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J.K. Makcpemnn

Jna npunyunuanbHo TPABUIBHOTO TOCTPOCHUS (HYHOAMEHMATbHOU
bU3UMYEeCKON HAYKH HaM HeoOX0O0uMo TIPEXKIE BCErO OMPEICTUTHCS C TEM,
SBIIICTCSA JW HAam Mup xoneunwvim (T.€. IPOCTPAHCTBEHHO 3AMKHYMbIM)
WM OH OECKOHEYEH.

B mnepBom ciydae peanvroe (T.e. MHPOBOE) TMPOCTPAHCTBO C
HEO0OXOIMMOCTBIO CJIEIYET MPU3HATH €IMHOM CIUIOMIHON (KOHTUHYaJIBLHOM)
MamepuaivbHot — Cpefo, COOCTBEHHbIE BHYTPEHHUE OuHAMUYECKUe
camoosudicenusi KOTOpor U (GOPMUPYIOT BCE CYIIECTBYIOIIME HEMPEPHIBHO
W3MEHSIONTUECS MPUPOAHBIC SIBJICHUS CAaMOT0 Pa3HOT0 YPOBHs (MaciiTada).

Bo BTOpOM cilydae B poiu MpOCTPAHCTBA HEU3OEKHO OY/IET BBICTYIATh
OeckoHeuHasi (Oe3rpaHUyHasi) nycmoma Kak peallbHOe eMecmuauuje s
TEX K€ SIBJICHHUM, HO yXe (HOPMHUPYEMBIX U3 MENbUAUIIUX OUCKPEMHbBIX
YacTHll, C ONPEAEIEHHON IIOTHOCTHIO 3aMOJHSIOIIUX TyCTOTY U CHYOLIUX
B HEUl C OTPOMHBIMU CKOPOCTSIMH BO BceX HampasiieHusix. Ho mipu sTom B
Hallle MBIIUICHUE 0 peanvHom Mupe cpasy K€ TPUBHOCATCS TOHSTUS,
SBJISIIONIMECS BCErO JIMIIb TIJIOJIOM HAIllero BOOOpaXkeHUs, T.€. MPOCTO
BbIMbLULTIEHHble HAMU KaK MPEIeNIbHO a0CTpaKTHbIC. DTO, MPEXK]IE BCETO, U
cama peanbHas TyCTOTa KaK HUuumo, HO TIPU 3TOM 00JIaJaloIee C8OUCHBEOM
TPEXMEPHOUN MPOTHKEHHOCTH. DTO U TO, UTO OHA OECKOHEYHA M JIOKAIHHO
OHOpPOJHA W H30TpomnHa. M To, 4TO B HEW BMECTE C YACTHULAMH MOTYT
CYIIIECTBOBATh HUYEM HE OrpaHUYCHHBIC (DU3WYECKUE TOJIA, CIOCOOHBIC
HEOOBSICHUMBIM 00pa3oM o0ecIieurBaTh YaCTUIIAM U Pa3HbIM TelaM U3 HUX
pasau4YHbIC CHJIOBBIC (IO CYTH, MuUcCmu4eckue) B3aUMOJCUCTBHS MEXIY
coboii. U cymiectBoBaHrEe pa3HOTO pojia OMSTh K€ HEOOBICHUMBIX 3aKOHOB
ATUX B3aUMOJECHUCTBUMN, 3aKOHOB COXPAHEHHUS U T.II.

N3 3TUX ABYX BO3MOKHOCTEH IepBasi SIBHO MPEBOCXOJUT BTOPYIO B
CBOMX BO3MOKHOCTSIX 00ECTICUUTh npuiuHHoe OOBICHEHNUE €MHCTBA BCEX
bu3ndecKux SBJICHUN 0€3 BCSIKOWM MUCTHKA U MPOTHBOPEUUN HA OCHOBE
BHYTPEHHETO OUHAMUYECKO20 CAMOOBUNCEHUs BCETO JIUIb €IMHCTBEHHOM
MaTepUaIbHOM CYITHOCTH, OOJAJAIONMIEH nO00AOWUMUC OCMBICIEHUIO
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YUCTO (PU3MUECKUMU CBOMCTBaMH. W maxe To, 4TO OHA KOHeuHa, a 3HAUUT,
UMeeT BHEIIHUE u3uueckue epanuybl TOKE MOXKHO MOHATH. i1 3TOrO
TpeOyeTCsl BCETO JIUIb 0CO3HAMb, YTO TaK KaK BHE (DHU3UUCCKUX MPECIIOB
MHUPOBOM CpEIbl OelicmeumesbHO Hem HUKAKOU nycmomobl, KOTOPYIO MBI
caMU XK€ U npuoymanu, TO peaJbHOM MHUPOBOM Cpele MPOCTO HEeKyAa U
HE3a4yeM Jajnee MNpOHUKaTh. MOXKHO CKa3aTb W Tak, 4YTO TaM, TJie
3aKaHYMBACTCS MaTepUAIbHbIN MHUp, 711 BCEX CAMOJBUKEHUM MHUPOBOU
Cpellbl €ro K€ rpaHulla U CTAaHOBUTCS aOCOJIOTHO Henponuyaemou. Y 1o
Oyner Oojiee JIOTUYHO, YeM npedcmasisims (T.e. BCETro JIMIIb 8000padcamo
cebe, MblCIUMb) BHE TPEICIIOB pEalbHOTO Mupa akTyalbHOE Haluuue
OecnipeieIbHOM MYCTOW HemamepuanbHou TPOTSIKEHHOW CYIIHOCTH.
HyXHO mpoCTO MpeoioNeTh KOCHOCHb HAIIETO MBIIUJICHUS U 0CO3HAMDb,
YTO 37€Ch MBI CaMU XK€ U npuoymanu njs cels mpobiieMmy, KOTOpOU Jist
peanbHOro Mupa (unaue [Ipupobl) mpocTo HE CYIIECTBYET.

[Ipunumas nepewiti sapuanm, nanee yxe u OyJIeM UCXOJIUThb U3 TOTO,
YTO COTJIaCHO MaTepHalMcTUUecKon (umocodun, B MUpPEe KpoMe mMamepuu
U e€ GHYMpeHHe20 OUHAMUYECKO20 CAMOOBUINCEHUSI 8 NPedeNax C80e20 JHce
0b6véma (npocmpancmea) Hudero Oosiee He cymiectByeT. [loaToMy Bce
U3BECTHBIC HAyKe (PU3MYECKHE OOBEKTHI, BKIIOUAs U3BECTHBIC (PU3UUECKUE
MoJsl W DJEKTPUUECKUE 3apsiibl, U JOJKHBI OBITh TOCTPOCHBI Kak
HEKOTOPBIE CMpPYKmMypHble POPpMbl STOTO CAMOOBUIHCCHUA MAMEPUU.

Sl yxe mucanm 0 TOM, YTO BCE MAaT€pUAIbHBIE JBUKEHHUS [0 CaMOWU
CBOEH MPUPOJE SBISIIOTCS AOCOIIOMHBIMU N0 OMHOWEHUIO K PealbHOM)
(T.6. Mupogomy) (HuzNUECKOMY MPOCTPAHCTBY, HO JJIsI HAac B HalleM
MO3HABATEJIbHOM TIPOLIECCE OHU BCETAA HPOABAAIOMCS B HEKOTOPOU
omnocumenvroti popme [1]. [To3HaTs ke caMy UX (U3UYECKYIO CYTh MBI
MOXEM TOJIbKO 4epe3 MblluieHre. B ganHON paboTe s mocTaparoch B
CaMBIX OOIIMX YEPTaxX PACKPBITh U CBOIO BEPCHIO (PHU3NIECKOTO MEXaHU3Ma
OUHAMUYECKO20 CAMOOBUICeHUsT MATEPUU Ha e€ caMOM (PyH/IaMEHTAIIbHOM
ypoBHe. VIMeHnHo Onaromapsi 3TOMy npunyunuailbHo HEMOCPEICTBEHHO HE
HAOMI0JaeMOMY  HaMH  HPUPOOHOMY €€  CAMOOBUMCEHUI0  MOTYT
CYILIECTBOBATb MU BCE Habnooaemvle HaMU (HOPMBI TPUPOTHOTO, KaK
aOCOJIIOTHOTO  JIMHAMUYECKOT0, TaK W  OTHOCUTEJIBHOTO  YHCTO
KMHEMAaTUYECKOTO JBKCHUS Pa3IUYHBIX (PU3NUECKUX OOBEKTOB.

Tak kak MaTepusi CylECTBYET 00bEeKMUBHO PedibHO u3uuecku, To e
U CIIEAyeT TPU3HATh HEKOTOPBIM @usuyeckum cyocmpamom. IlosTomy
BEpHEM €My €ro HCTOPUYECKOE Ha3BaHuE 2¢hup. B panpHelieM 3TOT
TepMUH OyJeM HCIONBh30BaTh KaK CUHOHUM CJIOBA Mamepus, 0COOCHHO
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IpU PACCMOTPEHUM PA3IMYHBIX (U3UYECKUX OOBEKTOB, JIMIIL YacTh M3
KOTOPBIX SIBJISIFOTCS TEMU, YTO MbI Ha3bIBAEM BeLeCEEHHbIMU.

Crenytoriee eCTeCTBEHHOE 3aKII0YEHHE TO, UYTO 3(pUp AOHKEH UMETh
onpenenéuuble (uznueckue cBoicTBa. IlepBoe M3 HUX — KakK yxe H
YIOMHUHAJIOCh BBIIIE - OH SBISIETCS MEPBUYHOU eOuHou MuUpoeoti
HenpepvlHol (CIUIOLIHOM, KOHTUHYAJIbHOW) OuHaMU4ecKou cpedoul, 4TO
y)Ke caMo0 TI0 cebe obecreyrMBaeT BCEM MPUPOAHBIM (HUINYECKUM
SBIICHUSIM UX eduncmeo. BTopoe HEOTHeNTMMOe OT TMOHSTUS CPEbl
CBOMCTBO — 3TO €€ miomHOCmb, a OHa, B CBOIO O4Yepelb, CBsA3aHA C
noHsiTueEM maccel. CrenoBatenbHO, 3DUpP  KoIUUeCmBeHHO  JOJIKEH
XapaKTepU30BaThCsl U CBOEH Maccou. ITO, Ha TEPBBIM B3I, OTBEYAET U
NOHUMAaHUI0 Macchl HbIOTOHOM Kak Ko.luuecmeeHHOoll mepvbl MaTepuu, a
TaKkKe Mepbl €€ IuoTHOCTH. Ho crenyer cnenuanbHO YTOYHUTH TOT
NPpUHYUNUAILHLIL (PaKT, 4TO MOHATHE MaTepuu HbIOTOH CBSI3BIBAJ JIMIIb C
CYLIECTBOBAHUEM GewyecmeeHHblx Tell U Takux e cpell. Kak usBectHo, He
BJa/ies MaTepualuCTUYECKON (uiocodpueil, Takoe ke IMperCcTaBICHHE O
Marepun yHacienoBain ot M. HetoTtoHa u A. DUHIITENH.

CornacHO  UCHpPABICHHOW  TPAKTOBKE  CHEYUaibHOU  meopuu
omnocumenvnocmu  (CTO) [2, 3], a Takke obweln meopuu
omnocumenvrnocmu (OTO), uToObl M30€)KaTh KAKUX-IMOO MPOTHBOPEUUI
OpU PacCMOTPEHUM (UBNYECKUX SBJICHHUM, BCE MHUPOBOE IPOCTPAHCTBO
CJIEyeT PacCMaTpUBATh KaK HeNnoOBUJICHbIU 6 Ueaom O00BEM HEKOTOPOTO
mamepuanvroeo (pusndeckoro) cyOcTpata, UMEIOIIETO OMNPEACIEHHYIO
IJIOTHOCTh. Torga cam 3aMKHYTBIA 2eoMempuuecKuil 00vém 3TOro
cyocTpara-agupa (T.€. ero maccel) W OyOeT CIWHBIM MHPOBBIM
2eomempuyeckum NnPOCMPAHCMEOM, A BMECTE C €ro IUIOTHOCTBIO, a
3HAYHT, U MACCOU — PeailbHbiM (uzudeckum npocmpancmeom [4).

Becy ceomempuueckuui  00vém  >dupa, SABIAACH 8 yeaoM
HENOJBWKHBIM, U OYAET peaJbHbIM aOCONIOMHBIM — HENOOBUNCHBIM
npocmpancmeom HblOTOHA, HO yXke OyAeT He nycmulM U JTUIIEHHBIM TOU
HEOMpeAeNEHHOCTH, KOTopas OblJja eMy TMpHucCylla B KJIACCHYECKOI
MexaHuke. U XOTs MOHSATUE nycmombl KaK PEANbHOTO eMecmunuwya s
Matepuu (3gupa) sABIgETCS YUCTON aOCTPAKIUEH, KaK Obl MUKDPO NYCHOMbL
YK€ 6HYymMpu camo2o 3¢gupa TPUHLUNHAIBHO CYLIECTBOBAaTH MOTryT. Ux
CIelyeT paccMaTpuBaTh YK€ KaK MHKpPO OOJacTH MaKCHUMAaJIbHO
BO3MOXKHOM paspesiceHHocmu TIOTHOCTU 3pupa. A BO3HUKATh OHH MOTYT
B pe3yJIbTaTe HHTEHCUBHBIX 8UXPeablx ABIKEHUN camoro s¢upa.

[Toguepkny emEé pa3 ocobo, uTo 3GUP He 3anojHAem KaKOWU-TO
TCOMETPUYECKUN 00bEéM KaK YKE CYIIECTBYIOIIECE nycmoe emecmuiuue —
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oH umeem e2o (06bEM) cam KaK CBOE HEOTBEMIIEMOE CB0LUCMB0. ITO
CBOUICMBO MPEXMEPHOL NPOMANCEHHOCMU dPupa U TIPUIAET €My TO, UYTO
MBI U Ha3bIBAEM PEATbHBIM MUPOBBIM 2eomMempuyecKum IpOCTPAHCTBOM.

PeanvHoe ke puzuueckoe npocmpancmeo («Teiao» reoMeTpruIecKoro
MPOCTPAHCTBA) KaK eO0uHas Muposas cpeoa HANOJIHEHO BHYTPECHHUMHU
camoosudxcenuamu e€ maccel. Bee snympennue osuicenus maccol dpupa
ApUCywu emy no e20 npupooe U TAKKE SBIAIOTCS €ro HEOThEMJIEMbIM
C80UCMBOM. ITO U COCTABISIET (PUBUUYECKYIO CYTh U3BECTHOIO IMOJIOKEHUS
MaTepUaIUCTUUECKON (uinocopuu, 4To OgudsiceHue SBISETCS CROCOOOM
cyuiecmeosanua Marepun. Matepuu 0e3 JTBUKEHUS HE CYIIECTBYET Tak
ke, KaK U JBIXKCHUSI HE cyliecTByeT 0e3 marepuu. OJHaKO B TOHUMAaHHE
NBWKEHUST 3(dupa cilaeAyeT BHECTHU CYIIECTBEHHbIE KOPPEKTHUBBI, €CIIH
WCXOJIUTh U3 HAIIETO OOIIETIPUHSATOTO TOHUMaHUs ()eHOMEHA JBHIKCHUS.

Bce u3BecTHbIE TOMBITKH JOBOJBHO KPYIHBIX YYEHBIX C MHUPOBBIM
UMEHEM IO CO3/IaHUI0 PA3TUYHBIX PU3UYECKUX Mooerell u meopull d¢hupa
HE YBEHYAJIUCh YCIIEXOM, TaK KaK MMEIU TOT CEPhE3HBIN HEIOCTATOK, YTO
a¢Up B HUX MBICIWICS, TaK WM HWHa4ye, O0JAJalolUM CBOWCTBAMU
W3BECTHBIX HaM geujecmeennvlx cpen [5]. Yarie Bcero ero meiTanuch (U
CEroJiHsl emi€ NBITAIOTCS) MPEJICTaBUTh B BHUJE HEKOTOPON HIeaTbHON
KUIKOCTH, B IPYTUX CIydasx B BUJE raza U3 TBEPIBIX YaCTHII, 2 HHOTJA U
B BUJIE TBEPJIOTO TEJIA, M 1aXKE B BUJIE KpUCTAJUIA.

C npyroii CTOpOHBI, OT TOTO, KAKUM MBICIHTCS (U, 3aBUCUT H TO,
KaKUM TPEJICTaBIISETCS ero ABMKEHUE U paznudHbie ero hopmsl. Ho 31ech
HaM CJefyeT Mpexiae BCEero OCO3HaTh, YTO HE CBOMCTBa 3(dupa U e€ro
JIBOKCHUHN BBITEKAIOT U3 CBOMCTB M3BECTHBIX HAM €T0 XK€ GelecmeeHHbIX
NpoOAGIEHUII, 3 CaMU 3TU TPOSBIICHUS SIBIISIOTCS PE3YJIbTaTOM CBOUCMS
agupa u ezo osudiceruti. [Ipu 3ToM 0COOEHHO CYIIIECTBEHHBIM SIBJISIETCS TO,
Kak, 6 Kkaxou ¢opme, BCE OITO TPOSBIAETCS OJisi HAc, JJIs HAIIIEro
eéocnpuamus; 1aXe €Clii HaM B 3TOM IIOMOTAIOT HaIlTd MIPUOOPHI U JPyTHE
TeXHUYECKue cpeactBa. [103ToMy B OTHOIIEHHH CBOMCTB 3dupa U €ro
JBIKEHUN MBI JIOJDKHBI UCKITFOUUTD BCSIKYIO TTPEAB3SITOCTD, HABI3BIBAEMYIO
HaM, TPEXJIe BCEro, HAINIMMHW OpraHaMd YyBCTB. HammMm OCHOBHBIM
WHCTPYMEHTOM HCCJICIOBAHUSI JIOJDKHO CTaTh SICHO€ HEMPOTHBOPEUHUBOE
MbluileHue U HEeTIPEAB3AThIN 00beKmMUGHbIl AHAIU3 ONBITHBIX (AKTOB.

JIBrkeHue >gupa, HUKaKOW €ro 4acTu, He MOKET ObITb HU CO3JIaHO,
HU YHHUYTOXXEHO, a Kak ckazaHo y @. DHrembca, MOXET OBITh JHUIIh
nepexeceno OT OJHOTO (u3Myeckoro oObeKkTa K Apyromy. Koauuecmeo
0sudiceHus dpupa B 1IEJIOM KaK CymMMa MPOU3BEICHUIN BCEX JIEMEHTAPHBIX
4yacTell ero Macchl Ha CKOPOCTh BCeX UX (OpM €€ IBWKEHUSI NOCHOAHHO.
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BcenenctBue 3Toro oH 001anaeT HEYHUUTOXKUMOU aKmusHoU uHepyueu 1
9Hepeuetl, KOTOpasi TOXKE coxpausemcs Be4yHO. Eciu 4yucTo TeopeTudecku
pa3zenTh BCIO SHEPTHUIO IBIKEHUS 3(prpa Ha BECh €ro 00bEM, TO 3TO JIaCT

3

2 2
HaM BCIIMYHHY €TI0 YACIBHOT'O S9HCProCOACPKAHUA W,, B 2CM /cex“em”.

v
W13 pasmMepHOCTH W,, BUIHO, YTO Ta BEIMYMHA YUCIEHHO MOXKET OBITH

NPEJICTaBICHa MU KaK XapaKTEpPHCTHUKA YACIBbHOTO JHEProCOoep KaHUs
HEKOTOPOTO YHOPAOOYEHHO20 NBWXCHUS B ONpeaenEéHHOM oO0béMe ddupa
(ero cTpykTypHas ¢opma), WIM Kak oOaeneHue (XaoTHYECKOe, T.C.
HEYIOPANOYEHHOE JBWKEHHE) B HEM P, B eem/cex’em®. Y menbHoe

sHEprocojiepkaHue 3pupa TakKe U €CTh HNPUYUHA €TO YHNpYy2ocmu C
2
HEKOTOPBIM MoxyineM G,, B 2/cex’cm. llpy 3TOM Mbl JIMIIb U3MEHIEM

pasmepHoCcmy BEIMYNHBI, COKpaIias €€ B YHCIUTENe U 3HaMEHaTelle Ha CM.

Ecnu BHemHee naBieHue (CHIOBOE HAIPSDKEHHE), HANpaBJICHHOE Ha
YCIIOBHYIO TOBEPXHOCTh (PU3UYECKOTO MUKPOOOBEKTa HE YpPaBHOBEIICHO
3a CYET TPOTHBOIIOJIIONKHO HAIPABICHHOIO JAaBICHUS (HAIMPSKEHUS) CO
CTOPOHBI JIOKQJIM30BAHHOTO JABUXEHUSI Macchl 3(upa, oOpaszyroiiei cam
00BEKT, TO OHO OyIeT CMemaTh €ro W TPHUIACT €My OMPEAeIEHHYIO
CKOpPOCTh, TIPH KOTOPOW JOCTHTACTCS JTHUHAMHYECKOEC pPaBHOBECHE
yYKa3aHHBIX JaBjieHWM (HampspkeHuil). Takas ycioBHas MNOBEPXHOCTh
MOXET OBITh TOJBKO Y ONpEeNeiIEHHBIX dA(UPHBIX CTPYKTYp Ha
(byHIaMEHTaIbHOM YPOBHE (MHUKPOBUXpEH), 0 4éM U OyJIeT CKa3aHO HUXKE.
[Ipn HapymeHUM yKa3aHHOTO paBHOBECHs HAa (PU3NYECKOM OOBEKTE B
>(Hpe BO3HUKACT PafHeHT HAMPSDKCHHS C Pa3MEPHOCTBIO ech/cex’cm’. To
€CTh BO3HHMKAIOT CWJIbI, KaK Obl MPHJIOKEHHBIE K HEKOTOPOMY 00BEMY
Maccel TAaHHOTO O0BEKTa CO BCEM €r0 BHYTPCHHUM JABHIKCHUEM, KOTOPHIC
U OyIyT CMEILATh GHYmpeHHee 08UdceHe ITOTO 00bEMA MACChI B 1IEJIOM.

Cuna conpoTuBIieHUsI MacChl d(pupa CMEIEHUIO €€ JIOKAIN30BaHHOTO
osudicenusi, OOPa3yIOIIETO CTPYKTYypYy Tejda WIM MHKPOOOBEKTa, WIH
U3MEeHeHU0 ITOTO CTPYKTYPHOTO JIBMDKEHMS B 00IIei Macce adupa u ecTh
TO, YTO MBI HAa3bIBAEM CUOU UHEpyuu. [[pyrumMu clioBamMu, CaMO HOHANIUE
uHepyuu CIEIyeT CBSI3aTh CO CBOUCMBOM MACCbl COXPAHAMb COCTOSHUE
CBOETO aKTUBHOTO JIBIDKECHUSI U OKA3bl8amb CONPOMUEIeHUEe TIOOOMY €T0
U3MeHeHU0, B TOM YHCIIC U €T0 CIMPYKMYPHOU (hopMbi.

[ToaToMy, ¢ OJTHOW CTOPOHBI, UHEPYUSA KAK COXPAHEHUe OTPEICIEHHBIX
CTPYKTYPHBIX  (OpM  akmugsHo2o  Osudcenusi maccol dPupa (e€
YROPsI0OUEeHHO20 JBW)KEHUS) BBIMONHAET B MPHPOJC OUYEHb BAKHYIO
akmuenyto GyHkinio. iIMEHHO HEYHHUTOXXUMBIE dJIEMEHTAPHBIC 8UXPEBble
Gopmel 0udicenuss dbupa Ha (PyHIAMEHTATLHOM YPOBHE U COXPAHSIOT
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BEUHOE OUHAMUUECKOE CAMOOBUICEHUEe MATEPUH, T.€. CAMOU MPUPOIBI
KaK TakoBOH. 37iech (Ha MUKPOYPOBHE) AKMUBHAA UHEPYUA W BHICTYIIAET
B POJIM HPUYUHbL COXPAHEHHUS BCEU JHEp2uu B IPUPOLE, NPUUUHBL 6CeX €€
dynoamenmanovnvix 3aKoH08 coxpaneHusa Oeudicenusn. V1 Mbp1  emeé
BEpHEMCS K 3TOMY BOIIPOCY NPHU JETAIBHOM PACCMOTPEHMM BUXPEBOIO
MuKpoaBwxkeHuss. C Apyroill CTOPOHBI, uUHepyus Kax COnpoOmueieHue
J1000MYy H3MEHEHHUIO Pa3HbIX (OpM JBIKEHUS Macchl 3dupa HUrpaer B
IIPUPOJE U HEKOTOPYIO, YCIOBHO I'OBOPsl, RACCUEHYIO POJIb.

BriosiHE TOTMYHO NPEANONIOKUTH, YTO YOEIbHOE IHEP2OCO0EPIHCAHUE
adupa 1o BceMy ero 00bEMy (T.€. INIOTHOCTh IHEPTUU BO BCEX €r0 YaCTSX)
ABJISIETCS BEJIMYMHOM NPAKTHUYECKU ITOCTOSHHOW, T.€. COXPAHSIOLICHCS.
NMeHHO 0HO M mpUIa€T 3(Upy CBOMCTBO ynpyeocmu, KOTOPOE, B CBOIO
ouepenib, U obecrneunBaeT 3pUpy CTPEMIIEHHUE K COXPAHEHUIO MTOCTOSIHCTBA
CBOEH IUIOTHOCTU 3Hepruu. Ho B KaKAOM 3jieMEHTapHOM 00bEME OHO U
nposiBiisieT ce0d  YacTMYHO B BHUAE  OINpeneléHHbIM  0o0pa3om
Ynopaoouennozo (T.€. CamoopeaHuz08aHHO20) € TIOMOIIBIO CHIIOBBIX
HANpsDKEHUM JIBUYKEHHUS YaCTH MaccChl 3TOro o0bEMa U 4aCTUYHO B BHUJE
0ag6J1eHUA VIV YRPY2OCHIU.

VYnopsaioueHHoe onpeaenéHHbIM 00pa3oM JIBHJKEHHE Macchl 3¢upa
Ha30BEM €ro Kuhemuueckou (HopMoil, a JaBIEHUE U YHOPYroCTh
nomenyuanvuou. OIHAKO, €CIIM YHOpsIOYCHHAas KUHETH4eckas (opma
JBUKEHHSI MacChl 3(prpa HEKOTOPHIM 00PA30M JIOKAIU308AHA B HEKOTOPOM
OrpaHUYEHHOM 00bEME, HallpUMep, B BUJE BUXPS, TO OHA YXKE CTAHOBUTCA
ROMEHUUANbHOU KUHEMUYECKOl.

Paznuune mexnay pasHeiMH (GopMamMHu JABUXKEHUS Macchl 3(dupa B
ONPENEIIEHHON MEpE YC08HOE, TAK KaK OHU HEIMPEPBIBHO MEPEXOAAT IPYT
B Jpyra B 3aBHCUMOCTM OT TOIO, KaKME€ KOHKPETHO CKJIAJIBIBAKOTCA
B3aMMOJCHCTBHS MEXKIY Pa3IMUHBIMU CTPYKTYpaMu 3(PUPHOTO ABMXKECHUS.

['oBopst 0 ABMWXXEHUU 3(Hpa, Mbl JOHKHBI OBITH TOTOBBI K TOMY, YTO
OHO MPUHYUNUATLHO OTIMYACTCS OT TeX JBUKEHHM, YTO Mbl HaOII0AaeM
BO BCEM CBOEU MPAKTUYECKOMN NEATEIbHOCTH. BHavame 3neKkTpoMarHuTHbIE
SBJICHUSI, @ TIOTOM M AJIEKTPOJMHAMUKA, a 3aT€M U BCS KBaHTOBas (hU3MKa,
B KaKOW-TO Mepe yKe IOATOTOBWIIM HAC K 3TOMY. YK€ OHM IIOKa3aau HaM,
YTO IPOTEKAHUE PEATBHBIX IBUKCHUN U B3aUMOJEWCTBUM MaTepuu Ha €€
byHIaMEHTAIbBHOM YPOBHE JIEUCTBUTENBHO OTIMYAETCS OT HAOII0AaeMOro
HAMHU YUCHMO MEXAHUYECKO20 TEPEMEILICHUsI U YHUCTO KOHMAKMHO20
B3aMMOJICHCTBHSI pa3IMYHbBIX BELIECTBEHHBIX 00pa30BaHUM.

Korga B kBaHTOBO# MEXaHUKE JBIKCHHIO Macchl Adupa, u3 KOTOPOTO
CaMU MHKPOOOBEKThI, HECOMHEHHO, M COCTOST, JENAI0TCS JOBOJBHO
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poOKHue MOMBITKU MPHUAATh XOTh KaKYIO-TO HaA2IA0HOCMb, TO YK€ B HeEu
TOBOPST HE O YUCTO MEXAHUYECKOM HepeMeuieHul Macchl Kak TaKOBOM, a
O CMEIIECHUU €€ 6030yxcOeHusa YCIOBHO OT MecTa K MecTy. BepHee,
CETO/IHS TOBOPAT YK€ O CMEILICHUH 8030YyHCOCHUN (DU3UUECKO20 8AKYYMA
KaK MEpPBUYHOM MUPOBOW cpenbl. Bo3oyicoenue xkak Obl IEPEHOCHUT IMPHU
TOM HUMITYJIbC, MOMEHT HMITYJIbCA U SHEPIHI0 B BHJE TOTO WJIM HMHOTO
MHUKPOOOBHEKTA.

MHuKpPOOOBEKTBI MOTYT SKOOBI Haxe pooscoamscs (?) U3 coobuennotl
busnueckomy Bakyymy suepeuu (?). Ilpu 3TOM Kakux-1u00 pa3bsICHCHHIH,
a Kak NOHMMATh BCE 3TO H, MPEKIAE BCEro, KaKk MOHUMATh CaMoO
6030)dic0eHue, HUTJE TaKk M HE JaHo. B mo0om ciiydyae ero ciemyer
BOCIIPUHUMATh CErOJHSI KaK HEKOTOPOE 00BEeKMUBHO peanvHoe, XOTA U
BECbMa 3araJlouHoOE, nposieieHue BCE KE OUHAMUUECKO20 CAMOOBUNICEHUS
MamepuanbHoU cpeodbl PU3NYECKOro BaKyyMa.

ABTOp HAamOMMHAET YUTATENIO 00 3TOM MOTOMY, YTO HE CJEIyeT
IPOSIBIISATE HUKAKOW MPENB3ATOCTU K TOMY, YTO OyJeT CKa3aHO JaJblIe O
TOM, KakuM MOJKET OKa3aThCsl ABM)KEHHE Macchl 3(dupa Ha €ro camom
bynnamenTasibHOM ypoBHE. [losTomMy u Oyznem cuuTaTh, YTO ABUKEHUE
Maccbl 3pupa Ha €ro (QPyHIAMEHTaJbHOM YPOBHE JACHCTBUTENBHO He
sa61emcst €€ IPOCTbIM MeXaHUuecKuM nepemeujeHuem 0T MECTa K MECTY.

Jlornyeckuii aHan3 W3BECTHBIX SIBJICHUW MHUKPOMHPA U PA3IMYHBIX
3JIEKTPOMArHUTHBIX SBJIEHUN TOBOPUT HaM O TOM, 4TO 3(pUp eecy 6 yerom
ClIEyeT CUMUTaTh HEMOABMXHBIM. OO0 3TOM XK€ TOBOPUT M HCIIpaBJICHHAs
mpaxmoska CTO [2, 3]. Emé oauH NpUHIMIHAATIBHBIA BBIBOJ, KOTOPBIH
cnenyet u3 3Tou TpakToBKU CTO, 3aKiIr04aeTcss B TOM, YTO BCE MMPUPOIHBIE
¢bu3nueckue OOBEKThl HAa MHMKPOYPOBHE, HAuMHAs OT AJIEMEHTApHBIX
YacTHll, SBJISIOTCS HEKOTOPBIMU CTPYKTYPAMH U3 YUKIUYECKUX, & TIOTOMY
YK€ U 6801HO6bIX BUKEHUM 3pupa. A Bce 00bEKTHl MAKPOYPOBHS U J1ajiee
CTPYKTYPHUPYIOTCS y’K€ Ha OCHOBE 3JIEMEHTAPHBIX JBHKEHUH B 3(pupe.

[Toctrapaemcs npeacTaBuTh cede IBUKEHUE 3(pUpa Ha MPUHIUITUATIBEHO
MHOW OCHOBE, YeM Ta, K KOTOPOM MbI NHPUBBIKIM HCXOId U3 CBOETO
MOBCEAHEBHOTO OMbITa. IMEHHO K 3TOMY yX€ CTall CKJIOHSATHCS B CBOE
BpeMs U rojutanackuil pusuk-reopetuk I'.A. JlopeHu. BoT kak oH BbIpa3ui
ATy MBICIIb CaM: «/{eMCTBUTENBHO, OJHO U3 BAXKHEUIIIMX HAIIUX OCHOBHBIX
MPEANOJIOKEHUM OYACT 3aKIH0YaThCS B TOM, UTO A()Up HE TOJIBKO 3aHUMAET
BCE MPOCTPAHCTBO MEXIY MOJIEKYJAMH, aTOMaMH U 3JIEKTPOHAMH, HO YTO
OH M MPOHUKAET BCE 3TU YACTHUUKHU. MBI 100aBUM THIIOTE3Y, YTO, XOTS Obl
YaCTMYKU U HAXOJIWINCh B JBWXKEHHH, dPUP 6cec0a ocmaémcs 8 nokoe.
Mbl MOXEM TPUMHUPHUTBCS C 3THM, Ha MEPBBINA B3IJISI MOPA3UTENbHBIM,
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NpEeJCTaBICHUEM, €ClIi OyJeM MBICIUTh YacTUYKH Matepuu (m.e.
seujecmea — A.F).) Kak HEKOTOpbIE MECTHbIE M3MEHEHHUS B COCTOSHUU
sadupa. DT HU3MEHEHHUS MOTYT, KOHEYHO, OYEHb XOPOIIO MPOJABUTATHCA
BIIEpEN, B TO BpeMs KaK JJIEMEHTHI 00bEMa Cpelbl, B KOTOPOM OHHU
HAOJIIOIAI0TCS, OCTAIOTCS B TTOKOe» [6, ¢. 32].

3necy Jlopenn BnepBweie mnociie Pene Jlexkapra BbICKa3zall O4Y€Hb
rIIyOOKHE TI0 CBOEH CYTH MBICIIH, KOTOPBIE, K COKaJICHUIO, TaK U HE Pa3BUII
nanbiine. OHM MPOCTO ObUIM OCTaBJIEHbI 0€3 BHUMAaHMS. JTOMY, BO-TIEPBbIX,
BO MHOroMm mnocrnocooctBoBaigo mnosiienue CTO B e€ mpakmoske
AnpOepToM DUWHIITEHHOM, a BO-BTOPBIX, MOBAJIBHOE YBJIEYEHUE K ITOMY
BpeMeH! (UIT0COPCKUM MO3UTUBU3MOM M MAaTEMaTHYECKUMU METOIaMH B
uccienoBaHuy (GU3NYECKUX sIBICHUA. MaTeMaTuka BCKOPE 3aMEHUJIa caMmy
TEOpETUYECKYI0 (pu3uky. OU3MKU NepecTanu 3a00TUTHCS O HATJIITHOCTH U
@usuueckom MOJICTUPOBAHUM U3YyHYaeMbIX siBieHUH. [locTpoenue u o0cyeT
@usuueckux Mozenel ObUTM 3aMEHEHBI COCTABJICHHEM (a TOpPOl M MPOCTO
yraJbIBaHNEM) MAaTEMAaTUYECKUX YPABHEHHUM U UX PEIICHUEM.

[IorTomy BepHEMCA K BbICKa3aHHbIM JIOpeHUEM MBICISIM U
nocTapaeMcsi pa3BUTh UX YKE C TTO3UIIMI TOTO, YTO U3BECTHO CETOIHS.

Jlms Hadana BHECEM SICHOCTB, YTO .JIf0Oble «MECTHBIC HM3MCHCHHS B
COCTOSIHUM 3(upa» craeayeT NOHUMATh KaK MECTHbIE HM3MEHECHHUS &
cocmosiHuu e2o 0sudxycenusn. Ecnu «dneMeHTsl 00bEMa cpesibl, B KOTOPOM
OHM HAOJIIOMAIOTCS, OCTAIOTCA B TOKOE», TO M3MEHEHHME COCTOSHUSA €&
NBIDKEHUS MOXET OBITh CBSI3aHO, TMPEXKIE BCEro, C 6paujeHuem
HEKOTOPOTO YPE3BBIYAITHO MAaJIOrT0 KOJUYeCTBAa Maccbl 3¢gupa (KBaHTa
Macchl M, ) B OUYECHb OrpaHUYEHHOM OOBEME. MHaue ero MOXKHO Ha3BaTh

NPOCTO demeHmapuvim d@upHoim euxpem. OHH CYIIECTBYIOT B HEM IO
caMoil e2o npupoode, 3amOJIHAIOT CcO00M BCE peasbHOE (HU3UUIECKOE
NPOCTPAHCTBO U SBISAIOTCS €T0 KBAHMAMU AKMUBHO20 OBUNCEHUS W
aKmueHoU uHepyuu. A TaK Kak eépaujeHue 1O CaMOUW CBOEH NpPUPOAE YKe
obradaem noaAPHOCMbIO, TO JII0O0E U3MEHEHUE Jake MPOCTPAHCTBEHHOMN
OPUCHTALIMKA 6UXPe6oll CTPYKTYphl JBIKEHUS dSdupa yxKe sBISeTCS
«MECTHBIM U3MCHEHUEM B COCTOSTHUM dDUPA», 8 COCMOSIHUU €20 OBUICEHUS]
u nonapuzayuu. Kpome TOro, BUXpH MOTYT CMEIIATHCS W JIMHEHHO C
OTPOMHOH cKOpoCcThiO. HazoBéM asnemenmaprnyio euxpesyrwo cmpykmypy
08UdICEHUS PUPA INEMEHMAPHBIM €20 8030YHCOCHUEM.

Ho »snemeHTapHOE (KBaHTOBOE) BO30YXKICHUE He nepemeujaenmcs
JMHEHHO YUCTO MEXaHWYECKH, a 3a CUET €r0 aKMUBHLIX CUl UHEpYuu
(HanpspKeHMI) Hepedaémces OT MeCTa K MECTY €ro IocieI0BaTelIbHbIM
uHUYyuuposanuem 0€3 YHUCTO MEeXAHUUeCKO20 HNEePeHOCd CaMON MacChl



9

spupa. N3 Takux SIEMEHTAPHBIX GUXPEBHIX B6030YHCOEHU W UX
UHEPYUOHHO2O B8PAULAMENbHO20 CMEW|eHUs U CMpPYKMYPUpymcs BCe
T00BIe IpyTHe hopmbl HaOII00GEeMO20 HAMU MATEPUATLHOTO JBYIKEHUS
apupa (ero BemecTBeHHBIC (GopMbl). M 3TOro AOMKHO OBITH BIIOJHE
JIOCTaTOYHO, YTOOBI OOBSICHUTH BCE MIPUPOIHBIC SBICHHUS.

YtoOnl ckazaHHOE OBLIO OOJiee HATISAHBIM M TIOHSATHBIM TPUBEIY
TaKOW MPOCTOU MpUMEP. BbI HAXOAUTECH B JIOJKE HA 03€pE U KAUYHYJIH €€.
OT nojaku B pa3HbIX HAMPABICHUAX IO BOJAE CTAJHd PaCIPOCTPAHSATHCS
BOJIHBL. Yepe3 mapy CeKyH]l OHU yxke OyAyT naiexo oT Bac. Ho o3nauaer
JU 3TO, YTO BMECTE€ C HUMHU Yuild, T.e. TAKKE UYUCMO MeXAHUYecKU
cmecmunacy Naneko OT JIOAKH, W BOJA, OKPYXaBIllas JOJKY B MOMEHT
Tomyka. KoneuHo xe, HET. DHEPrusi TOTYKA BMECTE C BOJHAMU (TOXKE Kak
OBl 8030VJicOeHUsAMU) PACTIPOCTpPAHUIIACh B BOJIE, a cama O3€pHas BoJa
MPAKTUYECKU OCTAIaCh Ha MECTE.

[IpumepHO Tak ke U dPUPHBIE 8030)HCOeHUs TIEPEHOCIT ¢ cOOOM Te
XapaKTEPUCTUKU JIBUYKEHHUS, KOTOPHIE Mbl CYMTAEM YHCTO MEXaHUUYECKUMU
NpOSIBICHUsIMU  JIBIDKeHUsI. [loaToMy B nmanmpHedmieM i yHnpoIICHHS
U3JIOKEHUS] U OOJbIIEH HArJIAIHOCTH MBI YC/106HO OyleM TOBOPUTH O
JBW>KEHUU Maccwl d(pupa. Hanmpumep, roBops 006 ummyibce p=mv, Oyaem
015l HaznsioHocmu TPEJCTaBIATh cede, 4TO ITO JEHCTBUTEIHLHO Macca M
JBUXKETCST co ckopocThio V. Ho mpu atom Bcerna OyneMm mnomHums, 9To
00beKMUEHO peaibHO VMITYJIbC W MOMEHT HUMITYJIbCA TEPEHOCITCS He
nepeHocom caMOM MaccChl, a €€ 8030yicoenuem ¢ Maccor M, U3MEHSAIOIIUM
CBOE MOJIOKEHUE CO CKOPOCTBHIO V. TOYHO Tak € W DHEPrus IBUKECHUS
NEPEHOCUTCSI He cMeujeHuemM CaMOMl Macchl, a MOCJIEIOBATENbHBIM OT
TOYKU K TOUKE CMEILIEHUEM CO CKOPOCTBIO V €€ 8030VaHCOeHUsL.

Crnenyromasi IPUHIMITHAIBHO Ba)kKHAst OCOOCHHOCTDH JIBIKEHUS dPupa
3aKJIF0YAETCs B TOM, YTO €CIIK JIEMEHTapHOe (KBAaHTOBOE) BO30YKIEHHUE C
Maccoil m, TposBIAET ce0s B HEKOTOPOM HYPE3BBIUAMHO MajoM 00BEME

AV, Kak Obl ©Mes MPHU 3TOM IUIOTHOCTh P, =M, /AV, TO 3TO HE O3HAYaeT,

YTO U BECh dPHUP B 3TOM 00BEME MMEET ATy K€ IJIOTHOCTh. [IMOTHOCTH
adupa Kak MEPBUYHONU CPENbl MPAKTHUECKH 6e30e 00HA U ma Jice N TPU
ATOM Ha MHOTO TOPSJAKOB TMPEBBIIACT IJIOTHOCTH CAaMOTO KBAaHTOBOTO
Bo3OyxaeHus. I[loaToMy depe3 oaMH W TOT ke 00BEM AV  MOTyT
MPOXOJINTh, B3aUMOJCHCTBYS WJIM IIOYTH HE B3aUMOACHCTBYS MEXIY
co0OoM, cpa3y HECKOJBKO BO30YXKIEHUM C pa3HBIMU MaccaMd U CBOUMU
oO0béMamu. [IpyrumMu ciaoBamMH, OJHU BO30YXKJICHHS MOTYT TPOHUKAThH
BHYTPh JPYTUX BO3OYXKICHHM, COXpaHsisi TMpPH ITOM COOCTBEHHOE
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JBIKEHUE BHYTpU HUX. UM Kaxnoe Bo30yxkaeHHEe OylneT UMETh MPU 3TOM
CBOIO Maccy, CBOM 00BbEM U CBOIO YCI08HYIO HIIOMHOCHL.

[IpumepHyI0 aHAJOTHIO MBI MMEEM Il CMECH HECKOJBKHX Ta30B.
3aHuMasi OIMH U TOT € 00BEM, KaXKIbIM M3 Ta30B UMEET CBOIO Maccy,
CBOIO TapIHMAJIBHYIO TUIOTHOCTh M CBOE MapluagbHOe naBiieHue. Kak MbI
3HaeM, 3TO CBSI3aHO C TE€M, YTO Ta3bl COCTOAT U3 aTOMOB M MOJIEKYN. JTa
aHaJIOTUsl HABOJUT HAC HA MBICIb, YTO U CaMH 3JIEeMEHTapHble (MHUKPO)
6030y)cOeHus MOTYT UMETh B CBOEM OCHOBE HEKOTOPBIE 00JIee «TOHKUE»
a(UpHBIE BUXPEBbIE MUKPOCTPYKTYPbI, BXOJIAIINE B UX CTPYKTYPY.

Emé omna ocobGeHHOCTHh IBIKEHHS 3(Hupa B TOM, 4YTO BCE €ro
BUXPEBBIC BO30YXKIEHHUSA, YXKE W O00pa3ylomue HEKOTOPYI Kak Obl
CaMOCTOSATEILHYIO MUKPOCMPYKMYP)Y ABUKEHUS, B YaCTHOCTH T€, KOTOPHIC
00pa3yroT 3apszioBbie (JOPMBI €T0 ABUKEHUS (271exmpuyeckue 3apsovl) U
DJIEMEHTApHBIE YaCTHUIIbI, CMEMAsiCh B 3PUpE JaKe CO CKOPOCTHIO €
(CKOpPOCTh CBETa), UMCIOT M CBOE eHympeHnee (B CBOEM 00BEME AV )
BpaliaTesIbHOE JIBIDKEHHE C TaKOW e, a MOKET M OOJIbIleH, CKOPOCTHIO.
OrpaHuueHue, HaJOKEHHOE OpToJOoKcalbHOM TpakToBKOMt CTO Ha
CKOPOCTb 6cCex TIPUPOIHBIX JBHKEHUN CKOPOCTBIO PACIPOCTPAHCHHUS
cBeTa, HUUYEM He 00ocHoBaHO. Ho senuuuna ckopocTu pacmpocTpaHeHHS,
paBHAasE CKOPOCTH CBETA, JEHCTBHUTEIHHO SBIIICTCS B MPHUPOAC HEKOTOPOU
byHIaMEHTAIBHOW W YHUBEPCATbHON TOCTOSHHOW KaK HEKOTOpOe
YUCJICHHOE OTHOIIICHHE (EII€ OHUM ceoticmeom d(Hupa).

MoOXXHO Takke TMPEeANnojoXKUTh, YTO W MaKpoTela, a TakxKe
KOCMUYECKHE Tella U IEJble CTPYKTYpPhl U3 HHX, HApUMEp TallaKTHKH,
JBUTASICh C Pa3HBIMH CKOPOCTSAMHU B 3(QUpPE B IIEIOM, HUMCIOT U CBOIO
MacIITaOHYIO0 UEPAPXUIO 8030YaHcoeHuti dPpupa co CBOMMHU HANPSIKEHUSIMHU.
N Torma Takue xocmuueckue 6030yiicOeHus TaKKE MOTYT HMETh
HEKOTOpPbIE CBOM TUTAHTCKUE, VCIOBHble 2paHuybl ISl IBWKCHHS YKE
ceoux 6HympeHHux BO30YxneHud. Bc€ aT0 cCBsAzaHO C  0oOIUMU
NPUHIUIAMA (NPUPOOHBIMU 3AKOHAMU) OUHAMUYUECKOZ0 CAMOOBUNCEHUS
MaTepHuH, KOTOPbIC HaM eIIE JIUIIb MPEICTOUT TO3HATH.

HakoHen, mocneaHee MPUHIMITHAIBLHOE 3aMEUaHHWE IO TOBOIY TEX
busnueckux monenei (hopm, CTPYKTYyp) pa3iMyUHbIX (YyHIAMEHTAIbHBIX
JTUHAMAYECKUX CAMOJIBIDKCHHH M WX pPacdéToB, KOTOPHIE MBI MOMKEM
BBIONHATE. OHU NpUHYUNUAIbHO HE MOTYT HOJHOCHIbIO OTBEYaTh TOMY,
YTO 00BEeKMUBHO pedsibHO TPOUCXOAUT B caMoil mpupoje. [lostomy camu
Mojien OyAyT HOCUTh B OTIPENICTIEHHOM Mepe ycrogHbii Xapaktep. Ho onun
HY>KHbI HaM JUIsi OoJjiee-MEeHee HA2lA0HO020 U JIOTUYECKH OOOCHOBAHHOTO
OMMCaHUS SBJICHUN M HACTOJBKO e MX IMpaBIonogo0Horo oocuéra. Haa
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3a/iaya OyJIeT 3aKI04YaThCsl B TOM, YTOOBI Yepe3 JOrHYeCKH 000CHOBAHHbIE
CTPYKTYpHbIE JBUXEHUS 3¢upa (€ro Macchbl) COCTABUTh HEKOTOPYIO
MemMOOUKy Ha2sIOH020 U300paddceHuss 1 HENPOTUBOPEUMBOTO OMUCAHUS U
pacuéma SBJICHUS, IPUBOJIAILYIO K C1e0CMBUSIM, XOPOIIO COTJIACYIOIUMCS
C DOKCIEPUMCHTAJIbHBIMU JaHHBIMU. Eciu oHa [macT HaMm Xopoliee
CoTrJlacoBaHWE pa3pabOTaHHOW TEOPHH C OMBITOM, TO 3TO U OyAET yKe
NOATBEPKICHUEM €€ TpaBOMEepHOCTH. VIcTiHA ke B mocineaHe HHCTaHIINK
Ha MUKPOYpPOBHE, IO-BUIAUMOMY, HETOCTUKUMA TPUHIIUITHAIBHO.

B Tom, uro 37ech ObUIO CKa3aHO, HE JOJDKHO OBITh HHYETrO
HeoxuanHoro. OOpa30BaHHBIN YEJIOBEK YK€ JOJKEH MOHUMAaTh, YTO B
OBITY U JaK€ B HAyYHOM CBOEW MpPAKTUKE MBI MOCTOSSHHO MMEEM JENO C
abcmpakmuviMu opmamu RPOAGIEHUA 0714 HAC TOTO, YTO 0O0BEKMUBHO
peanvHo 011 npupodvl Kak TakoBou. EmEé B 18-oM Beke XOpoiio
u3BecTHBIN Punocod M. Kant oOpatuin Halle BHUMaHUE Ha TO, YTO KaxKaas
BEI[b CYIIECTBYET, MPEXKJIE BCEro, 8 cebe KaK HEKOTOpPas 00beKMUBHO
peanvHas opma npupooHO2o A61eHUsl, A YKE B CUITy 3TOr0 CYIIECTBYET U
0151 Hac 4Yepe3 KaKue-To ceou ¢husuueckue nposeieHuss U Halle UX 4UCTO
ouonocuyeckoe gocnpusmue.

Ceromusi IUPOKO, U Jaxe Cpeau YUYEHBIX (B TOM UMCIIE U U3BECTHBIX
(GbU3UKOB), OBITYET MHEHHE, UTO SIKOObI (usocodus moxkaszana, a Qusnka
KaK TOYHAs HayKa d3TO MOATBEpIUJIA, YTO aOCONIOTHO BCE B MHUPE
omHocumenvHo. I ¢ HaydHOM TOYKHU 3pPEHUS 3TO OJHO U3 CEPhEHEHIINX
3aoayxcoenuni. HanpoTuB, OJHMM U3  OCHOBHBIX  IPUHITUIIOB
JIAAJIEKTUYECKOTO0 MaTepuainu3Ma SIBJISIETCS YTBEPKICHHUE, UTO BCE B MUPE
B €ro OOBEKTHBHO CaMOCTOSATEIIBHOM CYIIIECTBOBAHUM, TPEXJIE BCETO,
UMesl CBOU coOCmBeHHble 00beKmuBHble XapaKTEPUCTUKH, B ITOM CMBICIIE
abconromuo. Ho ons nac Bc€ TO, 9TO MBI KaK-TO HAOIIOJAaeM M MO3HAEM,
Bcerja MpeaAcTtaér (WMHaude, npossisiemcs, GOCHPUHUMAemcs U M.N.) B
HEKOTOpOH omHocumenvhou gopme. [1o-npyromy npocto IpUHIMITHAIBHO
HE MOKET ObITh. JIF000e npupoonoe sisnenue (a 01 Hac €ro nposiéieHue)
BCErJia UMEET HEKOTOPYIO CBOIO abcomomuyto (00beKmueHo peanbHyro)
duszuueckyro cywgpocms, 3aBUCSIIYIO TOJIBKO OT OUHAMUUECKO20
Camoosudcenus B IPUPOJE.

Korga mbl, Hannpumep, TOBOPUM, YTO 3€PKAJIO0 OTPAXKAET CBET OT CBOEHN
MMOBEPXHOCTH, TO JOJKHBI IMOHUMATh, YTO HUKAKOW CHIPO2OIU peanbHOU
nogepxuocmu (B HallleM €€ NMOHMMaHUM) Ha MUKPOYPOBHE Yy 3€pKaya HeT.
A CBET pealbHO OTPAXKAETCS MPOB3aAUMOJCICTBOBAB C aTOMaMH
(MoJIeKyJIaMu) TOTO BEIIECTBA, U3 KOTOPOTO 3€pKajo COCTOUT. TOYHO Tak
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Ke OyIyT B ONpeneiEHHOW Mepe VCI06HbIMU U T€ TTOBEPXHOCTU B HAILIUX
MOJIEIIAX TEX CTPYKTYP ABUKEHUS, KOTOPHIE Mbl OyJiIeM paccMaTpUBaTh.

Hukakux cmpoeux wnenponuyaemvix peanvbHblX 2paHuy y Ccamux
CTPYKTYpHBIX (popMm nBmKeHus 3¢upa B ero o0bEéMe, B TOM YHUCIEC U Y
BCILIECTBEHHBIX, MPUHUIUMNHAILHO HET U OBbITh HE MOXeT. CeroiHs
HaTJISTHBIM TIPUMEPOM ATOTO SIBIIIETCS XOTS OBbI Ta )K€ MOOWJIbHAS CBS3b.
Jla u 0OpaboTKa pa3HBIX MaTEpUATIOB PE3AHUEM TOXKE SIBIISETCA IPUMEPOM
MPOHUKHOBEHUSI OAHUX CTPYKTYPHBIX (DOPM ABUKEHUS MAaT€pPUU BHYTPh
JIpYTuX €€ CTPYKTYPHBIX (POPM, XOTS ¥ C MX YACTUYHBIM Pa3pyIICHUEM.

Bce 00bEeKTHUBHO peanbHbIE CTPYKTYPhI ABUKEHHUS d(upa SBISIOTCS
OMKpLIMbIMU ~ OUHAMUYECKUMU — CUCmEeMAMU,  KOTOpPbIE  MOXHO
OrpaHUYMBaTh KAKUMHU-TO paMKaMU (MIOBEPXHOCTSIMH) JUIIb VCI06HO. ITU
YCIIOBHBIE TpaHUIbl Kak Obl CO3JAIOTCA, NPEXKIE BCEro, PAaBHBIMH U
MPOTUBOIIOJIOKHO HAIMPABIEHHBIMHU HAMNPSHKEHUSIMHU B d(upe B pe3ybTaTe
CJIOXUBIIUXCS ONPEEIEHHBIM 00pa3oM AMHAMUYECKUX JBMKEHHUH ddupa
(ero Bo30YX/I€HMIT) KaK CIUIOLIHOM CpPelbl U YPE3BBIUAWHO MAJIBIX YIPY2UX
CMENIeHUH (M3MEHEHUM) eé nI10mHOCmuU OT COCTOSTHUSI PAaBHOBECHSI.

Ecnu cHOBa BCHOMHUTH HO8EPXHOCHb 3€pKaja, TO OOBEKTHUBHO
peanbHO 3TO HEKOTOpast OJIM3Kas K TOMY, UTO Mbl npeocmaenaem cede Kak
MOBEPXHOCTh, JMHAMHYECKH YPAaBHOBEUIEHHAsi CTPYKTypa M3 aTOMOB
(MoJIeKyI 1) BelIecTBa 3epKajia u ABUKEHUMN 6HeulHell 10 OTHOIIECHUIO K HUM
3(pUpPHOHN cpenibl, KOTOPYIO Mbl MPOCTO HE BOCIHPUHUMAEM B CHUJYy CBOETO
OMOJIOTUYECKOTO YCTPONCTBA. A B JaNbHEHIIEM U3 pacuy€TOB MbI YBUIUM,
KaKHe 02pOMHble OAGNIeHUs U HANPAXCeHUs: CYIIeCTBYIOT BHYTPH aTOMOB U
T€X 3JIEMEHTAPHBIX «YaCTHUI», U3 KOTOPBIX OHU cocToAT. W eciam Obl He
ObLJIO BHEMIHMX [0 OTHOUIEHUIO K aTOMaM VpPAagHOGEUUBAIOUJUX CUL
(HampspbKeHUi) €O CTOpPOHBI 3(Hpa, TO aTOMbl W COCTABJSIIOLIUME UX
«4aCTHUIIb» MPOCTO HE CMOIJIM ObI CYIIECTBOBATH JIOKaIM30BaHHO. Kpome
TOTO, TAKOE OUHAMUYECKOEe PABHOBECUE NPUHYUNUAILHO BO3MOKHO JIMIIb
B PeaibHO CHIOWHOU (HENpepbl8HOU, KOHMUHYAIbHOU) ynpyeou cpede. Y
TaKyl PEaJIbHO CIUIOIIHYIO YIPYTYIO IPUPOJHYIO CpeNy KaK ¢hpusuueckyio
nepe0OCHOEY BCETO CYIIETO Mbl U MOXEM Ha3BaTh 2Qhupom.

U, HakoHen, ocob6o noduepkHém Clieayroliee CBOMCTBO Takoro sgupa.
OO6nanas OrpOMHOM YIIPYTOCTBIO, dPUP npakmuuecku noumu HeCHCUMaem.
B To xe BpeMms, OH MPaKTUYECKH nOYmu He OKa3viéaem CONPOTHUBICHUS
cosuzy. IMEHHO 3TH €ro CBOWCTBA U SIBJISIIOTCS MPUUUHOU TOTO, YTO
camooguxcenue MaTepuu-3pupa U MOXKET ObITh MOCTPOEHO JUIIL Ha
OCHOBE €TI0 JIOKAIU3I08AHHO20 8PAWAMENbHO20 IBMXKEHUS. ['eoMeTpruiecKku
Tako (opMOIl JBUKEHHUs, CIOCOOHON K camonokanuzayuu WM SBISETCS
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mopouoaneusiti  euxps. ClieqoBaTENbHO, BCE MNPUPOJHBIE (HU3UUECKUE
OOBEKTHl TOXKE U JIOJDKHBI OBITH MOCTPOEHBI B CBOEH OCHOBE U3 3TOTO
CaMOJBIKEHHS 3(prpa Kak ero onpeaenEéHHbIe ceomempuieckue GOPMBI.
MMeHHO Takoe TOpPOMAAIBHOE BUXPEBOE J[IBIXKCHHE HENpPepbléHOll
ynpyzou cpedst 1 005a7aeT peaJbHO CIIOCOOHOCTHIO, KaK JOKATM30BaThCA,
TaK U CMENIaThCA JUHEUHO, T.€. CIIOCOOHO K PEAIbHOMY CAMOOBUNCEHUIO,
a TaKXke CIOCOOHO W noaapuzoeams BOKpYr ce0si (Qusnyeckoe
npoctpaHcTBO. Toraa u nepeiaémM HEMOCPEACTBEHHO K A3(UPHBIM BUXPSIM.

Ddupnble BuXpH Ha (GYHAAMEHTAIBHOM  YPOBHE  JIBHXKECHHUS
OTJIMYAIOTCS OT HAOJIOIaeMOTro MPOCTOTO BPAIICHHS B KUIAKOCTH WA B
raze. Takoil ayieMEeHTapHBIN 2¢hupHblil 8UXPL 6 8UOe MOPOUda CO CBOUM
TOPOBBIM BpAIIEHUEM U €CTh JIEMEHTAPHOE 8030)acoenue ddupa, puc. 1.

pacxoosawuecs
/ Y 8MopuuHble

r vV suxpu

& JK nepeuUHblIL BUXPEBOL
mopouo

Puc. 1. DupHblii TOpOHIANbHBII MUKPOBHUXPh C JIByMS pPaBHBIMH
paauycaMyd BpallleHHs (ClieBa €ro TomlepedyHoe ceueHue); Br -—
MICEBIOBEKTOP TOPOBOM MArHUTHOW MHAYKIIMH IO KOJIBLIEBOW OCH BUXPAI.

Takoi TOpOMIaIbHBIM BUXPh MOYKHO Ha3BaTh KBAHMOM WJIN YCIOBHO
gonHoti-kopnyckynou. TopoBoe BpaimieHne ero (e€) Macchl BOKpPYT
KOJIBLIEBOW OCH U CO3JAET TOPOBYKD MArHUTHYH MHAYKUHIO B7. HazoBém
TaKou 3()UPHBIN BUXPb TOPOUIOM (KU SPUPHBIM KBAHTOM) 1€p8020 Mund.

3a cuét aercTBUS IIEHTPOOEIKHBIX CUJI MPU BpallaTeIbHOM JBHKCHUHU
IJIOTHOCTh MAacChl BHYTPU IEPBUYHOTO BHUXPS CHUXKACTCS, CO3/aBas
paspedicenue B HEM, U BCS €T0 8030)aicoaemas mMacca KOHIEHTPUPYETCS 10
nogepxHocmu TEPBUYHOIO TOPOMJA, VYIUIOTHSA €€, YTO U CO3HAET
JTUHAMUYECKOE PAaBHOBECHE caMOU ero (hOpMbI BpAIICHHs C OKPYKAroIIei
ynpyeot cpeaoi. U xotst 23¢up mpakTHUECKU MOYTH HECI)KUMAEM, HO BCE JKe
Ype3BbIYAMHO  MaJlble  yOPYyrHE€  M3MEHEHUST  €ro  IUIOTHOCTH
pPacIpoOCTPaHATHCS OT YCIOBHON MOBEPXHOCTH NIEPBUUHOTO BUXPSI OYIYT.

N onATh ke, MOUTHU HE OKa3bIBasi COMPOTUBIICHUS CABUTY, 3GUP BCE ke
YBJICKAETCSl BPAILLAIOIIECHCS MAacCOM MEPBUYHOTO BUXPSA M,, CHAPYXKHU €ro
IIOBEPXHOCTHOTO CJIOSI, YTO M IIOPOXKIACT Ha HEM pacxomsuuecs C
OTPOMHOM CKOPOCTBIO BTOPUYHBIE TOPOMIAIBHBIE BUXPU C 3aKOHOMEPHO
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yYMEHBIIAIOMIEHCS YK€ CBOEH Maccoil M IJIOTHOCTHIO, @ BO3MOXKHO, U
«moBepxHocTsiMUy. OOIIasgs ux Macca my,, CTAHOBUTCS PaBHOW Macce
NEPBUYHOTO BUXPS, T.€. M, =My . OTO CIEAYET W3 TOro, 4TO OOIIYIO
Maccy BTOPUYHBIX BUXPEH COCTaBIIIET UMEHHO Macca 3(upa, BRITECHsIeMas
U3 TMEPBUYHOTO TOPOMJA LEHTPOOEKHOW CHUJIO B Tpolecce €ro
6030)y2icOeHUs, COTTPOBOXKIAIONIETOCS HEMPEPHIBHBIM OOHOBJIEHUEM MAaCCHI.
N xoTs cxxmMaeMocTh dhupa U CONPOTUBIIEHNE CABUTY HUYTOXHO MAJbI,
HO OHM BCE K€ CBUICTEIBCTBYIOT O TOM, YTO 3(Up SIBISICTCA pealvbHol, a
HE BBIMBIIIJICHHOMN UCaTbHOM, husuueckoil cpeooii.

Hanee Mbl caemnaem emé OJHO JaomylieHue (IMocTynar), 4To A BCex
AIIEMEHTAPHBIX BO30YXIAEMbIX B 3(UpPE TOPOUIANBHBIX BUXpEH, HAUMHAs
C IEPBUYHOTIO, CIIPABEIJIUBO COOTHOIIEHUE M. IV <h/2, (1)
rae h- nocrtossHHasg Ilnanka. To ecTh BUXpH € OJWHAKOBBIM [ MOTYT
BO30YXJIaTh MACCY C pa3HOU yNEIbHOU MJIOTHOCTBIO. A TaK)X€ BO3MOXKHO,
YTO BTOPUYHBIC BUXPHU MPU B3aUMOACHCTBUSIX MOTYT NpOsAGisamb ceOs U
KaK CaMOCTOSITEJIbHBIE «KOPMYCKYJIbD» CO CBOMMH paJdyCcaMH BpalllCHUS,
Maccol u «moBepxHOCTsMU». W Torma »9To OyAeT HarIsaIHbIM
MPOSIBJICHMEM HM3BECTHOIO B KBAaHTOBOM MEXAaHUKE COOMHOULEHUS
HeonpeoenénHocmeli, BhIpaxaromerocs Gopmyson ApAx<#/2.

C oaHOM CTOPOHBI, BTOPUYHBIE BOJHBI Ha MMEPBUYHOM TOPOUJIE MOKHO
paccMaTpHBaTh KaK npo0oabHble ynpyaue mopouodaivbHble 0HbI B dPUpE,
BO30YXKIaeMbIC NepEUYHOU MOPOUOATbHOU BOJHOU C JIMHON A, =24 H
conpoBoxaapmue e€. Ho mo OTHOIIEHHIO K MPOJOIBHOMY JBHYKEHUIO
BUXpS B LIEJIOM HUX MOXHO pacCMaTpuBaTh M KAaK HOnepeuHvle GOJHbI,
UCXOJAIIUE OT JUHEHHO CMEIIAIOIIET0Cs IEPBUYHOTO TOPOUIA.

Bpamennie Macchl BUXpsI UM €ro JMHEWHOE JIBIDKEHUE 00J1aJaroT
sHepruen. OTHecEM €€ K BUXpIO (KBaHTY) KaK OOBEKTY U HA30BEM e20
Hanpsiscenuem. Eciin Macca KBaHTa m,, a CKOPOCTh €€ BpalaTeIbHOTO U
JMHENHOTO ABWXXEHUH V, TO o0lllee HanpsdiceHue, BOSHUKAIOIIEE B BUXPE,

2

m,v 2 2
Oyner K| C pa3MmepHOCTBIO ecv’/cex’|k|, Ttme |K| B 3HameHarene

O3HAYaeT, YTO OHO OTHECEHO K KBaHTY BO30yxkJeHud. [Ipu 3ToM nojoBuHa

HaIpsHKEHUST BUXPS NPUIAET EMY mMoposoe epaujerue, a BTopasi MOJOBUHA
KMHETUYECKYIO DHEPTHUIO JuHeliHo2o cmewerusi. OO03HAYUM HaIPsHKEHUE
JMHEHHOTO CMEILEHUs BUXPS CHMBOJIOM ¢, M Ha30BEM KUHEMUYECKUM

HOMeHWUAaI0M KBaHTA BO3OYKICHUS, T.€. ¢ =MV’ /2.
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[TnoTHOCTE MHPOBOTO 3pHUpa MOXKHO pazoeiums Ha €ro yCIOBHO
noxoswyrocs ()oHo8yI0 W BPAIAIONIYIOCA, T.€. MEXaHUYECKH aOCONOMHO
osgudcywyrocs Kunemuueckyro 4dactd. Ho Bcerma mpu 3ToM ciemyeT
MOMHHUTD, YTO 3TO d8e yacmu eOuHo20 Yeno20, KOTOpoe U MOKHO Ha3BaTh
pealbHBIM MHUPOBBIM B LIETIOM HENOOBUNCHBIM AOCOIOMHBIM QU3ULECKUM
npocmpancmeom. Ero cocrosiHue, Kak B II€JIOM, TaK U B JIF000# YCIOBHO
OTPaHUYEHHOW YacTH, (PUINYCCKU XapaKTepU3YyeTCs, KpOME MacCOBOM
IUTOTHOCTH, TaKXe YACIbHBIM (Ha eAMHHIY 00BhEMA) SHEPTOCOACPKAHIEM
W,,, TPUAAIOITIM €My YIIPYTOCTh, O YEM YK€ YIIOMUHAIIOCH BHIIIIC.

VYnenbHOE 3HEprocojaepxkaHue MUPOBOro 3dupa B IEIOM W, TaKkKe
MOYKHO pa3iejuTh Ha YIEIbHOE (OHOB0e DHEprocojepxanue w, (Wi
@onosy1o ynpyeocmu) U Ha KUHemu4eckoe NaBICHUE W, OT BCEX pealbHBIX
KMHETHYECKUX JBWXKEHUU »ddupa. [lodToMy U B KakIOM YCIOBHO

OTPAaHUYCHHOM JJICMEHTAPHOM O0BEME (PU3NICCKOTO TPOCTPAHCTBA €TO
MIOJTHOE YJISTLHOE SHEPTOCOACPIKAHUE W, =W, + W, . (2)

Ecnu paccmatpuBath Bech 3GUp B LIEJIOM KaK 3aKPBITYIO0 TUHAMUAYECKH
PaBHOBECHYIO CUCTEMY, TO BIIOJHE JIOTUYHO MPEIOI0KUTh, YTO BEJIMUYUHA
W, nocmosHHa 1o Bcemy 00bEMY 3dgupa. Ho mokaibHO €€ cocTaBisionme
W, U W, MOTYT B3aUMHO U3MEHATHCS. M mpoucXoauT 3TO, MpEkKIe BCETO,
Ha TIOKA3aHHBIX BBIIIE AJIEMEHTAPHBIX TOPOUAANBHBIX BHUXPSX, KOTOPBIC
YCIIOBHO MOKHO CUUTATh Yacmuyamuy Wi dOUPHBIMHU KOPHYCKYAAMU.

MBICIICHHO 3aKIIFOUYUM TOPOMIAIbHEIN BUXPh (puc. 1) Kak ObI B cdepy
ero BparieHus. [Ipu aToM B cooTBeTCTBHHM C (2) B 3TOM yCIIOBHOM cepe 3a
CYET KMHETUYECKOTO BpaIllEHUsI MacChl 3upa TOpOoU1a yCTaHABIUBACTCS U
JOoKajibHas (oHOBas yNpyrocTb W, =Ww,—W,. Ha30BéM 3Ty OTBETHYyIO

peakuuio Muposozo 3bupa paszpedxceHuem e2o ynpyeocmu B chepe
BpalllCHUsI TOpoWAa. A caMy GeluyuHy paspedceHus BbIPa3UM Kak
W,, =W, —W,,. TO ecTh YHMCIEHHO W,, =W,, YTO MOXXHO Ha3BaTh CBOCTO

poJia paBEHCTBOM JIEUCTBHS U TPOTUBOeHCTBUA. OHAKO U BHYTpU Chepbl
BpaIllEHUsI MaccChl TOPOHJA PA3PEKEHHE YIPYrOCTU U KHUHETHYECKOE
JaBJICHUE YK€ OyIyT UMETh ONpeeIEHHOE pacpeieTiCHuUE.

[Ipexxne Bcero paspesicenue (HOHOBOW YHPYrOCTH 3aXBaThIBaeT caM
TOPOUJI MU BO30YKJACHUHU €r0 MacChl. A 3a CUéT NEeUCTBUS LIECHTPOOEIKHBIX
CWJI OHa MpPU ATOM KOHIEHTPUPYETCS y CAMOW YCIOBHOU HOBEPXHOCHIU
topoua. C 0JTHOM CTOPOHBI, KaK y»K€ U OTMEUasI0Ch BBIIIE, 3TO MOBBIIIACT
e€ MIOTHOCTh M coxpaHsaeT ¢hopmy Topouna. C npyroit CTOPOHBI, 3/1€Ch Ke
MPONOPLUHUOHAIBHO KOHUEHTPUPYETCS U W, , @ 3HAUUT, U PA3PEHCEHHOCHIb
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ynpyroctu 3¢gupHoro ¢ona topouaa. Ho 3To cnocoOcTByeT, B CBOIO
ouepelp, U MPUTOKY BHOBb BO30YyKJaeMoW Maccel 3(upa U3 €ro ooduwsei
n10mHocmu B 00bEM, 3aHUMAEMBI TOPOHUJIOM.

Ha puc.] BUAHO, 4TO CTPENIKM TOPOBOTO BPAILLEHUS CJIEBA HAMPABIECHBI
HaBCTpedy JApYyr APYTy, YTO CO3JAET 3/1€Ch IMOBBIMICHUE KUHEMUYECKO20
Oaenenus dpupa Ha Buxpe. CrpaBa CTPEIKU BPAIICHUS! PACXOJATCS — 3/1€Ch
CO3/1aéTCs paspediceHue Kunemuiecko2o oaenenus B 3pupe Ha Buxpe. llpu
3TOM, C OJHOW CTOPOHBI, crpaBa Ha Topouzae (kak Obl cmepenu) cuia
JaBIICHUSI HA HETO CHIDKACTCS, YTO YK€ B COOTBETCTBUH C (2) MOBBIIIACT
31ech (poHOBYIO yrpyroctb. C JIpyroil CTOpOHBI, CaMO HHEPLHMOHHOE
TOPOBOE BpAILlEHUE CBA3aHO C YBEIWYCHHEM IOCTyIUIeHUs 3¢dupa 1o
LHEHTPAJIBHOM OCH TOPOMJA B 3TY 30HY, UYTO TAKXKE BBI3BIBAET 3[I€CH POCT
€ro IUIOTHOCTH M ynpyroctd. [loaToMy sdup, pactekasch M0 BHEUIHEH
NOBEPXHOCTU TOPOUJA, KaK Obl OMBIBA€T €0 U CHOBA, YCTPEMIISSCH K
LEHTPY, IMOBBIIIAET 3/1€Ch KWHETUYECKOE NABJICHUE, CHUXKAs TEM CaMbIM

(OHOBYIO yIIPYrocTh ClieBa (C3a11) Topoua, puc. 2.
paspesicenue honosoll ynpyeocmu 8 mopouoe
BPAWYAIOUASICSL MACCA MOPOUOA
(moposoe spauenue)
30HA CHUJICEHUsL KUHEMUYEeCKO20 OaBJleHUsl

>

v U nosvluleHUsl POHOBOU YNPyeocmu
YHIOmHeHue dQhupa Ha euxpe
(e2o ycnoeHas nogepxHocmy)
30HA NOBLIUEHUS KUHEUYECKO20 OABIeHUs

U NOHUMCEHUSL YOHOBOU Yynpyeocmu
Puc. 2. Cocrostnue 3¢upa BOKpYr BHUXPEBOrO TOPOW[IA; BTOPUYHBIC
BUXPH, UCXOJSIINE OT MEPBUYHOIO YCIOBHO HE MOKA3aHBbI.

[Tpu 3TOM 3a CUET Pa3HOCTH KUHemu4ecKux OasieHuil ClieBa U CIpaBa
Ha TOPOUJE CO3IAETCH aKMueHas cuia BAOJb €ro LEHTpalbHON ocu. OHa
TOJIKAET €ro BHEpPEN, MNPEOAOJEBas CONPOTUBIECHUE NACCUBHOU CUJIbI
WHEPIIUH, BO3HUKAIOIIEH 3a cuéT nepenada ynpyeocmu GHOHOBOTO 3upa
CIIpaBa U CJieBa. JTO U €CTh PABEHCTBO JCUCTBUS U MIPOTUBOACHCTBHS CHUII
AKTUBHOM U ITACCUBHOUW MHEPLIMU HA TOPOULE.

Ha30BéM  axkTHBHYIO CUJIly MHEPLUMM HAa  MHUKPOBUXPE  €ro
Hanpss#céHHOCMvl0 BIOJb IHEHTpaibHOM ocu. OHa Kak OBl KaTUT CO
CKOPOCTBIO V BHUXpEBOW Topoun BHepénm B oOmie macce sdupa Kak
MPOJIOJBHYIO YIIPYTYIO TOPOUJIATIbHYIO BOJIHY. [Ipy 3TOM Kaxaas yacTuuka
MacCchl Ha IOBEPXHOCTHM TOPOWJA JBUIKETCS MO LMKIOUIHOW BOJIHE C
nepeMeHHor OT 0 70 2V CKOPOCTBIO BIOJIb IEHTPAIBHONW OCH, a BCS €r0
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MacCa 3a K&)KI[BI?I IHUKII TOPOBOTO BpallCHUA IIPOXOAUT YCPE3 HLCHTP

TOpPOUJA CO CKOPOCThIO 2V, puc. 3.

1 1
\' \' Vv

-+—» Vv ——» Jv
2 2

x |/

Puc. 3. Kaxnaﬂ JaCTH4YKa MACChl TOpOHAA4, OIIMChIBAA IIPHU JABHKCHHU

UKIIOUAY, B TIOJIOKEHUH 1 Kak Obl OCTaHABIMBAETCS, & B TOJOXKCHUH 2
npUOOpETaET CKOPOCTH 2V.

MoXHO cKa3aTh W TaK, 4TO TOPOHJ, Macca KOTOPOTO HEMPEPHIBHO
COBEpIIACT MPOJIOIbHBIE KONeOaHuUs, Kak Obl KATUTCSI CKBO3b OOIIYI0 Maccy
MUpoBOro 3dmupa 3a cU€T CBOETO Kunemuueckoco nomenyuana. OH
MpUIAET EMy UMITYJILC MV U TO, YMo cuumaemcsi KAHETUYECKON dHEpruei
m, v

2

Ho emé pa3 HammoMHIO, 4TO 3TO HE SABIACTCS KMHETHYECKOW dHEpPrueit

YUCMo MexaHuyecko2o JTUHEWHOTro JBMKEHUs Macchl adupa. Kornma Buxphb

€ro JMHENHOTro ABWXKEeHUs W, =

JBHKETCS JTMHENHO CO CKOPOCTBIO V, TO 3TO O3HAYAET, YTO BPALEHUE €O
Maccel (6030yarcOenue) HETPEPBIBHO nepedaémcsi BCé HOBBIM M HOBBIM
nopuusiM 3(pupa, 3aXBaThIBAEMBIM IO XOAY ABMXeHHUS. Hanps:k€HHOCTh
3(UpHOI Macchl BUXPS B €r0 TOPOBOM BpaII€HUH MO CaMOM €ro Mmpupoje
(kak  axmuenasi cuna  uHepyuu), HETPEPHIBHO PACKPYYHMBAaET C
LHEHTPOOEKHBIM YCKOPEHHEM BHOBb 3aXBaThIBAEMYIO M BO30YKJIaeMYIO
Maccy a¢upa BUXpS M,, U HEMNPEPHIBHO CMEIIAET 3TO B8030VIHCOEHUE
Briepén. CompOTHBIIEHUE PACKPYYMBAHUIO M JIMHEWHOMY CMEIIEHHUIO CO
CTOPOHBI HEMPEPBHIBHO BO30YX)IAaeMOil Macchl 3QuUpa U €CTb TO, YTO MBI
JOJKHBI CUUTATh HACCUGHOU CUNOU UHEPYUU.

Kak u3BeCTHO, B KJIIACCHUYECKOW MEXAHUKE J0 CHUX IOp HE pelleHa
npobiieMa guszuueckou cymu unepyuu Makpockomnuueckux Ten. Ho sta
npobiieMa pellaercsi, €clid OCO3HaTh, YTO BCE TeJla Ha MHUKpPOYPOBHE
MIOCTPOEHBI HA OCHOBE BUXPEBLIX OBUICEHUL MATEPUATBHOW CpElbl, KaK U
npeanosioxui eme B cBo€ BpeMms Pene Jlekapt. Kazanock Obl, mocie Toro,
KaKk OBUIO YCTAHOBJIEHO, YTO U B COCTOSIHUM TOKOS BCE Tesa 001alaroT
OTPOMHOM BHYTpPEHHEH 3Hepruei, 3Ta mpobiiema BCKOpe AOKHA OblLia
peumThesi. Ho 3TOro He mpou301110 IMEHHO U3-3a YCTPAHEHUs U3 (DU3UKU
sapupa Kak BceoOBEMIIONIEH MHPOBON cpeabl — (U3HUYECKOM OCHOBBI
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(cyOctpara, macchl) camoro duiiocodckoro nonsatus matepuu. Kak ckazan
em€é Ha 3ape 20 Beka BceM M3BECTHBIM Kiaccuk nuamara B.U. Jlenuw,
«MaTepus UcUe3iia — OCTAIUCH OJJHU YPABHCHUS.

[Ipu paccMOTpeHNN ABMKEHUS BUXPS MPOCTO M HAIISIIHO PEUIAeTCs U
npobiieMa mMacHumHoU UHOYKyuu, KOTopasi SBISETCS OJHON U3 OCHOBHBIX
BEJIMYMH COBPEMEHHOW JJIEKTPOJWHAMHUKH. Ecium Macca MEepBHYHOIO

m .
TOponuaa BUXPA My, = 7K , 4 OKPYKHasi CKOPOCTb €€ TOPOBOI'O JBHKCHHA V,

m, v
2|k|
WHYKIUSI BHYTPU BUXPEBOTO TOPOMJIa MATEMATHUYECKH OMHUCHIBACTCS Kak

TO TOPOBBIM BEKTOPHBIA IIOTEHIHMAN BUXPSA A = A MarsuTHas

POTOp BEKTOPHOI'O IMOTCHIIMAJIA HA paguyCce BUXps I, T.C.

27rm,v. - MV Mo
& * a?2lk| rlk] k| ®)

2l
N UMCCT Pa3MCPHOCTb T MarnauTtHas HWHAYKOUA B YC/I06HO ABIISICTCA
ceK

BEKTOPOM (TICEBAOBEKTOPOM) M €r0 HalpaBIICHUE VCIO8HO ONPENEISETCS
BpaIIeHUEM MacChl B BUXpe. Eciii CMOTPETh CO CTOPOHBI CTPEJIKK BEKTOpa
B, TO BUXpb IIpY 3TOM BCET/ia BPAIIAETCs MPOTHUB X0/ YACOBOM CTPEIIKH.

Hanpsxk€aHocTh E7 (aKTUBHYIO CUIIYy HHEPIIUH), 8paAwarouyio Maccy
KBAaHTA U TEM CAMbIM CO3JAIOIIYI0 €r0 TOPOBYIK) MAarHUTHYIO HHIYKIHUIO
Br, onipenenuM 4YKCIEHHO KaK OTHOILICHHE HANPSKEHUS 8pauyeHusi BUXPS K
JUTMHE €TO TOPOBON OKPY>KHOCTH (PHC.2), BOKPYT KOTOPOH CO CKOPOCTHIO V

2
m,Vv
Y BpallaeTcs BCS Macca KBaHTa, T.e. E, =——*——. Eciu onpenenursb
2-27r | k|
2aE m, v 0 mv/r|k m, v
rotg; = ——1-=—F% n Br_M Ikl X——, TO M IOJY4YUM, YTO
ar k| 2ar|k]| ot 2ar v 277 | K |

. - 0B
BEKTOPBI Br 1 E7 CBsI3aHBI MEXKy COOOM COOTHOIIIEHUEM FOtE, = % .
AxmueHoti cuie HWHEPUUU B BHUXPE npomusocmoum TaKas Xe IO
HENPEPHIBHO BO30YXAaeMOi ero
__ 0B
t

Tnac —

BEIIMYMHE naccueHas Cujila UHepUuu £,

nac

Macchl. 71 Heé MOKHO 3aIucarh YoKe COOTHOIIEHUE rotE

B snexktpoannamuke 3To HazbiBaeTca 3akoHOM Papanes. I Mbl BuauM,
YTO JACHUCTBUTEIBHO B BUXPE AKTHBHAS HANPSKEHHOCTh E, MOPOXKIAET €ro

BpaiieHue (T.e. MAarHUTHYIO WHAYKIHUIO B;), a OHO (BpallleHHE) W

MOPOXKIAET, B CBOIO OYEpPEdb, CaMy AaKTHBHYIO HalpsKEHHOCTb. OHU
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CYIIECTBYIOT B BHXpPE B CBOEM edurcmee. B 3TOM UM 3akiroyaercs cam
ouanexmuydeckuti GU3NIECKUN MEXaHU3M IMOJICPKAHUSI OUHAMUUECKOZ0
CamoosulceHus B IPUPOE, €T0 CAMOOP2AHU3AUUL.

B ¢usuke BBeneHO emE U TOHATUE MAMEMAMuyecko20 HOMOKA
eéekmopa poropa. [Ipu 3TOM YHCIIEHHOE 3HAaYEHUE POTOpa YMHOXKAETCS Ha
IUIOINAb CCUYCHUS, B KOTOPOM OH ompenesiéH. A u3 dopmynsl (3) mis
poTopa Ay BUIIHO, 4TO MOTOK @7, HalpUMEp, B HAIlEM Cllyyae BEKTOpa
MarHUTHOM MHAYKIUU B7, paBeH HUPKYISAIUU BEKTOPHOTO MOTEHIMANA Ay

Ha paauyce I, T.e. @, = 7z|rrknTv . (4)

YroObsl TOpOMJANBHBIA S(PUPHBIL MHUKPOBUXPb MOT HOJIAPU308AMb

BOKpYT ce0s MPOCTPAaHCTBO (a TOYHEE, COCTOsiHUE 3dupa), OH JOJIKEH
UMETb HnO c60ell npupode €HE U KoJbyesoe BpalEHUE BOKPYT
HEeHTpaIbHOM ocu. W B peanbHO CIUIONIHOM Cpelie TaKoe HpupooHoe
BpaIlicHUE PACCMOTPEHHBIX TOPOHUIOB €MIE W BIOJIb UX KOJBIIEBOH OCH C

TOH XKe CKOpPOCTBIO V, T.€. C KOJBLECBBIM HMIIYJIBCOM P, =MV H €TI0

Kol

MOMEHTOM P, I =M\VE OPUHIIUIHAIBHO BO3MOXKHO. Takoil Topoua OyaeT

KoJ rT

UMETh €I W DHEPruI0 CBOEro KOIBIEBOTO BpamieHuss W, =mv?/2 u
NOJHYIO 3Hepruto W, =15m,v’. Ha30BEM ero Topouaom emopozo muna. 3a

CU€T KOJIBLIEBOTO BPAILIEHHSI €r0 MACChl OH OYyJIET UMETH €IlE U MATHUTHYIO
WHIYKIWIO, HAIIPABJICHHYIO BJAOJb LEHTPAIBbHON OCU. A caMble MaJlble 10
Macce U pa3Mepy B MPHUPOJE TaKue CTPYKTYPbl IPUPHOTO TUHAMUYECKOTO
CaMOJIB)KCHMS, HMEIOIIME CKOPOCTb CBOETO JIMHEHHOIO JIBH)KECHMS,
PaBHYIO CKOPOCTH CBETA €, HA30BEM MOPCUHO.

Ho mnpunHnunuaibHO BO3MOXHAa W 0oJjiee CJIOXKHAs MpUPOIHAs
CTPYKTYypa JIOKAIM30BAHHOTO JABWXKEHUS d(Upa, KOTOpass MOXKET COCTOATH
YK€ U3 08YX MUKDPOBUXpell Nep8o20 muna — BHEIIHETO U KOJBLEBOTO.
Takyro 0oJiee CIOXKHYIO MHKPOBHUXPEBYIO TOPOUIAIBHYIO CTPYKTYPY
NBIDKEHUS 3(upa ¢ COOCTBEHHBIMU KMHETHUYCCKUMHU TMOTCHIIMATIAMH, KaK
BHEIIIHETO, TaK W BHYTPEHHErO0 BUXPEH, HA30BEM TOPOUAOM MPemvbe2o
muna. I1o3TOMy nanee pacCMOTPUM mOpPCUHO UMEHHO C TAKOM CTPYKTYpPOU
JIBIKCHUS. XOTS 9TO YK€ U €CTh TOT YPOBEHb JABWKECHHUS d(Pupa, KOTOPHIi
MBI MOKEM paccMaTpUBaTh JUIIb MeopemuieckKu B KaueCTBE NpuMepa.

Ha pucynke 4 nokazaHo iegoe 3pupHOE TOPCUHO, 06a €ro BpalleHUs
neBble. OHO COCTOUT U3 BHeulHe20 TOPOUIJAIBHOTO BUXPS C paidycaMu I U
BHYTPEHHET0 TOXE TOPOUIAILHOTO KOJIbY€8020 BUXPS C paguycamu I/2.
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8MOpuUYHbIE BUXPU
BHEWHULL BUXDD

r —>»C

| L By
~ KOJIbY€e80U BUXDY

Puc. 4. JIeBbiit 23¢upHBIN TOPOU TPETHETO THIA (TOPCHUHO) B paspese.

KpecT B HM)KHEW 4acTH MOKAa3bIBAET, YTO KOJBLEBOW BUXPb (IIOKA3aH
Oonee TEMHBIM) JBHUXKETCS BHYTPU BHEIIHEro BUXps OT Hac. Ecmm
MOCTaBUTh NEPEJT JEBBIM TOPCUHO 3€PKATO CO CTOPOHBI CTPEIKU €, TO MBI
YBUAUM B HEM 00a MpaBbIX BPAILIECHUS MPABOTO TOPCHUHO. TO €CTh OHO
ABJIETCS 3€PKAJIBHBIM 10 OTHOILLEHUIO K JIeBOMY. byziem cuutaTh, 4TO OHU
COCTaBJISIIOT Nepevlll YyposeHb CTPYKTYpHOTO JBHkeHUs 3¢upa. Hx
CTPYKTYPY ABUKEHUS U PACCMOTPUM JaJIee.

Tak kak KOJIbIIEBOM BUXPb HAXOJMUTCS B JOBOJIBHO YIUIOTHEHHOM Kak
OBl «CKOpJIYII€» BHEIHET0 MEPBUYHOTO BUXPS, TO OH YK€ HE MOXKET
BO30YXKJIaTb CBOM COOCTBEHHBIC BTOpPHYHbBIC BUXpH. [103TOMY OH COCTOUT
TOJBKO M3 NEPBUYHOIO TOPOUIA, B KOTOPOM M CKOHLUEHTPUPOBAHA BCS €r0
Macca. Ho ero naBm>KeHHE BHYTPU BHEIIHErO0 IEPBUYHOTO TOPOHUJA,
MOPOKAAET M KOJIBIIEBOE BpALICHHE BHEIIHEIO TOPOMIA BMECTE C
PACXOSIIUMUCS OT HETO BTOPUYHBIMU BUXPSIMU. ITOMY CIIOCOOCTBYIOT U
IEHTPOOEKHBIE CUJIBI OT BpAIIEHUN KOJBLEBOTO BHUXPS. A TMOCKOJBKY
paguychl BpAIlEHUS KOJIBLIEBOTO TOPOMJA B JIBAa pa3a MEHBLIE PaJNYCOB
NEPBUYHOTO TOPOUJA BHELIHErO BUXPsI, TO €r0 Macca B JiBa pasza 0oJiblle,
yeM y BHemrHero. OTcro/la Macca KOJbLEBOro Topouaa kBanra m, =0,5m,,

Macca IIEPpBHUYHOI0O BHEIIHETO Topowmma m,, =0,25m,, cymMma Macc
BHEIIHUX BTOPHUYHBIX TOPOUJIOB TOXE€ paBHa 0,25m, . Macca TopcuHO m,

€CTh CyMMa MAacC BCEX €ro BUXPEW.

TopounanbHble 3(QUPHBIE BUXPEBbIE CTPYKTYpPbl C  JABOWHBIM
BpalleHUEM (IO KOJIbIy U TOPOBOE BOKPYT HET0), B YaCTHOCTU TOPCHHO,
peanabHO MOTyT 0€3 TPOTUBOPEUHii 00Pa30BbIBATh YCTOMUUBBIE NPUPOOHbIE
uHepyuoHuvie GOPMbI ABUKEHUS B CIUIOITHOW (KOHTHHYAJIbHOW) YNpyrou
cpeae. KoublieBol BUXpPh TOPCHHO NPU 3TOM IPUKUMAETCS K OCH
BpallleHUs] BHEIIHEH MOBBIIIEHHON YIPYTOCThIO 3duUpa, KOTOPYIO caM XKe U
MOPOKTAET CBOCM IEHTPOOECKHOW CHUJIOW HHEPUUU. OIDTOMY  Ke
CHOCOOCTBYET M KMHETHMUYECKOE pa3pekeHHe YNPYroCTH Ha LEHTPaJbHOU
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OCH, BJIOJIb KOTOPOM OH CO3Ja€T M MArHUTHYIO UHAYKUUIO By To ecThb
Takol OOBEKT IO CaMOM CBOEHM MpHUpoJie yke W 00JiagaeT CBOHCTBOM
JTAHAMHAYECKOU CamMoopeaHu3ayuy CBOEro CTPYKTYPHOTO CaMOJABHKECHUS.

3a cu€T TOPOBOTO BpAIICHUSl BHEUiHe20 BUXPSL TOPCUHO, BMECTE CO
CBOMMHU BTOPUYHBIMM BHUXPSMH, MO €r0 UECHTPAIBHOM OCH CO31aETCs
AKMUBHAsl HANPANCEHHOCMb, KOTOPOM OH M CMENIAETCs BHOPABO C
MIOCTOSTHHOM CKOpPOCThIO ¢. T.e. gHewnuu 6uxps U cO3AaET KUHETUYECKYIO
DHEPIUI0 JIMHEWHOTO JIBUKEHUS TOPCHUHO B LEJIOM C 3TOM CKOPOCTBIO 3a
2

m,C

CU€T CBOETO0 KHHETUYECKOTO NOTEHINANIA ¢, = . A Tak Kak ero macca

PaBHa O,5mk, TO CKOPOCTH €TI0 TOPOBOIO BpAIICHHA, U CO3OArOlIasA 3TOT

m, (cv2)?
TIOTEHIHAN, JOJKHA OBITh PaBHA ¢v2, T.€. @, = 7'(% :

Kosb1ieBo#l BUXph BHYTPH TOPCHHO JABUKETCA MO KOJbIY, NepeaaBast
4acTh CBOEH DHEPIUU BHEIIHEMY BHUXPIO, YK€ 3a CUET CBOErO TAKOI'O KE

m,c?

KUHETUYECKOTO  IIOTEHUMana ¢, :KT’ CO34aBa€MOTO0  CBOUM
COOCTBEHHBIM TOPOBBEIM JBMKEHHEM TOXKE CO CKOPOCTHIO c+/2. IIpu sTOoM
BCI Macca TOPCHHO B I€JIOM, T.€. BMECT€ C €ro pacxoAslIMMUCS
BTOPUYHBIMU BUXPAMH, OYJIE€T HUMETh CKOPOCTb KOJBIIEBOTO 8paujeHus
paBHYIO ¢, a KUHETUYecKas SHeprus e€ KOJBIEBOTO BpalleHus Oyjaer

2
W =M

Ko

OO6miee xonbyesoe BpallleHUE BCEX BUXPEH, BXOJIAIIMX B

TOPCUHO, MPUIAET €My LIEHTPAIbHO-OCEBOM MOMEHT UMITYJIbCA, KOTOPBIN
CO3J1Aa€T M €ro MarHUTHYI UHAYKUHIO By, U €r0 CIIUH.
[{enTpocTpeMHUTENBHAS CUJIA, 3ACTABJISIIONIAS MACCY TOPCUHO B LIEJIOM
BpALLIATHCS 10 KOJIbIY BOKPYI CBOCH LEHTPAIBHOM OCH, aHAJIOTWYHA IIPU
ATOM M3BECTHOU cuie JIopeHna, IeMCTBYIOMEN Ha AIEKTPUYECKUI 3apsi,
JBWXKYIIMKACS B TIOJI€ MAarHUTHOM WHAYKOMU. Torma 34ech MOKHO
BBINMOJIHUTG ~ caeayrommi  pacuér. KoublieBas MarHuTHass WHIYKIUS
TOPCUHO B IIEJIOM, UCXOJs U3 €€ (U3UYECKON CYyTH, paBHA MPOU3BEICHUIO

m,.C
€ro Macchl Ha YIJIOBYIO CKOPOCTh BpalleHus, T.e.B, =—F— Otcroaa

rik|

m,c?

IICHTPOCTPEMHUTEIIbHAS CHJIa paBHA F =cB, = rkl’ T.C. YMCJICHHO paBHa
r

€ro LEHTPOOEKHOW cuiie. A paauyCc KOJIBLIEBOIO BpALIEHHUsS TOPCHUHO
m,C

MO>KHO OIIPEIEIUTDH KaK I, =§—K =r, TOE py =ﬁ - UMITYJIbC KOJIbLIEBOI'O

K

BpallleHus1 oO0LIei CTPYKTYphl KBaHTA.
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OueBHIHO, TOPCHHO M co3maloT To, yto y .M. Illunosa Ha3BaHO
mopcuonnvim nojem («BTOPOH IUIaH peabHOCTH») [7]. JaHHbBIC 3(pHUpHBIC
TOPOUIBl HMMEIOT pa3Mephl HAMHOI'O MEHbBIIE KIACCHYECKOro paauyca
3JICKTPOHA I,, ¥ MAacCy HAMHOTO MEHBIIIC MACCHI IOKOS DJICKTPOHA M, .

HMes MarHUTHYIO MHIYKLIHIO By, KOTOpas u nosisipusyet 3up BOKpyr
HEro, TOPCUHO, M0 CYTH, CTAHOBUTCS 3J1eMEHMAPHbIM MacHumom. JleBbie u
mpaBble TOPCHUHO, 3alOdHSAS BCE MHUPOBOE (PU3MUECKOE MPOCTPAHCTBO,
o0pa3yioT B HEM Kak OBl MAcHUMHBIU KOCMUYECKUll mopcunHull 2az. Y
€CJIM MX CKOPOCTh JIBUKEHHUSI pPaBHa CKOPOCTHU CBETa ¢, TO Ha UX OCHOBE
MOXHO Ha2NsIOHO TIOCTPOUTH SICKTPOMATHUTHBIE TMOJs, 4YTO U OyAeT
MOKa3aHo B OTAeNbHON pabore. Kpome Toro, mMpl Takke YBUAMM, 4YTO
PacCMOTpPEHHBIE TOPOUBI MEPBOTO TUIA U CO3JAIOTCA MPHU BO3JICHCTBUU
ANEKTPUUECKHUX TOJICH Ha 3apsbl 2JIEMEHTAPHBIX YacTull. A 1o o0Opasy u
NOJ00MI0 TOPOUJIOB 6MOPO20 MuUnA MOXKHO TOCTPOUTH ANEKTPUUYECKUE
3apsAabl, a TAKKe CTPYKTYPHI JBIKCHHUS HEUTPUHO, (POTOHOB W JIPYTHUX
AIIEMEHTAPHBIX KOPIYCKYJIAPHO-BOJIHOBBIX OOBEKTOB 00Jiee 6blCOK020
YPOBHA.

Bce gewjecmsennvie snemenTapHbie 4acTHIBl U (DU3UYECKUE Tella U3
HUX MMEIOT JIEKTPOMAarHUTHYIO mpupoay. M nBmkeHUs paccMOTPEHHBIX
TOPOUJIOB, a TAKXKE TOPCUHHOIO MAarHUTHOTO Ta3a YK€ U MOTYT JieXkKaTh B
OCHOBE BCEX Ha0JII0/IaeMbIX BEIIECTBEHHBIX sIBJICHUI. B TO ke Bpems, ero
NBUKEHUA, 00nanas axmueHou uuepyueu, TPOTEKAIOT BCE Xe 8 cpeoe
HEMOJABM)XHOTO B LIETIOM ()OHO8020 MUPOBOTO 3upa, BHOCI CBOM BKJIAJ B
€ro KOJIOCCAJbHYIO ynpyroctb. HoO mpexzae BCero nomeHyuanvbHyro
SHEPIUI0 €r0 YNPYrocTH CO3[Al0T YNPYTHUE€ BOJHBI, UCXOISIINE Om Bcex
BUXPEH CaMOro pa3HOTO YPOBHS, 3allOJHSIONIMX BEChb 6 Yelom
HenoogucHbulll MAUPOBO 00bEM (hoHOBOTO 3(pupa. B TO ke Bpems, camu
yOpyTrHe TOPOUAAIBHBIE BOJIHBI CYIIECTBYIOT B 3¢upe Onaromaps €ro
ynpyroctu. M 3To Toxe OJHO U3 MPOSBICHUN Ouanekmuxu (HU3NIECKOTOo
MEXaHU3Ma MPUPOTHOTO OUHAMUUECKO20 CAMOOBUMICEHUs MaTepur-ddupa,
NPHUBOJAIIECE K CO3JaHUI0 B IPHUPOJE CaMbIX pa3HOOOpa3HbIX €€ (ero)
bopM cmpyKkmypHoU OUHAMUYECKOU CaMOOP2AHU3AYUL PA3HOTO YPOBHH.

3aKJIIOUYeHHE.

Hrak, B paboTe KpaTKo, MOKa JUIIb B OCHOBHBIX YepTax, U3JI0KECHBI T€
ocHo6Hble (PU3MUECKHUE MPHUHIIMIIBI, Ha KOTOPBIX MOXET OBITh MOCTPOEHA
bu3nyeckas MojiesIb MUPO3JaHusl, UCKITIOYAIOIAs KAaKKe-TMO0 BHYTPEHHUE
[IpoOTHUBOpeUnss B HeW. Mcxons u3 3TUX npunyunoes, Cilenyer CTpOUTh U
00513aTENbHO HaA2AAOHble MOJEIN PA3NUYHBIX (PU3MUECKUX SBJICHUH H
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TEOPUU I UX HOHUMAHUS, MaTEMATHYEeCKOro onmucanus u pacuéta. [Ipu
9TOM, KOHEYHO >XKe, He OyJeM HCKIoYaTh BO3MOYKHOCTH JalIbHEHIIEH
KOPPEKTHPOBKHU PACCMOTPEHHBIX 3/I€Ch HIIEH.

Bce ¢usnueckue siBieHUs CyIIECTBYIOT M MPOTEKalOT B Mwupe, T.e.
onames [8], Oyayum TemMu WM WHBIMH CTPYKTYpHBIMH (opmamu
JTUHAMHYECKOTO CaMOJIBIDKEHUsT MaTepuu (3¢upa, maccel), B e€ (ero)
a0COJIIOTHO HETMOJBIKHOM B IIE€JIOM (PH3UYECKOM IpocTpaHcTBe [4] u
a0comoTHO TekymieM BpeMeHu [8]. Ho HaOmromaTh ¥ MO3HABaTh UX MBI
MOXEM TOJBKO Yepe3 TO, KaK OHHU nposeisiomcs QU3NYECKU NO
OmMHOWeHUl0 K HAIlUM TEXHUYSCKUM CpEACTBaM IIO3HAHUS, BKIIOYAs
TEOPETUICCKH MBICIIUMYIO abcoiomuyio cucmemy omcuéma (ACO) [9], n
JIOTHYECKH TOCJEI0BaTeIbHOE, HEMPOTUBOPEUUBOE OCMbICIEHUE ITHUX
nposiBienuit [10].
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