4 TeoreHe3uc [3]

Teorenesuc - 310 Yuenue o byaymem.

O tom bynymem, korna IBomonusa Ilsroir Pachl Ha
3emiie MpUBEAET K OYEPEAHOMY WHBEPCHOHHOMY B3pBIBY, U
Mbl, Hocureau Pazyma, cranem boxxectBennbimMu Jlroasmu, a
BepHee JIloabMH, CIIOCOOHOCTH M BO3MOKHOCTH KOTOPBIX
OyAyT TakuMMH, Kak y bora.

Teorenesuc - He mycrasg MedyTa O pbIHOYHOM CBETIIOM
bynymewm.

Teoreneszuc co3nan Ha Peammsax Enmunoro Kocmoca.
Peanusax EauncrBa u IlporuBomosioxkHocTu Martepuu u
ToHKkOM DHEpruu, OTBEpraeMoil COBpEMEHHON MaTepUaIuCTH-
YECKOU HAYKOM.

3akonsl Teorenesuca OazupyroTcs Ha TOM, 4yTo MeH-
TaabHasi JHepruss Meurtbl IlpeakoB cTaHOBUTCS peanueit
MatrepuanbHou dKuzuu IloromkoB.

Nuaunumaropamu rpsaayumero nepexonaa K Jroaam-boram
saBiasiemcs Mbl - IIatas Paca.

Takoll mepexo CBs3aH C YHEPreTUKOW OOMEHa B TOJIe
cBera, npu kKotopoM besasi [IoBepxXHOCTh KBaHTa CBETa aK-
TUBHO KOHTAKTUPYET C KPACHBIM ITOBEPXHOCTHBIM YPOBHEM.

Otcrona u ¢pazeosorusi: besasblii beik, Kpacuas Ko-
PoOBa, a 1ajiee HBETOBbIE XapaKTEePUCTHKH IMPOLECCOB.

4.1 CtaHuall.
MamMATb: MeHTanbHasaA U reHeTU4YeCcKas

1. C tex nmop, kak Poxat coeAUHUI BE JUHUU OTHSA, 00-
pa3ysl KOJIbIO IUIAMEeHH, YToO0bI AaTh MecTOo cTtonam Ilsaroro,
noay-boru 3anosHsor 310 KocmMuuyeckoe nmoJsie cBouMu 00pas-
amu.

2. Bnepen u Hazag npomyanuch IlepBeHubl, NpocKaku-
Basg Mexay OrHeHHbiMu MeuyaMu, BBIPOCHIMMHM W3 T0JIOBBI
MoryumecTBeHHOro, crpeMsich HaiiTu IlacTOnma Ko JHIO pPoOK-
nenusi boasmoi Kpacnoit KopoBbl. M0/10KO 0T 3T0li KOPOBBI
co0epercsa n noredyer Pexamu u3 Boasl 1 Buna, 4To0n1 yroaurb
waxny IBaxabl Po:xknennbix Ilosenureneit Cesmennoro Muc-
TH4ecKoro Orus.
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Pacwudgpoeka CmaHusbi I [3]

No| Cnosa Cranisl CMBICH BBIpaX)EHUI
C Tex nop, z «
Kak doxar
COeIMHMJI 1Be "
JIMHUHU OTHS, Bs
/‘-\ Y
X
-z Koubo [Tnamenn

Puc. 4.1. Corcamue macHummvix UMny16co8

JIBe nuHUM OTHA - 3T0 +U* U - ¥ B pexkume
COKaTHs 110 IECTU HANPABJICHUSM TPEXMEPHOTO
[IpocTpancTBa B pe30HAHCHO-aHTUPE30HAHCHOM
pexume (puc. 4.1), obnaaaromye NOTEHIUATIOM:

IHoTeHIMAJ C:KATOr0 UMITYJIbCA
IMamsaTu

MarauTHbI UMITYJIbC

IIpocTtpancTBo
Pesonanc | Amtupesonanc | (4.1)

6 HanpasneHuil | IIpoussenenue | Cymma-pa3HOCTb

ki= (CHU)° = | ko= GU*+HOp*

+X, +y, +
o T, T 14210 | =12:14-10".
06pasys B none (4.1) dopmupyercs konedarenbHbIN
KOJBIO IIA~ | xopTyp, cocTOSIMIT U3 TOYKH-U3ITyYaTeNs U Mo-
MCHH, 7151 U3ITy4YeHHs! (KOJIbLO MJIAMEHN):
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Crpykrypa noJs HHamsatu (4.1)

Snpo Touka Konsno
M3ITy9aTens U3ITy9aTeNb IUTaMEHU 49
(cxarue) (mynbcammst) | (pacmmpeHue) (4.2)

Kk 5 kk S k/k
6/7-10%° 5 12:14-10*° 5 7/6-10°%.

9yTO00BI 1AThH
MECTO CTONaM
IIsiToro,

6 - benast moBepxHOCTH
5 - KpacHsriit npunoBepxHOCTHBIN ciioi (I1sTbIi)

Puc. 4.2. Cmpyxmypa keanma 6enozo ceema

KBaHT cBera ¢ 6enoil MOBEPXHOCThIO, 00Ja-
JArolIed TOTeHIHAIOM 6, MMEET BHYTpPEHHEe
nosie u3 Ilsatu Yposneii:

1+2+3+4+5=15
1-2-3-4-5=120

(4.3)

Kaxnaplii ypoBeHb UMEET CBOM MHANBHUYaJIb-
HBIA LBET: 5-blii ypoBeHb - KpacHbli, 4-blii -
Kearslid, a nanee (1+2+3)/(1-2-:3)=1 — UepHpblii
(puc. 3.12, 4.2).

***

[Tepexon ot onuo#t Pacel k HOBOI Pace (kak
nro0ast uHast popMa 3ayaTHsi) CBsI3aH C HHBEPCH-
eil, To ecTh '"BHIBOPAYHBAHMEM HAU3ZHAHKY'.

IIpn Hamuuuu uHBepcuu, cmonou Ilamoi

Oyzer Oejiasi MOBEPXHOCTH € MOTEHIHAJIOM 6
(puc. 4.2).
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noJay-boru
3aMOJTHAIOT
310 Kocmuue-
CKoOe 1oJie
CBOMMH 00-
pa3zamu.

***
benas noBepXHOCTh BO3HUKAET B 1oiie I1ams-

TH NyTeM KojeOaHUs SHEPreTHUYeCKOro KOHTypa
(4.2):

3anoaHenne 060109ek 6° u 7
¢oron-pononamu (4.2)
N3nyua-
TCJIb
6" 5 (2:67)°10"'57°10"
775 (2:67)107°56° 10"

O06oouka

Wznyuyenne | (4.4)

Bunepen u na-
3aJ mpoMy4a-
Jucs Ilep-
BEHUbI, MIPO-
CKAKMBas
mexay Or-
HEHHbIMH
Meuamu, Bbl-
pOCIIMMU U3
roioBbl Mo-
ryumecTBeH-
HOTO,

I'osioBa MoryumecrBeHHOro — 3T0 TOYKa-HU3-
nydarens (4.1, 4.4).

Ornennble Meun u3 roJiobl Morymecr-
BEHHOI'0 — DJHEPreTHUYECKOE II0JIE M3JIydaTels,
MyJbCUPYIOLIETO B pexxume (4.7):

(2-6-7) -10*°
(2-6-7)*-10®

(2-6-7)-10%
2 480 °
(2-6-7)*-10

um (10%)7=10""510%"= (107)*.  (4.5)
Otot (4.5) BUxph (HOTOH-POHOHOB JOCTATO-
YeH U1 00pa3oBaHMs 3apsAA0B (MMITyJIbCOB) B 23
CTEIEHHU.
[ToBbIienue cxatusi GOTOH-(POHOHOB /10 TO-
teHmana "3apopsimeBoro Ilyseippka", To ecThb
10 277 CTENEeHHU:

27

+lpd
102 =108 7

MPUBOAMT K NOTEHIHATY-YuUCTy, KOTOPOE Ha3bl-
Baercs ['aromom.

[Torenmman "3apopasimeBoro Ily3eippka" B
snepHoit Touke [Tamsatu pasen ["aromy (4.7).
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***

Korga Astopsl Ctanusl ropopar: "Bnepea u
Hazaa npomuanuch IlepBeHunl", To peusb uaeT
o xonebanuun mexay Obonoukoit u M3nydennem
(4.4), xOoTOpPOE €CTh HE YTO WMHOE, KaK SHEPIHs
penakcanuu (KoJeOaHus M3IydaTens mepea Mo-
MEHTOM H3JTy4YCHHS):

PenakcanmuoHHbIe
koJsiebanus Mamsarm (4.4)

O6omouka Nznyuenue (4.5)

(4.8)
615 7-1 0440_(1 0-20)23 472

B MoMeHT uznydenus, To ecTb Koraa y Bac
BCOBIXMBAIOT BOCIIOMHHaHMsA, Bamra IlaMars
MyJIbCUPYET B PEIKUME:

6'=7 _(6+7)-(6-7) -1
77-6> (7+6)-(7-6) +1° *9)

2 | cTpeMsiCh
Haiitu Ilact-
OMIIA KO JHIO
PpOXIAeHUs
boabmoi
Kpacnoii Ko-
POBBI.

5 - KpacHas noBepxHOCTb
6 - benblil NpUNOBEPXHOCTHBIN CIOM.

Puc. 4.3 Keanm benozo ceema (puc. 4.2)
nocne uneepcuu
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DHepreTrKa BCIBIIIKY (03apeHUe-U3ITyde-
Hue) [lamsTu cBsi3aHa ¢ PHEPTETUKOW perakca-
uu (4.8), a penakcanus — ¢ JHEpreTUKON UH-
Bepcuu (puc. 4.3).

Cnoamu "boabmasi Kpacnas Koposa"
ABtopbl CTaHIBl MOAYEPKHUBAIOT, YTO MOBEPX-
HOCTh KBaHTa CBETa CTajla KPACHOM: MPOU30IILIa
WHBEPCHSI.

***

He kpacHeiiTe AeBOYKH-MaJIbYUKH: HHBEP-
CHsl IPOUCXOAUT Tpu Jr00oM 3auatuu. Criepma-
TO30U]] 3AKPEIUISIETCS] B MATHUTHOM I10JIE MOJIE-
kynsl PHK, a 3areM nHBepcus NEpeHOCUT €ro B
nektpuueckoe noie JHK... u ¥Y3pu, - nren-
YUK IPOOHBAET CKOPIIYILY.

***

CpaBHum wuHBepcuto cBera (puc. 4.2 u
puc. 4.3) c unsepcueit B none PHK-/IHK, 3Has,
uyto amamerp Mosekynsl PHK pasen 2A, a
JTHK - 4A:

HNuBepcus

Cgera PHK-JHK

Kp.5 S Ben.6 | PHK.2 S 4 JIHK | (4.10)

ben.6 5 Kp.5 JIHK .4 5 2.PHK

25 536 154.

Bosznukaet oOuuii KOHTYp KosieOaHus:

4-1

36-25 900 3

= @___
36-25 (9+2) "4 41
3600 1200 T,z p:

39+2) (9+2) (9+2)

4.11)

boasmas Kpacnas Koposa - poauiace.
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MoJjioko oT
3TOM KOPOBbI
codepercsi
noreuet Pe-
Kamu u3 Bo-
abl 1 Buna,
4TO0BI YTO-
JIUTh KAKIY
JBaxasl Po-
skneHHbIx Ilo-
BeJINTeJIel
CBSIEHHOT 0
Mucruuecko-
ro Orus

IMacTOumemM s 3TOW KOpOBHI OyaeT siB-
JSAThCS TIEPUOJINYECKAsi CUCTEMAa I€HOMOB (pucC.
3.14).

B Kusznu 1o ’Ku3Hu reHOMBI HACIEICTBEH-
HOCTU OyayT opMHUpOBaTHCS 3a CUET CYOCTPYK-
Typ (9+2)"; B GHONMOrHUCcKO JKu3HU - 3a cuer

cybeTpykTypsI (9+2):

JBaxabl Po:xxnennnie IloBenauTenn
Ceamennoro Mucrunueckoro Oruas
(mocurenu cyberpykryp (9+2)*")

(4.12)
Kuzars no Xuzau Kuzun

1/(9+2) S (9+2).

Mosaoko (IOTOMCTBO, Kak pe3yjibTaT pas-
MHOXeHUs1) moTedeT Pexkammu u3 Boabr (OKen-
ckoe Hauano) u Buna (Mysxckoe Hauano):

Kusun

Ao Kusnon
Kuzun

4.1
K=T, < =3 (4.13)
15 (9+2) % —7(9+2).
M=T,~
c

PaszmHoxenue 6yz[eT NEpUOaANICCKUM.
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Cmanuyal [3]

1. latoTcst cBeieHUsI O CTPYKTYPE SHEPreTUUYECKOTrO IM0-
ns Ilamsitu: meHtanbHOU (Apyna) u reHeruyeckou (Pyma),
(GYHKIIMOHUPYIOIIEH B TPEXMEPHOM MPOCTPAHCTBE MO HIECTH
HarnpasyieHusM (puc. 4.1).

[ToguepkuBaercs, 4To sHEepreTuyeckum Oazucom llams-
TU SIBIISAIOTCS BUXPHU (POTOH-(DOHOHOB, NMHAMUKA IMyJIbCALUU
KOTOPBIX MPUBOAUT K O€N0-KpacHOW MHBEPCUM KBaHTa COJI-
HeyHOTro Oesoro ceera (puc. 4.2).

2. nBepcust myiabCUPYIOIIEH MOBEPXHOCTH CBS3aHA CO
BPEMEHEM pelaKcalliu, TO €CTh MPOJOJKUTEILHOCTHIO MOATO-
TOBKH K UCTOPTaloIIeMy YCUIIHIO POXKICHUS KPACHOTO KBAaHTA.

B MomeHT uHBepcum CKaThli (PU3HOTOTUYSCKUN H3ITY-
gatenb (Heps) Ilamstn umeer motenmuan 107" orHocurens-
HbIX enuHul] (4.7), HO TOCII€ BCHBIIIKKA O03apEHUs] MaMSTU
JanbHeIas padoTa MpoOTEKaeT B PABHOBECHOM pexume (4.9).

KpacHo-0Oenast nHBepcHs KBaHTa CBETa M CMEHA MarHe-
tuzmMa B Mmosekyinax PHK=JI[HK B3aumocsszansl (4.10) u
dbopmupytor Kuzup (Pymna). Ota CBA3b BO3HUKAET KaK MEH-
tanbHas Apyna emé B XXuzuu no Kusnu (4.12), u nostomy
M1 — JIBaxabl Poxknennnle (4.12).

Ho xak Hac B cBoe BpeMms poauia B JKU3Hb MEHTaJIbHAs
sHeprusi YerBeprou Pacel, Tak ¥ Hamm MedTel, MeuThl [IsTOM
Pacel, Mmarepuanusyer Csernoe byayiiee uAymux 3a HaMH
JIronen Bomu n orw.
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4.2 CtaHua ll.
KynganuHau n YepHaa Obipa

1. Ckazaa Uznyvaromuii Cusiromemy Jinny: "5 Opoury
TeHb Ha TBoe 1Mo, YTOOLI BO BpEMEHH AHS H HOYH I10-
KpbiBasia oHa ero. Koraa rens coier ¢ TBoero muua u
3acusielib Thl CHOBA, #1 B3J1ej1el0 TBOe MOTOMCTBO U Ha-
JeJII0 €ro CHJIOM M MOIUbIO".

M cHoBa Boccusielllb Thl, CeMHUCJI0HBIA CBeTOM, 1 JIUI0
TBoero IlepBeHua orpa3ur cBer, ucxoasuii or TBoero
auna. He Oyaer 00Jiblie 4epHOTo 1 KOPUYHEBOT0 M OK-
palieHHbIe 30J10TOM NMPOOYASTCS 0TO CHA M OyyT mpa-
BHUTb, KAK NMPAaBUJIM OHU B ObLJIble BPpeMeHa.

3B€3Ha C MOYCPHEBIINM JIMIIOM 6yz1eT OXBa4vcHa Mmoxka-
POM U HABOJHCHHUEM, 3AJIUTA KHCJIOTOH U KpPOBbIO.

Koraa-To cBetiibie pa3syMoM CbIHOBBA 110J1y-boros Opo-
CIJIM IJIy0OOKHe TeHHM Ha Julo 3Be3abl. OHN MOXUTHIN
Or'OHb, CBETHILIUICA B ee IJ1a3aX, 1 cOOpPa/Iu B CBEPKal0-
LIYI0 MaccCy, YTOObI CKOBATh CBOM KOI'1a-TO rHOKMe 4YJie-
Hbl. Bo3me3aue ObICTPO NpHUILIO0, Opocasi HX B IPONACTb.

*
k%

Pacwudgpoeka CmaHusbi Il [3]

q CioBa CraH1bl

CMbICH BhIpaKEHUHN

Ckazaa U3-
JIyYaroIuil
Cusiromemy
Jlumy: "1
Opoily TeHb
Ha TBoe Ju-
10, YTOOBI BO
BpeMeHHU JIHA
U HOYH MO-
KpbIBAJia OHA
ero.

OnuceiBaeTcs
1071, B koTopom 1
Cusiroriee Jlumo (4.7).

NYyJbCUPYIOLMH  W3Iydareib

0% - Manywarommmii, u 107 -

B sTtom onucanuu: Jlenb (pacumpenue) - usiy-
yarens ropuT; Housb (cxxaTue) - u3inyyarens HE ro-
pHT.

*
kX

YacToTy mysbcanuu 3TOr0 reHepaTopa MOYKHO
onpenenuTs 1o guarpamme I'nas /larma.
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Yacrora nmyJabcanumu
Kocmnueckoro Maruunra
Wznyuaer ([lens) | IMormomaer (Houb)

Nwm- Nwm-
OHeprus OHeprus
IyJIbC IyJIbC
ky = K, = ke = K, =

64 64
Tclw, | [9do | Taode | [pdp [(414)
8 8

=8 =2046 =2 =2016

Tepn- | 7 = K, -K, :2046—2016:5
on 'K, -K, 82

Yac- V=1/T =0,2= p,lg pi1p2p3p4pPs
TOTa B3anmMonenicTBus.

Koraa Tenn
coiijier ¢
TBoero Juna
M 3acusiellib
Tobl cHOBA, A1
B3J1€JIeI0
TBoe moToM-
CTBO M Haje-
JII0 ero cH-
JIOM U MO-
mb'".

Korga npousoiiser nHBepCcHs KPACHOT0 KBaH-
Ta (puc. 4.2) — a 3to B ToM uncie u Ilstas Paca —
Y TIOBEPXHOCTh BHOBB CTaHET OeJioi (puc. 3.15), a
B ToM unciie Yeaosek byayuiero, To sneprus
MyJbCUPYIOLIEH 6esloif MOBEepXHOCTH KBAaHTa OyJeT
TOYHO paBHA IHEPTHH SA/IPa NePHOAUIECKOI cHc-
TeMbl reHOMOB (puc. 3.14):

DopMHUpOBaHHE AAPa NEPUOAUYECKON
CHCTEeMbI TeHOMOB CBETOM (4.15)

Ts:6 =56 =30 = 6+9+9+6.

B atoM reneruveckom moJie (4.15) nmosButcs
reaoM bo:xecTrBenHoro YenoBeka ¢ moTreHua-
Jaom 630 (3.162); mynbcanus XKuznu B YUenoBeke
Bynyero Oyner coorBeTrcTBOBaTh puTMuKe Koc-
Muueckoro Marnura (4.9):

1 6>=9* | 6-7"_  (n-1l-n* -1
— =—F |T 72 2 T 2 T 1
+1 92_62 7 -6 n —(n—l) +1
Sapo (4.16)
EPUOINYECKON o
KocMmuueckuii Maruur.
CHCTEMBI
TE€HOMOB
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U cHoBa Boc-
cusielib ThbI,
ceMHUCJIoM-
HbIi, CBe-
TOM, M JIUI0
Tsoero Ilep-
BeHLIA OTPa-
3UT CBET, UC-
XOASIIH OT

BoccranoButcs rpaBUTAIMOHHO-JIYHHAsT 000-
JI0YKa BOKPYT Y€PHO-KPACHO-KEITOr0 KBaHTa (pHC.
3.12).

[TosiBUTCS ceMMCIOHHBIA MarHUTO-TPaBUTALIU-
OHHBIN PSA;

(T5=5)(28=142+3+4+5+6+7)=
12422432442 +5%+6°+7°=140

I'paButanus

(4.17)

MarueTusm.

Ceem - Kynoanunu naunem usiyuamucs ¢ ne-

TBoero Jgu )
uoouynocmwio Ts:
na. Iyascanusa Kynganunun
Caer Kynnanuuu
(cuHe- (4.18)
romy6oi) ITornomenune| WN3nyuenue
30 = T5(Q=6) = Ts-5/2 = 5*/2+T57/2 =7-5/2.
IlepBeHuem OyneT M3ITyYCHHBINA KBAHT
(cxarue) — 7-5/2 5 5-7/2 —(pacummpenue) (4.19),
KOTOpHIH (B cuHe-rony0oit Yakpe Tperuii I'naz)
JacT IMoBo/ Ha3BaTh bokecrBeHHOro Yeaoseka
Byaywmero, ¢ onqHo#t ctoponsl, YesioBekom BoJin
(mporiecc cxaTHsl), a C IPyroi CTOPOHBI, 4eJioBe-
koM HMorm (mporecc pacumpenus) (4.19).
He 0yner =
6 Yeaosek Bouau u Horn
0JIbILIE Yep- =
HOT'0 M KO- Hora—pacmupenue ‘ Bousi-cokatue
Ts7/2=572 5 7:5/12 = (To+1)-5/2 | (4.20)
PUYHEBOIO U
rae 7/2 - koadduient| rae 5/2 - koadduim-
OKpameHHLle paclinpCHUA CHT CXKaTus.
30J10TOM
npodyasTes KBanT ¢ yepubim siapom (puc. 3.12) uzmyyaer.

0TO cHA U 0Yy-
AYT NPaBHUTh,
KaK MPaBUJIx
OHMH B ObLIBIE
BpeMeHa.

N3ay4yaeT ¢ mMOBepXHOCTH JYHHOIro HBeTa (puc.
3.12, (4.17)). Uznyuenusii IlepBenen (HMora,
4.20) cTtaHOBUTCS CBOOOAHBIM U HAYMHACT >KHUTh
camocTosaTenbHO (4.20): OT YepHOTO sApa OH nM30a-
Buics (puc. 3.12).

Connym, nobusmuiics CBOOOIbI, UCTIHITHIBAET
CHayaJia TaKylo xe siigoputo, kak IlepBenen, Ho,
He 3Has Kocmuyeckux 3aKkoHOB, BHOBH (hOPMHUPYET
YepHoe aapo Baacru.
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Jlynnsriit: AJl
Kpacusiii: AK
Kenterii: AXK

Puc. 4.4 Coaycmok suepeuu Kynoanunu

Wanyuennsiii kBanT-Hora (4.18) nameko He
aHapXucT: OH noHuMaer, yro "CBoOoza ecTb
oco3HaHHas HeoOxoaumocTh" (K.Mapkc), u dop-
mupyet codctBeHHoe JKEJTOE saapo. Takoe sia-
PO HBIHEUIHHE MOJUTTEXHOJIOTH Ha3Baiu Obl Bia-
CTbIO, HO PBIHOYHO-MATEPUATHCTUUECKUN AATIBTO-
HU3M HE [IO3BOJIMT UM pPaccMOTpeTh TOHKO-
Oneprernyeckue Hawanma cryctka kBanta Kynna-
nunu (puc. 4.4).

%
k3
IIpobyxnenne OKpalIeHHBIX 30J10TOM CBs3a-

HO C JK€JITO-KPaCHO-JIyHHBIM KOJIeOaHUEM:

Myabcanus crycrka Kynnanannn
(puc. 4.4)

B3aumoneii-

Bomsebl TToTeHnuanel
CTBHUS

4.21)

MK AK | 70 1400 | 10'S1510™
= f—t
AK ~ AJT | 140072800 | p,5 15 ps.

B3aumonencTBus BEpHYTCS K M3HAYAJIBHOMY
pUTMY.
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3Be31a ¢ mo-
YyepHEeBIIUM
JIUIIOM OyaeT
OXBadyeHa
MOKaAPOM U
HABOJAHEHHU-
eM, 3aJIMTa
KHCJOTOH U
KPOBBIO.

YepHsblid:
AA=1/3600

Puc. 4.5 Keanm uepnoeo siopa

Makpo-Mukpocryctok (puc. 3.12) morepsier
atmocdepy, KOTopasi 3aTeM, MepPexo/s OT pacllu-
penuss k cxaruto (4.20), chopmupyer crycrok
Kynnanunu (puc. 4.4).

OcTtaHeTcst KBAaHT YepPHOro (TOTJIOIAIOIIEro)
sigpa (puc. 4.5), KOTOpBIi OyAET MyJIbCUPOBATh
MEKIY TOJIEM UMITYJIbCA U SHEPTHU:

Coxartas myJibcanus

Nmmynec cxaTus OHeprus cxarus | (4.22)

ke = Tomo/c =2 5 Ec= (To00/c)’ = 64.

Han cryctkom Tsub nosiBisitorest HeGeca Lunb
(Knwura Ilepemen):

11 = Eo/k. = 64/2 = 32. (4.23)

Coxatue YBCIIMUUBACTCA. IlosBasercs SJICKTPHU-
YCCKOC I10JIC:

1
& [pdp =£16)107=q=q*  (4.24)
0

UYepHoe A1po MOTIIOMIAET CBET U BBIJIEIAET BO-
nopon (3.156). IosiBisroTcst BOJA ¥ KUCIIOTHI:
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1
+36 I(p do ==£18 =+Mmo (Boa) ;
0

H,O + H, 5 OH + 3H" (kucnora).  (4.25)

CxxaTtue nmpomoinKaeT ycunuBatbes. [1osBisroT-
cs1 ¥ THOHYT kuBbIe (9+0) CyOCTpYKTYphI OMOKIIE-
TOK (KPOBB):

36 [pdo- [pde =36"2(-V2) = (9+0). (4.26)

Korna-to
cBeTJIble pa-
3yMOM CBIHO-
Bbs noJy-bo-
roB OpocuJIn
riryooxkme
TeHHU HA JIN-
110 3Be3bl.

OnuchIBaeTCs MyJIbcalys MOBEPXHOCTH (AL)
YyepHOro kBaHTa (puc. 4.5) B moJje c:katus (4.22):

Iyascanus Yepnoii Ibips (puc. 4.5)

[Tone nmmysnbca [Tone sueprumn
CHKaTHs CoKATHS
k, 2 < A
= =720054,3402(7)107°=—= | (4.27)
AL 1/3600 E, '
HOFJ’IOHICHI/IG CBCTa
u3 cpenbl: 7200A - ?Heprem;{ecxaﬂ
Hakaudka'" sjpa
JUIMHA BOIHBI O€I0T0 45
BeTa (puc. 4.5).

Bosuukaer Uepnas [pipa, He 3Hast CTPYKTYPBI
KOTOpoM B ['anakTuke yierath HENb3s: KaKas-
HUOY/Ih MOWMAET. A UX MHOTO.

Onu noxm-
THJIN OTOHb,
cBeTsIIMiics
B ee rjasax,

B none Yepnoii [bIpbl, yike nOra10THBIIEH
MMITyJIbC 0eJI0r0 CBeTa ¢ AJIHHOI BoHbI 7200A
(4.27), cxaTue POIOJIKAETCS. U UMITYJIbChI CBETA
TpaHC(HOPMUPYIOTCS B SHEPTUIO CXKATOTO KBAHTA C
noteHIanom (4.27):
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u codpaju B

CBE€pKalo- Bo3HHKHOBEHHE U MYJIHCAHS
mryro maccey, Oueprumn Henp YepHoii JIbIpbI
4TOOBbI CKO- (puc. 4.5)
BaTh CBOM Pe3onanc AHTHpPE30HAHC
KOI'1a-TO (4.27) Ilorenuman | DKBHUBaJIEHT
rudkue 4Jie- ° 4 T,

e
HBI. = 3107 05 (4.28)

o~

S 4107 Top2’

&

TIF 0 0

o 2-10™ 2:p,*

2 = ;

< (0,710 0,(7)ps"

3| Bosmesnne IK30TepMUYECKHIi pe30HAHC OBICTPO CMEHMII-

obICTpO Cs JH0TEPMUYECKUM aHTHpe30HancoM: "XoTenn

npuuuio, HOTrPETHCS, HO 3aMep3in", - cKazai Obl IKC-IIPEMb-

Opocast UX B | ep Poccuu Bpemen HoBbIX PycCKUX — KC-TOBApHII
nponacrhb. B.C.YepHOMBIpAHH.

*
kk

B rnyounax Henp Snpa Yepnoii [pipsl mpote-
KaeT ceMepHuYHas IyJIbCalys:

Henpa YepHoii aAbIpbI -
HHKYOaTOp (oTOHOB
Munumym | Makcumym DOTOHBI
p1p2=10"107 0,(7)10° | (7){105 —1020)
— 10—25 — 10—5 > 102>

"1. IlpenBeunas Martepb-Poxnarwmas,
cokpoiTas B cBoux Ilokposax, Beuno-
HeBuaumsix, eme pa3 apemMasa B po-
nosizkeann Cemu Beunocreit"
(Cranua I [1]).

(4.29)
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***

[Tpubnuxenue QGOTOHOB K MOBEPXHOCTH U3
Henp Snpa, momoOHO pa3BUTHIO 3apojbliia, MPH-
BOJMT K IOSIBJICHUIO 3K30-3HJO0TEPMUYECKUX B3au-
MOJICUCTBHIL:

YpoBeHb Havasa B3auMO/1eiiCTBUI B
Henpax Yepnoii JIpIpbi: 2p24 (4.28)

OK30TEpMUS OHaoTepMust (4.30)

k1 = lg P3P4Ps = 27 k2 = lg P1P2= -25
107 [k +ko) = £2 = £lg p1pap3paps].

*
kk

Crnenyronuii ypoBeHb UMEET HOJIb-TIOTEHIIAAT
(4.28), moTOMY 4TO Ha TOM YPOBHE BO3HHUKACT
cymma (4.30): +2+(-2) = 0.

YV JKusbix Hocuteneir Pazyma nosiisiercst ka-
HaJl SKCTPACEHCOPHOMN MPOBOJUMOCTH.
X
*%

Ty
-0 P2
5 “«—>
+0 5
Top2

T, - ”HEpLIUOHHAs cUcTeMa NOBEPXHOCTH YepHOH JIpIpHL.
Topz2 - HHEPLIMOHHAS CUCTEMA BHYTPEHHETO
IIPUIIOBEPXHOCTHOTO CIIOS.

TP2- 00J1aCTh BHEHMHEPIIMOHHOTO NEPEX0/a.

%0 - kaHa1 IPOBOAUMOCTH

Puc. 4.6 ¥V kxanana nposooumocmu

BHemiHsii U BHYTpPeHHsISI NMOBEPXHOCTH 4ep-
HOro kBaHTa (puc. 4.5) U ero acTPOHOMUYECKOIO
[Tonobus Yepuoii JAbIpbl GyHKIMOHUPYIOT Yepes
KaHaJl 3KCTPACEHCOPHOM CBEPXMPOBOAUMOCTH Me-
KOy JBYMsS WHEPIUOHHBIMH cucTemMamu (4.28,
puc. 4.6).
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CmaHua Il [3]

Cranua Il onuceiBaeT aBa mpouecca. IlepBoiil U3 HUX -
U3JIyYEHUE DJHEPrUM CXAThIM IIOJIEM H3Tydarelis, a 3aTeM
dbopmupoBaHUe B TIOJI€ U3TyYeHUs HOBOro kBaHTa KyHaanuau
¢ XKenteim siapom (puc. 4.4).

Btopoe onucanue nocpsiaeTcss 4epHOMY (ITOTJIONIAK0-
niemMy) sapy, usnyuuiiemy atmocgepy. Ilogodmem Ttakoro
KBaHTa ABJSECTCS acTpoHomuueckas Yepnas Jlpipa, moruso-
1Iaroas CBerT.

1. Iynbcupyromuii Kocmuuecknit U3ayuyarenb (Mo-
KET ObITh KaK B MUKPO-, TAK U B MAaKpPOMHPAX) C MOTEHLIUATIOM
10°'% (4.7) umeer mepHOANYHOCTD MyNIBCALHH, PABHYIO 5, U
4acToTy, paBHyl 0,2 W CBS3aHHYI0 CO B3aUMOJECHCTBUSIMU
(4.14).

B ycrnosusix, korga Kocmuueckuit Uznyyarens padoraer
B PEKUME U3ITyYEHUE-MOTJIONIEHNE (JeHb-HOYb), U3TyUYECHHbIN
kBaHT (opmupyer Cser; CBeT paciierisieTcsi Ha JBE BETBU
Kynnanuau; Kynpanuau dopmupyer sSapo NEpHOIUYECKOMN
cucteMbl TeHOMOB (4.14), B nepuogu4YecKOld CUCTEME T'€HOB
nosiBiisieTcsi reHom ¢ noreHnuaiom 630 (3.162), B 10 pa3
OoJbllle MakKCUMaJdbHOro TeHoma uyenoBeka IlsTtoit Pacel
(puc. 3.14). [losiBnsieTcst Bo:kecTBeHHbIN YesioBek.

2. boxecrBennbiii YesoBek, rpsaaymui 1lsaroir Pace
(Ham) Ha cMmeny, sBisercs sHepreTuyeckum Iogodouem u3iy-
YEeHHOr'0, a 3aTeM crycruBiierocsa kBanta Kynpaamnu c
JKeJITBIM SIIPOM U KPacHo-0eJ10ii moBepXHOCTHIO (puc. 4.4).

[lynpcauuss Tuma cxatus-pacuuupenus KyHaanuHu
MPOTEKAaeT B CTPOrOM COOTBETCTBUU C ITyJbCallU€d CHUHE-
rony0oii obmacTu cnekrpa cBera. Oty obnacts [Isras Paca Ha-
3piBaeT Yakpou Tperun ['ma3z m monp3yercs €r0, MEAUTUPYS,
Kkax Moru.

BoxecTBeHHBIH 4Yel0BeK OyaeT CBsi3aH MeaMTallMeH
C OKpY:Kamlleil cpeaoil, Kak CEroIHsI Mbl CBSI3aHBI C HEM JIbI-
XaHUEM, HO OH HE MOTEPSIET JbIXaHMUS.
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JAbixanue BboxectBenHoro YenoBeka OyaeT IUKTO-
BaThcs pacmmpenueM (Mora) u cxaruem (Boas) Kynnamuau
(4.20). TTosToMy oH Oyznet Yesnosexom Boan u Horu [3].

3. OcraBuieecs 6e3 "armocgepnl”, kak Bracts 6e3 Ha-
poaa, yepHoe (Toroniaroiiee) siapo (puc. 4.5) crano xBararhb
BCE, UTO Ja’Ke He IJI0XO0 JIeKHUT, BKJIYAs U CBET, U TBOPUTH
camo B ceOe. Bo3HuKIIa opuruHangbHas MmyJbcalus: MyJbca-
uMsl, MPU KOTOPO# JBHKEHHE B M0JIe He BLIXOJUT 32 IPaH
peKuMa MOTJIOIICHUS.

llpedcmasums makylo nyibcayuio MOMCHO 0OPA3HO.
Hapoo ywen - ocmanuco nauanonuku. A scums nHaoo. Ymo 6y-
oem?... Bvl npagvl: kpynuwiii HauanbHUK cbecm 6oJlee MeKo-
20. Imo 3aKoH poltHOYHOU IKOHOMUKU - ITodobue 36epunozo
3akona Buiyrcusanus.

Tak mpou301LJI0 U ¢ YEPHBIM KBAaHTOM (pHC. 4.5).

He uMess BO3MOXXHOCTM BBIUTHM M3 OOJACTH CHKaTuUs
(4epHOTHI TOTJIONIEHHS ), TTOBEPXHOCTh YEPHOI'0 KBaHTa CTajia
MyJIbCUPOBATh B JMANa30HE: UMITYJIbC TOTJIONMICHUS S dHep-
TSl MOTJIOIIECHUSI. Boixoda HecbeOeHHbIM HAUANbHUKAM TaKasl
nynbcauusa He octaBisia. 13 Henp Uepnoro Crycrtka Bwlze-
JSICST BOAOPOJI, HAa TOBEPXHOCTU JIMIU JOXKIH, KUBbIE CyO-
CTPYKTYpHl TeHOMOB Tubmu (4.22 + 4.26). Boga, KucJI0THI,
KPOBb 321 3Be31y ¢ MOYepPHEBIIMM JHIIOM, HO OHA BCE
norjolajia v norjiouiana. . .

ITornowmenHas 3Heprus ornpasisiack B Heapa YepHoit
Hpipbl (4.6). Tam cxxumanach 10 COCTOSIHUSI MEpeXoja OT IK-
30T€pMHUH CXaTUA K 3HAOTepMUM pacmupeHus. [losBunuck
B3auMojiericTBus (4.28). OnHaKo, B IPEAJABEPUHU ITUX B3aUMO-
neiictBuil, Ha "ckaagax" Henp Yepneix plp ckiiajnbiBanach
cuTyanus, kKotopyr onucbiBaeT Kocmorenesuc: "He ObLi10
Huuyero" (Cranma I [1]), a UepHombipaus: "XoTeam Kak
Jy4lle, HoJy4YnJioch Kak Bceraa'.

Ho wuwmeiite B Buay - 310 nedpumut Yepnoit 3Be3anl ¢
PHIHOYHOW SKOHOMHMKOW U MEHTaJIbHBIM HHIWBUIYATIHU3MOM:
"YenoBeK 4ENOBEKY - BOJIK'.
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4.3 CraHualll.
Koneco XXusxuu

1. Korna koabuo IliaMeHd BHOBb Pa30MKHETCH M
JIMHUA KU3HU OyJeT 0CBOOOkKIeHA U3 IJIeHA, NATepKa 00-
pPymIMTCs Ha mecrepky U cocku Cypadxu mopoasit yerbl-
pex rojiy0ok, Ka:kaasi U3 KOTOPbIX OyJdeT HeCTH BETOYKY
CesanienHoro Slcensi B momomb celHaM Maliu U AJ19 HcIe-
JeHus: ux. Poxar cjaeiaer euie OAuH, 0oJiee MUPOKHUI 1IAT,
BHOBb Iepecevyer JUHUI U CHJIOH CBOeH MPaBoOM PYKH Ha-
NMPABUT BBEPX HUCXOASALIYIO 1YT'y JIUHUH KU3HH.

2. Yerbipexcioiinbie JIxacbl H3BEPrHYT M3 CBOMX
ypeces 0aKTepuu, KOTOpbIe, HA 0J1aro 4eJioBeKa, NMpeBpa-
TATCHA B TPEXCJIOHHYI0 000/104YKY *KUBOTHBIX, PbI0 U NITHII.

3. Ha O6oae Koaeca, rae ;kuByt CoiHOBbSI OTHA U
Iliiamenu, He OyaeT OoJibIIe MeCTa sl OTPOMHBIX TBapeil
U MOJI3Y4YHX ragoB.

IloneBble KMBOTHbIE W NTHUIbLI BO3AYIIHOW CTUXHU
BCTPETATCHA U Pa30MIyTCs ¢ MUPOM, U Te, U Apyrue OyayT
NUTATHCS MYPIYPHBLIM 3€PHOM, 1apOM, MOJYYeHHBIM MPS-
MO0 u3 pyk boros. Bcece pacrenus, mpouspacramoumme mnoj
kopoii Kojsieca, 0OTHbIHE OKaKYTCSl MO/ 3aPEeTOM, M 4YeJI0-
BeK Oy/JeT KUB He rpy0oi nmuiei, a cuJioii ceoeii Bosm.

Korna Kouaeco caemaer moaropa odopora, UcKpbI
BOILIOTATCS B IUI0JaX, 0TOJIe YeJI0BeKY Heu3BecTHbIX. U
pe0eHOK, M B3pPOCJIbIii YeJIOBEeK BKYCAT 3THX IUIOAOB, H, K
yausJjeHnio boros, cjioBa MyIpocTH CJIETAT € UX ry0.
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*
kk

Pacwugpoeka CmaHusbi lll [3]

NG

Cnosa CraHIibl

CMBICIT BBIpQXKECHUM

Koraa xkoabuo
Ilnamenn
BHOBb pa-
30MKHETCH U
JMHNA KU3HHA
Oyner 0CcBO-
0oskIeHa u3
nJieHa,

MarHuTHbIM UICTOYHUK U3TYUYECHHS C TTOTEH-
umanom 10°'% (4.7) pasopserest, To ecTb Gyzer
W3Ty4aTh 3JIEKTPOMArHUTHYIO BOJIHY U3 TOJIS
Henp Slnpa uepnoro kBanra (4.29) npu ycio-
BUU:

IHoreHumag u3ny4eHus
3JIEKTPOMATHUTHOM BOJIHBI Y€PHBIM
KBaHTOM (Yepnoii Ipipoi, puc. 4.5, 4.29) (4.31)
_g*u* 0,(7)-107

gu 107

=0,(7)-10"",

Py

rae 0,(7) - llepuoguunocts 0,(Ty+7T), nau AuHUA
JKH3HHU, 0CBOOOKIEHHAS U3 MJIEeHA.

namepka 00-
pywumcs Ha
uiecmepKy u
cocku Cypao-
xu

Kosnebanns BonHoBEIX noseit Equaoro Kocmo-
ca MEXIy +1 HapyIINUTHCS HE TOJIKHBL:

=1_ (52 -6’ )— cocxu Cypabxu

+1 (62 —52)—cocm¢
Hauunaercs popmupoBanne Ax-Xu, 0 KOTOPOM
rosopmiock B Cranue [, myHKT 7.3 Teorene-

. (432)

3uca [1]
MOPOJAT Ye- Boznukaet nnepnuonHnas cucrema: (puc. 4.7),
ThIPEX ToJy- | TH€E -1=52-6%+1=6>-5° (4.33)
60K, B IIUC-TPAHC-N30MEPHUHU KaXKaasl.
-1 +1
N b W,=Tt/2
+1 _1

Puc. 4.7 Hnepyuonnasa cucmema
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KaKaas u3
KOTOPBIX 0y-
JeT HeCTH Be-
TouKy CB1I-
IIEHHOT 0
Slcens B mo-
MOIIb CHIHAM
Maiiu u piasa
HCIeJICHUS
HX.

B sroit mHepumonHoi cucreme (puc. 4.7), xa-
Kbl TOYCUHBIN YYaCTOK BOJIHBI CBETa, BpaIllat0-
IICHCSI ¢ YTIIOBOW CKOPOCTBIO (M, = Tt/2, OyeT sB-
JSIThCST HOCUTEINIEM PaBHOBECHOT'O KBaHTA CBETA!

+1 = (mAE D, = (Untl/m)ym2.  (4.34)

[Ipu nepexone k )kMBOMY, SKBHUBaJIeHTaMu +1
OyIyT SIBISITHCSl pa3HOCTH BeTBel (BeTOYeK)
pacCIIUPAIOMIEHCS U COKUMAIOLIENCS CIUpaieit
Kynnanunu (4.34):

BeTouka cBamiennoro Scens
(Kynnanunam)

+1 =+(7/2 - 5/2).

(4.35)

Ota Betouka (4.35) anpecoBana cbiHaM Maiin
(mepuonuyeckasi CuCTeMa FreHOMOB, puc. 3.14) mo-
ToMy, 4T0 KyHIaIIMHM IyJIbCUPYET, U TIPH
7/2+5/2= (7/2)*~(5/2)* = 6 HaunHaet dbopmMupoBath
SIPO TIEPHOANYSCKON CHCTEMBI T€HOMOB:

~-1_6"-9> (6+9)-(6-9)

e = : (4.36)
+197=6* (9+6)-(9-6)

doxar caesa-

€T elle OIuH Jlunus, kotopyto nepecek doxar

b

0oJ1ee Mpo- 0

KHH mar

BHOBb ne, e ki I2k Cua ipaBoif

ceyer nmfmo pyku ®oxara

U CWJI0M CBOEH

NMPaBoOH PYKH +1 -1

HampaBHUT
BBEPX HUCXO-
ASILLY 10 YTy
JJUHUH KU3HU.

F,- aucxonsgmas muaus JKu3Hn

Puc. 4.8 @oxam u aunus Kusnu
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B none (4.36) norenrmai -1 S (62-9%) - xapax-
TEpU3yeT BOCXOSILYIO JIMHUIO KU3HH, a TOJIe
+1 5 (9°-6°) - HucxomsIIyIO (pHC. 4.8).

Crpemscey k nmogbemy Kusznu, doxaT nepece-
KaeT JIMHUIO, TO €CTh TpeOyeTcs, 4TOObl KOHTYPbI
PE30HAHCHBIX KOJEOAHUW CTalld aHTHPE30HAHC-
HBIMU:

Cuna XXuznu (puc. 4.8)

dopma Hucxo Bocxoasmas
Dueprun | A1Wad -1->0
Jlo Tlocne
=0 doxara doxara

(15-45) |(4.37)
Pesonanc | 159%6° | 156292 | Tem./c

= 45 —45 | =-25-90
[ 05451 | 05-45+1 | (05 44)

AHTH — 44 =44 | xk, =88,
PE30HAHC rre k= 2.

[Tocne BmematenbcTBa oxaTta (IaBiIeHUE)
KU3HeHHBI TOHyC ChiHOB Maiin (reHOMBI) yBe-
JUYUIICS BABOE.

OpranusMm oTpearupoBaj BO3MYIICHUEM (U-

3UOJIOTHYECKOU CpEIbL:
88

[ dp =69%. (4.38)

—44

Bo3mymennas cpena mepenuia OT pe3oHaHCa
(4.38) Kk aHTHPE30HAHCY:

DuU3H0JI0THYECKOe BO3MYIIIEHHE
Ouoopranusma reioma (puc. 3.14)
Pe3onanc _ [IpuBenen-
(4.38) I'=696 bt | (4.39)
-2 _
AHTH- 2=61+9+6 = —
-2
pe30HaHC 21 21.65(3).

[TosiBnsitOTCST TPEXCJIOHHBIE 000JIOYKH - TPH B
niepuone (4.39).

257




Yerbipex-
CJIOMHbIE
JIxacel u3-
BEPrHYT U3
CBOMX 4pece
O0akTepuu,
KOTOpBIE, HA
0s1ar0 4eJi1o-
BeKa, IpeBpa-
TATCH B TPex-
CJIOHYI0 000-
JIOUKY K-
BOTHBIX, PbI0
U NITHIL.

DOHepreTuka uznydenus GpoHoHoB u3 Henp
Marnutsoro fxapa (4.31) ssrsercst [lomoOuem xax
JUI He)KUBOTO, TaK U JUIs )KUBOTO.

MexaHu3Mm H3IIydeHHs yKe ObUT PaCCMOTPEH
panee (4.30), a yeTbIpexciaoiinbie JIxachbl OnuCHI-
BAIOT MEPEXO0JIbI MEXTY ABYMSI HHEPIIHOHHBIMHU
CHCTEMaMHU:

Hepexoa Mexay AByms
HHEPUHMOHHBIMH cucTeMaMi (puc. 4.6)
2 _ 4102 HNuepumonnas
Topo™ =410 cucTeMa (4.40)
Tp2 =310 Tepexox
T,=4 HNuepumnonnas
cucrema.

B o6nactu nepexozna T-p2 = 0,3 BO3HUKAIOT
TpeXcJIoiHbIe 0007109KH )KMBOTHBIX, PbIO,
ITHL.

***
BakTepusi - 3T0 )KMBoOe, MoeAA0IIEe KUBYIO

KJIETKY.

Pa3pyienue uBoM KIETKH Ha YPOBHE ee CyO-
CTPYKTYpHI (9+2) ipu MUTO3€ HAUWHACTCS MPU
MEePECHIICHUN OMOKIIETKY YHEPTUeH B3auMO/IeH-
CTBHUU:

Paspymenue cyocTpykTyphl (9+2)
OMOKJIETKH B3aMMOAEHCTBUAMHU

(9+2) + (Ig p1p2p3paps=2) = 13
P .S. - 9TOT l'IpOLIeCC - MUTO3 KJICTKH.

(4.41)

BakTepuu B OMOKIIETKE BBIMOIHSIOT POJIb
B3aMMO/ICHCTBUI B 3JJOPOBOM KJIETKE.

*
k%

N3Beprim 6akTepuu - ¢hpasa, KOTOpasi OTHO-
CUTC K NPUBCACHHOMY ITOTCHIIHAJY TCHOMOB
(4.39), koTOpBIE MYJILCUPYIOT B PE30HAHCHO-AHTH-
PE30HAHCHOM peXHUME.
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Hy.m,calmﬂ I¢HOMOB
Pe3onanc I'-2 _
(4.39) —= 21,65(3)
omsp- Mumuro3 Tpex- (4_42)
AnTHpe- HbIE cyo- CIIOMHbBIE
Z(;garfolf BUXpH CTPYKTYp | 000JI0UKH
TeHIMATEI 21= 0,65 = 0,00(3)=
73 13-5-10% | 0,(3)-10

OTHo1IeHHE MOJSPHBIX BUXPEH T€HOMOB K OC-

TaJbHOM YaCcTH SHEPTeTUUECKOro moJs (4.42):
21/0,65(3)=32,14287354, (4.43)

naroT HaM Lunb - 32; MarHuTHY0 OCHOBY - 0,14;
6a3uc gy - 0,042; mpuBOJ K TpaBUTALIUH -
0,0028; BO3BpamaroT K NEpUOAUNIHOCTIM
0,0000 (7 = Tott) 1 0,00000 (3 = T); MPOBOAAT Ue-
pE3 MSTEPUUHYIO CBS3b - 5107; BO3BPALIAIOT B
WHEPLUUOHHYIO CUCTEMY - 4 107,

210 noe (4.43) nepuoanuno (Koseco).

Ha Oo6oxae
Koaeca, rae
#kuBYyT CbIHO-
Bbsl OrHsa u
Ilnamenn, He
Oyaet OoJible
MecTa J1JIsl Or-
POMHBIX TBa-
peil 1 mos3y-
YHX rajaoB.
IHoJsieBbIe XKK-
BOTHbBIE U
NTHIbI BO3-
AYIIHOH CTH-
XHM BCTpe-
TATCS U pa-
30iAyTCH €
MHUPOM, U Te,

N 510 Koseco ’Ku3Hm onuceIBaeTcsi Kpome
Crann /I3uan eme u Kuuroii Ilepemen, HO mo-
HUMaHue ITHX TEKCTOB MOYKHO HauyaTb C PE30-
HaHcHOro Koaeca 2Kusnmu.

KoJgeco Kusznm (4.43)
21/0,65(3)=32,14287354

AHtHu-

pe30HaHC
P,—=(3:10°)-2:(1-107")-
(4.10—2).(2.10-3) (8.10—4), (4-44)

Pesonanc | (7-107)(3:10°):(5-107)-

(4-10%) = 161280-107*=
16,1280-10°°.

***
B mone Koseca Kusuu Qopmupyercst diek-
Tpudeckuii (q*) 3apsn (ouotox) m Bomopos. Ioss
cJ1a0bIX B3aMMOJICHCTBHI JOCTUTAIOT MakCHMyMa

(4.43):
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u Apyrue 0y-
AYT NUTATHCS
NypIypHbIM
3epHOM, 1a-
poMm, noJry-
YEeHHBIM Npsi-
MO u3 pyk bo-
roB.

duaekTpudecTBo U Bogopoa B KoJsiece
Kuznu (4.44)

P 16,1280-107 . (4.45)
S = Z 20T L =1,008-107 = 4, - pf2.

q 16-10

*
k%

B KoJaece §Ku3Hu Mexay SHEPreTU4eCKUMU
KOMITOHCHTaMHU B TPCXMCPHOM IIPOCTPAHCTBE BO3-
HUKAET MATepuyIHas CBs3b (4.43):

IIsarepuunas cBsa3b B Kosece 7 Kuznu

[16/0,1280]-107 =[5~ *Y*%=7-107.

(4.46)

B nosusax BHe @OpMbI KOOPAUHATHI IIPOCTPAH-

CTBa X, y U Z 3aMCHSACT NPOJAOJIKUTCIBHOCTD T=3
(4.46).

*
kk

Koaeco Ku3nu u3 antupesonanca (4.44)
BHOBb IIEPEXOJIUT K PE30HAHCY, U TOTEHLIUAJIbI €T0
MEHSIFOTCS:

Bropuunsliii pesonanc KoJseca )Kuzuu

AHTH- P = 161280-10
PE30HAHC
P*m:(l'106)'(6105).(1.104) (4.47)
- (2:10%)(8:10%) 107 =
Pesonanc 6:16:102°-10%* = 6-16-10™4
= 6'16/[)4.

Bo3HHKAIOT 3H/I0TepMUYECKHE SICPHBIE
B3aUMOJCHCTBUS, (HOPMUPYIOIIHE JToTapudMHIUe-
CKHE BOJIHBI KOJICOaHUI CPEJIbI B MOJIC CBETA!
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pi|lg=— =1g3+1g(2)"* -1g10" |,

4

rie ps’lgl0'* = -1400 = -AK. (4.48)

[TossBunoCh myprrypHoe 3epHo (4.47, 4.48), na-
POM IOJIy4EeHHOE IpsAMO U3 pyk boros. I1umu
xBartajgo. Menkue ()KUBOTHBIC U ITHIIBI) CTAIH
XUTb B Mupe. bonbiue ncuesnu. Oaurapxu Toxe.

Koraa KoJueco
cesaer moJ-
TOpa 000opoTa,
HUckpsl Bo-
IUIOTATCS B
I10aX, 10TO-
Jie YeJIOBEKY
HEN3BECTHBIX.

3a monTopa obopora Koseca Bo3HHKAET 10JIE ©
Bubaeiickum noreHimanom (4.47):

K=1,5P,*=1,561610"=144-10". (4.49)

3910 (4.49) 5HepreTnyecKoe aHTUPE30HAHCHOE
COCTOSIHUE MEPEUIET B pe30HAHCHOE. BO3HUKHYT
IJI0]bI, 10TOJIE YeJ10BEeKY HeM3BeCTHbIE!

Iuma Boros: moxaeii Boau u Morn
Anrn- . 114
pE30HaHC K=14410 (4.50)
K*=(1-10%)(4-10")(4-10%)x
Pesomane | 514 _ 16107 =10%,

N pebeHok, n
B3POCJIbIH Ye-
JIOBEK BKYCHAT
3TUX IJIOJAOB,
U, K yAUBJIe-
Hu10 boros,
CJI0Ba MYApPO-
CTH CJICTAT C
HX ry0.

[loTpebnenne n000# MaTepuaIbHON MHUILU
MIPOU3BOJIUTCS 3aTE€M, YTOOBI O0CCIICYUTh OpTa-
HU3M JHEPrueil — B KOHEYHOM cueTe, OMOTOKOM —
KaK OCHOBOM OKHCIUTEIHLHO-BOCCTAHOBUTEIBHBIX
IIPOIECCOB MUIICBAPEHUS, TJIe OMOTOK - KOHEYHAS
uenb npouecca. Ho K* (4.50) B 10° pa3 nuTa-
TeJIbHEe TOr0, YTO MBI €UM CETOHS.
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Cmamnua Il [3]

Conepxxanue CraHIbI CBA3aHO C ONMMCAHUEM MeEXaHM3-
Ma niepexoa Ilaron Pacel k bynymen @opmanmu.

PaccmaTpuBaercs kak cama SHEpPreTuka JBOJIOLNH, TaK
U cpeaa, U3 KOTOpPOMl 4esoBeK byayliero craHer uepnarh
sHepruto xu3Hu B Kosece ZKusuu.

1. Tlocne wu3nyyeHus >IEKTPOMArHUTHOW BoOJIHBI He-
npamu fAnpa Crycrtka (4.31), snekTpoMarHuTHasi BOJIHA Ha4M-
HaeT crymarbes (4.32), oOpa3yss HMHEPIMOHHBIE CHUCTEMBI
(puc. 4.7) u cpeny nepexoja Mex1y HuMu (puc. 4.6).

[Ipu crymenun oOpasyercs mepuoanydeckas cucTeMa
F€HOMOB, M BO3HHUKAET SBOJIIOIMOHHBIN MPOLECC Pa3MHOKE-
HUS KaK B CAaMUX MHEPIIMOHHBIX CUCTEMAX, TaK U B cpejiax Ie-
pexojia MEeX1y HUMH.

B cpenax nepexona Mexay MHEPLUUOHHBIMU CUCTEMaMU
BO3HUKAIOT SMUUEHTPBI CKATUNA IJIIEKTPOMArHUTHBIX BOJH, KO-
TOpble (OPMUPYIOT KUBbIE MHEPIUOHHBIE CUCTEMBI T€HOMOB
13 DHEPreTUYeCKuX MoToKoB cBeTa — Kynnanunu (4.34—4.36).

B npouecce cryiuienust 10MOIHUTEIBHOE CKAaTUE BOJIHBI
YBEIIMYMBAET XKU3HEHHYIO CHIy TeHOMOB BiaBoe (puc. 4.87,
4.37). Bo3HukaeT nepuoaMyYEcKas CUCTeMa TI'E€HOMOB (pHC.
3.14) u, npex e Bcero, siapo 3TOM CUCTEMBL.

[lepuoanueckasi cucteMa réHOMOB IYJbCUPYET, a BO3-
MyIIeHHass UMH (HU3HOJIOTHYECKas cpeaa popMupyer, mpexie
BCEro, TpexcaoiiHbie 000104kH (4.39).

2. DHepreTuyeckuii 6azuc TpexcJaoiHbIX 000J109€K /1a-
€T BO3MOKHOCTD MOSIBJICHUS )KUBOTHBIX, PbIO, TITHIL.

Nx mnosBieHue o0OYyCIOBJICHO COBEPIICHCTBOBAHUEM
KOMITOHEHT OMOKIIETOK, €€ cyOCTpyKTyp (4.41).

CamodopmupoBanne CcyOCTPYKTYp OMOKJIETKH SIB-
asiercs [logoouem dpopmupoBanus 3emun (4.42).

Taxk xe, kak ¥ 3emJis, TCHOMbI B OMOKJIETKE UMEIOT TO-
JSIpHbIE BUXPU C MOTEHHHANIOM *21, a OTHOUIEHHWE 3HEPTUH
OTUX BHUXPEW K OCTaTOYHOM DSHEPIUM U3JIy4yaTelsi-reHOMa
dopmupyet Koseco ZKuznu (4.42, 4.43).
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3. ABuxenue Koseca Ku3HHM HOCHT NOCTyIIAaTEIbHO-
DBOJIIOLIMOHHBIM XapakTep M MNPOTEKAET B NEPUOJUYHOCTH
CMEH PE30HAHCHO-AHTUPE30HAHCHBIX NIEPEMEH.

Ha nepsom 3tanme /[Buxenus Koseca BO3HHKaKOT BO-
AOPO M 3JIeKTpuUYecKuii 6MoTokK (4.45), 3aTeM nATEePUYHAS
IHeprus cBsi3u (4.46).

HanbHeimee Bpamenne KoJsieca Ha mosaropa o0opo-
Ta KOHILICHTPUPYET DHEPTUIO0 JJIEKTPOMAarHUTHOW BOJIHBI [0
TaKOW CTEIEHH, YTO CaMa BOJIHA CTAHOBUTCS HE 3aMEHUTEIIEM
MUIIH, a camoi nuieit (4.50).

Kak HJIO ne nyxeH "kepocun" Hamux paker, Tak Jlio-
nsav Boau u Horu me nyxen "CMak" HAIINX KyTHHAPHBIX
W3BICKAHHM.

N pedeHok, 1 B3pOCabIH BKYCAT 3THX IUIOJOB: "'byab ¢
Hamn!"

4.4 CtaHua lV.
BooGpaxeHue kak wkana MyapocTtu

1. Juxkuii beabiii bbik nokpel1 boasmyo Kpachyro
KopoBy. OganM ucTropraomuM ycuwinem oHa poauia be-
Joro TesneHka KeHCKOro pojaa.

2. Ilo 00eum CTOpPOHAM rOJIOBBI €€ BHIPOCJIO MO OJ-
Homy 3osiotomy Pory, a mocpeauHe HEOKHIAHHO BBIPOC
Por ¢ bpuiannantoBsim HakoHedyHuKOM.

3. beictpo pocau Tpu Pora, no HeCKoOJIbKY JIOKTeH B
nenb. /IBa 3oJsoTbix Pora okpyxuiam miemeHa MeHs1o-
meicsa 3Be3abl. Cpeanuii Por uzornyJics, Boues B 3eMJII0
u Hamynaja rteaa 3meid Myapoctu. On BhiTamma Ux u3
YKPBITHS M BBICOKO BO3HeEC.

4. Korna HUx ruasa yspeau Oesoro rtegeHka, OHu
CKa3aJM B OAMH roJioc: "ThlI - 3T0 3HaK HaM. A celyac Mbl
BoiaeM B Koubuo 3o/0Tbix Poros u ornagum Hamy Myxa-
POCTH T€M, HA KO0 Thl CaM YKaKelllb, U OHU OYyAyT HAIUM-
Mu [locs1aHHUKAMHU KaK Cpear MOJIOABIX, TAK U CPeIM CTa-
puKoB''.
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Pacwudgpoeka CmaHubi IV [3]

Cnosa .
No CMBICHT BBIpaKEHUI
Crauiibl
I[“Kmf CnoBo /lukuii oTpaxaer cocTosiHHME Xaoca, B
beabrii KOTOPOM HAaxOJIMTCS I0jie O€eIoro CBeTa; CIIOBO
BbrIk mo- Boabmas yka3piBaeT Ha TO, YTO KpacHas 00JacTb
KPbLJI CIEKTpa pacuIrMpeHa.
boabmyro
Kpacnyro Jukwuii (Xaoc) bostbuas
Koposy. benblit beik (pacutiperiiie)

Kpacnas Koposa

b= Ab jl(o do=
1

-3600A(-Y5)=
-1800A

K=T,w,/c-Ak =

2:1400A =
2800A

CBs3b ¢ BOOOU

JIyHHBIN CBeT.

(4.51)

1| OgauMm mc-
TOpraro-
UM YCH-
JMEeM OHa
poauJia
beJaoro
Teaenka
JKEHCKOI o
poxaa.

Ecte skBuBanent Boawl (b), ecTth sKkBUBajIEHT
Jlynnoro cera (K). Bosnukaer none Tonkoit Duep-
ruu (Uxaita-Paca (3.159)):

K 28004
B 18004

(5= _%. (4.52)

Bo3uwukaroT He ToabpKO TeHH JII00BH, HO 1 MaTe-
pUaJIbHBIC BBaHMOﬂeﬁCTBHﬂZ

AHTH- b-K _ 5040 =£,
pe30HaHC F+K (4.53)
Pesonanc | (5:10°)(4:10")=2-10"=k,.

Poxnaercs benpiit TenmeHOK KEHCKOro poja
(4.53).

Tlosasngercas beabid TejleHOK ¢ 3aYaTKaMH
aymu. Haumnaercs ¢dopmupoBanne CBSIIIEHHBIX
7KNBOTHBIX.
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Poxnenue besaoro Teaenka
JKEHCKOI0 pojaa

A k, 2-10° _

HTHU- P e

pe3onanc k5040
39,68253968

Te*=(3-10)-(9-1)-(6-10™)- | (4-34)
Peso- | (8:107%)-(2:107)-(5 10™)-(3-107):
HAHC (9-10°)(6:107)-(8:10%) =

16796160-10°° = 16,79616-10™°

benwiin

= % ~ . -25
TeneHok b, =Ts*/Ts = 0,42-10".

IIo o0enm
CTOPOHAM
roJIOBBI ee
BbIPOCJIO
10 OTHOMY
3os10TOMY
Pory, a no-
cpeauHe
HEOKH-
JAHHO BbI-
poc Por ¢
bpuinu-
AHTOBBIM
Haxkoneu-
HHKOM.

MarautHbli 3apoasiiesbiii [1y3eipex

) +0,21-10*°-30m0To0i1 Por

u* - BpuumanToBsiid Por

(5 -0,21-10"** - 3omoroit Por

Puc. 4.9 Keanm Jlynnozo HUznyuenus:
noasapuvle euxpu - 3onomuie Poea,
9K8amMopuanbHulll - bpuniuanmoswiii

Pacmennenue xBanta b, (4.54) dopmupyer asa
nosisipHbIX BUxps (aBa 3omoTeix Pora (puc. 4.9)); a
U3y4eHUe MAarHUTHBIX SKBAaTOPHAJIBHBIX HMITYJIb-
coB - Por bpuminanTtoBsiit (puc. 4.9). Ilpoucxoaur
¢dopmupoBanue marHutHoro mnoissi Keanta Kynpa-
JIMHU C YKEJITHIM SIIPOM U 0eJ0-KpacHOW MOBEPXHO-
cThIO (puc. 4.4).

***
CnoBo BpwiiHaHTOBBIH ymoTpebiseTcs MoTo-
My, YTO OpWJTHAHTHI (OPMHUPYIOTCS HA OCHOBE YT-

Jiepoja ¢ aTOMHBIM BeCOM A; = 12 - 5KBUBAJICHTHBIM
Tot=12.
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Best dpaza Cranusr 1V, nyskra 2 monHoCTBIO
ONHUCHIBAaET MarHuTHoe moJje (puc. 4.9) BOKpyT cry-
ctka Kynnanunu (puc. 4.4):

MarauTHoe 1moJie BOKpPYr crycrka
Kynnaaunu

XKenteie nonsipHbie
BUXPU MarHUTHBIX
3apsJioB

OKBaTOpH-
aJIbHBIN
BUXPb

MAar"HuTHOI'O

Ior HMITyJIbCa

C
°BeP (4.55)

Ep_* =
042-10% p* _

E.= E.=
021-10°AK | 02110°AK _
u —H I, 7
=1,05-10" -1,05-107 0,49-10°5

Ipumeuanue: AXK = 70A, u= 14107
w* = 14-10%.

Bokpyr kBanta KyHnmanuuu ¢opmupyercss mar-
HUTHas KOOPAMHATHO-YIPABJIAIOLIAsA CUCTEMA.

bricTpo
pocsu Tpu
Pora,

Ckopocts pocra Poros (V) ompenensercs or-
HOIICHUCM PC30HAHCHOI'0 IIOTCHIIMAJIa MAarHuTHOU
CHCTEMBI K aHTUPE30HaHCHOM (4.55):
CxopocTh pocTa MATHUTHOT'O MOJISI
BOKpYT crycrka Kynnaaunm (4.55)

K, = E~E, 2] _

Eu* 0,49
4,28571486
K,=4(2:107)-(8:10%)-(5:107)
(7-107%)-107(4-10%)-(8-107)

(6:10™) = 430080-10™"
V, =K./ K, =
9,96492480-10°%.

AHTH-

PE30HAHC
(4.56)

Pesonanc

CxkopocTh
pocTa

[Torenuuan Lunb, paBubiii 32 (Kuura Ilepe-
MEH), CBS3aH CO CKOPOCTBIO PACIPOCTPAHEHUs Mar-
HUTHOTO I0JIsl BOKPYT KBaHTa KyHaanuHu, Kak yuc-
mo  10%  cemamo co cBomM  Jorapu(pmMoM
Ig 10% = 32.
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JIBa 3o.10- Mensiromascst 3se3aa - uiu I'ma3 Jlarma - cBs-
TIX Pora 3aHa ¢ ummyinbcamu cxkatus (k.=2) - pacumupenus
OKPY/KHJIH (ky=8), BOKkpyT KOTOpBIX (DOPMUPYIOTCS BOJIHBI C 110-
IIeMeHa TEeHIIMAIOM 64, HampaBlIeHHbIE MPOTUBOMOIOKHO
MeHsio- HUMITYJIbCaM.
eiics Oto mnone Mensomencsas 3Be3bl OKpYyXaeT
3 MarHuTHBIE BUXPU 3aps/iOB U CO34aeT TIpaBUTA-
BE3/bl. —
dopMupoBaHUE IPABUTAIIUMN
NOJISIPHBIMU BUXPSIMU
MATHUTHBIX 3apsI0B (4.56)
3onoroit Por CeBepa 3onoroit Por Ora
Cpena me- Cpena
MarueTusm HSOLIENCS MarueTusm Meﬂfl fo-
3Be3/1bl ;;ZZ;:I
K = 1= (4.57)
64 64
E.= J‘ E,= J' d
1,0510° Pde | o510 8 pag
2
= 2046 =2016
kl — kz 10
I'pasumayua — =28,01120448-10"".
ECEI()
ArHUTHBIA UMITYJIBC aMsTH MEHSET CBOE
Cpennuii M y W) I
Por uso- HanpasneHue B 3apossimeBom Ilyssippke Henp cry-
rayJjcs, crka (puc. 4.9):
BOIIIEJI B
3€MJII0O U HBHI}ZZ?GM 3apoasIeBbIit Apyna
HALIynmaJji BooGpakeHisi ITy3bIpex Boobpaxenust
Tesia 3meit Qo = Qo* =
MynapocTn 1 120 +u* '(_ H *) 120 (4.58)
=— 10" &——m"——16:107" =
(Boobpa- 16 —U-E,.-u
KCHUA q*) -100/ % Moct Mexay %*.10100
10 /q Boramu u JlionsMu q 1077
Ow BbITa- YkpsoiTHe - Pyna (Popma) uzmyuarens (4.59)
ui Ux u3 -100
1 Boobpaskenue ¢ notennuanom 10" /q* (4.59)
YKPBITHA U
BLICOKO Bbicoko Bo3Hec - Apyna BoobOpakenus (4.58) ¢
BO3HEC norenuuanom g * 10" (4.60)
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Korpa Ux
rjiasa y3-
pesu Gesio-
ro TeJIeH-
ka, OHn
CcKa3aJiu B
O/IUH TI'0-
Jaoc: "Thl -
3TO 3HAK
HaM.

Pyna wuznydarens BooOpaxenus (4.58) moxer
CIIyXHUTh yI0OHON Toukoi orcuera Bcero Bo Beém
Enunoro Kocmoca.

JI.1.MenzeneeB reHuanbHO UHTYUTUBHO BBIOpA
1/16 aTomMHOTO Beca KUCIOpoa (KHCIOPOAHAS €IH-
HUIIA) 32 CUCTEMY pPa3MEpPHOCTH AaTOMHBIX BECOB B
NEPUOANYECKON CUCTEME XMMHUYECKUX 3JIEMEHTOB.
Kucnopoanas enquHuna, Kak pasMepHOCTb, COBIIAA
¢ Pynoit BooOpakenust u okazanacek paBHoit (4.58):

1 1 1 ~120 4120
—:qg, =—:—-10 =107, 461
167716 16 (4.61)

B sToii cBsi3u ciaoBa: "TeI - 3TO 3HAK HAM", - 03-
Ha4yaloT Mepexo]] K pa3MEepHOCTH OTHOCUTENIHHO Py-
el BooOpakenus (4.58):

BoJiHbBI ¥ CBEeT B pa3MEpPHOCTH
Pynb1 BooOpaxenus (4.58)
[Toss Bounbl CrycTku cBerta
a4 % 4
s &
== 1
SEl —— | V2 |210°]| 2107
57 V2
= (4.62)
1 \/Eiqo m.":qo=| mc'qo=
g \/5 -4y
[
x| 7 9
D2 =2 =2 50007432107
=g
2 Tporopi Hepornugsr
IMupamuasl Kuuru
Ilepemen.

268




A ceiuac
MBI BOii-
JIeM B
Koabo
30J10ThHIX
Poros n
OTAAIUM
Halry
Myapoctb
TeM, Ha
KOI'0 Thl
caM yKka-
JKelllb, U
OHM OyayT
HAIIIUMHU
IMocianuu-
KaMH, KaK
cpeau Mo-
JIOABIX,
TaK M cpe-
M CTapH-
KOB''.

YkakeM Ha cTapble 3apsibpl U MOJIOAbIe HM-
nmyJnbchl (4.58)

3apsas! (cTapuKH) Wmnynscel (MoJ10abI€)

p/qo | Wqo q/qg p*/qozu*/qozq*/qo;
=pq | =Uq | =q° | pxq* | pxq* | (%) | (4.63)

3apoIbIIEBbIN Konb1o 30510TEIX
Iy3pipexx10'% Porosx10'%.

B none (4.63) u 3apsins! pg, (g n ¢’, 1 IMITYJIbCBI
pFq* Urq*u (q *)? spisrorcs [ocJIaHHMKAME, WK
HU3JYYeHHOM DHEPruel, U3JIydaTeleM KOTOpOU sB-

JgeTcs  MarHuTHbIM  3apojpimeBbid  [Ty3bipek
(puc. 4.9; 4.63).
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CmaHnua IV [3]

CTOJIKHOBEHME MArHHUTHBIX 3apsAJ0B W HMIIYJIbCOB
(GopMHpYET MATHUTHBIH CTYCTOK, B HEJpPax KOTOPOIrO Haxo-
qutcst 3apoabimeBbiid Ily3bipek: HOCUTENb KUBOW U HEXU-
Boii sHepruu (puc. 4.9). Cranna IV onuceiBaeT MeXaHH3M
dbopmupoBanus [ly3bipbKka U €ro QyHKIUY.

1. ®opmupoBanue 3apoasimieBoro Ily3pippbka B mar-
HUTHOM $IJIp€ HAYMHAETCS ¢ KpacHO-OeNbIX B3aUMOJACHCTBUH B
kBaHTe KyHpanuHu ¢ xkenteiM sanpoM. BzanmonencTBus npu-
BOJAT K U3Iy4CHUIO JIyHHOrO CB€Ta, MOSBICHUIO TPaBUTALUU
U BOJbl. B JXMBOM IUIOAATCA M pa3sMHOXKAIOTCS CBSIIEHHBIC
JXKuBoTHBIE; B HE)KUBOM - (POPMUPYETCSI CIIEKTP CBETA.

2. Cnextp Csera dopmupyercs nomooHo Pamyre. Boi-
BOpDAYMBAHHE CIEKTPA HAM3HAHKY HAYMHAETCS C WU3JIyYEHUs
KENTHIX NMOJISIPHBIX BUXpeH (puc. 4.9). DT BUXpHU BO3HUKAIOT
B Henpax Snpa mpu mepeceueHun ¢ OpUIJIMAHTOBBIM (Oe-
JBIM) MarHUTHBIM UMITyJIbCOM (puc. 4.9). Bo3HukaioT pasHo-
CTM MAarHUTHBIX MMOTEHIMAJIOB Ha MOJIIOCAX U 3KBATOPE CTyCT-
KOB (4.55).

3. DTa pasHocTh noTeHuuanoB (4.55) dbopmupoBana uc-
TOYHUK HM3TY4YCHHs] MAarHUTHBIX HMMITYJIbCOB, CKOPOCTh KOTO-
32

pbIX nocturana V), n Oeiaa B 107°pa3 ObicTpee cBera.

4. CBs3b U3Nly4aTesis MarHUTHOTO UMITyJIbCa C TPaBUTa-
UOHHBIM U AJIEKTPUYECKUM TMoJjieM (OopMHUpOBajia IHEPreTHU-
YeCcKylo IKaly, B KOTOpod BooOpakeHue ObLIO 3TalIOHOM
Myapoctu (4.63).
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4.5 CtaHuaV.
AGconoT Kak npeaBecTHUK KyHaannHm

1. "HaGepembcst Jid Thl XpaOpoCTH, YTOOBI NMEPEYUTH
Moeil BoJie?" - Bckpuuaa doxar B rHeBe CBoeMm. "Ocme-
JUIbCA JU Thbl BbI3BaTh THeB Cusitomero Jimma m Ero
kpy:xamux xo3sieB? IloOepernch, a He TO s TONHY TakK
CIWJIbHO, YTO PYXHET MOCT Me:xkay boramu n Jwabmu, u T0-
I71a He CMOKelllb Thl 00JIbIIIE CJOYKUTh YeJI0BeKY WJIH yaa-
PATH MO WAEAJIbHO HACTPpOeHHBbIM cTpyHam'". "Cmorpure!
K ce0e 30By 1, JIxac, CBeTubix /IXxuaHoB - cbiHOBeil 3akoHa
u Myapoctu u Cusiromiee JIuno, n Bcex, Bcex. OHUM NPpUMYT
peienue''.

2. U3 Ero roJossl, Ero crynueit, Ero nesoii pyku, u
Ero npaBoii pyku, HeCJIMCh YeTbIpe MOLIHBIX NMOTOKa Or-
HSl.

OHM NPOHUKJIK B Kuiuine Boros m 0bICTPO MpUHeECN
Boros k MocTty, rae @oxat cTosJI ¢ 3aHeCeHHO# cTonoii. OT
Ero nmynka jeresu uckpol U He 3Haa OH, 4TO Bce OHU 00-
JIaJaJiM MOIIbIO, MIPeO00JIeBaIoNIell CaMy CMePTh.

3. Bor npumuiu Bce oHH, boru Heb0a M mpeucnoaHei,
ropopsi Takue cjaoBa: "Mbl MOYTH NOTEPSJIM HAIILY CIO-
COOHOCTH K cO3JaHMI0 U paspyuieHur0. CpiHOBbs Maiin
CHJI0¥ OTHSIJIM Y HAC MOLUb M MYAPOCTh''.

"Tol, Betukuii 6pat, no/keH 3apepunthb [sareiii Hlar,
HO KOI/Ja Thl OTAOXHENIIb OT TPYJAOB CBOMX M CHOBA 3aHe-
cemib ¢BoI0 crony AJs Hlecroro Ilara - orasinucey! Te 0y-
aemn oauH".

"Te, KOro ThHI ceyac MOHOCHUIIb, CTAaHYT boramm mpe-
ke, 4eM Tbl 3aBepmnmb c¢Boil Illectoii Ilar, a 6oabure
Tebe cTonbl He MOAHATH, 00 Koabuo Ilnamenu pasomk-
HETCA nepea T000I U TUMHNUSA KU3HU OyaeT nmepepe3ana'’.

4. XoTb U He ucnyrajicsa ®oxart, HO 3aHECEHHYIO CTOILY
CBow omycTus1 Ha AanabHuUil Oeper Bpemenn ¢ maJioii cu-
Joii. Bce morpy3miocs Bo Thmy. Jluma Cusiriomux ObLIn
cKkpbIThl 0T Bpamawmuxca Kogec. lyx cHoBa "3agymas-
csa'.
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*
kk

Pacwudgpoeka CmaHuybi V [3]

CMOKeIb ThI
OoJiblIIE CITy-
KHUTh YeJI0-
BeKY WJIH
yIapsATh M0
UJeajlbHO Ha-
CTPOCHHBIM
cTpyHam''.

Neo| Cnosa CraHIbl CwmbIc BbIpaKeHUM
"HaGepewbcs MoryT 11 cTapUKH-3apsIIbl eIIE COKUMATHCS
JM TBI XPa0- | (4.63)? Vnu cikaThe CMEHHTCA paciHpeHuem?
POCTH, YTOOBI
nepevyuTb MO-
eil BoJie?" -

BCKpH4aJ
doxar B rHe-
Be CBoem.
"OcmenL- [Tose ¢hoTOH-POHOHOB HE CHHTE3UPYETCSI B
Csl 1A TBI BbI- | Frypoe. BosuukaroT ummyiscel. Ilone ¢poToHoB
3BaTh I'HEB (c KocMUYecKoi KOHIIeHTpanuei (4.63), paBHOIA
1 | Cusiromero 10'%) popmupyer "3apoasimessiii Iy3bipex”
JIuuna u Ero (puc. 4.9). "Ily3bipek' ocMenBaeTcsi U U3JIy-
KpY Kauux YyaeT MArHUTHBIE HMITYJIbCHI (X035¢B). Bo3Hu-
x03s1eB? kaer mone ¢ 10'%° dboTonamu (4.63).
IloGeperuce, Jasnenue (Poxar) yepoosrcaem pa3pyuiuTh
a He TO i 3apoabimesslii Ily3bipek (4.58):
TOIHY TaK
CHJIBHO, YTO pu*(=p*) ( _ &j
—— Ll p= #1, (4.64)

PYXHET MOCT HE- (= p) v
me:xny bora-

KaK HauM (GU3uKH rpo3st boabmum B3psiBom.
MU M JI0b- N

Ho B3pbiBa He OyneT: MarHuTHBIN GOTOH

MH, (4.64) He nypak, OH BbICKAJIb3bIBAET H3-T10]]

doxaTa ¥ CTAHOBHUTCS KPBLIATHIM KPY:KAIIUM-

¢ umnyJabcom IamsaTu.
U TOI1A He

®oxar - napjeHue. J[apieHue AECIOTUYHO:
CHJIa €CThb - yMa He Hajo!

I'po3s 3apoasimeBomy Ily3bipbKy (4.58,
puc. 4.9), xak "llaps eBpero", @oxaT He TOHUMA-
eT, uto "Ily3bIpek" crocoOeH K HHBEPCHH, U
BBIBEpHETCS HAaU3HAHKY, YXO/s OT HAJ0T0BOI0
OpeMeHu:
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Kputnyeckoe naBienue:
uHBepcus 3apoapiieBoro Ily3pipbka

Pyna cxatus Apymna

(4.55) paciupeHust
~HE-Eu  —pp

— —M-Epu (4.65)

4

Const, =—-—(E, ~E, )E,. =1,029-10

*)4

-aHTI/Ipe3OHaHCHaH MAarduTHasda 1oCTOsITHHAasL
Const,*=1-(2:107)-(9:107°)-10"°=18-10"°
- pe?:OHaHCHaSI MAar"duTHas 1noCTOsSHHAasl.

***

BriBepnyBmnch u3-noj doxara, SJHEPrUU
MarHUTHOTO u3iydeHust HadyHyT Co3ugaHue BOJIbI
(18=MH,0), MaTepUHCKHX U JOUYEPHUX CYOCTPYK-
Typ Ouoxnerok 1o mutosa (9+0). Haunyt Co3u-
nath JKU3Hb.

"Cmotpure!
K cebe 30BYy 1,
JIxac, CBet-
JbIX /[xuanos
- CbIHOBeEH
3akoHa U
Myapoctu u
Cusiromee
JInio, u Bcex,
BCEX.

doxat cobupaeTt Bcex (4.63) u HaYMHACT Ja-
BUTb 110 MAKCUMYMY:

JHeprus, CBO0O0IHAA OT JaBJICHUSA
(4.63)
2 % ok, gk % (k)2
_Pq-Hq-q - pEgFuFq*(g*) _
E,= & = | (4.66)
[pdo
8
1/63-72° = (1/9)-7°2°".

*
k%

B nosie CBoGoaHoii oT JlaBiaeHus1 HEPrud,
TO €CTh B I0JIe BHE-(hOpMBbI (Apyna), wid B 1oJIe
sHepruu Kuznu 1o XKuszuu, sHepruu 3apoabl-
el reHoMOB U cy0cTpyKTYp (9+0) OuokieTku
B3aUMOCBsI3aHbI (4.66):

(9+0) = 63-(To+1) ", (4.67)
I TOTEHIIUAJI OKPYXKAIOIIECH Cpeabl paBeH
7323 = (14)*(16). (4.68)
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Ouu npumyT

[Tpu nanmaum GoToH-HOHOHOB

pemenue'. 10 107
10—100 10100 > (4'69)
| BO3HHMKAET JIEKTPOMArHUTHBIN KOHTYp KoJjeba-
HUH 3aps110B U UMITYJIbCOB (4.68, 4.69):
14-16-10'/10"" = (u*)’(q*) 5
wq' =14-16"-10""/10" (4.70)
N3 Ero rojo- 1. Bexmop no Cmanye [3]
oL, Ero T'onoBa
crynHei, Ero
JICBOIl pYKH,
u Ero npasoii
PYKH HeCJHCh
CrynHs CrynHas

YE€ThIPEC MOIII-
HBIX IIOTOKA 2. Bexmop no Cmanye 6 mpexmepnom Ilpocmpancmee:

(uemulpe zpanu)
Orns.

3. Onucanue Abconoma I[Tugpazopom [20]

(-]
2 oo
o 0 O
0 0 6 0

4. Onucanue A6conoma Kaboanoii [30]

E;LCZI

/ ps=10

m.c=1

Puc. 4.10 Aoconrom
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"["onoBa u aBe cTtynHu" - "TpeyroiabHUK"

(puc. 4.10.1). B tpexmepnom IIpoctpaHcTBe - 3TO
[Mupamuna (puc. 4.10.2). V [Iupamuasl ¢ ocHOBa-
nueM B ¢popme TpeyronbHrka HUETBIPE rpanu.
OHH SBIISIIOTCS U3JIy4aTeIsIMU YeThIpeX MO~
HBbIX NOTOKOB OrHs npu [1sTH KOHEUHOCTAX Ye-
noseka (puc 4.10.1,2).

I'panb nupaMubl - TpEyroJbHUK UHTEPECYET
4eJI0Be4YeCTBO ThicsueneTusiMu. [ludarop pac-
cMmatpuBal ero kak A6comot IIpuposs! u Bblae-
i 10 Touek (puc. 4.10.3). Ka66ana craBmia 6
3anaTeiX U yetbipe OykBsl 1 (puc. 4.10.4).

Bce Mucrepun npoisioro u HaCTOSIIETO MbITa-
1o1cs Haiith Talinyro JlokTpuny Adcosarora. Ho
Hukakoi Taitbl, a TeM 6osee TaliHoii [lokTpu-
HBI, HET.

Ectb BosHa cBera E)c = 1, yactuna cera
mcC = | U 3JIEKTPOMAarHuTHas cpeJa MEeX1y HUMHU
- €olloc” = 1. OHu 1 hopMupyIOT IOITE AGCOmIOTa
(puc. 4.10.5).

B none AGcomnrora, 4to Obl TaM HU HaXOJH-
JOCh U Kakylo Obl (opMy OSHEPrHH Cpeibl HH
TpaHcpopmupoBan Obl CBET, 3P(PEKTUBHOCTH
B3aUMOJICHICTBUI CBETa OCTaHETCsl paBHOU Ps=10
(puc. 4.10.5).

Cser B mosne AOcomioTa IyJbCUpPYeT, CO3/a-
Basi umItyabchl pacmmpenus (k, = Toc/w, = 8) 1
cxatus (k. = Towo/c = 2).

Me:x 1y HUIMHM BO3HUKAeT PE30HAHCHO-aHTHPE-
30HAHCHOE M0JI€ ITyJIbCALUH.

ITyascanus AdcosoTa

Pesonanc AHTUpPE30HAHC
kC/kp kc‘kp kp/kc kp'kc ki - kcz kp+kc
+Y5 |16=T,*| 4=T, | =6 | =60 | = 10.

4.71)

Abcomot sBisiercst 3apoablieM Beero Bo
BcéMm, 1 yeTbipe MOIHBIX MOTOKA OrHsA npe-
JOTPEIEIISIOTCS YETHIPbMS IPAaHsIMH TUPAMUIbI
AobcomoTa (puc. 4.10.2; 4.71).
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JHepreTu4ecKMii NOTOK U3
Iupamuabl AGcosroTa

N S @)
6:60-10 _ .| Ea'=2,2)10

1T 41/2:16-4 B3aMMOJICHCTBHS.

Ouu npoHuK-
JIM B JKWJTHIIE
borosB u 0bI-
CTPO NPHUHEC-
Ju boros k
MOCTY, /e
doxar cTosI
¢ 3aHeCeHHOH
CTOIIO.

BzanmopaeicTBUs MPOHUKIIM B TI0JI€ APYIIbI
(>kunuia boros). B wactHoCTH, B 1I0JIe MarHuT-
HBIX CUJIOBBIX JTUHUMH (puc. 4.9).

B3aumopeiictBus (4.72) u mynbcauus mar-
HUTHBIX UMITYJIbCOB MEHSIET X JABUKCHHE Ha
MIPOTUBOIIOJIOKHOE:!

1
WHlg pipapspaps [ de =-u*.  (4.73)
0

MarHuTHbII UMITYJIbC, KaK OyMepaHr, AenaeTt
METJIIO ¥ BHOBB HeceTcs K 3apoabimeBomy Ily-

2 3bIpbKY (pHc. 4.9).
Ot Ero nynka A ®oxar x1€T ¢ 3aHeceHHou cronon. M3 ero
JIeTeJ I HC- nynka (3apozsiieBoro Ily3sipeka (puc. 4.9))
KPBI H He Jereju McKkpbl, TO €CTh 3IEKTPOMarHUTHBIE 3a-
3naa On, yro | PAAP! (4.70):
BCE OHH 00-

wq' =14°16"-10"10"1%, (4.74)
JIaJaJId MO-
6eccmepthbie Mckpel Beunoctu @opmel B Oec-
HIbI0, TIpe- :
cMepTUr Apynsl UMITYJIbCOB (4.70):

0/10J1€eBaI0-
lllel/l CaMy (“*)3(q*)7 = 143'167'10+100/10-100. (475)
CMepTh.
Bor npumiin Ho nogxons x 3apoasimesomy Ily3bipbKy B
Bce OHM, Born | HEApax MarMbl CryCTKOB BO3HUKAET PE30HAHC
Heba u npe- MEX/1y MarHUTHBIMHU 3apsaamMu (L) U UMIyJibca-
HCTOHEI], MU (L*), TpaeTopuu NMOJIETOB KOTOPBIX Tepece-
roBopsi Takme | KIOTCA (puc.4.9).

3 | ciioBa: "MbI [lepeceuenne MarHuTHBIX 3apsiIoB (+L) U

MOYTH MOTe-
PslJIN HALILY
CIIOCOOHOCTDH
K CO3aHHIO U
pa3pyLIeHHIO.

MarHUTHBIX UMITYJILCOB (+L*) BIeuéT 3a co00i
100 noryiomeHue GoToHOB, TMO0 B3aUMHOE
yHUYTOXKEeHUE (POTOH-POHOHOB, TUOO U3ITyUCHHE
(hOHOHOB.
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CbIHOBB
Maiiu cuioi
OTHSIJIM y HAC
MOIIb U MY/]I-
poctb'" (4.76).

Cobinbl Maiiu
[Mornomenue (—4)-(+u) —1080
dortonos (= *)-(+u*)
Heitrpamusa- | (-p)-(+p)- (1) () = | (470)
st 14*
Vnyaerme | (H47%) (Z4%) _ | jeso0
(oromos (=) (+ ) '

MuHuManbHOE YKCII0 COYETaHHM MPHU coyaa-
PEHUSAX MAarHUTHBIX UMITYJILCOB U 3apsiIOB PAaBHO
2ud:

41
CC=—" _=12=T, -7, 4.77

TO ecTh paBHO bubneiickomy uncay 12.

"Tbl, BeJIH-
KHui Opar,
J0JIKEH 3a-
Bepmuthb Ils-
ol Illar, Ho
KOI/Ja Thl OT-
JOXHeIIb OT
TPYAOB CBOMX
H CHOBA 3aHe-
cellb CBOKO
CTOMY /1JIfl
IlecToro
Ilara - orus-
Huchb! ToI Oy-
aemb oaquH".

KBanrt cBera ¢ MMOBCPXHOCTHBIM NOTCHIHUAJIOM
6 UMeeT BHYTPEHHEE T0JIE U3 MATH YPOBHEM:

pesonanc _ 1-2:3-4.5 120
aumupezonanc  1+2+3+4+5 15

=6,(4.78)

1 3apoabliieBblid [1y3bIpek ¢ HOMb-MMOTEHIIMATIOM:

IlepeMeHna HanpaBJieHUsI TBUKEHUS
B HeJpax siiep (KBaHT CBETa)

IToBepx- 3apo/bIIIIeBbIi
Bnyrpennee noie
HOCTb Ily3bIpex (4.79)
6 5041321 0

[laru ®oxata —
OI''IAHUCH <—
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[Tocne Toro, kak MoxaT OrJsiHyJIcs (CKaTHe
CMEHWJIOCH PACHIMPEHUEM), OH OCTAJICH OUH, TO
€CTb B ITOJIC MCKAY HOJIb-TIOTCHIHUAJIOM U CIUHH-
el (pacmmpeHue), Korjaa npu cxKaTuu myTh Jie-
xan ot 1 1o 0.

OtMeTuM >TOT BaxkHelmui 3akod Equnoro
Kocmoca:
- cxaTue popmupyer Xaoc:

0
j¢d¢=+l, (4.80)
1 2

- pacuipeHue NPUBOAUT K rapMonuu (4.79):

(4.81)

"Te, KOT0 ThI
ceiiyac noHo-
CUIllb, CTAHYT
boramu npe-
JKJe, YeM Thl
3aBepIINIIb
cBoii Ilecroii
Iar, a
0o0Jib1IE TEOe
CTOINbI He
MOJAHATD, HOO
Koabuo
Ilinamenu pa-
30MKHeTCS
nepea To060it
W JIMHUS
JKU3HU Oyner
nepepe3zana'’.

JaBnenue (Poxart) cxumaio (MOHOCHII0) 5-
bIii, 4-b1i1, 3-1ii U 2-0i1 yPOBHHU.

Ho BTOpO# ypOBEHB - 3TO B3aMMOAECHCTBHUS.
CnenoBatenbHo, boramu (MarHUTHBIMU UMITYJIb-
caMH) MOTJIU CTaTh KBaHTHI 3-€r0, 4-0T0 U 5-0T0
YpOBHEH, MyJIbCUPYIOIINE B PE30HAHCHO-
AHTUPE30HAHCHOM PEXUME:

DE30HaHC 3-4-5 _@:5, (4.82)

34445 12

aHmMupe3oOHanc

Otu [T Th MarHUTHBIX UMITYJIECOB

5u* = 51410 = 70-10%° (4.83)

dhopmupyrot cemepuuHocth Ennnoro Kocmoca,
Ho y ®oxara (naBnenue) B TeueHne Cemu Beu-
Hocreit (Cranna [ [1]) paGotsr He Oyer, Tak Kak
B "3apoapimieBoM [ly3pippke" OymryeT pacimpe-
HUE.
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XoTh U He
HCILYTaJicst
doxar, HO
3aHECEHHYI0
crony CBoro
OIYCTHJI HA
JaJILHUI 0e-
per Bpemenu
¢ MaJIOH cH-
JIOM.

IToka B 3aposimeBoM Ily3bipbke Ha poOTS-
xeHun Cemu Beunocreit (T +T = 7) Oymyet
paciivpeHre MarHUTHBIX UMITYJIbCOB (L*), TPY-
“KeHMK - PoxaT paboTaeT B 00JIaCTH MEXy HY-
ném (Xaoc) u equanneii (Fapmonus), Gopmupys
boxectsennyto Kynnanunu (4.82, 4.79):

1
cnupane cocamust -5 '[(0 dp=175/2, (4.84)
0

0
CRUpans pacuupenust - (TO + T)J. @ dp=-7/2.(4.85)

1

Bce nmorpy3su-
JIOCh BO TbMY.
JInna Cusio-
IUX ObLIN
CKPBITHI OT
BpaIAIOIIHAX-
ca Koaec. yx
CHOBa ''3a/1y-
maJjics''.

Pabora Benach B 00,1aCTH MOTJIOLIEHUS IO
naBJjenueM 6e3 uziayudenusi. [loatomy Bcé Ob1T1O
Bo ThMe. U cusiromme JIlnna Kynnanunm Obuiu
CKpbITHI OT KoJiec MArHUTHBIX UMIYJIbCOB (LL*).
Hactynuna nopa MEHATh HampaBlIeHUE JBIKE-
Hus. JlyX (MarHuTHBIE IMITYJIBCHI [L*) CHOBA
"3agymascs".
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CmaHua V [3]

CraHua BCKpBIBAET MEXAaHHU3M SHEPreTHYECKUX IPOLECCOB,
NpOoTEKaIKX B 3apoabiieBoM [Iy3ppbke MarHUTHOTO siipa KUBOTO
U HEXUBOTO, & TAK)KE MOKa3bIBA€T TH MPOLECCHl BO B3aHUMOCBSI3U C
TaKMMHU 3araJ0YHBIMH MOJIAMHU Kak A6comot u KyHnanunu.

1. PaccmaTpuBaeTcst HeyJjauHas MOMBITKA N30€KaTh MEPEMEHBI
HAIPABIIEHHOCTH TPOIIECcCa CKATHsI HAa pacIIMpeHue B o0yactu 3apo-
neieBoro I1y3eippka Henp marautHoTO sinpa (puc. 4.9, 4.64).

Jloka3piBaeTCsl B3aMMOCBSI3b PyIibl CokaTusi 1 ApyIibl pacuiupe-
Hus (4.65). [lomuepkuBaeTcs, 4To n30exaTh NEPEeMEHbI HapPaBIECHHO-
CTH TIPOLIECCOB (CKaTUsl Ha pacIIMpPEHUE, MOTIOUIEHUS Ha U3ITyYeHHE
U Tak janee) BOau3u 3apoabiiieBoro Ily3sippka Henb3s, U 3Ta nepe-
MEHA HAalpaBJICHHOCTH NPOLECCOB HMEET CBOK PE30HAHCHO-
AHTUPE30HAHCHYIO MOCTOSIHHY1O (4.68).

[TocrostHHass mepeMeHbl HaNpaBICHHOCTH MPOIECCOB BOIM3U
3apoapimeBoro [ly3pippka cipaBeiIBa Kak JJIsl HE)KUBOTO, TaK U IS
KUBOTO. B XKMBOM OHa 00BEIUHSET Mporecc KojaeOaHWs TEHOMOB H
dbopmupoBanus cyoOCTpyKTyp B OrokiieTke (4.68).

2. PaccmatpuBaercs nozie 3apoasimieBoro Ily3sippka. 910 mo-
ne Mucrepun Bcex BpemeH, Bkiouas [ludaropa u KabGbGany, pac-
cmaTpuBaiu kak Abcomot (puc. 4.10). Ha camom nene - 3to mose
BOJIHBI-YACTHUIbl CBETA U 3JIEKTPOMATHUTHOU Cpebl MEXAY HUMU BO
B3aMMOJCHCTBUSAX M  PE30HAHCHO-AHTUPE30HAHCHOM  IyJIbCALUU
(4.71), dopmupyroiiee Ha4aI0 B3aMMOJICHCTBUI Ha JTIOOOM SHEPTeTH-
geckoM ypoBHe (4.72). B3aumopeiicTBue Ha ypoBHE 3apOABIIIIEBOTO
[1y3bIpbKa NMPUBOJUT K MOSIBICHHUIO 3JEKTPOMArHUTHBIX moseit (4.74,
4.75).

3. Ha nonxone x 3aponasimeBomy Ily3sipeky B Henpax Pac-
miaB-PacTBopoB (B 3K30TE€pMHM - MarMa) BO3HHMKAeT CUTYalHsi, IPH
KOTOpOM 4acTh (POTOHOB MOIJIOMIAETCA, YACTh (DOHOHOB MU3JIydaeTcs, a
yacTb poToH-poHOHOB "HeWTpanusyerca" (4.76, 4.78).

[Ipooskenue cxxaTus siapa B 3TOM CUTyallMM MPUBOJIUT K U3-
JYYEHUIO0 MAarHUTHBIX UMITYJIbCOB B II0JI€ APYIIbI, a C)KaTHe CMEIaeT-
Csl B OKCTPEMaJIbHYI0 00J1aCTh JIF000H BOJIHBI, TO €CTh BO3HHUKAET KOH-
Typ Konebanus 051, hopmupyronwmii [[3uaH.

4. JIsman dopmupyet Bcé: KocmoreHnesuc, AHTpOIOTEHE3NC,
Teorenesuc,...popmupyer J[[3man u boxecrBennyto KyHnanuau
(4.84, 4.85).
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4.6 CtaHua VI
M3 Tbmbl BekoB. lNpeateya XpuctnaHcrtea

1. Tema u cyMepku eme oanoii Houm mMuHOBajIM.
Cronma MoryuecTBeHHOr0 BHOBb 3aHec/1ach, 1 CBouM ¢a-
kesoM OH ocBeTus Juna Cusiriomux. Jpivsmuecss Uckpbi
NpoOYAWINCH K KU3HU, OTBICKAJIM cocku Cypadxu u nu-
Tasicb MOJIOKOM ee, ObICTPO HaOpaau cuiay. Cesaras I'opa
npooyamwiace M U3 IIyOMH NOJHSUIMCH Oogbliue o0gaka
AbIMA, IJIAMS U TPOMOBbIE 3BYKH.

SBUaHCH NEeMOHBI NPEUCHOAHE M COTPSACAJH IO-
BepxHOCTbI0O TemHoil 3Be31bl, MOKA OHA BHOBbL HeE Mpe-
CTaJI1a B CBOEM MOJAJMHHOM rapMOHMYHOM BHJE.

2. Oopamasics k Cusiromemy Jiuny, Mepy KpuKHYJI
rpoMkKo: "YabIOHHMCh MHE U CHUMM JieJAsiIHbIe OKOBBI, OILy-
TaBlIMe MaJjible KMBbIE CYLIECTBAa, TaK, YTOObI OJeThbie B
HOBBIE ofexkabl UCKpBI 3acTaBUJIN KUBbIE CylIeCTBA pac-
TH, ¢ TeM 4T00bI CbhiHbI Malid CMOIJIM MUTATHCH UMH, KO-
r1a OHH BHOBb NPHUIAYT JA00MBATHLCH HCIHOJHEHUS] CBOUX
JKeJJaHui''.

3. 3arem npunuin [xuansl Yoxaunsl - [3B61 YeTBep-
Toro - Te, Koropbie norepnesnu Heynauy B Tperbem. Cka-
3aiu oHu Cusitomemy Jlumy: "Ilo3BoJib HAM 3aBeplIUTDH
HAII TPYJ TaM, I/ie Mbl MOTEPIEJN HeyAady: Mbl U3BJICKJIN
YPOK M3 HAIIUX Heyaad''.

3arem OHHM BOLILIM B Tejia, CO3JAaHHbIe AJs HuUX. OT-
ubl YerBeproro cramu HUx xe moromcrBom IlsaTtoro. Oum
B3f1JIM ce0e CynpyroB M TBOPWJIM B OITPOMHBIX KOJIMYeECT-
Bax. Ho uxX moTroMcTBO 3HAJI0 BCIO TSKECTh NperpeieHnu
oTHOB nepex boramu wiu 3HaJI0 MPUYMHBI, 0 KOTOPBIM
OHO BBIHYXKJACHO Npoxoauth ucnbiTanue Kapmoi. Ux pa-
3yM He ObLI CBOOOJEH. SIpOCTHOI M 0KeCTOYeHHOH ObLIa
ux Oopnda ¢ AyxaMu NpHUpPOAbI, 00JIa4YeHHbBIMH B HHU3IIHE
(¢opmbl, M ¢ feMOHaAMHM - X03eBaMu npeucnoaueii. Muoraa
OHM TepIeJId MOPaKeHne, a HHOI 1A OAePKUBAJIU Modexy.
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Onu kpuuyaam oOpaszam, kKoropbie OHH co3qa7H
CBOMMH COOCTBEHHBIMHM PYKaMH, W 3Be31aM, H TeM, KOro
Heab3s1 yBuAeTh: '"'Packpoiite Ham TaliHbl HAIMX OTLOB.
MbI cienbl, TJIyXu U IJIyNbl MO0 CPABHEHUIO ¢ HAIIMMU
Bparamu. Mbl mapum B TeMHOTe B momckax Caera, 3a-
skermero Oronb, ceiyac Tak ¢jado ropsimuii BHYTPH Hac.
MpI 3HaeM, 4YTO B YKPOMHBIX MecTax 3TOT CBeT ropur sip-
KO M CBETJIO, HO KaxKAbIi pa3, Koraa Mbl nmoadupaemMcs K
HeMYy, OH ucde3aer. U mocJie Toro, kKak Mbl nepecraemM BH-
aeTh caadbIid oTdgeck 3TOoro Ceera, TbMa Crymaercs emle
Oosbmie. Tak mycTh MBI Jiyullle yMpeM, YeM OyJaeM BeYHO
CTPAJAaTh OT IJI0XKYylIedl Hac 001 B HEYTOJIEHHOM KaxKae
Ttoro Ceera'".

4. 3arem mpoOyamjioch cocrpaganue B cepaue Mo-
rymecrseHnoro, Toro, Kro BeinyecTrBeHHO e3a1uT Ha be-
Jgoii Jlomaagu; 1 OH oTBeTHJ TakKUMHU cJIoBamu: "SI mouwiro
BaM cBoero CpiHa. OH Oyzer o0sayeH B Oroub M Oyaer
(paxkesiom, KoTOpbIH 3a%:KeT Oroub B Bamux cepauax. Or
3aKKEHHOr0 TaKMM 00pa3oM OrHsl HCTUHHBIN CBET 3acusi-
eT HaJa Bamu''.

IIpocTpaHcTBO MeXkAy BEPpXHUMHM M HUKHUMH BOJA-
MH He0eC OTBOPWIIOCH, U siBUJICA HekTo, MOryniecTBeHHbIH
U SIPKHUii, CJIOBHO coJiHIle. OH cTaj Ha o0palleHHoii BBepX
nayre TemHoi 3Be31bl U KOCHYJICS He3PSIYMX IJia3, ylIed u
ry0d Bcex IpocuTesieil, cCOOpaBIIMXCA TaM BHEThb, CJIbI-
aTh ¥ roBOpuTh ¢ Hum.

A ckazan On um: "5 mocaan, 4To0bI OBITH Gakenom,
KOTOPBIH 32:keT OroHb B BallIUX CepAlax, U sl OCTAHYCh C
BAMH /10 TeX nmop, noka CesmeHHblii CBeT He 3acHfAeT TAK
SIPKO, YTO KAXAbIii Bpar cTaHeT BUJEH BALLIMM IJIa3aM, HO
TOJBKO BbI Oyaere 00J1aiaTh CUJIOH, YTOObI YHHMUYTOXKHUTH
ero. Maure codepure Tonuso u passeaure Oroun'.
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5. OH rpomko no3saJj, u Beaunkasa Martb onycTuinach
BMecTe ¢ JIumukamu. OHU ocTyAMIn U CxaJIU OrHeHHbIe
HUckpol. Koraa B konue IIsiToro Hacrynmia g0Jrasi Ho4b,
10 Tpex, Uerbipex u IlaTuyrosibHbie ObLIM CKATHI U OTJIU-
Tl B lllecTu- 1 CemunyroJibHble.

Ilects CpiHoBeit doxara NpUILIHA, YTOOBI 3aKa-
JIUTh, YIULIOTHUTHh U HanmpaBuTth WX B ¢opmy, cooTBeTCT-
Bywouyw Uxaiism boros.

7. JiBe HOBBbIe IBepH OTBOpUWIHCH U3 KoHeuHOCTH B
beckoHeYHOCTD.

Scubiii Oenblii ayu bo:xkectBeHHoro CoJiHIIa CBeTHJI
CKBO3b TOJIBKO YTO OTKPbLIThI¢ ABEPH U HE PacceuBaAJICH.
IHoBepxHocTh KOoraa-Tto TemHoi 3Be31bl H3MEHMJIACH: OHA
cBeTuIach ApKuM cBetoM. Ee cnyrHuk KoJieca moitmasu
JUIIb PacCessHHbIE Jy4YHM, MOCKOJbKY OHH ObLIM IIOC-
JICATHMMH B ITOH I'OHKe.

8. Beaukasa Marb kpuxknyJja Beunomy: "5 Bce cae-
Jajaa 1jsa TBoero xoraa-ro orsepruyroro ceina. 1 Oun 0y-
JAeT NPABUTh MOUM IOTOMCTBOM, B TO BpeMs KakK sl Bep-
Hychb K TeOe'. U 3akpblinch BpaTa, OTACIMB BePXHUL MU
OT HUKHEI 0.

9. Cnycruica [Apaxkon Myapoctu, 1 ¢ HUM XO035IMH C
bpuiuinanroBoi Jymoii. CBoeil cOOCTBEHHOM 00:KeCTBEH-
HOI CYIIIHOCTHIO OHU 00bs1iM Gopmbl, co3nannble M Hux
- 1 00Jible He OblIM OHU ChiHaMu Maiin, a Ob1au ChliHa-
mu Bosn u Morn.

10. Hukakux npenssTcTBUH OoJibllie He OyJeT BO3-
ABUTaTbCA MEXKIAY KOHIOM M 0eCKOHEYHOCTBbIO, YTOOBI
IllecToe Moru10 Jerko nepeiitu B Ceabmoe.
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kk

Pacwudgpoeka CmaHubi VI [3]

Neo| Cnosa CraHnsl CMBICH BBIpaX)EHUI
TbMma u cy- [TpoaomKUTENBHOCTD - MHTEPBAJ MEPEXo/ia
MEpKH ellne oJIHOM (popMBI FHEpPrHH B Ipyryro. Bue Dueprun
onuoii Houn [IponoxkurensHoCcTH HET. [ToaTOMy Hpozlovnnq/[-
MHHOBAIN. TEJILHOCTb MOJKHO ONHCATE SHEPTETHYECKOH
smtopoit ['na3 [larma (puc. 4.11).
Jenb
accBeT
Cymepku
Puc. 4.11 Ilpooonxcumenvrocms 6 ouazpamme
Ihaz Jlaema
1 ITpoao/IKUTEIbHOCTH
=
2| £
Q 2 § ky= Toc/m,= 8
5 Q
(]
e
=
SR k,”= 64
S| 2 P
O | = (4.86)
=
2 | £
o | & | ke=T,m,/c=2
o | N =
=~ Q)
:
S| b | 2
/M S, 6
3 E k., = 64.
< =
A~ ~
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210 (4.86) 1aeT BO3MOKHOCTH ONPEICIIUTh
noteHuuansl Kocmuueckux CyTok:

Kocvnueckne Cyrkn
Houb: TeMa u | OT cymepek k | JleHb: paccBeT
CyMEpKU paccBeTy " CUSAHUC
H= A=H-= A=
6 k 2
“ : ke (4.87)
[odo | [odo | [pde
k, k, t
2046 30 2016.
Crona Mo- Mumnosano [Lste Houeii (4.82, 4.87):
rymecTBeH-
HOI0 BHOBb 5-H=5-2046 = 10230. (4.88)

3aHecJaach,
CBoumM daxke-
JoMm OH ocBe-
THJI JINLA
Cudmoimux.

Hagamoce cxartue B PE30HAHCHO-aHTUPE30-
HAaHCHOM DPEKHUME!:

Cxkatue nociie 5 Houeii (4.88)
5H/k.=159,84375
Hs'=10%(5-10")-9:
(8:107)(4:10%):
(3-107)(7-10):
(5:107) =
151200-107"2.
B »TOM mojie BO3HUKAET KOHTyp FpaBI/ITaI_II/I—
OHHO-3JIEKTPOMAarHUTHBIX KoJieOaHW, OcBela-
omux Juna Cugonmnx:

AHTHUpE30HaHC

(4.89)

Pe3onanc

1

151200(10" = p,)
1

1512-(10% = p, )’

151200102 =,/p,) &

wm 1512:10°S (4.90)
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B stom (4.90) mone mpoucxoauT nepexoa oT
JAIIbHOICUCTBYIOUINX AJIEKTPOMArHUTHBIX B3au-
MoJIeHCTBUH (P3) K KOPOTKOAECHCTBYIOLIUM
SJIEPHBIM (P4) B3aUMOACUCTBUAM. S ipa paauo-
AKTUBHBIX DJIEMEHTOB MPH JOCTHKCHUU KPUTH-
YECKHX MAcC 9K30TEPMHUYECKH B3PBIBAIOTCS
(simepHBIN B3pBIB); OMOIOTUYECKHUE SAPA - IH/0-
TepMHYecKH AeasTcs (MuTo3). BozHukaer
Kuzub (4.90).

JApiMsiuecs
Hckpsl npo-
OyIMJINCh K
JKU3HHU,

Mexay sAepHBIMHU H DJIEKTPOMarHUTHBIMH
B3aMMOJICHCTBUSIMHU BO3SHUKAET KOHTYp Kojeba-
Hus (4.90):

CBs3b AIePHBIX 1 MATHUTHBIX
B3aHMO/IeiiCTBHI B TOUKE 3apOKAeHUs

(1/151200=6,6:10%)/p3 S
P4/ 6,6:10,
p3ps 5 (6,6)107"°.

(4.91)

rae

OTBICKAJIM CO-
cku Cypadxu
U, NUTASACh
MOJIOKOM ee,
ObICTPO HAa-
Opasau cuiy.

B none (4.91) llecTepku - 3T0 MOTEHITUAIBI
noBepxHocTei. C MOBEPXHOCTAMHU KOHTAKTUPYET
BHYTPEHHUH CJIOU IOJIS ¢ MOTeHIManoM 5. Bos-
HukaeT cutyanus (4.32), Ho st 6,6 = 6+0,6:

Cocku-cocku Cypaoxu (4.32,4.91)

-1_[(5°-6),  (2=6)]
o) Mooy

(4.92)

0 cocku Cypabxu .

COCKU

Casaras I'opa
npooyamnJiach,
U U3 rJIyOuH
NOHSIJINCH
0osbLINE 00-
JIaKa JbIMa,
iamMs 4 rpo-
MOBBIE 3BYKH.

[lenHyto peakuuo B3auMOJEHCTBUN B HEXKHU-
BOM aToMe B popme p3ps (4.91) Mbl yxe noiry-
Y. JTO AepHbIN B3pbIB. O TOM, CKOJIBKO TaM
IbIMa, IUTAMEHU U TPoXoTa - yke u3BectHo. Ho

ecth eni¢ Cesarasi ['opa - 3To maccuB buosnoru-
yeckoi XKuznu (4.91, 4.92).

Oty Caryio I'opy ToXxe nbITatoTCst B30PBATh
PBIHOYHBIM N0AX010M K TanncrBam JIo0BH,
3a4aTHEM B MPOOUPKE U KIIOHUPOBAHUEM, TIPU
BCEIPOIICHYECTBE a0OPTOB.
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SIBnaucob ae-
MOHBI Ipenc-
NoJHeH U Cco-
TPACAJIH TO-
BEPXHOCTHIO
Temnoii 3Be3-
JbI, IOKA OHA
BHOBL HeE
npejacrajia B
CBOEM IIO/I-
JIMHHOM rap-
MOHHYHOM
BHJIE.

JIeMOHBI TPEUCIIOIHEN - 3TO MarHUTHBIE 3a-
psabl (1) 1 ummyabesl (FU*). CoTpsicanu B

PUTMHUKC ABUKCHUSA TOUCUHOI'O Y4aCTKa BOJIHBI
CBETa OT CyMepeK J10 paccBeTa (4.87):

MarauTHble reoKaTaKJIN3MbI:
npu4uHbI B 3akoHax Heap crycrkos

6?102«02 (—ﬂ)(-l-ﬂ)(—lu*)(]—]_ﬂ)z

(2-7)*-30

(4.93)
=30.7°.7/4=

Bnosb (4.93) Bo3HukaeT najabma. 13 mar-
HUTHOTO IOJIS MOSIBJISIFOTCS TPaBUTALIMOHHBIE U
3JIeKTpUUecKue 3apsabl. BoccranaBnuBaercs
paBHOBecue ¢ KocMocoM.

OoOpamasich K
Cusiromemy
Juuy, Mepy
KPUKHYJI
TPOMKO:
"YabIOHHCH
MHEe U CHUMH
JiesiHble
OKOBBI, OIY-
TaBIlIMe Ma-
Jible KUBbBIE
CylecTBa,

Ilo "mpunararenbHbIM" MOYKHO OIIPEEINUTD
norexnnuan Mepy:

I'pomko kpuuammii Mepy
Cusroniee "V 1pI0HUCH CHuMH neas-
JInmo mHe..." HBIE OKOBEI
MaruautHsie
NIy ThCh Jlens (4.87) | Dumorepmus | (4.94)
(-*F)(HU*) D =3263 -25=lg pip,
Mepy=(-u*)(-25)-32:63 =
Pesonanc p}é7(3y5)2(73 1)040.

Mepy ycnokanBaeTcs: M BXOAUT B aHTHpe-
30HAHCHBIN PeKUM

Mepy*(antupesonasc) — (2'+3%+5°+7°)-10% =
M* = 505-10%. (4.95)
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TaK, 4YTOObI
oJeTbie B HO-
Bbl€ O/1€K/IbI
Hckpsl 3a-
CTABUJIM KHU-
Bbl€ CyLIECT-
Ba pacTu,

IlosiBienue AYLINU KUBBIX CYIICCTB CBA3aHO C
HOBOH pe30HaHCHOM Bembiikol Mepy (4.95)

DopMHUpOBaHUE TYLIH KUBOI'O
AHTHPE30HAHC M* = 505-10* (4.96)
Pesonanc (5109510 = 52102 |
Jyma Ig 10% =42,

28

Puc. 4.12 Ceeuenue Tonkoii Snepeuu

Poct aTx (4.96) Menkux KUBBIX CYILIECTB
MPEAOTIPENLISIETCS CPEIOi: CBeYeHUeM OT re-
HepaTopa Tonkoit DHepruu (puc. 4.12).

TaK, 4YTOObI
oJeTbie B HO-
Bbl€ O/1€K/IbI
Hckpsl 3a-
CTABMJIM KHU-
Bbl€ CylIeCT-
Ba (4.96)

HoBsie onexapl U CyObEKT 00e8aHus — 3TO
"Ilentarpamma B Siiue" ([1, 2], puc. 4.12). 310
Cseuenne Kocmoca, KOTOpo€ Mbl, C IOMOIIbIO
AKCTPACEHCOB, BOCIIPOM3BENN Kak CBeUeHHeE Te-
Heparopa Tonkoi Duepruu ([5,6,7,8], puc.
4.12).

Ero cBoilicrTBa:

- yBenudenue [nogoBuroctu B Cemb pa3s;

- YHUUYTOKEHHE BUPYCOB - OJHOCTHIO, KPOME
Bupyca BUU-1 (CIT1/I), koTOpbIii yHHUTOXKAET-
cst Ha 19%.

pacru,

XKusble cymiecTBa (KpoMe napazuTHUPYIOIINX
Ha )KUBOM OaKTepHii) pacTyT B OTHOIIeHUH 7:1
nocie ooydeHust 3apoabimeii. [Ipuaem, Cre-
yerue (puc. 4.12) MoKeT 1elCTBOBAThH HETIO-




cpenctBeHHO (100%), MOKeT OT BUIEO3aNHICH
(75%), a moxer ot dotorpaduu (25%).

¢ TeM, YTOOBI
Ceinbsl Maiin
CMOI'JIA M-
TAThCS UMM,
KOI'Ja OHH
BHOBb NPHUIYT
J00MBATHCH
HCIIOJTHEHHS
CBOMX JKeJIa-

Hui''.

"O6omnouka" fitia ¢ [lerrarpammoit BHyTpH
(puc. 4.12), ecTb HE YTO UHOE, KaK 3apo/blIIIe-
BoIH [1y3bIpek (puc. 4.9), B Heapax koToporo
Bo3HUKIHU [IsiTepuunbie CBSI3H MEXKTy KOMIIO-
HeHTamu nosst. [losst, paBHOBECHOTO IO OTHO-
menuto k Enunomy Kocmocy.

B aTOoM paBHOBECHOM T0JIE TIEpEX0/1a TapMo-
HUYECKUX runepoomyeckux koiebanuii [14]:
2 2 2i
Chg-Sh'p=1=¢", (4.97)
BCTYIIA€T B CBOU IpaBa 3aKOH CryLleHUSI He-
0eCHBIX TeJ: NMPH CTrYLIEeHHH BOJIH COCTOSIHHE

pPaBHOBecHsI HACTyNaeT npu (POPpMUPOBAHUH
Mace (m,=€) OTHOCUTEJBLHOI0 MOKOS.

Maccbl OTHOCUTENBHOTO IOKOS B YCJIOBUSX
paBHOBECHS, TO €CTh BpalleHHe 10 KBAHTO-
BaHHBIM opOuTaM 0e3 3aTpaThbl COOCTBEHHOM
JHEPIMH, SBISIOTCA HOCUTENIMU "aTMocdepsnr”
¢ moteHnuayiom 21t (4.99).

[Totenuuan "atmocdepsl" odecreunBaeT:
- B3aUMOJCHUCTBHS, TaK KaK
2=1g pip2p3paps, (4.98)

- TpaHc(OpMaILUIO SHEPreTuyeckux (Gopm B
nossix TOHKOM DHEpruu co CKOPOCThIO, PaBHOM
L

- TpaHchOpMaIMIO PHEPreTHYECKUX (hopMm B
nosisix Marepuu co CKOPOCTBIO € = T.

***

Bparienne Macc OTHOCHTENBHOTO IOKOS T10
KBAaHTOBAaHHOM opOuTe, 00Jamaromei moTeHIya-
oM ¢ noctosiHHO# (1/0) Tonkoit CTPyKTYpBI
[22], cozmaer mumy Coinam Maiiu. Camoii 3a-
raJlOYHON JUTS HAIleH IUBWIU3AIMH (yHIaMEH-

TAJIbBHOW MOCTOsAHHOW. BckpeiBaro miist Bac, Jtro-
6e3HbIi YnuTaTenb, IpUpoy €€ MPOUCXOKICHHUS:
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IMocrosinnas Toukoit CTPyKTYpBI.
IIpupoaa npoucxoKaeHus

4.99
2 1 T,-1 . 3, L@
—= c-my==—me” =137+21-107.
a T,+1 5
3aTem npu- B Tpertseii 6bu11 beckocthbie (3.53, 3.55):
M JIXuanbl 12.02.32.42.52.62.72
Yoxanwl - /13- =57, (4.100)
28-30=1008
Bbl YeTBep-
toro - Te, Ko- | KOTOpbIE HA 3TOM 3Tarie MOIJU Obl GyHKIMOHH-
Topbie moTep- | POBaTk Kak Ilentarpamma B Siine (puc. 4.12);
nesu Heyaayy | CO3/1aBaTh CBEUCHHEM MO C NOTCHLHAIOM
B Tperbem 27 = ps-(e =m,), U ITUM YKPEIUIATh MaTepH-
Cxazany opn | &TPHYI0 KH3HB Beckoctabix KocTsamu.
Cusmomemy B Tpertbeii Obls1a TOHKOAHEPTETUYECKAS
Jluuy: "Tlo- Uxaiist - Paca (3.55). B HOBOI MOMNIBITKE COTBO-
3B0JIb HAM peHus MaTepualibHON Onosiornyeckoil XKusuu,
3aBepLINTD oOBbeauHeHHble yeunus beckocTHbIX 1 Uxaiis-
Ham Tpy.a Packl Moriii 1aTh OCHOBHBIC KOMITOHEHTHI JIJISI
3 TaM, 1€ MbI (dbopMUpOBaHUS OEIKOBBIX TEN - KHUAKYIO Cpeay
’ (Bozy) 1 000JI0UKH OpraHU3Ma, OPraHoB U CcyO-
fiorepnein CTPYKTYp OpTaHOB:
Hey/JAa4y: Mbl
H3BJICKJIH
YPOK W3 Ha- 000/104KH KOMIIOHEHT
mmx Heyaau" OpraHu3mMa ;KMBOIro
o becko- Bopna:
Uxaiis-Paca CTHBLC K kﬂk
3.55 o
(3.55) 3.53) | =1g00 [*10D)
Oneprus O06onouku:
Cymma | PazHocts RS Ky +ky=49
ki=3 |ko=24| ks=5" | k’k’=-49.

290




3atem Onn
BOIILIM B TeJIa,
CO31aHHbIE
g Hux. Ot-
bl YerBepTo-
ro cragu Ux
’Ke MOTOMCT-
BoM IlsiToro.
OHH B3JIH
cele cynmpyros
U TBOPWJIHN B
OTrPOMHBIX
KOJIMY€eCTBaX.
Ho ux norom-
CTBO 3HAJIO
BCIO TSIKECTh
nperpemeHnin
OTIIOB Nepes
Bboramu nimn
3HAJIO IPUYH-
Hbl, 110 KOTO-
PbIM OHO BbI-
HY’K/I€HO MpOo-
XOJUTh UCIbI-
Tanue Kapmoii

Cusroniee JIMo - MarHUTHBIE UMITYJIbCBI-
3apsibl (4.64) — mynbCUPYET B AHTUPE30HAHC-
HOM-pe30HaHCHOM (4.65) Tak e, kak beckocrt-

Hble u Uxaiis-Paca (4.101):

Iyascanum sKUAKUX cpe
B MarHuTHoMm noJe: (4.65,4.101)

K aHTHpE30HaHCY K pesonancy

BeckoctHbIE U

Cusromiee JIuito o
m 1t Yxaiig-Paca

Const,, = 1,029-10'
Const#* =18-10"°

1800 = k k,k,
52=k +k,+k,

(4.102)

_52:1,029

(18)

AHTHPE30HAHC

Const,, 10° =165,1481482

Consty+=10%(6-10")-5-(10")(4:10)-
(8:107)(10™*)(4:107)(8:10°°)-
(2:107):10° = 61440-10%.

Hx pa3ym He
ObLI1 cB00O-
neH. Sipoct-
HOI U 0Kec-
TOYEHHOM
ObLI1a NX
OopbOa ¢ ay-
XaMH NPHUpPO-
JbI, 00J1aYeH-
HBIMH B HU3-
mue ¢popmbl,
U C IeMOHAMHU
- X0351eBaMM
NMPeuCIoIHeH.

B sTom antupezonancuom (Consty) peso-
HaHCHOM (Constyx+) none (4.101) Bo3Hukaetr Mup

HAaCCKOMBIX:

Bo3HnKHOBEHHE HACEKOMbIX

Const. _ 61440-10% _
Const,, 1651481482
372,0296029-10*°=3720296029-10",

/i€ Iepexo/i K aHTUPE30HAHCY JaeT
COKpOBEeHHY10 COpPOKOBHHILY:

(3+7+2+0+2+9+6+0+2+9=40)-10"=
410" =T, pl" .

(4.103)
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Huorna oum
TepIeJu mo-
pakeHmue, a
HHOTA 0/1ep-
JKMBaJIH 10-
oemy.

***
9BOJHOL[I/I$I B MUPC HACCKOMBIX CO3JiaBaJia

HoBble ®opMmbl Hocureneit )Kuznu. Hacekombie
TepIeau NopaXeHUe MpU AHTUPE30HAHCE:

ki =410"+4-10"° = 8-10', (4.104)
Tak Kak nmoreHuuan 8 = Toc/m, — "oroupancs"
pacumpsitonieiicss BeeneHHOM.
Hacexombie oepxuBaiiv ToOS bl IPH PE30-
HaHce, 100 CBOMMU pyKaMH CO3/1aBajii buoopra-
HU3MBI, HIMCIOIINE JJICKTPUICCKHUE 3aPSI/IbI:

ky=4-10'4-10"=16-10""10"= q-ps. _ (4.105)

Onu Kpuyau
oOpa3am, KO-
Topbie OHU
co31aJam
CBOMMH C00-
CTBEHHBIMHU
pyxkamu, u
3Be3/1aM, H
TeM, KOT0
HeJIb3sl YBH-
aeTb: ""Pac-
Kkpoiite Ham
TallHbI HALIIKUX
oTIOB. MBI
cjienbl, TIIyXu
U TJIyNbI 110
CPaBHEHHIO C
HALLIMMH Bpa-
ramu. Mbl
HIAPUM B TeM-
HOTE B MONC-
kax CBera,
3a’Keriiero
Oronb, ceifuac
TaK ¢j1a0o0 ro-
PALIUIA BHYT-
pM Hac.

Kaxxnip1ii, K KOMy B3bIBJIM HACEKOMbIE, UMEET
CBOM MOTEHIIMAI, a, B KOHEUHOM CYeTe, 3TOT bor
HACEKOMBIX M Hall bor:

KomnonenTsl bora HacekoMbIX
O6pa3sbl, co3- Koro ne
JaHHBIE caMMMH | 3BE3Jbl: | YBHJIETH:
HaCEeKOMbIMHU 3apsabl UMITYJIb-
(4.104, 4.105) bl
4.106)
_k _ 16 P ¥ (
o =—==210"| a,=—u oy =—u
1 q q
o\, +a 270
CACTRIY R T
a, -, 7 Q,
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MpbI 3HaeM,
4YTO B YKPOM-
HBIX MecTax
3ToT CBeET ro-
PUT SIPKO U
CBETJI0, HO
KaXKIbIi pa3s,
KOI'/1a MBI
noadoupaemMcs
K HEMY, OH
ucue3zaer. U
nocJjie Toro,
KaK MBI Ile-
pecTaeM BH-
JeTh Caa0bIi
0T0JIeCK ITO-
ro Caera,
ThMa Cryuia-
eTcs elre
ooapme. Tak
MyCTh MbI
Jy4lie yM-
peM, uyem 0y-
JIeM BEYHO
CTpaaaThb OT
IJI0KYLIeH HAC
00/11 B HEYTO-
JICHHOI JKaiK-
ae 3Toro Cee-
Ta'".

Hacexomble 1 BO3HUKIIHNE B XOZ€ DBOJIIOLIAN
Hocurenn nHoBbix ®opm buonornyeckoit XKuzuu
BCTYNAalOT B mepuoj 0ops0bI 32 Pasym.

Pasym OHu MOTYT IIOJIy4HTH C IIOMOILBIO
Kynpanuau, noTeHunan KOTOpol paBeH:
6 = 7/2+5/2 = (7/2)*— (5/2)*.

KYHIlaJII/IHI/I IIOSIBJISICTCS B aHTI/Ip630HaHCHOM

niosie (4.106):

Vo x 6=12/7"x (107°+10™). (4.107)

Cget ucuesaet. Pazym He nosiBisiercs. Trma
crymaercsa emé Oonbiie. B Ttpexmepuom Ilpo-

ctpanctBe mpoHocutcs Cemb  Beunocreid
(Cranua I [1]):
B = (To+1)*Y™* 3 =7, (4.108)

Pa3zym poxnennbix HacekoMbIMHU, IEPEKUB
Cemb Beunocreit, moutu rotos (4.107, 4.108):

M = B-(1/01)-6 = 7°x12/7°-(107°+10%) =

12:(107%+10%. (4.109)

Ho cBera Her.

3aTem npooy-
AUJIOCH CO-
cTpajaHue B
cepaue Mo-
rylecTBeH-
HOTIO,

VY naweri nuBuinzaunn Cetaom Morymect-
BeHHOro 0b1i1 Xpucroc. Ero pacnsinu, a Hama
IOypb TakK IpU HAaC U ocTanack. [loaToMy nocMoT-
pHUM, XOTs Obl TEOPETUUECKH, KaK MOyMHETh. Co-
OepeM BceX y4aCTHUKOB IpoIiecca:

293




Toro, KT0 Be-
JJHYECTBEHHO
e31uT Ha be-
Joi Jlomaam;
1 OH oTBeTHI
TAKHMH CJI0-
Bamu: ""S
MOILII0 BaM
cBoero CoiHa.
Omn Oyzer 00-
JIayeH B
Oronb u Oyaer
(paxesiom, Ko-
TOPbIii 3a:K-
skeT OroHb B
BaIlIUX cep/-
max. Or 3axk-
sK€HHOro Ta-
KHMM 00pa3om
Orsst HICTUH-
HbIil CBeT 3a-
cusieT Haj
Bamu''.

SIBienune Xpucra Hapoay

Crpaxaymme
pa3yma (4.109)

Morymect-
BEHHBIN Ha
Bbenoii Jlomaan

ChIH MoryTIIe-
CTBEHHOT'O

uc. 4.4
421, puc. 4.4)| @ )
OHI0-3K30-
doron-
Tepmuueckue | Mzmyuenue
(hOHOHBI — aH-
KoJieOaHUsI B | KBAHTOM C Oe-
THUPE30HAHC; N
MOJIC COJIHEY- |JIOM MOBEPXHO-
[Ipononxu-
HOTO CBETa U | CThIO JIyHHOTO
TENBHOCTD B
CITa0bIX B3aH- cBeTa
pe3oHaHce N N
MOJIeHCTBHI
-36 +4 “—1— _
120107410 | p,515ps | AL = 2800

Asnenue—Tt(10°4+10")To(To+1)ps/pa=
12(107%+10%-2800 =
336-10%(107°+10%) =

336(107*+10°).

(4.110)

IIpocTpancTBO
MexKI1y Bepx-
HUMU U HUK-
HUMU BOJAMH
He0ec 0TBOpH-
JIOCh, U SIBWJI-
cst Hexro, Mo-
ryumect-
BEHHBIUA U
SAPKHUii, CJ10B-
HO COJIHIIE.

IIpoctpancTBo orBOpHIIoCh U1 KyHnanunu,
U B YCJIOBUSX LIUC-TPAHC-U30MEPUU PACKPOIOTCS
BopoTa rpasutauuu (4.110):

Bopota I'pasutanumn (4.110)

Asnenue  _ 336(107* +10°) _

Kynoanunu B

6

56 = -28+(-28) =
(28) - (-28)x(107*+10°).

(4.111)




OH cran Ha
oOpaleHHol
BBepX ayre
TemHoii 3Be3-
AbI M KOCHY.JI-
Csl He3pSIUMX
rJia3, yme u
ry0 Bcex npo-
cuTelie, co-
OpaBIIMXCS
TaM BH/I€Th,
CJABINATH U
TOBOPUTH C
Hum.

BosnukaroT Bopora rpaButaiuu (£28) u Hek-
TO C IOTEHIAAIOM (10'34+106) CTall MOJA MOJsp-
HbI (OOpallleHHBI BBEPX) BHUXPb MAarHUTHBIX
3apsigoB (4.111):

Henenue

Kynoanunu - Maznumnuvie 3apsidel
336(10 +10°)
6-(Tyu=4-14-107

(4.112)

) =10"" +10%.

Ocranucsh (4.112) Tos1bko POTOH-(OHOHBI U,
Ka3aJI0Ch, MOXKHO Bcliesl 3a ['ocrionom ckasars:
"Ila 6yner Ceet!" Ho stoT CBeT - aHTHpe30-
HaHCHBIN.

H ckazan On
um: "1 no-
CJIaH, YTOObI
ObITH (pake-
JIOM, KOTO-
PBIA 32%KeT
Oronb B Ba-
KX cepalax,
U 5l OCTaHYCh C
BaMH JI0 TeX
nop, noka
CBAlIeHHBIN
Caer He 3a-
cusieT Tak sip-
KO, YTO KaXK-
AbIHA Bpar cra-
HET BUJIeH
BalllM TIJia-
3aM, HO
TOJBKO Bbl
Oynere 00-
JajaaThb CH-
JOoi, 4TOOBI
YHUYTOKUTH
ero.

JronsMm mpencTouT mopaboTaTth Haj COOOM:
co0paTh TOMJIMBO — O3HAYAET C MOMOIIBIO Me-
TUTAMA TOMHAT, KyHTaauHH  cOOCTBEHHOTO
OpFaHI/ISMa, C TCM ‘-IT06LI HOJIy‘II/ITB CYMMyI

7/245/2 = 6+6 = (7/2) - (5/2)*=

12=1g 10" =1g ps. (4.113)

U ecnin y Mory1ecTBeHHOTo ObLIH KosieOa-
HUSA P2 5 1 5 ps (4.21), To y KaKAOTO U3 HAC
(xak y Ilogoomii bora) OymyT xKosie0anus TUIa:

lgp, S lgl1=05lgps. (4.114)

Ho nac muoro u Aypa Cormyma HachIIaeT
HOOC(epy 10 MOTeHIIhaIa

1g 10" — 10" — ps. (4.115)
B none (4.112) Bo3HUKAIOT KOJICOAHMS:
(10*+107% /10 50 5
10410 5 10710, (4.116)
105 10
e 10515 10%. (4.117)
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Hnure, code-

Hrak, bor Ob1 momMor Ham, MBI ObI IIOMOTJIU

4 | puTe TOILIHBO bory, u nmonyuwnu Pasym. A mbl uto ¢ boramu
H pasBeaure nenaem? Tamum Ha [onrody
Oroun''.
On rpomko Benukas Marb - Boga. Jlunuku - Meliciy.
nosBaJj v CoOepeM Mo3BaHHBIX.
Beaukas
Martsp omyc- IHoTeHnMaa MO3BAHHBIX
TIJIACh BMeCTe Bemukast
¢ JINIHKAMH. Mats OH (4.117) Jlnmuku
Onu ocTyauim 1=
M CKAJIH " / 1095 1510 5 (4.118)
OrueHHble H20°Ps/P2 - p* j(p do
Hckpsl. o

5 = 1800 3apsIbl | HMITYJIbChI 32'6:3[)*.

B stoMm (4.118) mosnie Boja pearupyer ¢ UM-
myJibcamu, a JIMMUKM (MBICTN) C 3apsiIaMH:

(32:63p*)*10" 5 1 5 101800,

199148544 S 1/18 S 10%. (4.119)

Ot10 anTUpe3oHaHcHoe noje (4.119), mynascu-
pysl, IEPEXOIUT B PE30HAHCHOE:

(1:10%)+(9:107)-(9:10°%-(1-10%)-(4-10%)(8-10%)-

(5:10%)-(4-10")(4-10% = 207360-10. (4.120)
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Koraa B xon-

Honras Hous SH = 10230 (4.88) npuBoauT K

e Isaroro PE30HAHCHOMY CXKATUIO:
HACTynuJia Hs*=1512-10" (4.89),
?X’gg;‘ﬂ HOHE, KoTopoe nedopmupyert nosie (4.120):
207360-10°%1512-107'°=31352832:10%. (4.121)
O10 (4.121) nose onsATh NEPEXOTUT B pe30-
HaHCHOE:
3-1-3-5-2-8:3-2:10%%10%" = 4328:10°, (4.122)
a 3aTeM BHOBb HACTYIaeT PE30HAHC:
432810 — 192:10°* — 18-10°—8-10°". (4.123)
Jlorapudm 3THx nonen GopMHUpyeT, HAIIPH-
Mep, NOTeHIHabl cBeueHus ToHkoi DHepruu
(Ig 10%*-10*" = 28+27 (puc. 4.12)), nosiBiIcHue
JEeCATEPUYHBIX PSIOB:
Ig 10°=55=1+2+3+4+5+6+7+8+9+10 =
1/7x(14243%4+4%+5%+67+7°+8%+97+107).(4.124)
D10 MICKpBI rpaBUTAIMOHHBIX U MAaTHUTHBIX
noseit. Ho ects u [lnams: 3aponbii sxuakux ¢a3
(18-10%%) u stanon pacumpenus BeeneHHoi
(8-10°h).
1O Tpex-, Ue- Peus naer ve o reomerpuueckom [Ipoctpan-
Thipex- u [Ia- | cTBS, a 00 n3MeHeHuu 3GEeKTUBHOCTH B3aUMO-
THYTOJIbHbIE JNEUCTBUHN IIPU NEPEXOAE OT TPEX-, YEThIPEX-, IIs-
GhIIM CKATELI 1 | THYDPOBHEBBIX CHCTEM K LICCTH- M CEMHYPOBHE-
OTJINTHI B BBIM.
Ilectu- u Ce-
MUYI'OJIbHbIE.
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YpoBeHb AHTH- | b oHanC
pe30HaHC
o .| Tpéx 0,222 2°10°
< 2| Yernpéx | 02222 | 2%10"° [4.125)
5 % Tlsu 022222 | 2°-10"°
= E| Hlecru | 0,222222 | 2°107
5 ° 5| Cemm [072222222] 2"10™.
Bosnaunkaer rpaBUTallMOHHAs IMOCTOSAHHAS:
20.27.107"-107 s
Constp =5 e > 10 rom o ~ 2107 (H126
U B TeueHue npoaomkurenbHoctu (T, +T) B mose
dororos 10" BosHuKaer MarHuTHBII 3apsi:
(T,+1)'10%Const p = 1410 = . (4.127)
lectrs Chi- dopmoii, cooTBeTcTByIOMICH Uxaiiam (Ton-
Hogeit @oxara | Kot Dueprun) boros, sBisercs Kynganunu ¢
NPHILLIH, YTO- MOTCHIIUAJIOM:
Ob1 3aKa- Kynmamuuu = 6 = 7/2+5/2 = (7/2)>-(5/2)%. (4.128
JUTH, yII-
JOTHUTL U [Toatomy cxatue Oynet npoucxoauts Ha Illec-
HANpaBUTL | TOM dHEPreTHIeCKoM ypoBHe (4.125) B peso-
I/IX B (l)OpMy, HAaHCHO-aHTHUPE30HAHCHOM PCIKUMC!
COOTBETCT- Cxartue Kynnaaunu (4.125)
Bylouyro K HOBOMY s 7. 5) 20007 =
YUxausm bo- AHTHUPE30- [ 2 " ZJ . (0,222222
6 | TOB. HAHCY 9,000009-2°-10"

[6:7z+52j.(9.(10-1). (4.129)
2 2

(10%)(10°)-(10
(10%)-(9:10°)-2°-10?'=
279210 =629 10"

K pe3onancy
¢dbopmupoBa-
HUS Ay1IU

B stom HOBOM pe3onance Kynnanunu (4.129)
nyia popMupyercs 3a cueT JorapuhMUISCKIX
koneGanmii Ig 10**= - 42, u comyTcTBYeT M0O5IB-
nenutro 0,81p-q:

6292102 /2816 =0,81p-q.  (4.130)
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/IBe HOBBIE
JABEPHU OTBO-
PWINCH U3
Koneunocru B
beckoneu-
HOCTb.

Bo3HuKIIa  TpaBHTAllMOHHAs  ITOCTOSHHAsS
(4.126) - momobue nBYyX JABeped LUC-TpaHC-
U30MEPHH:

Const p = 1072*- (-107%), (4.131)
B KOTOPBIX UMEIOT MECTO OBITH JIOTapuMHUe-
CKHEC BOJIHBI:

Kanan
MIPOBOJUMOCTH

KoneuHnocTs BeckoHeyHOCTE

(4.132)

1 S log.l = 0 5 log,0 = oo.

SlcHbIi OebIii
ay4 boxkecr-

Mopans Cranusl: Hocurens Pazyma nomxen,
kak u KocMoc, nmyibcupoBath B OMOJIOTHYECKOM

BE€HHOI'0 purme Jlenp-Houb.
Coanua cBe-
CobepeM nepevncIiIeHHBIX:
THJI CKBO3b
TOJIBKO YTO
OTKpBIThIE BOBGeHCHHeHY‘; ) OTKpbIThIC
KECTBCHHOTI™
ABEPH U HE C Bopota (4.17)
paccenBaJics. Sl (4.133)
AB=36ps /p,=3600| Constp =210
AB-Const p = 7200-10>* = 72-10™°,
Bot MbI 1 nipunim k sHepretuke 72 boros,
nourtaembix Kabo6anoii [20].
IosepxnocTh Temuas 3Be3aa - 3To Ta 3B€3/1a, KOTOpast 1Mo-
Koraa-To TJIOIIAET CBET, TO €CTh M3IIyYaeT Pa3sHOCTh JJINH
TeMHOH 3Be3' BO.HH, paBHym:
JbI U3MEHU-

JacChb: OHA CBC-
THWIACh APKHUM
CBETOM.

Ahas = 1/3600=2,(7)-10™. (4.134)
Pa3HocTh MJMH BOJIH, H3Jy4yaeMmbix Yep-
Hoil 3Be3moii, popmupyer cemepuunyro Ile-
PHOIMYHOCTH 00pa3oBaHusi macce (m,=e =2,7)
OTHOCUTEJIbHOT0 NMoKos (4.134):

Ay =2,(7)10" = (me=€)-0,(7):10”. (4.135)
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***
Ocsenienne YepHoil 3Be3/bl UEPE3 OTKPHITHIE

Bopora benbim boxecTtBeHHbIM CBETOM 3acTaB-
nsieT "cusTh eé 3aHOBO":

Alq5-AB-Const p = 1 /3600-7200-107" =
3600107 = AB/ py’. (4.136)

[osiBnsieTcst kBagpat 3pPeKTUBHOCTH sAep-
HBIX B3aUMOJEHUCTBUN. DOPMUPYIOTCS TEPMO-
sJIEpHbIE 3BE3/bI.

Ee cnyrHuK
KoJeca noii-
MAaJIH JIHIIb
paccesiHHbIE
JIy4H, 10-
CKOJIbKY OHH
OBLIM MmoC-
JIGAHUMHU B
3TOI roOHKe.

ATMocdepy Hall TepMOSAEPHBIMU 3BE31aMU
COCTaBIISIFOT BOJIHOBBIE TOJIS: (Y — oL — [3) -
nyuau + yaeTpaduonerossie (ot 1 /3600 no
4000A), ciekTpa co/IHe4HOro 6eJ10ro cBera
(o1 4000 10 7600A), a 3aTeM TIMHHBIEC HHPA-
KpacHbIE U PauoBOIHBI (HaunHas ¢ 7600A) u
JuiiHHBIE (4.13).

m+E
4000 7600 g
Tepmo- v,0,,B - AB - Koneca  Benukas
ANCpHaA Iy4u CIEKTP IorJ10- Iupa-
3Be3na  ymeTpa-  Ge;oro  IIEHMS  MHUIA B
¢uoner. cBeTa Kombie

4.13 Iloenowenue paccesiHHvlx 1yyet

[Tornomarscst B 3Tom (puc. 4.13) none Oyayt
Jy4U C IJIMHAMU BOJH OOJIbIIIE 7600A. [Iponecc
norJouieHus OyaeT CBSA3aH C MPOXOKIACHUEM
kombla (m.+Ey = 2/m):

7600A / (mc+Ey) = 2/m =

7600-m, = 3600A-T. (4.137)
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[Ipouecc cryuienns: BOTHOBBIX MOJIEH OMUCHI-
BaeTCs BEKTOP - AIMIOPOH Benmukoii [Tupamu bt
(puc. 4.13), momaab OCHOBaHUSI KOTOPOM BITH-
cana B kpyr-Koms1o S; = 2n(R=2) =4n, u

3600A-1/S, = 41 = 900A. (4.138)

Bue cryiienus octaHyTcs BOJIHBI ITTMHOIO
menee 900A, oHY ¥ HAYUHYT TBOPUTH - CHAYasIa
CIIEKTp CBeTa!

AK - AD = 1400A — 500A = 900A, (4.139)
a motoM (9+0) n XKuzHs.

Bemikast Benaukas Marts - 5to Kynnanunu B )Kuakon
Marb kpuk- ¢aze (4.139):
HyJ1a BeuyHo-
my: "SI Bee B.M. = 62910
cesiaaa st = (18 = Mm,0)-2>3*10™. (4.140)
TBoero xo-
r1a-To OT- OtBepruyThlii ChIH - U3JIy4€HUE OT TEPMO-
BEPrHYTOro anepHbIx 3Be3n (4.136, puc. 4.13):
CbIHa. 0.C.=AB /ps* = 3600-107*, (4.141)
N On Oyaer K
NpaBUTh MO- Iepexon BM.— O.C,, rze:
UM IIOTOMCT-
—28
BOM, K= 0C. _ 36(5)0 310 = 1 10%=
BM. 18-2°-3°-10 16-27
0,0023148148:10'°. (4.142)

[IpaBnenne peanu3yercsi B HAOIIOJCHUU Tie-
pexoma antupe3onanca (4.142) B pe3oHaHC
(K — K*):

K*=(10")-(10?)-(2:10°)«(3-10%)-(1-10”):

(4-10%)-(8-107)-(1-10™®)-(4:10°)-(8-10™'%)

=3072-10"°. (4.143

3aTrem BO3HHUKHYT emé JABa KBAHTOBAHHBIX
COCTOSIHHA:
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K** = (3-10%)-(10%)(7-10')(2:10°)-10 =
42:10%10° =42-10, (4.144)

K*#% = (4-10")-(2-10°)-10% = 8-10™*. (4.145)

[TosiBuTCs nymia (moreHuuan 42) B porapud-
MHYECKH-BOMHOBOIT 06omouke (Ig 107 =—49) u
TeIo, GYHKIMOHHUPYIOIIEEe C 3aKOHAMH PaCIIt-
penus Beenennoii (8 = Toc/m,), a Takke Yakpa
Tpernii [nas (Ig 10* = 48), rue 4800A, rpanuna
paszena cuHeil u rosry0oii obnacteil criekTpa
(4.144, 4.145).

B TO BpeMmsl,
KAK 51 BEpHYCh
K Teo0e".

OH - MoryumecrBennbiii Ha Besoii Jlomaan
C MOTEHIMAIOM P2 S 1 5 ps (4.21).

Omna - Beankas MaThb ¢ IOTEHIIUAIOM BOIbI
u Kynnanuau (4.140).

I/I, KoTraa B3pOCJIbIC U ACTHU MMUIITYT:

Cama + Mama = J[ro00Bb, TO OHH OIUCHIBA-
IOT TOJBKO AaHTHUPE30HAHCHYI0 KOMIIOHEHTY
JItoOBH, a e€ pezonancHyto yacth (CamryxMarry)
YIIyCKaIOT, Pa304apOBBIBAIOTCS U PA3BOISTCA.

CmoTpuTe, Kak HaJIo UCATh:

Ona—-0On _6-2°-9°-10% —(p, &1 p,)

= .(4.146
OnxOna (p, &1 p)-6-2°-97-107 ( )

N 3axpbuiuch
BpAara, OT/1e/IUB
BEPXHUII MUP
OT HMZKHETO.

Tenepb CIOKONHO AOKIUTECH ABYX HYJICH:
pz S1 s ps,
05 1-p25ps—pa
0505 ps—p2—1+p2=10-1=9, (4.147)

u Hecute (9+0) B Bamm cemeitHbie OTHOIICHUS

(4.146):
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Ona—0On _6:2°-9°-10% —(9+0) _
OnxOna (9+0)-6-2°-9%.107

4
910.[1_;925} (4.148)

B stom nosne (4.148) Bo3HMKAET aHTUPE30-
HAaHCHBIN ITOTEHIIAA:

k=1/(62%=0,0052083333-10", (4.149)
KOTOPBII OyJIeT epexoJUTh B PE30HAHCHBIE:

k*=10"102(5-10%)-(2:10%)-10(8-10)-
(3-107)(3:10®):(3:107)-(3-10%)-10% =
648-10™"? = 648/ps; (4.150)

k** = (6:10%)(4-10")-(8:10°-10"2 = 192:107; (4.151)
k*** = (10%)(9:10")(2:10%):107 = 18:10%; (4.152)
kerx = (101)-(8:10%)10°= 8:107.  (4.153)

Bosnukarot Yetsipe [Toms (4.150+4.153), ¢
KOTOPBIMU CTAJTKUBAIUCH U KOTOPBIE MBITATUCH
MOHATH Bce MUCTUKH Halel uuBuian3anuu [20].
Ho s moka mory coobmuthk Bam o HUX ciiemyro-
1ee:

1. B mosne k* (4.150), o6nanaromiem 31ek-
TPOMAarHUTHBIMHU B3aUMOJIEUCTBUSAMU, PE30-
HAHCHOE CIIMSHUE CYOCTPYKTYp MaTEPUHCKOM
orokierku (9+0)° IPOUCXOLHUT B TADMOHMIH C
KocMmuueckum pacumpenuem BeeneHHoR:

I"'apmonus OuokjeTkn u Beenennon

k* = 648:10™"% = (9+0)*(Toc/0o = 8) /ps.

(4.154)

2. Bropoii ypoBeHb 3HEPreTUYECKOTr0 MOJIs
(4.151) siBsieTCSA NCTOYHUKOM IHEPTETUYECKOTO
BUXPS C IEPUOANYHOCTHIO - [IpogomkurensHo-
cteio Ty T =12:
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N3nyuartenns BooOpaxkenust
U OHOTOKA

K% =192.107 = (4.155)

16:12:10” = q'q* To1-10”.

3. Tperuit yposensb (4.155) bubnus onuce-
BaeT Tak: "M packpsbuincs Xusaou HedecHbie'.

To, 4TO BO3HHMKIIA BOJA - PABUIILHO, HO OHA
ciykuT He Toibko i IloToma, Ho u st 3apo-
xneaus Kn3an:

Bopna un 3apoxaenne ’Kusnu B Heil

k*** = 18-10° = Mum,0-10°.

(4.156)

4. YerBepTslil ypoBeHb KOCMUYECKOTO MOJIA -
3TO cama paciuupsitouasics Beenennasi:

Pacumpsiromasicsa Beesiennasi

k**xx 8.107 = Toc/w, 107,

(4.157)

*
%%

Bupure, B 3Tux (4.154 + 4.157) nonsix HeT u
Hukorna He Obuto Hukakoit MUCTHKH U 4ep-
ToBIMHbI. He Obuto u Taiinbix JdoxkTpun. He
nyraiite Camry + Mamy. Hebeca mynbcupyroT ¢
yactotoii v = 1/8 = 0,125 = 53-10'3, OTHaEIssI
BEPXHUI MHUP OT HMKHEro. OTo 3ak0H ExmHoro
Kocmoca. Takoi ke 3akoH, Kak 1 To, uTo Carra
+ Mama cranyTt moasmu Bonu u Horu, ecan
oyayrt ¢ Hamu.
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Cnycrmiics
Apaxon Myn-
POCTH U ¢ HUM
Xo0351H ¢
bpuiinanro-
Boii /lymoii.

Hpaxon Mynpoctu - Boobpaxenue (q*); Xo-
3stuH ¢ bpuinuantoBoit ymioii - [lamars um-
MyJIECOB L* B BUXpE C MEPUOANIHOCTHIO T, T.
Cnycruncs, co3gall cpeay CxaTusi OT SJHEPIUU
CKaTUA (26) JI0 UMITYJIbCA PACILIUPEHHUS (23):

HEq

T,

* %8
£ [pdp
OT 64

16-14

12

———-32:63-10" =

37632:10%

(4.158)

Caoeii co0cT-
BE€HHOMH 00-
JKeCTBEHHOH
CYIIHOCTHI0
OHH 00bSIH
(popmbl, co3-
JIAHHBIE 1151
Hux, u 6osb111e
He ObLIH OHH
CbiHaMu
Maiiun, a ObLIH
Cobinamu Boom
u Yorn.

dopmel, KoTOpbIe 3aHsTH BoobOpaxkenue (q*)
u [amsats (U*), (4.158) - 31O HElipoH B cepoM
BelllecTBe IoJI0BHOro Mo3ra. Helipon co3nan
aas uux: Meicnu (p*), [Tamaru (U*), BooOpa-
weHus(q*).

*
%%

B none HelipoHa BO3HUKAIOT pe30HAHCHBIE
koneOanus (4.158):

MomHocTh HelipoHa B Pacax
Oran IToTenmuan Pacher
1 H=37632-10" Pactenns
H*=(3-10%)(7-10%)- .
(6:10%)-(3-10")-(2:10°)- | -BAmLeH-
2 40" 50~ |Hbie XKu-
10 _7§é:13(6)530 - BOTHBIE
CBhIHEBI
H**:(7102)(5101) Maiin:
Many-
31 (610%107=21-10% |
TCJINU
H***=(2-10')-1-10% =
4 2.1054 Jroqu
BUOJ'II/II/I
Uso- | v \/5 27 \/5 27| Horm.
wepns [H***=+2 1074210

(4.159)
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9 Mei - Coiabl Maiin - Many-Msicaurenu. JIro-
1 Bomu 1 Moru - namu IMotomku. TToxenaem
HM ycnexos!
H“Kakmf npe- [epexox ot Lllectoro k CeapmMomy TpeOyeT
IATCTBHH 3arparhl sHepruu (4.125):
0oJIb1LIE HE OY-
7 28
JI€T BO3/IBH- k, = Ceodvmoe _ 26 .10_21 =2.107. (4.160)
rarbCcs Mex- Llecmoe 2°-10
Ay KOHLIOM U
beckoneuHo- DopMHUPOBAHUE YIHEPTETUUECKON EMKOCTH
CTBIO0, YTOOBI HeifpoHa 3a cueT aKKyMyJIMPOBAHHS MarHUTO-
IllecToe MOIJIO | 5 erpyueckux UMITYIIBCOB (q* 1 [L*) IpOTEKAET
JIETKO NePEHTH | g pe30HaHCHO-aHTHPE30HAHCHOM PEKIME U H3-
B Cenbmoe Jy4aeTcsl Kak 1oJjie ¢ 00paTHBIM MOTCHIIUAIOM:
(4.116)
Konedanus Boodpakenns
u [lamsitu B Helipone
N3nyuenue Ilormomenue
sk % % %
ksz%: k":q:_'u*
10 q*+u 4K (4.161)
(16-14/30 = 5 3x 1 102
1/3x8x28)-10°° |~ 7§28

MaxkcuManbHBIN NOTEHIINAT:
K =k;kg/ko =2:107-kg* =
2/9%64x28%10°°,

Ho u stot (4.161) MakcUManbHBIM OTEHIIUAT
MeHbIlIe 3Hepruu HelipoHa YenoBeka Bonu u
Woru (4.149):

H***  2.10%
2

K 5-64-282-10”

5,97895408:10%°. (4.162)

[Iperpan k CenpbMoMy HeT.
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CmaHnua VI [3]

1. OnuceiBarOTCS 3aKOHOMEPHOCTU 4depenoBanus [Ipo-
JOJDKUTEIIBHOCTEN B IPOLIECCAaX HW3IYUYEHHUS-TIOTJIOMIECHUS U
00JacTH dHepreTudeckoro nepexona mexay Humu (Kocmuye-
ckue cyTku (puc. 4.11, 4.86)).

PaccmarpuBaercss pe30HaHCHO-AHTUPE30HAHCHAS ITyJIb-
calMsi B 00JACTH KPUTHUYECKUX [aBICHHUM, NPUBOJAIIUX K
SAJIEPHOMY B3pbIBY (HEKHUBOE) U OHOJIOTHYECKOMY B3PBIBY
ABOJIIOIIMOHHOTO Tepexo/ia B )kuBoe (4.89).

BcekpeiBaercst mexaHu3M 3K30 (s€pHbIN) - 3HA0 (OHO-
JIOTUYECKNN) TEPMUYECKUX B3pBIBOB )KMBOr0 U HEKHUBOI'O KaK
PE30HAHCHBIM KOHTAKT JAJBHOJIEHUCTBYIOLIErO AJIEKTpOMar-
HUTHOTO (M TPABHTAIMOHHOTO IIPH P3 = P1 ) ¥ KOPOTKOACHCT-
BYIOILIETO SI/IEPHOTO B3auMojencTuil (4.91).

[Toka3aHO, 4TO PHEPreTUyYecKas CUCTEMA YKUBOIO, BbI-
BEJICHHAas1 B3pbIBOM M3 COCTOSIHMSI PaBHOBECHS, MOXET CaMo-
BOoccTaHaBiIuBatThea (4.92). SnepHble B3pbIBBI HEXKUBOTO - Ca-
MU HE BOCCTaHaBJIMBarOTCA. OHU MOTrYT BOCCTAaHABIMBATHCS
Tonpko kuBbIM M Camoit JKusnpro. IlosToMy 3a peuieHue
Tpymsna ("Otma" - mpesumenta CIIIA) cOpocuTh aToMHYIO
O6oMOy Ha SnoHuto OyayT MOJITO paciyiadyuBaThCs enié He Po-
nuBiIMecs nokosienus. Onu OyayT HepoymeBath: "B uem rpe-
xu oTHOB?" OTBEUar: B IypOCTH M HAIVIOCTH KalUTAIA3MA U
ero [loo6ust rocy1apcTBEHHOr0 KanmUuTAJINU3MAa, HA3BAHHOTO
B CCCP - coumaanzmom.

Karakin3mel B siipax *UBBIX U HEXKUBBIX CTYCTKOB BO3-
HUKAIOT EPUOANYECKH U BBI3BAHBl SHEPTE€TUYECKUM ITOTOKOM
MarHuTHbBIX Buxpen u3 Heap Snep (4.93).

OtBeprasg ToHKyI0 DHEpPrui0 MAarHUTHBIX UMITYJIbCOB,
KaK Npe3peHHy0 MeTtapu3nKy, Mbl HE MOYKEM 3aMEpUTh Mar-
HUTHBIN NOTOK W3 Henp 3emnu. He moxkem mporHo3upoBaTh
3emuterpsicenus (4.93). Tak uro g aypakoB - rudeanb Ilom-
neu neno oosraHoe. Ho mopa 6e3 gypaxos. ..

2. ®opmupyercs NATEPUYHAS PE30HAHCHO-AHTHPE30-
HaHCHas cBs3b (4.94, 4.95). Jlorapupmuueckue KosiaedaHus B
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nose pesonanca cMemaror Tperuii ['nas or 4800A B snekrpu-
yeckoM 1oje [5,6] B 06macTs BonHbl uHOI0 42004, HO yxe B
MarHuTHOM moJie [6,7,8]. Bo3HMKaeT MarHuTHBIM KBAHT C MO-
TeHuuaiom 42 ((nyma), 4.96).

Hyma nynscupyer B Tene Omo-Kuznu, kak Ilenra-
rpamma B Sliine ([1], puc. 4.12).

[lynbcamus gymu, co3gaBas runepooandeckue Kojaeda-
HUS U TpaHCPOPMUPYS X B MacChl (M,=€) OTHOCUTEIHHOTO
nokos (4.97), co3naeT mOCTOSSHHBIE TOHKOW CTPYKTYpHI (4.99).

[TocTositnHast Toukoit CTpyKTYpbl — HOCUTEIb KaJOpHUA-
HOM muIu, KoTopyto mo0saT CeiHbl Maiin.

3. Haumnaercs 3BomrounoHHas OopnbOa 3a Teno u Pa-
3yM.

Boprba 3a Teno mpoxoauT B YCIOBUSX UCIOJIB30BAHUS
cyOcTaHUUi, KOTOpble ObUIM MOTy4YeHbl MpH (GOPMUPOBAHUHU
Tpetneii Pacbl. 310 beckoctunie u Uxaits Paca (3.53, 3.55),
KOTOPbIE MOJBEPTatOTCsl BO3ACHCTBUIO MArHUTHOTO MOJIS 3eM-
JIU: 3apsiIoB U UMITYJIbCOB (4.102).

[Tog BO3AECMCTBHEM STHUX H3IYUYECHH BOJHOBBIE MOJIS
CrylarTcs. Bo3HukaeT macca OTHOCUTEIBHOIO IMOKOS C IO-
crositHHON Tonkoit CTpykTypsl (4.99). V beckocTHBIX BO3HU-
katoT koctu (4.101). IlosBisroTCA HaceKoMble. DBOJIIOLUSA
dbopMupyeT MHOXKECTBEHHOCTh Apyrux @Popm Hocurenei
Kuznu, Ho... 6e3 pa3zyma.

OnHako, MepBbIM LIAr K COTBOpeHMIO Paszyma yxe crue-
JIaH CaMHM TOSIBIICHUEM HACEKOMBIX, TO €CTh MEJIKUX >KHUBOT-
HBIX, BO Bcex cpenax 3emuu (4.103).

3emist IOpoM MX CTpsAxuBajia co coero juna (4.104),
Mopoi oHU ojepxuBayiu 1odes! (4.105) u TBOPUIU, TBOPUIU
BCE HOBBIE U HOBbIE CyIIHOCTH, JIMIIEHHbIE Pazyma.

Ho Bce numennsie Pazyma He Moriu u3bexarb o0myue-
HUS CBETOM — DKBHUBaJeHTOM boxxecTtBeHHOW KyHnanuHu
(4.106+4.108).

Onnako, CBetunpHuk Pazyma He BenbixmBan boxect-
BeHHBIM orHeM BooOpaxkenus (4.109).
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4. Kocmuueckne cuisl MorymectBeHHOro benoro
KBanra (4.21, puc. 4.4) u ero nynHoe uznydenue (puc. 4.4)
MOCIENININ Ha MOMOIIb cTpaxaymuMm (4.109). JlyHHbie U3ity-
YEeHUs CO3JaM B CEPOM BELIECTBE IOJIOBHOI'O MO3ra IyJIbCH-
pytoiyto rpaBurtaruio (4.111, 4.112), a nynbcanus ceporo
BelecTBa u3nydana ToHkue DHepruu (HOTOHOB, KOTOPHIE C
neprHoguaHOCTBIO (-To)*S(+T,)* hOPMHPOBATIH 3apsbl U HM-
MyJIbCHI B TI0JIe cBeTa (4.116):

+T,210"=+q 5 +T, = +q* = +T,> 10, (4.163)

[TosiBmitoch BoobOpakenue.

5. OnuceiBaercs popmupoBanue TOHKUMU DHEPrusimMH,
B TOM uucie OHeprued Mpiciu B xuakou cpene (4.118),
HSHEPreTUYECKUX YPOBHEU, KOTOPHIE SIBJISIIOTCS COCTaBHBIMU U
OCHOBHBIMHU KOoMITIOHeHTaMu Bcenennoit (4.123).

[TokazaHo, Kak HA OCHOBE PE30HAHCHO-AaHTHUPE30HACHBIX
MEepPEeXo0JIOB C YPOBHS Ha ypoBeHb (4.125) cHauana dhopmupy-
€TCsl rpaBUTAIIMOHHAs MOcTosiHHas (4.126), a 3aTem »jemMeH-
TapHbIA MarHUTHBIN 3apsia (4.127).

6. O0bsacuserca nepexon Kynmanuuu kak bokecTBeH-
Hoit ®opmbl Tonkoi DHepruum u3 coctostHus 5/2+7/2 x co-
CTOSIHHIO CTAOMJIBHBIX KOJICOAHUH:

(7/2)* = (52)* S (7/2+5/2)(7/2-5/2)

B 00beMax (hU3UIECKUX TEIl.

[Toka3piBaeTcsi, 4TO Ha ypOBHE ITOrO mepexona B (u-
3MOJIOTUYECKOM JKHBOM Telie (OpMHPYETCS OMOTOK CHIIOO
0,81 p-q (4.131), a B Heapax (PU3MOIOTHYECKOIO CTyCTKA HKH-
BOro (opMupyercs 3apoasim AymmM ¢ moteHmmaiom 107
(4.129).

7. 1 B koneunom (Pyma), u B beckoneunom (Apyma)
Ennneiii KocMoc 1 Bce €ro KOMINOHEHTBI NYJIbLCUPYIOT, U3ITY-
Yas-ToryIonas, CKUMasiCh-pacIIupsisiCh, TMEPEXOAsl C OpOUTHI
Ha OpOUTY, MEHSS TTOJTIOCA U Tak aajee. Bee aTu GeckoHeUHBIC
@opwmsl [[BHKEHUS €CTh Bapyalyy Ha TEMY IyJIbCALMHU.

VYBenrueHne MHTEHCUBHOCTHU MyJIbCAllUM MPUBOJIUT K
LEMHBIM PEaKIUsIM TEPMOSIEPHBIX TIpoiieccoB (4.136).
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Bo3HuKkaoT B3pBIBBI U CTYCTKU TEPMOSJIEPHBIX 3BE3]I
(puc. 4.13). 3Be3n, uzayvamomux v, o, B - ayuu, ynsrpaduose-
TOBbIE MOTOKH, COJIHEUHBIN CBET, MH(GpaKpacHbIE U PaTUOU3-
nyuenus (4.13). Ognako cama 3Be3/1a, KaK U Hallla HayKa, MO-
KET OTJIOBHUTH TOJBKO WH(GpPAKpaCHOE W PAAUOUIYYCHUE U
CTYCTUTh UX B Iponopuusx Beiaukon [Tupamunet (4.13). Hama
IMBWIM3ALMS U TOTO MEHBIIE: CTYHIAeT A0 3BYyKa PajuoBOJI-
HbI, @ BOJH C 0o0Jyiee BBHICOKMMH YacTOTaMHu (3JEKTPUYECTBO)
nepesaer no MnpoBOJaM M TPAHCPOPMUPYET UX C MOMOIIBIO
CXEM, apXUTEKTypa KOTOPBIX JUKTYETCS I1IEJICBBIM MpEIHA3HA-
YEHUEM.

Ho Hama Hayka HacTOJIBKO JypHa II00aJbHBIM HENpPHU-
arueM Tonkux Onepruii, uro Bce leapsie Japsl Kocmoca
(4.137+4.139) ne nna Heé, He 111 Penuruii, He 111 COBpEMEH-
Horo Coiyma 3emiil, B KOTOPOM BCTPEUYAIOTCS MHOTHE XO-
poire Apy3bsa-ToBapuiy (6€3 TOCmom), U JaKe JTOUMBIE.

8. Konrakt Benukoit Marepu (Tonkoit Dneprun Kyn-
nanvuau B Kunkux cpenax) u OrBepruyrtoro CeiHa (M3myue-
HUM TepMosiepHbIx 3Be3a (puc. 4.13)) npUBOIUT K TOMY, YTO
MOJIYYMBIIME Pa3yM IMOJIyYaroT 1ylly B o0onouke Tena (4.143,
4.144).

[TosiBnsrorest Aeru Cosnna, To ectb Hocurenu Pazyma,
’KU3Hb KOTOPBIX CBsI3aHa C BOJIOM U (DOTOCUHTE30M, HO U C Ma-
TepuanibHON nuiei. [losBistorcs B OECKOHEUHOM IMKIE KO-
HEYHOM TpaHChOpMAaIU OTHOM (POPMBI FJHEPTUU B APYTYIO.

B GeckoneyHom mnwmkie tpaHchopmaruii ogHUX (GopMm
sHepruu B Jpyrue KyHpajamHu TO BBIPBIBAETCS 3a MPEIEIb
Pynb1 (Oopmel) B Apyny (BHE POpMBI), TO BO3BpAIAETCs Ha-
3aa. llynecamms Kynpaaumau wHuiuupyer MoryuiecrBeH-
Hble B3auMozeicTBus P, S 1 S ps (4.21). BzaumoneiicTsus B
BOJIe AatoT Hauano JKuznu (4.146+4.148).

Bo3uuknoBenune xuBoro Hocurens Pazyma CosHeuHno-
ro Yenoseka (Many-MblcJanTesis1) POUCXOAUT HE cpazy, a
MyTEM 4YeThIpeX Pe30HAHCHBIX MepPexoa0B, KOTopble MucTu-
KU BBIJICIWIM B OTJICJIbHBIC MOJISA, U TSAHYTCA K HUM ThICS4e-
JIETUSIMHU.
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Ho B 3Tux nonsx TaliH HeT.

Ha nepBoM pe30HaHCHOM YpPOBHE JOCTUTaeTCsi KOHTAKT
ouokiietkn co Bcenennoit (4.154); Ha BTOPOM - BO3HHUKAET
BUXpb OMOTOKA B KieTke U BooOpaxkenue B HelpoHe (4.155);
Ha TPEThEM MOSIBISIOTCS KUJKHUE Cpebl opranusma (4.156); u,
HaKOHEI], Ha YETBEPTOM - JKHMJIKUE CPElbl BCEro KUBOIO rap-
MOHUYHO coracyrorcs ¢ myiascauueit Camoro Kocmoca
(4.157), obecrieunBasi TeM camMbiM ODBOJIIOIIMOHHOE Pa3BuTune
Kuznm.

9. BoobOpaxenue (q*) u Ilamsars (U*) Equnoro Kocmoca
HaxXoJsAT B HelpoHe rosoBHoro mo3ra Yenoseka (Hocutens
Pazyma) ®@opmy, co3JaHHYIO AJIsl HUX: Apyna MepexoauT B
Pymy.

Bo3HuKaeT HWCTOYHHMK W3Iy4YEHUS PE3OHAHCHBIX HM-
nyJibcoB (HEHpOH). THTEHCMBHOCTh UMIYJIbCOB HEHpOHA Xa-
paKkTepu3yeTcss UX H3IyuyeHHem. Kpurepuem s>HEpPruv Mu3iy-
YEHHBIX HEeUPOHOM UMNYIbCO8 q* u WU# 6yoem A61amvcsa cno-
coonocmo ux Hocumeneii, obraoameneii HeUpoHo8, NOMHUMb
U aHanU3uUposams (80006padicamy).

[To >TOM CcHOCOOHOCTH >XMBOE€ Ha 3eMiie IEIUTCI Ha
pactenusi, CaimeHHbIX JKuBOTHBIX, Many-MebicauTesnei (Hac
¢ Bamn) u smrozeit Bonu u Moru (Hammux ITotomkos (4.159)).

10. Baxneilimum Bonpocom ajisi YenoBeka Bonu u Ho-
ru, 3ansBuiero llecroii u CenpbMoii YpOBHU B rpaBUTALU-
OHHOM CeMEpPHYHOM JIYHHOM psiay, OyJeT BOMpPOC O TOM,
XBaTUT JIM y HETO HeWpoHa 3Heprun s nepexona c [lecroro
ypoBHs Ha CeapMmoii (4.160).

IIpoBepka MakCUManIbHOM 3aTPaThl SHEPTUHU B IOJIE KO-
nebanus B Helipone [lamsatu u BooGpaxkenus, ¢ yueTom mnepe-
xona ¢ Hlecroro Ha CexbMol, ycraHoBuna: Yenosex Boiu I/I
Horn wumeer CBOﬁOI[H])II/I IloreHnumasn, paBHbIl 6 10%
(4.162). Ho sto 10* suepruii boxxectBennoit Kynmamuun. U
ecnu Mbl, Many-MebicauTenu, Juiib moaodue (U HE Bceria
nobOpokadectBeHHoe) bora, To Hamu [loromku camu cTanyT
boramu, ecnu He MOMAYT MO IMYTH HW3BpallCHUA Tperher u
Yerseprou Pac.
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4.7 CtaHua VIl
ToOHKO3HepreTuyeckasi BO3roHka U nepensiaBka

1. Hakonen, Coiabl Maiin yrapuwm no UneanbHo Ha-
crpoenHoii CTpyHe, ¥ PH 3TOM 3BYyKe ucuesia Mumnosus. Uc-
THHA OTKPLLIACH NMOJHOCTHIO. HOBOpOXKIEHHBIE 00/1aYMINCH
B 3HaHue, Cuiry, 0J1eCK 10CTHKEHUI, CJIOBHO B OJ1€STHHS.

2. Bun3 no ycoinanHou 3Be3namu tpone boros - Tpome
MauabIx Or’ei, :mAyIMUX POKACHUS B JAPYyrux ¢popmax, npo-
mea Hekro, Hemoxoxuit Ha boros, HO poacTBeHHbI WMm;
Henoxoxxud Ha JlyxoB TpoHa, HO M3BECTHBIM MM; MOXOMKUM
HA YeJIoBeKa, HO mpeBocxoasimii ero; Hekro, o0s1aueHHbIH B
OIeXKIbl, CBepKaInMii, kak WHell Ha coJiHUIE, BeJIMYeCTBEH-
HbIH, CYyPOBbIH JIMIIOM, HO TUXHH I'0JI0COM.

3. On 3amaraj ot MaiabIx Ordeit kK CBery, H ¢ KaKIbIM
CBOMM IIIATrOM HACTYNAJI HA O4epeaHylo 3Be31y, a Ta u3JaBa-
Jia 3BYKH HexkHelmei meaoauu. OH moaxoaus Bee OJIMKe
U 0JIMEKe, U 3BYKH CJIMBAJIMCH B TPUYM(PAILHYIO MIECHIO.

4. HakoHen, JOCTUTHYB caMoro Bepxa, OH ocraHo-
BIWICH M HAKJIOHWICS, YTOObI YC/IbIIATH MECHI0, KOTOPYIO
AajieKko BHU3Y, moa Ero Horamm, 3Be31bl neJiy Tenepb siCHO
U IPOMKO.

5. Korpa-to Temnas 3Be3a ceiiuac cBepkasia 0JieCKoM,
OTPA3UBIIMMCS OT €ro JHIA, U a0COJMITHO ICHO OH cJIbIIIAT
MeJIOAMH, I0TOJIe COCTOSIBIIME JIMIIb U3 TUXUX 3BYKOB IEYAIH U
oosm.

6. Ilapb siBIJICH caM M ceifyac ObL1 u3BecTeH uM. "5 -
nepsbiil", - ckazaa OH, "M A - MoCJeIHMIA, U 002 MBI - OTHO
Juuo. Ceer npuiies u3 TbMbl. Bece npumio u3 auyero. U3
CwmepTH npuuLIa Be4Has sKu3Hb. JleJ1o caenano''.
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Pacwudgpoeka Cmarusi VIl [3]

Ne Cranma: CMmbICH BBIpaXKEeHUI
BBIPQYKECHUS
Hakonelr, HNanunio3us - 10KHBIH 00pa3, HapUCOBAaHHBIM
CLINBI BoobGpaxenuem:
Maiin yna-
pUIIH 10 Horenuuaa Uio3un
HNneansno 11 0% (4.164)
HACTpOEH- g* 16-10% '
Hoit CTpyHe, IMorenmman CoiHoB Maiiu (4.159):
U IIPH ITOM H**=21~1053;

3BYyKe€ HC- U ujeanpHo HacTpoeHHoU CTpyHbI (4.162):
uesna M- H***/ K = 59789540810,
JIO3UA. o K
npu ynape Cetnamu Maiin (H**—H***/ K)
BCTYIIAKOT B pe30HaHCHLIﬁ KOHTAaKT:
26
* = 5’9789540§3 107 0,284712099 10 (4.165)
21-10
Bosuukaer tuxoe AHTHPC30HAHCHOC 3BYy4YaHUC
CrpyHsl, nepexopsiiee B pe30HAHCHOE:
HcrTuna ot- 3 i C
KpbLIACKH BY4aHue uaeaJbHoi CTpyHbI
noJHocThi0. || AN C*=0,284712099-10
pE30HaHC

C*=2-10"(8107)-(4-107)

1 (7:10%) (1-107%)-(2:10%)-107-
(9:10%)-(9:107)-10°"=72576-10"
Co* = (7-10%)(2:10%)-(5:10%)-
(7:101)-(6:10%-107* = 294-10°"'
C3* = (2:10°)(9-10")-(4-10°)-10°' =

(4.166)

Pe3onancHrie NICPEXOabI

3 72:107"
4 Cy* = (7-10")-(2-10%)-10* =
1410

5 |Cs*=(1-10")(4:10°)-10""=4-10.
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HoBopox-
JAeHHbIE 00-
JIAYWINCH B

IIpu 3TOM ncuesnu Ninrozuu:

Cs*/1/q* = 410°°x16:10% =

36
| 3nanue, Ch- 30=64-10"", (4.167)
Jay, 0J1eck e 64 - Tsub - Cuita, lg 107° - Greck cBera, a
JMOCTHIKE- BeCh KoMmIuieke (4.167) - 3nanue.
HHUH, CJIOBHO
B OJleSIHMI.
BHu3 1o BHu3 - OT SHEPrUM CKATHUS 10 UMITYJIbCA
yebImannoji | PACIIHPEHU (4.86, puc. 4.11):
3Be31aMH 8
Tpone boros k, = J-g/) dp=-32-63=-2016. (4.168)
- Tpome Ma- o4
abix Orneii, 3Be3nanast Tpona boros - uMmnynscel (p*, 1W*,
AJYIIMX q*), Tpona MaJIbIX OrHeii - 3apsaasl (p, W, q). Ux
POKICHUS B | (5030 ancHO-aHTHPE30HAHCHAS KOMOMHAIMS
Apyrux GopMupyeT 3BE31bL.
2 ¢popmax, KoanuectBo ¢opm 3Be311 OyeT onpeaensTb-
¢ CyMMOM unciia coueranuit u3 llectn komro-
HEHTOB 110 2, 3, 4, 5, To ecTh OyAeT paBHATHCS
N = C¢+Ce+Cs+Cs” =
30+120+360+720 = 1230. (4.169)
3Be31bI-CIYCTKH CBOMMH U3ITy4YeHUAMU QAP
BO3MYIIAIOT OKPYKAIOLIYIO CPEeIy NPU ABHKECHUN
ot 720 dopm mo 30:
30
ko= [ dp=-258750. (4.170)
720
npowre OO61was sHeprus nepexoaa COCTaBUT BETUYH-
Hekro, He- Hy, paBHy1O (4.168, 4.170):
MOXOKHH Ha K = ki'ks = 5216410, (4.171)
boros, HO
POICTBEH- B I10JIe KOTOPOW HAYHYTCS pe30HAHCHBIE MTPE00-
nprii Mm; pazoBanus (4.171):

k= (5:10%(2-10°)(1:10%)(6:10")4 = 24-10".(4.172)

SIBuscs Hekro, koro XpucTuaHCTBO Ha3bIBa-
et bor Cearoii Jlyx.
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HENMOXO0KUM
Ha /lyxoB
Tpona, Ho
H3BECTHBIH
HM;

TpoH - umnyJbC pacmperus: BeceneHHou.

Jyx TpoHa - UMITyJIbC paclIupeHHus TOUeYHO-
r'0 y4acTKa BOJIHEI cBeTa: Toc/m,=8.

bor Cearoii [lyx ces3an ¢ Jlyxom Tpona pe-
30HAHCHBIM TiepexoioM (4.159):

ki* =24-10" — ko* = (2:10")-(4-10%-10" =
(8 = Toc/m,) -10"°. (4.173

MOXO0KUM HA

B sTom (4.173) none Bo3HUKAET M0JI€, TIpE-
Bblatouiee nosie bora Cesaroro lyxa:

YeJI0BeKa,
HO NpeBoc- ko*/ ki* = 8:10'° : 24105 = 1/3x10, (4.174
XOAAIIUHA
€ro; HO u nonie Csitoro Jlyxa npessimaeT nojie Ye-
noBeka (4.173):
ki*/k = 24-10"°/52164-10* = 4,6008741:10".(4.175)
HexkTo, 06- Pacmmpenue BOJTHOBBIX ITOJIEN BHE CTYCTKOB
IAYeHHbIH B (Apymna) co3naer SHIOTEPMHIO IPABHTALOHHOIO
1 c1ab0ro B3auMOJICHCTBUN:
O1€XKIbI,
cpepiato- ki*xp1ps = 24-10'%102%10" = 24-10°.(4.176)
M, KaK
Hneii na Ortcrona Uneii Ha conHile.
COJIHIIE,
BeJIHYECT- Bonnossie nosns bora Cesroro [lyxa I/ICl;IBI—
BeHHbIii, TBIBAIOT TPaBUTALIMOHHO-CJIA0BIE B3aUMOICHCT-
BUS:
ki*/p1pa =24-10/107% =24-10%. (4.177)
CypOBBbIii C HepI/IOIH/I‘IHOCTIz}O, SKBUBAJICHTHON OJHON
JMLOM, naieMme, bor Cesaroii lyx ¢popmupyeT Hamm
AYUIN:
K1*/p1p2 X(To+1)/To=24-10*7/4= 42-10".(4.178)
Jeno cepbes3noe. He 1o myTok.
HO THXMHii Pacmupenue nonst Cearoro Jlyxa cHkaeT
FOIOCOM. SHEPTreTUUYECKYIO MIOTHOCTH OKpPYXKAIOLEeh cpe-

nbl. OcniabiisieT ypoBeHb HHTEHCUBHOCTH 3BYKa.
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B3aumopeicTBus B 9k30TepMun (P3ps = 1026)
CHIDKAIOTCS B SHAOTEPMUHU JI0 P1P2 = 1075, I'po-
XOT SIZICPHOTO B3phIBA MIEPEXOJIUT B IIeliecT Beu-
Hoctu Apynsl Kocmoca:

I'onoca CsToro Jlyxa

DK30TEepMUs Onporepmust  |(4.179)

ki*p3ps =24-10"" | ki*-pipy = 24107
OTCYTCTBI/IG T0JIOCAa KOMIICHCUPYETCA TEJICIIa-
THUEH.

Omn 3amaraJn
0T MaJIbIX
Orneii Kk
Csery,

U € KaKIbIM
CBOMM IIIa-
rOM HACTYy-
naJj Ha oyve-
PeHYI0
3Be3ny,

OH - Csroii lyx B sunorepmuu (4.179):
CJ. =ki*pipy=2410""
Ot maibix orueii (C” = 30) k CBety
(C¢* =360) - cpena (4.169):

Ci=360

I; = j(ﬂ dQ— 64350,  (4.180)

C?=30
SHEPTrUs MPONJICHHOTO MY TH:
Jl=C.JI.xI15 = 15444107, (4.181)
***
J1 - BonHa (4.182), crymiasick B pe30HAHCHBIX

noJisix, JOpMHUPOBAJIa HA KAXKIIOM IIary ouepe/l-
HYI0 3BE311y:

Pe3onaHcHoOe cryuienue
BOJIHbI-AyXa (J1)

1 J1 = 15444-10" Bonua

J* = (1:10%:
2. 10 @i0y@o) | e @18
(4'100)'10'85 32-103

3| *=(3:10")(2:10%10° = | PeaA:

Kynna-
cBeT 6 104 J'I}II/IHI/I.

Cssroit lyx nocruraet nosns csera. @opmu-
pyercs MOTeHLHaN:

CJ./ b*=2410"6-10" =4-10". (4.183)
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***
B none He6ec (Ilmub (4.182)) HaunHaer
(hopMHUPOBATHCS TPABUTALIHS:

32—X 528, (4.184)

rne K=28/32=7/8 = wq=pu*/q*. (4.185)

Bo3uuxkaror SJICKTPOMArHMTHBIC I10JIA 3apsA10B
1 UMITYJILCOB.

a Ta u3aaBa-

B 371€KTpOMarHUTHBIX MOJISAX MPOTEKAIOT
B3aumoiercTBus (4.185):

Jia 3BYKH
HeKHelmen
MeJIO/THIL K lg pip2pspaps = 7/4 = p/q = p*/q*. (4.186)
IHosBistroTCs rpaBUTAlIUOHHO-3JICKTPUYICCKUC
OIS, ITyJIbCAIMSA KOTOPBIX U3MEHSET uX hopmy
9HEPIHU, BO3Bpallad K pa3HO3apsAKCHHBIM 3JICK-
TPOMarHUTHBIM OJIsIM (4.186):
1
7/4x [pdp =78 =wq=p*/q*, (4.187)
0
u
0
7/4x [@ dp =-7/8 =-/q = -u*/q*. (4.188)
1
OH 1oaxo0- A Heb6eca pacciianBaroTcst Ha TPaBUTAIMOHHBIE
T BCe YPOBHH:
Oaumzkce n 28 = 14243+4+5+6+7. (4.189)
OmaKe
u 3ByKH I[BI/I)KCHI/IC B IIOJIC I'paBUTAllMU COIIPOBOXKaa-
CAMBAJINCE B | €TCA 3BYKOM, a JTIyHHBIH sl 1o100€H ramme:
TpUyM- -
aJIbHYI0 PABIT 1213 14| 5 |67
gecmo.y o (4.190)

I'amma | g0 | pe | Mu | da | conb | s | CH.
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Hakomnern,
JTOCTUTHYB
€camMoro Bep-
xa, OH ocra-
HOBHJICS U
HAKJIOHWJI-
csl, YTOOBI
YCJABIIATH
NMeCHI0, KO-
TOPYIO Ja-
JIEKO BHH3Y,
nox Ero Ho-
ramm, 3Be3-
AbI MeJIH Te-
nepb siCHO U
TPOMKO.

Camoro Bepxa Apynsl Beenennoii nocrura-
IOT UMITYJIBCHI.

Ha camom BepXxy paclivpeHHe MEHAETCS Ha
c)KaTue MyTeM MepeMeleHs B3auMOIeHCTBUN
(2 =1g p1p2p3p4pPs) 1 MyIBCALUU U3 OKPYKAFO-
el cpeibl BO BHYTPEHHEE TOJIE 3apobliia:

Ilepexox Apynbl Beesiennoii B
3apoapi crycrka
3apoapIi: Bonna:

TIOIJIOICHHUC H3JIYYCHUC
0

[pdp

—He4=1
2

2

1

[odp

0
TS=-1651
-151/16=1/T2

(4.191)

D10 (4.191) 3HAYUT, YTO MOTJIOMICHUE UJIET
MeJJICHHEeE, YeM U3TydeHHE:

HN3ayyenue | IorJomenue
T Toc/=-128 S 1/8=1/T>Towo/c |(4.192)
-16 5 1/64.

JlocTrxeHre MakCUMyMa pas3jindus B 00J1acTu
Iepexo/ia NOrJIOUICHUSI-U3IIyYeHUsA, KOTOPOE
UMeeT MecTo B oOnacti Apyna S Pyma, 3a-
CTaBJIAET 3Be3/bI 3BYy4aTh ICHO U T'POMKO.

*
*%

OunbTpanys 3ByKa MpOUCXOIUT B JTFO00M
AKCTpPEeMalIbHOM TOUKe BOJHBI (puc. 4.14):

noznouwenue = ki = T, /C'T02 =32, (4.193)

usiyuenue = ky = Toc /0y To > = 1/2. (4.194)
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0

|
!
U3JTyYCHUC : HOTJIOLICHUE

+1=T, 2 -1 ET02

Puc. 4.14 K ¢punempayuu 38yka

Wznyyatbest OyayT UMITYJIbCBI, TOTJIOMIATHCS -
3apsbl.
P
Ha camplii Bepx MeTrarajlJakTHKHU, TO €CTh B
JKCTpEeMalIbHYI0 001acTh BOJIHEI (pHC. 4.14),
kpome CBsatoro Jlyxa, MOTYT IIOAHATHCS HMITYJIb-

col (4.193,4.194):

I'paBura- N3nyuenue
LIUOHHOE BOOOpaKEeHUS
IIOTJIOLICHUE

Ki(p*/q) LS (q*/p*) ¥k, C.JT = 24-107°, (4.195)
32:(7/4)u*S(4/7)-u*-1/2,
(W*)*5(16/49)-(1/2)-1/32=(7-2)>.

B 3TOM none BO3MOXKEH BapHaHT MyJIbTHU-
TIETHOCTH uMITybca Iamsri (L*)” Ha oToH-
¢doHOHBI (1T03TOMY MBI 3a0b1BaeM 0 JKu3HM 10
Kuzun):

[(W*=14-10") & 1/14%]-24-107"°,

14%-24-10%° @%-10-10,

10Y < (14)*=
2,60308204-107. (4.196)
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Koraa-To
TemHast
3Be3aa ceii-
yac CBepKa-
Ja 0JiecKoM,

3Be3na Opu1a TeMHO#, Kora He XBaTano ¢o-
TOHOB, TO €CTh Npu ycnoBu# (4.195):
(72)%(u*)* = 1410 5 1, (4.197)

rIIe o (u*)4 HEIIOCTAET €Ile 10% (hOoTOHOB:

Temuas 3Be3aa
pHEL(u*)’ = 14%10%.

(4.198)

0Tpa3uB-
IIUMCSH OT
€ro JIMna, u
a0COJIIOTHO
sicio On
CJIBIIIAJ
MeJIOTUH,
JA0TOJIE CO-
CTOSIBIIIHE
JHIIbL U3 TH-
XHX 3BYKOB

3Be3na (4.197) 3acBepkana, Tak Kak Mojaydusia
negocraromue 10*° (OTOHOB M3 BOJTHOBOTO TOJIS
Casitoro Jlyxa (4.196):

Temnast 3Be3na-(10° S 147,
WHI*)*(10% S 147,
W' S 14%=2,60308204-10°.  (4.199)
Ho THXHWe 3ByKH Me4Yau ¥ 00JIM TEX, Ybs
MaMATh aHHUTHIMPOBAIIA, CTAJIN SIIE CIBIITHCH

(?TO MoJIE ¢ MOTEHIIMATIOM 147 (4.199)).

neyaJju "

00J1H.

Hapsb saBUII- AnHMrmMpoBaHHas "B bUIb" aHTUPE30HAHC-
csl caM U gas [Tamate He 3axoreBmux "beite ¢ Hamu" cra-
ceiiuac 61 | 7@ CTYIIAThCs PE30HAHCHBIMH IIEPEXOIAMM:
H3BECTEH AT

uM. peso- 2=2,60308204-107

HaHC

2/¥=2:(6-10")10%(3-107)-

1 10*(8:10%)-(2:10°)-107-

(4-10%)-10° = 2304-10™"!

2% =(2:10°)(3-10%)-10"
410" = 48107

3 | 23*=[(410)-8]-10=32-10""

4 | 2,%=(3-10)2-107*=6-10".

(4.200)

Pe3oHaHcHBIE ypOBHU
&}




Bce npuio
U3 HUYEro.
N3 CmepTn
npuLia
BeYyHasi
Ku3Hb. [desto
caejaHo".

Ha getBepTom ypoBHE pe30HaHCHOM TpaHC-
dbopManuu ymepmux ummyiabcoB [Tamaru
(4.199), Bo3nukiia Kynnanunu (4.200). Boznuxiia
Ku3Hb.

Crnosa "Jles10 caesiano", OTHOCSTCS K mepe-
XOJy OT 2 110 24, T1e:

e 2,60308204-107°

k==

* = =0,4338470067-10%.(4.201)
24 6-107

Ot0 (4.201), cBsi3aHHOE € TpaBUTAIUECH, KaK U
mo00e nHoe, OyIeT npeTeprieBaTh PE30HAHCHBIE
MePEeXO/Ibl:

AHTH-

peso- k =0,4338470067-10%

HaHC

ki*=(4-10")(3:107)-(3-107)-
(8:107(4-107)(7-10°)-
107-10%(6:10”)-
(7:10"%) = 451584107’
ky*=(4-10%)(5-10%)+(1-10%) | (4.202)
(5:10%)+(8:10")(4-10%:107"=
64-10"!
ks*=(6:10")(4-10°)-10"" =
24-10""°= Casroit lyx
k¥ =(2:10")4-10%-10"°=
810 = Bcenennas.

Pe3onancHrie MEepEXOabl
\S]

*
k%

N3 CmepTH, U3 TbMbI, U3 HUYETO BOCCTAHOBUII
Co3znarens rpeuHblie Ay, ...BO3HUK BOMPOC:
"A Kak HacyerT... IJI0JIUTeCh, pa3MHOKalTeCh?"

Coznarens Henoctrxkum u Jlormuen. OH uc-
MOJI30BaJl KBaAPAT SIACPHBIX B3aUMOJICUCTBUIM
(4.201):

108 =p2 5 55252, (4.203)

28
co3naB u3 [IsaTepku 3HEPruIo CBsI3U, A U3 V2 U

V2 2 nse Benukue [Mupamuast (puc. 3.10): onny
C IHC-, a IPYTYIO C TPAHC-U30MEPUCH.

JI1st mpojieHust 5KU3HU B pUTME: "'TUIOAUTECH-
pa3MHOXKalTech", HaJ0 OBLIO CO3AATh MEPHOIH-
YECKYI0 cUCTeMy TeHOMOB (puc. 3.14).
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Iaps (re- H 5101 renom @g[g)MHpOBanc;I u3 Meraranak-
HOM) SIBHJICH | THYCCKUX BOJIH V27 = (Sc /4)*®, 1 Gbut on mep-
caM M ceil- BBl (T = V2 ) u nocnennuii (L = V2 7), Kak aJie-
yac ObL1 U3- | meHThI [Tupamust (puc. 3.10), HO Bo3MyIan
BECTEH UM. cpeny Kak reHoMm (puc. 3.14):

6 "4 - mep-
BbIii", - CKa- L=v2'
3a OH, "u 51 _
- nocaeammi, Jpdo=63 (4.204)
1 00a MbI - r=2
O/THO JIMLIO.

Cmanya VIl [3]

1. OmnuceiBaercss TrapMOHUYECKMM KOHTAakT MaHy-
Meicnuteneit (Hac ¢ Bamu) ¢ 3apoxnaronieiics LluBunuzanuei
Jroneit Bonu u Horn.

KonTaktHas B3auMocCBsi3b Hac ¢ Hamumu [loTomMkamu
CpPaBHUBACTCA C HJCAJTbHO HACTPOCHHOW CTPYHOH, IATH PE30-
HAaHCHBIX IEepexoJIoB KoTtopoi (4.166) mpuseayt HoBopoxk-
nennbix Jlrogeit Bomu u Morn k 3uanusm, Cuie, OJyiecKy noc-
THKEHHUM, HO TIPU YCIOBUU UX OTKa3a oT MJII03MH — JIOKHO-
ro oopasza, HapucoBaHHOTr0 BooOpaxkeHueM.

2. PaccmarpuBaerca bor Cesaroir [dyx. OnuceiBaercs
Ero npupoaa Mex3Be3aHOro npoucxoxacHus (4.169+4.172).

[IpuBOaUTCS XapaKTEpPUCTUKA BOJHOBOTO MOJISI: 3HIO-
tepmust (4.176), nanmmuue cmaboro romoca (4.179), cmoco0-
HOCTh TBOPHUTH Ayl 4eyioBedeckue (4.178), mpeBOCX0ACTBO

HaJ YemoBekoM B 4,6-107 pa3, cBA3b ¢ sHepruen BceenenHon
(4.174).
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3. PacnpocTpaHeHre BOJHOBOIO IMOJS C MOTCHIMAIOM
Cestoro Jlyxa B mex3Be3qnoMm nojie Kocmoca (4.181) - cry-
narh HeOecHble BOJMIHBI MertaranakTuku. Bo3Hukanu 3Be3nbl,
nosiBisics cBer, QopmupoBanach Kynmanunu (4.182). Han
cryctkamu TsHb packpsiBasinch Hebeca Ilunb (4.169), B ko-
TOPBIX, KaK MY3blKa, PUTMUYHO MYJbCUPOBAIM 3JIEKTpPOMAr-
HutHele (4.185, 4.190, 4.188) u »saekTporpaBUTALIMOHHbBIC
(4.183) momns.

Meiciu (p*) Kocmoca, ero rpaBuTalinOHHbIE UMITYJIbCHI,
paccmanBanmu HeOeca-I{uHbp Ha cemepuyHbIE PSJIbI, U 3BYKH
3Be3/1 CIMBAJUCH B TpUYM(PanbHyo necHio (4.190).

4. JlaeTcst MEXaHU3M aHaNM3a MOJIs, B KOTOPOM UMITYJIb-
Cbl MEHSIOT HalpaBJICHUE CBOETO JIBUXKEHUS, HAIpUMEp, pac-
IIMPEHUS Ha CKaTHeE.

OcHOBHBIMH  (paKTOpaMH HW3MCHEHHsI HaIPABJICHHUS
JBH>KEHUSI UMITYJILCOB B MeTtaranaktuke BHe @opmel (Apymna)
OCTAlOTCsl B3aUMOJCUCTBUS M IIyJbcalys Mexay XaocoMm U
[Mapmonueit (4.191). Ognako, IIpoaoKUTENBHOCTh MIEpexo1a
K CXKATHUIO U PACIIMPEHUIO Y UMITYJIbCOB pa3Has: paclIupeHue
poxoauT B 64 pasza ObicTpee cxxatus (4.193, 4.194). KomneH-
CalMOHHBIM (PaKTOPOM TAKOI'0 PA3IUYUS B CKOPOCTSX SIBIISIET-
cst hopmupoBanue [lunpb u Aup (Kaura [lepemen).

[Tpo10IKUTETBHOCTH MIPOLIECCOB  PACIIUPEHUS-CHKATUS
BOJIH CBSI3aHbI C KBaJpaToM Iepuojia oOpamieHusi TOYEYHOIro
y4acTKa BOJHBI CBeTa IpH norjoueHuu. [Ipu uznydenuun npo-
JOJKUTENBHOCTh UMEET 00paTHYIO BeIMUuHy (puc. 4.14).

B nosie mepeMeHbl HampaBi€HUs JBHKEHUS HMITYJIbCa
BEpOSITEH BapuaHT NoJHOM aHHurwuuu Ilamstu (4.196).
DTO fABIISIETCS NPUYMHON npeaynpexaeHus "byns ¢ Hamu".

5. B3auMOCBsI3b 3HIOTEPMUYECKUX BOJIHOBBIX I10JIEU
Cestoro Jlyxa co 3Be3gamMu OpOSBISIETCSA, HAIPUMEP, B TOM,
YTO 3TH BOJHBI ABJSOTCS "mocTaBmUKaMu" GOTOH-()OHOHOB
K KBaHTaM - 3Be3JaM, MEepexXOAsSIIuM OT PACIHIMPEHUS K CiKa-
trio (4.193).
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Casaroii Jlyx - He BakyyM u He "apIpka ot OyOnmka', a
uMItysibc ToHKOM JHeprum:

CJ.=2410"" = Tyt 1g p1papspaps/~10¥ . (4.195)

OH 3axxuraet 3Be3/1bl HOBbIM CBETOM U CITacaeT IyIIu.

6. Kuura /l[3nan B pasHbIX pazzenax NpeaynpeKIacT:
"bBynb ¢ Hamu", a B 3Tom nmynkre Cranus! VII [3] noka3siBaer,
KaKuM CIIO)KHBIM MyTeM ujaeT pereneparus [lamstu (U*), pac-
neuieHHON boroM-/lyxom CsiTeiM Ha (hoTOH-POHOHEI (4.199).

st Boccranosnenus [lamstu TpeOyeTcs: 4eThipe KBaH-
ToBaHHBIX Tiepexona (4.200). [Ipuuem, Ha Tpetbem u YeTnep-
TOM YpoBHsAX "mepemiaBka" pocturaer Kocmuueckux Bep-
IKMH: TnosABisieTcss noteHuuan Cesrtoro Jlyxa u Bcenennoi
(4.202). Coszmarenb CTpPOro COONIOJAET 3aKOH COXPaHCHUS
DHepruu, HO O TOM, KakK Takas "meperiaBka' CKa3bIBaeTCs Ha
YyBCTBYIOIIMX U BHE DOPMBI, TOBOPAT JIUIIIb UX TUXHE 3BYKH
nevyaau u 6o (4.199).

BoccranoBienue Iymu U3 TEMHOM MBUIM - MYYHTEIb-
HBIA DHJ0-DK30TEPMHUYECKUM mporecc. YepTu, KOTIbI, ApOBa,
cepa W mpouasi yooras yTBapb J€PEBEHCKOW KOTEIbHH, KOTO-
poil Hatu CBAILIEHHOCITYKUTEIU OCHACTUIIN U ONKCHIBAIOT Al
co BpeMeH Berxoro 3asera, B IIpupoae orcyrctByrotr. He xo-
4y myraTh, HO TO, YTO €CThb - cepbe3Hee. A Bawm, mocne Boc-
CTAHOBJICHHUs AYILIHW, HAJIO MOJYYHUTh €€ U TEHOM, a Yepe3 He-
ro teno. Tak 4To, CTO pa3 MoAyMal, MPEXKIE YEM ITOCTYIUTh
nojyio naxe Meicnbio, Hepapom B CsmieHHbIX [lucanumsix
BCEX pEJIMTMO3HBIX KOH(eccui 3aoxkeHa HopMma: "Jlepakmu
NMOMBICJIbI CBOM B YHCTOTE".

324



4.8 Crtanua VIIl. Tpetun Nnas:
paayra Mbicnu - Bnagbika Boo6paxeHus

1. Moxar yxe 3aHeC CBOIO CTOILY, HO He OIyCKaeT ee 10
TeX IMOp, MOKA He CMOKeT cAejaTh CBoMl caMblid HIMPOKMIA
war. Ceiabl Ilnamenn kpuyatr Emy ¢ 6oapmum Oecmo-
koiicTBOM: "Cpinbl Maiim He CMOTYT A0CTHYb ''3aIPEeTHOM
rpanuubl'', ecjid Thl ONycTUIIL CBOIO CTOIY HA MX e MPek-
J1e, YeM OHHU JOCTUrHYT Uxaiiv 310 rpaHunb'.

2. ®oxar noBbimaer CBOH roJ10C, J0Jr0 3BY4YABIIMIA
MPUIJIYIIEHHO, ¥ MPHUKAa3bIBaeT OrHeHHbIM cJjyram Cpoei
BoJiu nepenarb Ero yastumarym CoiHoBbsiM Ilmamenn: "5
HE OCTAHOBJIIOCH paau boros mim Jroaei, HO 3T0 A cAenalo.
HNnute k Coinam Maiin 1 yaapbTe N0 CBSIIIIEHHOH CTPyHe ce-
MHCTPYHHOI JIMPBI B KAKIOM U3 HUX. BbITH MOXKeT, 310 pa3oy-
JUT UX OTO CHA M JACT UM CKOPOCTHb B JIOCTH/KEHHM LIeJIH, 110~
Ka MOf1 CTOIA He OIyCTHIACH Ha AajabHuii Oeper TeMHoro Ilo-
TOKA'".

3. BepHysuch nocjaaHnbl U ckasaiu: "Mbl He MoOmkeM
Pa30yMTh CBALLEHHYIO cTpyHY. Ho nsiTh U3 ceMu CTPYyH 3a3BY-
4ar, a /IBe HEHACTPOEeHHbIEe OYAYT TOJbLKO OpeHYaTh''.

4. Torna doxar, pasrHEeBaBIIUCh, BBIIYCTWI IOTOK
IJIAMEeHH, KOTOPbIii B35J1 B KOJIbIIO He0eca U pa30yansi Anrypos
Ha ux BbIcoTax. Ha BeTpe HMX KpbLIbeB OBICTPO NMPUMYAIHCH
Onu 13 HapcTBa NMoKosi U odparwinch K Moxary ¢ peyblto, ro-
BOPpH Takue cJioBa: ""OmycTu cTomy CBOI0, €CJIM X04ellb 3TOro,
U 3aBepIUM CBOH 1UAr, HO MpeKIe YeM ThI caejaelb 3T0, y3-
HaW, 4YTO 0 TOr0, KAK BHOBb 3aHeCelIb CTOINY CBOIO, MbI C
HammMu OpaTtbsimMu, boxkecTBennsiMu CTpouTessiMmu, OT-
namum CpiHam Maiin Bce T000ii cKpbIBaeMoe, U JIB€ CTPYHbBI
JIMPBI 00Jib1Ie He OyAyT 3By4aTh PACCTPOEHHO'".

5. ""Koraa nepBasi CTpyHa 3a3BYYHT B IIOJIHYIO CHJIY - Thl
yMpewb, H00 Thl CTap M TBOS padora MOYTH 3aBeplieHa, a
MOTOMY yMepb CBOii THEB M Jail MeCTO YCWIHIO, eCJIM XO4Yelllb
MPOVIUTH CBOM COOCTBEHHbIE TPYAbI''.
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Pacwudgpoeka CmaHubi VI [3]

Cranua: .
Ne i CMBICHT BBIpaKECHUI
BBIPAXKECHUS
doxar y:ke Pacummpenne cMEeHUIIOCH C)KaTHEM, HO CiKATHE
3aHeC CBOIO ele He HavYaJoch (puc. 4.15)
CTOIly, HO HE U C’*‘f‘TH’I 1. B Honb-nioTeHImMane ®o-
OIyCKAaeT ee | NCIIC HET yat ¢ 3aHeceHHOIl CTOMO.
| - .
110 TeX Top, i 2. CrutourHasi JJMHUS - OKOH
- \ YHBILEECS PACIINPEHHE.
MOKa He |
i \ 3. IIyHKTHpHOE - HE HaYaB-
CMOZKET C/1e- i || meecs cxaTre
Jatb CBoi +1 i s -1
camblil 1K~ i
POKMii mIar. Puc. 4.15 Honv-nomenyuan nepeo coicamuem
B sTtom mone doxar umeer moTeHIMal, paB-
HbIl npousBefeHuo IIpoao/KuTebHOCTH W3-
ayuennst (T,?, puc. 4.14) Ha sHepruro paciumpe-
nus (Jus (4.87, puc. 4.11)):
1 JHeprus B Hosb-nmoreHumase

(puc.4.15),
doxar ¢ 3aHECEeHHOM CTOIOM

(4.205)

64
Eo=T," [pdp=126=263.
8

[Tynscanus Kocmoca B 5KMBOM BBI3OBET B 3TOM
(4.205) mosne UC-TpaHC-U30MEPHIO:

1 0
Eo[pdp+63 | u | E,[pdp=-63
0 -1

(4.206)

[{nc-nzomepust Tpanc-uzomepus.

[TosBsitcst xpomocombl, Mosiekyiasl JHK nu
PHK ¢ neBo- u npaBo3akpy4eHHBIMH CIIUPATIIMU
MOJIEKYJISIPHBIX LETIEH.
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Camutit wiu-
POKuil wmaz
Doxama
(anmupeso-
HaHc)

OmnpenensieTcss Kak MPOU3BEICHUE MPOIOIIKH-
TEJIbHOCTH CHKaTHS (TO2 = 16, puc. 4.14) Ha sHep-
ruto Houm (4.87, puc. 4.11) - cxxarus:

JHeprus CxaATus
Cawmbrii mupoxuii lllar ®oxara

64
Fmax:T02 J-q) d¢: 16:2046 = 32736 = (4207)
2

2%.3-11-31.

D10 sHepreTudeckoe noie cxarus (4.207) co-
JIEP)KUT MHOroe: noreHuuansl [{uHp (25 = 32),
npoaospkuTenbHocTy B nosie Luup (3 = 1), cuc-
TeMy u3 gaByx Uwap wu  omgHoro  SlHb
(3x2°=32 + 64 + 32), cyberpykTypy (9 + 2 = 11)
OMOKJIETKM IpU MUTO3€ U moreHuuan 31, pasze-
nsrouii Kpyru Huswero u Cpennero Ilopsnkos
B Kpyre Yuusepcyma Moanna borocinosa B "Ot-
KPOBEHUSX', HAIMCAHHBIX MOJ TeJeNaTHuYEeCKyIo
nukToBKy Mucyca Xpucra [8, 9,13].

Ho B 3TOM BHXpe MH(pOpMaAIMKU Mbl HE MOHHU-
MaeM, 4TO caMmblid Upokui mar doxara aenaer-
Csl HE TOJIbKO B aHTUPE30HAHCHOM, HO U B Pe30-
HAaHCHOM PEXHUME.

Camowtii wiu-
POKuil wmaz
Doxama (pe-
30HAHC)

Camblil mpokuii mar doxara B pe30HaHCHOM
pexxume OyJIeT UMETh CIeIyIOIUe OTEHIUAIIbL:

Antn-
pEe30HaHC

Finaxe = 32736

Fr*=(3-10%(2:10%)(7-10%):
(3-10")(6:10%) =756-10"°

(4.208)
Fy*=(7-10%)+(5-10")(6-10°)
-10"=21-10"

Pe30HaHC
[\

3 |F3*=(2-10")(1-10%=2-10".
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Cepinbl I11a-
MEHH KpH-
yat Emy ¢
00JIBLIITHM
0ecroKoiicT-
Bom: "CpbI-
HbI Maiin He
CMOIYT J10C-
THYDb ''3a-
NpPeTHOo
rpaHuubl',
€CJIM Thl
ONyCTHIIb
Cgoro cTomy
HA UX IIeH
npexje, 4eMm
OHM JOCTHT-
HYT Uxaiu
3TOM rPaHM-

[Torennman CeinoB Ilnamenu onpexaensercs
B KMBOM KaK M3JIyueHHE "3apoAbIlIeBOro Mar-
HHUTHOIO My3bIPbKa" B aHTHUPE30HAHCE:

*( %k
1, = u*p) 2,040816327-10%, (4.209)

" PC30HAHCE!:

Pesonanc CoinoB Ilnamenu
[1*=(2-107")-(4-10%)(107)-

1| (810%(1-107)(6:10°)(3:107):

(2:10®)(7:10%)-10% = 1152-10**
[1.*=(1-10%)-(1-10%)-(5-10")-
(2:10°) 10**=10*" = p5-10*.

(4.210)

Cpinbl Ill1aMeHH - 9TO B3aUMOJENCTBUE CBETA
B noJie pOTOH-(POHOHOB.

1 | usr".
*
Kpuuam Emy Ou=F; =210" (4.208),
Coinot Maiiu &
4 -
"Janpemnas ke* = 8-107 (4.202),
zpanuya’’ e
Yxaiiu "3a- Const,* = 18-10"° (4.65),
npemmnou &
r * -
cpanuubt 24 =610 (4.200).
oxart no- aBHOMEpHas myJsbcanus (rosoc doxara
@ P p y. ()
BbILIAET 3BYYHMT NPHUIIYIHIEHHO) B IKCTPEMAJILHBIX 00-
Caoii roJoc, JacTsax (Harmpumep, B aTOMHOM OomOe, Korja JiBe
JI0JITO 3BY- MOJIYKPUTHUYECKAE MacChl SJIEPHOIO BELIECTBa
YaBIIMIA pu- | CTHBAIOTCA B KpUTHYECKYI0) - rosioc doxara mo-
2 TJIyLIeHHO, H BBIIIAETCH.

NMPUKA3bIBAET
OrHEeHHBIM
cayram Cso-
el BoJIM ne-
penatsb Ero

Torma ®oxar (4.208) BMecte ¢ CbIHAMHU
IInamenn (4.210) BeicTynmaer mpotuB boros
(4.65) u monen (4.200, 4.202) B put™me myJibca-
LU TPABUTAUMOHHOTO moJs (28=1+2+3+4+5+6+7)
- CBSIllIEHHOM CTPYHE CEMUCTPYHHOM JIMPbI:
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YJALTHUMATYM
CBLIHOBBSIM
IInamenn: "5
He 0CTaHOo-
BJIIOCH Pajiu
Boros (4.65)
WJIH JII0AeH,
(4.202, 4.200)
HO 3T0 (Oyny
JIaBUTH) 1 C/Ie-
aaro. Unute K
CupiHaM
Maiiu (4.202)
U yIapbTe 1o
CBAIIIEHHOM
cTpyHe (10-
TeHnuai 28 -
rpaBUTAIA )
CEMUCTPYH-
HOM JINPBI
(14243+4+5+6
+7=28) B Kamx-
JOM U3 HUX.

CBo0OoaHasi 3Heprus nocje CxaTust

k.Const. -2,
A= 28=
1T,

8'10_9'18'10130'6‘10_33 ‘ (4.211)

28 =
2-10" -10"

18-24-28-10* = 12096-10°2.

Cxaruro He ypaercs moracuth Cusinue [us
(1 =2016 (4.87), puc. 4.11).

buITH MO-
7KeT, 3TO pa3-
OyauT MX 0TO

Bcenrsixupaer HoBblii /leHb:

K10 =Ey / 1=12096 /2016 = 6:10°%. (4.212

CHa U 1acTt [TosiBnsiercst boxecrBennass Kynnanuuu.

HM CKOpPOCTH

B 10CTHIKe-

HUM LeJIH,

IHOKa MOS [Toka Kynmanuau Oyaer co3uaatb HoBbie

CTOMA He @OopMBbI )KUBOTO B T0JIE PACIIMPEHUS U3TYYCHHOMN

ONMyCTHIACH sHeprum, doxar OyAeT MpoJoHKATh JaBUTH '3a-

HAa AaJbHUIl POMBILIEBBINA IMy3bIpeK" sAnpa BIUIOTE /IO TOTEH-

Geper Tem- LMAJIOB KaHaja 3KCTPAHCEHCOPHON MNpPOBOAMMO-
CTH, a TIEpe]l 3TUM — Ha IKCTPEMaIbHYIO 00J1acTh

Horo Iloro-

ka". BOJIHBI € NOTeHIManamu: -1 + 0 + +1.

U noka Kynoanunu cynsem e Apyne, npocie-
oum nyme Doxama 6 Pyne, mo ecmv 60 6HympeH-
HeM nole ceema C pPe30HAHCHO-AHMUPE30HAHC-
HbIM NOMEHYUANIOM 6
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1-2-3-4-5
1+2+3+4+5

Te— 6— S5 4e— 3 2 1l

IToJe cBeTa

TpaBH-
Tauus
[aBJjIe-
Ta | - | 25 |35 | 4> | 55 | 6 | 7> | 8
HUEC

TIOCTOsTHHast 8

Bcenennoi

IlyTte
Ddoxa-

(=1

(4.213)

8 8 8 8 8 8 |8

B stom (4.213) none najJbHUM OGeperomM Tem-
Horo IloToka OyseT noje ¢ HONMb-MIOTCHIINATIOM, a
OKHUM OeperoM - IoJie ¢ MOTEHIIUAJIOM, PaB-
HbiM enunuie. U noka Kynpanunuu rynser B Te-
yeHue 6 OTHOCUTEINIbHBIX €IUHUI BpeMeHu, doxaT
myJIbcupyeT Mexay Oeperamu temHoro Iloroka,

coznaBas /I3man u Uxaiis-Pacwl, perymupys
T=3:
2
I[ynabcanus qaBJjieHUs1 B SKCTPeMAJib-
HOI1 00J1aCTH JII000# BOJIHBI
IIponou-
JKUTEJb- Uxaiisi-Paca
HOCTh
0 ¢ (4.214)
t=3= | [0do=% | [pdo=-V;
1 0 0 1
6(f¢d¢—f¢d¢ s | oo
0 1 1 0
6[Y2 - (-72)] n_[(p dp=" njgodgo:—ﬁ.
0 2 1 2
Bepnyauch VYV CasimienHoit CTpyHBI - TpPaBUTALIMH, YTOU
NOCJAaHIbI U CGMHCTPYHHOﬁ JIape:
cKa3aJjm:
"MbI He MO- F;D;' 1o | pe | mu | da |coms| ng | cu H;lz_
5 | 7em pasoy- w2 31456 |7=|28
AUTH CBHA- R 4215
HIeHHYI0 § yHIAAIUHHU: |(4.215)
cTpyHy 2 BuyTtpennee none 6= 7 N 5
) 2 cBera (4.213) 7 2"
(o]
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Ho narn u3
CeMHU CTPYH
3a3Byvar, a

B rpaBuTaniMOHHOM 1OJIE, KaK U B MYy3bIKaJb-
HOI ramme, rpanuna Mexay cseroMm U KyHnanuan
MIPOXOAUT II0 LIECTOMY YPOBHIO, HO M CBET, U
KyHpannHu uMerT CBOM MHAMBUAYAJIbHBIE BHYT-

JAB€ He Ha-
CTpOEHHbIe peHHUE TIoJiA, MYJbCUPYIOUIUE B PE30HAHCHO-
GYIYT TOMb- AHTHPE30HAHCHOM PEXKHUME: §
SDeH- NHBepcHOHHO-BHEMHBEPCUOHHbIN
Ko I:' nepexoa Me:xkay ceeroM u KyHaaaunu
1athb . B noJie rpasutanuu (4.215)
Cser | Kynpanuuu (4.216)
WHBEPCHUH 12:34:56 __7_4_ 67
HET 1+2+3+4+5+6 2 12 6+7
MHBEPCUS | 1+2+3+4+5+6 _1 7 _42_67
OBLIa 1-2.3:456 6 2 12 6+7°
[Tocne unBepcun MATH U3 CeMH CTPYH 3a3BY-
YaT ¢ NOTEHIUAIOM JYIIIH:
6:7=4252, (4.217)
a 1Be OyayT OpeHdYaTh.
Torna ®o- N3 3apoabimesoro Ily3pipbka B Henpa SAnpa
XaT, pa3rHe- | KBaHTa CBETa MOJ JaBJeHHEM [POU3OLLIO H3IlY-
BaBILHCh, YeHHE TPABUTALMOHHO-IJIEKTPUUYECKOTO HMITYJIb-
BBIIYCTHII ca, KOTOpBIN momnas B noisie /[3uan copmupoBan
[HOTOK ILJIa- MOJIOKUTEIBHO-OTPULIATENIbHBIE  3JIEKTPOMArHuT-
HBIE TOJISL:
MEHH, KOTO-
pbIi B35 B I'paBUTanIMOHHO-3/IeKTPHUYECKOE
KOJIbIIO He- U3Bep:KeHHe siIpa CBeTa U
Oeca u pas- TpaHchopManus 3TOro MmoJjisi B
6YIIHJ1 Amy- 3JIEKTPOMArHUTHOE
POB HA HX H3Bepxe- [Tepexon
BBICOTAX. Hus (Tpa- AJIEKTPOMArHeTU3My
BUTAI[H) 3emis 7%666% (4.218)
, ~[pdp=
7 J' do= 41
PLAA BT M (Sl
g* 4 7 u 8 g*
g = g Konsmo B
IInamenu.
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B uyBcTBYy0mux, Ho BHe @opmbl (Amypax),
TO ecTh Haxoassmuxcsa B Kuzam mo Kuszam -
npocHysack [amsite (U*, 4.218).

Ha Berpe ux

Berep KpbLIbeB MMEET Pa3HOCTb MOTEHLMA-
aoB (4.218) Ilamsitm AmypoB (4.218), win

KPbLIbeB

(ITamsaiT!) najIbMy:

ObICTPO

NPUMYAINCH k= u*/q* - (-u*/q*) ="7/8+7/8 =7/4. (4.219)
Onuu u3 nap- I{apcTBO MOKOS XapaKTEPHU3YETCS HAJIUYMEM
CTBA MOKOSI ¥ | HOJIb-TIOTEHIMAIA:

00paTWINCH

k Doxary ¢ H*/q*+(-u*/q*) = 0. (4.220)
peubio, ro-

BOPS TAKHE

cJI0Ba:

"OnycTn "OnycTd CTOIy CBOI, €C/IH XO0Yellb...", TO-

CTOIY CBOIO,
eCJIM Xo4Yellb
3TOro, M 3a-
BepIUH CBOM
mar, Ho
npeskae 4em
ThI c/IeJ1a-
elb 310, y3-
HaM, YTO 110
TOr0, KaK
BHOBb 3aHe-
celllb CTOIY
CBOIO,

rJla TOSIBUJIOCH OBl YHEPIeTUYECKOE T0JIe CKATHUS

or 0 1m0 -1 (puc. 4.15) ¢ IPOIOIKUTEIHLHOCTHIO
2

T,

.
k,= Tquo do =
0

16%:[0 — (-1)*] =8 =— Toc/m,.  (4.221)

MBI ¢ HALIIM-
MM OpaTbsi-
mu, boxecr-
BE€HHBIMH
Crpoures-
MH,

BoxkecrBennbie Ctpontenu (4.210):

I.* = 10*.

OTAAANM
Cobinam
Maiin

Croinbl Maiiu (4.200):

ks* = 8-107.
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Bce T00OI Bcé 100010 cKkpbIBaemMoe - BHYTpEHHEE I0JIe

CKpbIBaeMoe, | CBCTa:

M IBe CTPY- - 1-2-3-4-5 :12():6. (4.222)

HBI JIMPbI 1+2+3+4+5 15

0oJib1IE He A

OynyT 3BY- Amypsl rpo3sat ®@oxary oTHiTh Yy Hero Ilpo-

1aTp pac- JOJKHTEIHLHOCTH:

CTpoeHHO". I1.*%ka* ki ks =

10*-8-10%6:7/4=12-7-10" =

T,o(To+1)-10%. (4.223)

"Koraa mep- | Haunnaercs paccMoTpenue npo0ieMbl H3MeHe-

Basi CTpyHa HUSI IaBJIEHHsI IPH Mepexoje 06J1aCTH HOJIb-

3a3BYYHT B NMoTeHnHAaJa J000i BoiaHbI (puc. 4.16).

MOJIHYIO CH-

Jy - Tbl yM- T

pelb, 100 L, E 5

TBI CTAp H T, ° 3

TBOSI padora ©

MO4TH 3a- l l

ﬁzl;g;f;m’ a Puc. 4.16 Ilepexoo nonv-nomenyuana

. 6 npoyecce 0agieHUs.

yMepb CBOM

THeB H 1aii Ecin 061 @oxat ocMeHiIcs Mpo0KaTh

MECTO yCH- JaBJIeHHE B 00JIACTU OT HYJIS 10 MUHYC €IUHHMIBI,

JIMI0, €CJIN T0 OH nosty4ns Obl yCHJIME CHKATHUS, TO €CTh UM-

Xo4enrb Mpo-
IJATH CBOM
COOCTBEeHHBIE

Tpyasl'.

IIyJIbC CKATHS B TPEXMEPHOM MPOCTPAHCTBE
(4.221):

Vemme | ky=-8 =-2° = -(Towo/c)* ™. [(4.224)

*
k%

Yceuname cxkatus (k;) B [Ipoao/okuTeIbHOCTH
CIKATHA (Toz, puc. 4.16) npuBeneT K MOTEHIUAI-
9KBUBAJICHTY IMPOU3BEICHUS BCEX DJIEMEHTOB Be-
kol [Tupamuner (puc. 3.10, 4.224):

Tk = 16:(-8) =2 = V2. (4.225)
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*
*k

Mexny ycunuem cxarust B cryctke (Pyma) u
HMITyJIbCOM  paciiupeHust  Oeryiuein
(Toc/mo = 8) BOSHHKHET paBHOBECHE:

BOJIHBI

I[HHZIM](I‘IECKOE PAaBHOBECHUEC B BOJIHE

Pacmmpenue

Cxxartue

Nmmynsc

Ycunue

kp=Toc/mo=8

kzZ—SE

- (To(x)o/c)3

(4.226)

OrHoureHus

+1

*
kK

[Ipo1OIKUTENBHOCTD PACIIUPEHUS UMITYJIBCA
paclIMpeHus ¥ YCHJIUSA CKATUS paBHA T,>

Mexny 3apoapiiieBbiM [1y3bIpbKOM B CIyCTKE
(Pynma) u MexranakTHuecKuMHu BoJiHaMHu (Apy-
na) BO3HUKAET JMHAMHUYECKOE pPaBHOBECHE B
¢popme nyabcanmu mexay XaocoM u ['apmonm-

elt, hopmupyromeit Jl3uan:
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IMyabcanus ¢ noreHuuaaoMm JI3uan

(4.226)
beckoneuHOCTh 3apobIeBbIi
Meraranaktudyeckux | Ily3bIpek crycTka
BoJH (Apyma) (Pyma)

1 . (4.227)
D Jpdp=-"2 | (D]pdp=+V2

(+1)j¢ dop=+Y5 (-1)j¢ do="-Y.

Uucno coyeraHud IEpEMEH HaIpaBICHUHN
JIBIDKEHUS B 3ToM Tioiie (4.227) OyaeT paBHO 1O
J1BA U3 YEThHIPEX:

4 1234
(4-2) 12

C; = 12=T,7. (4.228)

Orto BaxHelee Yucno Penurun u Mucrtepun
JIOHOCAT 10 Hac Kak Amnocrosnbckoe YUucno wnm
UYucno 3HakoB 3oaMaKa.

***

®opMHUpOBaHKE HA TPAHULE C HOJIb IOTEHIIMA-

nom [us u Houwn (4.87, puc. 4.11, 4.16) npuBoaut

K pa3HOCTHU MOTEHIINAJIOB, PABHOM:
H-J1=2046 - 2016 = 30. (4.229)
BosnukaroT cuHe-ronyObie KojieOaHusl B CIEK-

tpe cBera (3.131). IlosBnserca Yakpa Tperuit
I'nas.
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CmaHnua VI [3]

CraHua onuchIBaeT BaxkHeHllee (U3MUECKOE SIBICHHE
CMEHBl PacUIMPEHUs MaKCHUMAaJlbHO CXATOTO Mojs. Mbl npu-
BBIKJIM HA0JII0IaTh. PACIIMPEHUE CMEHSETCS CHKATUEM, MPHU-
TSOKEHHUE - oTTajlkuBanueMm. Ho, Ha0aroaasi, Mbl He MOHMMA-
eM ruIyOMHHBIX siBJeHuil mpoueccoB. Ctanua VIII onuckiBa-
€T IMEHHO TTyOMHHBIE PUYUHBI TUX MPOIECCOB.

1. JIsst TOro 4TOOBI C:KaTHE MOTJIO MOJHOCTHIO YHUUTO-
KUTh paclIMPeHre, KaK IKCIJIyaTallus - TATY K cBodoje,
JKCIUTyaTaTopaM Haao Tak Haxkath Ha CkotoB-lI'oeB, 4TOOBI
ATUX WU3TOEB PHIHOYHOM 3KOHOMHKHM cTpammia Cama MbIcab 0
Coboze.

Jns moGenpl HAA0 MOACYMTATH CHJIbLI MPOTHBHUKA:
Coiabl Maiin (4.200), moTeHuuan 3anpeTHO TIPaHMLbI
(4.65), Tonkyto sHepruto (Uxaii) 3anpetrHoit rpanuiist (4.200),
3aTeM OIEHUTh CBOM CHJIbI (4.208), HAWTH COINO3HHMKOB
(4.210) - 1 MO’XKHO MPUCTYMATh K MPUBATU3AINH.

2. JlaBneHWe HE CMOIJIO YHHUYTOXUTh Pacmupenue
(4.211). Joctmxenune obmacTelt KpUTUUECKUX JABIEHUHN CIIPO-
BOLIUPOBAJIO IK30TEPMHUYECKUN B3PBIB C BbIJICJICHUEM SHEPTHUU,
CIIOCOOHOM TBOPHUTH HOBBIE DPOPMBI DHEPTUH, SKBUBAJICHTHBIC
cBety - 2-18, Boxe - 18, cybcrpykrypam - (9+0), Csatomy [y-
Xy - 24, rpaButauuu - 28... u Tak aaiee. Cpeau 3TUX HOBBIX
(GopM 3HEpPruM NOSBISIIOTCSA SHEpPTUM cBeTa (Marepusi) u sHep-
rust Kynnanunu (Tonkas Dneprus) (4.212).

KyHnanuuu, kak 3Heprus paciudpenusi, popMupyer mno-
ns1 BHe-Dopmbl (Apyna), CBeT SBAsSETCS UCTOYHUKOM TOJIEH,
umeromux ®opmy (Pyna). TodeuHblil y4acTOK BOJIHBI CBETAa,
pactupssch (epexo/is Ha BHENTHUE OpOUTHI), popMHUpyeT Bce
IISITh CYIIECTBYIOIMX B [[pHupoie B3aumMoaeiCTBUM:

C/O)o =2= lg P1P2P3P4P5, (4230)

IMPUBOAUT K IMOABJICHUIO I[BI/IaHZ
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1 0
G _Lolpdp u -2-_L=[pdp,  (4231)
C C

sHepreTudeckom ocHoBbl KocMo-, AHTpono- u Teorenesuca.

@opmupoBanue /[[3maH NOpoTEKaeT IMOJ JABICHUEM,
onucanHbiM CraHien kak myrtemectBus Poxara mo Geperam
Temuoro Ilotoka (4.213, 4.214).

3. Ha IllectomM ypOBHE IpaBUTAIMOHHOTO MOJISI MEXIY
MOTEHIMaJlaMi TIOBEPXHOCTEN KBAaHTOB cBeTa M KyHmanuHu
BO3HUKAET PaBHOBECHUE C MOTEHLHAIOM, paBHbIM 6. OgHaKO,
BHYTpEHHHE Toyisi cBeta W KyHOalnuMHU MyJIbCUPYIOT TIO-
pazHomy (4.215). HymeBnas (4.217) rapMoHUsI BOCCTaHABIIU-
BaeTCA I0CIE UHBEPCHUH, HO TOJIBKO Ha MATH U3 CEMU YPOBHEM
rpaBUTAMOHHOTO 1oJis (4.216).

4. HenocTtaTo4HOCTh MArHMTHOM JHEPruM B 3apOJbl-
meBoM Ily3bIpbKe rpaBUTALMOHHOrO MOJISI, @ TAKXKE MPOXOXK-
JIEHWE MarHUTHOTO MOTOKA Yepe3 KUJKYIO IJ1a3My B JIA3€PHOM
TOYKE CBeTa (MJIM Yepe3 MarmMy 3eMJin) BbI3bIBAE€T U3BEPIKEHUS
I'PaBUTALIMOHHO-IJIEKTPUYECKUX UMITYIbCOB (4.218), KOoTOpHIC
3a cueT myJibcanuu - /[3maH nepexonsar B OTPUUATEIBHO U
MOJIOKUTENIBHO ~ 3apsDKEHHBIE  DJIEKTPOMArHUTHBIE — MOJIA
(4.218).

IlosiBleHMe MarHUTHBLIX UMIYJbCOB B Hebecax, ko-
TOpBIE IOCJIE I'PABUTALMOHHBIX HM3BEPKEHUI KOJIBLOM OKpY-
JKUJIM CTYCTOK, HAPYIIHJI0 MoKoH Kusuu 10 ’KusHu.

YyscTrByromme u BHe-GopMbl (Aurypsl), WId MbI B
Kuznu no Kuzuu mnm B Kuzuu nocie Xuznu, - npoOyau-
muck. Ha 6a3e BooOpakenus (q*) y HUX mpoOyIuiIach namsiTh
(U*), 1 HA KPBUIbIX MArHUTHBIX UMITYJIbCOB [lamstu (4.219)
Amypsl  OpujeTeIM  HAa  BBIPYYKY  HaMm, [PEIIHbIM
(4.220+4.223). OHu BbIBEJIM HAC HA CBET U3 00JIACTH KPUTHUYE-
cKoro aasienus u rpo3unu doxarty, uro nmumat ero Ilpomo-
KU TEJIbHOCTH.

5. IIponosxenue nasjaeHuss Ha 3apoabimeBblil Ily-
3pIpeKk B cryctke sigep (Pyma) mpuBoaut x TpaHchopmanuu
MMITYJIbCA CKaTHsl B YCHJIME C:KATHA, TO €CTh pacHpOCTpaHe-
HUE UMITYJIbCA CXKATHS MO TPEXMEpPHOMY MpocTpaHCcTBY Ily-
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3bIpbKa (4.226). Mexny Apynoi pacuumpsoueiics B Merara-
JAKTUKE BOJIHBI M YCUJIMEM JIaBJICHUSI B IMy3bIPbKE HACTYIAET
paBHOBecue (4.226). OnHako, 3TO TUHAMUYECKOE PaBHOBECHE,
KOTOpOE MposBIseT ce0s B popMe Mmyabcaluu MEXy Xaocom
u ['apmonueii (4.227) u umeeT BO3MOXKHOCTh 12 pa3 u3MeHUTh
HaIpaBJeHUE IABUKEHUS MO LIECTH KOOpJAMWHATaM (+X,ty,*z)
TpeXMepHOTO  TpocTpancTBa (4.228). D10 uHcmo —
12 = Tyt = [£x| + [£y| + [£z| — Penurun u Mucrepuu 10oHOCST
0 Hac Kak AmoctoJjbckoe Umciao mwim Yucao 3HakoB 3o-
JHAKA, OHO CBSI3aHO CO CBETOM, UMITYJIbCAMH U 3apsiJIaMHU:

p*- q* = (28 - 16):10*=12-10" 5 1210 =
(28-16)10%"=p - q. (4.232)

B sTOoM mose, mpu c:xkaTUM, BHYTpH KBaHTa cBeTa o0Opa-
3yeTcsl CIMEeKTP CBeTa, a NpU pacHIMpeHdH — paayra (puc.
4.17). Bozuukaer Tpernii I'na3: pagyra Meicnu - Bnagsika
Boo6paxenus (4.229).

4.9 CtaHua IX. 5
Mo3r CbiHoB Bonu n Uoru -
TBopeuy MaTepuanbHoOCTU

1. C Bocroka, 3anaga, CeBepa, IOra npunumm 4erBepo
Cearpix. Ilo nyru Onu coOpanu HcrpedOuresiei, ToJmuB-
mmxess Ha Ux gopore, M 3aCTaBJIsUIM MOCJICAHUX JABUIATHCS
ObICTpee.

2. Y "3anperHoil rpaHunpbl'' OHM OCTAHOBWINCH U
KpukHyad B oguH rojoc Kean-IIIn: "Ckaxu TOIbKO 01HO
CJIOBO, CJIOBO M3 JIBYX 4acCTeil, U YCJIBIINM €ro Ioj Byalbl0 Ha-
LIHX KpbLIbeB''.

3. Torma rpomkum rosiocom KBan-mmm mpomssesia 310
c10B0. OT Hero B3APOrHy/JM He0eca U BHOBb OTKPBUICH IMYTh
Mexay ornennoii Kpacnoii 3Be310ii u 3Be3/10ii, KoTopas ObLIA
OYMILIEHA OT CBOEH YePHOTHI.
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4. Ckazan O Carbeim: ""Colepute CBOMX X0351eB U C/ie-
JIalTe KWINIA, K0cToliHbIe AHresqi0B I'ostoca. Onu mposexyT
HOBOpO:KIeHHBIX ChinoB Bosm m Horm nmo orkpbIToii MHOIO
Tpomne, YTo0bl OHH CMOIJIN 3aceIuTh orHeHHYI0 Kpachyio 3Be3-

1y HOBOI pacoii ".

*
%%k

Pacwugpoeka CmaHusbi IX [3]

CraHnna: i}
Ne BBIPAYKCHISL CMBICTT BBIpaXKEHUH
C Bocroka, B Heiipone ceporo BeliecTBa roi0BHOTO MO3-
3anaga, CeBe- | I'a - HOCHUTENA Yakpsr Tpetuit ['na3, Hauaioch
pa, FOra npu- | o6pasosanne 3apoasimesoro Iyseipbka, T0u-
IIUIH YeTBepo | HO TaK Ke, KaK 5T0 OBUIO B JIPYTHX sapax (puc.
CBATBIX. 3.6, puc. 4.9, puc. 4.17).
1

Puc. 4.17 Pe3onancnoe ¢hopmuposanue 3apo-
0blULEeB020 NY3bIPbKA HEUPOHA

B 3apoasimesom Ily3bipbke Helipona Oyner
IIPOMCXOAUTh PE30HAHCHOE B3aUMOJEHUCTBUE
MarHUTHBIX UMITYJIbCOB U 3apsiioB (puc. 4.17).

[Ipuyem 31O B3aumojeicTBUE OyIET TpOTe-
KaTbh B YCJIOBMSX LHC-U30MEPHH 3apO/IbIILIEBOTO
Ily3blppka HeHpOHA JIEBOr0 MOJYLIAPHA TIO-
JIOBHOI'O MO3ra W TpPaHC-M30MepHH INPaBOro
MOJIyLIApPHS:
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I'osioBHOI Mo3r
(3apoaplleBble NY3bIPbKH HEHPOHA)
Jleoe monymapue | IIpaBoe momymapue

(umc-u3zomepusi) (Tpanc-uzomepus)

e o2 (4.233)
+%(—ﬂ)ﬂ*(—ﬂ*)ﬂ —%(—ﬂ)ﬂ*(—u*)ﬂ
=+714° =-7-14.

ITo nyr OHu
coOpauu Uc-
TpeduTeJIei,
TOJNUBIIUXCS
Ha Ux nopore,

Ha noaxone k 3aponsimeBomy [1y3pIpbKy
MarHMTHBIM 3apsi/iaM U UMITyJIbCaM MPUILIOCH
HPOITH XKUIKYIO a3y ceporo BellecTBa rojloB-
HOT'O MO3Ta, HaChIILIEHHOT0 TPaBUTALIMOHHBIMU
3apsiiaMu M UMITYJIbCaMU, HaXOSIUMKCS B aH-
TUPE30OHAHCHOM PEXKHUME:

T'o10BHOM Mo3r
(rpaBUTAIlMA B CEPOM BellleCTBE)

JleBoe monyuapue | IlpaBoe monyiapue
(Tpanc-uzomepus) (1mc-uzomepus)
JI. = I, = (4.234)
a, a
- (PP - (-pp*) | F=2(p*P - (-pPY)
=-4-14 =+ 4147,

HcTpebutensMu rpaBUTAMOHHOE TIOJIE Ha-
3BaHO IIOTOMY, YTO OHO JIBIDKETCS B HAIpaBJie-
HUU, TPOTHUBOIOIOKHOM MarHuTHoMy (4.233).

U 3aCTaBJISLIH
MoCJIeTHUX
ABUTATHCHA
ObICcTpee.

Pe3onancHBIC MarHUTHBIE TTOJISI YCKOPSAIOT
JABWIKCHUC aHTUPC30HAHCHBIX I'PABUTALIMOHHBIX

(4.233, 4.234).

I'onoBHOMH Mo3r
(KOHTAKT HeHpoHa
¢ cepbIM BelIeCTBOM)

JIeBoe moaymiapu TIpasoe
eBOe NoTyImapue Honymape (4.235)
3 3
P LA LS P o L
—4-14 —4-14
(7414 =-7212 | -(7/4) 14 =-7*/2.
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Y "3anperHoi
rpanunbt'
OHH OCTAHO-
BIWJIHChH

Kontakt 3apoasimenoro Ily3pipbka Heil-
POHA C cepbIM BeleCTBOM I'0OJIOBHOTO MO3ra
NPUBOIHT K (POPMHPOBAHHIO TTOTCHIHATIOB +7%/2
(4.235).

Oto moie (4.235) MoxeT ObITH Apynoit
Kynaanunu ¢ IIpogonxuTe/IbHOCTHIO
(Tot1=7):

Apyna Kynpaanuu
JleBuzna [IpaBu3na
paciiupeHust pacIIupeHust
+7°/2 =72 (T 1) S =772 =712 (To+ 7).

(4.236)

U KPUKHYJIH B
OJIMH T0J10C
KBan-1lIu:
"Ckaxu
TOJbKO OJHO
CJIOBO, CJIOBO
U3 IBYX 4ac-
Tei, U yCJIbI-
UM ero moj
BYAJIbIO Ha-
IIUX KPbLIb-
eB'".

Ho moxer takxe popmupoBath "000104Ky"
(morenuman 49, [8]), Kopy JI€BOTO U MPABOTO
IIOJIyLIAPUM I'OJIOBHOI'O MO3ra:

Kopa ("o0os10uka')
T'omoBHOrO0 Mo3ra
JleBoe IIpaBoe
noJjryuiapue nojrymiapue

2 1 2

7 7 F
+—=49pdop | ——=49[p do.
5 {(0 @ 5 !(p ®

(4.237)

[TosiBuich Kosiebanust MeXIy XaocoM U
["apmonwueit, To ecth KBan-11lu (4.237). U ero
yeabimaan noja Byaabio Kynnaauum (4.236).

Toraa rpom-
KHM T'0JI0COM
KBan-mu npo-
H3BeJIa ITO
cji0Bo. OT Hero
B3JPOTHYJIH
He0eca ¥ BHOBb
OTKPbLICS
nytb Mexay
OTHeHHOM
Kpacnoii 3Be3-
no0ii u 3Be3/10ii,
KOTOpasi ObLiIa
OYHUIIEeHA OT
CBOCH YePHOTHI

Temnas 3Be3na (4.197):
wrp(u*)? = 14%10%.
3Be3z[a, OYHIICHHAs OT YCPHOTHI:
(u*)*=14"10%. (4.238

Oruennas Kpacnas 3se3na (puc. 4.4, 4.21):

AK
AK

=4

AK| | @) 19610 (4239
M| MK AT 196-10°)

KBan-mm (4.21), Benukas Mats:
P2 S185 Ps.
***
OHJ0-9K30TEPMHUYECKUN NIEPEXOT MArHUT-
HBIX UMITyJbcoB [lamsiTu:
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Tlons
3Be3na, KBaH-mm: OruenHas
IIpoueccst
ounieHHas | Benukas Kpacnas
OT YEPHOTHI Martb 3Be3na
Tepmo-
Pl @M = | pS1Sps | ps=
PEBHO™ | 14%10% [107s15100 10
3 BecHe - (4.240)
OHuto- *)1 518 2
TEPMHUS (M )p2 Ps
CrycTKa SHIO 3K30
IMonnas $\43 | — A2 1
ownorepws (L) P2_L= Py =
peero o | (W*)'p2-1| Spo-15 0.
Cka3zaa On [TocTaBnennas BooOpakeHuem 3agada Bbl-
(BooGpaxenue q*) ITOJTHSAETCS KaK OTHOIIEHUE KOHIICHTPHUPOBAH-
CBATBIM (H*)43 HbIX UMITYyJIbCOB [lamsaTu Kk ummysibcam Mebiciu:
"Cobepure
AV 4 80
CBOUX X035IeB (u*)'  14*10%
) = =
(MbIciH (p*)7) (p*) 28°-10%
U caesaiTe
HAKHJIHIA (060- 72:10" - 060on0uKa =
JIOUYKHU C IIOTCH-
2
wasiom 7°), 10C- (To+1)*10% - camma. (4.241
TOWHbIE AHTe-
JaoB I'ostoca
(ramma B mose
(hOHOHOB).
4 | Onm (4.241) Luc-TpaHc-ru30Mepus pa3ieliuT 000I04YKY
NPOBEAYT HO- (4.241) na neBoe u nmpaBoe noayiapus ['onos-
BOPOKIEHHBIX | HOTO Mosra CeioB Bosu u Horn:

CrpinoB Boun
u Horu no ot-
KPbITON MHOIO
TpoIe,

4TO00bI OHM
CMOTJIH 3ace-
JIUTh OTHEH-
Hy1o Kpacnyro
3Be31y HOBOII
pacoii''.

@dopMupoOBaHHE MOJNYIIAPHI MO3ra

JleBoe

IIpaBoe

[{nc-nzomepust

Tpanc-uzomepust

7-10%°=4/7%-10% 5-7-10%=-/7%-10" .

(4.242)

Yro6s1 Mosr CeiroB Bomu 1 Moru cran
TBopiiom He TobKO BooOpaxeHnus, HO u Mate-
pPHAIBHOTO 32 cueT 3(h(HEeKTUBHOCTH B3aUMOJICH-
cTBuU cBeTa (Ps) Kpacnoit 3e3nbl (4.239).
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***
CmaHua IX [3]

Cranna onuceiBaeT mporecc GoOpMUPOBAHUS TOJTOBHOTO
mo3sra Yenoseka Bonu n Uoru.

1. MarauTHbIC 3apsabl B UMITYJIbChI B3aUMOJICHCTBYIOT
B 3apoabimeBom Ily3bipbke Heiipona (puc. 4.17) B pe3o-
HAHCHOM pe:xxkume (4.234).

Ha nytu x 3aposasimeBoMy Ily3blpbKy MarHuTHbIE 3a-
pSAAbl U MMIYJBCHl MPOXOJAT Cepoe BellecTBO T'OJIOBHOIO
Mo03ra B 00beMe HeMpOHa, TJIe BCTPEYAIOT CONPOTHUBIICHUE aH-
THPE30HAHCHOT0 TPABUTALMOHHOTO moJs (4.235).

['paBUTALIMOHHBIN MOTOK yckopsieTcsi (MmarnuTHas Ila-
MATH YCKOpsieT rpaBUTanMoHHYI0 Mpbicasb). [luc-TpaHnc-
MU30MEPHS MEXKIY JIEBBIM U IIPABBIM I1OJIYIIAPUAMU TOJIOBHOIO
Mo3ra coxpansiercs (4.236).

2. Ilynbcamusi 3HEPreTUYeCKUX MOTOKOB MeEXAy 3apo-
apimeBbIM Ily3bIpbKkOM HelipoHa M cepbIM BelIeCTBOM B
o0bemMe HelipoHa Mojo0HA MyJbcallMd MEXAy 3apoiblie-
BbIM Ily3bipbkoM B Heapax siapa 3eMulM M MarMoil sipa
3emuu.

Takasa nynbcanus naer Apymy Kynpanunu (4.237) u
Pyny aurocdepsl 3emin, i Kopy NMoJylIapuid roJI0BHOIO
Mo3ra (4.238).

3. BzaumopencTBuUsl, CHavYaia 3K30-3HA0TEPMUUYECKUE, a
3aTeM SHIOTEPMUYECKHE, YBEIMYMBAIOT NoTeHIMan [lamsTu
neitpona 1o (UW*)* po>-1.

4. BooOpaxenune Coznmarenss coBepiieHCTByeT Mosr
CoiHoB Bomm u Horu (4.241) n Yix Mosr craHoButcst TBop-
oM MarepuanbHoro (4.242).
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