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B.A. BAHHH, n-p texH. HayK, ripod., HTY «XI1»;
A.A. TPHT'OPBEB, actiupant, HTY «XITN»

KPUTUYECKUIA AHAJIN3 HEKOTOPBIX COBPEMEHHBIX
MOJIEJIEA ®U3HYECKOI'O TIPOCTPAHCTBA

[poananizoBaHo BifoMmi Mozeii (Gi3HYHOr0 NPOCTOPY, IO peali3yroTh Pi3Hi Teopil macuBHOro abo ak-
TUBHOIO MEXaHIYHOro cepepoBuIna. J[aHo TeopeTMyHe OOIPYHTYBaHHS Ta BKa3aHI 3arajibHi TEXHIUHI
MIPUHLMIY 3HWKEHHS 1HEPIIHHOCTI XBUIII IEPEHOCY B cepeioBUILi MakcBeria.

Ipoana3npoBaHbl M3BECTHBIE MOJENH (DH3MYECKOTO MPOCTPAHCTBA, PEATU3YIOIIHE PA3IHYHbIC TEO-
PHUM NACCUBHOM M aKTUBHOW MEXaHWYECKOH cpelbl. JJaHo TeopeTnueckoe 000CHOBAaHHE M YKa3aHbl 00-
mye TeXHUYeCKUe IPUHITHIBI CHIDKEHHS! HHEPIIMOHHOCTH BOJIHEI IIEpeHoca B cpefe MakcBea.

Analyzed by well-known models of the physical space that implement different theory of passive and
active mechanical environment. The theoretical rationale and general technical principles are to reduce
the inertia of the wave transport in the environment of Maxwell.

BBeneHue u mocTtaHoBKa 3ajgauyd. Ecium BHMMAaTenbHO NpOaHAIM3HPOBATH
MOJIST HAanpsDKeHUH u AedopmMaltuii TBEpIOro Tea, Kak 3TO CAeaHO, HapuMep, B
[1-3], To Tam MOXHO HaliTh 060cHOBaHUEe s 3P PeKTOB MekTpomarueTn3ma. Ha
9Ty aHAJIOTHIO BIIEPBBIC OOpaTuin BHUMaHUe /[wcetimc Maxceenn [4], KOTOpBIH
MIPEACTABIISUT MIEKTPOMArHUTHOE TOJIE MOJIEM HaNpsHKEHUH MEXaHHMYeCKOoro d(hu-
pa. ®usuku, paboraBimue nocie MakcBeiuia, OOBSICHSUIM aHAIOTHIO TO-CBOEMY:
3TO, MOJI, HEYIUBUTEIBHO, IOCKOIBKY MEXaHHUKA TBEPAOTO MOJUKPUCTAIITMUECKO-
ro Tena OasupyeTcs Ha YPaBHEHHSIX IEKTPOMArHUTHOTO MOJIA, HONYyYCHHBIX BCE
TeM ke MakcBemoM. B aTom onu mipaBel, HO y Maxkcsemna (u'y Aupu Ilyankape B
MoHorpaduu [5]) peds 1uia coBCeEM O APYroM TBEPIOM Telie, IEPBUYHOM B OTHO-
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IICHUH HAIEero 3JIEKTPOMAarHeTH3Ma 1 0oJiee «TOHKOM) 10 CPABHEHHIO C HAIIUMU
TBEPABIMU TeslaMH. MexaHnKa 3TOro TOHKOro tena (cMoTpu [2]) Takxke Oazupyer-
Csl Ha ypaBHEHWsX MakcBellla, HO OHH CIPABEIUIHBEI JUI APYTOro 3JIEKTpOMAar-
HUTHOTO TIOJIA, O0Jiee «TOHKOTo», ueM Hamre. OO0pa3HO ToBOpS, MBI OIPOOOBAIN
CITYCTUTBCA B MUPO3JIaHHMH HAa OJIUH 3TAXXK, HO Ha 3TOM HUCTOPUA HE 3aKAaHUMBACTCS.
[pobnemy nmyuiie npyrux noHsut [asuo I'urvbepm [6], KOTOpEIA chopmyn-
poBa me3suc o0 080UHOU beckoneynocmu. Y MaTepun, o I'misbepry, umeercs ne-
papXxudecKas MOCIeA0BATENLHOCTD BIOKEHHBIX CTPYKTYp kK, HeorpannieHHas B

00€ CTOPOHBI:
..ck,,c..ck,ck  ck,ck ck,c..ck,c...

[Tpeamnonoxum, YTO HAIIEMy YpPOBHIO MAaTEpHH COOTBETCTBYET CTPYKTypa
k, . CBepx3anaua dyHgaMeHTanbHON (HU3UKU — IOHATH, KaK yCTpPOEHa CTPYKTypa

k_,, Hecymas Haml MHp «Ha CBOMX ILIeUax», U YBUAETh CTPYKTypy k,, cymect-

BOBaHHE KOTOPOW MOJIEp)KMBAaeTCs HamMM MupoM. [lepBas 3amaua pemraercst B
MHUKpOQH3HKe, BTOpas — B KocMoJiorud. [Ipogosmkaronuiicss Kpu3uc GU3UKH CO-
CTOUT B TOM, YTO HayKa y)Ke opocia J0 TaKOTO MOHUMAaHUs BEIIEH, HO elIé He B
COCTOSIHUH PEIINTh MIOCTAaBIICHHYIO | miibOepToM 3amaqy.

CBo#l BapHaHT pELICHUs TON MPOoOJIEeMBI MBI M3JIOKWIN B cTaThix [1-3], B
pabote [7] ObUTa IPEANPUHSTA TOMBITKa 0000IICHHUS 3TOTO IMOAX0/Ia U CO3AaHUS
TEOpPUH TIIOOATBHOTO MaTepHUANbHO-HH(POPMAIMOHHOTO Mol [IpoaHanm3upyem
pe3yIbTaThl 3TUX CTAaTe Ha YpPOBHE MaKCHMallb-
HOM (pusnveckor abCTpaKkLUHy.

[Tpearnonoxum, 4To MBI yK€ UMEEM CILIOLI-
HYI0 YOPYTYIO OJHOPOIHYIO W U30TPOIHYIO CpeIy
(HampuMep, KPUCTAIMYECKOE SAPO TUIAHETHl WIIH
OCTBIBIIYIO JKEJIE3HYI0 3BE3ly), B KOTOpPOH, Kak
1mokaszaHo B [1], MOXeT CylIecTBOBaTh I10JI€ MOTIe-
PEYHBIX MEXaHUYECKHUX KOJICOAHUH, OMMMCHIBAEMBIX

ypasHenusiMu Makcesuta. Ho Torma B 3ToM mosie

BO3HHMKAIOT yCIIOBHUS, KOTOPBIE MOTYT MpUBECTH K PHCYHOK | — CTeHkn u3
CO3AHUIO CBOEH KPUCTAUIMYECKON PEMIETKH U TaJlakThK.

HOBOTO YIIPYTOTO TMOJMKPHUCTAIIIMYECKOTO OJIHO-

POJIHOTO M M30TPOITHOTO TENA, OMMCHIBAEMOTO CBOMMH YPaBHEHUSAMH MaKcBea.
SICHO, 9TO NAHHYIO HEMOYKY PACCYKAEHUH MOKHO MPOIOIKHTD.

[MpencraBnsiercs emE 6ojiee HHTEPECHBIM IPUMEHUTD ITY )K€ UTEPAL[HOHHYIO
HpoLEeLypy B 0OpaTHOM HalpaBJIEHHH, OJTy4as BCé GoJiee TOHKUE U TOHKHE MarTe-
pHANBHBIE CTPYKTYPHI. Y Ha KaKIOM TaKOM IIare CKOpOCTh CBeTa Oy/eT Bo3pac-
TaTh B OUEHb GOJIBIION MPOMOPIMH, IPUMEPHO HA MSTH MOPSIKOB.

Ecau sto PacCyXKIACHUEC ABIACTCA BEPHBIM, TO CTAHOBUTCA SICHBIM, KyJa CTpE-
MHUTCS MHp, B KOTOPOM MBI KHBEM — OH JIOJDKEH CO3/1aTh HOBYKO KpUCTAILIHYE-
CKYI0 CTPYKTYpy TaJaKTHYeCKOro macmraba. BO3MOXHO, 3TO yXKe TPOHM3OILIO,
npu4éM OYEHB IABHO, HO HAM IOKA 4TO HE OBUIO JaHO 3T0 yBuAeTh. COBpEMEHHBIE
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aCTPOHOMBI YTBEPXKIAIOT, YTO TAJIAKTUKU BO BceneHHoil pacipeneneHsl HepaBHO-
MEpHO M MX CKOIUICHHS 00pa3ylOT OTHOCHTEIBHO TOHKHE OOOJIOUKH (TaK Hasbl-
BaeMbIC 2alaKmMu4ecKue CmeHKU), OKPYKAIOUINE MedcealakmuiecKue ny3vipu
(puc. 1). IIpu xonebaHMIX CTEHOK MOTYT BOSHHMKATh CHH(A3HBIE OIS, HAIPHUMED,
3eKTpuueckoe nojue. IlokasaTenbHo, 4TO BHYTPH IIy3bIpEH CBETAILIEHCS MaTepuu
HeT.

SIcHO, 9TO 1O TeX MOp, MOKAa HE MPOBENECHBI HEOOXOIMMBIE SKCIIEPHMEHTHI,
3TH U APYTHE TEOPUHU TAKOTO K€ POAA OCTAKOTCA YUCTO yMO3pHUTENbHBIMHA. Ho TyT
BCTA€T Ba)KHBIM BOINPOC, O KAKUX MMEHHO AJIbTEPHATUBHBIX TEOPUAX UIAET peub U
4yeMy, COOCTBEHHO T'OBOpSI, OHH SBJISFOTCS ayibTepHaTHBOM? OdunnansHas (Gusu-
yecKasi HayKa J0 CHX MOp AOBOJBCTBYETCS TEM HACIEAUEM, KOTOPOE OCTaBHI A/b-
bepm OiiHwmetiH, N HE >KaXyeT MONOOHBIE TEMbl CBOMM BHHMAaHHEM; O HUX HE
Hainémp yoOMUHAHUN U B COBPEMEHHBIX yueOHuKaX. [loaToMy MBI pemiy JuK-
BUAMPOBATh yKa3aHHBIN MPoOed W B 3TOH IMyOIMKalMK JaTh KpaTKylo WHopMa-
LU0 O HEKOTOPHIX COBPEMEHHBIX «HE SHHINITEHHOBCKHX» (TOYHEE, «I10Cie 3HH-
IITEHTHOBCKHUX») MaTEMaTHYECKUX MOJENAX (PU3NUECKOTO IPOCTPAHCTBA.

Teopuu «yBiedenns 3¢pupa». Guznkamu ObLTO CO3JAHO HECKOIBKO TEOPUI
TaKOrO POAA, CMbICT KOTOPBIX CBOIMJICS K OJHOMY: MACCHBHBIE TEla, HAIpHMeEp
3emiist, BHOCST B YPaBHEHHUS 3JIEKTPOJWHAMUKH U YPaBHEHHUS! IPaBUTAI[IOHHOTO
TI0JIs1 IOTIOJTHUTEINIFHBIE HEIMHEWHBIE cllaraeMble, KOTOPBIE «HCUE3at0T», KOTaa Jia-
GopaTopHasl cHcTeMa KOOPAWHAT OKa3bIBAETCS OTHOCHTEIBHO 3TOTO MAacCHBHOTO
TeJjla HETOIBMYKHOM.

HawuGornee mocnenoBarenbHON U JIOTHYECKH Oe3yNpedHOl peanu3aimeil 3Toi
UJeu clelyeT NMPHU3HATh OOIIYI0 TEOPHI0 OTHOCHUTEIBHOCTH DWHINTEHHA, B KOTO-
POl IIOTHOCTH ITOTOKA 3JIEKTPOIUHAMUYECKON M TPaBUTALMOHHON SHEPrHH NpH-
BOJUT K NMPONOPLHOHATLHOMY U3MEHEHUIO KPUBU3HBI IPOCTPAHCTBA U, B TOM YHC-
Jie, «HArpy’>kaeT» BOJHOBBIC YpaBHEHHMs JUIS 3JICKTPOJANHAMUYECKUX MMOTEHIINAIOB
JIOTIOJTHUTEIBHBIMH ciaraeMbIMi. Ho MBI ITOKakeM B 3TOM IyHKTe 0oJiee IPOCTYIO
BEPCHIO «HArpy>K€HHsD» BOJIHOBBIX YPaBHEHHH, XOPOIIO HM3BECTHYIO, HAaIpUMeEp,
CTELUATINCTaM TI0 THIPOMEXAHHUKE.

Hanmomuum (cmotpu [8]), uTo cBOOOIHBIE KOJEOaHUS CHIOWHOU YHpYeou
CpeOdvl OTIMCHIBAIOTCSL YPABHEHUEM:

A-0%i /6t =K -graddivii — G - rotrotii , (1)
rne A — mwiotHOCcTh cpensl; K,G — MOIynmu OOBEMHOTO CXKATHA W CIBUTa;
i(M,t) — nepeMeleHns B MOMEHT BPEMEHHU ¢ TOYKH M Cpejibl U3 e€ MOJI0KEHHs

paBHOBeECHSL.

VYpaBuenue (1) He yunThiBaeT HenMHEHHBIE 3()(EKTHI, CBSI3aHHBIE C CYIIECT-
BOBAaHHEM TaK HA3bIBAEMBIX KOHGEKMUGHbIX uinenos. IIpaBas WacTb ypaBHEHHS
OIMCHIBAET ACHCTBUE CHJIBbI YIIPYTOCTH, a JieBas — CHUIIbI HHEPIUHU, HO 8blpadicetue
0 cunvl uHepyuu ynpoujeno. B 1eCTBUTETBHOCTH, KaK 3TO CIEAYET U3 6MOPO20
3axona Heromona, B 1eBoi gyacTH (1) TOIKHA MCHIONB30BATHCS TIOJIHAS TIPOU3BOI-
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Hasl 110 BPEMEHU, a HE 4acTHasl,
dv/dt=0V/0t+(,V)v =07/t +0.5grad(7,7)+[rot7,7],

mpr4éM OHA JIOJDKHA BBIYUCISATHCS OT CKOPOCTH MEPEMEIICHHUs, a He OT CKOPOCTH
CMETIIEHHSI CPEIIBI:

v=d(ii)/dt+vy=0(ii)/0t+0.5grad (i,u)+[rotii,i |+,
rle V, — CKOPOCTb IHePEeMEIleHHs MOJIOKEHUs PaBHOBECHs; KPOME TOro, 31ech

OBLIO UCIIONIH30BAHO TOKAECTBO
(a,Vya= O.Sgrad(&,ﬁ)+[rotd,ﬁ] ,
KOTOPOE SIBJISIETCS CIICACTBUEM IPAaBHI MU GEpEHITMPOBAHUS TIPOU3BEICHUIHA.
[MpumeM, Kak 3TO OOBIYHO JENAOT B TEOPUH KOJECOAHUIA, YTO CMEIICHUE U
CKOPOCTh CMEUICHHs MaJlbl, TIO3TOMY KBaJpaTaMH 3THX BEIWYMH MOXKHO TpeHeo-
peds. Kpome Toro, OyaeM cuuTath, 9TO MEPEHOCHAsT CKOPOCTh V, HE M3MEHSETCS

BO BPpCMCHHU. Torz[a
V= 0ii / 0t +7,

dv/dt=0a%i/d +Y(@)=0.5-grad (¥, ¥, ) +[rot ¥, ¥, | + grad (¥,,di / ot ) +
+([rot ¥y, 0ii / 8¢] [V, rotdii / &t |) = X (%) + 0/ ot { grad (¥, i ) + (vo, i)}
rze Y(@)=0.5-grad(d,a)+[rotd,a], (a,¢)=[rota,c]-[d,rotc].
B pesynbrare ypaBHenue (1) mpuHIMaeT BU:
0%/ or* = K graddivii — G -rotrotii — A(9/ 0r){ grad (vy,if ) + (¥, i)} — AY (%)) -

Ecnu MBI BBIOpaN TaKylo UHEPYUOHHYIO CUCMeEMY KOOpOounam, KOTopas Iie-
peMeInaeTcss M BpAIaeTcsl BMECTE C MEPEMEIIEHHEM M BPAIICHUEM IOJIOXKEHHS
paBHOBecus ynpyroi cpezpl (OyaeM, aajiee, N3MEHEHHE TIOJIOKEHUSI PAaBHOBECHS
Ha3bIBaTh 0GUJICEHUEM HPuUpa), TO NOTIOTHUTEIBHBIE CllaraeMble MPONaaloT, U 3TO
ypaBHEHHE coBmanaeT ¢ ypaBHeHueM (1). Torma, kak mokaszaHo B [2], momepedHbie
KoJIeOaHWs CpeAbl ONMCHIBAIOTCSA YpaBHEHMSIMH MakcBemna, U 6 UHEpYUOHHOU
cucmeme Koopounam pesynomam onvima Maiikenscona — Mopau 3akonomepen.

Ecnu sTa Teopus BepHa, TO U3 pe3yibTaTa OmnbITOB Maiikenbcona — Mopiu
(ananu3 nmau B [9]) ciexyer, 9TO Ha nogepxwocmu 3emau, 8 npedenax MmouHOCmu
9KCnepumenma, 0gudicerue dgpupa cognadaem c 08UNHCEHUEM IMOL NOBEPXHOCMU.

C npyroii CTOpOHBI, €CJIH OB MBI BRIOPAJIH JJIs1 CBOMX HAOJIOJCHUN CUCTEMY
KOOPJIMHAT, B KOTOPOH TIOJIOKEHUE YIIPYroro paBHOBECHUS CPEAbl HE SIBIISIETCS He-
TTOJBIDKHBIM (HAIpUMep, pa3MecTHIIN Obl HHTEp(EpOMETp Ha OYEHb JIETKOM H ObI-
CTPO JIETSIIEM HaJ TOBEPXHOCTHIO 3€MIIM CaMOJETE), TO PE3YNbTaT OIBITA MOT
ObITh npyruM. Paccyxnas TeopeTHueckH, YTO0Bl HCKIIOYUTh BO3MOXKHOE BIIHSTHHE
Macchl caMoJI€Ta, JKeJaTeJbHO IepeMelarb HHTephepoMeTp ¢ OOJBIION CKOpO-
CTBIO BHYTPH TIOJI3€MHOI HIaXThl WM INTPEKa, HO TAKOH OMBIT TPYJHO OCYIIECT-
BUTb, TIOCKOJIBKY 3TOT IPUOOP YPE3BBIUAIIHO TyBCTBUTEIICH K BUOPALHAM.
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«J¢upHblii BeTep» B onbiTax MuJsiiepa. B 1920 roxsr amepukanckuii ¢hu-
3uk JI.K.Muiiep ycoBepHIeHCTBOBaNI cxemy WHTepdepomerpa MalkenbcoHa; B
YaCTHOCTH, 3a CIET MHOTOKPATHOTO OTPAXKEHHS JIy4eH OT 3€pKaJl, OH YBEIUUMI UX
nyTh ¢ 22 10 64 METpPOB, YTO B TPU pa3a YBEIUYUIIO YyBCTBUTEIHLHOCTD MPHOOPA.
ITocne aToro oH MOBTOPUI 9KCcnepumenmul Matikenbcona — Mopau B TOpHOH Me-
ctHOCcTH (0OcepBaTopust Maynm Buiacow, Beicota 1830 MeTpoB HaJ ypoBHEM MO-
ps) ¥ OOHApPYXXKWII TONTOXKIAHHOE CMEIICHHWE WHTepQepeHIIMOHHON KapTHUHBL. B
1929 rogy x 9TUM HCCIIEIOBAaHUIM NMPUCOSANHIIICS MalKeIbCOH U MOJTyYrII TE JKe
pe3yabTatsl, uto 1 Muuiep (cmotpu [10,11]).

CkopocTh 3pupHOTO BeTpa (TO €cTh, CKOPOCTh HMHTEpdepomMeTpa OTHOCH-
TeNnbHO 3(Mpa) Ha yKa3aHHOH BBICOTE U3MEHsUIACh B quana3zone 6...10 km/c u Ko-

nebayiach C IEPHUOJOM, PaBHBIM IEpHOAY CyTouHOoro oOpamenus 3emiu. [lo pe-
3ynbTaTaM 3KCIEPUMEHTOB HanpagieHue gempa Obli0 UOCHMUPUYUPOBAHO KAK
eanakmuieckoe, a He opbumaibHoe (3TO HAIPaBICHUE OKa3aJlOCh NMPAKTHYECKH
NEePIEeHANKYJSIPHBIM IIOCKOCTH, B KOTOPOW pacronararoTcs Bce mianeTbl Cou-
HEYHOH CHCTEMBI, puc. 2). YUEHbIe yTBEpXKIaJld, YTO Uil OOBSICHEHUS HaOIIo-
naromierocs a¢gdexra ckopocTs 3¢hupa Ha OOIBIIOM yJaJeHHH OT 3eMin OnH3Ka K
200 xm/c. To ectb ckopocmb s¢pupa npesviwaem ckopocms 0gudicenusi ConHya

OMHOCUMENLHO NIOCKOCU 2aNlaKmu4ecko2o oucka [12].

Crnemyer 3aMeTHTh, 9TO B
sKcrepuMeHTax Muiepa u Maid-
KEJIbCOHA pe3yJIbTaTbl H3MEPEHUI
CWJILHO 3aBUCETH OT MAaTEepPHAJIOB,
HCIIONIb3YyEMbIX B KOHCTPYKIIMHU Ca-
Moro wuHrepdepoMerpa, a TaKKke

MIPU CTPOUTEIIECTBE MTOMEUICHUH, B

Pucynok 2 — OpueHTarys opouT. KOTOPBbIX OHM YCTaHaBJIUBAIUCH. B

YaCTHOCTH, OBLI BBISIBIIEH CUIbHbILU

IKpanupyowui 3@gexm memanios, 4To, BO3SMOKHO, H MOCITYXKHIIO €IIE OTHOU

MIPUYMHON HEyJadd MEepBHIX OMBITOB MailKenbCoHa, TJe MyTh CBETOBOTO IMTOTOKA

MIPOXOAMI BHYTPH METAJUINYECKUX TPyO. IrHOpHpOBaHNeE 3THX YCIOBHH B OMBITaX

JIPYTUX YUYEHBIX MPHUBENIO K IMOBTOPEHHIO HEyau, U UCCICAOBAHMS d(PUPHOTO BET-
pa ObLTH Ha ITUTEIBHOE BPEMSI IPEKPATIICHBI.

Teopuu razo-noaooHoro 3¢upa u onbiThl ['asaeBa. DKCIepUMEHTAIBLHOE
oOHapyXeHHe I(PUPHOTO BETpa HE MPOTHUBOPEYUT TECOPUSIM YBIICUCHHUS d(DUpPa, B
TOM dYHcIie OOIIe TeOpHr OTHOCHTENBHOCTH DiHIITeHA. Ho mosBieHne momon-
HUTENBFHONH MH(OpMAIMH O CBOWCTBAX 3(Hpa MMO3BOMSAET KOHKPETU3UPOBATH €r0
(u3nUIecKre U MaTeMaTHIECCKUE MOJICITH.

B kmaccuueckoii gusuke konna XIX cromeTus cymiecTBoBao TBEpIOE yoe-
JKJICHUE, YTO B JKAIKOCTH WM Ta3e BOJHBI IOTIEPEYHBIX KOJCOaHWH HE pacipo-
CTPAHSIOTCS; MTO3TOMY 3HP AODKEH OBITH TBEPABIM TEIOM — ITOJUKPHCTAILIINYE-
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CKUM WJIM aMOP(HBIM. DTOT Hay4YHbI (aKT UMET Ha TO BPEeMsI MHOTOYUCIICHHbIC
IKCIIEPUMEHTATIBHEIC TOATBEPXKICHUS M yKe B XX CTONCTHH TIOMOT PacKPBITh
TaifHy BHYTPEHHETO CTPOSHHS 3eMIIH, KOTZa IO Pe3yJIbTaTaM 3XOJOKAIWH OBLIO
00Hapy>KEHO METAUIMYECKOe 3eMHOE SAPO M YCTAHOBICHO, YTO €r0 BHEUTHSISA
YacTh ABJISIETCS KUIKOM.

JlanpHeiimee pa3BUTHE HAYKW, B YACTHOCTHU, YCIEXH (U3UUCCKON XMMHUU U
THIPOMEXaHUKH, TTOKOJIe0aI 3TO JaBHEE YOexIeHUe. BhII0 OTKPBITO AUIMTOIBHOE
B3aMMO/ICHCTBHE MOJIEKYJ KUAKOCTH WM ra3a, 0COOCHHO CIUIFHO IPOSBIIIOICE-
Cia 'y BOJbI, I/IMC}OH.[CIZ TOJIAPHBIE MOJICKYJIBI. N ApYyTUX BEHICCTB HUACPIAaHACKHUM
¢usukom Ban-oep-Baanbcom OBUIO O0HAPYKEHO UHOYKYUOHHOE (IPYroe Ha3BaHUC
— JucnepcuoHHoe) B3aMOJICHCTBIE MOJICKYII, BRI3BAHHOE (IIYKTYAIMsIMHA PAcIIo-
JIOKEHUS IEKTPUIECKOTO 3apsia; TaKoe B3aUMOJEHCTBHE TaKXKe CIYXKWIO TIPO-
BOJHMKOM TOTEPEYHbIX KOJEeOaHUil, a COOTBETCTBYIOIIEE COCTOSHHE BEILECTBA
ceifuac Ha3BIBAIOT 2azom Ban-dep-Baanvca [13]. Kpome Toro, B MEXaHHUKE KHUJIKO-
CTH ¥ Ta3a ObIIM NOJTyYeHbI 3HAMEHUTHIC ypasHenusi Hasve — Cmoxca [14]

AdV/ot+A(v-V)V=F—gradp+protrot¥, divi=0,

OIMMCBIBAIOIINE U3MCHCHUE CKOPOCTHU V TEUEHHMS BSI3KOH HeC)KMMaeMoil KHUJIKO-
CTH, I/IMGIOH.IGﬁ IUIOTHOCTh A H KMHEMATHUYCCKYIO BA3KOCTb [/ B UHCJIC peH.[eHI/Iﬁ

3TOTO ypaBHEHHS OBUTH 1 TIOTIEPEYHBIE BOJTHBL.

B 1980 rogsr poccuiickum ¢uzukom B.A. Aytoxosckum Oblna co3maHa (u3n-
Yyeckasi U MaTeMaThueckas Moenb adupa (cMotpu MoHorpacduro [15]), B koTopoit
OH HaJIeJIICS CBOMCTBAMU PEaNbHOIO rasa, o0Najarolero JaBiIeHHeM, TeMIepa-
TYpOH, CKMMaeMOCTBIO M BSI3KOCTBIO. B paMKkax 3Toif TeopuH, B 9aCTHOCTH, (oTo-
HBl MHTEPIPETHPOBAINCH KaK CO3[JaBAEMbIC IyJECHPYIOIINM aTOMOM GUXPEGble
00podicKU, N3BECTHBIE B MEXaHHKE )KUAKOCTU U T'a30B Kak 0opodicku Kapmana.

Ha ocHoBe cBoeli Teopuy y4EHBII OLIEHIT KHHEMATHYeCKYI0 BSI3KOCTb d(upa

BEIIMYHMHON i, = 7107 m?/c; st CpaBHEHUS, MIPH aTMOC(HEPHBIX YCIOBHUIX BSI3-
KOCTh BO3JlyXa COCTaBIIsCT [, ~ 1.5-1079m/c , remus — M ~11-107m%/c.

[Mocne AMUTENHHOTO TIEpephIBa, SKCIEPUMEHTHI TI0 U3MEPEHHUI0 CKOPOCTH U
HanpaBJeHUs 3QUPHOTO BeTpa ObUH B KOHIIE XX BEKa MPOJOIHKEHBl YKPAHHCKUM
¢usukom FO.M.IManmaeseim (MPD HAHY, Xaprkor). Onupasch Ha TEOPHIO I'a30-
moo0HOro 3dupa, OH pa3zpadoTan MPUHINIHAIEHO HOBYIO KOHCTPYKIUIO HHTEp-
(depomeTpa, B KOTOPOU HCIIONB30BAICA ONTHYCCKHU JIa3ep, W PEar30BEIBAINCH
M3BECTHBIE IJISI TUAPOAMHAMUKU 3(P(PEeKThl M3MEHEHHs CKOPOCTH TPH HEYCTaHO-
BUBIIIEMCSI TCUCHHH BSA3KOM JKUIKOCTH MO MUIMHAPUIECKOH TpyOe (moapoOHOCTH
ormyOIMKOBaHbl B [16]). UyBCTBUTENBHOCTE HOBOTO MHTephepoMeTpa, Mo CpaBHe-
HUIO ¢ puOopoM MaiikenscoHa, OblIa YBEIHYCHA B THICSYH pa3, M 3TO MTO3BOJIMIO
(m7s1 paBHUHHBIX YCIIOBHI ropoja XapbKoBa) 3aperuCTpUpOBaTh CIaObIA «ddup-
HBIIT BETEP» CO CIEAYIOIINMH CPEIHIUMHU CKOPOCTSIMH:

11 BBICOTHI 1.6 M — 205 M/c; st BeicoThl 4.8 M — 435 M/c.

Pabotast ¢ mHTEpPEpOMETPOM Ipyroi KOHCTPYKLNH, WCIIONB3YIOLUIMM 4ac-
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TOTHBIA JMaNa30H paJuoBOJH, ['amaeB 3aperucTpUpoBail A BBICOTHI 42 M CKO-
pocth 3¢upHOTO BeTpa 1412 M/c. HampaBneHue BeTpa U €ro m3MEHEHHUE C BBICO-

TOW COOTBETCTBOBAIM TE€M, KOTOPHIE (JUIsl OOJIBIINX BBICOT) paHee OBUTH MOIy9IEHBI
MumuutepoM. Kpome Toro, ymanoch MoyduTh SKCHEPHUMEHTAIbHOE 3HAYEHUE KH-

HEMaTU4eCKOH BA3KOCTU 3dupa 4, ~ 6.24-10m%/c, KOTOPOE IIPAKTUYECKH COB-

najso ¢ e€ npeJcKa3aHHbIM 3HAaUEHHEM B TEOPUHU AIIOKOBCKOTO.
3aBepriast TeMy, CIIeAyeT 0CO00 MOTICPKHYTh, 9TO B COBPEMEHHOM HayKe pe-
3yJbTaTHl OMBITOB MaiKenbCoHa YK€ JaBHO HEe BOCTIPHHHUMAIOTCS KaK Mapagok-
CAJIBHBIC, HO HpI/IBOJII/IMI)Ie 06’[)5[CHCHI/I$[, KakK HpaBI/IJ'[O, CTpaL[a}OT U3JINIITHUM (I)Op-
Manu3MoM. UTo KacaeTcsl 3afjaud OMPEJENIeHUs CKOPOCTU 3eMJId OTHOCUTEIBHO
a¢upa, TO OHa MO-TIPSKHEMY aKTyallbHa, HO, KaK IOKA3bIBACT OIBIT MOCIETHIX
JIET, JOJDKHA PeIIaThCS JPYTUMHU METOIaMH.
LII/ITaTeJ'ISIM cTaTbn MBI JlapI/IM
WJer0, yCHelIHasi pealn3anusi KOTOPO,
0e3 BCSIKOTO COMHEHHS, OyIeT Korja-
e R HUOYnp oTMedeHa Hobenerckoit mpemu-
/ N

/ Y eil mo ¢usuke. IIpeamonoxum, 4to 3a
! ] . o
0 ) C4éT  BBICOKOYACTOTHBIX  KOJCOaHMIA
A, \\‘-”%’& IUIa3MBbl yJ1acTCs MOBBICUTH TEMIIEpATYy-

py »dupa B HEKOTOPOH OTpPaHWYCHHOU
00JaCTH MPOCTPAHCTBA, OTJAIEHHON HA
Oe3omacHoe paccrosiHEE OT 3eMin (pHC.
3). Torma B 3T0¥ 00MIACTH, TTO BCEH BHIUMOCTH, MIPOU30HIET M3MEHEHNE BI3KOCTH
a¢wupa, a BMECTe C He — OTHOM I HECKOJBKUX (PyHIaMEHTAIbHBIX (PH3MUECKIX
KOHCTAHT: CKOPOCTH CBE€Ta, NOCTOSAHHOM [InaHKa, IOCTOSHHON TOHKOM CTPYKTYphI
1, BO3MOXXHO, npyrux. [lepen mpoBeneHneM sKcriepuMeHTa 1O MepuMeTpy obac-
TH PAcCTaBISETCS TPYMIIUPOBKA CITyTHHKOB, KO-
TOpBIE (PUKCHUPYIOT W3MEHEHHS KOHCTAHT H, TEM
CaMbIM, OIpEAENAIOT HAaIMpaBJIeHHE U CKOPOCTh z
CBOETO JIBIDKEHHUS] OTHOCUTEIIBHO d(Hpa.

SIcHO, 9TO K TPOBENCHUIO TaKHX OSKCIEPH-
MeHTOB YenoBeuecTBO MOKAa HE TOTOBO, HO TEX-
HUYECKHUI IIporpecc celuyac NPOUCXOAUT OYEHb
OBICTPO, @ 3Ta UTPa CTOUT CBEY»: U3MEHSS CBOM-  x
CTBa 3(Hpa MOXXHO NMPHOIU3UTHCS K TIOHUMAHUIO Y
MPUHIUAIIOB, KOTOPBIE HCIOJIB3YIOT HEMHEPLHOH- Pucynok 4 — JIpmkymascs
HBIE JIeTaTeIbHbIC allapaThl (CMOTPH Jajiee). HacTula.

Pucynok 3 — Cxema dKCIIepUMEHTA.

v

Teopusi «BbITeCHEHHSI MPOCTPAHCTBA». Teopuy C TAKMMHU Ha3BaHUSIMH Oa-
3UPYIOTCS Ha MPEACTABICHUH d(pHpa B BUAE KUIKOCTH WIH Ta3a, depe3 KOTOPBIH
JBIDKYTCS YacTHIBI MaTepuu. UTOOB! HOMYyYUTh MPOCTEHIIYIO M3 3THX TEOPHH, Oy-
JeM TpeJronaraTb, yTo 3¢up (To ecTh, BakyyM) JHIIEH BS3KOCTH. PaccMoTpum
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HEKOTOPYIO MaTepHajbHYI0 YacTHUILy, KOTOpas IBIKETCS B A(HPE CO CKOPOCTHIO
vV (puc. 4). Ilo xoay ABMKEHHS YaCTHIBI POCTPAHCTBO CMEHSETCS MaTepHel, a
3a €€ «KOpMOW» — MATepUI0 CMEHSET MPOCTpaHCTBO. Eciu OTHOCHUTENbHAS CKO-
pocth v/c <1, rae ¢ — 3TO CKOPOCTh CBETa, TO CKMMAEMOCTHIO NPOCTPAHCTBA
MOXHO TpeHeOpeyb, U Jajiee TPaKTOBaTh d(QHUpP KaK HEC)KUMACMYIO M HEBS3KYIO
cpeay. OTa cpelia «BBITECHACTCS TEpel] YaCTUIEH U «3acachIBAacTCs» B OCBOOOXK-
JAfoIIHics 3a Hell 00bEM. Clte1oBaTeNbHO, U ¢ TAKOW KOHLICTIIUEH COTTIaCHBI MHO-
rue GU3MKH, OBUIICYWASCS MAMEPUATbHASL YACTHUYA NOOOOHA OBUINCYUEMYCsL OU-
noo.

Hamomuum (cMotpu B yueOHuKe [14]

%’—;,x 00BsICHEHUE napadokca [anambepa, a Takxke

pHuc. 5), YTO MpH JBIKCHUH IUIOJS BEKTOP-

Xﬁ—/_% HbIE JIMHUU TOJIsI CKOPOCTEH CO3[al0T KOKOH

SIUTMTICOMTANIBHOM (a MPU MajbIX CKOPOCTSAX —

v npakTHdecku chepudeckoit) Qopmsl, Hempo-

HULAEMBIM ISl BHEIIHETO II0TOKAa, MNPUYEM

pasMepbl AIUIMICOMJIA 3aBUCIT OT MOMEHTa

quronsi. B paccmarpuBaeMoM ciiydae MOMEHT

JIATIONST PaBEH TNPOMU3BEICHUIO CKOPOCTH dHac-

THIBI HA 00BEM, 3aHHMaeMbIi e€ MaTepuel (To ecTh Ha 00BEM, d8udcyuuiicsa Kaxk
meépooe meno).

BenmnunHa 3TOr0 00BEMA JUIS KaXKIOTO THIA YAaCTHIl SIBJISETCS HPEIMETOM
JHCKyCCHH. B CTaphIX Teopusax MHUKpOMHpA, YXOIAIINX CBOMMH KOPHSIMH K yde-
HUIO /lemokpuma, MaTepys 3allONHsUIA BECh 00BEM aToMa. 3aTeM CTalH CUUTATh,
YTO y NPOTOHA 00BEM, 3aHMMAacMbIi €ro Marepueil, HeCKOJIbKO OoJblie 00hEMa
spa, a 'y aIeKTpoHa oH npumepHo B 2000 pa3 MeHbIINH, yeM y npoToHa. s aro-
MOB 00BEM MAaTEpHUH 3aBHCHT OT MAcChl sipa M YHCIa
JIEKTPOHOB BO BHEIIHEH 000JI0UKE, TOATOMY CPEIU He-
PaIMOaKTHBHBIX AJIEMEHTOB OH MaKCHMAaJIbHBIN Y Kere-
3a U HUKENs, a MUHUMAJIBbHBIN — y Bogopoaa. [Ipu cxa-
THH BEIIECTBA 3TOT OOBEM JUI KKAOTO OTAEIHHOTO
aToMa He W3MEHsIETCs, HO B OTHOCHTEIBHBIX BEIMUMHAX
OH YBEJIMYMBACTCS POIIOPIHOHAIBHO TIOTHOCTH.

[TpuMeHsist TaKyl0 KOHIEMIHIO K KQKJIOMY aTOMY
3eMHOro mrapa, MmojydaeM, YTO BECh 3TOT IIap IOM0-
OCH IBIXKYyIIEMYyCs AWIONIO (puc. 6), © MOMEHT m

X

Pucynok 5 — Ilone ckopocreit
oOTeKaHusl.

Pucyhok 6 —
9TOrO JUIOJIS PABEH CyMME JTHUIOJICH €ro YacTHII: JIBHKYIHICS IATIONE.

m=v-V,,,

rae V,, — o0bEéM MaTepuu BHYTpU 3TOrO Iapa. B pesynbraTe OBHXKEHHS 3TOrO
JUIOJsT BO3HUKAET TMTAHTCKUHA HENPOHHUIAEMBIH KOKOH, paguyc R, KOTOpPOTro

orpezemnsiercst GopMyIon

58



R, =3ml2-xv)=3V, 12 x), 2)

NpU4EM, €CIIM COIIACOBBIBATh TEOPHUIO C pe3yjbTaTaMM omnbITOB Musuiepa u I'a-
JlaeBa, pa3Mepbl KOKOHA JIOJDKHBI OBITh OJIM3KHU K pa3MepaM IOBEPXHOCTH 3eMIIH.

B paccmaTpuBaemoii 3amade nosuae CKOpocTel sl CUCTEMbI KOOPAMHAT, CBS-
3aHHOH C EHTPOM 3eMIJTH, IMEET OCEBYI0 CUMMETPHIO M IMOTEHIINAI, KOTOPHIA Ha-
XOIAT KaK CyMMY ITOTCHIIAIOB Ha0Geraromero oToka 1 JUIoJs; 3ToT nuddeper-
[1aJl MBI IPEJICTABUM B CEPHUYECKUX KOOPHHATAX:

CD(p,H):v-p-cosaJrO.S(R,f / p*)cos@.

JuddepeHunpyst noTeHMaN, HAXOAUM COCTABISIONINE OTHOCUTEIHHOH CKO-
poctu

fior (p,0) = v-(1-(R, /p)3)cosa-fp —v-(1+0.5(RK /p)3)sin9-z; ., Q)
a TaKkKe abCOTIOTHYIO CKOPOCTh YBJICUCHHS d(Hpa:
il 450 (0, 0) =v-(R,/ p)* (cos 07, +0.55in6-7;) .
3aBucHMOCTH (3) MOXHO HCIIONB30BaTh ISl pacCTOSIHUA p > R, TO ecTh 3a
npenenamu 3eMHoro mapa. Ecin p < R, To Hy>)KHO 3aHOBO ONPEAETUTH BEIUIUHY

JTATIOJIS, OTBEYAIOIIYIO0 3TOM 94acTH 3eMHOTO Iapa, mocie dero mo dopmyie (2)
HaliTH HOBOE 3HAa4YeHHWE pajguyca KOKOHa R (p), U MOIbKO Juutb 015 OAHHO2O0

3HAYeHUs: P WCTOIH30BATh ero B hopmye (3).
Ananus pelieHus MOJEIbHOM 3a/1au MOKa3bIBacT, 4To ecnu R, = R, To IIpH

yIAJIEHUU OT MOBEPXHOCTH 3€MJIM CKOPOCTh YBJIEUYEHUs d(upa 04eHb OBICTPO 3a-
TyXaeT, HO BCE e He 10 TOH 3aKOHOMEPHOCTH, KOTOPYIO BBISIBIIIN B KCIIEPHMEH-
Tax M0 OOHAPY)KEHHIO S(PUPHOTO BETPA; TO-BUANMOMY, BOJIU3H ITOBEPXHOCTH 3eM-
JM CKa3bIBaeTCs BIMSHHE BA3KOCTH 3(upa. CHTyalHIO MOXKHO HCIIPABHUTh, €CIU
I pCUICHUS 3aJla4d BOOPYIKUTHCA HE YPABHCHUAMU J]annaca, KaK B 3TOM IIpUME-
pe, a OHOW M3 COBPEMEHHBIX HEJIMHEHHBIX TEOpUi, MOJeIUpyIomei TypOyIeHT-
HBIC ¥ JAMUHAPHBIC TSUCHUS BA3KOU CKUMAEMOM )KUIKOCTH.

ObparmaeM BHUMaHHE Ha TO, YTO, TIOCKOJIBKY C TITyOHHOM M3MEHSETCS XUMU-
YeCKMH COCTaB, a IIOTHOCTh 3€MHOI'O BEIECTBAa BO3pacTaeT (Tak, y »Kene3o-

HHUKEJICBOTO siApa 3eMiIM OHa OJH3Ka K 11-10°kr/m , a Yy KPEMHHEBOH 36MHOU KO-
pBl — B TPH pa3a MEHbIIE), TO meuenue sgupa cywecmeyem u eHympu 3emHo20o
wapa. CKOpOCTH BHYTPEHHETO TeYCHUs 3(hupa BBIYHUCISIOTCS 110 aJrOPUTMY, OIH-
CaHHOMY BBIIEC. 3aMETHM, YTO /@K€ €CIIM OIUCHIBaeMbli 3(deKT BhITECHEHMS
IPOCTPAHCTBA ABJIACTCS OUCHb CIa0bIM M PaANyC BHEIIHEro KOKOHa R, < R, To U

B 3TOM Clly4ae, ¢ Y4€TOM O0COOCHHOCTEW BHYTPEHHEIro CTPOCHHUSI 3eMIIM, MOJEINb
NIPECKA3bIBAET CYLIECTBOBAHUE KOHBEKTHBHBIX TEUCHHH B JKHUIKOM METaINYe-
CKOM siZipe, KOTOpbIe, Kak cunTainn A. depcMaH M €ro MOoC/IeA0BaTeNN, OTBETCT-
BEHHBI 32 CO3[JaHNE 36eMHOTO MarHeTu3Mma. Ecnm ata nmpocteiinias MoJens nepena-
€T IJ1aBHBIC 3aKOHOMEPHOCTH MCCIIENYEMBIX IPOLIECCOB, TO NEPEONPUUUHOL 3eM-
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HO20 MazHemusma seisiemcs ogudxcenue ConHeuHol cucmemvl OMHOCUMETLHO
RIOCKOCMU 2aN1aKmMuyecko2o0 Oucka. Y1 3To, B 4aCTHOCTH, O3HAYaeT, 4To B Oiu-
KaWIIme HeCKOJIbKO MHJUIMOHOB JIET, ITOKa CKOPOCTh 3TOTO IBIKCHHUS OJHM3Ka K
CBOEMY MaKCHMyMy, OCJIabJI€HHEe MarHUTHOTO TIOJIS U IIEPENOII0COBKAa 3eMIIN de-
JIOBEYECTBY HE YTPOXKAIOT.

N Bcé-Takm oHa ... myabcupyer. [IpocmaTpuBas mMaTepuan MmpenbayLero
IIYHKTA, YATATCJIIb MOXKET HpHﬁTH K MBICJIM, YTO aBTOPLI CTATbX OKOHYATCIILHO 3a-
Ob1TH 00 naee cuH(a3HbIX MyJILCUPYIOMNX MoJIel B ynpyrom tene [1-3] u Havann
MIPEACTaBIATh APHUP B BUJAE ra3a WIN KUIKOCTH (TOmKOOHOHN nienymy [exapma,
cmotpu [1]). M3BectHeiii mapamokc [lamambepa HONTO CIY>KWJI TEOPETHYECKUM
000CHOBaHHEM JUI HaOMIOAAIOIIETOCsS HE3aTyXaloIlero JBIKCHUS HEOECHBIX Tell,
HO y4€T APYTHX M3BECTHBHIX (pakTOB TpeOoBaj MmepecMoTpa TPaAUIHMOHHBIX Mpe.-
CTaBJIEHUH 00 3(Hpe KaK 0 MACCUBHON MEXaHWIECKOH cpere.

Janee Mbl npuBeiEM U Apyrye JOBOABI B CBOE ONpPABIAaHUE, HO IIPEXKIE 3aMe-
THM, YTO HAyKa, KaK U BCE B 3TOM MUPE, Pa3BUBAETCS 10 BOCXOMAILEH CIIUPAIIU, U
MI03TOMY CTaphle XOPOIIHNE UIECH BCErla IPOXOAAT YePE3 HOBBIE IIMKIIBI «PEUHKAp-
HaliW», HO, TIPH BHEIIHEH CXOKECTH TEOpHH, OHH, KaK MPaBUIIO, TTOIYYaroT JIpy-
T'YI0 OCHOBY M HOBOE coiepkaHue. IIpencraBbTe, Kak TpyOHO OblI0 Ianmiero oT-
CTanBaTb CBOIO IMPABOTY: BCC BUACIIH, UTO COJ'IHHC JABHXXCTCS IT10 He6y, " TOJIBKO
OH OJIMH 3HAJ, YTO CMEHa JHS U HOuM OOBsicHseTCs BpamieHneM 3emnn. He menee
TPYIHO HPUXOJUTCS ceifdac TeM (pru3nKam, KTO BMECTO PEABHOTO JBIDKCHHMS 3a-
PSOKEHHBIX WM HEHTPaIbHBIX TEJ, BMECTO JIAMMHAPHBIX WM TYPOYJIEHTHBIX II0-
TOKOB 3()MPHOT0 BETPa, a TAKXKE NMPOUYUX NPUBBIYHBIX BEIlEi BUAUT APYroe: BOJ-
HOBBIE 1OJIs1 CHH(pA3HBIX KOJIeOaHUH, TPOUCXOSIINX B YIPYTOIUIACTHUECKOH Ccpe-
Te.

MBI paccUMTHIBAEM NOJIYUYUTh CPEOU YUTATENIEH HOBBIX CTOPOHHUKOB 3TOM
UJied, W MO3TOMY OyJeM CJOXKHBIE Belld OOBSCHITH IpeAeibHO mpocTo. Ecnm
IUIOTHOCTH YIIPYroW Cpeiibl epeMeHHas1, To ypaBHeHue (1) JIMHEHHbIX KoyieOaHun
YIIPYTOH CpeAbl UMEET CIEAYIOMUI BUI:

%(lﬁﬁ/at):grad(KodiVL?)—rot(GmotzZ), 4)

TJie 1eBas 4acTh IMPH OTCYTCTBHU CKOPOCTH MepeHoca oInpeenseT n3MEeHeHUe UM-
MyJibCa, a IpaBas — YNPYTYIO CUITY, SBISIONIYIOCS IPUYHHOMN 3TOr0 HM3MEHEHHS.
bynem cuuTaTh, 9TO MIOTHOCTE A, a Takke Moaynu K,G HM3MEHSAITCS IO
cuH(ba3HOMY rapMOHHYECKOMY 3aKOHY, TO €CTh
A=A+ -sinwt, K=K)+0K-sinw,t, G=G,+0G sinw,t,

a K03 (UIMEHTHI, UCIIONb3yeMbIe B TPaBbIX YacTSAX PABEHCTB, M0 CPaBHEHHUIO C

prFOBOﬁ YacTOTOM a)np MCJICHHO U3MEHAIOTCSA BO BPEMCHU UJIU ABJIAIOTCA KOH-

cranTamu. Teneps ecCTeCTBEHHO U pelIcHNEe YpaBHEHUS (4) UCKaTh B aHATOTUIHOM
BUIE:
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pu4éM, MOCKOIbKY aMIUIUTYAbI OA M O p WM3MEHEHHUs IUIOTHOCTH U JIaBICHHS

MPOTIOPIUOHATIBHEI BennynHe divou , TO 3Ta JUBEPICHIMS HE 3aBHCUT OT KOOp-

JMHAT U BPEMEHH, M 3TO O3HAYAET, UTO Mbl MOOEIUPYEM @ SMOM NYHKME MOIbKO
JUUL nONepeynble KoneOanus cpeouwl.

ToacraBuM 3TO pelieHHE B JIEBYIO YacTh ypaBHeHHs (4); B pe3ynbrare yc-
penuenus (cmotpu [1]), MBI CHOBa TONYy4MIN ypaBHeHHE BUaa (4)

54-0%(6u)/ ot* = —8G -rotrotdu (5)
HO HE JUTS MOTIEPEYHBIX CMEIICHUN YIIPYTOH CPebl, a JUTS aMIUTUTYTHON (DyHKIIMA
COOTBETCTBYIOUIMX CHH(A3HBIX KOJICOAHHIA.
Kcraru roBopsi, CTAHOBUTCS SICHO, YTO CKOPOCTh CBETa € OMpENeNsieTcs pa-
BEHCTBOM
2 =8G/SK, ame czzG/K,
W, TPH YOPYrOIIACTUYECKON aedopManuy Marepuala Ha OTHAENbHBIX y4dacTKaxX
THCTEPE3UCHON KPpUBOH (CMOTpPHU pUC. 7), MBI TTOJIy4aeM COBCEM JIPYToil pe3ypTar,
yeM Aaér nuHerHas Teopus ['yka.
Ecnu ot ypaBHenus (5) nmepeiiTi K ypaBHeHUsIM MakcBeslia, TO MbI TOJTY4UM
rot(5E)=—c"' 0(SH)/ ot ; div(SE) =47-8q ;
rot(SH)=c ' 0(SE)/ 0t +(4n/c)-86J ;  div(SH) =0,

1€ BCJIMYHHBI 5—E, ﬁ,ﬁ,&q OIMpPCACIAIOT aMIUIUTY AbI HyﬂLC&HI/Iﬁ AJI Hatps-

J)KeHUH FE, yIJIOBOM CKOpPOCTH BpallleHUs
p A — o —
P cpensl H , a Takke MIOTHOCTEN TOKOB J U
0
3apsaoB Q.

vy

TBepaas pasa IIpu ycpeanenun cunsl JlopeHna
F=¢qg-F+q-vxH yurém™m paBeHCTBa
E=0E-sinw,t; H=0H- sinw,t,
W TPUMEM, YTO 3apsii UMEET NMOCTOSHHYIO
Maccy my, a ero o0béM M3MEHAeTCs IO

hopmye
Pucynok 7 — ®parmeHT Q=0 +0Q-sin Dl -

THCTEPE3UCHOM KPUBOL. B pesynprate momydmm  (pOpMYyILy
5F :5q-5—E+5q~\7x5—H .
[Tpu 3anmcu ypaBHEHUH SJIEKTPOJUHAMUKH 3HAK O TIEpej BEIWYNHAMH OT-
OpachIBaeTCs, HO 3TO OOCTOSATETHCTBO HE M3MEHSET UX (PU3MIECKOTO CMEICTIA.
3aMeTuM, 4TO, B OTJIMYUE OT APYI'MX BEJIWYMH, CKOPOCTH V 37ECh HE IyJib-
CHPYIOT ¢ CHH(]a3HOI YacTOTOH @) , TO €CTh OHH ABIAIOTCA B 3TOH TEOPHU HE aM-
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IUIUTYIHBIME (YHKIMSMH, & pealbHbIMH CKOpOCTsIMH repeHoca. [loatomy mpu
MOJIETUPOBaHUN (PU3UUECKOTO IMPOCTPAHCTBA HAPSAY C METOAAMH TEOPHHU KoJeba-
HUH C yCTIEXOM HCTIONB3YIOTCSI METO/IBI Ta30BOM TUHAMHKH MIIH THAPOJHHAMHKH.

U Bcé-Taxm, uro Takoe 3¢pup — ra3, KUAKOCTH WIH TBEPAOE Teno? A MOXKET
OBITh, 3TO YTO-TO CpelIHee, Harmpumep, Kuakuid kpucrawt? CoBpeMeHHOW Hayke
9T0 Hem3BecTHO. Ho Ham emé paHo 3aBepriaTh OOCYKAEHHE NAHHOW TEMbI, U B
CIICAYIONNX IYHKTaX OYIyT WM3JI0KEHBI JOIOJIHHUTENBHBIE apTyMEHTHl B MOJB3Y
OJIHOH U3 BEPCUH.

Cundasznoe nose cnuHoB u cpeaa Koccepa. Hamomuum (cmotpu [3]), uro
ypaBHeHne Kireitna — ['opmoHa 11t poXoBHBIX KOJIeOaHuil TeTepOTreHHON Cpebl
JOIIycKaso (haKTOPHU3ALHMIO:

A0v/ot=—grad p, d*yg/dt* =S-p/M,,

K’lap/at =—divi—(&-S/W)-dyg(t)/ dt,

HUMCIOIIYI0 COOTBETCTBYIOIIUN (pU3MUCCKHI CMBICI. [IpenrnoiokumM, 4To, B CHILY

BBICOKOM KECTKOCTH MaTepuana NpUMECH, U TOJe KacaTeldbHbIX HaIpsLKeHUH

BHYTPH YaCTHULIBI MOKHO CUUTATh paBHOMEPHBIM. Torna, BHIIONHSS aHAJIOTUYHOE

HCCIEI0BAHUE, IPUXOAUM K AHAJIOTUYHBIM YPABHEHMSIM U JUISl IONIEPEUHBIX KOJIE-
0aHui cpenbl:

AoV /0t =-1ot7,, dog/dt=(x/2)R-S 7,/ J,,

G o7, /ot =rotV—g-((x/2)R-S/W)- iy,

rae G — MOAyJb CABUIa YIpPYroil cpenpl; 7,V — KacaTeJbHOE HallpsKEHUE Kpy-

(6)

9eHHS] W CKOPOCTh CPembl; @g,J, — YIIoBas Pa(t)
CKOPOCTh BpAICHUSI U MOMEHT HUHEPILUH YacTH-
usl; J, =0.5-Mq-R2; R — pamuyc 4YacTHUIIBI
(puc. 8); S,W,0 — miomaab, 00bEM U OTHOCH-
TelbHas TommmHa e obomoukw; M, — Macca

YaCTHLBL;, & — 00BEMHAS TOIIS IPHMECH.
Uckrounm u3 cuctemsl (6) yIIIOBYIO CKO-
pPOCTb @y U HOIYYHM:

a2 0%t 10 = AT, (0,0, /o) Ty s (7)

rac yacrora
@,y =B (E/8)- A/ Ay -(wIN2)-a 0 /R,  a,, =GIA.

VYpasuenue Kneitna — 'opgoHa (7) Takxke UMEET OUEBUAHOE PELLICHUE:

Pucynok 8 — Yactuna npumec.

T, = 57 -(sin @pont) » THE A7 =0 wm, HanpuMep, &7 = const .

Ho sta CUTyalld KapJWHAJIbHO OTIMYACTCA OT MPEAbIAYIIETO ClIyvas:
° KonebaHus KacameibHo2o Hanp:scenus He npu@odﬂm K UBMEHEHUIO NJ10MmHO-
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cmu u Mooyeli mamepuand, a, 3HAYUT, HE MOTYT CIIY>KHUTb OCHOBOH JIJISl BO3HUK-
HOBCHHUS HECTAI[HOHAPHOTO MOJIsl, TOJOOHOTO AIEKTPOMArHUTHOMY

° HacToTa @,, CTOJIb JXC BCJIMKA, KaK MW 4YacCTOTa a)np , IIO3TOMY HOOIIOJIHHU-

TEJIBHOE CIIaraeéMoe 3aMETHO UCKa)KaeT UCXOJHOE BOJIHOBOE YPABHEHUE
a2 0%t 1o =A%,

OIMCHIBAIOLIEE MTOTIEPEYHBIE KOJIEOAHHS CPEIbl, M 3TO 6Cmynaent @ npomugopeyue

C ONbLIMHBIMU OAHHBIMUL.

B mamem ¢usmueckoM mpocTpaHcTBe (3¢UpE), MO-BHIUMOMY, TII00OATHHOTO
cUH(A3HOTO MOJIA KacaTeJIbHBIX HAMPSDKECHHMA, OMUCHIBAEMOro ypaBHeHueM (7),
HeT. B To ke Bpems, onucanHoe B [3] cuH(aszHOE mMoe KojaeOaHuid TaBIeHuUs, T0-
BHANMOMY, CymiecTByeT. UT0oOBI pa3pemnTh BO3HHUKIEE IPOTUBOPEUHE, 3aMETHM,
4TO HNpU YNPY2Oo-niacmuyeckux O0eQopmMayusx Mmamepuanida yacmuya Modicem
ObIMb MEEPOOT MONLKO NULULL OMHOCUMENbHO CHCAMUSL, TIPU TOM MOJYJIb CIIBUTa
G, A1 OCHOBHOTO 00BEMa YacTHIBI Malo OTIMYaeTcs OT Moxyis G ympyroi

cpenbl. B pesynbrate, yacrora @, CHMXKAaeTcs 0 TaKOM CTEIEHH, YTO MPH pac-

11

4y&Te 3JMEKTPOMATHUTHOTO TOJISl €10 MOXKHO MpeHeOpeyb, U MCIOIb30BaTh BMECTO
(7) BoIHOBOE ypaBHEHHE.

Ho moyiHOCTRI0 UTHOPUPOBATH MOJYYCHHBIH pe3yabTaT ObUIO OB HEBEPHO.
W3BecTHO, YTO HECTAlMOHApHBIC pemieHus: ypaBHenus Kieilina — [oppona mpu
yIAIEHUU OT UCTOYHHMKA OBICTPO 3aTyXaIOT MO SKCIOHEHIUAIbHOMY 3aKoHY. Ecin
HNCTOYHUK UHAYIUPYCT KOJ'[C63,HI/I$[ KacaTCJIbHOT'O HAIIPSIXKCHUA, TO OTHU KOJ'IC68.HI/IH
PaCIIPOCTPAHSIOTCS HA HEKOTOPYH) OKPECTHOCTh MCTOYHHKA M, KaK CUUTAIOT, SIB-
JSIFOTCSL BO3MOKHOUM MPUYMHOW TaK HA3bIBAEMOTO CIA0020 83AUMOOEUCmEUs dIie-
MEHTapHBIX YaCTHI]; B Y4CTHOCTH, OHU M3MEHSFOT OPUEHTAIMIO UX CIIHHOB.

B nocnennue roasl akTUBHO pa3BUBAETCs TaK Ha3bIBaeMasi HECUMMEMPUYHASL,
WA MOMEHMHAS Meopust ynpy2ocmu, KOTOpask yIUTBIBAET 3€PHUCTOCTh CTPYKTY-
PBl CIUIOIIHOM Cpeabl U ONUCHIBAET €€ TEH30PHBIM ypaBHEHUEM Jlegu - Yusuma
[17] mubo cucTemoii BeKTOpHBIX auddepeHnanbubiX ypasnenuii Koccepa [18]:

p-0%i /6" = (2u+A)grad divii — (L + o) rotrot i + 2arot § + £, ®
j-0*g o = (2y+ﬁ)graddiv¢3—(y+s)rotrot¢3+2ar0t17—4(x¢§+§,

rae W,A — MOIYJH YIPYrOCTH, MOJOOHBIE U3BECTHBIM MOIYJIsIM Jlame, KOTOpbie

UCIIOJIB3YIOTCSl B KJIACCHUYECKO# (CUMMETpUYHOM) Teopuu; o,B,Y,€ — JOMOJIHU-

TEJNBbHBIE MOIYJIH YIPYTOCTH; é - YTOJI IOBOPOTA 3€pHA, KOTOPHI B HOBOU TEO-

PHUH MOXET OTINYAThCs OT yria i = 0.5rotu moBOpoTa cpensl;, j,g — IUNIOTHOCTh

MOMEHTOB WHEPIIMU M MacCOBBIX CHIL.
Y opHOpOAHOW cHH(pa3HOH BOJHEI B cpede Koccepa Bce IPOCTPaHCTBEHHBIC
pou3BoAHbIE paBHAIOTCA 0, M1 cucTeMa (8) CBOAUTCS K YPaBHEHHUIO
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. 27 A2 s
joglotr +4a-¢ =0,

KOTOpPOMY OTBEYaeT OJHOPOAHOE ToJie CHH(A3HBIX T'APMOHWYECKUX KOJIeOaHMH
3epHa ¢ KpyTroBoii 4acToToil @, =2./a/ j .

YxazaHHbIE KOJICOaHNsI MOTYT, HallpHUMep, MOSCHUTh MPHUYHHY CYIIECTBOBA-
HUS CMMHA y (DOTOHA M APYTHX SJIEMEHTApHBIX YaCTHIl, a TaKKe MaTepHalbHO-
WHQOpPMAIMOHHBIE OOMEHBI B TPEXMEPHOM IpocTpaHcTBe (cMotpu [7]), HO s
CO3JJaHUS NEKTPOMArHUTHOTO TIOJISI OHM HE MPUTOIHBI. DJIEKTPOMArHUTHOE TOJIe
SIBIISIETCS TTOJIEM TIOIEPEYHBIX KONEOAHUM, TO3TOMY KaK HOCHTENb (M, OJHOBpE-
MEHHO, TOHOPCKOE TI0JIe) TYT MOT'YT BBICTYIIATh JIHIIb IPOIOJbHBIC KOJICOaHUs (TO
€CTh KoJIeOaHUs JaBlieHHs U TNIOTHOCTH). B cpene Koccepa monyuuts oqHOpOIHOE
mojie KojieOaHWii HEBO3MOXKHO, ITO3TOMY, HE CMOTPSI Ha «THOKOCTHY» HECHMMET-
PUYHOM MOZENH, HIMEIoMIel OONBIIOe YHCIO MOIYJIEH YIPYTOCTH U JOTIOHUTEIh-
HBIIl THEPLMOHHBIH (hakTOp, cpeda Makceenna He SIBISIETCS €€ YaCTHBIM CITyYaeM.

BoaHbl MHEPUHMOHHOTO [aBJeHUs. ArvOepm OunwimeliHn pPacCMaTPHUBAI
TPaBUTAIMIO KaK PENIITUBUCTCKUN (D (eKT, BhI3BaHHBIM PACIIMPEHUEM MPOCTPaH-
CTBa, HO €T0 HENpOCTOe 0OBICHEHNE MEXaHI3MOB (DYHKIIMOHUPOBAHUS STOH CBS3N
6a31poBaIOCH HA TEH30PHBIX YPAaBHEHUSX, ONHCHIBAIOIINX N3MEHEHHE KPUBU3HBI
MIPOCTPAHCTBA, ¥ ObIIO YncTO (hopMmanmbHEIM. Jlanee MBI ITOKAaXEM, 4TO, IPUHSB Ha
BOOPYKEHHE MOJIENb YIPYTOIIACTUYECKOTO Ie)OPMUPOBAHHUSI CIUIOLIHOM CpPEJIbl,
MOJKHO HAlTH POCTOE 00BsACHEHHE 3TOTO0 () deKTa.

Ha puc. 7 Ob11 mokaszan pparMeHT THCTEPE3NCHON KPUBOM, aKTYaIbHBIA IS
Hamero u OyJyIiero BpeMeHu. JlaBieHne B cpeie MEAJIEHHO YMEHBIIAETCs, M OHa
pacumpsiercsi, HO, MO MPUYMHE Pa3HBIX KO3 UIMEHTOB C)KUMAEMOCTH, 00BEM
mIacTU4eckoi (asel Bozpacraet moutu B 2000 pa3 ObicTpee, yem 00BEM TBEPIOH
(aszbl (TouHOE 3HaUCHHE paBHsETCS 1836).

D10 o3Ha"aeT, yTo 00BEM MpoTOoHA (TBEpHas ¢a3a) BO3pacTaeT MEIJICHHO U
CTOJIb K€ MEIUIEHHO Bo3pacraeT 00bEM, 3aHMMAaeMBbId DIIEKTPOHOM; HAIIOMHHM,
YTO 3JIEKTPOH OTHOCUTCS K XKUAKOH (aze, HO ero 00bEM NponopLuruoHaleH 00bEMY
MIPOTOHA W M3MEHSETCS] BMECTe ¢ HUM. Takoe ke IPaBUiIO OTHOCUTCS M K IPYTHM
rapaM pa3HOMMEHHO 3apsDKEHHBIX AJIEMEHTApHBIX YacTHIl, a Takke K (OTOHAM.
Cref0BaTeabHO, MOKHO CUHTATh, YTO 00BEM KANCOOU OMOENbHOU 4ACMUuybl 6e-
wecmea yeenuuusaemcs 6 2000 paz meonennee, uem 06bEM 6ce20 NPOCMPAHCIEA.

O0BEM Bcero BeIIecTBa COCTABISIET HUYTOKHO MaJIyIo JOJI0 OT 00bEMa Ipo-
CTPAHCTBA, I03TOMY YMECTHO HCIIOJIb30BaTh CIECAYIOIINNA PEISITUBUCTCKUI PUEM.
By;[eM JJIA Ha4dalia paccymﬂeHHﬁ CUNTAaTh, YTO BCA MATCPUA paCHIUPIACTCA C TEM
)K€ TEMITOM, 4TO W e€ IUTacTW4Has (a3a; COOTBETCTBYIOUIYIO CKOPOCTh pacIlupe-
HHA 0003HAUUM 7V, , 3Ta CKOPOCTH YAOBIETBOPSET OYEBUIHOMY COOTHOILEHHUIO

divi (M, 1) = p(t) .

CKOpOCTh pacIMpeHus V, OUY€Hb Maja, I03TOMY COOTBETCTBYIOIIHME HEIH-
0
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HEelHbIe cllaraeMble B YpaBHEHUH YNIPYTrOCTH MOYKHO HE yUWUTHIBaTh. TOT/Ia HCTUH-
Hasi CKOPOCTb PacCLIMPEHMs NPEJCTABIAETCA B BUAE V =V, + V., IPUYEM OTHOCH-

TeJbHas CKOPOCTh V. YJOBIETBOPSET YCIOBHIO
diviig, (M, 1) = ~¢ - 2,(M,0), ©)
rae A,(M,t) — mwiotHocTs Bewectsa; ¢ =@-(1-m,/m,)~@; m,,m, — Maccsl
3NIEKTPOHA U MPOTOHA, 3 OTHOCUTENIBHOE CMEIIEHNE i, YAOBIETBOPSAET HEOJHO-
POIHOMY JTHHEHHOMY YPaBHEHHIO YIIPYTOCTH
/1-62110T /ot* = K -graddivii , — G -rotrotii +F. (10)
OO0pamaeM BHIMaHUE Ha TO, 4TO y ypaBHeHui (9), (10), B oTiimume ot pac-

CMOTPEHHOTO BBIIIE CIydas, KOX(PPHUIUEHTH HE MyIbCUPYIOT, HO KO3 uyuenm
& Modcem MeONeHHO UBSMEHAMbCA ¢ MeyeHUeM 8peMeHi.

Bropoe oTinune cocTouT B TOM, 4TO B CHIIy ycioBus (9), Temepb Hac MHTe-
pecyroT He IoIlepedHble, a MPOAOJIbHBIE KoyiebaHus Marepuana. Ero cmerneHus
IIPY YKa3aHHBIX KOJEOAHMSIX MMEIOT HoTeHIman @ , KOTOpBId, MpU OTCYTCTBHA

BHEUIHUX cUl F , OMMCBIBACTCA BOJIHOBBIM YPaBHCHHUEM
(1/K)-0*D /o =AD.

[Mponuddepenimpyem 3T0 ypaBHEHHE, U PaBEHCTBO i, = grad @ 1o Bpeme-

HU, B pe3yIbTATE YET0 MOIyIUM
Vo, =grady
U, ¢ yuétoM ycnoBus (9), HEOTHOPOJHOE BOJHOBOE YpaBHEHHE I MOTEHIMala
CKOPOCTH:
(A/K)-0%w /ot =Ay —4x-& - A (M,1). (11)

VYpaBuenue (11) sBisieTcss TUHEWHBIM, IMO3TOMY K €rO PENICHUSAM MOXKHO
MIPUMEHATh METOJ| THHEHHOU cynepno3unuu. [IycTe HEHTp CHCTEeMBI KOOpAMHAT
COBIAJAET C LEHTPOM YEIMHEHHONW COCPENOTOUEHHOM MacChl 7 ; TOTJa COOTBET-

CTBYIOIIUMH 3TOW Macce pelneHusMH ypaBHeHus (11) sBistorcst cdepuueckue
PpacIIupSIONIUECs BOJIHBI MOTEHIMAIa CKOPOCTH

w(p.t)=f,(t=play)/p
M CaMOM CKOPOCTH
{;OT(ﬁ’t) = gradl// = _I:fll;(t_p/aﬂp)/(anp 'p)+fw(t_p/anp)/,02:|'l; ,
e f, () ==¢(0)-m, a,, =K/ 2.

IToxaxxeM, 4TO aHaJIOTUYHAs BOJIHA OMUCHIBAET U3MEHEHHE aBJICHUS B YIIPY-
roii cpene. Yarém, uro ¢popmyia
p=—-K-divii,

OIPCALCIIACT TaK HAa3bIBAEMOC eudpocmamuqeacoe oaenenue P , BOBHHUKAroIIee npu
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C)KaTHU WM PACTSHKEHUH Cpesibl. Y paBHEHHE
A-0%i,, /o = K -graddivii,,
3aIUIIEM B CIEIYIOIIEM BHE:
A0V, /0t=—gradp ,
TO €CTb,
A-Ogrady/ot=—-gradp mw p=-A-Oy/ot.
CrengoBarebHO,
PP =2 [yt =plag) p=2-5t=play)-mip.

Takum oOpazoMm, naBieHHe p OyZeT BOJHOM pacUIMPEHUs] Cpelbl, €CIH

¢'(t) <0, u BosnHO# cxxarus, ecu §'(£) > 0.

Cdepreckas BOJIHA 9TOrO JaBICHHS PACLIMPSETCS CO CKOPOCTBIO d,, , KO-

TOpas Al 3¢upa OKa3bIBaeTCsS HECKOIbKO OOJIbIIEN CKOPOCTH CBETa, CKOpee Bce-
ro, B 1.4...1.7 pa3. U3BecTHO, 4TO

0K/6G=25.35, Ho OK/oA#K/A

N0 MPUYMHE HEIMHEWHOCTH XapaKTePUCTHK Je(GopMUpOBaHHs MaTepuaia, Io3To-
My TOUHEE IT0Ka YTO CKa3aTh HEMb3sl.

TaxuMm 00pazom, eciii 3Ta TEOpHs BEpHA U MMEET IPsIMOE OTHOILICHHE K Ipa-
BHTAIMH TEJ, TO B 320YHOM CIIOPE JIBYX HAay4HBIX THTaHOB (Jlammaca u DitHIITEH-
Ha, cMOTpH [1]) 0 cKOpocTH paclpoCTpaHeHHs TPABUTAIIMOHHON BOJIHBI obOemia
HcTunHa, x0oTOpas, Kak U3BECTHO, BCETa JIEKUT Iie-TO OCPEIUHE.

PeanbHoe moJie yckopeHMii W BHUPTyaJjibHOe MoJe cuil uHepuum. Eciu
cunTarth BeinuuHy ¢ "(¢f) OueHb Maioi, TO naBieHue p(p,t) CO3IacT LEHTPAIb-

HOe mone yckopemmii cpemnsl G(p,t)=—-A"'-grad p(p,t), NpOHOPLHOHATBHOE
Macce m W U3MEHsoLIeecs 110 3aKOHY OOPaTHBIX KBaJIPaToB:
G(p.t)=(r-mlp’) .,
roe y=A""-'(1).
XapakTep B3aMMOJEHCTBHS ATOTO OIS C YaCTHIIEH 3aBUCHT OT COOTHOIICHUS

aKyCTHYeCKUX KO3(Q(UIHEHTOB f, MIACTUYHON Cpelisl U f, TBEPIOTO BEIECTBA,

fc :1/(10 .aﬂp.c) ’ fB :1/(/’1’3 .aHP-B) ?

rne Ag,A, — MX INIOTHOCTH; d, .,d — CKOPOCTH PACIPOCTPAHEHUS BOJIHBI

np.c®>“np.B
CoKaTusl.
UToObI HE YCIOXKHATH M3I0KEHHUS, 00paTUMCS 32 TTOACKAa3KOH K OJHOMEPHO-
My HEJIMHEHHOMY BOJIHOBOMY YPaBHEHHIO, a TOUHEE — K €ro (DakTOpU3aIluK B BUIC
CUCTEMBI
A0v/0t=—0p/0ox;

, 12
oplot=—a*-A-ov/ox (12)
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KOTOpas OMUCHIBACT M3MEHEHHE CKOpocTH V(x,f) W maBiueHus p(x,t) B TpyOO-

npoBoze. [Ipennonaraercs, 9To INIOTHOCTh A M CKOPOCTH 3BYKa d 3aBUCST OT Be-
JUYUHBI JaBieHus. Toraa, Kak MokKa3aHo B Kypce 'MAPOJMHAMHUKH (CMOTPH, Ha-
npumep, [15]), cucrema ypaBuenwuii (12) umeer pemenusi B popme Oerymieid u ot-
pakEHHON BOJIHBI CJIEAYIOIIETO BUAA:
I, =u(xFat)+ p(xFat)/(a-1)=const . (13)
A ' Pemennst (13) HaspBaroTCA uUHBApUAH-
mamu 80NHOB020 YPAGHEHUs; 3aMETHM, 4YTO
npu 00pa30oBaHUM MHBAPHUAHTOB HCIIOJIB3YETCS
aKyCTHUYECKHH KOX(QQUIMEHT cpeapl, a CKo-
POCTh 3THX BOJIH IEpPEHOCA, KaK M CKOPOCTh
3BYKa, SIBJISIETCS IEPEMEHHOM.
Hcnone3ys  WMHBapHaHTBI  BOJHOBOT'O

niaacmudHas mgep()a,q
pasa pasa YPaBHCHHUA (pI/IC. 9), a TaK)K€ YyCJIOBHsA HEIPE-
> PBIBHOCTH HABJICHHUA W CKOPOCTH Ha (prHTaX
X pa3pbiBa, IPUXOJUM K BBIBOAY, YTO, €CIIH JIO-
Pucynok 9— WuBapuanTsl u KaJibHas TUIOCKas BOJIHA YCKOPCHHSA OBUKETCA
IIOBEPXHOCThH pa3phlBa. NEPICHANKYJIIPHO ITOBEPXHOCTH YAaCTHIBI, TO,

[oCJIe  MPOXOXKICHUS IOBEPXHOCTH pa3zena
OHA M3MEHSIET CBOIO BEIMYMHY B k pas, rae
k=2-f, (fs + 1) - (14)
Korma koadduuuent k£ mam, To, Ipu MageHUN BOIHBI HOJ YTIIOM K TIOBEPX-
HOCTH paszjiena, e€ ocnabiieHue okasbiBaeTcs emé OonbimuM. B paccMaTpuBaemom
ciydyae k <1/40, m 3TO O3HAYaeT, YTO GEIUYUHOU AOCONIOMHO2O YCKOPEHUs
MEEPOOIL yacmuybl N0 CPAGHEHUIO C e€ YCKOPeHUeM OMHOCUTNENLHO CPeObl MONCHO
nperebpeubn.
B pesynbrare, Mmacca m WHIYIUPYET MOJIE OTHOCUTEIBHBIX YCKOPEHHH TBEP-
JBIX YACTHUI], U3MEHSIOIIEECS M0 3aKOHY OOPaTHBIX KBAaJpaToB:
G, (pt)=—(y-mlp*)-pp.
3aMeTHM, YTO MO NnoJjie A6NIAeMcs GUPMYalbHbIM, U TOIBKO KOTAa B HEM II0-
SBJIETCST TBEPIAs YaCTHIA C HEKOTOPOW Maccoil m', TO YacTHIa YCKOPSETCS K
LEHTPY TOJIsl, ¥ CO3MAETCs WILTIO3UsI ACUCTBUS CHIIBI TPABUTALIMOHHOTO ITPUTSDKE-
HUS
F=—(y-mm'lp’)p. (15)
YuréMm, 94To B paccMaTpuBaeMor Moaenu ¢ (t) = ¢(t), 1 IpuaéM K CIeayro-
LIEMY BBIBOAY: HAIUYUE CUTbL NPUMAICEHUSL MENCOY MBEPOLIMU HACMUYAMU O3HA-
uaem, 4mo 6 OaHHOe 8PeMs pACULUPeHUe cpeobl 3aMeONAEMC.

Ocranock 3aMEeTUTb, YTO ITOT BBIBOJI COOTBETCTBYIOT BBIOpaHHOMY (hparmeH-
Ty THCTEPE3UCHOU KPUBOH (puc. 7).
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I'paBuTanusa BemecTBa U kpucTasmm3anus dpupa. [lone cun unepryu u3
MIPEABILYIIET0 MyHKTa 0 CBOMM CBOMCTBaM HAallOMHHAET rpaBHTannonHoe. [Ipo-
BEPHM, CIIOCOOHA JIN OMHCAHHAsI MOAETb 00ECIEYUTh TOT KE YPOBEHb CHJI MEXIY
HeOECHBIMH TEJIaMH, YTO H JACHCTBYIOIIEE celvac rpaBUTAI[MOHHOE TIOJIE.

Jns 3TOrO  OTMETHM, YTO B paMKax JaHHOM Mojenu Kod(QQUIHEHTHI
S(t), () MMErOT GU3UYECKYIO PasMEPHOCTh 4acTOThI, a kodhduiment ¢'(f) —

2 .
pasmepHocts [1/c¢”]. Kpome Toro, mose yckopeHHi CBOOOIHOTO IajeHHsI, CO3-
JaHHOE YeTMHEHHOI Maccoid, pakTuuecku ornpeaessiercs: GopMynon
~ 3 -
Gy (p,)==CO)-V, 1 p7)-p, (16)
rze BenuduHa ¥, 06o3HauaeT 00bEM, 3aHUMAEMBIi BELIIECTBOM 3TOM MacChI.

®opmyina (16) no3Bosier HalTH OLEHKY [yt KoddbuimenTa &'(¢) . Yurém,
4yro Ha noBepxHoctd 3emmu G, = 9.806 m/c?, p= 6.4-10°Mm . Kpome Ttoro, uro
o4eBHAHO, 00BEM  V, He mpeBocxoguT o00BEMa 3eMHOro ImIapa, TO €cCTb
V,<(4r/3)- p3 .CnenoBatenbHO,
|¢'()|= G, (47 /3)- p]=3.66-107 [c”].
[TockoyibKy B MOJENH UCIIOJIB30BAHO yCIIOBUE ¢ () = (f) , TO CKOPOCTH pac-

HIMPEHHS CPEIbl OKA3bIBACTCS CIUINKOM OOMbIIOH. JleiicTBUTENBHO, €clu MpH-
HATb, YTO PACLIUPEHUE IPOUCXOJUT I10 TADMOHUYECKOMY 3aKOHY

divii = du-sinwt,
I7ie U3 YCJIOBUH NMPOYHOCTH JIFOOOTO YIPYroro MarepHuajia CledyeT HepaBEHCTBO
ou<0.1, 10

Pt)=0u-w-coswt u |§'(t)| = |go’(t)| =Au- -sinot ,

otkyma @”>3.66-10° u ©>1.9-10"[l/c].

B 10 ke Bpemsi, XapaKTepHBIH eproA 3TUX KojebaHmii coctaBisier 10 mMipa.
JIET, ¥ BBITMOJIHIETCS YCIOBHE @ =~ 2 - 107" [1/c]. Oka3amoch, 9TO BBIYHCICHHAS CH-
JIa TPUTSDKEHUS. OYIEeT B MIJUTAAP/IBI pa3 MEHBIIIC TOW, YTO HAONIOMACTCS B JICUCT-
BHUTEIBEHOCTH.

Hy urto xe, Hayka He Bcerjga cpa3y K€ MPUXOAUT K NPaBUIBHOMY OTBETY.
Msl yunu ¢GakTophl, KOTOPBIC JIEKAIH HA MOBEPXHOCTH, HO HMX OKa3ajoCh MaJo.
CrnenoBatenbHO, MOJICNTh HY)KHO YTOYHSATh, U IMyTH YTOYHEHUS JOCTATOYHO OYe-
BHJIHBI.
e IIpexne Becero, 3amMeTuM, 4to Ko durment ¢'(¢) nmpuHUMAaeT GOIbIIIE 3Ha-

yeHust (TopsiaKa 41077 c_z) TOJIBKO TaM, TJ€ PacroyiaraeTcsi BeuecTBo, 00-
LUK OTHOCUTENBHBIA 00bEM TaKUX 00JacTell HUYTOKHO Mall.

. ITpuuém 3TO BEUIECTBO HE CTOMUT HEMOJBH)KHO B OIHOM Touke 3¢upa, a I1BHU-
JKETCsI, TOITOMY, HECMOTPSI Ha BBICOKHI YpOBEHb YCKOPEHUMN, 3HAUUTEIIbHBIX
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nedopMaruii, pa3pyuIaonUx 4acTh MPOCTPAHCTBA, HE IPOUCXOIHUT.
e Kpome Toro, no mepe pacuupenus npocmpancmea oouuii 00vém sewecmsd

gospacmaem, u 3mMom npoyecc 8 HACMosuee 8Pems YCKOPACHCA.

IMocnenuuit akTop ABISICTCSA PELIAIOIINM, [TOITOMY OOBSICHUM IOIpOOHEE.
B Hacrosiee Bpems BelIecTBa €€ Majio, U MPOCTPAHCTBO (DAaKTHUYECKU IYCTOE.
Ho, B Touke M, moka3aHHOW Ha pucC. 7, NPAKTUUECKH BCE MPOCTPAHCTBO YK€

w s
craHeT TBEPAbIM. CrenoBaTesbHO, 3a BpEMs, OCTaBLIEECs 10 «KOHILIA CBETa», BCE
MIPOCTPAHCTBO YCIIEET KPUCTAJUTU30BAThCS, HO TOT Ipoliecc OyaeT IpOUCXOIUTh
HepaBHOMEpHO. Pacmmpenne npocTpaHcTBa co31aET OIaronpusTHBIE yCIOBHS UL
€ro KpUCTAIIM3AINH, a KaTaIu3aTOPOM KPUCTAIIM3AINH TUTACTUIECKON (ha3bl BBI-
CTyMaeT caMo BEIIECTBO.

ITocmotpute ewé pas Ha puc. 7. YToObl MaTepuan nepemeén u3 Touku M, B

TOYKY M, €ero cHauvaia Hy>KHO PAaCHIMPHUTb IO TOYKH M , a Ul 3TOrO Hy’KHa

sHeprus. Takol 3Hepruei oOiamaeT Macca, KOTOpas, M0 DWHINTCHHY, SBISICTCS
CHHOHUMOM 3Heprun. ClenoBaTenbHO, Macca sBISETCS KaTaln3aTopoM Iporiecca
nepexosia, a ero «BBIXOJ» MNPOMOpIHOHaNIeH 00bEMY Karamuzaropa. [lostomy
MOKHO COXPaHHTh OIMUCAHHYIO BBIIIE MOJIENb, HO YBEIUYUTh 3HaUCHHE KOIpu-
meHTa ¢'(¢) 10 ypOBHS, ONMPEACIEHHOTO SKCIIEPHMEHTAIIBHO.

Octaércst 00BICHUTH, IIOYEMY IKCIIEPUMEHTAIFHOE 3HaUeHHe K03 duIreHTa
oKkazajioch TakuM OonbmuM. IIpu nepexone M, — M, ouepeqHas Mamas MOPLUS

MarepHaia YMEHBLIAET CBOK IUIOTHOCTD CKaYKOM, U 9TO YBEIWYUBACT HE TOJBKO
npousBoauyo ¢'(f), HO u cam kodddunueHt £ (¢), KOTOPBIA B ITON MOJEIH BO

MHOTO pa3 0oJbIe, 4eM K03 (HUIIHEHT pABHOMEPHOTO pacIIupeHus ¢i(7) .

Takum 00pazoM, 8 ynpyzoniacmuyeckoll cpeoe 21a8HOlt NPUHUHOU NpUms-
JHCeHU MBEPOBIX HACMUY ABNAEMCA e€ HeluHelHoe pacuiuperie, Komopoe npugo-
OUm K yCKOPEeHHOMY nepexo0y NAACmu4eckol ¢asvl eewecmsa 6 meeépoyro ¢asy.

3aMeTHM, YTO NPEICTaBICHHAs B 9TOM MYHKTE TEOPHUS IPABUTALMU HMEET
HEAOCTATOK: JJISl Macc, OBIKYIIUXCS ¢ OONMBIIUME CKOpocTsMH, hopmyna (15) sB-
JsieTcsl NpUOIMKEHHOI. DTOT HEIOCTAaTOK IpeooieBaeTcs B padote [1], rae BMe-
CT€ C IPaBUTAIIMOHHOW CHJION BO3ZHHMKAET IpaBHTAMOHHAs MHAyKnus. Kpome To-
ro, B Ka4eCTBE NPUYMHBI MHEPIHMOHHOCTH (M TPaBUTALMK) BMECTO KPUCTALTH3a-
UM upa TaM BBICTYIIAeT YaCTHYHOE pPa3pylIeHHe 000I0YeK Y YaCTHUL IPUMECH,
YTO c031a€T OTOK CPEJbl B CTOPOHY SJIpa YaCTHUIIBI, TJIe COCPEIOTOUYEHHA Macca.

Byaymee BbIcOKMX TexHoJIorMii. Bynem cunTarte, 9To pe3ynbrar, MoIy4eH-
HBII B TIPEIBIAYINEM MyHKTE, SBISIETCS BEPHBIM HE JUIA KaKOM-TO TaM OTBJICUEH-
HOM CIUIOIIHON cpedvl Makcgenna, a ans Hauiero 3¢upa; TOrAa OH OTKPHIBAET
TIEPCIIEKTUBBI JUIS JIIOOOIBITHBIX TEXHMUYECKUX MPUIIOKEHUH.

N3BecTHO, 94TO IIIOTHOCTH JII000T0 MaTepHaia, a TAkke CKOPOCTh 3BYKa M KO-
3G QUIHEHT CXKUMAEMOCTH, 3aBUCAT OT AABJICHUS U TEMIIEPATyPbI; 3TO JKe MPABHIIO
NpUMEHUMO K 3¢upy. B naHHBII MOMEHT BpeMeHH JaBlieHHE B 3(hUpe YMEHbIIAeT-

69



csl, TO €cThb P (£) <0, HO CKOPOCTH 3TOrO mpouecca 3aMeeTcss, p, (1) >0.

[IpeamnonoxumM, 4TO 1711 HEKOTOPOH OrpaHMYEHHON 00J1acTH 4 MPOCTPAHCTBA MBI
HAayYWIIMCh [OBBIIATH TeMIeparypy o¢upa 7,y H, 3a C4€T 9TOro, B TCUCHHUE OIl-

PenenéHHOrO IPOMEXKYTKA BPEMEHU Af 3aMeOnunu memn KpUCmaiiusayuu npo-
cmpancmea ¥ YMEHBITIITH K03 QUIHEHT | <'(0) | HA TTOPSAIOK.

O10 OyzAeT 03HauaTh, UTO O YKA3ZAHHO20 NPOMENCYMKA 6peMeHU U YKA3AaH-
HOU obnacmu Mol (paxmuiecku yMeHbWuu cuibl epagumayuu u unepyuu 6 10 pas.

3ameTrum, 9TO B 3TOM ciay4ae B 10 pa3 yMEHBIIAIOTCS HE BCE CHIIBI HHEPIIUH,
JICHCTBYIOIIIME B YIPYIOM Cpese, a JIMILIb T€, KOTOPbIE CBSI3aHbl C TaK HAa3bIBAEMOMN
2pasUMayUOHHOU MAccou. DT CUNbI BbI3BaHbl YCKOPEHUSMHU BELIECTBA OTHOCH-
TENIFHO CHCTEMBI OTCUETA, B KOTOPOH CHJIBI TPABUTALMH OTCYTCTBYIOT. Kpome rpa-
BUTALIMOHHON Macchl BELIECTBO HMMEET TaK HA3bIBAEMYIO 91EKMPOMASHUMHYIO
Mmaccy, TPONOPLUUOHAIBHYI0 SHEPTUU €ro 3JIEKTPOMArHUTHOTO OIS (CMOTPH
[17]), m aTa Macca npu HarpeBe Aupa UIMCHSIECTCS HE CTOJIb 3HAYUTEITBHO.

JlecTBUTENBHO, IIPU YCTAHOBUBIIIEMCS JBUKECHUH TEJIa CO CKOPOCTBIO Vy 110

3¢upy B HEM BO3HHUKAET ABa MOJISI CKOPOCTEH, EPEMEIIAIOIIUXCS BMECTE C TEIOM:
e mone v,,(M,t)-sin@,,f cO31aETCs HICKTPUICCKIMH 3apsiiaMy Tela U IyIlb-

CHpYET C KpyroBO# 4acToroii @, (cmorpw [1]);

e mone V,,(M,t)co3maéres Maccoi Tena, IMEET CTOKH B €rO 3IIEMEHTAPHEIX
YacTUIIaX W HE MyJbCHPYET, TAKOE MOJIE CKOPOCTEH OMHMCAHO paHee B ITOM
CTaThe WM, TIPH JPYTUX UCXOMHBIX MOJIOKEHUSX, B cTaThe [1].

Tor/:[a BBIYHCJICHHEC KHHETHICCKOM OHECPrun EKl/lH CYMMApHOI'O 1OJIsI B HCKO-

TOpOi 0061acTH A C R; IPUBOJUT K UHTETpAILy:
A - . - 2
E —EI£I (Vo (M, 0)-sin @t + v, (M ,1))" d v,

WK, TIOCJIE PACKPBITHSI CKOOOK M YCPEAHEHHMS MO INepHoay KoieOaHuil, K cymMme
UHTErpajoB

A 00 A0t -
ZQ [ G, (M)’ dv+ j{lj (Vs (M, 1)) d V.

2
3z1ech HepBoe caraeMoe 10 3aBHCHMOCTsAM Bunma . =0.5-m-v;” onpene-

JISIET AJIEKTPOMArHUTHYIO, @ BTOPOE — MHEPLUUOHHYIO (WJIM TPaBUTAIMOHHYIO) Mac-
Cy TeJa, pacIoj0XKEHHYIO BHYTpH 00JacTi A .

AMIIHUTy1a MyJIbCALlMi B IIEHTPE 3apsiia ONpeersieTCs mapaMeTpaMu TUcTe-
pe3ucHOl KpuBOH (pUC. 7) U OCTAETCSI HEM3MEHHOM, HO TIOTEPU SHEPTUH, BHI3BAH-
HBIE 3TOI MyJbcanuei, MOXHO yMEHBIIUTh U, TEM CaMbIM, CyIIECTBEHHO CHU3HUTH
CHJIBI MHEPLUH 91eKmpudecku HeumpansHozo mena. B Toxe Bpems, Macca 3J€K-
TpOHA, KaK yKasbiBaercs B [17], Ha TpHu 4eTBEPTH MMEET JIEKTPOMATHUTHOE IIPO-
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HCXO0XKIACHUC, U TOJIBKO JIMIIb Ha OJIHy ‘-ICTBepTB — I/IHepLII/IOHHO-FpaBI/ITaLII/IOHHOG.
[ToaToMy MOXHO CUUTATh, YTO DIICKTPOMATHUTHBIC W JPYTHE CHIIBI, O0CCIIeYH-
BalOIHe CTAOMIBHOCTh ATOMOB M MOJIEKYJI, 3/I€Ch U3MEHSIIOTCSI HEe 3HAYUTEIBHO, a
MOIU(HUIIPOBAHHOE YKa3aHHBIM CIIOCOOOM BEIIECTBO CTAHOBUTCS CIIOCOOHO BBI-

JIEP>KUBATh YCKOPEHHUS, MPEBBIIIAIONINE OOBIUYHBIE -
3HAUEHUs Ha MOPSIOK. :
B pesymerare BrepBhle (A7 HAY9YHOH ITHTE- "

paTypbl) BOSHHKAeT BO3MOXKHOCTH JaTh OOBACHE-

HHE TeM (U3UYCCKHM IPHUHIIUIAM, KOTOPBIE HC- m
MOJTL3YIOT Ha 00BEKTe, oKa3aHHOM Ha puc. 10. 1 v
BpallleHUe, KaK BBISICHSETCS, 37eCh HE SBISIETCS i

[JIABHBIM (CMOTPH TaKXkKe meopemy 00 oyeHke =
epasumayuonnoti undykyuu, noxasasnyro B [1]);  PucyHok 10 — Cxemarudeckoe
BO3MOYKHO, YTO 3THM, I KOM(OpPTa SKHIIAXKa, nsobpaerye obbekTa

.. (PEKOHCTPYKIIHSA).
€0371aéTCs UCKYCCTBEHHAS TPABUTALHS.

[To MHOTOYHCIIEHHBIM CBHIETENLCTBAM OYEBH/IIEB, BPAIICHHE TMPHUCYIIC
OOJIBIITMHCTBY KPYIHBIX 00BEKTOB TAKOTO POJia, HO Ha MEJIKMX 00BEKTaX, KOTOPhIC
OBICTPO MaHEBPHPYIOT, €ro, HeT. HampammBaercst aHaorus ¢ a3po0ycoM M BOCH-
HBIM CaMOJIETOM, MUJIOTHI KOTOPOTO MPHUBBIKIIN K MEPErpy3KaM U COCTOSIHUIO HCKYC-
CTBEHHOM HEBECOMOCTH.

JIérurku, eciu BEpUTh MaTepHaiaM, MOIMABIIAM B MPECCy, UMEIH MHOTOYHC-
JICHHBIC BCTPEYH C TAKMMH OOBEKTAMHU, BUJICII OKPYKAFOIIMHA €r0 TUIA3MEHHBIN KO-
KOH U OIIYIIATU MapaIU3yIolliee BO3ICUCTBUE MOJIs KOJIeOaHHH, MPUPO/Ia U YacTOTA
KOTOpBIX IIOKa HeW3BecTHa. TeM He MeHee, He BBI3BIBACT COMHEHHs, YTO KOTJa-
HUOYIIb YEJIOBEK MPEOJ0JICET YIOMSHYThIC U APYIHe TPYAHOCTH M OBJIAJCET TEX-
HOJIOTHECH, KOTOpasi TIO3BOJIUT CaMbIM PATUKAIEHBIM 00pa3oM PEIIUTh TpodiIeMy
moJETOB B KOCMOC. SICHO, 4TO 3TO [1e)10 OYYIIEro, HO yxe ceiduac MOXKHO yTBep-
KIATh, YTO 8O3MOJICHOCMb CO30AHUS MATOUHEPYUOHHBIX eMamenlbHblX annapa-
mose (uzeecmmuvix kax HJ/10) ne npomugopeyum npuHyunam co8pemenHol HayKu.

Ho cambm 6ombimmuM goctmkeHneM YenoBedecTBa OyneT MpsMOE UCIIONIB30-
BaHME JJISI HYXI CBOEH SKOHOMHUKH dHepruu cuHdaszHoro moist. Hamo moHuMarth,
YTO HCIOJIb30BaHHE TOIUIMBA WJIM aJbTEPHATUBHBIX MCTOYHHUKOB 3HEPTHU — 3TO,
€CJIH BOCIIOJIb30BAThCS M3BECTHBIM METAJUTYPTHUCCKUM TEPMHUHOM, BTOPOH WU
TpeTuil anepeemuueckuti nepeden. Camble OONbIINE TOTEPH M NPHOOPETEHUS
SHEPruy B U3BECTHOM HAM MHUPE MPOUCXO/AT HA YPOBHE HIEMEHTAPHBIX YACTHUIL, U
B KauecTBE YHHMBEPCAJIbHOTO WCTOYHHMKA SHEPTUH 37IeCh BBICTYyMaeT cuHpaszHoe
MyJIbCUPYIOLIEe MOJIE.

[TyTu kK 3TOMY UCTOYHUKY €IIE MPEICTOUT OTKPHITh, 1 HUYETO OMpPEacIEHHO-
ro 0 3TOMY IMOBOJIY MBI CKa3aTh BaM HE CMOXeM. EJMHCTBEHHOE, UMEET CMBICI
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MOBTOPUTH M3BECTHBIN JIO3YHT: «Yuutech y [Ipupoasi!». Ecau ona cmorna moj-
KIIIOYUTB K ATOMY TOJIIO KaXIYIO 2JIEMEHTapHYIO YacTHIly, TO, HAaBEpHOe, HallIyT-
Csl Ml IPyTHE «KOZBI JOCTYIIA».

Ho Ilpupona siBHO HE CHIEIIUT OTKPBIBATH YEJIOBEKY 3Ty TailHy, U TOMY €CTb
Ipyu4urHa. IICJ'[O B TOM, YTO 3Ta TCXHOJIOIHs, KOTJa OHa 6yz[eT CcOo31aHa, B YbUX-TO
HEYMEJbIX WIH HelOOpBIX pyKaxX MOXET OKa3aThCs CTOKpAT CTpalllHEee BOJOPO[-
HOW OGOMOBI, TOTOMY YTO HECET MOTEHIMAIBHYIO OIACHOCTH ITOJTHOTO YHHUTOXE-
HUst U1 Beero Mupa. Octaérest HaesIThesl, YTO B 9TOT pa3 yuE€HbIE MOCTYIT My -
pee, u UenoBedecTBO HE IMOMYYUT ATOM TEXHOJOTHH PaHBIIE TOTO CPOKa, KOrja
OKOHYATEJIBHO CO3PEET ISl 3TOTO.

3akarouenue. Jt00as coBpeMeHHasi CHHEpreTHYecKas Teopusi GU3MIECKOro
MIPOCTPaHCTBa 00s13aHa JaBaTh OTBET Ha CJIEIYIOLINE BOIPOCHL:

e  [I0YeMy B HaIIEM MHPE CYLIECTBYIOT Pa3HOMMEHHBIC 3JIEKTPUIECKUE 3apsIbl,
HO He HaOJIIoaeTCsl pa3esieH sl Ha MOJI0KUTEIbHYIO U OTPULIATEIbHYIO Maccy?

®  [I0YeMY B JNIEKTPUYECTBE OAMHAKOBBIC 3apsbl OTTAJIKUBAIOTCS, a B TPABUTA-
LIUH OJMHAKOBBIE MACChI IIPUTATUBAIOTCS?

e [OYEMY B IEKTPUUECTBE OJMHAKOBBIE 3apsAbl OTTAJIKUBAIOTCS C TOH K€ CHU-
JIOH, C KOTOPOH MPUTSITUBAIOTCS PA3HOMMEHHbIE?

e  eciu apyryio (Ha30BEM e€ OTPHUIIATENIBHOM) MacCy BCE-Takud OOHapyXkar, Kak
OHa Oy/IeT B3aUMOJICHCTBOBATH C HAIICH (TIOJIOKUTEIIEHOM) Maccoii?

Korma pomurcs y4u€HbIi, KOTOPBII CMOXKET MaTh 000CHOBAHHBIM OTBET Ha
BECh KOMIIJIEKC TOCTABJICHHBIX BOIPOCOB, TO €r0 HayuyHas cjiaBa 3aTMHUT CIaBYy
Herotona u DiiHmrelina. Hamr BapuanT orBeToB omyOnmukoBaH B [1-3], rae Obuta
pa3paboTaHa KOHLEMIHUS YIPYTro-IUIACTHYHOW aKTHBHOW MEXaHMUYECKOH Cpempl,
Ha3BaHHOU cpedoul Makceenna, HO B HayKe IONYyYHIN H3BECTHOCTh M JAPYyTHE,
CTOJIb %€ He 000CHOBAHHbIE, BEPCUU OTBETOB.

HrroToHY, B 3TOM OTHOIIEHNH, OBLIO KyZa MPOIIE — OH OMHCHIBAI MTPOLIECCHI,
3HAKOMBIE Ka)KAOMY M3 ONBITAa IIPOCTOTO CO3EPLAHMS, U JOCTATOYHO OBUIO Tpe-
OJIOJIETh CJIOKUBINKECS AOTMbI. M mpu BCEM 3TOM 4eJI0BEYECTBO IIIJIO K KiIaccHye-
CKOW MEXaHHUKe JIOJITHE THICSYEINIeTHs], TPUoOpeTast 10 KpyNuIlaM OECIEHHBIH OITBIT
HaY4HOTO TIO3HaHUS MHUPA.

31aHne KIaCCHYECKOM MEXaHWKH, co3naHHoe Mcaaxom Heiomonom M ero
MOCJIEI0BATENSIMU, Pa3pyIIEHO, HO TOMY YEeCTOJIO0IY, KTO CTPEMHUTCS 3aHATh OC-
BOOOIMBILIMICS Mbe/ieCTal, He Mo3aBuayeis. HoBasi cuHepreTndeckas Teopus He
CMOXXET CTaTh TaKOH e NMPOCTOH W, TJIABHOE, HATJISIIHOM, KaK HBIOTOHOBCKAsl Me-
XaHUKa, U MOITOMY PacCUUTHIBATh Ha €€ 0€30rOBOPOYHOE MPHU3HAHME HE MPUXO-
JUTCA. }Ia u camMm HI)IOTOH, KaK MU3BECTHO, HAYYHOT'O IPU3HAHUA TaK U HC JOXKIaJI-
cs1; komema I annes BepHyJIach TOIbKO uepe3 30 JIeT mocie ero CMepTu.

72



CoBpeMeHHO€ TIOKOJIEHHE YUY€HBIX HE COTJIACHO JKJaTh TaK JOJr0, HO MBI
MOJKEM IOJICKa3aTh BbIxoJ. HoBast Teopus OyneT mpu3HaHA, €CIIM OHA CMOXKET Ha-
TIBITHO TIPOAEMOHCTPHPOBATE CBOIO IMOINIB3Y. Hampumep, oOBsICHUTH (U3NIeCKHe
MIPUHIUTEI, Onaromaps KotopbiM JeratoT HJIO, W MOJHATH JETAIONIyI0 TapenKy
«Ha KpbUI0» (WJIM HA TO, YTO Y He€ 3aMEeHsET KPbIJIbs).

BbiBoabI.

1. IIpoaHaau3upoOBaHbl TEOPHH (HU3UUESCKOTO MPOCTPAHCTBA, OCHOBAHHBIC Ha
KOHIICTIIINY TTACCUBHOW MEXaHUYCCKOW CPEJbl: TCOPHsl YBICUCHUS dPHUpa, TCOpUs
BEITECHCHHS TIPOCTPAHCTBA, TEOPHS Ta30-TI0A0OHOTO 3hHpa U HEKOTOPHIE TPYTHUE;
JUTSA TIEPBBIX JIBYX TEOPHHA pa3pabOoTaHbI MPOCTEHIITIE MATEMAaTHIECKNUE MOICIIH.

2. IpencraBneHa ¥ mpoaHaJIU3HMpPOBaHA MPOCTEHIIas MOJIENIb aKTUBHON YIIpY-
ro-TUIACTHYHON MEXaHUYECKOH Cpejbl, OCHOBaHHAs Ha pa3pabOTaHHOM paHee Teo-
pHUH B3aUMOJICHCTBUS OTHOPOIHOTO TIONIS KOJeOaHMsI TaBJICHUS U CHH(A3HOTO I10-
JISL TIONIEPEYHBIX KOJeOaHuil.

3. Pa3paboTana MaTeMaTu4eckas MOJCIb B3aMMOACHUCTBHUS TBEPIBIX YACTHII,
SIBJSIFOIIMXCSL LIGHTPaMH KPHUCTaJUIM3alMK YIPyro-IuiacTuaHoi cpenbl. [lokazaHo,
YTO B YCIIOBHSX PACIIUPSIONICHCS CPEIbl CHIBI B3aUMOJICHCTBHS YaCTHI[ OIIHCHI-
BAOTCS 3aKOHOM BCEMHUPHOTO TATOTeHHs HpioTOHA.

4. ChopmynupoBaHsbl (Ha ypOBHE HAYYHOW THUIIOTE3bI) TEOPETUUECKHE TIpel-
MTOCBUTKA ¥ OOIIME TeXHWYCCKHUE MPUHIIMITEI CO3MIAaHMsI MAJIOMHEPIIMOHHBIX JICTa-
TEJIBHBIX aNIapaToB, U3BecTHhIX kKak HJIO.
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