2 KocmoreHesuc

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

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

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

Tak m B KocMorenesuce, mMareMaTH4eCcKHe OIEpalUu
CBOJIATCS:

- K apu(MeTHYeCKOl TaOJIUIe YMHOKEHUS W YETBIPEM
JEHCTBUSAM B apu(PMETUKE (CII0KCHHUIO, BBIYNTAHUIO, YMHOXKE-
HUIO U JICJICHUIO);

- K TaOJIMYHOMY OIIPENEICHHOMY MHTEIPAIY:
[pdp = (12) (@) = (12)(atby(ab),  (2.1)

KOTOPBIN OMKCHIBAET MOJIYPA3HOCTh KBaIPATOB MPEIETIOB HH-
TErpaJioB.

Bor u Bcé. [Tonsum? Koneuno! Korna s BTopoit pa3 Bbl-
nula 3aMyK 3a KyJbTypUCTa... A OH 3/1eCh npuyeM? 3aKaH4u-
BaeT: "To Ha MeHs majan O0JbIION HmIKad ¢ MaJeHBKUM Kpa-
HUKOM!"

3. JI3umaH-A1po0b. OTa JpoOb OMNHUCHIBAET MOTEHIMAT
MyJbCalldd JII0OOro 0€3 MCKIIOYECHHUS] KOMIIOHEHTa MHUKPO-
Makpomupa EnnHoro Kocmoca, mynbcupyromero Mexmy Hy-
JeM u enunuieit (puc. 2.1).
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Puc. 2.1 Ceywenue 8onn 6 ounone c nonocamu nuoc (+) u munyc ( -)

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

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

***

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

Cy¥=3!/(3-2)! =123 =1+2+3 = 6. (2.2)

40



Puc. 2.2 @opmuposanue mpéxmeprozo I[Ipocmpancmesa
domenamu pomonos

N3 Buxps lllectu qumnosneii GOTOHOB € IMC-U30MEpUEH, U

[lectn nunosient ¢ TpaHc-u3oMepuen BosHukaeT KyHnanuau
1-2-3-4-5

1+2+3+4+5"°
Tpé€xmepHoe IIpocTpancTBO, B KOTOPOM IMIOIN JABUXKYTCS IO
niecty HanpasiieHusaM (£X, £Y, 7, puc. 2.2). [Ipuuem, aBu-
XKEeHHe TUnois (OTOHA U3 OJHOW WHEPIMOHHOW CUCTEMBI B
JIPYTYIO COMPOBOXKAACTCS Mosipu3anueit (puc. 2.2), npu Ko-
TOPOM yroJ MoBopoTa AoMeHa (Uiau GpoHTa BOJIHBI CBETA) U3-
MEHSIETCSI, U COJIHEUHBIN (JTIOMUHECLIEHTHBIN) CBET TpaHCchOp-
MUPYETCS B JIIOMUHECIEHTHBIN (COJTHEUHBIN ).

(6 =7/2 + 5/2), meTarajnakTU4eCcKui CBET 8 =

Pe3onaHCcHOE B3aMMOJEWCTBHE LUC-TPAHC-U30MEPUUECKUX
KBaHTOB CBETA!

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

MPUBOJNT K U3TYYEHUIO, PABHOMY PA3HOCTH JUIMH BOJH B
cnektpe 6emoro (Ab) comHedHOTO CBETA.
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Puc. 2.3 Pezonancno-anmupesonancroe noie ¢oomonos:
0CHO6a NaaHemapHvlx cucmem Beenennvix

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

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

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

Y= (146) / 2x6 =21 u s = (1436) / 2x36 = 666. (2.4)

Ot (2.4) KBaHTBI U3TYYAIOTCS MOJKOCAMU JUIIOJNEH (puc.
2.3). Bo3nukaer HeoOxonumeii mist JKuzau Kant 666, 060171-
rauiplid kak uucno CaTaHbl, W pPa3HOCTb IOTEHIUAJIOB
21 - (-21) = 42, xoropas Tpakryerca Kuuroit MepTBbIX Kak
"42 boxecTBa TBOEero yucToro cepauna’ (puc. 2.3).
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ﬁ;

6. ToueuHblil y4acTOK BOJHBI CBETA, BPAILASICh C IEPUO-
nuunocThio Ty, = 4 = ¢?/0,” u -T, = - 4 = ¢*/ ®,%, co3maeT nBe
WHEPLUOHHBIE CUCTEMBbI, 00JIaa0IINe UC-TPAHC-U30MEpHUEH
JIpyr OTHOCUTENBHO npyra (puc. 2.4). Bo3HukaeT 3aMKHYTHIHA
o0beM. Bo3nukaer ®opma, koropyro CTaHIbl ONUCHIBAIOT KaK
Pyna.

345 543
Apyna
(BHE DOpPMBI)

[ucuzomepuueckas Tpancuzomepuyeckas
HHCPLHMUOHHAA HWHCPLHUOHHAA
cuctema (Pyma) cuctema (Pyna)

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

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

«— Apyna Meiciu u [lamatn—
py

+2° 432 +4°+5°+6°+77 140|
14+2434+4+5+6+7 28y

4.
pesonanc 3-4-5

ot
anmupezonanc  3+4+5 ‘
Il

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

***

7. Enunbiii Kocmoc, coctosimuii u3 cryctkoB (Pyma-
dopMa), H3ITyYaIONIIX MATHATHBIE HMITYJIbCHI £lL* = +14-10%

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

1. Sgeiika W-LL* MarHUTHON CUCTEMBI

w

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

Xu (TpaHc-u3oMepus)

-y I/IHepHI/IOHHLIe CUCTCMBI CTYCTKOB

AX (1muc-uzomepus)

Puc. 2.5 Peanuzayus Eounoco Kocmoca
macnumHvimu umnyrvcamu Ilavsmu (* (Apyna)

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

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

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

3apO/IbIIEBbII ITorok nossip- | IloTok 3kBaropu-
ITY3BIPEK. HBIX BUXpEU aJIbHBIX BUXPEN 2.6)
IToncosnanue MarHUTHBIX UMITYJIBCOB [L¥. '
3apsI0B Co3HaHue
(buokiteTka)
pp* S Toup* S £2u=p - (-U) S+2p* = p* - (-u*)
PE30HAHC ‘ AHTUPE30HAHC ‘ AHTUPE30HAHC.

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

HOHﬂprle BUXPHU MAarHuTHBIX 3apsiioB

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

(plq x W= (TAVW T 1A X - TAX(-p),
d TAKIKC OKBATOPHUAJIBHBIC BUXPHU MAI'HUTHBIX NMIIYJIbCOB ].l*
[Tamsaru (puc. 5.2.1):

2.7)

3KBaTOpI/IaJII>HbIe BUXPH MAIrHUTHBIX UMITYJbCOB

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

(O*/q* x W)= (7/4 W) T /4 x w* - T/Ax(-p*).

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

OHeprus paclupeHus Cuiia cxaTus

I'na3

I'ma3 —
Yepnsiii ['1a3

Nmnynsc cxatua | Ycuiue cxaTus
+y+z=
ke=Tomo/c=2 | kS=2"Y"3=38.

Puc. 2.6 Juaepamma [na3 Jaema: ¢hopmuposarnue
Ouepeuen Eounozo Kocmoca mpéxmepnozco Ilpocmpancmsa.

Bne Dnepruun et Hu Bpemenn, nu IIpoctpancrsa.

[TpocTpaHcTBO OBIBACT IBYX THIIOB:

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

Apymy co3gaer  cHayajla  MMIYJIbC  pacIlUpEeHUs
To,c/®, = 8 (Oemnbrii T11a3, puc. 2.6), a 3aTeM MarHUTHBIA HM-
myisce: W*/8=7/4-10%.

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

Ennnblii Kocmoc (puc. 2.6)
Cxatue Pacmmpenue
(ITogxon K CrycTKy) (BBIXOM K Apyme) 2.9)
Nmnynse | Yewine Cuna Oueprust | Umnyinbc
ke=Tow/c| k=2 | F=(k’) | E=64=Tyc/o,| 8=Tuc/m,
=2 =8 = 64 =g’
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2.1 CtaHuall.
AHepreTnkKa B3auMOCBA3U
NMoaco3HaHua u Co3HaHuA

1. IllpeaBeunass Martepsp - Poknamomasi, COKpbITasi B
csoux Iloxposax, Beuno HeBuaumsix, eme pa3 apemana B
npoxoskennu Cemn Beunocrei.

2. BpemeHnu He 0blLI0, OHO NMOKOWJIOCHL B beckoHeu-
HbIX Heapax IIpogo/kurenbHocTH.

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

4. Cemu Ilyteit k biaaxkencrBy He ObLi10. He ObL710 M
Beaukux Ilpuunn Crpaganusi, 00 He ObLJIO HMKOIO ISl
MOPOKIAEHUS UX U 000/IbIIEHNsS] UMU.

5. Eannasa Tehma Hanoansuia becnpeneinbHoe Bcé,
100 Oren-Marteps n ChbIH emie pa3 ObLJIM BOeaAMHO, U CbIH
He npodyauics emre it Hosoro Kosieca u CrpancrBuii Ha
HEM.

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

7. llpuyunbl  CyniecTBOBaHMSl HC4Ye3JIU; ObIBIIEe
Buanmoe u Cymee HeBuanmoe nokounsncs B Beunom He-
BbeiTnn - Ennnom britum.

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

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

Pacwugpoeka CmaHusbi | [1]

CraoBa CtaHIBI

CMbICH BBIpaXXEHUH

Beunoctn

IIpeaseunas
Mareps -
Po:xnaromasi,

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

@DakTOop BpPEMEHH. DHEPreTUYECKUM BOILIO-
IIEHUEM SBJISIETCS BOJIHA-4acTHIa cBeTa (pHUC.
2.7).

Ey
+1 m.C

-1
Ey

Puc. 2.7 Beunocmo becywetl
B0JIHbI-UACMUYbL C8EMA
3Be3/a-u3inyyaTesb JIaBHO IMOTyXJa, a CBET
MPOJOJKAET JIeTeTh B OecnpenenbHocTu Kocmo-
ca.
berymas BoiHa B CBOEH 3KCTpeMabHOM 00-
JIACTU UMEET JUIMHY BOJIHBI, SKBUBAJIEHTHYIO 1O-
CTOSIHHOM B3aMMOJEHCTBUN U PABHYIO paInyCy
R=2:
A=+1-(-1)=2=lg pip2pspsps=R. (2.10)
B oxpyxkHOCTB (KpyT) ¢ 3THUM paaunycom CTpou-
TeJIM Bnucanu ocHoBanue Benukoi [Tupamuasl.
Ponute - 3Haunt u3nyuuts B XKuzHp HoByro
XKusne. Ho XKu3Hb cBs3aHa C BEYHOCTHIO CBETA.
CrnenoBatenbHO, peub UIET O chepuyeckoil mo-
BEPXHOCTH U3iIydaTens ¢ paauycoM R =2 (2.10).
Q=4n(R*=2%=16n =T, . (2.11)
Beuno HeBuaumebl noriomaromme CBET MUK-
po-Makpo Yepusie Jpipbl. [lornomaromue Cset
B T0JI€ CHJIBI Cxkatust (puc. 2.4, puc. 2.6, 2.9).
Ho B MeTaranakTuyeckux moJsx

JSinm/4 =2""* = /Cosm/4 - 310 OyIyT sAIpa

CTYCTKOB, OIKUChIBaeMbie 00beMoM (V ;) BEHKO#
[Tupamuer:

Vo= 1/6:(F=64) /Sin 7 /4 =1/3-827*=1/3-a°H, (2.12)
rJe a, - IUIoIaasr OCHOBaHM, a H - BEIcOoTa Be-
sikoil [Tupamupl.
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IIpoxosxe- [ToBepXHOCTh MHEPIITUOHHOM CHUCTEMBI, B TOM
aun Cemu YHClie U CTyCTKa CBETa, MyJIbCUPYET A0 U3Iyue-
Beunocreii Hus Kak To+(To-1) = 4+3 =7 (puc. 2.4).

Ota nynbcaiysi BeYHa Nepes U3ITyYECHUEM.
Bpemenn Mbl noHumaemM BpemMsi kKak MOHOTOHHO,

He ObL10, OHO
NMOKOUJIOCH B
beckoneu-
HbIX Henpax
IMpoxosxu-
TeJbLHOCTH.

PaBHOMEPHO [JIs BcexX OErymryr BOJHY (puc.
2.7), B xotopoii IIpomutoe mnepexoaur B Ha-
crositee, 2 Hacrosinee B bByaymee. 910 yn006-
HO. Ho HeBepHO, moToMy 4TO MBI Bpems oTpbI-
BaeM oT OHepruu. Benukasa [{uBnnuszanus pac-
cMmarpuBaia Kuszub, IIpocTrpancTBo, Bpems
kak ®opmbl JHepruu. Bpemsi ectb Ilpomos-
JKUTEJNBHOCTh Iepexoaa M3 OJHON (POopMbI
JHEePruM B APYryo popmy.

ZAN

<>

1. OcuoBanue [Tupamuasr 2. Benukas [Tupamuma

Puc. 2.8 Benukas [Tupamuna

[Tostomy Crpoutenu Ilupamun Opanu He
O0eckoHeYHYI0 BOJHY (puc. 2.7), a TOIBKO JIBe
MOJIYBOJIHBI. BEIIeNs i UX B OKPYKHOCTH C pa-
nuycoMm R = +1-(-1) = 2, 1 BIUCHIBAIIN B OKPYK-
HOCTH OcHOBaHHMe [lupammuiel, a 3aTeM U camy
[Mupamuny (puc. 2.8).

IIpogoKuTENbHOCTD, TO €CTh MEePUOINY-
HOCTb OTCYTCTBHS M3JIyYeHMH, KOrja mpoliec-
CBl TIPOTEKAIOT BO BHYTPEHHEM IIOJIE sijipa Cry-
CTKa, ONMCHIBAJIACH CTPOUTEISIMHU Kak [Inpamuaa

2
C OCHOBaHHECM 1'2 = \/5 = 2, BIIMCaHHAasA B BCIIU-

2
Kkyto [Tupamuny ¢ ocHOBaHHeM a” = (2 V2 ) =8.
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Benukas Husunuzauus B [lonstue Ilpomon-
JKUTEIILHOCTh U BPEMs BBEJIO DHEPTUIO0 HACTOJIb-
KO T€HUAJIBHO, YTO MPOU3BEIICHUE BCEX AJIEMEH-
ToB [Tupamubel Oka3anoch ONMMCaHWEM TpaBHUTa-
IMOHHOTO JIyHHOTO ToJ1s (puc. 3.10):

28
log 52 =28=1+2+3+4+5+6+7. (2.13)

Benukas [uBunuzanus ncnonbs3oBajia B I1o-
HATUU BpeMeHu u cKopoCTh CBETa, U CBSA3b CKO-
POCTH CBETa C MEPUOANIHOCTHIO (HOPMHUPOBAHUS
T, = 4 UHEPLIMOHHBIX CUCTEM:

c=VA=MT,=n,npu VT,=1, (2.14)
e
Tc=4n=A. (2.15)

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

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

Ho Bpemenu emé He Ob1J10, Tak Kak "He ObLIO
[Tupamuael", TO €cCTh MHPOLECC CryIICHUS BO
BHYTPEHHEM I10JIE MHEPLMOHHON CUCTEMBI ellé
He pocTur ypoBHs S = L = 4w (2.15), npu koto-
poM cucTeMa cMoriia Obl M3IIy4aTb SHEPTHI0 B
OKPY>KaIOUIYIO CPEey.

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

Bpems n J)Ku3Hp Kak 3HEPreTUYECKUE CHCTE-
Mbl uMeroT [lonobus npyr npyra: oHu obaagaroT
BHYTpeHHUMHU mnoisimu crymenus (IIupammpa,
puc. 2.8) U MOJSIMU B3aMMOCBSI3aHHBIX H3JTyue-
Hul (puc. 2.5).

B stux (puc. 2.5) nonsax ase Gopmbl U3yda-
tenei. [lepBolit popmMupyercss MarHUTHBIMU 3a-
psigamu w mMmIyibcamu (2.6) u paboraeT Ha
ypoBHe Ilonco3nanus.

Bropass ¢opma mznmyuaTens BO3HHMKAeT MpHU
HAJIOXKEHUM APYT Ha Jpyra MarHUTHBIX UMILYJIb-
coB [lamsaru (2.8, puc. 2.5).
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IlepBblif BUJ MarHUTHBIX 3apsAd0-HMITYJIbC-
HBIX M3JTy4aTeseil (YepHble KBaHTHI Ha puc. 2.5)
paboTaeT B JKUBOM KaK OMOKIIETKA.

Bropoii Bua n3nyyarenei BOZHUKAET MPU Ha-
JOXEHUN MMIyJbcoB IlamaTu (KenTo-KpacHo-
Oenble KBaHTHI, pUc. 2.5) - PyHKIHOHUPYET Kak
HEHPOHBI JIEBU3HBI (LIUC-U30MEPUs) U MIPABU3HBI
(Tpanc-uzomepusi). Cymma HEHPOHOB JICBU3HBI U
NPaBU3HBI CO3/1a€T COOTBETCTBEHHO JieBOe (AX)
U npaBoe (Xu) noayuapus roJIOBHOIO MO3ra.

U tonpko korna ectb Ax-Xu, Mbl IUILEM U
BocnpuHuMaeM OXx-poMaHc, AX-poMaHC U OX-
pOMaHC, NepexoAsIIi B OJIaTHbIE TECHH.

Cemmu IlyTeii
K baaxkencr-
BY He ObLIO.
He 0b1510 1
Beauknx
IMpuunn
Crpananus,
H00 He ObLIO
HUKOIO0 JJIsl
MOPOKICHUSA
HX H 000JIb-
meHusl UMH.

Hame IMounonansHoe Bocnpusitue coObi-
THI OKpY>Karolllero MUpa 3aBUCUT OT TOTO, BOC-
MPUHUMAEeM M MBI 3TH COOBITHS Ha YpPOBHE
Hoacoznanus wim Co3nanus (2.6, 2.7, 2.8).

Tak, Ha ypoBHe Ilogco3HaHusi ¢ nepuoany-
HOCTBIO TO2 = 16 nosBusiercss Cempb IlyTeii K
Baaxkencrny (2.8):

Cewms Ilyteit k bnaxxeHcTBY =
T, x [oaco3HaHue = 2.17)

Toz(p*/q* XM*)Z = 16(7/4)2(u*)2 _ (7].1*)2

[Tepuon T,” He ObLI 3aBepuieH, u Cemu Ily-
Teil K biiaxkeHcTBY He ObLIO.
®du3noNornYecKy, HalpuMep, 3T0 MOKET OBITh
CBs3aHO C TeM, uTo Yakpel Uenoseka eme He-
c(OpPMHUPOBAHBI UJIH 110 KAKMM-TO IPUYMHAM HE
(YHKLIHOHUPYIOT.
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Enunas
TbMma Ha-
MOJIHSLJIA
becnpenesn-
Hoe Bce, u6o
Oten-Ma-
Tepb U CbIH
elé pa3 Obl-
JIM BOEIHNHO,

Oty cutyanuro onucbiBaer Abcomot [Iuda-
ropa u Ka66ana [20], HO To cyuiecTBy 310 3-
(GexkTUBHOCTH B3auMopencTBusa cera (ps = 10)
OpU HaJUYUM B TI0JIE HMITYJIbCOB YaCTULIbI
(mcc = 1) cBera (Oten), Bonnbl (Ejc = 1) cBera
(MaTepp) ©  DJIGKTPOMAarHUTHOM  Cpefbl
(soj,toc2 = 1) Mexay BOJTHOW M YacTHUIIEW CBeTa
(CoIn, puc. 2.9), kotopsle emé pa3 ObLIN BO-
eIMHO.

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

1.A6comror Ejc=1 mec=1

Eolloc’=1

2.Kpyr YHuBepcyma

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

Mue ynanoch pactumppoBaTh CaKpajdbHBIH
cmbica Kpyra Yausepcyma [8].

OTO (pM0JIeTOBbIM KBAaHT B CIIEKTPE COJHEY-
HOro 0eJIoro cBeTa, HAUMHAIOUIMICA C (hrUoNeTo-
Boii BonmHbl A = 4000A 1 mMmeronuii BHyTpeHHee
nojie U3 HUMIYJIbCOB dacTuikl cBeTa (OTen),
BoJIHbI cBeTta (Matepb) U 3JIEKTPOMAarHUTHOM
cpensl (CbIH).

Cosznarear 1 Ero Coin Uucyc cowin Bo3-
MoxHbIM emé 2000 neT ToMy Hazaza JgaTh Haw,
JIOJSM, DHEPreTUYECKYI0 CTPYKTYpy MO
Ablcomora (puc. 2.9). Ho mbl npeanowim co3-
AaTh Kpu3uC (U3NKH TOJ BOJAMTE]IHCTBOM
OWHIITeHHA, U KPacHOOANHCTBO PEIUTHO3HOTO
JIOTMaTU3Ma.
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1 CbIH He
npooyaunJics
emié a5 Ho-
Boro KoJseca
u Ctpancr-
BHii HA HEM.

A Benb cymHocTh Kpyra Yausepcyma [8]
npocta, 00 OHA OTpa)kaeT PE30HAHCHO-aHTU-
pe3oHaHcHble Kojebanus llpopomxurenbHOCTH
B Apyne:

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

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

Casron Jlyx = (2.18)

1.2:3-4 24

5—————=10—=24.
1+2+3+4 10

®opmupyercst noreHuuan bora-CesaToro
Nyxa c nopsakom Ludp B Yucne, 3epkajbHO
oroopa:kénnom Ynciaom-Ilorenuuanom ymu
(24 S 42). Toukue Dueprun dymm u CsToro
Hyxa ¢popmupytor Koseco CrpancrBuii B coi-
HEYHO-IIO/UTyHHOM Mupe:

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

(2.19)

Ho moka AGcomor He BbI3pen, Komeca
CrpaHcTBHI HET.

Cewmb IlIpe-
BBIIITHHUX
Baaabik n
Cemb UcTHH
nepecrajamu
CyleCTBO-
BaTh,

Peur uaét 00 M3MEHEHUN NOTEHIMAJIA TIOJIS,
SKBUBAJIEHTHOro mnaiabMe B [IpomomkurenbHo-
CTH:

Ioms
[ToTen- Cem Cemb [ponomxu-
ITpeBbimHEuX
LIMaJIbI Hctun TEJLHOCTh
Brnagpix
S Hmmynbcsl 3apsabl Iepuonst (2.20)
® /g% = = =
cern | ToP*a* =7 |Tp/q=T7 | Totr=7
%
Bnangpik TO . P — _TO E =1
" .
HET I,+7 q I,+7 ¢q
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u Bcegennas

Cxartplif B mponopuusax nupamusl (puc. 2.8,

Heobxomu- 3.10) crycTok s1epHOTo BEIECTBA:
moctu ChIH Ig\ps lgy10" 7

*( = =—=1), (2.21)
ObLIa I0- I,+t T,+t 7
rpyeHa B VHUIMUPOBaJ B3auMozeiicTeue (ITapanuiimnan-
ITapanum- Ha, puc. 2.1):
manna, (- =2=lg pipapspaps. (222)
YTOOBI OBITH B3aunMozeincTtBue  Kak  TEXHOJOTMYECKUM

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

(bakTop - €CTh; Kak CyOCTaHIIHMs B3aWMOJICHCT-
BHM — HET.

[Tocne B3anmoericTBHI CyOCTaHIIUS B HOBOM
sHepreTudeckoil gopme - "BblaAbIXaeTcs" (U3-
JTy4aeTCs-TOTJIONIAeTCs ).

He 0ObL10 HU-
yero.

N pa3HOCTH MOTEHIMATIOB CTajla PaBHOW HY-
JI10.

IIpuunHbI
CymectBo-
BaHMS UC-
Yye3Jiu;

obiBIICce Bu-
AMMOE U
Cymee He-
BHAMMOE

Pa3HOCTh MOTEHIMAIOB MEXIy CHIIOH CiKa-
THSL U SHEPTUell pacUIMpeHus cTaia paBHOM Hy-
JHO:

(ks® = 64) - (Toc/w,= 8)*=0, (2.23)
rae:
obiBIIee Buaumoe - sneprus Pacumpenus (u3-
nyuenns) (Toc / ©,)°,
Cymee HeBuaumoe - cuiia cxxatus kc6 =64
(2.9, puc. 2.6).

NOKOMWJINCH B
Beunom He-
bbiTuM -
Enunom brI-
THH.

Beunoe He-britue Enunoe britue
AHTHpPE30HAHC Pe3onanc
87 -8°=(8-8)x(8+8),| 8&¥8=1, (2.24)
0x16 = 0xT,> 82xg%= 8",




JInmn Ean- oo

nast ®opma becnpenenpnas: =+ J.qo do. (2.25)
CymecTBo- -

BaHMusl, Oec- beckoneunas: oo = log,0 = log,log,1, (2.26)
npeaejbHasi, | rue a - 1o000e 0OCHOBaHME Jiorapudma.
O0eckoHey-

Hasi, Gecrpu- BGCHpI/I‘-II/IHH63.$IZ )

—— A=k¢ - (Toc/mp) =64-64=0. (2.27)
npocrupa- ITokosick Bo Cre: 1 = Sin*or+Cos’al, (2.28)
Jach, MOKO-

sicb B0 CHe, | muménnoMm CHOBUICHHI

JHMIIEHHOM Sin’m/4 - Cos’m/4=1/2-1/2=0.  (2.29)
CHoBHJ1€-

HUI;

Kusnn oec- Otkperteiid ['maz Jlarma - 3TO HMMITYJIBCHI
CO3HATEJIb- cxarus (Towo/c = 2) n pacumpenus (Toc/m= 8).
Hasi nyJbcu- | Cpena, BO3MYIIEHHAS DTUMH UMITyIbcamu, Oy-
poBaja B JeT npeAcTaBisaTh codoit Yakpy Tperuit ['nas:
IIpoctpan-

cTtBe Beenen-
CKOM B0 Bce-

MeauTauus B Yakpe
Tpernii I'na3
Cunsisg obnacte | ['oy0Oast 06acTh

CylulIHOCTl/I 5 . 2.30)
TOH, YTO psfgo dep=-300= 300 = J‘(a do
oLyIIAeTCH 8 2

OTKPBITHIM 300A=AC &  A=300A.

I'nazom

Jdarma

Ho rae ob1a | Anaiia Beenennoii-nayma 42 u Cesitoit Jlyx-24.
Jlarma, Ko- [Tapamaprxa: A6comotHoe boitue u Co3Hanue:
raa Anaia p*/q* =7/4;

Beexernoli Ao6comornoe He-britue u beccosnanue:

obLia B Ila-

pamapTxa, u
Beaukoe Ko-
J1eco ObLIO

Anynanaka?

p/q="7/4;
AHnynanaka: 6e3 poauTesnen.

*
k%

Peup uaér o KENTO-KpaCHO-IyHHO-OENBIX
KBaHTAX-M3TydaTelsaX, KOTOpPbIe (HOPMHPYIOTCS
HAJIO)KEHUEM  JIByX MAarHUTHBIX HMITYJICOB
(puc. 2.5):
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AK AT

AK AT =70A-2800A
(AK)? = (1400 A)?

10" = p,. (2.31)

®opmupyetcst mone ciaadblXx B3auMOJEHCT-
Buii. ®opmupyercs Helipon. Heiipon ¢opmupy-
etcs B nosie Co3HaHus, B TO BpeMs kak Menura-
uusa B Yakpe Tperuii ['na3z (2.30) nmpoxonuna Ha
YPOBHE IIOJICO3HAHUS:

['enom boxxectBennoro Yenoseka =

dywax Cesmoui [yx X Ilapamapmxa _

HeUupoH

42-24(7)2 1008 7°
4

—.—=7%.630, (2.32)
P>

10716
e 7°-"o6omouka" [8], a 630 — renom boxect-
BenHoro Yenoseka Bomu u Uoru (Teorenesuc).

Ho rme Obun I'maz [larma, xorma reHOM
BboxectBennoro Yenoreka (2.32) 6bu1 6e3 Pou-
Tenert (Anymnagaka)?

OrtBerT:
2 2 2
z4 630 _7°-630 _ (Zj . (2.33)
32-63 4
[pde
8
Bo3Hukanu 3apsbl 1 UMITYJIbCHI:
7 2 * 2 2
(_j _(p*) _[~) |,
4 q* q
(2.34)

s P+2° 4344 +5°4+6°+7°
14+2+3+4+5+6+7 |

KaIljinu CBA3H.
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kk

CmaHnua l [1]

PaccmarpuBaercs Hauano  (GOpPMHpPOBAaHUSA  KHUBBIX-
HEXUBBIX MH(POPMALMOHHBIX CUCTEM-CTYCTKOB M3 M3JIyYeH-
HOI 1 Haxoxselcs BHe-Dopmel (Apyna) SHEpruu.

1. [lokazano IlogoOue u3mydarens cBeTa C MPeIBEYHOM
Martepbto Poxxparomieii (Hanpumep, maHeta 3emuis). TouHO
YTBEPKAACTCSA, YTO HU3IYUYCHHUS MPOUCXOAAT C MEPHOAUYHO-
cteio T+t = 7 (puc. 2.4), 06beM Hu3JIydaTesss OMUCHIBACTCS
obbemoM Benmkou ITupamunbr (2.12), a OTHOIIEHHE MOBEPX-
HocTH n3myyatens (2.11) x ero o6bemy (2.12) B mosie cBera:

mcgz_- 107 =627 =327 =7-2" (2.35)

Ve 7 1-8H

dbopmupyeT B3aumoecTBre B [lepnoanaHOCTH HX MIPOSBIIC-
HUSL.

2. Benukas IluBunm3zamusa paccmarpusaet JXusub, 1po-
cTpaHCTBO, Bpems kak pasznuunbie @opmbl OHepruu. Kax
HHEPreTUYECKUE CUCTEMbI, 00JIajaolie BHYTPEHHUMHU TMOJIs-
MU U IOBEPXHOCTSAMH U3ITyUECHUSI.

[Ipu Takom monxone, coOCTBeHHO BpemeHeM MOXKHO
CUMTATh CAM HMIIYJIbC M3JIyYEHUS DHEPTUHM B OKPYKAIOUIYIO
cpeny. MHTEpBan HAKOIUIEHUS SHEPTUU MEXAY ABYMS COCEII-
HUMHM U3JTy4YEHUSMH onpenensercsa Kak [IpoaomkuTenbHOCTb.

3. PaccmarpuBas 7Ku3Hb Kak 3HEPreTHYeCKyKo CHCTe-
My, OOJaJarolIyl0 BHYTPEHHHMM TIOJIeM WU3Jydareled wu3
CMEPTHBIX OEIKOBBIX TEJl KJIETOK W H3Jydareiied OeccMeprt-
HbIX UMIyJIbCcOB Mbiciu, [lamsaru, BooOpaxenus (puc. 2.5),
BesMKas l{uBunu3anus roBopur 0 HUX Kak o Bceenenckom Pa-
3yme. M 3TO mpaBUIIbHO, TaK KaK 1E€Mb TOHKO-IHEPTEeTUUECKHUX
MMITYJIbCOB OXBaTbiBaeT B Enunyto Cucremy Bero Beenennyto
(puc. 2.5). OgHako, CryCTKU-HEUPOHBI JICBU3HBI (AX) U mpa-
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BU3HBI (XM) CHUHTE3UPYIOTCA M PACUICIUISIFOTCSA, TO €CTh HE
BCEI/la OHU €CTh U HE BCIOJly OHU FOTOBBI.

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

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

Cemb nyTeii K biaaxkeHCTBY

IToncosnanue. Pesonanc | Cosnanue. AHTUPE30HAHC | (2.36)

(Tu*)’ 7 TU* - 7(-u*).

He 6b1110 cB0OOAHOM DHepruu Kynaanunu [Tamstu

%2
Const =L—Z (2.37)

=_u*,
TU*=T(~p*) 2
He Obu10 U Cemu nyTei K biaxkeHcTBy.

5. BekpbiBatoTes mpuuuHbl oTcyTcTBUS CeMH myTed K
BbaajkeHCTBY: B TpPHEIMHOM II0JIE BOJHBI-YACTUIBI CBETa U
AIIEKTPOMArHUTHON cpeabl Mexay HUMH (puc. 2.9) B3aumo-
JEUCTBUA €IE HE 3aKOHYMIINCH, U MMO3TOMY HET M3JIyYeHHH B
OKpyskaromyto cpeny. [lo cymecTBy onmchiBaeTcsi CTpyKTypa
noJis AOcontoTa, He TOHUMas CYIIHOCTh KOTOPOIO €ro IbiTa-
muck pacudpoBatsk [ludaropeipl 1 ciaymarenan KOCMOIo-
Huuyeckoit Ka66ansl [20]. Onu AbGcomtoTa HE TOHSUTH.

Torma Nucyc npoaukroBan Moanny borocioy "OTkpo-
BeHUA'", B KOTOpbIX B Dopme Kpyra YHuBepcyma nan CTpyk-
Typy Abcomorta. Ho Teneps He monsimim Xpucrta (2.19, puc.
2.9, [8]).

6. B atom mectom nyHkte Cranipl [ [1] onuckiBaeTcs
MOSIBJICHHE OOIIET0 pPaBHOBECHUS MEXKIY IPaBUTAIIMOHHBIMH U
AIEKTPUYECKUMHU 3apsiiaMd U UMITYyJIbCaMH, HACTYTAOIIEro B
teuenue Cemu BeuHocteil [Iponomkurensuoctu (2.29).
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Bo3HUKaIOT KOPOTKOAEHCTBYIOIIUE SAEPHBIE B3aUMO/IEH-
ctBus (2.21). [lo 3akonam QopMupoBaHUSI CTYCTKOB B IPO-
nopuusix Besmkou [Tupamuast (puc. 3.10), onna ¢popma cryct-
ka TpaHchopmupyercs B HOBYH0. [locie okoHuaHus TpaHc-
dbopmalnuu pa3HOCTh MOTEHIIMATIOB B MOJIE€ SEPHBIX B3aUMO-
JIEUCTBUM CTAHOBUTCS PABHOW HYIJIIO.

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

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

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

9. Ilonkntouenue k IloacozHannto koMoHeHT noJist Co3s-
HaHMs, TakuxX Kak ayma - Cesarou [lyx, Ilapmaptxy (A6Gco-
motHble beitie n Co3nanue - He-beitne u becco3nanue), B
oJIe CJIa0BIX KOPOTKOJEHCTBYIONIUX B3aUMOICUCTBUI MPUBO-
TUT K (GOpMHUPOBAHUIO "000JIOUKHK" TEPUOTUYECKON CUCTEMBI
reHOMOB (TOJIOBKAa CIIEPMAaTO30U/i1a), a 3aTEM K Pa3BUTHIO UM-
IyJIbCOB, 3apsA0B, CHHTE3Y-MYJbTUILUIETHOCTH IISITEPUYHOU
CBSI3M, B TOM 4YHCJIe OCITKOBBIX TEJl KJICTKH U €€ CyOCTPyKTyp
(2.31 = 2.34).
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2.2 CtaHualll.
BupTtyanbHaa PeanbHocTb BoobpaxeHus

I'ne 0b111 CTpouTenn, Jyyesapusie CoiHbl 3apu
MaunBanraps! ?... B HenoznaBaemoii TbMe, B X
Ax-xu ITapanummanna. Co3narenu ®@opm u3 He-
®opmbl - Kopens Mupa -/[pBamarpu u Cpadxa-
BaT nokouyaucsk B biaaxkencrese He-bouiTus.

..I'me 0bs10 be3moaBue? I'ne ciayx, 4TrodObI OmIy-
TUTH ero? Hert, He ObL10 HU be3moJiBus, HU 3BY-
Ka; Hu4ero, kpome Hepymmumoro Beunoro /Ibixa-
HUSf, He 3HAIOIIEro ceo.

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

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

Cemepo emie He poananch u3 Tkanu Csera. Enn-
Has Tema Obu1a OTHOM-Marepsio, CBadxaBar; u
CBaoOxaBart ObL1a Bo ThMme.

Jtu J/IBoe m ectb 3apoabim, U 3apoabim ExuH.
Bcesiennasi Obl1a eme COKpbITa B bokecTBeHHOI
Mbpicau u Jlone boxxecTBeHHOM.



Pacwugppoeka CmaHusbi Il [1]

No| Cnoa CraHiibl CMBICH BBIpaXEHUI
I'ne Ob1IM Crtpoutens — MyJbCUPYIOIIUE HMITYJIBCHI
CtpoureJin, meicnu (p*), mamsatu (U*) u BooOpaxenus (q*)
Jyuesapupie | (puc. 2.5)
Coinbl 3apu |p* - | 7 4 2
ManBaHTa- i e B i -7 <16.(2.38)
poI?.. F preu¥ |47
Crpoutenu (HhopMHpPOBAIA 000JOYKHU C TIO-
TEHIMATOM 7> M MPOOIDKATETBHOCTBIO Ty
nyJibcalui (POTOHOB B 3THX 000JI0YKaX [§].
il
MaunBantapa — Bcenennad. Couinbl 3apu
ManBantapsl (C.3.M.) — UMIyJIbCBl MBICIH U
naMsTH B MOMEHT pPaCIIMpPEHUs; CBSI3aHHBIC C
BOOOpaXCHMEM B TPAaBUTAIlMOHHOM IIOJIE C Ce-
MEPUYHON MPOJTOIKUTEIBHOCTBIO:
Crpinbl 3apu MansBanTapa (C3M) (2.39)
C.3.M.= p*(u*+u*)xToc/m, = 28%-8-10% |
1
B Heno3na- Nznyyasce, C3M nonanatot B Uepnyro Bou-
Baemoii Tbme, | HY noriomeHus-cxatus (2.9, puc. 2.6). B asroit
B HX AX-XH Teme BozHukaeT Boobpaxkenue (2.39):
IHapanum-
p Tpancopmanusa C3M B
MaHHA
BooOpaxkenue

[C3M = 28%8-10" = (T, +1)-28+(q*)*]
(F = 64) = 4-7°(q*),
e 7° - 000J104Ka, a 4*=T,64-- Tsiub;
u 8%32 - [{uHb B paclIMpeHuu, Koraa
Tsub B [IpoKOIKUTEIBHOCTH.
P.S. Benukas {usnnuzanus Ha3siBaeT BooOpa-
sKeHMe riaapHeiimum Apaxkonom Myapocru.

(2.40)
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[Hapanuu-

BuprtyansHass PeanpHOocTh  BooOpaskenwmst

MaHHA Bne-®opmel. Apyna Beenennoii. E€ norenunan
(2.40) mocraroueH ans coszmaHus oOmie 060-
nouku 1 BockMu Lluab 1 Ax-xu (puc. 2.10).
Co3narenn 30=Ax 72
®opm u3 He-
Xu=32
®opmbl - Ko- Xu !
penb Mupa - (Cl)
JaBamarpu u Ax
CBa0OxaBat
Ax Xu
NMOKOWJINCH B
BJaxkeHcrBe 1.B BepinHax yrioB Ky0a yetsipe AX 1 4eThipe Xu.
He-BuITHsI. 2.Ky6 BrimcaH B 060710uKy 7>
3.B nentpe Ky6a crycrox Boobpaxenns (q*)°.
Puc. 2.10 Cmpyxmypa eupmyanvrou
Peanvrnocmu Boobpasicenus
Konebanue mexay uMItyibcamu U 3apsaamMu
co3naeT OopMel:
(@*) ~ pu
* ¥ - q2 ’
P
2
28-14  16°
32 7
_2 - — .
7 32
Apyna Pyna
(Bue-®opmbl) (Popma).
Bo3HuKaT pe30HaHCHO-aHTUPE30HAHCHBIE
noteHImansl Apynsl u Pynetr (Kopens Mupa).
Kopens Mupa Kopens Mupa
[Tonst Apyna Pyma
A 32 7*
HTHpE- 2 —=
30HAHC 7 32 (2:42)
0,6530012245 1,53125
6:5:3:1:2:2:4-5- | 1:5-3:1-2:5-10°
Pe3onanc 1055 =72-102 — 151074
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JaBamarpu

JleBamatpu = 72-10°%:15-10%=4,8-107% =
p2-4800- 10'40, rae 4800 = 4800A - pimHa BOIHEL,
pa3zaensioniell CHHIO U Toiry0yro obmactu
criektpa Yakpsl Tpernii ['nas.

MOKOWJINCH B
Biuakencrse
He-BrniTug.

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

Panbl

Coi-
meu- | 1 |2 |34 [5|16|7|8|=36

HBIA

(2.43)

JIyH-
HBINA

011234 |5]|]6|7|=28

B »TuHX nyHHO-cONHEYHBIX peanusx baa-
skeHcTBO He-BoiTHsa Oyaer obecrieunBaThCs
HOJIb-TIOTEHIINAJIOM, a DBBITHS - MOTEHLIHAIOM C
JNENCTBUTEIBHBIM YUCIIOM:

He-0On1THE Brertue
0 S| n’(n-1)’=2n-1.

(2.44)

...I'me ObLIIO
be3moaBue?
I'ne cayx,
4TOO0BI OLIY-
THTD ero?

Tak, Hampumep, beiTHe mId JTyHHO-COJIHEU-
HBIX pAZOB OyJeT MMEeThb PA3HOCTb KBAJpaTOB
NOTEHLIUAJIOB:

I |10 (II|IV|V |[VI|VIH VIII
T3 42 | 5% | 6 | 7% | 3%
12 22 32 542 652 762 872 362-28>

(2.45)

3051719 [11]13]15] 512.

B »tom (2.45) mone beitus BooOpakenue
OylleT CTPOWTH pEabHBIA (2 HE BUPTYaJbHBIN)
mup TAHD B pactupsromieicsa BeenenHoi:

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

=8=Tc/w,.(2.46)

W netw, urparoimiue cerogHsi B HEJOCTONHBIE
UIPbl BUPTYaJIbHOW PEaJIbHOCTH, TBOPAT COOT-
BETCTBYIOIIYIO 3aBTPAITHIOI PEeaTbHOCTb.
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Het, He 0b1110 be3mouBue omnpeaenseTca  AadbHOACHCT-
uu Be3zmou- BYIOILIMMH B3aMMOJICUCTBUSIMU: T'pPaBUTALMOH-
BUS, HU 3BY- HBIM p1=10‘24 Y DJIEKTPOMArHUTHBIM P3 = 1072,
Ka; HHYero, 3BYyK (CIyX) — KOPOTKOACHCTBYIOIMMHU B3an-
KpoMe.... MOJEHUCTBUSAMMU: SAECPHBIM 1074 = P4 U CIa0BIM
P2= 10-1 .
Be3monBue Tpanchopmupyercs B 3ByK Hpu
epexone NAIbHOACHCTBYIOIUX B3aUMOJECHCT-
BHI1 B KOPOTKOJICUCTBYIOIIHE.
Tpancpopmanus
be3monBus B 3ByK
MOTEHIMAJIbI
Tep- 1
MaKCH- | MMHH-
2 Must cpena
MyM MyM
=25
DHIOo- lg p2/p1 |1g p1po J¢d(ﬂ=48
=23 =2 s (2.47)
Ig psps |lg palps [{
DK30- dp=336
/el !co ¢
23+26 | -25+2 336/48
Supo- | =49=7" | =23 =7
5K30 obomouka |nepexox | Cemb BeY-
K MaKCH- HOCTCH.
MyMy
3Byk u be3mouBue moka japeManu mojg
000/10uKk0ii oA ¢ [Ipoao/KNTENBHOCTHIO B
Cemb Beunocreii.
Hepymnmoro N tonsko Enunbiit Kocmoc Beuno mynbcu-
Beunoro /Ip1- | poBan Mexay Xaocom u I'apmonueit:
XaHus, He
1 0
3HAIOLIEro ce- /2= J'(pd(p - J‘(pd(p — .12,
ost. o 1
u
05-1505 +1. (2.48)
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Yac ewe He
npoomit; Jlyu
ele He Mpo-
HUK B 3apo-
ablmr; Mar-
punajaMma emie
He Ha0yxJ1a

Cemb BeuHocTell BO BHYTPEHHEM I0JI€ U3TTY-
yatens BooOpaskeHus emi€ He mpoILIy.

DHepPruu MOTEHUUATBLHON SIMBI U €€ TPAHUIIBI
emé He cpaBHamuch. Ummyabsc (T,w./c = 2)
cxatusa (Marpunagama puc. 2.6) emé ocraércs
Oeryuiei BostHoO#. OH enié He cTan yCHJIHEM Mo
TpexmepHomy IIpoctpanctBy (2.49):

(Tomo/c = 2)*Y73 =38, (2.49)

Martpunaama emie He Ha0yxJia.

Cepaue Eé
ele He pac-
KPbLIOCH ISt
NPUBXOXKAE-
Husa Eaunoro
Jlyua, yTo0bI
3aTeM HM3-
BEPrHYTH €ro,
Kak Tpu B
Yeroipe, B
Heapa Maiin.

Martpunaama u YepHblii (TorIoONIarOMnii)
I'ma3 Jlarma (puc. 2.6) - 310 pa3Has ¢popma onu-
CaHUs OHOTO M TOTO ke (PU3HUIECKOTO OOBEKTA.

Onucanne MUKpPO-Makpo "TOYKH" MOIVIOIIE-
HUSl SHEPTrUU OKpY’Kalouleil cpeapl BO B3aUMO-
JEUCTBUAX:

Marpunaama: (T,m,/c =2)"
CaOxasar Poct cTenenu cxaTus

Pas- Io- Ipo-
Hm- Ycu- | momxu-
HO- BEpX- (2.50)
My JIbC e TeJb-
Becue HOCTh
HOCTb
2'=12l=[2"=]2'=] 2%=
Marpunazamaj 1 2 4 8 16.

Jlorapupmuueckue BOJHBI  MaTpunaaMel
ONMCHIBAIOT TIEPBBIE YETBIPE HHEPrEeTHUECKUX
YPOBHS KaK COJIHEYHOIO, TaK W JIyHHOTO psna

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

0+1+2+3+4=10=ps. (2.51)
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OO0BsicHsAs pupoay AHTpOTIOreHe3a, ABTOPBI
Crann /[3uan Ha30ByT 3TH (2.51) yeTblpe KBaHTa
dopmoBmukamu, a Mucyc nBa TteicsueneTus
Ha3aj CTPYKTYpy (popMOBLIMKOB - Marpumnaama
(2.50) — npoaukroBan Moanny borocnoBy kak
Kpyr Vhuusepcyma (puc. 2.9). Tak uro Bbr ny-
Maere, uynen, Bepueie m HeBepHble, kakyro

4
nenp npecienosan 'ocnoap, moceuias CBoero
CpiHa B Hamly LuBWIM3aluil0 Ha MyudeHue u
Cmepts? Momnutecs - 310 xopowo! Ho u nony-
MaTh He Mewaer: 3aueM Tpu B Yerbipe, B He-
apa Maiin. 3auem B nymax Maitn (Bamux my-
nrax) Cemb Beunocreii?
Cemepo emre [Ipexne uem Tpu B Yerbipe Mex1y yCUIuU-
He poxmiamuch, | €M CKaTHi (2.50) M MMIYJIECOM PacIIMPEHHs
u3 Trkanu BO3HUKAET AMHAMHYECKOE paBHOBecHe (2.50):
Cgera. Enn-
Has Tbma Marpunaama CpabxaBat
OnL1a OTtio - Yceunnue cxarus Huy tee
Marteperio, pacumpenus | (2.52)
CpalxaBat; u X iy | X
CrabxaBar ko' =(Tom,/c=2) S(Toc/ 0, =27)=k,,.
ObLIa BO
TeMme.
5

B srom none mummnyabe uznyyenus (Cpabxa-
BaT) mpeojosieBan cury cxarus F = 64 (2.9), To
ectb YepHyto BoaHy cxatus (2.50, puc. 2.6):

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

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

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

CTO YCHJIME CXKaTHsl, MOMANacT B BOJIHY pacIlu-
penus (benas Bomnna, 2.50, puc. 2.6, 2.9):
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Jtu /ABoe
(2.54) u ecTB

IMyabcauus ycujims c:kaTusi B BOJIHE

pacuipeHust
3apoabim, u \ . | (2.54)
3apoabim (k =8)(E=64) 4,0 T 1 _E-k
Equn E-kl=56 7 416 E-k
Kax BOJIHa-JaCTUlla CBE€Ta CJIIMBACTCsA B Jia-
3epHYIO0 TOYKYy, KaK JKCHCKas SHIEKIeTKa |
MYI)KCKOW CIIEpMaTO30M]] CIHBAIOTCS B 3UTOTY
(ormoIOTBOpPEHHAS  SIMIICKIIETKA), TaK H 3TH
JIBoe ciuBatotcst B OnHo (2.51):
16°5(7/4)* = (p*/q*)* =
2
(P*p/a*q) = (p/q), (2.55)
Bcesennasi e (p*/q*)” - mepexox Boobpaxenns k Bosxke-

ObLia ele co-
KpbITa B bo-
JKeCTBEHHOM
Mbicau u Jlo-
He BoxkecT-
BEHHOM.

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

*
kK

WNmnysnbe cxatus, TpaHCPOPMHPYEMBbI B
TPEXMEPHOM IPOCTPAHCTBE B YCHIIHE CIKATHS
(kc3 = 8 = M) co3naer mMyxckoe Hadano, BoiHa
pacumpenns (E = 8% = X) - xeHckoe.

B ycrnoBusix pacimmpeHusi )KEHCKOro Havaa,
[ToToMkaMm mpemIaraloTcss TEHOMBI HACIEACT-
BeHHOCTH (puc. 3.14):

c K*-M?

Oa)o K-M

g'—8%

8 =63. (2.56
g (2.56)
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CmaHua ll [1]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Ne | Cnosa CraHisl Cwmpbica Cnos
Jdocaexnuii Henpa SAnpa ¢ nmorenuumanom Cemp Hauan
Tpener MyJILCUPYIOT MEXAY XaocoM U ['apMoHuMei:
Cenbmoii
1 0
Beunoctu
K=7 do-\pde)=
ApOAIT B (!(p ¢ !(p ?)
bec- (T+1) To:(v = 1/To) = 7. (2.57)
1 KOHEYHOCTH

Marepb Ha- ITornomenune Oneprun Marepunckum Ha-
Oyxaer, pac- yajoM (Jla3epHasi TOuKa, 3UroTa U Tak jajee) 3a
IpocTpaHs- CUYET Mepexo/ia OT CKATHSL K pacIIMpPEeHHIO:
HCD MSHYTpH (ke = Toto/c =2 1 ky= Toc/wo= 8),
HAPYKY, M0- , ¢
N0GHO MouKe K[pdp =7[pdp =210. (2.58)
Jloroca k. 2
Tpener pac- [Morenuuman 210 - 3T0 NONAPHBIA BUXPb, HC-
NpPoCTpaHAeT- HyCKaeMHﬁ CKaTbIM BHYTPCHHHUM IIOJICM Cseta
Cs1, Kacasich (3apoabim Bo Tbme):
CBOUM CTpe-
MHTeIhLELIM K =ps(1+2+3+4+5+6 = 21) = 210.  (2.59)
Kpsbliiom Bceii

. OTH U3NMy4YeHHs OXBATHIBAIOT U KBAHT CBETA,
Bcenennou u

u Bcio Bcenennyro (puc. 10), Bxirowas Ouo-
3apoabia, :
KJIETKY:
npebrIBao- 557 59=21. (2.60)
2 | mero Bo

ThMe,

TbMe, KOTO-
past AbIIIMAT
HaJl IpeM-
JromumMu Bo-
naMu Ku3Hu

JApemimomne Boabl ’Ku3HM BO3HUKAIOT W3
MyJIbCUPYIOIIETO MOJIS CBETA!

1
+61:=36_[(pd(0 =
0

0
185 -18 =36 [p dp=- 61, (2.61)
1

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

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

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

u CBet poHs-
eT OAMHOKHIA
JIy4 B Boapl,

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

B [i1yOuny o e ol
Tona Mare- Ki: Ky =120: 15 =8 = Toc/mo. (2.63)
pu. Bonamu, I'nyounamu Jlona Matepu Oyner
aBisThes nonie Ky = 630, pacTBopuBIee B cede
NEPUOTUYECKYI0 CUCTeMy TeHOMOB (puc. 13) u
cojepxariee 35 MOJIEKYJT BOJBI:
630 : 18 =35. (2.64)
JIy4y nponu- Cnenure 3a ['ma3amu [larma (puc. 2.6).

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

Nmnynbe pacimpenus (oTKpbIThIH [1a3) npo-
XOJIUT BOJIHY CKaTus (4epHasi BOJiHa, JleBcT-
BeHHoe Sil1o). Mexay BosiHaMu cxKaTus U
paciIMpeHusi BOSHUKAIOT KolleOaHus (Tpemner).
OO61mmas yepHO-0enast BOJTHA cTaHOBHUTCS Beu-
HbIM fifnom (puc. 2.6), a B HeM popmupyeTcs
3apomsii (MMITYJIbC CXKaTHA), HEBEUHBIN MOTO-
My, 4TO CXKaTue cMeHseTcs pacuupenueM. Ho
3TOT UMITYJIBC PACIIUPEHUS MOTAIAET B OKPY-
JKaroltee 1moJie ¢ noreHuuaiom Kz = 10% U, B
3aBHCUMOCTH OT IMEPHOAMYHOCTH BPAIICHUS
dotoHoB, hopmupyet uMmynbce p* u q* — oc-
HOBY Muposoro Siina.
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Tpoe ynaga-
0T B YeThipe.
JlydyeHocHoe
EcrectBO
ycemepsiercs;
CeMb BHYTpH,
CeMb BOBHe.

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

I'ma3 Jlarma MA
NP |BC| Tp | BP | UC | Tp | P | WUc
0 +6
864 | S | 64—2 | 5| 8 |TsU
: . (2.65)
OJI| asd Bs|3H | K | O]
BanaHc 10 IpoIOKUTENEHOCTH
T,+ T =7 BHyTpH TBO;::Z

Yci10BHBIC 0003HAYCHHS:

WP - umnynbce pacmivpeHus;

BC - BonHa cxxaTus;

Tp - Tpener;

BP - BonHa pacmupenus;

NC - uMITyIbC CKaTHSA;

OJI - oguHOKUH JTyd;

A - dectBenHoe fitno;

BSI - Beunoe fino;

3H - 3apoasInt HEBESYHBIH;

K - Kynnanunu;

MAI - Muposoe Siino;

Hc - Uuepunonnas cucrema, T, = 4;

TBY - Tpoe B Uersipe.
JlyyeHoCHOe BelecTBO yceMepsaeTcs 3a CUeT
CKaTHs, KOTOPOE MPUBOJIUT K (POPMHUPOBAHUIO
KyHpanuau, umeronie B KUAKUX Cpellax CIu-
panb B 3,5 = 7/2 oboporTa:

To0,/cp*/q* = 2-7/4 = 71/2. (2.66)

Cusiomiee Tpon4yHoe NOTOMY, UYTO CBET, MMEET TPH
sliino, B ceGe | KOMIIOHCHTBI: UMITYJIbChI BOJIHBI, YaCTHIIBI CBE-
Tpouunoe, Ta M 3JEKTPOMAarHUTHYIO CpELy MEXAY HUMHU
(puc. 4.10).
cBOpaYMBaeT- AHTHPE30HAHCHBIA PEXKUM B3aUMOJACUCTBUI
csl, pacnpo- B Abcomore (puc. 4.10):
1

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

g ps [ @ dp =+12:1/2 = 26=
0

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

OnuceiBaercs ctpykrypa Enunoro Kocmoca:

ercsi, Ceer Emunbiii Kocmoc
ocraercs, T
Crycrku oc- oHka Caer Marepust | (2.68)
OHeprus
TATCH
Kopenn Caer Crycrkmn.
5 U, BCE XKe,
Oeaohoo Oeaohoo - nmocrosiHHAsA
Enun B3anUMoJielicTBHii
Oeaohoo -
Oeaohoo IV— (2.69)
oS 1
Ig p1pap3paps=25—= :
2 1gpipypspups
Kopensb Kus- Kaxnas Kamna Xunkoirn da3sl HachbllieHa
HU ObLI B ka- | ToHkoit Dueprueit (Kopenb) KyHnnanuau, cBs-
skmoii Kamuie | 33HHOHU CO CBETOM:
Bec-
Oxeana bec Oxkean Ku3Hu
cMepTHs, U
OxeaH ObLI Bona Cger Kynnanunu
Caerom Jy- 18 = ™6 = 3(7/2+5/2) (270)
4ye3apHbIM, 5 5
18 (tx6)" = (9+0)-(7/2+5/2).
6 | KoTOpBIii OBLT
Oronb, u Te- Oronb Temno [Tnams
110, ¥ ’HBH- Cxartue Ox3orepmust | Pacmumpenue 271
JKeHHe. (2.71)
k=T 0. /c" | ko=Igpsps | ks=To’cHm,
JIBrmkenue 1o 3akoHy Tpéx - BTOPBIX:
3 _k-k _ m(c+@,) _, _Hymp.none 2.72)

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

N3nydennsiii OToHb TEpPSET CBA3b C U3ITyYa-
tesieM. Cxarue (mpuTsbkeHue, ThMma) HcUe3aer,
TOYHO Tak, kKak y Kocmuueckoro Kopabns mo-
aBisieTcss HeBecoMoCTh 3a mpenesnaMu  CHIIBI
nputskeHusi. B 3akone Tpéx - BTOpbIX (2.72) B
obnactu HeBecoMocTu HCYE3HET C)KaTHE U CBS-
3aHHBIM C HUM HMITYJIbC MC, XapaKTEPU3YIOIIUI
nocTynaTejbHble JBWKeHue Maccel B IlIpo-
cTpaHcTBe - Bpemenu. Macca OyaeT nBUTaThbCst

Marepn. 0e3 morepu COOCTBEHHOH SHEPIUH, Kak 3emiis
WJIH SJIEKTPOH (2.72):
k;-k;=32-26=6 5 m'(ctm,) =m'(3/2)n
u m=6273)l/n=4/n=ND, (2.73)
rae @ - 3omoroe Yucio.
B nynuxre 7 Cranus! III [1] or ciosa Yipu
(mocmotpu) u g0 cinoB Oeaohoo Muaammmid
(2.69) uner onucanue maccel m (2.73), coBep-
maroniel KBaHTOBaHHOE (0e3 3aTpaTbl COOCT-
BEHHOM dHEPruu) IBUKEHHUE.
On cuser, [Ipunaratenpuble B CTaHIE TOYHO YyKa3bl-
KakK COJIHIIe, BarOT, 4TO pC€Yb UACT O 3apdaax WU HUMITYJIbCaX,
Ou I1ame- UX PE30HAHCHO-aHTUPE30HAHCHOM HEPTUU:
HEIOIUIA,
Cusier | Ilmame- ITyns- Konebanust | .
boxecTBen- xax | meomwit | camns | |y -anra
Hblii JpaKon Comume | ... (1.95) | 2xa| Haryp [(ceme
3apsael |Mmnynscel|  Const
Myapocru; 2.74
YAPOCTWS | g o1 17 |17 4|ps| O
Okaectb Ya- || —=-— | Z—=-| —.— |Z.253—
¢ 4| q* 41 34 |34 7%
TYp, 1 YaTyp
Oepert cede
Tpu, u Cow3 | Tpuanpa: 3x4x(21+4) =300, (2.75)
MOpokKIAaeT
Canra (cemb), Conmbl (JIyHbr):
B Hem Cene- 3-4-2143-4-4 = (9+0)*-28+48, (2.76)
PO, KOTOpBIE MHo:kecTBa:
CTaHOBSTCH o (P2 +3 444546 47" +8° 49 410" _385).(2.77)
Tpunama, 142+3+4+5+6+7+8+9+10 55
CoHMBI U
MHo:xecTBa.
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¥Y3pu ero,
NMPHUIIOAbI-
Malouero
IHoxpoB u
pa3BepThI-
BaIOIIIEro ero
¢ Bocroka Ha
3anmaa. On
CKpbIBaeT
I'opHee u oc-
TaBJISIET
IToano:kme,
sIBJIEHHOE,
Kak Beaukas
HNanro3us.

MarauTtHOe mone 000ro Crycrka, B TOM
YHCiIe KBaHTa CBETA, TyaIUCTUYHO U COCTOUT U3
MarHUTHBIX 3apsI0B, M3Iy4aeMbIX KaK MOJSp-
Hble MATHUTHbIE CHJIOBbIe JTUHHUH, UMITYJIbCHI
KOTOPBIX JBHXKYTCSI CO CKOPOCTBIO CBETA!

mc; (2.78
¥ B3aMMONIEPIICHINKYJIIPHBIE MATHUTHBIC UM-
nynbscel [Tamaru (U*), HanpaBneHnHsie ¢ Bocto-
ka Ha 3amnaf (puc. 2.11):

w*-10%c. (2.79)

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

[TosTomy CraHna mnpeaynpexaaet: y3pu U
Beaukyro Niuno3uio, KOTOPYIO HAJIO TOHSTD.

36
j @ dp=630
6

Puc. 2.11 /[yanuzm maecnummnoeo nos
ceycmka

Bmecte ¢ Tem, mynbcamus IMOBEPXHOCTH
KBaHTa cBeTa oT 6 10 36 (puc. 2.11) - 310 mpm-
nogHuMaromuiicss [1okpoB, HOCHTENb TE€HOMOB
(puc. 3.14).

[Tpuaém, THTCHCUBHOCTh X U3ITyYCHUS B Mar-
HUTHOU CUJIOBOI JIMHUU 3apsiia U UMITyJIbca
Oyner paznuuna (puc. 2.11):

Unmencusnocmos 6 MAZHUMHbBIX NOJAX
3apsanos IMTamstu
. (2:80)
=450 | = 45107
u=14-10 u*=14-10
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OH HameuaeT
MecTa st
baucraomux
U oOpamaer
I'opHee B 6e3-
ope:xxknoe Mo-
pe Orus u
Ennnoe Ilpo-
SIBJICHHOE B
Beankue Bo-

[lepexox MarHUTHBIX MMITYJBCOB 4Yepe3
NyJbCUPYIOLIYI0O MOBEPXHOCTh KBaHTAa CBeTa
npeBpaiiaer ero B Mope Orus (2.80), B 9K30-
TEPMUIO COJIHEUHOI'O CBETa (45-10°). [Tpoxox-
JICHUE Yepe3 3Ty K€ MOBEPXHOCTh MarHUTHOTO
3apsiia BJICYET €ro pacuIMpeHHe, SHAOTEPMHIO
AypbI TIOMHHECIIEHTHOTO cBedeHus (45-10°°).

Bosiee Toro, MarHuTHBIE NOJSAPHO-IKBATOPH-
albHblE UMIYJbCHI (2.11) MO3BONAIOT UMILYJIb-
caM TOYHO ONpEENsATh MECTO MOCAJKU Ha IO-
BEPXHOCTH KBaHTa, NTHUIIAM COBEpLIATh Mepesie-

AbI THI, a CIIEpPMATO30H1]] HAXOAUT MECTO BHEIAPECHUS
Ha MOBEPXHOCTHU SIMLEKJIETKH B MOMEHT €€ OIl-
JIOI0TBOPEHHSL.

MaruutHas cucrema P=+U* (puc. 2.11) ectb

Kocmuueckuit Maraut - '"myteBoauTenb"' B
Enunom KocMmoce.

Nino3umn Peanuu Mupa Tonkux DHepruii.

I'ne ob11 3a- KakoBa ctpykTypa (pusznueckue CBOWCTBA)

poabim? umnyabscoB (I'nasza [larma, puc. 2.6)?

U rne HbiHe
obnL1a Tema?

Kak nmnynsc cootHocuTCst ¢ DHepruei CxxaTust
(UepHas moriomiaromnias BoiaHa, puc. 2.6)?

I'ne dyx
ILnamenn,

I'ne wnsnydenne TOHKOW SHAOTEPMUYECKOU
Ouepruu Meiciu (p*), [Tamsaru (L*) u Boobpa-
xeHus (q*), ...

ropsimero B

CCporo BCuieCTBa n HeﬁpOHa TBOCIO MO3ra, O

TBOeM CBe- YueHuk?
THJILHHKE, 0
Jlany?

1. DHepreTuka, CKpbITas 3a CJIOBOM TO, OITUCHI-
3apoabim BAaCT MOIJIOUIeHUe P* CephIM BEIIECTBOM I'O-
ectb TO, n JIOBHOTO MO3Tra (YepHasi BOJHA C MOTCHIIHAIOM
TO ecTh (Tocoo/c=2)6 = 64, (puc. 2.6)), rae NoTeHIIHAT
Caer, Beupiii, | TOTVIOMICHUS PABEH:
bancrawommi

64 64 16, _
== =200 =4 (281
p* 28100 7 7
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9to (K;) morenmuan ceporo Bemecrsa. Ho
HelipoH (3apoabimn) OyaeT UMeTh 00paTHBIN
MOTEHIIHAT:

L=—=—‘1020'—E—'lozonaﬂbﬂ/lbl. (2.82)
K, 64 8 4 8

2. B nosne Henp HelipoHa (3apOIbIIIEeBBIN ITy-
3BIPEK B KaIuie KUAKOU Cpeibl) TPaBUTAIIMOH-
HBIM MOTJIONIEHHBIN UMITYJIbC (2.82) meauTcs Ha
JIBA MAarHUTHBIX: TIOJIOKUTENBHBIN U OTpHIIA-
TEJIbHBII:

MaruuTHoe 1oJie paciupsoLencs
Kynganunm (2.82)

NC-U30MECPUsL Tpanc-uzomepus
1 ¢ 1 701§ 1 7
— | pdp=—-10" .~ | — | pdp=——-10" -~ -
KIBM 73 2 Kl!(p Y 2

3. Kynpanunu ¢ nuc-uzomepreil KOHTaKTH-
pyeT ¢ 0esoif BOJTHOM pacIupeHus:

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

a KyHnanuau ¢ TpaHc-u3oMepuen — ¢ 4epHOu
BOJIHOM CXKaTHs:

(Tomo/c = 2)%(-1/32:10%-7/2) = -7-10%,  (2.85)
onucaHHbIMU dmropoit ['ma3 Jlarma (puc. 2.6).

4. Pactmpsisich U MyJIbCUPYS B PE30HAHCHO-
aHTHPE30HACHOM pexxumax (2.84, 2.85):

—(7-10%)2/(7+7)-10° = —7/2-10%, (2.86)
KyHI[aJ'II/IHI/I AOCTUTACT MOBCPXHOCTHU HeﬁpOHa

(Q) u popmupyeT noTeHUAN STOW MOBEPXHO-
CTH:
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Ex(Q =-7/2:10° = 47R%) = 4R, (2.87)
Ex(Q = 4nR?) = 4R?= -7/2-10%, (2.88)

5. Heiipon nHaxonutcs (kak Kams B Okeane)
B CEpoM BeriecTBe rogosHoro Mosra (Uepnast
BOJIHA, pUC. 2.6) C 00HEMOM-3KBHUBAJIEHTOM T10-
TeHmany 62 (2.85):

me(V =4/3-1R;%) = 4/3-R,* = 64. (2.89)

Mexay moBepXHOCThIO HelipoHa (2.88) u
cxxuMarolei e€ cpenoit ¢ CeMepuuHoil nepuo-
JTUIHOCTBIO OYTyT MOSBIATHCS 24 DJIEKTpHUUC-
CKHUX 3apsija:

1l - | -—.10 =——-q. 2.90
R* 4 [ 7 7 1 (2:50)

B nosie Mexxny HEMPOHOM M CKMUMAIOIIEH
ero BoJHOM nosBisiercst CesarToit Jdyx.

6. [losinenue B noze (2.90) gy ¢ noTeH-
1ajaoM 42 IpUBOJIUT K 00pa30BaHUIO BOJIOPOIA
(1008=10%(1,008 = AH)), MOSBISIOMIETOCS C
gacToToii bubaeiickoro Yuncaa 144

24 1008
4. - =28 =
( 7q] 7 1

-12°q=—(T,7)’q. (2.91)

DHepreTudeckui nepexos ot (2.90) no
(2.91) ABTops! CTaHLbl HA3bIBAIOT: ITO €CTh
TO, u TO ectb Cger.
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baucrawomumii
Coin OtH1a,
B0 TrMme Co-
KPBITOIO.

W3nyyaromuii HEHpOH B  MOTJIOIIAMOLICH
cpezie ceporo BemiecTBa rojoBHoro mosra. Ilo-
riomaromei Bc€, kpome Casaroro yxa (2.90),
a TaKKe MyJIbCUPYIOIEeH KaK UCTOUHUK U3JTyde-
Hus (u3nyyatens - Oren) B pexxume ot Xaoca K
lMapmonuu (puc. 2.11):

1
I¢ dp = 1/2 = Oeaohoo-magmuii. (2.92)
0

IIpu sTOM mynbcauu HEWpPOHA H3IIy4aeTCs
nuc-u3omepuieckas Kynnamuau (2.83) u mar-
HUTHBIA UMITyJIbC ¥ Bpamaetrcst ¢ BocToka Ha
3anax (puc. 2.11).

Caer - Xuana-
ubii Iia-
MeEHb,

Nmmynecer p*, UW* m q* npu pe3onance
dbopmupyror TBopua — MOCTOAHHYK) B3aMMO-
nelcTBUIA:

p¥/W* =2 =1g p1p2p3paps = p/pL, (2.93)

MIPU aHTUPE30HAHCE — TTOJIS TPABUTAIIUU U CYO-
cTpyKTYpEI (9+0):

i)
*

%
+q_=z+
u* 4

2 —
(9+0)" —cyocmpyxmpeot . (2.94)
28—epasumayus

§=
q* 7

u [l1amens -
OrHb,

Bo3nukaer KOHTYp KojebaHust MEXIy 3apsi-
JaMHU ¥ UMITYJIbCAMU:

Pe3onanc AHTHUpE30HaHC
Nmnynb Nmnyib
bl 3apsbt o 3apset
* * % %
Pl GBI @15 (295)
g H g P9 H P 4
(9+0)° 28
2512 & .
- 28 (9+0)°
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U Or"e pox-
naet Temno,

[TosBIAIOTCS. KBAaHTHI CBETa C MOBEPXHOCTS-
Mu 6 u 36 (puc. 2.31), KOTOpble BO3MYIIAIOT
OKPYXKAIOIIYI0 Cpelly M3ITy4eHHEM COJIHEYHOI'O
CBeTa, HarpeBas e¢:

36
[pdp =1/2:36-6") = 18:35=630.  (2.96)

6

Boay npowus-
BoasiIee, -
Boay Kuszuu
B Martepu
Benukoii.

Marteps - Beaukasa - 3710 Ilstepuunas
sHeprus cBszu (To+1) B Cemm Beunoctsax
(To+T="7), nOoTEHUMAN KOTOPOIl paBeH MHpu pe-
3oHaHce 35 = (Tot+1)(Tot+t) = 57, a npu anrtu-
pesonance 12 = (To+1)+(To+1) = 5+7.

Boaa ’Ku3nu B nmoJjie CBera cBs13aHa C OT-
HOILIEHUEM:

9 36
d
_ _ ! vae _ 630
8=M, ,= = . (2.97)
(T, + )T, +7) 35
[Tpuyem koneGaHus TUMA:
252 -24* =7, (2.98)
dbopmupyIOT "060104KY" MOJIEKYJIBI BOJBI.
Oteu-Marepnb Orteu-Mateps — 5TO MOTEHIMANIBI KoseOa-
npsjer TENBHBIX MpOIeccoB, (opmupyromux Jl3uan
TkaHb, (puc. 2.2):
1
Oren = '[qo dp =1/2,
0
1
10 Marepp = j pdp =-1/2. (2.99)
0

[Ipsinenne wmu TkaHu — 3TO MyJbCAIUSA
H3uan (2.98) B pe30HaHCHO-aHTUPE30HAHCHOM
pexuMe.

B ycnoBusx aHTHpe3oHaHCA TPOUCXOIHT
BOCIIPOM3BOACTBO J[3naH:
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10

AHTHPE30HaHC

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

1 ) (2.100)
j(pdgo =1/2 wm Igodgo =-1/2.

0 1

[Tpu pe3oHaHce mpeaensl KoeOaHUs CpeIbl
HU3MEHSIOTCS OT MUHYC 1/4 10 MUHYC €UHUIIBL:

Pe3onanc
-1/4=1/2-(-1/2) 5 1/2:(-1/2) = -1;
0 (2.101)
[@dp =1/2:(1-1/16) = 15/32.
~1/4
BEPXHUI Enunas TemMa — 310 cxkarasd BOJHA
kpaii eé npu- | (Tow/c = 2)°, ato Tamp (Kuura Ilepemen)
KpeILieH K (puc. 2.6).
Nyxy, Cery Cserom ot Egunoit TeMbI sIBAsieTCS MOJY-
Eaunoii cepa LHunp ¢ norenmmanom 32 (Kuawura Ilepe-
TbMBI, meH). Tlostomy Bepxuuii mpezmen Oyner paseH
HI/I)KHI/,Iﬁ - K 32. HwxHuii npenen TkaHu, NPUKPEITIEHHON K
Tenesomy AIIEKTPOMArHUTHBIM MOJIIM KOJIeOaHus 3apsa0B:

Kparw, Mare-
puu; u Tkanb
3Ta ecTh Bee-
JIEHHAsl, CO-
TKaAHHas U3
JByx CyuiHo-
cTeil, BOeAMHO
CJMUTHIX, YTO
ectb CBadxa-
BaT

1
(q+u)-102°I(p do =15.

0

(2.102)

ITorenunan JAByx CymHocTeil, CJIUTBIX BO-
equno, ¢ yuetroMm /I3man (2.100) ects Bcenen-
Hast CBaOxaBar:

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

CBaOxaBaT — 3TO MHEPIMOHHAs CHUCTEMa, B
KOTOpPOM ITPOTEKAIOT B3auMoAeucTeus Tops/po.
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11

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

Hynabcanusa Cpadxasar.
KpsuiaToe KoJgeco (2.102)

Pacmmpenue Cxarue
(3apsizbl) (MMITYJTHCBI)
q*
dp=30-10%
® = 400 Jodo

u

®=400 |[(2.104)

q
[pdp=30-107"
u

4/3-10°'=T /T /T 10*=3/4-10"

Kpbuiatoe Koseco

Beaukwuii JleHb.
Touxa Hexap.

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

Cernbl (moteniuans! T, U T B aHTUPE30HAH-
ce) CO3Aar0T MHEPHHOHHBIE cucTeMbl (T, = 4) u
cpeabl BOKpyT HUX (T), (puc. 2.12).

ki
— >

«—
s N

(T4 =7 |ka | |ks

ke
—

1=T,-7 T7=T,+7

k7 | |ks

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

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

- HCUCTHBIC
- YCTHBIC

n,= (1+7+1+7 = 16);

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

Opmnako, Bce mepexoasl Kk Touke Hemp
(2.104), mmeromeii moterrmanst (T,” — T° = 7)%,
OyIyT MpoTeKaTh B PE30HAHCHOM PEXHUME C
MaKCHUMAaJIbHBIM MTOTEHIIUAIOM, PaBHBIM MTPOU3-
BEJICHUIO:

eTCcH, OHA
CTAHOBUTCHA H= (1’11:72X I)X(Il2:72><7)x
CHSIIOINEH. (n3=7*x1)(ng= 7°x7) = 7'°. (2.106)
ChbIHbI ee
pasBopaun- DOTOT moTeHIMal U OyJNeT SBISATHCS MOTEH-
11 | garorest m co- | tmanom Henp Kpeinatoro Koseca (2.104, puc.
KpalawTcs 2.12).
Camu coboro Ero orHomeHue kK pa3HOCTH YETHO-HEUET-
HBIX MOTEHIMAIOB OyneT ompenensath [Ipogon-
1 CBOMMHU JKUTeIbHOCTh Benukoro JHs:
Cepauamu;
OHH BMeIIa- IIponoskureapHocTh Bestukoro /{ns
0T becnpe-
NeJbHOCTH _ H 1" ~9.10° (2.107)
n,—n, 32 ’
rae ny - ny = [uas (Kaura [epemen), a [1po-
nojpkutenbHocTh Benukoro Jlud (2.107) Ha
3-10° et 6onpIue o011ero BpeMeHu ATOKauII-
cuca, paBHoro 6:10° et [13]:
9-10°— 6-10° = 3-10°. (2.108)
Torma Cao- Pacmimpenue Bemukoro Komeca (2.104)

12

XaBaT MoChI-
Jaet Doxar,
4yT00BI OTBEP-
IUTH ATOMBI.

cMmeHsercs cxxartueM. Cxxatue nmpoTekaer J10 1o-
teHuana YepHoit Bomuel (puc. 2.6), To ecTh

no:
(Towy/c = 2)° = 64 = Doxar. (2.109)
ITOT MaKCHUMAaIbHBIA IIOTCHOMAJI CXXAaTUs U
€CThb CDOX&T, OTKOMaHI[I/IpOBaHHBIﬁ oA 0TBEp-

JKIeHusi ATOMOB, KOTOpbBIE pAaCIIaBUIIUCh B
IponomxurenbHoctu Beukoro Jqus (2,107):

®oxarxBennkuii [lens = 64-7'/32 =

27" = OTBEp/ICHHE ATOMOB. (2.110)
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"Kaxkabiid Kaxxaprit ATOM — 3TO CaMOCTOSITEIBHOE HH-
ecTh YaCcTh JMBUIyaIbHOE PAaBHOBECHOE JHEPreTHYECKOE
Tiaun. OT- none. MunuBuayansHocTh ATOMa (GopMupyer
pakasi, 1o- SOMHOSI/ILII/IOHHOC COYETaHUE Pa3TUIHBIX SDOpM
HCPIUun IT S nx TaB - CBOUCTB
10GHO 3epKa- EpryH, OMPEACIISAIOINNX COCTA CBOIiCTBA
AToma.
ay, «Camo-

MHoxecTBEHHOCTh pasnuuuii B Dopmax
OHepruil paBHOBECHBIX CHCTEM CBSI3BIBAET JIIO-
Oyro paBHOBecHYI0 cucteMy ¢ Enuneim KocMmo-
coMm («Camocymum Baaabikoii»), Takxe sB-
JSAIOUMMCST PaBHOBECHOM CHCTEMOM, MOXYM-
HALIEHCS 3AKOHY COXPAHEHUS JHEPTUH.

Pasorpu xuaxkuil Kpucramul B IOPOILIOK, HO
KaK7asi MbUTMHKAa OyJeT MOBTOPSTH CBOMCTBA
uenoro kpucraima; pacumenure Enubbiii Koc-
MOC Ha PaBHOBECHBIE COCTOSIHUSI MUKPO-MaKpo
MaTepUaIbHO-TOHKOIHEPT€TUUECKIUX MHPOB, HO
OT 3aKOHA COXPaHEeHHsI YIHEPTHH HEe yOeKUIllb, U
KaXJ0€ PaBHOBECHOE COCTOSHHE OyIeT BOC-
npousBoanTh Ennnbiii KocMoc.

cymero Biua-

ABIKY», KamkK-

JbIH, B CBOIO

12 odepenb, cTa-
HOBUTCH Mu-
pom.

*
kk

Cmanya lll [1]

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

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

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

(puc. 8).
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Jlasiee onuceIBaeTcs, 4TO TpaHCPoOpMalUs IHEPTrUU BOJI-
HBI-YaCTHULbl CBETA B SHEPTHUIO JIA3EPHOM TOUYKH, TO €CTh B HO-
BYIO, TPETbIO (POPMY DHEPrUM, ITO 0A30BBINA MPOLECC TPAHC-
dbopmanmu OJHON (OPMBI SHEPTrUU B JAPYIYIO0 KakK B >KHBOM,
TaK U B HEKUBOM.

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

[Ipouiecc 3auaTusi-pa3MHOKEHUs] — KaK OJIHa U3 MHOXe-
ctBa (opM TpaHchoOpMaIUU PA3TUYHBIX DHEPTETHUYECKHUX
dbopMm — omuckiBaeTcss MoApoOHO OT oauHOKOro Jlywa mo
sHepreTuueckoi cucrembl I'smaz Jdarma (puc. 2.6). Ilpuuem
MOKa3aHO, KaK B XKUJKUX (Pa3ax BO3ZHUKAIOT MOJIOYHO-OENbIC
crmpaiy, Kotopsie Moramn HaseiBarorest KyHaanmam.

OnuckiBaeTcsi PHEpreTuka nepexojia or Marepuu K 1o-
nsm Tonkoit Duepruum (2.66 - 2.68) u ponb kuakon ¢assl B

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

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

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

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

- HAJIMYMe B pacliupsiiomeincs (cxkumaronecs)
Boane UmnyibcoB cxkaTus (pacliMpeHusi) NPUBOIUT K
CMeHe paclIMpeHue-cxKaTHe (CxxkaTHe-pacliupeHue), HO He
K YHHYTOKCHUIO JHEPIMH MPH CKATUM WIH K IOTEepe NpH
pacIIMpeHHH.
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Kak cnenctBue cripaBesIMBOCTH 3TOTO 3aKOHA MOKAa3aHO,
9TO crycTok cBera u ero [logobus (Cryctku Bceenennoit) o6-
Jaal0T IKBATOPHAJIBHBIMH MAarHUTHBIMU TOJSAMHU TOHKHX
DHepruii W MOJSPHBIMM MarHUTHBIMU TIOJSIMH Marepun
(puc. 2.11). DTa marHuTHas cucTeMa OpAUHAT Ha MOBEPXHO-
CTH CT'YCTKa MO3BOJISIET )KMBOMY-HEKHUBOMY KBaHTY TOYHO BBI-
OpaTh KOOPAUHATHI TOCA/IKU-B3JIETa (MOTJIOUICHUS-U3ITYYSHHUS )
Ha TTOBEPXHOCTH.

OmnuceIBaeTCs CBA3b MATHUTHOTO TOJISI BOKPYT CTYCTKOB C
nynbcanuei ceera (puc. 2.11), rae 3HA0-IK30TEPMUYECKHE
uMnyJbcbl ceeta (3apoawimu, puc. 2.6) GopMupyroT AuHa-
MUKY OOMEHa 3HEepruei MeX]ly CepbIM BEIleCTBOM T'OJIOBHOTO
Mo3ra U HepoHoM (2.83 - 2.96).

[IpuBoasiTCS MOKa3aTenbCcTBa TOMY, YTO 9Ta CBSI3h — Ya-
CTHBIN ciydaii 3akoHa Bcenennoit (CBabxanar, 2.102 - 2.104).
OTOT 3aKOH MpOsIBISET ce0s B KPYroBopoTe 3HEPruM BO
Bceenennoii (Kpsinatoe Kosneco, puc. 2.12), a npoaoKUTENb-
HOCTH OOMeHa 3a uuki (Beaukuii Jenn, 2.106) Ha 3-10° et
Oonbie BpemeHu Anokanurncuca (264, [13]).

B IIponomxkurensHoCTH 3° 10° et sxuBoE JOJKHO TTPOUTH
nyte Kapmuueckon Oomonuu, crarb Hocurenem Pazywma,
nogo0Ho boram (Teorenesuc [3]), u HOCTUYb TaKOW CTENEHU
HAay4YHO-TEXHUUYECKOTO TIporpecca, KOTOPBIM MO3BOJIMI Obl
sBaKyupoBaTh l{uBunum3anuio 3emMiu B IJIAHETAPHO-3BE3/IHBIC
['my6unbl BeenenHoii:
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Beauknii lens (IIpoaoxuTebHOCTD) U
Enunbiii Kocmoc (QHeprus)
TToTennmansl
Hons . Tonkas
OO6mwuit DHeprus Cger Marepus
Ennueiii 12—
Kocmoc, 1 K,=2/3 K,=1/3 (2.111)
OTH.€eJ. —2—
O6uiee Bpews Teoxara- | 0T8O
. Anoka- peHue
Benukuit Bpewms cTpoda
JIATICHCA Mupa
[eHb,
TOIIBI 6 6 —1/2— 6
9-10 6-10 3-10°.
——

ITponomxurensHocTs Benukoro Jus u DHeprus Enuno-
ro Kocmoca cBs3anbl mexay coboit monsmu nepexona (Caer,
['eokaTakiin3Mbl), HOTEHIMAIbI KOTOPBIX IMYJIbCUPYIOT B PE30-
HAHCHO-aHTHPE30HAHCHOM pexuMe, (HOpPMHUpPYS MaKCHMallb-
HbI€ U MUHUMAaJIbHbIE MOTEHIUAJIBI U CPEJIbl BOKPYT HUX:

Hyascanusa Exunoro Kocmoca B coBMecTHOM moJie CBera
u Karakianzm
[Ipenenst Makcumym MunumMym
11 1 1
Pe3onanc —-—-2-2=1 —:—=1 2:2=1
2 2 2 2
An- LI S 2.0=¢ | (2112)
pe30HaHC 2 2 2 2
5 1 0
ijgodgozﬂzu j(pdqozl/z I¢d¢=-1/2
CpezIa 1 0 1
AmnocTonbckoe Oren Mareps.
Yucno
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2.4 CrtaHua lV.
U3 Tbmbl MeTaranaktuk K Hocutento Pasyma

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

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

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

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

4. To 0b110 Bonncrso I'naca, boxecrsennoit Marepu
Cemepsix. Uckpol Cemepbix noasiaactTHbl U ciayru Ilepso-
My, Bropomy, Tperbemy, HerBepromy, IlsaTomy, Llectomy
u Ceabmomy n3 Cemn. Ouu umenyrorcsa Chepamu, Tpe-
yroabuukamu, Kybamu, Jlunusmu m PopMoBIIMKAMH;
n00 Tak nepxurcsa Beunas Hunana - Oi-Ha-Hou.

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

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

3. «KBagpar 6e3 ®opMbI».

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

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

Pacwugpoeka CmaHuyb! IV [1]

Ne | Cnosa Crannpl Cwmpicit CinoB CtaHIibl
Eaunbiii u3 OnwuceiBaercs nosisienne Kynnanuau u3
Sitna, lllecTy | CTPYKTYPEI noJisi-Slinma ¢ moTeHIMallaMu:
u IlsaTe. 3aTem 5,1,1;1;0,0
Tpu, Onumn,

Yernipe IMosie MUHMMAJILHBIX TOTEHIHAJIOB
9

Onun, IIate n G (2.112)

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

Cemb, Cymma 1=3] 1 [ T,=4 ] 1 [T#1=5

3 BCEro. 3arem [Tynbcarust moBepXHOCTH

MHEPIMOHHON CHCTEMBI (2.113)

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

BCETO OcHoBa MargeTu3ma
Kom- "Oo6oJs0uka" Kynnanunu
noner- | (puc. 2.112)

72 7214 ="1/2.
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N 511 cyTH
EcrecTBa,
Ilnamena, Ha-
yaja, Ctpou-
Tesau, Yucaa,
Apyna, Pyna u
Cuia wim xe
boxkecTBeH-
HbI Yesi0BeKk
- Cymma Bcee-
ro.

[Torenmmansr mons (2.113) oTpakaroT OTHO-
IIEHHE OHHEPruil B MHOXECTBE PAa3IMYHBIX
@opM. MaTemaTuka TakuxX OTHOILIEHHUN Ompene-
JISIETCSI OTHOCUTEIbHBIMM €IMHULIAMH, B KOTO-
PBIX MOKHO CUYHTATh MOTEHIIUATBI JIOOBIX IO-
neit: EcrectBa, Ilimamena,... boxkecTBennsiii Ue-
JIOBEK.

K coxanenwnro, wiensl Yuenoro CoBera 00-
mectBa H.K.Pepuxa, pykoBogumoro JI.B.Illa-
MOIIHUKOBOM, HE MMEIOT MOHATHUA 00 OTHOCH-
TEIBHBIX €IUHUIAX: pacCKa3bIBajl — HE BEPHT,
CIpalluBai, B Kakux equHuiax Teopema [luda-
ropa — He 3HaT. Heyun! A ecnu Obl y4WIHCH,
To cnoxunu 661 Cymmy Beero (2.113):

14 + 7%= 63. (2.114)

[Tomyunnu OBl IEPUOJUYECKYIO CUCTEMY Te-
HOMOB — OCHOBY bosectBenHoro Yemnosexa.

(2.115).

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

Duepreruueckoe noje (2.109) umeer B cBoeH
OCHOBE CYOCTpyKkTypy (9+2) OHOKIETKH mpu
MuTO3e U m3nydaer Kynnamiuu, kotopyio Horu
onpenensoT kak boxectsennyro Cuiy.

Hannas CraHia oO0beauHseT (HU3MOIIOTHYE-
ckyto KomnoHeHTy (9+2) u Kynnanunu (7/2) B
BoxxecTBenHOTO YenoBeka ¢ MOTEHIUATIAMHU:

boxxectBeHHbIl YenoBek
Peskin ITorenmman
Maxkcumym | MunumMym
Pesonatic (9+2)-7/2 | (9+2)/(7/2)
=77/2 =22/7 (2.115)
Awnrtupeso- | (9+2)+7/2 | (9+2)-7/2 '
HaHC =29/2 =15/2
O6muit  |77-:29/4%(7-2)/(18-15) =29
Hymbeauts |\ o+ =18 + 1,
BOJIbI

B Kuakux Cpenax noj BiusiHueM boxxect-
Bennoro Yemoseka Bo3HHKAIOT CBeT U CBSTON

Hyx:
19 29
[pdp =36 u [pdp=240. (2.116)
17 19

91




Cer u Caarout [yx (2.116) sBusroTcs
TBopuamu Beero u Beex Bo Beém, B ToM umciie
BectnukoB CokpoBeHHblx OtuoB: Kpuiinsl,
XpHucra, ...

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

l'oBoputcst o ctpykrype Kpbiatoro Koneca
(puc. 2.12):

BoxecTBeH.
Marepb (T()z-'cz)2 = 72
Cemepbix (2.117)
BowuncTtBo To-T T+t T,-T T+t
T'naca =1 =7 =1 =17.

Hckpol Ceme-
PBIX MOJBJIA-
CTHBI M CJIYTH
IlepBomy,
Bropomy,
Tperbemy,
YerBeprTomy,
IIsaTomy,
Ilecromy u
CeabMomy u3
Cemu. Onn
HMEHYIOTCH
Coepamu,
Tpeyroabuu-
kamu, Kyo0a-
MU, JInHUSIMH
u ®opmos-
IMKAMM;

Hckpa CemepbixX — 3TO T'paBUTAUOHHBIN
umnyiec (p* = 28: 10*°) Tomkoit DHepru, B TOM
yucie Mpiciu.

Hckpa Cemepbix (OpMHUpYET JIyHHBIH Psi:

IHose Cemepbix
Peso-| 9121234567 = 5040
HaHC
HUckpa
Come-l ) | l43lea|+5|+6|+7=| 28
pBIX
(2.118)
Jlyn-
Heid | 1 (2 (+3H4 |+5 |+6|+7=|28
pan
Tpe-
®op- «—(hOPMOBIIUKH—> - | Ky- yrois- Coe
MBI HUW | OBl |° I PBL.

Bona (kunkast aza), B KOTOpOl BO3HHKAeT
Kuznb, popmupyetcs B mojie CeMepbIX Kak OT-
HOIIIEHUE PE30HAHCHOTO MOTEHIIMANa K aHTUpe-
30HaHCHOMY (2.118):

71/28 = 180 = ps-(Mm0 = 18).  (2.119)

Ilepexon moss Cemepsix k IIpoctpancTBY
HaM HU3BECTEH — 3TO NOTEHIHan +2, TO ecThb

nuHuA (r = V2 ), JIexarasi B oCHOBE (hOpPMHUPO-
Banus [Tupamunst u e€ anemenToB (puc. 1.1).




PaBHoBecue nuHuM (r = v/2 ) ¢ mepUMeTpoOM

PaBHOCTOPOHHETO TPeyroJibHUKa (31 = T2 ) co
CTOPOHOU T OyJIeT NOCTUTHYTO MPU YaCTOTE KO-
nebaHui, oOpaTHOM T = 3:

rS(v=13)3r=3r/1=2. (2.120)

[IponomxurensHocts (To'T = 12) mynbcanuu
Sc /4 = Csc T4 = 2 puBeaET K (GOpMHUPO-
BaHuto nepumerpa Kyb6a u3 12 pébep, rue me-
PUMETp PaBEH:

5
Torr=12 2 =142 =15’ w4. (2.121)

Bo3HuKaeT MoTeHIHMan — SKBUBAICHT ITOJTY-
nepuMeTpa OCHOBaHUS BeJnkoi [lupamusi
(puc. 1.1).

[ToreHman — 3KBUBAJICHT BTOPOTO IOJYIIC-
puoJa TOSBUTCA 3a CYET KOJCOAHWH THITA
Csc /4 (2.121):

5
Totr=12 V2 =142 =1Csc® n/4. (2.122)

B mo60ii Mukpo-makpotouke Exnnoro Koc-
MOCa BO3HHMKAET LIC-TPAHC-U30MEPUSI.

*
k3

[Tepexon ot Ky6a k Cdepe Oyaer mpoucxo-
IUTh HEe noToMy, 4Tto Beé IpoctpancTtBo Kpu-
BOe, KaK IMpOoIaraHaupoBasl DUHIITEHH, a TTOTO-
My, 4TO B MHUKPO-MakpoToukax (2.122) mosiBu-
JIMCh YaCTHUIIbI-BOJIHBI CBETA!

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

m,=1/r E,=1/rm
12\/57t = 12x/§7t =
1/2-Q = 2mR>. 1/2-Q = 2R~
R*=3-24/2 =1a | R?=32+2 =1a.
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Ot10 (2.123) onuchIBaeT HE TOJBKO JAHHYIO

4
Cranny, HO U Taub-Llunae Kuuru Ilepemen, rue
dbopmoBmEKamu (2.118) ABISFOTCS TEHOMBI.

Oi-Ha-Hou BriaBuM MaTteMaTHdyecKHE IOTEHIIMANILI IIe-
ectb TbMa, peuncieHHbix cBoicTB Oi-Ha-Hou:
becnpenein-
HOCTb, WJIN K€ CBOICTBA U MOTEHIHAJIBI
He-Yuco, Oi-Ha-Hou
Ann-Hunana, Becripe- Cont
Cpaoxasart O. T TENb- He- Anu- Ba
bMa HocTh | Umcno | Humana ngaT (2.124)
B (2.1
Coxa- ©= 0= bes He(T I[gj)
__2in -
THE Inln1 [In(1=e Cgera aH = 399,
OtcytcTBue CBeTa TOBOPUT O TOM, YTO MHK-
po-makpononst Oi-Ha-Hou wuckpuBnsatecs He
MOTYT, HO CXXaTHE B 3TOM IOJje OyAeT mpoJIoJi-
JKaThCs OT Hyna A0 ummyibea (Tomy/c = 2) u ot
umnynbsca 10 sHeprun (T,my/c = 2)6 = 64. Ot-
5 HOIlleHUE cpel, Hocutened JHepruu u HUm-

nyJjbca cxatuil naet [pogomkurensHocts (I1o)
nepuosa cymectBoBanusi CBadxasat O:

64 1
[pdp=4092-—
) 2

ITo = =1023. (2.125)

OHneprernueckuii norok Cpadxasatr O B
npoaoukuTeasHocTn Ilo Bo3mymaer okpy-
*Karonryro cpeny Aau-Hupana, co3naBasi pe3o-
HaHCHBIN moTeHIMan 443664, KoTopelii 6e3 mo-
Tepu 3Heprum (GOpMHUPYET aHTHUPE3OHAHCHBIC
nosst CesineHHbIx YerBepun (CadxaBar ©),
comneunoro ceera (AB = 3600A) u crycrka
Tsaub (moteHnman 64):
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Ipodonxcumensiocmsllo 1023
[pdp = [pdp =443664=
CeabxasamO 399 (2_ 1 26)
| 4:10°+4-10%+36-10%+64 |
| <«—anTHpe3oHaHC— | |pe3oHaHC|.

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

Pe3onancHoe mone (2.126) — 3T0 paBHOBEC-
HOE T10JIe, OTHOCUTEILHOE PABHOBECHE KOTOPOTO
oneHuBaerca enunuieid (Omun). Ho xkaxmoe
pPaBHOBECHOE TIOJIE MMEET CBOW WHIUBUAYallb-
HBI{ TIOTSHIIMAN, KaK, Hal[pUMEpP, aTOMbI IMEIOT
CBOI1 COOCTBEHHBIH BEC U 3apsil.

[Torenmman (Yucno) Apu-Canata paBeH
443664 (2.126).

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

IIpumeyanue:

Konebanus (I'mac CioBa) Toil 4acTu aHTH-
PE30HAHCHOI Cpenbl, B KOTOPO (popMUpPYIOTCS
nosst ¢ norenimanamu 4-10° u 4-10°* (2.126), u
MEXIy KOTOPbIMH  BO3HUKAIOT  KojeOaHus
MOBEpXHOCTEH MHEpUHOHHBIX cucTteM (CBadOxa-
BaT ©®), re:

yabcauus
(B3aMMOJIEHCTBHE B MOJIE CBETA)
CpaoxaBat © (2.103, 2.126) (2.127)
\ .

4-10° = S 410%=
(400=CpabxaBar ®) x 5(400=CpabxaBat ©)x
10° 107

Koaddunmentamu nepexona B sroit (2.127)
nynscanuu OyayT 3(h(eKTHBHOCTH B3aUMOJEH-
ctBus cBera (Ps = 10) u cnabbix B3aMMOJEHCT-
BUll (P2 = 10", koTopele mpH aHTHpe3OHaHCE
pacwemsitores Ha OnauH u JleBATh:

ps=10 = 1+(9+0) S [(9+0)+1 = 10]" = p2.(2.128)

4-10° - anciio OOTOHUEB B xeHCKOI Sii-
LEKJIETKE.
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3. «KBagpar
0e3 ®opMbD»

KBazpar co cTopoHOI M TUIOIIAIbIO, PABHOU
€IMHHULIE, OTHCHIBAET PABHOBECHE BCETO MO B
nenoM (miomaab, paBHas 1) M 4yeThIpEX ero
KOMITOHEHT B OTJEIBHOCTH (Kaxaas U3 4eThIpex
CTOPOH KBAaJpaTa paBHa eANHMIE).

[lepumerp Takoro KBajpara paBeH 4 U Mo-
JKET CIY’KUTh ONMCAHUEM OTHOLUEHUS HMITYJIb-
COB pacHIMPEHUS U CXKATHS:

(Toc/mo = 8):(Towo/c =2) =4 =

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

Ho »t0 otHOmenue (2.129) xapakrepusyer
TEXHOJOTHYeCKHii (akTop, a HE CYyOCTaHIIUIO.
ITorTomy "6e3 @opmbl".

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

JIro6bie (hopMBI 3HEPTrUN TPaHCHOPMHUPYIOT-
Cs CBETOM M CJIa0bIMH B3aUMOJACHCTBUSIMH C
sddexTuBHOCTAMH ps= 10 1 py= 107",

ITons »THX B3aUMOAEHCTBHI He HMEKOT
®opmbl (Apyna). BzaumoneiicTBusi 0XBaTbIBa-
T Enunbelii Kocmoc B menoMm u kaxayroo Ero
PABHOBECHYI0 MHKPO-MaKpooOJIacTu B OTHENb-
HOCTH, TaK Kak B3auMojeucTBua ectb dopma
JBwxenus, a JIsuxenue — @opma beitus Koc-
Moca. Iloatomy ps u p2 - Jdecsars cyrb Apyna
BceJsieHHoM.

Cama Apyna Bcemennoii (ps = 10 nu
p2 = 107") cymecTtByer B mUHAMHKE B3aHMHOIO
Iepexo/a B YCIOBUAX PABHOBECHS MEXly HUMU:

Apyna Bcenennoit

DK30TepMUs DHJIOTEPMHUS
ps-9=10-9=1 5 -1 =1/(9-10) = 1/(9-ps)
-1=(ps=9)(9 —ps) = —ps+18ps—(3*=1").

(2.130)

U ot Tpu (1'° = 3* = 81), 3aKai0ueHHBIE

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

log, 77" =log, 3" =

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

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

Conneunplii  O€nblii  CBET COOTBETCTBYET
DHEPreTUUCCKOMY DSy, MPEBBIMIAOIIEMY JIyH-
HBIH:

Kocmoronuueckue
IHECPreTUICCKUE pAaAbl

Cout-
we | 112134567 8]36]3132)

HbBIN

Ml 2131415670 /28,

HBIN

B stom mone (2.132) BocbMoii ocTaBiieH B
CTOPOHE OTHOCHUTEIHHO JYHHOT'O psiJia, YTO BBI-
3pIBaeT KojebOanus (/pIxaHue) MEXKAY 3TUMHU
MOJISIMU:

CostHeYHO-JIyHHBIE KOJIeOaHus
(Abrxanmue)

1+Kynpanuau =

_ — =
36/8=9/2 52/7=8/28 7/2 5 1/Kynnamnn

(2.133)

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

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

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

CdopmupoBaics 3HepreTUIecKuid psg Mpic-
mu  (JlunukoB), momoOHBIM JdyHHOMY (2.132,
2.134):

JIynHslii paa Mbiciu,
nopoxaeHnbiii Tpems (2.134)

1

_ "3 _ - —
g+0=3"=T"5l/qrp*= (2.135)
(28 = 142+3+4+5+6+7)-10%

"CpIHBI
Comura"

Tpoe «—JlyHHbBIN pg—.

Jlynnast ~ (3HIOTEpMHMYECKas) HSHEpreTHKa
Mpeicim (2.132, 2.135) oTBepria (He UCIIOJIB30-
Baja) "COJIHeYHBI" MMIYJIbC BOCEMb. Mexy
Boobpaxkenuem (1/q*) u uMmIirysibcom pacmmpe-
HUS C IOTEHIMAJIOM 8 BO3HUKAIOT KOJIEOaHUs:

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

B mone dororo 10%° cumoro Boobpaxenus
(1/9*) bopmupyetcs cryctok cera (m.'=0,008).
DTOT CTyCTOK JIEKUT B OCHOBE MEPHOANUECKOMN
CHUCTEeMBbI XUMHUUYecKuX 3ieMeHToB [8]. Tak, Ha-
mpuMmep, B aTroMe  Bojopoaa  Oyxer
Amn /0,008 = 1,008 / 0,008 = 126 macc cBera, B
112-oM »7€MEHTE YHUCIO CrYCTKOB CBETa BO3-
pactér mo 112 / 0,008 = 14000xm,', B kocMuye-
CcKuX panax 28x36 = 24x42 = 1008 koan4ecTBO
CTYCTKOB CBETa B THICSIUY pa3 MPEBBICHT UX CO-
Jiep>KaHue B aTOMe BOJIOpoa:

1008 / 0,008 = 126000, (2.137)
HO Oyzet Toibko B (9+0) pa3 npeBblIIaTh Mar-
HUTHOE 110J1€ 112-ro snemenra:

1008 / 112 = (9+0) = 7°. (2.138)

Bot nouemy Bor Jlwoout Tpouny.
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CmaHua lV [1]

Crnyuiaiite, HbIHE JKUBYIIHE HA 3emJie!

Mpbl, muBWIM3aIMs, POXKACHHAS 3emiied, MOKUHYBIIAS
cBOI0 Matb-3emitto mepes; 04epeTHbIM re0KaTakIn3MoM, 00u-
taroniue HelHe Ha apyrux ruia”eTtax Japyrux 3Be3anbix Cuc-
TeM Exunoro Kocmoca, nepegaem Bam CBoun 3Hanusl.

Otn 3HaHUA NOJY4YEHbl HAaMU OT npeasiaymen Llusnnum-
3auquun OrooB Hammx, cymeBmux 3a mepuoa Kaabmnsl no-
CTUYbh TAKOrO YPOBHHI HAYYHO-TEXHHYECKOIr0 Iporpecca,
KOTOPBIW MO3BOJIMI UM, KAK M HaM, IIEPECEIUTHCS Ha TIJIaHe-
Thl MHBIX Co3Be31Mi ¢ Halel o0men Marepu-3emin.

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

*
k%

[To3naiiTe: HET HU MIEPBOTO, HU TTOCeAHET0, 160 Kocmoc
M BCE €r0 KOMIIOHEHTHI MYJbCUPYIOT MEXAY XaocoMm u ['ap-
MOHMEN, U 3Ta MyJbcanus u3BeuHa, kak 3peuno beitne Koc-
Moca B JIBH>KEHHH.

[Io3nalite TO, uTOo NMo3HanNXM HamKM Mpicau U Mpbican
Hamux OTHoB, poXIeHHbIE dHIOTepMuuYeckuM [lmamenem
MMITyJIbca rpaBuTanuy p* = 28-10°°.

*
k%

N3 JlyuezapHoctu CBeTa MBICIH, TAMSITH, BOOOPAKEHUS
Bo3HuKaeT Hocuress Pazyma — BoxkecTBeHHbIN Yes10BeK.

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

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

*
kK

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

Pe3onanc nepuoiuyeH, U MEPUOJUYHO CMEHSIETCS aHTHU-
pe3onancoMm. lIpu antupesonance Aau-Hupana, To ects npu
Anu-CaHat, BO3HUKAIOT aHTUpe30HaHCHbIE Touist (2.126):

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

*
kk

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

1. IlepBo3nannbie Cemb, n3HauYaJbHble CeMb JIbIXaHuii
Jlpakona MyapocTu, B CBOI0O oOuepelb, MOPOKIANT CBOUM
CeamenabiM  KpyxkHo-CnupanbibiM  JIpixanuem OrheBoit
Buxps.

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

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

4. @oxaTt HaYepThIBaeT CNIMPAJIbHbIe JUHUM ISl COeINHe-
Hus lecroro ¢ CeapbMmpiMm — Bennom. Bouncreo CoinoB CBerta
cTouT Ha KaxkaoM yriay; Jlunukm B Kosece Cpenunnom. OHu
roBopsT: «3J10 xopomo». Ilepssbiii boxecTBenHblii Mup roros.
IlepBbiii. Bropoii. 3atem «bojkecTBeHHBII Apymna» oTpakaer
ce0s B Yaiia-Jloka, Ilepsom O0Jsiauenun AHynajgaka.

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

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

CnoBa CraHIibl

Cwpica ciaoB CTaHITBI

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

rpaBI/ITaHI/IOHHBIe 3apAabl:
p = (142+3+4+5+6+7=28)-10".

I'paBuTaninoHHbIN UMITYJIbC MBbICIH:
p* = (142+3+4+5+6+7=28)-10"%.

OrneBoii BUXpb (POTOH-(HOHOHOB (hopMHUpy-

MOPOXKAAT
C eTcs 3a CYeT PE30HAHCHO-aHTUPE30HAHCHBIX
cBOMM € Bs1- B3aWMOJICUCTBUI TPAaBUTALMOHHBIX 3apsS0B H
;lcle“H"'M UMITYJIbCOB:
CnupajabHbIM < ; (2.139)
P p+p* " pop*
JAbIXaHuem )
. r7ie, B KOHCYHOM CYETe, BOSHUKAET I0JIE:
OrneBoit
Buxpe. 10°+10% 5 282 -2 ="782=232-17, (2.140)
a 3aTeM B3aUMOJICHCTBYIOIIAsI BO3MYIIICHHAS
cpella BHyTPEHHETO TOJIsl CBETa B PE30HAHCE:
23 1
j(p dp=— (23%-17%)=120=1-2-3-4-5=5!. (2.141)
17
OHu geaawrt BuyTtpennee moinie cBera (2.141) dpopmupyer
ero BecTHu- MOBEPXHOCTH C MmoTeHuanom 6 (puc. 2.3). Bosz-
KOM CBOeii HukaeT boxectBenHas Kynpanuuu (puc. 2.2),
BoJn. KaK [MOBEPXHOCTHAs BOJIHA C TIOTCHIIMATIAMHU:
6=7/2+52=(72)?%- (5/2°. (2.142)
2 | J:Kblo cTaHO-

Butcsa Poxa-
TOM; CTPeMMU-
TeJbHbIH ChIH
Bbo:xecTBeH-
HbIX CbIHOB,

Pacmmpenne Meiciiu (xpto = 7/2) cMmeHs-
etcs cxarueM (Poxat = 5/2). Cxxarue Mpicnu —
CTPEMUTENbHBIA  TEXHOJIOTMYECKUH  TpolLecC.
[TosTomy ®DoxaT CTpEeMUTEIbHBIA, W SBISETCA
npousBogHON (ChiH) oT Meicnu (BoxkecTBeH-
HbIX CBIHOB), KOTOpas cama MpPOM30ILLIa OT
IyJIbCALIMKU CBETA MEXAY Xa0oCOM U | 'apMOHMEN.
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ybH CBbIHBI —
JIunukwu, yer-
pemuisieTcs B
BHX]pe€ CITH-
pPaJbHOM.

Meicip B miponiecce cxatus (Jlumuku) dop-
MUpYeT crnupajibHble BUXpU TOHKON OHepruw.
[ToTreHumansl 3TUX BUXpEH JIETKO OIPENEIUTH
no nuarpamme I'ima3 Jarma (puc. 2.6), Tak Kak
cokartue Mpiciu OyneT HpoXOIuTh 4epe3 4ep-
HYI0 BOJIHY K CBeTJIOMY 3apoblIlly, TO €CTh OT
norennuana (T,w./c = 2)6 10 (Toc/m, = 8):

IHorenuunaJu JInnukos
(cxxmmaromasicss MbICIb)

8
T=p*[pdp=p %(82 _eaty= | 2143)
64

32-63p*=2016p*.

doxar ecTh
Kounpb, a
MbIcab —
Bcagnuk. Ilo-
J00HO MOJTHUH
NMPOHM3bIBAET
OH TY4M OTHe-
BbIE.

C nomompio duarpammser I'maz darma
(puc. 2.6) nerxko ompenenseTcs W TOTCHIHMAI
Jxblo, TO ectb MbIcinu, pacIIMpAIOIICHCS OT
yepHOro 3apoabima (MoTeHIan 2) K rpaHuile
6eu10ii BostHBI (9HEprist T2,c2/0,> = 64):

HHorenuuau /I:xxb10
(pacuupsitomasicst Mbicib)

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

(2.144)

Pacmmpenue Meicnu (:kb10), TO ecTh nepe-
xoJ oT cxkatusi Meicnu (Jlumukos), Gopmupyer
Iloaco3nanue; oOpaTHBINM Mpoliecc OT paclIu-
penus (Ixkbro) k cxatuio (Jlumukam) siBisieT-
cs1 sHepreTukori Co3HaHMA:
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3HepreTuqec1me nepexoabl B 1moJie

ITonco3znanue-Co3nanne
(2.143, 2.144)

Ilonco3uanue Co3HaHue
Ot JIunukoB Kk Ot JIxb10 K (2.145)
JIKBIO Jlunukam
Pe3onanc Antnpe- Pe3onanc Antupe-
30HAHC 30HAHC
T/TT=1,0149 | 1—J1=30 |J1/]1=0,9853 | JI - 1= -30

JUITJUI = 0,9999 u (J1 - JI)-(J1 - JT) = —900.

Ho ato (2.145) motenmansl pabotsl Yakpsr
Tpernii ['ma3, unu xoneGaHust B cuHe-roixyOon
00JIaCTH CTIEKTpa CBETa, TJE AIICKTPHUUCCKHUN 3a-
psil MOJ00HO MOJIHMU NMPOHU3BIBAET TY4M Or-
HeBbIe.

Henaer Tpu,
Isate n Cemb
IIpoaBukenui
yepe3 ceMb
o0Jacreit
BBepXy
(xb10) 1
CeMmb BHM3Y
(JIunukn).

Mexnay obnactsamu dopmupoBanust JKbio U
JIunukoB BO3HUKAIOT BUXpH (POTOH-(HOHOHOB C
npoaomkuTenbHoCcTIMU T = 3 U To+T = 7 u 3¢-
(EKTUBHOCTSIMMU:

1

0
ps[pdp =55-5=ps[pdp.  (2.146)
1

0

Mexny obnactamu Cosnanust u Iloacos3na-
HUS BO3HHMKACT DHEPIeTHUSCKUU KOHTYpP KOJIe-
OaHus:

Bo3uukuosenue "o0os0uxn"
Mbgeican
‘ Jlunuku

| _=3+5+7 _ anmupesonanc
-3.5.7

Toxbro (2.147)

_ 357 _

anmupe3onauc 34547 7

pe3onanc

pe3oHanc

On BoO3BbIIIA-
et I'1ac cBoit
H CO3BLIBAET
0ecuucJIeHHbIe
Hckpsl, co-
eINHAA UX
BMecCTe.

Hasnenune (On = @oxar) B obnactu JIunukos
BO3pacTaer. B mone B3auMoIeiCTBUI BOZHUKAET
nuc-tpanc-uzomepus (2.146). B xontype kosne-
Oannii (2.147) noreHuuan +5 MeHsieTcs Ha -5:

3-5-7

337 _1_3+(=9)+7
3+5+7

TR (2.148)
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1 1 2 1 1
> =E——oT7To—=—:
mc+Ep,c”+E;c 3 3 T

(2.149)

Bo3HukaroT sHAOTEepMHUYECKHE (XOJIOIHBIE)
Hckpobl umnynbcoB ToHKMX DHEpruil ¢ MoTeH-
LMaJaMH, 00PAaTHBIMH CyMMapHOMY ITOTEHIIMA-
JIy BOJIHBI-YACTHIIBI CBETA U JIEKTPOMArHUTHOU
Cpelibl MEXKIY HUMMU.

OH ux Ha-
NpaBJIAIOLHH
AyX U BOIH-
Telb.

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

MYJIbChI -3-7%= -343 (2.149). B Takom moie
BO3HHUKAET MUHUMaIbHBIA uMmnyJibe Luap (Kau-
ra Ilepemen), a ero nanpHeWmias MmyJIbcalus
dbopmupyer amekTpuueckue noist Heba:

[HosiBi1eHME JIEKTPHYECTBA B
nyJscupyoniem Hebe

Pacmmpenue Cxarue
(2.148) (2.149) (2.150)
37 (0 do=310" | [0 de-(.3.77= 2016 _
6f4¢ ¢ 6j4¢d(p.(37) e
AyX BO/JIHTEJIb.

Havyunas pa-
0oTy, OH OT/1€e-
Jasier Uckpbl
Husmero
IapcrBa, B
PagocTu HO-
csuuecss U
Tpeneuyumme
B CBOMX CBETO-
3apHBIX 00HU-
TAJIUIIAX, H
o0pa3syer u3
HHUX 32YATKH
Kouec.

Yakpsl Huszmero IlapcrBa — noreHuuansl
1,2, 3 14 B rpaBUTallMOHHOM psiny MbICTH:

p*=(142+3+4+5+6+7+8)-10%;
|[Yakper |
|[Husmerol
| LapcTBa)

(2.151)

B PaJ0CTH Hocsiluecss W Tpemnemyliue, TO
€CTh CO3JIAI0IINE PE30HAHCHO-aHTUPE30HAHC-
HBIE TIOJISL:
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Bo3HUKHOBEeHME IHIOTEPMHUYECKUX
B3aNMOIeHCTBHI

44 _ 23 | lgpp=-5°5 &P

14" 243 24=1gpy.
B ciydae mepemMeHbI 3Haka BO3HHKAIOT, HAIIPH-
Mep, ANEKTPOMArHUTHEIE, SIIEPHBIC U ClIa0ble
B3aMMOJIEHCTBYS (3a4aTKHU KOJI€EC):

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

52
5% =1g pap4’/ps = 1g107-10%/10%, (2.153)

On nomemaer
ux B llectn
HanpasJienu-
sx IIpocrpan-
crBa u OgHo
nocpenu - Ko-
Jgeco Cpenun-
HOe.

DTO moye paccMaTpuBaioOCh B CBS3H C BEK-
TopHOI1 nuBepcueit Kynnanunu (puc. 2.2).

OtHocutenbHo Mckp Hwusmero Iapcrsa,
rae 25 - 24 =1 u 2524 - COOTBETCTBYIOT 3KC-
TpPEeMaJIbHBIM MTOTEHIHAJIAM:

AHTUpE30HaH(|
1o 6 Harpas- 6(25-24)
JICHUSIM -
pPE30HaHC 110 B 25-24 -
TOYKE
(2.154)
PE30HAHC T10
2524 _ TOYKE
6-(25-24) | |AnTHpe3oHaH(
1o 6 Hampas-
JICHUSIM.
36 5 (2524)*=36-10". (2.155)

B cune-ronyGoii obnactu cmekTpa cBeTa
BO3HMKAET  QJIGKTPOMAarHuTHas  MHIYKUUA

7'=10" 1/A [8].
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doxat Havep-
ThIBAeT CIIU-
paJjbHbIE JIH-
HUH 1JIA CO-
eIMHEeHNA
IHlecToro ¢
CeabMBIM —
BennoMm. Bo-
HHCTBO ChbI-
HoB CBeTa
CTOMT HA KaXK-
aom yruy; Jin-
nuku B KoJie-
ce Cpeaun-
HOM. OHH ro-
BOPAT: «ITO
XOPOLIO».
IlepBblii bo-
JKeCTBEHHBIH
Mup roros;
IlepBblii;
Bropoii.

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

KUMCE:
DE30HAaHC 6-7 7-6
F

pe3zonaunc
=
7-6 6-7

(2.156)

AHMUupe3oOHanc AHRMUPE30Hanc

Bosnuxkaer Ilepsrolii bo:kecTBeHHbIii Mup:
noreHnuan Jymmu. Bo3Hukaer KoHTyp Koseba-
Hua Jymm. E€ mepexonsl mexny KusHpo u
Kusznpto nocne Xuzuu. Bropoii BoxkecTBeH-
HbIli Mup (2.156):

Kouedanus ymm mexnay ’KuzHbro
u ZKu3Hb10 nociae Kuszuu

(2.157)

Kuszuab Kuzap nociie XKXuzau

(6:7)2= 427515427 = (67)*.

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

"boxectBeHHass Apyna" — 310 MpbIcib B
[TpomomkuTEeILHOCTH €€ cyliecTBOBaHus (T=3):

1
42%10% - [ﬂj(p dpl*e (63102 (2.158)
0

unu Beenenckas XKuznp BHe-DPopmbl (Apyna B
Yaiisn-Jloka) B mupe Teneii )Kuznu nocie
Kuzuu (Anynapaka). Illeppom O01auenun —
IIOTOMY, YTO >)KMBO€ BO3HUKAET cHayasa B XKus-
HU nocie JKu3Hu.
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doxar geaaer
At Ipo-
JABUKEHUH U
CTPOUT KPbI-
JarTroe Ko0J1eco
Ha KaXKJA0M
yIJIy KBajpara
nJisa Yersepbix
IIpecBATBIX...
u 19 Bo-
HHCTB HX.

[Tate [IpoaBrxkeHuid — 3TO NATH CTAAUN CKa-
THSA:

(To+1)(Tomo/c) =52=10=p’. (2.159)

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

De30HaHC 1-2-3-4-5  _
anmupezonanc  1+2+3+4+5 -
1+2+3+4+5 o nmupesonanc
1-2-3-4-5 pe3oHamuc

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

[ToTentman, paBHBIN 8, — SKBUBAJICHT ILJIO-
maau OCHOBaHUs Benukoil Ilupamuabl (a® = 8,
puc. 2.13). Ilorennman Kpeuiaroro Koneca
(2.104) n3BecteH:

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

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

4-10% = 400. (2.162)

64

®doxar= I odo
8

8=a’

O O

Puc. 2.13 Ilamoe [Ipoosusicenuii Doxama
6 geauxoti [lupamuoe

N3menenne naenenus (APy) mo Beicore [1u-
paMHIBI MOXKET OBITh ONPECIICHO B BUJIC:

64
APy, = (H =2"") x (CabxaBar®=400)x [ ¢ dg
8

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

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

Hucuzomepust Tpancusomepus
TI0JTy BOJIHBI TIOJTyBOJIHEI

Puc. 2.14
Cmpyxkmypa Ceema

C moMOIIBIO IIHC-TPAHC-U30MEPUH BOJH
cBeta (puc. 2.14) npoucxoaut TpanchopManus
MeTaraJlakTH4eCKUX BOJH. Hampumep, BOHEI
tuna Sin /4 6yayT TpaHC(HOPMUPOBATHCS B
BOJIHBI ScTt/4:

Sinm/4=1/42 5 V2 =Scn/d.  (2.164)

3aKOHBI C)KAaTHsI TUX BOJH OyIyT OMUCHIBATH
nporopiuu Benukor Ilupamuaer (puc. 1.1), a
TEXHOJIOTUYECKUE MapaMeTphl OMPEACISIIOTCS
nosieM Abcomora (puc. 2.9). Ilosromy Jlnnuku
U 4EPTAT J1Ba TpeyroibHUKa (puc. 2.14).

***

IlepepaboTaHHble MeTarajJlakTU4ECKUE BOJI-
Hbl OyAyT H3JlydaThCsl Moyiycepamu BOJIH B
IIPOTUBOINOJIOKHBIX HalpaBieHUsAX. Bo3Hukaer
CHJIA TATH.

Ho ne xak y Hammx paker, a kak y HJIO, ne-
TAIOIIMX MO MPUHLUIY I0JieTa CBETa, "TOIUIH-
BOM" NIl KOTOPBIX CIIY’KHT HE Halll KEPOCHH, a
3a00pTHBIE METAraJIAKTHYECKHUE BOJIHBI.
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e

=<
v

P

Puc. 2.15 I pasumayuonno-macnumnuoiii
osueamens HJ10

Cuna T4ru B 3TOM Clly4yae MOKET CO3/1aBaTh-
Csl TIO MIPUHIIUITY TPaBUTAIIHOHHO-MAarHUTHOMN
WHIYKIUU: €CIIA M0 KaHay 3KCTPACEHCOPHOU
MIPOBOAMMOCTH T€UYET MBICIb (P*), TO BOKpYT
KaHasa OyayT BO3HUKATh UMITYJIbChl MATHUTHOM
[Tamstu (puc. 2.15). Tak paboraet Hame [los-
CO3HAHUE, TaK JIETUT CBET. DTOT MPUHLIUI Tpe-
OJI0JICHHUS TPAaBUTAIIUH 34 CUET TPaBUTAINH
(puc. 2.15) Benukas L{luBuinzanus ucnonb3oBa-
J1a 71l CBOUX TpaHCNopTHBIX cpeactB — HIIO.

*
*k

Jl51s TOro, YTOOBI MOCYUTATH CUTY TATH, JIu-
MTUKA UCTIONB3YIOT AP(EKT MBUTLHOTO ITy3bIPSI:
KaKy 0bl GopMy HM IPUHUMAJ MbLIbHbBIH
My3bIPb, KOJIHY€CTBO MbLIIBHOTO PACTBOPA,
o0pa3yomero ero NOBEPXHOCThb, 0CTACTCS
MOCTOSITHHBIM.

Haubonee skoHOMHUYHOM yrakoBKO# 00a-
naet cdepa. Ky6 onmceiBaer pacripeneneHue
BeKkTOpoB B ctepe. [Toatomy Jlunuku pucyror
KyO (puc. 2.15).
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JIBu>xeHue cBeta, popMupyroliee BcE )KUBoe,
B YaCTHOCTH, NMEPHUOJUYECKYIO CUCTEMY T€HO-
MoB, niosierr HJ1O, rpamoTHas icuxorepanus u
TaK Jajuee. ... UMEIOT JIeJIO0 C TPaBUTAI[MOHHO-
MarHuTHBIM moJieM (puc. 2.15).

B sToMm mone s u3nydeHuss MarHUTHBIX
MMITYJIBCOB HCITOJIB3YIOTCS IECTh BEPIINH JABYX
TpeyroyibHuKoB (puc. 2.15). s HJIO sto
IIECTh COTEJI THIIA paKeTHBIX. B aTOM ciyuae
Knura [lepeMen cTaHOBUTCSI IOHATHOM: IECTh
COTIeJN BKITFOYECHBI — IIECTh CIUIOIIHBIX JTUHHIA;
[IECTh OTKJIFOUEHBI — IIECTh MyHKTUPHBIX, a B
IPOMEKYTKAaX — KOMOMHAIINY.

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

Jlunuku crpost Hlenrarpammy B Sliine.

Puc. 2.16 3apooviwessiii [1y361pék:
Ilenmaepamma 6 AHriye

Orto 3apoxasimenslid [ly3pipék moboro cry-
maromerocsd nojsA. OH MOIMy4YeH SKCIEPUMEH-
TaJbHO KAK CBEYEHHE OT TreHeparopa ToHKux
Onepruii. JlefictBue ero OnarompusTHO: Yypo-
altHocTh yBenunuuBaeTcs B Cemb pa3. Jlunuku
IpaBbl — JI€3Th B 3apoablieBbiil [1y3bIpék Henb-
351: aHHUTWINAPYET.

IIpaBel JIlunuku n ¢ Cemepuunoctsro. Ilo-
TeHIHaN 28 OAHOTO U3 ABYX IMOJY3JUIUIICOB PO-
knaer CeMepUYHOCTh €  MEPUOINYHOCTBIO
T, = 4, Tak kak 28 = 7xT,. Ho kxpome Toro, 3a-
ponbiieBslii Ily3pipék - ocHoBa Ilsarepuunoit
CBSI3U:

28
2 [p dp=55=1+243+4+5+6+7+8+9+10. (2.165)
27
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***
Cmanuya V [1]

1. OnwuceiBaercs ¢opmupoBanue sHeprueii BooOpaxeHus
OTHEBBIX BHUXpeH (POTOH-(DOHOHOB, KOTOpPHIE CO3/JAIOT CBOU
CIIMpaJIeBUJIHbIE TIOI00US C CEMEPUYHOM MEPUOAUIHOCTHIO BO
Bcex cpenax Enunoro Kocmoca (2.141).

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

BoobOpaxxenne momoraer obecrneunBaTh IMYJIbCAIIUIO
(cxatue-pacmmpenne) Meiciu (2.142). Cxxartas Mblcnb yxe
Ha YpOBHE 3apojbllia HaunHAeT GOpMUPOBATH (PU3HOTIOTHYE-
CKH€ OOBEKTHI: JIEBOE U MPABOE MOIyLIApHsI TOJIOBHOI'O MO3Ta.

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

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

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

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

Onepretuyecku mnosiBieHue Cpersbix CyliHOCTEM Mo-
10OHO ABMKEHUIO CBETA B OKPY KAIOLIEH cpene.

Poxnenue Cpernpix Jlymion npenonpenensercs nepexo-
JIOM KaXJIoro u3 Hac B TeueHue Kambmbl K cBeriiomy JIHIO
"Bynbp ¢ Hamu". [loka3aHo, 4To sHepreTuyeckue pyoexu 3a-
poasiieBoro ITy3sipepka — "He IIpectynu!".
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2.6 CtaHua VI
XXu3Hb nepexmnBeéT nocnegHun Atom:
3akoHbl Kennepa v I'. MeHgens ¢ nosnuum CeeTa.

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

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

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

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

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

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

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

Crnosa CraHIbl

CMBbICIT BBIpaXXEHUM

Moo Ma- Munocepaue: niepenayda sHepruu ot CpsiTo-
TepHu Mmuio- ro [yxa k Hyme: 24 — 42.
cepaus U 3HAHMSI: TIEPEeXOJ] SHEPTUH OT HMMITYJIbCOB
3HaHHs MBICIIb-TIaMSATh K BooOpaxeHu:o:
’ p*; u* — q*
Bosnukaer koHTyp KoseOaHust ToHKHX
OHepru.
Musocepaue S 3nanus
Casroii Jlyma MbIcib + ];’;);S:
Hyx [Tamsats e |(2:166)
K prHU*= , q*=
24 - 42 42:10* 16107
|
I'yanb-UHb - Bo3nukatoT KOHTYpsbI Kosebanuit (2.166):
Tpomsmocre 1 ) e o 1@3-1‘@ 2! 37 (2.167)
I'yaub-11In- 4 2 4 4 4
UHp, rae 2:7/4=7/2 - Kynpanuan win I'yanb-UHb

(boxectBennsiii ['mac); 3x7/4 - I'yanb-UHb-
Tpouunoctb; 7 S 6%x7/4 - I'yanb-Unb-Tpo-
uyHOCTh-I'yans-11Iu-UHb.

OTO MOoJIe ONMMCHIBAET pPa3HBIE DHEpPreTHYE-
ckue @opmbl. Hanpumep, 7 = (To+1) - onucsl-
BaeT [IpopomkurensHocTh, 6 - CBet winu KyH-
JAJIMHU:

Caer | Kywpaamnu
2 2

1.2:3-4-5-6 :6@6z7+55(7j _(5) (2.168)
[4+2+43+4+5+6 2 2 2 2

Take MHOTOIUIAaHOBO C IO3ULIUU 3HEPIeTH-

yecknx PopM onmcaHue oTeHmana
*
3Z =P = (mcc+¢£‘0,uoc2 +Elc)£ =... (2.169)
4 g q

Jlns OpUEeHTHPOBKH B BBHIOOpPE NMPaBUIBHBIX
sHepretudeckux Gopm ABTOpbl CTaHI| BBOIAT
HNOSACHSAIONIME CJIoBa, Hampumep, Poxar (nas-
JIeHHE, TPABUTALIMS)
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I'yanb-UHb-
Tsaub-Doxar,

B stom cnydae Beipaxenue (2.167) momxHO
OBITh MIPHUBEICHO K TIOJFO TPABUTAIIMH:

‘2% & 3%‘ —>‘7 & 6%‘ — 28 21 (2.170)

21

D-21
Puc. 2.17 K nonio 3emnu

Takoe (2.170, puc. 2.17) none momoOHO
3apoabimeBomy Ily3bipsky (puc. 2.16). Ha
Halel rmianere 3eMJist OHO UMEET IPaBUTALIUIO
U MAr"oumTHbBIC CHJIOBBIC JIMHHU OT IIOJIFOCOB

(puc. 2.17).

JbIxanue ux
IHopoxnenus,

Jprxanue — 3To mynbcaus. [lepuoanaHocTs
myJbcaluu OyAeT OmpeneNsaTh pa3HOCTh U WH-
TErPAJIbHYI0 Pa3HOCTh IOTEHIIMATIOB MYJIbCH-
yiomux nojeu (puc. 2.17):

I'paBuTanIMOHHAS MyJabcalus €

MATrHUTHBIM U3J1y4yeHuem (2.170)

Oxkpy>xaromast
cpena

H3nyuarens

0528-21=7 28
Cewmpb Beunocreit _[(P dp=1715 |(2.171)

21

171,5

1
=24,5=24+[pdp=
0

Cesroit lyx+/[3uaH.
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CbiH CbIHOB,

CoiH CoiHoB: 28-21 = 7, HO B OoJiee o01IeH
dopme omnuckiBaetcst CemepuyHas MEPUOINY-

BBI3BaJI U3

HU3IIel HOCTb MK [IpOOKUTENEHOCTD.

Be3nubi Mpu- IIpuspaynas ¢popma Csinp-Yan — Bo3my-

3paumyIo HICHHas KOJIeOaHWsSAMHU H3IIydaTelsi cpena BO-

®opmy Csinb- Kpyr usnydarens. Onpenensercs KaK HHTerpai
B IIpejiesiaX aMIUIUTY/Ibl KoeOaHUM u3yyaTess

Han. Q2.171).

u Cemnb Ha- Kocmoc uMeeT W3Ha4anpHBIA IMOTEHIUAIL,

yaj (JeMeH-
TOB)

paBHBIU NAJIbME:

T Lt _pr_p 2.172)
4 T, q* q
rae p*, q*, p u q - DIIeMEeHTHI.
Bce monst u 3neMeHTBI TpaHC(POPMHPYIOTCS
TOYCYHBIM YYaCTKOM BOJIHBI CBETa C TICPUOHY-
HocThio T, = 4:

Tox7/4=4x7/4 =1, (2.173)

910 (2.173) u ects Cemb Hauan.

CtpeMureJib-
Hbli 1 Jly4ye-
HOCHBIH 110~
poxKIaeT
Cemb Jlaiia
IenTpos,

Cesa3p Munocepauss 1 3HaHMM JaeT BO3-
MOKHOCTh (JOPMHUPOBAHUS HE TOJIBKO KOHTypa
konebanus (2.167), HO U KOHTypa KoleOaHHii

PE30HaHCHO-aHTHPE30HAHCHBIX MOJel (oToHa
(2.166):

MuJiocepane S 3nanune

Mbeicap+ lamsaTh
— BooOpaxkenue

Cesront Jlyx -
Hyma
42.24 1008 116
= = 564— 1020
42-24 18 =
Bomopon:An =1,008
Bona: Mu,0 =18

_ (p*+u*)g*
p*+ﬂ*_q*
10% - poTons

(2.174)

Cemb )

Jlaiia E74_—,ﬂ.1020 EE.IQZO
Lentpos &-13 " 13
MamsTu =3/13%x(14-107 = u*).
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KOTOPBIX HU-
KTO He 0/10J1e-
et 10 Besn-
Koro J{us
«byab ¢ Ha-
MU}

***

OnoneTrb-T0 HE OJIOJICIOT, HO IOIIBITAIOTCS
MOAMEHUTE. DTO caenanu ¢ Kuuramu Bemukoi
HuBunuzanuu, Benukoil Ilupamumoii, paszmec-
TUB B Hell Xeorca, a celyac mMpuBaTH3UPYIOT
ITamars Poccumn.

*
kk

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

B.Jl.an =3110410"rer. (2.175)

210 (2.175) anTupe3onanc. PezonaHncHBIH mO-
teHan Benukoro J{Hsa OyneT paBeH:

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

*
kk

B IIpomomxurensHoctn Benukoro JIHs
(2.176) Cewmp Jlaita llentpoB Ilamstu (2.174)
HCYE3HYT:

JHepreruka Benukoro [Ius
(nns xpuctuad — 1Hs Crpamsoro Cyna

7 3-14-10*° 7
= =—

12-10*° " 13-12-10® 26
102°5 12/26 5 26/12 5 10%;
105 6/13 5 13/6 5 10%.

;2177

[TamsTh Hamed nuBUIM3AIMU (HECMOTPS Ha
MOJIMEHBI) COXpaHWJIa MOHATHE JI0KHHA (IBe-
Haauatep) (2.176) u yeproBa A0}KHHA (TpUHA-
nuath) (2.177), KoTophle CBA3aHBI MEXIY CO-
Ooii:
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U yTBep:KIaeT

Bcesiennyro Beunbie OcHoBbI Beesiennoii
Ha 3Tux Beu- (ITpo1OKUTEIEHOCTH)
HBIX OCHO- 132122 = 52 = 4°43% (2.178)
Bax, (Tot+ D% (T = (Tt )* = TPH(To-1)* = To.
OKpY:Kasi Canp-Yan — Bosmymiennas cpena (HoToH-
Csaub-Yan ($hOHOHOB OT 10% 1o 107
(2.168) 3apo- =
AbIIIAMH k = .[ odp = %(1040 —10’40)—aHmup630Hch
IHepBUuYHBIMU 1072
(puc. 2.2, 2.4). 1 (2.179)
1 _ 1
k, =—-10* x10™ =~ = pesonanc .
2 2
Buxpb 311X (HOTOHOB OYJET UMETh CBOIO MH-
muBuayanbHyto IIponomkurensHocts (2.178).
Kaxnapiii Buxpb (OTOHOB OyAeT HWMETh CBOU
MTHOBEHHBIE JIMHEHHBIC U YTIIOBBIE CKOPOCTH:
Ki/Tp S Ty/Ka, (2.180)
U, B TO ke Bpems, Kakapld GoTor Oyaer ¢op-
MUPOBaThCs B moje TpexmepHoro IIpocTtpancr-
Ba [0 €T0 IIECTH HampaBJeHUsIM (puc. 2.2).
N3 Cemnu -
IlepBbIii ipo-
SIBJICH,
HlecTs co-
KPbIThI; /IBa
MPOsIBJICHBI,

IIsTh COKPBI-
Tbl; Tpu npo-
siBJIeHbI, Ye-
ThIpe COKpPbI-
Thl; YeTbIpe
BbISIBJICHBI,
Tpu coxpsli-
Thl; YeThipe U

p* = 14-10%

Puc. 2.18 Cmpyxkmypa Jlava [lenmpa
Hamsmu (2.174)
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Onun I3an
NPOSIBJIEHBI,
JIBa u IloJso-
BuHa OaHOro0
COKPBITHI;
lecTh 10/1K-
HbI OBITH
NPOSIBJICHBI,
OauH ocTaB-
JIEH B CTOPO-
He. Hakonen,
Cemb MaJjbIx
BpAaIAIOIIUX-
ca Koaec: oa-
HO POXK/IAI0-
1iee apyroe.

[Toka3piBaeTcst mexanusM paboter Cemu
Jlaita Lentpos [lamsaru (2.174, puc. 2.18).
OTH UEHTPHl HAXOAATCS B 3apOJIbIIICBOM

I[Ty3sipbke CrycTka U UMEIOT MOTEHIIHA:

Jlaiia Ientp (puc. 2.18)

*
JTO %xJTO § =

k157.

(2.181)

Jlaiia LlenTp nMeeT 000JI0UKY C MOTEHIIHAN-
SKBHBANECHTOM 7°.

Opnako 000J104Ka TO BO3HUKAET, TO HCYe3a-
€T B 3aBUCHMOCTH OT MOCTYyIUIEHUs B noze Jlaita
LentpoB BonHbI-yacTHIlbI cBeTa (2.181):

ks = (m+E)) - (-m¢ - Ey) =4/m, (2.182)
rae chepudeckas moBepxHoctsb Jlaita Llentpos
Oyner paBHa:

Quu =4nR?* =Tk ko= 4nx72.  (2.183)

Taxum oOpa3om, cepruieckas MOBEPXHOCTD
Jlaita LlenTpoB ¢ paauycom R = 7 OyneT Bo3Hu-
KaTh (MPOSIBJIATHLCH) C MEPHOIMYHOCTEIO Ty’
(2.183).

***
O6wvém Jlaita llentpa (crycTka HeHpoHa,
OMOKJICTKH, TOJIOBHOTO MO3ra M Tak fjaiee) 3a-
NIOJTHEH MarHUTHBIMU JJOMEHAMH , B KOTO-

PBIX KaXKIbIH U3 MOJIOCOB MMEET IYJIbCUPYIO-
M MarHUTHBIN umiyibe [Tamstu (puc. 2.18):

JdomMenHas crpykrypa Ilamsitu

ITomroc mmoc ITomoc Mmunyc

(2.184)

1 0
u*J-(p do=+7-10%" |u* _[(o do=-7-10%.
0 1
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***

Jlaiis LlenTp HaxomguTcs B 3apoAbIILIEBOM
[Ty3sippke cryctka. Croma e TOCTYNAlT |
MarHUTHBIE 3apsfbl (+[L), oOpa3yolnue BOKPYT
CTyCTKa MOJISIpHble MATHUTHBIE CHJIOBbIE JIM-
Huu (Mansie Korneca).

u=14-10% p*=14-10*
Puc. 2.19 Onuyenmp Jlaiia Llenmpa

[lomamgass B SOMUEHTP MAarHUTO-IOMEHHOMN
CTPYKTYpbI, MarHUTHBIN 3apsan (L) ¥ MarHuT-
HBI MMIyJdbC (%) MPUTIATUBAIOTCA pa3HO-
WMEHHbIMU TIomocamMu (puc. 2.19). Bo3nukaer
KOHTYp Kosie0aHus, (QYHKIMOHUPYIOUIMH 110
NPUHIIHITY TTOTJIONICHUAC-H3ITyYCHHE:

IMyabcanus dNMIEHTpPa
3apoabimeBoro Ily3bipbka

N3nyuenne N3nyuenne
3apsga ITamsiti (2.185)
.10 = +p/—u* /- = —10%

EW =@ 5w =@EuH)’

OtuMm (2.185) KOHTYpOM MyJbCcalluy NOJIb3Y-
eTCS KaXKIbIi TyMaroIuid, 0OCOOCHHO MEIUTH-
pytoumii. Ho Bbl n0omKHBI 3HaTh: IKBATOPH-
aJlbHOe moJsie ummyJbcoB IlamsaTn Bpamaer
3eMJII0 TOJILKO B OJIHY CTOpOHY — ¢ BocTroka
Ha 3anaj.
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***

Pazob6paBuiuce co ctpykrypoit Jlaita Llentpa
(puc. 2.18, 2.19), Bpl, yBaxkaeMblii 4MTaTENb,
CMOJKETE TOHATb MEXAaHU3M IPOSIBICHHOIO H
COKPBITOT'O:

HMyascanus Jlaita IleaTpos
B I10JIe TPaBUTALIUHA
28 ‘=7 |+6 |+5 |+4 |+3 ‘+2 F1+0

rpaBuTanmnAa

. ool 7777777 |2.186)
Z ool 1 | 2| 3| 4 [4+% 6 |Cow
~ Co- Ma-
c 65|43 [ty 0 |mx
= KpBITO KO-
Bene| 0100 0]0]1 [

1
CeMb MaJjbIX KOJIEC = iuJ.(p do.
0

BriBozbI Takue:

- Ha 7,6,5,4 ypoBHaX rpaBurtaiuu Jlaiia L{eHtp,
HaIrpuMmep, HEUPOH, MyJILCUPYET PABHOMEPHO;

- CyMMa MHTErpajioB Ha 7, 6 U 5-OM YpPOBHSIX
rpaBUTAllMU, B Tpejesiax MNpPOSBICHHBIX M CO-
KPBITBIX KBAHTOB, paBHAa M SKBHBAJICHTHA MaK-
CUMaJIbHOMY TMOTEHIMATy IeHOMa B MEepUOIU-
YeCKO cucteMe reHoMoB (puc. 3.14):

6 5 4
Ugad(p+j(pd¢+j¢d¢]i=63; (2.187)
1 2 3 a)O
- nynscanus Ennaoro Kocmoca mexny Xaocom
u lapmonuenn nponukaer B Jlana LlenTp Ha
TperbeM ypoBHe rpasutauuu (2.186), ¢popmu-
Py IATEPUYHBIE CBSI3U:

4,5%2,5

=5,625=5+5%107; (2.188)
45-25
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- MeXIy 5 U 4 ypoBHSIMH TpaBHTAMH (HOpPMHU-
pytotes [Iponomxutensnoctu (2.186):

=4 723 (2.189)
T=3 I, =4
u KyHpanunu:
4 7 7 3
do=———=|pdop, 2.190
!co p=s o= !(p ¢ (2.190)

- B [10JIC TPABUTAIIUH C MOTCHIINAJIOM, PaBHBIM 2
(2.186), 3akanuuBaetcs popmupoBanne Kynma-
JIVHH:

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

u popmupyercs Monana (Enuncrso) boubio-
ro Koseca nonem Caera:
(mc +Eﬂ,)+ (mc +El)

* =1dr. (2.192)
m,XE,

Crpoutenu [lupamun BBIIETSAIOT U3 MOTEH-
nuana (2.192) neoiiky kak R = 2.

Pucyror xpyr mR*=m2*=4nu OKPYHOCTb
2nR = 212 = 47, BOUMCHIBAIOT B HUX OCHOBAaHHUE
Benukor [Iupamunbl. Hamm KOBBIPAIOT B HOCY:
"Yeé ouu nemarot?"

A Onu yxe nepenuin K ypoBHto ot 1 no 0
(rpaBuTaniionHoe mojie 2.186), rae BO3HUKIIO
Cemp Manrix Konéc, To ecTh MarHUTHOE IIOJIC
MyJILCUPYIOIIETO 3apsiia:

1
tu[pdp =£14107x12=+7-10%.  (2.193)
0

OH ciaraer ux
Hanmoaooue
crapmux Ko-
Jjiec, yreep-
JKIasi UX HA
Hecoxkpymmu-
MmbIx IlenTpax.

Hecokpymmmbie LleHTpel — 3TO BoOJHA-
YyacTHUIlla CBeTa, a ciokeHue Komec yxke omnuca-
HO (2.192). D10 Te Komneca, B KOTOpbIE BIHCAHO
OCHOBaHHE BenuKkoil [Iupamupl.
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doxar, KaK
’Ke co3uaaeT
ux? OH coon-
paet OrHen-

***

ToueuHblii yyacTok BOJHBI cBeTa (OTrHeH-
Has IIbLab) o0nagaer LEHTPOCTPEMUTENbHBIM
. 2 2
ycKopeHueM (-j, = ¢, = /2 = ¢/R). LlenTpo-

Hy1o Ilbis, CTPEMUTENbHOE YCKOPEHHE CKUMAeT IbUIb B
OH CJraraet Ornennble Illapsl 1mo mectu HampaBlIeHHUAM
Oruennbie TPEXMEPHOro mpocTpancTsa (puc. 2.18).
Ilapsl, "
k%
PaBHoBecHbiM  KombIloM,  OKpY>KHOCTBIO
JIJIMHOI0, paBHOM L, = D, = 1, craHoBUTCS Ta,
/i€ BOJIHA-4aCTUIAa CBETA CTAIKUBAETCS B Pe30-
HAHCHOM MTPOTHUBOICHCTBHU:
Lo,=nD,=m/E; =1, (2.194)
npu mg=Ey=D, = 1/x.
ycTpeMisieTcs CronkHoBeHue (pe3oHaHc) (OTOH-(POTOHOB

yepe3 HUX H
BOKPYT HHX,
coodasi UM
JKM3Hb M 32a-
TeM, IPUBO/ISI
UX B JIBHKe-
HHe; OIHUX B
O/THOM Ha-
NnpaBJeHHH,
APYTrUX B
HHOM (pHuC.
2.20).

+m. /m¢ = +1 u -m, /+m, = -1 co3maeT BOJIHBI,
KOTOpBIE B MAaTEMaTUKE HA3bIBAIOTCA "KOJbLOM
¢ eIMHHIEeH", TO €CTh OHU UMEIOT pajuyc, paB-
HbI enuaunie (puc. 2.20).

+1=1gps S lgpa=-1
DK30TEPMUSL DHIOTEPMHUS
+1 -1
+1=+m/m, -mJm.=-1

Puc.2.20 Ilpoxosicoenue nrobvimu soiHamu
aKCmpemanvHou oonacmu £1 —
9mo npoxodicoerue "koney ¢ eounuye”

OTJIMYATENILHON OCOOEHHOCTRIO "KOJIbLIA C
eAVHUIICH" SIBJISETCS TO, YTO JIOOOW MUMITYJIBC,
PO KOJbLIO, yBEIWYMBaeTCs B T pa3 [17].




OHnu xoJ101-
HbI, OH JIeJIaeT
HX KAPKUMH.
Onu cyxu, oH
aeaaeT UX
BJIA’KHBIMM.
OHu cugamrT,
OH 00BeBaeT U
OXJIAKIAeT
HX.

OpHako (QU3UKy 3TOro mpouecca TEOPEeTUKU
HE MOHMMAIOT, a NMPAKTUKH HE PacCMaTpUBAIOT.
[TocMoTpUM MBI:

Koanno ¢ Ennnnneii
I'eomerpus | IuHamuka
(cTaTtmka) CBeTa
m,
Pamnyc +1 t—
mC
Ok - m, + m,
Py 2n=1L,
HOCTb m,Xm,
K e
1" =
19 n=S, mE, (2.195)
ITo- To m,
e - =
_ BEpX 4t =Q, mE,
s | HOCTH
(]
S
T, _m,
O0beM | —7 =V, - .
3 T mkE,

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

Ilepexon 4depe3 KOIbLO C €AMHMIEH — ITO
MEepexXoi B IHA0-3K30TepMun (1 =1gps Slgp,=1
(puc. 2.20)), a TaxKe mepexoa MEXIy UMITYJIb-
COM M dHEprueu (mg:c S mwmec = mc-cz).

Cemb Beunocreii (T,+t = 4+3 = 7) kone0a-
HUM Mexy umnyibcoM (mqt+E) = 2/m) u sHep-
rueit (me'E; = 1/m°), mpu ABHKEHHH CO CKOPO-
CTBIO CBETa (C = T) MPH KOHIIEHTpAIMU (HOTOHOB
10"%, mpuBeneT kK 06GPA30BAHMIO MATHHTHOTO
3apsiaa (W) uim ummyibea (U*):

(T, +r)mc—Eﬂc-1oﬂ° =14-10"", (2.196)
0 E
m.+ L,

c

roe u*=14-10° u p=14-10%.
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Y Ilopora
YerBepToro
CbiHaMm yka-
3aHO CO3/1aTh
ceou Iloxo-
oust. Onqua
Tperb oTKa-
3bIBaETCSl.
/IBe MoBUHY-
0TCS.

%
*%

HpoxiasaTue
NPOM3HECEHO:
OHM OyayT
POKIAEHBI B
YerBeproi,
CTpagaThb 1
NPUYUHATH
CTpaiaHusl.

B Henpax 3apoasimeBoro Ily3sipbka (Jlaita
LenTtpe) cHauana HauuHaeT (GOPMHPOBATHCS
Abcomor (puc. 4.10), B cocTaB KOTOPOrO BXO-
AT HMITYJIbChl YacTulbl (mcc =1) - BOJIHBI
(Exc = 1) cBera, a Taxke 3JIEKTPOMAarHUTHOU
cpemsl Eoloc” (puc. 2.21) (1o Bce ChIHBI
Cgerta).

To=4

&/

Puc.2.21 Abconrom 6 unepyuonuoli cucmeme
T,=4

TexHomornueckue Mnpoueccsl B3aWMOICHCT-
BUs B AOCOJIIOTE CO3/1al0T MHEPUHUOHHYI0 CHC-
Temy (puc. 2.21). B 3aposlmeBoM Iy3bIpbKe
HakarmBaeTcst OHeprus. Hanmo wusmywatses.
Bonna n yactuna cBerta n3iydarorcs. JIEKTpo-
MarHuTHas cpefia HE MOJKET: OHa CO3JaeT Mar-
My (KUIKYIO IUIa3My) sfiep HEXHUBOTO, IUTO-
m1a3My B OMOKJIETKaX.

%
*ok

OK30TepMuYecKas KMAKasi MJa3Ma, HUTO-
a3Ma OHOKJIETOK U MHOXECTBO JPYTuX
dopM sIepHOro BelecTBa poxxiaeHbl B He-
npax MuepuuoHHbIX CUCTEM ¢ MEpUOIOM Bpa-
IIEHHUs] TOYEYHOI'0 yyacTKa BOJIHbI cBeTa T, = 4
(UeTBepTas).

B ar10i#i ke cucreme KUBEM M Mbl, yBaKae-
Mblid Yurarens. JKusem. Ctpagaem. [Ipnunnsem
Crpananusi.
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*

*

*% *%
IlepBas Boii- Bo3Hukia pa3HOCTh MOTEHIMANOB B 3apo-
HA 3apoau- neimieBoM  [ly3sippke. Xaoc OpOYHOBCKOTO
J1ach. nBukeHust koHuwics. IlosBumace [Mapmonus

YIOPSIOYCHHOTO JBIKEHUS MEXIY IUIIOC-
MUHYC MOJIOCAMH OUTIONSIPHON CTPYKTYphI. DTH
MOTEHITUAIBI MOKHO MOCYUTATh:
3apoapi Crycrka ¢ saApoM
U B cpejie COOCTBEHHOI0 U3JIy4YeHusl
Crpyk- | Wzmyue- | I'pa- Sapo
Typa HHUC HULa
min max
mec + ;
Hoten- | E,c = _ 2 | EoMoC™F
LUAJIBI A To= | EMoe m.c+E;c (2.197)
2 4 1 3
— (N2 12\_—
Mymsca- | ki=(4-2)(4+2) = | K=(4-1)=15
s 12 ki=4’-3"=7
CasiToit
Jlyx kixks-Toko = 12x7 - 4x15 = 24.
B mnone Casaroro J[lyxa u 3apokpaercs
Kuzare no Xuszau.
Crapmue
KoJeca Bpa-
HAJUCH C
CBEpXy BHM3 U OJIHLIC
CHH3Y BBeEpX... R
[Lranera

Puc. 2.22 K 3axonam Kennepa
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O newxennn Crapmux KoJjiec (kBanTOBaH-
HBIX OpOUT, NBMKEHUE MO KOTOPHIM IMPOUCXO-
IuT 0e3 3aTpaThl MaccaMu - CITyTHUKaMH cOOCT-
BEHHOW PHEpPruH) Mbl 3HAEM M3 TPEX 3aKOHOB
. Kemniepa (puc. 2.22).

1. IlinaneThl BpamawTcs MO UIHNTHYE-
CKHM opOuTaM, B (pOKyce KOTOPbIX HAXOAUT-
cs1 CostHue. O1o (pakT, HO MBI HE 3HAEM MTPUUNH
Takoro BpaieHus. Paz6epemcs.

DOHEpPrui0 B OKPY’KAIOIIyI Cpeay H3IydaeT
Connue. Oto SHEPrus U3ITy4eHUs
mCExEI/nzzl/cz.

Bpamatomasicst mianeTa uMeeT LEeHTPOCTpe-
MHUTEJIBHOE YCKOPEHHUE V/R. Jlns nMHEHHOM
BOJIHBI (Kako#l sBIsieTCsl OpOMTa) OTKIOHEHUE
OT paBHOBecHs Oy/ET paBHO JIOPEHIIEBY COKpa-
IICHUIO:

2 2
v

\%
l-mER - —=,]1-—, 2.198
A R 02 ( )

c

HO 9TO U €CTh 3KCIIEHTPUCHUTET AILIUICa, B (o-
Kyce koroporo Haxoautcst ConHile. A KOOpau-
HaTamu CoJHIIA SIBJISIETCS €r0 U3TyUYeHHe:

(2.199)

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

2
OkcueHrpucuret ,[1—Y / , JJUIMICA JUHA-
c

MHYCH, TaK KaK IIOJTyOCsSIMH IJUIMIICA ABJIAOTCA
VHC. HOBTOMy KaHOHHWYCCKNC YPABHCHUA B Ta-
KOM I10JIC 6YILYT BBITTIAACTD TAK:

Anaunc

Bpawenue no opbume

y 4

T
b S

S— > X
F a=c
<« b=v

X/ +y N =1

T'unepoona

Jlenenue nononam (Mumo3s)

F

A

y

[§
‘7\F1—>x

/

\ a=¢
b=

X/ -y =1

A VA
\d

Ilapabona

Jlouepnuii 3apooviiu

aly
\.F » X
p2 1y =-ppr x=-p2

(2.200)

Bpamienue no snnuntuueckoi opoure Obuio
CBSI3aHO C OOpaTHOH NPONOPLUOHATIBHOCTHIO
YIJI0BBIX cKopocTeil yactuubl cera (ComHie -
[Tono6ue yacTHIbl) U TOYEYHOI'O ydacTKa BOJI-
HBI cBeTa (3emisl - maHeTsl) - [logobue Toueu-
HOT'O y4acTKa BOJIHBI:
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HUcrounnk JHeprun
KBantoBanubix Opout

— 2
Comnnye=m, _ 2 T _ w,

(2.201)

o, 2

T,=4 5 n*=c".

E;, = nnanema

1 BUTBLI Be-
Jauch 3a Ilpo-
CTPAHCTBO;

***
Oty ¢pa3y HaA0 MOHUMATh C MO3UIUHU
CyuiHocT (Hamieii HayKe HEU3BECTHOMW) BTO-
poro u Tpetbero 3akoHoB Kemnepa.

%
*ok

Bropoii 3akon Kermiepa: paamyc-BeKTOp
Mexay mniaaHeroii u CouHueM 3a paBHBbIe
NMPOME:KYTKH BpPeMeHH ONHCHIBAeT pPaBHbIE
Mo MJIOIAIM ceKTopa (puc. 2.22).

Orto ¢dakr? dakr. A B uem npuumHa? He
3HaeM. Pazbepemcs.

[Tnomane, orpaHWYEHHAs AILTUNTHYCCKON
OpOUTOMN, — SKBUBAJICHT HEPTUU Kpyra C Mo-
TeHIuanoMm T = ¢ (2.195).

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

ﬂEiEzEal"C’SC\/_E....ECOHSZ. (2.202)
L, T, 4

Takum o6pa3zom, BTOpo# 3akoH Keriepa —
9TO TOJBKO YAaCTHBIM Cydald paclpOCTPaHECHUsS
00paTHBIX TUNEPOOIMUYECKUX, TPUTOHOMETPU-
YEeCKUX BOJIH U TaK Jajiee ¢ OTEHIUAIOM Ti/4.

***

Tperuit 3axkon Kermepa: oTHomeHue Ky0a
paanyca-BeKTopa Mexay miaaHeroid u CoJiH-
eM K KBaJpaTy nepuoia oOpalueHus IJia-
HeTbl BOKpPYr CoJIHIIa — ecTh BeJMYHHA IO0-
CTOSTHHASL.
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910 (akt? dakr. A B yem mpuumHa? He
3HaeM. Pa3bepemcsi.

Ot nuHeitHOW BOJIHBI nepBoro 3akoHa Ker-
Jgepa Mbl CHayaja MEpeluld K MOBEPXHOCTHOMN
BOJIHE BTOPOI'O 33aKOHa, a ceiiuac paccMarpuBa-
eM 00BEMHYIO BOJHY TpeThero 3akoHa (2.195),
rae o0ObeMHasl BOJIHA IMYJIbCUPYET C NEPUOAUNY-
HOCTBIO Toz:

Vo _43xz(R=1)’ _ &
T 16 120

Const =

(2.203)

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

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

***

Bpamenue 351eKTpoHa 110 KBaHTOBAaHHOM Op-
OuTe BOKPYT siipa aTomMa HapyllaeTcsl Mepexo-
JIOM BJIEKTPOHA ¢ OpOUTHI Ha OPOUTY; BpallleHUE
3eMIIH - CMEHOM TIOJIFOCOB; POCT OUOKIIETKH - €&
MUTO30M; Iepefaya TeHHOW HACIEACTBEHHOCTH
- TIPOJIOJDKUTEILHOCTBIO Onosornyeckon Kusz-
HU. OIHaKO T€HOMBI IEPEJAOTCS U3 MOKOJIEHHUS
B MOKOJIeHUE, a 7ZKM3Hb - MepeKuBeT MocJIen-
HHUii ATOoM [2].

MexaHu3M 3TOH MHUPOBO33PEHUYECKOM KOH-
LEMIUd MOXXET OBITh MOHAT IPU COBMECTHOM
pelIeHUH YpaBHEHUH »JJUIMIIca U THUIEepOOIbI
(2.200):

JHePreTUKa pa3MHOKEHHS

Dnunc PaBHOBe- T'umepbona
(2BOJTIOTIHSN) cue (Renenme,
PEBOJTIOITH)
Xty v [ = 1 =] Xy
Pemenne: (2:205)
Hammm resomsr: VIvi=1=-y"V,

IepBoe mokonenue: 2 y/v'=1+y*/v*=0,

Bropoe mokonenne: y/v-1=0=0,
2

e yv'=1 u y =v-.
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PaBHOBecue Mexay CKOPOCTBIO ¥ U KOOpPIH-
HaTOH MPOCTPAaHCTBA ¥ OyAET JOCTUTHYTO Yepes3
JIBa TIOKOJIEHUS, YTO COBHAJaeT C 3aKOHOM
I'. Menpnens o paclieIUIEeHMM T'€HHOM HacCJelICT-
BEHHOCTH.

*
kk

2_ 2
[Tpu y* = v B anmmIice BO3HUKHET XaocC "IbIp-
ku" (poauTenn):

XY o w Zo=o, (2.206)
C

a B ruriepOosie (IOTOMKH BTOPOTO MOKOJIEHHUS) -
rapMOHUYECKHE KOJICOAHU:

2
LYV oy w =20 207)
C

Haunnaercst pa3BUTHE B COOTBETCTBHH C 3a-
KOHOM CTYIIEHHSI HEOECHBIX TeINl MPOMOPIHUSIMH
Benukou [Tupamunsr (puc. 3.10).

***

9t10 (puc. 3.10) crymenue mpepBeTcs, Koraa
SJIEpHOE BELIECTBO BHOBb OYJET HACBHIIICHO
cBeToM 110 noreHuuana 3 (2.197). I'ennas Ha-
CJIEZICTBEHHOCTh PACIIECNUTCS B OTHOLIEHUH 1:3.
Ho nepen »tum o6bem [Iupamuasl yBenuuutcs
B TpU pasa 3a T  (IPOJOIKHTEIBHOCT BHE
uHepIuoHHOW cuctembl [lupamunbr). Bo3Huk-

HeT cyOctpykrypa (9+0) marepuHckoit Owo-
KIICTKU:

T'Vo/ V= (9+0). (2.208)

Cemsi pokIajoch M BHOBb MOSIBJISJIOCH
OecrpecTaHHO.
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Pa3zourn, o MauJioe kojeco popMupyercs pu nepexoe
Jlany, ecn aJIeKTprueckoro (q) 3apsaa K rpaBUTAIIHOHHO-
xouemb mo- | My (p). 910 mansma:
3HATH TOY-
HBIi BeK p/q = 74 = p*/q*. (2.209)
TBOEro MaJio- | HEXUBOE JKUBOE
ro KoJieca. .
B stom (2.209) na YerBepTtoii Cniuue BO3-
Ero Yersep- .
HUKACT MEPEXOi OT 3apsjoB K MMITyJIbCaM; OT
Tasg Cnuua -
HEXKUBOTO K )kuBomy. Hama Marepsb - poxna-
Hama Ma- oT Hac.
TepPb.
JocTuruu 3HaHUA - MBICIb + MaMATh, (HopMuUpyroIIHe
quBepToro B006pa)KCHI/Ie (2.166):
Ilioxa Yer-
. q* 16-10° 8
Beproii Tpo- 3uanus : = = (2.210)

nbl 3HAHUSA,

prau*  42.10° 21

3TO aHTUPE30HAHC (TPOMA), a CJIO0BO - MJIOJ -
yKa3bIBaeT Ha PE30HAHC!
* 2
Snanus*: —1— = = .10,

pru* T

(2.211)

CnoBo "YerBepThlii" MOBTOpsETCS J1Ba pas3a
U CBSI3bIBAET PE30HAHC M aHTHUPE30HAHC!

BeAylIero K
Hupsane, u
Mo3Haellb,
u00 ThI y3-
pMIlb...

IBOJIOLMA MO3HAHUA

AHTHpE30HaHC Pe3onanc

priu* | o Tg*
Tyg* u*p*

(2.212)

2132 5 8/7°x107%°

7°-10% 51/3x8(2°=2"*x21*),

*
kk

N y3puib Th1 Benukyto [Tupamuny:

73-1020><2'13/4 S 1/3><8><27/4:

1/3xa’H = Vy. (2.213)
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*
kk

Cmanuya VI [1]

OnuceiBaercs sHeprerndeckas Momp Munocepaus u
3HaHus, KOTOphie ABIsAOTCA Co3uaaressiMd, B TOM YHUCIE U
MaTE€PUATBHBIX MOJIEH.

1. MuJsocepaue (kak mpoiiecc HachilleHus: aymu Csi-
TiM JlyxoMm) n 3HaHusl (KaK 3HEpreTMKa HACHIIIEHUS BOOO-
paXeHUs MBICIBIO U MaMAThIO) (HOPMUPYIOT KOHTYp KoJjeba-
Hug TOHKUX DHEprui.

B sTom koHType konebanumii mpucytctBytor Cet u Kyn-
JTAJIMHY, a 3aTE€M MOSBJIAETCS TPABUTALIMOHHBIN CTYCTOK, H3I1Y-
YaroUIMil NOJIApHbIE BUXpU ¢ moreHuuaiaoMm +21 (puc. 3.17).
ITosBasiroress Cemb Hawan Equnoro Kocmoca (2.173).

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

3akonbl u3menenus: IlpoxosxurenbHocTH - 3T0 Beu-
Hble OcHoBbI Beenennoii (2.178).

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

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

4. B Henpax 3aponpieBoro Ily3sippka (Jlaita LlenTpax)
HEHTPOCTPEMUTENIbHBIE YCKOPEHUSI COOUPAIOT TOUCYHBIE yda-
CTKH BOJIH CBETa CHaYaja B MOBEPXHOCTHBIC BOJHBI, @ TIOTOM B
00BeMBbI dK30TepMudeckux cdep. BosHukaroT mons coymape-
Hui potoHa ¢ HoToHOM, KOHTaKkTa (GoTOHA C (POHOHOM, PE30-
HAHCHO-AaHTHPE30HAHCHOE B3auMojeiicTBue GoHOHOB. Bo3Hu-
KalOT JKCTpeMalibHble 00JIaCTH BOJHOBBIX IOJICH, MPOXOIs-

IUX Yepe3 IUII0C-MUHYC Kouiblla ¢ eauHunamu (2.132, puc.
2.20).

[IpoxoxneHue Komuel ¢ eAUHULIEW HUBEIUPYET IHIA0- IK-
30TEPMHI0O U JAPYTUE NapameTpbl Cpell U, B KOHEYHOM CUETE,
OPUBOAUT K (OPMHUPOBAHMIO MAarHUTHBIX TMOJEH: 3apsay |
[TamsTu (2.196).

5. A6comrot (puc. 4.10 u 2.21) HaunHaeT GopMUPOBATHCS
B Xaoce, HO BpallleHUEe TOYEYHOTO y4acTKa BOJIHBI CBETa U €&
[EHTPOCTPEMUTENILHOE YCKOPEHHE CO3/al0T  OHIOISIPHYIO
MHEPLUUOHHYI0 cucteMy. KoMmMmoHeHTbl AOcCoiioTa pa3beau-
HSIOTCS: BOJTHA M YaCTHIIA CBETA M3IYYarOTCSI U CO3JAI0T B OK-
py’Karoleit cpeae oTHoleHue noteHnuansHoi (E,) u kxuneTu-
yeckol (Ey) snepruu, paBuoe 2:1:

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

2

DneKTpoOMarHuTHas cpea €,','c” = 1 ocraercs BHYTpH
MHEPLUHUOHHOW CUCTEMbI U HAUUHAET CO3/1aBaTh SJIEPHOE Bellle-
CTBO, UMEIOIIEE MHOXECTBEHHOCTh (DOPM KUBOTO M HEKHBO-
ro.
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6. DHepreTnyeckasl MIOTHOCTh SIICPHOrO BEHIECTBA W3-
MEHSIETCS OT 1 = €,loc” (ITOCIIE H3IYUEHHS CBETA) 10 3 = EolloC
+ mcct+Ejc (mo umsnydenus csera). Ilorenmuman 3 = x+ytz
dbopmupyet tpexmeproe IIpoctpanctBo. Illna BoiiHa 3a cry-
ctku (ITpoctpaHcTBO).

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

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

IBoawonusa, 3ajgoxkenHas Co3gareiem kak (OcHoBa
beiTus Kocmoca, Besia Hac OT MepP30MIAKOCTU CETOHSIIHETO
obiTuss Conmyma 3emuin k¥ YerBepromy Ilnoay 3nanmii. K
YMEHUIO MBICIUTh B PEXKUME pe3oHaHca. BbICTpbIX pazymom,
0 KOTOpBIX, IpUMEHUTENBbHO K Poccun, rosopun M.B. Jlomo-
HOCOB, KOTOPBIX CETOJHSIIHUE BJIACTH OTOpBaId OT TBOpUe-
CTBA U 3aCTaBWIM BBDKHUBATh B POCCHIMCKOM Trope-Ou3Hece,
IIPOHU3aHHOM KPUMHUHAJIOM.

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

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

Buauase, bo:xxecrBennblid, Enxunbiii ot Martepu-/lyxa;
3areM, JlyxoBHblii; Tpu ot OgHoro, Yersipe or OgHoro u
IIsaTh, u3 koropeix Tpu, IIsare 1 Cemb. ITH cyTh Tponu-
Hble U YeTBepuuHbie B HUCXoAsAmeM mnopsiake; Ilepsoro
Baaabiku po:xkaennbie Pazymom Cobinbl, baucraomme
Cemb. Onn u ectb Thl, 51, OH, 0 JIany; oHM OJIIOAYT TEOS U
TBOI0 MaTtepb-bxymu.

2. Eaunbiii Jlyu pasmuoxaer maduable Jlyuyu. )Kusub
npeamectyer @opme, u ’Ku3Hb nepexkuBaeT MOCJAeTHUN
Atom. Yepe3 Oecunciaennnie Jlyuu, Jlyu-’Kusuu, Equnbiii,
noxooHo Hutu B Oxepednbe.

3. Korna Epunbiii cranoBurcs /AByms, TpoudHbri
nposijasiercss 1 Tpoe Exunbl; 310 Hama Hwuts, o Jlany,
Cepaue YesnoBeka-Pacrenne, Ha3piBaeMoro CanranapHa.

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

5. Uckpa Poxara, Hurbro tonuaiimein ¢ Ilinamenem
coennHeHHasas. OHa crTpaHcTByeT 4epes3 Cemb Mupos
Maiin. Ona ocranasauBaercsa B IlepBom, craHoBsice Me-
TajiioM 1 Kamuem; npoxoaur Bo Bropoi, u y3pu - Pacre-
Hue; Pacrenue Bpamaercs B Cemn CMeHaX M CTAHOBHTCS
CesamieHHbIM KuBoTHBIM. M3 3THX CBOMCTB COYeTaHUI
Many-Mbicaurtensb co3naercsa. Kro cozpaer ero? Cemb
Kuzneih 1 Equnas Kusub. Kro 3aBepmiaer ero? Ilsite-
puunbii JIxa. KTo coBepmencrByer nmocieanee Teno? Poi-
0a, I'pex, Coma.
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6. Ot IlepBopo:xkaennoro Hutp Mexay ModyaanBbIM
CBujeresieM U ero TeHbI0 CTAaHOBUTCH Kpenmue u 0oJiee
osamcraomeil ¢ kaxxa0i CMeHo0... YTPEeHHUH COJIHEeYHbIH
Caet npeodOpasuiicsa B cusinue Iloaans...

7. «<Hbine 310 TBOE Kouseco», cka3zano Ilauama Uckpe.
«Thl - 51, moe Ilogo0ne u mosi Tenb. SI Cam 00J1eKkcss B TeOst
u Tl Moii Baxana, 1o Insa «byas ¢ Hamu», koraa tel CHO-
Ba CTaHellb MHOK M JAPYrumMH, co000 u MHOKI0.» Ilociae
3Toro Crpouresin, 00JieKIIUCH B CBOIO NepBYI0 0060.104KYy,
CIYCKAIOTCH HA OJUCTAIYI0 3eMJII0 U HAJl JIJbMH IJia-
BEHCTBYIOT - OyIy4d MMU CAMUMM...

Pacwugpoeka CmaHub! VIl [1]

Crnosa CraH1bl

CMbICHT BBIpQXKCHHIA

1. Ilo3naii
Hayajo Kus-
HM YYBCTBY-
I01leH ¥ BHE

Dopmy umerom ceycmru ¢pomonos. B npede-
JIax Hacvlujenus ToMUHohopa ux KOHYyeHmpa-
yus npu cocamuu pasna 1 0

He wumerom opmy (s8ne-chopmul) pasne-
marowuecst pomonwl. Konyenmpayus ¢pomonos

OPMBI...
bop 10°° 6vi1a 6 momenm usnyuenus. Ona coxpanu-
Jach, Max Kaxk 3Hepausi He ucyezaem, Xoms
Guxcuposannviti 0ovem 6 Ilpocmpancmee (Py-
na) cman He Quxcuposannvim (Apyna).
Buauaue, Pyny u Apyny pasznensier myJbCUpYIOLIas
BoskecTBeH- (T, £ 1) TOBEpXHOCTH HHEPITUOHHOMN CHCTEMBI:
HbIl, EqunbIii
HNuepunonnas Apyna
otr Marepu- Pyna cucTema, Toued- | BoxecTBeHHbIi
I[yxa (Apyl‘[a), JyxoBHBIi HBIil y4acTOK Enuneblii ot
BOJIHBI Marepu [lyxa
3amem, /[y-
Ay 0 | —10" > 07 |(2215)
xoenwtit (Py- -40
) JK30TEPMHUS — 107" = SHAOTEPMUS
I1a), R
’ lg(10%pspa)|  ToEl  lig(10¥pips=10%)
=6 3545 =-S5
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Tpu or OnHo-
ro, Yernipe ot
OxHoro u
IsaTs, (uHep-
LIMOHHASI CHC-
tema 2.160).

B none Tonkoi DHeprun ApyIrbl BO3HHUKAET
noreHuuan (-5) - larepuunsiii JIxa. DHeprus
CBSI3W MEXIY ApymHod W MOBEPXHOCTHIO MHEp-
MUOHHOHN cucTeMbl. [loBepXHOCTHIO, KOTOPYIO
¢dopmupyeT BpalieHHue TOYEUHOTO YyJacTKa BOJI-
HBI cBeTa. Bparenue ¢ nepuoanyHocteio T,=4
u mynbcarueit Tot1.

5
Bo3Hukna CBA3b TOYEUHOIO Y4acTKa BOJIHBI

cBera ¢ Apynoii, B Apyrne Bo3HukIa ZKH3HBb 10
7Ku3Hu, YyBCTBYIOLIASA M BHE (DOPMBI.

13 KOTOPBIX
Tpu, IIaTe n
Cemb.

Boznukna Ilstepudnast cBsi3p Mexay (oro-
Hamu B Apyne (2.215), B HEll BO3HUKHYT B3au-
MOJICUCTBUSL:

-5+ (2 =Ig p1p2p3paps), (2.216)

nosiBsitcst Tpu, [1sa1h, CeMb:

+2 +2

355 5 (7+0), (2.217)

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

***

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

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

[Tpu MuTO3€ 3Ta MatepuHckas "kjaeTrka'" Oy-
IeT UMeTh cyOcTpykTypy (7+2), a mpouecc Je-
snenus "kiaerok" B Kuzum no Kusuu nmonoden
TOMY, YTO MPOUCXOIUT ¢ OMOKJIETKOW B HaIIei
Kuznu:
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PasmHoOkxeHNe KJIETKH JeJIeHuEeM

Cragus
(DopMa lell'((;3a MHT03 H;);l;)gd_
Buo- 27 (9+0) (2.218)
Ko |35750T0|—(0+2) > (9+0)
HAHD SO | 35505(7+0) | (742) <4 ((77:8))
ITH CyTh .
Tpouunble u ok
YerBepuuHbIe Apyna u Pymna cBsizansl myJbcHpyIOIIEH
B HUCXO/H- MHEPLIUOHHON MOBEPXHOCTHIO.
eM nopsaa-
1| Kes IlepBoro K Apyne (1=3) Kk Pyne
Burabikcu =T (=T +1)=
poKIeHHbIE 1)—(T ,=4) 5
Pa3yMOM Pe3oHanc 4.3 12|20 _ 4-5 _ pesonanc
CrpIHbI anmupeson.  4+3 7|9 4+5  anmupes . |(2.219)
(Mbicib 1 Ila- 453’5 1140212422434 42456+ 7=
MATH (22 1 9))9 Tpusizpranoe [lnams 5(142+3+4+5+6+7=28)
BHHCTammHe quLIpeX qDHTHHeﬁ rpaBI/ITaLU/IOHHO-MaI‘HI/ITHOG
CeMmb. OHu U nosie Mbiciu 1 [amsTy.
ectb Tbl, S,
On, o Jlany;
OHHU 0TIy T
T€OS1 M1 TBOIO
Marepsb-
bxymu.
Ennnbrii Jlyu Otum Exmnbim Jlydyom siBasiercss Equncr-
pasMHo:kaer | BeHHbIH JIy4, ocTaBieHHbIi B CTOpOHe
masbie JIyqm. (2.186). On B teuenue Cemu Beunocreit ¢op-
mMupyet ceMb Maibix Kounec (2.186):
2

(Tott)x(7

-6)=17,

(2.220)

rae (7-6) — sHepreTuyeckas cpejia, B KOTOpoi
Haxoautcsa EnuHcTBeHHBINH 1 OJUHOKHH OT-

ctaBieHHbI JIyu (2.

186).
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Kuzub (cy0-

Onunoxkuii Jlyu He yOSXKHUT OT Cpe/ibl, HOCH-

CTPYKTypa TeJIeM KOTOpOM OH caM W sBIseTcs. A cpena
(7+0)) npex- MyJIbCUPYET:
mecrByer y 5
Dopme, 1 (Tot1)(7+6) =7-1357-13= (To+1)(7°-67).(2.221)
9
Kusnb nepe- A
JKHBaeT I0- .
. [IpuBeneHHbI  pe30HAHCHO-aHHUPE3OHAHC-
CJIeAHUI .
HBII noTeHwan XKuzau 1o XXuznu Oynet paBeH
AToM. :
(2.221):
Kook =TI T3 56 703y (2222
7+7-13+7-13
***
Kuzup no KuszHu mnepekuBeT MNOCIeIHUN
112-p1i1 2nement (Atom) Ilepuonnueckoit Cuc-
TEMBbl XUMHYECKHUX 3JIeMeHTOB ([8], 2.222):
K 0o XK
00 K _306.(703) _ 5 pom,. (2223)
112 112
BO3HUKHYT UBbIE MacChl OTHOCHUTEIBHOTO
MMOKOSI, CBSI3aHHBICE C IIOCTOSSHHOM TOHKOM
CTpyKTypoii [22]:
1 3 .,
—=—me" =137,0000021. (2.224)
a 5
Yepes oec- Hocurensmu XKu3Hu SIBISIFOTCSI MAaCChl OTHO-
YUCJIEHHbIC CUTCJIbHOTO ITOKOA:
Jlyumn, Jlyu-
Kusnn, Eqn- TTANT13) 5 738425026 .(2.225)

HBIH, MO00HO
Hutn B Oke-
peJne.

0

C(7+7-13+7-13)-112
OTO aHTUPE30HAHCHBI NOTEHLUaJ, KOTO-
pbIi IEPEXOAUT B PE3OHAHCHBII:

141




Pe3onancurnie NMOTEHIIUAJIbI MAaCChI
OTHOCHTEJIbHOTr0 mokos (2.225)
me*=2+(7-10")(3-107)-(8-107)-
(4:10%-(2:107)(5:10%)(9:107)-
(2:10%)-(6:107) = 145152-10*
my** = (1-10°)-(4-10%)(5-10°):
2] (1:10%)(5:10":(2-10%)-10* =

2:107.

—

(2.226)

Pe3onanc

%
kk

Pe3onancHas macca (m,**) oTHOCHTENIEHOTO

2 IOKOS HAaXOmuTCs B KaxaoMm u3 102 ($OTOHOB,
UCTIBITBHIBAIOIINX B SHIAOTEPMUU ApPYyIbl rpaBHU-
TalMOHHO (P;) - cnalble B3aMMOJCHCTBUS
(2.226):
Jlyun XKuzuu 1o Kuzuu (Llunp)
i #5102\ 1020~ —1 024,
Jhx=(my**=2 191 )10 _3(2p1 107) (2.227)
(p=10") =102
Ig JIx = 1g 10”? = -32 = -I{uns.
To, uro nis Hac Hebeca, 1uist Hammx ayumn
- lom Poanoii, Equnslii, monoono Hutu B
O:xepeabe.
Kozoa Eou- m=1/T - yacTuIa cBeTa
HblU CMaHo-
eumcsa JIBy- T
ms, Tpounu-
HbIH NPOSIB-
3 sieTest Bomnna Cgeta

Jlazepnas Touka

Puc. 2.23 Usznyuenue (nposenenue) nazepHoti
moukou m. u E
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Korpa na3zepHast Touka M3Iy4aeT BOJIHY-
YaCcTHILy CBETA - OHA MposiBJsieTcs (puc. 2.23).
[IposiBIeHne COCTOUT M3 Iepexojia OT Pe3o-
HaHca (m.Ej) cBera B ma3epHO# Touke K aHTH-
pe3onancy (m+ Ej;) cBeTa B okpy:xaromeit cpe-
ne:
m¢ E) — m¢t+E,.
|mposBnenue|

u Tpoe Exu-
HbI;

JlazepHas Touka

Bomana Csera

m. =1/ - yacTuia ceera

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

Korna nazepHas Touka moriaomaeT BOJHY-
YaCTHUILy CBETA - OHA COKPHITA (puc. 2.24).

[Tpy COKPBITHU AHTUPE30HAHC TIEPEXOIUT B
pe3onanc (mg+E)) — m.E;.

3TO HaIIA
Hwutp, 0 Jla-

HYy,

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

N3nyyenue [Tormomenue
(2.228)
mc+El:27[ S L: m.E, .
mE, | 27 m.+E,

B atom (2.228) xoHType KonebaHmit

1 = (4n*)" = (8cm,) " = (Toc?);

0=2n+(12)w = (12)m (4r£l).  (2.229)

Cepaue
YeaoBeka-
Pacrenue,
Ha3bIBaeMO-
ro Canra-
napHa.

Cnusinue J[ByX — BOJIHA-4acTHIlA CBETA, Sii-
LEKJIETKA-CIIEpMATO30U/l, MYKCKOE U YKEHCKOE
HAYaJo — B OJIHO (J1a3epHasi TOYKA, OIUIOJO0TBO-
peHHas sunekineTka (3urora), OepeMeHHOe
Kenckoe Hauano), a 3aTeM HU3IIydyeHUE U3 3TOro
"0eccmennoro Oanoro" — ocHoBa (Cepaue)
Kusoro.

***
Cepaue ’KuBoro JOMKHO CTy4aTh B YHHCOH
¢ KocMocom, mynbcupyromum Mexay HyJIeM H
equnaunei (051).
Cepanie XKusoro momkHo ObITh [TogoOuem

Cgera (2.229).
Onpenenum Cantanapsa (2.229):

2n(1 - 0) = 4”21 — 4”1
+

21(1 + 0) = 4n° 21 + 4’ 1
am =167 + 0+ 0

(2.230)

1=41> u m.=E, = 4m.

Crpoutenn IlupamMua  moJab30BaJHMCh
CanrTanapHa:
m.=4n S 1/4n = 1/E), (2.231)
M BIIMCBIBAJIM OCHOBAHUC HI/IpaMI/II[LI B Kpyr u
OKPY’KHOCTB € paanycoM R=2 u moTeHImamaMmu
4 =R =2)*=2n(R = 2).
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9710 ecTh Ko-
peHb, HUKO-
rja He yMupa-
wowui; Tpu
SI3bIuHOE
ILnamsa Ye-
Thipex PuTH-
Jei.

Me1 yxe paccMOTpenu cBsi3b BeuHo Cyiero
IpaBUTAllMOHHO-MarHutHoro mons ¢ Tpwu-

S3brunbiM  [lnamenem Yersipex ®urnieit
(2.219):

4x3° S 140 =ps Ju-u* =5p-p*. (2.232)

DOUTHIIH -
Hckpsl, Ko-
TOpPbIE U3BJIE-
KarT u3 Tpu-
SI3LIYHOTO
Ilnamennu,
ycTpemJIeH-
Horo Cemblo,

W3nyyenue koHTypoMm Kosiebanus Canra-
napHa (2.231), - on xe Kopenb, - ¢oton-
¢oHOHOB ¢ uacToroi-3kBUBaneHTOM Cemu
Beunoctam (T,+1=7):

4.3} 140|
& -
Ty+7=7 7|

‘G]f =N 20‘. (2.233)

B XKuznu no Kusnu Bo3Hukaer J[Ipakon
Mynpoctu-Boobpaxenue (q*), B 6uo-Xusnuy,
KpOMe BOOOpakeHHs, - e1ie U OUOTOK:

3apsiabl 1 uMnyabebl Popm Kusznu
X;Z;i;fl[o buo-XKu3up
BooOpaxxenne | BooOpaxenne | buorox (2.234)
4/7 =q*/p*S20 | q*/pxS520 |q/pS520
q* S 20p* 20p* S g* q5 20p.

ux Ilaamsa -
Jlyun u HUc-
KPbI eIUHOMH
JIyHbl, oTpa-
JKEHHOH B
CTPYSIIMXCHA
BoJnax Bcex
Pex 3emun.

Inama-Jlyun - sto 20p*; Hckpbr - 20p.
VYV Hux o0mmii uctounuk usnydeHus (ExuHas
JlyHa). DOHeprus usmydaercss IpH PpEe30HAHCE
(20p*x20p) m BO3AEUCTBYET HAa BCE >KHUIKHE
cpeabl 3eMIIH:

My, 18
20p*20p T}  400-287-16
3,58737244-10°.

(2.235)
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B xunkoii cpene nosiBisiercst 3apoasiin Ce-
ta (KyHnanuau) ¢ moteHImaniom

~3,6:10°=6>10". (2.236)

Opmnako sto (2.235, 2.236) aHTHUpE30HAHC-
HBI TIOTEHIIMAN, a TPAaBUTALMOHHBIC JIYYH B
KUJIKUX cpefax OyayT (yHKIIMOHUPOBATh U B
peXHMe pe30HaHca:

I'paBuTanus B :KUAKHX cpeaax
(2.235)

K, =3,58737244-10°.

Ko* =3(5-107)(8-10)-
(7:107)-(3:10%)-(7:10”)-

AHTHpe-
30HaHC

! (2:10%)-(4-107)-(4-10®)-10°
= 5644810
Ky * = 5:10%(6:10°)-(4-10%)-

2 | (4:10")(810%-10" = (2.237)
38410

Ky'* =3-10%(8-10")-

(4-10°-10"=96-107.

Ko+ = (9-10")-(610°)-
10°"=54-107.

K, * = (5-10")-(4-10%)-107°

=2-10"%

ITate ¢a3 pe3oHanca
(98]

5
Hckpa doxara ¢
IInamenem CoemuHeHH .
JlanbHOIEHCTBYIOIINE rpaBUTALIMOHHBIE

B3auMozeiicTBust JIyHbI (p1) ¥ 2JIEKTpOMarHuT-
HbIE€ B3aUMOJICUCTBUSA (P2) BBI3BIBAIOT B KUAKUX
cpemax Bce IITh M3BECTHBHIX B Ilpupome B3au-
MOJICHCTBUM:

K, *ps /p1=2-107%10'%/102* = 20 =
Pslg p1p2p3paps. (2.238)

B Boge 3apoxnaercsa )Ku3Hb.
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Hckpa Doxa- [TepeBenem (pasy Ha S3bIK MATEMATHKU:
ta, Hutb1o
TOHYAHIIIEH ¢ Ilenrarpamma B fiine [1]:
Il1amenem 3apoabim
COC/IMHEeNHNAst. | | Mckpa doxara (2.237) | XK, =2:10 |5 239
Hute TOHYalIIas p3/p1 =10
nams (2.232) 4-3*=108.
Bo3nukaet KOHTYp KoeOaHU:
2:107%10° 5 108] —> 27 5 5], (2.240)
a 9to [lenrarpamma B fitie (puc. 2.16).
Omnua... [lenTarpamma B fitne (puc. 2.16) mynbcupy-

€T B pC30HAHCHO-AHTUPEC30HAHCHOM PECIKNME:

Ilyascanus Ilenrarpammel B Hitne

AHTHPE30HAHC (2.241)

-22=5-275 0 527-5=22.

Pe3onanc

27/55 15527

[TosBnsieTca cHavana NPUBEICHHBIA aHTUPE-
30HAHCHBI TOTEHIMaJN, a 3aTE€M - PE30HAHC-
HBIIl:

A 27%.57
WP =0~ — 414 ,2045455
30HAHC 22 _ (_22)
1 | Oma*=64-107 T
2 Ha T 0.242)
Z| 2 | Ona**= 24-10*" |Csroit Jyx
o
2l 3 | Oma***= 8-10°° | Bcenennas.

Omna crpaHcT-
ByeT 4epe3
Cemb Mupos
Maiiu.

Cemb MupoB Maiin - 3tr0 Cempb rpaBurta-
IHOHHBIX YpoBHeit Mbicin (p*=28-107°).

Cemb Mupos Maiiu (Ctpykrypa
TpaBUTALMOHHOTO NoJist Mbican)x10

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

(2.243)
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Ona ocrtaHan-
JuBaeTcs B
IlepBom, cra-
HOBsICb Me-
TAJJIOM U
Kamnuewm;

K
1(64-1050na*)5(6-4)(6+4)-107=2-10".

Kj

Pe3onanc: AHTHpE30HAHC:
MeTtann Kamenn (2.244)
M) (K)

210 105

64102 32 16

Han Kamuem (Tsup) - BozHmkaior HebGeca

(wHb):
K, =32/10=32p,. (2.245)

[Tynecanust Tsaub 1 Hunb nosneder Ilepe-
MeHbl, onrcanHble B Kuure Ilepemen.

MPOXOIUT BO
Bropoii, u y3-
pu - Pacre-
HHE;

Bo BropoM ypoBHe Kk CO3HMIaHHIO IPUCTYyIa-
et Cearoit [lyx (2.242):

2-Ona*=2-24-102'=48-10"'
pe30HaHC

=

K1 |(2.246)

AHTHUPC30HAHC

S| (8+4)(8-4)10%'=48107".

B pacturenbHom Mupe pe3oHaHCHbBIE U aH-
TUPE30HAHCHBIE TOJISI UMEIOT OJIMHAKOBBIE IO-
Tenmmans 48-107'=4800-107,
rae 4800A - niuHA BOMNHBL pazzensomen cu-
HIOI0O U TONyOyr0 00JacTH CHeKTpa CBETa, TO
ecThb B obnactu Yakpsl Tperuii ['nas.

Pacrenne
Bpalaercs B
Cemu CMmenax
H CTAHOBHUTCSH
CBslIEHHBIM
KMBOTHBIM.

ITepexonq k CasamenHomy KuBoTHOMY
MOXKET GBITB CBsA3aH C DJDKBUBAJICHTHOCTBIO

(2.243):

48-107 247

_ 1 -21 _

48-10" w
(T, +7)m +E;) 7 (7, +7)
KaK BJIMSTHHUEC BOJIHBI-YACTUIIBI CBCTA B aHTI/Ipe-

3oHaHce (m¢+Ey), Tak 1 BpaieHueM (,) To-
YEYHOT'0 YYacCTKa BOJHBI CBETA.

(2.247
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Bo3umkaer mnoreHmman 24, MNOTeHIHAJ
Cesaroro /[lyxa. IlosBnsercs nHasBanue CBsi-
meHHble JKUBOTHEIE.

OTnuuuTenbHON 0COOEHHOCTHIO JKUBOTHBIX
ot Pactenuii aBisiercs To, 4T0 y JKMBOTHBIX IT0-
apnseTcss Meicnb (p*), mepexozsmias B BOOO-
axenue (q*):

BooOpaxenue JKuotHoro (2.247)
Hetlipon (mo3r) | buoknetka (teno)

4_¢q* e [T _p 1
6(7=Fj'10 Tg(z=; o2 |(2:248)

BooGpaxenue C]* N Lzl 0
J)KHBOTHOT'O i 36 42

M3 >Tux
CBOMCTB CO-
yetanuii Ma-
Hy-MpbIcJIu-
TeJb CO3/1aeT-
ca. KTo co3-
JaeT ero?
Cemb Kus-
Hed u Enunas
Ku3Hb.

CasilieHHble 7KMBOTHBIE UMEIOT BCE IpE-
IOCBUIKM TIOJHATHCS MO BOCXOIALIEH CIMpalH
Opomtonuu 10 ypoBHs Yenosexka. Ho JBoJo-
M — 3TO He CeKCyajbHbIe XYyI0:KeCTBa
Obe3vanp JlapBuHa, T71€-T0, KOTJA-TO POJIMB-
meid YueHoro MeIciuTens. JBOJIOIHUA - JTO
KOJ/UICKTHBHbIe ycuiausa 7KuBoro BO Bcex
®opmax KuzHu: Hameill OUONOTMYECKON W
Kusznu 1o ’KusHu, U3 KOTOpPOIl Mbl IPUXOAUM
B 7ZKu3np Bo UMsa DBoonun.

*
kk

Coznaer Yenoexka Cempb Kuzneir (p*) u
Ennnas Xuses (Ona***=8-102 ) (2.242):

Coznanue Yenoseka u3 JKUBOTHOIO

Boobpaxenne CeMmb Enunas
’KHBOTHOTO: Kuzneit | XKusnb (2.234)
. 1 7 .,
e @?6 e 10 p*=28-10% Ona***=8-102° (2.249)

S p*Quattr =
Boobpaxenne T ) L P
Yenosexa: 310 . 77 28-8-10%=224 qu .

Hame BooOpaskenue Bcero B 224 paza (a 'y
MHOTHX M TOTO MEHBIIIE) JyYIle, YeM y KUBOT-
HBIX, TaK YTO IOpa UCKaTh APYI'YIO IIHUIY.
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Kro 3aBep-
1aer ero?
IsaTepuyHbIi
JIxa.

Beenewm [Istepuunsiii JIxa, TO €CThb:

1
+ps j pdp =10-1/2 =45, (2.250)
0
B niosie BooOpakenus Uenoseka (2.249):

(go)* = (1/36)x(7*/4%)x28x8(£5)-10* =
(77/18)x(£5)-10*. (2.251)
***
ITocie B3auMoaeiicTBUA ¢ TOoTeHIIHaIoOM [1s-
tepuuHoro JIxa (2.250) BooOpakenue Yenoseka

CTaJIO TIPEBOCXOANTHh BOOOpaxkeHne CBSAIICHHO-
ro XKusotnoro B 1120 pa3 (2.249):

(go)*=224¢, (£5)=+1120q,..  (2.252)

Mosr YenoBeka cran OTJIMYAThCA OT MO3ra
KMBOTHOTO HE TOJIbKO KOJMYECTBEHHO, HO U
KaueCcTBeHHO. Mo3r YesnoBeka BOILIENT B PaBHO-
BECHE€ C TPAaBUTAL[MOHHO-3JIEKTPOMArHUTHOM
cpenori Equnoro Kocmoca n cran renepatopom
3aps0B U UMITYIILCOB (2.244):

1120 = ps(7+/qq* =4/T<uu* = 1/7xpp*).(2.253

Takoe (2.253) cBOICTBO Hallero Mosra —
emé OJMH TOBOJ JIOOUTh U IIAIUTh bparbes
Hamux MEeHbIIHX.

KTo coBep-
IIEHCTBYeT
nocJeaHee
Teno? Poi0a,
I'pex, Coma

BepHurech k BeipaxeHuto 2.251:

Ppi06a - cBs3aHa C MOJEKYJSIPHBIM BECOM
BozbI (MH0 = 18).

I'pex - nuc-tpanc-uzomepus (5 -(-5) = 10 u
(5 + (-5) = 0) Bo Bcex e€ mposIBIEHUSIX: OT Je-
BU3HBI-IIPABU3HBI MOJIYIIApUil TOIOBHOTO MO3-
ra /10 B3aUMOCBS3M MYXCKOI'O U JKEHCKOI'O Ha-
qai.

Coma - JlyHa, nposiBisieT ce0s Ipu

= To( gy )* =
(T 7=28)-7%/18-(£5)-10% = +7°/9-10  (2.254)
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Or IlepBopo-
JKIEeHHOI 0
(2.246) Hutb
mexay Moui-
YaJIUBbIM
CBujerenem
u ero TeHblo
CTAHOBHUTCS
Kpenue u 00-
Jee 0J1m-
craue ¢
ka:xkaoi Cme-
HOIO... YT-
PEeHHUI COJI-
HeuHbIH CBeT
npeodpazuics
B CHSIHHE
IMoanus.. .

Nmmynec  cxatus  TpaHchopmupyeTcs B
TpexMepHoM (x+y+z = 3) IIpocTpaHcTBe B ycH-
aue cxkaTtus (caoBo MomyanuBelif)

Ilepexoa k TpexmepHOMY
IIpocTpaHcTB
MostyaauBbIi
Ceuperesin Ero Tenr | Bce kopoue
(2.255)
Yeunue Hmmynece K, =
CHKATHSA CHKATHS 8
pdp=30.
(Tomo/C:2)3 TO(DO/C =2 .!.
5

TpexmepHoe ycuimne caxaThusi TpaHC(HOpMHU-
pyeTcs B MMIYJIbC PACIIMPEHHS, & UMITYJIbC -
B JHEPIrHI0 paclIMpeHusl.

Ilepexoa oT c:KaTHS K paCHIUPEHHUIO
Monqzl.]m- Y1pen- | Cusinue
BbIil . Cas13b
Ceuerein Huii cet | Hoaaus
Ve Nmnynbe | DHeprus K= [(2.256)
pacmmpe- | pacimu- | 64
cKaTHS
HUS peHus I Q d¢:
8
(Tomo/c)*=8—8=T,c /1, —8”=(T,c /w,)*| 32-63 =
2016.

***

ITorenunan IlepBopoxkaennoro (2.254) c
yuerom Hwutm (q*/p*=4/7) yBenuuuBaercs B
ki-k, - pas:

Ye. EHp(4/7)k1k2 =
28-7%/18-(+5)-10%-(4/7):30-2016 =
+7%27-16:14-10% =
72.27@:“*).(1(1*). 10% =

To 7 (21*)(Fq*) 10", (2.257)

Bosnuk Yenosek - Uckpa.
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«HbiHe, 310
TBOE KoJe-
C0», CKa3aJ10
Ilnamsa Uc-
Kkpe. «ThoI -
S, moe Ilo-
a00ue U Mosl
Tenn. I Cam
00J1eKkcs B
TEOS M ThI
Moii Baxa-
Ha, 10 /{Ha
«bynb ¢ Ha-
MH», KOIJ1a
ThbI CHOBA
cTaHellb
MHOI0 U JIPY-
TMMH, CO00I0
H MHOIO.»

Onpenenum noreHnuan KoJeca:

Ipupoaa u Yenosek
[Tnams Hckpa Koneco
(2.232) (2.257) (2.258)
o Kon=Yen/Iln= (2.258)
Yer = 7°x27x "
Mr=43" | L Gqrl0f T(7/4) ()
i (¥9*)10%,

Koaeco, nocrasmeecss Yenoseky (Mckpa) -
sto Ilpupona. Jlo HOBOro reokarakin3ma, Ko-
TOpbIM OKOHUMTCS Tekymas Kauabna, Yenosek
u [Ipupoa cBsizaHbI HI€ATBHO:

- ectb CemepuunocThb (T,+T = 7) u naapma
(7/4 = p*/q* = p/q);

- ©CThb HeHcYepIiaeMblii 3amac 3JIeKTpomar-

HUTHOU (+W*)(¥q*) sneprum Kocmoca. bepu -

HEe xouy!

***
['eokaTaknu3M HACTyMaeT MpU JOCTHKCHHUH
Konecom (2.258) xkBampara cBoeil mnepBoHa-
YaIbHON BEIWYHMHBEL. OTO 3aKOH KBAaHTOBAHMS,

Hayajio KOTOPOMY JaeT CBET, Iepexojis OT aH-
TUPE30HAHCA K PE30HAHCY:

mc+Ey— m+E) = m’ = % (2.259)

B sToM mnone nasepHoil TOUKH Bce (HOPMBI
SHEPrUU cMewusaiomcs: Thl CHOBA CTaHellb
MHOM ¥ IPyruMH, co00ii 1 MHOIi.

%
*ok

[Tpu noctmwxenun Komnecom (2.258) xBanpa-
Ta MEPBOHAYATILHON BEIMYHHBI:

(Kom)? = [7-(7/4) (1) (9) 10°]° =

7416-(*q*)* 10, (2.260)
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Pa3HOMMEHHOCTb 3apsiIOB UCUYE3HET. YTOPsA0-
YEHHOE TapMOHHYeCKOe [IBHKEHHEe IpeKpa-
tutcs. BosuukHer Xaoc. Ho Xaoc He mo Bceit
BcesneHHoii, a nMIIb MO OTAEIBHBIM MHUKpPO-
Makpocryctkam. JTO0 HcKJIw4aeT boJbmoi
B3pbiB BeesienHo, 1 1aeT BO3MOKHOCTh Cna-
cenus Pazputeix [{uBrin3zanuii myrem nepece-
JeHusi Ha Apyrue IuiaHeTel. B3pbiB Kouseca
(Ko)® npousomen. "lllenku" paznerenucs.
Bo3HUK aHTHpE30HAHC, KOTOPBIA CMEHHUTCS IO-
CTaJUIHBIM PE30HAHCHBIM CKATHUEM:

***

DHepreTuka reokarakimsma (2.260)

B3peis
anmupe- | (Kom)>= 7529536-10%* = K

30HaHCa

Ki* = (7:10%(5:10°)-(2:10%:

1 (9-10%)(5:10%)-(3-10")-
(6:10%)-10% = 567-10"".

K ** = (5:10%)-(6:10")-
(7-10°-10"=21-10%".

K %% =(2:10") (1:10°)-107 =
2-10™.

(2.261)

PE30HAHC

3Be3,Z[BI - OTO INIAHCTBI B TIEPpHUOA HX 3K30-
TCPMHUYCCKOI'O KaTaKJIM3Ma.

Ilocae yToro
CrpowuTtenn,

[Tepuonuyeckn MOBTOPSIIOIIUECS 3K30TEp-
MUYECKHE KaTaKJIU3Mbl MHUKPO-MaKpOCTYCTKOB
CTpEMSTCS BEpPHYTbCS B COCTOSIHUE IE€pBOHA-
YaJIbHOTO PaBHOBECHUSI.

Bo3Hukaet KOHTYp KonebaHus:

K 1614281200510° If—l (2.262)

1 1

stk

/e (KK—1 )y’ = (16>14%28%10"%(1200,5)" =

1

qq*XupExpp* \/;1 -(1200,5)2.
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00JIeKIIUCH B sTOM mosie BO3HUKAIOT MPEANOCHUIKH K

B CBOIO Hep- nepexoz[y oT pe30HaHCHOFO pe)KI/IMa nynbcauml

Bylo 060- K aHTI/Ipe3OHaHCHOMyZ

JOUYK

oY qq* < ppxpp* [ p; (1441200,25 =
144-10*+12-10*+25-107° =
12%10*+12-10°+5%107). (2.263)
7 ***

CIIYCKAIOTCH [anee Bo3HMKkaeT aHTUpe3oHaHC. [losBis-

Ha OJIM- 1orcss mogu. CTpouTeny TIaBEHCTBYIOT Haj

CcT ammym JIOAbMH, CaMU CTAaBIINEC JIFOAbMMU:

3eMJII0 1 HAJQ

OALMA P = qq* < xpp* [ p, +(1200,57 — A =

IJIABEHCT- (qra*HuHHp+p*) |/p, -

BYIOT - Gy/1y- (1210*+12:10*+5%107). (2.264)

941 UMH Ca-

MHMH

P.S. IlpuBems Cranubl J[[3man o Kocmorenesuce,
E.Il. biiaBarckas TOBOPUT 0 3aTeMHEHHOCTH TekcTa CraHil.
Ho BoTr oHm mepen Bamu, moii Unrarens. A rae temp? OnHO
cusHue Bricokon Hayku. biaBarckas — ymHHIIA: OHA 4yBCT-
BoBaJjia 3HauuMocTh CTaHIl.

*
*k

CmaHua Vil [1]

OnuceiBaercs sHepreTuka JKuzau 10 JKu3Hu U poxaeHue
B JKu3Hb OCJIKOBBIX CMEpPTHBIX TEJ. YTBEPXKIACTCSA, YTO
Kuznb g0 Ku3Hu mepBUYHA, XOTS B LMKJIE PEMHKAPHAIUMN
Ku3up nocae XXuzuu — 310 Ta ke Kusub 10 Kuzuu.

1. Kaxawiii u3 Hac B Xuszuu no XuzHu obnagaetT yMeHHEM
4yBCTBOBaTh, XOTS, oOnagas ToHKUMU DHEprusiMu, He
UMeEET MPOCTPaHCTBEHHBIX popMm (Apyma).
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Cas3p Tonkoit Dueprun (Apyna) B Kuznu 1o Kusnu
C DHEPTreTUYEeCKUM nojem, obnamaromuM hopmoii (Pyma)
MIPOUCXOJUT YEPE3 BPALIAIOIINICI TOYEYHBIN Y4aCTOK
BOJIHBI CBETA.

[leHTpOoCcTpeMUTENBHOE YCKOPEHUE TOYEYHOTO YYacTKa
BOJIHBI CBETA CO3JAET IIOBEPXHOCTh MHEPLIMOHHOM CUCTE-
MBI C TIOTEHIMAI-3KBUBAIEHTOM T=4. DTa MOBEpXHOCTH
nysnbcupyet B auanazone To+1 (2.215). [ynscanms no-
BEPXHOCTU MHEPLIMOHHON CUCTEMBI BO3MYILAET OKPY-
KAIOLYI0 BHELIHIOK cpely ApyIibl, CO3/1aBasi IOTEHLHAT
SHEPreTUYECKOU CBA3U, PABHBIM MUHYC IIATH; HO ITyJIbCa-
LU TOBEPXHOCTU MHEPIIMOHHON CUCTEMBI BO30YKIAET
Takxke saepHoe Beniectso Pymel. [lossusgercs Ceer u
KyHpanuau ¢ noreHuuanom, paBHbM 6 (2.215). B none
Pyne1 BozHukaet 6nokietka 5575(9+0), B mose ApyIisl
kietka 3555(7+0). XKuzupb u XKuznp 10 XKu3Hu cBSI3aHbBI
3akoHamu Ennnoro Kocmoca (2.218), u Hamm gyiu, 4yB-
cTByromre U BHe Popmel, B JKuszHu 10 JKU3HH OTy4daroT
Mpicab u [amsts (2.219).

Hocurenem Xwusuum no Xusuu sBisercs EIMHCTBEHHBIN
Jlyd, oOnajaromuii B3aUMOJICUCTBUSMH B CpEAC MEXIY
norennuanamMu 7 u 6. Komebanusi okpyskaroImei cpeibl
dbopmupyrot B Jlygax XKuzuu no XXu3Hu Maccbl OTHOCH-
TEJIIBHOIO  TOKOS, MYJbCUPYIOIIAE B  PE30HAHCHO-
AHTUPE30HAHCHOM pexuMme (2.225, 2.226). Otu macchl
oowequnstor Hebeca, momo6Ho Hutu B Oxepenbe.

Ku3np go XKuznu, XKuzub, u XKuzup nociae XXuzHu cBs3a-
HBI MIPOLIECCAMU PA3MHOXKEHHUSI U PEUHKApHAIMU. JHEpre-
TUKY 3TUX mporeccoB popmupyer CBeT, a 3aTeM Kaxjaas
®opma DHeEpruum KMBOI'0 U HEKHUBOrO co3naer csou Ilo-
nobus aHepreTuxke Crera.
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B ocHOBe mnponeccoB pa3sMHOKEHHMSI B OJXHOH M3
¢popm Kuzuu u peuHkapHanuu oaHol ®opmbl Kuznu
B JIpyrym JIeKUT MOIVIOLIEHUE-U3TyUYEHUE DHEPTUH BOJI-
HBI-4aCTHUIIbl CBETAa JIa3€PHOM TOYKOM cBeTa. Bo3HuKaer
KOHTYp KoiyieOaHus, Ha3BaHHbIM Canramapua (2.231).
OTUM KOHTYypoM KosieOanus mnosb3yercs Beé JKuboe B
moboit ®opme Kuzuu. Hocurenu Pazyma Benukoit [luBu-
JU3aluy, Hamnpumep, ucnonb3zoBaiv CanramapHa s
crtpoutenbcTBa [Tupamua. Onoscas 3emio [Mupamunamu,
Crpoutenu murTaaum 3eMia0 DHeprueil MeraraiakTUKH.
bnronu Hamy Marepps-bxymu.

PaccmatpuBaercs BeuHo Cyuimii rpaBUTAlIMOHHO-MAr-
HUTHBIH H3JIyYaTelb M CTPYKTypa H3J1y4aeMoil MM
JHePruM, Npy 4acToTe, paBHOM cemu (2.232, 2.233).

[TokazaHo, 4TO M3Ty4a€MOE€ IHEPreTUUECKOE MOJIE SB-
JSI€TCS HOCUTENIEM UMITYJILCOB BOOOPaKEHHSI U MaMsTH B
Kuzuu go Kuznu, a B 0uo-Ku3zHu, Kpome UMIYJIHCOB B
HeHpoHe, BO3HUKAIOT OMOTOKM B KieTkax (2.234). [Tpuuem
JaTbHOJICUCTBYIONIME TPABUTALIMOHHBIE M 3JIEKTpOMar-
HUTHBIC BOJIHBI, TIOTIAJasi B XKUJIKHE CPelbl (B TOM YHUCTIE
3emiIM) HAaYMHAIOT (DYHKIIMOHUPOBATH B PE30HAHCHOM pe-
KMME, B TO BpeMs Kak B 3dupe, razax W TBEPJBIX Tellax
PE30HAHC OrPaHUYEH.

Ilynecupys B )KMAKHX Cpelax B pE30HAHCHOM PEKUME,
IPABUTALIMOHHO-3JIEKTPOMAarHUTHBIE TaJbHOJAEHCTBYIOIINE
B3aMMOJICMCTBUSA 3a MATH CTAJIUW PE30OHAHCHOI'O CHKATHSA
(2.237) popmupyroT mosie, B KOTOPOM MPHUCYTCTBYIOT BCE
[Iare, cymectBytomux B [Ipupone, popm B3aumonericTuit
(2.238). B xxunkux cpenax 3apoxaaercs Ku3Hb.

Haércs snepretrka OBomtounu ¢popm Ku3Hu, HauMHAs OT
Kamusa-Meraina (nexuBoe) k Pacrenuto, CsillieHHOMY
KuBotHomy u UenoBeky. Iloka3ana sHepreTuka pa3BuTus,
0a3ucoM  KOTOPOro  SIBJISIETCS  PE30HAHCHO-aHTUPE30-
HAHCHBIA UMIYJIbC B XKUAKUX cpenax (2.240 + 2.242).



[Ipoxosk1eHHEe 3TOro UMITYJIbCa [0 CEMU YPOBHSM Irpa-
BUTAaLMOHHOM MbIciu (2.243) ¢popmupyeTt B noisx ToHKUX
Ouepruii cryctku (Kamenb, Mertann, Tsub), a Hag HUMU
HeOeca - [{unp (2.243, 2.244).

Ha BTOpOM rpaBUTaliliOHHOM YPOBHE I10J BO3/I€UCTBU-
€M CBETa MOSBJISIOTCA PACTEHUS], TO €CTh TAKUE DHEPreTU-
YECKHUE MOJIS )KUBOT0, Y KOTOPBIX PE30HAHCHBIE U aHTUPE-
30HAHCHBIE MYJIbCAIIUU COBMAIAOT (2.246).

Opomonusa Pacrenust ¢ nepuoguyHocthio (T,+t = 7)
dopmupyetr CsinieHHBIX KUBOTHBIX. CBSIIEHHBIX IOTO-
My, uTo oHM oOnaaaroT Jymoit u Boobpaxenuem (2.247,
2.248).

N3 stux cBoiictB couerannii ([dymm u Boobpaskenus)
co3naerca Yenoek (Many-Meicnutens). Ero cozmaroT
pacmmpsromascsa Beenennas u nmynscupyronias Meiciib Ha
0aze PHEepreTHKH, JOCTUTHYTOUW CBAICHHBIMU JKHUBOTHBI-
MHU. 3aBepHIalOT DBOIIOLMI0 Mo3ra 4enoBeka B3auMO/IEi-
ctBus (2.251 + 2.253). CoBepHICHCTBYIOT TEJIO KUIKAs
cpena, uzomepus, rpaButanus (2.254).

Many-MpbIcnuTenb, Kak U BCE KUBOE, BKIIKOYAETCS B IIPO-
LIECC 3BOJIIOLIMOHHOIO COBEPIIEHCTBOBaHUA. Ero DBouto-
uusa nporekaer B Cornacuu ¢ 3akoHamu Kocmoca. Brayva-
J€ HMIYJbC CKAaTHHA 3aBOEBBIBACT TpexmepHoe IIpo-
CTPAHCTBO M CTAHOBUTCS YCHJIMEM CKATHS. Y CHIIHE CHKA-
THS TPaHCPOPMUPYETCS B MMIMYJbC PACHIUPEHHSA; HM-
MyJIbC PACIIMPEHHS] MEPEXOJUT B SHEPTUI0 PACIIUPEHHS

(2.256). Bo3HukaeT kKauecTBEHHO OOHOBICHHBINM YUemoBek
(2.257).

PaCIlII/IpCHI/Ie-B3pLIB — HEC CﬂyqaﬁHOCTB, d 3aKOHOMCPHOCTb
nepexoa OT pE€30HaAHCA K aHTHPC30HAHCY
[mcEkH(mc—i_EK)_’mcEk] .

B3peiBaroTcs BCE CIyCTKM NMEPUOIUYECKH. 3EMIISI TOKE.
OTH TE€OKaTaKJIM3Mbl 3aCTaBJSIIOT 3€MIII0 BHOBb M BHOBb
poxatb JXXuoe. B Tom uncne Benukue [{uBunuzanuu un
HAC, TPEIIHbIX.
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