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J.K. Makcpemnn

It mpuryunuanbHo TPABWIBHOTO TIOCTPOCHUS (PYHOAMEHMANbHOU
bU3UMYEeCKON HAYKH HaM HeoOX0O0uMo TIPEXKIE BCErO OMPEICTUTHCS C TEM,
SBIIICTCS M Haml MuUp Koxeunwvim (T.€. IPOCTPAHCTBEHHO 3AMKHYMbIM)
WM OH OECKOHEYEH.

B mnepBom ciydae peanvroe (T.e. MHPOBOE) TMPOCTPAHCTBO C
HEO0OXOIMMOCTBIO CJIEIYET MPU3HATH €IMHOM CIUIOMIHON (KOHTUHYaJIBLHOM)
MamepuaibHoil  Cpefoil, COOCTBEHHbIC BHYTPEHHUE OUHAMUUECKUE
camoosurcenus KOTopor U GopMUPYIOT BCE CYIIECTBYIOLINE HEMPEPHIBHO
U3MEHSIONTUECS PUPOAHBIC SIBJICHUS CAaMOT0 Pa3HOT0 YPOBHs (MaciiTada).

Bo BTOpOM cilydae B poiu MpOCTPAHCTBA HEU3OEKHO OY/IET BBICTYIATh
O0eckoHeuHas (Oe3rpaHuYHasi) HyCcCMOma Kak peaabHOEe emecmuiuuie s
TeX K€ SIBJICHUH, HO yke (HOPMUPYEMBIX M3 MEIbYANIINX OUCKPEHmHBIX
YacTHll, C ONPEAEIEHHON IIOTHOCTHIO 3aMOJHSIOIIUX TyCTOTY U CHYIOLIUX
B HEUl C OTPOMHBIMU CKOPOCTSIMH BO BceX HampasiieHusix. Ho mipu sTom B
Hallle MBIIUICHUE 0 peanvHom Mupe cpazy *e MPUBHOCITCS TOHSATHS,
SBJISIIONIMECS BCErO JIMIIb TIJIOJIOM HAIllero BOOOpaXkeHUs, T.€. MPOCTO
6bIMbLULIEHHbIE HAMU KaK MPEJIeIbHO a0CTpaKkTHBIE. DTO, MPEXK]IE BCEro, U
camMa peaibHas nycmoma KaK HUYmMoO, HO TIpU HSTOM oOajgaroiiee
ceolicmeom TPEXMEPHOU MPOTHKEHHOCTH. DTO M TO, YTO OHA OECKOHEUHA
U JIOKAIBHO OJHOPOJHA W wu30TponHa. M TO, 4TO B HEW BMeECTe C
YacTUI[AMU MOTYT CYIIECTBOBATh HUYEM HE OrpaHUYEHHBbIC (HU3UUYECKUE
MoJIs, CIOCOOHBIE HEOOBSCHUMBIM 00pa3oM oOecleurBaTh YacTUIlAM U
pa3sHbIM TejlaM M3 HUX pa3jddYHble CHJIOBBIC (IO CYTH, MuUCHUUECKUE)
B3aMMO/ICHCTBUSI MKy coOoi. U cyliecTBOBaHKE pa3HOTO POJia OIAThH JKE
HEOOBSICHUMBIX 3aKOHOB ITHX B3aMMOJICHCTBHM, 3aKOHOB COXpPaHEHUS U
T.IL

N3 3TUX ABYX BO3MOKHOCTEH IepBasi SIBHO MPEBOCXOJUT BTOPYIO B
CBOMX BO3MOXKHOCTSIX 00€CTICUNTh HpUUUHHOE OOBSICHCHHE SIMHCTBA BCEX
bu3nueckux sBICHUN 0€3 BCSIKONM MUCTHUKA U MPOTHUBOPEUYUN HA OCHOBE
BHYTPEHHETO OUHAMUYECKO20 CAMOOBUICCHUS BCETO JUTTH
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eIMHCTBEHHOW MaTepHaIbHOW CYIIHOCTH, 00Jaarolield nodoarouumucs
ocmulcieHut0 9ucto (pusmdeckumu cBoiicTBamu. M maxke To, 4TO OHA
KOHeYyHa, a 3HAYNT, UMEET BHEIIHHUE pusuuecKkue Zpanuybl TOXe MOXHO
noHsATh. Jlyis 3TOr0 TpedyeTcs: BCEro JMIIb OCO3HAMb, YTO TaK KaK BHE
bu3NYECKUX TPEIETIOB MHPOBOU CpPEIbl OelcHEumenabHo Hem HUKAKOM
nycmomul, KOTOPYIO MBI CaMU K€ U Hpuoymanu, TO peaJbHOW MHUPOBOMN
cpelie IPOCTO HEeKyJla U He3adeM Jajiee MpoHUKaTh. MOXKHO CKa3aTh U Tak,
4TO TaMm, T/Ie 3aKaHYMBAaeTCs MaTepuaiabHBIi Mmup, mns  Bcex
CaMOJIBMKCHHUI MUPOBOM CPEJIBI €T0 e TPaHMIIA U CTAHOBUTCS aOCOTIOTHO
Henponuuaemoi. Y1 sto Oyner Oojee JOTMYHO, YeM npedcmasisimo (T.e.
BCETO JMIIb 8000Opadcamv cebe, MbICAUMb) BHE TPEICIIOB PEATLHOTO
Mupa aktyanbHOE Haauuue OecrpeneiIbHOW MyCTONH HemamepuanbHou
MPOTSHKEHHOM cymHOCTU. Hy»KHO mpOCTO MPEeoAOIeTh KOCHOCHIb HALLIETO
MBILUIEHUSI U OCO3HAMb, YTO 3/1€Ch MBI CaMH XK€ U npudymanu JUist ceos
npobisieMy, KOTopoil st peasibHoro Mupa (unade [Ipupoasl) mpocto He
CYLIECTBYET.

[Ipunumasi nepewtit éapuanm, naiee yxe u OyJaeM UCXOAUTh U3 TOTO,
YTO COTJIAaCHO MAaTepUATUCTHYEeCKOW (dmrocopun, B MHpPe Kpome
mMamepuu u €€ GHYMPEHHE20 OUHAMUUECKO20 CAMOOBUNCCHUA 6
npeodenax ceoezo yce 00véma (npocmpancmea) HUYEro 0ojiee He
cymectByer. IlosToMy Bce wH3BeCTHbIE Hayke (U3HMYECKHE OOBEKTHI,
BKJIIOYAsl M3BECTHbIE (U3MUECKUE TIOJIA W JJICKTPUYECKUE 3apsiibl, U
JIOJDKHBI OBITh IOCTPOEHBI KaK HEKOTOPHIC CHMPYKMYPHbIE (hOPpMBI STOTO
CAMOOBUICEHUA MAMEPUU.

S yxe mmcam O TOM, YTO BCE MaTepuajbHBIC IBIKEHUS IO CaMOM
CBOEI MPUPOJIE SBIAIOTCSH AOCOIIOMHBIMU NO OMHOUWEHUIO K PealbHOM)
(T.e. Mupogomy) (HuzNUECKOMY TMPOCTPAHCTBY, HO JJIsI HAac B HalleM
MO3HABATEJIbHOM TIPOLIECCE OHU BCErAa HPOAGAAIOMCA B HEKOTOPOU
omuocumensnou popme [1]. Tlo3zHaTs xe caMy uX (HUNIECKYIO CYTh MBI
MOXEM TOJIbKO 4Yepe3 MblluieHne. B mganHON paboTe s mocrapaioch B
CaMBbIX OOIIMX YePTaX PACKPBITh U CBOIO BEPCHIO (PHU3NIECKOTO MEXaHU3Ma
OUHAMUYECKO20 CamMoO0BUICEHUA MaTtepud  Ha €€ caMoM
byHIaMEeHTAIBHOM ypoBHE. VIMeHHO Osaromapsi 3TOMY HPUHYUNUATLHO
HEMOCPEJACTBEHHO  He  Habawoaemomy  HaMU  NPUPOOHOMY  eé
CamMoO08UdICeHUI0 MOTYT CYIIIECTBOBATh U BCE Hadntooaemwvle HamMu (HOPMBI
MPUPOIHOTO, KaK abCOIIOTHOTO JUHAMUYECKOTO, TaK M OTHOCHUTEIHHOTO
YUCTO KHHEMATUYECKOTO ABMKEHUS PA3TUIHBIX (PU3MUECKIX OOBEKTOB.
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Tak kak MaTepus CylIeCTBYET 0ObEKMUBHO PealbHO (hu3udecKu, To e
U CleIyeT MPU3HATh HEKOTOPBIM ¢pusuueckum cyocmpamom. IlodTomy
BEpHEM €My €ro HMCTOPUYECKOE Ha3BaHuE 2¢pup. B nanpHeleM 3TOT
TepMUH OyJeM HCIIONB30BaTh KaK CUHOHUM CJIOBA Mamepus, 0COOCHHO
IPU PACCMOTPEHHUH PA3IUYHBIX (U3UYECKUX OOBEKTOB, JIUIIL YacTh W3
KOTOPBIX SBIISIFOTCS TEMU, YTO MbI Ha3bIBAEM BEU{eCH 6CHHBIMU.

Crnenyrolee eCTECTBEHHOE 3aKJIIOUEHHUE TO, YTO 3(DUp JOJKEH UMETh
onpenenéHuble (usmyeckue cpoiictBa. [lepBoe M3 HUX — Kak yxe U
YIOMHHAJIOCh BBIIIE - OH SIBJISICTCS TEPBUYHOU eOUHOU MUpPOBOl
HenpepwleHoll (CIUIONIHON, KOHTUHYAJIbHOW) OUHAMUUECKOU CPedoil, UTo
y’ke camMo To cebe oOecrieunBaeT BCEM MPUPOAHBIM (PUIUIECKUM
SABJICHUSIM UX eOouHcmeo. BTopoe HEOTACIMMOE OT TOHSATHUS CpEIbl
CBOMCTBO — 3TO €€ MI0mMHOCHMbB, a OHA, B CBOIO OYEpElb, CBSI3aHA C
NOHATHEM Maccwl. ClenoBaTtenbHo, 3PUp KOAUUEeCHBEeHHO JOJDKEH
XapaKTepU30BaThCS U CBOCH Maccoti. DTo, HA TIEPBBINA B3IJIAJl, OTBEYAET U
MOHUMAaHUI0 Macchl HbIOTOHOM Kak Ko.iuuecmeeHHoul mepbl MaTepuu, a
Takke Mepbl e mmioTHoctd. Ho crenyeTr crenuanbHO YTOYHHUTH TOT
npuHyunuanvHolt PaxT, 9To MOHATHE MaTepuu HBIOTOH CBS3BIBAJ JIUIIH C
CYILIECTBOBAHUEM GelyecmaEeHHblX TE U TaKuX ke cpell. Kak u3BecTHo, He
BIaJIes MaTepUATUCTHUECKON (uiocoduei, Takoe e MPEICTaBICHUE O
Marepun yHacienoBain ot M. HetotoHa u A. DUHIITENH.

CornacHO  UCHpaBIECHHOW  TPAKTOBKE  CHEYUANbHOU  mMeopuu
omunocumenvnocmu  (CTO) [2, 3], a Takxke obweti meopuu
omuocumenvHocmu (OTQO), 4To0bl M30€)KaTh KAKUX-IMOO MPOTHBOPEUUI
pU PACCMOTPEHUN (PU3NYECKUX SBICHHA, BCE MHPOBOE IMPOCTPAHCTBO
CIIElyeT paccMaTpUBaTh KaK HENnOOBUMCHBLIL 6 Ueslom 00bEM HEKOTOPOIro
mamepuanvnozo (PU3NUECKOro) cyOcTpara, UMEIOIIETO ONPEACIEHHYIO
IJIOTHOCTh. Torga caM 3aMKHYTBIM YHCTO 2eomMempuyeckKuil 00bém 3TOro
cyocTpara-adupa (T.e. ero maccet) u OymeT EIAWHBIM MHPOBBIM
2eomempuyecKkum NpPOCMPAHCIEOM, A BMECTE€ C €ro IUIOTHOCTBHIO, a
3HAYHUT, U MACCOU — PeaibHblm (pusuueckum npocmpancmeom [4].

Becy  ceomempuueckuii  06vém  ddupa, SABISICH €  UeaOM
HETOJBWKHBIM, U OyAET peaJbHbIM aAOCONIOMHBIM HENOOBUIHCHHIM
npocmpancmeom Hbl0TOHA, HO YK€ OYJIeT He nycmblm W TUIIEHHBIM TOM
HEOMNpeAeIEHHOCTH, KOTopas Oblla €My TMpUCylla B KJIACCHYECKOM
MexaHuke. U XOTs TIOHSITHE mycmompl KaKk PEATbHOTO 8MeCHUIUMA TS
Matepuu (3¢dupa) SBIAETCS YUCTOM aOCTpakiueil, Kak 0bl MUKDPO
HyCMOmbl YK€ GHYMPU CAMO20 Ipupa TPUHIUIINATILHO CYIIECTBOBATH
MoryT. X ciieryeT paccMaTpuBaTh y)Ke Kak MUKPO 00J1aCTH MaKCHMAaJIbHO
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BO3MOYKHOU pazpexcennocmu TIOTHOCTU 3(upa. A BO3HUKATh OHU MOTYT
B pe3yJIbTaTe NHTEHCUBHBIX 6UXPEEbIX TBUKECHUI caMoro d¢upa.

[Tomuepkny emé pa3 ocobo, 4To 3hUp He 3anonnaem KakOU-TO
TEOMETPUUECKUN 00BEM KaK YK€ CYLIECTBYIOIIEE nycmoe eMecmuiuuje —
OH umeem ez2o (00vém) cam Kak CBOE HEOTBEMIIEMOEC C8OUCMBO. ITO
CBOUCMBO MPEXMEPHOU NPOMANCEHHOCMU d¢hupa W TIPUAAET €My TO, YTO
MBI U Ha3bIBAEM pEAIbHBIM MUPOBBIM 2eoMempuieckum MPOCTPAHCTBOM.

PeanbHoe ke gpusuueckoe npocmpancmeo («Teiao» reoMeTpUIECKOTo
NPOCTPAHCTBA) KAaK eOUHas Mupoeas cpeda HAMOIHEHO BHYTPEHHUMHU
camoosurcenuamu € maccel. Bce enympennue oeusicenusn maccol dpupa
npucywu emy no e2o npupooe U TaKXKe SBIAIOTCS €ro HEOThEMIIEMBIM
C80UCMBOM. ITO U COCTABISIET (PU3UUECKYIO CYTh U3BECTHOTO MOJIOKCHHS
MaTepUANTMCTUYECKOW (UI0COPHUH, UTO O8udiceHue SIBISETCS CHOCOOOM
cyuiecmeoeanua marepuu. Marepun 6e3 JIBUKEHUSI HE CYLIECTBYET Tak
e, KaK U JIBIKEHUs He cymiecTByeT 0e3 marepuu. OJHAKO B OHUMaHUE
IBUKEHUSI 3(Qupa CleIyeT BHECTH CYIIECTBEHHbIE KOPPEKTHBBI, €CIH
UCXOAUTh U3 HALIETO OOIIECTIPUHATOrO NOHUMAaHUS (PEeHOMEHA TBUKECHMUSL.

Bce u3BecTHbIE MOMBITKH JOBOJBHO KPYMHBIX YYEHBIX C MHPOBBIM
MMEHEM TI0 CO3JIaHUI0 PA3UYHBIX (PU3UUECKUX Mooeneil u meoputl dpupa
HE YBEHYAJIUCh yCIIEXOM, TaK KaK MMENU TOT CepbE3HBIN HEIOCTATOK, YTO
3pUp B HUX MBICITHWICS, TaK WJIM HHa4e, OO0JIAJArOIMM CBONCTBAMHU
W3BECTHBIX HaM gemjecmeennvix cpen [5]. Yame Bcero ero meitanuch (u
CeroiHd euié MbITAIOTCs) MPEACTaBUTh B BUJE HEKOTOPOH HeaIbHOU
KHUJIKOCTH, B IPYTHX CIIydasx B BUJE Ta3a U3 TBEPIBIX YaCTHII, a HHOTJA U
B BUJIE TBEPJIOTO TeNa, U JaXKe B BUAC KpUCTAILIA.

C nmpyroif CTOPOHBI, OT TOTO, KAKMM MBICTUTCS 3(Up, 3aBUCHUT U TO,
KaKUM TIPEJICTABISIETCS €T0 JABIKEHUE U pa3inuHbie ero ¢popmbl. Ho 31ech
HaM CJIEIyeT MpeXJe BCEro OCO3HaTh, YTO HE CBOMCTBA 3pupa U €ro
JBUKEHUM BBITEKAIOT U3 CBOMCTB M3BECTHBIX HAM €T0 K€ 8euyecmeenHblX
npoaenenull, a CaMu 3TU TPOSIBJICHUS SBISIOTCS PE3YJNbTaTOM CEOUCME
aghupa u e2o osudiceruti. [Ipu 3TOM 0COOEHHO CYIIIECTBEHHBIM SIBJISIETCS TO,
Kak, 6 Kkaxou ¢opme, BCE 3TO TPOSBISETCS 01 HAC, A HAIEro
gocnpuamus; 1axe ecv HaM B 9TOM TIOMOTAIOT HAIlld MPUOOPHI U IpyTHe
TEXHHUYECKHe cpenctBa. [1oaToMy B OTHOIIEHWH CBOWCTB 3(dupa M €ro
JIBUKCHHUI MBI IOJDKHBI HCKITFOUUTH BCAKYIO TIPENIB3STOCTh, HABSI3HIBAEMYIO
HaM, TpEeXIe BCEero, HAIUMH OpraHaMH YyBCTB. HammMm OCHOBHBIM
UHCTPYMEHTOM HCCIJIEJIOBaHUs JIOJDKHO CTaTh SICHOE HENPOTHBOPEYUBOE
MbluijleHue V HENPEIB3SThIN 00beKmueHblil AHAIU3 OTIBITHBIX (DaKTOB.
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JIBrokeHue >gupa, HUKAKOW €ro 4acTd, HE MOKET ObITb HU CO3JIaHO,
HU YHMUYTOXKEHO, a Kak ckazaHo y @. DHrenbca, MOXET OBITh JHUIIb
nepeneceHo OT OAHOTO (PU3MUECKOrOo 00BEKTa K Apyromy. Koauuecmeo
0sudiceHus Ypupa B 1IEJIOM KaK CyMMa IMPOU3BEICHUA BCEX JIEMEHTAPHBIX
YyacTel ero Macchl Ha CKOPOCTh BCeX UX (HOpM €€ NBUKEHUS HOCHOSIHHO.
BcenenctBue 3Toro oH 00i1agaeT HEYHUUYTOKUMON aKmMuUHOU uHepyueil u
IHepeuell, KOTopasi TOXXe coxpanaemca eeuno. Ecam 4ucTo TeopeTUuecKu
pa3lieTuTh BCIO YHEPTHUIO JIBIKEHUS 2(Upa HA BECh €ro 00bEM, TO 3TO acT

2 2 3
HaM BCIIMYHHY CT'O ybeﬂbuozo 3Hepzoc0()ep:)fcaﬂu;1 W, B2CM /cex“em”.

@
W3 pasmMepHOCTH W,, BUIHO, YTO Ta BEIUYMHA YUCIEHHO MOXKET OBITh

NpEe/CTaBICHa MU KaK XapaKTEepPHCTHUKA YACIBHOTO SHEProCOACp KaHUS
HEKOTOPOTO YHOPAOOUEHHO20 IBWKEHUS B OINpenesiéHHOM 00bEMe 3dupa
(ero cTpykTypHas Qopma), WIM Kak oOaeneHue (XaoTHYECKOE, T.C.
HEYNOPAIOYEHHOE [BIKEHHE) B HEM P, B eem/cex’em®. Y nenpHoe

HHEProcoJiepKaHue 3>PUpa TaKKE U €CTb HPUUUHA €20 YNpy20cmu C
2
HEKOTOpBIM MoxyneM G,, B 2/cex"cm. Ilpu 3TOM MBI JUIIL U3MEHAEM

PasmMepHoCmy BEIMUMHBI, COKpalas €€ B YUCIUTENE U 3HAMEHATENE Ha CM.

Ecnu BHemHee naBieHue (CHIIOBOE HAIPSDKEHHE), HANPaBJICHHOE Ha
YCIIOBHYIO TMOBEPXHOCTh (PU3UUECKOTO MUKPOOOBEKTa HE YpaBHOBEIICHO
3a CU€T MPOTUBONIOJIOKHO HANpPaBIECHHOIO JaBJEHUS (HAIpPSDKEHUs) €O
CTOPOHBI JIOKQJIM30BAaHHOTO JBIXEHHUS Macchl 3¢upa, oOpasymomeid cam
00BEKT, TO OHO OyJeT CMemaTh €ro W MPUIACT €My ONPeeIEHHYIO
CKOpPOCTb, IpU KOTOPOM JOCTUIaeTrcs JWHAMHYECKOE PpaBHOBECHE
yYKa3aHHBIX JaBieHud (HampspkeHuil). Takas ycioBHash MOBEPXHOCTh
MOXET OBITh TOJBKO Yy ONPEAeAEHHBIX A(UPHBIX CTPYKTYyp Ha
(dyHIaMEHTAIBEHOM YPOBHE (MUKPOBUXpEH), 0 4éM 1 OyIeT CKa3aHO HUXKE.
[Tpu HapylieHHMM yKa3aHHOTO pPaBHOBECUS Ha (U3UYECKOM OOBEKTE B
>(Hpe BOBHUKACT ZpadueHnm HanpajiceHus ¢ PasMepHOCTBIO ecy/cek’ca’.
To ecTh BO3HMKAIOT CHJIBI, KaK OBl MPUIIOKEHHBIE K HEKOTOPOMY 00béMY
maccwl JTaHHOTO 00BEKTa CO BCEM €r0 BHYTPEHHUM JBUKEHHEM, KOTOPBIC
U OyIyT CMELATh 6HympeHHee 08U iceHue 3TOro 00bEMa MacChl B IIEJIOM.

Cuna conpoTuBIeHUsI Macchl d(pupa CMEIIEHUIO €€ JOKAIM30BaHHOTO
O0sudiceHusn, OOpa3ymoUIEro CTPYKTYpy Tella WIM MHUKPOOOBEKTa, WIH
U3MEHeHUI0 YTOTO CTPYKTYPHOTO ABUKEHUS B 001Iel Macce adupa U ecTh
TO, YTO MbI Ha3bIBAEM CUNOU UHEpyuU. [IJpyrumu ClI0BaMH, CAMO HOHAMUE
UHepyuu CIeayeT CBI3aTb CO CEOUCMEOM MACCHL COXPAHAMb COCTOSTHUE
CBOETO AKMUGHO20 IBKEHUS U OKA3b186AMb CONPOmMuUeaeHue 1odoMy ero
U3MEHEeHUI0, B TOM YUCIIE U €T0 CIMPYKMYPHOU (opMbl.



[loaToMy, ¢ OIHOW CTOpPOHBI, UHEPUUA KAK COXpAHEHue
OTPENENEHHBIX CTPYKTYPHBIX (DOPM U KOIUYECTBA AKMUBHO20 OBUNCEHUS
maccel dpupa B HHUX (KomMYecTBa €€ YHOPAOOYEHHO2O JIBHKCHHS)
BBITMIOJHSET B NPUPOJIE OUYEHb BAXKHYIO akmuenyio (pynkuuto. VIMeHHO
HEYHUYTOXXKUMBIC dJIEMEHTApHbBIC guxpesvle (hopmul dsurcenus >pupa Ha
(GyHIAMEHTAIBHOM YpPOBHE M COXPAHSAIOT BEYHOE OUHAMUYECKOE
camoogudcenue Matepuu, T.€. CaMOW MPHUPOJIbI KaK TakoBOH. 3nech (Ha
MUKPOYpPOBHE) @KMUGHAA WHEpUUs W BBHICTYNIAET B POJU HPUUUHDL
COXpaHEHHS BCEl JHepeuu B TPUPOAE, HPUYUHBL 6CcexX €€
dynoamenmanvHvix 3aKOHO08 CcOXpaHeHus oOeudceHus. VI ™Mbl emé
BEpHEMCSA K 3TOMY BOINPOCY MpPHU AECTAIBHOM PACCMOTPEHUU BUXPEBOIrO
MUKpoABWxkeHUs. C JIpyrod CTOPOHBI, UHEPUUA KAK COnpomueieHue
J000MYy HM3MEHEHHMIO pa3HbIX CTPYKTYPHBIX (OpM ABMKEHUS MaccChl
adupa, U Mpexke BCero €€ KOJIMYECTBA JBWKECHUS (MMITyJibCca), UTPAET B
IIPUPOJE U HEKOTOPYIO, YCIOBHO F'OBOPSL, HACCUGHYIO POJIb.

BronHe JIOTMYHO NMPEIONIOKUTh, YTO yOeabHOe IHEP2OCOOEPIHCAHUE
3¢upa 1no BceMy ero o0bEMyY (T.€. MIOTHOCTh 3HEPTHH BO BCEX €0 YaCTsIX)
ABJISIETCA BEJIMYMHOM NPAKTHUYECKU IMOCTOSHHOW, T.€. COXPAHSIOIICUCS.
NMeHHO OHO W npuAa€T 3QuUpy CBONCTBO ynpy2ocmu, KOTOPOE, B CBOIO
ouepenb, U obecrneunBaeT 3pUpy CTPEMIIEHHUE K COXPAHEHUIO MTOCTOSIHCTBA
CBOEH MIOTHOCTU 3HEpruu. Ho B KaxaoM ajeMeHTapHOM OoOBhEME OHO U
NpOSIBIIIET Cce0s YacTUYHO B BHUAE  ONpeaeia€HHBIM  o0pa3oMm
ynopsoouennozo (T.e. CAMOOP2AHU308AHHO20) C TIOMOIIBIO CHIJIOBBIX
HaMpPSHKEHUI JIBIXKEHUSI YaCTH MacChl ATOr0 00bEMa M YaCTHUYHO B BUJIC
0agJ1eHUA VIV YRPY2OCHIU.

YnopsinoueHHoe onpenenéHHbiM 00pa3oM JIBXKEHHE Macchl 3¢upa
Ha30BEM €ro Kunemuueckout (HopmMoil, a JaBJIEHUE U YHNPYrocTh
nomenyuanvuou. OIHAKO, €CIIM YHOpsIOYCHHAas KUHETH4eckas (opma
JBIKEHUS MacChl A3upa HEKOTOPBIM 00pa30M JIOKAIU308AHA B HEKOTOPOM
OTpaHUYCHHOM O0BEME, HAIIPUMED, B BUJEC BUXPS, TO OHA y>K€ CTAHOBHUTCS
ROMEHUUANbHOU KUHEMUYECKOl.

Paznuune Mexnay pasHeiMH (GopMamMH JABUKEHUS Macchl 3¢dupa B
ONpeNenEHHON MEPE YC108HOe, TaK KaK OHU HETPEPBHIBHO NEPEXOAAT APYT
B Jpyra B 3aBUCUMOCTM OT TOr0, Kakh€ KOHKPETHO CKJaJbIBAIOTCS
B3aUMOJICHCTBUS MEXKYy Pa3IUYHBIMU CTPYKTYypaMu 3(UPHOTO JBUKCHHUS.

['oBopst 0 nBwkeHHH >(GUpa, Mbl JTOJDKHBI OBITh TOTOBBI K TOMY, YTO
OHO MPUHYUNUATLHO OTINYACTCS OT TeX ABMKEHHM, YTO Mbl HaOII0AaeM
BO BCEM CBOEU MPAKTUYECKOMN NEITEIbHOCTH. BHavame 3neKTpoMarHuTHbIE
SBJICHUSI, @ TIOTOM M AJIEKTPOJMHAMUKA, & 3aT€M U BCS KBaHTOBas (hU3MKa,
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B KaKON-TO Mepe y»e€ MOATrOTOBUIIM HAC K ATOMY. YK€ OHU NOKa3alau HaM,
YTO MPOTEKAHWE PEAbHBIX JBHKCHUN U B3aWMOJICHCTBUN MAaTEpPUU Ha €€
(byHIaMEHTAIbHOM YPOBHE JIEHCTBUTEIBHO OTJIMYACTCS OT HAOII0JaeMOTO
HAMU YUCHO MEeXAHUYeCK020 TIEPEMEIIECHUS W YHCTO KOHMAKMHO20
B3aMMOJICUCTBHS PA3JIMYHBIX BEIIECTBEHHBIX OOpa30BaHUM.

Korga B kBaHTOBOI MEXaHUKE JBMKEHHUIO Macchl 3dupa, U3 KOTOPOTO
caMU MHKPOOOBEKThI, HECOMHEHHO, M COCTOST, JENal0TCs JOBOJBHO
poOKHEe TOMBITKH MPUAATH XOTh KAKYIO-TO HA2IAOHOCHIb, TO YK€ B HEl
TOBOPST HE O YUCTO MEXAHUYECKOM HepeMeuieHul Macchl Kak TaKOBOM, a
O CMEUIEHUU €€ 6030yxcoeHusa YCIOBHO OT MecTa K Mecry. Bephee,
CETO/IHS TOBOPAT YK€ O CMEILICHUH 8030YyHCOCHUN (DUUUECKO20 8AKYYMA
KaK MEpBUYHOM MUPOBOW cpenbl. Bo3oyicoenue xaxk Obl IEPEHOCHUT TPHU
TOM HUMITYJIbC, MOMEHT HMITYJIbCA M SHEPIHI0 B BUJE TOIO WA HHOTO
MUKpPOOOBEKTA.

MUKpPOOOBEKTBI MOTYT SIKOOBI axe poxcoambca (?) U3 coobwennol
dusnueckomy Bakyymy srepeuu (?). [Ipu 3ToM Kakux-au00 pa3bsICHEHU,
a KaKk TOHMUMATh BCE 3TO M, MPEKIE BCEro, KaKk MOHUMATh CaMoO
6030yscoeHue, HUTJE Tak W He OaHo. B mgo0oM ciyuyae ero cieayer
BOCIIPUHUMATh CETOJIHS KAaK HEKOTOPOE 00beKMmUEHO peanbHoe, XOTs U
BECbMa 3araJlouHoOe, HPOoAGaeHUE BCE KE OUHAMUYECKO20 CAMOOBUNCEHUS
MamepuanbHoil cpedvt PU3NIECKOro BaKyyMma.

ABTOp HAamOMMHAET YUTATEN0 00 3TOM MOTOMY, YTO HE CJEIyeT
MPOSIBJISITh HUKAKOM TMPEB3SATOCTH K TOMY, UTO OYJEeT CKa3aHO JAJIbIIE O
TOM, KaKMM MOXXET OKa3aThCs JBWKEHHWE Macchl 3(dupa Ha €ro camMoMm
bynnamenTaiibHOM ypoBHE. [losTomy u Oynem cuuTaTh, YTO ABUKEHUE
Maccbl 3gupa Ha ero (yHIaMEHTaIbHOM YpPOBHE [EHUCTBHUTEIBLHO He
Aensaemca €€ TMPOCTbIM MEXAHUYECKUM nepemeujeHuem OT MecTa K
MECTY.

Jlornyeckuid aHan3 W3BECTHBIX SIBJICHUW MHUKPOMHPA U PA3IMYHBIX
3JIEKTPOMArHUTHBIX SIBJICHUI FOBOPUT HaM O TOM, UTO 3(QUp 6echb 6 yeaom
CIIEIyeT CUUTATh HenoosudxycHvim. OO0 3TOM XK€ TOBOPUT M MCIPABJICHHAS
mpaxkmoska CTO [2, 3]. Emé oauH mpUHIMIHAIBHBIN BBIBOJ, KOTOPBIH
cnenyet u3 3tou TpakToBKU CTO, 3aKiIr04aeTcss B TOM, YTO BCE MPUPOIHBIE
¢busznyeckue OOBEKThl HA MHMKPOYPOBHE, HAuMHAs OT AJIEMEHTApPHBIX
YacTHI, SIBJISIIOTCS HEKOTOPBIMU CTPYKTYPaMU U3 YUKAUYECKUX, & TIOTOMY
YK€ U 60JIHOBbIX TIBIDKECHUN d(Pupa. A Bce 00BEKTHI MAKPOYPOBHS U J1ajiee
CTPYKTYPHUPYIOTCS YK€ Ha OCHOBE 3JIEMEHTAPHBIX JBHKEHUH B 3(pupe.

[TocTapaemcs mpencTaBuTh cede ABMKEHUE dhrpa HA TPUHITUTTHATHHO
MHON OCHOBE, Ye€M Ta, K KOTOPOW Mbl MPUBBIKIM HCXOJS U3 CBOETO
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MIOBCETHEBHOTO OMNbITa. FIMEHHO K ATOMY YK€ CTall CKIIOHSATHCS B CBOE
BpeMsl U ToJuIaHAcKuil u3uk-teopetuk I'.A. Jlopeni. BoT kak oH BbIpa3ui
3Ty MBICJb caM: «JleMCTBUTENIBHO, OJHO W3 BAXKHEUIINX HAIIUX OCHOBHBIX
NPENOIOKEHNH OYyAET 3aKII0UaThCs B TOM, YTO 3PUP HE TOJIBKO 3aHUMAET
BCE MPOCTPAHCTBO MEXK]y MOJICKYJIaMHU, aTOMaMU U 3JEKTPOHAMH, HO YTO
OH W MPOHUKAET BCE ATH YACTUYIKUA. MBI J0OaBUM THIOTE3Y, UYTO, XOTS OBI
YaCTUYKU M HAXOAWIWCh B JBUKEHUU, dPUDP 6cec0a ocmaémcs  nokoe.
MBI MOXEM MPUMHPUTHCS C TUM, Ha TMEPBBIM B3IV MOPA3UTEIIbHBIM,
NpEJCTaBICHUEM, €CJIM OyJIeM MBICIIUTh YacTUYKK Mmarepuu (m.e.
seujecmea — A.F).) Kak HEKOTOpbIE MECTHbIE M3MEHEHUS B COCTOSHUU
adupa. DT HU3MEHEHHUS MOTYT, KOHEYHO, OYEHb XOPOIIO MPOJABUTATHCA
BIepEN, B TO BpeMsl KaK DJEMEHThl 00BbEMa Cpelibl, B KOTOPOM OHH
HAOJIIOIAIOTCS, OCTAIOTCS B ITOKoe» [6, ¢. 32].

3necy Jlopenn BnepBeie mnociie Pene Jlexkapra BbICKazall O4YEHb
rIIyOOKHE TI0O CBOEH CYTH MBICIIH, KOTOPBIE, K COKaJICHUIO, TaK M HE Pa3BUII
nanbiine. OHM MPOCTO ObUIH OCTaBJIEHBI 0€3 BHUMAaHUS. JTOMY, BO-TIEPBbIX,
BO MHOroMm mocrnocooctBoBajgo mnosiienue CTO B e€ mpakmoske
AnpOepToM DWHIITEHHOM, a BO-BTOPBIX, MOBAJIBHOE YBIEYEHUE K 3TOMY
BpeMeHU (HUII0COPCKUM MO3ZUTHUBU3MOM U MAaTeMaTHYECKUMHU METOJaMUu B
uccnenoBaHuy (GU3NYECKUX SIBICHUA. MaTeMaTuka BCKOPE 3aMEHUJIa caMmy
TeOpeTUUecKyto (pu3uKy. OU3NKHU MepecTain 3a00TUTHCS O HATJISTHOCTH U
¢uzuueckom MoeTMpOBaHNY U3ydaeMbIxX siBlieHUH. [TocTpoenue u 0o0cueT
¢uzuueckux Mojenei ObUTM 3aMEHEHBI COCTaBIIEHUEM (a TIOPOM U TIPOCTO
yTraIbiBAHUEM ) MATEMATUYECKUX YPABHEHUH U UX PEIICHHUEM.

[TopTomMy BepHEMCS K BbICKa3aHHBIM JIOpeHIIeM MBICISIM U
ocTapaeMcsl pa3BUTh UX YKe C TTO3UIIUI TOTO, YTO U3BECTHO CETOIHS.

Jli1s Hayama BHECEM SICHOCTb, UYTO Jll0Oble «MECTHBIC H3MCHCHUS B
cocTosiHUMA d(dupa» CclIeayeT IMOHMMaTh KaK MECTHbIE HW3MEHEHUS 6
cocmoanuu ez2o osudicenusn. Ecnu «oneMeHTsl 00bEMa cpelibl, B KOTOPOM
OHM HAOJIIOAIOTCS, OCTAIOTCA B TOKOE», TO M3MEHEHHME COCTOSHUSA €&
JBIDKEHUS MOXET OBITh CBSI3aHO, TPEXKIE BCEro, C 6paujeHuem
HEKOTOPOT'0 YpPE3BBIYAMHO Majoro KOJIUYECTBA Mmaccvl Ighupa (KBaHTA
Macchl M, ) B OUYECHb OrpaHUYEHHOM OOBEéMe. MHaue ero MOXKHO Ha3BaTh

IPOCTO 71eMEeHMAapHbIM IPuphbim uxpem. OHU CYIIECTBYIOT B HEM IO
caMoOil €20 npupode, 3ATONHSIOT COOOM BCE peanbHOE (PUINYECKOE
IPOCTPAHCTBO M SIBISIIOTCS €TI0 K8AHMAMU AKMUGHO20 OBUMNCEHUA W
AKMueHOU UHepyuu. A Tak Kak epaujenue 1o caMoil CBOEH mpHupoie yxe
obnadaem nonapHocmepio, TO 11000E U3MEHEHHE JTaXKe MPOCTPAHCTBEHHOM
OpUCHTAIUN GUXPEBOUl CTPYKTYPHI JBWKCHHS Jpupa YyKe SBISICTCS
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«MECTHBIM H3MEHEHHUEM B COCTOSAHMM d(]upa», 6 cocmoanuu e2o
osuxcenusa u noaapuzayuu. Kpome TOro, BUXpU MOTYT CMEIIAThCS U
JMHEMHO C OTpOMHOM CKOpocThio. Ha3oBém anemenmapuyio euxpegyio
CIPYKIYPY O8UNCEHUA IPUPA I1EMEHMAPHBIM €20 8030yHCOEHUEM.

Ho »nementapHoe (KBaHTOBOE) BO3OYKICHHUE He Hepemeuiaencs
JUHEWHO YHCTO MEXAHUYECKHU, a 3a CUET €r0 aKmMUBHBIX CUl UHEPUUU
(HanpspKeHMI) Hepedaémces OT MecTa K MECTY €ro IocieI0BaTeIbHBIM
uHuyuuposanuem 0€3 YUCTO MeXaHuyecko20 NepeHoca CaMOW MacChl
spupa. N3 Takux SIEMEHTAPHBIX GUXPEBHIX B030YHCOEHUl W UX
UHEPYUOHHO2O B8PAU{AMENIbHO20 CMEW|eHUsA U CMpPYKMYPUpymcs BCE
T00BIe ApyTHE hopmbl HAONIV0AEMO20 HAMU MATCPUATHLHOTO JTBIKEHUS
saupa (ero BemiecTBeHHBbIE (OpMBI). M1 3TOro AOKHO OBITH BIIOJIHE
JOCTaTOYHO, YTOOBI OOBSICHUTH BCE MTPUPOIHBIC SIBICHHMS.

UtoObl ckazaHHOEe ObUIO OoJiee HATJSIHBIM W TOHATHBIM TMPUBENY
TakoW mpocToi nmpumep. Bel HaxonuTech B JOJIKE HA 03€pe U KauHYJIH €.
OT noaKM B pa3HBIX HAMPABICHUAX IO BOJAE CTAJUd PaCIPOCTPAHSATHCS
BOJIHBL. Yepe3 mapy CeKyH]l OHU yke OyayT naneko oT Bac. Ho o3Hauaet
JU 3TO, YTO BMECTE€ C HUMHU Yuiid, T.e. TAKKE YUCMO MeXAHUYecKu
cmecmunacy Janeko OT JIOJKH, W BOJA, OKpYXKaBllas JIOJKY B MOMEHT
toruka. KoHeuHO ke, HEeT. DHEeprus TOJYKa BMECTE C BOJHAMH (TOXKE Kak
OBl 6030VJicOeHUsMUY) PACTIPOCTPAHUIACh B BOJIE, a cama O3&pHas Boja
MPAKTUYECKUA OCTAIaCh Ha MECTE.

[IpumepHO Tak xe U dQUPHBIE 6030yHCcOeHUA TIEPEHOCAT C COOOU Te
XapaKTEPUCTUKHU JIBUKEHHUS, KOTOPHIE Mbl CYMTAEM YHCTO MEXaHUUYECKHUMU
MPOSIBIICHUSIMU  IBIDKCHMsI. [lo3TOMy B majmpHEWIIEM IS yIPOIICHHS
U3JIOKCHUS W OOJIBIICH HATJISITHOCTH MBI YC/106HO OyaeM TOBOPUTH O
JBW>KEHUU Mmaccel dbupa. Hanpumep, roBopst 00 ummnyiibce p=mv, Oyaem
0J11 HA2IAOHOCMU TIPEJICTABIIATh ce0e, YTO ATO JMEUCTBUTEIBLHO Macca M
JBIDKETCS CO CKOpocThio V. Ho mpu sToM Bcerma Oynem momuums, 4TO
00beKMUEHO peaibHO WMITYJIbC U MOMEHT HMITYJbCa TMEPEHOCSTCS He
nepeHocom camou maccvl, a eé 6030yicoeHuem C Maccoum m,
U3MCHSIONUM CBOE TIOJIOKEHHE CO CKOPOCTHIO V. TOYHO TaK ke U SHEePTrus
JIBW)KCHUSI  TIEPEHOCUTCS He  cMeujeHuem  caMod  Macchl, a
MOCJIEIOBATEIPHBIM OT TOYKH K TOYKE CMEIICHHEM CO CKOPOCThIO V e&
6030yscoenus.

Crenytomiasi IpUHIUMIHAIBHO BaXKHAsi OCOOEHHOCTh JBHXEHUS 3(upa
3aKJII0YaeTCsl B TOM, YTO €CIIM 3JIEMEHTapHOe (KBAaHTOBOE) BO30YKIEHUE C
Maccol m, mposBIAET ce0d B HEKOTOPOM YpPE3BbIUAMHO MajoM OO0BEME
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AV , KaKk Obl UMEs TIPU ATOM TUIOTHOCTh p, =M, /AV , TO 3TO He o3Hayaem,

YTO U 6ech 3¢hup B 3TOM 00BEME MMEET 3Ty K€ IUIOTHOCTH. I110THOCTH
aupa Kak MEPBUYHON Cpejbl MPAKTUUECKU 6€30e 0OHA U ma jce W NpU
ATOM Ha MHOTO MOPSAJKOB MPEBBIMIAET MIOTHOCTh CAMOIO0 KBAaHTOBOTO
BO30OyxneHus. [loaToMy uepe3 oaMH U TOT ke 00BEM AV MOryT
MPOXOJUTh, B3aWMOJICUCTBYS WM IIOYTH HE B3aUMOJCHUCTBYS MEXKIY
co00M, cpa3y HECKOJIbKO BO30Y)KJIECHHHM C pa3HBIMH MacCaMH U CBOUMHU
oO0béMamu. [Ipyrumu cioBamu, OJHU BO30YXICHHS MOTYT MPOHUKAThH
BHYTPb JIpyTMX BO30YXJCHUH, COXpaHsis NpPU HSTOM COOCTBEHHOE
JBIO>KEHUE BHYTpHU HUX. M kaxaoe BO30yxkKJeHUE OyIEeT UMETh MPU 3TOM
CBOIO Maccy, CBOH 00BEM U CBOIO YC106HYI0 NJIOMHOCHLb.

[IpuMepHyI0 aHAJIOTHIO MBI UMEEM Il CMECH HECKOJIbKUX Ta30B.
3aHuMas OIMH M TOT k€ 00BEM, KaXKIbIil U3 ra30B MMEET CBOIO MAaccy,
CBOIO MApUHAIBHYIO IUIOTHOCTh UM CBOE mapluaibHOe JaBieHue. Kak Mbl
3HAE€M, 3TO CBSI3aHO C TEM, YTO Ta3bl COCTOSIT U3 aTOMOB M MOJIEKYJ. JTa
aHaJIOTHUsl HABOJMUT HAC HA MBIC/b, YTO W CaMHU 3JIEMEHTapHbIe (MHKPO)
6030ystc0eHus MOTYT UMETh B CBOCH OCHOBE HEKOTOpPhIE 00JIee «TOHKHUE)
a(UpHBIE BUXPEBBIE MUKPOCTPYKTYPHI, BXOJSIIUE B UX CTPYKTYPY.

Emé omna ocoOE€HHOCTH HBWXKEHUS 3pupa B TOM, YTO BCE €ro
BUXPEBBIC BO30YXKJEHUSA, YXKE U 00pa3ylolre HEKOTOPYI0 Kak Obl
CaMOCTOSITETIbHYIO MUKPOCMPYKMYPY NBUKEHUS], B YACTHOCTH T€, KOTOPbHIE
00pa3yroT 3apsAaoBble POPMBI €r0 IBUKEHUS (91eKmpuueckue 3apsaosl) 1
AJIIEMEHTApHbIE YaCTUIbl, CMEIAsCh B 3QUpe JaxXe €O CKOPOCTBIO €
(CKOpOCTh CBeTa), UMCIOT M CBOE eHympennee (B CBOEM 00BEME AV )
BpalllaTeJIbHOE JBMKEHHUE C TaKOW K€, a MOXKET M OOJIbIIEH, CKOPOCTHIO.
OrpannyeHue, HaJIOKEHHOE OpTOHOKcanbHOM TpakToBKOM CTO Ha
CKOPOCTb €cCex TIPUPOJHBIX JBUKEHUW CKOPOCTBHIO PacCHpOCTpAHEHUS
cBeTa, HUUeM He 00ocHoBaHO. Ho senuuuna ckopoctu pacnpocTpaHeHUS,
paBHasi CKOPOCTH CBETa, JEUCTBUTEIBHO SBISIETCS B MPUPOJIE HEKOTOPOI
byHIaMEHTAIBHOW M YHUBEPCATbHOM TOCTOSHHOW KaK HEKOTOpOe
YUCJICHHOE OTHOIIICHUE (€111€ OHUM cgoticmeom dHupa).

MoxHO TakXke TMpeanojoXKuTh, YTO W MakKpoTeja, a TaKxke
KOCMHYECKHUE TeJla U IeJble CTPYKTYPhl M3 HUX, HApUMEp TajlaKTHUKH,
JIBUTASICh C PAa3HBIMU CKOPOCTSIMH B 3(QUpE B IIEJIOM, MUMEIOT U CBOIO
MacIITaOHYI0 HEPAPXUIO 6030yrcOeHull Yprupa co CBOMMU HAIPSIKECHUSIMU.
N Torma Ttakue Kocmuueckue 6030yiHcOeHuUs TAKXKE MOTYyT HUMETh
HEKOTOPBIE CBOU THUTAHTCKUE, YCA08HbBIE 2PAHULBL TS JIBUKEHUS YKeE
ceoux eHympennux BO30yxaeHui. Bc€ 53To cBsI3aHoO ¢ oOmUMH



11

NPUHIUIAMA (NPUPOOHBIMU 3AKOHAMU) OUHAMUYECKOZ0 CAMOOBUNCEHUS
MaTepuH, KOTOpPbIE HaM €lIE JIUIb MPEICTOUT MO3HATh.

Hakonen, nocnenHee NPUHIMIIKAIBHOE 3aMEYaHUE 1O TMOBOAY TEX
dusnueckux mogenen (popm, CTPyKTyp) pasiuyHbIX (yHIAMEHTAIbHBIX
JTUHAMUYECKUX CAaMOJBIKEHUN M HX pacu€roB, KOTOPbHIE MbI MOXKEM
BBITIOIHATE. OHU HPUHUUNUAILHO HE MOTYT HOJIHOCHIbIO OTBEUYATh TOMY,
4YTO 00bEeKMUBHO peaibHO IPOUCXOUT B camoi mpupoje. [loatomy camu
MOJIEIN OYTyT HOCUTh B ONPEICTIEHHON Mepe ycrnosHblil XapakTep. Ho oHn
HY)KHBl HaM JJisi OoJiee-MeHee Ha2iA0H020 U JOTUYECKH 0O0OCHOBAHHOTO
OMMCAHMS SABJICHUM U HACTOJBKO K€ MX MpaBAonogo0Horo oocuéra. Hama
3ama4a Oy/IeT 3aKJII0YaThCs B TOM, YTOOBI Yepe3 JIOTHYECKH 00OCHOBAHHBIC
CTPYKTYpHbIE JBWXEHUS 3¢upa (€ro Maccbl) COCTaBUTh HEKOTOPYIO
MemooOuKy HaziA0H020 u300pax3cenusa U HEIPOTUBOPEUUBOIO OMMCAHUS U
pacuéma SBICHUS, IPUBOJSIIYIO K C1e0CMBUSIM, XOPOIIO COrIACYIOIUMCS
C DOKCIEPUMEHTAIbHBIMU JaHHBIMU. EcCiIM OHAa [JacT HaMm XOpollee
corjacoBaHHe pa3pabOTaHHOM TEOPUHM C OMBITOM, TO 3TO U OyAET yxke
MOATBEPKACHUEM €€ MPAaBOMEPHOCTH. VIcTHHA e B mociieIHe HHCTaHIUN
Ha MUKPOYPOBHE, MO-BUJIUMOMY, HEJIOCTHKUMA MPUHITUITAATIBHO.

B ToM, 49ro 3mech OBUIO CKa3aHO, HE JOJDKHO OBITH HHYETO
HeoxugaHHoro. OOpa3oBaHHBIM YEJIOBEK YXKE€ JOJKEH MOHMMAaTh, YTO B
ObITY U JakKe B HAyYHOH CBOEH MPAKTUKE MBI MOCTOSHHO MMEEM JIEJIO C
abcmpakmuviMu oopmamu RPOAGAEHUA 01 HAC TOTO, YTO 0OBLEKMUBHO
peanvHo 0asa npupoodsl Kak TakoBod. EmEé B 18-oM Beke Xopoiio
u3BecTHBIN Procod M. Kant oOpatui Halle BHUMaHUE Ha TO, UTO KaXKaas
BEIlb CYILIECTBYET, MPEKIE BCEro, @ cefe KaK HEKOTOpas 00beKmueHo
peanvhan hopma npupoono2o Aej1eHuUs, A YK€ B CUITY 3TOrO CYIIECTBYET
U 0714 HAcC 4Yepe3 KaKue-TO ceou (hu3uuecKue npoaeieHusa W Halle HX
YHUCTO OUOI02UYECKOe 60CHPUANLUE.

CeronmHs MUPOKO, U JTaXKe Cpelr YUEHBIX (B TOM YHCIIC U U3BECTHBIX
¢bu3uKoB), ObBITYyeT MHEHHE, YTO KOOI ¢uiocodus mokazana, a pusuka
KaK TOYHAs HayKa d3TO MOATBEpIAWJIA, YTO aOCONIOTHO BCE B MHPE
omuocumenvHo. I ¢ HaydHON TOYKH 3PEHHS 3TO OJIHO U3 CEPhEZHEUIINX
3aoayxcoenuni. HanpoTuB, OJHMM U3  OCHOBHBIX  IPUHIUIIOB
JTUAJIEKTUYECKOT0 MaTepHuain3Ma sIBJIsIeTCS YTBEPKICHHUE, UTO BCE B MUPE
B €ro OOBEKTHMBHO CaMOCTOSATEIBHOM CYIIIECTBOBAHHMM, MPEXJE BCErO,
UMeEsl CBOU coOCMEEeHHble 00beKMUGHble XAPAKTEPUCTUKH, B 3TOM CMBICIIE
aoconromno. Ho 01sa nac Bcé 10, YTO MBI Kak-TO HAOIIOJaeM U MO3HAEM,
BCErja NpeacTaér (MHaye, HnposAeaAemcs, 60CHPUHUMAEMCA U M.N.) B
HEKOTOPOU OMHOCUMENbHOU gopme. [To-npyromy MPOCTO
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NPUHIIMITHAIBHO HE MOXET ObITh. JIto0oe npupoonoe asnenue (a ona nac
€20 nposeneHue) BCEra HMEET HEKOTOPYI0 CBOIO  afCOIIOMHYI0
(00veKmueHo peanvHylo) uzuueckyro CyusHoOCmb, 3aBUCSIIIYIO TOJIBKO OT
OUHAMUYUECKO20 CAMOOBUIICEHUS B TIPUPOJIE.

Korga mbl, Hanmpumep, TOBOPUM, YTO 3€PKAJIO OTPAXKAET CBET OT CBOEH
MOBEPXHOCTH, TO JOJDKHBI MOHUMATh, YTO HUKAKOW CHIPO2OU peanvbHOl
nosepxrHocmu (B HaleMm e€ MOHMMAHWU) HA MUKPOYpPOBHE y 3epKalia HeET.
A CBET pealbHO OTPAXKAECTCS MPOB3AUMOJACHCTBOBAB C aTOMaMH
(MoJieKyJamMu) TOrO BEIIECTBa, U3 KOTOPOro 3€pPKajo COCTOUT. TOYHO Tak
ke OyAyT B ONpeNeIEHHON Mepe YCa08HbIMU U T€ TIOBEPXHOCTH B HAIIUX
MOJIEIISAX TeX CTPYKTYP ABUKEHUS, KOTOPHIE MBI Oy/IeM paccCMaTpUBaTh.

Hukakux cmpocux nenponuuaemvix peanvHvlX 2panHuy, y CaMuX
CTPYKTYpHBIX (popMm ABWKeHUS 3dupa B €ero oObEME, B TOM YHUCIE U Y
BEII[ECTBCHHBIX, TMPUHIMIHAIBHO HET U ObITh He MoxeT. CeromHs
HATJISTHBIM TIPUMEPOM 3TOTO SIBIIAETCS XOTSI OBl Ta K€ MOOWJIbHAS CBS3b.
Jla u oOpaboTka pa3HbIX MaTEpUATIOB PE3AHUEM TOXKE SIBIIACTCS TPUMEPOM
MPOHUKHOBEHUSI OJHUX CTPYKTYPHBIX (OpM ABMXKCHHUS MaTE€pUU BHYTDPb
JIPYTUX €€ CTPYKTYPHBIX (DOPM, XOTS M C MX YACTUUHBIM PA3pYIICHUEM.

Bce 00BEKTHBHO pealibHbIE CTPYKTYpPbl ABMKEHUS dPupa SBISIOTCS
OMKPLIMbBIMU ~ OUHAMUYECKUMU  CUCHIEeMAMU, KOTOPHIE  MOXHO
OrpaHUYMBaTh KAKUMHU-TO PaMKaMU (MIOBEPXHOCTSIMU) JIUILIb YCA08HO. DTH
YCIIOBHBIE TPAHUIIBI Kak OBl CO3JAI0TCSA, TPEXKIE BCEro, PaBHBIMH U
MPOTUBOIIOJIOKHO HAINPABIEHHBIMHU HAMPSKEHUSIMHU B d(upe B pe3yabTaTe
CJIOUBIITUXCS ONMPEEIEHHBIM 00pa3oM AMHAMUYECKUX JBMKEHHUH ddupa
(ero BO30YKJIE€HMI) KaK CIUIONTHOM Cpebl U YPE3BbIYAHO MAJIbIX YHPY2UX
CMEUIeHUH (M3MEHEHUI) €€ naomHuocmu OT COCTOSTHUSL PaBHOBECHS.

Ecnu cHOBa BCIOMHUTH HO8EpPXHOCMb 3€pKana, TO OOBEKTHUBHO
peanbHO 3TO HEKOTOpast OJIM3Kas K TOMY, UTO Mbl Hpeocmaenaem cede Kak
MOBEPXHOCTh, AMHAMUYECKH YpPABHOBEIICHHAs CTPYKTypa H3 aTOMOB
(MOJeKys) BeIIeCTBa 3€pKaja W JIBIDKCHUM 6HeutHell 10 OTHOIICHHUIO K
HUM S(QUPHOUN cpeapl, KOTOPYIO MBI MPOCTO HE BOCIPUHUMAEM B CHITY
CBOEro OMOJIOTUYECKOTO YCTPOWCTBA. A B JajbHEWIlIEeM U3 PACUYETOB MBI
YBUIUM, KaKUE 0ZPOMHBIE OA6ECHUA U HANPAICEHUA CYIIECTBYIOT BHYTPU
aTOMOB M T€X DJIEMEHTAPHBIX «YACTHUID», U3 KOTOPBIX OHU cocToAT. U eciu
Obl He OBUJIO BHEUIHMX MO OTHOIICHUIO K aTOMaM YpPAGHOGeuiUBAOUiUX
cun (HampsHKEHU) CO CTOPOHBI 3(PHpa, TO aTOMBI M COCTABIISIIONIUE WX
«4aCTHUIIB» MPOCTO HE CMOTJIA OBl CYIIECTBOBAThH JIOKAIM30BaHHO. Kpome
TOTO, TaKO€ OUHAMUYEeCKOe PAaBHOBECHE HMPUHUUNUAIBHO BO3MOXKHO
JUIIb B pPeanvHO CHAOWIHOU (HenpepbléHoil, KOHMUHYAIbHOI) YRpy2oil
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cpede. 11 Takyr peasibHO CIUIOIIHYK) YIPYTYIO NPUPOAHYHO CpEny Kak
duzuueckylo nepeoocrHogy BCETo CyIIETO Mbl U MOKEM Ha3BaThb 3hupom.

W, HakoHeIl, 0c000 noduepkHém CIeIyrolee CBOMCTBO Takoro d¢upa.
Obnamast OrpOMHOM  YNPYroctelo, d>QUp mMpaKkmuyecku noumu
Hecocumaem. B TO Ke Bpems, OH NPAKTHUYECKU HOUMU HeE OKAa3bléaem
conpomuenenua coeuzy. VIMEHHO 53THM €ro CBOWCTBA W SBISIIOTCS
HPUYUHOI TOTO, YTO CAMOO8UdICEeHUe MaTepuu-3hupa U MOXKET OBITh
MIOCTPOCHO JIMIIb HA OCHOBE €ro JIOKAIU308AHHO20 6PAUAMEIbHO20
nBwkeHus. ['eomeTpuyeckn Takod (OpMOM NBUKEHHUS, CIHOCOOHOW K
CamMONOKAIU3ayUuY WU SIBISIETCS MOpOoudaivHvlil uxpsb. CleaoBaTEIbHO,
BCE MPUPOIHBIE (HU3NIECKHE OOBEKTHI TOKE U JIOJKHBI OBITh IOCTPOCHBI B
CBOEI OCHOBE M3 ITOr0 CAMOJBHMKEHHSA 3(PHUpa Kak €ro OIpeacsi€HHbIE
2eomempuueckue GOpMbl.

NMeHHO Takoe TOPOMAAIBHOE BHUXPEBOE ABUKECHHUE HENpepblHOll
ynpyzoit cpedvl 1 0051aJJaeT PealibHO CIIOCOOHOCTHIO CAMOJIOKAIU30BaThCS
U CMEIAThCS JIMHEWHO, T.€. CIIOCOOHO K PEaJbHOMY CAMOOBUNCEHUIO, A
TaKk)Ke CIIOCOOHO noasapu3zoeamsp BOKPYT ce0si (U3NUECKOE MPOCTPAHCTBO.
Torna u nepeiiéM HEMOCPEACTBEHHO K d(PUPHBIM BUXPSIM.

D¢dupHple BHXpH Ha (QYHIAMEHTAILHOM  YPOBHE JIBMDKCHUS
OTJIMYAIOTCS OT HAOJFOIaeMOTr0 MPOCTOTO BPAIICHHS B XUIKOCTH WIHA B
raze. Takoil 3JeMEHTApHBIA 2upHbill 8UXPL 6 eude Mopouda co CBOUM
TOPOBBIM BpAIICHUEM U €CTh DJIEMEHTApHOE 8030yxcoenue >pupa, puc. 1.

\( pacxoosujuecs
- / \ 8mMopuuHble
r vV euxpu
& nepeudHbIl 8UXPEBOU
mopouo

Puc. 1. DdupHblii TOpOMIANbHBII MUKPOBUXPH C JIBYMS pPaBHBIMH
paauycaMy BpallleHHs (clieBa €ro IONepedyHoe ceueHue); Br —
IICEBAOBEKTOP TOPOBOM MArHUTHOW MHAYKIHMH IO KOJIBLIEBOW OCH BUXPAI.

Takoi TOPOMIAIBHBIN BUXPh MOXKHO HA3BAaThb KEAHMOM WIW YCIIOBHO
eonnoiui-kopnyckynou. TopoBoe BpameHue ero (e€) Macchl BOKpPYT
KOJIBLIEBOM OCH M CO3JAET TOPOBYIO MAarHUTHYIO HUHAYKIUIO Br. Ha3zoBém
Takol S(QUPHBIA BHUXpPh TOPOUIOM (WM S(PUPHBIM KBAHTOM) HEPEO20
muna.
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3a cu€T nelcTBUS LEHTPOOEKHBIX CUJI MPU BPAIIATEILHOM JIBHXKCHHUH
IUIOTHOCTh MAacChl BHYTPHU TMEPBUYHOTO BUXPS CHUIKAETCS, CO3/AaBas
paspescenue B HEM, U BCS €0 6030yxcoaemasn macca KOHLCHTPUPYETCS
10 NO8epXHOCMYU TIEPBUYHOIO TOPOW[A, YIUIOTHAS €€, YTO U CO3JaET
JTUHAMUYECKOE PABHOBECHE CaMOM ero (popMbl BpalllEHHs C OKpPYKaroUei
ynpyeou cpenoi. U xotsd apup nmpakTHYECKH MOYTH HEC)KUMAEM, HO BCE e
Ype3BbIUAHO  Majble  YIOpPYyrue€  HU3MEHEHUs  €ro  IJIOTHOCTH
pacpoCTpaHAThCS OT YCIOBHOM MOBEPXHOCTU MEPBUYHOTO BUXPSI OYAYT.

OnsTh e, TOYTH HE OKa3bIBasi CONPOTUBIICHUS CIBUTY, 3PUp BCE ke
yBJIEKAETCs Bpalllalolieiicss Maccol MEepBUYHOTO BUXPS M, CHAPYXH €ro
MOBEPXHOCTHOI'O CJIOSA, YTO M TNOPOXKAAET HAa HEM pPACXOASIIHECS C
OTPOMHOM CKOPOCTBbIO BTOPHYHBIE TOPOUJAIBHBIE BUXPU C 3aKOHOMEPHO
YMEHBLIAIOLIEHCS YK€ CBOEH Maccoil M IUIOTHOCTBIO, @ BO3MOXHO, U
«rmoBepxHoCcTsIMW». OOmas MX Macca my, CTAaHOBUTCS paBHOM Macce
NEPBUYHOTO BUXPS, T.€. M, =My . DTO CIEAYET W3 TOro, 4TO OOIIYIO
Maccy BTOPUYHBIX BUXPEU COCTaBIIIET UMEHHO Macca 3(upa, BRITECHsIEMast
U3 TEPBUYHOTO TOPOMJA IEHTPOOEKHOM CHJION B TIpolecce €ro
6030y)cOeHus,  CONPOBOXKJIAIOIIETOCS  HEMPEPHIBHBIM ~ OOHOBJICHUEM
Mmacchl. M XxoTs ckuMaeMocTh 3(upa U CONPOTUBICHUE CABUTY HUYTOMXKHO
Majbl, HO OHU BCE XK€ CBUIETEIBCTBYIOT O TOM, YTO 3(Up SBISETCS
PeanvHoill, a He BBIMBIIUICHHON UICAIBHOW, (huzuueckoii cpedoi.

C o1HOHM CTOPOHBI, BTOPUYHBIE BOJIHBI HA IEPBUYHOM TOPOUIE MOMKHO
paccMaTpHUBaTh KaK HPOOOabHbIE Ynpy2ue mopouddaivbHble 80IHbL B YPUPE,
BO30YXKIaeMbIC NepeUYHOl MOPOUOATbHOU BOJHOU C JIMHON A, =24 H
conpoBoxaapmue e€. Ho 1Mo OTHOWIEHHIO K HPOOOTIbHOMY O08UNCEHUIO
6uUXpA 6 yeaom UX MOXHO pacCMATpUBATh U KaK HoOnepeuHbvle 0JIHb,
UCXOJSAIIUE OT JUHEHHO CMEIIAIOIIEroCsl IEPBUYHOTO TOPOUIA.

Bpamienue Macchl BUXpST M €r0 JMHEHHOE JBW)KCHHE O0JIaJaroT
sHepruen. OTHecEM e€ K BUXPIO (KBaHTY) KaK OOBEKTY M HA30BEM €20
Hanpaxcenuem. Eciiu macca KBaHTa m,, @ CKOPOCTh €€ BPaIaTeIbHOTO U
JUHEWHOTO ABW)XKEHUU V, TO oOlee HanpsdiceHue, BOSHUKAIOIIEE B BUXPE,

2

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

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

HaANPsDKEHUS BUXPsI NPUIAET EMY moposoe epaujeHue, a BTopasi IoJI0OBUHA
KUHETUYECKYIO SHEPTHIO JUHENH020 cmeujenusn. O003HAUNM HampsKeHUE
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JIMHEWHOTO CMEIIEHUS BUXPS CUMBOJIOM ¢, W HA30BEM KUHEMUUECKUM

HOMEHYUAIOM KBAHTA BO30YKIEHHUS, T.C. ¢, =Mm\V>/2,

[InoTHOCT, MHPOBOTO 3hUpa MOXKHO pazdenums HA €ro YCIOBHO
nOKoAWYCA ()OHOBYI0 Y BPALIAIOIIYIOCS, T.€. MEXAaHUYECKU aOCOII0OMHO
osuwxicyugyroca Kunemuueckyrw dactu. Ho Bcerga mpu 3TOM cienyeT
IIOMHUTB, YTO 3TO 06€ Yacmu eOuH020 Ue1020, KOTOPOE U MOKHO Ha3BaTh
pealbHbIM  MHUPOBBIM B  LEJIOM  HENOOBUMCHBIM  AOCOIIOMHBIM
¢uzuueckum npocmpancmeom. Ero coctossHue, Kak B LIEJIOM, TaK U B
10001 yCIIOBHO OTPaHWYEHHON 4YacTH, (U3WYecKu XapaKTepusyercs,
KpOME MAacCOBOW IUIOTHOCTH, TakKK€ YJEIbHBIM (Ha €IUHUIy O00BEMA)
SHEProcojJiepKaHueM W,, MPUIAIIMM €My YIPYrocTh, O YEM YXKe
YIOMHUHAJIOCH BBIIIIE.

VYaenbHOe 3HEprocoiepx aHue MHUPOBOrO 3PHUpa B LEIOM W, TaKKe
MOYKHO pPa3/iejMTh Ha YICIbHOE ¢hoHo6oe >HeproconepkaHue W, (Win
¢onosyro ynpycocmsv) v Ha KuHemuueckoe JIaBIIEHHE W, OT BCEX
pearbHBIX KUHETUYECKHX JABWXKEHUU »dupa. [losTomy u B KaxaoMm

YCIIOBHO  OTPaHWUYEHHOM  JJIEMEHTapHOM  00BEME  (PU3UYIECKOTO
IIPOCTPAHCTBA €T0 MOJTHOE yISIbHOS SHEPrOCoAepKaHue W, =W, + W, . (1)

Ecnu paccmatpuBath Bech 3GUp B LIEJIOM KaK 3aKPBITYIO0 TUHAMUYECKH
PABHOBECHYIO CHCTEMY, TO BITOJIHE JJOTUYHO MPEIOIOKUTH, YTO BEJIMUUHA
W, nocmoanHa 1o Bcemy 00bEémMy adupa. Ho mokanbHO €€ cocTaBistonye
W, U W, MOTYT B3aUMHO WU3MEHATHCA. M POMCXOIUT ATO, TIPEKIIE BCETO,
Ha ITOKA3aHHBIX BHIIIE AJIEMEHTAPHBIX TOPOUAANBHBIX BHUXPSAX, KOTOPBIC
YCIIOBHO MOXHO CUWTATh ¥acmuyamu i dOUPHBIMUA KOPHYCKYAAMU.

MBICIICHHO 3aKIIFOUYUM TOPOUIAIbHEIN BUXPh (puc. 1) Kak ObI B cdepy
ero BpamieHus. [Ipu aTom B coorBeTcTBHM € (1) B 3TOM yclioBHOM cepe 3a
CUYET KHHETUYECKOTO BpPAIIEHUS MacChl 3upa TOPOHIa YCTAaHABIUBACTCS U
JOoKajibHas (oHOBas yMNpyrocTb W, =Ww,—W,. Ha30BéM 3Ty OTBETHYIO

peakuuio Mmuposozo >pupa pazpericenuem ezo ynpyzocmu B chepe
BpalieHusi Topousia. A caMy 6eluuuHy pa3pexdceHus BbIPa3uUM Kak
W,, =W, —W,. TO €CThb YHMCIEHHO W,, =W, , YTO MOXHO Ha3BaTh CBOETO

pona pagencmeom oOeiicmeus u npomuegooeiicmeusn. OIHAKO U BHYTPHU
cdepsl BpallleH!s MacChl TOPOUIA Pa3peKEHUE YIPYTOCTH U KUHETHIECKOE
JIABIICHUE yaHce OyOym umems ONPECIEHHOE PacIpeeICHUE.

[Ipexne Bcero, paspescenue ponoeoil ynpyzocmu 3aXBaTbIBaeT caM
TOPOU]I MPU BO30YKJACHUHU €r0 MacChl. A 3a CUéT NEeUCTBUS LIECHTPOOEIKHBIX
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CHUJI OHA TIPU ATOM KOHIIEHTPUPYETCS y CaMOH YCIOBHOU NOBEPXHOCMU
topoua. C 0JIHOM CTOPOHBI, KaK YK€ M OTMEUajoCh BBIIIE, 3TO MOBBIIIACT
e€ TUIOTHOCTH U coxpansieT ¢popmy Topouaa. C npyroit CTOPOHBI, 30eCh Hce
MpPONOPLUHUOHAIBHO  KOHYeHmpupyemcsai W W,, a 3HA4uUT, W
paspesxccennocms ynpyroctu sdupHoro ¢GoHa Topouja. A 3TO, B CBOIO
ouepe/ib, CIOCOOCTBYET U MPUTOKY BHOBB BO30Y K1aeMOil Macchl Aupa u3
€ro 00uieit niomuocmu B 00HEM, 3aHUMAEMbI TOPOHUIOM.

Ha puc.2 BuaHO, 4TO CTpEIKHU TOPOBOTO BpPAIICHUS CJIeBa HaIlpaBJICHbI
HaBCTpeuy APYr APYTry, UYTO CO3MAET 3/1€Ch MOBBIIICHUE KUHEHUYECKO20
oagnenusa >pupa Ha Buxpe. CrnpaBa CTpelKd BpalleHUs pPaCXOAATCA —
3IeCh CO3MaCTCs paspedriceHue KUHemuueckozo oaenenHusa B dpupe Ha
Buxpe. [Ipu 3TOM, ¢ 0JIHOI CTOPOHBI, CITpaBa Ha TOpoue (KaK ObI CIICpEIH )
CHJIa JaBJICHHS Ha HErO CHuUMcaemcs, 4to yxe B coorBerctBuu ¢ (1)
noevtuiaem 30ecv ¢onosyo ynpyeocms. C Jpyrol CTOPOHBI, CaMoO
MHEPIIMOHHOE TOPOBOE BpPAIICHHE CBSI3aHO C YBEJIMYEHHUEM IOCTYIUICHUS
sadupa Mo HEHTPaJIBHOM OCH TOpOUJA B ATy 30HY, YTO TAKXKE BBI3BIBACT
371€Ch pocm e20 naomuocmu u ynpyzocmu. IloaTomy s3pup, pacrexascs 1o
BHCIITHEH MMOBEPXHOCTH TOPOMIA, KaK ObI OMBIBAET €T0 M, YCTPEMIISISACH K
LHEHTPY, Hoebluiaem 30ect KUHemuueckoe O0aeneHue, CHUICaAsA mem

camwvim honosyio ynpyzocms cieea (czaou) mopouoa, puc. 2.
paspescenue GoHoeot ynpy2ocmu 8 mopouoe
epawarowaicia macca mopouda
(moposoe 8paujerue)
30HA CHUMNCEHUA KUHemu4ecKkoco 0618]Z€HM}1

>

Vv U nosviuleHus hoHo8ol ynpy2ocmu
YnaomueHue dQpupa Ha euxpe

(e20 ycnosHas no8epxHoCcmy)
30HA NOBbIUEHUS KUHEMUYECKO20 OA61eHUs

U NOHUMCEHUSL YOHOBOU Yynpy2ocmu
Puc. 2. Cocrostnue s¢pupa BOKPYr BHUXPEBOTO TOPOHU[A; BTOPUUYHBIC
BUXPH, UCXOJISIINE OT MEPBUYHOTO YCIOBHO HE TTOKA3aHBI.

[Ipu sTOM 3a cuém paznocmu KuHemuyecKux Oaej1eHUll CIeBa U
CIIpaBa Ha TOPOUJE CO3MAETCS AKMUBHAA CUNG BIIOJb €r0 LIEHTPAJIbHOU
ocu. OHa TOJIKAaeT €ro BHEPEN, MPEoAoJieBasi CONPOTUBICHUE MACCUBHOU
Cu1pl VHEPIIMM, BO3HUKAIOUIEH 3a CUET mepenada ynpyzocmu oH08020
3¢hupa crpaBa U cieBa. IJTO M €CTbh PABEHCTBO [elcTBUS U
NPOTUBOACHCTBHS CUJI AKTUBHOW M MMaCCUBHOM UHEPLUM HA TOpOU/e.

Ha30BéM  axkTHBHYXO CUJIly HMHEPLUUMM HAa  MHUKPOBUXPE  €ro
HaAnpsAX3CéHHOCMBI0 BIOJb I1EHTpadbHOM ocu. OHa Kak Obl KaTUT €O
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CKOPOCTBIO V BHUXpEBOM Topou; BHepén B oOmel macce sdupa Kak
MPOJIOJIBHYIO YIOPYTYI0 TOPOMAANbHYIO BOJHY. [lpu 3TOM Kascoan
YacCmMuYKa mMaccovl Ha TIOBEPXHOCTH TOPOUJA OBUMCEMCA NO UUKTIOUOHOU
6osHe ¢ niepeMeHHon oT 0 70 2V CKOPOCTHIO BIOJb IEHTPAIBLHOW OCH, a
BCSI €r0 Macca 3a KaXAbli IIUKI TOPOBOTO BpallEHUS MPOXOJUT uepes

LEHTP TOpOUJa C aOCOIOTHOM CKOPOCTHIO 2V, puc. 3.

1 1
\ \' \'

—> Vv ——> 2V
2 2

x |/

Puc. 3. Kaxpnas yactnuka Maccbl TOPOH/IA, ONKUCHIBAS NIPU JBHKCHUHU

UKJIOUTY, B TOJOXEHUH | Kak Obl OCTaHABIMBAETCSA, a B MOJOXKEHUHU 2
pUOOPETAET CKOPOCTH 2V.

MoXHO cKa3aThb W TakK, 4TO TOPOHJ, Macca KOTOPOTO HEMPEPHIBHO
COBEPIIACT HPOOOJIbHbIE KOJlefaHusa, Kak Obl KAaTUTCS CKBO3b OOIIYIO
Maccy MUPOBOIo 3¢upa 3a CUET CBOETO KuHemuuecko2o nomenyuana. OH
OpUJaeT €My HMIYJILC MV U TO, YMO CYUMAEMCA KUHETUYECKOU

2
m,v

DHEPIrUuen ero JMHEUHOro ABvxeHus W, =

Ho em€ pa3 HanmoMmHio, 4TO 3TO HE SIBIAECTCS KUHETUYECKOU HEPrUEH
YUCMO MEXAHUYECKO20 TUHEHHOTO JIBIKEHUsT Macchl 3¢upa. Korna Buxpb
JIBUKETCS] JIMHEWHO CO CKOPOCTBIO V, TO 3TO O3HAYAET, YTO BPAILICHUE E€r0
Maccel (6030yoicOeHue) HENPEPhIBHO Mnepedaémca BCE HOBBIM M HOBBIM
nopiusaM 3(dupa, 3aXBaThbIBAEMBIM 110 XOAYy IBMKeHHUS. Hampsok€HHOCTH
a(UpHON MacChl BUXPsI B €r0 TOPOBOM BpAIlICHHH TI0 CAaMOM €ro MpUpoje
(kax aKkmuemnasa cuna umHepyuu), HEIPEPHIBHO PACKPYYHUBAET C
IEHTPOOCKHBIM YCKOPEHHUEM BHOBBH 3aXBaThIBAEMYI0 W BO30YXKIAEMYIO
Maccy sdupa BUXpPS mM,, U HEMNPEPHIBHO CMEIIAECT 3TO B030)VJCcOeHUE

Briepén. CompoTHUBICHUE PACKPYUYMBAHUIO U JIMHEWHOMY CMEIICHUIO CO
CTOPOHBI HETPEPHIBHO BO30YXKIaeMOW Macchl 3Pupa U €CTh TO, YTO MBI
JIOJDKHBI CYUTATh RACCUGHOU CUIOU UHEPUUU.

Kak u3BeCTHO, B KJIACCUYECKOMW MEXAHUKE JI0 CHUX IOp HE pelleHa
npobsieMa ¢puzuueckou cymu unepyuu Maxkpockonuueckux ten. Ho ata
npobJjieMa permraeTcsi, €Ccild OCO3HaTh, YTO BCE TeJla Ha MHUKPOYPOBHE
MOCTPOEHBI HA OCHOBE BUXPEBBIX O6UMHCEHUII MATEPUAIIBHOUN CpElibl, KaK U
npennoioxun emé B cBo€ Bpems Pene Jlekapt. Kazanock Obl, mocie Toro,
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KaK OBbLIO YCTAHOBJIEHO, YTO U B COCTOSIHUM TOKOSI BCE Tesa 001alaroT
OTPOMHOM BHYTpPEHHEH »Hepruei, sTa mpodsiemMa BCKOpE AOKHA OblLia
pemmThes. Ho 3TOT0 HE MpOM30IUI0 UMEHHO M3-32 YCTPAaHEHUS U3 QU3HKU
apupa Kak BceoOBEMIIONIEH MHPOBON cpeabl — (U3HYECKOW OCHOBBI
(cybcTpara, maccel) camoro ¢unmocodckoro moHATHs MaTepun. Kak ckazan
emé Ha 3ape 20 Beka BceM M3BECTHBIM Kiaccuk nuamara B.U. Jlenwn,
«MaTepus Ucyesiia — OCTAIUCh OJJHU YPABHEHUS.

HpI/I PaCcCMOTPCHUN ABHIKCHUA BUXPA IIPOCTO U HATI'TIIOHO PCIIACTCA U
HpO6JICMa MAZHUMHOU undymguu, KOTOpas ABJIACTCA OIIHOﬁ N3 OCHOBHBIX
BCINYHUH COBpeMeHHOﬁ QJICKTPOANHAMUKHU. Ecau wmacca ICPBUIHOIO

m .
TOPOHIA BUXPS M, = 7’( , @ OKpYXHasi CKOPOCTb €€ TOPOBOI'O JIBUKEHHUS V,

o o m.v
TO TOPOBBIM BCKTOPHBIM IIOTCHOHAI BHXPA A.r = 2|Kk|' A Mar"HurtHas

HHAYKOWA BHYTPHU BUXPCBOI'O TOpOHAdA MATCMATHYCCKH OIIMCBIBACTCA KaK
POTOpP BEKTOPHOTO MMOTCHIIMAJIAa HA pauyCe BUXPs I, T.C.

27rm,v.- myv. Mo
= rotA, = = = 3
SO =k Tkl K] ()

2l
N UMCCT Pa3MCPHOCTb T MaruauTtHas HWHAYKOUA B YC/I06HO ABIISICTCA
CceK

BEKTOPOM (TICEBJOBEKTOPOM) M €r0 HAMpPAaBIICHUE VCIOBHO OMPENEISETCS
BpaIllEHUEM MaccChl B BUXpe. ECIM CMOTpETh CO CTOPOHBI CTPEIKHA BEKTOpA
B, TO BUXpb IIPU 3TOM BCErAa BpallaeTcs MPOTUB X0/1a YaCOBOW CTPEIIKH.

Hanpsok€HHOCTh E7 (aKTUBHYIO CHITY MHEPLUH), 8PAU4AIOULYI0 MACCY
KBAaHTa U T€M CAMbIM CO3JAIOIIYI0 €r0 TOPOBYIO MAarHUTHYIO HHAYKIUIO
Br, onpenenuM YUCIEHHO KaK OTHOIICHUE HANPANCEHUA 8PAULEHUS BUXPS
K JIJTHHE €r0 TOPOBOM OKPYKHOCTH (pHC.2), BOKPYT KOTOPOH CO CKOPOCTHIO

2
m, Vv
V M BpalllaeTcsi BCA Macca KBaHTa, T.e. E, =——*——. Eciu onpeaenuThb
2.27r | K|
22 E m, v’ 0 mV/r |k m,v?
rotg; = ——T-=—F B, _myirlk]_ “—, TO W IIOJYy4YHM, 4TO
art|k| 2ar|k| ot 2ar v 27ar° | K |

. - OB
BEKTOPHBI Br 1 E7 CBSI3aHbI MEXKIy COOOM COOTHOIIIEHUEM FOtE, = % .
AKmuenoii cuie WHEPUUU B BUXPE HPOMUBOCHOUmM TaKas Xe IO
HEIPEPHIBHO BO30YK1aeMOM €ro
__ 0B
%

Tnac ~—

BEJINYMHE HACCUGHAA CUIIa UHEPIUU E,

nac

Macchl. J[Js He€ MOKHO 3amucaTh YK€ COOTHOIIEHUE TOtE
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B snektpoanHamuke 310 Ha3biBaeTcs 3akoHOM Dapanes. M Mbl BuguM,
YTO JIEWCTBUTENILHO B BUXPE aKTUBHAS HANPSKEHHOCTh E; MOPOKAACT €ro
BpaiieHue (T.e. MAarHUTHYIO HMHAYKIHUIO B ), a OHO (BpallleHHE) W
MOPOXKIAET, B CBOK OYEpPEdb, CaMy AaKTHUBHYIO HaIpsKEHHOCTb. OHHU
CYILIECTBYIOT B BUXpPE B CBOEM eduncmee. B 5ToM U 3akiouaercs cam
ouanekmudeckuti PU3NYECKU MEXaHU3M TOJEPKAHUS OUHAMUUECKO20
Camoosudcenus B IPUPOLE, ET0 CAMOOPZAHUZAUUL.

B ¢usuke BBemeHO emié U TOHITHE MaAmeMamuyeckoz0 HOMOKA
eéexmopa pomopa. 11py 3TOM YUCIIEHHOE 3HaYEHUE POTOPA YMHOKAETCS Ha
IUIOINAb CCUYCHUS, B KOTOPOM OH ompenesiéH. A u3z dopmyinsl (3) mis
poTopa Ay BHIHO, YTO MOTOK @7, HAlpUMEp, B HAILEM CJIy4ae BEKTOpa
MarHUTHOM UHAYKIIUU B7, paBeH HUPKYISAIUNA BEKTOPHOTO MOTEHIMANA A7

Ha paguyce I, T.e. @, = % 4)

YtoOBsl TOpOHMIANBHBIN A(PUPHBIA MHUKPOBUXPb MOT HOAAPU30EAMD
BOKpYT ce0s MPOCTPAaHCTBO (a TOYHEE, COCTOsiHUE 3dupa), OH JOJIKEH
UMETb HO Cc60ell npupode €IIE U KolbUesoe 6paujeHue BOKPYT
LEHTpaJIlbHONH ocu. I B peaJibHO CIUIONIHOW Cpele TaKoe HPpUpooHoe
BpallleHUE PACCMOTPEHHBIX TOPOUAOB €MIE U BIOJIb UX KOJBLUEBOM OCHU C

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

Kol

MOMEHTOM P, I =MVE OPUHIMIHAIBHO BO3MOXHO. Takoi Topousa Oyaer
UMETh €I W DHEPIHI0 CBOEro KOJBIIEBOTO BpamieHus W, =mVv’/2 u
NOJHYIO0 3Hepruto W, =15m,v’. Ha30BEM ero Topouaom emopozo muna. 3a

CYET KOJIBIIEBOTO BpAIIEHUS €TI0 MAacChl OH OyAET UMETh €I1I€ 1 MarHUTHYIO
WHYKIINIO, HATIPABJICHHYIO BJ0JIb LICHTPAJIBHOW OCH. A camble MaJbie 1O
Macce M pa3Mepy B MPUPOJIE TAKUE CTPYKTYPHI SOUPHOTO TUHAMHYECKOTO
CaMOJBWKECHUS, HMMEIOIINE CKOPOCTh CBOEr0 JIMHEWHOTO JIBUKEHUS,
PaBHYIO CKOPOCTH CBETa €, HA30BEM MOPCUHO.

Ho npuHuMnuanbHO BO3MOXKHa U 0OoJjiee CIOXHasg MPUPOAHAs
CTPYKTypa JIOKAJIM30BAaHHOTO JIBMXKEHHS 3pUpa, KOTOpasik MOKET COCTOSITh
YK€ U3 08yX MUKPOGUXpeEll NEP8020 MUnA — BHEIIHETO U KOJBIEBOTO.
Takyio OoJiee CIOXKHYIO MHUKPOBHUXPEBYIO TOPOUIAIBHYIO CTPYKTYpPY
NBIDKEHUS 3(]upa ¢ COOCTBEHHBIMU KMHETHMUYCCKHUMHU TMOTCHIIMATIAMH, KaK
BHEIIIHETO, TaK M BHYTPEHHETO BUXPEH, HA30BEM TOPOUAOM HMIPEMbe20
muna. Ilo3TOMy nanee pacCMOTPUM MOPCUHO UMEHHO C MAaKoil
CMpPYKmypoil 0gudxcenusa. XOTs 3TO YK€ U €CTh TOT YPOBEHb JBUKECHUS
a¢upa, KOTOPBII Mbl MOKEM PAacCMAaTPUBATD JIUIIb YUCHO MEOPEemuYecKu
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B KayeCTBE HMpUPOOHOU ¢hopmebl IBIKeHUS dPupa HA camMoM
dyHIaMEHTAILHOM YPOBHE CYIIIECTBOBAHUS MaTCPHUH.

Ha pucynke 4 mokasaHo .1egoe 3(UpHOE TOPCUHO, 006G €TO BpaICHUS
aeBbie. OHO COCTOUT U3 GHeUiHe20 TOPOUTAIBHOTO BUXPS C paguycaMu I u
BHYTPEHHETO TOXE TOPOUIATBHOTO KOIbYe8020 BUXPS C paauycamu I/2.

8MOpUYHbIE BUXPU
BHEWHULL BUXDD

r —>»C

| L By
~ KOJIbYe80U BUXDY

Puc. 4. JIeBbI1il 3QpupHBINA TOPOU TPETHETO TUIA (TOPCUHO) B pa3pese.

KpecT B HM)KHEW 4acTH MOKAa3bIBAET, YTO KOJbLEBOW BUXPb (IIOKa3aH
Oonee TEMHBIM) JABMXKETCS BHYTPM BHEUIHEro BUXpst OT Hac. Eciu
IIOCTaBUTh NIEPEJT JEBBIM TOPCUHO 3€PKAJIO CO CTOPOHBI CTPEIKH C, TO MBI
yBUAUM B HEM 00a MpaBbIX BpaILEHUS MPAaBOrO0 TOPCHUHO. TO €CTh OHO
ABJIETCS 3€PKAJIBHBIM 10 OTHOLLEHUIO K JIeBOMY. byziem cuutaTh, 4TO OHU
COCTaBISIIOT MEPEblil yPO6eHb CTPYKTYpHOTO JABWXKEHHS d¢pupa. Hx
CTPYKTYpPY ABUKEHUS U PACCMOTPUM JaJiee.

Tak Kak KOJIbIIEBOM BUXPb HAXOJIWUTCS B JOBOJIBHO YIUIOTHEHHOW Kak
OBl «CKOpJYIIe» BHEIIHETO TEePBUYHOTO BHUXPS, TO OH YK€ HE MOXET
BO30YXKJIaThb CBOM COOCTBEHHBIC BTOpPHYHBIC BUXpH. [103TOMY OH COCTOUT
TOJIBKO M3 IEPBUYHOTO TOPOUAA, B KOTOPOM M CKOHLIEHTPUPOBAHA BCS €r0
Macca. Ho ero naBW>KeHHE BHYTPU BHEIIHErO TEPBUYHOTO TOPOUIA,
MOPOKAAET W KOJBLEBOE BpAICHHE BHEIIHETO TOPOHUIA BMECTE C
PACXOSIIUMUCS OT HETO BTOPUYHBIMU BUXPSIMU. ITOMY CIIOCOOCTBYIOT U
IEHTPOOEKHBIE CUJIBI OT BpAIIEHUN KOJBLIEBOTO BHUXPS. A TMOCKOJBKY
paanychl Bpall€HUsl KOJIBLIEBOTO TOPOMJA B JIBA pa3a MEHbLIE PaJInyCOB
NEPBUYHOTO TOPOUJA BHELIHErO BUXPs, TO €r0 Macca B JiBa pasza OoJibllIe,
yeM y BHemHero. OTcro/ia Macca KOJIblIeBOTO Topouaa kBanta m, =0,5m,,

Macca IIEPpBHYHOIO BHEIIHETO Topowmma m,, =0,25m,, cymMma Macc
BHEIIHUX BTOPUYHBIX TOPOUZIOB TOXKE€ paBHa 0,25m, . Macca TopcuHO m,

€CTh CyMMa MaccC BCEX €r0 BUXPEU.
Topounanbabie  3(UpPHBIE BUXPEBBIE CTPYKTYpbl C  JBOWHBIM
BpallleHHeM (II0 KOJIbI[y U TOPOBOE BOKPYT HEro), B YaCTHOCTH TOPCHHO,
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pearbHO MOryT ©0€3 MpOoTHBOpEYMil  00pa3oBBIBATH  YCTOWYHMBBIC
npupoonvlie  uHepyuonusle  GOpPMbl  JBIDKEHHUS B CIUIOIIHOMN
(KkOHTHHYaNBHOM) ynpyroil cpene. KonblieBoil BUXph TOPCHHO HPH 3TOM
NPWKUMAETCsl K OCH Bpall€HUs BHEIIHEH IMOBBILIEHHONW YIPYrOCThIO
adupa, KOTOPYIO caM K€ U TOPOKIAET CBOEH IEHTPOOEIKHOWU CHIION
UHEPIUU. OTOMY K€ CHOCOOCTBYET M KHHETHYECKOE pa3pexeHue
YIOPYTOCTH HA LEHTPAIBHOU OCH, BJOJIb KOTOPOW OH CO3AAET U MAarHUTHYIO
UHIAYKIHUIO By, To ecTh Takoil 0OBEKT MO caMON CBOEH MPUPOAE YKE U
o0nazaeT  CBOWCTBOM  OUHAMUYECKOU  CAMOOP2AHU3AUUU  CBOETO
CTPYKTYPHOTO CAMOOBUNHCEHUS.

3a c4€T TOPOBOrO BpALICHUS GHeUiHe20 BUXPS TOPCHUHO, BMECTE CO
CBOMMHU BTOPUYHBIMH BHUXPSIMH, IO €ro UEHTPAJIBHOM OCHU CO3HaETCA
AKMUGHAA HANPANCEHHOCMb, KOTOPOW OH W CMEIIAETCA BIPABO C
IIOCTOSIHHOM CKOPOCTBIO c. T.€. 6Hemnuil 6uxps 1 cO31a€T KUHETUYECKYIO
DHEPIUIO0 JIMHEWHOTO ABWKEHUS TOPCHUHO B LIEJIOM C 3TOW CKOPOCTBIO 32
2

m.cC
KZ__ A Tak Kak ero macca

CYET CBOEr0 KWHETUYECKOTO MMOTEHIHANIA @, =

PaBHa O,Smk, TO CKOpPOCTBH €TI0 TOPOBOI'O BpallCHHA, U CO3JAr0IIasA 3TOT

2 2
Kosib1ieBOM BUXph BHYTPU TOPCHUHO JBMXKETCS MO KOJIBILY, IIepeiaBas

TIOTEHIHAN, JOJKHA OBITh PaBHA ¢v2, T.€. @, =

4aCTh CBOEH DHEPIMU BHEIIHEMY BHUXPIO, YK€ 32 CUET CBOErO TAKOI'O KE
m,c?

KUHETUYECKOTO  IOTEHUMana ¢, :KT’ CO34aBa€MOTO0  CBOUM

COOCTBEHHBIM TOPOBBIM JIBUKEHHEM TOXKE CO CKOPOCTHIO c+/2. IIpH 3ToM

BCSI Macca TOPCMHO B ILEJIOM, T.€. BMECTE C €ro pacxoAsIIUMUC

BTOPUYHBIMU BHUXPSIMU, OyIE€T MUMETh CKOPOCTh KOIbUE8020 6pAaAuieHUsA

paBHYIO ¢, a KUHETUYeCKas dSHeprus e€ KOJBIEBOrO BpalleHus Oyjaer

2
W =M

Ko

OO0miee Koibyesoe BpAIlICHUE BCEX BHUXPEH, BXOIAIIUX B

TOPCHUHO, MPUAAET €MY LIEHTPAIBbHO-OCEBOM MOMEHT MMITYJIbCA, KOTOPBIU
CO3J1a€T M €ro MarHUTHYK UHAYKUHIO By, U €T0 CIIUH.

[{enTpocTpEMHUTENBHAS CUJIA, 3ACTABJISIIOLIAS MACCY TOPCUHO B LIEIIOM
BpALLIATHCA 10 KOJbIY BOKPYI CBOEH LUEHTPAIBHOM OCH, aHAJIOTUYHA IIPU
ATOM U3BECTHOW cuJiie JIopeHIa, JEUCTBYIOIIEH Ha JJIEKTPUYECKUMN 3apsl,
JIBVDKYIIMHCS B II0JIE MAarHUTHOW WHIAYKUUW. Torga 34€Chb MOXKHO
BBITIOJIHUTH CIIEAYIOIIUN PACUET.

KosbieBass MaruuTHasi MHAYKIUMA TOPCHUHO B IEJIOM, MCXOAs U3 €€
(bu3MYeCcKOi CyTH, paBHA MPOU3BEICHUIO €r0 MAaCChl HA YTIIOBYIO CKOPOCTh
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m,c

BpallleHUsl, T.€.B, =

OTCIOI[a OCHTPOCTPEMUTCIIbHAA CHJIAa paBHaA

m, c?

F:cBK:—rrkl,

T.€. YACJICHHO paBHA €ro LIEHTPOOEKHOU cuiie. A paauyc

KOJIBIIEBOTO BpAILEHHUS] TOPCUHO MOXHO OMNPENCIUTh KaK I, =§—K= r, TIe

K
m,C
k|

= - UMITYJIbC KOJIBIIEBOTO BPAIIICHHUS OOIEH CTPYKTYphI KBAHTA.
OueBuaHO, TOPCHMHO W co3aarT To, yto y [.M. IlIumoBa Ha3BaHO
mopcuonnvim nonem («BTOPOH IJIaH peaabHOCTH») [7]. JanHble 3dupHbIC
TOPOUIBI HMMEIOT pa3Mepbl HAMHOIO MEHbBINE KIACCHYECKOTO paauyca
SJIEKTPOHA I,, © MACCY HAMHOTO MEHBIIIE MACChI TIOKOS 3JICKTPOHA M, .

Wmest MarHUTHYIO UHAYKIMIO By, KOTOpas u noysipu3yet 3(pup BOKpyr
HEro, TOPCUHO, 110 CYTH, CTAHOBUTCS 3/1EMEHMAPHbIM MAZHUMOM. JIeBbIe
U IIpaBble TOPCHUHO, 3aIOJIHAA BCE MHUPOBOE (PU3MUYECKOE IPOCTPAHCTBO,
00pa3yroT B HEM Kak Obl MACHUMHbBLI KoCMuuecKuil mopcunnulit 2az.
€CJIM UX CKOpPOCTb JBMKEHHUS PaBHA CKOPOCTH CBETA C, TO Ha UX OCHOBE
MOXHO H@A2/1A0HO TIOCTPOUTH B3JEKTPOMArHUTHBIE MOJSI, 4YTO U OyJer
MOKa3aHO B OTAENbHOW padore. A mo o0Opazy ¥ NOAOOHI0 TOPOUIOB
6MOpP020 muna MOXHO TOCTPOUTH DJIEKTPUUYECKHUE 3apsAlbl, a TaKkKe
CTPYKTYpBl JBUXEHHS HEUTPUHO, (OTOHOB M JPYIHX 3JIEMEHTapHbIX
KOPITYCKYJIIPHO-BOJIHOBBIX OOBEKTOB H0J1ee 6b1COK020 YPOGHAL.

Bce gewecmeennvie snemMeHTapHble yacTHIIBI U (PU3UYECKHE Tela U3
HUX MMEIOT JIEKTPOMAarHUTHYIO npupoay. M nBmkeHUs paccMOTPEHHBIX
TOPOUJIOB, a TAKXKE TOPCUHHOIO MAarHUTHOT'O Ta3a YK€ U MOTYT JIeXkaTh B
OCHOBE BCEX Ha0JII0JIaeMbIX BEIIECTBEHHBIX sIBJIEHUI. B TO ke Bpems, ero
JBWOKCHUS, 00Jafasi akmueHOoU uHepyuell, IPOTEKAIOT BCE Xe 6 cpede
HEIOJBH)XHOTO B LIEJIOM POHO6020 Mup0o602o 3¢hupa, BHOCSA CBOU BKIAJ B
€ro KOJIOCCAJIbHYIO ymnpyroct. HO nomenuyuanvnyro >HEpruro ero
YOPYTOCTH CO3JAI0T W YNPYTHE BOJIHBI, HUCXOIAIINE OM 6Cex BUXPEU
CaMOT0 Pa3HOTO YPOBHS, 3AMOJHSIOIIUX BECh 6 UEI0M HENO0OBUIHICHDLLIL
MUpOBOil 00bEM (oHOBOro sdupa. B TO XKe Bpems, camu ynpyrue
TOpOUJAIbHBIE BOJIHBI CYIIECTBYIOT B aupe Onarogaps ero ynpyroctu. 1
ATO TOXE OJHO W3 MPOSIBICHUU Ouanrexkmuxu (PU3NUECKOTO MEXaHU3Ma
IPUPOAHOTO OUHAMUYECKO20 CAMOOBUIICCHUA Mamepuu-igupa-maccol,
NPUBOJISINEE K CO3JAHHUI0 B TMPHPOJIC CaMbIX pa3HOOOpa3HbIx e€ (ero)
bopM cmpykmypHoit ounamuueckoil camoopanu3ayuy pa3Horo ypoBHsI.
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3aJII0YeHue.

WTtak, B paboTe KpaTKoO, MOKA JIHIIb B OCHOBHBIX UePTaX, U3JIOKEHBI TC
OCHOGHble hu3zuuecKue NPUHYUNDL, HA KOTOPHIX MOXKET OBITh MOCTPOCHA
bu3nUeckas MOICIb MUPO3aHHsI, HCKITFOYAIONIast KaKue-I11u00 BHYTPECHHHE
OpOTHBOPEYHs B Hel. MCXoms U3 3THX MpUHUUNOE, CIICAYET CTPOUTh H
0053aTCIIbHO HA2/IAOHbIe MOJCITH PAa3IUYHBIX (DHU3UYECKUX SIBICHHHA U
TCOPHH TSI UX HOHUMAHUA, MATEMAaTHIECKOTO ONUCaHUs U pacuéra. [Ipu
9TOM, KOHEYHO e, He OyJeM HCKIIIoYaTh BO3MOXKHOCThH JajbHEHIICH
KOPPEKTHUPOBKHU PACCMOTPEHHBIX 3/1€Ch HIICH.

Bce (usuueckue sBICHUS CYIIECTBYIOT M NPOTEKalOT B Mupe, T.e.
onamca [8], Oyaydn TeMH WIM WHBIMH CTPYKTYPHBIMH (hopMaMu
JTUHAMHYECKOTO CaMOJBIDKEHUsT MaTepuu (ddupa-maccel), B e€ (ero)
a0COJIIOTHO HEMOABIKHOM B IIEJIOM (DH3UYECKOM MpocTpaHcTBe [4] u
a0CcomoTHO TekymieM BpeMeHu [8]. Ho HaOmiomaTh W Mo3HABaTh UX MBI
MOXEM TOJIbKO 4Yepe3 TO, KaK OHU HPOAGIAIOMCA (u3uiecku no
OMHOWEHUI0 K HAIlUM TEXHUYCCKUM CPEACTBaM IO3HAHUSA, BKJIOYAS
TEOPETUYCCKH MBICTUMYIO abcontomuyto cucmemy omcuéma (ACO) [9], u
JIOTMYECKH TMOCIIe0BATeIbHOE, HEIMPOTUBOPCUMBOC OCMbBICACHUE DTUX
nposiBienuit [10].
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