LEJTMTENBCTBO

|. FTepmec, ['unnokpar, Bpay 1 LenuTenb

1. OdunuanpHas MEIUMIKMHA CO CKEIICUCOM OTHOCUTCS
K HenurTenbcTBy. KopHu yxondar B JIpeBHOCTD.

OcHoBaTesieM MCKYCCTBAa JIeYeHHMSl JPEBHUE CUUTAIU
6eccmeptHoro ['epmeca. ABTOpCTBY I'epMeca mpUIUCHIBAIOTCS
Kuuru, cBsileHHbIE TEKCTHl KOTOPBIX pa3Aei€Hbl HA IIECTh
pasnenos, a oauH - IlacTtodopye, ObLT MOCBAIIEH MEIUIMH-
ckoii Hayke ([1], cTp.397).

Bricokuii 1 cekpeTHbii oplieH | epmeca uzydan u rnpume-
HSJI MEIMIIMHY B KOMIUIEKCE ¢ 3HepreTuko Enunoro Kocmo-
ca B TOM CTENEHU, B KOTOPOM OHU 3HAIM 3TY 3HEpreTuxky. Oc-
HOBHOE€: €AMHCTBO 3Hepruu Marepun u ToHkoW ODHepruwu,
I'epmec 3Hai, 0 YeM CBUJIIETEILCTBYET repMeTuueckas dapma-
KoJiorus, xumus u tepanus ([1], ctp.395).

['epmernyeckas cumBosinyeckas ¢uiocopus, pacuud-
pPOBaHHAas MHOIO Ipu aHanuze Xumudeckux Cioros [2,3],
NIOKa3bIBAET, YTO CEMEpPUYHAs CBSA3b MEHTAJIBHBIX MOJEH
Mpicin, [Tamsitu u Boobpaxenust ¢ Onorokamu pusnogoruye-
CKMX KOMIIOHEHT OpraHU3Ma SIBJISUIACH HAYYHO-IIPAKTHYECKOU
0azoit ['epmeca-BpaueBarens u Llenurens.

"['unmokpar, 3HAMEHUTHIA TPEYECKUN Bpay, KUBIIUKA B
ATOM Beke 10 P.X., OTAEIuII HCKYCCTBO Bpauy€BaHUs OT JIPY-
IMX HayK Xpama, U, TeM caMbIM, co31ai npeueneHt. OHUM U3
CJIEACTBUNA 3TOTO CTAJO MTOBCEMECTHOE PACIPOCTPAHEHUE IPY-
6oro HayyHoro marepuasmsma" ([1], ctp.397). B3zaumocs3n
HayK IEepecTana OCO3HaBaThCA. MeaunuHa, Kak U BCS Hallla
HayKa, monuia no nytua auddepeHnuanuu (IeieHus) mno Ha-
npaBieHUsIM. YacTHOE CTalo ONpenessIThCsl 3MIMPUYECKH;
BBIBOJIBI - Ha Oaze "Wimrosmii-mapaaurm" Bpaua. Wimmo3un
OKa3aJHch AaliekuMu oT PeanmpHoCcTH, HOO MaTepUaIHCThI, TO-
cnepoBarenu ['mnmokpara, orBeprinu ToHKy0 DHepruro, a Te-
nepb HE IMOHUMAKOT HH HMCTOKOB MHMTO3a OHOKJIETKH, HH
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npuuynH Comaruuyeckux 3a0oaeBanuid. Jlaxe Xupyprus oka-
3anach "yceueHHO#", n60 oTpunyB Mup TOHKHX DHEpruii co-
BPEMEHHAsl MEIULMHA OKa3ajaach HE B CHJIAX MOHITH 3aKOHBI
COBMECTHUMOCTH OMOTKaHEH, U UJIET K HUM ""Ha OLIyNb".

BmecTte ¢ Tem, B KOHIIE JEBSIHOCTBIX I'0JIOB XX BeKa BO
"BceMUpHBIX HOBOCTAX'" MOSIBUIOCH COOOIIEHHUE: IO 3aKazy
Kanpckoro YHusepcurera npodeccop Pamu uccnenosan my-
mun. OKa3anock, YTO MPH KU3HU ITH JIOIN NEPEHECTH 56 TH-
II0OB Ollepalui 110 MMIUIAHTAllUM KOHEYHOCTEW: PyK, HOT, U
JTaXke TOJIOBBI.

2. OcHoBHOIT 3ak0H COBMECTHMOCTH MHKPOKOCMOCA
Yeaoseka u Eaunoro KocMoca cocTouT B CUHXPOHHOCTH
JBWKEHUSI UX IHEPIETUUECKUX ITOJICH.

Cunxponnoctb >Hepreruku Yenoseka u Kocmoca - 3a-
JIOT yCHeIIHON JBOJIOUMU U 310pPOBbs; ACHHXPOHHOCTD -
NpPUYMHA rTudeu U 00JIe3HHU.

Hama menuuuHa BBIIBUTH CUHXPOHHOCTb - ACHHXPOH-
HOCTb HE MOXET, TaK KakK MaTepUAIMCTUYECKH OTBEpPraeT
Tonkyro OHepruto, kak B Ennnom Kocmoce, tak 1 B Yenose-
ke. [loaTomy Haila meguiuHa OOpeTcs He ¢ MPUIMHOM 001e3-
HU, a C €€ CIEJCTBUEM, TO €CTh C XapaKTepoM e€ NMPOTeKaHUs B
0eJIKOBBIX (PM3HOJOTUYECKUX TKAHSX.

OTtcroa Tsira K Xupypruu u papMakoJIOruu; mMpoxJaaa K
roMeonaTuu, COBMENIaroed MUHUMYM (hapMaKoJIOTUU C MaK-
CHUMYMOM IICUXUYECKOIO CAMOBHYILIECHUS; XaMCKasl HArJOCTh
K LlennTenbCcTBy.

[enutens, He cmywaiicsa! Ecin Ha 1e0a npé€T rpoMuIa,
YTBEPKJIasd, YTO OH MPOM30LIe] OT 00e3bsIHbI, XOTS MOPJIOH
MOXO0X Ha MIIAKA, TO OOBSICHUTH eMy O ero moxobun bory -
HEBO3MOXHO. [IpoTpesBeer - cam mommer.

Ho 3naii, llenutens, TBOE nmpenHa3HauyeHUE B TOM, YTOOBI
Heprueil cBoeil mecuxuku: Meiciou, [lamsaru, BooOpaxenus
[4], TBI cMOr ObI MPUAATH YHEPreTHYECKOMY IO NAIH-
eHTa CHHXPOHHOCTH ¢ EqunbiM Kocmocowm [3].

176



ll. CTpykTypa n norapupmmnyeckmne konedbaHuns
Kocmoca

3. Eaunsiii Kocmoc CyLIeCTBYeT B MoOJie JHEPruu.
Oueprus - popma beitus Kocmoca B JIBrkeHnu. JHEprust He
MCYE3AaeT U HE MOSBISETCA BHOBb, HO MEPEXOJUT U3 OJHOU
(GopMBI B IpyTYIO.

Enunsiii KocMoc uMeer sHepruio IByX BUIOB: IHEPIrHIO
Matepun u ToHkyl0 DHepruio, Kaxiaas U3 KOTOPHIX B CBOIO
ouepenb HArNoJHEHAa OECKOHEYHbIM MHOXKECTBOM B3aWMO-
TpaHCHOPMUPYIOITUXCS (POPM.

K >neprum Martepuu oTHOCSTCS Bce (POpMBI SHEPruu,
CKOPOCTbh B3auMOTpaHc(hOpMaIiii KOTOPHIX paBHA WU MEHb-
1Ie CKOPOCTH CBeTA.

K Tonkoit JHeprum OTHOCATCS BCE (POPMBI IHEPTUH,
CKOPOCTh B3aUMOTpaHC(hOpMaMy KOTOPHIX paBHA WK 00J1b-
1Ie CKOPOCTH CBETa.

Tonkast DHeprusi u sHeprus Marepun B3auMoTpaHcop-
MHUPYIOTCS CBETOM.

X0JI0AHBIN JIOMHHECHEHTHbIN CBET, DHIOTEPMHUS KO-
TOpOro 00ycioBiieHa pacmiupeHuem, hopmupyet noJs ToH-
kux JHepruii. K Hum otHocstcs Mpicnb, [lamsts, Boobpa-
xenue [3]; Kocmoc HeBecomoctu ¢ TemmepaTypoit Oiu3Koi
a0COIOTHOMY HYJII0; TOPCHOHHBIC BOJHBI, PACIPOCTPAHSIO-
LIMECS CO CBEPXCBETOBBIMU CKOPOCTSIMHU.

Hpesnue [7] naszpiBatoT ToHkyto DHepruto "kopHem". Eé
noinsi B Equnom Kocmoce, sHeprus KOToporo paBHa €IuHUIIE,
COCTABJISIET JIB€ TPETHU OT €UHUIIBI.

Tenublii colHEeYHBIH CBET, YK30T€PMHUSI KOTOPOTro 00y-
cioByieHa cxkaTtuem, popmupyetr moass Martepuu. K Hum ot-
HOCSITCSL DJIEKTPOMArHUTHBIC BOJIHBI CBETa U 0o0Jiee JIMHHbBIC
BOJIHBI; @ TaKXe Macchl J000ro (a3oBOro cocraBa MUKpPO-
MaKpOMHPOB: JIEMEHTAPHBIE YACTHULIBI, 3apsiAbl, aTOMbI, MOJIE-
KYJIBL. .. TUIAHETHI, 3B€3/bl, UepHble acTpoHOMUYECKUE JIBIpHI.
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HpeBnue [7] Ha3pBalOT 3HEprut0 Martepuu "crycrka-
mu". E€ noma B Ennnom KocMoce, 3Heprust KoTroporo passa 1,
cocrasisier 1/3 ot 1.

4. Tonxkas JHeprusi 1 JHeprusi Marepuu cocyuie-
CTBYHOT B IIYJIbCALUM MeKAY XaocoMm U ['apmonuei.
I'apMoHusi xapakrepusyercs NosiBIEHUEM B cpeae ¢o-
TOH-()OHOHOB PA3HOCTH MOTEHLUATIOB, paBHOM 1:

Pe30HaHCHO-aHTUPE30HAHCHBIN NToTeHIMal ['apMoHun:
I"apmo- AHTHpPE30HAHC Pe3onanc 1)
HUs
1 =E.1-E,=...3-2=2-1 | =1/1=2/2=3/3=...E,/E,.

B nossax ['apMOHMHM KOMITIOHEHTBI CBETA: TOYEYHBIM yYa-
CTOK vacTuilbl cBeTa ((hOTOH) W TOYECUHBIM YYACTOK BOJIHBI
cBera ((hOHOH), UMEIOT YMOPSA0YEHHOE IBUKEHUE MEX]Y
Pa3HOMMEHHO 3apsKEHHBIMU TOJIFOCAMU TOJISI LEJIOT0 KBAHTA
CBETA.

Xaoc xapakTepeH pPaBEHCTBOM JHEPrHMM B Haudalle U B
KOHIIE MPOLECCa, U MOSBIECHUEM PAa3HOCTH MOTEHIIMAJIOB, PaB-
HOM HyJI0 WK jJorapudmy 1, npuuem sorapudm MoxeT ObITh
B3SIT 110 JIIDOOMY OCHOBAHUIO:

PCBOHaHCHO-aHTI/Ipe?)OHaHCHHﬁ IMOTCHIOMAJI Xaoca:

Xaoc | AHTUPE30HaHC Pe3onanc (2)
0 =E,-E,=...2-2=1-1 | =log,l=lg 1=In 1=....

[losiBieHHE HONB-NIOTEHLMANIA B KBAHTE CBETAa JIMIIAET
($boTOH-(DOHOHBI MOTIOCOB MPUTSKEHUS. X ABUXKEHUE CTaHO-
BUTCA HEYMOPSJOYCHHBIM, OpPOYHOBCKHM, XaOTHYECKHM.
BaxxHo u TO, 4TO HOJb - 3TO HEe OECKOHEUHO Majasi TOYKa,
CTpeMsIlIasics K HyJt0, a, CI€0BAaTEIbHO, JUIIEHHAS HEPTrUn
(HapylIeHHe 3aKOHA COXPAHEHHS SHEPIUM), HO peajibHas pas3-
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HOCTb IOTEHIIMAJIOB B MUKpPO- Makpomupax Marepuu n ToH-

KO DHEpPruu.

Pe3onanc Xaoca (2) xapaktepeH MosiBIEHUEM Jorapud-
MUYECKUX KOJICOAHUN.

Jlorapudmuyeckne Koje0aHUsA BO3HUKAIOT TaM, T'JI€ B
nosne Exaunoro KocMoca mpou3onuiv CTOJKHOBEHUS, MOBJICK-
e 3a co0oit B3aumoaeicTeus [2]:

D¢ dexTuBHOCTH Beex (IATH) cyiecTBytomux B [Ipupoae B3anumo-
JEHCTBUM (OTHOCUTEIILHO SIZIEPHOTO BEIIECTBA)

®dopma DHAOTEpMHUS DK30TEpMUs
o o - BET
ACHCTBUH I'pasura Cnaboe | MarHut- | SlnepHoe
[HOHHOE Hoe
Oddek- p1= p2= p3 = ps= | ps=
THBHOCT 10 10" 10" 10" 10

3aKoH coxpa-
HEHHS SHEp-
TUH C YYETOM
CBeTa U B3au-

OHeprus He UcUe3aeT U HE MOSBISAETCS BHOBb, HO
TpaHcopMupyeMasi CBeTOM BO B3aUMOJAEHCT-
BHUSAX, TIEPEXOAUT U3 OAHOI (POPMBI B IpyTYIO:

. - 1= PLP2Ps Py
MOJEHCTBUI =
Ps
Jlorapud-
MUYECKas 0- 2 =1g pipap3paps = 1g 102°-10%".
CTOsIHHAsI

3)

B mnone Xaoca nanuuue morapuMUUECKON MOCTOSHHOM
IPUBOJUT K PABHOBECHID C CYMMOMW AHTHUPE30HAHCHBIX PaB-
HBIX IIOTEHIINAJIOB:

Y ABOCHWE PaBHBIX MOTCHIIMAJIOB 32 CUET B3aUMO/ICHCT-
BUI MOCTOSIHHOM JorapudMuueckux konedbanui (3):

En+1 + En+1 = 2En+1 — En + En = 2En ...,
rae: 2 = 1g pipapspaps.

(4)
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S. Jlorapupmuueckas mnocrosinHass Enunoro Koc-
Moca (3) mnposBuser cedsa Kak Kod(PPUIMEHT CxaTus
(Towe/c = 2) cyOCTaHIIMM TOYEHYHBIM y4aCTKOM BOJIHBI CBETa
[2,3,4,5].
OTOT npeenbHbIN KO DUIIUEHT cyKaTHs 1Moy (POHOHOM
HE 3aBHCHT OT peKruMa (Pe30HAHC, aHTUPE30HAHC) CKATHS:

(242) = 4 (auTupesonanc) ¢ 2-2 = 2% =4 (pesonanc). (5)

JocTurnyB yaBoeHus (5) KOMIIOHEHT B IoJie Xaoca, CxKa-
TUE CMEHSIETCs paciiupeHrueM ¢ noteHuanom Ty ¢ /oy =8. 1o
ATOM K€ NPUYMHE NPUTSKEHNUE NMEPUOJUYECKH CMEHSAETCS OT-
TaJKUBAaHUEM, W JIBa Pa3HOMMEHHBIX 3apsA/a HUKOrga ''He
cJIUBaOTCA" B OJIUH.

Haanumne sorapupmmuyeckux pe3oOHAHCHBIX PABHO-
BeCHBIX KoJieOanuid (2) co3Jal0T CUTyaluio, MpU KOTOPOW
B3auMHasi TpaHcdopManus >HepreTuiyeckux GopM mporeka-
eT 0e3 3aTpaThbl COOCTBEHHOI YJHEPrUU KOMIIOHEHT:

B3aumMoTpancdopmanius sHepreruueckux Gpopm
0e3 3aTpaThl COOCTBEHHOM YHEPTHH KOMIIOHEHT:

log,1 =log,1 =1gl =...=Inl1 =0, (6)

rne: x#a# 10# ... #¢ - pa3auuabie HOPMBI YHEPTHH.

Jlorapudmudeckne Koed0aHnsi PABHOBECHBIX MOJICH HE
TOJIbKO WHHIIMUPYIOT B3aUMHYIO TpaHC(HOPMAIMIO B TOYKE
B3aMMOJIeCTBHS (POTOHOB, HO U PACIPOCTPAHSIOT BO3HUKAIO-
e Kojaebanus B 0eckoHeuHOCTH (0) Bcero Kocmoca:

Jlorapudmuyeckue KoaeOaHUs
B beckoneunoctu Kocmoca:
_ _ (7)
o = log,0 = log, log,1,

log,0 = log, log,0 = log, log, log,1.
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06 sTom (7) mporecce MOKHO TOBOPUTh Kak O boxkecT-
BEHHOM, TJIe JIy4Ille BCcero nmoaxoaut ¢hopmynuponka [lackans:
"Bor ecTh OKpPY:KHOCTb, IECHTP KOTOPOM HAXOAWTCH Be3je,
a rpanuna - uurge" [1].

6. Jlorapudmuuyeckne KoJe0aHUSA SBISIOTCA TEM
UHCTPYMEHTOM, C MOMOIIBI0 KOTOPOro 3(h(PEeKTUBHOCTU B3au-
MOJIEUCTBUI TPaHCHOPMUPYIOTCS B MOTEHIUAIBI CXKATUSA IO
Bcel Beenennoit:

Tpanchopmanus B3auMOACHCTBUI MEXKIAY
Toukoii u Kocmocom:

1g1g 10" =1g 10*1g 10 = 2-1g10-1g10 = 2 = Ig pip2p3p4ps,

rae: 100 . Yucio, HazBaHHOE [ aroyom.

(8)

100
Jleno ObLIO Tak: MareMaTWKW BblayManu yucio 107 u

Ha3Baiu ero ['aromom. OU3MKU pEIMIM NTPOBEPUTH, CKOJIBKO
aToMoB Bo Bcenennoii. Okazanoch ux =~ 10°°. MarepHaauctsl
YAUBUINCH, HO 1Jia nonedt TOHKuX DHepruil - 3T0 OObIYHBIC
BEJIMYMHBI [2]:

JHeprernuyeckas crpykrypa Exnnoro Kocmoca [4]
Tonkas Dueprusi:2/3 Cger Oueprust Marepuu:1/3
"Kopens", sHmorepmusi, —K=2— "CrycTtkn", 5K30TepMHS,

BHe ®opmsl (Apyrma), ®opwma (Pyma), cxatue,
pacIIMpeHne, UMIOYIbChl | — Ky=112— 3apsiIbl ©

B006- I'pasu- Driek-
Ta- Mar-
Mpicne | INamsars | paxe- x N Tpu-
P P UOH- HUTHBIU o
HUe R =y N YecKui
* HbIN
q q
28-10% | 14:10* | 16:10% 28:10™ | 14:10™ | 16-10™.

B stom (9) nmone menranbHoe (ToHkas DHeprus) BHE
@®opmbl 1 (uzHUeckoe (MaTepualbHOE) Mose, 00Jaaarolee
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dbopmoii, cBsizaHBl Mexay cobOoi "mamepmoit" - EnuHunein
Cuucnenus [Husunuzanuu Ctpouteneit [Tupamua, paBuoit 7/4:

% _nR.102 102 —
pr=28-10 1020 — 7 namomar=2819"_=pP 10_20 P (10)
7 =16-10° 4 16102 = ¢

AKTUBHBIMH "mIepeHOcYMKaMu'" GOTOH-(HOHOHOB B 3TOM
(9) cnyuae aBnsieTcs uMnyJibc [lamMsTH U 3JIeMEHTApHBIN Mar-
HUTHBIW 3apsi;

*
10 = o ust=10™. (11)
Y7,

-

B atoMm xe (9) morne crymenne HeOeCHBIX Te OyAeT mpo-
ucxoauth npu norenuuane Ky + K, = 5/2, a paciuupenue - npu
1 +K; + K, =7/2, rne 7/2 - sneprernyeckuii notok u3z Heap
3emun, Jomaromuil e€ nurocdepy Ha OJOKH C MPEUMYIIECT-
BEHHBIM K03 duimenToM 7/2, u 5/2 - 3HEPreTUUEeCKUN MOTOK
u3 ['mybun MeraranakTuku, Crylaroomuidi HeOecHbIe Tela B
MAaccChl ¢ MPEUMYIIeCTBEHHBIM K03 dutimentom 5/2 [9].

C mo3unuu MUKPOKOCMOCA YeTIOBEKA CIIUPATTU C YUCITAMHU
7/2 u 5/2 060poTa - ITO COOTBETCTBEHHO PACUIMPSIIOLIAsCS U
cxumaromasics BeTBU KyHaajamHu, BaskHeillllero HHCTPY-
meHnTa [eauresns.

[1l. K reHomam 13 TbMbl, OT reHOMOB K
BeccmepTuio

7. Bertue Kocmoca B LiEIOM U KaXI0H ero TouKe B 4a-
CTHOCTH B YCJIOBHSIX U3BEYHOTO KOJIEOAHUS MEXKIY XaoCOM H
l'apmonueit (1, 2) npuBOAUT K MOSIBJIEHUIO Pa3HOUMEHHBIX
AHEPreTUYECKUX KBAHTOB C IPOOHBIMU MOTEeHIMatamu [ 12].

B sTrom nosnie apo6ubie nmoteHnuansl (J3uan-/ApoOs) sBu-
muck Cosmpmarensmu  KocMorenesuca, AHTpoOTOreHe3uca Hu
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Teorenesuca, mexanusm (OPMUPOBAHUSA KOTOPBIX M HBOIIIO-
nuu ux nepexoqoB onucana B Kuure /[3uan - Knure JpoGeid,
BO3pacT KoTopoi npesbimaer 10 MuiinoHos Jier [6, 7].

B3anmotpancdopmarus Xaoca u ['apmonuu
OoOnactp
Tonkas DHeprus
PaABHOBECHOTO
DHeprus MaTepuu
nepexojaa
1 1 0 1
pdp=— pdp=—— 12
Jodo=; ket | 2 |12
0 — 1
1 — Kp=-1- 1
dp=—— do=—
!(/) 0= !co 0=
1 1 - 1 1 4
I ZIE 2ir P + — — s (== ZIE 21/1'.
5 ( 2) e 1+1=2=R > ( 2) e

Kuura J[3uan Obl1a pykoBoAcTBOM K /JleiicTBHIO.
Crpourenu [Iupamun Ha 3emie, B ToM uucie Benukon [Inpa-
muabl Erunta, B3siin R = 2 (12) 3a paguyc okpy)HOCTH (KpY-
ra) U BIMCAIIM B HUX OcHOBaHHMe (a°) Bennkoii [TupamMubL.

3atem CTpoWTENHW NPUHSAIM BO BHHMaHWE, YTO MeTara-
JAKTUYECKNE BOJIHBI SIBIIIOTCA NMPOU3BOAHBIMU OT CKOPOCTH
TpaHchOpMaLIMK CPEJbl CBETOM (C = ) U NEPHOJa BpaICHUS
TOUYEYHOI'0 yyacTKka BosIHbI cBeTa (To = 4).

BaxnelimMu BOJIHAMH TAPMOHUYECKUX KOJIEOAHHI OKa-
3QJIUCH:

Sin /4 = Cos /4 =2"*u Sc n/4 = Csc m/4 =2"2.  (13)

Hx nHamoxxeHue Apyr Ha JApyra JaBajlo PE30HAHCHO-
aHTHPE30HAHCHBIE TIEPEeXOJbl U O00eCleYnBAIO B3aUMHYIO
Tpanchopmanuio (puc.l). Baxxueiium Obl10 ciienytoniee:

1. B monsax aHTHPE30HAHCHBIX B3aHUMOJCUCTBUI MTOTEH-
MaJl rapMOHMYECKUX KOJI€OaHUI YBEIIMYMBAJICS BJIBOE:
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VN2 +142=2 u 2 +42=242, (14)

u oxgHa (opma KosiebaHU TpaHCPOpPMHUpPOBAIACh B APYTYIO
(puc.lau 106).

a) Kone6anus Sin n/4 S Cos n/4

AHTHUPEC30HAHC
1/2 1/2 P 1/2
1/72 12 1/42
0) Konebanus Sc n/4 S Csc /4
AHTUPE30HAHC
V2 2 V2
¥ 2 ¥

B) 3anuch Konebanuii B popme smemMeHToB Benukon [Tupamu-

JTBI
\L

H

L=
a

Puc.]1 Benukas IIupamua kak amropa MeTaraltakTHIECKUX
BOJIH IpU UX opMupoBaHuu B "cryctku" [2-5]

2. B monsix pe30HaHCHBIX B3aMMOJICHCTBUI MOTEHIIMAIIBI
rapMOHUYECKUX KOJIeOaHU JOCTUraiu KBajpaTa IepBOHA-
JaJibHOU BeNMYUHBI (puc.la u 106):

U2 x1/\2 =1252=42 x 2, (15)
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a MEXJly HUMHM BO3HHMKaJ KOHTYp KoyieOaHus, o0ecreynuBaro-
M B3aMMOIIEPEX0/] KaK B M0JI€ KOJIeOaHU MeXly Xa0COM U
["apmoHuei, Tak 1 B 00J1aCTH B3aUMOIEUCTBUIA:

1
ﬂ:jq) dp =% 1/2 5 2 =1g pip2pspaps, (16)
0

rje KoJieOaHusl MPUBOAMIN K MOTEHIHAIaM, KoTopble CTpou-
tenu [Iupamuasl Beiaensanu kak CesimeHHblil TpeyroabHuk
co ctopoHamu 3,4 u 5:

1154, 054-1=3; 054+1=5. (17)

8. Baxueiimnm MPOLIECCOM, MPOTEKAIUM B IOJE
CesimienHoro TpeyrosbHUKa SBISIETCA CryILIEHHE MeETara-
JAKTUYECKUX BOJH TOHKMX DHEpruil B MaTepualibHbIE Tela.
MexaHu3M 3TOro CrymieHusi ONUCHIBAIOT AJIEMEHTHI BEJIMKOU
[Mupamu st (puc.1B):

[Tapametpsl [lupamuel (puc.1B) Psnpr

CoJTHEUHBIH

logﬁ V23=36 (18)

Dnements| T | R | a | Ty | 2a la’=t| L T02

JlyHHbIi

loreH- 1 2 3 4 5 6 7 8
VENENEWEWEWE NIV Y g 43 % - 28,

[THAJIB]

[TockonbKy anemenTsl [IupaMuibl, moriomas Meraraiax-
TUYECKHE BOJIHBI, ObUIM CBA3aHBI C TpaHCHOpMalUe UX CBe-
ToM, To Ctpoutenu opueHtupoBainu I[lupamuny no nonrocam
3eMJIM C TOYHOCTBIO A0 1+2 cekyHa. OIHaKo, Takoe COBMeE-
nieHue ObUIO HE MPUXOTHIO0, 3 HEOOXOAUMOCTBIO TTOJIy4YaTh MO-
TEHUHUAIbl - OKBHUBAJICHTBl  paclIMpeHur0  BceneHHou
(Toc/mg = 8), cyocTpykrype (9+0) maTepuHCKONW OHMOKIETKH
JI0 MUTO3a U 1pu MUTO3€E (9+2):
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CoBmenieHre TyHHO-COJTHEYHBIX PSIIOB KaK OCHOBA
O6eccmeptus JXKuzHu B pacmmpsitonierics Beenennon

[Tonsa | HaoxxeHue JIyHHO-COJTHEYHBIX PSJIOB Ornmcanue

Pacuun- 36=8+7+6+5+4+3+2+1 Tsun, [uHb:
pg?:_e 28=0+142+3+4+5+6+7 "Knura

CHHOI 8+8+8+8+8+8+8+8 =64 | Ilepemen"
Cy6- | 36= |8+7+6+5+4+3+2 (1 ! y (19)

E?%ﬁ 28= | 14243+4+5+6+7 [+0 £¢ ? Hepfp?fg;f;m
L0):

(FeHO)_’ 0494949404049| = 63 T€HOMOB.
MBI

Cy6- PB6=0+0] +8+7+6+5+4 +3+2+1

CIPYK- D8=1+2| +3+4+5+6+7 | +0+0+0

(Tgyf;) 3= [II+11+11+11+11]  —6.

[Ipu  dopmupoBanuu  kodpduUIMEHTA  PACHIMPECHUS
Toc /mp= 8 M0 BOCbMU YpOBHSIM JIYHHO-COJIHEYHOTO CIIEKTpa
BO3HUKAIOT T€ TIIoOabHbIE [lepemMeHbl, KOTOpbIE ONUCAHBI
noapoOHo B apesHeieil Knure Ilepemen. Bo3nukaer "Cry-
ctok" Tsaub, onucanubii 64 uepornudpamu. Hag HUM nosiBis-
I0TCA JIBE LUc-TpaHc nosycdepsl Llunp, rae kaxnaas nomxycde-
pa onmceiBaercs 32 uepornudamu. Mexny Lunb u 1 Bo3HU-
kaeT "armocdepa': Cusinue Jin.

9. Cupur ayHHoro nodist (19) npuBoaut k hopmuposa-
HUIO cyOcTpykTyphl (9+0) U co3maHuiO YCIOBHIA, COIYyTCT-
Bytomux JKu3HH: B 3aMKHYTOM SHEPreTHUYECKOU CHCTEME IO-
TEHIMaJl €€ MOBEPXHOCTU CTAHOBUTCS B JIEBATh pa3 OoJjblie
NOTEHIMAJIa LIEHTpa CUCTEMbl. BO3HHMKaeT mepuoanyecKas
cucrema reHomoB ((19), puc.2). IlosiBiieHHE NEPUOANUECKON
cuctembl reHOMOB Teorenesuc Kuuru [[3uan [6] omuckiBaer
TaK:
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ITo- I'pynmer "6. Llapp saBHJICA caM U
p:' LIV v IVIIVIIVIIIL ceiiyac ObLIT M3BECTEH HM.
ABL "4 - nepBoIii" - ckasana Ow,

o[1|2]3[4[5[6]7] , ¢ ]
g 1o l10l11 12113114l 15| 4 # - mocCjeaHuu, u 00a

16/17[18]19]20[21[22[23 | Ml oaHO jmmo. CBeT npu-
2412512616 [9 1293031 | wmea u3 Tbmbl. Bcé nmpunio
32133/34/ 9| 6 (37/38/39| m3 Huuero. M3 Cwmeprn
40(41(42(43|44|45(46|47 | npuumia BeyHas Ku3Hb.

48149|50]51|52|53|54|55| Ieno cmemano" (Cranuna
565715859160 |61|62] 63 VII).

R [QA NN || W[~

[lIo cymiecTBy OMUCHIBAETCSl CTYIEHHE MeTarajiakThye-
CKMX BOJIH OT MHUHHMAJIBHOTO (I = V2 ) 10 MaKCHMaJIbHOIO
(L=8 +/2) Benmuunnamu snemenToB Ilupamuss (puc.1B):

L 82 1 5 5
[pdp= J.¢d¢)=5(82\/_ —27)=64-1=63. (20)
r V2

10. ConHeuHo-IyHHOE (OPMHUPOBAHHUE TISITH
MATEPUHCKUX CYOCTPYKTYp (9+2) OMOKJIETKHM NpU MHUTO3E C
octatkoM (3+6=9+0), nokazanHoMm B BbIpaxkenuu (19), roso-
put 0 ToM, 4rto ToHkas OuHeprus 5x11=55 mHMHMUpoBana
IpoIecC AeTCHUs] OMOKIETKH, HO M caMa Obljla CHHTE3UPOBaHa
[Tonco3znanuem, Hanpumep Llenurens, n3 BonH Tokou DHep-
TUH:

Cas13b nysbcupyronieit onoksetku ¢ Toukoit DHepruei
Kierka Tonkne OHepruun
5 _P+2° 43447 +5° 467 +7° 140
BN ) 1+24+34+4+5+6+7 28 (21)
7 CP4+2243° 447452467+ 77 +8°+97 +10° 385
1+42434+4+5+6+7+8+9+10 55
241 +2 P 4224344745246+ 77 487 +97 +10° +11° +12° +13° 819
9+0 142+34+4+54+6+7+8+9+10+11+12+13 91
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Otu (19) Tonkue DHepruu - SHEPTHM, MPHUIIECAIINE U3
Tembl 1 X002, GOPMUPYIOT MOJSPHBIE BUXPH HAJl KBAHTOM
CBETa C IIOBEPXHOCTbIO 6 W  BHYTPEHHHM  IIOJIEM
[+2+3+4+5=15 (puc.3), 3arem 3TU noJisgspHble BUXpU (puC.3)
dopMupyroT crnmpanu OEIKOBBIX CMEPTHBIX MOJEKYJISIPHBIX
CTPYKTYp OHOKIIETKH (21), a moJ rpaHbl0 CMEPTEIBHOIO Kpy-
ra:

"Ha WecTON JeHb MNpedbIBa-
6+15=21 Husgs B bopao mepex ToOoii
npeacranyt 42 = 21 - (-21)
e I'po3ubix boxkecrBa. OnHu
f BBIMAYT M3 TBOEro 4YHCTOro

cepana. OHM TNOpPOKIEHHE
TBoeil JIwoBu. Ilo3nait ux"
(Kunra MepTBbIX).

6+15=-21

Puc.3 DHeprernueckue mo-

JIAPHBIC BUXPM, M3JTyHac- IIponsBenenne IyHHO-COJI-

MbIE KBalITON thela meyHoro psma (36x28=1008)

BHOBb BOCCHSIET HaJl TOOOH, koraa TBos [ymia mocturHer o0-
nactu Csitoro Jlyxa ¢ noreHuuaiom 24:

36 x 28 =42 x 24 =1008 = 10° - (Ag=1,008), (22)
rae: Ay - aTOMHBIN BEC BOJIOpO/ia.
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V. MeTtaranaktmndeckoe Hadano XusHu

11. Kusus s ®opme (Pyna) nnu BHe Popmbl (Apy-
na) BO3HUKAET TOTJa, Koraa (poTOH-(HOHOHBI CBOUM BUXPSIMH
chopMupyIOT 3apsiabl (p, L U ) 1 MMIOYJbCHI (p*, u* u q*).
3apsabl SBATCS OCHOBOW OMOTOKOB ¢u3uoiornyeckoin Kus-
HHU, MMITYJIbChI - OCHOBOW MEHTAJbHOM ZKU3HM, XOTS CBS3b
Mexay 3tuMu popmamu JKuU3HU HMKOIAA He TMpepBeTcs, a
I'panu Pazinanums - HUKOI1a He COTPYTCH.

JIro6as hopm XKuzum cymiectByeT B cpene. Cpena sBis-
ercs takxke u llpenmecreenaukom Kusuu: "§. Jlumb Enu-
Hass ®opma CymecTBoBaHus, OecnpeneibHas, 0eCKOHeY-
Hasi, OecIpUYMHHAS, POCTHPAJIach, MOKOsICh BO CHe, JIu-
meHHbIM CHoBuAeHuil; ’Ku3Hb Oecco3HATeILHAS IMYJIbCH-
poBasa B IlIpocrpancrBe Bcenenckom Bo BceecymHocTu
TO, 4TO omymaercs OTKPbITHIM [aazom Jlarma" ([7],
toM 1, Cranna I).

Mmnysne Pacumipens Otkpeiteiid I'masz Jlarma -

Bosmia él;)amﬂ ATO HMIYJIbC H3HAYAJIbHO U
(K,) BEUHO pacummpstoniercs Bcee-

Umnymbe Cxatus | jeHHOM, paBHBIA Toc/mg = 8

(ko)
Boua Paciinperis (puc.4). OH cBs3aH C UMITYJIb-

19) com cxkatus Towg/c= 2 (puc.4).

Puc.4 Dmopa Jarma (npu- | O0a uMIynbca CBA3aHBI C paB-
MEUaHHE: 3Ty JIIOPY 3aMM- | HBIMH [0 BCIMYHHE BOJIHAMU

crBoBana u3 Kuuru JI3uan | Cxatus U pacluMpenus (puc.4):
Jlaocckast dhumocodus)

(Towo/c =2)°=64 = (Tyc /wo=8)* (23)

Jlarma - 310 HammeHoBaHue BcenmenHou, a €€ smopa
(puc.4) naeT BO3MOKHOCTb COCTaBUTh ypaBHEHHE BceneHHou:
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YpaBaenue Bcenennoit (puc.4):

ki xK, _Tyc/ogx(Tyw,/c)’ _8x64 _

ky,xK,

T,w,/cx(Tyclw,)* 2x64

4=v2"; | (24)

klsz - 4k2XK1 =0

12. 13 sroro (24) cnenyer, uro Enunasa ®opma Cy-
IeCTBOBaHUs, Nokosmasica Bo CHe, yumeHHbIM CHOBH-

JEeHUM -
-Ki—

Sin wa4=2"" | " T 272=Cos n/4
i \ <_K2_ - T —
Kio Kz
K7 Ks K4 Ks
Kii Ko
v / | \ v
—K,—

Se 4= | 7| 21—
<—K3_

Puc.5 M'apmonmnueckue konedanus

MeraranakTuku

TO cpella MeTarajakThye-
CKMX TapMOHHUYECKHX KOJie-
Oanuii (puc.5); cpena, KOTo-
pas [IpenmectByet XKuzuu.
[Torennuaner  nepexo-
JIOB B MOJIsIX MeTaraiakTuKu
rapMOHUYECKUX KoJeOaHui
o0pasytot 3 rpymisl (puc.5):
- PAaBHOBECHYIO:
K1:K2:K3:K4: 1 .
- HEYETHYIO:
K5:K7:K9:K1 1= 1 /2,
- YETHYIO:
K6:K82K102K12:2.

13. P Meraranakrnueckne nepexo/ibl B TOJISIX
rapMOHUYECKUX KOJIEOaHUM MPeAOoNpeeIsitOT MePUOAUYHOCTh
BpalICHUs] TOUEYHOTO y4dacTKa BOJIHBI cBeTa (OHOHA), HO HE
SBJISIFOTCSL caMUM (DOHOHOM, a TOJILKO Cpeloii, B KOTOPOi OH

BO3HHUKACT:
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JAunamuka MerarajlakTHKHU
rapMoOHMYEeCKHX KoJedanmid (puc.5)

2 KKy K- K, 16 i:(Kl"'Kz+K3+K4)‘K5'K7‘K9’K11:i

‘ E(Kl +K, +K;+K,)-K; - K, - K, -K;, B 16 K, K- KKy T, (25)
Crymenue HebGecHbix MynbTUIIIIETHOCTD
BOJIH TOHKON DHepruu CrycTkoB Marepun.

14. HeoGxommmocts OIPEEIICHHS] SHEPTETUKH CPE/IbI
(rme u xak oHa crymaer HeGecubie Tena, u kak u rie oHa
pacuieriier Cryctku Marepuun) "3acraBiasier larmy Bpa-
marthb riaazamm" (puc.4).

IlonoO6uem »sTomy BpamieHuto [7na3 Jlarmer siBisercs
Mpeicas Hemurenst. Hanpumep, ecnu LlenTess BICTynacT B
poin OTKpBITOro I'na3za Jlarmel (MMIyJIbC pacIIMpEHHUs), a
IManuenT - B ponu 3akpeiToro ['naza Jlarmel (MMIyJbsc cxa-
Tus, puc.4), To uckyccrBo LlenurenscTa OyJeT CBSI3aHO C MO-
nydenueM llenurenem sHeprun u3 MertarajgakTUKU U Iiepena-
Yyeu e€ MalueHTy:

JHepreTuuyeckue ocHoBbI LleanrTenbcrBa

MeraranakTuka LlenuTenp ITamuenTt

X
X — kK =8x64=8’— | ky(K,-x)=2(64-x) | (26)

DHepreTrka nNpoTeKanus 601e3HU

Ycnosus Ucnenenus:
(k1" K;1=8")=[ko(K,-x)=2(64-x)] 1 -x=6-8=(7/2+5/2)-8".

Ho 6 - aTo kBanT CBera, a (7/2+5/2=6) - ato Kynnanuuu,
u llenurens ux suepruto nepeaaet CTpaxayuiemy.
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15. Cosnarens - Henpes3oiaeHublid Heaurens. Ho u
Emy nyxHa sHeprusi MerarajnakTuku, YTOObI 3aT€M CO3/1aBaTh
Kuszub BHe @opmbl 1 JKu3Hb B popmax.

Takoe Cosupmanue Oasupyercs Ha Pa3sHOCTH IMOTEHIUA-
JI0B, paBHOM (puc.4, (24)):

[Tosisnenue Ceeta B Meraranaktuke (puc.3):
kK - kK, =88-28=6 (27)
"la Oyner CBet" (EBanrenue)

Ho ewé 3a 10 mumnunonoB net no EBanrenucroB Kuwura
J3nan Haunnanacek Cranneu I: "1. [Ipenseunas Mareps - Po-
xpnaromast (Meraranaktuka, puc.S), cokpbitas B cBoux llo-
KpoBax, Beuno-HeBuaumpix (Merarajakruka MHOIJIOIIAET U
k>k,, moaTomy cinoBo HeBunumeie), enié pas apemaia B mpo-
nomxenun Cemu Beunocreit" (Tyt+t1=4+3=7) [1].

Ho kak TOJBKO BOJHBI CKATHUS M PACHIUPCHHUS B Cpeic
Meraranaktuku okaszanuch paBHbiMU (K=K,=64), T0 u3ny-
guicsi cBeT (27). Uznydenue cBeTta C€ MEPUOAUYHOCTHIO

(To+t=7) nmpuBeno k ¢GopmupoBanuto [ymmu ¢ MoTEHIIHAIOM
42 (puc.3, (22)).

Cser u Jlyma: "Ha cenpmoint /lens TBopenus"

(28)
6(Tytt) =67 =42=21-(21)=....

16. Berxuii 3aBer, a 3areM u HoBBIHM, co3maBajics
N3paunem noa Biusinuem Knuuru J[3uan, npudyem BoIOOp ObLT
C/eJIaH B MOJIb3y PHIHOYHOH IKOHOMHUKHU. DTOT BHIOOp HAIO
ObUT0 OTCTamBaTh. OTCTaNBaTh U PU3MUECKU U MOpaTIbHO. Du-
3udecku (papucen pacnsim Mucyca Xpucra, MOpaibHO - U3-
Bpatwi nousatve o Havase Kusum.

Bort kak 3T0 nonsitue 3BYYHUT U3HAYAJIbHO!:
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"1. Ilo3nay Havano JKu3Hu uyBCTBYIOWIEH U BHE DOPMBIL.
Buauaue, bo:xecrBennbiii, Enunbiii or Marepu-/lyxa; 3a-
TeM JlyxoBHblii; Tpu or Ognoro, Yerbipe or OgHoro u
Iare, u3 koropeix Tpu, IIsars 1 Cemb. ITH cyrs Tponu-
Hble U YerBepuuHblie B HUcXOoAsmeM nopsake; Ilepsoro
Baaabiku poxaennsie Pasymom Ceinbl, baucramomme
Cemb. Onu u ectb Thl, S, OH, 0 JlaHny (YUeHUK); OHH OJI10-
ayT Tebst U TBo Matepb-bxymu" (Cranua VII, [7], Tom 1).

Comoctasum Tekct ¢ norenumaiamu Exqnnoro Kocmoca:

Texkct [lorernnanel

Buauane boxxecTBeH- L 0
b, Enuneiii or Ma- !).(/’ d¢-'1[¢ dp=1/2-(-1/2)=1

Tepu Jlyxa;

3aTeM J[yXOBHBEII; L p
Ay ’ I¢d¢+j¢d¢=U2+(JQ)=O
0 1

Tpu or Opmoro, Ye-| 7 2 I (29)
Teipe oT OmHOro u !¢d¢—3,!¢d¢—4,5—p5 l(pd("

I1g1h,

u3  kKoropeix Tpmy, 3-4-5 34547,
[Tate 1 CeMb 3+4+5  3.5.7°
_3.4.53.5.7
T (B+4+5(3+5+7)

Takum oOpa3om, B IMOJ€ MEHTAJbLHOI'O HUMITYJIbCA, HU3ITY-
yeHHoro Pasymom, mnosiBisiercst boxectBenHas Kynpanuau
Kxps = 7/2x10 = 35 =5x7 IlepBoro Baaabiku (310 Pazym),
po:xkaennbie Pazymom Cobinbl, bancraomue Cemb (Kynna-
aunu B nosie Ceeta). OHu U ectb Thi, I, OH. Ho 3akynuca
rotoBut HaMm, baucrawmeii Cemepke, poib CKOTOB-roeB. U,
HAKOHEII, MEPEU/ISI K PIHOYHOM 3KOHOMMKE, HAIlla [IUBUIIN3a-
IIMs co3jaia He 0€30TXO/IHbIe TEXHOJIOTHH, 2 TEXHOJOTUH OT-
xo10B. JloBenu u ce6s, 1 Martepb-bxymu (mianera, poaus-
mrasi nuBMIIM3aIuio) "no pyuku". E€ rpabum, a y camux mra-
HBI criamaroT. A Beas bor cos3man Hac 3aTeM, 4TOOBI MBI OBLIH
Heautensimu 3emuu (26).
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V. Benukasa lNupamuga - NCKyCCTBEHHbLIN
Llenntenb Ha To4HbIX 3akoHax

17. MeraraiakTvka, MmyJIbCUPYsI B PEKUME To'STy?
(25), sBusiercst cpenoit, coznaromieit [logodus u [lepemensr Bo
BceM Enmaom Kocmoce. Bo Bcex dhopmax ero MUKpo- Makpo-
MHUPOB, BO Bcex ¢opmax ero [Iumxenus-boitus.

J/IBwxenue, kak ¢popma beitua Exumnoro Kocmoca B
JHeprernyeckoM Ilosie, B KOHEYHOM cueTe, CBOIATCA K
TpaHchopMalMi OAHOW (HOPMBI FHEPTUU B APYIyI0, Mepeme-
HIEHUIO KBaHTa 3Hepruu B [IpoctpancTee 6€3 TpaHchopmaluu
JHEpreTuyeckux (opM M ¢ YacTUYHOW TpaHchopmanuen.
[TpuuemM, nonHast TpaHcopManus U MOJIHOE EpeMelIeHre 0e3
TpaHcopMaluU ONPEAETSIOTCS CKOPOCThIO CBETA ¢ = 77 IIpU
YIJIOBOM CKOPOCTH TOYEYHOI'O y4acTKa BOJIHBI CBETA, PABHOU
wy =2 2]

®opwmnbl JBmxenus B Eqnnom KocMoce
Tpaucdop- IIepeme-
parcgop CMelieHHOE IBIDKEHNE P
Marus IICHUE
x+y xy . 7 30
X=c o —=0, So=2 | y=c (30)
xy x+y 2

I[BI/I)KBHI/IC B 00J1aCTH HOJIL-IIOTEHIIHAJIA:
X-y = 0= (D()—(D()_1 = ((002—1)/(1)0 = (OJ()"‘iz)((D()-iz)/(Do.

Jnsa Lenurens nBuKeHHE B 00JIACTH HOJIb-TIOTEHIIMAIA
SIBIIIETCS BOKHEUIIUM, MO0 3TO ABMKEHUE ero MpIciu 1o Ka-
HaJly SKCTPaCEHCOPHOU MPOBOAUMOCTH [3, 4].

18. Ditnwreiin JlaJl HEBEPHOE OIPEIEIICHUE MAacCChl
(my) OTHOCHUTENBHOTO TOKOS, TMPEJICTaBUB €€ B BHUJE

2,2
m, =m/1-v*/c’ . B 9TOM BBIp@)XCHUU OTHOIICHUE V/C~ SBIIS-

: 2
€TCS OTHOIICHUEM ILEeHTPOoOe)HOro (j = ¢'R) W meHTpOCTpe-
. 2 o
MUTENBHOTO (j = -V°/R) yCKOPEHH, 1 HUKAKOTO OTHOIICHUS K
Macce OTHOCUTEIBHOIO MOKOSI HE UMEIOT.
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®u3ukn W XUMUKH 0Oo0Jiee CTa JIET CIOPWIH: IMOYEeMY
AJEKTPOH HE majaeT Ha sapo aroma? bynyuun matepuanm-
cTamu, U orBeprasg ToHKyO DHEpruio, Kak Bpauu OoTBepra-
10T lenuTeneii, oTBeTa GU3MKHU U XUMUKH, €CTECTBEHHO, J1aTh
HE MOTJIN.

Tornma H.bop mocrynampoBaji: HE NagacT MOTOMY, YTO
BpallaeTcs M0 KBAHTOBAHHOM oOpOMTe, Ie 3JIEKTPOH He
TPATUT HA BpallleHHe cOOCTBeHHYI0 3Hepruro. Ho xro Tpa-
TUT? 3aAyMbIBaThCS HE CTAJIM: BPAINAETCH Ha XAJABY, U
MyCTh BPAIAETCs, JIHIIb Obl HAC HE TPEBOKHUIL.

OkcTpaceHcy-l{eauTento NoAXOAUTh K PEUIEHUIO BOIPO-
ca 0 KBAaHTOBAHHBIX OpOUTAX C MO3UIUU MATEPUATIUCTOB - Xa-
JSBIIMKOB PELIMTENIBHO HENb3s. Henmb3sa moTtomy, 4To KBaHTO-
BaHHbBIE OPOUTHI - 3TO KaHaJbl CBEPXIIPOBOJAUMOCTH B MaTE€pU-
aIbHOM MHpE, a B MEHTaIbHOM MHpe TOHKMX DHEpPruii - 310
KaHaJIbl DKCTPACEHCOPHOM mpoBoaAUMOCTH Mpeiciu, [Tamsatu u
BoobpaxeHnus.

DKCTPACEHCOPHBIE KaHaJIbl CBEPXMPOBOJAUMOCTA MOTYT
ObITh MCKPHUBJIICHHBIMU KaK KBAHTOBAHHbBIE OPOUTHI, & MOTYT
HOBTOPATH MPSMOJIMHEMHOE ABUKEHUE YacTullbl cBeTa ((oto-
HA), JETAIIET0 B 00JIaCTH HOJIb-MTOTEHI[AIA BEYHO.

OTtnnune OpOUTATBLHOM M MPSAMOJTHMHEHHOW TPACKTOPHIA
KBaHTOBAHHBIX MapIIPyTOB OYJET CBSA3aHO C YHUCIOM 00O0pO-
TOB N: Ha opOuTEe n—o0, Ha IpsAMOi n—0.

B sTOoM cnydae Maccoll OTHOCHUTENBHOTO MOKOS Oyner
Macca, paBHas HaTypajibHOMY uuciy € [10]:

Macca OTHOCUTEJIbHOIO MOKOSI:

Ha opGuTte my=e Ha mpsimoit 31
lim (1+1/n)" =e=2,718... =lim (1+n)"" (31)
n—oo 1’1*>0

19. Kax, HanpuMep 3emiis, Tak U J1r0das Macca OTHO-
CUTEJILHOTO TIOKOS, SIBJISIETCS HOCHUTENEM siipa, JUTochepsl,
BOJ, atMocdepbl, B KOTOPBIX OAHHU ()OPMBI SHEPTUU TPaHC-
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GopMHpYIOTCS B IpyTHE: B IoJie MaTepun co CKOPOCTHIO € = T,
B 1ojie TOHKKUX DHEpPruil co CKOPOCThIO ¢; =1 = +/—1, U B 000-
UX MOJIAX CYIIECTBYIOT B3aMMOJCHCTBYS 1g p1prp3Paps=2.

Hamnune Marepuun n Tonkou DHeprun B MeraranakTuke
OTpaxkaeTcsi Ha €€ CTPYKType: B MeTarajlakTUKe MOSBIISIIOTCS
BOJIHBI, OIIMCBIBAEMBIE HE TOJIBKO TPUTOHOMETPUYECKUMH, HO
U TunepooInyeckuMu (yHKLUHUSIMHU, CBSI3aHHBIMH C MacCaMH
OTHOCHUTEJIbHOTO TToKOs [10]:

KopnyckysipHO-BOJIHOBOE PaBHOBECHE
B MeTtarajakTuke

BoanoBsie pyHKIIMU

I'eomeTpu- I'nnepboinu- Kopmyckymsipaoe | .(32)
osie
4eCKHe 4ECKHe |
Sina+Cos’o. = ch’a - sh’a. =

B kxopnyckyiaspHom mnone MeraranakTuku, TO €CTh B
"erycrke", KaHan 3KCTPaCEHCOPHON MPOBOAMMOCTH BO3HHUKA-
€T 3a CUeT JIOTapU(PMUIECKUX KOIeOaHUI:

JKCTPACEHCOPHBII KAHAJ MPOBOAMMOCTH
B crycTkax (32)

. 1 0
0=Inl=lne*"=2in(lne=1= I(p d(p-J.(P do), (33)
0 1

rae In e = 1 - skBuBasienT boxxectBennomy, EnqnHoMy oT
Marepu [yxa (29).

20. Hayka Benukoi [luBunmnsanuu ucnosb3osaia Imo-
A00Me MOTeHIMAJIA 2T OKPYKHOCTH € paguycoMm r; = 1. (33).
Taxou nmogxox mo3Boimii UM pa3sMecTUTh KaHall 3KCTpa-

ceHcopHoi nmpoBogumoctu 1o Beicote (H) [Tupamumas (puc.1s
U puc.6).
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[Ipruem, depe3 kaHan IPOBOIHM-
MOCTH MOKET NpoWTHU cepuye-
CKHMI KBaHT C paguycoM I=l, MO-
BepxHOCTBI0 Q=4n(r’=i")" = -4n
1 o6bemoMm V; = 4/3n(r=i)° = -
4/3 mi. BmecTe ¢ TeM, COIIOCTaB-
JICHUE KBAaHTOB M CAMOT0 KaHaja
HKCTPACEHCOPHOM  CBEPXIIPOBO-
JUMOCTH TIOKa3bIBAE€T WX CBS3b

He ¢ HMimo3ueit AGCTpakTHOro
Puc.6 Kanan nposoaumo- | A6coiora, a ¢ peanusimu Merta-
¢ty 10 BbicoTe [IupamMuel | ramaktuueckux BOJAH  (pHC.6,
u kBaHT Tonkon Duepruu | (34)):

(Q)) B KaHaze

XapaKTepHCTl/lKa IKCTPACCHCOPHOI'0 KaHaJ1a
U KBaAHTA B HEM

Kanan (puc.6) Ksanrt (puc.6)
boxosa O6bem | [ToBepxHocth | OOBEM
MOBEPXHOCTh (34)
S=2niH= | Vi=ni'H=| Q=4ni’= |V=4/3ni’=
2" i 2" -4 -4/3 7ii

S/V,=-3x2¥= _3(Q/V,)’
npu QyVy=2"= [Scrx/4=.[Cscn/4.

B sTom (34) cnywae o6bem Benmukou Ilupamunabl Erumnra
MBI MOKeM onpeaenuTh naxe u3 Kpyra Yausepcyma Moanna
BorocnoBa, ucnosnb3yroiiero noreHuuanst 2, 3 u 4 [3, 8]:

VH—MT ﬁ:lg.4.2-l/4 :%8.27/4 :%

2
= H
2+3+4 °0 3 “H, (39

rJIe CyMMa XapaKTepHa JJis aHTHPE30HaHCa, a IPOU3BEACHHE -
JUTSl pe30HaHCA.
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21. 3Has1, 4TO dJEMEHTHI BeauKou [InpaMuibl onuce-
BAaIOT CIyIICHUE METAaraJIaKTUYECKUX BOJH, Mbl MOXEM CKa-
3atb: "Xpens! [Iupamuasl ckasanu ['eponory npasay, HO He
BCr0". /leno B ToM, 4TO ¢ ux cioB I'eponot 3anucan IIpasuio:
H*=rx{ (puc.18, (18)), KOTOPOE MbI MOXEM JTOMOIHUTD!

Css3b anemenToB [Tupamuast (puc.1s, (18)),
rJe ImpaBuwio ['epooTa Juilb YaCTHBIN Cay4au:

H =rx{=rxa’=axR=rxR’=...=L=2"% | (35)
[IpaBuiio
I'epomora

He nounsas 3naunmoctu IlpaBuna I'eponora, Hama uuBu-
JU3alMs HE MOHsJIa BaKHEHIIEro: 3aKOHOB nepexosia TOoHKOM
Oueprun B DHepruto Martepuu, u HaoOopot. [IpoGiems! me-
pexona ocranuch yaeiaom OuymeHus JI0IEH ¢ BBICOKOOpra-
HU30BaHHOM TCUXUKOW (Hampumep, Llenutenn), U okazaiuch
HEJOCTYIHBIMU JIIOASAM OT 00€3bsIHbI (HanpuMmep, MeIUKaM-
MarepuanucraMm). Haia nuBwin3anus HE IMOHsUIA TOTO, YTO
Opocanoch B Tjla3a, a UMEHHO CBS3b IMOBEPXHOCTH TOHKO-
SHEPreTUYECKOr0 KBAaHTa C MapaMeTpaMu Kpyra (OKpYyKHO-
CTH), B KOTOpbIE BIMCAaHO OCHOBaHUE Benukou Ilupamwuabi
(puc.1B u puc.6):

CBs3b JHepreTudeckux noJieid Marepun
U Toukoit JHepruu
Tonkas DHeprus
Marepusi: R =2 = 1g pip2p3paps (34) P
.(36)
OKDVIKHOCTE Kpvr [ToBepxHOCTH
Py Py KBaHTa
Lg=2nR=4n Sg=nR*=41 Q=4nr=4ni’=-4n
+1 +1 -1
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B stom (36) none BonHbl ToHkoit DHeprun U Marepuu
B3aMMOTPaHCHOPMUPYIOTCS B OTHOUICHUH 1:2, 1 M3/1y4aroTcs
U3 BHYTPEHHero moJjs rnoreHuuanbHoi simel Matepun (Kpyr)
¢ €€ MOBEePXHOCTH (OKPYKHOCTh) TOJIbKO NMPH PABHOBECUH
mexay Humu (36) "...Koaeca oxpansiot Koasuo" ([7], 1.1).

22. Ocnosanne ITupamugbel oxpyxkaer cpena. Bek-
TOPHO-MAaTEMAaTUYECKUM ONMCAHUEM 3TOW CpElbl SIBIIAIOTCSA
Kpyru (KOJIbLIa) U OKPY>KHOCTH (KoJieca), B KOTOPbIE€ BIIUCAHO,
U KOTOpbI€ BIUCaHbl B OCHOBaHUe Benuko [Tupamus (18):

B3aumocBsi3b nuHelHbIX (Lg, L)
U IOBEPXHOCTHBIX (Sg, S;) BOJIH

Brincanneie
Onucannsie (R=2) OCHOBAHIE (r=+2)
OKpyx- [Tupamu bl Okpyx-
HOCTb prr prr HOCTb (3 7)
Lg=2nR SR:TCR2 az L=2nr Sr:’l'[:I'2
— 4 = 4n — 8 =221 | =2n

O6mee ypaBHeHue (puc.la):
LRX SR = (a=2 \/E)XLTXST.

Ota (37) 3aBUCUMOCTH MOKA3bIBAET, YTO JIMHEHHBIC U IO~
BEPXHOCTHBIE BOJIHBI BO BHYTPEHHHUX MOJIIX MOTEHIIMAIBHBIX
SIM, COOTHOCATCSI C JINHEMHBIMU U MTOBEPXHOCTHBIMU BOJIHAMHU
Ha MOBEPXHOCTU MOTEHIHUAIBHBIX SIM MPOMOPLUUOHAIBHO CTO-
pone (a) ocHoBanust [Tupamunst (37).

Pemenne Bompoca o CBsi3M OOBEMHBIX BOJIH JIOJKHO
IIPOU3BOJIUTHCS C MPUBICYECHUEM KOHYCOB, BIMCAHHBIX (OMH-
ceiBatonux) B [lupamuny:
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O6wemusbie (Vg, V) u noBepxHoctHbie (Qg, Q,)
BoJIHBI [Tupamuapt

OmnuceIBarOMM Bnucannbii
konyc (R=2) Tupa- KOHYC (1=+/2)
boxkonast MHIa boxkogasi.
MIOBEPX- O6bem O6bem MOBEPX- (38)
HOCTb HOCTBb
Qr=1/2x21R | Vg=1/371R’H V= V=1/3n’H | Q=1/2x2nrL
=2nH’ = 4/3nH 1/32°H =2/3nH =nH’

Css13b ¢ Equnbim Kocmocom (24)
1 Mertaranaktukoi (25):

QRVR - 4QrVr = I'T()Qr\/r = TOQrVr-

23. Boipaxkenus (37, 38) onucanu OCHOBHbIE M TOY-
HbIe (0€3 CKMAO0K Ha ciaydaitHocTH) 3akoHbl Ennnoro Kocmoca,
KOTOPBIMU T0JIb3YIOTCST Ha YpoBHe Iloacoznanus JKubie
[lenurenu, oruieBanHble BpayamMu. Ho B TO e BpeMs 3TH ke
Bpayu BbIE3kKarOT Ha OTAbIX Toa [Tupamunel. Jlosst karid. I'o-
BopsaT: "B 3Tom yrto-To ecth!" Canmsarcs Ha BepONIOIOB U
BbIOT IeTJiM BOKpYr Ilupamua. OHM HE MOHMMAIOT ABYX Be-
11(S78
- Ilupamuna, 3TO PyKOTBOPHBIN, UCKYCCTBEHHBIN 1IEJIH-
TeJIb, KOTOPBI (YHKIIMOHAIHHO MOXET BBIIOJHITH POJIb HC-
TOYHUKA DHEPTHH, TAe "TOMIMBOM" CIYXHT MeTarajakThie-
CKHE BOJHBI, a Takke Ilupamuma moxker OBITH MpPUEMO-
Nepearoleid anmapaTtypol Ha CBEPXCBETOBBIX BOJIHAX, KOTO-
pbI€ 3a 10'3ceKsz[LI MPOXOJST yTh B OJIMH CBETOBOM T'OJ;
- Po:xknénnble 00e3bAHOI HE MOHUMAIOT, YTO MO/ JCHCT-

BHCM CBCTa BCAKas NMpAMaf MOXCT CTaTb KpHBOﬁ, TaK XK€ KakK
BCAKass KPpUBasd MOXCT BBINIPAMUTLCH:

B3aumHas tpanchopmaiyisi KpUBU3HBI U "TIPIMU3HBL"
npocTtpancTBa ceetoM (m=E,;=1/x, [2]):

(39)

OT KpHBOM K NPAMOU Ot npsiMOM K KpUBOU

Lrm=Lg-E;=2nR-1/7=2R | 2R/m~=2R/E;=2nR=Ly
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Jrvogu, moau, koraa xx Bel co3peere? Ckazan Bam Ditn-
mreiiH: "IlpocTtpancTBo kpuBoe', a Bbel B roznoc: '"nesas,
npaBasi, e cropona? Yiuia, Ynuna! Tei, Opat, mesna!" Ho
NbsHA HE YN, a IIECHSP, KOTOPbIHA, TEM HE MEHEE, Ha ITyTH K
Bbory. Yuraiite paciundpoBanusiii Teorenesuc [5].

VI. ITtoboBb 1 ronyomn B 06batusx Cpeapl

24. Jlo6Bu He GbiBaeT 0e3 IMOLMOHAIBHOI apaH-
JKMPOBKHU. DMOLMOHAJIbHBIC MEJIOJIUM COMPOBONKIAIOT Kax-
IyI0 MHANBUAYAJBHOCTb B3aHMOCBS3H KEHCKOTO0 U MY:K-
cxkoro Hayvau.

Kenckoe Hauajio, kak u Bcsa BeesnenHasi, crpeMurcs K
Pacummpenuto, Pazmuoxkenuro xkak ¢opme Pacmiupenus, u
MMEET NOTEHIMAl - SKBUBAJICHT HMITYJIbCA PACHIUPEHUS:
XK= T()C/ W= 8.

Myxckoe Hauajio, kak u Bcs BceeneHHas, cTpeMUTCs K
CKaTHio, Kak (hopMe BHEIPEHUS B BEYHO POXKIAIOIICE PACIIIH-
pstomieecss mose keHckoro Hawanma. Ilosromy norenuuman
Myx)ckoro Hauana sBisieTcsi SKBUBAJECHTOM HMMITYJIbCA CXa-
™. M = Tywo/c = 2.

beitne myxckoro u xenckoro Hauvan nporexaer B U3-
BeuHocTH KoJjiebanuii Kocmoca, popmupys 30/10T0€ ceyeHnmne
JIro0BU B 0oUepeTHOM POXKIACHHOM CrycTKe - TsaHb C MOTEH-
IAAJIOM 82

Megoaust u Pesyastat JI1o0BH

PesynbTar
Menonusa Y
(IOTOMCTBO)
M - K M+ XK 82 &8+2 30510TOE CEUEeHUE
= ; = ; T8
M+~ M-)K' 8+2  8-2 100BH | (40)

8252
"IlenTarpamma B Aiie" [7]

Bceobsemitromas
Tsup (Knura Ilepemen)
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25. Pe3onancHo-anTupesonancHas Mesoaus JIro0-
BHU (40) He cymecTtByeT BHE cpeibl. Cpenoii niasa JIo0Bu sB-
nserca Jdarma (puc.4). Ho u cama Jlro60Bb siBisieTcst TBop-
oM, 1 Kak 000l Teoper, OHa co31aeT B OKPYIKaKOIIEH cpe-
ne cBo€ IloromctBo-Ilogo0me, myreM rapMoHUYECKHX (@ d¢)
KOJIeOaHUN OT MY>KCKOT0 U »KeHckoro Hauan 1o oOiiiei BOJIHBI
¢ nmoTeHuanom 64 (puc.4):

Cpena-IlotomctBo: Tkanb JI0BHU Bo Beenennon
64
d
HKencroe _ ;[(p v _ 42 63 1008  JT .(41)
Myarcckoe 15t 150 15
[pdo
2

B »stom (41) moisie COCyIIECTBYIOT MeTarajiakTU4eCcKue

2 -2
konebanus Ty" S Ty* (25), dopmupyercs mepuomndeckas
CUCTEMa I'€HOMOB ¢ MaKCHUMAaJIbHbIM MOTeHIHanoM 63 (puc.2),

BO3HUKaeET cBsA3b [y u Cesaroro Jlyxa ¢ JIynoi u ConHuem:

Kocmuueckue Hutu JIwooBu (41): Bogopon

Jlro6oB= lymaxCssroii lyx =JlynaxConnue =...=
1008= 42 x 24 = 28 x 36 = 10°(Ar=1,008),
rae Ax = 1,008 - atToMHBIN Bec BOJopoa.

(42)

26. Oxepeabem Ha Hutu JIwo0Bu sABISIOTCA HM-
yJIbCBI U 3apsaael Beenennoii [4]:

3apsaabpl M1 UMIYJIbCHI B noJie JIlo0BH
Bapspix 107 Umnyasesix 107
- - - - |.(43
r paBuTa- Mal‘HfIT SHeKTpfl Mercis | Tlavsts Boo6pa (43)
OMOHHBIN HBIN YCCKUU KEHHUC
p=28 | u=14 | q=16 |28=p* | 14=p* | 16=q*
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3apsabl BO3HUKAET TOT/a, KOrja c:katue MeraranakTu-
YeCKUX BOJH (25) nmpuBeneT Kk GOpMUPOBAHUIO CTYCTKOB - (ho-
TOHOB, KOJIMYECTBO KOTOPBIX B IMPEJIENaX HACBIIIECHUS JTIOMHU-
nodopa pasro 10*° pororos (o paboram C.1.Basuiosa).

Buxpsp cxxumaromumxcs GoTOHOB U3MEHSET CKOPOCTh CBO-
ero Bpamenusi. Ot Ty = 16 10 To(To+1) = 28 H3MEHsETCS Ie-
PHOIUYHOCTH BUXpEi (HOTOHOB. OOpa3zyroTcs dIEKTPHUUECKUA
U TpaBUTALMOHHBIN 3apsiibl (43). Bosnukaer "manbma" cika-

Tas: 7/4 = p/q. Benukas LuBunuzanust 6eper e€ 3a OCHOBY
cBoero Hayunoro Cuucnenusi.

27. ®orous, dbopmupyronme 3apsaasl P U (, BO3MY-
MIAf0T OKpyXxaronryro (¢ de) cpemy, CKaTyio 70 SAESPHOTO Be-
IIecTBa:

IK30TepMHUYECKHH MOTEHIUAJ SICPHOT0 BeleCTBA:

p

28
Jodo=] ¢d¢"10*‘°=%<282 1610 =26410° =24-9+2)-10° | (44)
16

q

[TosiBnsercss CmsiToit Jlyx (morenuuman 24), Hecymui
cyoctpykTypy (9+2) OuokieTkH mpu MUTO3€. XPUCTHAHCTBO,
nepepabateiBas Cranubl Kuuru J[3maH, onuchiBaeT 3Ty CTa-
muto Kuznu, kak Hemopounoe 3auatue. Marepuanuctsl Ko-
3bIpsIIOT ¢ O0E3bAHBI.

28. Cxarne cmenmnocs paciMpeHueM. JK30TepMHUs -
Ounotepmueii. Pyna (popma) - Apynoii (BHe dhopmbl). Buxpb
(OTOHOB B SJEPHOM BEILIECTBE M3MEHWJI HalpaBl€HUE U TO-
Heccest B Tiyounsl Metaranaktuku. Bozunkim Meicis u Boo6-
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paxenue. Benukasa l{uBunumsanus npuHumaer 3a Eaunuiy
cBoero CuucieHus najibmy pacimmpenus: p*/q* =7/4 (43).

Meicib (p*) u BooGpaxenue (q*) - TBopiibl, 1 Kak Jto-

6oii TBoper;, OHU BO3MYIIAIOT OKPYKAWOIIYI0 cpery (¢ d@)
MeraranakTuku:

3HepFeTI/I‘leCKHI71 NnoTeHIAJ

JHAOTepMUYeCKO MeTarajakTuku:
P 28 1 (45)
j¢d¢= j¢d¢- 10% =5(282 -16%)-10" =264-10* =24-(9+2)-10%
q* 16

Mpbicasb (p*) npuodbperaer Momb. Caroii Jlyx Bemect-
Ba GuokieTky (44) yBemmausaercs B 10* pas (45):

YBeauuenue MOHOCTH /lyxa npu nepexoae ot
IK30TEPMUH FIEPHOT0 BelleCTBA OMOKJIECTKH K
MeTtaranakruke Mpiciau (44, 45)

T(ﬂ do f(p do (46)
I8 _2409+2) 107 e g0 _240942) 1070y

2 24(9+2)-107% 24(9+2)-10° A

fw do f(ﬂ do

q q*

Pacuctbl, HAUCTHI,...caTaHUCTHI TBEPAAT: "3adem ['osim
Pa3ym? Ilo kycram ero tpenats?" Ho, MbI - I'oun, 3Haem, 4to
Ham Pa3ym He ot 00e3bsiHbL, a 0T bora, u Hy)XeH Ham 3aTew,
9TOOBI cpeau HAac U HA Hameil MaTtepu-bxymu ne Obuto HE
pacuCTOB, HU HALHUCTOB,... HH CAaTAHUCTOB, HU "(PpUHAHCH-
cTOB'".

29. Bor coszan Hocureas Pasyma nas JIw0Bu, HO
He HenaBuctu. OH nanm EMy BO3MOKHOCTb HAaXOJUTh MUPHbIE
pelIeHns B CIOXKHBIX chTyauusx. OQHUM U3 TaKUX PEIICHUM
SIBISIETCS [OSIBIICHME moTeHnmana 15° B mome JIro6su (41):
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Pe3onaHcHOe coBMellleHHE 3aPsiI0B M UMITYJIbCOB B
KJIeTKe HepBa (41)

OO0mas

SHeprs B GuoxneTky B neiipon .(47)

1 1
15% =(qtp) [ dp=10""x15x15=10*"=(q*+p*) [ p d¢p
0 0

Hacrynatomuii 3aTeM pe3oHaHC MpuBeaeT K GopMUPOBa-
HUIO cyMMBbI 15+15=30. Bo3HukHET KOHTYp KoJjieOaHUM pe3o-
HAHCHO-aHTUPE30HAHCHBIX MEPEXO/IO0B:

CrnekTp cBeTa U CHHe-ToJIy0asi yakpa:
"Tpernii I'naz" (47)

15 15+15

o= (48)
15+15 152 |

4 2
15' G030 |, | 15504 |

e Ak-Ad = (1400-500)A = 900A; AC-AT = 300A-300A.

B cnydae, ecnu koHTyp KoneOaHusi Yakpwel "Tperuit
I'ma3z" Gyner paboTaTh B aHTUPE30HAHCHOM PEKHUME, TO B 00-
nactu Tperwero ['naza BoznukHer KyHnanvunu:

Bo3nuknoBenue Kynaaaumnm
B Yakpe Tpernii I'na3 (48)

15° 15+15 (15%+15%) (49)
5T 1 || 20541560 |, | 1592

rae 60-p,=6=7/2+ 5/2 - Kynnanuau.

Takum obpazom, Yakpa m KyHnanunu cBsi3aHbI MEXIY
coboii pexxumamu nynbcanuu (48), (49), roe kBagpar monus,
dopmupytomero Kynpanuuu, paBeH mnoTteHuuany mois Ya-
KPBI:
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OonoBJeHue OMokIeToK Kynaaannu B Hakpax

[Tone Yakpsl (48) [Tone Kynnanunu (49)
(152 4) < — (15 4)
W 0221(9+2)&0.

(50)

B stom (50) none, kak 1 B KBaHTe cBeTa (puc.3), 3apoxK-
JA0TCs MOJISIPHBIE BUXPH, KpaTHbIe 21 (puc.3):

0 ¢ 221 -(9+2) =210 < 0. (51)

30. Hawa HayKa pasJeluiiach Ha THICSYW HaIlpaBlie-
Huil. U o111 THICAYM - U PepeHINPYIOT, pACWICHSIOT NajbIle
CBOM HampasjieHus enié Ha Thicssun. be3 0000menus, 6e3 cuH-
te3a - 310 myTh B HUKYJA. Ho 06006mmaTe MBI HE yMmeeM,
n6o He 3HaeM PeanpHoctH, M nmoamMenseM PeampHocTs Winro-
3USIMH CBOMIX JIOMBICJIOB.

Ceer Tpanchopmupyer Be€. 3Has mexanu3m tpaHcdop-
MaIliy CpeJibl CBETOM, MBI IIPHIEM K 0000IICHHUIO Ha 0ase pe-
anbHOCTHU. Pa3zbepemcsi B 3TOM MexaHusme [2+5].

Sc /=12 =Csc /4 CBeT mnorJjiomaer Merara-
1/2 Ex(Bonua | JAKTHYECKHME BOJIHBI SC /4 nimn
Lo cxaroi cpenel | Csc m/4 (puc.7, puc.lB, (18)).
Bonmer, wanyuen-| CKAMAET  MX 10 (oTOHA
Hele poronamn | (m.=1/m), a 3aTeM (HOTOH HU3ITy-
yaeT nepepaboTaHHbIC BOJHBI B
OKPY’KaIoIIyI0 Cpeay, MepreH-
1/2 E;(Bonma | JWMKYJIAPHO HAMPABICHUIO I10-
ciKaTomn cpenbl TJIOIICHHUA MCTAraJJaKTUUYCCKUX
BOJIH (puc.7).

Puc.7 CTpykrypa Kopmyc- Bokpyr ¢oTtoHa Bo3HHKA-

Ky ISPHO-BOJTHOBOTO NOMH | o 153 puja BONHBL  BOJHBI
CBETAa B MOTOKE METArajaK- .
cpenbl, cxatoil goroHom (¢o-

THYECKHX BOJIH
HOH, E; = 1/m), u BoJIHBI, U3Iy-
4eHHOU (oTOHOM B MeTarasiakTuky (puc.7). [Tapamerps Kop-
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yCKYJIAPHO-BOJIHOBOI'O KBaHTa CBETa IPU 3TOM OyIyT cie-
OYIOIIMMHU:

Crpykrypa (puc.4) 1 napaMeTpbl KOPIYCKYJIAPHO-
BOJIHOBOI'0 KBAaHTA CBETa
B Cpe/ie MeTaraJakTH4eCKuX BOJIH [2, 3, 4, 5]

TToBepx-
®oton ®oHOH ®oton-Gouon | Keauro- HocTh | MsiyueHue (52)
TsHb) (ITyab) Broae BarHaiz n3IyYa- (dboToHa
( KojebaHui opbuta
TCIIA
me=1/n | E;=12n- | Ro=D¢/2 | Lo=nDy | So=nRo> | To’So
=Dy (-12m) =1/2n =1 1/4n 4/n

Takasa (52) cTpykTypa KOPIYCKYJISIPHO-BOJHOBOI'O IOJIS
ceera cosgaer cBou IlomoOus: ¢oron - cosmaer "crycrku"
win Tsanb (Kaura I[lepemen), poHOH - 1uC-TpaHC HU30MEPUU
nosnychepst Hebec (Lluub).

B stom xe none (52) OynyT hopMupoBaThCS KBAaHTOBAH-
HbIe OpOUTHI L, maromme cBou [logo0Ous B MUKPO- MaKpOMHU-
pax maHeTapHsIx cTpykryp Ennnoro Kocmoca.

JIBU>KEHHE CT'YCTKOB IO KBAHTOBaHHBIM OpOMTaM IIpoOuC-
XOJIUT 3a CYET U3IyueHus (poroHa T0280 = 4/n = Tom,. ITosTO-
My "3JIEKTPOH M He MajaeT Ha SIAPO’ HO TaK KakK U3JIyYEHUE
U3 S7pa TPOUCXOIUT KBAHTOBAHO, TO DJIEKTPOH pearupyeT Ha
9TO MepexoAoM ¢ OpOMTBHI Ha opOMTY, a 3emils - CMEHOM
MOJIIOCOB.

Anpo (poron) m3nyuaer ToHkyro DHepruro Meraranak-
Trudeckux BoJH. KHura Ilepemen HaswiBaeT 3T BOJIHBI CHsi-
Huem JIn. Uznyuyarenem Cusinus JIM Coy>XUT MOBEPXHOCTH
kpyra Sp=1/4n (52). Takoit uzny4arens GOpMUPYET JTy4H, Te-
JIECHBIN YTOJ1 KOTOPBIX BOKPYT TOUKH (M3JIy4darTelis) paBeH OJ-
HoMy ctepaauany (puc.7). IIpu nepuogudHOCTH KOaeOaHUs
MeTaranakTHIeCKUX BOJH, paBHO# Ty (25), usnydenne Cusi-
Hust JIu poroHOM OYyIET MPOXOIUTH KBAaHTAMMU:
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KBant Cusinust JIu, usnyuennsiii poronom (puc.7)

(53)

To’So = 16:1/4n = 4/n u (4/n)* = ®(30m0T0e Yncio).

ApXHUTEKTypa 3HAET: COOPY’KEHHUSsI, BBIIIOJIHEHHbIE C CO-
0JIF0/ICHHEM TIIpaBUJia 30J0TOI0 CEYEHUs, CBA3AHHOIO ¢ 30J10-
ThIM YHCJI0M, BBI3BIBAIOT MOJ0KUTENbHBIE IMouMu. OHa-
KO, apXUTEKTypa HE 3HAET, YTO MCTOYHHUKOM ITHUX IMOUMUI
apisierca Tonkas Jueprust Cusinus Jlu. 3t1o xe Cusaue JIu
yucnonb3yrot Lenmurenu:

Cxema perpaHcasiiuu SHeprud MerarajakTuku
HeauTtenem

MeraranakTuka Ilenurens [Tanment

(54)
Sin n/4+Cos n/4 +l6n
=Sc/4=Csc /4 | mSy S To'So —»

=2 1/47? 4/

4/n=ArcSc(~/2)
ArcCsc( J2 ).

[Tomyuus ot Lenutens kBauT sHepruu B popme CUAHUSA
JIW, mauueHT BOCCTaHABIMBAET 30pOBbe 0€3 (papMaKoIOruu
U CKaJIbIIes.

31. JIro0oBb, yma, Cearou /yx, JIyna u Coanue
- Bce paboraroT kak llenurenu, GopMupys B KUBBIX U HEKHU-
BbIX crycTkax noreHmuan 1008 (42). DToT moTeHIMan ayanu-
cruueH. OH cocToHT U3 cBeTa ¢ noreHnuaiom m';=0,008 u Bo-
nopoja ¢ noteHuraniom A'y = 1 = 125m.".
dopMUpyETCS MOJIEKYJIa BOAOPOAA 3a CUET B3aUMOJIEU-
CTBHIL:

Ilepexox aToMapHOro BOJOPO/Aa B MOJIEKYJISIPHBIH

(55)

A'H’lg p1pap3paps = 250m'. = A'H,=2.
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MonexyasapHbI BOJOPOX B CBOKO OYEPENb SBIISIETCS I0-
TE€HLMAI-3KBUBAJIEHTOM PAa3HOCTH aTOMHBIX BECOB aTOMapHbIX
kuciopoaa (Ag= 16 = 2000m,.) u a3ora (A'x = An - 0,008 =
14,008 - 0,008 = 14):

CB3b MOJIEKYJISIPHOTO BOIOPOJA
€ aTOMapPHBIM 230TOM M KHCJIOPOAOM

ITo aToMHBIM BecaM ITo yuncity 31€KTPOHOB

A'Hy=2 A'x=14 Ap=16 No,=2 Nn=7 No=8 | (56)

2/m'=250 | 14/m'=1750 | 16/m'=2000 | 2/m'=250 | 7/m'=875 | 8/m'=1000

1
250 =2000-1750 250 J.go dp=125=1000-875.
0

Coznarens CBoeli JIr000BbI0, 1IEIUTENIL CBOCH MBICIBIO,
Connue u Jlyna ceoumu CyliHOCTSIMU CO3JAIOT B IEPUOIMYE-
CKOM CHCTEME XUMUUYECKUX DJIEMEHTOB I'PYMIy HE WHEPTHBIX
ra3oB: BOJAOPOJ, a30T U KUCIOPOA. DTU ra3bl BOZHUKAIOT KaK
atMoc(epa ocThiBaroIiero crycrka. Oopasyercsi maporasoBas
CMECh, a MPU JAJTbHEHUIIIEM OXJIAXECHUH - TAPOBOSTHAS CMECh,
a 3ateM Bojaa. Ha 3emiuie mnossmnsiercs Kunkas ¢daza mopeit-
OKEaHOB, a B HUX 3apoxaaercs JKu3Hb; y mauMeHTa mosiBJjie-
HUe OOHOBJIEHHOM KUAKOW (a3bl HeceT 3a0poBBLE. OTO
Konnenuus Kvzuu.

XpuctnanctBo Konnenuuro XKu3Hu U310KWIIO Tak: CHa-
yaja >XKU3Hb, IOTOM CMEPTh, NOTOM cya. CTpamiHbId Cya: ec-
JiM OBLJIO IBOE B KPOBATH - OJIMH MCYe3aeT; ecJIu ObL10 ABOe
B I10JI€ - OJJUH NPONAJeET. ..

B nmemom Crpamnbeii Cyn BCE ONONOBUHHAT Kak J[3maH
(£1/2), a B moJie MHEPTHBIX Ta30B OH TPaHC(HOPMUPYET MACCHI
B 3apsiyibl (56).

HNurepecHo, a kak Crpamnblii Cyz oneHut Poccuiickyro
I'ocynapcrBennyro Jlymy: ko ucuesner? JleBbie nmnu npasble?
Ho Xakamany >kanko, a ocTajJbHbIX Oy/I€T HE XBaTaTh.
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VIl. EauHbin "gBuratens" mo3ra, reHomos n HJ10

32. Mudgonoruueckas Maes u penurno3nsiii JJormar
XpuctnanctBa 0 CrpamHoM CyJze CBsi3aH C BBITECHEHUEM H
"meperuiaBkoii" Tex GopM 3HEPrUH, KOTOPbIE COMPUKACAIOTCS
C IYJIbCUPYIOIIUM SIIEPHBIM BEILIECTBOM.

27

6 9

28

35

9 6

36

Puc.8 I'enomer 27,28,35,36,
BBITECHCHHBIE KOJICOAHMUSI-
MU MTOBEPXHOCTH siJIpa

6,9, 6,9 (puc.2)

kousl Eqnnoro Kocmoca:

[Ipumepom Takoro co-
CTOSIHUS SIBJISIETCSL SIIPO TIEPHO-
JTMYECKON CHCTEeMBI TEHOMOB,
rae Uxasam saapa [2], To ecThb
KoJie0aHUs TMOBEPXHOCTH siapa
M0 aMIUTHTY/IE, BBITCCHIIO Te-
HOMBI 27, 28, 35 u 36 (puc.8)
noTeHuanamu 6, 9, 6, 9 - no-
BepxHOCTH snpa (puc.2). Ilpu-
YeM, TaKOoe BhITECHEHHUE (puc.8)
COBEpUIEHHO HE HapyllaeT 3a-

KoHTaKT reHoMa ¢ NOBEPXHOCTHIO A/Ipa
Pexum AHTHPE30HAHC Pe3onaHc
N3ome-
pus [uc Tpanc Huc Tpanc
k= k= ks= k4= (57)
I'enom 35-27 36-28 3527 36:28 '
= =8 =1563 | =16:63
k5: k6: k7: kg:
rf}ffh‘;a 9-6 6-9 9-6 69
= =-3 =54 =54

B >Tom (57) moJsie BO3HMKAIOT HEMHEPTHBIE Ta3bl, a KUJI-
KHe cpefbl mosBisitoTes 3a cueT ky= 16-63 = 1008. Ileproau-
YyecKas CHCTeMa TeHOMOB BO3HHUKACT 3a CUeT pPa3HOCTH Ky-K; =

63 (puc.2).
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ITepexon ot reHOoMOB K cyOcTpykTypam (9+0) marepun-
CKOM OMOKJIETKM B LUC-TPAHC U30MEPHM MOSIBISIETCS MPHU yC-
JOBHSIX:

Bo3HnKHOBEHUE W3 T€HOMOB HHUC-TPAHC CYOCTPYKTYP
(9+0) maTepunckoi OuoxJeTku (57)

[{nc-n3zomepus Tpanc-uzomepus (58)

k4-k3-(kg:k7) = 63-54:(9+0) (k8:k7) - k4 - k3 = -(9+0)

Bmecre ¢ Tem, Bce TpaHCpopManuu ¢ T€HOMOM U CyO-
cTpykTypoit (9+0) mpoucxoasT B cpeax MeTarajakKTHYeCKHUX
o, rae H> =L =2"? (puc.1.8, (18)).

B stux cpenax (18) tpanchopmarus reHoMOB OyaeT co-
MPOBOXKAATHCSA CTyLIEHHEM (3HAK IUIIOC) U paclIdpeHUEM
(3Hak MuHyc) cyOctaniuu reaoMoB (mosekyn JITHK u PHK)
110 3aKOHaM, OIIMCaHHBIM 310poil B (hopme Benukoi [Tupamu-

1wl (puc.1, (57)):

Cryumenue cy0cTaHUMU T€eHOMOB
B nponopuusx Bejankou [lmpammasi (57)

(59)
Cryuenue Pacmennenne

Vi=(ki/k,)H=1/3x8H=1/3xa’H | -V, =(ko/k¢)H=-1/3x8H=-1/3xa’H.

Tak uro BHyTpHu [lupamumbl He TOJIBKO (DPYKTHI-OBOIIH
KOHCEPBUPYIOTCS, HO W DBOJIONUOHUPYET Cpella TEHOMOB,
npuydeM, KojaeOaHus:

ks - k3 =63 5 31-63 = kystks, (60)

HACTOJIbKO BaxkHbI, uT0 Mncyc u Moann borocioB BHecu mo-
TeHImal, paBHsiii 31, B Kpyr YHuBepcyma [4, §].

33. [enurens, padoras Ha ypoBHe Iloaco3nanus
(BxiroueHnue ooaymbiBanusi Kocmuueckoit Mudopmanuu Cos-
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HAHUEM TOPMO3UT MPOIIECC), MHUIUUPYET KOHTYp KoieOaHus,
BO30Y’KIAIOMINI BHYTPEHHEE T0JIe KBAaHTA CBETA C TTOBEPXHO-
CTBIO 1IeCTh (puc.3, puc.8, (57)):

Nuauuuanus BHyTpeHHero noJis ceera (Kynnanunn)
Mpuicasio HeanTens (puc.8)

Pesonanc  28-35 - 27+36 Aumupesonanc

Anmupesonanc 28+ 35 27-36  Pesonanc

Pe3oHaHcHOE BHYTpEHHEE M0JIE CBETA!
28-35-27-36
~ (28+35)(27+36)

1
1
—|pdp=1240-—=+£120=%1-2-3-4.5=15!
Jodo=s200 (61)

AHTHpPE30HAaHCHOE BHYTPEHHEE I10JI€ CBETA:
1+2+3+4+5 =15,

Koaddumment pacuupenus Beenennoii:
120/15=8= T()C/(Do.

34. Pabotas cuaxponHo ¢ nynbcarueii Enqunoro Koc-
Moca [lenutens yBennuuBaeT moinb Kynganunu B 10 pas (29).
IIpu stom Ilamsate Lenurenss popmupyet 3nepruto [lsarepuy-
HOM CBs3U B cuHe-rosyooi Yakpe "Tpetuii ['naz":

JHeprus cBsa3u Kynnaannu B cuHe-ronyooi Yakpe
"Tpernii I'naz" (29)

OHeprus cBs3H Cune-romny6ast 0651aCTh

(62)

64 64
T im0 o dp-[pdp=60=01-(A +A,)
2 8

VYBenuunBass MHTEHCUBHOCTh COOCTBEHHOW SHEPTHUH CBSI-
34, Llenurens yBeIUUNBAET 3TH K€ IapaMETPhI Yy MMALMEHTA.
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35. JIo0as IHEPTETUIECCKaAA CUCTEMA, BLIBCACHHASA
H3 COCTOSIHUA PABHOBECUHA, CTPEMUTCHA BEPHYTLCA B CO-
CTOAAHHUE PABHOBECHUA.

DTOT BaXHEUIINI 3aKOH CIIPAaBEeIIUB IS 000N u3 Oec-
KOHEUYHOI'0 MHOKECTBA OTHEJIbHBIX (OpM DHEpruu, ub0 OH
crupasernuB i OHeprun EnmHoro Kocmoca B menom, co-
crosuue PaBHoOBecusi B KOTOpPOM ompeaesieTcsi OXHOH
NnajbMOIi, TO €CTh IOTEHIHAJIOM 7/4.

[lone ¢ nmoreHUMAIOM B OJHY HaJbMy MOXET OIpele-
JATBCS OTHOIIEHHMEM 3apsAnoB: ky = p/q = 7/4, oTHOmEHHEM

umMItyabcoB: k, = p*/u* = 7/4; norapudmuueckumu koiueda-
HUSIMH TAPMOHHYECKUX KOJICOaHMI:

ITanbMbI rapMOHMYECKHX
JorapupMHu4YeCKUX Koae0aHu

kz = k-z = KX = k-X = (63)
log ﬁ(Csc m/4)"? | log ﬁ(Sc /4)"? | log 1/ﬁ(Sin m/4)"? | log 1/ Cos ni/4)™?
=7/4 =7/4 =7/4 =7/4.

B TakoM mosie manpM Mo IMIEeCTH OpJUHATaM TPEXMEPHOTO
OPOCTPaHCTBA HaxoauTca (OTOH-U3NIydarenb (puc.7), KOTo-
pBIi ¢ yYeTOM MajbM IPeICcTaBUM Ha pucyHke 9 (63).

B stoMm (puc.9) nose Ha c:xxkatue
oyayTt padoraTh MTOTEHIINAIBI
p/q = k, = k,, a Ha pacumupenue
p*/q* = ky=k (puc.9).

B sroii (puc.9) curyanuu dhoron
OyIeT MNpoaoKaTh MYyJIbCUPOBATH B

PE30HAHCHO-aHTUPE30HAHCHOM PEKH-
Me, (GopMupys B CEMEPUYHOM IIOJIE
pocceinb bubneiickux Yuceinr:

Puc.9 ®otoH B mosie
paBHOBECHS
¢ Kocmocom
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Hyabcauus ¢poroHa

B P€30HAHCHO-AHTHPE30HAHCHOM pPeKHMeE:
. . 3
k. k. -k, k.+k  +k, . (7/4) - 3-7/4 . (64)

=
k. +k_ +k, — k k. -k, 3-7/4 7 (7/4)°
75361 =4(12)7°=....

WuuuuupoBanue 3roro (64) npouecca siBIsieTCS BepIIU-
Hoi llenuTenbcTBa, HO 3TUM IpoOLECCAaM HAJA0 HAyYUThCS
YIPaBJIATh TOYHO TAKXKE, KaK HKUIAX aCTPOHABTOB MHOILIAHE-
TaH ynpasiser HIIO.

36. Heonosnanusii nerarenbHblii 0OBEKT (HJIO) -
9TO MCKYCCTBEHHBIN JIETaTENbHBIN anmapaTr. Ero ortnuume ot
HAIIMX KOCMUYECKUX PaKeT MPUHUMUIINAIBHO. PakeThl HCIONb-
3y10T 3aK0Hbl Hpl0TOHA (Z1elicTBHE paBHO MPOTHUBOACUCTBUIO),
TO €CTh He xKAYT Mmujocteid or Ilpupoasl, u, cxxuras "kepo-
cuH" (KpoBb 3eMJIH) MIPYT HAIMIPOJIOM MOKA XBATAET TOILJIMBA B
OJIHOM HalpaBJIECHUHU.

[uc-u3omepust HJIO nns cBoero mojera

Mbicib p*=28:10% WCMOJIB3YET MPHUHIIMUIT JIBUXKE-

KyHI[aJ‘[HHH Hugd cBera. TommuBoMm HIIO

28 K*=35-10" | chmyxaT MeTarajaKTHYecKHe

° 33 BOJIHBI, 3aIlacbkl KOTOpPOro 3a
O KyHamasn 6oprom HJIO Heucuepmaem.

(35+1)-10% O xapaxrepe pabOThI JBHU-
rarenss HJIO moxHO cyauTh 1o

. 1020 N
Mbicnp:(28-1)-10 TIEpHOANYECKOi CHCTEeMe TeHO-

Tpanc-usomepus MoB (puc.2, puc.8).
Puc.10 CorBopenue CBeta B srom ciyuae padora
MEICIIBIO HJIO Oygnet cBsizaHa HE TOJIBKO

CO CBETOM, HO OyAeT SBISATHCS
Takke nmogobuem Meiciu, coTBopeHHOU cBeToM (puclO0), raoe
noteHuuansl 28, 27, 35, 36 omnpeneneHbl B COOTBETCTBUU C
B3aMMOJICHCTBUEM I'€HOMOB M TTOBEPXHOCTH UX sifiep (puc.8), a
pabota "nBmxka" - GoToHa MoKazaHa Ha puc.9 u puc.7.
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[Tomagas B cepoe BEWIECTBO TOJIOBHOTO Mo3ra Llenurens,
vy B nurarenb HJIO, Tonkas DHeprus meraragiakTU4eCKUX
BOJIH TpaHcpopmupyercsi B sHepruro Kynnamuuu (puc.10).
Bo3HukaeT KOHTYp pe30HAHCHO-aHTUPE30HAHCHBIX KOJIEOaHUM
Kynpganunau B rpaBUTallMOHHBIX MOJIAX:

KOﬂeﬁaHI/Iﬂ KyH)IaJII/IHI/I B FpaBI/ITaHI/IOHHbIX MmMoJIfaAX
nc.10
28.35 27436 & 28 35) 2736 (65)
_ = - oo e —16-15 = 240
28435 27-36 (28+35)(27 +36)

Takum oOpaszom, "nBurareseMm" B cepoM BEIIECTBE TO-
noBHoro Mo3ra u B HJIO sBnsercs mnosie, mogo6HOe BHYTPEH-
HEMY IOJII0 KBaHTa CBETa C MTOBEPXHOCTHIO 6 (puc.3).

YnBOe€HHE PE30HAHCHOIO MOTEHLMAIA B 3TOM MOJIE MPO-
HCXOJIUT 3a CUYET B3aUMOJICUCTBUU:

Jueprus "nBurarens' Mo3ra
u HJIO npu pe3onance (65) (66)

240 = 1-2-3-4-5-(Ig p1p2p3p4ps=2) = 120-2 .

C D O pa6ote murarens HJIO B an-
TUPE30HAHCHOM PEXUME MOXXHO Cy-
IUTh TIO CJedaM, OCTaBJICHHBIM Ha
@ NIIEHUYHOM TioJie B Agnbiree (puc.l1).

OTH TATh KOHIICHTPUUYECKUX OKPYKHO-
cTeil oOpa3oBajlCh B MOMEHT 3aBHUCA-

Huss HJIO Hax mosiem u xapakTepusy-
Puc.11 Cnenst HJIO | ror anTupe3soHaHCHBINA peskMM pabOTHI
Ha [IEHUYHOM JIBUTATEJIS:
noJsie B AJpiree

1+2+3+4+5=15. (67)
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Pe3oHaHCHO-aHTUPE30HAHCHBIN pexuM paboTel Mo3ra u
asurarenst HJIO Oyzaer onpenensiThesi KOHTYPOM KoyieOaHUs C
TOTEHIMATIOM, PABHBIM IO BeIHYHHE 167, TO €CTh SBIIAIOMIMM-
Cs KBAaJApaToOM INOTEHIMaJla METarajlakTUYECKUX KoJaeOaHuit

(25):

Pe30HaAHCHO-aHTHPE30HAHCHBIE KOJIe0aAHUA

"nBurareJeit" Mosra u HJ1O (66), (67) (68)
240 15 (240)° )
—_— — —> ——=16" = qq* = buomox x 6oobpadgicenue.
15 240 15

[TosiBieHue MoTeHIIMAIa OMOTOKXBOOOpakeHue (68) sB-
JSI€TCS MPOSABICHHEM MaKcuMaabHOU Momu Lemureas. Ho
[enuTens OOMKEH OBIIANETh MCKYCCTBOM YIIPABICHUSA CBOECU
MOIIBIO.

Jlns aToro oH 0053aH MOMHHTH, YTO €r0 MBICIL U Bojs
paboTalOT MO MIECTH HAMPABICHUSM TPEXMEPHOTO MPOCTPAH-
ctBa (puc.9). Ilpuyem, Tpu HampaBiieHHS MOTYT pabOTaTh B
YCJIOBUSIX LUC-U30MEPUHU, @ TPU - B YCJIOBUSIX TPaHC-U30MeE-
pHUH, KaK 3TO IPOUCXOJUT ¢ MO3roM (puc.10).

Ho ecnu ™Mbl mMeem peno ¢
HJIO, To »KBHBajJeHTOM IISCTH Ha-
MpaBJIEHU B MpocTpaHCcTBE (puc.9)
MOXXET OBITh IIECTh COIEJ THUMa pa-
KETHBIX, HO BBIOpACHIBAIOIINX (POTO-
Hbl (puc.12). B stoM cnyuae Bce
HIECTh COMEJI MOTYT ObITh BKIIFOUEHBI

(IecTh  CIUIONIHBIX JIMHUM), BCE

Puc.12 Pacrionioxxenue
IIECTh COMEN MOTYT OBITh OTKJIIOYE-

conen y HJIO

HbI (II€CTh MPEPHIBUCTBIX JUHUI), a
MEX1y HUMHU Oy1yT IPOMEXYTOUHbIE BAPUAHTBI:
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[ tpux-onucanue padotsl conen HJIO (puc.12). Ana-
noruyHo onuckiBatotces [lepemensl B Kuure [lepemen:

Bce corma IIpoMexxyTOUHBIE Bce corma
BKJIFOYEHBI BApUAHTHI BBIKJIFOYEHBI

(69)

[Ipuuem, uucio codyeranuii ynpasienus HJIO B npome-
KYTOYHBIX BapuaHTax OyJeT paBHO CyMME COUYETAHWUU IIECTH
10 YUCJIy N BKJIFOYCHHBIX JIBUTATEIICH, T

- ol u ! - 3HaK Qakropuana:
(6—n)!

Yucsio Hanpasiaenuit nojera HJ1O Bapuanusimu
BKJIKOYEHHUSA comeJi (110 YUCITy COUYETaHUM )
C61 C62 C63 C64 C65 Ce CymMma BapuaHTOB
6 | 30 | 120 | 360 | 720 | 6!/0 | 1236=6+30+120+360+720,
rae HJIO o6nagaer 1236 creneHsimu cBOOOIBI MOJIETA, a IPU
6!/0 - uMeeT BO3MOKHOCTh EPEXOTUTH U3 OJJHOTO PEXKUMA K
Ipyromy.

(70)

[o)}

VIIIl. 3emnsa - anueknetka Kocmoca. JlyHa
cnepmaro3oung 3emnu

37. Kuurn semuxoii [uBuinzanuu MOI4epKUBAIOT:
3emnsa - 310 Hama Marepb-bxymm [7]. M3BeuHO posKaaro-
mast Marthb.

OnuceIBalOT KHUTU U MPOUECC POXKAEHMs, HAUMHAS HE
co cMepTHOM JKu3Hu OENIKOBBIX TEJ, a B MoJie Apylibl MeTa-
rajJjakTuYecKux koJiedanuii: "S. CeMepo eunié He poanJnch
u3 Tkanm Csera, Equna Tema Obu1a Orunom-Martepsio,
CaoOxaBat; u CBadxaBart ObLi1a Bo ThMme" ([7], Tom 1, 76¢],
puc.13). Tlo cymectBy 310 Cranma [7] onuceiBaeT (HOTOH B
nosie paBHoBecusi ¢ Kocmocom (puc.9, puc.13), rne CBadxa-
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Bat BO TbMe - 3TO QoToH mpu cxaruu, a CBabxasar - GOTOH
IIpM PAaBHOBECHH, a 3aT€M IPHU PACIIMPEHUU 33 CUET U3Jyye-
HUSl CBETA.

[Torenunansl noJjeu
CpabxaBaT JIETKO MOXHO
MOJICYUTATh MO BCEM IIECTU
HaIpaBJICHUSIM TPEXMEPHOIO
npoctpancTa (puc.13), npu-
HUMas BO BHUMaHHE, YTO OT-
HOILIEHHE PEe30HaHCHOro (1o-

Al tennuan (7/4)°, puc.13) k an-

Puc.13 Cxkatast 10 paBHOBe- TUPC30HAHCY (moreHnmMan

cus (noTermman 1) ¢ Equasy | 074 PuC.13) mpusozuT K

KocMocoM pe3oHaHcHas Tod- (opmuposanuio Maccel

ka (CaGxasar [7], [Tndaro- (my=€e) OTHOCHTEIBHOIO IIO-
KOs

perickast Monana [1]).

_/ 4)°  peszonanc

=2,7355...z¢ (71)

7 6-7/4 AHMUPE30HaHC

B stom (71) cmyuae CBabxaBat Bo Teme OyneT ompene-
JSTHCS CKATUEM M K30TEPMHUEH:

Ky =moxToxwo/cxlg p3ps=€-2:26; (72)

CpabxaBaT pu paBHOBECHUU OyJET CBSI3aH C CIUHUIEH U
CBETOM:

k, = mpx1xlg ps = mox1xIgl0 = m,, (73)

a CpaOxaBaT mpu pacuiupeHuu ¢ K03 UIIMEHTOM paciiupe-
HUS ¥ DHIOTEPMHUYECKUMHU B3aUMOICUCTBUSIMU:

k3 = moxTOXC/(DQXIg P1P2 = m0><8><(-25). (74)
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OmnpenenuM cBsi3b MmyJdbcupytomiero mons (Cpabxasar

(puc.13):
Junamuka nyJjabcanuu Cpadxasar.
Cxarue PaBHoBecue | Pacmmpe-
(72) (73) nte (74) Konebanms | (75)
k1 = 521’1’10 k2 = 1my k3 = -ZOOmC kl/k3Sk3/k1.

B none CrabxaBat mosiBiseTcst cpeia, B KOTOPOW BO3HU-
KAaeT MarHUTHasi OCHOBA 3apsi/la U UMITyJIbCa:

Marnerusm CBaoxasar (75):
k;  (-200)°

k_lz—

76
= —14,79..x14+08 = [ uu* + pT,c/ o, (76)

Marnetusm CBabxaBaT mposiBisieT ce6s Bo Bcém. Ha-
puMep, MPU B3aUMOJCHCTBUSAX B PEKUME aHTUPE30HAHCA U3
rojirocoB CBabxaBaT, Tak K€ KaK M3 IOJIOCOB KBaHTa CBETa
OyIyT W3Ty4aThCsi MarHUTHBIC CHUJIOBBIC JIMHWUW C TOTCHITHA-
aoM 21:

MarnuTtHsle cuiioBblie JJunnu CBadxaBat
(puc.3, puc.13)

7 7
+6-—1 =6-—-2=121
4 g plp2p3p4p5 4 (77)

42 Boocecmsausz meoezo Cepoya (Knuea Mépmavix) .

[To stum (77) marHuTHbIM JuHHSM (CBaOxaBar mr000#
KBAaHT (HampuMmep, criepMaTo3onj)) OyneT HampaBlieH B HYX-
HYIO TOYKY MOBEPXHOCTH (Harpumep, NOBEpXHOCTh YKeHCKoM
SIMueKeTkn), Kak 3TO MPOMCXOIUT C NTUIIAMHM BO BpeMs MX
BECEHHE-OCEHHUX NEPEIIETOB.
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38. "6. Du JABoe U ectb 3apoabimi, U 3apoabiil
Enun. BcesienHas OblLia emé cokpbiTa B bokecTBeHHOI
Mbpican n Jlone boxkecrBennom" 9[7], Cranua II, Tom 1,
cTp.16).

Ota CraHia onuceiBaeT 3akoH PazmHoxeHus B EquHom
KocMoce, rae 3apoplil, uMes HHIAMBUYaIbHYIO (HOpMY, OI-
JOJIOTBOPSIS IPYT Apyra, CO3[al0T HOBYIO TPEThIO (hopMy, KO-
TOpasi POKIAET TOTOMCTBO.

Tak BemayT ceOst BOTHA-4aCTHUIIA CBETA, CIIMBASICh B JIa3ep-
HYI0 TOUYKY (TpPETh€ COCTOSHHE), MYJIbTHUILIETHOCTh KOTOPOM
"poxaaeT" HOBYIO BOJIHY-YaCTHUILy CBETA!

3akon Pazmuo:xenusi B Exunom Kocmoce
O6nacTs ne-
[Ipenxu IHoToMKH
pexona
3apoapii: | 3apOJIbIIL: 3apopsliil: | 3apoabIl:
Myxckoe | XKenckoe | 3apoasimt Equn | Kenckoe | Mykckoe
HaYaJo HAYaJo HAYaJo HAYaJIo
®oToH DoHOH Jlazepnas DoHOH doToH (78)
(me) (En) Touxka: m. E; (En) (mg)
M Boo6- ,* _TA_p Onektpu- | I'paBura-
BICJIb * 4 7 o o
% paxenue | 4 q YECKUU LIUOHHBIN
P q* 3apsn q 3apsn p
Crnepma- Siue- 3urora Siue- Crnepma-
TO30U]T KJIETKa Slitnexnerka KJIeTKa TO30M]1
(Myx) (>xeH) (>xeH) (Myx).

Jlns ynoOcTBa AaIbHEHIIIEro W3JIOKEHUs MPUBEAY Kpat-
KM€ CBEJICHHUS O CIIEPMATO30HIE U KEHCKOM MOJIOBOM KJIETKE -
Sinexnerke [11].

Ortoa0TBOpEHNE

JKEHCKOU

SIHneKneTkn

MYXKCKUM

CIIEpMATO30UJIOM M3MEHSET MEPBOHAYAIBHYIO CTPYKTYpy Slii-
IEKJICTKH, Jieas €€ HOBBIM Opranu3MoM-3uroroi (78).
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TouHo Taxke BeAyT ceOs BOJIHA M YacTHIla CBeTa, op-
MUpYs HOBYIO (hopmy sHepruu - Jlazepuyto Touky (78).

Touno Taxxe BenyT cedst Mbicibs u BooOpaxenue llenu-
Tens, hopmupys cHayana Cpabxasar (puc.13), a 3aTem 6HOTO-
KU: TPABUTAIMOHHBIN U dnekTpudeckuit (78).

B xoHTEeKCTE TAaHHOTO M3JI0KEHUST HEOOXOAUMO OTMETHUTD,
YTO CTPYKTypa JHepreTuku 3eMiid U SANIEKJIETKH - M0J100-
Hbl. finexierka B ceoux Henmpax nMeeT 3apoabliieBbIi Mmy-
3pIpeK, a 3eMis - "my3bipek” TOHKOW DHEpruu, ONUCAHHBIN
kak Siino ¢ Ilenrarpammoii [7].

Y KUBOTHBIX U 4YEJIOBEKA HﬁH@KﬂeTKa B MWJIJIMOHBI pPa3
6OJIBIH€, 9CM CIICpMaTO30ua, U B ’KCHCKOM SIMIICKJICTKE pa3Bu-
BaroTCsa HﬁHGKJ’IGTKI/I ITIOTOMCTBA.

CriepMaTo30M COCTOUT U3 TOJIOBKH U XBOCTA, B KOTOPOM
pa3nuyaroT INIaBHYI0, COEIMHUTENbHYIO U KOHIEBYIO HUTh. B
TOJIOBKE PACHOJI0KEHO SAPO C 3aKIOYEHHON B HEM T'€HEeTHYe-
ckoi uHpopmarumeit [11]. Cnepmaro3ou] CymecTByeT B Kui-
KoM (paze skKyneTa, ¢ yaenbHbiM Becom 1,020+1,040 [11].

Pa3Burtre xeHCKOW MOJIOBOM SNIEKIETKN MPOUCXOINUT B
TPH NIEpUOAA:
1. Ilepnon pa3zmMHOXkKeHHMsI, KOTJa IIEPBUYHBIC TTOJOBBIE KIIET-
Ki naT Hadaio Oonbmiomy konumuectsy OOI'OHHUEB,
3apObIIIEH STHIEKIIETOK;

2. Tlepuon pocra, KOrja NPOUCXOAUT YBEIWYEHUE slIpa U
LUTOIUIA3MBbl, a TAK)KE HAKATUIMBAKOTCS KEJITOYHBIE BKIIIO-
YEHUSI;

3. Ilepuon co3peBaHmsi, BKIIOUAIOIINI BCErja JBa KJIETOY-
HBIX JICJICHUS, B Pe3yJIbTaTe KOTOPHIX 00pa3yeTcs: 3peJias
SAiinexyieTka ¢ YMEHBIIIEHHBIM BIBO€ YHCIIOM XPOMOCOM
[11].

YV mmoga dyenoBeka (keHckoro) uuciaio OOI'OHUEB
nocruraer 4-10°, D10 KOIMYECTBO HA MOW B3IJIS CBA3AHO C
KojebanueM SAnep. SAnpo He UMEET SIPKO BBIPAKCHHBIX TPAHUIL
M MMeeT M3HawanbHEIA pammyc Ry = (1,7+1,3)-10"°cm, rme
1,7-1,3=0,4 [12].
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Yucio 0oroHueB W pa3zdpoc paguyca sigpa aTOMOB BO3-
HUKJIM HE CcllydyalHo: oHM sBisitoTCA IlomoOmemM B HHBIX
JHeprernuecknx Popmax MyabCcallMd METArajJaKTUYECKUX
BOJH (25) u mepuoaa BpallleHUs] TOYEUHOTO0 y4acTKa BOJIHBI
cBeta [2]:

Ilynabcannsi NOBEPXHOCTH si/IeP UHEPUHOHHBIX
CHCTEM M0 AMILIUTY/Ie
[lepuobl Annexnerka | Aapo atoma
Toueunrsri N3meHnenue
Meraramnak- Yucio (79)
Y4aCTOK YCIIOBHOTO
TAUYECKUE BOJIHEL 00TOHHEB paamyca
BOJIHEI [25 11
[25] cBeTa [2] [11] [12]
Ty =16 To=4 4-10° 410" em.

Bo3nukaer uHepnuoHHas cucrema ¢ "o06osioukou” [2].
"OG6osiouka" - MOBEPXHOCTh MMEET JBA CJOS: BHYTPEHHETO,
NyJIbCUPYIOUIETO KaK YCIIOBHBIM pajuyc Sipa, U BHEIIHETO,
MyJIbCUPYIOUIETO C BOCIPOU3BOJICTBOM OOTOHUEB.

WX oTHOLIEHHE TOYHO COBMAJACT C YUCIOM (OTOHOB B
npenenax Hacoimenus JromuHodopa (C.1.Basunos).

YieabHbIH MOKA3aTeJbL 00TOHHEB
HA BBICOTY AMILUTUTY/IbI MyJbcupyromero sapa (80):

4.10° (80)

210 on =101/ cm =10* pomonos .
: cm

39. K KOHIIYy BHYTPUYTPOOHOTO Pa3BUTHSI Pa3MHOXKeE-
HUE 0OTOHMEB MPEKPAIAeTCsl U OHU MIPEBPAIAlOTCS B 00LU-
Thl MEePBOro mopsiaka. Kaxapiii OOUUT OKPYKEH KIIETKAMU
dpo/utukyasipHoro snureaus. Jlumb He3HaAYUTEIbHAA
YacTh HMEKIOIIHNXCA B SIMYHUKEC HOBOPOKICHHOW JIEBOUYKH
0OLIMTOB CO3peBaeT U JAcT Havyajao AleKJaeTke. Pa3peiB co-
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3peBiIero (POJUTMKYJIA U BBIXOJ SUIICKJICTKH U3 SHYHUKA TIPO-
VCXOOUT C MEPUOJA MOJIOBOTO CO3PEBAHUSA U HOCHUT HA3BAHUE
oByssinmu [11].

BbIxon SWLEKIETKH W3 SIMYHUKA CBSI3aH C MEHCTPYaJib-
HBIMM IUKJAMH, TECHO CBSI3aHHBIMH C JETOPOJIHBIMU (PyHK-
[IUSIMU SKEHIIIHBI.

B 3aBucuMoCTH OT MHIMBUAYAIBHOCTH KEHIIMHBI MEH-
CTPYJIBHBIA LUK Mpoaonkaerca oT 21 no 35 aHel, a KpoBo-
TeueHue ot 3 A0 7 aHei. IIpuueM KpoBOTEUYEHHUE - ATO pe30-
HAHCHBII PeKUM NMPOTEKAHWs MeHCTpyauum, rae 3-7=21, a
OCTaJIbHAsA MPOJOLKUTEIBHOCTh MEHCTPYAJIBHOTO LIUKJIA IIPO-
UCXOJUT B pEKUME aHTHpe3oHaHca, 35-21=14. Takum oOpa-
30M, HHAMBHUAYAJbHBIN IMANA30H CYIIHOCTH KEHCKOr0 Op-
TaHM3Ma CBS3aH CO CIIOCOOHOCTHIO JKEHIIMHBI OIIYTUTh AypYy,
okpyxaronier e€ KyHnnanuau:

Cas3b Aypsl Kynpanunu u eé omymenue
Kenckum Havasom

AHTHpE30HaHC Pe3onanc N3navansHOE M
Pa3opoc meHcT- | Pa3zopoc neproaa OeckoHeHOe
PYaJIbHOI'O IIMKJIA | KPOBOTEYEHMUS Kynnanian
3521 = 14 (81)
35+21 =56 3-7=21; 56/21 =2,(6)
56-14 =42 42:21=2= 14/21 = 0,(6),

[Ipumeuanue: 42 lg p1p2P3P4Ps5 rae 6=7/2+5/2.
I'po3ubix boxecTBa
(Kuaura MepT1BbIX)

NuauBuayaiasHbie ocodeHHocTH Kenckoro Hauama
JIeKAT B AuanazoHe BiaussHus boxecrBennoit Kynaaaunnu.

40. Ha wmecre pa3zpeiBa  GOMIMKYJBI 00pa3yeTcs
skesaroe Teno. Ero Ilogoouem B "crycrtke" siBisieTcs a1po, a B
SIMLE YKEIITOK.
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Pa3ButHe KenToro Tena npoTeKaeT Kak CMHTE3 B TEUEHUE
MEHCTPYQJIbHOIO LIUKJIA. B KOHIIE MEHCTPYyalIbHOTO LHUKJIA Ha-
YUHAETCsl 00paTHOE pa3BUTHUE KENTOro tena. Bo3Hukaer ma-
TOYHBIA NUKJ U3 28 JQHeil, TOUHO COOTBETCTBYIOIIUN I'PaBU-
TallHOHHOMY IOJIIO:

I'paBuTanus u MaToYHbI HUKJ JKeHIIUHBI:

(82)

28=,/p*p = /2810728107,

MatouHbI# ITUKIT )KEHIIUH COCTOUT U3 4eThipex ¢a3 [11]:
- JeckBamaumsi (MEHCTpyalbHOE KpPOBOTEYEHHE, OOpaTHOE
Pa3BUTHE JKEITOrO TeJa, TO €CTh HAYaJlo Pa3BUTHUS IUIO/A);
- pereHepanusi (BOCCTAaHOBJICHUE CIIM3UCTON OOOJIOUKH MaT-
KU, pa3pacTaHue SIUTENIUs OCTATKOB XKeJe3);
- nmpojudepanun (MO BIUSHAEM TOPMOHOB IPOUCXOIUT
POCT KeJe3 CIU3UCTON 000JI0UKU U CO3pEBAaHUE (POJTHKYJIA);
- cekpeuuu (I0J] BIUSHUEM TOPMOHA JKEJITOTO TeJla JKEJIE3bl
CIIM3UCTON 000JIOYKH MaTKU HAUMHAIOT BhIPa0aThIBATh CEKPET,
B CJIM3HUCTOM 000JIOYKE HAUYMHAIOT OTKJIAILIBATHCS TJIUKOTEH,
dbocdop, Kanpluil ¥ Ipyrue BelecTna).

Otu yerblpe (pa3pl MaATOU-
HOT'O ILIMKJa BO3HUKAIOT HE ca-
MU 10 ceOe, a UX UHUIUUPYET
BpaIllEHUE TOYEHYHOTO YyYacTKa
BOJIHBI CBETa, KOTJa B COJIHEY-
HOM Ppsaay OyIyT BO3HHUKATH
"BHEIIHSASA MOBEPXHOCTH ",
uMerolass Ha OAHY EIUHUILY
OOJIBIINK MOTEHIIHA, U "BHYT-
PEeHHASI MOBEPXHOCTH" C TIO-

TEHUHAJIOM Ha €JUHUIY MEHb-

Puc.14 Cnupains wuMm (puc.14).

Matounoro I{ukia
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Iorenumananl Cnupasu (puc.14)
Psnnl IToTeHnmansl
335 (S 10050507 113145 |6|7]8] 9 (83)
ConHeuHbli 11213 4 [5|]6]7] 8
Baytpennuit 0|1 ]2 3 [4]|5]6
CyMMBbI 2 15 12 54 24

CBsizylomuM 3BeHOM B 3ToM (83) mojie sSBJISIIOTCS TMO-
TeHuHaJbl CBsimeHHoro TpeyroabHuka Crpoutenei. I1o
3,4 u5 (83). Ux cymma ma€t bubneiickoe uucno 12, cBs3aH-
HOE C MOTEHIMaJlaMH B Havajlle W KoHlEe cnupanu (puc.l4,

(83)):

7+8+9

12=3+4+5= .
0+1+1

(84)

Bwmecre ¢ nmosBienueM mnosis ¢ noreHimaiom 12 (84), mo-
Js1 BOKPYT HEro MpojAoJiKaroT MyJIbCUPOBATh B PE30HAHCHO-
aHTUpe3oHaHCHOM pexume (83). B oOmacTsax  HOJb-
noteHnuana sosHukaetr Apyna [lamstu u Boobpaxenus u Py-
11a MarHUTHOTO U 3JIEKTPUYECKOT0 OMOTOKA:

3apoapi Kak 3J1eKTPOMarHeTu3m
Apynbl uMNyJab6coB U Pynbl 3apsinoB

KonTtyp )
KoneGamis (85) DopMHUpPOBAHUE 3aPOABIIIA: 55)
5415 54-15
54+4_Cj 54/15; 05-15> ¢ ;

- =- * ok do- do .
255415 | 00 \/(u +q )!(o ¢ (u+q)£(p ®
05 15%

A Tteneps, yBaxaeMble UnTaTenu, NOCIyIIAWTe KaK Ipo-
necc (85) Obi1 ommcan 10 MuUUTMOHOB JieT Hazad B Kuwure
J3uan [7]:
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"8. I'me 06111 3apoabiiu? U rae uobine 0bls1a Toma? e
Ayx I[lnamenu, ropsimiero B TBoeM CBeTHJibHHUKE, 0 Jlany?
3apoabimi ectb TO, 1 TO ectb CBer, beabiii, baucraro-
i Coin Ota, Bo Teme CoxkpoiTOro.

9. Ceer - Xuagnbiid Ilinamens (p*+q*) u Ilnamens -
Orub (ut+q), 1 Orab Poxnaer Temno, Bony npoussoasimiee,
- Boay Kuznu B Martepu Besiukoi.

10. Oreu-Mareps npsizer TkaHb, BepXHUil Kpail eé
npukpemien K [Adyxy, Ceery Equnoiri Tembl (MeTaranak-
THYeCKHe BOJIHbI), a HIKHUI K TeneBomy kparo, k Mare-
puu (a1py), 1 Tkanb 312 ecTb BeeneHHasi, COTKaHHAA M3
aByx Cymnocreii (Matepuu n ToHKOH JHeprum) BOeIMHO
CJMTBIX, UTO U ecTh CBaOxaBaTt''.

41. us Henp 3emnu pByTCs 3HEpPreTHUECKHE MOTOKH,
Jomaroiue autochepy ¢ MpeuMyIlecTBEHHbBIM Kod(duiineH-
ToM 7/2, a u3 ['myOunbl MeTaranakTuky JOLIEAIINE 10 3eMIH
SHEPreTUYECKUE BUXPHU CTYIIAIOT HEOECHBIC Tella C MpPEeuMYy-
IIECTBEHHBIM K03 urmentom 5/2 [9].

B ’keHCKOH SIMLEKIIETKE MPOUCXOIAT TE K€ CaMble IIPO-
LECCHI, KOTJa 3apsiAbl U UMITYJIbChl HAUMHAIOT IYJbCUPOBATH B
PE30HAHCHOM pEXMME BO BHYTPEHHEM IIOJIE, & B AHTUPE30-
HAHCHOM - MEXy coboii (85).

B3aumopeiicreue Kynnaaunu 3emun
U Kenckoi AiinexyaeTku

Pacmmpenne Cxatue (86)

k=20*/q*2W/q=7/4+7/4=72 | 1-k=1-12=35/2

W nonobno Tomy, kak Kynmanuuu nomaer nurochepy
3eMiid, OHa BbI3bIBAET MEHCTPYaIbHbIC IIUKIIBI B JKEHCKOM Op-
rauuzMe, GopMHpYsl MPU pPACHIUPEHHUM silekiIeTkn MaTod-
HBIH IUKJI U3 JIBA/ILIATH BOCbMHU JTHEH:

226



I'paBuTanus 3emMJid - MATOYHBIH HUKJI ANIEKIETKH
(86)
['paBuTanus 3emnu MaTOYHEBIN IUKJI )KEHIINH (87)
k'Toc/wg=7/2 -8 =28 = k'Toc/wg=7/2 - 8 =28 =
m 28 nHel = JIyHHBIN MecsIl.

[Tonyuaercst Tak: 3emiust umeeT cBoum IlogoOuem xeH-
CKYIO SIMLEKIIETKY, JIyHa - My»KCKOU ciepMaTO30u.

42. [Tporiecc Poxknenus (3ayaTusi) U MPOLECC HM3ITY-
YyeHwusi (ITOTJIOMICHUS ) OAOOHBI IPYT JIPYTy, U BCE OHU JIeXkKaT
B OCHOBE OceckoHedHOCTH JKHW3HH, KOTOPYIO C TIIyOO4aHIiei
CTeIeHbI0 0000menus omuchiBaroT Ctannel Kawuru J[3uan [7]:

"Cranua VII. 1. ITocaeanuit Tpener Cenpmoit Beuno-
cTH ApoxuT B beckoneunocTu. Mareps Ha0yxaeT, pacnpo-
CTPAHSASICh U3HYTPH HAPY:KY, MOA00HO MOYKe JIoTOCA".

DTO IUPUYECKOE OMUCAHUE UMEET TOUHbIA cMbIch. CeMb
BeuHnocreii - 3T0 10J€ UMITYJIbCOB-3apPsI0B B MIOJIE METaraiaak-
TUYECKUX BOJH, MYJbCUPYIOIIUX C  M[EPUOJUYHOCTHIO
To’=16 (25). D10 - BHyTpeHHee mone ¢ "oGomouxoi" 7
(puc.15).

Cemb Beunocreii (puc.15)

T P* P T 7 g g | (88)
! q* q 4 4
' ]
5/2
7 3auatue B Cemu BeuyHo-

CTAX 6y,Z[€T CBs3aHO C IIOTCH-
MUaJIoOM CrymcHHUA HeOECHBIX
TCII B YCIOBUAX 9K30TCPMHUHU

7/2

Puc.15 Dneprernyeckas (puc.15):
crpykrypa Cemu Beunocreii

3auartue = 5/2-Towo/c1g p3ps=5/2:2-26 =130 =ky; (89)
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a poxIeHue (M3IydeHue) ¢ MOTCHIMAIOM 7/2 mpu pacuiupe-
HUU U SHJIOTEPMUU:

Poxnenne=7/2-T, c/wy’lg p1p>=7/2-8-(-25)= -700 = k,. (90)

B stux (89), (90) cnyuasx "Ilociaennuii Tpener Cenb-
Moii BeuyHocTH" OMHCHIBAaCT pPE30HAHCHO-aHTHPE3OHAHCHBIE
KoJIeOaHUS MHTEpBaIa peTaKCcalliy MPH U3ITyICHUU:

PesakcanmoHHble KoJieOaHNsI epe/ U3JIydeHneM
pacmupsiomeiica Bersu Kynaanunm (89), (90):

k -k k,+k
et RV L
(91-10°)* 5 7*-10%-13%-10° 91)

E

9HepFI/I}I, BbIACTIsSIEMAas HpI/I I/I3J‘IyquI/II/IZ
_(91-10°)° ~14m
72.10* —13%-10> 4 '

4
[Ipu uznydenun Beiaensiercs 107 "mansM" KyHnanuau c
LIAC- TPAHC U30MEPHUEH:

7T
Tyc/w, Tyc/w,

7 7 7
i1 2
8+8 4’ (©2)

rae 10* - 6uorox cumoro B 10™ A, BO3HHUKAIOIUKA B CHHE-
rosryooit Hakpe [2].

43. Onnoit u3 dbopM U3ITydeHHs SBISIETCS MPOpacTa-
HUE ceMsiH. POCTOK M3 MaTEpUHCKOTO 3€pHa OIMCHIBACTCS
Cranneit tak: "Martepb HalOyxaeT, pPacnpoCTPaHSsICh H3-
HYTPH HAPYKY, IOJO0HO MO4Ke JIOTOCA".

Kocmuueckoe Havasno [IpopacTtanuio maet pacuierieHue
TPaBUTAIMOHHOTO 3apsijia Ha JIBa MATHUTHBIX B )KUIKOH (a3se:
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['paBuTaninonHo-mMarauTHoe Kocmuueckoe Hauasno
IIpopacranust

Kunkas paza:  p*p = pku+up®,
28° = 14"+ 14%,
2

28
;;;?:2=@Ammm%-

(93)

CBoOoHast sHeprus: E =

CBoOonnast »Heprusi, HeoOxomumasi misi [Ipopactranus
Hosont Ku3nu u3 MarepuHckon ANUEKIETKH, S3KBUBAJICHTHA
norapudMy MPOU3BEICHUN BCEX MATH cyliecTByronmx B [Ipu-
poze (hopm B3aUMOJEHCTBU.

44, IIpopacranne wu3 Hexnp MarepuHckoro Imomus
B3aMMOCBSI3aHO ¢ ToHKOW DHepruerd u ODHepruer Marepun.
CHauana pearupyroT Oojee ObICTpble IpaBUTAMOHHBIE TOH-
Kue BOJIHBI Mbiciu p* B cepoM BeriecTBe HelipoHa. [Ipoucxo-
it (opmupoBanue Ilogco3HaHusi B 3apoAbIIIEeBOM IY-
3pIpbKe HelpoHa.

Pacmienuienne ummnyJibca MpICIM B 3apOJBILIEBOM Y-
3bIpbKE HelpoHa Ha aBa ummyJbca [amsaru (2p*) naer Ha-
yasio ¢popmupoBanrio Co3HAHMS.

®opmupoBanue Co3HaHUS 3aKaHYMBAETCA TOTAa, KOIJa
MarHuTHBIE UMITYJIbCHI 1]aMsATH AOCTUTHYT NTOBEPXHOCTH HEM-
pOHA, U BOKPYI IOBEPXHOCTHM HEMPOHA BO3HUKHET IJIEKTPO-
MarHuTHoe nose [lamsaru u BooOpaxkenus.

B atom nosie (B 3apoApiiieBOM My3bIpbke HEHpOHA) OyeT
OpOXOAUTH morjouieHue p* ¢ morenuuanom k; (89); a B mone
dbopmupoBanusa Ilamsaru p* - konebanus ¢ nmoreHuuaioMm kj
(90), rne none Co3HaHMsI BO3HUKAET KaK cpefa KosieOaHuiu
Mexay W u q*:
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JHepreTuyecKas CTPYKTypa B 1oJie HeilipoHa

(94)

ITonco3uanue ITepexon
(89) Cosnanmio (90) Cosnanme
3apobIlLEeBbIT Pacmmpenue Han moBepxHOCTBIO
IIy3BIPEK MarHuTHOTO U* HEWpOHa
(,U*)2 u* T 40
pri=130p* | - =Tk, )7 j<p 0
260 S -350 S | 15:10%=(q*+u*)/2.

Bzanmocss3s Co3Hanwust ¢ mosnem [lomco3nanust u mepexo-
nom k Coznanuto popmupyet 3apoabi (3apsan) Kynganunau:

3apoabim (3apsan) Kynaaaunu B Heiipone (94)

0=

- 260-350 _ —90

15-10° 15

107 =-6-107.

(95)

45. dopMupoBaHUE HEHPOHA U €ro CTPYKTYphl HE-
Pa3phIBHO CBSI3aHO ¢ (OPMHUPOBAHUEM OUOKIETKH CYOCTPYK-
typamu (9+0) mo muroza u (9+2) nmpu MUTO3e OMOKJICTKH

(puc.16).

IMuTomnazmMa

(9+0) mo
MHUTO3a

(9+2) mpu
MHUTO3€

Puc.16 CyOcTpyKTYpBI
BOJIOCKOB-KT'YTHKOB B

nuToOoIJIasMe OMoJioruve-

CKOM KJIeTKH

B stom (puc.16) nose Bo-
CEMb BOJIOCKOB-KTYTHKOB WT-
paroT poib HUTOIIA3MO-TIPOBO-
noB. [lo HUM nMTOIIa3Ma U3
o0beMa OHMOKIIETKH TMepeKadn-
BaeTcs B 00bEM CYOCTPYKTYPHI.
IIpu Takou mepekayke LHUTO-
TJ1a3Mbl JTaBJICHWE B HEW Tepe-
XOJIUT OT OOBIYHOTO K OCMOTH-
YEeCKOMY U YBEIMYHMBACTCS B
10’ pas, TO €CTh JI0 KOPHS KBa/I-
paTHOTO OT SIEPHOTO B3aWMO-

JIICUCTBUA: 107=,/ Dy -

JleBATBIN KTYyTUK paboTaer
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Ha noaauy Tonkoil DHepruu Kocmoca (p*) B 00beM cyOCTpyKTy-
PBbl, HATIOJIHEHHOW LUTOILIa3MOU MOJI OCMOTUYECKUM JIaBJICHUEM:

¢ PeKTUBHOCTH KOPOTKOAEHCTBYHOIINX
B3anuMOAelcTBHI B 00beMe cyOCcTpyKTYypHI (9+0),
HAIMOJHEHHOI HUTOIJIA3MOii MPH 0CMOTHYECKOM
AABJICHUM.

7
Vow o 10 L 05 £ 0,036-107.

(96)

p(9+0) = p* = 281020 - 28

[MosiBisieTCss MOTEHIIMAT COM3MEPHUMBIN C YCIOBHBIM pa-
muycoM (Ry) siapa atoma [12].

46. Hacbunenne nuTomIasMbl B 00beMe cyOCTpYyKTY-
pel (9+0) umnynbcamu ToHkoW OHepruum p* NPUBOAUT K
MYJIbTUILIETHOCTH TPABUTALIMOHHOTO HUMITyJIbca P* Ha JiBa
MarHUTHBIX UW*. DTUM JBYM MAarHUTHBIM UMITyJbcaM TOHKOMU
DHepruu TpeOyercs BbixoJ. B obecnieyeHne BhIXOJa MarHUT-
HOM HHEPrUM M HACBHIIICHHOW IUTOIUIA3Mbl CYOCTPYKTYpHI
(9+0), aTa cyOcTpyKTypa mpopacTaeT JByMs HOBBIMH BOJIOC-
kamu-krytukamu. [lossisercs cyoctpykrypa (9+2), rae mo

JBYM JKTYTHKaM TeueT U* B IH-

Cnepma- TOIIa3My OHOKJICTKH (puc.16).

TO30MIBI

OTH 1Ba MarHUTHBIX XKTY-
THKa BO3HUKaIOT Kak IlogoOus
SliinexneTka | IOJSPHBIX BUXpPEU KBAaHTA CBE-
Ta (puc.3), MarHUTHBIX JIMHUH
3urota | 3emmm, a TakkKe MPOSABIAET Ce-
O0s1 B TIpoliecce OII0I0TBOPE-
HUASA  JKEHCKOM  SUIIEKJIETKHA
MarsuTHbIE€ CHUIIOBBIE JIMHUK | MYXXCKHM CIICpMaTo30u10M

AULEKICTKH 1 3UTOTHI (puc.17). HamoMHI0, 4TO >KEH-

Puc.17 MarHuTHbIe CHJIO- | CKas SHIEKIJIETKA, OILJIOJ0TBO-
Bble JIMHUHU ANUEKJIeTKN M | PEHHAsd MYXCKUM CIepMaro-
3UTOThI 30MJ0M, Ha3bIBACTCS 3UrOTa

(puc.17).
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CriepMaTo30u MIIET MECTO BHEAPEHUS 10 MarHUTHBIM
CUJIOBBIM JIMHUSM SIMLEKIECTKA. BHeApeHue criepmMaTo3onia B
SUIEKICTKY ~ COMPOBOXKIACTCS  OKHUCIUTEIHhHO-BOCCTAHOBHU-
TETBHBIMH MPOIIECCAMU MEXIAY KOMIIOHEHTAMHU SUIICKICTKH U
CIIEPMaTO30MIOM, TUCCOITHAITMEH PACTBOPOB MX KHIAKUX CPE
U KOPOTKOJCHCTBYIOUIUMU SIICPHBIM U CJIa0bIM B3aUMOJICICT-
Busmu. [Ipruyem, cymmapHbI MOTEHIMAT T€HOMOB, KOTOpBIE
OyIlyT HaXOJUTHCS B TOJIOBKE CIIEpMaTo3oujia, OyJeT ornpee-
JSATHCS KaK CyMMa apu(pMETHUIECKON MpOrpeccuu mepuoanye-
CKOM crucTeMbl TeHOMOB OT 1 110 63 (puc.2) 6e3 mpomyIeHHbIX
reHomoB 27, 28, 35 u 36 (puc.8) u ¢ yuerom (6e3 ydera) mo-
TEHLHAJIOB sifipa 6, 9, 9, 6 (puc.8):

YucJj10 reHOMOB B I'0JIOBKE crepMmaro3onaa

be3 yuera C yuetom
MOTEHIIMAJIA sAJIEP MOTEHIHAJIA AJIep

97)

2016 - 126 = 1890 1890 +30 = 1920

N

N,/63=30=3apsabl; UMITyJIbCHI N,/30=64 (Tsub).

B mnone 3urorel (puc.17) Bo3HMKaeT 3apoAblll IJI0AA
HacjencrBednoil Kusnum (TsHb), pazBuTHE KOTOPOTO OMHCA-
HO B Knure Ilepemen.

B mone 3urotel 6e3 yuera smepHBIX KOMIOHEHTOB (97)
BO3HUKAIOT AJIEKTPOMArHUTHBIC 3apsbl U UMITYJIbCHI:

%zgoEJ(qw)(q*w*) = J(16+14)(16+14). (98)

[Tone cmekTpa cBera pearupyeT Ha 3JIEKTPOMAarHeTU3M
(98) bopmupoBanuem cune-ronyooi Yakper Tpernii ['nas:

AC=0,1-300A=30530=0,1 -:300A =AT. (99)

3emuis, kak cBoil Tperuit I'nma3, gopmupyer I'omyOble

Hebeca. KBantoBas mexanuka ctaBut Bompoc: "[louemy He60

cunune?". M oreeuaer: "M3-3a mucnepcun". Ho aucnepcus -
cieacTBue, a He npuuuHa. [IpuunHa nokazana B (97) - (99).
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