MapamieabHbie BeesieHHbIE

(Pa3mbluieHm )
Hzopv Konopaxos

B paccvinaemoii ungpopmayuu, a marxdce no menesuoenuro 6 Smu  OHU
3a2080punu 0 napaienvbHblx Beenennvix, Ho ¢ no3uyuii cmapot napaouemol.

B konyenyuu Huxonas Buxmoposuua o Hux ckazano oocmamouno uemko. O
HUX makdce pacckazano u 6 ypoke Ne 20 «llapannenvuvie Bcenenmnvie H.B.
Jlesawosa», 20e oOana cxema 63auMOOeUCMBUS U 63AUMOCEA3U NAPALLEIbHBIX
Bcenennvix naweco wecmunyuesuxa. Ho npedxcoe mHydcno pazobpamvcs 6
HEeKOmopbvIX 80NPOCAX, KOMopbvle 00bIYHO ONYCKAIOM, K020d 3A8005IM pelb O CUHMmMe3e
nianem u3 cemu NnepeUdHbIX Mamepuil, 2pasumayui, 0 Hauel 80I0YulU 68 npeoenax
wecmuay4eeuka u m.o.

Wrak, u3 xonunenumu H. B. JlepamoBa wu3BecTHO, 4TO Hallla IuUlaHETa ObliIa
cCUHTe3upoBaHa u3 cemu nepBuuHbIXx Matepuid (IIM) ¢ oOpazoBanuem mectu cdep,
OTIUYAIONINXCS TI0 COCTaBy JPYr OT Apyra oaHou marepuei. IlepBas dusmyecku
TUI0THas cepa B KOHIEMIIUUA XaTbIOOBA MPECTABISIETCS KaK HHEPIIMOHHAS MaTepus,
ocTalbHbIe — KaK HemHepIroHHbIe. [locie popMupoBaHus MIaHETHI U «JTUKBHUIAIINI
HEOJHOPOJHOCTH, KOTOpasi o0pa3oBajiach IIOCJI€ B3pbIBa 3BE3/bl, IEPBUYHBIC
MaTepuu, KOTOPBIX OFPOMHOE MHOKECTBO B KOCMOCE, CIIOKOMHO MPOXOJAT CKBO3b
3emiIt0, HUKaK HE B3auMOJAEHCTBYs ¢ Hell. M Tonpko onHa — MmaTepusi G, KOTOpoii
HET BO BTOpOW — ImecToil cdepax, B3auMojeiicTBYeT ¢ (PU3HYECKH IJIOTHOM
cepoii, coznaBas 3QheKT napyCHOCTH WU rpaBuTanuio. OUYeBHIHO HACEKOMBIE U
KYKH «HAydYWIUCh» B IIpolecce »ABOJoUUM ynpaBisate wmatepueid G. Ilpu
OJIOKUPOBKE ATOW MAaTepUU MOXKHO co37aTh dddexT anturpaButanuu. Ha Ddupuom
U JIPyTUX ypOBHAX rpaBuTanuu HeT. Matepus G B cocTaBe (pU3MYECKU TUIOTHOM
MaTepuu U SBISETCS «TOPMO30M» I TPOXOXKIEHUS CBOOOMHBIX IMOTOKOB ATOM
MaTepuu yepe3 (Pu3ndecKr MIOTHOE BEMIECTRO.

[Tpu opmMupoBaHUM IIAHET MPOUCXOIUT CTPYKTYpH3AIMs MPOCTPAHCTBA U
MaTepuy TO BCEMY JWAala3oHy 4YacTOT, KOTOphle KBaHTOBaHbL. Ha ¢usmaeckom
IJIOTHOM YPOBHE TMPOUCXOJMT BBIMNAJACHUE B OCAJ0K IJIOTHOM MaTepuu, T.e.
o0pa3oBaHME MHEPLIUOHHONW Macchl HA HU3KHX OKTaBax. Ha ocTalbHBIX ypOBHSX, Ha
BBICOKMX YacToTax (OkTaBax) (OpMHUPYETCS HEUMHEPIMOHHAs Macca (OTIEeYaTKH
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(¢u3nUecKu IUIOTHBIX OOpa30BaHMU — AaTOMOB, MOJIEKYJ M T.N.), IPU 3TOM CaMmble
BBICOKHE OKTaBbl (JOPMUPYIOT MEHTAJIbHBIN YPOBEHbD.

Camu cdepbl B COBOKYMHOCTH (MHpOSBISisA CUCTeMHBIM 3(dekT) o00pa3yror
nepBuuHylo (npupoanyro) Cucremy VYopasnenus 3emun (CVY3), kortopas
OTBETCTBEHHA INIPU OINpPEACJICHHbIX YCJOBHSIX 3a 3apoKJIeHue Ku3Hu. EE
3¢ ()EKTUBHOCTH MOKHO MOBBICUTD, 3HAs 3aKOHBI 3BOJIOLMA MATEPUH, UYTO U Jeiallu
T€, KTO CTaBWJI SKCIIEpUMEHT Ha Hameld Munarapa-3emine. He cinyyaliHO Hamy npeaku
nomectiiii Mcrounuk JKusHu B Henpax 3eMiud, 4TOObl MaKCUMalIbHO YMEHBLIUTH
BO3/IelicTBUE Houel CBapora Ha 4eIOBEYECKHE CYIIHOCTH, T.€. YTOObl YMEHBUIUTH
HBOJIIOIIMOHHBINA MEPEKOC JKUBYIUX B 3TO BpeMsi Ha 3emiie JItojiel, 0COOCHHO Mociie
3aBOeBaHUSA 3eMiIM 30paMHu. ODTUM MOXKHO OOBSICHHUTH IIOJIETHI Ha 3Be3/0JeTax
Hacrenpkn 1500 netr ToMy Hazaj, Korma »d0pel  yXKe TPOBOJUINA CBOH
AHTUYETIOBEYECKUE HKCIIEPUMEHTHI IO CO3/JaHMI0 HYXXHO KM THUIA YeJOBEKa C
COOTBETCTBYIOIIMM T'€HOTUIIOM Mo3ra. M, BUIUMO He ClIy4yallHO BBIXOJ MCTOYHHMKA
«HApYXy» MEHSJICA, YTO HE MO3BOJIMIO BparaMm 3aBJiaJIeTh UM B TIEPHOJ] YIIpaBICHUS
3emneit a0pamu. Ha tepputopuu Paccenun BiausHHE 30pOoB OBUIO 3HAYUTEIHHO
HUXe, KoJib TaM Haxouics Mctounuk JKU3HU U OCTaBaldlCh BOJIXBHI.

Xatpi0oB A.M. Oomee aetanpbHO onucan CY3, ynpapisiomeid BceMH
npoiieccamMu Ha 3emuie. UTo MPOU30IIUIO MOTOM, Korjia cBoto CY3 ycraHOBHIM 30pHI,
3TOT Bompoc xoportio onucad B OPY u y A. XatsiOoBa.

Jlanee, coriiacHO 3aKOHa COXpaHEHHsl 3Hepruu, notoku I[IM ycTtpemeHbl Mo
nepenaay MepHOCTH, T.€. OT OOJIBIIIEH MEPHOCTH K MEHBIIIECH, T.€. K IICHTPaM IUIaHET
¥ OT HHUX K IIeHTpaiabHOM 3Be3ne — CosHIy | jnanee K BeenenHol, 00pa3oBaHHOM U3 6
TUIIOB TIEPBUYHBIX MaTepuid, 00pa3ys HSHEPreTHUYECKHUE TI'PaBUTAIIMOHHBIC TPYOKH
cBs3u. IIpu stom nipupognas CY3 siBjsieTcsi TeM TPaAaBUTO-IJIEKTPO-MATHUTHBIM
resepaTopom, 06e3 KOTOPOTO HE MOXET CYIIECTBOBAaTh KU3Hb BHE 3eMiu. B
(du3nUecKu MIOTHOM TeJI€ MBI CBOSH «ITyIIOBUHOM» MpuBsi3anbl K 3emiie, e€ CY3, BoT
[MOYeEMY INPU HAIIEM »JKEJaHWM JOCTUYb, Hampumep, Mapca Ha COBpPEMEHHOM
KOCMHUYECKOM Kopabiie, MBI Ty/la MPUOYyJIeM HeaHIepTAIbIIaMH WM, KaK OH THIIIET,
«KyYel IecKa», T.K. TaM YEJIOBEK BBIMJIET W3-MOJ KOHTPOJS TPaBUTO-MAarHUTO-
ANEKTPUUYECKOTO T€HEepaTopa, KOUM M SIBISIETCS 3€MJIsl CO BCEM CBOMMH UIECTHIO
chepamu. ITo e1re pa3 MOATBEPKAACT BEPHOCTH IBYX KoHIenuui (JIepamosa H.B. u
Xatbi00Ba A.M.) U UX B3aUMOJIONOJIHAEMOCTb.

N3 konnermmu A.M.XaTpi00Ba M3BECTHO TaKK€ M TO, UTO MO3T YeEJIOBEKA —
CJIOKHBIM KOMIUIEKC, KOTOPBIM YIIPaBISECT KaXXIOW KIETKOM Tena, yIpaBlICHUE
OCYIIECTBIIAECTCS 2PABUMO-MAHUMO=2]IEKIMPUUECKUMU UMNYTbCAMU, MAaTHAUTHBIMU



UMITyJIbCAMHM,  CTPOTO  KBAaHTOBAaHHbIMM  MAarHUTHBIMH U 3JIEKTPUYECKUMU
MOTEHIMAJIAMU. Y IPABICHUE MO3IOM OCYIIECTBIISIETCS U3 OpY2020 NpOCMPAHCMEd.
[Ipu HapylIEeHUH CBSI3U C MO3TOM YEJIOBEK YMUPAET.

He cymectByer nHa 3emiie, kak mnumer A.M.XaTteiO0B, — KakoW-11M00
ABTOHOMHOM CHUCTEeMbl (€CIM OHa HE HMEET COOCTBEHHOTO TpPaBUTO-MarHUTO-
aNeKTpuyeckoro reHeparopa). Kaxaplii OMO0OBEKT Ha 3emiie MPU  POKICHUU
MOJTy4yaeT COOCTBEHHYIO CUCTEMY >KM3HEOOECIeueHus, paccuuTaHHyo Ha 124 roga
pabotel Mosra. [lpum yTepe cBsi3u Mo3ra ¢ opraHamu (Hampumep, CHUCTEMOMU

nepuKapia),  MO3T  OCTaHaBIMBAET
\L =3,00017 |
cepaLe.
JIro6oe JIBUKEHHE, Kak
yTBepkaaeT XareiboB A.M., — 3710

CYHEpIO3UIMsI YacTOT, CO3JaBacMbIX
JBW)KUTEIIEM U Cpeaou ABMKeHUs. [l
TAKOrO JIBDKEHHMSI HEOoOXOIUMO He
3\’*399 TOJIBKO UMETh I'paBUTO-MarHuTO-

MeHTanbHoe

/ = e et ANICKTPUYECKHUI reHepaTop Ha 6opty (Y

AcTtpancHoe =

Teno “-;\7>A8C$/uﬁp.,m,mm YCJIOBCKa OTO — XXHBasd KHCTKa), HO U
= ] N chepa

| Smpnoe enocce 3HaTh OCOOEHHOCTU MOCTPOCHUS CPEIbl

JABHUOXKCHUA. O‘IGBH,I[HO, 30C€Ch KpPOCTCA

- - - OTBET — KakHe <(CKeJIe3Hble XJjieda
Puc. 14.1. CBA3b TOHKMX TEM CYWHOCTH CO chepamu 3emnu

nu3rojioaajia» Hactenbka Ha IIyTH K

SAcunomy Coxkomny...

[Touemy UMEHHO XuBast KJIeTKa?

BcnomanM, kak kiaeTka cBa3ana ¢ CY3 3emun.

Ona mMMeeT HECKOJBKO TeN (IUIsi Pa3BUTOTO OpraHus3Ma): »UpHOE TEIO0 — U3
OJIHOM mepBUYHON Matepuu G, actpaibHOE
—u3 18yX — G u E, mepBoe MeHTanbpHOE U U3

tpex — E, F u G, BTOpOoe MeHTasibHOE — U3
yeteipex D, E, F, G, TpeTbe MeHTanbHOE -
w3 matu — C, D, E, F, G u gerBeproe
menTtanbHOe — u3 mectu — B, C, D, E, F, G,
o0pa3yromux cucTeMy (hpu3ndecKd TIOTHOU
KJIETKA M TIECTh TOHKUX TEJ, a BCE BMECTE

00pa3yloT OJHy CHUCTEMY — CYIIHOCTh. [Ipu
Puc. 1.01. WecTk chep nnaHetsl 3emns g || JTOM KaXaad KICTKA o0pa3yeT 3allUTHYIO
auanasoxe mepHocty 3.00017- 2.87890. 000I04Ky, a BCE€ BMECTE — 3aLIUTHYIO
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000JIOYKY BCEro OpraHu3Ma.

A panee paccMOTpUM Hally IUIAHETY C MO3MLOMM JByX KoHuenuui: H.B.
JleBamoBa u A.M. XaTpi00Ba U NpeACTaBUM UX B OJHOU cxeme (cM. ypok 18, puc.
18.10). Kak u3BectHo u3 konuenuuu JleBamosa H.B., Hamra mranera uMeeT IIECTh
chep, SBIAIOMUMUCS  00S3aTENBHBIMU  JJIi  JIOOOT0  (PU3HMYECKU-TUIOTHOTO
oOpa3zoBaHus B mnpezenax Hamed Bcenennoil (cm. ypokx Ne 20). Bce mects chep
«BMEIIAIOTCS» B UHTEpBajge MepHocth AA = 0.12127. B »31OoT X€ HHTEpBaAI
BMEILAIOTCA U BCE OKTaBbl, yka3aHHble Ha puc. 18.10. AHanornyHo MOKHO CKa3aTh U
Mpo Jpyrue MeTaBCEJICHHbIE, cocTosAlmMe U3 apyroro Hadopa [IM u umeromue cBou
3BE3/IHBIC U MJIAHETHBIE CUCTEMBI.

A Tenepb pacCMOTPHUM MapajlielibHble BCEJIEHHbIE, 00pa30BaHHbIEC B pe3ysbTaTe
cuHTe3a 14 TUMOB MEPBUYHBIX MaTEpPUN B Pa3IUYHBIX KOMOMHAIIUAX U COUYETAHUSX,
MOCJIEIOBATEILHO 00pa3ymoIIUX CYHNEPIPOCTPAHCTBA OT IEPBOIO — JI0 HIECTOrO
MOpsIAKA, a 3aTEM U CaMH JIy4H miectuiydeBuka (puc. 20.6. mo3. 2-13).

Okragbl

_‘CY 3emnu

Mepsu4HbIe MaTepuu

|
,‘ BbICOKOOPraHn3oBaHHan
1024 nnasma
2 ‘ i —
]

_____ Artmocdepa

~—__ Buocdepa

>~ Coumym

~._TexHoccepa

. 3demns

Puc. 18.10. YcnoBHaa cxema pacnpegerneHus oKTaB No YpOBHAM OpraHu3auun matepum

3BOJ'IIOHI/I$I 9TOTIO mImpouccca IMpUuBOJAUT K ITOCICAOBATCIIBHOMY 06pa303aHn}0

BJIOJIb OO OCU CUCTEM MeTaBcelIeHHBIX (1103. 2-13, cm. puc. 20.6.) B ypoke N2 17
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MOKa3aHO, 4YTO M MaKpPOKOCMOC IOJYMHSIETCS 3aKOHaM TapMOHHUHU, T.€. 3aKOHaM
30JI0TOrO CEYEHHUs, IIOITOMY IPOCTPAHCTBA-BCEJIEHHbIE, 00pa30BaHHbIE U3 9 THUIIOB
NEPBUYHBIX MAaTEPHil, ABIAIOTCA HamOoJjee ycToluuBbIMU B boibpmiom kocmoce. A
CaMbIMU HeyCmOouuueblMu SBISIOTCS NIPOCTPAHCTBA-BCEICHHBIE, CUHTE3MPOBaHHbIE
u3 2-4 wmarepuil. Ha koHmax oOpa3oBaHHOIO «JIyda» oOpa3yloTcs 30HbI, TIJi€
HEBO3MOXHO CJIUSHUE MaTepuil U oOpa3oBaHUE MeTaBCelIeHHOW. B 3Toll 30He
BO3HUKAET «IPOJABIMBAHUE)» HAIIEr0 MATPUYHOI'O MPOCTPAHCTBA, U BO3HUKAIOT
30HbI CMBIKaHHS C IPYTUM MAaTPUYHBIM [IPOCTPAHCTBOM.

Ha puc. 20.6. Ha rOpU30HTaJIBbHOM OCH MNPEACTABIEHBl 14 TUNOB NEPBUYHBIX
Marepuii, a Ha BEPTUKAJIbHOM OCHM  yKa3aHbl MEpPHOCTH IPOCTPAHCTB,
CUHTE3UpPOBaHHBIX M3 2-14 TUMOB MaTepuii; Ha MpaBOd BEPTUKAIBHOW OCHU
MPEACTaBIEH COCTaB TMEpPBUYHBIX MaTepuil, U3 KOTOPHIX CHHTE3UPOBAHBI

N - yucno NepBUYHbIX W Kom6uHauum u3 couetanum 14
Marepuil, yHacTeylowmx 8 i NepBUYHBLIX MaTepui B nyye
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\ METABCENEHHASA U3 CEMW NPOCTPAHCTB-BCENEHHbIX
METABCE/NEHHARA U3 U3 TPEX NPOCTPAHCTB-BCENEHHbIX
METABCENEHHAS U3 OJHOrO NPOCTPAHCTBA-BCENEHHOWN
Puc. 20.6. [apannencHsie BecenexHble
1-14 - Me obpa. B pelynbrarte cuHTesa 1-14 THNOB NepBHYHbIX
MaTepuil;  crynenu 7-14 - BOCXOXAEHWE No "30M0ToMy nyTi"; 1-14 - B nyye
wecTuny - MeT: o6pa3loBaHHbie B pesynbrare canaHna 1-14
TUNOB NEPBUYHBIX MaTepyil B Pa3NNYHbIX KOMGHHAUWUAX W COYeTaHWsX.

MeTaBceleHHble 2-13, Bblllle «CTyMeHel 30JI0TOro MyTW» MPEACTaBICHBI Tella
CYITHOCTH Pa3yMHBIX CYIIECTB, KOTOPbIE MOTYT OBITh HA COOTBETCTBYIOIIUX JTa)Kax
MeTaBceleHHbIX. s J11000ro MpOCTpaHCTBa—BCEICHHOM, CHHTE3UPOBAHHOW U3
M000ro KOJMYECTBa THUIIOB TMEPBUYHBIX MaTtepuil B Juamna3oHe 2-14, MOXHO
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NPOCIEAUTh MPOIECC CHUHTE3a (PU3MYECKH IUIOTHOTO OOpa3OBaHMs, HalpuMep,
IJTAHETHI. DTOT MPOLECC MPOUCXOIUT MOITAMHO, MPOXO/s BCE KBAHTOBAHHBIE YPOBHU
CHUHTE3a, BIUIOTh JO MWCIOJIb30BAHUS MAKCUMAJIBHO BO3MOKHOIO KOJWUYECTBA
MaTepuil NpH JaHHOM MEpPHOCTH MJi1 JaHHOro oOpas3oBanus. Hampumep, npu
o0pa30BaHMU IJIAHETHl U3 CEMHU THUIIOB MEPBUYHBIX MaTEpUil, BHAYalle CIMUBAIOTCS
BOEJIMHO JIBE, 3aT€M TPU W T.A. TUMOB MaTtepuil (ruOpuausaius): MOHO+MOHO - Ou-
MOJIU-CJIOKHBIE CHUCTEMBI — BBIPOXKJAECHHE B (DU3MYECKU IUIOTHYIO cuctemy. llpu
CJAMAHMYU 6 THIIOB MaTepuiil (Harpumep, odpa3oBaHue I(PUpPHOii cepbl MIaHETHI
3emuist), cocTaB M MEPHOCTb MOJIYYEHHOTO 00pa3oBaHUs OyAyT IKBMBAJIEHTHBI
¢puznyecku mnI0THOMY oOpa3oBaHMI0 (TUIaHETE€) HA YpPOBHE MPOCTPAHCTBA-
BCEJICHHOW W3 IIECTH THUIIOB MaTepuil. A (pu3N4YecKH IUVIOTHOe 00pa3oBaHHe M3
ceMH THIIOB MaTepuii, OyJeT >KBHBaJeHTHO 3(upHOH cdepe 00pa3oBaHus B
IPOCTPAHCTBE-BCEJIICHHOW M3 BOCBMH THNOB Martepuii. I Tak nanee, BIUIOTH 10
cuHTe3a (U3MYECKH TJIOTHOro oOpa3oBaHusa u3 14 tunoB matepuii. MHaue rosops,
Mbl MUMEEM BO3MOXHOCTb JBUTATHCS MO «30JI0TOMY IyTH», HauMHas C CEAbMOM
«ctyneHbku». OaHako 30pbl, 3arHaB HAC B KOJECO PEUMHKApHALIUM, HE J1aBajid
BO3MOYKHOCTb JIBUTATHCA M0 «30JI0TOMY IyTH». Takum 00pa3omM, Ha pUCYHKE MOKHO
BUJIETh CBOEOOpA3HYIO JIECTHMIY BOCXOXAEHHUS OT «0a30BOro» YpoBHA K Ooiee
BBICOKOMY, T.€. MMEIOIIeMY Oojiee BBICOKHI YypOBEHb OpraHu3allud MaTepuu, a
3HAYUT U OKTaB.

IlapaienbHbIX BeeneHHBIX MHOXKECTBO M, UCXOJS U3 TOrO, 4TO BCeleHHBIX ¢
OJIMHAKOBOM MEPHOCTHIO, IIOJYYEHHBIX B PE3y/bTaTe CUHTE3a KOMOMHAIUI TOTO XKe
4yycia MEPBUYHBIX MAaTEPUM, TaK)KE€ MHOXKECTBO. I, ecinu mogHuUMaTbCs € MEPBBIX
CTyIIEHEH BBEpX, TO MOKHO OOPAaTUTh BHUMAHUE Ha TO, YTO 3apOXKIACHUE «OyAyLIeii»
s Hac UWHGOpMAUM U TPSIAYIIMX W3MEHEHHUH 3aKia/JbIlBaeTCsi Ha BTOPOM
cTyneHbke. He HCKII0YeHo, 4TO NOJKHBI CyIECTBOBATh MapajljieiabHble BeeneHHble
aHAJIOTMYHEIC HAIICH, M.0. JJake JBOMHUKU.

Ilpooonsicenue cnedyem...

14.02.2016 r.



