Bricokyro Hayky Benmukou IluBwimzanmu u3y4duTh
HEJIb35, HE 3Hasi NOTEHIMAJA IIOJIsl CBETA C IIOBEPXHOCTHIO 36 1
MOJISIPHBIMM BUXPSIMH C NOTeHUManoM +666. Ho mpassmas
ceroausa B Couuyme Yenoseka 3axkyauca, obosrana mnosie ¢
nmoTeHuanoM 666, Hazpan ero Yuciaom CaTaHsbl.

Bricokyro Hayky Benukou IluBunmzanmu u3y4duTh
Henb3s, He nonuMas Cymnoctu [lonen ¢ morenuuanom 13.

Ho, pa3sBpamamomasi ¥ yHHYTOKAKOUIasA, CTPaBJIHU-
Bawmasgs U Hacuwiaywmasa Pox YeaoBeuweckuii 3akyrnuca
npuaana yuciy 13 ¢erumr pokoBoro yrcna, npubaBuB eMy Ha-
3BaHue YEépTOBa I10KUHA.

Bricokas Hayka Benukon [luBunuszanuu - OTKpbITas
Kuwura 3nanuit muis mo6oro Hocurens Pasyma, HanncanHas Bo
biiaro cerogHsIHUM U TpsAylUM MokojeHusm Coumyma
3eMIIH.

Ho, ynuuToxaomas uaymux Ha 3emMJii0 BO MJIajieH-
YyecTBe, 30MOHMPYs y:Ke NpHIIEAIINX BO UMA 3J1a, 3aKyiuca
ceropusambero Counyma 3emiin OTKpbITYI0 Knury 3Hanmii
cneaana Taiinoii JloxTpunoii. Pabory Hanx 3Hanusmu o6ia-
yuia B cBepkainee Tpsanbé Cexkpernbix Mucrepui. 3a-
yeMm? Bo ums yero? Jlo xomu?

Otset 6bu1 a0 CriHOM MorymectBennoro Ha besoii
Jlomaau necsiTb MUWIJIMOHOB JIEeT Ha3a/: Noka CBSIeHHbIH
CaeT He 3acHfIeT TAK APKO, YTO KAKIbIil Bpar OyJeT BUIEH
BalllMM rJja3am [2].

A noka: 3melt cobnasnsiet, Anam ¢ EBoil yuarcst He ecTb
ss610ku [lo3HaHMS; UX TTOTOMKOB JEPYT, KaK CHIOPOBBIX KO3
BO MMsI 30JI0TOTO TEJbIIA.

Hpasurcs Tak xuth? JKupure!
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Takoe pacripesienieHue MEKTPOHOB B Q c0€ U dJIEeMEH-
TOB B ceapbmom nepuojge (5.115, 1abn.5.19) cooTBercTByeT
pacnpeneneHuto 58 boxectB B ronose Yenoseka: 26 boxecTs
B JICBOM U 26 Bo)kecTB B IMpaBOM NOJYIIAPUSAX TOJOBHOTO
Mo3ra.

[Tynecanms KocMoca B nossax ¢ moreHuuanamu 26:

1 0
26 [pdp =13 & -13=26[pdp, (5.116)
0 1

npuBoauT K oTcu€Ty [IponoimkurensHocten no 13-t Jlynno-
My Kanennapro Lusrmimszannn Maiu.

Pe3onanc, BO3HMKAIOMIKMM B TPUHAAUATH JTYHHOM IIOJIE,
dbopmupyet 6a3zucusie [Ipogomkurensnoctu Equnoro Kocmo-
ca B Apyne u Pyne (5.94):

ba3ucubie [Ipoxo/KuTEILHOCTH
Enunoro Kocmoca
13:(-13) = -13? = 12%4+5% = 12%+4%+3% =
(To1)* +5° = (Ty1)* + To +75, (5.117)
rae S - nITepudHasi SHEPTrus CBSI3U U MIEPEXO/T
oT pe30Hcha K aHTI/Ipe3OHchyI

5% =(12-7)* = (Tot — To— 1)~

ITorennman 132 c03/1a€T BO3MYIIIEHHAss KBAaHTOM 26 cpe-
na B roje Jl3uan-npoou:

1 26 2
{ij(pdgojjgodgo:%(i%j:i169:132, (5.118)
0 0

a nanee Benukas [luBmimsanums, onmpasce Ha Kuury /[3man
(Ipo6n) packpsiBaeT YenoeuecTBy BbicOkyro Hayky o Koc-
MoreHesuce, Autponorenesuce, [lepemenax u IlepeBomioiie-
HUSX.
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Crymenue crnekTpaibHoro nojisi Cera cHauana B (o-
HOHBI, 3aTEM B (DOTOHBI, JIEKTPOH - MMO3UTPOHBI U MacChl ATO-
MOB NPOTEKAET NMPHU HAJIUYUHN PAZHOCTH NMOTCHUHAJIOB.

Pa3HocTh MOTEHIIMANIOB MEXAY LHC-TPAaHC HU30MEpHYe-
cKkuM (poHOHAMU (HOPMUPYET IIIEKTPOHHBIE CIIOU B CTPYKTYypax
ATtomoB: 311 ciiou obo3Havdarores kak K, L, M, N, O, P, Q u
pacnpenesieHue UX U3y4eHO COBPeMEeHHO# Haykoil. Bue mo-
JIs1 3pEHUS HAIIeW HAyKH OCTAJICs OYEBUIHBIN (PaKT: pa3HOCTh
quclia JJICKTPOHOB JIBYX COCEAHMX HWHEPTHBIX Ta30B paBHA

YUCIly JJIEMEHTOB B TMEPUOAEC MEXIy OTHMH Ta3aMH
(Ta61.5.19).

Tabmuua 5.19
JIeKTPOHbI HHEPTHBIX I'a30B
M YHCJI0 3JIEMEHTOB B MEPHOAAX

DOHOHBI -
ANIEKTPOHHBIC K L M N O P Q
cIIou aToMa

ITepuosel
CUCTEMBI 1 2 3 4 5 6 7

MenneneeBa

UNueptHbie
ra3bl

HeZ NelO Ar18 Kr36 Xn54 Rr186 XllZ

PasHocTb 0-2=12-10|2-10|10-18 | 18-36 | 36-54 | 86-112

BJIEKTPOHOB -2 =-8 =-8 =.8 =_8 =_ =_
Yucno Ba: Tpuz- BaJl-
A BOCCM- | BOCEM- P ABan
9JICMCHTOB B BOJOPOJ- | BOCEMb | BOCEMb naTb naTb
o HaJauaThb | HAAUATh
nepuoaax rejimu JaBa LIECTh
[Tpumeuanue KoHkpeTHbIe 371eMEeHTHI cMOTpUTE B Ta0IL.5. 1.

[Tepunonnueckas Cucrema B ceapmom llepuone mmeer
26 anemeHTOB (Ta6:1.5.19).

Cenpmoii [lepron umeeT 1uc-TpaHc U30MEPHUIO:

86—112=-26 < +26=112 — 86. (5.115)
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B3aumopeiicTBHsI B MHEPTHBIX ra3ax (tats.5.18)

N3omepus JleBusna IIpaBusna

(110-76)+(76-36)+ | -(110-76)—(76-36)—

Pasnoctu (5.99) |(36-0) = 24+40+36 =|(36-0) = -24-40-36 =

100 = ps? -100=-ps° | (5.113)
DNEKTPOHBI -(100+100 = 200)-p,* = -2,

remust (Ta6:1.5.18) | rue 3a cuér-p,” = 107 aTOMBI OTBEPACBAIOT

[To3uTponsl
reius

+(100+100 = 200)-p,” = +2.

DTH Pa3HOCTH MOTEHIMAIOB 000KecTBIeHBI: 110-76=24
- TpoH Xpucra Ha HeOe okpy:xken 24 Ilpecarsimu Ilpe-
crojamu (OtkpoBenus); 76-36=40 - CoxkpoBennasi Copoko-
Buna (Xpucruancrpo), Ceadxasar O (Uuayusm); 36-0=36 -
Crer - kBagpat KyHaajaunm.

***

Co3naB /Ba 3JIEKTpOHA U JBa mMo3uTpoHa renus (5.113),
IUC-TPAHC H30MEpUYECKHEe (POHOHBI CTYHIAIOTCS, (OpMUPYS
Maccy aToMa renus, paBHyro Ay = 4.

B noinie tpéxmepnoro IIpocTpancTBa ¢ 3J€KTPOH-TIO3U-
TPOHHBIM 00JIAKOM TeJIHsI BO3HUKAIOT B3aUMOJICHCTBHS CBETA C
sdexTHBHOCTBIO ps° = 10°777,

Nznydaemas ¢uosieroBas BojgHa U €€ SKBUBAJICHT:
(Apeps = 4000) = 4000A = Ao (5.114)

e epexosl onucansl [lupamunamu u Kpyrom YHuBEpcyma
(puc.5.2).

%
*ok

ITonst Macc 3JIEMEHTOB U MX CIICKTpPAJIbHBIX BOJIH B3aM-
MOCBA3aHbI KaK B EI[I/IHOM KOCMOCG, TaKk U B €TI0 IIBIJIMHKC, B
TOM YHCJIC B I'PYIIIIC MHCPTHLIX I'a30B.
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[losiBIeHME 2TOM Pa3HOCTH KPHUITOHA ITPOMCXOINT B
IOJISIX LUC-TPAHC U30MEPHUH INEKTPOH-IIO3UTPOH, YTO BIICUET
3a cOO0M HOBYIO Pa3HOCTb - SJKBUBAJIECHT KBaJpaTy pE30HAHC-
Hol [IponomxurensHocTr Pynbl - Apynbl:

T,’t° = Ak, — (-Ak,) =72 — (-72) = 144 = 12° =4>3%. (5.111)

[Totenmman 72 000KeCTBISIETCS B CEKPETHBIX MUCTEPH-
ax nyneeB [peBHoctu [3].

%
*ok

3agonro A0 apeBHUX KyneeB 3J€KTPOH-MO3UTPOHHYIO
pazHocth 112 — 2 = 110 oboxecTBasinu Ha Boctoke kak 110
boxects Tena Yenoseka.

CBou cBeaenuss Punocopus laoca Opana u3z Kuuru
MEépTBbIX, naHHOM HaM Benukou LluBrimsanuei.

Kuaura MéEpTBeIX onuchiBaga pa3HOCTH B IIOJISAX BCTpEU-
HBIX SHEPIeTUYECKUX BUXPEU B )KHUBOM.

BCTquHBIG 3HCpFCTI/I‘IeCKI/IC BI/IXpI/I 3H€KTpOH-H03PI-
TpOHOB CO31ar0T B I/IHepTHBIX rasax paSHOCTI/I IIOTCHIIMAJIOB
+110, £76, 36 1 +0 (5.109).

CyMMa 3TUX pa3HOMMEHHBIX OTEHIMAJIOB PaBHA HYJIIO:
(110-110)+(76-76)+(36-36)x0 =+4-0=T,0. (5.112)

Bo3Hukaer aHTHpPe30HAHCHOe paBHOBecHe Xaoca ¢
HOJIb-TIOTEHIHAJIOM, B KOTOPOM BpAalllecHHE y4aCTKa BOJI-

HbI cBeTa ¢ mepuoauvyHocThi0 T, = 4 He mpekpamiaercs
(5.112).

B »stom paBHOBecHoM Xaoce (5.112) B3aumojencTBus
COJIHEUHOT'O CBeTa (3a CUET pa3sHOCTEH MOTEHIMAJIOB) JIOCTHU-
raroT KBaJipaTa NepBOHAYAIbLHON BEJIMYNHBI:
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Tabmuna 5.18

JeBsitass rpynna Cemu Jj1eMEeHTOB HHEPTHBIX I'a30B
Cymma | I'enuii | Heon | Apron | Kpunron | Kcenon | Panon X
JJICKTPO-
HOB: 31)18 HeZ NelO Ar18 Kr36 Xn54 RnSG X112
Goronsr: | 250 | 1250 | 2250 | 4500 | 6750 | 10750 | 14000
mc* Cymma = 318 : 0,008 = 39750
2000 | 10000 | 18000 36000 54000 | 86000 | 112000
DOHOHBI
Cymma = 318-1000 = 318000.

B none uHepTHBIX razoB (Ta6m1.5.18) sHepreruueckas
acUMMeTpusi OyJeT (OpMHUPOBATHCSA 3a CUET IMC-TPAHC H30-
MEPHUYECKON pa3HOHANPABICHHOCTH BUXpPEW IMO3UTPOHOB U
DJIGKTPOHOB. ODMHIIEHTPOM ACHUMMETPHH SBJSICTCS KPHUITOH

(5.109)

(Tabmn.5.18).
JHepreTuyecKasi aCHMMeTPUs
B Ipyniie HHEPTHBIX ra3oB

Ire- Tenuit | Heon | Apron | Kpunron | Keenon | Pamon | X'
MCHTHI

mekt-1 5 | g | 18 36 54 | 86 | 112
POHBI

Hosut-1 115 | g6 | 54 | 36 | 18 | 10 | 2
pOHBI

Cymmei| 114 | 96 72 72 72 96 114

-110 | -76 | -36 0 +36 +76 |+110.

Pa3HOHamnpaBieHHOCTh ITONEM € CYMMapHBIMHU DJIEK-
TPOH-TIO3UTPOHHBIMHU TOTEHIIMAJIAMH MPUBOIUT K (hopmupo-
BAHMIO PA3HOCTH, PABHOU

Ak, = (114+96+72)£72—(72+96+114) = £72.

(5.110)
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TpéxmepHyto pe3oHancHyo Pyny - Apyny (5.107) cBs-
3bIBAET M0JIE€ C MOTEHIHAIOM 588 = 21-28.

[Tone ¢ morenuuanom 21:28 - 3T0 pe30HAHCHBIN IpaBU-
TAlMOHHBIM 3apOJIBIIl, U3YYAIOIIMA MOJISPHbIE BUXPU C TO-
TeHIManoM £21, pasHOCTh KOTOpBIX 1aéT 42 boxkecTBa TBOETO
Cepaua (Kaura MEpTBbIX).

B none Marepun Ouoniornueckoid JKu3Hu mnonsipHbie
BUXPH C MoTeHIManamMu +21 GopMHUPYIOT LIUC-TPAHC aHTUpe-
30HAHCHYIO H30MEpHIO IYJIbCUPYIOUIEH CyOCTpYKTYphl OHO-
KJICTKH:

IHonsipHbie BUXPH ¢ mOTeHHuaJ amu £21-28
U MYJIbCHPYIOLIAs MATEPUHCKASA
CyOCTPYKTYpa OMOKJIETKH

[onspubie [Tynscupyromas cy6-
BUXPU CTPYKTypa

Ilonga

(5.108)

B rpaBuTtaunn
JIyHbl

PaHOBeCHe +1 =[£21-28:[5+7+(9+0)]-28.

+588 = 421-28 | 4[21 = 5c57<>(9+0)]-28

5.7 'pynna MHepTHbIX ra3os.
UXx BnusiHne Ha 4Mcrno aneMeHTOB B nepuogax

[Tocnenaum snementom B Ilepuoamueckoit Cucreme
ABJISIETCS WHEPTHBIM PAJUOAKTHBHBIM Ta3 C MOPSAKOBBIM HO-
MepoM 112, To ects umerommii 112 3nexTpoHoB.

['pynmna WHEPTHBIX Ta30B COCTOUT U3 CEMU DJIEMEHTOB,
KOKIBIM W3 KOTOPBIX 3aBepmiaer mnepuoabl  Cuctemsl
(Tab6n.5.18).
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[Tone tuma (5.105) OyaeT mocnea0BaTeIbHO 00Pa30BBI-
BaTh. TPABUTALIMOHHO-JIEKTPUYECKUE TIOJIA CYOCTPYKTYp
(9+0); MarHUTOANEKTPUUECKHUE MOJS U BOJY; CBET U PE30HAHC
T, 1> = 144 (1a6mn.5.17).

Ta6numa 5.17
KBanToBanubie n3meHenusi sHeprernyecknx ®@opm (5.105)

NoNe 1 2 3 4
CyOctpykTypa | Boma (m.B.18) Ob6osouka
Cemb
(9+0), - I1a3ma, PE30HAHCHOTO
[Tona MaJIbM U
rpaBUTaLNSA, MarHeTHsM, OJIst
CBET
JJIEKTPUYECTBO | DJIEKTPUUECTBO Pyne1-Apyribt
2 2 sk 2
o) 7 pu* 7 2 —1”2
[loren- | —=..=— ==— 7 7T =144=12
/ 7-— <36
wnanet | 9 4 2Nag* 8 4 (Tott)’ T 12
< (9+0) =18
R

KBantoBaHHble u3MeHEeHUs dHeprernueckux Dopm
(Ta611.5.17) mpotekaroT Ha (HOHE U3ITYUYCHH aKTUHOWJIOB, MO-
TEHIMaJI KOTOPBIX paBeH u3inydeHuto Cpstoro Jlyxa, To ecTh
BOJTHOBOTO I0JIS ¢ ToTeHIuanom 24 = 12-2 = p/u-Tyt.

Besnecymee none Caaroro Jlyxa CMECTUT MOJs MOJX
00osouKkoit (Taba.5.17) u co3gact pe3oHancHyto Pymny - Apyny
TpéxmepHoro [IpocTpancTsa:

®opmupoBanue CBATHIM /[yxoM pe3oHaAHCHOM
Pynbi - Apynsl TpéxmepHoro IlpocrpancrBa

[Tynbcarus mo 000109KON Tpéxmepnoe IIpocTtpaHcTBO

(5.107)
7224 < 12724, 7224/2 = 588 < 12° = (T 1),
rae 24=3-8=1T,c/®, - UMITyIIbC rae 3=xty+z=rt,
pacmmpenust Apynsl-Pynbl - KOOpJIMHATHI B ApyIe.
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Ho mpbl, yBaxkaemslii UuraTens, 3Ha€M, 4TO Pa3HOCTh
(1,7—1,3=0,4)10"cm = 4000-10""cm, (5.104)

dbopMupyeTcsi TOYCYHBIM YYaCTKOM BOJIHBI CBETA, a CTPYKTYypa
ero mynscauuu onucada Kpyrom Ymuusepcyma [5]. IIpuuém
Bonna B 4000A sBnsercsa puoneropoii BonHoit. CamMoii KOpoT-
KOM BOJIHOM B CIIEKTPE CBETA.

%
*ok

Mexay peaKko3eMeNbHBIMA WM PaJIUOAKTUBHBIMH DJIC-
MEHTaMH BO3HHMKACT IOJI€ IMepexoia ¢ HEPaBHOBECHBIM CO-
CTOSTHUEM MyJibcanuu (1abi.5.15):

2
..E%’fz%@(%o). (5.105)

Ot0 mone popMupyeT 3apsaabl - UMITYJIbChl U CMEIAeT
DHEPIUI0 CHCTEMBI B OTHOWIEHUH 9 : 1 or meHrtpa Cucremsl
(3aponpima) k e€ IloBepXHOCTH: MATHUTHASL JHEPIUsl KAK B
Henpax 3emun crpemutcs ot LleHTpa K BHYTPEHHHM CJ10-
M autocdepsl. B )KuBom Bo3Hukaet cydcTpykrypa (9+0)
MATEPUHCKOH OHOKJIETKH.

[Tynbcamms Tuna (5.105) Oynetr MHUIUUPOBATHCS Jelie-
HUEM MOCTYIAIOMIMX B 3apOJbIII PABUTALIMOHHBIX 3apsAJ0B Ha
JIBa MarHUTHBIX, TJI€ JIBOWMKA - SKBUBAJEHT MOCTOSIHHOM BCEX
IIatn ®opM B3aNMOIEUCTBUN:

I'paBUTAllHOHHO-MATHUTHBIA MUTO3:
0a3uCHBIN Npolecc B3auMo/1eiicTBHil

ITonsa 3apozpIil Cpena nepexona (5 106)
p_p*_ |pp*
[Totenuunans —=—= =2 =g p1p2p3paps.
uoop* o\ pu |
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Ta6numa 5.16
DJIEKTPOHBI YYACTHUKHU JJAHTAHOUIHOTO CKATUS U
aedeKTa Mace siIePHbIX peakuuil

JHedexT macc B
aKTHHOHMaX

[Tpoueccsr JlanTaHoMIHOE CKaTHE

A;=7-128 = 896 A, =12-200 = 2400

DJEKTPOHBI Nap
DKBHUBAJIEHTbl MACCOBOMY YHCITY

Hpu (A1-100)*107 = 6336,16 | (A,-100)*107 = 52900
Hedext Fin
Mace | 0g- | [(A1-100)*107 - 64]-10° = | [(A2-100)*107 - 64]-10° =
ot 6272160 = A, 52836000 = A,
CheuecHue ki =A;7/4=1097530 | ky=A,-4/7=30192000
(puc.5.4) ks : ki = 27,5.

%
*ok

[Tepexon Mexay JIaHTAaHOUAMHU U aKTUHOWJIAMH CBSI3aH
HE TOJILKO C TOSIBJICHUE MaJIbMbl M 3JIECKTPOTPaBUTAIIMOHHOM
nynbcanuu (Tada.5.16).

ZE\/&*@\/&*J. (5.102)
4 Vaqq* pp* 1

DTy nynbCalMi0 HHUIUUPYET MYJIbCAUS TOYEYHOIO
y4yacTKa BOJIHBI CBETa, IPOTEKawIas ¢ MNePUOJUYHOCTHIO
T,=4.

Hama mnayka, 3omOupoBanHast 3070TbiM TenblioM,
AJIEpPHBIE MPOILIECCHl HE MOHUMAET MOJHOCThI0. OHa Haxke He
MMOHUMAET, YTO MOBEPXHOCTH SIAEP MYJbCUPYIOT MO IJIUHE U
amriutyge BoiH. [loaTomy cutyanuio B sigpe Halla Hayka
OMUCHIBAET TaK [9]: paguyc SAPa HOCUT YCJOBHBIH CMBICJ.
OMnupuyeckas gpopmyJia AJs1 paamyca siapa:

R=RA", rueR,=(1,3+1,7)10"cm.  (5.103)
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3apsiapl ¥ TpaBUTAIlMS BO3HUKAIOT TaM, TI€ BO3HHUKAET
majbMa, TO €CTh B 00JIaCTH Iepexoaa MEXITy aKTHHOUIAMU U
JaHTaHougamu (Ta6m1.5.15).

B rpymnmne penko3eMenbHBIX JJIEMEHTOB MOSBISETCA
AHOMAJIUSl JIAHTAHOUJHOTO C)KATHUS; B TpyNme sijIepPHO-
PAIMOAKTUBHBIX 3JIeMEHTOB (pOpMHUPYETCS AHOMAJIUS Je-
(exTa Macc npu AIEPHBIX PeaKIUX.

Onnako 310 aHoMannu Hamux [lapaaurm - Wnmto3uii o
Crpykrype Equnoro Kocmoca u ero SAnpa. B Ilpupone nuka-
KMX aHomManuii HeT. OTCYTCTBHE aHOMAaJUi IOATBEPKIACT
IMIIUPUYECKH NOJyYeHHas popmy.ia nedekra macc (Am) B
si/IePHBIX peakuusx [9]:

Am=~[0,01(A — 100)2 — 64]-10° a.e.m, (5.100)

rae A - 4ucio HyKJIOHOB (Mapa MpOTOH-HEHPOH), CBA3aHHBIX C
Maccoii (M) atroma: A =M — Am.

B sroit smnupuueckoit popmyiie (5.100) ects uncna 100
1 64, HO MBI BBISICHWJIH, YTO 9TH YHUCJIa OMUCHIBAIOT KOJIUYECT-
BO QJICKTPOHOB HemapHbIX 3jeMeHTOB: 100 snekTpoHOB (dep-
Mus (1a07.5.13) u 64 snexktpona ragoiaunus (Tabdmn.5.14).

Hcrmonb3yst BMECTO TUIIOTETHYECKUX MACCOBBIX YHCEIT C
TUTIOTETUYECKUMHE MTPOTOH - HEUTPOHAMH (HYKJIOHAMM ), TPYII-
bl TIAPHBIX JJICMEHTOB, MBI MOKEM CBSI3aTh Ne(EKThI Macc C
aieKTpoHaMu rpynmn (1abi.5.16).

JlepexT mMacc B SACPHBIX peakUusiX M JIAHTAaHOUJHOE
cokaTue o0benuHseT nuHaMuKa myibcanuu Ceuenus: ToHKOM
Duepruu (puc.5.4, 1abn.5.16).

2F [pdp=275+0,5— 27 < 28, (5.101)

ki

bl
) S——

rje pa3HocTh 28 — 27 = 1 B O7uH 2JIEKTPOH OyAET COOTBETCT-
BoBath 1000 doHnoHam. Dta ThicsYa ecTh B hopmyiie (5.78).
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Tabmuua 5.15

JIaHTAaHOMIHO - PAAHOAKTUBHANA CBA3b

DJIeMEHTHI
JlanTaHOUIBI AKTHHOU/IBI
U UX CBSI3b Tepexon
AHTHpE30HAHC Pe3onanc
Huexo T=Ty+1 12-7=5 12=T, 1
rpyII
OTHoIlIeHHe Kn= 14/24 < 24/14 Ka =
DJIEKTPOHOB | 7.126/64 = 14 (7/4)* < (9+0) 12-200/100 =
nap K _ =13.
HETIAPHBIM = Marsva | Cy6- C 24=38
onementay | (MArHETH3M) B <> cpykrypa | (CRATOH IyX)
3 KBajpate | OMOKJIETKU 3
OTHoOIICHNE 10° Kn = 10° Ka =
B (hoHOHAX 14000 24000.

BriBog (Ta611.5.15): oTHOMIEHHe GOTOH - IJTEKTPOHOB
B JantaHouaax ¢ 14000 ¢pononos, crymasi GoOHOHBI, POXK-
naer mHepTHBIA ra3 X', B KoTopoM mosBJsiiorcest 14000
(¢oToHOB, TaK KaK

112/m* = 112/0,008 = 14000 poToHOB. (5.98)

12
Han doronamu mueptHoro raza X ~ (5.98) Bo3HHMKaeT
AJIIEKTPOHHOE 00JIaKO, TO €CTh 001aK0 (POHOHOB, KOTOPOE CO3-
JTAET TPABUTALUIO:

I'paBuTanus u 3apsaabl HaJl MHEPTHBIM razom 112

I'paBurtamus

112
+ (Pd(PJE
il

112/0,002+(x1/2) = 28-10°

3apsiab

5.99
3=Tr=42810°=11210°= |9

(7ag* =8 up* =4/ pp*)-10°.

I'=
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AHoManusa MATHAALATA DJIEMEHTOB PEIKO3eMEIbHOM
IPYyNIbl, COCTOUT B TOM, YTO MO Mepe PocTa MOPSIAIKOBOIO
HOMepa 3JIeMeHTAa BeJIHYHHA €ro pajuyca yMeHbIIAeTCH.
DTy aHOMAJIMIO Ha3BaJlK 1O UMEHU JIAHTAaHA JTAHTAHOUJIHBIM
c;KaTHeM.

Jlantanouap! (HOPMHUPYIOTCS TaKkKe MO JIyHHO-COJIHEY-
HOMY TIPUHIUIY B ceMb map co 128 snexrponamu, 16000 do-
toHamu U 128000 dboHoHamu B Kaxaoi mape. HemapabsiM oc-
Taércs ragoauHuil ¢ 64 snekrponamu, 8000 ¢oronamu u
64000 dhonoHOB (Tab.5.14).

Tabmuua 5.14
I'pynna peako3eMebHBIX 3JIEMEHTOB:
JAHTAHOUTHOE CIKATHE

['pymmsl I II III v A% VI VII |Her napst

La¥ | ce® | Pr® | Nd® | Pm®! | Sm®* | Eu®
3JIeMEHTBI Cd64

Ly71 Yb70 Tm69 Er 68 H067 Dy66 Tb 65

Omextponer | 128 | 128 | 128 | 128 | 128 | 128 | 128 64

Porwt | 16 | 16 | 16 | 16 | 16 | 16 | 16 8

Pomowsl | 128 | 128 | 128 | 128 | 128 | 128 | 128 64.

***
Pyna - Apyna BceneHHON mylbcHpYET B PE30HAHCHO-
AHTUPE30HAHCHOM PEXHUME.
IIpu anTupe3sonance Apyna - Pyna (T, +t = 7) Bo3-
Hukaet Cemb Ilap JlanTanounnos (tab6i.5.14).

IIpu pe3onance Apyna - Pyna ¢popmupyercs /IBena-
auath [lap AxkTuHonaoB (Tab6n.5.13, Ta61.5.15).

448




To, uro Hama Hayka OTKpbLIa 114 XUMUYECKHUX dIIEMEH-
Ta TOBOPUT O TOM, 4TO 3a 3JjemMeHTsl 112, 113 u 114 npunu-
MAalOTCH JHEpPreTHYeCKUe MoJisd He ABJIAIOIMMUCH XUMUYe-
CKUMH 3JIEeMeHTaMU Ilepuoanuyeckou Cucremsl
JA.N.MenaeJieena.

AHanu3upysi COJHEYHO-IYHHYIO KOMOWHAIIMIO JaHTa-

HOMIOB (Tab6m.5.1), s 0003Ha4y COMHHTEIBHBIC SJIEMEHTHI

cumBosioM X', TA€ N - TOPSAKOBBI HOMEP 3JIEMEHTOB
(Tabn.5.13).

Ta6mmma 5.13
AKTHHOWABI: paIMAIMOHHOE U3Jy4eHue (1abi.5.1)

dueno |y byl | v | V| VI VID| VI IX | X | XT | XD

nap napel

Spe- | Ra®[Ac® [ Th®| P2 | U 2| Np® |Pu®* | Am* | cm® | B | CF® | Es®
MEHTBI | x112 [ 111 | 1105109 | 5108 | 5107 [ 5106 [ \1105 | 1,104 | 1 1103 [0 192 [ v 0!

OnexTpo-
HBI

200 | 200 | 200 | 200 | 200 | 200 {200 | 200 | 200 | 200 | 200 | 200 | 100

Porosst| o5 | 25 | 25| 25| 25| 25 |25 | 25 | 25 | 25 | 25 | 25 | 125
DoHOHBI

Mol 22222222 ]2]2]2]1
<10

[Hocaenuum 3j1eMeHTOM, 3aBepuiawimum Ilepuoau-
YyecKylw cucremy MeHaeiieeBa, sIBJIsIeTCSl MHEPTHBIN pa-
9 112
AHOAKTHBHBIN raz X - (tadim.5.13).

HemnapHubiM 351eMEHTOM B IpyIilie aKTUHOUJIOB SIBJISIETCA
depmuii, umeronuit 100 snexkrponos, 12500 doToHOB U
100000 ¢ononoB (Tabdmn.5.13).

I'pynna axkTuHouaoB GopMuUpyeT IBEHAALATh Map ¢
200 snextponamu, 25000dotonamu u 20000 poHoHamu B Ka-
x1ou mape (Tab6n.5.13).
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Ap — At = (14°-2—-13°-25)10° = (27-27)-10°, (5.93)
X 4aCTHOC OT ACJIICHUA U HpOI/I3BCI[€HI/IeZ

Ap-At = (14°-2)- (13*+25)10° =

(14*-13+25-14*—2-13*-2-25)-10°
(42978:10° — 50-10°) horoHOB, (5.94)

riae 50 - 5KBUBAJICHT 4acTOTe mysbcanuu Hebec-1unab, nmm
bor Aiin CO® Bceecymmii (Topa, [3]).

*
kk

Haxopsice B Apyne 13 Jlyn B Teuenue 364 queit oqHOrO
rojia, KBaHT JIYHHO-COJIHEYHOTO CBETA CBOEH ITyJIbCALIMEN BO3-
Oy>KJ1aeT OKPYKAIOIIYI0 Cpely A0 MOTEHIINAIA:

ps®(13-1%364 = 13-9-364) = 42588-10°, (5.95)

B mone BwICOKMX dYacToT, rae Habmomaercs ddQext
Kupnunana, BO3HUKAET pa3HOCTh NOTEHIMAIIOB (5.94):

AK = (42978 — 42588)-10°=39-10" =-13-10".  (5.96)

Pa3HocTh ()OHOHOB B I0JIE€ BBICOKMX YaCTOT COJIHEYHO-
JYHHBIX KBAHTOB M3Be4YHa, Kak u3BeyeH /lenb BHe Bpemenu
TpUHAIUATH - TyHHOro Kanennapsa Maiiu.

5.6 AKTMHOMAHO-NaHTaHOMAHaA Nynbcauus

B Ilepuoguueckon cucreme 112 snemenroB. Mx konu-
YECTBO JHMKTYETCS TPABUTAMOHHO-MAarHUTO-3JIEKTPUYECKUM
PAaBHOBECUEM:

112 =7 Jqq* =8 Juu* =4 pp*. (5.97)
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Tabnuua 5.12

JHepreTuyecKas CTPYKTYpPa COJTHEYHO-JTYHHOI0 KBAHTA

MaruutHast | BHyTpeHHee | DiekTpuueckas
®opmMma 3apopIi:
Ycen | roapptaiis o0oJiouka nosne o0osouka
papHtan (5.72) (puc.5.3) (5.76)
?eTHIi(I’{CbPIIe op* Eu=196 | E=64+64+8+2 | AE,, =256
- 142 _ A — 12
e/IMHHULIBI =28 14 =138=3-16 16
Yucno
poTOHOB | g5, 24500 17250 32000
(memuTh Ha
0,008)
Yucno
(GoHOHOB 84000 196000 138000 250000
(8:mc*)
Pasuoctu 784000 — (196+138+250)-10° = 194-10° = (14> —2)-10°.

B nynHo-comHeuHoM kBaHTe (Ta0i.5.12) BO3HHKaeT
pa3HocTh Ynciaa @OHOHOB MEXIYy 3apOJbIIIEM U OCTaIbHBIM
noJieM, paBHas (Ta6:.5.12):

Ap = 194-10° = (196 — 2)-10° = (14* - 2)-10°,

rie: 14% = pp* - MarHuTHOE MoJIe KBAHTA;
2 =1g p1 P2 P3 P4 P5 - B3AUMOJICUCTBHS;
10° = ps*/p..
Bwmecte ¢ Tem notenuuan (5.91) cBs3aH ¢ TpUHALATHIO
Jlynamu IIpogomxurensHOCTEN:

At =194-10° = (196+25)-10° = (13*+25)-10°.

(5.91)

(5.92)

[Torennuanst (5.91 u 5.92) Hama HayKa BOCIIPUHUMAET
Kak Jeekt Macc u nedekr Bpemenu. Ha camom nene nedek-
TOB HUKAKUX HET, & €CTh PA3HOCTH ITIOTEHIINAJIOB!
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HNucyc Xpucroc ¢ Heba nukryer OrkpoBenus ¢ Kpy-
rom YHusepcymoM (puc.5.2. Ilponopuuu kpatHeie 2, 3, 4)
Hoanny borociosy.

Konym6 otkpeiBaer Amepuky. Xpuctuanckas KoHku-
crta yanuroxaer [usunmzanuto Maiin ¢ e€ Kanenmapém. Un-
TeJuiekTyanpHas CymHOCTh XpHCTa BHOBb PACIMHAETCS BO
Nmsa Xpucra. Pumcknii Ilanma Moann Ilasen II mpunocur us-
BUHEHHS. Bee nipu nene.

***

Kpyr YuuBepcyma [5] onuchiBaeT JUHAMUKY H3MEHE-
Hus JIus BHe Bpemenu nuBminzanuu Maiiu [16]. AGopure-
Hbl ABCTPAJIMU 3HAKOT, ¢ KaKOW Heabio nmpuxoaui Hucyc
Ha 3emuro [18]. Bc€ He Tak mpocTo, Kak MPEACTABISIOT HaM
Kocmoc Jlormel nepkaeit mo0bix Kondeccuii.

Hama 3agaya, nama Ieab Ku3Hu cCOCTOMT B TOM,
yTo0Bbl pa3zodparbca B 3akonax Eamnoro Kocmoca u, He
co3naBasi cede Kymupos, cjienoBarh no nytu Beaukoil Iu-
puim3auuu K Bepmmmnam Hayuno-Texuuueckoro Ilpo-
rpecca Couuyma Hocureseii Pazyma.

Knwou x Ionumanuro Kocmoca nexcum 6 NOHUMAHUU
MUKDPO-MAKPO IHEPcEMUUECKUX COJIHEHHO-TIYHHbIX K6AHMOSE.

*
kk

Conneuno-nyHuvie MUKPO-MAKpO K8aHMmMbl (POPMHUPYIOT-
csl 3a CUET rpaBUTAIlMU, UMEIOT MAarHUTHYIO 000JI0YKY TpaBH-
TallMOHHOTO 3apOJbIllla M DBJICKTPUYECKYI0 OOO0JIOYKY BCETO
KBaHTAa.

Mexy MarHUTHOM U DJEKTPUUECKON 000J0YKOM BO3-
HUKaEeT Pa3HOCTh MOTEHIMAIOB (Tabi.5.12).
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B ocHoBe moiist, KOTOpoe omuchiBaeT auarpamma fH-
[unub, JEXUT coJHeYHbIH reaui (Tabdn.5.1), ¢oToHbI-
cryctku koroporo ¢popmupyrort [lepuoanueckue Cucremsl,
B TOM 4KCJIe XUMUYECKUX DIIEMEHTOB U YenoBeka.

®opmupoBanue Ilepuoanueckux CucTteM MpOTEKaeT B
cootBeTcTBHHU C 13-u JIynusim Kanennapém.

Jenn BHe Bpemenn B Kanengape Maiiu onpejenser-
Csl Pa3HOCTHIO MTOTEHIIMAJIOB, paBHOM (Ta0.5.11):

Jenn BHe Bpemenu 13-tu Jlynnoro Kanengaps

BB = (64000+8000) — (64000+2000) =
6000 pononoB = 750 HOTOHOB = 6 OTHOCUTEIBHBIX
equHuI = (2,5+3,5) = 3,5 — 2,52 = Kynpanunu (5.88)

AHTH-
pEe30HaHC

8000 poronoe pacwupenus

Pezonanc /BB = 4=T,.

2000 ¢pororos cocamus

J/lenb BHe BpemeHu mnyJIbCUpyeT B aHTUPE30HAHCHO-
pe30oHaHCHOM pexume (5.88).

[Tpu anTHpe3oHaHce HOPMHUPYETCS MOTCHIMAI-IKBUBA-
nent KyHaanuHu; nmpu pe3oHaHCe BO3HHMKaeT Pyma TodedHoro
y4acTKa BOJIHBI cBeTa (5.82).

Pyna nynecupyer, popmupyst Apyny:

(To=4,%£1) 5« T,=4—3=1. (5.89)

Apyna Toxe mnyiabcupyet, hopmupys Pyny u B3aumo-
JEeHUCTBUS:

(t=3,£1) To=4«—1=3->2=Igpip2p3psps- (5.90)
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JnuueHTp Hanpasaenust Exunoro Kocmoca

['pynmsr

I

Imimar|mv|v

VI | VII| VIII

IX | (5.83)

Pa3znoctu nx cymm

-6-1;-4-,—-2-3-0-#21'41- 6 + 8 :|8.

JAuarpamma SAn-Lunb (puc.5.3) onucsiBaeT JMHAMMU-
Ky ABH:KeHHs 3nuieHTpa HepaBHoBecusi B oKpy:karomiei

cpene (5.83):

8=T,c/m, (5.83) - UMITYyJIbC paCIIUPEHUS; (5.84)
8 =2=T,0,/c=2- UMITYJIBC CXKATHS; (5.85)
8
64 = 2[pdp = (Tyw,/c=2)" = (Tyc/m, = 8)’,
0
SHEpPrus cxkatus-paciupenus crycrka Tsup;  (5.86)
8
32=2[pdp = [(16=4/g9* ) — (-16=-g4%)],
0
SHEPrus MyJbCcUpyronmx Heoec - [{uHe. (5.87)

Bce >t dynnamentanbHbie moteHIuaisl HepaBHOBe-

cus, onrcannble B Knure Ilepemen u nuarpammon SAH-LluHb
(puc.5.3) moxHOo mpeactaButh B ¢dopme UYumcen doroH-
dbonoHOB (Tadm.5.11).

Tabmuna 5.11

DoToH-(poHOHBI M Auarpamma Au-llnun

JleBu3na IIpaBu3na

@opmsbl nosied | mmynbe OHeprus OHeprus Nmiynse

CKaTHs | pacUuIMpeHust CKaTHA pacupeHus
OTHOCHTE b HbIC Towo/c=2 (TOC/O)0)2:64 (Toc)o/c)6=64 Toc/®,=8

e IMHHIIBI

Yucino ¢poToHOB 250 8000 -8000 -1000
(memuth HAa m.*) | Ap=250
q““g‘g"g"f)o‘“"a 2000 64000 -64000 -8000.
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B mpouecce nynbcanuu GpoToH - POHOHOB (MM HX K-
BUBAJIEHTHBIX DOMOLMOHAIBHBIX UMITYJIbCOB TOHKONH DHEpPrum)
MEXIy MO3TOM U CEpJIIIEM Yepe3 10 BO3HMKAeT moiie Pymbl
¢ norenuuanom 400 (ta6:1.5.10).

[Morenuman 400 kpaten T, = 4, cokpoBeHHoi Copo-
koButie (= 40), Cpadxaat O (= 400), yeTsipeMmcTam buo-
JIECKUM TOJaM.

Crycrok - Pyna ¢ norernmanom 400 m3imy4yaer cBeT
¢ noTeHuuaioMm 36.

B Touke u3nydeHus BO3HMKAET pa3HOCTh MOTEHIIMA-
108, paBHasd 400 — 36 = 364 u skBuBasneHTHasA 364-M Cry-
ctkaM 13-nynHoro Kanennaps nuusmimnzanuu Manu.

OTCU€T MPONOIIKUTENBHOCTEM, BEPEHUILY KOTOPBIX
Mbl Ha3piBaeM Bpemenem, mnpotekaer mno Kanenmapro
Maiu B 'apmonuu ¢ YUenosexkom, Bo biraro Yenoseka.

Otcuétr Bpemenu no pyrum Kanenmapsim npoteka-
eT ¢ nemodouamzaumneii Pezepsa Ilcuxuku Yenoseka, Bo
3710 YesioBeky.

JIroboit Kanennape, kpome 13-t JIyHHOTO, OT JIyKaBbIX

akagemukoB [lapamurmel - Jlormel, kak B obnactu Penurum,
Tak u B Hayke.

*
kk

HepaBHoBecHasi uuc-tpanc uzomepust Enunoro Koc-
MOCa BO3HUKAET B COJIHEYHO-TYHHOM psJie MUKPO-MaKpO MHU-
poB Bcenennoi.

JnuuenTpom Hanpasaenus sasiserca VII rpynma c
COJIHEYHBIM IMOTEHIHAIOM 8 W JIYyHHBIM, PABHBIM HYJIO. JTO
Henb BHe Bpemenu B Kanenmape Maiin, koTopbiii o06iamaer
pa3HOCTHIO MoTeHnuaoB 8§ — 0 = 8 (Ta6:1.5.8).
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‘ 1 I
ﬂ3uaHEJ‘(0d§DE§<:>—§=J¢’d€0E_ﬂ3WH- (5.81)
0 1

nenuT boxkecTBa momnosiaM, CHHTE3UPYET U PaCUICIUISET KBaH-
ThI, cO30aéT CeMepu4YHOCTh B [leCATEpUYHOCT MArHUTO-Tpa-
BUTALIMOHHBIX MOJIEH:

110-(£1/2) = £55;

P+22+3+47+5°+6°+7°+8°+9°+10° 385
14+243+4+5+6+7+8+9+10 55 °

7o (5.82)

110 boxecTB B Hac pacuICIUISIIOTCS MOIMOJaM, a 3aTeM
pacnpenensitorcst B Tene Yenoseka: 58 - B ronose, 10 - B 00-
nactu meu, 42 - B obnactu cepaua. Mckpel @oxara, TO €CTh
cryctku my* = 0,008 u m.** = 0,002, cBa3piBatoT Hau boxke-
CTBa MEXJy coboit (Tab6.5.10).

Tabmuma 5.10
110 bo:xxecTB M POTOH-POHOHBI HALLIETO TEJA

Yacrtu Tena
Yucno
JleBu3na [IpaBusna
KOMIIOHEHT
rojioBa | Ies | cepaule | rojgosa | ILies | cepaule
boxects 29 5 21 -29 -5 -21
®oToHOB

3625 625 2625 -3625 | -625 | -2625
(menmuth HA M*)

Por0HOB 29000 | 5000 | 21000 | -29000 | -5000 | -21000
(8:m*)

29 21 5 5

[MosiBieHuE jgod(p—j(odgo = I¢d¢—_f¢d¢ =
Pymer ¢ T,=4 5 5 29 21
400 -400

13-u JIynnbiit 1 rogq =364 nuga = 1 ron =364 nus =

Kanenaapsb 13-28 =400 — 36 = 13-28 = 400 — 36 =
Maiin 364 364.
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5.5 ToHKO3HepreTnyeckum Ceet

Bo3nukaer pe3donancHoe Cpedyenue Tonkol IHep-
THH, KOTOPOe MbI MOJy4aeM OT reHeparopa Tonkoii JHep-
THM, HA KOTOPOE JEUCTBYIOT SHIOTEPMUS IPAaBUTALIMOHHBIX U
cnabbIX B3auMojeicTBU (puc.5.4).

DIIeKTPOHBI 3a cu€r dHIOTEpMHUYE-

27-25 =675 CKHUX B3aUMOJICUCTBUM IIO-

BEPXHOCTh M3 IO3UTPOHOB

ToauTponst U3MEHSET CBOW NOTEHUHMAI
675+(g pap1=-25)= B0 700 (puc.5.4).

- 700 = -28-25 Bo3nukator cemepuu-
Hble aHTUpe30HaHCHbIE [Ipo-
JomkuTenbHOCTH uin Cemb
Beunocreii [1].

Puc.5.4 Ceeuenue om cenepamopa
Tonxoii dnepeuu

%
*ok

[Tynscanuss CBeuenust Tonkoit DHepruum Qopmupyer
noteHmuan-skBuBajieHT 110 boxecrBam B Yenopeke (Kuura
MépTtBbix, JIaocckas punocodus):

Po:xnenne 110 boskecTB B YetoBeke

JleBu3Hna: HUC-U30MEPUL HpaBI/ISHaZ TPAHC-U30MCPUA

(5.80)

27

28 28 25
illOziJ.godgo-To ZfiTo(I(pd¢—J‘¢)d¢}:i110.
25 28

Ot (5.80) 000:kecTBJAEHHBbIE MOTeHIHMANbI TOHKHX
Juepruii (puc.5.4) ects B J11000M crycTke Matepum.

*
kk

[Tynbcanmst Kocmoca ¢ moreHnmanom J[3maH, SKBUBa-
JIEHTHBIM +1/2:
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Bo3sHukaer HepaBHOBECHass CHUCTEMa: Pa3HOCTb IOTEH-
nuanoB B V, VI, VII u VIII rpynnax pasna 120 u s5xBUBaneHT-
HA BHYTPEHHEMY IIOJIK0 CBETA; PA3HOCTh NOTEHIMAJIOB B I, I u
III rpynnax paBHa 56 u CBA3bIBAaET 3apsAbl-UMIYJIbCHI ¢ KyH-
JaJIHU:

7
56 = E,Iqq* =4 Juu* =2 pp*. (5.77)

B Ilepuomnueckux Cucremax BO3HMKAIOT IlepeMensl
(Kuura Ilepemen), cBsi3aHHbIC C TOSIBICHUEM PAa3HOCTU DKBU-
BAJIEHTY - TsmHb:

T, =120 - 56 = 64. (5.78)

[IprunHON BO3HHUKILIETO HEPABHOBECHS SIBIISIETCS BOCH-
Mas rpynma ¢ noreHuuanom 64 (tabdn.s.9).

*
kk

HepasnoBecue (5.78) cka3piBaeTcsi 1 Ha UenoBeke U HA
VIII rpyrine XMMHYECKUX 3JIEMEHTOB, IJI€ KOHIIEHTPUPYIOTCS
TaKue AJIEMEHTHI, Kak (Tabi.5.1).

Cymma 3s1emenToB VIII rpynnsi

[Tepuost 4 5 6
Mn 25 Fe 26 Tc 43 Ru 44 Rc 75 Os 76
OleMeHTbl 27 28 45 46 77 7| At ®
Co Ni Rh Pd Jr Pt

25+26+27+28 | 43+44+45+46 | 75+76+77+78+85

(5.79)
CyMMBI 106 178 391
SJIEKTPOHOB 106+178+391 = 675 =27-25 = 1°(25)
Pe3onanc nosst [lenrarpamma B Sitie [1]
Cymma -675 =-27-25 =1v°(-25)
IO3UTPOHOB Pe3onanc nons [lenrarpamma B Sidie [1].
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KoJie0anus cpeasl Bo BHyTpeHHeM noJie An-Ilunb
[Ipenensr: Y nBoenue 3a HuTterpanbHas pa3HOCTH NO-
pa3HoOCTH CuéT n30Mepun TCHIIUAJIOB B CPEIIC

2 +20 (576)

1. . _ R (2

12; +20 B3aumoneiicTBue ABqp =2 -[ 9 dp=256=16"=qq
(Tab61.5.8) T 1(-1)=2 -12

BoHbL +1-(-1)= JIEKTPUYECTBO.

KoHeunbsiM pesynbpTaToM KOJIeOaHHMI BHYTPEHHETO OIS
kBaHTa SAH-I{uHb (puc.5) ABIAETCS PE30HAHC AIECKTPUUECKOTO
3apsiia q (OMOTOK) M AJEKTPUUECKOTO UMITysbca q* (BooOpa-
xenue) (5.76).

Mexny OMOKIETKOW M HEHPOHOM MPOUCXOIUT OOMEH
aeKTpruYecKoit auepruu (5.76).
***

OOMeH 2IIeKTPUYECKON IHEPTUel MeXIy OMOKIETKOU 1
HEHPOHOM TMPOUCXOAUT HE Cpa3y, a MO CTATUSIM-YPOBHIM
(Tab61.5.8, Ta6:1.5.9).

Tabmura 5.1
Craguu o0OMeHa YJHepruei MesKay KJIeTKOH U HEHPOHOM
I'pynmst
Pasnoctu
I II III \% VI VIl | VIII
[Ipenensr -6 -4 -2 +2 +4 +6 +8

2j¢d¢ 2j£godgo 2'6[(pdgo 2i¢d¢
0 0 0 0

4 16 36 64

Paznoctn 2]6(P do 2T¢7 do 2T¢ do
0 0 0

KBAaJIpaTOB
P 36 16 4

CymmbI

. 56
pa3HocTeit

120

[Ipu oOMeHe 3JIEeKTpUYECKOW HSHEpPruM 3apsga U HM-
myJibca B ®HUBOM (Ta011.5.9) ueTBEpTas rpynmna octaércs nojo-
ouem mnonynpoBoaHUKOB B Ilepuoanueckoit Cucreme Oie-
MeHTOB (Tabm.5.1).
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[TpeoOpazoBaTeinb MOKHO CO3JaTh HA OCHOBE KUCJIOPOI-
a30THOM cmecH, To ecTh Ha [logoOuu ceporo BeecTa roiaos-
HOI'0 MO3ra U HEMPOHA.

***

KoneGanust nBoiHONW 000JI0YKM HMCTOYHUKA WH(pOpMa-
UOHHO-3HEpreTHuecKux BoiH (5.72) - 910 Poccwinb O00xke-
CTBJIEHHBIX Hncen:

50 - BepxHMiIl mpenen MHTErpajia: Bopora, bor AiiH
CO® (Topa); nynbcarus Hedec - L{uHb;

48 - HIDKHUW Tpefiesl MHTErpaya: BOJIHA JIJIMHOIO B
4800A (p,> = 0,01), gemsimas CHHe-TOIyOyI0 06IACTh CIIEKTPA
conHeuHoro Oesoro cBera. O6oxecTBieHa kak CBaroit [Jyx B
10JI€ LUC-TPAHC U30MEPHH:

+48 = +[24 — (-24)], (5.74)

rae noreHiuan Cesroro Jlyxa ¢ NEpUOIUYHOCTBIO B OAdY
nanpMy Tpanchopmupyercs B 42 boxkecTBa TBoero cepna:

24-(M=Z]=4z. (5.75)

B none conneyno-nmynHoro kBanta Au-I{unp (puc.5.3)
NEPUONYECKH BOSHUKAIOT PA3HOCTU MOTEHIMAIOB (Tabi1.5.8).

[IpenenbHbIMU 3HAYEHUSMHM 3THX PA3HOCTEMN SIBISIOTCS
noTeHuuansl Munyc 12 u mwitoc 20 (1a6:1.5.8), KoTopbie omnpe-
JEJSIIOT KOoJIeOaHusl cpeibl BO BHyTpeHHeM noJie AH-LuHb:
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Hampumep, B OMOKIIETKE TOTEHIMA TBOWHON 000I0YKH
peanu3yer ce0s B JBOMHON MeMOpaHHON MOJIEKYJISIPHOU CIU-
painu.

fl
JBoiinasi 00os10uka nonss AH-Luue (puc.5.3) nynbcu-
pyer B npezenax 2:(49 + 1), u BO3MyIIAeT OKPYXkAIOLIyIO cpe-
Ay.

[Tynbcupytomas mo 4acToTe M aMIUIUTY/Ie 000J04YKa SB-
JISIETCSL OCHOBOW MPUEMO-TIEPEAIONTUX CHCTEM UH(POPMAIIUHU:

Crpykrypa undpopmanuu

@d @ - sHEpTeTHUeCKNi MHQOPMAIIMOHHBIN MOTOK U HH(pOpMa-
U, TIepeaaBaeMas IBOMHON 000I0YKOH (5 72)

49+1 50
E,=2[pdp=2[pdp=196=14"= yu*.

48

49-1

NudopmanmoHHbIi MOTOK MUKPO-MAaKpO CIyCTKOB SH-
[{uabp cuHTE3UpYyETCs ABOMHON 000JOYKON MOBEPXHOCTH CIy-
CTKa BO BpeMs €€ IyJibcallid, UMEEeT MarHuTHYI (UuU*) oCHO-
BY U BO3MYIIIAET OKpPY>KaoIIyto cpeay (5.72).

Cucrems! CBSI3M HA MATHUTHBIX UMITyibcax p¥=14-10%,
40
OymyT pactipocTpaHsaTh cBOM BOJHBI B 10" pa3 ObicTpee cBera.

[TockonbKy M3MEPSATh CBEPXCBETOBBIC BOJHBI HAIlla ITH-
BUJIM3AIUSI HE YMEET, TO MPUEMHOE YCTPOHUCTBO CBS3HOM arl-
napatypsl JOJKHO OBITH TpaHC(HOPMATOPOM MArHUTHOM dHEP-
THH B DJIEKTPUYECKYIO:

YciaoBue npeodpazoBaHust
MAarHEeTH3M <> 3JIeKTPUY€eCTBO

(5.73)
g M1

y F—)qq*@ug*—)l62©1425(140)2@(AN)Z.
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[Tynbcupytomee CoaHeYHO-IyHHOEe mnoJe (1adn.5.8) Be-
nukasa [luBunmzanusa onuceiBasia auarpammon ['ma3 Jlarma
(puc.5.3).

Corcamue: 36+28 = 64 = (T,w,/c=2)° (5.68)
Hmnynoc pacwupenus: (To,c/,=8) (5.69)
Hmnynoc cocamus: (T,wy,/c=2) (5.70)

Pacwupenue:8+8+8+8+8+8+8+8=64=(T,c/w,=8) (5.71)

Puc.5.3 Ilynecupyrowee conneuno-nynnoe none (maon.s.8)

Astopbl KocMmorenesuca omnucbiBasid 3Ty cuctemy (5.3)
B Cranmax I m II [1]. IIpuBeny Bwimepxkky: ".../Kusnn Oec-
co3HaTeJbHasi myjabcupoBaja B IIpocrpancrBe Bcesien-
ckoM BO BcecymHocTH TOil, 4TO OIIYIIAETCH OTKPBITHIM
I'nazom Jlarma'"'.

DTy 4acTh CBOero YueHus Benukas [luBnnmsanus mo-
pyuria Jlaocy. Jlaocesne manmm muarpamme ['ma3 Jlarma Ha-
uMmeHoBanue SH-1{unb (puc.5.3).

***

Juarpamma I'na3 /larma onpenenser ase (popmbl BOJI-
HOBBIX MoJieii: c:katus (5.68) u pacmupenns (5.71), a Tak-
’Ke IBa MMIyJbca: pacmupenusi (5.69) m cikarus (5.70),
KOTOpbIE CBsI3aHbl MeXAy coboil EnunbiM monem (puc.5.3).
Otu popmbl DHeprun U UmnynbcoB coctapisitor CylHOCTh
BHYTPEHHETO TMOJS  COJHEYHO-IYHHBIX  B3aUMOJIEHCTBUIA
(Tab61.5.8).

%
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Kaxnapiii MHUKpPO-Makpo KBAaHT C COJHEYHO-JTyHHBIMU
B3aUMOJICHCTBUSIMU UMEET JBOMHYIO O0O0JIOUKY C MOTEHIMA-
oM 2-49 (5.67).

Peanuzamnus ABOWHOIN >HEPreTUYECKON OOOJOUYKU IMPO-
ucxomut Besne, Beerna u Bo Beex nonsx Pynel.
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[Ipu Takoit myapcauy OMOKJIETKA U HEUPOH OyIyT BOC-
NPUHUMATh SHEPreTUYECKHe KoJeOaHUsl C OMOPHOM 4acTOTOMI
T, = 4, Ha ypoBHe CO3HaHUS € 4acTOTOM 24, a Ha ypOBHE MO~
CO3HaHMs 25 KaaApOB B CEKYHIY.

Y YesoBeka BO3HUKHET Pa3HOCThL MNOTEHUHUAJIOB
npuéma uHopmanuu:

25
AUud = 4- Igodgo = 2-49 = JIge o6omnouku [4].  (5.67)
24

Bosnuknyt nse o6onouku Cucremsl [Ipuéma-Ilepenaun
HNudopmaruu, To €CTh JIEBOE U MPABOE MOTYIIAPHS TOJTOBHOTO
MO3ra, a TakXKe I[HUC-TPAaHC U30MepruYecKass KOMaHIHO-
pediieKkTopHasi cucTeMa KOOpIMHALINH.

*
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YenmoBek XKUBET B COJIHEYHO-JIYHHBIX IOJISAX U 3TH IOJIA
bOpMUPYIOT €T0 TeNO - TSHb U TOYIIApHs TOJOBHOTO MO3Ta,
wii [{uHp ¢ JIEBU3HOM LHMC-U30MEPUM W TPABU3HOW TpaHC-
nzomepuu (Tabmn.s.8).

Tabmuna 5.8
®opmupoBanue teqaa - TaHb
u noaymapuit Mo3sra - lluas YesnoBeka

YpoBHH

Prpet Llulmliv]vIivi] v vil | IX

ConHeuHbli 1+2+3+4+5+6+ 7 + 8 =36

JIyHHBI 7161 5 4 3 2 1 0 |28
64
CymMmbI 8+8+8+8+8+8+ 8 + 8 =64

ITosasnenue TaHb

6]-4] 2] o0 +2]+4] +6 | +8

Pasnoctu n
UX CYyMMBI -12=Tyt 0 20=T,\T; +7°
Lumb nomy- +32 = 4[20 - (-12)] = +Ao,.

apui Mo3ra
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T, t* — Llneb = 144 — 32 =112, (5.63)

B KOTOpPOM CYIIECTBYIOT 6328 3JIEKTPOHOB M CTOJILKO K€ IO-
3UTPOHOB.

H3omMepudeckoe 3IEKTPOH-TIO3UTPOHHOE OO0JaKO HaJ
crycTkoM Oynet paBHo (5.14):

+[6328 — (-6328)] = £12656 =+112-113. (5.64)

bubnus yrBepxkaaer: uncao 113 - 3to Yucao Yesose-
ka. CrnenoBarenbHO, TIOC/IE TOro, Kak Bo3HUKIA [lepuonuue-
ckasg Cucrema 112 xmMuueckmx DJIEMEHTOB, Ha €€ OCHOBE
BO3HHK YEJIOBEK.

*
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[Tone (5.64), xak n000€ SIESKTPUUECKOE T0JIC, HAMPH-
mep (5.63), mynbcupyeT B PE30HAHCHO-aHTUPE30HAHCHOM pe-
KUMe, co3laBas MEXKIy COO0OW HEepaBHOBECHBIC KoJieOaTelb-
HBIE CUCTEMBI:

XHMHUYECKHeE 3JIEMEHThI B YeJI0BeKe
Ilepnonnueckas
[Tons cuctema (5.63) Yenosek (5.64)
OtHo- 2_3922 112-11
o | 14432 oy 10089, =2
Ko- CUTEIbHBIC 144.32 ’ 1132 =1122 (5.65)
€ MHUIIBI
ne-
6a- | DoToHBI 535 —Q 125. Bonopon
HHUSI 1 —
DOHOHEL 4280 = 1008 = HOCTO{['HHaﬂ
Bcenennon.

[TocTosinHas nepexonaa B 3ToM noJie (5.65):

P 4,2(7) 535 4280

= =27 ~4,246. (5.66)
1,0089 125 1008
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N3menenne arMocdepsl HaJl CIYCTKOM HE IpeKpamiaeT
XUMHYECKHUE TTPOIECChl MEXAY YIIEpPOJA0M (3011011) U BOJOPO-
JIOM: BO3HHKHYT MOJICKYJISIPHBIC TIETI U KOJbIA MPEACIbHBIX
U HENpPENIETbHBIX YTIEBOAOPOIOB - OCHOBBI OMOJIOTHYECKON
Kuznu Ha 3emuie.

DBOIIIOIKS aTMOC(ephl HAJl CTYCTKOM M DBOJIOLHS MO-
JIEKYJISIPHBIX TIETIe YTIeBOJAOPOIOB UAYT pyKa 00 pyKy M 3a-
BUCST OT TeMnepaTypsl crycrka (5.6.2).

Korga maporaszoBasi cMech HaJl CTYCTKOM OXJIaKJaeTcs
JI0 TeMIlepaTypbl KOHJIEHCALIUU Tlapa B BOJY, TO MOJEKYJISIp-
HbI€ LIETH YTJIEBOJOPOAOB B BOJIE 3apOJAT OMOJIOTHYECKYIO
’KuzHb: cHauana B moJisix BHE (DOTOCHHTE3a COTHEYHOTO CBETA
Ha TiyonmHax Oonee 100 meTpoB, moTom B o6snactu GoTOCUH-
T€3a COJTHEYHOT0 CBeTa Ha riryouHax meree 100 meTpos.

*
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Crycrok octeiBaer. JKu3Hb pa3BuBaetcs. KuBoe U3 BO-
JIbI BBITIOJI3AET HA CYIITy | JIETAaeT B aTMocdepe.

[InoTHOCTH ynakoBku xkuBoro mana: JKuotHslii u Pac-
TUTEIbHBIM MUpP MMEET WHAMBUIAYYMBI OOJBUIMX pPa3MEPOB;
CIIMPAJIN YIJIEBOJOPOAHBIX MOJIEKYJI - HocuTenel buo-XKn3nu,
- 3aKpy4eHbI c1ado.

CrycTok OCTBIBAaET, IJIOTHOCTh YITAKOBKU CT'yCTKOB pac-
TET. boJplIne KUBOTHBIE BEIMUPAIOT KaK JWUHO3aBpbl. Moilie-
KyJisipHble yriesonopoassie nenu JHK n PHK ckpyuuBarorcs
Tty)ke. Hocurens Pazyma ssomounonupyer. Ha cmeny Many-
Mpeicnurtens npuxoaut YenoBek Bonu u loru. 3emiist ocThlLia.
[Topa ynerarb. Cmoxxkem nmu? Unu 3amyTaemcs B ImycTod 0oJi-
TOBHE?

%
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Bepuémcs k Ilepuogmueckoin Cucreme n3 112 snemen-
TOB. OHa BO3HUKAET KaK Pa3HOCTb MEXKIY
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Tabaua 5.7

DopmMupoBaHHe CIYCTKOB BeesreHHOM

Panpr CoiHeuHbIN JlyHHBIN
Bocxooswuii 1+24+34+4+5+6+7+8=36 | 1+2+3+4+5+6+7+8=36
nucxoOsuutl | 8+7+6+5+4+3+2+1=36 | 8+T7+6+5+4+3+2+1=36
CymMMbl 1 9+9+9+9+9+9+9+9 = 72 8+8+8+8+8+8+8 = 56

UX Pa3HOCTb

72-56 =16

Ty =4, =+qq*

Pasnoctu
M0 YPOBHSIM

-7,-5,-3,-1, +1,+3, +5, +7
CoJIHEYHO - HEUETHEIE

-6,-4,-2,0,+2,+4, +6
JIyHHO - 4€THBIE

ITorenmumannsl
HU30MEepUn

+32 = +[(1+3+5+7) —

(-1-3-5-7]=A0,=
1

Hunb = +TsaHb I pdo

0

+24 = £[(2+4+6) —
(-2-4-6)] = Csaroit [lyx =
Custaue JIu = Por ¢
bpuinuanToBBIM
Hakoneunukowm [2].

dopMHUpOBaHKE BOAOPOAA
COJTHEYHO-JIYHHBIMH TOJISIMU

(£24)*((To+1)/ T, = 7/4) = £32:(30+1,5) = 1008 = 1008Ay =
5-10° poroHOB = 5*10% hoTOHOB.

(5.61)

***

3oi1a, KUCIOPOJI, a30T, BOAOPOA, Te€IUi HaunHAIOT (op-
MUPOBaTh aTMOC(hepy HaJl CTYCTKOM.

B 3aBucumocTu ot TCMIICPATYPHI CI'yCTKa, CBSI3aHHOM C

napienuem (p), o0bEMoMm (V) u razoBoil mocrosHHo R = 2
KKaJI/MOJib, aTMOcdepa Haa CTyCTKOM OyJeT MEHSThCSA OT ma-
pO-ra3oBoil (ha3bl 10 KUIKOU, B COOTBETCTBUM C ypaBHEHUEM
.. Menneneena:

At’ =P-V/R = Const. (5.62)
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120 = (13% = 5° = 12%)(ps= 10). (5.59)

%
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BuyTtpennee nosne cera ''Bbiropaer' 10 30J1bl, IyJIb-
CUpYs B PE30HAHCHO-aHTHPE30HAHCHOM pexkume. [Ipu 3TOM
BO3HUKAET MOBEPXHOCTh KBAHTA CBETA, paBHasl IIECTU U paB-
Hast KyHpanunu.

Teorenesnc rosoput o toMm, uro "Koraa Kouseco cae-
JaeT mojaropa ooopora, Uckpbl BOIIOTATCH B IJIOJAX [10-
ToJIe YesioBeKy Heu3BecTHbIX" ([2]. Teorenesuc. Cranua III.
m.3):

3oua: BBITOPAHHUE BHYTPECHHEIO IMOJISI CBETA

Pezonanc | AHTHpe30HaHC Kynnanuuu

Beiropanue | 1-2:3-4:5= 1+2+3+4+5= | K=120:15=
1o Kynna- 120 &S 15 6 =(3,5+2,5)=... (5.60)
JIUHU

Hoxropa | 120(py=0,1)= | 15(p2=0,1)= | K=12:1,5=

(;f"pm Ac=12 & 15 6=35"25>=...
QJieca |

[Ipu "cropanun" BHyTpeHHero nois ceera (5.60) uzmy-
qaroTcsi VIckpel: msmydaercs Oenbiii cBeT (5.56), BO3HUKAIOT
MOJIEKYJIbl a30Ta Ay, = 28, MOABISAIOTCA COJHEYHO-ITYHHBIE
psaabl, Qopmupyrorcsi Hebeca - Ilunp u cryctku Tsub
(Tab6mn.5.7).

B sTom nosnie (1a6:1.5.7) u Cearoit [{yx, u nebeca - [{lunp
dbopmupyroT noctosinuyro Beenennoit (5.61)
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Tpu-A3pranoe [lnams neiictBurensho [lnams, nbo mpu
pE30HAHCE BO3HUKAET M3JIyYEHHE COJIHEYHOTO OEsIoro cBeTa C
pasHOCTBIO JuIH BoJH AB = 3600A:

(T, 1) - (T +17) = 144-25 = 3600 = AB. (5.56)

[Tepexon mosst (5.56) K aHTUPE30HAHCY U TOTJIOIIECHUE
Ipu 3TOM OAHOro umimyibca (m.c = E;c =1) cBera U3 okpy-
JKAIOMIEH Cpelbl, MPUBOAUT K (POPMHUPOBAHUIO BHYTPEHHETO
TIOJISI CBETA, UMEIOIIETO TSTh YHEPTETUISCKUX YPOBHEH:

(Tot)’ (T, +17)+mec = 144 — 36+1 = 120 = 1-2-3-45.  (5.57)

OTHomleHUE pe30HAHCHBIX (5.56) W aHTUPE30HAHCHBIX
(5.57) nouneli IpUBOAMT K psAly B CUHE-TOITYOOM CHEKTpE:

AB : 120 = 3600 : 120 = 30 = 1°+27+3*+47, (5.58)

0 KoTopeiX ABTOpbl KHuru /[3nan roopwin Kak o (popmu-
poBuHIMKaX, a XpucToc auKryer CBsatomy Hoanny mnpo-
nopuuu Kpyra Yausepcyma B OTkpoBenusx [5].

*
kk

3o1a ¢ aromHbIM Becom yriepona (Ac = 12) onucana
Pycckumu Pynamu xak Hauano dopmupoBanus Teépapix a3
B cTpykrype Eaunoro Kocmoca [4].

PaBeHCTBO BEIMYMH aTOMHOTO BeEca yriepoaa W MOTEH-
uuana pezonanca T, t B Buxpe Pyna - Apyna:

T, 1= Ac = 12 = ps120, (5.58)

MO3BOJISIET TOBOPHUTH O TOM, uTO TBEpAas (asza B Equnom Koc-
MOCE HayuHaeT (QOopMUPOBATHCA TOIAA, KOIJA BO3HUKAET
BHyTpeHHee noJje cBeta (5.57):
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Tabmuma 5.5
Jeaenne Kocmoca Ha Apyny u Pyny

ITone Apyna Apyna - Pyna Pyna

HurepBan
Mpomomku- | 1=3 5 9=1" | Tot=12—7 =T+ 1 | To=4—16 =T,
TEIBHOCTEN

9 12 16
Bosmymenne | [ 7 _136 + | pdp=+24 + | pdp=+120
e !(/) o ico o !co ¢

[IpuBenénnas 36-24-120 _36-24-120

- =2-12°.
mynscaumst | (36+24+120)—(~36-24-120) 360

[Tonyuennslii pe3yabrar (Taba.5.5) TOBOPUT O TOM, YTO
Kopenb Bcero, To ecTh MeTarajgakTH4eCKHe BOJHBI C MTOTEH-

[HAJIOM J2' =8¢ r/4=Csc® n/4 cramu co3aaBarh Buxpu ¢ IIpo-
nokuTeabHocTsIMH (T T=12).
N3menenue [IponomxkurenbHoCTEN 10 13%

[Tt + (To—1)]* = (12 + 1)* = 137 (5.54)

BeIET K ''3amycky' OMo4acoB MHKpPOTPYOO4YeKk mop sjaep
omokJjieTok 1o 13-tu nynnomy Kanennmapro I[uBunuzanmu
Maiiu.

B nmone Apynsl - Pynbl [IpogomkuTenbHOCTH CyliecT-
BOBAHHUs METAraJIAKTUYECKUX BOJIH PACLICILISAIOTCS:

132 = (To1)* = 5% = (T +1° = 4743, (5.55)
n oist (Tyt = 43) 2 & 52 = (T, +1° = 5°) Asropsl Kunrn

J3nan HaszpiBaroT Tpu-A3prunbeiv I[lnamenem Yersipéx dutu-
new [1].
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5.4 Yucno Yenoseka:
lNepuoduyeckass Cucmema u Yenoesek.
Bocbmas rpynna

Coznareas cBs3aia B Equnoe Llesoe He Tonbko 22 3y-
0a ABpaama (Topa), Ho u Becb KocMoc, BbiiennB B HEM Apy-
ny, Apyny-Pyny u Pyny.

CyOctannusmu (BemecTBaMu) B 3THX MEPEX0ax sBIIs-
IOTCSl T€ BEIIIECTBA, Y KOTOPHIX MOTEHUHUAJ Pa3HOCTeil B Ha-
yajie 1 KOHIIe Mmpouecca nepexonaa u3 oaHon (GpopMbl IHEP-
THU B JAPYIryI0 COOTBETCTBOBAJ MPOJAOKUTEIHHOCTH TPO-
mecca.

[Tpumep.
Al=3004 ,AK—A®P=9004 ,A3=4004
IE 2 = 2 = 2 =... 5.52
P> L =3 P> JENEPY P> T,=4 ( )

O10 (5.52) 3HaUUT CKOPOCTH Mepexoaa u3 oaHoi ¢op-
MBI JHEPruM B JPYrylo, paBHasi Pa3HOCTH MOTEHIHAJIOB
nepexoaa JeJiEHHasi Ha NPOJO/LKHUTENbHOCTh IMepexojaa
J0JIZKHA 0CTABATHCSI MOCTOSIHHOM ¥ PABHOM eTMHUIIE:
AE=E - FE
V= k__n =1=Const . (5.53)

IIpooondxcumenvrnocms

HazoBém sToT dyHmameHTanbHblii 3aKkoH (5.53) 3ako-
HOM COOTBeTCTBHS JHepruu u [IpogosKuTeIbHOCTH.

Coszparenb, HCIOJIB3YS 3aKOH COOTBETCTBHSI DHEPTUU U
MIPOJOJKUTENBHOCTH, pasaeany Kocmoc Ha Apyny u Pymy
(Tabn.5.5).
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KoJsiebanus azora B moJsx cBer - ra3sol (puc.5.1)
I'enuii - Kucnopon Aszor Cser - Bojiopox
O0weM [Tupamusr 006wem [Mupamuasr

Ay, = 28 T
7 2 2ha=" —\
VzleAHe:lg'T‘ 32 _3AHAHE V' [(5.49)
3 3 14=4, 9= (27/4-3/4)
Koune- 8+14<=30=28+2
GaHust 30-22 — (30° — 22%) = 660 — 416 = 244.
Bwvieoowi:

1. Konebanus a3zora B cpefiax CBET - Ta3bl (OPMUPYIOT
MarHUTHBIA aTOMapHBIA W T'PaBUTAIMOHHO-MOJICKYJIIPHBIH
azor (5.49):

FpaBHTaHHOHHO-MaFHHTHaH myJibCalind a3oTra

Monekyna. ['paBuTanus ‘ AtoMm. Maraetusm (5.50)
AN, =28= \/pp* P up®t =14 = Ay

['paBUTAIIMOHHO-MAarHUTHAs CBSI3b B IOJIE a30Ta MPOSIB-
JseT ce0s, HampuMep B TOM, 4TO OBICTPBIN MOIBEM BOJ0JIA3A
(’KMBOW MarHuT) TPHUBOJIUT K KECCOHHOW Ooyie3HH (a30THOE
OTpAaBJICHUE).

2. ATOMapHO-MOJEKYJsIpHOE KoJyieOaHHe a30Ta MPUBO-
IuT K kosebanusMm 22 <> 30 (5.49), rue 22 - uncio 3y00B AB-
paama, a 30 - cune-rony0as KOMIOHEHTa Yakpsl TpeTuii [ nas.

Jra cuHe-roaydasi 00gacTh nNpuéma uHpopmManuu B
BU/Ie 22 UMIYJIbCOB SIBJISIETCS MArHCTPAJbLHOM ISl Tepe-
Aa4yM MHpopManuu TejienaTHe.

3. PasHocTh moteHuumanoB, paBHas 660, COOTBETCTBYET
PACCTOSIHUIO MEXAY JABYMs MapajuiebHBIMU TPaHsIMU BOCh-
MUTPAHHHUKA, OOHAPY>XEHHOIO0 NPH IONEPEYHOM CEUYECHHUH
MUKpPOTPYOOUKH MOPHI A]Ipa KIAETKH aM(pUOuu.

4. ATOMapHO-MOJIEKYJISIpHBIE MEPEXO0/bl a30Ta SBISIOT-
csl UICTOYHUKOM u3inyudeHusi Cera - KyHnanuuu ¢ moTeHiua-
2 _ 7 _
oM 6°=(3,5+25)" =...
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Crymenue Hebecubix Teu:
MasiITHUK BeJIUKOM ITupamuanbi
Tepexon Bonopci):[ Bonopon - | Bonopon | Bomopon -
- Tenui yIiIepon - a30T KHUCIJIOPOJ
1000 125 {1000 125 {1000 125 |1000 125
= = = =
KomeGa- [125 ~ 4000[125 ~~ 12000{125 ~ 114000125 ~~ 16000
HUS 1 1 1 1
8o — 8 — 8 —— 8 —
32 96 112 128 (5.48)
\/En:l+2+3+4+5+6+7:28 - 1
Benukas 2"
ITupamuga
(pgc.2.4 V2 =Scr/4=Cscr/4
Tabn.2.14) u ——=Sinz/4=Cosn/4
V2

Otr yeThipe nojis (5.48) nsatu sneMenToB (Tadi.5.4) omn-
pPEACNAI0T BCIO TNEPUOJUYHOCTH (POPMUPOBAHUSL CTYCTKOB
Bcenennoi.

IlepBoil IEpUOIUYECKON CUCTEMOM CryCTKOB BceeneH-
Hou saBisiercs: Ilepumoauveckast Cucrema 112 Xummnuyeckux
y1eMeHTOB (Tabi.5.1).

OtkpeiTeie 113 1 114 35eMeHTBI Kak TaKOBBIE 3JIEMEH-
TAMH He SBJISIOTCSH, a SIBISAIOTCSA CTYCTKaMU HOBBIX IIEPUOJIH-
YECKUX CHCTEM.

[lepuoanyeckne CUCTEMBI CTYCTKOB 3aXBaTbiBatoT Mak-
pomup Bcenennoit u 38é3nnoe Hebo, okpyskaroriee Hac, pac-
npeaeneHo no Ilepmogmveckum Cucmemam. Hanpumep, B
Hameld BcenenHoil 3Bé3qnas CucrtemMa ¢ CEMbIO IUIAaHETaMU
OyZneT moo0Ha IIEMEHTY C CEeMbIO AJICKTPOHAMH, TO €CTh a30-
Ty C HOPSAKOBBIM HOMEPOM 7.

*
kk

Bepuémcs k puc.5.1, B KOTOpOM MOKa3aHO, YTO a30T CO-
BEPIIAECT NEPEXOAbl OT aTOMAPHOTO K MOJIEKYJISIPHOMY B IO-
JSAX MEXAY MUPAMUIAMU CBET-BOJIOPO U TEIUN-KUCIOPOI:
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I'enmuii, kak u 000N ATOM, - 3TO BHUXPh (DOHOHOB
(m ** = 0,002) Bokpyr poronos (m.* = 0,008).

['enuit co3upaer kak ¢oToH - PoHOHBI cBera. Co3una-
HUe (HOTOH - POHOHAMU U3 IHEPTUU OKPYIKAIOIIEH Cpe/bl Mpo-
UCXOJIUT MepuoAndecku B ycioBusx [IpomomkurenbHoCTeM
Pymibl - Apynibl.

Bo3nukator yriepoa u rasml Kak pe3ysibTaT Tpancgop-
Mall¥ YHEPTUU OKPYXKaroIIeH cpeabl POToH - GOHOHAMU:

pomon — pornon : m,':f:* =m (5.47)

B cooTBercTBHM ¢ MPOMOPIIMOHATHHOCTHIO MAacChl (o-
TOHA ¥ DKBUBAJICHTHOCTHIO SHEPTUU (OHOHA MBI JOJIKHBI JIe-
JUTh BEJIMYMHY-DKBUBAJICHT MOPSIKOBOTO HOMEpa dJIEMEHTA
Ha m.* = 0,008 (mosryuyum 4yuciao pOTOHOB) U YMHOXKHUTh YUC-
70 ¢poTOHOB Ha 8 1151 onpeaesieHus: GOHOHOB (Tadi.5.4).

Tabnuna 5.4
Yucsi0 (poToH - GOHOHOB B raszax m yriepoje

OJIeMEHTHI Bomopon | I'emuii | Yriepoxn Azor Kucnopon

ATOMHEIE Beca Ag=1 Age=4 | Ac=12 | AN=14 | Ap=16

@‘iﬁgﬁ; 125 500 1500 1750 2000
@‘jﬁgﬁ‘;}a 1000 4000 | 12000 | 14000 | 16000.

Benukas [uBunuzanuss He craja cuuTaTh (QPOTOH-
(GOHOHBI MOMITYYHO JJIA Ka)XA0ro Mpoliecca, a yuwia OTHOIIIe-
Hue (POHOH-OTOHOB B aTOME BOJOpPOJAA M OTHolIeHuEe (oTo-
HOB BOJIOpoJia K (oHOHAM Kuciopoaa (1abdiu.5.4):
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Mexny cryctkamu Tsup u HeOecamu - LluHb Bo3HUKaeT
oTHollleHre noteHuuanbHou (E;) u kunetnueckoit (Ey) sHep-
I'MH, KOTOPOE pean3yeTcsi B OTHOLLEHUH, HAIPUMED, MOJIEKY-
JSIPHBIX M aTOMHBIX BECOB HEMHEPTHBIX ra3oB (5.44):

Tanv=64  E,=mc> A, =2 A, =28 A, =32
1

Hunv =32 a E, =1mcz A, =

1
|:(AH@ = 4)-£ij¢d¢j :ﬁ} ==+lg pipap3paps=.... (5.44)
0

Bo3HukarT cemepuuHble K0JIeOaHus TENH - BOJOPO:

Ap=1S AL, =2 A =41, (5.45)
rae 1+2+4 =7 =T, +1.

%
*ok

5. MHepTHBIN ra3 TOJIBKO C IapagurM Halled HayKu Ka-
YKETCsl UHEPTHBIM.

Ha camom nene, Hanmpumep MHEPTHBIM ra3 TEJAW, 3TO
BUXpb (HOTOH - POHOHOB. BUXPb, KOTOPHII CBA3BIBAET PABHO-
BECHBIE COCTOSIHUS (+1) myJbCHPYHOIIMX BOJH C HEPHOIOM
BpAIICHUs] TOYEYHOTO YYaCTKa BOJHBI CBETA:

Boanosoe moJie reaust B Kocmoce
1
ITynbcanus +(odo= _,_l 2=1
Kocmoca (_ 2[(0 == & P1P2P3pPaps (5.46)
Temuid 1 4=T,= Yo' = (Ane=4).
I10JIs1
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Bo3nuknoBenne Tsanb-1{luHb

HasBanwue u Tsaab 007050
0003HaYeHHE (Tu) = 64 (In) =32
1
1 2
Vid, = £V [ o do=
Bosnuknogenue 4 64.294 = T .’ ks
6 puonemosoil -2 TH(ij(p d(p] 2%
sosne (puc.5.2) T, o7, T 0
7 T2 T, 7
==0.7],-2
T
1
mVii = Vi -4 [ do
4 0
SHEPIETHHECKOro | yo .00 . AT B
I[pocTpancTBa 4 pa: , | Tlosepxuocts chepr:
CBETOM V= g;Z(R = 4) Qu = 4m-(R=4)".
®on = 2% ®don = %-23/4 .

(5.42)

Han cryctkom mapa - TaHb U cepuueckumu moBepx-
HOCTsIMU [IMHb BO3HUKAET pa3au4HbIA dHEPreTUYecKuid (oH.
OTO0 HaM M3BECTHO: MOJIBEM HaJl MOBEPXHOCTHIO MAacCChl CHKH-
MaeT BEJIMYHMHY CUJIbI IPUTSKEHUS K Macce.

Mexny mapom - TsHb u chepruyeckoil MOBEPXHOCTHIO
[{map BO3HUKAIOT KosieOanus (5.42):

Koaeb6anus Tsaub (map)
U [luHb (MOBEPXHOCTH HIApPa)

Toust Tsup X Gon I{unp % o (R =4)
(R=4) JleBu3HBI [IpaBu3HBI
DopMmyJibl 2V, +l X 0, —% 2 0.,
Tanv x pon 2 V., _
UHb X (hon 1
OrtHonlenue u ¢ * [3 ’ 23/4 ’ (Qm - (_ Qm ))jl
e 3-(7,=4/3-7-R) R _4 2
w 7[ 2 =—=—=2=\/E =...
2-(0,=4-7-R) 2 2

(5.43)
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1. Benuxas Ilupamuda xax eex-
mopHnoe onucanue ceywenusi Cege-
ma Ha ¢one Kocmoca

2. Kpye Ynusepcyma (Omkposernus
[5]) kax eexmopHoe onucanue uz-
menenusi gpona Kocmoca 6o 63au-
Mooeticmeusx

@on: 23/4 = 27T

A

H =m** = 2107

\ 4

& =mH*=810"

Obvém: V), = %azh =
1

3/4 _
_ .mc*.mc**.z =
T

1827190
3
Ceem 6 nosepxnocmnou ghuo-
J1emoeoil 0nHe.
y o4 3/4 T, /T,
Vip-Ay=—-64-27"=—64.277
3 T
losenenue Tano.

Hsmenenue gona [5]
1

2,3 4
20; 30; 40
200; 300; 400

10
2,3 4
20; 30; 40
200; 300; 400

10°
2,3, 4
20; 30; 40
200, 300; 400

4-10°=4000=A4
Ap = 40004 - puonemosas sonna.

Puc.5.2 Hzmenenue Kocmuueckoeo gpona
U ceyujeHue ceema 6 KOCMU4eCcKoll cpeoe

[Tupamuasl ra3zoB (puc.5.1), ceera (puc.5.2) u smropa
Kpyra YHuBepcyma oTpakatoT Bce BaXKHEHUILINE COOTHOILIECHUS
npouecca Crymenust Heoecubix Teur.

[TosiBeHne MOBEPXHOCTHOW (PHOTIETOBOM BOIHBI (HOP-
MUpYET IIa3My cBeTa B (OpMe IUCKa ¢ MOTSHITMAIOM, PaB-
HBIM TIoTeH1uany TsHb, To ecTh 64 (puc.5.2):
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ATOMHBIH Bec rejus - Bbicota IlupaMmuabl

H :27/4 :22 _2—1/4 :(AHQ :4)( Slnﬂ'/4 :2—1/4). (5.39)

3. Konebanus renust B 1oJjie TOYEUHOI'O y4acTKa BOJIHBI
CBETa MPUBOAUT K (POPMHUPOBAHHUIO ATOMHOT'O BECa KUCI0pOa,
a 3aT€EM U MOJIEKYJIbl KUCIIOPOJa.

[Tynbcammst atromapHoro kuciopona B Kocmoce gpopmu-
2
pyeT TMOTEHIMATI-3KBUBAJICHT ILIOMAIM OCHOBaHHUS (a° = &)
Benukoil [Tupamune! (puc.5.1.1):

I'ennii-kucsiopoa — ocHopanue Ilupamuabl.
Cas3b ¢ BOIOPOAOM

Bonopona - renuii I'enmii - kucnopon - Boxopoa
_ _ To'=16=TyApe | To 1g p1p2p3paps -An
Tl L= | o1lan=Ag= | =ToAn2=ToAx2 | (5:40)
e 16 = Ao, =32
1
1) 32-4
a’=8=|A4,-|pdp=16-—|=—"—.
4 ! pdp=16-—|=="

CoBMecTHBIE KOJ€0aHUs Ta30BOM CMECHU T'eJIMH - BOJIO-
POJI - KUCJIOpOo A OYIyT ONMKUCHIBATHLCA BEKTOPHO 31topoit ¢ [po-
nopuusiMu Beaukou [lupamuibr:

4. Cser, co3uaaTenb ra3oB, CTyILIAETCs MO 3aKOHAM, KO-
JIMYECTBEHHBIC OTHOIICHUSI B KOTOPHIX OMHUCAHBI MPOTOPIIHSI-
Mu Besnko# [Mupamunst (puc.5.2).

Nsmenenne cpen (Kocmuueckwii (oH), M3 KOTOPBIX
(dopMHpyIOTCA Ta3bl U CBET, OnucaHbl nponopuusmu Kpyra
VYuuBepcyma [5].

419



h=A,Sinz/4=1-27", (5.35)

OcHoBanue I[lupamunsl ¢ Beicotoi h (5.34) sBrnsercs

MOTEHIIMAT - KBUBAJCHTOM MOJIEKYJISIPHOMY BECy BOJOpOJa
(puc.5.1.3):

b’ =2=Ap,. (5.36)

O6bém [lupamuasr Bomopona, moriomiaromei CBeT,
dbopmupyetcs noiem Apymnsl ¢ [IpogopkuTenbHOCTIMU T = 3
Y PaBEH:

v, gLyl L J Ly slAH ‘A4, [SinZ . (5.37)
3 3 3 T 4

T

[Tonyuennoe BeipakeHue (5.37) onuchiBaeT 3aKOH TO-
ctyruieHus: ToHkol DHepruu B mojs DHeprun Marepun MUK-
pPO- Makpo-CTyCTKOB: OT CYOCTPYKTYyp OHMOKIETKH O acTpo-
HOMUYECKHX Tell. [IpryeM aToMapHO-MOJIEKYJISIPHBIA BOIOPO/T
AmnyAn = Ap, ABIAETCA HCTOYHMKOM (POPMHPOBaHHUS H30TO-

1a BOAOpPOJA - TPUTHSL.
®opmMUpOBAHUE M30TONOB BOJOPOAA BO3MYIIAET OKPY-
KAIOULYIO CpPEYy U B HEU MOSIBIIIETCS TeIINM:

T¢d(p5%(32—1):4EAHe. (5.38)
H,

2. Iosinenue renus (5.38) B c:kaToM CryCTKE BOJIOPOJia
(puc.5.1.3) mpoucXOauT MO 3aKOHAM, KOTOPBIE OINUCHIBAIOT
nponopuuu HoBoi [Tupamuaer (puc.5.1.1).

B sroit HOBOM [Iupamue noreHumnan aToMHOTO Beca re-
JUsl, Macca KOTOPOTO WCHBITHIBAET BIIMSHUE KojeOaHUs pe-
JIMKTOBOTO MeTarajakTH4eCKOTo dona Kocmoca
({JSinz/4=,/Cos /4 =2"""), Gyner OMUCHIBATHCS IMOTEHIHA-

skBUBaJIeHTOM BhICOTHI (H) Benukoit [Tupamusr (puc.5.1):
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[IponopunonanbHOCT KOMIIOHEHT [Iupamuael cokpa-
1IaeTcs MpU Mepexo/ie OT aTOMOB K MoJieKyJie ra3oB (5.31).

monekynor 32 2 14 (5.34)

Benukas Lusuiu3zamus 3Hana 5t 3akoHsl (5.31, 5.34).

K.®.Jlayap, bpanitys, cmotputens [lupamua, yauBisii-
ca: CrpouTenn ObUIM BeJIMKOJENHBIMH TIe0de3UCTAMMU.
OHu 3HAJIM, YTO HA JUATOHAJIM KBAaJApPaTra MOKHO MOCTPO-
UTh HOBBIM KBaJApPaT € YABOCHHOW IUIOIIAAbBI) OTHOCH-
TeJbHO MEePBOro Kpaapara [21].

O1uM criocoboM u ObuTH Bo3BeAeHBI [Iupamuibl.

[IponopunonansHOCTh, yauBuBAas Jlayspa, coxpaHs-
€TCsl U B CrycTKax cBeTa (puc.5.1):

1. Ceem, cenutl, kuciopod | 2. Azom 3. Ceem 1 6000p00

m.* = 0,008 Maznemusm m.** = 0,002

Ay =14
— -1/4
H=Ag2 H, =28
cpasumayus

O0=A, j pdp
0

Puc.5.1 Benuxas [lupamuda kaxk 6ekmopHoe onucanue
83aumoceszu ceema u 2azos (5.3.1)

BekropHoe omucaHue mojedl CryCTKOB CBETa M Tra3oB
nponopiusmu Benukoit [Mupamuast (puc.5.1) ocemniaer MHO-
YKECTBO MPOOJIEM, B YACTHOCTH CIICTYIOIITE MOMEHTHI:

1. Ilpu cryieHur BOAOPOAA BOJOPOJ MOTJIONIAET CTy-
cTok cBeta m.** = 0,002.

Bricora (h) ITupamuas! siBisieTcsi MOTEHIIMAN - SKBUBa-
JICHTOM Beca aroMa BOJIOPOJa B TOJie KoJieOaHUsl MeTarajiak-
TAYECKUX BOJH (puc.5.1.3):
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ATOMHO-MOJIEKYJISIPHBbIE BeCa ra3oB
0e3 m.* = 0,008

HewnneprHble rassl
Beca T'enmit
Kucnopon Bonopon A3zot

Atomap- Ao= A = An= 531

HHﬁp 1,008 - mc* | 14,008 - mg* =

16 = 14 A, =4.

M -

ONCKY™ | 4, =32 | A, =2 Ay, =28
JIIpHBIN

Ha arom renust (5.31) AeicTBYIOT MeTarajlakTHUECKUE
BoJiHBI EnnHoro Kocmoca, 1 aTOMHBIN Bec reiusi CTAHOBUTCS
paBHBIM 1O BenuuuHe BbicoTe (H = 27 4) Benukon ITupamuabr
(puc.5.1).

[Tynbcammst aToMapHOTO KHCIOpoaa GOpMHUPYET MOTCH-
I(HAT - SKBUBAICHT ILIOIIAAH OCHOBaHM (a° = 8) Bemukoii [1u-
pamuibl (puc.5.1):

IHyabcauust aTOMapHBIX reJiusi 1 BOAOPOaa
["enuii: BeicoTa (H) Kucnopox: ocHoBaHue (a°)
[Tupamu el [Tupamu et
H=2""= Ag(Sin n/4 = '
#e(Sin azzszA{ij(pd(pJ: (5.32)
Cos m/4=...)"? = °
427 =271 16(x1/2)=

CxopocTtb (popMHUpPOBaHHS CTYCTKOB aTOMOB TOJ BJIHS-
HueMm [IponomkurensHoctu T = 3 B Apyne u OyJieT NoTeHIHAal
- DKBUBAJIEHTOM 00bEéMa Benmukou [Tupamus:

| odo- A,,+Sinz/4. (5.33)

1

1
V,=—8.2""= H=—-
773 T

L»JI»—

o'-—;~
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TodeuHbIl y4acTOK BOJHBI CBETa B TE€YEHHH DPABHOMU
npogoipkuTenbHocTH T, = 4 Oyner GopmupoBath B dK30TEp-
MHHU TEJIUSI U SHAOTEPMHUH MOJIEKYJISPHOTO BOJOPOAA Pa3HbIC
MOTeHIMabI (Tad1.5.3).

Tabmuma 4.9
JK30TEpMHUS TreJiusi U IHIA0TEPMHUs BOJOPOIA
Tasel et MonekynsapHbIi
BOJIOPOJI
Nowomuarns | Hel =} | (H,)J = (11,
27 =1g papaps= 25=1gpip2=
Tepmns Ig 102-10'*10" 1g 1010
8 1 8 h _
227 +[pde| = Z.(-25) | +[opdo| =
[Tynbcamus 1 ( -([ 14 ng 1 ( ) [ '!. ¢ ¢J
+108 ¥ 100 = +ps°.

BenmnuuHa moTeHnpana 3K30TEPMUYECKOW PEAKIMU Te-
nus 4€TKo coBnaaaeT ¢ Yucnom PennkapHauuid, paaomy 108
o bynnzmy.

Opnnako B Ouosiorndeckor KU3HM Teluil - BOJAOPOIHAS
MIpUBEJICHHAs TyJbcalus cBsi3aHa ¢ KyHnanunau:

108-100 10800 0
+ =+ =6,5=(3.512.5)=|pdop. 5.30
108°-100° = 1664 (3,5+2,5) !‘” ¢, (3:30)

5.3 lNa3bl u cBeT: Benukasa UuBunnusauus
O KNHEeTUYEeCKOM Teopum rasos
Crymienue coiaHeyHOro 3¢dupa B ra3bl: BOJOPOJI, a30T,

KHUCJIOPOJI ¥ TEIUMA MTPOUCXOAUT IO 3aKOHAM, OITMCAHHBIM MPO-
nopuusiMu Benukou [Tupamubr.

B nensx pokazarenbcTBa pacCMOTPHUM IMEPEXO]] aToMap-
HbIX HEMHEPTHBIX Fa30B B MOJICKYJISIPHBIE:
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Konebanus cBeta Mexay BOJAOPOJAOM U I'EIUEM NMPHUBO-
auT K crymenuio Hebecubix Tes (cBeTa) 10 CryCTKOB € MO-
TeHuuaaoM 64 (Tsausb), B3aumoaeucTreusaM ¢ 3¢ ¢eKTuBHO-
cThio 10°, JHEpPruei CBA3H ¢ MOTEHIHATIOM 5%, u cxnmaro-
meiicst BeTBu KyHnnaannu ¢ noreHuuajaom 2,5 (ta6a.5.2).

OToT BaxkHen it porecc (Tabn.5.2) enukas [{uBwmm-
3anus noApoOHo onmcana u nepenaita HaMm B Bujae Kuuru Ile-
pemeH, rae Tsaub, Hunb u Cusinue Jiu 3anucansl B @opme
Heporaugos, a opuentupom miis nonnManus IIpoueccos sB-
nsercsa Yucno Ueporiangos.

Knura Ilepemen onuceiBaer DBoitonuto JKuporo emé
Ha YPOBHE MHUKDPOCTPYKTYpP KJIETOK, HallpuMep noseaeHue 63
T€HOMOB B IpOIEcce JUccoranuu Boasl (5.15).

*
kk

XHUMUYECKHE MPOLECChl MEXKY BOAOPOIOM M TEIueM
MPOTEKAIOT HE caMU Mo cebe, a UHUIMHUPYIoTcsa cBeToM (Cus-
Hue JIn).

PesynpTaTom peakimu MeXIy BOJIOPOJOM M TEITHEM SIB-
JSETCST TO, YTO aTOMapHBI BOJOPOA CTPEMHUTEIHHO TpaHC-
dbopmupyeTCcsi B MOJIEKYIAPHBIN (Ta01.5.2):

MoJiekyJsIpHbIA BOJAOPOA U TeJIul

2000 1000 _ 771000 B 2000
Heysy —H )5 = H s He—(Hz)

250 -

(5.29)

*
kk

['enuii BnepBble OOHAPYKUIU B CHEKTPE COJHIA. DTO
MIPOU30LIO IOTOMY, YTO CHHTE3 IeJUs CBSI3aH C AIK30TEPMUEH,
TO €CTh C B3aUMOJEUCTBUSIMHU P3, P4 U Ps.

MouiekyIibl BOJIOpOJa UMEIOTCS B TMOJIAX TIyOOKOM 3H-
JIOTEPMUU, TO €CTh IIPU B3aUMOACHCTBUSIX P U Py.
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Tonkast DHeprust co3ugaeT He TOJIbKO KUBYIO OMOKIIET-

Ky, HO U Ilepuonnueckyro CucreMy XMMHUYECKUX BIIEMEHTOB:
2

YKCJIO TPYIII, paBHOE 9 SKBUBAJIEHTHO T~ = 9, a yucioO nepuo-

noB - (To+1=7).
***

"IIpokJsiTHe MPOM3HECEHO: OHU OYAYT POKIAEHbI B
YerBepToi, cTpagaTh U NPUHOCUTH cTpagaHus. [lepBas
BoiiHa 3apoamiace' ([1]. Kocmorenesuc. Cranna VI).

[TIpumenurensHo Kk Ilepuonuueckoin Cucreme sta Cran-
na VI (1.5) roBopuT 0 TOM, 4TO B I0JIE CBE€TA BOSHUKIIH CIY-
cTku AToMoB Bogopona n I'etus, a Taxxke KojebaHUsT MEX-
Iy HUMHU, 3aTParuBarolye dJIEKTPOH-TIO3UTPOHHBIE 000IOUKHU
(armocdepa) u maccel Kanens smepHoro BemectBa (1a6a.5.1,
Ta071.5.2).

Tabmuma 5.2
Caert Mexay BOAOPOAOM M reJiieM
B
B oTrHOCHTENBHBIX OTHOCUTENBLHO
®dopma KHCITOPOAHBIX eJUHUIIAX CT'YCTKOB CBETa
3aIM1ICH CAMHHMAX
Hll,oos = Heioos nghn < Helg-;:n Hllzo:?o < He;)go
= = 3
1 4008 8(n=1) - (n=2) 10° 250
1,008 2 In=1) " 8n=2)| 125  2-10°
Kortypsi 2:10°=31250
5
KoMeGanmit 2 < 4,008 64 < 1 2:10°< 55
1,008 10° < 2,5-54
107 .64 Ceycmok Tanv Kynnanuuu
CTYILLICHUS.
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5.2 MNepBbIN Nepuoa:
cBeT, Bogopoa, renuun

Cropsl 0 TOM, B KaKOHW Tpymre HaXOAWTCS BOJOPO/I,
JMIIEHBI CMBICTa, W00 BOAOPOJ ApeldyeT B MOTOKAaX CBETa
(Tab6m.5.1).

Hpeiid Bomopoaa oOecieunBaIOT BOJHBI-CTYCTKH CBETA,
4
TO €CTb I0JI€ C MOTeHIMaIoM o (Tabn.5.1).

Mexay 3JIeKTpOH-TIO3UTPOHHOM OOO0JIOYKONM M Maccou
CTYCTKa B IIOJIE CBETA BO3HMKAET PE30HAHCHO-aHTUPE3OHAHC-
Has ITyJIbCaLUS:

1-4 4-1

af@% w ——<>—— u Ty 1. (5.28)
a 4-1 1.4

B Eanunom Kocmoce BO3HMKIIA pa3HOCTh MOTEHIIMANIOB,
koTopas paznenwia Kocmoc Ha Pyny u Apymy.

JHenenue npousonuio B nponopuuax CesamenHoro Tpe-
yrojapHuKa Benukon LluBunusanuu.

***

"S. ¥V Ilopora YerBeproro ChlHAM yKa3aHO €O31a-
BaTh cBou IlogoOmusi. Ogqna Tperh oTKa3bIBaeTcs, ABe Ilo-
BuHywTcs'" ([1]. Kocmorenesuc. Cranmna V).

IMopor YerBepToro - 3tTo Hauano ¢hopMupoBanus Pymbl
(¢popMBI), TO €CTh HHEPIIMOHHBIX CHCTEM.

B nepBom niepuogie Ilepuoanueckoit Cucrembl IaeMeH-
TOB POJib Pynbl BBINOJIHSAIOT ATOMBI BOAOPO/JA U IeJIus.

B Emunom Kocmoce Jneprusi Martepum cocrabJjisier
OIHY TpeThb 0T Bceil JHeprun Kocmoca, a Tonkoit DHepruun
JIBE€ TPETHU.

Otka3z Oanoit Tpern ot cozmanusa ceoux Ilogodmii, u
nosuHoBeHun JIByx Tpereut, roBoput o tom, yto McTouHu-
KOM J11000i1 JBoaounu aBiasierca Tonkas JHeprus.
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Taomuna 5.1
Ilepuoanueckasi cucTeMa XUMHYECKHX JIEMEHTOB

®dopmyna pacuéra:

2n/m, =1000n
n/m,=125n

racn - HOpﬂI[KOBBIfI HOMCD 3JICMCHTA

1. Yucno rpynn ¢popmupyer Apyna: =9
2. Yucno nepuoaos onpexenser T, + 1 =7.

—_~ YUCJIO TPYIIL: =9 —_—
I II 111 v A% VI VII | VIII IX
m** | > ot | > m*
1 Hyps! +1000 (n=1)=1000 —— Hepps2
—~<—+2000=1000 (n=2)
“2/Li’|Be* B’ | C°IN"JO"|F’ Nesso'”
v (3] Na T Mg | Aal® | si* [P 5 [s 6] 1 Alpso'®
.F? K ca?| s | T2 | v 3| o Mn,Fe,
214 Co,Ni
C:)( cu® | 70 | G2 | Ge22 | As® | se¥ | BF® Krasoo®
§ Rb7 | 5e3 | v | 7e% | Nb* | Mo® Tc,Ru,
S5 Ir,Pd
§ AgY | Cd® | m® | sn