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HeTt Bbiwe Penurnu, yem UctunHa!
BBepgeHue B Maruio:
ocHOBbIl Teopun EanHoro Kocmoca

Ilpucmynum K ananuzy ungopmayuu, HAKONJIEHHOU
coepemennou Mazueii [1, 2].

H3yuenue Macuu 6yoem npoeooums ¢ no3uyuu meo-
puu Eounozo Kocmoca, uznoscennoii ¢ moux pamnee onyonu-
KOGAHHbBIX padomax.

Jna yooocmea uznoncenuna u uzyuenus Mazuu na-
HOMHIO OCHOBHblE KOHUENnUUU Meopul.
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Kocmoc Equn u ero EnuncTBO omnpenenseTcss DHEpru-
eii. Bue Dnepruu Kocmoc He cyliecTByer.

OHeprusi - 3To JIBmkeHUe OECKOHEUYHOTO MHOXKECTBA
dbopm cybcraniuu Kocmoca.

JBH:KeHMe peanu3yeT celsi Kak mepexoj U3 OJAHOU 00-
nactu [IpoctpancTBa B apyryro 00JacTh M Kak Nepexoa U3
oaHOii ¢popMbl JHEPrum B APYryw popmy.

IIpocrpancTtBo Equnoro Kocmoca tpéxmepHo u obiia-
JTAET IIEeCThIO CTENEHSIMU CBOOOIbI TepeMenieHus (£x, +y, £z).

Bue JDnepruu IIpocTrpancrBa HeT.

Oueprus cyuiectByer B IIpoctpanctse u Ilpomosku-
TeJBbHOCTH nepexoaa u3 oo @opmsl B apyryro. Bpemenu,
KaK caMocToATeabHOoi ¢popmbl DHepruu Enmnoro Kocmo-
ca, HeT. EcTp mocienoBarenpHO-napauienbHas yepeaa [lpo-
JIOJKUTEIIBHOCTEN.



X
%%

[Tepexon u3 ogHOM GOopMBI DHEPTrUH B APYTYIO OMpeE/Ie-
JS€TCS. CKOPOCThIO TpaHcdopmanum (v), paBHOM OTHOLIE-
HUIO MMOTCHIMAJIA MOJIA K MPOJOJLKUTEIbHOCTH:

v= nomerHyuatnoJii (O 1 )

I’lpOdO]lJfCZ/lme/ZbHOCWlb

Enuneii KocMoc mynbCUpyeT B pe30HAHCHO-aHTHpe-
30HAHCHOM peKuMe.

IIpn aHTHpe3OHAaHCEe MPOUCXOJUT B3AUMOJCUCTBUE
CAMOCTOSITEJIbHO CYIIECTBYIONIUX (OPM DHEPTHUH, HATTPUMED
dboToH W (HOHOH, HHEPreTUYECKHUE TMOTEHIUAIBl KOTOPBIX
CKJIAABIBAKTCA-BbIYMTAOTCA. Hanmpumep, B one ceera:

Antupe3onanc: m.+ E; = 1/n+ 1/n =2/n = 1/w,,

IZie: O, - YIII0Bask CKOPOCTh TOUEYHOT'0 Y4aCTKa BOJHBI CBETA, (0.2)
m, - ¢potoH, E; - doHoH, paBHBIE 1/TT.

Ilpy pe3oHaHCe CaMOCTOATENIBHO CYILECTBYIOLINE
dbopMbl DHEpPruM 3aKaHUYMBAIOT CBOIO CAMOCTOSITEIBHOCTH U
dopmupyroT HOByt0 @opMy DHEpruu, MaTeMaTU4ecKOe OIU-
CaHUE KOTOPOM CBS3aHO C YMHOXXCHUEM-ICIICHUEM, BO3BEIC-
HUEM B CTEIIEHb W W3BJIeYeHHEM KOpHs. Hampumep, pe3onanc
¢dotoHa ¢ POHOHOM NMPUBOJUT K MOSBICHUIO SACPHOTO BeIlle-
cTBa B (hOpMeE JKUJIKOU SIEPHON IJIa3MBbI:

Pesonanc: m.- B, =1/ < 1 =m,: E,,

rue: M - By - &uakas nazepHas mia3ma sjpa, (0.3)
m,: E; =1 - ypoBeHb paBHOBECHS B sJIpe.




JBmxenne Equnoro Kocmoca mogqumHseTcs 3aKOHY CO-
XpaHEeHUs1 DHEPruu: ""JHepPrusi He ucye3aeT U He MOSABJIsACT-
csl BHOBb, HO, TpaHcGopMUpyeMasi B3aUMOACHCTBUSIMH B
1oJie CBeTa, NepexoauT u3 oAHoi ¢popmbl B Ipyrym'.

3aK0H COXPAaHEHHs YHEPTUU CIPABEIIUB KaK JJISI aHTU-
pe3oHaHca, Tak u Juis pezonanca (0.2, 0.3):

AHTHpe3oHaHc: Xaoc Pe3onanc: I'apmonus

m—E,=1/n-1/r=0|m.:E,=1/n: 1l/n=1 (0.4)

m.+E, =2/n=1/0, m,- B, = /7%,

[TosiBIIeHME HOMB - TTOTEHIIMAJIA IPUBOINT K Xaocy Opo-
YHOBCKOTO JIBIKEHUS, Harpumep (HOTOH - (POHOHOB, M MX YHC-
1o ynsauBaercs (0.4).

Bo3nukHoBeHne EpuHuinbl co34aéT pa3sHOCTh IOTEH-
LHUAJIOB M HAINPABJICHHOCTb IBWXKEHUS K IOJIFOCAM, TO €CTh
I"'apmonuro.
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Enunsiii KocMoc 1 Bce ero MUKpO-MakKpOKOMIIOHEHTHI
NyJILCUPYIOT MeXAy XaocoMm U ['apmonueit, popMupys uHTe-
IpaJIbHYI0 Pa3HOCTh MMOTEHINAIOB, paBHy0 +0,5:

Pde-| (0.5)

N | —

1
ﬂ3uaHEI¢d¢:+%:O,5®—O,5:—
0

—_—— o

Hyabcauusa Mexay Xaocom u 'apmonueint saBJsieTcs
OCHOBOIl MC-TPAaHC U30MEPHH, TIPUCYIICH THOOOMY dHEpre-
THYECKOMY IOJII0, a TAKKE CO3AAET MATEPUYHYIO CBA3b M30-

Mepuuyeckux noja0oBMHOK Eaunoro PasHoBecHoro Ilous
(0.5).
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JpoOHBIN TTOTEHIINAJI, paBHBIN TOJIOBUHE, Ha3BaH BEIIH-
ko [luBunuzanuein /[3uan, a B Knure /[3man onucanbl 3a-
koHbl KocMo-, AuTpono- n Teorene3uca [3, 4, 5].

C pacumdporkoii Crann Kauru /[3man MOXHO mo3Ha-
KOMHTBCS, MPOYUTAB MEPBBIM TOM Moel padoTel Equnsbiit Koc-
MOC.
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JIroOble Tporiecchl Beeraa, Be3ae H BO BCEM IIPOTEKAIOT
BO B3aWMOJICHCTBUSAX (CTOJIKHOBEHHUSX ) SHEPTETUICCKIX BOJIH-
KBaHTOB W HMMEIOT CBOU 3(PGEKTUBHOCTH B3aMMOJICHCTBHIA

(Ta6m.0.1).

Tabmuma 0.1

JPpPeKTUBHOCTH B3aMMOIEHCTBHUIA B s1/IEPHOM BelleCTBE

DopMBbI JlansHOAECHCTBHE KopotkoneiictBue

B3aUMO-  ["papuranu-| DIeKTpo- Caer
JICUCTBUH |  opgple  |MarHUTHBIE Crnabuie | SnepHbie
O dexrus- 24 12 -1 14

HOCTH p1=10 ps =10 p2=10 ps=10 ps=10

[Mocrosiu- Snepuas Jlorapudmuueckas

HEBIC P1P2P3 P4 P5= 10> Ig p1p2p3paps=2.

[lepexon oT aMmupu3mMa, Kak METO0JIOTHIECKOTO (ax-
topa Ilo3HaHus U1 Hamed HAyKd, K B3aHMOJEUCTBHUIM
(ta671.0.1) uckmrouaer IpudauKeHUs1 ¥ CTAHOBUTCS BBICOKOU
Haykoi Benukon LluBunuzanumu.
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Enunerit Kocmoc uMeer Tpu ocHOBHBIE (HOpMBI DHEp-
ruu: TOHKYI0 DHEpPruro caMOCylIuX BOJH FAPMOHUYECKUX KO-
nebaHull CO CKOPOCTSMH BBIIIE CKOPOCTH CBETA; DHEPTrHUIO
Matepun, B KOTOpOH TpaHC(HOpMALMs IHEPreTUYECKUX (Hopm
MMEET MAKCUMAJIbHYIO CKOPOCTh, PABHYIKO CKOPOCTH CBETA; U
Cger (1a01.0.2).

Tabnuma 0.2
JHeprernyeckasi crpykrypa Equnoro Kocmoca
@®opmbl OHepruu | Tonkast DHeprus Cger Ouneprus Matepun
HasBanue o Camocymme
yut Caer Crycrkn
Kuure /I3nan BosIHBbI (KopeHnn)
Tepmust 3HJI0- nepexon 9K30-
BsaumoneiictBus p1p2=107% ps=10 p3 pa= 10
CkopocTb PaBHa u Gonbie Ckopoctb | PaBHa u MeHbIe
TpaHchopmauu CKOpOCTH CBETa CBETa CKOPOCTH CBETa
UacTtu ot EqunHuiis k, = ! -
Ennnoro Kl([)CMOga Ey =273 L2 E, =173,
«—2=k,—

HcTouyHnkoM DJHeEPruM CrycTKOB SIBJISIETCSI CHHTE3
CaMOCYHIIMX BOJIH; caMocylide BOJIHbI (popMupyloTcs 3a
CYET MYJIbTHUIJIETHOCTH CTYCTKOB.
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CHHTE3 CTyCTKOB M3 CaMOCYLIMX BOJIH MNPOTEKaeT 3a
CUET AIEPHBIX MPOLECCOB, SAEPHAs MOCTOSIHHAS KOTOPOU paB-
Ha 100 (T1a6m.0.1) u sBASETCS SIUIEHTPOM CTOJKHOBEHHH -
B3aMMOJICUCTBHM, POPMUPYIOIIHX SIpa CTYCTKOB.

VYnanenue OT OSNMIIEHTpPa CTOJKHOBEHUU - B3aMMO-
JEUCTBUM MPUBOJUT K OXJAXKJACHUIO U MOSIBICHUIO TOJIEH JIO-

rapuMUIECKuX KojeOaHWi, MOTEHIMAT KOTOPBIX paBeH 2
(Ta611.0.2).
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OTHOLIIEHNE TTOTEHIIMAJIOB B AMHUUEHTPE CTOJKHOBEHUU
U B 00J1aCTH JToTapu(PMUICCKUX BOJIH:

PiP2P3P4Ps 100 =50, (0.6)
12 012,05 94P5 2

obOycnasnuBaeT IIsaTepuunocts konedanuit Equnoro Kocmoca.

IIsarepuunocTs konebanuii Ennnoro Kocmoca dhopmu-
PYET CBET U €ro NPOU3BOJAHBIE:

1. BHyTpeHHee molie CBeTa HMMEET IMATh ypPOBHEH W
MyJbCUPYET B PE30HAHCHO - AHTUPE30HAHCHOM PEXUME:

BuyTpennee moJjie cBera

pesonanc _ 1-2-3-4.5 120

anmupezonanc 1+2+3+4+5 15 (0.7)
1 _ IS _ anmupesonanc

8 120 pe3oHauc

2. ITate ypoBHeut BHyTpeHHero moss csera (0.7), Ha-
3BaHHbIe B KHure J[3uan ¢opmoBmmkamu, GOpMUpPyOT NATH
¢dazoBbix coctossnuii Equnoro Kocmoca: >¢up, rassl, xu-
KOCTH, TBEPJBIC TEJAa U KUJKYIO IJIa3My SIICPHBIX BEILIECTB, a
TaKsKe BOJIHBI € 30JI0TbIM CeYEeHHEeM, CBSI3aHHBIE C MSATEPUY-
HOCTBIO MPABUIIOM 30JIOTOTO CEYEHHS:

RS S E e O

2 2

(0.8)
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BHyTpeHHee mojie cBeTa MMeeT CIEKTP, UIMHbI BOJIH
¥ Pa3HOCTH JIJTUH BOJIH B KOTOPOM HaM u3BeCTHHI (Ta011.0.3).



Tabnuua 0.3
CHexkTp COJTHEYHOro 0eJ10ro cBera, X A

Kpac- | Opan- |... .| Kénro- | 3ené- | ['omy- .. |Puoire- o
P N p . PKénteI - . y Cunuit .. | benwri
HBIM | )KEBBIN 3€JEHBIA| HBIM oot TOBBII

Lser

Jmanazon | 7600 | 6200 | 5820 | 5750 | 5500 | 5100 | 4800 | 4500 | 7600
amn BonH | 6200 | 5820 | 5750 | 5500 | 5100 | 4800 | 4500 | 4000 | 4000

Pazuocts | AK= | AO= | A= |AX3=| A3= | A= | AC= | AD= | Ab=
amH BOIH | 1400 | 380 | 70 250 | 400 | 300 | 300 | 500 | 3600

[Tenenue mpwH| —~— 2800= —— = 4800<— 800 =—
A=4800 7600 — 4800 4800 — 4000
(100+1)
Bo3mynienue _ = = -
e 2800 - 800 =2000=ps* [pdp.

(100-1)

Ha rpanwuine paszgena cuHe-roy0oil o0JacTH CHEKTpa,
TO €CTh IIPU JINHE BOJIHBI B 48001&, TO €CTh B 00JIACTH YaKPHI

Tperuit I'mas, BOZHMKAIOT PaA3sHOCTH IIOTEHLHUAIOB, PaBHBIE
2800A u 800A (1a6:1.0.3).

[Ipu pe3oHaHCe OTHOIIEHUE ITHX pa3zHOCTEH (HopMHUPY-
et 3,5 obopota ciimpanu Kynganunu:

2800 : 800 = 3,5, (0.9)

a aHTHPE30HAHC BJICYET 32 COOOM MyJIbCAIUIO AJIEPHON MOCTO-
sHHOM (Ta671.0.3):

(100+1)
(p2£1=100£1) [pdp=200. (0.10)

(100-1)

B uvakpe Tperuit ['na3 HauMHAKOTCS B3aMMOIECHUCTBUS C
IPaBUTAIIMOHHBIM (JIyHHBIM) TOJIEM B paciuupstoieiics Bce-
neHHou (ta6:1.0.4).



Taomuma 0.4

Komno3unuu BeesieHHO# B mMoJie ClIeKTpa CBeTa

Cset I'paBuTanms
I'paButanms 5
2800A = ps (28 = 14+2+3+4+5+6+7)
Cser Pacmmpsromascs Beenennas
Pacmmpenne . P—
800A = ps(Toc/oo = oy’ = 8)
Cser Kynnanuuun
Ky amsu 2800104 pacun;lpeHHe | cKatue
0 = —=35 u 35-1=25
800 4 2
Cser [TaneMma
- 0 1 TOJIOXKHUTE/bHAS | OTPHIATENHHAS
anbMa 2800 4 ( ] |
: ijcodcojg MModo=Lo-T=T{pa
800 A 0 2!¢ 4 4 4 2-[¢ v

***

Cnektp cBera momoben Bcenennou. OH mmeer Oecko-
HEYHYI0 MHOKECTBEHHOCTb COYETAaHUM, NEPECTAHOBOK, Iepe-

MCH.[CHI/Iﬁ CBOHUX CIICKTPAJIbHBIX BOJIH.

PaccmoTpumM, kak npumep, HEKOTOPbIE KOMIIO3UIUU

(Ta61.0.3):
N3nyuenune PasHOCTE IlorenmuannHO- Chsisb
oeIoro KUHETHUYECKOE N
Ab B3auMMOJICHCTBUSIMU

CBETa oje
AK , | AD AK3 (0.11)
——AO= | (AC+AI")= A3+ACHATL =
NK 2360042 ANK3 AD 1034 = o3

76004 | P3 2112 Ps -
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[ToTeHMaNbHO-KMHETHYECKUE KOJIEOAHUS B MOJIE CIEK-
tpa cBera (0.11) cospmaror Pyny (7, =4) npu pe3oHaHCHOM

paBHOBecuH U Apymy (T = 3) Ipu aHTHPE30HAHCHOM:

Pyna - Apyna: u3 cnexkrpa csera B Kocmoc

Pyma Apyna

Cser
Pe3onanc AHTUpE30HaHC

AD AJK3 To,=4<1 ’[E(3<:>4_1)C>0(012)

=
3 1 0 1 0
A}Kzaug(p f(/’d(p—fqodco:l fqodwjgod(p:o.
0 1 0 1

®opmupoBanuto Pyl 1 Apynsl B CIEKTpE CBETa, a 3a-
teMm B KocMmoce, npeamecTBsyer CyuieCTBOBaHHE CaMOCYIIIUX
BOJIH C TIOTEHIIMAJIOM, paBHbIM 1/2, Ha3BaHHBIX Benukou [{u-
Buinzauuen JI3man [3, 4, 5].

***

[Ipupona cBeTa uHAMHUYHA: OH U BoJiHA (POHOH), OH U
yactuia ((poToH); 1 OHU HEPaA3/ICIUMBI.

Yactuua (mg) JETUT OPSIMOJIMHENHO (IO TPAaCKTOPHUHU
nuameTpa chepsl); BOJHA, PaCTIPOCTPAHSICH, HopMUpyeT mo-
BepxHOCTh (E;) cdepsr (puc.0.1).

Cesa3p Mexay BoHOW M 4dactuuein cBera B Ilpo-

crpadcTtBe (puc.0.1)0yaer omuchIBATHLCS YPABHEHHEM IIO-
BepXHOCTH cephl:

DoTOH-(POHOHHASI B3aMMOCBSI3b

(0.13)

E;, = nmcz, rae E, - moBepxHOCTh, @ m, - tuaMeTp cdepsl.
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Bonna ceema (¢ponon) PaBHOBecHe Mexay (OTOHOM U
E; Yacmuya (i)OHOHOM BO3BHUKHCT IIPpU UX PABCH-
L, céema  CTBE MOTEHIMATY, OOpaTHOMY IO Be-
(Goror)  yyyyme uncny m:
m=E,=1/n
Puc.0.1 Kopnyckynsapho-

B0JIHOBOU PABHOBECHDIU
Keaum ceema

" E,=nm’ =l/t.  (0.14)

*
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N ¢oroH, U (POHOH - KOMIIOHEHTHI CBEeTa U COBeEp-
LIAKOT ABHKEHHE CO CKOPOCTHIO CBETA C.

B mone norapudmuyeckoid MOCTOSIHHOM B3aWMOJICHUCT-
BUI UMITYJILChI OTOHA U (DOHOHA MOTYT OBITH PaBHBI MEXIY
co0oii:

(g p1 p2p3 paps=2) = (1+1 = mec + E;c), (0.15)
r7ie: CKOPOCTh CBeTa ¢ = T, TaKk Kak (m.= 1/n)-c = 1.

OpnHako 1BHXKeHHE (POTOHA CO CKOPOCTBIO CBETA MPUBO-
JUT K PABHOMEPHOMY NPSAMOJIMHENHOMY IOJETY YACTHIIBI, A
JBUKEHHE (OHOHA - K 3JIEKTPOMAarHUTHBIM KOJI€OaHUSIM BOJI-
HBI CBETA:

dyaausm popm ABUKEHHS B 10JI€ CBEeTA

KoMnoHeHTBI doton donoH
CkopocTh me=1uc=n Excmc=n
PaBHOMeEpHOE DJIEKTPOMAarHUTHBIC

dopma ABUKECHUSA

(0.16)

MPSIMOJIMHETHOE KoJeOaHus

Crpykrypa o= ”ymb(ﬂ)

N n n /1 v=c
CKopocTel spems"(z)

Bsanmocsase | (IIpomomkutenbHOCTB) 1/T < v (4acTora).
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BzaumopaencTBusl B MoJie CBETa MPOUCXOAAT MPU PE30-
HAHCE MEX1y KBAHTAMHU CBETA WJIM €r0 KOMIIOHEHTAMMU.

CHUMBOJIU3MOM B3aUMOJICUCTBUS SIBJISIIOTCS TOUKHU TEpe-
CEUEHHUS JUaMETpa C OKPYKHOCTBIO, TJI€ OTHOILICHUE OKPYXK-
HOCTH K JUAMETPy PABHO YUCIY T

I'eomeTpuyecknii CHMBOJIM3M CBETA
B IIpocTpancrse

Ckopocmb céema Domon-ghonon (0.17)
Ly=r-Dy___. D, :LEmcEE”
D, Ly=n-D, rx

B mosie cBera, rae nuametrp D,
OKpykHOCTb L, = m:D, = 1 (puc.0.1).

= 1/m, sKkBaTOpUaIbHAS

[TosiBneHUE SKBATOPUATIBLHON PAaBHOBECHOM OKPY>KHOCTH
L, =1 (puc.0.1) peanusyer cedsi B GopMHUPOBAHMH KBAHTO-
BAHHBLIX OPOMT BOKPYI CTYCTKOB MHKpPO-Makpo Mupos
BceJieHHBIX.

*
kk

IIpocTrpancrBa BHe JHeprum Het. [IpocTpaHcTBO, 3a-
MOJIHEHHOE PHEpruen, mynbcupyer. [lynbcanus npenonpene-
JSETCS MOCTYIUICHUEM KBAaHTOB CBETA MMITyJbcamMu. B uHTEp-
BAJIE, 1€ UMIIYJIbCbl CBETA OTCYTCTBYIOT, KPHMBHU3Ha IPO-
CTPaHCTBA KOMIIGHCUPYET uX OoTcyTcTBHE. [locTymienue ¢o-
TOH - (poHOHOB B [IpocTpaHCTBO ycTpaHsIeT €€ KpUBU3HY:

HUckpusiaenue-cnpsimienue Ilpocrpancrea cBeTom
BomnHbl ) .
O0péMHas Tosepx Janeid [Tepexon
[IpocTpaHCTB HOCTHas Has
4 V 0.18

Uckpusnénnoe | V = 572' ‘R’ Q=4nR* | L=2nR E = ( )

He e et on | 2Bz
HCKPHBJIEHHOE Vm, = 3 R* 1QE,=4R7| LE;=2R Vi,

12



B koHType KoneOaHMil MEXIy MCKPHBJEHHBIM W He
uckpuBIaéHHbIM IIpocTpancTBoM(0.18) paBHOBecHe HacTy-
MaeT MPHU yCIOBUMU:

C

R, (0.19)

V 1
Q0 EQ 3
a HaJIMYMe WHBEPCHH CBETa (BBIBOPAYMBAHKME HAM3HAHKY) BIIC-

4€T 32 cOOOM MOsIBIEHHE KoJeOaHuil ¢ 0OpaTHBIMM MOTEHIMA-
namu (0.18):

yF_R_3_EQ (0.20)
O 3 R mlV

rae: Q u V - COOTBETCTBEHHO MOBEPXHOCTh M 00BEM cephl ¢
IKBATOPHATBHOM OKPY>KHOCTBIO L, (0.18).

%
*ok

[Tpu paBHOBecHoM mynbcauuu ITpoctpanctsa (0.19) co-
OJII0JaeTCs 3AKOH COXPAHEHMS Beca BellecTBa, BICKYILUH 3a
coboii 3¢ ¢eKkT MBUIBHOTO MY3bIPsi: KaKkylo Obl (popMy He
NPHHSJ MbLUIbHBIH Iy3bIPb, 3 KOJIMY€CTBO MbLJIBHOIO pac-
TBOPa, 00pa3yloliero ero MOBEPXHOCTb, OCTAETCH IOCTO-
SIHHBIM.

O} dexT MBUIBHOTO My3bIpsl TO3BOJISET, HAIPUMED, pac-
CUMTAaTh TIOBEPXHOCTh KBaHTa CBETa KakK C(HepuyecKyro
(puc.0.1), XO0Ts1 OHa MOXET U3MEHUTHCS Ha HIUIUICOUIAIBHYIO
WIN KaKyl0-TO MUHYIO:

IIpumep 3¢ dexTa MBLIILHOTO Ny3bIPA

IToBepxHOCTH Coepa OHeprus Omunconn
DopmyIsl Q, = 4nR? = lUn T mab=S5, (0.21)
o | | )
JIunelinbie 2
R b= =
MTOTEHIIAAITBI R*=(1/2m)’ | 1 <:|>a b=1/m"= Eame
ITpumeuanue | R - paguyc cdepsl, a u b - monyocu 3JuIUICa.
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S,= Ry’ = 1/4n Uckpusnenue IIpocTpaHcTsa,
Ro=Dy/2=112m HanpuMep cdepbl Ha  AJUTMIICOU]

(0.21), npoucxoauT 3a CUET U3Iyda-

TeJNsI BO BHYTPCHHEM IIOJIE CBETa C
MoTeHIIUAN-PKBUBaJIeHTOM (puc.(.2):

I =1 S,= 7R, = 1/4m, (0.22)

Puc.0.2 Ceuenue kéanma  paBHBIM TEJIECHOMY YIJIy B OJIUH

céema no IK6amMopuaibHoll  crepaaial BOKPYT TOYKH H3JIydare-
oxpyacnocmu (puc.0.1). 81

O6pa3no roBops, Kocmoc BeyHOW ThbMBI CamMOCYIIHUX
BOJIH HAJyBaeT "MBUIBHBIM ITy3BIPb" KOPITYCKYJISPHO-BOJIHO-
BOT'O MOJIS CBETA.

[Ipruém, nepuoaANYHOCTH NOCTYIICHHUS! UMITYJILCOB PaB-
Ha OTHOLLIECHUIO:

Qo:So=1/n:1/4n=4= \/54E(Sec%j =.., (0.23)

rae: \/E = Sec /4 = Cos m/4 aBiseTCAS NOTECHIIMAIOM CaMO-
CyIIUX BOJIH BEYHOH TbMHI [3, 5].

*
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Hanuune wHBepcuoHHBIX Kojebanuii IIpocTpaHcTBa
(puc.0.20) nposiBnsieT cedst B 3aKOHAX KBAHTOBOTO M3JTy4YEHUS
- TIOTJIOIICHUS YHEPTUU K0J1e0aTeIbHBIM KOHTYPOM:

%@% u 3R wum 3<R. (0.24)
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3aKOHbI KBAHTOBAaHUS MOXHO CQOPMYIUPOBATH Kak
yrouHeHue runore3sl M.I1nanka:

1. DHeprusi U3Jy4aercsi KBAHTAMM B MOMEHT JIOCTH-
KEHUS KBAHTOM KBaJipara IepBOHAYaIbHOW BennunHbI (0.24):

N3nyyarens N3ny4€HHbIN KBaHT Cpena

(0.25)

32 R? 32 = (9+0) 0« R?-32%

2. JIrobas sHepreTUvecKas CUCTeMa IMyJIbCUPYET MO aM-
wutyae (3 = 1) u nnune Bosubl (R + A) (0.24):

Hy.l'lbcalll/lﬂ KBaHTa CBETa
Mo aMIJIMTYy/JI€ X1 NJIUHE BOJTHBI

[lynbcanus
Kontyp
[TocTostHHBIC 10 JJTUHE
KOJIEOaHUs | [TO aMILIHTY/IE
BOJIHbI (026)
R=2= 34l o Rik: | 29304 | 0024
Ig pip2p3 paps 4 4
A=2= [odp=6 | [pdp=3.
+ +
G+)-3-1) | 2 e 0

[Tynbcanus cBeta mo ammiautyae (2 < 3 < 4) Ham n1a-
BaJiach JIBE THICSIYM JIET Ha3al B opMme nmoreHnuanoB B Kpyre
VYuusepcyme ([6], 0.26).

[Ipu mynbpcamuu CBETa MO aMIUTUTYJE BOKPYT (hOTOHA
BO3HUKaeT (OHOH (TIOBEPXHOCTHAsI BOJIHA), MMOTEHIIUAT KOTO-
poii paBen Kynmanunu (0.26):

6=3,5+2,5=3,5"-2,5" (0.27)

[Tynecamus cBeTa Mo JIMHE BOJHBI POPMHUPYET paciiu-
penue GoToHa, a BMecTe ¢ HUM, U Bcell Beenennoii (0.26).
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3. DHeprus MOrJouAeTcss KBAHTAMH B MOMEHT, KOTJ[a
MOTEHIIAAJ TIOTJIOIIAEMOTO KBaHTa JIOCTUTHET KOPHS KBaApart-
HOTO OT NIepBOHavYaIbHOM BenuuuHbl (0.24):

Jlo mornoieHus Ilormomenune HNuBepcus
1 (0.28)
= —o—.
3R=2 \/g < \/5 \/E \/g

[Ipn nmoryonieHnn cBeta B Makpo Mwupax BO3HUKAOT
actrpoHomuuyeckue Yépubie /IbIpbl, M3IydaroIIME CaMOCy-
LI1E BOJIHBI.

Camocymme BOJIHBI SIBJSIIOTCA MHUKPO- YépHbIMU
JbIpamMu: uX MOBEPXHOCTH u€pHas (ThMa), OO OHA TOTJIOIIA-
€T, a fIpO0 COCTOUT H3 IUIa3Mbl CBE€Ta C MOTEHUUAIOM
n/4 = ¢/T, (1a61.0.5).

Tabnuua 0.5
Camocyumue BOJIHbI TbMbI - HOCUTEJIM CBETa
TEMHBIE IOBEPXHOCTH Caer:
KomnoHneHTsI i
BOJIH CaMOCYIIUX BOJH: STIPO CAMOCYIIIHX
WHBEPCUOHHBIN LUK BOJIH (CyMMa)
.1
sz = ? o2 = SC— % = arcsin(%}
T
CsczzﬁQL:COSE Zzarcsc(\/z)
m 4 V2 4
OTEHITHAJTBI . 1
U X CyMMBI Cynma: e arccos(ﬁj
1 1
2+ —++2=32= z_ 2
NG NG 1 arccs(\/_ )
T2 4m/d=mn=c.

Hanuune camocymux BOJH - OCHOBAa BO3HHWKHOBEHUS
’KUBOTO B OTAENbHBIX crycTkax Exmnoro Kocmoca, n6o camo-
CyILLlME BOJIHBI, KAK TE€PMOCHI, IIEPEHOCAT TEIUIO 3BE3] K IUIa-
HeTaM uepes sHnorepmuto Kocmoca Hesecomoctn.
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Benukas [{uBuim3anus omnmcaina CryieHue camocy-
IIUX BOJIH BEKTOP - 3MIOPOH ¢ MpOonopursiMu Beaukou Iu-
pamuabl Erunra (puc.0.3).

Co cnoB xpenoB, xpanutenent [Tupamuasl, 'epogot 3a-
nucan gopmyiy, Mo Kotopod mocrtpoeHa Ilupamunpa, moiy-
yuBIIas Ha3Banue Gopmyna ['epogora:

H? =r{, (0.29)

rae: H - Beicora [Tupamuel,
{ - anodema e€ rpanu,
I - paAnyC OKPY>KHOCTH, BIIMCAHHOM B ocHOBaHue [Iupa-
mubl (puc.0.3).

B smrope - Ilupamune 3a BbICOTY
L [Tupamunpl B3siTO OoTHOIIEHUE Q,:S, = 4
H g (0.23) B oOsacTH CKaThIX CAMOCYIIUX

\ BOJIH:

a Y1 7
LR 7\ HE4‘/Sin% =4.24=24, (0.30)

Puc.0.3 Dnemenmol .

Ezunma ocHoBanue Ilupamuaepl, TO ecTh 3a

r = 2, B3sTHI CaMOCYIIIUE€ BOJIHBI
Sc /4 = Csc /4 = ﬁ
[Ipu Takom noaxone Benukas L{uBunuzanus ornpenens-

na no snementam Ilupamuasl (puc.0.3) n00yro cTaguio Ccry-
nienus Hebecuwix Ten mo Bcemy ayHHOMY psiny (Ta6:1.0.6).

Ananu3 nponopuuid Benukoil Ilupamunpel ¢ mno3uuuu
(bU3HKO-MaTeMaTHYECKOTO anmnapara Haiel HayKd CBOJUTCS K
craTuke 3aMepoB mnapaMerpos IIupamuasl mo teopeme
Iudaropa.
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Tabnuma 0.6

dnemeHTHI Besqukou ITupaMmuabi:

onucaHue CryleHusi camocymux BoJiH (puc.0.3)

OJIEMEHTEI r R a 2R rR® | a®ut L
MMOTEHIIHAIBI V2 : V2 2 V2 } V2 4 V2 > V2 6 NG !
HyHHLIfI AT \/51+2+3+4+5+6+7:28 - (SC 72_/4)28

ConHeuHbIN psij

\/EZS(TOZ :42)5\/528 .\/_8 :\/536 E(Csc7z/4)36

ConHeuyHO-ITyHHBIE
KoJIeOaHUs CBeTa

Conn

€UYHBIN

JlyHHbIit

[arcsc V2 1°° = (n/4)* = (1/4)* = [arcsc V2 1%

MuHnuManbpHas ommMOKa U3MEPEHUHN B PEXKUMAX CTATHKU
U JTUHAMUKH MOXKET OBbITh ONpejesieHa NyTéM CpaBHEHHS BbI-
cot Ilupamunel, onpenenéuupix no npasuiy I'epogora (0.29)

u Teopeme I[udaropa:

Pacuér craTuky U JTMHAMUKH BbICOTHI ITupaMuabl

[TapameTpsl
[{nBuin-
32N MeTOHO{IOFHﬂ DopMmyItbl lloren- Omnbka
pacuéra LBl

Hama Teopema H2=r2+2 66
(craTHka) [Mudaropa sg
Benukas [IpaBuno 2. o
(nuHamMmKa) I'eponora H=r-t 8ﬁ

il

0.31)

Knura Ilepemen onuceiBaeT cryctok TsSHb ¢ MOTEHLIH-
an - skBUBaJieHTOM 64 uepornudam, u Hebeca - [{lunab ¢ 32 ue-
poriudamMu B IByX U30MEPUUYECKUX TOJTychepax.
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AHanmu3 COJHEYHO-JTYHHBIX TOTCHIIMAIOB CaMOCYIIHX
BOJIH IIOKa3pIBaeT, 4To TsHp W [luHP BO3HMKAIOT KakK Jora-
puMHUYECKHE BOJHBI COJTHEYHO-TYHHBIX CTYCTKOB CaMOCYy-
mux kojebanuii (1abdm.0.6).

CrycTrok BOJIH CaMOCYIIMX TFapMOHHYECKHX COJHEYHO-
JyHHBIX moned gopmupyer Uépuyro [pIpy ¢ MOTEHIHATIOM,
paBHbIM (Ta011.0.6).

Yepuasn /Joipa = V22 = (0.32)

Uznyuas norapupmudeckue BoiHbl, Yépuas Jpipa 00-

pasyer B Okpyxkawoomen [anakthke cryctku TsHb MHKpO-
Makpo Mupos (0.32):

Tans = log . V2" =64. (0.33)

[lomagas B mynpCHUpYHOIMKA C ITOTEHIUMaioM J[3uaH
Kocmoc, crycrok Tsab dhopmupyet Haa coO0i H30MEPHUECKUC
nonycdepsl HeOec [luHb:

®opmupoBanue lluuab Hag cryctkom TaHb

N3omepus Lunp

Cryctok TsHab

IMuc- Tpanc (0.34)

64 T (64}(0 do = 32} —| (64T¢ do= —32} :
0 1

*
kk

Crycrok Tsub u HeOeca [{unb, myabCUpPys MO aMILUIATY-
JIe, BO3MYILAIOT OKPYXAOUIYI0 CPENY, B KOTOPOH BO3HUKAIOT
BoJiHOBbIE Toiist (CusHue JIu), yBenMuyuBarouyMe MOTEHIHMAI
cryctka u noreHiman [uas B 100 pa3 (1a6:1.0.7).
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Ta6mmma 0.7
Hyascanus Taub u Hunab no amniuryae (0.34)

Tsaub
[TapameTpsl uc- Tpanc
[Mynbcanust 64+ 1= 32+1= 32F1=
O aMIUIUTYNC | 63 — 64 <= 65 | 33 =32 <31 | 31 <3233
Yacrora 25 50 50
MyJIbCAITUU
65 33 31
PaBHOBeCHE 25_[(/) dp = 50_[(p do = 50!(/) dop =
B Cpeﬂax 63 31 33
6400 6400 - 6400
. Pyna Tsaunb Cusinue JIu = tv-[64 — (-64)] 10%=
Apyna = Pyna | 4 6400 = 25600 384-10° (Apyma).

B none nynbcanuu Luse - TaHp 0 aMIUIMTY A€ BO3HU-

kaeT Apyna (T = 3) Cusinue Jlu u Pyna (T, = 4) snekrpuue-
CKOM aTMocdepsl Haj crycTKoM (Ta6m.0.7):

Pyna Tsub = 25600 = 16>10°

q'q*'psz, 035
Cusiane JIn = 38400 = 1,5:16%10> = 1,5-qq* ps™. (0.35)

-2 o o
rae: q=16-10 (;0— AJIEMEHTAPHBIN AIEKTPUUECKUN 3apsl,
q* =16-10"" - anexTpuueckuit umnyibsc [lamsT,

1,5 - orHomienue IIpoxo/KUTEILHOCTH B3aUMOACHCT-
BUi B Apyme:

r 3.6 9 27 8l

Y8l s (036)
lgpprpspups 2 4 6 18 54




*
kk

Teorenesuc Knueu /[3uan roBOpUT O TOM, 4yTO YHesoBek
Byaymero (Yemosex Boam m Horm) mosBuTcs mocne Toro,
kak O0ox Koseca BcesieHHOH caesiaer mosaropa odopora
[5].

Knura Ilepemen cs3piBacT Dposoruio JKuBoro (re-
PEMEHBI) C TEHOMOM HAC1e0CMBEeHHOCIU.

®U3NONIOTH YCTAaHOBUIM 3aKOHOMEPHOCTH TEPHUOIAM-
Yyeckoil cucTeMbl reHoMoB (puc.0.6) u 0OHapy>KUJIK, YTO OHA
MOTYMHSIETCS MTPUX - 3AMUCH:

Kimra = D= = = paveR
[lepeMeH: — — p (0.37)

MakcuManbHbI TOTCHIHAT Te-

HOMA HACJICICTBEHHOCTH MMEET IOTEH-

1uai, paBHeii 63 = 64 — 1 (1a6m.0.7) u

CBSI3aH C MPOXOXKJICHUEM CBETA B IOJIE

63 36 WHBEPCUOHHOW MYJIbCALIMH, H3MEHSIO-

(cenom)  (ceem) el mopsAmoK uudp B YMCIe Ha oOpat-
Puc.0.4 Ceem u eenom  wprii (puc.0.4).

Mexay CBETOM M T€HOMOM BO3HUKAET CyMMa-pa3HOCTh
MOTEHUUAIOB, paBHas (puc.0.4):

(63+36 = 99)+(63-36 = 27) = 126 = 27+28+35+36, (0.38)

U DKBUBAJICHTHAs CyMMa IOTEHI[MAJIOB I'€HOMOB, BBITECHEH-
HBIX SIApOM (6<9) nepuoan4ecKkor CUCTEMbI TEHOMOB.

OHEpreTHYecKoe I0JIE BOKPYT sjipa NEPHOIUYECKOM
CUCTEMbl T€HOMOB, 3KBUBAJICHTHOE CYMM€ MOTEHLUAJIOB BbI-
tecHeHHBIX TeHoMOB (0.38), cosmaér CBeuenme ToHko-
IHEePreTUYecKuX MmoJjeu (KOHLEHTpUpoBaHHas Aypa).

21



Oto CBeuenue (puc.0.5) momxyueHo

AKCHEPUMEHTAIbHO, a €ro BO3JICUCTBUE

Ha 2KuBoe NpUBOAUT K yBEIUYECHUIO d(-

(heKTUBHOCTH (DU3UOJIOTUUECKUX TMPOIEC-

COB paszmHodicenus pacmenuil 6 Cemb pas.

Uctounukom DHeprum Ajisi TOHKO-

sHEpreTudeckux cedueHuit (puc.0.5) sB-

Puc. 0-5v Ceeuenue  pgrorTcs camMoOCyIIMe BOJHEI, CTYIIAIOIIHE-

Torroti Jnepauu o0 5 IPONOPLMAX DINEMEHTOB BEUKOM
[Mupamuast (puc.0.3, Ta6:1.0.6):

L=82
[odo -3, (0.39)
2
rJie: r - MUHUMAaJIbHBIN (TIEPBBIiT),
L - makcumanbsHbil (mocneanuit) anemeHT [lupamub.

Teorenesnc Kuuru /[3maH onmuchIBaeT CTylIEHHE CaMO-
CYILMX BOJIH B CBET U F€HOMBI CJIEAYIOIIUM 00pa3oM:

"6. llapbp siBWIICS caM M ceiiyac ObLJI M3BECTEH MM.
" nepBblii" (3170 T = +/2), ckazaa On, "u 51 - NocJaeAHUi"
(L = 8v2), u 06a Mbl - ogno juno (ITupamuna, Ta6:1.0.6).
Ceer npuméa u3 oMbl (Ta0:1.0.5). Bcé npunio u3 Huvero
(Marepus u3 nosieid Toukux Dnepruit). U3 CMmepTn nmpunia
BeuHas ;xku3Hb. [leao caenano" ([5], Cranmna VII).

***

Anpo nepuoguueckoil cucrembl reHOMOB (puc.0.6):

(0.40)

(dopmupyeT coBmecTHas nmyJibcauns KyHnnanuau u Apyrnbl
(12 =9), B KOTOpOI 3apoxaaeTcs cyocTpykTypa (9+0) mate-
PUHCKOW OMOKJIETKHU B YCIIOBUSX U30MEPUU PE30OHAHCHO- aH-
THPE30HAHCHBIX Kosiebanuit (puc.0.6).
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Hyabcanus saapa
NMEePUOANYECKON CHCTEMbI TEeHOMOB

Peskum 1 AHTHpPE30HAHC
Pesonanc
nu30Mepust Huc Tpatc
OH0y6= < -(9+0)6= | 69=54< | (0.41)
TToTenmnuainl
15 < -15 (-6)(-9) =54
(AT+AC)p, = 15— (-15)=30 108 - Yncio
Pesynbrar cuHe-rony6as Yakpa .
pEeMHKapHaLU.

Tperuii ['na3

Pesynbrarom mynbscanmum Apynel Kynpanubau B siape
nepuoandeckor cucrembol reHomoB (0.36, 0.41) OyneTr mosiB-
JIEHUE BOJHBIX PACTBOPOB SIEPHOTO BelIecTBa U (HOpPMHUPOBa-
Hue Yakp, a Takke YHEPreTUIECKOTO MOTEHIMAN - YKBUBAJICH-
Ta 108 penHkapHauusaM, 0 KOTOPbIX TOBOPUT by an3m.

*
kk

HCpI/IOIH/I‘ICCKa}I CHCTEMa TI'€HOMOB BKJIIOYaeT B ceOs
MECThACCAT I'CHOMOB, YHCJIO KOTOPBIX 3KBHUBAJICHTHO IIOTCH-

nuany TsaHb 03 4YeThIpEX, KOTOPBhIC€ BBITECHEHBI SIAPOM
(puc.0.6).

I'eHomMBbI B mepuoau4eckoi cucremMe

Tlomns I'enomsbl B Cucreme BriTtecHeHHbBIE
Konuuecto 60 4 (0.42)
1+63
ITorenumanet | 1890 = -63—-126 |126 =27+28+35+36.
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Ilepuogunueckass Cucrema reHoMoB @Qopmupyercsi
NPHU MYJbCAIMH PE30HAHCHOIO CIYCTKA CBeTa ¢ MOTeHIHA-
Jaom 1-2:3:4-5 = 5!

I'eroMer
Tlonsa CseT Snpo
uc Tpanc
S{{pdp |60[pde |60[pdp| 0 043
[ToTeHmansl ._[go ¢ _([go ¢ I(p 4 (0.43)
! +(6+9+9+6) =
60 30 -30
PaBHOBecHe 60 = 30 - (30)= +(124+224+3%+4).

CBeT B YyCJOBUSIX PE30HAHCHOW mMyJibcalliu oOpa3yer
A7IpO U3 ABYX MOJIyIIapui (KaKk MO3T) ¢ NOTEHLMAIaMU TUTHOC-
munyc 30, KOTOpbie, MyJNbCUPYs, (HOPMHUPYIOT SIpO IEpH-
OJIMYECKON CHCTEMBbI T€HOMOB (6<>9) B MarHuTHOM IOJE
(1*+2°+3%+4* = 30) siaepuoro BemecTsa (0.43).

*
kk

OO0muii MOTeHIIUA TEHOMOB B MEPUOJIMYECKON CHCTEME
T€HOMOB pPaBeH CyMMe apu(pMeTHIecKoi nmporpeccun oT 1 110
63 0e3 CyMMapHOro IMOTEHIIMAJla BBITECHEHHBIX T'€HOMOB
(0.42):

1463

n .63-126=1890, (0.44)

KOTOPBIU pacnpenesiercs no nepuogam u rpynmnam [lepuonu-
yeckoit Cucremsl ['eHomoB HacneacTBeHHOCTH, TI€ SIAPO
HMMEET KENTO-KPACHBIN LBET, @ TEHOMBI OPaHXKEBBIM, TAK KaK
AK-AO/AXK = 7600 (puc.0.6).
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[Mepu- I'pynmsr c
YMMBI
0J1bI | Im(mur|irvy| v (| vi| vil| VIII
1 0 1 2 3 4 5 6 7 =28
2 8 9 10|11 |12 (13| 14| 15 =92
3 16 117 118119 (20|21 |22 | 23 I'; =156
4 24 125 (26| 6 29 1 30 | 31 I'y=165
5 32 133 | 34 B¢ 6 | 37|38 | 39 I's=213
6 40 | 41 (42 (43 |44 |45 | 46 | 47 I's =348
7 48 149 [ 50 | 51 | 52 |53 | 54 | 55 I'7=412
8 56 [ 57158159 (60|61 ]62]| 63 I's =476
T = 1890
M | IL | IG | I | 005 | e | I, | I | =
Cﬁﬁf Clasa | lss| |2ea| | 280
224 240 192 272 1890

Puc.0.6 Ilepuoouueckas cucmema 2eHOMO8 € A0POM

Hanuuue sapa (6 < 9 < 9 < 6) cmeniaeT paBHOBeECHE
10 TMepUOoaaM | rpyIimam, GopMupyst H30MEPUIO TEHOMOB:

Usomepust Iuc Tpanc

I1-17y [ Tp-T | TI3-1'3 | T14-T'4 | Ts-T's | T1e-T'6 | IT7-177 | T1g-I'g
Paznoctu |----r---+ et et St e el Sl

196 | 140 | 84 21 -21 | -84 | -140 | -196
Kpyrsimmit A, 0.45
MOMEHT 441 = T 441 = (0.45)

CyOcTpyk- 5 1, 5
o0osouke

Bosnukaer cyoctpykrypa (9+0) Mmarepunckoi OUOKIIET-
K1 B 000J104Ke ¢ noteHimaiom 49, rae popmupoBanue 060-
JIOYKHU ITPOUCXOJUT 32 CUET NMEPUOAUYECKON CUCTEMBI TOHKHX
OHepruii, onucanubix Pycckmmu Pynamm u pacmmdpoBas-
HBIX MHOIO [7].
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Bpauyromuit apdext Tonko-sHepreruuecknx CBeueHui
CBSI3aH C MX B3aMMOJICCTBUSIMHU C siipaMu reHoMmoB (puc.0.5,
puc.0.6) B yclnoBUSAX pPE30HAHCHO-aHTHUPE30HAHCHOW IyJIbCa-
uuu (1a6:1.0.8).

Tabmuna 0.8
Slnpo reHOMOB B CBEYCHHMH HAX AAPOM
Komnonentst 60 'enomoB |42 boxectBa Cepua
SAnpo 9+6+9+6=30 L 126
12630 [ dp = S0 ~42+
C 27+28+35+36 =126 0 — _
B 1890 (puc.0.6). | (28=p*p)+(14=pp)

p=28-10", px=28-10""- rpaBuTanuOHHBIC 3apsiL
1 Mbicab [8].

p= 14107, pk = 14-10"° - MaruuTHSBIC 3apsi
u [lamars [8].

IIpumeuanue

[Tornomenue (126+30 =156) - uznyuenue (126-30=96)
sHeprun CBEYCHHS SAPOM MPUBOAHUT K (POPMHPOBAHUIO B Tie-
PUOINYECKON CHCTEME TeHOMOB MTOTEHITUAI - SKBUBAJICHTA pe-
30HAHCHOTO BHYTPEHHETO TIOJISI CBETA:

(156 — 96)1g p1 p2p3 paps=60-2=120=5!  (0.46)

JlanpHEeNMKi aHaJIU3 BO3MOXKEH TOJBKO IPU 3HAHUU U
ITOHMMAHUM KUHEMATHKU JIBUKEHUS TOUYEYHOI'O y4acTKa BOJI-
Hbl CBETa, OO UMEHHO OH SIBJIIETCS MHCTPYMEHTOM TPaHC-
(¢popMmanuu o1HOM (POPMBI IHEPITHH B APYTIYIO.

%
*ok

Yactuua 1 BOJIHA CBETa COBEPIIAIOT PABHOMEPHOE JBH-
*eHue: (POTOH JIETUT IPSIMOJIMHENHO, (POTOH - MYJIBCUPYET.
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KunemaTuky mynbcanuu TOYEYHOTO YYAaCTKA BOJHBI
CBETa MOXHO ONPEICNIUTh MO 3aKOHAM PaBHOMEPHOTO Bpa-
IICHUS BOKPYr IIEHTpAa CHMMETPUHM TI0 OKPY)KHOCTH
Lo=mn(D,=1/m) =1 (puc.0.7).

Huc-uzomepus Tpanc-uzomepusn Domon - honon
1 u 3 - pacuwupenue 1 u 3 - cocamue S=mn-L,t/3
2 u 4 - cocamue 2 u 4 - pacwupenue  mg=1/n

Puc.0.7 Oniopwbr 63aumocesasu pomon-@poHOHA U KUHEMAMUKU BPAUJEHUS.
MOYEUHO20 YUACMKA 80IHbL C8eMa N0 KAHMOo8anHou opoume L, = 1

[uc-TpaHc nuzoMeputo KHHEMATUKHN BPAIICHHUS TOUEYHO-
ro y4yacTKa BOJIHBI CBETa IO KBaHTOBaHHOUW opbute L, = [
OOBEAMHSET TO, YTO MEXKAY CXKATHUEM M PACHIUPEHUEM TOYECY-
HBII y4aCTOK BOJHBI CBETA YCIIEBAET CENaTh TOJIbKO YETBEPTh
obopota (n, = 1/4), a GpoHT BOJHBI CBETa — pa3BepHYThCS (T10-
JISIPU30BaThCs) HA yrod ¢, = 7/2 (puc.0.7).

3HaHue 4ncia 000pOTOB JOCTATOYHO JJISl ONPEACTICHUS
BCEX AMHAMUYECKUX XaPAaKTEPUCTUK TOYECYHOTO Y4acTKa BOJI-
HbI cBeTa (Ta0:1.0.9).

[TpoomKUTETLHOCTD MOBOPOTA B ITUC- M TPAHC-H30MeE-
pUU UMEET OJIHY HampaBiIeHHOCTH (Ta611.0.9):

r, =P "% _q, (0.47)

o, —

Y ITIOATOMY KOCMUYECKUHN IHEPTETUYECKUN BUXPb CAMOCYIIHUX
BOJIH JIBUKETCS B OJJHOM HampaBiieHuu ¢ BocToka Ha 3amna.
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Taomuma 0.9
KunemaTuyeckmne XxapakTepuCTUKH
TOYEYHOIr0 Y4acTKa BOJHBI CBeTa

Yucio ITepuon VrioBas Tponomxu-
[TapameTpsl TEJIbHOCTh
000poTOB BpallleHus CKOPOCTh
MOBOPOTA
dopmyia n,=1/4 T,=1/n, W, = 21N, To= Po/M,
W3o- | 1wMC +n,=1/4 T,=4 W, = T/2 To=1
MEPUA | thapc | -n, = 1/4 -T,=4 -0y =T/2 +1,=1
3HAKH MTI0C-MUHYC OMUCHIBAIOT PA3HOHANPABICHHOCTh
[Ipumeyanue
Bparmienus (puc.0.7).

*
kk

CMeHa cxkaTue <> pACTSKEHHE TOYEYHOI'O Yy4dacTKa
BOJIHBI cBeTa (puc.0.7) NPUBOAUT K NEPUOJUUECKON HHBEPCHH,
WM UHBEPCHOHHOM MYJIbCAllUU, MPH KOTOPOil 000/104Ka
BbIBOPAYNBAETCS HAU3ZHAHKY M JHEPrusi BHYTPEeHHEro mo-
Js1 OKa3bIBaeTcsl B OKpYy:Kawiled cpeae Kak y (oToH-
donona (puc.0.7).

WuBepcus monobHa B3pbIBY, MPU KOTOPOM pPaBHOBECHAs
KBaHTOBaHHas opourta L, = I cranoBurcs Kocmocom Heseco-
MOCTH C HOJIb-TIOT€HIIMAJIOM.

OTOT WMHBEPCUOHHBIM mepexon Mexay [‘apmonueil u
Xa0ocoM MPOUCXOUT 3a CYET KOJICOAHUI:

®opmupoBanue GpoToH-poHOHA
CaMOCYIIMMH BOJTHAMU

Bounbl Camocymme ITepexon Camocymme
®otoH (m,) 1 _ 1 (0.48)
—F = —on = =1
donon (E) | arcos(-1) 7 " areos
Tpnveuane dopMuUpoOBaHUE HNuBepcus g
¢dotoH - poHOHA MOSIBIICHHE C = T.
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DHeprusi HHBEPCUOHHOT'O B3pbIBa BOJIHBI cBeTa E; - 3TO
sHeprus Taru A ¢potona (puc.0.7).

PacmipocTpasssch mpOTUBOMOJIOXKHO HAMPaBICHUIO (O-
TOHA, SHEPIHsl UHBEPCUOHHOM TSrU (S) cO31al0T pe30HAHCHOE
paBHoBecue E; S = S/nt, rne S = nt = ¢ (puc.0.7).

B okpyxaromem [IpocTtpancTBe 3HEPrUsl HHBEPCUOHHOM
Tsaru co3nact Jlyu - Konyc ¢ O0KOBO#M MOBEPXHOCTHIO S = T,
paBHOUM TpeTH HIUHBI OKpYXHOCTU L, = 1, Ha oOpa3zyromryro
konyca £ (puc.0.7).

S=Lt/3=n u £=3m=r1c. (0.49)

Bosnukaer Apyna Csera, KOoTOpas peanusyeT ceOs B
KOHHMUYeCcKOM jiyue cBeta (puc.0.7, 0.49).

*
kk

KBanT cBera gyamuctudeH W oONagaeT IMC- TpPaHC-
n30Mepuen, Kak Jrobas ounomnsipHas cucrema. [loaTomy s
OWMONSAPHON CHUCTEMBI OYIET XapaKTEpPHO HAIWYUE TpaHC-
U30MEPOB:

S=-n u -L=-3n=-1m. (0.50)

[Tosie ¢ moTeHIMAIOM 7T MOXKET peaanu30BaTh ce0s Kak
B (hopme maTtepuu, Tak u B popme ToHKON DHEpruu.

B none Marepun BO3HUKHYT: SJHEPreTUYECKUN UMITYJIBC
(2m), sueprus (-°), rapMoHHUecKue Konebanus (-1 = Cos 1) u
KaHaJl 3KCTPAaCEHCOPHON MPOBOJUMOCTH C HOJb - NMOTEHIHA-
JIOM, CHMBOJIOM KOTOPOT'O MOKET SIBJISITHCS BbICOTA [ BEIMKOU
[Mupamuns (0.51, puc.0.3, 1a61.0.6).
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Ipumep peanuzauuu =1 B Exmnom Kocmoce
ITone Marepus Tonkas IIpumeuanue
OHeprus
+(-m)=0
T +(-1) ) Q: - oBepx- (0.51)
T =2 = QYT | e, cepsl
n(-m) = -1° Ao fd = C paauycom
Vs T/ =1 1= ‘\/—_1 .
—=—-1=Cosrx
/2

B none Tonkoit DHeprum o06pasyercst KBaHT, HAIIPUMEDP
[Tpanbl, ¢ moBepxHocThiO Q; = -nT,, KOTOPHIN OyAeT coBep-
maTh ABMIKEHHE MO KaHaTy SKcTpaceHcopHoi [IpoBogumoctu
(Homb-noTeHnua) "nuuHOK" B H, 1OJ BO3ACHCTBUEM pa3HO-
ctu oTeHuanoB [S — (-S)]. Bo3uuknyT HeOeca [{unb:

®opmupoBanue HeOec L{lunb

TonknMu JHeprusiMu

Lunv, =Q,[S - (- S)]-(H =T)4 Sin7z/4)=

L
— 4727 -4-4/Sinz/4 =-327%4/Sinz/4 =-32-2 ¢,

(0.52)

[Tynscupyronuii Kocmoc chopmupyer B Hebecax uzo-
MepHIo, a u3oMepus L{nHp puBeET K CUHTE3y crycrka TsHb:

JAunamuka popmupoBanus Tsaub - Hlune

Koemoc H3nauansHoe [lnmp B Kocmoce
Hons Hunb (0.52). | [[usb-usomep | Tparc-usomep
1 0
Huub, = [Munb, | @ do | Lusb, | @ do
0070513 ! .1[
32-¢227 =32¢22°% | =.32¢22°
TsHb, Tstb, = 32¢227°*432c227% = 64c227,
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[Ipn m3menennn KocmocoMm m3HavanbHbIX TsaHb-LMHB
-1/4 -5/4
BO3HHKaKOT Konebanns 2™ < 27 i 2 < 1/2.

%
*ok

PaBHoBecHbIl (OTOH-(DOHOH (HOPMHUpPYETCS KaK HUM-
IYyJIbC U KaK SHEPIHsL:

®opMbI paBHOBECHOI0 (pOTOH-POHOHA

WMy ibebl (MOMEHTBI KOJIMYECTBA IBUYKEHUS )
Pasno-
IEKTpO- MEpHOE HepaBno
MarHHT- o 1;Mo Bpaienne MS HOE Hepri
HBIE KO- P N pat P
JIMHEWHOE JIBUKEHUE
se0anus
JBHYKEHHE (0.54)
Ec=1 mee =1 | (mAE))o,= |m(m.+E;)cm, mCEACZZ
1 1 2 12 =« 1
—r=1 | —z=1 | ===1 | ==z5=1| 57 =1
T T T 2 T 2 T

[Ipumeuanue: £j, = fcw, = icz/Z, - SIBIISIETCS IEHTPOOEKHO -
[EHTPOCTPEMUTEIHHBIM YCKOPEHUEM.

PaBHOBeCHBIN aHTHpE30HAHCHBIN (HOTOH-(POHOH Bparlie-
HUS, HAXOISICh HAa TOBEPXHOCTH BOJHBI CBETa, (OPMHPYET
Kynpanuuu:

®opmupoBanue Kynaaauum Jiygyom csera

Kynnanunu = E; -(m+E)) @, [(£ = 3c) - (L =-3¢) =

—l(l+l]-1-6;r —6=3,5+2,5=352-2,5"
T\7T T

(0.55)

Kynoanunu, komopyro Kocmoeenesuc Knueu /[3uan onu-
cvlgaem kax oOuHoxuil JIyu 6 eooax, sAensemcsi MOMEHMOM
KOJIUYeCmBa O8UNCEHUsL UNU UMRYTbCOM.

Kynoanunu - umnynvc 6 uyumonjazme OUOKi1emKu
mpancgopmupyemcesa 6 nepzur u opmupyem cyocmpyk-
mypy (9+0) mamepunckoii 6uokiemku:
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d®opmupoBanue cyocTpykTypsl (9+0)
Cy6erpykrypa (9+0) = mE2c® (0 = 3¢) - (- = -3¢c) =

(lj 7%(-9 %) = -9 = -(9+0).
T

(0.56)

Kynoanunu - umnynovc u snepeus cyocmpyxmypuot (9+0)
ouokemKu opmupyrom nyivcupyowee 10po nepuoouUyecKoll
cucmemul 2eHOMOB:

Crtpykrypa sapa
Ilepuoaunueckoii CucreMbl FeHOMOB
o nuBepcun Cgert B reHOMe [Tocne unBepcuu
6—=9 1/6 == 1/9 (0.57)
926 19 1/6
[uc-tpanc [uc-tpanc
U30Mepust U30MEpHs

Cger, momagast B sjpa reHoma, Ben€T cedsl Kak H3IIy-
YEHHBIN JTy4-KOHYC, (DOPMHUPYSI IO CEUEHUIO KOHYCA IIECThe-
CSIT paBHOBECHBIX T€HOMOB (puc.0.6).

Kaxablii TeHOM 3aKaH4YMBaeT CBOIO cnmupaljib, KOTO-

pas ""HamaTbpiBaeTrcs Ha koHyc' (0.57) nmpu ycjoBuM paB-
HOBECHS C OKPY:KAKIIEeH Cpeaou.

PaBHOBecue cpenbl U TeHOMA SBIIICTCS MO00MEM KBaH-
ToBaHHOU opouThl L, =1 (0.57):

1
—=.... 0.58
5 (0.58)
[Ipupona pasnmenuia cpefy W T€HOMBI, CO3[IaB Cpely B

BHUAC YKCHCKOU HﬁHGKHGTKI/I U IMOMCCTHUB I'CHOMBI B TI'OJIOBKY
MYJKCKOI'O CIICpMaTo3onaa.
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*
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Keanmosas paenosecnas opouma, xkak u jabdoe uuoe
SHepeemuyeckoe noie, NyibCupyem 8 uHmepsaie om Hyis 00
L= ¢, U OM HYAs 00 eOUHUYDL:

Hyascanus cBera B Kocmoce
Tlons Kocmoc: 3uan CBer:c=n7x
0 1 ¢
Konebanus iJ.(Dd(0=i— P i—=ij(pd(p
0 2 2 0
(0.59
VYckopenus | PaBHoBecust Bounbl \ )
I'paBuratmst, | 4722 = | 4] o +x?=| 0=Sinz=Cosz2=...
SHEprus, +ew, = ¢ -1=Cos7=Sinm/2=...
BOJIHBI 1o 1=Sinm/2=Cos2r=...
rpaBATALUA DHEpPrusd 7 = arc cos(-1) =...

I'paBuTanms mpu ICHTPOCTPEMHUTEIHLHOM YCKOPEHUH,
AHTUTPABUTALMS TPU IEHTPOOSIKHOM YCKOPEHHUH, IHEPTHUS
IIPY PaBHOBECUHU M BOJHOBBIC TOJISI PEaau3yloT ceOsi, HampH-
Mep, pu nekrpomaraetusme (0.59, puc.0.8).

[ Ecnyn 1mo nmpoBOIHUKY TEUET
Maecnumnas o
JJEKTPUYECKUN TOK, TO BOKPYD
cujloeas
@9 s ~TPOBOTHHMKA BO3HHUKAIOT MAarHHT-
HblE CWJIOBBIC JIMHUUW, HAIlpaBJICH-
Onexmpuyeckuti  HOCTb JBWXEHUS KOTOPBIX OmIpele-

/10K 6 NPOGOOHUKE I eTCS TIPABHIIAMHU JIEBOM H TIPaBOi

PYKH, WIH TpPaBUIOM OypaBuuKa
Puc.0.8 Aueiixa snexkmpo- (puc.0.2)

MA2HUMHOU UHOYVKYUU

MarguTtHas CHJIOBas JIMHUA $fABJAETCHA OCHOBOM
KBaHTOBaHHOU opouTsI (0.57).

MarHuTHbI€ CUJIOBBIE JIMHUU MYJIbCUPYIOT B TMAIIa30HE
0 < 1, bopmupys kaHaJIbl CBEPXIPOBOAUMOCTH.
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[Ipu HOMb-MOTEHIMANE U LEHTPOOEKHO-LIEHTPOCTpPE-
MUTEIBHBIX YCKOPEHUSAX 3JIEKTPOHBI, HAIPUMED, NEPEXOIST C
OpOUTHI HA OPOUTY, @ TOYEUHBIA yYaCTOK CBETa OyJleT AesaTh
nositopa obopota (puc.0.9).

[TonoBuna obGopora, Mo ABe
YETBEPTH, MPUXOJUTCS Ha Bpalle-

HUE TI0 KBAaHTOBAaHHOW OpOUTE
(puc.0.9), u BBI3BAHO TEM, 4YTO B
MoJIe CBETa MOSBUJIACH JJICKTPO-
MarnutHas cpena (0.60).

Bo3nukaer QJICKTPOMAruuT-
H M HHUEC KOHICHTPHUYCCKUX

Puc.0.9 Ilonmopa obopoma o€ cMeme Ue 0_ LCHTpHIHCC
moueunozo yuacmxa eonupr  OKPYKHOCTCH L, = 1 B mose cae-
ceema npu Ma2HUMHOM Ta, U IIOABJIAIOTCA JSJIJIMIICOUAJIb-

cmewenuu HbIE TIOJISI W DJUIMIITUYECKHE Op-
outsi (0.10).

®oHOH ®dotoH Cpena Cymma
1 1
Eyc[pdp= mao, = | s [pdp= (0.60)
0 0
172 Jlr 12 Jlr 1/2 = 1,5.
il
L=27R ITossBIEeHHMe MarHUTHOTO CMe-

IICHUS HAa OJIHY TPETh CKa3bIBACTCS U
Ha (oToHe, u HA (QOHOHE: B BOJIHO-
BOM M0Jie (POHOHA MPOUCXOJUT HC-
KPHBJICHUEC KBAHTOBAHHOW OPOMTHI, &

y macchl (OTOHA TOSIBISETCS CHUH
Puc.0.10 Snrunmuueckas - 1
opbuma npu Ma2HUMHoM S= J—FE » TO €CTb BpallCHNE BOKPYT

cmewgenuu (0.60
Y (0.60 cobctBennou ocu (puc.0.10).

34



Bomua Yactuna

l mc.g. (0'61)
c 2 2 ° ¢

Mexay BOJHOM M 4YacTULEH BO3HUKAET PA3HOCTh IIO-
TEHIIMAJIOB, PaBHAs €IUHUILIC, U TTO3BOJISAIONIAS TIEPEXOIUTh U3
OJHOTI'0 PABHOBECHOI'O COCTOSIHUS B APYTOE€, HAIPUMED:

1+2+3+4+5+6+7 = 28 win

S_ZR _R_\ pur=2 0.62
L 2zR 2 PHRTS (0.62)

rae L - nuHa KBaHTOBAaHHOW OpOUTHI,
S - oAk - 3KBUBAJIEHT OKPYKHOCTH € YYETOM (-
(pexTa MBLIBHOTO IY3BIPS: KAKYl0 66l POPMY HE PUHSIT
MBUIBHBIN Iy3bIPb, KOJIMYECTBO MBUIBHOI'O PACTBOPA €TO
MTOBEPXHOCTH OCTAETCS MTOCTOSTHHBIM.

*
kk

OtHomenue (0.62) siBisieTcs1 cCipaBeJIMBbIM JIJIS1 TEX
noJieid, y Koropbix nosie S u opoura L (puc.0.10) umeror
OJIMHAKOBYIO (0OHY M Ty kKe) GopmMy dIHEprum.

B nosnsix ¢ pazauyHeiMu (popMaMu SHEPTUU TPOUCXOIUT
pa3aejibHasi MYJbTHIUIETHOCTh HMMIIYJIbCOB HAa KBAHTO-
BAHHO# OpOMTEe M JHEPruM BO BHYTPEHHEM I10Ji¢, OTPAHU-
YeHHOM OpPOMTOIi:

S= 7TR2(3H€p2u}l) (R2 =1 +r 4y +) (0.63)
L:27ZR(uMny/zbc) (R =1 +r, +1 +) ' .
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CoBMecTHasl MyJibCalMs MOJEW TPABUTALMM U MarHe-
tuzma (0.63) mpuBoaut, Hampumep, K GOpMUPOBAHUIO OHO-
kietku (0.62):

buno- I'paBuTanus — 3HaMeHaTe b,
KJICTKa MAarHe€Tus3M - YUCJIUTECIIb
s P+2°+3+4°+5° +6°+7° 140
1 14243+4+45+6+7 28
. 2 P+22+3+4°+5+6°+7°+8 +9°+10° 385 (7.3)
n 142+3+4+5+6+7+8+9+10 55
(9+0)_12+22+32+42+52+62+72+82+92+102 +1P+12°+13 819
_| 14+243+44+5+6+7+8+9+10+11+12+13 91"

Mex 1y MarHUTHBIM ¥ TPABUTALIMOHHBIM TOJISIMU B OMO-
kietke (0.64) BO3HUKAET pa3HOCTh MOTEHIUAJIOB:

K = (140+385+819) — (28+55+91) =

1344 -174 =1170, (0.65)

2 2
u B nojie Apynsl cBeta (1°ps = 90) HaunHaOT QYHKIITMOHUPO-
BaTh OMOYACHI, PUTMHKA KOTOPBIX COOTBETCTBYET PUTMHKE
13-u nyHHOTO KasieHaaps nuBuiau3anuu Maiin (0.65):

132 k=1170

T 2p, =90

npu 13 x 28 = 364 nus. (0.66)

***

[Ipyu MuTO3e OHOKIETKM BO3HHUKAET CYOCTPYKTypa

(9+2), koTopas B moJie rpaBUTALMA IPUBOJUT K MOTEHLHATY
11 x 28 = 308.
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broxnerka nemuTcst MomoiaM; B TPHHAIIATAIYHHOM
KajieHaape Bo3HuKaeT JleHb BHe BpemMeHu; B sHEpreTHIeckomM
noje (GopMUpyeTCs IUC-TPAHC M30MEpPHUYECKasi Pa3HOCTh T0-
TEHIIUAJIOB:

OHepreruyeckasi ctpykrypa /{us Bue Bpemenu
Pesxxum u AHTHpPE30HAHC
Pe3onanc
M30MepHs Iluc Tpanc
1328 — 11-28 | 1128 — 1328 | 13.98.11-28 =
ToTeHMMAMEL | —56—4-14 | =-56=-414 | 14308 (0.67)
OIS
112 = 56 — (-56) 112112

[puBenEHHBIH 112112 1001

HOTEHIIHA B '

[IpuBen€HHBIN NMOTEHUHA ITyJbcaluu B 1one J{HsA BHE
Bpemenu (0.67) MOXHO OXapaKTEpU30BaTh KaK 3€pPKabHO
OTOOpPa)KEHHOE TMOJIE, KOTOPOE OMHUCHIBAETCS] IBOUYHBIM SI3bI-
KOM MOTeHIManoB ["apMonun (enunuiia) u Xaoca (HOJIb).

PesynbsraTom mynbcanuu nossa lens BHe Bpemenu sB-
JSI€TCS HAKOIUIEHHE PA3HOMMEHHO 3apsKEHHBIX IpaBUTALIU-
OHHBIX, MAarHUTHBIX, JEKTPUUYECKUX 3JIEMEHTAPHBIX 3apsi/iOB
(p, 1 1 q) ¥ UMIYJILCOB MBICTH (p*), mamstu (U*) u BooOpa-
xeHus (q*), K aHaIM3y MOSBIEHUS KOTOPBIX MBI IIEPEXOUM.

***
['paBuTaImio, MarHeTU3M U 3JIEKTPUUYECTBO (HOPMHUPYIOT

($hoTOH-(DOHOHBI.

C.M.BaBWIOB yCTaHOBWJI, YTO B IpEJEIax HACBILICHUS
2
noMuHO(Opa yuactytor 10* GpoToHOB.

Otu HoTOoHBI HOPMUPYIOT BUXPH, & BUXPU UMEIOT CBOU
[Tpo10IKUTEIBHOCTH.
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Buxpu ¢otoHOB MOTyT racuTh Apyr Apyra, GopMupys
AJIEMEHTApPHBIE 3apsjbl, YCUIWBATH APYT Ipyra, (GopMuUpys
MMITYJIbCHI MBICJIH, TaMSITU U BooOpaxkeHus (1a6:1.0.10).

Tab6muua 0.10
EnuHcTBO rpaBUTAlIMOHHO-3JIEKTPOMATHUTHBIX MOJIei

Tlonsa DneMeHTapHbIe 3apsabl Hmnynbcel B Apymie
@®opmbl  |I'paBura-| Marne- |Onextpu-|I'paButa-| Marne- |Onekrpu-
SHEPTUU s THU3M YECTBO us THU3M 4EeCTBO

Hassanms \Ipasuta- |y p DyeKTpu- Boo6pa-
3apsa0B- INOH- . . | Mzicap | Ilamate
. HBIN YEeCKUN JKEHHE
UMITYJICOB |  HBIH
1};[(51 (;);[gf__ To(Tot+1) | 28-00/C 02 To(Tot1) | 28-m/C 02
=28 =14 =16 =28 =14 =16

HOCTH
[Toren- p= pn= q= * = * = * =

waansl | 28-10%° | 14-10%° | 16:10%° | 28-10% | 14-10®° | 16:10%

B nose BHE
Bpemenu 112="7./qq* =8\//J/¢* =4\/pp*

(0.63)

T _Ty+r _pp* _p_p* 2u 24
ITanbma SE R s s ==
4 T, q99* q ¢ q9 9q

3apsiibl, UMITYJIbChl, TEHOMBI M aTOMbI MOSBJISIIOTCS U3
10JI CBETa ¢ KOHIIEHTpauuend (OTOHOB B Mpejierax Hachllle-

o 1020
HUs TIOMUHO(DOPOB, paBHOM 107 poTOHOB:

KBauTEI 3apsasl

Nmnynbeel

DoroHBI 1/10%° <

10%° ?

(0.68)

I7I€ Pa3HOCTh JJIMH BOJIH paBHA 3600A s comHeunoro 6eio-

ro CBCTa.
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['eHOMBI B TI0JIE COJTHEYHOTO OEJIOro CBETa IMOSBIISIOTCS
Ha TpeOHe Oerymieil BOJTHBI ¢ YAaCTOTOW - MPOJIOJDKUTEIHHO-
CTBIO B OJTHY MAJIbMY:

I'enomol = AE:3600A(T° +z :Z)_

0 _63. (0.69)
A=1004 \ To 4

Bo BHyTpeHHem mnone BHe Bpemennm BosHukaror 112
XUMHUYECKUX 3JEMEHTOB, (popmupyronmx Ilepuoanueckyro
cucteMy 112 XMMHYECKHX DJIEMEHTOB, YUCJIO JJIEKTPOHOB B
KOTOPOM paBHO CymMMe apu(PMETHUYECKON Mporpeccuu psaa us3
112 anemenToB [7]:

1+112

112=6328. (0.70)

Uucio s5ekTpoHoB 112 sneMeHToB =

Onektponsl (0.70) co3maroTcs COTHEYHBIM O€JIbIM CBe-
TOM B T10JIC TPaBUTAIUH:

Ny =3600-7/4+28 = 6300+28 = 6328 = 56:113, (0.65)

rae 113 - 6ubaetickoe Yuciao Yenoseka [9].

%
*ok

JIrooas Ilepnonnueckass Cucrema no csoeit CyuHo-
CTH SIBJIICTCH PABHOBECHOM CHCTEMOM, TAaK e Kak J1000il
ATOM WiIH JII000 KOMIIOHEHT B ITOW NMEPUOIUYECKOM CHC-
TeMe.

PaBHoBecue mexny Cucremorn 1 Komnonenrom B cuc-
TeMe J1aéT BO3MOXKHOCTH OIPEAEIUTh YUCIO OTPHUATEJIHbHO
3apsZKeHHBIX MAarHUTHBIX W TPAaBUTALIMOHHBIX KBAaHTOB I1O
yucity 37ekTpoHoB B Cucteme (0.71):

39



Yucao OTPpULATCIIBHBIX Yucao OTPULATCIIbHBIX
MAarsuTHBIX KBAHTOB rpaBUTalMOHHBIX KBAHTOB
N;:ﬁ]\]q‘z N;:EN_E (072)
! q
q q
7/8:56:113 =49-113 7/4-56-113 = 98-113.

VY Yenoseka ¢ oubiaerickuM noreHuuaiaom 113 mossis-
€TCS MATHUTHasi o000JI0YKA, 3aWulyeHHas YOBOEHHOU
(98 = 2-49) epasumayuonnoit 0607104K0l, HAIPUMEP KO-
JKeH.

*
kk

Pe3onancHo-aHTHpe30HaHCHAs Tynbcaiusa [lepuoanye-
ckor Cucrembl 1 AtoMoB - KommoneHT B 3Tnx CHcTeMax
MIPUBOJAUT MPU aHTUPE30HAHCE K TMOSABJICHUIO PABHOIO KOJIMYe-
CTBa Pa3HOMMEHHO 3aPSKEHHBIX KOMIIOHEHT:

0=qt+(Cq=p+r(W=p+(-p)=
q*+(-qH) =pF+ () =p*+(pH = (0.73)

AHTHpe30HaHCHOE paBHOBecue Xaoca (0.73) mpuBoaut
K TIOSIBJICHUIO ITUC-TPAHC M30MEPUHU B SHEPTreTUYCCKHUX TOJAX,
a HaM J1aéT BO3MOXKHOCTh PacCuuTaTh 00IIee KOJIMYECTBO 3a-
psoB - uMNyabcoB B Ilepnonnyeckoit CucreMe XUMHUYIECKUX
anemMeHToB (1Ta6:1.0.11).
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Tabmuna 0.11

YmncJ10 pa3HOMMEHHBIX 3aPS/I0B - UMITYJIbCOB
B [lepuoanueckoii Cucreme XUuMHYECKHX 3JIEMEHTOB

[Tons DIIEKTPUYECKOE MaruutHoe I'paBuUTaIMOHHOE
Hucno pasko- | g N -4 N = | K=N + N, = | Ks=Ny + N, =
VIMEHHBIX 112:113 98113 196113
3aps 0B
Hucno pazHoHa- Ko=(Ny + Nq+) = | K=(N, + Nu+) — | Ke=(N, + Np+) _
npaBneHme
p——— 112113 98-113 196113
Marcinyssi qq* KK, = pep Ky Ky = p-p*KsKg=
(16:112-113) (14-98-113)° (28:196:113)
K = 113%(16%112% + 14298 + 28%196%) =
AHTHPC30HAHC- 1132(16%8%14% + 7%14% + 2%14%) =
Haslt CcymMmmMma
Y 113%14%(16%-8% + 7% 14* + 2%14%
DopmupoBaHue K = 113%up*[qq* 64-+(Tott)  pp*+Topu*],

JKHNBBIX MarouToB

rae 64 - crycrok Tsnb, a 113 - uncno Yenosexa.

***

Knura MéprBbix - onno u3 Ilpownssenenmii, nomen-

mux 10 Hac kak CaoBo Benukol [{uBunuzamuu.

Erunerckuit [11] m Tuberckuii [10] Bapuantel Knuru
MEpTBBIX SBJISIIOTCS HAIlUMU UMIIPOBU3AIMSIMU Ha TEMY Be-

ko Kaurwy.

K cuacTpio HalM MMIIPOBU3ALMU HE CMOTJIM HUCKA3UTh
MareMaTtuky mnepBoucxoanoii Kuurm MEpTBBIX, COIrJIacHO
KoTopou B Tene yenoBeka HaxoautTcs 110 boxkects: 58 bo-
)ecTB B roJioBe, 42 boxecta ¢ Cepaue u 10 boxxectB B 00-

JJaCTH LICH.

Mudgonoruuecko-penurno3usie boxectsa B tene Yeno-
BEKa TOYHO OIHKCBHIBAIOT IIOTEHIUAJBI 3aps/I0B - UMITYJICOB B
3TUX opranax (ta6sm.0.12).
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Tabmuua 0.12
BoxxecTBa M MOTEHIINAJIBI

cepaua, rojioBbl 1 €N Y€J10BEKa

OpraHn Tena Cepaue e Mosr
ITorenmman 7
=] + * _ 4 ¥ 4 "
(1a6.0.10) |¥2NPPT Nl 10 |58=pp*+ uu* +qq
Ywucao bo-
xects [10] 42 10 58
[pumeuanue Mosr costepKuT MbICITE 1 BOOOpakerHe,

a Cepaue Toapko "MbIcip" U "maMsaTh".

Kynpanunu, BO3a€UCTBYS NPU paCIIMPEHUU Ha CEpILIE,
a IIPU CXKATUM HA MO3I, IPUBOAUT NYJbCHUPYIOIIYK) CHCTEMY
CEpIle <> MO3T K PaBHOBECHIO C JIOTApU(PMUIECKOMN MOCTOSH-
HOM B3aMMOJICHCTBUM, TO €CTh C 2:

CoBMecTHAas nmyJbCaliud MOo3ra m cepana

Mosr Cepaue
[TapameTpsl Pa3-
Coxarne | Lacum- | Pacuu- | o | Hoctu
peHue peHue
58:2,5= 42-3,5=
ITorenuuansl, 145 _ 147 _ 5
rae (3,5+2,5)
- Kynnamimsn 58:3,5= 422,5= (0.74)
203 ~ 105 = 98

Cune-romyoas
BOJIHA
A=48000A
B YaKpe

Tpernii ['na3

3,5 2,5
58 [pdp+42[pdp =(58-42)-3=48,
2,5 3,5

rne: (3,5 -2,5=6)- COOTBETCTBYET
Kynpanuau

[Tynwscanust Mosra u Cepana B none Kynnanuuu ¢op-
MUpYeT 0007104k opraHoB yesioseka (0.74):
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000109k Opranos

98 :(2)=-49=- (To+1)’=... |

(0.75)

a TaKXe BOJIHY JJIMHOIO B 48004, Pa3ACAIONIYI0 CUHIOI U
ronyOyto obnactu criekrpa B yakpe Tpernii ['na3 (1a6:1.0.3):

48-ps>= 4800 = 4800A = . (0.76)

[Tynbcupytonme Mosr u Cepaiie OyIyT HaXOAUTHCS B
COCTOSIHUM PE30HAHCHOTO PABHOBECHUS IIPU YCIOBUHU, KOrAa
(0.74):

CocTosiHue paBHOBecCHs
me:xay Mosrom u Cepanem (0.77)

48 +98/(-2) =48 —49 = -1 = Cos T.

il
MMy nibehl - 3apsabl MEXAY CEPALUEM U MO3TOM IPOXO-

AT Yepe3 mer (1a61.0.12).

Illest - TpOBONHUK B3aUMOJIECHCTBHM, B TOM 4YMCIIE NPU
SIEPHBIX U JIOrapu(PMUIECKUX MOCTOSHHBIX (Ta0:.0.1):

B3aumopaeiicrBus 10 boxecTB B 00/1acTH 1IeU
C
Anep- Cpema | C norelpman- Msrepuunas
Hpoueccm HOHU epexo- YCCKOU I10CTO- CBS3B
HOCTO: aa SHHOHU (078)
SASHHOU
10
2
Hoten- | ps'= | [pdp=|lgpippspsps=| L2 =
2 Ps
IHaJibl 2
100 48 2 5 < 1/5.
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B o6mactu men BO3HHUKAIOT MATEPUIHBIC TPABUTAIIMOH-
HO-MarHuTHbIe Kosiebanus (0.78):

rpaBI/ITal_[I/IOHHO-MaFHI/ITHaﬂ myJibCcalus Imeun

Iuc-uzomepus Tpaunc-usomepus

140 _ Jup* _ 1_Jpp* 28
Eszp*ps_S T s Vw10 (0.79)
it { N

28 _ [pp* 1 mr 140

_— = = — :Z SE = .
140 W*pz 5 pp*p5 28

K]

[{uc-TpaHc M3oMepuYecKas IyJibcalis B 00JacCTH IIEH
(0.73) sBasiercs mogooueM mysbcaluu cBeta - KyHaanuau u
IpHCYyIIa JIOO0MY MHKPO-MaKpO PaAaBHOBECHOMY (U3HOJIOTH-
4eCKOMY KOMIIOHEHTY OpraHa 4eJoBeKa M YEJIOBEKY B IICJIOM.

*
kk

UYenoBek IBIIINAT HE TOJIBKO BO3YyXOM, HO U TOHKHMHU
OneprusiMu KyHaaiuHu.

IlepBbie neBATH MecsilieB, HAXOASACH B ¢opMe 3apo-
AbINIA - TUI0/1a, YeJIOBEK 00X0AUTCA 0e3 BO3AyXa M JAbIIIUT
TOJAbKO TOHKMMH JHEPrusiMmm, HCTOYHUKOM KOTOPbIX fIB-
asiercsa Kocmoc.

Opeanamu "[vixanus" npu OvixaHuu HE BO3IYXOM, a
Tonkoit DHeprueit, sBisitorcs He aerkue, a Cemb Hakp.

Hamuune Cemu Yakp opranmsma Yenoeka oOycioBie-
HO MEepexXoJ0M 5 — 7 ¥ MYJIbTUILUIETHOCTBIO 7 Ha JECATHUYHbIC
MarHUTHBIN U rpaBUTALMOHHBINA Akl (0.64):

,_385_577_57-(9+2)
55 511 5:(9+2)

, (0.80)

rae: (9+2) - cyOcTpykTypa OMOTOTHUYECKON KIETKU MPU
MHUTO3€ (JICJIEHUH MOTMOJIaM).
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Ecnu B nérkue MMOCTYyIacT BO3JyX, TO B YaKpPhbI IMOCTYIIA-

et Kynganunu.

Kynnanuau B 4akpax (QYHKIIMOHHpPYET B COJHEYHO-
JYHHOU cpeJie ¢ MOCTOSTHHOMU, paBHOU 140 (Ta6:m.0.13).

Taomuna 0.13

IHocTosinHast Uakp B COJTHEYHO-JIYHHOH cpejie

Ilonga

P}II[LI CyMMmBbl

CoHevyHoe 1101€

1—>2—>3—>4—>5—>6—>7—>8 36

pacmnpeHHe
7/4—>7/2—> 7 —>14—>28 —>56 —>112 215,25
Kynnanunu
pacipeHue
2|3 |4 6 2800A
NeNe Yakp ! !
Panyra IIaKp, nynbcaum{
80<— 40<— 20<— 10<— 5 <—5/2<—5/4 160,75
Kynnanunu
cKaTue
7 6 5 4 3 2 1 0 28

Jlynnoe none

CucreMa reHOMOB: TIEPBBIN NEPUO

ITocTossnHas qYaKp

Ky =80-7/4 =40-7/2 =720 = 14-10 = 28-5 = 56-5/2
= 112-5/4 = 140 = 1°+2°+3°+4°+5°+6*+7> = 285

Crpykrypa roga

I'op = (215,25+160,75 =376) — (9+2) = 365 =

OKBUBAJICHT 365 qHSM B roiy
no 13-tu nynnomy Kanenmapro

Cseto [Hatenn

¢ /w03 =

147 =2+6 =3+5 =4+4 = 5+3 = 6+2 = 7+1
= 8+0 (pacwupenue Beenennoit).

%
kk

[Tynbcauus Yaxp (1a6m1.0.13) cmeniaer paBHOBecue 3a-
poauBiierocst muto3sa (0.8).
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B OuoxkieTke BO3HUKAET mpoiiece e€ IeIeHne B TeUeHNE
CeMH CTaJWid MHTO3a, a JWHAMHUKa IMpOIlecca MOXKET OBITh
omnucaHa KoJjiebaTeabHbIM KOHTYpoM (80).

JMunamuka nyjabscanun Yaxp (80)

Britecnenue sapom renomoB 35 u 36 (puc.0.6)

5-7-(9+2)-(/@ =8) _

5:0+2) ([ /c=2) (0.81)

7-140-5-(9+2)-2 = 107800 <]§> 3080 =5-7-11-8;
35 ©1=-2<36.

7-(K, =140) =

Kpome renomoB ¢ norennuanamu 36 u 36 (0.81) u3 ne-
PUOIUYECKON CHCTEMBI TEHOMOB BBITECHSIFOTCS T€HOMBI C T10-
tennuanamu 27 u 28 (puc.0.6), rae:

22 0yxBbI ABpaama [12]
(35436 =71) — (27428 = 55) =22

(0.82)

Pa3HOCTh C MOTEHLMAIOM 22 SIBISETCS MOTEHIMAN - SKBUBa-
naeHToM 22 OykBaMm ABpaama, ¢ OMOIIBIO KOTOPBIX MepeaBa-
jack nHGOpMaIHs MeToIoM Tenenaruu [ 12].

*
kk

[lynbcamua Kynpanuuu Yakp B COJHEYHON cpene
(Ta6n.0.13) sBrIAEeTCS MPOIIECCOM MNPOPACTAHMS CE€MEHH B
JIOHEe MAaTePH, U OH MOJ00CH B CBOECH IHEPTeTUYECKON OCHOBE
MPOPACTAHUIO CEMEHU PACTEHUS! WM PA3BUTHUIO 3apObIIlIa-
mwionaa y Cesennoro JKuotHoro uin Yenosexa.

DTOT mepuoa BHYTPUYTPOOHOTro "abixanus' ToHKOM
JHeprueit Ennnoro Kocmoca coxpansiercss kak B 7ZKu3nmu
Ha BCIO JKu3Hb, Tak 1 B JKu3nu 10 u nocJae JKuznu.

[Tocne poxnenus B XKusnp "npixanue" Tonkon OHepru-
€l CyIIECTBYET OJTHOBPEMEHHO C ABIXaHUEM JIETKUMH.
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IIpn otkpeitom Tperbem ['maze npixanme ToHKUMU
OHeprusiMu MoA0OHO MEIUTALWH, BEAYIIEH MO 3BOJIIOLUOH-
HOMY IyTH co3ugaHus Yenoseka Boiu u Horn Teorenesuca,
7€ MEX/1y BBITECHEHHbIMU T'€HOMAaMH U T€HOMaMu MH(popma-
LMY BO3HUKAET PA3HOCThH IMOTECHIINAJIOB:

Tenenarnyeckass uHpopmManus
B noJisx ceera u Ceuenmii (puc.0.10)
I Tonkue CBeueHus Cser Cymma
oIS U
CyMMa | Apyma pp* | 36°-35°=71
Britec-
HEHHBIE 27 28 35 36 126
T'€HOMBI
- (0.83)
Keanrre- [, 22 22 22 88
JICTIaTUn
Pasznoctn 5 6 13 14 38
B3anmo-
| Kynna- Marne- | nencTBus:
Hpiﬁzqa_ 52(::]:?32‘112 minn = |Buouacsr| TH3M: 88-38=50 =
© 3,5+2,5 ' Ig PPy
P

***

B momne Apymbl (T = 3) MardeTu3M yBEIUYHBACTCS, U
BO3HUKAIOT 42 boxectBa Cepaua:

141 =42 =42 BoxectBa = /pp* + Juu*, (0.84)

0 koTopbIX B KHure MEpTBBIX CKa3aHO: HA IECTOH IeHb
npedbiBanusa B bopao nepex To60ii npeacranyt 42 I'pos-
HbIX boxkecTBa. OHM BBIMAYT M3 TBOEr0 YMCTOIO Cepaua.
Io3naii ux [10].
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Ecnu nmomoiitu k »ToM (pase 03 MUCTUKH, TO MBI TIOM-
MEM, YTO MOCiIe OMONOTMYeCKOW KOHYMHBI M3 HALIUX Tel -
ceplel MPOM30MIET M3JIYYEHHUE TPABUTALMOHHO-MArHUTHBIX
3apsiioB ¥ UMITYJIbCOB (0.84).

***

B "Otkposennsx" Noanna borociosa ckazano: "Tpon
Xpucra Ha He0e oxkpyxen 24-ms IlpecBarsimu IlpecroJia-
MH"

Ecim x aroit dpaze momoritu 6€3 MUCTUKHU, TO MBI YBH-
JIIM CHHTE3 HAayK! U PEIUTHO3HBIX KOH(PECCHIA:

K EAMHCTBY HAYKH M peJIUTHU

Hayxka Bemukoit Lluunuzauuu | OtkpoBenus | [lanpma ISHHra
MépTtBbIX
(0.85)
- 42.

1
Juu* t[pdp =24 — 24 x
0

[TosiBeHrEe JEKTPUUECKOTO OIS Ha TTIOBEPXHOCTH T'pa-
BUTALIMOHHO-MarHuTHoro ¢opmupyer mo3r (58 boxkects), a
3aTeM u yenoBeka (110 boxecTs):

110 BoxkxecTB Yet0BEeKa

110 Boxkects = (Mo3r: + pp *+uu* +/qqg* = 58) + (0.86)
(Cepane: +/ po*+4/qq* =42) + (mues = 10).

A Kakoe KOJIMYECTBO HAYUHBIX JTAHHBIX JICKUT B IPs3U
mucturmama? Ilopa Maruio paccMarpuBaTh € MO3UIUUA HPU-
YUHHO-CJICJICTBEHHBIX CBSI3€il 0€3 HEHY)KHOW CEKPETHOCTU OT
TJIYTIOCTH.
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naBa 1
AHanunu3 oCHOB Mmarmum
¢ no3nuum Haykm Benukon LUimBunusauum

CouuyM, HbIHE 3aCENSIIOLINNA MUIAHETY 3eMJls, UMEET B
OCHOBHOM 4eThIpe (OpMBI TMO3HAHMS MPUYMHHO-CIIC/ICTBECH-
HBIX CBA3€U Okpy»aromero Hac Equnoro Kocmoca - 310 s13bI-
4eCTBO, PEJIUTHsl, 330TePUKa U HAYKA.

*
kk

SA3pryecTBO 0asupyercsi HAa HENMOCPeICTBEHHOM Ha-
0J110/1eHUM 32 SIBJICHMSIMM NPHUPOAbLI U UX O00bSICHEHHEM C
MOMOIIUBIO peacTaBuTesied Beaukon Hlusuanzamun.

[Tomometo co ctoponsl Benukoi lluBunuzanuu oObsc-
HAIOTCS 3HAHUS, HapuMep, wieMeHaMu Manais3uu 3BE31HOTO
Heba Cupuyca, WM ApPEeBHE-I3bIYCCKON MUBUIM3aIMeld Maiis
"taitH" Benukon I{uBuan3anuu, B TOM 4uciie TaiHbl 13-u nyH-
Horo Kanennaps [18].

Hocurensimu "TaiiHbl" SBISIIOTCS U S3BIYECKUE HAPOJIbI
Ceepa u Cubupu Poccuu u abopureHbl ABCTpasiuu.

*
*ok

Pesurum BouInuin u3 SI3piyecrBa, U J1akKe cama HCTO-
pHs BOBHUKHOBEHHS TPEX (DyHIaMEHTAIBHBIX pEeIUTuid 3amaaa
OasupyeTcs Ha ydyacTuu B HUX boro, ux CbIHOBEUW U MPOPO-
KOB, TO €CThb IpEJCTaBUTENCH 6He 3emrnou Benukon [{uBumu-
3aI1u.

N3HavanbpHOM 3aa4ueii peUruo3HbiX KoH(eccuit sBiis-
nock coxpanenue CiioBa, koropoe 0b1110 B HauaJjie, koropoe
obL10 y bora, u koropoe 0b1L10 bor.

3amauy mo coxpanenusi CJjioBa peinuruo3Hbsie KoHpec-
CHH BBINIOJIHWJIM, 3aKOHCepBUpoBaB CioBa - 3HaHus B ¢opme
Jorm. Jlorm, KOTOpbI€ JOJKHBI OBLIM TPAaHC(HOPMHUPOBATHCS B
BBICOKYI0 Hayky Benukon L{uBunuszanuu.
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Benukas [{uBunusauus 3Hana, yro Jorma cymectByer
B cpene counyma Hocurenenn Pazyma, KOTOpbIM CBOWCTBEHEH
3akoH Kapmbl, TO ecThb NMO3HAHMS NPUYUHHO-CJIEACTBEH-
HbIX cBsizeid Equnoro Kocmoca.

[IportuBopeunss mexnay [Jormou u Kapmon nopoawnin
HAyKy U 330TE€PHKY.

*
kk

Hayka - 570 MeTOn0JI0rus IO3HAHUA NPUYUHHO-CIIE]-
CTBEHHBIX CBS3€M OKpYKAlOILIEro HAaC MHUpA IIyTEM IMIMPH-
OKPHMTHMIM3MA: ONBIT - 3KCOEPUMEHT, 00OOUIEHUE OIbITA Ha
OCHOBE NAPAJUIM - WLIIO3UN U CICTYIOINNA KCIIEPUMEHT.

dakTopaMy, UCKaKAIOIIMMU YCUJIMS HAIlel HAayKH, SIB-
JISIFOTCS: OTCYTCTBHE MEHTAJbHOMW (BBICILIEH, TyXOBHOM) 1IEJH,
pabora MerogamMu TPHUOIMKEHUN, UTHOPUPOBAHHE aHAIN3a
SABJICHUM 10 UX B3aUMOJICCTBUSIM.

Benukas l{uBunn3zanus OpraHu3oBajia CBOK HAyKy C
TOYHOCTHIO HA00OPOT Haliei: 0a3ucoOM HM3yUYeHHsl SIBUJINCH
B3aMMO/IeiCTBUSI, NMPUHUMNNAJIBLHO HCK/IOYAIONIUEe TPU-
OJIMKeHHsI; IKCIIEPUMEHT 00BSICHAJICA ¢ nmo3unun Peanmii
Emunoro Kocmoca 0e3 Besiknx Iapagurm - Mouno3ui.

*
kk

J30TepuKa, WIN 330TepUUECKasi HayKa, BO3HUKIIA B CO-
BpeMeHHOM connyMe 3emuin kak HeobxoaumocTts B pasperie-
HUH IPOTUBOPEUNN MEXKIY SA3BIYECTBOM, PEJIMTUEN U HAYKOMU.

B ornuune OT A3bI4ECTBA U PEIUTUNA I30TEPUKA OMUPA-
ercsa Ha CiaoBo, ganHoe B Kuurax Benukou I{uBuianzaiuw:
Kuura /I3uan, Knura Ilepemen, Knura MéprBbix.

Nudopmanus n3 3tux Kaur Obuia B3siTa 32 OCHOBY pe-
JUTHO3HOW JUTEPATyphl Beex KoHpeccuid. OaHAKO MHOTOYHC-
JICHHBIE PENAKTOPCKUE IIPABKM PEIUTMO3HOM JIMTEpaTyphl B
pslie CIy4yaeB HCKa3WIM CMBICI TEKCTOB, 3aMMCTBOBAHHBIX
u3 Knur Besmmkoin HuBuianzanuu.
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BropnuHas 330Tepruueckas IMTEPATYpa, KaK U PENUTH-
O3Hasl, TaKXKe He H30ekana MCKaKCHUI U HCIOIb30BaHUE HE
10 IPSIMOMY Ha3HAYEHMUIO.

Kuura Ilepemen, nanpumep B Kurae, crana ucnosnb3o-
BaThCs ISl rajlaHusi, a 3aKOoHbl EquHOro Kocmoca, BHIPBaH-
Hble U3 KOHTekcTa IlepemeH, 3aceKkpe4eHHbIe BJIACTOJIIO-
OumeM M aM4YHOCTHIO, co3aanu maruio (beayro u Uépnyro),
/i€ CJIOBO Marus o3HavyaeT Mosi BIacTb.

CerogHst B 330TEpHUKE BO3HUKIIO HOBOE HAaIlPaBIICHHE:
Baparus - Bnacte cBera. Ho Bce onn: Marus, Baparus, Kana-
TUs U Tak janee 0epyT cBOE Hayano u3 anredpsl Benukon [u-
BWIN3AlMHU, T/Ie alreOpandeckue 3HaKu - cuMBoJibl ba (Ba),
Pa u Ka Obuiu o0oxectBiiensl Penurueit JIpesnero Erunra:

Anrebpa ba (Ba) Pa Ka
JIBOMHUK JIBOMHHUK
born bora Connia bor Comnua bora Connia (1.1)

[IpounsBoaHsbie Baparus, Kanarus, Marus u tak ganee.

Most 3amaya COCTOMT B TOM, YTOOBI IEPEBECTU MA3BIK
MAaruM Ha HAy4YHBIM A3BIK PEABHBIX YJHEPreTUUECKUX IPOLEC-
COB.

1.1 AHanun3 nocBsweHusa marum JlyHe

J.A. Xanc mnocBATun "DHIUKIONEIUIO COBPEMEHHOM
marun" Jlyne: "llepBas Kuura nocsimaercs Mmoei TaiiHO#
pyKoBoauTedbHHUIE - OorMHe JIyHBI, Yb€é MMS COOTBETCT-
Byer uncay 480" [1, 2].

C mo3uuuy COBpEMEHHOM HAayKM Halled LUBUIM3ALUU
TaKoe IMOCBsAIIeHNe - Ope; ¢ mo3uiuu Hayku Benukoi [{uBu-
JU3alluy U caMo MocBsiuieHue, u ynuciio 480 oTpaxaeT peayb-
HocTh Enunoro Kocmoca.

[Tpobnema goka3zaTeabHOCTH B JAHHOM CIIy4ae CBOJUT-
Csl K BOIIpoCy: MOKeT Jid JIyHa ObITh kuBoii CymHoCTHI0?
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*
kk

Jlyna Bpaiiaercsi co CKOPOCThIO 28 CYTOK B MecCSl] U
co3na€r I[IpomoIKUTEIBHOCTH, OTCYET KOTOPBIX 3aJI0KEH B
Kanennapp nuBmim3zanuu Maitst: JIyHa BiaaJblka BpeMeHH.

Bpamenue JIyHbl co31aéT BUXpH IHAOTEPMHUUECKUX (Po-
TOH-(DOHOHOB C TOTEHIIHAIIOM +/ pp*= 28, KOTOPBIA pacuien-
JITETCA [OII0JIaM Ha JBa MAarHUTHBIX KBaHTa: 28 = 2-14 =

2.

Bo3HukaeT noTeHIUaN - S3KBUBAJIEHT MOTEHIIMANY CEp/I-
na (ta61.0.12): Jlyna Baaabika cepaua.

Nmnynseel Tonkol DHepruu, ucxoadimue ot JIyHsl, siB-
nstores Ilomobuem Kocmuueckoit Mpicinu ¢ HOTEHIMAIOM
20
p*=28-10"": Jlyna Baaapika MpicJn.

Kocmuueckass Mpicnb, usiiydaemasi JIyHOU, siBisieTCA
HCTOYHMKOM JHEPIruM Ul CEMEHU U IUI0J1a B IEPUOJ UX pa3-
BuTus B Jlone Martepu: JlyHa siBjsieTcs1 MCTOYHUKOM Ku3-
HM Ha 3emure.

*
kk

JlyHa neicTByeT Ha BCE KUAKHUE CPEIbl 3eMIId, MOPOK-
nas B Hux cnupaan Kynnaanum.

Coupanmn KyHIanuHM BO3HMKAIOT U B Marme 3eMIIH,
aomas e€ nurochepy Ha OJIOKH C MPEUMYIIECTBEHHBIM KO-
dbunmentom 7/2 = 3,5 u crymas HebecHbIE Tena BOKPYT 3eMJIU
C IpEeuMYyIIeCTBeHHBIM K03 durmentom 5/2 = 2,5 [16].

Nuunuuposannoe Jlynoit Kynmanunu - cBer, ¢op-
MupyeT, B ToM 4uciae u saapo Ilepuoanueckoit Cucrembl

I'eHOMOB HAaCJ/IeICTBEHHOCTH - SI[PO C MOTeHIHUAJIOM 6
(puc.0.6).

Anpo renomoB (puc.0.6) myJbcupyer B pe30HAHCHO-aH-
TUPE30HAHCHOM PEKHUME, CO3/1aBasi CBET ¢ MoTeHuuanoM (-36),
cyoctpykrypy Ouokietkn (9+0) U nOsSTEpUUYHYIO CBS3b
(puc.0.6):
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IMyabcauus sapa reHoMoB noj BJausiHueM JIyHbI
IMynbcarst 9.6 9+6 9+6 9.6
TEHOMOB 9-6  9/6 6/9 7 9-6 |(1.2)
P96 <966
[IpounsBogHbIE
B36=29 w1 41 mm 0 5.

JlyHa nmpuHHMAaeT OCHOBHYK HArpy3Ky B mpolecce
(pU3M0JIOTHYECKOTO Pa3MHOKEHHsI NMYTEM mNepeaayd TeH-
HOM HACJIeICTBEHHOCTH.

Ilocaou cems 6 nougy, u ono npopacmeém, xoms COIHeY-
HblUL ceem 00 ceMeHU He 00X00um: JYHHbIU ceem Oelcmeayem
Ha Kopenw, a conneunviii - Ha nobecu Had NOYBOL.

X
%%

CoHEeYHO-JIyHHOE BIIMSHHE CKa3bIBACTCS Ha PEKHME
NBIXaHUS PACTECHUN: MHEM PACTCHHS BIBIXAIOT KHUCIOPOJ, a
BBIIBIXAIOT YK€ YTIEKHUCIBIN Ta3; HOYbIO BIBIXAIOT YIJICKHC-
JIBIH ra3, a BIABIXAIT KUcaopos (tadu.1.1).

Tabnuua 1.1
Pestcum ovixanua pacmenuii
- MounekynspHble Beca
Hapa enn Housb Y Pesynprar
MCTPbI JleHb Houn
Brox - 0,—> 2CO0— 32> 40 > | 2(40+32) 127
2(40-32) 16
Beigox | —=2CO -0, 40 32 — (9+0)
72 72
Cymmel | O +2CO<2CO+ O, | aacpHas | sAnepHas
miasmMa | IUia3Ma

®opma abixanuss PacTeHusi MHUIMUPYET POCT CYyO-

cTpyKTYpbI (9+0) B OuMoOkiIeTKe U pa3Butue KusHu Oenko-

BBbIX TCII.
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JKunkas rmmasma Hamiero teia, 00y1aaronas CyMMapHOU
IIOTHOCTBIO Y = 72+72 = 144 = 12°, nornomaer TOHKyIO
DHepruto, uznydaemyro JIyHoil.

[Tornomaer B pe3oHaHcHOM pexumMe Apyna - Pyma, To
ecthb ipu To'T = 12.

[Ipn nmepuogmunoctu T, MOTEHIMAN MOTJIOIIEHUS yBE-
JUYUBACTCS, a MPU HAJUYUU CIA0BIX B3aUMOJICHCTBUI BEIH-
YMHA NOTeHlHana JOCTUrHeT uucia 480 m CcTaHeT paBHBIM
YUCITy UMEHU OOTUHU JIyHBI:

Crpykrypa uncia umenu 6orunu JlyHnot

e 48 (1.3)
p, 107

[TosiBneHMEe B3aMMOAENCTBUHA COIHEYHOrO OEI0r0 CBETa
MPUBEIET K JUTMHE BOJHBI A = 48004, pa3aensioneld CHHIO 1
rojiyoyro obsactu criektpa cera (1adi.0.3):

T; o
07 =28 10=4800=4800.4] (1.4)
P> 10

B cune-rony6oit yakpe Tpetuit ['1a3 umnynbc aeKTpu-
YEeCKOTO 3apsijia U UMIYJIbC Boobpasicenus:

* 10%.3-10" - 4. ¢+ 4
BooGpaskenie q c=16 107 -3-10 OA c A/c=1036A
A 4800 A4
10 310% Ao (1.5)
Sapsn gc _16-1077-3 IOOA c A/c=10_4A
A 4800 A4
CKOPOCTh ¢ =300 Thic. kM/c = 3-10" A/e.
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CO3JIalyT KOHTYP DSJEKTPUUECKUX KOJICOAHWI ¢ CUJIOW TOKa,
paBHoii (1.5):

1044=1
10%4=1]

1=10°4

[=0a 0 e0E

(1.6)

Bo3HMKaeT 3MeKTpOMarHuTHas WHIYKIUS (POTOHOB C
xouuentparueii (10*°)’ B mpenenax HachIEHHS TIOMHHO(O-
pa. TlosBrsieTcsi mepeHachIIeHHbIH (HOTOH - (OHOHAMHU ITFO-
MuHO(DOp, TO ecTh saepHas miazma (1.6).

*
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SnepHas miua3Ma MyJbCUPYET M W3ITydaeT JorapuQmu-
yeckue BoJIHbI (1.7):

Jlorapu¢gmuyeckne BOJHBI SACPHOH MJIA3MbI
CoxpoBeHHas Pacmnpenue OKcTpeMalbHbIE
CopoxkoBuia BcenenHoin 00JIaCTH BOJIHEI (1 .7)
1210 < 1g 10" | +80 < 0 < -80 +l < -1
40 < -40 AHTUPE30HAHC pEe30HaHC.

B MHUC-TpaHC U30MCPUYICCKOM BCUICCTBC H,HepHOﬁ Ij1a3-

MBI

(fa=T72)+ (a=72) = 144 = 12° = T,7",

(1.8)

BO3HHUKAIOT PA3HOCTH IMOTCHIUAIIOB, XdPAKTCPUIYIOIIUC T10AB-

JIeHWE TEHOMOB HACIIEJICTBEHHOCTH B CTpyKType TsHb
(Tabmn.1.2).

Ha sroi craguu myJsibcaluu siIEPHOTO BEIIECTBA 3apo-
Knaercsa 13-ty nmyHHas IMyJabcanusi, KOTOPYK OTCUMTHIBAET 13-
T! nyHHbIM Kanengaps uuBunuzanuu Maiis (Ta6i.1.2).
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Tabmuma 1.2
Yci10Busl BOSBHUKHOBEHHS T€HOMOB HACJIEICTBEHHOCTH B
siiepHOM BelecTBe cryctka Tsanb (1.7)

SnepHoe Be-
IIECTBO Pyna Apymna PasHocTs Cymma
2,2 _ T, = 64 144 —64= | 144+64=
T, 1" =144 T 0 %0 e
¢ r L | 144-g1= | 144812
2T, To=81= 225=15
T To" =144 0 2 64
(9+0) 3JIEKTpOMar-
T'CHBI
HCTU3M.
208 ¢ 1
<0 ps!@ 2 : (1.9)

I€ OTCYET MPOJOJDKUTEIBHOCTEW MPOUCXOIUT B JIEKTPOMATr-
HUTHOM I10JI€:

225 =15"=[(Jaqg* = 16+14 =\[uu* ) [pdp = 112" (1.10)

B nynscupytomem anexkrpomarautioM nodie (1.10) Bo3-
HUKAIOT CyMMa M Pa3HOCTh MOTEHIMAJIOB, a TAKXKE Pa3HOCTh
MEXKJ1y CYMMOM U Pa3HOCTBIO:

(225+64 =289 =17") - (225-6=161)=128=2". (l.11)

o ) 7 o
[Tonyuennslii moteHuuain, paBubii 2° (1.11), ¢ oxHoM
CTOPOHBI, MOXKET 00ECIIEUUTh CUCTEMY:

Hunsb + Taub — (-lunb) = 32+64 — (-32) =128, (1.12)

a ¢ JIPYrol CTOPOHBI, OMHUCHIBACTCS MPOMOPIUSIMH BEIIUKOM
[Mupamunst (puc.0.3, 1a6:1.0.6).

Jlyna Bausier Ha KopHu, namomue Ham GHU3MO0JI0rH-
YeCKHil pocT.
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.HYHa BJIMACT Ha HAIly MCHTAJIbHOCTD.

Bausinue Jlynbl Ha saepHoe BemecTBo Kanam mias-
MBI (KpOBb, CEPOE BEILIECTBO TOJJOBHOI'O MO3Ta, [IUTOILIa3Ma U
TaKk jajiee) MposiBseT ceOsi BO B3aUMOJCUCTBUAX, JoTapud-
MHMUYECKHE BOJIHBI KOTOPBIX MPUBOJST K ABAALATH MATOMY KaJi-

py-

Bo3HukHOBeHMe ABAANATH MSATOr0 Kaapa.
Iloaco3nanue

(1.13)

IIponecc OHaoTepMus ITepexon DK30TEpMUs

Torenuuan | Ig pip2=-25 | Ig pap3pa=+25 | Ig p3pa/ps =+25.

JIBanuarh MATHINA KaJap BO3JCHCTBYET HA HaIll MEHTAJIU-
teT Ha ypoBHe [loaco3nanusi.

Ha ypoBue Co3HaHMsl Halll MO3T U TE€JIO UCIBITHIBAIOT
BO3elcTBUE 24 kaapoB mnyibcaiuu B Enununy IIpomosku-
TEJILHOCTHU.

Hauano nynscanuu B 24 xaznpa JarOT IpaBUTALMOHHBIE
B3aUMOJICHCTBUS U UX YKBUBAJICHTHI:

Bo3unkHoBeHue 24 xkaapos: Co3Hanmne

IIpouecc DHpoTepmMus DK30TEepMuUs (1.14)
[Torennuan lg p1=-24 lg papspa/ps= +24.
R

JlBaauate 4eTBEPTHIM KaAp MPOSBISET ceOS Ha IO-
BepxHocT Kamumm sizepHoro BemecrBa Ha ypoBHe Co3Ha-
HUS, & LUC-TPAHC U30MEPUS B YCIOBUSX HHAOTEPMHUU MPHUBO-
JUT K MOTEHLMAJ - SKBUBAJICHTY JUIMHBI BOJIHBI pa3jiesa CUHEN
U roJiy0oit ob6nactelt criektpa B yakpe Tperuit ['na3 (1a6:1.0.3):
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Cosnanue =|1g222P _1gp =24 (~24)=48|p? =
P

5
4800 = 4800A. (0.15)

JIBanuarth nsaThId kaap npossiset ceds B Henpax Kamu
syiepHoro BemiecTsa Ha ypoBHe [lonco3nanus, u ero Tepmus B

YCIOBUAX HHUC-TPAHC U30MCPHUU 6y,Z[CT CBs3aHa C PA3HOCTBIO
(1.13):

Iloocosnanue = (1g p, p3 p4—1g p1p2)'Ps=
[25 — (-25)]-10 = 500 = AD. (0.16)

[Tynbcanusa sHepretuueckoro mnoisa Iloaco3HaHus BO
B3auMojeiicTBusix u /3uan (2 < 1/2) bopmupyer 3enényto,

roiayOyio, CHHIOI M KENTO-3eNEHYI0 00JaCTH CIEKTpa CBETa
(Ta61.0.3):

Cnexkmp Iloocoznanus (1.16), A

cuHss | romy0Oast | 3enéHas | konebanus (Heapa) | KENTo-3eéHas
e W (1.17)
AC=| AI'= | A3= — oL |AD= AXK3 =
@, c
300 300 400 1000 < 250 250.

Co3HaHMe, CBsA3aHHOE C IpOLECCAaMU HAa IOBEPXHOCTH
Kamnm smepHoro BemiectBa Mo3ra, OyJIeT OKpalleHO B Kpac-
HBIM, OpaHKEBBIA M KENTHIM 1BeTa, GOpPMHUPYs OCIbIi CBET C
JUTHHOM BOJTHBI B 7600A

Cnexkmp Co3nanusn (1261.0.3), A
KENTHIN | OpAaHKEBBIH | KPAaCHBIN OebIi KoJieOaHus
1.18
AX=| AO= | AK= JZAKAOZAX(-XZAKAO( )
NK
70 380 1400 7600 28:19:10°.
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Konebanusi cnexkrpa co3Hanusi (1.18) mpuBoasT K
rpaBUTALMU:

2819:10° = \/pp*-19-10°, (1.19)

Y B 110JI€ TPABUTAIIMOHHOIO TYHHOTO UMITYJIbCa
p* = 28-10°°Ku1 nosiBIsieTcs MeMeHTapHbIH FPABUTALMOHHbIIT
sapsiz p = 28-107°Ku1, KOTOPBIii HCIIONB3YeTCs KAK HCTOYHUK
XKU3HEoOecreueHHs1 OEJIKOBBIX Tell.

*
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JIrobast sHEpreTHyecKkas CHCTEMa, BBIBEJICHHAs W3 CO-
CTOSIHUSI PABHOBECHS, CTPEMUTCSA BEPHYTHCA B COCTOSIHUE PAB-
HoBecus. Hamr rojoBHOM MO3r HE MCKIIIOYCHHE, MO0 OH SIBJIS-
€TCSI DHEPIETUYECKONU CUCTEMOM.

['os10BHOM MO3r COCTOUT U3 JIEBOT'O M MPABOI0 MOIYIIA-
pHiil, Ha3HaYeHHE KOTOPBIX CryllaThb HEOECHbIE KOCMHUYECKHE
IpaBUTALIMOHHBIE UMITYJIbCI, Hanpumep Q;p™ (0.51).

[Ipouiecc crymenust HEOECHBIX BOJIH OMUCHIBACTCS MPO-
nopuusimMu Benukon [lupamuast (puc.0.3, Tta61.0.4) u Oyner
3aBepIIaThCA B KOPE TOJOBHOTO MO3Ta ()OPMHUPOBAHUEM JJICK-
TPUYECKOTO UMITYJIbCa BOOOPaKEHUS:

[Q = 4n-(R=2)*]-q*, (1.20)

rae Q - moBepXHOCTh cepbl ¢ paanycoM R = 2 (SKBUBaJIEHT
MOTEHIMaJIa KOPBI TOJIOBHOI'O MO3ra).

OHEpPreTuYecKue IMOTEHUHAIBl IMTOBEPXHOCTH 3apOJbI-

HIEBOr0O Iy3bIpbka TOHKOM DHepruu, nocturas KBajapara mnep-
. 2

BOHAYaJIbHOW BeNMUYUHBI (Q;”), CTAHOBSTCS pPaBHBIMHU IOTEH-

[[MajJlaM TOBEPXHOCTH KOpPBI TOJIOBHOTO Mosra (puc.l.l,
Tabm1.1.3).
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Cosuanue = Q - Kopa 20J106HO20 MO32a

Yenosus paeHoeecusl.
p*
Ey(Q=4n-R’=41-2%)=16,

(1.21)
mE,(Q=4n-i*=-47)’=16.

Iloocosnanue = Q; - 3apooviuiesvie NY3vIpbKU

Puc.1.1 Honywapus 201061H020 M032a npu pagHo8ecuu NOBEPXHOCMeEll
3apO0bILUEBbIX NY3bIPLKOE U KOPbL 207108HbIX noaywaputi (1.21)

IloBepXHOCTH 3apoAbILIEBOI0 MNY3bIpbKa (TMOBEPX-
HOCTh cepbl C paguycoM i = ~/—1) OyJer HAXOAUThLCH Ha
ypoBae IIOACO3HAHMUSA u nynbcupoBaTh ¢ 4acTOTOU 25
kaapoB B eaunauiy [Ipogomkurensaoctu (puc.l.1, tabn.1.3).

[ToBepxHoCTh ¢ panmuycom R = 2 (aHanor Kopsl TOJ0B-
HOTO Mo3ra wiu jutochepsl 3emnun) OyAeT HAXOAWTHCS Ha
ypoBHe CO3HAHMUS u nynbcupoBats ¢ yactoToit 24 kaapa B
equauily [Iponomkurensuoctu (puc.1.1, Tabmn.1.3).

Tabmuma 1.3
BoooOpa:xenue: B3anmocBs3b Iloacoznanus u CozHanust
IToncosnanne Cosnanue MEICITE 1
Homs I Yucno I Yucno | BooOpa-
OBEPXHOCTh KapOB OBEPXHOCTh Kazpos| KeHHE
EQ7 25 E.Q= 24 |28%=pp*
I'paBuranus meE2Q Q 8 =pp 5
16 25 16 24 | 784=28
DNEeKTPUYECTBO 400 384 16=./gqq*
Asmwienue 28 28 7 T,+t
MarHuTHOTO T: E28-E528-—50—.(,//41*_(_,/Iulu*))_
oJIst siapa 4 T 0
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JIBr>xeHre MarHuTHOTO 1o B Aape - Kamie nmporekaer
B ycnoBusx (opmupoBaHus [[3uaH, uto BieyéT 3a coOOM
TpaHchopmanuio nanbmel B Kynaanuuu (tadi.1.3).

BHGPFGTI/I‘ICCKHC IMMOTOKM B HEIpax sAA€p

HanpaBnenHocTh Iepexon x MamsMa Ilepexon k
lapmonun Xaocy
L 0
[Tepexon mansMa 281 Jo = 28 71 ) 7 (1.22)
+ Kynganunu 2.!.(0 ¢ T 4 T 82_!.(/’07(0

®opMupoBaHue

2 _ _ 2
obononrt [7] =49 o 49 o -49=7

[TosiBnenue KyHnanuuu B KUAKOM Tu1azMe WK JI000M
MHOM pacTBOpE SAJIEPHOIO BEUIECTBA MPUBOJAMUT K JBUKECHUIO
pacTBOpoOB-paciuiaBoB u3 Heap crycrka k ero nutocdepe.

Tak nBwxkercs marma 3emid [16], Tak ABUKETCS CEpoe
BEILIECTBO I'OJIOBHOTO MO3Tra.

[TockonpKy OBUMKEHHE >XHIKHX CpPEA BO BHYTPEHHEM
noje o0bEMa CrycTKa CBSI3aHO C LIUC-TPaHC M30MEpHEH, TO
[Tpupona popmupyet, Hanpumep, sl TOJTOBHOTO MO3Ta JIEBOE
U TpaBo€ TMONyIIapus C DIEKTPUUYECKUMHU TOTEHIMATIaMHU
+./qq* =16 (Tabn.1.3).

Ota muc-tpanc u3omepusi popmupyer Hebeca - L{uns,
TO €CTh BOOOPAKEHUE U 3apsi:

s = \Jgq* — (-\/gq*) =16 —(-16) =32,  (1.23)

a Knura IlepemeH onuchIiBaeT TMHAMUKY DBOJIIOLIHAH.
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Jlns Toro, 4yToOBl CBOOOJIHO BIAJETh MPOIIECCAMH, H3-
noxxeHHbIMU B Knure Ilepemen, He0OX01MMO TIOHSTH YHEpPTeE-
trueckue cTpykrypsl Iloacosnanus u CozHaHnus.

Moaco3nanue, To ectsh moite mE,Q;> = 16 (1.21) dop-
MHpYyeT camocymue BonHsl (puc.0.3), Tak kak 16 = 2 °,

@opmupoBanue Ilogco3Hanuss HayumHaeTcss B IoJIe
Apynsl - Pynbr (T,+1), Kyaa ¢ yactotoit B 25 KagpoB MOCTY-
HaeT JIyHHbIH UMITYJIbC p*.

B s1ux ycnoBusix ¢popmMupoBaHus MOTEHIMATI B 00J1aCTH

Coznanust OyieT CBsI3aH C KBaJpaTOM MalibMbI B BUXpe (oTo-
HOB:

*
K =Iloaco3nanue = w =
V2
20 2
LRI (12

Hanuune nuc-tpanc mzomepun Ha yposHe Iloagco3na-
HMS T[PUBOAUT K TOMY, YTO SIAEPHOE BEILECTBO, MyIbCUPYS
Mexay Apynod u Pynoii mocturaer moTeHUMan-3>KBUBAJIECHTA
MOTEHIIMAJIa, PaBHOIrO MO BeauuuHe o0béMy (V) Beaukon
[Mupamu sl (puc.0.3):

HO}]CO3H3HH€: IHEPTETUIECCKAA IIJIOTHOCTD
B 00béMe
O6BEM
[Tone Apyna Pyna TMupammb:
1
_ 1.2
Q7 p*254 SiniZ'/4<:>Ql-2p*2,u*25J.(pd(0 v,=  [1.25)
Kone- 0 1
6a_ T T02 58 . 2 =
HUS T2 1
V =-224/Sinr/4< 1 Z4*H .
T | 3
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B mone Tloncosznanus Kocmuaeckass Muicib TpaHchop-
Mupyercs B uMmnyibchl [lamaru (p* < 2p*), a NOBEpXHOCTb
Q;* nons IMosico3HaHuUs (GOPMUPYET SIEKTPOMATHUTHBIE CPE/IbI
C MOCTOSIHHBIMHU €, H LLo:

3H€KTpOMaI‘HI/ITHLle Cpeabl Iloaco3nanusi

0 =(4z) E(47Z'=,L10107)'(47[: 101] =

&,C

mcEﬂ /’lO (1014 — p4)’ (1‘26)
&
7

IIe &, = OM u po= 47107 Ta/m [14].

2

dr-c
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Mexnay Iloacosnanuem u Co3HaHHEM MTPOUCXOAUT
JBIKEHUE PA3HOMMEHHBIX MAarHUTHBIX HUMIYJIbCOB (™),
(GopMUpPYIOLIMX MAarHUTHOE $JIEPHOE BEILECTBO, HAIPUMEP
MarMy 3eMJId WM CEpoe€ BEUIECTBO TOJOBHOIO MO3ra
(puc.1.1).

Mexny nurocdepoit u noepxHocteto Henp B Kamne
SAnpa Bo3HUKAET pa3HOCTh MOTEHLUAJIOB, CBA3aHHAsl C KPACHO-
XKENTOM 00nacThio criekTpa (Tadmn.1.4).

Pa3HocTh KBagpaToB 4acTOT KaJIpoB (popMUPYET 000-
704Ky (Tabn.1.4).

Apyna - Pyna ¢oToH - (h)OHOHOB CIIMBaeTCsl B pe30HAHC-
HbIit BUXPb [TpogomkurensaocTbio Ty + T (Tabm.1.4).

N3 Henp Iloxco3nanust mpoAoJKaeT MOCTYNaTh SHEP-

rusi ¢ noreHuuanom K (1.24), BO3HUKAIOT sii€pHbIE B3aUMO-
nevictBus B [IpogomkurensHoCcTsX (Ta0d.1.4).
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Tabmuma 1.4
SnepHbie B3aMMOAeiiCTBUA MATHUTHOH MarMbl

Mexny auto-
chepoit uno- | Mexay 25 u 24 | Ilorok u3 Henp
ITons
BEPXHOCTHIO KaJipaMu 3aponsima (1.24)
uenp (puc.1.1)
Ki=(Q-Q)m= ) 5 K=
16— (-4)=20= | Kx=25"-24"= 2
PasHocTH ) 49 = 72 (ZJ 102
MTOTEHIIUAJIOB AK =1400 4 4
—_— o00oJrouKa ’s
AK =704 22=1g 10
OHeprus siep- £ _Tu*K KK _£49(7 31043 _
HOTO BEILIECTBA: n Tir? R a
MIPOIOIKUTEIh- X
HOCTB, B3aUMO- (T, +7) .
JeHCTBUS Ti7? sPa -

SlnepHOe BEIIECTBO BKIIOYAET MHOXECTBO (OpM 3HEp-
run (ta6n.1.4). Hanpumep, Ig p,° = lg 10 = 42 spnstercs no-
TEHLHUAJIOM Cepaua, a 72 = y, - IJIOTHOCTBIO SAEPHOIO Bellle-
CTBa, HO, B KOHEYHOM CUE€TE, BCE IHEPreTUYecKrue PopMbl MO-
ryT ObITH cBeeHbI K [IpogomKuTeIbHOCTAM U B3aMMOACHUCT-
BHSIM, KaK 3TO CAeJaHo B Ta0.1.4:

***

YToOBI MBI, JIFOIA, HAYYWIHCH TOHUMATh HEU30S)KHOCTh
AIEPHBIX B3aUMOAECUCTBUNA B [IpOAOIDKUTENBHOCTH, BEIUKAas
[uBrunu3anus gana B BOCHUTATENIBHBIX LIENSX PEIIMTHO3HBIC
JIOTMBI pasi U aja.

Hamwu cepaua:
42 = Jpp*+ = 1g(10% = py’), (1.27)

10 M€pe MPOABMIKEHHUS IO CIIAPATIN DBOJIIOLHH IOJABEPTAOTCS
neperiaBke Ha Kaxaou u3 108 pemnkapHaui:
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42=76<186=108 nm 7 < 18, (1.28)

rae 18 - S5KBUBaJIEHT MOJNEKYIAPHOMY BECY BOJBI,
6 - Kynnanunu.

***
[ToTox simepHOrO MarHuTHOro BemiecTBa (Tabn.1.4) us
Henp Snpa mampasnsiercst k mutocdepe SAapa m Bo3OyKaaeT

MyJbCAUI0 U apeld autocdepsl Mo KUIKOMY PacTBOPY Mar-
Mbl (puc.l.1, Tabn.1.4):

Hpeiid - nyabcanus aurocgepsl 10 Marme.

PenaxkcanmuonHas nyJibCalusd
KOPLbI I'OJIOBHOI'O MO31ra

dopmyna [ToTeHMab! Ilepexon (1.29)
E K 10 R
mQ = 16" & —E2 = 10" K=E. /16
E, £,Q 12 5%10%/16".

[Ipu pemakcallMOHHBIX KOJIEOAHUSX TIMOBEPXHOCTEH C
MPOJOJKUTEILHOCTHIO (TOTO)2 =4%, TMOBEPXHOCTH O0Opa3yIoT
crycTok TsiHb ¢ moTeHuuaiom 64.

Brigenenue cryctkom Tsup Kynaanvau :

64 — (6 =3,5+2,5)=58. (1.30)
[Tynscupyronuii ¢ norenimanom Jzuan Kocmoc dop-

MUpPYET u30Mepuro AByX LluHb, a Takke JeBOe U MpaBoe TO-
nytrapust mo3ra (tabm.1.5).

65



Ilomenyuan - osxeueanenm Moszea peanusyer cels B
(bOopMHPOBAHUN MBICITH, TTAMSITH, BOOOpaXkeHus (Tadu.1.5):

(58 = 28+14+16)-10"° = (p*+p*+q*)-107, (1.31)

r7Ic BOOOpakeHUe, Kak IJICKTPUYECKas IapoBas MOJHHS Oy-
JET SIBJIATHCSA paspsgaMu MEXIY JICBBIM WU IMPaBbIM TOJYIIA-
pusimu mo3ra (1.30).

Tabmuna 1.5
®opmupoBanue Tsaub - HHuns u Mo3ra
Crycrok TsHB Mosr
5? 90
KATHh] =.=——10%.16* 64 —6)-10" =
[ToTeHIMATBI ( 0 )2 162 ( )
= 64-10” 58-10”
[ueb x 107 [Tonymapus x 10
Iuc Tpanc Jlesoe IIpaBoe
N3omepus Lunp u 1 . 1 .
MO HIapiH MO3ra 64J.(pd(0= 64J.¢)dq0= 58J.(pd(0= 58'[¢)dq0=
0 1 0 1
32 -32 29 -29.
R

Dnekmpuueckas MOHUSL 8000pANCEHUS, KAK GeTUKUIL
Jlpakon Myopocmu [3], unuyuupyemcsa Jlynou, u Onasgicen
mom, kmo nouumaem JIyny xax boeunio. Takue nroou umsam
Eounvui Kocmoc.

Ho cpeou nac ecmv u opyeas nopooa Homo Sapiens,
Hanpumep NOAUMUKY, KOMOpble Modice Ko20a-mo ObLiu 0emb-
MU, @ NOB3POCIe8 pewun nposecmu 0epHvle UCNbIMAHUS Ha
Jlyne. Oonaxo Kocmoc e dan ceepuiumsbcsi 5mot noOI0CHu.
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1.2 Knro4 K marnyeckomy kBagparty EHoxa
"DHUUKIIONEIUS] COBPEMEHHOW Maruu' COCTOUT U3 JBYX
Kuur: nepsas Taiinbl Bocmoka, Bropas - Taitasl 3anaoa [1,2].

Marepuan "sHuumkioneauu" Momaércs Kak pacmug-
POBKA 330TePUYECKUX 3HAHUM.

Haércsa Tabnuua pacumppoBKH HEKOTOPHIX CHMBOJIOB:

dopma Bcenen- I'epma-
p Monana | Komeco - SAuop P
CHUMBOJIa CKHI 1yX bpoaut
CuMBoOII é
N—
Marnue-
SIcHoBu- | Menuta- | OnbsiHe-
CKHE Marus eHie st - Cexc
CHtEI (1.32)
3930TEpH-
P Actpo- -
YecKue Tapo HNora | Ilogsur | Tautpa
JIOTHUS
TpaauLIKA
boxecrt-
BEHHBIC
bor IIyts | Uctuna | Bopa | JIro60Bb.
XapakTe-
PUCTHKHU

Taxux nepeuucieHHbIX pacuwiu@poeannvlix cmpoxk - 12
[1].

Axobvl, pacuwughposannsiii cumsoruzm (1.32) umeem
00UH HeOOCMAamoK: OH He UMeenm NPUUUHHO-C/Ie0CMEEHHOIL
C6A3U, MO eCmb He NOOYUHAEMCA NEPBOMY OCHOBHOMY 3aKO-
Hy Eounozo Kocmoca - 3axony Kapma.

OTcyTCcTBHE MOAYUHEHHOCTH CUMBOJIM3Ma Maruu 3ako-
Hy Kapma BO MHOTOM OOBSCHSETCS CEKPETHOCTHIO Marude-
ckux Mucrepuil, pasbeIUHAOMMNX MUCTUKOB KaK UCCIIEI0Ba-
TeJIEN.
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YuéHble 1 MUCTUKH JCHUCTBOBAJIM B OJHOM HalpaBJe-
HUW: OHU UCKaJIX ''"TOYKY ONOpPbI'" B CTaTHKE PABHOBECHBIX
NpoLeccoB, NpeHedperass HEPaAaBHOBECHEM B TMHAMUKE.

Hayxka Hanuia BeIX0J U3 CTaTUKO-AMHAMUYECKOTO IMapa-
JIOKCa B TOM, YTO cTajia paboTaTh METOJaMH MPUOIKECHUS;
Marusi B TOM, 4TO pa3feiiiiach Ha Oenyro U 4€pHYI0, OCTABUB
O0BEKTHBHYIO PEATbHOCTh MEXKTY HUMHU.

*
kk

OObeKTUBHASA PEATLHOCTH JII0OOTO CUMBOJIM3MA, B TOM
YUCJI€ W CHMBOJIM3Ma Maruu, COCTOUT B TOM, YTO CHMBOJI
ONMCHIBACT CTAAUI0 JMHAMHMYECKOro INpouecca mnepexoaa
OJHOH (popMbI JHepPruM B APyryw. U He T01bK0 onuchbiBa-
€T, HO M BO3JeCTBYeT HA CY0ObeKT KaK caMa JHeprus.

B srtoii cBsa3u mokazarenvHOU sBisgeTcss Kuura Ilepe-
MeH, JlJaHHas HaMm BeJinkou [luBuimzanuei.

[Ia1h ThICAY JET Ha3aJ KUTAKIbl npucnocoounu Kuury
Ilepemen it raanusi, To ecThb npeackazanus Cyab0Obl, HO 3a-
TeM oOHapyxuiu, yTo Knura IlepeMeH He TOJIBKO TpejcKa-
3BIBACT, HO U BJIMSIET Ha CYABOY.

Bnusuue Ha Cyap0y Hamiell nHMBUIM3aLMU, HAIIH CO3-
JlaTeJIM U BOCIIUTATENH, TO €CTh Benukasa [lusununsanus, 3ano-
Kuiau BO Bce cBou KHuru, u KHHUIH, npoauKTOBaHHBIE WMH
HaM, Hanpumep, B Kuury BoiTus.

Mudp-xon Kuuru beitrs nmeeT moTeHuan, paBHbI:
(1/T,> = 0,0625)-10° = 62500. (1.33)

OT0 3HAUWT, 4TO 3amudpoBaHHAs OyKBa MOBTOPSETCS
gyepe3 62500 OykB U CcBsi3aHa ¢ pUTMUKOMN TyJbcanuu EqmHoro
Kocmoca.

UccnenoBarenn budaum ycTaHOBWIM, YTO COOBITHS,
samudpoBanHbie B Kuure BbITHS, HCHOJNHSIOTCS TOYHO B
CPOK, BIUIOThH JI0 YMCJIa, MECSIIA U TOJla, HAPUMEP HaIaJICHUE
Capnama Xyceiina Ha M3pauis.
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*
kk

Marusi He AABJISIETCSA €IMHCTBEHHbI HANIPABJIEHUEM B
padoTe HAJA CMMBOJIM3MOM, HO JII00asi padboTa HAJA CHMBO-
JIU3MOM JI0JI’)KHA onupaThbes HA 3HaHue 3akoHoB Exunoro
Kocmoca, u6o 3nanue Peanuii uckawouaer Mnnro3um Ila-
pagurm.

[Ipu onope Ha 3akoHbl Exunoro Kocmoca, onuceiBaro-
e Tpancopmaruu ogHuX HopM DHEpPruu B Apyrue GopMsl,
MHE yIaJioCh pacmudpoBaTh:

- cuMBOJ-ppa3y u3 cemu Xummuueckux CJioroB, omnu-
CBHIBAIOIIMX BpavyIOLIyI0 pUTMUKY Tysibcanuu Kocmoca [20];

- CHMBOJI-paccKa3 u3 TpUALATH CUMBOJIOB Pycckux Pyn,
OMKCHIBAIOIIMX NEPUOIUYECKYIO0 cucTeMy TOHKHX DHeprui,
dbopmupytromux Ga3zoBblii coctaB cyoctanuuii Beenennoii [7];

- pacmm(ppoBaTh CUMBOJU3M PYCCKOTO andaBuTa Kak
ONHMCAHKME PHEPreTUUYECKOTo Ipoliecca OOmIero st 3eMiid U
MbIicu [21].

bosiee Toro, takme Bequkue CumBOJbI Kak Kpyr
YuuBepcym, aanubiii B OTkpoBenusix Moanna borociosa
[15] craHOBUTCS MOHSATHBIM TOJBKO IMPU KOMIUIEKCHOM pac-
CMOTpPEHUU [7], HO COBEPIIEHHO TEPSAIOT CMBICI IIPU PACCMOT-
PEHUHU KaXJO0ro Kpyra B OTAEJIbHOCTH.

*
kk

Cospemennvle HayKa u mMazusi NLOOOOHBL cemu MyOpeyam,
OWYnvl8arWUx C10HA: KTO YTO ONIyIaj, TOT O TOM ¥ TOBOPHT,
KaK o0 cloHe 6 yeliom. B pezyriomame ciown - 6 cmopone, a Myi-
PEIIBI CTIOBO 3a CJIOBO MYCKAIOT APYT APYTY KPOBb.

BzsB kmouom K pacmH(prBKe Marmn4cCkoro CHmMBO-
Jin3Ma, KBaJpar Enoxa: TPUHAAOATH aHFeHOB-XpaHHTGJIeﬁ,
TpUHAAOATh MArudCcCKuX A3bIKOB, MYIPCHbl OT Marun CTalld
OOBSCHATH HCIOHSITHBIE MM CHMBOJIBI HEITOHSATHBIMHU TCPpMU-
HaMH.

69



Ho Bc€ mpomie m BCE€ BenMuecTBEHHEE, YEM JTO NIPEX-
CTaBJISIETCSI MUCTHKAaM OoT Maruu: kBaapar EHoxa - 3T0 KBaj-
pat BHe ®Dopmbl [3], To ectb T, = 4, a TpuHaaUaTh - HE
"yéproBa mwxuHa', a uepena IIpomomxuTenbHOCTEN
TpaHchopmanuii ogHuX GopM 3Hepruil B Apyrue (Bpems), ko-
TOPO€ OTCUMUTHIBANIOCH, Hampumep, 13-t nynHsiM Kanenpna-
péM nuBMIM3anu Matis, OnodacaMu Kaxaou kuBoit Kierku.

%
*ok

3a MUJIJTMOHBI JIET /10 TOSIBJICHUS Maruu Benukas [{uBu-
Ju3alys ONHUChIBAJIa MMPbl OOMTAHUSI TPUHAANATH aHre-
JoB-xpanurtesei [1] B Kaure [I3uan ciaemgyronmum oOpazom
([3]. Cranma I'V. KocMorenesuc):

Tabmuna 1.6
Tekct CraHubl Pacmmdposka Tekcra
Oi-Ha-Hou TeMOl SBIAIOTCS caMOCyIIue BOJHBI Sinm/4 —
€CcTb TbMa Cosm/4 —..., KOTOpBIE MyJbCHPYIOT B Apyme (BHE

®opMmBl) C IEPUOJUYHOCTBIO T + 1, cTpemsach 0T ApyIibl
k Pyne (®opma) ¢ nepuoguunoctsio T, = 4.

[TpoomKUTENBHOCTh MEpeXoaa MyJIbCUPYIOLICH
Apynsl k Pynie paBna 13:

13 = (t - DHt+(+1)+T, = 243+4+4.  (1.34)

Ota 13-TH TakTOBasl Myjbcallus CO3[aBajla CBOU
[TogoOus Tuna pacuupeHus: BeceaeHHOM B MATEpUIHOM
CBSI3U:

Bcenennas CBs3b
13 = JJlot=8 + T,rl=5.

(1.35)

U paciiervisia BUxpu GoToHoB Ha Apymy u Pymy:
132 = T2t + Toi+1? = 122 +47 432 (1.36)

B none rpaBuranun Apymnsl - Pynbl anemeHTapHo-
ro 3apsana u Kocmuueckoit Meiciau opmupoBaiics roz
u3 364 nHei:

13({/ pp * =28) = 364. (1.37)
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MuxkpotpyOouka mopsl siipa pearupoBaia Ha 13-

TH JYHHYIO IyJIbCALlUIO M co3/aBajia Ouoyacel ¢ 13-10
cyOveaununiamMu [22]:

13-Tb cyOBEIUHUIL Marepuaniom MHK-

@ porpy6ouku ObL1 TAbY-

JMH C MOJEeKYJISPHBIM

Becom 110000 xwmcmo-

pOmHBIX eauHHuIl [22], TO

ectb KpatHbli 110 bo-

Puc.1.2 Ceuenue muxpo- ~“KCCTBaM B TCIC HEIOBC-

mpy6ouKu nopul 10pa Ka [10].
ouoxnemxu [22] Kynpanuuu cxuma-
7a 6eJIKOBOE TENO B CITU-

pasib ABYX C IOJIOBUHOM 00OpPOTOB, a MPOJOJIKUTEINb-
HOCTb OKa3bIBaJIaCh PAaBHOW JJIMHE CITUPAIIH:
Uucno gueit: 13-:28 = 364+nenn BHe Bpemenu.
Muxkpotpy06ouka: 13-110000-2,55 = 364,25.

becnpenein-
HOCTb, HJIH Ke
He-Uuco,
Anu-Hupgana,
Cgao6xasar O

beckoneunas 4epeaa IIpoxoskurenbHoOcTel
TpaHchopManuii oaHUX (GOpM JHEpPruM B JApyrue,
KOTOPYIO Mbl Ha3bIBa€M BPEMEHEM, BO3HMKAET €LIE B
Kocmoce HeecomocTu, rae nmoreHuuan mojs paBeH
nyo (He Uucao).

B Kocmoce HeBecoMOCTH BO3HMKAE€T KOHTYpP KO-
ne0aHusl MPOJOIKUTEIEHOCTEH:

Amm ‘ Hupana
1328 &« 1/364=27...xe =m,
364 | Macca OTHOCHTENBHOTO MOKOS

Macca OTHOCUTENTBHOTO MOKOS (POPMHUPYET B HOJIE
cBeTa (C = ) MOCTOSIHHYIO TOHKOU CTPYKTYpHI [14]:

2Ly +1

1/a.=137,0000021 = w-e (1.38)

0

B Kocmoce HeBecomocTn BO3HHKAEeT KBAaHTOBAH-
Hasi opOHMTa, MO KOTOPOW Bpamaercs macca OTHOCH-
TenpHOTo ToKos (1.38).

Bo3Hukaer 3mIMIICOMIANBHOE CBEUYEHHE, I10A00-
Hoe CBedeHHIo OT reHeparopa ToHKOH DHepruu ¢ mno-
TeguaiaamMu 27 u 28. 3o CBeuenne u ecmv CBaod-
xaBart O.
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1. Agu-Canar,
Yuciao, 160
On Oaun

Peus uaér o mepexose oT HyNA K €IUHUIIE, TO €CTh
0 Tepexo/ie OT AaHTHUPE30HAHCHOTO PABHOBECHS K PE30-
HAHCHOMY:

PaBHoBecue

[Toss | anTupe3onanc | pezonanc | (1.39)

X =y x—-y=0 x/y=1.

B OHCPICTUYCCKNX MHOTOYPOBHCBLIX ITOJIAX CIU-
HHUIa BO3HUKACT IIPU AHTHPE30HAHCEC KaK Pa3HOCTh CO-
CCIHUX ITOTCHIIMAJIOB!

Kynnanuau | Cseuenne | JlroGoe moie

35-25=1]28-27=1|(ntl)—n=1.

(1.40)

B Takux mossix u3HavalnbHBIN HOTEHIIMA MO CO-
XpaHsIETCsl U TIEPEXOAUT C YPOBHS HA YPOBEHb, HAINPHU-
Mep:

13-3,5-2,5)=13-(28-27)=13-(n+1—n)=13. (1.41)

IToTreHnman, paBHbIA €IUHUIIE, BO3HUKAET U B IO-

JSIX JTorapu(PMUIecKuX KojeOaHuil:

lgp, =1g 2Pt —1 o 121222 Z1g p, . (1.42)

1P P3Py

HanpHeilmee morapudMupoBaHUe MPUBOIUT K HY-
710 ¥ OECKOHEYHOCTH:

logxx =1 — logxl =0 — log,0 = . (1.43)

Onnako, ectb 0qHO coctosiHue (M60 OH OauH),
CBsI3aHHOE C (POPMHUPOBAHUEM MACCHI (M, = €) OTHOCH-
TEJIBHOTO NTOKOSl M YpaBHEHHEM Jujepa:

1=¢" u 1g1=0<2milne, (1.44)

MIPU KOTOPOM JIoTapu(pMHUECKUE BOJTHBI 00pa3yroT Ka-
HaJIBI SKCTPACEHCOPHOM MPOBOJUMOCTH, CEYCHHE KOTO-
PBIX €CTh OKPY>KHOCTB 271 C paInyCcoM 1.
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[Tudarop m marus NpuHUMAIOT TOJIE C TOTEHIUA-
nom, paBHeiM Exunuie 3a Monany [1, 12], a Benukas
[{uBunmM3amus UCMIoib3yeT Jorapupmudeckue MoHaabl
KaKk TpUEM OMpeNeSICHUsT SHEepPTUH B aTMocdepe Haja
(BHYTpH) paBHOBECHOH cucTteMbl. Hampumep, B mose
Tonxkoi#t CtpykTypsl (1.38):

loggl/a < logs(Tot+1 =15) —
logs(To—1=3)+log,m +Ine" =

I-1+1+n=1+m. (1.45)

2. I'nac Cioga,
CBabOxaBar,
Yucaa, n6o On
Onun u /e-
BSATh

Tonkue DHeprum TpaHcopmupyiorcs B Pyme c
nepuoanyHoCcThiO Ty =4, v ipu 13-TH TyHHOU MyJibCca-
LIMY BO3HUKAET Pa3HOCTh KBAJPaTOB:

Bo3nunkHoBeHNEe MATHUTHBIX cpen
13(T,=4)=52=14"-12*= (1.46)
pp* — To2t?,

B 3TuxX MarHUTHBIX cpelax BO3HMKAIOT 3BYKOBBIC
konebanus (I'mac CioBa), MHUIIUUPYEMBIE PA3HOCTHIO
noteHuuanos mMexnay KyHpnanmaum u nansmoin (Csao-
XaBar):

13-T(7/2-7/4) = 52-7/4 =91, (1.47)

100 OH OnuH U 1eBATH.

[Tone ¢ norenumnanom OauH U JIeBATH BO3HUKIIO
KaK pe3yJbTaT pacuierieHus: 3(p(HEeKTUBHOCTH B3alMO-
JercTBus cBeta Ha MoHany u Apyny:

Cser Monana Apyna

(1.48)

ps=10 = 1 T 9=1%
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3. "KBaapar
0e3 ®opmbl"

Marus nHaseiBaeT "KBagpart 0e3 ®@opmbl'" maru-
yeckuM kBajgpatom Enoxa [1].

CoBepiieHHO He NOHMMas 3HepreTuyeckoi Cym-
HocTu 3toro KBanpara, uépHo-Oenbie Maru cyrooT B
kBagpart molyro [lapaaurmy u 1r00ble CUMBOJIBL, YUTas
uX, kak bor Ha aymry MONOXHUT, TO CBEPXy BHU3, TO
CHU3Y BBEpX, TO CJIEBA HAIIPABO, TO CIIPAaBa HAJIEBO.

He 3naro kak EHOX, HO KBajapaT Bc€ TepmuT, MO0
"KBaapat 6e3 @opmbl" SBISETCS BEKTOP - SIMIOPOI CTy-
menuss ToHkuX OHepruil B mosie Marepuu, a Takux
HHEPreTUUECKUX MEePEX010B OECKOHEUHOE MHOXKECTBO,
YMHOXEHHO€ Ha U30Mepuro BoJH (puc.1.3).

Ecin nBukeHue 1nuc-
TpaHC H30MEPUUYECKUX BOJIH
HaXOJUTCs HAa OJTHOM DHEpre-
TUYECKOM ypOBHE B3aUMO-
JIEUCTBUM, TO IIOTCHIIMAJIBI
BOJIH OYyJIyT paBHBI:

£8=+(9 - 1),

Puc.1.3 J[suscenue
eonn 6 "Keaopame +10=+09+ 1) n

be3 Popmor” s 2
(9°—17)=81-1=80. (1.49)

Ecim moteHmmansl BONH OyIyT HAaXOIUTHCS Ha
pPa3HbIX PHEPreTUYECKUX COCEJIHHMX YPOBHSIX B3aWMO-
JIEUCTBUM, TO BOZHUKHET cCymMMa - SkBuBajieHT 110 bo-
J)KECTBAM B TeJI€ YEJIOBEKA U Pa3HOCTh, paBHAs MOTEH-
[yaty MIOTHOCTHU AIEPHOM TIa3MBI ¥, = 72:

Nzomepus | [Torennmans: | Cymma | PazHoctsb
HI/IC 9p5 +1 = 91 91
| (1.50)
Tpanc lps+9 = 19 19
PesynbTar 110 72.

MHuorve MUCTHKM CTAIIKUBAIUCH € 3TUMU Yucna-
mu. KaGb6aya, Hanpumep, 000KeCTBMIIA TTOTEHITHAN 72
[12], Ho Hu omuH u3 MaroB JpeBHoctu wnu CoBpe-
MEHHOCTH HE OIpEAENn Pa3sHOCTH KBAJpPaTOB CBOMX
boros:
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110 Bo:xecTB B siIepHOM BellecTBE

Yucno Ilnomnocms 19 1em (1.51)
Boorcecme naazMbol
110° n 72? = 132819

Mazu monoouywt, oboscecmseums Ko2o - 6cecoa no-
aHcanyicma, noocHumams pasHoCms NOMEHYUANo8 - y
Hac eymanumapHoe obpaszoeanue u Ham ¢ apupmemu-
KOU mMpyOoHO.

R

B none (1.51) mnoscumensv 13-28 = 364 = 364 ous
xapaxkmepusyem 4ucio oxeu 00Ho2o 200a, a 19 - uucno
sem no 364 Oua B 13-Tu JTyHHOM KaJIeHJape LIUBUIIM3A-
unn Maiis.

Kanennaper uuBmimzanum Maiis BKIAJIbIBacT B
YUCJIO AHEW OAHOTO roja oauH 365-biid eHb BHE Bpe-
MEHHU.

ITepBonpuunnoOii, opoxkaatonied /len BHe Bpe-
MEHH, JTOJDKHO OBITh BHYTPEHHEE MOJIe COJIHEYHOro Oe-
JI0TO CBeTa (TO €CTh CIEKTP), TpaHCPOPMHUPYIOIIEE BCE
(dopMBI 3HEpruM B 3KBUBAIEHTHOH [IpomomkuTenbHO-
CTH.

CkopocTb TpaHchopMaluy YHEPTUU:

KoJju4yecmeo sHepcuu

y =1. (1.52)

npOdOJZDfCMme]leOCI’Hb

C no3unuu noreHuuana, pasHoro 19 (1.48), B
CIEKTPE CBETA BO3ZHUKAET KEJITO-KPACHOE OTHOILEHUE,
IIPU KOTOPOM H3iy4yaeTcss MoHaza WM paBHOBECHBIN
KBaHT:

HN3nyyenne MoHaabI CIEKTPOM CBeTa

_ 0 1.53
19 AR =14004 o ) (159
AK =704
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[Ipu cxxatum (-1) saepHBIM BELIECTBOM BO3HUKAET
moTeHmuan v—1=1.

[MosiBNsItOTCSL OKPYKHOCTH - CPEephl ¢ PagHycoM i
(1.44), xoTopble peanu3yroT ceds Kak KaHajibl dKCTpa-
CEHCOPHOW MPOBOJIUMOCTH, WJIH TOBEPXHOCTH KBAaHTOB
IIpansr:

G=2n(ri=1) n Q=4ni’=1). (1.54)
***

N xananm »KCTpaceHCOPHOW NPOBOJUMOCTH, U
kBaHT [Ipanbl He UMEIOT HOPMBI, HO OHH UMEIOT DHEP-
TFeTUYECKUE TMOTEHIUANBI U MOJYUHSIOTCS 3aKOHY B3a-
UMHOM MEePHeHIUKYISIPHOCTH Pa3iNYHbIX (HOpM dHEp-
ruit B Equaom KocMmoce.

b=4/21 [ToaTomy BekTOp - 3MI0pOit
"kBagpara BHe ®opmbi" [3],
WIA Maru4eckoro Ksajpara
Enoxa [1] Oyzmer sBusTHCA
KBaJpat co CTopoHoi (puc.l.4):

b= +if=(1)+(-1)=-2

Puc.1.4 "Keaopam
ene @opmwt” u b=+/2i. (1.55)

Ilone xBagpaTra BHe @opmbl (1.55, puc.1.4), To
ecTb nojsi TOHKMX DHepruii, co3aal0T camMocylue
BOJIHbI TAPMOHUYECKUX K0JIeOaHUIA.

*
kk

Benukas [{uBuiu3anus UCIosib30Bajia MOTEHIIMAT
B’=2ub=+2 ‘1, B35IB X 32 paguychl R U r okpyxk-
HOCTH, OIKCHIBAIOLICH - BIIMCAHHOM B OCHOBAaHHUE Be-
nukou [Tupamuaer Erunta (puc.0.3, ta6:1.0.6).

Tawm, Tie Hama MUBWIM3ANMS OONTalla MapagurMbl
- TJIYNocTH, Benukas LluBuin3anus TBOpHIIa Hay4dHO-
texHnueckuii [Iporpecc.
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N >tu Tpwu,
3aKJII0YeH-
Hble BHYTPH
O, cyts Co-
KpPOBeHHasi
YerBepuua, u
[ecaTs cyTh
Apyna Bcee-
JICHHas

BCJINYHH.

CsaoxaBat O =n —n = log,l.

***

IToreHnMan - 3KBUBAJIIEHT COKPOBEHHON YeTrBepu-
e 6ep€t cBOE Hayaso B SAIEPHBIX Mporeccax MoHaIbI:

1=10"10", (1.56)

KOTJla TIpeJeNibl HACHIMEHUs JiroMHHO(pOpa (OTOH-
(¢boHOHAMU JOCTUTAIOT KBAJpPaTOB MEPBOHAYAIBHBIX

PaBHOBecHass Monaga - cryctok (OTOHOB, M3Iy-
qaet iorapudmMuieckne BoaHbI (1.56):

lg1=0<1g10%107° =40 — 40,

dbopMUpYys IMC-TPAaHC H3OMEPUUYECKYIO Pa3HOCTh C
JIBYMs TIOTEHIIMAT - SKBHUBAJICHTAMH COKPOBEHHBIX
copokouil (1.57).

DTO 1oJIe pa3HOCTEN C HOJIb - TOTEHIIUAJIOM SIBJISI-
€TCsl KaHaJIOM DKCTPACEHCOPHOM MPOBOAMMOCTH M Ha-
3piBaercs Ceabxasar O:

Jlorapugmuyeckue BOJHBI C TIOTEHIIMAIOM COKpPO-
BEHHON COPOKOBUIIBI MYJbCUPYIOT B PE30HAHCHO - aH-
TUPE30HAHCHOM PEXKHUME:

(1.57)

(1.58)

JAuHamuka nyiabcanuu
COKPOBEHHOH COPOKOBHIIbI
Pacmmmpsiromasics
Pexum | JI3man BeeeHmas J3nan
Anti- | 40-40=| 40+40 < -40-40 | 40°- 40°=
pE30HaHC 0 80 < -80 0
Peso- | 40/40=| 40-40 < 1600/80 | (40/40)*
HaHC 1 1600 < 20 1
1 — 2 2| 0
Tsaup=(80)=64-10
Pe3yiib- J.(p do AE=(80) J.(p do
TaT 7 HI/IHBEI6O(3)'20 = 1
= +172 32:10 —-112.

B pacmupsromerics BeenleHHONM BO3HMKAET I1yJIb-
calus Mexay XaocoM U ['apMOHHE#, BO3HUKAIOT Cry-
ctku Tsap 1 Hebeca unb (1.87)

(1.59
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PacmngpoBka Tekcta

%
*ok

B KpacHO-XKENTHIX MOJSAX CIEKTpa COJTHEYHOTO
cBeTa ¢ moreHuuaioM, paBHbiM 20 (1.59), Bo3HUKAIOT
¢doton (m.c = 1), ponon (Exc = 1) u anexrpomaraut-
Has cpeaa (szouoc2 =1).

H smu Tpu naxopstTcs B noje Apymnsl ¢ MpoAo-
KUTEITHHOCTBIO T = 3, UMesi CKOPOCTh (V) TpaHchopma-
[[UU, PAaBHYIO €IUHUIIE:

e m,c+E,c+e&,u,c’ 11+
T 3
[Tonananue B Apymy (1.59) cBera Tpanchopmupy-

eT Apyny B Pynmy OKpy»XHOCTEW C paanycoM, paBHBIM
10:

1. (1.60)

Tpancopmanus Apynsl B Pymy cBetom
Kompma | ®oronnl | ®oHOHEI ®oton-
(OHOHBI
Oxpyx- 20 =207 20 =207 20420 _ 207
Hoctuc | M. E, m,+E,
R=ps;=10 | 2n(R=10) | 2n(R=10) 2n(R=10)
MN3omepus [uc- Tpanc- [uc-Tpanc
20% 201 20% 161
CHMBOJIBI
Aobcoirora
3Be3na JlaBuna
NK :i AK _ 20 AK AO
Iser AK _20 ANK NK
=510 =5T, 7600 < Oenblii
LBET
Komnebauns 1 & 400 < 152000.

HanpHeimass TpaHcpopManusi 3SHEPreTUYECKUX
dopm Oyner mporekath kak B Terpakcuce Iludaropa
wn Terparpammarone KaG6ansr [12], aHanu3 KOTOPBIX
OBLIT TaH MHOIO paHee.
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Ceifuac OTMETHM, YTO B IIUC-TPAHC H30MEpHue-
ckoM AGcomorte (3Be3na JlaBuaa) OyneT HaKarMBaTh-
Csl DHEPrHsl, OKpallleHHasi B opaHxeBbli 1BeT (1.61):

152000 : 400 =380 = AO. (1.62)

[Ipeanonararo, 4TO OpaHXkeBas 4Yakpa, pacroyo-
JKEHHasi MEXJly KpacHOM (KOMYMK) U KENTOH (COIHeU-
HOE€ CIUIETEHHE), BBINOJHAIOT POJb HAIIEro BTOPOTrO
cep/ia, KOTopoe MepekauynuBaeT 6enyto TumMdy 1o MpH-
MIOBEPXHOCTHBIM CJIOSIM KOCTHOM TKaHH.

*
kk

PaGora Hamux (U3NOIOTUYECKUX OPraHoOB Oazu-
pyeTcsl Ha B3aMMOJIEUCTBUSIX cBeTa ps= 10 = R, skBu-
BAJICHTHBIX paauycy Koibiia Abcomora (1.61), m e-
cATH CyTh Apyna BcesieHHast.

3aTem uayT
Chobinbl, CeMb
BowuTeneii,
Onun - Boch-
MOM OCTaBJIEH
B CTOPOHE U
JIbIxaHue ero
ecth CBeTO-
Jarennb

Peub uAET 0 COTHEUHO-TYHHBIX pAIaAX:

JIyHHBIH CBEeT B COJTHEYHOM CBeTe
O[1(2|3]|4|5]|6]7

JIyHHBIH psg 28

Cemb BouTteneit
Comueunsni | 8171654321 36 (1.63)

pAn Onun BockMoli B cTOpOHE
8188|888 |8|8

Cymma 64.

Cgero-/laTenn

B »stom mnone (1.63) ¢opmupyercst rpaButaius,
cBeT, TSHP M 3JICKTPOMAarHUTHBIN T'PaBUTAIIMOHHBIN 3a-
pan
p=2810"Ku.
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6...3atem Bropbie Cemb, koTOpBIEe ecThb Jlumukm
(Meicin p* = 28:10”°), mopo:xaénnbie Tpems (DoHoH,
1.61). OrBepruytbiii Cbin oauH. "Cohinbl ConHua" oOec-
ynciaennsl ([3], Kocmorenesuc, Cranma IV).

B aroit Cranne peub UAET O TOM, YTO MOCIIE MOISPU3A-
1y (IMOBOPOT HA yroil ¢, = 7/2) ¢GpoHTa BOJIHBI CBeTa (Iepe-
X0/ K JIIOMUHECIEHIIMN) COJIHEUHBIN psiii Oeoro cBera mepe-
ctpauBaercs (1.63):

JIyHHBIH CBeT B JIWMUHECLHEHTHOM CBeTe

O 12|34 ]5|6/|7
JIlyHHBIN psifg 28
Cemb Bowureneit

(1.64)
JIroMHuHeCIIEHTHRIN 1 213145 6 | 7 8 36
pAA OtBepruyThiii ChIH OUH
CyMMBI L (315|719 |11]13|15]64.

JIyHHBIN psii B JTIOMUHECIICHTHOM OeJioM cBeTe (hopMH-
pyer Kocmuueckyro Meicap (JIunmuku) ¢ MNOTEHIIMAIOM
28:10% = p*, rme 10*° - horonos Cranua HasbiBaeT "Gecume-
JeHHbIMH ChiHamMu CoJiHna".

B 10 xe Bpems cymMMa MOTEHLIMAJIOB B IFOMUHECIIEHTHO-
JIYHHOM IIOJIE, XOTSI U OCTa€Tcsi paBHOM 64, HO yXKE€ UMEET HE
dopmy cryctka Tsub, a popmy aAByx nmomycdep Hebec - L{unb
(1.64).

***

CpaBHuBas MeXIy co00i comHeuyHO-TyHHBIA (1.63) u
JYHHO-JTIOMUHECUEHTHbIN (1.64) mepexoabl, MOXKHO KOHCTa-
TUPOBaTh CHPABEAJMBOCTb 3aKOHA COXPAHEHHUSI IHEPruM
AJI51 ITUX MEePexo0B, XOTs1 (POPMbI SHEPTUU U3MEHSIOTCS:
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HN3MmeHenne popMbI IJHEPIruU
MPH NOJAPU3ALUN CBEeTa
Komnonents! | JIynnas | Conneunas | I'paBuranus | Martepus
—12.1020
ConHeyHo- )3 36 p=2810 64 1(1.65)
JIYHHOE 3apsan Tsanp
JIyHHO- *_nQ.1020 B
JIIOMUHEC- 28 36 p*=28-107 | 32-(-32)
MBICJTh ITuusb.
LIEHTHOE

KOMITOHEHTHI 3TUX MOJIEH MYyJIBCUPYIOT MEXIY CHATUEM
u pacupenuemM, Gopmupys Kynnanuau.

d®opmuposanue KyHaajauHu nyabcanue

KoaddurmenTs [TocTostHHBIC
Crycrok -
Paciuu- [Tepuo- (1.66)
Cxarne Kynnanuun Mosr
peHue JUYHOCTh
Towo/c=2 | Tocl=8 | To'=16 | 8-2=6 |64-6=58.

[Tox BiIMsIHUEM LHUC-TPAHC W30MEPHUHU MO3T JIETUTCA Ha
nBa nogaymapus (1.66), HO UHTErpajgbHble Pa3HOCTH MEX]Y
nonymwapusiMu Mosra, Taap-lluae u Luab-1{uae ocTarorcs
MOCTOSHHBIMU U paBHbIMU 30:

EnnHCcTBO BOCTIpUSATHSI SJHEPTUH

OKPY KaKwienl cpeabl

Tsanap-Llunp u aABa
Mo3ra (TenemnaTus

Tsaap-1luab

QL
64 2

JBa Mo3ra

8@;5 8
58 2

(1.67)

MOJTyIIapUsl MO3Ta

32 32
Igp d(o—J-go dp =30
2 8

cobecennukoB) | ¢ o x *
[pdp-[pdp=30| [pdp-[pdp=30
2 8 2 8
Hunb-luuas | [lomymapus Mmo3ra
L JRL
Hebeca u 3 0 29 0

29 29
J-(pdgo—J.god(o:fSO.
2 8
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3akon EauHcTBa BOCHPHSITHS 3HEPrUM U3 OKpY-
skawoueil cpeabl (1.67) 3aTpoHyB cryctok TsHb, HeOeca -
[{unab, MO3r M €ro Mojyllapus, 3aTPOHET TaKXKe W OUOYaCHI,
(GYHKIIMOHUPYIOIUME B KaXIOW MUKPOTPYOOUYKE TOpHI sijapa
YKUBOU OUOJOTUUECKOMN KIIETKHU:

HMyabcanust Ououacos Kierku

8}@13
13752 TW@—Tcodgo:m 30-(17 ~13)=90.| (1:6%)
2 8

Bo3sukaer pGSOHaHCHBIﬁ CT'YCTOK CB€Ta.
30 +90 =120 = 1-2-3-4-5= 5!, (1.69)

HAaYMHAIOT (hOpMHUpOBaThCs Pyma u rpaBUTAIlMOHHO-MarHUT-
HbIE MOJIS B HEU.

1P +2°+3*+4°
1+2+3+4

30490 = 30+3-30 = 4-30 = T{ Jps, (1.70)

BO3HHUKAET CBeUeHUE TOHKOW DHEPIruu, MOIYy3JUIUIIC KOTOPOTO
VMMeEET MOoTeHIman 27:

30-90 = 2700 = t%p”. (1.71)

%
*ok

Cpenu MaroB MHOTO IIapJIaTaHOB, HO UCTUHHO TMPEJIaH-
HBIM Marwiu, 330TE€pUKE, PEIUTMU U HayKe HEOOXOJIUMO TO-
3HaTh T€ OCHOBBI DHEPTETUKHU, O KOTOPBIX HaM TOBOpUT CJI0BO
BeJnkoil IluBuanzanumn.

ITyts mo3Hanus TpyaeH. Pesynprar pagocreH. Ceer B
KOHIIE TyHHens ucnbeltanus Hac Kapmoit yxe BuaeH. Tonbko
BHEPEN, a Briepeau Teorenesuc.
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1.3 XXuBoe - HeXxxuBoe
B Marmn4yeckom KBagpare a3oTa

J.A.Xajnc HazBag '"JHUUKIIONEIUI0 COBPEMEHHOMH
marun'' Kiarouom ko Beemy [ 1] 1 nepeurciini 3Tv KITIOYM:

1 2 3 4 5 6
Hpesite- Apabc- | Cane- | TuGer- | Kuraii- |(1.72)

Knunonues | eBpeii- y y y

i KAi KPUT | CKuii | cKuid

B nepeuens Kiroueit" He momanu s3pI4€CKUE U MUPO-
BO33pPEHYECKHUE B3IJIsAbI HapooB Poccun, Amepuku, ABCTpa-
JIMU U IUBUIN3anuu Maiiu.

OTtpuuarensHbiM MOMEHTOM pabotsl Jl.Xaica sBisercs
OTCYTCTBHE JAXKE€ CCBUJIOK HA MCIIOIb30BAaHHYIO JIUTEPATYPY, B
toM uuciie Kuurn Benukoil [uBunumzaunun: Kaurum [[3uan
(Kocmorene3uc, AHTpomoreHesuc, Teorene3uc), Kuury
Ilepemen, Knury MéprtBbix.

Takoe 3amanuuBanue CiaoBa ot bora nmeer apeBHE-
M€ KOPHHU:

- npeBHui N3pamns cocraBun Kab6any n Berxuit 3aBer,
UCIIOJNb3YA B psiie MECT TeKCThl n3 KHuru J[3uaH 10Ci10BHO, HO
Ha camy KHury He ccbliancs;

- Kuraii npucnocooun Kuury Ilepemen s raganusi, HO
aHanu3 camoil CymHoctu KHuru tomuercs Ha MecTe U Bapu-
anThl [lepemen nmogarorcs, Kak KOMy XO4eTcs;

- Tubet B cBOMX PUIOCOPCKO-MUPOBO33PEHYECKUX IO~
3ULMSIX Kcnonb3oBail Kuury MEprTBbIX, 1 MHOrHE TUOETCKO-
KUTalickue KoHuenuuu 0epyt cBo€ Hayano B Muauu, o korto-
POl YIIOMHHAHUN HET JIa)Ke TaM, II€ OHU 00s3aHbI OBITh.

B pabore Xarnca paccmaTtpuBaeTcsi TpU CTaauu IpeBpa-
uieHus Hyss B enunauiy ([ 1], crp.150):
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Tpu cTraguu npeBpanieHns HYJI B eAUHULY
dopmyna N
(nms Bo- Ka66ara Tutep 777 | HCANOIHTAHCKHHA

MOPSAIOK
ra)
OtpunarensHoe
AIN CyIIECTBOBaHHE Hwuuro Hynb (1.73)
AIN SYP | besrpannunocts | be3 rpanun Heonpeznencinoe
IIPOCTPAHCTBO
AIN SYP | besrpannunsiii | besrpannu- | OcHOBa BO3MOX-
AVP CBET HOCTb HOM BHOpaIuu.

Ora 3anuck (1.73) u3 apeBHeeBpeiickoro Kitoua. Ho
TaKOW MyCTO-OONTIMBBIA KIIIOU MOXKET CJENIaTh HE TOJIHKO €B-
peit, HO 000# MU30(PPEHUK, XOTS POIb HYJIS U €IUHUIIBI OT-
poMHa, MO0 OHU CO3JAIOT PA3HOCTh MOTEHIIUAJIOB, PABHYIO
J13naH:

JA3uan

Hsomepus uc Tpanc

(1.74)
WNHurerpanbubie j(p do

pasHocTH

a Ha 0aze Hyns U enunHuIBl popmupyercst Kocmorenesuc, AH-
TpOIIOreHe3uc, Teorenesuc.

Co3paércs BrieuariieHue, 4To nmoka Marusi nmogdupaJjia
Kioun Kk KoCMHYeCKOMY 3aMKY, KAKHE-TO KYJTUKH YHECIH
JABEePb BMeECTe C 3aMKOM KO BCeMY.

[Ipomme roBops, marusi, Kak MUPOBO33PEHUECKOE Haya-
710, HE cMora copMyIupoBaTh, YTO Takoe Beé U UTo Takoe
HYJb BO Becem? @opmynupyio.

Bcé - 3t0o Eamnbiii KocMoc, cymecTBYWOIIUil Kak
Heprus B /{BHKeHMH MOJ BJIAMSIHUEM PA3HOCTHU MOTEHIHA-
JIOB B I10JI€.
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Honv 603nuxkaem kak pasnocmev npu aHmMupe3oHanc-
Hom pasnosecuu (0 = X — Y npu X = Y), He umeem Huxkaxozo
OMHOWICHUA K MOYKe 6 NPOCMpPAancmee u npoaenaem ceosn
Kak Xaoc 0poyHO8CK020 08uUdiCeHUA.

Houab Tpancdopmupyercsi B eAMHUIY NPHU Mepexoae
NMYJbCHUPYIOLIEH CUCTEMBbI OT AHTHPE30HAHCA K PE30HAHCY:

AHTUPC30HAHC PE30HAHC

X-Y=0c1=X/Y, npu X=Y, (1.75)

rie paBHOBecHe pe30HaHca MposiBJsieT ceds B [apMoHun
HAMPABJEHHOI0 MOCTYNATEJIbHOT0 AHTHPE30HAHCHOTO
JBUKEHHSI:

X/ Y=1=X+1)-Y, mpuX=Y. (1.76)

PE30HAHC AHTHUPEC30HAHC

AHTI/Ipe3OHaHCHBIe H PE30HAHCHBIEC PaBHOBECHUA C
noreHnmuajJaaMu 1 u 0 B3anMocCBsI3aHbI norapm])aneCKn-
MM KOJIeOAHNUSIMM:

logs1 =log,1 = 0. (1.77)

Jlorapudpmuyeckue KoJieOaHUA MOJIed € AHTHPE30-
HAHCHBIM pPaBHOBeCHEM MPHUBOIAT K OeckoHeuHocTH Enm-
Horo Kocmoca:

log, logy1 = log,0 = co. (1.78)

Bom u ecé pewenue npobnremvt Honv-eounuywl. U ne na-

00, oKaszvigaemcs, 6Cye mpenamv UMEHA e8pelicKUx 00208
(1.73).

*
kk

AnXumus SIBISETCS COCTaBHOM YaCThIO Marum, KoTopas
IICPCBOAUTCA KaK Most BJIACTb.
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Most Baacts - 3t0 Bnacte JInunoctu Han CoumyMom,
BJIACTh MEHBUIIMHCTBA HA/J 00JBIIMHCTBOM, I/I€ pEalbHbIC
CWJIBI HAa CTOPOHE OOJIBIIMHCTBA, & MPABALIEMY MEHBIIMHCTBY
MIPUXOJUTCS CHAYajaa pasfesiTb OO0JbIIMHCTBO, W JHIIb
3aTeM BJIACTBOBATH HAl HUM.

VYcenex pasaciIiCHrA OOJIBLIIMHCTBA CBA3aH C €r0 MHPO-
BO33PCHYCCKUM OIJYINICHUEM H CCKPETHOCTBI0O TAKTHKO-
CTPATeIrH4€CKHUX METOJd0JIOT UM OrIYIUIHIOIIUX onepalmﬁ.

OTuM TpeOOBaHUAM IMOJHOCTHIO OTBEYaeT Marus, KOTo-
pas peanusyet ce0s B CexkperHocTu Mucrepuii u npuspad-
HOM HEOCTATOYHOCTHIO - HEJIOCKAa3aHHOCTHIO B MH(pOpMaLUU
JUTS LTUPOKOM MyOIUKH.

[IpumMepoM Takoro JIyKaBOTO IMOAXO0Ja K CBOMM ITyOJIH-
KaIusIM SIBJISIETCS Marndeckui kBaapat azora ([ 1], Ta6:1.1.6).

Tabmura 1.6

Maruyeckuii kBagpar a3ora [1]

[TockonbKy OOJBIIMHCTBY 3TOT KBaApaT MOKaXeTcs ao-
pakanaOpoii, a aBTOpbl KBaJpara BbIMEpJIM, TO s Oyay pac-
cMaTpuBaTh KBaJpaT a30Ta ¢ no3uuuu 3akoHoB Exunoro Koc-
Moca.
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- CUMBOJI 03HAQ4aeT, 4TO MoJie, B KOTOPOM (HOPMHUPYIOT-

CA aTOMBI, KaK PAaBHOBECHBIC IIJIAHETAPHBIE CUCTEMBI

MHUKPOMMPA, B TOM YHUCIIE U aTOM a30Ta, YEPHAIOT CBOIO
DHEPTUI0 M3 OKPYKAIOLIEH CpeApl CAMOCYIIMX BOJIH 34 CYET
KpPYTSIIMX MOMEHTOB Buxpei (Tabdi.1.6).

- TOKa3bIBA€T, YTO PABHOBECHBIN KBaHT
T, +1=71 CaMOCYyIIMX BOJIH C MOTEHIHAJIOM, paB-

HeIM 1 = Sin /4-Sc /4 = Cos n/4-Csc 1/4,
Tor1=71 nonanas B Apyny - Pyny dbopmupyet npu
antupesonance (T, +1t = 7) ceMb 2JIEKTPOH-MO3UTPOHHBIX Tap,
a UX CyMMBI SBJISIFOTCSI UCTOYHUKOM (hOPMUPOBAHUS aTOMHOTO
Beca a3ora:

CBeT M A30T: aTOMHBI BeC H YUCJIO0 JJIEKTPOHOB

Macca cBera ATOMHBIN BeC Cymma
asora 6e3 ceera | osnextpon- |(1.79)
Cxxarue Pacmmpenue
B a.e.M TI03UTPOHOB
m**=0,002 | m*=0,008 | 14,008-m.* = 14 7+4 = 14.

B Touke mepeceueHus 3IEKTPOH-MIO3UTPOHHBIX Map, TO
€CTh IPU PE30HAHCE, BO3HUKAET IHEpreTnyeckas 000J109Kka
aToMa a3oTa C MOTeHI[MaJIoM, paBHbIM 49 [7].

CumBon O = (T, +1)x1x(Te+1)x1 = 49-(1°=i%),  (1.80)

rae EnuHunel B MarndeckoM KBaapare a3ora OTCTOAT APYT OT
Jpyra Ha X0 IIAaXMATHOI'0 KOHSl, TO €CThb J3JIEKTPOH-IIO3HU-
TPOH HAXOJSTCS Ha JBYX CMEUIEHHBIX MEXAY coOoi opOuTax

(puc.1.5).
- NO3UMpPOH
DNEKTPOH-TIO3UTPOHHOE
CMEIEHUE JUHAMHWYHO, U B
- 91eKMpOH peXUME BpAILCHUA IPOUCXO-
IUT B3auMHas TpaHchopma-

(1] KOMIIOHEHT.

Puc.1.5 dnexmpon-nozumponnoe
cmewerue
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H3IYYCHHE - CHMBOJI YKa3bIBaeT Ha TO, 4TO obosouka (1.80),
HaIOJHEHHasi Maccol - 3apsnamu azota (1.79) ne-
PUOIMYECKH HW3JTydaeT SHEPTHI0 B OKPYIKAOIIYIO
cpeny (Taba.1.7).

o0ostouka
Tabnuua 1.7
JAnHaMn4YecKuil JHepreTUHYeCKuid 0aJIanC amoma azoma
Asor Iepuo-
HOCTYHJIQHI/IC ANYHOCTDH H JIbCalusi
w3 MeTara- | o | ATOM | D7eKT- 3IeKTPHYECKOit prGI[I:I
HBbBIN OH-
MAKTUKK | jouka p

Bec [mosurpon IYyJIbCAlH

4 2 _
(T0+T)'\/E 49 14 7+7 T,o=16 49 (7 2 _,0_2
g 9 7 p msnydenne |16 (4) ¢
14+7+7 4 ¢ najbMa B
p-p* najabma KBaJpare.

Bo BHyTpeHHeM moJjie a30Ta KO3(Q(PUUMEHT MyJibCa-
MM PaBeH MajbMe, a HaJ 000,1094K0i aToMa Ko3GpumueHT
MyJbCALUMN YBEJUYMBACTCH 10 NAJbMbI B KBaJpare.

*
kk

[lynbcupyromas paBHOBECHAS SHEPIreTUYECKAsT CHCTEMA
Marmyeckoro KpaJpara a3oTa IIyJbCHUPYET, BO3MYILas Kak
CBOE BHYTPEHHEE I0JIE, TAK U NIOJIE OKPYKAIOUIEN CPEJIBI.

1. Bo BHyTpeHHeM 1moJjie a30Ta BO3HUKAIOT MarHUTHBIN
cryctok - macca M = 14-10” = pu* (mamsTh) ¥ MarHHTHBIH
3neMeHTapHbIi 3apag M = 14-102° = u (ta6n.1.6, Tabn.1.7).

B marmueckoM kBajpare a3oTa MarHUTHBIM 3apsia U Ma-
MSTh PACIIOJO0XKEHBI MO JTHATOHAIM JIPYT K JAPYry MEXIY MO-
asimu 8 U 1 (Tabdi.1.6).

Bo BHyTpeHHEM 1OJ€ a30Ta BO3HHUKAET MAarHUTHBIN
KPYTSIIUHA MOMEHT:
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(8 = 1%) — pe(8:1) = w55 < p;

55 < 10%, (1.81)

40
rae nosiBisitoress 10™ hOTOHOB M MATEpUYHAS SHEPTHS] MarHU-
TO-IPaBUTALIMOHHOU CBSI3H:

MarseTusm u rpaBuTranus B I10JI€ a30Ta

['paBuTanus 55 = 1+24+3+4+5+6+7+8+9+10

1 —(182)
Marnetusm | 55 = 7(12+22+32+42+52+62+72+82+92+102)=__

B none pe3oHaHCHBIX KOJeOaHU, Koraa
7=T,+ 71— Ty ps= 14400,

BO3HUKAET CyMMAapHBIH MOTEHIMAN, 000XKECTBIEHHBIM APEB-
HUMU I'pekamu, kak bor Bpemenu Kponuc [15]:

boe epemenu Kponuc = 55+14400 = 14455. (1.83)

2. Okpy:kaomasi cpeaa, BO3MYIIeHHAas1 KoJeOaHUs-

MH 000JI0YKHM aToMa a30Ta, Oyaer SBJIATHLCA CBETO-
naresem (1.63, 1.64).

B CcoHEYHO-IyHHOM CBETE MOSABIIAIOTCS CEMb BOCHME-
pok: 1+7 = 8; 2+6 = §; 3+5 =8; 4+4 = 8§; 5+3 =8; 6+2 = §;
7+1 =8; a 8+0 = 8 - OTBEpruHyTO KaK SHEprus, 3aTpadyeHHas Ha
dbopmupoBanue Tsub (1.63, Tabi.1.6).

Han o6onoukoit Henp Snpa (cumBon O) Bo3HHKaeT 00-

JaKO 3aps0B, MYJIbCUPYIOUIMX B PE30HAHCHO-aHTUPE30HAHC-
HOM peXHME:

Hy.]'lbcalll/lﬂ aToMa a3oTa

Pexum AHtupe3oHaHc | Pezonanc NuBepcus

1 (1.84)
[MoTeHMan 7-8 =56 8’ 87:56 =78 - 8.
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WNHBepcuoHHas MyJibcalysl HauOosee SPKO MPOSBISET
cedst B ammuake NHj;, Monekyna-nupamuga KOTOpPOro, MmyJib-
CUpPYsl, BBIBOPAUMBACTCS HAW3HAHKY M M3MAET PE3KHUM 3amax,
OTPE3BIIAIOIIUHN IIBSAHOTO.

JlorapudmMuyeckre BOJHBI, COMPOBOXKIAIONINE DITHUIICH-
Tpbl HUHBEpCUOHHOU Tynbcanuu (1.84), bopmupyror Kynganu-
HU B 1oJisix Pymbl - Apynibr:

Kynaanunu B aTome azora

DNUIEHTP Jlorapudmuueckue BOJHBI CumMBOIM3M
UHBEpCUU Kynnanuun Kynnanunu
— (1.85)
(Tot) 8" < (To+1)logs8’ = _r logs8™
_ (To+7) Hlects
6
(To +7)8" | (T, +1)2(6=3,5+2,5) < -6=-(3,5+2,5)| mrrpuxos.

Marus npenoJHOCUT WITPUX - 3alUCh W3MeHeHus KyH-
namuan kak Kwuraiicknit Kmrwu ([1], 1.85). D10 HeBepHo.
[ITpux - 3anuce Kynganuuu npunuia K HaM OT Benukou [{u-
Buimzauuu u3 Kuuru Ilepemen.

Knura Ilepemen omnwmceiBana uzmeHenus Ilepuonnue-
ckori Cucremnl I'enomoB Hacnencrsennoctu (puc.0.6), rae
MaKCHMaJILHBIM T€HOM MMeEET IMOTEHIINA:

82— 12 =63,

U MyJIbCUpyeT B HUC-TpaHc uzomepuu Kynpanuuu (6 < -6),
3acTaBisid Kojie0aThbcsi 000JI0UKY I'€HOMa, TOYHO TaK XKe, Kak
000JI0YKY aToMa a30Ta.

B marudeckom kBajpare azota OyKBBI 3aHUMAIOT TOJIb-
KO miepuMeTp KBajapara (Tads.1.6), u, B TO xe Bpemsi, pusnue-
CKYIO CYIIHOCTh IE€pUMETpa aToMa OTPAXKaIOT HMITYJIbChI
BpAIICHUS 3JEKTPOH-TIO3UTPOHHBIX MMAp HAJ SAPOM aToMa M
MOJIOKUTEJIbHO-OTPULIATEIILHO 3aps0B HMMITYJbCOB MarHUT-
HbIX ap (puc.1.6).
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MAZcHUMHbLE NOJIAIPHbLE CUIOBbLE TUHUU

o0 o

1
1
- eeocpaguueckutl nomoc = J. pdp= 3

a0po. p*+1
opbumnl 6 a0pe: ¢, i, g, a
M - macnumnasn nosepxnocmu ¢ noarocamu K u N

1
n - eeoepaghuueckuti noaOC = I pdp= L

a 0 2
1 MacHUmMHblLe NOJISAPHbIE CUNIOBble TUHUU

c
Puc.1.6 Maecuuecxuii keaopam azoma (mabn.1.6) 6 popme bunonsiprozo

(1 < p*+1) a0pa u K6aHMOBAHHBIX OPOUM HAO AOPOM U BHYMPU A0PA.

Kaxxnast u3 OykB, onmuchIBaroIIasi OpOUTY, ONMUCHIBAET, B
KOHEYHOM CU€Te, UMITYJIbC BpPAIICHUS KBaHTA HA OpOuUTe, a pe-
3yJIBTUPYIOIIMA MOMEHT BpalleHHs B aToOMe a3oTa OyaeT pa-
BEH Pa3HOCTH UMITYJILCOB BpaIlleHUSI HA OpOUTE:

KouebaTenbHbINH KOHTYP
MAarHMTHOIO MOJIS1 aTOMA a30Ta

MarHuTHbIe OpOutsl

Homoca | Tlo ropusonranu | 1o Beprukanu | Pasnoctu (1.86)

pw*+ 1 atk+c atgtitc | k+g+i
1) n+a+i+tc at+tgti+tec n+g
Pasnoctu ktn+i & 0 =k +n i

Konebanus reorpaduueckux MoiatocoB k + n, paBHBIX
paz"octu J[3uaH (puc.1.6):

+(k+1n)=1/2 - (-1/2) = %1, (1.87)

Y TOTJ1a KOHTYp MarHUTHbBIX KojeOanuii (1.88) mpumer Buxa:
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1+ie 0o -(1+i) (1.88)

[TpouzoiiiéT neperpynmnupoBKa KBAaHTOB Ha OpOUTaX, TO
€CTh KBAHTHI OYIyT MEPEXOJIUTh C OPOUTHI Ha OpPOUTY:

Rioc0o -2 u i==+l. (1.89)

Atom Oyzaer cxxumaThesi B mpenenax ot 2 = T,m,/c g0
HYJIsl, BO3MYIIAs SI/IEPHOE BEIIECTBO U cO3/laBas B HEM HHTE-
IpaJIbHYI0 Pa3HOCTh MOTEHIINAJIOB:

Hynbcaunﬂ SIICEPHOT0 BEIECTBA B aTOME a3oTa

Konebanus [Tepuoanunocts popmupoBanus Tsab-L{uub (1.90)

2072 To?[(£2)* — 0] = +£64 = £[32 — (-32)].

dopmupoBanmnem Taub-Lluns 3akaHunBaeTCs 11000€ 00-
pa3oBaHUE MUKPO-MAKPO NAAHEMAPHBIX CUCHEM, 8 MOM YUCTe
u amoma azoma.

*
kk

Ilynecayus adepnoco sewecmsa (1.90) 6 nynvcupyro-
wem Kocmoce npusooum k pasnosecuro:

BosanoBoe paBHoBecue Kocmoca
Kocmoc iﬂes(i(;eo PaBHoOBecue Bomana
- (1.91)
1 1 2
ifcod@:ig Fpdp=42 | 1/2)(72) = £1 +1/\'1.
0 0

Joctuxxenue BosiHOBOro paBHoBecusd (1.91) npuBoaut k

bopMUPOBAHUIO HA 000JIOYKE ABOMHOTO JIEKTPUUECKOTO CIIOS
49 + 1 (puc.1.7).
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B marunueckoM KkBaapare as3ora IOsB-
JIIOTCS IBE eAUHUIIBI (Ta0a.1.6).

49+ 1 [ToBepXHOCTHBIN CION OWMOKIETKH Ha-
+1 YUHAET JBOWHBIE MOJICKYJIIPHBIE CIIMPAIN

[7].
IloreHnuan BHEWIHEH CTOPOHBI IIO-
Puc.1.7 Joiinoii ~ BEPXHOCTH, PaBHbIH 49+1 = 50, npenomnpe-
snepeemuueckuii  ACIACT IyJbcatuio Hebec-LlnHb, sHEpruto
cnoti 060104KU MSATEPUYHON CBSI3H, 25 KJIETOK Marmye-
CKOro kBajapara azora (tabin.1.6), u o6o-
KECTBJIsIETCS My essMU Kak Besaecymuil bor Aitn CO®, sBis-
AChb B PEAJIbHOCTH JIOrapU(PMUUYECKON BOJHOM B3aMMOJEHUCT-

BUU:

duznueckass Cymuocts bora Aitn CO® [12]
50 = 1g p3pa/p1=10"/107.

(1.92)

BHyTpeHHsIs1 CTOpOHAa MOBEPXHOCTU C MOTEHIHAIOM
49 — 1 = 48 (yHKUMOHUpYET HaA IpaHUIIC pa3jeiia CUHEH U
roay0Ooii obnacTed crekTpa, T€ €CTh Ha BOJHE JUIMHOIO
4800A-p,2 = 48A.

BosgeiictBue norennuana 48 Mbl OLIyIIa€M KaK BO3-
JICCTBUE HA OpraHv3M 4akpsl Tperud ['7a3 npu meaurauuu:
2IEKTPHYECKHI UMIYJILC ¢ *c BbI3bIBaeT Ha BomHe 4800A 6uo-

4 +4
TOoK cuior 107 A u uaaykiuio ¢ noteHnuaiom 10 1/A.

Mexny BHELIHEW U BHYTPEHHEW CTOPOHAMU IIOBEPXHO-
cTH 000J104KH (puc.1.7) BO3HUKAET IIUC-TPaHC U30MEpUUECKas
Pa3HOCTh ITOTEHUHUAJIOB, MArHUTHOE I10JI€ KOTOPOU pEreHepu-
pyeT 000JI0UKY, HAIPUMED, 3aKUBIISET KOXKY:
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PecraBpauust u poct 000/104eK
[Tans- | O6o-

Ma JIOYKa (1 93)

KommoHeHTHI IToTenmuansl

sotinoiicroii | +|(50> —48°)(48> —50° )|
MACHUMHOE noJie uu* =14 T

7
4 ‘249.

***

12. Torna Csa6xaBat nocoliaer doxara, 4yTo0bI OT-
BepruyTh Atombl. Kaxablid ectb yacts Tkanu. Orpaxas,
nogo0Ho 3epkaiay, Camocymiero BJIAABIKY, KaXAblid, B
CBOI0 ouepenb, cranoBujcsa Mupom ([3], Kocmorenesuc,
Cranmna III).

CMBICIT 3TOr0 TEKCTa COCTOUT B TOM, YTO U3 HENp sep-
HOT'O BEIIECTBA MOCTYMNAOT 3JEKTPUUYECKHUE KBAHTBI C MOTEH-
nuanom t> =32 =9.

VYCTaHOBIEHO, YTO MOCTYIUIEHUE KBAaHTOB W3 HEAp
AJIEPHOTO BEILECTBA, KyJa OHU MOCTYyHAalT U3 ThbMbI CaMOCY-
mmx BoJiH (Kocmoca HeBecoMocTr) pacmpenesisitoT SHEPruio
Mexay 00bEMOM M TOBEPXHOCTHIO B OTHOIIEHHUH 1 : 9 [23].

Pacnpenenenue JHepruu
MexAy 00bEMOM U MOBEPXHOCTHIO

llosepxnocme _ O=4r-R’ 3.9 (1.94)
Oévém — ,_4 .5 R 1 '
Vzgﬂ'R

raoe R =1/3.

CJ'IGI[CTBI/ICM TAKOI'O pacCpCaAcCICHUs ABJIAIOTCA:

- pacllerieHus TeHHOM HaciencTBeHHOCTH 1:3 uepes
JIBa MokoJieHus (3akod I'.Mennens);

- pacnpenenenue sHepruu Kocmoca MexIy sHepruei
Marepuu u ToHkol DHepruei B oTHOIIEHUHU 1:3;
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- MyJbCcaIus Aapa MepUoANIEeCKON CHCTEMbl TEHOMOB B
nuamnazone 6 <9 (0.54, puc.0.6);

- MOSABJICHHE B LUTOIUIA3ME OHOKIETKH CYyOCTPYKTYpbI

(9+0);

- BHEJIpEHUE TIOTCHIIMAJIA T> B JBOMHOM CJIOW 00O0JIOUKH
(1.93):
49 + 9 = 58. (1.95)

*
kk

Buenpenue kBanTa 1> B 000JI0YKY HACHIIIAET SHEPTECTH-
YecKylo cucrteMy. ATom omeepoesaem. 110sIBASIOTCA MOJIEKY-
JIBl - AmMoMmbl Ta30B, KUAKOCTEN, TBEPABIX Tea. Kaxapiii ATom
ctanoButcst Mupom, nogoduem Enunoro Kocmoca. )KuBbim u
HEKUBBIM. [losIBIIsIETCS BHYTpEHHEE TOJIE MAarM4E€CKOrO KBa/I-
pata azota (1ab1.1.6), y )KUBOTrO BOBHUKAET MO3T':

3aKO0H HAChIIEHUS 000JI0UYKH
Haceiienue 49 + 9 = 58 49 -9 =140
000JI0YKH CopoxoBuria
Aszor e (58-2=26)1/2=13 | (1.96)
(Tabmn.1.6). #7841 =58 Orouacel
Mosr 28+ 14+16=58 58 _16=42
NPp ¥+ + 1 qq * cepaue.

Hacpimenne o6onouku ssisgercs Kiurodom, HO He KO
Bcemy, a tonpko k AtomaMm, Mo3sry, Cepauny, CopokoBu-
e...(1.96).

%
*ok

SAnapoM Marmyeckoro KpajpaTa a30Ta SBISCTCS Pe30-
HaHCHBIN MoTeHIman (tabda.1.6):

M? = pp* = 142 = 196, (1.97)
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Conueuyno-nynusiii CBeto-Zlatens ¢Gopmupyer BOKpYT
MarHMTHOTIO SIpa MoJie C NOTEHI[MAIOM, paBHbIM (Taoi1.1.7):

K, =7-8+1 =57, (1.98)

rae K; - mynascupylolas MarHuTHass Marma B aroMe asoTra,
1 - pasnocts (3,5 — 2,5) B nose KyHnanuuu, nepeme-
[arolas MarMy OT HEIp fA/ipa K MOBEPXHOCTH ATOMa,
KaK 3TO UMEET MECTO y MarmMbl 3emuin [16].

Pacwennsromasics cnupans Kynnanuau , obnagaromas
3,5 obopoTaMu BUTKOB CIHPANIA COBBET U3 MarMbl azora 196
BUTKOB (1.97):

7-8-3,5=196=pp*. (1.99)

Yuic10 BUTKOB PACILIUPSIOLIEHCS CIIMPAIN Marmbl TOYHO
COOTBETCTBYET MOTEHIIUATY MarHUTHOTO sijipa (1.99).

%
*ok

MarHuTHoOe ToJie yAEpPKUBACTCSA JIEKTPUUYECKUM TI0-
JeM; Marma 3emii — e€ TUTOCHEpOou.

B marunueckom kBaapare azora "'Marma" ero BHyTpeHHe-
ro nosia K; = 57 (1.98) Oynet ynepxuBarbcs 3JEKTPUUECKUMU
AIIEKTPOH-TIO3UTPOHHBIMUA OpOUTaMH, TMOTEHIMAI KOTOPBIX
JIOJKEH OBITh, KAK MUHUMYM, Ha €IMHUILY OOJIbIIIE MOTEHIHA-
Ja Marmbi:

Koneb6anune 06010ukm azora (Ta6ma.1.6)

DIEKTPUYECKOE CIKATHE Marzutsoe pacumpenne | (1.100)

Ky=K;+1=58 K, =57.

AHanu3 Maruyeckoro KBajapaTa a30Ta IOKa3bIBaeT, YTO
ero ayekTpuueckas obosnouka K, mpencraBieHa OykBamu H
eaununei (1.100, Tabi.1.6):
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K, = ctk+atl+atgtitctitatntatgt+i =
4a+3i+2g+2ctntk+1 = 58, (1.101)

rae k 1 n - momoca, o0aaronye CIMHOM U UMEIOIINE pas-
HOCTh CIIMHOB, paBHyt0 1 u k+n =1 (puc.1.6).

C yuérom nostocoB Boipaxenue (1.101) npumer Buxa:
2-(2atgtc) +31=56 =58 — 1 — (k+n=1). (1.102)

Orta anekTpudeckas 000JI04Ka ¢ MOTEeHIHAIOM 56 dhop-
MUpYETCsl dHepreTudeckuM moTokoM nx Kocmoca HeBecomo-
CTH, KOTOPBIH CryIIaeT HeOECHBIE TeJIa C MIPEUMYIIECTBEHHBIM
koappurmentom 2,5 [16].

WHbIMU cllOBaMH, B 3JIEKTpUYEcKoe Tojie 3emin (1 Ma-
TMYECKOr0 KBaJpaTa a30Ta) MOCTyHaeT crnupanb KyHnanwHu
ckatus B 2,5 000poTa, U U3 IEKTPUUECKOTO MOTeHIHana 56
(1.102) nakpyuuBaetcs crnupaiib B 140 000poTOB:

56-2,5=140=2-(2a + g + ¢) + 3i. (1.103)

B Maruueckom kBagpate a3ota (Tabi.1.6) Bo3HUKaET
MarHuTHOE HEPaBHOBECHE:

CTpykTypa Marm4eckoro KBajapara a3ora
(Tab11.1.6)
MarnutHas 1.104
Snpo U1a3Ma DneKkTpruyecKas miasma ( . )
pu* =142 K= K; =2-(2at+g+c)+3i+2 =
196 57 58.

[Tomygyennsie manubie (1.104) 0OBACHIIOT IPUYUHY HE-
yaad C TEPMOSJIEPHBIM PEAKTOPOM: HAIllM AKaJEMHKU XOTAT
3arHaTh MarHUTHOE MOJI€ B AJEKTPUUYECKYIO JIOBYIIKY, a Koc-
MOC UM HE TO03BOJIIET, TaKk Kak [Ipupona ycTpoeHa BOMpeKu
aKaJeMUKaM.
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DNEKTPOH-TIO3UTPOHHBIE DJIEKTPUUECKUE HMITYJIbCH Ha
KBaHTOBaHHBIX OpOMTAX aToMa a30Ta CBS3aHBI APYT C IPYTrOM
aHTUPE30HAHCHBIMA HEPAaBHOBECHBIMHU KOHTYpaMHu KojieOaHMiA
tumna (1admn.1.6):

asTtleole3+5e+a
gosSt+tl3iolael+To1g (1.105)

cob6t+t21<2+6<< +c,

B KOTOPBIX NPH OJWHAKOBOW HAIPaBICHHOCTH BOJH BO3HHKA-
FOT KOJICOAQHUS THIIA:

(a—a)=(g—-g)=(c—¢c)=0=7=8-1. (1.106)

DT KoJeOaHUs B YCIOBHUSX pPaBHOBECHS (POPMUPYIOT
ceMepudHocTh [IpomomxurensHocteld i CemMb Be4HOCTEH
Eanunoro Kocmoca [3].

CMmeHa HanpaBiI€HUW BpAILEHUS DSJIEKTPOH-IIO3UTPOH-
Horo ummyJibca (1.105) MeHsier pa3HOCTH MOTEHIIMAJIOB B BbI-
paxenuu (1.106) Ha CyMMBI:

(a+ta)=(g+g=(c+o)=7,
riae a=g=c=7/2 =Kynnanuau. (1.107)
OTO BIEKTpUUYECKOE ToJie, CXKUMAaroIee JIuTocdepy,
YPABHOBECHUT SHEPreTUUYECKUN MArHuT. Paclmpsrommi JIuTo-

chepy MOTOK ¢ MOTEHIHAIoOM 7/2, mpoOuBaeT cebe MyTh U3
Henp crycrka (ta6m.1.8).
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Taommna 1.8
MrHoBeHHOe paBHOBeCHE B MATHYeCKOM KBaJpaTe a30Ta

MaruuTHas [TepBsie s51€KTpU-

KommonenTer HI[pO Marma YECKHUCEC I10JIs1

1+7)+(2+6)+(3+5)+

[Torennmansl B | ppu* = [((4 N 4)) f ((5 +3))+ ((6 +2)) f 2-(2atgtc) =

oaHy Beunoctn| 142 = (7+1) = 561712 2(2:7/2+7/2+7/2)
(1.103, Tabn.1.6)| 196 — 196 = 142 =28=196-1/7

T, +1)28 =196
Pasrosecue | 196 196 (To*7) N
Cemb Beunocreil.

[TpexpaieHre UMITyJIBCHOTO JJICKTPUUECKOTO PaBHOBE-
CHsl Ha KBAaHTOBAaHHBIX OpOUTAX 3JICKTPOH-TIO3UTPOHHBIX JJICK-
Tpudyeckux mnap (tabin.1.8) cBazaHo ¢ GopMmupoBaHUEM TPEX

umitysbeoB 31 (1.103):

BbIxo/1 3/1IeKTPHUY€CKOro MoJisi U3 paBHOBeCHSI

AE = [2-2a+gtc)+3i = 56] — [2-(2a+g+c) = 28] =
3i =56 OTH.eqUHMUII. (1.108)

31 56:7/2 =196 = 14?
B none snepretnueckoro noroka Kynnanusu.

B ctpykrype marmueckoro KBajpaTa a3zoTa 3JIEKTpHUYe-
CKUU UMIYJIbC 1 MyJIbCUPYET KaK B aHTUPE30HAHCHOM, TaK U B

PE30HAHCHOM pekuMax (1abi.1.6):

Iyabcanusi 3J1eKTPUYECKOT0 MMITYJIbCA |
AHTUpE30HAHC Pe3onanc
1ot eole3tSe 1<+ (1.109)
1-1=0<=7 1-1<0
(Hi=2)=7 nu 172 1+t1e72+72="1.
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[TosiBienune kosiebaTeIbHOTO KOHTYpa 1 + 1 <> 7 npuBo-
JTUT K dHepreTudeckont peanuzanuu Cemu Beunocreil u ¢op-
MHUPOBAHHUIO PAaBHOBECHS B MarMdyeckoM KBajpare a3oTa
(Tabm.1.8).

[lynscanus -(i+1) = -7 u +(i+1) = +7 popmupyer cemMb
AJIEKTPOHOB U CEMb MO3UTPOHOB B aTOME a30Ta, KOTOPbIE KOH-
LHEHTPUPYIOTCI HA KBAHTOBAHHBIX YPOBHSX KaK MarHUTHOE
10JIe CEMEPUYHOTO PsAJIa, MEPEXOSIIEro B TPaBUTALIMOHHBIH:

140 = 1242%+3%2+42+5%4+6%+7% =
5-(1+2+3+4+5+6+7). (1.110)

B Hamel COBPEMEHHOW TEOpHHM CTPOEHHS aTOMa 3THU
KBaHTOBAHHbBIC CIIEKTPAJIbHBIE YPOBHU 0003HAUAIOTCS B CIIpa-
BouHOM nuteparype kak K, L, M, N, O, P, Q, HO He moHUMas
X HayKa BBeJla TUIOTETHYECKHE (HaJyMaHHbIC) TJIaBHbIE U
no00YHbIC KBAHTOBBIC YUCIIA.

*
kk

[Ipn aHTUPE30HAHCHOW ITYJIbCALUU DJICKTPUUYECKUX I10-
nen (1.103):

2:(2at g+ c)+ 3i < 56;
28 +21/2 < 56; 21 < 56, (1.111)
Hazx JIFOOBIM CI'YCTKOM BO3HHUKAIOT IMOJIAPHBIC BUXPH C IIOTCH-

nuanamu +21 = +(5+7+49), popmupyromumu B )KUBOM OHO-
KJIETKY U CepIIIe:

21 —(21)=42=28+14= (pp*+fuu*.  (1.112)
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[Tynbcammst mosa (1.111) ¢  mpoaoOIKUTENBHOCTBEO
_ , _ A4
(Tott) B mone H = T,./Sinz/4 = 2", NIpUBOJUT K CTYCTKY,
onucaTh 00bEM KOTOPOTO MOXKHO BEJIMYMHON 00BhEMA BEIIMKOMN
[Tupamuger:

L—3<:>LH—8H 1—18H—V 1.113
T,+7=7 T+r—7 = 8Hul=38H=vn, (L113)

rae H - Beicora Benmukoi [Tupamus!.

*
kk

Moii aHaIM3 CTPYKTYphl Maru4eckoro KBaapara a3ora
(Tab6n.1.6) KOpeHHBIM 00pPa30M H3MeHsieT Hay4yHble Mpe-
crapjeHuss 0 Crpoenun BemectB BooOme m Crpoenun
ATOMA B YaCTHOCTH.

Mogenb cTpoenust Atoma, npeasioxxentas Hurbcom bo-
POM U OCHOBAHHASL HA CMPYKMYpe amoma Kax KOMNO3Uuyuu
MpEX CoCMaBAAIOWUX. HEeUmpoHa, NpomoHa U 31eKMpOoHa -
0yoem omeepeHyma KaK HecOCTOSATeIbHAs.

Takoe orpunianue ¢ Ilpoyecce Ilosnanus ecmecmeen-
Ho, n00 Mozeinb crpoenust Aroma no H.bopy cranoBurcs Top-
MO30M JJI1 HAyKOEMKHUX ITPOU3BOACTB, OTKPBIBAIOIIUX B ATO-
M€ IIO3UTPOH, AaHTUIIPOTOH U JBIPKU, HECYIIUE 3apsibl JJICK-
TPOHA, IIPOTOHA, IIO3UTPOHA U AHTUIIPOTOHA.

Bwmecro tpéx komnonent Atoma no H.bopy mbl cero-
JTHS TIEPEILTU K IECSITH KOMIIOHEHTaM, (JOPMUPYIOITUM ATOM:

K JBosonnu noHMMaHus CTpOeHUsI ATOMAa

DNEeKTPOH [IpoTon Heitrtpon -

ITo H.bopy
Tpu KOMIIOHEHTBI aTOMA

(1.114)

OnexkrtpoH- | Ilpoton- | Heltpon- | [Ipipku c
OtkpeiTo | TO3UTPOH | AHTHMIPOTOH |  ABIPKA | 3apAfaMHu

Ha CeToaHs 2 2 2 4

JlecsiTh KOMIIOHEHT aToMa.

101



OnHaKo CeroAHsIIHNE OTKPBITHS Ha CMOTYT TpaHcdop-
MHPOBATHCS B LIEJIOCTHYIO TCOPUIO, BO-IIEPBBIX, U3-3a UHEPLIU-
OHHOI'O BJIMSAHMA Ha yMbl aBropurera H.bopa, BO-BTOpBIX, U3-
3a NPUHLUIIMAIBHOIO OTPULIAHUSA COBPEMEHHOM Haykou ToOH-
KUX DHEPruil.

Otpunas ToHkue JHeprum, Mbl OTBEpraemM HCTOY-
HHMK JHeprum noJse Marepuu.

Ms1 ycTaHOBUIIM, 4TO ATOM CBA3aH C JABIPKOW, HO IO-
HHUMAaeM JbIPKY KakK IIyCTOTY - BaAKyyM, B KOTOPOM HET JHEp-
TUU.

[Tnukas cBo€ MUPOBO33pEHHUE PU3PAKOM ITYCTOTHI BHE
DHepruu, Mbl HE TOJIBKO HapyIIaeM 3aKOH COXPAHEHUs 3HEp-
MU, HO U HalPABJISIEM HAyYHO-TEXHUYECKUU IIPOrpecc Hallen
LIMBWIN3ALIMKU B CTOPOHY Y 00xkecTBa MbllLJIEHHS M BapBap-
CKOro pasrpad/ieHusi JHEPreTHYECKUX PecypcoB Haluei
Marepu - 3eman.

TakoBa curyanusa B Hayke. Ho Marus m Hayka —
O0/1M3HeUbI-0paThsl, €CJM HX paccMaTpuBaTh C MNO3HMLUH
Metonosiorun Iloznanus Yenosexkom Peasumii okpykaro-
miero Hac Exqnnoro Kocmoca.

IIpn Bcém pasnmuun ucxonueix I[lapagurm B Hayke u B
Maruy 5TH NapagurMbl OCTAIOTCS WIUIIO3USIMHU, KaK BBIBOBI
CEMHU CJIENIIOB-MYPELOB, OLIYIBIBAIOIINX CIIOHA.

Kaxnpiii xpanut B [lamsatu To, Uto ycnesa omynars.
***

bynyiire HaydyHO-TeXHUYECKHE Pa3pabOTKH 10 aHATU3Y
CTPOEHHUS BEIIECTB U ATOMOB BO3bMYT 32 OCHOBY IIOTOK HEp-
MU CaMOCYIIHMX BOJIH KOCMUYECKOW I'PABUTALMUA U HAWAYT UX

pacrpeneneHue 1o YHEPreTHYECKUM ypOBHAM ApyIibl - Pynel
(Tabmn.1.9).
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Tabauma 1.9
Pacnpenenenue Kocmnueckoit Jueprumn
B Apyne - Pyne o ckopocrsim Tpancpopmanuu popm

[Mocrymienue Hcxonnas sneprus u3 MeraranakTuku
SHCPrun E=pp*=282=1649 =T *T,+1)?
Apyna - Pyna
ITpoaoKUTENb- Apyna Pyna
aHTHUPE30HAHC |pE30HAHC
§ HOCTHU
5 =3 To=4 To+t=7 [To-1=12
Qo
=8
2 I'paBuTanys: Hexoro E _ 196 E 112 Ilemnoro
> * qrcia = = qucia
o pp*/T 1, I, +7
= HET HET
0]
= *
= 196 * 196
= MarueTusm: Henoro| 22 _ =| £E = =| Hemoro
S /T gucna | T 4 I,+7z 7 qyucia
% HH HET 49 28 HET
5 * 256
& DNEeKTPUYECTBO: Henoro| 99 _ =2 _ [emoro Lenoro
% gucna | 7T, 4 Yyucia
qq*/T YHclia HeT
HET 64 HeT.
[Tormomenue - W3Iy4YEHUE KBAHTOB PaBHOBECHBIMU

MoHanamMyu TPOUCXOAUT BCErjaa, KOrja NOTEHIMAl KBaHTa
JIOCTHUTAET IEJI0OT0 YKCIa U HE SIBISIETCs IpoOHBIM (Tabm.1.9).

[ToaToMy crycTok J1t000ro BelIeCTBa, B TOM YHCIE U
0001 ATOM, TOTJIOTUT W3 PABHOBECHOI'O MO CKOPOCTH
tpanchopmanmu Kocmudeckoit Juepruu:

pp* 28 784
THT,+7) 16-49 784

1, (1.115)

V=

CYMMY KBaHTOB C OOIIMM MOTEHLIUAIOM, paBHbIM (Tabi1.1.9):

K = 196+112+49+28+64 = 449. (1.116)
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[Tornomennoe K-mone (1.116), nynecupys B Cemm
Beunoctsix [3] Oyzner u3nydyaTh MHOJSPHBIE BUXPH C IOTEH-
Uagamu:

(K=449) — (T, +1 =7 = ppu*/28) = 441 = (212, (1.117)

dbopMuUpyOITMMU HE MPOCTO BEIIECTBA, HO KUBbIE OMOCTPYK-
TYpPBbI KJIETOK.

Bmecrte ¢ Tem, B OKpyXaromiei cpejie MOSIBIACTCS pas-
HOCTb TTOTEHIIUAJIOB, paBHas (1.115, 1.117):

pp* — (£21)2 =784 — 441 =349 = 1(T, +1)2.  (1.118)

Bo3HUKHYT 35ieKTpUuecKre MpeanoChUIKA sl (OpMHU-
poBaHusi 000JI0YEK B 10JIe ApPYyIIbI.

B sapax crycTkoB, B TOM uucie ATOMOB, BO3HUKHYT
NPEINOCHUIKH 111 (POPMUPOBAHUS 3apOABIIIEBBIX My3BIPHKOB
Henp sinep (1.118).

B Apyne Kocmoca HeBecomocTtu OyayT ¢hopMupoBaTh-

Csl ITy3BIPHKU - OOOJIOUKH HAIKX YT B MPOIIECCE PEHHKApHA-
uuu (1.118).
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naBa 2
Kpyru YiuBepcym LLlymepoB
n Unucyca Xpucra

Bropoii Tom "JHumkI0neaMH COBpeMeHHO Marum'
aHAJIM3HpyeT an(aBUTHBIA XOJ S3BIKOB M CUMBOJIM3Ma HApO-
JIOB 3amnaja, npeacraBieHHbIX B Buae Kitoueit ko Beemy:

e 5 8 o | 10| 11 |12/ 13
KIHouei
Haume- |I'peue- | Komnr- Jla- | DHOXH- AHFHI:IH (2.1)
i . | PynBI . | Tapo| ckui
HOBAaHME | CKMH | CKMH TBIHE | AHCKWU

Bcero B sHUMKIONEANHN MPEACTABICHO TPUHAALATH KO-
JIOUeH, U UX OOBSICHEHHE CBSI3aHO C TPUHAIATHIO aHTeJIaMU
Dnoxa [2]

[Ipennonararo, 4To aHreNbl NOSBWIACH B Maruu IOCIe
napajurM - WUI03UM, a U3Ha4yalbHO BCE OBLIO CBSI3aHO C Ie-
puoAMYECKUM H3MeHeHueM IIpomomkurensHOCTEN Iepexona
OT OAHOW (POPMBI PHEPTUU K JAPYroil, U OTCUUTHIBAEMBIX IO
TpUHaaUaTu JyHHoMy Kanennapro.

***

K andasutnomy xony mzyuenus coObituii Marus 3amna-
Jla MpUILIA IO BIUsIHUEM BeTxo3aBeTHOM JuTepatrypsl, B KO-
Topol, HanpuMep, Kuura bpiTusa nMeer mmdp: onHa Oyksa
pacuudpoBbiBaeTcs yepe3 62500 OykB.

Ceroans gokaszaHo, yTo 3amudpoBanasie B bubmuu Co-
OBITHS MCTIONB3YIOTCS TOYHO, €CIH MUp NPOU3BOIUTCS OYK-
BamH B rmponiopumu 62500:1.

OngHako, HMKTO W3 MAaroB, IPOCJIABJEHHBIX H He
OYeHb, TAK M He MOHAJ, YTO WHU(pP - KI0Y MOBTOPSET
putMmuky IpoxosxurenssHoctu Apynsl B Equnom Kocmo-
ce:
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HIndp budanu n Ennnbiii Kocmoc

62500:1 & 109:(T02= 16 =0,0625), (2.2)
rmue 10° - 3(PEeKTUBHOCTD B3aUMOCHCTBUMN.

[TocBsiménubie B TallHBI Maruu Ha 3amnaje 3Haau Gopmy
nepenayu MHGOpMalUK Tenenartuei: 3To 22 OykBbl ABpaama
(Topa) u pabora Nucyca m HMoanna nam "OTkpoBeHUSIMH"
[12, 15].

Nucyc nepenaBan ®@pa3y u Kimrwou k Heit. [locne pac-
mundpoBke pucoBasiach @uUrypa, To €CTb CUMBOJ, MaTeMaTH-
YyecKas BEKTOp - 3MIopa, OyKBa, YUCIIO U TaK Jajee.

Kazanoces, myTe mpocT: pucyil OykBy, YMTail TEKCT -
nouMéms Cmeica bertnsa Ennaoro Kocmoca.

Opnako angaBuUThl, KaK U CaM SI3bIK, W3MEHSUINCH, a
S3BIKH, aI(aBUTHBIA XOJI KOTOPBIX m3ydana marus (2.1), He
COCTAaBJISLITU UCKIIFOUCHUSI.

CocraButenb "DHUMKIONEANU COBPEMEHHOM Maruu"
J.A.Xanc 3aKOHYMIT CBOM TPy Kak MATPUOT - AHTJIMHCKHM
si3bIKOM [12].

OH 3HaJ1, HO He 3axoTeJ cuuTaTheda ¢ [llpopoyecTBom
Cesaroit /Iespi Mapuu 0 TOM, 4YTO UCTHHHOE NMOHUMAaHHE
3akoH0B Enqnnoro Kocmoca npuaér us Poccun.

%
*ok

[TpacnaBsinckuii (pycckuii) si3bik JImBaHOrapu B cBoéM
andasute umen 220 OykB, TO €CTh B JIeCSITh pa3 OoJIbIle, YeM
22 6yxBbl ABpaama, KOTOPbIM Hay4uJIH ero boru.

D710 OBUIO BO BpeMEHA JJIMHHBIX KU3HEH U 00JIbIINX
¢opm MemsIeHHOro yma. Be€ npuxonunoch pasbsCHATH MOA-
po6Ho. [Tonumanu ¢ tpyaom. Hampumep, ABpaam poaui Chl-
Ha, kornaa emy crano 500 jer.
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3emis CKUMaslach. 1IIOTHOCTH ymakOBKM DHEpPruu yBe-
JUYUBANIACH. YBEJIMYMBAJIACHL CKOPOCTH JHEPreTHYEeCKHX
NpoLeccoB. DBOJIOIUOHUPOBATIU pPeub U an(aBUThl, U HH-
(dbopMaTHB B HUX YBEIUUUBAJICS.

Andasur s3bika [luBanorapu cokpatusics ¢ 220 OykB 10
30, HO cama CUMBOJIMKA OYKB, UX PUCYHOK CTaJy KOMIIAKTHO
BITMCHIBAThCS B HH(pOpManmoHHyo Matpuiyy Kynganuau.

Pycckuii andasut, 3anucannbiii B Mmatpuny Kynnaa-
JINHHU, ONMUCHIBAaeT CBOMM CHMBOJIM3MOM €IMHCTBO 32AKOHOB
¢popmupoBanus 3emuu nu Mo3ra [21].

*
kk

CymrHocts Moel pacmi@poBKA KOpHEW angaBUTHOTO
X0Jl1a COBPEMEHHOM a30yKH PYCCKOTrO sI3bIKa COCTOsIa B ClIe-
JTYIOLIEM:

3a oCHOBY f1 B3sJ1 fi4eilKy - KBaJpaT €O CTOPOHON,
paBHO# (0,5 OTHOCUTEJNBbHBIX €IMHUL, TO €CTh KBAJAPATHBIN
J13uan.

JI3uaH ObLT BBHIOpAH MOTOMY, YTO OH SIBJISIETCS T€HEpa-
TOPOM IepeMeH - 3Bosmonuil B Kocmorenesuce, AHTponorexne-
3uce [3, 4].

Jlnst coctaBiieHuss maTpuilbl - uHGOpMaIuu s B35 12
KBajpaToB J[3uaH, 4Tto obecreunBaso 3anuck B ¢popme [3uan
KOMITIOHEHT npoaoukuTesnbHocTu (T, - T = 12) Apynsl - Pynb
B PE30HAHCE, a TaKXKE€ I[UC-TPAHC U30MEPHUIO0 MOBEPXHOCTHOM
BOJIHBI cBeTa - KyHnnanuuu: 6 — (-6) = 12.

Takum oOpazoMm, mHGopManoHHasaA MaTpuua /[3uaH -

Kynaanuau 3anuceiBajia mpouecchbl, CKOpocTb (V) KOTO-
PbIX ObLIA PABHA eIUHUIIE:

CkopocTth nmpoueccos
B HH(popmaunonHoii MmaTpune KyHaaanuu

(2.3)

L_(6=35 +2,5)+(6=35+25)
Tr=12

=1.
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Brucannsie B nndopmanmonnywo matpully Kynmanuau
UYucna, OyKBbl, 3HAKU MPENUHAHUSA, TBEPIBIN U MSATKUI 3HAKH,
3HAKM MAaTEMAaTHYECKUX OINepaluid 3aHUMAJIM CTPOro OIpeJie-
JEHHOE MECTO U UX IMOTEHIMAJbl BCETIa JIETKO ONPENEIISUIUCH
I10 YUCIy 3aTPOHYTBIX 3HAKOM I'paHen /[3uaH.

Hamnpumep, OykBa O, oHa xe Hoib win He-Uwucio, oHa
xe CpabxaBar O, pacrmoyiarajiach B Matpuile Ju0o B IByX (3a-
rJIaBHas ), 1100 oHOTO (TIporucHast) [[3uaH:

byksa O
[o] (2.4)
3aryiaBHas [TpomnucHas.

bykBa O (unu we uncno 0) OblIa He €TMHCTBEHHOM CBSI-
3p10 MeXIy A3Oykoi u [ludpamu: 3HaK 6€CKOHEUHOCTH (0),
WM CUMBOJ HajJ BeunocTsio, u mudpa 8 Takxke momoraau om-
peneneHuro cBsizu nudpa - oykna [21].

B3aumonepneHauKyJIAPHOCTHL CUMBOJIOB 8 M o0 onu-
ChIBAJIA MOJISIPU3AalMI0 (DPOHTA BOJIHBI CBETa NMPH B3anM-
HOM IepexoAe COJTHEYHOr0 CBeTa B JIIOMHMHECHEHTHBIN B
YCJIOBHSIX PACIIMPSIONMIEHCA C MOTEHIMAIOM BOoceMb BceneH-
HOM.

Ananu3 andaBuTHOro X072 A30yKH COBPEMEHHOIO PyC-
CKOTO $I3bIKa IMOKAa3aJl, YTO PYCCKUI COBPeMEeHHbIN ajadaBuT
BKJIIOYAET B ce0st mATh rpynm [21]:

IIATH rpynm pyccKoro coBpeMeHHOro ajapaBura

1 2 3 4 5
A, | E, | bl>u—it 0, 5104, [(25)
! ! !

BB.IJ | %3 | KJMH | ILP.C.T.X.ILIL
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IMoTeHnua bl 3TUX rpynn - OyKB ONMCHIBAIOT MOJIE
rpaBuTAlMM PpP~* = 28 U MEXaHU3M CHUHTE3a - MYJbTUILUIETHO-
CTH 3TOTO I0JIs1, Hanoio0ue nokazanHoro B Tadsuue 1.10.

B rpynne 6yxevt M kpatkast 1 onucbiBaeT mporecc u3-
JTy4YeHUsI, TOJ0OHO CUMBOIY T, a oyksa bl - npouecc norio-
HICHUS, TOJJOOHO CUMBOJTY ?.

Becp nponecc rpaBUTalMOHHOrO MEPEXo1a N0 MapLIpy-
Ty pycckoro andasButa 3akaHuuBasics ToHkod Dueprueit "
ecMb'' Wi OykBoii S, a JHepreTuka npoimecca 0ObLjIa Moa00-
HA KaK JJIs1 IUIaHeThl 3eMJIsl, TAK M JJIS )KUBYLEro HA Hel
4YeJIOBEKA, TO €CTh HAC - Bac, yBaxkacMblii Uurareins!

[Iponomxum Temy nosiBineHus "5 - ecmp'.

2.1 3emna n BoobpaxeHune: aHepreTuka

Ceroans mosiBisieTcst BCE OOJIbIIE TUTEPATyphl HA TEMY
Kocmoc u Mbl.

Kaxk mpaBuio, B 3Tux paboTax 3a OCHOBY OepéTcs mapa-
HOpPMaJIbHOE SIBJICHHE W BBIJIBUTACTCS MapaaurMa s e€ o0b-
SICHEHUSI.

B penurun 6aszucom Ilapagurm sBAsOTCA HENMO3HABaE-
MOCTb CyIIHOCTH bora, Ho yBepeHHocTh: JloOpo - ot bora, 310
- ot JIpsiBOIA.

D30Tepuka U Marusa Hacslmaror csou [lapagurmel Muc-
TUKON U HEOOBSICHUMBIM CHUMBOJH3MOM, JIPANHPYSICh CEKPET-
HOCTBIO Mucrepuit.

Hayka nmenaer Bua, uro xouer nos3Hate Ilpupony Be-
LIEH, ONUPASICh HA DKCIEPUMEHTAIIbHBIE JaHHbIC, HO MPUHLHU-
NMUAIbHO OTBepras Ase Tpetu Peamuit Enmnoro Kocmoca B
®opme ToHkoW DHEpruu, Ha3bIBasi UX BO3JECUCTBUS JDKEHAYY-
HOU MeTapU3UKOM.

Takas mep3omnakoctHas armocepa Bokpyr Ilo3HaHus
3akoHOB Enunoro Kocmoca mpuBOAUT K MBICIA O HUKYEMHO-
CTH YeJIOBEYECKOro padyma k noznanuto Kocmoca.
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JIrogu HA4YMHAIOT MACKUPOBATH CBOHW MBICIIH, JIOMHCHI-
Bast kK paboram Kocmoc u Mbl, ciioBa ¢pu3nka ¢ mpopo4ect-
BOM [24].

JlenaroTcs Takue MPUIIMCKU HE IOTOMY, YTO BEPST B
[IpopouecTBa, a MOTOMY, YTO Ha/I0 OOOWTH CUTYAINIO KpHU3HCa
B coBpemeHHoM ¢usuke. Kpusuca, co3zmanHoro Oopramu ¢
JKEHAYKOH, 3aCITy>KEHHBIMH XOJIyIMU 3aKYJIUCHI.

Ecnum sta ManmonoureHHas nmy6auka Ha4HET "mocTaBaTh"
C mo3uIuu (HU3UKHU 3a TO, YTO Baia (HU3MKa OTBEPraeT PU3UKy
HOOeNeBcKkuX JaypearoB A.DiHmTelina unu B.I'mo3mana (co-
BpeMeHHbIX "aHanuTukoB" MupoBoro Sfina Kab0amsr), TO
BCETa MOXHO OT HHUX OTBsi3arbea: "Bel ué! Ilapuu! D10 *ke
ITIpopouecTra".

Tak n noctynun B.M.benecun, uaTepnpetupys actpo-
dbuzndeckue gaHHbIe [24].

Mou moaxon ¢ mo3unuu 3akoHOB Enmaoro Kocmoca
BCKPBIBAET CaMYI0 CYIIHOCTh DHEPreTHUUECKON acTpoU3UKH.
IToaToMy nepensiéM K uxX pacCMOTPEHUIO.

%
*ok

Maccel 3emiu 1 JIyHbI COOTHOCATCS Kak 6 K OTHOMY:

_ Jlyna (2.6)

Jenwin _6 1
1 6 Semns

Jlyna

DTO YHUKAJIbHOE COUYETAHUE SBIICTCS TOI00MEM ITyJIb-
carmu cBeta - KyHmanuau, GopMUPYOIIEro pe30HaHCHO-aH-
TUPE30HAHCHBIE KOHTYPHI KoJieOanuii (2.6):

36=62<1 un 62— 1=350, 2.7)
I'1€ KBAHTBI 35mu 36, B CBOIO OUCPCAb, ABJIIAIOTCA HCCOCTOSB-

mUMUCS (BBITECHEHHBIE /IpoM) reHoMamu B [lepuonnyeckoi
Cucreme reHOMOB HacecTBeHHOCTH (puc.0.6).
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Kocmoc Hesecomoctn Mexny 3emnén u JIyHnou co3naér
Pa3HOCTh KBA/IPAaTOB MOTEHIIMAIOB, paBHYIO (2.7):

Kocmoc HeBecomocTu mexkny 3emunéii u JIyHou

(362-352=71) < (12-0*= 13, (2.8)
u 71-1=70<=0< (To+1)ps.

DT0 aHTUpE30HAHCHOE ToJie Apynbl-Pymbl ¢ 3 dexTnB-
HOCTBIO B3aUMOJICUCTBUA cBeTa (2.8) BO3MYILAET OKpYyKaro-
HIyI0 Cpeay, yBeauuuBas €€ B JBa pa3a, U MOTEHLHAT TaKOU
Cpellbl CTAHOBUTCS paBHbIM mocTtossHHOM Yakp (2.8,
1a051.0.13):

IMocTrosinnas Yakp:
cpeaa COJTHEYHO — JIYHHOI'O IOJIst

70+1 7 (2-9)

070 j(pdgo:fgodgozmo.

70-1 69

B aT10¥ conHeuHO-TyHHOU cpene, npu €€ NonajaHuu B
KUAKyt0 a3y, nmpu cxxatuu popmatupyerca 56 Butko Kyn-
JAJIMHU, a TIpU paciupeHuu - 40:

Yucao ButkoB Kynpanunu
B COJIHEYHO-JIYHHOM I0JIe

Pexnm Cxarue |Ilepexon| Pactsoxenue (2 10)

"I[I)IXB,HI/IG" 140/2,5 =56 P 40 = 140/3’5
JaKpamu 28\ /pp*| <o |AK:AX=20.

B conHeyHO-IyHHOM MOJie€ CO3JAKTCS MPEANOCHUIKU
JUIS1 IOTJIONIEHUS - u3ilyyeHus snepruu Yakpamu (2.10).

"Ieixanue" Yakpamu, B CBOIO 04epe/ib, BICUET 3a cO00it
CUHTE3 - MYJbTUIUIETHOCTh MAarHUTHOTO U T'PABUTAIIMOHHOTO
MOJIEH, CBSI3aHHBIX MEXKIY COOOM MATEPUYHON CBSI3bIO:
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CuHTe3 - MyJIbTHILIETHOCTH
npu "AbIXaHun' Yakpamu

Tlonsa

IMorennmanel

CBs3b

Maenemusm | 1 +2° +3* +42 +5° +6°+7° 140

CHUHTE3

I'pasumayus 1+2+3+4+5+6+7 28

MYJIBTH-
TUICTHOCTH

2.11)

[Ipu "npixaHuu" yakpamMyd Mbl BAbIXa€M TpaBUTALIMOH-
HYI0O KOCMHYECKYIO PHEPI'HI0, KOTOPYIO HaIll OpraHu3M Iepe-
pabarpiBaeT B MarHuTHYyIO (2.11). MBI CTaHOBUMCSI KUBBIMHU

MarHuTaMH.

Puc.2.1 Obonouka u
NOJISIPHBIE BUXPU

Apynel Hao ceycmkom

JIx000i1 CcrycTok, B KOTOPOM Camo-
CyLIHE BOJHBI BEUHON THbMBI TpaHchop-
MUPYIOTCS CBETOM, BO-TIEPBBIX, CO37AET
o0onouky T - 9 (1.118), BO-BTOpPBIX, U3-
Jy4aeT MarHUTHBIC MOJIIPHBIE BUXPH C
notenrmanamu (1.117, puc.2.1):

i2157-{

w1 _or
21 21

|

(2.12)

[lonagass B MarHWTHBIE TOJSA OKPY KAIOWIEW CPEXbl, UM-
IyJIbCHI C MOTEHIManamu +21:

(F21): (F14= Juu*)=1,5,

(2.13)

COBEpIIAIOT T€ MOJATOPa 000POTa, O KOTOPHIX TOBOPUT Teore-
HE3MC, KaK O IJIoJaX MypIypPHBIX, KOTOPHIE €I1I€ YEeTIOBEKY He-
M3BECTHBI, HO cTanyT nuiuiei Jlroneit Bonm u Uorwm [5].
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B sTom npekpacHOM M yxxe Henan€ékoM byaymem miio-
AbI KapoM OyayT naBaThcesl :KUBOMY U3 pyk boros [5] mo-
TOMY, 4TO B moJjie 3emJis - JIyHa (puc.2.6) nosiBATCS MOISIPHBIC
Buxpu 21 (2.8):

IHosiBiienue nmoJsipHbIX BUXper 42 bo:xkecTB cepana

N3omepusa | Lluc-TpaHc pa3HOCTH [{uc-Tpanc cymma

+(362-35=T1)(£21) = | £(362-352=71)+@&21) = | (2.14)
ITorenmmaner 450 PN 492

cepra i
0 < (£92)-(F50) = +42.

[TosiBnenne 42 boxectB = [(28=4po*)+(14 . uu*)]

cep/ia B MOJAPHBIX BUXPIX Mexay 3emu€it u Jlynoit (2.14)
O3HAYACT POsKAEeHHE YyBCTBYIOIIEro u BHe @opmsbi [13].

Cnenas 1,5 o6opora Koseca na O6oxe Beenennoii [5],
HaIle cepIle MpruodpeTaeT KOCMUYECKYIO TPABUTAIIHIO, a TIPU
TpEX 000pOTAX - MArHETHU3M:

I'paBuTanus u Marnerusm cepaen
B ’Kusum no 7Kuszuu

KommoneHTs! rpaBUTalUs MarHeTU3M (2_ 1 5)

cepoye L . o i
uucno 060pomos 42/1,5=28= Jpp* |42)3=14= \Juu*.

"JlpixaHue" 4YakpamMu CO31a€T B YYBCTBYIOIIEM U BHE
dopwmbl BooOpakeHue (2.10):

56 -40=16= Jqq* , (2.16)

¥ HOBOE CeMsl MpopacTaeT Jjisi HOBOro BUTKA KU3HH.
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***
JIBa SHEpreTM4ecKux IMOTOKA: IOJSAPHBIA BUXpPh C IIO-

teHnuasioMm +£21 (puc.2.1) u KocMuUuUecKud Nyd /pp*= 28,

CO3/1al0T B aTMocepe Haj CryCTKOM 000J7109Ky Pymbl - Apymbl
U NyJIbCUpYIOLIee MarHuTHOe 1nosie (puc.2.1):

AtMocdepa Haja crycTkoM (puc.2.1)

Kommno- Atmoc- | Ilepe- MarunuTHbI€
O6oiouka
HEHTBI depa X0H JIMHUH
2 r12 o s _ __ (2.17)
282212 = 7 =(28+21=49)x (28-21=17)=

IloTen-

1
LUAIIb! pp* 1/,Lz,tz"‘[i_[gocz’(/)J.

0

O060709KM HAT MHUKPO-MAKpO CTYCTKaMH 3aTOJHSIOTCS
sHEepruer, GopMUPYysT MUKPO-MAKpO CITyTHUKH, HEKHBBIC M
JKUBBIE (JIEKTPOHBI - TO3UTPOHBI, TJIAHETHI, KUBBIC MYJIHCH-
pytole OMOKIJIETKH U TaK Jiajee).

CnyTHHKaMM CryCTKOB CTAHOBATCH W HMMIYJbChI
ToHko#l JHeprum HAIIMX XYl MOCJae O0MOJIOrMYeCcKOoil KOH-
YHMHBI.

Kuura MEpTBBIX yTBEPKIAET, YTO IyIlla CKOHYABIIETO-
Csl 4yeJoBeKa IMOINAJaeT B CyOCTaHILMIO, HOCAILIYH0 Ha3BaHUE
d¢up bopuo [10].

C no3unuu >Hepretuku Jdpupom bopao siBasiercst aT-
Mocdepa HaA CrycTKOM, MyJIbCHPYHOLIAs B Apyne B pe3o-
HAHCHO-AHTHUPE30HAHCHOM pexume (2.17):

282 —21? 7° 7
Dpup Bopoo = 1 =3 =49.—, 2.18
up bop 28-21  12-7° 4 (-18)

d¢pupom bopao siBasiercsa "'maabma' B ""o0osi0uke".
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HoBoe pokieHne >KMBOro HAYMHAETCS C CyOCTPYKTYpbI
ounokiieTku, rae cyocTpykrypa (9+0) mo MuTo3a mensemcs Ha
cyoctpyktrypy (9+2) mpu MuTO3€ M ABYM JOYEPHUM CYO-
cTpykrypam (9+0) npu murosze (puc.2.2).

Mamepunckas cyocmpykmypa Houepnue cybcmpyxkmypoi
00 U npu Mumose
(9+0) (9+2) p*—
E j E 2 p¥—
p* " p* 3 2(9+0)

Puc.2.2 Cybcmpykmypa 6 yumonaasme 6UOK1IemMKU

Cyoctpykrypsl (9+0) u (9+2) OHOKIIETKH MPEACTABIISIOT
co0oii MeMOpaHHBIE MOJICKYJIIPHBIC, 3aMKHYThIE 1O 00BEMY
CUCTEMbI, CHA0)KEHHBIC BOJIOCKAMH - KTYTHKaMH, 4epe3 KOTO-
pYyI0O LUTOIUIa3Ma OMOKJIETKM IEPEKAuynuBaETCs B 00BbEM CyO-
CTPYKTYPBHL.

Bo3Hukaer pa3HOCTh JaBJICHUI: B OMOKIETKE AaBJICHUE
OOBIYHOE:

p=R-t°/v (2.19)

rze: p, v, t - COOTBETCTBEHHO JIaBJICHHE, 00bEM U TeMIIepaTypa
MIPH Ta30BOM MOCTOSIHHOM R, a B 00bEMe OMOKIIETKH - OC-
7
MOTHYECKOE, MpeBbIIaroniee oosranoe B 10° pas:

107p = 10"-R-t°/v. (2.20)
[Mutomazma B 00BEME CyOCTPYKTYpHI IMMOJ BIHSHUEM

OCMOTHUYECKOI'0 JAaBJIEHHS BCTYNMAET B KOPOTKOJEHCTBYIOIINE
AJIepHbIE B3aUMOACUCTBUS C 3P(HEKTUBHOCTHIO (¥, PABHOM:
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Jps =N10"% =107 (2.21)

Jlorapudmuyeckue BoJHBI OT 3THX (2.21) B3ammo-
AecTBUH 00eceYnBAIOT MPOTEKAHUE CeMHU CTAJAUil MUTO-
3a OMOKJICTKU:

g 107 =7=(T,+1). (2.22)

SlnepHble B3aMMOJIEUCTBUSA IPU OCMOTHYECKOM J1aBiie-
HUU (GOPMUPYIOT B LUTOILIa3ME CYOCTPYKTYpBI Cpeay C 3JIeK-
TPUYECKOU (€,) 1 MAarHUTHOM (|L,) TOCTOSIHHBIMU (2.21, [14]):

107 = go(4n-c?) /M = 4n/p, TH/M. (2.23)

***

DNEeKTPOMArHUTHBIE CpPEbl I[UTOIMIa3Mbl OHMOKIETKH
BO3HUKAIOT 3a CYET BO3ACHCTBUA Ha uuromiazmy Kocmuue-

CKOTO HMIIyJbca - MBICAM C HOTeHupasom p* = 28-10%
(puc.2.2):
7 %
o 0 Lot sos0n= 2 (2.04)
p*  28-10° 28 P

[{uTomnnasma HaYMHAET MyJbCUPOBATh. Bo3Hukaer /lenn
BHe Bpemenu no 13-tm nyHHOMY KajJeHIapr0 LUBUIW3ALUN
Mais:

Jdenb BHe BpeMenu B nurTomiaiMe cyocTpykryp

[Tynbcamus utoruiasmel B cy0- | Ilepexox k morapudmude-
CTPYKType OuokieTku (2.24) ckuM BonHam Kanennapa |(2.25)
1 282 < 1g(101)?
28-10" < £
28-10" 28 < 13.
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Bcé xuBoe, yxe Ha ypOBHE MHUKPO KOMIOHEHT OHO-
KJIETKH, HAUMHAET MPUCTIOCA0IUBATHCA K PUTMUKE TyJIbCAllUU
no 13-tu nynHomy kanenaapro. Knetka mpuobOperaer 6uoua-
CBI.

buoyacsl KJIeTKH ''BMOHTHPOBAaHBbI' B MHKPOTPY-
004Ky NMOPHI AAPA KIETKH.

Marepuanom OuoYacoB SIBIsETCS TAO0YJMH C MOJIEKY-
nsapHbIM BecoM B 110000 KucaopoaHbIX €TUHUIL.

Heranssmu 6uodacoB sBISItOTCS 13-Th CyObEIUHUIL - HU-
Tei, "BMOHTUPOBAHHBIX" B MUKPOTPYOOUKY U BOCBMUTPAHHUK
B €€ MONEPEUYHOM CEUECHUH.

BocemurpaHHuK MMEET, HAIPUMEP, B MUKPOTPYOOUKE
KJIETKM aM(pUOUH, PacCTOSHUE MeXIy I'paHaMu, paBHoe 660A,
TO €CTh CBA3aHHOE€ C MNOTeHUHAIOM KyHIAIWHW, BHEIIHUN
JIAAMETP 12001&, TO €CTh YKBUBaJIEHTHBIN T, T'ps; @ BHYTpEH-
HUM AUaMEeTp, paBHbIN 780A cBsizan ¢ Kynpanuuu uuciom 13:

780A : 6 = 130A = 13-ps. (2.26)

*
kk

Iloenowas suepruto Kocmoca, murorsazmMa B 00bEMe
CyOCTPYKTYphI HACHIIIIAETCSI.

Buytpu umrorazmel npoucxoaut neiaeHue Kocmuue-
ckoro mMmyibca p* = 28:10% momonam ¢ BegeneHnEM (BOTO-
HOB ¥ 00pa30BaHUEM JIBYX MarHUTHBIX 3apsIIOB:

Jlesenne kocMuuyeckoii MpIc/iM B HATOIJIa3Me

Kocmuuecknii ummynse | Marautasie 3apsaast | @otons [(2.27)

pr=2810"  — 2u=21410" x 10"
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1. Menenne KocMuveckoro ummyJsbca p* Ha ABa Mar-
HUTHBIX 3aps/a SABJACTCH JHEPreTHYECKO OCHOBOI MHMTO-
3a kJetku (2.27).

2. IlosiBiieHHMe B UMTOILIA3Me CYOCTPYKTypbl 0HO-
KJIETKH JBYX MArHMTHBIX 3apsijioB SIBJISIETCS OCHOBOil
(popMupoBaHUs JKUBBIX MATHUTOB (2.27).

3. locTtymiienue B uuTomiazmy KuBoro cBoOOIHbBIX
(poTOHOB B KOJIHMYECTBE 104 (¢poToHOB 32 UMIYyJbC P* AB-
JseTcsi 0OCHOBOM ()oTOCHHTEe3a - 0a3MCHOro npouecca Kus-
Hu (2.27).

4. Hanu4ue N1ByX MATHUTHBIX 3aps/10B U CBOOOTHBIX
(¢poroHoB B urTomiaazme cyocrpykrypsl (9+0) Beaér k To-
MY, YTO B CYOCTPYKType NpPOpPAcTalOT IBAa KIyTHKA JIsl
OTBO/Ja MAarHUTHOW 3Heprum u GopMupyercsi CyOCTPYKTY-
pa (9+2). Knerka aeaurcs (puc.2.2).

5. IlocTtyniieHue B HUTONJIA3MY CAMOCYLIMX BOJIH B
8 2 .
KoandyecTBe V2 = 7, IPHBOAUT K X B3aHMOJAEICTBHIO C

¢GoTroHAMH M MOSABJICHUIO PA3HOUMEHHBIX JJIEKTPUYECKHX
HMIIYJIbCOB - 3apsi0B (puc.2.27):

ﬁgx(_ﬁ"j

1040

(2.28)

BHOTOK = =16-107"(-16:10°) = q(-p).

6. Haauuue ABYX MAarHmMTHbLIX 3apsiioB IIpA MHUTO3€
OMOKJIETKH peanu3yerT ce0st TEM, YTO IIPHU NMYyJbCallUN KU~
BOI'o CoCeHHUEC OIHHEPIreTHYECKUEC COCTOSAHUA OTIACICHDbI
ABYMSHA € AUHUIIaMU:

2 12 +2 +2
527 >(9+0)— (9+2)— (9+4 = 13). (2.29)

7. OxkoHYaHUE MHUTO03a OMOKJIETKH JABYMS J0YEePHU-
Mu cyoctpykrypamu (9+0) mnpemonpenensier PoxaenHue
onosiornyeckoii ’Ku3Hu B BoOJe ¢ MOJIEKYJAPHBIM BeCOM
HzO =18:
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Po:xnenne Kuzuu

JlouepHue cyOCTpYKTYpbI ‘ MonekyJISIpHBII BEC BOABI

(9+0)H(9+0) = 18 < = Mmo0 =2 + 16, (2.30)
rae: 2 - MOJIEKYJIPHBIN BEC BOIOPO/A,
16 - aTOMHBIN BEC KHCJIOPOJIA.

***

Ha Beixoze u3 crycrka (puc.2.1), B TOM 4uCIlIe U3 TUTO-
m1a3Mbl cyocTpykTypsbl (9+2), (puc.2.2), MarHuTHbIE 3apsbl U
KOCMHYECKHE UMITYJIbChl BCTPEUAIOTCs, POpMHUpYS cpeay Ko-
ne0aHus:

DopMHUpOBaHHE CTYCTKA U HeBecoOMOCTH (puc.2.1
pMHp y p
Llone Konebanus
20 0
Apyma- | 210 ag100 21102 & 2110
Pynap | 21107 28-10
oJie I, 4 20 , 3 7 »
(ortonoB [7—5)10 <347 < Vit .10
0 (2.31)
2
B Hese- T_OZ & 1 To(To+1)2 < 107
T
COMOCTH
OTCYTCTBHE (DOTOHOB
2
4 80
o< 10
B crycrtke T} T, (To N T)z
Hauue GOTOHOB.

CoBMelenue cryctka 1 HeBecomocTr B SIIEPHBIX TPO-
1eccax MpUBOJUT K paBHOBecHIO (2.31):

10%-10% =1, (2.32)

a B MOJISIX JIOTapu(MUYECKUX KOJIeOaHUH BO3HUKAIOT CBET U
IPaBUTALINS:

1g(10%: 10! = £160 = +./gq* ps. (2.33)
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Brixons u3 o0béMa cyOCTPYKTYpPBI IO JBYM BOJIOCKAM -
KTYTUKaM TI0JI€ Ha BBIXOJIC UMEET MOTEHITMAN, PABHBIA 2| =
2:14-10™ (puc.2.2).

[Tpu BBIXOMIE M3 00BEMA CTYCTKa MarHUTHOE TIOJIEC 3apsi-
0B uMeeT norerman 21-107%° (puc.2.1).

Korga cryctkom (puc.2.1) siBasiercss OHMOKJIETKa, TO
MOXXHO TMOJCUUTATh, YTO TMEPEXO0J OT HEIpP CYOCTPYKTYpHI
(9+2) x u3Ny4yeHUsIM Ha MTOBEPXHOCTH KJIETKH - CT'YCTKA CHKHU-
MaeT MarHuTHoe mnosie B 1,5 pa3a, co3gaBast Apyiy - Pymy:

MarautHoe cmemenue Beesiennoiu

20107 3 . 4 _2u=2810" (2.34)

4=1410" 2 3 21107

- b

DTO MarHUTHOE cMmelleHue BO BceneHHOM HacTOIbKO
BaXHO, uto Wucyc npoaukroBan noreHuunans 2:3:4 B "Ot-
KpoBeHM:", a Benukas [{uBmnmzamms BeiHecna 1,5 oGopora
Kojieca BcelleHHOM Kak yCIOBHE IOCTHXKEeHUs TeoreHesmnca

5, 15].
***

[Ipy HaNMUMM MArHUTHOTO CMENIEHUS ABE JOYEpPHUE
cyoctpyktypsl (9+0) Bo3HMKaOT B Buxpe Apymbl - Pynsl B
YCIIOBHSIX PE30HAHCA!

Bona u nouepHue cyOCTPYKTYpHI
B MAarHUTHOM CMEIleHUH 3apSA/I0B

MaruutHoe JlouepHue (2.35)
Bona
CMEIIICHUE CyOCTPYKTYpBI
L5(Totr=12)=18 = MH;0 = (910)+(9+0).
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MarauTHeIM cMelieHneM BeeneHHon oO0bICHSIETCs, Ha-
IpUMEP, TO 0OCTOATENBCTBO, UTO 3HAKH 30/1MaKa pacIoyioxkKe-
HBI HE TIO OKPY>KHOCTH, a, B KOHEYHOM CYETE, 10 CIIHUPAJIH.

JIBmxenue no cnupanu B 1,5 obopora OyJaeT oTiandaTh-
Csl OT JIBMDKCHHSI 1O OKPYKHOCTH KBaHTOBAaHHOW OPOUTHI TO-
Ye4yHOro yuyactka BoJHbI cBeta (L, = D, = 1):

1
£[1,5 - (Le=1)=0,5] =+ [ ¢ dop, (2.36)
0

rae £0,5 - mar Cnupanu BcesieHHOH, TO ecTh /I[3MaH - 3T0
mar Cnupann Beesennoi [3,4].

*
kk

DHepreTUYecKuil MOJSPHbIA MarHUTHBIA BUXPb HAaJ
CTYCTKOM ¢ moTeHuuasoM +21 (2.1) sBasiercs TON 3HEpPrueu,
KOTOpast Ma€T BO3MOXHOCTh (DYHKIIMOHHUPOBATh CyOCTPYKTY-
pam B IIUTOTIa3ME )KHBOW OMOKIIETKH:

[21 = 52+7-2 (9+0)] -2 [(9+2) -2 (9+4 = 13) = 25]. (2.37)

| «<— buoknetka —>| | Muto3 u 13-1b cyOCTPYKTYD |

Pa3nocTh B mossix cyOCTPYKTYpbl OMOKJIETKH 10 MUTO3a
¥ OT MHTO3a 10 hopmupoBanus 13-Tu cyObEAMHUI] B MUKPO-
TpyOOUKH MOpPHI siapa (2.37) ¢ ydéTOM MarHUTHOTO CMEIICHUS
dopmupyet Kynaanunau:

®opmupoBanue Kynaaaunu
CyOCTPYKTYpamMu B OMOKJIETKE (2.38)

+(25-21)1,5 = +4-1,5 = +6 = £(3,5+2,5) = +(3,5% — 2,5?).
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Boznukmiee Kynpanunu ¢ nepuoamyHocteio I[Ipomon-
XKUTENBHOCTH (T = 3) B ApyIe co31aéT BOIy ¢ MOJICKYJISIPHBIM
BecoM MH,0 = 18 u aBe qouepHue cyocTpykrypsl (9+0)+(9+0)
= 18.

***
[uc-TpaHc n3omepus moliei ¢ noreHuuanamu 6 < 9+0

CO3JAET AJIPO MEPUOIUUECKOUN cucTeMbl TeHOMOB (puc.0.6).

MakcumanbHbld TOTEHIHAI SiApa NEPUOJUUYECKON CHC-
TEMbl T€HOMOB (SKBUBAJIEHT CTpyKType (9+0)) mynbcupyer B
PE30HAHCHO-AHTUPE30HAHCHOM PEKUME:

I'enombl, cBeT U myJbcanus cyocTpykTypsI (9+0)
Bouosoit OKBUBAJICHT BOJIHOBOMY IIEPEXO

Iepexo/ Yy fiepexony

pesonanc:(9+0)9+0) - (9+0)9 + 0)anmupesonanc
anmupezonanc :(9+0)9+0) (9+0)9+0) pesonanc (2 3 9)
;1_ 18§ 81:18«<18:81
- - 81+18=99 u 81— 18 =063 (reHOMBI)
80+1 10+8
Hosserie 99 - 63 =36 = AB py-.
CBCTa

MarnutHoe cmenieHue (opmupyer u3 cBera CBsTol
Hyx ¢ moreHumanom 24, a nanee NosIBIAAETCA CEpALE U ITOCTO-
saHas Beenennoit (ta61.2.1).

Tabmuma 2.1
MarHuTHble cMelleHusl s KUBbIX MarHuToB (2.39)
®opma I'enomsbr: | Cepaue: Cset " CHoBa HocTosHHas
Honeit Apyna B | marautHOe | CBsTON B BeelleH oM
B01e(2.39) | cmemenue | Hyx(2.39) | cepauie
63 = =
[lorenmuanel| , ) 63 36/1,5= [24-7/4=| 1008 = 24-42
nepexoma | ©. 27 = |@8HI4rLS) Ty, 42 |36:28=63-16
peXoM | s1-18 | 42115 '
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ITosBnenne mnocTosHHON BceigenHo#, 3KBHBaJICHTHOU
TBICSIYE€ aTOMOB BOJOPOJIa CO CBETOM, TO €CTh C ATOMHBIM Be-
coM A; = 1,008 mpuBOAUT, B YACTHOCTH, K B3aUMOAECHCTBUIO
T€HOMOB B dJIeKTpuueckom mosie (Tadmn.2.1):

1008 = 63-(16 = \/gq*). (2.40)

DNEeKTPUUYECKOE I0JIE CKMMAET PAaCHIMPAOIIEecss mar-
HuTHOE mnose. KoadpuimeHToMm MarHuTo3JeKTPUYECKOro Ie-
pexojia B HaIlleM TeJie, B YaCTHOCTH, SIBJIETCS MO3T.

Mo3r wuMeeT pacHUpsSIONUecs TPaBUTAIIMOHHO-MAr-
HUTHBIC KOMITIOHEHTBI M CXXUMAIOIIUECS DJJICKTPUUECKHE
(Tabm.2.2).

Tabnuma 2.2
JHepreTuka mo3ra:
MATHUTHOE PaclIUpPeHNe - JIEKTPUYeCKoe CiKaTHe

58 boxecTs I'paBuTaioHHo- DneKTpuuecKue Cymma
MarHUTHbIE
Mo pp* oy * =28+14 Vaq* =
CMEUIeHUs 42 + 16 58
ITocne 42 x1,5= (16:2,5=6,4)ps=
CMEIICHU 63 64 127
127
Pasiocts 642 — 632 =127
KBaJIpaToB 127.

HpPI COBMCCTHOM MAIrivTHOM PACHIMPCHHUH - CMCIICHHUU
H JJICKTPUYCCKOM CXKATHHU B IIOJIC MO3I'a HACTYIIACT PABHOBC-

cue 127/127 = 1 (tabm.2.2).
***

buoknerka saBasiercss Hocurteiem Kocmuueckoii
JHeprum B TeJie :KUBOro. OHa MOCTYINAaET B YaKpbl U y CEMU

YaKp BO3HUKAET IPaBUTAIIMOHHO-MArHUTHBIN MOTEHIIUAJI, PaB-
geii 140:
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Cemb yakp ¢ nocrossuHoi 140
Yucno ITocTo- be3 marauTHOTO C MarHuTHBIM
Yaxkp SIHHAs CMEILECHUS CMEILEHUEM
7% 140 = 980=7>20 x 1,5=307°=E,
64 64 64 64
o | @) [f(ﬂ dp— [ d¢>=30}49
BAJICHT 2 8
2 8 Sn - Unb B o0osouke.

(2.41)

Tuberckass MupoBo33peHueckas (uaocodust CBsI3bIBAET
yakpbl ¢ auarpammoii SIn-UHb, a marus 3anaaa noteHuyan

20 = AK/AXK (2.41) cpaBuuBaet ¢ nukamu 20 60roB [2]:

JIuku ooroB piasa onucanusa AK/AXK =20

1 2 3 4 5
XaH Ka Okc Ksn Xo
6 7 8 9 10
Bok IOax IOnkcek boson Jletixan
11 12 13 14 15
bynak Jlaka Oxkcnakan | Kannaxan | Xoaxan
16 17 18 19 20
IOaknaxan | FOxnaxan |IOxkcamaxau|bomonnaxan Mu.

(2.42)

[Tpruém, Maru NPUNKMCHIBAIOT 3TUM OOraM TaKUe JIMYU-
KM, YTO MCIIyTaHHbIEe MOTPeOUTEJM MAarn4eCKUX yCJIyr mJja-
THJIM 110 NOBBIIIEHHOMY Tapudy.

OTOT KOJUIEKTUB OOTOB (2.42) Maru MCIOIB30BAIN JUIS
CUMCJICHUS T'0/1a, a CaMO CUMCIIEHUE MPOILIO TpH dTana [2]:

1 »Tam 2 3Tan 3 sTan
1 rogq =260 nueii = | 1 rox =360 nueii = | 1 rox = 365 gHel =
13 x20 18 x 20 18 x 20+5.
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Imu xonebanus ¢ 2cooom (2.43) cpasnusaromes ¢ Oess-
Mbl0  BPEMEHHbIMU YUKAAMU, TIPUHATBIMU LUBUIU3ALMEN
Maiis [2, cTp.42], HO (haKThl TPOCTO KOHCTATUPYIOTCS U HUKA-
KUX BBIBOJIOB HE nernaercsa. [[o3ToMy BBIBOABI MPHUXOAUTHCS
JienaTh MHe.

[Tepunonnunocts Tpanchopmanuu B Exnnom Kocmoce
npeaonpeAesseT Mepruo/l BPalleHUsT TOUYCYHOTO y4acTKa BOJI-
HBI CBETA, paBHbIA T = 4.

JIB’)KEHHEM TOYEYHOrO Yy4YacTKa BOJIHBI CBETa
yrpasiseT nyiascanus Enqunoro Kocmoca ¢ moreHuuanom,
paBHbIM £0,5, Ha3piBaeMbIM [3HaH - 1po0db [3, 4].

***

Cmapmys w3 o0nacTH HONb - MOTEHIHana, J[3maH
(mpo6s 0,5) yBenuuutcs 10 4 = T, 32 BOCEMb TaKTOB JBU-
KEHUsI, HE cunTast Hyis (Tadn.2.3).

I3uan - mynecammsi KocMoca B CONIHEUHOM psiTy
CIABUTAET SHEPTETHUYECKOE PABHOBECHE B COJTHEUHOM PSITY
1 BKJItoyaet 13-Tu myHHBIE OMovackl (Tadim.2.3).

Tabnuma 2.3
13-Ti ayHHbIi KajieHaapb cOTHEYHOr 0 psija

N Bue Bpemenu [3]
XapaKkTepUCTUKH TOJIEH R — Bo Bpemenn
CymMmbl p3=1+2+3+4 =10 5+6+7+8 =26
ConHeuHbIN psif 1—I>2_I>3—I>4—>5_I>6—I>7—I>8
J3uaH - psa 0,5 1 LS| 2 |25 3 |35 4
0,5+1+1,5+2=5 2,5+3+3,5+4 =13
CymmBbI
[IsaTepuunas cBs3b buouacsl
Bpews” Bite Bpemer 13= 226 ...130 & 130
(paBHOBeECHE) 10
(26°—102=4-144)+(132-5%2=144) =
Cser B 66CKOHEUHOCTH 5144 =720 = 6! = 5T 72
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J3uan - komnebGaHus, momagas B COJIHCYHBIM CBET,
dbopMUpPYIOT TIATh 0A30BBIX COCTOSIHUM cyOcTaHumii Enu-
Horo Kocmoca (mo maruu Ilare DnementoB BceenenHnoin),
nyibcupytomux no 13-t nynHomy Kanengapro u BaBoe
yBenu4uBas [IpoAoJKUTEIBHOCTH MPOIIECCOB B OKPY-
xatoteit cpenae (13—26).

[losiBneHWE pa3HOCTH KBAJAPaTOB, TO €CTh MOTEH-
mmana 57, t? (ta6n.2.3) IPOUCXOAUT B MOMEHT M3IIYYCHHS B
COJTHEYHOM PSIy U Mepexojia K JyHHOMY psiay (Tabi.2.4).

Tabnuua 2.4
13-tu nynubiid Kanengaps 1yHHoM psay
X ADAKTEDHC K renenarun Bo BbeMe
PaKTEPUCTHKU 110 BoskecTs BpPEMEHU
CVMMEL T+6+5+4 =22 3+2+1+0 =6
Y 22 OyxBbI ABpaama Kynnanuuu
JlyHHbI# psfg 7 6 5 4 3 2 1
J3uaH - psn 051 1 | 1,5 2 25| 3 |35]| 4
0,5+1+1,5+2=5 2,5+3+3,5+4 =13
CyMMBI
[Iarepruynas cB3b buouacel
HepaBHoBecue 225=10 < 613=78
(L{uHb) 110 — 78 = 32 (Lluns).

B ornmuume oT paBHOBECHS B COJIHEYHOM PSIY
(Ta6s1.2.3) B 1yHHOM psify (Ta6:1.2.4) BO3HUKAET HEPABHO-
BECHE, KOTOpO€ IPUBOAUT K (opMupoBaHHIO HeOec -
[uup (Tabdn1.2.4).

Hebeca mynbcupyroT (B3auMOJEHUCTBYIOT) C MOTEH-
nuaigoMm 50, koropeiii Kabbana mpeacraBisieT CBOMM IIO-
yuTarensM Kak Bcecymiero bora A CO® [12], a g pac-
CUMTHIBarO oTeHIMan Hebec:
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(110-78 = 32)~lg(M = 105°J =1600= p2\fqg*,  (2.44)

P

M YTBCPXKAAar0, 4TO B IOTCHIUAJIC - SKBUBAJICHTC CCpaLa 110~

BUJICS DJIEKTpUUECKUil 3apsij - BooOpaxkenue. Bo3Huk Mo3r.
[TosiBUNACH Pa3HOCTH MOTEHIIUAJIOB.

Pa3HOCTh NOTEHIMAJIOB MEKAY MO3IOM U CepaueM
KoMmnoneHTts! Mosr Cepaue Pa3nocts (2 4 5)
ITorenmuannl . K,=28+14=42 K;= Ki+K>—K5 =
(2.44), %100 K,=16 28+14=42 K, =16.

il

Mosr 6e3 BooGpaxerns (q* = 16:10*°) momoben
cepauy. BooOpamxenue - 3to JIpakon Myapoctu [3, 4].

Oneprusi Mosra 6e3 BooOpakeHusi, TOYHO TaKxke
KaK DHEPTHs Cep/illa COCTOUT M3 TPaBUTAIMOHHO-MATrHUT-
HBIX T10JI€H U MCIIBITBIBAET MarHUTHOE cMmelieHue (2.45).

MarnuTHbIe CMellleHns cepaua u mo3ra (2.45)

ps-(Ki+K, = 42+42 = 84)-1,5 = 1260 = Ee.,,.

(2.46)

CyMMapHas TpaBUTAllMOHHO-MarHWTHAsI DHEPTUS CEPJI-

1ma u mosra (2.46) Ha 210 OTHOCUTEIBHBIX CAUHMI] OOJbIIIEC
oOuieit sHepruu cemu Yakp (2.41):

Pa3HocTh NOTEHIIMAJIOB MATHUTO-TPABUTAIIMOHHOM
JHEPruM MeKAy YaKpaMu M MO3IOM - cepALeM

(2.47)
Yakper (2.41) Mosr - cepaue (2.46)| IlonsipHble BuXpu

Eq=30-7>=1470 - Ecn = 1260 = 210.
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I'paBuTaIMOHHO-MAarHUTHBIE BUXPU € oTeHImaiom 210
(2.47) co3gatoT MarHUTHBIE CUJIOBBIE JIMHUU HaJl MOIyLIApHS-
MU CTYCTKa, a 3nekrpudeckas sneprus K, = 1600 (2.45) mynsb-
CUPYET B PE30HAHCHO-AaHTUPE30HAHCHOM DPEKUME B JIUTOC(hE-
pe - aTMoc(hepe MUKPO-MaKpO CI'yCTKOB.

%
kk

Marus Hebec - [lunb cBsI3aHa ¢ 3JIEKTPUYECKHUM I10-
JieM, BO3HHUKAIOIIUM MEXAy TI'pPaBUTALIMOHHO-MAarHUTHBIMU
cryctkamu Oyab TO mnodymapus 3emun uinu Mosra (2.44,
puc.2.3).

Cuguaue JIu

[Tunb: 16 — (-16) = 32. NU3omepust BooOpaxkenus

Puc.2.3 Jlesoe (I) u npasoe (1) nonywapus 20108H020 M0o32a, C853aHHbIE
INeKMPUecKuM noiem, Hocumenem Boobpasicenus

O6muocts 3emnu U Mo3sra 0Oa3upyercs Ha TOM, 4YTO
BHYTpPEHHEE II0Jie JII00Oro CrycTKa NpeAonpeicisieT cymma
1oJiel rpaBUTallMy U MarHetusma (puc.2.3):

CtpykTypa 00b€Ma CI'yCTKA

[Tons [Torenuman | I'paButamms | Marnetusm (2.48)
Cymma 42 _ 28=\pp* | 14=Juu*

Ha moBepxXHOCTH CrycTKa BO3HHUKAKT C:KUMAKOLIUE
CTYCTOK JJIEeKTpUYecKHe mojs: =16 = 7,/gg* U MarHUTHbIC

CHJIOBBIC JIMHHH.
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*
kk

DIIeKTpUYeCcKoe moJie (dJIEMEHTAPHBIM 3apsia U BOOO-
paxkeHue q*) - MOJOOHBI DIEKTPUUYECKON MIAPOBOW MOJHUH,
HOCHTEIIC DJICKTPUUECKOTO 3apsiia U BOOOPaKEHHs, TO €CTh
MOTEHIIUANA +/gq* = 16 (puc.2.3).

Benukas [uBununszauus B Kuure Ilepemen Ha3zBana

ANEKTPUUYECKUE 1IAPOBBIE MOJHUU C NTOTeHIIUaoM 16 CusiHu-
em JIu (puc.2.3).

Cusanue Jlu obnanaer uuc-TpaHc uzomepueit u Gopmu-

pYeT pa3HOCTh - HSKBUBaJIEHT HeOecaM L[uHb ¢ MOTEeHIMATIOM
32 (puc.2.3).

Heb6eca Ilunp mynscupyrot ¢ yactoroit 50 = 1g psp4/p1,
dbopmupyst crycTok TsHb.

*
kk

B none cBera npu ps*>= 10* Custnue Jlu nocturaer Be-
nuunHbl 1600 (2.44).

Pe3onancHo-anTUpe3oHaHcHas myibcauuss Cusinua Jlu
MPUBOJIUT K IMOJIIO C MOTEHIMANIOM, paBHbIM 800:

Hyabcauus Cusinus Jin

Pe30Hauc 16(—16)1 0* 300 & 1 anmupesonanc (2.49

aumupe3oHanc [1 6— (— 1 6)]1 0’ 800 pe3onanc

B cnekrtpe cBera BO3HMKAET pa3HOCTb JJIUH BOJH, PaB-
Hast 4800 — 4000 = 800A, popmupys cune-rony6oii pasien B
yakpe Tperuii ['na3 (ta6:1.0.3).

Custnue Jlu cranoButrcs [lomobuem Pacmupstomeiics
10 TPEM HaIpasJeHUsAM BcelneHHOoM, B KOTOPOU BO3HUKAET I1s1-
TepuyHas cBs3b (2.49):

1/800 =510, mpu3=t1=x+y+z (2.50)
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Bcenennas u Cusnue JIu Bo BeeneHHoM mynbCUpyrOT B
put™me Kynnannnau:

Iyascanus Cussnus Jin B purme Kynnaanun
Putm 1,5 o6opora | Cxatue = 2,5 | Pacmpenue=3,5
Cusaue Jln, 8x1.5 =12 8x2.5 = 20 8x3.5 = 28 (2.51)
x 100
Sapozpit - 12-20=-8 28 -20=8.
pa3zHocTh,x10?

Bo3vymenHnasi KoJe0aHUAMH 3apoiablliell cpeaa
(2.51) ¢popmupyert crycrok TaHb.

®opmupoBanue TAHb KOJIEOAHUSIMH CpPet

28 20 (252)
[pdp—[pdp=192-128=64.

20 12

Bennkas [MuBunu3auus ONHCBIBACT IIEPEXObI
28«64 nmuarpammont An-Mub. "Myapens!" Hamen QUBUIN-
3a0MM co3arnT Maruto u cexkperHoele Mucrepun Kk Hel. Bcee
nipu aene, BHe [esa. Bo3nukaeT o01iecTBo moTpeOaeHus.

Unensl ob1miecTBa noTpedaeHus eié He TOHUMAIOT, YTO
Ha ypoBHE (64 — 1 = 63) reHOMOB M BOOOPAKECHUS MOSBUTCS
nocrosiHHas BceneHnHoii:

Const = 63-16 = 1008, (2.53)

BO3HHMKHET TeoreHesuc - rapMoHus Cpeabl U )XUBOT'O B CPCAC

[5].
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2.2 Yenosek Bonu u Norm
Kak EauHcTBo Uenu Penurun n Marum

Tonbko MpeAB3ATHIN HE 3aMETUT CXOJACTBAa Mex1y Pe-
nuruedt u Marueit (puc.2.4, tTa6m1.2.5).

Obnacmu 1 Yposnu

Ilepguii

Buvicwas Cpeonuti

Huzwuu
Ilepguii
Cpeonss Cpeonuu
Huzwuu
Ilepguii

Huzwas Cpeonuti

Huzwuu

4000.

Puc.2.4 Kpye YVnusepcyma uz "Omxpoeenuii” Hoanna [15]

Tabnuma 2.5
Tpuenunasi cucrema ? [2]
Tpouna ITapagurmsl
Boicmmit
Tpu mupa HebecHprit
3eMHOI
BCA
JeBstb OykB andasura ETO
HIK
HAyx
CyIIHOCTH YesloBEeKa Hyma
Teo.
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Cama IlpeaB3siTOCTh BO3HHKAET MOTOMY, YTO Ui 00B-
SCHEHHS TApAaHOPMAJIBHBIX SIBICHUM U Penmurus. 1 Marus BbI-
nBuratot cooctsennbie [lapagurmsl - Mnmto3uu, a 3ateM ¢ Ha-
CTOMYMBOCTBIO, JOCTOMHOMU JIyYlIEro IPUMEHEHUs], CIIOPAT Y
KOro Jy4ue. OTBeyaro: oka HU y KOro.

%
*ok

Pesurust 1 Marust umerot oaHy Menrajabnyro Llean:
NMO3HAHME NPUYUHHO-CJIEJCTBEHHbIX CBfi3ell B OKpYXKaro-
1IEW HAC KOCMUYECKOM Cpelie.

[Tonxox Marun k Kocmocy mposiBisieT ceOsi, Ipexe
BCEro, B MPU3HAHUM M3HAaYalIbHOro TpHeInHCTBA, HAIPUMED B
cucrteme Jlaana (1a0:n.2.5), U 3TO NpPU3HAHHE TPHUEIUHCTBA
TOYHO COOTBETCTBYET PEJIUTHO3HBIM MPEACTABICHUIM, BeEp-
HIMHOU KOTOpBIX sBisieTcss Kpyr YHuBepcyma, npoauKTOBaH-
Hbiii Uucycom Xpucrom ¢ Heba B "OtkpoBenusx" Cs.Moanna
(puc.2.4, [15]).

Cam Kpyr - 310 3m0pa - BekTop Ilepemen, mpoucxo-
asiux B Enmnom Kocemoce. Otu [lepemenst B Kpyre npen-
craBiieHbl Yucnamu (puc.2.4), a Marusi aHaJOru4yHbIe Mepe-
MEHBI ONKChIBaeT OykBaMu (Tadi.2.5).

briBaeT Hao6opoT: Penurun onuceiBatot Ilepemensr Oy-
KBaMmu, a Marus 4yucjiaMu.

Mos 3agaua - o0bsichuTh Bam, yBakaembiii Yura-
TeJb, CYIHHOCTh NMPOTEKAKIIUX MPOLECCOB, HE BMENIUBA-
fICh B PeJIMTHO3HO-MAaru4ecKue Apsa3ru.

X
k%

Kpyr YHuBepcyma st pacmmdpoBan B IpeablAyIIuX pa-
0oTax, HarnpuMep C MO3UIUU CIeKTpa cBeTa [7].

[TpumenuTenpHO K cBeTy obmactu Kpyra YHuBepcyma
OIKCHIBAIOT TPUEAUHCTBO (POTOH - (POHOHA U IIEKTPOMATHHUT-
HOM cpelibl MeXy HUMHU (puc.2.4):
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Cget u Kpyr YuuBepcyma (puc.2.4)

O6nactu Kpyra | Beicias Cpennsis Huzmas
KommnoneHThI ®oHOH: | DnekTpoMarHuTHas | DOTOH: (2.54)

cBeTa E,c=1 cpena 80}1002 =1 me =1

Bsanmonencreusa | ps-=1 ps> =107 ps® =10°.

Bricmiast o6macts (poHOH) 3aBepiiaeTcs GOPMUPOBAHU-
€M U3 BOJHOBBIX MMOJIEH CTyCTKOB TsiHB, KOTOpPbIE M3Iy4YalOT
MOJISIpHbIE BUXpH +21.

Takumu CrycTkamu SIBISIFOTCS, B YaCTHOCTH, IUIaHETa
3emnss 1 Mosr YenoBeka, DIEKTPUYECKUN HMITYJIBC MEXKIY
NOJIYLIAPUSAMM MO3ra C pasHOCTHIO MOTEHLMAJIOB, paBHOM 210
(2.47).

%
*ok

[Iponomxas naBate HaM cBeaeHus o Enunom Kocmoce,
Nucyc mnomemaer B Kpyr VYnuBepcyma mnoreHuuan 31
(puc.2.4).

Nucyc yBepeH, 4TO Mbl, JIIOAU, B
KOHEUYHOM CcueTe, MOUMEM Juarpammy
An-Mup 1 00Hapy UM pa3HOCTh MOTEH-
HAAIOB B MYJbCUPYIOIIEH CHCTEME
(puc.2.5) Bcerjaa paBHOI:

Puc.2.5 Au-Une:
nynvcayus Beenennoil

c

(mc:1)+j(pd(p—j(pd(p:1+30=31. (2.55)
2 8

[TosiBnenune B 3ToM noJie (puc.2.4) npuBeaET K MOTEH-
nrary 29 1 BO3SMYIIEHHUIO OKPYIKAIOLIEH CPEebI:

31 1
j¢d¢=6oE(AC+M)p2 zlzojgodgp. (2.56)
29 0

133



[osiBuTCST cune-romyOast 06IacTh CreKTpa cBeTa, (Hop-
Mupyromas 4akpy Tperun 1'nma3, koropas ecTb HE YTO HHOE,
KAaK PE30HAHCHOE NyJbCcUpyloniee BHyTpeHHee nosie Kynnma-
naunm (2.56):

1
1
60 = (120 = 1-2-3-4-5 = 51). I¢d¢=5 =... (257
0

[lepexon k aHTHpPE30HAHCY BO BHYTPEHHEM I10JI€ CBETa
MPUBOJMT K pacuuperuto BeenenHoi:

Pacmiupenue BeesieHHOM
BHYTPEHHHUM I10JIEM CBETA

Ppe30HaHc 1-2-3-4.5 120

(2.58)

AHMUPE30HAHC T 142434445 15

il
[Torennman 41 B Kpyre Yuusepcyma (puc.2.4) Uucyc

TOXXC JaJI HC cnyqaﬁHO.

Pacmmpsiromascs BceeneHHass ¢ MOTEHUHAIOM BOCEMb
00J1a1aeT UC-TPAHC U30OMEPHUEHN U ACIUTCS MOMOJIAM:

HN3omepus pacuiupsawmencs BeesienHoi

Pacumpenue Luc-n3omepust Tpanc-uzomepus | (2.59)

oy, =8 = 4 = c?/ @2 - (-4 =c% 02).

IIpu u3oMepru MPOUCXOAUT Mepexon 00bEMHON BOJI-
HY K NOBepPXHOCTHOH. O00/104Ka cBeTa 0CBO0OXKIAETCH OT
CBOECI0 BHYTPEHHEro noJs, popmupys Kynpaannu.

TodeuyHbIl y4acCTOK BOJIHBI CBETA C IEPUOJUYHOCTHIO
T, = 4 B3auUMOAEHCTBYET C OKpYKAroLIEl Cpeoil B BOJIHOBOM
nose ceeta (puc.2.4):
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41 B Heapax crycrka u oKpy:karolueii cpeae

41 = Eyc + mcTops = 1 + 40 = neapa,
20+1
E)c + J.godw =1+ 40 = cpena.

20-1

(2.60)

***
Hucyc nauunaem onucanue Kpyea Ynuseepcyma c Enu-

Hulbl (puc.2.4).

Maru, nauunas c [Iudaropa, HazpiBaror Enunuiy Mo-
HaJI0MH.

S yxe rosopun o toMm, yto EnpHnna - 310 moteHmuan
PE30HAHCHOTO PAaBHOBECHS IIPU YCIIOBHM:

n°=1=x/y npux=y,
Y aHTUPE30HAHCHOTO PABHOBECHS JIJIsi COCETHUX YPOBHEH:
(ntl)—-n=1<-1=n-(n+l). (2.61)

Bo3HukHOBeHHE T1OJISI C NOTCHIHAJIOM, PaBHbLIM
EZ[HHI/IIIC, ABJACTCHA CJHCACTBUEM IIHUC-TPAHC H30MEPpHUU
CiKATOro KBaHTa:

MOHa)Ia: HUC-TPAHC U30MEPUSA CKATUHA
Cxarue [uc-nzomepust TpaHnc-uzomepus (2.62)
Towo/c=2 l=n"n"=.. (-)=-mc=...
Bonna Mounana Mounana.
Monaga - HEyCTOMYMBAs DJHEPreTUYecKas CHUCTEMa,

MYJIbTUIUIETHOCTh KOTOPOW MPUBOAUT K JpoOu - [[3uan, a
CUHTE3 — K YBEJIMYCHUIO IIOTEHIIMAIa BIBOE.
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Honp - moreHnman ecte pasHOCTh NOTEHUMAIOB ABYX
MOHA/1 UJIY JIorapupmMuiecKkas BojaHa 0JHON MoHabI.

***

Kpyr YHuBepcyma 3aBepmaeTcsi NOTEHIIMAIOM, PABHBIM
4000 (puc.2.4) m SKBHBAJICHTHBIM J/JIMHE BOJHBI B Haudale
¢uoneroBoii obnacTu crekrpa, pasHoii 4000A (1a6:1.0.3).

10° = ps*

Puc.2.6 [locmynnenue
camocywux 60H 6 10po

B Oonee mmpokoMm IiaHe mo-

TCHIIHMAJI

4000 = V2 10 =,

(2.63)

rje OJHa caMocyluas BOJHA 2 Io-
ctynaet u3 Kocmoca BeuHOU ThbMBI, a
3aTeM pacHielisieTcs B siIepHOM
000J104Ke HAa TpU KBaHTA 10 2
(puc.2.6).

Bo3Hukarolee pazinnune Mex-
Iy OJHUM IMOCTYNAIOIIMM U TpeMs
pacuIeIIEHHBIMU KBaHTaMu (puUc.2.6) KOMIIEHCUPYETCS YacTo-

TaMH:
IIpupona 2 u 3 B Kpyre YauBepcyme
PopmeI [Toctynator | Cunres B MynbTH- Hpusency-
cyOcran- Has IyJib-
o U3 TbMBI TOUYKY IUIETHOCTh
Ui canus
Pes3onanc 3=t ~ [~ [~ =t
TOUYKHU 2 2V242 poJHa K= 2
AHTI/Ipe- \/E oo \/E \/E \/E _ ™2
3OHAHC T Ap +4/2 + =2-1/3.

(2.64)

Camocy1iue BOJIHBI, IONIAB B PO, NEPEXOAIT U3 Apy-
nbl B Pyny ¢ nepuoauunoctsio T, = 4.

Nuncyc Xpucroc BBogut B Kpyr YHuBepcyma 4eTBépKy,
a npuBen€HHAs myJbcauus (2.64) cTaHOBUTCS PaBHOM:
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1
Th=324=—". (2.65)

*
x*

[aBast wenoseuectBy Kpye Vuusepcyma, Hucyc ykaszan
NOTEHIMA OKPY KAIOUIeH Cpebl, paBHBIN IMHE BOJHBI (PHO-
JIETOBOTO CBETA.

Ora cpena Gopmupyercst Ipu BBIXOJAE U3 Kpyra YHH-
Bepcyma, HO nepen Kpyrom YHuBepcyMa HaxoAsTcs caMoCy-
L[1€ BOJIHBI BEYHON TbMBI, Pa3HOCTH ITOTEHLIIMAIOB B KOTOPOU
paBHA ¥ DKBUBAJICHTHA!

1

H=i/¢1¢1*Simz/4=4/16'%=22_4 =2", (2.66)

rae H - Beicora Benmukout [Tupamuel.

O0béM Benukoil nupamuabl u smopa Kpyr Yausepcyma
B3aMMOCBSI3aHbl KaK JBE pa3Hble (POPMbI BEKTOPHOI'O OIUCA-
nus Enunoro Kocmoca (2.65, 1a611.0.6, puc.03, puc.2.4):

Cesa3b Kpyra Yuusepcyma
U 00béMma Besukol ITupamuabl

2.67
Vi, =kT,4 qq*Sinﬁ/4:%-8-27/4=%a2H, (2.67)

rae a*> = § - mwomaab ocHoBaHus [lupamMubl.

*
kk

Enunbiii KocMoc mynbecupyeTr B pe30HaHCHO-aHTHUPE30-
HAaHCHOM PEXHME.

B "OtkpoBenusx" ormeuaercs: "Tpon Xpucra nHa He-
0e oxkpyxéH 24 IIpecsareimu Ilpecroramu''.
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C nosummu apudmerukn uupp Kpyra YauBepcyma
JIBaJALATh YETBIPE - 3TO NMPOU3BeIeHUE 2:3-4.

C nosunuu pusuku 24 B Kpyre YHuBepcyma onmcaHo
PEe30HAHCHOE MoJie B3auMOAeicTBUIl Apynbl - Pynbi:

24 =2-34= TO’L' lg P1P2P3 P4 Ps5- (268)

Bwmecre ¢ tem, Mucyc pga€r omucaHue pacupencieHus
noTeHIuaoB 1o obnactu Kpyra Yuausepcyma (puc.2.4):

Pezonancuas nyascauus B Kpyre YHusepcyma
O6nacty Beicmas Cpennss Husmas
(poHoH) (3mexTpomar- (doron)
Kpyra
HUTHAs cpefa)
[Torenmmansr|  2:3-4-10 = 20-30-40-102= |{200-300-400-10° (2.69)
KPYyroB 240 24-10° =24-10° '
5 9
240 _ oo | 24107 e | 24107 s
B ¢uonero- | 4000 4000 4000
BOH 00MACTH | jromuHEC- COJIHEYHBII apdexT
LCHLIHS CBET Kupnuas.

IIpu nosiBsienun GpuosieToBOro nBera B Boicuieit 00-
JIACTH TOSBJISAETCS JIOMHHECHEeHTHbIN cBer, B CpenHeii
00J1aCTH - COJTHeYHbIi, a B Hu3iel - cBeueHue, BbI3biBae-
moe 3¢ dexrom Kupauan npu yacrorax, pasupix 10° I'n.

Cpena 3a npenenamu Kpyros-o0Jiacreil onuchIiBaeTCs
taoke noteHiuanamu 21, 31 u 41 (puc.2.4), cBI3aHHBIMU C
B3aMMOJICHCTBUSIMHU:

21+41 _

3 2=1g p1p2pspPaps. (2.70)

B cpene 3a npenenamu Kpyros - odJiacteil BO3HUKAIOT
UHTETpaJIbHBIC PA3HOCTH MOTEHIMAJIOB, KOTOPHIC yBEINYNBa-
I0T JOorapu(MHUYECKyI0 MOCTOSHHYIO B3anmoaencTBuil (2.70)
JI0 TIOCTOSIHHOM SIJICPHBIX MPOLIECCOB, paBHOM 10% = ps%:
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IddekTUBHOCTH B3aUMOIEHCTBHIA
BOKPYT o0JiacTei cBeTa

41 31 (2.71)
U(pdgo=360J—U(pd(p=260]=100=p§.
31 21

il
B none cpenpl ¢ norenuuanamu 41 — 31 Bo3HMKaeT
Pa3HOCTh KBA/IPATOB, PaBHAs:

412 -312=1681-961 = 720. (2.72)

['eomeTpruyeckum 00pa3oM 3TOro MOJS SIBISIOTCS JBE
CHPSIMIIEHHBIE OKPY>KHOCTH WJIM CUMBOJIBI 0 U §.

Marus paccmatpuBaeT noreHuuan 720 kak 720 obopo-
TOB (puiocodekoii Mmammubl [2, crp.188], paszdbuBas 720
000pOTOB HA EBATH TPy U HHACKCUPYS KaKIIbIi 000POT.

Takum oOpazoM, Marust (MOsi BJacThb) MbITAETCS OBJIa-
neTh cuiamu [Ipuposl B CBOKO MOJIB3Y, HE MOHUMAs, YTO MPO-
necc yxxe onucad Mucycom B Kpyre Yausepcyma:

41 =31 720

- =80 2.73
243+4 9 ’ ( )

rae: 2+3+4 =9 - norenunansl Kpyra YHuBepcyma s aHTH-
pe30HaHCca.

Henonumanne Cymuoctn /IBmxenns Kocmoca - 310
o011asi yepTa COBPEMEHHOIO COLMYMa Ha 3eMJle 10 BCEM Ha-
IIPABJICHUSIM €T0 JIEATEIbBHOCTH: HAyKH, PEITUTUH, Maruy, ...

Bce meITaroTcs MCnonb3oBaTh 3HAKM 301Uaka, HO HE
IIOHMMAIOT, 4YTO CIIMpajiab 30[IMaKa BO3HUKAET B XOJE M30MeE-
pudeckoro pacmeruienus "Casroro Jlyxa".
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JHepreTuKa CUPaJIN 3HAKOB 301UaKa

M3omepust [uc- Tpanc-
1
— Casitoro Jlyxa = | - 1 Casitoro Jlyxa =
[Tone nyst 2 | 2 .
JBEHAaaTH c _ c _
T (pdp = < - | (74
N Orw0£¢ ® Te %!(pd(ﬂ (2.74)
3oauaka 1 1
4-3-2-—=12 4-32:(-—)=-12.
2 2
CumBon JIBmwxeHust G: <D‘
Han Beunoctsio.

CrajIkuBasCh C LMUC-TPAHC U30MEPUEH CIUpPaAIM 3HAKOB
3oauaka, Marus mo-AeTCKM HAauBHO ACIUT X Ha "'/[HeBHbIE U
Hounblie /loma npoTHBONOJIOKHBIX 3HAKOB 3oquaka' ([2],
ctp.61):
nensb - OBeHn, Tenen, biusnens, Pak, Jles, Jlea;

HOub - Becol, Ckopninon, Ctpenen, Kozepor, Bogosneii, PiObl.

***

Kpyr YHuBepcymMa onuchIBaeT IyiabCallli0 MEHTAJIbHOU
sHeprun Apynsl (T = 1 =3 £ 2) B noasx B3aUMOJICHCTBUN CBe-
Ta.

Menranbnsbie (Tonkue) sneprun Apynsl 00J1a1alI0T CKO-
POCTSIMU BBIIIIE CKOPOCTH CBETA, a BCS HAIllA METPOJIOrMYECKast
anmnaparypa 0a3upyercs Ha BOJIHAX CBETA.

[TorTOMy, OKa HE CO3/1aJIi METPOJIOTUIO TIO U3MEPEHUIO
ToHknx DHepruil, HaM NPOCTO HEYEM U3MEPUTh MEHTAJIbHbBIC
BOJIHBI T + 1, onucannbie B Kpyre Yuausepcyma (puc.2.4).

Kak merponoruueckuii mpubop octaéMcsi TOJIBKO MBI
CaMU: Halll OpPraHu3M (4Yakpbl, CEpPAILE, MO3T).

Hcnonp3yst cBOM OpPraHu3M Kak W3MEPUTENbHBIN MNpH-
00p, YeJIOBEK MOJIy4yaeT He TOYHbIe mapaMeTpbl moJisa Ton-
KOl DHepruu, a OumymeHuss MX BO3JAeMCTBUS HAa opra-
HHU3M.
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BocnpuHuMaemble HalluM OPraHW3MOM OIIYIIEHHS OT
BIMAHUA TOHKONM DHEPrUM BOCHPUHUMAIOTCS HEPBHOW CHCTE-
MO U 00pabaThIBalOTCA BOOOpaKEHUEM C MOTEHIMAIOM

Iy =4=4qq*=16.

Oo6pabarpiBasi Co3naHueM ToydeHHble OurymeHus,
Marusi HakJIaJpIBaeT UX Ha CIUpaib 30/jMaKka Kak Ha 0a3HCHYIO
dbopmy Duepruu Eaunoro Kocmoca. Tak Obln co3/1aHbl rpa-
aycol 3Haka 3oamnaka ([2] cTp.64):

I'paaycel 3Haka 3oauaka [2]
I'panycsr HazBanus HIZI);I;Z;[ 3oauak
30 rpagycoB 3Hak 12 30-12 =360 (2.75)
10 rpagycos Jexan 36 3°10 =30°
S rpagycoB Kyunp 72 6°:5 =30°
1 rpaxyc I'panyc 360 30°1 =30°.

Bapeupys rpagycamu mo cnupaiu 30uaka B MHUKpPO-
makpo Kocmoce, Marus neitanaces co3nars "Teopuro Equnoro
[Tons". TlogBomuno BooOpaxenue, rae mias r000ro ymcia
CO3aBaINCh 000XKECTBIEHHBIE 00pa3bl, HO CaM MPOLECC HE
UCCIIEJOBAJICH:

IIpumepsl o60xecTBiaeHus: Hudgp n Yucea

Samang Boctox
Bor-Orern 30 - 3 4 5 | ¢ |(2.76)
3— bor-Cein TPUALATH
\Bor-Z[yx CesiToii|  AHrenoB N3npa | Osupuc |T'op | Tor.

Oo6oxectBuB [{udpy - Yucno, namm Ilpeaku ot 06e3b-
SHBI YCIIOKOWJIMCh, He HAXOAd NpeaMeTa AJs AaJbHeHIero
usydyenusi, 00 Bcé or bora, a Ero nyru HemcnoBeaumsbl.
Bepyronue nepexoansivi K MOJI€HUAIM, Mary - K MUCTEPUSIM.
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Pe3zonancuas nmynbcanus B Kpyre Yruepcyma (2.69)
BCETJ/Ia CMEHSETCSl aHTUPE30HAaHCHOM (puc.2.4):

AHTHPe30HAHCHAS MYJIbCANMS

B Kpyre YHusepcyma
OI((SE;(;ZH ](S(II));CHH;?:)I (Z—)J]CK’E;IZ)eI\fI[;IIfIIfI/ITHaSI gblfféi;)[
cpena)
IMoren- |(2+3+4)-10]  (20+30+40)-10  (200+300+400)-10
rajbl 90 900 9000
(9+0)+90+900+9000 = 9999
Cymma PasBurre cyoctpykryp u (9+0)

B ITyJIbCUPYIOLLEM T0JI€ Apymsl (T + 1)-10°7,

(2.77)

CyMMma noTteHuuanoB, pasHas 9999 (2.77), paBHa cymme
000KeCTBJIEHHBIX uncel BocToka, Mpu JIBMKEHWH BOJHBI B
YCJHOBUSIX LUC-TpaHC u3omepuu (2.76):

Oo0okecTBIAEHHDBIE Yncaa BocToka

boru W3una|Osupuc| T'op Tor |Cymmbl
Huc-uzomepus 3 4 5 6 = 3456
Tpanc-uzomepusi| 6 5 4 3 - " 6543
boru Tor | T'op |[Osupuc|M3uma| 9999

(2.78)

N Bocrok (2.78) u 3anax (puc.2.77) roBopsT, B CyIIHO-
CTH, 00 oJlHOM: pa3BuTHE CyOCTpYKTYphl (9+0) B KuBOM Mar-
HUT COIPOBOXKJAETCS MOSIBJICHUEM OHOTOKA CHIIOK, PAaBHOM

107A:

BuoToK JKMBOro MarHuTa

(Eoto'c?= 1)+ 9999 = 10* 1/A < 10 A.
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OTa cwiia TOKa U COIYTCTBYIOIIAs €M MHAYKLHS TOSBIIS-
ercs B yakpe Tperunt ['nma3 mopj BIMSHUMEM 3JIEKTPUYECKOTO
MMITYJIbCA:

buoroxk u muaykuusa yakpsl Tpernii I'i1a3

S _ge 1610 4-c310% de (2.80)

A 4800 4

rae: ¢ =300 Teic.km/c = 310" Ac - CKOPOCTH CBETA;
q=16-10? A-c - anexkTpuYeCcKuil 3J1EMEHTAPHBIN 3apsiz;
A = 4800A - BOJIHA, JICJISIIAsl CHHIOI U TOJIy0yro 00J1acTH
cniektpa cBeta (1ab6:1.0.3).
Wrak, boru BiekyT Hac K Wore, a Mora u Bons bopmu-
pytoT Yenoseka B Teorenesuce.

2.3 dusnyeckue peanum
BaBunoHckou bawHu

Pennrus, Hayka, Marusi, 330TepUKa U TaK JAJIE€ — BCEro
JUIIb MUPOBO33PEHYECKUE HAIPABICHUS B OOLIHOCTH CO-
MyMa COBPEMEHHHMKOB Ha 3emue.

Conmym 3emiin umeeT 6a3uc U HaACTPOMKY.

ba3zucom counyma 3emnu siBasiercss YesioBek - HOCH-
Tenp Pasyma, HaACTPOMKOM SBISETCS AeJIeHHE COLMyMa II0
IIPU3HAKaM I10JI1a, BO3PACTa, 3THOCA U MUPOBO33PEHHUS.

[IepBpiM 1 ocHOBHBIM 3akOHOM Kocmoca ajisi Hocure-
Jasi Pazyma sBiisieTcst 3aKOH NO3HAHUS NMPUYUHHO-CIIECTBEH-
HBIX cBsA3el - 3akoH Kapmbl.

3akon Kapmel Hocutenem Pazyma BeinosiHseTcst Bcera,
BE3J€ M BO BCEM. Jlyulie mim Xyxke? - CIEICTBUS KayecTBa
VICTIOJIHEHUS.
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3akon Kapmbl npu aHajau3e NPUYHHHO-CJIEICTBEH-
HbIX CBsi3ell TpeOyer pacumienyieHusi (MyJIbTUILIETHOCTH,
muddepeHnmanu) 0ObEKTa HCCICAOBAHMS M M3YYCHHS €TO
4acTeu.

3akon Kapmbl npu aHajau3e NPUYHHHO-CJIEICTBEH-
HBIX CBsi3ell TpeOyeT CMHTe3a (CyMMHUPOBAHUs, UHTETPALlUH)
OTIEIbHBIX YacTEN OOBEKTA HCCIEHOBAHHM M OMMCAHUS O00b-
€KTa B IIEJIOM.

CuHTE3 U MYJIBbTUILIETHOCTH IyJibcupytoiero Kocmoca
MOA0OHBI MCTOPUHU C S3bIKAMHM ITHOC-TPYNI cTpouTenei Ba-
BWIOHCKOM banruu:

Basunonckas — pazoenenue azvikos (nocre cmpoumenscmea) 2.81)
bawns 06wl s3vix (00 cmpoumenscmea )

***

O paszmeneHHH S3BIKOB IIPU CTPOUTENILCTBE BaBHIIOH-
CKOM balllHM roBOpUT peMruosHas npurya. 1'OBOpUT BEpHO.
Tak, HanpuMep, CEroAHsAIIHAA HayKa pa3leiieHa MO ThICsS4aM
HaIPaBJICHUHN U IIPOJOJDKAECT PACLICILIATLCA HA HOBBIE.

Jlonuio 10 TOro, 4Tro CHEUaIuCThl YK€ B OJHOM Y3KOU
CHELUAIBHOCTH MEPECTalOT MOHUMATh JAPYr Apyra W CTaBsT
BOMpoC 0 pa3padotke Exunroi TepmuHomoTHH.

Ha moit B3rmsg ceromgust co3nath 3¢ dexTuBHy0 Enm-
Hy10 TepMHHOJIOTHIO Hallla [UBUIIM3AIMS HE MOXKET, HOO OHa
JAaxe pacumernisieT ¢ NpulJIHKeHueM.

Co3znanune Enunoil TepMUHONIOTHM CTAaHET BO3MOKHBIM
TOJILKO TIocse co3aanus Teopun Enunoro Kocmoca, B koTopoit
MPUOIMKEHUS YCTYTST MECTO B3aUMOICHCTBUSIM.

[Toka Takux oOOBEOUHAIOIIUX PabOT HET, KPpOME MOei
"Enuneiii Kocmoc". 1loaToMy MHE mpUXOAMUTCS XAaTh, KOrAa
MIPOU30UIIET IBOMTIOLUS 00€3bSIHONOIO0HBIX B UEJIOBEKA.
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Peanbnas BaBuiionckast bamHs noctpoeHa B BUIE Ce-
MuypoBHeBoM [Iupamuael B npeBHEr Meconotamuu.

Kaxnpiii u3 cemu ypoBHei [lupamuasl "BaBuimoHckas

bamns" mokpartieH B cBoi 1BeT (Tabi1.2.6).

Kaxnpii ypoenb Ilupamuaer "BaBunonckas bamns"
HOCUT MMS COOTBETCTBYHOIIEro bora m ummMeer CBOE 4YuUCIIO
(Ta6m1.2.6).

[TosTroMy s cBsky ypoBHH Ilupamuasl co criekTpoMm

cBeTa, a Yncma — mexay coboit (Tabm.2.6).

Tabmuma 2.6

CemuypoBHeBasi crynenuaras [lupamuaa

"Basuiaonckasa bamua"

boru -
YpoBHU UIAHETHL IBer Yucno [Iponeccer
1 . . K Pyne u3 Apynst
Carypn YépHbIii 4
OCHOBaHUE e g R e R L
K rpaBurtanuun
2 Onurep Oxpa 10
ps=1+2+3+4 =10
Bosmyménnas cpena
3 Mapc Kpachsrit 8 44l
8= [pdp u
4-1
10+1
4 Comnre 30J10TO 20 20 = j(od(p
10-1
bnenno- Cser:
> Beriepa KENTHIA = 15 = 142+3+4+5
.| A3syputoBas [IponomKUTEeNbHOCTD
6 Meprypuit Ja3ypb 12 12=Tyt
7 K marnetusmy
pepumma | YH Cepebpo |30 30=124+22+3+42,
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CumBonn3M BaBuionckoii bamnu cBs3aH ¢ e€ onuca-
HMEM TOJs C MNOTCHIHAaJoM 4,5KBHBaJICHTHBIM T, TO €CThb
[TponomxurensHoctu B Pyne (®opme). Jlo sToro Osia Apyrma
(BHE-DoOpMBI, T = 3).

Apyna xapaktepusyercs TeM, uyTo BHe-Dopma uMeer
HOJIb-TIOTEHI[MAT U XaoCc OpOYyHOBCKOTO JIBM)KEHUS, TO €CThb
OJMH 001Ul "A3bIK" 001eHus, KaKk paboyue 10 CTPOUTEIb-
ctBa BaBuiionckoit bamnu (1a6:1.2.6).

CrpoutenscTBo BaBunonckon bamun HaumHaeTcs ¢ oc-
HoBanus, yucna 4 = T,, To ectb ¢ Pymnbl, B 00bEMe KOTOpOU
MOSIBIIAKOTCA DHEPreTHUYECKUE CIIOM, MOA00HO TOMY, KaK B
cpene crpoutesieii BaBuiionckoil bamHu nmosiBJIAKTCA IT-
HUYeCKHe A3BIKH.

%
*ok

IHupamuaa "BaBuionckas bammsa' - 310 Bektop -
AIIOpPA, KOTOpAasi OMMCBHIBAET JHEPreTUKY co3laHus Bcenen-
HOM.

Kopnewm, cybOcranmmeit, "ocHoBanueMm" BceneHHol sB-
JSIOTCSL CaMOCYILME BOJIHBI BEYHOH ThMBI. [103TOMY nepBbIi
ypoBenb Ilmpamunsi "BaBunonckasa bamusa'" okpamien B
yépHblii uBeT (Ta01.2.6).

Bcenennass cocroutr u3 KopHs (caMocymux BOJIH),
Csera u Crycrka, 1o ectb Pynbl (Qopmbl), NPOAOIKUATE-
HOCTb ITPOLIECCOB B KOTOPOM 3aJa€T Mepuo/1 BpallleHHs TOYeU-
HOT'O y4acTKa BOJHBI cBeTa, paBHbIM T, = 4. IloaTomy moreH-
uuaa mnepBoro psina BaBuionckoir bamnu paBen 4
(Tabm.2.6).

B ycnoBusix IIponomxurensHoctu, paBHoit T, = 4, cko-
pOCTh TpaHC(hHOPMAIH IIEKTPUUECKOTO TOJISI TOYCUHBIM yYa-
CTKOM BOJIHBI CBETa OYyJIET paBHA €IMHHUIIC:
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Cxopoctb Tpanchopmanumn
3JIEKTPUYECKOTr0 MOJIS CBETOM

4lgq*
T,

(2.82)

V=

Pyna ¢ norenumanom T, = 4 BO3HMKAET NPU CTYLIECHUH
Apynbl caMOCYIIIUMX BOJIH, IEPEXOAS YPOBHHU:

leotloRe+3 & +4
Apyna Pymna. (2.83)

[Torennmansl nepexoga Apyna - Pyna (2.83) B Kuure
[3nan HaszbiBaroTcs (popMoBmukamu [3], a Mucyc Xpucroc
onuckiBaeT ux B "OTKpoBeHUSX" B (Gopme BEKTOP-IIIOPHI
Kpyra Yuusepcyma (puc.2.4).

%
kk

@opMOBIIMKH IHEPIUU HEe MCYE3AI0T W He MOSIBJIS-
I0TCI BHOBb, HO, IYJIbCUPYS B AHTHUPE30HAHCHOM DPEXKHME,
CO3/Ial0T YE€TBEPUYHBIC PSI/IBI BTOPOTO M CEIBMOTO TPaBUTAIIN-
OHHBIX ypOBHeH (Ta011.2.6):

AHTHpE30HAHC
Bmopoii yposenwv (FOnumep) Ceovmoti yposens (/lyna) (2.84)
1+2+3+4 =10 = ps 124224324+4> =30 =
rpaBUTAIHS MAarHeTH3M.

[Ipu pe3oHaHce B3aMMOCBSI3b MEXKIY BTOPBIM U CE€Jb-
MBIM YPOBHSIMU OCYIIECTBJISICTCS Yepe3 BOJHOBBIC IMOJS C MO-
TeHIMal-dKBUBajeHToM 24 uiu bora - Jlyxa Csitoro:
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Pe3onanc

Ceovmoti ypoeeHb(JYyHa) _ 17.2%.3%.47 _ 576 _ 24° _ o4
Bmopou ypoeeHb(IOnumep) C1-2-3-4 24 '
R

(2.85)

DHepreTUyeckue IMojs MEepBOro W BTOPOTO YPOBHS
MyJbCUPYIOT, BO3MYILAsA OKPY>KAIOIIYI0 CPEy U cO3/1aBasi Mo-

TEHIMAJIbl TPETHETO U YETBEPTOTO YPOBHEM:

EnnncrBo nmojasi BaBuionckoii bamnn (1a6:1.2.6)
I — Caryps, III — Mapc, | VI—Mepkypuii,
YpoH i 41 4 448=12=To
MOTEHIIUAJIBI &= J- pdo
4-1
Il - FOnmtep, | IV — Connne, | VII—Jlyna, |(2.86)
YpOBHH 1 10 £ 1 10! 10+20 = 30
HNOTEHIIUAJIBI 20= J- pdy
10-1
1 0
V — Benepa 15530!(0d(p<:>30](pd(p=—15.
0 1

B mnose, smropoit kotoporo sBisercs BaBuitoHckas
bamns, Bo3HHKaeT OECKOHEYHOE MHOMXKECTBO IHEPTETUUECKUX
pa3zHocTel noTeHuanoB (2.86), HaUMHAs C COJIHEUHOTO Psia:

CBeT u cpeia BOKpPYr Hero

Caer

1+2+3+4+5+6+7+8=36

Cpena

3+1 5+1

3-1 5-1

0+ [pdp+ [pdp+2-(8 ~72)=0+6+10+30=46.
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CBeT u cpefa BOKPYT HUX C CYMMapHBIM MOTEHIIUAIOM
36 (2.87) nosIBASAIOTCS IPU AHTUPE30HAHCE.

***

Pe3onanc - antupezonanc mexnay | m Il ypoBHsmu, a
taxoke mexnay I u IV yposusamu:

anmupesonanc _4+10 _ 14 _1.10,1 - 4 10 = 20-8 _ pesonanc
DPE30HAHC 410 40 2 7 2048 anmupesonanc
49 <> 800. (2.88)

B monsx cBeTa B T0JI€ Pa3HOCTH JUTMH BOJIH, HATIPUMED,
ot 4000A 110 4800A (126:1.0.3) BO3HHKAeT 060J0YKA C MOTEH-
nraiom 49 (2.88).

O6oouky GopmupyroT Apodu - /I3uan, paBueie 7/2 u
4/7 (2.88). BaBwioHCKas KJIMHOMHUCH MAA€T OTH JIpodu
(Ta6mn.2.7).

Tabmuma 2.7
Jpoou B BaBuinonckoi kannonucu ([1], ctp.40)

CumBon |Yucno | Pacmdposka cemuroB|  Most pacmmppoBka

JT | 26 [Bor=TeT-1+12=15

’Y_ 3/6 ITauteon boros =

_
6
J—U 46 | 1o =1,5x10=15 Kyunanuuu (2.88).

J¥] | 56

ABTtop "OHiukionenuun coBpemeHHord warum" ([1],
cTp.42) ¢ TOPAOCTBHIO U TOPKECTBEHHO TOBOPUT, 4TO ''CHHAI-
ckue ceMutbl B 1700 r. 10 H.3. HA OCHOBE MOITHYECKO-
NMPOPOYECKOro CJI0BAps 4McesJ CO31aJM U BBeJM B 00pa-
IIeHNE AHTeJbCKHUI YUCI0BOI ajipaBur'.

2 3 45 7
—t+=+—+= —=
6 6 6 6 2

Takoe yTBepk/eHUE MpeaTHAMEPEHHAs JI0XKb, 00 Ny-
JIeV, B TOM YHUCJIC U CHHAWCKHE CEMHUTHI, Opain MarndecKue
Yucna - Hudpsr u3 kauru J3uan. Hanpumep ([3], Ctanua VI):
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"3. U3 Cemu - IlepBbiii nposiBjieH, lllecTh COKPBITHI;
/IBa nposiBiaensl, IIaTe cokpeiThl; Tpu nposiBiensi, Ye-
ThIpe COKPbIThI; UeThIpe BbIfABJIEeHbI, Tpu cOKpbIThI; Ye-
TeIpe M Onun I[3an nposiBiensl, /[Ba u IlonoBuna OxHoro
COKPBITBI; IIECTh J0JLKHbI ObITH NpOsiBJIeHbl, OQUH oOC-
TaBjeH B cTtopoHe. Hakonen, Cemb MaJjibIX Bpamaommx-
csl KOJIEC: OIHO, PokAaloLee apyroe''.

Ota CraHua SBISETCS ONMCAHWEM JIYHHOTO I'paBUTALIU-
OHHOTO TIOJISl, YACTHOM (JOPMOI 3aNIMCH KOTOPOTO SIBJISIETCHA
IMupamuaa "BaBuionckast bamnsa" (1a6:1.2.6).

[Mutupyemast Ctania HecéT B ceO¢ M IMOA3HI0, U MaTe-
matuky (Cranua VI, Kocmorenesuc):

JIyHHBIH psfg 1-I|-2-|I-3—i-4—IFS—IF6 +7

CORPEIT | 6| s | 4 | 3 |2+12] 0 | 7
(mornouéx) Ma-
[MposiBrieH JIBIX (2.89)
oy | 1| 2| 3|4 [412] 6| conge

OcraBiieH B
CTOpOHE

B cootBercTBuu ¢ 3Toi Ctanuei (2.89) Ha nsTOM ypOB-
HE, TO €CTh B I0JI€ PHEPTUU CBSA3HU, MNPU MOTJIONICHUN BO3HU-
KaroT MMOTEHIIMANI - DKBUBAJICHTHI 2,5 + 1.

Bosnukaer Kynnannau, kotopas B )KMAKUX Cpelax BbET
MOJIOYHO-0eJble cnupanu: 2,5 BUTKa P CKATUU U 3,5 BUTKA
IIPU PACIIUPEHUH.

Ha narom ypoBHe (2.89) BO3HHMKaeT pa3HOCTh KBaapa-
TOB MOTEHIINAJIOB, paBHAas

7KuBble MATHUTHI ATOr0 YPOBHS

2.90
4,5 -2,5=14= Juu*. (2.90)
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OTOT MOTEHLMAN SBISETCS HEOOXOIUMBIM U JTOCTATOY-
HBIM 117151 (POPMHUPOBAHHUS )KUBBIX MAarHUTOB.

Pacmmpenne cnupanu KyHpanuHu Ha 1ATOM YpPOBHE
(2.89) orpanuyeno pacumupenrem BeeneHHoil:

IIsaThIi ypoBeHb: paciunpenne Kyngaanau
4,52 -3,52=8=T,c/m,= c*/m,°.

(2.91)

%
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KyHnpanuau mynbcUpyeT B Pe30HAHCHO-aHTUPE30HAHC-
HOM pexume (2.90, 2.91), co3naBasi pa3HOCTh MOTEHIIUAJIOB,
paBHYIO 20 ¥ paBHYIO OTHOLIEHUIO PA3HOCTH JUIMH BOJIH Kpac-
HOU U xk&nToi obnactelt criekTpa (1ab6:.0.3).

KpacHo-:xkéarbie ypoBHu BaBuiionckoi bamuu

Amnrupesonanc | Pesonanc | Tperuii n uetBéprsiii yposnu [(2.92)

(142-8)— | (14x8)=| 132-112=20=AK/AX.

[TogpoOHO 1BeTOBasi raMma mepexoja OT YEPHOTo J0
0eJloro 1BeTa paccMOTpeHa MHOKO paHee npu aHanuze Kanen-
naps Manu.

2.4 Benunuue LLlymepckoun KnuHonucu
B onucaHun EanHoro kocmoca

[IBer ypoBHen BaBunoHckoi bamHu roBOpUT O TOM,
yTo €€ CTpouTeIn XOTENIU, B TOM YHCIIE, TO3HAKOMUTH JIFOJEH
C BJIMSIHUEM CIIEKTpa CBETa Ha MEXaHW3M TpaHC(OpMaIuU OJl-
HOM ()OPMBI DHEPTUU B APYTYIO.

[Ipenenamu nBeroBor ramMmbl B BaBuioHckou baiine
SBJISIIOTCSI Y€PHBIN 1IBET B OCHOBAHHMM baliHu u cepeOpsHbIi
(JryHHBIN) HA ceLMOM (TIOCIIEHEM) YpOBHE (Ta01.2.6):
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YépHo-1yHHBIN Mepexo/1 B CIIeKTpe cBeTa
(Ta611.0.3).
Yépublit Jlynnblii Yépublii Jlynnblii (2.93)
1 o
—— A4 < 2800A 1 <3600-2800 = 7-144-10".
3600 | |

UeEpHelii BET uMeeT BenuuuHy, obpatHyro Ab = 3600
MOTOMY, 4TO O€JIbIi CBET - U3JIy4aeT, a YEPHBIN MOTIIOIIACT.

[Tpu paBHOBecuu B 001acTH YEPHOTO LIBETA B MOJIE JTYH-

HOTO CBeTa BO3HMKaeT moteHrman 7-144-10% = (Ty+1) T 21210
(2.93).

*
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PaBHOMepHaH ImyJjabCalusa JIyHHOo2O ceema CBsA3aHa C IIC-

PHUOAVYHOCTBIO M3JIy4YEHUS KBAHT - DKBHUBAJICHTA IOTEHIIMAJIA
60* = 3600.

B Teuenue [IpoomKkuTeTbHOCTH BpalEHUS! TOYEUHOTO
ydacTtka OHOHA, TO ecTh 3a T, = 4, JIyHHasi TOBEPXHOCTh U3-
ayaut 4:3600 = 14400 TOUEUYHBIX YYaCTKOB.

[ToBepxHocTHas BojsHa KyHpanumHu 3anmuumier cien u3-

JTy4EHHBIX TOYCUHBIX YYaCTKOB (DOTOHOB KaK CHUMBOJIBI 8 U 00
(puc.2.7).

c1edbl 0N MOYEYHO20
Y4acmKa 80NHbl C8ema ONUHOI0
4:3600=144004
U3TTYYEHHDBIU YEPHDIUL
ysem 6 Apyne 1> =9
Opamiceswlll Keaopam
ene @opmul (mampuya Kynoa-
aunu: 3,5+2,5+1=7=x?)

Puc.2.7 I]eemok nomoca: moueunvie y4acmku 60JiHbl c6ema
6 Mampuye no8epxHoCmMHol 601Hbl Kynoanunu
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K 3TOM CTpyKTYypeE CiIe10B TOYHOI'O y4acTKa BOJIHBI CBE-
ta B Matpuue Kynaaiuau, ckBo3p 00b€M bainu (mose) mpo-
OuBaroTCA YEPHBIE CAMOCYLIUE BOJIHBI BEYHOW THMBI C MEPUO-

JIUYHOCTBIO Apynbl NpPU HU3JIYYEHUH, TO €CTh npu 1> = 9
(puc.2.7).

Ha moBepxHOCTU BO3HUKAET O€JbIi COJIHEUHBIA CBET, a
B NPUIIOBEPXHOCTHBIX CJIOAX JKEJITO-OPAH)KEBO-KpACHAs KOM-
ounanus (1a6:1.0.3, puc.2.7):

AK A0 =760014. (2.94)
NK

Oty xomMOuHaIui0 Ha 1mectoM ypoBHe Ctpoutenu Ba-
BWJIOHCKOW balllHM MOKpacuiav LBETOM a3ypUTOBOM JIa3ypH, a
Nunyusm (crnenyss tepmunHonorun Kuuru J[3uan) Ha3zBai
uBeTKoM Jotoca ([3, 4], puc.2.7).

OtnuuurensHOolt ocoOeHHOocThIO IlBeTka JloToca, ToO
eCTh paBHOMepPHO# nmyabcanun KyHpaaunu, siBiasiercs To,

YTO MEepUMETP KaKI0T0 U3 YeTHIPEX ero JienecTKOB paBeH
60 (puc.2.7).

*
kk

OOmmit JTyHHBIM TOTEHIMAT B II0JE PaBHOMEPHOM
MyJIbCALHHE YEPHO-TYHHOTO IBeTa paseH 7-144-10% (2.93), rue
70, 14400 u 10 MOTYT UMETh CBOM WHAMBHUIYyaJbHbIE (HOPMBI

1
sHepruu. Hanpumep: 70 = 140-(ij¢d¢) - TIOCTOSIHHAsI MEJU-
0

taimu, 14400 = (T,'1°ps)* - TPOAOTKUTEILHOCTh B3aMMOICH-
cTBUs cBeTa, a 10 = ps = 10 boxkecTB B 00yacTu 1mien B COOT-
BeTcTBUU ¢ Tuberckumu mpexacraBieHussMu o Cymuoctu Ye-
qoBeka [11].

Opnako, mpu Bceld OECKOHEYHOM MHOYKECTBEHHOCTH
dbopm 2HEPTUH 7-144-10* HaM BaxHee Bcero OIPEICIIUTh CKO-
pOCTh (IMHAMKKY) 3amucud B Matpuily KyHIanuHuU TOYHBIX
y4acTKOB BOJIHBI cBeTa (puc.2.7):
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CkopocTh 3anMcH NapaMeTPOB CBETa TOYHBIM
ydacTkoMm (poHona B matpuny Kynaaaunu

(2.95)
_ 7-144-10*

2
X =

Ve =14400-10>.

Hamm xyparops! ot Benukon LluBninnsannu nojackasanu
JPEBHUM I'peKaM MHYIO (OpMy 3amucH BeIpaxkeHus (2.95):

14400-(10% = 55+45) = 14455+144515, (2.96)

rae: 55 - rpaBUTAMOHHBIN IE€CATUYHBINA PsiJl, BKIFOYAFOIIHAN
¢popmoBmukos ([3], [+2+3+4 = 10);
45 - sHepreTudeckuil psaa 6e3 GOpMOBITUKOB:

I'paBUTALIMOHHO-MATHUTHAS MYJbTHILNIETHOCTD
NATEPUYHON CBA3U

dopma nonst C dbopmoBiKaMu be3 ¢popmoBmIKKOB

TToTenmuan 55 = 45 =

I'paBuramms | 142+3+4+5+6+7+8+9+10 |  5+6+7+8+9+10 |(2.97)

X 1
Marnerusm 12422+324+42+52 j(Od(O = E(x2 -y° )
CyOCTpyKTYpBI 55=5(91+2) 45 =5-(9+0)
OMOKJIETKH MHTO3 710 MUTO3A.

JlpeBHUE TPEeKU MOCIyIMIAINCh BeMuKyr [luBunm3amuio
u O6oxxectBuin yncio 14455, naB emy ums

Bor Bpemenu Kponuc = 14455 [15] . (2.98)
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[Tepexon ot 55 k 45, paBubiii 55 — 45 = 10, u ’kBuUBa-
aeHTHbIH 10 BoskecTBam B oOnacth miew 4eiioBeka 1o Kunuze
Mépmewix [10], TpeOboBas 00yueHHs] 4YeIOBEUECTBA CUMUTATh
JIO JICCSITH.

*
kk

B JIpeBHocTu mronu Obuan yuine - boru Ommxe. YuuTh
Hac cuutath 10 10 xypartopsl oT Benukou LluBninnsanun cra-
JIM, UCTIOJIB3Y S KIIMHOIHUCH, ITU(PHI, CUMBOJIBL:

Ipumeps! gecaTUYHOH (popMbI 3antcH HUQP
ApaOckast 1 1234|567 8 9 |10

Pivekas | 1 | 11| 10| 1v | v | vi|vi|vin|ix | x [(2-99)
H_[yMepCKaﬂ (] L) 0.00.0.—.—; : "—..=
KJIIMHOITHUCH

Ot mudpsl 1 yucio 10 (2.99) conpoBoxaanuch y mry-
MepoB, apaboB U PUMIISH MOATHUYECKUMHU 00pazaMy pasiud-
HbIX boros. CMHalCKMMM CEMHUTaMU B 3TOM JIPEBHEM I103TH-
YECKOM TBOPYECTBE Aaxe He maxJo. [lootoMy noneITky npu-
[IMCaTh aBTOPCTBO OTKPBITHSA AECATHYHON CHCTEMbI CUMC-
JeHus1 uyaessM u3 CuHasi MOKHO CYMTATH OYEPEIHOM IH-
PATCKOH HAIJIOCTbIO, KOTOPYI0 aBTOP "OHUMKIONEAUHU CO-
BPEMEHHOU Maruu'" NpeacTaBuil Tak:

"Oonako, Kakot Obl CIOHCHOU U 3aNYMAHHOU He Cmaia
KAUHONUCL C pa3gumuem Nnod3muyecKu-npopoueckKo2o cloeaps
yucen, umMeHHo cuHatickue cemumsl 6 1700 2. 0o H.3. cozoanu
8cé oxeamvlgarowuti yuciogot a3vik. Couemas goonemuueckoe
38yYaHUe WYMepPCKol KIuHonucu c¢ 22 u3OpaHHulMUu ecunem-
CKUMU UEPONUDAMU HA OCHOBE OeCAMUYHOU CUCMEMbl CHUC-
JIeHUs1 €80e20 COOCMBEHHO20 U300pemenuss, OHU 88elu 8 00-
pauenue aneenvckull yuciosou argpasum” ([1], cmp.42).
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Hynesmu B 60oppbe 32 Muposoe fiflio Henb3s HE BOC-
XUIIATHCS: OHU KAK JIeTH, YTO He YBUAAT, BCE B POT TAHYT.

OnHako, ¢ MO3UIMM PACIIU(PPOBKHA JICCITH HYACH B
Ka60ae 3amyTranuch, ¥ IMO3Bajd Ha IMTOMOIIL HE OJHOTO, a Ye-
ThIpEX AnamoB [12].

*
kk

UYetpipéx AmamMoB MOXXKHO yBoOiHTh U3 KaObanbl, eciu
pacnojioKeHue pa3spsaaAHbIX 3HAYEHUN B BABUJIOHCKOU KJIU-
HOMUCH PACCMATPUBATH € MO3HI[MM PA3ZHOCTH JAJHH BOJIH
coJiHeuHOoro 6esoro ceera: Ab = 3600A = 60%A (1a6m1.2.8).

Tabnuma 2.8
PaspsiiHbie 3HAYEHHUS] B BABUJIOHCKOH KJINHOMUCH
C MO3ULMH YEPHO-0esIbIX KoJIeOaHmil

Camocymue YeEpHble bensie
Yépno-0Oenble ) )
KoseOaHus R A N 3600A
36000 [ 3600 |
Is1s 1 2 3 4 5
YpOBHeH BuyTtpenHnee noie ceera
Basuiionckas
KIHHOTHC 1 60' 60° 60’ 60°
((1], crp.39)
Towwet || aE | mwe | aw | s
103 104
(12611.0.3). 60 3600 216-10 1296-10
[pusenéuHas pesonanc = 6010 —0,0956-10°.
Iy IbCalys anmupesonanc =13179660

B pesynbrare npuseaéHHoit mynbcaruu B o0béme [lu-
pamuasl "BaBunioHnckas bamHs" HakamimMBaeTrcsi CBET, U MO
IIECTH HAMpaBJICHUSM TPEXMEPHOrO MPOCTPAHCTBA 00BEMA

[Tupamuapl (siapa J1a3epHOM TOYKH) MEPEMEIIAIOTCS KBAHTHI
0,0956:10° (Ta61.2.8).
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Benuuuna omHOTO TMHEHHOTO KBaHTa OyIeT paBHA

00956 ¢/0° ~0,16-60=9,6. (2.100)

B none B3aumopericteuit ummnyibsc (2.100) 6yner obuna-
JIaTh YHEprueH, 1ocTaTouHou aid popmupoBanus AH-UHb:

59,6 = 96 = 64+32. (2.101)
***

3agonro 110 ''aHreJbCKOro 4YHUCJI0BOro ajadgasura'
CUHANCKUX CEMHUTOB IIyMEpPhl MMEIU CBOM 000KECTBIEHHBIC
gucna ([1], ctp.38).

HNmena mymepckux boros

[Tamanu
Hmrap (Onno- Cun Da |Oumun| Amny |Cymman

Boru | (6orunst | [ oo | (Gor | (6or | (6or | (Gor | orHOMIC- (2.102)

JlyHsr) Bor |/IyHsl) | Bomer) | Bypu) | Hebec) HUE
CoHia)
210
Yucno 15 20 30 40 50 60 |—=14.

15

boeu lllymepos u Yucnogvie 3HaueHust ITUX OOTOB JaHbI
Obutn Benukon [luBunuzanueit 3arem, 4ToObl IIyMEphl MOHS-
JIU: JKMBble MATHUTHI POKIAIOTCSA B NMOJApHOM Buxpe (O0-
noenaszviil boe Connya) noa BAUSTHHEM 3J1eKTPOMArHeTu3Ma

(2.102):

K uBOi Martur = 20+30+40+50+60 _ 210

15 15

rne: 15=[16= g )+ (14= W)}[ij(p dp= J_r%] (2.104)

=14=Juu*, (2.103)
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B 3300 r. 10 H.3. urymMepsbl 3HaJIu CBOKO MUCbMEHHOCTD U
CaKpaJbHBIA CMBIC YHUCEN CBOMX OOTOB Kak OIMCAaHUE IPO-
1ecca poxkaeHus KUBbIX MaruutoB (2.103).

B 1700 r. no H.3. cunatickue cemumol IIOHATUS HE UMeE-
JIY, YTO 3HAJU IIyMEPhl, © OTHOCUJIUCh K HUM, Kak J[apBUH K
ob6e3pstHaM. [1oaTOMY, HEe MOHSIB 3HAHUS, HAKOIJICHHBIE YEJI0-
BEUECTBOM JI0O CEMHUTOB, MYJIEM HAIIPABUJIM CBOM MBICIM Ha
CO3J/IaHuE peauruid 3amajaa BO UMs 30JI0TOTO TEJbIIA.

*
kk

Jlaxke cerojHs MHOTHE Hay4YHbIe pa0OTHUKU B CTETICHSIX
Y OpJICHaX HE NOHMMAIOT YTO TAKOEe OTHOCHTE/JbHbIEC eAUHM-
Ubl.

brectsiliiee HEBEKECTBO 10O 60MPOCY OMHOCUMENbHBIX
eOuHuy TEMOHCTPUPYIOT U 330TEPUKH B JIMIIE YUEHOTO COBETA
Myszes um. H.K.Pepuxa.

DT MI01U HE TIOHUMAIOT, YTO €CJIM, Harpumep, 0epérb
4E€pHO-0ebIil KOHTYp KoneOanus (Tad:mn.2.8):

Yépubiit < benblii

L % < 36004 = AB
3600

(2. 105)
1 =i* < 60*

1< 60,

TO Pa3MEPHOCTh, B JAaHHOM CJIy9ae aHTCTPEMBI, COKpaIlacTcs,
U MaTeMaTHYeCKOe ONHMCAHHE TPOoIecca YXOTUT B 00JIACTh
[Tomo6ust 6e3pa3MepHbIX (OTHOCUTEIBHBIX ) €MHMII.
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He 3nanu npunuuna nogoOusi OTHOCUTEIbHBIX €UHUIL
U CUHANCKUE CEMUTHI, BBOASIIUE B JIFOOOM CBOW pacu€T pas-
MepHocTh Tuna Anam, EBa, 14 konen (ABpaam poaun Hcaa-
Ka,...) u Tak jganee (bubmus).

[IIymepbl 3HaMM 1OAOOHMS OTHOCUTEIBHBIX CIAUHUII, U
ATO CTaBUJIO UX HAa 3HAYUTEILHO 00Jie€ BHICOKUN YPOBEHb, UEM
WX UHTEPHPETATOPOB - CHHANCKUX CEMUTOB.

O 3HaHMM IIyMEPOB 3HAYMMOCTH OTHOCUTEIBHBIX €I1-
HUILl CBUAETEIBCTBYIOT CUCTEMbI BaBUJIOHCKUX YHCEIN, TAE 3a
OJIHy OTHOCHTEIbHYIO0 eauHHIly OepyTcs yucia 10 u 60 ([1],
ctp.38).

[Tocne 3nakomcTBa ¢ Moeit padoroit Equnbiii Kocmoc
CTAHOBUTCS TMOHATHBIM, YTO CHCTEMAa BABWJIOHCKOIO CYHC-
JeHusi mymepos omnucbiBaer cBer B Emxumnom Kocmoce

(2.106):

CucremMa BaBHJIOHCKHX YHCeJ
B OTHOCHUTCJIBHBIX €ANHHNIIAX

Cucrema 1 otH. en. = 10 1 otH. en. = 60

Yuciaa 1 10 | 100 | 1000 | 1 60 | 600 6000
CumBonbl | T | « ’_ AT T T T T (2.106)

Cucrema 1 otHocurenpHasg equuanna = 10 u 60

Yucna 1 10 60 | 600 [ 3600 | 36000 | 316660

CumBomer | T < T K C @ @

Curyanuio "Cser B Egunom Kocmoce" omnuceiBaer u
Cranua III Kocmorenesuca Kuuru /[3uan "'S. Kopenb ocra-
érca, Cser ocraérca, Crycrku OCTalTCI H BCe IKe,
Oaeohoo Equn''.
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Buammarensaoe 3HakoMcTBO ¢ IlarmkHimknem Momces,
Ka66amnoit u apyroi nutepaTypoil, aBTOpaMu KOTOPBIX OBLTH
CEMUTHI, MPUBOJIUT K BBIBOJAY, YTO OHM HE MOHUMAJIU OCHOB-
HOT0, TO €CTh poJid CBera, a B psiie CIIy4yaeB CTABUIN U3yUe-
Hue Cpera noj 3anpert. [IpuBeny npumep.

%
*ok

N.HeroTon uccnenosan ceer. M.Kennep, nposepss oc-
HOBBI JIOTApU(MHUYECKOTO CUUCICHUS, OTKPHLI 3aKOHBI JIBU-
»kenus mwianeT B Conneunon Cucreme.

®dunoco¢p I'erenp ckazan, YTO ABMXKEHHE IUIAHET OH
paccuuTaeT TeopeTHYecKu TouHee m Jydme, yem M.Kemmep.
Marepuan m3noxun B nuccepranuu "OO opOutax miuaHer"
[25]. U3 pacu€ta HMYEro He MOJYYWIOCh. BMeCTO BBIBOIIOB
HamucaJl MaKCUMyMbl THUIIA: KBaApaT XapaKTEPU3yeT 3aKOHbI
TeJla, a TPEYrOJAbHHUK - 3aKOHbl Jlyxa, minu "B HMCTUHHOM
apu(MeTHKe TOJbKO eIUHUIA CKJIAAbIBAETCS C IBOMKOI 1
TOJIbKO JBOMKA BHIYUTAETCH U3 TPOIKH, U, B TO K€ BpeMms,
B Heil HM eMHMIIA He SIBJACTCH Pa3HOCTbIO, HU TPOMKA
cymmoii''.

3aTyiieBaB XBacCTJIMBbIE OOCUIAHUS W CBAJIMB HEYaud
Ha apudmetuky, ['ereib HE TOJBKO MOJYYUT UCKOMYIO Yyué-
HYIO CTEIeHb, HO ero ¢uiocodusi, Hapsay ¢ HaTypduiocodu-
et J.Deliepbaxa, yueHueM o kiaccoBoil 6oprbe K.Mapkca,
cTaja COCTaBHOM 4acCThIO MapKCHU3Ma.

[lopa3uTenbHO U TO, YTO HECMOTPS HA SIBHBIMA IPOBAI
CBOEil paboThl ¢ MO3MLMK NMOHUMaHUsS peanuil Equnoro koc-
Moca, [erenb, COBMECTHO € NO3TOM-ECTECTBOMCIIBITATEIEM
I'eitne (beii B OapabaH u He 0o0iics), ycleBaeT MPOYUTATh MO-
pasns M.Hprorony. CyTe MOpanu CBOAHUTCS K TOMY, YTO CBET -
3TO O0XbE TBOPEHHUE U U3Yy4aTh CBET MOXKET TOJIBKO bor.

Touno Takxke, kak I'eiine He moHs1 HproTOoHA, Tak ce-
MUTHI - KaOOATMCTHI HE TIOHSUTA IITyMEPOB.
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[IIymepckas Hayka Obula HampaBlieHa HE Ha W3Y4YEHUE
OUpIKEBBIX BEAOMOCTEN OT 30JI0TOTO TEJbla, @ Ha PACKPbITHE
IIPUYMHHO-CIIEICTBEHHBIX CBA3er CBera B Ennnom Kocmoce.

O6pa3Ho rosopsi, mymepsl uzydanu Kpyr YHusepcyma,
CBSI3aHHBIN C KOJICOAHMSIMU caMOCyIIHMX BOJIH (2 = +1) B Apy-
ne B3aumMo/iericTeuil Caera.

Hcxoass w3 aHamM3a CHCTEMBl CUHCICHHS IIyMEpPOB
(2.106), s npeacrasisto cede Kpyr YHuBepcyma HuBUiIN3aluu
IIyMEpOB TakK, Kak OKa3aHo Ha puc. 2.8.

Orot Kpyr YHuBepcyma A0mKeH OblT HAYMHATHCS C HY-
7 ¥ NEPEXOINUTh K €AUHULIE, OIIMChIBAs HA BHELIHEH ITOBEPX-
HOCTH Kpyra Jl3uan:

+[pdp=+— (2.107)
[ToBepxnocts Kpyra B Husmen obmactu AOKHA OTpa-
KaTh HE3aBUCUMOCTh KyHIanuMHHU OT peXuMa IyJIbCAalluu BO

B3auMojieicTBUAX (puc.2.8):

Oonacmu 0 Ypoenu

Ilepguvii

Buicwas Cpeonuii

Huzwuii
Ilepguii
CpeoHsis Cpeonuti
Huzwuii
Ilepguii

Huzwas Cpeonuii

Huzwuu

(1+2+3)-(1-2-3)-10° = 36000.

Puc.2.8 Kpye Vnusepcyma wiymepckoii Llusunuzayuu
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He3zaBucumocts Kynaaannu
OT MYJILCALMH U MYJIbTUILJIETHOCTH

MynbTUILIETHOCTD Pexum mysbcarmu
N Kynpanunu
B JKUJIKOH daze Awnrnpesonanc | Pesonanc |(2.108)
3,52-2,52=3,5+2,5 6 1+243=6 |[12:3=6

INoreninan B HU3MIEH 00IACTH:
psABb = 36000 = (1+2+3)-(1-2~3)-103.

*
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Hanee norenunansl Kpyra YHuBepcyma mymepoB oI-
penensitorcs pazHoctamu (2.8):

36-26=10=26-16, (2.109)

rae: 16, 26 u 36 - hyHaaMeHTaIbHBIC 0a30BbIC TTOTCHITUAIIBI
Ennnoro Kocmoca.

CyMMa TIOTEHIIMAJIOB TIEpeXoa MEXKIy CpeIHEH U BbIC-
et obnactsimu Kpyra (puc.2.8):

(26+16 = 42) < (26> — 16> = 420), (2.110)

rae: 42 - skBuBasieHT 42 boxectBam TBoero Cep/la,
1

nysibscauus: 26- | ¢ dp =13 npuBOAUT K BKIKOUYEHUIO OUO-
y p
0

yacoe Kusnu.

NurencuBnocts Teuennsa JXKusum yBenuumBaercs B 10

pa3 HpI/I JOCTHIKCHUU paBHOCTI/I KBaI[paTOB IIOTCHIIMAJIOB
(2.110).

Cucrema cuucnenus mymepoB (2.106) ompeaensier mo-
TEHILIMAJIbl CMEILICHUS TP MyJIbCAlluU CBETa:
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O6nactu | Beicmias Cpennsis Huzmas

OTtHO- 1-2-3 10-20-30 »| 100-200-300 10°

menne [1+2+3  [10+20+30  |100+200+300  |(2.111)
Tpomsse- | o 3¢ 3610 36-10°,
JCHUEC

Ilepexon uepes sHeprermyeckoe nosie Kpyra YHusep-
cyma lllymepoB npuBoauT K (JOPMUPOBAHUIO IHC-TPAHC HM30-
MEpPUYECKON PAa3HOCTH KBaJApaTOB IMOTEHIMANOB, a 3aTe€M K
pPa3HOCTH MOTEHUUANOB Mexay dsHepruedl Apynel (Kpyr
VYuuepcyma IllymepoB) u sneprueit Pyner (Kpyr Yuusepcy-
Ma Uucyca Xpucra).

DTy pa3HOCTh MOXKHO paccuuTaTh (Tabdi.2.9).

Tabnuma 2.9
Apyna - Pyna: nosiBjienue TsHb
Kpyr YHuBepcyma KBazpar norennuanon

1

Kpyr Yuausepcyma Illymepos 36-10° do = 648-10°

(Apyma, puc.2.8) ( )zv([(p 14
0
Kpyr Yuusepcyma Nucyca Xpucra 103 _ Q.106
(Pyna, puc.2.4) (4 10 )2-!.(/) dp=-8-10
PasnocTh kBapaToB (cymMMa = TSHB) [648 + (-8)]-10° = 64-10".

6

[TosiBnenne mnorennuana 10° obGecneunBano 3¢ dexT

Kupnuan u Aypy Kak COCTaBHYIO 4acThb MMMYHHOU CHCTEMBbI
’Kusoro (Ta6:m.2.9).

[Tepexon k yactoram 107 obecnieunBan popMUpoBaHUE
B cryctke TsHb 3JI€KTPOMarHUTHBIX CpeJ ¢ MOTEHLHUAIAMHU €,

U, [14].
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[ToznakomuBIIHCH ¢ Tabn.2.9, crpocute ceds, yBaxkae-
MbId YuTarenb, MOTJIM JIM 3HATh CHUHAMCKHE CEMUTBI, HWJIHU
myapensl CuoHa, uiny nupatsl EBpbl, MpoMbIILIAIONME U Oe-
peroB Adpuxu, Tte npobisemsl Enunoro Kocmoca, kotopsie
onuceiBana lllymepckas Knunonucs? Her, He mormnu!

CJ'Ie,HOBaTeJ'IbHO, IMHPaThI EBpO OIIMChIBAJIM IIMBHUJIM3Aa-
JE8%0L0) Basuiona c IMO3UuOHH CBOCI'O MHUPOBO33PCHHA, 4 TOYHCC C
MMO3uOHH CBOCTO MUPOHCIIOHHUMAHM.

Bemukas [uBumuszanusa nocnana Mucyca Xpucra. Ero
pacrsuii. OH Bo3HEccs W mpojauktoBan "OtkpoBenus". He
BHSUIM U MPOAOJKAIM HACTaMBaTh Ha TOM, YTO CHHAaMCKHe

CeMHUTHI BBeJM B OOpalleHHe AHIeJIbLCKHH YHMCJI0BON aJ-
dasur [1].

***
CBoro TepMHUHOJIOTHIO ceMHUTHI OepyT n3 Kuuru Jl3uaH,
KOTOPYIO UCKa3WIM elé XyxKe, yeM BaBunoHckyro baninto.

Myapenbl - ceMuThl Ja100 NpsiMo HUTHPYIOT KHury
J3uan, Hanpumep B KabGbase, ynorpeOisisi BbIpaKEHUS:
"Beauxkuii ens "byab ¢ Hamu", uckaorcaa cmvicn Cmany
CBOUMU KOMMEHMAPUAMU, AUOO KOCBEHHO, UCNONb3VS A3bIK
Knueu.

Hanpumep, Teorenesuc Kuurm JI3nan HaunHaeTCs
Cranueit [X [4]: "4. Cka3zan On Ceareim: ""CoOepure cBO-
HX X03sieB M cJeialiTe KMJIMIIA, J0CTOliHbIe AHreioB I'o-
Joca. OHM NPUBEAYT HOBOPOKAeHHbIX ChiHOB Bosn n Mo-
T MO0 OTKPHITOM MHOI TPOIE, YTOObBI OHM CMOIJIM 3ace-
JUTH OTHeHHY10 KpacHyio 3Be31y HOBOI1 pacoii''.

He ycnienu EBpo MOHATH 3TU CTPOKH, KaK TYT K€ CTAIU
TrOBOPUTh, YTO UMEHHO OHH CO3/1aTENId MOITHYECKO-AHIeJIb-
CKOro uncJjioBoro ajgdgasura [1], u uro onu u3bpansl borom
JUIS1 3aCEJIEHUS] HOBBIX >KHJIMILL.

"I'ynpunraii! Otkpoit muuko!". ..
Ax! OH Ha3BaJ MeHSA TIOOUMOM KeHOu"
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naBa 3
Marua Kutaa B Peanuax tpu-

U reKkcorpamMm: Ypoku n3 tbMbl BekoB

Onementsl Benukoil ITupamuast (puc.0.3, 1a61.0.6) u
rekcorpammbl Knuru [lepeMeH B3aiMOCBSA3aHbI.

[Tpuyem, rekcorpamMma OMNKCHIBACT IMOJIE, B KOTOPOM
BCErJja MMEET MECTO ObITh LHUC-TpaHc u3oMmepus. [loaromy
reKcorpaMMmy MOXHO 3alKcaTh KakK JIBE, CBSI3aHHBIC MEXIY
co00¥ TpUTPAMMBI:

IITpux - 3anKMCh MyJIbCALMU

Hcrounuk Kuwra Ilepemen Kuraiickuii Kittou
uapopManmn | (rexcorpamma) | Maruu ([1] tpurpammsr) | (3.1)

HpI/IMepLI = — —
[ITPUX-3AITUCH — — —

Tpurpamma:

Tpanc-
n3oMepus

Puc.3.1 Keanm ceema u onucanue e2o nyivcayuu
2eKCOo- U MPpUSpamMmamu.

[To cymiecTBy, T€KCO- U TPUTPAMMBbI ONKCHIBAIOT AGCO-
JIIOT, KOTOPBIN CBSI3aH C KBAHTOM CBETAa BO BHYTPEHHEM TOJIE
B3aMMOJICUCTBYIOMMX MeXAy coboii BomHbl (E;c = 1), wacTu-
1Bl cBeTa (IMC = 1) U MEKTPOMATHUTHOM CPEmbl (€o Loc” = 1)
Mexay Humu (puc.3.1).
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[Torennuman 3tux nosueu paseH 30:

HN3omepus ceera (puc.3.1).

Luc- Tpamuc- (3.2)

(Mec+eotoc” + Esc)ps =30 | -(mecteo poc” + Exc)ps = -30.

[Iymepst 060xkecTBsM 311 yncna (1.2).

[{uc-uzomeputo ¢ noreHuamom +30, paboTaroiryo Ha
pacuipenue, oHM Ha3Banu Ooruuen JIyHbI, a TpaHC-U30Me-
puto ¢ norenuuaiom (-30), paboTarollyio Ha cKaTue, IryMepbl
noyuTamu kak oora JIyHsl.

B cBoell penurun mymepsl OYUTAIN MY»KCKOE U JKEH-
ckoe Hauama, npunaBasa s3tuM Havanam 3HaUMMOCTb CBOMCTB
CIIEPMATO30M/1a U KEHCKOM ANLIEKIIETKH.

JpeBHue nuMBwiIM3auuu 3anajga nouutanu Jlyny, onu-
CpIBas €€ NoreHuuan quarpamMmmon SAu-1ue:

Onucanue Jlynol nuarpammou Su-UHb
n
n n 3.3)
P S 2 (
ﬂyna=30=£¢d¢ !(pd(ﬂ@n

JKeHuuHbl ObUTH PaBHOTPABHBI C MY>KYHHAMHU, U T€ U
JIpyrue Obuth Goramu.

%
*ok

[{uc-Tpanc u3zomepus cBera ¢ noreHuailamu +30 (3.2)
Hanuia cBo€ Ilomobue B (opMHpOBAHMK OPraHOB YEIOBEKA:
BO3HUKJIA, HAI[pUMeEp, CuHe-Toiyoas yakpa Tperunit a3, rpa-
HUILIEH pa3jiena CHHeH U Toiy0oii o01acTel B KOTOPOM SIBIISCT-
cs1 BonmHA B 4800A, a norenuman, pasHelii 480, Takke MOYNUTA-
ercst kak 6oruns JIyHsr [1].
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DTO 3HAYUT, YTO NPH MeauTauuu B obnactu TpeTbero

['ma3a BO3HUKAIOT CHHE-TOJIyObIe KOJeOaHus, (OopMHUPYIOIIIHE,
. 4

B KOHEYHOM CU€Te, KBaHT CBeTa ¢ moTeHmuanomMm 36 'x 1,2 T,-t:

Cune-ronyoas myanscanus B yakpe Tperuii I'iia3

be3 mequtanuu [Ipu meauTanuu
3.4)
0 < (48-:30)*— (482 —-30%) = (
48-30 48+ 30
P 48+30 14407 — 1404 ~ 1,2:36* =
- ' P2 To136%.

Mennranus Ha ypoBHe [lonco3Hanus B KaHasie IpoOBO-
JUMOCTH C HOJIb - TIOTEHIMAJIOM JAET BO3MOMXKHOCTb MEIUTH-
pyloleMy HUHTEHCU(UIIMPOBATh Mpolecchl (oTocuHTE3a B
CBOEM OpraHu3Me M, B KOHEYHOM Cu€Te, BCTynuTh Ha Tpomy
Teorene3uca, BepinHoil KoToporo OyayT jroau Bomu u Ho-
I'Yl, TO €CTh MBI C BAMU.

%
*ok

OKpy>KHOCTH, OTPAaHUYMBAIOLINE OCHOBAHUE AJUIUIICOU-
JIOB, SBJISIIOTCS OJIHOBPEMEHHO KBAaHTOBAHHBIMU OpOUTaMU
BpallleHusl C MEPUOJUYHOCTBIO T, = 4 TOYEUHBIX YYacTKOB
BOJIHBI CBETA.

OpOuTa TOYEUHOIrO y4acTKa BOJIHBI CBETA IyJIbCHPYET
KaK MyJIbCUPYIOT BOJHBI, TO €cTh £ T, = £1:

Bausinue mynabcanuu Tyl = 4+1 Ha KBaHT cBeTa
(puc.3.1).

H3omepus Hue- Cas3p Tpatic-

N30MepHUs U30MepHUs

[Tons BnytpeHnnee Bremnee BnyTtpennee (3-5)
To+1=5
IToTenmuannsl T,—-1=3 3=1-T,
-5 =-(1+T,)
Omropa Tpeyronbauk | Ilentarpamma | TpeyrosbHUK.
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BryTpenHue momust moxy3JiIuIcoB MyabCUPYIOT Kak AO-
COJIIOT, U MOTYT OBITh 3amucanbl mTpux-kogom Kuuru Ilepe-
MeH win Kutatickoit Maruu (3.1).

Buemnee none nsarepuyunoit cBs3u (3.5) OyaeT myJibCH-
pOBaTh B PE30HAHCHO-AaHTUPE30HAHCHOM pexume, GopMUpys
KOHTYp Kojebanus (1/2 < 2):

Hyascanus Isrepuunoi cesa3u Ceera
Pexum AHTHpE30HAHC Pe3onanc
[lenrarpamma (To+1)*[-( Tot+1)?] (Tot1)-[-( To+1)]

B Sitne ([3],
Kocmorenesuc) =52-(-5%)=50 =5-(-5)=-25 (3.6)
BsaumoseiicTBue 50= lg% 25 =1g pip2
1
50 1 =25
Koneb ——=2=-lgpl o-lgpl=—=—"".
osebaHus my: g0, g 05 > =30
il

[Tynbcaums [larepuunoit Cssizu Cseta (3.6) pacmpo-
cTpaHsieTcsl Ha BClo Bcenennyro, ubo cBeT TpaHcpopMupyer
Bce 0e3 uckioueHus: popmel DHeprun BeeneHHOM.

Ob6unactero npwiioxenus [larepuunoit Ceasu Cseta Oy-
JIET SBISATHCA 000JI0UKa CBeTa (MOIYIJUIAIICOU) C MOTEHIINA-
aom 30 (3.2, puc.3.1).

[Ipyn B3aMMOJEUCTBUAX C ABYMS OOOJOYKAMH DJUIHII-
consioB ¢ moreHnuamom 30 cama mATEpUYHAs] CBS3b OyjeT
pacCIlEeIUIATHCS, HAIPUMED:

5=342<-2-3=-5, (3.7)

CoOTBETCTBEHHO OYIyT M3MEHATHCS MOTEHIUAIBI 000-
nouek ceera (puc.3.1):

(30 —2) =28 <27 = (30 — 3). (3.8)
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Bo3nukaer CBeuenue ToHkOW DHEpruu, MOTECHIUAIBI
MOJTY?JUTUIICOB KOTOPBIX paBHBI 27 <> 28, a 00ay4E€HHBIE €0
MOJIEM CEMEHA YBEJIMYMBAIOT YPOKAMHOCTh B CEMb Pa3 M TaK
Jajee, 0 4éM s pacCcKasblBaJI B IPEABIyIIHX padorax mo Exu-
HOMY KOCMOCY.

*
kk

B Kuraiickoit Maruu ecth ABa KOMIlaca: 3€MHOI U He-
oecnbii ([1], puc.3.2).

1. Komnac nebecnuvix 2. Komnac 3emnwix 3. Ocnosanue eenukou
mpuepamm Py-Cu mpuepamm yaps Bona  Tupamuowr (maoan.(.6).
IIBenn JIn
dyii, — Cynp Cyup

1=
<
1=

JIn Kanr Yenn (

YeHb €Hb Kenn €Hb \
— - — - 2.2
—_— = - = '

Puc.3.2 Ilooobus Tpuepamm macuu Kumas
u ocHosanus eenukoul Iupamuowvi

s
IIE
iz
1E

B3aB 3a ocHoBy Kuury Ilepemen, kuraiickas Marus
(¢pukcupoBasa, 4To 3¢eMHON M HEOECHBI KOMITaChl Pa3BEPHY-
THI IO/ ITPSIMBIM YTJIOM.

Kwuratickue maru pa6or C.M.BaBwioBa He yuTaiu U HE
MOHSUIH, YTO (POHT BOJIHBI CBETA B 3eMHOM atMoc(depe u B He-
Oecax pa3BEPHYT OTHOCUTEIHHO JPYT Jpyra Ha yroi m/2, To
€CTh Ha yTOJI MOJSPU3ALINH.

[Monsipuzarust GppoHTa BOJHBI CBETa HA Yrol T/2 = o,
MIPOUCXOIUT BCET/IAa MPU MEPEX0/Ie COTHEUHOTO TEMIOTO CBETa
B XOJIOJIHBIN JTIOMHHECIICHTHBIA CBET, WJIW M3 JIIOMUHECIICHT-
HOT'O B COJIHEYHBIM.
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Tpuepammel u cexcoepammul 8 noie ceema (puc.3.1) on-
peoesitom nomeHyual 0aHH020 KOHKPemMHO20 K8AHMA ceema 8
OKpydfcaroweti cpeoe.

N3MeHeHre NOTEHMAJIOB CrYIIAIIMXCS KBAHTOB CBETA

onpenensiercs: npornopiusMu Beaukod I[lupamuner (puc.0.3,
1a671.0.6).

Jns Hayku u Texuuxku Benukou [{uBunmzamuu ObLIO
BXKHO OINEPAaTUBHO U dPGHEKTUBHO onpeoessims NOmMeHYUA bl
060t mouxu 6 06véme Ilupamuowi.

TakuM 3JKcCHpecc-MeToA0M ONMUCAHUSA MOTEHUHAJIOB
KBAHTAa CBeTa B cpejie SIBJIACTCHA ITPUX-3ANUCh KUTANCKUX
TPUIPAaMM, 3aMMCTBOBAHHbIX U3 rexcorpamMm Kuuru Ile-
peMeH, 0cTaBJIeHHOM HaMm Beukoil LluBuianzanuei.

BwMmecte ¢ tem, Benukas [{uBrimzanus 3Hana, 4To IPO-
nopiuu Benukoil [lupamunabl onuceiBaloT He3bl0Jemble Koc-
mu4yeckne 3akonbl crymenus Hebecnbix Teo.

Hns  Toro, 4roObl ympaBisaTh OHepruet CuHTE3a-
Myneruruiernoctu Hebecubix Ten, Hago ObUTO HAXOAUTH JIHO-
Oyr0 PHEPreTHYecKyro KoopauHaTy B oObéMe [lupamumabl, u
MITPUX-3aMUCh COBMECTUNU ¢ mpornopuusimu [Tupamuasl, Ha-
npumep, ¢ e€ ocHoBanueM (puc.3.2) u oobémom (puc.3.3).

I

I

X <:> —
I

I

KOOp- TeKCO-
JIHATA rpamma

Puc.3.3 Onucanue mouxu X 6 06véme senuxoti Ilupamuowvt
eexcoepammoti uz Knueu Ilepemen
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[Ipu He3bIOTEMOCTH 3aKOHOB CHHTE3a-MYJIbTHILIETHO-
CTH HEOECHBIX TN 3HAHHE JYHEPreTUYECKON KOOPAMHATHI B
o0béme [Mupamuel (puc.3.3) naBajio BO3MOXHOCTb YIPABISAThH
BCEMH MPOIIECCaMH, B TOM UYHWCJIE€ CTallMOHAPHBIMH DHEPTOYC-
TAaHOBKAMU M YCTaHOBKaMH Ha TPAHCIOPTHBIX CpPEIACTBAX,
Brurogast HJIO.

VYrpaBiieHME KOCMHYECKOW DJHEPrUeN 3aTparuBajio H
JKuBoe: reHOMbl HACJIEACTBEHHOCTH, CyOCTPYKTYpbl OMOKIIET-
KH, caMy OMOKJIETKY... U OPraHU3M B LIEJIOM.

Bompocel coBmectTuMocTH OMOTKaHEH HpU HX TpaHC-
IUTaHTaluu ObuM pemieHbl. CucreMa BpaueBaHMs MOIHSIIACH
Ha HEOBIBAJIO BBICOKHI YPOBEHD.

3.1 Marusa Kutas: cryweHne ToOHKON DHepruu
B 00bEéme Benukoun Nupamuabl
BepuéMcs k MeTOMy OIpeAeNieHus SHEPreTHKU OYKB
andaBUTa COBPEMEHHOI'O PYCCKOTO si3biKa [21].

McxomHoll KOHIIEIIIMEH B 3TOM METOAE OBLIO TO, YTO
TOYEYHBIN YyYaCTOK BOJIHBI CBeTa, MPOXO/Jf 10 MOBEPXHO-
cTHOU BoJiHe KyHIalMHM, OCTaBJsieT CJiel, TO €CTh 3alu-
cbiBaeT uH(popManuio o cede B MmaTpuny Kyngaannu.

Nudopmanmonnas marpuna KyHganuau Obuia cBs3aHa
¢ 1pooxto - [[3man Kocmoca (puc.3.4).

B stoM none mepumerp kBaapara co CTOpoHOM /l3maH
1 o
Oyner paBeH 2 (4 [3uan = 4-5= 2), a MOTEHIIMa B3auMO/IeH-

CTBUH Jorapupmuyeckux BoyiH gocturuet S50 (puc.3.4).

B mnone undopmanuonnoit marpuiel Kynganuau mos-
BUTCSI BO3MOXXHOCTh CHMBOJIMYECKOW 3amucu uyuciaa 100
mTpuxom = (puc.3.4).
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1. Hacviwyennas ungpopmayuonnas 2. Henacviwyennasn ungopmayu-
mampuya Kynoanunu onnas mampuya Kynoanunu

]

50 =1g22% —1g10¥

@ do(Jzuan) 7

‘/2/25 = Ig pip2(3.6)

Xapaxmepucmuka avetiku -
MPeyeONbHUKA (CUMBOTL == =):

S e —

N | —

XapakrepHucTUKa s;UeHKH-KBaapaTa co

croporoii [3uaH (3.6): =T = 21 Luanlg pip2 =
IlepumeTp KBagpaTa co CTOPOHOM e - _
J3uan (4 [I3naH = 2) yMHOXXECHHBIA Ha 2 7 (-25) 23.

B3aUMOJIEHCTBHS (CUMBOJI

— 4ﬂ3uaHngMz 2:50=100

5

), T1ie

Puc.3.4 Cmpyxmypa unghopmayuonnot mampuyst Kynoanunu

%
*ok

Hacepimenue crycrtka - 31o He Hackimenue Kocmoca He-
BecomocTH. B sunorepmun Kocmoca HeBecomocTr BOZHUKHET
noJiykBaapaT BHe DOpMbI, CUMBOJI (= =) KOTOPOTO ONUCHIBA-
et Yucno Munyc aBaauars nsath (puc.3.4).

Hrak, mbl moayunsm 7o, o6o Uro cnorkuyics I'e-
rejib: ""KBaapar - 31I0pa Tesa, TPEYroJabHUK - 3II0pa 1y-
xa'" (puc.3.4).

Bropas mpoGnema [eremsi, cBsi3aHHasT C WCTHHHOU
apu(MeTuKou, rae:
1+2 =3 (ne cymma) u 3 —2 =1 (He pa3HOCTb),
BO3HUKasa He Kak llapamokc IIpuponsl, a u3-3a Toro, uro I'e-

rejib MPUMEHWIT apuPMETUKY JorapupMUUECKUX BOJIH K siiep-
HBIM ITPOLIECCAM:

172



Makcumym [25] 2+1=3 3-2=1

(He cymma) (HE pa3HOCTD)
Peanuu mnons 102-10' = 10° 103/10° =10
(3.9)
2+1=3
3-2=1

Pacuét 'erensa

1
omuoOKa 3 10° pa3 | omubka B 10 pa3.

Tak 4T0, yBa)kaemMble MaruCTpbl 1 Marv, He HaJ10 BaJIUTh
Ha IPUPOY TO, B U€M BBl HE pa30bUpaeTech.

*
kk

JIroOo#t UMK 3HAET, YTO MaTEpHUANIbI C OHUITOIIOCHOMU
CTPYKTYpOWl JIOMEHOB TMOJIIPU3YIOTCS, B YAaCTHOCTHU, KaK B
dbopme mapamuienbHOTO, TaKk U B (OpME B3aUMOMNEPICHINKY-
JIIPHOTO PACIIONOKEHUSI JOMEHOB (puc.3.5).

1. ITnocko-napannenvuas | 2. Bzaumonepnenoukynapuas

noeipusayust @ @ nojiipusayust

Jomenwi Jomenwi

I'excoepammul no Tpuepammuol no
Knuee Ilepemen (puc.3.1). mazuu Kumas (puc.3.2).

Puc.3.5 3anuce nonspuzayuu ecexco- u mpuepammamu

Oty GopMBI TONSPHU3AIMN MOXKHO 3amucath B ¢GopMme
mTpuxoB (puc.3.5):

— TUIOCKO-MAPAIUICIIBHYIO TOISPU3ALUI0 - TEKCOTpam-
Mou, kak B Kuure Ilepemen;

— B3aMMHO MEPNEHJIUKYJISIPHYIO - TPUTPAMMaMH, KaK B
Maruu Kuras (puc.3.2).

['excarpamma ynoOHa [jis onpeesieHusl OKpysKaromen
cpensl, HanpuMep, npu nosére HIIO; tpurpamma - s onpe-
JIEJICHUS CTYIIIEHUs] BHYTPEHHUX 1ojield CryCTKOB.
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Marus Kurtasd npumeHwna B3auMO MNapaJuIeIbHO-TIEP-
MEHIUKYJISIPHYIO TIOJIIPU3AINI0 COPUECHTUPOBAB €€ Ha CTOPO-
HbI cBeTa: 1or (10), cerep (c), BOcTOK (B), 3amaj (3), ceBepo-
BOCTOK (CB), ce€Bepo-3amnaj (c3), Foro-BOCTOK (F0B) U I0ro-3amnaj
(r03) B 1Byx komnacax tpurpamm: HebecHoMm (Py-Cu) u 3em-
HOM 1apst Bana (ta61.3.1).

Tabmuma 3.1
Komnac HeGeCHBIX U 3eMHBIX TPUTPAMM
(®y-Cu, nuaps Bausa) [1]

Wepornud  |Ysens|Kynp| Cynb | Tyt | Kens | Uens | Kanb | Jlu

CuMBoOII

100 | -25 | 100 | -25 | 100 | -25 | -25 | 100
Yucna (puc.3.4)| 100 | -25 | 100 | 100 | -25 | -25 | 100 | -25
100 | -25 | -25 100 | -25 | 100 | -25 | 100

Cymma (@ui- | 300 | o5 | 175 | 175 | s0 | s0 | s0 | 175

pPEe30HaHC)

Hpomssenenne | a6 | 56 | 5210 _52.10*| 5%102| 5* 10| 5* 102 |-52 10"
(pe3oHaHnc)

Cro. |®y-Cu| 10 | C | 103 | IOB | C3 | CB | 3 B
POHBI

cBeta gjg;’ 3 [103|10B| 3 |[CB| B | C | 10

Peanueii, B KOTOpOU peannu3yercss OTKIIOHCHUE 36MHOU U
HEeOeCHOU TpurpamM, SBJISICTCS Mpeleccusi, TO €CTh OTKJIO-
HeHHEe 3eMHOH OCH OT JIMHHHM TOPH30HTA, YTO BbI3BAHO
JABHKeHHEeM 3BE31HOro Heba (Tadn.3.1).

[Ipeueccust - 3T0 OOMIHOCTH MHUKpPO-Makpo EmguHoro
Kocmoca:
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[Ipeueccus J3nan Kocmoca

3Bé3nHoe Hebo 3emiis Meraranaktuka| CrycTku

Tpurpamma | Tpurpamma . 0
®y-Cy uapst Bona I¢ do - .[(p dp - |(3.10)

0 1
T n-7/2=m/2

0 1
Sint=0c Sinn2-1a [edp=1 |[edp=-1.
1-Cosnm | 0=Cosm/2| ! 0

*
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KpyTsmire MOMEHTBI, OXBaThIBAIOUIUE MPELECCUU BCEX
Mukpo-makpo mupoB Emmnoro Kocmoca (3.10), Ml MoxeM

BBIYHCIIUTD UCXOMS U3 KPYTSIIUX MOMEHTOB B TI0JI€ TPUTPAMM
(Tabn.3.1, Ta6n.3.2).

Tabnuma 3.2
AHTHpE30HaHC - pe3oHaHC noJeil ®y-Cu u naps Baus

[Tapametper | Ilorennmansr uepornudos (tabdn.3.1). | Pesymprar

Cvania 300 — 75+175+175+50+50+50+175 =J)0=K,
y Amntupesonanc, rjae 900 = AK — AD = K,
65 (_50Vse(_&2.1 0 x(52.1 0% 4102
[IpousBenenne 10™X(-57)x(-5*107)x(-5*107)x(5 10%)x K2£+528~1026

(5*102)x(5%102)x(-5>10%) = K,

Jlorapugmmueckas BOJIHA:

Bpewmst u logs5>® = 28 - hopmupyer rpaBuTanmIo,
rpaBUTAIUS

1
Ig 1026J.(p dop =13 - peasninzyercs Bo Bpemenu.
0

Pe3onancHO-aHTUpEe30HAHCHAs! MyJbCallUid CrYCTKOB U
Kocmoca HeBecoMocTu BOKpYT CI'yCTKOB, KOTOPBIE KHUTAaHCKHE
Maru onucaiu kak Tpurpammsel ®y-Cu n napsa Baus, npu-
BOJAT K (hopmupoBanuio cnekrpa csera (AK - A =K;=900),
nojie rpaBUTALMM W TeyeHue BpemeHnm, TO ecTb uepeibl
[IpopomxurensHocTed 10 13-mu jaynnomy Kanenoapro Bce-
JeHHotl (mabn.3.2).
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Ecnmu Obl kuTaiickue Maru, B PacropsuKeHUM KOTOPBIX
obuta Knura Ilepemen, 3nanu 6b1 0 3akonax Emunoro Koc-
MOCa, TO OHM MOIJIA Obl OTKPBITh 3aKOH BO3HUKHOBEHMS
Kusbix Maruuros BceesieHHOM.

Oonaxo KATAWCKUE Maru U CEroJiHs He MPEeICTaBIIAIOT O
4yéM, B KOHEYHOM cuere, uI€r peub B Kuure Ilepemen, xots
MHOIO€ UHTYUTHMBHO YYBCTBYIOT U CJIAralOT HNPEKPACHBIE CTHU-
XU B 4eCTh 1aps Bous.

3HAKOMHUTH € 3AKOHOM POKICHHUS KUBBIX MATHUTOB
BcesileHHOM mpeacTOMT MHe, yBaKaembld UYurarenb, 4To A C
yAOBOJBCTBUEM Jienato, oOpaias Baie BHUMaHuE Ha pe3o-
HAHCO-aHTUPE30HAHCHYIO0 Tylbcanuio Bcenennoi (t1abmn.3.2,
Ta671.3.3).

Tabnuna 3.3
Posxknenue :;KUBbIX MATHUTOB B NyJbcHpyOLIel BeeieHHoH
[Iporeccrl Konebanus
anmupesonanc K, =900 3 522" _ pes3onamc
Anepnbie pe3onauc K, =5%-10" 522 s 3’ aHmupe3oHauc
MIPOLIECCHI o6
34 e 51040
96
Torapud- logs3* = 4 < 104+96 = logs5'" + log ;; 2
MHUYECKHE 0 196 = 142 = pp*
BOJTHBI
KUBBIC MAaTHHUTHI.

Crapenue XWBbIX MarHuToB (Ta61.3.3) B Owmomoruue-
ckoi JKu3HM CBSI3aHO C TEpPEeMEHOW HampaBieHus (3HaKa)
nBvkeHus IlsarepuyHon cBs3u:
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Crapenue u pennkapHanus ZKusbix Marauron
[Tons Mo crapenus Crapenue
0 196 = pup* 0 < -104 — 4+96; (3.11)
Kote- ’Kupble Marautel 108 <96 u 12 <0,
Oanus * . } .
0196 PP* _ 7 7 rae: 108_ YHCIIO peMHKapHaIUi,
qq * 12 = To *T.

B cnydae mepeMeHsl 3HaKa B IOJIE KUBBIX MAarHWTOB
BO3HUKAET PE30HAHCHBIA BUXPb Apymnbl - Pynbl ¢ OpoaosnKu-
tenbHOCThIO 12 =T, -1 (3.11).

OTOT pe30HaHCHBIM BUXpb Apymnsl - Pynel cokpamaer
IPOAODKUTEIBHOCTh OHoJorndeckoi JKu3Hu KUBBIX MarHu-
ToB 710 108 peunkapuanwmii (3.11).

buonornueckas JKu3Hp nepuoanyecKky NpepbIBacTCs U3-
3a mnepexoja u3 aHtupezoHanca Apynsl - Pynsl (T, + 1) k pe-
3oHaHcy (T, - 1):

Buxpu ¢oton - pononon B Jlnn Hamei ’Kusnu

Oranel | Mononocts | Ctapocts | B Beunocts XKuzuu

74 <=3=1
[Tanema B Apyre.

(3.12)

Konebanusa | T,+t=7 |12=T, 1

Marust 1 MapKcu3M He UCKII4YaT Ciy4ailHOCTeH.
Ho B Kocmoce Cayuaitnocmeit nem. Iloamomy Cozoamens u
eéeoém nac k Kpacnoii 3ee30e Teozenesuca Yenosexa Boau u
Hozu c éeunoii anmupeszonancnoii cemepuunocmoio (3.11):

% F }
ﬂﬂ*%:196.%:(7575+1)3z{pZZAKJ’q)dgo} . (3.13)
0
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Marusa Kuras, anaruszupya Kuuey Ilepemen, ucnonvso-
eana €€ NMpeAcKa3aTeIbHble 3HAYEHUs], HAIIPUMEp, JJISI CHCTE-
Mol "Cy Csnsp" ([1], ctp.377):

IIpeacka3aTenbHO - yIpaBJsilONIue

cpoiicTBa Au-Unn

Hassanue bonsmas Mamnas Bonsmas Manas
CHUMBOJIa %0518 %0518 Sn Sn
CuMBOII i —— —_—

Oy Cesep Boctok IOr amang
np o lea- 3uma Becna JleTo OceHb

SaECHHLCTBa Jlyna 3oamnax Comune | [LmaneTsr

Ymn Hoc I'naza Pot
Moii nogxon: | 32+32 | 64-32 64-64 | 32-64
- = =37 32+32 64+32 64+ 64 32+64
(1)
= 64, | N4 v
16 —32 < 32 o —32
rae: 32 - luab | | 3
64 - Tsaab

[IpuBenéHHas pe30HAHCHO-AHTUPE30HAHCHAS
yJIbCaLus.

(3.14)

B cinyuae, nokazannoMm B (3.14), s kK mpumepam mpe-
ckazarenbHbIX cuMBOJIOB SH-UHB ([1], cTp.377) nobasui uuc-
na 32 u 64, To ecTb yncia ueporaudoB, KOTOPHIMHU OMUCHIBA-
1oTcs Tsaabp-1luHb.

B none Tsau-Lune dhopmMupyroTcss KOHTYpbl MPUBEIEH-
HBIX PE30HAHCHO-aHTUPE30HAHCHBIX KoJieOanuii (3.14).

CuMBOJIBI HAUMHAKOT pa6OTaTB TOYHO TaK XK€, KaK U Ca-
MM SHEPICTUICCKNUC KBAHTEI.

B KkBaHTe C MOTEHIMal - SKBUBAJICHTOM 16 =./gq*

(3.14) BO3HHUKAIOT OKHCIUTEIHbHO-BOCCTAHOBUTEIBHBIE MPO-
L[ECCHI, MOAOOHBIE MOTEPE 3aPsA0B PJIEKTPOHA U MO3UTPOHA.

Onekrpudeckoe nose (3.14) Tepser ABa 3apsaa U cra-
HOBUTCSI MAarHUTHBIM
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Tpancopmanus 3JIEKTPUIECKOT0 MOJIS
B MAarHUTHOE (3.15)

(Vgq*=16) -2 = (14 = Juu*).

OnexkTpoH-no3uTpoH (3.15) nmomamator B HeOeca [lunb,
HACHIIIAsl UX AJIEKTPUUYECTBOM.

B ¢wusuonorun nporexkanue mogoOHBIX MPOIECCOB Ha-
CBIII[ACT, HANPUMEpP, IIUTOIUIa3My OHMOKJIETKH, YTO BJICYET 3a
co00i BO3HUKHOBEHHUE CYyOCTpPYKTYypbl (9+2) u nmanee MUTO3
ounokietku (3.14):

®opmupoBanmne cyoCTPYKTYPbl MUTO3a

= | 3.16)
2 2 2 > v '
3-3255-33=2-(9+2)© 2-(9+2):§-33E§.32,

Cybctpykrypa (9+2) 6M0I0THYECKOM KIETKU MPU MUTO-
3¢ BO3HUKAET B YCJIOBUAX TpaHCHOpPMALUU DIEKTPUUECKOTO
nosis 8 maeHumuoe (3.15) u GOpMHPOBAHUS DIEKTPHUIECKOTO
KOHTYpa konebanuii (3.14) B MarHUTHBIH:

MarauTHbIe KOJIe0aHud
Pa3MHOKE€HUSA U TeJIeNaTHH
14 < 2:(9+2) < 32 < 2:(9+2), e 2:(9+2) =22.
022-14=8<10=32-22<0.

(3.17)

C mo3unmn Marum koHTyp kojebanus (3.17) cBsizaH c
nepenavyeld MarHUTHOTO UMITYJIbCA TAMSITH Yepe3 TellernaThuyie-
CKHE KaHaJIbl CBEPXIIPOBOANMOCTH B HeOecax:
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Ipuém-nepenaya nudpopmaruBHoii namsatu (3.17)

Hwmrtyzbe Curan |y oceca Uuns Curnan npuémal  (3.18)
namsTH nepenaun
14 = p* 2:(9+2)-10% 32:10% 2:(9+2)-10%.

HNmenno mo takoit cxeme (3.18) pabortan ABpaam mocie
TOTO, Kak 00oru Hay4ywiu ero 22-m OykBam [12].

NMeHHO 110 3TOM CXxeMe KaXIblid U3 Hac - Bac, yBaxkae-

MbIil YuTarenb, neperaéT CBOIO Te€HHYIO HACJIEICTBEHHOCTh B
otHoueHuu 1 : 3 yepes nBa nmokosieHus (3akoH I'.Mennaens).

5l
JIBa mokonenusa B 3akoHe ['.MeHnaenda o paclienjieHuu
TeHHOW HACJIEJCTBEHHOCTU MOSBISIOTCS Kak (opma KOMIIEeH-
caluu pa3HoCcTH noTeHnuanoB 10 —8 =2 < 0 (3.17).
DTO moJie onuckiBaeTcss auarpammon Ax-Unb 1 npuso-

JTUT K myMmepckomy Oory JIyHel u 6orune JIyHbI ¢ MOTEHIIMA-
oM £30:

IMorenuuasnnl JIyHbl

Junarpamma ITymepckue [1]

Au-Nup

boruns Jlynsl bor JIyHnst

- - (3.19)
[pdp—[pdp =
2 8

48 -18 =30

10 10
[pdp—[pdp =
8 2

18 — 48 = -30.

10
8 2
1

JIyHHO€ 10JIe pacIIEeIUISIET TEHHYO HACIEACTBEHHOCTh B
oTHoleHu! 1 : 3, 4TO mpeaonpenensieTcs CKOPOCThIO B3aUMO-
JIEUCTBUI cBETa o1 JIyHOM:
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Ckopocts B3aumoaeiicteuu cgera noa Jlynoii:
paciienienue reHHo HacjaeacTBeHHocTH 1:3

Bzaumooeiicmeue 3axoH MeHnpens (3.20)
conneuynoco ceema _ ps =10
V= = = 1:3.
JIyna(3.19) +30 |
***

Onunoxuii JIyu (norenunan 48), (3.19) u Boga ¢ more-
KyJisipHbIM BecoMm 18 (3.19) urpator OCHOBHYIO POJib B IpPO-
1[ecce pa3MHOMXKEHHUSI AKUBOrO U onuchiBatoTca B Kocmorenesu-
ce Kauru /[3uan Tak:

"4, Toma usaydaetr Cer, 1 CBeT POHSIET OAMHOKMIA
JIyu B Boasbl, B 'nyOuny Jlona Matepu. Jlyd npoHu3biBaeT
JeBcTBennoe fAiino, Jlyud mpoOyxkaaer Ttpener B Beunom
siiilie ¥ 3apoHsAeT 3apo/ablll, He BeYHbIil, KOTOPbIA Cryma-
erca B Muposoe fiino ([3], Cranua III).

[TerTasice nouats 3Ty Cranily, ceMuThl coznanu Kocmo-
rounto KaGbaspl, HO paboTanu clIOBaMH - MYyCTHIIIKaAMH, a
B3aMMOCBSI3b MOTEHIIMAJIOB Y HUX OCTaBallaCh B CTOPOHE.

Ceiiuac MbI 3HaeMm, 4TO ATH moTeHuManabl 2, 8§ u 10

(3.19), 1 yTO MEXIy ITUMHU MOTEHIIMAJIAMU BO3HUKAET HEPaB-
HOBECHAs PE30HAHCHO-aHTUPE30HAHCHAS MYJIbCAIIHS:

pesonanc  8-2 16 36 _ 10° -8 _ AHMUpE30HaHc
anmupesonanc 8 —2° 60 80 - 810 pe3oHanc
1680 <> 6036 wm 16 <27 < V2", (3.21)

Bo3HukaroT kojiebaHusi CaMOCYILUX BOJIH BEYHON ThbMbI

8 .
(72') u Apynsr (27 = 33 = %) no TPEM HaNpaBIEHUSAM IIPO-
CTPaHCTBa, B KOTOPOM MOSBJISETCS uIuncongaipHoe Cpeue-
Hre ToHKOM DHepruu ¢ noreHuuanamu 27 < 28.
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Oto CBeuenue Oynert crymiath HeOecHble Tena (ToHnkue
DHepruy) mo 3aKOHY C IPOMOPLUUOHATIBHOCTAMH 3JIEMEHTOB
Benukout [Tupamuner (3.21):

Crymenue Tonkoii JHeprum B 00béme Ilupamuabt

CaMfLCI\Z:laH CE?;C‘ 3[[?1)121_ O6béM Benukoi [Tupamu bl (3.22)
V2' e 27 9#/5?5—8\/56\4/510:%8-2”4:%5;2}1.

Crymenune Toukoii Oueprun B 00bEMe Ilupamujbl
(3.22) Bo3BpamiaeT Hac K HEOOXOJIMMOCTH OIpPEACIICHUS YHEP-
reTHYEeCKUX KOOPAMHAT JIF0OOW TOYKM B 00BEME IO TpUTpaM-
MaM W rekcorpammam (puc.3.3).

*
kk

Baxuenmum momenToM B Maruu Kurag gBisiercs 1mo-
nbiTka MoHATh CakpanbHbiii CMbicn Kauru Ilepemen, u ot-
JIMYHBIA OT CEMUTOB XO/I JOTMYECKUX TOCTPOCHU.

3.2 DHepreTUKa nonen - 3KBUBaneHToB
Tpurpammam marum Kutas

Crymenne ToHkoil DJHepruu NPOUCXOAUT 32 CUYET
yYBeJIN4YeHUS] HHTEHCUBHOCTH MATEPUYHOI CBSI3H.

MyabTuIUIETHOCTD (pacuienyieHue) JHepruum Mare-
PHMH BO3HHMKAET NPH CHUKEHUH MHTEHCHBHOCTH NSATEPHY-
HOH CBS3H.

CHHTE3-MYJIbTUIICTHOCTD MATEPUYHON CBSI3H MPOSBIIS-
eT ce0s1 BO B3aMMOJICHCTBHSIX U MOXKET ObITh OMMCaHa MITPUX -
kosioM AH-Uub (puc.3.4):
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HﬁTepI/I‘-IHaﬂ CB#A3b B ITOJIE CAMOCYIIIUX BOJIH
ITynscanus B3aumMocss3b
_ Bos3mymienue cpen
Su-ub Ana Pesonanc Y P
pe30HaHC
(3.23)
—_ - - —_ - - — S - - +1 d +4 d 5
@ =
100 25| 50 4 o T £¢ 4 £¢ 4
[Iarepuynas | Camocyiue 1 1
CBSI3b BOJTHBI i5®5[56 —\/Egj.

[Iynpcanus caMOCylIux BOJIH B IIOJIE€ IIATEPUYHON DHEP-
MU CBSA3W NPUBOAUT K BO3MYLIEHUIO Kak camoro Kocmoca c
MosiIBJICHHEM B HEM noTeHnuana /[3uan (£1/2), Tak u cpensbl B
KocMoce ¢ BO3HMKHOBEHHEM B HEW PAa3HOCTH IMOTEHIMAJIOB
(3.23):

t1<5°-4 u -1<5°-25, (3.24)

rae: 4 =(5-1P=5-25+1.

CamMocymue BOJHBI B TOJIE MSATEPUYHOM CBSI3H OyayT
COBEpIIATh ABUKEHUE TOJIHKO B OJIHOM HANpaBJICHUH - Ha-
MPaBJICHUM CHKATUSI B CTYCTKH, T/I€ MOTEHIUAT

2:5=-10=1g 10" =1g p,™
JIACT Ha4yajo ciIadbIM KOPOTKOACHCTBYIOIINM B3aUMOJICHCTBHU-
am (3.24):

1e5°-10=5"+1gp,", (3.25)

npu -1 =Cos 1t = Sin%n. (3.26)

Bo3HukHyT X05I07HBIE (HIOTEPMHUUYECKUE) BOJTHBI BEY-

HOM TbhMBbI, cBs3biBatomme Kocmoc HeecomocTn m MHKpO-
Makpo crycTku B HéM B Enunsiii Kocmoc.
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JlocTurasi rpaBUTALIMOHHBIX MOJIEW TPUTSIKEHUSI MUKPO-
MAaKpoO CrycTKOB BceileHHOM kocMuueckue BOJIHBI Kocmoca
HesecomocTu (3.26) MeHsIIOT 3HaK (HAMpaBlIeHHOCTh) [[BHke-
HUS:

+1 < -5°+2:5=-5%+ps, (3.27)

npu +1 = Sin 7/2 = Cos (2n). (3.28)

Bo3HuMKaOT B3aMMOJEHCTBUSL COJHEYHOT'O 3K30TECPMHU-
YECKOI'0 CBETA.

***

C 3HA0-3K30TepMUYECKON TpaHCchopMaIueil Mbl BCTpe-
yaemcs Bceraa v Besne. Hanmpumep, ConHue u3iydaer Tero,
B Kocmoce HeBecomocTu Temno TpancopMupyeTcst B X001
Y CHOBA CTAaHOBHTCS TEIUJIOM YK€ MOJl BIMSIHUEM TpaBUTAIU-
OHHOT'O TOJISI 3€MJIN.

OTMeTHM TakXe, YTO HOCUTEIISIMU CJIa0BIX B3aWMO/IEH-
CTBUH SIBJISIFOTCS KOCMHYECKHE DJJIEMEHTapHbBIE YaCTHUIIhI: Oa-
30HBI, MIO30HHI, ... (Ta011.3.4).

Ta6muma 3.4
d®opmupoBanue SH crymeHnemM BOJH

®dopwma nons

Kocmoc HesecomocTu

Kocmoc I'paButarum

Tepmus

DHI0-

JK30-

BonHEBI TEMBI

-1 < 5%+(Ig p2'"=-10)

-1=Cos = Sin%n

+1 < -5%(ps ~+10)

+1 = Cos 21 = sm%

CBeT U3 TbMEI

B HesecomocTu
00paTHBIX BOJH HET

21t =arc cos (+1)
n/2 = arc sin (+1)

[TosiBnenue crycrka
An (3.23)

2n /2 =4 =37

[Ipumeuanue

HocurensmMu ci1adbIX B3aUMOIEHCTBUN SIBISIOTCS
KOCMHMYECKHE YaCTULIBI: 0a30HBI, MIO30HEL. ..
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[TosiBuBmmiicst crycrok An (Kamnst skuakoil miia3mbl)
Benukas [{uBunu3aius onuchIBaeT Tak:

6. Kopennr Kusnu Ob11 B kaxkaoii Kamie Oxeana
BeccmepTusi, 1 Okean Obu1 CBeroMm Jlydye3apHbIM, KOTO-
polii 0611 Orab U Temo, n [IBu:kenne. Toma ucuessna u
0oJiee He CylIeCTBOBAJIa; OHA McYe3sa B cBOéM EcrecTBe, B
Tene Orus u Boabl, OTna m Marepu ([3], Kocmorenesuc,
Cranma III).

***

CrpykTypy WITpUX - 3anucu An-Hne (puc.3.4).

Benuuunvt An-Huv 6 omnocumenbHvix eOuHuuax

OMHOCU-
Haszeanue | Cumeson J[3uan menvHas | Macuma6b
eouHuya (3.29)
An —_— 100 4 x 52
Huw _—— -25 -1 X 52

MOYHO COIIOCTaBUTh JAPYT ¢ Apyrom kak [4:(-1)]x5? oTHOCHU-
TEJIbHBIX €IUHUILI.

B stux otHocurenbHbix eauHunax (3.29) mel gerko mo-
K€M TOJICUYUTATh MOTEHIMAJbl CTPYKTYPhl CEMbH JIBOMHOMN
TPUTPaMMBbI U3 BOCbMHU 4JIEHOB (Ta0:.3.5).

Ecian ywecth, 4TO Ha OCHOBE CeMBbH TPUIPaMM M3
BOCBMH YJICHOB MAarusi COCTaBHJIa COPOK TAa0/JIMIl TpH-
rpamm Boctoka u copok Tabsuu rpurpamm 3anajaa u raja-
€T TI0 HUM, BBEJs B coep)kaHue Tabmuil OyKBaJIbHO BCE aTpHU-
OyTbl MEHTAJIBHOW SHEPTUU U dHEPruu MaTepuu, HO Mbl BCIO
9Ty MELIAHUHY CBOWCTB IPUBEAEM B YIIOPSAIOYEHHOE KOPO-
JIeBCTBO uuncen (Tabdi.3.5).
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Tabnuma 3.5
BoceMb 0CHOBHBIX TPUrpamMMm B ymciaax xX5% (3.29)

HaumenoBanue |[Uvenn| Ty#t | Jlu | Yens | Cyns | Kans | Kens | Kynb

CuMBOIIBI = | =|=—=|z==| ==| ==| ==| ==
20 4 | 1| 4| 1) 4] 4|
CyMMmbl 12 4 4 -1 -1 4 4 -1 -1
20 4 | 4| 4 4] 1] -]
Cser 36 12 7 7 2 7 2 2 -3

12.7°.2°
1272 [Sinnja=(-8-27).7 =37, .7,
Pesonanc -
rae: 3V - Tpu 00béMa Benukoit [Tupamusr;

7? - ceMepu4YHOCTH B TpéxmepHoM [IpocTpaHcTBe.

[To cymiecTBy, BOC€Mb OCHOBHBIX TpuUrpamm (Tat6i.3.5)
onuceiBaeT sHepreTuky Ennnoro Kocmoca.

[Io 3TOM JHEpreTHKe He TOJBKO ragaTh Ha KOPOJIi-
JaMy MOXXHO, HO MO’KHO ynpasJsaTh Bcesennoi. Ho maram
TaKoe YINpaBJieHWE HE JaHO U JaHO HUKoraa He Oynet: y Bcee-
JIEHHOM YK€ €CT XO35IMH, U 3TOT XO0351H - CBeT.

He marusi 00JTYyHOB, a Baparusi CO3UJaHHUsl CBeTa
HYy:kKHA BceBblmHeMy.

3.3 Nekcorpammbl KHuru lNepemeH
n OpeBHero Kutas

Maru Kurasa paboranu, usyuyas Kuury Ilepemen, B Ko-
TOPOM MPHUBOIATCS T€KCOTPAMMBbI, IPUPOJA IMPOUCXOKICHHUS
KOTOpPBIX CBSI3aHa CO CTPYKTypo# cBeTa (puc.3.1).

Marn Kurtag no umciy mepectaHoBOK omnpenenunu 64
rekcorpammbl. Kaxxioi u3 rekcorpaMm Jaiyd Ha3BaHUE U WH-
JIMBUyaJIbHBIA HOMEpP; BBEJIM B I'€KCOTPAMMBI ILIAHETAPHBIC
MapaMeTpPhl, OTHOILIEHUE CUJIbI, B YACTHOCTH, CUJIbI IIPABJICHUS,
J00aBUIIM U3 CIIEKTpa CBETA I[BET, COCTABWIM TAOJUIIBI U CTa-
JIM Ta1aTh.
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Onnako, Maru Kurasi He MOHSIA TIIABHOTO: TEKCOTpaM-
MBI OIMCBHIBAIOT IHEPreTHKY BOCbMM YPOBHeH pacIIMpsiio-
meiicsa BeesieHHoi, a 5T 3HaHUS JOCTOMHBI JIyYLIErO IMpHU-
MeHeHus1, yeM mpezackaspiBaTh uTo? I'ne? Korna? Kopons Oy-
JIET JIeNaTh C AaMOM, a BJacTh C HAPOJOM. DTO SCHO Oe3 mpeli-
CKa3aHUi: Tymasi BJIACTh Bceraa OyaerT HacHWJIOBATh TEM-
HbIl HAPO/.

Ham BaXHO NOHATH 3HEPreTUKY TI'EKCOIPaMM 3aTEM,
yTOObl HbIHEIIHSAS (HAIIA) HMBUIM3ANUA HA 3emMiie MOIJia
Pa3BUTh HAYYHO-TEXHMYECKHUH MPOrpecc W CTaTb HOBOH
BeJkoil HuBuiaunsauuei, po:xkaéHnon 3emJiéi.

PykoBOACTBYSICh 3TOI BENMKON M OJaropoJHON LETBIO,
pa3zo0beM 64 rekcorpammbl Ha BOCEMb IPYII U ONPEIEIUM UX
KOJIMYECTBEHHBIE XapAKTEPUCTHKHU.

***
[lepByto rpymmy rekcorpamm cHopMUpyeM U3 BOCHBMHU

37eMeHTOB (Tab1.3.6).

3anuiieM WX TMOPSAKOBBIM HOMEpP, Ha3BaHUE, CUMBOII,
ucnoJib3ysa Maruto Kuras [1], a 3arem noacuuraeMm cymmy mo-
teHnuanoB SH-Uub (Tab611.3.6).

Tabnuma 3.6
IlepBas rpynna rekcorpamm Maros Kurtas x 52
Hazpa-| 1 2 3 4 5 6 7 8 | Cym-
Hue |Yvensb| Kynp |Uynp | Men | Cy |Cynn | Illlux | bu MBI
— |2 ||| 222 hes
(;P(‘)“; — |z |zZz|zZz | = | = |zZzZ |z [#420=
— |2 ||| Z=Z= ||| 22| 32
Uuona| 64 = 6D 42+ | 42+ | dd+| ddt | 4+ | 4+
(-1)-4=|(-1)-4=|(-1)-2=|(-1)2=|(-1)-5=(-1)-5=
M| oy | 6| 4 | 4 |14 14| 1| 1| 52
MbI
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B mepBoi rpymme rekcorpaMm B IOJNSAX MATEPUYHOU
cBs3u (x5%) Eaunoro Kocmoca BO3HMKAeT moJie rpaBUTAIUU
(-1-28 = -\/pp*) 1 kpacHO-xKENTasT 0OJACTH CIEKTPA COJHEYU-

HOI'O 6CJIOF0 CB€TAa, TaK KaK
4-20 = T,"(AK = 1400A)/( AX = 70A). (3.30)

OTHollIEHHE TpaBUTAlMM K KpPacHO-XKEITON o0xacTu
crieKkTpa GOpMHUPYET KUBbIE MarHUTHI (Ta01.3.6):

[ . . 2
1285 1114233, (3.31)
4.20-5 4 2,5

OCHOBOM KOTOPBIX SIBJISICTCS] OTHOIIICHUE BETBEH PaCIIUPEHUSI-
cxatus Kynmnanunau (3.31)

B stom xe mosie (Ta61.3.6) BO3HUKAET OTCUET Yepebl
[TponomxkurensHOCTel (Bpems) mo 13-t myHHOMY KaneHaa-
pio:

~13. (3.32)

Bosnukaromas rpaBuTanys HaduHAET (OPMUPOBAHUE
MEPBOTO  TEpHOJa TEPHOJUYECKONM  CHUCTEMBI T'€HOMOB
(puc.0.3).

Kocmorenesuc Kuuru [I3uan ([3], Cranua 1) onwucei-
Baet nosenenne Kynnanunu B nosie nepexona Apynsl B Pymy
(t — T,) Tak:

"4. Tpoe ynagawt B Yernipe. Jlyuenocnoe EcrecTBo
ycemupsiercsi, Cemb BHyTpH, CeMb B0 BHe (Ta0:1.3.5). Cusito-
mee Siimo, B cedbe Tpouunoe (puc.3.1), cBOpaunBaercs,
pacnpocTpaHsisicb MoJIOYHO-OesibiMu Crycrkamm B Lry-
omnax Marepun, Kopne, pacrymem B Heapax Oxeana
Kuzun'".
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CyMMa mNOTEHIMAJIOB BTOPOl TPYIIIBl T€KCOrpamMm
paBHa 92, a cymMma mepBoil UM BTOpoH - 92+52 = 144 = 122
(Ta611.3.6 u Ta61.3.7).

Tabmuma 3.7
Bropas rpynna rekcorpamm Maros Kuras x 52

i 9 |10 | 11 f 12 | 13 ) 14 |15 | 16 | o
& | Csio- | Jlio | Tait | Bu | Tou- |Ta-IO |Ubens| 10 |~
3BAHUC MBI
Uy pEHb
— | = || = | = || 22| ZZ |428+
Civ-| - | — | == | = | = | = | == | == |20
Ml — | = | == |z |== | == |zz|zz | =2
45+ | 45+ | 43+ | 43+ | 45+ | 45+ | 4+ | 4+
Yucna
D | D {ED3ED3) D | CD DS DS
M- 9 | 19 | 9 9 | 19 | 19 | -1 | -1 | 92
MbI

[Io cpaBHEHHIO C MEPBOM IPymnIoN, BO BTOPOM TPYIIIE
rpaBuTanys nepexoqut u3 nois Mus B none SH:

Su: I rpynma Waes: I rpynmna
4285 & (-1)28:5 (3.33)
28-5° g 0,

U TPaBUTALUS C MATEPUUYHON CBSA3BIO PACHpPOCTpPAHSIETCA IO
BCEMY TPEXMEPHOMY MIPOCTPAHCTBY.
KpacHo-xénrast 061acTh CriekTpa COXpaHsAeTcs
(-1)-20 =-AK / AXK (Ta6:1.3.7).

Kynnanunau coxpansiercs (3.31).
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CyMMapHbIid TIOTEHUHAN TPEThEHl TpyHibl U3 BOCBMHU
rekcorpaMM Ja€T CyMMAapHbId MOTEHIMaN, paBHbIA 42
(Tabn.3.8).

Tabmuna 3.8
Tperps rpynna rekcorpamm Maros Kuras x 52

Ha- 17 18 19 20 21 22 23 24 | Cywm-
3Banue| Cyit | Ky |Jlunp |Kyans|[llyxxo Ilu ITo Dy | MbI

— | o || = || = | T2 == |(-D)30
i‘f}M - |Z= |z |z |z | = |z |z h4ls=
Tl |||z | = |= |z | = | 4

(D3| (1)3 [ (-1)4 ] 42+ | 43+ | 43+ [ 41+ [(-1)5

a3 1 a3 | 442 | (L4 | (D3| (D3] ()5 | 4
M| g g | 4| a9 |9 || | 42
MBI

B Kuure MéprBbIX noreHnuan 42 onucal Tak:

"Ha mecroil neHp npedbiBanusi B bopao mepex Tto-
0oii npeacranyt 42 I'po3nbix boxkecrBa. OHU mopoxIeHHE
TBOEro 4yncroro cepaua. Iloznaii ux." [20].

C MO3UIHUHN IJICKTPOTPABUTAIMOHHOTO MAarHe€Tu3mMa II0-

TeHuuan 42 ¢gopMupyer B cepAlle U MO3re IpaBUTALMOHHO-
MAarHUTHbIE KOMIIOHEHTHI:

Cepmue=42=28+14= \Jpp*+Juu*

3.34
Mosr=42 + (16 = \/qq ™). ( )

B stom xe mone ¢opmupyercs sSAepHOE BELIECTBO C
IJIOTHOCTBIO ¥, = 4-18 = 72, Yakpa Tperunii [ na3 unu 6oruns u
oor Jlynsl ¢ moteHuuaniom (tTa6m1.3.2):

(-1) - 30 = -30, (3.35)

CUMBOJIM3M KOTOPBIX OTPaKEH HA CEIbMOM, OKPBITHIM cepeo-
poM, ypoBHe BaBuiioHnckon baurxu.
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***
B geTBéproii rpymnne noreHuunan SH paBeH
426 =104 =8-13, (3.36)

TO €CTh, COTJIACOBAH C 13-TH JTyHHOU MyJIbCALUEN U paclInupe-
Huem Bceenennoit (ta6:1.3.9).

Tabnuma 3.9
Yereépras rpynna rekcorpamm Maros Kuras x §?
Ha- 25 26 27 28 29 30 31 32 | Cym-
3BanueByBan| TaUy| W ([TaKyo Kaup | Jlu |Cnenn| XeH | Mbl
— | T | T2 | IZD |0 | T2 = | ZZ 426t
C;(‘)“ﬁ ||tz | =m |z | = | = | = |H22
| =z |||z | 2 | =%
Uena| 44T | 44+ | 42+ | 4dt | 424 | 4dr 434 43+
(D2 D2 | D4 D2 D4 D2 D)3 (-1)3
M g a4 a4 a9 | 9 |82
MBbI

[Torennuan S0 cTaHOBUTCS PaBHBIM -1:22 = -22, TO €CTh
CTAHOBUTCSI TIOTCHIIMAT - 3KBHBajeHTOM 22 = 2-(9+2) cy0-
CTPYKType OHOKIIETKH MPH MUTO3€, a TaK)Ke MOTEHIHAT - JK-
BUBAJICHTOM 22 OykBaM ABpaama, MOCPEJACTBOM KOTOPBIX Tie-
penaBanach HHGOpPMAIHS METOIOM Tenenatuu [12].

B sr10li rpynne onuchIBaeTCs MOSBICHUE MarHUTHOTO
nons (14 = \Juu*) u3 Apynsr (9+9), a 3atem nepexon B Pymy
yepe3 MarHutHoe nojie 9 — 14 — 4 (ta6m1.3.9).

[Tepexon Apyma - MarautHoe none - Pyma ¢popmupyer

HEPHOAMYECKYIO0 CHCTEMY I'€HOMOB C MaKCHMAaJIbHBIM ITOTEH-
rranom 63 (1a6:1.0.3, Ta61.3.9):

0

{(14+14+14+14)-E] ij¢d(p=il =+63.  (3.37)
4+4 2
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[IaTas rpymnma rekcorpaMM ONMUCHIBAET MeXaHU3M (op-

MUPOBaHUS SIEPHOTO BEIIECTBA C IIIOTHOCTHIO ¥, = 72 B mOJIe
Pynei (Ta6:1.3.10).

Tabnuna 3.10
IIsaTas rpynna rekcorpamm Maros Kuras x 52

33 34 35 36 37 38 39 40

Ha- Tyup | Ta |Yusp | Mun | Yna | Kysit |Usens| Cbex Cym-
3BaHUE MBI
Uyan N |L3ens
— | oo | Do | oo | = | Do | 4= | 22 424+
(ﬁﬁ' — | = |-=|z=|z= | = | == | == |124=
| = || == |==_ | = || == 72

q 4d+ |12+ 42+ | <14+ | 44+ | 44+ |-14+|-14+
MO 10 | 44 | 14| 42 | 12 | <12 | 42 | 42 | ™=

Cywm-
MBI

14 | 14 4 4 14 | 14 4 4 | 72

ApyIbl B IIEPHOM BEIIECTBE C IJIOTHOCTBIO ¥, = 72 HET
(Ta6n.3.10), HO 3aTO €CTh B3aMMOJEUCTBHS, KOTOPbIE YBEIH-
YMBAIOT PHEPTHUIO AJIEPHOTO BEIIECTBA BIBOE, (HOPMHUPYIO pPe-
30HAHCHBIE BUXPH KUJKOH 11a3Mbl (Ta6:m.3.10):

Yo lg p1p2pspaps=T72-2 =144 =122 =T, 12 (3.38)

SAnepubiii npouecc (3.37) ymopHO MBITAETCS TOHATH
Wora, B yacTHOCTH, U B 0cobenHocTi Arau (Orous) - Hora.

OnHako TPYKEHUKH Arnu-Hornu MPOLIECC HE TTOHUMA-
10T, TaK KaK HE 3HAIOT, BO-NEPBBIX, I3PPEKTUBHOCTH B3aUMO-
nevicteus ceera (p* = 10) U pa3HOCTh MOTEHIIMAJIOB MEepexoaa
MEXIY IISITOM W 4YETBEPTOM TpyIIIaMH TE€KCOTpaMM, PaBHOMU
82 -72=10=p*.

Kpacuseie CioBa, Ha KOTOpBIE TAK IIEApPa, U KOTOPBIMU
Tak Gorara Aruu-Mora, Ham, JTIOJAM, HAJO HAYYHTBCS TOJI-
KpEeIUIATh NOTEHI[ManaMu - Yuciamu.
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be3 Komm4ecTBEHHBIX OIEHOK IMPOIIECCOB OyAET MOMy-
4aTbCsl Kak B Teopuu KBapkoB B.I'mn30ypra: ogHu kpacu-
BBIE CJIOBA O HECYIIECTBYIOIINX KBApPKaX.

***

OTANYUTENBHON OCOOEHHOCTBHIO MATOW TPYIIIBI FEKCO-
rpaMM SIBJISIETCSI PAaBEHCTBO KoJinuecTBa SH u MHb Mexay co-
00ii, 1 ux paBeHcTBO 24 (Ta611.3.10):

(—=4=5n)24 & (= ==-1=Unp)24, (3.39)

rae 24 ¢ peaurno3ubix no3unuii 24 Ipecssareix [Ipecrosa
BOKpPYT Tpona Xpucra na Hede (OTkpoBenus).

B mone tperbent - mATOM Ipynn reKCorpaMM BO3HHMKAET
MOCTOsIHHAsA Beenennou:

1008 =24-42 = 2836 =63-16 =72-14 =, (3.40)

C KOTOPO# MpOoUCcXoauT Tpanchopmanus noseid Tonkoi Duep-
ruu u DHeprun Marepun. Hanpumep, B S1€pHOM BELIECTBE

(Yn = 72) Bo3HUKaIOT MaruuTHele noJis (14 = [ uu*):

1008 = o /e * = 72-14. (3.41)

Cpenn MHOXECTBAa BapHualui
TpaHcopMaiuii moJiei, ONMMCaHHBIX
reKcorpaMMaMiu MATOW TPYIIbI, Ha-
npuMep, €cTb BapuaHT (HOpPMHUpPOBa-
HUS dJeKTpomMarHeTusma (1abm.3.10,
puc.3.6).

Puc.3.6 Macnuumnoe none 142 < 16 < 14%
Pynwi (ma6a.3.10). TP WC:’ upt (3.42)
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B mecToi rpyrine rekcorpamm COXpaHseTcsl NOTEHIIA
- DKBUBaJIEHT 22 OyKB TellelaTU4ecKou mnepenayu uHbopma-
i (-1-22) u xox 13-tu mynHoro kaneHaaps (ta6m.3.11):

4:26:m,/c* =4-26:8 = 13.

Tabnuma 3.11
Ilecras rpynna rekcorpamm Maros Kuras x 52

Ha- | 41 42 43 44 45 46 47 48 | Cym-
3Banue| Cynb | M | Kyait | Ken | Lyt | llen | Kynb | Uun | MBI

- | = | = — | 2| == | == |426+
= | z= | == | == |22

Cum- | — — - —_—

BON | — | -2 | —

— || —= | — — | == | == | == | =82

q 43+ 434 | -1+ |45+ |-14+|-14+]-13+|-13+
Hemal g3 | 13| 45 | -1 | 42 | 42 | 43 | 43

M=l g 1 9 |19 [ 19| 4| 4| 9| 9|8
MBI
TTpn- OpaHKeBbIii Cper=4-9 + 4.9 =
Bona = IIBET: 36+ 36 =
‘-I:IIfI:Ie 9+9=18 |19+19=38=
02-AO 72.

Bo3HukaeTr MHOXECTBO BapHaHTOB (OPMHUPOBAHUS
DHEPreTUYeCKUX (PopM, B TOM UYHCIIE BOJIbI, CBETA U OpaHXKe-
BOT'O CBeUeHHU cBeTa (Tabm.3.11).

B osToM mosne coxpaHAOTCA YCIOBHUS JUIS paciBeTra
KuzHu.

*
kk

B mecToii rpynme rekcorpamm AaéTcs OMUCAHUE TTOSB-
JICHHsSI TPaBUTAIMOHHO—AHTHTPABUTAIIMOHHBIX TIOJEH B yCIO-
BUSIX TCUCHHUS BPEMEHH 1O TPUHAIATH JIYHHOMY KaJeHIApIO
(Tabn.3.11):
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I'paBuTanus Bo Bpemenu

I'pasumayus 13-mu nynnoe spems
JlanvHuii Bruoicru Jlanvruti Bruosicnuii
NOPSAOOK Nnops0oK nopsi0OK NOpsI0OK
Cyno < Koy | U < Kyaii Lyn < Yun | llen < Kyno | (3.43)
9-19 171 28 9419 4.9 36 13 4+9
9+19 28 171  9-19 4+9 13 36 4-9

0=171°-28°= 28457 — 1127 =36°—13° <0

0 < 28457 —-1127=27330 < 0.

[TopazurenbHO, HO MPU PHIOTEPMUU CIAOBIX B3aUMO-
nefictBuii p,> = 107, koneGaHMs TIPABUTALMOHHOIO IOJNS B
put™Me 13-TH JIyHHOTO KaneHaaps Ja€T BO3MOXKHOCTb OIpee-
JUTH Temmeparypy abcomtorHoro HyJsi B Kocmoce Hesecomo-
cTH, paBHyto -273,3° nmo Lenbcuro (3.43):

AOCOJIIOTHBIN HOJIb TEMIIEPATYPHI

(3.44)
0°K <> (1127 — 28457)- p,* = 273,3°C <> 0°K.

rae °K u °C - cooTBeTcTBeHHO rpaaychl no Kensuny u Ilenb-
CHIO.

B nonyuyennom pesynbrate (3.44) HET HUKAKUX Marvye-
CKUX uyynec, u00 U Temmeparypa, U B3aUMOJEUCTBHUS €CTb
CJIEJICTBUE OJJHOTO U TOTO K€ ITPOLIECCa: PE3OHAHCHO - aHTUPE-
30HAHCHOI'O CTOJIKHOBEHHSI YaCTHI-CTYCTKOB U HaJIOKEHUS
BOJIH.

OOIIHOCTBIO B3aMMOJEICTBUE - TEMIEpATypa - CTOJIK-
HOBEHHUE MBI MOJIb3yEMCs BCErJa U BO BCEM, HE 3aMeyasi 3TOro.

Hanpumep, temneparypnas mkana no Llembscuro rpa-
JIyMpOBaHa 10 TEMIIEpaTypaM KHUIIEHUs BOJbI U TasHUS JIbIA U
MPUBEJECHA K JECATUYHOM CHUCTEME, TOUYHO TaK K€, KaK B3au-
MOJICUCTBHS.
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[To cymMmapHBIM pe3ynbTaTaMm ceipMas Tpymmna rekco-
rpamMm (Ta6:m.3.12) moBTopsieT mATyto Trpynmy (T1a61.3.10) u
OTMCHIBAECT COCTOSIHHE SIIEPHOTO BEIIECTBA C YIEIBHOU IUIOT-
HOCTBIO ¥, = 72.

Tabnuma 3.12
CeapMmasn rpynmna rekcorpamm Maros Kuras x 52

Haspa| 49 | 50 | 51| 52 | 53 | 54 | 55 | 56 |
Ko | Tun | Yens | Kens |Ubens| Kyait | @en | Jo Y
HHC o MBI
Mbit
—— |- | 22| T2 | | 22| 22| =2 |-124+
CBP(‘)“E — | = || = | = | = | == | = |[424=
— |- | = || 22| | | 2| 72
q A2+ |4d 4|14+ 42+ | 43+ [-13+[-13+| 43+
O g 12 | 42 | -14 | 213 | 43 | 43 | 13
Cymmpl 14 14 4 4 9 9 9 9 72.

Onnako, konebaTeabHble MPOIECCHl JANbHETO U OJMXK-
HEro MOpsAJIKa B 3TUX TPYIIIAX Pa3JINYHBbI:

1. KonebGanus, KOTOpBIE OINHUCHIBAIOT TE€KCOTPAMMBI
naroil rpynnel (Ta61.3.10) - 5T0 KoneOaHWS MarHUTHBIX

(14 = Juu*) camocyux (4 = \/54) BOJH B Bojie (14 +4 =18

= MH,0). DTO TMOCTOSIHHBIC KoJieOaHUsI, KaK IS OJM)KHETO,
TaK ¥ JUIA JalibHero mopsiakoB (1a6:1.3.10, Ta6m.3.13).

[TosiBieHre HOJB - MOTEHIMaNa B noje (Tabdin.3.13) cBs-
3aHO, HANpUMep, ¢ rpaButaiueit (28 = /pp*) UK NOTEHIUA-

70M, paBHbIM (9+0), BEITECHAEMOr0 CaMOCYILIMMH BOJIHAMH U3
00BbEMa SHEPreTHUECKOro MoJis K ero 000JI0UKe.
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Tabmuua 3.13
IHocToAAHCTBO KOe0aHNI MATHUTHBIX CAMOCYIIMX BOJIH B
BOJe: reKcorpamMmMbl nATOH rpynnsl (Tad1.3.10)x5?

Hopsiz- [uc-nzomepust Tpanc-uzomepus

K{ JansHuii Bivoxauit Jansunii Bivoxawii
Hepor- 33 36 34 35 37 40 38 39

p Tynp |Munl | Yyan | Yune | Yna- | Ceex | Kysn | UbeHb
GBI

Illenn

Horen-| 4 14 4 14 4 14 4
MAJTBI
N 14-4 14+4 14-4 1414
s 14+4 144 14+4 144

aHUs

289 uw 190

Papiio- 285 9+19=28<0 u 28-19=99-0.
BECHUE

2. B ceapMoit rpymime rekcorpamm (Tad:i.3.12) cymmap-
HBIM MOTEHIIMAT OCTAaETCS PaBHO-3KBHUBAJICHTHBIM TUIOTHOCTH
SIEPHOTO BeIIecTBa Y, = 72.

Opnako, xapakTep myjbcaluu MeHsercs (Tadi.3.12,

Ta071.3.14)

Tabnuna 3.14
CeapMasi rpynmna: BO3HUKHOBEeHHE 3apoJblilia B siApe

[uc-n3omepus Tpanc-uzomepus
[Topsanku
Janpanii brvxamit JanpHuit bavxumnit
49 52 50 51 53 56 54 55
Hepornmuder | Ko | Kenp | Tun | Uens |Ubenn| Jlo | Kyn- | @en
Maii
TTorenmnuansl 14 4 14 4 9 9 9 9
HpHBeﬂéHHa;[ 14-4 14+4 9.9 9+9
Iy abcanus 14+4 14-4 9+9 9.9
2809 9229 n T2
Pesynprar Kak B ISITOM Ipymnme 3apOJIbIIIEBBIN
(Ta6n.3.13) my3bIPEK Aapa.
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[Tpunuio "Bpemst codupatb KaMHHU'', U Mbl Ha MIpUMeE-
pe BOCBMOU Tpynibl Tekcorpamm (Tab6i.3.15) cBsxkeM "cOop
KaMHeN'" ¢ myJIbCcalMen SJHEPreTUYECKUX MOJIEH.

Tabnuna 3.15
Bocbmas rpynna rekcorpamm Maros Kuras x 52

57 | 58 | 59 | 60 | 61 62 | 63 64
Haspanue| Cynn | Tyl [Xyanb| Ubex | Uyn | Cgo [Uu Yu| Boii | Cymma

®y | Kyo Ya
— | = = = = 22| = 2| 4206+
CumBoupl| — | == | ZZ2 | 22| 22| == | ==Z| ==|-122=
- | = |- =| =| 2| ==| == 82
4-4+|-1-2+{43+|-1'3+{44+|-1-4+|-1-3+|4-3 +
Yucna

12| 44 | <13 43 |12 42 | 43 | -13
Cymmer | 14 | 14 | 9 | 9 [ 14| 4 | 9 | 9 82.

Htak, kocMu4yeckue BOJIHBI, poiiasa Apyny u Pymy,

cosgamu Crycrok Baii Ya ¢ nmopsaakoBbiM HOMepoM 64
(Tab6n.3.15).

Ha mytu cBOero mapupyra KOCMMYECKUE METarajiakTH-
YECKHUE BOJIHBI B3aMMO/ICHCTBOBAJIH.

B3auMozaeicTBuss KOCMUYECKUX BOJIH ObUIM KOPOTKO-
AEHCTBYIOIUMH B IOJIAX LEHTPOCTPEMUTENBHBIX CWI H
AAJTbHOAEHCTBYOIIMMHU B IOJISIX LHEHTPOOEKHBIX CHJL.

B3aumoneicTBUsT CMEHSUINCh B PE30HAHCHO-AHTHPe-
30HAHCHOM pe:KHUMe, I'Jle TOTEHIUAJbl PU PE30HAHCE COOT-
BETCTBOBAJIM MPOU3BEACHUIO - YaCTHOMY OT JEJEHUA, a IMpU
AHTUPE30HAHCE - CYMME-PA3HOCTH NOTEHIIMATIOB COYAAPEHHUIM.

PaccMoTpum Takyro mnysbcaiuio Ha npumepe 61 + 64
rekcorpamm (ta6s.3.15):

1. HaunHasi oT mepBOM, yepe3 JBE IeKCOrpaMMbl KaK
yepes JBa MOKOJIEHUs B 3akoHe I'.Menpnena o paclienjieHuu
T€HHON HACJIEICTBEHHOCTH, KAMXKAasl YeTBEpPTasi reKkcorpam-
Ma CBfI3aHAa C MEePBOil TaJIbHOAEHCTBHEM:
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IIpumep nanbHogeicTBus (Ta6a.3.15)%52

[uc-nzomepust Tpanc-uzomepus
JlanbHOAeNCcTBUS 57 60 61 64
Cynp | Usex | Yyn @y | Boii Ya
[ToreHumansl 14 9 14 9
a (3.45)
14-9 _ 14-9 14-9 _ 14-9
14+9 14/9 14+9 14/9
HepaBHoBecHbIE i It It It
KoseOaHus
9-14 9/14 9-14 9/14

«—

4.9  9-14 | 14.9  9-14"

[IepBo€ CTOJIKHOBEHHE KOMIIOHEHT B3aUMOJECHCTBUN B
HEHTPOCTPEMUTENBHBIX TMOJISIX MPUBOAAT K MAaKCHUMAaJIbHBIM
MOoTeHIManam: mnpousBeneHuto 14-9 npu pesonance u 1449
IIPU AaHTUPE30HAHCE.

3areM NpUTSKEHUE CMEHSETCS OTTaJKUBaHUEM. Bo3HuU-
KalOT LIEHTPOOEKHBIE MOJISI, @ B HUX PA3HOCTU MOTEHIMAJIOB,
Hanpumep, (14 — 9) npu anTupe3oHance u otHoueHus 14/9 u
9/14 npu pe3onaHce, QopmMupys KOJeOATEIbHYIO CHCTEMY
(3.45):

Huc-uzomepus Cynp-Ubex Tpanc-uzomepus Yyn-Boait Ua

(14~9)%-%~(9-14) (.14 | -(4-9) _ (14-9*)(*-14) |(3.46)

(142—92)~(92—142)=_(142_92)2_|' (9-14)" (14.9).%.%.(9.14)

Jaiee, rpynnupyschk B CCYCTKH IOJ I€MCTBUEM LIEHTPO-
CTPEMUTENBHBIX CUJI U PACILCIUISSACH B BOJIHBI O] JEUCTBUEM
HEHTPOOEKHBIX MOJIeH, BOBHUKAET OOUIUN KOHTYp KOJeOaHUit

(3.46):

(9-14)" & (142 - 92)", (3.47)
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O6pa3Ho roBops, nynbscupytoiiee noie (3.47) spisiercs
TOW YHEPTUEH-TIATOU, KOTOPast BBIICIAETCA MEXKy IBYyMs LIHC-
TpaHC H30MepuYecKUMU mnoiychepamu cBera (puc.3.l) wim
"rapenkamu" HJIO.

MuHuMalIbHON SHEpreTUYecKoil sueiikor mons (3.47)
OyZIeT SABIATHCA KOHTYp KOJIeOaHUs:

9-14 — (142 - 9%) > 0 <> (142 — 9%) — 14-9
126-115=11<0<-11=115-126 | (3.48)
(9+2) < 0 < -(9+2).

DTa UMC-TpaHC M30MepUYecKas KosieOaTenbHasi HepaB-
HOBECHAsl sHepreTudeckas sueiika (3.48) JEKUT B OCHOBE
BAXHEUIIINX CBOMCTB - couetanuii Equnoro Kocmoca:

- pPa3MHOEHHUE B 11€JIOM U MUTO3 OMOKJIETKH B YaCTHOCTH;

- nepenada Madopmanmu Tenenarueit Hamogooue 22 OykB
ABpaama, rae 22 = (9+2)+ (9+2) < 0;

- IBM)KEHHE CBETA B OKPYXKAKOUIEH CPEAE, 3aKOHBI KOTOPO-
ro Benukas [{uBunuzanus ucnosb3oBana st noiaeroB HJIO;

- opmupoBaHue MNEPUOAMYECKON CHCTEMbl T'€HOMOB
(puc.0.3) u Tak ganee.

3.4 MNocTosiHHaA TOHKOU CTPYKTYpbI
B ONMMUCaHUU rekcorpamMmmamm

JlanbHOIENCTBYIOIIME B3aUMOACHUCTBUS BCErJa CMEHS-
IOTCSI KOPOTKOACHCTBYIOIIMMU U HA0OOPOT.

JABHKEeHHMEe K KOPOTKOACHCTBHUIO XapaKTepusyer
CHHTE3 CryCTKOB; HAINPABJEHHOCTb K [JAaJbHOACHCTBUIO
npenonpeneaseT Hem30e;KHOCTh MYJIbTHILIETHOCTH.

OpnHako, ecnu Bbl BBICKAXUTE 3TOT HENPEIOXKHBIA U
tounbli 3akon Enmnoro Kocmoca B ¢dopme peruruo3Hbix
npujiaratelibHeIX: '"'pa3dpaceiBaTh - coOOMparh, KaMHHU'', TO
Bam B Jayumem ciay4dae mo:xHo IloBeputrb, HO YesoBek
c03/JaH, YTO0bI 3HATH.
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s Toro, ytoObl 3HaTh HaM ¢ Bamu HeoOXoauUMO Bep-
HYTBCSl K BOCBMOM rpymnmne rekcorpamm (t1a0mi.3.15) u nepeittu
OT JadbHOACHCTBYIOIMX B3auMojieicTBUl (3.45) K KOPOTKO-
JICUCTBYIOIIUM, PSIIOM CTOAIIMX TeKcorpaMm 58 u 59, a Takxke
62 u 63 (Tab61.3.15).

PaccMmoTpenune 3Tux rekcorpaMm IO3BOJUT HaM y3HATh
SHEPIreTUKY ABYX MOKOJEHUM, MUMO KOTOPHIX (Uepe3 ABa Mo-
KOJIEHHMSI) TIPOXOAUT PACIICIUICHUE T€HHOW HacjeJICTBEHHO-
CTU 110 3aK0oHy ['.MeHens, a Tak:Ke 3HepreTuKky - 6asuc pe-
auruo3noii lormel o Pae u Ane.

***

Jlns aHanu3za KOPOTKOJEWUCTBUS BBIACIUM U3 TAOJIHIIBI
3.15 rexcorpammsl 58 u 59, a Taxxke 62 u 63 (1a61.3.16):

Tabmuma 3.16

IIpumep xoporkoaeicTBus (Tada.3.15)x52

Haspanie Tpanc-uzomepus [uc-n3omepus
reKCOrpaMMBbl 58 59 62 64
Tyn Xyan Cuo Kyo Yu Yn
IToTeHnmanst 14 9 4 9
14-9 _ 14-9 4.9 _ 9-4
- —_— 35 ——
3aMKHYTBIE 14+9 14/9 9+ 4/9
KOHTYPBI i i 1t ik
KoJieOaHus 9+14 _ 9/14 4+9 _ 9/4
- — 35 —
149 9-14 49 4.9
O6 it (149 <> (142 — ) & (4-9)2 & (92 — 42)2
KOHTYD | 0 -[(149) + (142~ 9] & 36+ 81 16 & 0
Konebanuit 0 < -29101 < 7601 < 0
Boceas 0 -36702 <0< 0
PE3yIBTUPYIO-
IMX HOoJIeH 0= 0< 136702 < 0.
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B sTOM mone BO3HHMKAET MIECTh KAHAJIOB CBEPXIPOBO-
JIAMOCTH C HOJIb-IIOTEHIHAIAMYU U JIBA TOJS C NOTEHUHAIAMU
+36702 (Ta61.3.16).

CrpykTypa nosi ¢ noreHiuanamu £36702 npeacrasiis-
eT co00l KOMOMHAITMIO IIBETOBOM raMMBbI, HAIlpUMEp THIIA:

HBeTOBaﬂ ramMmma rekcorpamm BOCHLMOM rpynmnbl

(Ta611.3.16)
. Kénto-
. | Dbeusblii cBeT 1 . .y
OO6muit Kpacno-xénroe 3eNEHBIN
[OTEHINATT Lymepckaz noje ¢buoneToBbIit
KJIMHOIKCH (3.49)
nepexon

+36702 | 36000 =60*10 + 700=70-10 + 2=Ad/AXK3,

1
AK [ dp= pAK
0

DTO 1oJie, CIEKTpalbHOE Mojie siapa crycTtkoB (3.49),
u3iy4daeT cBou kBaHTHI [1 — (-1) =2] u [1 + (-1) = 0] B mecThb
MoJiel KaHaJIOB CBEPXIIPOBOJUMOCTH C HOJIb-MOTEHI[MATIAMHU
(Ta6m1.3.16).

Beaukas LluBuian3zanus 3anucbiBajia 3T U3J1y4YeHHUS
silep B HIEeCTh KAHAJI0B JKCTPACEHCOPHOW NMPOBOAMMOCTH
(TO ecTh B TPEXMEPHOM IMPOCTPAHCTBE C IIECThIO CTEMECHSIMU
cB00O/IbI) B (popMe rexkcorpamm.

Taxoii 3anucu B opme rekcorpamm (IITPUX - 3aIHCH)
Benukas [luBunusammst oOyvana mroned yxxe B JlpeBHOCTH:
IYMEPOB, Mall, KUTAMLIEB, ITPACIIABsIH U TAaK Jajie€ BHE 3aBU-
CUMOCTH OT TOTO, ObUIM JIM 3T JIFOAU A3BIYHUKHU UM PEITUTH-
O3HBI.

®opmbl 3anucu ObUIM pas3Hble, Hanpumep B Kurae co-
XpaHuiIack, HaPsAY C reKkcarpaMMamu - TPUTPaMMAaMU 3allnCh,
KOMOMHHPYIOIIAs HOJIb-€IMHUILy IO MaTPHUIE MECTU3HAYHOTO
quCIIa:

Tonkast DHeprus KomMOuHnanun Kynpanuau

000000 011100 u Tak maiee 111111.

(3.50)
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B nepuoanueckon cucreme reHOMOB HaCIEACTBEHHOCTH
MaKCHMaJbHBIM MOTEHIIMaN reHoMma paBeH 63 (puc.0.3).
I'ekcorpamma nox Homepom 63, HazBanHaga Yu Yu, oT-

HOCHTCSI K BOCBMOM TPYIINE TeKCOTPaMM U TOJIF0 KOPOTKOACH-
CTBUSI C DJICMEHTAPHOM SYEHKOM - SKBUBaJIEHTOM (Ta0:1.3.16):

DJieMeHTapHas fA4YeiiKa MyJibCcalMu renoma 63

13-tu myH-
. IIarepuunas .
OnemeHTapHas sueiika | Cser HBIN
CBS3b
KaJICHAAPb
.6)2 (02 _42)2 6= _ 4= + 4 =
(46 < -(9*4) 46=36| 9-4=5 9+4=13 (3.51)

3anoJIHEHNE KaHAJIOB
ITomymapus ro’aoBHOTO MO3ra

CBEPXIIPOBOJUMOCTH
36 < -5-13 = -65: 362;3 '5(')13 725;
101 < 0 < -101 il

29+29 = 58 BoecTB B T'OJIOBE.

Tubemckoe mupoBo33penne o 58 boxkectBax B ['osioBe
YenoBeka TOXE NPUILIO K HaMm OT Benukon L{uBunumzamuu:

IIpupona npoucxoxaeHusi S8 bo:kecTB B rojioBe
(3.51)

CyMMa B M30MEPHH MyJIbCALUU Mosr - boxectBa

(3.52)

101 & 0 < -101 101 & 0 < -101
29029 29 <0< -29

e 0 -72 130 0« -130

+(130 - 72) =
+(58 = 28+14-+16).

%
kk

58 BboXecTB roJ0BHOIO MO3ra peaju3yloT cels B Cuc-
TeMe KOMaHJIHO-PEeIEKTOPHBIM yIpPaBICHUEM YaKpamu ¢ To-
crosiHHOM 140, cepauem ¢ noreHuuasiom 42 = 28+14 u camum
MO3TOM C nmoTeHmuaiaoM 58 = 28+14+16, rome B oTaudue OT

cepata Bo3Hukaetr BooOpaxenue (16 = /gg*).
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Hammm reHombl HaxoIATCS B HaIlleM TeJie U CBS3aHBI C
TEJIOM HEPaBHOBECHOW CHUCTEMOM KOJIeOaHUs, IMOJJ00HO TOMY,
KaK rekcorpamMma 63 cBsi3aHa ¢ reKcorpaMMon SIHb IToTeHIHa-
na 64 (ta6n.3.15, Ta6m.3.17).

Tabmuua 3.17

Haa Beunocrtbio: Mexxk AnoM U Paem
M CaM, M HACJIeJICTBEHHOCTh

IMoxoOus I'enoMEl Teno - Cryctok fAn
I'excorpa 63 64
KCOTpaMMbI Yu Yn Boii Ua
ITorenmuansl 9 9
N3omepus [uc Tpanc [uc Tpanc
9-9 - 9%x9 - 9+9 - 9/9
Konebanms 9/9 9+9 9x9 9-9

My u tena

wo=01 < 92 = 2/9 & 1/0=-00

JI3uaH: Pasznoctu JI3nan
[ToxoOus B 1 9 2 1
Toromeree [pdo=" | [pdp-[pdp= [pdo
WJIH TIePEeBO- 0 2 ? 0
IJIOLCHUH -1/2 p=— 77 S +1/2
An Paii
N3 Ana -1 & 277=154 & 1/2
U3 Pas -1/2 ~ 154=271 <= +1.

MHOruM CBOMCTBEHHO HE OIIyI[aTh BEYHOCTh, U OHU
Co37al0T OOIIECTBO MOTPEOJICHUS, JKUBYIIEE CETOHSIITHIM
THEM B peXHMe KOHTypa Kosnebanus (tadi.3.17):

912 <= 2/9=3*< 2" =1 < Sc /4, (3.53)

TO €CTh B BEUHOH ThMe APyIIbI CAMOCYIIUX BOJH, Te T = 3 -
Apyna, a Sc /4 = J2 - camocyIi1e BOJTHBI BEUHOH ThMBL.
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Kab6amna - Taitnas moktpuHa W3pawsis, ceromnsi ¢ He-
OOBIYaifHBIM ~ yMOPCTBOM  MPOIMAraHAUPYETCS  CEMUTAMU:
"Teopus Ka60ajbl caMbIM CJI0KHBIM 00pa30M meperuiere-
Ha C AJIXMMHEH, TepMeTU3MOM, PO3EHKpPEeHLIePpCTBOM U Ma-
conctBoM. CioBa Kab6ana u I'epmeTrnsm ceituac pacemar-
PUBAOTCH KAK CHHOHUMBbI, 00bSCHAIOIINE BCEe TAlHbI U
330Tepu3M aApeBHocTu" ([12], ctp.416).

Bom mak: ne munozco, ne mano, a 6ce maiinovl OpegHOCMU.

Ha camom nene cunaiickue cemutsl, padoras ¢ KHurou
/3uaH, cnmucajaM J0CJOBHO OCHOBHbIE MOMEHTHI 0e3 CChI-

Jok Ha KHury (mjarmar), HO IOHATh B HE HUYErO HE CMOT-
7, 1a ¥ cBOE yOoroe TOJKOBaHUE C MO3HMIIMU 30JI0TOTO TEb-

1a.
IIpuBeny npuMep Iuiaruara:

Kuura [3uan ([3], Cranua V)

6. "910 Koab110, Ha3BaHHOE
"He npectynu" 1Jis TeX KTO
HHUCXOIMT U BOCXOJMT; KTO B
TedyeHun Kaiabnbl npoasu-
raircesa Kk Beauxkomy JIHio
"byab ¢ Hamu'. Tak OblIn
cozaanbl Apyna u Pyma, ot
Eannoro Csera Cemnb Cse-
TOoYeM,..."

Ka66amna ([12], ctp.428)

"...Ero (yenoBeka) poxjie-
HUSI, CMEPTH W HOBBIC POXKJIC-
HUS CIIy4aloTCs BHYTPH siIIa,
U OHO HE MOXET OBITh PACKO-
JIOTO 710 MeHblero aHs "byab
¢ Hamu", xorma demoBedect-
BO, IT0JJOOHO BCEJICHHOM, OC-
BoOoOxmaercs oT Komeca He-
00XOIUMOCTH.

A norom nouén 6ecnpeaMeTHbII MHOTOBEKOBOM pasro-

BOp O HﬁHaX - Kypulax, KBapkKax 1 TCOpUHU OTHOCHUTCIIbHOCTH.

UToOBbl BBIUTH K3 ATOTO MOPOYHOI0 CMEPTEJbHOIO0
Kpyra g npuriamar Bac, yBaxaemeii Uurarenb, paccMoT-
peTh NEPBYIO U MOCJEAHIO TeKcorpaMmel 1 u 2, a takxke 63 u
64, n6o onu 3aBepmarT oauH Kpyr Oooaa Koaeca Bcee-
JICHHO# M HAYMHAIOT HOBBI BUTOK cniupaju (1ab6im.3.18).
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Tabmuua 3.18
Cnupanb 3oauaka B rekcorpamMmax
Kuras u Knuru Ilepemen

OTanel Hauasno cnimpanu OKoHYaHUE CIUPATIU
pa3BUTHUSA (Ta611.3.6) (Ta6m.3.17)
['ekcorpamMmsbl ! 2 63 64
p UneHb Kynp Uu Yn Boit Ya
24 -6 9 9
[Torenumansl
Casoit [lyx SAnpo reromoB (puc.0.3)
624 1 24a-(6) | 9.9 | 9_9
Kynpamammn | Zg 04 T 24:(-6) T 9+9 T 919
BO Bcenennon
4 o 75 < 45 o 01
Apyna Bcenennoti -8 cl> 0 <_T> 3 <:|> 0/1
(9+2) 0 o 0 o 1 o 01
Mwuto3 pe3oHaHC 0x1 < 0x1 e 11x1 & 0
AHTHUPE30HAHC 0+1 S 0+1 < 11+1 <‘7 0
-7,5 + (-4,5) = -12 - 310 4KCcIIO 06OPOTOB
[Ipumeuanue
Kynpanunu ipu T, T.

HpI/IMeHHSI I'CKCOIrpaMMBbI, BCJIIMKasA ]_[I/IBI/IJII/I?)EIIII/I}I HcC-
I10JIb30BajIa 3aKOH OHCPICTHUKU: IEPEXO0HA U3 00H020 oHepee-
mu4ecKkoco COCniosAHUA 6 0py20€ HE 3aBHCHUT OT (l)Ole)I my-
TH, a ONPEACJasACTCA PAasHOCTHIO IOTCHIINMAJIOB B KOHIEC U
HavaJje mpouecca.

ITpu ompenenennn Cnupanu 3oauaka B 12 000poTOB
BUTKOB KyHIanuuu, Hayajao mpolecca OMUCHIBAIA TE€KCO-

rpamMmbl  UbeHb-KyHb, a okoHuanue - Uu YUu + Boit Ya
(Ta611.3.18)

%
*ok

BaxxHO OTMETUTH, YTO NPH AHTHPE30HAHCE BOSHUKAJIU
(¢oron-poHonbr u MarmuTHasg cpexa Meay HUMH

(Ta611.3.18):
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Anrupesonanc: 0+(1=m.c) < 0+(1=g, o c’) & 0+(1=E;c). | (3.54)

[Ipn aHTHpE30HaHCHOW myJsbcanuu Apynsl - Pynsl Bo
Bcenennoii, To ectb nipu T, + 1 = 7, none ceera ¢popMupyer
TPUAKIBl 10 CEMb CTYCTKOB, KOTOpbHIEC, NMPUMEHHUTEJIbHO K
Cnupamn 3oamaka, Bequkas IuBwiusanusi onmcbiBasga
kak Cemb Ilnaner (3.54).

IIpoucxoxkaeHne ceMHu IJIaHeT B cnupaan 30auaKa

Cemb mnanet | (041 < 041 < 0+1)(Tot1=7)=7 <7< 7 |(3.55)

5 < 7 < (940) skBuBanent 3-7 = 5+7+9 = 21.
NOJISIPHBIC BUXPU.

Buoxkierka

[Tynbcammst Apymsl - Pynier dopmupyer Enqunuity Cuuc-
JieHus Benukou [{uBrim3anuu, HazBaHHOUW Ero masabmoii:

T 3 7 p*
(]B—T)+F:(4—3)+Z=1+ ZZ? (356)

0

AW

I[anee COOBITHS Pa3BUBAOTCA B JUHAMHUKC HAIIUX TI'OPO-
CKOIIOB.

*
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B Emnunom Kocmoce, ¢ kakoil ObI CKOPOCTBIO MPOIIECC
TpaHc(opManu dHepreTuyeckux (HopM mpolecc He MpoTeKal
(CO CKOPOCTBIO SIICPHBIX PEAKIIUA UIN JIOTapU(PMHUIECKUX KO-
nebaHuii), OH Bcerja OyIeT MPOXOIUTh Yepe3 psJl MoCie 0Ba-
TEJIbHBIX PABHOBECHBIX COCTOSHUM.

Uepes psin nmociaeoBaTeIbHBIX PABHOBECHBIX COCTOSIHUIM
OyneT mpoxoauTh W Tpouecc (GopmMupoBaHus cryctka S,

onucaHHoro 64 rekcorpammamu OT YbeHbp a0 Boit Ya
(Ta61.3.19).
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Tabmuua 3.19
CBs3b NepHOIUIECKOil cucTeMbl rekcorpamm ¢ T, =4

[lepu- I'pynmer Cywm-
Pa3znoctu
OJbl I Im{ar|1v| v | VvI|VII| VII | MBI
1 1} 2| 3| 4| 5| 6| 7 8 36
YreHn
2 9 1011|1213 (14| 15 16 100 | 100-36=64
3 17 1811912021 22|23 24 164 |164-100=64
4 25 1261272812930 31 32 228 228-164=64
5 33 |34 (35|36|37|38]|39 40 292 1292-228=64
6 41 |42 143 (44 |45 |46 | 47 48 356 [356-292=64
7 49 50|51 (5253|5455 56 420 |1420-356=64
8 57 |58 159160616263 604 484 |1484-420=64
Boi Ya
CyMMBI| 232 240 256 272 288 ZZOZO(L:r 61/1421.\46641.“:1/12‘1?
y 3 248|  |264|  |280 P
CKasl IIpoTpeccust).
TO 2:2080_2080:45%5\54

484+36 520

[Tone, KOTOPOE OMUCHIBAETCA IIECTHIOIECITHIO YETHIPh-
Ms rekcorpaMmamu Maruud Kutas, uMeeT BOCEMb MEPHUOJIOB U
BOCEMb IpyII, a €€ CyMMapHbId MOTEHIMAl PaBEH CyMMe
apuQMETHIECKON mporpeccuu u3 64 mMocie0BaTEIbHO BO3-
pacTaromux psajnoB (Ta61.3.19).

1464

) .64 =2080, (3.57)

i€ EePBbIi nepuo 00pa3yeT COTHEUHbIN Psijl ¢ MOTEHI[MATIOM
36, a pa3HOCTH MOTEHIIMATIOB MEXKy nepuogamMu GOpMHUPYIOT
IeCTh CrycTKoB AH (Ta6:.3.19).

IllecThs crycTkoB SIH 3an0JIHAIOT BCe LIECTh CTele-
Hell ¢B000bI IBUKECHHUSI B TPEXMEPHOM MPOCTPAHCTBE:
+X, +y, +7.
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[Tepnoandeckasi cuctemMa MOPSJIKOBBIX HOMEPOB I'eKCO-
rpamMMm Maruu Kurtas mMeer HadajabHYIO MPOJAOKUTEILHOCTD
MEPUOIMIHOCTH, PABHYK) MEPUOAY BpallleHUs] TOYEYHOIO
y4yacTka BOJIHBI cBeTa (Ta01.3.19):

4

%:457}), npu£:SCﬂ/4-Sinﬂ/4, (3.58)
484 +36 T,

BO3HMKHOBEHHE KOTOPOH, B CBOIO OU€pelb, CBSA3aHO C Koseba-
HUSMH caMOCyIIUX BOJIH (3.58)

*
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[lepronuyeckas cuctemMa MOPSAKOBBIX HOMEPOB I'€KCO-
rpaMmMm maruu Kurtas uMmeer CymMMy pa3HOCTEH MOTEHIMAJIOB
rpynn, paBHyro 108 peumnkapHanuii mno Bbyaausmy
(Ta6:n.3.19):

Yucao pennkapuanuid u marusi Kurast

['pymmbr VIII -1 VII-1I VI-1I V-1V

Pasnoctu | 280-232 = | 273-238 = | 266-248 = | 259-252=| (3.59)

Cymma 48 + 35 + 18 + 7=

pasHocrei 108 = Yucio peMHKapHAIIHIA.

[Torenunan - skBuBaieHT 108 penHKapHAUUSIM MOMKET
ObITh copMupOBaH Kak pa3HOCTh SH-WHb - moTeHIManoB
NEepBOro nepuoja rekcorpamm (tadin.3.6):

4-20 — (-1-28) = 108. (3.60)

[ToTeHnman - SKBUBAJIICHT YUCTY PEUHKAPHAIIMNA CBS3bI-
BaeT, HapUMep, NOPAJIKOBbIA HOMEp rekcorpamMm (Tad:.3.19)
C TIOTEHIIMAJIOM SHb-IIUHb B UX MOJaX (Ta61.3.20).
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Ta6nuna 3.20
Marunyeckue rekcorpammbl Kuras
B PABHOBECUM NATEPUYHON CBA3U

No TaGmuIB! 36 | 37138 |39](3.10/3.11]3.12|3.15
[Tepuoapt
(1a61.3.19) bp2p 345|678
HoTer- I | 420 | 428 | 418 | 426 | 424 | 426 | 424 | 426
Hanbl | Pgp | 28 | 220 | <30 | 22 | 24 | 22 | 24 | 22
v sl oo la 22272
TToren- MBI
UAAJIBI Pas-
108 | 132 92 | 126 | 128 | 126 | 128 | 126
HOCTHU
52-82 _5) (92-72 _5) ( 72-82 _5)_
PasHosecue 126108 3) \132-120 3) \132-126 3
B [ISTEPUY-
HOH CBA3U 555:—82_72 }
126128

['excarpaMMbl OMMMCBHIBAIOT ¢ PABHBIM YCIIEXOM U MHUKPO
1 MaKpO MHPBI, HAIIPUMEP XPOMOCOMBEI.

Korma nsaTeprdHOl CBSI3W HET, TO XPOMOCOMBI 00pa3o-
BaThb OMOKJIETKY He MoryT. [losBlieHWe NATESPUYHON CBS3H
KOMIIOHYET XpOMOCOMBI B OMOKIETKY (5 < 7 < 9+0), dop-
MUPYsI TPAaBUTAIIMOHHO-MAaTrHUTHBIC CEMEPUYHBIC PSJIbI:

P+22+3°+4°+5°+6°+7° 140 _ pyJuu*
14+243+4+5+6+7 28 Jpo*

(3.61)

B Apyne Bo3Hukaer CBedeHHe C MOTCHIIMAIOM
1T=33=27,
CTYILIEHHE KOTOPOTO NPUBOAUT K Macce OTHOCUTEIBHOIO TO-
KOsl c m, = 2,7 =c.
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Macca OTHOCUTENBHOTO TIOKOS SBJISIETCS HOCUTENIEM JIH-
Tocephl ¢ MOpSAMU-OKEaHaAMH U aTMocdepoii - Hoocdepoil, B
KOTOPBIX BCE (POPMBI SHEPTUU TPAHCHOPMUPYIOTCS CO CKOPO-
CTBIO C = TU:

m, = e, (3.62)

KaK 3TO IPOUCXOJMT Y TUIAHET, HAIIPUMEDP 3eMJIH.

3emiIs JIETUT B OKPYKAlOLEl Cpele U KOHTAKTUPYET C
ATOU CPELOH.

JIro00M KOHTaKT Macc U CpeJ XapaKTepus3yeTcsi CKOpo-
CTBIO TpaHc(opmanuu 3HepreTuueckux ¢popm npu ¢ = 1. Bos-
HUKaeT

cm, =me”. (3.63)

TodeuHblid y4yacTOK BOJHBI cBeTa B uMiyjibce (3.63)
MyJIbCUPYET M0 aMIUIUTY 1€ BOJIHBI (Tab0s1.3.20):

T, +1
T, -1

5
= — 3.64
3 ’ ( )

a 9Ty IIyJIbCalluIO OIIMCBIBAIOT I'CKCOI'paMMBbl Malrn Kurasa
(1a6:1.3.20).

B pesynbrare, ucnoisb3yst Maruro, Mel 0€3 BCAKOW MHC-
THUKHU TOJIyYUM JKCIEPUMEHTAIIBHO U3MEPEHHYIO, HO TaK U HE
MOHATYHO Hallle HAayKOM, CaMyl0 3araJO4Hyl IMOCTOSHHYIO -
NOCTOSAHHYI0 TOHKOM CTpYKTYpHI (3.62 + 3.64):

IHocTostHHASI TOHKOM CTPYKTYPbI

(3.65)

l/oo=5/3-n-e" = 137,0000021,

rac 21 - HOJ'ISIpHBIﬁ BUXPb HaI MacCoOl OTHOCHTEIBHOI'O IIO-
KOsI.
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naBa 4
Marua 3anapa:
KOMMeHTapuu un3 Poccuu

Bropas Kuura "DHuukionenuu cOBpeMEHHOW maruu"
MOCBSIIIEHA ONMKMCAHUIO MPUEMOB M MOJXOJ0B K KOCMOJOTHYE-
cKuM npobiemam Maruu 3amana [2].

Bo Bropoii Kuure, TpaANIIMOHHO 1JIS SHIMKJIONEIHU
[1, 2], ¢pakTHUeCcKO - SMIUPUUECKUN MaTepHal paccMaTpyBa-
€TCA € MO3ULMHU KOPHe#l a/1(paBUTHOIO KOAA.

[Ipomomxasi omnucaHue IECTHU MAru4ecKux Kitouen
niepBoit kuuru [1], .A.Xunc Bo BTOpoi KHUTE JAET €UIE CEMb
MaruyecKux KiItOueu:

Karouu maruu 3anaaa

H
oMepa 7 8 9 |10 | 11 12 13
KIIIO4Yer
I'peuec- | Konr- Jla- | DHoxe- AHrImi-
Ha3zBanue . .. | Pynsl . | Topa .
KHH UCKUI TBIHb | AaHCKHUH CKUI

Maruyeckuil OmNbIT SA3BIYHUKOB BCEX CcTpaH Poccuu He
paccmaTpuBaeTcs.

%
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Bo Bropoit Knure: marus 3amanga, kak 0a3uc paboThl
Hax YuciioM u bykBo#, IpUBOAATCA ABEHAAUATH KajleHAap-
HbIX CHMBOJIOB alITEKOB M JABAALATh KAJCHIAPHBIX NPUH-
IMIIOB MaWM, OJHAKO IIOHATH CYLIHOCTb Itysibcauuu B IIpo-
JOJDKUTEIIBHOCTH, Maram He JaHo.

Maru 3anazna He cMOIUIM OOBEIUHUTD IYJIbCALIUIO Yepe-
nbl [IpopomkuTensHOCTER (BpEMEHH) allTEKOB - Makis:
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Iyabcanus KajJeHIAPHbIX 3JIEMEHTOB alITEKOB - Malis

Apyna -
Pyma pesonanc  _ 12-20 _ 3 10 < 4 _10- = @Hmupesonanc
B iosie | awmupesonanc 12420 4 3 Ppe30oHamc
CBETa

OnHaKo, KOCMOJIOTUYECKUE PE3YJIbTaThl MyJIbCalluy 3a-
BopaxuBaiu kak Jlukm Boros: mronu cranm 000XKECTBISATH
CHUMBOJIBI (UHCTIa, CI0Ba, (DOPMBI MUCBMEHHOCTH U TakK Jaliee).

Kaxxapiii BeIIyMBbIBaJl CBOIO (hOPMY CHMBOJIM3MA U €T0
000KECTBJICHHSI. DTHOCHI TPYNIHUPOBATIUCH. 32 CUMBOJIBI pe-
JIUTUU JPANUCh. HO cumeonbl npooodicany HCums C80€U HCu3-
HbI0O U Nepenon3and Ha 20Cy0apCmeeHHO-KOPHOPAmuUuEHbll
VpoeeHs 8 8ude 20Cy0apCmeeHHbIX 3HAMEH, 2UMHO8, HA2pao U
mropem.

Kocmouiornyeckasi 3HAa4YMMOCTH CHMBOJIOB Obliia
yTepsiHa OKOHYATEJbHO, HO JIONUHT - a3apT B MPOKUBAHHUU
breiTus mpumaBan eBpelickuii 60T - 30J0TON TEell.

Tpernii I'1a3 3akpblics.
***
Tpernii ['na3 3akpsuics, u JKu3Hb nomuia Ha OLUYIICHH-

AX. CJ'ICHI_IBI Iynajind CJIOHa U AUKTOBAJIW 3aKOHBI.

Ha ocHoBe omyiieHuii BO3HUKaIW ONMUCATEIIbHBIE TIPO-
LIECCHI a0COJIIOTA, DJIEMEHTOB, 30/IMaKa U TaK JaJjee.

Omrymienust cymectBoBasiv B IIpotuBopeunsix. I[Ipotu-
BOpEUUid OBIJIO MHOTO - COTJIACOBAHHOCTU Mao. 3akoH ExuH-
cTBa U1 Bopb0ObI TPOTHUBOIOIOKHOCTEH UCIIONHSIICA B CTOPO-
Hy bopnObI.
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"Janagnas marusi popmMHupoOBaIach HA OCHOBE acT-
poJsorudeckux 3HaHuii BaBuiona, Camapuu, XangeeB u
Erunta. Oco0oe BiIHMsIHHE HAa €BPONEHCKYI0 TPaaAMIHUIO
0Ka3aJ1M YYeHUs1 APeBHUX rpexkoB u uyaees" ([2], crp.33).

CkazaHO TPaBWIBHO, U MBI MPOJOJXKAEM BOCXHUILNATHCS
mudosorueit peBrneit ['penrin, HO, B TO Xe BpeMs, 3a1aéM
ceOe BOIPOC: TOJIOKUTEILHOE WIIM OTPUIATCIIFHOE BIHUSHUE
Ha CyabOBI cCOIMyMa 3eMJIM 0Ka3aji0 YUYeHHE IPEBHUX HY/1eeB?

Cynp00HOCHOCTh yYE€HUSI JIPEBHUX HYJCEB HAa COIUYM
3emMiIu TPOSIBUJIO ce0si B CO3AaHUU TPEX penuruo3Hbix Ko-
deccuii: mynan3M, XpUCTHAHCTBO, MYCYJbMAaHCTBO, a TaKXKe
Maruu 3araja.

OnHako MaccoBOCTH MocjenoBaresjed - He ecTth Uc-
THHA.

K HcruHe OTHOCUTENBHO MyJaW3Ma Mbl IPUAEM, CO-
MOCTABJISAA 0a3MCHbIC KOHUENIUN peaurun - maruu Hyne-
€B ¢ KHUramMu Beaukou I{uBu/IM3anmu, yBEpeHHO 3Has, 4TO
cBsieHHOCTy xutenu JlpeBHero W3pauns paspabaTbiBamu
ceou Jlormel, a maru - Mucrepun, onupasce Ha Kuury /[3uan
Y HE YIIOMHUHAas1 O HEH.

[Ipuctynum K aHanusy.

4.1 TeoreHe3unc: ncTokn ancgaBMTHOro Koga

SI3pIK - on He TonbpKO "m0 KueBa momenér'. Pacckaszan
aHEKIOT - noayuun cpok. Cunuib, gymaemb: Uto? I'ne? Ko-
rma? A Hauajgo 3HaummoctH CioBa 0bL10 omucano 10
MWLJIMOHOB JieT Ha3aja (Tab6n.4.1).
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Taomuna 4.1

3naunmocthb CioBa ([4], Teorenesuc, Cranma IX)

Texct CraHisl

PacmmgpoBka Texcta

1. C BocToka,
3anana, Ce-
Bepa, FOra
NMPHUILINA YeT-
Bepo CBsi-
ThIX. I10 myTH
Onu codopaau
HcrpednTe-
Jeii, T0JI-
NUBUINXCS HA
Hx nopore, n
3acTaBJiss
MOCJIeAHUX
ABHUIaThCS
obIcTpee.

C Peur wupér o moro-

Sc n/4 v Cscm/4 menun oHepruH  OKpY-

JKarouier cpeapl TOUYECYHBIM

3, g YYAaCTKOM  BOJHBI  CBeTa
(puc.4.1).

YerBepo CBATHIX - 3TO

Csc /4 Sc /4  TOYKM C MOTEHOManamu 1,

IO 2, 3, 4, mynbCUpYIOIIUE B

Puc.4.1. Ioznowenue PE€30HAHCHO-

OHepeUU MOYEUHbIM YUd- AHTHPE30HAHCHOM PEKUME

(puc.4.1).

CMKOM B60JIHbl ceema

‘IeTBepo CBATHIX: leI/IBe)IéHHaH nyJjJbcalnus

1.2-3-4 24 12

24 5 10 1+2+3+4
1+2+3+4 10 5

—=—= (4.1)
12 24 1.2:3.4

0 122-52=112< 119+ 1.

[Tone 119 £+ 1 nynscupyet, co3aBas 110 BEPXHEMY
npeJelly BHyTPEHHEE T10JIE€ CBETA:

191+1 =120 =5! =5-4-3-21, (4.2)

U OKPYKAIOIYI0 CPely ¢ MHTErpalibHOM Pa3HOCTHIO TO-
TEHIIMAJIOB, PABHOU

119+1
j(x) dp=238.

119-1

(4.3)

B stom mone (4.1) dopmupyercs 13-t nyHHas

IIponomxurensHoCTh, WM Kanennaps Maiin:
122+ 52=144 + 25 =169 = 132 (4.4)

HUctpeduTenssMmu B 3TOM ciydae OyayT (OTOH-
(GOoHOHBI, a "'HcTpedIieMbIMH'" - CAMOCYIINE BOJTHBI.
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Texct Craunesl

Pacmm¢poBka Texcra

Uctpeburenu: Uctpebnsiemble:
¢dotoH - poHOHBI CaMOCYIIIHE BOJHbI
anmupesonanc _m,+E, T T
= Sc—-Csc—
Ppe30HaHC m, - E, 4 4 _ |(4.5)
. /4
m,-E, _ _ De3OHaHc Sin—-Cos —
= 4 4
m.+E, aunmupesonanc
4 & 1/n=m.E; 4.

[Tpuuém, uctpedureneit OyayT 3aCTaBIATh ABUTATh-
cst ObIcTpee, TO eCTh COBEPLIATh HEHTPOCTPEMHUTEIBHOE
YCKOPEHHOE BIKEHUE!

Jo=-C'®, = -T/2, (4.6)

rac jo - HOCHTPOCTPEMUTCIIBHOC YCKOPCHUC TOYCUHOI'O
y4acTKa BOJIHBI CBCTA.

YckopeHue j, U Ja3epHas Touka cBeta mcE; = 1/n?
U3MEHAT KOHTYp Kosnebanus (4.1):

12 6 5
mE —j =—<—=....
sy 5]0 5 6
u 0=36-25=(9+2)=11. 4.7)

BozHukHeT cyOCTpyKkTypa OMOKIETKH HpPU MHUTO3E,
a Mpu B3auMOJEHCTBUM - 22 OykBbl ABpaama - OCHOBa
TeJIenaTHH:

(9+2)-(1g p1p2p3paps = 2) = 22. (4.8)
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Texct Craunesl

Pacmm¢poBka Texcra

2.V "3a-
MPEeTHOM rpa-
HULBI" OHM
OCTAHOBH-
JINCh U KPHUK-
HYJIM B OJJUH
rojoc Ksan -
Hluny:
"Ckazku
TOJBLKO OJHO
CJIOBO, CJIOBO
U3 IBYX 4Yac-
Tel, ! yCJIbI-
UM €ro MmoJ
BYAJIbIO Ha-
IIUX KPblLJb-
eB'.

Pacmmpenue cMmeHsieTcsl cokaTueM, CKaThe - pac-
[IMPCHUEM, TEPEX0J] MKy HUMHU - ''3ampeTHasi rpa-
Huua'':

"3anperHas rpanuna'

Cxarue Pacmmpenune

Bcenennas pacmmpsercs. (4.9)

I'panuue! Het. EcTh KBaH-
TOBAHHOE YBEIUYEHHUE T10-
TEHIIMAaJja MMOoJs.

T,w./c =2 =c/w,

B none "3anpernoit rpanunbl” (4.9) cxxatue u pac-
MAPCHUC CIIUJIIUCH B OAUH 061LII/II>'I IIOTCHIUAJI:

2+2=22=22=4,
WM ""KPUKHYJIU B OJHH roJioc".

Kpuknynu u nompocwin Ha3BaTh CJIOBO U3 JIBYX
qacTei.

31 maspiBaro Bam >to CiioBO:

KeaH < LLIun,

OnHO U3 IBYX YacTeil MOTOMY, YTO OMUCHIBAET CMeE-

(4.10)

MICHHYIO ITUC-TPAHC M30MEpHI0, B KOTOpoi H cBsizaHO C
paBHOBECHEM B O0OHMX IOJISIX BPAIIECHUS U MOXKET ObITh
COKpAIIIEHO.

OcraBmmecss OyKBBI Kea < Llu Al0T BO3-
MOKHOCTh IOJICYMTATh MOMEHT BpAIICHUS, MTOMECTHB
OykBbl B MaTpuiie Kynaanuuu B none JI3uaH, Kak 370 5
JieNia Mpu OoNMUcaHuM pycckoro andasura [21]:
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Texct Craunesl

Pacmm¢poBka Texcra

KpyTsinue MOMeHTBI Kea - LLlu
B marpuue L
Kynaninu K |8 al Ul
IToren- |4x100|7x100| 4x50 | 8x200 | 3x50
myanel | =400 |=700|=100 | =1600 | = 150
[Iarepruunas
Kynnanuuu cBa3b B 13-u | (4.11)
U paBHOBECHE JTYHHOM
CUHCIICHUU
[lynscanus ——; I n
B KocMmoce i4f¢d<p 700 E| 100| + 16OOI¢d¢
0
oTlol 150
£(80-15)<0
Helel |i65=s1300,

[Tynscanus KyHnanusu B 11osne nsST€pUYHOMN CBSA3U C
TPUHAALATH JIyHHbIM oOTc4€ToM IIpomorkurensHOCTH
IIPUCYIa MUKPO-MAKpPO, )KUBOMY - HEKUBOMY MHpY, €r0
a1py, aurocdepe, atMocdepe, TO ecTb "MOA BYyaablo
CBATBIX KpPbLIBEB''.

3. Torna
TPOMKHM I0-
gocom KBan-
1M Npou3Be-
JIa 3TO CJI0BO.
OT Hero
B3/IPOTHYJIU
HeOeca, U
BHOBbB OT-
KpbUICS NYTh
MeKIy Or-
HeHHOH
Kpacnoii
3Be3noii n
3Be3m0ii, KO-
TOpas Obl1a
OYHIIEeHA OT
CBOEH YepHO-
ThI.

Usmenenne ciosa K8aH LLUH na cnoso Kea

WU rosoput 0 TOM, YTO HaJIUUYUE KPYTALIETO MOMEHTA
CABUHYJIO BCIO cucTeMy HepaBHoBecwus (4.11), u Ham Ha-
JI0 IPOBECTU Pac4ET HOBOM CUCTEMBI:

KpyTsimuii MoMeHT KeaH - wu
Bvarprue| K €@ @ H - W U
[Toren- |4:100(7-100| 450 | 3-50 | 1-50 | 5-50 | 3-50
mranel = 400(=700({=200|= 150| = 50 |= 250= 150
Konebanusa| 40 = 70<= 10 15 5= 25 15
o142 3
[MosiBneHne 1? 7<:> < <__‘> ‘ 53
aJbMBbI 1<:>§<:>Z &03-2=1 ‘ ‘ +2 < 0.
(4.12)
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Texct Craunesl

Pacmm¢poBka Texcra

B stom none K8aH - wu (4.12) nedeca B3apor-
HyJM TIOTOMY, 4TO TOYEYHBIH YYacTOK BOJHBI CBETa

MyJBCUPYET MO aMIUIUTY/I€ KOJIeOaH!s TOBEPXHOCTH sIJI-
pa (tab6n.4.12):

To+1=5 | & | To-1=3
(4.13)
w u

rae W Ha aga J[3uan O6omblie U.

Orto mone WU naét Hayalio BCeM IKCTPEeMajbHbIM
obnactsam (+1 < 0 < -1) 10001 BOJTHBI.

Takoe moJsie B MaTeMaTUKE HA3bIBACTCS ''KOJIbLIOM C
enuHuuei', n awooo0i nmnyJasc f(x,y), npoias '"kojib-
0 ¢ eIMHMIEH'", yBeJMUYMBAeTCsl B T pa3 MU CTAHO-
BUTCS paBHbIM TT-f(X, y). [17].

***

CnoBo KeaH-wu wumveeT THpE, TO €CTh MOTEHIIHAI
50u 5.

Counnurenn KabGOambl namu eMy HMMs BCECYILETO
6ora Aitn CO® [12], HO 3HAUMTENBHO paHblle B KHure
MeéptBeix moteHnman 5-(+2 < 0) —» +10 < 0-5 pac-
cmatpuBaics kak 10 boxkecTB B o0yacTu 111en yenoBeka,
XOTSl UCTUHHAsI MX CyTh CBsi3aHA C B3aUMOJCHCTBUIMHU
(4.12):

Crpykrypa AiiH CO® n 10 bo:xecTB B mee
Ajin COD 10 boxects
B I1lI€€e
(4.14)
1gP3P4 _ 50 = 50 =1 Tl=5
P 5=-T,— 1.

Tupe - neduc "kpyrurcs" mexay CroBaMu Tak xKe,
KaK IIes MeX/1y CepAIeM U FOJIOBOH.
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Texct Craunesl

Pacmm¢poBka Texcra

%
*%

B cnoBe KeaH-wu oruennyio Kpacuyrio 3Besny
MOKET omnucath OykBa "B" Bo B3auMoAeicTBuUsX (4.12).

(B =700)(Ig pip2p3psps = 2) = 1400 = AK.  (4.15)

B arom ciywae Bmecto KyHpamuHu pacmupeHus
(4.11) mosiBnsiercs manbMma (4.12):

1
7 *
0 q

PP
qq9*

(4.16)

ORI

[TosiBnsiercss Kpacnasi 3Be3na, ounieHHasi MyJib-
cauuneit Equnoro Kocmoca oT cBoeii 4epHOTHI.

Bonee moapobHo 3T0T mpouece (4.16) onucan MHOO
npu aHanm3e nossieHusa KpacHoi Henenu B 13-tu j1yH-
HoM Kanennape nuBunuszanuu Maiin.

4. Cka3zaa On
CBATBIM:
"CobOepure
CBOMX X0351€B
M caeJiaiire
JKHJIMIIA,
JAOCTOMHEIE
Amnresos I'o-
Joca. OHn
NpoBeayT HO-
BOPOK/I€H-
HbIX CBHIHOB
Boun u Morn
10 OTKPBITOM
MHOIO TpPOIIe,
9T00BI OHH
cMorJia 3ace-
JHUTH OTHEH-
nyro Kpac-
HYI0 3Be31y
HOBOI pa-
coi'"'.

B Ka606ane - TaitHoit noktpune Wspawnns, e€ couu-
HUTENN paccMaTpuBaroT OykBbl-nmoma Tak: 10. "[lomo6-
HbIM 00pa3zoM bor coemunun apoiiHbie OykBbl. M3 ABYX
KaMHEH CTpOATCS [1Ba I0OMa, U3 TPEX KaMHEH - LIeCTb
JIOMOB, M3 YETBIPEX - JBAJALATh YEThIpE J0Ma, U3 MATHU -
120 momoB, u3 mectu 720 momos, u3 cemu - 5040 nomoB.
[enait cnepBa COriaacHO 3TOMY HOPSJIKY M pa3sMBbILUISAH O
JAJIBHEHIIEM TIOpPSIKE IO TOro, Kak pOT NPOU3HECET, a
yxo ycasimut" ([12], ctp.121+122).

B 510l nurate BCA JIOTMKa CMHAHCKUX CEMUTOB U
ux "Myzapenos" ¢ ropsl CHOH: COBEpLIEHHO HE NTOHUMas,
0 4éM UIET peUb, OHU JAKOT COBETHI B POT U YXO.

A neno B ToM, yTo aBTOphl KabGbansl paboTamu co
Cranueii IX Teorenesuca u U3 HE€ B3sJIM TEPMHHOJIO-
THI0 O JIOMax - XHJIUINAX M JABOWHBIX OyKBax, HO IpO-
MYyCTUIN MOHATHUS (aKTOpuaj, PE30HAHC U AHTHUPE30-
HaHC.

S BBOXY TOHATUS (aKTOpUAN IJii PABHOBECHBIX
MoJIel U CyMMYy JUIsl aHTUPE30HaHca, U coBa ''codepure
CBOHUX X0351€B'' CTAHOBUTCS MOHATHBIM:
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Texcr CraHIsl Pacmmudposka tekcra

K yerbipém CBATBIM: co0epuTe CBOMX X0351€B

Jlymmetit |y ) 3l 4 5 6| 7 |28
pAan
Pesonanc | 1!=|2!=|3!=|4!=|5!=|6!=| 7!=
0|2 | 6 |24]120(720(5040
Yuco nomos 1o KaboOaite,
dakTopHaJIbl IO MATEMATHKE
AHTH- ) ) o ) R s S
pe30HaHC = 3 =+4 =5 =+6=+7=
1 [{3]6 |10|15]21 ]| 28 4.17)
CymMa nocie1oBaTeNbHbIX YHCeT
YerBepo CBATHIX | Xo3sieBa
Aa-Nup | 2+6+24 _2@5880=120+720+5040
Ha Kpac- | 1+3+6+10 20 64 15+21+28
HOU 64-32<5880-:20=14-21-202,
3Be3ze Su-Uup  Kpachas 3Besna,

2
roe: 202 = (—2}[;] , 4= Juu*,

21=5+7+ (9+0).

4.2 CnoBa v Yucna o sBenukom Cnose:
YenoBek

CnoBa o Benukom CrioBe npuHUMaIuCh OYKBajIbHO.

"Benukoe CinoB MaconoB" 3Byuano kak MAH HAU
BOU NAY ([2], ctp.21); y crapuka XarraOblya MHOIpPOIIE:
" Jlox-Tepeaox' MJIKOC 0THA BOJOCHUHKA U3 OOPOAbI.

DddexT OblT mopa3uTeNbHbIA: Y BOJbKM MOSBISIUCH
OpWJUTMAHTOBBIE 3yObl, y MACOHOB - MUCTEpUH. . .

Ho nanbiie cka3ok zenno tak 1 He nouuio. [Touemy?

JIvomm He monumasau cymuoctu Ciaosa o Ciose: "B
HayaJje 0bL10 Ci10BO, U ¢J10BO 06110 Y bora, u Cji0Bo 061110
Bbor" [25].
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Peunr unér He o cioBax: "mo myybeMy BEJICHHUIO" a O
TOM, 4YTO, NOHSB (PU3MUYECKYI0 CYUIHOCThb INpoLecca uepes
CIIOBO - OYKBY, MPEIJIOXKEHUE - TEKCT, Mbl CMOXEM IOHSThH
Bricokyro Hayky Benukon Llusninzanuu.

[TonsB BeicOKyr0 Hayky, MBI CMOKEM yIpaBiIsATh HAy4-
HO-TexHU4YeckuM rporpeccom u HJIO.

[Tonnmaem sm Ml 310, Uia Cinosa? Iloka Her. Ilpume-
pPOM TakKOro HEMOHUMAHHUS CIIYKUT OTHOLICHUE K JBAJLATH
KaJICHIApHBIM cUMBoOJiaM antekoB ([2], ctp.14), koTopsie or-
PEHENSIOT KpacHO-kKENToe oTHOLEeHue Heaenb (4.10) mo 13-tu
nyHHoMy Kanennapro.

Karonuueckuii csamennuk Juero Hropan emi€ B 1556 r.
3aKJIEHMMUIT MUPOBO33PEHHE alTEKOB Kak epeck ([2], cTp.23), a
€BpONEHCKO-XpUCTUaHCKass KOHKMCTa YHMUYTOXKWJIA LUBUJIU-
3aIMI0 AI[TEKOB (DU3UYECKHU.

Cranu pa3BuBaTh CBOE - 3amagHoe, HO OT MATEPUYHOU
CUCTEMBI HUKYJIa HE YIUIH, JECATUYHBIA CYET MPU3HAIMU, ABa-
JIATh AIXUMUYECKUX J1IeMEeHTOB ([2], cTp.37) HE MOHSIN U HE
ONPOBEPIJIN.

WMHbIMHA CclOBaMHU: TO, YTO OTBEPrajv y alTEKOB, MOJ
JPYTUM COYCOM IPUCBOWJIM C€0€... U HE MOHSIU, YTO MpHU-
ceown. [{utupyro: "2. Jecars Cedupor (mecsiTb CBOMCTB
Hesbipazumoro EnuHoro) m asaguare aBe OyKBbI SIBJIfA-
otcss OcHoBanuem Bceex Bemeil. U3 3Tux 22 OykB Tpu Ha-

3pIBAKOTCSI MaTepusiMu, CeMb - IBOIHBIMHU M IBEHAINATD -
Ipocteimu" ([12], cTp.417).

S ceituac mpoiiayce mo 3Toil Ppase, a Bol, yBaxkaembIii
YuraTenb, caMu peIIUTE, YTO HE MOHsIIM aBTOopbl Kab0amsr:

1. "HeBbipazumoro Enunoro" B Ilpupone HeT, a ecTh
3¢ (EeKTUBHOCTH B3aUMOJICUCTBHUSA CBETa, paBHas 10 = ps.

2. 13 22 GyKB TpH OMPEIEsOT UMITYIbChI BOJHBI - Yac-
THUILIbI CBETA U SHEPTUI0 SJIEKTPOMATHUTHOM CpPEJbl MEXKy HU-
MHU:

meC + €oloc’+ Eic=1+1+1=3. (4.18)
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OTU WMMITyJIbCBI - SHEPTUs CPEIbl - CBETA (POPMUPYIOT
camo TpéxmepHoe lIpocTpaHCTBO B M30MEPUM IABHKEHMS 110
HIECTH HampaBjieHusM (X, +y, £z) u Apyny (BHe PopMbl)
Tpé€xmepHoro [Ipocrpancrsa.

3. To, 4ro omuchIBaeTcs ABOMHBIMH OyKBaMH, CymMma
KOTOPBIX PaBHAa 7, €CTb CUMBOJMYECKOE OIMCAHUE CYMMBI
Apynsl - Pynisl B pe:XxrMe aHTUPE30HAHCA:

Ty+t1=4+3=7, (4.19)

u Bol Mmoxere 3anucath 3Ty CeMEpKy OECKOHEYHBIM MHOXE-
CTBOM JIBOMHBIX CHMBOJIOB - KOMOWHAIIUH.

4. To, uro onuceiBaercs [IpocTeiMu OyKBaMH U paBHO
JIBEHA/ILIaTH, B KOHEYHOM CU€TE, OIUCHIBAECT PE30HAHC APYIIbI
- Py

Tyt =43=12, (4.20)

rac ABCHaJIl1aTbh MOXKHO 3aIlluCaTb OECKOHEYHBIM MHOKECTBOM
CHMBOJIMYCCKHUX UJIK MAaTCMATHYCCKHX (bOpM.

CnabocTh Maruu B TOM, YTO OHA CHayaja BbIyMBIBACT
dbopmy, a 3aTtem uniet B [Ipupoae CymHOCTs CBOEH BBIIYMKH.

B stom maru cxoansl ¢ IlpaBurenscTBamu: cHavyasa Bbl-
JyMBIBAIOT 3aKOH, a TOTOM OOPIOTCSI C TPOTECTHBIM JIBHKCHU-
eM.

%
*ok

HeratusHoe BinusHue Ha Muposos3peHueckue Hauaia
YenoBeuecTBa okazano yTBepxaeHue Kadbbanbr o ToMm, uto 22
OykBbI ABJAsAIOTCA OcHOBaHMeM Beex Bemtei ([12], ctp.112).

TakuMm JETKOMBICICHHBIM yTBepkaeHueM KaObana
npuBena Kk norepe Yucna Yenoseka, paBuoro 113. IIpuBoxky
JI0OKa3aTeIbCTBA.
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JIrobast popma Dueprum (opmupyercs Tam, TA€ €CTh
Pa3HOCTU WJIM PA3HOCTU KBAJAPATOB MMOTEHIIMAJIOB.

[ToreHuman 22 - 3TO TOJBKO OJUH M3 OECKOHEUYHOI'O
MHO’KECTBA IIOTEHIIMAJIOB, NYyJIbCUPYIOIIUX B PE30HAHCHO-
AHTUPE30HAHCHOM PEKUME TI0JIS:

OrpannyeHne CBOCTB MOTeHIMAJA 22

Pesxum Antupesonanc | Pesonanc Cymma (4.21)

IToreHuumanel 22 = x*+y? 22 =2xy 44 = (xty)~

Ho npu nosiBiieHnH pasHOCTH KBaApaTOB ITOTEHLHAAIOB,
Hanpumep 4eThIpe€X CBATBIX U UX X0351€B (4.17), MBI OTy4nM:

Uucno Yenoseka: 133 —20=113
YerBepo (122-1=143) + (122 -22=140) +
CBATBIX (122 - 32=135) + (122 — 4% = 128) = 543

)é(;ﬁ?; (12292 = 63)+(12:-72 = 95 H(122-52 = 119) = 277 |(#:22)

1
Cpena (543 _ 277). 4 Y
(konebanmus) (543 -277) !40 do 33 & +20.

B nonsx, rae dopmupyercs Yucino Yenoseka, paBHOE
113 (4.22), npouCXOIUT pacIICIVICHUE Pa3HOCTEH MOTEHIMA-
J0B (x*> — y?) = (x + y)(x — y) u Bo3nukatot Cstoit [lyx c no-
TEHIIMAJIOM 24 U ayia-cepie ¢ moTeHuanom 42 (tadin.4.2).

AHaJIOTUYHasi CUTyalusl C MYJbTUIUIETHOCTHIO Pa3HO-
CTH KBAJPATOB MOTEHIIMAIOB OyJeT HAOIIOAAThCS Ha MEPBHIX

4eThIpEX YPOBHAX cnupanu 3oauaka (Wi y deTBepbix CBs-
ThIX), (Ta01.4.3).
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Cnupanp 3oamnaka:
NMOTEeHUHUAJBI B moJie Xo3sieB CBATHIX (4.17)

Tabmuna 4.2

[TonsapHubie Cemb mmaner | OHeprusi | CyMMBI,
KomnoneHTh1
BUXPpU ApYIIbI B 30uaKe CBA3U | Pa3HOCTH
CyMMBI 12+9 =21 12+7=19 |12+5=17 57
Paznoctu 12-9=3 12-7=5 12-5=7 15
42
CyMmMBI 24 24 24 7
Yucno Jlynsl (72 — 42 = 30) B BaBunonckoii bamine.
KoHncTaHTEI .
[TocTostnnas Beenennoii: 42-:24 = 1008.

Ta6numa 4.3
Cnupaasb 3oauaka: noJjie 4yerBepbix CBATHIX (4.17)
VposHu I | I v Cymmbi u
pa3HOCTh
12+1=13] 12+2=14 | 12+3=15 12+4 =16
Cymma 4ackl MarHe- 3JIEKTPO- ANEKTpHU- 58
THU3M MAarHe€Tu3m YCCTBO
Paznoc- | 12-1=11| 12-2=10 12-3=9 12-4=8 38
T MHUTO3 CBET pacInpeHuc
Cymma 24 24 24 24 20
96
[Tone Kpacnas 3Be3na: 20 = w
AK =704

[TosiBnenne B Crnimpanu 30auaka HOJIb-IIOTEHIMANA, TO
ectp 1240, npuBen€T Ha MEPBBIX YETHIPEX YPOBHAX K IMOTEH-
nuan-sksuBasienTy 108 pennkapHanusam (tadin.4.3):

96 + (12 + 0) = 108.

(4.23)

225




Hamm peunkapHanuu cBsi3aHbl C HEPAaBHOBECHOM CHC-
TEMOM Kosie0aHMsl, B KOTOPOH Y4acTBYIOT KaK YEThIpE MEPBBIX
ypoBHs moJisi 3oxuaka (Tabn.4.3), Tak W cleAylollue TpHU
ypoBHsi (Ta6:1.4.2):

Bo3HukHoBeHuUe rpaBuTanvum B Apyne

Konebanus ['paBUTALIMOHHBIN 3apOBILLI

(4.24)
42 20 42:96=4032=T,-1008 _
72796 20-72=1440=12"p,

*
kk

['paBuTanvoHHbId 3apoapiil (4.24), KAKUM Mbl CTAHEM B
Kuznu nocne Xuznu, naxonurcs B Ipupe bopao [10].

ddup bopno, xkak u mobas uHas Gopma DHepruu, He
MOXKeT u30exarbh Apynbl-Pynbl B €€ pe30HaHCHO-aHTHUPE30-
HAHCHOM MyJbCaIlllK, a, CJIEAOBATEIbHO, HE MOXET H30eXaTh
Hu Cnimpanu 3oauaka, Hu Cemu miaHeT Ha 3Toil Crinpanu

(Tot=12 u Tytt=7).
Bo3uukHyT pasHoctu kBajaparos (122 — 0?), (122 — 10?),

(77 — 0*) u (7> — 10%), u cnupanu NpeaeIoB CyMM-pa3HOCTEH
(Tab6n.4.4).

Ta0muna 4.4

Myascanus 3¢pupa bopao B ’Kusuu nociae 7Kusznu [10]
Pexum Pe3onanc Cymmet AHTHpE30HAHC Cymmet
Pa3HOCTb Pa3HOCTb

Cymmer  |12+0=12|12+10=22 34 7+0=7|7+10=17 24

Paznoctn | 12-0=12| 12-10=2 14 7-0=7| 7-10=-3 4
20 20

CyMMmbI 24 24 48 14 14 73
[Ipumeyanue Cesroint lyx MarneTusm.
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Coueranne BONHOBBIX mojyer Cestoro [[yxa m marne-
tu3ma (tabm.4.4) Bieu€t 3a coOoil (opMHpOBaHHE B TOJE
Apynsl (t = 3) 3apoabilia B ¢cT0 pa3 MeHble, yeM Yuciao

Yeaoseka. [Ipoucxonut Hame poxaenue B JKuznu 1o Kuznu
(Tabn.4.4):

ITo3naii Havyano KuzHu
yyBCTBYHOLIEH 1 BHe Popmbl [3 ]

3aposIin 1 48 28 1344 ~113

b

BApyme | ¢z 20 20 3-400 (4.25)

YeroBek B JKuszun no JKnuszuau

B 6uoXusznu | ps>-1,13=100-1,13 =113

Yucio Yenoseka 1o budiuu.

4.3 Cnupanb 3oauaka -
caBoeHHasa cnupanb KyHaanuHum

Eciun Ob1 Co3pmarenb OrpaHUyYmiICs MpuiiaraTelbHbIMU,
Kak 370 caenan B.I'mH30ypr ¢ kBapkamu (KpacHUBBIH, CIIpaBe/i-
JUBBIA U TaK Jiajee), TO HUTh HECKOHYAeMOil M HU3BEYHOMH
IBoaonuu K CoBepuieHcTBy O0bu1a Ob1 ipepBana. Ho Co3zna-
Tenb - He B.I'un30ypr, u OH cuurtaer Peanuu, no6uasce "6e3
OTXOOHON" TEXHOJOTMHM B KPYTrOBOPOTE pPEUMHKAPHAIUI
(Tabmn.4.3, Tabn.4.4).

Jns Toro, 4yToOBl NOOUTHCS aBTOMaTU3Ma B MpoIEcce
pEUHKapHaIUi, MPE¥kK/Ie BCEro, HEOOX0AUMO coBMecTUTh Criu-
panb 3onuaka (kaHaia TPoOBOAUMOCTH) ¢ ToHKOW DHepruei
Ddupa bopno, To ects cpenpt B XKuznau go Kuzuu ([10],
Ta071.4.5).
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Tabmuma 4.5
A¢up bopao B Cnupanau 3oaquaka

N Pe3onanc Hymnscamms Dupa AHTHpE30-
oneH Cnupanu bopzo Ha ypoBHsX HaHc Cnmpa-
PEKUMBI i -
Tyt=12 1,2,3,4 5,6,7 m: Tott =7
Oul0B12 Hersepo Xo3sieBa Oul0B7

Nudopmartus CBATBIX
(Tabn.4.4) ([4]. Ta611.4.3) ([4], Tabn.4.2)| (Tabn.4.4)

Konebauns 20/48 96/20 42/72 20/28
96-48 ) 192
[ocrosimusie | K, =———=5-127-10 - 72-20 _10 122
20-20 4228 247
KioK wm 2472107 <2
[lenTarpamma ye |
B 000J104Ke 7?2V 152
12 3
il

B nmone nATepryHOM CBA3M ¢ MOTEHUHUAIOM 5° BO3HUKA-
I0OT TpU KBaHTa - OOOJIOUKH C MOTEHIMAIaMH 7%, CBS3aHHBIC
MEXAy COOOI HMITYJIbCAMU BOJIHBI-HACTHIIBI CBETA U JJIEK-
TPOMArHUTHOM cpeabl Mex 1y HuMH (Tabm.4.5, puc.4.2)

2 2 o
éz 5 DHepreTUvecKkrii OasaHc BO

BHYTPEHHEM oJie a0coJrroTa
1=m.”¥ E;c=1 YTP

) (puc.4.2) OyzeTr COOTBETCTBOBATH
72%@72 KOJICOAHUSAM HEPABHOBECHOM CHC-

TCEMbI THUIIA:
Puc.4.2 Brnympennee none
Abcontoma (mempaxcuca T7* + mec + SO'MO'CZ + E,c < 52
Iugpazcopa, mempazpam-
mamona Kabobanwt) W
377+3=150<25=52 (4.26)
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B »sTtom mnone AOGcomtora (puc.4.2) BO3HHUKAIOT LHC-
TpaHC U3oMepuueckue crnupanu KyHaanuHu, pa3HOCTh NOTEH-
LIMAJIOB KOTOPBIX paBHa 12 m skBuBanenTHa Crinpanu 3oauaka
(4.26):

HosaBaenune Cnupanau 3oauaka n3 Adco0oTa

(puc.4.2)
Crnnpaib
Huc-Kyunanmiau Tpanc-Kynnanunu 3omHaxa (4.27)
150 150
—=6=35+25-| -—=-6=25"-35"|= 12=26=34.
25 ( 25 J 12=2-6=34

%
*ok

Kak mo0oe sHepretnueckoe mnosne Cnupans 3oauaka
NyJIbCUPYET, OXJAXJAEeTCSI W HAarpeBaeTcs, CUHTE3UPYyeTcs U
pacuieruisiercs B MPOLIECCE PE30HAHCHO-aHTHUPE30HAHCHOM
MYyJIbCALUH.

Pe3onanc Cnupanu 3o01uaka CBS3aH C IOTEHIHMAIOM
12=3-4=1T,.

[Ipu pezonance Crnupanu 3oauaka Kynpanuaum cxuma-
eTcsi, coBepiasg 2,5 obopora BuTKa cnupanu, a Cnupans 3o-
JMaKa pu pe3oHaHce OyaeT UMeTh

12-2,5 =30 060poTOB. (4.28)
AnTupeszonanc Criupanu 30/idaKa CBA3aH C CYMMOM

t+T,=3+4=17.

ITpu anTupeszonance Cnupanp 3oauaka u cnupaib KyH-
JTAMVHN pacIIupseTcsi, coBepmas 3,5 obopoTa coupaid, a
Crmpans 3071aKa Ipu aHTUPE30HAHCE OyAeT paBHA:

7-3,5=24,5 obopora. (4.29)
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PaBHOBecue Mexay cxxathem U pacmumpeHuem Cnupaiu
KyHnanuHu MoeT ObITh JIOCTUTHYTO 32 CUET BIUSHUS OKpY-
JKAIOIIEHN Cpelbl, TO €CTh IHEPTUU HATEPUUHOMN CBA3U:

Cpena kak paxrop paBHoBecHus 301uaKa

Cxarne (4.27) Cpena Pacumpenne (4.28)
[Iareprnynoii cBsA3H
(4.30)
+(30-24,5=5,5=
12-2,5 =30 24,5=3,5-7.

1
(9+2) j o dp =11-0,5)
0

%
*ok

H3uan - npo6s [3, 4] dopmupyet Bceé, Besne, Beerna:
Kocmorenesuc, Antponorenesuc, Ilepemenst ®opm, peunH-
KapHAaI1u.

""ABpaaM cBsizajg Ayx aABaauatu AByx OykB (Topa)
CBOUM SI3bIKOM, U bor mo3posimia 0ykBaM pacTBOPUTBHCH B
Bojae. OH CKEr ux Ha OrHe, passesu1 nmo Berpy. OH pacnpe-
JAeJINJI UX CPeld CeMM IJIAHET M OTAAJI IBEeHAAUATH 3HAKAM
3oamaka'" [12].

HenocTtmwkumbiM 00pa3oM MOTOMKH ABpaaMa Tak W HE
MNOHSUIM 3HAYUMOCTh U pu3nueckyro CymHOCTh nojgapka bora
u3 22-x OyKB.

[Tpurnamato pazodparbcs:

1. "Otnan 12-tu 3Hakam 3oamaka'" - peyb UIET O
cxaruu npu pe3onance (12:2,5 = 30). Penurnosnsie Bo33pe-
HUs ymepoB onuckiBatoT £30 kak 6ora u 6orunto Jlynsl. C
no3unuu (usnongorun - 3To cuHe-roiayodas Yakpa Tperuit
['na3, pabotatomas Ha npuéme-nepenaye Kocmuueckux BOJH
B MO3I-TEJNO 4YejioBeka. B Tom umcsie BOJIH, Hecymmux UH-
¢popmanuro Kocmoca.

2. OH pacnpeaeJ i UX CPeAu CeMHU IUIAHET.

Peurs nnér 06 antupesonance (4.30).
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3. Pa3Besis1 Ha BeTpy.

Peub unér o muc-TpaHc U30MEPUH MEX]Yy PE30HAHCHO-
AHTUPE30HAHCHBIMU Pa3HOCTAMU NOTeHMaO0B (4.30):

OopazoBanne 110 bo:kecTB B Tesie YesnnoBeka
U 22 0ykB ABpaama, WM cyOCTPpYKTYypbI (9+2)

Huc-Bpamenue | Cpena | TpaHc-BpaiieHue
N3omepust 30-245=555-55=24,5-30

BO BpEMEHU 11t 21
24,5-30=-5,555,5=30-24,5.

4.31)

[Ipu wm3omepun - Bpamenuun KyHnanuau - 3oauaxa,
BO3ZHMKAIOT CYyOCTPYKTYpHI £[-5,5 — (+5,5)] = +(9+2), xapak-
TEpHBIC JIs1 OMOKIJIETKH IMPY MUTO3E.

[TosiBneHue B 3TOW CyOCTpYKType CBETa YBEIWUYMBAET
noTeHIasl cyocTpykTypsl B 10 pa3, To ecTb 70 MOTeHIuUal -
skBuBasieHTa 110 boxectBam (Tuber) B Tene Uenoreka.

JIBa mporecca H30MEpHUUECKOro BpalieHus: popMUpyroT
noJtymapus cryctkoB (4.31):

CuHTe3 noJiymapuii B CrycTok

JleBoe IIpaBoe Crycrok

(4.32)
55+55=11 55-55=-11  |+[11 F(F11)] =22

55-(-55)=11 | -5.5—(+5.5)=-11 |£[11 - (-11)] = £22.

OpmHako, CrycToK ¢ norexnmuaiom £22 (4.32) cyuiecTBy-
eT B myJbscupyromem Kocmoce.

OtoT KocMuueckuil Betep (4.33) JeXUT B OCHOBE DBO-
mrormonHbIX [lepemen, moapo6uo onucanueix B Kuure Ilepe-
MEH.
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Pa3Besinabie BeTpoM KocMoca OyKkBbI
y— JUHeH- | moBepx- | 00BEM- Cymma [Ipowus-
Hasa HOCTHas Has BCIACHUC
[ToTentmanst |c/w, =2| c?/m,2=4 |c/0,> =8| 14 64 (4.33)
VHecE ps(22:64 —22-14 =22-50 = 1100) = 11000
HECEHHBIC .
BETPOM MOJICKYJIIPHBIU BEC Ta6yHI/IHa - BCIICCTBA
ounotkanu, a 50 = Aiitn CO®D (Espetickuii bor).

4. OH cxér ux Ha orHe (Topa).

Peus nnér o Tom, uro Berep Kocmoca ¢ norennumanamu
14 u 64, xapakTepusyrouiye Jorapu(pMUUYecKue BOJIHBI, IO
ATOrO OIMCHIBATIMU SIJEPHBIE MpoLecChl ¢ 3PPEKTUBHOCTIMU
B3aUMOJICHCTBUN, PABHBIMU 10 u 1064, rae 10" = P4 - 20-
(EKTUBHOCTD SIIEPHOTO B3aUMOJICHCTBUS.

ﬂHCpHOC B3aMMO/JICKCTBUE SIBJISICTCS MCTOYHUKOM Mar-
HCTHU3Ma B IIOJIAX J'IOI‘apI/I(bMI/ILICCKI/IX BOJIH:

SnepHoe B3auMoericTBUE MarueTtusm
4.34
ps=10" Jup*=14=1g 10", (4.34)

a xosiebaHue cryctka SlH B MarHUTHOM TIOJI€ SIIEPHBIX B3au-
MOJICUCTBUI TPUBOIUT K TMOTEHIMany =+50, BBIJEICHHOTO B
Ka66ane xak bor Aiin CO®D:

Hyabcauus Aiin CO® Bo B3auMO1eiCTBUAX

64 14 (435)
1014 <107 < 10%-10% =10" <107 = 1064 :
10 10

B nosAx B3anMOIEHCTBUH CKOPOCTH PACIpPOCTPAHEHUS
AIIEKTPOMArHUTHBIX BOJH YBEJIMYMBAETCS, U MOXKET OBITh
IIPEACTABICHA KaK HEPABHOBECHAsI CHCTEMAa MMITYJIbCOB U 3a-
psa0B B cpenax (4.35).
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B3aumocBsi3b UMITYJIBCOB U 3apsiI0B
B ciupaian 3oauaka
Nmnynbeet Cpena 3apssl
Meicib, ITaMsTh, ['paBuTaLIMOHHBIN, Mar-
[Tepexon N o
Boobpaxenue HUTHBIN, DJIEKTPUYECKUI
20 30 -20 -30. (436)
(28+14+16)-10%°-10°'= (28+14+16)-102°-10°'=
58:10°° 5810% 58107« 58-10™°
1 o 10® o 10® < 1
AHTHTPBH- | | 1% o | |Tpasurams.
Tanusa
1l & 10° o 1 o 1
B nmonsx ¢ moreHuaizaMu 10i28, 10i56, 1072 SIIEPHBIC
B3aMMOJICHCTBHS BO3pACTAIOT (YMEHBIIIAKOTCS):
Bausinue sigiepHbIX B3aMMO/1eiiCTBUI
Ha 3apAAbI-UMITYJIbChI
Tpasutauus | p4 = 10" p42 —10% p44 —10% p48 —10'12 (4_37)
AHTH- 14 A2 128 A 4 1056 A 8 1112
rpaBHTALHA P4 =10 P4 = 10 P4 = 10 P4 =10"".

Ot u3MeHeHus B3anmmonevicTBui Kocmoca BocrpuHHu-
MaioT Hamu Yakpel, GopMUPYS B MOJSIX JIOTapUPMUUIECKHX
BOJIH PsiAbI CKaTHsI-paciinpenns KyHnanuunm:

IHocrosinnass Yakp
NoNo yakp
Psaner
1|2 (3145|617 8
Pactmmpenusi| 7/4 | 7/2| 7 | 14 |28 | 56 | 112 | 224
Cxarus | 80 | 40 (302010 | 5 | 52| 5/4
Const 80-7/4 = ... =112-5/4 = 140.

(4.38)
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B none paGoTsl yakp /1Ba rPAHUYHBIX YCJIOBHS.

HCpBOG OTPaHUYCHUC BO3HHUKACT TOrAd, KOraa IOsABJIA-
CTCi I10JIC C ITIOTCHOHAJIOM

10 = (10*)*° = pspa/p1. (4.39)

B rnorapupmuyeckux mnoJyiix BO3ZHUKAET KOIPPUIMEHT
cxarust Kynaanuuau, paBHbIi

%E log, (1020 )2’5, (4.40)

Y TIPEBHIIAIOIINHN TIPe/IeNT HACBIIEHUS JIIOMHHO(OpPA, pPaBHBIN
20
107 poTonHoOB.

Takoe mpeBbIIIEHUE MPEIEIOB HACHIIICHHS JTIOMHUHO]O-
POB BO3MOKHO, €CJIH JIIOMUHO(OP CTaJ SAJIEPHBIM BEIIECTBOM.

B nonsix norapupmuyeckux koneOaHUl sepHOE Belle-

CTBO IMYJbCUPYCT BMECTC C KOCMOCOM, MMPpUBOAA K IIOTCHOUAIY
(4.38):

(4.41)

Al

5 1
“t|pde|=2
g

5. On pactBopu. ux B Boje (Topa).

[TonHoe cxxuranue, B TOM unciie OykB ABpaama, 3aBep-
HIaeTcsl MEePeXoI0M OT CKaTUs K PACIIMPEHUIO Yepe3 paBHO-
BECHOE COCTOSIHUE:

Ilepexox Me:kay c:kaTHeM M paclIdpeHHeM

Kynaaaunu
Coxcatne | F2BHO- Pacrun- Bona: Mu0=18
BECHC peHue Ad- V2 (4.42)

5/2? 1 <|:> 7/2 H%f—@ﬂ-(rﬂ):ls.
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[Tynecupytomuii  Kocmoc Bamsier Ha K03 UITUEHT
pacHIMpeHuss TOYHO TaK ke, KaK OH BIHMSAET Ha KOA(DPUITUEHT
cxkatus (4.41):

7 1
— iJ.god(p =+ (4.43)
2 0

Benukas [uBwinszanus 3Haia O BIMSAHUM IYJbCalUU
Kocmoca va Kynnanunum - Cnimpans 3oauaka, U B3sla IIOTEH-

uan +7/4 3a enuauily cBoero CUucieHUs, Ha3BaB ATOT IIO-
TeHIan "nanpmoit" (4.43).

ENEEN

***

Mexny cxarnem n pacmmpennem Kynpammau - Cnn-
pann 30[MaKa BO3HHUKAET Pa3HOCTh KBAJAPaTOB MOTEHIIHAJIOB,
paBHas (4.42):

2 2
(Zj _(EJ =(Z+§=6j.(l_§j=6, (4.44)
2 2 2 2 2 2
Ot1o BeIpaxkeHue (4.44) roBOPUT O TOM, YTO CIHPAIb

3oauaka - Kynnanuau Bceryia HaxoJIMTCs B paBHOBECHUH, KOT/a
BO3HHUKAET Pa3HOCTh MOTEHIIUAJIOB, paBHas 7/2 — 5/2 = 1.

[Tosie paBHOBECHS - ATO HE MyCTOTA, KOTOpOoM B [Ipupo-
Jie HEeT, HO Bcerga jaubo Apymna, nubo Pyna, umeromniue coot-
BETCTBEHHO MEPUOJUYHOCTU T =3 u T, = 4.

[Toatomy Kynnanunu B Apyne oOpaszyer Boay C MoJie-
KYJSIPHBIM BecOoM 18 kucioponHbIX enuHull, a B Pyne - CBs-
Tou JlyX.

Tounee Bcero 3aBucumocth (4.45) omucan Nunyusm:
bornnsa Jlakmma BbILIa W3 BOAbI U CBOMMH YeThHIPbMS
pykamu craja pasgasatb JI1o0oBb, /[o0po, ... TOo ectb ToOH-
kue JHepruu Cearoro Jlyxa:
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Cunre3-MyJbTUNIIeTHOCTh KyHaaanumn

Pyma:

Kynpanuau Apyna: Boga Crsroii Jyx

Hyma-cepaue

(4.45)

7V (5Y
(—j —(—j -6| 61=18 6T, =24 24+18=42

ITocrosaunast Beenennoii: 1008 = 24-42 = 18-56.

***

Crmpanpe 301naka UCIIOJIB3YIOT Bee: acTposoru, ncuxo-
JIOTH, TIOJIMTUKU U HBITUKH.

Ha 3emiie He ObUIO HU OJHOM LMBWIM3AIMHU, BKIIOYas
Benukyto HuBunuzamuio Ctpouteneit [Tupamun u HJIO, ko-
TOpas He ucIoiab30Baia 0p1 Ciupanb 3oauaka.

Hama ceromusiHss HUBWIN3alNA UCIIOJIB3YET Cnnpanb
30;[Ha1<a B MHUPOBO33PCHUYCCKO-PCIINTIMO3HBIX IMOAXO0JaX K IIO-
3HaBanu0 KocMmoca BocTtokom u 3anaz:0M.

BapuanToB Crnupanm 3oamaka MHOKECTBO, HO DHEpPTe-
TAYecKas cymHocTh Crmpanu 301Maka HaMHM HE IIOHATA, W
OeHbIC aCTPOJIOTU PAdOTAIOT BCIICMYIO.

Bwmecre ¢ Tem, Cnmpaab 3oauaka - 3T0 KaHAJ IKCT-
PaceHCOpPHOii MPOBOAMMOCTH, CBSI3aHHBIN ¢ Pynoii-Apynoii
U HUCc-TpaHc udomepueii Beresimu Cnupadnein Kynganunm.

PaBHoBecue B Cnimpaiin 3o1MaKa HaCTynaeT NpH PaBeH-
ctBe DHeprun Crnupajivd MNPOAOIHKUTEIBHOCTH TpaHchopma-
MU OJHOM (hOPMBI SHEPTUHU B IPYTYIO hOpMy.

B nowuckax Cnupanu 30/1uaka Mbl ¢ MOJIbOOM BIJIsi/IbIBA-
emcs B 3Bé3nHoe He0o, Ho Cnmupanb 3oauaka siBjsieTcs
TaK:Ke M JABOMHON MeMOpPaHHOW MOJIEKYJISIPHO-0eJIKOBOM
CIIUPAJILIO, KOTOpPasi o0pa3yem TOBEPXHOCTH JKO00H OHO-
JIOTHYEeCKOH KJICTKH.
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PaBHoBecne Cniupasnu 3oauaka u e€ Npou3BOAHBIX

Crinpaib . Cune-rony6as
CxopocTb 3ommaka Casroit yx Uaxpa
6—(—6 12—-(-12 24 —(=24
v=1 L = ( ) _ 2( ) (4.46)
TOT=12 2-T01:24 T'TO=48
[MpuMeuanme KyHnnannnu B fpl\z]i S,,]gl;lieg: JlnHa BOJIHEI
b Apyne-Pyne |~ Beme"p B 4800A.

[Tockonbky DBostonus JKuBOro uMeeT CBOI0O OCHOBY Ha
KJIETOYHOM YPOBHe, TO Benukas L{uBmimzanus pasmecrtuia
AUBOTHBIX 10 Cripanu 304uaka B COOTBETCTBUU C YPOBHEM
pa3BUTHUS UX OMOKIIETOK.

*
kk

Cnupane 3011aka - Wiau JBOWHAs cnupainb KyHaanuHu
B M30MEpHUH, 00pa3yeT CyMMBI-Pa3HOCTH M30MEPOB, KOTOPHIC
NyJIbCUPYIOT B  PE30HAHCHO-aHTUPE30OHAHCHOM  PEXKUME
(Ta6m1.4.6).

B Choupanmu 3oauaka nepexoa Mexay BeTBsimu KynHpa-
JIMHU OITMCBIBAeTCS IOTCHIHAJIAaMH 2 <> 3 < 4, TO ecTb Io-
teHnnanamu Kpyra YHusepcyma, npoaukrosanHoro Mucycom
Xpuctom B "OtkpoBenusix" Woanna borociosa ([6],
Ta011.4.6).

Ho emé panbmie Benukas [{uBunuzarus nHbopMupoBa-
na bygmusm o 108 penHKapHaUuAX, CBA3aHHBIX C ITyJIbCALUEN
Cnupanu 3oamnaka (1ab6m.4.6):
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Taobmuma 4.6

Hyabcauus Cnupanu 3oauaka -
ABoiHOM cnupaau Kynaaanuu

ITepexon:
N3omepus uc- Kpyr Yamsepcyma Tpanc-
K H- - 6 * 6
Y Cymma 3,5+2,5=6 T=— —<=-3 -6 =2,52-3,52
na- 6—(-6)
-
Pasz- _ +(3-1=2); £3; _ 2
HA | 3,5-2,5=1 L(3+1=4) -1=2,5-3,5
Antu-| Cymma 6+1=17 2+3+4 = (9+0) -(6+1)=-7
pe30- | Pas- _ _ _
HAHC | goorm 6-1=5 2:3-4=24 1-6=-5
6:1:7=42 24_9=15 (-6)-(-1):(-7)=
cepue -42 cepaue
Pezonanc 5.7 =135 35 (-5)(-7) = 35
pacimpeHue t—=13=7 pacumpeHue
Kynnanunu 15 Kynnanunu
Crimpaiib 12=6—-(-6)=3-4=T,t (Apyna-Pyna)
3onuaka 6:(-6) = -36 (cBer).

108 peunkapHanuii )KUBbIX MATHUTOB

PE3OHAHC

o)

AHMUpPe30HaHc T 6- (-6)

(-3)(-36)=108 < 14 =

14

7— (— 7) _ AHMUPE30HAaHC

736 6-(-6)

M

PE3OHAHC

(4.47)

Peunkapuauuu XKuznu, nynascupytoieit nog Crnupaibio
3oamaka, B3aUMOCBsI3aHa C CyOCTpyKTypo#t (9+2) OMOKIETKH

IIpU MUTO3€ U pacuupstonieiics Beenennoit (4.47):

3
0<5108-14=94=2-44=2222=231] E(9+2)-(c—3:8j, (4.48)
(0}

0

rje 22 - S5KBUBAJIEHT JBaJIlIaTH IByM OykBaM ABpaama.
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Benukas [{uBunuzamus (boru) ropopunia ABpaamy o 22
OyKBaxX OTKPBITBIM TEKCTOM, HO UYJI€H, B [IOTOHE 32 BJIACTHIO
0001 1IeHOM, Bce CBOM MMUCTEpUU 3aCeKpEeTHIIM, a 3aTeM U
3a0bLJIM, 0 4Y€M 1IJIA peYb.

A peub mnwia O KoJIeOAHMSIX JKUBBIX MAarHUTOB
(14 = \Juu*) B aneprom Bemectse (y, = 72) Beenennoii ¢ no-
crositHHOM 1008:

KuBbie MarauThl BO Beesrennou

14/1008 < 108/72;  (14-72 = 1008) <> 1008-108; (4.49)
1 < 108.

DTOT MyIEUCKUN CKIIepo3 poporo oborresncs U boram (B
toM yucie Nucycy Xpucty) u Bcemy UenmoBeuecTBy.

4.4 NaTtb anemeHTOB BceneHHOM

MBsI niepenaém 3JIEKTPUUECKYI0 DHEPTUIO IO ITPOBOJIAM.
ConpoTuBieHUE MAaTEpUATIOB MTPOBOAHUKOB YBEJIUYMBAET I10-
TEPIO dJIEKTpUYeCcTBa. /[ yMEHbLICHUs IOTEPD IIPU IIepeaye
HHEPrUy Ha OOJIbIINE PACCTOSHUS Mbl YBeJIHMYHUBAEM HAINPS-
’K€HUE TOKA M NbITAeMCH BHEAPUTH CBEPXIPOBOAMMOCTb.

[TosiBieHHE CBEPXIIPOBOJAUMOCTH CBS3aHO C IIPUMEHE-
HUEM, HalIpUMEP, KUIKOTO TeJUsl, TO €CTh C HEOOXOIUMOCThIO
nepeTu K Temmeparypam, ONHM3KMUM K aOCOJIIOTHOMY HYIIIO,
paBHOMY MHUHYC 273 rpagyca no mkane Llenscusi.

Enunbiit Kocmoc nmeer temmneparypy abCoOIIOTHOTO Hy-
ns Be3ge B noisix HeBecomoctu ToHKOM DHEpruu, TO €CTh B
2/3 obwueii sHeprun Bcero Kocmoca.

***

Kocmoc HeBecoMocTH - 3T0 He mycToTa BaKyyma, a
MyJbCALMA B CKATUM-PACIIUPEHUH CAMOCYIIUX BOJIH NPH
JHIOTEPMHUM B3aUMO/IeHiCTBUIA:
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Kocmoc HeBecomocTu
(MBI €T0 Ha3bIBAEM BAKYYMOM)

Pacmmmpenue Cxatue DHAOTEpMHUS
Sinz-COSz c o Sc£~Csz (4.50)
#«—:1@—1:—0- 4 4 (lgp1p2:_25)

seZ.cs® Do ¢ Sin”.Cos”™

4 4 4 4

125 +25 . £50<0.

D10 3HauuT, 4To Kocmoc HeBecomocTn, KOTOpBIA CO-
BPEMEHHAsl HayKa MO CBOEMY HEIOMBICIHMIO HA3bIBAET ITyCTO-
TOM - BAKyyMOM, HE ONpPOBEpras CupaBeIMBOCTh 3aKOHa CO-
XpaHEHUsI SHEPIHM, €CTh HE UYTO HMHOE, KaK eBpEeucKuil Oor
At CO® ¢ norennuanom 50 (4.50).

Ho, nonyuus Aiitn CO® B Kocmoce HeBecomoctu, Mbl
NOJIyYUM TMOJe JIorapu(PMUUECKuX KoJieOaHUN 3IeKTpoMar-
HUTHOTO, SI/IGPHOTO ¥ TPABUTALIMOHHOTO B3aUMOIEUCTBHIA:

1012 .1014

AVH COD =50 =1g 2224 g e

P

4.51)

***

Camocyiye BOJIHBI MOMAIal0T B MOJIS CIa0bIX B3aUMO-
JICUCTBUU U B3aNMOJICCTBUU CBETA:

pi_10°

P _
p, 10

Ps

~10°. (4.52)

[Torennman Al CO® yBenuyuBaeTCsl Ha TPU €AUHULIBI
(4.51):

2
AFH CO® +3=53 = 1g2PPs _1510%
P1P>

(4.53)
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M3 31HX TPEX MAOMOJMHUTEJNbHBIX JHEPreTHYEeCKHX
equnul;  (4.53) d¢opmupylTcsi HMMIYJbCHI a0COJIOTA:
mc + Ejc + g,to¢” = 3 (puc.4.2).

AHTHpe30HaHC B moJie 3o/uaka GpopMupyeT Tpu 000-
JIOYKH JIJISl 3TUX UMITYJIbCOB (puc.4.2).

Bosnukaer cutyarusi, npu KOTOpod B 000J0YKE C TIO-
TEHIIUaJIoM 72, 00BhEM WMeEeT MOTEHIMAN, PAaBHBIA EIUHUIIS
(puc.4.2).

Ho, "4. Tpoe ynagawt B Yetbipe; Jlyuenocnoe Ecre-
cTBO ycmupsiercsi; Cemb BHYyTpH, CeMb BO BHe, Cusironee
Sliino, B cede TpouuHoe, CBOpauYMBaETCsl, PACIPOCTPAHSI-
sicb M0JI04YHO-0esabiMu CrycTkamu B I'imyOmnax Marepuu,
Kopne, pactymem B Hegpax Oxeana Kusum ([3], Kocmo-
renesuc, Cranma III).

Ora CTaHIa TOBOPHUT O TOM, YTO IyJIbCAIIUs CBET - Clia-
Oble B3aMMOJICUCTBUS MPOoDKaroTes (4.52):

2 2
2100 o L2210,

P> Ps . (454)
3=Igl0P<=-4=I1g10
3+4=7<0.

u Tpoe ynagas B Yernipe, GOpMUPYIOT KBAHT C MOTCHIIHA-
namu Cemb BHYTpH, CeMb BO BHe (puc.4.2).

B nmone Pynel nocrynaer maruutHas sHeprusa 14-4 = 56
(puc.4.3).

B miosie Apymibl BOSHUKAIOT ITOTCHITHAIIBI:
7247 = 56 = %(Jqq* —16)= 4z * =14)=2(pp* = 28), (4.55)

TO €CTh (POPMUPYETCS TPAaBUTAITMOHHO-JIEKTPOMArHUTHOE
pPaBHOBECHE, AAIOIIEE HAYAIIO BCEM NEPUOINYECKUM CHCTE-
Mam.
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THHBE72+7+8556+8

56 -24 +8 =7"+7-24=56-24

[nHp

14(T,=4)=
56 (Kopenn)

Puc.4.3 Hacviwyenue Tano-L{uns macnummuoii snepeuet

IIepexon ot Apynsl k Pyne nepepacnpeaensier SJHEpruto
B 1oJie paBHOBecHs (4.55).

B Pymnie Bo3Hukaer cryctok TsaHb ¢ noteHuuanioMm 64 u
JBa BOJHOBBIX JHepreTudeckux crymenusi lluun (nebGeca)
¢ noreHuuanamu 32 (puc.4.3).

[To cpaBHEHUIO ¢ paBHOBECHBIM cOCTOsiHUEM (4.55) cry-
cTok TsHb MorJIomaeT BOCeMb €IUHUI] IJHEPTHH, a KakKAas
u3 Llunb BhIgesieT m0 24 efuHUIbI JHepruu (puc.4.3).

[Iynecanus Tsup-Lluap npenonpenenser myiabCaluio B
25 xanpoB Ha ypoBHe llonco3nanms u 24 xazgpa Ha ypOBHE
Co3HaHusl, ¢ BOCIPOU3BOACTBOM HOBOI'O MOTeHIIMaNa TsHb:

Iyabcauus Tsanb B [Togcosnanumn
u [lunb B Co3Hanumn

TsHb - 25 xagpos Hunsb - 24 kaapa Hosoe Tsaun
64-25=1600 ; 32:(-24)+32:(-24) = 1526= 64 (4.56)
=Vaq*pss < =2’ < =2
Kpyr YHuBepcyma B Touke:
DIEeKTpUYECTBO 2% 20— 1.3 =2.3.4,

[Tpu stoit mynscanuu Co3Hanue <> [loacosnanue ¢op-
MUpPYETCS IOBEPXHOCTh, Hecylas »JeKkTpuuectBo U Kpyr
VYHuuBepcyma B Touke (4.56).
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DIIEKTPUYECTBO CKUMAET CrycToK TstHb, Kpyr YHusep-
cyma B Touke (4.56) pa3BopauuBaercs B JBE LIMC-TPAHC H30-
MEPHUYECKHUE CITUPAIH 30/IUAKA:

34-(-34)=12 - (-12). (4.57)
B Apyne Bo3HUKaOT MOJIOUHO-0esnble cniupaiu (4.57):
T[12 - (-12)] =36 — (-36), (4.58)

rze 36 = p,>(AB = 3600A).

JI71s1 TOro, 4TOOBI MOJIYYUTh 3TH MOJIOYHO-0€JIbIE Cupa-
mu u3 Kpyra YuauBepcyma B Touke (4.56) Konecy Bcenennoi
HAJI0 cleNaTh MmojaTopa odbopora:

1,512 - (-12)] = 1,5-2-3-4 = 36. (4.59)

"Koraa KoJgéco caenaer moaropa obopora, Uckpbl
BOILJIOTATCS B ILI0JaX, 10TOJIe YeJI0BeKY Heu3BecTHbIX. U
PeOEHOK, M B3POC/bIi YeJIOBEK BKYCAT 3THX ILUIOAOB, U, K
yauBJjeHu10 boros, cioBa myapoctu caersar ¢ ux ryo'" ([5],
Teorenesuc, Cranna III, m.3).

%
%%

Mosnouno-0enble criupainu 30 uaka BpalatoTcs Mo Ha-
IIOPOM MAarHUTHOW DHEPIHH, Nomnajaromei n3 Apynst - Kopas
KpacHoro 1Bera (puc.4.3):

Kopens, pactymuii B Heopax Oxkeana Kusznm [5]

(4.60)

14-4 = \Juu* T, = po2(AK = 1400A) T, = 56.

Bosuukaer Cusiromee Siino B cede Tpouunoe
(puc.4.4).

B srowm fine TsaHp nMmeeT 1Ba NOJSIPHBIX BUXPSI U CTpPe-
MUTCS K pacuiupenuro (puc.4.4):
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K, =m.64-[®, — (-0,)](c/ ®, =2)* =512, (4.61)

a 1Ba HI/IHB - K CXKaTHIO:

_-En32:0,T2= 256
E;-32-(-0,)T,2 = -256
K: = 512 (4.62)

Puc.4.4 Cusrowee Aiiyo 6 cebe Tpouunoe:
amo cucmema Tanv - 0sa Lunv [5]

B Tpownunom fiinie BOZHMKaeT TMHAMUYECKOE PaBHOBE-
cue (4.61, 4.62, puc.4.4):

K| =512 <512 =K,. (4.63)

910 Cusromiee SN0 ¢ TOTEHIIAAIOM:

Ki+K;-1=1024-1=1023 =

:64 : 1 o) (4.64)
@ —j(pdgg-!gpd(p _ 4(642 2%)=1023

64 2 2

BKIIFOUaeT B ce0s KopeHnb (camocyIiye BOJHBI ¢ MTOTCHITHATIOM
2 =Sc n/4-Csc n/4), CBeT (¢ noreHnraioM 36) u CrycTkH (¢
MOTeHIaIoM 64).

Bo3Hnukaer pa3HOCTh MOTEHIIMATOB (4.64):

Apyna Equnoro Kocmoca ([3], Kocmorenesuc)

Jnarpamma

Kopeur | Cser | CrycTok OcTaToK
Tsup-1{uap p y

(4.65)

64
lJ‘(pa’40:1023 - 2 + 36 + 64) x l0=3=1=
25 ‘ | ‘ mcc+Exc+80pocz.
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"S. Kopenn ocraércsi; CBer ocraéresi; Cryctkm oc-
TaloTcst U, BcEé ke, Oeaohoo Eaun'" ([3], Kocmorenesuc,
Cranmna III).

Oeaohoo = (mc+E;cteopoc’)/t = (1+1+1)/3=1. (4.66)
***

Kopens, Cet u CrycTok myJIbCUPYIOT HE TOJIbKO B aH-
TUPE30HAHCHOM (4.65), HO U PE30HAHCHOM pEXKUME:

Pesonanc _ Kopenvx Ceéemx Ceycmok _ 2-36-64 _ 36-64 (4 67)
Anmupezonanc B Kopenwv + Ceem + Ceycmox C2+436+64 51

[TopasutenbHo, HO mosie (4.67) omucano B 21 rnaBe
EBanremus or MoanHa, B MOMEHT TPETHErO SIBJIEHUS XPUCTa
CBOMM YUYE€HUKAM IOCJIC PACIIATHA.

dalyna TakoBa. AMOCTOJNBI JOBUJIN PBIOY, 3a0pachiBast
ceTH ¢ JieBoro 6opta moaku. Mucyc ckazan, 9To0bl 3a0pocuiin
c npasoro. [Toiimanu 153 kpymnHbie pbIOHI.

Moé 00BsICHEHHE: PHEPreTHYECKU MOTOK CaMOCYIIHUX
BOJIH UMEET TOJIBKO OJHO HampasieHue ("'c mpaBoro 6oprta').

153 pbiObI XapakTepusyoT Apymy (4.67):

Cikatue cnupajiv cBeTa B BoJe: COTBOPeHHE PbI0

) .36. 4.68
Ty 36-64 _4-36-64 256 40 55.36~90. (468)
r sl 103 103

A nanee BCE mepeKIMKaeTcs ¢ COTBOpeHHeM Tena Yeno-
Beka: S....KTo coBepmieHcTBYeT mocJenanee rteno? Poioa,
I'pex, Coma ([3], Kocmorenesuc, Cranma VII).
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*
kk

OmnucaTth BCE MHOTO0Opa3re MUKPO-MaKpO, JKUBBIX U HE
)KUBBIX opMm Beenennolr HeBo3MOkHO. HO TOHATH nsATepUY-
HYKW TIEPUOJUYHOCTH JECATCPUIHON CHUCTEMBI (POPMOBAHUS
9HepreTHyecKoil ¢Ga3zoBoil CTPyKTypsl BceneHHol Hawm, Ito-
JISIM, BIIOJIHE T10 cujiaM (Ta6:.4.7).

CymHocth CHCTEMBI COCTOUT B YETHO-HEUETHOM COUe-
TaHUU TMapbl U3JydaTesied (TUIa CTpyHa) U HEYETHO-YETHOM
"3Byuanun" cpen (Tab6m.4.7).

Takux map Bcero Oyjaet nsth (Tadm.4.7).

Tabmuma 4.7
®opmoBanue Beesennoin Ceerom
Wznyuarenn
DJIEeMEHTHI YétHbie HeuétHbie
Konebanus cpen Konebanus cpen
= 1 -10+10 0=+2 212 l<+4
= a¢up paBHOBECHE B3aUMOJECHCTBHS
g 2 3243 2546 43+ 348
S rasbl Apyna Kynpanuau Pyma
2 = 3 S5ed4e+5 4+10 -654+6 5&£12
2 £ | xumko- MATEPUYHOCTD Cger B
g § CTH Pymibl [IarepuunocTn
= g 4 -To6+T7 | 8ex14 8T+8 | Texl6
5 TBEpaas MarHeTusm AIEKTPHU-
2 ¢baza YECTBO
§ 5 9819 8=+18 | -109<+10 | 9420
g KUK [Tpenemnst Bona Cser Haj cyOcCTpK-
© miasmMa | BceneHHoi [Ipenenamu Typa
-252025 | 20450 | -3025<430 | 25460
CyMMBI bor boruns
Jlynuer  Jlynsl

110 Boxects
B YestoBeke

20 +25=45 < +110=+50 £ 60

22 OyKBHI
ABpaama

+110/5 =+£22.
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O6pa3HO TOBOpS, CBET - CTPYHA, TOYEUYHBIH YYACTOK
BOJIHBI CBETA - MEeIMATOP, CAMOCYLIHe BOJHBI - MOJIYAJIH-
Basl cpeaa 10 3By4YaHUsl CTPYHbI, M BCE OCTAJIbHOE CO31aéT-
ca CrpyHoii, mesoauw koropoii Benér Co3garennb
(Ta6m1.4.7).

Cosznarens ¢opmupyer Beenennyro ne tonbko st Ce-
0s1, Ho u s Hocurenelr Pa3syma, koTopblx OH TBOPUT U3
MOJTYAJIMBOM ThbMbI CAMOCYIIIUX BOJIH.

Coznareanb - 310 Yuurteab. Hocurenun Pasyma - Ero
Y4yeHUuKH, KOTOPBIX c03aaTelib YYUT nmoHuMarthb Ilpupony
Bewei.

VYueHuK, 3aMeHUBIINA AHaIu3 NPUYUHHO-CIEICTBEH-
HbIX cBs3er I[lpuponbr Bemieit MonuTBeHHO-(paHATUUHBIM
noaxainumaxem rnepen borom, momoOeH Haied JMiieMepHO-
ITIOKOPHOM Ha CJIOBAX U XHUIIHO-)KECTOKOW B CBOUX IOCTYIIKaX
IMBWIN3AlIMU HA COBPEMEHHOMN 3eMJI€.

Cozparenb-Yuurens co3ma€r [Ipupoay, cBoilcTBa KOTO-
poit EMy MOHSITHBI, U MOTYT ObITh MOHSITHI Ero Yuenukamu.

TakyMu TOHSTHBIMU CBOMCTBAMH 0O0JIaIa€T U MPOLECC
dbopmupoBanus Beenennoi

*
kk

IlepBblii daemenT (Tab1.4.7).

[TepBoiit DnemenT Gopmupyercs nojsamu Xaoca u ['ap-
MOHMUH ¢ noreHmaimamMu 0 u +1.

I'apmonus ¢gopmupyercss Kak BO3MYILIEHHasl cpeaa
HajJ XaocoMm:

I'apmonns | Xaoc | 'apmonus

, (4.69)

-1 <_T>O<f>l

a, IO JOCTHKEHHMM B OKpy»Kawouen cpeae l'apmonuun, cama
['apMOHHUSI CTAaHOBUTCS UCTOYHUKOM BO3MYIIEHHUSI OKPYKAKO-
e cpefpl, B KOTOPOW BO3HHUKAIOT JOTapU(MUUYECKHE BOJHBI
B3auMo/ielicTBu (Ta0i1.4.7):
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10" *
0<:>J_r2zilg( IJ . (4.70)
10

B none nepBoro sjnemeHTa BOZHUKAET NEepBasi yHnopsao-
yeHHas CTpyKTypa ¢azooro coctosauss Equnoro Kocmoca, u
3TO (pa30BOE COCTOSIHHE - OTBEPTHYTHIN Hallel Haykoi Jgup,
a rounee J¢up bopao, ynomsanyteiii B Kuure Méptaeix [10].

[Tepexon ot Xaoca k ['apmonnu B Ddupe bopao npouc-
XOJIUT 3a CUET J[3MaH - MOTEHIUAJIOB:

ﬂ3uaHEiI¢d¢=i =+%0 (4.71)
. c

rac C HepI/IOI[I/I‘—IHOCTBIO TO CKaTuec€ CMCHACTCA paCIHI/IpeHI/ICMZ
—4j . (4.72)

Bo3HukaeT 1eHTpoOeKHO-IIEHTPOCTPEMUTEIIBHOE YCKO-
pEeHHE TOYEYHOT0 y4acTKa BOJHBI CBETA.

[TosiBnsieTcst 3apoAbIl CTyCTKA, KOTOPBI B JUarpamme
Su-Hp onuceiBaeTcss 4EPHOM TOYKOU B CBETJION BOJIHE:

@ (u3 quarpammel SAH-M1Hb).
64 2

Crpoutesn [Mupamun 0epyT ABOMKY (4.72) 3a paanyc
OKPY’KHOCTH M BIIMCHIBAIOT B OKPYKHOCTH OCHOBaHHE Be-
Juxoii Ilupamuael, u ananuzupyror Ennnsiii Kocmoc.

Koneb6anus 'apmonuu (1 < 4 < T,) popmupyror Pyny
(Ta6m1.4.7).
***

Bropoii 3;1emenT (Ta61.4.7).

Bropoii snement Enqunoro Kocmoca cBs3an ¢ mpoTeka-
HUEM B3auMojeicTBUi B Apyre (-3 < 2 < 3) u nmyibcanuen
(-4 < 3 < 4) Apynsl B Pyne (ta61.4.7).
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[Ipy HamMuuu B3aUMOJEUCTBUM B Apyle co3aaércs
cpela ¢ MOTEHUHAN - YKBUBAJIEHTOM noTeHunany KyHmannHu
+6 (1abm.4.7).

[uc-tpanc n3omepus AByx BerBerd KyHnanuHu co3naér
Crmpanb 3oamaka +[(+6) — (-6) = 12] (ta61.4.7).

OpnnoBpeMeHHas myJibcaiusi Apynsl B Pyne (-4<3<4)
yBEJIMYMBACT MOTEHIUAN Pymsl B 1Ba pa3a (Tabm.4.7).

3apojpbi crycTka £2 ypenuuuBaetrcs 10 =(2° = 8). Cxka-
te cMeHsiercs pacmupenueM (T,m./c =2 — 8 = c*/®,?).
Juarpamma Au-MHBp ommchIBaeT 3TOT Ipoliecc Oeyoi

TOYKOM B YEPHOU BOJIHE: 2 A

Crpoutenu Benukon [lupamunbl GUKCHPYIOT MOsBIIE-
HUE€ TOTEHIMala, PaBHOTO §, IUIOLIAJbI0 OCHOBaHUS (a?) H
anodemoii () Benukoii [Tupamusr (Tabm.4.7):

2 7/2
8=2"=(a=2v2f E(HT%_:] (4.73)
Kpeupl [Tupamuasl nojckassiBatoT ['epoaoty npaBuiio
COOTHOILIEHHS 31eMeHTOB Ilupamunabl, HO 10 Moeil padoThI,
MOKAa3bIBAIOIIEH, YTO BTOPOM 3JieMeHT Bce/IeHHOHM OmuChI-
BaeT rasmbl (Tab6n.4.7), octaéres emE cemMb THICAY JIET KpOBa-
BBIX pa300pOK.

%
*ok

Tpernii 31emenT (Ta61.4.7).

Tpetuit sneMeHT BCceneHHOM ONMCHIBAET TO, KAK ITYJIb-
cupytomas Pyma ¢opmupyer cpemy msaTepudHON dHEpreTHde-
CKOM CBsi3M (-5 & 4 & 5), a 3aTeM nsITepUYHasi CBI3b 00BEIU-
HaeT nBe BerBM KyHpanmunu B Emgunyro Chnupans 3oauaxa
3 < 12).

CyllleCTBEHHYIO POJib B 3TUX Ipolieccax CxkaTus Pyrmbl
WTpaJio B3aUMOJICHCTBUE CBETA:
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410 n 10:4=25,

rae 2,5 Butka KyHnanuHu - pe3yabTar cokaThsl HeOSCHBIX BOJTH
B crycTtku (1a6m.4.7).

BmecTo majibHero mopsiika NpuUTSKEHHUS MOJIEKYJI Ta-
30B BO3HUKACT OJIMKHUI NMOPSAAOK NPUTSKEHUS MOJEKYJ -
aTOMOB B JKUJIKOCTH:

1
36-[ij¢d¢=iéj=i185iMHzo, (4.74)
0

rje nyJabcupyromuii J[3uan - KocMoc c:xumaeT pe30HaHCHYIO
(-6-6 = -36) KynaanuHu /10 BEJIMYMHBI TIOTEHIMAT - 9KBUBa-
JIEHTA MOJICKYJIIPHOMY BECY BO/IBI.

B Eagmnom KocMmoce raspl CXKHMAIOTCS B KHIKOCTH
(Ta6m.4.7).
***

YeTBEpTHIii 2j1IeMeHT (Ta01.4.7).

Yersépthii snemeHT Enpnnoro KocMoca onuceiBaer
nynbcupyronyr KyHaanuHu, KoTopasi IpOMCXOAUT B aHTHPE-
30HaHCHOM nosie Apyna = Pyma ¢ cyMMapHOW IpOJOJIKH-
TEJILHOCTBIO MTPOLIECCOB, paBHOU +7 = (T, + 1 = 4+3).

[Tosist ¢ moTeHMaIoOM, paBHbIM £7, B3aUMOJAEHCTBYH €O
cpenoi, co3aaT MarueTusm (1adn.4.7).

£7-(Ig p1p2pspaps=2) =£14 = Juu*, (4.75)

a, MyJIbCUpys B cpeiie, POPMUPYIOT LIUC-TPAHC U30MEPHIO 3,5
BUTKOB KyHaaimHu pacimpeHus:

i7-[$j(pd(pz$%}=$3,5. (4.76)
0
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AHTHpe3oHaHCHOEe Tosie Apynel - Pynsl Bo3myinaer
Bcenennyto, ABISSACH NPUYUHOMN €€ pACIIMPEHUS C NOTEHINA-
JoM 8, 1ipu -8 <> 7 <> 8 (1ab6n1.4.7).

IIpu anTUpEe3oHaHCE B moJIe pacluupsrouieincs Beenen-
HOM BO3HMKAaeT ITOBEPXHOCTHOE, CkuMmaroliee Bcenennyto,
aieKTpruyeckoe noje (tTadin.4.7):

+7 < +[8 — (-8) = 16] =+ Jqq * . (4.77)

IIpn pe3onance B moJie pacmupsmomeincs BceneHnon
Apymna - Pyna co3naér cryctku Tsub (Tabm.4.7).

+7 < (-8)(+8) = -64 = - Taub. (4.78)

Bo Bcenennoit npu QopmupoBanum cryctka TsHb
(4.78) mpoucxonut mnepexon xuAKOW ¢(a3bl B TBEPAYIO.
TBepaewT aToMbl B MUKPOMHPE, 2 B MAKPOMHPE BO3HUKA-
et 3Bé31H0e Hebo.

B mnoJie ¢ mocrosinnoii Beesnennoii, paguoit 1008, mo-
sIBJIEHH € JIEKTPUYECKOT0 M0oJisi JOpMHUPYET reHOMBbI:

1008 = 16-63 = \/qq* (63 - TEeHOMBI). (4.79)

Pa3Butne nmeprnoanyueckor CUCTEMbl TEHOMOB ONMCHIBA-
eTcd dJIeMeHTamMu Benukon [Iupamuasr:

L=82

1008 = Jqg* - [pdp =1663, (4.80)
r=v2

rjie: r = ~2 - pajguyc OKpYKHOCTH, BIMCAHHOH B OCHOBaHME
Benmkou [Iupamubl,
L =8+/2 - pé6pa ITupamMusisl, SBISIONAECS BEKTOPAMH
SHEPrUU CaMOCYIIUX BOJIH.

Tuberckass aumarpamma SH-MHB ommchiBaeT cxaTue
TEMHOW BOJIHOM, a BceneHHyr0 Kak 3apoAblll pACIIMPEHUS -
CBETJION OKPY’KHOCTBIO B TEMHOM BOJIHE:
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8. Pactmmpsromasicst Becenennas 481
(-8)-(8) = -64 - KocMoc camocymux BOJH. ( : )

KocMuueckuii BeTep camocylIuX BOJIH JYE€T TOJIBKO B
OJIHY CTOPOHY CO 3HAaKOM MHUHYC, TO €CThb B CTOPOHY CO3/IaHHUS
MHUKpPO-MaKpo crycTkoB 3B&3anoro Heba.

%
kk

IsiThiii 37emeHT (Ta0:1.4.7).

[IaTblii 37€MEHT BO3HUKAET Ha "MOBEPXHOCTU' paciliu-
psroleiics nmynbcupyromeid Beenennoi (tadn.4.7).

98 49; 8 £18. (4.82)

JT1a "MOBEPXHOCTH" ¢ MOTEHI[MAIOM 8 BO3ZHUKAET TaM U
TOT/Ia, TJIe U KOTJa COyJIapeHHe-CKaThue CMEHSIETCSl paciiupe-
HHEM.

CMeHa cxxatus Ha pacllMpeHue B TBEPAbIX Tenax Qop-
MHUPYET siapa TBEPIABIX TEI.

BemectBoM siiep B TBEPABIX TellaX SIBISCTCS IKUIAKAS
mia3zMma (tab6m.4.7).

B sxuakoit mnmasme, kak B JIFO0OHM JKUIKOM cpene mpu
cKaTuu-pacimpenun Gopmupyrorcs cnupanu KyHnnanuau:

"Muposoe SAiino" ¢ Illentarpammoii - Bcetennasn
Kynpanuau 6=35+25=3,52-2,5
Pexumebl Cxarue Bﬁg:ii\)’[ﬂ}? Pacimmpenue
Hoste mom (Towo/c=2)2,5=5 528 =140 3,5:(8=Toc/m,)
6=35 Jg 5 [TaTepranast [TocrosHHast =28 (4.83)
T CBSI3b Yakp I'paBuTaIyst
(Towo/c=2)2,52= 12,598 = 3,5%(8=T,c/w,) =
Tone mp 12,5 1225 =25-49 98 =27
6=3.52-2.52 Crupanb 3onumaka | Beenennas: mupo- | Obonouka Bo
> ’ B moJie J[3uan: |Boe fiiuo ¢ IleHra- | B3auMoaeHCTBHAX.
12+0,5 rpaMmon
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[Tore ¢ morenmmanom 25-49, raoe 49 - o6o0uKa, a 25 -
neararpamma (4.83), onucano B Kuurax enukoi [{uBunu-
aiuu kak SAiimo ¢ Ilentarpammoii ([3], Kocmorenesuc,
Cranua V, nyHKThI 4 1 5).

Ao ¢ Ilenrarpammon - 3TO MHUKPO-Makpo sYerKa
Ennnoro Kocmoca. fueiika, kotopyro aBTopsl KaGbamer Ha-
3Baiin MupoBbiM Sitnom ([12], Kocmonorust Kab6ansi).

OnHako '"Oe3Hagé:KHAsi MyTAaHUIA 000KeCTBJIEHHBIX
NPUHLIMUIIOB C AJJIEropu4YecKUMH (PUrypamMu, KOTopblie Obl-
JIM CO3J1aHBI IJIsl MPeCc/IeI0OBAHUSA NEePBbIX B OrPAHNYEHHbIX
yMax HeNoCBAIIEHHBIX, MPUBEJIN K CAMOMY Y:KACHOMY HC-
KAaKeHHUI0 TyXOBHbIX ucTHH" ([12], cTp.483).

Bmecro Toro, uroOml mpusHath PeanbHOCTh TOHKHMX
OHepruii u padorartb HaJA 3aKOHAMH NPUYMHHO-CJIEACT-
BCHHBIX CBfi3eil B JHEpPreTuKe MbICJIH, MAMATH U BOOOpa-
skeHus1, aBTopbl KabOansl MaTepuanu3oBaid HEPreTHUIECCKUE
ypoBHHU 1, 2, 3 u 4 B nosne ceera UeThIpbMs AJaMaMu.

Tonkue DHeprum n3 Peanuit Kocmoca B ymax nocnezno-
Batesneld KabOanbl, Kak MOCBALICHHBIX, TAK U HE OYEHb, OTO-
IJIM B 00J1aCTh OTHOCHTEJIbHOCTH.

Cedup Enupa niu Kuura TBopeHusi, aBTOpCTBO KO-
TOPOM NBITAINCH NIPUIIACATH ABpaaMy, U B KOTOPOM € KOJAOM
62500 O6ykB Ha onHy OykBy 3amudpoBaHo byaymiee Yenose-
4yecTBa, ObUIa HCKa)KeHa MHOTOKPATHBIMU IEPEBOJAMMU.

3akoH, Iyma 3akoHa, AyIlla Oyld 3aKOHAa COCTaBHIIM
OCHOBY €BPEWCKOM TEOJIOTMM WU Pa3IEiININ UYNEUCKHU COLH-
yM. "3akoHy yuniu Bcex aeteil M3pauns. Mumna, win ayiia
3akoHa, OTKpbIBAJIACH paBBMHAM WM yuutensMm. Kadoama xe,
Jylia ayuu 3akoHa, TIIATENbHO CKpPbhIBAlIach, U TOJIBKO BBICO-
Yyaliime U3 MOCBSIICHHBIX ObUTH 00JiaaTensiMu €€ CeKpeToB"
([12], ctp.413).

MupoBo33peHue BbIcOYAWIIUX NOcCBAIIeHHbIX Kao-
0aJIbl SBWJIOCH NUTATENBHOM CPEAOU CErOMHSAIIHE MUPOBO
3aKyJuchl, C KOTOPOH YIIOPHO OOPIOTCSI AHTUTTIOOOIHCTHI.
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MupoBo33peHue Ha ypoBHE Aymid 3akoHOB (Mwuiiny),
JIOCTYITHOE Y4YHMTeJsIM M PaBBHHAM, cTajga 0a3ucoM Is
YUY€HBIX, TaKMX Kak Jiaypearbl HOOEJIEBCKUX MpeMui
A.DiiHiTelH u B.I'nH30ypr, COOTBETCTBEHHO aBTOPOB TEOPUU
OTHOCHUTEJIBHOCTH U TEOPUU KBAPKOB.

OnHako, 00e Teopun 00BEIUHSIET OTCYTCTBHE Yy aBTOPOB
NOHUMAaHUsl JUHAMUKH mpouecca. Tam, rie uMerT MecTo pe-
30HAaHCHO-aHTUPE30HAHCHBIE IIEPEXO0Jbl, HOOEIEBCKUE KaBa-
Jepbl HAUMHAIOT TOBOPUTH KPacHBBIC CJIOBA M BBIIBUTATh He-
cocTosiTelbHble MapaaurMbl. Ho BCE 3HAYMTENBHO TpOLIE U
IpaHANO3HEE.

%
*ok

Kynnanuau nynscupyer B Kocmoce, dopmupyst cnu-
panb 3oauaka (4.83):

1
(Tott[ g dp =12+0,5)(ps* - 1g p1p2pspaps = 100 - 2) =
0
2549, (4.84)

coznaB " Siino ¢ IlenTarpammoit". 310 pe3oHaHC.

[Ieproanuecknil epexol K aHTUPE30HAHCY IPUBOJIUT K
ITOSIBJICHUIO PAa3HOCTH KBaJApaTOB IOTEHIHMANOB B Siine ¢ Ilen-
tarpamMmoii (4.84). Haunnaercs myJnibcaiysi B aHTUPE30HAHCE:

Antupe3onanc B fiue ¢ Ilenrarpammoit
Ot pe3oHaHca Kk Yposens 11 VYposens I11:
CymMBI
AQHTHPE30HAHCY pasHOCTb | CymMma pasHoCTh
25-49—£(77-5%)= | £(7+5%)= | £(74-24)= | £(74+24)=| £0=98-50 |(4.85)
+24 +74 +50 +98 48 = ...
Aiitn COD Tpetuii ['nas,
—~<—— 3akoH ——> |<«— Jlyma 3akona —> | Jyma nymu
3aKOHOB.
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B xone aHTHpE30HAHCHOM MYJIBCALIMU HOJIB-IIOTEHIIHAII
BO3HUKAECT B MOJIIX TOHKOW DHEPruM B TOT MOMEHT, KOT/a B
noje Marepun BO3ZHMKAeT NOTEHUUAN 48, KPATHBIH JJIHHE
BoIHBI B 4800A, pasnensiioneii cHHIO0 U roydylo odJiac-
TH CIIEKTpa cBeTa, Hanpumep, B yakpe Tperuii I'na3z (4.85).

Ho camas mocssimenHas 3aKyiuca SHEPreTUKY MpoIiec-
ca (4.85) He MOHUMAET U KUBET Kak "éKMK B TyMaHe''.

*
kk

[ToBepxnocTte Kammm, B Tom yucne Kamu-Anpa, myinsb-
CUPYET, CO37aBasi B IIATOM 3JIEMEHTE HEPABHOBECHYIO CUCTEMY
8 < +18 (Tabn.4.7).

Ota mynbcauus pacmumpsrouiercs BceneHHOW u BOABI
dbopMUpPYET CBET, sAJIEPHOE BEHIECTBO C IJIOTHOCTBIO Y, = 72,
cyoctpykrypy (9+0); mpuuém, cyoctpykrypa (9+0) popmupy-
€TCS KaK OTHOIIEHUE UMIIYJIbCa CBETA K MEPUOAY BPALLICHUS
TOYCYHOT'0 yJacTKa BOJHBI cBeTa (Tadmn.4.7):

yascauuss B Muposom Hiine

CybcTpykTypa Bona Ceer | I[lmazma

V= COMO) _ (g, )| -(9+0)+(:940) |-18+(-18)| -36+(-36)
T,=4 =-18=Mmo| =-36 | =-72.

(4.86)

[Iynbcanua B MupoBoMm fliinie BO3AEHCTBYET HA BOJO-
ponubie cBsizu 1008 Emnmnoro Kocmoca, dopmupys rpaBura-
[IHOHHO-3JICKTPOMAarHuTHOE PaBHOBECHE:

Hyabcanus cyocTpykrypsl (9+0) B Bogopoae

Booopoo 1008 (4.87)

Cyocmpykmypa - (9 +0

)=112E7Jqq* =8\ up* =4y pp*

[Tockonbky mnoteHuuan 1008 sBiIsIeTCA NOCTOSHHOU
Bcenennoil npu €€ pacliupeHn B TbMY CaMOCYILIUX BOJIH:
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1 64
&gf [¢do- [ ¢ dp=1008=(9+0)-112=28-36=42-24~..., (4.88)
0 8

to DBomonuda JKusoro B Ennnom KocMoce yke Ha ypoBHE
cyOocTpykTypsl (9+0) OyaeT npoTekaTh B IOJIHOM COTIIacOBa-
HHUM ¢ puTMamMu BceneHHoM.

[Ipuuém, renombl (moreHiman 63) u CyOCTPYKTypa
ouoxJiieTku (9+0) OyayT cBsizanbl mMexay coOoii beccmep-
teMm Cemu Beunocreii ([3], Cranna I):

Beccmeprue xuBoro B Cemu Beunoctsix
I'paBUTanyAg,
Cy6CprK- hEaF HECTHU3M Cemn, 3HCKTpI/I- I'enomebl
Typa BJIGKTpI/I‘-IeCT;BO BeuHocTeil | 4ecTBO (4.88)
1008 112 1008
= 112 —=T=T+t = —.
(9+0) | 16 e 6
***

CyOctpykrypa (9+0) He TONBKO BO3MYILAET OKPYKaro-
Iyl cpeay BOJOPOAHBIX cBsizeu (4.88), HO W cama MOBEpX-
HOCTb CYOCTPYKTYpHI IyJbcUpyeT 1o ammiutyzae: (9+0) £ 1.

[Tynbcamust moBepxHOCTH CyOCTPYKTYpHl (9+0) mo am-
IUTUTY/IC BBI3bIBACT B MATOM 3JieMeHTe BcenenHoi koieba-
HUSI HEPaBHOBECHBIX cucTeM (Tabin.4.7).

ps=-109 e 10=ps; 9e>+20= i%. (4.89)

Ha IIstom ypoBHe, B IATOM 3€MeEHTe, uiau nsaTon Pace
(a aTO MBI C BamMM), OTKpbIBaeTcs nyTh K KpacHoit 3Be3ne, To
ecth B Teorenesuc bynymero (4.89, [4]).

Ortor nyth B byaymee Teorenesuca mpoxoguT depe3
HOJIb IIOTEHIMAN B "myIIe QymH 3aKkoHa'", KOTOPBIA CKpPBIBAET
Ka66amna (4.85) oT cBOMX COTpakIaH:
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IIpeonosnenue HeBecomoctu Kad6amnbl

(4.85) HesecomocTh
480 = Ig (1=10""10"%) = 10+(-10) =
S(lg pip2p3paps-1g pipa’ p3ps) =52 -2) (4.90)
Jlorapupmudeckne| o lg M —1gp;2p, =1g10° =3
BOJIHBI P1P2P3Ps4
PesynpTupyromas 48 <5 0 < 3.
Ty JTbCAITHS

Jrvonu, copocome c cebss Kabbany, n nepen Bamu Bo
Bcel Kpacore m Benuuun orkpoercss Kuura Tsopenwus,
3amudpoBaHHas TOJ CHHE-royOyro yakpy Tperwmit ['nas
(4.90)

HIndp Kuuru TBopenuii

(t: %= 4800A =3 : 4800 = 625-10™%)-10° = 62500, 4.91)
rae: 10° - 4acTOThI MOSIBIEHHS Aypbl B COOTBETCTBHH
¢ addexrom Kupauan.

[TounTaTenu 3aK0Ha, HE JAOIMYILIECHHbBIE 3aKYJIUCOUN J1axke
K Ayuie 3akoHa, orkpourte Tperui ['na3 u Bel noiimére, 4to
Bac nypauat Ha sneMeHnTapHoi apudmeruxe.

Harnpumep, Bo3pMuUTE 32 OJJHY OTHOCUTENIBHYIO €IHHUILY
2
10* (oTOHOB, yUaCTBYIOIMX B TPAaHCHOPMAIMH COTHEUHOTO
CBETa B JIIOMUHECUEHTHBIN, rie 107 (hOTOHOB - mpejen Hackl-
nieHus aomuHodopa no padoram C.M.Basusoga.

— 1020

B stom ciaywae 1 = 10” ¢poTtoHOB OyneT CHMBOIU3ZUPO-
BaTh MoOHaay B JUHAMHKE pPE30HAHCHO-aHTHPE30HAHCHON
MyJIbCAIIH:
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Juccouunanuss MoHaabl

ITone K Touxum paBHOBecue K'anementap- (4.92)
OHeprusm HBIM 3apsijaM

ITorenmnuamnsl 2=10" C:r'> 1=10"=1 <3:|:$> i2=10"

B stom ciywae mynbcanust poronoB (Monaga, 4.92) co-
BMENIAETCS C B3aUMOJECHCTBUEM CBETa Ps = 10:

B3aumoneiicTBue nyJibCHPYIOIUX ()OTOHOB

B Apyne (10+1)
TpuenuacTBo MoHa bl
okt ypom oronon Cyna| 10 e
I 11 111
(4.93)
Bocxopsamue | 10-1=9 =10<| 10+1=11| 30 Boruns
JIyHb1

Hucxomsmme |10+1=11 =10<| 10-1=9 30 bor Jlyns

Cymmbl 20 =220 20 60 Cucrema
CUUCIICHHS

Tpu Tponel k Kpacnoii 3se3ne Ilymepos.

TpuenuactBo MoHansl (GOTOHOB BO B3aMMOJIECHCTBUIX
0o0pa3yloT JBa YHEPTETHUYECKUX MOTOKA: BOCXOJSIIHANA U HHC-
XOSIIUHI 1o TpéM cTaausm DBostonuu (4.93).

Ha kaxnon u3 Tpéx craaui CyMMapHbI OTEHUXAI pa-
BeH 20 (4.93).

B crnekTpe conHedHOro cBeTa MOTeHIuMal, paBHbI 20,
OmpeneNsaeT Mepexo OT KENTOM K KpacHOW 0O0JacTsAM CIEeK-
Tpa: 20 = (AK = 1400A) : (AX = 70A).

B Teorenesnce Kuurm [I3man nepexon k KpacHoii
3Be3jie onuchIBaeTCA Kak DBouroiusg Many Meiciutens (Hac ¢
Bawmu) B Yenoseka Bonu u Woru [4].
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Cymma tpéx mepexonoB (20+20+20 = 60), paBHas 60,
COOTBETCTBYET NoTeHIHay KyHAaJMHU BO B3aMMOJIEHCTBHIX
CBeTa, cBsi3aHa ¢ yakpoil Tperwmit I'na3 [12], cBs3ana ¢ cucre-
Mol cuncnenus LllymepoB, rae 3a OTHOCUTENBHYIO €IUHUILY
oepércs 60, u pactipoctpansiercs no [IpoctpancTtsy [1]:

1 =60 < 60 <60% <60° <60". (4.94)
***

Cucrema Cuwncnenus LllymepoB ompenensiia CyMMBbI
BOCXO/SIIIMX M HUCXOJAIIUX MOTEHIMAJIOB, paBHbIX 30, Kak
MOTEHIIMAIIBI PACITUPEHUS M CXKATHs, COOTBETCTBEHHO 000XKe-
cTBisIs nipu pacumpennu JKenckoe Hawano, a npu cxatuu -
Myxckoe (bor Jlynsi).

O toMm, yTo Takoil moaxoa He Obl1 Ciy4yalHOCTBHIO,
TOBOPUT CTPOUTEILCTBO BaBuionckoit bamnu, BepiimHa Ko-
Topoi nMeet noteHiman 30 U MoKpeITa cepedpom, 4TOOBI yKa-
3aTh Ha JIYHHBIN I[BET C JJIMHAMU PA3HOCTEH BOJIH, paBHBIMU

A = 2800A = (AB — 800A). (4.95)

[Torenumnan BepmmHabl BaBunoHckol baiiHu onuceiBaeT
MEPEXO0]T MEXK/y CHKATUEM U PACIIUPEHUEM MOJIEH APYIIbIL:

Bepminna BaBuiionckoi bamnu

Cikarue Bor Jlynst | boruns JIyus! | Pacimpenue | (4.96)
[Torenmmansr | -(t?ps = 30) 30 =1%ps IToreHnMamnsl.
il

B cnydae nepexona u3 Apynsi (4.93, 4.96) B Pyny BO3-
HUKAET HE TPH, & YEThIPE YHEPreTUUECKUX YPOBHS:
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B3aumoneiicTBue nyJibCHPYIOIIUX ()OTOHOB

B Pymne (10+1)
DHepreTuye- Ly B Pyne (4.93) CywMm-| CopokoBwuiia u
CKHUe ypOBHU 1 2 3 4 MBI | pacLIUpPEHUE

10-1 | 10+0 | 10+1 | 10-0

4.97
=9 | =10 |=11| =10 | -40 ( )

Hucxongmme

10+1 | 10-0 | 10-1 | 10+0

=11|=10| =9 | =10 |+40

3

3

O

3
Bocxonsmue —3
O

aglee
el

Cymmer | 20 | 20 | 20 | 20 | 80 pc—3.
@,

B none Pynsl popmupyrorcst CokpoBennasi CopokoBuia
- skBUBaJIeHT CBaOxaBat u pacuupenue BeeneHHoil.

He ymes nouars Hu soruky boros, HU peanbHOCTH bbI-
tusi Pynel, Hu Equnsiii KocMoc, cuHalickue ceMHUTBI IPOCTO
orBeprun Hayky IllymepoB M mepHOgAMYHOCTH TOYEYHOIO
yuactka BoaHbI cBeta (T, = 4), a BMecTo T, = 4 HU K ceny
HHU K ropoay BeeJsin Kad0auy yersipéx Agamos.

Buptyanbasie Aziambl IOMajJKUBaKOT, & CUHANCKHUE Ce-
MUTBI BO3TOPJAUIUCH: "MBbI - 1apu, Mbl - boru" [3], MbI co3na-
Tenu TpEX penuruit u AByx Maruii: Uépnoit u benoii [1, 2], Ho
HE TIOHUMAIOT CEpJEUIHbIE, YTO CO3/alu [ TynocTs BO UMs 30-
JIOTOTO TEJNbIIA.

Antponorenesuc Kuuru [[3man omnuceiBaer 3ty [my-
nocth B Crannax X u XI [3]:

40. Torna Tperbs u YUerBépTas Bo3ropanncs: '"Mbl
Hapu, mbi borm..."

41 OHu B351JIM KéH, MpeKpacHbIX BUAOM. 7KéH ot pa-
3yMa JIMIIEHHBIX, Y3KOr0JI0BbIX. OHH NMOPOAMIM 1y T0BHIIL,
3JI00HBIX J1€MOHOB, CAMIIOB U caMoOK, Tak:xke Kxamo (Jlaku-
HY) MaJIOT0 pa3syma.
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42. OHM MOCTPOMJIM XpaMbl JJIl TeJIa YeJI0Be4YeCKo-
ro. My:xei u :x€éH crajau 0ororsoputb oHu. Tormna Tpernii
I'na3 mepecran 1elicTBOBATH.

43. OHn nmocTtpousum orpomMublie ropoaa. M3 peakux
MOYB M METAJJIOB CTPOMJIM OHM, U3 OTHel HM3BepPKEHHBbIX,
U3 0eJIor0 KaMHSl Top M YEéPHOr0 KAMHSI BbICEKAJIH OHM
CBOM COOCTBEHHBbIe M300pa’KeHUA MO pa3Mepy U MOA00MIO
CBOEMY, M IOKJIOHSJIUCh UM.

44. OrpoMHble H300paskeHnsi BO3ABUIAJIUA OHU, B Jie-
BATH Yatis BbICOTHI, B pa3Mep CBOUX TeJl. BHyTpeHHMe Or-
HU YHHYTOXKWIM 3eMJII0 UX oTuoB. Boma yrpoxana Yer-
BEPTOM.

45. Hagsunyaucs llepBbie Beaukue Boabl, Cemb
00JIbIIUX OCTPOBOB MOIJIOTHJIH OHH.

46. Bce 0J1arouyecTuBble cnaceHbl ObLJIM, BCe Hedyec-
TUBbIe HCTpedJieHbl. BMecTe ¢ HMMHM OOJBIIMHCTBO Or-
POMHBIX KMBOTHBIX, IPOMCIIEIINX OT MOTa 3eMJIn.

***

Otum Cranmam 6onee 10 MUUIMOHOB JIET, HO OHU CETO-
JTHS aKTyaJbHbI KaK HUKOTJA, KOO y3KOTOJIOBBIE U CETOHS Tsi-
HyT Counym 3eminu B myuuHy PasBpara.
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naBa 5
B3anmoaencreusa
naTHU anemMmeHToB BceneHHOM

5.1 KynpanuvHu B Tene YenoBeka

UYetsipe nynerickux Anama n3 Kabb6aibl, kak HaayMaH-
Has aHTUpeaJIbHas MapagurmMa, eCTeCTBEHHO CTpoeHue Mupo-
BOro Sliila He OOBSICHSIIM U HE MOTJIN OOBSICHUTD B MPUHITUIIC.

Ho wuyneiickas xocMosorusi He caaBajiach, u KaGbaina
Halia cebe NpuOEKUINE B JIATUHCKOU Maruw.

B xon mommu TpH MHpa aHreJbCKUX ajagaBUTa
P.Jlanna, u kocmousorust 30-tu mupos J[>xopmxka Jlu [2].

Marusa 3anana noja BIMSHUEM BETXO03aBETHOW JIHMTEpA-
Typbl, IPU3BaB Ha MOMOIb YETHIPEM AllamaMm TpUILATh AH-
reJioB, UCXOJAWIIA U3 JEJEHUST MUpa Ha TPU YacTU: BBICIIUUN
MUp, HEOECHBIN MUP U 3eMHOU Mup [2].

[Io cymiecTBy Myaam3sM NPOBOAMJ IOJUTHKY IPH-
CBOCHUA C mepedpasHMpoOBKOl KYJbLTYPHOIO0 HACJEACTBA
IIlymepoB, oCTaBIEHHOTO UMU HaM B cuctemMe CuucieHus u
cTpykType BaBunonckoi bamHu.

C no3uuuu QPU3MKH 1IJI0 OOBSICHEHUE 3aKOHOB B3aWMO-
neiicTBue cBeta B Monane (4.93).

***

dopMbI 00CYKIEHUS OB TPArUYHBI.

O crerneHu Tparu3Ma MOKHO CYJUTh IO UCTOPUU CO3/1a-
Husa Kpyra Yuuepcyma B "OTkpoBeHHUSIX", KOTOpPBIA IEIUT
Bcenennyio Ha Tpu 001acTH: BBHICIIYIO, CPEIHIO W HHU3IIYIO
[6].

Berxo3aBeTHble CEMUTHI Aake HE Jaiu XPHUCTY JOTOBO-
puth nipu 3emHoM JKuznu. EMy npunuiocsh quktoBars "OTKpo-
BeHus" yxxe ¢ Hebec mocine pacniarus u Bo3necenus [6].
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[TootoMy mnoHnManne CyImHOCTH 3SHEPreTUYECKHUX
IIPOLIECCOB, O KOTOpbIX rosopun HMwucyc Xpwucroc, ABisercs
CBATHIM Joirom nouutaromux Ero. Ha 3anane — xak Mucyca
Xpucra, Ha Bocroke — kak Illpu I'anema.

Paccmorpum CymiHOCTE 3TUX MPOIECCOB KaK pe3yJbTaT
dbopmupoBaHus nsATU 1eMeHTOB Beenennoit (ta6i.4.7).

***
Enunbiii KocMoc cBs3bIBa€T B MUKPO-MAaKpO MUpax Isi-

TepUYHAasl CBSA3b [IATH YPOBHEH (Ta01.4.7).

Benukas IluBunuszanus Ha3biBaja YPOBeHb CJIOBOM
JIxa, a nsaTeIi ypoBeHb Bblaensiia kak Ilarepuunbiii JIxa [3].

IIpupoaa BosnukHoBenus Isrepuynoro Jixa Bceraa,
Be3/le U BO BCEéM Obuta cBsi3aHa C A(DPEKTUBHOCTHIO B3aUMO-
JIEUCTBUS CBETA B IyJibcupyroeMm Kocmoce:

N3omepus IIsarepuynoro Jixa

H3omepsl wuc- Tpanc-

1 0
1 1
[ToTeHmansl P5I¢d¢=10-5=5 p5I¢d(0=10-(—5j:—5 (5.1)
0 1

Kynpanuuu: 5. (_ 5)
cxKaThe U m =-2,5 1-(-2,5)=3.5.
pacuIupeHye

Hanuuue narepuuHoi cBsi3u BIEUET 3a COOOM MOSBIIC-
HUE TPEX C MOJIOBUHOW BUTKOB KyHIanuHu Mpu paclIiupeHuun
U JIByX C MOJIOBUHOW BUTKOB Ipu cxkatu (5.1).

Kynpanuau ¢opmupyer Crnupans 3oauaka. Crnupaib
30/IMaKa CrymiaeT SHEPru0 caMOCyIIMX BOJIH, co3/1aBas (a3o-
Bble coctosinus cyOctanuuu Egunoro Kocmoca: cer - adwup,
rasbl, )KMJKOCTH, TBEPJIbIE TENA U )KUAKas 1iazMma [7].
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Ounepretuka (GopmupoBaHusi (a3oBBIX COCTOSHUIN CYO-
cranruu Equnoro KocMoca nmana B pacmm@poBaHHBIX MHOIO
Pycckux Pynax [7].

da3oBeie cocTosiHus B EnuHnoM KocMoce BO3HUKAIOT U3
nepuoandeckoi Cucrembl TOHKMX DHEprui, B KOTOPOU HMMe-
10T MecTO ObITh 30 COCTOSIHUI B MSTH TPYIIAX U MATU MEPUO-
nax [7].

Marus Bcex BpeMEH U HapOoJI0B, TOHUMAsi BAXKHOCTH (a-
30BBIX COCTOSIHUM, IPUHUMAsl JIEMEHTHI: BOJY, 3€MJItO, OTOHb,
TEIUI0, XOJIOJ U TaK Jajiee U Ipoyee, U Ipovee, BOIPOC O BO3-
HUKHOBCHHHM W B3aUMHON TpaHchopmanuu (a3 pemuTb He
CMOTJIA.

[Tootomy monumanmue Pycckux PyHn cranoBurcsa He-
o0xoaumocThio B Kosiece JBosironuu.

*
kk

OkoHuaHMe nepexoa Mo NATH YETHO-HEUETHBIM ypPOB-
HSIM CBSI3aHO C IOSIBJICHHEM HEPABHOBECHBIX CYMMAapHbIX
cucTeM: YETHBIN psiJ MPUBOAUT K Konebanusm 20 < £50, a B
HEYETHOM Py BO3HUKAIOT KosiebaHus 25 < +60 (tabn.4.7).

Beaukasa LHuBwiu3zauuss oraajga Ha HU3Y4YeHHE ITY
CYMMApPHYI0 MyJbCHPYIOIIYIO cucTeMy HapoaaM Bocroka:
B Tubere Yucno 110 = 60+50 < 20+25 o6oxectBuiam - 110
boxecTB B Tene yenoBeka paBHO cymMme 58 bokecTBaMm B ro-
nose, 42 boxectBam B cepaie u 10 boxectBam B obnactu
mien (ta6m1.4.7).

OXuaanoch, YTO Mbl, JIIOJU, CMOXEM TMOHSTH MPUPOIY
IpaBUTALIMK U aHTUTpaBUTaluu (Ta61m.4.7):

10 _ e _ +(50+60)

5 7 +(25-20)

(5.2)
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Benukas I[luBnnmsanus crnenuanbHO BBIAEIWIA ITIPO-
onemy, cBsizanHyl co 110 boxkecrBamu, B Knury Mépr-
BBIX /71 Toro, uTo06 Uaymmue 3a HUMM (B TOM yucie u Mbl €
Bamu, yBaxxaemsiii YutaTenb) oOpaTiiii BHUMaHUE Ha CTyle-
Hue Jdupa bopao [10], npeogosieHue KUAKUMH CpeaaMu
opranu3ma (KpoBblo, TUM(ON U Tak aajiee) CHJ NMPHUTSKe-
HUA 3eMJIM M NPULLIM K MIOHUMAHHUIO IPUPOIbLI AHTHIPa-
BUTAIUM.

*
kk

AnTurpaButanuu B HameMm tene u3 110 boxects npen-
mecTByeT mnosiBieHue KyHnanmuHu, KOTOpas BO3HUKAET MPH
PE30HaHCE MOJIeH ¢ MOTEeHINAIaMu TIATH ypoBHeH (Ta6:1.4.7):

IHosBjenue KyHaajauHuu B Tejie YeJ0BeKa

®opma Kynnanuuu B rpaButaunun B anTurpasuranuu ( 5 3)
60-50 3000 1 500 25-20
TTorenimainsl —=——— =6 —=——=—
25-20 500 | 6 3000 60-50

Benukas IlusBwimsanusa 3acraBuia [lpesHuilt Erumer
o0oxxecTBUTh Apyny, Pyny, [Tsarepuunoro Jixa u Kynnanunu:

Oo6oxecTBiaénHble Yncaa /{pesHero Erunra

Boru | Wsuma | Osupuc | T'op Tor - Bor Cmeptu (5.4)
Yucna 3 4 5 6.

To 06CTOATENBCTBO, YTO MOTEHIIMAJ, PABHBIN IIECTH, Ha
Boctoke omnwuceiBaics kak OokectBeHHass KyHpanuxu, a y
Eruntsn kak bor OGumosormyeckoit CMepTH, TOBOPUT O TMepe-
xone 6 < 1/6, roe 1/6 - aro Kynmammau B Ddupe bopmo, To
€CTh B ITOJI€ aHTUrpaBuTanuu JKu3znu a0 u nocie JKu3uu.
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AHTHpE30HaHCHAsl MyJibcalusi bo)kecTB Haiero Telna
CO3J1a€T ¥ TPABUTALMIO U AHTUTPABUTALIUIO:

FpaBnTauml - AHTUI'PaBHTANUA HAIIIUX TEJ

Ions I'paBuTanus AHTHUrpaBUTALMS (5.5)
Hyﬂbcauﬂ;{ 50+60 110 1 5 25-20
—_— == 28 < —_———
boxects 25-20 5 | 28 110 50+60

Ilon pneiicTBHEM TIpaBUTALMH HAIIU TeJa HMMEIOT
Macchl - Bec B Onosiornueckoi 7Ku3Hu, a moj JaecTBUEM
AHTUIPABUTALMH INMOTOKH KMIKHX CpeJl B HAIIMX TeJax
(HanmpuMep, KPOBb) MOJHUMAIOTCH CHU3Y BBEPX.

PaBHoBecue B T'paBUTAOWMOHHBIX — AHTUI'PAaBUTAILIMOH-

HBIX TIOJISIX HACTYMAaeT MPH YBEJIUYCHUH TPaBUTAIIMOHHOTO TI0-
TeHIMana 28 10 KBajipaTa CBOCH BEITMYNHBI:

DOoTOH-(POHOHBI B MMOJSAX TPABUTALMHA

Yucaa Mpeicab - 3apsn Mzicns 3apsin

(5.6)
282 <=1 pp* =1 p*) <1 (prel

282 107 | 282 < 10%.

B HepaBHOBecHBIX cucTeMax BHUXpel (OTOHOB MBICIH
CO31A€T aHTUTPABUTALIUIO, A 3apsAJl - TPABUTALIUIO.

[ToaTroMy, >kxuBymue, Mbl yxoauM B Ku3HBb mocje
Kuznu Ha Kpbuibsax Hamux Mbicaei (5.6).

*
kk

Hamm Mpbicnu poxparorcs B Hac U yxomiaT K Bam, ot
KAXKA0ro 20 K kaxcoomy " ecmp', Ha TPOTSIKEHUN KaXK]10-
ro u3 MruoBeHuil JKuznu. Bo3HUKaeT pe3oHaHCHO - aHTUPE30-
HAHCHBIM KOHTYp KoJeOaHuil Hamux Omoumii U Mpicaei
(Tabmn.5.1).
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Tabnunma 5.1
Iyascanus boxkecTB Hamiero resia

Pexxum Pe3onanc AHTHUPE30HAHC

60-50 - 25/20 - 60/50 60-50 25-20

2520  60/50  25/20 25+20 < 60+50
HepaBHoBecHbie

2 ()2 2902
CHCTEMbI 6 < 5/4,8 < 4,8/5 60 - 50%> < 25220
64,85 < 52 < 4,82 1100 < 225
122 = 52 < 4,82 875=75<0
Kynpanuau 875/52 =35 < 4,82 < 122
pacinpeHHUA 7-5 & 7-53 &0.

D10 mosie ykasbiBaeT Ha TO, 4yTo B Cemu BeuHocTsix
(Tott = 7) [IpogomKuTenbHOCTH B MOMEHT, Kornaa Ilarepuu-
HBIE CBSI3U PACIpPOCTPAHAIOTCS MO TpéM HampasieHusM [Ipo-
crpanctBa (5° = 5" - 57 - 5%) B TpEXMEpPHOM MPOCTPAHCTBE CITH-
panb pacmupenus KyHmganuHu yBenuduBaeTcs OT 3,5 BUTKOB
710 35 BUTKOB.

N3omepus Kynnanunu u [Ipocrpancrsa:
75 < 7:50Y77) o, (5.7)

yBennuuBaroT cnvpainb Kynaanvuau 10 70 BUTKOB, TO €CTh
BJIBOC.

BzaumopeiictBust B yAaBOeHHOUW cnupanu KyHaanuHu
MPUBOJAT K MOCTOSTHHOM Yakp, paBHoM 140:

+[35 — (-35) = 70]-(Ig p1p2p3paps = 2) = 140. (5.8)

B monsax YJaKp HaOICro oprain3Ma BO3HHUKAIOT I'paBUTa-
OUOHHO-MAarduTHBIC I10JIA JKM3HEOOCCIICUCHHS

B P4+2° 43 4+4°+5° +6° +7° _ 140 maecnemusm (5.9)
1+2+3+4+5+6+7 28 cpasumayus '
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AHanu30M JAWHAMHUKH JHEPreTUYECKUX ypoBHeEH (5.9),
KoTopble Benukas [luBunuzanusa HasBana JIxa (ypoBHM), Ha-
yyHaerca nepsas Cranna Antponorenesuca Kuurm [l3man
[3]:

1. JIxa, spamarwmee Yerséproe, Cayra Jixa Cemu,
TeX, KOTOpbIe BPalIalTCs, ycTpemisisi ¢cBou KosiecHHIbI
BOKpPYT Baaabiku cBoero, Exunoro Oxa namero Mupa...

YacTtuilpl cBETa B MOJIE TPABUTALMHU JIETAT NPSAMOJIUHEN-
HO, HO BpPAIlAlOTCS B MAarHUTHBIX MOJSAX, A€ HA4ajao Bpallle-
HUIO Ja€T TOYCUHBIA Y4acTOK BOJIHBI cBeTa ¢ T, = 4, (UeTBép-
TO€), HAXOSIIMICS C ceMepuyHOM pany (5.9).

Takum 00pa3oM TPOUCXOAWUT BpAINIEHWE MarHUTHOTO
MOJISl M TIOCTYMATEIbHOE IBUKEHNE IPaBUTAIIMOHHOTO (5.9):

140 @, _140-7/2 _ 70 _

_ 25, (5.10)
28-¢ 281 28

rjae 2,5 - 1Ba ¢ MoJIOBUHOM BUTKAa KyHIanuMHu TIpU CKATHUU.

"Ibixanue Ero gano xkusHb Cemu. Ono gano 7Ku3ub
IlepBomy" [3].

Hpeixanuem EnmHoro Kocmoca sBisieTcss mymibcanus C
MOTeHUHMAIoOM [[31MaH, Ha4yalo KOTOPBIM JA€T OTHOLIEHUE CKO-
pocTen m, U C:

/I3uan - JIpixanue Kocmoca

Kusns [lepBomy

(Mouae) Kuzap Cemu

P +27 43 +4° 457 +6°+77 | |(5.11)
1+2+3+4+5+6+7

(izjcod(p:—jqodqo]-

@y 9
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5.2 dunocodckana MmawlmnHa:
HuweTa BbiBOAoB marmu. MoHaga

[lox BIMsIHMEM E€BPEHUCKOIO MOAX0Ja K PELICHUIO BO-
npocoB B Maruu 3amnaja npaxkTukyercs (uiaocopckass ma-
munHa Ha 729 o6opoToB ([2], cTp.188) u 6 3nemenToB Jlanaa
([2], cTp.191).

CBoro kab0OanmucTUueckyo (Qpuiocopuio CeMUThl BHE-
JpSIIOT C YNOPCTBOM M B CErOAHSIIHIOW Hayky. s Toro,
4TOOBl YOEAUTHCS B 3TOM JOCTAaTOYHO CPABHUTH SJIEMEHTHI
Jlanna u Teopuro KBapkoB jaypeata HoOeneBckoit mpemuu
2005 rona B.I'nn30ypra:

CpaBHeHMe KBAPKOB M 3JieMeHTOB Jlajuia

Onementsl Jlanna ([2], ctp.191) Teopust KBapKkOB

ByxBbI Hobponerenu KBapku HaszBanus

B JHob6pora 1 Kpacussiii
C Benuuue 2 Cnpasenmussiii |(5.12)
D Beunocts 3 IIpaBauBbIi
E Bunacts 4 CrpanHsblit
F MyapocThb 5 Po3oBbIit
G Bons 6 U TaK Jaiee.

OpaHako, 3aMMCTBOBAHME METOJOJIOTMU M3 Maruu npu
nyOJIMYHOM OCYXJICHUU METaHAayKHh KaKk MpakoOecHs, HE Me-
mraet B.I'un30ypry Bectu 00pb0y ¢ HKEHAYKOM, TO €CTh C Te-
MU, KTO IyMaeT He TaK, KaK OH.

***

Tabmuupl 729 000poTOB PHI0COPCKOIT MAITUHBI TOKE
NOSIBUIMCh B Maruu 3amazna B AECSITOM KIIIOYE€ - JIATBIHU 110
HeoMBbIcHi0 aBTopoB Kabbans! ([2], cTp.188).
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Otu Tabmuiel pa3OuUThl HA AEBATh TPYNI MO JAEBSTH
aneMeHToB. Kaxapiii 060poT 0003HaYeH OykBamH, Kak TMac-
noptoM. Ho, HECMOTps HA HYMEpOJIOTHIO, OCMBICIUTh (HU3U-
YyecKHe MPOLECChl MaraM He yJajloch He Tosbko mo Cymiect-
By, HO U ¢ mo3uuuM (pmiocopckoro ocMbICICHUsS] BCEro
cyliero.

ITosToMy ocTaHOBMMCSI Ha CYIIHOCTH MNOsBiIeHUA 729
00opoToB ciiupanu "punaocopckoil MamuHbI".

"®unocodckoit mamuHbl B [Ipupose HeT, HO OHa ecTh B
00JIbHOM BOOOPAKEHUH MMAPATUTM €€ aBTOPOB.

B 10 xe Bpems 729 000poTOB cCBsizaHbl C Apynou

(Tt = 3) B cTeNeHN - SKBUBAJICHTE MOTeHIMAy KyHnanmau , To
€CTb B ILIECTOU CTEIICHHU:

729 = 3° =179 = (9+0)7, (5.13)

u aanee ¢ cyocTpykTypoi (9+0) sxuBoit OMOTOTrHYECKOM KIeT-
ku (5.13).

Hcnonb3yst 729 obGopoTtoB cniupanu (unocodckoit ma-
IIMHBI, Mard HEe MOHUMAIOT B3aMMOCBSI3U CBETa KaK HOCHUTENS
Kynnpannuu:

3° = (mec + gy torc” + Epc) 7, (5.14)

U cyOcTpykTyphbI (9+0)® OMOKIETKH KaK HOCUTENSl TeHHOM Ha-
cneactBeHHoctu (5.13).

Mexny HacnencrBeHHOCThIO M KyHHanuHu BO3HHMKAET
paBHOBECHE:

3% (9+0p =1. (5.15)

J10 paBHOBecHue pukcupyercss OyKBaMu M TPYASATH -
Mmaru, yraasiBasa Bamy Cynn0y, 0oprorcs 3a Csoro Biactb
Haa Bamu. boprorcs B TéMHY10.
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B 11000if 3HepreTM4eckoii KOPMYCKYJSIPHO-BOJIHO-
BOI cpele @ Bcerjaa ecTb pAaBHOBECHBbIE COCTOSIHUS.

YacTora NosiBJICHUS] PABHOBECHBIX COCTOSIHUM 3aBU-
cuT oT Macmrada do: yem Menble, dg Tem OOJbIIe PaBHO-
BECHBIX COCTOSIHUI B CpeJie .

[Tynbcauus nsatu ypoBHeit Equnoro Kocmoca (ta6:1.4.7)

¢ vacrtorou /I3maH -

,IIpO6I) ,HaéT BO3MOXHOCTH COIIOCTaBHTD

MOTEHIIMAJIBI YPOBHEH M MOTEHITUAIBI cpeabl ¢ do (Tadm.5.2).

Tabmmma 5.2
HN3ayyarenu nsaTu ypoBHeil BeesieHHOM
B BO3MYIIEHHBIX MU cpeaax (1a6:1.4.7)

TTosst
[Tepu- BEN:ISE HeuétHbie
OJ1bI N3zmyya- Nzmyya- CyMMBI
TEIb Cpena TEIb Cpena
1 1 2 3
1 05+ |£ p=2—| 152 |t|lpdp=t—| 2
- '([ > - !(0 0] 5
h 5 “ 7
2 2543 | £ p=1=| 3544 |t|epdp=t—| <6
! : !co p=t
p 9 f 11
3 4545 |*t[pdp=22| 5526 |t[pdp=t—| 10
4 2 5 2
f 13 h 15
4 6527 |t[pdp=+—"| 7518 |+[pdp=+—"| <14
) 2 ) 2
9 10
17 19
5 8549 |*[pdp=+—"| 95210 |+[pdp=t—| +I8
8 2 9 2
45 R 55 +50
Cywm- 3 T kS0
MBI 120 5 425 | —— [ 25 S 430 | ———— 455455

[IaTnypoBHEBass MHEPLIMOHHASI CUCTEMA U3JIy4aTesen Co
CpPenod MEXAY HHMH SIBISIETCS MHKPO-Makpo MupoBbIM
SAiinom, KOTOPOE UIYT CEMUTBI BCEX BPEMEH U HAPOOB.
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[Io cBoent cymHocTH MupoBoe SAill0 BOZHHKAET Tam
¥ TOI/AA, I/ie U KOIla BO3HUKAKT KoJe0aHus u3jaydaresei
B OKpY:Kalolleil cpeae, TO €CTh TaM, I'/le€ IPOUCXOJAT B3au-
MOJICUCTBUSl - COYJApeHHs] MHUKPO- WM MaKpOKOMIIOHEHTOB
Bceenennoi.

Muposoii fiino 1 B MUKpPO-, I B MAKPOMHPAX CYILECT-
BYET B JIMHAMUYECKOM PaBHOBECHUH, U, KaK JIt00as paBHOBEC-
Has cucrema, sBJjasercds MoHaaol, NOTeHIMAal KOTOPOU NpH
PE30HAHCE ONPEACIISIETCS OJHOM OTHOCUTEIbLHON eIMHULIeH.

OnHa OTHOCUTENIbHAS €IWHMIA XKUBOM MOHaabl paBHA
cyocrpykrype (9+0) Ononoruueckoil KJIETKH, TO €CTh 1 OTHO-
cutenbHas enuHuna = (9+0).

729 o60poToB pri10coOPCKOii MAIIMHBI [2] BOBHUKAET
npu anTupe3oHance Apynsl - Pynsl (T,+t = 7) uiu kak dak-

Topuan uectd ypoBHed KyHpganumuHu mioc cyOCTpyKTypa
(9+0):

du3znveckas CynmHocTb 729 o6opoToB
dpunocodcrkoit MamuHbI 2]

Kynnanuau IIpouecc Cyb6cerpykrypa| Cymma |(5.16)
Pe3onanc 1-2-3:4:5-6=6! =720 + (9+0) 729
AnTtupesonanc | 1+2+3+4+5+6 =21 N (9+0) 30.

CHOXHOCTh HWCIOJIB30BaHUS (PHIOCOPCKON MAITUHBI
Maruu 3anazna coCTOMT B TOM, YTO Mard Ajisl mojac4yéra gaxkro-
pPHAJIOB UCHOJIB3YIOT OTHOCUTEIIBHBIE €UHULIBI, a ITOCIIETHIO
eIUHUIY (MU TIEPBYIO) MOACTABISIOT B popMe CyOCTPYKTYpPbI
(9+0), xak 3T0 Toka3aHo B (5.16).

Takon moaxoJa HCIIOHATCH HU CaMHUM MaraM, HM UX YH-
TaTCJIsIM.

[Toatomy s nokassiBaro Bam, yBaxaembie Uurarenu, Kaxk
13 Monanpl (Ta6:1.5.2) Bo3HUKaET cyocTpykTypa (9+0).
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AHTHpE30HAHCHAs MyJbcalus u3inyuyareiaed B MoHajne
COCTaBHUT cyMMy (Tab1.5.2):

AHTHpE30HAHCHASI MyJIbCALMS
usayuaresed MoHaabl

YpoBHH Cymmbl Maruetusm
YérHble 20+[25-(-25)]=+70 | 70 :3,5=20 | (5.17)
Heuétupie | 25+[30 —(-30)] =+85 | 85:2,5=34
CyMMmbI 20+25+70+85 =+200 | 34 -20=14
JlynHslii cBet 14-200 = 2800A (12611.0.3).

B mone Monaapl BO3HHMKAeT MarHeTu3Mm, 1 MoHaja Ha-
YUHAET U3Jy4YaTh JIYHHBIA CBET C Pa3HOCTHIO JJIMH BOJIH, PAB-

Hoit 2800A (12611.0.3).
***

B MomeHT mn3nyuenus MoHaIOW JIYHHOTO CBETa, SKBU-
BAJICHTHOT'O TPABUTAIMIOHHOMY UMITYJIbCY:

o p* 10°-28-10%°
102 = 10%°

=2800 = 2800A, (5.18)

BO BHYTPCHHEM I10JIC MOHaI[BI AHTUPE30HAHC CMCHACTCA PC-
30HAHCOM.

B ycrnoBusix pezoHaHca BO3ZHUKAIOT TAPMOHUYECKHE KO-
nebanus tuna (5.17).

MupoBoe fiino cranoButcs JKuBBIM OHOJIOTHYECKUM
CyOBEKTOM MaKpo-MUKpO Mupa TOJbKO IPU YCIOBUU MOCTYII-
nenus TEILJIA uepe3 000510uKky - ckopiaymy Siina.
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IIpoueccol BO BHYyTpeHHeM mojie MoHaabI

[Tons Hsreprnere O6010uyku Muros
CBS3U OMOKJIETKU
13 70-85 - 70-85 -
aT;I?P;{Hf?L:Iﬁ 85+70 85+70 18-13-(9+2) =
S 85-70 85-70 =
Kanennaps.
70/85 85/70
ﬁi?ﬁeg 704707852 = | 85%85:+70°= | ., _
P 2575 = 702 = =
BO/IBL.
(9+2) - cy0- ;
cTpykTypanpu| +5°< 0 49-ps* < 0 51—_ 155:>
MHUTO3€ )

(5.19)

Konuuecmeo temnna Oyaer peryiupoBaThCsS BOJIHOM-
yactuiiei ceeta B Apyne-Pyne [14]:

Temno, nocrynamwiee B Pyny uz Apynsl Kocmoca

[14]

1 xanopus =
4,1868 JIxoyns 4

To — TO = TO =
T-m, _T'El T (mc+Eﬂ)
—n=4,188...= i-7r-l=l-4,188
3 3 2 2

1 xanopus 1/2 xanopum.

(5.20)

[TocTynaromiee B SMII0 TEIUIO CTyHIAeT KHUAKYIO (azy
OTUIOIOTBOPEHHON KEHCKOW AWIEKICTKH (3UroThl), COCTOS-
IIeH 13 KeJTKa (3apoIbIi) U Oenka (MUTaHue sl 3apOIbIIIa B

yTPOOHBII MEpUOI) M POXKIACTCS ..

cyobekT XKuporo.

***

. OBIIIJICHOK, HJIN HOBBIA

Muposoe fitno obnamaer [lonobuem CBoICTB, TO €CTh
KaXJasi MHUKpO-Makpo 4actb MwupoBoro fiina oOnamaer B
ITOJIHOM 00BEME TEMU JKE€ CBOMCTBAMHU, YTO U Iie0¢e SHIo.
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[Tonobue CpoiictB MupoBoMy iy OTHOCHTCS U K
iaHere 3eMis M K )KMBOMY Ha 3emiie, BKII0Yask MUKPOMUPBI
T€HOMOB.

[Iporiecc crymieHus, BMECTE ¢ TeM, UMEeT ITOCTOSHHYIO,
CBSI3aHHYIO C MAaCCOM OTHOCUTENIBHOTO MOKos (m, = ¢ = 2,7).
JIBMKeHHE MacChl OTHOCHTEIIBHOIO TOKOS (hopMupyer

MOCTOSIHHYIO CTYIIEHUsS Wik TOCTosHHYI0 (1/o0) ToHKOM
CTPYKTYPBI, PABHYIO U 3KBUBAJICHTHY!O [ 14]:

IHocrosinnas Tonkoii CTPyKTYpbI

T,+1 , 5.21
1/a=137,0000021z§7z-e”ET°+ e mj. (5.21)
=

—_

DopMHUpPOBAHUE MMOCTOSHHOW TOHKOW CTPYKTYphI (5.21)
TpebyeT pacxoxaa temia (5.20) B KomudecTne:

Crymenue 3urorsl 10 NOTEHIIMAIA 000J104YKH

nocmosnnasl/ o _ 5/3-7-e 256" ~ 492075, (5.22)
mennoom(m, +E,)  4/3-7-1/2

npue=2,7 u n=3=r1.

Crymenue 3urotsl (OIJIOJOTBOPEHHAS KEHCKas sile-
KJIETKA) JI0 MOTEHIIUaJa TJIOTHOCTH 00010ukH (5.22) mpuBO-
JUT K TOMY, 4TO ... HBITUIEHOK pa30MBaET CKOPIIYITY U MOSBIIS-
ercst Ha CBet boxwuil.

[IpuuéMm, yacTtoTa POXKACHUS B OMOJIOTMYECKON >KU3HU
CBSI3aHA C IEPUOAOM BpPAILEHUS TOYEYHOTO Y4YaCTKa BOJIHBI

ceera B Pyne (T, = 4) u MHAYKTUBHOCTBIO B Hakpe TpeTuit
[nas (1/71=10"1/A):
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In¢gp B Kuure TBopenus

nocmosimnas 1/ o 5/3-m-€e"
meno (T,=4)-4/3-7-1/2-p,

-10* =0,625-¢" -10° |(5.23)

= 62500-¢" = 62500-m,°.

[Tonyuennsiii pe3ynbtar (5.23) HecéT B cebe mudp
Kuuru TBopeHusi, B KOTOPOM CakpajdbHbIA CMBICI CBSI3aH C
OyKBOi1, moBTOpsitoIIeiics yepe3 62500 Oyka.

ABtopctBo KHuru TBOpeHUs NBITAlOTCA NIpUNIMcaTh AB-

paamy, HO ABpaam He nucan Kuur, u kopun Kuuru BenyTt Hac
K BeJmkou LluBunu3zanmu.

%
*ok

DHeprust MATEPHYHON CBS3H C MOTEHUHANAMH +5° < 0
15— 1< 0o 1-5%(5.19), BOBHHKAIOT H3HAYAIBHO B SHEP-
TeTHYECKOM MOTOKE CaMOCYIIUX BOJIH, MMes IMOTeHInail B Py-
ne (T, =2), paBHbIi:

[S"”/“'CSC”/“ —\ET 4=T,. (5.24)

Sinz/4-Cosz/4

CamocyIiye BOJIHBI B ITOJI€ NATEPUYHON CBA3U SBIISIIOT-
Csl ICTOYHUKOM (DOPMUPOBAHUS B3aUMOICHCTBUIA:

Bo3unkHOBeHMEe B3auMOAeiCTBUM:
caMocCymiue€ BOJIHbI B IMOJISIX HHTepH‘lHOﬁ CBa3un
Kopotkoneiictue JanbHOelrcTBIE

I'paBura- Onexrpo-
Crabuie snepHrie IIMOHHBIC MarHuTHBIC ( 52 5)
P2 = P4 = p1= p3 =
2 2(Ty+7) Tyt
1 (1 1 Uy 1
—_— — = —_— = p2 = —_— =
5 (V2 P> P>
10" 10" =102 10",

276



B kxopoTkoaencTBMM HA4YMHAKOT MyJbcupoBarsk lIpo-
noypkuTenbHocTH (1o 13-tu myHHoMmy Kanenmapro nuBuimza-
uuu Maiis), a B fasibHOAeMCTBUM — Criupaiib 3o1uaka (5.25):

13-t aynnsiid Kanengaps B Cnupansax 3oauaka

KoMmoueHTEI Kanennapn Cnupane 30auaka
B3aumopeiictBus prps=10"0 == 10" =p;p;
(5.26)
Jlorapudmuueckue Ig10°=13 == -12=Ig 1072
BOJIHBI

Cas3b [Ipogomxu-

. 132 -122=5*=4>+ 32
TEJIBHOCTEN

O¢ddexr "Tteuenme Bpemenu" B Cnmpanau 3oguaka
(5.26) cBsi3aH C J1abHE-KOPOTKOJICUCTBUEM B3aWMOIEHUCT-
BYIOILMX KOMIIOHEHTOB.

Ho ectsb emié ah ekt 3H10-9K30TEpMUH.
***

FpaBI/ITaHI/IOHHbIe U cja0ble BBaHMOHeﬁCTBHH ABJIAIOTCA
OHAOTCPMHUUCCKHNMU C IIOTCHIHNAJIIOM, PABHBIM

prrp2=107*10"=10".

DNEeKTPOMArHUTHBIE W SICPHBIC B3aWMOJCHCTBHUS CO3-

JAIOT K30TEPMUIO C MAKCUMAJIbHBIM MMOTEHIIMATIOM
pyps=10"210"=10%.

B Enxnnom Kocmoce sHI0- B 3K30T€pMUs B3aUMOCBSI3a-
Hbl B3aUMOJICUCTBUSIMU H JIOTAPU(PMUYCCKUMU BOJHAMHU
(5.27).

CTONKHYBIIMCH C YAaCTOTOM MyJibCallud JorapupmMuye-
CKUX BOJIH, COBEPIICHHO HE MOJ03peBas O HATUYUU TEPMHH,
Benyuied k uzomepun Enmnoro Kocmoca (5.27), cunaiickue
CEMUTBI, KaK UCTUHHBIE MyApelbl ¢ ropbl CHoH, ObICTpO 000-
xectBrin unciio 50 kak Besnecyiero bora Aiin CO® [12].
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Tepmusa Exunoro Kocmoca

KoMmoneHTE! DHIO0- JK30- CseT

10%:10% =
10= Ps

BzanmoneiictBus | pyrpy= 10% 22 10%° = P3°P4

(5.27)

Jlorapudpmuueckue

Ig10%2=-25226=1g10* | 0« +51
BOJIHBI

Msomepus| Iluc |-25=-24—1<26 u -1=26+24=50
AiH
cod | Tpauc | 26=25+1 < -25 n +1=-25-25=-50.

[Tockonpky BeTxo3aBeTHble CyIIHOCTH CBOETO K€ 000-
xectBiaéHHoro Yucna AiiH CO® He nousm, To Uucyc Xpu-
CTOC IMOJACKa3all, 4To "B CeTH, 3aKHHYThIe ¢ MpaBoro 6opra
Joaku'', Anocroubl BbLIOBAT 153 = 1°51 kpynHbie pbIObI
(EBanrenue ot Moanna, rnmasa 21).

OpHako ciymaTeny HE MOHSUIM, YTO pedb Ijia O Jiora-
pudMuyeckux BoiaHax Apymnsl (5.27):

(51 < 0) =151 < tlogl. (5.28)

[ToaTromy Benukoii [{uBunu3amnuu MpuILIOCh 0OpaIaTh-
Csl K TPEKaM.

5.3 bor KpoHuc:
BHyTpeHHee none MupoBoro Anua
['pexu o60xkectBunu Yucno 14455, nazeas ero Kponu-
coM - 0orom Bpemenn [15].

Opnako B Peanusx Epmnoro Kocmoca peub mma o
BHYTPEHHEM PE30HAHCHO-AaHTUPE30HAHCHOM IIOJIE CBETA, Ye-

pe3 KOTOpOe MPOXOIUIIN BOJHBI @ d @, SKBUBAJICHTHBIE £45/2 1
+55/2 (Ta6n.5.2, Ta6:1.5.3).
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Tabmuma 5.3
bor Kponuc: Buyrpennee mose Muposoro fHiina

Bnytpennee nosne pdo Cymma [Ipume-
CBeTa cpelbl Y yaHHe

Pexxum

45
1 |[1+2+3+4+5=15 + —X(i = ZJ =60 Caer

AHTH- 2 @,

PE30HaHC 55 c
2 |(1+243+4+5 = 15)* + 7>< —=21| =280 |I'paBuTanus
@,

[Tonsipubie
BUXPH

3 112:345=120 + Ty45/2=90 | =210

Pe3onanc 5 [

5
4 (123:45=1200 £ izzJ =14455 | Bor Kponnc

@,

@:%.14@15-145210,

MarseTusm 60
rae: 14= Juu*

842
['eHOMBI 14 < 3-15-14 =630 = ps- J(Dd¢.
V2

B none bora Kponuca (1a6:.5.3) xaxaelii moTeHuan
dbynmamenTasieH. OHM KacarTCs CBETa, TPABUTAIMH, TOJISP-
HBIX BUXpEH, TeHOMOB M Tak fanee. Ho u apyroro ObITh He
MOTJIO, ©00 MBI paccMaTpuBaeM MupoBoii Aiio (Tab6i.5.3).

%
*ok

B mo6oit TIpogomxurensHoctu, B ToM uuciie u IIpo-
JOJDKUTENBHOCTA - 3KBUBAJIEHTE rpedeckomy Oory Kpouucy
(Ta6n.5.3), )Ku3Hb He OCTaHABIMBAETCA M MPOIOJKACT BUTH
cnupany KyHIanvHu npu pacliMpeHUd U CKATHM, IIPU aHTHU-
pe3oHaHce U pe3oHaHce (Tabu.5.3, tabn.5.4).

B none cnupaneir Kynnanuau - 3onmak KynpaanHu
urpaer pojsb ''cuéryuka Bpemenn' no 13-t nynnomy Ka-
JeHaapro B Macutade [IpoaoinkuTenbHOCTH, SKBUBAJIEHTHON
noTeHuany o6ora Bpemenn Kponuca (ta6:m1.5.4).
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Tabmuma 5.4

Cnupanu Kynaanunu B IlIponoxureabnoctu Kponnca

Cnupanu Kynpanuau 3oanaka
Pa3HocTh KBagpaToB 3,5°-2,5=6 12> —-7>=95
PaszHocts 35-25=1 12-7=5
Cymma 35+2,5=6 12+7=19
CyMmMBI 6+1+6=13 95+5+19=119
MHOXUTEND x 14455 x 14455.

Korna Kynpganuuu ngocturaer kBaapara CBOUX 13-Tu
OTHOCHUTEJIbHBIX euHUIl, Mexay KyHaanuHu u cnupaibio 30-
JIMaKa BO3HUKAET Pa3HOCTh MOTEHIIMATIOB, SKBUBaJIEHTHas S50,
TO €CThb eBpeiickomy 6ory Aiin COD:

Kynnaaunu - 3oauak: cBe4yeHue Hal AAPOM

Kpounuc | Kynnanunau | 3oauak | Aitn COD

(5.29)

Pesynprar

14455

~119 | =50)

= 722750.

KonnektuB 60roB, B KOHEUHOM CYETE, IPUBOIUT K pas-
HOCTH TTOTEHIIUANIOB, paBHOU 722750 (Tabn.5.4 u 5.29).

3

1. Kannsa si0eproeo sewecmaa

¢ naomuocmoio yps° =720000.

2. Dnauncoudanvroe ceeueHue

Tonkoti nepeuu ¢ nomenyuanom 2700.
3. Ceeuenue, nynvcupyroujee

¢ yacmomotu 50-¢%/w,’

=50x8 = 400.

Puc.5.1 Duepeemuuecxan cmpykmypa Ceeuenus nao Kanneu - Aopom

[To cBoeil pusznueckol CYIIHOCTH Pa3HOCTb MOTEHIIMA-
70B, paBHas 722750, onucsiBaeT CBeueHne ToHKOM DHepruu
HaJ sigpom B criupanu Kynnanunau - 3oauak (puc.5.1).
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B sTom mone cama Kamis SAEPHOrO BEIIECTBA MMEET
IIOTHOCTb, PABHYIO Ynps =72-10%, (5.30)
Tonko-sHepreTnueckoe CBedyeHHE HaAJ KaIUled - SApOM
o0OnamaeT noreHuuaiom 27 - 102, (5.31)

u 310 CBeveHue - Aypa myabcupyer ¢ yactoToil 50 B pexume
pacuIMpeHus, TO €CTh UMEET HOTEHIUA

50-(c*/w,> = 8) = 400 = CpabxaBart O. (5.32)

Cxatue CBeueHMs HaJl AIpOM B PEKHUME PE3OHAHCA
MPUBEIET K CEMEPUYHOCTH MOCIEI0BATEIbHBIX €AMHUYHBIX
MIEPEXOJIOB:

Cepaue Muposoro Siina

. 4. . 2. = . 8 (5.33)
72-1027-10*400 = (7777 — 1)-10".

ITo cymectBy, nose (5.33) - 3to cepaue Muposoro ii-
na, 3acrasisiwomee JKuByro BceneHHyro MmyiabcUpoOBaTh C ce-
MEpPUYHOHN NIEPUOANYHOCTHIO.

Onucannem cepauna Bceenennoit (MupoBoro fiina) Be-
nukasg luBmwim3anus HaunHaer onucanue Kocmorenesuca
Kuuru [3uan ([3], Cranua I):

"1. lIpeaBeynas Marteps - Poxxaaroimas, COKpbITasi B
ceoux IlokpoBax, Beuno - HeBuaumsbix, emé pas apemasa
B nnpoaoJukennu Cemu Beunocreii.

2. Bpemenu He 0ObLIO, OHO MOKOWIOCH B beckoHeu-
HbIX Heapax IIpoxo/ukuresbHocTH.

3. Bcesaenckoro Pazyma He ObL10, 10O He OBLIO AX-
XM, YTOOBI BMecTHTH Ero".

*
kk

AX-x# - 3710 "000J104Ka", 3apOBIII KOTOPOU MOSBIIS-
€TCSl B aHTUPE30HAHCHOM PEXUME, TO €CTh B IOJIE C Pa3HO-
CTBIO TTIOTEHITMAJIOB, paBHOM (5.29):
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722750 = 2-5°-7*59, (5.34)

rae: 7?7 - oboouka,
59 - BO3HHUKaET Kak pe3yJbraT mynabcanuu 60 £ 1.

B none Ax-xu BO3HUKHET nyJibcanus (5.34):

AHTHpe3OHaHCHaH myJibCalns 000JI0YKH

“ (5.35)
2:5372 [p dp = 5372236 = 1445500.

58

B xoae nmyabcamum (5.35) norennuana 6ora Kponuca
yBesnumwica B 100 pa3, a ¢ y4éTom pe30HaHCHOW M30MEpUU
yBemmuenue gocturaer 1002 = 107,

5.4 BooopoagHasa 6om6a,
AaepHasda 3MmMa, YHNCrio CaTtaHbl
VBenuuenue IlpopomkurensHoctd B Qopme "Oora
Kponuca" B 10" pa3s umeer cBon (u3HuecKue KOPHH B TOM,

YTO caMoCyIlMe BOIHBI C HOTeHIuanamMu 2 u 1/+2 mpoxo-
JUSIT Yepe3 MoJjsl C MATEPUUHBIMU CBA3sMU (Tabi1.5.5).

Tabnuua 5.5
Camocyiniue BOJHbBI B IATEPUYHBIX MOJISIX CBSI3H

Pexxumel [Ipoueccsl U MOTEHIMABI

Anrtupezonanc | 5+ (Scn/4Cscn/d=2)=7=T,+1
Pesonanc 5% x (S¢* n/4-Csc* m/4 = 2% = 10"
Pesonanc 5% x (Sin* 1/4-Cos* /4 =2 =10,

[Tonmy4yennsie pesynbTaThl (Ta0.5.5) TMPOSBISIIOT ceOs
BO BCEM, B TOM 4YHCIIC B MOSIBJICHUU OMOTOKA M WHIYKTHUBHO-
CTH B )KHBOM, B TOM uHcie B yakpe Tperun ['na3, o kotopom s
pacckasblBaJl paHee.
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[ToBTOpst0 npumep. MmyJibc 371€EMEHTAPHOTO dJIEKTPH-
YeCcKOoro 3apsija, JeTaumii co ckopocteio 300 ThIC. KM/CEK =
3- IOISA/CCK o0J1a1aeT JIMHOM BOJHBI A = 4800A.

B sTux YCIIOBUAX BO3SHUKACT 6I/IOTOK, paBHBII/II

161020 4-¢-3-10% A/ c

=% :
A 4800 4

~1074, (5.36)

a4 HHAYKOUA COCTABUT BCINYHHY, 06paTHy}0 CHJIC TOKaA:
1/1=10*1/A. (5.37)
BoznuknyT xonebanus (tabim.5.5):
10 10" u 1< (10%. (5.38)
***

PabGora Yakp mpu MeauTauuy 3aTparuBaeT MMITYJIbChI
AIIEMEHTAPHBIX JIEKTPUYECKUX, MArHUTHBIX M I'PABUTALIMOH-
HBIX 3apsAJI0B U UMITYJIbChI MBICIIU, TAMSTHA U BOOOPaKEHHUSI.

B 310poBoM xuBOM opranusme pabora Yakp noimkHa
ObITh coriacoBana ¢ myibcanueir Kocmoca (5.38). Paccorna-
COBaHHE IyJbCallMM MexXay 4akpod u KocMmocom Bieyér 3a-
OoJieBaHUE OpraHu3Ma.

[TocTosIHCTBO 03710paBIMBAIOIICH MyIbCAIIMK OPTaHU3M
- KocMoc cBsizaHo ¢ moctostacTBoM Orotoka 10*1/A u mocro-
STHCTBOM HUHIYKIUH 10*1/A B rPaBUTALMOHHBIX, MATHUTHBIX U
ANEKTpUYECKUX ToysiX. [Ipuaém, mocTossHCTBO OMOTOKA J0C-
TUTAETCS 3a CUET IJIeMeHTAPHBIX 3apaaoB (5.36):

=
[=10"* A = qc/hs = uc/hs = pe/hy, (5.39)
T P

a IMOCTOSTHCTBO UHIAYKUUH - 3a c4€T Mbicau, [lamsaTu u Bo-
o0paxeHus:

e
1/1=10"1/A=q C/ME/M/EP*C/M, (5.40)
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HusempyromuM (akTopoM Mexay OHOTOKOM M HH-
nykupeil mpu mocrosHetBe ¢ = 3-10'°A/c sBnstercs mnuHa
BOJIHBI B [IpocTpaHncTBe.

OTH JJIMHBI BOJIH JIETKO pAacCYUTaTh IO AHAJIOTHM C
(5.36) u 3arem TabynHpPOBATH:

buotok u MmeHTanbHas JHeprus Mo3sra

I'paButa- Onektpuyect- | [Tocto-
Maruetusm

JITHBI BOTH
aust BO SIHHBIC

z

Buotok, A | 1, =84-102 | A=42-10> | As=48-10> | 10*A [(5.41)

HHHYKTP}\B' 22=84-100 | 14=42:10° | A=48-10° | 10*A
HOCTb,
IIpumeuanue | Mpeicib [Tamsate | BoobGpaxenue

***

B nossix MeHTanpHOM JHEPruM MO3Ta, 4epe3 KOTOPBIH
MPOXOJUT OMOTOK, BO3HUKAET OECKOHEUHAs! MHOKECTBEHHOCTh
DHEPreTUYECKUX COBMEIIECHUM, MEPECTAHOBOK, COYETAaHUU
(5.41).

B taxoii sHepreTnyeckoil 0ECKOHEYHOW MHOKECTBEHHO-
ctu nyTu I'ocnnosa HeucnoBeAUMBI.

YcnoBrs HEHCIOBEAMMOCTH IyTel B IMOJHOM MEpE OT-
HOCHUTCS U HaMm, JiIoasM (5.44).

OTy HeMCHOBEAMMOCTh JHEPreTHYEeCKHX Iepexo/10B,
3aBUCSIIMX OT HAIIUX MBICIEH, MaMATH, BOOOpaKEHUSI U dIMO-
LIMOHAJIbHBIX TIOPBIBOB, MbI TpakTyeM Kak CBoOoay BoJin.

""Ha Bouio, B mamnacel!", - TpebyeM MbI 1 cOBEpIIIaeM
PEBOIIOLNN.

"Ha3zan, Kk noozyznukam oemoxpamuu' - BOCKIMIAIOT
JIpPYTH€ aBTOPBI IIEPECTPOEK M COBEPILIAIOT KPUMHMHAJIBHBIC
KOHTPPEBOJIIOLNH.

Ku3Hb OypJuT - 1eJ1a CTOAT.
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*
kk

OpueHTHpPOM JIBMXKEHUS collmyMa K TeoreHe3ncy MoryT
CTaTh JKCTPEMabHbIC PE30HAHCHBIC MOTEHIIMAJIBI OMOTOKA U
UHIYKTUBHOCTH (5.41):

Pe3oHaHCHBINA UMITYJIBC 2KUBOI'0 MO3ra

Adds _ N2 x3 T x10° (5.42)

A As - \/514 x3*x7*x107"®

IloTeHuunasns BoJIH

_1n24 _ 2
(5.41) =107 =p;.

B nonie Mo3ra nepuoanvecku BO3HUKAIOT KBAAPAT dIIEK-
N o2 24
TPOMArHUTHBIX B3aumonaeicTBuil (p;~ = 107") u rpaBUTaIMoH-
. 24
HbIe B3auMozencTBus (p; = 10™):

DNEeKTpOMarHeTusm I'paBuranus
2113/15 — 1024 = p:f pl — 10724 = 22/14/16 . (5.43)
A, A A A

B 1O ke BpeMs B MyJbCHPYIOLIEM II0JE€ BO3HUKAIOT
SHEPreTUYECKUE MPEANOChUIKM Il CO3JaHus 000JI0YeK
(7> = 49), sanuncouna ceeyenus (3° = 27, puc.5.1), macent
OTHOCHUTEJILHOT0 nokos (3° = 27 = 10e = psm,), MArHeTH3-
Ma, HOCUTEJSIMU KOTOPOTO SIBJIIKOTCSI CAMOCYIIINE BOJIHBI:

\/514 E(SC7Z'/4)W =.., (5.44)

a orapuQMIdecKue Konebanus noueii ¢ norenmuanamu 10° u
18

10" coorBeTcTBEHHO popMupyroT KyHaaIMHU U BOLY € MOJIe-

KYJIIpHBIM BecoM 18:

Kynpamman =g 10°=6=3,5+2,5=3,5-2,52. (5.45)

Boga =1g 10" = 18 = Mn»o. (5.46)

Pe3zonancuoe B3ammopeiictBue KyHpganuHu ¢ BOaOM

obecnieunBaet sHepreTuky 108 penHKapHaIniA:
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Peunkapuanuu = 6-18 = 108. (5.47)

AHTHpE30HaHCHOE B3aumojeiicTBue KyHnanuuu B xkuji-
kux cpenax popmupyet Kynaanunu u 3o/1uak:

PasnocTth OOmasa
KBaJIPaToB cymma
: q122= | (5.48
6+18=24= | 18-6=12= | 18- 6>=288 31;%;22%: (5.48)

AHA=). . = . 2= Q.42
46=212 26 212286 | PO

Cymma Paznocts

Ipusenénnasa nyabcanus Kynpaaumnu - 3oauaka B
BoJe (KUAKHUX cpenax) gopmupyer Apymy:

A 12-2
Apyna = HIMUPESOHAHC _ 7 3=, (5.49)

Pe3zonanc 6-18
Haa CCPbIM BCIICCTBOM I'OJIOBHOI'O MO3r'a BO3HHKACT

"obmako" - HeGeca BoobOpaxenus (5.48):

IpuBenénnas nyabcauus Kyngaannu - 3oamaka

Or 12_| 212_ 2-12° _ | 2712
peuHKapHauuu | 108 108 108 108
Kk 3oquaky | 0,(1) 0,(2) 2,(6) 3=1
108 108 108 108
Or3ommaka Kk | ——= — = 5= P
pPEHHKAPHAIIH 12 2-12 2-12 27-12 (5.50)
9 4.5 0,375 1/3
g |8 _0 2, 21200 0,
|22 2 108 T
Konebanus +(81-48=33) =0
(9+0) 3.

BaxneiiiuMm U3 MHOXKeCTBa K0JIeOATEIbHBIX KOHTYPOB,
KOTOpbIE BO3HUKAIOT B 1one (5.50), siBisieTcs MOSIBJICHUE KU-

BOU CyOCTPYKTYpHI B OJie APYTIBI:
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?=32=(9+0) < 3=1. (5.51)

"Ilo3nait Havano 7Ku3HHM, YYBCTBYWOLICH H BHE
®opmbi" [3].

*
kk

AcCTpoJIOrTusi BO3HUKJIA MOTOMY, YTO JIOOOW YeIOBEK
ABIIIETCS MPUEMHUKOM-H3Ty4yaTesneM ToHKol DHepruu.

[Tpunumas-uznydas ToHkue DHEpruu, JIOAH 3aMeTH-
JIM, Hanpumep, Biaussaue Kynnaaunm - 3oauaka Ha ¢Gusuo-
JIOTHIO ’KMBBIX OPraHM3MOB.

Opnnako, noHuManue cTpykrypsl Cnupaneit Kynganuau
- 3oanaka HE OBLIO, W TMOATOMY 5 TOKA3bIBAIO0 SHEPTETUKY
criipaieil He TOJIBKO JJisl acTpoJoroB (1adm.5.6).

Tabnuma 5.6
JHepreTnka uckpunjgeHuss Martepu - Tonkoii Jnepruun
BO Bceesiennoit Enunoro Kocmoca (5.41, 5.42).

. Marepus: Tonkast JHeprus:
OHeprus u eé
6HOTOK SJICMCHTApPHBIX HUMITYJIbCBI MBICJIH,
HOCHUTCIIN
3aps 0B MaMATH U BOOOpaKEHUS
K1 = 7\,1'%3‘7\,5 = Kz = 7\42'>¥4'7\‘6 =
Pesonanc 84-42:48-10° = -84-42:48-107"% =
42-72.63-10° 42-72.63-107'8
Ks=2AiAshs = K4 =2 hahe =
AHTHPE30HaHC (84+42+48)-10% = (84+42+48)-10° =
296107 296107
IIpuBencunas K, _ 4’776 106 29 10" :ﬂ
Iy IbCalHs K, 29 4%.7%.6° K,
OcHoBa 4272-6% < 29-10°
KoseOaHui 42.72:62 — 29-10° = -776 < 0 < 776.

Kosnebanus B cBoeli OCHOBE MIPUBOJST K MOSBICHUIO T10-
ctosiHHOM Bceenennoit, papnoit 1008 (1ab1.5.6):
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(47 = 28)2-36 = 28-1008 <> 29-10°, (5.52)

M B 9TOM II10JIC BO3BHUKACT BOJOPOJ C aTOMHBIM BCCOM
Ay = 1,008 (5.52):

28-1008/10° = 281,008 < 29. (5.53)
***

Bopopon B rpaBuranum cryctkoB EnmHoro Kocmoca
nynscupyer. Ilynscupyer u camo rpaBuTaniMoHHoe noJie. I'pa-
BUTALIHOHHOE TOJIE yJILCUPYET B PEXKUME:

281,008 <> 29 + 1. (5.54)

[Ipu 29 — 1 = 28 BO3HUKAET BOJAOPOJ B PAaBHOBECHOMU
CUCTEME:

281,008 <29 -1=28
1,008 < 1.

(5.55)

[Tpu aHTHpE30HAHCE B TOJIE BOJAOPO/Ia BO3HUKAET Macca
cBera m.* = 0,008:

m.* =1,008 — 1=0,008 < 0. (5.56)
AHTHPE30HAHC PaCUIEIUISIET BOJIOPOI:
28-(1+0,008) < 29 + 1 = 30. (5.57)
Bo3HukaeT X0JI0{HbIN JIYHHBIN CBET:
28 < 30 —(28-0,008 = 0,224) = 29,776, (5.58)
VMMEIOIINI Pa3HOCTh MOTEHIMAJIOB, PABHYIO

29,776 — 28 = 1,776 < 0 < -1,776. (5.59)

288



B nosne ¢ pazHocThro noteHuuanos +1,776 nmpoucxoaut
OHAOTEPMUYECKOE PACITUPEHHE CBETa C 00OPa30BAHUEM MACCHI
m* = 0,008, u »5>K30TepMHUECKOE CXKAaTHE JO MAacCChl
m.** = (0,008.

OtHocuTEeNnbHO Macc cBeTa B moie +1,776 BO3HHKAET
MyJIbCAIUS:

Yuc10 crycTkoB cBeTa B JIYHHOU IPABUTALIMH
Pexum Pacmmmpenue Cxxarue Paznoctb
1,776 -1,776 888 — 222 =
212 900 | 2212 — 888 (5.60)
ITorennuanst 0,008 0,002 666
OtpunarenbHbie Anepnas Bonopoanas Yucno
MOCJIEACTBUS 3uMa oomMm0a CaraHbl.

Opnako, snmepHasi 3uMa, BOAopoaHas OombOa m Ywmcmo
Caransl - 310 s mooutenet UépHoit Maruu, a Takxke s
0€30TBETCTBEHHBIX YUYEHBIX U aTYHOM SJIUTHI OOIIECTBA IO-
TpeOJIeHHUS.

Kocmoc TtakoB, kakoii oH ecTh. OH HE IIJIOXOM, ¥ OH HE
xopomwuii. Ho, He monumas 3akonbl Equnoro Kocmoca, TssHeM
Ha cebst camoe aypHoe (5.60).

***
O6bexTuBHOCT, Kocmoca mposiBnsier ce0s BO BCEM, B

TOM YHCJIE B IIATH dJIeMeHTax U 1T [IpoaBuxenusx (5.61).

[TpoaBuxenue B obsmactb TOHKMX DHEpPruid, B 00JacTh
HOJIb - MOTEHUHUaNIOB (5.61), MPUBOIUT K MOSIBJICHUIO HEpaB-
HOBECHOW CHCTEMbl THUIIA CEMHAJLATh €IUHMI] - 17 HyJen
(5.61) mmroc (5.62).
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HpoanmeHne B 00J1aCTh HOJIb - NOTCHIIHAJI0OB

Cranuu 1 2 3 4 5
Haua- AHTH- OxoHua-
[Ipouece Peszonanc Pezonanc
10 pe30HaHC HHE
Kone- 222/888= | 222-888= | 888/222=
OaHus 222 1/4 = 666 <= 4 = 888
_ 888
= | 1|22 14 == 0 == 4 == 666 [5.6])
= 222
jan}
0 222
T 2| 22 1/4 = 0 = 4 2= 0
8 0
5)
S |3 0= 1 = 0 = 16 —/= 0
g
S | 4 0= 0 =F 0 -l6-1=15= O
5 0 1/16 0 0 0.
HcToxku M3HAYAJIBHOU MYJIbCALMH
Pe3onanc DNeKTpOMarHeTu3m (5.62)
1615 1/16 16215161 0| 16>+1-15-160<0
162 <= 1516 <1 | 16>+]1 < 1516 <0 17 0<0.

B sneprernueckoit cucreme 17 enuuui, 17 nyneu, npu
0 = n — n BO3HUKHYT KOJIeOaHUSI.

17x1<17%x(0=n—-n)
17 17n-17n u 17-(1+n) < 17n.

(5.63)

[Ipu paBenctBe n noreHuuany 3oauaka B moiie (n+l)
BO3HUKHET |3-TH JIyHHBINA KaJeHAAPh:
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n=12=Tytt

nu ntl=12+1=13.

(5.64)



[Ipn paBeHCTBE 11 C€MHM, MOSIBUTCS CBA3b C PACIIUPEHHU-

eM BcesieHHou:

n=7=

T+t um ntl=8=cw,].

(5.65)

BoO3HUKHET PE30HAHCHO - AHTUPE30HAHCHOE PAaBHOBECHE
B I10JI€ MYJIbCUPYIOUIEro 30/1MaKa:

®dopwma nons

3oquak

13-t nyHHas
[IpoaomKUTETLHOCTD

PaBHOBecue

17 Tet=17-12

1T =177

17-8 = 17-(c/®,)?
17-13 = (Ty:z+1)-17

17-5

T

-17-5.

(5.66)

Bo Bcenennoit BO3HHMKAIOT 3KCTpeMajbHble 00JaCTH
BOJIH +1 <> -1, aB mose (5.66) - konebanus +2:17-5 = £170<0.
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naBa 6

Cnupanb 3oamaka

n cdbopmuposaHue YenoBeka

6.1 CemHaauaTbL MrHOBeHUM
XXMBOrO CrycTKa

HepaBHoBecHast kosiebarenbHasi cucrema 17 eauHuI -
17 Honp-notenuuanoB (5.64, 5.65), To ecTh

17(1 <

SIBJISIETCSI BCEOOBEMITIOLIEI.
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0),

(6.1)

VYHuBepcanbHOCTh HepaBHOBecUs (6.1) cocTOUT B TOM,
YTO €IMHUIA SIBJIAETCS JTMOO Pa3HOCTHIO COCETHUX MOTEHIIHA-
JIOB, TMOO OTHOIIEHHWEM PABHBIX MEXIY COOON MOTEHIMANOB,
a HOJIb-TIOTEHIIMAJl BO3HUKAET KaK CyMMa IIUC-TPAHC U30MEPOB
(Tabmn.6.1).

Ta6muma 6.1
JHepretuka (1<0) 3apoabima Crycrka (6.1)
Pexum W3somepus Cpena -
PaBHOBecue
OJIS Luc- | Tpasc- JI3nan
I=(Mm+l)-n | +n -n 1
- — [pdp=—
-1 =n/(-n) 0=n+(-n) 2
TToTenmnuannl
I-(-D=2&|, _ do——L
0 141y |- () Jodo 2
2 0 1 0
Komebanus '[(pdgo-J.(pdgo 2n-2n=0 I¢d¢-j(pd¢)
B Pyne 0 2 0 1
4 pund 0 = +].




YBoeHrne moTeHHHana MCnoJib3oBaM CTpouTenu Be-
nukon [Tupamuael: "OHHU ObLIM BEJHUKOJIECNMHBIMH TeoAe3u-
CTaMM U 3HAJIM, YTO HA JUATOHAJM KBAJAPaTa MOHO IIO-
CTPOUTH HOBBIH KBAJAparT, IJIOIIAAb KOTOPOro OyaeT BIABOE
OoJsiblie mepBoro' [15].

Tak u cTpowim, OTpaxkasi TEM CaMbIM, BO-TIEPBBIX, Pa3-
HOCTh U30MEPOB [n — (-n) = 2n] U, BO-BTOPHIX, COOTHOIIECHUE
MCTOYHUKA KOJIEOAHUW M BO3MYUIEHHON 3THUMH KOJICOAaHUSIMU
Cpelbl:

Cpena, Bo3MylIéHHAsA KOJIEOAHUSIMH

HUcrtouHuk koneOanuit Cpena

(6.2)

n+l

n I¢d§0=2n.

-1

Benukas LluBnnusanus He Toabko crpouna [Iupamunel,
HO U 00BbSICHSJIA ¢ MOMOIIbIO /[3uaH - Ipo0HOr0 MOTeHIHA-
Jga cpeasbl (120.1.6.1), npoucxoxaenue Kocmo-, AHTpono- u
Teorenesuca [3, 4].

***

Yucno 17 B none (6.1) nenutcs Tojabko camMo Ha ceOsl.
DTO 3HAYUT, 4TO B MOJIEe C MOTEHUHAJIOM 17 pe3oHaHCHOro
pacuienJieHusi (1€JICHUs1) NPOUCXOAUTH He OyeT.

B mone ¢ morennmanom 17 OyaeT mpoTekaTh aHTHPE30-
HAaHCHOE pAaCILEIUIEHHE, KOTOPOE€ MOKHO OIUCATh, CBSI3aB €0
C cyMMoii apudmeTraeckoi nporpeccu (6.3).

B anTupesonHaHcHOM mojie pacuielUieHUs MOTEHIHala
17 Bo3amymi€HHas cpena B mysiabcupyromeMm KocMmoce co3maér

MOTEHIMAJl - 3KBUBAJIIEHT JpeBHerpedeckomy bory Bpemenu
Kponucy ([5], 6.3).
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17 0
pi[pdp—[pdp=14455
0 1

AHTHpe30HaHCHOe pacienienne Yuciaa 17
YpoBHH YéTtHbie Heuérnbie |Cymmel | PazHocTn
1117(1<=0)-0{16:(1<=0)—1| -1 0
2|1155(1<0)-2|14(1<=0)-3| -5 -4
bor
Kporc: 3/133(1<=0)-4{122(1<=0)-5| -9 -4
17 411" 1<=0-6/10(1<=0)-7 -I13 -4
!M‘/’ 509(10)-8|8(1<0-9| -17 4 |(63)
+0,05=|6|7(1<0)-10|6:(1 <0)-11] -21 -4
144,55
(5] 715(1=0-12{4(1<=0)-13] -25 -4
813(1=0)-14{2:(1<=0)-15| -29 -4
911'1<=0)-16|00(1 < 0)—- 17| -33 -4
-153
CyMMBI =72 -81 153 -32.
17 1
bor Kponuc = psz'[(pdgo+j(pd(p =14455
0 0
(6.4)

Ho penurmnoszno-marematudyeckoe oOydeHUE Halled co-
BpeMEHHOM nuBuiIn3auu Bueapenuem B Coznanue bora Bpe-
MEHHU HE KOHYAETCS, U Mbl CMOIJIM OINpPEACIUTh CyMMY apud-
MeTudeckoi nporpeccun 17 apudmernueckux yposueit (6.3):

P =

_1+17

17=153.

(6.5)

A Terepb, Bepylolue - HeBepyromue Mou Ywurarenw,
sarnsaute B 21 rnaBy EBanrenus ot MoanHa u mpouuTairte
nyHKTBI 6 1 11 [9]:
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"6. OH ke cka3ajd UM: 3aKMHbTE CeTh MO NMPABYIO
CTOPOHY JOAKM W mouMaere. OHM 3aKUHYJIH, MU YKe He
morJyii BeITauTh CETHU 0T MHOXKecTBa pHIOBI".

"11. Cumon IIéTp momén W BBHITAIIAJI HA 3€MJIIO
CeThb, HAMOJHEHHYI0 0O0JbIIUMHU PbIOAMH, KOTOPBIX OBLIO
CTO NMATHAECAT TPH; U NMPH TAKOM MHOKeCTBe He MOpPBa-
Jlach ceTh''.

OtmeTuM, 49to JIogka Haxoauiaack B 200 JIOKTAX oT Oe-
pera, a siBneHue Xpucrta Amnocronam ObUIO TPETHUM TOCIE
Bockpeuienus.

D10 3Ha4MT, yT0 Mucyc onuceiBan BUXpPh MPABU3HBI B
Apyne B3aumoneincTsuii:

JHepreTuyecKrii BUXpb NPABU3HBI
(EBanrenue ot MoanHa)

153 pbIOBL; Buxpe npaBu3HBI CKaTUA
p p5b 1Ip (6.6)
153=7-lg P:P4PsP> _ | 153-200 nokreit (wo/c = 1/2)
P
31g 10°'=3-51 15300 = 17-1*ps>.

IHosyyennsnie pe3yiabrarsbl (6.4, 6.5) ropopsit o ToM,
410, 000:KecTBJsIA YUmciaa, Beaukas LuBuamzanusi 1o0m-
Bajach ot IlocaenoBaresieii E¢ Hayunoro Muposo33penus
SICHOI'0 NMOHUMAHUS CYIIHOCTH AHTHPE30HAHCHOIO paclie-
TieHus noreHuuasna 17 (6.2).

JIst Toro 4yToOBl BBDKUTH B 3TOM OYIIYIOIIEM, OYIIIyIO-
meM, OyIIyromeM MUpE HaM Haj0 MOHSATh MPUPOAY YETHO -
HEUYETHBIX KosieObanui (6.3).

IlonsiB npupoay 4€THO - HEYETHBIX KoJieOaHuii 17-Tu
mruoBenuii Equnoro Kocmoca, Hama muBWiIM3amus cMo-
JKeT CO31aTh HAYYHO-TEXHUYECKHUiIl Mporpecc, A0CTOMHBbIM
Beaukoi HluBuiamzanmuun, kakou cranem Mbl.
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Ye&rapie konebanuss CeMHaIIaTH TPUBOAAT K (HOPMHUPO-
BAHUIO SIICPHOIO BEIIECTBA JKUAKOW JIA3€PHOM IUIa3Mbl C
YAENBHON IHEPrETUYECKOM IIJIOTHOCTBIO, PABHOU -72 = y,, a
HeuéTHbIe GOpMUPYIOT ApyIly ¢ mOoTeHIHaIoM -81 = -3*=-1'°,

Bo3nukator konebaHuss Apymnbl B SIIEPHOM BEIIECTBE
AKUJKOW TUIa3Mbl, KOTOPBIE YBEJIWYMBAIOT NOTEHIMAIBI APYIIbI
1 PyImibl 70 KBaJIpaTOB MEPBOHAYAIILHOW BEJIMYHMHBI:

110 bo:xxectB TubGera B Pyne Hamero resa
ITons Apyna IInazma
Konebanms | SL72 s (=8)-(-72) 81.72 o (-81)+(-72)
HEPABHO- (-81)-(~72) 81/72 (-81)-(-72) 72/81
BECHBIX 812=9* = 812- 722 72* < 81%-722
CHUCTEM 4 2. 2.02 2.
. 9" < 917 892 < 9217 (6.7)
Hb B 5
e 9217 +6d < 17
SlHb B
Apyne &0 +47 <0
Obmee 64 +47=111< 0 17=64—47
I10JIE
BoxxectBa 110 0 16=T2.

[TosiBnenue 110 boxkecTB B Pyre Hamero tena npu 6uo-
noruyeckoi XKu3Hu conpoBOX1aeTCs BOSHUKHOBEHUEM B TEJIe
ANEKTPUYECKUX mojei (6.7):

Po:xnenune namux teua B 2Ku3Hp

boxectsa | Kanan Kocmoca | DnekTpuueckoe moine (6.8)

110 < 0 <:|>16E 16%/16 = qq*/T2.

296



*
kk

IIpu namem poxaenuu B ZKusnu 10 Kuznu (310 14
Many-Mpicnutenss win BeuHod JKusuu Ha Kpachoit 3Besne
CriHOB mozeit Bomu u HMorn, o koTopsix rosoput Teorenesuc
[4]), sHepreTriKa BO3ZHUKHOBEHUS! JKMBOrO MEHSIETCS, TaK KakK
poxkzeHue nporekaet He B Pyne (6.8), a B Apyne (t = 3):

Hame poxxknenne B 7Kusuu 10 KusHu

PennKapHauuu D¢up Bopao Kpacnas 3Be3na (6.9)
11-(t=3)= 108 < 0 < 20 =17+(x=3).

B atom nosnie (6.9) noreniuan, paBubiii 20, IBIsSETCS K-
BUBAJICHTOM:

 AK =1400 4
20=———=pslg pip2P3papPs s (6.10)
AK =70 4

KENTO-KPACHOTO MEPEX0/Ia B CIIEKTPE CBETA, U B3AUMOJACHCT-
BUS CBETA C JOrapu(pMUUECKUMH BOJIHAMH BCEX IATH, CYIIIE-
cTByromux B [Ipuposae B3aumMonencTBui.

***
B mnone aHTHpe3oHaHCHOro pacuieryieHuss uucia 17
CyMMa IIEpBBIX YETBIPEX YPOBHEM paBHA JYHHOMY 4HCIy 28

(6.3):
(#0) -1+ (-5) +(-9) + (-13) = -28. (6.11)
B Kuure /I3uaH nepBblie YeTbIpe YPOBHSA B COJTHEYHO-
JIYHHBIX MOJISIX HA3BIBAKOT (popMUpOBIIMKAMH [3].

S noGapito: (GopMHPOBIIMKH KOMIIOHYIOT IOJie rpa-
Butannu (6.11) ¢ nepuoguunocTsio 13-t aynHoro Kasen-
Aaps, 1aHHOTr0 nuBHIM3anun Maiin:

(-28)(-13) =364 + (£0)-(-13), (6.12)
rje B roay 364 aHs IUTIOC JIGHh BHE BPEMEHU C TTOTEHIIUAIOM
(£0)-13.

297



*
kk

B none BpemeHu "(popMOBIIMKOB'" HOCHUTEIISIMU SHEP-
TUU SBJISIIOTCS. COJIHEUHO-TYHHBIE M30MEPUUYECKUE PANbI, KO-
TOpBIC TAIOT OCHOBY COKPOBEHHOM copokoBuiie, CBadxaBat O,
Y 4ETBIpEM HeAensiM B Mecsue 1o 13-tu nynHomy Kanennpapro
(6.3):

CosiHeYHO-TyHHasi KOMIIOHOBKA 3Heprun, T, = 4
N3omepus Psanpr TToTenmnuannl Cymmbl

JlyHHbIN 1|23 |4 10

Iuc-
Comueunniii | 4 | 3 | 2 | 1 10 (6.13)
JlyHHbIN 1123 |4 10
Tpanc-

Conneunprii | 4 | 3 | 2 1 10

40
CyMMBI 10 | 10 | 10 | 10 40.

KommonoBka ((popmMoBKa) sHEpreTHUeCcKUX mojei Oyer
OTpaHUYMBATBLCS pacliupeHueM c’/m,> = 8 u oOpazoBaHUEM
AIEKTPUUYECKOTrOo ToJIst cxkatus (6.13):

. 2 *
10:40 _1600_,, _ AK _ psNaq” s (6.14)
40+40 80 AK c” Ps

N3 sToit 3aBUcuMoOcTH (6.14) BbITEKaeT, 4TO LIBET He-
nenb B 13-u nynnom Kanengape Maiin B3ST HE IPOU3BOJIBHO,
a B COOTBETCTBHMH CO CIIEKTPOM CBETA.

*
kk

Juktys Noanny borocnoBy Kpyr Yuusepcyma B Ot-
KkpoBeHusx, NMucyc Xpucroc, 1o cyuecTtBy, ropopui o ¢op-
MupoBimkax 1, 2,3 u 4 (6.13).
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Nucyc npeanonarai, 4To Teocodbl IUBUIN3ALNN 3aria-
J1a MoMMyT cTpykTypy /{Hsi BHe Bpemenu, a 3arem u npooiie-
My I'€HHOW HaCJIEACTBEHHOCTH.

OpnHako, yHeCéHHbIC BETPOM I[OIOHM 3a KalUTAJIOM U
BJIACTH, Cirykurtenu LlepkBu n nounrarenn Marum noum Imy-
TéM He Paznymmnii, a Jlorm u Mucrepuii.

[ToaToMy, yBaxkaembiii Uurarenb, HAM NMPUXOAUTCS Ha-
YUHATh CHI3HOBA.

*
kk

Ha nsitom, miectoM M ceilbMOM YPOBHSIX paclllerieHUs
Yucna 17 (6.3) BO3HUKAIOT TEHOMbI, MAKCUMAJIbHBINA MOTEHIIU-
aJl KOTOpBIX paBeH 63 (6.3):

I'enombl B 13-Tu iynnom Kasienaape
VpoBHH 516 | 7 |Cymma PasHocTh (6.15)
[Morenumanser | -17 | -21 | -25 -63  |-17-25-(-21) = 13.

['eHOMBI ITyJIbCUPYIOT B PUTMHUKE 13-TH JIyHHOTO KaJleH-
napst (6.15) 1 Ha BOCBMOM YpOBHE CO3JAIOT MOTEHIMANT - K-
BHUBAJIEHT MOTEHUIUANY MOJYILIAPUs FOJIOBHOTO MO3ra, TO €CTh

29.

Cam roJ0BHOM MO3T - 3KBUBaJICHT 58 boxkecTBaMm, B je-
BOM U INPaBOM IOJyIIApUsIX BO3HUKAET B pe3yJbTare KoJjieOa-
HUM TUNA:

Bo3HUKHOBEHME TOJIOBHOI'0 MO3ra

63 +29 < 63 — 29, (6.16)
58 & 0 < -58.
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OBoJrOLMS 10 MapuIpyTy K TeoreHe3sucy mpoucxXoamT ¢
HaMU TTOTOMY, 4TO KojieOaHue Haield OMOKJIETKH 1o Onovacam
13-tn nynnoro Kanennaps n Hamero mosra uieaibHO COBIIA-
narT ¢ nyiabcanuend Equnoro Kocmoca, naBas anekTpudeckoe
nosie (BooOpaxenue) B Hebecax [{unb (6.3).

JBosonMs HA BoJiHe camocymux Hebec
[omns He6eca Iunb Jexrpu- Baanwo-
4YCCTBO JACUCTBUA
0 33+29 =62 y 33-29=4 32:16=
OTCHOHUAJIbI | -
8 17413=30| 17-13=4 2= (6.17)
Pesynbrar 32 16=4/qq* Ig p1p2p3paps
Camocymue 10 8 2
BOJIHBI \/E \/5 \/5 '

[osiBnenue B D¢pupe bopao cBeTa camocymux BOJIH HC-
KPHBJISIET DHEPTETUUECKOE NTOJIE [[unb:

32(m, + B;) =322 = 641 = 64m,. (6.18)
T T

Bo3HMKalOT MUKPO-Makpo Cryctku. DopMHUpYHOTCA
Atombl 1 Ilnanersl. 3axuratorcst 3BE3AbI U Cla0ble MCKPBI
HAIIINX )KN3HEMN.

%
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[Tocne Toro, kak ¢GOPMHUPOBIIUKH YKOMIUIEKTYIOT TO-
Je, amopor kotoporo seisercs Kpyr Yuausepcym [5] unu
cuctema (6.13), HauMHaeTcs 3amoJHEHHE MATOTO, LIECTOrO,
CEJIbMOT'0 U BOCBMOTO ypoBHe#H (6.3, Ta6:1.6.2).
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Tabmuma 6.2
13-T JTyHHOe 110JIe B HHTEPBaJie
OT NATEPUYHON CBSA3HU 10 MOTEHIIHAJIA PACIIMPEHUSA

I'pynnet B nozne

Msomepws = VI VII Vi | MM apan
e 5 6 7 8 26 | 208=268
8 7 6 5 26 | 208=268
Toanc 5 6 7 8 26 | 208=268
p 8 7 6 5 26 | 208=268
Cymmn | 26 26 26 2% |0 10414208832
paciiu-
B none 13 = 104(0y/c = 1/2)* = 104/8 Hme

'Z[?’HaH cxartue.

[Ipu cxatum ypoBHEW OHOYACHl OTCUHTHIBAIOT Yepedy
13-tu nynubIxX IIpogomkuTenbHOCTEN 1O TPEXMEPHOMY IPO-
CTPaHCTBY, TaK Kak (Tab61.6.2)

(0/c) VT =27=1/8, (6.19)

Pacmupenne NOpUBOIUT K TMOSBICHUIO TIOTCHIIMANIA,
paBHOrO (Ta011.6.2):

104-(c/o, = 2)° = 104-8 = 64-13. (6.20)

B V-VIII rpynnax nepuogu4ecknux CUCTEM HOSBISIOTCS
cryctku Tsup, nynscupyromume 1no 13-tu mynnomy Kanenna-
pIo.

[losiBiIgeTCA 1IOMIE CoKATUA-PACLIMPEHUS, ITYJIbCUPYIOIIEE
no 13-tu nynHomy Kanengapro.

IMyabcauus cryctka TAHb M TEeHOMOB

Pexum Cxxatue Pacmmpen 6.21)
Tane | 104-(0,*/c*=1/8) =13 < 6413 = 104-(c*/00*=8) .
['enombI 64-13 - 13 < 63-13.
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B Peanusax Exunoro Kocmoca nepuoanyeckue CuCTeMsl
CTYCTKOB IMPOSBIISIIOT ce0sl KaK T€HOMBI M aTOMBI, a TaKXKe KaK
3Bé3anoe Hebo, mepuoanyeckas cucremMa KOTOPOro mogo0Ha
NEPUOJNYECKON CUCTEME XMMHYECKUX 3JIEMEHTOB C AEBATOMN
rpynnoi B hopMe HHEPTHHIX Ta30B (Tabin.6.3).

Tabnuma 6.3
IIsaTe npoaBuxkenuii @oxara ([3], ['paButanus).
H3ome- ['pyrmsl Cym-
HHTpI/I‘IHaH CBA3b
pus | v | VI |VII|VII| IX | Mbl
I 5167|8109 35
e 5=140/28 =
918|716 |5 35
sTe 715 o] 35 P42 43 4+4°+5°+6° +7°
Tpanc 1+2+3+44+5+6+7
918 | 7|6 |5 35
140
Cymmer | 28 | 28 | 28 | 28 | 28 140 ITocTostHHas yakp
Marue- | 41y 14l214|214 214 = 1+70-o/c = +£140.
THU3M

B stom mnone (t1a61.6.3) rpaBUTAlMOHHBIA HMITYJIbC
Kocmoca (28 = |/ pp*) nenurcst Ha IBa MarHUTHBIX

(28=14 - (-14) = Jur* — (- ™)),

a B JIEBATON Irpynne BOZHUKAET NoTeHnuan 35 = 5-7.

[Torennuan 5 pacuierisieTcss HA CEMEPUYHBIE MATHUTO-
rpaBUTALUOHHBIE PSbI (Ta0.6.3), a CEMb - HA JECATEPUYHBIE:
P42 432 +47+5° 467 +77+8°+97 +10° 385

7= =222 (6.22)
1+2+3+4+5+6+7+8+9+10 55
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6.2 Yucno YenoBeka
n 365 oHen oagHoro roga

Marus 3amaga uiam Bocroka, Uépuas uiam besas
Marusi MIyT, B KOHEYHOM c4éTte, TexHOJ0oru CoTBope-
Husa Mupa.

[Toncku Texnonorun CorBopenuss Mupa Bexyrcs Maru-
€l C LENpI0 pealu3alid KOHEYHOM UeNd Maruu - ''Most
BJIACTD .

Te3zuc Maruu: "Mos Bnacts" npoTuBopeduT 3aMbiciaM
Coznarens, nasmmM Hocurensm Pasyma CBoboay Boiu.

Marwus, ananuzupysi Peaaum, nanusie Ham B Ounryue-
HUSAX, OTJIMYAECTCS MOJIHBIM OTCYTCTBUEM MOHHWMAaHUS 3aKOHOB
Exnnoro KocMmoca.

ITonste KocMoc u COXpaHUThb HaJd HHUM CBOKO BJIACTb -
HCBO3MOXKHO, ... HO MaraM Xo4cTc:.

C nensro coxpanenuss Bnactu marnueckue Mwucrtepuu
BCEX BPEMEH U HApOAOB CeKpeTHbI, a Gpunocodpus Maruu 3a-
1ajia pelakTUPYyeTCs MO/ YoM Touku 3peHust Kaboamsi.

CeroaHs HA OJTHOMY HAIPABJICHHUIO B (PUIOCOPCKUX Te-
yeHusix Marum qocTudb ycrexoB B o0siactu 0000IIeHus mo-
JYYEHHBIX MaTEpPHAIOB 1O TMapaHOPMAIbHBIM SIBIICHUSM HE
yAQJIOCh.

C mo3unmu cuHre3a - 0000meHus Marusa Benér cels
tTakke kak Hayka m Penurus, KoTopble yMEIOT pacHICIUTh
po0sIeMy, HO CHHTE3 UM HEJOCTYIICH.

Cerognsitinue Marusi, Hayka, Penurus o6i1agator oOiir-
HOCTBIO, KOTOpasi COCTOMT B YMeHUHU auddepeHmranuu mpo-
0J1eM 1 OECIOMOUTHOCTH B CUHTE3€ AU(HepeHIUPOBAHHOTO.

%
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3a OoCcHOBY aHanm3a maruu OepyT Quiocodckue mapa-
JUTMBI-JIOMBICIIbI, XUMHYECKHUE JJIEMEHTHl AJIXUMHUKOB, JJE-
MeHThl 3BE3nHOro Heba u Tak masiee, B KOTOPBIX M HayKa, U
Marus AIyT "TOYKY ONOPbl METOAAMM NMPUOJIHKEHH" .
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Marus 1 Hayka HIOYT ""TOYKY Onopsl' B paBHOBECHHU,
xotst Equnein Kocmoc cymectsyer B J[Bukenun, a JIBukeHue
nopo:xaaer HepaBHoBecHble CucTreMbl, B KOTOpbIX PaBHO-
BECHE TNOSBISECTCS NEPUOAMYECKH B MOMEHTHI IE€pexoaa M3
oHOM (hopmbl DHepruu B Jpyrue Dopmbl, U Kaxaas U3 HUX
JBUYKETCS I10-CBOEMY.

%
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JA.N.MenpesieeB 0000111 padoTy aJXMMHUKOB U CO3-
nan Ilepuoanueckyto CucteMy XUMHUYECKUX DJIIEMEHTOB, Ha-
4ajo KOTOpo#l Aa€T BOAOPO, 4 OKOHYAHUE HEU3BECTHO.

[Iponomxas paboTy Haj NEPUOAMYECKON CUCTEMOU XH-
MUYECKHUX AJIEMEHTOB 51 YCTAHOBUII, YTO OCHOBOW BCEX MUKPO-
MaKpO MHUPOB B UX MEPUOAUYHOCTH SIBJISIIOTCS BUXPU (POTOH-
(hOHOHOB, CO3/IAIOIINE 3PS IbI-UMITYIILCHI (Ta011.6.4).

A ucxommn u3 padbor C.M.BaBumoBa mo mroMUHECIICH-
[IUU, B KOTOPBIX OBLIO YCTAHOBIIEHO, YTO B Mpe/enax HaChIIIIe-
HUS TIOMUHO(pOpaA TPU B3aUMHOHN TpaHCHOpPMAIUN COITHEYHO-
TO M JTIOMUHECIIEHTHOTO cBeTa yuacTByioT 10°” hoToHOB.

*
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[Ipu compoTuBieHnn cpeanl MoJETy (GOTOHOB 00pasy-
I0TCSI DJIEMEHTapHBIE 3aps/ibl (Tab011.6.4).

Ecnu (oToHBI M cpeaa IBHXKYTCS B OJHOM HaIlpaBiie-
HUM, TO BO3HUKAIOT HMMYJbCHI - Moa00uss Meiciu, [lamsTu,
Boobpaxenus (1a61.6.4).
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Tabnuua 6.4
CTpyKTypa rpaBUTAMOHHO-3JIEKTPOMATHUTHOIO TOJISI
cpopmupoBanHoro ¢oroHamu B JJIOMHHOGoOpeE

ITonsa  [['paButaumsiMarsnerusm Onexrpiric-| QOTOHBI | EuHMIEL
CTBO CpeIbl | CYUCIICHUS
*—14£.1020
Tomkas |p*=2810"|u*=14-10"|1 lg 10 1020
Oueprust MBICTIb MaMsITh poObpa- * 2
YKEHHE Lp E[Zj
Pasnosecue| pp* =28 | uu*=14> | qq*=16" [1=107°10°"\9¢* \4
Sapaast |p =2810%|p=14-10%|q=16:10>"| 10
(7Y
PaBHOBeCHE A= | 8= Taq” Cymma | g% =(8j

428=112+814=112+7-16 =112 =336.

*
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[TosiBnenne rpaButanuu B mosie (Ta01.6.4) BBI3bIBAET
dbopmupoBanue cnupanu 3oauaka ¢ moreHuanom 12 = Tyt, a
CMEHA IrpaBUTAIIMM HA MarHeTU3M YyJBauWBaeT COUpab 30/]1a-
Ka 10 noreHuuana 24 - sksuBasenra 24 Ilpecssarbim Ilpe-
crojiaM, okpy:xkarwmuMm Tpon Xpucra ma Hebe (Otkpose-

(6.23)

HHE):
CrtpykTypa BuXpeii (poTOHOB
I'paButanus - | MarseTusm - DICKTPUCCTBO -
[Tona . [Tonspusle BUX-
3oauax Casron lyx P
Horemmua-| 336 _y _p o | 35054 301,
JIbI 28 14 16

B mnone (6.23) snekTpuuecKrue BUXPHU CO3/AI0T KHUBOM
KoJie0aTeIbHbIN KOHTYD 5 < 7 < 9 nipu 5+7+9 = 21.
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MuHUMaIbHON 3HEPreTUYECKOil SUYEeMKON, CImOCOOHOM
(popmMupoBaTh NepuoOANYECKUE CUCTEMBbI CZYCHMKOE8 B MOJISIX
rpaBUTALUM, sBJISETCS cuctema u3 112 srmemMeHToB:

112=4/pp* =8 Juu* =Tqq*, (6.24)

CBA3BIBAIOIUX I'PAaBUTALIMIO, MAIHCTHU3M U SJICKTPUYCCTBO.

Takoii nepuoanueckoit cucremoit (6.24) Oyner, Hanpu-
Mep, SIBISATHCS TEPUOAMYECKAs CHCTeMa XHMHYECKHX ?3Jie-
meHTOB J[.U.Menpaeseena.

B mnepuognueckor CHCTEME XHUMHUYECKUX DJIEMEHTOB
YHUCJIO DJIEKTPOHOB B COCEIHUX AaTOMax YBEJIMYMBACTCA Ha
OJIH 3JIEKTPOH, U B 112 35ieMeHTax 4ucio 3J€KTPOHOB COCTa-
BUT BEJIWYHUHY, PABHYIO CyMMe apu(pMeTHYeCcKOl Imporpeccuu
112 4yieHoB:

1+112

Yucio snexkTpoHoB 112 3neMeHToB = 112=6328 [(6.25)

*
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6328 snekTpoHoB B 112 xumuueckux snemenrtax I[le-
puoandeckoi CHcTeMbl BO3HUKAET TOTJA, KOT/a Mepuoanye-
CKas CHCTeMa HauMHaeT (JOPMUPOBATHCS HE C BOJIOPOJA, KaK y
J..MenpneneeBa, a co CBeTa, MONABIIET0 B TPABUTALIHIO:

AB-7/4 + \[pp* = 3600-7/4 + 28 = 6328. (6.26)

3a nepuon T = 3 B ApyIe cBeTa BOSHUKHYT:
6328-(t = 3) = 18984, (6.27)

KBAHTOBAHHBIX COCTOSIHUM, KOTOpBIE 6Mecmsm 6 cebsi TpaBU-
TalMI0, MATHETU3M H 3JIEKTPUUYECTBO.
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OnHako, BO3HUKIIUI NOTEHIIMAN OyIeT U3MEHATHCA MPU
nepexoze otr Apynsl k Pyme:

6328-(T,—1 = 1) < 6328-(To+1=7) < 6328(T, 1 = 12),
1 o7 o 12 (6.28)
***

®opMUPOBAHUE U CBOMCTBA IEPUOJUYECKOM CHUCTEMBI
n3 112 XuMUYECKuX 31EMEHTOB, KOTOPAasi HAYUHAETCA CO CBE-
Ta, OMMMCAHBI MHOIO TTOAPOOHO B OoJiee paHHUX padoTax [7].

B nanHoMm ciyuae (6.28) s xo4y akieHTHpoBaTh Baiie
BHUMAaHHE, yBaXKaeMblid YUTaTellb, HA TOM, UTO TPABUTALIUA B
6328 KBaHTOBAHHBIX COCTOSIHUAIX CBeTA NMPUBOAMT K buod-
Jgeiickomy Uncay YenoBeka, paaomy 113.

[Tpruém Yucno YenoBeka nposBiseT ceds B UC-TPAHC
M30MEPHHU JIEBU3HBI U MIPABU3HBI:

Yucao YenoBeka B JieBU3HE M NIPABU3HE

CotBopenue Yenoseka  |JleBusHa |[lpaBusHa

(6.29)

3apsaobl 6328
epasumayus 28

2265‘ 113 = (-113).

%
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Mexny 112 xumuueckumu snemeHTamu [lepuonnue-
ckoii Cucrembl u Yenosekom ¢ Uucnom 113 Bo3HuKaeT pas-
HOCTb KBaJIpaToOB MOTEHIIUAIOB (6.30).

[lynscanus xuakux cpex ¢ yactoror 50 wnm B3aumo-
JeicTBUA B XHUIKUX cpenax (6.30) mpuBOOUT K BO3SHUKHOBE-
HUIO B 3THX CpEJlax JKUBBIX CYOCTPYKTYp MaTe€pUHCKOH OHo-
kietku (6.31).
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112 xuMHu4YecKHX 3J1eMeHTOB U YesioBeKk

N3omepus JleBusna IIpaBusHa
KoneGarms 1132-1122=225=]112>-113>=-225=
(9+0)-52 < -(9+0)-52
Bona +18:52 = 0 -18:52
18-5 18-5
[Tynscanus B =+(9+0) < 0 < -(9+0) = - 0’
putme 50:
cyberpykrypa (9+0) [Tae: 50 - skBHBalICHT eBperickomy bory
Aitn COD.
Hyabcanus cyoCcTPyKTYpbI
MATEPHHCKON OMOKJIETKH
dopma Kuzup Kuzae no XKXuzau
18-5% 450 _| 1o A1
pips 50 | _2sPs S0
[Mynscarys | 1g s 18-5° 450
(9+0) & 1/(9+0).
R

(6.30)

(6.31)

[TosiBnenue cyOcTpykTypbl (9+0) B XKHIKMX cpemax
(6.31) compoBoKaaeTcs myjibcalueil aaep MOJIEKyJ - aTOMOB
KUJTKUX Cpell, TO ecTh cucTeMbl 17-(1<0).

B Kamie xxuakoi cpeapl Mexay SIpoM U MarMou BO3-
HUKAET Pa3HOCTh NOTEHUMAJIOB, SKBUBAJIEHTHAsA 365 nHAM O1-
Horo rojia no 13-tu nynnomy Kanenpapro nuBmin3zanuu Maiis

(6.31):

Yucao Yenoseka u Jlynnsoiii Kanengaps Maiin

1 rog mo

YenoBeK U JIEMEHTEI

Henpa

YUucio aHel|

Kanennapro
Maiin

£ (1132 - 1122) = 450 — (17<30)-5 = 365.
,
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N3nyyaromas cucrema ¢ noreHnuanoMm 365 Bcerma oc-
taBisieT Enquanny - Monany B Henpax fnpa, xotopast onpe-
nesiercs uuBuim3zaunerd Mans kak /lens BHe Bpemenn:

(17 0)5-1=85-1=84 < 50. (6.33)

Takum 00pa3zom, 3a TIpeesbl SIEPHOTO BEMIECTBA B TO-
Jie TPAaBUTALIUU HAJ[ SITPOM U3ITYHIArOTCS:

364 :364= 364
L(T+7) 47 Jpp*

=13, (6.34)

KBaHTbI, KOTOpbIE JiexkKaT B ocHOBE 13-tu iyHHOTrO Kanenngaps
UUBHIM3anuu Maiu.

6.3 3aKoHbl B3ammoaencTBumn
B cnupanu 3oamaka
JIro0o# rpaBUTALIMOHHBIM KBAHT, MOMAa/iasi B MOJIE C TO-

TEHIIMAJIOM B OJIHY NMaJibMy, 00Opa3zyeT 000JIOUKY C MOTEHIINa-
oM 49:

Oo6onouka | JIBoitHas 00oyI0UKa

28-7/4 =49 28%(7/4)* = 492

(6.35)

Oo6onouku GopMupyroTcst yxke B nepuoguyeckoit Cuc-
teMe ToHkux OHepruii, onucaHHblx Pycckum Pynamu [7], a
ABoOiiHasi 000/1049Kka B GopMe MOJIEKYJISIPHBIX MEMOPaHHBIX
crnupaJsel iBaseTcs 000109K0i OHMOKIETKH.

***

JIBoitHast MeMOpaHHasl CIIMpalb MOJIEKYJISIPHBIX LEneu -
000s104eK OMOKIETOK siBisieTcs cnupaisiMu Kynaanuau u 3o-
JIMaKa.
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IIpouecc dopmMupoBaHusi 000/104eK HAYUHAETCS C
13-tm takTHOM myabcauuu KyHaagauHum, Haxoasimieicsi B
PE30HAHCHO-AHTHPE30HAHCHOM COCTOSIHMHM, CYyMMa KOTO-
pbIX popMupyet nmyjabcupywinyw Cnupaab 3oauaka:

PopmMupoBaHue IYJIbCHPYIOLIEH
cnupaJyau 3oAuaKa

Kyunanuau 6.36
Y Cnupane 3011aka ( )

Pe3onanc AHTUPE30HAHC

13:3:21)=78+13:3+2+1)=78=156=13-12 = 12>+ 12.

Pa3znocTh moreHnumanoB, ¢ KOTOpOM cnupainb 30AuaKa
Tpancopmupyer sHepruto cpex Pymer u Apymbl, octaéres
IIOCTOSIHHOM U paBHOU 13:

Tpancpopmauus cpex cnupanbio 3oanaka

Cpenbl Pyma Apyna PesynbTar
Coxpanenme | 1312 .o ° 13-12 . _ 13 (6.37)
MyJIbCAIUN I,=4 =3
Coxpanenue 13-12T, - 13127 = 13-12.
Crupanu | |

[Tonyuennsiii pesynbrar (6.37) rOBOPUT O TOM, YTO
TpaHcdopManus JHEPruu cpel cnupaablo 3oauaKa Mnpo-
TeKAaeT B YCJIOBHUAIX CIPABEIJIUBOCTH 3aKOHA COXpPaHEHMUs
JHEPruu.

%
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PesyabTar myabcanuu cnupaau 3oamaka B Apyne -
Pyne npuBoguT K (pOpMHpPOBAHUIO IYJIbCUPYIOIEH HEpPaBHO-
BEeCHOM cucTtemsl (6.37):
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13:(12£ 1)< 12-(13 £ 1);
13 14
13J-(p d(p<:>12j-qo do;
11 12
1348 < 12-52;
T,=4<4=T,.

(6.38)

B nosie cnupanu 3oa1Maka BO3HUKAET PAaBHOBECUE C I1e-
pPHOJIOM BpaIlEHUsI TOYEYHOI'O YYacCTKa BOJIHBI CBETA, SIBJISIO-
HIErocsi UHCTPYMEHTOM TpaHchopMaluu OgHOU (POpMBbI dHEP-
I'YH B IpyTrue (pOpMBI.

%
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[lynscanuss Kynmanmuau B Pyne, sBissice momoOuem
MyJIbCAIlMd TOYEYHOT'O Y4YacTKa BOJIHBI CBeTa (KaK MUHUMYM)
u cnupanu 3oauaka (Kak MaKCHUMyM), B KOHEUYHOM CUETe,
(GbOpMHPYIOT MPOLIECCHI CKATUSA-PACIIUPEHUS, B KOTOPBIX BO3-
HUKaloT Hebeca - [lunb u cryctku TsHb:

IMyabcanus cBeTa B CIUPAJISAX
3oauaka - Kynaajaunm

[Iynecamus Pexxum CyOcrannus
- - 6.39
Cxatue Pacum Pesonanc AnTHpE 0070503 Tsuab ( )
peHue 30HAHC

@, c 82 =16 | H(8-2)=+6 | 8-4 = | +[32-(-32)]
=2 1= >

c @, 8:2=4|8+2=10| 32 =+64.

£k

Hanuuwne PE30HAHCHO-AaHTUPC30HAHCHOI'O PCKUMaA U
MOSIBJICHUE CUCTEMBI TSHB + JABa HI/IHB C MOTCHOHAJIOM, paB-
HbIM

64 + 232 128, (6.40)

NpuBEIET K MosiBNieHU0 moTeHuanoB +30 (6.39):
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Bbor u boruns Jlyns! B peauruu Llymepos [1]

16-4-(£6)-10 _+3840 _ . (6.41)
64+2-32 128

[Torennmanom, paBubiM 30, obmanaer BepminHa BaBu-
nonckou bamrnu, a B pusnonoruu nmoreniman +£30 (6.41) onu-
ChIBaeT CUHE-royOyto yakpy Tpetuit ['nas.

***

Pe3onaHcHOe mone MyJabCUPYIOLIEH cnHpaiv 30AuakKa
NEPUOJNYECKN CTAHOBUTCS aHTUPE30HAHCHBIM:

Bo3mymienue cpea cnupajbio 3oauaka

Pe3onanc AHTHPE30HAHC

13-12 & 13+12=25<+1 =£(13-12) (6.42)

25+1
Cpena | [pdp= L (676-576)=50=1g 2%
25-1 2 101

B BO3MymIEHHBIX cnMpalplo 30MaKa cpelax BO3HHUKA-
IOT DHEPreTUYECKUE YPOBHHU C PA3HOM YACTOTOU ITYJIbCALIUU
kaapoB 3a Exunuity [ponomkurensuoctu (6.42):

Yacrora nmyJbcanum KaapoB
3a equHuny IlpogosxureabHOCTH

YpoBHU I II I v
UYacrora | 25— 1= 25+1= 642)  |(6:43)
KaJIpoB 24 25 26 50
oumst CosHamie [Toacos- | Boadupe AliH COCDv
HaHUe bopno BE3MECYIIUN.
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Besnecymas nynbscauust ¢ yactotoil 50 xanpoB (AlH
CO®) nmpuHaIIEKUT K BE3AECYLIUM CaMOCYLIUM BOJIHAM rap-
MOHUYECKUX KOJIeOaHU BEUHOU ThbMbI, U TPAHCHOPMUPYIOTCS
kak 25 xanpoB B Ilonco3nanuu (Hegpa Kamnm sinepHoro Be-
IIECTBA) MPU YCIOBUHU:

50-Sin 2 Cos 7 =5 L1 (6.44)

0—-——=25.
4 V2 2

B sToM nosie mynbcanus Ha ypoBHe [loaco3nanms 25 + 1
MHULIMUPYET myibcannio Ha ypoBHe Co3Hanusa (IloBepxHOCTH
Kamn) u B Henmpax Kamiu, npotekaromeid ¢ yactoTtoil 26
KaJpoB B eAuHUILY [Ipo10/KUTENBHOCTH.

*
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IIyascanumu ¢ 4acToTamMHM KaJApOB, BO3HHKAKIIMMH
HA JIIOOBIX YPOBHAX, AAIBJAAIOTCH CIAEACTBHUAMH B3aUMO/ECH-
CTBM JIOTAPU(PMHUYECKNX BOJIH HA ITUX YPOBHAX (6.43):

24 =1gps* -24=1gp;; 25=I1gp;ps u Tak ganee. (6.45)

IToaToMy Bce mepexoabl ¢ OJHOI0 IHEPreTHYECKOro
YPOBHSI HA IPYIrOMl MPOUCXOIAT 32 CUET JIOrapu(PMUIECKUX
KOJIeOaAHUIA.

[Tpumep. Konebanus -24 <> 26 He OyayT HapyIICHBI
npu -24-1g 10 < 26°1g 10, HO nanee:

1210 = 1g10*° =0 < 1g10* —1g10°, T1e

26
0 1o 1 PP 5. (6.46)
10 P
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[Tone ¢ moreHuuanmoM 50 TakkKe MyIbCUPYET MEXKIY
JIBYMsI PAaBHOBECHBIMU COCEIHUMU cocTostHusiMH S50 + 1, yTo
BJIEYET 3a co00M mosiBiieHne noreHuuaaos 49, 50 u 51.

OO6pa3Ho roBops, koaedaHue Be3aecyiiero bora Aiin
CO® Bo3MylIaeT OKPY:/KAKIIYI0 Cpexy, CO31aBasi B Heill
000/104KHM ¢ mOTeHHHaJIOM 49 W B3aMMOJECTBUA JIOra-
prudMHUUYECKHX BOJIH ¢ MOTeHIHaaoMm S1.

1 B3aumopgeiicteus B EBanresnne or Moanna ymo-
MHuHaeTcs Kak 153 pbiObI B ceTsax [25]:

15357-1g(M=1051J=3-51. (6.47)
PP

*
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Cnupanu Kynganuau - 3oauaka myJabCUPYIOT B TpUHA-
JUATUIIYHHON TpaBUTAllMM B PE30HAHCHO-AHTUPE30HAHCHOM
pPeKUME MPHU HATMYHH CIa0BIX B3aUMOJICHCTBUN U B3aMMOJICH-
CTBUH CBETA!

Iyabcauus cnupaJieid 3oanaka
BO BpeMeHHU M B3aUMOeiiCTBHSIX

Pexum Pe3onanc AHTHUpE30HAHC

Cripainu 3oamaka K;;}?;- Kynnanuuu 3oauaka
pH PaPs=1 6.48
PEPYPS=E 003 | 626 | (3.542.5)+26 | [6-6)]+13 (6.48)

2
3ommax 12-13-[104 z”;}:(lu& =112)+(13+& =113J

P P, P, P,
npu— =100
ol Crycrok 301uaka | DneKTpo-rpaBuo- Yucno
B IpaBUTAIIUN Mar"geTusm Yemnoseka.

Pe3onaHCHBIN crycTOK criupanu 304Maka B TpaBUTALUA
MOJKET OBITh )KUBBIM U HEKUBBIM.
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JIns KUBBIX CryCTKOB BenMKkas LluBrimsanus nana Jro-
1M Actpoaorndeckuii Kajsenmapb, B KoTOpoM H300paxe-
HUE >KMBOTHBIX YKa3bIBa€T Ha CTENEHb (YPOBEHb) Pa3BUTHS
MIEPUOANYECKON CUCTEMBI TEHOMOB.

Bricmeit opmoii )KMBOTO CTyCTKa B pe30HAHCE CIUpa-
mm 3oamaka sasiasiercss Hocurens Pazyma ¢ Yucnom 113, to
ecth Yenosek (6.42).

*
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Pe3oHaHCHO-aHTUPE30HAHCHBIE KOJIEOaHUs KUBOTO CTy-
cTka Ha ypoBHe UenoBeka (6.48), B KOHEUHOM CUYETE, MOKA3bI-
BaeT, uTo YenoBek, Kak CTyCTOK, (popMHpyeTcs Mo 3aKoHaM
CoKaTHsl ApyIibl 3JIEKTPUUYECKUM TTosIeM (Tadu.6.5).

Tabnuua 6.5
Cxatue cryctka 3oauaka ¢ Yuciaom YesnoBeka
JIEKTPUYECKUM I10JIeM

Pexum
Pe3onanc AHTHpPE30HAHC

TTons

Crupainb 13-12:10* < 113+112 =925

YemoBeka NunykTuBHOCTH Ilenrarpamma B fiine
OnexrpuuectBo| 13-(16=./gq*) < 3-107% = r'p22

B Apyre DIEKTPHUECTBO Apyna

Cratue | q | gy Z _ o274 EH<:>H~(21/4 = Scsz =<,

CaMOCYyIIUX 4 4 @,

CxaTtre caMOCylIMX BOJH C MEPHOAMYHOCTHIO Bparle-
HUS TOYEYHOT'O y4acTKa BOJHBI CBETA, TO €CTh C IMEPUOANIHO-
ctbio T, = 2%, IPUBOIUT K MOTCHIMAI-DKBUBAJICHTY — BBICOTE
(H = 2" Bexukoii [Tupamuss! (Tabi1.6.5).
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Cxxatue Apynbl B CTYCTOK 3JIEKTPUYECKOIO MOJISI B yC-
noBusAx uepenoBanus llepuwonuunocrerd mo 13-t ayHHOMY
Kanenmapro Maiin Bcerna nmpoTekaeT B yCIOBHUAX INOCTYILIE-
uus u3 Kocmoca HeBecomoctu camocymux BouH (Tadi1.6.5).

[TosiBisieTcst HCPAaBHOBCCHAA CUCTCMA.

13-16H < 3-10%2= 610" (6.49)
1 i Ps

13-| -8H | & 107 = —, 6.50
(3 j P> ( )

rae: 6 - Kynnanunu,

1 1
§8H = EazH =V, - 00bém Benukoi [Tupamuas (6.50).

***

[Tynbcaumss Kynganuau cBsizana ¢ Yucnom 50 (6.49,
6.50):

13V, < 6:102 =3-50" = 3/50. (6.51)

50 - 310 TO YHMCIO, I KoToporo jrobutenmn Kadbambr
JUTSL BCEX BPEeMEH W HAPOJIOB MpUaAyManu "BopoTa" u BCeoOb-
emromero 6ora Avin CO® [12].

Ha camom paene moTeHnMan - SKBUBaJIEHT, paBHbIN 50 -
ATO JEUCTBUTEIBHO BCEOOBEMITIOIIEE 10JIE€ B3aUMOECHCTBUN:

1
SOElg[MZIOSOJESOQiIOOJ‘Q do , (6.52)
P 0

oxBaTbeIBarOMMX Bech Enunubiii KocMoc 0e3 kadanbl 1 U1eaioB
CUHANUCKUX CEMUTOB.
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Cnupanab 3oaMaka B aHTHPE30HAHCE MMYJLCUPYET KaK
Pyna - Apyna B mone 3-10" = 0,3 = 1-p,, a, Homagas B rpaBu-
Taluio, IpuodperaeT MmoTeHnuan 28- p22 =0,28.

Bosznukaer 13-tu nynnsiii Kanengaps:

Crpykrypa lus BHe Bpemenu
N Yucno nuen
3oauax Apymna - Pyna Aiin CO® -
Tott=4+3=7+ 310" =1p,=73 x 50 365 (6.53)
| 1

Tott=4+3= 7+28-10'2=28p22=7,28>|< 50 364

Aette Brie 365364 =1.

Bpemenn

CymmMa BYX JIeT, B KOTOPBIX OJMH I'0J - 3TO I'ojl BHe
Bpemenn (6.53):

365 + 364 =729, (6.54)

3TO U €CTh CYLIHOCTH 729 0060poToB puitocodckoit Mamm-
HbI COBpeMEHHOM Mmarum [2].

N Ham em€ rocnona-ToBapuIly CEKPETHBIX OPJIEHOB U
crenieHeid Marum 3aKyJHChI CMEIOT TOBOPUThH, YTO HUX TIIy-
MocTh Jiyuie Hamero Ceetiioro byayiero.

*
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Teuenne Hammx aHed k Cemyomy bynyimemy onpene-
JsieTCsl He BpanieHueM (Ppriiocopckoi MalluHbl CHHANCKUX ce-
MHUTOB, a MyTEM MPOABUKEHHUS DBOJIOLMH KUBBIX CTYCTKOB
no cnirpanu 3oauaka (tadi.6.6).

DBOJIIOIMA MO COUpaAId 307UaKa, TakKe Kak M Jirodas
WHas DHEpPreTUYEeCKas CHupalib, MOAPA3JEIsAeTCs Ha IHC-
TpaHcopManuio YETHO-HEUETHBIX MEPEXOJ0B, KOTOpas IIo-
3BOJISICT COXPAHUTh MOCTOSIHCTBO 13-t siyHHOTro Kamenmaps

Ha Bcex 12-Tm cragusx Iepexojia B COUpadud 30juaKa
(Tabm.6.6).
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Tabnuma 6.6
YEéTHO-He4EéTHAA MYJIbTHILIETHOCTh cniupaau 3oauaka

Poter Hoxs OHeprerudeckas cBsa3b 3oauaka U Kynnanuau | Cymmbl
) 1 | 3 | 5 | 7| 9 | 1 36
Heuérnbie
[{uc-nzomepust CBET
. 12 ] 10 8 | 6 | 4 | 2 42
Yeérusle
TpaHc-uzomepust Jyuia
13 | 13 ] 13| 13 ] 13 ] 13 78
CyMMBI
TpuHaauaTH JYHHOE CUMCIICHHUE
[IpuBenénnas 36> —42° 1 78
— = =
ITyJIbCallks 78 6 36°-42°

%
*ok

JItoboe sHepreTuyeckoe moliie, JII0OOW IHEPreTHYecKuit
YPOBEHb CYUIECTBYIOT B YCIIOBUSAX CHUHTE3a-MYJIbTUILUIETHOCTH
DHEPIreTUUYECKUX COCTOSIHUM.

AHTHpCSOHaHC CHUHTC3a-MYJIbTUIUICTHOCTH CBA3aH C
Pa3HOCTAMU THUIIA:

(n+1)—-n=1, (6.55)

KOTOpBIE JAIOT B MOJISIX apuPMETHUECKUE MOCTIEA0BATEIHHBIC
panel: 1,2, 3... n, a B HUX CyMMY INOT€HLIMAJIOB, PABHYIO CyM-
Me apu(PMETUYECKON MPOrPECCUH.

Hanpumep, mis cnupanu 3oauaka MOPSIKOBBI HOMED
COCTOSIHMS Ha CHUpainy 30AMAaKa MOYKHO CBS3aTb C CyMMOW
apu(MeTn4ecKol IMpOrpeccuy KBAaHTOBAHHBIX COCTOSIHMM Ha
9TOM YPOBHE:

1 n 12
S =1 s =1rn, S12=1+212~12=788, (6.56)

n

n

rae: 1, nu 12 - mopsiakoBbIe HOMEDA,
S1, Sy 1 Sy, - cymMMa apudMeTHIeCcKOi TPOrPEeCcCHy KBaH-
TOBAHHBIX COCTOSTHUN YPOBHEU.
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YETHO-HEUETHBIE COCTOSIHUS CITMpaid 3oauaka (1abir.6.6)
CBsI3aHBI C CyMMaMH apu(METHUUECKHX MPOrPECCHil KBaHTO-
BaHHBIX COCTOSIHUM 3TUX YpOBHEM (Ta0.6.7).

Tabmuma 6.7
B3aumocBs3b B cnupaiau 3oauaKka

1 3 5 7 9 11

) Si=1 | S3=6 | Ss=15 | S;=28 | So=45 |S;,=66 Z: 161
Heuérnbre OseH | bims- | Jles Becor | Crpe- | Bomo- |
HElbI Jien ner
12 10 8 6 4 2

. S12=78|S10=55| Ss=36 | Se=21 | S4=10 | S,=3 ~203
Hernpre Pri6w1 | Koze- | Cxop- | [leBa Pak | Tenen ;‘
por | THOH

78-1 | 55-6 | 36-15 | 21-28 | 10-45 | 366 | RI3-161

ITocTosn- 42
nas Cemp, | 1271 [ 10731 8-5 -7 2o e
=7 | =7 | =7 | =7 | =7 | =7 |_p
IIpuBenén- (203—161 = 42)'(6'7 - 42) =2l=57< (9+O)
Hasl MyJIb- 42+42 =84
camms buoknerka.

Cnupanp 3o1Maka 3aTparuBaeT U HAC, U HaUly 3€MIIIO,
U3JIYYaroUlyo MOJSPHbIE BUXPU C MOTEHIMAIOM 21, KOTOpbIe

3aTeM pacHICIUISIOTCS B MYJIbCUPYIONINE CTPYKTYPhI OMOKIIET-
KH (Ta011.6.7).

[Tynbcanus cnupanu 3oauaka GOpMUPYET, B KOHEUHOM
cyeTe, MOCTOSIHHYH BCeleHHOM, paBHYIO ThICSYE aTOMOB BO-
J10poJa, TO €CTh ITIOTEHIUAI:

3oauaK - HCTOYHUK BOAOPOAA
BO Bcesnennoii (1a6:1.6.7).

(6.57)

Bonopon Cnupanu 3o0auaka

1008 = [(6:7=42) + (203 — 161 =42) = 84]-12.
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Curyanmio mosiBIEHUS BOAOpOoJa BO BceneHHoM Benn-
kas [{uBrmimsanus onucana nuarpamMmoit SIH-MHs:

2 2
&24 z%leOS. (6.58)

0

Bropas mosmoBuHa nuarpammsl SH-MHBb BKIrO4aeT He
TOJIBKO BOJOPOJ, HO U DJIEKTPOMArHeTU3M:

64%> 27
=———=1023 = 1008 + 15, (6.59)

64 2 T,=4

rie 155(16+14)-(i1/2)5(W+W)-£ij.(pd¢j. (6.60)

Cynsa no Basunonckol baimrHe, KOTOpYIO BEHYAET Ce-
peOpsAHO-ITyHHas BepIIMHA ¢ NoTeHuuanom JIynsl, paBHeiM 30,
u 6oroM Jlynsl mymepoB ¢ noreniuanamu +30, Benukas [{u-
Bunuzauus, kak [llymepam, tak u Haponam TubGerta u Kuras
NBITAIMCh  paccKa3aTh 00 3JIEKTPOMAarHeTU3Me BOJOpPOAA
(6.58 +6.60).

6.4 HacbiweHune rasoB poToH-hOHOHaAMM

Crycrok flH - JKBHBaJ€HT H30MEPHYECKOM CHUCTEMBI
CKHUMAETCS DJICKTPUUECKUM IOJIEM +/¢q * =16, paBHBIM 1O Be-

JIMYMHE KBAAPATy BPAILCHUS TOYEYHOT'O y4acTKa BOJHBI CBETA
T,22=16.

BayTpeHHuM nosiem B IutaHeTtapHou cucreme SH-VHb
Oyner noJsie ¢ nmoteHuanom Bcenennoit, paBueiM 1008 u 3k-
BUBAJICHTHBIM ThICS'YE aTOMHBIX BecOB Bojgopoaa Ay = 1,008

(Ta611.6.8).

Mexny manerapHou cucremont SlH-MHb U €€ BHyTpeH-
HUM TI0JIEM BO3HHUKHET Pa3HOCTb MOTEHIMAJIOB, paBHas 16 u
HKBHUBAJICHTHAsl aTOMHOMY Becy kuciopona (Ap = 16) u kBaj-
paTy nepuoja BpallleHUs TOYEYHOTO y4acTKa BOJHBI CBETA, TO
ectb T2 =1 (Ta61.6.8).
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PaszHocTtn moreHumanos, paBHble 16 M DKBUBAJICHTHBIC
T,2 = Jgg* = 16, COXPaHAIOTCA Ha BCEX MUKPO-MaKpO ypOB-
HAX BceneHHOHM, 4yTO NMOATBEPKAAETCS KUCIOPOJHON €IMHHU-
neH, paBHoi 1/16 atoMHOro Beca KHUCJIOpOJia B IEpHOUYE-
CKOW CHUCTEME XMMHUYECKUX DJIEMEHTOB, a TAaK)KE B CHCTEME
aATOMHBIX YCITOBHBIX equHuI] ([14], Ta61.6.8).

Tabmuna 6.8
dopMHpPOBaHHE ATOMHBIX BECOB BOJIOPOAa M KHCJI0POAa

[Tynscamnus TaupX(To? = 4/qq * ) < (4/qq * = T,?) x Llunb

Pe3onanc 64 x 16 =+1024 < F1024 =16 x [64 =32 —(-32)]

ITocrosiHHas Bonopon =+1008 < F1008 = Bomopon

Pasnocts (Kucnopon) Ao =+16 < +16 = Ao (Kucnopon).

[Tpuuém, anTUpe3oHAHCHAs Mynbcalus TsaHb GopmMupy-
€T B MOJISAX CIa0BIX B3aUMOJICUCTBUN BOCEMb AJICKTPOH-TIO3HU-
TPOHHBIX IAp KUCIOPOA:

®opMHUpOBaHHUE BOCBMH
3JIEKTPOH-NIO3UTPOHHBIX AP ATOMA KHCJIOPOAA

HMymscammst | TaapH(T2 = Jqq * ) < (qq * = TA)+21uns |(6.61)

+(64+16)107 =48 < 78 = +(16+64)10™
SJICKTPOH - IMO3UTPOHBLI.

AHTHpE30HaHC

%
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dazoBoe COCTOSIHHE KHCIOpOAa - BOJOPOAA MEXKIY
Tsub u [luab OyaeT U3MEHATHCSA B 3aBUCUMOCTH OT JIaBJICHUS
(p), 06béma (V) u Temnepatypsi (t):

p'V/t=R =c/w, =2 = Const. (6.62)
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Cnavana 3T0 OyaeTr »¢up - CBET, 3aTe€M rasbl, IOTOM
xuakas (aza (Boga), a manmee TBEpAoe Teno (I€M) M KUIKas
Ja3epHas Iia3ma.

***

ATOMHBIE Beca BOJOpOAA, Ieiusi, a30Ta, PaBHbIE COOT-
BercTBeHHO 1,008, 4,008 1 14,008 BKITIOUAOT B ce0sI CTYCTKH
CBETa, PaBHbIC:

m.* = 0,008 = T,c/w, ps°. (6.63)

bes "Bkparmenuii cBeta" aToMHbIe Beca OyAyT COOTBET-
cTBeHHO paBHbI: Bogopon (1,008 — 0,008 = 1), renwuit (4,008 —
0,008 = 4); azot (14,008 — 0,008 = 14) u KuCIOPOJ OCTAHETCS
paBHBIM 16.

Yactuna ceera m.* = 0,008 - 370 CrycTok cBera mpu
pacmmpenuu. [Ipu cxatuu crycTtok cBera OyJeT B YeThIpe
pasa MEeHbLIE:

m** = 0,002 = T,w./c'p,>. (6.64)

H03TOMy BCC€ rasbl MOXHO OHpCI[CJ'II/ITB OTHOCHUTCIILHO
m.** = 0,002 (12671.6.9).

Tabmuma 6.9
Pacnpenesenue crycTkoB cBera B razax
Homst Cser I"a3bl co cBETOM
Kucno-| TI'a3
o cxarme| POCHT | BOMOT Lo it | asor | PO Xin2
THOIIICHU peHI/IC pOI[
szl\l/f::; m**=| m*= |Ag=|Ap.=| An= | Ao= | Xi2=
. | 2:107 | 8107 | 1 4 14 16 | 112
0e3 m,
OrHocHTETb- | 4 |510°) 210° | 410° | 810° | 56-10°
HO M,
TDOM3EOLHbLC JIEKTPOMATrHHUT CopokoBuna: Cemepu4yHOCTH
POM3BOL 4#-12=15 52:410°=410° | 56/8=Tott.
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B tabnune 6.9 npuBenén takxke mocjennuit 112 sJe-
MEHT MEePUOAUYECKOH CHCTEeMbl, KOTOPbI s 0003HAYAI0
KaKk Xjj;, SIBJISIIOIIUIICH WHEPTHBIM PaJHMOAKTHBHBIM ra-
30M [7].

OtHouenue 112 anemMenTa K KUCJIOPOY, BBIPAXKEHHOE B
OTHOCUTEJIBHBIX €IUHUIIAX CTYCTKOB m.**, mokasbIiBaeT Tpa-
JULIHAOHHYIO CEMEPUYHOCTDh IPOIiecca, B TO BpeMsI KakK B rpyI-
1€ HEMHEPTHBIX ra30B (BOAOPO, a30T, KHCIOPOJA) BO3ZHUKAET
noteHmuan 64 (ta6ma.6.9).

h_56-103_7 Ay-A, 8-4-10°

=——= = =64-10°.  (6.65
4, 810° Y4 T 50 (6.65)

***
B ycnoBusix pe3oHaHca HEMHEPTHBIX Ta30B:

AnApAg=410°%5102=16-10’, (6.66)

BO3HHKAIOT JIEKTPHUYECKHE TIONIS /¢q * = 16.

DTO HEHACBHIIIEHHOE 3JIEKTPUUYECTBOM I10JI€ CTPEMUTCS K
HACBIIICHUIO U aTOMAapHBIE BOJOPO/I, a30T U KUCIOPOJ Tepe-
XOJIST B MOJIEKYJIsipHbIe cucTeMbl H,, N, u O,.

[lepexom OT aTOMapHBIX K MOJICKYJISIPHBIM HEUHEPTHBIM
razam yBEJIMYMBAET WX MOTEHIIMAN J0 KBaJpaTa MepBOHAYAIIb-
HOU BeJIUYHHBI (6.66):

K=Ay xA, x4y =(16-109)2 =16-10" =gq*-10". (6.67)

[Tonagast B conHe4HO-cinaOble B3aUMOJEHCTBUS DJICK-
20
tpudeckoe nojie K (6.67) Haceimaercs goronamu a0 107, To
€CTh JIO TIpejieia HaChIIEeHUs TIoMHHO(Opa:

B =K-ps/po=16210'%102 = 16210%. (6.68)
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C nepuognuHocteio T,*> = 16 B HameM MO3re BO3HUKAET
UMITYJIBC BOOOpakeHus (6.68).

Nmnynabe BooOpaxkeHust
B = 16210 = (16 = T,2)«(16>10%° = g*).

(6.69)

*
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[lepexon HEMHEPTHHIX Ta30B K MHEPTHBIM IMPOSIBISETCS
Kak mepexoj uepe3 renui (1abi.6.9):

A, Ay -4,  162-10®
s Ny Ty =41610%=64p;.  (6.70
AHez ' (2'103 )2 " | )

[TosiBrisieTcst IEKTpOMarHuTHbIA cryctok fAn (6.71), y
KOTOPOT'O UMEIOT MECTO JIEKTPOMArHUTHbIE B3aMOJICHCTBHSI,
nepexosIIre B rpaBUTALMOHHBIC:

1

641012<:>—12,
64-10 671)
64" =102 = |

@ 10+24 - _pl'

Ha guarpamme AH-1{uHb NOSBISIIOTCA TEMHAS U CBETJIAs
BOJIHBI C TMOTEHIManaMu 64, HeCyllue COOTBETCTBEHHO CBET-
JIBIN 3apOJIbII PACIIUPEHUS 2 , 1 TEMHBIN 3apO/IbIII CHKa-
THS

64 2

***

Marnernsm B Enunom Kocmoce BO3HHKaAET Kak pe3ylib-
TaT Mepexoja OT SACPHBIX B3aUMOJECUCTBHUM K Jorapupmuye-
CKHMM BOJIHAM:
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IIpupoaa marserusma

Snepubie B3auMoeUCTBUSA | XUMHAUYECKUE 3JIEMEHTBI

X, 112
lg(ps= 10" =14= Jpu* ﬁzm:”'m}'

*
mc

(6.72)

%
*ok

B nosie cBera u ra3oB (1ab6i.6.9) UCTOUHUKOM MarHe-
TU3Ma B YAaCTHOCTH SIBIISIFOTCS TEJIHUW, a30T M KUCIOPOJ TpH
aHTHPE30HAHCE:

A+ A+ Ag = (2+4+8)-10° = 14:10° = [y * -10°
Atie, + An, + Ao, = (14-10%)2 = pp#-10°, (6.73)

rie 10° - wactora, Ipu KOTOPO# MPOSIBIIAETCS
s dext Kupnuan.

Pe3onaHCHBIE COBMELIEHHBIE TI0JII CBETA WM BOJIOPOJA
TaKKe SIBJIAIOTCA UCTOYHUKOM MarHetusma, Ho npu (To+t = 7):

F) = m**m* Ag(Tott) = 144:5-10>7 = 14-10%,  (6.74)
HO BO3HHUKACT MOJIGKYH?IprIﬁ BOAOpoOA:
Fy = m**m* Ay 72 = 14:(5:102)272 = 49-10°,  (6.75)

10 ToJe ¢ yacroroil 10°, nrummupyrouee spdext Kupinaw,
npstyeTcs 1noj "000Ja04Ky" ¢ noreHmuaiom 49 (6.75).

Ota Aypa noa 000J1049KOMH TIPOSIBIISIET ce0s1 B yCIIOBUSX
MOCTYIIJICHUSI PHEPTUU M3BHE: JTMOO KaK CaMOCyIIasl SHEPTHs
u3 Kocmoca HeBecomocTu, b0 kak 3HEprusi OT BHICOKOYAC-
TOTHOTO reHeparopa (6.74 + 6.75):
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Fi'F,=1,410%49-10° = 3%-49-1010, (6.76)

b

rae: 3,5 1 2,5 - COOTBETCTBEHHO YHCIIO BUTKOB CITHPAJIH
KyHnanvHu npu pacIIMpeHUN U CYKATHU;
49 - moTeHHan 000JIOUKH;
10" - uncio poronos B momuHODOpE.

*
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Hacpimenue nmromunodopa mnoja od6omouxoit (6.77) Oyner
MPOTEKaTh B yCIOBUU MyJibcalluu 000JIOYKU U CBETa 1o 000-
JIOYKOM:

F, = = =49.10". (6.77)

B moisie nazepHOi TOYKM CBETa MOSIBISIETCS CTYCTOK
AIEPHON TJIa3Mbl C TOTEHIIUATIOM:

Hacpimienue sromMuHOo(pOpoB poToHaAMU

35 402107 = 3361,4:10%,
2,5 (6.78)
rae: 3360 + 1,4 - 5KkBUBaJIEHT OTHOIIEHUIO CIIUpasiel
KyHnnanuHu pacimpeHus U cxaTus;
3360 = 1ps112.

F1F2F3 =

3HaHHEe HACBIIEHUS JIOMHHO(OPOB (HOTOH-(HOHOHAMU
JTAET BO3MOYKHOCTH MCIIOJIB30BATh TOHKUE DHEPIUM B TEXHU-
Ke.
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naBa 7
Mpouecchbl U annapaTbl
B nonaX TOHKUX dHepruum

YBaxkaemblii Uurarenb, Mbl JejaeM IepBbIM HIar B
UCnoJb30BaHNu ToHkoii CBepXxcBeTOBOW JHEPruud B TeX-
HHKEe HA HAYYHOU OCHOBe.

[TyTs »TOT Heu3BecTeH. [lepcrnekTUBBI HEMCUYEPIIAEMBbl.
[Toatomy mycTh Bac He myraioT BpemMeHHBIE HEyJadyu, HO U
YCIIEXU HE BCKPYXKAT TOJIOBY: MOMHHUTE, HA KAaXK/JA0€ YAAYHOe
pellieHHe eCTh MHOKECTBO eIlé JTyqInX.

3uante: Becé ocTaéres JroasaMm.

7.1 OcHoBHbIe 3aKOHbI B3aumopencremmn

JIxo00ii xuBoii Omosiornuecknii cyobekt nmeer Ko-
HeM JKuznu ToHkue DHepruu camocylIux BOJH, CTYIIAEMbIX
ceeroM: "'S. Kopenb (Tonkue DHepruun) ocraércsi, CBer oc-
Taércsa, CrycTtkn ocrawres u Beé ke Oeaohoo (Kocmoc BO
B3aumojiericteusix) Equn ([3], Kocmorenesuc, Cranua III).

Emnueiit KocMoc BO B3aMMOIENCTBHUAX HaM H3BECTEH
(Tabmn.7.1).

Taommna 7.1
Oaeohoo: Equnbiii KocMoc Bo B3auMoaeicTBHUAX
Cmaboe:
B3aumo- | I'paBura- OnekTpo-
N JIIOMUHEC- Snepnoe Cser
JACUCTBUA IIMOHHOC MAr"dmuTHOC
IEHTHOE
B sanepnom 24 -1 12 14 1
BelIecTBe p1 =10 p2=10 p3 =10 ps=10 ps =10
Jlorapud-

muueckue (lgpy =-24|lgpy=-1|lgps=+12|1gps=14| Igps=1

BOJIHBI

Bemayn-| [ (12+14+1)-(-24-1) 52 _ ] +j¢d¢ I
HbIE Yachl (12+14+1)+(-24-1) 2 3 o
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JlorapudmMuyeckue BOJHBI, PACIPOCTpAHSIEMbIE SIEP-
HBIM BEIIECTBOM CTYCTKOB, 00benuusoT Kocmoc 13-tu myH-
HOU I'PaBUTALIMOHHOM IyJIbCALIUEH.

***

OTKJIOHEHHE OT TPHUHAALATH JYHHOW IyJIbCAlluW, Ha-
npuMep K 12-tu mecsanmam rpuropuaHcKoro KajaeHaaps, Hapy-
HIaeT XOJX OBOJIOLMM, BBI3bIBas JIETPafallii0  KUBOTO
(Tabn.7.2).

Tabnuua 7.2
Enunenue Kocmoca 13-t JiyHHO# nyJibcanuen

13-Tu nyHHbIil kanesaaps | ['puropuanckuii 12-tu me-
Kanengapu M N
UMBUIM3aIuu Maiin CSTYHBIN KaJeHapb
OTtHOCHUTENBHO
S 132 =122+5%= 12>2=5>+119
p 1224+42+32 122=4*+32+119
CBS3HU
O6benunenne Kocmoca | Ilcuxonmornueckast yuiep0-
Pesyinbrar .
B Enunoit Purmuke HOCTb JUIsl 0MOYacoB.
R

3aKOH COXpaHEHUs PHEPTrUM: IHEPrusi He HcUe3aeT U
He MOABJISIETCH BHOBb, HO, TpaHcopMHpyeMasi CBETOM
NpU B3auUMOJeiliCTBUAX, MepexoauT U3 oaHOi ¢opmbl B

APYryIo.
***

OHeprus n JIBrkeHue: JHeprus cyumecrsyer B JIBu-
JKeHHMHU; BHe JHeprum Her /[(BMikeHUs1, Kak BHe [{BHKEeHUA
HeT JHepruu; Jirodoe /[Buxenne, B KOHEYHOM cueTe, eCTh
nepexoj u3 oaHo# popmsbl JHepruu B Apyrue Popmel.

%
*ok

Oueprusa u lIpocrpanctso: IlpocTpancrBa BHe JHep-
TUM HeT, H00 IHEePIus He ucye3aer.
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IIpocTpaHcTBO, 3alI0JTHEHHOE JHEPrHed CaMOCYLIHUX
BOJIH BE€YHOH TbMbI, IYJIbCUPYET, UCKPUBJIAACH IIPH MOMA-
JAHUM B HEro BOJIHBI-YACTUIbI CBETA:

(Scz/4-Csz/4) =2* _

2'r=4n(R=2)

m,=E,=1/rx

Ilosepxnocmo cghepul

(7.1)

N BHOBb CTAHOBUTCH HeI/ICKpI/IBJIéHHbIM pa YIaJICHUH U3
moJifg CaMOCylIMX BOJIH KOMIIOHEHT CB€Ta.

*
kk

Coxpanenue Dueprun I[IpoctpanctBa momgo6HO 3 dek-
Ty MBUIBHOI'O MY3bIps: KaKyl Obl ()opMy B CBOOOJHOM IO-
JIéTe He MPUHUMAJ MBLIBHBIN NMY3bIPb, KOJIUYECTBO MbLIb-
HOI'0 pacTBOpa, (popMHUPYIOLIEr0 NOBEPXHOCTb MY3bIPH,
0CTA¢TCH NMOCTOAHHBIM.

N3 3TOro 3aKkoHa BBITEKAIOT CBOMCTBA JHEPreTHYECKOM

reoOMeTpuM, COIrjiaCcHoO KOTOPBIM, HaIIpHUMED,

cdepsl U umIconaa OyayT paBHbI, KOraa

¢ dext MbLIbHOTO My3bIps (IIpumep)
[ToBepxHoOCTH Cdepnr Dnnurnconsaa
[Torennuans Q =4nR? S=abn
OOmHOCTH a‘b =4R?
Hprvesarne aRI/I Il;al-ﬂggﬁb(l:lql):f IIjII’MaJ'IaSI HOJTyOCH 3JUIHIICA.

*
kk

ITOBEPXHOCTH

(7.2)

B IIpupoae Bpemenu, kak ®@opmbl JHepruu, Het. Ho
ectb IIpomoskuresbHOCTL Mepexoaa oAHOH Gopmbl IHEP-
rum B Apyryrw. Hanpumep, nepexon 3JIEKTPUYECKON SHEPIUU

B Pyne:
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gq* 16 onexmpuuecmeo

- _1o_ 1, (7.3)

—=—=
1; 16  npodonscumenvrnocmo

HNHuTepBan npoaoKMTEIbHOCTH 3aKAHYMBACTCH C
OKOHYaHHUEM TpaHc(opManuu OJHON (HOpPMBI SHEPTHH B JIPY-
I'yIO0.

[Tonsitue o Bpemenu, kak 00 DHepreTuueckoil Peanuu
KocMmoca - 310 Hama yao0Hasi MJLJIIO3Hs, [TO3BOJISIONIAs pac-
cMaTpuBaTh OeCcKOHEeUHYI0 uepeny l[IponomkuTenbHOCTEN Kak
Bpewms.

***

Co3pmars "MamiMHy BpeMeHHU', UMEIOIIYIO 3aJHUNA XOJ
HEJNb3s1, OO 1711 3TOr0 HEOOXOAMMO BOCCTAHOBUTH BCE MUKPO-
Makpo cTpykrypsl Enqunoro Kocmoca B TOM cocTosiHud, B KO-
TOPOM OHHU OBUIM B TOM MPOLLIOM, KyJaa Obl XOTEJIW MONAacTh
BOJUTEN MAaIlHbI BPEMEHH.

Taxoii Jnepruu Bo3Bpara y Enqunoro Kocmoca Her,
n60 Dueprus Equnnoro Kocmoca 3aBUCUT OT MOCTYIUICHUS ca-
MOCYIIIMX BOJIH.

*
kk

DHeprus CaMOCyIIUX BOJH MOXKET M JOJDKHA OBITh HC-
M0JIb30BAHA B IEJISX COBEPIICHCTBOBAHMS U MHTCHCU(DUKAIIIH
HAay4YHO-T€XHHYECKOTO IMPOrpecca COLMyMa, XKUBYIIETO CEro-
JTHS Ha 3eMiie.

Ha 06a3e HemocpeaCTBEHHOTO HUCIOJIb30BAaHUSI CaMOCY-
X BOJIH MOTYT OBITh CO3/IaHBI TPY THIIA MPOIIECCOB U arma-
paToB:

1. Ilpouecchl U annaparsl B (popmMe CHMBOJIOB, U30-
Opaxenuit, reomerpuueckux ¢uryp B [Ipoctpancrse, KoTopbie
ucnonb3yroT lIpoctpancrBennbie @opmbl 1 Matepuan ais
TpaHChOpPMAIIKM SHEPTHH CaMOCYIIMX BOJIH B HY)XHBIE Ham
BUJIbI SJHEPTHH.
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Tax pabortanmu [Tupamuel, onosceIBarOmKe BCIO 3EMITIO
BO BpeMeHa Besukoi [{uBunuzanmu, u ITupamuasl cHaOxanu
3emio DHepruen u3 Kocmoca.

2. Ilpomnecchl U ammapatsl, BKJIIOYarolue B ceds Koie-
OarenbHbI KOHTYP MHAYKTHBHOCTH - €MKOCTh (LC), cmoco6-
HbIE U3MEHUTh XAPAKTEP B3aUMOICHCTBUM IIPU IEPEXONE OT
B3aMMOJCHCTBHI B SIIEPHOM BEILIECTBE K JIOrapu(pMUUECKUM
BOJIHOBBIM T10J15iM (Ta011.7.1):

K reneparopam Tonkux JHepruii

ITponieccrr | SAnepnoe BemiectBo | Jlorapudmudeckue BOTHBI

IC (7.4)
KoneGammst | P1P2P3Paps= 102 <=2 =(-24-1+12+14+1)
rae LC - MHIyKTUBHOCTD - EMKOCTb.

Taxue reneparopsl LC yxe co3garoTcst METOI0M Mpod 1
omuOoK (cBoeoOpa3Hasi aJIXUMHUs MPOIECCOB U anmapaToB).

OpHako pe3yJIbTaTbl HACTOJIBKO IMOPA3UTEIbHBI, OCO-
OCHHO BO Bpay€BaHWM, YTO BCE 3aTPYIHEHUS KaXyTCs HH-
YTOKHBIMH.

%
*ok

3. IIpotiecchl U anmaparsl, BKIOYAIOIIUE B ce0s1 KOMOU-
HAaTOPHUKY JBYX OMHUCAHHBIX TUIOB, TO €CTh ®opmy - CHUMBOJI -
BEILIECTBO, U3 KOTOPOTO ceiaHa AaHHas ¢opma, a takxke LC-
KOHTYP.

BaxueimmM MOMEHTOM [JI CO3/1aHUA BCEX BbILIETIEPE-

YUCJIEHHBIX NPOLIECCOB W amnmapaToB SABJISETCS SHEPreTHye-
ckas crpykrypa llocrosuHon Beenennoi:

IIpumepsl TpanchopManuu
nocrossHHoOM Bceesiennoit

ITocto- | Conneuno- | [yx - Tenombr- |Maruernsu |(7.5)
. 3oauax
SHHasl | JIYHHBIA psn | Aymia OnoTox U SIpO
1008 3628 24-42 | 127 63-16 72-14= ...
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JHepreTnyecknii mpomecc TpaHcGopMauvu MOCTO-
sitnHoii Bcesnennoii (7.5) Oyaer urpath OnpeaesionIy0 poib
B Bb10Ope @opMmbl CumMBona - Gurypsl B [IpocTpancTse.

Tax, HanpuMep, eciu BO3HUKAeT HEOOXOJUMOCTh MOJY-
YUTH YHEPTHUIO C MOTeHIMaIoM 42, To opma cuMBOIIa TOHKHA
BKJIIOUaTh QUTypy ¢ mapamerpamu 24 (7.5).

*
kk

MonuTBeHHBIE XpaMmbl Bcex penuruno3Hbslx Kondeccuit
yctpemiieHbl B HeOo ¢ TeMu miM MHBIMH CHMBOJIAMH: KPECT,
IIOJIyMECSL U TaK JaJiee.

[nunu xpamoB TpanchopmupyroT ToHkue DHepruu
Hamux MouTB HebecubiM CylHOCTSIM.

OTBeTa MBI HE CIIBIIIMM TOJIBKO IIOTOMY, YTO HE YMEEM
U3MEPATH CBEPXCBETOBBIE BOJIHBI TOHKMX DHEPIruM, a BCSA Ha-
11a METPOJIOTUSA CBSI3aHA C DJIEKTPOMATHUTHOW BOJIHOW CBETA.

OpHako M MOJMTBA, U MEAMTALMS BO3JICHCTBYIOT Ha
HAC, TMOATBEPXKIas HAIMYME DHEPreTU4eckoro sddekra, u
nepsasi 3a1a4a, KOTOPYI0 HaJ0 pemiuTh npu padore ¢ ToH-
KUMH SHEPrusiMu, cocTouT B co3ganuu Merposaorum ToHn-
KHMX JHepruii.

7.2 CornacoBaHHOCTb Nynbcauuu
Benukou Nupamuabl, BaBunoHckon bawHun
n KoHcTpykuum A.l10.PoanoHoBa

A.JO.Poouonoe cozoan npubop-cumeon, obaaoarowuil
ceolicmeamuy mparcgopmamopa IHEPruu caMoCylIuX BOJIH
B KaKYI0-TO HOBYIO (D)OpMY IHEPTUH.

[Tpubop-cUMBOJI COCTOUT M3 PaBHOCTOPOHHETO KPEecTa,
B IICHTP KOTOPOI'O BCTABJIEH KpUcTaJLI (puc.7.1).

["'eomeTpus mpubopa (puc.7.1) kpecra TakoBa:

Jnuna nyda, mm | [llupuna nyua, mm | Tonmuuaa nyda, Mm

24 5.9 1,4.

(7.6)
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OTU COOTHOILEHUS COOTBETCT-
BYIOT IIMC-TPAHC W30MEPUU CHUPAIH
3oamnaka:

24 =12 —(-12); (7.7)

Puc.7.1 Ipubop-cumeon ~ CTHAPATH Kynnanunu:

A.10.Poo
00UOHO8A 5,93653,5"'2»553,52_2’52; (78)

Y OTHOLIEHHIO 3,5 BUTKOB cnupaiu KyHnanvHu npu paciiu-
peHuHU U 2,5 BUTKOB ciupanu KyHJaauHu npu CxKaTUu:

1,4=13,5/2,5. (7.9)

A ne Oyny BaaBatbes B aetaiu ycrpoiictBa A.FO.Poau-
OHOBA, CKaXy TOJIBKO, YTO Pa3MEIICHUEM KPUCTAILIOB UM ObI-
Ja peiieHa npoodsaemMa kojiedbarenbHoro KouTypa 17 < 0.

B nmaHHBIT MOMEHT Ba)XHO, YTO WHTYUTHUBHO CO3/IaHHAS
cucreMa padoTaer.

***

Hanpueiryto cyap0y pa3paboTKu s BHXKY B TOM, YTO
ycTrpoiicTBa - Kpect (puc.7.1) noacoeAMHSIOT C ABYX KOHIIOB K
OOBIYHOM JTFOMUHECIICHTHOH JIaMIIe THEBHOTO CBeTa (puc.7.2).

[TapameTrpsl 1 MaTepuai
KPECTOBHH COXpaHsieTCs, HO 5,9
L noBoauTcs 110 6 (7.6).

B nepBeIx 3kcnepuMeH-

Tax KPEeCTOBUHBI OepyTCs Ou-

Jlamna qHEBHOrO HAKOBBIMM I JTFOMUHECIICHT-

CBCTa HBIX JIaMIT JIFOOOHM JJIMHEI, H

KPCCTOBHUHBI PA3BOPAYNBAIOTCA

Puc.7.2 K sxcnepumenmam no ~ OAHA OTHOCHUTCIBHO JPYyT O Ha
CO30aHUI0 CBeMUNLHUKA yroi 1/4 (puc.7.2).
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Ecnu nroMUHECHEHTHAs JaMIla HayHET CBETUTHCS, TO
MBI TIOJIyYHM HE TOJIBKO CBEeTHJIBHHUK, O KOTOPOM YIIOMHUHAIOT
npeBHue pykonucu (roput 300 net 6€3 MCTOUHHMKA SHEPTUN),
HO ¥ METPOJIOTHYECKUM mpudop.

***

JI'OMUHECLIEHTHOE CBE€UEHHE JaMIibl (puc.7.2) MOXKHO
U3MEPUTH MO CUJIC CBEUEHUS M TOJYYUTh ONTUYECKUE Xapak-
TEPUCTUKHU, a TAKXKE 3aMEPUTh BOJbTAMIIEPHBIC XapaKTEpH-
CTUKH Ha IEMSX JaMIIbI.

O0paboTKa BOJIBTAMIIEPHBIX XapaKTEPUCTHK, JaKe €CIH
Jamna He OyAeT CBETHTHCS, MO3BOJIUT MPOABHUTAaTHCS B HYX-
HOM HaIlpaBJICHUU.

Camocymue BoiHbL Sin /4 = Cos m/4 = 1/4/2 m
Sc /4 = Csc m/4 = 2 mymIbcHpYIOT B DPE30HAHCHO-
AHTHPE30HAHCHOM PEKUME:

1. Pe3onaHcoM siBJIsSIeTCSl COCTOSIHME, KOI/Ia CaMoOCY-
I[He BOJHbI UMEIOT 001IHe NMPOCTPAHCTBEHHO-BPEMEHHbIE
KOOPAUHATHI, U, CJIMBAsACh BOCAMHO, 00pa3yrOT HOBOE (a3o-
BOE COCTOSIHHE BEIIECTBA.

Hanpumep, pe3oHaHC camMOCyIIUX BOJH B €AUHYIO TOY-
Ky ToJsi GOPMUPYET UMITYJIHCHI BOJIHBI M YACTHIIBI CBETA, TO
ectb (poHOH U (HOTOH:

Pe3onanc CaMOoCylIux BOJIH:
¢popmupoBanue poroH-poHoHa
Hyanuzm YacTunbl Bomnbl
Camocymme | Sc7/4-Sinz/4=1 _ DU Cscr/4-Cos /4 |(7.10)
BOJTHBI Cscr/4-Cosm/4=1 1=Scr/4-Sinn/4
KommnoneHTsI ®oron ®oHOH
CBCTA me=1=(/n)"=n E,c=1=(/n)"- =

Pe3onanchas IIyJbCalld MAaTCMAaTHYCCKH OIIMCBIBACTCA:
ACJICHUEM, YMHOKECHUEM, BO3BCICHUEM B CTCIICHD.
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Jasi camocymimx BOJIH Be€YHON TbMbI CXeMa pe30-
HAHCHOM MYJIbCAIlUM UMeeT CJIeYIOIIYI0 sieiKy (puc.7.3):

Sint/4-Sc /4 =
Scrm/4 1 _Sinz/4

2= 1<

Sinrz/4 u‘//"\Z Scr/4

Cscn/4-Sin /4 T1l 1 = Cscn/4-Cos /4
Cos /4 _l\‘ ‘/l Csc /4
Cscrm/4 2 Cos /4

Cos m/4-Sc /4

O6rmas cymma: 1+1+1+1+1/2+1/2+2+2 = 9 = (9+0).

Puc.7.3 Pe3onancnas nyavcayus camocywjux 6011

2. AHTHPE30HAHCOM SIBJISIETCSI COCTOSIHME, KOI/Ia JBe
WIH HECKOJIbKO BOJIH MMEIOT CBOM COOCTBEHHbIE KOOPIH-
HATHI IPOCTPAHCTBA NIPH OJJTHOBPEMEHHOCTH MYJIbCAIUM.

MaremaTu4eck aHTUPE30HAHCHASI MYJIbCALUS OMUCHI-
BAETCSl CIIO)KEHUEM, BBIUMTAHUEM KaK CaMHUX IOTEHLHAJIOB,
TaK ¥ OTEHI[MAJIOB B CTEIICHHU N.

AHTHPE30HAHC OMMCHIBAET MPOLIECCHI, MPOTEKAIOIINE B
o0yacTu jJorapuMUYECKUX BOJIH, HAPUMEpP, BO B3aUMOJCH-
CTBUSIX:

10 -24-1+12+14+1 102 — \/_ 52 (7.1 1)

rac: 5- OHCPIUA HHTCquHOﬁ CBA3H,
\/5 - CaMOCyHIHC BOJIHBI.

['paBUTAallUOHHO-MAarHUTHAsE IMyJibcallusl MATEPUYHOU
cBs3U paccmarpuBaiachk B cxeMme (0.75), a muc-TpaHc u3zome-

4 -3 7
pHS CAaMOCYIIMX BOJH 2 /v2 = +/2° popMUPYIOT d1eMEHTHI
Benukoi [Tupamunel (1a611.0.9) u camy Iupamuay (puc.0.3).
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Pe3onancHOE cixaTue caMoCylIuX BOJH (YOPMUPYET UM-
MyJILChI BOJIHBI M 4acTUIbl cBeTa (POHOH U (POTOH), a Takke
ANEKTPOMArHUTHYIO cpeny Mexay Humu. llossusercs Apyma
Tpé€xmepHoro IIpocTpancrsa:

= (mec = D(egpoc’= DHEc = 1) =xty+z=3, (7.12)

re: &, = 107/4mc? dapada/memp - FMEKTPUIECKAs MOCTOSHHAS;
to = 47107 T'enpu/memp - MarHUTHAS IOCTOSTHHASL.

Omoport 1oyt PoToH-GOHOHA U BIEKTPOMATHUTHOM
Cpellbl MeX1y HUMU 0e3 y4yéTa M30MepHM SIBIISIOTCS, HAIPH-
Mmep, Terpakcuc [Iudaropa wu terparpammaron KaG6abr.

Ontopoit nosist  GoTOH-GOHOHA W BJIEKTPOMArHUTHOU
Cpellbl MEXIy HUMHU € Y4€TOM HM30MepHM sBIsieTcs 3Be3aa
JlaBuna.

Onnako MaBua, aBropsl Ka66ansr u [ludarop uckamm
OTBET B I'€OMETPUM MBUIBHOI'O IYy3bIps, HE MOJ03pPEBAsL O pe-
HIAIOUIEN POJIM KUHEMATUKH.

***

OO0béM KpecTOoBUHBI, npennoxeHHon A.FO.PoauoHo-
BbIM, OyAeT 3 (PEeKTUBHBIM NOTOMY, YTO AJMHA Jyda KpecTa,
paBHas 24, B 00bEMe KPECTOBUHBI JOCTUraeT 24:

O0bém kpecTtoBuHBI (7.6, puc.7.1).

(7.13)
Vk =4 nyua % 24:6-1,4 mm® = 24* 1,4 mm>.

[TockonbKy AOCTHMXKEHUE KBajapaTa NEPBOHAYATIBLHOTO
MOTEHIMAJIa CBA3AHO C M3JIYYEHUEM, TO KOHCTPYKIIMS
A.JO.PoguonoBa HacTpoeHa HA u3iy4denue (7.13).

B ciydyae nmpumeHeHHs TIOMUHECIIEHTHON JIAMITBI THEB-
HOTro cBeta (puc.7.2), mpoxoAas yepe3 rasbl Jamibl, OyaeT u3-
JTy4aThCsl CBET:
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Vi=24>1,4=6*4*1,4=36T,>14. (7.14)
***

OTHOllIEHUE TIOCTOSIHHOM BceneHHol K KpecTOBUHE
A.YO.PoamonoBa cBsizano ¢ mosiBienneM Egunauier Cuuncrie-
Hus Benukon [{uBunu3anuu, Ha3BaHHOW Ero manbmou:

Iocmosnnas Beenennoti _ 1008 _ 1,75 _ 2,5 Z
Kpecmoeuna Poouonosa 242 -1,4 B 1,4 Bl 3,5 4 ’

(7.15)

rae 1/1,4 =2,5/3,5 - orHomenue 2,5 o6oporoB Kynaanuau
pu ckatuu K 3,5 obopotam KyHaanvuau npu pacuimpeHnu;
7/4 - manbMma:

1T_Ty+r _p_p*_ |pp* (7.16)

0 9 49 a9

OtHowenue (7.15) maér yHHKaIbHYH0 BO3MOXHOCTb
npoBeputh BiusiHue KyHnanunu Ha (a3zoBoe cocrosiHue cyo-
cranunii Kocmoca: raspl, »KMAKOCTH, TBEPAbIC BelIeCTBA U
JKMJIKaA MJIa3ma.

KoncTpykuus anmapara aJjisi IpOBEACHUS UCCIIEIOBAHUM
OyZeT ocTaBaThCsl MOCTOSIHHOM M MOKa3aHHOW Ha PUCYHKe 7.2.

B kadectBe kuIKoCTell HEOOXOIUMO UCCIIEIOBATh, Ha-
npuMep BOAY M PTYTh;, B KA4eCTBE KUIKOW IJIa3Mbl HAJIO0 HC-
CJIEIOBaTh OMOJIOTMYECKYIO TJIa3My: KpOBb, TUM(]Y U Tak ja-
jee.

UccnenoBanne TBEPABIX BEIIECTB HEOOXOAMMO BECTH,
3aMEHUB TPYOKYy Ha CTEP)KHH, HAIlpUMEpP, U3 TPOBOJHUKOB, U3
MOJIYIIPOBOJTHUKOB, M TPOBEPUTH MHUHEPAJbI, 00JaJaroye
s dexrom Kupnuan.

PesynbTaT uccnenoBaHuil JOJDKEH J1aTh 0000IIEHUE CO-
CTaBa - CBOMCTB IOJIS MTOCJIE MPOXOXKIACHUS dSHEPTUH uepe3 (Pa-
30BbIE COCTOSIHUSL:
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Iloctynaromnias
yrarom Const (7.16)
SHEPrHs
®dazoBble la- | XXun- | Teépabie | XKunkas | (7.1
O¢up | Cer A P A (7.17)
COCTOSIHUS 36l | KOCTH Tena [Iasma
Pesynprar O000111eHHE COCTaB - CBOMCTB.

[Tokazannas B cxeme (7.17) MeTOAOJIOTUSI BBITEKAET U3
BCEr0 KOMILIEKCA 33/1au M0 UCCIEAOBAHUIO U UCIOJIb30BAHUIO
Tonkux OuHeprui: cHauana BiussHue dopm m Marepuanon
(maccuBHOe BO3/eliCTBME), 3aTeéM YacTOT B JUara3oHe
10'+10" BHe (hopMBI (AKTHBHOE BO3/IEliCTBHE), a 3aBEPIICHHE
paboT JOJDKHO OBITh CBSI3aHO C AKTUBHO-MACCMBHBIM BO3-
AefCcTBHEM.

%
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IIpn M3ydyeHUH MACCUBHOIO BO3JCHUCTBUS 3a KPUTEPU-
QJIbHBIE 3TAJIOHBI JOJHKHBI OBITH B3AThl MPONOPLUN BeJTHKOM
Mupamuabl Erunra (puc.0.3) u BaBwionckoi bamun my-
MepoB, ToCTpoeHHOoI B Meconoramuu (Tab11.2.6).

[Tpumep Takoro CpaBHUTEIBHOTO aHAIW3a s MPOIAEMOH-
cTpupyto ¢ kpectoBuHoii A.FO.Poanonosa (7.13).

[IpryéM, MBI HOJKHBI TBEPAO IOMHUTH W 3HATh, YTO
BAKHEHIIYI0 POJIb UTPAIOT He pa3Mepsbl (KM, M, CM, MM, Awu
TaKk jaajee), a Oe3pa3MepHbIe COOTHOILEHHMSI 3JIEMEHTOB -
¢uryp.

[Tupamuia MOKET OBITH pa3MepoM ¢ Belukyto [Tupamu-
ny Erunta, a MOXXeT ObITh HACTOJBHOM WJIM BBITIOJHECHHOM,
HanpuMmep, B aHICTpeMax, BMOHTUPOBAHHON B 3allOHKY U TaK
nainee. B moboM ciydae BO3HHMKaroIas KojieOaTenbHasl He-

paBHOBecCHas cuctema Oynet GopMupoBaThCs Kak
v 4
=T I ) PN (7.18)
VK VE

rjae Vi - 00béM Benukoi [Tupamuasl unu e€ sneprus (3KBUBa-

JIEHT MPOCTPAHCTBY) B TpExMmepHoM [IpocTpaHcTBe;
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Vi - 006EM (9KBUBAJICHT YHEPTUU KPECTOBUHEI PonoHoBa

(7.13);

V5 - skBUBasIeHT 2Heprun (00bEMa) BaBunonckoi bamau

(Tabn.2.6).

IIpuB/jieyeHHe K aHAJN3Yy HEPABHOBECHOH CHCTEMbI
(7.18) BaBmionckoii bamHu 1aét BO3MOKHOCTH CBSI3aTh
HEPABHOBECHYIO CHCTEMY CO CIIEKTPOM CBeTA.

%
*ok

[Tapamerper cemu cryneHed Ilupamuabl ''BaBuiion-
ckasg bamaa' nmokasausl B Ta0ure 2.6.

Ha nmepBoMm, BTOpOM, TpeTbeM M YETBEPTOM YPOBHSX

[Tupamu bt

"Basuionckas bamag"

OKpAIICHHBIC KBAHTbI

(u€pHbIii, 1IBETA OXpbI, KPACHBI M 30JI0TOI) MYJIbCUPYIOT B
aHTUPE30HAHCHOM pexume (Tabdin.2.6, Tadn.7.3).

Tabnuua 7.3
AnTHpe3oHaHc B Ilupamuae Basuionckas bamns
yl:I;)IB_ [Ber [ToTeHmansl PesynbTar
. = [TosiBneHue B criekTpe
I | Heperi 4=T,=+2 CaMOCYIIMX BOJIH
10=ps=1+2+3+4 B3aumMozeiicTBue MarseTusma:
2 Oxpa N 14 — *
B3aumozeicTeusa |10+4 =14 = \/uu
8= i _ 7 ¢ |YcioBus NOSABICHHSA 22 OykB
3 |KpacHbrii o, 0 w, |ABpaama (Tenenarus):
pacimpenne 4+10+8 =22
20 = AK/AXK  |Bo3HukHOBeHUE cepana (ay1in)
4 3onoro | KpacHast 3Be3aa |MIM MBICIH U TIAMATH:
(teorenesuc) [22+20 =42 =28+14

Cywm-
MBI

1. Cymma yposaneii: 1+2+3+4 - onucano Moannom borocinosom B
Kpyre Yausepcyma (OtkpoBenus, [6])

2. Cymma noteHuanon: 4+10+8+20 = 42 - onucano B Kuure
Méptseix [10] kak 42 boxectBa Cepaua.
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[Ipy nOCTMKEHUN YHEPrETUYECKUMHU NTOTOKAMH YETBED-
TOrO Cl0s-ypoBHs BaBuioHckon bamHu antupe3oHaHc me-
PEXOAUT B PE30HAHC, @ PE3YJbTATOM 3TOro mnepexona Oynaer
ABJISITBCA TOSBJICHUE TOJIIPHBIX BUXPEHN C MOTEHIManamu +21

(Ta6n.7.3).

IIpoucxoskaeHue MOJSIPHBIX BUXPeEH

Pesonanc (22+20)-(28+14) _ 42° P
Aumupesonanc  22+20+28+14  42+42 !

(7.19)

IIpuMeuanue: UCIOJIB3YETCs TeIeNaThs, IPaBUTaLus,
MarHeTU3M U KPaCHO-XKENTOe OTHOLIEHUE.

Ilepexon Ha 4yeTBEPTOM ypoBHE BaBuinonckoil baminu
OT aHTUPE30HAHCA K PE30HAHCY 3aTparuBacT U B3aUMOJIEUCT-
BUsI CBETA, ONHUCAHHOIO IOPSAKOBBIMM HOMEPAMHU YpPOBHEM:
[+2+3+4 =10 = ps:

Pesonanc _ (1+2+3+4=10)-(10=4+3+2+1) 10’
_ =—=50, (7.20)
Anmupesonanc (1+2+3+4)+(4+3+2+1)=20 20

rae: 1+2+3+4 - Bocxoasiye K pe30HaHCy dHEPreTUYECKUe
MIOTOKHU;
4+34+2+4 - sHEepreTUUeCKUe NOTOKH, HUCXOSIIINE
K aHTUPE30HAHCY YEPHBIX CAMOCYIIUX BOJIH.

*
kk

CuHalicKue CeMHUTBI XBAJSITCS, YTO OHU BHIOpaAIH y IIIy-
MEpOB MX MOATUYECKHUE 00pa3bl, 00padoTad MX, U CO3AIH
COOCTBEHHBIC HaIpaBiIeHUs B Maru |1, 2] u penurumu.

Ot1o neictBuTenbHO Tak. B Ilstuxkumxkue Mowuces (Mc-
X0J1) ONKChIBaeTCs kKak AapoH (momMomHuK Mowces) 060xkecT-
BUJI 30JI0TOTO TEJbIA U MOACPHU3UPOBAI B CBOIO MOJIB3Y I'pa-
OUTENbCKYIO HAJIOTOBYIO CHCTEMY (3TO B PEJIMTHUN).

B Marum cuHaiCKME CEMHUTBHI TOJMEHHIN ITYMEPCKHX
ooros, coznas Kab6any.
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[Torenuunan mepBoro ypoBHs, paBHbI 4 (Tabn.7.3), cu-
HaliCKMe CEMUTHI MOJMEHWIN YETHIPhMSI AJJaMaMu, a pe3yJib-
Tat nepexoja ¢ noreriuaiom 50 (7.20) crtanu TpakToBaTh Kak
BOpoTa i Beecytiero 6ora AitH CO®.

Nucyc Xpucroc He BpasymMuil CEMUTOB HU npu JKu3Hu,
HU 3 Kuzau nocne Xuzuu: npu Kuznu pacrsumm, a OTKpo-
BeHUs, TPOAUKTOBaHHbIE U3 JKu3Hu nocne XKuznu, uzBpama-
FOTCSL U TPETUPYIOTCSI NYAAU3MOM U CEMUTU3MOM.

He nomorno u 1o, uro Xpucroc npumén B JKu3up Kak
ceMuT - napb Myaencknii: HEBEKECTBO HHTCPHAIIMOHAIBHO.

*
kk

[IaTerit, mectoir u ceapmoit ypoBuu Ilupamunasl "BaBu-
nonckasi bamnsg", cxumasice B 00bEME TIpU ABUKEHUU K BEp-
IMHE, MYJILCUPYIOT B PE30HAHCHOM pexume (1abmn.2.6,
Ta071.7.4).

Tabnuna 7.4
Pezonanc B [lupamuje "BaBuionckas bamusa"
YpoBHU [IBeT [ToTeHumanel Pesynprar
BosHukHOBEHHE
Biteo- 3NIeKTpoMarLeTusma: +15 =
5 G TThII 15=(To+1)(To-1) [ | lj
(16+14) |+ [p dop = £
0
A3zypu- ®opMHUpOBaHUE PE3OHAHCHOMN

6 TOBasA 12=T, 7 criupanu 3o0auaka:
Ja3ypb (+12)-(-12) =-144
MarHuTHbI€ OIS

7 Cepebpo | 30=15—(-15) [1>+22+32+4? = 30 boruns JlyHsl

-(4*4+32+2%+1% = 30) bor Jlynsl

2
IIpounsse- |1. IlopsiaxoBsie HOMepa ypoBHeit: 5:6-7 =210= 10- 42

JCHHS 42 +42

2. IlponsBenenust noTeHUHAIOB ypoBHe: 15-12-:30 = 54-10?

[Mpume- | Yucnmo permHKapHANWi B 1MoJie ¢ HHAYKTUBHOCTBIO 107 1/A:

YaHUs [54 — (-54)]-10>=108-10?
HprpenCrrias K, = (5410 : 108102 = 27-107.
yJIbCalus
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[IpuBenéHHass pe30HAHCHO-AHTHPE3OHAHCHASI TTyJIbCa-
1IUsl DHEepreTudeckoro noyst B o0béme [lupamunsr "BaBuion-
ckasg bamusa" (ta6mn.7.3, Tabn.7.4) Oymer cBs3aHa ¢ HEPABHO-
BecHOM cuctemoi (7.19):

O0bém Iupamuasl Bapunonckas bamns (Vi):
Kanasa Boasl

Konebanus Ki=+£21 < 12710 =K,

K,p K, P K, — K, pK, - K,
3 = 2 =5 721
mK, +K, K,/ p;K, mK, /K, (7.21)

Ilynbcanus
(p22K2)2 = (p22K2)2 — K12 = K12
277 =277 - 217 <212
. 00=02212=7*18=Vj
O0BéM

Boxaa B 00010uKke: Kamnis.

il
O0bém Benukoit [Tupamunpl Erunra, paBHbIii
Vy :lazH:lg.zm 218-4-2’1/4 =
3 3 3
8:4:(0,39=0,4) =128, (7.22)

rae: 8 =Ty ¢/, = (c/®,)? - 3apOoJIbIII paCIIMpPEHUs, ONTUCAH-
HbII B quarpaMme SAH-MHb kak cBeTyIas TOYKa B TEMHOM BOJI-

HC:
g 64> -8
ﬁmz - =1oos, (7.23)

0

rae: 1008 - mocrostHHas BeenenHon no BOAOpoay.
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B T0 ke Bpems pacmupenue Beenennoit (¢/®,)* B TpEX-
mepHoM IIpoctpancTBe (GopmupyeT B ATOMax YCTOWYMBBHIC
OpOUTHI C BOCEMBIO DJIEKTPOHAMH.

BTopbIM TUIIOM yCTOMYHMBBIX OpOUT B aTOMAaX SIBJISIFOTCS
OpOUTHI C ABYMSI DJICKTPOHAMH.

YcroitunBoCcTh OPOUT € ABYMsI DJIEKTPOHAMH OIPEICIIs-
etcs nipeaenom cxatus (T, w./c = 2) Beenennoii.

***

DJIEKTPOH - ITO CTYCTOK, KOTOPBIN KaK JII0O0H CTyCTOK
- Kanna, onuceiBaercs nponopuusiMu Benukon [lupamusl.

[ToaToMy ycTOiuMBBIE OPOUTHI DIEKTPOHOB B ATOME U
niasa Beeaennoit Exunoro Kocmoca MOKHO NpeacTaBuTh
KAaK CHCTeMbI U3 JIBYX H BOCbMH 00béMOB Besnkoil Ilupa-
mMuabl (Tadn.7.5).

Tabmuma 7.5
YcroituuBbie (AKCTpeMajibHbIe) COCTOsIHUSA BeesieHHOM
npu 8 u 2 crycTkax Ha opouTax

[Tynbcamus | CokpoBeHHas copokoBuna | Juarpamma SAu-Uub
64> - 27
8V, =12,8)=1024 =— Z |4]1=
( - ) =40 [64@ T,=4 j
1023+1 = 1024.

pacuiupenue _
colcamue 2(V, =12,8)=25,6

Mexay pacuiupeHHeM M CKaTHEM BO3HUKAIOT TapMO-
HUYECKHE KOJIEOaHUsI C TIEPEX0/IOM MEXITYy COCTOSHUSIMHU Mar-
HUTHOM dHepruu (Tadim.7.5).

B crycrkax um Memxay CrycTKaMM BO3HUKAKOT YCTOM-
yuBbie Kosebanus Yepeanl [lpono/rkurensHocreii (Bpeme-
Hu), (7.24) .

Tak, Hanpumep, 115 pacmpenus: Ha dtane 1010 (7.24)
m3BecTHbl 101 mamouka Benmukoro kusA3s Pycm Meana III, u3
koTopeix pumckumu mudpamu I, 11, ... XX, XXIV ckmamasi-
Bajicsl nu(epOI1aT yacoB HA CYTKH U3 24 4acoB.
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Kosiebanus Mmexkny ycToiunBbIMUA OpOUTAMH

Pexum Pacmmpenue | MarautHoe none|  Cxarue
0
[lepexoasl 1024 < 0 >125,6:p5s =256
1| 1010 4= yup* | 256
[lynbcamus | 2 1010 0 > 270
30 1011 +10=ps 260.

(7.24)

Jns pacmupenus ¢ noteHuaioMm 260 (7.24) uzBecteH
13-t nynnsiil Kanengaps uuBuiavuzanuu Maiiu:

MK =70 A

260

260

AK =1400 4

— =13,
20

(7.25)

rae: 13 mecses no 28 nuet natot 364 aHs, a 4ETbIpE HEEIH
B MECAIIE ONPEACIIAIOTCS KaK:

Heuérturle YeéTHbIE
Henenn | 1. kpacnas |2. Genast
3. cuHad 4. xénrasl.

(7.26)

Takum 00pa3om, B CIIEKTPE CBETa BO3HUKAIOT KoOJeOa-
Hus tuma (7.26):

AK =14004 _

AK =704

NI

20

12

36004 =

Ab

3004=AC

53,

(7.27)

(7.28)

rze: konebaTenbHbI KOHTYD (7.28) onuckiBaeT KoieOaHus
noBepxHocTu Kamu-Anpa csera no ammnutyae (5 =T,+1) u

(3=T,-1).
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Ot KonebaHust (POPMUPYIOT TOCTOSHHYIO TOHKOM
CTpyKTyphl (1/00):

1/a. = 137,0000021 = %Tc-e”. (7.29)

*
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TonbKO MOHSB IUHAMUKY IyJIbCAIIMU CTycTKOB-Kariens,
ONMCAHHBIX SMIOPaMU BEKTOPOB B GopMme Bennkoil [Tupamuasi
Erunta u [Tupamuns "BaBunonckas bamasa", Ml cMoxkeM 0e3
BCSIKOM MUCTHUKHU BEPHYThCA K HEpaBHOBecHOU cucteme (7.18)
u cBs3aTh 00BEMBI [Tupamun u kpectoBunbl A.FO.Poanonosa:

KpecroBuna Poaunonosa
B TUCKaX Beaukux [lupamuyg

[lynscanus Bennunnsl [lynscanus
(anmrebpa) 00BEMOB (apucmeruka) (7.30)

VH — 12,8 (722) 12,8X7218 = (2421,4)2

Vi Vi = Vi

mVE=ViE | g (7a1) | 11289:6 65028096
(7.18) 1< 57,6
Vi =24>14(7.13) 0o o6k

OCHOBHBIM JIOCTOMHCTBOM TPOTOPLUNA KpPECTOBUHBI
A.JO.PonuonoBa sBisiercsa 1o, yto B noje (7.30) Bo3HUKaeT
pPa3HOCTb MOTEHIINAJIOB, PaBHAS:

+(56,6 — 57,6) = Fl. (7.31)
***

OTa paBHOBECHAs pPa3HOCTh ITOTEHIMAIOB HE OKa3bIBAET
conpotusiieHus nynscaiuu Enqnnoro Kocmoca vy o Heroro-
Hy: JelCTBHE PAaBHO NMPOTHBOAEHCTBUIO (MOJET KOCMHYE-
CKHX pakeT Ha KEPOCHUHE), HU 110 MuuypuHny: "Mbl He MOKeM
KaaTh MmuJiocrei ot Ilpupoasl. B3saTh uX - Hama 3aga4a’.
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Jlaxxe yBakxaeMOMy CEJEKLUHMOHEPY, KAKUM BHE COMHE-
Hus sBisercs M.B.MuuypuH, npexzae 4yem 4yTo-mu0o OpaTh He
CIpPOCACh, HAO0 ObUIO OBl MOJYMaTh, YTOOBI MOHATh: PA3HOCTD
MEXIy TEHOMOM 63 W IMC-TPAHC U30MEPUUYECKHUM IMOTECHIMA-
oM 57,6 sBisercs 3apoasiieM 108 pernHkapHanuii, Tak Kak

63 —-57,6 =5,4—(-5,4) = 57,6 — 63, (7.32)
rae: £[5,4 — (-5,4)] = £10,8.

7.3 AMMMaK - MeTaH:
penepHble TOYKU Nynbcaunn BceneHHowm

PaccmaTtpuBasi MaTepuamlCTUYECKyI0 (QOPMYITUPOBKY
@.OHrensca: "Ku3Hb ecTb (popMa CyuiecTBOBaHHMSA 0esIKO-
BbIX TeJI', - Mbl IOHUMAEM, UYTO KJIACCUK MAPKCHU3Ma He JA0ra-
abiBajicsa 0 ZKuzHu 10 ’Ku3Hu, 4yBCTBYIOLEro U BHe (op-
MbI [3].

Tem ne menee, Hu K.Mapkc, Hu @.DHrenbc He CMOTIIU
MOJIHOCTBIO OTKa3aTrhcsi OT MucTukn ToHKHX JHeprui u Ha-
yuHatOT MaHu(pecT KOMMYHUCTUYECKON MapTUU 3aKIMHAHU-
em: "Ilpuspak Opoaut nmo EBpome - mpudpak KOMMYHH3-

"

ma'".
***

[lepexon OT KamuTaiu3Ma K COLUUAIM3MY MOJI00CH me-
pexoay OT ra3oB (BOAOpoja, a30Ta, KUCIOPOJA) K KUIAKHUM
cpeaam, a 3aTeM K TBEPABIM TeJlaM Ha OCHOBE yTJIEpoJa C
aTOMHBIM BecoMm 12.

B npouecce coznanus XKuzuu kak @opMbl CyIIeCTBOBA-
HUS OCJTKOBBIX TEJ CYHIECTBEHHYIO POJIb UTPAIOT a30T - BOJO-
POAHBIE U YTIIEPOJ - BOJAOPOAHBIE HEMPEAECIbHBIE U MPEICIb-
HBIC COCIMHCHUS.
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Havano psay a3oT - BOAOPOAHBIX COEAVMHEHUH NMaéTr
ammuak (NH;), ctpykrypHas (opmysia KOTOPOro ONMChIBaeT-
csa nponopuusaMu Ilupamuasl ¢ ocHoBaHueM B ¢gopme Tpe-
yroJbHHMKA, Nog00Horo terpakcucy Iludgaropa uiam rerpa-
rpamMmartony u3 Kaoo6anawsl (puc.7.4).

CoBMmerieHrne JByX MOJIEKYJ aMMHaka CBOMMH OCHOBa-
HUSIMH - TPEYTroJbHUKAMHU, MOJSPU30BAHHBIMU HA YTOJ
n/4 =c/T,, MOXeT ObITb M300paXKEHO BEKTOPOM - MOJAO0MEM
3Be3ne JlaBuaa (puc.7.4).

U cBet, u MoJekyna aMMHaKa 00J1aJlaloT HUHBEPCUEH, TO
€CTb ITyJIbCUPYIOT, BHIBOPAYUBASICh HAU3HAHKY.

***

Havano mnpenenasHeM yriaeBojopoaaMm Ha€T MeTaH
(CH,), ctpyktypHas ¢opMylia KOTOPOTO ONMUCHIBAETCS MUpPA-
MUJION ¢ ocHOBaHUEM B hopme kBaapata (puc.7.4).

CrpykrypHas ¢opMmyia METaHa SBIISIETCS MOA00HEM Be-
aukot Ilupamuasl u Ilupamuasl "BaBunonckas bamias"
(puc.7.4).

36e30a ﬂaeu()a N =14 Juu* (macnemusm), H=1

1. Ammuax NH,= 2 Monexynsapuwie yenu 3. Cosmewenue
OCHOBaHUL

QOQO@

Ocnoeanue genuxoii Illupamuowvt C=12 =T, r=cnupars 300uaxa
4. Meman CH4— 16 5 MOJzeKyﬂﬂprle yenu 6. Coemewenue

OCHO8ANUIL
C C
H=1
Hl

Puc.7.4 CmpykmypHvle popmynvl ammuara u Memaua ¢ nO3uyuu
Mmazuyeckux sniop 36e30b1 Jlasuda u ocnosanus eenuxou Ilupamuosi.
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[Tpu aHanu3e CTPyKTYpHBIX (OpPMYyJT aMMHaKa U METaHa
MBI JTOJDKHBI OTAEIUTHh a30T U BOAOPOJ OT CI'yCTKOB CBETa
m.* = 0,008:

An=14,008—m*=14 u Ay=1,008 —m* =

B sTom cnyuae aTomHBIN Bec azoTa Oyner paBeH 14 u
SABJISATBCS DKBUBAJCGHTOM .Juu*= 14 MarHuTHOrO IOJs

(puc.7.4).

MonexynspHbIl BeC amMMuaka, paBHbBIM 17, cBsizaH ¢
KoHTypoM kosiebanuit (17 < 0) mons Tonkux DHepruii, a B
aMMHaKe MeXJy aTOMOM a30Ta B BEpILMHE U aTOMaMU BOJIO-
poa B OCHOBaHMM He OyIyT MpOTEeKaTb pPE3OHAHCHO-
aHTUPE30HAHCHBIE KOJICOaHMUS:

N (v -GrY =14 -3) (V3H=143) e 2L -3
3H 3 N 14
nm 142 & (142 — 32)(14°3)2 < 32

0 <> 5885 < 0. (7.33)

Bo3HukHeT HHBEpCHOHHAS BOJTHA
aMMHaka ¢ moTeHmuaaoM 5855 (7.33,
puc.7.5), u 6e3 BCSIKOTO YBaXX€HUs K
3Be3ne [laBuaa, BHIBOpAaUMBASICh HaW3-
HAaHKy, aMMHakK OyJeT BBIJICIATH pe3-

KUM 3alrax, HCHOHBSY@MBIﬁ B BBITPC3-
Puc.7.5 Ilomenyuanet  gyressix.
UHEEPCUOHHOU 60IHbI
ammuaka (7.33) &

s 800 5000

Mexny a30TOM U YIiaepoAOM €CTh CYIIECTBEHHAs pa3-
HUIIA B IPOUCXOXKJICHUHU: a30T - 3TO Jorapudmudeckas BOJIHA
OT SIZICPHBIX B3aUMOJIEUCTBUIL; yriiepon - Jorapupmuyeckas
BOJIHA OT 3JIEKTPOMArHUTHBIX B3aUMOIeUCTBUM (Ta0:1.7.6).
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Tabmuma 7.6
IIpupoaa npoucxo:kaeHus a30Ta u yrjiaepojaa

Jlorapudmuueckue BOJHBI

D eKkTHBHOCTH B3aMMOCHCTBHIA
U aTOMHBIC Beca

SlnepHbie | DIEKTPOMAarHUTHBIE A3zoT Yraepon

ps=10" py=10" lgps=14=Ax|lgps=12=Ac.

Konebanust aromapHOl CMECH a30Ta W yriiepoja B TO-
nsax [3man KocMoca nynbcupyroT kak 13-Tv JyHHBIM KaJleH-
Jlapb nUBWIK3anuu Maiiu:

+13= (AN+AC)(ij¢ dp) = (14+12 =26)(£1/2). (7.34)

Takas (7.34) a3oT-yriaepoJ aToMmapHasi MMyJbCalusi BO-
BJICKAaeT B CBOIO OpOUTY Bce cymiecTBytomme B Ilpupome
B3auMoiercTBus (Tads.7.1).

%
*ok

B monekyne MeraHa MexXay yrjepoJoM B BEpPIIMHE U
YeThIPbMS BOJIOPOJIAMU B OCHOBAHMH BO3HUKAIOT PE30HAHCHO-
aHTUPE30HAHCHBIC KOJICOAHUS:

4H
C | (7.35)

B ssle-@ny)can=6m0st
4H 4 3

0<20150=13-3150 < 0.

Bo BHyTpeHHeM Ioje MeTaHa MEXAYy YTIepojJoM B
BEPIIMHE U YEThIPhbMS aTOMaMHu BOJOPO/a B OCHOBAaHUHU MOJIC-
KYJIbI-TUpaMuIbl (puc.7.4) BOSHUKAOT KOJIeOaHMs, TTIOTEHIINAIT
KOTOPBIX BKIIFOYAeT B ce0st MmHOoxkuTeau 13-31-50 (7.35), Mumo
KOTOPBIX HE MPOLUIM PEJIUTUU U Maruv BCEX BPEMEH U HaApO-
noB. Bmecte ¢ tem, norennman 13-31:50 - 370 pe3oHaHCHBI
MOTEHIIUAJI, KOTOPbI BO3HUKAET M3 CaMOCYUIUX BOJH C TO-
TEHIIHAJIOM /2 :
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13:31-50 = 13-31-5242". (7.36)

KonnuecTBo paBHOBECHBIX cOCTOsiHMM B ToJie (7.36) Be-
mukas LuBunmzanus omnpezaensia METOAOM JiorapudMupoBa-
HUS, MPU KOTOPOM OCHOBaHHUE Jiorapudma paBHSIOCH JOra-
pubMUpyeMOMY YUCITY:

Jlorapudpmuueckuii MeToa
onpeaejeHusi paBHoBecuii (7.36)

TloTenuuman

- Yucno paBHOBecul - 5kBUBaNEeHT KyHnanunu (7.37)

1331-524/2 logi313+logs 31 +logs5*+log ; v/2" =1+1+2+2 =6.

Heo0xonumble MOSICHEHHA: pacy€T MO HAyKe Halleu
UBUIIM3AINHI ObUT ObI CBJIEH MPHU JIOTapU(PMUPOBAHUH TIO JTFO-
OOMY OCHOBaHMIO X K cliienytoiiemy (7.36):

log,13:31-42" 52 = ... (7.38)

B srom cinyuae (7.38) Hamia Hayka HE Y4YMTHIBAE€T Kak
JUCKPETHOCTh CHUHTE3a-MYJIbTUILUIETHOCTH MOJIS, TaK U JIMHA-
MUKY PE30HAHCHO-AHTHUPE30HAHCHOMN MYJIbCAIIUH.

[TorTomMy Hamu (QU3NKU-TEOPETUKHU MPUXOISAT K BBIBO-
JlaM: €O CKOPOCTHI0 CBETA MOKET JBUIaThCsl 0ECKOHEYHO
00JIbIIIAs MACCA.

Ho B Peanusx co ckOpoCThIO CBETa COBEPIIAOT JBHXKE-
HUE MeTbYaiime Macchl GOTOH-(DOHOHOB.

Cymma macc poton-pononoB Bo Beenennoit Oyaer Toi
OECKOHEYHO OOJBINON MacCol, O KOTOPOW TOBOPSAT Hammu (pu-
3UKH.

Boicokasi Hayka Beaukoil [luBuiausanuu yunteiBasia
AUCKPETHOCTh MACC M YUYMTHIBAJIA MOTEHIIHAJIBI PABHOBEC-
HBIX YPOBHeW Me:KIy HUMH METOJAOM IeJIeHANPABJIEHHOT0
JorapudgmupoBanus (7.37).
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Merton 1ieneHanpaBIeHHOTO JTOrapu(pMUPOBAHUS COCTO-
ST B TOM, YTO JIFOOOW IMOTEHIIMAT BOJIHBI-HACTHUIIBI MHKPO-
MaKpo MHUpa pacKJIaJbIBaJCId Ha MHOXXHTEIH, Jajiee HE IOJ-
JAIOIIUECS NCJICHUI0, M OMPeesiia JIorapu(M 1o OCHOBAHHIO
MHOxuTeNA (7.37).

%
*ok

Konebanus yriepoaa u BOAOPOAOB B MOJIEKYJIE METaHa
npuBoaAWIM K popmuposanuto Kynnanuuau (7.37):

{2+ H2+1)=6=3.542.5=3.5-2.57].  (7.39)

[{uc-tpanc nzomepuss Kynpanunu B metane GopMupo-
Baja crupaiib 3ouaka B noje merana (CHy).

Crnupans 3o1uaka 0cBOOOXKAaIaCh OT BOJOPOIHBIX CBS-

3eit. llosBisnace TBepAp aroMa yriepoaa ¢ aTOMHBIM BECOM
12.

Tak, nampumep, Bo3Hukana 3emHas TBepab: u3 >¢u-
poB - ra3bl, U3 razoB - metad (CH,) - cunan (SiHy), a ganee -
YIJIEpOA-KPEMHHM.

Co3aareb He ObLI aJXMMHUKOM, OH O0bL1 XHMMHKOM,
TO €CTh CIIELUATUCTOM, 3HarmKUM KopHM NpUYMHHO-CIEACT-
BEHHBIX CBsi3el (3akoH Kapmpl).

*
kk

BosHukaroT konebaHusi BHyTpH 00bEMA MOJEKYII - ITH-
pamun (puc.7.4).

OtH KoJiebaHusi B 00bEME BHYTPEHHErO MO MOJICKYJI
NH; u CH4 HaM npuaé€rcst cpaBHUBATh CO CBETOM, TO €CTh C
yacTUIlaMHU-CTyCcTKaMu m.* u m ** (1a6:1.7.7).
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Tabmuma 7.7
Pe3oHaHCHO-aHTHPE30HAHCHAS MYJIbCALUS
CTYCTKOB cBeTa (OTOHOB)

DOTOHBI YacToTel pe3oHaHca Konebanus cBera
3 6 _ m, -m, m, —m,
mc* = 8'10 mc*'mc** = 1610 = * + - < * ok
. m,+m, m,-m,
me*=2-10°  Jaq*-10°
(16102 < (82-22)-10° = 60-10°.

Pe3onancHoe konebanue (HOTOHOB MPOTEKAET B DHIO-
TEPMUU TPABUTALMOHHBIX B3aUMOJCUCTBUI DIEKTPUUECKUX
nosieit (tabiu.7.7).

[ToaToMy, KOrJ]a B pe30HaHCHOE MoJie (POTOHOB MOIAET-
6
cs yactora ot LC-koHTypa, paBHas 10°:

mFm**f=16-10%10°=16 = Jqq*, (7.40)

TO Bo3HUKaeT dpdext Kupnuan, u M1 Moxkem cotorpadupo-
BaTh Aypy U CBEUECHHNE MUHEPAJIOB.

CBeueHue THUIIYIIEK, JIOMHUHO(DOPOB U CBETJISIUKOB
BCEX THIIOB MPOTEKAeT B ycIoBUsX paBHoecks 10100 =1,

***

VYBenuueHne pe3oHaHCHOTO B3aMMOACHCTBHS (DOTOHOB
JI0 KBaJpara epBOHaYaIbHOW BEJTMYMHBI:

(m* m**)2 = 1610 = qq*10"%, (7.41)

CMENIAET YaCTOThl BOSHUKHOBEHUS PABHOBECHUS OT 10° bi (o) 10"
[epir (7.41).

(m* mF*)f = 1621072 (1072 = py). (7.42)

Bo3nukaer snexkrpomMarHetusMm. JKuBble W HEXKUBBIC
CyOBEeKThl HAUMHAIOT 0OMeH MH(popMaIueil Ha ypOBHE 3JICK-
TPOMArHUTHBIX B3aumoaercTBui (7.42).
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PesonancHas cuctema (OTOHOB CBsi3aHA C AHTUPE30-
HaHCHOM (Ta0:1.7.7):

Hepasnosecue |16>10™? < 60-10° (7.43)
16>10°° < 60
Yaxkpa Tpernii ['na3 6
16>< 60-10
OJNEeKTpOMarHUTHas 162 6107, (7.44)
cpena

osBnenue notenmmana 107, To ecTh KOpHs KBaapaTHO-
ro U3 SIIEPHBIX B3aUMOJICUCTBUI (\/p_4 =10 = 107), IPUBOJIAT
k nosisnenuto B Enunom Kocmoce anexkrpudeckoit (g,) U Mar-
HUTHOM (|L,) TOCTOSTHHBIX COOTBETCTBYIOIIUX CPE:

Cpenpl OnexTpuueckas MaruutHas
16 < 6(107=¢,-41:c%),| 6 < 162(10"=p/4n), (7.45)
¥ CroBus rae: 16> =qq* rae: 6 = Kynnanunu .
HOSIBJIEHUS e b =dd Aie: &= RyHA
€o'- @apama/meTp Lo - [erpu/merp.
***

Konebanust ¢oTOHOB, MOAOOHO KaMEepPTOHY, HacTpanBa-
I0T KOJIeOaHus ra30B, HApUMep, B 00bEMax MOJIEKYJ aMMHa-
ka u metana (7.33, 7.35):
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HepaBHoBecHbIE KOJIe0aHUA

["a3bl Ammuaxk (7.33) Meran (7.35)

(7.46)

5885=5-11-107< 13-31'52\/52 =20150
Hepasuosecue |

11-107?13-31-5\52.

B »TomM mosne B3aumocBs3M amMMuaka - MmeTaHa (7.46)
MPUCYTCTBYET SHEPTHSI MATEPUIHOMN CBSI3U, CAMOCYIIIAE BOJIHBI

(\/52), TPUHAANATH JYHHOE TCUCHHUE BPEMEHU, CYOCTPYKTypa
(9+2 = 11) muTO3a OMOKIICTKH.

OIHOBPEMEHHO OTMETHM, YTO ra3bl (Kak U JH00bIC HHbBIE
HYHEPIeTUYECKUE CUCTEMBI) CYIIECTBYIOT B YCIOBHUAX B3aUMHO-
ro oOMeHa dHEepruu:

AHTHPE30HAHCHBIA 00MEH JHepruen

T"a3b1 AMMuaxk Meran

+1

v ) 7.47
OGmen +1 (1o+|1)-(107+0) (30+1)-(13+1)-5+/2 (7.47)
-1 $

Pesymbrar 10-108 <= 30-14-5 \/52.

AHTHpE30HAHCHBIN 00MeH 2Heprueit £1 MoXeT mpoTe-
KaTh B caMHX 00bEMaX MOJIEKYJI ra3a:

11-107 < 10-108, (7.48)

u (31-13 < 30-14):5+2°, (7.49)

00 MeXIy IByMs 00bEMaMH MOJIEKYIT, KaK MOKa3aHo Ha
cxeme (7.47).
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B nmr0060M M3 3TUX JABYX BapuUaHTOB OOMEHa SHEprueu
(7.48, 7.49) Bmecto cyocTpyKkTyphl (9+2) Bo3HHKaeT 3ddek-
TUBHOCTh B3aUMOJIEHCTBUA cBeTa (ps = 10); moTeHIMan - K-
BuBajeHT 108 peunkapHauusm no bygausmy, paBubiii 108;
6oruns (6or) JIyHBI MO pETUTHO3HBIM BO33PEHHUSM IIYMEPOB C
MoTeHImaaoM, paBHeiM 30, a Tak)Ke MarHuTHOE II0Jie

Jup* =14 (7.47).

N3HayanpbHO Takoe IIOJI€ IYJIbCHUPOBAJIO C YacTOTOM
Aitn CO®, 1o ecth 50 (7.48):

5-10-108 = 5400 <> 21000 = 30-14-5>42°,  (7.50)

HO MOCTETICHHO BBIKPUCTAILTU30BBIBAIOCH HEPABHOBECUE ME-
’KJIy CBETOM U MarHeTU3MOM, MEKy BOJAOW U CEMEPUIHO-
CTBIO, MeXAy cyocTpykTypoi (9+0) u 3,5 oboporamu Kynna-
JIMHU TIPU PACIIUPECHUH:

Enunas cucrema kosie0annii B ¢pazax ;KUBOro

AMMHaK - Cser - Bona - Cyb6cTpykTypa
METaH MarHeTnsM | ceMepudHocTs| Kynmammam |(7.51)

5410 <= 21' 1036 = 14 187 < (910) <= 3.5

I'a3b1 Oup Kunkoctu Knerka.

*
kk

MonekynspHble e aMMHaka U Me€TaHa MOryT (op-
MHPOBATHCA NYTEM AHTHPE3OHAHCHO-PE30HAHCHBLIX KOH-
TAKTOB MKy BePIHIMHAMYU U OCHOBAHUSIMHM NMUPAMHUIAJIb-
HBIX MoJIeKyJI (puc.7.4).

B 3TOoM ciayyae He00X0QUMO ONpeNeJUTh HEPaBHO-
BeCHbIE KoJ1edaTeIbHbIe CHCTEMBI JIJIsi aMMHAaKa, MeTaHA U
cMecH MeTaHa U aMMuaka (ta6i.7.8).
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Tabmuna 7.8
Pe3oHaHCHO-aHTHPE30HAHCHBIE KOHTAKTHI BEPIIUH U
OCHOBAaHUII MUPAMUIAJBHBIX MOJIEKYJ AMMHAKA M MEeTaHA

[Tonsa Bepmunbt OcHoBaHus
AHTH- AnTH-
Pexum Pezonanc Peszonanc
pe30HaHC pe30HaHC
TToren- N+N= N2 = 3H+3H= (3H)*=
mmansl | 14+14=28 |14>=196| 3-1+3-1=6 9
N | g W1 39 T
6;;1;;1 14272 6 D)
Kynpanuuu B Apyne
[ToTen- C+C= 2= 4H + 4H = (4H) =
muanel | 12+12 =24 122 4-1+4-1 =8 16
Meran:
5 12° 6
aHUSI
Cnupainp 3o11aka
MoTer C+N-= C-N= 3H+4H= | 3H4H =
ZH 12+14= | 12:14= | 31+41= | 3141=
TRt 26 1321 7 12
Cmech 26 13 12 13 7
METaHa U —_— s — —— s —
AMMHAKE | Koo 12-14 6.7 7 6-7 12
A 13 612=72 13-2 <49
SlnepHoe BEmECTBO O0o0J10uKa BO BpEMECHHU
BO BPEMEHU (nHBEpCHS).

Ob6onouka ¢ noreHuuaioM 49, Bo3HHMKarollas MpU UH-
BEPCUM B CMECH METaH-aMMHAK, I10Jy4aeTCsl peajbHO Kak dJI-
JIMIICOMJATIBHOE CBEUEHHE OT reHeparopa TOHKOM DHeprumu.

Bwmecte ¢ tem, obonouka - CBeueHue OyJeT MyabCUPO-
BaTb B €CTECTBEHHOM pexume Enunoro Kocmoca, To ecTh B
putMme 13-Tu JiyHHOI mynbscanuu (Tadsa.7.8):
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[TpyunHOl WHBEpCUU (BBIBOpAUMBAHUS HAM3HAHKY)
000JIOUKH JTIOOBIX MOJIEKYJISIPHBIX COCTUHEHHUI OyJeT SBIIATDH-
cs1 13-Tu nyHHOE KoJieOaHME BHYTPEHHUX YHEPreTUUECKUX T0-
new cucteMm (7.52):

‘ 1
13-(1g p1p2p3 paps= 2)-(ij¢ do = i;}@ +49. (7.53)
0

*
kk

Tpunaguatu nyHHas nyibcanusa Kynnanuau u 3oamnaka
MPUBOJNT K (POPMUPOBAHUIO B3aUMOJICHCTBUI B TIOJIE CBETA, a
3aTeM K JIa36pHOMY SIIEPHOMY BEIIECTBY C INIOTHOCTBIO B Ue-
TBIPE pa3a BbIIE MOJIEKYJISIPHOrO Beca BobI (Ta0m.7.8).

Pe3onancHas nyabcanus Kynnaannu u 3oamaka
B 13-TH JiyHHOM pHUTMeE

Cnupanu Kynnanu- Cger BO Snepuoe (7.54)
HU ¥ 30/11aKa B3aUMOJECHCTBUIX BELIECTBO '
_ 36(lg pip2pspaps=2) |13 <= 6:12=4-18
Be6l2 =612 < 13 =72 =,
***

[Tynbcamust MeTaHa B YaCTHOCTH M YTJIEBOJIOPOJIOB B
nenom popmupyer [Hogobue Crimpanu 3oamnaka (Tabdmn.7.8):

l & 12.

[Tonamas B mynbcupytromuii Kocmoc:

1 0
1-j(pd¢=%@12@—12:—%:1-]¢d(p, (7.55)
1

0

1o 122=24<24=12(-2) < -1, (7.56)
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cnupaiib 30/lMaKa yBeJIMYMBAETCS BJIBOE, @ 3aTEM, KAK IIBETOK
C YeThIPbM3l JienecTKaMM U3 cnupadei 3oquaka (puc.7.6)
BO3HUKAET aHTUPE30HAHCHAsi HepaBHOBeCHas cuctema (7.56):

0 < +[48 =24 — (-24)]. (7.57)

B nBenaamatuMecsYHBIX Ka-
JICHAAPSAX Mbl BBOJIMUM BUCOKOCHBIN
roJi, a B CIIEKTPE COJIHEUHOTO CBETA
BO3HHUKAET BOJIHA JJIMHOIO:

480> = 4800 = 4800A =1, (7.58)

Puc.7.6 Duepeemuueckas ~ KOTOpas ACJIUT CUHIOIO H ronyOy:o
cucmema cnupaneii 3o00uaxa  obnactu cnekrtpa (tabn.0.3). Tpe-
Tl ['71a3 OTKpBIBaeTCA.

*
kk

AMMMAK, a 3@ HUM U JpYTUe COCIUHEHHUs a30Ta, CO37a-
10T myJbcanuio Kynnanuau B Apyne (Ta6i.7.8):

3 7). (7.59)

OTOT TUI MyJbCALMU MPUCYI] HE TOJIBKO aMMHAaKy, HO U
maHere 3emis: "U3 Heap 3emuim K e€é NMOBEPXHOCTH Ha-
NpaBJeHbl JHEPTreTHYECKUE MOTOKH, KOTOPbIE JIOMAIOT JIN-
Tochepy 3emiin Ha OJOKM € NMPEUMYIIECTBEHHBIM KO3(-
¢puumentom 7/2", - KOHCTAaTUPYET AUPEKTOP UHCTUTYTA ['€0-
¢buszukun AH CCCP akagemuk M.H.Canosckuii [16].

B uncruryre I'eopuszuku AH CCCP Obuio Takxke ycra-
HOBJICHO, YTO JHEpPreTu4ecKre MOTOKH, HANPaBJICHHbIC M3
riayoun MerarajakTuku K 3emiie, crymarnT HeOecHbIEe Te-
Jia ¢ MpeuMylIeCTBeHHbIM Ko3pguunenTom 5/2 [16].

[ToTrenunansl paziaoma Jutocepsl U cryiieHue Hebdec-
HBIX TeJl, Ha MO B3IJisi, uMeroT oomue Kopau ¢ aMmMmuakom,
MPEANMIECTBYIONUM eMy a30ToM u dupom (7.59):
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Ientpo-
Buxpu SeoKHbIC [lenTpocTpeMuTENBHBIE
Pazpymienue
[Ipoueccsr OBOIOUKIL CrymieHue HeOECHBIX Tel
3072 2el i|le10e
[ToTeHIMANBI U | aMMHaK - 2 2 2 1(7.60)
J0M 000pOTOB
Kynnanunu 35 75 1.5
’ ’ ’ J3nan
obopora | obopota | obopota
1
Cymma Z+§+§+—=13.
2 2 2 2

B mnone: "3emus - coemuHeHMsi a3ora', MmyJbcaius
poTeKaeT B puTMUKe 13-TH iyHHOU rpaButauuu (7.60).

Yro Oyner, ecinv Mbl HapylmuM 13-TH JyHHYHO PUTMH-
Ky?

OTBeT M3BECTEH OT BOJOJA30B. BBICTPBIM MOABEM U3
rJIyOMH MOpS BbI3bIBAET KECCOHHYIO 00JI€3Hb, TO €CTh Mapainy
3a CYET OTPABJICHUS A30TOM.

Onnako MaHy-MpbIciuTens, TO €CTh HAIllMX COBPEMEH-
HUKOB, KECCOHHAsI OOJIC3Hb HE MYTaeT, ¥ OH 00APO KUBET 1O
12-Tn MmecsIUHOMY KaJIEHAAPIO.

Kuss no nBeHaauaTu mecsunomy Kanengapro, Mol -
JIOM, KaK B0/J0J1a3bl, KOTOPbIX 3aKyJHCA CJAUIIKOM ObI-
CTPO THAHET M3 IJIYOMHbBI PAaCOBO-3THHYECKHX MOpeld H
OKeaHoOB.
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7.4 MeTopornorua akcCnepuMeHTasribHOu 4YacTu

[Iponomxum uzyuenue BinusiHus ¢popMm IlpocTpancrBa
(reoMeTpun) Ha XapaKTEPUCTUKHU MPOLIECCOB U alnapaToB, KC-
TOYHUKOM JHEPTUM AJISI KOTOPBIX SBJISIIOTCS METarajakThie-
ckue BoiHbl ToHkol DHeprun Ennnoro Kocmoca.

3a 6azoByro enumHuny CUucjaeHHs s Mpeararw B3sTh
MOTEHIIUAJI CAMOCYIIIEH BOJIHBI, pPaBHBIM

V2 =1,41421...=Sc n/4 = Csc n/4 =3,5/2,5=1,4. (7.61)

Ora emuauna CuucieHus pealu30BaHA KAaK pa3Mep
TOJIMHBI B KpectoBuHe A.FO.PonronoBa.

***

CoxpaHuM KOHCTPYKIIMIO MPUOOpa C JIaMIION-TPyOKO#
JTHEBHOTO cBeTa (puc.7.2), HO KPECTOBUHBI 3aMEHUM KBaJpa-
TaMU U TpeyrojibHuKamu (puc.7.7):

1. Ilooooue ammuaxa 2. llooooue memana
CBETWJILHUK i CBETHJILHUK j
2/2— 2325

PaBHOCTOpOHHME TPEYTOIEHIKH KBazxparst

Puc.7.7 Koncmpyxyuu sxcnepumermanvbHulX c6emuibHUKos (puc.7.4)

B 3THX KOHCTPYKIMSX [UIMHA Ta30pa3psIHON JIamIibl
JTHEBHOTO cBeTa, TO ecTh H (puc.7.7), MOXkeT OBbITh MpOU3-
BOJIbHOH, MO0 OSHEPreTHYEeCKUil MOTEeHIHAa, BO3HUKAIOIINN
MEXIy KBajaparamu (TpeyroibHUKamH), OyAeT yIaisiThCsi B
dpopme CBeuennusi.

Takum o0OpazoM, cornacoBaHHOCTh H ¢ TpeyrosbHHKa-
MU U KBajpaTaMu OyJIeT peaju30BbIBATHCS B HHTEHCUBHOCTH
cBeYeHMS.
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NHTEHCHUBHOCTh CBEUCHMS JOJKHA MTPOBEPSTHCS Mapai-
JIEJIBHO BOJIbTAMIIEPHBIM XaPAKTEPUCTUKAM CBETUJIBHUKA, KAK
3TO Aenanoch npu aHanuse kpectoBunbl A.KO.Poanonosa.

***

KBagpaTel U TPEYroJIbHUKU JOJDKHBI UMETh TOJIIHHY,
paBHyI0 2 = 1,4 (puc.7.7).

[Inomane KBajapara IOKHA OBITH MOJOOHA ILIOMIAIA
OCHOBaHUs Benukou [ Inpamuer:

a>=8; a=2+2 =283. (7.62)
ITpu pabGote ¢ kBagparaMu HEOOXOIUMO PEATH3OBBIBAThH
JIBa BApUAHTA!
1. O0a kBagpaTa CBETUJIbHMKA paBHBI MEXIy cO00il
(puc.7.7).
B sTOM ciyuae peanu3yroTcs JBa BCTPEUHBIX SHEPreTU-
YECKUX MOTOKA:

D= 4@%% = n(R=2)’=2n(R=2).  (7.63)

2. OnuH KBaJpaT MMeET CTOPOHy a = 2+/2, a BTOpOIi
KBaJIpaT BIIMCAH B IIEPBBIN:

B

V2 (7.64)

2+/2:

Y UMEET CTOPOHY KBaJipara, paBHYIO €AUHUIIE.

B stom ciyuae (7.64) peanusyercs U U3y4aeTcsi COOT-
HOIIIEHUE KBaJpaToB (MOTEHIIMAJIOB), BIIMCAHHBIX B OKPYXHO-
cTU ¢ paguycaMu R =2 ur=+2

H—>|,

2 V2. (7.65)

Cwmemenue ¢okyca cmenienus B (7.65) mo OTHOILIEHUIO
K (7.63) n1oiKHO 1aTh MH(DOPMALUIO O BIUSHUU BHYTPEHHETO
MoJIsl Ha BHEIIHee B 00bEéMe Benukoit [Tupamuisl.
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CBeTwJIbHUKU - moa00ust ammuaka (puc.7.7) MOIDKHBI
MMETh JIAMIIbl JHEBHOT'O CBETA C TEMH K€ XapaKTEPUCTUKAMHU,
KOTOPbIE MPUMEHSIIUCH JJIsl CUCTEM C KBaJIpaTaMH.

Pa3iinuusi B XapakTepuCTHUKAX JiaMIl He MO3BOJISAT
c/1eJ1aThL 0000IIeHune.

*
kk

['eomerpuueckue pasMepbl TPEYTrOJbHUKOB JIOJKHBI
OBITH COTJIACOBAHbI C TE€OMETPUUYECKMMHU pa3MepaMH KBaJpa-
TOB:

1. PaBHOCTOPOHHMH TpEYTrOJbHUK HMEET CTOPOHY,
paBHyI0, a = 2~/2 U TONIMHY /2 .

2. PaBHOCTOPOHHMH TPEYrOJbHUK HUMEET CTOPOHY,
PaBHYIO CTOPOHE BIMCAHHOTO KBajapara (7.64) u ToNmuny 2 .

*
kk

DKCnepuMeHTaIbHAsT YacTh padOThI, HE3aBUCUMO OT Ha-
muunsi CBedenus (B J100OM ciiydyae CHUMAIOTCS BOJIbTaMIIep-
HbI€ XapAaKTEPUCTUKH CBETUJIbHUKA), JIOJDKHA HCIOJIB30BATh
KOMOWHATOPUKY: KBaJpaT - KBajJpaT, TPEYrOJbHHUK - Tpe-
YTOJIbHUK, TPEYTOJIbHUK - KBaIparT.

Bcero Oyzaer ucnonb30BaHO J1Ba TUIA TPEYTOJIbHUKOB U
JIBa THUIMA KBaJAPaTOB (YETHIPE DJIEMEHTA), I/I€ B KaXJIOM JKC-
MIEPUMEHTE Ha CBETUJIPHUKE YYaCTBYIOT JIBa 3JIEMEHTA.

KonudecTBO 3KCIIEpUMEHTOB OYyJIET PAaBHO YHCIYy COYE-
TaHUM U3 YETHIPEX MO JIBa:

4 1234

C? = =
-2y 12

12. (7.62)

KonndecTBo AKCIIEPUMEHTOB JOHKHO OBITH YBEIHMYEHO
B TPU pa3a, TaKk Kak HEOOXOIUMO U3yUUTh BIHSHUE MOJISIpU3a-
1. JJis 3T0ro HeoOXOAMMO Pa3BEPHYTH OJUH AJIEMEHT OTHO-
CUTEJIBLHO APYroro OJUH pa3 Ha yroj 7/4, BTopoii Ha 1/2.
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naBa 8
MupoBoe Aunuo
Kak Kanna Agpa B HeBecomocTtu

8.1 Nynbcauna Co3HaHnA n Noaco3HaHUA

Nucturyt I'eopusuku AH CCCP, o6pabaTsiBasi JaHHbBIS
0 paziomax Jurocdepsl 3emin Ha OJ0KU U crymenun Hebec-
HeiX Tenm Bokpyr 3emuin, MOMy4usl aHHbIE Oe3 BCsAKOW Oeno-
yépHoit Maruu u Muctuueckux [lapagurm [16].

O6paboTka OaHKa CTAaTUCTUYECKUX JIaHHBIX IMOKa3bIBa-
Ja, 4To JuTocdepa 3eMiu JoMaeTcsl Ha OJIOKH C TPEeUMYILIEeCT-
BeHHBIM Kod(pduimentom 7/2 = 3,5, a HeGecuoie Tena cry-
HIAIOTCSI C MPEUMYIIECTBEHHBIM K03 duimentom 5/2 = 2,5
[16].

CrienuaaucThl MHCTUTYTA, MONTYYUB KOdGOUIHEHTHI 3,5
u 2,5, HE CMOTJIM JaTh OOBSCHEHUE MPUPOJE YHEPTETUIECCKIX
notokoB u3 Henp 3emnu k nutocdepe u u3z ['nmyobun Merara-
JIAKTUKU K 3eMII€.

B 1o Bpems (1985 rox) s 3aHUMaliCsl 3IEKTPOH-MO3U-
TPOHHBIM B3aUMOJCHCTBHEM U MOJIYyYWJ T€ K€ caMmble KOd(]-
¢unmenTsl. Ho g Takxke He MOHUMAIT UX TIPUPO/IBI.

Mos BcTpeua ¢ akageMukom M.A.CanoBCKUM, aBTOPOM
ctatbu "'onoc 3emau" [16], HaM HUYETO HE MPOSICHUIIA.

Opnako ceroans (B 2005 roay) BBIPHCOBBIBAETCS
ctpoitHas 3akoHomepHocTh Enqunoro Kocmoca, cBsizanHast
¢ pa3jioMaMHu 000JI0Y€eK CTYCTKOB M CrylieHrueM HeOeCHbIX
TeJ BOKPYT sijiep.

Cy1ecTBOBaHUE 3aKOHOMEPHOCTEN pa3IoMOB JUTOC(hED
CT'YCTKOB U CTyIlIeHHE HEOECHBIX TeJl BOKPYT siIep OTBEYAeT Ha
Borpoc: "[loyemy Emunbiii Kocmoc umeer miaHerapHyro
CTPYKTYPY CBOMX MHKPO-MaKpPO MUPOB".

[Tepexoxy K 10Ka3aTeIbHOMY OOBSICHEHHUIO.
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Koaddummentsr paznoma nurocdhepbl U CTyIIEHUS He-
OECHBIX TeJ SBJISAIOTCS MOTEHIMAN - SKBUBaJIEHTaMH 3,5 BUT-
k0B KyHpanueu npu pacmmmpeHuMu W 2,5 BUTKOB CHUPAIH
KyHpanuau npu cxaTuu:

CrycTok|  Pasnowmsl Cryuienue
Cpena
KyH/a/IMHi autochep | HEOECHBIX Tel
2 8.1
Yuci0 BUTKOB 3,5 2,5 + jgo dp=+3 (8.1)
Kyunamiau | Pacumpenue Cxxatue 25
Cger, Apyna.

[Ipomieccbl MyJIBTHILUIETHOCTH (pa3jioOMbl) M CHUHTE3a
(crymenust) npoTtekaroT no EnunHoit DHepretuke, moaoOHOH
MEJIUTAllMU B COJIHEUHO-JTYHHBIX pAJiaX, IJI€ BOCEMb - MMOTEH-

muan Caero-Jlarens, a 140 - mnocrosHHas MeAUTALMU
(Ta6mn.8.1).
Tabnuma 8.1
Crymenne Kynaaaunu Yakpamu B noJie csero-larens
b | GO o 3 4 5| 61| 7+ |8=| 36
HBbIN
bl
Jynunpiid | 7+ | 6+ | 5+ | 4+ |3+ | 2+ | 1+ | 0= 28
Cgero-/laTens 8 8 | 8| 8| 8| 8 8 | 8= 64
NoNe I Im|{arjIrv| v | vl|VIl| - | Const=
7
Yax- Ppa:}iﬁ' 74172 7 | 14|28 56 | 112 2 %0=
pEt L1122
cxarne | 80 | 40 |20 | 10 | 5 |52 5/4 _1a0 4
Tsub (140-8) : (140:8) = 1120 : 175 = 6,4.

BzauMmocBsizb nocrosinHoi Yakpsl ¢ moteHuuaiom 140 u
Cgero-/laTens ¢ morenunansom 8 hopMUpyeT rpaBUTALIMOHHO-
AIIEKTPOMArHUTHOE B3anuMojeiicTeue (Tabi.8.1):
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140-8 = 1120 = 10-(7/qq * = 8 Juu* =4 [ pp*),

(8.2)

a 3aTeM MaJbMy BO B3aUMOJCHCTBUsIX cBeTa (Tadi.8.1).

7

140:8=—-10°
4

E(EEP_*E

qg q*

1
"Ps -

qq*

(8.3)

Kak cnencrtBue koHTakTOB noctossHHOM Yakp m Cero-
Harens BosHukaer 3apoabimi Tsanb ¢ noreHuuanom 6.4

(Tab6m.8.1).

I[HosiBasieTcst 3apoAbIlI IIPA MJIAHETAPHOM CUCTEMBbI.

*
kk

Kuura Ilepemen siBasiercsi kiaccukoit Maruu Boc-

TOKA.

Opnako Muctukun Marum B KOHTEKCTE pacIId(PpOBKU
cinoBa Marusi, kak Mosi Biactb, B Kuure [lepemen Her.

B kxoneunom cuere, Knura Ilepemen onmcsiBaeT 3HEp-
retuky popmupoBanus tpéxmepnoro [IpoctpancTBa u mecTtsb
cTerneHeil cBo0OAbI (HAlpaBiCHUS! JIBHXKEHHI) B 3TOM TPEX-
mepHoM IIpocTtpanctse (Ta6:1.8.2).

Tabnuua 8.2
OopasoBanue TpéxmepHoro IIpocrpancTBa BOJIHAMU
@opmbl BOJIH HI:II;;H_ [ToBepxHocTHble| OO0BEMHBIE | CyMMBI
2 2 3 3
Pacumpenne | € . @ ( < j - ( D ) ij N (&j
- CXKaTHue @, c W, c , c
14 < 7/8
[HoTenunansi 2172 4 1/4 8= 1/8 Marue-
TU3M
PesOHAC 41 16 =1 64 = 1 84 &3
PaBHo- Pynma |DnexrpuuectBo TsHb Cnupanu
Becue | AHtupe- | 3 <0 15<0 63 <0 8l <=0
30HaHC | Apyna | Dn/marHeTusm ['eHOMBI Apymna.
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[Ipyu crymeHnn MeTaraJakTU4eCKUX BOJH BEYHOW ThMBI
B TpéxmepHoe IIpocTpaHcTBO O€3 BCskoW Marmdeckoil Muc-
TUKU U COIYTCTBYIOIIMX MUCTEPUN MTPOUCXOIUT CIEAYIOIIEE
(Tabn.8.2):

1. AHTHpe30HAHCHOE paBHOBecHE JIMHEHHBIX BOJIH
NpU paclIMpeHUH-cxkaTum Gopmupyer Apymy, a pe3o-
HaHCHOe - Pyny (T20.1.8.2).

2. AHTHpEe30HAHCHOE PpaBHOBeCHE IMOBEPXHOCTHBIX
BOJIH JIaéT HAYAJI0 dJIeKTpoMardeTusmy (1a6.1.8.2).

0 15=(16+14)1/2 = (/g * +[uu* )'(ij(p dgoj, (8.4)

a pe3oHaHCHOe paBHOBecHe (GOPMUPYET FJIEKTPUUECKY IO
NMOBEPXHOCTH (Ta0.1.8.2).

1< 16= gq*. (8.5)

3. Pe3oHaHCHOEe paBHOBecHe O00BLEMHBIX BOJIH (hop-
mMupyet cryctoxk Tsausb (Ta0/1.8.2).

1 & 64 = Tanp, (8.6)

a AaHTHPE30HAHCHOE SIBJISIETCS HCTOYHUKOM BO3HUKHOBE-
nus [epnoanueckoit Cucremsl I'enomoB (Ta6.1.8.2).

82
0 < 63 =T'eHOMBI = Iw do . (8.7)
7

4. CyMMapHbI 3HEPreTUYECKUM MPOLECC BO3HUKHOBE-
Hua TpéxMepHoro I[IpoctpaHcTBa myTéM CrylieHHs BOJH CO-
IIPOBOXKIAETCS:

- TIOSIBJICHMEM MAarHeTu3ma B Cpele C IMOTEHLHAIIOM,
pPaBHBIM TMOJIOBMHE NATbMBI (Ta01.8.2):

7 71 * * ‘

J,Ll,u*@—z—~—z(§;%z %J'[ij(pd(pj; (8.8)
0
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- BO3HHKHOBEHMEM B Apyme pe3oHanca KyHpanuHu,
3oamaka, COUpald KOTOPBIX IMYJIbCHPYIOT PE30HAHCHO
(Tot=12) - antupe3onancHoM (T, + 1 = 7) pexxume (Tabi.8.2):

Pe3onanc-antupe3oHanc

Apyna | Msomepua cepaua cnupann 3onnaka-KyHaannau
t=3| 42-(42)=84 | (12=Tyrx(Torr-7)=84, | &)
roe 84 : 3 =18.

- mepexon oT cnupaner Kynnmanuuu - 3oauaka npu pe-
30HaHce (8.9) k Apyne B crenenu Pynbl npu aHTUpE30OHAHCE
(Tabn.8.2):

0> 81=3"=1",

(8.10)

5. JIo6oe Tpéxmepnoe IlpocTtpancTtBo popmMupyercsi
NYJbCUPYIOIIAM TOYEYHBIM YYAaCTKOM BOJIHBI CBeTa B Ca-
MOCYIIMX BOJIHAX, M 3TA IMYJbCALUA ONPeAeeT 3aKOHbI
Enunoro Kocmoca.

***
Mukpo-mMakpo MHUpPBI IUIaHETAPHBIX CTYCTKOB EnmHOro
Kocmoca cymectByror B TpéxMepHoM [IpocTpaHcTBE mysbcH-
pys (Tab6:1.8.3).

Tabnuma 8.3
I/I3J1yqe1me BOJIH CI'YCTKOM-HU3JIydaTEJIeEM
anyuacusie Jluneiinbie |[loBepxHocTHBIE| OOBEMHBIE | CyMMBI
BOJTHBI
c/e’ - c—3<:> C—3<:>% C—3<:>\
miydatens | @ e o; w;
0 0 0
Konebanus 8<=1/2 8= 1/4 8= 1/8 3-8<7/8
PaB- | pesomaric 16 =1 32«1 64 < 1 1123
HO- BIIEKTPUYECTBO 0070503 Tsub
BC- | AHTHpEC- I5<0 31 < 0 B Kpyre 63<=0 109 <0
CHC | 30HaHC |3/MarHeTH3M | YHHBEpCyMa TE€HOMBI
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CnemaeM BBIBOJBI:

1. N3nydeHne paclidpsrOuMMcs CTYCTKOM B TpEXMep-
HOM [IpocTpaHcTBE JIMHEHHBIX CXKATHIX BOJIH (popmMupyeT B
pe3oHaHce dJIeKTpuuecKkoe moJie (tadmn.8.3).

1< 16= \qq*, (8.11)

HO NIPM aHTHPe30HAHCce dJIeKTpruuyecKoe moJe (8.11) Tpanc-
(opMupyercsi B s1ekTpoMaruutHoe (1a6:1.8.3):

0 < 15=(16+14)(£1/2) = ({Jgq * + e * )'(ijgp d(oJ. (8.12)

2. N3znydeHue paclIMpsIOMMMCS CTYCTKOM IOBEPXHO-
CTHBIX BOJIH (HampHUMep paguoBOJIH WU BOJIH CBETA) SBISETCA
OCHOBOWM  mepeparouie-npuHumaronmx  cucreM  Csizu
(Ta6m1.8.3).

Pe3onanc B MOMEHT U3J1y4eHUs (pOopMHUPYeET HAJ Cry-
CTKOM-HM3JIy4yaTejieM IoJie ¢ MOTEHUHMAJ - IKBMBAJEHTOM
Hebecam Iunpb (1201.8.3):

| & 32 =T1luns = §+4. (8.13)

[Tepexoa kK aHTUPE30HAHCY MPUBOAMT K TIOSIBJICHHUIO TI0-
TeHnuana, papHoro 31 (8.13):

0 < 31 =unb — 1 = JIynatl. (8.14)

[Torenunan 31 mnokazan Xpucrom B OTKpPOBEHHSX
Kpyra YuuBepcyma Hoanna borocisiosa [6].

bonee toro, morenunan 31 cBsizan ¢ BepmmHou [Iupa-
muabl "BaBunonckas bamas" (30 = 31 — 1) u o00xkecTBICHU-
eM mymepamu Jlynsl [1], a Takxe ¢ ydakpoit Tperumit I'ma3
(Ta6n.8.3):
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Luc- Tpernii ['na3 Tpanc-
nzomep | Cpena Bor Boruns | Cpema | usomep
Hynpb JlyHbI JlyHbI Hunp

(8.15)

32 < 31 & 30 = -30 < 31 < -32.

AHnTupesonanc [uabs u cpen GopMHUpPYET SKBUBAJICHTHI
[UC-TPAHC U30MEPHUH TEHOMOB (8.15):

+(32 +31) =63, (8.16)

a BO3JICHCTBHE Ha T€HOMBI JJIEKTPUIECKOTO TOJISI TPUBOTUT K
dbopmupoBaHUIO MOCTOSTHHON Beenennoit mo Bogopomy (8.16):

+63-16 = To> = +63 \/gq * = £1008. (8.17)

[losBneHne mOCTOAHHOM BceneHHOM 1O BOAOPOAY
(8.17) conpoBoxkAaETCS PE30HAHCOM JIYHHBIX TOouekK (8.15):

30-(-30) = -900 = -[(AK = 1400) — (AD = 800)]. (8.18)

Bo3aukaer Touka - HOCUTENb criekrpa cBeta (Pamyra,
Aypa u Tak jiainee).

Yaxkpa ycaupaet sHepruto Kocmoca. Coznaéresa yeno-
Bek Bonu u Uoru [4].

3. Ilepuoanueckasi cucreMa reHoMoB (hopMupyeTcsi
TaK:Ke MPU AHTHPE30HAHCHOM TMOTJIOIIEHHH O00bEMHBIX
BOJIH (Ta611.8.3).

Jlyanmu3m BO3HUKHOBEHHS TEHOMOB HACJICICTBEHHOCTH
u3 luep u SIHp npenonpenesieT peuHKapHaIKi, TO €CTh PO-
xnenus B XKuzau 1o Kuzuu u B XKuznu (8.16, 1a61.8.3):

I'enoMBI HaCJI€ACTBCHHOCTH

Kuznp 10 Kusau | +(32+31) = +£63 [unb B cpene (8.19)

Kuzun 0= 63 Taub.
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B mone (8.19) rapmonnueckue konebanus TOHKUX ca-
MOCYIUX BOJIH BeUHOW ThMBI MPUBOASAT K (HOPMHPOBAHUIO
MEePUOANYECKUX CUCTEM T€HOMOB (aHTHUPE30HAHC) U CTYCTKOB,
Hayaja0 KOTOPBIM Ja€T MEepPUOAUYECKAs] CUCTEMa XUMHUYECKHUX
aneMeHToB (Tabm.8.3):

IMyascanus TAHb:
HayaJa0 popMuUpOBaHMS
IHepuognuecknx Cucrem

Kone6anue Pexum Pe3ynbTarst (8.20)

[Tepuonuueckas

I'enoMbl | +63 <> 0 | AHTHPE30HAHC
CucreMa rcHoOMOB

[Iepuonnueckas

Cryctku| +64 < 1 Pe3onanc
CHCTEMA CTYCTKOB.

[Iepnognyeckre CUCTEMBI CTYCTKOB PAa3BUBAIOTCS B yC-
JOBUSIX PE30HAHCHO-aHTHUPE3OHAHCHBIX Kojebanuii TsHb B
MHKPO-MAKpPO MHpaxX, CO3[4aBasi IEPUOJUYECKHE CUCTEMBI
AJIEMEHTAPHBIX YacTHUL, AaTOMOB-3JIEMEHTOB, MOJEKYJISPHBIX
ctpykryp u 3B€3aHoro Heba B Kocmoce HeBecomocTu.

4. Tlepuoanveckue CucreMbl CylecTBylOT B /[BHKe-
HHH.

JIBU:KeHUE A61A€mca nepexooom u3 00HOU hopmul
Onepzuu 6 opyzyio.

Ilepexon Inepzuu w3 ogHoi GopmMbl B APYryr npo-
HCXOIMT B COOTBETCTBHMH € 3aKOHOM nepexona Koamnuecrsa
B KauecrtBo.

IliianomepHo-paBHOMepHOe yBeanuenue Kosamuect-
Ba JHEPIruM Mbl Ha3bIBaeM JBOJIIOLMEI.

IBOJIIOIUS XaPAKTEPU3yeTcsl CKOPOCTHIO (V) PaBHO-
MEPHOI0 IBMKEeHHS Mpoliecca:
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Ckopoctu n3meHenusi popM JHepruu
NpU IBOJIOLUHA

Konu- Mpoxomki- CkopocTb
[TapameTpsl| dYecTBO P (8.21)
Sueprun | MO | Pesonanc | AHTHpe3OHaHC
[ToTen- 0.
v==~=1|Av=0 -7_=0.
LHaTbI Qx T . 0.7,

OBOJIIOIIMOHHBIN XapakTep u3MeHeHuss Popm DHepruu
BCErja KoHeueH u cMensaercsa nepexogoM KoauuecrBa B Ka-
YeCTBO.

Ko/inyecTBeHHO-Ka4eCTBEHHBIH Mepexo Heu30e:KeH
kak B IIpupoae, tak u B Counyme Equnoro Kocmoca.

IHepexox KoamuyectBa B KavyecTBOo Bcerga mpoucxo-
JUT ckaukooOpa3no: B Coumyme - 310 PeBosouns, B Ilpu-
poae - B3pbIB.

B3pbiBOM fIBJISIeTCSI MPOLIECC MTHOBEHHOI0 MepPexoaa
JHepruM BHYTPEHHEr0 MOJI 3aMKHYTOH JHepreTu4eckKoi
CHCTEMbI B OKPY/KAKIIYIO Cpeay.

[To cBoelt CTPyKType B3pBIBbI OBIBAIOT 3K30TEpPMHUE-
CKH€ U SHAOTEPMUYECKHE.

DK30TEpMHUYECKUI B3PBIB MPOTEKAET € Pa3pyulieHUueM
000JI04YKHM 3aMKHYTOM JHEPreTHYECKOM CUCTEMBI U NEPEXO-
JIOM DHEPIUU BHYTPEHHETO MOJIA B OKPYXKAIOILYIO CPELy.

[IpenenamMu 3K30TEPMHUUECKOrO B3pbIBA SBIISIOTCS TEp-
MOSIZIEPHBIE B3pbIBbI, BO3HUKAIOIIME B PE3YyJIbTATE CIUSHUS
JBYX MOJYKPUTHYECKUX Macc, O0JaJaroIMX 000J0YKaMHu C

noreHuuagaMu 49 U BHYTPEHHUM IIOJIEM C NOTeHUMaIoMm 49
(8.22):
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YcaoBus IK30TEPMHUYIECCKOI'0 B3pbiBa

Ob6onoukn IIpuBenéHHas mynbcanus

@X ‘ _ 49449 4949 2 49(8.22)
% 49-49 T 49+49 49 2

49 4 =49>= 2401 (Pyna)
MOJIyKPETHYECKUE MaCChI 3= 2400 (Apyna)

JHAOTEPMHUYECKHH B3PbIB NMPOTEKAET C COXPAHEHH-
eM 000JI0YKH, KOTJia 3HEpIrusi BHYTPEHHETO MOJIs NOMAlaeT B
OKPY’KaIOILyI0 Cpely 3a CU€T BhIBOpAuMBaHHS OOOJIOUKH Ha-
WU3HAHKY.

Tako mponecc Ha3pIBACTCsl HHBEPCHEH.

WNuBepcuonHoil mynbcanueir obmamaoT cset, Kynnamnu-
HU, 307IMaK, MOJIEKYJbl aMMHaKa W JIOObIE DHEPreTUYECKUE
MU30MEPHUYECKUE CUCTEMBI.

Ycii0BHSI JHA0TEPMHUYECKOT0 B3pbIBa (MHBEPCHS)

AHTHpE30HAHC

NuBepcus Lunp e
MMPUBCACHHOU ITyJIbCallun

)]
(e

©=E
t
®

8.23
‘49 950 4o spease| &)
n 50 49

50 99 = 502 - 492 = 2500 — 2401.

t
®

B3pbiBHOM XapakTep NPUBEIEHHOW ITYyJIbCAlUM WHBEP-
CHOHHBIX TpolieccoB cka3biBaeTcsi Ha [loaco3Hanuu, mynbcu-
pytomeM, kak Hebeca Iluap ¢ yacToTOM ABaalaTh ISTh Kai-
poB B Eqununty IlpomomxurensHoctu (8.23), a ABajalaTh 4ye-
ThIpe Kajpa cBa3bpiBatoT Apyny Co3Hanus (8.22):
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JHepreruueckoe EquHcTBO
Co3znanus u Iloacoznanust

Tlonsa IToaco3nanue Cosnanue
(8.24)
KBauThn! 50% =2500 492 —1=2400
YacroTa kaapos 25 24
BzaumozeiictBusa 2500:25 =102 e 2400:24 = 102

Onepreruueckoe Enunctso I[loaco3nanus u Co3HaHus ¢
Heb6ecamu - Lluns nposiBisier ceds B mynbcanm (8.24):

2500/25 = 10* < 102 = 24/2400, (8.25)

B COOTBETCTBHH C KOTOPOit B 4akpe Tperuit a3 npu

A =4800A u ¢-c nosiBisiercst 6uotok cunoto [ = 107 A, u uu-
JIYKIUS ¢ MOTEHIUAIOM [ 0% 1/4. Amanornunas cuia ToKa u
MHIYKLHS! OSIBIISIFOTCSL B MATHUTHBIX (£C) TOJSIX TIPHU

A =4200A.

CMGI_HGHI/IG JJIUH BOJIH B MarHUTHOM II0JIC OTHOCHUTCJIb-
HO JJICKTPHUYCCKOT'O OIMPCACIACTCA HCPABCHCTBOM:

duextpomarnerusm IIpocTrpancTBa: pe3oHaHc

Tlonsa Tsub B 0005104KE ITonsa

OJICKTPHUYCCKOC Mar"duTHOC (8 26)

48004 8 7 42004
=—<:>§E

MArHUTHOE 42002 7

4800 ;l OJICKTPHUYICCKOC

Kosnebanune 64 =49 < 1/49 < 1/64 Konebanue.

HepaBHoBecHoe sHepreruueckoe mnojie (8.26) KoMIieH-
CUpYyeTCs MOSBICHUEM PE30HAHCHOTO BHYTPEHHETO IOJIS CBE-
Ta, UMEIOIIETO TISITh YPOBHEH:
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(8.27)

DJIEeKTPOMATHETU3M U BHYTPEeHHee MoJie CBeTa
Honsa| ypexrpu- D7eKTpo- OtHo-
MaruautHoe
Tpouecch 94ecKoe MarHuTHOE | IIEHHE
Cymma 4800A + 4200A = 9000A s
Pasocts | 4800A - 4200A = 600A |
Cymma 1 Paznocms
Konebanus — =5 —=—
Paznocmoe 15 Cymma
B uznyuarene B nyue B nnazme
Buyrpesnee(8 .. 120 1 1 7
none caera |7 0 7 _5'?5! T120 g5 0eT
14400< 49.
51=12-3-45=120

[ToBepxHOCTH CrycTKa B m1azme kosieosercs (8.27):

14400 < 49 £ 1.

(8.28)

Han moBepXHOCTBIO fAlipa TOSBISIOTCS CHUHE-TONyObIe
Hebeca [{unb. Boznukaet Yakpa Tpertuii ['nas:

Cune-ronyoas lluub. Yaxpa Tpernii I'1a3

ITons Cune-rony0as Cnupans 3011aka
o0JacThb creKkTpa
i14400:i3005 J_r14400:i288—
IloTenuuansl 49 -1 49 +1
AC = AT =300A | £2-122=+2 T 2t2.

(8.29)

JHepreruka yakpbl Tpermii I'ma3 cnenuduyna Tem,
4TO CBsi3aHa co cnupaibio Kynaanuau u e€ odonoukoii (8.29):
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N3menenne Kyngaaunu - 3oanaka
B yakpe Tperuii I'1a3

[IpousBenenue: 1BOM- (8 30)
Has CliMpaib 30HaKa B
IoJIe CBETa

Paznocte: cnu- | CymmMma: cniupaib
panb 3oauaka |3oaMaka B 000J04YKe

K;=300-288=12 | K,=300+288=12-49 | K3=300%288=122-600.

Hamu Ipenaku: qroau Boim v Moru, Co31aBIINE BEIU-
kyto LHuBunuzamuto, 3Haam, a Hamu [loTromku, Oyaymiue Jro-
a1 Bomu u rorH, OyayT 3HATh, YTO IIPU MEIUTAIIMU BO3HHUKA-
et CBeTt B 000J104Ke (8.30):

K, _ 127600 _600 _

49 KK, .
KK, 12°-49 49 | 600 K,

5

ABps2=3600-10>0 < 492 (8.31)

Cser O0o0J104Ka.

[To cBoeit u3MYECKON CYIIHOCTU CBETOM B 000JI0UKe
spisieTcs Aopo (8.31).

D10 Snpo B CryCTKE MOXKET OBITh IK30TEPMHYECKHUM,
oOJaaromuM B3auMoieicTBUsIMU TUNA Ig p3 p4/py = 50, 1 IH-
A0TepMUYeCKUMH - THNA 1g p1/p3 ps=-50.

Hannuue 06enoro CONMHEYHOTO CBETa PETyJHUpPYyeT Tep-
muto Exunoro Kocmoca (8.31):

Ab =3600 < 49>1072:[50 —(-50)] = 49> (8.32)

375



8.2 EpuHbin Kocmoc kak Nopoobue
3J5IEKTPOMArHUTHOM BOJIHbI CBETa

Hame poxnenue B Kuznp u3 Kuzuu 1o XKusznu compo-
BOJKJIA€TCSI CMEHOM CpeJibl, KOTOPOW MBI JIBILLIHAM.

B Jlone Matepu, Oynyun 3apoasimeM-IInonom, Mbl Ha-
xoauMmcs B Boaax Jlona Marepu, u "apimumMm", norsomas He-
MIOCPEACTBEHHO TOHKYI0 DHEPTUIO Y MUTATEIIBHBIE 3JIEMEHTBI
WX )KUJKUAX CPEN.

PoauBmiucr Ha CBer Ku3Hu, Mbl HAauHMHaeM /bl-
IaTh BO3IYXOM.

Jlnst Toro, yToOBl HOBOPOXKJIEHHBINA TIEpENIENn Ha JbIXa-
HHE BO3JYXOM, 4acTO HEOOXOJMMO BMENIATEIbCTBO: IIJIEIOK
IO TOTE, UCKYCCTBEHHOE JbIXaHHUE U TAK JAJIEE.

Takue MexaHHYeCKHEe MAHMITYJISINMUA B MOMOILIU HO-
BOPOKIAEHHOMY ABJAKOTCH [lomo0uem cuiIbI TOKa B IMyCKO-
BOM MOMEHT Hadasia JKU3Hu.

%
*ok

buosornveckass ’KusHb, Kak paBuiio, IPOXOAIIAs B
CyeTe BOKPYT HaBO3a OT 30JI0TOTO TEJIbIA, YACTO HAPYIIAETCS
MICUXUYECKUMU WU (PU3NYECKUMU TPAaBMaMH.

HexortopeimM u3 Hac, Many-Msiciurensam, TpaBMbI OT-
KpbIBalOT yakpy Tperuii I's1a3: genoBek HaumHaeT "omry-
naTh-BUIETH" paboTarolliue B JKUJKOM cpelle OpraHu3Ma
BHYTPEHHHE OpPraHbl CBOETO TE€JIAa U OPTraHbl APYTUX JIFOAEH.

Ilepexoa Kk sicHOBHJAeHHMI0O PadOThl BHYTPEHHHX Op-
raHOB KHUBBIX OPraHU3MOB 03HAYAeT BOCCTAHOBJIEHHE B
HAC QYHKIHOHAJIBHBIX CIIOCOOHOCTEN IEHTPAJbHON HEPB-
HOHM CHCTEeMbI, KOTOPOil OHa 00J1agajia B YTPOOHBIN Nepu-
oa, oOyayum 3apooviwem u Ilnooom B Jlone Martepu.
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3axon pasButus Pac, nanubiii Ham Benaukoi LuBuiu-
3amuei: ""MeuTsl cymecrBywineil Pacel peasmsyrores e-
Jamu nociaeaywouei Pacol; n 3axkon ["Mennensa o pacmen-
JICHUU TEHHOW HaCIEJCTBEHHOCTH: Te€HHAs HACJeACTBEeH-
HOCTb pacuieIuiseTcss B OTHOeHuu 1:3 4depe3 ABa MoKo-
JIEHMSI, - CXOXKH MEXKy COOOH.

Havaiio sTuM 3akoHaMm Aa€T CTPYKTypa dJIEKTPOMArHUT-
HOM BOJIHBI YaCTHIIbI CBETA!

CTpyKTypa 3J1eKTPOMATHUTHOM
BOJIHBI-YACTHIIbI CBETA

OtHoruenue 1:3 Yepes gsa nokonenust | (8.33)

Ec=1oerpec’ =1 m Eic < so-uo-(ﬂa

<—Ba IIOKOJICHUA—*.

B cTpykType 21€KTpOMarHUTHOW BOJTHBI-YACTULIBI CBETA
MaTepHaJIbHbIM SIBJISIETCH YACTHIA CBETa; BOJHA M JJIeK-
TPOMATHUTHASl CpPeda OTHOCUTCH IO CBOeH (popme K MeEH-
TaJbHOM 3Hepruu (8.33).

OTHoImIeHHEe YacTUIIBl CBeTa K OOIIeHd SHEPruu CBeTa
COOTBETCTBYET 1:3, Tak Kak:

(meC + €o°poc”* = Esc) : mec = 3:1, (8.34)

Y YaCTHIIA CBETA MOSBIIACTCS BCAKHUMA pa3 MOCIE MOSBICHUS
BoutHbI cBeTa (E;¢ = 1) U 21IeKTPOMArHUTHOM cpefpl (€4 Lo C’),
KOTOPBIE SIBJISIIOTCS AHEpreTuyeckum [lomoduem - nmoreHmua-
JIOM JIBYX MOKOJICHUM HacieacTBeHHoCTH (8.33).

Enunbiii KocMoC MOBTOpPSIET CTPYKTYpYy 3JIEKTpoMar-
HUTHOW BOJIHBI-YacTUllbl cBeTa (8.33). IToatomy B EnnHom
Kocmoce Ha nomro Marepun nipuxoautes 1/3 Bceit DHepruu, a
Ha 10110 ToHKOW DHepruu - IB€ TPETH.
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3akon pa3BuTusi Pac cBsi3aH ¢ 3aKOHOM pacuienJie-
HUS T€HHOM HACJIEeCTBEHHOCTH DBOJIIOIMEH.

DBOJIIOLMST HE MOXET OBbITh TOJBKO MaTepUaIMCTHYe-
CKOM, WU CyTy0O0 TYXOBHOM.

DBoonUs, Kak cTpykrypa CBera, HECET B cebe MEH-
TaJbHO-JAYyXOBHBIE M Marepuanuctuueckue Hauana, cooTHo-
csIMecs KaK KUHETHYEeCKas W IMOTEHIHaIbHAasi dHEPrus, TO
€CTh B OTHOIICHMU 2:1 niun

(Exc + €o'Hoc”=2) & (mec =1). (8.35)

®opmamu  DBousronMHU  SABJSIIOTCS JKU3HL 70 (1Ociie)
Kuznu n 6uonorunueckas MarepuanbHas JKU3Hb.

Haxonsice B ®opme Tonkoit Duepruu Kuzuu 1o (mo-
cie) Kuznu, mbl MHOro Ilo3Haém, HO chenarb MOXXEM Malo,
n60 numensl @opm u ['paButanmm.

BHOBb U BHOBBL BO3Bpaiasichk B JKu3Hb, Mbl 3a0bIBaeM
To, Uro y3nanu B Kuszuu no Xusum, u pacrpauuBaem Crio-
coOHOCTh K TBoOpyecTBY Ha IycThbie Jejia OBICTPOTEKYIEh
KU3ZHU.

Tem He MeHee, KOAIPPUUMEHT IMOJE3HOTO JACHCTBUA
PEeMHKAPHALMH HEYKJIOHHO BO3PacTaerT.

***

[Iponieccel B monsix ToOHKMX ODHEpruil BOJHBI CBETa U
AIEKTPOMArHUTHOM cpenbl mporekaroT ¢ [IpomosmkurensHO-
cThi0 Apynsl (T = 3), a B noisix Marepuu ¢ IIpogomxurens-
HocThto Pynwl (T, = 4).

B 351eKTpOMarHUTHOW BOJIHE-YACTHUIIE CBETA, & 3aTEM BO
BcéM Emmnom KocMoce, BO3HHMKAIOT PE30HAHCHO-aHTUPE30-
HaHCHBIE TTOTEeHITUANbI (Ta0:1.8.4).
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Tabmuma 8.4
®opmuposanue Enunoro Kocmoca
3JIEKTPOMArHUTHOI BOJIHOM cBeTa

[Tona
Apyna Pymna Cser
Pexxumbl
AntupesoHanc | (Ejcteotoc’) T + mec-T, n 6+4 =10
| |
Pe3onanc E;LC’CXSOMOCZX’C x mec-T, = 334=36
CBobGogHas _36=8+7+6+5+4+3+2+1
DHeprusi: 10 = 4+3+2+1
pasHOCTB 26=8+7+6+5
1
1
Yacel KocMoca + 26I¢d(p =+13= i(72 - 62)5 ig(gz — 52).
0

[TomydeHHBIE pE3yIbTATHI SBISIFOTCS KBUHTICCEHITUEH
Bcel Hayku o EnuHoM kocMoce (Ta61.8.4). Ilostomy pac-
CMOTpPHUM UX MOJApOOHEE.

***

Cser - unctpyMeHnT TBopua, Yuurtens, bora, Bricmiero
Pazyma unu CynuiHocTu ¢ Tr00bIM U3 9TUX Ha3BaHUM.

Briciuit Pazym, npumensisi Moicisb, [lamsates u Boo6pa-
YKE€HUE, UCTIOJb3Yysl HHCTPYMEHT - CBET, TBOPUT U3 MaTepuaia
CaMOCYILUX BOJIH BE€YHOW TbMBI MHOXKECTBEHHOCTH Dopm
Ouepruu Equnoro Kocmoca kak B JKuBoM, Tak U B HEXKUBOM,
Kak B MHKpPO, TaK U B MaKpo BceneHHbIX.

3axoubl Exnnoro Kocmoca eaunasl B0 Beém u Beerna n
OTIPEJICIISIFOTCSL  B3aUMOJICUCTBUAMU MeEXAy co00i (OHOHOB
(BomHa cBeTa), (DOTOHOB (YacTHIla CBETA) M DJIEKTPOMArHUT-
HOM cpespl MeXy HUMH (Ta0:1.8.4).

*
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Enunsiii KocMmoc n 06pasyrommast ero 3yieKTpoMarHuTHas
BOJIHA CBETA CYLIECTBYIOT B J[BMKEHUU - ITyJIbCALIUU.
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[lynbcanusi BKJIIOYaeT B ceOsl CokaTUE U paclIMpEHue
TOYEYHOI'0 y4dacTKa BOJIHBI cBeTta u Enmnoro Kocmoca B ne-
JIOM.

[Tynbcanus cBsi3aHa ¢ PE30HAHCOM JIFOOBIX DHEPTETHYC-
CKHUX TIOJIEN.

Pe3onanc mogo0eH BAOXY JHEPruu B CHCTEMY, B KO-
TOPOM MOBBIIIACTCSI KOHIIEHTpalKs (TUIOTHOCTh) SHEPIUH, UH-
TEHCU(ULIUPYIOTCS B3aUMOJICHCTBUS, MPOSBISIOTCS HU3JIyde-
HUSI CBETA C PA3HOCTHIO JUIMH BOJH B 3600A (Ta61.8.4).

Bo3HuKaeT paclIMpAIOLNIMNACS DHEPreTUYECKUU Pl
(Tabn.8.4):

Tpancpopmanuss KBaHTa cBeTa

Pezonancuas N3nyuénnblii Conmeunbiii psn (8.3 6)
TOYKA-U3ITy4yaTesb KBaHT
334 = 36 ? 1+24+3+4+5+6+7+8.

BO3HUKHOBEHHE COJIHEUHOIO JHEPreTHYECKOrO psja
IIPOUCXOJUT 3a CUET PACILECIUICHUS - MYJIbTUILNIETHOCTA KBaH-
Ta COJIHEYHOro Oesoro cBera ¢ nmoreHuuantoM 36, a cam U3Iy-
YEHHBINA OBl KBAHT SBJIAETCSA MPOU3BOIHON TOUKH - U3IIyYa-
Tens ¢ moTeHuuanom 3-3-4 (8.36, Ta6n.8.4).

***

AHTHUpPE30HAHC MOA00CH BBIIOXY YHEPTHH U3 CHCTEMBI,
B KOTOPOM NOTEHIMAJ TOUYKHU U3JIy4aTesl CHUKAETCS OT

36 =3-3-4 — 3+3+4 = 10. (8.37)

Bo3nukaer pasznocts 36 — 10 = 26 u Eaunsiit Kocmoc
HayWHaeT oTcuuThiBaTh EnuHoe "Bpems" (uepenoBanue I1po-
JOJDKUTEBHOCTEH Tepexoia OJHON (OpMbI DHEPTUH B JPY-
ryto) no 13-tu nynHomy Kanenpapro IluBunuzanuu Maiin
(Tab6n.8.4).
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Bnox (pe3oHaHC) U BbIIOX (AHTUPE30OHAHC) - 3TO MPOTH-
BOIIOJIOJKHO HAIpaBJIEHHbIE MPOLIECCHI, YHEPTETUKY KOTOPBIX
MOXHO 3arucaTh B BUJIE:

JAuHamMuka myjabcauuu
3JICKTPOMATHUTHOM BOJIHBI CBETA
Touka- TToTenmuan dopmu- CEssh [Tepexon
H3JIy4YaTellb | U3Iydarels | POBLIUKU OMOKIIETKE
Pesomanc | 33-4=36 14243 +4+5+6+7+8 (8.38)
Antupesonanc | 3+3+4=10 | 4+3+2+1 6+7+8=21
21 =

Cymma u nipo- 36:10=360= | 5+5+5+5= 5+7+(9+0)
U3BE/ICHHE 360°=2n | 20=AK/AXK GHOKIIETKA.

JluHaMuKa myJibCallK 3JEKTPOMArHUTHON BOJIHBI CBETA
OyJeT BKJIIOYATh JIBA BCTPEUYHBIX MOTOKA HA MEPBBIX YETHIPEX
ypoBH:IX (8.38).

CyMMa Ha KaXJIOM M3 3THUX YpOBHEH OyAeT UMETh IO-
TEHLMAJl, PaBHBIM [T, U CYMMAapHBIM ITOTEHIIMA HA YETBIPEX
ypoBHsX, paBHbIH 20 (8.38).

Hanmnune motennuana 5 ¢popMupyer IHepruo cBsi3u, a
noreHuana 20 - OTHOLICHUE KPACHOM M KENTOM Pa3HOCTHU
JUTAH BOJH (8.38).

Beaunkas LluBuiausanusi Ha3bIBaeT 3TH IepBble 4e-
ThIPe YPOBHA B COJIHEYHOM psay ¢popmoBmmukamu (8.38).

*
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CymMma moTeHIMaaoB (OPMOBIIUKOB W MATOTO psiaa
(20+5 = 25) npenonpenenseT MyJIbCalUIO ¢ YaCTOTOM 25 Kaj-
pPOB B €AMHUILY MNPOIOJLKUTENbHOCTH Ha ypoBHE Ilonco3na-
HUsl, KyJa nocrynaetr Kocmuueckast MbIcib:

381



IMyabcanus Kocmuyeckoir Mbican
B [loaco3nanuu (8.39)

p*:25 =28-10%25 = 7-10%* = (To+1)- 10%.

Jlorapudmuyeckne BOJHBI, PACXOSIINECS OT IyJIbCH-
pyromieit Mepicinu, mpuBoAST K Tenenatuu 22 OykB ABpaama
([16], Ig 10 =22).

OO6muit morapudmuueckuit moreHman (8.39) ces3an ¢
Yucaom ABoraapo (B rpaMM-MoJie) COJIEPKUTCSI PaBHOE KO-
JNYECTBO MOJIEKYJI:

A=6,310” =710 =0,7-10 = (7-0,7)-10.  (8.40)
***

Kocmuueckass Meoicnp nepexonutr u3 Ilonco3nanus B
Coznanue u Tpanchopmupyetcs B Boobpaxenue. BoobOpaxe-
Hue B CO3HaHUU MyJbCUPYET C YaCTOTOM 24 KaJipa B €IUHHUILY
[Tpo10IKUTENBHOCTH

Hyabcanus KocMuveckoro BooOpaxenus
B Co3HaHuM (8.41)

q*-24 = 16:10*"24 = 384-10%.

Mexny kocMuueckoil MbIcibpio U KocMuyeckuM Boo0-
pa’keHHEM BO3HUKAET PA3HOCTh MIOTEHLUAJIOB, 0a3UCOM KOTO-
pOM SBIIIETCS CKOPOCTh CBETA, DKBUBAJICHTHAS YUCILY T

KocMmuyeckasi pa3HOCTb MEKIY
Mbicabio 1 BooOpakennem

p*25 — q*-24 = (700 — 384)-10° = 3,16: 102 = - 10* = ¢- 10*
pu = 3,16.

(8.42)
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[Mocae HeurTpamumsanuu (GOpMUPOBIIUKOB B OKPY-
JKaloliedl cpeae BO3HHUKAET NATEPUYHAs] CBA3b, a 3aTeM
JHepreTH4YecKue YPOBHH C mMoTeHHuagamu 6, 7 m 8 mis
COJIHEYHOT0 pPsia, W MOTeHHHAJamMu 6 m 7 1Jsl JIyHHOTrO
pana (8.38).

Hap mr00bIM CIyCTKOM TMOSIBIISIFOTCSI TIOJIIPHBIE BUXPU C
MOoTeHIManaMu +2 1, CBA3aHHbBIC C JKUBBIM - HE)KHUBBIM:

IHoasipHble BUXPH HAJl CTYCTKAMH
Pan . N
ConHeuHbIH Jlynnbrit
KauectBo (8.43)
Hexusoe +H(6+7+8 =21) +(6+7 = 13) '
XKusoe (cyoctpyk- | £(5+7+(9+0) =21) +(5+7=12)
Typa KJIETKH) OMOKIIEeTKA HEHPOH.

Boicuii Pazym mpossisier Ce0si Ha 3TOM ypOBHE B
MOJIHOM Mepe, TBOPS U3 HEXKUBOTO KUBOE (8.43).

*
kk

Benukas [{uBunnzanms 0€3 BCIKMX MArMYeCKHX HIIH
KOHBIOHKTYPHBIX CEKPETHbIX MUCTEPHUIl TOBOPUT HaM, JIIO-
JISIM CETOAHSIIHEN 3eMir, yTo poucxoaut (8.38).

"S. Koraa B kone llsaToro Hacrynmuiaa gojrasi Ho4b,
10 Tpéx, YUernipéx u IIaTHyrojbHbie ObLJIM CKAThl U OTJIU-
Thl B lllectu u Cemuyroanubie" ([4], Teorenesuc, Cranua
VD).

B nynnom none (8.43) BO3HMKIIA PAa3HOCTh MOTEHIIMA-
JIOB:

(6+7 = 13) yronbuble — (3+4+5 = 12) yroapHbie = | yronbHbIE
(6+7=13) — (3+4+5 = 12)* = 25 yronbHble.
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"6. lllecty ChiHoBeili oxaTa NPUIIA YTOOBI 3aKa-
JUTh, YILIOTHUTH U HanpaBuTb Ux B ¢opmy, cooTBeTCT-
Byomyw Uxaiismu boros ([4], Teorenesuc, Cranua VI).

Peub unér o GoHOHE U PIESKTPOMArHUTHOMU cpe/ie:
EjcT + golloc™ T =3 +3 =6, (8.44)

UCTOYHUKE O0xecTBeHHON KyHaanuHu.

KyHnanuau Hajo OoXJIaiuTh (3aKaIUTh) M CXaThb (Y-
JIOTHUTB):

Cune-roay0as cnupanb Kynnaanamn

Kynnanuan Oxnaxnenue | Yuotnenue | Uror (8.45)
(Bt €oloC”) T=6% 1g p1ps=-25 x Tewo/c=2 = -300=
AT’ = AC.

Bosnukaer cune-romy06as cnimpans KyHnanuau, a y ito-
ney cune-roy0as yakpa Tperuii ['na3 (8.45).

%
*ok

CBeT M €ro CHeKTp BIMSICT Ha YePEIOBAHUEC TTPOIOJIKH-
TenpHOCTEH To 13-TM nyHHomy Kanengapro nuBHIM3aAN
Maiin: kpacHyr W KENTYI0 HEIeTH KaKJIOro Mecsa MOKHO
cBs3aTh ¢ (opmupoBmmkamu (20 = AK/AX, 8.38), cunroro
Henemo ¢ Kynnanunu (8.45), a Oenas Henelsl XapakTepU3yeT
cuHe-ronyoyto B Pyme (8.45):

(AT'+ AC)* = 3600-10% = AB-ps2. (8.46)

Tpunaguaty nyHHbIM KanmeHnapp ONUCHIBAET CIYCTOK -
paayry, 3aKiI04€HHYI0 B 000/109KY M M3JIy4al0llyl0 B BOpPO-
Ta JABYX MOJIIOCOB IIOJISIPHBIE BUXPH.
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""7. JIlBe HOBBbIe 1BepH OTBOPUIUCH M3 KoHeuHOCTH B
beckoHeyHOCTH (MOJISIPHBIE BUXPH CrycTka). SlcHblil Oe-
Jablii ay4 boxecrBenHoro CosiHIIa CBEeTHJI CKBO3b TOJIBKO
4TO0 OTKpPbIThIe ABepU W He pacceuBaiica. [loBepxHocTh
korga-to TémHoil 3Be3abl HM3MEHHMJIACh: OHA CBETHJIACH
sapkuMm cBetoM. E€é cnyrnuku - Koseca moiimasnam Juiib
paccesiHHbIE JIy4H, MOCKOJbKY OHH ObLIM NOCJEJIHUMHU B
3Toii rouke" ([4], Teorenesuc, Cranma VI).

Paccesnnsbie JIyuu - ato CBero-/laTens:

ConHeuHbI psf 1+2+ 3+4+5+6+ 7+8 36

JIyHHBIH psif 7+6+ 5+4+3+2+ 1+ 0] 28 | (847
Cgero-/laTens 8+8+ 8+8JIrSvLSJIr8+8 64.
£k

Crymenue Cpeto-JlaTtens Bo B3auMOACHCTBUSAX (PopMu-
pyet HeGeca - [lunb B ux nuc-tpanc nzomepu (8.47):

Crymenue CBeto-/latens B Hebeca - I{lunb

H3omepsr nc- Tpanc-

(8.48)

[ToTrenuunassl 64- lgM =3200 | 64- lgL =-3200.
P P3Py

Hanbueiiee crymenue Hebec - Llunb Baedér nosiie-
HUE IIApOBOM JIEKTpUYECKON MOHUKM BooOpakenus:

i3200[1gM:50j:i16-104 = +./qq* 10" (8.49)

P
***
Ecam Obl 51 ObT MucCTUKOM, TO ckazan: ""EBpeiickuii

Bbor, uro TBOpuT AltH CO®, paBubiii 50".
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Ho s He muctuk, u Mos 3ajaya HE 3aCEKpEYMBATH Ma-
rudeckyo Liymocrh, a nepegaTh JIOASIM peaibHble 3HAHUS
3axonoB Eqnnoro Kocmoca.

Hauny ¢ toro, uro AitH CO® - sto He bor, a B3aumo-
nevictBug B sHuporepmun Kocmoca HeBecomoctu u 3kK30TEp-
muu Kocmoca CrycTkos:

Tepmus DK30- DHII0-
Bsaumoneitctaue | Ko = 1gM =50 | K,, = lgL =-50.
P P3Py

(8.50)

A nanee B none Emxunoro Kocmoca mexnay Kocmocom
Hesecomoctn 1 Kocmocom CrycTKOB BO3HHKAET aCUMMeET-
pusi, BbI3BAaHHAsI TEPMUYECKUM H3MEHEHHEM B IOJIE€ CBETO-
Harens (Ta6m1.8.5).

Tabnuna 8.5

JHepreTuyeckas acummerpus B Kocmoce
HeBecomocTu u CrycTkoB, BbI3BaHHasi Tepmueii (8.50)

Tepmus OK30: OHJo: AHTUpPE30HaHC

TTorenimansl K, =+50 K, =-50 CyM= | pas-

Ma HOCTb

p| Ceero- 64-50 =32-10> | 64-(-50)=-32-10> | 0 | 64-102
Jlarenb

o| Hedeea 500 50-16-10% | -32:10(-50)=16-10* | 32:10] 0
-Ilunp

5| Boobpa- 16:10*50 =8-10° | 16-:10"(-50) =-8:10°| 0 | 16:10°
KCHHUC D dexr Kupnuan

4| Aypa 8:10%50 =4-10° | -8:10°(-50)=4-10% | 8-10° | 0
DoTOHEI B

5| momm- | 410%50=2:10" | 410%(-50)=-2-10"" | 0 | 410"
Hodope
OnekTpo- —~.1010.c0—1012| ~ — ~.1n10. _1n12] ~.1012

6 ey |P3210'%50=10"ps=-2-10"(-50)=10"*| 2-10 0.
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Ha msaTom ypoBHE 3K30-3HIO0 TEPMHUYECKOTO BO3JICHUCT-
BUSI BO3HUKAIOT OTOHBI (Ta0:1.8.5).

Konnentpamust 3Tux (OTOHOB MpU aHTUPE3OHAHCE CO-
CTaBJISICT IOTECHIMAJ, PAaBHBIN 4-10" (Ta61.8.5), a mpu pe3o-
HaHce YKciio (OTOHOB PaBHO:

210" -(~2-10")
ol =T, =4

— 107, (8.51)

MMeHHO Takasi KOHUEHTpauus (OTOHOB ObLIA YCTaHOB-
nena C.M.BaBunoBeiM B mpesenax HACHIIEHUs JTIoMHHO(Opa
npu TpaHc(HOpMaIMK COTHEYHOTO CBETA B JIIOMHUHECIICHTHBIN.

***

Ha mectom ypoBHE CryiieHusi pacCesHHOTO IOJs CBe-
TO-JlaTens BO3HHUKAIOT NAIBHOACHCTBYIOIIME AHTHUPE30HAHC-
HbIe B3aUMOJEHCTBHUA ¢ moTeHmuanom 2-10' (ta6n.8.5), sxBu-
BaJICHTHbIE A()PEKTUBHOCTU IJICKTPOMATHUTHBIX B3aUMO/ICH-
CTBUI.

KoJsie6anusi 3J1eKTPOMATHUTHBIX B3aMMOJAEHCTBUI B
00J1aCTH PE30HAHCHOI0 pAaBHOBecUs1 TpPaHCcHOPMUPYIOT
3JIEKTPOMATrHETU3M B TPAaBUTALUIO:

B3anmocBsizb IrpaBUTAIIUHA M 3JICKTPOMArHeTusmMma

Diex- 1 ;
Tpo- p3=2~10‘2j¢)d¢=10‘2<:> 1x(-1) @—10‘2=2-10‘2J'¢;d¢
0 1

MarHe- 8 2
TU3M JJIEKTPOMArHeTu3m PaBHOBECHUC 3JICKTPOMAarHeTUu3M ( 5 )

[ 1 1 s I
IORET T A A

= pj - TpaBUTALNA ‘ paBHOBECHE.

I'paBu- 1

Tanus

paBHOBecHe
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Crymenune moJieii ¢ JaJbHOAEHCTBYHOINMMH 3JIEK-
TPOMATHMUTHBIMHM B3aHMOJACHCTBUAMHM NPHUBOIMT K BO3-
HUKHOBEHUI0 KOPOTKOACHCTBYHIIHMX S/ACPHBIX B3aHMO-
neiicTmii: 2-10'%(£50) = +£10" = +p,.

Takum o00pa3oMm, 3IJTeKTPOMArHUTHasi BOJIHA CBeTa,
HCIOJIBb3YS B3aMMOJCHCTBHSA CBOMX KOMIIOHEHT M €CamMoCy-
el cpeabl BOJH Be4HOM TbMbI, (opmupyer Eaunbrii
Kocmoc o csoemy 00pa3y u moaoouio.

BaxueiimiumM MoMeHTOM Iipu (popmupoBaHuu Eourozco
Kocmoca snekmpomacnummuou BOJIHOW CBETA SIBISETCS OTHO-
IIEHUE CYMMBI - Pa3HOCTHU CTYILLEHUs BOJH (Ta0:1.8.6):

HepaBHoBecHasi cucreMa KoJe0aHUM P
CIYIIEHUH JIEKTPOMATHUTHOM BOJIHBI CBETA
U pacuienJieHuH CryCTKOB s1/Ipa

cymmor _ 32-10%-8-10°-2-10" 1
pasnocmu 64-107-16-10°-4-10"° 8

8106 = 64:10°-16-10°-4-10° _ pasnocmu
©32:.10*-8-10°-2-10%  cymmwr

10°

(8.53)

%-106<:>8-106,

rae: 8% - cryctok TsHb,
+6 = Ig 10™° - KyHnamuHu.

[Ipu crymenun BosH, Hanpumep B Kanno s1epHOTO
BEILECTBA, MOTEHUHMAJIbHAS JHEPIrus siApa SIBJISAETCH HOCH-
teqaem Kynnaaunu (8.53).

Kynpanunu B Kanuie Slnpa nposisasier ce6s1 npu Bbl-
coknx uacrorax: npu 10° 'y Bo3HHKaeT cBeucHHE AyphI B
dbopme sddexra Kupnuan, 3areM Kak 3JIEKTPOMArHUTHOE
B3aumozeiictare (p; = 10°2=10'%) 1 gazee kak rpaBUTALHOH-
Hoe (p; = 10°*=10"*) u smepuoe (ps = 10').
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8.3 TpaHccopmauma Kocmuueckux Mbicnu
u NMNamAaTn B AaepHOM BellecTBe

@opMHUpPOBAHUE CTYCTKA - TAHBb C MOTEHIHAIOM 64 npu
CTYIICHUHU 3JIEKTPOMArHUTHOM BOJIHBI CBETA ABJISETCS CIEACT-
BueM nepexosia Kosmnuecrsa B KauecrTBo.

[Tepexon KoamuectBa B KadecTBO nMeer OeckoHeu-
HYI0O MHOXK€CTBEHHOCTh D0opM, HO Bce (PopMbI Tiepexojia 00b-
EAUHSACT XapaKkTep ABMKeHUHA 00beKTa - cyObekrTa B Ilpo-
CTPAHCTBe.

Hampumep, snexktpomarHutHoe kojebanue Kocmuue-
ckoii Meiciu (p*) co CKOPOCTBIO ¢ = T, WM €€ MOJET CO CKO-
pocteio ¢ = 1t B [IpocTpancTBe hopMupyeT rpaBUTALNMOHHBIA
umnyabce. Bpamenne Kocmuueckod Mpicinn 10 KBaHTOBaH-
HOI opOuTe POpMUPYET MATHMTHBIA MMIyJabc. B none rpa-
BUTAIMOHHO-MarHUTHOTO INE€peXoja IPUHUMAET Yy4acTue

nyJnbCUpyrommn Mexay Xaocom u I'apmonmenn Kocmoc
(Ta6m1.8.6).

Tabnuia 8.6
I'paBUTAlIMOHHO-MAarHUTHASA B3aMMHas TpaHcopManus
Kocmoc OHeprus u
[Tons I'paBuTanms Maruetusm
(mynbcanus) YCKOpEHUS
1
icj¢d(05 ® %02 =
c’ =
[ToTen- *c= p-H
p*c 0 u . +(p*)e o =
LAaJIb] 1 eSO 12, 2
tc — |=to, +(p*)*c?/2
2
Mpeicnbs u3 | Tpanchopmarusa| Ilamsare | Ilputskenue-
[Tpoueccnl patchopmar P
Kocmoca JBH>KCHUS Kocmoca | oTrankuBaHue.

['paBUTaIMOHHO-MAarHWTHAsT B3auMMHas TpaHchopMaIus
Mexay Kocmuueckoit Meicnbio u [lamstero Kocmoca, npore-
Kaomas B W3BeYHOU myibcamuu Kocmoca mexmy XaocoMm u
["apMoHMel TPHUBOIUT K TOSIBICHUIO LEHTPOOCIKHO-IICHTPO-
CTPEMUTEIBHBIX YCKOpeHUH (Tab1.8.6).
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LeHTPOOeKHO-LEHTPOCTPEMUTEIbHbIE  YCKOPEHMUS,
BO3HHMKAKOIIME B HeApax IpaBUTALMOHHO-MarHuTHON Ka-
e Slapa, 3acTaBJIAIOT K0J1€0aThCH MMOBEPXHOCTH Sapa.

Hama Hayka, He 3Hasi MyJIbCALMH, CKPOMHO OTBEYAET:
AJIpO HE UMEET APKO BBIPAKEHHBIX Ipanull [13].

Hamma marusi, He noHMMAasi CyIIHOCTH KOJe0aTeIbHbIX
npoueccoB, 3amyckaeT ¢uiaocodckyro MamuHy Ha Bce 729
ob6opotos [1, 2], a mocesimeHHbIe Y€pHO-0enbie Mazu POTHO-
3UPYIOT Ha OOJIBAaHUMKAX.

Hamu 330Tepuxu criokoiinsl, 100 yBepenbl: Kpacora
cnacér Mup.

Hamwm Penurum gunamuka kosiebaHus sigpa U €ro Imo-
BEPXHOCTH HE BOJIHYIOT, TaK KaK OHM OCTAlOTCs B JHANA30HE
TpaIUIIMOHHBIX Xan00 u mpocs6: T'ocmogu! Cnacu u nomu-
ayi!

***

YBaxkaemsplii Unrarens! 3a uzyyenue konedanus Heap
¥ MOBEPXHOCTH siAPAa NpUAETca OpaThest HaM ¢ Bamu: eciiu
HE MbI, TO KT0? [lorumuxu? Ho 3emnsiHaM JOCTATOYHO szIEp-
HBIX MCMBITAHUN OPYXHUS U SIIEPHBIX KAaTacTpo(d Ha aTOMHBIX
ANEKTPOCTAHIUAX.

***

Jlist Toro , ytoObl U3 Apynel Kocmuueckux Meicnel u
[Tamaru nonyuuts Pyny (@opmy), HEOOXOIUMO TIPEK/E BCETO
nonyuuts IloBepxHocTs Pynbl.

B coorBercTBUMH € 3aKOHOM COXPaHEHUS DHEPrUU IIO-
BepXHOCTH Pymbl B TpéxMepHOM [IpocTpaHCcTBE, MOBEPXHOCTH
Pynsl pomkHa 00aagaTh 3¢p)(peKTOM MBLIBHOIO Iy3bIPSi:
KaKy10 Obl (popMy He MPHUHAJ MBbLIbHBIN My3bIPb, KOJTHYE-
CTBO MBLIBHOIO PACTBOpPa, 00pa3ymouiero ero mnoBepx-
HOCTb, 10JI2KHO OCTABATHCS OCTOSHHBIM.
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B popmynuposke 3pdexta MBIITBHOTO My3bIpS KOJTUYE-
CTBO MBUIBHOTO PacTBOpA SBISETCS SKBUBAJICHTOM JHEPrUM.

***

HaunOosnpliell mIOTHOCTbIO YHNAKOBKM SHEPIETHYECKOU
MOBEPXHOCTHU 00JIaaeT MOBEPXHOCTH C(PEpHI:

Qu =4nR* =T, ¢cR? (8.54)
orpaHuuuBaroias o0bEM cepsl ¢ TeM ke paauycom R:

L
T

Vi = %'R'RS =2 cR? (8.55)

rae noctostHHas 4m/3 = 4,188... = 4,18... mxoyns = 1 Tepmu-
yeckas kanopus [ 14].

Ces3b [IpocTpaHcTBEHHON MOCTOSIHHOW 47/3 W TepMU-
YECKOM KaJIOpUM HE CIIy4alHa U KpalHe MOJIe3Ha, TAK KaK AaéT
BO3MOKHOCTb [I€PECMOTPETh TEPMOJAMHAMUYECKUE MOAXOAbI K
(PU3BHKO-XUMHUYECKHUM IMPOLIECCAM.

Hampumep, HamMm HE00XOIUMO OTBETUTh Ha BOMPOC Ha
CKOJIbKO? U BO CKOJIbKO? pa3 OTJIMYAETCSl MOBEPXHOCTh U 00b-
€M PHEPreTUYeCcKOil CUCTEMBI ¢ painycoM R = 2, 3KBUBaJIEHT-
HOW ra30BOM MOCTOSIHHOM:

R =2 kan = (C, = 5 xan) (C, = 3 xan), (8.56)

riae C, u C, - TeNI0EMKOCTH UI€aIbHBIX Ia30B B yPABHEHUU
(pv = Rt) I.1.Menneneena.

C nmosummn HxBuBasteHTHOCTH TEIIVIA wm ITPO-
CTPAHCTBA, rne 4n/3 = 1 1.xan, a 4n = 3 T.KaJl - BONPOC
peraeTcs daeMeHTapHo mpocTo (8.57):
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K pacuéry TennoémkocTu
U/1eaIbHbIX I'230B U CBETA

Dopuia Mpoctpan-| Hpoctpan- Tenmo
CTBO CTBO
e O6béM
Mpuibnbiii | [losepx- Kasopuu: chepsr: Kanopuu:
My3bIph C | HOCTh ky = v 4 R ky =
) : =—7-
paanyc C(I)_epbl. | 3kan2e= | 273 1 kan-23 =
BEeKTOpOM | Qu=4nR 12 xa 1 8 xan
R=2kan.| =16n =§-327r '

(8.57)

B none cBeTa u uieanbHbIX ra30B TEIUIOEMKOCTh MeK-
Ay MOBEPXHOCTHI) U 00HEMOM MBLJIBLHOTO MY3bIPsi KBAHTA
CBeTa WJIM MOJIEKYJIbI I'a3a UMEET Pa3HOCTh, paBHYIO (8.57):

ki - ky = 12 xan — 8 kain = 4 kain =

Cp+Cv

b

(8.58)

a OTHOILIEHHE 3TUX TEIUIOEMKOCTE COOTBETCTBYET MOIYTOPa
oboporam Koneca Becenennoii [4]:

kpp:ky=12xkan:8kan=3:2=1,5.

***

(8.59)

Korma Bo3HHKaeT HEOOXOAMMOCTh MEPEUTH OT TeIia K
[IpocTpancTBYy, TO Ham Jjayuile H30aBUTHCS OT KPUBHU3HBI
IIpocTpancTBa, unu yncia 1 B GopMmysax MOBEPXHOCTH ce-
pbI U € 00BéMa.

[Tpupona nzbasnsercs oT KpuBU3HBI [IpocTpancTBa TO-
raa, koraa B [IpoctpaHcTBe 1osABIsAETCS BOJIHA-YaCTULA CBETA:
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CnpsimiieHHe - HCKPUBJICHH e
MPOCTPAHCTBA CBETOM

Dopma IToBepxHOCTH O06BéM
Ipoctpan- | Pekpus- Crpsm- Hckpus- Cupsam- | (8.60)
CTBa JTEHHOE JEHHOE JEHHOE JTEHHOE
V= mcVir—=
IoTen- Qu= ExQu= | 4 " 4 N
3 3
[AAJIBI 47-R? 4-R? §-7r-R ER .

@DoTOH (YacTHLA CBETA) ABUKETCH B MCKPUBJIEHHOM
IIpocTrpancrBe KocmMoca npsiMoJIMHE{HO MOTOMY, YTO €ro
noJiéT B 00béme IlpocTpancTBa cnpsimiisieT ero co0CTBEeH-
HYI0 TPACKTOPHIO MOJIETA.

N3my4€HHBIA KOTJAa-TO SIPKOM 3BE30M, PEIUKTOBBIN
($hOTOH TIPOIOHKACT CBOM OCCKOHEYHBIM MPSAMOIMHEHHBIN I10-
nér B HeBecomoctu KocMoca, X0Ts 3B€3/1a-U3JIy4aresb JaBHO
1oracJa.

CBoii OECKOHEUHBIN MPSIMOJIUHEHHBIN TTONIET JIF000H (Ho-
TOH MPEKPATUT, BCTPETUBIIKNCH C TPABUTAIIMECH HAJ CTyCTKOM:
ciabasi TpaBUTALAS UCKPUBUT TPACKTOPHUIO, MOIITHASI TPaBHUTa-
Ust TpaHC(HOPMUPYET KOCMUYECKHI XOJIOJHBIN (POTOH B TETI-
J10.

*
kk

Macca ¢doTtona myiabcupyer U 00pazyeT CryCTKH CBETa:

CrycTku cBera
®dotoH (M) ®onon (E;) (8.61)
m*=0,008 | my**=0,002.
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®dotonbl OyIyT NPSIMOIMHEWHO JETETh B 00bEME Apy-
nbl (T) OT TOYKH H3JIYy4YaTe/sl X0 MOJISA COOCTBEHHOIO IO-

TeHMaga m.*, co3gaBasg 4000 KBaHTOBAHHBLIX COCTOSIHHMI
(Ta6mn.8.7).

®oronsl OyayT co3naBats Pymy (T, = 4) 3jiekTpomar-
HUTHOM 000109KH, co3aBast g ce0st 32000 KBaHTOBAHHBIX
cocTostHu# (Ta6:1.8.7).

Tabmuma 8.7
®ortoH-poHOHBI: Pyna u Apyna
KBAHTOBAHHBIX COCTOSIHM (BAKAHCHS, IBIPOK, ...)

ot Apymna 06néma Pyna oGonmouku
($hoTOHOB (hoHOHOB
4 4.2° EQ 64
Baxancuu | Ky = 7.2 = 0,008 Kp=T, = === 0,002
(mbIpKH) M, ’ M, ’
=4-10° =32-10°
Psaner JlyuubIi psj: CoJtHeuHbIN PA:
Bcenennoii (32-4=28)10° (32+4=36)10°
TeHOMBI (322 -4)-10° _1008-10° _63
Bcenennoit 32.4.10°  128-10° 8§ °

IIpu nmepexose MArHUTHOTO TOJIsl SIIEPHOT0 BelIeCT-
Ba K JIEKTPHYECKOMY MO0 OBEPXHOCTH si/Ipa:

IocrosiHHas1 mepexoaa
K 3JIEKTPHY€CKOM MOBEPXHOCTH

(8.62)
q*_ g _16_8_,

q =0
uoop* Npu® 1407

reHoMbl Beenennoi (1a6:1.8.7) mpoOyskaaroTes, 1aBasi Hayajio
HoBo# Kusznu B kaxaou Karmie Ceera (6nokieTku) B hopme

CyOCTPYKTYpHI:
63 8
9+0)=—-—=9. 8.63
©+0)= 2L (5.63)
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DHepreTudeckasl TUIOTHOCTh TIOBEPXHOCTH YBEIUYNBA-
€TCs B JICBATH pa3 MO CPAaBHEHUIO C DHEPTETUUYECCKOUN TUIOTHO-
CTBIO 00BEMA.

[Tpoucxonur Kocmnueckoe Hemopounoe 3auarue, To
ecTb naércsa Hadasno Hooit KuzHu myTtéM Tpancopmanuu
MarHUTHOW ApyIbl B 3JIEKTPUUECKYO Pymy.

*
kk

Benukas [uBuiausamuss Bekamu oOpalana Haile BHH-
MaHHE HA HEMOPOYHOe 3a4aTHe.

B unaynsMe "BUHOBHUKOM" HEIOPOYHOIO 3a4aTusi ObLI
CJIOH, B XpPUCTHUAHCTBE - TOIYOb, HO CErOJIHA MBI JOJKHBI T10-
HUMAaTh 3HAYUMOCTH ajuieropuid. [Topa B3pocneTs.

*
kk

[TIynbcupyromas rpaBUTAMOHHO-MArHUTHAs DHEPTUS
p*u*c? (tabn.8.6), mpoxoas Apymny (T = 3) oO6béma saEepHOTO
BemectBa (mcE;), IOCTUraer 3JeKTpUYEeCKOW MOBEPXHOCTH
Karmum Snpa u umeer Bakancuu ()OHOHOB, PaBHBIE BEJIUYHHE:

_ amE;p*u*c’ 27-28-14-10% _

N,=7 =
m 0,002

c

5290-10% = 5*%16:10* = |/gq * -5*10"2. (8.64)

IIpy  anTHpE30-
HaHce B mnoJjie (OTOH-
BakaHcuil (8.64) Bokpyr
a/jpa  BO3HUKAET YKe
3HakoMoe HaM CBeue-
Hue TOHKON DHEpPrum c
NOTEHIMAJaMU TOJIydJI-

JMIICOUIOB,  PaBHBIMH
27 u 28 (puc.8.1).

Puc.8.1 @opmuposanue snekmpuueckoti
nosepxnocmu Kannu Aopa
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Opnnako BelpakeHue (8.64) onuckIBaeT pe30HAHCHOE CO-
CTOSIHHE€ TOHKO-dHEpreTndeckoro CBeYeHUsI.

B ycnoBusix pe3oHaHca NSITEpUYHbIE CBA3U, paHEE pac-
npenenéHHble 0 OCSAM X U ), COOMPAIOTCS B OAHY TOYKY C
notexnuuanom 5 (puc.8.1).

B teuenue nepuona T,> = 16 Mexay pe30HAHCOM U aH-

TUPE30HAHCHOM MPOUCXOIUT (HOPMHUPOBAHKE CBOOOHBIX Isi-
tepuuHbIX cBsizell (IlaTepuunslii JIxa [3]):

DOHOH - BAKAHCUM PE30HAHCHON TOYKM (puc.8.1)

Pe3onanc 2-16)-5* 8.65
z—(To 16) > =500=AD. ( )
AHTHpE30HAHC 5+5+5+5

[TomydyeHHOTO TMOTEHIMANA - DKBHUBAJEHTA MATHCTAM
(OHOHOB - BakaHCHHM JOCTaTOYHO, YTOOBI OOpa3oBaTh pas-
HOCTh JJIMH BOJIH (PUOJETOBOM OOJaCTH CIHEKTpa CBeTa
(AD = 500A) unu atoma Bogopoa:

(Ap =1/m **=1/0,002 = 500).
***

CxaTtass B PE30HAHCHYIO TOUYKY IOBEPXHOCTh TOHKO-
sHepreruueckoro Ceuenus (puc.8.1) mo cyuiecTBy sBisieTCS
TOYKOW-U3ITy4yaTesnieM, 100 u3JIyYeHHe MPOMCXOAUT KBAHTA-
MM U TOJHKO PH PE30HAHCHOM peKuMe.

[Ipu anTHMpe3oHaHCE BO BHYTPEHHEM I10JI€ DHEpreThuye-
CKOM CHCTEMBI IMPOTEKAET HAKOIUICEHWE JHEPruM B TEUCHHUE
[IpoIOKUTETLHOCTH, PABHOM IO BEJIMYMHE H3Iy4aeMOMY
KBaHTY:

99* _16 _,
) 16

(8.66)
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*
kk

B nienom sueprus ponoH - BakaHcuil mpu GopmMupoBa-
HUU 3JIEKTpUUECKOil moBepxHocTH (8.64, puc.8.1), paBHa:

N, =5%16-10% = 10". (8.67)
***

[Tonanast u3 Apynsl B Pyny (oHOH - BakaHCUU TpaHcC-
bopMupyIOTCSA B POTOH - BAKAHCHIO:

B3aumorpancpopmanusi poToH-POHOH BaKAHCHH

Kowmmonentsl |  ®onoH (Apyma) ®oroH (Pyna)

[MoTeHManb! m.** = 0,002 m* =m**T, = 0,008 |(8.68)

CrnekTpanibHOE Touku - u3ny4yarenu
[IposiBnenue ..
cBeuyeHne B 00bEME Ha TTOBEPXHOCTHU
cBeTa
Kamu Anpa Kamu Anpa.

DNeKTpUUeCKrue TOUKHU - U3JydaTenu noBepxHoctu Ka-
UM Sijpa HAYMHAIOT MYyJIbCUPOBATHh C MEPUOAUYHOCTBIO T,?

(8.66):

Hyabcauust GpoTOH - BaKaAHCUM
B JJIEKTPUYECKHX TOYKAX

k
m*Te2 = 0,008:16 = 0,128 < 2000 = 16/0,008 = +/qq * /m.* | (8:69)

Ko 2000
0,128

=15625=5°.

DnexkTpuueckas noBepxHocth Kamnu Sapa co3gaér mo-
TEHIMAJIbHYIO JIOBYIIKY JIJISI CAMOCYIIIUX BOJIH, IMOCTYIAOIINX
n3 Kocmoca HeBecomocTu:
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DJIeKTpuYecKast JOBYLIKA JAJs CAMOCYIIHMX BOJIH:
noBepxHocTh Kanuu fAapa (8.69)

K27 =5%20= 10", (8.70)

rae: 10° - mone ¢ addexrom Kupiuas,

12
2 "= 64 - sxBuBaneHt crycrka TsHs.

8.4 Apyna - Pyna
CONIHeYHO-AepHOro BellecTBa

JIxo00M CryCTOK UMEET IUIAHETAPHYIO CTPYKTYPY.

Howmepa opbum: —— 7
——— \
ntl /7 2~ \ODPOUTA - SKCUEHTPUCHTET: & =,[1——
n AN A c
4>/ £ N\
n-1 g I Ay ‘(1)OKyC (:taa O)
% Vo R
| 1 : mle : (I |
| | |
[ g |
\ 1 ;] 1] la=c=7
\ /A
\
\ AN A !
NN T s v
\ S L - /
-y |-
<>

Puc.8.2 Ilnanemapuas cmpykmypa pomon - ponona ceema
KaK 3]1eKMpOMASHUMHOU 80JIHbl

Hayarno mraneTapHbIM cHCTEMaM CTYCTKOB JalOT ()OTOH
-(OHOHBI B DJICKTPOMArHUTHOM cpene (puc.8.2).

ONULIEHTPOM TUIAaHETApPHOM CHUCTEMBI SIBJI€TCA (POTOH
(dactuia cBeta m.), COBEPIIAIOUIMNA MOCTYNATEIbHOE MPSMO-
JMHENHOE JIBXKEHHUE CO CKOPOCTHIO ¢ = T (puc.8.2).

®oroH HaxoauTcs B (DOKyce IIaHETapHOM CUCTEMBI U
00J1a1aeT UMITYJIbCOM U DHEPrUeil, Iepexoa MeXa1y KOTOPbIMU
BO3MYIIIAET OKPYKAIOIIYI0 cpeay (Tad:m.8.8).
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Tabnura 8.8

®oToH Kak GoKyc NJIaHeTaApHOM cucTembl (puc.8.2)

Kommonentsl | Wmmynsc | Dneprus | Bosmyménuas cpena
1 f 7+1)-(r -1

[orennmansl | mc=—c =1 | mc?=n J' pdp = %
a 0

B cpene, uepes koropyto nposietaeT (HOTOH, BO3HUKAIOT
rapMOHMYECKUE KOJIeOaHUs, SBIIAIOIINECS NPUYUHONW H3BECT-
HOTrO Hameld (¢u3uKe MNPUHIUNA HeoNpeaeTéHHOCTH
(Ta0n.8.8).

*
kk

[IpuHUMD HeoNpPeAeJEHHOCTH TMPHUMEHUTEJIbHO K
IUIAHETAPHBIM CTPYKTypaM peajau3yer cedsi B mepexone
MacC OTHOCHTEJBHOI0 TOKOA ¢ OpOMTBI Ha OpouTYy
(puc.8.2).

MexaHu3M 1nepexoja MacC OTHOCUTEIBHOIO IOKOS
(m, = e = 2,7...) c opOuTHI HA OPOUTY CBsI3aH C TpaHchopma-
uel MMITysbca BpalleHus (m,m, = 0,5e-m) Ha UMIYJIbC Ips-
MOJIMHEMHOT'O IBUXKEHHUS M,C = €°T.

[Tpn HanuuuK BpalaTesbHO-NOCTYNATEIBHOIO MEePEX0-
Jla UMITYJIbCOB, CBET, KaK MeJbHULIA OyAeT nepeManbiBaTh Ma-
TEPUIO B CAMOCYIIME BOJHBI, U CUHTE3UPOBATh U3 CaMOCYIIUX
BOJIH CTyCTKH Matepuu:

w, 1 )= c .
my| —=—L2=— JInHeliHas
c ,
2 2
dopma o, 1 c
P my| — =—<>4=—1| IlosepxuocrHas | (8.71)
BOJIHBI ¢t 4 w,
o _1_,_¢ )
my| —=—<<8=— O0bémHas
c 8 ,
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B nynscupyromem mexay Xaocom m I'apmonmenn Koc-
MOCE BO3HUKAET UHTETPAJIbHAS PA3HOCTh MMOTEHI[UAJIOB:

JHeprus nepexoaa Mexxay opouTamMu
e 1 3 (8.72)

+ J.(pdgo = iz(mgcz —moza)oz)z g(eﬁ)z .

mywgy

[Ipu cxopoctu pacmmpenuss Apynsl BceenenHoil, pas-
HOM:

y=—C =§, (8.73)

IJIaHeTapHas SHEPTHUs Cpelibl, BO3MYIIEHHON (PoTOHOM, OyIeT
00J1a1aTh SHEpruei Macchl OTHOCUTEIBLHOTO MOKOs (8.72):

tv f(ﬂd¢5i§'§(€7f)2 =+(ex) =+mlc®. (8.74)

y@g
ES
*k

Yactuna cera ((POTOH) SBISETCS HOCHTEIEM BOJHBI
cBeTa ((DOHOH), W BOJIHA CBETa MYJIbCUPYET IO JJIUHE W aM-
IIUTyAe, uMest B Pokyce yacTuily cBera (puc.8.2).

[Tpu Takoi mysibCaliu BOJHBI CBETAa BOKPYT YaCTHIIBI
TOYEUYHBIH y4acTOK BOJHBI CBETa OyJET COBEpPIIATh KBAHTO-
BaHHOE (0e3 3aTparbl COOCTBEHHOW SHEPruu) BpalllEHUE I10
opoure.

[TogoOueM KBAaHTOBAHHOI'O BpAILEHHUS] TOYEYHOIO y4da-
CTKa BOJIHBI CBE€Ta M0 OpOUTE CaMOM BOJHBI B MHUKPOMHUpax
ABJISIETCS, HANPUMEDP, BpALIEHUE DJIEKTPOH-TIO3UTPOHOB BO-
KpyT sipa aToMa, & B MAKPOMHPAX - BPALLIECHUE IIJIAHET BOKPYT
3BE3/ U 3BE3AHBIX CUCTEM BOKPYI aCTPOHOMMUYECKUX UEPHBIX

HbIp.
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Bpamenue Toueunoro ydactka ¢oHOHa BOKPYT (OTOHA
MPOUCXOJUT ¢ nepuoguyHocThio T2 = 16.

B nosne HachilieHHOrO TIOMUHO(Opa BO3HUKAIOT JJI€K-
TPU4YeCKHe TOYeYHbIe YYACTKH BOJHBI CBETa, YHCIO KOTO-
pbix coorserctyer 10°° hoTOHOB.

3JI€KTpI/I‘IECKI/Ie TOYCYHbIC YIACTKH BOJIHBI CBETA

®opmMma nosst BoobGpaxenue buoroxk
(8.75)
To210%° = 16:10% T,2/10° = 16:10°
Konebauus N
=q <?> =q.

Opnnako BooOpakeHUE CyllecTByeT Kak Apymna (t-q*), a
ouorok npucyit Pyne (T,q).

Pe3onancHblli moTeHIIMan BooOpaxeHuss u OUoToka Oy-
JIeT COOTBETCTBOBATH BeJUUUHE (8.75):

k= (tq*)(T.q) = 12-16°. (8.76)
***

DJIEKTPUYECKOE T0JI€ TOYEYHBIX YYACTKOB BOJIHBI CBETa
CXKUMaeT PACIIMPSIIONIMECs] MAarHUTHBbIE TOYEUHBIE YYaCTKHU
CBETa, UIyIIUE U3 HEeJP sjIpa:

ko = (tp*) (Top) = 12-14%. (8.77)

Mexay SIeKTPUYeCKUMU M MAarHUTHBIMHU TIOJISIMH BO3-
HUKAET PE30HAHCHO-aHTUPE30HAHCHAS TPHUBEACHHAS ITyJIhCa-
s (8.76, 8.77):

aﬂeKTPOMaI‘HI/ITHaH l'[pl/IBeI[éHHaﬂ nmyJibCalnus
M:lmZ 14 & 25 —= kl —k2
Konebauus | &k —k, 5 16°-14 k, -k,
164-144 < (q*qu*n)* < 5* = T+

(8.78)
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Ha rpanuiie pasnena pacmmpsronierocss MarHUTHOTO U
COKHMAIOIIETOCS JIEKTPUUECKOTO TOJIeH, HampuMep y 3eMilH,
BO3HUKaeT autocdepa (8.78).

***

[Ipu noctymnennn camocymmx BoidH u3 Kocmoca B
Kammo Snpa Cryctka B Henpax Snpa mpoucxoaut dhopmupo-
BaHuEe Apyrnbl - Pynbl rpaBUTaliMOHHOTO MOJIS:

Ks = (vp*)(Top) = 12287, (8.79)
rae: tp* - Apyna Meiciu,

Top - Pyna rpaBuranmm.

Mex 1y TpaBUTAIlMOHHBIM U MarHUTHBIM ToJisMu B He-
npax Snpa Bo3HHMKaeT o0iacth nepexosa (8.77, 8.79):

I'paBuTAlIHOHHO-MATHUTHAS 00J1aCTh
B Henpax Snep
3 ky—k, (8.80)

M = 1282 o=
Konebanus | k;—k, 3 28 ky -k,

28 o (p*py < 32 =1

*
kk

Mexnay nutocdepoit (8.78) U MOBEPXHOCTHIO IpaBUTA-
IIMOHHO-MarHuTHOM oOnactu Henp sapa (8.80) Bo3HHKaeT
Pa3HOCTh MOTECHIINAJIOB:

Pa3nocthb MOTCHIUAJIOB B A/Ip€
Henpa Sapa (8.80) ) 28°=(2'14) o 2= (8.81)
JIurocdhepa Snpa (8.77) 16*14" < 52
PasHOCTH +14*%(2* - 16" <= -4,
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Mexny nosepxnoctero U Henpamu B Kamte Snpa Bo3-
HUKAEeT Pa3HOCTh MOTEeHIMANOB (8.81):

144 x 42 x (1 — 16%) < -4%;
14 (1 -16%) < -1; (8.82)
14* -~ 14*16° + 1 = 0.

rae: 14* = (uu*)? - marauTHOE TIOJTE,
16° = (qq*)*2 - snekTprUecKoe mone.

*
kk

B o6néme nynbcupyromux Henp Snep nHakorieHue
MAarHUTHOW 3HEPTUHU B MOJIE C HOJb-ITOTEHLIUAIOM BO3POK/IAET
Kusbie Maruutel kK HoBoii ZKuznu (perHkapHaius):

IIsaTh cTaguil peMHKAPHANUN KUBbIX MATHUTOB
1 14° — 14%16* + 1 © 0 < 144 = (pp*)?

+£14*16* <= 0 < £1

(8.83)

£14%16° < 0 < £1 < £14*

2
3
4 16 = 0=+l < +1
5

qq*=16> <= 0/16 =0 < £1/16 < +£1/16 = 0,0625.

3akanunBaercs popmupoBanue KuBbix MarHuToB co3-
JJAaHUEM B HUX OMOTOKa U BooOpaxkeHus (8.83).

[Tockonbky Aypa kUBbIX MarHuToB, Kak MpPOJOKEHUE
MMMYHHO-3AIIIUTHOW CHCTEMbI, BO3HHKAET MpHU 3(h(HEKTUBHO-
CTH B3aUMOJICHCTBUH ./ p, =10°, mposBiisisichk kak 3¢ ekt Kup-

JMaH, TO B IATOM cTaauy peuHkapHauui KuBbix MarHutos
(8.83) npumeT BuU:

qq*-10° = 16210° < o0 < £62500, (8.84)

rae 62500 — mmdp-Kirou k Kuure beitusi, ocraBnenHoi Ham
Besukou [luBuinnzanuen.
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DHeprus NpsSMOJIUHEHHO JICTSIIEro (OTOHA UCKPHUBIISAET
OKpykarolryto cpeny (puc.8.2):

HUckpuBienue okpy:xawmen cpeabl GOTOHOM
®oTOoH Nmiynse OHeprus
1 (8.85)
Bennuuna mec=—mn=1 mec’= —m*="n
V2 T
IIpoctpanctBo | He uckpusneno HckpusneHo.

B uckpusiaénnom IIpocTrpancTBe BOZHHMKAKOT KBaH-
TOBAHHbIC OpPOMTHLI JIMHEHHBIX BOJH, NMOBEPXHOCTHbIC U
00bémMHbBIE BOJIHBI (Ta01.8.3, puc.8.2).

ToueuHblii y4acTOK JUHEHHOW BOJIHBI 00JIaJaeT IICH-
TPOOEKHO-LIEHTPOCTPEMUTEIIBHBIM YCKOPEHHUEM::

1
tjo = +c0, = €2 =+qq*/T? - cmec? [pdp,  (8.86)
0

Y peann3yeT HAIMYKUE ITUX YCKOPEHUH ITyTEM BpalLEHUs
AJIEKTPUYECKOTO CI'yCTKa-TOUKH 10 KBAaHTOBAHHOM opOUTe
(8.86, puc.8.2).

%
*ok

DKCIEHTPUCUTETOM (€) BpAIllCHHS] TOYCYHOTO YyYacTKa
BOJIHBI CBETA 10 KBAHTOBAHHOMW JJUIUIICOUIAJILBHONW OpOUTE SIB-
JsIeTCs BBIpaXkeHue, mojo0Hoe JIopeHIieBy COKpaIieHuto B yc-
JIOBUSIX, KOTJ]a TIOYOCH DJUIATICA SKBUBAJIEHTHBI CKOPOCTSIM C
uv (puc.8.2):

e=,1-2 <1, (8.87)

rae: v =-R-j, — IeHTpoOeKHOE YCKOPEHHE,
c? = -2j, - HIEHTPOCTPEMUTEIHLHOE YCKOPEHUE.
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Bpamenue no 3mmnTuyeckuM opOUTaM MPOUCXOIUT B
COOTBETCTBHM C IIEPBBIM 3aKoHOM Keriepa um npoaosskaercs
JI0 TIEPEMEHBI HAITPABIEHHOCTH YCKOPEHUI.

***

Ilepemena HampaBIE€HHOCTH LEHTPOOEHKHO-LIEHTPOCT-
PEMUTENBHBIX YCKOPEHUII MEHSET 3KCLUEHTPHUCHUTET 3JIIUIICA
Ha KCUEHTPUCUTET NapadoJIbl:

2
821/1+V_2>1. (8.88)
C

DnnunTuyeckas opOuTa pa3pyuaercs, U TOYEUHbIN y4da-
CTOK BOJIHBI CBETa MEPEXOJUT ¢ OpOUTHI Ha opOuUTy (puc.8.2),
a HJIO B3MbIBaeT K MHBIM I'PaBUTALIMOHHBIM MOJISIM.

8.5 Kannsa Appa:
Kocmunyeckue 3akoHbl hopmMmmpoBaHua

[lepexon ¢ opOUTHI HA OPOUTY U3HAYATIBLHO CBS3aH C KO-
7neOaHUsIMU  BOJIHBI-OPOUTHI TIO JUIMHE BOJHBI W YaCTOTE
(puc.8.2):

(mxl)ymc*=(m=c=Av)(n=x1). (8.89)

[TopsimkoBbie HOMEpa OpOUT (N) CBA3AHBI MEXKIY COOOM
JYHHBIM U COJTHEYHBIMU PSJIaAMU:

JIyHHBIH psif 11213 (45|67

(8.90)

Conueunbtvipsang | 1 |2 |3 4|56 7]|8.

[lepBbie yeThipe psiga 3TUX mojeil Benukas lluBuiuza-
LU BBIACISET KaK (pOPpMHUPOBIIMKOB [3], a MBI MOKEM OIpe-
JeNMUTh OOIIyI0 CyMMY MOTEHIMANOB KoieOanus n £ 1 mpu

n=1,2,3u4:
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I'paButamms: n+ lopun=1,2,3 u4 Marnetusm
IMorenumaner | CyMMmbl Obmas
cymMmma 30 = 12422432442
0 2 3 boruns Jlyssl, (8.91)
i1 92 3 6 3+6+ BepmrHa Iupamu bt
9+12=30 "BaBunoHckas
2 3 4 9 bor Jlynst Bamns".
S 4 > 12

Pesurus lllymepoB cBsi3ajia moTeHUMAJbI IYJbCH-
PyIOLIero IoJis IPaBUTALUMH M MAarHeTH3Ma, NMOTEHLHAJ
KOTOpPBIX, paBHbIH 30, mrymeps! 000xecTBU/IM Kak bora u
borunio Jlynsl, npuaas Bepumune Iupamuasl '"BaBuiion-

ckass bamna" nser cepedpa - Jlynsl ¢ morenuuasom 30
(8.91).

%
*ok

CuHaliCKhe CEeMUTHI HE MOHSJIM IIyMEPOB MOTOMY, YTO
He nonsun camoit Cymnoctu Ilo3naBaemoro, kotopomy 6e3-
YCIEIHO MbITATUCh HayuuTh uX borm - Hamm Co3parenu,
wieHsl Conmyma Benukoil LluBninzanuu.

[TonmenuB Kpacory TouHocTH, OONTIMBOW KpacHBO-
cThto Jlana - »J1eMEHTOB [2], CHHalICKHE CEMUTBI U T10 CEHl JICHb
OKa3bIBAIOT MEABEKBIO YCIIYT'Y YEJIOBEYECTBY.

BossméMm uctoputo ¢ eBperickum 6orom AitH COD u
paccMOTpuUM €€ MPUMEHUTEIBHO K IIyMepaM M K 3aKOHaMm
Ennnoro Kocmoca.

*
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Bopota Be3aecymero 6ora AitH CO® OTKpHIBAIOTCS HE
4yeThlpbMsi Anamamu, kak B KaGbane [12], a myTéM co3naHus
(¢popmupoBanus) camoii [Ipupo1oii MarHUTHOrO MU3JIydaTess
¢ moTeHmuaaom (8.91):

52+ 42+ 32=50=(Tot+ 1)+ T2+ (T~ 1) (8.92)
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YacTOThI-3KBUBAJICHTHl MAarHUTHBIM H3JIy4aTesIsiM C TI0-
TEHIAJIOM, paBHBIM 50, TyKaBble CEMUTHI U 000XKECTBUIIN KaK
oora AitH CO®, mtonyB Ha Jlyny mrymepos (8.91).

Takum oOpa3oM HIyMepbl ONMMCHIBAIM IPABUTALIMOHHO-
MarHuTHBIN noaxon K noreHuuaty 50, a ceMuThl 000KECTBU-
mu noteHuuan 50, NOJMEHHMB HCTOPHUIO €ro (popMUpOBaHUS
riynocTteio KaG6ansr:

[Iymeper. Jlyna. [ITymepsr. Jlyna. Aiin CO®
['paBuTanus MarueTtusm Ka606ana [12]
1424344 =30 < 30=12+22+3%+4? (4+£1)2=50 (8.93)
®opmoBLIHKH [3] ®opMoBLIHKH [3] (8.92) '

[Ipumeuanue: 3Ty GuecTsIyo PU3UKY IIyMEPOB CHHACKHE
CEMUTHI 3aMEHUIIN Ha yOOTOoCTh 4eThIpéX Amamon Kabb6aisr [12].

*
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bor yuun, uro mpu CorBopennn Mupa O0yner Cser.
[TocMOTpuM, Kak 3TO IPOUCXOIUT.

Pe3oHaHCHOE cxxaTHe CaMOCYUIMX BOJIH BbIBOpadu-
BAaeT 3TH BOJIHbI HAM3HAHKY (MHBEPCUH MHKPO-4EPHBIX
AbIP), U OCBO0OKIEHHOE BHYTPEHHee IO0Jie CaMOCYIIHX
BOJIH M3JIy4aeT CBET B OKPY/KAIOLIYIO Cpeay.

3anwuiiem 31y ¢pazy 006 HHBEpCHH CAaMOCYIIMX BOJH Ma-
TEMATHYCCKH:

Ma oyaer Cset! (butius)
WNuBepcus
9(1) opms | Camocyliye Xonoanslii | Crycrok | Bonnsl cBeTa
HEpPIruu BOJIHBI
CTYCTOK cBeTa (8.94)

=Sin /4 = /N2 < /4= | arcSin 1/4/2

Kone6anus o |

=Sc /4= 1/\2 < ni4= | arcSc /2.
max |
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B o060t Touke 6eckonedHoctu [IpocTpancTBa xomoma
Kocmoca HeecoMocT pe3oHaHCHOE CiKaTHE CaMOCYUIHMX
BOJIH 3a:x:kéT Uckpy CBera u HauHET popmupoBanue u3 HMc-
KpbI ¢ ToTeHInanoM /4 popmupoBanue fAmapa (8.94).

O®pazy "la 0yaer Cser" Coznmarenb ckazal Ha Cellb-
Mol Jlenb TBOpeHUs, TOAYEPKHYB TEM CaMbIM AHTUPE30HAHC-
HBIN XapakTep npoiecca (8.94):

T 7 p_p*_ |pp*
—(7 =7)=—rn="=L—= . 8.95
4( 0+T ) 4” (q q* qq*Jc’ ( )

B KOTOPOM BO3HHMKAIOT 3JICKTPUYECCKO-TPABUTAITMOHHBIC M-
myJbCeh (8.95).
***

Ha nBenanuareii /Ilens TBopenus antupesonanc Vckpel
Cgera (8.95) nepexoaut B pe3oHasc (8.95):

/4(Tot = 12) = 31 = 1:¢ = (mecte e +Ec)c.  (8.96)

[uc-Tpanc mzomepust 3Toro noreHuuana (8.96) nmpuse-
€T K GOPMUPOBAHUIO 000JIOYKH UCKPHI C TIOTCHITUATIOM 6, KO-
TOPBIN OCTAETCS TIOCTOSIHHBIM KaK B YCIIOBHUSX PE30HAHCA, TaK
Y TIPW aHTUPE30HAHCE:

IHoBepxnocts Uckpbl CBeTa

AHTHpPE30HaHC Pesonanc (8.97)

[+2+3 =6 6=123.

[ToBepxnocts Uckper Csera (8.97) medopmupyer nBu-
»keHue Mckpel B MarHuTHOM 1osne:

6=35+25 u 3,5:25=14=10"Juu*. (8.98)
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B maramuTtHOM mnone BO3HHUKHYT cnvpain KyHnanuHu
(8.97), 3atem Cnupasib 30[MaKa, 3aT€M ...aCTPOJIOTH HAYHYT
IpeICcKa3bIBaTh CyAbObl U CYAUTHCS C KJIMEHTaMU, a Mbl OyieM
cMOTpeTh cuTyanuto no teneBugeHuto B "Hac Cyna" (eBpeil-
ckas (opma oTzbIXa).

%
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Hckper Ceera ¢ morennuanoM 1/4 = ¢/T, Bozroparorcs
W3 CaMOCYIIMX BONMH mpu u3 muHHMyMe (Sin m/4 = 1/4/2) n
Tpy UX MakcumyMe: Sc /4 = +/2 (8.94, Ta6:1.8.9).

Tabmuma 8.9
Pe3oHaHCHO-aHTHPE30HAHCHAS
nyJbcalus s/iPa CBeTa B cpeie cCaMOCYIIMX BOJIH

Pexum AHTHpE30HAHC Pes3onanc OTtHoueHue
1 T T 1 T
l—eZiZaon| —aZ 2ol o2 2
Koneba- - o=
HUS V2 4 244 1 2/ 2
2l low2 o2 | lo2/bae2 | 0o ]

IIpume- |®,=m/2 - yriaoBasi CKOPOCTh TOYEYHOTO YUIaCTKa BOJHBI CBETA,
qJaHue ® = 16/7? - 30J10TO€E YUCIIO.

[Tynbcamus sapa cBeTa B 000J0YKE CAMOCYIIUX BOJIH
dbopmupyet cBou ITogo0us BO Bcex Crycrkax, HalpuMep Mar-
MBI 3emutd o1 autochepoit 3emnn (1ab1.8.9).

dusnyeckasi CyIIHOCTh Mpoliecca MyIbCAllu SACPHOTO
BEII[ECTBA CBOJUTCS K TOMY, UTO MEXIY ABYMSI PABHOBECHBIMH
cocTostHUsIMH (Ta071.8.9):

n+l)-n=leodo, < 1=n+1)—n, (8.99)

Bpamaerca Karmis ssgepHoro BemecTsa ¢ noreHuuanom @ u
YTJIOBOM CKOPOCTBIO M, (Ta0:1.8.9).
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PackpriBaerca [Ipupona 1aBHO M3BECTHOTO B apXUTEK-
Type 30J10TOro Yncaa @, KoTopoe BO3HHKAET B I0JIe CBeTa
TOI1a, KOI/Aa B ITOM I0JIe MOSABJSIETCH JJIEKTPHYECKoe 10-

ae qq *=16: ® = 16/n*= \Jgqq* m.E,.

[Ipupona mnpoucxoxnaenus AByX EnuHuil B KOHTYype
BpameHust 3osororo Yucna @ (8.99) takxke cBsa3aHa C KoJie-
OaHUsIMM CBETa B caMOCyIIUX BojHax (8.98, 1a61.8.10).

Taomuna 8.10
HNHBepcHOHHO-BpamIaTeJIbHOE IBHKEHHE
SIZIEPHOTO BelleCTBA

HI;EZP i JleBu3na IIpaBu3na o

THOILIEHUE
Bpame- BHUXpEMl

J€BO-  IpaBo- IIpaBo- J€BO-
HUe

NuBep-
CHOHHO- Lazxigﬁ ﬁ@ixzci l/ﬁQIQ\EE
spama- |2 4 7 7 4 2| el1e12
ommees | /2 1e2 | V2ele /2 2ele
BUXpU

NHBEpCMOHHO-BpAIIATEIbHOE JABUKEHUE BUXPEU SAEP-
HOTO BEIIECTBA, TO €CTh HMITYJIbCOB M.C, EolloC” U E;C , Bemu-
kasi [{uBunuzamusa onuceiBaeT B Kocmorenesuce: "S. ¥ Ilopo-
ra Yerséproro CohiHam yka3zaHo co3aarb cBou IlogoOus.
Onna Tperh oTKa3bIBaercd. /JIBe noBunyroresa' (Cranua VI,
[3D.

AJlpec HaM JaH COBEpIIeHHO TouyHO, n6o Ilopor Yert-
BEPTOTO - ATO MOTEHIUAN 3% B MarHuTHOM mojie (8.93), B ko-
TOpoM Apyma crapTyet Ha niepexos B Pymy (Ta6m.8.11).
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Tabnuna 8.11
dopmupoBanue 000109KU BOJJHAMHU Apynbl B Pyne

Dopma Apyna Pyma dopMupoBaHUE
p 000JI09KH si71pa
MafHHT_ rpaBuATa- — rpaBuUTa- MATHe- TIPOIONBHO-
HOM DA~ s TH3M st TH3M OTIEPEYHBIMHE
BUTAMIH | n £ 1 n+l BOJIHAMHU
K 0(1]2 32 3 32 OTHoI1IEHNE BOJH
pacHbBIM
BBUICTICHBY | | 5 | 5 6 4 42 MIPOJIO0JIb- | TIOTIepey-
OTIOPHBIE HBIX HBIX
HacTothl [, [ o1, 9 5 52
126- 50<:>§‘ 50
CyMMBbI 3+61§9_ 126 3+41;5_ 50 18-12 | 12 126
ITonepeu- o A en 126% < 182
Has BOJIHA 126.18_7:T0+T 50.12:50.T0'T 72<:> 12
O6omn0uka
[Ipononsb- e i 48 <=0
A BOHA 126:18=7 182 50-12 =600 cuHe-ronyGoe
JIeJICHNE.

Oona Tpemv ocmaémca y Ilopoca Yemeépmoii, Tak
Kak oHa co31aét B Pyne o0os10ukm (T20.1.8.11), a JIBe Tpe-
TH MOBUHYIOTCSl, TO €CTh HAYMHAKT CO31aBATh MHOKECT-
BeHHOCTH @opm Pynsl (T20.1.8.10).

***

Kpyr Yuausepcyma B "OtkpoBenusax" Cesitoro Moanna
ONMUCBHIBAET MOJIE C MOTEHUHAIamMu 2, 3 U 4 B PE30HAHCHO-
paBHOBECHOM mosie camoro Kpyra ¢ moTeHuuanom, paBHbIM
Enunaune [6].

®dusnueckoii CymHOCTBI0O BEKTOP-3MIOPbLI B (opme
Kpyra Yuusepcyma siBjisieTcsi ONUCaHME YeTHIPEX YPOBHEM
¢opMoBIIMKOB [3], KaK Ha3bIBaJIM NOJS fpa B coluyme Be-
nukou [{uBunu3zamuu.
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Ms1 yxke pazoOpanuch B TOM, YTO YETBEPTHIN ypOBEHB
onuceiBaeTcsa Benukou [Iupamunoin Erunra, a TpeTuil ypoBeHb
B Cryctke supa onuceiBaercs Ilupamupon "BaBuiioHckas
bamns" (tadn.8.11).

[Tpuia nopa paccMoTpeTh ypoBeHb JBa (Tadi.8.12).

Tabnuma 8.12
Yposenb ¢popmupoBanus 13-Tv JTyHHOH MyJIbCANMH

KoMmioHeHTEI FpalrslniTalum: Marzetusm BoiHOBEIE KOTEOAHUS
0112 22 IIpononeueie| Ilonmepeunsie
TloTeHumanel
11213 32 9 13
9-13 = Pl
CymMBI I+3+5=) 243= 117 P ’
y 9 13 +(132-9°=88) < 0.

B nynbscupyromem nose Kamom Sapa nHa ero Bropom
HPHEPreTUYECKOM YpPOBHE B TPABHTALMOHHOM IYJbCUPYIO-
nieM (n £ 1) mosie BO3HUKAET CyMMapHbId MOTEHIUAN - SKBU-
BaJIeHT cyOcTpykType (9+0) 6uoknerku (Tabds.8.12).

B MarauTHOM moJje BO3HHMKAeT MOTCHIIMAJI-DKBUBAJICHT,
JAIOIIMKA Havyajao Myjbcaluu 1o 13-Tu JTyHHOMY KalleHAapo
MUBUIN3aUU Maiis.

Kak u mo0oit unoit ypoenb B Kamme Sapa, BrOpoi
YPOBEHb SIBISIETCS M3JIydaTelieM NPOAOJbHBLIX U Iomeped-
HBIX BOJIH (Ta611.8.12).

IIpoxo/ibHOM BOJIHOM SAABJISAETCS PE30HAHCHASI BOJIHA,
HalpaBJIeHHUE JABHKCHHS KOTOPOM COBIIAJaeT ¢ HAmpasJie-
HHEM JABHKeHUs] BUXPS dHepruu ot YépHoii Abipbl, HaXO-
asimeiicst B 1aHHoi odsaactu Kocmoca (1a651.8.12):

Ao =9-13=117, (8.100)

r7ie Ar— - CHMBOJI JIF0O0O# TIPOOILHOM BOJIHBI, HATIPUMEP
(Ta6n.8.11):

Ao =126%18 © 5012 & ... (8.101)
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IHonepe4yHoil BOJIHOW SIBJISIETCH PE30HAHCHASI BOJIHA,
HalpaBJIeHHEe JABW/KEHHS KOTOPOl He COBHAajaeT ¢ Ha-
NpaBJeHUEM JHepreruyeckoro Buxps or Yépuoiu bIpbl,
Haxojasinieicsi B 1aHHoii 06Jactu Kocmoca (1a6:1.8.12):

=2 o l3 (8.102)

r7ie AL - CHMBOJI MONIEPEYHON BOJIHBI, Harpumep (Tabm.8.11):
AL=126/18 < 50/12=.... (8.103)

Hamuuwne - PCAIIBHOCTh CYHICCTBOBAHHA IIPOAOJIBHO-
IMMOIICPCUYHBIX BOJIH U UX BJIMAHUC HAa HAIIIK 13-Tn JIYHHBIC ouo-
JIOTUYCCKHUC Y9aCbl MbI U OIIyIIaCM, HAIIpUMCP, IIPHU HdaJIbHUX
HepeHéTax 4cpe3 4aCOBLIC IIOACA: IOJET C BOCTOKA Ha 3amajy
II0 X004y BpalllCHHA 3a COJ'IHI.[GM IICPCHOCUTCA JICTYC, YCM C
3ariajga Ha BOCTOK.

[IpacnaBsine 3Hamm 00 >ddekxre MmpoaOIBLHO-TIONEpPEY-
HBIX BOJIH U OTPA3WJIH 3TO SBJICHUE B HANPABJIEHHOCTH TeK-
cta HAa DecCKOM JAHUCKe: TEKCT, YNTaeMbld K HeHTpy Pec-
ckoro Jlucka, HecéT HeraTHBHYI0 MH(OPMAIHIO; TOT XKe
TEKCT, YNTAeMbIil OT HeHTpa J[ucKka, mO3MTUBEH.

***

Mexay npoJoJIbHBIMU U TOMEPEYHBIMU BOJIHAMHM IPO-
UCXOJIUT B3aMMHBIA mepexoi B (opme momsipuzauuu GpoHTa
BOJIHBI.

[IposiBneHne moAsIpU3aLMU MEAY IPOJI0IbHO-TIONEPEY-
HbIMU BOJIHAMH MPOSBIISIETCS B BOJIHAX CBETA: (POHT BOJIHBI
JIIOMHMHECHEHTHOT0 CBeTa Pa3sBEéPHYT HA yroJ /2 OTHOCH-
TeJbHO (PPOHTA BOJHBI COJTHEYHOTO CBETA.

[Tono6ue CBeTy mNposiBAsSiETCS U B MNPOAOIBHO-TIONE-
PEYHBIX BOJIHAX:

Ao = 0" AL, (8.104)
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B Kamne fAapa Ha BTOpOM YpOoBHE (POPMHUPOBIIMKOB
MIPOJOJIBHO-TIONEPEYHBIE BOJIHBI B3aHUMOJEUCTBYIOT MEXKIY
coboti (Ta6:1.8.12, Ta61.8.13).

Taomuna 8.13

Bropoii yposens Kanum SAnpa:
MO3T u cepaue (Ta6.8.12)

[Tonymapus [Tynbcamus cepaua B
[Tonsa N
Mosra nsaTepuyHOn cBa3u Kocmoca
Konrakr
HPONOIIbHO" Pasnocts Cymma Cpena
MOTEPEYHBIX
BOJIH
_ 42+1
_A==117 +X:+XJ_—205 SJ‘(”d(P:
- A, =88 5 42-1
OTEHIIHAJIbI 29 425 =210
MOJISIPHBIN BUXPb 5-84 = 420.

Ha BTOpoM ypoBHe B 00béMe Karmim siipa BO3HHUKAIOT
MOJISIPHBIE SHEPIETUYECKUE BUXPU B CpEJie MATEPUUHOM CBSI3U

(Ta6mn.8.13).

[Tynbcanms 1o ¢ NOTEHLIHAN - SKBUBAJIEHTOM COPOKa
nByM boxectBam Cepaua ([12], Kuura MéEpTBBIX) B OKpYy-
JKAIOIIEeH cpelie ¢ MATEPUYHON CBSI3bIO 3aCTaBIsICT OUTHCS Ha-
i sxuBbie Cepana (Ta6m.8.13).

Pa3HOCTh MOTEHIMANOB MPOAOIBHO-NIONEPEYHBIX BOJH
Ha BTOpOM ypoBHe B 00béMe Kamunm fnpa ¢popmupyer nores-
uMan - JKBUBAJICHT MNOJYIIAPUM TOJOBHOIO MO3ra, PaBHBIM
+29, B KOTOPOM LIMC-TPaHC U30MepHUs MOTOKOB hopmupyer 58
boxects 'onoBsI (T2671.8.13):
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+[+29 — (-29)] = £58 = £(28+14+16), (8.105)

rae: 28 = \/pp* - rpaBUTaALUS;
14 = \Juu* - MarHeTusm;
16 = \/gq* - PMEKTPUYECTBO.

[lynpcanys KaXaoro W3 ABYX MOJyLIAPUM TOJIOBHOTO
Mosra B nsatepuuHoi cpene KocMuyecknx BOJH yBEIUYMBAET
€MKOCTb - OBICTPOJEHCTBUE MOTEHLHMAN - SKBUBAJICHTA MOJY-
mapus B 10 pas:

Poct pynkuuonaabHocTu noaymapuii Mosra

29+5 34 1
[pdp=[pdy =5(342 —242)=290.
24

29-5

(8.106)

C KaxIbIM IIOKOJIEHUEM COLHUYM 3€MJIA CTAHOBUTCSA
yMHee 1 toaTomy To, 0 4éM s Uty cerojHs, ToUaET 10 myo-
nuku yepe3 aBa [lokoneHus, n6o paboTa MO3ra U IBOJIIOLIUS
IeHOMOB HACJICJICTBEHHOCTH B3aMMOCBS3aHBblI.

Ho ToOT, KTO 3amycTUT B COIIMYM MONEPEYHYI0, 30M-
OMpyHOIIYI0, BOJIHY M3 BTOPOro ypoBHs siapa Mo3ra, ToT
Npe:K/ae Bcero moruoHeT cam.

[Tytes x IIporpeccy TOJIBKO Ha MPOJOJBHBIX BOJHAX
Tonkoi DHepruu.
ﬁ;
B Hamux yMax yKOpEHWJIOCh MHEHUE: HeJIb3sl 00BATH
Heo0bsiTHOE.

S yTBepknar 0OpaTHOE: MBICAb MOMKET 00bATH He-
o6bsTHOE, 1 Kocvmueckass Mbicab (p* = 28:10%") e Toub-
Ko 00bsis1a HeoObsiTHOE, HO U co3uaaer B Heo0bsaATHOM
0eCKOHEYHOCTh KOMOMHAIMI KHBOT0 - HE;KUBOT'O.
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Heno B TtoMm, yto HeoObsiTHOe BO3HMKaeT kak LleHTp
Bcenennoi.

Ho Llentp Bcenennou Bo3nukaer Beerga u Besne, riae u
KOIJla CaMOCYIIME BOJIHBI, COKUMASICh, MEPEXOJSIT B UMITYJIbC
CBETAa WIHM DJICKTPOMAarHUTHON Cpelbl U CO3/Jal0T B JHO0O0H
touke KocMoca pe30HaHCHO-aHTHPE30HAHCHOE pPAaBHOBECHUE

(Ta61.8.14).

B none pe30oHaHCHO-aHTUPE30HAHCHOTO paBHOBECHUS
BO3HHMKHET TPaBUTALIUS U MarHeTu3M (Tabin.8.14):

Ta6numna 8.14
Ilepsbiii ypoBens Kanuiu Slapa:
pe30HAHCHO-aHTHPe30HaHCHass MoHaaa

[Tons Ilentp Beenennon Monana
Camocymue I'paBu- Marme- IIpo- Tore-
@®opmbl BOJIH | BOJIHBI Beu- | CBeT | Tanus: JI0JIb-
. TU3M peuHbIe
HOM ThMBI n+l HbIE
Y R _ 137 3
Peso- sz SCZ zlzmcczz 0+1+2 | 32= |3-32= 3 & 37
HaHC oloC
p =E,c 3 9 27 |3<1/3
€KUM
ABTH- | 0067 —0=m c-Eye= | 3+9 =12 = Tot | 27+(9 - 1) < 0
peso- 2
HaHC meC - souocz =|9-3=6 =3,5+2,5 36 < 0.

Ha neBom BHyTpeHHeM ypoBHe 00béMa Kammm sapa
BO3HUKAET PE30HAHCHO-AaHTUPE30HAHCHO IYJIbCHPYOIIAS
Monana, TO eCThb HHANBUAYAJIbHbIN PABHOBECHBbIN KBAHT,
B Cpe/lie KOTOPOro pe3oHanc 'apMoHUU cCMeHsIeTCsl aHTHpe-
30HaHCcOM Xaoca (1a6:1.8.14).

Bo BHyTpeHHeM 11o1e MoOHaabl BOZHUKAET NOTEHLIUAI -
npoOb J[3uan (Ta6:.8.14):
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_ 1 1
3nan = l.(/)d(05+5<:>—55!(pdg0, (8.107)

dbopmupytounuit Kocmorenesuc, Autpornorenesuc u TeoreHe-
3uc [3, 4], nyrém coznanus Kannu SAnapa ¢ noreHimanamMu
Kpyra Yuusepcyma [6], HazBanHOTO popMoBIrKamu ([3],
Ta071.8.14).

Hauano ¢popmupoBanuio crycrkoB B ¢opme Kamuium
Snpa pawT camocyuiue BOJHbI BeYHOH ThbMbI, (POPMHUPYIO-
A€ TTOTEHIIHA PE30HAHCHOTO PABHOBECHS, PABHBIN €IUHHUILIE,
Y MOTEHIMAJ aHTUPE30HAHCHOTO PABHOBECHS, PABHBIM HYIIIO
(Ta6m1.8.14).

[Tpu mosiBNeHHMH B MOJSIX CAMOCYIIMX BOJH MOTCHIIMA-
g0B 1 u 0 BO3HHMKAIOT HMMITYJIbCHl BOJIHBI-YACTHIIBI CBETA U
DIIEKTPOMArHUTHOU Cpefibl MeXay HUMH. CaMOCyIue BOJHBI
0e3 norepu COOCTBEHHOW PHEPIUU TPAaHCHOPMUPYIOTCS B CBET
(Ta61.8.14).

DNeKTpOMarHuTHas BOJHA CBETa MYJIbCUPYET U CTyIIa-
etcs B hotoH (0 < 1 < 2), bopmupys cryctok Pymsr B Apy-
e BoJH (Ta6s.8.14).

®onoH, cryméHnsiii B GoToH, (popMHpYyeT IpaBUTAIHU-
oHHOe 1oJe (Ta61.8.14).

I'paBUTanIMOHHOE 1OJIE, MUTAEMOE CaMOCYILMMU BOJIHA-
Mu Meraranaktuku, (popmupyerca B llentpe Kamnu SAnpa
(Ta61.8.14).

['paBuTanimonnoe nosie B Henpax Snpa, HakonuB 3HEP-
TUI0 - SKBUBAJICHT MEPBOHAYAIbHOM BeIM4YMHBI (3 — 32),
TpaHC(HOPMHUPYET ATy IHEPTHI0 B MArHUTHYIO M H3IIydaeT e
u3 Henp (my3sippka) Snpa B kuakyroo cpeay MarMel Sapa
(Tabn.8.14).

[Iporecc u3nydeHUs rpaBUTAIMOHHBIMU HEAPAMU sIpa
MarHUTHOW HEPTrUM COMPOBOXKIaeTcs nepexoaoMm Kocmuue-
ckoit Meiciu (p*)* k Kocmuueckoit Ilamsatu B pe3oHaHCHO-
aHTUPE30HAHCHOM pexume (1a01.8.14):
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Tpancpopmanus B Kanie Snpa
Mbicau u ITamatu Kocmoca

Pexxum Pe3onanc AHTUpPE30HAHC

@uH e - (P*rT= 1(8.108)
MarnuTtHas (2ﬂ *)2 (3 = T)2 3= (2u*P[3-(3-1)=6]=
060J10uKa (p*)(3=1) 24-(u*=14-10>)2
cBeTa MeCHEoptoc +ErC = 1 49-96-10%

Csert B 0001104Ke 49.

Ha rpanune o6onouku Karmmu Slngpa MarauTHas paciiu-
pAIOIIAsCd MarMa MEHSIETCS Ha JJIEKTPUYECKYIO CHKUMaro-
uryrocs nosepxHocts (8.108):

Tpancpopmanuss MArHUTHON MarMbl B
3JIEKTPUYECKYI0 noBepxHocts Kanm SAapa
49:96:10"-T,2 = 49-6:(16:10°°)2 = 72-6-(q*)?, (8.109)
rae: 7% - obonouka,

(9*)* - moBepxHOCTHast BoiHa BooOpaxkenus,
6 - Kynganunu.

Benukas [{uBminzanust onuckiBaeT GpopmupoBanue Ka-
nens SAnep xak LlentpoB B Cranne VI Kocmorenesuca [3]:
"4. OH caaraert ux HanogoOue crapmunx Koséc, yreep:xnan
ux Ha Hecoxkpymumsbix IlenTpax. doxar, KaK ke CO34a€T
ux? OH codoupaer Ornennyw IIvrib, OH ciaaraer Orxuen-
Hble lllapbl, ycTpemisiercs: yepe3 HUX M BOKPYI HHUX, CO-
o0mas um Ku3Hb M 3aTeM, NPUBOJASA UX B ABHKEHUE, O/I-
HUX B OJJHOM HANpPAaBJIEHUHU, APYruX B MHOM. OHHU X0J10/-
Hbl, OH JejaeT UX KapkuMu. OHH CyXHW, OH JejaeT HuX
BJAKHbIMH. OHH CHSIIOT, OH 00BeBaeT M OXJIA)KIAaeT MX.
Tak geiicryer DoxaT OT OAHUX CyMepeK A0 CJACAYIOUIMX
Ha npoao/xkeHun Cemu Beunocreii''.
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CnoBa o Cemu BeuHocTAX yKa3bpIBalOT Ha TO, YTO JIIO-
ooii Llentp Bceenennoi, kak Kamns Anpa, popmupyercs B aH-
TUPE30HAHCHOM PEKHUME (CIIOKEHHUE) TOJICH TpaBUTAIMOHHBIX
Henp SAnep, maruutHoi Marmbl (8.108) u snekTpuyeckoil mo-
BepxHOCTH (8.109).

Otnecénnble oo k m** =0,002, mubdo x m.* =0,008,
oan ¢opmupyroT Ornennnie Ilapsl u3 Ornennoii Ilbliam
([3], Ta611.8.15).

Tabmumna 8.15
Yucao poronos B Karmuie Sapa
HA MepBOM YpOBHe 3Hepreruyeckoro nojas B Kamue

Komnonentsr |['paButanmonnsie| MarnuTtHas DnexTpuyecKast
OruenHoro Henpa Kannu marma Karum MIOBEPXHOCTH
Hlapa (8.108) (8.108) Karu (8.109)
Yucio K, =3(p*) _ | K= 9(2p*y _ K= 7°-6(q*) _
oToHOB m. = 0,008 m. = 0,008 m. = 0,008
B Kamne 294-10% 88210 8832:10"
CymMa (OTOHOB (294+882+8832)-10* = 10008-10*.

Baxueitmum momenTom OrnenHoro Illapa u3 Oraesn-
Hot [1butn (Tabi.8.15) sBisiercst nepemenenne Cpeto-/larens,
TO €CTh § 1o rpanune yposHsa Karmu fnpa:

VYposens | [locrosinnas | CyOcranuus
1 10008 DOTOHBI
2 1008 Bonopon (8. 1 10)
3 108 peI/IIE(I;;JI]{(;HI/Iﬁ
4 18 Bona.
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[Tpuuém B Ennnom Kocmoce Bc€ B3anmMocBsi3aHO, MO0
COJIHEUHO-JIYHHBIE PSAJbl BO3ZHHMKAIOT YK€ Ha IIEPBOM YPOBHE
cKaTusl camocylux BoyH (1abm.8.1):

Jyuuetipsg (0| 1|23 5161728
Conueunslii psg | 8 | 7|6 | 5 312136 ((8.111)
Crero-Jlatenr |8 |8 |8 | 8|8 | 8|8 |8 | 64.

Ot Bocemb Uckp Csero-lateneit (8.111) ompenensit
uuc-Tpanc nzomeputo Kamnu fAnpa, GopMupoBIIUKOB:

3HepFeTI/l‘leCKaH CTPYKTYpa Kanan ana
Ypos- Lluc-u3omepust (()’:1“};.16{- T Ypos-
. - P - paHc-u30Mepus .
oy
1 10008 o- -10008 1
TOHBI
Bono
2 1008 pox -1008 )
Peun
Kap-
3 108 Ha- -108 3
onunu
4 18 Boxa 18 -4
Bsau-| 100081008 _ 100081008 _
Mo- 10818 10818
acu- «—
CTBHUSI M:mZ:& —&:_102:_M'
cBeTa 90 Pr Ps 90

(8.112)

420

Hamnuune B3anmoneiicteuii ceera B Karmute Snpa npuse-
IEr Kk mnosiaeHuro Bcex Ilatm cymectByrommx B Ilpupoge
B3aMMOJCHCTBHM, OOBEIUHSIONMX MHOXECTBEHHOCTH DopMm
Ennnoro Kocmoca 3akoHaMu, JTOCTYNHBIMU JJISI IOHUMAHUS
HamuM Pazymom.



8.6 Cryctku doTOH-hOHOHOB
B MupoBoe Anuo AaepHbix Kanenb

N3menenue notenuuanon (8.110):
10008 < 1008 <> 108 <> 18, (8.113)

npotekaroniee ot uncia poronos (10008) B Heapax Anpa no
MOJIEKYJIIPHOTO Beca BOBI, PAaBHOTO 18, ONMCHIBACT ynajaeHue
Xaoca ¢ MOTeHLIMAJIOM HOJIb U3 CTYIIAIOIINXCS B SIACPHOE BE-
IECTBO BOJIH.

Crymenue ¢oHOHOB BbIAABJIUBAET Xa0C U3 UX BHX-
peii.

***

JIrobas Kanns Snpa mukpo-makpo Mupos, coxpaHsis
ce0s kak LlenTp BeesleHHOM, CrylIaeTcsa 1O OJJHUM U TEM KE
DHEPreTUYECKUM 3aKOHAM:

1. Kocmuueckass MpICIb M caMoOCylllMe BOJIHbI Be4-
HOH ThbMBbI, crymiasicb, oopasywr Heapa SAapa, xoropbie
onuchiBaoTcss kak Cemb Beunocreii [3] niaun I¢up bopao
[10]:

* — . 20
Heopa Adpa = Kocmuueckasa Mvicno _p 288 10 _
Camocywue 8o1bi NG

(To+t =7)-10%. (8.114)

2. Henpa Anpa (3apoaplill) MNpoJ0HKAIOT CryIIaThCs
MoJ JAeUCTBUEM (POPMOBIIMKOB, TO €CTh T'PABUTAIMOHHBIX
nyjiabcupyrommx noyiet (n+ 1), rnen =1, 2, 3 u 4, onvcaHHbIX
B Kpyre YHuBepcyma, npoJukToBaHHOM XPpHUCTOM [6].

CymMMa TpaBUTAIIMOHHBIX MOTEHIIMAIOB (HOPMHPOBIITH-
koB paBHa 30 (8.91) u paBHa cyMMe MarHUTHBIX W3JIyYEHUU
12422+32+42 =30 (8.91).
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3aponpin B Henpax fSnpa mokpsiBaeTcs rpaBATALIMOH-
HOM IUIEHKOM, KOTOpas M3Jy4aeT MarHUTHbBIC BOJIHBL. BO3HH-
kaet Kesaroxk Muposoro fiua:

. 20 %
Heopa Aopa(8.114) _7-10 _ [p P g, (8.115)
99

Pyna:T,=4 4

rae 70 = 70A = AXK (Ta61.0.3).

[TosBnsiroTca rpaBUTalMOHHO-MarHuTHbie Karmm fAnpa,
KOTOpBIEC 330TEPUKH HA OCHOBE CBOMX OIIYILIECHUN HAa3bIBAOT
KMBBIMH MATHUTAMM, 2 MEJUKHU OIUIOJOTBOPEHHYIO >KEH-
CKYIO SHMILIEKJIETKY (KEITOK) Ha3bIBalOT 3UT0TA.

3. B rpaButannoHHOM mone 1<>2<>3<>4 xenrka npo-
UCXOMST KOoeOaHusl SJHEPTeTUYECKUX YPOBHEH MO aMIUIUTYE,
KOTOpBIE 1al0T CyMMHI (8.91):

364912 u 3+649+12=30.  (8.116)

B Apyne 3ucomur Bo3nukaer Crnupanb 301uaka, a B Py-
e - A/Ipo MePUOUYECKON CUCTEMbl TEHOMOB HACJECTBEHHO-
CTH:

I'paButanus B xearke Kannu Snapa (8.116)

[Tonsa Apyna Snpo nepHo-
JTMYSCKOM
3oamaka Konebanus
CHUCTEMEI
(cBer)
Pexum T'€HOMOB
Pesonanc | t(Tot)=3-12=36 | 9:6=54=272 | 36 9.5 [(8.117)
=
AutH- 2 22 . oo 27-5 272
pesoHaHC 122-32=27-5 92-62=9-5 72 _ 9.5 =27
[Ipu uHBEpCUU BO3HUKAIOT KOJICOAHUS THIIA:
IIpumeua- 36 7.2
HUE — s nm 30 < 27.

27-5 9-5
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[Tpn mHBepcuu rpaBUTAUMOHHOE Moje xentka (8.116)
U3JIy4aeT MArHUTHBIC BOJIHBI, CBSI3aHHBIE C MOTEHIIMAIOM IMO-
nyaiuncousia Toukoro Cpedenust, paBaoro 27 (8.117):

JHepreTuka kejartka MupoBoro siiina

[Tonysmmunconn

CBeueHnsa (8. 11 8)
3+6+9+12 | = 30 = 12422432442 = 27 =10

(8.116) [1] (8.91).

I'paButanms | Jlyna | Marnetusm

JKenrok uzmydaer 3KBaTOPpHAIbHO-NIPOAOIbHBIE Mar-
2
HUTHBIE BOJHBI MMHyJabcoB p* = 14-10° m mosaspHo-
-20
nomnepevYHble MATHUTHBIE BOJIHBI 3apsaaoB |l = 14-107,
40y%1
rae p* - u=14> u (u*: n=10")".

XKenrok moboro cryctka MupoBoro Sifiia mokpeIT 1o
MEpUAMAHAM W IIUPOTaM BOKPYI HEro IPOJOJIBHO-IIONEpEeU-
HbIMM MAarHUTHBIMHU JIMHUSIMH, OPUEHTUPYACH II0 KOTOPBIM
OTUIBl HaXOAST IMPEKHHUE MECTa THE3J0BAHMS, PHIOBI - Ha-
CJIEICTBEHHBIE MECTa HEPECTUIIUIL, 4 CIIEPMATO30UABI - TOUKY

BHEJPEHUS B JKECHCKYIO SMUEKIETKY - JKEJITOK U OILUIOJOTBO-
PAIOT €€.

4. JIiodasi 3aMKHYTasi JHepreTuyeckKass cucreMa B
atMocepe Haa cBoeil 000JI0YKOH HMeeT NATEPUYHYIO
CBfI3b, 00YCJIOBJIEHHYI) HAJIMYNEM B3aUMOelCTBHUS CBETa
U /I[3naH - KoJie0aHUusIMU B HEM:

1 1
1 1
ps.([(odgo:lO-E:S@—5:—10-52p5£¢d¢. (8.119)

Ob6nacte narepuyHOM cBsi3u Haj xentkoMm (8.119) ycu-
JMBAET MarHUTHbBIE MPOJOJbHBIE BOJHBI U3 Apymsl (12 = 3%) u
Pyner (T, = 4?), co3naBasi MarHUTHbIE MPOJOJIbHBIE BOJIHBI,
KOTOpbIE CHUHalickue ceMuThbl B cBoeil KabbOane HazbiBaroT 0o-
rom Aiin CO® [16]:
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Hyabcauusa Hax xeaTkoM Muposoro Sitna
ITone Apyna | Pyma | Armocdepa | Aitn CO® |(8.120)

Ilorenmmansr | 12=32 | T,2=42 52 32442452=5().

DTO mpUBENET K CBEPXMPOBOAUMOCTH, TEpeaaue dHEp-
TMH Ha JTIO0BIC PACCTOSIHUS ¥ BO3HUKHOBEHHIO SHEPTHUHU HEOO-
XOJIUMOM MOITHOCTH B JIt000# Touke Bcenennoit 6e3 mpoo-
TIOB.

141 HaIlpaCHO MHOTHUC OJIMTApXH AYMAKOT, YTO UM BC€ 10
JJAMITIO4YKH.

*
kk

Benukas LluBunuzanusa He nepenaBaiia 3JIEKTPUUECKYIO
sHepruro no mnposojgaMm, HO B Cranue VI, mynkrel 3, 4, S
Teorene3uca [4] onuceiBaga peBONOLUOHHYIO CUTYAIUIO, KO-
raa Cein Co3aaresnsi 0CTaéTcsl €O CTPAXKIAYIIMMH 10 Tex
1Op, MOKA OHU He CMOI'YT YHHUYTOKUTH CAMH CBOMX BpParoB

[4].

Crpaxxaymme 3a:xryr CesimeHHblii CBeT B CBOHMX
cepAnax, U Kaxabli Bpar uM OyaeT sicHO BuaeH [4].

Cranna VI, n.5 [4] PacmmmdpoBka Tekcra

Koraa B koHue Peup naér 00 u3IydeHNH MarHUTHON TPOJIOITh-
IIsaToro HacTynu- | HOU BOJIHBI C MOTEHUUATIOM 507

Jaa poarasa Houb,
50%=52-[(25+1)* — (25-1)*] = 25-100 (8.121)

10 Tpéx, UernI- [Torenuunan - skBuBasieHT 50 BO3HUKAET Kak
péx u IlsTu- MarHUTHOE U3JIy4eHHe MOJIs:

YrojbHble ObLIH

CHKATHI M OTJIMTHI 32+42+52=50. (8.122)
B Illlectn n Ce-

MMYTOJIbHbIE
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[IpononbHas marnutHass BosHa AnH CO® Tpersbero,
YeTBEPTOTO U MATOTO YPOBHS U3IY4yaeTCsl U3 JKEITKa B OEIOK

(puc.8.3).

BekropHoe onmcaHue myJibCalluy KENTKA C MATEPUIHON
CBA3BI0 HAJ HHUM sl Apynbl ObLIO JaHO NPONOPUHUSMH
IHupamuasl "BaBunonckasa bamnsa", a qiasa Pynsl - Beau-
ko Ilupamupoii.

[Tepexoa U3 OAHOPOJHOTO MO ApPYNbl K MHOXKECTBY
dbopm Py1iel mogo6eH mpolieccy paciieruieHus: OJHOTO 00IIIero
SI3bIKa Ha MHOYKECTBO Pa3TMYHBIX S3BIKOB.

boru mpiTanuchk OOBSICHUTH CEMUTAM MPOLECC MYJIbTHU-
wieTHOCTH Apynsl B Pyne, HO cuHaiickue Myapenbl MoJiep-
Hu3upoBanu Penururo u Maruro 1o cBoeMy HEAOMBICIINIO, XO-
T OBUIO COBEPUIEHHO SICHO, YTO pe3oHaHC Apymbl - Pynsl -
AtMocdepsl Haa KeaTKoM (HOpMHUpPYET Pa3HOCTh JJIMH BOJH
cotHeuHOoTro Oemoro cBeta (8.122):

52 T212 = 5%4>32 = 3600 = 3600A = AB. (8.123)

Bo3nukaer 6esiok Muposoro fAiina.

5. Touka - u3iyyaresb Ha MOBEPXHOCTH XKEINTKA, U3ILY-
qasi CBET, PYHKIMOHHUPYET B PEKUME PE30HAHCA, TO €CTh JOC-
TUTAET KBaJpaTa CBOCH aHTUPE30HAHCHOMN BeIU4HHBI (8.122):

Kynnaannu: pesonancuas nyiabcanusi AiitH CO®

N3omepus [uc- Tpanc-
>KG{IT01 (52+42+32)2 — _(52+42+32)2:
36;1363;1“ 50°=2500 =507 = -2500
(ran0.3), | PYAKB=250R) | ps(AK3=250A) | g 1oy
2 2
2500[p2 = 103J =25 2500(& = 103) =225
Kyn- |Cxarue 0s Os
Aam- JIBa ¢ monoBuHo o6opora Kynnanunu
M pacym-|  1+25=35 |  -1-25=-35
peHue Tpu ¢ nonosuHol 060poTa Kynnanuau.
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B pe3onaHcHOM moJie KeJITKa ¢ atMocdepor nsarTe-
PMYHOM CBSI3M BO3HUKAeT Pa3HOCTh NMOTEHUHMAJIOB, WHH-
HMUPYIOLIAS MOsIBJIeHHe TA0yJMHA ¢ MOJIEKYJSIPHBIM Be-
com 110000 xucJIOpPOAHBIX EAUHHUI U CYOCTPYKTYPbI MUTO-
3a (9+2) B OnoxJierke (8.123, 8.124):

PoJapb xkéaro-3e1éHOM 00J1aCTH

B CIIeKTpe 0eJ10r0 CBeTa

BeC Ta0yJIMHA

KommoueHTs! Csert 0e3 XEIT0-3eIEH0N 001acTH
PasHocth A= (5T,t)*—(50)>= 3600 — 2500 = 1100
CybcTpykTypa B 021
MITO34 Ap?=1100-10" =11 = (9+2) (8.125)
MonekyasapHbIid

Aps*=1100-107% = 110000 = M,

IIpumeyanue

TaOynuH - MmaTepuan MUKPOTPYOOUKH TTOPHI
anpa. B mukporpy6ouke 13 cyObenunmil,
WUTPAIOIIUX POJIb OMOYACOB.

3apoapblil :KUBOT0 B KeJTKe ITPOJI0TIKAET Pa3BUBATHCS
3a c4€r DHeprum MeTaranakTU4eCKUX BOJH, HAYMHAA MH-
TATHCA 0€JIKOM (KOHLEHTPUPOBAHHBIM COJHEYHBIM CBETOM)
Muposoro fiina (8.123).

6. B ctpykrype Muposoro siina (puc.8.3) 3a npocioi-
KOU MATEPUIHOMN CBSI3U HaJ KEITKOM HJIET OCJIOK C IMMOTEHIINA-
namu 6 u 7 (puc.8.3).

1.CtpykTypa 3HEpreTH4eCcKuX 2.11Ixana ypoBHeit Muposoro fitna

YpOBHEMU MHpO?gro Sina

—1—12=Tyt

0,1,2,3,4 - scenmox, hopmosuwuxu
5 - ammocghepa namepuunoii cesazu

benok: 6+7=13

8 Ckopiyma

8 - obonouka, ckopayna

1
2
3| 6+7 - benox
4
5

O 0 - XKenrtok Ilynvcupyrowuii Kocmoc
Tt T, +1
_'4 Hegecomocmu: —4— < -2
benok: 6+7=13 T,+7 T,z
8 Cxopiymna
——1—12=T,t 122-72=45=9-5 0.

13

Puc.8.3 Cmpyxmypa u namse yposneii muposozo Aiiya
nocie noznowjenue e2o Heopamu camocywux 60im
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Curyanusi B3aMMOCBSA3UM MEXIY OEITKOM U KEJITKOM
onucana B Teorenesuce ([4], Ctanma VI, n.5): "4. on (Ceia
MorymiectBeHHOro Ha 6enoit nomaau. [logo6ue Nucyca Xpu-
CTa) TPOMKO Mmo3BaJj, u Beaukas MaThb (camocylie BOJIHBI
Meraranaktuku) BMecte ¢ Jlunukamu (Kocmuueckue Mbic-
au p*), (8.114). Ouu octyaniam u c:kaau OrHeHHbIE HCKPBI
(DoHOHBI OXJIAJIUITUCH U CHKAITUCH):

0,E,c=10"

a
(lg PPy = _ZS{TO 70 = 2)

—0,002=-m" (8.126)

c

rae: -25 - JHAOTEPMHUYECKUE B3aMOICHCTBHS JIorapudmude-
CKUX BOJIH, a 2 - KO3 (DHUIIMEHT CKaTHA.

Korna B xonue IlsaToro (marepuynas armocdepa cxka-
THSI HaJ JKEJITKOM) HACTyNHMJa JI0JIrass HOYb (J0Jiras HOYb
OMMCHIBAETCA IMOJOBUHON auarpammsel SH-Hb:

64
5- &24 5[pdp %(642 —82)=28-360 = 10080,  (8.127)
8

rae: 5/2 - nBa ¢ nmoyioBUHOM BuTKa KyHaanuuu cxatus;
28 = pp* - Kocmuyeckas rpaBuTaIus;
10080 - mocTossHHas Bcenennoi;
360 = 2m), To Tpéx, Yerbipéx u [IsaTHyrosbHbie ObLIU
ckaThl M oTJUTHI B Lllectn u Cemuyrosbubie" (BO3-
HUKJIY TTOTIEPEYHBIE CIKATHS) MAarHUTHBIE BOJHBI JKEJITKA:
32442452 = 50 (Alin CO®) u MarHuTHbIE BOJHBI (6%+72 =
85 =17-5) B Oenke. [losiBnsieTcss KOHTYp KoJieOaHUSI:

Kouebanus mexkny Kearkom n beiakom

xoneGanus | Kenmox 32 +4°+5°=50 10 17 Benok
B Apyne 0 17— 10°= 189 = 63 = 121 = 17

KonTyp benox 6>+7* =175 _1_7 - 1_0 _ Kenmox (8.128)
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Apyna - XXuzsap uyBcTByromero u BHe ¢opmsl (8.128),
TO ecTb Hama JKu3nb 10 Ku3Hu, rAe Ipu aHTUPE30HAHCE KO-
neOaHui skenTok - Oenok (8.128) mpu T = 3 BO3HUKHET Iie-
pHOIMYEcKasl CUCTeMa I'eHOMOB C IMOTEHIHAIoM 63, npu 1> =
9 nmosiBsOTCS HAL M ** (8.126) mosspHbIe BUXPH C MMOTEH-
uanoM 21, a mpu 1> = 27 1moJ 000J0YKOM - CKOPJIYIIOM
MupoBoro fiina dopmupyercs Cemb Beunocreit
(To+1=7).

7. 3apoabiii Kanm sigpa Bo3HMK B kenTke. OH cbhel
JKEJTOK U CTall mJaoAoM B joHe Matepu. [lnox cben Oenok u
CTal IBITUICHKOM, Pa3OMBIIMM CKOPJYIy MHPOBOTO siflla C
noteHuanom 8 (puc.8.3).

MarauTtHbIe BOJIHBI O€JTKa ¥ CKOPIYIIBI CO3JaayT UX TO-
YEUHBIC YYACTKH - U3JIy9aTeIN Ha IIOBEPXHOCTH OeJIKa U CKOp-
aynsl (puc.8.3).

ToueuHblil y4acTOK - U3Ty4yaTelb Ha TIOBEPXHOCTH OelI-
Ka c0o3/1a€T "mecTH U ceMUyroJibHble" [4], CBA3aHHBIC MEXKITY
co00l MATEPUYHOI CBA3BIO:

110 Bo:xectB B Tesie YenoBeka [10]:
TOYKA-U3JIy4YaTesb HA MOBEPXHOCTH 0eJiKa (puc.8.3) (8.129)

Kg = 5+6%+7?=25+36+49 =110.

TodeuHbIll y4aCTOK-M3Iy4daTeslb Ha IMIOBEPXHOCTU CKOP-
JyMNbl, KaK ¥ Jr00as MHasg TOYKAa, UMEET IUIaHETapHYI0 CTPYK-
Typy TsHb-1{MHB, CBA3aHHYI0 MATHUTHBIM I1OJIEM:

110 Bo:xectB B Tese YesoBeka [10]:

TOYKA-U3J1Y9IaTEC/Ib HA MOBEPXHOCTHU CKOPJIYIIBI
(puc.8.3) (8.130)

K¢ =64(Tans) + 32(Huny) + (14 = \Juu ™) =110.
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Mexy JIEBBIM U NPABBIM MOJYIIAPUSIMUA MAPOBOTO SM-
11a BO3HUKAIOT UC-TPAHC U30MEPUUECKHE KOJICOAHHUS:

KE/KC = Kc/KB KBZ = KCZ, (8 13 1)

CO3aar0IMKMEC S9HCPIreTUYCCKHUE IMOJIAPHBIC BUXPHU JICBU3HBI 1
IMpaBU3HLI HA/T JIFOOBIM MHKPO-MAKpPO CI'yCTKOM, KaK 3TO UMC-
€T MCCTO HaJ IoJymapusiMu 3emin.

[TonsipHbIe BUXPHU HAJ CTYCTKaMU CO3/Ial0T MAarHUTHBIC
notoku (8.131).

K2 = 1102 < Kc? = [(64+32 = 96)+( |/ * =14) T,
0 < pp*+2-96  pp* + 96> — 1102, (8.132)
B xonebarenpHoM koHTYypE (8.132) moTeHman
2:96 = 142 = pp*, (8.133)

a 96— 110%= 143 — 140, To ecTh ABIACTCS MOTCHIINAJI - DKBH-
BaJICHTOM KyOy MarHuTHOTO MOJIsI 0€3 MOCTOSHHOM Yakp, paB-
Hou 140:

96> — 110% < -(14°-140) = -pp* Jpu * +(140=528).  (8.134)

[Tocne noacranoBku 3Hauenuit (8.133 u 8.134) B (8.132)
MBI TIOJTyYWM 3HAYCHUS MAarHUTHOTO MOTOKA B KaHAJIE C HOJIb-
MOTEHITHAIOM:

MarneTusm
B JKCTPACEHCOPHOM KaHaJie MPOBOAUMOCTH

0 < pptt pup® 3/ * — pp fu* +140 =
B g ® — (8.135)

U (140 = 12422432+42+524+62+7%) =

5-(28 = 14243 +4+5+6+7).
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Muposoe Aino B JIone Marepn ApIINT - TATAETCS Ce-
rOJHS 4Yepe3 KaHaJlbl 3KCTPACEHCOPHOM MPOBOJUMOCTH
(8.135), a Teorenesuc yrBepxkaaer, uro Hamu [Toromku: Jlro-
mu Bonu n Vorn GyayT NUTaThCs M JBIIATH TAKKE depe3 Ka-
HaJIbl SKCTpaceHCcOpHOU mpoBoaumoctH (8.136).

Teorenesuc oroBapusaet, yto Jioau Bomm u Morn Gy-
nyT xuTh Ha KpacHoii 3Be3ne, rae moctosiHHas Yakp, paBHas
140, sBrsieTcsi SKBUBAJIEHTOM PAa3HOCTH UTMH BOJH KpacHOH
00JIaCTH CTIEKTpa CBETa:

140 = 140A = psAK = 10™"-1400A. (8.136)
***

Kontyp konebGanust Genoxk - ckopaymna (8.131) nmaBan
BO3MOXHOCTh BeJIMKOM L{uBuiiM3auu onpenensTh ar000€ u3-
JydeHue Hajl 000JI0UYKOM - CKOPITYIIOH.

Hanpumep, Haag KOpoW NONYLIAPHM TOJOBHOIO MO3ra
(11K B KOpe rOJI0BHOTO MO3Ta) BO3HUKIIO 3JIEKTPUUECKOE MOJIe
(Jgq*= 16), 3apsia - BooOpakeHHe KOTOpOoro cBszaHo co 110

boxxectBamu:
110-16 =94, (8.137)

Kontyp konedanus (8.131) npu nosiBieHUU 3JIEKTpUYE-
ckoro umnybca (8.137) npumer Bu:

K2 = 1102 < K2 = [94+(16 = Jqq*)T, (8.138)

rac mocJic OonpeacJCHud BEJIMYMHbI CYMMBI KBaAAPAaTOB, IMMOJIY-
YHUM:

0 <> qq*+2-94 Jqq* + (94> — 110?). (8.139)

B snextpuueckom none(8.139)Bo3HUKAIOT yCIIOBUS, IPU
KOTOPBIX (POPMUPYETCS] OTPULIATEIHHO 3aPsDKEHHOE JJICKTPH-
4eCcKOoe I0JIe C MOTeHIMaIaMu MUHYC qq*:
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2:94-(\Jgq*=16) + 94> — 110> = -256 =-16>=-qq*.  (8.140)

IIpoBeasi moacranoBky (8.140), Mbl yBUAMM, YTO HaJ
AIEKTPUUYECKOM TOBEepXHOCThI0O MupoBoro HAina (puc.8.3)
Bo3HuKaeT KocMoc HeBecomocTu:

HeBecoMocTh HaI 3JIEKTPHYECKOM CKOPJIYIIOH
(8.140)

(8.141)
0= qq*—(256=16*)=qq*—qq*=0
AHTHPE30HAHCHOE PaBHOBECHE.

*
kk

AHTHpPE30HAHCHOE 3JIeKTpUueckoe paBHoBecue (8.141)
ITO He MYCTOTAa BaKyyMma, KaK JyMarT Hallu y4€HbIe, a Tap-

MOHHUYECKHE KOJICOaHWsI CaMOCYIIMX BOJH BEYHOW THMBI
(Ta6m1.8.16).

Tabnuua 8.16
I'apmonnueckue kosnedanus B Kocmoce Hesecomoctn

Cucrems] ['apmoHHueckue koaeOaHus
PesynbpTarel
[Tosst CaMOCYIIIUX BOJIH
+Sinz/4 1 1 —Cosr/4| | 1
———=—o-——=———|t|pdp=t—
Joman 341\ e e T2 T T2 Csen/a ! Par==
Scr/4  Cscr/4 ok
o = = 2 = 2
B3aumopeiicTBus Sinzt/4  Cosr/4 lg p1p2p3 paps
®OHOHBI ﬁz Py = 2:107° = 0,002 = m**
Scr/4 1 Cocrn/4 T.=4
- —_— 2 S —=— (0]
Pyna-Apyma | e 4 2 Cser/d fi=41=3o0
®oToHBI m**-c?/w*=0,002-4 = 0,008 = m*
Crnmpans 3o11aka Lz 12 7 _Ti+z 122-49 =95
B 000J109Ke Ly+z 7 12 Tt 0001104Ka.
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B pesynbrare rapMoHMUECKHX KOJIEOAHUN CaMOCYIIMX
BosiH B KocMoce nosiisiercss Cnupans 30/iMaka, myJbCUpyro-
asi B pe30HAHCHO-aHTUPE30HAHCHOM pexkuMe (Tabi.8.16).

[Ipu pe30HaAHCHO-aHTUPE30HAHCHOM pPEXUME ITyJibca-
nun Crnupanu 3oauaka B nosie Criupaiad BO3HMKAET Pa3HOCTh
KBaJ[paTOB NOTEHIMAJIOB, paBHas (Ta01.8.16):

122 - 72=(1247=19)(12-7=5)=95.  (8.142)

[Tone atoii pasnoctu (8.142) 3amomusercs (hoToH-(PO-
HOHamu, 00pa3yst Oraennbie Hlapsor [4]:

®opmuposanue Oruennsbix [lapos
U3 (poToHOB-POHOH
3oanak AHTHUPE30HAHC Pe3onanc OrHo-
IMICHHUC
Bepere |00 _—95.10° & 00 =
paBHOBecwust | M. + 11, m,-m, 16-10 (8.143)
mec = B¢ = ki = 1610 < 95:10° =k,
=1 ko/k; = 59375 = 3,8-5° 1
AR COD |y 32042050 = 50) = 3.8.57-10 50
(>KenTOoK)
Ksanpar .52 = ? R.56. —12.58.102 2
Aii COD ko/k; 502 = 3,8-:5°-2500 = 3,8-5°-102. 502

***

®opmupoBanue Ornennbix IllapoB u3z Hckp ¢ortoH-
dbonoHOB (8.143) mpoucXoauT 3a CU€T MyJbCAllUd TOYECYHOTO
ydacTKa BOJIHBI cBeTa (Tab6m.8.3):

Clo, =8 1/8=w/c* n 641 n 63 < 0.(8.144)
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TodeuHbIll y4aCTOK BOJHBI CBETA CO3MAET, HAIIPUMED, B
cryctke TsHb K0Je0aTenbHbIil pe30HaHCHO-aHTUPE30OHAHCHBIN
KOHTYD (8.144):

Ornennsiii lap crycrka Tsaub

Yucno

Pexum AHnTHpe3oHaHc | Pe3onanc
¢$oTOH-POHOHOB

64 * . 3k 642
Konebanue P— by e 71 = (8.145)
TsaaB c c 64 0,01%610 o
256-107=162-10
ITocTosannas

porn | Te = meFme*H(metHme**) = 161107 = T,2107.

[Tynecupyss B cryctke Tsaup (8.145), ¢oron-poHOHBI
dbopmupytror Ornennbiii Illap, B KOTOpOM HaxoaMUTCs
(256 = 16)-10° crycTkoB cBeTa.

Ha ocHoBe 3Tux (oTOH-()OHOHOB HaJ CryCTKOM (popMu-
pyeTcs anekTpuyeckoe moje (8.145):

3J1€KTPI/I‘ICCKOe moJi€ HaAX CTYCTKOM:
mrapoBasi MOJIHUA

e (8.146)

_ 9 _ 9

BrisiBieHHass B JAMHAMHUKE PE30HAHCHO-AHTHUPE30HAHC-
HOW MyJIbCalluM, MOCTOsSIHHAsA cBerta T, = T02-10'9 MM03BOJIsIJIAa
Benukou [{uBunuzamnuu, a Teneps OyAeT MO3BOJIATH HaM OTIpe-
JesATh Yucio (OTOH-(OHOHOB B JIFOOBIX crycTKax. s atoro
HAI0 TIOTEHUIHMAJ pa3feiuTh HAa TOCTOSHHYIO  CBETa
(Ta6n.8.17).
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Cucrema nepexoaa K ¢poron-gpononam (IIpumep)

Tabnuua &.17

I'pasurany- Cnabbie DJIeKTpo- SAnepusie Cger
OHHBIC MAarduTHBIC
Bzaumo-
NEeHCTBUSA p1:T. = P2 T = p3: T = ps:T. = ps:T. =
625-10" | 625-10° | 625:10" | 625:10° | 62510
DJIeMEHTapHbIE 3apsiibl Nmnynscel Mo3sra
FpaBHTa: MarHFT- 3neKTpfl- Muicns | Tlansts Boobpa-
Mosr i |IIMOHHBINA| HBIN YeCKui YKEHHE
OHMOTOKH T o= T o T - T
s.TC ;L.Tc q:Te = p7>x<.Tc u7*.Tc ¢T, =
1 g 10 4 2 107,

[lepexon k ¢oTOH-(POHOHAM YHMUTO:KaeT MeTOHd NMpPHU-

O0J1MKeHMsl, UCIOJIb3yeMblii Halleil HAYKOM, BbIJIBUTasi B3a-
29,1 -1 40

MeH BooOpaxenue: q*T./qT. = 107:107" = 10", u cokpoBeH-

Hy10 copokoBuity: 1g 10*" = 40.
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3aknyeHune

Marus, kak u Penuruu, KOHIEHTPUPYIOT BHUMAHUE CO-
nryMa 3eMJiM Ha aHOMAJIbHBIX sIBJIEHUAX B Equnom Kocmoce.

AHOMAJBbHBIM, MBI Ha3bIBa€M JIIO00€ SIBJICHUE, MTPOUC-
XOXKJEHUE KOTOPOro HE BMEIIAETCS B yOOTyH0 MATpHILly MpH-
YUHHO-CJICACTBEHHBIX CBsi3el Hamux [lapagurm ot maruu, pe-
JIUTUH UK HAYKH.

B Eannom KocMoce aHOMAJIbHBIX SIBJIEHHH - TPO-
eccoB HeT. Xa0C AHOMAJIMI eCTh B I0JIOBAX 4JEHOB CO-
BPEMEHHOr0 couuymMa 3emiid, K KaKuM ObI CJI0SIM OHU He
NPUHAIEKAIN. ITO MUPOBO33peHdeckas Anomanusa Ho-
cureias Pazyma.

***

OrpaHM4eHHOCTh HAIIMX CErOJHSIIHUX MPEICTaBICHUN
o Ennnom Kocmoce cBsizaHa, mpexe BCEro, C OTPUUAHHEM
Peanuii cymecrBoBanusi ToHkol JHeprum M He3HAHUEM
TOr0, YTO CrylieHHe - pacuielieHne TOHKO-3HepreTuye-
ckuXx BOJIH siBJsieTcst Kopuem Kusoro B He:xxupom.

*
kk

Pa3o0paBmmce ¢ AMHAMUYECKON CTPyKTypoid OrHEHHBIX
[apos - CryctkoB ¢otoH-ponoHoB B Kamne sipa, BbI, yBa-
JKAEMbBIE YMTATENIM, NPUIAETE K HOBOMY MUPOBO33pEHUIO Ha
Emnneiii KocMmoc.

B ocHOBY HOBOro MupoBO33peHUs JIATYT: B3aUMOICH-
CTBUS, 13-TM JyHHas MyJbcalus, OTHEHHBbIE IIapbl (HOTOH-
dbononos B Kame Snapa, To ects Muposoro fiina.

Jlanee mepen dYeIOBEYECTBOM PACKPHIBAIOTCS HEOO0O-
3pUMbIE TOPU30HTHI HAYYHO-TEXHUYECKOTO IIPOTrpecca U BCTY-
menne B Kocmuueckoe conpyxecrso Hocurenen Pazyma.
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