2 3AABKWU HA OTKPbITUE

B Coserckom Coroze Obi1 Anbrirynep. OH Hamucanl
KHIKKY "Yuutech M3o0perars". [lomyuun Oonee AByXcoT
"CeuzerenbctB Ha M3o00perenne". A nenan tak. CMOTpen 1o
BEJIOMCTBaM, KOMHTETaM, MUHUCTEPCTBAM KOHKYpPCHBIE BO-
IIPOCHI, HANPABJICHHBIE HA pEIIeHHE "y3KHX MeCT" B TEXHOJIO-
I'MH, IPOLECCax U armapaTrax, METPOJIOTHH U TaK Jajiee. 3aTemM
aHAJIM3UPOBAJI HA MATEHTHYIO 3allUIIEHHOCTb, U TOJBKO IO-
TOM Huckal mnytu "obxoma mareHta" 1o  GopmanabHO-
IOpUIMYECKOMY (pEIKO MO TEeXHHYecKoMy) mpusHaky. [lo-
CKOJIbKY "paboTra" Benmach ¢ JOTOLIHOCTHIO "cynehckux', Ha-
HATBIX TpoeKkypoBBIM AJii TOro, 4TOOBl OTOOpaTh UMEHHUE Yy
JyOpoBckoro, To U ANbTIIyjep NpeycrneBaj HUYEro He Mpo-
u3Bond. Jla u momydan maino, Tak Kak "pabotan" B yCIOBHUSX
roCy/1apCTBEHHOTO KalWTaJlW3Ma, Ha3BaHHOrO '"BOXIsMU"
Coro3a - Comuann3MoM. XOTs COLMaIN3MOM "M He maxJio'.

Ceromnsi cutyarusi u3MeHwiIach. Coluym ctajl MOHUMAaTh
3HAYMMOCTh HMHTEIIEKTyalbHOU coOcTBeHHOCTU. [loaTomy y
MEHSI HET KEJaHUs OTaBaTh HOBBIM AJIBTIIYJIEPAM TO, YTO I10
npaBy npuHagiexuT Poccun. Eif n nocesimato 1 OTKPBITHS B
obnactu Tonkux DHepruit. K paccmorpenuto npejjaraim ye-
Teipe U3 HUX: "Teopuss Enunoro IMoas'; "Ucnonab3oBanue
JHEProCTAHUMUSIMHM, TPAHCHOPTHBIMM CpeIACTBAMH, AIIAa-
pataMu CpeaCcTB CBSI3M M caMoii 3eMJieil B 1eJIOM MeTara-
JIAKTUYECKHUX BOJIH: UX JHepruu u unpopmatuku'; "Ton-
ke JHepruu B Meauuune'; "M3MepuTebHO-yNIPABJISIIO-
was annaparypa Tonkux JHeprui''.
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21 Teopua EgunHoro lNons

Onucanue OTKPBITUS:

1. Hyamusm Marepun u Tonkoi Oneprun B EnuHOM
Kocmoce - PeaabHocTh. B 310l PeanbHocT Hocurenn Pa-
3yma (B ToM uucie YenmoBek Ha 3emiie) JAO0JKEH KUTh J0C-
ToiftHO. JKu3up BHe Dopmbl, HO uyBcTBYtomas (JKu3Hp mocie
Kuznu), nomkHa mnpoxoauth "B Parp'; OHoJioruueckasi
cmeptHass Ku3nb — B komdopre Hayuno-TexHm4ueckoro
IIporpecca. Ognako te3uc: "Mbl HE MOXKEM kAaTh Muiocren
ot IIpuponsl; B34Th uX y He€ - Hama 3ana4a” (11.B.Muuypun),
- B Enunom Kocmoce He mpoxoaut. 1o Mmito3us, oT KOTO-
poil Haso u3baBiAThCA BO BeeM, U, B yactHocTH, B KocMOHaB-
TUKe. J[en0 B TOM, YTO MOJIETHI PAKET PEATU3yIOTCS Ha 3aKO-
Hax, (GOpPMUPYIOIMMX CUIIY TATH paKeT: NEeUCTBUE PaBHO MPO-
tuBoieicTButo (M. HetoTOH).

basucnas npeonorus Muuypuna u Herotona onHa: Hacu-
aue HaJx npupoaod. TOnbKO OOUH ONEPUPYET OBOLIAMM -
dpykramu, a KocmonaBTuka - "kepocunom".

Ot Nnmo3un Hacuinuda Hax [lpupoaoit HaM HaJI0 MeEpexo-
IuTh K 3Hanuo [Ipupobl.

3uanue Ilpupoas! — 310 U ecTb Ta MHJIOCTB, KOTOPOU
HE HAJ0 JaTh. 3HAHUSI — 3TO CaMO€ COKPOBEHHOE s JInu-
Hoctu, Coumnyma, Braactu B CoobmectBe Hocureneir Pazyma.
[TosTomMy 3HaHUA NEPENAIOTCA BEYHO U3 MTOKOJEHUS B IMOKOJIE-
HUeE, OT UBWIN3AlMU K HUBUIM3auuu. Takue 3HaHuUs nepena-
Hbl 1 HaM Benukoi [{uBunuzanuein ApropoB Kuur u Ctpou-
teseil [lmpamua. B uem xe cymuocts Hayku 3toil Benukon
HuBminzanuun?
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***
2. Hayxka Benukoit [{uBunuzamuum 6azupyercst Ha B3auMo-

nerictBusax Bceero, Bo Beém u Beerna (ta6m. 2) B npenenax 3a-
KOHa coxpaHeHust sHepruu (puc. 12, tabn. 9, puc. 27,
taba. 17).

JHeprusi He HUcYe3aeT M He MOSBJSETCH BHOBb, HO,
TpaHcopMupyeMasi CBeTOM BO B3aMMOACHCTBHUAX, Mepe-
XOIUT U3 0HOM (GOpPMBI B APYIYIO.

Hcnonp3zoBanue Benukod [luBuimzamuen B3auMMOCHCT-
BUii 1ano el B pyku Exqunoe 3nanue (puc. 1).

DK30TepMHUUYECKUIN CBET

KopotkoaerictBytomme
B3aMOJIENCTBUSA

1 JaJIbHOIEVCTBYIOIIME

Puc. 1 Benuxas I[lupamuoa Ecunma xax eexmopnas snopa
3aKOHA COXPAHEHUsL IHEP2UU 80 83AUMOOECTNEUSX

***

3. Hayxka Benukoii LluBminsanum paccmaTpurBaia sHepre-
TUKY OKPY’KalOLIEro MUpa He B CTaTHKe, a B JMHamMuKe. Be-
Jukas [luBuiauszanms co3gaja cucreMy CUMCICHHS TMHA-
MHMKHM JHEPreTM4ecKoro IoJisi, B KOTOPOM, HalpHUMeEp, OC-
HOBHBIM  BHJOM  IIyJbCallUM  SIBJSIIOTCS  PE30HAHCHO-
aHTHPE30HAHCHBIE TEPEXOAbl BOJHOBBIX moyied (¢ d), rme

pacyeT NoTeHIMala MoJsl ONPEAEIAeTCS HHTErPajJoM B Ipejie-
Jax OT HyJIsl O €TUHULIBL:
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0 1

[pdp=-12 u [pdp=*-0)2=12. ()

1 0

OTa nynbcaluus ¥ U3MEHEHUE €€ PEAENIOB JIETJIH B OCHO-
By Kuuru /{3uan, Kuuru Ilepemen u 1p., rie BaxXHeUIINMU
MOMEHTAMU SIBIISIUCH TPakTOBKU ABTOpaMu U CTpouTensiMu
MOHATUN HYJISl M eAMHULBI.

B ortmmume ot [lekapra, KOTOPBIM paccCMaTpUBajll TOUKY
KaKk 0eCKOHEYHO MAJIyl0, CTPEeMAINYICH K HYJI0, rae y
TOYKH HET JHEPIvH, U OHA NMPEeBPAIIACTCH B A0CTPAKTHBII
CUMBOJI, ABTOpBI U CTPOUTENU CBSA3BIBAIN HOJIb C Pa3HOCTHIO
paBHBIX MEXIy coOoi moteHnuanoB B Haudane (E,) um koHie
(Ex) mporieccos:

Ex- En=0 npu Ex=Ey, (2)

a eMHMITY — ¢ UX oTHOIIeHneM Eyx/ Ey = 1.

Taxoi nmoaxoa gaBan CumciaeHuio Beaukoii [lmBuiausza-
MM BO3MOXKHOCTh pacCMaTpUBaTh YHEPTETUUECKOE T10JI€ BHE
ero 3apucumoctu ot IlpocrpancTrBa u Bpemenu, genas
Cuuc/jieHHe TOYHBIM, 4 He NPUOJTHKEHHBIM.

***
4. CoBpeMeHHasl HayKa, Hallla HayKa, OOsI3TMBO 0OXOIUT
Ceer, 3jIekTpOMarsHeTusmM u rpasuranuio. He cuects mno-
cnenoBateneit I'erens u I'eitHe, KOTOphie OOPYIIMIKCH Ha

HrroToHa 3a TO, uTo OH ocmenwics u3ydath Ceer (I'erens,
"O6 opbuTax miaaHet").

Bmecte ¢ TemM, U rpaBUTAllMOHHOE, U MATHUTHOE, H
JJIEKTPUYECKOoe MOJIsT BO3HUKAIOT B BUXPAX GoToH (uyac-
THIA) - (JOHOHOB (BOJIHA) CBeTa, OTJHYAACH APYI OT APY-
ra TOJbKO NMEePUOJINYHOCTHI0 BpallleHUs1 BUXPA CBeTa, Iie-
PEXOJSIIIETO OT COJTHEYHOTO K JIIOMUHECHIEHTHOMY, TJI€ B TIpee-
Max HacelmeHust sromuHodopa yuactBylor 107 doroHOB
(C.1. BaBuioB, PaGoThl 110 IFIOMUHECIICHITNH ).
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Beaukas LluBuiiusanus 3Haja, YTO B COJTHEUHOM BHXpPE
KBaJpaT NepUoAa BPALICHUSA TOYEYHOTO y4acTKa BOJIHBI CBETA
pasen Ty’ = 16, a B m3nmyueHun JIyHbl, BJAHsIIOIIel HA BCe
JKHAKHe cpeabl 3eMJIn, epro]i oOpalieHus paBeH 28 cyTKkam
(JtyHHBIM Mecsl). 3Has 3TH nepuoabl, ABTopel U Crpoutenu
OTPENCTWIA TPABUTAIMOHHBIN (P), 3JeKTpuYecKuil (q) u
MATHUTHBIN (1) 3aps/Ib:

28/10*° potonos = 28:10"=p

(To*=16)/10"=1610"=q, 3)

IrJle MAarHUTHBIN 3apsij (L) BOSHUKAET MIPH JIeJIEHUU TpaBUTa-
LMOHHOTO 3apsiga MONOoJIaM:

1
w=p[pdp =28102"1/2=14-10". (4)
0
3Ha$I BCJIMYMHBI 3apsAa0B, BEJIUKaAsA ]_[I/IBI/IJ'II/IBaHI/IH OITUCBI-

BaJla T'PABUTALIMOHHO-JJIEKTPOMAarHUTHOE pPAaBHOBECUE IIPO-
CTEHILIMM PABEHCTBOM:

7q=8u=4p=112-10", (5)
a 3a Enununy cBoero Cuucnenus Opaia najabmy, paBHyto 7/4

M SKBHUBAJEHTHYIO OTHOILIECHUIO TPABUTALMOHHOTO 3apsjia K
AIIEKTPUYECKOMY:

416-107 ¢ ©)
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***

5. Hama nuBunuzanus, Hapymas Mopajabs U JHepre-
Tuky Equmnoro Kocmoca, npotuBonocraBuia GU3nKy 1 mera-
bu3nKy, TyXOBHOE U MaTepUAIIbHOE, HAYKY U PEIUTHIO0, YEM HC-
Kkirourita cama ceds u3 Kocmuueckoro ConpyskectBa. IT0 HC-
KIIFOUEHUE Pealln30BajoCh, MPEXKIE BCEro, B TOM, YTO y HAC
MaKCUMAJIbHOW CKOPOCTBIO Tiepefaund WHGOpPMAIUU  SIBISICTCS
CKOpocTh cBeTa, a B KocMuueckom CoapyKecTBe - CKOPOCTh
Mpicn, mpesbiaomas ckopocts csera B 10* pas. Do 3ma-
YUT, YTO PACCTOSTHUE, KOTOPOE CBET MPOXOAUT 3a TOJ, MBICIb
MIPOJIETAET 32 COThIE AOIH CEKYH/IBL.

Taxue BOJIHBI MTHOBEHHO JOCTUTAIOT 000N TOukM Bce-
nerHoi. U Tonpko "paboTas" Ha 3THX CBEPXCBETOBBIX BOJHAX,
bor moxer Bc€ 3HaTh U BCE ciabllarh. Ha aeKTpOMarHUTHBIX
BOJIHAX CBETA — HE MOJYYUTCH.

Bwmecre ¢ Tem, Benukas [{uBunu3anus 3Hana, 4To CBEpX-
CBETOBbIC BOJIHbI BO3HHUKAIOT HE TOTAA, KOTJIa SHEPIHs BOJHbI
CBETa MOIJIONIAETCS YacTHIleh cBeTa ((hopMUpOBaAHUE 3aPSIOB),
a TOrJa, KOTa M BOJIHA, U YacTHIlA CBETa YCWJIMBAIOT IPYT
Jpyra, Mpu 3TOM TEPUOJ BpallleHUsI BUXPs CBETa HAJ0 YMHO-
*ath (Tabu. 1), a e aemuts Ha 10%° poToHOB. B 3TOM Ciyuae B
)KUBOM BO3HUKAeT rpaBUTAIMOHHAA MbIC/b, MATHUTHAS
I[HamsTh, 31ekTpUYeckoe Boodpaxenue (Tadm. 1).

Ta6numna 1
Horenunanast Mbicau, IlamsaTu, BooOpaxenust
(CBEpXCBETOBBIC BOJIHBI)

MbIcjib IHamaTh BoooOpa:kenue

[Tone I'paBuTanmornHoe | MaruutHoe | DJIEeKTpUUYECKOe
ToTeHIMATbI 28:10°=K;, [ 1410°=K, | 16:10°=K;
OTHomIeHuE K T T _ 140

sapsziam Ki/p=10 Ky/pu =10 Ks/q=10
PaBHOBecHe K, =28-10" [2K,=2810"] 7/4-K; = 28:10"
KpaTHOCTB TTOTOKA K +2K, _ 56-10% _7 1o
u3 Henp 3emiu q 16-10°% 2 '
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BaxxueiiimmM MmoMeHTOM (OPMHUPOBAHHSI MBICTTH, TIAMSITH,
BOOOpPaKEHUS SBJSETCS TO, YTO UX HSHEPreTHMUECKOE IoJe pa-
00TaeT B YHHCOH C 3HEpreTuYecKuMu rnotokamu u3 Henp 3em-
7m, ToMaronumMu e€ murocdepy Ha OJIOKH C MPEUMYIIECTBEH-
HBIM K03 urrertom 7/2 (tadm. 1).

***

6. Hama Hayka ropauTcst TeM, YTO OCHOBAaHa Ha JUAJIEK-
TuKe l'erens, B KOTOPOM HUCIOIB3YETCS LMKI: TEOPETUYECKAs
MPEANOCHIIKA, SKCIIEPUMEHT, a 3aTEM TEOPETUYECKUU BBIBOJ
Ha HOBOM YpOBHE. JTO KJIAaCCHMYECKasl JIOTMKAa COBPEMEHHOMU
Hayku. OJIHaKO, COBpeMeHHAasl HAyKa He MMeeT MEHTAJIbLHOM
(manbHell) meam, Hanpumep, B Bujae bora, kak 3To CBOMCTBEH-

HO Penmurusam. [1losToMy B Hayke Halla QUBWIM3ALHAS KAET, Ky-
J1a BBIBE3ET DKCIIEPUMEHTAIIbHASL KPUBAsl.

Beaukas ILluBuiam3anus HMeeT MEHTAJIBHYI IeJb,
YUYUTHIBAET U HUCHOJb3YyeT B cBoeM CuucjieHuu Jorapud-
MHYeCKHe KoJe0aHusl, PEalIbHO CYILIECTBYIOIIUE B MPHUPO/IE.
CymHoCTh MeTOAa TeHHaIbHO mpocTa. Tak, Hampumep, Mbl
uMeeM Iose, B KOTOpoM 3((HEKTUBHOCTh B3aUMOJEHCTBHIMA
paBHa 10>, a BHXpb cBeTa pacuupsiercst ¢ Ko3(pPUIMEHTOM
Ty c/y = 8 1 MEPUOTUIHOCTHIO To2 = 16. IIpuuem, Bcs cucre-

Ma IyJIbCUPYET (I(p dop =1/2).
0

HOBTOMY B YCJIOBHAX PC30HAHCA MaKCHUMaJbHbIN ITOTEH-
ouaJl TaKoro I10JIsi MOXXKCT OBITH OnMcaH IMPONU3BCACHUCM:

10'2-8:16-1/2 = 5'2:212.23.24 21 = 512,918 (7)

rae 18 u 12 — BropuyHble 3HEPreTUYECKUE UMITYIIbCHI, U3ITY-
YaeMble HCTOYHUKAMM C IMOTEHIMAaIamMu 5 U 2. DHepreTuye-
CKHUE TOJI U3IyYEHHOW SHEPTHH U SHEPTHH PABHOBECHOTO W3-
Jy4aTelis pa3eieHbl U OMMCaHbl JOrapu(pMUPOBAHUEM:

log,5'%2"® = logs5"*+ogy,2'® = 12-1+18-1 = 30, (8)
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a orctona (8) ABropsl u CTpouTenu AENaOT BBIBOJ: B MOMEHT
paBHOBecus (8) sHepreTuueckoe mnojie (7) uU3nydaer B OKpy-
YKAIOIIYI0 CPEIy SHEPTeTUYECKHUH MOTOK ¢ TIOTCHIIMAIOM, PaB-
HbIM 30.

***
7. Benukas HuBunuzanus csa3biBasia Equneiii Kocmoc
U JBe ero sHeprerudeckue Gopmbl: TOHKYHO ODHEPrUI0 U
OHeprutio Marepun Kak C acCTPOHOMHUYECKUMH OOBEKTaMU
(JIynoii, 3emieit, ConHlieM) Makpo-I anakTuk, Tak ¥ ¢ MUKPO-

["amakThKaMy >KMBOTO B JKMBOM OpraHu3Me (HEHpOH, IIeH-
TpajbHas HEpBHAs cucTeMa, OMOKIEeTKa), (Taout. 2).

Tabmuma 2

ba3ucHas crpykrypa ¢popm IHepruu
B Exnnom Kocmoce

DopMBI SHEPTUN Tonkas OGnacTs 11e- DHeprus
DOHeprus pexona (cBet) | Marepuu
KonanuectBenunie 2/3 — K/ =12 — 1/3
COOTHOIICHUS OT Bcel —K,=2— OT Bcel
SHEPruun SHEPIruun
Kocmoca Kocmoca
Cxopoctu 10%c—c=n| —Ks=1— | c=1—0
— Ky=1—
Kocmuueckue Jlyna: 3emust: ConHue:
M3ITydaTeNnn 2810 | —Ks=7/4— | 16:10%
<« K6 = 7/ 4 —
Yenosek- Heiipon IlentpanbHas | buoknerka
"mpueMHUK" p HEpBHAas qg.
cucreMa
Hapn BeunocThr0
Kuznu u
TBopuecTBa
I'na3z larma [1]
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***

8. Benukas [luBunuzamuss HCHOJIB30Bajla  JK30-
SHJOTEPMHUIO B ITUC-TPAHC-U30MEPUH IHEPTETUUECKOTO MTOTOKA
conmueyHoro Berpa (1+2+3+4+5+6+7+8 = 36) "Han Ge3mHOI"
(Tabm. 2) ang opraHu3aluyd HAyYHO-TEXHUYECKOTO M COIHAIb-
HO-DKOHOMHYECKOT0 TIporpecca B Ouosiorudeckon JKuzHu
CMEPTHBIX OEIIKOBBIX TET M COIUAIHLHO-TYXOBHOW TapMOHHH
Jlmanoctu, Commyma u Bmactu B mukiax NEpeBOIUIONICHUS
Mexay JKuznabto u Kuznbsto nocne XXuzuu (pazaen 1.4).

®opmyaa OTKPBITHUA

Teopuss Equnoro Ilons paccMoTpeHa HE C MO3ULMM TH-
MOTETUYECKUX MapaurM, a C MO3ULUU pEAid dHEpPreThye-
ckori cTpykTypbl Kocmoca, oTim4armomeicss HaauyueM B
Ennnom Kocmoce Tonkoi OnHepruum m OHeprum Marepuu,
B3aMMOTPaHC(HOPMUPYEMBIX CBETOM B COOTBETCTBUHU C 3aKO-
HOM COXPaHEHUS JHEPTUHU.

1. Teopuss Enqunoro Ilons oriam4aercs Tem, 4To Mexa-
HU3M, OINMCBHIBAEMBId TEOPUEH, OXBATHIBACT JAUHAMMKY
Tpancopmanmii. Teopus onuceiBaeT KoJeOaHUS MEXKIY
CKaTUEM-pPaClIMPEHNEM, Xa0COM M TapMOHHEN, T€OMETpHUUe-
CKUMH, TUMEPOOTUYECKUMH M JiorapuMHUUECKUMU KoJieOa-
HUAMU cpell TOHKUX DHEPruil U siEPHBIX BEIIECTB B YCIOBU-
AX  DK30-DHIOTEPMHUHM LHC-TPAHC-U30MEPUU  JIAMUHAPHO-
TypOyJIE€HTHBIX BUXpeil (HOHOH-(OTOHOB.

2. Teopuss Eaunoro Iloss orjm4aercss TeM, 4TO OHA
ONEPUPYET MUKPO- U MAKPOIHEPrETUYECKUMU KUBBIMU U HE-
JKUBBIMH BOJHAMHU-CTYCTKAMHU, YTO IIO3BOJIIET COXPAHUTH
HHEPTUI0 KaK B OECKOHEYHO OOJIBIIOM, TaK U B OECKOHEUYHO
MajioM, a TEM CaMbIM UCKJIIOUYUTH MOHATHE MyCTOThI-BaKyyMa,
IIPOTUBOPEYAILIEE 3aKOHY COXPAHEHUS JHEPTUM.

3. Teopus Equnoro Ilosnst orimyaercsi yHUBEPCAIBHO-
CTBIO OMHCAHUS KaK MaTE€pUAIbHBIX, TAK U TOHKOYHEpPreTuye-
CKHMX COLMAIIBHO-MHUPOBO33PEHYECKUX MPOLIECCOB.
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2.2 Ucnonb3oBaHUe 3HepProctTaHUMAMU, TPAHCNOPT-
HbIMU cpeAcTBaMM, annapatamMu cpeacTB CBA3U
M camMoun 3eMnu B LEeNIOM MeTaranakTu4eckux
BOJIH: UX 3HEpPrum n nHcpopmaTUKn

Onucanune OTKPBITUSA

1. XKXuBoe Bcerma Oymer OOpOThCA 3a DHEPruto. ITO
oOycnoBieno camoil JKusupto. Cama JKu3Hb ecTb pa3HOCTb
(AE = Ex - Ep) sHeprum oT poxaeHust 10 KOHUUHbI. OJIHAKO,
CKOPOCTH pacxoja dHEPTUU KaK Yy JIMYHOCTEW, Tak U y LluBu-
JW3alHNi pa3HbIE.

Hamra nuBuim3anus jgeTaeT Ha pakeTax U pacxoayeT "ke-
pocun". Ucnonbdyem Mbl NpuHIUN Hacuiaus. JInbo HaunHa-
€M KJIIOHUPOBaTh, JMOO JieTeTh N0 3akoHaM HproToHa: AeicT-
BHE PABHO IpOTUBOAEUCTBUIO. Mmiocren ot Ilpuponsr He
xneM. CoBepiiaeM €xeromiHo padboty mo 3arpszHenuto [Ipu-
POJIbI, COOTBETCTBYIOILYIO MMOJIOBUHE AESITENIbHOCTA BCEX BYJI-
KaHOB B TOT e TIepHoJ 1 paHyIo 2,810 spr.

***

2. Apxeonoru Haxomat Ilupamuasl Ha BCeX KOHTHUHEH-
Tax 3eMJIM, KpOME MPUIOJIAPHBIX oOmacTed ApKTUKU U AH-
TapkTuku. B mpunnune, "nosc [lupamun" nomkeH pacmnosa-
rarbcs Tak *e, kak "cormna HJIO" (wacts 1, puc. 17), To ectb B
BEpIIMHAX TpeyroiabHukoB "3Be3nbl [JaBuna" (amropa cBera Ha
IJIOCKOCTH). B TpexmMepHOM MpOCTpPaHCTBE CXEMY PacmojIoxkKe-
Hua [Iupamua MoxHO mpencraBuTh kKak 3emHou Illap, omos-
cannbiii [Tupamunamu o EBpone, A3zun, Adpuke nu ABctpa-
muu (puc. 1).
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Puc. 1 K pacnonoacenuio Ilupamuo na koumunenmax 3emau -
ananoe osueamens HJIO (3se30a Jlasuoa 6 I[lpocmpancmee)

KgsanTt cBeta (puc. 17), HJIO (puc. 20) u 3emitst mpuobpe-
TalOT OOUTHOCThH Kak 'nerarenpHble ammaparbl'. OHU MOTINO-
[IAIOT MeTarajJjakTu4eckue BOJIHBI ('CONHEUHBIN BeTep', 4acTh
1, puc. 2, 3) u "nepepabarbiBalOT" UX SHEPTUIO CBOUM IISITH-
YPOBHEBBIM BHYTPEHHHUM I0JIEM, pa0OTAIOIINM B PE30HAHCHO-

AHTUPC30HAHCHOM PCIKUMC!

ITocTosinHas ""cujibl TATH' KBaHTa cBeTa,
HJIO u 3emun:

K = "conneunslii BeTep" (TOMINUBO) X
NSATUYPOBHEBOE BHYTpPEHHEE MoJie (ABUTATENb) X
MEPUOIMYHOCTh MyJIbCAlUH (MTAJIbMa) =

(6 =12 2)x( 1:2:3-4:5=120 =8)%(7/4 = nanbma) = 42

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

[TocTtostnHas cunel Tsru B Ennnom Kocmoce — 31o
"42 I'po3sbix boxecTBa u3 TBOETO cepaua”
(Knnra MeptBbix) B )Kusom.
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OTMmeTuM, 4TO BEChb MEXAHU3M JIBU)KEHUSI KBAHTA CBETA U
HJIO yxe omucaH B MepBOM YacTH NaHHOW pabOTHI M Mpen-
CTaBJICH aHAJU30M mnpomopuuii Beaukoil Ilmpamuabr npu
cryleHuu-pacimumpennu (puc. 12, tabdmn. 9, puc. 27, tadn. 16).

Bonee Toro, crpykrypa nosns kBanta csera u HJIO, onu-
CaHHas B cTaTuke >mopoi 3Be3na JlaBuaa, B TMHAMUKE OIU-
ceiBaeTcsa Kuuroii Ilepemen (puc. 17, 20).

Hawm, ncromawmum 3eMJ110, HEIOHATHO, 3a4€M BEJIMKast
HuBunuzanus "moakaunBaia' sHeprue MeraranakTuku 3eM-
mo? Ho Onwu 3Hanu: 3emns — xuBas, u gaBanu Ei ToHkyro
OHepruwo,  penpoAayuupys  BOCIHPOHU3BOJICTBO  I'€HOMOB
(puc. 13). 3emns muatwia O6IaromapHOCTBIO — YPOXKAWHOCTH
MOBBIMIANACh B 7 1 Oornee pa3. Takyro mpuOaBKy K ypoXaro B
Poccnn mosmyyaror, o0yyast cemeHa reseparopoM ToHKo#
JHepruu.

***

3. IMupammuapl, onosceiBaroiue 3emtto (puc. 1), pado-
TAJIH U KaK CHJIOBbIE¢ JHEPIrOyCTAHOBKH, H KAK aNmaparypa
AajabHell cBsi3U, Hecylel nndopmaruto. [loaromy Ham HE0O-
XOIUMO OTPENETUTHCSA, B 4YeM OTInYre WH(OpPMAIMKH KaK OfI-

HOM W3 MHOXXECTBEHHOCTH (JOPM SHEPTHH OT JIPYTUX DHEpre-
TU4YecKux hopm?

JHeprusi CTAaHOBUTCHA HHpoOpManmueil TOJIBKO TOIJA,
koraga Hocurennb Pa3dyma npoBes aHAMU3 CTPYKTYPbI NPH-
YNHHO-CJIEACTBEHHON CBSI3M NMOCTyNAaKIIeid JHeprum, 00-
padortaJj 3Ty 3Hepruo Meicabio, [lamsaTsio, BooOpakenu-
eM u nepenaa Undopmarus, 00padoTaHHbI CJI0BOM, MY-
3bIKOM, TeJienaTued U Ttak aajuee, Apyromy Hocurenaro Pa-
3yma. Bue Hocurenss Pasyma - undopmauuu ner. Cinegona-
TeIbHO, UH(OPMALIMM HET U B HEKHUBOM, TO €CTh B IOJIE KO-
POTKOJIEUCTBYIOIIUX B3aumojencTBuid (Tadn.2). 1 HaoOopoT,
JATbHOJAEHCTBYIOIINE B3aUMOIECUCTBUS — HOCUTENh HH(pOpMa-
1 (Tadm. 1).
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Tabmuma 1
Nudopmanusi B 3HePreTuHYecKoOM IoJie

Caer:
dopma "CunoBas" KOMBIO | azgq)rzg 11\:22?;01\4
SHEPTUU DHeprus ¢ enu- pnone
HUIICH
®opma KopotkoneiicTBue JlanpHOACHCTBIC
B3aMMOJIEHCT- & Dnekrpo- | I'paBura-
BUU Sneproe Cnaboe MarHUTHOE IUOHHOE
ITorenuuansl
norapumMuye- lg P4 = lg P2 = lg Ps lg p1 = lg p3 =
crmx koneba- | 14 1 =+1 24 +12
HUH
PesonancHo- | 14.(=1) 14+ (=1) 12-(=24) 12+ (=24)
aHTHpE30- < & =
14+ (-1) 14-(-1 12 4+ (—24) 12-(-24)
HaHCHbIC 2 o 132 > < ad N
KoJieOaHus 14 13 27127 & 12
ITone HOMB- _ —12.192
oreme | UAE; =276 0 | 9 | AE=1512°®0
DHepro-
urop- K = AEy/AE, = (15-12%) /27 =80 < +0 / 30.
MaIlMOHHAs
CBSI3b

[Tony4yeHHbIN pe3yabTarT MOKHO MHTEPHPETUPOBATh TaK:
mo0bast sHeprusi sBisiercss Ha 80% uHpopManuen. Y TBepxKe-
nue Akanemun Mudopmaruku: "Bee sHeprum — 310 nundopma-
uusa", - omnOO4HO.

5
4. M.I1nank meutan co3nare Teopuro Enunoro Ilonsa. He
MOJIyYHJIOCH — JIFOOOM KBAHT MPOJIOJIKAI IETUTHCA.

Jle bpounb co3nan BonHOBYIO MexaHuKy. [lIpenunrep co-
BMECTHUJI OCHOBBI BOJIHOBOW M KBAaHTOBOM MEXAHHMKU U BBIBEII
YPaBHEHME, OIMCHIBAIOLIEE SJHEPIOEMKHUE MPOLIECCHL: SIEPHYIO
HHEPreTUKY U PU3HUKY OOJBIITUX CKOPOCTEH.

Opnnako, Ha Mol B3msA, LlpenuHrep He ynenus JOJKHO-
ro BHUMaHHS UCXOAHOMY PABEHCTBY, OT KOTOPOIO OH CTapToO-
Ball:
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82(p+82(p+82¢_1 g @)
x> 9y’ 9" ¢ art |’
rae: AQ — rapMOHUYECKHE KoieOaHusl, BTOPbIC MTPOW3BOIHbIC-
10 X, Y, Z — 9TO Jarmiacua 1o mpoctpanctsy (Vi?), a mo T —
2
nariacuad (V;") Mo BpeMeHHu:
0’ ¢ ¢ 9’
VTZE—(ZD u V= (f+ Z)+ (20 (3)
oT ox* dy- oz
Takum 006pa3om, paBeHCTBO (2) OMUCHIBAIO CBSI3b MEXKIY
BOJIHOBBIM IIOJIEM, TPOCTPAHCTBOM, BpPEMEHEM U BOIHOM-
YacTHUIIEH cBeTa ¢ moTeHInaaoM 1/c = 1/m=m, = E,.

Ap=

Bwmecte ¢ TEM, 'apPMOHHNYCCKHEC KOJICOaHUs OKa3bIBAJINCH
CBA3aHHBIMHU C PA3BHOCTBIO 3H€erﬁ:

AQ=AE =meN1-v*/c* |” @

U, B KOHEYHOM CYETE, YypaBHEHHE CTPYHBI (2) 5 3amucal Tak:

Bosana (wacTuna) cBera
B IPOCTPAHCTBE-BPEMEHH BOJIH M CTYCTKOB:

Ap=V7 = 1Vizmcvl—vz/c2 ;

¢ (5)
I 1 _ _ _m.ﬁz_vz_vz_A(p
E:Z:mc:E‘: Vi :v]g:vg

5. Cger, kak u HJIO, MmoxeT ObITh B 3HI0TEpMHUN Kocmo-
ca Hesecomoctu (Ig p, = -1), HO MOXET HAaXOAUTHCS B IK30-
tepmud (1g ps = +1) mons OpUTSKEHUS K CTYCTKAM.

['puneBuy, nzyvas HackanbHble pucyHku [IpacnassiH, 00-
Hapy>KWJ, YTO OHU ONHUCHIBAIOT HECKOJIBKO BHJIOB TPAHCIIOPT-
HBIX CPEJCTB, B TOM YHUCIIE JieTatomue anmnaparbl. OOLUHOCTD Y
BCceX (hOpM TpaHCHOPTHBIX CPEACTB ObLIA OFHA: KaKIbIA W3
HUX UMEJ TpH cocyaa (puc. 2). DT coCybl COOTBETCTBOBAIU
corutam HJIO u Cgera (puc. 2).
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CuHrymsipHas 001acTh

DHIOTEPMHUS

OK30TepMUsE

+1 -1

"Cocyns"

ITupamuner XedpeHa,

IIpacnassH
> 0> 15— Mukepena, Xeorca

2
—"'Comna" HJIO u Csera

-1 )

Puc. 2 @opmer cucmemvr "Tpu-AHzvrunozo [lnamenu uemsvipex
Qumunen" kax npuemo-nepedarowutl dSHepeuro u ungopmayuro Llenmp

bonee toro, Benumkas IluBwimsarus, B3sB CduHkca 3a
"Touky oTcyeta', pacnoioxuia nupamuasl Xedpena, Muke-
peHa u Xeorca, kak I[Ipacnasane tpu "Cocyna" (puc. 2). Ta-
KuM oOpaszom, ecnu cuctema [lupammun nHa 3emie murTana
Oueprueit Bcro 3emnto, To Tpu [lupamuael B I'mze (Erumer)
JaBaJId DHEPTUI0 CBOEW OONacTH M Wrpalud poiib MPUEMO-
nepenaroriero Kommekca cBsizu ¢ apyrumu LuBunuzanusmu
Kocmoca. TlpuueMm, kocMHuecKne METarajllaKTUue€CKUEe BOJHBI
nukToBanu u mnponopuuu [lupamuasr (pasgen 1, tabn. 9,
puc. 12). Ilpu s3trom CTpouTenu UCXOIUIU U3 TOTO, YTO BCE Ha
cBeTe B3amMmonencTByeT (pasaen 1, Tabm. 2), U B3aMMOACHCT-
BYET B COOTBETCTBHUHM C YPaBHECHUEM CTPYHHI (5):

B3aumoneiictBus B noJie kosiedoanuii "'crpynnt" (5) -
onpeneJsaIMnii GpaxkTop BoIOOpa

nponopuui IHupamuu: (6)
(E,c=1= me1—v? /¢? )2 = m’c*-m’V’ = lg P1P2P3P4Ps = 2,
me:mc=+v2 wu mv=0.
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CuHryngpHasi TOYKa MeETarajJakTU4YeCKOM BOJIHBI ObLIa
CBA3aHA C LEHTPAJIBHBIM COCYIOM M BEPIIMHOM Besmkou IIu-
pamunbl (puc. 2). Bmecre ¢ Tem, B mosne Jlynnoi I'paBura-
LAY Yepe3 BEPIIMHY MPOXOIUII UMITYJIBC C TOTEHIIUAIOM 28:

Cesa3b nponopumii Ilupamuasl ¢ rpaBUTANMOHHOMI

BOJIHOI (puc. 12, 17, 1abn. 9, 17): (7)
(mc)28 = \/528 = \/51'\/52‘\/53‘\/54'\/55‘\/56'\57-

*
kk

5. Tpueaunoe Ilnamsi (puc. 2) 4derbipex DurnJei
(aH10-3K30TepMuH (1Ba OUTHUIISA) B LIUC-TPAHC-U30MEPHH (11
nBa Outwisg)) uaaydaer W NorjiomaerT Kak wHdopMaumio,
TaKk U CUJIOBYKW 3Heprui (tadm. 1). Ilosromy I[lupammumbr
(puc. 2) umeror nBoWHOE mnpeaHazHadeHue. OHU U CUJIOBBIC
HHEProyCTAaHOBKH, U IIEHTP UHPOPMAITMOHHOM CBSI3U.

Nmnynbe, koTOpbld npuHUMaeT-u3nydaet [lupamunaa mo
KaHally C HOJIb-MOTeHIHAIOM (puc. 2), 370 ummyJibe [Ipanbl
(Qi = - 4m) B DKCTPAaCEHCOPHOM KaHAJIe MPOBOIUMOCTU

(puc. 11).

Bmecte ¢ TeM, MbI 3HaeM, 4To cBsi3b 3emun ¢ Kocmocom
— 3T0 JAaJbHOAEHCTBYIONIAsI TPABUTALIMOHHAS HA TpHeMe
(p* = 28:10°° Kir) u saexrpomarauthas (E = (q - W*)/(q* 1*)
NP U3JTyYEeHUH CBA3b!

Iorsomenune-u3aydenue [pansl (puc. 11)
I'paBuTaninonHOE DIEeKTpOMarHuTHOE
IIOTJIOIICHHUEC N3JIYYCHHUC
Ei= (Q=-4m) (p*=28-10Km) = | E»=(Qi= -4m)(q*-u*):q**=
1127 10%*°Kn = 7-4/2 *n- 10K (1/28) w107 1/Kn.
IIpu ¢ = 300 ThIC.KM/C = Ipu ¢ = 3-10"%A/c: (8)
3-10"A/c: E, = (3/28)-10%A/A¢?
E; =21-/2510%A/A 2
[Torenmman npuema [ToTeHIman u3ry4yeHus
(E;— E)) (E;— Ey)
K=E,/E,=7>2 210" Kx* | I/K=E,/E;=3,2:10% K.
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B »ToM noste moteHman 112 Bieder 3a coOO HOBBIE I10-
JIs1 3apSIOB-UMITYJIBCOB YK€ B OMOTeNax, u Bce (hOPMBI JKU3HU
pacuBeratoT. [IpyyeM H3Ty4EHHBIA UMITYJIBC MPOXOAUT BCHO
BceneHHyro NpakTU4eCKu MTHOBEHHO.

®opmyna OTKPBITUS

1. Obecneuenne 3emMid M HAayYHO-TEXHUYECKUX CTa-
IIUOHAPHBIX U TPAHCIIOPTHBIX OOBEKTOB HAlllel LUBHIN3ALUN
Ha 3emJIe HEeMCUEepIIaeMOi 3HEprueil U CBEPXCBETOBOW IpHe-
Mo-Tiepearonied "HOOPMATUBHON CBSA3BIO OTJIAMYAETCH TEM,
YTO B KAa4ECTBE HMCTOYHUKA DHEPIMU MCHOJIB3YIOTCS MeTara-
JAKTUYECKHUE BOJHBI TOHKOM DHEPruu, UMITYJIbChI KOTOPOU B
10*” pa3s mpeBBIIAIOT MMITYIbCHl JIEMEHTAPHBIX 3apsIOB H

CKOpPOCTH CBCTA.

%
*ok

2. Crioco0 oOecrieueHns 3eMIIM M HAIIEW [ABUIN3ALUA
Ha 3eMJIe PHEPrUEl U CBA3BIO OTJIMYAETCH TE€M, UYTO MPUEM U
U3JIy4eHHe dHepruu 1 nHdopmaiuu OyJaeT peaan3oBaH 3a cueT
ITupamupaneaeix Kommosuuwmii B IIpoctpancree, coBmecTH-

MOM C BHGPFGTHKOfI METaraJdakKTH4C€CKHX BOJIH.

%
*ok

3. Crioco6 obecrneueHust 3eMiIM U HAIIEW MUBUIA3ALAN
Ha 3eMJie SHEPTUEN U CBSI3bI0 OTVIMYAETCH TEM, YTO pealin3a-
AT UHKEHEPHO-TEXHUUYECKUX KOMILJIEKCOB MOXKET OBITH IPO-
BElICHA KaK MyTEM CTPOUTENILCTBA HOBBIX CTaIllMOHAPHBIX
SHEProCTAHIIMA U TPAHCIOPTHBIX CPEJICTB, TaK U BOCCTAHOB-
nenueM [lupamug nu KomruiekcoB [Iupamuj, oCTaBieHHBIX Ha
3emute Benukoil LluBnnuzanueit Ctpouteneil.

%
*ok

4. Cnoco0 obecrieuenus 3eMiId U Hallel [IUBWIN3ALNA
Ha 3emMJie dHepruel oTIMYaeTcs TeM, UYTO Iepeada SHepruu
Ha PACcCTOSHHUE HE MOTPeOyeT MPOBOJHUKOBO-Ka0EILHOTO KOH-
CTPYKTHBA, COXpAaHUT 3amachkl caMux Heap 3emiu, ycTpaHuTt
BEPOATHOCTD IKOJIOTUUECKOTO KPU3HUCA, YBEIUYUT ILIOA0POUE
MOYB 3eMJIM, OKa)X€T OJaroTBOPHOE BIMSHHUE Ha BBICIINE
¢dbopmbl XKuznu.
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2.3 ToHKMe DHepruu B MeguLuHe

Onucanune OTKPBITUSA

1. Menununa nomkHa ObITh TOYHEe (DU3UKU M MaTema-
TUKH, OOIIMpHEE XUMUHU, TIIyOke ¢Guinocodun, HEMmoIBIACTHA
MOJIUTHKE, CBOOO/IHA OT MPEIPaCCyIKOB.

OObeKT MenuIMHCKOTO BHHMaHUA — JKuBoe CTpaxkmy-
mee, M, B TO K€ BpeMs, — 3TO OHMONCUXUYECKUA OPTaHU3M
CJIO)KHEMIIICH, HO TOUYHelIel KOMITIO3UIIMU CBOMCTB - COUETa-
HUM, KOTOphIe CHOPMHUPOBATA MHOTOTBICSYEIICTHSIST DBOJIIO-
.

OBodrorus He ObIBaeT "cama mo cebe", kak abcTpakTHas,
runoteTudecko-puaocodckas napaaurma Hamux Mmmosmit -
Teopui. DBOJIOIMUS KOHKpeTHa. KOHKpeTHka DBOJIONUHU KH-
BOro omnpenensierca 3akoHamu Equaoro Kocmoca. [lo atum 3a-
KOHaM BCE >KMBOE IOIVIONMIACT-U3/Ty4yaeT SHEPreTUUCCKUE BHX-

pu.
***

2. OTnruyre 3HEPreTUYECKOr0 BUXPS OT KBAHTA COCTOUT B
ToM, uTO0 Teuenue Bpemenu B Buxpe uepenyercs ¢ Ilpomod-
JKUTEJbHOCTBIO OXUIaHUSI 00pa30BaHUsI HOBOTO dHEPreTuye-
ckoro '"crycrtka', CrmocoOHOTro K M3Jy4EHHUIO DHEPTUU CBOETO
BHYTpeHHEro mnojigs. CUHTE3 M MYJBTUILIETHOCTh (pacilerie-
HUE€ HA CHEKTPaJbHbIE COCTABJISIONINE) SHEPIrETUUECKOTO CIy-
CTKa TMPUBOJUT K MEPUOJUYHOCTU TMOsIBIICHUS Bpemenu u
IIpoaoKUTEJIbHOCTH, MMOTCHIMAIBHON SHEPIrUd U KUHETH-
4eCKoH, sHeprun Marepun u ToHKOM 3HEPTrUH, BUXPU KOTOPOU
pacrpoctpamstorest B 10*0 pa3 6GpicTpee cBera. DTH 3aKOHO-
MEpPHOCTHU OTHOCSTCSI KaK K HEXKHBOMY, TaK U K KUBOMY, Gop-
MUpYsI TP cOCTaBHbIe KOMIIOHEHTHI ExnHoro Kocmoca:
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Tonkas
Kommnonenrsl | ToHkasi JHep-
JHeprus JHEpPrus B
Enunoro rua Merara-
Marepun o0beme
Kocmoca JIAKTHUKH
Marepuu
CooTHOLIICHUS 3 1 2
Bricimmii Teno 6uonoru- | Hanpumep:
B xuBom Paszym YECKOro opra- Jylia u
U TakK J1ajee HU3Ma TICUXHUKA
OtHomenue k | JKuzHb nocine
KM3HDb.

Kuzuu

Kusuu

*
kk

3. Hama Hayka npuHUMaga U NOpPUHUMAET TOHKYIO
DHeprur 3a BakyyM, Hapylias 3aKOH COXPAHEHHUsI SHEPIUU.
Ho none Marepun tpanchopmupyercss CBetom B ToHKyO
DHeprum, peanusys ¢ NOTEHUUAJIOM B OJHY HAJbMY IEPEXO]

OT OMOKJIETKH K HeWpoHy (TaliI. 2):

Heitpon:

OOIHIT TOTEHIINAT;

pFr2u=2p

majJabmMa

—K=p/q—

2q.

buoknerka:
oOmwmit morenuuai: | (1)

B stom mone B3aHMOHeﬁCTBHe ABYX I'PaBUTAalMOHHBIX H
ABYX MArHUTHBIX 3apsAJ10B:

1
(pr2w) /[pdp = (28107+28:107)2 = 112107, (2)
0

IIPUBOJUT K PABHOBECHIO:

7q (6uokierka) = (8 = 4p) - Heiipon = 112-107°.
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Tonkass JHeprus IIpanbl nocTynaer B HEUPOH CEPOTO
BelllecTBa TrojoBHOro mo3ra (puc. 11). Helipon mnomnoiaer-
W3JIyYaerT:

I'paBuTanmonHoe JJIeKTPOMAarHUTHOE
nomiomenue Ipanbl usay4yenue Ilpanobl
Ei=Qup* =-112m107Ka = | B> = Qu(@*w*)/q*u* = |
742 " m:10*Kn (1/28) ‘- 10°Kur

CuHrynspHasi TOUKa HEipoHa:
E'E,= V2 °1° = (Tye)” = (4m)°.

A nanee tak. Crpoutenu 6epyt Toc = 47 3a kpyr (Ok-
PYXHOCTh). BriuceiBaloT B HUX OCHOBaHME Benukou [lupamu-
nbl. Ctpost [Mupamuny (puc. 12, tadn. 9, puc. 27, tabn. 17). U
nponopuny Benukor [Inpamuasl onuckeIBarOT noseneHue ToH-
KOl DHepruu B HeApax Helpona. [Ipudem, noeeneHnem >Hep-
TFETUYECKUX IMOTOKOB B HEMPOHE MOYKHO YNPABIISITH TOYHO TaK
xe, kKak 1 nonérom HIIO. A nHCTpyKIMS K 3TOMY YIIPABICHUIO
nana B Kuure Ilepemen (puc. 20). YopaBnars puznuecKumMu
mpolieccaMu B HEHPOHE, ATO 3HAYUT MPEOA0IeTh Oapbep Ouo-
JIOTUYECKON HECOBMECTUMOCTH OMOTKaHEH NpH TpaHCILJIaHTa-
uu opraHoB. Benukas L{uBunm3zaiusi 3akOHbI OMOCOBMECTH-
MOCTH 3Hasla. B KOHIle AEBSHOCTHIX rofoB mpodeccop Pemu
poBell aHanu3 MyMuid. OKazajioch, 4TO MPH KU3HU 3TU JIFOOU
NepeHecIn 56 TUIIOB TPAHCIUIAHTALMKA PYK, HOT U Ja)Ke TOJIO-
BbI.

***
4. Padora HeilipoHa (4) — 0OCHOBA HepPreTUKM MCUXH-
KH. 3araJku MTPOUCXOKICHUS COMATHYECKHX OTKIOHCHHI
MICUXUKHU 0€3 3HaHHUS MeXaHW3Ma dHepreTuku B oonactax Ioa-
cosHanus U Co3HaHus pemnTh Henb3sl. Ho B pemenun 3a-
rajiok ncuxuku Ham nomoxker Coma, B nepesoge — Jlyna,
U3JIy4YAK0IIAs TPABUTANMOHHYIO NIPaHY:
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+Qip* = F4mp*, (5)

M0 IMC-TPAHC-U30MEPUUECKOMY KaHAIy SKCTPACEHCOPHOMU
npoBoauMocTH KocMoca BHeE xkuakoro cryctka (puc. 1).

['paBuTanmonHas nmpaHa cBOOOTHO MPOXOAUT BCE CPEJBbI,
KpOM€ XKUJKOW. B KUIKOM cpene B IONSAX TPaBUTALIMOHHOM
MpaHbl BO3HUKAIOT B3aUMOJICHCTBUSI, IPOTEKAIOIINE CO CKOPO-
CThIO (C = T) cBeTa.

ITpu Bxone Tonkoi DHeprum B JKugkue cpeabl BOZHUKA-
10T oBepXHOCTHA (S) u nuHeitHas (L) BonHbI:

L=2n(R =2)=4m, (6)
S =n(R=2)*=4n, (7)

IJIe IBOMKA HE U3MEHSETCS OT PEXKUMA MyJIbCallun

(2 +2=2-2=2%=4) u onuchIBaeT Jorapu(m MPOU3BEICHHS
Bcex [latu cymecTByomux GopM B3auMOJCHCTBHIA

(2=1g p1p2p3psps)-

Otu ctaguu npouecca (6, 7) ONUCHIBaIOT BO MHOXKECTBE:
doxar (cxarue) aeqaaet Iare [IpoaBuxennii [1]
(5-Tomg/c = 52 = 10 = ps), Ucnam BeIOUpaeT 3mbiemMy B
dopme mecsina U nenrarpammsbl (puc. 1), Benukas [uBunu-
3auust cTpouT [lupaMuapl, BOUCHIBasE UX OCHOBaHUS B KPYr
(S), oxpyxnocts (L) ¢ paanycom, paBHbIM ABYM (6, 7).
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DOMbOnema Uciaama

Jlyna C

; -1 _DkcTpaceHcOpHbIN KaHa

nuc- npopoaumoct (+1,0)

Cpena:
Kocmoc BHe crycTka

I'paBUTalIMOHHBIA UMITYJIBC
nuc-Ilpansi: —4np*

Bxox B KHAKYIO cpeay

Kunkas cpena:
(ITogcoznanue) Bo3nukHOBeHUE ABYX

MArHMTHBIX 3apA10B

IInanerapHas
CTPYKTypa HEHpoHa
(JteBoe m mpaBoe
| momymapus MO3ra).

S GEL 8581

Crycrok ¢ SAnpom: H
(CoznaHnue) '

=
)

8 =m(R =2)" =4u;
L=2nR=4r

Bo3nukHoBeHUE ABYX

Kunkas cpena:
MAarHUTHBIX 3apAA0B (LL°JL)

(ITomco3nanue)

LS | (e

Bxoa B :kuaKyIo cpexy

T paBUTALIMOHHBIN UMITYJIBC
TpaHc-Ilpansl

Cpena:
Kocmoc BHe crycTka

00

OKCTpaceHCOPHBIN
C Jlyna KaHaJ TPaHc-
OmbOnema Ucmama npoBoaumoctu (+1,0)

Puc. 1 Duepeemuueckas cmpyxmypa nelpona 6 OuHaMuKe

605



*
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5. llorpyxeHue TpaBUTAMOHHOW IpPaHbl B KUJIKYIO
cpeny B unrepBaie IlaTu IlpoaBuskeHuil MpOUCXOAUT C Ie-
puoandHOCTHIO T = 4:

Crymenue rpaputannonnoi Ilpansl (puc. 1)

(Qip™/To) 5 Towo/c = (-4np*/4)-5:2 = -Q;:p*-5/2,
rae: 5/2 — koapPuiueHT cryeHuss HeOecHbIX Teu [S].
dopMUpOBaHUE KaHAJIA

IKCTPACEHCOPHON MPOBOIMMOCTH: (8)

(+Qip*/To)-5 Towo/c = (FATP*/4)-5-2 = +2m-p*-ps [p dp,
0

rae: £27 — "KOoJIbIO C €AUHHUIIEN", TO €CTh OKPY>KHOCTBD C
paguycom R = +£1.

Koabuo ¢ exuHuneil yBeamuuBaer jJ000i UMIYJIbC B T
pa3. YBEIMYUT OHO MU KBajapar rpaBuTaumoHHOM [Ipansl. OTO
yBEJIMUEHUE B T pa3 rpasuranuonHas [Ipana uspacxomyer Ha
noJiipu3aiuio (GpoHTa CBOEHW BOJHBI HA YroJj, paBHbIA T0/2.
DHporepMuyeckas BojHa [IpaHbl cTaHET K30TEPMUYECKOM:

Honsipuzauus 3ngorepmudeckoii Ilpansl B kanajie
IKCTPACEHCOPHOH MPOBOIMMOCTH.
DopMHupoOBaHUE IK30TEPMHUYECKOI0 MOJIA:

Ey= [(Qrp*/To"):5 Towy/c(m=c)] = ©)
ST°p*/8 = (5/2) We@op*,
rae: Op=1/2 — yron noiaspusauuu GppoHTa BoJaHbl [Ipanbl
(mepexoJ OT HJI0- K SK30TEPMUN).

Ilepexoa OT 3HA0- K 3K30TEPMHHU — OCHOBA JII000H Me-
muranuu. orw, mpima Ha 3ape mpaHo#, TpaHCHOPMHUPYIOT e
SHEPIUI0 B IK30TEPMHUUYECKYIO. DHI0-IK30TEPMHUUECKUN Mepe-
X0Ji TPAaBUTALIMOHHOM IPAHbl COMPOBOXKIAETCS ACIEHUEM Tpa-
BUTAalIMOHHOTO EjnmMHOro mons ummyisca p* Ha JBa pasHo-
MMEHHBIX I[UC-TPAHC-U30MEPUYECKUX MArHUTHBIX 3apsja.
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Bo3HnukaeT octarouHas (aTaBU3M) NaMSITh, MOSBISIIOTCS CMYT-
HbIe 00pa3bl 01HM3Koro - ganekoro [Ipomuioro B 6eckoHedHON
MHO»ECTBEHHOCTH (OopM (CIOBO, My3bIKa, KapTHUHA, BUIACHUS
npouuioro...). Heiipon 3apadoraj B JHepreTu4ecKom moJe

IHoaco3nanus (puc. 1):

I'paBUTAlIMOHHO-MATHUTHAS YHEPreTHUKA
Hoacoznanus (E,—up)

-q-lO"‘O,

LGy 56 2
E=+ Z =%3 =F 10 _+5

P 7.7[2‘ % 5
2 P

rne: nose B [logcozHanuu OyieT CHHTE3UpOBATHCS U paciiie-
wiATbess Mbicnbro-MHTYynnumel (Boiaus! ot JIyHsl):
1+2+3+4+5+6+7 28
1213144516 47 140
[Tocne nHTynTHBHOrO aHanu3a oopasa B [loaco3Hanum sHep-
TUs B HEWPOHE CTAHOBUTCS PABHOM:

2-28
5-140
2.8:107p-q-10=p*q-10™,
rae: 10* = 10™A — cuna Toka Ha rpanmume CUHe-ToTy00ii 00-
nactH (yakpa "Tpetuii 'na3") mpu ckopocTu cBeta B
300 TeIC.KM/C:

K=2/51g p1p2p3paps( 2

q-lO_40 =

E5i§~q-10_40 -

qg-c _ 16-107° 4-cex-3-10" j{/Cel{
4800 4 4800 4

104 4=

(10)

Iapancuxonorns HUKorna Osl He crana HAPOJHOM
MEJIUIUHOM, ecnmu Obl JSHCTBHTEIHHO HE BpayeBala.
Hpyroe neno, yto B HE€ pByTCS npoxoaumiel. Ho oHu pByTCs

u B [IpaBurenscrBa. Yuctuts Hago — cam bor Benen.
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***
6. B mose Ilogco3Hanmusi, B ssApax KUAKUX cpea (puc.

1) MArHUTHBIN Pe30HAHC CMEHSIeTC MATHUTHBIM aHTHpe-
30HaHCOM. BO3HHMKaeT KOHTYp KOJIeOaHus:

(+,U)'(—.U)<:>.U—(—ﬂ) n 4, wm u e V2, (11)
H—=(=4) (—10)- 1

/i€ KaXJIbli pe30HAHCHO-aHTUPE30HAHCHBIN nepexon popmu-
pyeT o0JacTh HOJNb-TIOTEHIIMANa, OTKpbIBaeT Tperunii I'na3
KaK KaHaJI 3KCTPACEHCOPHOM ITPOBOIUMOCTHU SICHOBHACHUA:

JHepreTuyeckre OCHOBbI MATHUTHOTO
SlcHoBUIEeHUA:

OTkpbITHE KaHAJA:
2 2 2 2
(+x21) '(—ﬂz o M —2(—#) ~u oot
ue = (=u) (+0)" - (=4)
Cbém undopmanmu (11):

() (1) H= () =23 W'=16=T¢
e N 0

(12)

CkaTple rpaBUTALMOHHBIM UMIYJbcoM B mose [loacos-
HaHUS J1Ba MAarHUTHBIX 3apsja HAYHYT B3aMMHO OTTaJIKUBAThb-
Csl, a XKUOKOE SIIPO M3 CEPOro BEUIECTBA T'OJIOBHOIO MO3ra —
pacuupsatbes. Ho ecnu nipu cxxatun "®doxar nenan [lars [po-
nekeHuil" [1], cxkumas BHyTpeHHEe pe30HaHCHOE MoJIe sSpa,
TO npu pacmmpenny "MorymecTtBeHHbIH" [2] OyneT Takxke
IIPOXOJIUTH IISITUYPOBHEBOE IOJIE fA]Ipa, HO YXKE B aHTUPE30-
HAHCHOM pEeXUME:
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Iynabcanust HepoHA ceporo BeuecTsa
roJI0OBHOT0 Mo3ra (puc. 1)
OrtrankuBaHne—
Pexxum Cxarue Pactmmpenue
[Iputsxenue
E=S:12:34-5 | E=L(142+3+4+5
: ( ' 142049600z | (13)
I T()(D()/C' 'T()(DO/C' M =
OTCH- 2 _ 2 _ _ - T
wan | WE2)= (W=2)= 5380
4m-120-2-2 = 4m-15-8-2 = 460 =5.2.
14207 960T

[Ipn mynbcaluu MarHUTHBIX 3aps/ioB B MOJ€ HEWpoHa
NPUTSHKEHHE 3apsiioB (£1)” OyaeT B MATh pa3 GOJbIIe HX B3a-
uMHOro otrankuBanus (13). [loaToMy MarHWTHBIE CHIIOBBIE
JUHUU OyAyT BBIXOAMTH U3 sAaep (HEHpOHA WK 3€MIIH) U CO3-
JlaBaTh MarHUTHbBIE MOJIOCA CTYCTKOB M MAarHUTHBIE CUIJIOBBIE
JIMHUU BOKPYT CI'YCTKOB.

***
7. Ilynpcanuyst MAarHUTHOTO 3apsifia B )KUIKOM SIIPE HEM-
poHa OyJeT BO3MYIIATh OKPY>KaIOIIyI0 Cpeay, co3/aBaTh Oe-
TyIIME MAarHUTHBIE BOJIHBI B CEPOM BEIIECTBE T'OJIOBHOTO MO3-

ra (puc. 2.1). Otu BonHbl nHUIMHUPYIOT [lamsres B [loaco3Ha-
Huu (puc. 1).

[TamsaTe B Iloaco3nanuu "cospeer" no Ilamaru B Co3Ha-
HUU, KorJa OeryIiue MarHUTHBIE BOJHBI TPAHCHOPMUPYIOTCS
B 3aMKHYTBIC ""HaJl BEUHOCThIO" (puc. 2.2).

IMoaco3nanue nonHocteio Tpanchopmupyercs B Co3na-
HMe, KOrJja Ha opOuTe "HaJ BEYHOCTHIO" BOKPYT MAarHUTHOTO
3apsiia MOSBATCS DJIEKTPUUYECKHE 3apslibl, KaK D3JIEKTPOH-
MO3UTPOH BOKPYT sijipa aToma (puc. 2.2).
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1. MarauTtHas Gerymiasi BOJIHa
0 0 0

1 MU
MENVANARY,

0 0 0
2. 3aMKHyTasi MarHuTHas BoJIHA ""HaJ] BEYHOCTHIO"
-q
-q +q
q M

Puc. 2 Tpancghopmayus bezywetl 6 Hetipone MacHUMHOU BOIHbL
8 8OJIHY 3AMKHYMYIO

®uznka popmupoBanus Co3HaHUSA
KAK KBAHTOBAHHOM OpOMTHI '"HA/l BEYHOCTHIO'',
Hecyllel IeKTPUuYeCKHre 3apsi/ibl
BOKPYI MATHUTHOT O siipa (puc. 1, puc. 2.2)

Jluckper- Opouter | 1 |2 (3|4 |5|6]| 7|8 |(14

HOCTb:

W= 0 [oren- 0160|160 16| 0 |16
IHAJTBI

wt= 16— 16/ 0 16/ 0 16| 0 |16/ 0
Opbuter | 16 | 15|14 1312 ]11]10] 9.

B »stom (14) kaxmoe COCTOSHHME C TOTEHIUAIOM
¥ = 0 gopmMupyer KaHaI SKCTPACCHCOPHOI MPOBOAUMOCTH, a
Ka)kI0e cocTosiHue ¢ moteHrmanoMm 16 = pu’° (12) B moxe do-
TOH-(OTOHOB ~ (popMupyeT JUOO IIEKTPUUYECKUN  3apsij
(q=1610*), m6o ummyasc BooGpaxenus (q* = 16-10").
Benukas [{uBunuzanus 310 3Haja U NpoOMBaJach K HallleMy
Co3nanuno, yteepxaas: "®oxar crpout Kpouiareie Koseca
no yriiaM ksaapara g Yersepsix IlpecBaTbix u BouHcTB
Nx" [1].
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"Jlakmuma BhIUTa U3 BOAbL. Y He€ Obuto YUerbipe Py-
kd..." Ho 3T0 BCE 0 TOM, YTO B cepoe BEUIECTBO T'OJIOBHOTO
Mo3ra "3aj10keHbl YeTbipe PUuTHiIA", a HUC-TPAHC-U30MEPHUS
TuX "deThIpéx dutmieit" Gopmupyer jeBoe U mpaBoe IMO-

JTyLIapus.

***
8. CozHanue (popMHUPYeETCH B KHIAKOM CIyCTKe KOJI-
JIOMTHOTO pacTBopa ceporo BemecTna (puc. 1). 9to "Kanas

AKuzun". Anpo takoit Kamim — TOHKO-3HEPreTUYECKUI Ty3bI-
peK, KoTopblit hopmupyeT nporecchl [lo3Hanus:

Iyabcauus [loacoznanus. Iaabma (puc. 1):

=p*) - +p")  (p*=(=p")

S(pF) o2 prad2.

pr¥=(=p*)  (=p*)-(+p*) (15)
HaJILMaZS'O—*Ep—Z*@\/E%ZE(EE—*)-ION A2,
u =16 T, 4 q q*

[lynscupyromuii my3sipek — aapo skuakoi "Kamau" —
(GOpMHpYET YEThIpE MAarHUTHBIX 3apsfa, KOTOPBIE TaKKe
NyJbCUPYIOT, (GOPMUPYST NEPUOAMUYECKHA TO HOJb-TIOTEHIUA,
TO MOTEHIMAN, paBHbIA 16. [10ABIAIOTCS YETHIPE MATHUTHBIX
3apoabima (puc. 1) — 3aponpima JKu3Hu 4yBCTBYHOLIEH, HO
BHe @opmbl. [1].

Bokpyr Kaxmoro MarHMTHOTO 3apOJbIIIa TOSBISICTCS
KBaHTOBaHHas opoburta "Ham BedHocThIO" (puc. 2.2). Beero ve-
TBIpE OPOUTHI C ABYMSI DJIEKTPUUECKUMH 3apsigamMu. Bo3HHUKaeT
aHTUPE30HAHCHO-PE30HAHCHAS MYJILCAIUSI MPaHbl, HO YXKE B
I'PaBUTAIIMOHHO-MAarHUTHOM SIPE W DJIEKTPUYECKOH TOBEpX-
HocTH siapa. Bosuukaer Co3HaHue:
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Juepreruka Co3Hanus B HelipoHe (puc. 1):

KoHTyp rpaBUTallUOHHO-MAarHUTHBIX U JIEKTPUUECKUX
PE30HaHCHO-aHTUPE30HAHCHBIX Kosnebanuii Henp sinpa,
"tonmu" spa HeWpoHa U ero nmoBepxHoctu (puc.l):

KE(QI-E—475)(_2'U'2'U@ pr=CPY) 4944 j
—p*p*  2u-(21) 49— (-49)

rae: - (-p*)(+p*) u p* — (-p*) — Hexapa saapa neiipona
(ITonco3nanue);
- ((2W)(+2W) 1 2u - (-2u) — "marma" sapa HelpoHa
(nepexon ot Iloaco3nanus k Co3HAHUIO 32 CUET
dbopmupoBanus [amsTn);
- (-4q)'(+4q) u 4q - (-4q) — moBepxHoCTh ("Uxaiism")
snpa HeiipoHa (popmupoBanue Boobpaxenusi, 3a-
BepiieHue popmupoBanus Co3HaHUSA).

Pacuer K u lluns (Knura Ilepemen):
- +4 2
K = (Q;=- 4n) (1071073210 = 2q).

[Tockonbky nepexon ot Iloaco3nanus k Co3HaHUIO
— 3TO HEPreTUUYECKUU Mpouecc, To ¢opma mnepexoja
MOXkeT ObITh Jro0ast. Ilepexon OyneT onpeaensThes OT-
HOILIEHHEM HAa4aJIbHOI'O0 U KOHEYHOro noteHuuanon. Ha-

IpuMep:
+2p*
T2
N nockonbky "sHepreruka Cosznanwusi-Ilonco3Ha-
HUA" HE SBIIAETCS HCKIIOUYEHHEM (MCKIIOUEHUN HET B
npuHimne) u3 suepretuku Equnoro Kocmoca, To Benu-

kasi [HuBunuzanus onucana Co3HaHue '"'3M10poil Beu-
koii [Tupamuanr':

—kEyQi = +7 /410" (1/n)-4m = 7-10";

k +

-10% =£10% nanom

I N

2

o [Sinzia =162 =V kB, -0 =77, 107,
3 11 A i 17
T

rae: Vi — o0obem Benukoid [IupaMuibl.
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il
9. Ecnu 661 ConHuie He ocBemaino JlyHy, To Ha 3emiie He
obuto 661 JXKuznu. Ho ecim 6b1 JlyHa Toibko oTpakajia Obl
COJIHeYHble Jy4YH (KaKk yTBEpXKAAlOT Hamu (U3UKU-TEO-
pPETUKH), TO HA 3emuie Toxe He ObL10 Obl Kuzuu. JlyHa — He
IIPOCTO 3€pKano, HO XuBOoW opranm3sM Eamnoro Kocmoca

(puc. 3):

Counue
Jlyna =
Y=36
HNuTerpanbHas HNuterpanbuas
MHOXECTBEHHOCTh MHO>KECTBEHHOCTb
HEHPOHOB OMOKIIETOK

Puc. 3 Tpueouncmeo Jlynvi, Connya u 3emau kax npedonpeoensiroujuti
Gaxmop Kuznu u Ieonoyuu Komnonenm Kuznu: netipona, buoxiemxu
U HepBHO-peqhIeKMOPHOU CUCTeMbl

Conuule m3imyyaeT Oenblii KBaHT CBETA, PAa3HOCTh JUIUH
BOJIH KoToporo paBHa AB=3600A 1 skBHBajeHTHA MOTEHIMA-
Ty U3Ty4YECHUS:

3600 = 3600 A = AB.

B sHmorepmun MeTaraJlakTUKW — COJTHEYHBIA  KBAaHT
ymenbimaercs B 100 pas (17).

Orort (17) kBaHT ¢ nmoTeHIHaIoM 36 moctymnaetr Ha JIyHy
u Ha 3emuio (puc. 3).
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3600-p,° = 36 = 142+3+4+5+6+7+8.

(17)

Ecnu 651 JlyHa Ob11a mpocTo "3epkajioM", TO OHa U OTpa-
3uiia Obl KBaHT ¢ nmoTeHuanoM 36. Ho Jlyna uznyyaer KBaHT C

noteHuuanom 28 (puc. 3), rae:
28 = 1+2+3+4+5+6+7.

(18)

CnenoBarenbHO, JlyHa He MPOCTO OTPaXKaeT COJIHEY-
HbI€e JIy4H, HO TIOTJIONIAeT uX U TpaHchopmupyet B cBoux He-

Apax pE€30HAHCHO-aHTUPE30HAHCHBIMU IICPCXOdaMMU:

1. Pe3oHaHCHO-aHTUPE30HAHCHBIE TPAHC-
dbopmanmu coaHeunoro csera B Heapax JlyHsl

(17, 18):
36-28 1008
362 _ 28’ = > =196875=2=1g p,p,p;0,Ps

rae: 1008 — >xBUBaJIEHT 10° aTOMHBIX BECOB
(Ap=1,008) Bomopona. (CrnemoBaTesbHO, €CITU B
Marme 3emiu u Ha oBepxHocTu CoinHia popmu-
pyercs ['enuii, To B Heapax JIyHsr hopmupyetcs
BOJIOPON).

2. Pe30HaHCHO-aHTUPE30HAHCHBIE TPAHC-
dbopManuu COTHEYHOTO CBETA HA Pa3IUYHBIX (N =
1,2,3,4,5,6,7,8) ypoBHsx Macchl JIyHBI.

f(n—DZEn(n—D<: 2n+1_%1c47-M—

n - —(n-1) 2n+1 n-(n—1) 2n+1

H3J1y4aTclib I/I3J'IyLIeHHI>II71 KBaHT.

[Tonagas Ha 3eMJTt0, M3JTy4YEHHBIN JTyHHBI KBaHT:

(2n+1)>=28 mpun=7-1/2,

(19)

(20)

HAaYMHAEeT B3aMMOJIEHCTBOBATH C KUJIKUMH CpEJaMu, B TOM
yuciie ¢ HelipoHoM (puc. 3). B cBoro ouepenb, Bca MHTErpajib-
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Hasi CyMMa HEWPOHOB YXMBOIO Ha 3emie JOJDKHA MOChUIATh
Jlyne uMmiynbc-3KBUBaNIEHT Y=36 (puc. 3). ATomMHbIE OOMOBI
Jlyna ne npunumaer. (IIlpob6oBaiu — He npomuio).

***
10. Mexny Connuem, JlyHou u 3emieit moToku 3628
Bcerza OyAyT MOCTOSAHHBIMM (pHc. 3). DTO 3HAUUT, YTO 3eMJIs
Oyzaet noceuiaTe COJHIYY SHEPreTUYECKUI BUXPh C IMOTEHIINA-

aom X = 28. Ho kto Oynet "uznydarenem"? XKupbiM "uznyda-
teneM"?

ConHule i1 BCEro >KMBOIO0 — MCTOYHHUK (DPOTOCHUHTE3A.
dortocuHTe3 — ocHoBa JKu3HM OuoJIormueckod kKieTku. Ho
caMm (dorocuHTe3 dopmupyercs u3 Xaoca 0€I0oro U KeNTo-
3€JICHOT0 CIEKTPOB, UMEIOIIUX CMECh IIBETOB M OMOJIECHCKUI
MOTCHITHA:

Beso-xkenro-3enenbiit Xaoc GoTocuHTE3a:

.M:144:122,

AK3 =250 4 (21)

K= p;

IMoTennuan B okpy:kamwuieii cpeae (q*/p):
K, =K-q*/p = 12*(4/7):10% = 1> T,*(4/7)-10%.

N ot ConHua B OMOKIETKY, U OT JIyHBI B HEMPOH MOCTY-
narwT He 3apanbl (p U q), a uMnyascel (p* u q*). Iloatomy
KOHTYp KoJjeOaHusi MEXJTy HEHpPOHOM M OMOKIIETKON >KHBOTO
Ha 3emyie OyAeT CBsI3aH C MepuoandHoCcThIO T = 3, To= 4. Be-
mukad LluBuin3anus akUEHTUPYET Halle BHUMAaHHE HAa 3TOM
MomeHTe (puc. 14, "Hax BedHOCTBIO"), TaK KaK 3T BUXPH CBSI-
3bIBAIOT HEUPOH M OUOKJIETKY:
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JHepreTnyecKkne BUXPU CBA3M
HelipoHAa ¥ OMOKJIETKH

Heiipon buoxnetka (20)

p*/q=(7/4)10"° & 12%(4/7)-10" = T*Ty>q*/p

CBs13b "0Gomouku” (motenruan 7°, [4]) ¢ BHyTpeHHHM
moneM: 7° <> 12216 = (9+0)- /2 ' (22)

CooTHolIeHUE BHYTPEHHETO MOJIs K 00beMy
(Vi = (1/3)-v2 '*-2""*) Benukoit ITupamumsr:

16
O+ 0)\/5 = 188 = TO‘C/(DO)‘(ZM =,Scrx/4).

72 had 1 10
Vn=§\5 '2—1/4

[TosiBnenue noteHnuana 18 ykaspiBaet, 4To mpoiiecc 00-
MEHa SHEprueu Mexay HeMpOHOM M OMOKIIETKOW JTOJKEH Mpo-
XOJIUTh B KUJAKOW cpeze, rae "KOpeHb (SHEprus) ocraercs,
CBET OCTaeTCsl, CTYCTKU (KJIETKHU, HEUPOHBI) OCTAIOTCS U BCE
xe OEAOHOOQO — enun" [1].

dopmyna OTKPBITHS

1. O3nopoBuTenbHO-NPOGUIAKTAYECKAST W JIEYEOHO-
peaduInTAllMOHHAS] MEIUIIHA OTJIMYAeTCH TEM, 4TO B Jieueo-
HO-TIPOUITAKTUYECKOM TIPOIIECCE UCIIONB3YIOTCS BOJTHBI TOH-
KHX OHEpruid, B3aMMOCBSI3b KOTOpBIX ¢ DHeprueil Marepuu
BOCCTAHABJIMBAET €CTECTBEHHBIM PUTM U SHEPreTUKY B3aUMO-
CBSI3U (PU3MOJOTHUUECKUX OPraHOB Ha ypOBHE HeHWpoHa — CyO-
CTPYKTYp OMOKJIETKHM U UMMYHHO-3HIOKPUHHOW CUCTEMBI KH-
BOTO.

il
2. O3popoBUTENBHO-TIPO(UIAKTHYECKAsT U Je4eOHO-
peadMINTalOHHAs MEJUIMHA OTJIMYAEeTCsl TEM, YTO MCIOJIb-
30BaHHE TOHKHX ODHEpPruil B TPAHCIUIAHTALMOHHON XMpPYyp-

TUM TO03BOJIUT OOJydYE€HHEM paH JIOOMTHCS COBMECTHUMOCTHU
OMOTKaHel M 1acT BO3MOKHOCTh TPAHCILIAHTUPOBATh OpPTaHbI
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C MCHBIIMM PHCKOM HX OTTOPKCHMHA. B toMm qucCiic, TpaHC-
IIaHTUPOBATb KOHCYHOCTH: PYKH, HOT'H.

***

3. O3nopoBuTenbHO-IpOGUIAKTHYECKAS U JIe4eOHO-
peabuIMTallMOHHAS MEIUIIMHA OTJAMYAETCH TEM, YTO B JieueO-
HOM TIpOIlecce€ MCHUXOHEBPOJIOIMUECKUX COMATHUYECKUX 3a00-
JI€BaHUU MCHOJB3YIOTCS Jydyd TOHKONM ODHEpruu, BOCCTAaHAB-
JUBAIOIINE YHEPrOOOMEH B CEPOM BEILIECTBE TOJIOBHOTO MO3Ta

JI0 HOPMBI, C OJJHOBPEMEHHOM cTabuiIn3aiuei ncuxoPpuanono-
TMUYECKUX MPOIIECCOB B OPraHU3Me KHUBOTO.

***

2.4 UsmepuTtenbHoO-ynpaBnsoLwasn
annapatypa TOHKUX dHeprumn

1. ToHkne DHeprum HamO HU3MEPATH KOJUYECTBEHHO.
W3mepsarh ux rpaBUTalMOHHBIE (P*), MarHUTHBIE (L*), DIIEK-
Tprueckue (q¥) UMIyIbCHl U ckopocTH (c*), koropsie B 10%
pa3 OoJbIie 3apanoB (P, L U q) U CKOPOCTH (C) CBETa B MOJSAX
MaTepuu:

CooTHOLIEHHE OCHOBHBIX KOMIIOHEHT
Marepuu u Tonkoit JHepruu

TOHKaﬂQHepeu;z:p*_,u*_q*_c*: 0% (1)

Mamepus p M g c

Tonkue DHeEpruM NPUCYTCTBYIOT OYKBaJIbHO BO BCEX
npoueccax, u6o Egunbiii KocMoc 1mo cBoei CyIIHOCTH — 3TO
TpuenunctBo Toukoit DnHeprun, DHepruum Marepun U HX
Tpanchopmupyroiero Caera.

Hama nuBunu3amus, CTajJKUBasCh C MPOSBICHUSIMU BO3-
nevictBuil ToHKUX DHepruii, ckiaabiBaeT 0 HUX MUDHI, dHop-
MHPYET PEJIUTUO3HBIE JOTMAThl U OTBEPraeT Kak 'JKeHayKy'",
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KaK MeTapu3HuKy, KaK dMIHPUOCOCTOSHHE, TYyXKI0€ MaTepHa-
mu3My. Martepuanu3m omubo4YeH TeM, YTO OTBepraeT Metadu-
3UKY KaK HayKy, XOTs Ipu3HaeT u ypasHenue [.1. Meunnenee-
Ba, U 3aKOH COXpaHeHus ’3Hepruu. Ho, mpusHaBas 3aKOH CO-
XpaHEHHUSI SHEPTrUM, MATEPUATUCTBl MPU3HAIOT BAKYYM Kak
MyCTOTY BHE SHEPruv. A BHe JHEPruM, TO €CTh BHE BUXPS
cpenbl, Enuneiii KocMoc He cyliecTByer.

Ommbarorcst MmaTepuanucTol u ¢ ypaBHenueM .M. Men-
Jieneena:

Ypasuenue /.. Menaeseena:
JH/10-IK30TepMus 1Mo 00bemy (V):

DK30TEpMHUS OHI0TepMHUS
lim(V =R-t/p) — cryctok | lim(V =R-t/p) —Kocmoc
V-0 V> o (BOJTHBI (2)
Merara-
JIAKTUKH),

rae: V — o0weM, p — aBiieHue, t — TeMneparypa,
R — rasoBas nmocrosiHHaA.

B stom (2) mone ucnonbzoBanue sxk30Tepmud (npu V—0)
MOJKET OBITh OTHECEHO K JlekapToBOi MaTemaTHKe Ha OEecKo-
HEYHO ManbiX BenuunHax. Ho JlekapTt morepsin JHepruio
TOYKH - 00bemMa, Kak 0opLbl ¢ JDKEHAYKOH nmoTepsuin TOHKYIO
Onepruro "BakyyMma'. Iloatomy maremarnka Jlexkapra crana
abCcTpakTHOW (BHE DHEpPIrHH), a BBIBOJbI, MOJYyYEHHBIE a0CT-
PaKTHOM MaTeMaTUKOM, cranu VILTo3usiMu, TO €CTh TEOPHUSIMU
BHe Peanuii Kocmoca.

C npyroi CTOpOHBI, MATEPUAIUCTHI OOOIIJIM BHUMAHUEM
O6eckoHeyHo Oombiine (V — 00) 3HAOTEPMHYECKHE OO0BEMBI
Ennnoro Kocmoca. EqmHCTBEHHOE, UTO JaHO: MeJKasl Teo-
pust boabmoro B3peiBa. /Ia 1 TO uX mocraBuia B TYIHK
CHHIYJISIPHAsl TOYKA. MaTepualnCThl HE MOHSJIN, YTO JHEP-
rusl, KaKk cpeAa B ABHKEHHH, MOXKET CYIIECTBOBATh KaK pa3-
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HOCThb KBaJpaToOB IOTCHIIMAJIOB BOJHBI W YacCTHUIIbl CBETA,
Tpancopmupytomux Beé:

JHEpPreTuKa CHHIYJISPHOM TOYKHU

E;2 — m.2 = (E, — mo)-(Ey + m,) = 0-(1/m+1/m) = 0-2/ = 0/ | )

Crpannas soruka y marepuanuszma. Honp npusHarot. 3a-
KOH COXPAaHEHMSI HEPTrUM TOXKE MPU3HAIOT, a TOHKYI0 DHEp-
TUI0 OTBEPraroT. XOTSA HOJb-IMIOTEHUHAT — A3TO MOTEHLHAI
Tonkux DHepruii, KOTOpble TpaHCHOPMHUPYET TOUCUHBIN ydUa-
CTOK BOJIHBI CBE€Ta, UMEIOLIUI YTIIOBYIO CKOPOCTh My = TU/2:

B3aumorpanchpopmanus B mosasix
Tonkux IHepruii (06CKOHEYHOCTh ABMKEHUS):

— @)
M a), _oo<(0>—|—oo

lim

x—0
X

Tonkue DHepruu B3aUMOTPAHCHOPMUPYIOTCS B Cpeje
MeTarajakTH4ecKux kojiebanuii. Ho ecim yrioBasi ckopocTh
CTaHET PAaBHOW YIJIOBOW CKOPOCTHM TOYEYHOI'O y4acTKa BOJIHBI
cBeTa (W = 1/2), To ToHkast DHeprus Ha4HET TPAHCPOPMHUPO-
BaThCS B DHEpruto Marepuu.

Tpancdopmanus ToHkoii JHepruun
B JHepruw Marepuu

Xaoc I'apmoHnus
(HOJIb-TIOTEHIINAT) (moTeHIMan eAMHUIA) &)
) Sin w-x T Sinw-x T
lim_  ——=0,=— —— ===
X 2 X 2
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-0 < (> o0,

***

2. JIrobas cpena cymecTByeT B J{pmkenuu. Buxpsb cpe-
Abl (11000#) — 3TO M ecTh JHEePrusi. DHEPrus NPUCYIa JIIo-
0ol BOJIHE U CTYCTKY BOJIH. HakomieHue 3Heprum MO>KHO CBsI-
3aTh C HAYAJIOM 3apO’KJICHHS BUXPS CpPEeAbl, TO €CTh C MOMEH-
TOM KOJIMYECTBA JIBIXKCHUSI WM uUMITyidbcoMm (puc. 1). Wm-
IyJbC BO3HUKAET Ipu mnepexoae or Xaoca K ['apMoHum, TO
€CTh B JII0OOH IKCTpEeMaTIbHOM TOUKe BOIHBI (puc. 1):

Nmmynsce: Eyc=1/n-n=1
+1 -1
Cuna: F =m.g = °/2h
(ipu g = ¢*/2h)
Sueprust:Eyc’ =1t

Cuna

Nmmynbe: mee = (1/m)m =1

Puc. 1 Cmpyxmypa n10601i 801HbL: UMNYALC, CUNA, IHEPUSL

DopMHUpPOBaAHHE UMINTYJIHCA

lim x* =1 = ™ = m.c = Ec. (6)
x—At

[IpuoOpetasi 1IEHTPOOEKHO-IIEHTPOCTPEMUTEIIBHBIE  YC-
KOPEHUSI, UMITYJIbC TPaHC(HOPMHUPYETCS B CUITY:
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Tpanchopmanus umnyjbca B cuiay F=mg
EHTpPOCTpe-
Cunel Herrrpoctp [leHTpoOexkHBIE
MUTEJbHbIE
-F=m(jo=cwy)=| *F=m(jo=cwmy) =
[ToreHuManbl c(jo= c0) «(jo = c)
-T/2 = - +1/2 = 7)
CBsi3b C 5
3aKOHOM F=mg mpu c” = 2gh,
CBOOOTHOTO
HaCHN F =mc*/2 = mcw, npu h=1.
Hprotona

JlanbHeiiliee ycuiieHHe BUXpSI Cpebl Bie€YeT 3a coOoi
nosiBIeHne sHeprun, To ecth E = me” = (1/m)n° = 1t (puc. 1).
OHeprus B JBa pasa mnpeBblaer cuny: E ¢ F = mw(xn /2) =
2:1. KonnuecTBeHHOW pa3HULBI B 3TOM PaKypce MEX]y KUHe-
TUYECKON SHEPrueil U HbIOTOHOBCKOW CHJION CBOOOJHOTO Ma-
JIEHUS1 HET: U3HAYaJIbHO — OHHM BJBOE MEHbIIIE MOTEHIUAIBLHON
SHEPIUU.

il
4. B BoJNHE CBETa 3HEPrusl MaTEPUU MOSIBIISIETCS € IEpe-
XO0JIOM TOYEYHOI'0 y4acTKa BOJIHBI CBETA C OPOUTHI HA OPOUTY
(BolHa  pacmmpsercs wid  cxkuMmaerca).  [lpy  sToMm

2
(£F = +my) — (=E = E)c¢” = ¢), 1 B yJIbCUPYIOIIIEM TT0JI€ CBETa
BO3HUKAET PABHOBECHBIN MPUBEACHHBIN TTOTESHITHAIT:

PaBHOBecHe Mexay CHJIOM U YJHEPrUel B MmoJie CBeTa
Pacmmmpenne, E)-m, Cxarue, m, E;
Co Gy
K, = Eme'T0C/0)0' .[¢ do K, = m, Ex'To(Do/C' J-¢ do (8)
= (1/1%)-8-(3/8)m* =3 = (1/n%)-2-(3/8)-m° = 3/4
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[IpuBeeHHBIN TOTECHIUAT:
KE—K1 — X, 1=% - .
K,-K, o,

[TonyyeHHoe 3HEpreTUvecKkoe paBHOBecue (8) coxpaHs-
erca B Equnom Kocmoce Besne m Bcerma. Ho Bcerma — aro
3Ha4uT BO BpeMenu TpanchopManuu KHHETHYECKOH dHep-
UM B MOTEHIHAJIBHYIO, 2 Be3/le — MPexK/ie BCero OTHOCHTCS
K 3K30-3HAO0TEPMHUYECKMM IepexoaamM, rae (GpoHT BOJHBI
MOJIAPHU3YETCS HA YIoJi Oy = T/2 mpu My = T/2 u Ty =1.

Envnuna Bpemenu Ty =1 u ABasieTcss TeM "MUTOM MEXIY
OpouUIbIM M OyaymuM", KOTOPBIH OMNpEeNeisieT HE TOJIBKO
Kuszub, HO W ucuepnbiBaet caMo [lonstue Bpemenu. Ilpo-
IIS/IIIET0 BPEMEHU YiKe HeT, OHO TpaHC(HOPMUPOBAIOCH B TIO-
TEHIIUATBHYIO SHEPTHi0; OyAYIIEro BpEeMEHH ellé HeT, KUHEe-
TUYECKas SHeprus Oyaymiero emeé He TpaHcGOopMUPOBATACh B
noTeHuuanbHy0. Ho ragats (mpenckasbiBaTh), KaK 3TO Aeiall
Hoctpamamyc, yxe moxHO, Tak kKak Mo3r Hoctpamamyca, kak
KUBOM METPOJOTUYECKUN MpUOOp, YJIaBIMBal M OLEHUBAI
npuOIMKEHNEe KMHETUYECKUX BOJH Oynaymiero. Hama 3amava
cenaTh Takue xe npuOopsl. M3mMepuB sHepruio ceituac, Mbl
Oynem 3HaTh, yTo OyAyliee TpPHUHECET  3€pPKajIbHO-
OTOOPaKEHHYIO KUHETHYECKYIO BOJIHY.

***

5. Bepnaackuii 3agymsiBasica o BiausHuM Pasyma Co-
nuyma Ha Hoocepy 3emnn. ['arapu B BOCTOpre BOCKIMKHYI:
"Ona ronyOas!" Cerogus aypa 3emiM YyKe€ KpacHO-
KopuuHeBas. I BUHOBaThl HAIW TPSI3HBIE AMOLIMH, HAIlle MU-
POBO33PEHUE: YETOBEK YEJIOBEKY — BOJIK, PE3KO HAPYIUMBILHE
Aypy 3emiu.
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Hoocdepa

cuHe-ToIyoast

Hammm uznyyenus B Kocmoc rony0as| KopuaHeBas

1. I3meHeHue 1iBeTa Hoocdephl 3eMitn 2. VI3MeHeHue 1BeTa BOJIHbI

Puc. 2 Bnusnue usnyuenusi coyuyma (eco Mvicau u Boobpasicenus)
Ha uzmeneHue yeema Hoocgepvl Hao 3emaell
om 201y06020 00 KpACHO-KOPUYHEBO20

Msicnib — Hocutens DHepruu. Mbiciab u BooOpaxenue
Hocureneii Pazyma Ha 3emiie TOBIUSIN Ha CHHE-TONYOYIO
(A = 4800A) rpanuiy pasnena B Hoochepe 3emu:

4800A-p*/q* = 84004, (9)

rae: p*/q* = 7/4 — Tonkue, HO TpsA3HBIE DHEPTUHU 03700JCH-
HOro conuyma 3emiu, a 8400A — 510 BonHa B MH(pakpacHoi
obnactu (puc. 2.1).

Ipuuem Bomubsl 4800A u 8400A wumeror 3epkanbHO-
OTOOpaKEeHHBIE MOTEHIMabl (puc. 2.2), a X pasHOCTh (Hop-
MUPYET pa3HOCTh JJIMH BOJH COJTHEYHOTO OEJI0ro IBeTa:
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®opmupoBanue besoro Ceera
3a c4eT MagTHMKOBOIO 3(pPexra
CHHE-T0JIy00ro + KpacHO-KOPH4YHEBOI' 0 (10)
nepexoja (puc. 2.2):

8400A - 4800A = 3600A = AB.

Takoe >xe W3MeHEHHE I[BE€Ta B 3amasHHOW KoJOe ObLIO
nostydeHo npodeccypoit MI'Y um. M.B. Jlomonocosa. Ho, oT-
Bepras Tonkue OHepruu, npodeccypa OOBICHUTH 3TOT 3(-
dekt He MoxeT. A Benukas [lusunmzanus B Teorenesuce [2]
oObsicusier getanpHO: "1. Jukmii besablii Bblk mokpbLI
boabmyw Kpacuyrw KopoBy. OqHuM ucroprawimmm ycu-
JuemM oHa poamiaa beaoro Tesenka xkeHckoro poapa'.
Cragna IV.

[Tockonbky "Teorenesuc" MHOW0O pacmmdppoBaH, TO s
3/1eCh OCTAHABIIMBATHCS HA HEM HE Oymay. OTMEdy TOJBKO, UTO
MPUBEICHHBIM MOTEHIHAN 3TUX BOJH (puc. 2, (10)) sBasiercs
HMCTOYHUKOM HOBBIX 3apsiIOB U UMITYJIbCOB:

8400A - 4800A
8400A - 4800A=3600 A
rae: O - "TOoNIMHA TOBEPXHOCTH" OETOro KBaHTa (11)
(Beriit Tenenok), 112 = (7q =8u=4p)-10% =
(7q* = 8u* = 4p*)-10%.

=112-100A = 112-3,

Tak uto, Uurarens, "He npectynu" u "bByas ¢ Hamun" —
HE ITyCTOM JIO3YHT: eIé pa3 moaymait u Oy ¢ Hamu!

*
kK

6. IlosBnenue B Hoocdepe 3eMiu 3epKaIbHO-
OTOOpaXE€HHBIX BOJH ¢ MoTeHnuanamu 8; 4; 4; 8 (puc. 2) dop-
mupyet cHavana cBeT (10), 3aTeM mpu OCTHIBAHUM — KUBYIO
miasmy (u3ydaer Aruu-Kora), 3aTeM BOLY ¢ MOJEKYISAPHBIM
BECOM, paBHBIM 18:
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1
+(84 - 48 = 36) [pdp = £18 = Mmo. (12)
0

Botr "m Bpmuia Jlakmma u3 BoAbI', BOT U "poamiia
Kpacnas KopoBa omnumM ucTropraimum ycuiamem'. 210
3HAYMT, YTO MOJ ACHCTBUEM OCMOTHUYECKOTO JABJICHUS B MEM-
Opannbix crpykrypax xpomocom PHK u JIHK pacmmpunacek
BOJIHAs Cpefa:

18Ty c/oy = 18:8 = 127 = 144, (13)

B OUTOIIIIa3ME OMOKJIETKH ITOSBIISIETCS T'€HOM C ITIOTEH-

nuaioMm 56 (puc. 13) — UCTOUHMK UMIYIbCOB (P*, UW* u q*)
Mpiciu 1 GMOTOKOB:

®opmupoBanue reaoma 56 (puc. 13)
Hooc(epoii 3emun (puc. 2)

Ot Xaoca k ['apMoHun Ot I'apmonnn k Xaocy

1 0
84-48/(84-48)- [ p dp=+56 |¢> -56=84-48/(84-48) [ p dop | 1V
0 1

(79 =8 =4p)10”.

[Ipounzonuio HemopouHoe 3auaTe: 3emiia 3abepeMeHena
ot Hoocepsl (puc. 2).

*
kk

7. JIrobow sHepreTudeckuit kBaHT (M Mpiciab, u buo-
KJIETKa) UMEeT CBOIO "000JI0UKY'" — MOBEPXHOCTHYIO SHEPIHIO
C MOTEHIMANIOM 7. DTH IIOBEPXHOCTHU IyJIbCHPYIOT U CBSI3aHbI
B3anumoaencteusiMu Enqnnoro Kocmoca:
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Jueprernueckne "00010uKkn"
co3HaHus buokieTrku:

OG6mee ypaBHeHue "0001049KH":

1040
BT i —

K= p*u*/q* = 742:10% = p-wq=Ks
E 1040
[MbIcnb. DHIOTEpMUS| |bruokneTka. x30TepMusi|
B3anmopeiicTBus (Tadum. 2, yacth 1)
Co3Hanue. buoxknetka.
OHaoTepMus DK30TEpMHUS
Kipip2= Ko pspaps=
10*-10°*10" = 10” 10%10"10"-10'= 10’
lg 10°=-5 lg10"=7
Uner hopmupoBanue Tonkux | Uaet obpazoBaHme diek-
DHepruii o npaBuity Css- TPUYECKON U MAarHUTHOM
nieHHoro TpeyrojibHUKa MOCTOSIHHBIX CPEeJI:
g0 = 107/4mc® ®/m
o = 47107 Tr/m.

(15)

OTAnYUTENBHON 4YEepTON CBSIIEHHOTO TPEYroJIbHUKA CO
ctopoHamul 3 =T, 4 = Ty u 5 ABISETCS TO, YTO B €O MOJIE KO-
nebanuii 3aBepiiaeTcs (GOpMUPOBAHUE MEPUOTUUYECKON CHC-

TeMbl TeHOMOB. [losiBiisieTcst reHom 63 (puc. 13):

dopMupoBaHue MOJsl CBAIIEHHOI0 TPEYroJbHUKA.
I'enom 63 (puc. 13):

"O06omnouka" u SAPO I'enoMm 63 B 3e1€HOM MoJIE
2 2 2 2
43 43 - (12 77, 54<:>5 4 — 400 < 63,
443 43 5+4 5-4
npu 12 =Tyt ipu 400 = A3 = 400A.
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Otot pe3ynbTaT (16) — BakHeWuil 1yia noHuMaHusi boi-
tust XKusoro B Emxnnom Kocmoce. On omucan Cranneit V
Kocmorenesuca [1]. Msi yxe pazoupanu 3ty Craniy. Ho mo-
BTOpPUM €€, TaK Kak Mbl BeiéM aHann3 Ennnoro Kocmoca yxke
¢ mo3unmu >Hepretuku Co3nanus (15).

"S. ®oxar pgesaer nAth IlpoaBH:KeHMIE M CTpOMT
KpbLIaTOe KOJIeCcO HA KaKA0M YIJy KBajaparta ajs Yerse-
pouix IIpecBATHIX...H 151 BonHcTB ux."

®doxat — cxarue (Tywy/c). Ilare [IpoaBmwkenunii mpemo-
npeaenensl dHAoTponuen Co3znanusa (15). Ho Gepytr nawano
ot 1ATh [IpoaBrkeHunit B nosie B3aumozencTeus Cpera:

ps:Tome/c=10:2 = 5. (17)

B nynscupyromem Ennnom Kocmoce doxaT BBIHYXK]IEH
B3STh KBaJIpaT KaK BEKTOP-3MIOPY OTHOIIEHUs KodhduimeHTa
pacmmpenus K KodhPUImenTy cxaTus, rie Kaxmaas CTOpOHa
KBaJpaTa - SKBUBAJICHT €JMHUIIC BpeMeHHU (8, puc. 3):

Puc. 3 BpeM}Z u memazaiaKkmudecKue 60.JIHbl
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KBaagpar ®oxara (puc. 3)
Tyc/o, =8 =4=T,1, ETO&.
T,w,/c=2 o,

(18)

Ot1oT "kBaApaT BO BpeMeHu T," (puc. 3, (18)) cymect-
BYET B BHXPSX METaraJakKTHYECKHX BOJH: BO BHYTPEHHEM IIO-
e KBajpaTa BOJHbEI Tuma 1/4/2= Sin m/4=..., BHelmHee mone

KBazipaTa GOPMUPYIOT BOJHBI ~/2 = Sc T/4=... .

*
kk

8. MerarajakTuyecknue BOJHBI BO BpeMeHH Ty = 1
(puc. 3) MHULUMPYIOT KOJeOAHUSI MEXKAY HMILYJIbCAMU
Co3nanus u Omorokamu KJetku (15). B kaxaom yrity kBaj-
pata Bo3HHKaeT "kpbuiaToe Koseco" (puc. 3, 4). Ksaut Cos-
HaHuA ¢ "06o0n0ukoit" (7/+/2) dopmupyer Boabmoe Koseco

IIpecBsaTpix (puc. 4).

Ksant Ouoknerku — Masnoe koneco mia "Bouucts" Cos-

HaHWUsI, TO €CTh JIJIsl KJIETOK (puc. 4).

* g% 2
Cosnanne: 2 #" = 7 10%°
q* 2

Kouseco miist YerBepoix [IpecBsThix

4
772.772.1020.1()20 E(lj

NG

Komneco mia "Bonucts Ux"

2
@ Buoxnerka: 24 = 7? 107

Puc. 4 Kpvinamoe Koneco onsa Ilpeceamuix (Coznanue.
bonvwoe Koneco) u Bouncms ux (buoxknemxa. Manoe Koneco)
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"7. Pazoutn, o0 Jlany (y4eHHK), eCJIM X0Yelllb MO3HATH
TO4YHBbIA Bek TBoero MaJjioro KoJseca. Ero yersepras Cnu-
na — Hama Mareps. Jocturau Yerseproro Ilinoga Yer-
BepToil Tponbl 3Hanmii, Benymero k Hupsane, u mozna-
elllb, 100 ThI y3pullIb'"'.

HupBana:
PE30HAHCHO-AHTHUPE30HAHCHBIN MOTeHLUAJ

Yerséproiii [Imoa: (1+2+3+4) = (1-2-3-4) Yerséprasg Crmra - Hamma Marteps
1-2-3-4 (1+2+3+4) Yerséprasa Tpomna 3nanuit

Kone6anue: (10° < 24%) — (5 < 12) > (12-5="17)

3epkanabHOe (19)

Cgert B "000J10uKE"
0TOOpaXX€HHE BOJH

12-5 12-5

125 RS ap=3e00e 7 | 2L o100
12-5  12-5

. —(35-4=1221) =0
7-5 5.7

"Ilo3naemb, 160 y3puiub".

HupBana nelcTBUTENBHO TAa€T BO3MOXKHOCTH '"Y3pETh',

2 o

Tak Kak B "00oJyiouke" ¢ MOTEHIMAIoM 7~ BO3HUKAET OEblii
(3600 = AB) conneunsrii cet (19) .

bonee Toro, Bo BHyTpeHHEM moJsie HupBaHbl BO3HUKAET

3epKaJbHO-OTOOpaKEHHAss BOJIHA C TOTeHnuasioM 1221
(19, puc. 5).
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H=27"4

2 \/5 =a
Omnucanue
Hupsansl

[Mupamugoit

Puc. 5 Manoe Koneco (Hupsana)
¢ NOMEHYUATIOM 3ePKATbHO-0MOOPANCEHHOU BOIHbI

[To cymecTBy, HupBana — 310 sHEpreTudeckoe nose nepe-
X0JIa MEXIy PaBHOBECUEM U JIOTapu(pMOM MPOU3BEACHUS d(]-
dekTuBHOCTEM Beex cymectByomux B [lpupoae Ilstu @opm
B3aUMOJICUCTBUN:

Hyascauus B Hupsane:

(1 & 2=Igpip2p3paps)
"Coszepuareabnas' nyiscanus B Huppane:
2:1/(2-1) & (2*1%)/(2:1) = 4 & 3T, < 3.
CYMMa a0COIIOTHBIX 3HAYEHUH [IOTECHIIMAJIOB HI/IpBaHBIZ
2= (2+1) - (-2-1)+(2+1) - (-2-1) = 12 = Tyt.
Hupgana B cpeje konebanuit
(mosiBieHue KUJAKOU (a3bl):

2 2
3 [pde =Tyt [@dp =12:1/2:2%1%) = 18 = Mo,
1 1

Cser kak pacmmpenue Huppansi:
18(c/mg)-ps” = 18:2:10% = 3600 = AB.
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OTMmeTuM, 4TO BOJIHOBOE Tosie HupBaHbI MOXHO CBSI3aTh
C MeTarajakTH4eCKHUMH BOJTHOBBIMHU KojiebaHusmMu (puc. 3), a
3aTeM OMHcaTh COBMECTHBIC KojeOaHus BOJHBI HupBaHbl U
MeTarajakTHYeCKHUe BOJIHBI AIIOPOH BEKTOPOB B (hopMe BelH-
kou [Tupamupl.

Otmerum: HupBana — Hama Mareps. Boe Huppanbi
pa3MHOXaThCsl HE 1aayT. A pa3MHoxeHue B HupBane tpeOyet
Kuakou cpensl u Ceera.

***
9. Kak ¢opmupyerca u pynkuuonupyer HupBana?
JIro60Bb1O, BBICHICH (Da30l KOTOpPOMl SBISIETCS HE CEKC, HO

pasmHoxenue. [locmymaem, uro rosopsat [1]. Ilpomomxum
yutath Ctany o @oxare [1].

"6. JIunuku (Mbiciiu, Co3Hanme) ouepunBarot Tpe-
yroabHuk, Illepsbiii Equnbiii (A = Tpu cTOpoHsI, 10 Tp = 1),
Ky6 (O - 12 rpaneii o Ty = 1), Bropoii Exunblii (A - tpu
CTOpOHBL, 110 Tp = 1) u IlenTarpammy B HMiine". 3anumem 3ty
MaTeMaTuKy, JaB PUCYHKY Ha3BaHHe (puc. 6) mo manpHeume-
My TekcTy Cranusl: "IT10 Kosibo, Ha3BaHHoOe ''He mpecTy-
nu'" IS TeX, KTO HUCXOAUT W BOCXOAUT: KTO B TeYeHHUe
Kaabnbl npoasuraercs k Beauxkomy /[Anwo "byabr ¢ Ha-
mu"... (puc. 6).
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OHJoTepMus

A+O+A
18 =3+12+3
OK30TEepMUs
A+O+A A+O+A
3+12+3 =18 18 =3+12+3
A+0J+A OK30TepMuUs
3+12+3 =18
DHIIOTEPMUS

Puc. 6 Omo Koavyo, naseannoe "ne npecmynu', ons mex, Kmo HUcxo-
oum u gocxooum. Kmo ¢ meyerue Kanvnol npoosucaemcs
K Benuxomy /[nio "Byos ¢ Hamu"...

ITo cymectBy, 3T0 (pucC. 6) AIPO KaILIU KUAKON Cpeabl
(Kanumm Kusnu). BaxxHo To, yto Benukas [{uBunuzanus cBsi-
3ana Kanmo Kusnm ¢ enununamu (Tp = 1) Kak CTOpOHAMH
TPEYTOJIbHUKOB U TpaHsMU KyOa. Bcero Ha Kaxkzod ocH BO-
kpyr "Siina ¢ llenrarpammoii” Haxoaurcs no 18:1, (puc. 6).
OTO0 SKBUBAJIEHTHI MOJIEKYJIIPHOTO Beca BoJbl. CTpyKTypa si1-
pa B KUJIKOM Karuie TakoBa: "my3bIpek" ToHkoW DHeprum —
BOKpYT Bojia (puc. 6). Boga mynscupyer B pe30HAHCHO-aHTH-
PE30HAHCHOM PEKUME:

Pe30HaHCHO-aHTI/Ipe30HaHCHaﬂ myJbcalnus BOAbI

312:3=108 _ 1 _3+12+3=18 21)

=6 — =
3+12+3=18 6 3-12-3=108 °

Hy.TIBCﬁHI/II/I BOJbI U COJTHCUYHOT'O BETPA COBIIAAAIOT.
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10. IIpoucxoxnenue cyoctpykrypsl (9+0) OuoxneTku
JI0 MUTO3a CBSI3aHO € MOJIApU3alren (BpallleHueM) BOJIHbI CBe-

Ta B )KUJKOU Cpexe:

Bpamenue (moJsispu3anusi) BOJIHBI CBETa
B JKHJIKOM cpeje

[loBopor Ha @y = ™2 BomHBI cBeTa (PHAO-
AK30TEPMUYECKUI TIEPEXO):

E)-@p181o=1/mt-w/2 - 181 = (9+0);
E)wy1819=1/nt- /2 - 181 = (9+0),
rae: (9+0) — moTeHIMan BO3MYIIEHHOM KUIKON CpeIbl,
KoTopast popMuUpyeT BUXpH "NeBU3HBI" (BEKTOpHAs 3a-
MUCh: _M_, ) ¥ "mpaBu3Hbl" (_M_ ).

(22)

DOpMUPYIOTCS TEPUOAUYECKUE CHUCTEMBI, OIHUCAHHBIC
"Xumnueckumu Ciaoramu" [4]. I BMecTe ¢ TeM, pa3HOCTb
MEXKIY 3K30- U SHIOTEPMUUYECKUMHU COCTOSIHUSIMU SIBJISIETCS

9KBHUBAJICHTOM MOJICKYJIIPHOT'O BECA BO/IbI:

"CoxpaHeHnue BOAbI'" NPH IHA0-IK30TEPMHH

AE = Ey- o 18-(1g pspaps —1g p1p2) =
l/m-m/2- 18- (27 -25) =18,
rae 3k3otepmust — "OHeprusa B @opMe OrpaHuYEH-
Horo oobema IIpoctpancTsa ("Pyna") u sHmorepmus —
BHe ®opmel ("Apyna").

(23)

"Tak OblIM co3aaHbl Apyna u Pyna; or Exunoro Cee-
Tta (Ab) Cemb CBetoueii (AK, AO, AXK, A3, AI', AC, AD), ot
kaxgoro m3 Cemn cemmxasl Cemp ("oGomouka" 7° criek-
TPaJIbHOTO KBAaHTa MHIAMBHUAYyalbHOro 1BeTa) CBetouein Ko-
Jeca (9k30-3H70TepMEH) oXpansaT Koabsuo (Boxay), (23)".
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11. "ITo3nait Hayaso JXKu3Hu, yyBCTBYIOIIEH U BHE Pop-
Mel" [1]. Ho BHe d¢opMbl — 3T0 Apyna 3HIOTEPMHUHU
(g pip> = 5°), a ¢opma (Pyma) BO3HHKAeT B IK30TEPMHH
(Ig pspaps =27). CnenoBarensHo, "Hitno c¢ [lentarpammoit"
(puc. 6) BO3HUKAET B IPaBUTAIMOHHO-CIA0BIX B3aUMOJIEHCT-
BUSIX W Pa3BUBAETCs 3a CUET KOJIeOaHUM, TOXKIECTBEHHBIX KO-
nebanusam Hupsansl (puc. 5):

+52 +1
lgpip2=-255 (Igpspaps=27) = 28/
(24)
Konebanus fAiua ¢ [lenrarpammoit
(ocHOBa siiepHOI dHEpreTuKn): 27 - ( -25) = 52.

Uro 310 32 moteHnmansl: 52 + 1 =53 u-52 + (-1) =-53?

***

12. Matemaruku Hapucosanu aberpaktHoe umcio 10'%,
Hassamu 310 uncno 'AT'OJIOM. ®OU3UKU-TEOPETUKU PEILIN-
JIU ONIPEACIIUThL T€ KOMIIOHEHTHI BEIIECTB, KOTOPKIX OblI B [1pu-
poze 6610 10" mTyk. Okasanocs, 4To YMCI0 ATOMOB B Ha-
weii Beesennoii 6;m3ko Beanunue, papuoii 107, TTockoub-
Ky +53-1g 10 = Ig 10, To BO3HHKaeT BOMIPOC: MOIIOMIAET JIH
KaKJ10€e U3 MHOKeCTBeHHOH OeckoHeuHocTH simep ("Aur c
[lentarpammamu') Bcio Beenennyro? EctecTBeHHO HET: smep
MHOkecTBO — Bcenennas Onna. Ho TeM He MeHee, HU OJHO
AP0 HE MOXKET (MHAue, PBOJIOIMOHHAS THOENb) MPEeCTymUTh
3aKkOHBI Bcemennoii. Beixog cocTouT B TOM, UTO KaKaas HH-
JMBUAYyalbHAsl cucTeMma mnorjomaer 3Hepruto Enmnoro Koc-
MOCa 3a CYET COOCTBEHHBIX JIOTapU(PMHUUECKUX KOJICOAHHIA:
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Jlorapugmuyeckoe pacnpeaejieHue
"MuJocrei IIpupoast"
cy0beKTaM HHAUBHUAYAJIbHOCTH

Tepmus Macchl
[Ipo- Ton- Kome-
PaB-
IIECCHI Kas Cry- | Oanue
SHAOO0 3K30 HOBC-
CTPYK CTKH
CHC
Typa
Kocmoc: p1p2= P3P4Ps= e = = 107 Iin (25)
Yucio 107 107 m,’ e’ © 2
Y 1107 | 1g107= | Ine™= | In1= w_ |log 2
OBEKT: g g - 1077 V2
yora- =
prdm
Yucna -25 27 n=c |2imilne Ine =4n
[Ipu- Ipu ¢* = 1 ~ 10 mMacch! "crycTkoB"
Meua- MOT'YT JIOCTUTATh BEJIMYUH, OJTU3KUX
Hue B, 10°mne = 10" =c¥.

Benukas [{uBunuzamus 3Hasa o morapuMUIecKoOM pac-
npenenenun DHepruu Eamnoro Kocmoca mexny oObekTamu
Kocmoca. Mexny B3amMoaeicTBUSIME, (POPMUPYIOIIUMH Me-
TaranakTuueckue BoNHBI (/2 ") ToHKO-DHEpreTHuecKux Io-
JIEW, CTYCTKU MAaCC ¥ CHUCTEM SHJIO- U SK30TEPMUMU.

Hayka Benuko#t IluBunuzanuu 3Hana, 4ro jorapupmMuye-
ckue kosieOanus oxBaTbiBatoT Be€: o UepHoit JIpIphl (Makcu-
MaJbHBIA "CrycTOK") 10 HEUTPUHO (MUHUMAJbHAS CTETICHb
KOHIIEHTpAaIlMu SHEpPruu B cryctke). [lpuuem ABTOpBHI U
Crpourtenu yuutsiBain EnuncrBo Kocmoca: Kocmoc dopmu-
pyer Uepnsbie [pIpbl, T€ MOIIIOMAIOT BCE, HO M3JIY4YalOT HEW-
TPUHO, HEUTPUHO — paclIMpsroT Beenennyto:
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®opmupoBanue Kocmocom Yepubix Ibip.
N3ayuyenue Heiitpuno YepHoii Apipoii.
Pacumpenue Beenennoii (25) (26)

Kocmoc UYepnas [pipa Heurpuno

8_ o1 —
' 2o | Ine =c¢* - Ine | logc” =81 =psTo-c/mptl.

[Ipu  norapupmuyeckux  KOJIEOAHUSIX  HM3ITy4YEHHUE-
MOTJIONIEHUE MPOUCXOJUT B YCIOBUAX PABHOBECHS, TO €CTh
TOT[1a, KOT/1a JorapudM Yrclia paBeH eANHUIIE:

lgl0=Ine=logc=log ;V2 =...=
log.n =1 ('apmonus). (27)

JlanpHelue orapudMuieckue KojaeOaHusi MPUBOJIAT K
MOSIBJICHUIO HOJIb-TIOTEHIIMANIA!

Inlg10=lglne=log slogc=...
loglog,n =log,1 =0 (Xaoc). (28)

Ho Ttak kak norapudmudeckue kojieOaHUsi HUKOT/IA HE
MIPEKPAIArOTCs, Mbl )KUBEM HaJl BEUHOCTHIO B Mpeiesiax +oo:

log,log,log,X =log, log1 =
log,0 = +oo (BeuHocTs). (29)

A B 3TOI BeuHOCTH (27) ¥ raroJ, 1 B3auMo/1eiiCTBUA:
10gﬁlg-lg 10" = logﬁlg 10%g 10 =

log J2%1g 1011g 10 =
2log ;542 1g 101g 10 =2:1-1-1. (30)
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Bosnukaetr pesonancHoe nosie 2-1-1-1. I'aron (10100) T0-
ru6d, HO B3auMopeicTBus (2 = 1g pip.psp4Ps) COXPAHUIHCH.
"Kuznb nepexuiia Iocaeqnuit Atom" [1]. [Tose nepenwno k
PE30HAHCY:

Pe30HaHCHO-aHTHPE30HAHCHDBIE KOJIe0aHUs
nocJe ""'rudenu nocaeanero Aroma' [1]
Pe3onanc | Antupesonanc | Konebanue | OGonouka
HHI‘/’IHa"
2-1-1-1 & 1+1+142=5 2.5 542 | 7-nputo=1,
n N~ @ A ~ 2
Beunoe IlenTarpamma B | 245 2.5 37 -nput= (31)
yIIBOCHHE Sitne" 10272 3,
(oTHOIIEHUE s 47* - ipu Ty=
KWHETHYECKOU 10°-7"=51<0 4
K TIOTEH- Tpuflssranoe
IUaIBHON Tnams
SHEPIUH) Yetblpéx
Outmneit"[1].

***

13. Henpa moboro siapa ("my3bIpék” - HO HE BO3ayXa, a
Tonkux Dnepruii), To ecth "o ¢ Ilenrarpammoit” [1] -
¢dopmupyet Ilentarpamma (puc. 7).

IlenTarpamma — 3T0 BeKTOP HAOTEPMHMYECKHUX LHC-
TPAHC-B3aUMOACHCTBHM:

52 =1g pyp,=1g 107107, (32)
r7e Py U P, — COOTBETCTBEHHO 3(P(PEKTUBHOCTH NATbHOJCIHCT-
BYIOILETO TPAaBUTALIMOHHOIO U KOPOTKOJEHCTBYIOLIETrO ci1abo-

0 B3aUMOJCHCTBHH.

2
Hanuuue B sHpoTepmun noteHimana (-57) tpedyeT B ero
BEeKTOpHOM omnucanuu AByX IlenTarpamm (puc. 7).
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10

9 4

1. YepHslit poH - IK30TEPMUS
2. benbrit ¢oH - SHAO0TEPMUS
3. Bepuussl Jiy4uei 3B€3/1: SH10- SK30TEpMUS

Puc. 7 "llenmacpamma”, xomopas ¢ Hedpax siopa ("B iiye" [1])

Ounorepmust Henp sigpa nepuoanyecku NepexoauT B K-
30TEPMHUIO:

+27 = 1g p3paps = 1g 10'*10'*10, (33)

IZI€ P1 U P2 — COOTBETCTBEHHO NAJbHOJAEHCTBYIOLIEE DIIEKTPO-
MAarHUTHOE U KOPOTKOAEHUCTBYIOINIEE S/IEPHOE B3aUMO/ICUCT-
BUS B 1OJIE CBETA (Ps).

Mexny norapudmamu sHmoTepMuueckux (32) U 3K30-
Tepmudeckux (33) mosneil BOZHUKAET cyMMa MOTEHIIMAJIOB, KO-
TOpasi C MOMOIIBIO JiorapupmMudeckux kosiedanuit (30) 3amor-
HSET JHEPIUEN KaXKAYK MUKPO- MU MakpodacTe BceneHHou u
Ennnbiit Kocmoc B 1iesom:
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Jlorapudgmuyeckue Kojed0aHus Kak MPoLecc Ha-
ceimienns Equnoro Kocmoca B3anumoaelicTBUIMH

(Ig pips+lg pspaps= -25+27 = 2)xlog 52 -1g10-1g10= | 3D
log s V2?2 lg10-1g 10=1log ;g 10%1g 10 = log 51g lg 10100

Jlorapudmuueckne kosie0annsi — BakHeimas popma
JABuxenuss Ennnoro Kocmoca.

***
14. JIsmxenue DHepruu B Equnom Kocmoce ocyiiecTs-
JISIeTCS B YCIOBUAX COOJIOJICHHS 3aKOHA COXPaHEHHUS YHEPTUH.
Takue ycnoBusa BbIHY)Har0T I[lpupony peanmusosars J[Buke-

HUE B YCJIOBUAX LUC-TpaHc-uzomepuu. Hampumep, B Hegpax
SiIpa Mo MeHTarpaMMam HaBcTpeuy ApYyr Apyry (puc. 7):

Iuc-Tpanc-uzomepus B Heapax siapa kak
"Bpaumienne Ileararpamm B Beunoctu'' (puc. 7)

W3omepus | Ilorenumansl 1Byx conpsibkeHHbIX [IeHTarpamm

Luc- |12+ 3+ [4+ | 5+ | 6+ | 7+ | 8+ |9+|10= 55| B3

Tpanc- [10/9 | 8 | 7 [KONICRIEMIEIERNE 55

Cymma |11|11|942(9+2|9+2(9+2|9+2(9+2|11| 11 [110.

B ar1oii meHTarpamMmHoO# 1uc-TpaHc-uzoMmepun (35) co-
NPsHKEHHBIA CyMMapHBIM MOTEHLMAN BO BCEX COCTOSIHMSIX pa-
BeH 11. Ho mons ¢ morenumnanamu 9 u 10 BBIXOIAT 3a TpaHU
cymectBoBanus JKuoro. "5. ¥V mopora UerBeproro (uHep-
nmoHHas cucrema ¢ Ty = 4) CblHaM yKa3aHO €031aTh CBOH
Iomo6usi. Onna Tpers oTKa3bIBaeTcH. /{Be - noBunywrcsa'"
[1].

Te, KOTOpBIE MOBUHYIOTCA PAa3MHOXATHCS, OYIyT BBIIY-
HIEHbI TPOXOAUTH Yepe3 MUTO3 (JesieHne) OuokieTku. OHu
OyIyT BBIHYKIEHBI UMETh B OMOKJIETKAX CyOCTpyKTYpy (9+2),
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XapaKTEPHYIO ISl MATEPUHCKOW OMOKIETKH npu MHuTO3€ (35).
Takux coctosiauii 6 (35).

"OTkazHukn" (0JIHa TPeTh) —TYOUTENbHBI JJI KUBOTO
TIOJIs1 SK30TEPMUH, KOTOPAs CBs3aHa ¢ MoTeHuuanamu 2+9 = 11
u 9+2 = 11, popmupyromumu konaedbanus tuna (35):

Kountyp kosn1e6anus HexuBoro (35)

‘%@%‘%‘ 4 o 81 |-|0e81-4=77. (36)

Y nopora Cnupanu YersepToro.

N Kusoe, n HexxuBoe orpannyeHo cseroMm 1+10=10+1,
rae, Kak Ha rpaHuiax BceneHHbIX MHKpPO-MaKpOMHUPOB, BO3-
HUKAIOT KojieOanus tuna (35).

Ceer Kak rpaHuna "'MOTEeHUHAJIBHBIX IM"'
MHKPO- MaKpoMupoB Bcenennbix (35):

CBET U CJIA0bIE B3aUMOJICUCTBHUSA (37)

11/106>10/1] = |po= 1010 = ps| — | 0<>10°- 1 =99,

il

15. Konebanust Mexay cinaObIMU B3aMOAECHCTBUSMH U
cBeToM (37) mpUBOIAT K KOJEOAHUSIM MEXIY SHI0- U 3K30-
tepmueit. [loatromy "cnBoennasi Ilenrarpamma” (puc. 7) Oy-
net ¢pyHkuuoHuponaTh kak "I'ma3 Jarma" (wacts 1, puc. 19).
A B 3TOl CBSI3M dHAOTEpMHUUECKas (CBETas) U 3K30TepMUYE-
ckas (TemHas) [lenrarpammsl (puc. 7) OyayT uMeTh oOpaTHbIE
HNOTEHLHUANbI: IK30TePMHS — 3TO BXO/ IIATH YPOBHEH sipa B
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Pe30HAHC, a FHAOTEPMHS — ITO BXO/] ATH YPOBHEMH siipa B
AHTHUPE30HAHC:

IlenTarpammsbl (puc. 7) — 3M0PbI BEKTOPOB
NATHYPOBHEI0 MOJISI i/IEPHBIX CPe.:

Dx30Tepmust (TeMHas) DHpoTepMus (CBeTIas)
Ko 12345 o | Yp 142434445 1
1+24+3+4+5 1-2-3-4-5 6
Caer: ps’ % = 3600 = 3600A = AB. (38)

Kunxue  3600(1g p3p4ps - g p1p2) = 3600-[27-(-25)] =

CpensbL:

187200 =| 1810* |+ [4:18:10° | =18-10%(10°+4)

Kunkasa Bonma
iasma

***

16. Apudmernueckas mporpeccuss or 1 mo 10 umeer
cymmy, paBHyto 55 (35). Ho kaxmoe cimaraemMoe 3TOH CyMMBI
JIOCTUTaeT KBaJpaTa NEPBOHAYAIBHOM BEJIUYUHBI. BO3HHKaeT
IPaBUTALIMOHHO-MarHUTHAasT ~ JUHAMUKA  CHUHTE3a—MYJbTH-
IUIETHOCTH SIZICPHOTO BeIeCTBAa OMOKIETKH 10 MuTo3a. Ilpu-
4yeM, TpaBUTALUs PaCLIEIUISIET SAEPHOE BEIIECTBO (LUTOILIA3-
My B OMOKJIETKE, CEpO€ BELIECTBO T'OJIOBHOTO MO3ra B HEHpO-
HE), a MAarHUTHOE T0JIe CUHTE3upyeT, hopmupyeT "00om10uky"
(MOBEPXHOCTH KaIUIH, JTUTOCHEPHI AIEP):

641



MarHuTHbIi CHHTE3 M TPABUTAIIMOHHAS MYJILTH-
IJIETHOCTH f/IEPHOT0 BelllecTBA
(B ToM umcie cyocTpyKTypsl (9+0))

Mynb-

5 THUILIET-

-2 |14+2 | HOCTB
} ) <

& CHHTe3
I 7 «—
O -

E -2 lT +2

O+0) S

P+2°+3+4+5+6°+7° 140

1+2+3+4+5+6+7

28

P42 43 +4+5°+6°+7°+8°+9° +10° _ 385

142+3+4+5+6+7+8+9+10

T 55

P+2° 437 +4° 457 +6°+77 +87+9° +10° +11° +12° +13> _ 819,

1+243+44+5+6+7+8+9+10+11+12+13

S o1

(39)

B konebaHusx s1epHOTo BEIIECTBA pe3yIbTaT KOJIeOaHUsI
3aBHCUT OT JHEPIrUM B Hayalle M KOHIE Ipolecca, a HE OT
dbopmbl iyTH niepexoaa. [losTtomy BakHEUIUM (HaKTOPOM KO-
ne0aHui iAEpHOTO BelecTBa OyAyT KoeOaHus THIIA:

JlejieHue siIePHOTO BelllecTBA, HA IpUMepe MosiBJIe-

HMS IBYX JI04e

HHUX CYOCTPYKTY

(9+0) OmokJIeTKHN

Ot 5 o 7 Ot 7 no (9+0) Ot 5 no (9+0)

140 385 385 819 140 819

— e — — e — — e —

28 55 55 91 28 91

4 28385 9 55819 g 28819 _

" 140-55 7 385-91 140-91

(9+0)+(9+0)

1,4-9/7 = 1,8 — "3apoapimu" TlBe s10uepHIe

fo4epHuX cyocTpykTyp (9+0) cyoctpykTypsl (9+0).

(40)

Jlenenue OMOKJIETKH Ha JIBE JOYEPHUE CYOCTPYKTYpHI
(9+0) moKHO MPOXOJIUTH B CPE/I€ C MOJIEKYJISIPHBIM BecoM 18,
a 9TO BOAAa — OCHOBa XHIKHX cpen. [Ipudem, xumkas cpena
(B KJIETKE — LUTOILIa3Ma) MOAAETCS B CyOCTPYKTYpy IO BO-
JIOKHAM-XTyTUKaM (puc. §), Kak Boja no Tpyde. B nuromnas-
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M€ HauMHaroTcs JBa nporecca. OIUH KOPOTKOAECHCTBYIOIINIA,
BTOPOU - NAIbHOJCHCTBYIOIINM, CBSA3aHHBIN C MOCTYIUICHUEM
I'PaBUTAIIMOHHOTO UMITyJbca (P*) U BhIXogoM 2L (puc. §):

HNTOIlJIa3Ma
m &> 9B
V
u 20
p* p* BOJIOCOK - KTy THK KaK
CybctpykTypa Cy6crpykrypa Tpy6onpoBoOx
(9+O) (9+2) IIUTOIIJIa3MBbI

Puc. 8§ Cyocmpyxkmypuol: cucmemst "6on10ckos-orccymurxog”
8 yumoniazme OGUOKIEMKU

JHepreTuyeckue Npouecchl B uTomiaazme (puc. 8)

KopoTtkozaelcTByromine JlabHOIeMCTBYIOIME
7 -12
N | : = 411072 &
eo=m.E,- P = 10 PN 9, = Qiva, 4m-10

0, 4r’ \/p_4

4m107=u,, rae:

&= 10"/4mc? dapaga/MeTp u
Lo = 41107 Tenpu/merp - co-
OTBETCTBEHHO dJIEKTPUYECKas
Y MarHUTHAs TIOCTOSIHHBIE TIPH
8()LL()C2 =1

410 m= L Ba

o

rac MYHBTI/IHHCTHOCTB
FpaBI/ITaHHOHHOFO
B3aHMOﬂeﬁCTBHH HpI/I'
BOJUT K ITOABJIICHHUIO
BHeKTpOMaFHI/ITHOFO:
110%/c” = ps’eglly.

(41)
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"Ilepexauka" HUTOIUIA3Mbl Yepe3 "BOIOCKU-KTYTHUKU' U3
o0beMa sijpa OMOKIETKH B 00BeM cyOCTpyKTypsl (9+0) mpu-
BOJIUT K TOSBJIEHUIO OCMOTHYECKOTO JAABICHUS, KOTOPOE B 10
pa3 Oosbie OObIYHOTO. D(H(PEKTUBHOCTH SIIEPHBIX B3AUMO-
JIEUCTBUN PACILETUISAECTCA (p41/ 2o p4'1/2). Ho mwmrormiazma oc-
taercst HocuteneM Ilpansl (Q; = -471) u cera (m.E)). Bo3nu-
KaIOT 3JIeKTpuueckas (€)) 1 MarHuTHas (Lly) TOCTOSIHHBIE, KO-
TOpbIE Hallla HayKa OMpe/IeINIa SMIIMPUIECKHA, HO HE TIOHUMA-
€T, OTKyJa OHU OepyTcs. OOBACHIATH OECIIOIE3HO: CaTaHUCTHI
XBaTaKOTCS 38 KUHXKAJ, XUPYPIr'H — 3@ CKAJIbIEIb.

JHansHoAecTByOmMM mporecc (41) oTnuyaeTcss OT KO-
poTKOAEHCTBYIONIETO (41) TOABKO TEM, UTO PACIIEIUISETCS HE
AJIEPHOE, a TPABUTALMOHHOE B3aUMOJICUCTBHUE:

pl1/2 o pl-l/Z = ;.

Takoe paciieruieHre Bie4YeT 3a COOOH MOSBICHHUE JIEK-
TpOMarHuTHOrO mojisi 1 < p32 €ollo. ['paBUTAMOHHBIN HM-
nynsc p*, moctynuBmuil B cyocTpykrypy (9+0) mo Bomocky-
KryTUKY (puc. 8), AenUTCS Ha JBAa MAarHUTHBIX 3apsjia, U W3
o0beMa 1uTOIIa3Mbl CyOCcTpykTyphbl (9+0) BbIpacTaroT 1Ba
HOBBIX BOJIOCKA-)K[YTHKAa JJisi BBIBOJA MAarHUTHOM SHEPruu
(puc. 8). Bo3nukaet cyoctpykrypa (9+2). [Ipoucxoaut MuTo3
kietku. [losBnsgercs 11-neTHSsT MEPUOIUYHOCTH TMOBTOPEHUS
ypoxaiHocTH. B MUKpOTpyOOUYKe MOpPHI siapa OMOKIETKH TO-
apistoTcst 13 cyowenunun (39). OTBepcTre B 1oOJIE sAipa MpuU-
HUMaeT (opMy BOCBMHUTPAaHHHKA TIO YHCITY BOJOCKOB-
KT'YTUKOB, NIEpEKauMBaIOIIMX HuToIuiasmy (puc. 8). Paccros-
HUE MEXIy TNapajUIeIbHBIMA TPaHSIMH BOCBMHUTPaHHUKA Y
KIeTKH aM(pUOMU CTaHOBUTCS paBHBIM 660A [4], uTo >kBHBa-
JeHTHO P5-6:(9+2) xkuBoro (35) B Enqunom Kocmoce. Mare-
pUAJIOM MHUKPOTPYOOUKHU siipa OMOKJIETKA CTAaHOBHUTCS Taly-
JIMH ¢ MoJeKyJsipHbIM BecoM 110000 = (9+2)-10" k.e. [4]. Bcé
COTJIACYETCs, BCE HAMOJHEHO JKU3HBIO.
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16. Domonusa Enunoro Kocmoca B 11€710M, U )KMBOTO B
HEM, CBSI3aHA C IUC-TpaHC-u3oMepuen (35), Hanuuue KOTOpoi
NpeAonpeieNieT HUCXOASAIIUX U BOCXOAAIIMX:

IIpenonpeneneHue nuc-TpaHc-u3oMepuei
HHUCXOISIIIMX ¥ Bocxoastimx (35)

ITepexon Ot uuc- K Ot Tpanc- k| CymMBbI
TpaHC- IHC-

Hexu- KiiBoe Hexu- | O6-| Xu- 42)
BO€E BO€E mast| BOro
Hucxonsauime 36 | 30
Bocxoasmiie 74 | 47
(10+9)- | (8+7+6)- (6+7+8)- | (10+9)-| (74+47)-
PasHocT (2+1)= |(3+4+5)= (5+4+3)=| 2+1)= | (36+30)=

16 9 1 9 16 55.

Hucxongmumu MOXHO cuuTaTh 3apansl (q, W, p), BOCXO-
JSIITIMU — UMITYJIBCHI (q*, W, p™*).
B nameit 6uonornyeckoit JKu3HM HUCXOMSIIIUMHU OyayT

OMOTOKM B CMEPTHOM OMOTKaHU, BOCXOISAIIMMU — OeccMepT-
HbIe UMITYJIbChl Mbicin, [Tamstu u BooOGpaxeHnus.

Astopsl 1 Ctpoutenu Benukon L{uBunmzanuu moa Huc-
XOASIIMM MOHMMAJIN camy Omosiorudeckyr KusHb, a noa
Bocxoasamum — Kuznb nocie (mepea) ZKu3Hu, pa3HocTh 10-
TEHLUAJIOB MEXIY KOTOPBIMH, paBHas 55 (32), 1aét MHOXKeCT-
BEHHOCTh (hOpM MyJibcaluu sijepHoro BemecTra (40, 41).

MapuipyTsl HUCXOASIINX - BOCXO/ISIINAX MMEPECEKAOTCS B
MOJIIX C MOTeHnuamamMu 6 u 5. Jmsi HUCXOASIIIMX BO3HUKAET
Pa3HOCTh MOTEHUUAIOB 6—5 = +1, mig Bocxoasmux 5—6 = -1.
Bo3znukaer skcrpemanbHasi 007gacTh BOJHBI (= 1), win "KoJb-
[0 C eIUHUIICH", TPOXOXKICHUE Yepe3 KOTOPYIO YBEINYHUBACT
J1000¥ UMITYJIBC B TT pa3 U CO3/Ia€T KOHTYP KOJIeOaHUSI MEXITY
BOJIHOM M YacTuliek cBera (44).

PasHOCT MeXay pe30HaHCHO-aHTHPE3OHAHCHBIM TIepe-
X0JIOM B 00JIaCTH MOTEHIUATIOB 5 ¥ 6 GOPMUPYET IMOJIE C TO-
TeHlnasamMu-skBuBaieHTamu (9+10) B HexxuBoM (42):
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+[56—(5+6)]= £19= =(10+9), (43)
rae: 19 — pynaameHTanbHast NOCTOSTHHAS sApa.

Boana u yacTuna csera B ""kojbue ¢ exuaunen"

+1 Hwucxopmsammit

A

1
0=1 -—=log1=0
87 TIBIZ0 | 4a)

"Koublo ¢ equHuLein" -1 Bocxomsimmit

JIF000H IAHEI

B To0 ke BpeMs, B )KMBOM BO3HUKAET OTHOIIEHUE, PABHOE
9:(6 - 5) =9 : 1 1 >KBUBAJIEHTHOE OTHOIIECHUIO MMOBEPXHOCTHU K
o0BeMy J1I000r0 "MUKpO-MaKkpokBaHTa" BeeneHHOM.

XKusoe naxomautcsa B Henpax Hexxuoro (42). UToObl BbI-
KUTh, )KUBOE JIOJXKHO MYJICUPOBATH B PE30HAHCE C HEXKUBBIM.
Ho u ObITHE HEXKXMBOTO TOJKHO OBITH COTJIACOBAHO C YKUBBIM:

I'apmonus xkuBoro-ue;xxuBoro B Equnom Kocmoce (42)

Ot nuc- Ot TpaHc- [Tpu:
K TpaHc- Hepexon K IHC- 16 =Ty, (45)

16:9 = 144 =12 | 6-5=1=(12/12)* | 12*=144=9-6 | 9=(9+0).

OTan4uTeIbHONM 0COOEHHOCTBIO O0JIACTU Tepexoja ¢ Io-
TeHuuasamMu 6 m 5 (42) sBnseTcs HaAUYMe y HHUX CIUHA

N
(S =1/2), TO ecTtp BpalleHUs BOKPYT COOCTBEHHOH OCH.
Bnusinue cninna ckas3piBaeTcs B GOpMUPOBAHUH

T=3=m,c+ eo-uo-cz + E)-c
1 kKod(pdunreHTa cryeHus HEOECHBIX TeJl, paBHOTO 5/2:

65=612=3=1 u 55=51/2=5/. (46)
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DopmyJia OTKPHITUA

1. V3meputenbHO-yNpaBisionias anmaparypa oTJauya-
eTCsl TEM, YTO U3MEPSAIOTCS U YIPABISIOTCS BOJIHOBBIC IMOJIS
(CKOpOCTH B3aUMOJICUCTBUSL M PACIPOCTPAHEHUS KOTOPBIX
0oJIbIIIe CKOPOCTH CBETA), OTHOCSAIIMECS K TOHKUM DHEprusim
Exunoro Kocmoca.

il
2. V3MepuTenbHO-yNpaBIAIONIas annaparypa M Io-
neil TOHKuX DHepruii CBEpXCBETOBBIX CKOPOCTEN OTJINYAETCH
TEM, UYTO U3MEPEHNE U YIPABICHUE MTOTOKaMU ToHKON DHep-
MU IPOBOJUTCS C UCIIOJIB30BAaHUEM KUAKUX CPEJl: BOABIL, pac-

TBOPOB, PacIUIaBOB, PacTBOP-paCILIaB, KOJIOUMAHBIX PACTBO-
POB, MAPOTa30BbIX (a3, KUIKON TIa3MBI.

il
3. U3MepuTenbHO-ynpaBisiomas anmnaparypa cBepxcne-
TOBBIX cKOpocTell TOHKMX DHEpruii 0TJAM4YaeTcsi TEM, YTO U3-
MEPUTENIbHO-PETYIMPYIOLIasl IKajla 3TOW ammaparypsl (op-

MHUPYETCS Ha OCHOBE yrIJia Toyisipu3aiuu (PpoHTa BOJHBI B
JKUJIKOH cpeie.

il
4. 3MepuTenbHO-YIIPaBIIAIONIas anmnaparypa cBEpXcBe-
TOBBIX CKOpocTel TOHKHX DHEpPruil OTJAMYAaeTCsl TEM, YTO Ye-
pe3 KaxAblid U3 YIJIOB MOJIIpU3AlliK, PaBHBIX T/2, annaparypa
Oyzaer (uKkcHpoBaTh YEpEAOBAHUE DHJI0- U IK30TEPMHUECKUX

COCTOHHHfI, da B IPOMCKYTKax MCKIY HHUMHU 0611166 OHIOO0-
9K30TCPMHUICCKOC I10JIC.
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3akn4vyeHue

B moGoii "JHeprernueckoii Touke" Kocmoca mrobas
®opma Hocutens Pazyma Oyzaer ctpeMutcs mo3HaBaTh OKPY-
xaouud mup. B sTtom "ucnbiTanne Kapmoit" — denoBek He
VCKIIFOUCHUE.

JHepreTrnka ¢a3oBbIX IEPexXo10B

3emun 1 BOKpYTr 3eMJun

Ton- T]:,Ief Pac- | Ton-
Kas Kun- A IUIaB, | Kas
Cger | I'a3mr BE-
OHep KOCTh o | TUIa3- DHep
rus H MBI rus
daspl cTBa
Mops,
Mera- | Hoo- | Atmo- | Okea- | JIuto- | Mar- | Henpa
ramak- | cde- | chepa | HBL, | chepa| wMa sanpa
THKa pa |3emum| ..., |3emuu |3eMiu | 3emiH
3emnn
Crpyk- 0 6 12 18 24 30 0
Typa ! 4;)
3
eMJIN P1P2 P1P>
[1,2,4]
T T
* *
* *
] . »
i Honp | "O00 | Boga | 3o0ma, | Bopa, l
P1P2 JI04- Vrine | Koy P1P2
Ka" ne-
Crextp P5 (0+6+12+18+24+30) = 900 = AK - AD.
CBETa
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Kak pebeHok, npexnae Bcero, no3HaéT Matb, Tak U 4elo-
BEK — IIPEXJIE€ BCEro, Mo3Haer Marb-3emito. TO MPOUCXOIU-
JI0O BO BCE B€Ka M BO BceX MOKojeHusx. Hampumep, Apucro-
Teah W BepHanCKuil MpITaTNCh MPUBIICYL K U3YUCHHUIO OKPY-
xaromero mupa Tero, Xonoxa, Bo3nyx (Apucrorens) u Ts-
Kelble MeTaJibl B anpe 3eminu (BepHanackuit), To ecThb mnpu-
BJIEKaNM K aHanu3y (a3oBbiii coctaB BemiecTB. da3oBbIil co-
cTaB xopouo onuckiBatoT "Pycckue Pynsi" [4].

[TpuuemM, dazoBeiit coctaB Mertaranaktuku u Heap Snapa
moObix "cryctkoB" oauHakoB: 370 "Ilentarpammbl B Siine"
[1] c cymmapHbIM "HONB-oTeHIMANOM" (1).

Takas (1) crpykrypa 3HepreTudeckoi cucrems! "Merta-
raiakTika — Henpa Snpa CryctkoB" co3naer B MyJbCHUPYIO-
meM Exunom KocMoce nmoTeHnnan — SKBUBAJIEHT MOJIEKYJISP-
HOro Beca BoAbl (MH,0 = 18) u ckopocTH TpaHChOpMALMH
SHEPTHH MATEepPUH CBETOM, Tak Kak ¢ = 1t = 180° = 180, rue

"Jlakmma BbBIILIA U3 BOABI' U co3aana ’Kusoe:

[pdo+ [pdp ;(9oo+900)
0 30 — =
T B @
i_[(pdgo ig
0

+1800 = +10-180°= £p5s-MH,0 = ps-(c = T).

Kusoe n Equnbiii Kocmoc — B3anmocBszanbl. YacTHbIM
ClydyaeM Takou cBsi3M sBisercs Uemoek Ha 3emuie. Ho Mbl
ATOTO IOKA HE MOHHMMAaeM, a 3eMJS TaKuX ''y3KOroJOBbIX'
cTpsxuBaia u 0yner crpsxuBath ¢ JIuna Xuzuu.
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HpI/I CKOpPOCTH CBETA B KOCMHUYCCKHX BOJIHAX, paBHOﬁ

¢ = 300 terc.xm/c = 3-10"°A/c, (3)

sHepreTrudeckas cucrema Enqunoro Kocmoca (1) mosxker ObITh
npenacrasiieHa B popme (4).

B stom mnone Enunoro Kocmoca (4), otnuuaroniems ot
BCEX paHee MPEeJIOKEHHBIX MapagurM TeM, YTO KaxKJaash MUK-
po-makpokomnonenta Egunoro Kocmoca u Bech Kocmoc B
1[E€JIOM MOBTOPSIOT BCE CBOMCTBA JIPYT JIpyra, C MO3ULIMU dHEP-
TeTHKH, U CBSI3aHbI ¢ pacuupeHuem (moreHmuan 8 = Ty-c/wy,
(puc. 1)) Bcenennoil, uznyuenuem Bo BceneHHoil 3k30- (1Mo-
tenuuan 36 (puc. 1)) u 3ag0- (morennuan 36 (puc. 1)) repmu-
YecKoro Oenoro cBeTa, B3auMOJEUCTBUEM € I(P(HEKTUBHOCTSI-
mu 10* (1).

JHepreTnyeckasi CTPyKTypa
Enunoro Kocmoca (146)

Buxpu ToH- WNHepuuoHHas cucreMa: Buxpu ToH-
Komrio- | kot Dueprun atmocdepa, Boja, KOM DHEprun
HEHTBI Merara- nurocdepa, MarMa Henp SAnpa

JIAKTUKH epexon | Sapo (147) | Tepexox | "CrycTkoB"

Ioten- 110%c= TotE=| ToKi= | Totmea| 1©10%%c= | (4)
muansl | 3:10°-3-10%= | 12/c= | 41800/c’= | 12/c= [3-10-3-10"°5
KOMIIO- 9-10%: 410" | 2410 | 410" | 9-10%%:
menrop | BHE mHepumu | E, =1/c | m.E=1/c* | m, = 1/c |BHe nHEpIUU

OOmumit
noren- | 8:6%10*=9-10%4-10"%-8-107%4-10"%.9-107%,

ouail

[Ipuuem, 3T B3aUMOACHUCTBUS PACIPEACIISAIOTCS 110
TPEXMEPHOMY IIPOCTPAHCTBY U BPEMEHU

1g10* : (4 = x+y+z+10) = (9+2).
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Z
-X

—»> 36

109+2

8
Y <1077 @}109*2 —>Y

109+2

v

= Ly 36

-Z

Puc. 1. Duepecemuueckas cmpykxmypa MuKkpo-maKkpOKOMNOHEHM
u Eounozo Kocmoca 6 yenom

Bo3nukaer cyOGcTpykrypa OuoxieTku npu mutose. Ilo-
sToMy "7KU3Hb — nmepexkuBeT nocaeanuii Atom" [1]. A B s1-
p€ MHEPLUUOHHOM cucTeMbl (4) B MOMEHT MEPEBOIUIONICHUS U3
Kwvsznu B JKuszup nocne JKu3HM BO3HMKAET MArHUTHBIA WM-
nynsc [lamsaru:

Nmnyasce [Tamsaru npu I[lepeBonomennu:
e =14-10"Ac-3-10"*A/c = 42:107A-A.

)

Otu 42 "I'po3nbix boxecrBa Yucroii JlrodBH TBOErO
cepana" u onpenensT, Npoxui Ju Thl JKU3Hb BOCXOASIIIETO
i Hucxoasmero? Pasuosecne ¢ KocMocoM, HIMEIOIINM II0-
TEHIIMaJI B OJIHY MaJbMy, HACTYIIUT B JIyIIE€ TIPU YCIOBUH:

pe  4210°4-4 7

%k o0
. e P4 4. (6)
T-p; T, -clw, 3-10°-8 4

q*

A4

£
q

Oda xpaHuTt Bac, uutatenb,
TBopey — Co3patenb EanHoro Kocmoca!
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