hebe-
caM HOBBIE CBOMCTBa. B HeOecax BO3HHMKAIOT B3aMMOJEHCT-
BHUSl, MATHETH3M H JIeKTpU4ecTBO (Tabdn.102).

HN3menenne cocraBa - cBoiicTB HeOec Ilunb (aT™MoO-
chepa HaJ CrYCTKOM Sipa) OTpakaeTcs W B HEIpax IUIa3Mbl
snpa.

B nia3me sizepHOro BeulecTBa HHEPTHBIX ra3os Ka-
UM SIpa BO3HUKAET JHEPreTHYECKHMil mepexoq Mexay
3JIEKTPOHHBIMHU CJI0SIMU PAJ0HA U KceHoHa (Tabi.103).

B monsx mexnay armochepoid m Hempamu BO3HUKAET
DIIEKTPUYECKOE IOJIE:

(202 — 122)-10° = 16>10° = qq* +/p, . (330)
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Tabmuua 103
HAyanu3m atmocdeps! Haa Kanuen Sapa
U JHepruei B eé Heapax

Atmocdepa nag Kamneri | Yposuu B Hempax
Bognopoa: | Azor: | Kucnopon: | Panon: | Kcenon:
DJIeMEHTEBI H, Na 0, Rd Xe
2+ 14 + l6= 86 - 54=
UwHCIo 3JIeKTPOHOB : ' '

32 (cymma) < 32 (pa3HOCTb)

CxxaTre aTMOoCQephl: Pacmmpenue siapa:

Mymbcauis (316) 62532 = 20-10? 37532 = 12-10%.

136.MapgonuHun:
peako3semMernbHbIN CrycToK TAHb

DJIeKTpUUECKasl CBsI3b MEXIy atMocepoii Han Karueit
SAnpa (cryctok TsHb) 1 e€ paaoH - kceHoHOBbIMU Heapamu
(320) peanbHo niposiBiseT cedsi B CBeYeHHH 1101 BO3ICHCTBU-
eM gactot obnydennst 10° T'y (3ddpext Kupanan).

DJleKTpUUecKas CBsI3b Mexay armocdepoi Hax Karei
Snpa m Hegpamu B Karmie sapa CTaHOBHUTCS HMCTOYHUKOM
JAJIbHONEUCTBYIOLIUX 3JIEKTPOMArHUTHOIO U I'PaBUTALMOHHO-
ro B3aumojeictauii (330).

Kanus Siapa kak HCTOYHUK
AAJbHOAEHCTBYIOIUX B3aMMO/IeHCTBUI

B3aumopeiictBus | OnexTpomarautHoe | ['paBUTalIMOHHOE (331)

2 6 2 -6 4 -12 4 +12
Cramuu koneGanus | 1y '10° < 7;7-107 | 757-107° < T -10
TOYKHU BOJIHBI CBCTA

p3=107 < 1 p1=10" < 1.

B sT0M1 cpene MaNbHOJIEMCTBYIONIMX B3aUMOICHCTBUI
(331) mexxay aTrmocgepoil HeMHepTHBIX ra3os Haa Kanuei
Anpa (329, puc.31) U IHepreTu4ecKUM cJIoOeM B 00J1aCTH
PAJOH-KCEHOH IJIa3Mbl HEHHEPTHBIX ra3oB (Tadu.102)
npoaoJKaercs myJjabcamus (329):
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(7 <2l =7 2*=128. (332)

Ioxe ¢ motennmanom 7' = 492 dopmupyer ABOiiHYIO
000,104KYy (HarpuMep B )KMBOM - JABOMHYIO MEMOpaHHO-MOJIe-
KYJSIPHYIO CIIHpaib Ha TOBEPXHOCTH OMOKJIETKH), a TOJIE C
noTeHuaioM 128 rpyrmiy peako3eMenbHBIX 3JIEMEHTOB, 00-
JaJA0MNUX JAaHTAHOUIHBIM cxxatueM ([22], Ta61.104).

Tabauma 104
Hucxoaame-socxoasuiue
BHUXPH 3JIEKTPOHOB JIAHTAHOU/I0B

['pymms 1 2 3 4 5 6 7 8
Hucxomsmmii | Lu’! YbO Tu®| Er®® | Ho®’ Dy66 Tb®

Bocxomsmmii | La® | Ce>* | PrY? [N | Pm®! | Sm®? | Eu®®

G d64

Cymva | 0¢t 108 | 128 | 128 | 128 | 128 | 128].%%
3JIEKTPOHOB TsHb.

B cemu rpynmax JaHTaHOWJIOB YHUCJIO JJEKTPOHOB B
HUCXOJIAIIIEM TOTOKE paBHO 476, a B BocxozsieMm 420. Bos-
HUKAET Pa3HOCTh KBAJPaTOB:

476* — 420> =4-1122, (333)

noctatouHas aist co3ganus [lepuoanveckoit Cucremsr 112
3J1eMEHTOB.

137.060n04Ka nnasmbil.
FopoBble Konbua aepeBbeB. PeMHKapHauum

Korma B mHenpax Kanmum Sapa Ilmasmel hopmupyeTcs
raJIoJIMHAM, TO AJICKTPOHHBIE BUXPHU OCTAIBHBIX 14-TH penKo-
3eMENTbHBIX 3JIEMEHTOB CO3/ai0T 000J104KYy (Tabm.105).
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Tabnuua 105
I'paBUTAIIMOHHO-3JIEKTPOMATHUTHASI 000J109KA MJIa3Mbl

KommnoneHTsI DIIEKTPUUYECKUI MarHuTHBII

N I'paButamms

000J109KH1 MTOBEPXHOCTHBIH MOBEPXHOCT- | = '~

IJ1a3MBbl CJI0¥M 000JIOUKH HBII CIION
476 2— 420 7.108 [Ki—ke=770
[ToTenmanms: = = |k=——= ki +k, =798
000J10YKH 64 64 8=
(323, Ta6:1.103). 7216 = 72 Jqq * 14 = Jqq* i

B mone o000504ku T1UIa3MBI  BOCXOMSIIE-HUCXOISIINAE
BUXPH DJIEKTPOHOB 7 peaKo3eMebHbIX nap (1ada.104) cosna-
0T pacuupsonlyocs ¢ koddgduiuentom 3,5 BUTKa BETBb
Kynpanunu n norenunan Henp Anpa va ypoBHe

X'"? — Ru®*® =26 (1261.106).

Tab6auma 106
Pe3yabTaThl nyJabcauuu
BCTPEYHBIX BUXPeii 31eKTPoHOB (Tabi.104).

1;?;2;?; iI}II{PII/Ie gi%’? T(O)Iél?zT Kopnu 108 pennkapHanuit
(-28)° —26> =108 _
476+420 = 476 — 420 = 2 -
806 — 35167 = a6 - (-28)" +26” =1460
3,5-’qq* 112 - 86 27 _ ps (e = m, )Jmacca noxos
365 365 oneti 6 200y '

PenHkapHany OTCUMTHIBAIOTCSA MOSIBJIEHUEM MAaCChl
OTHOCHUTEIIBHOTO NOKOS M, = 27:p, B TeueHue 365 THEN OJHO-
ro roga no 13-tu nynnomy Kanenpapro nuBwinzanuu Maiiu,
BKJIItOYas JleHb BHe Bpemenu.

Kusoe orcuntbiBaetr IIpog0/LKUTENBHOCTH MO HIKA-
Jie peMHKapaHaumuii, o0pa3ysi rogoBble KOJbIla B CBOHUX
CTBOJIAX, HANIPpUMeEP /1epeBbEB.
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Cro necatp boxkecTB B Tee 4eI0BEKa U YUCIIO PEUHKA-
paHaiui cBsi3aHbl PaBHOBecuem:

i(llO—lOS)-Ugodgo:%j:irl. (334)

138.UcTokn 1HA BHe BpemeHu
B TPpMHaguaTtm nyHHom KaneHpape

B obnake-mia3me ¢ mOTEHIMAN - SKBUBAJICHTAMH JJICK-
TPOHHOU (ITO3UTPOHHOM) CTPYKTYpE MHEPTHBIX ra3oB COOCT-
BeHHo Heapa Ilnasmbl OyayT MMeTh Pa3HOCTh MOTEHIMAJIOB
(o sneKTpOHaM), paBHYIO:

X'"? _Rn* =112 - 86 =26. (335)

B Henpax o6naka-mia3msel npotekaeT J[3uaH - myJibca-
s, Gopmupyromas TpuHaauaTu kKpaTtHblii oTrcuét Ilpo-
NOJKMTETbHOCTEH.

[IIkanon mus TpuHaAuAaTu KpatHoro orcuéra Ilpomon-
JKUTEJIBHOCTEU SIBIISIIOTCA KOPOTKOJIEHCTBYIOIIME SAEPHOE U
cnaboe B3aMMOJCHCTBUS B TMoOJie JIOrapu(MUUECKUX BOJH
(Ta6m1.107).

Taomuma 107
Hauaso orcuéra
yepensl [Iponosxureasnocrein B Kocmoce

Jlorapudmuueckue BOJTHBI
Snepnoe
[Ipouecchl | KOPOTKO- 13-1n J3nan-
NeicTBIe nyunblii | CyOcranmms | pa3HOCTh. J[eHb
Kanengapn BHE Bpemenu
112 86 | 1 0
p2Pa = lgprps= | X" —Rn
dop-\pdp=
Morenmmans| 10110 = | 1g10%= |=112-86= £¢ 4 !(/’ 4
10" 13 26 1
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B none orcuéra uepensl IIponomkurensnocren Enuno-
ro Kocmoca HavanoMm mIKaibl OTCUETA B SIACPHBIX PEAKLUAX
OyZeT CTOJIKHOBEHHE ABYX KOPOTKOACHCTBYIOUIMX KBAHTOB:
anemeHnTapHoi yactuibl Kocmoca u Aapa (tabdn.106).

13
B Anpe Bo3nukaer nmoteniman 10°, a B morapupmuye-
CKHMX BOJIHAX, Pa3JIETAIOLIUXCSA OT SMUIEHTPA CTOJIKHOBEHUM -
13
noterruain Ig 107" = 13,

Orcuér uepensnt IlpomoskurenbHocTeid (Bpemenn) B
MOJISIX Jlorapu(MUYECKUX BOJIH Benukas lluBmim3anus Benért
o 13-tu nyanomy Kanennmapro, n60 BCE )KMBOE HaXOAUTCS U
(GYHKITMOHUPYET B TOJISIX KOPOTKOJACHCTBYIOIIUX B3aWMO/ICH-
CTBHUIA.

[lepexon OT SAEPHBIX K JOrapu(PMHUECKUM TOJISIM CBSI-
3aH ¢ pasHocThio 1/2 — (-1/2) = 1, KOTOpPYIO TNPHUHSUIA Kak
Jlenb BHe Bpemenu (1a611.107).

139.CBeT: cBA3b paguOaKTUBHOIO U3JTy4YEeHUSA U
naHtaHonaHoro cxartusa. CosHaHue un NoacosHaHue

Hamnuue Insi BHe BpeMeHu, Ha KOTOPBIN IIPUXOAUTCS
MIHOBEHHE CaMOI0 KOPOTKOACHCTBYIOLIEI0 COyJapeHus,
YMEHBILIAET OTCHIMAN IUIa3Mbl B €€ HEepax Ha OJHY €IUHUILY
(Ta611.107):

(112 -86) — U(o do =%]+U(p do :—%] :26—%—l= 25. (336)

0 0

B Muposom fiine Bo3aukaet Ilenrarpamma [3].

Hocurens Pa3syma HaunHaeT BOCIPUHUMATH JHEPIHUIO
Ha ypoBHe Iloaco3Hanms ¢ yacToil 25 KaApoOB B €IUHHUILY
[TponoIKUTENTBHOCTH.

O6nymbiBas 00xkecTBeHHYI0 UH(opManmio Ha ypoBHE
co3nanus, Hocutens Pazyma, kak Cam bor, co3gaér 000104-
KY MEHTaJIbHOI JHepruu cBoero BooOpa:kenus:
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JueKTpU4YecKasi 0007104YKa MEHTAJIbHOM YHEPrUu

VpoBHH Ioncosnanne | Cosnanme | O6onouka |(337)

YacroTa kaapos 252 — 242 = 49,

Onnako Henmpa mHEpTHOM paguoaKTHBHOMN IJIa3MbI TIPO-
JOJDKAIOT MYJIBCUPOBATh C YaCTOTOW 25 KaJpOB M BCTPEUHBIC
HUCXO/ISIIIE-BOCXOAIIUE TIOTOKH JJIEKTPOHOB (ITPOTOHOB)
bopmupytoT 25 paaroakTUBHBIX JaHTaHoua (Tabi.108).

Tabauma 108
JJIeKTPOHHBIE CTPYKTYPHI 25 3J1eMEeHTOB JIAHTAHOU/10B

Buxpu| Bocxo- CymmMm n
Hucxongmue
1apsl ISIe JJIEKTPOHOB
1 Ra®® X2 200
2 Ac® xH 200
3 Th” X0 200
4 Pa’! X' 200
5 u” X' 200
6 Np”” X' 200
7 Pu™ X' 200
8 Am” Ns!® 200
9 Cm’® Ku'" 200
10 Bk’ Ln'®” 200
11 cr® Nb'* 200
12 Ev”’ Md™! 200
Her napsl Fm'" 100
Pacnpenenenne | Bocxomsmux - 1122; nucxonsmux - 1178;
3JIEKTPOHOB nap - 12-200 = 2400
(1178 +1122)+100 = 2400
PaBHOBecue =1.
12-200

O} dhekTUBHOCTh B3aMMOJICHCTBHS CBETA CBS3BIBACT pa-

TMOAaKTHBHOE M3NydeHue (Tadm.108) u maHTaHOMIHOE CKATHE
(Ta6.104):

12.200 7-128
100

=24-14=10=ps. (338)
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140. PaguoaktnBHO-NaHTaHOMAHaA npupoaa
AedekTa macc

3akoH coxpaHeHus Beca BemiecTB (Bec BemecTB, BCTy-
NUBIIMX B PeaKknHio, paBeH Becy MOJIyYeHHbIX BelllecTB) B
AJIEPHBIX pEAKLMIX HE coOmrofaeTcsi, MO0 BO3HHUKAET Ne(EeKT
Mmacc [17]:

A=[0,01(A — 100)> — 64110 a.e.m, (339)

rue: A - MaccoBO€ YHCIIO;
a.e.M - aTOMHas eIMHUIIA Macc, paBHas 1/16 gactu u3o-
TOIa KUciopoaa-16.

A cuuwraro, yTo B AMmMpuueckoil dopmyne nedekra
Macc Hanuwio orpaxeHue BiusHUSA 100 31eKTpOHOB (pepmus
(Ta6151.108) u 64 snextpoHoB ragoaunus (tadmn.104), koTopbie
MO>XHO BBIJICIUTh COOTBETCTBEHHO KaK PaJHOAKTHBHYIO H
JIAHTAHOUAHYI0 KOMIIOHEHTHI (Tab.107).

[Tpu pacuére FTUX KOMIOHEHT CIICIyeT YUYUTHIBAThH IMO-
TEHI[HAJI 001Iero nmoJisi, paBHbIi (339):

k= 107a.em=1071/16 = 625:10° otr. emuunm,  (340)

koTopslit B 10° pa3 menpire mudp - k1oua k bubmmn
(62500 : k; = 10°).

BwMmecte ¢ TeM Bec (Maccy) J000ro crycrka OrpaHu-
YMBAET MOBEPXHOCTHOE YJIEKTPHYECKOe 00/1aK0, U TTIOITOMY
s BMECTO THIOTETHMYECKOTO0 MaccoBOro uwucia Oyay OpaTh
MIPOCTO YHCJIO0 YJIEKTPOHOB B aTome (Tab61.109).

B nose ceeuenus ky'kyks = 2772-10° (1a6:1.109) 06o-
smouka CBeyeHHUs ¢ IMMOTCHIINAIIOM 2700-10° onuceiBamack kak
O, a m3nmyyarens ¢ noteHnuasoM 72-10° kak Touka B cuMBOIE
©. Dra TouKa CBs3aHA C IUIOTHOCTBIO Y, = 72 SIZICPHOTO Belle-
CTBa.
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Tabmuua 109
JlaHTaHOMAHO-pPaAMOAKTHBHbIE NOCTOSHHbIE
npu aedexre mace

Hocto. JlaHTaHO- PagunoakTuBHas Oobmas 3apobI
aas Cgera n
SIHHBIC —NR .38 _yl12 (64

(329) ARa ATX A=Cd Caeuenus

k2 = k]'k3 =

0,01 (88- | 0,01 (112- | 0,01 (64- 1076

Horer-| 64 k1= | 40 i = 100 s IOOZk(-k Qo0
102 = ) ki )k ki -k B
muanel | -4-10 e o4 Lot | kokyks =
0.04 A0S 9:-107"= | (81-4)'10°= 3
: 0,0009 0,0009 0,77 | 277210".

141.Koneb6aHusa ®opm XusHu B
NMpopomxutensHocTu PenHKkapHauum

JlanTanouIHO-paIMOaKTUBHBIN CBETHJIBHUK (CUMBOJI
®©) MOXHO CpPaBHHUTH C JAMIOYKOW, Y KOTOPOW H3ITydaTellb
BHYTPH JAMIIOYKH (TOYKA *) HMEeT MOTeHmuan v, = 72:10%, a
Oamwton jammnouykd (cumBos O) o0iagaeT MOTEHIIUATIOM
2700-10° = 27-10° (ta6:.109).

Ceuenue ¢ moTeHuanoM 27 < 28 umeer Gopmy noiy
AIUTUIICOMOB U TOJY4YeHO OT reHepatopa ToHkoil DHepruu
sKcriepuMenTaibHo. Biusnue Ceuenus ToHkoM DHepruum Ha
KHUBOE - HE)KMBOE ObUIO CHUCTEMATU3UPOBAHO U OMUCAHO MHOIO
B nepBbIX ToMax pabotsl "Enunerit Kocmoc".

Ceifuac s cTaBJIIO 32124y 10 ONPeaeTeHUIO MPeIeioB
CBeveHHs] MCTOYHUKA M3JIyYeHHs] U TMOBEPXHOCTH M3JIyva-
TeJsl, TO eCTh TOUYKH ""*" 1 Koabma "O".

DHepreTHuecKuil M3Mydatens y, = 72:10°, Bosmyias
OKPY’KAIOIIyI0 cpely B auamna3zoHe =1 yBenuuuBaeT (yMEHb-
1maeT) BBoe, a gocturas kBaapara (T, 1)* = 122 nepexoaurt
B HOBYI0 DopMy M3Iy4EéHHOM JHEPrum.

OcBemaemasi MoBepxHOCTh (cuMBOA O) U3MEHSCT WH-
TEHCHUBHOCTb OCBEIIEHHOCTH MPONOPIUOHAIBHO MOIIHOCTH
u3IydaTels (CHMBOJ Touka B ©).
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Crnenys 3TUM OTpPaHWYCHUSM B TMpeEjenax OT CyOCTpyK-
Typsl (9+0) 10 u3nydeHus crnupaiu 30/IMaKa, TO €CTh 10 122
oyner nmath [lpoaBukennii ®oxara ([3], Tadn.110).

Taomuna 110
Koue0anus ¢popm Kuznu
B [IponosxuresnbHOCTH PeMHKapHanui

Hsro Hpouz[ B Konebanmus
JKEHUH 1 2 3 4 5 Kusmeit
®doxara [3]
oo O g | 36 | 72 | 144=122
y -8 Cyberpyx Bona Ceer |Ilmasma| 3omuax & =16
x10 Typa 6.75 ;
OcBeménnas 6+ 6,75— | 13,5—| 27— 54 — 1 9
noBepxHocTh | (0,75) = |(-6,75) =|(-13,5) = (-27)=| (-54) = 1 = m;
Ox10° 6,75 | 13,5 27 54 108
1621,
JleHn BHE 1310 | o e [IHOPT b iap-| 162 .
[pumeyanue JIyHHOE HOE 00- P~ 16%-10.
Bpemenun HUE Hals
BpeMsI J1aKO

Crtporas 3akoHOoMepHOCTh koisieOanuii dopm XKuznei
MO3BOJISIET MPOrPAMMHUPOBATH YHEPTETUKY COOBITUH.

142.[leHb BHe BpemeHu:
3neKTpomMarHeTuam 6MosnorM4yecKomn nrnasmbl

[Ipumepom peanmsannu Ins BHe Bpemenu siBiasiercs
J0oe cems, Jexaiiee BO TbMe U MpopacTaliee Npu Ha-
JINYUHM CBETA M MUTATEJIbHOU Cpebl.

Ms1 He BuguM, Uto npoucxoaut B Heagpax Cemenn 10
€ro MpopacTaHusi, HO MPOLECCH B CEMEHU UAYT, UOO IHEePrusi
He HCYe3aeT M He NMOSIBJISETCH BHOBb.

BMmecte ¢ TeMm mpH Hammunu norteHnuanos (9+0)-10% u
6,75:10° = 675-10® B Hexpax cy6CTPYKTYpBI GHOKIETKH OYy-
YT MPOTEeKaTh Kojebanus (Tadn.111).
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Tabmuua 111

[denb BHe Bpemenu: ceer B cemenu Anepuonn Kaniu

[Tons flews BHe B pennakprHanusax Bryrpennce
Bpemenu II0JIE CBETA
Tprvep Censt IIuTarenpHas Ho
cpena popacTaHus
KoneGamme | 9-10%5675-10° lole |0
(1a011.108). 175 1 < 256 S
150
1. 150 = (1+2+43+4+5 = 15)(ps= 10)
[Morenmmansr (2. 150 = 5%(6 =2,5+3,5=3,52-2,52=..))
Kynpanunu B mose 3Hepruu cBs3H.

Cemsi, 1mogo0HO »ayiekTpoHaM ragonuHus (T1abds.104)
cxuMaroT atoM (256:(T, = 4) = 64) 10 NOTEeHIIHAJIA CTYCTKA
Tsaub, koHcepBUPYs KyHaajumHu B dHepreTHYecKoOM ToJjie
nsATepuIHOM cBsizu (Tadn.111).

I'enom - 310 TONIBKO OxHA U3 Popm CeMeHHU U SIPO
ITepuonnueckoit Cucremsl ['eHOMOB mynbcupyer otT 6 10 9,
co3JlaBasi pa3sHOCTh U CYMMYy KBaJIpaTOB TMOTEHI[MAJIOB
(Tabn.112).

Taomuma 112
DJIEKTPOMATHETU3M OHOJIOTHYECKOH MJIa3MblI

SAnpo Buonornueckas DNeKTpOMarHuTHbIE
KoMmoneHTEI
resomMa siiepHas ria3Ma KOJIeOaHU
6109 2+62=117 117+45:162:
IToTenmuannl 92 -62= 45 72
M ¢ w="T2 2,25 = 152102

DJIEKTPOMArHeTU3M CBsi3aH ¢ J[3naH:

ﬂ:lSE(W+W)'(ij¢d¢]-

(341)
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143.MpoaomKUTeNbLHOCTb PoXAaeHUa 3eMmnu
B SiAepPHbIX B3aUMoAeNCTBUAX

B 3aBHCHMOCTH OT MOIIHOCTH Ppa3psaaa NJaa3Mbl
3JIEKTPOHBI C MOBEPXHOCTH MJIA3Mbl MOTYT CMEIIATHCH BO
BHYTPEHHee MoJjie MJIa3Mbl MM BBITECHITHCA HA MOBEPX-
HOCTBH IJIa3Mbl. B cOBpeMeHHOI Hayke 3TU SIBJICHUS yCTaHOB-
JIEHBl DKCHEPUMEHTAIBHO M TOJYYMIIM COOTBETCTBEHHO Ha-
3BaHUs NUHY-3(eKT u cCKUH-IPPeKT.

HNuepTHOE 00J1aKO TIa3Mbl, U3 KOTOPOUM BHOCIEACTBUU
BO3HHMKIJIA IJIaHETa 3eMJis, IPOJI0JIKAIIO OCThIBATh.

DneKTpoHbI (TO3UTPOHBI) BHITECHSJIUCH HA TOBEPXHOCTh
m1a3Mbl-o0y1aka B KojaudecTBe TPs= 30, ubo 1mia3ma ocraBa-
nack Apynoi (BHe DOpMBI).

B armocdepe Hag MOBEpPXHOCTHIO IIa3Mbl BO3HUKIIU
CHayajia yriaepoJ U aTOMapHbIE BOJOPOJ, a30T U KUCIOPOJ, a
3aTeM MOJIEKYJbl BOJbl, AMMHMAKa W MeTaHa, KaxKaas W3
KOTOPBIX MMeJIA MO AeCATh 3JIeKTPOHOB (MIO3UTPOHOB).

Tabomuna 113
ITapora3oBast atMocgepa
HaJl MOBEPXHOCTHIO IJIa3MbI-00J1aKa

Mounekynsl | Metan | AMMuax Bona ]_Hy[lxla]e P! BaBuiionckas
bamns
DopmyIsl CH4 NH; H,O
Yucino 6+4 =10+ 7+3 =10+ 8+2 = 10= 30 boru-
3JIEKTPOHOB nst JTynpr | S0 - MOTEH-
uai Bep-
Yucino 6+4=10+7+3=10+8+2=10= 30 bor IHHLL
II03UTPOHOB ‘ ‘ ‘ JlyHbl

[Tosinenne 30 37€KTPOHOB (IIO3UTPOHOB) B MOJIEKYJIax
MeTaHa, aMMHaKa M BOJIbl HAJl TUIa3MOM O3HAYAET, YTO aTMO-
cdepa maporazoBoi cMecH HaJ IU1a3MOil BCTyluia B paBHOBE-
cue ¢ Apynou B Heapax [limazmbl, mOTEHIIMAN KOTOPOM TaKXKe
paBeH 30 = tps-u obsamaer uzomepueit (Tadn.113).
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O nuHAMMKe Meprojaa mapora3oBoil arMochepsl cBUIe-
tenbcTByeT Cranna 11, .5, Antponorenesuca [3]: "S. IlocJae
TpéxcoT MUILIHOHOB JieT (3:10° 11er) ona crama KpyrJoi "u
JeBu3zHa'" '"'mpaBu3zHa' BpemeHu Amokajauncuca, JaHHbIE
B OtkpoBennsx" u pasnoe 3-10° mer" ([6], Ta6mn.114).

Taomuna 114
IIpomoKuTEeNIbHOCTD POKIACHUA 3eMIIH
B SI/ICPHBIX B3AUMOACHCTBUAX

Bpewms, ner JICBU3HBI IIPaBU3HBI Obmas

SAnepunie
B3aUMOJIENCTBUS

3-10%10°=9-10"*(3-10%10° = 9-10"* | 18-(10™* = py).

144.UnHb 1 TAHb:
MOJeKynsipHble Beca BOAbl U Nnecka

Yem Oombllie OCTBHIBAJIO 00JIaKO-IIa3Ma, TEM OOJbIIe
AJIICKTPOHOB BBITECHSJIOCH HAa MOBEPXHOCTh OOJIaKa, TEM I10JI-
Hee OblIa INIOTHOCTh YIIAKOBKH SHEPTUH B IIa3Me.

MakcumanpHas IIOTHOCTh JHEPreTUYECKOU YIIAKOBKU
obnaka-mia3Mmel (IIpamatepu 3emin) Oblla JOCTUTHYTA TOT/IA,
korzaa 3emst crana Kpyrioit, To ects gepes 3-10°+3-10%=6-10°
nert [3].

B koHIle 3TOro nepuojaa MoBEpXHOCTh O0JIaKa-IJ1a3Mbl
HAXOJMJIOCH HA YPOBHE HEOHa C jecsThio dnekTponamu (Ne'’).
OTOT ypOBEHb OOBSICHIET COAEp>KaHUE AECITH 3JIEKTPOHOB B
MouieKyJIIpHbIX koMmnoHeHTax NHj;, CH; u H,O (ta6n.113).

Bmecte ¢ Tem mepexon obnaka-muiasMbl Ha YpOBEHB
KPHUIITOHA ¢ BOceMHanuatbio snexrponamu (Kr'"), BbITecHHUT
Ha TMOBEPXHOCTH IIIA3MBbl YK€ 18 3JIEKTPOHOB, BMECTO MPEK-
Hux 10. ATombl oTBepaeloT [3]. Bo3HUKHYT Macchl (ATOMHbIE

Beca). [losiButcs TBepab 3emuasi win necok Si0, W Bojna
(Tabun.115).
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Tabmuma 115
uab u TaHb:
MOJICKYJISIPHBIE BeCa BO/bI M MeCKAa

. Pesonancublie
Omneparuu Bona (H,O) | Ilecok (S10;) N
Cymma 16+2 =18 32+28 =60 Bonma Ilecok
Pacuer T l62-14 | 3228-4
Moreky- | A3HOCTh —2 = —28 = 18-14 < 60-4
TAPHBIX | oo 9-7=63 < 60
BECOB TZT ]_[I/IHL =32 Tsaup = 64 I'eHOMBI TpeTI/Iﬁ
I'na3
Paznoctu 18-14=2 60—4 =56 56:2=112
PeunKapHarmn (56-2=54)-(1g p1p2p3paps=2) | DneKkTpo-rpaBuo-
=108 MarHeTH3M.

JecTh MHWJUIMOHOB JIeT Ha3aJ ObLIM HANHUCAHBI
Kuuru /[3uan u Ilepemen, Ho xorna Many-MelicauTens (Ml
C BaMH) HAy4YWJICS YUTATh-CUUTATh, OH THICAYEIETUSIMU TaK U
HE TOHSJI, YTO MOJIEKYJ/ISIPHBbIE Beca HA/JA0 CYUTATH B JUHA-
MHKe NYJbCAallUU, 2 He B CTATHKE OJHOM TOJBLKO CyMMbI
aTOMHBIX BECOB.

145.CoxpaHeHMe 060MI04KM NPU peunHKapHaLmm

[Tnazma-001aK0 MPOJOIKAET OCTHIBATh U Ha €€ 000J104-
Ky BBIJIaBIIMBAIOTCA YK€ HE BOCEMHAJIATh JJIEKTPOHOB apro-
36
Ha, a 36 jiekTpoHOB KpunToHa (Kr™).

Camocyliye BOJHBI BEYHOW ThbMbI NMPOPACTAKT IO-
noono Cemenu, a ux sapa (Hocutenb CBeTa) pacKpbIBAIOTCS
MOoTI00HO MBETKY JI0TOCca, Aapst CBET OKpY KaIOIIeH cpejie.

Yépuass muxpo-makpo Jlpipa Tpanchopmupyercs B
HOBYI0O MHKpoO-Makpo 3Be3ay: '"la Oymer Cmer'" - ckazain
['ocrioas (bubmust) u "Ilnoaurecs, pa3MmHokaiiTecs', 100 co
cBetoM npuién ¢porocuntes - Hocurens XKuzau.
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BwMmecrte ¢ TeM Mexly aprOHOM M KPUIITOHOM BO3HHKAET
yeTBEPTHIN nepuof llepuonnueckorn CructeMbl XHMUYECKUX

DIIEeMEHTOB, CKaThIX AJeKTpoHaMu (Tada.116).

Yucuio 2s1exkTponoB B aromax III u IV nepuogos

Taomuna 116

YIIIEI
I | 0|0 |1V |V | VI| VI| VI IX
ITepuoasl
11 1112131415 16| 17 - Ar'®
25,26,
v 19 |20 | 21 | 22| 23| 24 2728 | g
20 | 30 | 31 |32 1]33| 34| 35 -

N3 Tlepuoguueckoit CucteMbl XUMUUYECKHUX DJIEMEHTOB
JA..MenneneeBa BHAHO, 4YTO CyMMa OJJIEKTPOHOB AaTOMOB
BOCBMU I'pYII TpeTbero nepuoja, papuas 98 = Y 11l u cymma
AJIIEKTPOHOB AaTOMOB BOCBMH TpYyHI YETBEPTOro MEpUOAa,
paBHast 432 = ) IV, cBsi3aHbl C 3JEKTPOHAMH APrOHA U KPHUII-
ToHa (Tabi.116).

B none III - IV nepuonos Ileprnoanueckoil cCUCTEMBI
BO3HHMKAET KOHTYP KOJIeOaHMIA:

Koseb6anusi 3J1eKTPOHOB

3jemMeHTOB III 1 IV nepuoxon

| s |
STV =432 9 18=4r
———— =12 &—=———"—"""—u 449=1423
Kr'® =36 49 98=3 I <
[Tpume- yraepon C, | Cybetpyxrypa Maruetusm
qAHHe CIUpaJb (9+0); =142 Apymna.
3omuaka 49 - 000sI0uKa HH

(342)

B cnupanu 3oanmaka BO3HUKAKT KuBble MarHurbl
YIJIEBOAOPOAHBIX MOJIEKYJSPHBIX Te ¢o 108 pemnkapha-
musimMu (12 << 49/9 umu 129 = 108 < 49), coxpaHsiioniumMu
000/109KH.
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146.Hoocdhepa: dopmuposaHue
BoAopoaa, renms U reHoMoB CBETOM

Cset, u3ny4€HHbI B HOOC(epy ¢ noeepxHocTn Karm
Snpa, HauMHAET CAMOCTOSATEIBHOE CYLIECTBOBAHUE.

CamocTosiTeNIbHOE CYIIECTBOBaHHE CBETa B Hoocdepe
MpoSIBIISIET ce0S BO B3aWMOJCHCTBHUSAX, NEPEXOMISIMIUX OT
B3aUMOJICHCTBUH cBeTa (Ps) K CIa0BIM B3aUMOJICUCTBUSM (P>),
4YTO CO3Ja€T B HOoocdepe dHepreTuiyeckui (poH ¢ morTeHIma-
JIOM:

p22/ps=107%/10=10". (343)

Hamnuue B HOOChepe suepreruyeckoro ¢Gona (343)
NPUBOIUT K J[3HMaH - myJbcamuu 3Toro QoHa:

1 0 1 1 P
| |pdp- god(p:——[——jzlj—zzil-m‘z. (344)
u ! 2 02 Ps

3areM B Hooc(epe HauyMHAET MPOSABIATH CeOs IMynbca-
U] TOYEUHOTO y4acTKa BOJHBI CBETA!

2 3 2
tm =L 20002 mEm =-L2-0008,  (345)
Wy Ps @y Ps

KOTOpasd 3aBCpIacTCA IOABJIICHUCM I/IHepTHOﬁ BHGPFCTI/I‘{CCKOﬁ

pPalOaKTUBHO-TAHTAHOUHON KOMIIO3HUIIMEH C TIOTEHIIUATIOM
k; = 0,009 (1a6a.109).

JanbHelIee cryimenne cBera (GOpMHPYET BOJOPOI U
resvii, To ecth nepsbiid nepuoa Ilepuonnueckoit Cucremsl, B
KOTOPOM MEXK]ly aTOMapHbIM BOJIOPOJIOM U TE€JIMEM IyJIbCUPY-
€T MoJieKyJa Bogopoaa (puc.37).

nepexoj OT aTOMApHOI'0 BOJOPO/ia K reyiuio GopMupyer
T€HOMBI:

(£2-4) — (£1-12 = 64— 1 = 63, (346)
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Hoocgepa: nocmosmnas esaumodeticmeuti (333) = 107;
Il3uan - nynscayus (334) = +1-107;
domon-gporonst (335) = 2:10-3 + 9-107;
6000p00 - cenuil.

VINbL
1 a | ur|w\|v,|vi| vl Vil IX
Ilepuoos
8
3| 3uan | (335) _ 9
Csem % 10 ] 5 Cpeoa _[god(o 30 (Jlyna) | 8 (ma6n.107)
o 2:4=8
1 =
] H| Moﬂze_ Cpeoa j pdp=24 Hei .
amom |~ g 4

Csamou /[yx (Omxposenust)

Puc.37 Tpancgopmayus céema 6 6000poo u cenuii

147. dHepreTnyeckun oomeH
MeXxay BOAOPOAOM U reniuem

O crmocoOHOCTH T€HOMOB COXPaHSTh CBOIO KU3HECTOM-
KOCTh B DKCTPEMaJbHBIX YCIOBHSIX TOBOPAT MU(pbl 0 Hemo-
pouHoM 3ayaTHM: y XPUCTHAH OT royiy0s, Y UHIyCOB OT Oe-
JIOTO CJIOHA.

Ho 3agonro no HuUX 0 pa3MHOXKEHHM NUCATIA ABTOPBI
Kuauru /[3uan: 6. llapps siBwiIcs caM U ceiiyac ObL1 U3BECTEH
um. "5 - mepsblil"', cka3zaa OH, "M g - mocJaeanunii, 1 00a
MBI - 0AHO Juo. CBeT nmpuméa u3 TbMmbl. Bcé npunuio u3
Huuero. U3 Cmeprn npunuia Beynas Kusnb." ([4]. Teore-
He3uc. Cranna VII).

Orta CraHlla ONUCHIBAET TpaHC(HOPMALUIO CaMOCYIIHUX
2
BOJIH C MOTEHIHUANOM 2 B (oToH (puc.37):

2
(scg.cscgzz LJ.&:o,oozsm:*, (347)

@y ) Ps

/i€ CBOMCTBA reHOMa HACJIeICTBEHHOCTH OIKCHIBAIOTCS C
MIOMOIIIBIO 3JIEMEHTOB Besinkoil [Tupamuasl (336, puc.3,
Tab1.15):
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L=82
24y — (=112 =63= [pdp. (348)
i

Tpancpopmanvss TbMBI CaMOCYIIUX BOJH B (POTOH
m.** = 0,002 nmpoucxonut B nepuoze "cer" (puc.37), u nus
COIIOCTABIICHUSI PE3yIbTaTOB HAM HEOOXOJMMO MPOBECTH Iie-
pepacy€T NOTEHITMAIOB OTHOCUTEIBHO mc** (Tabi.117):

Ta0muma 117
Ceer B nepBblii nepuoa B nepecuyére Ha me**=0,002

pynnul
I 3 1 I i\ | v\|vi|vi )| Vil X
epuoos
JBuan | m ** | Ilamepuunas cea3v. me** | o _
Coem |"o5 | 1 0,5+4,5 = 1+4 g |92
Masmnuxosviii 3¢hghexm 2
! H.
I " <1000 m** ——| ¢
500 500 m,** s 1000.

B cmektpe cBera 3apoxxngaercs IlsitepuyuHasi cBsi3b, a
OT ILJIa3Mbl 3JIEKTPOHHOrO0 obsaka renaus noctynaer 1000 m **
B TO BpeMs Kak oT Bojopoaa Toiabko 500 m ** (tabn.117), uro
(¢opMupyeT NOTEHIUATbHO-KHUHETHYECKOE OTHOLIEHHE
IHEPTHM.

148. CTtpoeHue Apgpa. Cnupanu 3oaumaka. Cepaue

Muxpo-makpo crycrku Ennnoro Kocmoca nmomydaror
DHEPruI0 U3 MeTarajakTuku HeBecomoctu B hopme camocy-
IIUX BOJIH BEUHOW ThbMbI. JTH BOJIHBI - HeHCUYepIaeMblii HC-
TOYHHMK HEPIruM.

Coynapsisicb B KOPOTKOJICUCTBYIOIIUX B3aMMOJICHCTBU-
X (prps = 10") camocymue BOMHBI (HOPMHPYIOT HHEPTHYIO
J1a3My, OMMCaHWe KOTOPOM HaM M3BECTHO Kak rpynmna UHEpT-
ueix raszos: He?; Ne'’; Ar'®; Ke*% Xe™*: Rn®®; X'1? (puc.38).

CyMMma 31ekTpoH - skBuUBAJIIEHTOB B Kamne fnepnoro
BellecTBa Oyet paBHa (puc.38):
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2+10+18+36+54+86+112 = 318, (349)

4yT10 cooTBeTCTBYET 159000 m **.

7 He?

6 Ne'°

5 Ar'?

4 Kr’® Cemsb ypoBHeii

3 Xe*t SAnpa

2 Rn®®

1 Xl 12

C < Henpa Anpa

0,5—__

~  Ilocrynaroniue mo mecTtu
Kunkas HaIpaBJICHUSAM TPEXMEPHOTO
I1a3Ma [IpocTpaHcTBa caMOCyIIM€E BOJIHBI:
6-(Sct/4-Csc /4 = 2)

12 - Cnupans 301uaka

Puc.38 Ceuenue Kanau HAopa

Henpa fnpa, hbopmupysichk kak pe3yJbTaT coyJapeHuit ca-
MOCYILIHX BOJIH, KOTOPBIE IIOCJIE COYAAPEHUs Pa3JIETarTCs,
00J1a/1a10T IIEHTPOCTPEMHUTEIIBHBIM YCKOPEHUEM U CUJIOH, paB-
Holt JI3uaH (puc.38):

F =mZE,;(f, = co, = n?/2) = 1/2. (350)

CxaTtne MEHSET IEHTPOOECKHOE YCKOPEHHE M BMECTO
H3uan (350) Bo3Hukaet Gporon m** (tabn.117, puc.38):

(F = 1/2 & 2 = m**)(p,¥/ps = 107). (351)

®otonbl n3 Heap fapa nmocrynaror B XKUAKYHO ILUIA3MY
AJICPHOTO BEIIECTBA IO LIECTH B3aWMHO MEPIECHIAUKYJISIPHBIM
HarpaBlieHusIM TpéxmepHoro IIpocTtpancTsa, hopmupyto cru-
paib 3oauaka (puc.38).

MosouHo-0eble HUTH CIIMpaiu 30AHaKa, PACIIUpPSsACh C
noTeHuaiom 3,5, popMupyroT 42 bokecTBa YUCTBIX CepAell
KUBOIO:
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12x3,5=42= 28 = Jpp*)H(14= Juu®),  (352)

OCHOBBI OMOTOKA MbIcau U [lamsTH.

149.NMynbcauua Kannu Appa:
pacwudpoBka Kanengaps Mann

Kocmuueckue 13-tu myHHble yackl (Kanennapp nuBuin-
3aruu Maiist) popmupyercs B Kamie Anpa (342, puc.38):

Kannsa Slapa kak 13-Tu JyHHBIE Yachl

Yucno ¢poronoB B | Yucno poroHoB B | Cymma (HOTOHOB B
anekTponax (339) Henpax SAnpa Anpe (353)

U 159000+&;/’5)=10000 =13%.10°.
0,002 -

c

OTAMIUTETFHON 0COOCHHOCTHIO CTYCTKA (DOTOHOB C IM0-
tenuuanioMm 1321000 (353) siBisieTcst cIOCOOHOCTh M3Jy4ath
KBaHTBI C MOTEHIHAI-3KBUBAICHTOM, PaBHbIM 13:

MyabTuIIETHOCTB crycTka ¢poToHoB (353)
npu ¢ = Av
ITonsa CT'YCTOK |YacCTOTa fUTHHa B OEJIOM CBETE
BOJIHBI (354)
. 132100 | v=13 1A3%)0:0 Ah - AB =

e - 13000 : 3600 =

JIasMa = 3 = 3 3,6(1).

(prc.38) AMV=10°=ps

Wsnyuyas xBaHThl ¢ 13-TM JyHHOH 4acTOTOM CryCTOK
¢oToHOB maér »TMM KkBaHTaM BoiHy B 13000A, uro B 3,6(1)
paza npesbilaeT pa3HocTh JIuH BoJH (3600A = DB) conneu-
HOT0 0eJIoro cBeTa.
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Cryctok ¢ moteHuuainom 3,6(1) siBasieTcs TOl Be4HO-
HeBuanmoii odsaacteio Kanom fAnpa, B koropoit popmupy-
ercs /lens BHe Bpemenn.

Bwmecte ¢ Tem kBaHT ¢ yactoroi 13 (354) pacnpocrtpa-
HseTcs o cemu ypoBHsaM Kamum Anpa (puc.38):

13-(1+2+3+4+5+6+7 = 28) = 364 =364 nua B rony. (355)

B cuncnennn yepens! Ilpomomxurensnocren 13 ompe-
AEJATIOCHh KAK YHMCJI0 MecsleB B roay; 28 BbICTyIIAJl aHAJIO-
roM uucia gHei B mecsue; T, = 4 - KaKk YUCJI0 HeeJdb B Me-
csle, a ceMb ypoBHe# (puc.38) - Kak ceMb JHeH HeeJIH.

Henenue kaxnoro mecsua Ha cutiow (AC +Al'= 6001&),
xentyro (AKX = 701&), oenyo (AB = 3600A) u kpacHyio
(AK 14OOA) HEJICJIHW, OaBaj0 BO3MOKHOCTH COIJIACOBATh
nyJabscanuu Kanom SIapa u pacumpenus Beenennoii:

AK + AB + (AT + AC) = 5600A < 70A = AX;

3
! 5600:70=80= .25 (356)

3
@y P

150.MoBepxHOCTbL Kannu Appa: cTtpykTypa

Hama 3emus - crycrok, Kanus siapa, :;kusoit Hocu-
Tejib /KuBoro, s3uepreruueckoe Ilogodue ocrbiBHICr0 Ha
MOBEPXHOCTH 00J1aKa-1mIa3Mbl (puc.38).

HUuctutyt I'eopmsuku AH CCCP ycranoBuiI: sHEpre-
Tryeckuil motok 3 Hemp 3emmu momaet nutocdepy Ha O10Ku
C IPEUMYILECTBEHHBIM KO3(pPpuumuenrom 7/2, a sHepretTuye-
ckuil motok u3 riyoun Kocmoca cryiiaer HeOecHbIe Tella BO-
Kpyr 3eMJIM C MPEUMYyLIECTBEHHBbIM KO3 duuueHTom 5/2
[10].

[Torenmuaner 7/2 = 3,5 u 5/2 = 2,5 - 3T0 SKBHBAJICHTHI
3,5 u 2,5 ButkoB KyHIamnHu COOTBETCTBEHHO MPHU paCIIUpE-
HUHU U ckatuy, a Kynpanunu Teopen ’KusBoro, B ToM yucie
nJIaHeThbl 3eMJIsl M )KMBOI'0 Ha IJIaHeTe.
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Kynpanuau Bo3HUKaET B Ka10¥ MUKpo-Makpo Kamie
Oxeana 7Ku3nm, a xaxnas Kams ABiseTcs SJHEPreTHYeCKuM
[Togobuem Kamnu ITna3mer (puc.39).

2,5 corcamue/m,**
2 - 4UCI0 2NIeKMPOHO8 2eius

4 - amomuwil 8ec eenus

pacwiupenue/m. *

Puc.39 Cmpyxkmypa obonouxu u3 eenus

[ToBepxnocTh Karmmu nHEpTHOH M1a3Mbl (POPMUPYET Te-
muit Hey? (63 m.* = 0,008).

BHEIIIHIOIO CTOPOHY IOBEPXHOCTH T'eNHS (OPMHPYIOT
ero 1Ba djekTpoHa (puc.39).

BHyTpeHHss cTOpOHa TOBEPXHOCTH U3 Teiiusd OyIeT IK-
BHUBAJICHTHAa aTOMHOMY Becy renust 6e3 m.* = 0,008; To ectb
4,008 - 0,008 =4 (puc.39).

ITon BnusHnem KyHIanuH{ CKaTHs U PACIIUPEHUS U3
reJivsl BOSHUKHYT MarHeTU3M U MATEPUYHAS CBA3b:

IIATEpHUYHAA CBA3b

MAar"H€Tu3m

Ob6omnouka u3 renus (puc.39) Apyna-Pyna
[ToBepxHOCTH Buemnss Buytpennsas | _2500
1750
225 _ps00 |23 _1750 750 =— p?.
Motenmuans: | 0,002 0,008 1,

(357)
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151.MarinTHasa npupoaa B3aumMoaencTBumn

JIro0asi MOBEPXHOCTh COCTOUT M3 TOUYEUHBIX YYACTKOB,
KAaK TKaHb U3 Y3€JKOB.

[Ipy mocTyrnjaeHun IHEPruu CaMOCYIIUX BOJIH B 00b-
ém Kamuim siapa, a 3atem k O00J104Ke 1ApPa, KOKABIM TOUEU-
HBII y4aCTOK OBEPXHOCTH CTAHOBUTCS M3Jy4YaTeseM.

JIMCKPETHOCTh PE30HAHCHBIX COyAapeHHil camocy-
IIUX BOJH JUKTYeT JUCKPETHOCTh M3JIyYeHUS KBAHTOBO-
BOJIHOBBIX MMITYJILCOB M3JIy4aTejeM.

Jrwobass Kamnst siapa (B Tom uwmciie 3emiisi) HU3IydaeT
MarautHyro suepruro (14 = \[uu*) ¢ yuérom xosddurmenta
pacuupenusa Kynaanuau, To ectb noteHimana 3.5:

HN3iayyeHne MarHuTHbIX (DOTOHOB

_TJpp*-35 _4-14-35=196=14" = yu* (358)

m. m. =0,002

c

k, =98-10°.

Bo3aukaer MarmmTHOE II0Je, oOiamaromee J[3maH -
nyabscaruei (358):

1

1
98-103=196{I(0d(p=i%}-103Ey,u*-pgjgod(/). (359)
0

0
%
*ok

N3nyyeHHOe MarHuTHOE TMOJie TOTJIomaeT (POHOHBI
(m:*=0,008). ITpu nornomniennu noteHuan KyHaaanuau paBeH
2,5, 1 3Heprusi norjomenusi GoOHOHA OKA3bIBAETCA B Je-
CATh pa3 MeHbIIle JHEPIrumn u3jaydyenust GpoToHa:

IHorJiomenne MAarHUTHLIX (JOHOHOB

* 2 360
T 14 196 _ oo 10 (360)

T25.m 25-0,008 0,02
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*
kk

[Tornomenne MarHUTHOM cpenoi (OHOHOB U HU3Jyde-
HHUE U3 MAarHUTHOM CpeAbl (DOTOHOB NPUBOAUT K IOSBICHUIO
B3aUMOJICCTBUI CBeTa U cjalbiXx B3ammopehcTBuil (358,

360):

k _98-10°

k, 98-10

Kk
=10=p, < p, =10~ =;2 (361)

152.Mpepenbl HacbIWEHNA MarHUTHOM cpeabl
¢oToH-chOHOHaAMM

Kone6anus ¢hoToH-GOHOHOB B MarHUTHOW cpeje Hal
BHYTpeHHel ob6onoukoit Karnu SAnapa (367):

KoJie0anust GpoToH-(poOHOHOB B MATHUTHOM cpeje

k. 25-m _ . k
BzaumoseiicTBus k_; = m::n” =1010" = 2,15%-6171: Zé
B Touke Ha w2 4104 106 = )2
nonepxioern | (5 =410% < 4107 = (me*) (362)
B Apyme (2,5mc*)* = 8:10° = 4-10° = (m **)’
B Pyme (2,5m*)* =16:10° < 16:107"? = (m**)*
8 -12
B momunodope 16—1012 =10 <107 = %
16-10° 16-10

C..BaBusioB yCTaHOBWJ, YTO TpPH JIIOMHUHECLUECHIIUU B

mpejieNiax HaChIleHns ToMuHodopa B HEM Haxomures 107
dbotoHoB (362).

B momuHOdOpE ecTh HE TONBKO CIYCTKHU - (POTOHBI, HO
Y BaKaHCHU ¢ noTeHImaioMm 10™" 1y HOBBIX (DOTOHOB, KaK B
TKAHHU €CTh He TOJbKO Y3€JKU, HO U HUTH.
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*
kk

Toce m3myderns 16-10°° GoToH-HOHOHOB CONHEUHBII
CBET TpaHcopMuUpyeTCs B TIOMHHECIHCHTHBINA. JIromMmuHOGOp
CTAHOBHTCSI BaKaHCHEH - AbIPKOM. JlpIpKa 3amonHseTcs HO-
BBIMU (poToHaMU 3a 16 = T, OTHOCHTENbHBIX equHuI IIpo-

JOJDKUTCIIBHOCTH. HpOI[OJI}KI/ITCJIBHOCTL 3aTPOHCT MW BaKaH-
CHMH.

1
72107 < Ti g0 WM 16:10% = g* < 62500-107%. (363)

0

Han cryctkom (Hanpumep 3emuisi) BOBHHKHYT MOJSIP-
Hble BUXpH. B crycrtkax (Hanpumep Mo3r) BenbIXHET B0OO-
paxenue (q*). YV enuxoit [{upmnmzanuu nosButcs mugp -
K04 Kk bubmuu. A npuumnHOil Bcemy 3ToMy Benukonenuto
oynet "npipsiBoe' Tpéxmepnoe [IpocTpancTso.

*
kk

"JIpipsiBoe' IIpocTpancTBO peasusyet ceds1i B popme
IUVIAHETAPHBIX CUCTEeM MUKPO-Makpo Bceinennbix. Hanpu-
Mep "tonmmHa" (0) MoBepXHOCTHOrO cios renus (puc.39) omn-
peaenseTcs MOTEHIMAIIOM SIAPA U €ro IBYMS SJIEKTPOHAMM.

153.ennn - BOAOPOAHLIN CUHTE3
KaK aHepreTMka MMTo3a

[1710THOCTH PHEPreTHYECKO YIAKOBKH aTOMAa TeJiusi
B IU1a3Me U "AbIpsBO''-TiaHeTapHOM [IpocTpaHcTBe pa3inyHa.

B mna3sme skBuBasieHT-noTeHIMan aroma renus (Heg?)
CYILLECTBYET B pEXKUME PE30HAHCA, CO3/aBasi CUCTEMY KoJjeba-
HUS

4/2 < 2-4 < 2/4;
16 & (242 <4, (364)
T2 < 64 c?/ o2,
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IJIe CTYCTOK TSIHb pactIupsieTcsl Kak MOBEPXHOCTHAS BOJTHA C
nepuoanuHoctbio T,* (puc.40.1).

1. Amom eenus 6 nrasme 2. I[Inanemapuas cucmema 2enus
("ovipssoe’’ IIpocmpancmeo)
2 - Yucno
31eKTpoHOB He

Snpo
(>xénroe)

4 - SInpo (aTOMHBII

ONEKTPOHBI
BEC resus)

(cune-
roryonie)
roy0oii

Puc.40 Amom cenusn 6 niazme u "ovipsisom" npocmpancmee

[Tpu sTOM ma3zma pacmupsercs ¢ ko3gduuuenrom 3,5
U B pe3yJibTate Bo3HUKaeT mnose (3.64):

(16 < 64 < 4):3,5 = (44 < 0):3,5 = 154. (365)

N3nydeHue KBAHT - SKBUBAJIEHTA aToMa TeJIs U3 IJ1a3-
Mbl COCTOMT B TOM, YTO KBAHT ''BBITAJIKMBAETCA" IIJIa3MOM,
IJIOTHOCTh KOTOPOM paBHA ¥, = 72, U U3y4EHHBIN KBAHT CTa-
HOBUTCS paBHBIM (365):

154-(y, = 72) = 11088 = Const He (366)

KBaHT renus usinyyaercs B cpely BOJOPOAA € MOCTOSH-
Hoil Const H = 1008, u, npeogoneBasi CONPOTUBIEHUE CPE/IbI
BOJIOPOJa, (popMHpYyeET MOTEHIHUAT - SKBUBAJICHT (9+2):

Const He 11088

= =11=(9+2). 367
Const H 1008 ( i ) ( )
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AtMocdepa BOJOpOAA HACBIIAETCS SHEPIHE TIemus.
Bo3aukaer muto3 OumoxieTok. CtraOumm3mpyeTcs Mporiecce
pasMHOXKEHUsI U ero OJoironus. Ho DBomrorus mpoiecca
pPa3MHOXEHUS TPOTEKAeT B YCJIOBHSAX 3aKOHOB Iepexoja OT
J1a3MBbI K TUTaHeTapHOU cTpykType (puc.40).

154.Mynbcauusa ceBeTa B cryctke TsHb

N31yd€HHBIA MarHUTHBIN KBaHT - SKBUBaJIEHT He,?, mo-
najas ¢ noBepxHoctu Karmm flnpa B okpy:Karollyro cpeay Bo-
JI0poJia, MEPEXOAUT U3 pexkuma pe3oHanca (369) B aHTupeso-
HAHCHBIW PEXKUM ITyJIbCALINU:

A-2))eo@#-2)=4-2)

u 0= @-29)-4-2)=(@+2)<=0
WIn 0= 16 < 0). (368)
Bo3HukaeT a51eKTpuUecKoe 1oje, Tak Kak 16 = (/qgg*, u

"neipsiBoe", TO ecThb manerapuoe [Ipoctpanctso (puc.40, 1).

Kynganuau ¢ ko3@duuuentom 2,5 CKUMAET 3JIEKTPU-
yeckoe noje (368), dopmupyst CokpoBennyrw CopokoBuiy,
kpatHyio CBadxasat O:

16 - 2,5 = 40. (369)

3a cuéT pa3HOCTH MOTEHIMAJIOB pe3oHaHCHOTO (364) u
aHTUPE30HAHCHOTO (368) peKMMOB MOSIBIIAETCS CI'YCTOK

(TooTanp) = (168°4) - (0516<50) = (6364<>4), (370)

NYJbCUPYIOLIUI ¢ IePpHOAMYHOCTHIO Pynibl, TO ecTh T, = 4.

Crycrok TsHb, NynabCUPYHOIIUMKA C NEPUOJAUYHOCTHIO
T, = 4, SKBUBaJICHTHOW aTOMHOMY BECY Telvs, MyJbCUPYET B
PE30HAHCHO-aHTUPE30HAHCHOM pexknume (Tadm.118).
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Ta6numa 118
yabcauust Maccel rejims B crycrke TsaHb

Pexxumbr | Cuctema | Pe3onanc | Autupe3onanc| Pesynbrar
=4 | 161 Jr64+4=68 642 — 42
ITorenunansl 64-4=060 16 =515
128

[Tynecupys B crycTke TsHB KBAaHT - SKBUBAJIEHT aTOM-
HOMY Becy renwus, Ben€T ce0s Tak ke, Kak 3TO MPOUCXOIUT B
rpynne JaHtaHou7oB (1ad:1.103).

Baxneitmum pesynbTaToM sBisieTcss  (hOpMHpPOBaHUE
BCEX U3BECTHBIX B [Ipuposae B3anmMonencTBui:

5151g[105‘=Mp2p5j. (371)

155. POTOH - (POHOHHBLIN BUXPb MeXAy AAPOM
M 3NIeKTPOHaMu aTtoma renus

O B3aumopaelcTBUsAX ¢ noreHraioM 3-51 = 153 roso-
pun Mucyc ceouM AnoctojiaM, JIOBUBIIUM phIOy: "'3abpochbTe
ceThb ¢ Apyrou croponsl'. OHu 3a0pocuiu u nomauan 153
kpynubix peiobl (EBanrenue ot Moanna, ['masa 21).

OpHako cakpaJIbHBIN CMBICI 3302 ObLT HE B phIOE, a
BO B3aMMOJICHCTBUSX, BEAYIIUX K (GOPMUPOBAHUIO TIOJIEH

(7 < 2) lg(pypalpr = 10°") = (7 < 2)-51 (Tab1.119).

Taomuna 119
Bbor Aiin CO® B 13-Tn JiyHHOM KaJeHaape Maiis

TsaHb PrIOBI [Ipumeps! noneun
Kuura Kynnanunu:
Mngopmarus [Tepemen Epanrenne 5/3=1,(6) rae 6 = 3,5+2.,5
O30t1eprKa | XpUCTHAHCTBO |  [Tepuognynocts 1, = 4:
[Motenmmaner |255=5-51| 153=3-51 (5+3).51

13-Tu J1yHHBIH (52 =4%+3?)-512 = (5 - 3)‘ 51
KaJleHJaph 13-10*+50 bor Aitn CO® Bo B3anMoO-
nerctBusx (4:5=50)-51.
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XpucTuaHe - €BpONEHLbl HCTPEOMIN LHUBHIM3ALUIO
Maiisi; ceroiHsIIIHUE XpUCTHAHE Tpeaain aHadeMe 330TepUKa,
yu€Horo u xynoxxnHuka H.K.Pepuxa. [Ipunua nopa u3BUHATH-
Col.

***

Mob6unu3oBaB B3aumoaeiicTBus (ta6mn.119), Ilpupona
orBepawia Kamto [1nazmel B atom renus (puc.40. 2).

ATOM rejiusi CymiecTByeT B JHHAMHKE €ro KOMIIO-
HeHT (Tab6:.120).

Ta6numa 120
Buxps T,*t> Mesxkay 3JIEKTPOHAMH M SIAPOM aTOMA IeJIus

Snpo ONEKTPOHBI
Kommo- . Heo6xonumocts
menTer | ATOMHBIH | Pacum- Wsomepust | Coxarne | BUXPA (To1=12)?
BEC peHue
[Tynbcamus 4x35  _ 1-(1x25 _ | 43,536=504
HHOTHOCTB }/n = 72 7/ = 36 B M
144 = 122
CroiicTBa Marnerusm: IIarepuyHOCTD:
43,5=14 2:25=5

st popmupoBanus Buxps (T,1)? = 144 HeoOxoaumo
18-10°>*m* m 72-10%m ** = 144 : 0,002. (372)

156. Bnuanuve ¢potoH-pOHOHOB renus
Ha MUTO3 OMOKNeTKU. 3uroTa

Buxps T,2t* = 122 Mmexay siApOM H 3JIEeKTPOHAMHU B
aToMe rejus, spisomuiics Hocurenem 18-10*m** (doro-
HOB) U 72-10*m.* (honoHOB), rae 18 u 72 MoneKyIsIpHBINA BEC
BOJIbI M TUIOTHOCTH TUTa3Mbl, YKa3bIBaeT Ha TO, 4TO ZKHU3Hb 3a-
POKIAaeTCH B :KUIAKHUX cpeaax (tadm.121).
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Tabmuma 121
Buxps ¢poToH-pOHOHOB MEKIY ITEKTPOHAMU
U 1IPOM aTOMA reJIus

Pexxum AHTHUpE30HaHC Pesonanc
Kommonen k= k= k= ka=
®DoTOHBI N 72-103 _72-10° « 90-103 o 72-103
®oHOHBI 18-10° 18-10° 54-10° 18-10°
Pesymerar | 90110°  —  54.10°= | 151810° - 4.18210°=
Pasnoctu 36-10° (9+2)-18> 10°
Pa3HocTs myinH BOJIH MuTo3 ONMOKIETKH
Cosumanue | onpeunoro 6e1oro cera B KMIKHX CPEax.

B xuakux cpegax cyoctpyktypsl (9+0) u (9+2) Haxo-
JATCS. B PE30HAHCE, TaK KaK UX 3apOKICHUE IPOUCXOIUT 3a
cu€t Buxper (PoToOH-POHOHAMH MEXIY SIPOM MU JABYMsI DJIEK-
TpoHamu (Tabn.121):

k,—k, 11-18%-10°
k—k,  36:10°

= 11-9-10° = (9+2)-(9+0)-10°. (373)

[TosiBnseTcst "omnonorBopéHHasi OumokJjerka' (373),
KoTopas pacuiersiercs (373):

11-:9-10°=11'10° = 1/9 =

T 9.10° < 1/11
20-10° < 20/99 = 0,(20).  (374)

Bo3Hukaer xKENTo-KpacHOe moJje, rae,
20 = (Ak = 1400A):(AXK = 70A). (375)

Ceronnst eNnToK sila (ONMJI0AOTBOPEHHAN SIMLIEKJIET-
KA - 3UroTa) nuraercs 0eJKOM... U Mbl CMEPTHBI.

Ho Teorenesuc Kuuru I3uan rosoputr, uro YesioBek
Bosu u HMoru ob6peraer 6eccmeptue Ha KpacHoit 3Be3ne,
NUTASICh MYPIYPHBIM 3epHOM [4].
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157.Cemb ypoBHen B Kanne sgpa:
CTPYKTypa CrycTKOB

[Tocne simepHOro B3phIBa BE3JECYIIMX BOJH BO3HHUKAET
Obaako-Ilnazma, cyuniecTByroiiee B aHTUPE30HAHCHOM pe-
xuMme (T,+ 1t =7) Cemu Beunocreii [3], Tak Kak KOMIIOHEHTBI
IJ1a3Mbl Pa3pacTaloTcs B NMPOTHBOIOJIOKHBIX HaINpaBJie-
HUSX.

Bricokue TemnepaTyphl U 1aBICHUS B IJIa3M€ B MOMEHT
B3pbIBa NPUBOAAT K (popMupoBanuio B obnake Cemu YpoB-
Hell 3J1eMeHTOB HHEPTHBIX ra3oB (puc.38).

[Ipn oxnaxknenun 318 5JIEKTPOHOB HMHEPTHBIX Ta30B
pacuupsitorcs ¢ kodpdunuentom 3,5, odbpazyro GoToHb m.*,
a 6010 snexkrponoB Bocbmu rpynn Ilepunoanmueckoir Cucre-
MbI DJIEMEHTOB CXKUMAIOTCA ¢ Koddduimentom 2,5, hopmu-
pys m.* (tabi.122):

9J'ICKTpOHBI BJ'ICKTpOHbI 3JICMCHTOB
HWHCPTHLBIX I'a30B BCCX BOCBbMHU I'pyHIl
. (376)
31835 56500 > 300500 = 6010 .
m. =0,002 | 2,5-(m. =0,008)

Bo3nukaer anekTpuyeckoe T1ose,  yIepiKHUBAIOIIEe
J1a3My camocyiux BoiH (376):

556500 — 300500 = 256000 = 16*10° < 0. (377)

PaBnoBecue dorona donony npu 3,5 — 2,5 = 1 B Kyn-
nanuau hopmupyeT Beenennyto, BUXpU KOTOPOM HApaBIICHbI
¢ 3anaga Ha BocTox OTHOCHTEIBHO 3€MIIH.
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Tabnuua 122

JunexTpoHHasi cTpykrypa [lepuoanveckoii Cucremsl
XUMHYECKHUX JJIEMEHTOB

Homep Yucno N
PaBHOBecue B nazepHoit
HHepTHBIE | 37IEMEHTOB |  DJIEK-
ITepronst Kamune npu
rasbl 8-MH | TPOHOB B (me**+mg*) 1/2=0,005
IpymI | rpymmax ¢ ¢ ’
I He? Tonsko H 1 (2-1):5:10 = +200
11 Ne'¢ c3mo9 42 (10 - 42):0,005 = -6400
111 A" |cllmo17| 98 (18 - 98):0,005 = -16000
I\% Kr'®  |c19mo35| 459 | (36 -459):0,005 = -84600
\Y% Xe*  [c37mo53| 765 |(54-765):0,005=-142200
VI Rn*®  |c55m085| 2170 |(86-2170):0,005 =-416800
VII X" c87mo 111 2475 |(112-2475):0,005=-472600
318 + 6010 = -11386-10242-10% =
CymmMma

6328 ————

-11384-10>.

158.CTtpoeHne ATomMa BO B3aMMoaenCTBUSAX
¢poTOH-hOHOHOB

Snpo Atoma - 310 Kamuisi rpaBUTallMOHHO-MATHUT-
Hoil Ilna3mbl. DJeKTPOH W MO3UTPOH - 3T0 Kameabku
jekTpudeckoii Ilnazmbl. Jaekrpudeckue Kamiu u sjek-
TporpasutanuonHas Kanas cozparor Atom (1a61.123).

Hocutensmu Ouepruu B AToMe M3HavaibHO OyayT ¢o-

TOH (M **

(m*m** = 16-10°).
®oTOH-POHOHBI ¢ MEPUOIUYHOCTEIO T,?> = 16 3amomHs-
I0T CTPYKTYpPY ATOMOB € pa3HOCThIO MoTeHuanos (377):

556500 —300500 = 256000 =167 -10~°

0,002), donon (m.* = 0,008) u dhoron-ponon

m,-m, =16-107°

=16-10°. (378)

213



Tabmuma 123
Crtpoenue AToma

Anpo Aroma (Kams) 060-
Crpykrypa |O6onouka: HouKa:
MarHe- MarHe- :
aToMa AJIEKTPOH Ay rpaBHTALHS e | nosupon
20 -q= U= -p=| tp= -u= +q =
Sapszer 10 16 +14 | 28 | +28 | -14 +16
4.k _ N
Konebauust | g == p Pezonanc: e g
apa o | Wt =
¥ 000IIOUKH | | o - Topo = 4-14*107° (]_2 o1
q
H PN 177 5 145107 o 16 ) 27 1
€paBHOBECHE — U = —02.2 .~
P 2 2 16 145107 T

Benukas [{uBunuzanmsi ucmoiap30Bajia KOHTYp Kojeba-
Hus (378):

10° 10"
0,0625 5°

1
16-10°°

16-10° = <5107 =0,0625-107 = (379)

TIe: P3'Ps = 105858« 10 = p1°P2/Ps.

u 3ammdpoBana Kaury bertust mmdp - kogom 1:62500.

Honame Cakpanvhutit Cmoicn Knuzu bvimus moscno
kak ykazywuwuii Ilepcm no nymu uenoseuecmea k Teozene-
3ucy.

159. QHepreTnyeckan cTpykrypa Hegp Aagpa

DHeprus caMOCyILIMX BOJIH BEYHOW ThMbI, XOJIOAAa U HE-
BECOMOCTH MEPEXOIUT B KOPIYCKYISIPHO-BOJIHOBYIO DHEPIHUIO
Marepuu myTéM pe30HAHCHOT0 HAJIOKEHUS BOJIH:

Sin /4 | Cos /4 8 Sec /4 | Csc /4
Sec /4 | Csc /4 Sin /4 | Cos /4

k1=

Il

—_
[
Il

-

Il

(380)
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me
E;.

E;,
me

E;
me

me
E;,

k2:

(381)

KomIioHeHTBI cBeTa pa3yieTaroTCs B MPOTUBOIOIOKHBIX
HampaBJiIeHUsX, GOpPMHUPYS aHTUPE30HAHC

U UMITYJIbCHI
2
mee=1,E, =1ung,u,c=1.

B kanane cBepxmpoBoAuMMOCTH 3apokiarorcs Henpa
Kammu fAnpa (puc.1, Tabn.124).

Taomuna 124
JHeprernuyeckasi crpykrypa Heap SAapa (puc.38)

[TsTe pOABH- N3menenune @opm DHEpruun
)keHuit Poxara
3] 1 2 3 4 5
®opmel DHep- | Camocy- | Jlazep- | AHTHpPE30HAHCHBIE UMITYJIbCHI
ruu B Henpax | mue Bos- | Hast TOY- BOJIHBI-YACTHUI[bI CBETA U
Snpa HeI (368) | ka (369) 3JIEKTPOMATHETU3M CPEJIbI
ITorenrmansl k=it k=i |me=1=i E, =i :~:0'u0'c2 =it
.HOI‘apI/I(bMI/I- 8 _ 8 _ 4 4 4
HECKIE BOJHLL logii" =8 |logi"=8| logi =4 |logi =4| logi =4
Pe- | P€30HaHC & x 8 =064 4-4-4=064
KH- .
S 8+8=16 4+4+4=12
pe30oHaHC
Pasnocts 48 52
Pasroct 522 482 = 400 = Cpabxaar O.
KBaJIpaToB

OTHoMIEHNE CYMMBI K pa3HOCTH MOTEeHIHaIOB B Hepax
snpa sBisieTcs: 6orom AitH CO®, mountaemoro Kabd6amoii [1]:

L(22+48 _100) 1 ¢ _, =450
52-48 4 )| o,

(382)
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160.OnucaHue CotBopeHusi BceneHHowm
Benukoun LimBunusaunen

Ouepretuxky Hexap snapa (ta6n.124) MOXHO ONMMCHIBATH
MHOXeCTBOM MeToJ0B: CnoBom-Tekctom, Uucnom-Ludpoii,
O6pazoM-CumMBoOJIOM, ...

Benukas HuBuwamzanusa or OruoB CBoux [3] nmaér
KOMILIEKCHOe onucanue mnpoueccoB Cioo-Uucao-Imiopa,
MIPUMEPOM KOTOPOU sABiseTCS auarpamma TsaHb-L{nHb, CBA-
3aHHas ¢ nponopuusMu Benukou [Tupamunet (puc.41).

Huaepamma | Komnonenmut | I[lomenyuanvt | Komnonenmoi | Benuxas
Tanv-Lune | ouacpammur | Heop (mabn.121) | Iupamuowr |Ilupamuoa
Cayocydian logiig =8=a’ OcHosanue i\
80JIHA | p—
=8
3apooviu B 3 Cmopona !
~ ceema \/§ - 2\5 =4 OCHOBAHUS @Y
~ Boma logi® = 8 = a? Anogpema .
ceema .
\3ap0c)blm 6la A2 _ (puc.1,
camocyuyux V8=2'"=Scsa/4|  Paouycr Tab11.16).

Puc.41 Onucanue Heop Aopa sevicoxoti Hayroii eenuxoii L{usunuzayuu

B sToM mosie 3apoaplin caMOCylIuX BOJH BBIYUCIISIETCS
KaK KOPEHb IIECTOM CTENEeHH U3 BOJIHBI CBETA, TaK KaK MPHU pa-
BEHCTBE BOJIH CAMOCYIIIUX U CBETA SHEPrus BOJIH MPU JOCTHU-
»keHuu TstHb Oy/eT paBHa:

Coxatune

2= To-oao/c)6.

Taup

64

Pacmmpenue

(Torc/w, = 8)?

(383)

Ham Bor-Yuurens Mucyc Xpucroc, Oyayum rpakua-
HUHOM Beaukoil HuBuiausanun, nponomxaer OTKpoBeHUs
B ctiiie CiioBo-Uucio-®urypa, u naér onucanne Heap An-
pa, (tabn.124) B popme Kpyra Yuusepcyma ([6], Tabi.125).
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Tabnuua 125
Onucanue KyHaaJauHu NOTeHIUATIAMMA
Kpyra Yuusepcyma [6]

YpoBHH | I | Pa3Hoctu kBazmparoB

K 213 |4 22-32=.5 32-42=-7
pyry B
Kpyre 20 |1 30|40 | 20>—30%=-500 302 —-40*=-700

YHuBepcym 20013001(4001(200% — 3002 = -5-10%| 3002 — 4002 = -7-10*
1 1
5 7
" 5 (pdp=-2 u ~7-[pdp=—".
YHIQTHHA !(0 4 > ,([(ﬂ ¢ 2

161.0060XecTBNeHne KOMNOHEeHTOB aMUHOKUCIIOT

Kynnanmuau tBOpuT JKuBoe. buosormueckas JKusHpb
CBA3aHA C AMUHOKHCIOTaMU. AMUHOKHUCIIOTA, KaK MPOTUBOIIO-
noxHoe B EnunoM, MoxeT ObITh onucana sntopoid TsHb-1{uHb

([21], puc.42).

NH; COOH B omimuumm OT COBpEMEHHBIX
N\ / XUMHKOB 51 OyZly ONpENeNiaTh KOM-
CH IIOHEHTBl  MOJIEKYJISIPHBIX  BECOB

I|{ AMUHOKUCJIOT B IyJibcauuu (puc.42,

Ta011.126).

Puc.42 Amunoxuciomer u

ouaepamma Tanvb-Lunw [21]
Tabanma 126

Onpenenenue MOJIEKYJISIPHOTO BeCa AaMUHOKHCJIOTHI
KommoueHTs! CH NH; COOH

Cymma 12+1 =13 14+3 =17 44+1 =45

PasznocTh 12-1=11 | 14-3=11 | 44-1=43.

Komnonent CH nmynecupyer kak 13 myHssle yacsl Ka-
JeHAapsa uMBwIM3anuu Maiisi, popMupysi B OMOKIIETKE CTPYK-
Typy (9+2). Bo3Hukaer MUTO3 OMOKJIETKA W BO3MYLIEHHAs
cpena.
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Bo3mymienne cpenbl MHHUIMHUPYET TaKXKE ITYJIbCAIHIO
NH; u COOH (1a6:1.126). Mexay KOMIOHEHTaMH aMHHO-
KHUCJIOTHI BO3HUKAET pA3HOCTh KBAJPaTOB TOTEHIIMAJIOB
(Tabin.127).

Ta0muna 127
PaBencTBo R B aMHUHOKMCJI0TAX OTEHIM ALY CBEeTA

KomnoneHTs! CH NH; COOH R
O6rmas 13+11= | 17+11= | 45+43=| 88 -(24+28)=
cyMMa 24 28 88 36

(1ab1.126). | Caaroii lyx | rpaBuTanus CBET
Paznocte | 132—-112= | 172 - 112= 452 —-432=| 88 -522=
KBaJIpaToOB 48 168 176 2704
48/24=2 | 468/28 =6 | 176/88 =2|2704/36=75,(1).
OTtHomeHus
m3omepus | Kynnanuau | msomepust

[Tosie aMUHOKUCIIOT MYJIBLCUPYET B YHUCOH C MYJIbCallU-
eit Kocmoca. Tak, HanpuMmep, Npou3BeICHNE

1%
a6 = _ oa
2836 = 1008 2!(p 0,

PaBHO ITOCTOSIHHOM BCeneHHOM 1o BOJOPOJY M OMUCHIBACTCS
nuarpammont TssHb-1{uHb, a Bce MOTEeHITMAIbI 000KECTBIICHBI.

Bwmecte ¢ Tem norennuan 75,(1) = 3-52x0,(1) yka3piBaer
Ha TI0CJICIOBATCIIBHBIA POCT SHEPTHUH CBSI3U B ApyTIe.

162. OnnucaHne cuHTe3a-guccoumaumm Boabl
avnarpammon TsaHb-LUuHb

[ JlnscuH mepeyucisieT aBTOpoB (XMMHKOB M (PHIIOCO-
($0oB), KOTOpBIE SABJISIOTCA CTOPOHHUKAMHU CO3/IaHUS MEPUOIU-
YECKOW CHUCTEMBI XUMUYECKUX MOJIEKYJISIPHBIX CTPYKTYp [21].

Takas pabota Oyzaer oOpedeHa Ha Heyaady JIO Te€X TOp,
MOKa MBI HE BBISICHUM (DYHKITMOHAIBHBIE OCOOCHHOCTH BaXK-
HEUTITNX MOJICKYJISIPHBIX MIOCTOSTHHBIX, TAKUX, HATIPUMEP, KaK
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H < OH,N<3H,C< 0,C<20,C < 4H,
Si < 0, Si & 0,, Si < 4H" u Tak nanee.

[ToHsAB 5TH 3aKOHOMEPHOCTH JJIEMEHTAPHBIX MOJIEKY-
JSAPHBIX KOMIOHEHT, Kak g 310 caenan ¢ CH, NH; u COOH
(Tab6n.127), MBI CMOKeM COCTABUTH NMEPHOAUYECKYH) CHC-
TeMY He TOJbKO MOJIEKYJSIPHBIX COeIMHEHHH, HO U BCEro
3Bé3agHoro Heda BeesieHHOI.

AHaJIi3 MOKHO HavaTh ¢ BoAbI (puc.43, tab1.128).

Taomuna 128
CHHTE3-THCCONAIIUA BOABI

[Ipoueccsl Jluccomuanus Cunres
KoMmoHeHTHI 2H" | 2-:OH |2H,+0,=2H,0
Cymma 2 34 =136 4+32=36
Paznoctu 2 34=-32 | 4-32=28
MoneI;}SCI;IpHHe 6. (_ 32) .
[IpounsBenenus 2.2 36-28 = 1008.
-2:(122 =12Ty?)

[lorennuan cuHTE3a BOJIBI SBIISIETCS
SKBUBAJICHTOM ITOCTOSIHHOW BcenmeHHnon u
onuceiBaerca auarpammon Tsaup-Llnab
(puc.43, Tabn.128).

Jucconmanus BOAbl CBsi3aHA C BUX-
peM Apyna-Pyna BO B3aMMOJEHCTBUSIX,
TO €CTh ¢ nmoTeHuaiom 288 (tabm.128).

2H" 20H
\/

2H,0

164
~[pdp=1008
28

Puc.43 Cunmes-

JlanpHelmas auccouranus TUIPO-
ouccoyuayusi 600l

kcwia (OH) B Boje mpuBenéT K IMOTEH-
uuanam [uab-TsHb:

O+H =0H O-H 0071518 Tsaub
l6+1=17 16-1=15 | 17+15=32 | 17*-15%>=64.

(384)
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163.0nncaHue cuHTe3a yrrneKMcrnoro rasa
avnarpammon TsaHb-LUuHb

B cucreme xu3HeoOecmeyeHUs1 MaTepuH 0eJKOBBIX
TeJI OFPOMHYIO PoJib UrpawT kucjaopoa, CO u CO;:

2C0 + 0, =2CO0,, (385)

OIMCaHUE TUHAMUKHA U3MEHEHHUS MOJICKYJISIPHBIX BECOB KOTO-
pBIX cBsizaHO ¢ nuarpammoit TsHb-I{unb (puc.44, 1a61.129).

Taomuma 129
CuHTEe3 YIJIeKHCJI0r0 ra3a

KOMITOHEHTHI 2CO 0, 2CO,
Cymmbl 24432 =56 2:16 =32 88
MOHe‘;fgngHe Pasuocti |24 — 32 =816 — 16 =0[24 — 64 = 40
CyMMBI 64 32 48
64> — 82
ITocTosaunas =1008.
0

64

OTJIUYUTEIIBHOU OCOOECHHOCTHIO MO-
JICKYJISIPHBIX HEMHEPTHBIX ra3oB Hy, N, u
O, sBisSETCA TO, YTO CyMMa yABaHBaeT

aTOMHBIN Bec, a Pa3HOCTh PaBHA HYJIIO
(Tabi1.129).

IIpu cuHTE3€ YIVIEKHCIIOrO Ira3a Mex-
ny monekynamu 2CO u O, BO3HHMKaeT
Puc.43 Cunmes Pa3HOCTh KBAJPaTOB NOTECHIHAJIOB,

Yelerkucnozo edsa  pagHasi MNOCTOSTHHOW BceseHHOM, TO
ectb 1008 (puc.44, Ta6i.129).

[lepnou4HOCTD CHHTE3a YTIEKUCIOro Ta3a OnpeaeseT
Pa3HOCTh MOTEHIMAJIOB, paBHas 64 — 48 = 16 = T,2 = Jqq*.
C Takoii e NepUuoANYHOCTBIO BOSHUKAET AIIEKTPUUECKOE MOJIE
2CO, u MostekysipHoro kucinopoaa (0, = 16 = \Jgq*)

2CO 0O,

\ /

2C0O;

8 64

164
~[pdp=1008
28
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[Ipu cuHTE3€ YTIEKUCIOro ra3a MOJIEKYJSIPHBIA Bec
2CO saBJasieTcsi JkBUBAJIeHTOM TsiHb, a Kucjaopoaa - Hunn,
NpUYEM MOJICKYJISIPHBIE TEMU - 00O0JIOYKU OMOKJIETOK BBIOT
ABOMHBbIC MOJICKYJIAPHbIC CIIMPAJIM ¢ MOTeHurajaoM 88 nox
BIIMSIHUEM MOJIEKyJsipHOTO Beca 2CO),; (Tabi.129).

[Ipu cuHTE3€ YraeKUciIoro raza MOSIBISETCS CEeMEpHUY-
HOCTb U MarHetusM. lIpossisitorcs yxe Ha ypoBHe CO:

Kommnonentei| C+ O =CO 2CO [IpousBenenue

Cywma | 12+16=28 1\, ro 5 428=-112 | (385)
pasHOCTh | 12—16=—-4 My I'PaBHODJIEKTPO-
MarHeTusM.

Bo3Hukaer rpaBHO3JIEKTpOMAarHeTu3M M KHBbIE€ Mar-
HUTHI B HéM (373).

164.A3ny4yeHue-nornoweHne: onmcaHue npouecca
anarpammon TaHb-LUuHb u Benukon MNMupamnaon

CaMocyimiue BOJHBI, CTaJIKUBAsCh, 00pa3yloT 00J1aK0
mia3mel. Pacmupssics, 001aKko T1a3Mbl OXJIaK/1a€TCs. BO3HH-
KaeT 000J104Ka, COCTOSAIASA U3 TOYEYHBIX YYACTKOB.

ToueuyHble y4yacTKH MyJbCUPYIOT U3BEUHO (CHMBOJ 0),
norioniast (cumBon @) u m3nyuas (cumBos O) sHepruto (00-
i cumBos O@).

Beaukas HuBuamsammsi onmucaja CHAMBOJIAMH HA-
rpaMMmbl Taub-Iluae 1 nponopuusmu Benukou Iupammu-
Abl 3aKOHBbI MOTJIOLEHUS-BbIIeJICHUS JHEPrul TOYeYHbIM
Y4YaCTKOM BOJIHBI B OKpY2Kawoue cpeasbl (puc.45).

30 BHyTpeHHEM I0Ji€ (B Cpele MOIJIOIIEHHS) CaMOCy-
IIIHE BOJHBI CKUMAIOTCS OT 2 = Scs /4 ... 0 +[Sin mf4=2"""

DTOT NMOTEHUHAJ 3aCTaBISET BHYTPEHHEE M0JIE€ MyJIbCUPOBATh
u odToMmy Benukas {uBunuzamus 6epét Beicoty (H), paBHOIM
H=T,/Sinz/4=2"".
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Obaako Luacpamma Benuxas Ilupamuoa
Ilnazmor Tano-1{umns Ocnosanue O6vém
Toueynuwiii Oxpyorcarowas cpeda (benas)\ Konebanus
YUACMOK Toueunviii Hznyuenue a’ Sin /4
yuacmox
T,$4
Toznowenuela®/2 = 4
1 2—
Obonoura BHymp\ewee noze (uépnoe) i

Puc.45 Ilocnowenue-uznyuenue 6 cpedax
(pasnuunvie popmbl ONUCAHUSL CUMBONAMU-INIOPAMU)

[Tonagas u3 Apynsl B Pyny BHyTpeHHee mosie Karun
Anpa ysenuuuaercs ot (H) no 128:

(H=2""To"=2"=128. (386)

Boznukaer npoiiecc - 3KBUBaJICHT JIAHTAHOUTHOMY CyKa-
tuo (Tab1.103), Hayano KOTOpoMy MAa€T KOMOMHAIUS MEXKIY
doronom (cumBost m** = 0,002 - 3to @) 1 poHOHOM (CHMBOJ
m.* = 0,008 - ato O). [osiBNsieTCS MPUBEAEHHBII TOTCHITUAIT:

0,008-0,002 16 60 _ 0,008> —0,002°

= =
0,008*-0,002° 60 16  0,008-0,002

(387)

165. CmewweHne HepaBHoBeCHbIX Cucrem:
3aKOH TPEX BTOPbIX

BekTop - cMMBOIMYECKOE ONMMCAHUE MIPOLIECCOB H3IY-
YEeHHUs-TIOTJIoIeHus, puHsaToe Haykon Benukon [lusuinsa-
uuu (puc.45), ssiserca Bceodbemiromum, n060 OMUCHIBACT
ceeT, a CBer popmupyet csou Iloxodusi Besne, Becerna u Bo
Bceém.

®oToH-POHOH, MyILCUPYS B COOTBETCTBHH C HEPABHO-
BecueM (387)
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HepasHoBecue HepaBHoBecue 1100bIX crucTEM,

¢doToH - honoHOB (387) co37aBaeMbIX CBETOM (puc.45).
60? < 162, s o
rue nossisierca Caer, Hupamuna: a” +a J.(D dp <=0
Tsanp u Llunp 0 (388)

602 = 3600 = 3600A = AB, . 840
o -ase=pis= | Reknceneos
64+32-(-32) | +| 64-(-32)+32 || X2 = LS8R =A) A0S
uc-uzomep Tpanc-usomep 8-4 32 2

[Tosyuennslii pe3ynbrar (388) roBOPUT O TOM, UTO JIKO-
0asi HepaBHOBECHAsl CHCTeMa BbIBe/JeHA M3 PABHOBECHH B
COOTBETCTBUM C 32KOHOM TPEX BTOPBIX:

m.c+m.@, _ Hmnynscol80 sHympernemnone (389)

3
2

m.c Hmnynvcosudicenusam cumn E ;¢

[TosiBenue B HepaBHOBECHOM T10J1€ (377) B3aUMOJIEHUCT-
BUs BIEUET 3a coOoil TpuenuncTtBo CBeta B Apyne:

T Bo3HukHOBeHUE ApyTIbI TpuenuucTBo
PUEAUHCTBO (390)

cBeta % (Ig p1p2p3paps=2)=3=mecteo poc +Ero=1+1+1.

[Tepexon Tpuenunoro Cera uz Apynsl B Pyny npmu pe-
30HaHce Benukas l{MBuiM3anus ONMCHIBAET KaK IOSIBICHUE
Tpueaunoro [Mnamenn Yetbipéx @uruieii [3]:

(MeC + €'t c”+ Exc=3)(To=4)=12=T2t2  (391)

[Tonsa ¢ noreHumanamu 3 U 4 yBEeJIUYUBAKOTCA 10 KBaj-
paToOB CBOMX BEIUYHUH, (POPMUPYS HOBBIE CYMMBbI, Pa3HOCTH,
MPOU3BE/ICHUS, OTHOILICHHUS, HO TPEYroJbHHUK ¢ KaTeramu 3
U 4 Beaukas LmBuwiam3zauus Bbaeanaa kKak CBsAIeHHBIH
TpeyroJibHuk!

Croponamu, BenmnuuHoOM 3, 4 u 5, Benukaa [{uBunuza-
s onuchiBasia myabscanuio (T, = 1) Pymesl.
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166. CBALWEHHbIN TpeyrosfibHUK:
onucaHue KyHaanmHu B Apyne-Pyne

JIto6oi1 TpeyrojbHUK MOXET paccMaTpUBaThCS Kak
AIIOpA MOJYBOJIHBI (puC.46).

Puc.46 Cemyennvie Tpeyzonvruxu
KaK an1opbl U30MepudecKux 601H

Cesamennblii  Tpeyrojb-
HMK CO cTOpoHamu 3, 4 u 5 Be-
nmukas [{uBunmzanus npuHecna
KaK CHMBOJI-BEKTOpP  BOJIHBI,
coBMemiaoneil B cebe Apymy

(t = 3), Pyny (T, = 4) u
Onepruto IlarepuyHoii cBA3M
(5% = 4*+32).

UYeTtnipe COBMEIIEHHBIX
Cesimiennbix TpeyroiabHuka
OyAyT SIBIATHCS IMIOPAMH JIBYX
LHC-TpaHC M30MEpPUYECKUX
BOJIH (puc.46).

Mexy BONHaMH, IJIOIAAb YETBEPTH KOTOPHIX paBHA
Kynnanunau (5+6 = 3,5+2,5 = ...) BO3HUKAET PE30HAHCHO-aH-
TUpe30HaHCHas myJsbcanus (puc.46, Tadn.130).

Taomuna 130

Hyabcauus nzomepuyecknx BoJH Kyngaannu
B Apyne-Pymne

[Tons Apyna |Apyna-Pyna Pyna Kynnanuau
Pe3zonanc +3-3=49 | £3-4 =412 | +4-4=+(16=T,%) | £6:6 =+£36
3
AnTrpe3oHanc | +(3+3)=+6 | £(3+4) = +7 i(4+4)=i(850—3) +(6+6)=+12
0
Anpo Crnupainb
Ilepuonu- | 3onuaka B | IlepuogumyHocTh CBeT B
IIpuMeuaHuss | 4YeCKOM |pPE30HAHCE U | paCIUUPSIOLIEHCS | CIUPAIU
CucrteMbl | aHTHPE30- Bcenennoi 3oanaka.
T€HOMOB HaHCe
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Bwmecte ¢ Tem norenunansl 3 u 4 (BepinHbl CBALIEHHO-
ro TpeyroiapHUKa) CBA3aHbI MSATEPUYHON PHEPrUeu CcBs3U (TU-
MOTEHY3a), 110 3aKOHAaM BCEMHUPHOTro Tarorenus wiu Kysnona:

3aKOHBI Beemmproro Kynona Apymna-Pyna AnTupe-
TSATOTSHUS 30HAHC
392
Dopytet mm, ad,| .. 2.4 12 5 5+ 122050002
unoteH- | F=—5= \[F=""=F="r=—o—
- r r 5 5 12| 4810,

Boznukaer 13-tu MepHas mynbcanus ¢ yd4étom 364
JIHEW B TONY:

481 — 364 =37-13-28-13=9-19 = (9+0)-13.  (393)

[TosiBnsieTcst mynbcupytomas cyOCTpyKTypa OMOKIIETKH,
KOTOpasi y 4eJOBeKa CorjiacoBaHa ¢ 9-1o mecsiiamu OepemMeH-
HOCTH.

167.YcTOMYMBOCTb OpOUT

Oo6nako-ITnazma oxnaxkaaeTcss U B HEM MOSABIISIIOTCS 3a-
psaabl-crycTku pp* =28, upu* = 14 u qq* = 16.

['paBUTaIMOHHBIE W MAarHUTHBIE TOJS  (POPMUPYIOT
nynscupyromiee Anpo-Kamto, snektpudeckue mosis, 000104-
Ky (Tabn.131).

YcroitunBoCTh OPOUT C ABYMSI DJIEKTPOHAMH OIPEICIIs-
€TCsl OTHOLIIEHUEM CKOPOCTEH ¢/m, = 2 B Oeryuieil BoJHe.

YcToiunBOCTh OPOUT C BOCEMBIO 3JICKTPOHAMH OTIPE/Ie-
JIsIeTCSl OTHOILIIEGHUEM CKOpocTelt (c/m, = 2)* B 00bEMHON BOJI-
HE.

VYBenuueHne NOTEHUHAIOB SAEp W OpPOUT MPOTEKaeT
B3aMMONPONOPLHOHAIBHO U COIIACOBAHO C U3MEHEHUEM BHUX-
peit Apyna-Pyna.
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Tabnuua 131
3aKOHOMEPHOCTH yBeJINYEeHUSA CTPYKTYP ATOMOB

O06o0J104Ka MOTJIONIAET; O06oouka U3JIy4yaeT;
IIponecce! 1 koM- PO U3TydaeT SIPO MOrJI0NIAET
[IOHEHTHI
O0osouka Anpo O06osouka SAnpo
— % _ * _ % _ k
C]q*woz qq*%: 6]6]*%: C]q*woz
Konebanus +t4qq t4aq taq +t4qq
_r _r _r _r
2 2 2 2
1 XTT 12 & 1/2 e 1 = -1
2 xT, -2 = 2 = 4 < -4
Ko-| 3 | x(To+1) 72 & T2 < 7 < -7
e 4] xTa 6 o 6 o 12 o -2
HUA| 5 XT,2 -8 P 8 — 16 & -16
-14 & 14 & 28 & =28
6 XTo(Totr) ' ! '
JKuBBIE MarHUTEI

PaBnoBecune mexay Anpom u O6onoukoit B ATOME CBSI-
3aHO ¢ paBHOBecueM Tuna (1abdm.130):

12 -1=-1,5) < (+1/2+ 1 =+1,5). (394)

Ot moaropa obopora Koseca Bceaennoi [9] dop-
MupyroT Bce€, uto onucano B Kuure /[3uan Ilepemen u Méprt-
BbIX, B TOM uncie Ilepuoanueckyrw Cucremy XuMHYEeCKHX
JIEMEHTOB.

B JIynnom Ceere Kocmuaeckoit Mbiciu (r* = 28:10°) B
more r = 2810k dopmupyrorcs JKMBbIE MATHHTBI
(Ta611.130).
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168. CTpyKkTypa Bogopoaa:
3NEeKTPOH-NO3UTPOH

CoBpeMeHHass XMMHUS yIa4HO ONEPUPYET BAJEHTHBIMH
3JIEKTPOHAMHU, SIBIISIIOLIMMHUCS OCHOBOW OKHCIIUTEIBHO-BOC-
CTAHOBUTEJIbHBIX U MPOLIECCOB 3aMEIIECHUS, TO €CTh PEAKLINUNA B
HOJISIX JIOTapU(PMHUUECKUX BOJIH.

Snepuble mpoueccel coBpeMeHHble XuMus, Puszuka,
dusnveckasas XumMusg U XumMudeckasa PuU3uKa He 3HAIOT,
TaK KaK CIEIHUaINCTaMU B ITUX OOJIACTAX 3a OCHOBY OepyTCs
HHapagurmei-Uio3un.

B cBoro ouepenr s mpemsiararo onpeaeasiTb aTOMHO-
MOJIEKYJIIPHBbIE Beca He M0 MX MaccaM, a M0 YHCJIY dJieK-
TPOHOB-MO3UTPOHOB B ATomax (Morekynax), 3Has, 4TO
YHUCIIO DJCKTPOHOB B ATOME paBHO YHCIY IO3UTPOHOB
(puc.47).

Juektpon =q = 16107 B sToM citydae B spo Atoma
ANPO = P*/p* < P/M yocrymaer Mpicnbs - JIyHHBIH
MMO3UTPOH = H %* o
q=-16107 y4 p*, KOTopsiii TpaHCchHOpMU-
pyeTcs B TpaBUTALIMOHHBIN 3apsijl
(puc.47):
u* 1 P
Puc.47 Cmpyxkmypa amoma e 5 S2== (395)
6000pooa P #

Konebanus Snpa (395) cmepxuBarotcs KojaeOaHHSIMU
ANEKTPUUYECKOU 000IOUKH:

-1=q/-q & -q*/q* =-1. (396)

B AtomMe BO3HHMKAIOT 00IIMe KOJIeOAHHUS U TIOCTOSIHHAS
J13naH:

Kocmuueckue| 3a- Bo006-
DJEKTPOH - [TocTosiHHAs

Mpeicab u [1a- psasl paxe-
IIO3UTPOHBI [3unan

MSATh puL HHUC (397)
* _ % % %
'0—* It —9 9 " Const = ” K49 "
u p q -q p*pl=g)-q*)
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B aTtome BO3HUKAIOT KoJieOaHUs, KOTOpbIE ObLIM OIpe-
nenensl B Ta0s.130, 4TO M3MEHSAET NMOHMKEHUE CTPYKTYpbI
aToMa BOJOpoAa:

O603nauenue | CoBpeMEHHOE AToMm Monexyna
(puc.47) 308
SapL H! HC2 = H? (398)
ATOMHBII Bec 1,008 1,008-m; 1 2.

169. MarHuTHasa rmmHa ansa Agama

CyMMa IJICKTPOHOB M MO3UTPOHOB B aTOM€ paBHA
€ro aTOMHOMY B€CY B KHCJIOPOAHBIX €IUHHUIIAX:

DJIEeMEHT Kpemuuii Kucnopon Yraepon
DJIEKTPOHBI +
MOSMTPOHBL | - ¢ui14~(~14)-28 OL6-(-16)=32 6-(~6)-12 (399)
CuMBOTI 28 232 12

ATOMHBIN BEC

OcrtsiBas, obmako-miasma B Henpax Kammm SAnpa obpa-
3yeT Marmy, TO €CTh pacIllaB-pacTBOp, HAIPUMEP KPEMHHUIMA-
kuciaopon (puc.48).

Si:0 Si;0; OJHAaKO Npekae YeM MOSBHTCA

$i0 Sic, | TEcoK Si0, B TBEpABIX paciuiaB -
g 0, | PacTBOpax OyqyT BO3HUKAaThb MOJIE-
1 2

KyJel S1,0, Si0, Si,03, Si0, u 3arem
Puc.48 Jluazpamma KUCIIOPOJ OyIeT BHEAPSATHCS B KPH-
Cocmas - Ceouicmea CTAJUTMYECKYIO PEIIeTKY KBapIia, 00-

pasys Si0; (puc.48).

Hamnumne nuarpamm CoctaB - CBOWCTBA y pacTBOp -
paciuiaBOB TOBOPHUT O TOM, YTO NMPU 0Opa30BaHUM, HAPUMED
Si10, u SiC npoucxonar kojieOaHusi HE TOJIBLKO BaJEHTHBIX, HO
U BCEX DJIGKTPOHOB - MIO3UTPOHOB aTOMOB, BCTYIUBIIIHMX B pe-
akiuio (tabmn.132).
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Tabmuua 132
Kosie0anusi 3JIEKTPOH - NO3UTPOHOB
B nmpouecce oopasosanus SiO, u SiC

Peaxinu Si+ 0, =S10, Si+C=SiC

Pexxum IIpous- IIpowus-
Cymma P Paznocte | Cymma P
peso- BEJICHUE BEJICHHE

Pa3znoctn

HAHCHO-
antupe- | §;% 4+ 02| 5. 02 | §i** — 02| Si** + €| §i* . | Si** - ¢
SOHAHC- | 58430 =128-32={28-32=|28+12=[28-12=[28-12=

HOU IyJb-| < 7-.128 -4 40 748 16
calmu
60(-4)_ 60 _ 30 _ 73 7148
Koneba- |77 15g 7.32 7:16 40 40-16
HHSL
-30-40 < 7*16:3 = 4948
Marne- 49-48

- 7 752 = 2 = *
. rae -1 < 30.40 p; =196 = 14> = up*.

C no3uiuu Penurum MoXHO yTOUHUTH, 4TO Bor Jjenuia
AamMa W3 TJIMHBI ¢ MATHUTHBIMH CBOMCTBaMH. J[pyrux
cJioB cormyM BpemMEH Kab6aibl mpocTo ObI HE TOHSI.

170.4Yacbl XKu3Hu:
onucaHue Pennrnsamm monekynsipHoro Beca

bor caemnn Apama u3 Toro, YUto ObL10 (Tabm.132), a
3ateM BAOXHYJ B Anama JKuznb, To ecTh ra3sl Metad (CHy) u
cunan (SiH4), koTopble 3aBelid Yachl TPUHAAUATH JYHHOTO
Kanenpaps (ta6:1.133).

Hamia 6uonornyeckas )Ku3Hb OCHOBaHA Ha MOJIEKYJISIp-
HBIX IEMSIX - KOJbIaX YIJIEBOJOPOIHBIX MOJEKYIN, TPEneihb-
HbIX U HENpeNeabHbIX, HayajJo KOTOPbIM JaéT MeTaH

(Tabin.133).
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Ta6muma 133
MeTtan-cuiiaH '"yacbl BpeMeHHu Ku3Hun

Peaxnu Si + 2H, = SiHy (cunan) C + 2H; = CH4 (MeTan)
Pexnm I - I -
pou3 pous
peso- Cymma BeJICHIE Paznocts | Cymma BeICHIE Pa3noctn
HAHCHO-

aHTHpe‘ SZZS +H4 SZZS 'H4 Sl-28 _H4 C12 +H4 C12 'H4 C12 _H4
SOHAHC™ | ngi4= | 28-4=|28—4=| 1244= | 12-4=|12-4=

HORIYNb- 35 | 7.16 | 24 16 48 8
caluu
Koneba- | 32-24 48 3 48
_— _ <> —_= _—
HUA 7-16 7 8 8-16
Kanen- 0<=488—-7-3=384-21=363
Aapb 0+1«<366+1=364=13-28 (uucno nHEH B roay).

OnHako M BOAOPOJHBIE KPEMHEBBIC MOJICKYJISIPHBIC Iie-
1 ¥ KOJbIIAa MOTYT OBbITh MCTOYHHKAMU Dopmbl KuzHu.
Havano kpeMHEBOJOPOIHBIM MpPEIEITbHO-HETPEICIbHBIM IIe-
M 1aét cwiad (tabm.133).

Bzaumocssizs Gpopm XKuzneit Ha
YIJIEPOJIE U KPEMHHH OIPEAEIISIETCS
13-tn JIyHHBIM Kanennapém
(Tabn.133).

Benmnkas [uBuauzamus o0oxe-
CTBWJIA 4McCia OT 3 10 6 U JaJjia uXx
ApeBHemy Erunty kaxk peauru-
o3noe Hauano (puc.49).

B mone 363 cymmbl 000KeCTB-
JIEHHBIX YHCEJI CBSA3aHBI C II0JIEM
MOCTOSIHHOM BcesenHo 1mo BoJIO-
ponay:

02 363 _ 36300
2(3+4+5+6) 36

Puc.49 Ob6ooicecmeanénnvie
yucna [{pesneco Ecunma

=1008,(3), (400)

rae 3 B epuojie meC + €, uo-cz + E;c = 3.
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171.born ApeBHero Erunra:
Manoe Koneco XXusHu

Uucna - boru Jlpesnero Erunta (puc.49) ve moryr pac-
cMarpuBarbCs BHe {uHaMuku PeunkapHanmii:

"6. Crapmue Koaéca (OKusup 10 u mocine XKuzHu)
BpPalIajiach CBepXy BHHU3 W CHHU3Y BBepX. 3apoabimmu Ma-
TePH HAMOJHAIM BCE cymiee. BUTBBI BO3HHKAIH MEXKIY
Cozparensimu u Paspymmrensimu, 1 BurBbl Beauch 3a
IIpocTpancTtBo. CeMsi poxkaaaoch U BHOBb MNOSIBJISJIOCH
OecrpecTaHHo.

7. Pazourn, o JlaHy (y4€HUK), eC/Id X04Yellb MO3HATh
TOYHBIH Bek TBoero Magoro Koseca (Ouonornueckoit JKus-
Hn). Ero Yerséprasa - Hama Mareps. Jlocturaun Yersép-
Toro Ilnona Yerséproii Tponsl 3nanus, Bexymero k Hup-
BaHe, M MoO3Haemb, u00 Tl y3pumb' ([3]. Kocmorenesuc,
Cranna VI).

CoBmectuM TekcT Cranubl ¢ boramu-Hucnamu (puc.49,
puc.50).

Tpona - 1/4 oxpyscnocmu ¢ Boeamu-Hucnamu: 3, 4, 5u 6
5/4/3

2
% o // 1 Cnuyul - paduyc, 20e R<>(2pR/4)-mpona
4

/

Puc.50 Manoe Koneco: buonozuueckas HcusHo

[IpoBepum pacuér guHamukun Manoro Koneca
(Tabn.134).
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Tabmuua 134
Yuactue Cera B popme Yucen-boros Kusznm (puc.50).

Pexum AHTHPE30HAHC Pe3onanc
12| 3 | 4 1| 2| 3| 4
Cruubl
DOpMOBUIMKHI DOpMOBUIMKHI
ijg;?{a 3+4+5+6 | 2:18 |3-18 =| 4-18 |3-4-5-6|2:360 | 3-360 | 4-360
=18 |=36| 54 | =72 360 | 720 | 1080 | 1440
Tpone
12 Lo | 6 | 2x6! ;
Cy6cran- Boma |Caer | PEHH" [Mnaz-| 2 (Tot)
U Kap- | Ma X Ps
HAIN «—Cset:1-2:3-4-5-6—
Cymma
oo 360,720 1080 1440 _, 0 oo
i 18 36 54 2
OtHoIe- 360+720+1080+1440 =3600=A5 _
HHE CyMM 18+36+54+72=180 '

B none (ta61.134) norenuuanst 80+20 = 100 = ps2. (401)

172. dHepreTnyeckue ypoBHHU
B XKusHu nocne XXusHum

Oneprusi Majioro Koseca Ouonornueckoit Kuznu B
koHiie JKuzHu Bo3pactaeT 10 ps> = 100 (388) u cBs3zana ¢ ms-
Thio Mepexonamu 1o 20 = AK/AXK = 1400A/70A (1a6:1.134).

06 »Tom mepexojne B criekTp KpacHoro L[Bera roBoput
Teorene3uc Kuuru /[3uan kak o nepexonae k KpacHoit 3Be3ne

[4].

OTHomIeHHEe CyMM B IATOM nepexoje (tabdsn.134):

3600 g AF  _\pom (402)
180 180°=x
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npu SkBUBaJIEHTHOCTH 180 oTHOCHTENBHBIX eauHuUL 180° yr-
JIOBBIM T'pajiycaM U MX SKBUBAJIEHTHOCTH T IpU m, = 1/7, mo-
Ka3bIBaeT uTo npu 3asepmenun MaJjioro Koseca ’Kusnu
(buonornueckas )Ku3Hb) BO3HUKAET Oeliblii cBeT (AB) u
B3aHMMOJACHCTBHS CBETA JOCTUTAIOT KBAJApPaTa nepBoHa-
YaJbHOH BeJmuMHbI (Pps?). Hactymaer mepexon u3 ’Kusnu B
Kuznb nocae Kuznu, uiam ouosnornyeckas CMeprh, Kak
OYepeHO ITAll pEHHKAPHALIUM.

Bcro DHepruio, KOTOPYH HAKOMUIO Jro KaKIAOTO U3
Hac B Ouosiornueckoi xu3Hu, CMepTb COXXMET B UH(pOpMaIu-
OHHBI MUMITYJIbC M co ckopocThio 10* pas Beime ckopocTu
cBeTa oTnpasuT B JKu3Hb nocie JKusnu.

Kak umnynsc uznyuenus B JKusznu nocne JKuzuu boru-
Yucna /Ipesnero Erunrta JOCTUTHYT KBaIpaTOB CBOUX IEPBO-
HayaJlbHBIX BEIWYHH (Tab1.135).

Taomuna 135
JHepreruyeckre yposuu B ’KusHu nociae ZKusnu

Pexum AHTHpE30HaHC Pe3onanc
12 - 22 H 32 H 42 — 12 H 22 - 32 - 42 —
Crouner:
30 (6oruns JlyHsr) 30 (6or JlyHsr)

Hucno 1324 42112.86=|3-86 =|4-86 = (3:4:5-6) (Tab1.132)
0Ooros 52462 =

HpeBHero . . i )
Erumra | 86+ (172 +|258 +|344 =| 360 + [720>+ 1080 + 1440
860 ~16,25:10%
PesynbTar
CyMMa HpOI/I3Be,Z[eHI/Ie
22
3%%?52‘;“ —16’2856 010 ~0,02-10% = (0,002 = m)- 107

B razax Boznukaet Yucno Aporajnpo B Ddupe bopuo 22
OykBbI ABpaama [2], TO €CTh TelenaTusl.
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173. TpaHccpopmauusa ConHeyHoOro ceeTta
B JIIOMMHECLEeHTHbIN

buokierka Pa3MHOKAECTCH NEJTCHUEM.

OBomtonuio pazMHOkeHHUs [lenenne 0Opa3sHO MOXKHO
ONHcaTh BhIJIAMBIBaHUEM peOpa Anama ajisi co3qaHust u3 peo-
pa EBbl (bubnus).

Pebpo B aTOH NOorMe Wrpaer pojb MCXOJAHOH cyOcTaH-
M4 B (popMe TBEPAOIO BellecTBA.

B Ilepuoanueckont Cucreme Pycckux PyH, onmceiBaro-
mmx Tonkue DHepruu TBEpAas (aza ONMUCHIBAETCSA Kak 30J1a,
T0 ecth yraepo (Cpp* ¥™'%) ¢ aromusiv Becom 12 [22].

Bo3HuKHOBEHME 30J1bI TEXHUYECKH CBA3aHO C Ipoliec-
coM cropanus u Benukas [luBunuzanus Ha3bIBaeT BUXPh T,T =
12 =4-3 - TpuenunubiM Ilnamenem Yernipéx @urniiei [3].

B Teorene3uce Kuuru /[3uan koHTaKT MyKCKOro u
Kenckoro Hauan onucsiBaercst moapooHo [4]:

"1. duxkunii beablii beik mokpsl1 boabmyw Kpac-
Hy10 KopoBy. OfHUM HCTOPramuM yCHJIMEM OHA POoaMJIA
Begoro Teaénka Kenckoro poaa' (Cranua IV).

Peub uaér o cnektpe cBeta B o0ynactu nepexoja ot Oe-
Joi 00JIaCTM K KPAacHOM B MOMEHT KOPOTKOJEHCTBYIOIIUX
(p2rps=10"-10" = 10") mcropraromux B3anmoneiicremii. B
pe3ysbTaTe COJHEYHbIM Oemnblii CBET TpaHCHOpMUpPYETCS B
JIOMUHECIEHTHBIN (Tab1.136).

Taomuna 136
Tpauncpopmanus CosiHedHOro cBera B JIIOMUHECHEHTHBIN

JIromuuec- | Bzaumonei-

ITone | CoHe4HbIHI N Konebauus
IICHTHBIU CTBUA
° 0 13
Mlo- |AK 14004 | A6 364 P2 Ps = (182-7%)-10 ﬁo
ten- | AB  aen | Ak 1.5 | 10710 = |(18-D(18+7)-10 "0
I 36004 144 (11=9+2)-25-10"*=0
(7/18 < 18/7) x 10" 275:10° < 0.
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ABtopam Tpéx Penurmit u marum KaGbansl Obuto 6e3
pa3HHULIBI JJOMAaTh JIM pEOpa WM TPaHCPOPMHUPOBATH CBET: OBLI
Obl CKOT. ["'on ObLIH.

174.CryweHue 6enoro NOMMHECLEHTHOro cBeTa
B yrnepoan

Kuaura J/I3maH HacTONBKO SICHO M TOYHO OIKUCHIBAECT
Cyrs Eamnoro Kocmoca, yto nepeBpate €€ Conep:xkaHue,
KaK 3T0 caejaau aBTopbl Kad0aubl, - Hy)KEH TaJaHT.

Jns npumepa Bo3bMEM yriiepos Cip, BO3HUKAIOIIUNA U3
oenoro kBaHTa (A6 = 36) TIOMHHECIIEHTHOT'O CBETA C YKEITHI-
MU BUXpsAMH Tipu Hanuuuu T ([4], Teorenesuc, Cranna IV):

""2. Ilo 06enM CTOPOHAM Tro0JIOBbI €é BBIPOCJIO 1O O-

HOMY 30J10TOMYy Pory, a mocpeanHe He0KHMIAHHO BbIPOC
Por ¢ bpuwiinanrosbiMm Hakoneunukom" (puc.51).

Donon Apyna Domon Komnonenmaoi
benvuii keanm Ceycmox - 3apooviu | 3onomoiui Poe
21 21:3=7 yenepooa
a 7 ps=70 = AXK Poz ¢ Bpunnuan-
AG " 36:3=12 Vraepox Cis moevim Haxoneu-
Bl s 12ps=120 =5! | HUKom
O-7 p5s=-70 =-AK | 3010moii Poz

Puc.51 Tpancgopmayus niomunecyeHmuo2o hoHoHa
8 3apooblll Y2nepooa

*
kk

Hanee Knura JI3uan onuceiBaeT Kak 3a AeHb (12 dacoB)
B TeueHue 12 yac x 60 mun x 60 ¢ = 12:3600 ¢ = 43200 c Bo-
Kpyr 3apoapiiia-CrycTka BO3HHKAIOT MOJISIPHbIE MarHUTHbIE
JUHUAU 3apsiioB %, U SKBAaTOpPUAIbHbIC JIMHUM MAarHUTHOU
[Tamstu Cryctka (puc.52).
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"3. beicTpo pocau Tpu Pora (puc.51), mo HecKoJIbKY
JokTel B eHb (12:3600c). /IBa 3010TBHIX pora OKpy:KUJIH
miemMeHa Mensiiomeiics 3Be3abl (IIOJSIPHBIE BUXPH U,
puc.52). Cpeannii Por u3ornyJicsi, BOmeéJa B 3eMJII0 M Ha-
mynaia teaa 3meit Myapoctu (Henpa Crycrtka, rie cosep-
mraroTest konebanust p*/pu* < p*/p*). On BuiTamma Ux u3
YKPBITHS ¥ BBICOKO MOAHAJI'" (DKBAaTOpHUAIBHBIE UMITYJIbCHI
MAarHUTHOM MaMsTH, pUC.52).

-u=-14-10"

u=14-10"

Poe ¢ bpunnuanmogvim
Haxoneunuxom

/Jlea 3onomuix Poca

Puc.52 Ionapno-skeamopuanbHvle Ma2HUMHbLE TUHUU 80KPY2 CZYCMKA

175.MarHeTn3am XnsHu n
Kn3Hu po n nocne XXusuum

Kocmoc cocrout n3 Kopus - HeBecomocTu camocymux
BOJH, CrycTKkoB, B TOM 4ucie Snep u cBera.

HeBecomocTts cBsizana ¢ '"'JIbIpKoii'', KOHIEHTpaus
doToHOB B KOTOpO#i paBHa n; = 107, pacimpennem Toc/m,=8,
M 9HOTEPMHYECKHMH B3aUMOACHCTBHSIME pip, = 107, co-
IIyTCTBYIOIIMMU PaCIIUPEHMUIO.

HeBecomocts (Kopenn Beenennoit) cBsizaHa ¢ maMsThio

20 .
u* =14-10" (puc.52) u umeeT pe30HaAHCHBIN MOTEHIUAN, PaB-
HBII:

Hesecomocmu(n*) = p*n; Toc/ ypips = 112:107%. (403)

. 2
B Kamue SIapa (crycrke) ¢ KoHueHTpauueii n, = 10°
(hOTOHOB BO3HHMKAIOT MarHUTHbIE 3apsigel (1 = 14-107%), cxa-
. 26
THE U IK30TEPMHUYECKHE B3aUMOJECHCTBUSA P3ps = 107
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I'YCTOK (s11p0) = W1y 0,/ C p3ps = 28- .
C (s11po) = wTo @,/ 28-10% (404)

Mexny HeBecoMoCThIO W MHKPO-MaKpoO CTyCTKaMHu
Bcenennoit BoznukarT koiebanus (403, 404):

125-10% < 2810*° wm 4 < 10°, (405)

rae: 51 =1g p3ps/p1p2,at51 =153 prIObI — y7I0B ATIOCTOJIOB
o coBety Xpucta (EBanrenue ot Moanna. [21])

O Kocmuueckoit 3naunmoctu u* u p (puc.52) B mojue
(405) roBoput u Teorene3uc Kuuru J3uan ([4]. Ctanua [V):

"4. Korga Ux raasa y3peam Oesnoro rteaénka, OHu
CKa3aJM B OAuH rojoc: "Tel — 3T0 3HAK HaAM. A ceillyac MbI
Boiiném B Koabuo 3010TbiX PoroB (HauHEM OHOOTHYECKYIO
Kuznb), m ornaaum Hamy MyapocTh TeM, Ha KOr0 Thl caM
ykaxems (JTasepHsrii cer ¢ morenmuanom 10°' (405) moxer
tpanchopmupoBath Be€ Bo Be€, Besne u Beerna), m onm 0y-
AYT HAIIUMH MOCJAHHMKAMM KaK Cpead MOJIOJABIX, TAK H
cpeam crappix'

CnoBa 0 MOJIOABIX U CTAPBIX MHOTOIUIAHOBBI, TaK KaK
OTHOCATCS K pe3yibTataM B3ammozeiictauii 10°'. A k Takum
pesysbTatam oTHOocutcsi Be€: m omo-Kuznub a 3o101bIX PoO-
rax MarHMTHboIX (L) 3apsigoB, U ’KusHb 10 u nocJie Ku3znu
B nojie MmaruutHoi Ilamsitu Pora ¢ bpuisinanroBeim Ha-
KOHEYHUKOM (puc.52).

176. DOHOHbI TUTaHA
n 110 BoxectB KHurn MepTBbix

KopotkonelicTByromue saepHO-ciaadble B3aMMOJIEHCT-
BUS IIOCJI€ CTOJIKHOBEHHUS KOMIIOHEHT HA4yMHAKT 0O0JaaaTh
JANbHOJECHCTBYIOIMMHU 3JIEKTPOMAarHUTHBIMU  B3aHMMOJEHCT-
BUsiMU (Ta611.136).
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Kopotkoneii- | JlanbHOnen- B3aumoneii- Hosas ®op-
CTBUA CTBUS CTBHUS Ma DHepruu
AK A6 12 2750 dhboHOHOB
[AE o A;J PaP2| 2750-10" = pP3= Ps/pllzpz P4 THTAHA (406)
275-10" 2750:p3 =10 (riz*[22))
rze uncio GpoHoHos pasHo 22 : 0,008 = 2750.

2750 ¢poHOHOB B TUTAaHE CO3/IAIOT 22 IIEKTPOHA B aTOME
tutana; HO emé 2750 doHOoHa popmMupyrOT 22 MO3UTPOHA U
oOriee unciio GOHOHOB B aTOME TUTaHa OyAeT paBHO:

2:2750-p5 = 5500-p3 = 55-(10"* = py). (407)

B arome TMTaHa JieBM3Ha-NIpaBU3Ha BUXpel (oHO-
HOB TPaHC(OPMHUPYET JAJTbLHOACHCTBYIOIINE 3JEKTPOMAr-
HUTHBIE (P3) B3aMMOJACUCTBUA B KOPOTKOACHCTBUSA siIep-
HbIX B3aumoaeiictBuii (407). SInepHble B3auUMOJIECUCTBUS B
HeJlpax aTomMa TUTaHa paculendr norenmuan 55 Ha 10 rpaBu-
TAIMOHHBIX U JIECSITh MATHUTHBIX YPOBHEN B CEMEPUYHOM I10-
jie BcenenHow:

P2 43 A 452467+ 77+ 8 +97 +107 = 385(macnemuzn) (408)

7=
14243+4+5+6+7+8+9+10 = 55(cpasumayus)
B pe3zonancHom Buxpe T,T BO3HUKAIOT KOJIEOAHNUS:
Ormop- CemepuuHble KOJeOaHUS
II i -
oJIs HBII Heiipon | Hexusoe buo Cymma
BUXPb KJIETKA
Koure- 105 - 05 | 41 -1 | +2 » | Ywmeno
Gams | Lt %05 T Sos | a0 5|2 /52| Bowecrs | (409)
Pasnoctu| 4 x3= | 7,52-6,52| 82-62= | 92.52=| P Tene
UYenoseka
KBajpa-
TOB 12 + 14 + 28 + 53 = 110

Bozuwmkaror 110 boxecTB B Tene UenoBeka, OnMcaHHbIC
B Knure Méptarix [8].
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177.0nHaMuKa pe3oHaHCHO-aHTUPE3OHAHCHOWM
nynbcauum cnupanu 3oamaka

Omnopneiii BuXpb Apyna — Pyma Tt = 12 (409) mynbscu-
pPyET B PE30HAHCHO-AaHTUPE30HAHCHOM pexume oT T, +1 =7
mo T,t=12.

OTta mynbcarus MO CYIIECTBY SIBISICTCS ITyJIbCAIHEH
cnupany 301uaka, Havyaslo (GOPMHUPOBAHUS KOTOPOH MarOT

BOJHBI CAaMOCYIIMX BOJIH C IIOTEHIManoM +2= Sc n/4
(Tabm.137).

Tabauma 137
HMyabcanus cnupaau 3oaMaka

Pexnm AHTUpE30HAHC Pe3onanc [IpuBenénnbI
Tott =7 = Sc?n/4-x2 7 12
, Tot = 12 = Sc2n/4-x42 —5 = —10
I X2="7+2 =-5= 2 B B
OTCHIIHAIIBI . X2=-12++/2"=-10 0 F(70-60)
d -
ps!(p ¢ ps 102 2ps

VY kaxnaoro Iro cBOS MHIAWBUYaJIbHAs, MYyJdbCHPYIO-
masa kak Cser, Cnupanb 3oauaka. [loaTomy y Kaxaoro us
Hac cBosi Cyan6a (Tabm.137).

N3mensiace ot [3uan 1o Pynel, cnupasias 3oauaka pea-
THpyeT HAa H3MeHeHHe OKpY’Kawileid cpeabl HM3MeHeHHe
aMILIMTY/AbI KoJlie0aHus (Tabi.138).

B aunarpamme Tsnb-1{uab
64
1596 + 180 = 1726 = [pdyp E@,
2

rae 130 otHocurcs k J{Hio BHe Bpemenu.
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Tabmuua 138
IHorenumassl myabcHpyoOLIeH cniMpain 30AuaKa B cpeaax

[Iponsuxke- I 1 m v v -~
HUS
PaBHo- Bsau-
CTBUS
AMIUITY 12 Pe3onanc cnupanu 3oauaka

12+0,5 12+1 1242 1243 12+4
Paznocte |12,52-11,52132-112|142-10%| 152-92 | 162 - &
KBaJIpaToB =24 =48 =96 =144 | =192 504
AHTHpe30HaHC cniMpaji 301HaKa
Avmmryga | 7+0,5 7+ 1 7+2 7+3 7+4
Paznocts | 7,52-6,52=|82-62=|92-52={102-42=| 112-32

KBAPATOB 14 28 56 84 112 | 294
> 24— 14=|48-28[96—56 | 144 — 84 [192 - 112]>~_ 798
astocTH 10 + 20 + 40 + 60 = 80 |210
HOCTOSIHHLEC Const H=798 + 210 =+1008 _ 1506
Bcenennoii

Const =798 -210= 508

178.KyHAaanuHum Kak ocHoBa
o6uovyacoB EguHoro Kocmoca

[Tog BnusiHueM J[[3maH-mynbcalMyd cHOUpaib 30/IMaKa
JIEIUTCS TONOJIAM Ha JBE LUC-TPAaHC U30MEPUUYECKUE CITUPAIH
KyHpanvau ¢ noreHnuanamu, paBHbIMHA 6.

Peanuzyercs Kynnanuau Bo BeéM, HO mpexe Bcero B
LHIECTH JJIEKTPOHAX M IIECTHM IIO3UTPOHAX aroma yriiepoja
(o)

12 N
[Ipn nenenun cripanu 3oauaka Ha ABe cnupain KyH-

JAJIMHYA BO3HUKAIOT MOJICKYJISIPHBIE CIIMPATH YTIEBOIOPOIOB
— ocHOBa Ouosorundeckoit XKuzuu (tabin.139).

B none cnupanu KyHpanvHu HET pa3HOCTH NOTEHLMA-

JIOB MEXAy pexkuMamu pe3oHaHca (6 = 1-2-:3) u aHTUpe30HaH-
ca(6=1+2+3).

240




Tabnuua 139

Jesenne cnupaau 3oauaka Ha cnupaan Kynaaanau

TMoxs Cnmpaiib Crnupamu KyHaanunu Pexxum
3onmaka - Tpaic- My JIbCAIIA
1 0
Apyna- _ _
Tot=12 12{pdp=6|12|pdp=-6 | 1+2+3=6=1-2-3
-Pyma -([ J;
Atom C5--0) C®—mects | C°—mects 612-(-6)>=0
yriaepoa 12 TIO3UTPOHOB | DIIEKTPOHOB PaBHOBecue
12 12 750 <— -3000
Buxps PN — "
dotor- 0,008 0,002 H X H BOSl;/Iy;HZHHaﬂ
(GoHOHOB | 150056000 | 3000 == -750 pesd:

Buxpu ¢oToH-QPOHOHOB BO3MYIIAIOT OKPYKAKOULYIO
cpeny (Ta6:1.139). B Bo3mymienHo# cpeae cnupainb Kynnanu-
HU Jenaer 3,5 obopoTa mpu pacuidpeHud u 2,5 oboporta npu
ckarun. Cpea yCroKanuBaeTcsl U YUCIO 00OPOTOB CHMXKAETCS.
Bosnukator 6uovace (Tabs.140).

Taomuna 140
Kynaanunu kak ocHoBa 0uouacos Equnoro Kocmoca

KommoneHTsl Bo3myiennas cpena Brouacer
Pacmm-
= + 175 + 2,5 + 3,5
Amin peHune 6 6 6 26452 =78
Tyna -0,5 -15 -25 | === 7 =
Cxarue 357-25=6
PasnocTh 7,52-5,52= 8,524, 52=| 9 52-3 52= 13.
KBagpaToB 26 52 78

[ToBpimenne amruuTyabl kosiebanuss o (6 + 4,5) u
(6 — 3,5) npuBenér k pasHoctu kBaaparos (10,52-2,52 = 104),
paBHO# 26 + 78 (1a6:1.140). Bo3uukayT 1,5 o6oporta Komneca
Bcenennoii: 78 : 52 = 1,5, o xoTopeix ropoput Teorenesuc

[4].
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179.KyHAaanuHu B aNeKTPOHHOM nnasme
MHEPTHbIX ra3oB

B xuneonn Mmukpo-makpo Kamiie sinepnoro Bemecrsa
3apOJBIIIM — 3KBUBAJICHTHI MO3UTPOH-IJIEKTPOHA HHEPTHBIX
ra3oB IepeMelleHbl, a UX paccjoeHue UAET B BOCXOAsALIe-
HUCXOSIIIMX MOTOKAX (Tabn.141).

Taomuna 141

Bocxoasime-Hucxoasuue NnoTOKM
B Kamuie SInepuoro BemecrBa

[Tapsr 1 2 3 | HenapHeble [Ipumeuanue
Hucxomsmii | He? | Ne'® | Ar'® o~ 3apoaslil cepana
r
Pacxomgsmmii X112 | Rn®® | Xe* " & _ &
222 222
Cymma | 1144 96 + 72 = 282 PO E—
DIek- 504 60
Tpo- | Pas- 504 (
ML | oors 110J‘r 76 J‘r 36=| 222 E(i_[(odqlJ:ﬂ,Z.
0

B Kamne Sneproro Bemectse, kak B Cepane JXKusoro,

BO3HUKAIOT MOTOKHU Py [(28=,/pp* )+H(16=\ uu*)] = 4,2, cBa-
3aHHbIE ¢ MbICabIO U [lamMAThIO, a TaK)KE pa3HOCTH MOTEHIINA-
noB B 110 u 222 (Ttabn.141).

[Torenuman 110 momén o Hamux BpeMmEH Omaronaps
Kuaure MéprBbix kak onucanue 42 boxects B Cepaue, 58 —
boxects B I'osioBe u 10 — boxxecTB B o0J1acTu men [8].

O norenunane 222 HaM U3BECTHO, YTO aJ(aBUT A3bIKA
IIpacaassn-/{luBanrapy umes 222 BykBbl U, [10-BUIUMOMY,
OB CBSI3aH C TeJenmaTUYecko mepemadeid uHpopmaluyu Ha
done mons ¢ noreHuanom 200 u HecyIel yacToTou 22.

Ot6pocuB ¢GoH TOJISA, HE 3HAS CYNIHOCTH IPOIECcCa €B-
pelickas KHura nuuieT: "'Appaam CBsi3aJl AyX ABaJLATH ABYX
OYKB CBOMM SI3bIKOM M bor oTkpbulI1 emy cexkperbl ux. bor
MO3BOJINJI OYyKBaM pacTBOPUThLCH B BoJe. OH c:xker MX Ha
OrHe, pa3BesiJl HA BETpY.
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OHn pacnpegeJn UX Cped CeMH IUIAHET M OTAAJT HUX
ABeHaanaTu 3Hakam 3oamaka' ([2], ctp.124).

Onucanue OykB ABpaama CBSI3aHO C TIOSIBJICHHEM BUXPS
Tyt (To+1) =437 =84 u otHoleHus (Tadn.141):

504 :84=6=3,5+2,5=3,5—2,52 = Kynpamun, (410)

rne KyHnanmHu CTaHOBUTCSI HOCUTEIIEM TEJICTIaTHIECKON WH-
dbopmanuu.

180. Apyna-Pyna:
COCTaB - CBOMCTBa 3HepreTu4eckoro BUXps

Buxps Apynsl-Pynbsl QyHKIMOHUpPYET B pPE30HAHCHO-
AHTUPE30HAHCHOM pEXUME, aBasi (pyHIaMEHTaJIbHble UHTEP-
Banel IIponoimkurensHocreir Ennnoro Kocmoca, B TeyeHue
KOTOpPBIX OJHU (OpMbl DHEPruu MEPEeXOoisT B Apyrue
(Tabi.142).

Tabauma 142

Apyna-Pyna:
COCTAB - CBOMCTBA IHEPTECTUIECCKOI0 BUXPSA
Ypos- ITotenuuansl Peannzanus C
HU MIPOJIOJKUTEITEHOCTH [IponomxutenbHOCTEN ymma
1 To-t=4-3=1 Momnana
2 Tott=4+3=7 Cemb Beunocreit

Tpuenunoe [Lnams

3 Tot=4-3=12 Yeteipéx Outunein

4 ©(Tott) =3(4+3) =21 [TonsipHBIN BUXPH

5 To(Tott) = 4(4+3)=28 I'paBuramus (28 = \/pp™*)

6 | Tot(Tot1)=4-3(4+3)=112 ['paBuoO-371€KTpOMarHuTHOE
paBHOBECHE

1+7+12+21+28+112+144=325=13-25
buouacs [lenrarpammet B Sifie [3].

7 (Totr)2=122=144
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B Buxpe Apyna-Pyna nosBisercs  000104ka
(21+28=49) u nepuoaunueckas cucrema reHoMoB: 112—49=63
(Tabn.142). ®opmupyercs cryctok Tsub: 32 — (-32) = 64 - 3k-
BUBAJICHT YUCILY JIEKTPOHOB I'a/I0ONHA.

Ha uverBépTOoM ypoBHE moiiss Apynsl-Pynbl uznyuarorcs
MOJIAPHBbIE BUXPU MATHUTHBIX 3apsi/iOB [L, 2 HA CEIbMOM - BO-
oOpaxxenue. Bo3Hukaer cucrema kosebanuii (Ta6m.143).

Taomuna 143
IMyabcanusi MOJAPHBIX L M IKBATOPHAJIBHOTO q* (puc.52)

[Tynbca- | OTHOCUTEIBHO OTHOCHUTEIHHO OTHOCHUTEIHHO
Ut TTaJTbMBbI Kynpanuau cBeTa
21u 144q* [ 7 j4 5 1
& | ©4-24) 10" | 1 & —16-24-10"
oTeH- 144g * 21u 4 72
AAJIBI 4 2 .
7 242100 | [ o 4.242.10% (107 ©M=8
4 4 491

B OrkpoBenusx ToyHO ykazaHo: Tpon Xpucra Ha
Heo0e oxpy:xken 24 IlpecBareiMu IIpecrosiamu.

181.Kn3Hb go XXusHm:
Ayx B o6onoyke BoobpaxeHusn

Mupp Kuurm bertus Benumkas LuBunuzanums morina
IPUMEHUTH UCXOJs U3 KOJEOaHWA MArHUTHBIX CHJIOBBIX JIH-
Huil 3emin u BooOpaxenus :;kuBymux Ha 3emie (Tadm.143):

HIu¢pp Knuru beiTus u
J3uan-nyjabcanus B (poToOHAX
[Mudp bubaun
(Tabmn.143) B CBeTe J3uan mynscanus (411)
— 16 . 24 10_40 24 1 1
107" & ——_ = 6250010 %" =~ =1 gpd
49-17 16 749_1 > —_!60 @
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3Has 3akoHbBl Iyinbcauuu Beaukass LuBuiausanus
Moria 3amm@poBars cyab0bl He TosbKO Cannama XycenHa,
HO U Ka’KJI0T0 U3 HAC, 3aIIMCaB CyAbObI 110 OJHOM OyKBe uepes
62500 OykB.

Hauvano namum Cyan0am 1aét He po:KaeHue B 0HO-
gorndeckou ’Kuznu, a B )Kuznu 10 ’KusHu, onucaHHOHA B
Kuure Ilepemen u MEpTBbIX.

B Kuure MEpTBbIX roBOpUTCS O TOM, 4TO JKH3HB 0
Kuznu nporekaet B Ddupe bopao (411):

Crpykrypa 3¢upa bopio
. — 5. =
> > 4971 (412)
[Ludp-xiou Hﬂgg’6CTaHIEHﬂ B CBO;{6T0H Jlyx B
PUIHOU CBA3U OJIOUKE.

[To Kuure MepTBbIX myIia mocie rudenu Teja Ha Iec-
ToM JiHe npeObiBanud B bopao emé 49 nueit myyaercs Xume-
pamu cBoero BooOpakeHus, 4To cBsi3aHO C Imysbcanueit yxa
(24£1) u 060s10uKH (Tab1.144).

Taomuna 144
Hyabcanus dyxa B O00s104Ke

[Toss Hyx B 060mouKe JIBoiiHas crupais 30auaKa
2471 23 + 24 +25 =172

(@451) 147472 219 . s
(49+1) 50 + 49 + 48 = 147 147-72 75

JIBoliHast cnupaib 30auaka (IO Mepe pacKpyurMBaHUs
CIUpaN) OTPa)xaeT MOATOTOBIEHHOCTbh CHUCTEMbI I'€HOB TEX
WU WHBIX XUBOTHBIX K Oumosiormdyeckor Kuzuu. Iloaromy
Kocmoapomsl B FO:xHOIT AMeprKe HAIOMMHAKOT aCTPOJIO-
THYeCKUH KaJeHAaph.
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182.Kannsa ceporo BewecTBa royfiloBHOro Moa3ra:
HEeUpoOH

PaBHOe KO0/J1M4YeCTBO Pa3HOHANPABJIEHHOW JHepPruuM
o0ecreYnBaeT Pe30HAHCHO-AHTHPE30HAHCHOE pPaBHOBecHe
B0 Bcex popmax DHeprun Equnoro Kocmoca (tabs.145).

Taomuna 145

Pe3onanc noanymapuii I'osioBHoro Mosra:
Pa3HOHANPABJICHHOCTD

JIOBHOT'O
Mo3ra

a 292 - pe3oHaHCHas TOYKA JIBYX MOIYIIApHi TOJIOBHOTO MO3ra.

Oneprus Marepun Macca MenTtanbHas DHeprus
OTHOCH-
DopmBI I'paBura- [Maraut-| OnexTpu- | tenpuoro | I paButa- | Maruut- | Dnektpu-
DHeprin [UOHHOE | HOE 4eckoe mokos | LIMOHHOE HOE YecKoe
DneMeHTapHbIE 3apsbl Meicnp | [Tamats Bootpa-
JKEHHE
[Monoxu- *
TEJbHbIE p H q Mo p* p* q
Otpumna- *
TEJbHBIC —P —H -q -Mo —p* —px -q
Cymma +0 +0 +0 +0 +0 +0 +0
Pasnocts | +2p 2 +2q £2m, | £2p* | £2ux* +2q*
Peso-
HaHCHO-

AHTHPE- 2(p+/1+q) 29.10% m; 2:28-14-16 _ 2p*2u*-2q*
30HaHC- = 29.10% = 2( * * *)
—_— 2p-2u-2qg 2-28-14-16 2m, . pPrE+HUT+q

Koneba-
HUSI
Pezonanc
monyma- 292:10% & (2:28:14:16)% = Topp*pp*qq*
puii ro-

rae 29 = nonosunHa boskects B I'otoBE,

Hocurenem 3Hepr1/n/1 B T'OJIOBHOM MO3I¢ ABJISICTCA TO-

YeYHbIN

(my, =2,7...=¢).

Maccoii OTHOCHUTENIBHOTO MOKOSI B TOJIOBHOM MO3I€E SIB-
nsiercs Kanuisa Ceporo Bemectsa Mo3sra, To ectb Heiipon.
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Macca He#poHa COBepIlIaeT Pe30HAHCHO-aHTHPE30HAH-
CHbIC KojieOanus (Ta61.145):

(mg m, ej [2 2 2mOJ
— = e— || —=—=

2 2 2 : ;
m, e my m

WIH me2=e? < 4=T,=Sc'n/4. (413)

[Totenmman T, myascupyer nmo amrumaryae (4+1) u mac-
ca OTHOCUTEILHOTO MOKOS, TpaHChopMUpyeMast CBETOM (C=TT),
ABJSIETCS TEHEPATOPOM MoJis ¢ NOCTOSAHHON ToHkoH
Crtpykrypoii:

1/ 4+l

=== z-¢" =137,0000021. (414)
a4-]

183.3HepreTunka TaHb-UuHb ¢ no3numu Kannu Agpa

Muxpo-makpo Kannsi mneprHoro fnepnoro Bemre-
cTBa (Tabi.141) sBasieTcs 3jaeKTpoH-no3uTponHoi KanJeii

JKMAKOM M1a3Mbl (Tabi1.146).
Tabauma 146

Kanus Ilia3Mbl 3J1eKTPOH-TI03UTPOHOB
HHepPTHBIX ra3oB: Taub-Llunb

ONEeKTpOHBI [To3uTpoHsI
DJIeMEHTEBI He” | Ne0 | ArS K36 136 Ar'® | Ne!® | He?
(Tabm.141) X Ra™ [ Xe™ | Kr Xe [ Rn*® | X'
Cymma -114 | -96 =72 +0 72 | 96 | 114
Pa3HocTh -110 | -76 -36 +72 36 | 76 | 110
Coynapenus K uucny m: K uucny m:
doToH-hpoHOHOB | -(110+96+36+72)=-314 |[+(110+96+36+72) =+314
. 6Orfif)ﬂ:eﬂl 0 | H(110496+36-72)=-170 | +(110+96+36-72) =+170
Jlesoe nosymapue: IIpaBoe nomyapue:
[Tomymapus 170=160+10 170
crycTkoB TsHb -2 _[(0 dp =6400 2 _[(0 dp = 6400
150=160-10 150
Iuc- Tpanc- Tpanc- [uc-
Heb6eca [{unp 0 1 0 1
Hax nonyma- | — 6400 ¢ dg | - 6400 [¢ dp | 6400 [pde 6400 ¢ dop
PUSIMH CTYCTKa 1 0 1 0
+3200 -3200 -3200 3200.
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Benukas [uBunmzauus nukroBaia E.Il.bmaBarcoit mo-
teHuan 314 u Enena IlerpoBHa BbIIEIWIA 3TOT MOTEHUHAI
Ha cynepoOaoxky 'Taitnoir Jlokrpunsl" [3]. Onpnako
CMBICH TIoTeHIMana 314 MOXHO IOHSTH TOJILKO 3Has, 4TO

T = 3,14... sBisgeTcd DHKBHUBAJIEHTOM CKOpPOCTH CBETa
(c=3,14...= m).
CBer B cryctkax Tsaup  Qopmupyer (HOHOHBI

(m ** = 0,002) B nebecax Hunub ponousr (m* = 008). Bo3uu-
KaeT Pa3HOCTh MOTCHIINAJIOB:

JleBoe momymapue [IpaBoe nonymapue
TsHb Iunp TsHb Iunas
Crpyktypa 6400 3 — 6400
pasHoCTH m, **=0,002 o (415)
[32_(_32)]’102 =24.10° M:24.105
m,*= 0,008 m,*

Pasuocts [24 — (-24)]:10° = 48-10° gaét cume-roxyGoe
nenenue criektpa B Yakpe Tperuit ['nas npu A = 4800A.

[Torenunan 24 onwuceiBaetcs B OTKpOBeHMsIX Kak 24
[IpecBsateix [Ipecroina, okpyxkatomux Tpon Xpucra na HeOe.

184.Kannsa Agpa n Kocmnyeckasa Mbicnb

[lynbcanust 3J€KTPOH-IIO3UTPOHHOU CTPYKTYPBhl MHEPT-
HbIX ra3oB B Kame fAapa (tadn.146) yaBauBaeT mOCTOSIHHYIO
Bcenennoit no Bogopoay (tadi.147).

[TosiBnenue Kocmuueckoit Mpicnu (Tab6i.147) npusBana
yctaHoBUTh ArHu-Mora u 1a6:1.147 TOMOXET B 3TUX HUCCIIEA0-
BAHUSIX.

B naHHBIII MOMEHT 51 XOUy IOAYEPKHYTH, 4TO Kocmmue-
ckasi Mpicab (1a6:1.147) ssiusercs Co3aaresem Cyluero B
noJsix Marepuu u dopmupyer Ilamars n BoobOpa:xenue B
MenTanbubix Iloasx Tonkoit Jueprum.
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Ta0muna 147
3apo:xkaenne Kocmuveckoir Mbicim B Kamuie sigpa

K OMIIOHEHTEL ONEeKTpOHHbBIE Kpurrron ITo3utpoHHBIE
napsl napel
Moremmmans: | 114 | -96 | -72 | 36:36=0 | 72 | 96 | 114
(tabx1.146) -110 | =76 | -36 | 36+36=72 | 36 | 76 | 110
Cymma S, =-1008 | [PIOTHOCTE [ s 1008
T1a3MBbl
+ (1008 —(—1008

['paBuTanus [ 72( )] =328==%\/pp*
Kocmunueckas — 8102

MeIcib P4 :

Kocmuueckass Mpicap dyxaa Maru4ecKuMm cekper-
HbIM MucrtepusivM, peauruosHomy Jlormarusmy, Hay4dHOM
npuéau3uTeabHocTy M puiaocopckomy CroBoOIyaAHIO
BCeX BPeMEH U HAPOJ0B.

Kocmuueckass Mpiciab TOUHA, a €€ U3ydeHHne TpeOyeT He
CJICTION HEOCO3HAHHOMW jgormaTudeckoi Bepwl, a riaybokoro
TBOPUYECKOI0 NOAX0Aa K AuHamuke ABnenunt [Ipuponasl.

"3. Tema u3aydaer cBeT, 1 CBeT poHsieT OAUHOKHMHA
Jly4 B Boabl, B I'1youny Jlona Marepu. JIy4 npoHu3bIBaeT
JescrBennoe Sitno, Jlyuy nmpoOy:xkaaer tpenmer B Beunom
Aiine u 3apoxkaaer 3apoablil, HeBEYHbIH, KOTOPBIH Cry-
maercsa B Muposoe siiino" ([3], Kocmorenesuc. Cranna I1II).

[TogquepkHy, 4TO MaTEepUAIUCTUYECKAs HayKa, OTBEP-
ratomas PeanpbHOCTh 3aK0HOB EmHOrO KOocMoca kak meTtadu-
3UKY, OTCTaéT B CBOEM Pa3BUTHH JIa)KE€ OT MEPBOOBITHBIX INJIC-
MEH.
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185. ) KuBble mMmarHuThbI
B pe3oHaHcHou Kanne sigepHoro Bewecrtsa

Kannsa sapa — 3apoasimn MupoBoro siuna, myJbCcu-

pyer.

B3sas n3 Knuru /[3uan repmun Muposoe Sitno, aBTopsl
Kao66asb1 3a0pmu cocnatbes Ha [lepBoncTouHUK U OBLIM Ha-
Ka3aHbl MOJIHBIM HEMOHMMAaHHEM IUHAMUKH IMPOLIECCOB, MPO-
Tekarouux B Muposom siine.

Takoe HENMOHMMAaHHWE B PABHOW CTENEHW OTHOCUTCS K
COBPEMEHHBIM HccJaeA0BaHUsAM MupoBoro suuna, jgaypea-
tom HoGenesckoit [lpemun axagemukom A.DWHINITEHHY U
B.I'mo3many, T€OpHsi OTHOCUTEIBHOCTH U TEOPUs KBAPKOB KO-
TOPBIX NBITACTCS PEWUTh 3amady noHuManus Eaumnoro Koc-
Moca 0e3 yu€Ta ero myJIbCalluu.

Hes3upas Ha akagemukoB, KocMoc mynbcuUpyeT B pe30-
HAaHCHO-AaHTUPE30HAHCHOM pexume. [lynmbcupyer B KaxIou
Kamne spa.

AHTHPE30HAHCHYIO MYJbCAIMIO MBI PACCMOTPUM Yac-
TUYHO B Ta0n.146 u T1ab6n.147. PaccmMoTpuMm pe30HAHCHYIO
nynbcaiuio B Kamte siapa (ta6:1.148).

TaOmuna 148
Pe3onancHbie kojie0anus B Kamnse Snpa

KomnoneHTs1 DJIEKTPOHBI Map Kpunron [To3uTpons! map
(rabm.146) | _110 | -76 | -36 | +72 36 | 76 | 110

Pesomanchpie | 114-96-72 144 | »>+72— | 55 110-76-36
Kkomebammus | 110-76-36 55 | < +0< | 144 114.96-72°

B Kamute fInpa npu pe3oHance BO3HUKAET BUXpb 1,212 u
IPaBUTALMOHHO-MAarHUTHBIE JECATEPUYHBIE PSbL:
2 2 2 2 2 2 2 2 2 2 _
7:1 +2°+3 +4°+5°+6"+T7 +8 +97+10 —385. (416)
1+2+34+4+5+6+7+8+9+10=55
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B Kamte Slnpa BO3HUKAEeT ceMEPUYHOCTL U 000/109Ka
(416):

144 12*-7 1008 385 385 55
= = 2= &S —F—=—, (417)
55 385 385 1008 1277 144

rjae: 72 =49 — noreHnuan o000ukH [22].

[Ipenonpenenenue o0xacTU €  HOJb-IIOTEHIUAIOM
(Tab6mn.148) ocraBnser xKoHTYp (417) 06e3 W3MEHEHHUS. MPEJO-
npeneneHue miasmMel ¢ Y, = 72 (1abn.148) poxpaer *KuBble
MarHUThI:

1008 : 72 = 14 = Juu*. (418)

186.KopeHb B OkeaHe XXnsHu

KBaHT, B k0TOpOM Bo3HUKaIOT 2KuBble Maruursl (418)
spisieTcss u3aydyéHHbIM Kamneit snepHoro BemiectBa kBaH-
TOM.

N3nyuenuro (po:xknenuro) Kusoro Maruura Snpom
npeamectsoBaio Cocrosinue PaBHOBecHsi B TOYKe-H3JIy-
yareJie:

Touka-usayyaresap ’JKuBbsix MaruuTon

MouHana. Macca
. HepaBHoBecue
EI[I/IHI:II/I OTHOCHUTCJIIBbHOI'O ITOKOs
385 .1008:1 385 @1008 m0:1008:2,6(l8)sc (419)
1008 385 1008 385 385

[Ipumeuanue: macca m, = 2,6(18) = e craneT nuiei aroaen
Bonu u Uoru (Teorenesuc [4]).

Havano ¢opmupoBanuss paBHoBecuss B Kamie sapa
saaepHoro BerecTBa cBsi3aHO ¢ paBEHCTBOM YHCIIA DJIIEKTPOHOB
Y TIO3UTPOHOB B CTYCTKE MHEPTHBIX ra3oB (Tabdi.149).
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Tabnuua 149

JlocTm:kenue PaBHoBecHsi 3a CHET CHHTE3a
MAacC OTHOCHUTEJIbHOIO MOKOS

KoMmoHeHTbI DNEKTPOHBI Kpunron [To3utpoHs!
otenuuans | -114 | -96 | -72 72 1 96 | 114
726
(tabm.142) | _110 | -76 | -36 36 | 76 | 110
2
Konebauus | 144 1008 _ my | My o m, = 1008 _ 144
(Tabn.148) | 55 385 my +m, 385 55

Mexanusm poctwxkenus PaBHoBecuss B Kamne sapa
onucaH B Kocmorenesuce ([3]. Cranna I1):

"4. Tpoe ynagaiao B Yersipe (t-T, = 3-4 = 12). Jlyue-
HocHOe EcrecTBOo ycmupsiercs. Cemb BHYyTpH, CeMb BOBHE
(417):

144 _12°.7 7-12° 144
55 385 385 55

(420)

Cusiromiee Sliino, B cede Tpouunoe (m.c + za(,-;,to-c2 +
E,c = 1+1+1 = 3), cBopaunBaercsi, paCHpoOCTPAHAACH MO-
JIOUHO-0esbIMu B I'1yOnnax Martepun:
Cnupanu Kynoanunu = ps-3,5/2,5 = 14 = \Juu* =Kusvie Macrnumut,
Kopne, pactymem B Oxeane JKuznm. (421)

187.0keaH XX13HU KaK B3aumogencTteme
B Kaxxaon Kanne XXnsHu

N3nyuénnpii Kannen fAnpa kBant JKuBoro Marnura
(418) nauan camocrosaTenbHY0 JKu3Hb:

"S. Kopenb ocraércsa, CBer ocraércsa, Crycrkm oc-
TalTCA U , BCE ke, Oeaohoo Enun (onucanue cpenbl U mpo-
1IECCOB B HEil).

252



6. Kopenr Kusnu O0b11 B kaxkaoii Kamue Oxeana

MepTusi, 1 Oxean ObL1 CBeTtom Jlyu HBbIM, KOTO-
Bbeccme , 1 Oxean 0 Cgrerom Jlyue3a , KOTO
polii 60611 Ornb 1 Terto, u JIBukenne' (1adn.150).

Taomuna 150
Xapakrepucruka Kaniam — Kopust 7Kusnu

Orub Temno JIBmxkeHue
Xapakre- 24 TIpecBaTbix
pHUCTHKA Anepnoe Kanopun VIMmyJibe [Ipecrona
BEIIIECTBO [17]
[lmazma

T,
IloreHuumansl, | y,=72= Ecziﬁz 7"772 96+ 72 =168
NpUBEIEHHBIC CBET T 3 _ Ay _ -
Kommoii | 36-(:36)= | 4188, | C- 7 | 20772=24
KaJIOPUH BOJA =1 kan (72:4):3= 7.
2[18-(-18)] 96

"Thma ucue3sia u 0oJiee He CYyLIECTBOBAJIa; OHA MC-
ye3ya B ceoeM EcrtecTBe, B Teie Orus u Boabl (Tadi.150),

1
Otua (xonebanue j pdp= 0,5) m Martepumn (xomebanue
0

}¢d¢=-0§)
1

*
kk

Cranna III Kocmorenesuca [3] onuchIBaeT mpoLECCHI,
npotekatomue B nosie Ceera kak Oeaohoo u Oeaohoo -
Munammmii (Tabm.151).

V3pu ero, npunoauumaioiero Ilokpos u pasBeprsl-
Baouiero ero ¢ Bocrok na 3aman [3].
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Tabnuua 151

Poap Csera B ka:xxknoid Kaniie Oxeana ’Kuzuu

Csert JIroMUHECLIEHTHBIN COJIHEYHBIN
ITo Cranre Oeaohoo Oeaohoo-Mmaammii
BzaumopeiicTBusa Py = s 107 pPs = p1p2p3ps =10
Pr1P3Ps

PsP2 hoo = ps = p2 =107 | hoo = p, — ps = 10°

I'paBuTanms 0=p; =10 0=p; =107

Tpancdop-
SnepHoe 0=ps=10" 0=py=10".

188.Moaco3HaHue n

NMupamnpa "BaBunoHckana bawHa"

Kanra JI[3uaH moapoOHO OMKCHIBAET POJIb W BIUSHUE
ceera ([3]. Kocmorenesuc. Cranna I1I)

Taomuna 152
JHeprernka BoolOpakenus

Tekct CTaHbl

PacmdpoBka Tekcra

¥Y3pu O Jlany,
Mursa Jlydesap-
Hoe Tex /IByx,
HecpaBHenHoOe
BnurtniBawiee
Beanumne IIpo-
crpancrBa Cse-
Ta, China Ilpo-
CTpPaHCTBa
TbeMbl, Bo3Hu-
kawuero U3
I'nyoun Besn-
KknX TémMHbIX
Bon.

CMotpu Yuenuk, JIUTS COJHEYHOIO U JHOMUHEC-
LIEHTHOTO CBETA.

bnucraromee Benuuue [IpocTpancTBa, 3amoaHeH-
Hoe CseroMm, Bo3Hukio B Kamne SAnpa u3z Ilpo-
CTpaHCTBa BEYHOU ThbMBI CAMOCYIIMX BOJIH.

Bo3nukaer B Hempax Xuakod Iia3Mbl Kak H3
I'nyoun Benukux Témubix Bog.

D70 conHeuyHbIN cBeT (Tabm.151).

CouyeTraHWe COJHEUYHOI'O U JJIOMHUHCCLICHTHOT'O
cBeTa TBOPUT Mypocth BooOpaskeHus.
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910 Oeaohoo -
Maagmuii. On
Cusier Kak
Couanne. Oun
IlnameHerommii,
BoxxecTBeHHBIH
JApaxon Mynapo-
ctu, Jka Ectb
Yartyp, U Hatyp
Bepér Cebe Tpn,
u Co103 nopo:x-
aaet Canra
(ceMb), B HéM
Cemepo, koTo-
pble CTAHOBATCS
Tpupama, Con-

MbI, MHOKeCTBA.

®opmupoBanue Boodpaxkenust

P5Q*<:>% q2ep?| 162104 T)" <107
DKa-oquH Haryp-
YCTBIPC

Enunoe BooGpaxenue cazano ¢ 1, = 4, no
MOMEILAaeT 3HEPrui0 Apymbl, 00pa3ysi pa3HOCTH IO-
TEHIIUAJIOB!

TR —7h = (42 -3?)- (42 +32)=7-25 (422)

B Ilonco3nanuu, MyJbCHPYIOIIEM C YacTOTOU
25-tn kaapoB Bo3HHMKalOT CeMb ypOBHEH, OIMCaH-
HbIX [Tupamuoii "BaBunonckast Oamss".

Bepmuna [InpaMupl mMeeT NOTEHIMAI, PaBHBIN
30 (Tpupama) — yucno-norenuan bora u borunu
Jlynsl mrymepos [1].

W3omepust nyHHBIX uH3nyueHuil [30-(-30)=60]
¢dopmupyetr CoHMBI (cHicTeMa CYMCICHHS ITyMEPOB:
60—602—603—60* [1]), n nanee Bo MHOXecCTBe.

189.J1azepHan Touka:

Hauvano norapudmmyeckon Cnupanm BceneHHoun

"1. IlepBo3nannbie Cemb, n3Hadajibubie Cemb [IbI-
xanuu [Ipakona Myapoctu, B CBOI o4epeab, MOPOKIAIOT
ceonM CasimeHHbIM Kpy:kHo-CnupanbubiM JIpIxaHuem
OcuoBHoii Buxps ([3]. Kocmorenesuc. Ctanmna V).

B mone Jlpakona Mynpoctu, 10 ectb BooOpakeHus
(q* = 16:10*°), [[3uan-mynbcarus BIe4éT 3a COOO CKaTHE, a
B3aMMOJICHCTBUS — PACILIUPEHUS:

Cixarue Pacmmpenue
J3nan Bzaumoneiicteus
q*(;&}@q* 1o (423)
2 ¢ @,
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28 =1g 10** (I'paBurarms)
D4 — siIEpHBIC B3aUMOACHCTBUS 10

CgeT TpeyronbHAK: mec+ey toc” + Erc =3
Camocy1ie BOJIHbI

Puc.53 ©opmuposanue Kanau siopa Ceemom: Decckuti Juck Ilpacrassan

Bosnukaer KpyxkHo-Cnupaabnsiii Ornesoit Buxpsb
(puc.53) u Ika-Yaryp Boobpaxenus (423).

CyoOcranumuern 111 3toro OrHeBoro Buxpst ciyxut
000/104YKa KBAHTa CBeTAa, C MOTEHIHAIOM 6 = 3 — (-3), U3 KO-
Topoit Bo3nukaeT Kynmamunu (6 = 3,5+2,5 = 3,52 — 2,52), a
npu p,2 = 10* B momsix norapudmmaeckux sonu (Ig 10°° = 28)
MOSIBUTCS TpaBuTanus (puc.53).

Bosnukner Kpyxuno-Crnupanshbeiii OrueBoit [{uck, usz-
BecTHbIN Ham B (Qopme Pecckoro JIucka IIpaciaaBsn
(puc.53).

Cnupanp Decckoro /Iucka (inorapudmudeckasr criu-
panb, puc.53) fABJSIETCH OIKMCAHUEM CIIHUPAIU IOJIYUYEHHUS
Tounkoit CTpyKTYypHI:

Tl . Tl

1 5?
— T —e 3
a T,-1 T, +1x

=a==e" omE,, (424)

[98)

rae: m.E, = 1/n? - mazepnas Touka,
5 u 3 — cropons! CesitieHHOro TpeyroibHUKA.
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190. Tpu hbopMbl Maccbl OTHOCUTESNIbHOIO NOKOA

Macca OTHOCHTEIILHOTO TOKOSI M, = € MOET OBITh
ckaTa JI0 TakOM CTENEeHHU, YTO OHA OKaxeTcs Oe3 Slapa, kak
Kamensb. B 3TOM ciiyyae Macca OTHOCHUTEIBLHOIO MOKOSI OCTa-
ércst HocuTeneM "armocdepsl, B KOTOPOM MPOTEKAET TpaHC-
dbopmaris DHEpruu co CKOpocThio cBeTa. [loTeHmnman macchbl
sapa Oymer paBeH € = m,C.

Macca OTHOCHTENBHOI'O IIOKOS M, = € MOKET HMeTh
AP0, Kak MeTajii, U TOT1a BHYTPEHHEE TOJIE siipa U aTMO-
cdepsl HaJ SAPOM JOJKHBI IMTYJILCUPOBATH (PHUC.54).

1. Kamenw: 6e3z aopa | 2. Memann: ¢ sopom, | 3. Jlazepuas mouxa, 20e

20e T e 1/n 7o el o mE,
C ¢ = 7 - ammocghepa ¢ = 77 - ammocepepa
m, = e - macca m,’ =e’ - macca
= 1/msa0po CE,1=]/7Z2 - 10po

Puc.54 Tpu ¢popmovl macc omnocumenbHo20 nokos.

Konebanus B macce, umeromed sigpo, Jurochepy u
atMocgepy (tuna Merain (puc.54, rae m <> e < 1/m)) Ham
u3BeCTHBI MO paboram uHCTUTYyTa ['eopuzuku AH CCCP [10]:
B atmMocdepe nporekaer crymenue HedecHbIx Tea ¢ K03 -
¢punuentom 5/2, B 1urocdepe pazinomMsl ¢ K0OIGGUIHEHTOM
7/2, a, cnenoBaTeNbHO B METAJIe BOZHUKHYT KOJICOAHMS:

Kamens %ﬂ@%e@xl u 2x < Tne < Sn? (425)
V3

[Tpu Tpanchopmanmu MeTamuia B Ja3epHYIO TOUKY SIEp-
HOTO BEIECTBA MOTEHIUANLI Koebanus Kamus (425) yBenu-
YUBAIOTCS /10 KBaAPATOB MEPBOHAYAIBHBIX BEJIMUUH (puUC.54):
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4 1
Jlazepnas - e <X — U

4 4 7’ (426)

TOYKa 4
4x2 < 49712e2 < 2571,

[Tepexoasl Tpéx dopm macc (puc.54) sSBISIIOTCS Bax-
HEWIIVMMH B DBOJIFOLMHU 3apPOKICHUS U pa3BUTHUSA JKn3Hu:

"S. Uckpa ®Poxara, Hutbio ToHuaiimei ¢ [linamenem
coennHénHasa. OHa crTpaHcTByeT 4epes3 Cemb Mupos
Maiin. Ona ocranasiauBaercss B IlepBoM, cTaHOBsICH Me-
TajiioM U Kamuem; nepexoaur Bo Bropoii, u y3pu - Pacre-
Hue; Pacrenne Bpamaercss B Cemu Cmenax u CTtaHoBuUTCS
CesameHabiM KuBoTHbIM. U3 3THX CBOHCTB-COYeTAHUI
Many-Mpiciauteab co3aaércs'’ ([3]. Kocmorenesuc. Cranna
VII).

191.KyHpanuhu B none BoobpaxeHus

Crymenne Tonkux Duepruii Enunoro Kocmoca npore-
KaeT B 3aKOHOMEPHOCTSIX HM3MEHEHHUH JIOrapu(pmMuveckoi
CIMpAaJIn.

DTaJOHOM CIUpANIA CTYUIECHHUS SIBJISIETCA CIUpaib, B pe-
3yJbTaTe NPOXOXKIEHUS KOTOpPOW uepe3 KojebaHusi Pyrbl
(T, £ 1) Bo3uukaer moctosiHHass ToHkoH CTPYKTYpbl

(1/a0=137,0000021), Bxirovaromiasi B ce0si C = T U m, = €:

Jlorapupmuueckas cnupaib
nocTosiHHOM Tonkoit CTpyKTYpBI
Cyberanmua Kamens Merain Pesynprar
(puc.54)
T +1 (427)
Cocrosaue 07" cef=
Pymr B cpene | 1, —1 T,-c-e™
C =T npH 5 .
_ —_— 71' . e =
Mo = ¢ 3 4mc" — '™ | =137,0000021.

JlnHaMMKa mpouecca IBMXKEHUS MO cnupainu TOHKOU
Crpykrypsl (427) onucana B Cranne V Kocmorenesuca ([3],
Tab1.153).
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Tabnuua 153

BoJuna Tonkoit Ctpykrypsl — Hocurens Mbiciin

Texct CraHisl

PacmmgpoBka Tekcra

2. OHn pnenaroT
ero BecTHukom
cBoei  BoJjHBI
Jlxb10 CTaHo-
BuTCca PoxarTom,
CTPEeMHUTEJIbHBIN
CoiH  bBoxkect-
BeHHBIX CBHIHOB,
464 Coinbl-JIn-
NUKU  YCTpPeM-
JAKTCH B BUXpe
CnupanbHoMm.

doxar ecTh
Konb — MbICab -
Bcagnuk.

Buxpu Macc OTHOCUTEIIBHOTO IIOKOS SBIIIOTCA
UCTOYHUKOM 3Hepruu Hocurens Paszyma.

Konebanus no ammmurtyne B Kamue ([xpro) me-
peXoIAT B IaBJIEHNE MTOBEPXHOCTHOM BOIHBI (Doxar):

gﬂ' S 41 5043 0212-5=7 1o % =2,4 | (428)

Jlorapudmuueckas crnupanb (427) sBiseTcs Takx-

xe Hocurenem Kocmuueckoit Meiciu p™*, cosnasas
MyJIbCUPYIOLLYIO crucTeMy (428):

% _ X 20
P=BA0T 5 4-9610° =6-(16-10° = ¢ %) (429)

B none BooOpaxenus (q*) Bosnukaer Kynnanuau
C IIOTEHIIAAJIOM 6.

[TosiBierne B Mertamie norennuana 4n (427) ObUIO Hc-
IIOJIb30BAHO KaK KPYr-OKPY’KHOCTH C paguycom R=2, B xoToO-
pO€ BOUCHIBAIIOCh OCHOBAHUE BeNMKOW [IupamMuabl.

192.NMornoweHne TOHKOU JHeprum

CryCTKom MaTepMVI

IMorenmuan 41 = £ = 6 UMeET SIIOPY B BUJIE JIUHBI OK-

pyxkuocTH (£ =2nR =47) win wiomanu kpyra (S=nR2=4r) ¢

paguycom R =2 (puc.55), B KOTOpbI€ BIIUCHIBAETCS OCHOBAHKE
Benukoi [Tupamuer (puc.55).

[Tupamuga — 310 3Mmr0pa crycrka Marepuu, B KOTOPOH
[0 KaHAIy 3KCTPACEHCOPHOM MPOBOAMMOCTH IOCTyMaeT TOH-
kas Oueprus (IIpana), umeromas 31MOpy B BUJAE MOBEPXHOCTU

chepsl ¢ paguycoM i =+/—1, rae Q; = 4ni2 = -4n (puc.55).
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41

Puc.55 Ilocmynnenue Tonxoii uepeuu (Q; = -4 1) uepes kanan skcmpa-

cencopnoii nposodumocmu (H) é none Mamepuu (S =L =4n)

B nmone crycrka nponcxoauT HackllleHne JHepruu Ma-
tepun Tonkoi Duepruent [Ipanst (Taba.153).

Tabomuna 154
Pe:xxum nmocrymiienuss ToHkoi JHepruun
B crycrok Marepuu

Dopmbl Bousiasl Marepun PaBHOBecue
Tonkas
AHTU-
Oneprus | [ToBepxHoctHas | berymas Pesonanc
Mepuoasi pe3oHaHC
T,=4 Q=4 < 4n=S <o L=4n |08 | 11
Tot1=5 -5n 51 5m < 10| -1s1
To-1=3 -3n 3n 3n HNo6n| -1l
CymMBbI -12n 127 + 12 [# 0 12n] -1<1
Max -123-13-(m+E;) mgEy = -6-122.

Pexxum nocrynnenus Tonkou Oneprum B mnone Mare-

puu (tab6n.153) omucan B Kpyre Yuusepcym Moannom boro-

ci10BOM B OTKpOBEHMSIX MOJ] TEIENAaTUYECKyl0 NTUKTOBKY Mu-
cyca Xpucra [6]:

Kpyru [6] 1 2 3 Pe3onanc
[oteH- | 234 203040 |200<300<400| 2:3-4 =24 | (430)

IIAAIbI 243-10°.
Bosuukaer ITepuomuunocts: 24310%:(-6:122) =-16-10°  (431)
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193.CxoactBo 1 Paznuumne poxaeHus B XKusHb
n B XKXu3Hb o (nocne) XKusHu

Ouepretuka Ouonornueckoir Cmeptu — 310 IlogoOue
Bbijoxa Tonkoit Duepruu [lamstu, BooOGpaxkenuss u Mpiciau
u3 Teia.

[Io Knure MeprtBbIX npu nonaganuu B J¢up bopao
rpaBUTaLUS ISl TYIIH UCUYE3a€T U BOCCTAHABIIMBAECTCS B TE€UE-
Hue 49 nueit, B TeueHue Kotopeix [lamsare u BooOpaxenue
oy Tep3aeT BooOpakeHue: BO3HMKAeT MOTEHLMal o0pat-
HBIW NaJIbMe:

HepBoe MI'HOBCHHUEC MMOABJICHUSA AYHIN
B J¢dupe bopao
OunbTpanys [TonoxurenbHble OtpunarenbHble
Tep3anue j- 16 4 | g* j‘ 16 4
_ Lo d(p - __ 7
Boob6paxenunem o 1427 | i 142 7 (432)
ITpu 42 boxecTBax 4 42 =24 4 42 — 24
Cepaua 7 7
24-6=144=122 -24-6 =-144 =-122
Ha mecroii neHp
Pe3onancusle Buxpu Apynsl-Pyner: T,2t2.

[TosiBienne pe3oHaHCHBIX Buxpeil Apynbl-Pynbr (432)
TpaHC(HOPMHUPYET IEKTPOMATHUTHOE T0JI€ B TPABUTAIMOHHO-
AIIEKTPUYECKOE, B KOTOPOM BO3HMKaeT Pymna-®dopma, TO ecThb
3apoabii JKu3Hu:

Kuszup BHE DOpMBL 3apoabi XKuznu B Dopme

* 1 4 7 *
q_*(i ij:i_ P10t (433)
AN 7 4 q

3apoapim JKuznu B a¢upe bopao monamaer B Tpéxmep-

HOC HpOCTpaHCTBO, rAC¢ BO3HHKAIOT 3apiAAabl U PAaBHOBCCHA
(433):
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p*

= 1 H1X2(mee + Eo o C + . = 3).

(434)

ENEIEN
_<J |

SHIES

PaBHOBeCHBINI KBaHT mnomnamaet B TpeéxmepHoe IlIpo-
CTPAHCTBO C IIECTHhIO CTENEHsIMHU cBOOO0BI (434). Bo3Hukaer
Kynnanuau u ¢ Hel Mbl pokiaeMcs B Onosornueckyro JKu3Hb

(434).

’Kuzup Bo3HukaeT B Boje [6°(18 = Mu,0) = 108], a 108
peuHkapHaiuii B Buxpe Apymna-Pyna dopmupyror cyocTpyk-

Typy (9+0):

108 : (Tt = 12) = (9+0).

(435)

194. OnucaHue PoxapeHna B KHure [13maH

[Tornomenue ToHkoN OHepruu Ccryctkom Marepun
(puc.55) — 10 onucanue poxacHus Ku3zHu OeIKOBBIX CMEPT-
HBIX T€Jl U3 MEHTaJIbHbIX NoJIel TOHKNX DHeprui.

Kuura [I3uan onmceiBaeT poxaeHune kak B JKus3Hu mo-
cie XKuznu (Cranua V. Kocmorenesuc. [4]), Tak u B OUOI0TH-
yeckyro JKuznb (Cranna VII. Kocmorenesuc. [4]).

CpaBHUM SHEPIreTUKY 3TUX (HOPM POKIICHHUS:

Poxnenue B JKu3zuu nocie JKusHu.
Cranmna V [3]

Posxaenue 3apopiiia Ouooruye-
ckoit XKuznau. Cranna VII [3]

2...Jlomo6HO MoOTHMH TIPOHH-
3bIBaeT OH (p*) Ty4H OrHeBbIE.
Henaer Tpu, [are, Cemb (428)
IIpoaBu:kenunii 4yepes Cempb O0-
gacreii BBepxy m Cemb BHM3Y.
On Bo3BbIIaeT I'1ac cBoi u co-
3piBaeT MCKpbI, coeAuHAAA HX
BMecTe. (puc.53, puc.54)

Bo3nukaer koHTyp KosebaHus
HEHpoHa:

3& 5 < (710).

1. Ilo3naii nHauvaao 7KusHmu,
4YyBCTBYIOUIEH U BHe GOPMBI.

Bnauaje, bo:kecTBeHHbBII
Enunbiii ot Martepu [yxa (p*),
3atem JlyxoBHblii (2u*); Tpu ot
Onnoro, Yerpipe OT OAHOIO H
IIsaTs:

34 <5 (umm Toxl),
u3 KoTopbIX Tpu, IIsars u Cemb:

3& 5 < (710).
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3. OH uX HANpaBJAIIUIA TyX
u Bouteab. Haunmnas padory, oT-
npeqasier Uckpbl Husmero Haper-
Ba (qymu ¢apuceeB, MPUILICIITHX
u3 JXXu3Hu), B pagocTu HocsiIue-
cs W Tpememylmue B CBOHUX CBe-
TO3apHBIX 00MTAJMINAX, U 00pa-
3yeT U3 HUX 3a4aTKH KoJiec.

On novmemaer ux B Illectn
Hanpasaenussix IIpocTrpancrBa
(Bo3uukaet 3apossim Tena, Pyma),
u Ogno nocpeau — Kosaeco Cpe-
AMHHOE (y1Ia).

J10 cyTh Tponunsie u Yerne-
PHYHbIC B HUCXOASIIEM MOPAIKe:

3422417 14

P+2°+3+4°
= < B — e
3+2+1 6

1+24+3+4

IepBoro Baaabiku poxaéH-
Hble Pasymom Ceinbl, biancraro-
mue Cemb. Onu ectb Thl, S, OHn,
o Jlany, onu 0.r0AyT TEOS M TBOM
Matepb-bxymu (3emio).

[TosBnsieTcs Boja U MarHETU3M:

Juu*=14 < 3-6 = 18 = Muo.

195. HenpoH-6MokneTkKa:
MUTO3 cnekTpa CBeTa B ob6onou4ke

B Teuenne Ounosorndyeckoi JKu3HM KaKIbli U3 HAC I10-
riomaer-usinyyaer ToHkylo DHepruio, ocraBasicb Martepu-
AJTbHBIM CYObEKTOM U3MEHSIIONIIEroCs CO BpeMeHeM TeJia.

OCHOBHBIMH ~ W3ITyYaTEISIMHU-TIOTJIOTUTEIISIMA ~ HAIIIETO
TeJa SIBISIIOTCS CTPYKTYpPhl OWOKJICTKA W HEHpOHA, MYJIbCH-
pytoiue B pexxume £2 (tabdi.154).

Taomuna 154

B3aumocBA3b CTPYKTYP OMOKJIETKH M HelipOHA 10 MUTO03a

Kowmmo- | Kone6anus | buo-
Nmmynbscel Pesonanc Pasnocts
HEHTEI CTPYKTYp | TKaHb
1
buo- 2w 84 — 60
+21- =184
retka | 0550 21 8 81[ ¢ dp=8 =
1
Hefipon | 7 2525 3| 15 8 +15-8[p dp=£60| 24
2 2 0
Cymmel 121212 36 16 84+60=144=122
banaunc 36:16 =576 = 242,

263




Tpon Xpucra Ha HebOe okpy:xken 24 IlpecBAThIMH
IIpecronamu (OTkpoBeHus) — 310 onucanve Hauvan B3aumo-
nerctBuil  cyocTpyktyp kietku (9+0) u wmedipona (7+0)
(Tabn.154).

HesrenbHOCTh Benukod l{uBuiam3amuum m OOToB, MOCHI-
JaeMbIX €I B IEJAArorMuyecKux ILeNsX, HampaBieHa Ha Pas-
MHOK€HUE JKMBOro, OCHOBOM KOTOPOTO SIBJISIETCSI MMTO3

(Tabin.159).

Taomuna 155
B3auMocBsI3b CTPYKTYP OMOKJIETKH M HEHPOHA NIPU MHUTO3€

Kowmrmo- Konebanus buo- | Ummyns- Pesonatic
HEHTBI CyOCTpYKTYp TKaHb CBI
1
BI/IO' +2 — . =
KJIETKA 55 H=>959+0 32 £2:6=12 | +32 12,([(/) dp=+192

1
Hellpon | 749 qeseny | 22 | 22612 | 22:12[p dp=£132
; )

Cymmnl | 14141414 | 54 24 324
. 192+132_324) 4-14 _56 _7 _ 30
anane 192-132 60 ) 54-24 240 30 7

KoJe0anui

O6om0uka = 49 <> 900 = (AK — AD = 900A).

Bo3Hukaet cnekTp cBeTa B 000J109Ke (Tab.155).

196.CBeT B obonouke:
rpaBMTALUOHHO-3JIEKTPOMArHUTHbIe CBOMCTBA

C momeHTa nosiBinenus Many-Meiciurens Ha 3emiie Be-
mukas LuBunusanus obeperaer u oOydaer Hac.

Obeperaror u o0yuaroT kak Oten-Martb cBoero Cobl-
HA.

[lenaroruka oOy4deHus: BKIIIOYAET TP KOMIIOHEHTHI:

1. leMOHCTPAUMIO JOCTHKEHUN HAyYHO-TEXHUYECKOTO
nporpecca Beaukod IluBunumsaunmu, HanpuMmep Ilnamanuia
XpHucrta U TaK jaiee.
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2. @opMHUpPOBaHUE OPUEHTHPOB HAIPABICHHOCTH JBO-
mouun passutus Kusoro myrém co3nanus Penuruosno —
SAsbryecknx Muposo33penyeckux Jlorm.

3. Co3naHue CHCTEMbl KPUTHYECKOro aHaiau3a Penu-
ruo3Hbix Jlorm Merogamu Marmveckux Mucrepuii, 4To MO-
3BOJISIET BCKPBIBATh MPUUYMHHO-CIICJCTBEHHBIC CBSI3M (3aKOH
Kapmer) Enqunoro Kocmoca.

Penurun, kak u marndeckue MucTepuu, OpUXOIAT H
YXOAAT MO Mepe ocBoeHHs MaHy-MebIciuTeneM o4epeaHoro
Orana [lo3Hanus.

Ceronnsa nepen Many-MplcauTesieM CTOUT mpoOiema
nosHaHus ero Tpanchopmanuu B Yenosexa Boam u Horn
[4].

Jlisg mo3HaHUS TakoW TpaHcopMmamuu HAJO BHIIBUTH
3aKOHOMEPHOCTH U3MEHEHHUS MEIUTALUU MPU MEPEXOJe MExK-
ny Yakpamu, r1ie cBeT B 000J104Ke (Ta0.155) cBsi3aH ¢ 3ek-
TpoMarHeTusmMom (1abi1.156).

Taomuma 156

Caer B 000/10UKe:
rpaBUTAIMOHHO-3JIEKTPOMATHUTHBIE CBOICTBA

SHep- Cgert B 0005104Ke Kynnanuuu
a1 Crekrp Benbrit Crektp Benbrit
(7122 =152 = 7V
oten- | 49<900= | T,72<>3600= | T} (Ej < T 15
MBI | AK — AD AB [(16+14) [p dp I
0 28 < 3600
DNEeKTPOMarHeTu3Mm:
Crnektp .
[Tpume- benblii cBet 16= * I'paBurtanus u
CBETA B =499~ 1 o
YaHU B 000JI04KE Oenbrii (AB) cBer.
o0oiouKe 14= [y *
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197.CT0 BOCeMb peMHKapHaLuumn:
nynbcauusa cnektpa Ceera B Pyne

Caet B 000J104Ke MyabcupyeT (Tadi.155):

28 —>3600
N N
900=—=49, (437)

®opmupys Paxyry npu unBepcuu (BbIBOpaurMBaHUE HAU3-
HaHKY) 000JI0YKH.

Konebanus 000704ku — rpaBUTAIUsl BJIEUET 3a COOOM
KOJIeOaHUs T0JIeH ¢ MOTEeHIHAT-IKBUBAJIEHTOM NajibMe U eé
oOpaTHoii BemunHbI (437):

Oborouka _49 T 4 28 _cpasumaywi - 43g)

epasumayus T28 4 7 49 obonuka

IHox 060J10uK0i cBeTa 1 HAA 000J10uKo0i cBeTa (Pany-
ra) BO3HHMKAaeT pa3HOCTb-3kBUBaJeHT 42 BboxxectBam TBoero
Cepana:

CyMMa paBHOCTB
9128= 77 _ 49128= 77 _ | _
4928 = T 21 8|7 |49.08= — 21 ~20|742 (439)

B 10 e Bpems nossnenue 42 boxects TBoero Yucroro
Cepnaua B Ddupe bopno (425, Knura MEpTBBIX) COMyTCTBYET
nynbcaius Ab = 3600A u pasnoctu AK - A® = 1400A-500A
= 900A (423). BO3HHKAIOT 3JIEKTPHYECKHE HPEAIOCHUIKH MO-
SIBJICHUSI BOJIbI U JKUJKOMW TUIa3Mbl C MOJIEKYJISIPHBIM BecoM 18
u 72 (tabn.157).

BHyTpeHHee mojie CIEKTpa CBe€Ta COCYIIECTBYET B
nynscupyronen Pyrme:

+108-102=900( Ty 1)=+£(900-5+900-4+900-3)=+900-12. (440)
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Tabnuua 157

IMyabcanusi CHeKTPAJIbHBIX KOMIIOHEHT
moja 0eJioid 000JI0YKOH CBEeTa

Ilonsa bensiii ceet | Cnektp | [1nazma | Boga iﬂfgi(;z Cser sapa
Moremman | + 3600 900 +4500 _4500 8 4500 y 7200
3600 900 2700 (2700 2700 1800
7200 1800 | 7200 |1800| 18210 | 36210"

Ilynscanmsa ceera B Pyne npenonpenenser 108 penn-
KapHauui B nepuoanyHocTy Kanbnel (440).

198. dHepreTnka Bo3HUKHOBeHUsS1 BoobpaxeHus

B nynecupyromieit cucreme (437) crektp cBeta u 000-
JIOYKAa KOHTAKTHUPYIOT, CO3/1aBasi HEPABHOBECHYI0 CHCTEMY, B
KOTOpOoil 000/104Ka TpaHC(OpMHPYeTCS B JBOMHYIO CIIHU-
paab KyHaaauHu, a pa3HOCTh MIOTEHIIMAJIOB B CIIEKTPE CBETa
bopMuUpyeT EKTPUUYECKOE, FTEKTPOMATHUTHOE U MAarHUTHOE
noJie (Tabi. 158).

Tabnuua 158

JJIeKTPOMATHETU3M: KoJle0aHne CIIeKTpa
B 000JI0YKe CBeTa

HepaBnoBecnas cucrema JIBoliHas

[Tons CIIUPAITb
Ob6onouka | CnexTp | DIeKTpOMarHeTu3M Kynnanuuu
Ilorenunansr | 72=49 C:f} 900 C:P 4-152 (7/2)2<=152.

[TosBnenue pABOMHOW crnupanu KyHIaJIMHU BOKpYyT
3JIEKTPOMArHMTHOTO MOJis ¢ MOTeHIaioM 152 He ocTaHaBIIU-
BaeT IMPOIIECCHI TT0T 000T0UKOMH, T/I€ IICKTPOMArHUTHOE TIOJIE:

:|:15=(16+14)'1/2E(W-FW)(ij-god(pJ, (441)
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A0CTUrasa KBajgpara ICpBoHa4YaJIbHOTO ITOTCHI[MAJIA, pacClIan-
BArOTCA HA JJICKTPHUYICCKOC, DJICKTPOMAIrHUTHOC 1 MAaIrHUTHOC
IT1OJIA:

MyHLTI/IHJIeTHOCT]) IJIEKTPOMarueTuima
Kyn- 3JIEKTPHU- HACKTPO= | o rpmT-
DNIeKTpOMarHeTU3M MarHuT-
JATAHU 4ecKoe HOE
HOC
| 2 1
(T2pets = [16“4) - | U6 21614 1) | (442)
2
(Vaq ™+~ up™)
1
1
[ do 7 (Qa™+2qg ™ s +pp).
0 0

DnekTpoMarauTHoe mone (442) mynabcupyeT, co3aaBas
KBa/IpaT Pa3HOCTH MOTEHIIMAJIOB U HOBYIO Pa3HOCTb 3JIEKTPH-
YECKMX U MAarHUTHBIX MOJEH:

%3[[16“4}2—(16_14j2}z32-(162+142). (443)

2 2

N3 cryctka Taub = 64 = T,> Bo3HMKawT Hebeca
Huub ¢ norenumnasom 32 (443), a Mexay KUBLIMH MarHU-
TaMHU NMOJYIIApPUil TOJ0BHOr0 Mo3ra (32-142 = 32up*) Bos-
HuKaeT 001ako Booopaxenus (32-162 = 32qq™).

199. Benukasa Nupamuaa:
onucaHue MupoBoro Anua

DHepreTuka peMHKApHALMI CBA3aHa C IyJibcaluen Irpa-
BUTAI[MOHHOM Oesioli 000JI0YKH C KpacHO-(pHoJIeTOBOM pa3Ho-
CThIO TOTEHIIMAJIOB B CIEKTpPE cBeTa moja obosioukou (437,
Ta071.159).

268



Tabnuua 159

KoJie0anusi KBaHTa cBeTa M peMHKAPHALMU

benas Kpacno-duoneToBbrii
[ToTenuman
[Tons 006os0uka CIIEKTP eHHKADHALLI
AB=3600A| AK-A®=900A | PCHaPHal
Konebanus 49 < 3600 49 < 900 1
(437) 28 < 3600 28 <> 900 T,-5400 (i I 0 d(pj
Pasnoctb 21 <0 21 <0 0
+ . 2 = 2
Cymma 77 < 7200 77 < 1800 108:(10%=ps%)
rae ps®> = ps: P2)
Pa3zHocTth cymm 7200 — 1800 = 5400
B Boge: 108 _ 1008
M0 = 18 13 =6 56=—— mm 3 < 28.

Kuznp n3 CBera 3apokaaeTcs B BOJIC, TaK KaK B BOJIE
(CKMIKOM SIIEGPHOM BEIIECTBE) peain3yeTcs mepexoj oT Apy-
nbl (T = 3) k rpaButanmu (Pyre), riae pe3oHaHCHO-aHTHUPE30-
HAHCHBIC KOJICOAHUS BO B3aMMOJICHCTBHUSX CBETAa HE MpPEKpa-
matoTcs (Tadi.160).

Ta6numa 160
Muposoe Sliino: konedannss Apynbi-Pynbl

HOHﬂ u Apyna N PaBHOBeCI/Ie Mt oBOe ﬂﬁuo
TMPOLECCHI | 'PABUTAMA | [gpmoHus Xaoc p
1 1 2
Kone6anus 1<—-28 | 028-3=25 | |1l =28 |- —H,
328 3 3 7
(Tabmn.159)
Ilenrarpamma B fliine | e 1 28-H=V,
' 3
Cpena T)+/Sin 77/ 4 |: 427" f 2 =H 00BEM [TupaMusl.

MupoBoe o, KOTOpOE€ TakK JOJT0 W YIOPHO HILYT
Ka00aIMCThI BCEX BPEMEH M HAPOJI0OB (BKIIFOYAsi HOOEEBCKUX
JlaypearoB), UIYT U HE MOTYT HAWTH y HUX IOJ HOCOM: OIH-
canueM Muposoro Siina siiaserca Beiaukass [lupamuga
Erunra, koTopyro npuBaTu3upoBai Xeorc.
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200. PenHkapHauuu:
B3aumogencrteusa B Muposom Anue

3. Tema u3nyuaer CBer u CBeT poHSieT OJAMHOKHIA
Jlyu B Boabl, B I'iryouny Jlona Martepu. JIyy npoHusbiBaer
JeiicrBenHoe o, ay4 mpoody:xkaaer Tpener B Beunom
Siiue u 3apoHsier 3apoablil, HEBEYHbIH, KOTOPBIH Cryuia-
ercsa B Mupogoe Siino ([3]. Kocmorenesuc. Cranna III).

B Cranue roBopurcst 0 TOM, 4TO U3 CaMOCYIIHMX BOJIH
nosaBjisaercs CBer:

1 c
Si 4=— 2= |—
\Sinn/ \5@\/ /a)o
)51 c/w,=2=1g p1 P2 P3 P4 Pss (444)

u B ['mybunax Jlona Marepu BO3HUKAIOT B3aUMOICHCTBUS
CBETA.

B nosie Apyribl BOZHMKAET CBETSIIEECS AIUIMIICOUIAIb-
Hoe CBeueHnrne TOHKON DHEpPruu ¢ MOTEHIMAIOM TOJY3ILIUII-
ca, paBHbIM 108 1 paBHBIM YHUCITY pEUHKAPHAIIAMN:

108 = 4-(33=27) = To1". (445)

Peunkapnauuu casuraror yposeHb PaBHOBecus B3au-
MozercTBuil B MupoBowM fiine (Ta6m.161).

[Tpu paBHOBecuu 6e3 peMHKApHAIIUN IHEPTHUs He HcUe-
3aeT U He MOABJsSIETCS BHOBb, HO TEPEXOAUT M3 OJTHOMH
(¢opMbI B JpPYryw, HO B pealusx pPEUHKAPHAIIUNA IHEPrusi
BHOBb U BHOBb MOCTYNAeT B MOJie CBeTAa U3 BEYHOH ThMbI
camMocylux BoJH (Tabn.161).

JInHaMn4ecKoe paBHOBECUE MEXKY IOJSAMHU CaMOCYIIUX
BoJH U KocMocom B3aumMoaeicTBUsI COXpaHAETCA IPU MO-
crymienuu 1083, rne 3 — norenuman tpéxmepHoro IIpocrpan-
CTBa CO CKOPOCTBIO, SKBUBAJIEHTHON TSHB:
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3
y= (wj =4’ =64, (446)
27

Taomuna 161
B3aumoaeidcTBus BHEe U IPH PEUHKAPHALIMHA

®op e D¢ dexTuBHOCTH | 3aKOH COXPAaHEHUS SHEPIUU
B3aMMO/JICHCTBUI
% |'paBuraimonHoe p1 =10"2*x1
=
c? Cnaboe p2 =10"x1
§ DnexTpoMarHuTHOE |  p3 =10'%x1 1= PP2LB
= Ps
8 |Anepuoe ps=10"x1
™
8 |Cper ps =10x1
§ ['paBUTAIIOHHOE p1=107*x108
X
<
g CrnaGoe p2 =10"x108
= 108,,108,108,108p
= 1012 1083 = 1 2 3 4
% OnexkrpoMaruutHoe| p3 =10"x108 108p,
=
oz SnepHoe P4 =10"x108
)
= |Cser ps =10x108

201.Mpupoaa LUnHb:
nornoweHne Kocmnyeckon Mbicnm CeBeTom

Camocyiye BOJIHBI BEYHON ThbMbI SBIISIOTCSI HOCHUTE-
JEM rpaBUTAlMOHHOIO 1noJiA Kocmuueckoin Mpbicii, BKITO-
yatomed Jlynusiii Ilorenuuan 28 = 1+2+3+4+5+6+7 u ¢o-
TOH-()OHOHBI B IIpeJieJaX HACBIIICHUS JTIOMUHO(OpA, TO eCTh
p* =28-10%.
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B mone o6osouku Csera, T0 ectp Kynnanuuu npu
paBHOBecuu, e 6 = 3 — (-3), HO e HET CMEUICHUs
6=3,5+2,5, 060Jsi04Ka MyJbCUPYeT (ABIIINT), BAbIXas (IOIJI0-
mas) sHepruro Kocmuueckoit Moiciu (446, puc.56).

Puc.56 Boox Ceemom Kocmuueckou Mviciu Beunoti Tombi

IIpn omHOBpemMEHHOM noryIONIEHNH MBICIM IBYMS IO-
JTyoO0OJI0YKaMu CBETa MU IHC-TPAHC H30MEPUUYECKUMH BHYT-
PEHHUMM TOJIIMH CBETA:

i(chJrso-uo-cz +E,c) =43,

BO3HUKAET I'PaBUTALIMOHHAS] AaHTUPE30HAHCHO-PE30HAHCHAS
nynbcanuss Kocmuueckoit Mpiciu:

AHTHpPE30HAHC Pe3onanc

8p* Cﬁ p*8

(447)

B pesynbrate mnornomenuss Ceetom KocMmuueckoii
Msicin (447) nosButcst nansMa 1 Goron-akancus ¢ 107 ¢o-
TOHOB:

8p* < (p*)% 8 (p%); 828107 (p%)";
102 = %(p*)G. (448)
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Kocmuueckas Mpicas B 3ToM citydae (puc.56) Oyner
aBIATHCS paguycoM (R) skBuBanenTOM momycdepsr:

L [Q=4nRe=4n(p*)2]=2m(28-10™)2=32(14-10%)2=32-p1*, (449
2

rae 32 = [{uHb.

Bosnukaror Hebeca unn: "1. IlpeBbimnnii Biaaabika
npuméia. On oraeansa Boabl ot Tesa eé u 310 ctano Hebom
HaBepxy, [lepebiMu Hebecamu ([3]. Kocmorenesuc. Cranua
I1T).

202.MarHeTtn3am Hebec:
reHepauus aneKkTpu4ecTBa

Maruutssie HeOeca [lunp (449) mynbcUpyrOT B pe3o-
HAaHCHO-aHTHPE30HAHCHOM PEKMME M B HeOecaX BO3HHKACT
ANEeKTpUYecTBO (Tab.162).

Tabnuua 162

Iyabcauust MarHuTHbIX HeOec [uub (449):
reHepaunmusi 3JIeKTPUUYECTBA U JIeKTPOMATHETH3M

AnTHpE30HaHC Pesonanc
Pexum
Cymma Pasnocts | [IpousBenenue| OTHOUIEHUE
- % _ % _ * _ -
MarnurHas 32p N 32“* 32H* 32 ;,L*
yJIbCaIHs +H32ur= 132u*= +32u*= +32u*=
Hebec 0 -64p* 4-162(u*)? -1
Taup
T —— Jlsuan  |4-16:14-10°=[4-162142-10"=|  [I3uan
3HeKTpEIqI;0TBa T 1{3,516* 10°=| 49-16310%= | ¢ 1
B Hebecax [pdo=+ 35729 | a9m2qee |[odo=—3
0 -1
Kynpanuau 000J104Ka
2( . %)2
I BT g = g,
3,5Tq *
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Antponiorenesuc Kuuru [3uan [4] B Cranue III onu-
ChIBa€T 3JeKTpoMarHetusM HebOec llunb crenyromum obpa-
30M:

"12. Beaukune Korannsl npusBanu Baaabik JIyHsl 0
Bo3nymubix Teaax: "Ilopoaure Jlwogei, Jlogeii Bamero
ectecTBa. /laiite uM ux BHyrpeHHue @opmel. OHa xe CJ10-
kT BHemiHHe OO0ono0uku. Myxke-’Kenamu OyayT OHH.
Baanpiku Ilnamenn Takike..."

"13. [Toman OHM, KAXKAbIA B MPETHAZHAYCHHYIO €My
3emuo. Cemb U3 HMX KaxKAbIH HA CBOHl Yaei. Baaabikm
Ilnamenu ocrajauch mo3aau. OHM He 3aX0TeJIH MIATH, OHH
He CTAJIM TBOPHUTH'" .

[Tpumeuanue: Benukue Koransl u Bnagpiku [Inamenn —
3TO CaMOCYIIIME BOJIHbI COOTBETCTBEHHO /10 B3aMMOJICUCTBUM B
SAnpe (Beamkme Koranbl) u nocne B3aumopeictuil (Bia-
abiku [lnamenn).

203.PacwuundpoBaHHaa TanHa
AvnarpamMmmbl TaAHb-LUMHDb

Mexnay cryctkoMm TsHb (¢ moTeHanoM 64), Hebecamu
[uup (moteHmuan 32) U KBagpaToM IEpPUOJA BpAILIEHUS TO-
YE4YHOr0 y4acTKa BOJHBI cBeTa (moteHuuan T,2 = 16) cymect-
BYeT B3aUMOCBSI3b OTHOLLICHHIA:

...564:3:1654:2:1EZ:I:%(IlmaH) = (450

Ot1o cootHouienue (450) ucnonb3yeTcs B AMarpamme
Taup-Lunas (Tab1.163).

DHEpPreTUYecKui Iepexol OT I'PABUTALMOHHOTO IO
Yyepe3 MarHUTHOE K AJIEKTPUIECKOMY (OpMUPYET TMOTEHIUAI-
DKBUBAJIEHT 3,5 BUTKaM cnupanu KyHpganueu npu pacummpe-
HUMU.
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JIBa ¢ mosioBHUHOK 000poTa BUTKa cnivpanu KyHaannHu
npu cxatuu (1/2 + 2 = 2,5) dopmupyercst B dIEKTPHUECKOM
noje (ta61.163).

Taomuna 163

Onucanue nuarpammsol Tanb-Llunb
rPaBHO-JIEKTPOMarHeTu3mMa

CTpyKTypa BosaHa pacumiupenns @ 3aponbI cBeTa
AvarpaMMal 3apoabim coKaTUA Boana cxxkaTus
I'paBuTanu- DekTpuye-
[Tonst onHoe (64) Marnutsr (32) cxoe (16) CymmMma
3apobIill THMbI 2 1 1/2 3,5
3apoibI ] 4 ) 14
cBeTa
Boua 64 32 16 112
cKaTus
Bosma 64 32 16 112
pacIimpeHus
CyMMmBbI 138 69 34,5 241,5
OTHOIIEHNS 4 2 1 7
[IpousBenenue 4-2-1 = 8 (pe3onHaHnc)
PaBHOBecue B8-7=1)@8+7=15=15=82-"72

B nenom auarpamma Tsaub-LluHb onmucbIBaeTr peso-
HAHCHO-aHTHPe30HaHCHYI nyJbcauuio Exunoro Kocmoca,
pe3yJIbTaTOM KOTOPOM SIBJISIETCH MOTEHIHAJ, PABHBIN 10-
JIOBHHE NMAJbMbI HJIM OTHOIIEeHHUIO (Ta01.163):

AHMUPE3OHANC _ 4+2+1 =Z =,u_* _
pesonanc  4-2-1 8 q*
(451)
p*

j¢d¢:£j‘¢d¢ =...
0 q

0

q*
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204.1Bu>xeHne — TouKa onopbl BceneHHom

MenTaabHasa JHeprus (Msicab, [Tamars, BooOpaxe-
HUE) BO3HMKAaeT Kak BUXPb (OTOH-(OHOHOB IpU UX JBU-
JKEHUU B OKpykaroleM IIpocrtpancrse.

Korma ¢oToH-QpOHOHBI pa3neTaroTcss OT SIUIIEHTpA
ANEPHBIX B3aMMOJECHUCTBUUA TbMbI CaMOCYIIMX BOJH, TO
Mpbicasb, [lamsars u BooOpaskenue Haxoasitcsi BHe @opmbl,
TO €CTh ABJLIIOTCS Apynon BeenenHon.

Korna ¢hoToH-G)OHOHBI TOCTUTAIOT MOBEPXHOCTH ITOJIS
cBeTa ¢ aIuaMeTpoMm — 3kBuBasieHTOM I, = E; = m, = 1/x, 1O
pacuimpenre BUXPHA (POTOH-(POHOHOB CMEHSIETCH €ro Cixka-
tueM. IIpocrpancrBo BcesenHo npuodOperaer Popmy.
Apyna cranoButcsi Pynoii. Meicisb, [lamsars, BooOpaxenue
peaM3ylOTC MO IIECTH CTENEHSIM CBOOOJBI TPEXMEPHOTO
[IpocTpaHCcTBa, MyJIBCUPYIOLIEr0O B PE30HAHCHO-aHTHUPE30-
HaHCHOM pexxume (1abi.164).

Tabauma 164
YcaoBus nepexoga Apynsl B Pyny

[{uc-u3zomep: TPaHC-H30MED:
Keanresera | gy n=1/x (me+E3)/2=-1/n

Boo0pa-
KEHHUE

ITonga CaeT Mpzricnb [Tamate

Autu- | cymma | 1/n+(-1/m)=0 p*+(-p*)=0 wH(p*)=0 | q*+(-q*)=0

peso- _
wane | PASHOCTE | 1/m—(-1/m)=2/m| p*+(-p¥)=2p* | p*+(-pu*)=2p* |q*~(-q*)=2q

MIpOU3Be-

Pe3o- | nenue -1/m? -(p*)? -(n*)? -(q*)?

HaHC | OTHO-
IICHUE -1 -1 -1 -1

Tpusenéunas | _ 5 —_1 __2 P p* | =2 -u* | -2 —q*
Ty JIbCALS 27 | p* o) u* 2 q* P

das Toro, 4yrodsl BeesienHass Haxoauiacs B PaBHo-
BecHMH el HeoOxoaumo /IBurarbcsi: myjabcHMpoBaTh, Bpa-
ATbCs, TPaHCPOPMUPOBATHCH. /IBUKEHHE — TOYKA ONO-
psI BeesienHoi.
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205.B3anmocBa3b Co3HaHue — [loaco3HaHue

Yacrtora nynscanuu, paBHasg £25 KagpoB B eIMHHLY
IIpopomkurenbHOCTH, NMOsABJAsieTcs: Ha ypoBHe Iloaco3na-
HMSA 32 CYET TPABUTALIMOHHO-CJIA0BIX MM MHBIX KOMOWHAUUN
B3aMMOJICHCTBUM:

HUcrounuk yacrorsl nyjabcanuu [oacosHanus

25 =1g(p1po=107) u +25=1g(ps ps/ps= 10%).

(452)

Paznocth 3THX yacToT: 25 — (-25) = 50, Be3necyiua u, He
nousiB Kaurn J[3uaHn, nynen — apTopbl Kab6aibl, 3Ty pa3HOCTh
o6osxecTBIH B BHae 6ora AMTH-CO® [2]. Ho uto GBI He y-
MaJll CEeMHTHI WJIA aHTUCEMHUTHI B3aMMOJAEHCTBUS OCTAJIHUCH
B3anMojeiicreusamu (452).

YacrtoTa mynbcanuu, paBHas +24 kajapaM B eJIHMHUILY
IIpoao/xkuTEILHOCTH, MOSBJISETC HA YPOBHE CO3HAHMS
TaK’Ke 32 CYET B3aUMOJACHCTBUM:

M CTOYHMK 9aCTOTHI nyJbCaluu Co3Hanusn

24=1g(p1=10"" u +24=1g(p2=10*").

(453)

[Tynbcanmst Cosnanne < Iloaco3nanue Qopmupyer

000104Ky ¢ moTeHimanoM 49, onucannyio Pycckumu Pynamu
([22], 452, 453).

000/109KH MEHTAJbHBIX MOJIeH

ITepexonbr | K Ioaco3nanwio | K Coznanuto | OGomouka (454)

TTorenuuassl 25/24 < 24/25 252 - 242 =49

PaBHoBecue moj 000704K0i OylieT CBsi3aHO ¢ KoJieOa-
HUSIMU 3KBUBaJICHTHOCTU 600 KaapOB B KBaIpare:

2425 = -600 <> +600 = (-24)-(-25) = 24-25.  (455)
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benbiil CONHEYHBIN CBET CKUMAETCA 10 KOPHS KBaapar-
HOT'O U3 Pa3HOCTH JIJIMH BOJIH:

JAB =3600 4= 600(A)"2p,. (456)

[TosiBnsieTcst cune-roay0as 00J1acTh CIIEKTpa CBETA:
600 = 300A + 300A = A" + AC. (457)

B tese yesoBeka ¢popmupyercsa Yakpa Tperun a3
U cnupauab 3oauaka — cnupaiab CyabObl:

0 < 600 — (-600) = 1200 = Tt ps2. (458)

206. Mbicnb, NMNamaTb, BooGpaxeHune
B Yyakpe Tpetun I'nas

Cpenoit, B KoTOpor mynbcupyeT Msicib, [lamaTe, Bo-
oOpakeHue, SIBISIETCS MyIbCUPYIONINI CBET.

Pexxum Bcex dopm mynbcamuu sBisiercs [logoOuem
nmyJbcanuu ceeta. CBeT Kak KaMepTOH.

CBeT mynbCcUpPYET B pE30HAHCHO-AaHTUPE30HAHCHOM pe-
KUME.

IIpu myasbcanmu CBera B cryctke Jliomunodopa B
npouecce yuactsyer 10 ¢orToHoB B mpemenax Hachimie-
Hus Jlromunodgopa.

IIpn nyascanun CBera Hax crycTkoM JliomuHogopa
B nponecce yuacteyoT 107" poTonos (1a6:1.165).

B norapudgmuueckux momusx ¢opmupyercs Yakpa Tpe-
it raa3 (Ig 107 = £60), a 3aTemM BHyTpeHHee IONE CBETa
1g 10%"%° = £120.
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Tabnuua 165

Tpancopmanus cpea cBeTOM U nepemMenieHue pOTOHOB

®opwma nons

Crycrok aromuHOpopa

Ilone vax CT'YCTKOM

Kocmoc Eqnn

Yncio hOTOHOB 10% = 10%
Pe3onanc AnTn- Pesonanc | HTH-
PE30HAHC PE30HAHC
[Tynbcanus cBeTa meEs10%= | (metEp10% | 107 102
1 TpaHchopManus obn 2V = W =
cpen mE, m,+E,
1% < 2:10%n & 12102 ¢ %-10-2"
Kopens (102°) 10*'n 2:10°m2 ¢22:10%°n%p 10%'n
octaércsi, Cer 104212 2:10%n 2:10%°x 107
0CTaéTCs, CrycToK 10 2:10"x 2 1
(10'20) octaérces [3]: 1 21 27-10% 1074

[Ipenreua Yakpsl
Tpernii ['na3 B
SJICPHBIX peaKIUsIX

Nmnynbscel Mbicnu,

[Tamsatu, Boobpaxenus

DneMeHTapHbIE Ipa-

BUTALIMOHHBIH, Mar-

HUTHBIN, dJIEKTpUYE-
CKHI1 3apsiibl

¥ .%o g% =
p =

28-14-16-10%

p . u . q:
28:14-16-10%.

207.MarHuTHOe nsny4yeHuve obosnoykamum HYakp

O00104KM TPABHUTALMOHHO-3JICKTPOMATHUTHBIX I0-
JIlell MHKpPO-CTYCTKOB JJIEMEHTAapHBIX 3apsioB M Makpo-
cryctkoB Meicau, [Tamaru, BooOpaxkeHnus BOZHUKAIOT B JIO-

rapu(pMuyecKux moJasiX B3auMoAeiiCcTBHI:

O6omouku Mukpo-crycrka Makpo-crycTka
PIQIE p1p2p3 paps=[p*u*q™le pip2ps paps=| 4 50)
Morenmmansr | 28-14-16:10°%%-2 = 28-14:16:10°2 =
49-10°°T2 49-10-T2.
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[Ipupona BO3HUKHOBEHHS B3aUMOACHUCTBUNA B MOJISIX
dbopmupoBanus 06o04ek (459) cBsA3aHa ¢ MUTO30M p U p* Ha
JIBa MAarHUTHBIX MOJIS:

pPL(-W—~(+w]q = 49-10°T," =
49-10"T," = p*[(-p)~(+u*)lg*. (460)

Bo3Hukaroiiye MarHUTHBIE MOJS MOTYT NEPUOANYECKU
TpaHC(HOPMHUPOBATHECS U3 aHTHpe30oHAHCHBIX (460) B pe3o-
HaHCHBbIE:

MASHUMHBLU PE3OHAHC Jou (— ,U) (—|— ,Ll) q

MACHUMHBLL AHMUPE3OHAHC Tt p-(2u)-q B
(461)
LM - 2 _ anmupesonanc
2 y7i Ppe30Hauc

Takum oOpazoM 000J109Ka MHKPO-MaKpoO CTyCTKa 3a
nepuoa T, = 4 OyJeT u3aydarb MarHUTHOE IOJie C MOTEH-
LIMAJIOM, PaBHBIM (461):

To=22 < H(up* = 14). (462)

B rteuenne IIpomomkutensroctd T, © = 4% (459) B

KBAHTE BO3HUKAET SHEPreTUUYECKUIN (MAarHUTHBIN) SKBUBA-
JICHT:

162 =Tod < 14 = 142 = uu*. (463)
[TosiBUTCSt pa3HOCTh MOTEHITUAIOB (463):
162 -142=60 < +0 < -60 = 162 — 142. (464)

[TossButca Tpermii ['ma3, marHeTusM, TUIIHOTU3EPHI U
mapiatadbl. OJHAKO HAIMYME LIAPJIATAHOB HE BJIMSET HA 3a-
koHbl Enunoro KocMoca, Tak kak mocrtosiHHass Yakp paBHa
140.
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208.'vnHO3: MarHMTHaA nynbcauus B
rpaBUTaLMOHHO-3N1eKTpnyeckom none Kocmoca

['paBUTAIIMOHHO-MAarHUTO-PE30HAHCHOE TIOJNE yIEPIKU-
BaeTCA B TPEXMEPHOM MPOCTPAHCTBE DJICKTPUUYECKUMHM ITOJIS-
MU (Ta6:1.166).

Taomuna 166

MarautHasi myJibcanus
B rPaBUTAIIHOHHO-3JIeKTpHYeckoM Kocmoce

MarHuTHbIN aHTUPE30HAHC MarHuTHBIN pe30HAHC
Tonkue DHepruun 3apsiasl 3apsiael Tonkue DHeprun
pr-2ux < q* p2u<q q< Wp qQ* < px2px

% %
ARG Lol Lor Lo 2"
q*  2u* q 2u “oooq u* g
Teligor | Tolgm %-104‘)@1 Lz~10‘4°<:>z.
4 28 4 28 14 41 14 4

[IpuBens KaxAyr0 HEPABHOBECHYIO IYJIbCUPYIOLIYIO
CUCTEMYy K OOIleMy H3ydaTelllo, paBHOMY Majibme = 7/4, u
3Has, yTo 142 = 7-28, Benukas [{uBunusauus onpenenuina He-
paBHOBecHYI0 cucteMy Enunnoro Kocmoca ¢ penukToBeiM (po-
HOM B OIHY najabMy (Ta011.166):

7107 < 7-10° < 10%* 107

e (465)

B sToM mone mpoucxomuT OECKOHEYHOE HACHIIIECHUE
aromuHOQOpOoB poTonamu B Teuenne Cemu Beunocreii:

710 < 7-10° u 10 < 107, (466)

U UX pa3pylieHne Ha (OTOHBHI.

OO0muM 3HaMeHarTe/ieM KoJe0anuii B Teuenue Cemu
BeuHnocrei ABJIsIeTC MArHUTHOE oJie B ""maanbme':
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%.ZEL.Z: X _x (467)
14~ 4 puu* 4 28-4 112

ba3zucHoOM myJsibcalyen SBJISIETCS MAarHUTHBIM PE30HAHC:
LU < p*u*, u aHTUpe3oHaHC Pt <> u*+u*, B rpaBUTaIlMoH-
HO-3JIEKTpUUeCKOM cpeje (Tadi.166).

209.3akoHoMepHOCTHU Nynbcauun AbcontoTa

Pabdora nuratens HJIO sBusieTcss IHepreTHYecKUM
IHomoOmem: poOIECCOB NBUYKEHUSI CBETA B OKPY KAIOIIEH cpe-
ne, BceX (OpM T'€HETUYECKOTO Pa3MHOKEHUS, CUHXPOHHOU
paboThl MONyLIApUid TOJIOBHOTO Mo3ra, JBuxenus EnunHoro
Kocmoca.

Dopm /IBukeHMsI, B TOM YHCJIE EPEX0T0B U3 OAHUX
®opm Jueprum B [Apyrue, y Ennnoro Kocmoca 6eckoned-
HO€ MHOKeCTBO, HO YHCJIO 3aKOHOB /IBHKEHNSI KOHEYHO, U
HUX HEe TAK MHOIO.

MaremMaTtndeckoe OIMcaHHe 3aKOHOB JIBMIKEHHS MOX-
HO, HalpuMep, Ha4YaTh C TUHAMUKH JBUKCHUS TPEYTOJbHUKOB
B amtope 3Be3na JlaBunma, uMest B BUIY, UTO TPEYTOJbHUKUA B
3Be3/7¢ ONMHCHIBAIOT AOCOJIIOT, TO €CTh CBET BO B3auUMO/eii-
cTBusX (puc.56, puc.57).

1 cxKaTHE | pacmmpenue -1

ks ke [Mynscanus

J3ran

[Tynscanus 1.1 1

1 ks -k 1 1+1 2 -1
ks + kg
[IpaBoe [Tepexon (=1)-1) _ 1 JleBoe
MOJIyIIIapue CD+(1) 2 MOJIyIIIapue

Puc.57 Hunamuka osusxcenus Abconroma (Tempaxcuca [ugacopa,
Tempazpammamona [pesnezo Mzpauns)

282



[Ipu aBukeHun AOCOIIOTa BO3HUKAIOT JIBE (pa3bl JBU-
YKEHUS: pacluupeHue u cxkarue (puc.57), a Takxke rnepuoanye-
CKM BO3HMKAIOIINE Pe30HAHCHBbIE PABHOBECHSI C TMOTECHI[MA-
JamMu 1.

Mexny pe30HaHCHBIMU PaBHOBECUSIMU B CBOKO OUY€pE/lb
MOSIBJIAIOTCA CYMMBI-Pa3HOCTH ¢ noTeHuuanamu =0 um £2, a
KaKIbIH PE30HAHCHBIN PABHOBECHbBIH MOTEHI[UAJ CBA3AH €
HEPABHOBECHOM MyJbCcUpYIOLIeii cucTemoi (puc.57).

+] < +k, = \/k_n<:> (468)

1
Jk,
IIpu pacmupenuu Bo3HUKaeT J[3uaH - myibcauus, NpU
CKaTUU — PE30HAHCHBIN ITOTEHIMAIL:

1= (k5 = kl‘k3) = k6 = kz'k4. (469)

210.Mosr, Teno, PenHkapHauuu,
NMocTtossHHas BceneHHoM

Pe3onancHOe paBHOBecHE TpaBUTAIIMOHHO-3JICKTpOMAr-
HUTHOTO TOJISI MIMEET MECTO OBITh KaK IMPU MarHUTHOM aHTH-
pe30HaHce, TaK U MPU MAarHUTHOM pe3oHaHce (Tabi1.166).

IIpu coBmectHOM mynbcanuu Mosra u Teia KOHLEH-
Tpausi GOTOHOB B JIIOMUHO(POpPE TO YBEIMYMBAETCS JI0 Mpe-
JIeNIOB HACKIIEHHs, To ecTh 10 10°, To YMEHBIIAETCs 10 Ba-
kancuit 102 gporonos (1abm.167).

[Tynbcammst GOTOHOB B JIIOMUHO(OpPE MPOTEKAET C W3-

o 2 2
JTy4yeHuem BakaHcui: 10 %< 10 0, YTO MPUBOJUT K HACHIIIIE-

HUIO CTYCTKOB dHeprueit u pacmmpenno Kocmoca HeBecomo-
ctu (Tabi.167).
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Taomuma 167

CoBMmecTHas myabcanust Mo3ra u Tena (puc.57, 1a61.166)

MaruuTHbBIN MaruuTHbBIN
[Ipomecc
AHTUPE30HAHC pe30HaHC
Muicab, - ,
. .9 %
ITamsATS, 1<:>P H =k =k, 1<:>p 2u Ck—k
BooOpaxe- q* q* 1= 3
Coxatue HUE
DOnemen- 2
TapHbIE 1<:>u5k2 =k, P H =k, =k,
3apsIbl q q
B romose il:ksf%f% 1=k55%5%
3 1 3 1
Pe3onanc
B terne il:kszﬁzﬁ 1=k65£5£
k, k, k, k,
Mpeicib, %0k
— . Ak, %2
ITamsaTs, le P e = k, =k, les—P 2u — k =k,
Boo0Opaxe- q* q*
Pacmupe- ave
e D1emMeH 2
- 52 .
TapHbIE -1<:>M5k1 =k, |-l P A =—k, =k,
3apsiIbl q q
7 220 7 20
O6mas I'paBuTaryst +l & ZZS'IO L 228'10 |
IIyJIbCaLUs
O6omn0uKa +] < 49-107° cﬁ 49-107° = +1.

Bo3nukaror 060104ka u rpaBuraunms (tadin.167), rue
HAJIMYUE TOCTOSIHHOW BceneHHOW mOo BOIOpPOAY MPOSIBIISET
cebst B 108 penHKapHAIMSIX:
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211.CTpyKTypa 1 npmpoaa BO3HUKHOBEHUS
LLapoOBON MOJTHUMU

B Kuure MEpTBbIX aKLICHTUPYIOTCS B4 MOMEHTA!

- MmoTepss AYWIOW TIPABUTANUOHHOM KOOPAUHALMM,
MOKa ellé OHA CMOTPHUT C BBICOTHI He €€ OpeHHOoe TeJIo, TO
eCTh B Te4eHHe HMIeCTH JHel mocjie OHoJI0rHYecKoil cMep-
TH;

- 49 nHel My4YeHHIl BHPTYaJdbHBIMH 00KeCTBAMHU
BooOpaxxenusi nymu npu Bbi0Oope HOBOro Mmapumpyrta Kus-
HM B NOCTPEMHKAPHALMOHHBbINA HOBBIW Mmepuox [8].

Knaura MEpTBBIX ONKCHIBAET B YACTHOCTHU MEPEXO] OT
rpaBUTalMU K 000J0YKE TaM, IJl€ MAaTEMATUYECKU Mbl IPOCTO
cokpartaeM 28:4 = 7 (Tab6:1.167):

JHepreTuKa peuHKapHauui
['paBuTanus O6omnouka
7 -20
~.28-107% & 72.10%
4 710 (471)
U !
%-28-1020 ¢r> 72 102,

[Tomo6ue suepretuxku pemHkapHaiuu (471) coxpaunser-
Cs B KaXJOM Jro Kaxa0oe MIHOBEHHE B (hOpMe MOsBICHUS
BooOpaxxenus 3a cuét pabots! [lamsatu u Mpicnu:

Bo3HnKHOBeHHEe MATHETH3MA
B 0JAX ToHKuX JHepruii

AHTHUPE30HAHC Maruetusm Pe3onanc 472)
p* 2l
oy (- )= 2o o 4op E[zﬂ*Qp_j ‘
q* q*
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B none 3aponpima Tonkux Onepruit marmetusm Henp
NEPEXOAUT B JIEKTPOMArHeTH3M (472):

p* & 2u*q* & 4u*q*)? < p*2 (473)

KOTOPBIM TpaHCHOPMHPYETCS B MOBEPXHOCTHOE 3JIeKTpHYe-
CKOe IoJie TUIAa MAapoBoi Moanum (473):

(28 =1,7516)'10" < 2-14-16 = 1,7516210" <
<[(2:14:16)2 - 1,75:1621210% < (1,75-16)2:10™

HJIK H1apoBasA MOJIHHAA:

1,75:q* < 1.75:q*2 < 1,752q*" < 1,752q*2. | (474)

212.UHBepcus waposou MonHum
— nogobue BoobpaxeHus

Onektpuueckas mapoBass Mounus u cryctok Boo0-
pakeHus SBISAIOTCS IHeprerudeckumu Iloxodusamu, Hayano
KOTOpPBIM Ja€T CHEKTp CBeTa, 0OJiajalolvii MHBepcUeil B
dopMme paayru uiu eé orcyrcrBus (Ta6m.168).

Tabauma 168
HNuBepcus (B3pbIB) LIAPOBOH JIEKTPUYECKON MOJTHUH

(BooOpa:xenmnst)
Pexum AHTHpE30HAHC Pe3onanc
Boobpaxenue * . 4 92
(474) 1,75q* < 1,75q 1,75q** < 1,752
Penaxcais 1,75/q%2 < 1,75/q* 1752q% < 1.752/q

nepea B3pbiIBOM

[Mosienue 1,75-107% 1,75-107° 1,75-107% 1,75*-107%
= <~

BaKaHCHUU IS

3apsIOB 16° 16 16° 16"

Boccranosnenue |1,75:16:10%°<1,75-162:10°|1,752-16*10*<=1,752:162-10™
3apsiIoB p'10% = 28q p2-162 <= 282-107%.
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Crycrok BooOpaxeHusi — miapoBasi MOJIHUS TIOCIIE
WHBEPCUM BOCCTAHABIMBACT IOJIE 3apsiAOB MyTEM BbIJCICHUS
cBeTa U rpaButanuu (Tabdin.168).

N3nyq€nnpiii 6enpblii cBeT GOPMHUPYET C MOMOIIBIO Tpa-
Butanuu (/pp*= 28) cpeanl 6328 31eKTPOHOB (IIO3UTPOHOB)
112-tn snementoB [lepuoanueckoit Cucremsl:

Yucuo 31ekTpoHOB B 112-TH 3J1IeMeHTaX
Hepuoanueckoit Cucremnl
Yucno
Kowmmo- Caer [Tamema | I'eHOMBI T'pasut- | srexrpo-
HEHTBI Tamusl | HOB: 112
JJIEMCHT (475)
- 7
Hotei- | 3600 x ~ = 6300 + 28 — 6328
I aJIbL | 4 | | |
12 15— 6328
Cymma apudMeTHueCKol Iporpeccuu.

B mossix mepexona K 3JIEKTPOHAM-NIO3UTPOHAM Ipa-
BUTAIMsI ¢ MOTEHHHMAJIOM 28 = ./pp* fABJASAETCA YKBHUBA-
JIEHTOM CYMMBbI YHCJIA 3JIeKTPOHOB-NO3UTPOHOB KPEeMHUSA
(14+14 = 28), yr0o NpUAAéT KPEMHHMIO CBOICTBA IOJYIPO-
BOJHHKA MEK1y MATHETU3MOM U I'PaBUTALIMEH.

213.PeuHKapHauusa: 3HO0-3K30TepMua Aro

PeI/IHKapHaHI/Iﬂ MpPOABJIAECT ceds1 B HHBEPCUH.

buonoruueckass CmepTh BHIBOpauMBAET IyIly HaWM3HAH-
Ky U B OKpYXKalollel cpele BHe 000J0YKHM OKa3bIBAIOTCS
Mpbicib, [ITaMaTh 1 BOOOpa:keHne TBOEro Jro.

B 0e30TX0HBIX TEXHOJIOTUAX PEHHKAPHAIIUI TypHbIC
Mpicnu, [lamars u BooOpakeHune uayT Ha SK30TEPMUUYECKYIO
neperiaBky (penuruo3Has gormMa o6 Aze), a Xxopoiue - co-
BEpILIEHCTBYIOTCS B HA0TepMuH [llambansl (morma o Pae).
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Tabmuua 169
Pacnpenenenue Jro nociae omosornyeckon Cmepru

Ilonsa Ox3otepmus "Ana" DOunorepmus "Pas"
% %
Mpicas, [Tamsrs, ,0_* 2p=T7"-10" 7710 = p* p_*
Boob6paxenue 9 1
(mymm) AHTHUPE30HAHC Pe3onanc
MarHeTusma MarHeTusma
Jly1u Bo 72:10%1g(p3p4=107°) 72:10°1g(p1=10"%)
B3aUMOJICHCTBUAX 26-72-10%° -24-73.10%
13 =1g p2 s < -12710% =
Konebanus 20
YeproBa /t0KHHA -84-10°" = -6u*.

Nuoraga B Ay meperuiaBka T'PEIIHOr0 Oro JIOCTUTaeT
4epTOBOM AI0KUHBI, TO €CTh KOPOTKOAECHUCTBUSA
Ig(pap2=10").

Oro B Paro B mecTp pa3 yBenMUMBaET MarHETU3M CBOEH
[TamsiTu (Tab6s1.169).

Oro B Paro Haxomgutcs B Apylie, MyJbCUPYIOLIEH C Tie-
PUOAMYHOCTBIO T =3, U co3arollel noTeHman -6 *t=-18u*,
CBA3aHHBII B TOM YMCJIE C MOJIEKYJSIPHBIM BECOM BOJbI
(Mn,0 = 18). IToatomy Bo3poxkaenue u3 Pas k Hosoit XKuzuu
MpOU30MIET B BoJie (KUIKOU cpenie).

Bwmecre ¢ Tem yxon u3 JKuzau Kunura MEpTBeIX onuce-
BaeT Kak ''mosiBjieHue 42 I'po3ubix boxkecTB TBOCro 4ncTO-
ro Cepana Ha mectoil 1eHb npedbiBanus B bopao" [2].

Bo3uukaer paBHoBecue ¢ GoTOHAMH B JIOMHHOGO-
pe:

(-6p*t = -84-3-10°) : 6:42 = -10%. (476)
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214.UnuBepcua Apynbl
B cchepuyeckom TpéxmepHom lNMpocTpaHcTBE

NuBepcuonnblii B3pbIB — 3T0 00pbda CBeTa 3a Tpéx-
MepHoe IIpocTpaHcTBO, 3aHATOE CAMOCYIIMMH BOJIHAMH BEU-
HOW TbMBI.

boprba Csera ¢ Temoii 3a TpéxmepHoe [IpocTpancTBo
ATO He BOMHA 32 3eMJIH ¢ COCeJHUMM ITHOCAMH, KaK TOJIKY-
10T BeTX0-3aBeTHbIC [Ipopokn Uynan3ma, Tak U HE NOHSBIINE
0 UéMm uM Tprkabl IO COPOK aHeH roBopua Co3parens Ha ro-
pe CuoH [5].

[IpuynHBI HTHBEPCUOHHOTO B3pPbIBA CBA3AHbI C YHEPTETH-
YECKMMHU COOTHONICHUSIMH BHYTpeHHero mojisi crycrtka (V),
MOBEPXHOCTHIO crycTka (Q) m cpemoit-armocdepoit (1|V) Han
cryctkoMm (puc.58).

J1o uaBepcun PaBHOBecHe ITocne naBepcun
3. Atmocdepa v

_ 3. Atmochepa v 3. Atmocepa V*'

=

V<Q>1/V V=Q=1/V I/V<Q>V

Puc.58 Tpu cmaouu uneepcuu

Haunbonpielt MI0THOCTH JHEPreTHYECKON yHaKOBKHU
00BEM U 000JI04Ka JOCTUTHYT TOTJA, KOT/1a UX (OPMBI CTAaHYT
cheprudeckuMu ¥ TOSABITCS Konebanus V? < QV < 1
(puc.58, 1a611.170).

[Tone uHBepcuu cBsizaHo ¢ nynbcauuet Apynsl (3+1) u
MOSIBJICHUEM Pa3HOCTU KBAJIpaTOB MOTEHIIUAJIOB:

(3+1)2-32=7 u 32-(3-1)=5. (477)
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Tabnuua 170

HNuBepcus crycrka B chepuyeckoM NPOCTPAHCTBE

ITpoctpaHcTBO MHBepcrOHHas ITyJIbCaLHs] Apyna
4 0 3
C V=—r-R = 47-R2 =o =
(bepuueckoe 3 Q=4n P
s. 91
JlowmBepcun | V2<QV >1 | R°<3R >E— R<3>
V4
s_9 1
PaBHOBecue =QV=1 =3R R=3=
16 7
9 1 s 6
ITocne unBepcun | 1 <QV > V2 T6a2 <3R’ >R <3>R
V4

215.MNynbcauma KyHaanuHum
B npeaenax PeuHkapHauumn

NuBepcuss Apynbel B TpéxmepHoM [Ipoctpanctse (478,
1a071.170) onucana B Kocmorenesuce Kuuru J[3uan [3]: "®o-
xaT ectb Konb, a Mbicab — Bcagnuk. Ilogo0HO MoHNM
NPOHU3bIBAET OT Ty4H Ooruesble. lenaer Tpu (t = 3), IIars

(32 —

(3-1)2 = 5) n Cemn [(3+1)2 —

32 = 7] IIpoaBu:KeHUIl Ye-

pe3 Cemb Obaacreii BBepxy (JIynssiii Pan) m Cemb BHM3Y
(Conneunsrii pan 6e3 BoceMoro) ([3] Cranna V):

JlyHHbI psg 0

1 2

3 4 5

Conneunsid psag | 8

7

CBeTo-1aTenb:
CeMb oOmacreit

L

Bo3myennas

ponnnnn

1

e

cpena

Tsanb = 82 - 0; HI/IHL—64{ jwd(p

6 7
2 1

|

]=i32
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J3uan—nynbcanust GopMHUpPYET U3 7 U 5 TpU C MOJOBU-
HOM BHUTKa KyHIammHM npu pacmuupeHud U 2,5 BUTKA IPH
CKaTHM, a WX OTHOLIEHWE mpeomnpeaenser (GopMHUpOBaHUE
JKABBIX MarHUTOB:

Hyabcanus Kynxaaunu
U BO3MYIIICHHE MATHUTHOM Cpeabl

Kynnanuun Ot antH-
Marnetusm pesoHaHca Kk | (479)
Pacmmpenne Cxarue PE30HAHCY
1 1 7 35 7-5
Nt|lodp |=135 |5t |pdp |=22,5| —=14== 2 |pdp=1081-
[ '([w (/)J ( !).q) wj 5 25 7'[5(p Y

"2. On Bo3BbIIIaeT I'J1ac cBoil M co3biBaeT Oecumc-
JeHnble Hckpol (m **=0,002), coenmusia ux BMmecte ([3].
Kocmorenesuc. Cranna V):

1081 1081

= = 540000 + 500, (480)
m_** 0,002

/i€ OTHOILIEHHE KOMIIOHEHTOB 110Jis (480) yBeTMYMBAET YHUCIIO
peunkapHanuid B 10 pas:

540000 : 500 = 1080. (481)

Ha Kpacuoii 3Be3ne, T0 ectb B moae 14 = 107
(AK = 1400), nosiutcs YesioBek BOJIM U iioru [4].
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216.0nucaHne UuBepcuun
Benukoun NMupamugon n B OTKpoBEeHUAX

JHepreTuyeckoe moJie Apynsl siBjiasiercst CyoOCTaHUM-
eil, KOTOpasi COCTOMT M3 CAMOCYIIMX METaraJaKTH4YeCKUX
BOJIH BEYHOH ThMBbI, TO €CTb U3 BOJIH Sin7/4 = Cos /4= 1/ J2 u

Scz/4=Cscr/4=~2, B KOTOPHIX CBET:

, (482)

1l
NG
0
SN
1l
o |3

o

CIpsITaH B HEJIpax BHYTPEHHETO TOJISI BOJIHBI, KaK CTyIICHKa B
KOHCEpBHOM OaHKe.

B Kocmoce HeBecomoctu (0 MHBEpPCHH) CBET CIPSATaH
B HEJpaxX BOJHBI; B MOJI€ T'PaBUTALIUU (ITOCJIE UHBEPCHUU) — CBET
u3JIy4aeTcs u3 Heap BoJiH (Tabi.170).

C moMouIpb0 MHBEPCUU HK30TEPMHUUYECKHN COJHEUYHBIN
CBET criocoOeH npeoaoieBaTs 3Ha0TepMut0 Kocmoca Heseco-
MocTH (Tadn.171).

Tabmuma 171
Bo3nukHoBeHue Pynbl u3 Apynsbl cBeTa

o nuBepcun PaBHoOBecue [Tocne nuBepcun
Ions Kocmoc Bcerpeua Kocmoc
HeBecomoctu C TpaBUTALINEH rpaBUTALUU
Konebanus 9 1 9 1 9 1
(1a611.170) 16 7* 16 * 16 7
Pymna - Apyna 16 < 3m.E; 16 < 3m.E; 16 < 3m.E;.

Ceer naszepuoit Touku (m.E;, = 1/n2) cymecTByeT BO

B3auMoieHcTBUAX (Ta0m.171):

(16 < 3mcE/1)' (lgp1p2p3p4,05 =Scr/4-Cscm/4= Z)T():% .
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Bosnukaer koHTYyp KoyiebaHus crycTka cBera. OauH u3
MpeIesioB KojieOaHusl OMUCKhIBaeTCs 00bEMoM Benukoi [lupa-
mugbl (Voy):

1

Vv, =§16-23/4 g log o m E, - 27" (484)

1
3 3

BropeiMm npenenom ssisiercs s1azepHas Touka mgE,. OHa
ONMMCHIBAETCA nponopuusiMu 2 < 3 < 4 Kpyra YHuBepcyma B
"OtkpoBenusax" [6]. Jlorapudpmbl B3auMOACHCTBUN B Jiazep-
HOIl TOUKe paBHbI 2°",

217.Apyna — Pyna kak Hocutenb QHeprumn

"2...®oxar ectb Konb, a Mbicab — Becaguuk" ([3]
Cranua V).

[Torenunan nepexona mexay BooOpaxenuemM u Mbic-
JBI0 (MEXIY DJCKTPUUECKUM U TPABUTAIIMOHHBIM 3apsiJIaMH )
BbicOKas Hayka Benukoi [luBmimzanum B3sia 3a €IUHMILY
cBoero CuucieHus, Ha3BaB €€ '"manbmoil", paBHOM:

Cea3b najbMbl ¢ Apynoi - Pynoi

k
Moten- | PZ_P_28_7_y95_ 1,3 1 0752142 | (485)

LU AJIBI q* q_16 4 4 T,

I'paBUTAMOHHO-)JIEKTPUYECKAS] HHBEPCUST YyBeJIH-
YyHuBaeT NAJbLMY /10 KBaJpaTa NMepBOHAYAJIbLHOMH BeJIUYHUHBI,
BBICBOOOXIas B OKPYKAIOIIYIO cpeay MmoodepémaHo To (oro-
HBI, TO UX BakaHcuu (Ta0y.168):

* 10" * 1,75

q_ — = P [

-2 =ow M L7526 (107 < 107). (486)
p L q

HocurensmMu (pOTOHOB M MX BaKaHCHU B JIIOMUHOQOpE
octatorcst Apyna — Pyna (@oxat ectb Konb).
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Ha nporsoxennun Teicsiuenernil Benukas l{uBunmzanus
4yepe3 CBOMX IpaxkJaH, HAmMUX Boros, meitaercss TOHECTH 10
YEeJIOBEUECTBA  JHEPreTUUECKYIO  CBs3b Apynbsl — Pymbl
(Tabin.172).

Taomuna 172
HNudopmanus o Pyne-Apyne or Beaukoi HiuBuianzauuu

[ToreHunanel IToceutbl
OHeprus . .
BCTPEUYHBIX BUXpEN Benukoi [uBunmzannn
Pyma 4+1=5 | To=4 | 3=4-1 CBslILIEHHBIN TPEYTOJIBHUK
Apyna 3-1=2 | =3 | 4=3+1 Kpyr YHusepcym
Cymma 7 7 7 Kuuru JI3uan,
PasHocts 3 1 -1 ITepemen, MEpTBBIX.

K coxanenuto, 3amumas 3010T0ro Tejablia, Hamm da-
puceu (BETXO0-3aBETHBIC M HBIHEIIHUE) HE MOTYT MOHSTH, YTO
0e3 BbIxoga B Kocmoc Ha HJIO aro6ast nuBuan3anus oo-
pedena Ha rubeab. Ho ansa toro, uro6wl co3gate HJIO Hano
3HaTh HBepcHIO, a He TOJIbKO 00JTAaTh BBICOKMMH CJIO-
BaMH.

218. luknnyHocTb TpaHccopmaumumn
Cy6cTaHumn EguHoro Kocmoca

Jns makcumyma Muapopmannu Benukas LuBunuzanus
TpaTuT MUHUMYM CII0B.

Hanpumep, ommceiBas kojiebaTenbHbIH KOHTYp (469),
Benukas [{uBunuzauus koncratupyet: "S. Kopenb ocraéres,
Ceer ocraércs, CrycTku ocraworces M, Bcé ke Oeaohoo
Ennn ([3]. Kocmorenesuc. Cranua III).

Ota (pasza o3Havaer, yTo MpU MPOTeKaHWU B EnnHOM
Kocmoce nepaBHOBecHbIX mporieccoB (Oeaohoo) B momsix ca-
Mocymux BosiH (KopeHb), cBeTa M CryCTKOB, IOJISI CaMOCy-
LIMX BOJIH, CBE€TA U CTyCTKOB coxpaHstoTca B Ennnom Kocmo-
ce Kak cpena-cyocranius Kocmoca.
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WX sHepreTuky myJbCallid MOXHO omnpeneiauTsh (484,
Tab71.173).

Taomuna 173

HepaBuosecubie Ilpoueccnl
u Cyocranuusa Equnoro Kocmoca

[Iporieccrl CyOnbekThl KosieOaHuit Pesynbrar
j 1
2 g dp & ———
K N 0 ) +7/2
OpEHb OCTAETCA 0 7/ J.(” do 1 <2
1
C o mc—I—El@ mc.El 2__<:>a) _z
BET OCTA&TCs m -E, m +E, — b=
1 . 8 ‘
CrycTok ocTaéres V,= Eaz -(H oA 2) 5(27/ ‘o2t 2)
Oeaohoo +7/2 +1 74572\ 8
E (—1<:>2 )x(1<:>a)0 )-(1<:>2 i )E

beckoHeyHas MHOXXECTBEHHOCTh pEIICHUN-BapUAHTOB
M3MEHEHMsI KOJIMYECTBAa-KayecTBa CyOCTaHIIMM U €€ cOoCTaBa-
CBOMCTB, TEM HE MEHee OyJeT CBS3aHO C pacimpeHueM Bcee-
neHHoit (8 = c3/®,3) B Apyne (t1=3) u eé Bpamennu (1 < o,"):

ConstEg(l(:)a)oﬂ)zgc(—-—=—7r). (487)

JIrobast Oeryuiass BOJHA, HAaNpuUMep C MOTEHIMAIOM
To/ 4 .
A= (2973, momangast B IoJie 37 dbopmupyet chepudeckuit

CTYCTOK:

v, =§;;[(2To/f)3 =7 :R3]:§7r-16, (488)

r7ie A — IJIMHA BOJHBI — SKBUBAJIEHT paanycy (R) cdepsr.
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219.3HepreTuyeckas lNMpupopaa
BbICOTbI Benimkoun Nupamuabl

"2...®oxaTt ectb Konb, a Mbicab — Becaguuk" ([3]
Cranna V).

CoBetyro Bo3Bpamarhbcsi Kk 3toi Cranne [3] moka B,
yBaxxaeMbIii YurtaTtensb, He moitmére CMbIicia Gppassbl.

*
kk

doxar B OJHOM M3 KOHTCKCTOB O3HA4YacT JaBJCHHE.

M3HavyanbHBIM JABJICHUEM TMPU BO3HUKHOBEHUM CTYCT-
KOB ABJISIETCS cOyJdapeHHMe (B3aMMOJECTBUE) CaMOCYIIHUX
BOJIH, npegonpeaenstomux Isars Ilpoasukennii Poxara [3]
Y IyJbcaluuio Thna J[3uaH — moCTOSIHHAsA B3aMMOACHCTBUM
(Tabmn.174).

Taomuna 174
sars [IpoaBu:kenuit @oxara B caMoOCylIUX BOJIHAX ThbMbI

IIponBu-
poa I II 111 v \%
KEHUS
IToTen-
—_ (Sin % 4 Cos ”J seZ . . Cse ™ (Cos Z 1 Sin ﬂj
a 4 4 4 _ SCZ-CSCZ 4 4 4
CTOIKHO- xSeZ = Sin”™ Cos ™ x Cse 2 =
BECHMIA 4 4 = 4 4
2 2 2 2 2
dyHaa-
MeI}-IITaJ'IL— 2=lgpipapspaps=clo,=...=
HOCTE ¢dbynnamenTanbubiid noteHman Equnoro Kocmoca (Konb)
Hocurens H =20 =ppla=ppiplata=p74 =
Mpeicau BbICOTA BEJIMKOM [InpamMusl.

Eciun ¢pazy: "2...®oxar ectb Konb, a Mbiciab —
Bcagnuk" ([3] Cranua V), - onucarb BEKTOPHO-MaTeMaTHU-
YECKH, TO Mbl TIOJIyYUM BEKTOP-IKBHUBaJIeHT BbicoTe (H) Be-
Juxoii [Tupamuas (tabdin.174).
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Bricora (H) Benuxoit [Iupamuasl oTpaxkaer omucaHue
BpallleHHe BHUXPeM CAMOCYIIMX BOJIH IPH PaclIHupeHUuH
(w, — C), T/ie U3 DIEKTPUYECTBA BOSHUKAET I'PABUTALIMS:

qq™ — pp* (Tabn.174):

¢ PP* qq*

H= [—j =274, (489)
@,

B nosie Pynbl Bo3Hukaer TsaHb-L{uHb:

H'o=2"=64+32 — (-32). (490)

220.N3ny4yeHne Hag B3aMmMoaeMCcTBUSMM:
Kno4-wndcpp bnonum

B3aumoneiictBue camocymux BojH (Tabi.174) Buedér
3a cOOOH TMOSIBJICHHE PaBHOBECHS, BOZHUKAOIIIETO KaK CIEACT-
BU€ U3JTYUYCHHS BOJH C OOPATHBIM MTOTCHIIMATIOM:

PaBno- | Henpa co- | Hepas- J3uan-nynscanus
BECUE | YJIApEHHI | HOBECHE BO B3aUMOJEHCTBUIX
1 : [ (491)
I = 2x12 =212 |[pdp=S 2o -—=pdp.
| | 7 2 2 9

Bo3uukaer /[3uaH-nmyabcaunusi BO B3aMMOAECHCTBUAX
(491).

Kaxnoe u3 martu IlpoaBu:kenuii oxara (tadim.174)
COTIPOBOKJIAETCS M3TydeHUEM KBaHTa-/[3uan (Tabi.175).

Taomuna 175
IaTh M31y4eHHH HA IYTH NATH NpoaBU:KeHul doxara

[poaBrKeHHs I II I1T v \%

[Torenumanel U3ny4eHun 1 l
(Tabn.172) k2

ky =

1 ]
2 2

1
k2
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CambpiM 000OIIEHHBIM METOJOM BEKTOPHOTO OIMUCAHUS
HEPaBHOBECHOM cuUCTeMBbI KosiebaHuii 2 < 1/2 OyneT sBaATbCs
cucTeMa, lokazaHHas Ha puc.59, riue

2= 12412+ 1/2+1/2, u 1/2*=0,0625 (493)

XapakTepHU3yeT BpallleHHe TOYEUHOr0 y4acTKa BOJIHBI, IIPU KO-
TopoM (opma DHEPruM HU3MEHSIETCA 4epe3 KaKIblii MOBOPOT
Ha yrou /2.

Benukas [luBunu3zamusa ONKCHIBAET
CHCTEMY, MOKa3aHHYl Ha puc.59 CraH-
et V Kocmorenesuca [3]: "®oxar ae-
Jgaet natb [IpoaBuxkennii (tadn.174) n
CTPOUT KpbLIaToe KoJieco (puc.59) Ha
Puc.59 Pacwennenue KaXKIOM YIIy KBajapara (OCHOBaHHE
ezaumooeiicmeuii na ~ Benukou Ilupamuasl) mias YerBepbix
[suan-nomenyuaner  [lpecBATBHIX (POPMUPOBIIMKK T'paBUTA-
LMOHHOTO 10J1s: 1+2+3+4)...m 1js1 BoUHCTB UX (MarHUTHbIC
ypoBHU: 12+22+32+42),

Pe3onanc nepuoauyHOCTH 124 = 0,0625 cBsa3aH ¢ KiI10-
yoMm mudpa bubnumu.

lg p1=p2'ps-paps=2

221.MpaBUTaUUOHHO-MArHUTHasA MynbTUNNETHOCTb
Kocmunyeckon Mbicnu

['paButaninonHoe noisie Mpicnu-3apsana pacuierisieTcs
Ha JIBa MAarHUTHBIX 3apsaa — [lamars (p* =2u* u p =2p).

[Ipn cronkHOBeHMM ABYX HMIYJabcoB Kocmuueckoit
Mpeican (co3znaresneil BeenieHHBIX) BO3HUKHET YeThIpE pa3Ho-
HaIlpaBJICHHBIX UMITyJbca [lamMsATH, pacnoyIOKEHHBIX MOJ yT-
JOM @, = T/2 npyr K apyry (puc.60), onpenensommux TeueHne
npouecca MyJabTAILIETHOCTA Mbiciin B exuHuny IIpomosku-
TeJIbHOCTH TOYEYHOI0 YYACTKA BOJHBI CBETA:

T=0/0,=m/2:7/2=1. (494)
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1. Tparcopmanus Meiciu B 2. OcHoBanme Benukout [lu-
[TamATH pff - c-mzomep ~ PAMHIIBI

_u*

L7AN

+u*

¥ - TpaHC-U30MEP

Puc.60 Bexmop-3anuce mpancghopmayuu Moiciu 6 [lamams

Paanyc sHepreTnueckoro mosisi MyJbTUILUIETHOCTH I'pa-
BUTAI[UM HA MAarHeTu3M OyJleT IKBUBAJIECHTEH JBYM OTHOCH-
TEJIbHBIM €IMHULIAM:

I'paBUTAIIMOHHO-MATHUTHASI MYJIbTHIJIETHOCTH
(puc.60.1)

p* _p_ |pp* _c (495)
2:—:—: —_—
u*oou \Nup* o,

Benukas IluBunuszamusa omnmcana TrpaBUTAllMOHHO-MAar-
HUTHYIO MYJBTUIUIETHOCTh (495) mpomnopuusMu OCHOBaHUS
Benukoi [Tupamuast (puc.60.2).

IIpr onmcaHmM TrpaBUTALIMOHHO-MAarHUTHOM MYJIBTH-
IJIETHOCTH IPONOPUMSMU OCHOBaHMs Benukod [Iupamumpasl
YUHUTBIBAJIOCh OTHOLIEHHE BUTKOB Crnmpann KyHpmanuuu npu
PaCHIMPEHUN U CKATHH:

1
1,4:2’2528-p2j¢d¢sf=5=.... (496)
0

r

b

MakcuManbHbId 110 BeauduHe 3ieMeHT [lupamuasr (eé
pe6po £ = 8+/2) coOTBETCTBOBAN PACHIMPEHHIO CAMOCYIIEit

BOJIHBI B ITIOJIC CBCTA:

2 =82 = (clw)3Sc m/d = .. (497)
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222. Xpuctnavckum Kpecr:
BO3HUKHOBEHUA YCKOpPeHMU B none CBeTa

Henenue Mpicaum Ha aBa kBaHrta Ilamsaru (puc.60)
peasnusyer ce0s1 B GU3MOJOIHM NPOUECCOM PA3MHOMKEHHS
OMOKJIETKH JieJieHueM (MUTO3 OMOKJIETKH).

Pacuieriennto rpaBUTAIlMOHHOTO TOJISL HA JIBA MArHUT-
HBIX KaK B MEHTQJIBHBIX MOJISIX APYIIBI, TaK U B (U3HOTIOTHYE-
CKUX TIOJIsIX Pymbl mpepamiectByeT TpaHchopmariusi mocTyma-
TEJLHOTO JIB)KEHUSI YacTHUIIbI cBeTa (m.c = 1) BO BpamiaTeib-
HOe (M.C = M., + m.w, = 1/2 + 1/2).

[TocTynaTenpHO-BpaaTeabHbIi nepexoa GopM JIBHKE-
HUS YaCTHUIIbl CBETA COMPOBOXKAACTCS B3aUMOIIEPIICHIUKYJISIP-
HOCTBIO BEKTOPOB HAIPaBJICHHOCTU JBUXKEHUS U BbIJCICHUS
CBOOOJHOM sHepruu B (PopMe SHEPruu HJIEKTPOMArHUTHOU
Ccpembl: £, Ho'c-= 1 (puc.61).

1. Onepreruka 2. TpeyronbHHUKHM B OCHOBA-
MYJIbTUILUIETHOCTH (POTOHA HUAX Benukou [Inpamuasl
(XpI/ICTI/IaHCKI/Iﬁ Kpecr) (puc.60)
:I:J‘(/) d(p_—_ €0 Uo"C* Mg £o Lo C- 0
— = MW, M Wo=—
2
mec = 1 > MW

Puc.61 Iniopa Xpucmuancrozo Cesmozo Kpecma
u e2o c6s3b ¢ seauxou [lupamuooti

[Tepexon 3JEKTPOMAarHUTHOW Cpebl K MOCTYIATeIbHO-
BpallaTeJIbHOMY JBWKCHHIO BJICUET 3a COOOM BO3SHHKHOBEHHUE
IIEHTPOOCIKHO-IICHTPOCTPEMHUTEIIBHBIX YCKOpeHUi (prc.61):
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80-u0-02 =1=2¢&, Uy C O, (498)

r7e: ¢, = £Cc%/2 = 4,

[Iponopuuu 3MHOPEI MyJIBTUIUIETHOCTA MC TOYHO COOT-
BETCTBYIOT mpomnopuusM Xpucrtuanckoro Kpecra, a Kpect
CBSI3aH C TPEYTOJbHUKAMH B OCHOBAHUHU BEIUKOM [Inpamuabl.

Xpucruanckuit Kpecr — 310 BeKTOpHO-MaTeMaTH-
YyecKoe ONucaHue MOSIBJICHUS YCKopeHuil B moJjie CBera.

223.0T1 pennrno3Hbix florm K 3HaHUAM:
nepexop NoacosHaHne-Co3HaHue

Kpect Bo Bpemena Uucyca Xpucra 0611 J0OHBIM Me-
CTOM, TO €CTh MECTOM Ka3HHM-CMepPTH.

PumMckue SI3bIYHMKM U BETXO03aBETHBIE MYJIEH PACIIUIN
Nucyca na Kpecre. Kpect cran CBATBIM, TO €CTh NPUBJIEK K
ceoert Popme BHMMaHUE counyMa Many-MsiciuTenen.

Brei6op Ka3um na Kpecre Obut crutaHupoBaH BETUKON
Husunuzauueit ana npusiieueHus Cosnanusa Hocurens Pa-
3yMa K (u3uKe npouecca BOSHUKHOBEHUS YCKOPEHMH B
3JIeKTPOMAarHUTHBIX cpeaax (498, puc.61).

JIBe ThICSIUM JE€T coBpeMeHHbIM Colrym 3eMiIu BOCHpH-
Humaer Omwopy Csaroro Kpecrta mHa ypoBHe Iloaco3nanmus.
Coxpansitorcst nponopunn Kpecra n pesiurnosusie J[ormbi
O pacHsTUU-CMEPTHU B MOJI€ 3eMHOM (rpaBUTAlIMOHHON) JK13HU
u Bosnecenun B 1mieHTpoOexkHbIE yckopeHus mousst [lapctBus
HebecHoro.

[Tockonbky Co3znarens u LlepkoBb HE OJTHO U TO XK€, TO
B XX Beke co3jiaresib OOpYyIIMI Ha IIEPKOBHOCIYKHUTENEH pe-
BOJIIOLIMOHHO-KOMMYHUCTUYECKUE TOHEHNUS, KaK 3TO paHee Jie-
naj XpUCTOC, BBITOHSSL MEHST U3 XPaAMOB.
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KomMMyHuCcTHYEeCKHE TOHEHHUSI PEJIMTHO3HOCTH ObLIH
HHUCHIOCJaHbI 3aTeM, 4T00bI Coumym Mor nepeiitu ot lor-
marta [loaco3HaHusl K aHAJIU3Y NPUYMHHO-CJIEICTBEHHBIX
cBsseil (3akoH Kapmbi) — Co3HaHu10.

[TpoOyxnénnoe Cosznanme Commyma Hocureneit Pazy-
Ma JIOJKHO OBLIO MOHSITH B3aUMOIPONOPIHUOHAIBHOCTD JIMHA-
MUKW u3MeHeHus GporoH-poroHa (Tabim.176).

Tabnuia 176
B3aumocsssb (poTOH-(POHOHOB

KBaunts! cBeTa DOTOHBI DOHOHBI DOTOH-(POHOHBI
Bsaumo- i 0’202\23 II:% *=0,008 | (Ex*)P-(mc**p=610"
7 A
TpaHchopMaus me* = 0,008 2: E,**=0,002 | E *m* =6 1075,

B nynbscupyromniem nose goroH-¢poHoHOB B Apymne-Pyrme
BO3HHMKACT MATEPUYHAS CBSA3b:

[(6:107) : (1,6:107)] = 5-(3/4) = 3,75, (499)
U mudp-kiawd k budaun:
1/(1,6:107) = 62500. (500)

224 . flpepHoe cTorKHOBeHue (pOTOHOB

JHAOTEepMHS JIIOMUHECHEHINH U IK30TepMHUA s/iep-
Horo B3pbiBa uMeloT OBIIIUE HAUYAJIA: pe3oHaHCHO-
AHTHUPE30HAHCHBbIE  CTOJKHOBeHUsI (POTOHOB  (puc.62,
T1abm1.177).

SnepHoe cronkHoBeHUE (HOTOHOB siBNsieTcss EquHcTBOM
IIpoTHBONMOI0KHOCTEH, TAK KAK BO3HUKAIOT LUC-TPAHC U30-
MepHsl, B3K30-3HJIOTEPMHUsI, pPaCIIUpPEHUE-CKATHE, PE3OHAHC-
AHTUPE30HAHC, ...
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Tabnuua 177

SAnepHoe cronkHOBeHUEe GOTOHOB (puc.62)

ITonyxkpu- ITonyxpu-
Maccel YXP Kputnueckas YXP
TUYECKas TUYECKas
Pexum AHTHpE30HAHC Pes3onanc AHTHpE30HAHC
Jlo u BO - —¢ <«
BpeMs B3pbIBa +mec =1 -(mcc)?=-12 -mec = -1
B3psiB 1 nocie < NI -
pngHBa -2mewo= (Me®o)? (-mem,)? +2mem,=
-1 +Hmewo)* =1/16 +1
Pasnoctu +2 +17/16 ¥2.

~McWo

FEoHoCo Tisouocoao

A

-McWo Mo

-1 =mec
Puc.62 AHoepnoe

cmonKHogenue go-
moHos (maba.175)

Meiciu (501).

B ycnoBusix pe30HaHCHOrO MNpPUTS-
KEHUSA-OTTAJIKUBAHUSA PABHOBECUE MPU-
TsDKEHUS CokumaeTcs Ha 1/16 nipu otran-
KMBAHUU, YTO JAJIO BO3MOXHOCTH BEJIH-
ko lluBmimM3anuu 3anporpaMMHUpOBaTh
cynb0bl B Knure beitus ¢ mmdp-komnom
1:62500 (tabn.177).

[Ipyuém y kaxaoro M3 HaCc €CTh
BBIOOD MJATHU JM 3K30TEPMHUECKUM ITy-
TEM DJICKTPOMArHUTHBIX B3aUMOJEUCT-
BUM, WM INYTEM TOHKHUX MEHTAJIBHBIX
SHEprui rpaBuTaliuoHHOr KocMmuueckoi

(s =10°)/16 = 62500 <> p;-62500 = (p,""o=10°)/16. (501)

CronkHoBeHHE (DOTOHOB COIMPOBOXKAAETCS BBIICICHUEM
AIEKTPOMArHUTHOM CPEJIBI +E,° Ly 'C M, = £1/2 (puc.62).

[IpuBenennas mynbcauus 3JIEKTPOMArHUTHOM BOJHBI
o0pa3yeT HEpPaBHOBECHYIO CHCTEMY KOJEOAHHI TOYEHUHOTO
y4acTKa BOJIHBI CBETA:
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2
PE30HaHC = (50 ,uoca)o)

1
=+t—<
AHMUPE3OHAHC = 2E, 1, C @, 4

(502)

28, 1,C 0y = aHMUPE30HAHC

F4

(o100, )2 = pe30HaHc

225.51nepHbin B3pbIB
B TpéxmepHoMm lpocTpaHcTBe

SAnepHbie cTONKHOBEHUS (OTOHOB B TpéxmepHoM Ilpo-
CTPAHCTBE MPOUCXOAMUT MO WIECTH B3aUMOIICPIICHAUKYJISIPHBIM
HarpaBJieHUsM (puc.63).

1. 1o u mocie B3pbIBa 2. Bo Bpems u nocie B3pbIBa
Z

Puc.63 AHoepnuiii 63pvie 6 mpéxmeprnom I[Ipocmpancmee

[Tockonbky kaxnaass HoBass Popma DHEPIHMM B3aWMHO
NEPIEHANKYJISIpHA TPEAbIAYIIECH, HAanpuMep MAarHuTHOW U
aNeKTpuUYeckoi, To B TpéxmepHoMm IIpoctpanctBe Oyner
mects ®opm IHeprun. Kaxnas uz atux @opm obiagaet cod-
CTBEHHOM CTENEHbIO CBOOO/IbI, BhIpakeHHOW B Equnuie Ipo-
JOJIZKUTEIbHOCTH

T=0,: Q=12 :72. (503)

[lTects @opm DHEPruM SABIAKOTCA MUCTOYHUKOM IIECTH
(ba30oBbIX COCTOAHMI BeuiecTBa B TpéxmepHoM [IpoctpaHcTBe
(Tabn.178).

304



Tabnuua 178

Bcenennas Apynsi-Pynel B TpéxmeproMm IlpocTpancrse

®da3za ®onounsl |I'a3sl Kunko- | Teépras | HKunxas doTonHb!
CTH daza daza
DHepreTu-
yeckas 4.5 9 18 36 72 144
IUIOTHOCTD
Kynnanunu 45:1/T,=4,5:3/4=4,5:0,75=6.

Bo Bcex ¢azoBeix cocrosiHusx (T1abn.178) cunHte3 u
MYJIBTHIUICTHOCTh SIZICp MPOTEKAeT B PE30HAHCHO-aHTHUPE30-
HaHCHOM pexume (1abin.179).

CuHTE3-MYJIbTHILIETHOCTD siAEP
B TpéxmepHoM IIpocTpancTBe

Taomuna 179

Cunres sigep (puc.63.1)

MyNbTUIUIETHOCTD IEP

[Iporecchr (puc 63.2)
Antupe3onanc| Pezonanc | Pe3onanc | AHTMpE30HaHC
[orenumans | 6mec =61 |(mec)’=1° (mewo)°=1/64| 6m.m,=3
HprbenCrrias (62—32):63=27:18=3:2 = (ctmo)/c.
ImyJibCanus

Jns smepHOro B3pbIBa 3aKOH TPEX BTOPBIX OCTAETCS
CIIPABEIJIUBBIM.

226.EcTtecTBeHHOCTb B3pbiBa B norse Apyna-Pyna

Bcio Beenennyto npuBectu B 01HO (Pa30BO€ COCTOSTHUE
anpa ¢oroHa HeBO3MOXHO. Ilo 3Tromy Bboabmoro B3pbiBa
BcesienHoit He ObIBaeT, HO OTHEIBHBIE CTYCTKHA B3PBIBAIOTCS
MEPUOANYECKN KaK B MUKPO-, TAK U B MAaKpOMHUPaX.

Teorene3uc Kuuru /I3uan ([4]. Ctanma V) onuceiBaet
KaTaKJIN3Mbl B3pbiBa TOHKOW DHEPruu, KOTOPbIE HHULUUPYIOT
cBeT (puc.63, Tadmn.178).
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"3. Bor npunuiu Bce oHU, boru Heda u npeucnoaHe
[6mctH(mee)® = 6+12 = 7 (Tab61.179)], roBops TaKkue c/ioBa
"MpbI OYTH NOTEPSJIM HALLY CIOCOOHOCTH K CO3aHMIO H
pa3pylIeHHI0 (LEHTPOCTPEMUTEIBHOE M LIEHTPOOEKHOE YC-
KOPEHHUS CPaBHSUIHCH: (J, = CW,)t (-Jo = C®,) = 0). ChIHOBBS
Majin CHJI0M OTHHJIM Yy HAC MOIIb U MyIApocTh'. (B anek-
TpOMarHuTHou cpene (puc.62), u3 Kotopoil Qopmupyercs
Mpicib, [lamsate, BooOpaxenne Many-MebicnuTeneid BOZHUK-
Jla CUHTYJISIpHAs TOYKa!

€0 Mo C W — €o' o' C' Mg = €0 o™ (C M — C*My). (504)

DHepruu Jisi CO3UJIaHusI CTalo HEeJI0CTaBaTh)

"Tel, Bequkuii Opart, a0/uKeH 3aBepiuTh IIsATHIM
Hlar, HO Korga ThI OTAOXHEMb OT TPYJAOB CBOUX M CHOBA
3aHecémib cBo0 cromy aiasi Hlecroro Ilara — orasinucs!
Tol Oynemb onuu'". (Octanerca apixanue Apynbl-Pynbl, He
3Haromen ceds [3]).

"Te, KOro ThHI ceiiyac NMOHOCHIIb, cTaHYT boramm
npexae, yem tbl 3apepuniab cBoi Illecroii lar, a 00ab-
me tede cronbl He MOAHATH, H00 Kouabumo Iliamenn pa-
30MKHETCS mepea TOOOW W JMHUA KU3HU OyaeT mepepesa-

Ha"

210 3Hauut, 4to Ha lllectom Illare smemeHTapHbIC 3a-
psanael p, W B q TpaHchopmupyroTcs B Meicib (p*), [lamars
(u*) u Boobpaxkenue (q*).

Korna Koaeco (Bcenennas) caesaer moJaropa oo6opo-
Ta (1abm.179; 3/2 = 1,5), Uckpbl BOIJIOTATCH B MJ10AaX, 10
TOr0 4eJ10BeKy Heu3BeCTHbIX. U peOEHOK, U B3pOCJIbIi 4e-
JIOBEK BKYCHT 3THX ILIOJI0OB H, K yauBJeHUI0 boros, cjioBa
MYAPOCTH CJIETHAT € UX ryo [4].
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227.Buxpb B lNpocTtpaHcTBe:
anbTepHaTMBa KPMBU3HbI NPOCTPAHCTBA

"Buxpu BpaxaeOHbIe BEIOT HAJA HAMH'' TOJBKO TOTAQ,
KOTJa MBI, JIFOJH, 10 CBOECH MHPOBO33PEHYECKOH AYPOCTH
3aBoauM "'00pbOY' IIpOTHBOMOJIOKHOCTEH B HEpa3peIIu-
MBI TYIIHK.

Jlns Hac, He3Harommx 3akoHOB Kocmoca, Tynmukm —
ANOKAJTUIICHCHI Be3/e, JaXe B KU3HEYTBEPKAAOIINX JIEBU3-
He BpeMeHu OTkpoBenuii Moanna borocnosa [6].

Bpems B OTKpOBeHMSIX JAaHO HaM JUJII O3HAKOMJICHMS
3aTeM, 4TOOBI MBI MIOHSUTH CTPYKTYpYy Apynbl B Henpax doto-
Ha (Tabn180).

Tabmuua 180
JHepreTuyeckas crpykrypa "Bpemenu'" B OTKpoBeHUsAX

"Bpems" JleBu3HbBI [IpaBu3HbI
[Mponomxkurens- | €+ W | € —3.10°| =3.10° =[ €1 % |. €
HOCTb, JIET [ c j @, \/;3 ¢ @, \//0_3
Oo6mee "Bpems" pesonanc (3-106)- (—3-10(’) ~—9-10" _ -1
u [I3nan anmupesonanc  (3-10°)+(=3-10°) 18102 2’

Bpemenu ser. Ecthb IIponoimkurensHOCTh nepexoqa u3
oJtHOM (hOpMBI IHEPTUU B APYTyIo, HanpuMmep (1adi.180):

2'
4 5
P

7P, =3-10° = 3-10° = (505)

r7ie: P3 U P; — COOTBETCTBEHHO d(PPEKTUBHOCTH IIEKTPOMAr-
HUTHOT'O Y TPABUTALMOHHOIO B3aUMOJICVCTBUU.

Kak 510 He mapagokcanbHO, HO Juis noHMMaHus boke-
cTBeHHbIX OTKPOBeHHUIl Hag0 OBUIO MEPEKUTh OTHOCUTEIb-
HBIE TIIYyIIOCTH A.DNHIITENHA:

CKopocTh CBeTa BEIMYMHA MOCTOSHHAs M MaKCHUMallb-
Has B [Ipupone, a [IpoctpanctBo u Bpems — kpussble.
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Jl1st TOro, 4ToOBl COLIMYM TONAJICS HA YA0YKY OTHOCH-
TeJbHBIX IJIyNOCTel, HaJ0 ObLIO CO3/1aBaTh MHUMBbIE Hay4-
HbI€ aBTOPUTETHI OT UCTOKOB Kabbasbl, KOrjna yenoBek mnepe-
cTaéT MoHUMaTh, rae camo IIpoctpancTBO, a rae Buxphb (o-
TOH-(poHOHOB B [IpocTpaHcTBe.

228.C10 pecaTtb boxecTB B Tene YenoBeka u
NMepnoanyeckas Cucrema reHomMoB
HacnepctBeHHOCTU

JIBmxenne (oTroHa MO 3aKOHY TPEX BTOPHIX BO Bpa-
njaromeics cpene GoHoHoB Gopmupyer cBou moaoOus Be3Je,
Bcerja U Bo BcéM, Hanpumep npu (opmupoBanuu siapa Ile-
puoaudeckoit Cucrembl HacsiencreeHHocT (reHOMOB):

[Muc-uzomepus Snpa Tpaunc-usomepus
c 2.6 ¢ B 9. 3_cra (506)
c+tw, 3 9 9 | 6 6 2 ¢

Korga nynecamus fAnpa Ilepuoanmueckoin CucteMsl re-
HOMOB HaciieIcTBEHHOCTH HE HapyllaeT OKpPYXKAroILlyl cpe-
1y, TO €CTh CpEly U3 CAMUX '€HOMOB, TO YHCJIO KBAHTOBAHHBIX
COCTOSIHHM cpefibl OyIeT paBHO CyMMBbI apu(METHIECKON MPOo-
IpPECCUM OT OJHOTO 110 63:

_ 1+ 63

2rp. 63 =32-63 =2016 = 1008 — (-1008). (507)
Kunkas cpena roJjioBKM crnepMato3ouaa 00J1agaer

NOTEeHIHAT-IKBUBAJIEHTOM IHC-TPAHC HM30MepPUYECKOM

pa3HocTH nocTosinHoi Beenennoii mo Bogopoay (507).

Opnako nynescupyrouiee siapo Ilepuogunueckoit Cucre-
MBI TeHOMOB HacnencTtBeHHOCTH BhITECHSAET U3 CHCTEMEBI Te-
HoMOB 27 u 28, a Takxke 35 u 36, co3apaBasi Ha OCHOBE HX II0-
TEeHIUAJ-IKBUBAJIeHTOB CBeuenue — O000uky Tonkoii
JHepruu.
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[loreHnmanamMu MOMY3JUIMIICOB OT reHeparopa ToHKoM
DHepruu SBISAIOTCSA NOTEHIMaNbl 27 U 28, a 1oje ¢ NoTeHIra-
namu 35 1 36 cO31ar0T MYyJIbCUPYIOIIUH CBET.

B none — CBeuennn ToHKOM DHEpPruu, HaxXOAIICUCS B
nosie CBeTa BO3HUKAKOT PA3HOCTH KBaJApaTOB ITOTEHIMAJIOB,
3aTeéM MX CyMMa M Pa3HOCTb, a Jajee pa3sHOCTh, paBHas 110
boxectBam B Tene Uenoseka (Tabm.181).

Tabnuua 181

Creuenue ot reneparopa ToHKOH DHepruu:
IHEPreTHKA HeJINTeIbCTBA

Tonkasa 110 Boxects
[lonsa CaeT
OHeprus B Uenoseke
362-352="71| 282-272=55 71+55=126
ITotennumamnel =110
36 +35=171 28+27 =155 71-55=16
P+22+3%+4°+5°+6°+7*+8°+97 +10*> 385
CemepuuHOCTb | 7 = = .
1+42+3+4+5+6+7+8+9+10 55

229.41apo reHoMoB — nsny4datenb Apynbl CBeTa

Hyabcanua Sxep TreHoOMOB MHULMHMPYET CBeT
(Tabi.182).
Tabauma 182
Cser u SAapo resomoB
Tlonsa Cset S npo reHoMOB
Ine- | mecteoptse® +E; = 3 (-3)3=-9 3(-3)=6
H3o- pE30HaHC AHTUPE30HAHC
Mmepus (-3)= 3)3=-
TPaHE | -(Mectoptoc® +Ey) = -3 3-(-3)=6 (-3):3=-9
aHTHPE30HAHC PE30HAHC
Dopmbl Terpaxcuc I[Mudaropa, | [lupamuaa "BaBunonckas bari-
3anucu Terparpammarton [2] | Ha", 6oru Jlynst Hlymepos [1].
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SAnpo reHoMa myJabCUPYET B pE30HAHCHO-aHTUPE30HAHC-
HOM pexume (Ta01.182) u co3maér HOBBIM SHEPTETHUCCKUIMA
YPOBEHb, BKJIIOUYAIONINN MOTEHIIMAN-I)KBUBAJIEHTHI reHOMa 63
u 108 peunkapuanumii (tabn.183).

Taomuna 183
Hyasbcanus Anpa I'enoma, Bo30y:x1éHHOr0 CBeToM

Pesxnm AHTUpE30HAHC Pe3onanc yil;(;;};?e
Hoter. | 679 =35-3=9+6 | 6:(-9)=-54<... 108
HANEl | 6 (.9)=15>-15=-9-(+6) |£3-(F15)=+45<...| 90
! eroms 108 — 45 = 63 (resomer); 108 — 90 = 18 (Bojta).

U BOJIA

[Torennmansl nynscauuu Sapa I'eHoma mo 3aJaHUIo
Besukoi HuBuiam3zanmu 000XECTBISIIUCH BO BCE BpEMEHA
BCEMH HapoJilaMHy HbIHeIIHero counyma 3emun (ta6:1.183).

Takoe moynTtaHue CBSI3aHO C TEM, UTO B MOJIE s]Ipa Te-
HOMa BO3HUKAET 3apoabiml (ANMHUIEHTP) PE30OHAHCHOIO BHX-
ps Apyna-Pyna (norennuan 1,2 = T, t'p,) u HepaBHOBeCHas
CUCTEMAa, B KOTOPOW MOSABISIETCA cpena Apylbl ¢ NOTEHIMA-
aom 8100 =92-10% = (t-ps)*:

108 12e108.90e 2 - L
0 108 1,2
WIN 1,22 < 10890-1,2 < 1, (508)
e: 19890 _¢100290" u (T,-90) = 3602

1,2

B okpyxaromryro cpeny ¢ nepuoandHocThio T, = 4 Oy-
JeT usnnydatbes Oenbiit ceet (360 = p,AB)2.
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230. Buoyacbl Hawunx XXunsHen

Apyna Cgera, koTtopyo usiayuaet Anapo Ilepuoamnue-
ckoii Cucrembl I'enomoB HacaeacrBennoctu (492) u Bo-
oOpaxeHue, uziaydaemoe Mozrom, uMer0T O0IIHOCTHL — 00€
¢opMbl JHepruu oTHOCATCH K MeHTAJbHOH JHEPruu M
BbI3bIBalOT JDMouuu (JIto6oBb, HenaBucts, PaBHomyiue u
TaK Jajuee).

OMOLMM HAaCTYIAIOT HE Ha IIyCTOM MECTE, a B TI0JIE CBE-
Ta, BBITECHEHHOTO reHomMamu u3 Ilepmommueckoir Cucremsl
I'enomos e€ Anpowm:

27 28
6 9 — 27 1 28 - BBITECHEHHbIE T€HOMBI IPaBUTALIUN

36 35| 6, (-9) - noreHmans Sapa reHOMOB (509)
9 6 — 36 1 35 - BEITECHCHHBIC TEHOMBI CBETA.

Omoruu u Matynnus wamero BooOGpaxkenust paboTaroT
kak [Tomobue Ceuenust ot ['eneparopa Toukoit DHeprum, B
koTtopoM LC-koHTYp (Te L — uHIykTUBHOCTB, a C - EMKOCTD)
€CTh BEJIMYMHA MOCTOsAHHAs (puc.64).

CUHUU [TapameTpsl KOHTYpa KOJIeOaHHI
Bbenwiii cBet LC-reneparo L= G0 = Clomsit
PATOP L=10" 1/A
ITenTarpamma
35 @ B Siine [3] Cen 1,008-107 A
27 KBanroBanHas 107
28 opbuta % = M =0,063-10’
Soi I 16
36/ MOYOH buouacsr:
5 2 2
benplii ceT Tiio: Coedcrie 36" -35 _ 36+36 _ 71 _ 1’2(90).
Toukoit Dueprun| 28°-27° 28+27 55

Puc.64 Hznyuamenv Toukou Suepeuu Imoyuu u Mumyuyuu

3nast gactotsl ¢/T,2 = 0,063-107 A/cex W TOTEHIMA BO-
o6paxenus B = 16:10% (xynon = A/cek), Benukas L{upunu3a-
Usl ompejensija MOTEHIMaNbl (OTOHOB M HMX BaKaHCHUU BO
BpPEMEHU:
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®oronsr:  0,063-107-16:10%° (A/cex-A-cex) = 1,008-10* A2
Baxascuu: 0,063:107-16:107° (A/cex-A-cex) = 1,008-10™"° A2,

(510)

B none Bakancuit Bximrouminck 6uovacs (510).

231.NMynbeunpyrowee Cepaue XKusHu

Korna B mone ¢oron-Bakancuii (510) BKIroUUIuch 610-
yacel JKuznu Many-Meiciautens (Hac ¢ BaMu, yBakaemblil Yu-
TaTenb), TO Benukas LluBunuzanms, kak 3a00TJIMBBIA CaloB-
HUK, 3anporpamMmupoBaja Cyan0y YesoBeuecTBa, /1aB Ka-
AKJOMY YEJIOBEKY NpaBo Ha peumieHue nian Ceodony Bouu.

[Iporpamma pazputus YenoseuecTsa, 3aliMppoOBaAHHAS
B Knure bbiTus ¢ mudp-xkogom 62500 OykB Ha OAHY KitOYe-
BYIO0 OYKBY, UCXOJIWJIa U3 TOTO, YTO B CPe/ie BOAOPOJ — CBET C
BeCOM cpeibl, paBHbIM 1,008, mpouCXOAUT rPpaBUTALIMOHHO —
cnaboe B3aumoeiictaue (510):

1,008:10"°A2 = (1+m*)(psp2) ™. (511)

B stux ycnoBusix YenoBedecTBy MpEeACTOUT BBHIOpATh:
OyZeT M OHO IUIOAMTH BAKAHCHM (DOTOHOB B Apyne Wid
neperaeT Kk co3uaannio camux (potoHos (510).

[ToTenmnuman mepexoa MeXIy BakaHCUSIMH U (pOTOHAMU
BelI€T K Teorenesucy, a Many-Msiciurensa k Uenoseky Boun
u Horu (510):

Bri6op kym emy ObITh, X0asi4eii OMoMAaccoii - KBay-
Koil st osmrapxos, uian Ilogoouem Co3narensi, Kaxablil
U3 HAC JejaeT caMm, 00 Kaxaomy u3 Hac nana CsobOoaa
Boamu (511).

[Ipnuém kaxaoMy M3 Hac HaJIO 3HAaTh X0J buoudacos
Enunoro Kocmoca, B xortopsix 1,2(90) 3aTpaumBaercs BO
BHyTpeHHeM noiie, a 0,0(10) uznmydaercst B OKpyKarolryto cpe-
ny (puc.64):
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Cepaue:

Hoxe 840 = 420-(-420)
Cempb Beunocreit 152(90)
BHYTPEHHETO T10JIS T=T,+71

(512)

X _ X
1,3-1,2(90) 0,0(10)

x = 7-[1,2(90) : 0,0(10)] =
7-(120) = (840).

N3nyyaercs B cpeny

NHurepBan usinydyeHus

Bo3nukaer uuc-rpanc uzomepusi 42 boxkecrs Cepa-
na (512).

232.Pa3snunuusna cryctkoB Cepaua n Mosra

Yacrorta kaapoB, paBHad 25 kanpam B exauHuny IIpo-
JOJDKUTENIBHOCTH, ¢ KOTOpoW myJsibcupyeT CyOcTaHIHMsA HAa
ypoBHe Iloaco3HaHusi, yaBamBaercsi 3a CUYET HM30MeEpPUU
cyocranuum [loacoznanus.

OTO yABOEHHE 4YacTOThl KaJapoB Ha ypoBHe Iloaco3Ha-
Hus EBpsl [lpeBnero M3paunsa noarnsanenu B Erunre u, Bep-
HbIe CBOEMY INPHHUMIIY HCKAKATh NMOHATHOE B HENOHAT-
HOe, 1y yaBoeHHoM vactore [loaco3nanus "moaruyeckoe"
nazeanne — bor AMH CO®D, npeaBOCXUTHUB B '"'mM0I3MM HA-
uMeHoBaHui" coBpemenHoro jaypeara HoGenesckoit Ilpe-
muu B.I'mn30ypra, co3naresisi KpacuBbIX, CIIPABEVINBBIX, H
TaK Jajiee HeCYLeCTBYIOIIUX KBAPKOB, HA HECKOJIBKO Thi-
cAYeseTHi.

Ha camom nene B Peanmusix Enunoro Kocmoca npoucxo-
nuT caenyromiee (513).

[Tepuoauyecky MOBTOPSIOMIUECS IHEPTETUUECKUE PSIIbI
noteHuuana (840) nynbcupyrot ¢ yactoroi 50:

(840) x 50 = (42000). (513)
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B Ennnom Kocmoce BO3HUKAIOT MUKPO-MAaKpO CTyCTKH,
00J1a1af01ie MOISIPHBIMU BUXPSMU C MTOTCHIIMATIAMHU

+21 = +(5+7+9). (514)

Bosnukaer muc-tpanc nzomepusi KuBoro Crycrka
(puc.65).

1. Cepaue 2. Ilonymiapusi TOJIOBHOTO MO3ra

CoRES

(£21) x (£21)-10°

AopTbl

Bennl
21-103

Puc.65 Ceycmxu cepoya u 2onosnozo moszea

Takoit cryctok JKuBOTO MOXKET OBITH peaqu30BaH KakK B

®opwme Cepaua, Tak u B Popme noayuapuii roJIoBHOr0 MO3ra
(puc.65).

N3nyyaemble (ToryioniaeMbie) KBaHThI CEp/illa CBSI3aHbI
AHTUPE30HAHCOM

21-103 +21-103=42-103

21-103-21-103=0. (515)

CrycTkd mojdymapuid TOJIOBHOTO MoO3ra TpaHCHOpMU-
PYIOT IOJSPHBIE BUXPHU B PE30HAHCHO-AHTUPE30HAHCHOM Dpe-
xKume (puc.65).
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233.3HepreTuka CUHXPOHHOM Nynbcauumn
Moara u Cepaua

PesonancHoe mone Mo3ra M aHTUPE30HAHCHOE TOJie
cepaua MyJabCUPYIOT COOTBETCTBEHHO € 4acToTamMu 25 u 24
Kajapa B enuHuIy [IponomkurensHocTH (puc.65, Tadi.184).

Taomuna 184

CHHXpOHHOCTb nyJbCallui cepana H Mo3ra

[Tynbcamnus noneun AnTtupe3oHanc cepana | Pe3onanc mosra
+21 - (-21)]-103 = (-21)-(+21)]-10° =

PasencTBo yacTor 42107 212-10°

Bcenennas B +42-103-24 = 212-10%25 =
HOJISIPHBIX BHXPSX +1008-103 & 21-5%10°

Yaxkpa Tpernii ['na3 +48 & 54103 =-57-23
Kynnanunu 16 N _57
B YaKpax
IToctymuienue

1642 = 46128 o 107 =-5742"

CaMOCyIInX BOJIH

Bo3aukHOBeHUE

107 = -4nc2e, = -po/4n
AIIEKTPOMArHUTHBIX CPe]]

Konebaunue

. so-uo-czz I u po/e,=16m2c2= ToznTO.
AIEKTPOMArHUTHOM CPeJIbl

Hama nayka Ilpubau:xkeHuil 3KCHIEPUMEHTAIBHO OII-

penenuia JIEKTPUIYECKYIO (€,) U MArHUTHYIO (LL,) HOCTOSIHHBIE
[17]:

7
=0 Py = dn 107 e, (516)
d-c” m

HO BbricOoKas Hayka Benuko# [{uBuin3anuu 3HaYUTEIBHO OIlE-
peauiia Hac, IOKa3aB, YTO MAKCUMYM CaMOCYIIMX BOJIH OITH-
CBIBA€TCSI PE30HAHCHOM IHC-TPAaHC U30Mepueil 00bEMOB BeH-
koit [Tupamuel (Tabi. 18, puc.5):
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ﬁ7x(—ﬁ7j=—ﬁ“‘s—</275.... (517)

3a3HalikaM, KOTOpbIe '"He XOTAT xkAaTh Mujocred or
IIpupoasl, a cTaBAT cBOei 3aia4yeld B3ATh UX CHJIOH, XOTEll

14
6BI HAIIOMHHTDB, YTO BOJIHBI C ITIOTCHIMAJIOM \/5 OKBUBAJICHT-
HBI:

3
E“:zgs.mziwi]«/qq*, (518)

0

AJIEKTPUYECTBY pacuuupsroniercs BeenenHo.

234.MatepunyHbin J1xa
¥ npupopaa npoucxoxaeHusa KyHaanuHu

Ka06asa B nepeBosie Ha PyCCKHIl SI3bIK O3HAYAET yTHE-
TeHue, pabCTBO, IJIsi CO3/IaHUS KOTOPOTO HEOOXOAMMO MPH-
MeHeHue CHiIbl.

Agtopsl nyaeiickoii Ka66aawbl [2], paboTtas B moaTH4e-
CKUX IPUOTMKEHUSX 1 HUYero He 3Hasi 0 B3auMO/elCTBUSAX,
BCE HEMOHITHOE 000XKECTBUIIM, KaK 3TO MPOU3OIILIO C YHUCIIOM
50, 06oxecTBIEHHBIM B 6ora ATH CO®, BCeoOBHEMITIONIETO,
BE3JIECYIIETO, UYIEUCKOTO.

[Ipototunom myist 6ora AUH CO® saBuncs Isitepuy-
Hblii JIxa, nepconax u3 Knuurm /I3man, nzyuaemoil BeTxosa-
BETHBIMM MYJIESIMU W HanmMCaHHOM 3a 10 MWJIJTMOHOB JET A0
HUX.

[Tockonbky ABTOpbl KHMru /[3uan padoranau, onupa-
SICb HA B3aMMO/IeliCTBUS, UM HE HY>KHbI ObLTN MPUOIMKEHUS
oOoxectBienusi, To Ilsgrepuunsiii JIxa umen tounywo ¢Gop-
MYJIMPOBKY Kak B3aumopeicrsue CBera B cpeje, IyJbCH-
pywoiueii ¢ morenuuaaom JIzuan (tadi.185).
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Ta6muma 185
JHeprernyeckasi crpykrypa Ilsrepuunoro Jixa [3]

KoMnoHeHTsI Meicib, [TamsaTs 3apsiael Obee mone
Dop- | 7o PHT | o2 PsH _ |t
=—— =—— | T)+1=
Mpoxon- | yyya 0 PE 0 p |0 Ps op*
KUTEIb-
HOCTE | [loTen-

5=140/28 5=140/28 5=140/28

nuan

[Isrepuunbiii JIxa | +5==%10-

He Benasi, uto TBOpAT, aBTOpHI Kab6amsr 060:kecTBIIN
IIPOLECC:

1
p [, 100
B =t|pdp|=—=150. (519)
P> [ '([ J +2

3a rpaHbl0 M3y4YeHHsl MyJau3Ma W MHAYU3MA OCTA-
Jachb npupojaa npoucxo:xaenus Kynapaaunm:

IIpupoaa npoucxoxaeHus Kyngaannu

Coxarus: Pacmmpenue:

Crupann 2,5 obopoTta 3,5 obopora

1 0
[ToTeHIAabI p5J-¢ d(ﬂj(ﬁ dp=25 1+2,5=3,5 (520)
0 1

Criupany B Pymna: 2,5:T,= 10 Pyna: 3,5x4 =14
TIpoRomKuTenbHOCTH | Apyrra: 2,5-T=7,5 |Apyma: 3,5%3=10,5.
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235.BnuaHue Yakp Ha hopMmupoBaHue
aneKkTporpaBuomarHeTmama

Kynnanuau popmupyer Cepaue Yenoseka (520):
10,5+7,5+14+10,5 = 42 = 42 boxectBa Cepama. (521)

PerynupoBka mnocrtyminenuss KyHpanuHu B OpraHusm
CBsA3aHa ¢ MeauTanuen, a meautamus ¢ Kocmuueckoir Meic-
. 2
b0 r* 1 nocrostHHOM Yakp (psp* = 140-10%):

1 *
Ps 140
+lopdp |="— +5=—o-, 522
Ps[ !(0 (Pj ¥ u 78 ( )

rac B IIOJIC HHTGpH‘-IHOﬁ CBA3HW BO3HUKAIOT I'PABUTAIITMOHHBIC 1
MAardiuTHbBIC CCMCPHUYHBIC PAABI:

Cemepuunbie psaabl Kynaaannu

MATHHUTHBIIT 1P+2°43%+4%+5%46°+7° = 140 | (523)

IpaBUTAIMOHHBIN 1+2+3+4+5+6+7 = 28.

[Togaumas no psgam (523) KyHpanvHM € MOMOILBEO
Yakp npu MeAUTANHA, MEAUTHUPYIOIINE CTPEMSTCS JOCTHYb
SHEPreTUKH OokecTBeHHOU Mpiciou p* (522) u TeM caMbIM
YBEJIMYUTH CBOE MarHuTHOE Ouomnoie g0 140 = 5-28.

IIpn meauranum B padory Cepauna BKIKYAETCS
Mo3r.

Cunxponnaa nynbcaiuss Cepauna u Mosra (ta6i.184)
oOecrieunBaeT norjomenue DHeprun Kocmuueckoir Meiciu

Yakpamu KUBOro opranu3ma. BosHukaer KojebaHue
(Tabmn.186).
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Tabnuia 186
Koaeoanus mexxkny Yaxkpamu u Kocmocom (518)

K OMIIOHEHTEL Iocrostnnas | Kocmuueckuii| Cryctok TsHb 1 HeOeca
Yaxkp KBaHT (518) [unp B mone Yakp
TToTeHImanst 140 27=816 | 140 _ 816
—— <& ——; 82— Tanp
8-16 140
MarunutHsble Camocyuiue 35 32
Hpumeuanne psansl (523) BOJTHBI 32 = E; 32 — IluHs.

B nebecax Ilunp (Tab61186) BO3HMKAeT pe30HAHCHAs
TOYKA — UICTOYHHK TPaBHO-MarHeTHU3Ma.

Nsayuarean IJHepruu B Hebecax

3532 = 1120 = ps[7+/qq* =8 uu* =4./pp*1.

(524)

[Ipyn meauTanuu B 3TOW TOYKE BO3HHKAET PABHOBECHE
(524), mocne cmepTH — peUHKapHaIus, a B Mo3re - BooOpaxe-
HUE.

236.Mynbcupyrowasa Apyna Hawux gy

Menutanusa Many-MbicauTtessa (Hac ¢ Bamu) cdop-
Mupyet u3 Hero Yenosexa oy 1 Horm.

Couuym Jrozeit Bomu u Moru cosnact Teorenesnc [4].

O6mecTBeHHO-3K0OHOMHUYEcKast hopmarius Teorenesuca,
B OTJIMYUE OT rOCYAAPCTBEHHOI0 KANMTAJIU3MA, HA3BAHHOTO
dbapucesMu COIMATU3MOM C YEJIIOBEUYECCKHUM JIUIIOM, PEHIUT
po0JIeMbl BOCIIMTAHHUS, TIPOCBEIICHUS, 00pa30BaHus, HAYKH U
MCKYCCTBa HE IO OCTATOYHOMY HPHUHIMUITY, a MO HPUHIHUILY:
Bcé Bo uma YesroBeka.

Kocmoutornueckass I'apmonusi craner 0a3oBbiMm Mu-
poBo33penueM Comuyma Ha 3emJie.
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KocMmonoruueckass I'apmonust OyAer onuparbcs HE Ha
HayuyHble [Ipudinkenus, He Ha peJUIrHo3HbIH lorMaTH3Mm,
He Ha JroueHTpusM Maruu, a Ha 3Hanus BHe Wiutro3mid:
ucToyHuK BepuinH Hayuno-Texunuyeckoro IIporpecca.

"3...Korna Koaeco caesaer moaropa odopora, Uc-
Kpbl BOILUIOTATCHA B ILIOAAX, A0TOJIe YeJI0BEKY HeH3BeCT-
HbIX. U peGéHOK, U B3pOC/IbIi YeJ0BeK BKYCAT 3THX ILIO-
0B U, K yauBJIeHHI0 Boros, cjioBa MyIpoCTH CJETAT € HX
ry0. ([4]. Teorenesuc. Cranua III).

Otr ontopa obopora Koneca BeeneHHoi B KaxI0M U3

Hac, TaK Kak B KaXJOM W3 HAC €CTh U 'PAaBUTAIMOHHBIC U Mar-
HUTHBIE psAabl (526, Taba.187).

Tabnauma 187

IMyabcupywimas Apyna Hamux ayu (523)

Mamsits: Tp* = 1401070 | 72+62+52+42+32422+12 = 140
Mbicib: p* = 28:10% 14+2+3+4+5+6+7 = 28
CYMMBbI 50+38+28+20+14+10+8 = 168
pa3HOCTH 48+34+22+12+4 -2 —-6=112
|
3aKOH TPEX BTOPBIX % =1o= % - {i -0[ 4 d(p]
nyavcupyowas Apyna.

[Tynscupyromas Apyna Hamux Ayl — NpeaMeT 3a00Thl
Cosnarens, u He ciny4daiiHo Kpyr YHuBepcyM CBsi3aH € MojeM
2,3,4.
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237.EanHeHune Kocmoca amnnutygamu

Emunbiii KocMoc

nyJabcanuu (tabma.188).

B3aUMOCBA3aH

nynbcaunm sHepretu4eCKunx ypOBHeVI

aMILINTYaMHU

TaoOmuma 188

Iyabcanus mocjie0BaTeIbHbIX

JHEPreTHYeCKUX YPOBHEH M0 aMILTUTY/Ae

®opmupoBumku [3]
ous Komsno ¢
e IMHUIIEN PaBHose- B3va1/1Mo- Apyna Pyma
cue e CTBUS
Konebauns 0+1 1+1 2+1 341 4+1
VYBennue-
- 14243 =6 | 243+4 =9 | 3+4+5=12
Cysmap Hue uM- | 0+1+2 =3
HBIE TTO-
TeHmuansr | 0 ocA B Abcomor q 3
(T[EC) pa3 I[pO TCHOMOB OJInaK.

[ITymepsl 3HaIH, YTO JeIau, Korjaa BeiOupanu cedbe 60-
ra u 0orunio JIyHBI ¢ MOTEHIIMATAMH, PABHBIMU

130 = £(3+6+9+12), (525)

u 6osee Toro, noctpowiu [upamuny "BaBunonckas bauins"
TaK, YTO MOTEHILIMAN €€ BEPIIMHBI OKa3ascsa paBHbiM 30 [1].

Benukas LuBmwim3zanus naBana He Tonbko I[llymepawm,
HO ¥ BCEM OJTHOCaM 3eMJIM MOHATHS O KaHaje AKCTPACEHCOP-
HOW TEJEMaTUYECKON MNPOBOAUMOCTH, KOTOPOE€ HAM HM3BECTHO
KaK KoJbIIO ¢ equHHIel (Tabm.188).

OTauyuTeIbHOH OCOOCHHOCTBIO KOJbIIA C CAMHHUICH
ABJISIETCS YBEJIIMUCHHE JII0O00T0 UMIyJibca B T pa3 Mocie Mpo-
XO0XKJICHUS KOJIbIa ¢ eauHuIeH [18].

B cnyuae mocienoBaTeNnbHOTO MPOXOXKACHUSA PsAa KO-
Jel ¢ eAMHUIIAMUA YacTUIIAMU WJIM BOJHAMM CBETAa BO3HUKHET
yCKOpHTeIb cBeTa (Tadu.189).
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Ta6muma 189
Ycekopenue poToH-(pOHOHOB

Yckopenus Yacrtuupl cBeTa Bousnbl cBeTa
1
m, m.c mc" 1| E;c"” E,c
Konebanus = T = — ... ——=T.
mc  mgc m.c 7| E;c E,

Hama uuBMIM3auMs CTPOUT YCKOPHMTEIH 3JIEeMeEH-
TapHBIX YacTul ¥ AyMaer, 4yT0 Ilonmmaer Kocmoc, He mo-
Humas Caera.

238.Mepuoguyeckan Cucrema
leHomoB HacneacrBeHHOCTU

PeuHkapHanum BO3HUKAIOT B IOJAX KoJcOaHUM
Apyna < Pyna (1a6:1.188) u cBs3ansl ¢ 3apoabimem Cgera,
MMEIOIIUM MOTEHIHAJ, paBHbIN 3,6 (Ta01.190).

Taomuna 190
PennkapHauuu u cBer

[Tomns
Pesin HepaBnoBecus CBs3b ¢ XaocoM | 3apobIiil CBETa

B _ Yucno penHkapHauui
Pe3onanc 9-6=54<-54=-9-6 0< +108 108

+—=13,6.
0 < F30 30

AnTHpesoHaHc |9+6=15&-15=-(9+6)
Jlyna

Kak n Becy Enmnbiii KocMoc, pemHkapHanum B3anMo-
CBA3aHbl. PeasMsiMy B3aMMOCBSA3M PEMHKAPHALIMM SIBIISIETCS
Ilepuonnueckas Cucrema I'enomoB HacnenctBenHocTu

(puc.66, Tabm1.191).
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Tabnuua 191

Ilepuoanueckasi Cucrema I'enomoB (puc.66)

oz Cymma norennanioB | [Ipumedanue
I'eHOMBI
1+27 | (1426)2 x 26 = 351 T *
BBITECHEH 27+28= 55 666
29 +34 = 189 | 315
BBITECHEH 35+36= 71 l
37+ 63 = 1350 2916
63]162|61|60|59|58|57]|56
551545352 ]51|50(49 |48
47146 14544143 14241140
39138371 6 | 9 [34]33]32
311302919 | 6 |[26]|25|24
2312212112019 ]18 17|16
1411413121110 9 | 8
716151432 ]|1]0
Snpo: 6,9, 6,9

BriTecHenHBIe reHoMBI: 27, 28, 35, 36

Puc.66 Ilepuoouueckas Cucmema

[enomoe Hacneocmeennocmu

B nepunoauyeckoil cucteme reHOMOB CyMMa IOTEHIMA-
JIOB TECHOMOB BBITECHEHHBIX U CKaThIX siIpoM paBHa 315, a 3To
ectb uctuHHoe uymcio 100w 6e3 Beskux [Ipubmmwxenuit

(Tab6is.191).

TpéxuakpoBsie co3marenu Pemuruosneix Kondeccuit
3amyraiu cBoux mnpuxoxaH Yuciom 666, kak UYucinom Cara-
HbI, a2 3TO MOTEHIMA] BHYTPEHHEIO MOJIsl CBETAa C MOBEPXHO-

cThio 36 (Tabm.191).

3anmyruBaHue — 30MOMpPOBaHUE KYJIbTUBUPYETCS IS
MPOTACKUBAHUS UJIEU PACOBOT0 MPEBOCXO/ICTBA.
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239.eHOMBI Ao 3avaTus

[TonyunB B npouecce penHkapHauuu 3apoasi Ceera ¢
noteHuuanom £3,6 (ta61.190), ceer B dKuBom CyObeKTe KOH-
HEHTPUPYETCS M JIOCTHTACT IMOJsl KBAaHTA CBETa C MOBEPXHO-
cThi0 36 (puc.67).

Obnamast uMc-TpaHC U3OMepUen
KBaHT CBETa C MOBEPXHOCTHIO 36 Oyaer
UMETh TMOJISIPHBIE BUXPH, IOTEHLMAI
KOTOpbIX Oy/AeT paBeH cymme apudme-
THYECKOU nporpeccuu ot 1 1o 36:

[Tonsipuable Buxpu cBeta (puc.67)

Puc.67 Cmpyxmypa Cesep IOr (526)
Keanma ceema
¢ 3apodsimant N =113%36 _ 666 S=—1+23636=—666.

be3 norenunana [losepxHoctu kBanT ¢ Yuesaom Cara-
HbI CTAaHOBUTCS IOJIEM C ITOTEHLIMAIOM reHoMa (526, puc.67):

+666 — (£36) = £630 = ps-7-9. (527)

Ho ecnu co cniepmaro3ouaa copBaTh 000J104KY, TO MO-
KET JIK caTaHUCT poanTh? He cmoker, Tak kak 6e3 000J09KH
CIIEpMATO30HU/l HE BHEIPUTCS B JKEHCKYIO SIMUEKIIETKY.

[ToaToMy ¢ KakuM Obl OCTEPBEHEHHEM CATAHHUCTHI He
HCKAJM TPEThI0 IIECTEPKY, a2 HEPKOBHUKHN HE NMPOKJIUHAIMN
Yucno Caranbl, CBeTy H CHepMaTo30uay Oe3pasiM4Ho.
Cobaxa naer, kapaBaH HJIET, @ TPU LIECTEPKH BO BCEX KUBBIX
CyObeKTax ABMKYIIETOCS KapaBaHa.

"8. JIump Enunas ®opma CymecrBoBanus, Oecrpe-
HeJibHasi, OeCKOHe4YHasi, OeCNPUYMHHASA, MPOCTHUPAIACD,
nokosicb B0 CHe, JuineHHbIM CHoBuaeHuMH; ’Ku3Hb Oec-
CO3HaTeJbHO myJbcupoBasia B IIpocTpancree BeesieHckoM
B0 BcecyliHOCTH TOH, YTO OIIYIIAJIOCH OTKPBLITHIM ['1a30M
HManrma' (puc.67, [3], Kocmorenesuc. Crana I).

324



’Kuzub Bo3HUKHET B Bojie (Ta0n.191, puc.67):
1350 — 2-666 = 18. (528)

240.Onucanue lNMepuoanyeckon Cucrembl N'eHomoB
Benukon Nupammaon

CrpykTypa n1000ro MHKpPO-Makpo cryctka TsHb, TO
ectb Kocmuueckoro Teaa u SAnpom, sasasiercsa Ilogoduem
cTpykTypbl Ilepunoanyeckoint Cucremsnl I'enomoB Hacuien-
CTBEHHOCTH (pucC.66).

Benukas Ilupamnpa, kak BekTop-3mwopa Crycrka,
OMMCBHIBAET Takke U cryctok B gopme Ilepuoamueckoit Cuc-
tembl ['enomoB HacnencrBennoctu (puc.66, tadi.191).

B Peanusx Egmnoro Kocmoca umcaa m = 3,14159...
HeT. ECTh COOTHOLIEHHE TPEX YPOBHEH C IOTEHUHMATAMH
315 = 100-(c = ), unc-TpaHc U30MepHsi KOTOPBIX MPUBOJUT K
reHomam (Tabm.191):

+[315 — (-315) = 630] =200-(c=r) = +[100n—(—100m)],

WIn +2(m =c) = +6,3. (529)

[TockonbKy HallMuMe CBETa BBI3bIBAECT B3aUMOJICUCTBUS
B JII000H cucTteMe, TO WM B moJie 3apoabima renoma (529)
BO3HUKHYT B3aNMO/IeliCTBUS:

£2(n=c)-(Ig p1 P2 P3 P4 Ps = 2) = 6,3(c/w,=2) = +12,6
WIn +4n = +£12,6, (530)

rae 12 — cnupans 3oauaka, a 0,6 - Kynganunu B mosisix cia-
661X (p> = 10™") B3aumomeiicTBHiL.

IHox BausiHueM 3apoabiia ¢ mnoTeHUuajgom 3,6

(1a611.190) cnupans 3oamaka (530) pacnpocTpaHsieT CBOM
MOJIOYHO-0eJible paciuupsilonuecs BUTKU Kynaanunm :
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+4(z =3,15)
3,6

=135 (531)

[Muc-tpanc wu3omepus pacmmpstomencs KyHaanuau
dbopmupyet B Heapax CrycTtkoB Tsaib Cemb BeuHnocTeii:

+0 < F[3,5 £ (+3,5)] = +7, (532)

a I[UC-TPpaHC U30MepHUsl CKUMaroImux BeTBer KyHaanuau siB-
asieTcst ucTouHukoM GopmupoBanus [larepuunoro Jlxa:

+0 < £[(3,5 — 1) = (-3,5 + 1)] = 5. (533)

B none ¢ norenuuanom 4w CTpoMTEe M BIUCHIBAIOT OK-
PYKHOCTb-KpYT € paguycoM R = 2 u coznator Benukyro IIu-
" 7/4
pamuny c Beicotor H=2"".

Bo3HukaeT KOMIAakTHOE BEKTOPHOE OINKCAHUE Cryllie-
HUS HEOECHBIX TEIl.

241.3BonoUnA peMHKapHauun: guarpamma
TAHb-UuHb B TpéxmepHoMm lNMpocTpaHcTBe CBeTa

B Ilepuoanueckoit Cucrteme I'enomoB HacnenctBeHHo-
ctu (puc.66) Cser u ero 3apoasimu (Tadm.190, puc.67) Bo3-
HUKAIOT KaK pa3HOCTHU MOTEHLHUAIIOB, UM, HA00OPOT, CO31AI0T
PA3HOCTH MOTEHIMAIOB 10JIA [ €eHOMOB:

351-315=36 u (p,=10")36=3.6. (534)

U cam Cger, u ero 3apoapiin GOpMUPYIOT 000J0UKH U

BHYTPEHHUE T0JIsl, B KOTOPHIX y 3apo/bliiia IPOTEKAET saep-
13 o

HO-ciaboe (pspr = 10°7) kopoTKozeiicTBHe, a y CBeTa rpaBu-

TAIMOHHO-3/1eKTpoMaruutHoe (p1p; = 107%) nanpHozeiicTBHE
(Ta6m.192).
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Tabnuua 192

Pacnpenenenue ()OTOHOB U MX BAKAHCHH B JTIOMHHO(pOpax

3apoabin Cera CseT
Ilonsa u
O6onou- | BhyT- O6onou- | BhyT-
KOMIIOHEHTHI Cymma CymmMma
Ka peHHee Ka peHHee
IloTenmamnsl 3,6 63 66,6 36 630 666
B3anmo- ) _1nl3 . — 10712
NeicTBUS 66,6 (pap2=10") < 666-(p1p3 =1077)
k;
EmkocTh 10" 1:; 10"
moMuHodopa
(1) P rac k1: 10_245[)1 u k2: 1024:[332.

Haubounee nonnoe onucanue pacnpenaeneHus: GOTOHOB U
WX BakaHcUW B JroMuHO(ope naér muarpamma TsaHb-1luHb,
pasmeniénHas B TpéxmepHoMm IIpocTpaHcTBe, 3alOJHEHHBIM
cBeToM (puc.67, puc.68, T1a61.193).

666 (ITosApHBINA BUXPB) Tabnmnua 193

Bounna pacmupeHus

K nuarpamme (puc.68)

SEIGTL T (I [lons [loTeHumansl
3apoabIi pacupeHus
[ — 3apo- | cxarue 2u3,6
JBIIIT
O06osouka cBera pacuup. 813,60
-666 (IlonsipHbIi BUXPB) Bon- |pactmup.| 64 u 36
Puc.68 Juacpamma Tanv-Luns 6 HbL | xatwe | 64 u 36.

mpéxmeprom [Ipocmpancmee Ceema

B 3TuX monsix MHTErpajbHbIE Pa3HOCTH B3aWMOJICUCT-
Bys cO cBETOM M ero 3apojsiiieM naroT 1080 u 108 pennkap-
HAIW:

64 64
36~[A=I¢d¢—j¢d¢=30]:1080 u 3,6(A=30)=108. (535)
2 8

[Tepexon ot 108 x 1080 peunkapHauusiMm — NyTh IDBO-
monunu Yenoseka.
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242.PeanbHOCTb NporpamMmmMmupoBaHus
Cyne6 XuBbix MarHutoB

[Iepnoanueckass Cucrtema ['€eHOMOB MOBTOPSIET 3aKOHO-
MepHOCTH, npucyiue Hedecam [{unp u crycrkam TsiHb B 1O-
asx ¢potoH (m ** = 0,002) — pononor (m.* = 0,008).
Tpancopmanus HoTOHOB B (HOHOHBI MPOUCXOIUT TPHU
SIEPHOM B3pBIBE, 2 POHOHOB B (DOTOHBI — MPH CTYIICHUU HE-
OecHbIX BOJIH (Ta01.194).
Bzanmonepexon Tsaub-1lnHb conmpoBOXKIaeTCS coyaape-
Huamu tumna 100-(c = n) = 315 B cpene nocrosiHHOM Bcenen-
HOU 10 Bojopoay, paBHoi 1008 (Tab6s1.194).

Taomuna 194

IosiBnenue 3apoabimein Taub-Iluab B reHomax

3apopImm 3aponsii TsHb 3apoasimu [{unb
H H30MCpUA Lluc-Tpanc [uc- Tpanc-
64 @ 64 W 8
+[pdy “Jodo “odp
YcnoBus -8 = —8 = — =
(bopMHupoBaHHs 315 315 315
i2016:i6,4 1008:3,2 —1008:_3,2
315 315 315
CunTes 2016 1008100 | 1098 _yp6 | 21008 _ 56
m,** m,* m
Iyb- TsHp ¢ ¢ ¢
canis (hoToHBI ®oHoHHI (B3pbIB B [{uHb)
’ 2016 1008 —1008
3 — - -
*x10 BT:;II);;B W =252 m, e 504 m, % 504
(hOTOHBI ®oronsl (cunte3 [{uHb)
WNHuBepcuoHHOE 1008 504 _ T? 1 _126 252
HEPAaBHOBECHE 252 126 ° 77 504 1008
3 YL
JKusbie £ HH =8.E:75T0+r5463
Marme-| MATHHTBL @, q-q* 16
TU3M ! 7 7
Kynnanuau 7.([(0 d¢=§©—527!¢ do.
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3nas 3akoHbl (opMupoBanus JKuBeix MarautroB Benu-
kas HuBmnmsanus 3anporpammupoBana Cyns0sl B Kuure bbl-
THS.

243.'paBMTaLNOHHO-MarHUTHoe
paBHoBecue Kocmoca

[TonsipHble BUXpU HAI CTYCTKOM SIBJISIFOTCSI OJHOW W3
dbopM TPOSBICHUS U30MEPUU B PeKHMe U3JTy4YeHHsl CrycT-
KOM MarHMTHBIX 3apsiioB (puc.67).

MaruuTHsle 3apsabl SBISIOTCA KOMIIOHEHTaMU MeTara-
nakTryeckux BosiH U3 ['my6un Kocmoca, a 3Tv BOJHBI crymia-
I0TCA C IPEUMYILECTBEHHBIM KO3 purmentom 5/2 [18]:

Cryme}me MAarduTHBIX 3apsiaA0B

%,Ll =§-14~10-2° =%~10-‘9 =(3,5+2,5)-10™".

(536)

CrylieHre MarHMTHBIX 3apsAI0B B METaraJakKTHYEeCKUX
KocMuueckux BONHAX MPUBOAUT K (POPMUPOBAHUIO B CI'YCTKE
HEHTPOOEKHBIX IHEPreTUYECKUX MOTOKOB, JIOMAIOIIUX JIUTO-
chepy Ccrycrka ¢ mpeuMyIIeCTBeHHbIM K03 duiuentom 7/2 —
skBUBaJICHTHBIM KyHnanunu (536).

(Koapduuuentsr 5/2 u 7/2 nonydeHsl Takxke UHCTUTY-
toM ['eodpuszuku AH CCCP myist Kocmoca u 3emmu [10]).

OHeprernueckuii notok B Henpax Crycrka, Hampas-
JeHHBIH K JuTocepe, BO3HUKAET 3a CUET MyNbcaluu 3apo-
Jplne ¢ moreHnuamoM 3.6 (1ad6m.190), mornomaronux Koc-
MUYECKYH DHEPTUI0, IKBUBAJIEHTHYIO Mbiciiu p* (Ta0:1.195).

JIt000i1 CrycToK, B TOM YHUCIIE€ MEPUOANYECKAs CUCTEMA
reHOMOB (I'OJIOBKA CIEPMATO30MJa), MyJIbCUPYET C MOCTOSH-
Holi Bcenennoit (Ta6m. 195).
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Tabnuua 195
I'paBuTanuoHHo-MaruuTHoe paBHoBecue Kocmoca

M3omMepus normommenus p* PaBHOBeCIEe PaBHOBECHE
Hoxs 3apoapiamu (puc.67) | 3apoabiniei ¢ crycTKa u
reHOMaMu K
Luc- Tpanc- (Ta6m.191) oenoca
3,6p* = -3,6p* = H63 S =T
[Torenmnmansl 3,6-28~1020= —2 1308 10° 4 2
1008:10" | -1008:10" | <% " | 1071°=1077

IlocTostHHAA

y +£1008:10"-10"° = £1008.
Bcenennoit

244.5pepHoe BewecTBO B Apyne:
3HepreTnyeckKasa CTpPykKTypa

[Tockonbky B Kocmoce Oeckoneunoe koamdectBo IIpo-
TUBOTIOJIOKHOCTEH, TO XUTPhIe (PHIOCO(DBI OMHCATU YHEPTETH-
Ky IIpoTuBonosioxxHocrel cioBamu B (popme 3axkoHa Equn-
crBa U bopsOb1 IIpoTHBONMOIO:KHOCTEI.

Jnsa monnmanus Kocmoca Cl1oB HEIOCTaTOYHO U 51 BMe-
cte ¢ Bamu, yBaxkaembiii Untarenb, 060011y MPOTUBOIOIOXK-
HOCTH U TEPEBEly 3aKOH €IUHCTBA U OOPHOBI TPOTHUBOIIOIOXK-
HocTel Ha s3bIk Yncen (1abdi1.196).

Apyna peanmuzyer ceOsi B UMITYJIbCaX BOJIHBI-YACTHIIBI
CBETa W DHEPrUU DJICKTPOMArHUTHOH Cpelbl MEXIy HHMH,
MyJIbCAlMsl KOTOPBIX OyAeT co37aBaTh JIIOMUHOGOP Pe30HAHC-
HO HACBIIEHHBIN PoToHamu (Tabi.196).

DopMHUpOBaHHE CTPYKTYPbI
SinepHoro BemecTBa B Apyrne

(537)

Bakancuu B Apyre ®dotonsl B momuHodope Anpa

(mcteopo” tEyc=3 =1)-10"%p (-10%) - (10*°) = -10*.
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Tabnuua 196

IsaTe ®opm IIpoTUBOMOIOKHOCTEIH:
Apyna B poToHax

ITocTostHHBIE
Ne| IIporuBononoxuoctu | IloTeHumanbl
pacIIUpeHus |  CKATHS
wc- w,="/2=315/2
1 |U3omepus
T - eo=-n/2=-
panic- |-og=-m/2=-3 155/ 2] (Foopip2X | (w0)pipaps
DHI0- =10 c _ o,
2| Tepmus P1P2 > T meen= TO7°7I-15
JK30- =10 0
P3P4pPs 21026 /2-10772-
c
ustyyenne | T——=22=6 l'n= 1'“;
noryionieHue | 1, D _ —4=2
c 2
T - HMMITYJIbC mec...=1
4| PO T o107
opmartust SHeprus mec?=m
U3z cpenpl | m—1 u 1/m=m,
5 | UuBepcus Apyna DOTOHBI.
Bepeny | 1—>n n=1/E,

245.NMynbcauna BoobpaxeHus
n Yucno Yenoseka 113

[Tpu nosiBnenun OQ6004YKkH Apyna TpaHCHOPMHUPYETCS

B Pymny.

O6onouka ¢ moreHiuaiom 49 (Pycckue Pynbi [22])
BO3HUKAET B nojie @oTonbl B Apyne (537) npu aHTUpPE30HAH-

ce T,+t=7:

Bo3HUKHOBeHHE 000J10YKH
B aHTHpe30HaHce Apyna-Pyna

Konebanus O6omouka | CybcTpykTypa | DOTOHBI (538)
52
T, + 152 710 (TATP=49D  2=9+0 & 10104
710 1)+t
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Boanel Apynel B nosie potoHoB (537) u B 00bEME 1O
000104KO# 1 B paBHOBecHOU cpene Kocmoca (Tabm.196) mpo-
xoaaT yepe3 CBeT W IpaBUTAlMOHHO-MArHUTHBIC 3apOJbIIIN
(puc.67, Ta611.190):

Apyna ¢oronos B nosasix Cera u 3apoapima

Kocmuueckuit | Apyna B
o {boToHax Ceer u 3apopplil
36 T <107 (539)
10" 10" <107 =
! r <107 3,6
Konebanus 6e3 yuéra gona Konebanus ¢ yu€rom dona
ki =362 <90 < 10'* 10"%k;=3,6210"" < 9-10"* =k.

B moasx ciaadbix B3aumonaencrBuid Pynbl BOZHUKHYT
KOJI€O0aHMsI, KOTOPbIE MPUBEAYT K (OPMUPOBAHUIO IJIEKTPH-
YyecKHuX 3apsiaoB q u BooOpaxenus q* (539):

k3610  9.10" 10 36> 90 10%
= = = = = = .

LS 20 540
T 16 16 ¢+ (540)

B none BooGpakeHuss BOZHMKAET KOHTYp KoJieOaHUS C
MOTEHIIMAJIIOM, PAaBHBIM KBaJpaTy pPE30HAHCHBIX KOJIeOaHMit

Apyna-Pyma, nepexonsnue npu Hammuuu 6ora Jlyasr B Uncino
Yenoseka (540).

Yucsio Yenoseka: konedanus Boodpaxkenus

36°q* <> 90q9* | Amtmpesonanc | 144 < 1+30 | (541)

Pe3onanc
144 = 12251 npu Jlyne 113 < 0.
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246.PeanbHocTtb PaTanusma:
MEeHTaNbHOCTb Hawux cyaeob

Ha 3emie HeT yenoBeka, KOTOPBIM HE XOTen Obl 3aris-
HYTh B bynyiiee u ¢ 3Toil menbto npuOeraroT K rajJaHuio U
aHAIM3Y npeackasanui u llpopouects.

JIroaim He0CO3HAHHO 4YYBCTBYWT darTaju3M CBOMX
Cyneo.

Heoco3nannbiit ®atanusm Biey€T 3a coOOW paBHOIY-
e u kenanue CracTuch B OJUHOUYKY 3a CUéT Oe37eHCTBUS.

dartannu3M, KOTOPHIA BOCHPUHSI HOPMAaJbHbIE IPHH-
uunbl KocMuuyeckoro coapyxecrsa B ¢opme 3anosenei
a060ii Peamrnoznoint Kondeccun, Bkiroyaer B CBOO JHEp-
retuky CBo6oay Bonu JIMUHOCTH UM mepexoauT OT Oe3eiibs
JIBYHOTOM TpEXUaKpoBOH JtoJIckoi Ouomaccel k Co3uparesns-
HOMU JiessTelIbHOCTH YenoBeka.

3HaTh U BBINOJHATH 3allOBEIM — XOPOIIO, HO HACTAJIA
nopa y3Hatbe M JHepreruky Co3uganus, noo I'ocioab co-
TBOpUI Yenoseka kak CBoé Ilogodue He TOIBKO 1A MO-
JIeHUs, HO U 11 Beicokoro TBopuecTBa.

Hauyném c uzyuenus I[lpupoasl BOZHUKHOBEHUS MIHQP-
kona Kuuru beitus, B kotopor Co3aarens (Beaukas Llusu-
JU3alMs ) 3aIporpaMMHPOBAI, HANPUMED, YK€ H3BECTHBIC
HaM cy1b0bl paBBMHOB, WK HamnajeHue Mpaka na KyBeir.

Hngp-kox Kuuru beiTus, B KOTOpOM O/1HA 3HaYUMas
OyKBa MPUXOIUTCS Ha TPOMEKYTOK B 62500 OykB, OepET cBOE
HAyaso B JIEKTPUUYECKUX MOJISAX 3apsi-Booopakenue (540):

%=90-62500~10‘26 @@zi.lo“;
q* q 16
90-16-62500 = 1440-62500 <> 10'";
62500-(12 = T,t)2-(10 = ps) < 10'1°, (542)

rae mugp-xkoa Kuuru beitust cootHecén ¢ [IpogomxuTenbHO-
cthio (T,7)?, a crenens 110 — unciio boxkects B Tene YenmoBeka
no Kuure Méptaix [7].
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247.[1BonyHbIN a3bik [1a n Het EauHoro Kocmoca

JHepreruka Hameid CBoOoabl Bom B 3aKoaupoBaH-
Hoil Cyan0e (542) nposiBiasieTcsl B MyJbCALIMHM B3aUMO/eii-
CTBHIi CBeTa €O cJ1a0bIMHU B3auMoaecTBUAMU (Ta01.197).

Taomuna 197
IIposiBienne CBodoabl Bosin Bo B3aumogeiicTeusx (542)

[ounst u [ponoi- Crobona Bomn JpeBHerpeueckuit
JKUTEIIbHOCTH SKSOTGPMI/IH 9HI[OT€pMI/I}I bor BpCMeHI/I
(An) (Paif) Kponoc [6]
[(To2t2ps>+55)=
T 272 T 2.2
Torenuuansl 62300 T‘i s 62500 ES ! 14455]-62500<
<10 <10 "p2 10110022

Tepmus koneGanmii 10''°ps™, nexamias B mpemenax
10" u 10", mpu mepexome Kk IOrapH(pMIUECKHM BOJHAM
MPUBOJUT K MOTEHUHUAJI-3KBUBaJleHTaM uuciay 108 peuHkap-
nauuit mo Bymmswmy (Ig 10'® = 108) u norewmmany

1g 10" =112 =7 Jgq*= 8 \Juu*= 4/ pp*. (543)

Bo3Hukaer nyJsibcanusi, OpuBEAEHHBIA TOTEHIUAT KOTO-
pOM paBeH:

112-108 12095
112> -108> 880

=13,7(45), (544)

B koropoir 137,0000021 saBnsercs mnoctosHHOM TOHKOU
CtpykTyphl, obpasytomel orapudmudeckyro crnupaib Bce-
JICHHOM:

/o = ps13,7(45) = 137,(45) = 7T5—+1ne“><(45i21-10‘7). (545)

0

Tonkue CTpykTypsl ¢ nocrosHHoii 1/a (545) moss-
JAKOTCA TaM, Ile siiepHble Mpouecchl NMepexoAsT B Jiora-
pudpMuyeckue.
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Tokast CtpykTypa ¢ HOTEHIMAI-3KBHBAJIEHTaMH Oora
Bpemenn Kponoc n mudp-xnroua Kauru beitus (1a6m.197)
dbopmupyeT ABOMYHBbIN MaTeMaTuyeckui si3bIK (1 1 0) — "na" u

HECT .

1

1 P 10110i2
14455-62500

= 1,099...-10-8) (546)

248.Tenenatua n PasMmHoOXeHue

JIBonuHbIN 3bIK Ja = |1 1 HET = 0 CEeroHs UCIOIb3YET-
Csi HaMM I Tepenadyd HHPOpMaluu SJIEKTPOMArHUTHBIMU
BOJIHAMH CBETa, CKOPOCTh KOTOpbiXx B HeBecomoctu pasHa 300
TBICSY KMJIIOMETPOB B CEKYH/Y.

Opnako Hecymiel (OMOpHOM) BOJHOW ISl Tepenayu
nH(OpPMAITUU B PSKHUME J1a - HET MOKET OBITh M BoJTHA TOHKOM
. 40
DHepruu, CKopocTh KoTopoii B 10™ pa3 BbIIIe CKOPOCTH CBETA.

Tenenatus ectb cmocod mnepegayun HNupopmanun
CBEepPXCBETOBLIMU BOJIHAMHU ToHKOW JHepruu.

DHepreTrka TeJIenaTHYecKor mepenayu uHOOpMaIuu
CBsi3aHa ¢ HepaBHOBecHueM (546, Tabm.198).

Taobmuma 198

JIBoMYHBI A3BIK TejJeNaTumn

S3bIK Ha=1 Her=0
KoeGamust 1 < 10'"%10*%10,797 logal =0
Jnana3oH B cpenax 10" <1< 10 112 0 101

Yncno Yenoseka 10'° < 10 = 10" 113 & 1 < -100.

Tenenatuyeckas nepenadya JDHEPruu, oaHON u3 ¢opm
koTopou sBiasiercas Uudopmauus, ssiusercs PasMHOxeHue,
CBS3aHHOE€ C MHUTO30M (JIeJIeHueM) OMOJOTUYECKON KIIETKU
(Ta6m.198):
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TenenmaTus u PazmMmHokeHue

Cragun Jlo muTo3a Muro3 buouackl
Horenmuanst |1g 10°=-(9+0)|1g 10”102 = -(9+2)| 13 = 113-100
(9+0)-(9+2) 99 (547)
PasmuoxkeHHE

> >+13=-—-13=32+0,175,
(9+2) -(9+0) 40

B [Iponomxu-

TENLHOCTH rae 32 — sxkBuBaneHT Hebecam Llunb, a

0,175 — oxHO# JEeCsATON MaJIbLMBI.

Kupoe Bo3nukaer kak Ilaabmbl B Hebecax, a 3To u
ecthb Paii.

249.[Inckpeautaumua nonspHbIX Buxpen Ceeta
Cc noTeHunanom 666

HN3yyas xuBoe, Beaukas Llusunuszanus B3sjia 3a oc-
HOBY I0JIe TEHOMA B KBAaHTE CBEeTA, OTHOLIECHHE MOTEHIHA-
JIOB KOTOPBIX paBHO 7/4, TO ecTh nmajibme — equnnne Cuc-
Tembl Cunciaennss Haykn Crpoureneii Ilmpamun u ABTo-
poB Kuur /I3uau, I[lepemen u MéprBbIxX:

"ITaapMa'" B renoMax

_eenom 63 445 T _Totr_ (548)
oenviticeem 36 4 T,

B stux ycnoBusix (548) nosspHble BUXpU C MOTEHIUAI-
skBUBaJIEHTOM Yucny CaTaHbl U3IIy4daroTcs B Apyny ¢ T =3 u
TpaHCHOPMUPYIOTCS CO CKOPOCThIO, paBHOM (puc.67)

V=666/1=222 u p,V=10"222=222.  (549)

[IpunaBast stuM ckopoctsm (549) orpoMHOE 3HayYEHUE
Besmkasa [luBunu3anus Bo3Bpamiaiach K HUM, 10 KpanlHEeW me-
pe, ABAXIbI.
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ITepBeiil pa3 3Ta ckopocth V = 222 TpaHchOopMHUpOBa-
Jacb B AndaBuTe IpEeBHECIABIHCKOTrO s3bika Jluanorapw,
uMmerolero 222 OykBbl, a BTOpoil pa3 B 22 OykBax ABpaama,
CBSI3aHHBIX C TeJIeNaTUYecKou nepeaaveit nuudopmanuu [2].

B Gopb0Oe 3a ¢peTnmn 3010TOr0 TEALIA U HAJOTH CO
cBoero HacejeHus (IIstuxkauxue Mowuces), BeTX03aBETHbIE
onopo4ywy noreHuan 666 kak Yuciao Caransbl, a 13 — xax
YéproBy [Aroxuny.

Cosznasas Tpu Penurnosnsie Kondeccnn u nposoas pe-
BU3MI0 Maruu, TpéxuakpoBoe monumanue Yucesna 666 u 13
r;1y00KO NPOHUKJIO B CO3HAHUE HEBEKECTBEHHBIX MACC.

Benukoi#t [{uBmin3anuy BHOBb MPUIILJIOCH BEPHYTHCS K
npobJieMe MOHMMaHUsI HaMU SHEPTeTUYECKUX TeJIeTaTHICCKUX
BUXpEH, U OHU JaJIK JIpeBHUM TpekaM 6ora Bpemenu Kponoc
¢ nmoteHnuaiom 14455 [3]:

Kponoc = (psTot)? + (282 — 272) = 14400 + 55 = 14455,  (550)

rae: 27 u 28 — reHOMbI, BBITECHEHHBIE U3 [lepruoanueckoi
Cucrtemsl siapoM (puc.66).

250.born n reHombI:
rpaBuTaums u cBeT B OMoKneTke

BreitecHenHble snepHbIM BuxpeM u3 Ilepuonndeckoi
Cuctemnl (puc.65) reHombl ¢ noreHnuagamm 27 u 28 co3-
AAK0T TPABUTALMIO, 4 TEHOMBI ¢ moTeHuuajaamMu 35 u 36 —
CBeT.

B Eannom KocMoce BO3HMKArOT COJIHEUHO-TPABUTALIU-
OHHBIE psabl, a Benukas [luBunuzanus moAcka3bIBacT IPEB-
HUM TPEKaM M €TUITSHaM MX 000>KEeCTBJICHUE, JJaBasi COOTBET-
CTBEHHO ITOTEHIHAJIbI 00TOB (Ta01.199).
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AareoOpa /IpeBHeeruneTcKux
u /IpeBHerpevyeckux boros

Tabnuua 199

boru Pa ba Ka = Kponoc
Crpansl JpeBuuii Eruner u I'penns
OyHKIIMOHAIb- o I'eHoMEI B mone
ConHeuHslli CBET I'paBuTanus

HOCTb HebOec Llunb

Pa= ba = Ka=

[ToTeHIMAambI (psTot)2+362-352 | (Pa?-Ka?):32= | (psT,1)*+282-272
8 -8

14471 <= 14463 -+ 14455

AHTHpE30HAHC:

DNEKTPUUECTBO 00 Pe3onanc:
wCoaGxapar | 481 = =3250 84502 = 16-10"64 =
"O" =410 4-10*(162 = qq*).

1600 = ps2Jag™ ( qq™)

[Torenumaner nepexoqa =8 B '""moJie boros" (1a6:1.199)
COOTBETCTBYIOT KO3 UIIMEHTY pacmupeHuss BcenenHoir u

BO3paCTalOT B CI'YCTKC,

[{nsb, TsaHB M 21EKTpOMarLeTu3Ma:

o0pa3ys TMOTEHIMAI-2KBHUBAJICHT

1
K anexktpomarnerusmy: 152=(/qq* ++/ pue* )[i j(p dgoJ
0

(551)

TMous Pacmmpenne | Hebeca | Crycrok |DnekTpomarse-
Bcenennoit 0071513 Tsaab TU3M
3 5 6 2
[Toten- iSEc— i3250— 16450— (IOSTOT) =152
AL a)g a)g a)g 64 :

[Ipu MynbTUIUIETHOCTH KOAD@PUIIMEHT paciIupeHus
Bcenennoit pacuernuisieTcsi Ha 4yeTbipe KodppuimenTa cxatus
Bcenennoii, 06pa3ysi, HanpuMep MyJIbCUPYIOUTYI0 OMOKIIETKY:
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251.CMHXpOHHasa nynbcaumust HeMpoHa U GUOKNEeTK!:
nyTb K TeoreHe3auncy

N Ouoxkinerka, 1 HEHPOH MYJbCUPYIOT B PE30HAHCHO-
aHTUPE30HAHCHOM pexkumax (1ad1.200).

Taomuna 200
CoBMelleHHAsA MYJIbCAIUS HEHPOHA M OMOKJIETKH
N Helipon Tonkast DHeprus buoknerka
yJIbCUPYIOILINE
2, 202,52,
KOMIOHCHTBI 3ese? |51 574 (940)
CyGeranmmm Cepoe Berie- | MenTtanbHas sHep- | benkobie cy0-
CTBO MO3Ta TS epexofa | CTPYKTYPBI KIETKU
34547 = 15 " _
Awrmpe-| T - _ \\\\\Q\\\\§ 5+7+9 =21
30HAHC p ¥§ MOJISIPHBINA BUXPb
I MarHeTH3M &\\\\
3:57=105 579=315=n
Peso-
HAHC
30xKynnanuay|  10xKynmanuaun — |CKOpOCTh CBETa C=T.

IIpn paBHOMEpHOM IyJbCAallMU A0 MHUTO3a B CEPOM Be-
IIECTBE T'OJOBHOrO Mo3ra M B OuokieTrke (opmupyercs ¢u-
3UOJIOTUYECKUN NIOTEHLIMA IPUBEAEHHON ITyJIbCALIHN:

(105> -15%)-(315° —21?)
15-105-21-315

= 647 +0,036858.. (553)

[TIo okonuanun nepuoandeckou Ipoxo/KkuTeILHOCTH
NyJIbCAllUM CEeporo BeliecTBa U OWokieTku (553), crycrok
TsAHP TOCTUTHET KBaJpara NepBOHAYAIBHOW BEIUYMHBL. B ro-
JIOBHOM MO3I'€ BOZHUKHET 3JIeKTpuueckuil umnyibc To,qq™*, a B
OMOKJIETKE MPOU30UAET MUTO3 (JCICHUE TTOTI0JIaM).

Perpancnstopamu Kocmuueckoit Dueprun B Heitpone
oyner Kamis ¢ moreHmuaiom 5, a B OMOKJIETKE ¢ MOTCHI[MA-
JIOM 7, KOTOpbIE TP AaHTUPE30HAHCE CO3/Iat0T BUXpb T,T = 12
= 5+7, a npu pe3onance GOpMHUPYIOT 35 BUTKOB pacIIUpSIO-
mieiics cnimpanu Kynmganmunau (1a6:1.200).
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B nmone Tonkux DHepruii Mexay U3JIy4aTeIsIMA U UM-
IyJIbCAMH BO3HUKHYT KOJIEOAHMS:

35:12<4-4:164 nm 35:163: 12 < 1. (554)

K »5>ToMy BpemMeHHM Ppe30HAHCHBI MOTEHUMAJ
5:7°9 = 315 = w gmocTurHer moreHnuaJjga © = e U KoJjeco
Bcesiennoit caesnaer moaropa odoopora (315 : 21 = 1,5) He-
00xoauMbIX 1151 1ocTHKeHus1 Teorenesuca ([4], Ta6:1.200).

252. 3KBUBanNeHTHOCTb cy6CcTpyKTYpbI (9+0)
OMOKNeTKU MyNbTUNNETHOCTU IHEPrUnN B HEMPOHe

CoBMecTHas Mynbcalusi HEHpOHa W OMOKIIETKH peaju-
3yeT cedst B 35 Butkax Kynpmanunu, necyueit ¢ Ilpogomxu-
TEeJIBHOCTBIO T, = 16 Ha CBOEN MOBEPXHOCTH JIICKTPUUECKOE
noJie ¢ moteHnuanom qq* = 16 (554):

- 35-16° _ 356umkosxT,-qq* _ 356umkos-qq*
12 T, 7 - T '

1 (555)

Kynpaannu — o6osiouka Csera, Kak M J100asi UHas
000/104Ka, ABJISIETCA HOCUTEJIEM jIeKTpuuecTBa (555).

3aHnMasch MeIUTAlMel, WM MOOUIU3YS pe3epBhHI Ue-
JIOBEUECKON TICUXWKH HMHBIM CIOCOOOM, MBI HMHHUILUHPYEM
DHEPreTHUUYECKYI0 B3aMMOCBS3b MEXIy TSTEPUYHON CBS3HIO
HelpoHa U ceMepuuHor — onokieTku (1a6:1.200).

5 7
7<:>§ n 25<49; 30 &49-25=24, (556)

rae: 25 — Ilenrarpamma,
49 — O06010u4Ka,
24 —gucno IIpecBsaTeix npectosoB BOKpyr Tpona Xpucra
Ha Heb6e [6, 22].
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Benukas [{uBunu3zanus onuceiBaeT HepaBHOBecue (556)
kak [lenrarpammy B Hiine [3] u ¢ nomouisio IaabMbl noka-
3bIBaeT nepexon ot 24 Ilpecsarsix IIpecrona k 42 boxecrBam
TBOero unctoro Cepaua, Mol Uurarens:

24-7/4 = 42. (557)

[Ipu mMuTo3e OuokieTku B €€ cyoctpykrype (9+0) mpo-
UCXOJIUT U3MEHEHUE — BOZHUKAET cyOcTpykTypa (9+2). Myib-
TUIUIETHOCTh HEPTUHU B HEUPOHE CBS3aHO C U3MEHEHUEM IIO-
teHuuana (7+0) na norenuuan (7+2).

Mexny HEHpPOHOM, BBIACIAIOINIMM CBOIO DHEPIUIO IPHU
MYJIBTUIJIETHOCTH, W MAaTEepUHCKON cyOcTpyktypoit (9+0)
OMOKJIETKM YCTaHaBIIUBACTCS] pABHOBECHE:

HelpoH = (712 =9) < (9+0 =9) = 6uokneTka| (558)

IIOCJIC YEeTO HAYMHACTCSI MUTO3 OMOKJICTKH:

(9+0) _ (9+2)
9+2) " (9+0)°

10 112-92=12-81=40. (559)

Bosnukator CoxpoBeHHass CopOKOBUIA, YETbIpecTa
ouobnerickux jer, Ceadxasar O [3].

253.CTtpykTypa CBabxaBaTt
n eé 3anucb B KHure NepemeH

[TosiBnenne CoxkpoBeHHOT COpPOKOBHIIbI 03HAYaET,
YTO TOYEYHBIM y4acCTOK BOJIHBI CBETa MOMaj B moje Pymbl u
HayaJl B3auMOJICUCTBOBATh C HEW ¢ 3(D(PEKTUBHOCTHIO CBETA!

40 = ps-T,. (560)

H3meHeHne okpyKarolen cpeibl CKaKeTcs Ha U3MEHe-
HUU 3(G(EKTUBHOCTH B3aMMOJEHCTBUS cO cpenoi, u Kuura
JI3uaH ONMUCHIBACT 3TH IMOJIS KaK

341



Cpabxasat O =T, ps " =4-10"", (561)
nepenas 3HaHus 0 CBadxaBat [aocsaHam.

B mone CsabxaBatr O, To ecTh KOJbIla, 00Pa30BaHHOI'O
TOYCYHBIMHM YYaCTKaMU BOJIHBI CBETA, MOCTYNAIOT HMITYJIbCHI
JaCTHUIIBI CBETAa M, COYIapssch, TPAHCPOPMHUPYIOTCS B HM-
yJIbCHI OTOHOB (pHuC.69).

mec =1 B 1nentpe Kombma Cgab-
Konapmo Cadxagar O  XaBar O IMPOUCXOJUT PE30OHAHCHO-
AHTHUPC30HAHCHOC CTOJIKHOBCHHC

F,m,= JACTHUIl CBETa:

1
T— 72 m,c—(—m‘c) 2 1’
MLIME) 2 2= (562
2 mcc-(—mcc) 1’ 2 (562)

-mec = 1

Crpoutenu B JlpeBHeM
Erunre wucnone3yror KoiaeOaHUS
yacTull cBeTa (562) U ouepurBarOT
KpYyT (OKPY>KHOCTB) C paInyCcoOM 2, BIIMCHIBAasi B HEIO OCHOBA-
Hue Benukol [Tupamuast (puc.3, 1a0ma.18).

Puc.69 ©@opmuposanue
Csabxasam ©

Jaocsine pucytor CpaoxaBat O (puc.69), a ABTOpPHI
Kauru nepemMeH y4uThIBAIOT, YTO PEe30HAHCHBIE CTOJIKHOBE-
HUS yacTull cBeTta [-m.c X mcc = (-1)(+1)] mporekarT Mo
IIECTU HAIMpaBJICHUSIM TPEXMEPHOIO MPOCTPAHCTBA, 3AMUCHI-
BaIOT PE30HAHC COYJIapeHUM 6 TOPU3OHTAIBLHBIMU OTPE3KaMU
npsameIx (puc.69):

- B3aUMOCBSI3b MC. (563)

[Tocme pe30HAHCHOrO CTOJIKHOBEHUS M.C, BO3HUKAECT
aHTupe3oHaHc E;®,, KOTOpbIX 3aUChIBACTCS TAK

- B3aUMOCBs3b E; .. (564)
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254. lTpux - 3anucu B KHure lNepemeH:
pe3oHaHCc-aHTUpe30HaHC POTOH-POHOHOB
B TpéxmepHoMm lpocTpaHcTBe

ITo mectn HanpasieHusM Tpé€xmepHoro IIpocrpancrsa
($hOTOHBI (YACTHUIIBI CBETA) CTATKUBAIOTCS B PE30HAHCE KaK MU-
HUMYM TIO0 JIBO€, a (DOHOHBI (BOJHBI CBETA) Pa3JIETAIOTCS IO
LIECTH HaINpaBJIeHUSAM TpExMepHoro IIpocTpaHcTBa 1o yeThipe
mTyku (puc.69).

®oTOH-POHOHHBIN PE3OHAHCHO-AHTUPE30HAHCHBIN TIe-
pEXO MO LIECTH HANpPaBIEHUAM TPEXMEPHOIO MPOCTPAHCTBA
IPOUCXOAUT O€3 MOTepu COOCTBEHHOW HSHEPruu (POTOHOB M

dbonoHoB (Ta61.201).
Taomuna 201

DoToH-(poHOHAS B3aUMHAas TPaHcGoOpMAaLUs 10 LIECTH
HanpasjJeHussM TpéxmepHoro IIpocrpancrsa

Pe3onanc AHTHUPE30HAHC CmenmaHHbIN

[Tonsa
¢doToHOB dboToHOB peXUM

duxcamms |3anuck |[Torernuan | 3amucs | [Torennman | 3anuck | [ToreHman

®opmMma
3aIlliCU U
MIOTEHIMAT

2-6:m.C =
12=Tot

46 Emo=| T _
oTe | ZE | 12=Te

Hanomwunaro, uto mocie Tpancopmai ogH0i Gopmbl
OHepruu B APYyTyIo, HOBast popMa dHEPTUU B3aUMHO TEPIICH-
JUKYJISIpHA MCXOJIHOM, KaK HalpuUMep MarHUTHAsl U DJIEKTpHU-
yeckas, a NpsAMbIX YIJIoB B TpéxmepHoM lIpocTpancTBe Oyaet
BoceMb (kak y Kyba):

8(po=n/2) = 8(w,=1/2) = 47 = 2n(R=2) = (R?=4). (565)

Bocemb npsAMBIX, COBMEHIEHHBIX BEPIIMHAMM, YTJIOB
dbopmupyror TpéxmepHoe IIpoctpanctBo. bojbiie yem Bo-
CeMb NPAMBIX YIJIOB CBOUMM BepPLIMHAMM B NPOCTPAHCTBE
He coBMecTHIIb. [ToaTOMYy G0JsIbIIE Yem TpéxMepHbIM IIpo-
crpanctBa B [Ipupone Her.
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HccenenoBarenb, TPUKPBIBAIOIIMN PE3yJIbTAT UM HE OC-
MBICJIICHHBIN, BBeAeHMEM MHoromepHoro IIpoctpancrtsa, ne-
MOHCTpPHUPYET CBOE HeBexkecTno.

255. CokpoBeHHass CopokoBMmUa
Co3HaHusa n Noaco3HaHunA

Hama nayka 3axiiamuiia HeBe:xecTBOM IlpuOimike-
Hui qopory Kk 3Bé3nam Ilo3nanmus.

BosbmuTte uncino m = 3,141592654... kakoi maypak Oy-
JIET CYNUTATh ITO YMCIIO XOTSA OBbI A0 JBAAIATOTO 3HAKa IIOCIIE
3anaTou? 3ayem?

Hucno m, IKBUBAJIEHTHOE CKOPOCTH TpPaHC(popMaLuu
JHEPIruM OKPYKAKIIeH cpeabl CBeTOM, paBHO 315 =m=c.
Brixon u3 tynuka IlpudJimnskeHnii cKa3bIBatlOTCSI MTHO-

BEHHO W Mbl, Kak M Bejukas LluBuaumszanms, cMoxxeMm pac-
cuMTaTh noreHuuan rpéxmepHoro Ilpoctpancrsa (565):

4-(m=315)=1260 = (9+0)-140, (566)
rae 140 = 5-28 sBisieTcsi, KpoMe BCETo MPOYEro, U MOCTOSIH-
Hou Yakp.

Otkyna Yto 6epércsa?

[Tone ¢ morennman-skBuBaieHTOM CokpoBeHHoi Co-
pokoBuue myinbcupyer B Hempax Kammu Omonormdeckoro
SJIEPHOTO BEIECTBa C 4YacToToi 24 kampa B enuHuIy IIpo-
nomkutenbHOCcTH (1 = @/®, = /2 : m/2), a HA TOBEPXHOCTH

Karmum, To ecth Ha ypoBHe Co3HaHUs, C YacTOTOM 24 Kanpa
(Ta611.202).

[Tpuaém yacToThl KaapoB ompenenstorcs dHPeKTUBHO-
CTSIMH  B3aMMOJICUCTBHM B  JIOTApU(DMHUECKUX  BOJHAX
(Ta61.202):

24 =1g(p2 =10 =1g p," =lg(pips) '; .
n
25 = (Ig pspapr’) = 0o/C = ... (567)
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Tabnuia 202
Coxposennass Copoxosuna Coznanus u Iloacosnanus

KoMImoHeHTEI Copoxo- | Cosna- | Tloncos- Pesyinbrar B 000710uKE
BHUIIA HHE HaHUE
40-(252-24?) =
ITorenumansl 40 24 25 40-(25-24)=40-49 =
14-140 = psrprp =...

Boznukaer paznocts (566, Ta6:1.202):
14-140 — 9-140 = 5-140 = 700 = ps(AXK=70). (568)

256.Meprnoan4HOCTb ObITUA U CTPYKTYpa
TpéxmepHoro lNpocTpaHcTBa B antope
Kpyra YHnBepcyma OTKpoBeHUN

Tpéxmepnoe IIpocTpaHcTBO MOABJISIETCH TaM H TO-
raa, rjae M Korjaa UMIIYJbC BOJHBI-YAaCTHIbI CBETa TPaHC-
¢Gopmupyercsi B 3JHEpPruio:

Nmmynbscel OHeprus

mee + e =141 =2 mec? + Buc? =2 =n(r = 72 2 (569)

Tpéxmepnoro IIpoctpanctsa Het, | Tpéxmeproe IIpocTpaHCTBO €CTb,
TaK KaK HET UCKPUBJICHUS TT TaK KaK €CTb UCKPUBJICHUS TT

Bue wuckpuBaenuss tpéxmepHoro IIpoctpaHcTtBo He
CYLLECTBYET, HO HMCKPHUBJIEHHUS BO3HUKAIOT [lepmoanuecku B
MOMEHT OTCYTCTBMSI B JHEpPreTH4eCKOM I10Ji¢ KBAHTOB
BOJIHBI-YACTHIBI CBETA.

DHeprus Nmnynse

mec? + Ejc2 =27 (me + Ep):(mee? + Exc?) =4 =T, (570)

Tpéxmepnoe IIpoctpanctso | Tpéxmepnoro IIpocTpancTsa HET
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Haubonee monnyio xkapTuHy 0 GOPMHUPOBAHUHN UMITYJIb-
COB B YCIIOBHMSX B3aMMOJEWCTBUA cBeTa maér asmopa Kpyra
VYuupepcyma B OTkpoBenusx ([6], Ta61.203).

Taomuna 203
Kpyr YuuBepcyma [6]:
ONMCAaHUe UMIYJIbCOB B TpéxMepHOM IIpocTpaHncTBe

234 ps'(23<4) | psi(2<3<4) | Urtor
2=mc + E; 2ps 2ps?
3 =mec + golloc” + Exc 3ps 3ps?
4 = (mcc + Ey)(mc* + Ej, ¢?) 4ps 4ps? s’

NMnynbebl yJIbCUPYIOT B UCKpUBIEHHOM [IpocTpaHcT-
Be, TO ecThb B camoM Kpyre YHusepcyma u Kpyrax ero oGiac-
TEM.

Bo3HukaeT HepaBHOBECHAsI CUCTEMA TYJIbCALIUU:

pesonanc _ 2-3-4 §®§_2+3+4:aHmupe30Hch.(57l)

AHMUPE30HaHC T 2+3+4 8 234 pe3onamc

C yu€rom B3aumoneicTBuid kosebanus (571) mpumyTt
BU/I:

8 8 3 3
Eps'/?sz25'103<:>§'1035§P5'P52- (572)
257.Mynbcauns cryctka B NonsaAx NATePUYHON CBA3MU:
Benukaa NMupamuaa m MNMatepuyHbin Jixa

Nucyc Xpucroc He MEPBBIM, KTO MbITAICA BPa3yMHUTh
HalllMX BETXO3AaBETHBIX B PEJIUIMU U HAYKE U MOMOYb UM IO-
cmotpeTh Ha Enunsiii KocMoc (MupoBoe fiio) ¢ mo3uiuu
Peanuii, a He COOCTBEHHBIX MapaIUTM-HUILTFO3H.

Tak, Hanpumep, cuctema kosebOanuid, onucanHas Kpy-
roMm YHuBepcymoM (572), HaXodsCh B Cpelie MeTarajiakThye-
CKMX BOJH, H =T,\Sinz/4=2"" Gyner dhopmupoBaTth 0OBEM
Besikon [Tupamuast (Vi):
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§H-1o3z[lazH:an-lm@i-w (573)
3 3 v,

HITH 1 < Vi2-10°. (574)

Benukas IuBunuzanusa mnpenrnosnaraiga, 4TO CTOJKHYB-
HIUCh C MHOXECTBOM Takux Oonbmmx I[lupamun, Many-
Mpeicnutens 3agymaercst o CymHoct Kocmoca. Ho o Hameit
TJIYIIOCTH MPOUCXOJIUT TO, YTO Mbl UMEEM.

Benukas [luBunuzanus nepenaina ApeBHUM I'peKkaM IO-
teHuan 6ora Kponoca 14455 B Hagexae Ha TO, YTO MbI TOM-
MEM mpoucxo:kaeHue nsirepuuHoii cesizu Kocmoca (572).

8 3
5-103@§-10-3 u 82-32=55< 10" (575)

Ho npeBHue Tpeku yBJIEKIUCH pa3ryibHBIM 00pa3oM
’KU3HU HAJyMaHHBIX OOTOB-OJIMMITMMIIEB U COBEPILIEHHO Oec-
HEIbHBIMU MOX0JIaMU AJIeKcaH ipa Make0HCKOTO.

[Iupamuael nemunucs. Meicinb apemana. Ilecku 3acel-
Iajy MOJHOBOAHBIE peku Caxapsl. MaTp-3emis Moania O mo-
morru. [Tomomu He 6bu10, 160 Many-MbIcauTe b HEe MOHHU-
MaJl 3aKOHOB PE30HAHCHO-AHTHPE30HAHCHON NYyJIbCaLUH
TpéxMepHoro mpocrpancrBa B Eamnom  Kocmoce
(574, 575):

pe3oHamc =1<:,>Vr2[-106 _ 5510 _ AHMUPE30HaHc
aHmupe30Hch_ 55107 _l(i)Vé-lO6 - Ppe30Hanc
1o vit10? ]| o [ 102552, (576)
2 2 2 2 2 2 2 2 2 2
rre 7=1 +2°+3° 447 +5°+6°+7°+8 +9° +10 =385 (577)

1+24+3+4+54+6+7+8+9+10 55

347



258.CBabxaBaTt ©: hOTOH-(POHOHHbLIE
B3aMmogencTeus, hopmupyrome
TpéxmepHoe [pocTpaHCTBO

OcHoBaMm cBoell BBICOKON HayKu Benukas [{uBunusza-
LU y4uT Haw counym MugorsopuyecTsom u Peaurusamu.

DTOT nmeAarornyecKuil mpuéM coxpaHsieM U Mbl, 00ydas
JieTell CKa3KaMU 1 KOMHUKCaMU.

Ham coumymM, kak ¥ Halv A€TH, pearupyeT Ha reaaro-
TUKY [IO-Pa3HOMY.

3amag  BbIAedsieT  PeJUITHO3HO-MH(OIOrHYecKuil
pormMatusMm Kak Peiquruu; BocTok, U3 mo1y4eHHBIX CBeje-
HUH (popMUPYET MHPOBO33PEHYECKYI0 (PHI0CO(PUI0 U CO3-
naét oopas Kusnu.

Baxneiimelr mpo0aemMoil MUPOBO33pEHUECKON (HHIITOCO-
¢un Boctoka sBnsercs Bompoc o IIpoctpanctBe, KOTOpOE
ornuchiBaercsd kak Cadoxasar O u CpabxaBar @.

[Tockonbky Tpéxmepnoe IIpocTpanctBo hopmupyercs
ceeToM, To CabxaBat O - 310 chepudeckas TOBEpPXHOCTHAS
BOJTHA CBETA; TOYKA B OKPYKHOCTH — 00BEM (poTOHA C AramerT-
pOM, 3KBUBAJICHTHBIM m, = 1/7; CpaOxaBaT © - mosie poTOH-
(hOHOHHBIX B3auMoIeCTBUM (Ta01.204).

Taomuna 204

CBaoxaBar [3] kak onucaHue
(poToH-PpOoHOHHBIX B3auMOACHCTBUI
npu ¢popmupoBannu TpéxmepHoro Ilpocrpancrsa

KomnoneHTsI [ToBepxHOCTB. O06BeMm. ®doToH-(HOHOHHOE
ctepsl ®oHOH ®oTOoH B3alMOJICVCTBUE

1
E,?,:QOZDO V:—ﬂ'D(:;: %@QOVQL

[ToreHunanel 1 1 6 4 0

ot I
r 315 o 635 |G eV eV

O0o3HaueHue Cgab6xasar O Touka "e" CpabOxaBar ©®.
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Pemenne cucteMbl HepaBHOBECHBIX (POTOH-(POHOHHBIX
Koebanuii, To ecth CaOxaBaT @ (Ta6n.204) mpuBOAHMT K

KOHTYDY:
Qo> Q Ve V=315 11 63152=0<-314 < 6-(315)

nunganee 00« 6:(3152+314=6m2+(n—1). (578)

259. buovachl TpéxmepHoro lNMpocTpaHcTBa

dopmupoBanue Goton-pononamu Tpéxmepnoro IIpo-
cTpanctBa (Ta61.204) Bieuér 3a coOOW MOSBIEHHE B ITOM
[TpocTtpanctse xuBoro B popme ['enomos (578):

00 6:(3152=105632+ (n— 1). (579)

[TossBnenue reHoma 632? CHIKAET CKOPOCTH TpaHCHOp-
Mall¥ CPeJibl CBETOM Ha eIUHUILY (1T — 1).

Takue mnpouecchl U3MEHEHHs] TMHAMMKHM [IBUKEHHS
noJieii Hama Teopernyeckasi pusnka CBA3bIBaeT ¢ NMPHUH-
LHUIIOM HeonpeaeaéHHoCTH U peiaeT B [Ipubauxenusx.

Benukas [{uBmiuzanuss UCKIIFOYAET HEOMPEIACIEHHOCTh
1 IPUOJIMKCHUE U TOBOPUT TOYHO M MPSIMO:

"S. ¥V Ilopora YerBéproro ChiHamM (TO €CThb mcC,
€o' u(,'cz u E,c) yka3zano co3garps cBou Ilogoousi. Oqna Tperh
OTKa3bIBaeTCH (3TO go-uo-c2 = 1, @1 KOTOpoil BHE TpEXMED-
Horo I[IpoctpancTBa emé HeT cpenbl). JIBe moBUHYIOTCH (3TO
m.c u E;c).

NHbIMU CJIOBaMM, SHEPTUsl JICKTPOMATHUTHON CpPEbI,
ocTaBiasics B HCKpuBIEHHOM I[IpocTpancTBe, OyaeT cosna-
BaTh B HEM cBom [lo100us 32 CUET B3aMMOICHCTBUN:

(gotoc’= 1)(Ig prp2p3 paps=2) =2 =R, (580)

a B YerBéproii (To ecTh B Pyne tpéxmepnoro I[Ipoctpanctpa)
BHOBb BO3HUKHET CBa0XaBaT, HO yKe 3JIeKTPOMATHUTHBIH
(Ta6m1.205).
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Ta6numa 205
DaexkTpomMaruutHelii CBadxaBat Pynsl npu R=2 (580)

Cabxasar O Touxa "e" CBabOxaBar ®
KoMmmoHEeHTHI
[ToBepxHOCTH O0BEM Konebanus
_1 3 Q S0V < r
[MoTeHnMAaNbI Q=4nR? = V= 6" b=y 0
5040 =17! 3360 O 0VerV
buouacsl 5
_ - _ - = 2.
BeeeHHoi 1<QV-(Q-1)—(V-1)=13210 < 1.

260. Ax-xu: TpéxmepHoe lNpocTpaHcTBO ANnA Pasyma

[IepexuBiINEe KIMHUYECKYHO CMEPTh PACCKA3BIBAIOT O
Caerte, 10TOJIe HeBUIAHHOM UMM NpHU Ku3nm Ha 3emIe.

VY camoyOwuiir] 3ToT CBET BBI3bIBACT YiKacC, Y JPYTHX —
baarocrtsb.

Bneyartiienus y BepHyBIIMXcs B ZKM3Hb TOYHO COOT-
BETCTBYIOT onucaHusM B Kuure MéprBbIx.

DOMOLMOHAIBHOCTh YBUAEHHOIO Hamu CBeTa - pe3ylib-
Tar Hamew 3eMHOM JKW3HU, LIENbI0 KOTOPOU SIBISETCS MO3HA-
HUE€ MPUYUHHO-CIEACTBEHHBIX CBsi3ei (3akon Kapmbr).

Ota uenp YenoBeka moMoraeT co3garesito TBOputh Ho-
cutesiss Pazyma, MeHTajJbHass JHeprusi (Apyma) KOTOPOro
obL1a 061 Cama boxxecTtBennass Kynaanunu.

Teorene3uc xapakrepusyer takoro Hocurens Paszyma
kak YemoBeka Bonn m Uorn m cBa3piBaeT Ero mosBieHue c

noayropamu odoporamu Kosieca Beesiennoit B IIpocrpan-
cTBe ([4], puc.70).

[Ipn ndomepun noJst Duneprun Ennnoro Kocmoca npe-
oJloJieHre TyTH B nojaTopa obopota Koseca OyayT coBepiiaTh
HaBCTpeuy APYT Apyra jaBa, Harpumep, portoHa (puc.70).
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Kaxnpiii u3 portoHoB

Ha CBOEM IIyTH IPOUAET
=: = 3 CEMb DKCTPEMAaJbHBIX TO-

A ‘@’ “—=Z=> UCK BOIHbBI, B KOTOPBIX
BOJIHA MEHSAET Halpasiie-

Puc. ZO Bcmpeunoe aiuofceﬂue HHUE CBOECTO IBHXCHUA
8yX gbomOHOG ( mc) (pI/IC70)

MK STE—=

T

1

£3 7
7

Bosnukner no Cemu Beunocreii [3] U uxX pa3HOCTb,
TBOpsLIAs )KUBbIE MarHUTHI (puc.70):

£[7 - (-] = £14 =% Juu*, (381)

1 000109KH 7151 JKMBBIX MarHuTOB ¢ MOTEeHITMAIOM 49 [22]:
7-(-7) = -49.

Yro0b1 BMecTUTH Pazym, Bosnukner IlpocTpancrso,
kotopoe Knura /[3man HaspiBaetr Ax-xu (puc.70. [3]. Koc-
moreHe3uc. Crania ).

261. PopmmpoBaHue reHOMoOB
B nonyLwapusax KBaHTa cBeTa

Ax-xu ¢dopmupyercsa B TpéxmepHoM I[Ipoctpanctse ¢
MOTEHIUAT-IKBUBAJICHTAMHU MMOBEPXHOCTEN cep ¢ AuaMeTpoM
D,=m.=E, = 1/n (puc.71).

I[Ipu D, = 1/m moBepxHOCTH
chepsl Q, paBHA TUAMETPy U MOJ-
TOpa 000pOTa IUC-TPAHC U30MEPHU-
yeckux BOJIH (puc.70) mpuBeAyT K
_J 0, &+ El 0, (bOpPMHPOBAHHIO  JIEBOTO ) (AX) u

2 2 npaBoro (Xu) MOJyIIapuil KBaHTa
ceera (puc.71).

Puc.71 Hzomepus ceema
AX-X¥ CBA3BIBAET ImyJbCalus:
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Iyabcanus JieBOro u npaBoro
MOJIyIIApHUii KBAHTA CBETa

ITuc-uzomep (Ax) Tpanc-nzomep (xu) (582)
h 31 1 1 3 1
d . = = —— _— = d .
T!(p T AT Tl(p v

B ycnoBusx wuHBepcHM (BBIBOPAUMBAHUS HAU3HAHKY)
KKJI0€ U3 MONYyIAapuid AX WIM XH HU3JIy4aeT B OKPYKAIOLIYIO
Cpedy KBaHT ¢ noreHuuaiom 210:

1—£=L@2105p5[5@+7@+(9+0)], (583)

216 210
JIOCTATOYHBIM U HEOOXOAUMBIM 7151 GOPMHUPOBAaHUS OMOTKAHU
MyJIbCUPYIOIIEH KUBOU KiIeTKH (583).

[Toxg 06onoukn AX-XU TPOJOJIKAIOT MOCTYNATh CaMoO-
Cyllli€ BOJHBI BeYHOM ThbMbI. OHHM coynapstoTcs, o0pasys
Cset. Cger 3amnonnsier 00béM (V,) moa 000JI0YKO# ToTyIa-
puii, nocturas 3HadeHus: o0bEMa 1mapa ¢ guamerpom Dy

1oL 1
V = — -D = = . 584
" T 1057632314 (584)

B nmeBom m npaBoMm nomymapusax AxX-XU BO3HHUKAKOT KO-
nebanus mexay [loBepXHOCTBIO U 00BEMOM:

43,
2

S

=i%-l-6ﬁ2 =+9+0)r=(9+0)-(315)=45-63. (585)
T

B monsx Ceera hopmupyercs reHoMm.
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262.Mepexon BoobpaxeHus B NamsaTb
M Hawux ayw B dc¢pup bopao

B nonymapusix kBaHta cBeta (AX-XM) KBaHT — DKBUBA-
JICHTHl FEHOMOB MYJbCUPYIOT B PE30HAHCHO-aHTUPE30HAHCHOM
pexume, opMUPYsT PEKUM MTPUBEAEHHON MyJIbCALIUU:

IIpuBenénnasi myabcauust Ax-xu (585)

[Monymapus JleBoe (AXx) [TpaBoe (xu)
Pezonanc .63) —45.63Y
AHTupesoHnanc | 2-45-63 2 2 —2-45-63 (586)
Paznocth + (%45 . 63] - (— %45 . 63] =45-63
Cymma PaBHa HyI10: OpMHUpPOBAHUE TEIECTATHYSCKOTO
KaHajia pOBOIUMOCTH.

Me:xny AX-Xu BO3HHMKAeT PAa3HOCTh MOTEHIUAJIOB
+45-63, paBHasi caMmoil AX-XH.

B 6uonornueckoit XXuznu IlomobueM pa3HOCTH MOTEH-
[[MaJIOB, paBHOI AX-XM, OyJeT sABIsAThCS BooOpakeHue, kKak
pe3yabTaT paboThI MOTYIIAPUA TOJIOBHOTO MO3TA.

B nose mexay Ax u xu (puc.70), TO €cTh B IIOJIE C CYyM-
MOM MOTEHIIMAJIOB paBHOM HYIIO (586), BOSHUKHET BUXPH (O-
TOHOB:

(Ax-xu)-Boobpaxenue = £45-63-(q* = 16:10*") =

+(720 = 51)-63-10%. (587)

B kaHaie ¢ HOJb-MOTEHIIMATIOM, TO €CTh B KaHaJe IKCT-
PAceHCOPHON MPOBOJUMOCTH, BO3HUKHET KBAHT-DKBHUBAJICHT
n3oMepuueckoi paznoctu (587):

+61-2:63-10% = £126:6!-10%" = £9-61(14-10°" = u*). (588)
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VY KHBOTO ApKUM 03apeHue BcnbIXHYT Hckpsel lamsary,
a nyma ycommero yBuauT Cseuenue Ddupa bopao u craner
ero YacTtblo, TOI, KOTOPOi1 3acimykuil JKU3HbIO.

263.epennaBka HawWux Ayl
Kocmunueckoun Mbicnbro chupa bopao

Marnutnas Ilamsars bopao crymaercs B Kocmuue-
ckyr0 Mbicanb (588):

d¢up bopao: crymenne MATrHUTHOM MAMSITH
B rpaBuTanuio Mbicjan (589)

£9-61p* = £9-720-w* = £9-360-(2u* = p*).

Ddup bopao nornomaer HalM AyId, yBEIUYUBask CBOM
MOTEHIIHAIL:

IlepermiaBka Hamux aym B Idgupe bopao

[Tona O¢up bopro| Hyma |Pa3sHocTh KBagpaToB
[ToTentmans +9-360p* [£360p*| +(10%>-82)-360p*

(590)

Hosas dopma cBeta| npu AB = 3600A +ps362-p*,

ITpn "nepemnaBke" aymu B Odupe bopno (Kocmuue-
ckoii MbIcn) MOSIBIISIIOTCS JIBA MpeieNbHbIX 3HaueHus (590):

HO-1=102 u +9—1=28) (591)

B nexuBom, Hanpumep, B Ilepumoamdeckoit Cucreme
Xumuueckux JiiemeHToB, nossieHue 100 snexkrponoB dDep-
Mus U 64 snekTpoHa ["anonuHus, BXOASIIME B SMIIMPUUECKYIO
dbopmyny nedexra macc [17]. Bo3nukaer crycrok TsHb BO
BzaumonerictBusx. Benukas LuBuimzanusi ONKMCBHIBAET MPO-
ecc:
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"S. Oi-Ha-Hou ectp Tbma, BecnpeneibHOCTb, HIH
ke He UYmcao, Anu-Hugana, CeadoxaBar O (Tenemarnue-
CKHMI KaHaJl ¢ HOJb-TIOTCHITUAIOM), (586).

1. Agu-Canar, Yuciao, u60 on Oauu (MOTEHIMA
nymu: 360 p*).

2. I'nac CaoBa, CBaoxaBart, Yuciaa, no6o ou OauH u
HeBatsb (paznoctu 9 — 1 =8 u 9+1 = 10), (591).

3. "Kagpat 6e3 dopmbi" [T, = (V2 = Sc w/4)"].
U >tu Tpu, 3akiawuénnbie BHyTpH O, cyTh COKpOBeHHAs
YerBepuna; u Jlecars cyrb Apyna Bcenennas (ps = 10).
3arem uayr Ceinbl, Cemb Bouteneit, OquH — BOCbMOW,
ocrajics B cropoHe, u /Ipixanue ero ecrb Cserto-/larennb
([3]. Kocmorenesuc. Cranna IV).

[TosiBasiroTCS JIYHHO-COJIHCYHBIC PAABI.

264.3dhunp boppo: pacnpeaneneHne poToHOB
no ¢gaszoBbIM cocToAHUAM BceneHHon

[TosiBneHUE TyHHO-COJIHEUHBIX PSI0B O3HAYAET IOsBIIE-
HUE JTIOMUHO(OPOB BO Bcex m3BecTHBIX B IIpupoze ¢azoBbix
COCTOSIHHSIX, NMPHYEM KoymdecTBO (poToHoB (10") u BakaHcwHii
(10™) B HUX OyaeT YBEIMUYMBATHCS B COOTBETCTBHU C CHCTE-
MO KoJIeOaHUM:

N3menenune poToH-BaKaHCHH B TIOMUHO(poOpax

1=(10"< 1/10") = (10" = 1 < 10™).

(592)

Konuenrpauus ¢GoTroHOB M BaKaHCHH B JTIOMHUHO(O-
pax OyaeT yBeJMUMBATHCSH 0 KBAJAPaTa NMEePBOHAYAJIbHOM
BEJMYMHBI, M CONPOBOKIATHCH U3JIyYCHUEM.

Konuenrpauus (pOTOHOB U BaKAHCHH B JIIOMHHO(O-
pax Oyaer YMEHbIIATHCH 10 KOPHS KBAaJApPaTHOr0 OT Iep-
BOHAYAJIbHOM BeJIMYUHBbI, U CONMPOBOKIATHCHA MOIJIOIIEHH-
eM.
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[Tonb3ysCch 3aKOHAMU HM3ITYYEHHS-MOMIONIEHUST (POTOH-
BakaHcUil U 3Hasg u3 pador C.J.BaBuiioBa , 4To npeaen Hackl-
nieHus: (OTOHOB M BaKaHCHI B ra3oBoi (ha3e COOTBETCTBYET
10* hOTOHOB, MBI MOKEM OMPEICIUTH KOHIEHTPALHIO (HOTO-
HOB BO BceX (Pa30BbIX COCTOSIHUAX JTIOMUHOGOPOB (Tab01.206).

Taomuma 206

Pacnpenenenue ppoToOHOB U BaKaHCHH
1o (pa3oBbIM cocTaBaM BceesieHHOM

Ypcio 1 2 3 4 5 6

a3 u ux Ddup Crer Casir Kun- | Teépaple | Kunkas
HasBaHWi | Bopro KOCTb Tela miasma

Yucio
boTOH- 1 O:I:S 1 OilO 1 O:tZO 1 O:|:40 10180 10ﬂ:160

BaKaHCHUU

O6mas 1025 -10%10-10%20 102401080 10=190 = 10315,

TOYKa rne3l5=mn=e.

B nonsx norapupMuyeckux BOJIH BO3HUKAET CBET.

265. OHepreTuka
penHKapHauMoHHbIX MepepoxaeHnn

[lepennaBka Hammx oy, Wiad PoxaeHue 4yBCTBYIO-
mero u BHe popmsbl [3] B AKuszuu 10 KuzHu, npoucxoauT B
PE30HAHCHBIX SAJIEPHBIX MpOoLEccax, Mepexoasilux B 0MoJ10-
rudyeckoi 2Ku3Hu B npoueccsl ¢ J0rapupMuuyecKuMHU BOJI-
Hamu (1a61.207).

Tepmus sA€pHO-PE30HAHCHBIX MEPEXOJOB HALLIO CBOE
OTPaXXEHHE BO BCEX PENUIUIX6 Al — 3TO IK30TEPMHUSA C IO-
+630 <
tennuaniom 1077, a Pait (Illambana) — 310 sHI0TEpMUS C TIO-
termanom 107,
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Ta6nuia 207
JHepreTnka peuHkapHaunoHHbIX Ilepepo:xxknennii

®opma Poxaenus B Kusznu no XKusznu B 6uoXXu3uu
IIpoueccsr S nepHslil pe3oHaHC Jlorapugmurcckue
BOJIHBI
105 630 _
OTtHoCHT. 05 =10 Ig 107" =+630
€IMHULIbI
[ToTen- HH0-9K30TEPMUS M30MepHUsi TEHOMOB
AAJIbI 107 1 Y ﬁ
B 7t equ- ( _”j =10""" Ig 107" =+2n
HUIAX 10 MOBEPXHOCTH Chepbl
TepMUs (Touka).

B monsax morapudmudeckux BosH Bo3HuKaeT lleprnoan-
yeckasga Cucrema I'enomoB HaciencTBeHHOCTH, CBsI3aHHas C
guciaoMm 1t = ¢ = 315 (1a6:1.207). [losiBrsieTcst pa3HOCTh MOTEH-
1ManoB, paBHas (1ab6m.207):

+[630 — (-630)] = £1260 = +4n = +[2n — 2n)].  (593)

DTy pa3HOCTh C moTeHuuaioMm 4n Benukas L{uBunmuza-
Ul UCTIONB3YET /Uit BekTopHoro Cuuncnenust B popmax Kpyra
(OxpyxxHOCTH) € paauycoM R = 2, B KOTOpbI€ BIUCHIBAET OC-
HOBaHue Benmkoi [Iupamunel, a Takke chepruyeckoi moBepx-
HocTH KBaHTa IIpansl ¢ paguycom i = +/—1 u Q; = 4ni2 = -4,

266. TpuHaauaTU-NyHHbIX KaneHaapb
B XKXn3sum no XXnsHum

Teorenesuc Kuuru [[3man cBsaseiBaeT byaymee Hocu-
tenst Pazyma ¢ nBymst pakrtopamu: KpacHoii 3Be3nnoi, K KOTO-
poit Benét nac Coznarens u [lomyropamu O6oporamu Komneca
Bcenennoii ([4], puc.70).

B mnone spepHo-norapudmudeckux B3aMMOJICUCTBUN
nocrosiHHasg Bceenennoi mo BzaumonencTBHSM, B KOHEUHOM
cdeTe, OyJeT CBsA3aHa CO CIEKTPOM CBETa M OTHOIIECHUE Kpac-
HOM U k&nToi obnacTelt criekTpa (Tabdm.208).
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Ta6nuia 208
Kpacnas 3Be3na B3aumoaencTBuii

IIponecchl Snepubie Jlorapudmuueckue Ilepexon
Iorenumansl | pipopspaps = 102| 1g pipap3paps=2 |100/2<2-100<2/100
[Tocrosnnas = 1490, Ps = AR Ps 50 < 200 < 0,02.

70 AXK ’

B norapudmuyeckux BoaHax KpacHas o06nacth criekTpa
Oyner o6xamars moreHuuanioM k = 200 (1a6:1.208), a B sep-
HBIX PEaKIUIX MMOTESHIIHATIOM

105729 = 102 (594)
B Toxe Bpems Ilontopa o6opora Koneca Bcenennoit
(GbOopMHpPYIOT LIECTh YIJIOB, paBHbIX T = 315 (puc.70).

B norapudmuueckux moisx BO3HUKHET Pa3HOCTH IIO-
TEHLIMAJIOB, paBHAs

6-(n=315) — (k = 200) = 1690 = 10-132, (595)
d B II0JIIX C AACPHOM PE30HAHCOM ITOABUTCS ITOTCHIIUAL
106~315 . 10(k=200) — 101690 = 1010~102 (596)

B XKuzuu no XXKuzau u B 6mo-)Ku3Hu MOSBITCS TpUHA-
nuatu-nynnaeie Kanengapu — mogobue Kanennmapeit nuBuiiv-
3armu Maiin, rie otcuér [IponomkurensHOCTsIM BeayT (oTo-
HBI.

267.3neKTpomMmarHuMTHas cpeaa:
3apoabiw atoma Bogopoaa

JItoOpIe yackl UMEIOT CBOIO "HAYMHKY': MEXaHUYECKYIO,
IIEKTPUYECKYIO, DJIEKTPOHHYIO, ... DTAJIOHOM BPEMEHHU SIBJIS-
IOTCSl 4YacTOTHl IyJIbCAIIMM DJJIEMEHTOB, HAIPUMEP YacCTOTa
IyJIbCALUN LIE3US.

Ponp 3Tanona BpemeHH orpomHa, MO0 1O 4YacTOTE €ro
MyJNbCALMNA TPOKJIAIBIBACTCS M YTOYHSETCS HAaBUTAIMOHHBIN
MapuIpyT MOPCKUX M BO3QYIIHBIX TPAHCIIOPTHBIX CPEICTB.
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Hcnonp30BaHue 3TaloHa BPEMEHU TapaHTHUPYET TOY-
HOCTb MPHUOBITHS B MyHKT Ha3HaueHus: netammil B [llanxaii ne
nonan€r B Hero-Mopk.

OnHako MWJIOTHL 3BE30JETOB OyAyIIero, Hallk HbI-
HEIIHUE KOCMOHABTHI—aCTPOHABTHI, WM CETOAHSIIHNE dKUIIa-
xu HJIO, 6oposasmme Kocmoc HeBecomoctu, r/ie HET aTOMOB
HU BOJOPOJA, HU LE3Us, AOJKHBI MMeTh NMYyJbCHPYOIIUH
ITAJIOH BPEMEHHU B BH/Ie JJICKTPOMATrHUTHOM cpeAbl CBeTAa.

[IpuMEHUMOCTD 3JIEKTPOMAarHUTHOM CpEJlbl CBETA BBITE-
KaeT M3 OTHOIICHMs YKciia (POTOHOB B Tpe/esiaX HACHIIICHUS
momunodopa (10°° goronos) u 10" dorowos, 3aeiicTBoBaH-
HbIX B 13-TH 1yHHOM OTcuéte BpemeHu (1ab:1.209).

Tabmuua 209
DOTOHBI YJICKTPOMATHMUTHOM CpeAbl KaK 3TaJI0H Bpemenu

Ilons Cpepl
Yucio OTtHollIeHNnEe
)OTOHOB MarauTtHas DJeKTpuiecKas
B momunodope | (102" . . 6
13 =10 = =10 >=10".
B 6uouacax 10 4 4 -c

268.IeHombl 1 3chup bopao

Kopotkozeiicteue (py'ps = 10") u snexrpomarauTHas
cpena (Ta61.209) pacpocrpansiercss mo Bcemy Kocmocy. KoH-
nenTpaius GoToHOB B (pazax meHsiercs (T1abdm.210).

MakcumyMm coynapeHuit OyJeT JOCTUTHYT Korja cyMMa
nokasaresiel cremneHeil Oyner paBHa skBuBasnieHTy 110 bo-

xectB B Tene Yenoseka (Kuura MéEprtBbix) B Jl3uan-cpene
(Ta61m1.210):

_ 2
QA4 TIATHIAR28HS6-11025 _ 1 g110,1 (0.5 (597)

1 1
rae 0,5’ E—Igo dgo-J.(p do (598)
0 0
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Tabnuia 210

DOTOH - BAKAHCUM B JIOMHUHOGOpax
MocCJie KOPOTKOAEHCTBUS

1 2 3 4 5 6
Dasel - &
Ddup Crer Cashr Kunko- | Teépmas | Kunkas
bopno CTH daza miasma
doroH- 10%5 10410 10420 1040 10780 10160
BaKaHCHUU
ITocie 1074 1072 107 10 1028 10%
KOPOTKO-
NeiCTRHS D¢ dexkTuBHOCTH COynapeHus B paszax.

Ho Benuxas [uBuiuzanuss He Tosibko Aana 110 bo-
’)kecTB B Tese YenoBeka, HU U ucnojb3oBasia Equnuiy Cuuc-
nenus [lanemy, a 110,2 : (7/4 = manema) = 63 (reHOMBI).

Benukas [{uBunuzanus cBsizajia 3TaJOH BpPEMEHU IS
HJIO u nepuoanyeckyro CUCTEMY I'€HOMOB:

10110,25 = 1063 HaJIBM. (599)

EnmactBo Kocmoca Bo Bcex (Da3oBBIX COCTOSHUSX
(Ta611.210) Oyner oOecrnieunBaThCS HAIMUUEM BJIEKTPOMArHUT-
HOM CpeJbl, B KOTOPOU 3ap0KIaeTcs BOJTOPO:

80-u0-02= 1
1 1 1 _ _
H gouozc—ﬁ?:W:l,oog-lo5—0,19-107, (600)

rae 1,008 — atomHbIi Bec Boiopoia ¢ POoToOHOM.
B Eaunom KocMmoce snextpuueckasi cpena OyaeT CHKH-

MaThb MAroHuTHYIO

7 14
o 10 10 63100002630, (601)
Uy Am-c’-4z-107  16(315)

a CHuJia CKaTus 6y,Z[€T Oonu3ka [MoTcHIMUally rcHOMOB.
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269.HenpepbiBHOCTL CO3HaHUA
B EanHom Kocmoce

IMoacosnanne u Co3HaHMe, MyJIbCUPYIOT, BBI3bIBA,
Harpumep, To CoH, To CMepTh.

[Tocne CHa MeHTanbHast DHEPrusi AyIId OCTAETCS B Te-
ne, nocie CMepTH HeT.

Ecimu 61 mocine CmepTu ayma ocraBanack B Tene, TO
CmepTsh ObL1a Ob1 CHOM.

Hocutenamu Iloaco3nanus u Co3Hanus sBIAOTCS (Po-
+n -n
ToHbl (107) m ux Bakancuu (107) B momuHOPOpax OKpy-
JKAIOLLIEN CPEeIbl.

Bo CHe mroMuHOMDOPOM OKpYKAIOMIEH Cpeapl OCTa&TCs
cepoe BeIECTBO TOJIOBHOTO MO3ra ¢ KoHueHTtparumei 10°°°
(doToH-BakaHcul, a mocjae CmepTn — Ipup bopao c koHIeH-
tpauuent 10£5 dporon-Bakancuii (Ta6:1.210).

B MarHuTHBIX cpepax cepoe BEIUIECTBO I'OJIOBHOIO MO3Ta
OyIeT UMETh Ipeien KoieOaHui TUIa:

14-(10%° < 10, (602)
a B D¢upe bopao (1abdn.210):

14(10° < 10™). (603)

Mexny CHom u Cmepthio Bo3HUKHET HenmpepbIBHOCTH
Co3HaHusi, O KOTOpOH, m3yuas ArHm Mory, rosopuia
E.N.Pepux, u xotopoe ceouM Bo3HeceHHMeM IPOIEMOHCTPHU-
poBan Ham Mncyc Xpucroc, ynpasisomui, Kak 1 Bce Jloau
Boan u Horn Beamxoii IluBuiansamun, HenpepbIBHOCTBIO
Coznanus (Tab61.211).

Ceszyromum 3BeHOM B HenpepsiBHocTH Co3HaHMS
saBJasiercs lpakon Mynapoctu [3, 4] — BooOpaskeHue.
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Tabmuua 211
HenpepsiBHocts Co3nanus B Exnnom Kocmoce

Con CMmepTh
®opma
noneii | 1Homcos- | Cpena | Cosma- | Cosna- | Cpema | Iloxcos-
HaHUe (382) HUE HUE (383) HaHUe

Koneba- p* — 14x » q .. q" p 14x P> p

-
-
~

HUS o < 10:(:20 <+ q* I AN q < 10:(:5 < p*

270. PoTOH-BaKaHCUM:
CBA3b MeXAy CHOM n CmepTbHo

HenpepbiBHocTh Co3Hanus B EquHOM KocMoce CBSI-
3aHA C MyJbcaluedl TPAaBUTALUOHHOIO IOJISI NMOACO3HAHUS
U JIEKTPHUYECKOr0 IMOJsi CO3HAHUSI B MAarHMTHBIX cpeaax
cHa u Cmeptu (Tabmn.211).

Jns toro, uro6s! ynpasisate HenpepsiBHOCThIO CO3HA-
HUS HaJ10 3HAaTh 3akoHbl, oTiinyatomue Con or CMepTu, Havya-
JIO KOTOPBIM JAIOT OTHOLIEHUS IOTEHIMAIOB IOJACO3HAHUS,
Cpenpl u Co3nanus (Ta06:1.212).

Ta0muma 212
doToH-BakaHCcHHU NIpU nepexoae ot Ipupa bopao k Mo3sry
[Tons ITonco3nanue MaruauTHas cpena Co3nanue
Wsnyuenue goto- | P* _ 10% 14(10120 = 10i20) 100 =4
HOB ¥ BaKaHCHii P 14(10" = 107) q*
Jlorapudmmueckue 40 LD04H(£5)>(£5)H220) -40
BOJIHBI CopoxkoBuna CopoxkoBuna.

B nmose Exunoro Co3HaHusi nepexos MeXIy MAarHMT-
HBIMU TIOJISIMH CEpOro BemiecTBa rojioBHoro mosra (CoH) u
marauTHoro D¢upa bopno (CmepTs) n3oMepuden (Tadi.212):

25+ 15 < (25 + 15), (604)
re £(25 = 20+5) u £15 = £20 — 5).
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PasHocTh KBaApaToB MOJMYyYEHHBIX MOTEHIHUANOB (604)
JAET

252 — 152 = 400 = Cpabxasar O. (605)

[TosiBnsieTCs MOTEHIMAN MPUBEAEHHBIX PE30HAHCHO-aH-
TUPE30HAHCHBIX KOJICOaHMI:

2 2
2515 2515 18 16 25°-15° (606)
252157 400 16 18  25-15

Boznukarotr Hebeca [uap (16+16 = 32), a B HEX OOr U
ooruns Jlynsl u3 penuruu lllymepos ([1]) ¢ moreHmmanamu
+30 =£(15 — (-19)).

271.EpnHoe Co3HaHue:
He6eca LiuHb B nynbcauuu [3maH

B nebecax [lunp (knmura Ilepemen) mon JlyHoil mry-
MEpCKUX OOTOB B MarHMTHBIX cpenax a¢upa bopmo u ceporo
BEIIECTBAa TOJIOBHOTO MO3ra BO3HHUKAET 0ECKOHEYHOE MHOXKE-
CTBO pa3HOCTEW MOTeHIMaNoB, Hanpumep (606, Tadn.212).

[Tonsa ITonco3nanne | MarnurtHas cpena Coznanue
2 2 -
Norapud- 40 & 162<+(152) & 40
MHUYECKUE 40 P +0+(31=162-152) C# -40
BOIHY! 40 EH0EEBIZIEHSRD  -40
Ko 120 = 103144810 -120 = (607)
arus 1-2:345=| .. 1-2-3-4:5=
5! n=315<+166<0 -5!
®opmbl | BHyTpenHee Tpancpopmanus BuyTtpennee
noJnein MoJie CBeTa CBETOM IIPU C = T oJie CBeTa
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Haxonsienne ¢orono B IloacosHanuu (10120) U Ba-
kaucuii B Coznanmn (10™%%) npuBomut k ToMy, uTo B HOMSX
Jorapu@MUYEcKuX KoJIeOAaHUN BO3HUKACT PE3OHAHC NATH
YPOBHell BHYTpPEHHEro moJjisi CBeTa, MOTEHIUAl KOTOPOro
paBeH 5! (! - daxTopuan).

[lepexon K aHTHUPE30HAHCY BHYTPEHHErO IMOJS CBETa
YMEHBIIIUT €r0 MOTEHIIUANI B BOCEMb Pa3:

Heobeca llunb co3Hanusa u Ilogcoznanus (607)
B marnuTtHOI
Pexxum Pacmmpenue cBeta
cpene
5 (608)
pesonanc 51=123-4.5=120 o _c 167 L 8152
anmupesonanc | 1+2+3+4+5=15 _a)g 8
32 < 1800.

B nHeGecax [lunb nportekaer mynbcarus J3uan:

p5[32—[.1f¢ dp= O,SH = p5|:32+U.(p dp= —O,SJ:l =315=7=c.(609)

dopmupyercs ¢ = n. Haunnaercs Tpancopmaimsi Mar-
HUTHOM cpeapl B o CHa wim Cmeptu Enqunoro Co3Hanus.

272.JHepreTvka KogupoBaHus
Cyneb YenoBseyectBa Co3partenem

s Toro, 4ro0bl 3anpoOrpaMMHUpPOBATH JBOJIIOIHIO
YenoBeuecTBa 4yepe3 Hamu Cyab0Obl, KaK 3TO CIeJAaHO B
Knure bbiTHs, HEOOXOAMMO BOCIOJIb30BaThCS JIBHXKEHHEM
AIIEKTPUUYECTBA Yyepe3 MarHuTHbIE cpeabl (608):

qq* < 64-(\/qq ™+ up* )-% (610)

162 < 82152
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B stom ciywae mugp-xon tekcra bubmaun Oyaer csizan
¢ HepaBuoBecuem (610):

8157 8

4 2 _ S e_ .
i=le Tz "= l<:>16 15=0,0625-120. (611)

IIpu TakoM koxupoBaHuu nomnyJsinuu Many-Meliciaure-
neit, Hocutensim Pasyma, He crpamnbl Hukakue Wyzasl, n6o
KapaBaH JBOJIONUHU UAET M0 Tpone CeMEepUYHOCTH B IOJIe
J13uan:

JHepreruka mudpa Many-MpicianTessa B bubdaun
N3omepus uc Tpanc
Konebanusi Bo | 0,0625-120-ps"*= | -0,0625-120-ps"*=| (612)
B3aUMOJIENCTBUAX 7,5-10° = -7,5:10°
JlanbHOMEHCTBUE | DTIEKTPOMArHeTU3M rpaBUTAIMA.

B none mmdp-kona Yenoseueckont CyapoOnl (612) neii-
CTBYET CBET, PaCIICIUISIOIIUICS B 3JEKTPOMArHUTHBIX B3au-
MOJIEUCTBUSIX:

Pacmiensienue ceera

Onexrpomarnetusm | Dddexr | 3apoapin KyHnanuau
cBeTa Kupnmnan B TPaBUTALNU

36102 =ps) = 610° < 1/6:10° = 1,1(6)10°,

(613)

B mnone anexrpomarnerusma noka Koneco Bceenennoit
COBEPIIUT MOJITOpPa 000pOTa | JIIOIU JOCTUTHYT TeoreHesuca
B TPaBUTALIMU P PE30HAHCE MPOU30MIET MOBOPOT HA YTOJ
45°.

-6
(7,510~ 6:10°=1,5-10% <> -0 _ 45— 450 = /4. (614)

1/6-10°
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273.Topo4yHocTb MeToaa NMpmnbnunxeHnn
— OCHOBbI Hallen HayKu

Enunoe Co3znanue — 310 ToHkas Oueprus EauHoro
Kocmoca, rae u cosnanne u Kocmoc o0beannensl Enunbivu
3aKoHaMH pe30HAHCHO-aHTUPE30HAHCHOM MyJIbCAIUU.

Hama coBpeMeHHasi HAyKa He YYMThIBaeT crneuudu-
KY NYJbCAllMU: TEPMUIO, H30MEPHIO, PE30HAHC—AHTHPE30-
HAHC, C:KaTHe-pacliMpeHue, ayMasi o00MTHCH NpPH HX 3a-
MeHe IIpudamxenmsamu. Ho Ilpubmmxenust poast Hesexe-
CTBO MPO(eCCOPCKO-MPENOIaBaTesIbcKOro cocraBa u oOyyvae-
MBIX UMH.

Nnmoctpupys Meicae 0 HeBexectse, npoBeéM pacuér
PE30HAHCHO-AHTUPE30HAHCHBIX B3aMMOJICCTBUM B T'PaBHO-
AJIIEKTPOMArHUTHBIX Noyisix ToHkoi DHeprun (tadmn.213).

Tabmuna 213
Konedoanua Exnnoro Co3znanusa B moJe CBera

N3omepus Huc- Tpanc- Konebanus
Wudp (592) | k;=7,510° ko= -7,5-10° kL k—k
Crer (593) | ki=610° ky=1/6:10° ik g
> 5222
Passoct | ki - ko = 3/2:10° |k, — ky = 22/3-10°°| 22 bykBbl ABpaama
(Tenenatwusi):
[Tpoussenenus | k;-ks= 45-10" ko-ks=45- 10" 22 & 5/2
(Kynnanunn)
Otnomenne | ki/k3=15/18 ko/ks= 45 11 = (9+2) < 5/4.

CTONKHYBIINCh C MHOTO(GAKTOPHOCTBIO PE3YJIbTATOB
Kone6anuii Toukoit Duepruu B nosie Ceeta (Tadmn.213) Berxo-
3aBETHBIE MY>KH I10 TOJICKa3Ke OOroB BBIACIINIIM TEJICNATHUIO,
cBsi3aB e€ ¢ 22 OykBamu ABpaama [2].

JleficTByst MeTogamMu MPUOJIMIKEHHUS, BETX03aBETHBIC HE
NOHsU, uTo J[3uan-nynbcanus 22 npuBoaut k 11 = (9+2), to
€CTh CBA3aHA C MUTO30M KJIETKH U Pa3MHOKEHUSI JEICHUEM.
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A Tenepp mompoOyiiTe camu pemuTh Metonom llpu-
OJIMKEeHUs1, HapuUMep, KoJjedaTeIbHbId KOHTYp (Tadi. 213):

£-£<:>kl-k2-k3-k4:kl_k2

ki —k,)\k,—k,)....
kK, k3—k4<:>(1 2)(3 4) (615)

274.41ppo reHOMa U TenenaTuaA:
K HenopoyHomy 3avyaTturo

Pemiast nepaBenctBo (615) meromamu Ilpubankenui,
KQK/bIl U3 HaC HEBOJILHO HAYHET (paHTa3upoBaTh M0O-CBOEMY,
U MEHTAJIbHbIE Pa3HOIJIACUSl MPUBEAYT K (PU3HYECKUM
paszdopkam.

Tak ObLIO, TaK €CTh, HO TaK HE JOJDKHO OBITH TIOTOMY,
yro Eamnbiii KocMoc ToOYeH M KayeCTBEHHO M KOJIHYECT-
BeHHO. [TosTomMy HepaBeHCTBO (615) HEOOXOIMMO pemiaTh HE
MPUOIN3UTENBHO, a TOYHO (Tabm.214).

Ta0Omuna 214
Tenenatus u cyocrpykrypa (9+0):
k Henmopounomy 3avaruio
Onepauun OtHomenus | IIponssenenus OTtHomeHus

(kl _kZ) (ks _k4)
(k3 —k4) A (kl _kz)'(k3 _k4)© (k1 _kz)

AHTHPE30HAHCHO- R IRV -
PE30HAHCHEIE (ki —k2)? & (ki — ko) (k23 ky) 2<:> (ks —kyq)
Kojie0aHusl 2(1012 _ ,03)<:>£<:>£.10—12
4 4 9
0= 222(9+0) 10" & 2224-(10™ = p))
TpuMeuanus Apyna 3aponpi rena | Tenenatus B moie
B Apyre rpaBUTAIUH.

B nose Tenenaruu Ha ypoBHE IpaBUTAIIMOHHBIX B3au-
MoJiecTBHi (Tabm.214):

222:(9+0)-10"% < 222:4-10%;

(9+0) < 4:107". (616)
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Bosnukaer, kak Hemopounoe 3auyartue, cyOCTpyKTypa
MaTEepPUHCKON OMOKIETKH ¢ oTeHIHaIoM (9+0), SKBUBAJICHTY
noreHuuana 9 sapa llepuonnueckoit Cucremel I'eHOMOB.

Cyoctpykrypa (9+0) mpomomkaeT cBoM KojeOaHUS B
Apyne (Tabm.214):

9 < 22:(9+0)-10™"%; (9+0)-(10"* =p;) = 222.  (617)

Bo3nukaer Tenenarus.

275.CxoxageHne bnarogatHoro OrHsa

C 1539 roga ot PoxnecrBa Xpucrora B cy000Ty nepen
IIpaBocaasnoi Ilacxoit B Xpame I'ocnogns a Uepycanume
nosiiasiercs baaronarueiiit Orous.

Ot bnarogatHoro OrHs 3axuraroT cBeuu. VX pa3Bossr
o uepkssaM [IpaBociiaBHoro Mupa n otmeuarotr Bo3necenne —
Bockpemenue Uucyca Xpucra.

N3 cBoiictB biarogatHoro oras 0TMe4aroT TO, 4TO B Te-
YEHUE MEPBBIX JECSITH MUHYT OH HE OXKUTaeT U UM MOKHO
0€300JIe3HEHHO YMBIBAThCSI.

ITossBnenue bilaronatHoro Orust UMeeT TOJIbKO PEJIMIHU-
03HO-MU(oJIOTHYECKOE O0BsICHEHHE: XPHCTOC CHYCTHJIICH B
Al ¥ cTaJI TBOPUTH BO 0J1aro JIIOIAAM.

Kakux-nubo HayuyHbIX OOBsICHEHUH mosiBiieHus biaro-
natHoro Orus Het. IlosToMy s a0 0OBsICHEHUE €ro MosiBie-
HuA ¢ no3uunu HenpepsisHoro Co3nanusa B Ennnom Kocmoce,
KOTOpPOE CBOAMTCS K CIIEYIOLIEMY:

AHTHpE30HAHC Tenenarudeckoro mnois (tadn.214) mne-
PEXOIUT B PE30HAHC M BO3HUKACT JIazepHas TOYKAa TOHKOU
Ouepruu (Tadmn.215).

Jlazepnast Touka ToHKON DHEpruv HalMx Iyl B MO-
MEHT 3HJoTepMHueckoro BosHeceHnus oOmamaer rpaBUTalM-
OHHBIM HoTeHImanoM 152(107* = p,), a 3aTeM neperuapnsercs
B 9K30T€pPMHUHU € OTEHIHAIOM 452-162:p5? (Tabm.215).
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Tabnuma 215

Pe3onaHcHBIE KOJIe0aHUA
JazepHoil Touku ToHkoil JHeprumn

Onepaunn | OrtHouIEHKE IIpoussenenue OtHoweHue
E& = kl .k2 .k}.k4 = &ﬁ
ky k k, k,
Konebanus (k2 & (kikokyki)? & (kyki)?
BO B3aUMO-
IEUCTBUIX 15° 24 15° 2 2 124
—-10 & —45 < 457-10
16 16
15210 < 152452 < 452162107

276.MynbTunnetHoctb bnarogatHoro OrHsa

buaarogatHpii OroHb He TOJBKO NMpeaMeT MOKJIOHe-
HMS Ha KOHKypce: "ubs Bepa say4ine', Ho u pusnyeckas pe-
ampHOCTH Enqnnoro Kocmoca.

Kaxk ¢usnaeckas PeanbHocTh brnaronarasiii Orons nMe-
€T SHEPreTUYECKYIO CTPYKTYpY (Tadi1.216).

Tabnuua 216

JHepreTuyeckasi CTpyKkrypa
JasepHoii Touxku baarogaraoro Orus

Obnactu I'paBuTanmonnas DNEeKTpOMarHuT-
oJIst SHIOTEPMHUS Pasrosecne 5o Hasi 9K30TepMuUs
1 N B3aUMOJICUCTBUIX
(Tabn.215) (Pait) (An)
BszaumocBsi3zb 152:p; & 152452 & 452:162p3?
Jluccouuanus 15%p, N 1572452 (& 452 162-p32
paBHOBECHS
1 P Lo 11 Lo 162-p32

Ly 152 1 45
DBooLHH | 5 n_ b b B —— =9 16 p2.
452 9 pl 1 = 1 152 p3
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[locne nemenwus yazepHOM TOYKM TOHKOM DHEpPruu, TO
ecTb brmarogaTHOro orss HamUX AYII MOCJIE OMOIOTHYECKON
Cmeptu, nepen aymoil B 3¢upe bopno oTkpbiBaroTcs nBa
MapuipyTa (ayanusM DBodtouHn), (Tadn.214):

pi > 1 1622 < 92162p2 <9< 9 < p. (618)

Paznocte Mexay aTuMH Mapiipytamu nojnodna Ceto-
Jatento [3] B COJIHEUHO-JTyHHBIX PsIIaX:

OTEHLIAAJIBI
CyMMBI 110 YPOBHSAM
Psanpr

ConHeuyHbIi 8171654321 |9-1=8 (619)
JlyHHbIi 0112|3456 7]9-1=8
Cgero-/laTens 88|88 |8|8|8]|8.

B nomax 162-p;? < 92:162-ps?2 BOZHUKAIOT BO3MYILEHHBIE
Cpelbl C MHTETPAIbHON PA3HOCTHIO OTEHIUAJIOB:

9
K=16’p}[pdp=16>p; -0.5-(81° ~1*)=8-16-656002.  (620)

1

277.Apyna Hawux ayw B bnarogatHom OrHe

[TosBnenue pe3oHancHoil Tonkoii Jneprum bJaro-
paTHoro Orus c¢ noreHnuanioM K (620) maér BO3MOXHOCTH
11 GOPMUPOBAHUS NPH AHTHPE30HAHCe CrycTKa TsSHp H

nByx nonychep Lunb:

YacTuuHbIN Nepexo
buaarogatHoro Orausi K aHTUPE30HAHCY

Cryctok TsHb Tapo
+ HebOeca Luab AP (621)

bnaromatusiii Oroun

K =8-16:656:10% (8:16=128=64+32+32) x 8-:41-2:10%

Pe3onanc: Cusnue JIu AHTHPE30HAHC: Ob6onouka:
(Kunura [lepemen) MOSIBJICHUE KUBOTO 41+8=49.
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Crpykrypy baaromarHoro Orusi Benukas l{uBunmsa-
uus noapoOHo onucana B Kuure Ilepemen, nazsas e€¢ Cus-
Huem Jlu (621).

baarogatupiii OroHb — 3T0 3JEKTPOMATHUTHOE 00-
JIaKo ¢ siapomM (621).

[Tpu mynbcanuu obnaka HajA AIpoM, B 00Jlake BOZHUKA-
€T MUKPO-MAKpO JKHMBBIE - HEXKUBBIE CTYCTKU TsIHb, HOCUTEIN
nByx nosrycep nedec Llunp (621).

Taap w LMHP TyJIBCUPYIOT C YaCTOTOH 50 ElgM.

P
ITynbcanusa Tsaub-1luHb reHEpUPYET HOBBIE BOJIHBI SHEPTUU:

(64 + 32 — (-32) = 128)-50 = 6400. (622)

Bmecre ¢ 37€KTpOMarHuTHBIM 00JIaKOM, B KOTOPOM Ha-
xonutea Tsaup-Husp (622) myascupyer u Aapo baaropar-
Horo Orua (621).

[Tynbcanus Anpa bnarogatHoro OrHst mpoTeKaeT B yc-
JIOBUSIX KOPOTKOACHCTBUS, TO €CTh ¢ 4acTOTOH 13 = Ig pyp4:

Myabcanust dJeKTpoMaruuTHoro siapax10> (621)

Snpo Yacrora Pe3ynbTarel PazHoctb
16:41 =656 x 13 =1 = 8528 (623)
| L = 49997,
412-162=2557x13 = 18525 |

Korga B fAnpe nosiBnsiercss Apyna Hamux Ay, TO BO3-
HUKaeT B3auMOIeHCTBHE C 2PPEKTUBHOCTHIO, paBHOM (623):

107 (£9997+mcte, poc” + Erc = 3) = 1010 = £107. (624)
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278.EpnHcTBO Penurmo3nbix KoHuenuun:
Bbicokaa Hayka Benukou Llusunusauum

Bce Pesqurum: apeBHe-si3b14€CKO-MU(OJIOTHYECKHE U
NepCOHU(PUIUPOBAHHBIE COBPEMEHHbIC B3aMMOCBA3AHBI
BbIcOKO Haykoii Besnkoit LlmBuianzanuu.

Tak Hannpumep baaroxatueiii Orous IlpaBociaBus u
Cusinme JIu Kuurn Ilepemen xapakTtepusyroT OJHO U TOXeE

AJIIEKTPOMAarHUTHOE OOJAaKO HaJ Ja3epHOM To4ykod ToHKOMI
Ouepruu (621).

6400 B snexkTpoMarHuTHOM oOJaKe Ha
sapoM biarogaTHOTO OTHS MYJBCUPYIOT
B PE30HAHCHO-AaHTUPE30HAHCHOM PEXKHU-
Me cryctku TsHp u HeOeca Lluab (622,
puc.72):

1
6400
64

dom: x 6560-10%
© pesonanc __ 6400-6400 _ (625)

Puc.72 brazodamnblit anmupesonanc 6400 + 6400
Ozony (Ilpasociasue)

B »3tux BosmHax (625) BO3HUKAKOT  3apoJbIllH,
COOTHOCSIIIMECS] KaK NOTEHLMAJIbl CXaTUsl W pacIIUpeHus

(puc.72): [&f ZS}I[%T :ﬂ . (626)

Pasnocth 3THMX uacrtei sHeprum B HebOecax (626) dop-
mupyeTr llepmonmueckyro Cucremy I'eHOMOB, TO ecTh
64 —1=63.

[Tepuonnueckas Cucrema I'eHOMOB, Takke Kak U TsHb-
[{uHb MyJbCUPYET HE B BAKyyME, a B SIHEPIETUUECKOM IIOJIE C
noteHrmanoM 6560-(10* = p5?), (puc.72).
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OT1oT 3HepreTuyeckuil pon onucan B OTkpoBeHUAX [6]:
"Tpon Xpucra Ha Hebe (notenuuan siapa, paBHbii 6560),
okpyxen 24 IlpecBareiMu Ilpectosamu" (moTeHman
lg p3?2 =24, puc.72).

Tpon Xpucra na Hebe — »T0 mynscupytromee Aapo
bnarogatHoro Orns (623), monaB B koTopoe Apyna BceneH-
Hast popMupyer noteruuan +10% (624).

B wuzomepun sorapudmuueckux BOJH BO3HUKAET 58
Boxects B ronose Yemnosexa: 1g 10% —1g 107 = 58.

[TosiBneHUEe UMITYJIbCOB BOJIHBI-YACTULIBI CBETA, TO €CTh
nosiByieHre noteHnuana (29+1) u (-29 — 1 = -30) onucaHbl Kak
oor u 0oruns Jlynsl B penuruu Llymepos [1].

279.TpoH Xpucrta Ha Hebe:
aapo bnaropatHoro OrHs

Tpon Xpucra na Hebe (OTKpoBeHHs) — 3TO SAPO
TOHKO-3HepreTudeckoro baarogarnoro Orus uiau Cusuus
JIn (621).

[Torenunan fAnpa pasen 8-41-20 = 6560 (621) u onHo
B3auMoJielcTBYeT ¢ 3G (EKTUBHOCTBIO, paBHOU lg p;2 = 24
(IBagmarn uyernipe IlpecBsithix Ilpectosnia Boxkpyr Tpona
Xpucra na Heoe (OtkpoBenus).

Anpo nynbcupyer, GOpMUPYST TMOTEHUIUAI-PA3HOCTh
+9997 (623).

N3 Meraranaktuku K Sapy mnocTymaroT caMOCyIIue

BOJIHBI, CTaJKuBaromuecs (coymapsioniiecs), GopMupysl M-
IyJIbCHI BOJIHBI-YACTHIIBI CBETA!

Tpanchopmanus
MeTarajJakKTH4eCKHX BOJIH B CBeT
TIpoeccsl Meraranakruka Snpo bnarogaraoro Orus (627)
BANAPC | =S¢ n/4-Csc m/4=2 Cﬁ 2 =m. + E;.
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"S. Y Ilopora YerBéproro CbolHaM yKa3aHO €O31aTh
cBon ITogo6usi. OmHa TpeTh OTKasbIBaeTcst (£, Uo'c” = 1).
JIBe Tpetn moBunywresa: (mc + E, =1+ 1 = 2), ([3], Koc-
Morenesuc. Cranmna VI).

WMty nbChl BOJTHBI M YaCcTHIIBI CBETA, momanas B Sapo

brnarogatHoro OTHs, yBEIWYMBAIOT MOTEHIMAN fJlpa HAa JBE
eauHuubl (623, 627):

+9997 + (mec + B, = 2) = £9999. (628)

B Slape baarogatHoro OrHsi BO3HHUKAET HUC-TPAHC
usomepusi, o0oxecTBiéHHas B JIpesnem Erunrte U3upoit
(Tpu), O3upucom (Yetwipe), I'opom (11s116) 1 ToTOM (111I€CTH):

3456 6 3 Uznna

- 5 4 O3zupuc
-6543 wu (629)

9999 4 [ \ S5Top

3 [ | 6 Tot

Bonubl bnarogatnoro Orust Tonkxoit Dueprum (629)
Bo3HecM JKu3Hp, nonpaB CMepTs.

280.TpoH Xpucta Ha Hebe
1 108 pemHkapHauum

YesmoBevecTtBo nmo csoei Ilpupone Hocurens Pazyma
npusBaHa mno3Hatb IIpuunnHo-CiencrBeHnblie CBsi3u
Ennnoro Kocmoca.

Cerogusmianid ypoBeHb llo3HaHMs chaep)KUBaeT MeETo-
nonorust [lo3Hanus, KoTopast cBoAUTCS MO0 K KOMOMHATOPH-
ke ¢ Yucnamu — [udpamu, nubo k Urpe co CinoBamu B CBOIO
MO0JIb3y, 0€3 MOHUMAHUSA IHEPTreTUKHU MPOLECCOB.

NMeHHO ¢ Takux yOOrMX MHUPOBO33PEHUYECKUX MO3ULUN
Halla LUBUIM3auus aHanusupyer, Hanpumep Kynpamuau c
[IOTEHLUAJIOM, PABHBIM
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6=3,5+2,5=3,52-2,52, (630)

KoTOpas Obliia 000keCcTBJIeHa B ApeBHEeM Erunre kak 6or
cmeptu Tot, a Kynnanunu B kyOe, To ecTh 63 = 216, BolLI0 B
Hctopuro Iloznanus kak Yuciao I'epmeca Tpucmerucra
[22].

B tpéxmepnom IIpocTpancTBe 1O MIECTH CTENEHAM CBO-
60161 (puc.73) B Siape baarogaruoro Orust Oy1eT MOSIBISATh-
Csl IPUBEIEHHBIN MOTEHIMAN MyJIbcaluu, paBHbId 108:

3 3
pesonanc 6 -6 )2108. 631)

=3 3
anmupeszonauc 6 —(—6

Beaukasa IluBuian3zanus
pajga mnoreHuuaa 108 Oymaau-
CTaM, MOJYEPKHYB €ro 3Ha4yM-
MocTh Kak 108 pemHkapHaumi
YyeJiOBeKa.

bnarogatueiit Orouns Ilpa-
BOCJIABUSI M PEHWHKApHAIMH T10
Bynau3My onmmchIBarOT MOMpaHue
Puc.73 Kynoanunu ¢ mpéx-  Cmepru JKusHblo, kak y Mucyca

meprom IIlpocmpancmee no Xpucra Bosaecenuem.
wecmu cmenemsam ceob00wl

281.Yepe3 bnarogatHbin OroHb
K KpacHou 3Be3ne TeoreHe3uca

IIpouecc peumnkapHaumii (631) mpoumcxogur B He-
Apax muc-TpaHc udomMepuyeckoro sapa baaroxaTaoro Or-
HSl.

Ha rpannnax Heap B kaxaoMm u3 noaymapui siapa Tak-

KE pealn3yeTcsi PpPe30HAHCHO-aHTHPE3OHAHCHAsl IyJIbCallus
(Tabn.217).
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Tabmuua 217
Iyabcanus siapa ToHkoil JHepruu (B TOM 4ucCJIe MO3ra)

[Tonymapus HeBOE HDaBOC MEXy MOIyIla-
sanpa p pusmu (631)
€30Hanc 3 3 6
P 5 Y S 08,
AHMUPEe30HaHc 3.6 3.6 6-6

[Tynbcamms sigpa baarogatnoro Orus popmupyert HO-
Bble Snpa — cBou [logoOusi, nanpumep siapo Ilepuoguveckoii
Cucremsl I'enomoB Hacsencrsennoctu (puc.66).

619
916

[Tyth k Teorenesucy [4] ocTaéTcs OTKPBITHIM U T€HOMBI
HacnencrBennoctu no3ossitor Kostecy Apynbsl Bceesiennoit
ceJiaTh MOJTOpPa 000pOTa, COXpPaHSS MPU CBOEM JBHKCHUU
nenoctHocth Kynpamunau, mymepckux 6oroB Jlynsr u Ilste-
puunyto cBsi3b Equnoro Kocmoca (1a61.218).

, e £9=+108:12 u +6=108:18. (632)

Tabnuua 218

Cesa3b ToHKO0-JHepreTu4ecKuX MOTEHIMATOB
Enunoro Kocmoca

1,5 obopota [TsaTepuunsbIii
ITons BeelleHHoi Kynnanunu| boru JlyHsl TIxa
18 6-30
[ToTeHmans —=15 18 —12=6|%(18+12)=£30 =
12 6+30

Bo3HuKkaeT BHyTpeHHEE 10JI€ CIIEKTpa CBETA:

30:6:5 =900 = (AK=1400A) - (A®=5004),

(633)

u YenoseuectBo npoasuraercs Kk Kpacnoit 3se3ne Teorenesu-

ca [4].
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282.BbnarogatHbin OroHb:
eanHcTBO Penurnun, 33otepukn n Hayku

D30TEepUKH, UCNOJIb3Yys KOMOMHanuw Ywuces, HO He
NMOHUMASl CYLIIHOCTH JHEPreTU4YeCKHUX MPoLeccoB, MNbITA-
JIUCh HAWTH NPUYMHHO-CJEACTBEHHYI CBsi3b B ExmHom
Kocmoce.

E.Il.bnaBatckasi, onupasice Ha ¢pa3zy u3 OTKpOBEHHI:

Tpon Xpucra Ha Hebe oxkpyxén 24 Ilpecarsimu Ilpecro-
Jlamm, paccmatpuBaia Yucnosout Psg [32]:

24=10+9+5. (634)

[Tackans packianpiBall B TpeyrojibHUK Yucen dyucio
3456, cocrosimiee u3 o0oxecTBAEHHBIX udp 3 — NU3una, 4 —
Osupuc, 5 —T'op u 6 — Tot ([32], puc.74).

3456 OaHako  NOHATDH

1584 1872 CwMmbica mpouecca, ur-

720 864 1008 pas CuoBamu wan

324 396 468 540 Yucaamu, HEBO3MOK-
144 180 216 252 280 HO.

63 81 99 117 135 153
27 36 45 54 63 72 8l
12 15 21 24 30 33 39 42.

Ho ecnu mb1 3Ha-
€M, YTO HPOUCXOAUT
MyJbCAIUsl MEXIY I0-
JSIMU ¥ TIOTCHITHAJIAMH,
paBHO DSKBUBAJICHTHBI-
mu naisme (7/4) u Kynnanunu (7/2) B monsix Apymna - Pyma
(Tt = 12) u Boas! (Tab1.218), TO MBI MOKEM OIPEICTUTh He-
pPaBHOBECHYIO cucTeMy Kosiebanuii (Ta01.219).

Puc.74 Tpeyeononux Yucen Ilackans [32]

3HaHue (U3NYECKUX MPOLECCOB HAMoOJHSIET Penuruto,
230tepuky U Hayky HoBbIM CoziepKaHuEeM U OOBEIUHSIET UX.
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"42 boxecrBa Cepana"

Tabnuua 219

Ha 6-0if 1eHb NpedObIBanus aymu B bopao [21]

Ilonsa

IlosiBi1eHME TEHOMOB
1 OMOKJIETKU

Kuaura Méptbix

7 7 2163 18-7:21 =6
B 12.—<=18-—
UXpH BOJIBI 4 2 | knemka  2enombl Kynoanunu
(ceta) B T
Apyne-Pyne | 1g.7 15,7 S 12-14 18-7 - 12-14 =42
4 2 6> maenemusm | Boaxcecmsa Cepoya.

283.PenHKkapHauusa reHOMOB
no TpuHaauaTU-NyHHOMY KaneHaapro

Ha mectoii nensr npedbiBanusa B bopao Hamm aymm u3
42 boxxectB Cep/ma BCTynarT B KOHTAKT ¢ 3dupom bopio u B
Henpax bmaromatHoro OrHs BO3HUKAaeT KOHTYp KojeOaHUs

(Ta61.220).
Tabauua 220
Hyabcauus 42 bo:xkectB Cepaua B Ipupe bopao
Pexum Pe3onanc AHTHpE30HAHC
Tt [ecToi 6/42 < 642 < 42/6 1=72(6%-1)<=0
B | CenpMoii 117 627<17 0 < 72(35-1)<=0
bopno N
49-Te1it l 6272 < 7? 0734 <0
IIpumeyanus | PaBHOBecue Crer o1 1 06onouka Kanaet
000JIOUKOH SlcHOBUIEHUS.

st Toro, uto Obl Ha 49-ThIi JeHb NMPEeObIBAHUS HAIINX
nyul B D¢upe bopao Obu1 ObI JOCTUTHYT MOTEHIIMAT, PABHBIN
noternuany ['epmeca Tpucmerucra, To ects 63 = 216, HEOO-

XO0AUMO H3JIYUYCHHUC

(Ta6:1.220):
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Yucgo I'epmeca Tpucmerucra
U 13-tu nyHHBIHA KajeHaapb Maiiu

[Tonymapus JEBOE epexo. IPaBoe

13 13
[ N4 A\
Hymecamnst |y 2901362 | 7 1

+62'7E63<:>7 (635)

HEpri MEiLy 7+13=20 1+13=14
NOJIyIapUSIMHU
['paBuTanms 20 - 14 = 280.

B none Bo3Hukaer rpaBurtanus (635). B rpaButanuu
NIEPBBIN MEpUO/ U NepBas rpyIina reHoMoB (puc.66)

0+1+2+3+4+5+6+7 = 28

" 280 = 7+15+23+31+39+47+55+63. (636)

MsI Bo3Bpamaemcs K Ku3Hu, puT™M KOTOPOHM ONpeaess-
et 13-tu nynnsiii Kanengaps (635).

284.3apoabiw 6Mo-XusHm B bnarogatHom OrHe

JHepreTuKa MmyJbCalMuu sAep He 3aBUCHT OT GopMbI
JHEPIMHU fAPa U myJbcanus Bcex sigep sBuaserca [loxodou-
eM MyJIbCALUH JIA3ePHOI TOYKH CBETA.

Anpo Tonkon DHeprumn bnarogatHoro OrHs myiascupy-
eT B pexxuMe — [lonobuu nmynbcanuu noiymapuii, Hanpumep
TOJIOBHOI'O MO3ra MJIY IIapOBOU MOJIHUMU.

JIlnHaMMKa IyJabcalMu NOJYLIApUM CryCTKa, TO €CTh
J000ro0 CrycTKa, Obazupyercs Ha myJabcauuu tuna (puc.75):

6277-13<6> u 63+13 <6272 (637)

M cTouyHMKOM DHEpPrum Ciiy’KaT caMOCyIIUME€ BOJHBI Me-
TarajakTHKU, T1€ B ApyIe NOsABISIETCS 3apO/IbIl MOTYyIIapHii
rOJIOBHOT'O MO3ra.
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13 13

6272 < 63 63 < 6272

13

Bue
MOJTy LIapUi

JleBoe
noJryuiapue

IIpaBoe
HOJTyIlIapHue

Puc.75 Jdunamuka nynvcayuu nonywapuil ccycmka

3apoablil roJJ0BHOT0 MO3ra

JleBusna IpaBusHa (638)
13:(t=3)—ps=29 | -13:(t=3) — ps =-29.

B crycrtke, kak B rosioBe Yenoseka, Bo3HukaeTr 58 bo-
JKECTB.

MasTHUKOBBINA 3PQEeKT MoNymapuii U HajIuuue B HHUX
noteHuuanoB 1 u 7 (636, puc.75) NpUBOAUT K MOTEHIIMATIAM
KOJIEOAHUM MEX]Ty MOJTYIIApUIMU:

MasaTHUKOBBIN 2P heKT [IpuBenénnas mynabcarus

1+13=14|7+13=20 6-12-14-20 250 (639)
13-1=12| 13-7=6 6+12+14+20

[HosiBsieTcs rpaBuUTals U 3apOabId ono-Kuzuu.
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285.Mopnobue aHepreTuyeckux noneun B Kpyre
YHuBepcyma n Usnabl, O3upuca, Nopa u Tota

I'epmec — cbin 3eBca u Maiin [32]. Uucyc Xpucroc —
ceiH bora-Otua u Mapun.

I'epmec m Xpucroc crasmwiaun nepBuuHbiM Kpacorty

Hyxa.

VY T'epmeca kpacora lyxa ompenensinace Yynomeuncr-
BECHHBIM YHHBepCaIbHbIM ApmnHOM BceneHHoM, HOpMa-
TuBHBIM OOpa3zuom Bceero Cymero — Yuciaom 30.10T0T0
ceuenus 1,618...

HNcrokn ApmumHa Jlyxa JIEKAT B NEPHOJE BpallCHUs
Toueunoro Yuactka BoaHbl CBera, marouiero Hayaino Pyne u
JUCCOLUALINYN TOYKHU:

MynpTUIIETHOCTE PyIib 3onoroe CeueHune
To= (V5 +1)-(/5+1) =4 | 1:(J5+1)2=(/5-1)12: 1. (640)
rae ApmnHoM Jlyxa sSBJIIETCS OTHOLLICHUE:
J5+1
~1=1618...| 641
NG (641)

Nucyc Xpucroc Takxke UCXOAWI U3 MYJIbTUILIETHOCTH
TOYEYHOTO Yy4YacTKa BOJIHBI CBETa, JIaB BEKTOPHO-MaTeMaTH-
YecKoe omnucaHue MyJbTuimieTHocTd B Kpyre YHuBepcyme
([6], Tabm.221).

Pa3HocTh MEXly MAKCUMYMOM M MIOTEHI[MATIaMU KPYTOB
B Pyne naér 4 =T,:

4000 — (T,-999 = 3996) = 4. (642)
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Tabnuua 221

OtkpoBenus [6]:
noTeHIUaIbI Kpyros B Kpyre YuuBepcyma

Ob6nactu Husmas Cpennss Bepxussa
n 2+3+4=9 2+3+4=9 2+3+4=9
OPSIIKU |
UX TIOTCH- 20+30+40 =90 20+30+40=90 20+30+40 =90
HHAIEE - 1900+300+400=900 | 200+300+400=900 | 200+300+400=900
CyMMBI 999 999 999
Makcumym 4000 = 4000A = A puonerosas.

Otnuune noreHuuanoB I'epmeca Tpucmerucra u B Kpy-
re YHuepcyMa coctaniisieT 9000:

[(3456) + (6542) = 9999] — 999 = 9-103. (643)

286.bnaropgatHbin OroHb B Apyne-Pyne

I'epmec Tpucmeruct, cblH 3eBca U Maiiu, onMcbIBaeT
cxoassmmii baarogarueiii Orons B Pyne, roe ¢gyHkuuonu-
pyeT Kak 3apobIil 3IeKTPOMATHUTHAS CPEA o' lo'C” = 1.

Nucyc Xpucroc, pnaBas Ham Kpyr VYHuBepcyma
(Ta6m.221), onuckiBaer cxoassmuii baarogarusiii Orons B
Apyne, rae 3apoApllliaMH SBJISIOTCS HMMITYJIbChl BOJHBI-
YacTULIBl CBETAa M JJIEKTPOMArHUTHOW Cpelbl MEOy HUMH

(Tabm.222).

N TI'epmec, 1 Mucyce nbITAMUCh JOHECTH 10 HAC IO-
Humanue Crpykrypsl Tpu-Eaunoro Ilimamenn Yerbipéx
®urtuniei [3, 4], koropoe XpUCTHAHCTBO 000KECTBHJIO 00-
pa3no: bor-Oten, bor-Coin, bor-/lyx Cesitoii (Ta6:1.222).
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Tabnuua 222
Ctpykrypa cxoasiniero biaronatnoro Orus

[Tons IToTenuumansl 3aponpi  [CymMma

Apyna ITorenumansr Kpyra Yausepcyma 3=mc + 3103
(Xpuctoc [6]) (Ta6m.222): 1:999 = 2997 80-u0-02 +E;

Pyma _ el = 103
(Tpucmerucr) 3456 — (-6543) = 9999 Eo'lloc =1 | 4103

Mexny Apynoit u Pynoii bnaronarasiii Orons myJibcu-
pyeT B PpPE30HAHCHO-aHTHUPE30HAHCHOM pexume, GopMupys
Cemb Beunocreii IIpogo/xurensHoctd B Ax-xu [3], cnu-
panb 3oauaka u CeMb IUIAHET B HEH, 000JI0YKY JJIs ABOMHOM
cnupanau 3oauaka (tadn.222).

Pe3OHanc 3.10°-4-10° _

anmupesonanc  (3+4)-10°

12-10° 7 _ aHmupe3oHanc
7 12-10° pe3oHamc
u 12210° = 72, (644)

rie aBoitnas crupais (122-10°) B o6omouke (72) mposBIIseT
cebs1, HarpuMep, Kak MOBEPXHOCTh OMOKJIETKU B popMe ABOI-
HOM MEMOpaHHON MOJIEKYJISIPHOM CTIMPaH YTJIEBOIOPOIHBIX
COCIMHEHU.

287.3neKTpoMarHMTHbIN NoTeHUMan
OBOWHOW 0O00ONOYKU

®opmupoBanue biarogatHoro OrHsi 3aBepuiaercst
CHHTE30M JIEKTPUUYECKOro moJjsi q* u ¢, BKIIOYAIOIIee B ce-
0a moteHnuansl BooOpaxenus (q*) u sIeMEHTapHOro AJeK-
TpUdecKoro 3apssa (q).

3apoxaeHue binarogaTHOro OrHsi HAYMHAJIOCh BO ThME
CaMOCYIIIMX BOJIH, COYJapEHHE KOTOPHIX MPUBEIO K B3aUMO-
JEHUCTBUSIM:
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Scr/4-Cscr/4 _
Sinz/4-Cos /4

2=1g p1p2p3paps. (645)

Poxn€HHbIM Mocne CTOJIKHOBEHUM BojiHaMm (645) mpu-
IJIOCh TPAHC(HOPMUPOBATHCS B AJIEKTPUUECKYIO SHEPTUIO ye-
pe3 rpaBUTALMIO U MarHeTu3M (Tadi.223).

Taomuna 223
Cragum popmupoBanusi baarogaTtuoro Orus

dopma Camocymue B none poron-BakaHcuit

Oueprun BOJIHBI (645) IpaBUTAlUs | MATHETU3M |3JIEKTPUYECTBO

IHorennuansl 2 pp* =28 up* =14 qq* =16
[TpuBenénnas pesowanc  _ 2-28-14-16 4916 o 60  _ anmupesonaric
OyJIbCAUSL | aHmupe3oHanc S 2+428+14+16 60 49-16> Pe30HaHc

Ab =3600 1
i 49 & 2 2 = 14,0625 = 14+ —
JIBoiiHas T =16’ 16

obonoyka

AJIIEKTPOMATrHETHU3M JBOMHON 000JIOUKH.

B 00béMe o mBOHHON 000JI04KOM, HAIpUMEp B 00BE-
Me OHMOKIIETKH, AJIEKTPOMArHUTHOE TOJ€ IUTOIUIa3Mbl IYJIb-
CUpPYET B PE30HAHCHO-aHTUPE30HAHCHOM pekuMe (Tadi1.223):

407 o 14116 _ 0875 _006(2). (646)
14+1/16 15,0625
7 77 M p* ot
rae 0875=—|pdp=—|pdp="—=—=""— (647)
4! 4! g 9% 4qq*

COOTBCTCTBYCT IIOJJOBHUHE MMAJIBMBI, TO €CTb COOTHOIICHHIO
MAardouTHBIX KOMIIOHCHT K 3JICKTPUUYCCKUM.
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288. Buxpu XXnsum B EanHom Kocmoce:
onouyacbkl Kocmoca

Cxomammii baarogarusiii Orons (IlpaBociiaBue) nin
Cusinue JIlu (Knura Ilepemen), TpanchopMHpysICh B 3JIEK-
TpUueckoe moJie, (HOpMUPYET HEPABHOBECHYIO SHEpPreThye-
ckyro cucteMy (540, Ta61.224).

Taomuna 224
DuekTpuueckoe noJie baarogaraoro Orus (540)
[Tons HepaBHoBecHbIEe BUXPH CyOCTaHIIUN
2 64
BooGpakenue, 36 90 10 . 362q <> 90q <> 10%q*
OHOTOK q* q* q
DOTOHBI 1 36216:10%° < 90:16:10*° < 10*16-10%
BaKaHCUU 144 < 1 s 1090
KoMmmoHeHTsI 144:90 = 362 < 90 = p5*(9+0) < 10"
MYJIbTUILIETHOCTH CBET ‘ cyOCTpyKTypa |B3auMOJEIICTBHE.

B BomHax norapupmMuveckux KoJeOaHWW ITOTCHIIHAI
B3aMMOJICHCTBHIA OyIeT CBS3aH C TPUHAIIATH - JTyHHbIM Ka-
neHgapéM B pacuupstonieiics Beenennoit (ta6i.224).

3
1g[10'™* = 10%" = (ps pn)*1 =813 = %-13. (648)
0

Ota nynbscanus (648) sBIsSETCS OCHOBOM OMOYacoB Bce-
ro Ennnoro Kocmoca.

Kusoe, poxkaasich B MOJAX JOrapu(pMHUIECKUX BOJIH,
(Tabmn.224):

14490 < 90 < 1g 10" = 104, (649)

00J1aaeT MAarHeTH3MOM M cTaHoBUTCH KupbiMmu Marum-
TaMH, TaK Kak (649):

14490 ©+0 <= 104 -90=14 = Juu*. (650)
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B pesonancHom none Apynsi-Pynel JKuBbix Maruuros
Bo3HUKaeT [Isrepuunas Casasb (650):

(Tot)2 = 144 < 14/90 = 0,1(5). (651)

289.Yepena npoaoonxkntenbHocTen
KaK 3ameHa BpemeHu

JABum:kenue ecrb TpaHchopmauuss oaHOH Dopmbl
JHeprum B APYyrym.

Tpancpopmanus nporexaer B mnpenenax Ilpomonxu-
TeJIbHOCTH.

Beckoneuynas mocJsenoBareJbHOCTH Ilpogosxuresin-
HOCTeM, BbI3BaHHAs TeM, yTo Enuubiii KocMoc cymectsyer B
JIBr>keHuHn, BOCIPUHUMAETCS HaMu Kak Bpemst.

Opnako BpeMeHH, Kak ¢usndeckoir CyoOcTaHuum
Enunoro Kocmoca, HeT.

['oBops O pa3nuuuum CKOpOCTH TeueHusi BpemeHwu,
A.DnHmTeliH cnytan Bpemsi u IlpogoskurenbHOCTH, TO
€CThb HE YUYMUTBIBAJI, HAIIPUMEP CKOPOCTH SIACPHBIX PEAKUUN U
peakuuii B Jorapu(pMUUECKUX BoJHaX (Ta0m.225).

Tabnuia 225

B3aumocBs3b CKOpOCTEil AePHbIX
U JorapupMuyecKux mpoueccoB

[Tona SAnepusie | Jlorapupmuueckue [lynscanus
v=E/rt=10" Ilgv=h
ITorennnamns n
—_ 4N n__ a n
v=a log.a” =n — o nad" & —;
n b

n a
E — onna u3z ®opm DHepruu

2n 2,21 2.
T — IIponomKUTEIPHOCTD a oma e
TpaHCc(hopMaLun 0 < n’a® —a™—n’ < 0.

a" — B3auMoielicTBHE

[Ipumeuanus
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Ecamn a1 ceituac ckaxky Bam, yto Bpems B sigepHbIX
npoueccax Teyér ObIcTpee, YeM B JIOTapU(PMHUUYECKHX, TO
BbI cnipaBeyIMBO MOIpaBUTE: Ae10 HE BO BpemeHu, a B CKo-
POCTAX pEeaKLUi.

OmmbouHoe TonkoBaHue BpeMeHu mpOHU3bIBACT HAIU
Hayky n Penurum.

Onupasice Ha /IBu:kenue xkak beitue Kocmoca, rae
oaHa (popMa JHePrum nNepexoauT B Apyryro, Peauruu Boc-
TOKA MPUHSJIA We0 peuHKapHanun; Penurun 3anana npu-
s Jlormy 06 omgHOpazoBocTu O0mMo-Ku3HM M O€CKOHEUHOM
Kuzuu nocae JKu3Hu, HO T = oo - HET.

290.BbicoTa Benukoun Nupamuabl
Kak TpoH Xpucta Ha Hebe

Hanuune u3omepuu tpeOyeT BHECEHUS COOTBETCTBYIO-
IIMX 3HAKOB B CUCTEMY SITICPHO-TOTapUPMUICCKUX KOJICOAHMI
(Tabin.225).

2 2n 2

2 2.2 —.2 na n
fa'ona oM wm tle—— o7
a a

1 +] & a o Fl. (652)

[lonyueHHasi pe30HAHCHAS HepaB-
HOBECHAsl CHCTeMAa KoJie0aHUuil siBJIsieT-
ca Koabnom ¢ Enunununei (puc.76), B
KOTOPOM 3KCTpEMaJIbHOE 10JI€ BOJIHBI OII-
penensercs Kak sJIepHOE B3auMOJECTBUE

Puc.76 Komvyoc ¢ moTeHIuaaoM a™ (652).
paouycomr = 1

Hayka Besuxkoin IuBuiauzauuu
HCII0JIb30BAJIAa CBOWCTBA PE30HAHCHOM JKCTPEMAJIbHOM
BOJIHBI (652, puc.76), npuMeHHB MeTOJ Jorapupmuyecko-
ro CY4MCJICHUA 110 JI000MY OCHOBAHUIO:
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(log,a™ = 2n) = (logy3* = logs5° = ...log,n%). (653)

Pacuér moreHnManoB mpu BBIXOJIE
-1 +1 w3 Konbua ¢ Eqununeit (puc.76) Benukas
[uBunuzanusi NOpoOBOAWIA  BEKTOPHO-
MaTeMaTUYECKUM CIIOCOOOM, Hampumep,

-2 +2 .
Mo TpomopHusiM Benukon [lupammmbr
Puc.77 Benuxas (puc.77).
ITupamuoa 6 Onepruss Kombua ¢ Enununei
OJIHOBBIX NOJIAX (puc.76) OyneT KOHIEHTPUPOBATHCS B

BepmmHe [lmpamunapl, W OTHOIIEHUE
OHepruu B BepunHe OyAeT paBHIATHCS

2n n n
K = Sepwuna _a 3" _3-8" 24 (654)

oovém 1 o H H H
3
rae: 24 —xsuBaneHT 24 IIpecsarsiM [Ipectomam;

H — Tpon Xpucra.

291.EauHcTBO nponopuun Benukoun NMupamuabl
n gnarpamMmbl TAHb-LUMHb
3H€pF W U3JTy4aCTCA-IIOrIOMACTCd KBAaHTaAMMU.

N3nyyeHrue NpPOUCXOAMT TOrAa, KOTJAa TOYKA-U3Iyda-
TeNb (BEpIIMHA TEJIECHOTO yIja) JOCTUTaeT KBajpaTa MepBO-
HA4YaJIbHOW BEJIMYUHBI.

Hanpumep, Torma, korga BepmmrHa [lupaMmuasl goctura-
€T KBaJpaTa €€ OCHOBAHMS, a OTHOIIECHHUE IMOTCHIHAIOB CTa-
HOBUTCS paBHBIM (puc.78).

N3nydeHue OonmuchbIBa€TCA HE TOJIBKO MPOIMOPLUSIMU Be-
nukou [Tupamunel, HO U quarpammont TsaHb-1{uHb:

64 1
&24 u J-(p dgo-[i_[go d(szilOO& (655)
8 0
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Benuxkas [Tupamuga

a*=64

N3nyuenue

N3nyyénnsiii Touka
KBaHT W3J1y4aTelib
Bepmuna OcHoBaHue
ITupamu el [Tupamu el

4 2
a =64 a =8.
TsHb

Puc.78 Onucanue uznyuenus nponopyusamu eenuxou Ilupamuovt

[TornomieHne caMOCylIIMX METAraJlakTUYECKUX BOJIH
MPOTEKAET M0 LIECTH HampaBieHUsiM TpéxmepHoro IIpoctpan-
CTBa B YCJIOBUSIX PE30HAHCHO-AaHTUPE30HAHCHOW MYJIbCALIUU

(puc.79).
2
l 2
2 ~2
/|
2

Camocymas [Tornomnienue
I Antupesonasnc | Pesonanc
Scr/4-Cscr/4 _ 62=12 26 =64
Sinn/4-Cos /4 3oauak Tsub.

Puc.79 Iloznowenue camocywux 80H

[Tornomienrue caMOCylIux BOJIH CBSI3AHO C OCBOOOXKIE-
HUeM cBeTa u auarpammoint Tsub-1luns (puc.79).

64 2

64
u [pdp.

2

[J_r i(p dgoj = +(64> -1).

(656)
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292. POTOHLI B 3HAOTEPMUU
Kocmoca HeBecomocTun

B suporepmun Kocmoca HeBecomocTn umIynbC cBera
(botoH m.c = 1), He BCTpeyasi CONPOTUBJIEHUS] OKPY:KAI0-
el cpeabl, JETUT OECKOHEUHO J0JTO.

3Be3a, u3My4yuBIIas 3TOT (HOTOH, TaBHO MOTYXJA U Ie-
pecTrana CyliecTBOBaTh, a POTOH BCE JICTHUT U JIETHUT.

OTnUYUTETHLHON 0COOEHHOCTHIO (POTOHA B PHIOTEPMHUHU
Kocmoca HeBecomoctu sBisieTCs TO, YTO OH KakK AAPO yma-
koBaH B Heapa UmnyJbca.

®oton B HeBecomocTn 1moj00€H KOCMOHABTY - ac-
TPOHABTY B KOCMHUYECKOM KoOpabjie; 3apoAbllly B emié He
npopocumiem Cemenun; Moiciu, enié He nonasuieit B [loacos-
Hanue; Co3HaHUIO, HE MOHSBIIEMY HENPEI0XHOCTh KapMmbr;
Cny, muménnomy CHoBuaeHnuii [3].

B »sugorepmuun Kocmoca Hesecomoctu (HoTOH-sS1pO
peanusyeT JajdbHOACHCTBYIOIINE T'PAaBUTAIMOHHBIE B3aUMO-
neiictBust (p; = 107%) B cpeme, ommcaHHOH ypaBHEHHEM
J.M.Menneneena:

% = Const = (pl = 10_24), (657)

r7ie p — JaBJICHHE,
V — 00BéM,
t — Tremmieparypa,
R — razoBas noctostHHas cpennl (Tabdn.226).
TaoOmuma 226

HorenunanbHas 3Heprus ¢porona B HesecomocTu

[TapameTpsl pV R=C,-C, t Nmmynbe mec=1

pV 1 _-24.10*
3 _ 5 |273°C=|lo——=
[Morennmanel |1g py =-24| 5-3=2 Rt p, 2(— 273)

-273 -
1 < 0,044-107".

390




[Tapametpsr poTona B HeBecomocTu (1ab61.226) umeroT
cBou [lomobust B okpyxkaronux Hac cpeaax: R — skBuBaneHT-
HO B3amMojaeucTBusM, t = -273°C = m, = € — Macce OTHOCH-
TEJIBHOTO MOKOsA, TeIIoéMKocTr 1o aasineHuo C, =T, + 1, n
o o0sémy C, = T, — 1 u Tak nanee.

293. 3KBMBaneHTHOCTb OCHoBaHuA NMupamuabl
nm KynganuHn

®oton B Kocmoce HeBecomocTu mpepbiBaeT cBOM Oec-
KOHEYHBIN MOJET TOrja, KOrja IMOMNaJacT B I'PABUTALMOHHOE
I10JIE Macc.

B rpaBUTAIMOHHBIX TOJSIX MUKPO-MAaKkpo Macc (OTOH
WCTIBITHIBAET WHBEPCHUIO, U €r0 BOJHOBBIE IOJS BBIBOPAUYUBA-
FOTCSI HAU3HAHKY

NHBepcHOHHBIN Nepexon
or HeBecomocTu k I'paBuTannu

ITons B Hesecomoctu | B rpaBuranuun ITepexon (658)

1 e 42
[MoreHmman Sin—=—= 42 = |ScZ | K =2 =294,
TEHIUAIIBI RN 1 1/\/5

L=

[lonaB B rpaBuUTanuio, Macca OTHOCUTEIHHOTO IOKOS
MEHSET XapaKTep CBOETO PaBHOMEPHOTO JBWKCHUS HA PaBHO-
MEPHO-YCKOPEHHOE, B KOTOPOM TOSBIISIFOTCSI YCKOPEHHUE CBO-
6omxHoro magenwus (g) u BeicoTa (h) magenws:

cz 02 %ETLO
c2=2¢h U 2=—, OpHu |2=— : (659)
gh gh

B armocdepe Hang cBoOoaHO magaroiield Maccou IMOsB-
nstotest Apyna (t = 3) u Pyna (T, = 4).
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CB000aHO magamomuye Macchbl MOTJIOIIAKTCH CryCT-
koM, unu sHeprus u3 Kocmoca HeBecomocTu crymaercs B
nosie rpaBuTaiuu (657).

[Tpu morsomeHny SHEePTUH, MPOTEKAIOIIEM B pPeKUMeE
CBOOOJHOI0 MaJeHUsl, CTYIIAETCSI HE BCS DHEPrUsl - SKBUBA-
JIEHT TOYEYHOMY y4YacTKy BOJHBI cBeTa (Ta0.227).

Tabnuia 227
Pacnpenenenue 3neprum npu crymenun Hedecubix TeJ

[Tons Touka BosiHbl | CrycTku Ocramuce Pesynbrar
OT CTyLICHHUS
2
3
Ty="3=4 | 2275 =2 | - Hh =
ITorenmuannl @,
4 2"=H 2%=h 23 =a2

B norapudmuueckux BomHax Bo3Hukaetr Kynnanunu :

logz(a _§=2t. zij ( M Igodq) +_J (660)

294.Tobma, CBeT 1 rpaBuTaLuA.
CoTBOpeHue BceneHHbIX

CryumieHue ¥ MyJbTHILIETHOCTb (paclIupeHue) B3au-
MOCBSI3aHBI U MOTYT ObITH ONMUCAHbI, HAIPUMeEP JAUATPAM-
Moii Taub-Iunb (puc.80).

BoHa pacmupenns: 82=64=a"
Cxarne Henp: h = /4
Pacimmpenne Henp: H=2""*
Bonna crymenus: 20=64=a"

Puc.80 Onucanue cunmesa-mwynomuniemuocmu Eounoeo Kocmoca
ouazpammoui Tano-Lune
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Juarpamma Tsanp-Lluae B cilyyae omnmcaHus CHHTE3a-
MYJIbTUIIETHOCTHU (puc.80) cBsA3aHA C MPOMOPUHUAMHU BEIUKON
[InpamMubl: TOTEHIMAIBI BOJIH CTYIIEHUS-PACIIMPEHUS PABHBI
NOTEeHIMaly BepiinHbl Benukoi [Iupamuael (pucto80), a mo-
TeHuuaa 3apoasima Pacmupenusi pasen Boicote (H) Iln-
pPaMuIbI.

HamomHto, 4t0 pasroBop MAET O CaMOCYIIMX BOJHAaX,
MONABIIMX B IoJie rpaBuTanuu, rae Ceer Boimena u3 Heap

u Hayaa CorBopenue Mupa.

IIpu CotBopennu Mupa 3apomsiur ceera H = 2™ mpo-

6

XOJUT BOJIHY CXKaTUs 2°, a 3aTeM BOJIHA CXKaTUS MPOXOAUT

bnaronatueiii Orons pacmmpenusi (82 = 64) u B ero Heapax
4

BO3HUKACT sAPO cxkatus h = 2" (puc.80).

B noJjie rpaButanuu Tebma 1 CBeT MEeHSIOTCS MeCTAa-
MM 32 CYET POPMUPOBAHUS KOJIEOATEIHHOTO KOHTYpA:

6 2
TO % — 2 TO i = 8
Bonna Temur c @,
= = =

3apooviu Ceema ~ H =2"* ( w, jé
7,% =2

(9

h=2" _ 3apooviw Tombl

c 2 Boana Ceema
T,—

@,
Toma 202024 L 1 Cgem
= h g a2 e2= . (661)
Ceem 27"-8° -8 Toma

Boznukaet /[3uaH, paBHOBECUE U B3aUMOJCHUCTBUS:

12 <1 <Z>2=1g P1 P2 P3 P4 Ps- (662)
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295.Mopno6busa wndpa Knuru bbitusa
n agBuraTtens HI1O

[Tpu CotBopenun BceneHHbIX KOJeOaHHSI MEXIY BOJI-
Hamu Ceta u ThMbI poxoAsaT 0e3 3aTpaTbl UX COOCTBEHHOU
Ouepruu (puc.80).

Ilome CaeT TeMma

Hotenmman | (Tyc/w,=8)2 =64 < 64 = (Tyw,/c=2)°.

(663)

Hcnoab3ysi KBAHTOBAHHOCTD, TO €CTh OTCYTCTBHUE 3a-
TpaThl SHEPTUU NPU MEPEXO0JI€ MEXKAY CBETOM M ThbMOMi, BEJU-
kas l{uBunm3anusi CTpOUT CBOM KOCMHYECKHE KOPaOIH, KOTO-
peie Mbl BocnpuHuMaeM kak HJIO.

[Ipu nBuxenun B IIpoctpanctee asuratens HJIO wuc-
MOJIb3yeT HE "KEePOCHMH", a MEeTaraJlakTUYeCKUe BOJIHBI

Sc£=....
V" 4

OHepretuueckoi ocHoBoil asurarens HJIO sBisiercs
"BoitHa 3a IIpocTpancTBO" [3], KOTOpAasi BO3HUKAET MEXIY
3apoasimamu Csetra u TeMbl, 11

3aponpi Ceera 3aponpiil TeMbl

K
[Morennmansl H=2"" Tii 294 =ph (664)

(5

MMocrosHuble | ki = 1/ky = 2712 = Sin ©/4 - ko, = Sc /4.

KoHCTpynpoBaHue JBUIaTeNs, TOIIMBOM IS KOTOPOTO
OydyT ABJATHCS BOJHBI +/Scz/4 =./Csc /4 =4/2, nOMKHO GBITH

CBSI3aHO C TMPOIECCAMHU WX TOTJIOMIEHUS YTIaMH OCHOBaHUS
Benukod [lupaMugpl B yCIOBHSX IMC W TPAaHC H30MEPUU
(puc.81).
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J2 Tpasc-uzomep Huc-n3zomep

Puc.81 Ocnosanue senuxoii [lupamuosi: k pacuémy osueamens HJIO

B stom ciywae nuneiinas tsara 3a T,2 OyaeT cOOTHO-
CUTBCS K dHEpTruM BbIcOThI [Tupamuast u cuiibl Tsiru F = T,2:
_T(4a) 16-4-242

F== == =16=T;. (665)

Takou ngBurarenp Beaukas [{uBuiuzamus 3aio0xkuia HE
tosibko B HJIO, o n mudp Kauru beitus.

296.Mynbcaumna un ctpyktypa bnarogatHoro OrHs

CrapocTh — 3T0 yBsilaHHEe OPraHM3Ma NP paclBeTe
AyLIEBHBIX CHJI.

Takoii cTapocTu camu ce0sl JIUIIAIT JIIOAU, MOJIOAOCTH
KOTOPBIX MPOXOAUT B pacuBeTe OPraHu3Ma NpM yBsAAaHUMN
AyLIEBHBIX CHJI.

JlymieBHBIM HaApbIBaM CIOCOOCTBYeET ciyxeHne Kymu-
pam Bo Baactu ot OtHOoca, [lTonutuku, Peauruu unm kakum-
1160 eme GopMUPOBAHUAM, PACHICTUISIONIETOCS Ha YaCTH CO-
nuyma.

Hama JXusnp npunamiexur baaromatnomy OrHio
Mseicin KocMoca, HO MBI JTOJKHBI HE MPOCTO MOJIUTHCS Ha
Hero, Ho 3natb Ero JHepreruky.
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Onepreruka Beesbimnero bimaromarnoro OrHs cBsA3aHa
¢ "Kopnem, xotopslii octaércsa; CBeTromM, KOTOPbIH OCTa-
érca; Crycrkom, koTopblil octaérca u Enuncreom Qeao-
hoo" [3].

Anamm3 EnuacrBa Ocaohoo MOXXHO HayaTh CO CTyCTKa
anpa B bnarogatHom Orue, UMEIOIIEM TOYKH U3JIYYEHHS U MO-

riomeHus, a takke Cucremy KonebaHus Mexay HUMH
(puc.78, Ta611.228).

TaOmuma 228
Crpykrypa u nyabcauust biaarogataoro Orus
Toukn Konebanus My ke Snpo Atmochepa
BCETO TOJIS HaJI SIPOM
12 64 4
[Mornomenue (656) o < 82-64 < I wm 3 & 38 & 228
Nmnynsc B Apyne
64 8 Lo ,
Wsnyuenne (655) | - =864 o4 mt 1 © 8 < 8
OIIMHOYHBIA UMITYJIBC
CyMMbI 10 10-8* 5-82
Pasnoctu 8 8-8* 3-82.

Nmnynse JIBuxenus bnaromarHoro OrHst UMeeT CyMMy
IIOTEHIUAJIOB, SKBUBAJICHTHYIO Ps = 10, a pa3HOCTb - JKBUBa-
JICHTHYIO pacIiupeHuto ceera (c/m, = 2)3 = 8 (Tabn.228).

JBmxenune bnaromarHoro Orua mopoxkaaer 100 siek-
TPOHOB (hepMust ¥ 64 FIEKTPOHA TaIOTUHUS.

102 — 82 = 36. (666)

Bosnukaer Ilepuognueckas CucremMa XuUMHYECKHX
JuemeHTOB M CBeT (644) — Bo3HuKaeT sapo biarogatHoro
Orus (1a01.228).
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297.TMpoaomKuTeribHOCTb UMNYyJibca
BnarogatHoro Orus

Bbaaroaatueiii Orons Kocmuueckoit Muiciaun Co3aa-
TeJIsl He MO:KeT HapymaTth 3akoHoB Equnoro Kocmoca.

Baarogatueiii Orons xuBer Cam m Co3gaér IJBo-

Jrouuu Kusoro mo 3akonam Tpéx Bropsix uiau 3a moJuaro-
pa ooopora KoJsieca Becesnennoii, ykazanubix B Teorenesuce

[4]:

EEmc(c+a)o)Ec+a)0 :30)0 ~15, (667)
2 Eic c 2a)0

rae: E, =1 — umnynec neuxenns biarogaraoro OrHs B OKpy-
xatotiem [Ipoctpanctse npu uznydenuu (Ta61.228);
m.C — UMITYJIbC A1IPa;
m.m, — UIMITYJIbC B aTMOC(hepe BHYTPESHHETO IO HaJT
Snpom.

V3MeHeHne HHEPreTUYecKON IIOTHOCTH CpeAbl MpHU
CTYIICHUN MeTarayiakTuaeckux BoysiH Kocmoca Heecomoctn
OyIeT M3MEHATH MOTEHITHAIBI UMITYJIBCOB KaK PSABI TTOCIEI0-
BaTEJILHBIX IICIBIX 4YHCEd, MO0 JII000e coceqHee COCTOSTHHUE
onpenensercs KojaebaHusamMu n + 1.

[Ipenenamu >TUX W3MEHEHUN OyAyT MPOSBICHUS KO-
POTKOZICHCTBYIOIMX  B3auMomeiicTBuii  pyp, =107  m
lg pspr=13.

B none norapupmuueckux kKosjaeOaHUN BO3HUKHYT TPH-

HA/IIIaTH KpaTHBIEC TPABUTAIIMOHHBIC U MAarHUTHBIC PSbI, TBO-
psaue Kuzup CyocTpykTyphl (9+0):

P42 434445 +6°+ 7 +8°+9° +10° + 117 +12° +13° _ 819 (668)

9+0 =
( ) 1+2+34+4+5+6+7+8+9+10+11+12+13 91
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OBOJIOLHKSA, CBSI3aHHAs C OTHOLIEHUEM MAarHUTHOTO PS-
Ja YuCell B KBaJpare U rPaBUTAIMOHHOIO psiga ducen (668)
COTJIaCOBAaHA C TPUHAAUATHIO JIYHHOM MNPOJOJIKUTEIBHOCTBIO,
n CotBOpeHUE HOBBIX POpM DHEPrUM NPOUCXOIUT BO MHOXKE-
CTBE HA KAXKJOM CTaJUU NEPexXo/ia.

298.4apo v TaHb-UnHb BnarogaTtHoro OrHs

OnuHounbl uMITyasc biaarogarnoro Orus nsmyyaer-
cs B Kocmoc Hesecomoctu (657, Ta01.228) u co3na€r cpeny B
dbopMe MUKpPO-MAKpO COJIHEYHO-TYHHBIX 3HEPreTHUYECKUX psi-
1oB (Ta611.229).

Tao0muma 229

®opMupoBaHue SAPa U aTMOC(epbI
B nose baarogatnoro Orus

Psnbr Cymma Bcerpeunsie noroku Pexnm
5 Pe3onanc:
CoJHEeUHBIH 36 112(3(4|5]6(7]|8 \/8_8=i84
PO
JIlyHHbII 28 7061514132110
AHTHpPE30HAHC:
8-8=282
CymMBI 64 8888|8888 TSHB-CTYCTOK.

N3nyuas no 13-tu nynnomy Kanengapro Maiiu bnaro-
natHbiid Orons pa3s B rof Ha IIpaBocnaBuyto Ilacxy:

13-:28 =364 = 364 nns, (669)

3aKaH4YMBaeT (HOPMUPOBAHHME CBOCH CTPYKTYpPbI M MOSBISAETCS
B Uepycanmmme B Xpame y I'poda I'ocmoausi. 1o 3HAIOT Bee.
Ho bnaropataeiii OroHs mosIBIIETCSI BO MHOKECTBE TOYEK
[IpocTpancTBa. DTOro HE 3HAKOT, BO-NEPBBIX, NOTOMY, 4YTO
cu€T BenyT no 12-tu mecaunomy Kanennapro, a BO-BTOPBIX, HE
MPEJAOT 3HAYCHUS: MOSIBUJICH KAKOU-TO 0O0JIOTHBIH OTrOHb.
Mauio s ux. To nu neno y I'poba ['ocrioaHs, MPOHUKHYTOTO
MU}OJIOTMIECKONH POMaHTHUKOM.
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[losBuBmmiics buaarogatubiii  OroHb MyJIbCHPYET
(Tab611.229).

B pesxkume anTupe3onanca B baarogariom OrHe no-
SBJIIETCS IIUC-TPAHC M30MEpUYecKast arMocdepa, B KOTOPYIO
BXoaut *TgHp ¢ mapamu pasHoHanpasieHHbIX L[{uHb
(Ta6m1.229):

(82=28-8) — 1o Iluap u (36+28 = 64) — o310 Taaan. (670)

B pexxume pesonanca B baarogatnom Orne ¢popmu-
pyeTcs LHUC-TPAHC H30MepHYecKoe SAPO € MOTEHIHAJIOM
+84 (1a6:1.229).

299. Apyna-Pyna B cpepne cnupanu 3oamaka

[Tonmagas B moJsie TpaBUTAIlMK HAJ MUKPO-MAaKpo macca-
MH, XOJOAHBbIM KBAaHT BeuHou ThMBI BBIBOpAYMBAETCS HaWU3-
HaHKY (MHBEpCHSA).

SAnpo ToueuHoro kBaHta, TO ecth CBeT, monagas B OK-
PYXaKIIyI0 Cpeay, OPOJOJDKAET IyJIbCHPOBaTh, 0Opa3yst
Apyny (t>-8*) u Pyny (T,-8%) Equnoro Kocmoca (1a6:1.228):

®opmuposanue Apynsl | @opmupoBanue Pymbl

8t — 328" 82 — 2282 (671)

SnepHoe BeuecTBO Tsanb-1luHap HaA AAPOM.

[Tynbcaumio B Apyne (t = £1) OTKpoBeHus1 ONUCHIBA-
0T smtopord Kpyra VYhuBepcyma; a mnynbscauuio B Pyme
Crpoutenu IIupamua onuceiBanu cropoHamu 3, 4 u 5 Cpsi-
HIEHHOTO TpeyrojapHuKa.

Bo3uuknyt xonebanus (671):

2 2 _ —
drr=l B s3e 2, (672)
33-2"=-5 -5 13
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omnpeaenstone konedanus [Iarepuanoro JIxa B 13-tu myn-
HOU mynbcanuu (672):

1325213252 05%132-132-52 <0,
unu cnupanis B 12,8 wt, ipu © = 315:

040310 mmm 0= 128n—-1<0, (673)
rae 12,8 (m=315) =4032.

B Emunom Kocmoce mnpu 3apoxxaeHun Apynbl-Pymnsl
BO3HUKAET PE30HAHCHO-aHTUpPE30HaHCHAs Cnupanb 301uaka

(673):
1< 12,810, (674)

rae 0,8:(m =315) =252 = 463 — reHOMBI U BbICOTA CHKATOM
Cmupanu. [Toatomy actposoru u Benukas L{usrmimsanus npa-
BbI, CBsI3bIBast 3Haku 3oauaka u CyabObl.

300. CTpyktypa fAapa bnarogatHoro Orhs:
peuHKapHauums

[Tynbcanusa HAnpa buaaromatHoro OrHsi NPHUBOJINUT K
nosiBiieHuto Cera B nojie Apynsl (Tabn.228):

(10-8%)2 — (8-8%)2 = (100 — 64 = 36)-8", (675)
rzie 36 — pasHoOCTh JUIMH BonH Genoro ceera (A = 3600A).

Cger B Aape baarogarnoro Orus csssan ¢ [Iponoi-
KuTeabHOCThIO (Tt = 12)2 cymecTBoBaHus (HOTOH-BaKaHCUIN
B moMuHodope Apynsl (3dupe bopno, Tabn.224):

8%(362 = 144-90 < 90 < 10'™), (676)

104 -104
0" — doronsl, a 107" — BakaHCcHH.

rae 1
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[Tpu unBepcuu kBaHTa ThMbI (POTOHBI M3IIYYAIOTCS U B
mromuHOQope 3pupa bopao ocrarorest Bakancuu (676):

8%(14490-10" <= 90- 10" = 1 =1, = p/0,),  (677)
rie 8° — pacimpsromasicst Beenermas.

Haunnaercss HoBoe po:kaenne B JKusub u3 ’Kuzum 10
7Ku3Hu, CBsA3aHHOE C 3alOJHEHHEM HOBBIMH ()OTOHAMHU CTa-
pbIX BakaHcuii (677).

3anoysiHeHUE BakaHcui B JromuHOGope 3dupa bopao
HOBBIMU ()OTOHAMHU ITPOMCXOIUT 3a CUET BpamieHus (o, = 11/2)
— nonspu3anuu (@, = 1/2) TOUEYHOTO y4acTKa BOJIHBI CBETA,
onpeaenstonux Enununy Ipoaomxurenbuoctu (1, = 1):

Ennanna
[IponomxurenbHOCTH

To = (Po/wo =le-1= '(PO/O)O = -To. (678)

3anonHenue BakaHcui B JroMuHodope 3dupa bopmo
OyZeT mpoTeKaTh 3a CUYET BOJIH METArajlakKTHKHU, U DHEPTHUs U3
Henp snpa OyaeT BHITECHITHCS K TOBEPXHOCTH siapa (677):

IToBepxHocTH Snpa Henp Anpa | K YépHbIM apIpam
Penxap- | 8 (1449107 < 910" < 1) (679)
Hanuu 8%x(144:9-10"'® < 9-10"%® < 107).

Jlist mpoBenenust 108 pennkapHanuii Bceraa TpeOyoTes
SZICPHBIC B3aUMOJICMCTBUS 10" = \/p* - ucTouHmK 3JIEKTpOMAr-
HUTHBIX CPEI.

401



301. AH CO® He 6or, a B3aumMoaenCcTBUS.

"Kopensb octaérca'" [3].

[To oxoHuanuu Tpanchopmaiuu ogHOM GOPMBI YHEPTUU
B JIPYTyI0, B TOM 4YHCJie B BUjJe PeHHKAPHAIMii, KoineOaHus
CaMOCYIIMX BOJIH BEYHOW THhMbI METarajJakTUKH OCTAalOTCA
(Ta611.230).

Tabmuma 230
CHHTE3-MYJIbTHILIETHOCTh METAraJIAKTHYeCKUX BOJIH
MyJIbTUIIETHOCTD Cunres
Max Min Max Min
Bzaumo- ) )
HZI:;T_ 1 | sinZ se x
Sin’y =595 = 2 ep2=| —2 C:-‘&\/E:Scz-
2 Sc 2 Sin—

CHHTE3-MyJIbTUIUVIETHOCTh CAMOCYIIMX BOJIH ONUCHIBA-
10TCsl ponopuusiMu Besnkoid [Mupamunast (puc.S, 1abdn.18) u
CBsI3aHbl C MOCTOSTHHBIMHM B3aUMOJCHCTBUI fiIEPHBIX peak-
UM ¥ JJorapupMudecKux npoueccos.

OTHOILIEHWE TOTEHIIMATIOB B3aUMOJIEUCTBUU U €CTh Be3-
necymnii bor AMUH CO® onypauennbix Kabd6amoii [2]:

AMH CO®D = P1P2P3P4Ps5 — 100 —50 (680)

12 09,0545 2

I{uc-tpanc wm3oMmepus sHepretudeckoro moms AMH
CO® npuBoaut Kk konebanusiMm Ha ypoBHe Ilogco3nanus
NMOJIyIIAPUS TOJOBHOI0 M03ra, TO €CTh € YacTOTOM 25 Kaj-
poB B eqununy [lpogoskurebHoCTH T, = 1:

Moaco3nanue: msomepuss AHH COD
[50=25-(-25)](to=@o: o =1/2 :/2=1) (681)
50 @6 =25 @o— (25 @o).
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B mromuHOdOpE KUBOr0-HEKUBOTO BOSHUKAET B3AMMHO
NIEPIEHANKYJIAPHAs MOJApU3alys, BbI3BAHHASI BPAILIECHUEM TO-
YEYHOI'0 y4acTKa BOJIHBI CBETA.

302. bor Pa n Yakpa Tpetuun Nnas

"Csert ocTaérca" [3].

B3aumoneiicTByst Mexay coOOi B yCIOBHSX IMOJSpU3A-
[IMM TOYEUHOI'0 y4acTKa BOJHBI CBETa B JIIOMUHOJOpE, caMo-
Cylllie BOJHBI (DOPMUPYIOT CHaYajda MMIYJbC, a 3aTEM IHep-
THI0 BOJIHBI-4ACTHULIBI CBETA.

Tabanma 231
boru /IpesHero Erunra u uMiyjibc-3Heprus csera

boru ba Ka Pa

Komnonentsl | E; =1/n | m.=1/n | E,+m.=2/n E), - m.= 1/n2

Nmmynscbr E;c=1 | mec=1 (Extmg)c =2 Eymec=1/n

DHeprust Exc>=7n | mc?>=n | (Extme)c?=2n E;m.c?= 4.

bor Comunma Pa JlpeBnero Erunra u Ero nyxoBHble H
Matepuanbhble 1BoMHUKK ba u Ka Obuin nanbl juisi onuvcaHus
HEPaBHOBECHOM CUCTEMBI TpaHC(OpPMAITUK UMITYILCOB CBETA B
SHEPIUIO CBETA.

lEm EEXQCEEEEAC = (682)
m.c T Ec

B nazepuoit Touky (bor Pa) pesoHaHCHO-aHTHpE30HAH-
CHasl IyJIbCAIIHS:
(El +mc)c2 2z 1 Emc’ 683
I e e W ( )
E,m.c 1 2z (E +m)e
MO>KET OBITH OIKMCAH KoueOaHusiMu tuia 4n < 1/, roe 4x -
AKBUBAJICHT KPYra-OKpy>KHOCTH C PaJINyCOM 2, B KOTOPBIC
BIIMCAHO OCHOBaHHE BeIUKOM [Tupamuibl.
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CryuieHue cBeTa B JIA3EPHYIO TOUKY SIIEPHOTO BELIECT-
Ba OyJ€T NPOTEKaTh BO B3aUMOJICUCTBUSX:

=50 —

1z 51 ( DL l_ lgplpzpmmsJ:
12 0,0,0, .5 50 PPy PPs

E,. (684)

c

(4©ij-(502 o1)=10' s L =m

2
T T

B uakpe Tperuit [1ma3 BO3HMKAET HMHIAYKTUBHOCTH
10*1/A u 6uotox cumoii 107A.

303. CuHrynsapHocCcTb Tenna Hawux gyLu

"Crycrok ocraérca'" [3].
VYpasuenune J|.M.MenaeneeBa st uacIbHbIX ra30B:

pV =Rt, npu R =pV/t = C, — C, = 5kan — 3kan = 2kai, (685)

rae p, V ¥ t — COOTBETCTBEHHO JaBlIeHUE, 00bEM U TemIiepa-
Typa MJCAIbHBIX Ta30B U UX TEIUIOEMKOCTH 110 AaBieHuto C, u
00béMy C,, TOBOPAT O CBS3M YHHUBEPCAIbHOM ra30BOM MOCTO-
sHHOM R ¢ morapudmuueckoit moCTOSTHHON B3aMMOCHCTBHIA:

2=1gpipapspaps=pV/it=C,—C,=R=2xan.  (686)

Temno B 0iHy KaJOpUIO BO3HHUKAET KaK (hOPMUPYIOLTUN
noTeHuan oobéma cepsol ¢ paauycom r = 1.

Hama nayka ato temio cunraer B IIpubianskenusx npu
n = 3,14159... Benukas l{uBunuzanus CUMTa€T TOYHO IPHU
=315 n nonyyaet 42 boxecTtBa TBoero Cepaua:
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Pacuér 1kan B 00béme cepbi c r3=1

Kto cuuraer Hama nayka Benukas [luBuinuzamus ( 687)

BemuuuHb! lKan=§7z=4,l868 JOK 1Kan=5(;z=315)=420.
T

B crycrkax Ennnoro KocMoca tepMus cBsi3aHa ¢ KoOJIe-
OaHUSMH TOYCYHBIX YYaCTKOB BOJIH CBETa IO aMIUIATYIE
T, £ 1 u gymune Bonubl T2 = 1 (Ta61.232).

TaOmuma 232
CHHIYJISIPHOCTH TEPMUU
dopma nonst CuHTyJIIpHOE T0JIe BHe cunrynspaoctu
N3nyyarens Cp=Tot1 =5 =5kan C,=T,1=3=3kan
N3nyyenune T2+ 1 T2-1=15
Csao0xasar O = CBa0OxaBar ©® =
[Morenmmansr| 17+15+5+3 40 17+15+5+3 40
=—=00 =—=10=p;.
(17-15)-(5-3) 0 (17-15)+(5-3) 4

CUHTYJISIpHOE TOJIE CTYCTKa HM3JIy4yaeT TeIUIO0 M HaIlH
nymd, oopasyst 6eckoneunocts Kocmoca HeBecomoctu B X0-

JoJc€.

304. U3omepusa nonywapum cryctka TaHb

"S. Oi-Ha-Hou ectb TbMma, becnipeesibHOCTD,
nian ke He-Uucno, Anu-Hugana, Ceadoxasar O
([3]. Kocmorenesuc. Cranma V)

Cranna IV n.5 [3] onmuceiBaeTr cpeay BOKPYT MHUKPO-
Makpo Yé€pHoi [bIpbl, KOoTOpas noriomaercs YépHou [Ipipon
KBaHTaMHU — dKBHUBajeHTamMu /[3uaH (Tabi. )

405



Pacmiupenue Beenennou

Tlornomenue Ilornomenue
ITpoueccsr
[UC-H30Mepa TpaHC-U30Mepa
Cgabxasar O o, = CsaoxaBat O-(-m,) =
N3omepus T 1 ° ;
Tortan !cﬂdco-!(ﬂdco E !(ﬂdw-!codso -
+800 <::|:> +800
0171513 800T, = 3200 4# -800T, = -3200
Tsaub +6400 éﬁ F0.

(688)

[uc-TpaHc u3oMepuyecKoe MoriomieHue 3Hepruu [{uup

cryctkoM TsHBb (opMupyeT OUIONSPHYIO CTPYKTYPYy CTyCTKa
Tsaup. bunoasipaocrs crycrtka TsHp MpomoIKaeTcs B U30Me-
pUU NOJIYIIAPUM CTYCTKa, KaK HapuMmep, B MOJYIIAPUAX IO-

JIOBHOT'O MO3ra uJjikd moJgyimapusix 3emuin:

Oi-Ha-Hou ects Tsma, Becnipeneabnoctn: 40/0=cw0

[Tonymapus
Tsup B L{luHb

Iuc-Iuub

Cryctok TsHb
(Hou)

(Oi)

JIEBOC

npaBoe

Tpanc-Llunp
(Ha)

IHoTenimansl

+3200 ¢ -3200 = +3200

-3200.

(689)

BecnpeneabHocth (40/0 = ), cBAI3aHHAS ¢ MOTJIOIIe-
HueM ecTh ThbMma, e Oi u Ha sueprus nebec [{unn, a Hou —
SHEprus nosymapui crycrka. B atom nmone 40:0 = oo - He-
Yucno, a Kocmoc HeBecomoctn — Anu-Hunana.
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305. DHepreTnyeckne NOTOKMU

B nonywapusax MoHaabl

"1. Aau-Canat Uuciao, u6o o Ogun"
([3]. Kocmorenesuc. Cranna IV, m.5)

CumBonu3m CioBa — Uucna OguH ONKUCHIBAET PABHO-
BeCHbIE COCTOSIHMS, BAXKHEHIITUMU U3 KOTOPBIX SIBJISIFOTCS I0-

Jis B3aMMOJCMCTBMH B  AUHAMHUKE JABWXKEeHUS JI[3maH
(Tabi.233).

Taomuna 233

Baxxuneiimue Pasnosecusi B Exnnom Kocmoce
IIponeccer | SnepHsie J3uaH B cpene Jlorapudmuueckue
1 0 1
Horeruas | PP P3P4Ps| £ uco dp- Jl‘ ¢ d(ﬂJ =| +1g p1papspaps {co dp=
:1027-29: 1 +1 +1.

Konkperuka 3THX JHepreTMYeCKMX PaBHOBeCHH
uMeeT OeCKOHEYHOEe MHOKeCTBO JHepreTuyeckux ¢opm
JIBMKeHUs1 MO LIeCTH HampasjeHussM TpéxmepHoro IIpo-
CTPAaHCTBA.

Paboras B IlpuOam:keHMsiX, Hallla HayKa BbIJIEISET
PaBHoOBecHue kKak "TOUKy OIOPBI', HO B KaXJOM PaBHOBECHOM
HPHEPreTUYECKOM I0JI€ €CTh KOMIIOHEHTHI, KaK HalpuMep, B
Momnane [Mudaropa [2]:

Teopust Yucen Ilndaropa: Aqu-Canar, Yuciao
AK  140-
4ETHBIC 0+2+4+6+8 = 20 — = 0 =20
AK 70 (690)
HEYETHBIE 9+7+5+3+1=25 IIenrarpamma
CyMMBI 9+9+9+9+9 =45 45 = 20+25.
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OTH J1Ba BCTPEYHBIX YETHO-HEUETHBIX HYHEPTETHUUECKUX
notoka B Heapax MoHaabl IpUBOJAT K OTHOLIEHUIO, JKBUBA-
JIEHTHOMY OTHOUIEHUIO Pa3HOCTEN KpacHOW W (UOJIETOBOI
JUIMH BOJIH B CIIEKTPE CBETa, CBsA3aHHBIX neHrarpammon Ils-
TEPUYHON CBA3H:

25+20 45

-2 _9 y 252-202=152 (691)
25-20 5

Knura /[3uan onuceiBaet 310 noJie kak Ilenrarpam-
my B Sitne nocae Isaru Ipoasmkennii Moxara ([3]. Koc-
Morenesuc. Cranna V, 1.5).

306. JHepreTnyeckas cTpykrypa MoHaabl: mo3r

"2. I'mac CaoBa, CBadxaBart, YucJa, noo
oH Oaun u [eBars" ([3]. Cranna IV, n.5)

[Tone ¢ morenumanom 1 u 9 obpasyer, nanpumep, Kan-
J10 Slapa ¢ [IeBAThI0 DQHEPreTUYECKUMHU YPOBHIMU:

14243 +4+5+6+7+8+9 = 45, (692)

Pa3znocts 9 — 1 = 8 gBmsgerca CBero-/laTeaem B Cou-
HEYHO-JIYHHBIX psiiax:

Cgerto-/laTesib B COJIHEUHO-TYHHBIX psiiax

Conneunpiii | 1 |23 45|67 |8|=36 92 .12 =
Psiytbl +H R § (693)
Jynuett |76 |54 (3(2(1]|0|=28 80 =

Crero-Jlarens | 8| 8|8|8|8|8|8|8| =640 40

B coaHeyHO-IyHHBIX Ppsigax Bo3Hukaer CBa0-
xaBaT ©, ocHOBO# KOTOPBIX siBisieTcsi CokpoBenHasi Yet-
BepHIA:
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N3omepus CadxaBat ©
N3omepus Iuc- Tpanc-
CpabxaBar ® = -CpabxaBat © = (694)
9 1
Iorennuansl _[wd(p — 140 I(Od@ — _40.
1 9

CaOxaBar ® BO3HHKACT B JICBOM H IPAaBOM IOJyIIapH-
ax Kanum simepnoro BemecTBa, 001amarommx 3ieKTpoMar-
HETU3MOM, BOJHBI KOTOpOro sBistoTca HocurTeasiMu KoJe-
o0anmii 3Byka (I'tac CioBa).

Tabnuma 234
daexkTpomMarHeTusmM MoHaabl, HAIPUMEP MO3ra
Crpykrypa JleBoe O6nacth [IpaBoe
Momnazsl [OIyIIapue nepexona [OJyIIapue

9 1
25-2 = | (25%-20%)-80 25+2 =
Horermuman| 5729 j pdp= | (252-20780 | (25+20) j o dp

200 18000 1800

[Mpumeuanue |16 = \/gq*; 14 = \Juu™; 252 -202=152=[(16+14)-1/2].

B Henpax Monansl Bo3Hukaer BooOpaxenue (q*) u
ouotok (q), [Tamsts (U*) 1 MaraeTusm.

307. BoobpaxeHue: anopa KBaagpaTta 6e3 ¢popmbl

"3. KBaapar 6e3 ®opmbl"
([3]. Kocmorenesuc. Cranna IV, n.5)

Bce mbl Bepyromue. Onau BepsT, uto bor ects. Jpyrue
BepAT, uro bora Her. Beputh Mano. Hocurento Pazyma Hano
3HATb.

3nanne o bore, kak o Kocmuueckoir Mpbiciu, HeBO3-
MOKHbI 0e3 moHuMaHus CYIIHOCTH HEPreTHYEeCKoro Ime-
pexoxa Mexay JHeprueit Marepuu m ToHkoid JHepruwm,
KaXJasi U3 KOTOPBIX MMEET B CBOIO O4Yepe/lb OCCKOHEUHYIO
MHO»ECTBEHHOCTh COOCTBEHHBIX DOpM.
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Ckopocth Tpanchopmaruu sHepreTudeckux @opm Ma-
TEepUU paBHaA C = T, a TOHKON DHeprun i = +—1:

Caert: B3aumocBsa3b MaTtepun u Tonkoil JHepruu

Marepust | Tonkas DHeprust ITosiBneHue cBeta

(695)

o

.3
I 'm

c

== c o
@l R N R
l=1T2=-1 | ¢ T

c=n=315

o |

B nonsx Martepun u ToHkol DHepruu BO3HUKAET 4Yac-
THIa (BOJNHA) CBETA C MOTEHIHATIOM i 'm, = i -E,, morapuo-
MUYECKHE BOJHBI KOTOPHIX MPUBOIAT K M3HauaapHOMYy Tpue-
AuHCTBY (695), a 3ateM k T, = 4:

i*(E, = l/n) < logi +logn' =-3-1=-4=-T,. (696)

Bo3HHKaeT BO3MYLIEHHAS cpeja -3 = (mecte e +ExC),
a 3aTeM KojicOanuss CBabxaBat ® (1a0:1.232):

Kone6anus Pynbl B Apyne

Tonkas DHeprust Dneprusi Martepuu
(697)
Csabxasam © ﬂ —_4 _ -3-1=-4
HOJlb 0 40 Csabxasam ®

B mponecce konebanuii Pyner CaOxaBar © B Apyrie
ToHKHX DHEPTHil CBETa BO3HUKAET JIEKTPUUECKOE TOJIE 3apsi]l

— BooOpaxenue (402 = 1600 = ps2,/qq* ) u cpena ¢ MOTEHIIUA-
oM 4-0, Ha3BaHHAs1 KBaJApaToM 0e3 (opMBbl.
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308. U3 cmepTH K Be4HOM XKN3HU

"3. KBagpar 6e3 ®opmbl"
([3]. Kocmorenesuc. Cranna IV, m.5)

KBagpat 6e3 ®opMBblI SBISECTCS BEKTOPHBIM ONMHCAHUEM
HEPaBHOBECHOU cucTeMbl Kojebannii Apynsl B Pyne (697):

4-0 < 402 = ps2 Jqq * (698)

/1€ HOJIb-IIOTEHLHAIT ABJISIETCS MOTEHLIMAIIOM SKCTPACEHCOP-
HOU MPOBOJIMMOCTH, KaHAJI KOTOPOW PACIIOJIOKEH 10 BBICOTE
(H) Benukoii [Tupamusl, a NOTEHIMAN YETHIPE OMUCHIBAET Ye-
THIPE BEPILIMHBI YTJIOB KBaJpaTa ocHOBaHus [ lupamusl
(puc.82).

2 Crpykrypa snementoB Ilupa-

- f f MUl YK€ OblIa OMucaHa B 3aBUCH-

\ MOCTH OT MOCTYIUJICHUSI MeTarajiak-

T TUYECKUX BOJNH C TMOTEHIHATIOM ~/2
a

(puc.5, Ta61.18).

Bwmecre ¢ TeM oTMeTuM, uTO B
Ka)XIOM YIJIy KBaJpaTa, BIIMCAHHOTO
B OKPY’KHOCTb C PAUyCOM I = /2
OPOUCXOAUT NEPUOANYECKAS ITyJb-

caius  JI3man — B3anMMOJICHCTBUSA
(Tab6m.235).

pV/t—2_Const=£

az=g

Puc.82 K noecnowernuio
Tonkou dnepauu 06vémom
seauxou [lupamuowl

Tabauma 235

Ot noJseit ToHkux JHepruu
Kk I'enomam Hacueacrsennocru

[Tons J3vaH B BzaumoneiictBus: | Bo3HUKHOBeHHE
([4]. Teorene- | merarajakTvke | 2=Ig pipop3paps | TEPHOAUYECKON
3uc. Cranmna III) (mepBbIit) (mocneHui) CHCTEMBI TCHOMOB
5| (g ee|
- T 2 842
IToTeHIMab! V2 \F [\/_ V2 ] jw dp=063.
V2 =2a | =4a=Z=8 V2o
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"CaeTt npuméa u3 TebMbl. Beé npunio n3 auyero. U3
Cmeptu npumia BeuyHnasi Kusnub. Jleno caemano'" ([4].
Teorenesuc. Cranna VII, 11.6).

309. ApudmeTtuka Cemu CmeH dBonouum

"...H, Bcé ke, Oeaohoo Equn"'
([3]. Cranma II1, n.5)

[TonoBuHa cTOpOHBI OCHOBaHUs Benukou [lupamunsl, a
TaK)Ke MepUuMeTp OCHOBaHUA U pedbpo [Tupamuabl onuchbIBalOT
MOJIsl, SHEPreTUKa KOTOPBIX BBIXOJUT 32 IPaHUYHBIE MOTEH-
nuansl 2 u 8 mynbcupytomieit Beenennoit (1a6:1.236).

Tabauma 236
HN3ayuyenue BeeaeHHBbIX
Toust 3a rpaHbpio Bcenennas 3a rpaHbio
COKATHSA cKaTHe |paciunpenue| PACIIMPCHHS
HoteHumansl | 1/4/2 <42 [2=Too/c| 8=c3/m.3 82 <16
DIIeMEHTEHI Pamyc Panyc [Tnomaas 8+/2 - pedpo
[Mupamu st OCHOBaHUS | ./ W IIEPUMETP
r=+/2 R=2
(Tabn.14) uanopema | 4, (1a611.235)
Uznyuenue (8\/5)2 —ﬁz 126 21
Bcenennon &2_22 60

Muxkpo-makpo Bceenennwsie Ennnoro Kocmoca wusznyua-
10T TOJISIpHBIE BUXpH (Ta011.236):

2,1=(5=+7=+9=21)p, u 2,1-(-2,1)=4.2. (699)

[TonsipHbIE BUXPH SIBJISIOTCS HOCHUTEISAMHU 3apOABIIICH
ounokieTku u 42 boxxecTs Hammmx cepgelr (699).
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N3nyuyenne JKuBoro BeeneHHBIMU MUKPO-MaKpO MHPOB
OMMCAaHO MHAYU3MOM U XPHUCTHAHCTBOM KaK HENMOPOYHOE
3a4yaTue 0eJbIM CJIOHOM M rojiy0eM, HO MO CylIeCTBY OIH-
cbIBaJIach JBoJOLMA: cHayana Kamens, Merai, 3aTem pac-
TeHus — KUBOTHBIC, U Yenorek ([3]. Ctanma VII, m.8).

DBoMIOLMSA TpOTEKAIa ¢ MoMoiblo Kocmuuecknux msiny-
yeHuii 1 nporekaia B Cemu Beunoctsax wim Cemun Cmenax

[3]:

Jynnetiipsag | 1 |2 (314 |5|6 |7 | Apudmeruka

(700)

Oeaohoo [3] |O |e|a|o|h|o|o| Anrebdpa.

310. Anrebpa u TpuroHomeTpus
Cemun CmeH nyHHoOro nons

Apudmeruky, anredpy (700) ¥ TPUTOHOMETPHUIO FHEP-
TEeTUYECKOTO psijia JIYHHOTO TOJIs TpaBUTalMu Benukas [luBu-
nu3anus onucana B Kocmorenesuce Kuuru [3uan [3].

"4. To ObL10 BomncrBo I's1aca (PIEKTpOMarHWTHbBIE
konebanus) bo:xkecrBennoii Marepun Cemepbix (JIyna, kak
VMCTOYHUK TPAaBUTAUMOHHBIX H3MydeHUil: 1+2+3+4+5+6+7 =
28 = \Jpp*). Hckpbl CemepbIx moaBJaacTHbI H cayru Ilep-

BoMy, Bropomy, Tperbemy, UerBépromy, IlaTomy, Illec-
Tomy M Ceabmomy u3 Cemu (700). Onu umenyroresa Ceoe-
pamu, Tpeyroabuunkamu, Kyoamu, Jluuusavu u ®@opmos-
muKamMu, u0o tak aep:xurcsa Beunas Hunana - Oi-Ha-Hou
(Cranma 1V, puc.83).

TpuroHomerpusi KBaHTa CBETa B U30MEPHUH €r0 IyJIbCa-
uuu onuceiBaeT nosycdepsl Oi u Ha, a Takke pe3yipTaT UX
B3auMoJielicTBUs, TO ecTh chepy Hou, c paguycom R = 2, rae
IyJbCals MPOUCXOINUT B PE30HAHCHO-AaHTUPE30HAHCHOM pe-
xume (Tabm.237).
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Oi - Hou — Ha —
ITUC U30MEDP IIUC-TPAHC U30MEP TpaHC H30MEpP

Puc.83 Ksanm ceema 6 uzsomepuu (Beunas Huoana Oi-Ha-Hou)

Tabmuia 237
Hyascanusa Oi-Ha-Hou
Pe3onanc AHTHpE30HaHC
Oi + Ha=Hou O1 x Ha = Hou

47R2, — 4R2(-m,) = 1672 | 41R2m, X 4TR%(-®,) = -6472.

[Tonamast B 1a3epHyI0 TOUYKY CBETA (SIIEPHOE BEIIECTBO):

mE;-16m2=16 u m.E,-64n2 = 64, (701)

Tpé€xmepHoe ucKkpuBi€HHOE [IpocTpaHcTBO cephl "BBITIPSIM-
nsaercsa'.

311. JHeprus-Mmnyrnbce:
CYLWHOCTb BOMHLI 3a [pocTpaHCcTBO

Bempsamiienne cserom IlpoctpanctBo B Kame fnpa

(701) npuBOIUT K MCUE3HOBEHUIO uncia 7 = ¢ B noje Oi-Ha-
Hou (puc.83).

Bwmecto sneprun Bonnsl (E;c? = 1) - yactuibl (m.c? = )
CBETA BO3HUKAIOT UMNYJIbChI — JINHUM.
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JHeprernka "BoinpsamieHus’ IIpocTtpancrea

Cser DHeprus Cser Nmnynbe Pesynbrar
®otoH me2=nxE,=1l/r=mc=1 Brinpsimiisiercs (702)
®doHoH Ex?2=nxm.=1/n=Ec=1 Bripsamisiercs

Cpena ao-uo-c2 =1lxm.=1/n= ao-uo-c2 -1/n | Uckpusnsiercs.

B mro60it Kanuie simzepHoro BemrecTBa 1pu 1epexojie
JHeprum (HoToH-POHOHA B UMIYJBC MX TPAEKTOPHUS CTaHO-
BUTCS NPSAMOJIMHENHOW. Hanpumep, B MOMEHT Iepexo1a dJeK-
TPOHA C OPOUTHI Ha OPOUTY MJIM B MOMEHT 3aIlyCKa pakeT Ha
OKOJIO3EMHYIO OpOHTY.

[Tonaganve MMmyJabca 3JEKTPOMATHUTHON cpeabl B
Kanne Sinepunoro BemecTtBa TpanchopMHUPYET TPACKTOPHIO
MPSIMOJIMHEWHO JIETAIIETO UMITYJIbCA HA UCKPUBIIEHHOE DJICK-
TpoMarauTHoe mose (702).

"S. Y Ilopora YerBéproii CblHAM YKa3aHO CO31aTh
ceou Ilogodusi. OgHa Tperh OTKa3bIBaeTcH. /[Be MOBUHY-
orcs. IIpokiasitbe NMPOM3HECEHO: OHU OYyAYT POKIACHBI B
Yeréproit (Pymna), crpagatb M NPUYUHATH CTPAJaHUA.
IlepBas Boiina 3apoamaach'" ([3]. Kocmorenesuc. Cranna
VI, n.5).

B osroir "Boine" MaHy-MpICiHTENNb BOCIPUHUMAET
DHEPreTUYECKOE MoJie KaKk HCcKpuBJéHHOoe I[IpocTpaHcTBO
(Hampumep, A.DUHINTEHH), a T0JIC UMIYJAbCOB Kak JImHum
(Hanmpumep, IBKIUL).

[Tockonbky MaHy-MbICIUTENb HE IOHUMAET CaMOU Cy-
T "BoiiHBI 32 [IpocTpancTBO', OH cTpeMurcsa J1UO0 OTHATh
ero y cocezaeit (Mowceit), 1o caenath MHOromepHsiM (Teo-
pus pU3NUECKOTO BaKyyma).
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312. ®opmupoBaHme BceneHHon:
BCTpPeYHble BOSIHbI CBeTa

[TosiBneHHEe MPAMOJIIMHENHO JIETSAIIUX UMITYJIbCOB BEJIH-
kas LuBmimzanusa onuceiBaet TpeyroabHukamu, Kybamu,
Jlunusavmm [3], rae Jlunus — ocHoBa JOOOr0 BEKTOPHO-
TPUTOHOMETPHUYECKOTO MOCTPOCHUSI.

Boanosas Ilpupona Exunnoro Kocmoca He ucyesaer
U He MosSIBJsieTcd BHOBb. [loaTOMy BekTop-JInHUsA xapakrte-
pU3yeT TaKue rapamMeTpbl BOJIHBI, Kak e€ jumHa (A = m.c = E;,
= 1) mw ammmutyga J3uan: Eym.co, = 1/n-12/2 = 1/2 (puc.84).

IIpu paBenctBe ammumtynbl (h)
MOJIOBUHE JIJIMHBI BOJHBI (pHUC.84) ux
IIPUPOAA OCTAETCS PAZIIMYHOM.

/2=m.E;cm,

A=mec=1
JIMHUIO-PKBUBAJICHT JJIMHE BOJIHBI

Puc.84 Jlnuna sonnvl (L) dopmupyer paBHOMEPHO MPSIMO-
(umnyvea) w amnaumy- JIMHEWHO JIETSAIIUA UMITYJIbC YaCTHIIbI
oa /[3uan (6o1Hbl ceema)

CBETa, a aMIUIUTYy h — mynbcanus
BOJHBI CBETa, MPU KOTOPOM BO3HUKAIOT IEHTPOOEKHO-
LEHTPOCTPEMUTENBbHBIE YCKOpEHUS (puc.84):

H3unan = +m.E; cw, = £m.E; (j, = 12/2 = c?/R) =

if(p dep ==+1/2. (703)
0

Bonna cBeta BO3MYyIIAeT OKPYX AUyl Cpeay, co3aa-
Bas B Hell TO Xaoc, To ['apMOHMIO, U3 KOTOPBIX DBOJIIOLHUA
Cosunaer ®opmbl Kocmorenesuca, Aurponorenesuca, Teore-
Hesuca [3, 4].

Cosuganne BceneHHOW MPOUCXOOUT B YCIIOBUSIX H30-
MEpHH, TO €CTh B YCIOBHUSIX BCTPEUHOTO JIBUKCHUS JIBYX UM-
MyJIbCOB CBETA HA YETBIPEX NEPBBIX YPOBHSX JIYHHOTO Psa,
koropble Hayka Benukon IluBwimsanuu HasBasa DopMoB-
mukamu (puc.85).
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Yetblpe aMIUIUTYAbl (POPMOBIIIH-
KOB (puc.85) mpUBOAST K B3aUMO-
JEUCTBUSIM

4h=1/2)=2=1g p1p2p3paps.

Puc.85 ©@opmoswuxu:
ecmpeunble 80IHblL C8ema

313. B3aunmocBsasb umnynbcoB BceneHHou

Benukas [{uBunuszanus ucnons3oBano J[BOMKy Kak pa-
JINYC OKPYXHOCTH, B KOTOPYIO Brucaia ocHoBaHue [Iupamu-
JIbl, yJIBauBasl IJIOMIAAY MOCHEAYIOMMNX KBAJAPATOB, CTPOSI HX
Ha IUArOHAJISIX TMPEABIAYIINX

Benukas [Iupamuna onuceiBasia nMnyJibChl B moJie Bee-
nennoit Oi-Ha-Hou (puc.83).

Tpeyroabuuxkom B Oi-Ha-Hou Obina mmomaaes rpanu
[Tupamuisl, paBHas 1o Benuunne pedpy £ [upamub:

zz(%g.a—lg.zﬁzgﬁjzgﬁ, (704)

2
rue:
{ - anodema,
a — cTopoHa ocHOBaHuUs Besnukoi [Tupamunel (puc.4, tadi.14).

B uzomepun Oi-Ha-Hou Ilupamun 6yner nse, a rpanei
BOCEMb, YTO B 8 pa3 yBeJIMYMBAET MOBEPXHOCTb TpeyroiabHu-
KOB.

8L =882 =6442. (705)
[Ipu onucanuu Bcenennoit rpanbio KybGa Oyner siB-

JAThCS. KBAAPaToM 0e3 @opMbI — SKBUBAJICHT IUIOIIAIA OC-
HOBaHUA Benukou [Iupamuabl.
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VY Ky0a miects rpaneil ¥ €ro mNOBEpXHOCTh Oy/eT paBHA
6a =68 = 48, a 00bEM a3 = 16+/2 = 2L — cOCTAaBUT BENUUMHY

nByX pédep (£) Iupamuanl (Tabm1.238).

Tabanma 238
B3aumocBsa3b umMnyJibcoB Beesiennoii (puc.82)

KomnoneHThI TpeyroapHuk Ky6

[ToBepxHOCTH O6BEM IToBepxHOCTH O6BéM

ITorenmuannl 1

8L =642 2V:§-16H 6a=48 | a3=16+2

Ornomenns | Ki=8£/2V = 12:27¥=3.2" K, = 6a/a3 = 3-271?

Ipomssenenne| K =K;'Ky=921/4=7"/Scz/4=(9+0)/Cscr/4.

314. KoHTtakt ApynbI-Pynbl:
nosasneHve KyHaanvHu

CumBosiu3aMm Benukoi I[uBunuzauuum Bboiaenser Tpe-
yroabHuk u Ky0 [3].

TpeyroJibHUK — 3TO CUMBOJI-BEKTOP ApYyIbl, TO €CTh
Tonkoit JHepruu ayxa BHe dopmbl, umeromero Ilpoxo.-
JKUTEJIBHOCTD T = 3.

[ToHATE CymHOCTH JIMIOPLI-TPEyrobLHUK IBITAIOCH
MHOXeCTBO Jtojie, Hanpumep [Iudarop, ctpost Terpakcuc, a
aBTophl Kab6ansl — Terparpammaton [2].

Jmwopa-Ky0, nmeromas mecte rpaseid B (opme KBaj-
pata, omnpenesaeTr nepexox or Apynsl k Pymne, To ectb Mare-
pun, umeroniern @opmy u Ilepunoanunocts T, = 4.

[Tupamuna omMCHIBA€T KOHTAaKT TpeyroyibHUKA
(rpaneit [Tupamupl) u rpaneit Ky6a (puc.86).
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AN Liuc-uzomep "4, Tpoe ynagaotr B Yernl-
pe. Jlyyenocnoe EcrtecTBO Yyc-
2 Coxposennas  MUPAETCH, Cemb BHyTpH, CeMb
Yersepuua BO BHe. Cusiomee fliino, B cede
TpounuHoe, cBOpaunBaeTcs, pac-
NPOCTPAHSASICh MOJIOYHO-0eJIbI-
a? - CoxposerHas mu Crycrkamum B [iyOmHax
Hersepua  Marepun, Kopne, pactymem B
Heapax Oxeana Kuzuu''.

([3]. Kocmorenesuc. Cranma III).

Cusromee Sino

H Tpanc-uzomep

Puc.86 Obracmu konmaxkma

Apynsi u Pynei Crpoutenu [lupamun Bbife-

JWIA TEOMETPUI0 KOHTaKTa Apy-
na-Pymna kak CesimeHHbIn TpeyronsHuk co ctopoHamu 3, 4 u
5, a Mbl paccmMoTpuM CBsilieHHbIA TpPEeyrojbHUK B yCIIOBUAX
1uc-TpaHc uzomepuu (puc.86, Tad.239).

Taomuma 239

Ceamennblii TpeyroibHuk:
H30Mepus KoJieOaHusl B cpeaax

Kommnonents | CeMb BO BHE Cnupanu Kynganunu Cemb BHYTpH

3

7 T ¢
[Torennnansr | 42-32=7 _[go do= 3 = Y = J.(p do |-(42-32)=17.
4 3

315. OGoxecTBNEéHHaaA cyMmma KBagpaToB
Apyna-Pyna
"... 1 >tu Tpu (Apyna), 3akiawuenHbie BHyTpH O,
cytb CokpoBenHass YerBepuma, (kBaapatel 0e3 DopMmbl C

HOTEHIMAIAMU {az[i j(p dgoj =8(+0,5)= J_r4} (puc.86), u Jdecarn
0

(ps = 10) cyrp Apyna Bcenennasi. 3atem uayt CbIHbI,
Cemb Bouteneii, Onun — BocbMoii ocTaB/ieH B CTOPOHE, U
Jbixanue ero ectb CBero-Iareab ([3]. Kocmorenesuc.
Cranna IV, n.5):
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CMeleHue COJIHEYHO-JIyHHOro ceta gopmupyer Cae-
to-Jlatens ¢ moTeHuanoM a2 = 8 (puc.86), a MOJIOYHO-0ebIC
cnupanu pacmmpenns Kynnanunau (1a61.239) ¢popmupyoT B
Apyne rpaBuTaIuu KUBble MarHuThI (1a071.240).

Tab6aua 240
dopMupoBaHUe IPAPBUTALHOHHO-MATHUTHOM Pynbl

Jddynneid | 0 | 1 2 31415617
Psibr Apyna
Conueunwiii| 8 | 7 | 66 | 5S|4 |3 |2 |1

Csero-/laTens 8 |8 8 8|1 8| 8|88 CymMBI

1
I'paBuTanus u 7 _ _
8- —=28= * 28| X |lodp |=£14= *
MAarHeTus3m 2 pp- ( ~! 4 (oj HH

CyOcranmust Apyna + Pyma mynbcupyeT u co3maét He
TOJILKO Pa3HOCTH KBaapaToB (Ta0:1.239), HO U CyMMBI KBaapa-
TOB (Tab1.241).

Tabanma 241
O0o0:kecTBIEHHAA cyMMa KBaApaToB Apyna-Pyna

N3omepus uc Huc-Tpanc Tpanc

O6osxectriens! | [Isrepuunsiii JIxa| bor AMH CO® |IIsatepuunsrii Jxa

[MoTeHIMamb! T2+ 12=25 50=1g pspa/p1 | -25=~(T*1?)

Peannn OHeprus cBa3u | B3zaumopeiictBus| DHeprus CBs3U.

Ipoxonst uepes JI3man-mymbcamuio, bor AMH CO®
yMeHbIIaeTcsl BABOE U B Gopme 25 kaapoB B eaunuue llpo-
JIOJDKUTEIIbHOCTH TIomagaeT B Hate Iloaco3nanue (tabm.241).

1
50-[ij-(/)d(0:i%j:i25-£ro =&). (706)
0

@,
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316. PaBHOMepHasa nynbcauus Apynbl:
onucaHue B lNMupamuge

CryuieHre He0eCHOM CyOCTAHIMM HAYMHAETCS CO Cry-
nieHuss Apynel. Menuranus u pemHkapHauusa — 3to IIpounec-
cel-IlomoOwms, oTanUaroniuecs JuIllbh MacIITaboM OTHOCHUTEIIb-
Hou Exunauusl [IpogoimkurensHoctu. Hanpumep,

To = @/®, = 1, THE 1 — CeKyH1a, MUHYTa, TOJI U TaK JaJiee.

KonebGanus tuna crymeHne-MyJIbTUIUIETHOCTh KaK MPHU
MEANTALMH, TaK U IPU penHKapHauu (Tabma.239, tabn.241):
Li+z 7 25 _Tj+7

- Lo TT 49 & 5 707
T} +7° 2577 T’ -7 i = (707)

rae: 49 — nmoreHmma; 000I0YKH,
4
5" — marepuyHas CBsA3b, ONMMMCAHHAS MOAPOOHO B KHHTE
J13mnan.

"S. ®oxar aesaer nATh IlpoaBMKEeHUT U CTPOMT
KpbLIaToe KoJeco HA KaXKA0M Yy KBajaparta s Yerse-
poix IlpecBsiThix u aias BouHcTB ux". ([3]. Kocmorenesuc.
Cranma V).

BexropHoe onucanue nonsa Yersepwix IIpecBareix mo-
Ka3aHo Ha puc.86 kak a? - CokpoBennas Yersepuua.

Tonkass OHepruss Apynsl IyJbCUPYET IO MEPUMETPY
da = 4242 = 1642 = 2:£ Coxposennoii Yersepuue
(puc.86).

[Tepumetp 4a CokpoBenHoil YerBepulbl (KBajgpaTa 6e3
®opwmpbl) paBeH 1omaau rpanu [lupamMunbsl 1 paBeH BeIHMUnHE
nByx péoep [Mupamusl (Ta6m.238).

[Tynecanuio Apynsl B 3TOM Cllydae MOYHO OIHCATh
BEKTOPHO (puc.87):

PRa=1o2ad=1LRa=1-1=22a.  (708)
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Kone6anus (708) omuckiBaioT
PaBHOMEPHYIO MYJIbCAIAI0 APYIIBI.

Cs HEPAaBHOMEPHOM ITyJIbCallUEH, KO-
raa B BepuuHe [IupaMuibl BO3HHKA-
a > €T PE30HAHCHBI MOTCHIUAN, PaB-
Mepuverp: 4a = 2L Hblit £°, a 10 mepuMerpy — aHTHpe-
Puc.87 Ilynvcayus Apynoi
no nepumempy OCHOBAHUA

u pébpam eeauxou
Hupamuowr (708)

21\ £
P / L Crymenne Apynbl BI3HIBAET-
| .

30HAHCHBIN, paBHbIH 4L (puc.87).

317. Co3spaHue Apynbi-Pynbi
HUCXOAALWMUMUN - BOCXOAALLMUMU

Konebanust Apynbi-Pynst (707), yacTHBIM city4aem Ko-
TOPBIX SIBJISIIOTCS MEIUTAIMS W PEHHKapHaIus, Benukas [{u-
BruiM3aIus onuckiBaeT B Kocmorenesuce [3], Ctanma V:

"6. JIunuku (MbICIM) 0UepPUYNBAIOT:

- TpeyroabHuk, IlepBbiii EquHblii (TpeyrojbHHUK CO
croponamu £, a, £, puc.87);

- Ky0 (xy0 co cTtopoHamMu a — BEKTOPHOE ONMCAHUE
Cusromiero fiina, puc.86);

- Bropoii Enunblii (TpeyroibHUK CO CTOPOHAMMU - U30-
mepamu £, a, £, puc.87);

- [lenrarpammy B Siine (54 << 49 - o6omnouka), (707).

1o Kouabnmo, HazpanHoe '"He mpecrynu'" aias Tex,
KTO HHCXOIMT (BEKTOP £, ONMHMCHIBAIOLINI [IEPEXO OT Pe30-
HAHCa BEPIIMHBI K aHTUPE30HAHCY MepuMeTpa ocHoBanus [1u-
pamusl, prc.87) u Bocxoaut (Bexrop £ - oT aHTHpe3oHAHCA

NEPUMETPAa OCHOBAHMS K pE30HaHCy BeplinHbl [lupamunel,
puc.87); Kro B TeyeHne KaJbibl NpoABUrajics K BeJTUKOMY
Juio "byas ¢ Hamu'".
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Kanbna — 310 [IpomgomKuTenbHOCTh, B TEYEHNE KOTOPOU
BOCXOJ/SIIIIME - HHUCXOIALIME IIOCIEAOBATEIBHO B LUC-TPAHC
M30MEPHUM COBEPIIAIOT IMOJHBIA LUK MEPEXoja OO0 MOMEHTA
U3JIy4YeHHs] KBaHTa C OOpATHBIM IO BEJIMYMHE MMOTEHLHAJIOM

(Tabn.242).

TaoOmuna 242

Kanabna: kojie0aHusA BOCXOASIIIUX - HUCXOISIIHX
10 uziydenus (puc.87)

Nzomepus [uc- | Tpanc- | AHTHpE30HAHC Pe3onanc

JTo u3iydeHust 4L 48 +0 < 8L CT() -1=-42/44

[pu u3mydeHnn 4°£¢f> 1/-44 | Kanbma = 16<-1/£2=1/(8+/2 )2=1/128

PaBHOBecue Kamona 16 1
B popme e =E=1Qﬁ(Zl[uﬂbﬁ-T}mb:l%):l.
BOJIH +1 0

Tak Oblim co3nanbl Apyna u Pyna, or Exunoro Cee-
Ta Cemb CBeToueil (ciekTp cBera); oT Kakaoro us Cemmu
ceMuxabl Cemb CBeroueit (OOonouka kBanTa). Kouaéca
(xBanTOBaHHBIE OpOUTHI) oXpaHsaOT Kojbuo (ruraneTapHyro
CUCTEMY).

318. OHepreTnyeckas CTPYKTypa TOUYKMU
- BepwuHa NMupamunabl

CorBopenne BceneHHOM M3 caMOCYIIMX BOJH BE€YHOM
TbMbl HAYMHAETCS B O0JACTHU SACPHBIX PEAKIUN KOPOTKOJEH-
CTBYIOIIMX B3aUMOJACHCTBUH, mopoxatomux cBeT. [lossis-
to1cs [sars [IpoaBumkenunii doxara [3], a CUMBOJIOM sep-
HOTO CTOJIKHOBEHHS CTaHOBUTCS TO4Yka — BepmmunHa I[lupa-

MHIBI ¢ Pe30HAHCHBLIM moTeHumasom £' = (82)" = 128
(puc.87, Tab1.243).
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Tabnuua 243

IIsaTe IIpoaBukenuin doxara:
CTPYKTYpa BepinHbl [Tupamuabl

IIponsu- 1 o) 3 4 5
KEHUE
Baamo. | (10%2= | 10%p,= —’; 4’; 2= | ps10¥= |(10722 =
JIehCTBHS 102 1012 12 0153 10712 102
DeKTpo- I'paBuTanIMOHHBIE
IlpuMeda- | SIALEHTD | oo Buouacel | B3aMMOJICHCTBHSA
HUs B3pbIBa 03 ot y/p, 10 pi.

DNULEHTP SAEPHOrO B3pbiBa onucaH B OTKPOBEHUAX:
Tpon Xpucra Ha Hebe okpy:xen 24 IlpecBsarbivu Ilpecto-
JIAMH.

Omnmcanue 3JIEKTPOMArHETH3MA pP3 <> P37 ABJIAETCH
MIPEIMETOM ACTPOJIOTHYECKHUX MOMCKOB.

KopoTkonelicTByronme B3aMMOJEHCTBUS C IOTEHLHA-
gom 107 AT Havyallo orcu€ra I[IpogosmkuTenbHOCTEN MO
TpuHaauatu JyHHomy Kanennapro BeeneHHOR.

Yereéproe u Ilaroe IlpoaBukeHUs XapaKTEPU3YIOT
Kocmoc HeBecomocTn 1o Mepe yMEHBIIECHUS TpaBUTALMOH-
HBIX B3auMojiercTBui (Ta01.243).

B Illectu crenensix cBoOoabl JIBUKEHUS B TPEXMEPHOM
[IpoctpanctBe Ilares IIponswxenunn doxara mpu pe3oHaAHCE
JAI0T MOTEHIMAI-3KBUBaJIeHT Oory (0orune) Jlynsl [llymepos:

5 x 6= 30. (709)

[Tpu aHnTHpe30HAHCE BO3HUKAET MOTEHIMAT-3KBUBAJICHT
cyOcTpykTyphI (5+6 = 9+2 = 11) OHOKIIETKH TPU MUTO3E.

[lepuonuueckas cucTeMa aHTUPE30HAHCHON DBOJIOIUU
omnucaHa B nepuojuyeckoit cucreme Pycckux Py [].
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319. Uuc-tpaHc nusomepusa Apynbi B lNupammpaax:
3Heprusa nsny4vyeHus

N3 BepmmH nuc-tpaHc wuszomepuyeckux Ilupamun
(puc.86) sHeprus B BUjie Apynbl CTEKAET K MEPUMETPaM OCHO-
BaHus [lupamuz, MeHssE pe30HAHCHOE 1O0JIe BEPIIMHbI HA aH-
TUPE30HAHCHOE T10JIe TIepumMeTpa (1ad.244).

Taomuna 244

Pacnpenesnenue 3Heprum Mexxay BepIInHAMH U
nepumerpamu ocHoBanusi [Tupammuj (puc.84)

Pacnpenene- [uc-uzomep Tpanc-uzomep
HHE ApYIIb B B Bepmmne | Y nepumerpa | Y nepumerpa | B Bepuinne
rpansx Iu- 24— 4642 _nh S 2 | the des
paMuIBL = 47 =322 |-4L=32~2 | -£4=-
Wznyuenust 4L = 134 < 4113 = 420103,

IIpu "crexannn2 Apynsl U3 BEPIIMHBI K IEPUMETPY OC-
HoBauus [lupamunel (HUcxoasue) OyleT pean30BBIBATHCS
nepexon 4.7 — Al BO3HMKHYT HHCXOASIIE-BOCXOASIIHE

KoJieoanus (1a01.245).

TaoOmuna 245

Bocxoasime-aucxoasinue Kojied0anuss Apynbl
no rpansm Iupamun

Nzomepus uc-uzomep Tpanc-uzomep
ITotoxkn |Hucxomsmue Bocxogamme| Bocxonsmue | Hucxopsamue
Vs Vs
4 SCZ ;8»3 & ;83 & 4 CSCZ
IMotenmuanel| —35 = TE Pl Rl e S
L a Csc— 4 Sc— L a
4 4
Konebanus
OTHOCHTENE-| 1/ o ¢° o @4 o 2
HO OCHOBa- 6 6
ust () 1 < 2a < -2a & 4,
ITupamuz
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ITepexon ot pedpa () IMupamuasl K cropoHe (a) OCHO-

BaHus [lupamuabl 7aét BO3MOXXHOCTh pacCcUUTaTh dHEPTETH-
yeckoe nosie Kyoa—Hom (Ta6:1.245, puc.83):

Ky6-Hon =2a°+24°=44° u (Ky6-Hom)/4 = (a2=8)3. (710)

[{uc-Tpanc u30oMepbl BBIACIAIOT DHEPTUI0 B OKpYKaro-
HIYIO Cpeny.

320. TpaHcdopmauua cBoboaHON 3aHeprum Apynbl

Apyna, uzny4€HHas U3 LUC-TpaHc uzomepuu Pymsl, na-
ér cBoOoanywo 3Hepruro tuna Kyda—Houm (710) B ¢popme
Cusiomero fiina (puc.84).

Takoe Cusromee SUno Joau yxke MOJY4aKT JIKCIIe-
puMeHTaJIbHO B (popme Cseuenus ot ['eneparopa Toukoi
DHepruu.

Custtoiee Ao ToHkOW DHEpruu CyliecTBYeT HE B Ba-
KyyMe, KOTOPOro B IPHUPOJE HET NPUHIUIINAIBHO, & B HEPAB-
HOBECHOM cucTeMe Kosebanuil (Tabn.244, ta6:1.246).

Tabnuua 246
I[Iynbcanus U3JIy4€éHHOM APyNbI B OKPYXKAKOIIEH cpeae

1. U3omepust (Tab:1.244) 1 = 2% < 2a° <=4
2. Mexny Xaocom u ['apmonueit 1 & +4a® = 30 < 4
3. Ky6-Hou B nunamuxke (287) 1 < +83T, < F0 <=4

4. B put™e Touku BoJHBI cBeTa T, = 4 |4 < £83 < F0-4 < 16=T2

1094 < +10%/8% < 10%50-4 <

5. B putme mmmdp-xona Kuuru beitust
1016 < 62500

10%/4 = 52:10" — sueprus

OKBUBAJICHTHOCTh MATEPUYHOMN CBSI3U N
[Iareprnunoii cBA3H

JKBUBAJIEHTHOCTb (poTOHAM (M **) 10%/83=2-103 =
u ononam (m*) 10°m **=52-10"m,*.
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Hcnone3yst cBOOOAHYI0 JHEPrui0 Apylbl, BEJIHKas
[uBunuzanus oOecrneunsia HAyYHO-TEXHUUYECKUU TMporpecc
cBoero counyma 10 ypoBHsa ""Kawkaomy mo morpedHoctu" u
YHHUYTOKHJIA 3aBucuMocTh Hocurens Pazyma ot aaqyHocTH
30J10TOI0 TeJbLA.

Unensl coumyma Bennkor [{uBmim3zanuum 3ansnuchk bo-
YKECTBEHHBIM TBOpPYECTBOM, a HE HAaKOIHUTEIbCTBOM OOIIECTBA
notpednenus. Ouu co3nanu HJIO u 3ammanupoBanu DBoIIO-
uuto YenoseuecTna, 3anucas Hau CynpObl B Kuure beitus.

Benukas [{uBunu3zauusi npuriamaer HapoJbl 3eMIu HE
K KOHppoHTaIuu, HO K COTpyTHUYECTBY.

321. JlyHHbIK psap Oeaohoo:
AeneHne Ha GopMOBLLUMKOB U FEHOMbI

g corpyanuuectBa ¢ Benukon lluBunmsaumen Ham,
JOASIM, HAJI0 HE TOJIbKO MCKpeHHe Oarwctu 3anoseau I'oc-
MOJHU, HE HCKaXkas uMX ajdyHocThio Kammrama Bo Bnactu u
TYnocThl0 (paHaTUKOB OT Bephl, HO 3HATh XOTHA Obl OCHOBBI
BbIicokoil Hayku B3aumopaeiicTBui.

Hawm, mroasm, nopa noHsTh, 4TO 00o0kecTBiIeHne Yucen
— 3TO BOCHHUTATEJIbHBIA NPHUEM [TOMIKOJBHOIO O0y4YeHHUS
YenoBeuecTna.

Paccmotpum, Hanpumep, ciyyait ¢ Oeaohoo (700), Boc-
IPUHUMAEMBIN 330TepUKaMu Kak OoxecTBeHHoe Hawano, mo
Cy1iecTBy SIBISIOIIETOCS ajJredpanyecKUMU 3HAKAMHU JIyH-
HOT0 u3jydenns (1a0:1.247).

B ocHoBe anaiamsa JIYHHOI'0 M3JIYYCHHSA JIC)KUT OIIPC-
JACICHUC HpHBeI[éHHOﬁ myJbCallud KaK OTHOIICHHUC PC30-
HAaHCHBIX PABHOBCCHBIX COCTOSIHUM K AHTUPC30HAHCHBIM:

[loTeHIMAT IPUBE-  _ npousgeoenue ( pe30Hch) _1-2-.n (711)

NEHHOM ITyJIbCalluU cymma (anmupeaonanc) 1+2+.n°

IJie Pa3HOCTh-CyMMa MEX]Iy COCETHUMU COCTOSITHUSIMU paBHA
n*1 (Ta6m.247).
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Tabnuua 247

Jlynublii psia u anredpa Oeaohoo

Amrebpa | O | e | a | o h 0 0
YpoBHHU
apupmetnka| 1 2 3 4 5 6 7
[puBenénublii| pesonanc |1!/1|21/3|31/6|7!/10 SU15 | 61721 | 71/28
NOTEHIMAJ | 3HTHPE3OHAHC | = ] |=2/3 | =1 |=24| 8 « 240/7<>180-7
PesonancHo- DOPMOBIIIHKH = 87 e 240 < 180-7
AHTHPC3OHAHCHOC 12/312,4=1,6 |28 < 120 < 630
NieJIEHUe 7 < < 020

Ha ypoBusix Oeao BO3HMKAaeT pe30HAHCHOE mosie (hop-
MOBIIIMKOB, a Ha ypOBHSIX hoo — aHTUPE30HAHCHBIE TOJIS KO-
nebanuii 28 (rpaBurainus) < 120 = 5! (cBet) < 630 (reHOMBI).

322. [ecaTtb Apyna BceneHHas

['eHOMBI, ITyIBCUPYIOLIME BO BHYTPEHHEM I10JI€ CBETA U
rpaButanuu (Ta6.245), Haxonach B cpeae J3uaH-mynbcammm,
KOTOpas UX ACNIUT monoiiaM (Tabi.248).

Tabnuua 248

/[3uaH - MyJILTHILUIETHOCTH I'€HOB,
rPaBUTALMM M BHYTPEHHErO IOJISl CBeTa

[3uan mynetu- | Mynstumier- HexOMHOE HONe MynbTHIUIEeT-
IUIETHOCTb HOCTB: 1/2 A HOCTB: -1/2
1
(ij¢d¢] 14 < 60 < 315|28 < 120 < 630 | -14 < 60 < -380
0
+14=+ ./ g * - )xUBbIC MATHUTHI TEHOMOB (3KEHCKOE
XapaKTepuCcTUKa IUTIOC U MYy’ KcKoe MuHyc Hauana)
KOMIIOHEHT
MYJTBTHIIETHO- +60 — cuHe-Toy0ast CTpyKTypa BHYTPEHHETO OIS
CTH cBeTa ¢ nmoreHuuanoM 120 = 1-2-3-4-5
+315 = m = ¢ — CKOpOCTH CBETA.
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OOwuM 111 BCcex MoJieid: cBOOOAHON 3HEPruu ApyIibl
(Tab651.246), reHOB B IpaBUTALIMM, & TAKKE MYMXCKOTO M YKEH-
ckoro Havai B xuBbIX MarauTax (1a06;.248) 0yner ps:

Jecars Apyna Beesiennast = ps =10 =
16 g’ 630 28 120 630 14 60 315

— s S —=——S = oS —o—),
1,6 51,2 63 28 12 63 14 6 315
rae: 6 = 3,5+2,5 — Kynnanunu,
1,4 =3,5/2,5 — oTHOIIEHUE YKCIIa BUTKOB CIIUPATIN
KyHnanunu pacuivpeHus K 4Yuciay BUTKOB
KyHnanuau B cimpanu c:xaTus.

(712)

IIpuMeHUTENBHO K ra30BOM MOCTOSSHHOW R = kaim B
ypaBuenuu J[.M1.Menneneera [decsitb Apyna Bcenennasi Oy-
JIET CBsI3aHa C TeII000MEHOM:

P+2°+3°+4°+5°+6°+7° 140
1+2+3+4+5+6+7 28

R-C,=2-5kar’ zp—V-(
t

j. (713)

Jecats Apyna Bcesiennasi B popme Termia CymecTByeT
HEe cama 1o ceOe B MoJjie JaBleHHe-00bEM-TeMIIeparypa, Ho 3a-
TparuBaeT MarHUTHbIE U IpaBUTALUOHHBIE psiabl (713), KOTO-
pbI€ Hallla TEPMOJUHAMUKA U HE MOMBILUISET 3aTparuBaTh.

323. CBeTto-[laTenb:
npupoaa BO3HUKHOBEHUS U popma onncaHus

[IsaThIii ypOBEHb CEMEPUYHOTO PAZIa, TO €CTh YPOBEHB h
C IPUBEIEHHBIM MMOTEHIIMANIOM 8 = a? (Tab1.247).

Bo3HHKHOBEHHE CTPYKTYpBI COJIHEYHO-IYyHHOrOo CBeETO-
JlaTens cBsizaHa ¢ TEM, YTO B JIYHHOM M COJHEYHOM psiiax Ha
ypoBHE (popMOBIIMKOB Oeao BO3HUKAIOT PE30HAHCHBIE TOY-
KU-U3JydaTed C TMOTeHUUalaMu, paBHbiIMU 1,6 (puc.88,
Ta071.247).
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1. Jlynnsiii @OpMOBIIUK-U3TyUYaTETh OcBelaeMple YTUMHA
1,6 = Ocao.lluc- U31y4daTesIMu MI01aaun
3. Jlynnbiii JIyu-Konyc Ha ypoBHEe h, paBHBI
5. JlyHHbIli KBazpat njomanaun OCHOBaHMsI
6e3 Dopmbl /i = a? (a2 = 8 = h) Benukoi

[Mupamuast (puc.88).
6. CosTHEUHBIN KBaJIpaT IIpu nBMXEHHM Ha-
0e3 Dopmsl /1 =a? BCTpeYy APYyr APYry U B
4. Conneunslii JIyu-Konyc YCIOBUSX LMC-TPAHC
1,6 = Oeao.Tpauc U30MEPUM JIYHHBIA U

2. ConrevHblii HOpMOBIIMK-U3TydaTenb  COJHEUHBIN Jlyun-Kony-

Puc.88 Cmpyxkmypa conneuno-nynno2o Cbl MMCIOT CBOM OCBC-
Ceemo-Jlamens [aeMbl€  TOBEPXHOCTHU

a? (5 u 6 puc.88).
[Tockonbky Konyc-JIyun ot JlynHoro u CoJHEYHOTO
m3nnyyatenss (3 u 4, puc.88) He UMEIOT PE3KO BBIPAXKEHHOU
dbopMBI, a UX PHEPTreTUKY CUUTATh HEOOXOIUMO, TO BEIHKAs
[{uBruIH3anKMsl OrOBOPHWIIA KBAJAPATHI-BEKTOpPA JIIOP pacyéra
Kak KBaapartbl 0e3 ¢popmbl.

PacnipocTpansst 1OrMKy HaMEHOBaHUUM JMIOP BEKTOP-
HOTrO pacuéra Ha mnoJjie Apymbl Kak ¢uryp 0e3 ¢popmbl, Mbl
JIOJDKHBI MPU3HATh, 4yTO Bejmkasi Ilmpamuna ectb BekTOp-
3MI0OPa, ONMUCHIBAKINASA IHEPreTHKY KoHuYeckoro Jlyua, a
Ky0 — BekTop-3mopa Cdepsl (puc.88).

Jdukrya ¢ Hedec OTkpoBenus, Mucyc XpucTtoc BHOBb
BOCIIOJIb30BaJICs 3mopoii 06e3 ¢opmbl: OH qukTOBan ¢pasy,
JlaBall K HeW maremarndyeckuii Kirod um reoMerpuyeckyro
Dopmy [5].
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324. BpaweHue COrmHe4YHO-ITyHHbIX (DOHOHOB:
3apoabiw MNaTtepuyHocTH

Kouaéca oxpansior Koasbuo ([3]. Cranna V, 1.6).

Conneunslil 1 nyHHbIN JIyun-KoHychl Ha nsITOM ypOBHE
h ¢ morennmanom 8 (Tadi.247) oCBEMIAIOT KPYT C PaaNyCcOM
R = 2, B KOTOpBI BOUCHIBAETCS OCHOBaHUE a?> = § BEJIMKOU
[Tupamunpl (puc.88).

[Tnomanu kpyros (Kouseca) u okpyxuocreid (Koabma)
¢ paguycoM R = 2, paBHbI Mex1y cOO0H U paBHbI 47:

Rn?2=2Rn=4n, npu R =2. (714)

Oxpy:xHOCTH 27R = 47T UrparoT pob rPaHMIbl HOTEHIUATEHOM MBI, a

wiomans 2R = 47 onuceiBaeT IHEPreTMUECKY 0 EMKOCTH MTOTEHIH-
anbHO siMbl. [loaTomy ¢paza Koséca oxpansiior Koabno [3] o3Hauaer,
YTO KBaHTOBaHHBIC OPOUTHI MOTEHIMAILHOMN SIMBI OXPAHSIOT €€ YHEPro-
émMKocTh (puc.89).

1,6 Oeao (JryHHBII)

S = nR2 = 4n(Konb10)
Qe

— /7 =2nR = 4n(Koneco)

4 =2nR = 4n(Komec

S = nR? = 4n(Konbmo

-1,6 Oeao (COTHEUHBII)

Puc.89 Hzomepus yposns h (mab1.246)

Mexny BeplIMHAMU KOHYCOB U UX OCHOBAaHUSIMU BO3-
HUKAET CBA3b:
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1,6 1,6 1,6
= = 3
L=4r L+S8S=8rx L-S=16x (715)

0,4'Ex = 0,2'Ex = O,I'Exmc.

[IponomxaeTcs M30MEPUYECKOE BpallEeHUE COJHEYHBIX
Y JYHHBIX TOYEYHBIX YYaCTKOB BOJIH CBETa C YIJIOBOM CKOpPO-

CTBIO M,:

CoJiHeYHO-TyHHOE BpallleHue
TOYEYHBIX YYACTKOB BOJIH CBETA

[ [
Jlynnoe 0,4E,®, = 0,4=0,2E; 0, =0,2<0,1 E;m.m,2=0,1
+ |+ b+ (716)

Comueunoe | 0,1E;m.0,2=0,1<0,2E,0,=0,2<  0,4E,0,=0.4

CyMMmbl Posuo 0,5 0,2 0,5.

Bo3nukaet 3apoapiiil AMH CO® = 0,5:0,2:0,5 = 0,05.

325. DHepreTuKa nynbcauum
NyHHO-cofHe4YHou MNeHTarpammbl

3apoabimn  Ilsitepu4yHOCTH, TO €CThb MOTEHLHAI
0,5-:0,2:0,5 = 5-10%2 (716), yBenuuuBaercst B 100 pa3 u noctu-
raeT Ipu OKOHYaHUH (OPMHUPOBAHUS COJIHEYHOTO W JIyHHOTO
ypoBHEH 4 ¢ noteHmaiom a? = 8 (puc.89).

Bo3HukaroT 1muc-TpaHc HM30MepUYecKue KoseOaHus
[lentarpaMM 10 U3JIy4EHUS U MOSBIISIIOTCS KBAHTBI ¢ 00part-
HBIMH MOTEHLHAJIaMU TP u3ay4yeHuu (puc.89, tadi.249).

B xoneunom cuéte Ilsrepuunas Cs3p 00pa3yeT B cpe-
ne Apyny-Pymy:

25«(Tott=7)=175 < To(To+1) =28 <> 1-(Te+1) =27. (717)
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Tabnuua 249

Koue0anus mexay popmoBumkamu Oeao
U ypoBHeM h =a?

OO0GpatHbIe TOTCHITHATBI

Konebanus | M3omepus no nznmyueHus
U3JTy4YCHUS
Nznyuarenun JlyHnuas CosnHeuHas JlyHHas ConueuHas
L6 1 1 -6 Le 1 | L6 1
Ocao=+16| 8 5 58 8 5 | 8 5
h=a?=8§ ? = NS 8 :Tj > _Tf__lﬁ
) 1,6 5 8
Pe3ynbTaThl 55 S-S 1/5 < -5 25 =
yJIbCAIUN F0 < +0 +0 < F10 +] < +25 +(T+71)
CDoprvI 3KCTpaC€H- JHecats: 25 KazipoB B Apyna-Pyna
Tonkoit COPHBII Apyna [Tenra-
.. | Ilogco3nanumn
OHeprun Kanan Bcenennon IPAMMBIL.

[Tenrarpamma B mosne Cemepuunoir CBsizu popmupyer
3apoabiimn POTOHA C MOTEHIHMAIOM, PAaBHBIM OTHOILICHUIO

(717):

7=315=c¢
175

=1,83 wm 1,8(1/n=E,) =1/175,

(718)

rae 1,8 — 3KBUBaAJIEHT MOJIEKYJISIPHOMY BECY BOJIbI B MOJISIX
cj1a0bIX B3aUMOJEHCTBHUI, TO €CTh

18p, = MHu,0'10" = 1,8.

(719)

BoznukaroT monouno-6ensie cnupanu Kuznu - Kynaa-

JIMHH.
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326. AAnuo c MNeHTarpammomn:
peanuun MeTtacpunsmku

HecMoTps Ha IpOCTHOE CONPOTUBJICHUE AKAIeMHKOB
ot Hayku, Mera-Hayka npooOuBaer cede Ilyrs. Hexanexo
TO Bpemsi, koraa Merau3uka cTaHeT Ha paBHbIX M Ipe-
B30i/1¢T COBPEMEHHYI0 MATEPHATUCTHYCCKYIO (PU3HKY.

Hanpumep, ceronnst Ha 6a3e NEKTPUUECKON CXEMBbI UH-
nyKTUBHOCTH (L) — émxocTh (C) monydeHo cBeueHue B popme
DIUIAICA, TOTEHIMAbl MOy JUIAIICOB KOTOPOrO paBHBI 28 U
27 (puc.90).

DTO cBedYeHHE Cpeabl, BO3-
MymEéHHOM LC-KOHTYypoM KoJie-
OaHuUM, 00J1a7aeT CBOWCTBaAMHU
noJieii Tonkoii JHepruu: o0my-
YEHHBIE B 3TOM SHEPrMH CEMEHa
YBEJIIMYMBAIOT yPOXKANHOCTh pac-
tenuit B Cemb pas.

25=\T} +1°

28=(To+1) T,

27=(Tot+7) T

CBeueHue pacKHCIISIET MOYBY,

pa3phIBa€T BOJOPOIHBIE CBSI3U B

noJjly4erHHoe ceeverue Cpe()bl,
6036yorcoénnoti LC-konmypom (GeHOIBHBIX, OEH30JbHBIX U JIPY-
(Aityo ¢ Henmazpammoti) TUX MPEACIbHO - HENPEEIbHBIX
YIJIEBOJIOPOJIHBIX CBS3SIX, JeJiast

TOKCHYHBbIC BCIICCTBA HE TOKCHUYIHBIMM.

Puc.90 Dxcnepumenmanvro

bakTepun He NEepeHOCWIM HW3JIy4eHHs M TUONM I0J-
HeThlo. Bupyc CIIM/IA npu 0gqHOpPa30BOM M3JIyYEHUH YHHUY-
toxancs Ha 80%. beun ciaydau, korga ooimyuéHusie B YepHo-
ObLIIH, TOMPABJISIIN CBOE 3/10POBbE.

['eneparop ToHkOM DHEpruu M pe3ysbTaThl €0 BO3IEH-
CTBUS 3allaTEHTOBAaHbI, HO He MOHATHI. [[03TOMY 0OBSICHSIIO.

[lynbcanuss UCTOYHUKA ISITEPUYIHOM CBsi3u (Ta0i1.249),
co3maét BOKpYr cels mynbcHupyloiee mnoje Apymnbl-Pynsl B
dbopme ruunconsa ¢ noreHuuanamu 28 < 27 (717, puc.90).
It1o Siino ¢ Ilentarpammoii ([3], puc.90):
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Pynma cxumaer cpeny B Sliine, sBISIICE MCTOYHUKOM
BOJIH C 30JI0TBIM CEYEHHUEM:

T,=4=5+1x\5-1 u 1;”52“:”52‘1:1. (720)

327. WUucyc XpucTtoc:
onucaHue chopmoBLUKOB B Kpyre YHuBepcyme

Kunura J[3man onmcbiBaer MupoBoe SHiino ([3],
puc.90). KabG6amna, u comyTcTByIOmAs €ii BETX03aBETHAS PEIN-
IrMO3HO-MU(OJIOTUYECKAsl JIMTEPATypa, MCKaKaeT ONHCAHHUE
MupoBoro fliina 1o HauBHO, TO 10 HATJIOMY.

Hama 3amaua, yBaxxaembrii Yurarens, pazooparscesi, Uto
Kk Uemy B Enunom Kocmoce Muposoro fitna (puc.90).

Urak, IlenTarpaMMa HaYMHAET MYJbCUPOBATH IPH
B3auMoaeicTBUM (POpMOBIIMKOB Oeao ¢ NMATHIM YPOBHEM
h (ta6n.248). B Mmukpo-makpo Kocmoce Bo3HHKaeT cBeTsi-
masics TOHKO-dHeprerudeckass O0os0ouxka Muposoro Hii-
una (puc.90).

B cpene nepen SinomM HaxoAATCS CaMOCYIIME BOJIHBI C
noteHuanoM (Sc m/4 x Csc m/4) : (Sin /4 x Cos n/4) =24 u
BOJIHBI APYIIBI (T = mC + E; + €0 o'c” + Epc? = 3).

[Iynecupyss Ha YpOBHE PE30HAHCHOM

e toukn Ocao — GOpPMOBIIMKOB OHH CO3JIa-
e 10T Pyny cpenbl, TO ecTb 3kBHBaneHT T,=4.
e ITorenmuansl 2, 3 u 4 B35 32 OCHO-

By Mucyc Xpucroc u npoaukrosan Ho-
Puc 91 basucnas  auny borocnoBy OTkpoBeHHe ¢ 3Iro-
sueuika Kpyza ol Kpyra YHuBepcyma, siueiika KOTO-
Yuusepcyma [5] P Py PCyMd,
poro naHa Ha puc.91.
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B nynscupyromem MupoBoM siiiie 1mojs ¢ MoTeHnuana-
MU 2, 3 u 4 cxuMaroTcsa-pactupsitores (1adi.250).

Taomuna 250

Onucanue popmoBMKoB 2:3°4 = eao
B Kpyre Yuusepcyme [5]

PaBHOBecue Cxxarue Pacmmpenue
2 = (WB3H)(3-1) - (B e BT
3 (VAFI(V4-D) T (V3 £]) & (V4 FD)

2

(V5+D)(+/5-1) ‘: (J5+£1) & /(5.

Bosnukator konebanust — nogodust IIpaBuny 3osoToro
Ceuenus:

Va+l_n-1

2 2

l: (721)

328. MynbTtunnetHocTb BceneHHon PacwmpeHus:
30/10Tble BUXpU

DHEpPreTuuecKoe Moje YPOBHS /i C MPUBEAEHHBIM I0-
TeHnuaioM & (Ta61.247) coBepiiaer /[3maH-mynbcanuoo U je-
JIUTCS TIOTIOJIaM:

MyJabTHILIIETHOCTH — MUTO3 YPOBHS A

[uc-uzomep Tpanc-uzomep

1 Oomacte 0 (722)
8 j pdp=4 fepexona 4=8 j @ dp
0 1
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Ha nstom ypoBHe ¢ moteHuuanom 8 = c’/m,’, SKBUBa-
JICHTHOM MaKCUMYyMY BEJIMYMHBI UMITyJIbca paciiupeHus: Bee-
JIEHHOM HaJl MUKpPO-Makpo cryctkamu (gopmoBumkoB Oeao c
noteHuuanamu +1,6 (puc.89), umnynsc pacmmpenus Beenen-
HOM Jienutcs nomnoiam (722).

Bo3HukaroT nuc-tpanc uzomepsl PyIisl ¢ noTeHImaiaMu
+4 (722). Peonanc ¢popmoBmukoB Oeao (1abn.247) nepe-
XOAMT B AHTHPE30HAHC KOMIIOHEHT Pymbl M mosiBiasiercst
obsacTh nmepexona (722):

44 n (5+1)(5-1) - (L5+D)(S5-1). (723)

OOmen »sHeprueil B oOjacTu mepexoia MEXIy LucC-
TpaHC U30MepaMH Pynbl peanusyercst 3a CUET pacUIMpEeHHs -
n3mydenus (Ta6m.250):

|
4=1;“/§+1=*/§_1:1 o -1:*/§+1=*/§_1:-1=-4
2 2 2 2 (724)

[TpaBuso 3onororo Ceuenust | Ilpasuno 3omotoro Ceuenust

B oGnacTu nepexona Mexay LKUC- U TPAHC- U30OMEPHUYE-
CKUMH CrycTKaMu Pynbl BO3HMKAIOT BCTPeYHbI€ BOJIHBI,
KaXKIas U3 KOTOPbIX MoaYuHsieTcs: mpaBuiy 3o0101oro Ce-
YeHHusl.

[Ipn mepexonme Mexay TpaHC-UMC H30MepaMu Pymbl
BO3HUKAIOT BOJIHBI C OOpAaTHBIMH MOTEHIMATAMH U 3TH BOJHBI
NEPEHOCST, HAPUMEp, JIEKTPOHBI ¢ OpOUTHI Ha OpOUTYy 0Oe3
3aTparthl IEKTPOHAMHU COOCTBEHHOW YHEPTHUU:

KoJie0anus cpex mexay crycrkamu Pynbi

KoneGanus | basuc umdpa bubmuu | Wsnyuenne Pynoii | (725)

+H4=%1/4 | £1 & F1/16=50,0625 1 < 16 =T,
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329. NMynbcauusa BceneHHon mexay nAaTbim (h)
u wecTtbiM (0) ypoBHAMMU

[IaTeii1 ypoBeHb h siBJsieTcst armocdepoir Hax ¢op-
MoBmukamMu Qeao ¢ noreHunanamu +£1,6, HO NATHIH ypPoO-
BeHb h saBasierca SAxpom-Kamueid a1 mecroro-ceabmMoro
ypoBHei OO (1a61.247).

Konebanust Mexay marteiM U mecTsiM ypoBHAMH (ho)
OPUBOJUT K BO3HUKHOBEHHUIO IMOCTOSHHOW T'PaBHO-MarHUTO-
AJEKTPUYECKOr0 paBHOBECHs, paBHOW +£112, a Takxke BOJIHBI,
anuHoo 4800A, nenarorryro cuHIO M roiyOyro 061acTH B
yakpe Tperuii ['na3 (ta61.250).

Taomuna 251
KoJsie0anus me:xkay naTeim A
U mecTbiM O ypoBHsiMHU (Ta011.247)

CumBOIIBI Huc-ho ho Tpanc-ho

Konebanus 56 < 240 8 < 240/7 -240 < -56

+0 < 112=74/qq* =8 Juu* =4/ pp*

Pe3ynbTar
+-0 <> 460 = 4800A-p, (cune-romy6as rpaHuna).

B nonie rpaBuo-anekTpomMarseTusma GopMupyer nepuo-
Irdeckass cucremMa u3 112 XMMHYECKUX 3JIEMEHTOB, 00Ja-
Jarmux 6328 3eKTpoOHAMHU, I']I€ YUCIIO AJIEKTPOHOB CBS3AHO C
cymMMoi apudmMeTrdeckoi mporpeccuu 112 dyieHoB:

1+112 ~11253600%+28EAB%+ pp*,  (726)

6328 =

a TaKKe C Pa3HOCTHIO IJIUH BOJIH COJTHEUHOT'O OEJIOT0 CBETa U
rpaBUTALACH.

BHe rpaBuTanuu B 10Jie Pa3sHOCTH JJIMH BOJIH OCJIOTO
cBeta Gopmupyrorcs reHombl: 360-7/4 = 6300, a xonebaHus
+0 < 480 (tab61.251) popmupyrot Bonny anuHoo 4800A, ne-
JSIIYI0 CHHIOKD U TroilyOyro o0yiacTH CIieKTpa CBeTa Ha
AT =300A u AC = 300A.
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Cune-rony6oe aenenue B Yakpe Tperuii ['11a3 BeI3pIBacT
6uotok, cuioro 10™A i nrykTHBHOCTBIO 10 1/A.

J3uan-nynbcanus noteHuuana 480 nmpu HaAIMYUK Hallb-
MbI BbI3bIBaeT nosibiieHue 42 boxects TBoero Cepana (Kuura
MEpTBbIX).

480-(ij¢d¢}% = 42:(£10). (727)

330. MNManbma Kak pe3ynbTaT KOflebaHMUK WecToro-
ceabmoro ypoBHen Oeaohoo

Cucrema Cunciaenus /Ipesuux IllymepoB crpoutcs
Ha oTHomeHuu 1 : 60 u coxpaHuiach A0 HAIIUX JHEU Kak
cucrema cuucieHnus BpeMenu: 60 cek - 1 mun, 60 muH - 1 yac
[1].

B ocnoBy Cuctrembl Cuucnenus [llymepos [1] Obuia 3a-
JI0’KE€HA Pa3HOCTh JJIMH BOJH COJTHEYHOTO OEJIoro CBETa:

AB = 3600A = 3600 = 3600 cek = 1 gac. (728)

[ymepsl 0005KeCTBUIIM MacCIITAOHOCTh CBOETO CUMCIIE-
HHUs, TO €CThb C YYETOM M30MEPUU MYKCKOTO M KEHCKOI'0 Ha-
qa:

Nsomepus uc- Tpanc-
Macmta6 | Borums Jlynsr | bor JIyHsl (729)
60:1 = 30 N (-30).

[Iymepsr noctpounu Ilupamuay ''BaBuionckas
bamua", BepumnHy kotopoi onwuchiBan noreHuuan 30 (Jly-
HbI), a cama [Tupamua umena cemb cio€B cryneneit Oeaohoo
(Tabmn.247).

B Eaunom none Oeaohoo kosiebanus mpoTeKalid MeEX-
Iy BCEMH CIIOSIMHU, B TOM 4HClie MeXAy IecToiM (O) U celb-

MbIM (O):
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Tabmuma 252
JHepreruka Oeaohoo
Ha mecToM-ceabMoM (OO) ypoBHsix (Ta6:1.247)

YpoBHH W3ny4yenne 0(6) = O(7) W3ny4yeHue
60 : 1 B Pymy 240/7 <> 180 B ApyIy
Ilynbcanus
1:60 7/4 4/7 < 3 1/3
[Tpumevanus 3=1, 4=T,, T=T,tt.

Ha cenpmom ypoBHe O(7) mpuBeIEHHBIA IMOTEHIMAI
ctaHoBUTCs paBHbIM 180 (Tab61s1.247) U cocTaBIsSIET OJHY MaJlb-
My OT yucina 1t = 315:

_ T * *
Mamsma= 2 315:1,7SEZEO—HE£EP— £ (730)
180 4 T, g q*\qq*

Boi6paB 3a Eqununyy Cuncnenus naneMy, Benukas [{u-
BUJIM3AIMs cMorja 0e3 uito3uid u3ydarsh Enunsiii Kocmoc.

331. [1BeHaguaTb 3HaKoB 304MaKa
B NONSIPHbIX BUXPAX U3 Pynbl

[TpuBenéHHbIE TOTEHIUAIBI YHEPTETHUECKUX YpPOBHEH
Oeaohoo (1a6:1.247) umerotr nBe (HopMbl dHEpruu: Apymy U
Pymy.

Jns onpenenenus koiauuectBa Pynbl mu Apymnbsl B moiie
MPUBEAEHHOTO TOTEHIIMANA, TIPUBEACHHBIA MOTEHIIMAT HEOO-
XOJJMMO YMHOXHUTh COOTBETCTBEHHO Ha MallbMy U Ha
T(Tott) =21 (1ab6n.252), rae 21 cOOTBETCTBYET MOTEHIUATY
MOJISIPHOTO BUXPs (Tab1.253).

[Tonsipubie Buxpu u3 Pynsr popmupyror 13 3HakoB 30-
JMaKka Ha IMIECTH U3 CEMHU DHEPTreTHYECKHX psAnoB (Tadm.253).
Ha mectom ypoBue O (6) octaércs TpueauHCTBO, KOTOPOE
000’KECTBIISIETCSI BO MHOKECTBE (hOPM.
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Tabmuma 253
JIBeHaguaTh 3HAKOB 30AHaKa
B NOJIAPHBIX BUXPAX U3 Pynbl

Homepa 1 2 3 4 5 6 7
YpoBHH
CumBoisl| O e a 0 h 0 0
[IpuBeneHHbII

1 2/3 1 2.4 8 240/7 | 180
MOTECHITHAI, N

Pymna: nx7/4 7/4 7/6 7/4 4,2 14 240 | 315

[TonspHslil BUXPB

21 14 21 50,4 | 162 720 | 3780
nx21

Tonapuwiii 8uxpo

12 12 12 12 12 3 12.

Pyna

B Otkposenusix (Tpon Xpucra Ha Hede okpy:kén 24
IIpecesarbivMu IlpecTosiaMmm) 000KECTBISIETCS BCS YHEPIETU-
gyeckas cuctema Oeaohoo (1abmn.253):

6-12/3 = 24(umc) <> (tpanc)(-24 = -6:12/3).  (731)

[Tepexon nuc-tpanc uzomepuu 24 B Pyny dhopmupyer
DHEPTHUIO - IKBUBAIEHT 42 b0oKECTBAM HAIIUX CEPJIELL:

124-7/4 = +42 = £(147 — 105). (732)
B CIIupain KYHI[aJII/IHI/I BO3HHUKAIOT ITOTCHIMAJIBI:
423,5=147 u 105=422.5. (733)

332. NMoTteHumanbHaa Ama:
Cemb BeyHocTen Oeaohoo

JIuckpeTHOE M3JIyYeHHE KBAHTOB JIFOOOW IMOTCHIIMAIIb-
HOU sIMOi1 (B TOM 4mcIe B BUi€ Pymbl) MpOUCXOIUT TOTAA, KO-
r71a SHEPTOEMKOCTh 00BbEMA MOTEHIIUATBLHON SMBI TOBBIIIACT
MOTEHIIUAJ TPAHUIBI — Oapbepa.
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JUisi TTOBEPXHOCTHBIX BOJIH, PACIPOCTPAHAIOIINXCS B
TpexmepHoM IIpocTpancTBe B Buae chepUueCKUX MOBEPXHO-
cTHBIX BOJH Q = 4nR? mpu R = A, éMKOCTh MOTEHIIMATBHOMN
MBI OyJIET ONpeaeNsAThCS IIomaabo kpyra S =nR? npu R=A,
a Oapbep - rpaHula MOTEHUUAIBHOW SIMBI - OKPY>KHOCTBIO
{=2nR?>npu R = A.

Koaéca (S) oxpansitor Koasuo (£), ota ¢ppaza u3z Kuu-
ru [[3uan [3] TouHO OomnuchIBaeT pabOTy NOTEHIMAIBHON SIMBI,

GYyHKIMOHUPYIOIIEH TaKkKe Kak JIF0O0OW  KOHJEHCATOp
(Tabn.254).

Taomuna 254
PexxuM padoThl NOTEHIHAJIBHOM AMBI: KOHAECHCATOPA
Pexxum HAaKOIUICHUE paBHOBECHE N3nyyenune
KBaHTa
Komnonentsl | O6béM | rpanuna | O0bEM | rpaHuna B Cpe/y
IT
s | s=aR> | (=2nR* | S=7R® | (=2mR* | S/L=R=1%

Kanas SlnepHoro BemectBa - 3TO0 NMOTEHUHMAJbHAS
siMa Pynbl, KOTOpast U3my4aeT NOJSAPHbIE BUXPU C MOTEHIMA-
aom £21 (tab6n.252), Ho B may3ax [IpomomkurensHOCTE Ha-
KarmBaer Apymy - Pyny B 00béMe TOTEHIIMAIBHOW SIMBI
(Tabi.2595).

"1. IlpeaBeynas Mareps - Poknarwomas, COKpbITasi B
CBOMX NMOKpoBax, Beuno HeBuaumsbix, emé pas apemasa B
npoaoskennu Cemu Beunocreii ([3]. Kocmorenesuc. Cran-

ua I).
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Tabnuia 255
Hakomienune s3Hepruu Apynsl - Pynbl
noreHuuaJabHou aMoii Oeaohoo

Howmepa 1 2 3 4 5 6 7
YpoBHH
CumBonel| O e a 0 h 0 0
TpuBeneRREI |y | 53 |y | 94 | g | 240/7 | 180
MMOTEHIIMAI, N
Apyna: nxt 3 2 3 7,2 24 1240/7-8| 540
Pymna: nxT, 4 8/3 4 9,6 32 |240/7-4| 720
Apyma : Pyna 0,75 1 0,75 | 0,75 | 0,75 | 0,75 | 0,75 | 0,75.

333. OHepreTtuka cpopmmpoBaHus
TpéxmepHoro lNpocTpaHcTBa

Ha xaxaom m3 Cemu ypoBHer (Qeaohoo mpoucxoaut
noryonieHue Apynsl Pynoit (Ta6:1.255) u Ha mecTu ypoBHSIX
Oeaoh - 0 npoucXoAUT U3TYyUYECHHUE MOJSAPHBIX BUXPEH C MO-
TeHimamoM 12 (ta6:1.253).

Pe3zonancHbiii motenmman 12 x 0,75 = 9 npuBoauT K
kosie0anmnio siapa B Ilepunoaudeckoit Cucreme I'eHoMmoB
¢popmupoBanuio cyocTtpykrypsnl (9+0) MmarepuHCckoi Ouo-
KJIeTKH (Tab1.256).

7 T 5% Pacmmpsromasics BCCJ}GH-
Hasg, TEM HE MeEHee, OCTaéTcs

o(1) e(2)/ MoTeHIMAJILHOM SIMOH, a cama

Y noTeHouaiabHasgs SIMa ecTtb TO

<« o(7) a3)>  Tpéxmepuoe IlpocTpancTso, B

4y KOTOpPOM MBI KUBEM (Ta01.256,
h(5) pI/IC92)
4 . o(4) Hawano  koopauHar B
l-Z TPEXMEPHOM IIPOCTPAHCTBE
CBs3aHO C IIOTCHHOHAJIOM O HaA
Puc.92 Tpéxmepnoe Ilpocmpan-  rrectoMm YPOBHE, OCTABIIHECS
cmeo Qeaohoo (maba256) notermmans, Oeaoh - o pas-

HOMEPHO pacnpenensatoTces no ocsiMm =X, £Y u +Z (puc.92).
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Ta0muma 256
DOYHKUNOHAJIBHOCTH MOTEHUHAJIBbHOU sIMbI Oeaohoo

Howmepa 1 2 3 4 5 6 7
YpoBHU
CumBoasl| O e a o h 0 o
[TonspHblie BUXpU
(Ta611.252) 12 | 12 |12 | 12 [ 12| 3 | 12
Cemb Beunocreit
(raon255) | 075 | 075 | 0.75 1075 | 0.75 | 075 | 075
[Ipoussenenue: (9+0) | (9+0) | (9+0) | (9+0) | (9+0) | 2,25 |(9+0)
12x0,75
OtHoueHue:
9:0.75-16 | 16| 16| 16 | 16 | 16 | 3 | 16
Buxps: (To'1)? = 5 5 " " , ,
9-16 = 144 122 1122 122 | 122 ) 12 1675 | 12
Buxps:
16+144 = 160 160 | 160 | 160 | 160 | 160 | 9,75 | 160
ndp bubmnn 0’25 -10° = 62500 = % -10°.

334. CBoucTBa-coYeTaHUA IHEpPrum
B popme TpéxmepHoro lNpocTpaHcTBa

[Tapagurmel Hame Hayku o [IpocTpaHcTBe HajieKkud OT
Peasmii Eqxunoro Kocmoca. Mb1 pasgeasiem IlpocTtpancTBo
U JDHEpPruio, a 3aTeM pHCyeM NPOCTPAHCTBO, KAK 3aX0YeT-
cd. EBxima cnpsmia€HHbIM. OWHINTEHH WCKPUBIEHHBIM. [le-
KapT TpEXMEpHBIM. Jlpyrue HEOrpaHWYEHHOM MEPHOCTH: OT
YEeTBIPEX U BBILIE... 3aTeM cBa3aau IIpocTpaHcTBO ¢ mMycTO-
Toil — Bakyymom, kotoporo B [Ipupone Her, n6o mycrora oT-
BepraeT 3akoH CoXpaHEeHHs] DHEPTUN.

IIpocTtpancrBa BHe JDHepruu Her. IIpocTpancTtBO —

3TO CBOWCTBA-COYETAHUS HUMIYJbCOB U JIHEPreTHYECKUX
¢opm (1abn.257).
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Tabnuua 257

CaoiicTBa-coueranus TpéxmepHoro Ilpocrpancrsa
(puc.92) kak JHepruu

CaoiicTBa Coueranus

Kpagpar |OHepeuanoocamO-¢-a-o-h-..-o 3 12 _ 9 _4
0e3 popMBI Onepeus e yenmpe O 0,75 3 225

iecml’ C:)fcamue(T NOWEES 2)>< paczmtpeﬁue(c3 @’ = 8) 10
pyna =

BeeneHuast @opmoswuku Oeao =1,6

Cwmernenne | [Ipodonicumensrocmonoocam O-e-a-o-h-...-oocam _ 16
CUMMETPHUHU IIpooonxcumenvrnocmo 6 yenmpe O 3

Cwmemenne cummerpun TpéxMepHoro IIpoctpancTBa B
cpene, SKBHBAJICHTHOM B3auMMOJEWUCTBUSM B Apyne-Pyre,
MIPUBOJIUT K crymieHno Apynsl B Pyny (1a6:1.257):

16 o 1 1
Vi = ?[(lgp1p2p3p4p5 = 2) = 23/4]= 5'8'2 2% = gazH . (734)
rae: Vi — o0bsém Benukoi [Tupamuasr;
2%* _ onmcanbi kak 2, 3 1 4 B Kpyre Yausepcyme OTkpo-
BeHUH [5].

KonuuectBo camocyiux BOJH, HOCTYMAKOIIUX B TPEX-
MepHoe [IpocTpaHCTBO, ABISIETCS BEIMYHMHON, HEOOXOIUMOM U
JIOCTATOYHOM 11711 POopMHUPOBaHUS IBYX H30MepoB Hebec-1[uHb
HaJ| crycTKoM TsHb (Tabi.256):

Buxps B Camocymue CrpykTtypa Ilepeme-
IIpoctpanctBe BOJIHBI HbI

(Tabm.256) (Tabmn.14) Luss | Tams | Hums | (735)
6122675128 = 27=2" = 32 + 64 —(-32).
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335. OHeproobmeH:
MupoBoe Anuo - MetaranakTuka

Havayio cuctemsl KoopauHaT, rmosie O Ha IMIECTOM ypPOB-
He (puc.90) Benukas [{uBunuzanus b0 Kak MPOCTO CUMBOJI
O, mubo kak Ceabxasat O ([3]. Cranna 4. 11.5).

Jlnst TIpocTpancTBa ‘Oeaoh"CBa6xaBaT O"o, bopmupy-
erca MupoBoe Siiio BOKpyT J000ro Mukpo-makpo Kansm
saapa, Ceaoxasar O, urpas poyib KJamaHa, 4yepe3 KOTOPBIH
METaraJlJakTHYeCKUE CaMOCYIIUE BOJIHBI ApPyMbl MOMAjaroT B
tpé€xmepHoe [Ipoctpanctro (puc.92).

"Knanan", gyepe3 koropeii B MupoBom fliine nmpoxoaumn
oOMeH 3Heprueid Pymbl, 3anuceiBaics kak CabxaBat ©.

Hcnonb3yem pganHbie 00 sHeprusix mo ocsm Oeaoh-o u
"knamanax" CpaOxaBar O wu (Tabm.256), u omnpeneaum
(Tabmn.58).

Tabauma 258

JHeproodMeH MeKAy MeTaraJJakTHKOMN
1 MuposbiM Sitnom

Dopmbl
SHEPTHH Apyna Apyna-Pymna Pyma [TocrostHHBIE
Ha mectn 6-(9+0)=54 6-122=864 4-16=96
ocsax Oeaoh-o
Kz‘K} = 642
"Knaman" | Cabxasar O 3995 = 6.75 CsaOxaBatr © B B
(Tab1n1.256) 2,25 ’ ’ 3 Ky (n=315) =
4-1008.
Cxkopoctu K, = 24 k= 128 k=32
(oTHOWIEHNS)

Bce morennmansl sroro mojs (1abdna.258) oboxkecTBiie-
HBI:

- 24 Ilpecareix IIpectoma Boxkpyr Tpona Xpucra Ha

Hebe (OtkpoBenus) u 24-42 = 1008, rne 42 — BoxecTBa
Cepaua (Kuura Méptabix);

14
- 128 = V2 - 3ammpoBaHo Kak Mpou3BeNEHUE dIe-
MeHTOB Benukou [Tupamuasl (puc.S, 1adn.4):
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(\/5-\/52-\/53-\/54-\/55-\/56-\/_7:\/528)5(](2:27)2; (736)

- 32 B mone Pyner popmupyet Llunb, a B mone Apymbl-
Pynel Bo3HukaroT [unb-Taub-LluHe ¢ noreHnmanom 128
(735).

336. OboxecTBNEHHOE BEKTOPHO-CUMBOJSIMYECKOE
onucaHue MupoBoro Anua

[Ipomecc »HEProoOMEHa MEXKIy METArajJaKTHUKON ca-
Mocymux BoJiH KocMmoca HeBecomoctr 1 MupoBbIM SHLOM,
TO ecTh TpExMepHbIM [IpocTpancTBoM (puc.92), npouecc MHO-
ro(akTOpHBIN.

MaTtemMaTUKy MHOTO(paKTOPHBIX MPOLECCOB Jy4lle
BCEro ONMChIBATH BEKTOPAMH-CUMBOJAMHU, HAIpUMEP IUa-
rpammont TsaHb-LluHe.

Hunarpamma TsHb-1luHB ONMHUCHIBAET pPa3HOCTH KBaJpa-
TOB TMIOTEHLMAJIOB 3arnojHeHuss MupoBoro sumna Pymnou-
Apymoii (Ta611.258).

Hunarpamma Tsup-Lnae Paznocth

k3 = 642 (pacmmpenue) L& L&
i:2s]’0&-cmaﬂde i(glq)d(o_a'!(odgpj:

W c
cj . +(1023 — 1008) = +15 (737)
a)_g =8=T, ;O T oKatMe | por (6oruust) JIyusr = +30

ksks =642 (cxkarue) DyieKTpoMarHeTusm = £15.

Junarpamma Tsasab-L{MHE OTpakaeT mMoCaea0BATENBHOCTD
Mepexo/ia MEX1y COCETHUMHU COCTOSIHUSIMU Ha BEJIMYMHBI +1:

(kaoks — 22)-(0,2/c> = 1/4) = 1023 =322 — 1, (738)

rje 32 - NOoTeHIMa SKBUBAJICHT NOTeHIInany Heoec [{uHb.
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[Tocrosnnas Bcenennoit mo Bogopony, pasHas 1008,
BO3HUKAaeT B MupoBoM flilie B MOMEHT, KOrja CcamoCyIlue
BOJIHBI Pyna-Apyna HauuHaIOT TPaHCHOPMUPOBATHCS CBETOM
(Ta61.258):

(k, = 128)-(r = 315) = 1008. (739)

Baxueimyro pons npu 3anonHeHurn Muposoro Sliina
DHEPIUEN METarajJakTU4eCKuX BOJH wurpaet KyHnanuHu
(Tab11.258).

(k, =24)- (k, =32)

=6=3,5+25=3,5-25. (740)
k, =128

Kynpanuau =

Paznoctn kBagpaToB, omucaHHble auarpamMMon TsHb-
[unb, paBubie +30 (738), Benukas [{usminzanus gana lyme-
pam kak Oora u 6orunto Jlynsl, pazmectuB ux B [lupamume
"BaBunonckas bamua".

337. K KpacHou 3Be3ae TeoreHe3sunca

WUyneu, MsIrko roBopsi, JryT, TOBOPS O CBOEH OOroms-
OpaHHOCTH M JieTiasi TOCTEIIHbIE BBIBOIBI O CBOCH HCCKIIFOYH-
TEJIbHOCTHU.

Benukasa IluBninsanusa nepenaBana cBou 3HaHUS Me-
TaHayKd BO Bce BpemeHa u Bcem DTHOCamM 3emMuld, HE BblJe-
5151 TFOOMMYHKOB.

Hampumep Ilymepam Obputa 3amava ¢ GoroMm-OoruHein
Jlyuel u Ilupamupoin "BaBunonckas bamns", nuBuinzamnuu
Maiiu - 3a1ada ¢ TpUHAAUATH JIYHHBIM KaJleHAapeM, a B Jpes-
HeMm Erunte o6oxecTBisiinch uncna 3, 4, 5 u 6 (1a61.259):
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Tabmuma 259
Iyabcanus moJeii ¢ morennuanamu 3,4, 5 u 6:
boramu Erunra

Nmena Hznna Osupuc I'op Ton
boru
qucna 3 4 5 6
AHTHpE30HAHC 3+4+5+6 = 18 = 1(3,5+2,5) = (ya, = 72)-(1/4=m,?/c?)
Ha ypOBHSX: Kynnanuau B Apyne (740), MoJIeKyIsipHBINA BEC BO-
...aoho... B one IIbl, IEPHOE BEIIECTBO C INIOTHOCTHIO KUIKOU
Oeaohoo TJIa3MBI CKaTOE MMOBEPXHOCTHOM BOJIHON M,?/c*=4
Pe3onanc 3456 =360 =
2-(ypoBeHb o, nocaeanuii B none Oeaohoo )
[IpuBenénnas 360/18 =20 < 1/20 = 18/360.
My JIbCAIUs CabxaBat © =400 < 1.

Pe3onancHbiii motennuan 360 mpu ero BO3JAEHCTBUU Ha
cBeT ¢ = m = 315 BbI3bIBACT KOJEOAHUS TPAaBUTALUOHHO-
ANIEKTPUUYECKON MajJbMbl, POpMUPYS U3 HEE MarHUTO-2JIEKTPHU-
9YeCKOE COOTHOIIICHHE:!

Cropocmbceema c = 7 315 7 * *
£ = L2 PP [pap= [H . (741)
49" 5 qq9

Hauda-Ompuc-Fop-Tod=3-4-5-6_ 8

B MupoBom e Bo3HukarT ’KuBble MarHuThbl, B
TOM 4YHCJIE U MBI, yBaxxaeMbld Uurarens! M nepen Hamu BeTa-
€T BOIPOC: KyJa CTPEMHUTCS Halle Oro B Y3HEPTETUUECKOM I10-
ne Muposoro Aina?

OtBeTr I[aéT HpI/IBeI[éHHaH IIyJbCallyd C IIOTCHIHMAJIOM

(Ta61.259):
20 = 1400A/70A = AK(xpacusiit)/ AXK(kénterit), (742)

Jro Yesoseka crpemurcs k Kpacnoii 3se3ne Teorenesuca

[4].
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338. 3awudcpoBaHHble CyabObI:
reHeTuka B KHure lNepemeH — couuonorua B buonun

Cerognsitinuii Conmym OOmectBa [lotpebnenust monu
BIIMSIHUEM 30JI0TOTO TEJbLA MPUTOBOPEH CNEIIUTh BBEPX 110
JIeCTHUIe, Beayuied BHU3. [ nHbIX nener Pazym ucnosb-
3yercs II0 OCTAaTOYHOMY HpuHUUIYy. MBI CHadana co3gaém
Axkanemuto MHpopmaTuku, a 3aTeM HauMHAaeM JymMaTb: 4YTO
Takoe Undopmauus?

Nudpopmanus - 310 JHeprus, HO He BCHA JHeEpPrus
Nudopmanus. Nudopmanus - onna uz popm JHepruu, B Ko-
topori Hocurens Pa3yma BBISIBUII NPUYMHHO-CIIEICTBEHHBIC
ca3u. Ecnu Hocurtemo Pa3zyma BBISIBUTH TPUYMHHO-CIIE]I-
CTBEHHBIE CBA3U HE yAAJIOCh, TO YHEPTHUS HE MPOIaJia, HO MPOo-
JOJIKAET BO3/IECTBOBATh Ha (hu3mvyeckoM ypoBHe. Hampumep,
najaroniee s0J10k0 OyaeT mpoaoKkaTh OuTh HproTOHA BHE 3a-
BUCUMOCTH OT TOT'O, OTKPbUI WJIM HE OTKpbUI HBIOTOH 3aKoH
BCEMUPHOT'O TATOTCHUS.

I'pamora cymecrByer BHe 3aBHCHUMOCTH OT TOIO,
yMeete Ju Bbl yuTaTh MM HeT. HerpamMoTHBIN CcyOBEKT
CIIyIIIAeT, YTO YUTAET eMy rpaMOTHBIN. Eciim HerpamoTHBI 004,
TO ux ureHue spugercsa [logoduem I'aganusa. Tak npor3onLIO
¢ Benukoii Kumroii Ilepemen. He nonss e€ Cmbiciia, KUTal1Ibl
IATHh THICSAY JIET Hazaj mnpucrnocoomnu KHury mis ragaHus.
Y nuBnsnuch ToMy, yTo 0 KHHMre He TOJIbKO yraabIBajauch
Cyab0b1, HO 1 KHura cama Bansiia Ha CyabObl J11oj1ei.

B mporiecce Bausinust undpopmanuu Ha Cynpos1 Hocu-
Tenst Pazyma HET HUYEro yJIMBUTEIHLHOTO, MO0 IHEPrusi MH-
(opManOHHOr0 CHMBOJIA 32JI05K€HA B CaM CUMBOJI U HE UC-
4e3aeT, KTO ObI 3TOT CUMBOJI HU Pa3TJIsiIbIBAIL.

Hamu cpeactBa maccoBodt mH(OpMalMM MOJIB3YHOTCS
BIIMSIHUEM HMH(OpManuu A 30MOupoBaHus Macc Bo ums Ka-
nurana u Biacru.

Beaukas [uBuiam3zanus uCHob30Bajga MMUEPP-KOI
uHpopmanuu B0 HUmsa uHGoOpManMOHHOrO mnepexoga K
Teorene3ucy (1a6:1.256):
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Knura Ilepemen PUTMLL bubaus
(3ammdpoBaHHas TTpHpossi (3ammdpoBaHHas
TeHETHKA) COLIMOJIOTHS) (743)
NEX(CE 0)% =62500 ¢ 62500: 1 /Py :To = 62500.
0

339. OGoxecTBneHue NpuemMo-nepeaaroLLnx
Cuctem Kocmoca

B npouecce npuémo-nepenadyn dHEpruu BCErja ydact-
ByI0T Tpoe: nepenarduk, cpena U NpUEMHUK.

Tpouny oboxectBisuiin U B [IpeBHem Erunte m B co-
BpeMeHHOM XpucTthaHcTse (Ta01.260).

Benukas [luBunmzanusa Has3piBajga MCTOYHUK TpOUIEI,
ropopss 0 Tpueamnom minamenu Yerbipéx Purnmieit ([3].
Kocmorenesuc. Cranua VII. I1.4), To ecTb 0 pe30HaHCHOMH
TOYKe (P)OPMHUPOBIIUKOB, UMEIOIMX PE3OHAHCHBIN NOTECHIU-
an, paBHbI Oeao = 1,6 (Tab1.246, Ta6:1.260).

Taomuna 260
Oo0oskecTBICHUE TPUEMO-TIEPEIAO M X
Heprerudeckux Cucrem

O6oxects- | [Tepenatunk-| Oxpyxaromas TTprémmu SAnpo
JIeHne U3ITyvareib cpena Wznyuarens
Jpesunit | Pa- Bor Ba - JlyXoBHEIif Kaa;f;:g -
Erumer Comnaia JIBOMHUK o
JIBOMHUK
Xpucru- . Oeao =
AHCTEO bor-Otenr | bor-yx Cesroit | bor-Csin 1,6.
— O n.n
Oeaohoo h= "R —=>"o" ga VI | "0" Ha VII
yPOBHH 8 240 : 7 180

Benukas [{uBunmzanus onuchiBasia MpUEMO-IIEPENALO-
uryto cucremy Enunoro Kocmoca (1a6:1.260) Tak:
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"4, Iro ectb KopeHb, HMKOIrIa He yMHpPAaIOLIWii;
Tpu-SA3brunoe miuamsa Yerbipéx durnien. @Puruiam - Uc-
Kpbl, KoTOpbIe U3BJeKalT U3 Tpu-fA3prynoro Ilnamenw,
yerpemiénnbie Cemblo; ux Ilnamsa - Jlyun u Uckpsl exu-
HoH JIyHsbl, oTpaxkénHoil B crpysammxca Boaax Bcex Pek
3eman" ([3]. Cranna VII).

Jlyun (domnonsl) u Uckpbl (porons!) mmamenu JlyHsbi
(ymromuHectieHTHBIN cBeT) B TeueHue Cemu Beunocteit (T,+7)
MPOXOJAT OKPYKAIOIIYIO Cpelly U MX MOTEHIMAJl CTAHOBUTCS
paBHBIM (Ta071.260):

240
T(TO +7=7)=240 (744)

CyOctanmus okpy»Karomei cpepl crymaercs. hpopmu-
pyeTcst cebMoi ypoBeHb o ¢ moteHuuanoM 180 (1a61.260).
Bo3Hukaer Boga ¢ MOJIEKYJISIPHBIM BecoM 18.

340. MynbTunneTHocTb N nsomepua Oeaohoo

Bue 3aBucumoctu oT @opMbI CyOCTAHIIUN CEMEPUYHOE
colHeyHO-TyHHOe mone Oeaohoo (Tabn.255) mymnbcupyeT B
putme J[3uan mexay Xaocom u ['apmonueii. Oeaohoo nenut-
csi monojiaM. M3oMeTpusi BO3HUKAET Kak BO BCEM IOJIE B Iie-
JIOM, TaK M Ha KOXJIOM YHEPTreTHIECKOM ypoBHE (Tabm.261).

Tabnuua 261
/3uan nyascanus Oeaohoo — Hayajio n3oMepuu

VposHn Homepa 1 1213145 6 7 | IIpupona
CuMBOIBI | O | e | a | o | h 0 0 | mzomMepuu
Hpusencritbie 1|23 1 [24]8|240/7 180
TOTEHIIHAJIBI

1 Oeaohoo
Lnc-usomepx [pde | 1/2(2/6 [1/2| 1,2 | 4 |240/14| 90 | (
0 iJ-(pdw .
0

0
Tpanc-usomep [ pdp |-1/2|-2/6|-1/2|-1,2| -4 | -240/7 |-90.
1
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Omnucare nzomepuro I[IpocTpancTBa MOXKHO, pa3AciuB
CHUCTEMYy KOOpJHMHAT £X, ty, £z 1momnojaM, IpuaaB NOJOBHHAM
MPOTHUBOIIOJIOKHO HAMpPaBlIEHHOE ABMXKeHHUE (puc.93).

K BbIBOZlYy MyINbTH-

V4 6eKmop 08uUdICeHUSA
A A INICTHOCTH - H30MCPHHU
< Tpé€xmepHoro IIpocrtpan-
.y CTBa MOXHO TOJXOJHUTH
y N OCO3HAHO, KaK 3TO JAEIaeM

N MBI ¢ Bamu, yBakaemblii
X YuraTtenb, a MOXHO He-
OCO3HAHHO, KaK 3TO CJHe-
v v Jan  A.DUHINTEWH, BBI-
BEKMOP OBUICEHUSL z OpaB IPOTUBOMOJIOKHO-
HaIPABJICHHBIE CUCTEMBI

Puc.93 Hszomepus-myromuniemuocms  goopAMHAT TpU pabote

mpéxmepnoeo IIpocmpancmea HaJl TCOPHEHl OTHOCHTEIb-

HocTH (puc.93).

CrenaB npaBUIIbHBIN BBIBOJ O TOM, YTO B3aMMOJEMCT-

BHS NIEPEHOCATCS U3 OJHON CHCTEMbl KOOPAUHAT B APYIYIO
BoJiHaAMM (puc.93), HO HE TTOHUMAsI, U JaXKe HE JIOTa/IbIBAsSICh O
4éM UIET peub, A.DUHIITENH 3amyTal MaTEPUATUCTUYECKYIO
bu3uKy 110 npenena:

- CKOPOCTHb BOJIHBI CBE€Ta — MAaKCHUMajbHas CKOPOCTHb B
Kocmoce;

- IIpocTpanctBo Kpusoe, Bpems toxe.

341. Koneb6aHusa marmoi:
XNAOKUX cpen ceabmoro ypoBHst Oeaohoo

YecTtonoOuBoe cTpemMJieHHEe CEeMHUTOB BBINSAYMBATH
CBOM 3THOC, CO3JAJI0 TEOPUU OTHOCHUTEIBHOCTU pEKJIaMy Te-
HUAJIBHOM HCKIIOYUTENIBHOCTH padboT XX Beka ot P.X.

Pexsiama  3aperymnpoBajia  HeIOCTATKH, XOTS
A.DUHIITENHH TaK U HE MOHSU CYIUHOCTU E = mc?. @opMyIbl,
B3siTOM UM M3 padotr 'enpBunia u [lyankape 6e3 paspermieHus
aBTOPOB — TUIaruar.
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Brii0 HE MOHATO OCHOBHOE: MUTO3 YHEPrHH H3MEHSLI
XapakTep JABUKEHHSI MACChI /11 CO CKOPOCTBHIO ¢ HA Bpallle-
HHE MACChl CO CKOPOCTHIO @), (Ta01.262).

Tabaua 262
Teopml OTHOCHUTECJIBbHOCTH C MO3UIINU CBETA
OHeprus ®oToHa @®oHOHa Cryctka goHOHa
PaBHomMepHoe, |PaBHOMEpHOE
®dopma Bpaienue-crymenue

NpsIMOJIMHENHOE, | KoJebaHue
JABUXKCHUA TOYKH BOJIHBI CB€TaA
NOCTYIaTeILHOE | BOJHBI CBETA

1
c
[ToTeHImab! E=ms?=c |E=E,2=c E[i J‘(/’d(/’) =>= to,
0

bor - Jlyx

’ bor - CrIH.
CaarTon

O0o0xkecTBIEHHE bor - Oren

[Touckun TPUYMHHO-CIICICTBEHHBIX CBS3EH B Mpolecce
U3MEPEHUS PHEPreTUYECKUX (PopM, BIUSIIONINX HA XapaKTep
ABHM/KCHUS] KBAaHTa CBeTa B MyJbCHUPYIOIIMX Cpeaax, rpuBe-
au A.DUHIITENHA K BBIBOAY O KpuBH3HE [IpocTpaHcTBa. onHa-
ko B Peammsx Kocmoca Bpamancs crycrok QOeaohoo
(Ta6n.261). B xuukux cpemax 3TOro ypoBHS (MarmMa mepen
muTocdepoit 3emiin) BOSHUKAIN KOJICOAHNS:

Konebauus Kynnanuau [ManeMa 1/Kynaanuan
Pexewmn | 7=315 o1 o0 7=3151 1 90 (745)
[3] 90 | 180 |35 7=315

342. [IuHaMuMKa N3MeHeHus AaepHOro BelecTBa

SAnepHoe BemecTBO B popMe KUAKON IIa3Mbl CYIIECT-
BYeT B JINHAMUKE.

SnepHoe BENIECTBO BO3HUKAET MPHU dHIAOTEPMHH B (HOp-
Me JKUAKOW TUTa3Mbl JIYHHOTO CBETa, a 3aBepiiaeT cBOE (op-
MUPOBaHHUE B MOJI€ IK30TEPMHUHN KaK Ja3epHasl Iia3mMa COJHeU-
HOTO CBETa.
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Mexay HIMU BO3HUKAIOT JBA MPOMEKYTOYHBIX COCTOSI-
HUS C TIOTEHIINAJ - 9KBUBAJICHTAMH BOJIbI U CBeTa (Ta011.263).

Ta0muna 263
JIyHHO-co/IHeuUHbIe (DOPMBI IJIA3MBI SIIEPHOTO BelllecTBA

DKBUBAJICHT | DKBUBAJICHT
dopma 11a3mMbl Jlynnas Conneunas
H,O cBeTa

Tepmus DHO0- nepexoaHas OK30-

BsaumonetictBust 25 = | 25 =
Ig pip2 & P1P2P3Peps Ig p3paps
Ouepreruueckas | 1 = (9+0)=| y,=18= 13=36= Y4a=T2=
IJIOTHOCTh 12 2:(9+0) 4-(9+0) 8:(9+0).

IMnamsa - Jlyun (bonons) u Uckpsl (HoTOHBI) eTUHOI
JIynbl, oTpaxeHHoil B crpysimuxcst Boainax Beex Pek 3em-
au ([3]. Cranua VII, n.4), Benukas [luBunuzanus oTpasuia BO
B3aMMOJEHUCTBUAX, YUCIO KOTOPBIX paBHO 108 penHKapHanu-
am o bynnuzmy (1a611.263).

+2-(27+2 — (-25) = 54) = £108, (746)
rjae 2+(27+2) = 58 - boxectBa B ['onose Yenoseka (Kaura

MEéEpTBBIX), OpMUPYIOIITUE TOTYIIAPHUS TOJTOBHOTO MO3ra.

KyHnanvuau, Bo3HHKAKOIIAs B )KUJKOW IIJIa3Me sJIEPHOTO
BemiecTBa (745), dopMupyeT cpeay TeHOMOB HacCJECTBEHHO-
CTH B I10JI€ cCBeTa T =cC = 315:

Cset 0,1m 0,27 0,47 0,87
Mnasmau | 3,59 =11) |3,5(18 =12) | 3,536 = 13) | 3,5:(72 = y4) | (747)
Kynpganmuuau | =31,5 =63 =263 =4-63.

K MoMmeHTy mosiBiaeHus noTeHIana 63 cryCTok o0béM
Benukod [lupamuabpl HamosHAETCS OSHEPrue CaMoCyIIUX
BOJIH:

8v2=L
E= [pdp=063. (748)
2=
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343. JDHepreTuka MUTO3a CYOGCTPYKTYpPbl OMOKIIETKN

JlnHaMyka M3MEHEHHs SEPHOTO BEIISCTBA OMHMCaHA B
Teorenesuce Kuurn J[3uan ([4]. Teorenesuc. Ctanna 7. 1.6).

"6. LHapb (reHom) siBWJICS caM M ceiiyac ObLJI H3BeC-
Ten uM. "SI — nepBwlii (paguyc r = v/2 OKpYKHOCTH, BIIUCAH-
HOW B OCHOBaHUE BeNUKOU [Inpamuibl.

BekTop BomHbI Sc /4 = Csc /4 = +/2), eka3an OH, U 51
— mocaennmii (pedpo L = 8+/2 Benukoii Iupamunsl. BexTop
BOIHBI SC T/4 = +/2 B pacmmpstomeiics 10 c3/w,3 = 8 Becenen-
HOIi), © 00a MBI — OJHO JIMIO (MHTETrpaJibHAsA PAa3HOCTH MO-
TeHIHaJIOB, paBHas 63 (748)). CBeT npuméa u3 Temsl (747).
Bcé npunuio u3 Hudvero (1a6:1.263). U3 CMepTH npuiuia
BeuHasi Ku3Hb (BO3HUK MHTO3 OHOKJICTKH, W3MCHSIOIIUI
cyoctpyktypsl: (9+0)—(9+2)—(9+0)). Hdeao cnenano'.

MwuTo3 OMOKJIETKHM HAYMHAETCS C IMOSBICHHUEM y MaTe-
pUHCKOM CcyOCcTpyKTYyphl (9+0) MBYyX HOIOIHUTEIHLHO BBIPOC-
IIUX BOJOCKOB-XTI'YTHKOB, OIHCAHHBIX KakK CyOCTPYyKTypa
(9+2).

Bocemb BONOCKOB-TpyOOuek Bcerna paboTaroT Ha Co-
XpaHEHHE PABHOBECHS] MEXAY IyJbCallMedl pacIIUpsIOIIencs
Bcenennoit (Ceero-/laTtenemM) u cyocTpykTypoi (puc.94):

3
c
8 BOJIOCKOB-TPYOOUEK = o =8, (749)
0
Lumonnasma [To neBsTOMY BOJIOCKY B

CyOCTPYKTYypy TOCTYIaeT rpa-
BUTAIIMOHHBI JIYHHBIA HWM-

nyybC 28 = \/pp* (puc.94).

-14 -14 I[InoTHOCTH  LUTOILIA3-

+28 +28
(9+0) - (9+0) MBI B CYOCTPYKTypax IOBBI-
JI0 MUTO3a MHTO3 maercst ot 1 =(9+0) 1o y4=72
(puc.94), TOo ecTh B BOCEMb

Puc.94 Cybcmpyxkmypuvl 6uokiem-

as.
KU 6 yumonJjasme buoknemxu p
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Harpyska rHa BoceMb BOJIOCKOB-TpyOouek (749) yBenwu-
YuBaeTcs 10 KBajJpaTa MNEPBOHAYAIbHON BEIUYUHBI U CTaHO-
BUTCA paBHOU mnoteHimany Tsup = 8 (Kuura Ilepemen).
DOHEpruo Hajgo0 OTBOJUTH, U B CYOCTPYKType (Kak B JIFOOOM
Cemenu JXXuBoro) mpopacraer JBa BOJOCKA-KT'yTHKA, MO KO-
TOPBIM OTBOJMTCSA MAarHUTHas SHeprus 14 = +.[yu* (puc.94).
CyOctpykTypa (9+2) momamaer B pPEeXHUM HOJIb-TIOTEHITMAJA
CYMMBI:

28 =-\[pp* < H[14 - (-14)] =2 Juu*, (750)

a pa3HOCTb YABAaUBAET CYOCTPYKTYPBI, €IS KIETKY MOMOJIaAM.

344. Muto3 OBMOKNeTKH
n poxaeHue B )KM3Hu Ao XXusHm

"1. Ilo3nait Hayajgo 7KM3HHM 4YyBCTBYIOLIEH M BHE
¢popmbr'.

Muto3 OHMOKJIETKH CBSI3aH C IMOCTYIJIEHUEM B CyOCTpYK-
Typy JYHHOW I'paBUTALOHHON YHEPTUU U €€ YIBOCHUU B CIIy-
gae pasHocTH (724). IInoTHOCTh NUTOIUIA3MBI B 00BEME CYO-
CTPYKTYpbI yBenuuuBaercs ot y; = (9+0) no y4 = 72.

B Apyne (BHe ¢gopmbl) BcenenHoil BO3HUKAIOT >KUBBIE
Marauthel (puc.94, Tabn.264).

Taomuna 264

Bo3HuKkHOBeHME )KMBBIX MATHUTOB B Apyne Bcenennoii
(poxknenue B 7Kusnu 10 7Ku3Hu)

PesynbTar Apyna=92= LAUPEN L * = 142 = )xuBbIE MarHUTHI
Konebanus
IUIOTHOCTH 71:(9+0)@565\/ﬂﬂ*+\/,0,0*—(—\/ﬂ/1*).
IUTOIIA3MEI B Jpop*=28 7,=72 ’
cyocTpyKType . . , ,
(prc.94) (9+0)72 < 5628 wim 9% & 142,
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Benukas L{uBuin3zanust onuceiBaeT poxaeHue B JKuzHu
1o JKuznu, npogomkas Craniy VII, .1 KocMorenesuca.

"BuauaJe, boxkecrBennnblii, Ennnbiii or Martepu /ly-
xa: (JIyHHBIN TPaBUTAIIMOHHBIA UMITYJIbC, TTOJIOOHBIA MpbICHH,
T0 ecth p* = 28-10%°, mocrynaromuit B Karmuto D¢upa bopro,
Kak pp* B murtoruiazmy (puc.94)); 3arem yxoBHblil (pp* =
28, rie BMECTe C UMITYJIbCOM MBICIIH MOSBIISIETCS TPABUTALIN-
oHHbIN 3apan p); Tpu or Ognoro (Apymna), Yersipe ot On-
HOro (Pyma) u IIare (3HEprus nATepudHOr CBs3M, [larepuu-
HbIl JIxa)".

Bo3nukaer pe3oHaHCHBIN BUXpb Apyna-Pyna u Bo3my-
méHHas cpena (Tabm.265).

Ta0muna 265
Bo3mymienue okpy:kawiueii cpeabl Apynoii-Pynoii

Hznyuarenu Cpena BOKpyr usnydarenen

3+1 4+1 5+1

3+4+5=12 f(odco-I¢d¢-j¢d¢=6-8-10:480.
3-1 4-1 5-1

"3arem Tpu, IIare u Cemb (3+5+7 = 15). ITH cyTh
Tpouunsle u YerBepuuHble B HUCXOAALEM IOpPAAKe
(480:15 = 32 = (32+22+1% = 14)+(4>+3%+22+12 = 18)); IlepBo-
ro Baaaeixu (p*) poxaénnnie Pazymom Coinbl (Hamme Oro
¢ noteHnuaiom Luap = 32), baucrawommue Cemb (KUBBIC
Marautel up*). Ouu u ectb Tol, 51, OH, 0 Jlany; oHu 6.110-
ayT Te06s1 U TBoW Matepb bxymu (3emiro).

345. NHdhopmaTuKa:
pacTBopeHue 22 6ykB ABpaama B Bofie

JHeprusi Bcerga M Be3Jde BO3JAEiCTBYeT Ha KHBOE.
Kusoe mox Bo3aeiicreueM 3Hepruu Kocmoca mioaurcs -
pa3sMHoOKaeTcs Kak B 7Ku3Hu, Tak u 10-nocje JKu3Hu.
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Ho xocmuueckas Oneprus IlepBoro BJIaJbIKH €CTb
Msicis p* = 28:10%, u Mbl, poxaénnnie Pazymom IepBoro
BJaaaAbIKu, Cbinbl (S, Twl, OH), 10/KHEI MOHUMaTh KocMu-
YECKYH0 MBICIIb.

MBI 1OJKHBI TTOHATH, YTO SHEPreTUYECKUE M30MEpHUYe-
CKHhe UMIyJbChl (91+2) < -(9+2) mpu £22 < +0 ciyxar He
TOJIBKO JIJISl PA3MHOXKEHUS, HO U IS Tepeiaur UHPOPMaIIUH.

"ABpaaMm cBsi3aJ AyX ABAAUATH ABYX OyKB CBOMM
A3bIKOM, 1 bor oTkpeL1 emy cexkperbl uX. bor mossosui
OyKBaM pacTBOPUThCH B Boae. OH C:KEr MX Ha OrHe, pa3Be-
ss1 o BeTpy. OH pacnpeneJuy UX Cpead CeMH IJIAHET U
oTAaJ uX ABeHaanaTu 3Hakam 3oauaka ([2]. Topa).

[Tockonpky HUM ABpaaM, HU DWHINTENH, HA JAPYTHE HC-
cnenoBareny MupoOBOro siilla HE CMOIJIA JaThb OTBETA Ha BO-
IIPOC O MEXAHU3ME PACHPOCTPAHEHUS YHEPTUH, B TOM YHUCIIE
uH(pOpMaIuy, TO BO3bMEMCS 3a JIEJIO0 CaMH U BBIJIEIUM IISATh
TEXHOJIOTHYECKHUX IIPOLIECCOB, yKa3aHHBIX boramm ABpaamy
(Tabm.266).

Tabauia 266
IIsaTh cTaguii TEXHOJIOTMYECKO MmepepadoTKu
22 6yxB ABpaama [2] (ILats [Iponsuxkenuii doxara)

Howmepa 1 2 3 4 5

Pacnpenenwn | Otnan 12
cpenu 7 3HaKam
IJ1aHEeT 3oauaka.

PactBopenue | Cxuranue | Paszesu

Omneparuu
B BOJE Ha OTHE | II0 BETPY

HanowmHro, 4T0 B TpEXMEPHOM ITPOCTpPaHCTBE MUPOBOIO
Aitna Oeaohoo (puc.92) xuakas (aza saepHOro BelIeCTBa
nosiBsIach Ha ceapMoM ypoBHe O ¢ moreHnuanom 180
(Tab611.259).

[TosiBMITack BoJa ¥ BO3HHKJIA JUCCOIMAIAS BOJBI, a C
Hel U MmyJbcanus HOHOB (Tabi1.267).
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Tabnuua 267
IMyabcanuss MOHOB B TUCCOLUUPOBAHHOM BOJE

MonexynspHeie 2H "+ 02 < 0?-2H" |M B nuarpamme Tsaup-1Tunn
Beca 2+16=18<=16-2=14 8 = (c/m,)?
IIpuBenEnnas M= 18-14 :2;@ 2 _1=63
IyJIbCALUS 18+14 32 8 '

346. lMNaporasoBasi atmocdepa
Hag ocThbiBawoLen 3eMnéeun

Jlucconmanus BOAbI B BOAHBIX pacTBOpax COJIEU U KH-
CJIOT u3Mepsiercs ¢ nomombio pH-merpuun, rne pH — nora-
pU(pM KOHILIEHTpAIlMM MOHOB BOJAOPOJA, MAKCUMYyM KOTOPOTO
paBeH 14.

Jucconmarnus — myJibcanusi KOMIIOHEHT aTOMOB U MOJIE-
KyJ JIOJDKHA YYUTBHIBATHCS TPHU OMPENEICHUU MOJEKYIISPHBIX
BECOB, HAaIIpUMep B razax (Tabin.268).

Tabauma 268
IIpumep pacyéra npuBeAEHHBIX MOJIEKYJISPHBIX BECOB

[IpuBenénnbie MoTE-
I'a3bl dopmyna Jucconuanus KYIAPHEIS BeCa
VriIeKucibIi e C+0,<0,-C i - 44% _ 92 ~ 3.8?2
ras P l12432=4432-12=20] ' 282 110
Oxuch Co C+0<0-C i _287-27 810
yriuepoza 12416 =28 = 16-12=2 | >  28.2 8-7
4H+0 < O - 4H 2_47 8.
Mertan CH4 ky = 20 -4 80
4+16 =20 <= 16-4 =12 20-4 8-10
3H+N < N -3H 2117 7
AMMuak NH; k4=17 1 23 ’ 8.
3+14=17<=14-3=11 17-11 17-11
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B nepuop, korga rutanera 3emiisi OcTbiBaja, B €€ aTMO-
cdepe BO3HUKAJA MAPOra3oBasi CMECh, B KOTOPO aMMuak 00-
Jajan UHBEPCUOHHOM TyJibcalueld (BhIBOpaYMBaHUE HaU3HAH-
ky). IlosTroMy mapora3zoByro arMmocepy Haja pacKaJI€HHOU
3eMii€il B TOUKe pe3oHaHca Karmimm MOXHO CUMTaTh MO OTHO-
HIEHUIO, IPUBOJAIIEMY K dKBHUBaneHTy nons bor - Jlyx Css-
Tol B TpéxmepHOM [IpocTpancTse (Ta6:1.267, Ta61.268):

MK KK 1T g 21T (g (751)
K, 35 35

K

[lepoatmocdepa 3emiin myJbcHpOBaja B PEKUMAX
J3uan - B3aumopeictBusa, ¢opmupys Ilsarepuunsiii JIxa u
Kynnanuuu:

1
K-(i_[go d¢zi%]<:>l7-243 %% 5K < 17:242/7, (752)
0

rjae 2/7 - BenuuuHa, oopatHas KyHnanuuu.

347. pH - pacTtBopoB n 108 peuHkapHauumn

OxoHoMmuKka Poccuu, Kak aToMHas SHEpPreThka, - BCE B
YCJIOBHBIX €IMHUIIAX, a HE TOJBKO Macca sipa.

YcnoBHasi exMHULA U3MepeHusl U npucraska Ksasu
BO3HHMKAIOT TaM U TOIrAA, I[Ie ¥ KOIr/Aa MeTOA NPHOJINKeHn il
(ocHOBa aHaNMM3a MPUYUMHHO-CIEICTBEHHBIX CBszel [Ipupobl
Halllel HayKW) 3aX0AUT B TYNHK.

TynukoBasi cuUTyarusi BO3HHMKJIA M B BOIPOCE pacuéra
aTOMHO-MOJICKYJISIPHBIX BECOB XMMUUYECKUX DJIEMEHTOB M CO-
eAMHEeHU 0e3 y4yé€Ta AUCCOIMAIUMA dTUX COCAMHEHUN, HAINPH-
Me€p BO/IBI.

Jlucconmanys BOABI B BOAHBIX PACTBOPAX COJIEUM U KH-
CJIOT, KaK M JIHCCOLMAIMs CAMUX BOIAHBIX PACTBOPOB HU3MEPS-
ercsa pH-merpueii.
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pH - 310 ycrnoBHOEe 0003HaueHHE Jorapudma KOHIICH-
Tpauuu noHa Bogopona (H') B pactsope.

pH - norapudm KoHIEHTpalMyu MOHOB BOJOPOAA B pac-
TBOpE U3MEHSETCS OT equHUIGI 10 14, e B oomactu pH = 1+7
bukcupyetcsi KUCIOTHOCTh, pH = 7+14 - menouHocTs, a npu
pH =7 - HEUTpaIbHOCTH PACTBOPOB.

Kunkue cpenpl qH00BIX pacTBOPOB 00J1aAI0T OJIUKHUM
MOPSIKOM, TO €CTh B KUJKHUX CPe/iax MPOTEKAIOT KOPOTKOICH-
CTBYIOIIWE B3aUMOJICUCTBHUS:

CB3b KOPOTKOAEHCTBYIOIIMX B3aNMOAeHCTBUI
¢ pH pacrBopos

pH=14=1g p,*=1g 10" pH=-1=1gp,=1g 10

(753)

DK30TEpMUs DHAOTEpMHUSL.

N3menenue pH B Karuie BbI3bIBaeT MosIBIIEHUE PA3HOCTH
KBa/IpaTOB TOTEHIIMAJIOB, PABHOW MOTEHIMANY MOIYy3JUIHIICA
cBeueHust Toukoit DHeprum (puc.90), cszanubiM co 108 pe-
WHKapHauusaMu no byaauzmy:

To[14* — (14-1)*] =4-(14>—13%) =4-27 = 108. (754)

348. Penakcauus usny4deHus:
MCTOYHUK 13TH KpaTHOro CuncnexHums

JItob0My MBIIy4EHHIO COIYTCTBYET SHEPIeTHUYECKOE
BO30Yy>K/IEHHE TOYKH W3ITydaTesisi, HalpuMep, MpU HU3JIy4eHUU
KBaHTa CBETA, IEPeXo/ia AJIEKTPOHa ¢ OpOUTY HA OpOUTY U TaK
nanee.

JHeprernyeckoe BO30YKIeHHE TOYKH M3JIy4daTeJast
HA MOBEPXHOCTH U3JIYYCHHUS] HA3bIBAETCH peJIaKkcaluei.

[TpoIOIKUTENBLHOCTh  PENIAKCAIIMU  ONPEACINIAEeTCS KO-
POTKOJICUCTBYIOIIUMHA  B3aUMOJCHCTBUSMU:  SHIOTEpMUYE-
CKHMHM TIpU c1a0bIX B3ammomeiicTBusx (p, = 10™) u sx3oTep-
MHYECKUMH TIPH AJIEPHBIX B3anMozeiicTBusX (ps = 10'%).
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[TpoaomKUTENBHOCTh peNlakcalliid OMpEeIeNsieTcss Kak
UHTEpBaN KoJeOaHUN sIepHO-CIa0bIX B3aUMOJICHCTBUM, 3a-
TparMBalOIUX KakK sAEpHbIE PEeakIuH, TaKk W Jorapupmude-
ckue mpotecchl (Tadn.269).

Tao0muma 269
Penakcanusi TOUKH-U3TydaTeIA:
orc4éT mo 13-nmynnomy Kanenngapro

Tporuecce SlnepHble peakuu Horarlf;gll‘;?;icme
B3aumopeiicTBus: j‘ ,
Ar=p,p, | pdy, ‘
S 24 lgAr=lgp,p, [ dp
3 3 rue x = p2p4/p5_: 1012’ x|
4_/ \ 4 = =10" rae:
5 / \ 5 Y = P2p4ps . -
nl o x;=1g(x=10") =12,
6_ L6 ac=10"2 (10" 10%) =y, 1g(y=10") = 14,
1 lg At =13-2-13=2-132
L6543 L0104 1y =
gggg 1, 2 Otcuér no 13tu
S 10 79999 = 5:10%9999 | ynromy Kanemnaapro.

Benukas HuBunuzanus gana 13-tu nyHssiid Kanennapb
uuBuiIn3annu Maiiu, a ssagepHbie npoueccol Jlpesaemy Erunry,
npeaBapuTeabHo 000kecTBUB Ludpsl (Tabd1.269):

N H3uoa, O3upuc, I'op, Too N 3456
Too, I'op, O3upuc,Too 6543

=9999. (755)

N naxe 3Has cymHocTh (755), s HE UMEIO MpaBa TOBO-
puTh 0 pa3odaauénnoii Uzupge.
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349. Kocmuueckasa Mbicnb:
Hecyllasa BOJSIHA TefienaTum

[loTeHuman penakcauui SIACPHBIX PEAKIUN SABISETCS
MCTOYHUKOM 3K30T€PMHUUYECKUX B3aUMOIEHUCTBUM: SIEPHOTO U
ANIEKTPOMArHuTHOro (Tab1.269):

AT=59999-(10°° = 10'*10" = p4p;). (756)

DK30TepMUsl KAK B OTHE C3KHUTAaeT IBAALATH JBe OYyK-
Bbl ABpaama (Ta611.268).

OmHako Tmpolecc TIOCTYIUICHUS MEeTaralakTHYeCKHX
BOJIH B 00J1acTh peNakcali TOYKU - U3IydarTeist He MpeKpa-

macTcia, U IIPOAOJDKHUTCIBHOCTL pCilaKCalluk YABAUBACTCA
(756):

(Sc /4 - Csc /4 = ... =2)-At =9999-10"". (757)

B o0nacth penakcanuy momnagaer IeMeHTapHas 4acTh-
1a, crpanauia Kocmoca - HOCUTENb CTa0bIX B3aUMOICHCTBUN
-1
lg(po = 107"), nanpumep 6030H, u Tak najuee (757):

2A/10°7 —1g(p, = 10") = 9999 — (-1) = 10*
u 2At—1g po-107°7 =10*10"" = 10", (758)

Bo3nukaer JwomuHOGOp, B Ipeaenax HACbILICHHUS
4
KoToporo umeoT Mecto obiTh 10* doToHOB B yca0BHSIX
B3aMMO/ICICTBUS CBeTA:

2AT+ 1077 =10" = p5- 10"

1040+37 _1 B 1078 _1

_ 1040 37 _
WU 2At=10"ps— 107" = TS

(759)

rae 41+37 =78 = 2:28 + 22 u cxxuranue Ha orHe 22 OykB
ABpaama 3aBepiaercs (Ta61.266):

107At = 10"*%102 - 1. (760)
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B okpyxatommee [IpoctpancTBo ¢ gacroroit 1/162 uzmy-
YaeTcsl KBaJpaT I'paBUTALlMOHHOTO uMmmyJlibca p* (760):

10%%%-10% = (p*/T,)*10* (761)

H 107 T2 At+1 = (p*)> 102, (762)

rae 22 0ykBbl ABpaaMa JIeTAT €0 cKopocThio Kocmuue-
ckoii Mbiciiu Co3nareisi, mpeaonpeneisisi TeJenaTuio.

350. CBabxaBart Kak BeTep Ans 22 6ykB ABpaama

Penakcanus 3akaHuuBaercs wusinydeHueM. M3iyuyenue
OrpaHM4YeHO pacmmpeHneMm BceenenHon B TpéxmepHoM [Ipo-
cTpaHcTBe. I TOUKM - u3aydaTens cBeTa noreHuuan Csero-
Hatens Oynet paBeH 8 = ¢*/m,>.

OTHOCHUTENBHO M3ITy4YeHHs cBeTa Topa MOJYUT. OTHOCH-
TeabHO 22 OykB ABpaaMa YyTBEpP)KIA€T, YTO HA ITOM 3Tame
ABpaaM pa3Besis1 OyKBbI 110 BeTpy ([2], Tab1.266).

OHEpreTuKy BETpa PacIlIMPEHHs ONUCHIBAET AHarpamma
Tsaup-LluHb, Kak HapuMep NEPEeXo] OT 3apoAblllla CHKATUS K
3apoapllly paclIupeHUs:

@2 = T,c/m, (ckaTne) 82 —22=60 = Jlyna
8 = ¢*/w,’ (pacmupenne Bor u Goruns JlyHsl (763)
[Iymepos

Hwnarpamma Tsaub-Liuae

Bo3nukaer cune-rony6ast 001acTh pa3HOCTH IJIMH BOJIH
B MOJSX CJIa0bIX B3aWMOJICHCTBUM, XapakTepHas s Yakpsl
Tperuii ['na3:

60 = p600 = p-AT = pr-AC = p,-300A. (764)

Mexny [loncoznanuem u Co3HanueM B objactu Yakpsl
Tperuit ['na3 BosHuKaer GHOTOK cuwiorw 10°A n mHIyKIHS C
notenrmanom 10 1/A.
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"8.../Ku3nb Oecco3HaTesbHas myjabcupoBasa B Ilpo-
crpancTBe Bceienckom Bo BeecymiHocTu TO#M, YTO OCTa-
Jach OTKPBITBIM [(c/®,)> = 8 = O-3apoasim (763)] I'lmazom
Harma" ([3]. Kocmorenesuc. Cranna I, m.8).

Bwmecte ¢ Tem mpouecc penakcaiuu MOXKET ObITh OIH-
caH ¢ momoiipio CadxaBar O u CBabxaBar ® (1a6i.270).

Taomuna 270
N3ay4yenue-noriomenue
3apoabieii cxxaTus-pactskenus (763)

Touxka
Ho- | Csero- |Ilocne-
Jlarenb

[IpuBenénnpie
IIOTCHI U AJIbI

Ilocnenosa-
TCIIBHOCTb

CBab-| Cab- | CBaO-
CumBonmsm  |xaBar| xaBar | xaBar | Ilormomenne | M3zmyuenue

©) O] ©)

Hormo- 5 15, 2 2.22.2 8878
[Toten-| IICHHC k=———=|\ky=——=
24242 8+8+8
WHATIBL | Py
8 82 8 2 51,2.

YCHUC

351. MupoBoe Anuo
KaK onyfioaoTBOpPEHHaA AnuekneTka

"9. Ho rae 6b11a Jlanrma, koraa Agaiia Bceesennoit
(Iyma) oOb1a B Ilapamaprxa (Co3nanue beitne < He-
breitne beccosnanue) m Benukoe Koseco (Bcenennas Xus-
Hu) 0110 Anynagaka?' ([3]. Kocmorenesuc. Cranma VII).

Peup nnér o ommogorsopénnom Muposom fiine, mno-
JI0OMEM KOTOPOTO SIBJISIETCS OIJIOJOTBOPEHHAS KEeHCKAasl siii-
nexkJerka - 3urora. Hamra 3agada coctoutr B TOM, 4TOOBI B
nosie Oeaohoo BwienuTH 3apojsiil, JXXenTok, 00K U CKOp-
nyny (tadn.271).
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Tabmuma 271
Crpykrypa Muposoro fiiua - 3urorst Oeaohoo

Kenrok benok | 3apoapim | Ckopayna
KoMIoHeHTHI Cgeto- | IIpoctpancrso (puc.90)
DOopMOBIIMKHI
Harenn Llentp O6omouka
NoNe 1121314 6 7
Panpr
CumBonbl| O | e | a h 0 0
Io- Slitna Oeaoh = 1,6 240/7 180
TEHIHA- | 3apo- ] i 2 51,2 )
JIbI JIbIIIIA (Ta611.270)

[TossBnenue B 3apopliie KPacHOM KPOBH, TO €CTh IIe-
pexon AJK — AK onuceiBaeTcs Kak 4MCIIaMH, TaK U JUarpaM-
Mo#t Tsub-1lunb (Ta61.271):

AK

510, AK 14004

o

70 4

=20 [=1024=32°;

(765)
62> —-2°

8 64
QU
6 2 T,

['oBops o [lapamartka, Benukas [{uBunusanus ucxoau-
J1a U3 TOro, 4YTO Ha ypoBHE 110ACO3HAHUSA MPOUCXOIUT TPAHC-
dbopmanus Meiciu (p*) B Ilamsate (U*), 4TO BBI3BIBAET MOSIB-
JICHUE NBOMKU:

=1023=32"-1.

(p* =28-10%") : (u* = 14-10*) = 2. (766)

B tpéxmepHom IlpoctpanctBe 3TOT HMMIyisc (766)
pacimpsiercs, GopmMupys SKBUBAJIEHT cBeTa 8% — 22 = 60.
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352. Wymepbl 1 Mmbl — JlyHa u OTKpoBeHuUsA

Cenenus o Ctpykrype MupoBoro fiina (tadmn.271