I'1aBa 4.
HA IIYTU K HOBBIM 3HAHUSIM

4.1. TUNNOTE3bI U PASMBbIIIJIEHUSA O HOBBIX
SHAHUAX

Komaii riyoxe...

Ectpb Takoit anekmor. Ckauer 1mo mpepuu KOBOOH Ha KOHE M BIPYT €My €ro
BHYTPEHHUI T0JOC TOBOPUT: OCTaHOBUCH, KOBOOH, 3/1e€Ch 3070T0. OCTaHOBUIICS
KOBOOM, Clie3 ¢ KOHSI, U BUAUT, UTO 30J10Ta HET. A BHYTPEHHUI TOJIOC HAILIETITHIBACT
eMy: BO3bMH JIONATy U Konai. B3sm nomaty koBOOM U cTan konatk. Beikonan siMy
TJIyOMHOM ¢ METp, CMOTPHT, a 30JI0Ta HET.

- Konaii rmy0xe, mojcka3piBaeT eMy BHYTpEHHUH rosnoc. Bot yxxe koBOoi
NOTPY3WJICS Ha TIIyOMHY B JBa, @ MOTOM M B TpU MeTpa. A 30J0Ta BCE HET.
ITocMOTpen OH BBEpPX M CIPAIIMBAECT BHYTPEHHUM IOJIOC: @ KaK S OTCIOAA TENEphb
BBIOEPYCH?

- A 4epT ero 3Haer, - OTBETUJI EMY BHYTPEHHUH T'OJIOC U UCYES3. ..

Tak u npu NOMCKE HOBBIX UJIEN CIIEIYET CAEAUTH 3a «TIIYOMHOI MOTPYKEHNUS,
4TOOBI HE 3aKONAThCs U 3HATDH ITyTH BBIXOAA U3 TYNHKA.
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4.2. O MATEPUH G

(Pa3MbIlLIeHUS )

[TepBoe BHeapenue konuenuuu H. JleBamoBa yxe npouuio 4epe3 ero KHUrH,
CTaThl U HOBBIE TEXHOJIOTHHU, KOTOpble paboTatoT. Ho mokeT OBbITH elle OJHO
BHEJIPEHUE — TMOATBEP)KIEHUE UJEU O TOM, YTO (PU3UYECKH TUIOTHOE BEIECTBO
COCTOUT U3 CHUHTE3a CEMU MEPBUYHBIX MATEPUH, IPH ITOM €CTh OJ[HA U3 X, KOTOpas
UTPAET CYIIECTBEHHYIO POJb B 00pa3oBaHUU (PU3HUECKH IJIOTHOW Marepuu. Peun
uzaer o matepun G, KOTOpas 3aBepIIaeT MPOLECC CUHTE3a THOPUAHON MaTepHH U,
KOTOpasi €CTh TOJBKO B (PU3UYECKH IJIOTHOM COCTABIAIONMICH TJIAHETHI, TTOSTOMY

MMEHHO OHa JOJDKHA OBITh OT3bIBUMBA Ha

matepuio G.

Kak w3BectHo wu3 konnenuuu H.B.
JleammoBa, nocie (GpopMUPOBaHUS IUIAHETHI U
IMKBUJALIMN»  HEOJHOPOJHOCTH, KOTOpas
oOpa3oBajach  MOCJI€  B3pbIBA  3BE3[IHI,
MepBUYHbIE MaTepuu (KOTOPBIX OTPOMHOE
MHOKECTBO B KOCMOCE), CIOKONHO MPOXOAST
CKBO3b 3€MJII0, HUKAK HE B3aMMOJICHCTBYS C
Hel. U tonbko ogHa — marepusi G, KoTOpoi

HET BO BTOpOM - mecto  cdepax,

B3auMoJeiicTByeT ¢ (QU3MYECKH IJIOTHOM

cepoii (T.K. B HEl eCTh KOMIIOHEHTHI MaTepun G, MyCTh U B CHHTE3UPOBAHHOM C
JpPYTUMU MaTepusiMU BUZE) co3AaBas 3(PQPeKkT mapyCHOCTH WJIH TPABHTALMIO.
O4eBUIHO HACEKOMBIE U KYKU «HAYYUIIMChY» B MPOLECCE SBOIIOLUUU YHPABIATH
marepueit G. Ilpu OIOKMpPOBKE OTOM MaTEepUM MOXKHO co37aTh ADPexT
anTurpasuTauud. Ha DgupHom u apyrux ypoBHsX rpaButanuu HeT. Marepust G B
cocraBe (PU3NYECKU IUIOTHON MATEPUH U SIBISIETCS «TOPMO30M» «(OT3bIBUMBA» Ha
«auctyo» mareputo G) M1 MPOXOXKICHUS] CBOOOTHBIX IMOTOKOB JTOM MaTepuu
yepe3 (pU3NUecKH MI0THOE BEIECTBO.

Matepuss G, kak u JApyrue, MNPEACTaBISIET COO0OW SIEKTPOMATHUTHBIC
kosnebanus (Jlesamor H.B. Heognoponna Bcenennas. Apxanrensck, 2006. — c.
150.) cooTBeTcTByIOImIME CHOEKTPY 3HA4YeHUN KodhduimenTa KBaHTOBaHUS
MIPOCTPAHCTBA i, T.€. KOJIOaHUs OIpeIeJICHHON YacTOThI UM OKTaBbl. Hampumep,
KECTKOE - PEHTIE€HOBCKOE M3JIyYEHUE A0 TaMMa U3JydeHus: uMeroT ot 54,375 no
60-it oxTaBbL, T.e. 3T0 dactora ~ 10'°-10% ', ConHeunslii cBeT — 48 okTaBa WM
10T,

Kak u3BectHo 3 koHuenuuu A.M. Xarpi00Ba, uM3y4aTb MaTepHIO
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clenyerT B cleAylollell MOCIeI0BATEJbLHOCTH, 4YTO0bI Cc()OPMHUPOBATH
npaBujibHOe MHPOBO33peHue: «CTporo opraHu3oBaHHasi IazMa —
MaTepHajibHble CTPYKTYpPbI (razoo0pasHoe — KHAKOe — TBEpPAOE Tel0). TO
eCTh mociieoBareabHoCTh okTaB ((128) — (126 — 74)— (72 — 66)) — (64) — (62 —
34) — (32 -28) — (24 - 26) — (22 — 16). Ecitu psix OKTaB NMEPEBECTH B OOBITHBIC
4aCTOTHI, TO IIOIYYUM ClIemyromuii cruextp: 1038 —10° ',

PeHTreHOBCKMiI y4acTOK CHEKTpa COCEICTBYET C YIbTPauOIECTOBBIM.
YacTOTHI PEHTIEHOBCKUX M3IydeHMI nexar B npegenax oT 6210%° no 3+10%° repu,
YTO COOTBETCTBYET BoTHaM OT 493 1o 0,1 anrcrpema.

Xatp1i00B A.M. numet: «PaccmorpuM crienyromuii psig okras: 7, 9, 11, 13,
15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 44, 45, 46, 47, 49, 51, 53,
55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77, 79, 81, 83, 85, 87, 89, 91, 93,
95,97,99,101,103,105,107,109,111,113,115,117,119,121,123,125,127.

OxkraBa 7 (310 ~ 10? 'y — M.M.) - 3TO HWKHMI IIpeel CYILEeCTBOBAHHUS
CTPYKTYp Ha 3emJie, TP CHUKEHUU YaCTOThI XOTs Obl HAa COTBIE JOJIA MPOLEHTA B
CTPYKTypaxX C OKTaBOM 7 BO3HHMKAIOT MH(Pa3BYKOBBIE BOJIHBI, pa3pylIAIOIIUE B
IIEPBYIO ouepenb MO3r. Bech mepBbld M BTOPOM psAAbpl AOCTynHbI CHcremam
Vnpaenenusi, 63 okrasa (~10'° T'm)- 5To NpuBBIUHEIA BceM aroMm, TabiMIa
MenaeneeBa U BCE, UTO U3BECTHO COBPEMEHHOM Hayke. TpeTuil psij HE JOCTYIICH
Apromaram CucreM VYIpaBlieHHs, XOTS OTHOCUTENbHO 127 oxrabl (~103% I'm)
MOCTPOEHO MPOCTPAaHCTBO W Bpemsi. Ocoboe oTHomieHue - K 3 psanmy. 3mech
HaxXOJATCA BCE MEHTAJIbHBIE W AacTPaJbHbIE IIOJI, OTMEYEHHbIE CIa0bIMU U
CWJIbHBIMH BO3JCHCTBUSMU U HEM3BECTHBIE IO CBOEH MpHUpOE. Y CTaHOBIIEHO, UYTO
BCE CTPYKTYpbl Ha 3eMJie MMEIT CTPOryl0 HepapXxHio, 0OCOOEHHO B aTOMapHOM
MOCTPOEHUMY.

Urak, Matepuss G, Kak 2JIEKTPOMarHMTHOE BOJHA, JOJDKHA UMETh OKTABBI
4yTh BBIIIE OKTAaBBI TBEPIOrO BEINECTBA, T.¢. 16-32., T.e. 21° - 232 = 10°-10%°. Droii
YaCTOTON MPH ONpeIeeHHBIX YCIOBUAX MOXKHO PaspylIUTh (GU3MYECKH MIOTHOE
BEIECTBO WM OJOKUPOBATh BCTPEUHBI IIOTOK JUISl CO3JaHUS COCTOSHMS
HEBECOMOCTH.

To, uro umenHo wmatepusi G OTBETCTBEHHAa 3a AaHTUTPABUTALIMOHHBIC
s dexThl, monbITaeMCcA MOKa3aTh 3TO, UCTONb3Ys onbIT ' pedennukona B.C. ¢ ero
JeTarouie miaTpopmMon.

On otkpbut 3¢ dext nomoctubix cTpykTyp (DIIC), KOTOPHIN OduLHaTbHAS
HayKa He IpHU3Haia.

Bort uTto on numier B cBoel KHUTE «llonér»: «OTTANKUBAsACH» OT MUYETHHBIX
THE3[, I HaTBOPWJI HECKOJIBKO JIECATKOB MCKYCCTBEHHBIX «COTOB» M3 IJIACTHKA,
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Oymaru, Metasia, IepeBa, U 0Ka3ajoch, UTO MPUYMHA BCeX 3TUX HeNPHUBBIYHBIX
OLIYIIEHUWII — HHUKaKkoe He «Ouomose», a pasMmepbl, ¢opma, KOJIN4YeCTBO,
B3aMMOPACIIOJI0KEeHHE M0JI0CTel, 00pa30BAHHBIX JIIOOBIMHU TBEPABIMHU TEJIAMH.
W no-mpexHeMy OpraHu3M 3TO YyBCTBOBajJ, a NpuOOpsl «Momuanw». Ha3paB
HAXOAKY 3(ppexTom moaocTHbIX cTPYKTYp — IIIC, 1 ycriieHHO npoaoipKan u
pazHooOpaswi onbIThl, W Ilpupoma mnpopomkana packpelBaTb MHE CBOU
COKPOBEHHbBIC TallHBI OJHY 3a Jpyrou... Okazanock, 4To B 30HE aercTtBus IIIC
3aMETHO YTHETAETCs pa3BUTHE CAPOPUTHBIX TOUYBEHHBIX OAKTEPUH, TPOACGKEBBIX U
UHBIX TpUOKOB, MpPOpAacCTaHUE 3€pEH MIIEHUIbl, MEHSIETCS IOBEACHUE
MUKPOCKOIIUYECKUX TOABMXKHBIX  BOJOpOCIEH  XJaMHIOMOHA[, TOSBISAETCS
CBEYEHHUE JINYMHOK UEI-IMCTOPE30B, @ B3POCIbIE MMUENBI B 3TOM I10JI€ BEAYT CeOs
HAaMHOT'O aKTUBHEE, U pa0dOTY IO OMBUICHUIO PACTEHUI 3aKaHUYMBAIOT HA JABE HEJIEIU
panbie. Okaszanoce, uto IIIC HuYemM He IKpaHUpyeTcsi, MOJA00HO rPABUTALINH,
JelCTBYS HA )KUBOE CKBO3b CTEHbI, TOJCTBIN MeTaJL1, APyrue nperpaab» [lanee
OH nueT: «OKa3zanochk, 4YTO €CIU NEPEMECTUTH SYEUCTHIN IPEIMET Ha HOBOE MECTO,
To uenoBek omytutr IIIC He cpazy, a uyepes

HECKOJIBKO CEKYH]l WJIM MHUHYT, B MPEKHEM KE
MECTE€ OCTAETCS «CHEH», WIH, KaK S €ro UIyTs
Ha3Bad, «(paHTOM», OIIYTUMBIA PYKOIO 4Yepe3
JECATKH MUHYT, a TO ¥ CIycTs Mecalbl. OKa3anocs,
yT0 noJie JI1C yObIBaeT OT COTOB HE paBHOMEPHO, a
OKpPYXaeT X LeJIOH CUCTeMOl HEeBUAMMBIX, HO
WHOT/IA OYe€Hb YeTKO OLIYTHMbLIX «000J10YeK»
(Bo3MOXKHO  3TO  O0OBEMHas  JU(PPAKIHOHHAS
KapTHHA TOCJE PacUICIJIEHUs MOTOKAa MaTepUu Ha
KBAHTOBAHHBIC COCTaBJIAIOIINEC — N.M.).
Oxkazanoch, 4TO KUBOTHBIE (O€IIbIE MBILLIN) U JIIO]IH,
MOMABIINE B 30HY AEUCTBUS Aaxe cuiibHOro JIIC,

yepe3 HEKOTOpPOE€ BpEeMs IMPUBBIKAIOT K HEMY,
aganTtupytorcs. MHade u ObITH HE MOXET: HAC BE/b
MOBCIOJTY OKPY>KalOT MHOTOYHCIICHHBIE OOJIBIIINE U
MaJIbI€ TIOJIOCTH, PEUIETKH, KJIETKU — YKHUBBIX U
MEpPTBBIX pacTeHUW (@ W HAmM COOCTBEHHBIE

Mnatdopma NpebeHHukoBa B.C.

KJIETKH), My3bIPbKH BCSIKHX ITOPOJIOHOB,

MEHOIIACTOB, TIEHOOETOHOB, CaMHM KOMHATBI, KOPUIOPBI, 3aJibl, KpPOBIIH,
POCTPAHCTBA MEXAY ACTAISIMU MYJIbTOB, MPUOOPOB, MALIUH, MEXY JECPEBbIMU,
Mmebenblo, 3gaHus M. OKa3anoch, 4To «cToa0» uin «iryu» I1IC cunpHee neicTByer
Ha JKUBOE TOIJA, KOIJAa OH HAIPABJIEH B IPOTHBOCOJIHEYHYIO CTOPOHY, a TaKkKe
BHH3, K LEHTPY 3eMiu (KyJa HalpaBlieHbl BCE MOTOKU NEPBUYHBIX MaTEepUl —
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N.M.). Tlonoxxun Ha MHKPOCKONHBIA CTOJMK 3Ty HEOOJBIIYI0 BOTHYTYIO
XUTHHOBYIO TUIACTUHKY, YTOOBI €IIe pa3 pPacCMOTPETh €€ CTPaHHO-3BE3T4aThie
SYeWKH Tpu CUIbHOM yBenudyeHuu. [lomoOoBancsi ouepeAHbIM —IIEAEBPOM
[Ipupossi-toBenupa, U mouTr 0€30 BCAKOU 1eJIM TOJIOKUIT ObUIO HAa HEEe MUHLIETOM
JIPYTyI0 TOYHO TaKylO )K€ IUIACTUHKY C 3TUMU HEOOBIKHOBEHHBIMH SYEHKaMHU Ha
OJIHOU U3 €€ CTOPOH.

Ho He TyT-TO OBL10: A€TalIbKa BhIpBAIach U3 MUHIIETA, IOBUCENIA MTAPy CEKYH/T
B BO3/lyX€ HaJ TOH, YTO HA CTOJIMKE MHUKPOCKONAa, HEMHOrO MOBEPHYJACH IO
4acoOBOM CTpeJKe, Chexajla — IO BO3AYyXy! — BIIpaBO, MOBEPHYJIACH MPOTUB
YaCOBOMW CTPEJIKHU, KAYHYJIACh, U JIUIIb TOTJA OBICTPO U PE3KO yrayia Ha CTOJL.

UTo s nmepeKuil B TOT MUT — YHUTATENb MOYKET JUIIb IPEACTaBUTh... [Ipuas B
ceOs, 51 CBSA3aJl HECKOJIbKO TIaHeJIel MPOBOJIOYKOM; ATO aBajloCch He O€3 Tpya, U TO
JUIIb KOTJAa s B3sJI MX BEPTUKAJIbHO. Illomyuwscs Takol MHOTOCIIOWHBIN
«xutuHOOMI0K». [lomoxkwmn ero Ha crton. Ha Hero He Mor ymacth naxke Takou
CPABHUTEJBHO TSKENbIA IPEIMET, KaK O0bIIasi KAHIEIIPCKask KHOIKA: YTO-TO KaK
Obl OTOMBAJIO €€ BBEPX, a 3aTE€M B CTOPOHY (XUTUHOBBLIM CJIOH (€ro CTPyKTypa)
pasBopaunBai mateputo G, B pe3ysbTaTe 4ero co3aaBaics 3pQpext aHTurpaBuTaluu
—n.M.).

Sl mpuKpenus KHOINKY CBEepXy K «OJOKy» — M TYyT HauyaluCh CTOJb
HECO0Opa3HbIe, HEBEPOSATHBIC BEIIH (B YACTHOCTH, HA KAKHE-TO MTHOBEHUS KHOIIKA
HAYMCTO McYe3/1a U3 BUAA!), UTO s MOHSUI: HUKAKOM 3TO HE MasIK, @ COBCEM -COBCEM
Hpyroe».

[Tonyvaercsi, 4To, €Cau OT IMpeIMeTa OTBECTU MOTOK NepBUYHON MaTtepun G
1 €€ KOMIIOHEHTOB, TO MPEJIMET CTAHOBUTCSI HEBUIMMBIM — YTO MOATBEPKAAETCS U
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onbiTamu ['pebeHHuKoBa ¢ ero miatdopMoil: Korga OH Ha HEMl MOAHMMAICS, TO
CHHU3Yy €ro He ObUI0 BUAHO. Sl HaOI0al B MUKPOCKOII KPbUIbS MalCKOTO JKyKa U
3JIaTOTJIABKM — KPaCUBBIM COTOBBIN y30p U3 pAaMH PaCIOJIOKEHHBIX BOPOHOK C
BBICTYIIAIOLIUMU € €€ JHA KOHYCaMH, KOTOPBIE 3aKaHUYNBAJINCH TOHKUM «BOJIOCKOM))
(OYEeBUAHO TSl CTEKAHUSI CTATUYECKOTO SJICKTPUUECTBA).

Kpbuibst mpoHu3aHbl U3HYTPU OOJBIIMM KOJIMYECTBOM COCYIOB JJisl TIOJIaYu
KHUJKOCTHU B KpbUIbsi. Ckopee Bcero ¢opma 3JieMeHTOB PUCYHKA U CO3/IaeT 3aCJIOH

NEPBUYHBIM MaTepHUsM (pa3BOpauMBaeT MX), MBITAIOUIUXCSA «IPUKATH» KyKa K
3eMIIe.
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Kpsino anamku Julodis Vanolaris

['peOCHHUKOB OMUCHIBAET CBOM OMBIT MEPEMEIICHUS B MPOCTPAHCTBE HA
mwiatgopme: «CKOPOCTh MOJIeTa JOBOJBLHO BETUKA — HO HE CBUCTHUT B yIIIaX MOMX
BETEp: CHJIOBasg 3ammra IJaTGopMbl C  OJIOK-TIAHENAMH «BbIpe3ajiay Hu3
NMPOCTPAHCTBA PaCXOASIIUIICH KBepXy HEBHAMMBIN CTOJA0 Wi Jyd4
(pa3BopaunBania TMOTOK TmepBuYHOH wmarepun G — HW.M.), oTcekaommii
npuTs:keHue miaTtgopmbl K 3emiie,— HO HE MEHS U HE BO3/IyX, YTO BHYTPU ATOTO
cToida HajJ HEK; BCE 3TO, Kak s JyMar, TPH TMOJeTe Kak OBl pa3IBHTacT
MPOCTPAHCTBO, a €33l MEHsSI CHOBA CMBIKAET €ro, 3axjonbiBaecT. UMEHHO B 3TOM,
HaBEPHOE, MPUYMHA HEBUAMMOCTH aANNAPATA «C CEJOKOM», @ TOUHEE «CTOSAKOMY,
WIM YaCTUYHO MCKAKEHHOW BUIMMOCTH, KaK y MeHs ObUIO HETaBHO HaJ
HOBOCHOHMPCKOHN 3aTyJINMHKON.

Opnaxnapl mpu OBICTPOM CIYCKE, B PEKHUME CBOOOIHOTO
MajieHus1, JieBasi PyKOSTh... clieTesa, U ObITh Obl MHE «B JIydIlleM
MHUpE», HO i HE TOJBKO HE pa3Ouics, a Jake He MOYyBCTBOBAJ
yJAapa, JIMIIb ThMY: IIaT(GOpMOUKa Mpojieana B MalHe — XOPOUIO
YTO HE Ha Jopore! — HOBOJBHO IJIYyOOKHI KOJOAel, CHadasa
BEPTUKAJIbHBIN, a 3aTeM 3a0uparolvii B MNPOTHUBOCOJHEYHYIO
ctopony. U3 aToro uymo-kosnoana st He 6€3 TpyAa U3BIEK U ceosl, U
CBOM ammapaT, KOHEYHO K€, U3PSIHO MOCTpalaBIInii; HO OOJIbLIe
BCETO XJIOMOT JOCTABUJI «KOJIOJEL»: OH He HMMeJ OTBAJOB!».

[Inardpopma BbeIMoOTHUIA PYHKIHIO «ITammna» (OyATo Obl TPYHT
ObUT U3 HeaedopMUPYEMOTO MaTepuana), npuueM 0e3 OTBaJIOB,
4ero He JOHKHO ObITh mpu ImTammoBke. CBoHCTBa TpyHTa
M3MEHWIIMCh Tak, OyAaTo Obl muiatdgopma chaenaja OTIEYaTOK B

3naTtka

npoctpancTBe. JKaib, uro ['peOCHHMKOB HE OMHUCANT COCTOSHHE TPyHTA IO
1aTGopMoi U OOKOBBIX CTEHOK, 3/1€Ch TOJILKO MOKHO JIOTa]IbIBAThCHI.

A nanee I'peOEHHUKOB, Kak MEPBOOTKPBIBATENb, ACTUIIE KOTOPOTO HE
NPUHSIY B OUIIHANBHON HayKe, eIUTCa CBOMMH MbIciisaMu: «Ilodemy s ceiiuac He
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pacKphIBal0 CyTh CBOE HaxoAku? Bo-mepBbIX, NOTOMY, YTO [JIsl AOKAa3aTEJIbCTB
HY’KHO UMETb BpeMs U cuibl. Hu TOro, HU Jpyroro y MeHs HeT. 3Har0 110 TOPbKOMY
ONBITY «IPOTAIKUBAHUS» MOMX NPEABAYLIIMX HAXOAOK, B TOM 4YHUCIE
OUYEBUIHENIIEro SBIEHUS — 3(QeKTa MOJOCTHBIX CTPYKTYp, B PpPeaIbHOCTU
KOTOPOT0, HECOMHEHHO, YK€ YOeIUINCh YuTaTeld. A BOT YeM 3aKOHUUJINCh MOU
MHOTOJIETHHE XJIONOThl 0 HayyHoMm mnpusHanuu OlIC: «Ilo pgaHHON 3asBKE Ha
OTKpBITUE JajbHEHIIas Iepenucka ¢ BaMu HelenecooOpazHa». Koil-koro w3
Bepmureneit Cyned Hayku g 3Hato JIMYHO M YBEPEH: NONA/IN 51 K TAKOMY Ha IIPUEM,
4TO, BIPOYEM, TEIEPh NMPAKTUYECKH HEBEPOSTHO, — PACKPOIO CBOM «ITIOHHUK,
IIPUMKHY CTOMKY, IIOBEPHY PYKOSITKY M BOCIIAPIO Ha €ro INa3ax K IOTOJIKY —
XO03sIMH KaOWMHETa HE Cpearupyer, a TO M MPHUKAXKET BbICTABUTH (POKYCHHKA BOH.
ITockopee ke MpUXOAUTE HA CMEHY UM, «BEPUINTEISIM», BbI, MOJIOAbIE!)

N. Konapakon
3.03.2016 .

4.3. [lapajiiesbHbie BeeseHHbIE

(PazmpbltuieHust)

B pacceinaemou ungopmayuu, a maxdxce no meneeUOEHUr) 6 dMmu OHU
3a20680puUnU 0 NapalienvbHblX Beenennvix, Ho ¢ no3uyuii cmapot napaoueMmol.

B xonyenyuu Huxonas Bukmoposuua o Hux ckazano oocmamouno yemxo. O
HUX makoce pacckazano u 8 ypoke Ne 20 «llapannenvuvlie Bcenennvie H.B.
Jlesawiosay, 20e Oamna cxema 63aUMOOEUCMBUSL U 63AUMOCEA3U NAPATLIETbHBIX
Bcenennvix naweeo wecmunyyesuxa. Ho npescoe Hyscno pazobpamvcs 8
HEKOMOpbIX B8ONPOCAX, KOMOpbvle O00bIYHO ONYCKAIOm, K020a 3a8005am peub O
CUHme3e NaaHem u3 cemu NepeUdHbIX Mameputl, 2pasumayuul, 0 Hawet 38010YUl 6
npeoenax wmecmuiy4esura u m.o.

Hrak, n3 xonuenmuu H. B. JleBamoBa m3BecTHO, YTO Hamla IUIaHETa ObLIa
CUHTE3UpOBaHa 13 ceMu nepBuuHbIx Matepuii (IIM) ¢ o6pazoBanuem miectu chep,
OTIMYAIONTUXCS TI0O COCTaBY JAPYT OT Apyra oaHoi matepueid. [lepBast ¢puznuecku
wioTHas cdepa B KOHIENIUU XaThlOOBa TPEJCTABISETCS KaK WHEPIMOHHAS
MaTepusi, OCTAIbHBIC — KaK HeuHepuuoHHble. [locne dhopmupoBaHus TUIAHETH U
«JTMKBUAAIMNY» HEOJHOPOAHOCTU, KOTOpasi oOpa3oBajach MOCie B3pbIBA 3BE3/bI,
MIEPBUYHBIE MATEPUM, KOTOPHIX OTPOMHOE€ MHOKECTBO B KOCMOCE, CIOKOWHO
MPOXOMAT CKBO3b 3€MJII0, HUKAK HE B3aMMOAECHUCTBYS ¢ Hel. I Tonbko omgHa —
matepusi G, KOTOpOl HET BO BTOpOH - miecToil cepax, B3amMoOAeHCTBYeT ¢
(pu3uvecku MIOTHOI cdepoii (T.K. B HEH ecTb KOMIIOHEHTHI MaTepun G, MycTh U B
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CHUHTE3UPOBAHHOM C IPYTHMMH MaTepUsSIMHU BUE) co3/1aBast 3PPeKT NapyCHOCTH UIIH
rpaBuTanuio. OYEeBUIHO HACEKOMBIE U JKYKH «HAYYUJIMCh» B MPOLIECCE IBOJIOLIUU
ynpasisath Matepueit G. [Ipu 0J10KupOBKE 3TON MaTepuu MOXKHO co3AaTh dPPexT
anturpasutanuu. Ha OdupHom u npyrux ypoBHsx rpaButanuu HeT. Matepus G B
cocTaBe (PU3NYECKU TUIOTHON MATEPUH U SIBISIETCS «TOPMO30M» «(OT3bIBUMBAY Ha
«aucTyto» Matepuro G) s MPOXOXKACHHUS CBOOOJHBIX MOTOKOB 3TOM MaTepuu
yepe3 GU3MUeCcKH MIOTHOE BEIIECTBO.

[Tpu popmupoBaHUM MIAHET TPOUCXOAUT CTPYKTYpPU3ALHMSI IPOCTPAHCTBA U
MaTepUU MO BCEMY JMaNa3oHy 4YacToT, KOTOpble KBaHTOBaHbl. Ha ¢usnueckom
IUVIOTHOM YpPOBHE MPOUCXOAMUT BBINAJICHUE B CaJ0K IUIOTHOM MaTepuu, T.€.
oOpa3oBaHNE MHEPLMOHHOW MacChl HA HU3KMX OKTaBax. Ha ocTanbHBIX ypOBHSAX Ha
BBICOKMX 4acToTax (OKTaBax) (hOpMHpYETCS HEHMHEPLUUOHHAash macca (OTHEYaTKH
(¢u3NYECKU MIIOTHBIX 00pa30BaHUI — aTOMOB, MOJIEKYN M T.II.), IPU 3TOM Camble
BBICOKHE OKTaBbl (JOPMHUPYIOT MEHTAIbHBIA YPOBEHb.

Camu cdepbl B COBOKYMHOCTH (TIPOSIBIISIS
CUCTEMHBI 3(D@deKxT) o00pa3yloT MNEepBUUHYIO
(mpuponuyto) Cucremy VYmnpaBiaeHus 3eMiu
(CY3), KOTOpas OTBETCTBEHHA npu
OMPENICJICHHBIX YCIOBUSX 32 3aPOsKIeHHE 'KUHMU.
E€ »bdexkTuBHOCT, MOXXHO TIIOBBICHTH, 3Has
3aKOHBI BOJIFOLIUHA MAaTEPHUH, UTO U JENAIH T€, KTO
CTaBUJI PKCIEPUMEHT Ha Hamed Muarapa-3emie.
He cnywalino Hamm npenky noMecTuiau Mcrounuk

Kuznu B Hempax 3emiu, 4yTOObl MaKCHUMAaJbHO
MpupogHan CY3 YMEHBIINTh BO3J€HcTBUE Houeld CBapora Ha

YeJIOBEUECKHUE CYIIHOCTH, T.€. YTOOBI YMEHBIIUTD
HBOJTFOIIMOHHBIN TIEPEKOC KUBYIIUX B 3TO BpeMsi Ha 3emile JItoJIei, 0COOCHHO TIOCIIe
3aBOEBaHUS 3emMiid d0paMu. DTUM MOKHO OOBSCHHUTH TOJEThl Ha 3BE3I0JIETAX
Hacrenpkn 1500 ner TomMy Hazan, Korjma »0pbl YK€ TPOBOAWIM CBOU
AHTUYEJIOBEYECKUE DKCIEPUMEHTHI IO CO3JaHUI0 HY)KHO UM THIMA 4YeJoBeKa C
COOTBETCTBYIOIIMM I€HOTUIIOM Mo3ra. M, BUIUMO He CIydailHO BBIXOJ] UCTOYHUKA
«HAPYXKY» MEHSUICS, YTO HE TI03BOJIMJIO BparaM 3aBJiaJIeTh UM B TIEPUO]T YIIPABICHUS
3emuteit a0pamu. Ha tepputopuu Paccenun BiusiHue 30poB ObUIO 3HAYUTEITHHO
HIDKE, KOJIb TaM Haxoauics Mctounuk JKu3HU ¥ OCTAIUCH BOJIXBBI.

Xatpi00B A.M. Oosiee paeranpHo onucan CVY3, ympapisoonieil BceMu
npoueccaMu Ha 3emuie. Uto mpousonuio notom, korga corwo CY3 ycTraHOBWIM
90pHI, 3TOT Bompoc xopoio onrcad B OPY u y A. Xarsi6oBa.

Jlanee, cornacHoO 3aKOHA COXPAaHEHUs dYHEPruu, noToku IIM ycTpemnens! o
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nepernagy MEPHOCTH, T.€. OT OOJIbIIeH MEPHOCTH K MEHBIIIEH, T.€. K LIEHTPaM IUIaHeT
U OT HUX K LIEHTpajibHOM 3Be311e — ColHIy U fajnee k BeenenHoii, 00pa3oBaHHON U3
6 TUIOB MEPBUYHBIX MAaTepUid, 00pa3ysl SHEPTeTUUECKHUE TPABUTALIMOHHBIE TPYOKH
cBs3u. [Ipu aTom npupoanas CY3 siBiasieTcsl TeM IPABUTO-3JICKTPO-MATHUTHBIM
reseparopoM, 0e3 KOTOPOrO HE MOXKET CYLIECTBOBaTh >KM3Hb BHE 3emiu. B
(bu3NYECKU IIOTHOM TEJI€ MbI CBOEH «ITYIOBHHOW» MpuBsA3aHbl kK 3emie, e€ CY3,
BOT IMOYEMY IpU HAIIEM KEJIaHWM JOCTUYb, Hampumep, Mapca Ha COBPEMEHHO
KOCMHUYECKOM KOpadiie, Mbl Ty/la IpuOyieM HeaHAepTallbliaMy WK, KaK OH IHUIIIET,
«Ky4eHl Mecka», T.K. TaM YEJIOBEK BBIMJAET H3-1I0J KOHTPOJS T'PaBUTO-MarHUTO-
IEKTPUYECKOr0 I€HEPATOpa, KOUM M SIBISIETCS 3€MJI CO BCEM CBOMMH IIECTHIO
chepamu (puc. 14.1, ypok 14). Do emie pa3 MOATBEPKIAET BEPHOCTh ABYX
konueniuii (Jlesamosa H.B. u Xatei6oBa A.M.) 1 uX B3aMOIONOJIHAEMOCTb.

N3 xonnenmun A.M.XaTtpi00Ba W3BECTHO TAaK)KE M TO, YTO MO3T YEJIOBEKA —
CJIOKHBIM KOMIUIEKC, KOTOPBIM YHPABISAET KaXIOW KIETKOM Teja, yIpaBJEHUE
OCYIIECTBISETCA 2PAGUMO-MACHUMO=-3AEKMPULECKUMU UMNYTbCAMU, MATHATHBIMA
UMITYJIbCAMH, CTPOrO KBAHTOBAHHBIMM MAarHUTHBIMU U  3JIEKTPUYECKUMU
NOTEHUMATaMU. Y TIPaBJI€HUE MO3TOM OCYLIECTBIISIETCA U3 0pY2020 NPOCMPAHCMEA.

[Ipu HapylIEeHUU CBA3U C MO3TOM
YEJI0OBEK YMHUPAET.

YeTeépTan

He cymecTtByer Ha 3emue,
kak mnumeT A.M.Xatpi00B, -
KaKo#-1100 aBTOHOMHOM
CUCTeMBbl (e€clli OHa HE HMeEeT

COOCTBEHHOTO IPaBUTO-
MarHUuTO-3JIEKTPUIECKOTO

\ABCD

S napuen reHepaTopa). Kaxnprii
hRGOE  chopa N 6MO000BEKT Ha 3emie  TpH
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POKICHUN MoJIydacT

AcTpaneHan
cepa
COOCTBEHHYO CUCTEMY

JKH3HEOOeCIICUCHHS,

paccuutaHHyro Ha 124 rona

Puc. 14.1. CBA3b TOHKUX TeN CYWHOCTH CO chepamu 3emnu pa60TBI MO3Ta. HpI/I yTepe CBSI3U
MO3ra ¢ OpraHamu (Hampumep,

CHCTEMOM MepUKap), MO3I' OCTAHABIMBAET CEPALIE.
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JIroboe nBmKeHHUE, Kak yTBepxkaaeT XarblooB A.M., — 3T0 cynepno3uius
YaCcTOT, CO3AaBAEMbIX ABM)KUTEIEM U CPelOW JABMKEHUs. /[l Takoro IBHYKEHUS
HEOOXOJMMO HE TOJBKO MMETh I'PaBUTO-MarHUTO-3JIEKTPUYECKHM TIeHepaTop Ha
oopty (y 4enmoBeKa 3TO — HUBasl KJIETKa), HO U 3HaTh OCOOEHHOCTU NOCTPOCHMS

cpenbl nBrkeHus. OYEeBUIHO 3€Ch KPOSTCS
OTBET - KakHWe  <OKele3Hble  xjeba
m3rojonana» Hacrenbka Ha nyty K SIcHOmMy
Cokouy...

[ToueMy UMEHHO KuBas KJIeTKa?

Bcnmomaum kak kJieTka cBszadHa ¢ CY3
3emiu.

OHa wuMeeT HECKOIbKO Tel (I
Pa3BUTOTO OpraHu3Ma): 3pUpHOE TEI0 — U3

Puc. 1.01. WecTe cpep nnaHeTsl SeMNAE | onHOL nepBuuHOi Matepuu G, acTpanbHOE —
AvnanasoHe mepHoctu 3.00017- 2.87890.

u3 n1Byx — G u E, mepBoe MEHTaJIbHOE U U3

tpex — E, F u G, BTOpoe MeHTalbHOE — U3
yetoipex D, E, F, G, tperbe MmenTansHoe - u3 nsitu — C, D, E, F, G u yetBeproe
MeHTabHOE — U3 mectu - B, C, D, E, F, G, o6pa3yromux cucteMy (Qpu3ndecKku
IJIOTHAS KJIETKA W IIECTh TOHKHX TEN, a BCE BMECTE OOpa3yloT OJHY CHCTEMY -
CymHOCTh. [Ipn 3TOM Kaxmas KieTka o0pa3yeT 3aluTHYI0 000JI0UYKY, a BCE BMECTE
— 3aIUTHYI0 000JI0YKY BCEro OpraHu3ma.

A panee pacCMOTpUM Hally IUIAHETYy C MO3ULMK JBYX KoHuenuwii: H.B.
JleBamoBa u A.M. XaTeIO0Ba 1 MPEJICTABUM MX B OJHOM cxeMe (cM. ypok 18, puc.
18.10). Kak u3BectHo u3 koHuenmuu Jlesamosa H.B., Haia miraneTa nuMeeT mecThb
chep, SBISIOMMMHUCS 0OS3aTEIbHBIMU IS JIIOOOT0  (PM3UYECKHU-TUIOTHOTO
oOpa3oBanus B mnpezenax Hamed Bcenennoit (cM. ypok Ne 20). Bee mects chep
«BMematoTcs» B uHTepBaje mepHoctd Ak = 0.12127 (puc. 1.01). B stor *xe
WHTEpPBAJI BMELIAIOTCS M BCE OKTaBbl, yKa3aHHble Ha puc. 18.10. Anamornuno
MO>KHO CKa3aTh M MPO JIPyTrUe METABCEIICHHBIE, COCTOSIIIHE U3 Apyroro Habopa [TM
Y UMEIOIINE CBOYW 3BE3HBIC U MJIAHETHBIC CHCTEMBI.

A Temeppr paccMOTpPUM TapajuleNbHBIE BCEJICHHBIE, OOpa30BaHHBIE B
pe3ynbraTe cuHTe3a 14 TUMOB MEPBUYHBIX MATEPUN B PA3TMYHBIX KOMOMHAIIMSIX U
COUYETAHMSIX, TIOCIIEOBATEIBHO 00Pa3yOIINX CYNEPIPOCTPAHCTBA OT TIEPBOTO — JI0
IIECTOTO MOPS/IKA, a 3aTEM U CaMU JIyuH IecTriydeBuka (puc. 20.6. mo3. 2-13).

OBOJIOIMS 3TOTO Mpolecca MPUBOIUT K MOCIEI0BATEIbHOMY OOpa30BaHUIO
BJIOJIb OOIIIEH OCH CUCTEM MeTaBCeleHHBIX (1103. 2-13, cM. puc. 20.6.) B ypoxe No
17 moka3zaHo, YTO ¥ MAaKpOKOCMOC MOAYMHSAETCS 3aKOHAM FapMOHHH, T.€. 3aKOHAM
30JIOTOTO CEYEHUS, TOITOMY IPOCTPAHCTBA-BCEIICHHBIE, 00pa30BaHHbIE U3 9 TUIIOB
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NEPBUYHBIX MaTepHil, BIAIOTCSA Hanbosee ycToWYMBeIMU B bonbiiom kocmoce. A
CaMbIMH HeYCMOUYUEbIMU SABIIIOTCS IPOCTPAHCTBA-BCEICHHBIE CHHTE3UPOBAHHBIE
u3 2-4 marepuil. Ha koHIax o0pa3oBaHHOrO «iIyda» OOpa3yloTcs 30HBI, TJe
HEBO3MOXXKHO CIIMSHHE MaTepuil U oOpa3oBaHHME MeETaBCEIEHHOW. B 3Toil 30HE
BO3HHUKAET «IPOJABIMBAHUE» HALIEr0 MATPUYHOIO NMPOCTPAHCTBA, U BO3HUKAIOT
30HBI CMBIKaHUS C APYTUM MATPUYHBIM IIPOCTPAHCTBOM.

BI:ICOKOOPI’QHHGOEHHHEH
nnazma

Puc. 18.10. YcnoBHaA cxema pacnpefeneHUa OKTaB No YPOBHAM OpraHvusauyuu Mmatepuu

Ha puc. 20.6. Ha rOpU30HTAIBHON OCH MPEACTABIECHBI 14 THUIOB NMEPBUYHBIX
MaTepuii, a Ha BEPTUKAJIBHOW OCH YKAa3aHbl MEpPHOCTH MPOCTPAHCTB,
CUHTE3UPOBAaHHbIX M3 2-14 TUMOB Marepuil; Ha NpPaBON BEPTUKAIBLHONU OCH
IPEACTABIECH COCTAaB [EPBHYHBIX MAaTEpHUil, M3 KOTOPBIA CHHTE3UPOBaHBI
MeTaBCeJIeHHble 2-13, BbIIE «CTymneHell 30JI0TOro IyTH» MPEACTABICHBI Tela
CYUIHOCTHU pa3yMHBIX CYIIIECTB, KOTOPbIE MOTYT ObITh HAa COOTBETCTBYIOIIUX ITaXKaxX
MeTaBCeJIeHHbIX. [ 11000ro mpocTpaHCTBa—BCEJIEHHOM, CUHTE3UPOBAHHON U3
J000Tr0 KOJMYEeCTBa THUIOB NEPBUYHBIX MaTepuil B auamna3one 2-14, MOXHO
IPOCHEANTh TMPOLECC CHHTE3a (U3MYECKH IUIOTHOTO 00pa3oBaHUs, HAMpUMED,
IUIAHEThl. DTOT MPOIECC MPOUCXOAUT MOATAMHO, MPOXOAS BCE KBAHTOBAHHBIE
YPOBHHM CHHTE3a, BIUIOTh JO MWCHOJb30BAHUS MAKCHUMAJIbHO BO3MOKHOI'O
KOJIMYECTBA MaTepuil MpU JAHHON MEPHOCTH JUIsl JAaHHOTO 00pa30BaHUsI.
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METABCEJNEHHAA U3 CEMU MPOCTPAHCTB-BCENEHHEIX
METABCENEHHAA U3 U3 TPEX MPOCTPAHCTB-BCENEHHBIX
METABCEJIEHHAA 3 OOHOIO NMPOCTPAHCTBA-BCENIEHHOW
Puc. 20.6. [MapannencHble BeceneHHble _ ‘.
1-14 - MeTaBc oBpasc B pe3ynbTaTe cMHTe3a 1-14 TUNOB NepBUYHbIX
MaTepui; crynenm 7-14 - BOCXOXAEHWE Mo ""30M0TOMY NyTH"; 1-14 - B ny4e
wecTUNy4eBHKa - MeTaBCceneHHble, o6pasoBaHHbIe B pesynbTare cnuaxlusa 1-14
TUNOB NEPBUYHBIX MaTEPU B Pa3NNyH bIX KOM( X W COYMETAHMUAX.

Hampumep, npu o0Opa3oBaHWU IJIAaHETHI M3 CEMH THIIOB TMEPBUYHBIX MaTEpUi,
BHAYaJle CIMBAIOTCS BOEAUHO JBE, 3aTeéM TpU U T.J. THUIOB MaTepui
(rubpuauzanus): MOHO+MOHO - OH-TIOJH- CJIOKHBIE CHCTEMBbI — BBIPOXKJICHHUE B
busndecku MIOTHYIO cuctemy. [lpu ciaussnuum 6 THNOB MaTepuii (Hampumep,
oOpazoBanue »3pupHoii cdepbl MmIaHeTHI 3eMJis1), COCTaB U MEPHOCTH
MOJIy4eHHOro oOpa3oBaHus OyJeT HJKBHUBAJEHTHbI (U3MYECKH ILJIOTHOMY
oOpa3zoBaHuio (TJIaHETE) HA YPOBHE MPOCTPAHCTBA-BCEJIICHHOW U3 IIECTH THUIIOB
MaTtepuii. A pu3NYeCcKH IJIOTHOe 00pa30BaHMe U3 ceMH THIIOB MaTepuii, Oyaer
sKkBUBaJIeHTa JI(UpPHON cdepe o0pa3oBaHHs B TNPOCTPAHCTBE-BCEICHHOW M3
BOCHMH TUNOB MaTepuii. 11 Tak ganee, BIJIOTh O CHHTE3a (PU3UYECKHU TUIOTHOTO
oOpa3zoBanus u3 14 tumoB marepuil. MlHade roBOpsi, MBI UMEEM BO3MOXHOCTH
JIBUTATHCS IO «30JI0TOMY ITyTH», HAUMHAS C CEIbMOM «CTyneHbKu». OHaKo 30pHI,
3arHaB HAac B KOJECO PEUHKApHAIIMM HE JaBaJM BO3MOXHOCThH JBUTATHCS IO
«3onoromy nytu». Takum oOpa3oM, Ha PUCYHKE MOXKHO BUAETh CBOCOOPA3HYIO
JIECTHUILY BOCXOXACHHS OT «0a30BOr0» YpoBHS K 00Jie€ BBICOKOMY, T.€. UMEIOIIEMY
0oJee BRICOKHI YPOBEHb OpraHU3allUA MaTEPUH, a 3HAYUT U OKTAB.

[TapannenbHbIX BCeleHHBIX MHOKECTBO UM, UCXO/ISl U3 TOTO, UTO BeeneHHbix
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C OAMHAKOBOW MEPHOCTHIO, MOTYUYEHHBIX B PE3yIbTaTe CUHTE3a KOMOMHAIIMIA TOTO
YK€ YuCJa NEPBUYHBIX MaTEPUI, TAKKE MHOKECTBO.

W, ecnu moaHMMAThCS C TEPBBIX CTYMEHEH BBEpPX, TO MOXKHO OOpaTUTh
BHHUMAaHHE Ha TO, YTO 3apOoxAcHUE «Oyayien» s Hac HHPOpMAIUU U TPSLYIIUX
M3MEHEHUN 3aKJIaJbIBACTCS HA BTOPOW CTyIIEHbKE. He MCKII0UeHO, YTO JOJLKHBI
CYIIIECTBOBATh TMapajuiebHble BcelneHHbIE aHATOTWYHBIC Hamel, M.0. Jaxe
JBOMHMKN. Benp CyIIECTBYIOT 3€pKAJIbHBIE IPOCTPAHCTBA OTHOCHUTENIBHO
OMMCAHHBIX BBINIE O KOTOPBIX nucan Hukomnait BuktopoBud. DT mpocTpaHCTBA
CMEIICHbl OTHOCHUTEIHHO HAampaBJICHUs] KoJieOaHUS MEPHOCTH MATPUYHOTO
MPOCTPAHCTBAa U 00pa3yloTcs yxXKe He B MPOrudax MaTpUYHOIO MPOCTPAHCTBA, a
BHYTPHU BBINYKIIOCTEW, BO3HUKIIMX B pPE3yJIbTaT€ HWCKPUBIIEHUS MaTPUYHOIO
nmpocTpancTBa. [Ipy 3TOM BHYTpU 3THUX 30H M3-3a JPYTUX BO3HUKIIUX TaM
YCJIOBHM CIIMBAIOTCS TE€ K€ CAMbIE MATEPUU, HO B IPYTOM MOPSIKE.

14.02.2016 r.

4.4. IPpPexT 00bEMHOM MAPYCHOCTH

(Pa3MbIlUICHUS] HA 32IaHHYI0 TeMY)
N. Konapakos

llocne nosenenus xouyenyuu H.B. Jlesawosa u AM. Xamwibosa,
Hazvieaemvle HbiHe «Hoebimu 3HamusMuY, MHO2UE HepeuleHHble NpPoobaeMbl
Kaaccuyeckou usuku, Komopwvle 00X00Unu UlU YMATYU8aiyu npogheccuoHaibHvle
Qusuxu, mpebyrom ceoeeo pazpeuierus ¢ no3uyuil Hoewvix 3nanuti. Taxkas nonvimka
denaemcss 6 OAHHOM Mmamepuane, 8 KOMOPOM PACCMAMpuearomcs 3¢@gexmoi
KAACCUYeCKOU MEXAHUKU, 8 YACMHOCU, 3AKOHbL OBUNCEHUS.

Kaxk u3BectHo n3 konuenuuu H.B. JleBamosa, nOTOKM NEPBUYHBIX MaTepUid
(ITM) mocJie cuHTE3a TUIAHEThI, 3BE3]] M MHBIX CUCTEM, HAIIPABJICHBI K UX IIEHTPaM,
T.€. OT OOJBIIEH MEPHOCTH — K MeHbIel. B 3ToM cMmbiciie pu3uvecku TuioTHas
Marepust SBIAETCS CBoero poaa «varmutom» i [IM, u3 KOTOpeIX OHH
cunTe3upoBanbl. Ho He Bce moToku [IM B3auMoAeMCTBYIOT ¢ THOPUIHOM MaTepueit
mwianetsl. CornacHo paGodeidl rumorese’ ¢ (PU3HYECKH ILIOTHBLIM BeLIECTBOM
B3aMMOJICUCTBYET MpenMyliecTBeHHO Marepusi G, koropas U co3fgaer 3h@ext
NapyCHOCTH, MPUHHUMAEMOIr0 3a TMpPOSBICHUE MNPUTHKECHUS IUJIAHETOW JIH00ro
00BEKTa, HAXOMSAIIETOCs BHE €€ LIEHTpa U BHE €€ MOBEPXHOCTH, T.€. MPOSBIICHHE
3akoHa BceMupHoro tsarorenusi (P. I'yka, . HproTOHA), KOTOPOTO HET, a €CTh

1 Y. Konapaxos. O marepun G. http://ruskolan.info/index.php/economy/135-0-materii-g
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nposiBiicHue 3ppexkra 00beMHON NMApycHOCTH, T.€. nepBuuHble Marepuu (IIM)
OKa3bIBAIOT JIABJICHHE HE HA MOBEPXHOCTh KOCMHUYECKOTO OOBEKTA, a Ha €ro 00bEM
(r.e. Ha xaxnapii atom (mo Jlepamory H.B.), mHaue nuct Oymaru Oyner
IPUKUMATHCS K 3eMJIe CUIIbHEe, UueM MeHas MoHeTa). Yem Goibiiie Macca (a oHa
3aBHUCUT OT 00bEMa W IUIOTHOCTH YIAKOBKH aTOMOB B HEM, a HE OT ILJIOMIATH
MOBEPXHOCTH TeJa) TeJa, TEM OHO CUJIbHEE UCTIBIThIBAET naBiieHue [1M.

Kpome TOro, maBHO wu3BecTHO, 4TO Hamie COJIHIIE COrJlaCHO 3aKOHY
TATOTEHUS «IpUTATHBaeT» JIyHy K ceOe ¢ CUIION B JIBa pa3a MPEBBIIIAIOINIYIO CHITY
nputsbkenus JIynsl 3emuei. [1o noruke Bemieit Jlyna nomkHa npuratbes K ComHIry
M Ha OMNPEJICICHHOM PACCTOSIHUM OT HEro BpalllaThbCs, KaK OOBIUHAS IIJIaHETA.
OnHako 3TOro He MpoucxoauT: JIyHa Bpamaercss BOKpyr 3emiu. Yem 3T0 MOKHO
00bsicHuTL? IlompoOyeM 0OBSACHUTH 3TH MApaIOKCHI ¢ Mo3uIuii HOBBIX 3HaHMIA.

PaccmoTpum BHawane kolsiebaHue OOBIYHOIO MAaTEMaTHUYEeCKOTOo MasiTHUKA
(puc. 1). Iloka oH HEMOABMKEH, HA HETO NEHCTBYIOT MOTOKH Matepun G Ha Bech
o0béM V Tema, co3garolMe JaBICHHE, HANpaBICHHOE MEPHEHIUKYISIPHO
HKBUIIOTEHIMAIIBHOM TIOCKOCTH 3eMiIM, (COBHAAAIoNe C TOPU3OHTAIBHOU
IJIOCKOCTBIO), U IPUHUMAEMOE HaMU 3a BeC MagTHUKA, PABHOT'O YCUJIMIO HATSKEHUS
Hutu T. Eciu He OyneT omopbl WM HUTH, MPENSTCTBYIONIEH IMAJICHUIO Tela C
yCKOpEHUeM J, OHO OyJeT Mpoa0IKaTh AaJIbIIe MalaTh C TEM K€ YCKOPEHUEM, T.€.
OyZeT HaXOJUTHCA B COCTOSIHMM HeBecoMocTH. [Ipu OTKIIOHEHMM MasTHUKA OT
BEPTUKAJILHOTO TIOJIOKEHHS, HAa TEJIO0 MAasTHUKA TaKxke JedcTByeT moTtok G
nepBuyHOM Marepun G, co3marouuii ycuiue, paBHOE «Becy» P Tenma MasTHUKa,
TOYHEE - JaBJEHUIO MoToka mMatepuu G Ha 00bEéM Teaa V, a He HA ILIOIIAAb
«mapyca». [Ipu 3tom notoku [IM nbITaroTCS BEPHYTH TEIO MASITHUKA B UCXOIHOE
MOJIOKEHUE (ITOMY CHOCOOCTBYET M cujla HaTsKeHHs] HUTH T, mpensTcTByomas
JMBIDKEHUIO MasTHHKA Jlajee [0 HWHepIuu (TOPU3OHTAIBHO), CO37aBas
paBHozeicTByOMIYI0 R nByx cui — P u T, Bo3Bpamaronyo Gu3ndecku mioTHOE
TEJI0 MasiTHUKA K TOJOXKEeHUIO paBHOBecus. Ecnu Obl 3TO ObUTO HE Tak (T.e. [IM
JIEMCTBOBAJIM Ha ITOIIA b MOMIEPEYHOT0 CEUEHHU S Tea MasTHUKA), TOT/Ia B BAKyYME,
HaIrpuMmep, JUHEHKa IaimmMs mnajana Obl ObicTpee — AaBieHue ObUIo Obl OOJIbIIIE,
YeM B BEPTUKAJIIBHOM IOJIO)KeHHU. HO B Bakyyme Bce Tela, HE3aBUCHMO OT Beca U
bopMBI, naoarom ¢ O0OHUM U meM Jice YCKOpeHuem (, SBISIOMIMUMCS
XapaKTepUCTUKON MPOCTPAHCTBA B IAHHOM €ro TOYKE, €r0 MEPHOCTH, BBIPAXKASIChH
TEpMUHAMM KOHUEeNUU HOBbIX 3HaHUM.

WTak, MBI BRISICHWIIH, YTO ypaBHOBeIIMBaromias Bec P (Ha HavabHOM 3Tarie
KoJiebaHusl) cwia — cwia HaTshkeHuss Hutu T pganee Oyner JeWCTBOBAThH MO
OTHOIIICHHUO K TOTOKY G IO yTJIOM @, 9TO BMecTe ¢ «Becom» P (sosnuxarowum u3z-
3a HAIUYUS C653U — HUMU, HA KOMOPOU 8UCUM 2pY3) CO3MIACT PAaBHOACHCTBYIOIIYIO
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R, koTopasi u BepHET MajgTHUK B MCXOJHOE MOJIOXKEHHUE, T.K. HAa BeCh 00beM Tena V

pooJDKaeT AeicTBoBaTh NOTOK G (puc. 1-1).
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MapycHoOCTW Ha MaATHMKe B noToke MM
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( @\ﬁ T
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Puc. 1. MpoasneHue 3dpchekta 06BLEMHONM Puc. 1-1. NMpoasneHune achchekta obbeMHON

NnapycHOCTHU Ha MaATHHWKe

G =P/V =m*g/V = p*g

HpI/I 9TOM IIOTOKH MAaTCpHUHU G 3acTaBiIgIOT JABHUI'aTbCA (bPIBI/It-IeCKI/I INIOTHYIO

MaTepHIO C YCKOPEHUEM J — YCKOpeHHeM cBoOoaHOro najeHus. [Ipu oTkinonenun

MasTHUKA Ha yroJl ¢, TeJI0 MasTHHKa Kak Obl JgedopmupyeT motoku G (3ombi

Odepopmayuu  vioeeHbl  20YO0bIM  YBEemoM),

T

f

) S o M,% Yy Yy "'T-"l :21 W erZ" "d" 4

Puc. 2. [iBuxeHue maccm, 1 m, co
cKopocTbio V, , B noToke MM G

co3naBas 2p(dEKT MHOXKECTBa

HATAHYTBIX  CTPYH, T.K.
notoku [IM u dusndecku
IJIOTHOE  TEJIO  HMEKOT
001IMe KOMITOHEHTHI, Yepe3
KOTOpBIE OHM
B3aUMOJICMCTBYIOT JIpyr C
JIPyTOM. Hanee UaeT
BO3BpaT TeJla MasTHUKA K

UCXOJTHOMY COCTOSITHHIO
(puc. 1-1.).
Emg pa3 noguepkHém,

KaK TIOKa3bIBACT OIBIT: BCE
Tena B BakyyMe (ede nem
cun conpomueneHus
6030yxa) najaroT C

OJIMHAKOBBIM YCKOpE€HHMEM (J, HC 3aBHCHAIIEM OT MacCChbl, T.K. HaxXoJdATCHA B

COCTOSIHMHM HeBecoMocTH. B INEPEBOAEC C I'PCUCCKOI'o A3LIKA

(4

‘Macca’ O3HayaeT

“kycok Tecra’. CnenoBarelbHO, Macca, BEpHEE IUIOTHOCTh f BEIIECTBA Tela
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SIBJISICTCSl JIWIIIb TIPOBOJHUKOM W «00BbeMHBIM» MApPycoM» Tella, Ha KOTOpOe
nerctByeT notok [IM (npu smom u macca, u pazmepovt c60600H020 mena He ucpaom
30ecb Kakou-1ubo poau). IIM NpoHU3BIBAIOT BCE TeNO, U Macca (€€ MIOTHOCTD)
muimib  «topMo3ut»y [IM, T.K. B (uU3MUECKM IUIOTHOM BEIECTBE HAXOIATCS
koMmioHeHTHI [IM G, «oT3bIBUMBBIE» Ha BO3jckcTBHE nMoToKa [IM: oguHaKoBO K
3eMJIe TIPYKUMACTCS ITTMHHBIA TUJIUHAP B CBOEM BEPTHUKAIHLHOM ITOJIOKEHUU, U B
TOPU30HTAILHOM, T.€. HE 3aBHUCSIIEM OT TOJIOKEHHUS Tela B MPOCTpaHCTBE. Bec y
TeJa TOSIBIISIETCS TOJBKO TOT/IA, KOT/1a YTO-TO OYJET MPEIsITCTBOBATh €0 MaJeHUI0
C YCKOpeHueM (.

[ToTokm MaTepuu Bceraa UayT OT MEHEe MaCCHBHOTO (TUIOTHOTO) TeJla WIIH
KocMoca — K 0oJjiee MacCHBHOMY (TUIOTHOMY), T.€. IO repenaay MepHocTh (AA),
OTCIOZIa W TIPOSIBJICHWE CBOWCTB MacChl — JaBiieHus moToka G Ha 00BéM V
¢u3nyeckn MIOTHOro TeJia (eciu 661 [IM naBMIIM TOJBKO Ha IUIOIIA b, CBUHIIOBOE
AJIpO BECUJIO Obl MEHbIIIE, YeM JIeTKas MPOCThIHA U (hopmyla M = p*V Obla Obl
HeBepHa U e€ Ha/lo OBLJIO OBl 3aITUCHIBATH TAK:

M = p*S —1aBJeHUE HA UIONIA/b, a 3TO cuia) BoT u momydaercs, 4To OyaTO
Obl 3emulst MPUTATUBACT K ce0e MasTHUK.

A Temepp paccMOTpUM ] T
CIy4dail TEpeMEIICHUsl Tea, /
COCTOSIIIIETO M3 JBYX Tel, f
MaccaMd M1 M M2 IO |
TOPU30HTATIBLHON TIJIOCKOCTH C
MMOCTOSTHHOM CKOPOCTBIO V12

(puc. 2). Tema m1 u My TaKxe n

HUCHBITHIBAIOT Ha cebe |l "SRR il v 1
00BEMHOE Bosneiicreue ||G g

notokoB 1IM, nprwxumarommx \%i‘

UX K [IOBEPXHOCTH, IO KOTOPOU

OHHM [ABMXYTCA, IIpHUAaBasi HM
Puc. 3. ABmxeHne macc m, 1 m, nocne

Bec P1 u P2, ¢ KOoTOpBIM OHUM
TOPMOXEHUA MacCcChbl m,

JdaBAT Ha IIOBCPXHOCTD,

BBI3bIBAs B HEW ypaBHOBEIIMBAIOUIYIO Bec peakuuto R. [Ipm 3Tom 3t maccel oT
JIBUKEHUS Takxke «aedopMupyror» notoku [IM, kak Obl HaTArMBas UX CIOBHO
ctpyHbl. Ilpu BepTUKanbHOM BO3AECUCTBUM IIOTOKOB Ha Telo, €€ Macca
«rpwxuMaercs» K 3emie ycunueM P (B mpeacTaBieHMM KIacCUYECKOW (U3MKHU
3J1€Ch MPOSIBISIETCS 2pAGUMAYUOHHAS Macca). A TIpU IBUKEHUU B HAINpaBICHUU
IIEPIECHINKYJIIPHOM IeUCTBUIO TOTOKOB [IM, Macca nprkxumaeTcs K MOBEPXHOCTH
cuiioil P u nBukeTcs momnepek moToka moj AeCcTBHEM JII000T0 BHEUTHETO YCHIIHAL.
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3necb NOPOSABISIETCS uHepyuonHas Mmacca (B TPEACTABICHUM KIACCHYECKOU
¢busuku). M3MeHuM yCIIOBHUSI JKCIIEPUMEHTa, MPEACTaBUB, YTO Macca M;
3atopmoxkeHa (V1= 0). B aTom ciydae macca M1 OpOJOJIKUT CBOE ABUKEHHUE CO
ckopoctbio V12 = V2 10 Tex mop, moka e€ 4ro-To He ocTaHOBUT. [Ipu 3TOM Macca
M1 ocTaercsi NPUKATOM K Macce M2 (WM CKOJIB3SIIEH MOBEPXHOCTH) MOTOKOM
[IM, B mpOTHBHOM cilydyae OHa IPOCTO ObI B3JIeTENa HaJ MOBEPXHOCTHIO JaXXe OT
HEOOJIBIIOTO UMITYJIbCa CO CTOPOHBI M2, T.K. HE OBLIO OBl MEepernaga MEPHOCTH H,
COOTBETCTBEHHO, YCKOPEHHUS CBOOOIHOIO MajeHUsi, KOTOPOE OTPa)KaeT HaIU4yHue
nepenajaa MEpHOCTH B JJAaHHOM IPOCTPAHCTBE. DTO MPOSBICHUE MEPBOr0 3aKOHA
UHEPUMHU: B JTIOOOM MOMEHT CBOETO JBUKEHHUS MaTEPUAIbHBIA OOBEKT CTPEMUTCS
JIBUTATbCSl C MMEIOIICHCS Yy HEro Ha JaHHBII MOMEHT CKOPOCTBIO (3HEprueil)
HE3aBUCUMO OT BBIODAHHON CUCTEMBI OTCYETA, U TOJIbKO BHEIIHHUE BO3JECUCTBUS
MPENATCTBYIOT TaKOMY

[ | JIBWXEHHIO. B 1aHHOM ciyvae

TEJIO C MAaccoi M1 Takxke Oyaer
MPH>KUMAaThbCsl TOTOKOM [IM K
MTOBEPXHOCTH, 10 KOTOPOU OHO
CKOJB3UT W  3TO  Oyner

: IMPOABJICHUECM
’+ 2
A

TPABUTAIIMOHHOM MAaccChl, U

G OJTHOBPEMEHHO 51
HHEPUMOHHON Macchbl, T.K.

OHa 110 HHCPIOHUH CO CKOPOCTBIO

( ‘ '\ i‘ V2  Oymer  mepeMelarhes
l i BJICBO, IIOKa HC HATKHCTCA Ha
Puc. 4. iBuxeHne maccm, 1 m, C

MPErpaay Wik 4TO-TO MHOE €€
yCKopeHueMm a B notoke MM G Petpalty

HC OCTaHOBMHT.

MosxHO f1aTh U apyryro GopMyIupoBKy 3akona uHepuuu (Ianuneo ["anunei

(1632 1.)): B m000# MOMEHT CBOETO ABIKEHUS MAaTEPHAIIbHBIN 00BEKT CTPEMHUTCS
JIBUTAThCSl C UMEIONIEHCA y HEro Ha JIaHHBIK MOMEHT CKOPOCTBIO (IHEPrueii)
HE3aBUCUMO OT BBIOpAHHOW CHUCTEMBI OTCYETA, U TOJILKO BHEIIHUE BO3JICUCTBUS
MPENATCTBYIOT TAKOMY JIBHXKEHUIO.

C nosuyuti Hoevix 3nanuii nepewtii 3aKoH uHepyuu Oyoem 2nacumes mak. 6
VCI08UAX OMCYMCMEUA NEPenaca MEPHOCMU 8 NpOCmpancmee, meno Oyoem
HAX00UmMvbCsi 8  COCMOSIHUU  NOKOsL — (HegecoMocmu) Ui — PABHOMEPHO20
NPAMOSIUHEUHO20 OBUNCEHUSL C UMEIOWELLCS V He20 HA OAHHbII MOMEHN CKOPOCMbIO.
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W3MeHuM yCIOBHSl 3KCHEPUMEHTA: IMyCTh MacChl M1 M M2 JIBHXKYTCSA C
yckopeHueM a. CBOMCTBO Tel MpuoOpeTaTh ONPEEICHHOE YCKOPEHUE MTPHU TaHHOM
BO3JIeHicTBUM (ITpU HAJIMYUU NToToKa [IM) Ha3bIBaeTCs MHEPTHOCTHIO.

[Ipu onuMHaKOBOW MEpPHOCTH OO0JACTH MPOCTPAHCTBA, TJE HAXOIATCA 00e
MAaccChl, HEBO3MOXHO Oy/€T OTIMYUTH OJHY Maccy OT IPYrou, T.K. OHU OyAyT UMETh
TO>XK/I€CTBEHHYIO HHEPTHOCTb.

NHepTHOCTh COCTOMT B TOM, YTO JJII U3MEHEHHS CKOPOCTU Teja Ha 33JaHHYIO
BEJIMYMHY HY>KHO, YTOObI HAa HEro JEWCTBOBAJIO JAPYroe TEJIO M 3TO JACHCTBUE
JUTUJIOCH HEKOTOPOE BpEMsl, T.€. HEOOXOIUMO HATMYME JBUKYIIEH CUIIbI, HATPUMED,
notoka I[IM, KoTopbli U co3laeT TMepemnaj MEpPHOCTH B TOPU3OHTAIBLHOM
HampaBiaeHud. Ho korjga »Toro mnepemajna HET, HalpuMep, NpU JBHKECHHUH B
NEpPHEHANKYJIAPHOM K HampapieHuto nortoka [IM, temo Oyaer aBurarbest 10
MHEPIIMH, HE3aBUCUMO OT Macchl Tesia. O000IIMM 3TO MOJI0KEHHE: IPU OTCYTCTBUU
nepemnajga MEpPHOCTH B KakKOM-IMOO HallpaBJEHUH, TENO, MMEIOIIEe HadalbHOE
YCKOPEHHUE WIIH CKOPOCTh, OYAYT JIBUraThCA Jajbllle MO MHEPLUUHU 0 TEX MOp, MOKA
YTO-TO HE OCTAHOBUT €r0. BOT B 3TOM M COCTOUT CYTh NEPBOro 3aKOHA MHEPLUH
HboToHa. A 1Ipy HaaM4MM JaK€ HE3HAYUTENBHOIO IEpenaja MEPHOCTH IpHU
JBWKEHUN BO3HHMKAET YCKOPEHHE A, IMPONOPLHMOHAIBHOE JEHCTBYIOLIEH Ha HEro
cuie. OTo OyJeT MposiBiecHHuEM BTOPOro 3akona Herorona.

JIeiCTBUTEIBLHO, CTOUT

OCTAaHOBHUTBL TEJIO Maccou My,
Macca mz POJIOJIKHT
JBUKCHHE C YCKOPCHHUEM, a JI0
TEX TOp, MOKa OHO HE OyaeT

OCTAaHOBJIEHO (puc. 5), wiH,
HaIpuMep, MOKa HE BO3HUKHET

| | mepenan MEPHOCTH
’ Ga <1 [ npoctpancTBa. Kak u B
HICPBOM CJIy4ae paBHOMEPHOTO

JIBIKEHUS, Tena OynyT

| '§3 UCIIBITHIBATH BO3JICHICTBHE
Puc.5. [iBmxeHne Macc m, 1 m, nocne | MHOTOKa 1M,
TOPMOXEHNA MacCcChbl m, B3aUMOJEHUCTBYIO-IIIHNX C

TeJIOM 00BbeEMOM V B BUJE Beca
Tena (paenozo Oyoyweri eeruduHe ONOPHOU pearyul, 803HUKAIOWel IUllb Nocie
KOHMAaKma meja ¢ NO8epXHOCMbl0), TPHUKUMAIOIIET0 €ro K IMOBEPXHOCTH, IO
KOTOPOM TIOCJIEHEE JBHWXKETCS, MPOSBIIAS IEPBBIM 3aKOH HHepuuu. Eciu B
BEPTUKAIBHOM HAMNPABICHUM Ha TEJIO AEUCTBYET CUJIA, PABHAS BECY U ABHKYILASICA
€ro BepTUKaJIbHO BHU3 (€CJIM HET MPETPajibl) C YCKOPEHUEM (, TO B TOPU30HTAIBLHOM
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HANpaBJICHUN - 3TO CWJIA WHEPUHUH (B03HUKAIOWAS OM Nnepenacd MepHOCmU),
JIBHWKYILAs TEJIO TOPU30HTAIBHO C YCKOPEHHEM A.

Yepes mIoTHOE TENIO MPOXOaiT Oosiee mioTHbie motoku [IM G (y mmoTtHOTO
Tena OoJiee TJIOTHAS YIIaKOBKA aTOMOB, UMEIOIIUX KOMIOHEHTHI [IM, U3 KOTOphIX
CUHTE3UPOBAHO (DU3UIECKH TIOTHOE TEJIO, U KAXKIBIA U3 HUX KIIPUTATHBACT» K ceOe
notok cBoux [IM), mostoMy nBuxkeHue Tena B motoke I[IM HamomuHaer
nposBicHUe 3D PeKTa BI3KOCTH B KUAKOCTHU (6 3asucumocmu om eé niomHoCcmi)
npu ABMKeHUU B Hell. [1noTHOe Teno «nputaruBaeT» k cede notoku [IM, T.k. y Hero
MEpPHOCTh HUKE, YEM B OKpYXKalOllleM TeJI0 TIpocTpaHcTBe. llnoTHbie Tenma B
KOCMOCE — 3TO penepHbie ToukH i [IM, nmeromue pasHyr0 MEPHOCTb U IO
nepernagy MEPHOCTH, YKa3bIBAIOIIME HAMNpaBICHUE MX JAJIbHEUILETO JBHXKCHUS.
dopMHUpOBaHUE «ILIAPUKAY» U3 MPOJTUTOM KUIKOCTH B KOCMOCE CBSI3aHO HE TOJIBKO C
CUJIaMU IMOBEPXHOCTHOI'O HATSKEHUS )KUIKOCTH, HO U BO3A€iCcTBHEM MTOTOKOB [IM
Ha TOBEPXHOCTh MPOJUTON KUJIKOCTH, MUMEKOIIE MEpPHOCTh HHMXE MEpPHOCTHU
OKPY>KaloIlIET0 MPOCTPAHCTBA, W HAIPABICHHBIX K TOYKE B JKHUJKOCTH C CaMOU
HHU3KOW MEPHOCTBIO.

A Tenepb pacCMOTPUM JIBIDKEHUE JABYX TEJIEKEK C pa3HbIMU MaccamMu Mi U
M2 U pa3HBIMH YCKOPEHHsIMU a1 M a2 (cM. puc. 6). B aToM ciyuae >KeCTKOCTB
NPYKUHBI OyJE€T BBIMOJHATH (PYHKIHMIO TEpernaga MEpPHOCTH JIS JIBYX Macc, a
HavyaJbHBIN Meperna MEPHOCTH JJIsl KAKJION TEJIeKKH OyIeT 3a/1aBaThCsl CUIaMU, C
KOTOPBIMH UX TOJKHYT.

N 3 \8 T Tl ] IR

0 Puc. 6. Bzaumogencreue Tenexex ¢ X
MaccaMM m, M m., U OBWU nxca c
; M_m, ¥ OBUXYW

yckopenuamu (I, v

B uHepumanpHBIX CcHUCTeMax OTcu€ra YyCKOpeHue, mpuodpeTaeMoe
MAaTepUAIbBHOW TOYKOM, MPSMO MPONOPLMOHAIBHO BBI3BIBAIOIIEH €ro CHIIE,
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COBMAJAeT C HEH M0 HaMpaBiICHUI0O W OOpaTHO NPOMOPIMOHATHLHO MAacce
MaTepUabHOU TOUKH (€€ IIIOTHOCTH).

OOBIYHO BTOpOI?I 3aKOH 3aIllMChIBACTCA B BUJIC gl}O[ZMYJII)I:

g =

3| "

rlie 4— yCKOpeHHe Tena, ['— cuia, mpuIoKeHHAs K Tely, a 11— Macca
MAaTEPUAIbHON TOUYKHU.

JIBrOKyIIMecs TENEKKN CKUMAIOT MPYKUHY ¢ yeuinueM Fi1= - F2, T.e. cuna
JACHCTBUS PaBHA CHJIe NMPOTUBOACHCTBUA. B 3TOM M COCTOMT CyTh TpeThero
3akoHa Hprorona. OmpeneneHue €ro TAakoBO: CHIBL, C KOTOPBIMH JIBa Teja
JEUCTBYIOT Jpyr Ha Jpyra, paBHbl [0 BEJIWYMHE U IPOTUBOIIOJIOKHBI II0
HarpasieHuto. Tperuii 3axkoH Hpl0TOHA MOXKHO 3anucaTh B BUAE (POPMYIIBIL:

Fi=-F..

WU, ecnu ¢ TpeMst 3aKOHaMH YTO-TO MPOSICHIIIOCH, TO C YETBEPTHIM CIIETYET
pazo0paTbcsl.

YerrepTolii 3axkon HetotoHa (P. I'yka) cBsizaH ¢ rpaBuTanuei (KOTOpou HET,
kak yrBepxknaroT H.B. JlesamoB m A.M. XarbiboB), HO TeM He MeHee JlyHa
«yZepkuBaeTcs» 3eMJell Ha COOTBETCTBYIOIIEH opbOute, a cama 3emis
«ynepxuaetcsi» ComnHileMm Ha cBoeit opoute. Kak 310 00bsicauts? K Tomy xe JlyHa
u CoJIHIIE BBI3BIBACT MPUJIMBBI U OTJIMBBI OKEAHCKHUX BOJ Ha 3emuie. Bee aTo Tpedyer
oObsicHeHus ¢ nmo3uiuii HoBbIX 3HaHUIA.

Htak, paccMOTpUM CHUCTEMY, COCTOSIIIYIO U3 IICHTPAIBHOTO CBETHIIA, BOKPYT
KOTOPOTO Bpalaercs miaHeTa, a BOKPYT MOciaeaHeN — CIyTHUK (puc. 7).

MepHocTh OKpyXkKaromero kocMoca Haxoautcs B mpenenax 3,00017, a B
IICHTPE CBETHUJIAa MEPHOCTH ITpuMepHO paBHa 2,8586950 (kax y 36e30vl st Haute2o
npocmpancmea), B 1ieHTpe miaHetsl — 2,87890 (kax y niamemwl) ¥ B LEHTpE
CIYTHUKA (UCX0051 U3 Mo2o, 4mo OH NoJblil) - MEpHOCTh paBHa npumepHo 3,000.
CrnenoBaTenbHO, CYIIECTBYET MEpernaa MEPHOCTH MEXIY KOCMOCOM M IIEHTPOM
Ceetmia (AL = 0,141475), nnanetst (AL = 0,121227) u ciytHuKa (TIopsiaka AL =
0,00017). IIpu 3TOM MEPHOCTH B OOJACTH JIOKAIHM3AIHUU 3JIEMEHTOB CHUCTEMBbI (Y
MOBEPXHOCTH) COOTBETCTBEHHO paBHbI A1 = 2,920, 32 = 2,890 u A3 = 2,89915.
Hanpumep, cyliecTByrOmMui nepemnag MEpHOCTA MEXY MEPHOCTBIO KOCMOCA A
= 3,00017 u MepHOCTBHIO y MOBEPXHOCTU COyTHUKA A1 = 2,920 (AL = 0,08017), -
mwianetsl (AL = 0,11017) u CBermia (AL = 0,10102) co3maer 3hdext 00beMHOM
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https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%84%D0%BE%D1%80%D0%BC%D1%83%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%A3%D1%81%D0%BA%D0%BE%D1%80%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BB%D0%B0_%28%D1%84%D0%B8%D0%B7%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%B2%D0%B5%D0%BB%D0%B8%D1%87%D0%B8%D0%BD%D0%B0%29
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%81%D1%81%D0%B0

MMapYCHOCTH, KOTOPBIM 3aCTaBJISIET Maccy M naBuratbcsi K macce M, HO 3TOMY
NPENsSTCTBYET JIBIDKEHHE Macchl M ¢ IEHTPOOSKHBIM YCKOPEHHEM  ayg,
MIPOTUBOIOJIO)KHOM YCKOPEHHUIO { HAMPAaBJICHUU, YTO IPUBOAUT B COOTBETCTBUHU C
TPETBUM 3aKOHOM K PaBHOBECHIO CHI: Fon = - Fue. Ilepenan mepHocTH A2 As,
nostomy [IM nBuxytcs ot maccsl M k Me.

[TonpoGyem pazobpatbes Bo B3auMooTHomeHusix Comnnna, 3emun u JIyHsl ¢
no3uuuid HoBbix 3Hanuil. [Ipu 3TOM HEOOXOUMO YUUTHIBATH BCE OCOOCHHOCTH UX

2.=3,00017
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,/
/
M "f‘/
—3 = - —
r === e
h=2,858695 /) - 5lgho1s5 M1=2,920
// \ |
" paBUTaLUNOHHbIE )\' ~ 3,000

TpyOKu cBA3KU

Puc. 7. IBMXeHne maccbl m co ckopocTbio V BOKpyr maccbl M no okpyxHoctu paguycom R,
u asmxeHue maccbl M Bokpyr maccel M, no cnupanu paguycom R..

B3auMOOTHOIIEeHU. M3BecTHO, uTo JlyHa m ComHile cO31at0T NPUIMBBI BOAbI B
okeaHax 3emiu. Knmaccuueckas pusnka oOBSICHSAET 9TO SIBJICHUE KaK BO3JECHCTBUE
rpaBuTauuu co ctoponsl JIyHsl u CosHna Ha Boabl 3emuin. Ho HoBwie 3HaHwms
OTPHUIIAIOT caMo siBlieHHe TpaButanuu. CienoBarenbHo, Bce Habt01aeMble SIBICHHS
HE00X0AUMO OOBACHUTH 0€3 MPUBJICUEHUS TPABUTALINH.

Kax 0b110 y’ke 0TMEUYEHO, MOTOKM NMEPBUYHBIX MATEPHUM TEKYT OT OOJbIIEH
MEpPHOCTH K MEHBIIEH, T.€. IIEHTPhl MacC M 1 M JOJKHBI OBITh CBSI3aHBI MEXKTY
co00# KaHaJIoOM, IO KOTOPOMY JOJDKHBI Teub moToku [IM: HampaBieHue kaHaia
ompesieNsieTCsl MEHbIIeH MepHOCThi0 Omkaiimero k Jlyne oObekra, T.e.
MEPHOCTBIO 3eMJIH. A OHa MEHbIIIe Y TOBepXHOCTH 3eMin (A1> A7) a eliie MEHbIIIE B
e€ [IeHTpe. DTO aHAJOTUYHO HAIIOJIHEHUIO JIy’K BOJOM U 3aTEM TEUEHHUE BOJIBI TY/a,
r7ie ypOBEeHb HIKE. TakuM oOpa3oM Bce (PU3HYECKU IUIOTHBIE 00pa30BaHUs B BU/JIE
IUTAaHET WM CIIyTHUKOB CBSI3aHbI MEXAYy COOOM KaHallaMu, 10 KOTOpbIM TekyT [IM
OT OJIHOTO (PU3UYECKH IUIOTHOTO TeJla K JPYroMmy, COIVIACHO 3aKOHA COXPaHEHHS
mMatepuu. HazoBeM 3Tu KaHalbl rpaBUTAlMOHHBIMU TPYOKaMU CBSI3U, TOCPEJICTBOM
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KOTOPBIX OCYIIECTBIICTCS JHEPTeTHUYECKasl CBSI3b MEXKIy HEOCCHBIMHU TEIIAMHU.
ViMeHHO BAOJh KaHAJOB HampaBlieHa pE3yJIbTHPYIOMIas Cuia OO0BEMHON
napycHoctu Fo,, yBiekaromas Jlyny k 3emie, a 3emmo k ConHily, ¥, KOTOPYIO
YPaBHOBEIIMBAIOT IIEHTPOOEKHBIE CHIThl Fys 3emmn u ComnHIla.

Kak mumer XateiooB A.M.: «ComHeuHas cucreMa SBISIE€TCA €IUHOU
CHUCTEMOM C MPHUCYITUMHU TOJIBKO €l KOHKPETHBIMH (PU3UUYECKUMHU BeTMYnHaMHu. B
OCHOBE JIE)KUT OKTaBa U 30JI0TOE CEUEHUE.

Bce mnnanerst ConHeYHOW CHCTEMbI, CIOYTHUKHM IutaHeT, camo ComHie
CO3/IaHbl MCKYCCTBEHHO, C TOYHO 33/JIaHHBIMH I1apaMEeTpaMH, OPUEHTAIMEU U
pacupeneneHuem Macc. COJIHEUYHAs CUCTEMa BPAIIAETCA BOKPYT TAIAKTHYECKOTO
LEHTpA IO AJUIUNTHYECKON OpOUTEe».

[Ipeanonoxum, 4To HaM HEM3BECTHBI U3bICKaHUS XaTbiOOBa A.M., moaTomy
¢ no3uumit koHuenuuu Jlepamona H.B crnemyeT oOBACHUTH emie W JIyHHbIE, U
COJIHEYHbIE NPWJIMBBI U OTJIMBBEL Ha 3emie. [Ipu 3ToM OyZeM MOMHUTH O 3aKOHE
COXpaHEHUsi Marepuu: ckoibko €€ B Buie I[IM npummio B cucremy (nocne
JUK8UOAYUU nepenacos MepHOCmU 8 npoyecce 06pa308anUs nianemsl), CTOIbKO €€
Y JOJDKHO YUTH.
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s G
G’ Pl / - G
Otnue / o ) /
i F—__*___—i;_fw““*_f
‘Kanamrcsaau-notoka MM —
S —~—
o . R iiinae JlyHa
. R S o
G —— £ ,.F 1___ »
— BoasHew Fropo> o
BOKeaHe; — «— <«
.3 —-F:’_’___—_T_Pﬂd'r T
"( . \ \f -_—__———-—______-1\‘ A __-1.---\
- + Mpunue 'YcnoBHas rpaHuLa \
G G G
nepenaga MEPHOCTH * G
Puc. 8. Mpunus: Bsaumogelictene Fg c pesynbTupyrowmm notokom MM’ - Fon

C no3unuii kinaccuyecko (hU3MKU BOJSIHOM «TOpO» B OKEaHE BHI3HIBACTCS
cwioi nputspkenust 3emun v JIyasl. Bpoae 6w1 Bce morudno (puc. 8). Ho ¢ mo3ummii
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konneniuu H.B. JleBamoBa, umobwur obpaszosancs «2opb» 6 oxeare, NMOJKHA
BO3HHUKHYTb CHJIA, KOTOpast OyJIeT HaIlpaBJeHa OT eHTpa 3eMIIU K €€ TOBEPXHOCTH
uin ot JIyHsl Kk 3emiie (B3aMeH CUJIbl HBIOTOHOBCKOTO TIpUTsDKeHus ). Y Takas cuna
BO3HMKAET — 3TO LEHTpoOek)Has cuiia (0T BpalleHus: 3eMJIM BOKPYT CBOEH OCH), HO
OHa KOMIICHCUPYETCS CHJIOM NPUTSIKEHUs 3€MIJIM, €CJIM CJIeoBaTh JIOTHUKE
Kkiaccnueckor (usuku. [Ipu 3TOM OT AEHCTBUA HEHTPOOEKHON CHIIBI JOJIKEH
00pa30BBIBATHCS IO BCEMY IKBATOPY «TOpO», a HE TOJIHKO CO CTOPOHBI JIyHBI MiH
Connua (puc. 9). CnenoBaTenbHO, OHA HE MOXKET KOMIICHCUPOBATHCA CHIJION
OPUTSDKEHUST 3eMJIM — Cuilbl HpumsadxiceHus He J0JKHO ObITh, 4TOOBI OblIa
crpaBennuBa KoHuenuus Jlepamosa. Torga A0MKHO BO3HUKATh B CTOPOHY JIyHBI
JOTIOJIHUTENBHOE YCUJIME, HANpPaBICHHOE W3HYTPU K IIOBEPXHOCTH 3E€MIIH U,
COOTBETCTBEHHO K «TOpOy» BOJBI BO BpeMs MPUJIMBA WM Kakas-TO UHAs CUJIa
JIOJDKHA TPUKUMATh «ropObl» BOKPYT AKBAaTOpa K MOBEPXHOCTH 3eMJIU, KpOME
«ropba» co cTOpoHbl, oOpameHHoM kK Jlyne. MHaue roBOpsi, 4TOOBI «TOpO»
oOpazoBaJicsi TOJIbKO B HarpaByieHuH JIyHbl unu ConHIa, B 9TOM HaIllpaBJICHUU He
10JIKeH AelcTBOBaThL MOTOK [IM G, mpmkumaroiuii BoAy K MOBEPXHOCTU 3eMIIH,
Y OH JI0JI2K€H J1eliCTBOBATh, YTOOBI HE MpOoTHBOpeunTh KoHlenuu H.B. JleBamiosa.

DTO mpoTuBopeure MOXHO paszpemmmTh Tak: Ilotok [IM geictByer, HO B
npenesiax KaHajla CBsI3U, M He IEHCTBYET BHE €r0 - B IIpeiesiax KoHyca, 00pa3yeMoro
Jlynon - «axpanom» st [IM B HanpaBienun 3emimu. A yem norok [IM moxer
DKpPAHUPOBATHCS M 00pa3oBbIBaTh KOHYC? - Tonbko motokom [IM, uaymmm ot
Jyasl k 3emie,

co3JaBasi CBOETro
Kanan cBsasu 3emnu ¢

ona KOHYC

ConHuyem poA 4
nepenaaa

N MepHOCTH (pHC.
\\\ 8.), T.K. JIpyrux

; pE3EepBOB  HET.

Ho B pesynbrare
YEero OH MOXKET

MTOSIBUTHCS?
\ Kanan ceasu JlyHel ¢
\ 3emnen Mexny

JIyHoit u 3emueit

oOpa3yercs
Puc. 9.Mpunue: coemectHoe gencrene Fys n Gy, reperna/

MEpHOCTH,
KOTOPBIN ONpeneNsieT HampaBieHUWE JBKEHUS TNEPBUYHBIX MaTepuil B KaHale
cBa3u. Cama JlyHa coznmaer cBoero poaa 3kpas i [IM, naymux B cTOpoHy 3eMiu,
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U PaclpOCTPAHSIONIUXCS MPAMOJIMHEHHO B OJHOPOJHOM cpene. Takum oOpazom
notoku I[IM 00pa3yioT ycCedeHHBIH KOHYC, MOBEPXHOCTh (epanuya ons IIM)
KOTOPOro OyJleT MMETh MEPHOCTh, PAaBHYIO MEPHOCTH OKPYXKAIOIIEro KocMmoca -
3,00017, a mon Heit - meHblnyro. OOpa3oBaBIIMNCA KOHYC Mepernaga MEPHOCTH
HamnpasiisieT Bce [IM u3 kocMmoca BAoJib cBoux rpanui] K 3emiie (puc. 8 u 10).
[ToBepxHOCTh OKeaHa, OKa3aBIIasiCsl B 3TOM KOHYycCEe Iepernaja MEpPHOCTH, Oynaer
UCIIBITBIBATh  TOJIBKO JCMCTBHME LIEHTPOOEKHBIX CHJI U, CJIEAOBATENbHO,
Croco0CTBOBATH 00pa3oBaHuIo «ropOa» B HanpasiaeHuu JIyHsl uin CoHia.

WNuaue roBopsi, paccMaTpuBas puc. 8 U 9, BOZHUKAET ClIeIytolIasi CUTyalus: Ha
Bpalarmnyrocs Bokpyr 3eminu JIyHy neicTByeT nieHTpoOexHas cuna Fys, KoTopyto
ypaBHoBemmBaeT notok [IM, nelicTByrommnii Ha JIyHy M «nprKuMaromuin» €€ B
cTopoHy 3emitr ¢ cuiior Fop = Gpy.

OTOT NOTOK, KOHIEHTPUPYSCH B IIEHTpE JIYHBI ¢ MEPHOCTHIO IPOCTPAHCTBA ~
3,000, teuer mo wHampaBieHuio K 3emie (mo3. 2, puc. 10), rae MepHOCTh
3HaunuTenbHO HUXeE (2,890 — y MOBEpXHOCTH), a 3aTEM U K €€ IIEHTPY C MEPHOCTHIO
2,87890, u nmanee x Comuiy. C apyroit croponsl, motoku [IM (u3 kocMoca)
MPKAMAIOT BCE OOBEKTHI BOMHM3U 3eMJIH K €€ MOBEPXHOCTH U, TTOTOKH, UAYIIHE K
Conaity, mpmwxkuMaroT e€ camy B cTopoHy COJHIIA, ypaBHOBEIIMBAs TOJBKO
IIEHTPOOEKHBIC CHJIbI, BO3HUKAIOIIME B pe3yibTaTe BpPAIICHHUS 3EeMJIIH BOKPYT
ComnHia.

Kak wm3BecTtHO,

/‘/‘G‘ S e Kanan cesiau 3emnu ¢ GombIras 1acTh

J /'”G\‘\ ConHuem TIOBEPXHOCTH  3eMIIH
' P ,-'\_.

G\\,\ MonHelit® AN TIOKPBITa BOJIAMHU
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x OKCaHOB, KOTOPLIC
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% «TEeKyT» BCerjaa B
] el CTOPOHY  Tepemnajaa
, : MepHocTH. [Ipu 3Tom
{lpunus ' / JlyHa

TCKYUCCTb BOJAbBI H

a L FlonHbBINA
Y ,é-.'ngﬂ bl l'\ . Kanan cesau NyHel ¢

; . \ > SIBIISICTCSA

9 N \G \ Semneii 5
/\i,// JOIOJIHATEIIHbHOM
NpUYUHON (oHa necko

Puc. 10. Mpunue: coemectHoe genctene Fyg u Gy, Y6AeKaAemcsi
nOMoKamu 1IM)

TIOSIBJICHUST «TOp0a» BOJIBI B OKeaHe co cTtopoHbl CoiHIla, T1e OBl He HaXOIUIach
Jlyna. IIpocto B ciiydae (cM. puc. 10, mo3. 1), «rop6» npunusa co croponsl CoHIa
oynet 6onbiie (m.x. nomoku IIM u3 xocmoca Hanpasienvl 8 OoabuLell CMmeneHu K
Connyy, umeroueco MeHbULyilo MepHOCmb, uem 3emias), deM eciu Obl JlyHa
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HaxXOJWJIACh C MPOTUBOIOI0XKHOU CTOpOHBI OT 3eMiu. [IM yBiekaroT Bojabl 3eMiu
co cropoHsl CoJIHIIA U K ATOMY eIi€ 100aBiseTcs 1eHCTBUE LIEHTPOOEKHOM CUIIBI,
BO3HUKAIOILIEH OT BpalleHus: 3eMild. DTO MU MOJHOM npuiuBe. JIyHa u 3emis 1o
OTHOILIEHUIO K nmoTokam [IM, naymmm n3 kocmoca Kk CoJIHILy, BBIIIOJHSIOT CBOETO
ponia QYHKIHIO «COOMPAIOIITNX JTMH3Y.

Bot no3romy TpyOKH cBsi3M (KaHAJIbI, 10 KOTOPHIM T€KYT 1IM) BRIMOIHSIOT
JIOTIOJIHUTEIbHBIE (DYHKIIMU MO CTAaOMIM3AIlMM B3aWMOJEUCTBUSA OOBEKTOB, Kak
nenoctHor Cuctemsl. 10 gocturaercs ymnpasnenueM CY 3 uepes3 3TH TpyOKH CBsI3U
Ha COOTBETCTBYIOLIUX OKTaBaX.

JUIs MOJIBIX IUIAaHET WM HCKYCCTBEHHBIX 0O0pa3oBaHUIl 000JOYKAa MOMKET
CIIy>KUTh CBOETO pojia MpU3MOM, KOTopast OyeT pazBopaunBarh NoTok [IM BHOBB Kk
MOBEPXHOCTH UCKYCCTBEHHOI'0 00pa30BaHus U 1ajiee OyIeT TeUb B CTOPOHY 00BbEKTA
C MEHBIIEW MEPHOCTBIO. A pa3BopaunBas MOTOKH [IM B NMpPOTHUBOIIOIOKHOM HX
JBUKEHUIO HAIMIPABJIEHUH U CO3/1aBasi KOHYC Mepernaia MEpHOCTH, MOKHO MOJTYyYUTh
s ekt mardopmel I'pedbennnkona B.C.

BriBogsr:

1. CocrosiHue HEBECOMOCTH BBI3BAaHO OTCYTCTBHMEM IE€pernaja MEPHOCTH B
JAHHOM IIPOCTPAHCTBE.

2. C nmoszuruit HoBbIX 3HaHMIT NepPBbI 3aKOH HHEPUHHU OyIeT 3ByJaTh TaK:
B YCJIOBHUSX OTCYTCTBHUSl Iepenaja MEPHOCTH B IMPOCTPAHCTBE, TEJO
OyZeT HaXOAUTHCS B COCTOSIHUU MTOKOSI (HEBECOMOCTH ) MJTU PABHOMEPHOTO
IPSMOJIMHEWHOTO JIBUKEHUSI C UMEIOIIEHCS] Y HErO Ha JAHHBIA MOMEHT
CKOPOCTBIO.

3. Ycunue, paBHOe «Becy» P Tema BbI3biBaeTcs naBieHueM mnotoka [IM Ha
00bEM V 3aHEBOJICHHOTO TeJia.

4. IlnotHocTs p BewmectBa mia [IM sBasercs Juilb HPOBOAHUKOM H
«00BbeMHBIM» APYCOM» TEJIa, IPU ITOM M Macca, U pa3Mepbl CBOOOTHOTO
TeJIa He UTPAOT 371eCh KaKOM-THOO0 pOIIH.

5. IInotHbie Tena B KocMOce — 3TO pemnepHble TOUKHU Mg [IM, umeromue
Pa3HyI0 MEPHOCTB U IO IIEpeIagy MEpHOCTH, YKa3bIBAIOIE HAIIPABIICHHUE
UX JAJbHEUIIEro IBUKCHUS.

6. AHanu3 3aKOHOB ABIKEHHUA ¢ Mo3uinid HOBBIX 3HAHWN IMO3BOJSIET MO-
HOBOMY B3IVISIHYTh Ha YCTOSIBIIMECS B (PU3MKE MPENCTABICHUS O HUX U
YBUJIETh UCTUHHYIO MPUPOAY (PU3NUECKUX 3aKOHOB U SIBIICHUM.

30.04.2016 r.
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MHEHME /Inneranra ot Hayku

K monsartuio «Hayka» OTHOCHUTCS BCE, UYTO CIIOCOOCTBYET CYIIIECTBOBAHHIO
Yenoseka Ha 3emiie. ITO U MEJIUIIMHA, ACTPOHOMUS, COLUAIIBHOE 00ECIeUeHHE, U
npouee. Ho 4TO k€ TOPMO3HUT MOSBICHUIO MOAOOHBIX, TITYOOKO OCMBICIECHHBIX
crareil? - MupoBo33penue! IloToMy 4TO TOUYKa 3peHHs HAYKH Ha MaTepHATbHBIN
(u Ha HemarepuandbHbI) Mup: TBEpaoe TeJ0 -> KHAKOCTH -> raz ->
HEOPraHU30BAHHAA ILJIa3Ma. ATOMHBIE CTPYKTYpbl, €CTECTBEHHO, HWIIYT B
TBEPJIOM TeJIe, JUIS YeTro CO3/1at0T CHHXpodazaTpoHbl, Kojutauaepsl. UMeHHO Takon
Haykoll W mpejnarator 3aHiaThess B XXI Beke! OpgHako €CTh JIOJIH, KOTOPBIE
paccMaTpUBAIOT U UMEIOT UHYIO TOUYKY 3pEHUs, TaKyl0, KOTOpasi BbICKa3aHa B 3TOU
ctaTtbe. I UCXOAT OHM M3 TOrO, YTO UX TOUKA 3PEHUSI HA MaTepUaIbHBIN (U Ha
HeMaTepualibHbIN) Mup : CTpoOro opraHu3oBaHHAs IUIa3Ma -> MaTepPHAJIbHbIE
CTPYKTYPbI (TBEpIOe, KUAKOe, Ta3000pa3Hoe) U TO, YTO aTOMHBIE CTPYKTYPHI

r=="

H€O6XOIIHMO pacCMaTpuBaThb TOJIBKO B BCPXHHX OKTaABaX HJIaSMBI.:LSIEP:OHH 3HAIOT,

—a

YTO:
- Kocmoc cymectByet 6e3 bomnbioro B3phiBa;

- 3emJs, TUIAHETHl - MCKYCCTBEHHBIE CTPYKTYpBI, co3JaBajuch Ooiee 16
MUJUTHAPJIOB JIET;

- UenoBek - BBICIIIEE CO3/TaHKUE, CO3ABAJICS JICCSITKA MIJLIUAPIOB JICT;
- 00e3bsiHa - rymaHou1 YesnoBeka,

- BECh JKUBOTHBIA MU, HACEKOMBIE CO3/IaHbI JJIsI KOHTPOJIS 4aCTOT, KOTOPHIE
ecThb y UelloBeka,;

- pa,):[I/IOI/I?pOTOl'IH]EJI/Iv MCTOJ HC MOJKCT CIIYKUTb J1OKAa3aTCIbCTBOM APCBHOCTH,

- Jlyna, Connue, cnytHukH [lmaHer - 4yXepoaHbIE CTPYKTYpbl M 3HAIOT
MHOrO€ Jpyroe, To, YTO OHHU MOYEPHHYJIH U3 TpydoB Pycckux yuenbix — H.
JleBamoBa, A. XaTeiO0Ba U JIpPYrux...JTO TO3BOJSET UM JENaTh MyOIMYHBIMU
MOI00HBIE CTaThbU, KOTOPHIC «3aCTAaBJISIOT» JIOJIEH, XOTh HEMHOTO AyMaTh. A OT
cebs1, B mpenBepun Cmernoii [lacxu, ckaxy uro [IpsiMbIM J0Ka3aTeIbCTBOM
OTCYTCTBUSI HAYKH SIBJISIETCH HAJIMYME HEPKBU.

CKoJIbKO IIEPKOBHBIX Uyjiec HayKa 00bsicHuiIa? Haunute co CBATOTO OTHS Ha
[Tacxy.
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4.5. 3akoH Apxumena ¢ no3unuii HoBbIx 3HaHMit

(Pa3MblIVIEHUS HA 32ITaHHYI0 TEMY)

Hukonait Buxmopoeuu Jleeauioe ocmaeu Ham HecKOIbKO KHUZ, cmamell
U 0obULOE KOJIUUECH B0 8UOCOPUTILMOE 0 6CIMPEUAX C YUMAMENAMU, 8 KOMOPbIX
OH U3/I0JCUTI CYMb CBOCU KOHUENUUU yCMpoicmea okpyicarowezo mupa. B
UHpOpMAUUOHHOM nAAHE IMO OOCHAMOUHO NJIOMHBLI KOHCHEKM OCHO8 €20
xonyenyuu. Ho nwoéas meopus, KOHUenyusa Hcueem moJibko mozod, Ko20a oHa
6HEOPACMCA 6 JHCU3Hb U PA3GUBAemMCA Odjlee, UHAUe O0UEeHDb BAMNCHOE UE/IbHOE
YUEHUe yCUIUAMU PbAHBLIX «HOYUMAMeei) MOHCen NPeGPAMUMbCA 8 00ZM).
Iosmomy yice ceituac cmoum npooema no aKkmuéHoOMy PAcnpPoOCMPAHEHUIO U
6HEOPEeHUI0 €20 3HAHUIL 6 PA3luiHble OMPACIAU HAYKU U MEXHUKU, ad MmaKice
oanvHeuuwe2o ux pazeumus. M HyscHo nayunams ¢ npocmozo. 30ech, KaK u
pazeumue 110001 meopuu, He MOIHCem 000UMUCL 0e3 OWUDOK, HENPABUIbHO20
moaxkosanua u m.n. QOHaxko oopozy ocunum uoywiui...

45.1. ITonoxenune konuenuuu H.B. JIeBamoBa

B knure «Heonnopoanas Beenennas»? H.B. Jlepamos Tak onmcan >pQpext
rpaButanun: «Ilepenag MepHocTH (TpagueHT) Bcerjia HaNMpaBJieH OT FPaHMIl K
HEeHTPY 30HbI jAedopMalMd NPOCTPAHCTBA, IO3TOMY IIEPBUYHBIC MAaTEPHH,
JIBUTAsICh BJIOJb ATOTO TPagdeHTa, CO3Aal0T COOOM HANpaBICHHBIM MOTOK. DTOT
HaIIPaBJICHHBIN ITOTOK MEPBUYHBIX MATEPUI, B 30HE MEPEINaaa MEPHOCTH U CO3/IAET,
TaK Ha3bIBaEMOE, TPABUTAIMOHHOE T10JIe.

I'paBuTaniioHHOE TMOJE€ BCerga MOpUHUMAIOCh, Kak camMo  coOoi
pazymMerolieecs, oueBuaHOE U Oe30KazaTenbHoe. Boooie, moHsTue ar000ro moJs
BBOJIMJIOCH B BHJIE TTOCTYJIaTa, 0€3 KaKUX-TU00 JOKa3aTeIbCTB U OOBSICHEHUM, YTO B
MIPUHIIATIC YPEBATO CEPHhE3HBIMU TTOCICACTBUSIMHU JIJIS Pa3BUTHS HAYKH B 11e10M. bes
MOHUMAaHUs, Ka3aJI0Ch Obl, OUEBUIHOTO, HEBO3MOKHO JIBMDKCHHE HAYKH BIEPE]T.

Tak BOT, mepemajg MepHOCTH NMPOCTPAHCTBA B 30HAX HEOJHOPOIHOCTH,
BO3HUKIIIMX TPU B3pbIBaX CBEPXHOBBIX, C€O31aéT TpaBUTAIMOHHOE TOJI€,
rpapuranuio. Kaskaplii aToM, BO3HUKAIONIMKA B PE3YyJbTAaTe€ CHUHTE3a CEMHU
MEPBUYHBIX MAaTEpUM, C€O31aéT BTOPUYHOE MCKPUBJIEHHE TPOCTPAHCTBA HA
MHKPOYPOBHe.

Bo3HukaeTr mepemaj MepHOCTH, CO3JaBaeMblii aTOMOM, HalpaBJICHHBIN
MPOTUB TMEPBOHAYAIBHOTO, JPYTUMH  CJIOBAMHU, KaXKIBIM aToM  CO34aéT

2 Jlesamos, H.B. «Heonnoponnas Beenennas». — Cankr-IletepOypr: M. «Mutpakosy, 2011.
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aHmMuzpasumayuonHoe noae. B pesynbprate 3TOro, arToM Ha4MHAET JBUIaThCA K
BEpXHEW TpaHULIE HAa30Ha YCTOMYMBOCTU M OCTAaHABIMBACTCA HA 0AJAHCHOM
YPOBHE MEPHOCTH.

JaBaiite paz0epém, moueMy aTOM OCTAHABJIMBACTCS HA, TaK HAa3bIBAEMOM,
OaJlaHCHOM YpOBHE MEpPHOCTH?!

BcrioMHMM, 9TO Ka)XIblid aTOM HE TOJBKO CO3AAET BTOPUYHOE UCKPUBIICHUE
IPOCTPAHCTBA, HO U TPEACTaBIsieT co00M (U3NYECKH TIOTHOE BEIIECTBO,
ruopugayr0  GopMy W3 CEeMHU TEPBHYHBIX MAaTepuil, KOTOpOE Ka4eCTBEHHO
OTJINYaeTcsi OT nepBUYHbIX wmaTepuil. IlnaHerapHblii mepenmagx MepPHOCTH
(¢opMupyer HanpaB/JIeHHbIC MOTOKH NMEPBUYHBIX MATEPH K HEHTPY IUIAHEThI
Y Ka:KJbI aTOM IONAaJaer moJ ux «Hanop». Bozuukaer «3¢gdexr napyca» —
MIEPBUYHBIE MATEpUM «AABAT)» HA aTOM, 3aCTaBJisii €ro JIBUTaTbCsl B TOM K€
HaIpaBJICHUH, YTO U OHU caMU. [I0TOK MmepBUUHBIX MaTEpUil KaK Obl «3aCTABJISIET)
aTOM ABHMIaThCs B 3aJJaHHOM HAITPABJICHUN — K HEHTPY 30HbI Je(opManu.

Ilepennag MepHOCTH, CO31aBaeMblil AaTOMOM, HANIPABJICH OT LEHTPA 30HbI
negopManmu K €€ rpaHULAM, YTO CO3/Ia€T BCTPEUHBIN UMITYJIbC aTOMA.

B pesynbrare, naBieHUE NEPBUYHBIX MATEPUM HA «IIOBEPXHOCTH» aTOMa
YAaCTUYHO HEUTPAIM3YETCSA AaHTUTPABUTALMEH, IOPOKAEHHON camuM aToMoM. 1 B
onpeaeJ¢HHOM TOYKe 3TH [Be CWJIbl YPAaBHOBEUIMBAIT JAPYr Apyra, 4ro u
COOTBETCTBYET 0AJIJAHCHOMY YPOBHIO MEPHOCTH I JaHHOro aroma. Kamabri
aToOM HMMeeT «CBOW» pa3Mep, ATOMHBIA BeC U CTeNeHb BJUAHHUA HaA
OKpYy:Kalolee MUKPOIPOCTPAHCTBO, ITIOITOMY U KaXJOr0 aroMa CyIIECTBYET
CBOI OaJlaHCHBIN YPOBEHB, XapaKTEPHBIN TOIBKO IJIsI HETO».

Utak, B 0oJHOM cilyyae mepemnaj MEPHOCTH «OPraHU30BaH» B3PbIBOM
CBEPXHOBO#, 2 B JIpyrOM — BJIMSIHHEM CaMoro (camMux) aroma (aToMoOB) Ha
OKpYy:xawiee NMPOCTPAaHCTBO. B pe3ynbTaTe aToMbl HaXOAATCS TaM, KyJa HX
«IPUIABIMBAIOT» MEPBUYHBIE MATEPUU W ypaBHOBEILIMBAIOIIAsS aHTUIpaBUTAIUA,
KaK CyMMapHoe JeiicTBue Bcex aTomoB. [Ipu 3TOM aTtoMmbl CO3JaOT Iepemnaj
MEpPHOCTH (HampaBJjeHUE JBWIKECHUSI MEPBUYHBIX MaTEpHi) OT CBOEro IIEHTpa K
nepudepumn.

[Tonygaercs, 4TO aTOMBI Pa3BOPAUYMBAIOT YacTh MEepBUUHBIX Matepuit (ITM)
MPOTUB OCHOBHOTO 1oTOKa [IM. A 3TO BO3MOKHO, eciii [TM npoHU3BIBAIOT BCE TEIO
BEIIECTBA, T.€. KAXKIBIM aTOM, O YEM CKA3aHO BBILIE, MTOATOMY 31ECHh MOXKET UITH
peub TOJabKO 00 3¢ dexTe 00beMHON MAPYCHOCTH — MHTErPaJbHOM J(pdeKrTe
M.

N3 xonuenmuu JleamoBa H.B. u3BECTHO, 4YTO 3aKOHbI MHMPO3JIAHUS
GbopMHPYIOTCS HA MAKPO U MUKPOYPOBHE, MbI 7K€ UMeeM J1eJI0 ¢ UX CJIeICTBUEeM
Ha Me3oypoBHe. Paccmotpum neiicteue motokoB [IM Ha pusnyecku mioTHOE TEIO
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Ha Me30ypoBHe. {1l HArjasAHOCTH PACCMOTPHUM CaMblil U3BECTHBIA (U3UYECKUI
3¢ (deKT — Norpy’keHue Tena B )KUIKOCTh, T.€. IPOSIBICHHUE 3aKOHa ApXUMea.

4.5.2. 3akoH Apxumena

H3BecTHO, YTO Ha

IIOIPY’KECHHOC B KHUIKOCTbH

F Apx = P)K/r =g-Pw/r -VT () TEJI0 JeHCTBYyeT
BbITAJIKUBAromiasa cuiia,
Fapx — apxumenosa cuna, H paBHasA BCCY BBITCCHCHHOU
Px/ir — Bec )KHJIKOCTH/l"a3a,uBblTeCHeHHblH TesnoM, H KUJIKOCTH, 4YTO
Vi —o00beM IIOIrpy’KEHHOH B )KH,[IKOCTb/ra?. o
yacTu Tena, M3 BbIpaxkaeTcs dhopmysoi (1)
Px/r — IUIOTHOCTH XKUAKOCTH/ra3a, Kr/m3 (pHC 1)
g — ycKopeHHe cBOOOAHOIO majeHus, m/c?

3aKoH CIIpaBCaJINB
KaK JJId KHUIKOCTH, TaK H

Puc. 1. 3akoH Apxumeaa AJIA rasa.

VnensHas
BBITAJIKMBAIOIIAS cuia Fapy MpuXoAsIasca Ha eAMHUALY 00beMa OyIeT paBHa:
f= FApx [ Vy= gepPx/ir

[Tpu Hamu4uuu rpagveHTa MEPHOCTH, T.€. KOTJIa €CTh YCKOPEHHE CBOOOIHOTO
MaJICHUs], BBITAJIKUBAIONIAsl CUJa 3aBUCUT OT IUIOTHOCTU TeNa Pr (IUIOTHOCTH
ynakoBKu aTomoB). Korna ke yckopeHue uiam nepenaj MepHOCTH OTCYTCTBYET, TO
Y BBITAJIKMBAIOIIAS CUJIa PABHA HYJIO, T.€. UMEEM MOJIHYIO HEBECOMOCTb.

[Torox IIM pnelictByer Ha Teno, MOTPYKEHHOE B KUAKOCTb, U HA CaMy
JKUJIKOCTb, IIPH 3TOM BO3HUKAET MEPENA] MEPHOCTH MEKY MEPHOCTBIO KUIKOCTH
Y MEPHOCTBIO TBEPIOIO Tea. [lepemnan MEpHOCTH U CO3a€T MOABbEMHYIO cruity. [IM
JIaBSIT HA TEJIO, M Ha )XUAKOCTh. Eciin [IM cuiibHee 1aBST HA KUAKOCTD (T.€. €€ P>
Pr), TO OHA BHITAJIKUBAET IJIOTHOE TeJI0 U3 ceds1 (mposiBiieHne 3akoHa [lackans™);
ecnu cuia jasieHus [IM Ha Telo M JKMIAKOCTh OJHHAKOBA (P = Pr), TO TEJIO
IUIABAET BHYTPH KUAKOCTH, HE3aBUCUMO OT €€ MecToHaxoxaeHus. Eciau [IM
CUJIbHEE JIaBsSIT HA TeJo (Px <pr), TO TeJI0 TOHeT. B Toke BpeMs cOOCTBeHHAasi
MEPHOCTh Ka’KA0r0 M3 B3aUMOJCHUCTBYIOIIUX OOBEKTOB ONpEIEIsieT HX
MOJIO)KEHHWE B MPOCTPAHCTBE, T.€. TO MECTO, I/I€ OHU OyAyT HaxXOJUThCS B
PAaBHOBECUHU C CUJIaMH, ACHUCTBYIOIIMMHU Ha HUX. Cieayer 3aMeTHTh, YTO TEJO
JOJDKHO OBITh TOJHOCTBIO OKPYXEHO JKMIKOCThIO (JIMOO TmepeceKkaThesl ¢
MOBEPXHOCTHIO JKUJIKOCTH).
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MepHocTb L; €B3anMopaeiicTByeT—> ¢ MEPHOCTBIO L2 = mepeman MepHOCTH
AL1> = Pe3yabTaT — CBOWCTBO (BBITECHEHUE TEIOM OOBEMa BOJIBI, BEC KOTOPOTO
PaBEH CHJIC BHITAIKHBAHUS TEJA U3 BOJIbI).

[Tpu sTOM, ecnu Teno OyneT MIOTHO JIeKAaTh HA JIHE COCY/a W IOJ HEI HE
OyJeT *KUJKOCTU, TO OHO HE BCIUIBIBET (HE3aBUCUMO OT €r0 IJIOTHOCTH), T.K. B ’TOM
ciyyae OyleT 4acThbio JHA M HHMKakas cuia ApXumena Ha HEro HE JICHCTBYET
HA000POT, €r0 MPIKUMAET KO JHY JaBJICHHUE, PaBHOE BECY CTOJIOA KMIKOCTH HaJ
HUM (coriacHo 3akoHa Ilackais).

4.5.3. llpumeuanue: 3axkon [ackans

31ech  OJTHOBPEMEHHO
nposiBisieTcs u 3akoH [lackans,
KaKk  CIEACTBUE  Iepemnaja

3akoH [Nackans

[aBneHue, MEPHOCTEM: Jlasnenue,
Npou3BOAMMOE Ha
XWAKOCTb UK ras
nepenaéTcs B
nobyro Touky
OAMHAKOBO BO BCeX

HarnpasJ/1EHUAX.

NpPoOU380-0UMOE HA HCUOKOCHIb
unu eas, nepeoaemcsi 8 ooy
MouKy Oe3 usmeHeHUll 80 8cex

HanpAaejleHUuAX.

3akon Ilackaiga oOmuCkI-

/| Baercsa popmyIoit naBICHHUS:

Fis;=P F/Sz,h2= FIV I/IJII/I p=F/S’
Puc. 2. 3akoH Mackanga

rae P — 9To naBieHue, F —

IMPpHUIIOKCHHAA CHJIA, S— miiomanab CoCyla.

p_mg_pVg _pgsSh
S S S

OI[HHKO 9TO BCCIro JIMIIb AAaBJICHUC ITIOPHIHA HA JXKHAKOCTH B IIPCACIIAX cTOJI0a

=pgh

XKHUIKOCTH BbicoToii AB = h, HO manee naBiaeHHe pacpocTpaHsIeTcs Ha BECh 00beM
YKUJIKOCTH, IIPH 3TOM ILIOIIA/h ITOBEPXHOCTH IIapa 3HAYUTEIHLHO OOJIBIIIE IIOIIAIM
nopiiHs. Bo3HukaeT npoTHBOpeYre, BHI3BAHHOE TEM, UTO MPU OOBICHEHUHU 3aKOHA
[Tackayis paccMaTpuBarOT OOBIMHO JIBa COOOIIAIONIMXCS LWIMHAPA C Pa3HOM
IUIOIIA/IbI0  MOmepeyHoro cedyenus. Otcioga ©  BbIBOA  (QOPMYNBI st
THIPABIMYECKOTO TIpecca, TJe MNPUCYTCTBYIOT IUIONIAAW TOPIIHEH W CHIIBI,
NeicTByromuye Ha HUX. Ha caMoMm Jene pedysb WIeT o mepeiade JaBIICHUS BCEMY
00beMy, B JaHHOM ciy4aro: it yactu AB (puc. 2) — Sie h = V1 u s mapa — Vo =
4nR3/3 unn, ycnosHO — Speh2 (MOKHO 3aMEHUTL 00BEM HIApa Ha 00BEM LIUITHHIPA).
Toraa noayuum: Sie h = Spehy — ToT e 3akoH [Tackast, mpUMEHsAEMBIi JIs pacyeTa
THJPABIUYECKUX MpeccoB. HO CMBICT MpW 3TOM HECKOJIBKO HWHOMW: JAaBJICHUE Ha
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o0beM V1 He paBHO naBieHUI0 Ha o0beM V2, T.e F/V1 # F/V2. B atoM ciydae
IIPOTUBOPEYHE MCUC3acT, T.K. JUIsl o0beMa V1 IaBlICHHE IepeaacTcs Ha IUIOMIAb S1
(cormacHo 3akoHa [lackais) W IUIONIAb CTCHOK, HO CTCHKH HE M3MCHSIOT CBOCH
GbopMBI, MOATOMY JIaBJICHUE TEepeaacTcs Ha IUIomaab Si, a Jisd odbema Vo — Ha
wiomaab Sz. Eciu B MOBEpXHOCTH IJIOMIAAbI0 Sz OyAyT HEOOIbIINE OTBEPCTHS, TO
JABJICHUE BBITCKAIOMINX M3 HUX CTPYH OyaeT 00paTHO MPOMOPIIMOHAIEHO TUIOIIA N
aTUX OTBepcTHil. [Ipum 3TOM COOIMIOTAETCS 3aKOH COXPaHeHHsl BelllecTBa Ha
Me3oypoBHe. Bce dopmynbl, mpuBoauMbie B ydeOHMKax (PU3UKH IS 3aKOHA
[Tackaiis, oTpakaroT YaCTHBIN CIIy4ai 3TOro 3akoHa. B HuX cuna F — MmexaHndeckas
cHIIa, co3/laBaeMasi KaKoM-JIMOO BHEIIHEH CUIIOM.

3akoH Apxnmeaa
Ha TENO, Norpy>XeHHoe B XXUAKOCTb ,D,eﬁCTByeT
BblTa/IKMBatwLlaa (apxumeaosa) cuna, paBHas
no moAayno cune THKeCTu BbITECHEHHOW
HKNOKOCTH
bA = meum..mw).g = paxuagyaum.anud.
Teno nnasaetr Teno BCcnnbiBaeT Teno ToHeT
Fi-pgV Fi-pgV
Fa=ng
P=mg P=mg P-mg T
F,=P F,>P BcnnbiTne 3aKkoHYNTCS, ¢ P= mg
= pr Px » Pr korgqaF, =P Fy <P
¢+~ Ecnu cuna TaxecTit, /~ Ecnu CHna TAXKECTH <
Frax paBHa apxume- Frax MeHblie apxume- p)K pT
poeoi cune FA, 1o Te- | | poeoi cunel Fa, To Tenc
no ByaeTt HaxoAWTLCA | | BygeT NnogHMMATLCA H3 { Ecnu cuna tsxkect Frax
E PABHOBECHH B JIH0- KMAKOCTH, BCNNbIBATH. bonbuwe cunel FA, To Teno dyaer
bom mecTe XKHAKOCTH. [InoTHOCTL NNaeao- ONyCKaTbCA Ha AHO, TOHYTh.
lMnoTHoCTkL Nna- wero rena MeHble MnoTtHoCTL Tena bonbue
BEaOWero tena paeHa NAOTHOCTH XUAKOCTH NAOTHOCTH XUAKOCTH.
'NSIOTHOCTH KMAKOCTH / ' Y4
Puc.3. lNpoaBneHne 3akoHa Apxumena npwu
_paan WYHOW NIOTHOCTU TBep,D,Ol'O Tena

OHa IPUCYTCTBYET U B 3aKOHE ApXUMe/a: MpHu pa3HOCTH MepHocTel (AL 1)
KUIKOCTH W TMOTPY>)KEHHOTO B HEE Tela, BO3HMKAET MeXaHU4YecKas CuJa,
3aCTaBJIAOLIAs TUIaBATh, TOHYTh UJIU BCIUIBIBATh
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TEJIO0 B XUAKOCTH. BO BCeX 3THX Tpex ciydasix, )KUIKOCTb JEUCTBYET Ha TEJIO B
COOTBETCTBUM ¢ 3akoHOM [lackans. I B Tom ciydae, korjga Teno OyJeT MJIOTHO
HaXOAMTCA Ha JHE COCYAA U MO HETO HE MONAAET )KUIKOCTh, OHO Oy/I€T OCTaBaThCs
Ha J{HEe, HE3aBUCHUMO OT CBOEHU INIOTHOCTH, T.K. IIOBEPXHOCTH Teja B JAHHOM ClIy4ae
OyZeT BBIOJHATh (PYHKIHMIO YacTW JHA cOCyAa W OyAeT MPIKUMATHCA KO JIHY
JTaBJICHUEM, PaBHBIM BECy CTOJI0A KUKOCTH HaJl HUM.

e

duznyeckas cTpyKTypa Ousmyeckinit ahext
ahcpexta Apxumega Apxumepga

Mrpae. MM & L.% M

/ /

BB, ==B,(L )< By(L.) == AB,;— (0)== Pesynbrar

/ /

nrpas.

- Monnagok AB1?~BI:ITEEHEHHER TENOM BOMA

BE - BOga [UJJ - HANPHUKMED, NECKA C KPHYKOM (YO0YKa)

Puc.4 . NMpeacraBneHune 3akoHa ApXxumena B BeNonbHON
cdopme

Takum 00pa3oM NepBONPUUNHON BOSHUKHOBEHHUS CUIIbI ApXuMea sBIseTCs
notok [IM B HeogHopoaHom mnpoctpaHcTBe (IIpH), mpmxumaromux u Teno, u
JKUJKOCTH B  HAIPaBJIICHWM  II€pernajga MEPHOCTH, TaK  Ha3bIBa€MbIM
«rpaBUTAMOHHBIM TTOJIEM» Il;p.

OnHo o0OjamaeT TeM CBOWMCTBOM, uTO JH000H 00BeKT (*), dakTHyecKu
BemecTBO (O), HAXOIAIMICS B HEM, Oy/IET IBUTAThCS BIOJb MIepernaaa MEpHOCTH,
T.€. K LIGHTPY 30HBI Ae(popMaIii MPOCTPAHCTBA.

Ho T1.x. pe3epByaphl, EMKOCTH C KHJIKOCTBIO, KaK ITPABUIIO, OTPAHUYEHBI 110
OOKOBOI MOBEPXHOCTH, KaK U CaMH TeJla, UMEIOUIUE KOHKPETHYIO T€OMETPUUECKYIO
dbopmy, nepenag MEPHOCTHU BHITIOJIHAET PYHKIUIO U MEXAHUYECKOU CUJITBI, KOTOpas
burypupyer B 3akoHe [lackans, u co3aaer JaBieHue Ha 3TH Tena.

Crnengyer OTMETHUTBH, YTO 3aKOH ApXHMea HAUYWHAET MPOSBIATHCS TOTAA,

KOrJla pedb HUJET 0 B3aMMOJEMCTBUM JBYX U 0OoJiee Tej, OJHO M3 KOTOPBIX
pesynbmam

C:MpH ( AL) «<—— NM &—== Mzp.—>( * )= Ceoucmeo
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XKUAKOCTh win ra3 (Bz2), BTopoe — TBepAoe WK KUAKOE, a 0 ITOTO CIEeyeT BECTU
peub o mposBieHuH dPPerTa “TAroTeHus» B BuAe 3Pdekra «mapycHOCTH» (pHuc.
4.). Ilepenag mepuocTt AL 12 npuBoAUT K nosiBieHUIO dddexTa «rpaButanum» Iip,
KOTOpas MpH B3aUMOJCHCTBUU C BellecTBOM Bi, (BMecTO 3Be370UkH (*) BBOIUTCS
BEII[ECTBO, CM. YPOK &) CO3/MaeT CBOWMCTBO, CIOCOOHOE BBIMOJHUTH KaKOE-TO
neiicteue. Ilpu 3TOM oOpasyercs cucreMa U3 TpeX SJIEMEHTOB, Ha3bIBaeMOM
«BETIOJIEM» M CIIOCOOHAsI BBITIOJHATH, KAK MUHUMYM, ONHY GyHKIH0. HarmsmgHo
3TO MOXKET OBITh MPEJICTABICHO B BEMOJIBHOU opme (puc. 4).

3aKOHBI MHMKPO H

Y MaKpoMupa €/IUHBI.
Tenepn paccMOTpUM
a”aJjior 3aKOHa
Apxumena Ha

MUKPOYPOBHE.
AHaNnoOru4HO
ONIMCAHHOMY BBIIIIC

3aKkOHy Apxumena Ha
MHUKPOYPOBHE TaKKe BCE
aTOMbl 3aHHMAIOT CBOE
MECTO, B 3aBUCUMOCTH OT
COOCTBEHHOOTO YPOBHS

MEpPHOCTH L, m.e.

OayraHCHOI MEPHOCTH.
Cnenyet TaKxe
Puc. 5. PacnpegeneHne atomMoB B OTMETHTh, YTO KaXKIbIi
NpoCcTpaHCTBE B 3aBUCUMOCTU OT aTtoM BJIUSIET Ha
CcOOCTBEHHOW MEpPHOCTU ("3aKOH OKpY’KaroIee
Apxumega Ha MUKPOYypOBHe"). HPOCTPAHCTRO B

3aBUCUMOCTH  OT €TO

aTOMHOTO Beca. Ho, BHE 3aBUCUMOCTH OT TOT0, KaK CUJILHO OH BIIUSET, OH YaCTHYHO
WIN TOJTHOCTBIO 3amlojHSAeT co0oi nedopMalrio MpOCTPAHCTBA, YMEHbIIAs TEM
caMbIM BelW4yuHy OdToi jaedopmanuu. [lodTOMYy, COBOKYNMHOE BIMSHHE Ha
IPOCTPAHCTBO  KOJMYECTBA aTOMOB BOJOPOJa, COCTABIAIOIIMX aTOM JAHHOTO
aJeMeHTa, OyJeT MPUOIN3UTENILHO OyJeT PaBHO CTEIEHU BIWSHUS OJHOTO aToMa
JTAHHOTO DJIEMEHTA.

Ha aTom, Takke, kak 1 Ha MakpoTeo aeicTByeT nmotok [IM, coznaBas agdext
«TaPyCHOCTH («TATOTEHUS), KOTOpOMY MPOTUBOCTOUT MEPHOCTh
(aHTHTpaBUTALIALY, CO3/IaBaeMas CaMUM aTOMOM. B pesynbrare B3ammoIIeliCTBUS
«TpaBUTAIUN» W «AHTUTPABUTAIIMK» aTOM YXOIUT Ha OaJaHCHBIM YpPOBEHb

KoHapakos U.M. Ha nyt1 K HoBbIm 3HaHUAM. COOpHUK cTaTei. Y.1 1



MEPHOCTH, KOTOPBIM COOTBETCTBYET €ro COOCTBEHHOW MEPHOCTH B JaHHBIX
YCIIOBUSX, OO0ECIEeUHUBAIOIIMM YCTOMYMBOCTh aTomMa. AToMm BeAT cebs, Kak
«TOIUIABOK», CTPEMSCh 3aHATh TO TMOJIO)KEHHWE B MPOCTPAHCTBE, KOTOPOE
COOTBETCTBYET €r0 MEPHOCTH B JIAHHBIX YCJIOBUSX, MPOSBIISS CBOECTO pojia <3P heKT
Apxumena» Ha MUKPOYPOBHE, BepHee, 3D (HEKT «ImapyCHOCTH». A, KaK H3BECTHO, BCE
[IM sBASIOTCS SJEKTPOMArHUTHBIMU KOJICOAHUSI COOTBETCTBYIOIICH OKTaBBI, 3
COBOKYITHOTO CIIEKTpa KOTOPBIX U CO3/IaH aTOM. 3/1€Ch B ITOJIHYIO CHITY IPOSIBIISIETCS
Ta pU3MKa, 0 KOTOPOH BeAET peub B cBOMX paboTax A.M. XaThsIO0B.

To xKe MO>KHO

2,87895058 CKa3aTb M O THIPOSIBICHUU
{t ocb nyua wectunyuesuxa abdexTa «mapycHOCTU», U
1

L1, ’ 2,87895058 «3aKOHa Apxumena» Ha
@ MaKpo-ypoBHE, T.€. Ha
| Q& YpOBHE IIECTHIIYYCBUKA, B
—4 F\\MeTaBceneHHbie KOTOpOM ITOTOKH IIM

| it cynepnpocTpaHcTe
/ HaIpaBJICHBI oT
- nepudepun (¢ OombIIeH
i MEp-HOCTBIO) K €ro ocu (¢

8 MEHBILIEH MEPHOCTHIO) (CM.
i 3,040576472 puc. 17.13.2, ypok 17).

[IposiBrieHue ahdexTa

«MapyCHOCTH»  SIBISIETCSA

8

i_k
(]
=i

byHIaMEHTATBHBIM

CBOMCT-BOM  (pu3myecku
3,1213894

IUDIOTHOM  MaTepuu B

2,87895

HEOJJHOPOHOM
IPOCTPAHCTBE,

Puc. 17.13.2. "EnKa" MEPHOCTEN NyYa WecTUNy4YeBrKa: (opMupyIO-IIIM cc
MEPHOCTb MO OCK Ny4a - 2,87895058; MePHOCTL NoNepéEK -
ock -1 - Ni - T 2,87805058 710 2,87895058 + (Ni-1)xAL; «CKCTICTBD BCEBO3
Ni=1-:-13 - KONU4ecTBO HOPM NEPBUYHBLIX MaTEPUN B MOXHBIX 00pa3oBaHUM —
COOTBETCTBYHOLWEM CYyNepnpoCTPaHCTEE.

TJIAaHET, rajlakTHK,

METaBCEJICHHBIX U T.A.

MoxHO cnaenate nOpeanosiokenue, 4uro I[IM, B3auMOIEHCTBYIOIIME C
(bu3MYecKH IOTHON MaTepHel, MPOXOIAT Yepe3 KaXIAblii aTOM U, B UTOTe, PO
yepe3 METABCEJICHHBIE, CTEKAIOTCSA B MOIIHBIM MOTOK BIIOJIb OCH LIECTUIIyYEBHUKA,
BJIMBAsCh B AHTULLIECTUIYYEBUK B COOTBETCTBUU C 3aKOHOM COXPAaHEHUS MATCPUMU.

17 mas 2016 1.
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4.6. O uncJje m — T — M3,

(PasMbIlUICHUS HA 32IaHHYI0 TeMYy)

Ilpu 3naxkomcmee c¢ konyenyueu A.M. Xamwvibosa y MHOUX BO3HUKAIOM
npomugopeyusl, CeA3aHHble C MeM, YMmO OHU NbIMAIOMCA C8EpUmMb 3HAHUA,
nosyuennvie npu npoumenuu knue H.B. Jlesawiosa co 3uanusamu, noayueHHbiMu u3
koHyenyuu A.M. Xamwibosa. Omo HopmanvbHo, M.K. NOKA He 8e30€ HABeOeHbl
«mocmuly Mexcoy 08yMs KOHyenyuamu. M maxue npomugopeuusi MONCHO
paspeuiums, NpusieKas 00HO8PEeMeHHO 0be KOHYenyuu, a He 0aas npeumyuecmasd
KaKou-1o60 0OHOU U3 HUX.

Co IIKOJIBHOW T€OMETPUU HAM M3BECTHO, 4TO ecTh unciio m = 3.1496. OHo
CIpaBelMBO B JIOOOW TOYKE 3eMJIM M, KaK IOKa3bIBAIOT HCCICIOBAHUS U
TEOpETUUYECKHE Pa3padOTKU, OHO M Ha YPOBHE IIeCTHIy4YeBUKa paBHO 3.1496.
Opnako nmnsi oObsAcHeHUs psga 3(PGEeKToB, OMUCHIBAEMBIX B KoHIENusx A.M.
XateiooBa m H.B. JleBamoBa, OHO JOJDKHO OBITh WHBIM WJIM W3MECHSATHCS, B
3aBUCUMOCTH OT KOHKPETHBIX YCJIOBHI. BO3HHMKaeT MpOTHUBOpEYHE: YUCIO T
AOJKHO ObITh paBHO 3.1496, 4TOOBI COOTBETCTBOBATH OOIICHPUHSITHIM
HaOmomaeMpiM  (pakTaM, W OHO He [O0/UKHO OBbITh PaBHO €My, YTOOBI
COOTBETCTBOBATh JIPYTUM TMPEACTABICHUSIM M OOBACHUTH Apyrue 3(pQexTsi, B
KOTOPBIX MPUCYTCTBYET YUCIIO 7. Kopoye roBopsi, YUCIIO 7T AOTHKHO OBITh YUCIIOM 7T
U HE JTOJDKHO UM OBITh, T.€. TPU OJHHUX YCIOBUSX JIOJDKHO «IIPOSIBIISITHCS YUCIIO T,
a Ipu Ipyrux — uHoe uncio 7. Ho Tak kak mepexoaHble COCTOSHUS B3aMMOCBSI3aHbI,
TO 3aKOHOMEPHBIM JIOJDKEH OBITh U MEPEX0]] OT OJTHOTO COCTOSIHHS — K JIPYTOMY.
[TonpoOyem pa3pemuTh 3TO MPOTUBOpPEUHE, (KCIONb3Ys MEepeueHb MPUEMOB,
NPUBEACHHBIX B ypoke 1), Hampumep, mpuMeHeHueMm mnpuema 5: Pasnesnenue
NMPOTHBOPEYUBBIX CBOWCTB MyTeM HCHOJIb30BAHHS MEPEXOIHBIX COCTOSHMIA,
IPU KOTOPOM COCYIIECTBYIOT WJIM MOMEPEMEHHO TOSIBIISIIOTCS MPOTHUBOMOIOKHbIE
CBOMCTBA: MyCTh CUCTEMa 00samaeT cBOUCTBOM C (011 OaHHBIX YCA0BULL YUCTO T
aensemes  napamempom, pasueim  3.1496) 10 ONpPEOCIEHHOTO COCTOSHHS
(meprocmu, obwenpunsmotl ons nawen Bcenennotl), a Ipu IEPEXOE Y€PE3 HETO
(ranpumep, ¢ uzmenenuem meprnocmu), odiaanaet cBOMCTBOM He-C (npunumaem
opyeoe snauenue, omauynoe om = 3.1496), U3MEHSACH IIPH ITOM.

B cBoux pacuerax Hukonait BUKTOpOBUY IIPUMEHSLT 1Ba 3HAYEHHUS YUCHA TT, Y
Xatpi00Ba — Oosbie. [Ipenmnonarat, 4To 3TO CBA3aHO € PA3JIUYHON MEPHOCTHIO
MIPOCTPAHCTB, KOTOPBIE OMUCHIBAIOTCS B KOHKPETHON CUTYAIMH. DTO BHITEKACT U U3
pasperieHus MPUBEACHHOTO MPOTHBOPEUUSI.

HaMm u3BeCcTHO, 4TO OTHOIIEHUE JUIMHBI OKPY>KHOCTU K €€ TUaMeTpy PaBHO 7.
OKpY:KHOCTH SIBJISIETCSI TIpeieJIbHO MUHHUMAJIBHBIM IyTeM, MO KOTOPOMY

KoHapakos U.M. Ha nyt1 K HoBbIm 3HaHUAM. COOpHUK cTaTei. Y.1 1



MOZKeT MPOMTH TOYKA M0 3aMKHYTOM TpaekTopuu. OHAKO JJII IPOCTPAHCTB C
pa3HON MEPHOCTHIO OTHOIIEHME JJIMHBI MpeaebHO MUHUMAIbHOM 3aMKHYTOH
TPAeKTOPHHU, 0XBATHIBAIOIIEl MAKCUMAJIbHO BO3MOKHYI0 IIPH 3TOM ILI0IIA/Ib,
K e€é «ImaMeTpy» - JIMHUM CBSI3bIBAKOIIEH [Be NMPOTHBOIOJIOMKHbIE TOYKH,
YHCJI0 T MOKeT ObITh MHBIM (pHUC. 2). 31eCh CTOUT HAIIOMHUTb, YTO MEPHOCTH B
KOHKPETHOM TOYKE MPOCTPAHCTBA MOKHO MPEACTABUTH €0 KPUBU3HOM, HAIIPUMED,
IUIOCKOCTh (¢ paamycoMm KpuBu3HBI R) — cdepa (¢ pamgmycom KpuBH3HBI R —
reomerpusi Pumana unm JloGaueBCkOro) — «BOpoHKa» (TUIA «YEPHOU JBIPBDY) - U
T.J.

Hampumep, 3HaueHue 4ucia m OMOPHOM MOBEPXHOCTH AJi KBAaTEpPHUOHA =
3.6428, nnsa oxrtaBel = 3.88. Ucxoanoe 3HaueHue (A1 GopMUpPOBAHUS TPYOKH
Buxps) uuciaa © = 6.00000000, kak ykazano B [1] (I'n. 5 «bonbmas nomarta B
¢dusuke mpoueccay, ®.J1. kpyaHes).

Buxpbs — 310 He HaOOp ciay4yallHBIX 4acTOT. Bce 4acTOThl NOMKHBI OBITH
COrJIacOBaHbl C YaCTOTAMU BHEIIHEH Cpefbl, U B MEPBYIO OYEPE]lb, — C YACTOTAMU
pemiéTkn Cpenpl U ¢ paIMallMOHHOM PEIETKOM.

IIpu 3TOM IpOIIECC MOXKET MPOUCXOANTH B PA3HBIX MPOCTPAHCTBAX C Pa3HOU
MEPHOCTBIO, CBSI3aHHBIX MEXIY COOOW TapMOHWYHBIMH COOTHOIIeHusMH. Kax
orMmedeHo B [1]: «IIpu mocinenoBaTeIbHOM U3MEHEHHUH 3HaKa 3apsjia (MOTeHINaa)
BaXKHO, 4TOOBI Ipy nocnenosatensHoi cvene KOMITJIEKCHOE? npoctpaHcTBo
— KeamepHuon* — okmaea — KOMnieKcHoe nPocmMpancmeo, — He ObLIa HapyIIEHA
IIPEEMCTBEHHOCTh NEPEBOJHON (YHKUMU, a 3TO 3aBUCUT YK€ OT 3HAYCHUU
quces 7m». - BOT eme OJHO [0Ka3aTeNbCTBO TOIO, YTO YHUCIO 7T CBSA3aHO
HEIIOCPEJICTBEHHO C KOHKPETHBIM HPOCTPAHCTBOM, HMEIOIIMM KOHKPETHYIO
MEPHOCTb.

[IpuBenennpie MareMaTuueckue (PyHKIIMM — BCErO JIMIIb MaTeMaTUYECKHM
npuéM, MaTeMaThyeckas MOJeIb ONUCAaHUs MPEIOKEHHON  XaThIOOBBIM
(bu3MYEeCcKO MOJENH KOHKPETHOTO SIBJICHMS.

3/1ech U HAYMHAETCS CaMO€ CJIOKHOE B IOHUMAHUU BUXPSI.

CoOcTBEeHHO, CaM BHXPh CTpOWTCS crieayromum obpazom (cm. [1]). Ha
MpUMepe TAKTOBOW CIUPAIN MOXKHO MMOKAa3aTh 3aBUCUMOCTD 11ara U JIJTMHbI CIIUPAJIN
OT YHucha .

3 KommiekcHoe ananuTudeckoe IPOCTPAHCTBO,- AHATTUTHYCCKOC IMPOCTPAHCTBO HAJT ITOJIEM KOMIIJIEKCHBIX YHUCEIT.

4 KBatepHuoOHBI (10 uemvipe) — cHCTEMA THISPKOMIUICKCHBIX YHCEN (pa3iM4HbIe PACIIUPECHUS BEIECTBEHHBIX
qrcel (KOMIUICKCHBIE YHCIa, KBATEPHHOHBI | T.11.)), 00pa3yomas BEKTOPHOE IIPOCTPAHCTBO Pa3MEPHOCTBIO UETHIPE

HaJ 110JIEM BELECTBEHHBIX Yncel. KBaTepHUOHBI pacIIupsOT IOHATUE BPALLEHUs B TPEX U3MEPEHMSIX Ha BpallleHUE
B YETBIPEX U3MEPEHUAX U MO3BOJISIIOT BBIIIOJIHUTE IUIABHOE U HENPEPBIBHOE BpPALICHUE.
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Tpybka 3apsaoB

OnopHasa NoBepXHOCTb BUXPS

Puc. 1. Yucno m B TaKTOBOW cCnNUpanu, AnuHe BONHbI U3NYYeHUA Unu
B ne-Opounesckou aAnuHe BonHbl ®MNM yacTuubl.

PaccMoTpuM HECKOJIBKO MPOCTHIX TEOMETPUUECKUX (PUTYP: 3aMKHYyTasi TUHUS
OKPYXHOCTH (OJHOMEepHas (urypa), miomaab Kpyra (AByxMepHas TOBEPXHOCTH),
nonycdepa u chepa (AByXMEpHBbIC TTOBEPXHOCTH C PaIdycoM KpHBHU3HBI R), mmap
(TpexmepHas Qurypa) (puc. 2.). OTMETHM HaWKpaTyallIMe pacCTOSHUS OT
JIMaMETPAIBHO MPOTUBOITOIOKHBIX TOUEK A 1 B.

B kpyre — ato nuametp okpyx)Hocty - AB (puc. 2 a.); B nonycdepe unu chepe
(MCKpUBJIEHHOM MPOCTPAHCTBE, «UEPHOU IbIpe» (BopoHke) — AB — HankpaTyaiiiiee
paccrosiHMe Mexay ToukaMu A U B (puc. 2 B); B miape — HauKpardauiiue
PACCTOSIHUS TI0 JIMHUSIM MEPHOCTH ¢ TpagueHToM mepHoctu (L 1— L) (puc. 2 6 —
TOHKHE Oeble TUHUM. ). [Ipr 01MHAKOBOW MEPHOCTH MapaMeTphl YKa3aHHBIX QUTYP
OyIyT CBSI3aHbI C YUCIIOM T, IPU Pa3HON MEPHOCTU — YKcCia 7T OYAyT UMETh pa3HbIe
3HaueHud. [{ns  Hamiero - mOpocTpaHCTBA  3HAYEHHE  COOTBETCTBYIOUIETO
r€OMETPUYECKOr0  MapaMeTrpa  MNpPONOPUUOHAIBHO  CTENEHUW  JMaMeTpa
COOTBETCTBYIOILEH (PUTYpHI U YACTU OT YKCTIA T.

KoHapakos U.M. Ha nyt1 K HoBbIm 3HaHUAM. COOpHUK cTaTei. Y.1 1



__— Haukparyanwee paccrosHne
A % B Mexay Toukamm A n B
Py
. R IR
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i/
6. MepHOCTb

Puc. 2. N3ameHeHUe MepHOCTU OT NIUHUU A0 cepbl

Kak ormeueno B [1]: «OcHoBolM mepenayu at000il TPYIIIbI MOTEHIIMATIOB
Mexy cMexxHbIMU aroMaMu AABJIAETCS rpaBuTo-3/1eKTPOMATHUTHASL BOJIHA,
MMeEIoIas CyMMapHOe anb0e10, paBHOE HYJIIIO, U MOp(doaoruuecku opopmiieHHAs B
Bujie 0ouku. Yem Bbime pH numdsl, Tem poBHee (Oonee ycToiunBas) 004ka
JAmorena, Ho ¢hopma criupanu Apxumeaa oOpasyeT Ha 00UKE BMSITUHBI U BBICTYIIHI,
0 KOTOpBIC «CIOTHIKACTCS» IMOTEHIMaI. Torma Oodka — KOHTEMHEP s
MepeHOca reHa 1o Hy>KHOMY aJipecy.

B xoopauHatHOM ceTke nmpocTpaHcTBa EBKIMIa MOKHO MPEICTAaBUTh, YTO I10
OCH X PACHpOCTPAHSIIOTCA MPOJOJIbHBIC KOJeOaHus (TrpaBUTAIMOHHAS BOJIHA)
TaKTOBOM YacTOThI, HA KOTOPHIC HAJOXKEHBI (IO OCSAM Y U Z) DJIEKTpUYECKas U
MarHuTHasT 4acTOThl, MPUYEM MAarHUTHas YacTtoTa (WM HMMIYJbC), COTJIACHO
uccienoBanusM Jlannay, MOXET B PSAE CIy4aeB OINEpPEk aTh 3IIEKTPHUUECKYIO
COCTABISIIOLLYIO, HO 6 JII000M Cliyuae MaZHUmMHAA 4acmoma cmpo20 K6aHmoeaHa
NnO INEKMPUUECcKoib).

OtmeTuM, uyTO O0UYKa — ATO KOHKpeTHas ¢popma. Mopdosorus npeacTaBicHa
Ha PHUCYHKeE 3.

Bouka — 310 MOp(oiorus CBsI3M MeKAy NPOTOHHBIMU ATOMAMM.

Paccmotpeno Tpu  BapuaHTta

A. Ona paccenBanuns B. Ana noanepxanus pe- C. Ansa oopMmmpoBaHuns
noTteHuuanos WETOK U CETOK XapTMaHa,  FeHHON CTPYKTYypbl

Kiopn, Permrena ropswociuncen | popMbl  60ukM. OHH  OCTATOYHO

<SR~ noApoOHO onucaHbl B pabote [1].

' bouka (Bapumant C): Ilpm
pacCMOTPEHUU CIHpad ApxuMmena
OBIJI0O yKa3aHO Ha BO3MOXKHOCTH

2 HN3MCHCHUSA Ka4CCTBa CIIMpaAJIA l'lyTéM

Fe 2 Ty BapmaHT Qs n3MeHeHus: 4ymuciaa w. [lpu >ToM
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JIFOBAS reHHas cTpyKTypa JOJDKHA COOTBETCTBOBATh 3HAUEHHUSIM YMCIIA 7T JUIS
3eMIIM U OIpPEACISIETCS PA3HOCTBIO 3TOI0 4YHCJIA JJIsl COJHEYHON CHCTEMBI U
3emutu. JIJist APYrUX IUIAHET 3TA Pa3sHOCTHL Oyaer uHas. lanee cM.”.

Ucxoanoe 3Hauenwe (A1 QopmMupoBaHus TpyOKH BHUXps) dYHCIA
7t = 6.00000000. IIpu 3TOM 3HAYEHUU IIAr BHEUIHEH CIHMpaId BUXPA MPUMEPHO
PaBEH paJilyCy BEKTOPa U TOUYHO COMPSIKEH C OMOPHOM MOBEPXHOCTHIO. OCTanbHbIE
IOSCHEHUS UMEIOTCS B padoTe® .

28.05.2016T.
4.7. K ocHoBam Mupo3aaHus...

B nocneonee epemsa nossunoce ouewb MHO20 UHGOpMayuu o0 psoe
UHMEPECHbIX MeopemuyecKux U NnpaKkmudeckux paspabomox, KOmopvle NoKa He
npobunu cebe 00po2y 8 OOILULYIO «HCU3HBY, UOO NPOMUBOPEUam NPedCmasieHUsIM
npeocmagumeneil. oQuUYUAIbHOU Hayku. B psady smux pazpabomox uaxoosmcs
meopemuyecKue U npaKmuieckue UblCKaHus yueHo2o0 pusuka u uzoopemamens
B.C. Jleonosa.

OO0 aTome pa3IMYHBIMU aBTOpaMU pa3paboTaHo psia GU3HUECKUX MOJIETEH,
KaXJasi U3 KOTOPHIX MO3BOJISUIA ONMKUCATh, KAK MUHUMYM, OJHO U3 HAOII0JaeMBbIX B
AKCIIEPUMEHTax CBOMCTBO. OTHAKO M3HAYAIBHO OBLIO TIOHSITHO, YTO MpeaiaracMast
MOJIENb - OJIHA U3 BO3MOXHBIX, UTO HArJISAHO BUIHO U3 pucyHka 3.1. (ypok 3), rae
MOKa3aHa dBOJIOLUS TIPEICTaBICHUI 00 aToMe.

Harmmu nmpeacraBiaeHust pa3BUBAIOTCS B COOTBETCTBUH C TEM YPOBHEM 3HAHUS
U TIOHMMAaHUS, KOTOpbIE Mbl MMEEM Ha KOHKPETHOM JTare pa3BUTHS HAYKH.
COBOKYITHOCTh TPEACTABICHUH, JOCTATOYHBIX JISi OMUCAHUS TOTO WJIM WHOTO
SIBJICHUSI, TIPEJCTABISIOT co0oil HayuHbie cuctembl (HC), koTopble, kKak u Jr00bIe
CHUCTEMBI, Pa3BHUBAIOTCS 3aKOHOMEPHO. DTH 3aKOHOMEPHOCTH MOYKHO ITO3HATh U
WCITOJIB30BATh IS INTAHOMEPHOTO Pa3BUTHS CUCTEM.

Tak y»X TpPOUCXOIUT TO3HAHUE COBPEMEHHBIM YEIIOBEKOM OKPYKAIOIIETO
MHpa, YTO OHO OTTAJIKHWBACTCS OT KaKOT0-TO U3HAYAILHOTO YPOBHS NPEICTABIICHUN
00 00BEKTE UCCIEOBAHUS U HE MOXKET «IIEPEMPHITHYTH» Yepe3 HECKOJIBKO ATAIMOB
CBOETO pa3BUTHsA, HE Tpoins ux. CBOM TPEACTABJICHHS MPUHATO OIMUCHIBATH C
MOMOIIIBIO, HanpuMep, pusnueckoit moaenu. [Ipu s3Tom kaxmaast HOBast MOJIENb J1aeT

> Ixkpyanes ®@.J1. T'n. 5 «Bonbmias nonata B pusuke npouecca». https://shkrudnev.com/index.php/home
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BO3MOXHOCTB CACJIaTh CIIC OJIUH Al B HCU3BCCTHOC, KaK IIPAaBHJIO, OTPpHUIAst 1IN
JAOIOJIHAA IIPCIKHIOIO MOACIIb.

.o .(é:.@
sess > 900
N ) -

Atow npod. Anekceesa:

Hayano 19 B. AHanoru4ex Atou Toncona (KenbBuwa) Atom Jlenapna,1903 r.:
. YCTPOMCTBY CONHEYHOMH 1902 r.; cpepa, B KoTopyI0 "n nbl" - 06bes 7]
CHETOMAS BKpanneHs! 0TpHUATeNbHbIE U3 INEKTPOHOB W HACCUBHOTO
Atom 3apAbl 3apsSKEHHOIO Tena.
Hewokpura *
Moaens “niyasmnra c niwmon
hv >
oy Ly P T
g IVicHIE doToNa TN - " :‘ 1 ;:_ Atou Haraoka, 1904 r.: Bokpyr
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nepexon c 0AHON 0pOMTLI Ha CoBpeHeHnas moaens 2
APYIYI0 CONPOBOKAALTCA i5%
M3NyYeHWeH ;
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Moaens aroma lNesawosa H.B.:
aToM BOAOPOAA W ypaHa

Puc.3.1. PazBuTue npeacraBneHnin od atome

Kak wu3BectHo, Hanpumep, H.B. JleBamoB mokaszan HECOCTOSATEIBHOCTH
O6meit Teopun OtHocutenbHOocT (OTO) A. DifHmITeliHa, KaKk TEOpPUHU
OIMPAIOLIEHCS HA JIOKHBIE MOCTYJIATHI.

OCHOBHBIMH «KMTAMI» MOKHO Ha3BaTh HECKOJbKO nocryaaros OTO,
CTaBUIMMH OCHOBHBIMU U /IS COBPEMEHHOW HAYKH:

- MOCTYJIAT COXPAHEHUSI MATEPHUN;
- MOCTYJIAT OJTHOPOJAHOCTH BCEJICHHOM;
- MOCTYJIAT CKOPOCTH CBETA.

[Toctynar coxpaHeHUs MaTepUM TJIACUT, YTO MAaTEPUs HUKYZA HE UCUE3AET
M HE TOABIAECTCA M3 HEOTKyaa. llpudém, 1moa marepuerd MOHUMAETCS TOJBKO
(GbU3MYECKN TUIOTHOE BEIECTBO, HMMEIOIIEE 4YEeThIPE arperaTHbIX COCTOSHUS -
TBEpJIOE, JKUAKOE, Ta3000pa3HOE€ U IUJIa3MEHHOE, MpPUYEM, MCCIe0BAHUE
«HAYMHAETCSD> ¢ MOMCKA IMepeYMCJIeHHbIX CBOMCTB B TBepaom teje. M BcE.
Hcxons m3 3THX OMIMOOYHBIX IPEACTABICHHM O MaTEPHH, KaK TaKOBOM, IayKe
ONM3KO HE OTPAKAMIINX pPEaTbHOE IMOHSATHE MATEePUH, DSKCIEPUMEHTAIBHBIE
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JaHHbIE, TMIOJIyY€HHbIE C TMOMOIIBI0 Oo0Jiee COBEPIICHHBIX MPUOOPOB AJIA
UCCIIEOBAHNUSI MHKPO- M MAaKpOMHpPA, MOJHOCTBIO OIMPOBEPrar0T COBPEMEHHBIC
npexacrasienust o npupoae mMarepuu. OTO He nana kakoi-nmubo yaoOGoBapuMoi
Moaenu cTpoeHus aroma. A. OpuamaH Hamen TPU PEUICHUS KOCMOJIOTMYECKHUX
ypaBHeHud OTO  (crauMOHapHOW, pacCHIMPSIOUICHCS W MyJbCUPYIOLIEH
Bcenennoit), kotopble cam DWHINTEIH HE cpa3y npuHsul. Ero ¢usuka u mombiTka
CO31aTh EJUHYIO TEOPHIO MOJIs1, 00BEIUHSIOIIEH JIEKTPOMArHETU3M U I'PaBUTALIMIO,
3anuia B Tynuk. @akToB, OAHO3HAYHO IMOATBEPKAAIOIIMX €TI0 TEOPUIO, TPAKTUUECKU
HeT. OTKJIOHEHHE CBeTa BOJIU3H MACCUBHBIX TeJl 0OBSICHICTCS HAIMYUEM Yy KBAHTOB
CBETa Macchl. A TIONbITKA OOBSCHEHHUS AaHOMAJILHOM TMPEUecCUr MepUresus
Mepkypus 3a COTHIO JIeT Obljia 3a MpeesiaMi TOYHOCTH CaMOU TEOpHUH.

Kpusuc B pu3srke, KOTOpbIN 3aTPOHYI HE3BIOJIEMbIE OCHOBBI ATOM HayKH, BO
BTOpOor mnosioBuHe XX Beka paspemms H.B. JleBamoB, B cBOEM KOHLENIUH
HeoqHOpoaHOM BceenenHou. Ero KOHIENINWIO MOXHO Ha3BaTh Teopuen Bcero. OH
JlaJl 4YETKOE OMHCaHue OOBEKTOB MHUpa OT aToMa JI0 BcesleHHOo#. Ero Mozaens atoma
naer Oojee YETKOe NpeJCTaBlIeHHE 00 YCTpOWCTBE caMOro aroma (CM.
«Heonnopoanas Beenennasy), 0e3 qeTaiuzannun CTPOEHHsI CTPYKTYPbl HyKJIOHOB U
CaMoOTro dJIEKTPOHA, KaK (yHIAMEHTAIbHBIX YACTHUI[ JJIi COBPEMEHHOIO YpPOBHS
no3HaHusA. Ho 3a mocnegHee Bpems MOSBUIOCH HECKOJIBKO MOJENEM aToma, B
KOTOPBIX aBTOPBI MBITAKOTCS «IOKOIMATHCSI» JO CaMbIX OCHOB MUPO3JIaHUS: MOJIEIN
A.M. XarpiboBa, A.A. Jlyunna (duznueckue moJisi - MyTh MO3HAHUS BEUYHOTO U
OeCKOHEUHOro Tmpolecca pas3Butus Marepun», T 2), HO.C. PriOHuKOBa
(OneKTpUYECTBO - AIEKTPOBEIIECTBOY), U, HakoHel Mojienb B.C. JleonoBa (Teopust
CyniepoObe TMHEHNSA ).

[Ipu >TOM HYKHO IOMHUTb, YTO MUpP €ArH. OIHAKO KaXKIblii aBTOp HOBOM
MOJIEJIA CYUTAET CBOKO MOJIEIb ITocaeaner nuctanuuen Mcerunsl. Ho xakas u3 Hux
OJvKe K MCTMHE M KAKOMY aBTOPY oTaarh npeamnouyteHue? OTBET U MPOCT, U
CJ0EH. JTO KaK OTBET TPEX CIEMIIOB HAa BOMPOC: «4TO Takoe ciaoH?». Kaxapii u3
HUX KOCHYJICS OJHOM M3 YacTEW Tella U CHIENIall CBOE€ YMO3AKIIOUEHUE, OMUPASICh HA
cBoil onbiT. Ho mpeacTaBuM cebe cremayronyto KapTuHy. Bokpyr ogHOTO NepeBa
CTOSIT HECKOJIBKO YEJIOBEK M KaXKIbIM NBITAETCSA ONMMCATh €ro C IO3ULUN CBOETrO
paxkypca BUI€HUs (4aCTO BO3BOJIS €T0 B A0COJIOT), PU 3TOM KTO-TO pacCMaTpHUBaeT
JIEPEBO U B MHOE BpeMs roa. byayT im X npeacTaBiaeHus o aepese copnanars? Jla,
KO€ B U€M OIHUCAHUA COBMAAYT, HO B OCHOBHOM, OHH OYJyT pa3HbIMHU, T.K. KQXKIbIH
BUJIUT OKPYKAalOUMiA MHUpP Ha CBOEM YpOBHE: OJAWH ONUCHIBAaET (popMmy nepesa,
BTOPOM COJIep)KaHHe, TPETHMl €ro CTPYKTYpy, YETBEPTbId 4YAaCTHOCTU (BETBH,
JUCTOYKH, KJIETKH JIUCTHEB U T.1.), IATOro OyleT HHTEPECOBATh COCTOSIHUE JepeBa
B pasHoe Bpems roaa u T.4. Peub uaér o Moaensax, KOTOpbIE OTPAKAIOT YPOBEHD
IIOHMMAHMUS MpPEIMeTa HCCIECIOBAHMS KOHKPETHBIM aBTopoM. Ilpm 3TOM, Kak
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MPaBUJIO, aBTOP MCIIOJIb3YeT W YYXKOW ONBIT, CBEPSAL €ro CcO CBOUMH
DKCHEPUMEHTAIbHBIMUA JTAaHHBIMU WM TNPEACTABICHUSAMU. B pesynpTare MOKET
BO3HUKHYTH NPOTHBOPEYNeE, Pa3pelInB KOTOPOE MOKHO IPUNUTH K HOBOW MOJIETIH.
Hanee monenp mpoBepsieTCS Ha COOTBETCTBHE €€ pealbHOM cucTeme. A 3TO, Kak
MPaBUJIO, MPOHUCXOJHUT YEPE3 MOCTAHOBKY JKCIEPUMEHTOB WJIM BHEAPCHUSA
CJIEJICTBHI U3 HEE B TEXHHUKE WIIH JPYTUX 00JIACTSIX YEIOBEUECKON AEATEIBHOCTH.

U 31ech 04eHb BasKHO TO, UTO PsAJl ABTOPOB IMIOMUMO MTPEACTABIEHUS] CBOUX
MOJIEJICE MUPO3IAHUS CO3JAKT HA MX OCHOBE HOBBbIC TEXHHMYECKHE CUCTEMBI,
JAeJIAI0T OTKPBITUA. A, KaK U3BECTHO, KPUTEPUEM TEOPUH SIBIIAETCS MpakTuka. Ho
ABJISIETCA JIM 3TO MOJATBEPKICHUEM TOTrO, YTO JTaHHAS MOJEIb U €CTh Ta camas
nocieanss nactaniuu Mcrtunsl? YBbI, HeT. Ho oHa moATBEp:KIaeT TO, 4YTO aBTOP
IIPABWJIBHO MTOHSJ WX YJIOBWJI KAKAE-TO HIOAHCHI MCCIIEYEMOM CUCTEMBI, HAalall Ha
«30JIOTYIO JKWITY», KOTOpas «3aKOHUUTCS» IMPH TOMBITKE OOBICHUTH BCE SBJICHUS
OKPY’KAIOIIEr0 MUPA.

B.C. JleonoB B cBoeit Teopun CynepoObeIMHEHUSI ONMMPAJICA HA JIOKHYIO
Teopuro - OTO, ucnonp3ys SUHIITEWHOBCKUN YEThIPEXMEPHBIA KOHTUHYYM. OH
CBA3aJl PEAJbHO CYILECTBYIOIIEE IIPOCTPAHCTBO C MCKYCCTBEHHO BBEICHHOMU
BEJIMYMHOM - BPEMEHEM, CO3/1aB MOJEJIb KBAHTOHA, KOTOPAasi ITO3BOJIMIIA €EMY [OHATH
HEKOTOphIE 3aBUCUMOCTHM Mupos3fanus. OH numer: «B o0meit Tteopuu
orHocutenbHocTH (OTO) mokazaHo, YTO HAJIMYME€ MAacChl HMCKPHUBISET
YETBIPEXMEPHOE POCTPAHCTBO-BpeMsi. To ecTh, UTOOBI Macca YacTUIIbl IPOSBUIIA
ce0s1, HaJI0 UCKPUBUTH MIPOCTPAHCTBO-BPEMS. DTO O3HAYAET, YTO MACCa POKIAETCS
TOJIBKO B PE3YyJIbTaT€ NCKPUBIICHHS YETBIPEXMEPHOTO MTPOCTPAHCTBA-BpEMEHH [ 1 ]».

Hanee on mumieT: «Kak KOHCTPYKTOp s MPUBBIK paboTaTh, OMHUPAsCh HA
KJIACCUYECKHE HAYKH, TAaKME KAaK TEOPETUYECKAsT MEXaHMKA, JJIEKTPOTEXHUKA,
TEIJIOTEXHUKA, a’dpoJIMHaMHUKa W Japyrue. B stom ciywyae s moHumaio (Gusuky
SBJICHUW W MOTY CTaBUTh MHOXECTBO MBICICHHBIX HKCIIEPUMEHTOB, BBIOMpas
ONTUMAJbHYIO  KOHCTPYKLUMIO  WJIM  TEXHOJIOTHIO,  MOATBEpPXkKIass  3TO
MAaTEMATUYECKUMU pacu€TaMu. ITO UCKIIOYAECT MPOBEICHUE MHOXKECTBEHHBIX H,
3a4acTyr0, OECTOJIE3HBIX YKCIEPUMEHTOB MPU OMBITHO-KOHCTYKTOPCKUX paboTax
(OKP), 11o3BoJ1sisl COCpEAOTOUNTH BHUMAHUE HAa UCIIBITAHUSAX HOBOM TEXHUKH.

JleonoB B.C., moMmuMo TOTO, YTO OH Y4YEHBIM (PU3UK, OH €IIe U UHKEHEP-
KOHCTPYKTOpP, OTCIOJIa Y HEro TakOW KOHCTPYKTOpCcKui moaxorn. M3 «crapbix»
3JIEMEHTOB OH IIBITAETCH CO31aTh HOBYK MOJe/]Ib, KOTOpas OKa3ajach
IJIOAOTBOPHOM 1 NTOKAa paboTaeT, paclupsisi HAIllM MIPEICTABICHUS O MATEPUU XOTS
Obl B mpenenax ero koHmenmuu. OTcroa cleayeT, YTO HYKHO MaKCHMaJbHO
BBDKATh U3 HEE TO, UTO OHA €IIE MOXKET narh. U He ciienyer Ha HEE€ nenaTh CTaBKY,
KaKk Ha WCTUHY B mocheaHedl mHcTaHImu. OHa MOXET MOMOYb Pa3o0paThCs C
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HEKOTOPBIMU OCOOEHHOCTAMU MaTepuu Ha Oojee TOHKOM ypoBHe. IlyTh k
MO3HAHUIO OCHOB MUPO3aHMsI OECKOHEUEH, KaKk OECKOHEUEH U caM MHUP.
9.08.2016 .

MHueHnue AUJIETAHTA 0T HAYKH...

Jlns peuienus 3a1auu B pamkax teopun CynepoObeMHEHUs, CO3/aHbl BCE
YCJIOBUSI, KPOME OJIHOTO - HUKaKasi CTPYKTypa HE JI0KHA BMEIIMBATLCA B padoTy
Cuctemsl Ynpasnenus. Ilomomy mupoeos3penue 0aémcsa 6 UCKAHCEHHOM 8UOe U
6 nepeyl ouepedv 3IMO KACACMCA AMOMHBLIX CHMPYKMYp U HPUHUUNOG
noCmpoeHus Mupo30anus.

BwmecTo aToro nmaércsi yactuuHas MHCTpyYMEHTalbHas 0a3a (MaTemaTHKa).
Bcé pasButHe Hayku - 3TO pa3BUTHE MaTEeMaTUKA M MOJIETUpoBaHUE Oe€3
MPaKTUYECKOTO cMbIcia. B To ke BpeMsl B Hayke HET (M HE MOXET ObITh) pEIICHUS
NP -crnoxsbix 1 NP- TpyaHbIX 3a7a4, mpomycTuam ''3010T0e ceyeHue', Oe3
KOTOPOTO HEJB3S MOJOUTH K AJIEMEHTAPHOM aTOMHOM CTPYKTYpE.

Hanee - mpenoctaBisieTcss UHGOpPMAIUS TEXHUYECKOTO COCpP)KaHUS, HO
TOJIBKO €OUHUUbL €€ NPABUIbHO 60CHPUHUMAIOM U MOAbKO NPU ONPEOEIEHHBIX
YCA08UAX €O30al0om peaibHble U30eaus. IT0 JOCTYIHO TOIBKO TEM, KTO UMEET
cBs3b ¢ Cucremoit YmpapieHus. BeiBoI yuTarens caenaer cam.

4.8. TPOSSHCKHUU KOHb NWJIN DUHILITEMHOBCKHUH
TYIIUK?

(Pa3mpbliieHus Ha 3aAaHHYIO TEMY)

B oannom mamepuane npueooumcsi MHeHue
asemopa 6e3 yeiu KO20-moO KPUMUKOBAMb UIU
ockopoums. Ono cocmoum 8 mMOM, UMOObL
nonvlmamuvcsi  noxkazams, umo Kouyenyuu B.C.
Jleonosa u A.A. Jlyuuna enonne mocym Ovimob
yaodcenvl 8 KoHyenyuu Hoewix 3manuti - pycckux
yuénvix — H.B. Jlesawosa u A.M. Xamwvibosa, m.K.
Haxooamcsi 8 npedenax —«Kopuoopa» uoei 8
HANpAaeleHuU 8eKmopa pa3eumust HayKu.

Bcem u3BectHa JEreiaa O TPOSAHCKOM KOHC. HpI/IeM «(TPOSAHCKOI'O KOH:I»
HCIIOJB3YIOT 4aCTO B TCX ClIydasaX, KOIrJa HYKHO IIPOHUKHYTDB B JIOTOBO «Bpara» Ujin
Ha TCPPUTOPHIO IIPOTUBHUKA, YTOOBI OBJIaACTH €10 U M. OTOT IMpHUEM HUCIIOJIB30BaJI
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¥ HaIll TeHUanbHbIN yu€Hbiii M.B. JIoMoHOCOB paau pa3BuUTHS PyCCKOM HayKH, OO
WHOTO BbIXOJa Y Hero He Obl10. Tem caMbIM OH 4acTo cracai He TOJIbKO ceOsl, HO U
POCCHUICKYIO HayKy. MaJjo 4To B 3TOM CMBICIIE U3MEHUJIOCHh B POCCUMCKON HAyKe C
Tex nop. BoT W ceilluac TanaHTIMBBIE JIOJW HAyKH, IO BCEM BUIUMOCTH,
BBIHYX/ICHBI IPUOETraTh K ’TOMY IIPUEMY, YTOOBI JaTh IIAHC )KU3HU CBOEMY JICTHUIILY.
Onu meITatOTCsT 00OCHOBaTh CBOM HOBBIE TEOpHUM, Oa3UPysICh HAa CTapoOM, HO
npU3HAaHHOM (yHJIAaMEHTE, YTO, JAyMalo, MOHUMAIOT M WX ONMOHEHTHI, 3HAIOIINE
cioBa xkpena JlaokooHa: «...bolTech gaHaillleB Aake Aapbl MPUHOCAIIUX». 3aHIB
KpyroByio 06opoHy Bokpyr PAH, oHu gaxke He MOMYyCKalOT BBIXOJ 3a IMPEAEIIbl
«OONICTIPUHATON» TMApagUrMbl, U TO, YTO KTO-TO MOXET OBbITh TIE€HUAJbHEH,
Harpumep, A. DUHIITEHa, KpUTUKY Teopur kKotoporo ¢ 1964 PAH 3anpernia, a
OAMH W3 HHHMUMATOPOB KOMHUTETa MO Oopbde €O JIKEHAYKOM aKaJAeMHUK
I'mu30ypr B cBoell crarbe B razere «CoBerckas KyJbTYpPa» MOAYEPKHYJI, YTO
TOT, KTO OyaerT KPUTHKOBaTh A. JWHIITEHHA — ero JW4YHbIA Bpar! OTo,
BOMCTUMHY BepPIIMHA «JIOMIAJHHOI0» IMOAX0Aa K HayKe U MpakoOecus B HEMl —
SUHINTEWHOBCKUN TYNUK, B KOTOPBIN 3aBe HAYKy B XX BEKE OJIHOUMEHHBII reHuid !
Ho Bcemy He co3uparenbHOMy BCET1a MPUXOIUT KOHELl, MO0 y HETO HET JABMKEHUS
BIIEpE]], HET Pa3BUTHs, a IPOTEKAIOIIME BO BPEMEHU ITPOLIECCHI CKOPOTEUHBI... A
HOBOE€ IOKOJICHHE YK€ HE OyAeT COBEpIIaTh TAKMX METOJOJIOTMYECKUX OIINOOK,
3Has O 3aKOHAax pa3BUTHUS HAyKH, OMIMOOK, KOTOPHIE 3aCTaBIISIOT CO3MIAIOIIMX
y4€HBIX HMHOTJA MpuOeratb K NPUEMY «TPOSIHCKUNW KOHb», & HE TMBITAaThCA
paccMOTpeTh MpoOIeMy C MO3UIMI 3aKOHOB Pa3BUTHUSL HAYKH U METOJI0JIOTUYECKU
MIPaBUJIBHO OIIEHUTH MPOOIIEMY.

4.8.1. HoBoe u3 cTaporo xjamMa He co0parh...

XX BEK XapaKTEePU3yeTCA
daTadbHBIM ~ KPU3MCOM B HaykKe.
Kpuzucom He TOIBKO UAEH — HEAOCTAaTKa
B HHUX HET, HO KpPU3HCOM Hay4YHOI
METOJI0JIOTUH, HE MO3BOJISIIOLIEH BECTH
HAayKy II0 €CTECTBEHHOMY  MYyTH K
NCTHUHE. Kpusuc ycyryonsiercs u TeMm,
4yTO B KOHIIE XX BEKa B HAyKE pacuBelia
MaxpoBasi «Hay4YHas» WHKBU3HIMS U HE
TOJBKO B BHJE KOMHUTETa 10 Oopnbe ¢

JOKEHAYKOMU.

Ho emi€ u caMOMHKBU3UILIKS, HABEJCHHAS B MO3TaX YUYEHbIX JOTrMaTU3allen
«CTapbIX» 3HAHUW, KakK ciencTBue padoTbl HHTepBeHTCKOM CVY3, a moTomy
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CAEpPKUBAIOIIAsl MOCTYIATEbHOE Pa3BUTUE HAyKU, MOSIBJICHHE HECTaHAApTHBIX
UJEH, TOJIXO0J0B, TEOPHM, NBITAIOMINUXCA CIACTH HAyKy OT OKOHYATEIbHOTO
O0ankporcTBa. K Takim MOMbITKaM OTHOCSTCSI pa0OThI MHOTUX YECTHBIX YUEHBIX, HO
MPEXKIE BCETO XOUETCSA OTMETUTD TEX, KTO HE TOJIBKO «U3MBILLISET HOBBIE TUITOTE3bI
U TEOpHUMN», & HA OCHOBE CBOUX UJEH CO3/1a€T HOBbIC M300pPETEHUSI, JIeTIaeT HOBbIC
OTKPBITHS, CJIEAYys KPUTEPHUIO, YTO TMPAKTUKA SBISICTCS KPUTEPUEM HCTUHBI.
Oco00EeHHO B 3TOM PsiTy BBIACISIIOTCS Pa0OThl OTEUECTBEHHBIX YUEHBIX, TAKUX, KaK
A.A. Jlyuuna, B.C. JleoHoBa, HEe TOBOps yk€ O pyHIaMEeHTaIbHbIX padorax H.B.
JleBamoBa, H.A Mopo3zoBa u A.M. XaTtei00Ba, KOTOpBIE HE MOLLIN HA KOMIIPOMHUCC
C HAYYHBIM MPaKOOECHEM.

CoBpeMeHHas (u3MKa «3aBaji€Ha» OTPOMHBIM KOJUYECTBOM Pa3IMUHBIX
MaTeMaTH4YeCKUX MOJeJiei, MPeIeIbHO YIPOIIAIOIIUX U, SKOOBI ONMUCHIBAIOIINX
uccienyemMoe siBiieHue, o0bekT U T.4. [lo aTomy nmoBoay XarbiooB A.M. mucaJ:
pa3paboTka HOBBIX MOJEJI€H, Ha OCHOBE paHee pa3paOOTaHHBIX (J102uUecKue
CHeKyauuu, npumam cyovbeKmueHo20 HAO 00beKMUBHbHIM). - TPABUTOHBI,
MarHeTOHBI, MIEKTPOHBI, POTOHBI (K8AHMbL 8000OpAICAEMBIX U3UUECKUX noJlell); U
T.J0. DTy XK€ MbIC/Ib noATBepana U A.A. JIyduH: «...meopus omuocumenbHocmu
DliHWmeniHa, noKazasuias, 4mo ¢ NOMOWbIO 0axce dNeMeHMAPHOU MAMeMamuKy u
ROMUMUKU MOJICHO HAOONI20 COBPAMUMb HAYKY C NPABUTbHO20 NYymu pazeumus»®. A
YTO KacaeTcsi MaremaTuku, To Benukuii Hukoma Tecnma yTBepxknan: «Bpso au
cyujecmgyem HAyyHoe OmMKpblmue, KOmopoe MONCHO Npeosudems Yucmo
MaAmemamusecku.

OG6 5TOM JOCTaTOYHO MOAPOOHO CKAa3aHO B cTaThe’. YBBL, U3 OOJOMKOB
TEJErn M HEKOTOPhIX YacTe CTaporo aBTOMOOWIS HOBBLIH aBTOMOOWJIbL He
codepenib, XOTS U TaM, U TaM €CTh HEKOTOPBIE OOIIUE JIEMEHTHI (KOPITYC, OCTOB,
KoJieca, CTyluIla, OCH U Jp.) ...

I'ne xe BbIXOA M3 3TOM cuTyauuu? JlaBaiite pazdepemcs U MOCMOTPUM Ha
npeanoxenubie A.A. JlyaunsiM u JleonoBsim B.C. koHuenuuu ¢ no3unuii HoBeix
3HaHuil. Yto 3107 — mar Bmepen K lVcTuHe WM ciiy4allHbIE COBIAICHUS U
MONAJaHNE HA «30JI0TYIO KUIY» B HayKe?

® Tyuun A. A. dusnueckue mojs: MaTepuaaucTHUeCKas KOHIENINA KIaCCHIecKOH (QU3UKIL
M.: JIEHAH/I, 2012.

’ Konapakos U.M., llIkpyzaues ®.J1. «[IpeeMCTBEHHOCTh HAYYHOTO MO3HAHMA U 3€PKAJ0 COBPEMEHHON
HaYKH». http://ruskolan.info/index.php/znanniya/nauka/118-premstvennost-nauchnogo-

poznaniya
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4.8.2. CuacTiiuBbIe 03apeHNsI UJIN HeJIeHANIPABJIEHHBII UTOT
padoThl MbICIH?

Kak M3BECTHO M3 METONOJOrMU HayKH, JIt00as TEOPUs TOJIBKO TOI/Ia MOYKET
CUMUTAThCS MPABUIBHOW, KOrJa OHAa CIOCOOHAa HE TOJIBKO OOBSCHUTb, HO U
IpeJcKa3aTh Pe3yJIbTaThl UCCIEOBAHMS JIOOOTO BJIEHUS. XOTS U B 3TOM Cllyyae
OHa OyZeT JJ11 KOHKPETHOI'O YPOBHS 3HAHUM JIUILIb IPUEMIIEMBbIM NPUOIMKEHUEM K
UCTUHE. A B Hallle BpeMs U3-3a OTCYTCTBUS CTPOHHON METOJUKHA HAyYHOIO MTOMCKA,
€€ 3aMEHWIN MAaTEMATUKOM, CUnTasA €€ yHUBEPCAIbHBIM HHCTPYMEHTOM JIJIS IIOMCKA
UCTHUHBIL. TemM caMbIM 3aMEHIIIA BOOOpakaeMble WIH peaibHble (PU3UUECKUE MOJIEIN
SBJICHHSI HA MAaTEMaTUYECKHE, U, TAKUM 00pa3oM, OTAAIMIUCH OT caMoil MICTUHBL.
IIpyn 3TOM ga)xe HE Y4YUTBIBAETCs, YTO HAll MHUP IIOCTPOEH HAa I'apMOHUYECKUX
COOTHOILLICHUAX I1APAMETPOB  «30JIOTOTO CEYEHHUs», KOTOPOrO COBpPEMEHHas
MaTeMaThuecKkas, a U pu3ndeckas HayKd HE yUUTHIBAIOT, 3aTOHSS HAyKy B TYIUK.
O10 xe otHocuTca M K HUHITEHHOBCKOM OTO. Torma kak, Hampumep, H3
koHuenuuu A.M. XaTeIiO0Ba Cle1yeT, YTO OHA MOJIHOCTBIO BIIUCHIBAETCS B MATPUILY
Pycckoro Becemepa, B cooTBeTCTBUM C (hOPMYJIION:

y'=Xx-2'=1,2362"=2"

B xu3Hm 1100010 IMJIOJOTBOPHOTO y4E€HOro, H300peTrarens, I09Ta,
XyIOKHUKA U BOOOIIE TBOPUECKOTO YEIOBEKAa €CTh MTHOBEHMS, KOTJa HUX YM
«BCIIBIXMBACT» SpUYAUIIUM O3apeHHEM U perlaeMas MnpodsieMa CTaHOBUTCS
MPEJICIIBHO SICHOW Y MOHSATHOM, a €€ PEIICHUE CTAHOBUTCS €I1I€ OJHOM CTYIEHbKOW
B [lo3Hanuu nccnaeayeMoro npeaMera.

HenaBHo Ha Hammx pecypcax ObUIO OMyOJMKOBAaHO HECKOJBKO CTaTeu
TaJaHTJIMBOrO pycckoro yuyeHoro ¢usuka B.C. JleoHoBa, a uyTh paHee ObuLIM
CCBUIKH Ha pabOThl HE MEHee TaNaHTIMBOroO (pusuka A.A. Jlyunna. Kaxapiii u3 Hux
HE TOJBKO MPEIJIOKHII HOBBIE MOJEIA OCHOB MHUPO3JaHWsA, HO U Ha UX OCHOBE
BOIUIOTHJI B  «METaul» HOBBIE TEXHUYECKHE pEIIeHUs, oOOemame
HECYLIECTBYIOIIME HBIHE TEXHOJOTMYECKHME TMPOPBIBBI B HAyKe, TEXHHUKE,
IIPOU3BOJICTBE M, COOTBETCTBEHHO, B 3KOHOMHKE. JTO OTKa3 OT HU3KOOKTABHBIX
VMICTOYHHMKOB SHEPTUH U TEXHOJIOTUM —IBM)KEHUE B HarlpaBiieHnn Bekropa Pazsutus
HaIlleW UBUIN3ALUH.

CpaBnuBas noaxonsl A.A. Jlyunna B.C. u JleoHoBa, Mbl BHIMM, YTO OHH
noyisipHbl: JIeoHOB Oasupyercs Ha Teopud OUHINTEHHA, CUUTas €€ pa3BUTHEM
co3nganue cBoeit Teopun CymepoObenuHeHHs, Toraa Kak JIyduH Kareropudecku
OTBEpraeT Jaxke IMOAXO0J OWHINTeHHa K pEIIEHUI0 NpoOJieMbl OO0bEeIUHEHUS
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AJIEKTpOMarHeTu3Ma ¢ rpaButanueid. OHa U3 TIABHBIX €r0 MBICICH — /1€ TUMOCTh
IJIEKTPOHA. DIEKTPOH — ITO CI0KHAS JeIUMast YaCTHIIA, HECYIAs dJICKTPUUCCKUN
3aps ¥ UMEIOLIAs CBOE DIIEKTPOCTATHYECKOE T10J1€, MpocTuparomeecs Ha R = 10°r,
r7ie [— pajnyc AJIEKTPOHA.

Paccmotpum noaxonst A.A. JIyunna u B.C. JleoHOBa K pemnieHno mpooieMsl
MIPUPOBI OCHOB MUpO3aanus. Haunem ¢ mous.

U tak, uTo Takoe moie?

[To Jlyuuny A.A.: «llone — 2mo npocmpancmeo, 8 KOMOPOM HAXOOAMCS
mamepuu, obnadarowue ceoticmeom npumsdxcenuss u ommankuearus. Ceoucmeom
ommankuearus odbradaem s1ekmpudeckas mamepusi 8 guoe gomoros. Ceoicmeom
npumsdceHus 001a0arom MacHumHble OUNONAPHbLE YACMUYDLL, OHU Jce 001a0arom u
CBOUCMEOM OMMATIKUBAHUS 8 3A8UCUMOCIU O OPUEHMUPOBKU NOJIIOCOS.

Dnekmpuueckas Mmamepusi XOpOouwio Npumscueaemcs K JaoO0My Noaocy
Ma2HUma (MacHUMHOU Yacmuybsl)».

[Tone mpencTasisier co60i MPOCTPAHCTBO, TA€ PACIONIOKEHA dIEKTPUIECKast
MaTepusi B BHJE HHUTCOOPA3HBIX JKTYTHUKOB YIPYIMX U JKECTKUX, XOPOIIO
MPWINIAIOIINX K MATHUTHBIM YaCTHUIIAM.

A nanee - marepus snekrpudeckas (hoToH, 001aaaroNHMi ClIOCOOHOCTHIO K
OTTAJIKUBAHUIO) M MAaTHUTHAS YaCTUIIA COCTABJISIIOT HAYMHKY 3J1eKTPOHA. DOTOHBI
CHA0KEHBI )KECTKOU «IIIEPCTHI0» — CHIIOBBIMU JKT'yTHKAMU, KOTOPBIC MMPUITHIAIOT K
MarHUTHBIM YacTHUIlaM, U TEM pellaeTcsi mpodjemMa o0beIMHEeHUsl WU, KaK e¢
Ha3bIBAIOT B OPTOJOKCAIILHON HayKe, mpobiema B3aumoiencteuit (puc. 1.0).

BricBoOOX1aeTcs MaTepust ToJiel U3 SJEKTPOHA MHEPIIMOHHBIMU CHIJIAMH.

[To xonmenmuu Jlyaunna A.A. moisi UMEIOT ABE (OPMBI CYIIECTBOBAHUSA:
CTATUYECKYI0 (TOJIs1 TOCTOSTHHOTO MAarHuTa, TMOCTOSHHOTO TOKa, 3apsiKEHHOTO
AIIEKTPUUECKUM 3apsiIoM I1apa, B KOTOPBIX IIyHaiblla MATEPUIl MOJISI OTPaHUYCHBI
Y HETIO/IBMDKHBI) M KHHETHYECKYH0 (B KOTOPBIX MaTEpHs OJIs MPEACTABIICT COOOM
KOPIYCKYJISIPHBIN Ta3, IBHXKYLIMICSA ¢ 110001 ckopocThio. KoprmyckynspHbii ras
COCTOWT U3 (POTOHOB U MAarHUTHBIX YACTHIL).

MaruurHas yacTuia

Puc. 1.0. Cxema mynaabna ("'CH/IOBOH JJHHHH'') 3JIeKTPHYECKOI0 MO
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CuioBble JIMHUH, PACIIOIOKEHHBIE B OKPYKAIOIIEM IIPOCTPAHCTBE ITUX TEJ,
HENOABMKHBLI, B HHMX COCPEIOTOYEHLI MATEPHH, COJEp)Kallhe CBOMCTBA
OTTAJKHMBAHUS ¥ MPUTSLKEHHsl. JIpyrux B3auMOAEHCTBMH B IPHUPOAE HE
cylecTByeT. MakcuMasbHas 30Ha pacpOCTPAHEHUS CHUIIOBBIX JTMHUI TEIT IIAPOBOM
(OPMBI, HECYIIUX DIEKTPHUUECKHUE 3aPs/Ibl, pABHA I — PaJNyCy 3apsHKEHHOTO Tela.
dopma oJen
B CTallMOHAPHBIX:

* y (¢doTOHa, DIIEKTPOHA,
TPYTUX 3apsKEHHBIX TN
ynajibla moJieH
pacroJiaratoTcs Mo pajgdycam Ha
paccrosane R = 10°r, roe r —
paauyc (HOTOHA, SIEKTPOHA. ITO
COOTHOIIICHHE Oyner

MMpaBOMCPHO W AJIA APYIHX TCII,

€CIIH KOHIIEHTpAIUs
ANEKTPUUECKOM MaTtepuu Oyner
TaKoOM K€, KaK y AJIEKTPOHA;

Puc. 1. Cxema aToma (QuametpanbHoe ceyeHue) * Y MarHuTHOHM YaCTHUIIBI
1-5gpo, 2 - 3nekTpoH, 3 - CUnoBble XryTukn (1)0pMa T0JIs1, KaK Y MIOCTOSTHHOTO

MarHuTa I0JIOCOBOTO BHUa. biaromapsi OUITOISPHOCTH JKTYTHKH CTAllMOHAPHBIX
MarHUTHBIX TIOJIEH 3aMKHYTHI M MPUOIIKAIOTCS 0 (JOPME K YacTIM OKPY>KHOCTH
(TOCTOSTHHBIM MarHWT) WM K TOJHOW OKPYKHOCTH (TOJieé TIOCTOSIHHOTO TOKa).
CoBpeMeHHbIE TEXHHUYECKHE BO3MOXKHOCTH TO3BOJIIOT CO3/IaTh CTaIlMOHAPHBIC
MarHUTHBIE TOJISI CaMbIX pa3HOOOpa3HbIX (popm. OOpa3oBaHMI MATHUTHBIX YaCTHUIL
TUTAa U300paKeHHBIX Ha puc. 1.1. MoxeT ObITh OecuucieHHoe MHOXecTBO. Crona
JIOJDKHBI BXOJIUTH TAKKE KOHCTPYKITUHU CITHUPaIbHbIC, BHHTOBBIC, TMHEHHBIE, 4 TAKIKE
00BeMHBIE JIIOOBIX QOpM.
ITo Jlyuuny aToM
g 7 " MPEACTABISIET COOON MarHUTHOE
// sapo (puc. 1), coOpanHoe wu3
7

] MArHUTHBIX YaCTHY€CK, BOKPYI

/// HCTO KPEINKO NPUCOCINHAIOTCH
Z

S N | INynmajablamMM  CBOUX  TIOJIeH
N S
Puc. 1.1. O6pasoBaHne MarHUTHbIX YacTul

IJIEKTPOHDI, COCTOAIIHC nus3

(hoTOHA ¥ MArHUTHOM YaCTHIIBI.
[Tpu 5TOM 2JIEKTPOHBI HE BPAIIAIOTCS, HO MOTYT COBEPIIIATh TETIOBBIE KOJICOAHNUS B
paIAAIBHOM W TAHTCHUHAJIBHOM HANPABICHUSX, MOYTH KAaK B MOJEIHA aTroma
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Haraoka (1904 r.). DnekTpoHbl HAXOATCS OT A1pa, o Pezepdopay, Ha paccTosTHUN
R = 10°r, rue r — paamyc szapa.

VY 531eKTpOHOB aTOMOB (KpOME HHEPTHBIX Ta30B) BHEIIHUE MIyNajbla
CBOOOAHBI U SBIAIOTCS CPEICTBOM COOMpAaHHMS aTOMOB B MOJEKYJbl 4epes
MOCPEACTBO MAarHUTHBIX YaCTHII.

CB0OOOHBIE MAarHUTHBIE YACTHUIBI MPHICIUIIIOTCS K CBOOOIHBIM KT'yTHKAM
aToMa, HalpuUMep, CEBEPHBIM TOJIOCOM, a K I0’)KHOMY TOJIIOCY CBOMMHU Ky TUKaMH
NPUKPEIUISIETCS] IPYroi atoM, co3faBasi 0Opa3oBaHHE C HOBBIMH CBOMCTBAMH —
MoJiekyay (Cwm. puc. 2.).

e e

7
W’

Puc. 2. Monekyna

Takum xe cnocoboM o6pazyetrcs u kpuctayi (Cwm. puc. 3.).

MarHuTHble
YacTuubl " 3NeKTPOHbI

HKryTuKn

Puc. 3. Cxema CTPYKTypbl KpucTanna
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Jlyunn A.A. oTMeudaer, 4YTO B NPUPOJE HUIAE HE OOHAPYKUIU
MOJIOKUTEJBLHBIX JJIeKTPUYECKUX 3apsiioB, T.K. OHM He TpeOylTcs U s
MOCTpOeHUs Halero Mupa u moJieid, B 4aCTHOCTH. J[Be 4acTHIIbl yHaCTBYIOT B 3TOM
npouecce: Goron U MaruuTHasa vactuua [3]. Cam ss1exTpon cocrout u3 ~10%°
IIT. (JOTOHOB M MATHUTHBIX YacTul (puc. 4).

JKryTuKH €ro 31eKTpuYecKOoro mnoJjs
pacrpoCcTpaHsiloTCsl Ha paccTtosHue R =
10°r (r — paaMyc 3JIEKTPOHA), T.€. HE JI0
OECKOHEYHOCTH, KaK B KJIACCUYECKOH
HayKe, W MNpPH 3STOM OTTAIKUBAIOTCS
MEX]Ty CO00¥0.

B cooTrBercTBMM C  KOHIENUIUEH

JlyunHa, B 4YaCTHOCTH, HCIPaBJICHA
IIKAJIa  DJIEKTPOMAarHUTHBIX  BOJIH,
YCTaHOBJICHO: HU3JIy4CHHUS CBETOBBIE,
paguo, TEIIOBbIE — DIEKTPUYECKUE
noJisi ((pOTOHBI), & PEHTTEHOBCKOE U Y-

Puc. 4. 3neKkTpoH B CBOGOAHOM COCTOSHUUN H3JIyYCHUE _ MAarHUTHBIE OIS
(cxema)

(co3maroTcsi MarHUTHBIMH YacCTULIAMU).
[To JlyunHy npupona cama pemaer npobnemy obdveounenus®. OHa cHabxaer
YaCTHUIbl, COCTOSIIIME M3 MAaTE€pPUHU, CIHOCOOHBIE K OTTAJIKUBAHUIO ((POTOHBI),
JKECTKOM «ILIEPCThI0» — CHUJIOBBIMH JKI'YTUKaMH, KOTOpbIE MNPUIMNAIOT K
MarHUTHBIM YacTUIlaM, M T€M pelaeTcs mpolsiemMa OObeAMHEHUS WM, KaK ee
Ha3bIBAIOT B OPTOJIOKCAILHOM HayKe, Mpo0iieMa B3auMOICHCTBUM.

Takum o6pasom B koHuenuuu A.A. JlyunHa Bce 0a30Bble dJIE€MEHTHl MaTepUU
MMEIOT BIIOJIHE KOHKPETHBIE pa3MEpbl, CBONCTBA, OTPAHUYECHBI, JEIUMBI, T.€.
CTPYKTYPHMPOBAHbI, YTO MO3BOJISIET OOBSICHUTh IIUPOKUIA KPYT SBJICHHUI HAIIETO
mupa. Ero wmopgens snekTpoHa, aroMa, MOJIEKYJbl U T.J. — KOHKPeTHbIe
(puznyeckue MojeJIM, MO3BOJIAIONINE, B OTJIMYUE OT MATEMATUYECKUX, HATJISITHO
NPeICTABUTH ONKMCAaHHe 00BbEKTOB uccjaeq0BaHusA. C METOI0JIOIMYECKON TOUYKHU
3peHus moaxoa A.A. JlyumHa pagaer BO3MOKHOCTHL YHTH OT [JA0rMaToB,
NPensATCTBYKINNX Pa3BUTHI0 HAIMX 3HAHMH U caMoMy mnpoueccy [lo3nanuto,
KoTopoe OesrpannuHo. Hampasnenne moucka JlyunmHa A.A. u cama wuzaes
JETMMOCTH 3JIEKTPOHA COBIIAAET C HANPABJICHUEM BEKTOPA PA3BUTHUS HAYKH.

8 JTyuun A. A. duzndeckue nossa: MarepuanucTudeckas KOHIEIIUA KIaCCHUecKoi GU3UKH.
M.: IEHAH/I, 2012.
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Uro xe kacaercsa teopun JiHiTeliHa - OTO, JI. Ilyankape nu A.A. Jlyuun

JaT OJIHO3HAYHYIO OLEHKY: 3TO «IPOEKT HIOPUXCKUX OAHKUPOBY», YBOISIIUN
¢usuky B Tynuk. Huxomnaii BuktopoBuu JleBamoB taxxe noasepr OTO u CTO
OCTpOM KpUTHKE B cBOeH cTaThe « Teopus BeeneHHoit n 00beKTUBHAS PEATbHOCTDY !
N «co3patenby crnenuaibHOW M OOIIe TEeOpUH OTHOCUTEIBLHOCTH, M CTOSIIIUE 32
HAM, C CaMOro Hayaja 3HaIM O TOM, 4YTO OTU TEOPUH He OTPAKAIT
NeHCTBUTEJIBLHOCTDH Ja:Ke YacTu4Ho. U,

TEM HEC MCHEC, OHHU OBLIM HaBSI3aHBI BCCMY
4CJIOBCUYCCTRBY. B PE3YIbTATC 4CTr0, 3CMHAA
MUBHJIM3alM:A ITIOIJIA 110 JIOJKHOMY ITYTH, B
KOHCYHOM HUTOTIC, BCAYLICMY K
CaAMOYHHUYTOKCHUIO).

Tenepp paccMOTpUM KOHIIEIIHUIO
B.C. JleoHoBa®, M3I0KEHHYI0 BO MHOTHX
-1e €ro CTaThsX.

~ Hrak, KaKk NMIIET B CBOUX CTaThIX
Puc. 5. 3nekTpomMarHuTHbIN B.C. JI .

6bINOJIHUMD 3aeeuianue IUHuWImelHa u
00veOuHuUmb 2paAgUMAayUI0 ¢ 3IJ1EKMPOMAZHEMUSMOM U OOWYI0 Mmeopuio
omnocumenvnocmu (OTO) ¢ keanmoesoit meopuil, nepeimu 6 umoze K eOUHOuU
meopuu noas, Ha NOMbBITKU CO3aHusl KOTOpor A. DUHIITENH nompamun 30 n1em
HCU3HU, HO DE3YCNEUIHO.

B cBoux paccyxnenusax u noctpoenusix teopuu Jleono B.C. onupaercs Ha
KOHIIENIIMIO TPABUTAlMU UCKPUBIIEHHOTO MPOCTPAHCTBA-BpEMEHH DWHIITEHA. OH
cuuTaeT, 4to M o0beaumHeHus OTO u KBaHTOBOM TEOpUM HY’KHA HOBasi -
YeThbIpEXMepHas YacTHLA, He MMEINIasi MACChl, KOTOpas ABIIIETCS HOCUTEIEM
YETBIPEXMEPHOTO MPOCTPAHCTBA-BPEMEHH DWHILITEHHA.

9 Jleonos B.C. Teopus Cynepo6beuHens GyHaMeHTaIbHbIX B3aUMO/IeHCTBH. JUHIIITENH IPOTUB
Xwurrca: wiu 9To Takoe macca? https://shkrudnev.com/index.php/home/drugie-avtory/v-s-
leonov
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MaruuTHas och

OneKTpuiecKas och -
JIeKTpUdecKas och E

Puc. 6. DIeKTpOMarHUTHBIH Puc.7. KBaHTOH B IpOEKIHH
KBaJpyNoJb (BH] CBEPXY). (OBEpHYT B IPOCTPAHCTBE).

B cBoeli mozenu B BepmmHax Terpajdapa B.C. JleoHOB pa3MmecTun 4eThipe
AJIEMEHTApPHBIE YaCTHUIIbl, B BUJE HEBECOMBIX (HE MMEIOIIMX MAacChl) 4YeTBIPEX
1eJbIX KBAPKOB-3apsi/I0oB (ITOKAa TUMIOTETUYECKUX YACTUIl U HE OOHAPYKEHHBIX B
OKCIIEPUMEHTAX ): IBYX AJIeKTpUuueckuX (-/e u +/e) u AByx MarHuTHBIX (-1g u +10),
KOTOPBIE BBIJICIIHIIN dJIEMEHTapHbBIN 00beM (puc. 5). [louemy KkBapku 00beTUHUITUCH
B T€Tpa’p, a He B pyryio popmy, Jleonos B.C. ne nosicuser. Ho Oynem cuurats,
YTO 3TO CHEJIAHO B COOTBETCTBHU C 3aKOHAMU CHHEPIETMKU HA JTAHHOM YPOBHE
oprann3auun matepuu. Kak u B mojenu Jlyunna A. BbIJEIEHbI 3JIEKTPUUECKUE U
MarHUTHbIC YaCTHUIIbl, CIMOCOOHBIC MPUTATUBATHCS M OTTAJIKUBATHCS, HO OHU
OTHOCSITCSI K pa3HbIM YPOBHSIM OpraHH3allii MaTEPUU.

B wrore, xak mmmer B.C. JIeoHOB, - «noayuunu 31eKmpomMacHumHulii
K6aopynoiw (puc. 6), neuzgecmuviii pamnee Hayke, 00beOUHAIOUUL DTIEKMPULECmBE0
U MacHemusmM 8 eOuHyio cyocmawyuro — anexkmpomacHemusm» (puc. 6). Ilpu
INEKMPOMASHUMHOM CHCAMUU K8AOPYNOb NEPexooum 6 waposylo 4acmuyy —
Kkeanm npocmpancmea-epemenu (keanmon) (puc. 7). M maxas wemvipéxmepnas
yacmuya, Komopasi 0O0HOBPEMEHHO
AGIAEMCS  HOCUmenemM 68peMeHu U
npocmpancmed, Ovlia NpeonoAHceHd
B.C. Jleonogvim 6 1996 200y 6 sude
K6aHma NPOCMpPAHCMBA-8pPEMeHU
(keanmona)®.

31ech clielyeT OTMETUTh, YTO
[0 CPaBHEHHUIO CO CTaHJAAPTHOU

MoJenblo, y JleoHoBa B Mogenu

Puc. 8. Dnexrpudeckas acUMMETpHS B CTPYKTYpe .
KIp eTp TP KBapKy UMEIOT He IPOOHbII 3apsij, a

KBAHTOBAHHOTO IPOCTPAHCTBA-BPEMEHH.
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neabli (1), mpuyeM Moka 3Ta 4aCcTHIIA THIIOTETHYECKAs M MOXKET OBITh pacCMOTPEHA
TOJIBKO B IpeJeax MpeaioKeHHOW UM Mojienn B Teopuu CynepoObeTuHEHHS. DTOT
MOMEHT JICOHOB OOBSCHSIET TEM, YTO B CBOOOJHOM COCTOSTHUM KBApKH HAXOJIUTHCS
HE MOTYT, OHM MOTYT HaXOJUThCA TOJBKO B cocTaBe yacTull. KBapk B CBSI3aHHOM
COCTOSIHMM BHYTPH YaCTHUIIBI MOKHO Ha3BaTh KBAPKOHOM.

Hanpumep, cBsi3aHHBIC B JMIIONb 3JCKTPUYCCKHE KBapku (puc. 8) mpu
TNIOTaIaHNU B HETO raMMa-KBaHTa, OCBOOO/IACTCS U3 TUTIONS U, CTaB CBOOOIHBIMU
Ha MTHOBCHHME B BHJC JIBYX KBApPKOHOB, MTHOBCHHO BHYTPH KBaHTOBAHHOTO
NPOCTPAHCTBA-BPEMEHU TMPUOOPETAIOT MAaccCy, MePepPokIasich B JJIEKTPOH H
no3uTpoH. Ilo smoit npuuune He6O3MONCHO IKCHEPUMEHMATILHO OOHAPYHCUMb
KeapKu 8 C80000HOM cocmosHuu (ssBIICHHE KoH(paiiHMeHTa
https://ru.wikipedia.org/wiki/KongaitHmeHT).

B.C. JIeoHOB npuiep>KMBAETCS KOHIEMIINN DUHINTEHHA, KOTOPBIN CBS3bIBACT
BOCJMHO TMPOCTPAHCTBO M BpeMs B BHAE IPOCTPAHCTBEHHO-BPEMEHHOIO
KOHTUHYYMa, OH TIOSICHSIET: «A MNOCKONbKY Ynpyeuu KeawmoH obaadaem
ceolcmeamu 00bEMHO20 INEKMPOMACHUMHO20 PE30HAmopd, mo OH 3a0aém memn
X00a NPOCMPAHCMBEHHbIM YACAM, ABIAACL OOHOBPEMEHHO K8AHMOM 6DEeMeHU U
npocmpancmea. Ilonyuaemcs,
umo epems  umeem  C80I0
yacmuyy — HOCUmMeb
8peMeHuU, U maxdce Bpems
K8AHMOBAHO (OUCKDEMHO), KaK
u npoOCMpPAaAHCmMa0.
Oxasvisaemcs, 8pems.
MaAmepuaivHo, U 6 Kaxicoou
mouke UeMmuvlpEXMePHO20
NpOCMPAHCMBA-8pemMeHU UOym
ceou d1ekmpoHrHbsle vacwl. Ilpu

Puc.9. CrpyxTypa KBAHTOBaHHOTO
YETBIPEXMEPHOTO IPOCTPAHCTBA-BPEMEHH.

corcamuu K8AHMOHA OH
ycKopsiem  memn X00a HPOCMPAHCMBEHHbIX YACO08, NPU  PACMSANCEHUU —
3ameonsaemy.

Hanee B.C. Jleonos numiet: «Qoua uz npobiem, Kak Cmanoapmuo Mooeiu,
maxk u OTO — smo npobrema opmuposanus maccvl. B cmandapmuotl mooenu
macca — 3mo 2pasumayUOHHbIL napamemp, u, Ka3aiochb Ovl, yepe3 60301 Xueeca
MOJICHO enucamo epasumayuio 6 Cmanoapmuyo Mooeib U K8AHMOBYI0 (DUBUK).
Ilepeo napywenuem cummempuu 6ce yacmuyvl (Kpome camoco 6030na Xueeca) He
umerom Maccol, U cummempus He Hapyuiaemcs. Ho 6 pezynomame napyuwienus
UBHAYANBHOU CUMMEMPUU dJleMeHmapHbvle 4acmuyvl — Jlenmousl, keapku, W u Z
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0030HbL — npuobpemarom maccy. llpu smom 6030n06 Xueeca 0014CHO OblmMb 0UeHb
MHO20 (Xueeco8CKull okeaw), a e2o 108am no 00Homy 06030Hy 6 200 6 bAKe, umo
npomusopeuum meopuu Xueeca. Ho npu smom Haoo ucHopuposamv meopuro
epasumayuu  JUHWMENHA, NOCKOAbKY 0030H Xueeca He umeem HUKAKO20
OMHOWEHUSL K YembIpEXMEPHOMY NPOCMPAHCmM8Ey-6pemenu. B 5 moiti cumyayuu
HYJICHO NPUOEPHCUBAMBCS CIMAHOAPMHOU Modenu u He npusnHasamv OTO unu
npusnamos OTO u owubounocms meopuu Xueeca u cCmaHOApmMHoOU MOOEIU.

OkcnepumenTsl Ha BAKe mnokazanu, yto 06030H Xurrca He OOHapyXkeH,
ClIeI0BaTeNbHO, KOHLeNUa Xurrca HesepHa. Ho uzBectHo Takxke, uro u OTO A.
OWHIITENHA HEBEPHA, T.K. OHA HE IMOATBEPK/I€HA SKCIIEPUMEHTAIbHBIMU JIaHHBIMU,
o 4yem mmcan eme Huxomaii Bukxroposmu®®, xors B.C. Jleono cumraer eé
MOATBEPKIECHHONM MHOTMMHU 3KCHepuMeHTamMu. [Ipu 3TOM OH TakXke CUHUTAET, YTo
BpeMsi MaTepHAJbHO — pealbHOe (uiznueckoe cBorcTtBo Mmartepun. Ho H.B.
JleBamoB B craThe® MOKa3all, 4TO BPEMS — MCKYCCTBEHHAs BEJIMYMHA, TEHUAIBHO
IpUTyMaHHAs 4Y€JI0BEKOM JJIsl TOTO, YTOOBI IPUBA3ATh K HEHM BCE MTPOLIECCHI, UYIIUE
Ha 3emie, OTpakarolMe KadyeCTBEHHOE W3MeHeHHue Mmartepuu. lIpaBma, nanee
JleoHOB oOTMeEuYaeT, 4YTO «KBAHMOH — 3MO eOUHCMBEHHAs 6 NPUpPooe
UemuvlpEXMepHAs Yacmuyd, omeedanudas YCI08usmM KeaHmosauus ooujel meopuu
omnocumenvhocmu (OTO). Yemseépmasn koopounama 8pemeHu K8AHMOHA — MO
YUCMO MameMamuyecKkan KOOpOUHama, Komopas 6 mpexmepHom U300paxceHuu
He npedcmasinsiemcs». KBaipynonb uMeeT 1B OCHU - FIEKTPUUYECKYIO0 U MArHUTHYIO
OCH, TaK >€, KAaK M KBAHTOH, KOTOpBIE SIBIIAIOTCA OPTOTOHAIBHBIMH. ITO
OpOSIBIIIETCST  BO  BCEX  DJIEKTPOMArHUTHBIX — Npoleccax,  obecrneuuBas
OpPTOTOHAJILHOCTh BEKTOPOB HAMNPsKEHHOCTHU 3JeKTpruueckoro E u maruutHoro H
noyied. OTOT HKCIEPUMEHTAJbHBIM (aKT HMEeT Tenepb TEOPETUYECKOe
o6ocHoBanue'?,

B teopun JleonoBa aercs pacueTHbIN auamerp kBantona —  0,74-102°m*,
OTO Ha JeciaTh NOPSAAKOB MEHbIIE JIUWaMeTpa HYKJIOHAa. Pa3mep KBaHTOHa
ornpenaenseT GyHIaMEeHTaIbHYIO JUTMHY U JUCKPETHOCTh CTPYKTYPbl KBAHTOBAHHOTO
npoctpaHcTBa-BpeMeHu (puc. 9). KBantronamu 3armosnHeHa Bcsi Hamia BceeneHHas.
Hapsny ¢ kBapkamu, KBaHTOH camasi paCIIpOCTpaHEHHAs YaCTULIA B IIPUPOJIE.

JleonoB B.C. METO/1I010THUYECKHU MPABUIBLHO YJIOBUJ HANPaBJICHUE Pa3BUTHUS
HaIMX TPEICTaBICHN 00 OCHOBAaX MUPO3/IaHUsI, OH TMOKa3all, Kak u JlyunH A.A.,

10

Jlepammos H. Teopus BceseHHOH U 06bEeKTHBHAasA peanbHOCTh. 2006. http://nikolay-
levashov.ru/articles-1.html#06

4 JIeonos B.C. Teopus CynepobbeanHenus GyHAaMeHTAIBHBIX B3aUMO/EHCTBUH. DUHINTEHH IPOTUB

Xwurrca: uiam 4yTo Takoe macca? https://shkrudnev.com/index.php/home/drugie-avtory/v-s-leonov
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«ZIpOOHOCTBY» YACTHII, U3BECTHBIX HAM M3 KJIACCUYECKOW HAyKu. A 3TO emie pas
MOATBEPKIAET MBICIH O TOM, YTO HAalll MUP CTPYKTYPHMPOBAH B COOTBETCTBUM C
onpeeJJeHHbIMH 3aKOHAMM, 0 KOTOPBIX MbI IOKA He UMeeM MPeACTABICHUS.

[Ipu pasmepe kBantoHa 0,74-10%M KBaHTOBaHHOE IIPOCTPAHCTBO BPEMS
IpeCTaBIsieT cOO0M OYeHb TOHKYIO IMOJIEBYIO (DOpMY HEBECOMOW MaTepuu, TJie
epasumayusi ewjé omcymcmeyem, a npUcymcmeyen 00Ul 31eKmpoMacHemu3m (Y¥mo
He npomueopeuum kouyenyuu A.A. Jlyuuna), KOTOPBIA SIBISCTCS NePEUUHBIM
MmamepuanvHolmM  obpazoeanuem 6 Haweil  Bcenennoui. B Teopun
CynepoObeaunenus, kak yreepxkaaet B.C. JIeoHOB, - «dokazarno, umo epasumayus
803HUKaem 6 pesyibmame Oepopmayuu  (UCKpueienus no  DUHWMElHY)
K8AHMOBAHHO20 NPOCMPAHCMEA-BPEMEHU, KAK 8MOPUYHOE s8/IeHUe.

Kpome Ttoro, «mpu mHanosxcenuu
6HEWHe20 21eKMPU1ecKko20 U MASHUMHO20
noneu, K8AHMOBAHHOE  NPOCMPAHCMEO-
epemsi  NOAAPU3Yemcs, NPOoAGIsiem C8OU
INEeKMpuUyecKue U MAZHUMHblEe CEOIICmEa,
Komopuvle xapakxmepuzyromcs
9JIeKMPUYECKOU & U  MASHUMHOU [
KOHCMAHMAMU.

Mexay KBAaHTOHAMU JIEMCTBYIOT CHJIBI

Puc.10.PoxxaeHre Maccrl y 3JIEKTPOHA B
pe3yabTare chepuaeckoi nedopmanuu
KBaHTOBAaHHOTO IIPOCTpaHCTBa-BpeMeHu | I[IOOTOMY, KdK  H3BCCTHO U3 (bl/IBI/IKI/I

KaK TIIPpUTSOKCHHA, TaK W OTTAJIKHBAHUA,

LICHTPAIBHBIM 3apANOM-KBAPKOM. pPa3HOMMEHHBIE 3apsiJIbI-KBAPKH

MPUTATHBAIOTCS, OJHOMMEHHBIE — OTTAJIKWBAIOTCSA. PaBHOBECHOE COCTOSHHE
MOJIYYUTh TPyAHO. KBaHTOHBI Kak OBl «KHUIIAT», BBI3BIBAS COOCTBEHHBIE
MUKPOCKOIIMYECKHE KOJIeOaHUsI C BpalleHHeM, MpH mpeoliafaHuu  oOIIero
CIETUICHHSI MEXJy KBAaHTOHAMM, KOTOPOE€ B IEJIOM U OMPENEseT KOJIOCCATbHOE
HATSOKEHUE M YMPYTOCTh KBAHTOBAHHOTO MPOCTPAHCTBA-BpeMeHU. Bo03MOkHO,
MUKPOCKOITMYECKHE KOJICOAHWS KBAHTOHOB CO3/JAalOT TOT €CTECTBEHHBIN
MUKPOBOJHOBBIN (DOH, KOTOPBIM MPUHUMAIOT 32 PEIIMKTOBOE U3ITyUCHUE?

Nrtak, 0CHOBOM CTPYKTYpbl KBAHTOBAaHHOT'O MPOCTPAHCTBA-BPEMEHU SBIISIETCA
anekTpoMarHeTusm (puc. 9). [Ipudém s71eKTpUIecTBO M MarHETU3M DKBUBAJICHTHBI
Ipyr Jpyry BHYTPM KBAaHTOHA W KBAaHTOBAaHHOIO IIPOCTPAHCTBA-BPEMEHHU,
MIPEICTABIISISI COOOM CHCTEMY C AJIEKTPOMATrHUTHOW CHUMMETPHUEH. DTO TIPOSIBISETCS
B TOM, YTO CHUJIa IIPUTSKEHUSI MEXKIAY MArHUTHBIMHU 3apsiiaMUA-KBapKamMu BHYTPHU
KBAHTOHA MOJHOCTHIO SKBUBAJICHTHA CHJIE MPUTSKEHUS MEXKIY AJICKTPUUYECCKUMHU
3apsiAaMU-KBapKaMH, a 3JIEKTPUYECKas SHEPrusi BHYTPU KBAaHTOHA DKBUBAJICHTHA
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€ro MarHMTHOM »Hepruu. 1103TOMy OCHOBHBIM 3aKOHOM, ACHCTBYIOIIUM B HalIEH
Bcenennoi, siBisercs 3akoH KynoHa.

«3Has ouamemp K8AHMOHA U PACCMOSIHUE MeHCOY KBAPKAMU-3APA0AMU,
ommeyaem B.C. Jleonos, - HempyOoHO ObLIO  BBIYUCIUMbL  NOJIHVIO
9NEKMPOMACHUMHYIO IHEPRUIO, AKKYMYIUPOBAHHYIO HYMPU KE8AHMOHA, KOMOpas
cocmasuna 1, 2-1 0'2,Z]9fc unu 10Y5B wwu 10°T5B. B yenom, 9HEP2OEMKOCHIb
K6aHMo6anHo20 npocmparncmea cocmasisem nopsoxa 10" oc/m®. Keanmosannoe
NPOCMPAHCMBO-8pEMsL NPeOCmasisiem cob0U camyro SHEP2OEMKYI0 CYOCMAaHYUIO 8
npupode.  Tax  0bLIO  OMKPLIMO  CBEPXCUNBLHOE  INEKMPOMAZHUMHOEC
ezaumooeiicmeue (CIB) — namasa ¢pynoamenmanvnas cuna, Hocumenem
KOMOPO20 AEIAMCS KEAHMOBAHHOE NPOCIMPAHCIMBO-6PEMN™,

Kaxk u3BectHo u3 konueniuu A.M. XaTtei00Ba, 4eM BBIIIE OKTaBa, TEM KOPOUE
JUTMHA BOJIHBI DJIEKTPOMArHUTHOTO KOJIEOAHUSI, U TEM «TIIYOKe» MbI MOTPyKAEMCS
BHYTPb MaTE€pPUH, YMEHbBIIIAsI pa3Mepbl, TEM C OOJIbIIEH KOHIICHTpAlUe YHEPTrUuu
CTaJIKUBAETCH.

[To sTOM MpUYKMHE B MPUPOJI€ OTCYTCTBYIOT CBOOOIHBIE MATHUTHBIE 3apsIbI,
KOTOPBIE HAXOJSATCS B CBI3aHHOM JIUIIOJIFHOM COCTOSTHUM BHYTPH KBaHTOHA, U TIPH
BO30Y)KJICHUM KBAaHTOBAHHOTO TPOCTPAHCTBA-BPEMEHU MarHETH3M IPOSBIISCTCS
TOJIBKO B JIMTIOJILHOM COCTOSTHUU.

N3 Bemmeckazannoro JleonoB B.C. ngemaer BweBoa: Macnemusm
HPUHAONIEHCUM  MOJAbKO  K6AHMOBAHHOMY  NPOCHPAHCHIBY-8DEMEHU U
npoaensiemca 6 pe3yabmame HAPYUICHUSA €20 MAZHUMHO20 pPAGHOB8eCUs
IIeKMPUUECKUM HOKOM.

W BOT rimaBHBIN BONPOC: KaK POXKAAETCS Macca y dacTull? I'paBuTanus, Kak
nenaet BoiBoA B.C. JIeoHOB, - HAUMHAETCS ¢ pOXKIACHUS Macchl. M OH yTBepikaaer,
4YTO «pewiaemcs ama npobaema moabKo OOHO3ZHAYHO, ONUPAACH HA KOHYENYUio
epasumayuu UCKpUGIEHHO20 NPOCMPAHCMEa-epemenu Junwimetinay. B oOuieit
teopun oTHOcutenbHOCTH (OTO) mokazaHO, YTO HAJIWYHUE MAacChl MCKPUBISET
YeThIpEXMEPHOE MpOCTpaHCcTBO-BpeMda. Otcioga JIeOHOB nenaeT BBIBOA: YTOOBI
Macca 4YacTUIbl MposiBUia ce0s, HAI0 HCKPUBUTH IMPOCTPAHCTBO-BpeMs. ITO
O3HAYaeT, YTO Macca POXKIAETCI TOJBKO B PpE3yJNbTaTe€ HCKPHUBIIEHUSA
YETBHIPEXMEPHOTO MTPOCTPAHCTBA-BPEMEHH.
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Torga 4ro Takoe rpaBUTALIMOHHOE
noyne no OuHITEWHY? — VcKpuBiieHHe
POCTPAHCTBA MPU HAJTUYUH MACCUBHBIX
TeN, HO, Tor/a 1o JIeoHoByY, 4TOOBI Macca
o0Opa3oBanach, HY’)KHO  HCKPUBHUTH
npoctpaHcTBo! B pesynbrare yero oHo

JIOJDKHO MCKpUBHThCA? MHaye roBOp,
yTOOBI MOSIBUJIACH KYPHIIA, HY>KHO CHECTH
SIAI0, HO, YTOOBI CHECTH SIMII0, IOJDKHA
BHayaje mosiBUTbCS Kypuua. Crapas
JIOBYLIKA.

Puc.11.K Bonpocy o hopMHpOBaHUH
MarHUTHOTO CITMHA 3JIEKTPOHA s

yCTpaHEHHUs 3TOIO
IIPOTUBOPEYHS HY>KHO HAJIMYHME T'PATUCHTA KBAHTOBOM INIOTHOCTH IIPOCTPAHCTBA-
BpeMmeHH. B teopun JIeonosa B.C. rpaqueHT KBaHTOBOW INIOTHOCTH XapaKTEPU3YET
BeKkTOp Aedopmanuu D KBaHTOBaHHOTO NMPOCTPAHCTBA-BPEMEHHM (aHAJIOT Mepemnaia
MepHOCTH). BmecTo sHHIITEHHOBCKON KpUBU3HBI B Teopun CynepoObeInHEeHUs
nosiBuwiica BekTop nedpopmauuu D. Ecnum Her nedopmanuu (MCKpUBIIEHUS, T.€.
IIPOCTPAHCTBO OJHOPOJHOE — CBOETO pOJA «HEBECOMOCTH») KBAaHTOBAHHOIO
IIPOCTPAHCTBA-BPEMEHU, B HEM OTCYTCTBYET IPaBUTALIMS, KOTOPAst MPOSIBIISECTCS KaK
BTOPUYHOE SIBJIEHUE.

Takum oOpaszom, rpaBuTaius 1o JICOHOBY HAUMHAETCS C POKJICHUS] MACCHI,
KaKk BTOPUYHOIO SIBJICHUS BHYTPU KBAHTOBAHHOTO IIPOCTPAHCTBA-BPEMEHH B
pesynbrare ero chepuyeckor nedopmaruu (MCKpUBIEHUS MO DUHIITEHHY). B
pe3yJbTaTe HCKPUBICHUS KBAHTOBAHHOTO IPOCTPAHCTBA-BPEMEHH  BOKPYT
IIEHTPAJILHOTO 3apsi/ia BO3HUKAET ChepUICCKOe IPAaBUTAIIMOHHOE TTI0JIE, @ CaM 3apsiJi-
KBapK IMPUOOPETACT MacCy, U MePepoKaacTCs B JI€KTPOH, YaCTHILY, SIBJISIOITYIOCS
OJTHOBPEMEHHO HOCHUTEJIEM AJICKTPUUYECKOro 3apsjaa v macchl. B GopmupoBanuun
MacChl AJIEKTPOHA BAKHYIO POJIb UTPAET €r0 3aMKHYTOE 10 cpepe MarHUTHOE MoJIe,
MPEJICTABIISIONIECE CIHUH JJIEKTPOHA, T.€., MACCA IIEKMPOHA (opmupyemcs ez2o
CRUHOM. DTO KacaeTcs M TO3UTPOHA. DJEKTPOH U IIO3UTPOH POXKIAIOTCS U3
BaKyyMa MpHW TOMAJaHUU TaMMa-KBaHTa B BO30YKIIEHHOE HEUTPUHO, TPU ITOM
JTUTIONIb  paspyliaeTcs Ha JBa  CBOOOAHBIX  KBapkKa, MPHUOOPETAIOIINX
COOTBETCTBYIOIIYIO MaccCy.

[TerTasice coznate HOByt0 Teopuio CynepoObenunenus, B.C. JleoHoB wu3
JTOOpBIX TMOOYXJIEHUN BOIUIOTUTH UM OWHINTEWHA B JKW3Hb, MomNajl B
paccTaBJICHHBIE ITOCJIEAHUM JIOBYIIKH — «3UHIITEHHOBCKUH TYIIMK». BbIX0a U3 HETO
BUJUTCS B COTJIAaCOBAaHWM CBOMX HaXoJ0K ¢ KoHuenmusimu JleramoBa H.AB. u
Xatpi00Ba A.M., 9TO0 HEOOXOAMMO CJI€JIaTh, YTOOKI CIIACTH CBOIO KOHIIEHIUI0. B
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OPOTUBHOM CiIy4ae A3TO OyJIeT eme OJHAa TOMbITKa CcoBepwuTh Bennkoe

OObeauHEHUE SJIEKTPOMArHETH3Ma U «TPaBUTALMK» - TOTO, YTO YK€ HE HYKHO
00beuHATE. OHO yKe 00beIMHEHO B KOHIIEeNIHAX HOBBIX 3HaHUM, HO MOXKET OBITh
CACNaH elle OJWH IIar B TOMBITKE IO3HATH €Il OJAWH ypPOBEHb OpPTraHHU3alUH

MATEPUMU.

Utak, B Teopun CynepoObeIMHEHHUS CKa3aHO W3 KaKHUX OCHOB COCTOMT

MaTcpusda B €€ PA3HBIX COCTOAHUAX, HO HC CKa3aHO, KaK M H3 4YCrOo 3TH OCHOBBLI

oOpasyrorcs. Het onpenenenust BpeMeHH, XOTs OHO CBSI3bIBACTCS C TPOCTPAHCTBOM.

Her HenmpoTHMBOpEeYMBOro OOBSICHEHUS MO MMOBOJY OOpa30BaHUS «UEPHBIX» U
«Oenpix» nblp, pazderanus Bcenennoit, u ap. Ceenmem B eIuHYIO TaOJUIly
koHuenuuu Jlyunna A.A. u Jleonosa B.C. u cpaBHUM HX.

HBIC» 4aCTHUIIBI

Marepuu (MaTepuu, a HEe 3apsiaa)

u MATHUTHASA 4acTHIIA,
oOazaroras CBOMCTBOM
NPUTSKEHUs]  DJIEKTPUYECKOU

MaTepUH JTH0OBIM U3 MOJIOCOB.

OCHOBEI Konunenumun
KOHIICTIIIUHA

Jlyyuna A.A. Jleonosa B.C.
CocraB Mupa (poron — HOCHUTEJIb | DJIEKTPOMATHUTHBIN KBaJApPyNnoJb —
(maTepun) — ANEKTPUYECKON  (0OJyiajaroied | YeThlpeXMepHasi 4YacTHIld, COCTOMT W3
«BJICMCHTAap- OTTAJIKUBAKIIIUM CBOfICTBOM) YCTBIPEX HCBCCOMBIX (He NMCHOIIIUX

Macchl) LEJIbIX KBapKOB-3apsJIOB. ABYX
iekTpudeckux (-Ie m +Ile) m 1aBYX
MarHuTHbIX (-1g u +19). [Tpu cxatuu ox
IpeBpallaeTcs B KBAaHT MPOCTPAHCTBA-
BpeMeHH (KBAHTOH). PacuTHbIN quamerp

KBaHTOHA — 0,74-10°m. Mexnay
KBaHTOHAMH JeiCTBYIOT CHJTBI
HPUTSKEHUS u OTTAJIKHBAHUSI.

AHTHKBApKOB U JpOOHBIX KBapKOB HE
CYIIECTBYET.

doton

DJIeKTpHYecKass MaTepus.
pamuyc potona ry ~ 1018 wm;
pauyc ero o R= 1071 m.
Nwmeer maccy nokosi. Macca
doTona pasHa 0,3x10™0 kr.

He umeer maccel nokos.

DIIEKTPOH

MarbuuTHble YaCTHIBI +
(poronbl. DOTOHBI U MATHUTHBIE
YaCTHIILI HAXOMATCA B IOJIOCTH
>JIeKTpoHa B Konudectse 3x10 10
wT. Paguyc MarHuTHOM 4aCTULIBI
~1028 M.

HpI/I ImonagaHvuu B JUIIOJIb TaMMa-KBaHTa,
OH HpH06peTaeT MaccCy, nepepoxaasiachb B

3JIEKTPOH u MO3UTPOH. IIpn
HUCKPUBIICHUHU KBaHTOBAaHHOT'O
IIPOCTPAHCTBA-BPEMEHHU BOKPYT
LEHTPAIBLHOTO 3apsaaa BO3HUKAET

cepryeckoe TPaBUTAIMOHHOE IIOJIE, a
caM 3apsa-KBapK NpUOOpETaeT Maccy, W
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NEPepoXkKIACTCA B IJIEKTPOH, HECYIIUi
ANEKTPUYECKUH 3apsii U Maccy.

ITonga

Ilosie — 3TO MPOCTPaHCTBO, B
KOTOPOM HaxXoJAATCA MaTepHH,
oOnanarorue CBOICTBOM
NPUTSKeHU s (poron) u
OTTAJIKMBAHUS (MarHuTHBIC
gactuibl). J[Be (opMBI mMoeii:
CraTrnueckas (mosst
MIOCTOSTHHOTO MarHuTa,
MOCTOSTHHOTO TOKa u
3apSOKEHHOTO  DIIEKTPHUYECKUM
3apsIoM mapa) u
KHHeTH4YecKas —
KOPITyCKYJISIpHBIE HOTOKH
DIIEKTPUYECKUX  YacTul] —
(OTOHOB M MarHMUTHBIX YACTHII
OUMOISIPHOIMA CTPYKTYPBI
(3;1eKTpOMAarHUTHBIE noJist
BBICOKMX M CBEPXBBICOKUX
gactor (CBY)). bnarogaps
OUIOISIPHOCTH KTYTUKU
(TonmuHa ~ 10 M.)
CTallMOHAPHBIX MarHUTHBIX
oJIeu 3aMKHYTBI u
npuobmwKaTess mo  ¢dopMme K
YacTsAM OKPYKHOCTH.
DJEKTPOMarHUTHBIX BOJH U
['paBUTAIIMOHHOTO MOJIS HET.

DJIeKTPOMAarHuTHOE, TPABUTALIMOHHOE.
Eaxnnoe moJie.

Cser

IHoTok KoOpmycKyJ

KopnyckyasipHo-BosiHOBasi npupoaa -
JyaJlu3M

CxopocTb
pacmipocTpaHeH
v MoJien

Her orpannyenuii. Moxer
ObITh MEHbBILIE CKOPOCTH CBeTa
(paguo, Temno) W OoJbIIe
CKOPOCTH cBeTa (peHTreH W Y-
U3JTy4YEHUE).

OrpannyeHa cBepXy CKOPOCTHIO CBETA.

Macca

[IposiBiisieTcss B MHEpIUM

IIposiBnsercs npu aepopmanun
NPOCTPAHCTBA-BPEMEHH

Tunel matepuii

MarnuTHas u IJEKTpUIECCKas

HeBecomasi kBaHTOBaHHasi MaTepusi
U3 KBapKOB
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Enunoro nosns B [lpupone He
CyliecTByeT

Turmsr cun e  DJIeKTpPHYECKHE; * CHJIbHOE (siIepHoe);
. * 3JIEKTPOMAarHUTHOE;

(Bsanmoneit- e MarnuTHble. .

o ° - .
cTBui) ciaadoe (B-pacnan);

* rPABUTALIMOHHOE.

IIpocTpanctBo- | MupoBOE IPOCTPAHCTBO. Enunoe mojie DiiHIITEliHA — HOCUTEIb
BpeMsi rpaBUTAllMd U 3JEKTPOMarHeTusma.

KBaHTOBaHO W MpeACTaBIse€T TOHKYIO
MOJIEBYIO ()OPMY HEBECOMOM MaTepHH

KBanToBannoe MPOCTPAHCTBO-BpEMS

npencraBisier  coboi  craTHyeckoe
JNIEKTPOMAarHUTHOE TOJE€ M SBISIETCS
HOCHUTEJIEM CBEPXCHJIBHOTO

IJICEKTPOMArHUTHOI'O B33PIMOI[€fICTBI/IH

(CoOB) (puc. 9). Temepp, 3Has
IEKTPOMArHUTHYIO CTPYKTYPY
KOCMHUYECKOTO BaKyyMma, MOKHO
npeJyiarath pa3uyHbIe CTIOCOOBI

B3aUMOJICUCTBUS C ITOW CTPYKTYpPOH IIO
CO3/IaHUI0 HUCKYCCTBEHHOTO TATOTECHUSA
(cwmbpl TATH O€3 BBIOpOCA PEAKTUBHOM
Macchl).

OTtHOIIIEHHE K
peJSITUBU3MY

D710 omMbOYHOE CYKICHUE B
Hayke. [IpeoOpazoBanus
JIlopeH1a 0THOCATCS TOJIBKO K
3JI. MArHUTHBIM BOJIHAM.

OcHoBa
Jlopenua
SIBIICHUSI MUDA.

Teopuu. IIpeoOpa3oBanus

pacmpocTpaHeHbl Ha  BCe

Atom

MarautHoe s1Ipo, COOpaHHOE
W3 MarHUTHBIX YaCTUYEK, BOKPYT
HEro KpENKO MPHUCOEIUHSIOTCS
IIynanabllaMd ~ CBOMX  IOJEH
3JIEKTPOHBI.

ATOM  WMEET TOKpOB W3
KTYTHUKOB ¥ MOXET COEIH-
HSETCS C IPYTUM aTOMOM Yepe3
MOCPE/ICTBO MAarHUTHBIX YaCTHII,
uMermmx maccy. IIporoHoB B

AApax aTOMOB HCT.

Onepenenénnas CTpyKTypa U3 KBaHTOHOB

Monekyna

(xpucTamn)

CBoOogHbIe
YaCTHULIBI

MAar"duMTHBIC
MMPUIICTIIAOTCA K
CBO60}IHBIM KTyTUKaM aTtoma,
HarmpumMep, CEBEPHBIM TMOJIFOCOM,
a K IOKHOMY IIOJIIOCY CBOHMMHU
KT'yTHKaMH

Apyroi

MPUKPETLISETCS

aToMm, co3aaBas

Kunacrep 13 KBaHTOHOB
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oOpa3oBaHue c HOBBIMU
CBOMCTBAMM — MOJIEKYILY: aTOM
€O KI'yTHKAMH + MATrHUTHBbIE
YyacTUulbl+ JPYyroi aroMm co

KI'YTUKAMU.

Panuo, DneKTpuYecKue U3ITy4YEeHMUS,

TEILJIOBLIC U peanusytorcss  (GOTOHaMHU €

CBETOBEIC Pa3sHBIMU CKOPOCTIMU

MPOLECCHI JJIeKTPOMATHUTHbIE U3JTyYeHUs

Pentrenosckoe | MarHuTHbIC W3JTy4YEeHUS,

U3JIyYEHHE, Y- | pealiu3yTcs MAarHUTHBIMU

W3JIy4YEHHE ¢ | yacTuIamMu

0OIBIION

MIPOHUKAIOIIEH

CIIOCOOHOCTBIO

DHEProeMKOCTh

OCHOBHOH n 1 2

YaCTULBI ' 107 1w/ m®.

[Tpobnema Hyx#bl yactuupl, cocrosiiuue u3 | Juasa oobenunenuss OTO u kBaHTOBOU

00beIMHEHUS ANEKTPUUECKOM MaTepHuH, | TCOPUU HYKHA HOBAs - YeThIPEéXMepHasn
CIOCOOHBIE K  OTTaJKUBAHUIO | YACTHIIA, HE UMEIOIIAsl MACChl, KOTOpas
(doToHbI) c CUJIOBBIMU | SIBJIAETCSI HOCUTEIIEM YETBIPEXMEPHOTO
KIYTHKaMHd  +  MarHMTHBIE | IDOCTPAHCTBA-BPEMEHN OMWHIITEMHA —
YacTulbl, K KOTOPHIM OHHU | KBAHTOH, COCTOSIIIHI u3
MPUIMTAOT. YPaBHOBEMIMBAKOIIUX APYyT Apyra JBYX
MarHuTHbIE YaCTHIIbI | KBAPKOB c MOJIOKUTEIBEHBIM n
JOMyCKaloT 00pa30BaHME dYac- | OTPUIATEIbHBIM 3apsIaMH.
THI] C JIFOOBIM UX COUCTAHUECM:
1 yactuna mars. + 1 gortown;
1 yactuna mars. + 2 goroHa;
U r.n.

IIpaktnueckuit | MarHuTHble reseparopsl, | KBaHTOBasi JHepreTuka.

BBIXOJ CIIOCOOHBIC  CIEelaTh MAarHUT-

HBIMU JII0OBIE PEIMETHI U TaXKe
BJIUSITH HA MOTOJTY.

Co3naHue HMCKYCCTBEHHOTO  TATOTEHUSA
(cunmpl TATM 0O€3 BBIOpOCAa pEaKTUBHOM
Maccel) U TEIIOBOM

SHEpPTUH.

MIPOHM3BOCTBO

BBIBO)I 34 BaMH - YUTAOIMINMU.

KoHapakos U.M. Ha nyt1 K HoBbIm 3HaHUAM. COOpHUK cTaTei. Y.1




«Omouou HeMHO20 8 CIOPOH).
Tv1 3a20pasicusaeur mue Connye.
Jluoeen A. Maxeoonckomy

4.8.3. O xonuenuusx A. Jlyuuna u B. JleoHoBa ¢ no3uumii

HoBbIX 3HAHUT

KoHuenuuu yka3zaHHBIX aBTOPOB, Kak ObUIO CKa3aHO BBILIE, HAXOIATCA B
Ipenesax JOIyCTUMOIO «KOPUIAOpa» HAEW BEKTOpa pa3BUTUSA HAyKH, ITOITOMY
MOTYT OBITH XOpOLIEH Omopod nais cienyrouero Toadka B jaene [lozHanus
[Ipuponsl, €€ OCHOB, HO HE MOT'YT CUMTATHCA OKOHYATEIBHO MPOJIMBAIOIIMMU CBET
Ha e€ TaiiHbl. Ilouemy? XoOTH, ¢ Apyroi CTOPOHBI, Ka)Xaas U3 MPEICTaBICHHBIX
KOHILIENIIMNA HMMEET IMPAKTUYECKUM BBIXOJ, YTO SIBISETCS OJHMM H3 KPHUTEPHEB
uctunbl. [Tompobyem pazobOpatbcs.

A.A. JlyuuH B CBOEH TE€OpPHUU Jaj NPaBUIbHYIO OLIEHKY DWHIITEHWHY U €r0
teopun. YUto kacaercs oueHku IlyaHkape Hay4HbIX TpyAOB OWHINTEHHA Kak
riaruaTta (BOpOBCTBA) M HEMOPSIOUHOCTH, TO MOSICHATH 3/1€Ch HEUEr0. DTy PUrypy
CO3/1aBaJli, KaK OH BBIpa3WicCs, - LHIOpUXCKue OaHkupsbl... [lyaHkape 3Han, o yem
IHCall.

Kak M3BECTHO, OCHOBHBIMH «KHTAMH)» COBPEMEHHOW O(UIIMATBHON HAyKu
MOYKHO Ha3BaTh HECKOIBKO IOCTYJIATOB

1. MOCTYyJAaT COXpPaHeHHMsI MATEPHUH,
2. TOCTYJIAT OJAHOPOJHOCTH BCeJECHHOM,

3. MOCTYJIAT CKOPOCTH CBeTAa.

[locTtynatr coxpaHeHMsi MaTepPUM TJACUT, YmMO Mmamepus HUKYOA He
ucuezaem u He noaenaemca u3 Heomkyoa. Ilpuuém, noo mamepueii
noHUMaemca MmoavKo Qu3uuecku NaI0mHOe 6euiecmeo, umerouiee 4Uemouipe
azpezammuvlx COCMOAHUA — MEEPOoe, HCUOKoe, 2a3000paznoe u naazmennoe. U
6cé. ... Hyscno unu npuznams, umo nouamue 0 Mamepuu y cO6PeMeHHOl
HAYKU HeNpasuibHoe Ui, Ymo NOCMYI1am COXPAHEHUA Mamepuu — He 8epeH.
Ho 6 mom eude, ¢ Komopom 3mom nocmynam cyuiecmeyem ceuyac, OH
coeepuieHHOo He ompadicaem Oeiicmeumenvrnocmsy. Ilocmynam coxpanenusn
Mamepuu A61AeMCcA OOHUM U3 MeX HEMHOUX NOCMYJIAMOE COBPEMEHHOIL
HAyKu, Komopwle Oviiu Haubonee OaU3KU K ucmune. /[ocmamouyno monvKo
pacuwiupums 2panuybl NOHUMAHUA MO20, YMO MAKoe mamepus, U IMom

12 JTeparos, H.B. «HeonHopoauas Beenennasi». — Caukr-IlerepOypr: Ua. « MUTpakoB», 2011.
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nocmyiam npuoépemaem UCMUHHOCMD.

K coxanenuto, 3TOro Heib3sl CKa3aTb O IIOCTYJAaTe€ OJHOPOJAHOCTH
Beenennoii (cpeaneii motnoctr Bemectsa p ~ 102 r/em®) u nocrynare ckopocrTu
cBera (ocTosHHO BenmmuuHae 3*108m/C). Ho MMEHHO 5TH Ba OCTYJIaTa SABISIOTCS
dbyHIaMEeHTOM OIIMOOYHBIX CIENHUAIbHOW U O0IIel Teopuid OTHOCUTEIBHOCTH A.
OWHINTENHHA, HE MOATBEPKIECHHOM SKCIEPUMEHTAIBHO. A TPHUBOJIUMBIE €€
CTOPOHHUKAMHU SKCTIIEpUMEHTANIbHBIE (DaKThI IKOOBI MOATBEPKAAIONINE €€, HE MOTYT
OBITH IPUHSTH BO BHUMaHHE, T.K. OJy4YE€HHAs! TOYHOCTh SKCIIEPUMEHTOB JaJieka OT
IIPEACKA3aHUN TEOPUHU.

Yro6sl MOHATH BCé (MM TouHee, MHOroe), kak numer H.B. Jlepamos’, -
He00X00UM0 KApPOUHAILHO U3MEHUMb (YHOAMEHm 3HAHUL, HA KOMOpPbLil
onupaemcs uenogek ¢ c60ém nosnanuu Beenennoit. Hyxuo 3namo u nonumamsup
3aKOHbBl 00pazoeanusn Bcenennoii, eé pazeumusn, ocmviciumoy 3aKOHbL HCUSHU
TI'anakmuk, 36€30 u nnanem.

I[TocMoTpuM Ha Bce A3TH TpPoOJEMBbl, TOJHATHIE B OIHUCAHHBIX BHIIIE
KOHIIEMINAX, ¢ mo3unui konuenuuu H.B. JIeBamoBa u A.M. Xatbsi00Ba.

Kakwne HCXOAHBIC ITO3UIINH MbI nmeeM?

1. IIpocTpaHCTBO HEOAHOPOAHO. OHO 3aNOIHEHO NEPEUUHBIMU MAM EPUAMU
(no Jlesawiogy H.B.). B cBO10 ouepeb HEOAHOPOIHOCTh BIUSET HA KAUECH 8EHHYIO
CmMpPYKmypy NepBUYHbIX MATEPHid, YmMo U cO30aém ycioeusn 0aa ux CAuAHuA u
00pa3zoeanusn H06020 Kauecmea mamepuu nPu e€é CMpyKmypupo8anuu Ha Pa3HbvlxX
YPOBHAX Op2anu3ayuu, KOMopsvle K6AHMOBAHbL U NOOYUHEHbL 3AKOHAM 2APMOHUU
Kocmoca (no Xamwioogy A.M.).

Oco0060 BaXHO 3aMeuaHue JJisi OyIylIuX M300peTaresie U uccleqoBaTele:
«becnopsiaika y npupoasl BceseHHOM HeT, eCTh CTPOroe KOHCTPYKTHBHOE
yHnopsijioueHue v ynpapJjisieMoe PyHKIIMOHUPOBAHNE HA MUKPO 1 MAKPOYPOBHeE
CBOEro YCTPOEHHSs»! 2

B teopun Cymnepobwenunenus B. JleonHoBa mpusHaeTCs HEOTHOPOIHOCTH
npoctpancTBa, HO ¢ no3unuii OTO A. DiHIITENHA, TIe OHA TOHMMAaETCs Kak
HMCKPHUBJICHUE MPOCTPAHCTBA-BPEMEHH JIMIIL MIPHU HAJIMYUM B HEM MACCUBHBIX TEJl.
[Ipu »TOM Macca 10 JIEOHOBY MPOSIBIASETCS JHIIL TPU HUCKPUBJICHUU
MpoCcTpaHcTBa... M3 Bcero »9Toro cieayer, YTO [Js CO3JaHUS TEOpUHU
CyniepoobenuHenus He Obuto HeoOxoaumoctu OTO DitHimTeliHa, K TOMY K€ C
MPUBJICYEHUEM HCKYCCTBEHHOrO mapameTrpa — BpeMeHH. CyTb HEOJHOPOIHOCTH
npoctpancTtBa Teopun  CymepoObeauHeHUsT Ommke K CyTH  TOHSTHS
HeoaHopoaHocTH 1o JleBamory H.B.

KoHapakos U.M. Ha nyt1 K HoBbIm 3HaHUAM. COOpHUK cTaTei. Y.1 1



B teopuu A. JlyunHa 3TOT BOIIPOC HE MOJHUMAETCS.
2. IlpocTpancTBO U Bee GopMBbI IEPBUYHBIX MATePUii KBAHTOBAHBI.

B teopun Jleonosa B. npu3HaeTcss KBAaHTOBAaHHOCTH IPOCTPAHCTBA U MATEPUH,
T.K. LEJb CO3/aHUs TEOpPUU COCTOUT B o0beauHeHun rpaButamuu (OTO) u
KBaHTOBOM pu3uku. JIyunH A. cuuTaeT KBaHTOBYIO (DU3HUKY OIIMOKON HAYKH.

3. [IpocTpaHCTBO 3amMoOJIHEHO OIPOMHBIM KOJHYECTBOM TEPBHYHBIX
MaTepHii, IPEICTABIISFOIINX COOOM CIIEKTpP 3JIEKTPOMArHUTHBIX BOJIH (0KMas, puc.
13) ¢ pa3HBIMH dYacTOTaMH, T.€. KOJICOAHWUSIMH Ha pas3HbIX oOKTaBax (N),
CTPYKTYPUPYIOIIMX Hal Mup. Pa3HooOpas3ue STHX CTPYKTYp BIIHCBHIBACTCS B

bopmymy™:
Y =yt 2" =1236".2"=1236" .2"= 2"

YuuTeiBas, 4TO MEPBUYHBIE MATEPUU OXBATHIBAIOT JOCTATOYHO HIUPOKUMN
JIMaIa30H AJICKTPOMArHUTHBIX KOJeOaHUM, U, €CIM BEPXHHUM IIPEJEIOM CUUTATh
okTaBy 1024, a HWKHMM — 16, TO 3TOT JMANa30H OXBATUT M CaMbl€ MeJIbUaiIIne
YaCTHUIIBI, HA KOTOPBIE MOTYT OBITH «pa3apoOJIeHb» BCE W3BECTHBIC YACTHUIIBI OT
¢boToHA 10 MPOTOHA B COOTBETCTBUH C 3aKOHAMH TapMOHUM KOcMoca (cM. puc. 12).
B sTOM ciiydae MOXXHO paccMaTpuBaTh CTPYKTypu3aluio Marepuu (oOpasoBaHue
«QIIEMEHTAPHBIX» YaCTHIl) ¢ JaHHOW OKTaBbl — 1024 mo MuHMMabHON — 16 - mpu
cHHTe3€ e€ CTPYKTYp M3 nmepBuuHbIX Matepuii (Cxema K-1.).

IIpu sToMm, kak ormeuan H.B. JleBamoB, 3aKOHBI MUKpPOMHUpPA HUJICHTUYHBI
3aKOHaM Makpomupa. B 3ToM IpoOMeKyTKe OKTaB MOXKET «Pa3MECTUTHCS €LIE Macca
Teopuit, moaoOHbIX Teopusim Jlyunna A.A. u JleonoBa B.C., OCHOBHBIMU
KOMIIOHEHTAaMU MHPO3JaHUsI B KOTOPBIX OyAyT YacTuilbl, COOPMUPOBAHHBIC HA
COOTBETCTBYIOIIEM CTPYKTYPHOM YPOBHe.

Kaxnas u3 nmpeacraBieHHbIX TEOPUN MTOAPA3YMEBAET BBIITOJIHEHHUE YCIOBUM
«PaBHOBECHUS» WJIM HEUTpaIU3allMU B3aUMOJICUCTBYIOUIMX YACTEW: 3JIEKTPOH (10
Jlyunny) = (pOTOHBI + MATHUTHBbIE YACTULBI, TTO3BOJIAIOIIUE MOJYYUTH I deKT
NPUTSZKEHUs WK OTTAJIKMBAHUs, o0ecrieurBasi paBHOBecHe Cuil. Y (OTOHA €CTh
«IyHaNbIIbl», KOTOPHIC MPUTSTMBAIOT MATHUTHBIE YACTHIIBI JTFOOOTO MOJTIOCA.

80krasa - OkraBa (0T 1aT. octeva «BOCHMas») — My3bIKaJIbHBIH HHTEPBaJ, B KOTOPOM COOTHOIICHHE YaCTOT MEXIY 3BYKaMH cocTaBiseT | k 2
(TO ecTh YacTOTa BBICOKOTO 3ByKa B 2 pa3a Ooubiie HU3Koro). [IpeacTaBum BosHY, MMEROLIYIO 2 KonebaHus B cekyHay. CTeneHu 3Toro yucia u
ecTb okTaBa. [IpeznenbHoe cocTosiHue - 54 okTaBa. Hanpumep, milaHeTbl  COJHEYHOM CUCTEMBI YKJIaIbIBAtOTCs B ceMb okTaB. OkTaBa 54.375 - 310
raMma - uiay4deHue. 48 OKTaBa - COJHEYHBIH CBET U TaK Jajee.

9 Konzpaxkos 1.M. Taiinsl JIpeBHepycckoro Beemepa. http://ruskolan.info/index.php/znanniya/nauka/122-tajny-russkogo-

vsemera
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Puc. 12. YcnoBHaA cxema pacnpefenieHns OKTaB No YPOBHAM OpraHu3auumu matepum

Ho ongHoMMeHHBIE TMONIOCA OTTAJKUBAKOT JApPYr JApyra, 4TOo B LEJIOM
o0ecrieurBaeT BBIOJIHEHHE YKa3aHHBIX QyHKIMM. OcHOBa MaTepuu 1o JIeoHOBY

KBAaHTOH = JBAa OTPHMLATEIbHBIX KBapKa + /Ba MOJO0KHUTEJIbHBIX KBapKa ¢
HeJbIMH 3apsAIaMH, OObEIMHEHHBIE B TETPasAp U KOMIICHCUPYIOIIUE 3apsi JpyT
Jpyra, Ho 00ecreurnBaoIIe CBOMCTBO KBAHTOHY NPUTATUBATH M OTTAJIKUBATH, a
npu aeopmManuy KBaHTOHA - PACHaaThCsl HA 3JIEKTPOHBI U MIO3UTPOHBI.

Pasmep kBanToHa 0,74:10%M, uTto cootBeTcTByeT mpumepHo 180 okrase,
TOora Kak (OTOH B BHUJAE COJHEYHOTrO CBeTa mMeeT Jmmib 48 okTaBy, a rama-
u3NydeHue -  54-10.

[Ipu HauanpHOU dopme
KBAaHTOHAa B BHUJE TETpa’rapa,
BO3MOYKHO €ro oObeIUHEHUE B
noaeka’ap (puc. 13.), utO
MOET OBITh PACCMOTPEHO Kak
COOTBETCTBYIOIIMA  YPOBEHH
CTPYKTYypHU3allUM MaTepuu U

npocTpancTBa (no JleramoBy u

Puc. 13. OT TeTpasgpa Ao Aoaekasgpa XaTI)I6OBY) nu 6yI[eT

JIOTIOJIHUTENIPHBIM ~ JIOKa3aTeJIbCTBOM  TOTO, 4YTO  3aKOHBI ~ MHUKPO- H
CYNEPMUKPOKOCMOCA €IWHBbI, KaK €IWHbl 3aKOHBl MAaKpOo- W MHMKPOKOCMOCA.
Konmnenmus DiHITEHHA 31€Ch COBEPIIIEHHO JTUIITHSIS.

KoHapakos U.M. Ha nyt1 K HoBbIm 3HaHUAM. COOpHUK cTaTei. Y.1 1



4. CkopocTh [BHKEHUSI MATEePHAJbHBIX 4YACTUI[ He OrpaHU4YeHAa
CKOPOCTBIO CBETA.

B teopun JlyunHa A. 3TO MOJIOKEHUE OTpaxeHo, a B Teopuu JleoHoBa B. —
HET — NPEACIbHO BO3MOXHAasi CKOPOCTb B MIPUPOJE — CKOPOCTb CBETA, 4YTO
OTpaHUYMBACT BO3MOXXHOCTU Teopun CynepoObeAUHEHUS, KOJIb MOCIEIHSS
MPETEHAYET Ha TaKyk pOJib, T.K. TOTJAa B HEE JOJDKHBI YJIOXKUTHCS JAHHBIE
JKCIIEPUMEHTOB, B KOTOPBIX CKOPOCTh B3AUMO/JICHCTBHS, ]Ja U CaMa CKOPOCTh CBETA
B pa3HbIX cpefax Obuia 3HaunuTeabHO Oosbiie mpuHsaTo B OTO.

5. [IpocTpaHcTBO CTPYKTYPHPOBAHO (B COOTBETCTBUHU C KOA(PPHUIIUEHTOM
kBaHTOBaHus Y [lepBrunbix Matepuii mim oktaBoit) (Cxemsl K-1. I'n. 3; u K-2).

HaHpHMep, dTOM — 3TO HC TOJIBKO KJIACTCpHAA CUCTCMA U3 B3AMMOCBA3aHHbBIX
QJICMCHTAPHBIX YaCTHUI, HO HW CTPOIro OpraHru3OBaHHasA JOACKa3ApPaJIbHO-
TeTpaBI[paHLHaH-KY6I/I‘-ICCKaH CTPYKTYpa. Kak HU3BCCTHO, COCOIMHCHUC aTOMOB B
MOJICKYJIbI, KPUCTATIINYCCKHC pGIHéTKI/I n T .J. BO3HHKACT, KaK CJICIACTBHUC
HU3MCHCHHUA MCPHOCTH MHUKPOKOCMOCA 3THX AaTOMOB TCMHU HMJIM MHBIMH BHCIIHHMHU
BO3I[€I>1CTBPI$IMPI. CausitHue CTAaHOBUTCS BO3MOXKHBIM IIpu OIIHHaKOBOﬁ KPHUBHU3HC
MCPHOCTM MHKPOKOCMOCAa aTOMOB MW HaJIW4YWMKM BHCIIHUX 3JICKTPOHOB C
IIPOTHUBOIIOJOKHBIMHU CITMHAMM.

N3BecTHO, 4YTO BCE CAMOOPraHU3YIOIIUECS CUCTEMBI SBIISAIOTCSA OTKPBITBIMM.
B y31ax 3TUX KJIacTEPOB U «cobUparomcsy COOTBETCTBYIOIINUE CTPYKTYPHI (aTOMBI,
MOJIEKYJIbI U T. [.). B TNepBUYHBIX sYEHKAaX OTOM CTPYKTYypbl COOMPAIOTCS
IIEPBUYHBIC YACTHUIIBI — IPOTOHBI. Y YUTHIBAsA, YTO Hallla BCEJICHHAS HEOAHOPOAHA U
ABJISIETCA OTKPHITOM HEPABHOBECHOM CHUCTEMOM, MO3TOMY B HEM HENPEPHIBHO UAYT
IIPOLIECCHI B HAMPABIIEHUU «cmpensl epemenuy (BekTopa pazsutus). B Matpuunom
IPOCTPAHCTBE MOTOKHU MEPBUYHBIX MAaTEPUM UIYT OT CIOEB ¢ OOJIbIIEH MEPHOCTHIO,
K CJIOSIM C MEHBIIIEH MEPHOCTBIO.

3/1ech clielyeT OrOBOPHUTHLCS, B CBSA3U C «IEHCTBHEM» 3aKOHA OTPHUIIAHUE
OTPUIIAHUS, KOTJa MPU OTKPHITUU COCTABIISIIONIMX, HAIpUMEp, BCEX YaCTHII,
npexHue (GopMbl MOTYT OBITh MPOWTHOPUPOBAHBI, T.K. TEMEPb MOSABISETCS
BO3MOXKHOCTH OOBSICHUTH CTPYKTYPY IIPEKHUX (POPM YACTHII, KaK 00Pa30BAHHBIX U3
BHOBb OTKPBITHIX. YUTO MBI M BUAUM B KoHLenuusx Jlyunna A.A. u Jleonosa B.C.

KoHapakos U.M. Ha nyt1 K HoBbIm 3HaHUAM. COOpHUK cTaTei. Y.1



K-2. CTpyKTypu3auus matepum Bo BceneHHom

6. I'paBuranum (B moHuManuu A.DUHINTEIHA) He CYIIECTBYeT — 3TO
nposiieHre 3¢ ¢exra mapycHoOCTH NPU B3aUMOJECKUCTBUM IEPBUYHBIX MaTEpUU
(ITM) ¢ ¢dusnuecku MmIOTHOM MaTepued. B Mectax cocpenoTodyeHuss Marepuu
MEpPHOCTb HalpaBjieHa K IEHTPY MACCHI, T.€. OT OOJIbIIIEH MEPHOCTH K MEHBIIICH.

KoHapakos U.M. Ha nyt1 K HoBbIm 3HaHUAM. COOpHUK cTaTei. Y.1



OnexTpoH (HOpMHUPYETCS U3 TEPBUUYHBIX MATECPUH, SBISIONIMXCS OCHOBOM
MUpPO3JaHUs, CJIEI0BATEIbHO, JeJUM Ha emié 0oJjiee «MENKUEe» YacTHIlbl, KaK U
OCTaJIbHbIE YacTULbI MaTepuu (IPOTOH, (POTOH) B COOTBETCTBUU C 3aKOHAMHU
rapMoHud. B »TOM 1utaHe cyieCTBeHHYIO pojib urpaet matepus G, Omaromaps
KOTOPOU NP MPOXOKAECHUHU BOJIHOW raMMa-U3JIy4eHUS IPOCTPAHCTBA C MEPHOCTBIO
6 vi < AL nam 7 yi— h £ AL, nporcXoIuT TOTIOTHUTEIHLHOE €r0 HCKPUBIICHUE U, KaK
pe3yapTar, MaTepuanu3anys B HEM dJIEKTPOHA, a 3aTeM U ero pacnai. Ilpm stom
raMma WU3JIy4YEHHE, HMEET ONPEACICHHYIO [UIMHY BOJHBI W aMIUIUTYAY,
CTPYKTYPHUPYET MNPOCTPAHCTBO H <«I03MPYyeT» HEOOX0AUMOE KOJIHYECTBO
MaTepuH, 4YTOObI CHHTE3UPOBAJICH HMMEHHO 3JIeKTPOH (MPOTOH WU Jpyrue
yacTuilpl). I[lpudem, MHHUMaIbHOE WCKPUBJIICHHE MAaKpOIPOCTPAHCTBA, IpHU
KOTOPOM BO3HHMKAE€T CHUHTE3 (U3UYECKH TUIOTHOTO BEIIECTBA, COOTBETCTBYET
YCIOBUSIM  CHHT€3a  BOAOpPOAA, T.€. MPOTOHA,  SBISIIOLIETOCS  CaMbIM
pacrpocTpaHeHHBIM 31eMeHTOM B KocMoce.

Heuro noxoxee ects y JIeonosa B.C.: [1ox neiicTBuEM IpaIMEHTHBIX CUJT BCE
KBaHTOHBI BOKPYT LIEHTPAJIBHOTO 3apsjia HA4YHYT JIBUTATbCS B €ro CTOPOHY,
chepuuecku  nepopmupys  (MCKpUBISE 1O  OWHINTEHHY) KBaHTOBAaHHOE
IPOCTPAHCTBO-BpeMsi. B pe3ynbpTaTe HCKPUBJICHUSI KBAHTOBAHHOTO MPOCTPAHCTBA-
BPEMEHHU BOKPYT IIEHTPAIBHOTO 3aps/ia BO3HUKACT cPepruecKoe TPpaBUTAIIMOHHOE
moJie, a caM 3apsJ-KBapK MPHOOpETacT Maccy, W TMEPEpOoXKMTACTCS B AJICKTPOH,
YaCTUILy, SIBJISIFOIIYIOCS OJHOBPEMEHHO HOCHTENIEM DJIEKTPUYECKOTO 3apsaa Hu
Macchl. Tak poXKaaeTcst Macca y 3JIEKTpOHA U caM 3JIEKTPOH BHYTPH KBAaHTOBAHHOTO
pocTpaHCTBa-BpeMeHU. [lO3UTpOH pOKIAETCS aHAJOTMYHBIM CIIOCOOOM TpHU
BOpachiBAaHMM B KBAHTOBAHHOE IMPOCTPAHCTBO-BPEMS IIE€JIOTO DIIEKTPUUYECKOTO
KBapKa MOJIOKUTEIIbHON TOJIIPHOCTH.

7. Marepus 3BosrouuoHupyet or Ilepsuunnix ¢popm g0 Pazyma. B
IIPOLIECCE DBOJIIOLIUN MATEPUU NPOUCXOAUT €€ CTPYKTYypH3alHsi MATEPUU — ITO
MPOLIECCh, CBSI3aHHbIE C MpeoOpazoBaHueM (OPM MaTepud B COOTBETCTBHM C
3akoHamu rapmMoHnu Kocmoca.

A, xak u3BectHO n3 KoHuenmuu H.B. Jleramosa IIM npexacraBistoT coboi
KBAaHTOBAaHHBIEC DJIEKTPOMArHUTHBIE KOJEOaHUsl pa3IUYHON YaCTOThI, KOTOPHIE IO
XaTpi00By A.M. MOTYT OBITh OXapaKTEpU30BaHbI OKTABOM - cTeneHbto 2-ku (2"). A
3TO 3HAYMT, YTO HA BCEHl IIKaje 3JIEKTPOMArHUTHBIX BOJH JIOJKHO OBITH MHOTO
«Y4YaCTKOB», KOTOPBIE OTPAXKalOT CTPYKTYPHU3ALMIO MATEPUHN HA PA3HBIX YPOBHSX €€
OpraHu3alliid, CHUHTE3UPYd pAa3JIUYHble CTPYKTYpbl (KBaHTOHBI, 3JEKTPOHBI,
MO3UTPOHBI, POTOHBI, KBAPKH, TPOTOHBI, HEUTPOHBI, ATOMBI, MOJIEKYJIbI, KPUCTAJIbI
U T.JI.), KOTOPbIE CTAHOBSATCSI OCHOBAMHU MOJIEJIeH Pa3HbIX KOHIICTIIIH.
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B »Ty memouky MoxHO BmmcaTh W KBaHTOHBI JleoHoBa B., u (oronbl, u
MarHuTHele yacTuubl JlyunHa A., paxke eciii OHM NPUOIM3UTENBHO OTPa)KaroT
JNEHCTBUTENBHOCTh. ABTOPBI KaK Obl «HaIaIN» Ha «30JI0TYIO JKUITY», HAXOJAIIY0Cs
B «KOpUIOpE» IOIYCTUMBIX PEIICHUH BEKTOpAa PAa3BUTHs HAIIMX 3HaHUU. Bot
nouemy Tteopusi Cymnepoonenuaenus JleonoBa B.C. m Teopus Jlyumna A.A.
OPUBOJAAT K MPAaKTUYECKUM pesynbTaTamM. OJHAKO IS JaldbHEHIIEero pa3BUTHS U
BHEJIPEHUSI B KU3Hb CBOMX TEOpPH, aBTOpaM HEOOXOJIWMO COIJIACOBATH UX C
yHUBepcanbHbiMH KoHIenuusaMu Jlesamoa H.B. m XarteiooBa A.M., koTOpsbIe
HaXOJATCS HEIIOCPEICTBEHHO Ha CAMOM BEKTOPE PA3BUTHs HAIIMX 3HAHUW U CAMOM
OUBWIM3AIUU. OTO OYyIET METOAOJOIMYECKH IpaBWIbHBIM U OIpaBIaHHbIM. B
IPOTUBHOM Cily4yae, OHM OYIyT HMHTEpPECHbl JHIIb MCTOPUKAM HAyKH, Kak
O4YEpEHbIE BEXU B PA3BUTUM HECTAHIAPTHBIX Mojesied n teopuil Ennnon Haykw,
0€3 OCTaHOBKH BO3JIE€ ITHX BEX.

Ho ectb OT HUX M I0JIB3a B HACTOSIIUNA MOMEHT — 3TO BO3MOXXHOCTb Ha
OCHOBAHUHU IMPEIUIOKECHHBIX MOJEICH I0JIy4yaTb HEOIPAHMYEHHOE KOJIMYECTBO
DHEPI'MM, IIPEBBIIAIOIIYI0 3aTPAYCHHYIO0, BO3JIECUCTBYS Ha BELIECTBO JHEPIUEH,
DKBUBAJICHTHOW DJHEPrUM CBA3M HAa TOM WA WHOM YPOBHE CTPYKTypHU3aLUU
MaTEpHUH.

[TonpiTOXKMBass BBIIECKA3aHHOE MW OTBEYasi HA BOIPOC, NMOCTaBJICHHBIA B
HAa3BaHUU CTaTbHU, CYUTAK), UYTO BPEMs «TPOSIHCKUX KOHEW» [OJDKHO YHTH B
HeObITHE. A JyMarolmuM H UIIYIIAM HCCIENOBATENsIM HYXKHO BBIXOJIUTH U3
TYIHUKOB, B KOTOPHIE 3aBEJIM HAC «YyYEHBIE» U3 (IOJUTHUYECKUX» COOOpPaKeHU, U
IepexoanTh Ha penbebl HoBbix 3HaHui. Hy»KHO yMeTh aepxarsb yaap.

Yto ays aToro HY>kHO? J[J1s1 Hayana — mo3HaKOMUThLCSI ¢ HOBBIMM 3HaHUSAMU,
a 3aTeM, MOXXHO W Tak, Kak »To mpennaraetr aenarb JleonoB B.C. (6o Takux
CAUHMIIBI): «MHE, KaK (U3UKY-TCOPETHUKY, HYKHO MHUHHUMAILHOE KOJIUYECTBO
CPEJICTB: CTONKY OymMaru, KapaHjaii 1 Kak pOCKOIIb — KOMITbIOTEP. 3HAYUT €10 HE
B 00bEMe (huHaHCHUpOBaHUS, a B 00béMe MO3roB. bena HeIHENIHEH poccHiicKon
HayKH KaK pa3 U 3aKJII0YaeTcsl B TOM, UYTO MO3I'M B Hell He BOCTPe0OBaHbI».
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4.9. Kak onpeaejJuTb BbICOTY Ka0aykoB Tyduieii?

M3BECTHO, UTO YEIOBEUECKOE TEJIO UMEET MPOIOPLIUHU 30JI0TOTO CEYeHUS. MBI
HOCUM 00YBb, KOTOpasi U3MEHSET HAIl POCT, OCOOEHHO Y KEHIIUH, KOTOPbIE HOCAT
TyQpau C HEMBICIMMON BBICOTOM KaOiaykamu. A 3TO NPUBOAMUT K JAepopManuu
MO3BOHOYHMKA U TOSBJIEHUIO OykeTa 3a0osieBanuil. Kak m30exats 3TOrO, Ciemys
«MoOZie», U OJAHOBPEMEHHO OCTaBasCh B Ipeaesax 30J0ThIX MpPONOpLuil, T.€. B
npenenax TapMOHMM CBoero Tena. Beap y MHorux ¢urypsl He Bcerna
COOTBETCTBYIOT UJCalIbHbIM MponopuusM. M yBenuueHne pocra 3a CUET BBICOTHI
KaOJyka OPUBOJUT JHIIb K AUCIPONOPIUM YacTed Tena, K 3a00JeBaHUSAM U

YPOACTBY.
Kak, coxpaHuB 30J10Ty10 IPOMOPIIKIO, HE HABPEIUTH ceOe?

N3BECTHO, YTO Y JKEHILUH C UAeaNbHOU (PUTypOH OTHOLIEHUE PACCTOSHUS OT
nyna a0 mat kK e€ pocty coctapisgeT 0,62 (moutu 0,618 — 3o050Tas npomnopius),
BepxHss yacth — 0,38 (0,382). Ho MbI Oyner UCXoAWTh U3 MPONOPLHUNA 30JI0TOTO
CEUCHMUS.

PaccmoTpum mponopuuu yenoBedeckoro Tena (puc. 1), 3a OCHOBY B3sIB
BEPXHIOIO YacTh TeJla — OT IMyIa J0 MaKyIIKH, €CIM KOPOTKHE HOTHM U HUKHIOIO
4acThb, €CJIM HOTH JJINHHbIE.

Bo3MoxHBI TpH cityyas:

1. VY xeHIMHBI ueanbHas GUrypa, Ho €M Xo4eTcsl HaleTh Ty(QJH ¢ KabayKaMHu.
2.V XEHILUHBI JJIMHHBIE HOTH, OIIATH K€ XO0UETCs HaEeTh TY(JIU HA BBICOKUX
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kabmykax; 3. Y JKEHIIMHBI KOPOTKHE HOTHM M €l XOYeTCs BBITISIACTh Ha

ka0ykax rapmonnyHee. Kak 3Toro 1o0uthbes, cieays 3aKkoHaM rapMOHUU?

Hcxonublil pocT yenoBeka 0e3 00yBH paBeH:

Po=hi+h;

e Ni_paccrosinue oT Mymna 0 NATOK.

h2 — PaCCTOSTHME OT MaKYIIIKHA 10 IMyna

Poct uenoBeka B 00yBH — C KabllyKaMu, T.€. pOCT, KOTOPBIM JOJIKEH OBITH

IIpHU paCIIOJIOKCHHH ITyIIa HAa PACCTOAHUN h2 OT MAKYIIKH.

P=K+H+1I

I'me K — BpicoTa Kabiyka;
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Pacyer BbICOThbI KaGHYKa npu gaHHOM poOcCTe

BBICOTY KaOJyKOB.

H = h:_paccrosinue ot myna
10 MSATOK.

I = hz — paccrosinue ot
MaKyIIKH 10 mymna.

I[Ipu Takom pocre P (Ha
KalJIyKax) IyII JOJIKEH
HAaXOJUThCS Ha paccTossHum hy’ ot
ISTOK.

Paccmotpum Bce Tpu ciyyasi, €
KOTOPBIMHU BCTPEYAIOTCS KSHIIUHBI,
JKeJas Tak, Kak, ecii Obl y Hee Oblia
ujeanbHas Gurypa.

1. ¥V  KeHIIMHBI  MJeaJIbHasA
NPONMOpPIUHA TeJIa, HO XO04YeTcs
HaJeTh Tyduin ¢ KadJayKkamu.

Hanpumep, mpu pocre P
=180 cm, h1 = 111 cm. , xemaemas
BbicoTa KabmykoB 8 c Hyxnayro

M (3,Z[GCB HY>XHO OBITH A0CTAaTOYHO OCTOPOKHBIM U PCIINTh, HY>KCH JIM BaM BBICOKHMH

KaOJMyK, T.K. YBEJIMYEHHE BBICOTHl KaOJYKOB TMpUBENET K Jedopmanuu

ITO3BOHOYHHNKA U BBI3BOBET ,Z[I/ICKOM(bOpT), YCJIOBHBIfI ITyII JOJDKCH HAXOAUTHCA HHUXKC

OT peabHOro mymna Ha Ahy’;
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Ahi = (P + K )*0,618 - h1 = (180+8)*0,618 — 111 =5 cm

M npu pocte 180 cm N1 10omKHO OBITH paBHO
h:'=P*0,618 = 180 * 0,618 = 111 cm.
a 'y Bac, Harpumep, hi =105 cm., Tora BeicoTa KabJIyKa JOKHA OBITH paBHOK
K= hy-h1=111-105=6 cm

Teneps poct craner paBHbIM 180 + 6 = 186 cm.

Torpa nnmHa «HOr» ¢ Kabiykamu OyeT paBHa
h;” =186 * 0,618 = 115 cm.

CrnenoBatesibHO, TAMIO HY>XKHO OynieT noausTh Ha 115 — 111 =4 cm., Torna oyaer
rapMoHus B Qurype.

2. s jiMHHBIX HoOT, koraa hi/Po > 0,618.

Hanpuwmep, h: = 110 em npu poctre Py =169 cm. T- pacronoxeHune Taaud HUXKE
nyna.

T =Po - P0*0,382 — h;
Hpumep:
T =169 - 169*0,382 -110 = 169 - 64,5-110=-4,5 cm

Ha Takyro BeIMYMHY HY>KHO OIYCTUTh TaJIMIO. A €CJIM UCIOIb30BaTh KaOIyKH, TO
HYHO OITYCTUTh TaJMIO Ha

h=K+T
Hanpumep, h2 =60 cm.
K=2,618* h2- P, =2,618* 60 - 169 = 11,92 cm
B 3TOM ciiyyae HY’KHO ONYCTHTh «TAJHI0» HA 12 cMm.
2. JInsl KOPOTKHUX HOT':
Orcrona: K=P-H-II=1,618 h: - h1 - h=0,618 hi—h;
P =h:0,382 = 2,618 hy
K=2,618 * h>- P,
[Tpumep: h, =66 cm, pu pocte 169 cM. Torma BeicoTa Kadiryka

K=2,618* 66 — 169 =3,78 cm.
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Ho, ecnu He HOcUTh 00YyBb Ha KaOJayKax, TOTJa HYXKHO MOAHITH Tanuio Ha 3,78 cM
~4 cMm.

Teneps pocT cTaHeT paBHbIM 169 +4 =173 cM.
h1 =173 * 0,618 = 107 cm.
ho =173 -107 = 66 cm.

CrneroBaTeNibHO, TATUIO0 MOXKHO OCTABUTH Ha IIpEKHEM ypoBHE. Cleays BceM
NPUBEJACHHBIM PEKOMEHIAIMSAM, JKEHIIMHA BCET/Ia CMOXKET MOoJ00paTh MOJ[ CBOIO
burypy HyXHYIO BBICOTY KaOJYKOB U MpPaBUJIBHO «Pa3MECTUTH» CBOIO TaJHIO.
JXeHnHa TOHbIIE YYBCTBYET TAPMOHMIO WK €€ HapyllleHne, 0COOCHHO B OJIEXK/IC.
OOHapyXUB HapyIlIEHUE, OHA CTAPAETCS] YCTPAHUTh BBISBIICHHBIE HEAOCTATKU. BOT
3/IeCb OHAa M MPOSBISIET BCE CBOE TBOPUYECTBO, MPUBOMS HAPYIICHUS K OOIIEH
rapMoHuud B €€ Hapsane. M omsate Mbl cTaJKuBaeMcs ¢ (PaKTOM, 4YTO B OCHOBE
TapMOHHUH, YETO OBl ITO HE KACAJIOCH, JIEKUT «30JI0TOE CEUYEHUE.
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