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AHHOTaAMSA

Kak POXOACTCA I'paBUTAlIUA U II€ UCKATh 3aralO4YHbIC FpaBI/ITOHbI?
3aKoH BCEMHMPHOIO TATOTEHUS1 — HE BCEMMpPHBIM. | paBuTanivoHHas
nocTosiHHasg — He TmocTosiHHasg. C  ypaBHeHusi E=mc2 cHsaTa
OokecTBeHHas aypa. MakcMMalbHO BO3MOXHAs Temrieparypa. Kakas
cWia pacmupsieT Tela mnpu HarpeBaHuu? JlaBieHue cBeta —
CYIIeCTBYeT JIM siBJieHWe B mpupone? DHeprus OpOyHOBCKOTO
nprokenust. [louemy He nmagator odnaka? [Touemy Ha JIyHe rpaButarius
Haobopot? Tlouemy mnotHocTh CaTypHa MeHblnie Boabi? Ha 3tu u
JIpyrye BOIIPOCH! €CTh OTBETHI B JAHHOW KHUTE
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OT3bIB HA KHUTY

Ha3zpanue kHUrM HaUMHaeTcs ¢ Bonpoca: Kak poxnaercs rpa-
BuTausA? Y OOBIYHOTO YMTATENsI Cpa3y BO3HUKAET BCTPEUHBIN
BOITPOC, YTO (pM3MKA HE 3HAET, KaK POXKIAETCS W padoTaeT rpa-
BuTanus? A Kak ke HblOTOH, Kak DUHIITENH, JaHHbIE TEOPUU
I'PaBUTALIMY Y BCEX IIKOJIBHUKOB U CTYJEHTOB Ha ciyxy. [lotom,
coBceM HeaBHo, B 2017-M rogy npucyxaeHa Hobenesckas npe-
MU 10 (pusmke 3a «BKJIag B cozganue perekropa LIGO u Ha-
OJTrofIeHUe TPaBUTAITMOHHBIX BOJIH» . HO aBTOpY KHUTH 9TOTO OKa-
3aJI0Ch MaJIO, ¥ OH PEInJI JOKOMNAThCs JO UCTUHHBIX IPABUTALIM-
OHHBIX BOJIH, KOTOpbIE OKPYKAIOT ero padodyee MecTo He MITy4-
HO, a TPWIJTMOHHO, KBAIPUJUTHOHHO U Jlajiee ¢ MpUOaBIeHUEM
HyJen (dnekTpuueckast Jamma MoiHocTeio 100 Bt uznyyaer 10
KBUHTUJUIMOHOB (POTOHOB B CeKyHAY). [ 7114 Ha TO, Kak pa3Bu-
BAETCS MbIC/Ib U JIOTMKA aBTOPAa KHUTY, HEBOJILHO JIyMaelllb, Kak
MOIOJITY TPAaBUTALIMA YIEPKUBAJIA €TI0 3a IMCbMEHHBIM CTOJIOM,
HE M03BOJISAsA EMY OTOPBATHCS OT CTYJIA.

[locne nmpouTeHnsi KHUTH, CKJIAJbIBAETCS BIEYATJIEHUE, YTO
aBTOP CMEJIbI YEJIOBEK, KOTOPbIH «ITOKYCHUJICSI» Ha CBATHIE 3aKO-
HBI (DM3UKH, HA CaMbIX MMPU3HAHHBIX KOpudeeB B 00IacTH rpa-
BuTaimu: HeloToHa u DiiHIITelHA. [I[Be CBATHIX TEOpUU IrpaBU-
Taluu: 3aKOH BCEMUPHOTo TaroTeHus: u OO0Imas Teopusi OTHO-
CUTEJIbHOCTH MOJBEPIIIUCH IEPECMOTPY U peBusuu. TyT cieayer
Cpasy OTOBOPUTHCS, YTO OH HE CMETAET X CO CTOJIA TPABUATALINH,



a BeCbMa KOPPEKTHO JononHsAeT. B 3akone HbloTOHa OH 3aMeHs-
€T IPaBUTALIMOHHYIO ITOCTOSHHYIO HAa SHEPreTU4ecKui Koappu-
LIMEHT, a4 B COOTHOIIEHUE DUHIITENHA BBOIUT 3TOT ke Koa(ppu-
LIVEHT, NpUaBast JaHHBIM (hOpMyJIaM CTaTyc OOIIMX, & HE YacT-
HBIX, JIJIS1 OIHOT'O 3HAYEHUS TEMIIEPATYPHI.

JleiCTBUTENIbHO, HEJIb35 HE COINIACUTBCS C aBTOPOM, uTO JIyHa
9TO CIYTHUK 3€MJIM, a HE TUIAHETa, KAK MOJTy4YaeTcs IpU pacyere
no ¢popmyse HolotoHa. CosHIle HUKaK HE MOXET IPUTATUBATD
Jlyny B 2 paza cunpHee 3emii, MHa4Ye Mbl He HaOmoganu Obl ee
Ha HeOOCBO/Ie. AHAJIOTMYHAS CUTYAIs CO 3HAMEHUTON (DOpMY-

JIOM DUHINTENHA (E=mc2 ), IO 0Opa3HOMY OTIMCAHUIO AaBTOPA, UC-
XO[I51 U3 SHEPreTUYECKUX PACUETOB, OJHUM TOPTOM B TEUEHHUE CY-
TOK MOKHO OBUIO Obl HAKOPMUTD BCE HaceJleHue 3eMJTH U YTO-TO
€llle OCTAJIOCh JOMAIIIHUM KUBOTHBIM. DTO EHCTBUTEHHO BbI-
[JISANT, KaK Mapagiokc COBpeMEHHON (PU3UKHU.

W Takux mapaJOKCOB OKa3bIBA€TCsl HE OIMH U HE JBa, a Bce
pacueTsl 1Mo HeOECHOW MeXaHWKe MPUBOISAT K MPOTUBOPEUUIO
CO 3/paBbIM CMBICJIOM. B KHUre NMpHUBOASTCS CpaBHUTEJIbHBIE
pacyeThl IUIOTHOCTH HEOSCHBIX TeJl TUIAHET U CITYTHUKOB. THTaH,
cnyTHUK CaTypHa, HaXOALMICS HA pacCTOSTHUM 9,5 acTpoHO-
MUUYecKHX equHuI (a. €.) ot CosHila u rianeta Mepkypui, ¢ op-
outoit B 0,39 a. e. Turan npeBocxoauT MepKypwii o o0bemy,
HO KaTtacTpo(pUUYEeCKH YCTyMaeT eMy MO IUIOTHOCTH, TIOYTH B 3 pa-
3a! 31eck, 51 Aymalo, Cle1yeT COrNIaCUThCS C ABTOPOM, OXJIakK IeH-
HbI TUTaH HUKAK He JOJIKEH YCTYMHaTh IO IJIOTHOCTU Pa3orpe-
ToMy MepKypuio, TeM Oosiee B pasbl.



[Touemy Hayka 70 CHX MOp HE MOXET OOHAPYKHTh 3arajoy-
HBIE TPABUTOHBI, KOTOPBIE YAEPKUBAIOT KaXI0r0 U3 HAC Ha Ij1a-
Here 3emuis? ABTOp Ha MPOTSKEHUU BCEN KHUTHM MOJIEMUBHPY-
eT caM c coOOH, 3a/laBasi pa3Hble BOIPOCH], & 3aTeM OTBEYAeT
Ha HUX, MHOT/A NOOaBsis IOMOPHUCTUYECKHE HOTKH. | JIaBHBINA
BOIPOC: I1I€ UCKaTh 3arajlo4yHble IpaBUTOHBI? B KHUre nmpuso-
JUTCS OCHOBATEJIbHBIM AHAJIN3 CJIOKMBILENCS CUTYallMM B IEp-
BBIX JIBYX IJIaBax. JIeMiCTBUTENIbHO HENb3s HE COIIACUTHCSA, YTO
XXI B. MHOTHE, €C/IY HE BCE OCHOBHBIE (PU3UUYECKUE 3AKOHBI yKe
OTKPBITbI, OCTAETCS TOJIBKO MOHAThH U MPABUJIBHO IPUMEHSTh UX
K CaMOMY PacIpOCTPaHEHHOMY fIBJIEHMIO, Kak rpaBuranus. Pac-
CykJasi, Ha JaHHYIO TeMy M MCXO/sl U3 TOH CHJIBbl, KaKkylo HeoO-
XOAMMO TIPUJIOKHUTD 151 yepKaHusI TUIaHeT Ha CBOMX OpOMTaX,
ABTOP KHUTY MPUXOAUT K MBICJIM, YTO IPaBUTALIUS OCYLIECTBIISA-
ercd nop, nercrsueM 3Hepruv CosHIa, HO HE €r0 Macchl, XOTs
B 3aKoHe BcemupHoro taroreHust HploToHa (pUrypupyor ToJIbKO
Macchl.

KimoueBas uaes KHUATH: 3aralouHble TPaBUTOHBI IpEBpaLa-
I0TCSI B OOBIYHBIE CONTHEYHbIE (POTOHBI U KpadOHBI (OaHHbILL mep-
MUH 86€0€H, KAK COKPAu{eHHoe on KpacHozo (homona ), IpuTomM
Kbl (DOTOH B MOMEHT T€Hepalluu JAEUCTBYET He C OTaven,
a mpuaavyen.

TpeTrbs IMaBa JaHHOM KHUTM TOCBSILIEHA I'PABUTALIMOHHON
NIOCTOSIHHOM, JaHHAs KOHCTAHTA COCTAaBHOM YacTbl0 BXOOMT
B YPaBHEHME 3aKOHA BceMUpHOro tAroteHus. [lo cytu 3To mo-
HUKAOMA KO3 PUIMEHT, HO OT HETO 3aBUCUT MPABWILHOCTh



pacyeToB MO Bcell HeOecHOW MeXaHWKe. DTa KOHCTaHTa MMe-
€T CTPaHHyI0 pa3MepHOCTh (M7 (kz-c?)) u make g PU3MKOB
9Ta Pa3MEPHOCTh MOPOW HETIOHSITHA. ABTOP KHUTH PEIIUTEIbHO
¥ BECbMa OPUIMHAJIBHO pa3pyOaeT 3ToT ropaues y3en. OH yTBep-
JKJIA€T: TPABUTAIIMOHHAS MTOCTOSIHHAS — HE TIOCTOSTHHAS U 3aMe-
HSET ee FHepreTuueckum koadpduimenrom. Ho myis toro yro-
Obl OMpene/uTh JaHHBIA KO3(P(DUIIMEHT, eMy MPUIILIOCh OCHO-
BaTeJIbHO MOpadoTaTh, YTOObI HATH MaKCUMAJbHYIO TemIepa-
Typy BelectBa B npupose. C noMoinplo rpapuueckux 1 Mate-
MaTUYECKUX pacyeToB €My y/al0Ch HAUTH MAaKCUMAJIbHYIO TEM-
neparypy. Ilonaraio, 4To 3TO OIHO U3 TOCTOMHCTB JIAaHHOW KHU-
ru. [lo cyiecTBy oH yOupaeT onHy KOHCTAHTY U BBOAMUT HOBYIO,
TEM CaMbIM 3aMbIKA€T TEPMOAMHAMUYECKYIO 1Ky, Haualo KO-
Topou nosoxui jopa KemeBun B cepeaune 19 Beka. C tex mop
IPOIILIO BCEro-TO YyTh O0Jiee MOoIyTopa BEKOB, U BOT MOJyYeHa
BTOpasi perepHasi TOUKa, KOTopast 3aMKHYJa aOCOMIOTHYIO I1IKa-
ay remnepartyp. (1o 2019 roga nepBas penepHas TOUKa OIpee-
asercs Kak 1/273,16 yactu TepMOAMHAMUYECKON TEMIIEPATY Pbl
TPOMHOU TOYKH BOJIbI).

Terora, Kak BCeOXBaThBaOLas CYUIHOCTb MPUPOIBI, KaK
BHYTPEHHSIsSI SHEPrUsl BCEX TeJl IEHCTBUTENBHO [IOJDKHA OTpa-
KaThCsl B 3aKOHE BCEMUPHOI'O TATOTEHUS.

s modoro modutens Gu3rku OyaeT 0COOEHHO MHTepec-
Ha uHpopMaims o 6poyHoBCKOM JBukeHuu. [upoko u3Bect-
HOE SIBJIEHHE O BEYHOM OpOYHOBCKOM JIBUKEHWHU, W3ydaeTcsi
B CPEJIHEN I1IKOJIE C HAIJISIIHBIM Mpe/ICTaBIeHUEM Ha onbiTe. Ka-



3aJ10Ch Obl, YTO TaM HEOOBIYHOTO M HOBOTO OTHICKAJI B HEM aBTOP
kHUTU. OKa3pIBaeTcsl, €CTh HaJl YEM MOPA3MBICIUTD JyMalolIe-
My 4esioBeKy. OTKyaa uepriaet SHepruio OpOyHOBCKasl 4yacTHIIa,
npoberas 3urzaramu B AoxjaeBoil kare? [louemy armocgepa
HE TIaJaeT Ha MOBEPXHOCTh 3eMJTH, TIOUeMY, HAKOHEI, He MaaioT
obnaka? ABTOp HaXOAUT OPOYHOBCKOE JIBUXKEHHE Jaxe B MPO-
BOJIHMKAX C TOKOM. DTOMY MOCBsIIEHa HEOONbIIasl, HO BeChbMa
uHTepecHast uHgopmaius B 4-1 1j1aBe.

Kazanock Obl, B OUEBUIHBIX U UCCIIEJJOBAHHBIX OOIACTSX 3HA-
HUI aBTOp HAXOAWT OeJible MSITHA, Hen3BecTHhIe Hayke. CBOOO/-
HOe MaJieHue Tel, OMsATh KojibHas (usuka. Bee netn Opoca-
JI1 KaMHH, C Kako JIMOO BBICOTHI, a UTaNbsiHCKUE aeTH ¢ [u-
3aHCcKoH Oartau. Ho Mx Mo3r nepeBopaymBalIcsi, KOrja OHU Ha-
O OTHOBPEMEHHOE TajfieHUue CBUHIIOBOY TPOOWHKH U ITy-
IIMHKY B CTEKJISTHHOU KoJiOe Ha ypoke (pu3uKu. ABTOp IO 3TO-
My TIOBOJIY Jlake Harucasl cka3ky «Kak mocropuim ApuctoTeib
u lanuneit», rae B MIyTIMBOM U UPOHUYHOW (hOpME JIAeT Pa3b-
SICHEHME, TI0YEMY TeJla C pa3HOM MACCOU MaJaloT BCETAA C OHUM
yckopeHueM. [ToueMy «recurHKa najjaeT ¢ TaKUM ke YCKOPEHHU-
€M, KaKk MeJIbHUUHBIN KepPHOB». VI CHOBa BCTaeT BOMPOC 00 IHEP-
TUU: OTKY/Ia OepeTcsi SHeprusl Ha yCKOPEHHUe TeJl B X CBOOOTHOM
naJieHuH U MeHble ee He ctaHoBUTCs? [1sTas raBa KHATH Jaet
pa3bsCHEHUE 3TOMY (PU3UUYECKOMY SIBJICHUIO.

B nocnenHeit rinaBe KHUTM MPUBOUTCSI CPaBHUTEbHAS Ta0-
JIMIIA TI0 Macce, YCKOPEHUI0 CBOOOMAHOTO MajIeHUs], TUIOTHOCTH
U HEprernyeckoMy Koa(p¢puuuenty Bcex mraHer ComHeuHou



CHCTEMBI U CaMbIX OOJIBIINUX CITyTHUKOB. CpaBHUBASI HOBBIE [TaH-
HbIE, MOJIyYEHHBbIE MO0 YTOYHEHHOM aBTopoM (popmyne HpioTo-
Ha C TAOMMYHBIMU 3HAUSHUSIMH, B3ATHIMU U3 HAYYHOM JIUTEPATY-
Pbl ¥ CIPABOYHUKOB, HEBOJILHO 3a/1yMbIBAEIIILCS O TOM, YTO BO3-
MO’KHO aBTOp U MPaB B CBOMX PACCY:XAECHUSIX U pacyerax. bes-
YCJIOBHO, 3TO JOCTUKEHUE ABTOpA KHUTH, T.K. YTOUHEHHAs (POp-
MyJla 3aKOHa BCEMUPHOI'O TATOTEHHUs 1aeT OOJIbIIe IIAHCOB Bbl-
’KMBAEMOCTH JIeTaTeIbHBIM anmnaparaM Mpu KOCMUYECKHX TOJIe-
Tax.

JIOCTOMHCTBO KHUTH B TOM, YTO OHA JA€T COBEPLIEHHO HO-
BB MOAXOJ K MOHMMAHWIO I'PaBUTAlMM U JIPYTUX MpoOseM,
HeusBecTHbIX B ¢usuke. [Ipu 3ToM, Ge3ycliOBHO, TEOpHSsl aBTO-
pa «POTOHHO-KBAHTOBOW I'PABUTALIUM» HYKJAETCS B TEOPETU-
YECKOW U MPAKTUYECKOU IMPOBEPKE.

K HejgocratkaM KHUTM ClIE€AyeT OTHECTH HEOCBEILEH-
HOCTh BonpocoB Kocmonoruu, 4epHbIX IbIp, TEMHOW MaTepuu
u T. 1. Bo BcsikoM cityuae, ObII0 Obl HHTEPECHO y3HATh €10 MHe-
HUE Y MO3ULMIO HAa 3TU BOIIPOCH! B CBETE TOTrO, YTO IPABUTALIN-
OHHAas IMOCTOSIHHAS MPUCYTCTBYET BO BCEX pacyeTax, a OHa UM
CBEPrHYTa C NbEJECTala MOCTOSHHBIX.

Tak:ke HeAOCTaTOYHO YAEJeHO BHUMAaHUE MPOQUIIbHBIM XKYP-
HaJlaM, KaK OTE€UECTBEHHBIM, TaK U 3apyOeKHBIM B IIUTUPYEMBIX
VCTOYHUKAX.

B nenom, KHUra JOCTOMHA HE TOJBKO MPOYTEHUs, HO U Ce-
PbE3HOTO U3yUYEHMSs, T.K. OTKPHIBAET HOBBIE HAIPABJIEHUS B TO-
HUMaHWU OKpyXkaiomen Hac npuponsl. Llutupyio aBropa: «Pu-



3UKa MOXCT YIOBJICTBOPUTD BalllC JIIOOOITBITCTBO..

B. H. Teipmuieun k. m. H.



IIpeaucaoBue

Ha noBecTke AHS y BCEro yejoBeyecTBa BCEraa CTOSUIM JBE
poOJIeMBI: YTO AeNaTh U KTO BUHOBAT? Y OObIBaTessl TAKXKE JBa
BEYHBIX BOMPOCA: Ky/a IeBalOTCs AEHBI' U OTKyAa OepyTcs KJIo-
nbl? Y (pU3MKOB O[IHA cepbe3Hasi podreMa: OTKyaa OepyTcs rpa-
BUTOHBI U Ky/la OHU MCYE3aI0T?

C nepBbIMH YETHIPbMSI TPOOJIEMaMH M BOIIPOCAMH YeJIOBeYe-
CTBO OoJiee WM MeHee CIIPaBJISIeTCs, a BOT IsITast mpooJieMa pac-
TSHYJIACh Ha BCIO UCTOPHIO KU3HU YEJIOBEKa PasyMHOTO U JI0 CUX
HIOp HE pelleHa.

['paBuTanys OynopaXxXuT yMbl pa3yMHBIX JIIOEH, HaBEpHOE,
C TOro caMoro NepPBOTro KCIIEPUMEHTa, koraa Homo sapiens (de-
JIOBEK pa3yMHbII1) OCMBICJIEHHO TMOATIPHITHYJ BBEPX, HO HE TO-
JeTen, Kak MTHULA, a TYT e KEeCTKO NMpu3eMmics. Bo3amoxHo,
I 3TOM MOy 4rJ1 6oie3HeHHBIN yiuo. Ceiiyac Mbl Obl CKa3auiy,
YTO Ha YeJIOBEKa MOoJeUCTBOBaIA cuila rpaButauuu. 1o kpainen
Mepe, 3TO cOOBbITHE MPOU3OIILIO 32 MHOTO THICSYENIETUI 10 TO-
ro MoMeHTa, korga Mcaak HbloTOH, cujist Ha ckamelike B ceMel-
HOM cafy Byscrxomn, Ha ¢hone Bucsieit B Hebe JIyHbl pocieant
3a naJieHueM s10J10Ka.

B Harie BpeMsi BCEBO3MOXHbIE TEOPUM I'PaBUTAIIMK 3aBaJie-
Hbl MHOTOUYMCJIEHHBIMHU TSKEIOBECHBIMU (POPMYJIaMU, YKa3bIBa-
IOIMMKA Ha MU(UUECKHE CBOWCTBA MAacChl. XOTs caMa Macca
He SABJIsIeTCS MU(DUIECKOW U B TPAaBUTAIIMOHHOM TPUTSKEHUH



He y4dacTtByeT. [IpuTskeHMeM 3aHUMAETCsl SHEPrusl, 3aKJII0YEeH-
Has B Maccax, HO ee HayKa TakXKe HUKaK He MOXET OOHAPYKUTb.

TepMmuH gravitas, B NEPEBOJE — <TSHKECTb», MPOUCXOAUT
OT JIAaTUHCKOTO cjioBa. KakoMy TepMuHYy OTAaTh MpeArnodYTeHue:
JIATUHCKOMY — «TPaBUTAlUSI» WIM PYCCKOMY — «TSITOTEHUE»?
[1o cMbICTTy OHM paBHO3HAYHBI, HO €CTh OAHO OTIMYKE: OT CJIOBA
«TpaBUTAIMS» YMHBIE (PUBUKU OOPa30BAJIU CJIOBO «T'PABUTOH»
Y HaJIeJIWJIM €ro COOTBETCTBYIOIIMMM CBOMCTBAMU. ' paBUTOH —
9TO 3JIeMEHTapHas YacTulla, KOTopasl, 1Mo MPEaIooKeHUIO yue-
HBIX, [IEPEHOCUT I'PABUTALIMOHHOE B3aumozenictere. Ho BOT ma-
PaIOKC: A0 CETOIHSIIIHErO THS TOT I'PABUTOH, YTO Ha3blBAET-
Csl, HUKTO B IJIa3a HE BUbIBAJI, 4 IPABUTAIIMS KaK JEHCTBOBAJIA
MOCJIe TIEPBOTO TPBIKKA YeIoBeKa, TaK W MPOJOIKAET C HeU3-
MEHHOW CWJIOW ero nputsAruBaTh. Otciona (pU3MKH COENIaIN Bbl-
BOJI, YTO BCSIKOE MPUTSIKEHUE OCYIIECTBIISETCS MO/ ACUCTBUEM
I'PaBUTAIIMOHHOTO TIOJIS, MOJOOHO JIERCTBUIO IEKTPOMArHUTHO-
IO T0JIs1, Y KOTOPOTO €CTh HOCUTENDb — (DOTOH, C KBAHTOM SHEPTUU
(meuctBust). Torga, Mo aHAJIOTUU C NEKTPOMATHUTHBIM TTOJIEM,
y TPaBUTAIIMOHHOT'O OIS IOJKEH OBITh CBOM HOCHUTEIIh — IPABU-
TOH CO CBOMM KBAaHTOM JIeUCTBUS (9Hepruu). PusmKam JIOruKu
HE 3aHUMaTh, COIJIACHO €M, IPABUTOHBI IOJIKHBI CYIIIECTBOBATD,
v Touka! Ho He ynpaBiisiemasi, He JJOrM4Has MIPUPOIA HE XOUET
MOJYUHSTHCS TEOPETUYECKUM MTOCTPOCHUSIM YUYEHBIX M UICKYCHO
MPSYET ITOT MPECIOBYThIA I'PABUTOH.

Bor 3nech ¢usuku npuberaioT K XUTpoMy HpueMy, YTBep-
Kaasd, 9TO U3-34 UPEe3BbIMALHOU CAaDOCMU 2pABUMAUUOHHBIX



83AUMOOELICMBULL IKCNEPUMEHMANLHO NOOMBEPOUNb UNU OOHA-
DYdHCUmMsb OMOeNbHO 635Mble 2PAGUMOHBL 8 HACMOSUEe 8PeMs
He Npeocmasnsiemcsi 803mMONCHbIM . B TO ke BpeMsi, IPOCHYB-
IIKCh TOYTPY, TOT ke (PU3UK CTAHOBUTCSI HA BEChl U OOHAPYKU-
BAaeT JIMIITHUI BeC, KOTOPbI HATIOMUHAET €My, UTO 1opa Obl Xy-
netb. Ho Bec, He TONBKO «JIUIIHUN», OOHAPYXKUBAETCS JIETKO,
a y TYYHBIX JIIOJIE BeChl MPOCTO 3aIKAIMBAIOT, U 3TO B HayKe
Ha3bIBAETCS CJ1a00CThIO IpaBUTAIIMN?

Tak 4TO ke Aearh C ITUM IPABUTOHOM, MOXKET, UCTOJIb30BaTh
CJIOBO «TSITOTEHHE» U MPeodpa3oBaTh €ro B TATYH WM TATOH?
Bo3M0oXHO, TTOCIIE 9TOro OH ABATCA Ha CBET O0KUN B IIOHATHOM
U ocsizaeMoM oOnnube. B o0riem, 31ech pusuku (0OCOOEHHO aH-
IJ10513bIYHBIE) HE CTAIN YIPAKHATHCS, IOCUUTAB TAKUE CO3BY UM
HEMPUBBIYHBIMU 17151 YIIIEH YUEHBIX.

Ho cyTh He B TepMuHaX, a B UX PACKPHITUM U TMOHUMAHUU
CYIIHOCTH, CTOSILEN 3a HUMHU. Tak CyIIECTBYET JIM TPABUTOH,
U Kak ero OTJIOBUTh, MouMaTh M 3aUKCHUpOBaTh? A MOXKET,
yaactcs ero B3BecuTb? Tosbko rae B3sATh Takue Bechl? Vum 310
Bce Or1ed yueHbIX, YTOOBI XOTh KaK-TO OIPABIAThLCS TIEPe]T Uelio-
BEYECTBOM, CTPAJAIOIIMM OT CUJIbI TATOTEHUS U JIMILIHETO Beca?

[TortpoOyem pa3oOparThcs ¢ 3TOM MpoOIeMON B TaHHOW KHU-
re. ByayT ornmyOIMKOBaHbI OPUTHHATBHBIE UJIEW TI0 TPABUTAIH,
a Takxe Oy/ieT MpeAnpUHSTA MOMNbITKA CBePKEHUS C MbeecTaia
MOCTOSIHCTBO «T'PaBUTALIMOHHOW MOCTOSIHHOWM», a 3a0JHO OTpe-
JAKTUPYEM 3aKOH BCEMUPHOT'O TATOTEHMUS.

CeronHsi Ha BOOPYKEHUU HAyKU — JIBE€ CaMble TOIYJIsSIpHbIE



TEOpUU T'PABUTALIMU: 3aKOH BCEeMUpPHOro TsaroreHusi HepiotoHa
u obmas teopust otHocutenpHocTH (OTO) DitHmreitna. Kak
HE TBITATUCh YUYeHble CKPECTUTh ITH JIBE 3aMeuaTesIbHble TeO-
puu, 4ToOBI MOTYYHUTh ellle OoJiee 3aMeuaTebHyI0 TEOPUIO, HU-
Yero He MOJIYyYUJIOCh. DTO KAK-TO CTPAHHO, BPOJE IPaBUTALIMSA
OJlHA M Ta ke, U TaM — U 3[eCh — Be3e! A KaK CTaJli CKpeluBarhb,
TO OKa3aJI0Ch, TEOPUU TaK AAJIEKO OTCTOSIT JPYr OT Apyra, 4To
Ha 3TOM (pOHE 3eMHOBOIHBIX M MJIEKOIMUTAIOIIMX MOXKHO OTHE-
CTU K OJIVKAWIIIMM POJICTBEHHUKAM.

DBOMIONUS B MO3HAHUY TTPUPOBI HE OCTAHABIIUBAETCS, U TYT
NojiocTieNla KBaHTOBasi MEXaHWKA, KOTOpasl 3aHUMAeTCsl TaKou
MEJIOYbI0, YTO 6€3 MUKPOCKOIA HUKAK. V1 BHOBb yUeHBIE C YJIBO-
€HHOW CWJIOW, C HOBBIMU 3HAHUSIMH, HO OCOOEHHO — BOOPY-
JKEHHbIE HOBOM TEXHHUKOW, TUIA bBOJbIIOro aJIpoHHOro KO-
naiigepa (BAK), nadoparopueii LIGO (Laser Interferometer
Gravitational-Wave Observatory), punyiuch ckpemubarb OTO
¥ KBaHTOBYIO M€JI0Ub, YTOOBI TIOJTYYUTh HOBYIO « T€OpHUIO BCEro».
W cHoBa KOoH(y3. OKa3bBaeTCs, TPYAHOCTD 3aKJIIOYAETCS B TOM,
YTO YKa3aHHbIE TEOPUH OIMPAIOTCS HA pa3Hble HAOOPhI pr3mye-
CKUX npuHUMNoOB. KBaHTOBasi MexaHMKa 3aHUMaeTcs (pusnye-
CKUMH SIBJICHUSIMA MUKPOCKOIUYECKOrO MaciiTadba, Harpumep,
paccMaTpuBaeT CBOWCTBA U MOBEIEHUE aTOMOB, HOHOB, MOJIEKYJT
C 3NIEKTPOHHO-sIIEPHBIM cTpoeHreM, a OTO 3aHrMaeTcst IBOJIO-
uen (pU3NYeCKuX CUCTEM BO BpeMEHM Ha (DOHE BHEIIIHETO MPO-
cTpaHCTBa-BpemeHH. Bee Obl XOpoI1io, HO Teneph CKpenuBacMbie
TIapbl OKA3aJIKCh ellle Aajblile, Kak MUKPOOB! 1 HEOOCKPEOHL.



Kazanock Obl, 3a4eM 3TH SKCHEPUMEHTHI CO CKpEIMBaHUEM
HECKPElIMBaeMOro — YToObl MOTyduTh MyTaHTa? OKa3piBaercs,
pasnesibHO Teopust HploToHa 1 Teopust DiiHIITeHa Opoi pado-
TAlOT HE KOPPEKTHO. A €CJIM MUHYC Ha MMHYC, TO MOKHO TOJTy-
yuTh U moc! MaremaTrka Bceraa nomorania (pusmke, Tak, MO-
KeT, U 37ech Bce nonyuutcs. Ho He nonyyaercs, CMIIKOM pas-
HbIE KOJIbI C UX CJIaraéMbIMHU, COMHOKUTEJISIMA U UHTET pajlaMu.

CoBpemeHHasi (¢pu3uKa Bce OOJbIllE CTAHOBUTCS Ha MYTh
aOCTpaKTHOTO MAaTeMaTHYECKOro MOJIEIMPOBaHUSI, KOTOpOe
He TpeOyeT OoJiee WM MeHee TOJTHOrO OObSICHEHUsI Y TIOHUMA-
HUS CYyTH (PUBUYECKUX sIBJICHUH. PU3MKa IpaBUTAIN BCe OOIb-
111e CKaThIBaeTcsl K (hOpMaIbHO MaTeMaTUUECKUM MpeoOpa3oBa-
HUSM He (PU3MYECKUX sIBJIEHUM, a KAaKMX-TO UCKYCCTBEHHO MO-
CTPOEHHBIX Mojiesiell M KOHCTpyKUmil. Ho yueHuKy B Kose, cTy-
JEHTY BY3a, ]a M MPOCTO OOBIBATENIO BAKHO 3HATH, MOYEMY sI0-
JIOKU B CaJy cocelja He MaJaloT Ha ero COOCTBEHHbI y4YacTOK.
YenoBek Bcerja CTpEMUTCS K I0CTOBEPHOMY 3HAHUIO.

Hakoner, mouemy HeT OTBeTa Ha AETCKHE BOIIPOCH, K TpUMe-
py: Kakasi CuJjia ¢ JIETKOCTbIO pacIIMpsieT Tejla pU HarpeBaHuu?
Wnu: nouemy oOnaka He majaot?

A urto npoucxomut ¢ JIyHO# — 3TO MpOCTO KaKkoi-TO Oecrpe-
Jeit (u3BUHUTE 3a kaproH). CornacHo pacyeram, OHa JABHO yxke
JOJDKHA OBITh TUIAHETOW M BPAlIaThCs MO TeTMOLIEHTPUIECKON
opoute Bokpyr ConHila, Kotopoe nputsaruBaetr JIyny B 2 paza
CUJIbHEe, YeM IlIaHeTa 3eMJIsl.

Elle MHOro npocThix M He OYEHb MPOCTHIX BOIIPOCOB, HA KO-



Tophle (pu3MKa He UMeeT oTBeTa. MHOrma 10XoauT 10 mapajiok-
COB Y HEXBATKM 3/IpaBOr0 CMbICIA. BO MHOTMX KHUTax v Hayd-
HBIX CalTax yKa3blBAaeTCsl MJIOTHOCTh CIYTHUKOB Mapca — ®o-

6oca u JleiiMoca Meree 2 r/m°. Takast IUIOTHOCTD COOTBETCTBY-
eT 3eMHBIM OOakaM! A rpo3oBbie U IOTskenee OymyT. Kak ore-
HUTb U TOHAThH TAKYIO TUIOTHOCTb? A Belb pacueThbl MPOBOIM-
JIMCh TIO 3aKOHaM KJiaccnueckor pusuku. Hy ma, ®odoc — 3to
«KOHCepBHas1 OaHKa» 0e3 BHYTPEHHEIro0 COAEPKHUMOT0, HAIpH-
mep, U. C. Ik10BCcKM# Tak U yTBEpKAal, JOOABMISISA K TAKOMY
OOBSICHEHHIO, YTO TO KOCMHUYECKOE TeJI0 — /IO PYK pasyma.
MosxeT, 3T0 ¥ HABOJMJIO «CTPaX» U «yKac» Ha aCTPOHOMOB — TaK
¢ rpeyeckoro nepeponstcs HazBanus Podoc u deiimoc. Ho cen-
CallMy He MOJIyYWJIOCh: MOCIIe TOsIBJIEHUS IEPBbIX CHUMKOB CTa-
JIO SICHO, YTO CITyTHUKM Mapca — KaMeHHbIe IJIbIObl €CTECTBEH-
HOTO MPOUCXOKIEHU S, TIOCIIE Yero IUIOTHOCTh MapcuaHam J00a-
BUJIM ITIOYTH HA MOPAIOK M IyCTOTHl yMeHblnu 10 1/3. Ho pa-
’Ke 9TH JIaHHBIE IIPOTHBOPEYAT 3[PABOMY CMBICITY: OTKY/IA Y TJIBIO
CO CKaJIbHOM MOPOJI0i MOTYT ObITh OrPOMHBIE ITyCTOThI, HUYTOX-
Hasi TUVIOTHOCTh U Macca? Ta e KapThHa cO CIyTHHKaMHM IUla-
HET TUIaHTOB: Hampumep, TuTaH NpoBajbHO ycTynaer Mepky-
pUIO IO IUIOTHOCTH, XOTSl MPEBOCXOAUT €ro pasMepamu M Ha-
XOAMTCS B JKecTouailiem xonoae, a Mepkypuil nomkapyuBaeTcs
ConHnieM. AHaJIOTMYHAs1 KAPTUHA CO BCEMU CITyTHUKAMM, acTe-
pouzamu U KoMmeramu. Takue mpocuersl B (pU3MKe — 0 BCe
HeOEeCHOIN MeXaHUKe.

Mou NonbITKM UCHPABUTh MPOTUBOPEUYMBYIO KaPTUHY MUpa



HATBIKAIOTCSI HA «KOPPEKTHOE» HETOHMMAaHWe pPelaklii Mpo-
(prIIBHBIX HAyYHBIX KYPHAJIOB. DTO 51 O Yem?

[Mopa 3a padorty, rocnona, ToBapuiiu!

['paBuTAaIIMS — O/IHA U3 CaMBIX CTapbIX MPOOIEM, CBSI3aHHBIX
C YCTPOMCTBOM MUpa. B TO ke BpeMsi B3auMOJIEHICTBHE TeJl MEX-
Iy cOOO¥ TIOCPE/ICTBOM TSATOTEHHSI — 3TO 00IIiee CBOMCTBO BCeX
TeJ B IIPUPOJIE.

['paBuTanus, NpuTsAKEHUE, BCEMUPHOE TATOTEHUE — BOT CH-
Ja, KOoTopasi OyleT MPUTATUBATh BaCc K CTYJIy Ha MPOTSKEHUU
BCEro BpeMeHU, KOTopoe Bbl, yBaxkaeMblil YMTaTeNh, MOTPATUTE
Ha TIPOYTEHUE JaHHOW KHWTH. A MOXeT, Hao0opoT, B Oynete
BCKAKMBATh CO CBOETO CTYJIa, IEMOHCTPUPYs CBOE MPOTUBOJEH-
CTBUE IPaBUTAIIMM U OypHOE HECOrIache C aBTOPOM KHUTH.

Tem He MeHee 51 HaJeloCh, YTO Bbl moyepnHeTe 4To-TO HOBOE,
YTO HATOJIKHET Ha HOBYIO UJICI0 pa3pellieHrs ouepeqHOi mpooiie-
MBI B (pr3MKe, 32 4TO YesnoBeuecTBo OyaeT OnaronapHo. Briepen!
Ho He Ha Gappukaabl 1 BUHHBIE CKJIajpl, a K uctune! He Oynpb
WCTUHA TIPEKPACHOM, ee Obl HUKTO He UCKa!

dusrka MOXKET yIOBJIETBOPUTH Bariie mo00nbITcTBO!

KHura paccuvTtaHa Ha IIMPOKUMA KPYT UMTaTENIel, UHTEPECY-
IOLUXCS] PA3BUTHEM COBPEMEHHON HAYKHU.



I'napa 1. I'paButanus

1.1. 'paBuTanus mwin TAroTeHNeE:
HjaeM Ha 000CTpPEeHHE.
BBenenne

Bce nosoe ecmpeuaemcs apasicoedmo.
(u3 onvima)

['paBuTaIUsl — sIBJICHUE TIOBCEMECTHOE, HETpephIBHOE U Oec-
KOHEYHOE, B 9TOM KOHTEKCTE MPOLECC POXKJIECHUS I'PABUTALIMU
TaKXke HeMpepbiBeH U OECKOHEUEH.

['paBuTanysi, NpUTSHKEHUE, TATOTEHUE — 9TO T€ TEPMUHBI, KO-
TOpBIE SIBJISIOTCS OQHUMU M3 CaMbIX PAaCHPOCTPAHEHHBIX B (pU-
3UKE, HO CaMU TEPMUHBI HE TPUTATMBAIOT, OHU JIMIIIb JIAI0T TO-
HSITh, YTO B MPUPOJE CYIIIECTBYET TAKOE SIBJICHUE.

K Benmkomy coxaseHuio, yke Ha MPOTSKEHUU HEeCKOJIbKUX
BEKOB YUYEHBIM HUKAK HE ylaeTcs MOHATh, KaK ke padoTaeT Ta-
KOI 6€30TKa3HbIN, BeuHbIi MexaHu3M. Co THsI OTKPBITHS 3aKOHA
BCEMUPHOTO TAroTeHUs1 HhloTOHA MpOIILIo yxe Oosee Tpex C Mo-
JIOBUHOW BEKOB, HO MEXaHW3M I'PaBUTAIIMM TaK W OCTAeTCs 3a-
KpbITBIM. OH YTO — OKa3aJiCs CIMIIKOM cloxxHbI? Ho, ¢ npyron
CTOPOHBI, TPUPOJIA HUKOTA CIIEMATIbHO HUYETO HE YCIIOKHSIET,



HA000pOT — UzET Hosiee KOPOTKUM IBOJTIOIMOHHBIM ITyTeM. To-
I/1a TI0YEeMY MBI, IBITasICh UATH (DPOHTOM B STOM HAIPABJICHUH,
HO pa3HBIMU TPOIIAMU TEOPHIA, ITOMAAAEM ITOCTOSTHHO B TYITUKH?

[Tpupona nepkuT CBOM 3aKOHBI B TakiHe OT Hapopa? v Hapo-
1y HYKHBI CTIeIIaJIbHbIe OYKH, YTOOBI YBUJIETh STY IT'PABUTALIUIO?
Onsth: KTO BUHOBAT? BUHOBATHI, KOHEYHO, yUEHBIE, TAK KaK 9TO
uXx padoTa — pacro3HaBaTh, OTKPHIBATH 3aKOHBI TPUPOJIbI, PACIIH-
ChIBaTh, pacCKa3bIBaTh M OOBACHATH 00 3TOM Ham. Ho paboTta pa-
00Te PO3HB: OJTHO JIEJIO — 3EMJTIO TTaXaTh, IPYTrOe JIEJI0 — CTUXHU CO-
YHMHSITH, OJBICKMBAS MPABUIbHYIO pU(MY, — ¥ TaM, U TaM HYX-
HbI crierduieckre 3HaHus. Tak 1 B HayKe: OJTHO JIEJIO — PasIis-
JBIBATh TIOJI MUKPOCKOIIOM ITUTOIIa3MaTHYEeCKUe IIAPUKHU, KaK
910 Jenan bpoyH, u apyroe neno — 3aHUMaThCsl ATXUMUEH, CMe-
IMBast pa3Hble PacTBOPHI, YTOOBI OTYyUUTh 30510T0. C BpoyHOM
MBI pa3oOpasuch (1. 4), a BOT 30JI0TO 3a TOJIOBUHY ThICSTYEIe-
TS AIXUMUKHU TaK ¥ He nonyunsu. C rpaBUTamueid Cpok ropas-
10 Oonbllie, HO CUTYallUsl SIBHO KPUTUYECKasl: HAyKa CIIMIITKOM
JIOJITO HAXOJUTCS B €€ MOUCKAX MPH YCIIOBHH, UTO JISICTBUIO I'pa-
BUTAIIUM MbI TIOJIBEPraeMcsl KakJIOJHEBHO, €XKEMHHYTHO, €Xece-
KYHJIHO!

Msl KMBEM B KBAaHTOBOM MHUpPE, HO KBaHTHI YeJIOBEUECKUI
opranu3Mm He omrymaet. [IbTasich pa3oOpaThesi, AMU3OTUIESCKU
Y TIOCTOSIHHO Pa3MBIIIUIsIS HaJ| IPOOJIEMON TSTOTEHU S, sI TIPUIIIEIT
K BBIBOJIY, UTO TpaBUTAIMs JOJKHA KBAaHTOBAThCsl. IHBIMU CJTO-
BaMHU, TPaBUTAIIMS JIOJI)KHA TIEPeIaBaThCsl OT OJHOTO TeNa K JIpy-
rOMY UMITYJIbCaMU, KBaHTaMu SHeprur. OOpariasich K JIByM 3Ha-



MEHUTHIM TeopusiM — HbloTOHA 1 DUHILITeHA, MOKHO KOHCTATH-
pOBaTh, YTO HU OfIHA U3 HUX HE MOJANAJaeT MO KAaTerOpHio KBaH-
TOB. 3aKOH BCEMUPHOIO TATOTEHUSI ONIEpUPYET MaccaMu, HO ca-
Ma Macca He 00J1alaeT NMPUTAraTeIbHBIMU CBOWCTBAMH. AHAJIO-
TMYHAasl CUTyal|sl C TEOPUEN OTHOCUTEIBHOCTH, 34ECh CUTyalUs
elle Xyxke, Tak Kak B Hell Jla)ke HEeT CWJIbl, BEpPHEE OHA OTOX-
JECTBJISIETCS C COOCTBEHHOM Maccoy TeJia, KOTOPOe CKaThIBaeTCs
IO CKJIOHY UCKPHBJIEHHOTO ITPOCTPAHCTBA-BPEMEHHU, MPEIOCTAB-
JIEHHOTO JIpyrou, Oonee Tsukenol maccoid. Ho kak oOpasyercs
3TOT CKJIOH, YeM MCKPUBIISIETCS IPOCTPAHCTBO U BpeMsl — OISATh
TOM ke camou maccou? B atom ciydae reopun HeloToHa 1 DiiH-
ITEMHA JOJDKHBI JOMOIHATH APYT APYra U B KOHIIE CIUTHCA B Of1-
HY TEOPHUIO IT'PaBUTALIMY, TAK KaK TPABUTALIMS OfIHA U Ta K€, B Ka-
KOM Teopuu ee HU paccMaTtpuBai. Ho, kak nokasaso Bpems, Bce
YCUJTUS1, TOTPaueHHbIE Ha CITUSIHUE 3HAMEHUTBIX TEOPHil, OKa3a-
JIUCh THIETHBIMU.

YenoBeuyecTBO yKe JAaBHO MOAONLIO K TOHMMAaHMIO, YTO B3a-
MUMOJICHICTBUE TEJl MEX/Iy COOOM MOCPEICTBOM TATOTEHUS — ITO
oOl1iee CBOIMCTBO MaTepuaslbHOro MUpa. Yk KOIu 3T0 ooliee
CBOMCTBO TATOTEHUs, IPUCYLIEE KakKI0W IEMEHTAPHON YaCTH-
L€ ¥ TaK 110 BO3PACTAIOIIEH /10 Y€JI0BEKaA, a 3aTeM 0 KOCMUYe-
CKHMX MaciTaboB, TO B YeM e KPOETCsl TallHa TPaBUTALIAN

Bpems nomxumaer — ropa pa3ouparbcsi!



1.2. Cnjia rpaBUTAIAA — €CTh?

Mup makos, nomomy umo on maxoe.
(k020a Hem OCHOBbL ONSL NOZUMECKUX PACCYHCOEHUIT)

Tak 4TO e Bce-TaKu TaKoe rpaBUTAIIMA?

Her cMmbicnia yriyoasaThCs JaJIeKO B UICTOPUIO, KOTJa CUMTATTA
3eMJTI0 TIJTIOCKOM, TTOKOSIIEHCs Ha KUTaX, CJIOHAX M TMTaHTCKHUX
yepernaxax, ¥ BCe 3B€3/Ibl BPAIAIMCh BOKPYT 3eMJIH.

Wneu 0 BO3MOXHOM YCTPOMCTBE MHPA, B IIEHTPE KOTOPOTO Ha-
xonutcst CoJHIle, BBICKA3bIBAIMCh HAUMHAS CO BpEMEeH A pUCTO-
Tess. BriepBbie 00 3TOM MpsIMO 3asIBWJI IPEBHETPEUECKUI acT-
poHoM, Matematuk U punocod Apucrapx CaMOCCKHIA, HO B T
BpEMeEHa JI0Ka3aTh 3TO ObLJIO HEBO3MOXHO. Apuctapx Camoc-
ckuit (okoso 310 — 230 110 H. 3.) — BBIJAOIIUICS JpeBHErpeye-
CKUM YUEHBIH, ClIeJIal EPBYIO MOMBITKY OMPEIEIUTh PACCTOSTHUE
ot 3emun 10 JlyHsl 1 ot 3emuin 10 CosHIIA, BIIEPBbHIE BBIIBUHYJT
TUTIOTE3Y O TeJIMOIEHTPUUECKOr cucteMe mupa'. «OQzons ayuuie
3eMAll, U 02HIO, A He 3eMe, Noaazaemcs Oblmbs 6 uyenmpe Bcener-
Hoti» [1].

! Ceeenmii 06 Apucrapxe HEMHOTo, HO UICTOPUKH €My ITPUITUCHIBAIOT CO3/IaHUE TTep-
BOTO KaJIeH/Iapsl U COJIHEYHBIX YacoB. [IaBHBIM M €TMHCTBEHHBIM JOIIE/IIINM JIO T10-
TOMKOB TpyaoM cumutaercs «O BennuuHax U paccrossHusx CosHua u JlyHbl», rae oH
BIIEPBbIE B MUPOBOM CTOPUY MOMBITAJICS YCTAHOBUTD PACCTOSTHHSI 10 9TUX HEOECHBIX
TeJ ¥ MX pa3Mepsl. [JaHHYI0 MOMBITKY MOTOMKH 3aCYMTAIIN 1 BIIOCIEACTBUN IOCTABHIIN
€MY HECKOJIbKO TTaMSITHUKOB.



Cniyctst moutn fBa Thicsiueneruss Hukonait Konepuuk Bep-
HYJ1 TeJIMOLIEHTPUYECKYIO crucTeMy. [Jo aToro nmepuona, Kak Ml
MOMHMM, CYILIECTBOBaJIa reolieHTpruyeckast cucrtema Iltonemes
(ot ap. rpeu. I', I'ato — 3emis). ['eoueHTpuyeckas cucrema or-
cyeTa — 3TO CUCTEeMA, I7Ie Haualo KOOPAUHAT Pa3MeIleHO B 1IeH-
Tpe 3emuin. Hacrosimas reopus rpaBuranmy Hayaiacs ¢ 1. Heio-
ToHa. VIMEHHO OH, C MOAAYM JPYTUX YYEHBIX TOrO BPEMEHH,
CTaJl pacCMaTpuBaTh I'PABUTAIIMIOHHOE B3aUMOJIECTBUE B COOT-
BETCTBUHM C YObIBAHMEM CHJI 10 OOPATHO KBAIPATUYHOMY 3aKO-
Hy. /laHHBIN 3aKOH SIBWJICS MTPOPBIBOM B pacyerax (pU3NYecKux
napaMeTpoB TUIAHET M MX JIBUXKEHUsS 1O HeOECHBIM OpOuTaM,
HO caM 3aKOH HU Ha MOTy He 700aBuI (PU3MUECKOr0 OHUMAHUS
MIPUHITUIIA IEACTBUS I'PaBUTAILIMU BO Bcell BeeneHHou.

O 3aKOHE BCEMHUPHOIO TATOTEHUsl, O MPUOPUTETE MEPBOOT-
KpbIBaTeJsIsl JO CUX MOP BEAYTCS CHOPbI: OIHU yKa3biBaloT Ha Po-
6epra ['yka, 3anumaiero 1o HeiotoHa noct riasel JIOHI0HCKO-
ro KOpOJIeBCKOro odriecTsa, npyrue — Ha Heiotona. ['yk Takxe
oCriapyBaJl TPUOPUTET BCeX OTKPhITU HhloTOHA B 0O1acTH O1-
TUKU. BbLJIO 3TO TaK WM COBCEM MHAYe, NO3aUMCTBOBAJI Jiu Hbio-
TOH OTKPBbITUE UHTETPAIbHO-AU(PPEepeHIMATBHOIO UCUUCIEHUS
y Hemenkoro matemaruka I'. JleiiOHuIIa, a Takke BOCHOJIB30-
BaJICA JIU Tpygamu actpoHoMa [l. diiemctuaa, — Bce BO3MOXKHO.
Ho B maHHBII MOMEHT MeHsI HE UHTepeCyeT MOPaJIbHBIN OOIHMK
capa U. HelotoHa. [aBHOE, 4TO 3aKOH OBUT OTKPBHIT U JIO CUX
TIOp CITYKUT BEPOU M MPaBJIOK, ObIBaeT, padoTaeT HEKOPPEKTHO —
00 3TOM Pa3roBOp HA CTPAHUIIAX JAHHON KHHTH.



K ¢opmyne nputskeHus maHeT 1Mo 3aKOHY OOpaTHBIX KBa/I-
PaToB NPWIOKWIA PYKY €lIe HECKOIBKO YYEHBIX, O KOTOPBIX
ynomuHai ¥ caM HelotoH, — 310 Bymmmansg u Kpucrodpep Pen.

Cnenyer mpUBECTM MaTeMAaTUYECKYIO 3allUCh 3TOTO 3aKOHA,
KOTOPBIY IJIACUT, YTO MEX/ly MaTepUaJIbHBIMU MaccaMu 11 U m1)
CYILIECTBYET MpUTSkEHUE (Cria rpaButaiuu F), KoTopoe Tem
OoJIbllIe, YeM MEHbIIIEe PACCTOSTHUE ©* MEXly HUMU.

(1.1)

G=6,67-1 0 HoaP fid® - IPaBUTALIMOHHAS TTOCTOSIHHAS.

['paBuTAIIMOHHAS TIOCTOSTHHASA TIOJTyYeHa SKCIEPUMEHTATIBHO
Y HUKaK He CBfI3aHa C JAPYrMMH (PyHIaMEHTATbHBIMA KOHCTaH-
TaMH, O HEl pa3roBOp OCOOBIN, TAHHOW KOHCTaHTE IMOCBSIIEHA
OTJIC/IbHAS TJIaBa.

3HaYMMOCTh 3aKOHA BCEMUPHOT'O TSITOTEHHS BechbMa BEJMKa,
0COOEHHO B Hallle BpeMsl, T03TOMY NTOTOMKH BeJimKoro HelotoHa
HA3BAJIM 9TOT 3aKOH «BEJIMYANIIIAM 0O00ITIEHUEeM, TOCTUTHY ThIM
YEJIOBEYECKMM pa3ymoM» [2].

JlomkeH cKa3aTh, YTO JAHHBIM 3aKOH SBJISIETCA KJIIOYEBBIM
B pacyerax Bcell HEOeCHOW MEXaHWKHU, HO padoTaeT OH JajieKo
HE BCerjia KOPPEeKTHO, TIOTOMY €ro CJIeyeT CKOPPEKTUPOBATb.

TpynHO NpeacTaBuTh, a MOKET U HE TPYAHO, UTO MOYTU TPU



C TOJIOBUHOM CTOJIETUS HA3a/]l POU3OIILIO OTK PITHE ITOTO 3aKO-
Ha, HO JIO CHX MIOP YEJIOBEYECTBO HE MOKET Pa3rajarb HECKOJIBKO
TallH U 3araJiok:

1. Yo 370 32 3arajloyHble PABUTOHbBI, OTBEYAIOIIINE 3a IPABU-
TallMOHHOE B3aUMOJICHCTBUE, KOTOPhIE HE yaaeTcsi OOHAPYKUTb
JJa)k€ COBPEMEHHBIMU MHCTPYMEHTAIbHBIMU CPEACTBAMH ?

2. Kak ocymecTBiisieTcsi B3aMMOJIEUCTBUE MEXKTY TSATOTEIOIIN-
MU TeJIaMH, YTO TaKO€ CUJia TpaBUTaLIUN?

3. KoHcTaHTa rpaBUTAllMOHHOTO B3aUMOJEUCTBUs G OCTaeT-
Cs HaMEHee TOYHO M3MEPEHHOM 10 CPAaBHEHMIO C IPYTUMU KOH-
CTaHTaMH.

OTBeTbl BOT HAa 3TU MOYEMY, a TaKke U HA MHOXKECTBEHHbIE
Jpyrre BOIPOCH OyAyT MpeACTaBleHbl Ha CTPAHUIAX JIAHHOU
KHUTH.

CBou uccienoBaHusl M JOKA3aTe/IbCTBA HA TEMY I'paBUTALIUA
HaYHEM C HEeYJIOBUMBIX T'PaBUTOHOB. Borpoc: oHU JeiCTBUTEb-
HO HEYJIOBUMBI?



1.3. I'paBuToH

1.3.1. Hey10BUMBbI€ TPAaBUTOHbI

["paBuTaIIHSA, TIO 3AKTIOUEHHIO YYEHBIX, — 9TO O'POMHOE Oesoe
IIATHO B (PUBHKE.

['paBUTOH — runoTeTnyecKasi JeMeHTapHast YacTulia — Mpejl-
noJlaraeMblii MEpeHOCUUK T'PAaBUTAIIMIOHHOTO B3aWMOJIEHCTBUS
B paMKax KBaHTOBOW Teopuu. [Ipenmonaraercsi, 4To rpaBUTOH
He Oyger o0nasarh MEKTPUUECKUM 3apsiIoM M €ro CuH OyzeT
paBeH 2. [louemy BOmpoCHI MOCTaBJIeHb B OyAyIlieM BpeMeHu?
Bce nmotoMy, 4To 1aHHAs YacTHIIA JJO CETO BPEeMEHU He OOHapy-
KeHa.

Kakue To1bKO SKCIepuMEHTHI He MPOBO/IMJIA HAyKa B MOUCKAX
HEYJIOBUMBIX I'PaBUTOHOB. [lepBbIii MPUEMHUK TPaBUTAIUOHHO-
ro usnydenus o1 nocrpoex B 1960-x rr. B CIIA npodecco-
poM usuku MapuneHackoro yauBepeureta Jlxo3edom Bebde-
pom [3]. JletekTOop mpeacTaBisiyi cCOO0U CIUIONTHOW aJTIOMUHUE-
BbIM LIWJIMHAP JMHOM 1,5 M, ntuamerpom 0,6 M u maccou 1,5 T.
(Ceityac 3TOT MacCUBHBIM HUJIUMHAP HaxoauTcss B CMUTCOHOB-
CKOM My3ee B BaimHrrose.)

HunuHap noaBeluBajcs TOPU3OHTAIBHO HA CIEIUAIbHON
HUTU B paMe W3 CTAIbHBIX OJIOKOB, BCTPOSHHBIX B BaKyyMHYIO
KaMepy, OKpYKEHHBII akyctmyeckumu ¢uibTpamu. Cam 1u-
JMHAP ObUT OOMEIJIeH Mbe303JIeKTPUYECKUMU JaTYMKaMU, pe-



THCTPUPYIOLIMMU BCAKOE M3MEHEHHE I€OMETPUYECKUX pa3Me-

POB C TOYHOCTBIO 10 10— om. JlBa Takux IUIMHIpa (JIEeTeK-
Topa) OblIM pasHeceHbl Ha pacctossaur 1000 KM apyr ot apyra
Y YCTAHOBJIEHHI B CTIEIIUAJIbHBIX JlabopaTtopusix. Perucrparvion-
Has cucTeMa 0OOMX JEeTEeKTOPOB CHHXPOHU3UPOBAIACH, (DUKCH-
POBAJICh TOJILKO T€ CUTHAJIBI, KOTOPbIE COBIAAAIM MO (hPOHTY
¢ TouHocThio 70 0,2 ¢. B xonie 1969 r. [Ix. Bebep caenan cen-
canmoHHoe 3asiBieHue. OH 0OBSIBII, YTO OOHAPYKUJI TPaBUTA-
IIMOHHBbIC BOJIHBI, MpHIIeIIe Ha 3eMmo u3 rimyouH Kocmoca.
[o ero coobiennio, HaOTIOIAIKMCH COBMAICHNS HA AETEKTOpax
1o 100 crydaeB B rof1, KOTOpbIE MOKHO OBLIO MHTEPIPETUPOBATD
KaK BCIUIECKU I'PaBUTAIMOHHBIX BOJIH.

B 1970-x rr. 6bUM CO3J]aHBI AHAJIOTUYHBIE IETEKTOPBI TPABU-
TAIIMOHHOTO U3JTy4YeHHsI B pa3HbIX cTpaHax. OHaKo He ObLIO Of1-
HO3HAYHBIX COOOIIEHHIA O PErHCTpaIy IT'PABUTAIIMOHHBIX BOJIH,
HaOmomaembix Bebepom, v Mo3TOMy pe3yJbTaThl, TIOTyUYeHHbIS
UM, CUUTAIOTCS HEJIOKA3aHHBIMU.

B nocnenyrorye rofpl KCHOIb30BaIMCh TPABUTAIIMIOHHBIE aH-
TEHHbl BTOPOTO MOKOJIEHHUSI, Y KOTOPBIX MSATUTOHHBIE AJIIOMUHU-
€Bble LIWIMHAPHI OXJ1axaanuch 1o temneparypsl 2 K. Tounocts

TaKUX JIETEKTOPOB AOCTUTrasa 2.10" em.

B Poccun nogoOHbIe METOIbI pEricTpaluy rpaBUTALMOHHBIX
BOJIH pa3pabareiBaivch rpynmoi yueHsix MI'Y mox pykoBon-
crBoM npogeccopa B. B. Bparunckoro. YyBCTBUTENBHOCTD J€-

TEKTOPOB AocTUraa 5- 108 em!



B nocneanuie roapl AJis yaaB/iMBaHUsI IPABUTALIMOHHBIX BOJTH
UCTIOJIB3YIOTCSI UCKYCCTBEHHBIE CITyTHUKU 3€MJIM C YCTAaHOBKOM
Ha HUX Jia3epHbIX UHTEepdepomMeTpoB. Jlazepsl pUKCUpyIOT Ma-
JIeVIINe W3MEHEHMsSl PACCTOSIHUIM MEXIY CIyTHUKAMM, OTOXK-
JIECTBJISIEMbIE KAaK BO3JEVCTBUE T'paBUTAMOHHBIX BOJH. Cy-
HIECTBYET MPOEKT KOCMUYECKOTO I'PaBUTAIMOHHOTO JETEKTOpa
LISA (Laser Interferometer Space Antenna — ja3epHO-UHTEP-
(pepomeTprueckas KOCMUUYECKast AHTEHHA), OIHAKO HUKAKKX KO-
Je0aHui CITyTHUKOB, CBSI3aHHBIX C TPABUTAIIMOHHBIMU BOJTHAMM,
OOHapyXeHO He ObLIO.

B CIIA, EBporie u AioHnM B HACTOSIIIIAI MOMEHT CYIIIECTBY-
€T HECKOJIbKO JISHCTBYIOIIMX Ha3eMHbIX Jlaboparopuii. B Heko-
TOPBIX CTPAaHAX CO3/IaHBI CTIEIMAJIbHBIE TO3EMHbIE Ta00PaTOpUn
JUTs1 YJIaBJIMBAHUSI YACTUI] TUTIA «HEUTPUHO», KOTOPHIM ITHITAIOT-
csl pUnucarh (PyHKIIMU MEePEeHOCUMKA IPAaBUTAIIMOHHOTO B3au-
MOIEUCTBUA.

[louemy Tena nputAruBaloTca Ipyr K apyry? B cBoe Bpems
Anp6epT DUHIITEHH 0OBSICHII 3TOT (PEHOMEH, KaK MCKpHBJIe-
HUE MIPOCTPAHCTBA-BPEMEHU, CO3JJaHHOE I'PABUTUPYIOIIUMHU Te-
samu. C Tex nop y4eHble BCEro MUpa XOTAT IPOBEPUTD, IEUCTBU-
TEJIbHO JIU POCTPAHCTBO U BPeMs1 MOTYT UCKPpUBIATbCs? U ecin
J1a, TO MO KaKUM 3aKOHAM 3TO MPOUCXOAUT?

1.3.2. LIGO

B CIHDA B nHayame XXI B. NOCTpPOEHBI JBa TUIaHT-



ckux HazeMHbIXx UHTEppepomerpa LIGO (Laser Interferometer
Gravitational-Wave Observatory) ajis1 perucTpaiyy rpaBuTaly-
oHHbIX BOJIH [4]. LIGO siBnisieTcsi COBMECTHBIM IPOEKTOM yue-
HBIX U3 MaccauyceTcKoro TeXHOJIOTMYeCKOro MHCTUTYyTa, Kanu-
(pOpHUIICKOTO TEXHOJIOTMYECKOTO MHCTUTYTA M MHOTUX APYTHX
Hay4HbIX opranusauuil u yHuBepcuteroB CIHIA. ITpoekt mo-
CTpO€EH npu (pMHAHCOBOM nojaepxke HarmonaabHOro Hay4yHoOro
¢onna (NSF), ero croumocts coctapisieT 365 MIJIH J10J1. B 1ie-
Hax 2002 r., sBJIsETCS KPYMHEUIIIUM U CaMbiM aMOUITMO3HBIM
npoeKToM, Koraa-moo punancupyembix NSF (B CILIA npupas-
HUBAETCS K MPOEKTY «ATIO/UIOH» — BBICAJKe 4esoBeka Ha JIy-
Hy). B npoekte LIGO npuHuMaIOT yyactue B HAy4HOM COTPY/I-
HuuectBe (LSC) 50 yupexnenuid, ¢ oOmuUM 4uciIoM padboTaio-
mmx 6onee 800 wmccremoBateneil. C BBOIOM B SKCILTyaTaIHIO
B 2007 r. Virgo — (hpaHKO-UTAISIHCKOTO JIETEKTOpa rpaBUTALIU-
OHHBIX BOJIH, KOJIMYECTBO 3aHATBHIX CTPAH, KOMIIAHUH U CIIEI1a-
JIMCTOB CYIIIECTBEHHO MPUOABUIIOCH.

Kaxnapii nHTEpPEepOMETP COCTOMT U3 JABYX MOJBIX LUJIVH-
OpoB auaMeTpoM 1,2 M, pacnonokeHHbIX B (popme JIATUHCKOU
OykBbl L mmmHoM 4 kM. B 1iunuHapax nonaep:KuBaeTcs: CBEpX-
D1yOOKMiA BakyyMm. [lJ1s1 IOBBIIIEHUST TOYHOCTH HAOMIOEHUI Ba-
KyYMHBIE IIWTUHAPHI YCTAHOBJIEHBI HA CTIEIMAIbHOM 000PY/I0Ba-
HHHU, KOTOPOE TacCUT KOJIeOaHMUs1 3€MHOM TIOYUBHI.

Perucrpatopamu SIBJISIIOTCSL  J1a3epHblE MHTEP(EpOMETPHI:
C OIIHOW CTOPOHBI — MCTOYHMK M MPUEMHUK JIA3EPHOTO H3ITY-
YeHHs, a C APYrofl — 3epKajia Ha OCOOBIX MOABECax, OMHOBpE-



MEHHO SIBJISIIOTCS] MPOOHBIMU Maccami. VIckaskeHue MmpocTpaH-
CTBa-BpPEMEHH, BHI3BAHHOE IMPOX0KAEHUEM MOIITHBIX [PABUTALIN-
OHHBIX BOJIH, BBI30BET U3MEHEHUE PACCTOSIHUS MEKAY UCTOUHU-
KaMHU M OTpa)aTeIsIMU JIa3epHbIX Jy4yen. [TockombKy [IMHAPHI
PAacIooKEHbI MEPIEHAUKYIISIPHO IPYT K JIPYTy, TO pacCTOsIHUE
MEX/ly OJIHOW Mapoi UCTOYHUKA U OTpakaTessl JOKHO YBEIU-
YUTHCS, a MEXKAY APYroll — yMeHbIUThCs. OKuaaeTcs, 9To us3-
MEHEHUSs1 3TH Oy/1yT OTHOCUTEIbHO HEBEIUKH — BCETO HECKOJIBKO
JIOJIe CAaHTUMETPA.

J1s MOCTHXKEHHM ellie OOJIbIIIEN TOYHOCTH HAOIIOAEHUH U J10-
CTOBEPHOCTH WH(OPMAIIMOHHBIX CHUTHAJIOB TOCTPOEHBI Cpa3y
JIBe TIOI00HbIE YCTAHOBKY Ha OOJIBIIIOM y/IaJI€HUH JIPYT OT JIpyra:
OJHa B 1ITare BammHrToH, a npyras — B Jlyusuane.

I'mapa va ¢ororpaduio aMepruKaHCKMX MOHCTPOB, s IOpa-
’K€H MacCIITaOHOCTBIO JIETEKTOPOB M TEMM 3aTpaTaMu, KOTOPbIC
ObLIM BJIOKEHBI B JAHHBIN MPOEKT. TO JEHCTBUTENHHO MOXOXKE
Ha aMOMIIMIO aMEePUKAHCKOW HAyKHU, KOTOpasi, OYEBU/IHO, IbITA-
€TCS YAUBUTb OCTAJIbHOW Hay4YHbIA MUP.

Bort 371ech s He npaB, aMepUKaHIIBl — OHU ke MparMaTuyHbIe
roCIiofla ¥ IEHbI'W Ha BeTep KujaaTh He OyayT. Toraa uyto? Oye-
BUIHO, OHU OKUJAIOT, YTO OKYIAeMOCTb ITHUX MPOEKTOB OUYEHb
BesmKa. [IbTaloTcss He oTcTaTh OT AMEPUKHU U MPaBUTEIbCTBA
JPYTUX CTPaH U TOXE HE KaJeloT JeHEer Ha CTPOUTENIBCTBO TO-
JOOHBIX IETEKTOPOB /Jis OOHAPYKEHUS TPABUTALIMOHHBIX BOJIH.
Nramusa n @pannusa nocrpowsim yxe ynomsHytyr VIRGO; AH-
s u I'epmanus — GEO-600; Anonus — TAMA-300. Bee xo-



TAT pasrajiaTh BEJIUKYIO TallHy IPUpPO/bI!

S He mpUHATIEKY K YMCITY CKENTUKOB U KEJIAI0 YYEHBIM TOJTb-
KO YCMEUTHbIX IKCIIEPUMEHTOB B JIOCTHKEHUU OJIarOpOIHOM 11e-
JIM — YETKOM PEerucTpalyy U MOHUMaHus TpaBUTaluu. B npuH-
e, kowtadopanus LIGO yxe ornpaBnaia Hafiek sl HEKOTO-
PBIX yYeHBIX: Tpoe U3 Hux — Paiinep Baiicc, bappu bapuim u Kun
Topu B 2017 1. nonyurim HoGenleBcKyto mpemMHIo 3a «peliarn-
Wi BKJaa» B cozganue oOcepBatopun LIGO u HaOmoneHve
32 rPaBUTALIMOHHBIMU BOJIHAMM.

VYpa! I'paBuTallMOHHBIE BOJIHBI OTKPBLIM, 3TO PABHOCHJIBHO
TOMY, YTO HEYJIOBUMOCTH I'PaBUTOHOB TpHILIES KOHel! AH HeT,
9TO KaKWe-TO CTPaHHbIE I'PAaBUTALIMOHHBIE BOJIHBI, POXICHHBIE
OT CJIMSIHUS IByX MACCUBHBIX YepHbIX JIbIp (29 u 36 macc ConH-
11a) C JJIMTEJIbHOCTBIO CUTHAJIA, HE TTIOBEPUTE, aXK B JBE JECATHIE
JIOJIM CEKYH[Ipl, HA PacCTOSIHUU OKOJIO 1,3 MJIpJ CBETOBBIX JIET
oT Hac! «Menee uem 3a ceKyHOy OHU 0OPAZ0BANU UEPHYIO ObIPY
maccoi 62 conrHeunvix, a , umHue , OKoAo 4-x COMHEUHbIX MACC
ObLAU 8bIOPOULEHDL 8 (hDOpME IHEP2UU — 8 OCHOBHOM 8 BUOe 2DABU-
mavuorHoti gonrvt» [5]. (Mo CKeIcuc 3/1ech KacaeTcs Toro, 4ro
J1Ba TPOMA/IHEMIIINX 110 MAcCe KOCMUYECKUX TeJla CIIUJIUCh B OfI-
HO Maccou 62 coHeyHbIX Beero 3a 0,2 ceKyHpl!) DTO MouCTrHE
CKa304YHO OBICTPOE CIMSTHUE OTPOMHBIX MacC U SHEPrHid.

[Ipennonaraio, 4to 4yepe3 HEeCKONbKO JieT npoekTol LIGO
u Virgo nepeunyTt B pa3psl My3€HHbIX SKCIIOHATOB, KAK JETEK-
top /Ix. BeGepa, TonbKO Moa OTKpHITBIM HeOOM. Mol aHam3
JAHHBIX TIPOEKTOB OyJIeT U3JIOKEH B CIeayIoIIel KHUTE.



Opnnako! B Onmukaiiiem Oymyiem aetektopsl Bebepa npen-
MOJIaraloT BIBECTH B KOCMOC, U HAUHETCSI HOBBI BUTOK OXOTBI
Ha TpecyioByThle rpaBuTOHBl. HO, K coxasnenuto, Bebep sToro
y’Ke He Y3HaeT — OH CKoHuasics B ceHTs10pe 2000 r.

Bo3moxHO, BiepBble TakoW 3aTpaTHBIN mpumep nokaszan H.
Tecna, KOTOPBI HE CMOT' CIIPABUTBCSI C MOJIHUSIMU, U €r0 MPo-
eKT rurantckoi GammHn Wardencliffe Tower Ha octpose JIoHTr-
Aunenp cnyctd 15 ner mocsie Hauyajaa CTPOMTENbCTBA PYXHYJ
OT B3pbIBa MOIJIOKEHHOW B3PbIBUATKU.

['nmsans Ha Takue MaciTaOHbIe TTPOEKTHI, TIOHEBOJIE CKAKEIIlb,
yro A. DUHINTEHH JEHCTBUTENILHO ObLT TeHUAJbHBIM YUCHBIM.
Cyas no MPOHMYECKOMY BBICKA3bIBAHUIO (PU3UMKOB, «2€HUANb-
HOCMb YUEHO20 3aKAI0UAENCS 8 MOM, HACKOAbKO OH 3amOpMO-
3un pazeumue Hayku». [lomydaercs yxe uenbi Bek !

1.3.3. letekTop «/IyJKbIH»

B Poccum Toxe BemyTcsi (BEeTMCh) aHAJIOTMYHBIE PaOOTHI,
HO He B TaKOM MaciiTade, Kak y ameprkaniieB. B HayuHow 1ien-
Tpe IPaBUTALIMOHHO-BOJIHOBBIX McciienoBaHul «JlyiakbiH» (Ta-
TapctaH) ObUta mocTpoeHa mnomzemHasi ynadoparopusi [UIIO.
JlaHHBIM 1IEHTpOM, IO pemteHuio komuccnu BIIK eme B Hava-
ne 1990-x rr., ObUT CO3aH SKCIIEPUMEHTAJIbHBII 0Opa3ell rpaBu-
TaIMOHHO-BOJIHOBOTO jieTekTopa «/lynkbiH». Cerogas HL I'BU
«JlyJIKbIH», TIOXOKE, YK€ HE MPOBOIUT MOJIYTOA0BON IKCIEPU-
MEHT IO MPOBEPKE MPUHIIMINA SKBUBAICHTHOCTU DUHIITEHMHA



U KanMOpOBKe JIa3epHO-MHTEP(EepOMETPUIECKOro I'paBUTAIIM-
OHHO-BOJIHOBOTO JieTekTopa «Jly/nKbiH», Tak kak HoOeneBckast
MpeMUs «YIUIbLIa» HA TUMOTETMYECKUX TPABUTAIMOHHBIX BOJ-
Hax yepe3 ATJIaHTHUYECKUI OKeaH B AMEpHKY.

1.3.4. bBoabmoii agponunsii kounaiaep (BAK)

U 10 ente He Bee. Enie 01HO 4y40 COBPEMEHHOM MBICIIH, ITPO
KOTOpOE YK€ M3BECTHO BCeM, — BOJIbION afpOHHBIN KOJUTaiaep
(BAK) [6]. DTOT OrpOMHBIN MOA3EMHBIN YCKOPUTENb 3aPsiKEH-
HBIX YacTHI] IMaMeTpoM 27 KM ObUI HalleJIeH Ha TIOMCK pasra-
KM, a Obl1 s Bosnbiioit B3peiB? EcTh s B nprposie 3arajouHble
1 HenoHATHbIe 0030HBI Xwurrca (yactuipl Bora)? Jloka3zaTeinb-
cTBO «CTaHJApTHOU MOJEIN» (TEOPUM JIEMEHTAPHBIX YAaCTHII)
Y CyLIECTBOBAHUE I'PAaBUTOHOB — TMIIOTETUYECKUX YACTHLL, KOTO-
pbl€ OTBEYAIOT 3a IPABUTALMIO.

B crpourensctBe u wuccnenoBanusix bAK yuacTtBoBasin
U ydacTBylOT Ooniee 10 ThIC. YUEHBIX M MHKEHEPOB M3 Oolee
100 crpan mupa. ['y6uHa 3aneranusi TyHHesst — ot 50 1o 170 m
C HeOOJIbIIMM HAaKJIOHOM TyHHeNs 1,4% OTHOCHUTEIbHO MOBEpX-
HOCTHU 3eMJIM. [l1s1 yaepkaHusl, KOppeKLMU U (POKyCUPOBKH MPO-
TOHHBIX ITyYKOB UCHONB3YI0TCA 1624 CBEpXIIPOBOAAIIMX MarHu-
Ta, 00Ias IJIMHA KOTOPBIX MpeBbIaeT 22 kM. MarHutsl padora-

101 iipu Temneparype 1,9 K (—271° C), 410 HEMHOTO HIXe TeM-

neparypel epexoja rejaus B cBepxrekyuee cocrossHue. Ho na-
K€ 3TO Uyl0 HAYYHOW TEXHUKH, KaK MOKa3aJu SKCIEePUMEHTHI,



HE B CWJIaX YJIOBUTb WUJIM MOMMATh TO, Y€TO B IPUPOJE HE CyIIIe-
crByer!

CrpoutensCTBO KoOJUIalAepa, KOTOPOe IMPOAOJIKAJIOCh CEMb
JeT, 0001UIoCch B 9 MipaA A0/UL. YCKOpUTESbh YacTHIl CO3JaBal-
cs1 ofi pykoBoAcTBOM EBporieiickoii opraHu3aiuu siiepHbIX UC-
crnenoBanuii. B mpoekte Obuto 3ameiictBoBano 700 crienuasm-
croB u3 Poccun. O011ast CTOMMOCTB 3aKa30B, KOTOPBIE TIOTYYUIIN
POCCHICKHE MPENNTPUATHSA, IO HEKOTOPBIM OLIEHKAM, JOCTUraeT
120 mutH nosut. B 1o ke Bpems Poccus BHeCIa JEHBIM B CTPOU-
TesabcTBO BAK Kak J01eBoM y4acTHUK.

B aByx OOJBIIMX IKCIIEPUMEHTATBHBIX KOJUIAOOpaIMax —
CMS u ATLAS Ttpynurcst comuaHasi MexayHapoaHasi KOMaH/a.
Bel mocMoTtpuTe, Aaxe Ta HEMOJIHAsA YacTh U3 MEPEUMCIIEHHbIX
BBIIIIE YCTAHOBOK IMOKA3bIBAET, KAKKUE YCUIUS U (DUHAHCHI 3aTpa-
THJIY ¥ TPATST CTPAHbI U MUPOBasi HayKa ((pU3UUeCcKUe, YMCTBEH-
HblE, MaTepPUaJIbHBIE), KAKOI TOYHOCTU CMOIJIU IOCTUYb U3MEPHU-

TeJIbHBIE TIPUOOPHI (5-10_19 CM), a MOMMAaTh I'PABUTOHBI B XUT-
POYMHO PacCTaBJIEHHBIE CETU HY HUKAK HE YIAeTCs.

Torga Kak U 1€ UCKaThb 3TU 3araJlouHble TPaBUTALMOHHBIE
BOJIHBI WJIA HEYJIOBUMBIE T'PABUTOHBI? A BeJlb OHU HE €IMHUYHBIE
UMITYJIbChI, KOoTOpble ynoBwiaa LIGO, a ux TpWUIMOHBI, KBaj-
PWIbOHBI 1 KBUHTUJILOHBI BOKPYT Hac. [Toxoxe, dusuka 3armuia
B TYITUK.

[opa y:xe ux, 3T rPaBUTOHBI, OTJIOBUTb, MHAYE 3HAMEHUTHII
3aKOH BCEMUPHOT'O TATOTEHUS TaK 0OpacTeT HAYYHOU IIIETyXOH,
YTO OYIyIIUM TOKOJICHUSAM €ro MPHUIETCS OTKArbIBaTh B HAy4-



HOW MakynaType Kak apredakT.

P.S. 3a teopernueckyio pa3paboTKy M TpejcKasaHue 0030-
Ha Xurrca B 2013 r. momianaiy [Tutepy Xwurrcy u Oenbrufiiy
dpancya Iurnepy npucyxkaeHa HobeneBckas npemust o ¢pusu-
ke. B 2017 r. HoGeneBckas nmpeMust prCykXAeHa 32 OTKPHITHE
I'PaBUTALIMOHHBIX BOJH. [ paBUTAIMOHHBIE BOJHBI OBUIH YJIOBJIE-
Hbl 1ByMs jaboparopusimu LIGO, oT cnusiHust ABYX UYEpHBIX
IbIp, cOOBITHS, KoTOpoe mpousonuio 1 muapa 300 muH sieT Ha-
3ax [5].

BAK - 3T0 He To/IbKO OrpoMHas o pa3mepam noj3eMHas Ma-
IIMHA, 3/1ECh U HAyYHbIE CTAThbU MUILYT OIPOMHBIMU KOJIJIEKTH-
Bamu. B deBpasie 2018 r. B «EBponeiickoM (pru3nuecKkoM KypHa-
ne» (The European Physical Journal C) omy6nukoBaHa cTaths,
koropylo Hanucanu 2040 aBropos (!), — «Measurement of the
W-boson mass in pp collisions at sV=7TeVs=7TeV with the
ATLAS detector» («M3mepenne Mmaccht W-0030Ha B pp-CTOJIK-
HOBEHMSIX C [IOMOIIBIO AETEKTOPA ATLASsV =7T3B») [7]. NuTe-
pEecHO, 3TOT (PyHJJaMEHTaIbHBIN aBTOPCKUH TPY/] 3aHEC/IU B KHU-
ry pexopnoB I'unneca?



1.4. Teopuu rpaBuTanyu

1.4.1. IloneBass njim reoMeTpuvecKasi — Ybsi BO3bMeT?

YTO HU rONOBa — TO TEOPUS.
(2060psim)

['paBuTAITNS, KAK MTOJIAralOT UCTOPHKU, ObLIA TIEPBBIM B3aUMO-
JEeVCTBUEM, OIMCAaHHBIM MaTeMaThuyeckou Teopuei. He BaxHO,
YTO ApPUCTOTEN b OMMOAJICS, YTBEPK/Iasl, UTO OOBEKTHI C pa3HOM
MAaccoll MagalT ¢ Pa3HON CKOPOCThI0. BaskHO TO, 4TO rpaBUTa-
11 ObLJTa TIOJT IPUTIESIOM YUEeHBIX APEBHOCTH.

B XVII B. 6nmaronaps yuenusim Konepauka, ['annes, Kere-
pa, HpioTOHa 1 APyrux CrogBMKHUKOB HAyKH, IPOU3OILEN Ka-
YEeCTBEHHBIN MPOPHIB B M3YYEHUH ITPOOJIEMbI TPABUTAIINH.

Puc. 1.1. I'pasumanyus, no iiHwmeriny, — 3mo CKAOH MACCUB-
HO20 mena,
Nno KOMOpPOMY CKamwvl8aenicst MeHee MAacCugHoe meno.



KynbMuHanuend uzyuenusi (peHoMeHa rpaBUTALlMU CTaIO OT-
KpPBITHE CAMOT0 3aKOHA BCEMHUPHOTO TATOTEHUS, K KOTOPOMY
MHOTO BOITPOCOB, M K Hemy Oy/leM peryJsipHo oOparmarhcst
Ha CTpaHUIaX JaHHOW KHUIU.

Hanee takumu ydyeHbiMH, Kak Jlopeni, [lnaHk, DiiHIITElH,
Y IpYyruMU ObLTH pa3paOOTaHbl HOBbIE KPACHBbIE MTOAXO/IBI K Pa3-
pelleHHIO TPOOJIEMbI TPABUTAINH, HO, YBBI, OHA OCTAJIaCh HEpe-
IIICHHOM.

B Haimie Bpems1 TEOPETHKY TOXE HE CUIAT, OANMpast mogodo-
POZIOK KyJIaKaMH, OHU €XKeIHEBHO, Yac 32 4acOM CTy4aT IO KJja-
BUIIIaM KJIABUATYP U YK€ HAMKMCAM CTOJIBKO, YTO OMHUX TOJBKO
TUIOTE3 MEPEBATUIIO JIAJIEKO 34 COTHIO, a HAITMCAaHHOE MCUYMCIIsI-
eTCsI ThICSTYaMH TOMOB.

Ha cerogns, kak rooput Bukwunenus, BBIPUCOBAJIOCh TPU
MIEPCIEKTUBHBIX HAMTPABJICHUS K PEIICHUIO 3a]a4l KBAHTOBAHM S
IpaBUTAIIMU: TEOPUSl CTPYH, METJIeBasi KBAHTOBAasl rpaBUTALIUS
Y TIpUYMHHAS JUHAMUYecKas TpuaHry/siusa. Ho ecnu mogontu
etie 6ojiee 0OOOIIEHHO, TO MOYKHO BBIIEUTDh JBA OCHOBHBIX Ha-
MIpaBJIEHHS — 3TO MOJieBasi U TeOMETpUYecKast TEOPUM TpaBUTa-
LM,

HanomHIo KpaTKO 4MTaTeNo, 4To TO 3a HAIlpaBJIeHUs U Tjie
UIIYT YYEHBIE T€ CaMble HEYJIOBUMbIE T'PABUTOHBI.

Omnbitel T'ammness M MaTeMaTHYECKME 3aKOHBI JIBVKEHUS
HeOecHBIX Tes Keriepa 3amoxuiy (pyHIaMEeHT 1J1s1 TEOPUU I'pa-
Butaiuu HeioroHa. C HEKOTOPOW HATSKKOM MOXHO OTHECTH
JAHHYIO TEOPUIO K MEPBBIM MosieBoM Teopuu. [louemy ¢ HaTsk-



koi? [IpnunHa OIHa — IEKTPOMArHUTHBIE BOJTHBI OBUTA OTKPhI-
Thl HAMHOTO IO3[HEe, yxke nocie cmeptu Hpotona. B cpenu-
He XVIII B. ®apajei SKCIIepuMEeHTaIbHO 000CHOBA U Pa3BUII
CBOIO KOHIIEMIIMIO MOJIEBOM MPUPOIBl MATEPUM U €IMHCTBA (bU-
3MUYECKUX cuJI ipuposbl. [anee, kak oOpasHo otmeTa P. Men-
TMK3H: «Tonvko Makceean oonex naebeiicku 0OHaAMCeHHOe meno
dapadeesckux npedcmasreHull 8 apUCMOKPAMUUECKue 00excowvl
mamemamuxu» [8].IlepBas crarbss MakcBesia 1o TeOpUM JeK-
TPOMArHUTHOTO MOJISl TaK M HasbiBasiach: «O CUJIOBBIX JIMHUSAX
Papanes».

Jlpyrasi MojioBUHA TEOPETUKOB, MPHUBJIEKAIOIINX T€OMETPUIO
B CBOM HJIeU IMOCTPOEHUsI TEOPUM TI'paBUTAIMU, CUUTAIOT, YTO
Ha CErOAHSINHUN JIeHb MoOast pyHIaMeHTa bHas pusruecKas
TEOPHS COAEP/KUT B CBOEH OCHOBE HEKOTOPBI KOMILIIEKC FEOMET-
puueckux uaen. Bo3HUKIIO U yxe 0pOpMIIIOCH 11e10€ HaIpaB-
JIeHHE TeOMETPUYECKOrO OMUCAHMS IPABUTALIMU U IPYTUX (pyH-
JAMEHTaJIbHBIX B3aMMOJEICTBUI B MHOromepHou cxeme Kairy-
pl—KJtenHa.

Ha ceromHgimHuii IeHb caMOl W3BECTHOU U, Jake MOXKHO
CKa3aTh, MPU3HAHHOW TeopHel TpaBUTAIlUM SIBJISETCA OOIIas
teopusi otHocutesnbHocTH (OTO) A. DitnmreriHa. CoriacHo
JAHHOW TEOpWH, IPaBUTAINST OOYCIIOBJIEHA UCKPUBIICHUEM TTPO-
CTPaHCTBa, CO3/1aBa€MOr0 TPABUTUPYIOIIUMU TeJlaMU, e Teo-
METPUYECKHE CBOKMCTBA MPOCTPAHCTBA BHICTYMAIOT B POJIU pe-
QJIbHO JiecTByOMUX cuil. JIiobast Macca MCKpUBIISIET POCTPaH-
CTBO-BpeMsI BOKPYT celsl, ipyrast Macca, rorajiast B JaHHYI0 00-



JIACTh UCK PUBJIEHHU ], IBUTAETCS MO CKJIOHY NPpUTsKeHUs1. To ecTb
CKJIOH BBICTYTIAET HEKUM SKBUBAJIEHTOM CUJIbI TpUTskeHus. Ha-
[JISAHO MOXHO TIPEACTaBUTh AEUCTBUE IPABUTAIIMU TIO TPUHIIU-
Iy ramaka.

DUHIITEWH Havyall ¢ 4-MEPHOTO MPOCTPaHCTBA-BpEMEHU. 3a-
tem T. Kanyna B cBoeit kiaccrueckoit padore 1921 r. mpenyio-
KW TEOMETPU30BATh NIEKTPOMArHeTu3M, OObETUHUB €ro C rpa-
BUTAIIMEN MyTEM TOBBIIIIEHUS] pa3MEPHOCTH MPOCTPaHCTBA-Bpe-
MeHM Ha eauHully. Kasyiia noctyampoBain HE3aBUCUMOCTDb Ie0-
METPUYECKUX BEJIMYUH OT 5-il KOOPAUHATHI, OTYUYMBIIUX Ha-
3BaHue «uyaec Kamyup» [9].

[Torom Kk yynecam (pU3MKM HAYaJIM TTPUBBIKATH U KOOPAUHA-
TBI CTAJIM pa3MHOXaThcs. [locie OTHOCUTENBHOTO CTiajia B cepe-
JuHe XX B. MHTEPEC K MHOIOMEPHBIM T€OMETPUYECKHUM MOJIE-
JisiM cHoBa BO3pocC B 1970—1980-¢e rr. D10 COOTHOCAT, Mpexk/e
BCET0, C TIPOrPECCOM MCCIIEAOBAHUM MEKTPOCTA0BbIX U CHITBHBIX
B3aUMOIECTBU.

B nasmpHeiiemM ObUTM TIOMBITKH TIOCTPOEHUST MHOTOMEPHBIX
TEOpUH MOoJIs, KOTOpBIe TOJKHBI Obut 00bequHUTh OTO C Teo-
pUSAMH 3JIEKTPOMArHUTHOTO, JIEKTPOCIa00ro M Jaxe CUJIbHO-
ro B3aumosencTBuil. [losBunace 6-MepHast MOJIEb IPaBUAJICK-
TPOCTa0bIX B3aUMOJICUCTBUN, COMepKalas OCHOBHbBIC 3JIEMEH-
Thl MOJIEJIM 3JIEKTPOCadbIX B3aumoyeicTuil Baitnoepra—Ca-
nama. [lanee — 7-mepHast MojiesTb TPaBUIEKTPOCIAObIX B3aUMO-
IIEUCTBUM, OIMCHIBAIONIASA OCHOBHBIE IEMEHTHI KJIACCUYECKOM
(He KBaHTOBOW) XpoMoAMHAMKKH. W HakoHel1, OblIa MMOCTPOeHA



8-MepHasi MOJieJIb IPABUCHIIbHBIX B3aMMOJEUCTBUI B METpUYe-
CKOM BapHaHTe, B KOTOPOH OO30HHBIN U (DEPMHUOHHBIIA CEKTOPHI
B3alMOCOITIACOBAHBI.

DUHIITEHA MOKHO OTHECTH K 4ucCily (haHTaCTOB-IIparMaTu-
KOB. Ero TBopuecTBO Havajaoch B HayaJie MPOILJIOro CTONETHS,
a B TO BpeMs HaceJieHne 3eMuii ObUIO TOpa3/io MEHbIIe, ObLIo
MeHbIle (DaHTACTOB, COOTBETCTBEHHO, X OBbLIIO MEHBIIIE ¥ CPEIH
¢usukoB. B Havane XX cronerusi o0meMupoBasi YUCJIEHHOCTD
HacesieHust 3emun coctasisuia 1,625 muipn yen. CeromHs 3ta
YHCJIEHHOCTh COCTaBIsAeT 7,5 Muipy yesl. Pocio He Tonbko obiee
YUCJIO JIOZIEN, HO pOCiIO M 4uciIo (pu3MKoB. Buaumo, no stou
MIPUYMHE, KaK CUMTAIOT CAMU YUYEHbIE, TUIIOTE3bl IO IPABUTALIMU
UMEIOT SIBHBIN nepen30bTok. Ho 3agavya-To ocranack HepeleH-
HOW, a ITOUCK UCTHHBI C KaKJA0M HOBOY TMIIOTE30U pacIIMpseTCs
B T€OMETPUYECKON TIPOrPECCHH, U TO ellle OOobIe YCyryosser
JaHHYIO TTpobemy.

[TponomxkaioT ¢ OOJbIe MHTEHCMBHOCTBIO MYCCHPOBATHCS
uJieM TaK Ha3blBaeMOro MynivHra (nputaikuBanus). He Haxons
IpsSIMOro OTBETa, HEKOTOpble (PU3MKM 3aXOAAT C3a1U MaTepuu
Y HAUMHAIOT €€ MPUTAJIKUBATh U TOJIKATh JJ1s1 CO3JaHH s BUUMO-
ctu nputskeHus. Ho oTkyna B341h Takylo sHepruoo? Paszse yro
npuBiedb onsATh bora, Tak aren3m He MO3BOJISET.

D¢up — HENOHSTHbIA, OECKOHEYHbIA M HECKOHYAeMblii!
Hecmotpst Ha TO, 4yTo B Havajge XX B. 3pup ObLT MCKIIOUEH
U3 TMOCTABIIMKOB SHEPruu, (PU3MKHU, BUJISI, UTO BCE APIyMEHTHI
MaTepry B YacTH T'PaBUTAIMM MCYEPIIaHbl, BHOBb OOPAIIIAIOTCS



K BaKyyMy, T.e. K 3pupy. A 4TOOBI €r0 MaTepraaIn30BaTh, MPH-
JyMaJlv, 4TO BaKyyM HE MYCTOU, a «(PpU3NYECKUN», a eciu pu-
3UYECKHA, TO U MaTepUaIbHbIN, CYOCTaHIIMOHATIBHBIN U, COOT-
BETCTBEHHO, SHEPrOHACHIIIEHHBIM. D(QUpP CTaIM NPUMEHATh Kak
«IPUTAJIKMBATENIN», TAK M «IpUTATUBaTen». Ha acpup Hadpo-
CHUJIMCh, OH CTaJl HY’)KEH BCEM, KaK CIacUTeIbHAsI COTOMUHKA, KO-
72 YXBaTUTHCSA yXkKe HE 3a UTO.

Ddupossie Teopun oreepraior OTO noromy, 4yTO TaHHAsS TEO-
pUsl OTPULIAET CYILLIECTBOBAHUE CaMOro 3(upa, COOTBETCTBEHHO,
oTBepratotcsi bonbioii B3pbIB 1 cyliecTBOBaHNE YEPHBIX ABIP.
Tem cambIM OTBepraetcs akT nosiBieHus Beenennoii 13,7 mupn
JieT ToMy Hazaj. BeeneHHasi, Takum o0pa3oMm, MpU3HAETCs BEUHO
cymiectBytomieii. Torna, ucxoas u3 npusHaHusl BeyHOCTH Bce-
JICHHOM, BO3HUKAIOT JIBa 3arpeTa: 1) HeJlb3s1 MOCTYIMPOBATh, YTO
T'PaBUTOHBI HEOOPATHMO IMPeoOpasyloTcsl B KAKOW-TMOO WHOM
BUJ] SHEPIUU WIM MaTepuu, 2) HeNb3s MOCTYJIMPOBaTh, YTO Ka-
KOU-TMO0 BUJI MaTEpUH HEOOPATUMO TTpeoOpas3yeTcsi B TPaBUTO-
HB. B miepBoM ciydae uepe3 Kakoe-TO, JOCTaTOYHO OOJIBINoe,
BpEMsI UCUYE3HYT BCE TPABUTOHBI, & BO BTOPOM CJIy4ae UCUYe3HeT
BCSl MaTepusi U OCTAHyTCSl O[IHU I'PaBUTOHBI.

UYro Oyzmem BeIOMpaTh? A BbIOOpA HET!

MHorue rpaBUTOHHBIE TEOPUU T'PABUTAIIMM OCHOBBIBAIOTCS
Ha runotese K.-JI. Jlecaxa. B 1756 r. Jlecax npeyioxui mpo-
CTYI0 KUHETHUECKYIO TEOPHIO IPABUTAIINK, KOTOPasi JaBajia 00b-
sICHEHHE cuJibl B ypaBHeHMM HelotoHa. 13 runoresst Jlecaxa Bbl-
TeKaJl 3aKOH TsAroTeHusi B popmysupoBke Heiotona. Kpome To-



ro, U3 JAHHOU TUIIOTE3BI CIIEIyeT KOHEUHOCTDb pajinyca ISHCTBUS
CHJI TPAaBUTAINH, TaK KaK HA PACCTOSIHUM, OOJIBIIIEM JJTUHBI CBO-
O6oHOrO TIpoOera rpaBUTOHA, TSATOTEHHE MPAKTUUECKU UCUe3a-
eT. B ocHOBe runotessl Jlecaxa j1exkuT MpeanoiokeHre o cyiie-
CTBOBAHUU B MPUPOJIE XAOTUYHO JABUKYIIUXCS C OOJIBIITMMU CKO-
POCTSIMU YaCTHII, KOTOPble OYEHb PEIKO CTAIKUBAIOTCS MEXIY
co0OM, JIerKo MPOXOAAT Yepe3 Tesa, U3peKa Morionasich UMu
WJIY Tepsisl YaCTh SHEPIUM MPU CTOJIKHOBEHHUSIX C YaCTUIIAMMU Te-
na. B manbHeieM Takve 4acTUIlbl CTAIA Ha3bIBaTh TPABUTOHA-
MH.

Ellle HeMHOT0, 1 MOXHO OKOHYATEJIbHO 3aIyTaThCsl B IEOPSIX
I'PaBUTAIIMOHHBIX TUIOTE3, IO3TOMY HYKHO 3aKOHUHUTb TOT KO-
POTKMIA 0030p TOJICBOW M Te€OMETPUYECKON CHCTEM IIOAXoja
K Mpo0JieMe TpaBUTAIiH, HO €CTh ellle OJHO BEChMa MOITYJISIPHOE
HarpaBJieHUE — 3TO TEOPUSI CTPYH U M-Teopuu, O KOTOPBIX TaKxke
clieflyeT BKpaTiie YIOMSIHYTh.

1.4.2. Ctpynbl

[osiBneHMe CTpyHHOM TEOPUU IPABUTALIMUA OTHOCAT K 1968 .,
Korja aBa Mojionsix Teopetrika u3 [IEPHa, 'aGpuane Benerma-
HO 1 Maxuko Cy3ykH, 3aHUMAJIUCh MAaTEMAaTUYECKUM aHAJIM30M
CTOJIKHOBEHMI MMOHOB. [To0OHBIe KBAaHTOBBIE KOJUTU3UU OIH-
CBIBAIOT C MOMOIIIBI0 MATPHUILIbl pacCcesiHUs, KOTOpasi MO3BOJISIET
HalTH BEPOSITHOCTU MEPEXOA0B CTAIKUBAIOIIMXCS YACTHI] U3 Ha-
YaJIbHBIX COCTOSIHUN B KOHEYHBIE.



B Kax10M KOHKPETHOM CiTydae ee OObIYHO BHIUUCIISIOT JIUIIIb
C HEKOTOPBIM MTPUOTMKEHAEM.

Benenmano u Cy3yku yCTaHOBWJIM, YTO aMILUIMTYAY MApHO-
IO paccesiHusl BHICOKO9HEPTETUYHBIX [TMOHOB C BHICOKOW TOUHO-
CTBI0O MOXHO BBIYHCIIUTH C TMOMOIIBI0 OeTa-(PyHKIINK, KOTOPYIO
B 1730 r. mpunyman Jleonapa Dwiep. JaHHy0 (PyHKIMIO HC-
NOJIb3YIOT PEJIKO, U LIEPHOBCKUE (PU3MKM HATKHYJIUCh HA HEE CITy-
YaiiHO, MPOCMAaTpUBasi MaTeMaTHueckue crpaBoYHUKU. CoObl-
THE BbI3BAJIO HEMAJIbII UHTEPEC CPein IPYTrux (PU3MKOB, TAK Kak
OBLIO YCTAHOBJICHO, YTO aMILTATY/A MTUOH-TIMOHHOTO PACCEsIHUS
3aJaeTcsl pa3yiokeHreM B OECKOHEUHBIN psifl, TIEPBbIil 1 OCHOB-
HOW 4JIEH KOTOPOro Kak pa3 coBmnajaer ¢ ¢popmynoil Benernma-
HO—Cy3yKH.

Crownsio 3auenuTbes, U, Kak FOBOPAT, MOLUIO-TIOEXAJIO.

B 1970 r. kBapreT pusukos: Eunpo Hamoy, Terryo I'oto, Jleo-
Hapn Cacckunpa u Xosbrep HusibceH oOHapy KU UHTEPECHOE
coBnajenue. OHU BbIBENIU Ty ke (POPMYITy, MPEANONOKUB, YTO
B3aMMOJIEMCTBUE MEXK/y CTAIKUBAIOLIMMMCS TMOHAMH BO3HUKA-
€T U3-3a TOrO, YTO UX COEUHSIET OECKOHEUHO TOHKasl KOJeOIo-
1IasACs1 HUTh, MOTYMHAIOIIASACSA 3aKOHAM KBAaHTOBOW MEXAHUKHU.
STOT HEOXKUJAHHBIN PE3YJIBTAT AAJT TOTYOK U300PETEHHIO MOJIE-
JIEW, MPEICTABIAIIIMX IEMEHTAPHBIE YACTHULIBI B BUJIE CBEPX-
MUKPOCKOIMYECKUX OJHOMEPHBIX KaMEPTOHOB, BUOPUPYIOIIUX
Ha ONpeJesIeHHbIX HOTax. VIX-TO U cTajiu Ha3bIBaTh CTPYHAMM.

B Hauane 3apoxeHusi TEOPUM CTPYH IMPeanonarajoch, 4ro
OHAa MaTeMaTM4eCKM KOPPEKTHA TOJBKO B CiIyYae, €ClId Ipo-



CTPAHCTBEHHO-BPEMEHHON KOHTHHYYM SIBJISIETCSI 26-MEpHBIM.
Ho noTtom B Hee ObLT BBEJICH CIVH, U €€ TPOCTPAHCTBO-BPEMSI CO-
Kpatuiock A0 10 (1eBATh MPOCTPAHCTBEHHBIX U3MEPEHUI U OfI-
HO BpeMeHHoe). BOT TyT (pu3uku yauBUIKCh TOMY, UTO TEOPUsI
cama BbIOpaJia pa3MepHOCTb.

Ho 4ero-to onsAte He XBarajo s TpuyMda, Torga, pemas
CTPYHHbBIE YpaBHEHUSI, PA3OMKHYTbIE KOHIIbI CTPYH 3aMKHYJIHU,
Y TOJIyYUJTUCh KOJIbIA, KOTOPHIM COOTBETCTBOBAJIM HE W3BECT-
HBIE HayKe 0€3MacCOBbIe YaCTHIIBI CO CITUHOM 2.

B 1974 r. ¢uzuku Bapn u Illepk 3adaBriIn, 4TO TAMHCTBEH-
Hast ¥ Oe3MaccoBasl YacTUIA CTPYHHOW MOJIEU U €CTh I'DaBH-
TOH! DTH ke rocroja MNoJCUMTaIN U AJIMHY JAHHON CTPYHbI: OHA,

10 X MHEHHIO, TOJI’KHA COCTABJIATD 10~ 3cm! C rakumu pa3me-
paMu 0OBEKTOB HayKa ellie He BCTpevasach.

HecmoTpst Ha Bce KOJUIM3UM U TPYAHOCTH, pa3padOTKa Teo-
pUU CTPYH, KaK TOBOPSIT TEOPETUKH, MTO3BOJIMIIA TITYOKe MOHSAThH
CTPYKTYpPY IpPEALIECTBYIOUIMX €l TeOpUIl KBaHTOBOW IpaBUTA-
1.

Hy cnaBa bory, xoTb 4To-T0 nouwio Ha nosis3y. [loatomy nan-
Hasi TeOpHYs MPOJOIDKAET U JIANIbIlie pa3padaThIBaThCs, YIIyOms-
SICh B IyUYMHY MAaTeMaTUYECKMX U MY3bIKaJIbHBIX METaMOpdo3.
[MosiBusKch MeMOpaHbl, MOTOM MX ISl KPATKOCTH CTAId Ha3bl-
BaTh MPOCTO OpaHbl, ¥ OMSATH MOLIET KOJTMYECTBEHHbIH OTCUET:
2 Gpanbl, 3 Opansl, p-Opansl U T. A. Teopus cTpyH cTayia mpeBpa-
IIATHCS B TEOPUIO OpaH MPOM3BOIBHON pa3MepHOCTH — OT 1 10 9.

Mewm606paHa —3T0, 04eBUIHO, PE30HATOP, I7Ie YCHIIUBAETCS MY-



3bIKAJIbHBIN 3BYK, U3[1aBa€Mblil cTpyHaMU. Jlajiee xK/1eM CMblYKa
WJIM MeIUaTopa, Mocjie Yero JOKHA 3a3BY4YaTh JOJTOKIAHHAS
MEJIOUS TPaBUTAIUH.

Her, He 3a3ByunT, HyXk€H CaMblii Ba)KHbII JIEMEHT — MY3bl-
KaHT.

Knaem-c... v TOro, u Jpyroro.

B 1960-x rr., KOrga H1 OJHOMY TEOPETUKY HE YIajoCh JOKa-
3aTh MPABUJIBHOCTh CO3[aHHON MM OOIIel TeoprH, OOLIECTBOM
(pusmkoB ObuTa MpUHSATA Tak HasbiBaeMasi CTaHAapTHAsT MOJETb
(CM), kotopasi onuchiBaja MOCPEACTBOM KBAaHTOBOM MEXaHU-
KM CUJIbHBIE, CaOble W 3JIEKTPOMArHUTHbIE B3aWMOJICHCTBUSI.
Ho rpaButanusi ¢ ee 6e3MaccoBbIM IPaBUTOHOM HE BIKCHIBAIACH
B paMku u 310l CM. Bot Torga u Beictynui I1. Xurrc ¢ npea-
CKa3aHMEM CBOEM YaCTHUIIbl, KOTOpasi JOJKHA OTBEYaTh 3a Mac-
cy B Mupe marepuu. PU3MKHU YIEMWIKCh 3a JAHHYIO UJIEI0, KaK
32 CIIACUTEJIbHYIO COJIOMUHKY, KOTOpast JOJIKHA CHACTH TEOPUIO,
Ja v (PU3UKY TOXE.

TeopeTrKy AaHHOTO HAIpaBJIEHUsI BO3JArajiy OOJbIINE Ha-
JIEK]Ibl Ha SKCIIEPUMEHTHI Ha BOJIbIIOM aJpOHHOM KoJutaiaepe

(BAK): Bo3MOXHO, BbUIETUT YacTula bora ¢ pasmepHocTbio 107

33¢m. Bouterena! B2012 1., a B 2013 1. nonyursia HobeneBckyio

npemMuio (CM. TIpenblayri pa3ien). YacTuia BbuieTesia, U oHa
oKazaJsiach Oosiee MaccuBHOM (125 ['9B), HO pa3IsSIIETh ee TOM-
KOM He YCIIe/IH, TaK KaK BpeMs ’KU3HU 0030Ha XUITca HUYTOKHO
MaJio, OH pachajgaeTcs cpasdy MOCJe CBOErO pPOXK/IECHUS, HE YCIIEB
HU C YEM TOJIKOM IPOB3aUMOJIEUCTBOBATD.



B XX cronerun ¢u3uku umenu [eno ¢ AByMs (pyHaaMeH-
TaJbHBIMUA (PU3UIECKIMHU TEOPUSIMU — KBAHTOBOW M OOIIEH Teo-
pueii otHocuteabHOCTH (OTO) (Lee Smolin) [9]. B pamkax yka-
3aHHBIX TEOPUI1 Pa3BUBAJIMCh U PA3BUBAIOTCS APYIrHie HarpasJie-
HUSL: IPUYMHHAS TUHAMUYECKAsi TPUAHT YIS, TEOPUS CTPYH,
neTieBasl KBaHTOBasl rpaBuTanus. Kpome Toro, anu3oanyecku
BCIUTBIBAIOT HAa TIOBEPXHOCTh MpUBEpKeHIbl Jlecaxa ¢ ero my-
IIMHIOM, 3(UPUCTHI — ¢ (PU3UUECKUM BaKyyMOM U T. I1. Bes a1a
pa3Horoyiocuiia MpuBeNia K TOMY, UTO KaX[blii «MHCTPYMEHT»
B 9TOM OOJIBIIIOM OPKECTpPEe MIpaeT CBOK MAPTHIO, HE MPHUCITY-
MMBasCh K ApyruM. Ho y mpupojbl ecTh TOJNBKO OIHA TEOpHs
Y OJTHA I'PaBUTAIIMS, MTONBITKA OObEAUHUTD KBAHTOBYIO MEXaHU-
Ky ¢ OTO npeanpuHUMaIUCh CAMUM DUHIITEHHOM. 3aTeM MO-
sBuich CtangapTHasi Mofiesib, M-teopusi, F-treopusi — yBbI, pe-
3yJIbTaThl [TIOKa HE yBeHUYaIMch ycriexom [10].

B ¢usuke Teopuii no rpaBUTAIMKM HAMETUIICS U3SIITHBIN, 51 Obl
JJaKe CKas3asl, BbIUYPHBIM CTWJIb MaTeMaTUKU M SK30TUUYECKUX
TEPMHHOB. ABTOPBI ITBITAIOTCS IEPEIETONATh APYT PyTra U30bIT-
KOM TEOPETUYECKUX TOHKOCTEeM, TOPO COBCEM He OTHOCSIIUXCS
K rpaButanuu. CozgaHue U pa3BUTHE MaTEMAaTUYECKOTO armapa-
Ta IS ONMCaHUs (PU3NIECKUX B3aUMOACWCTBHI MaJjio CIIOCO0-
CTBOBAJIO, KaK MOKa3bIBAET BPEeMsl, PA3BUTHIO CAMOM TEOPUU I'pa-
BUTAIIMU. 3aTO KaKWe KPACUBbIE Y HETIOHSITHbIC HA3BAHUSI: KPU-
BU3HA MIPOCTPAHCTBA-BPEMEHU, TEOMETPUYECKasi U KaTuOPOBOY-
Hasl KOHLIENIMs (PU3MYECKUX T0JIEH, TEH30p SHEPIUU-UMITY/IbCa
MIEKTPOMArHUTHOTO TIOJIs, (DepMUOHHBIE BUOPAITUK CTPYH, Xa-



MEeJIEOHHOE Toie U T. 1. OJHUM CJIOBOM — CXOJIACTUKA, U J1ajie-
KWl OT peaIbHOCTH MUP TEOPHIl yKe CYIIECTBYET caMm o cede.

B nanHOM 0030pe 51 He CTaBUJI 33/1a4y OXBAaTHTh BECh MUP TEO-
puii IO TpaBUTALIMY, CYIIECTBYIOIIUX B IMOJIEBOM U reOMeTpruye-
CKo# (hopMme, /12 ITO ¥ HEBO3MOKHO. BT 0uepueH Kpyr mpodiem
U MpejrnosaraeMble OAXO/bl U PellieHus], CYIIECTBYIOIIHE B (pU-
3uke. Cpasy CKaxky, UTO MHE OHU HE MOIXOMT.

3aMaHYMBOCTb PEIIeHUs] CaMON ApeBHEN 3araiKu TArOTeHUs,
C ee OOIIMPHBIM IOJIeM JIJIsI HayYHbIX (DaHTa3Ui, TOJIKAET Teo-
PETUKOB Ha cu3u(OB TPy HAMKMCAHUsI HOBBIX rurotes. [losBu-
JIUCh HOBBIE HAMPABJIEHUs: TeOMETPOANHAMUKA, I(PUpOTUHAMMU-
KauT. .

3akaHuMBasi TOT KPATKUM KCKYPC MO TEOPUSIM I'PaBUTALIUH,
J00aBITIO e1ie OHO 3aMevaHre. YeroBeyecTBO KHUBET U Cylle-
CTBYET C CAMOT0O €ro 3apOk/IEHUs B MOJIE TPABUTAIINU, HO IO CHX
NIOp HE HAIILJIO BHATHOTO OObsSCHEHUsI 3TOMY (DPU3NYECKOMY $IB-
JIEHU10. DTO TOBOPHT TOJIBKO 00 OTHOM, UTO BCE CYIIIECTBYIOIIE
TEOpPUU IPABUTAIIMM HA CAMOM Jiejie He TEOPUH, a TOJILKO TUIIO-
Te3bl, C MaJION Jojiel npuoOmkeHus: K ucrue. Ha TpuBuanb-
HBII BOITPOC, PO3BYYABIIHIA BBIIIIE: «I10JIeBasi WJIM FeOMeTpruYe-
CKasl — Ubsl BO3BMET 7», MOT'Y OTBETUTh: HUUbsI He BO3bMeT! Bo3b-
MeT Mos!



1.5. fAxoB IlepeabMaH U rpaBATAIMA

30pasviii cmvicn Homo sapiens —
COMHUMeNbHbII apeymenm 0as Beeaennoil.

BricTponM JIOTMKY paccykIE€HHI 110 TPABUTALITMIOHHOMY IpH-
TSKEHUIO.

Ecnu cymectByer rpaBuTalvs, MHa4Ye — CUJia MPUTSIKEHUS,
TO JIOJUKHA CYILECTBOBATh M SHEPrusi, KOTopas mnpeoopasyercs
B JIJaHHYI0 ciity. EciM CcyliecTByloT, HE BaKHO, TPABUTOHBI WJIU
I'PaBUTALIMOHHBIE BOJIHBI, KOTOPbIE IEPEHOCAT I'PABUTALIMOHHYIO
CUILY NIPUTSIKEHU S, TO OHU JOJKHBI IEPEHOCUTD SHEPTHIO, SKBU-
BAJICHTHYIO JaHHOM cuiie nputsokeHus. Cremys JIOruke, BO3HU-
KaloT /IBa PEe30HHBIX Borpoca: 1) oTkyaa sHeprusi 6epercs? 2)
KaK 3Ta Heprus mnpeoodpasyercsi, pacXoayercsi Wiu TpaHcdop-
mMupyercs?

Io cyTu, sHEeprus 10 KHA IPEeBpalaThCs B IPYTOM BUJT SHEP-
T, TOTAA MBI IOJDKHBI 3a(DMKCUPOBATh 3TU NIPEBPAILCHUs 1aT-
yrKamu 1 ipudopamu. Ho MbI Takke 3HaeM, ellle cO IIKOIbHON
CKaMbH, YTO BCAKAs SHEPrUsl, B KOHEYHOM UTOTE, TPEBPAILIAETCS
B TeIUIOTy. Toraa rae sTa JOMOJHUTEIbHASA TeIIoTa?

DKCIepuMeHTATOpbl He OOHApPYXKMUBAIOT HU CAMUX TPABUTO-
HOB, HU JIOMOJIHUTEJIbHON TEIUIOThI, IEPEHOCUMON T'PaBUTOHA-
Mud. YTO, TEIUIOTH BhIAEISETCS Tak Majio? Ho nmo3Bossre, TOorna
KaK M 4eM COo3/1aTh TaKyl0 CUJIy, YTOObI yaepKaTh Hally 3eMiTio



Ha COMHEeYHOU opOute? DTa cuia, COIMIACHO pacyeraM, paBHA:

3,54-1022 H. (3,6-1 0'8 T). {IkoB IlepenbMaH B CBOU KHUTE HE T0-
JICHWICS M ojicunTal ee mist Hac [11].

[TocmoTtpuTe Ha 3TH LAQPBI — 3TO COBCEM HE CUJIA, ITO TaKast
CWJIMIIIA, YTO Ja’ke BOOOPA3UTh TPYAHO. Tak UTO MM KTO CO3/1a-
et Ty cuiy? [lns pusrka oTBeT A0SKEH ObITh OYEBHU/IEH — IHEP-
rusi! Ho kakas sHeprus? OTKyga oHa BOBHUKAET U MOYEMY Mbl
ee He Buaum 300 C JIMIIHUM JIET, CO THS OTKPBITHS 3aKOHA BCE-
MHUPHOTO TATOTEHUS?

OTBeT Ha HEMPOCTOM BOIPOC, YTO TaKOE rpaBUTALMSA U Kak
OHa paboTaeT, HaXOAWTCSA B IIKOJMBHOM 3amadke [lepenbmana.
Bot nmrara u3 ero kHuru «3Haere Jiu Bel pusnky ?».

Craabnoin kanat ot 3emun 10 CoJiHia

«BooOpasute, uro MorymiectBeHHoe npuTskeHre CosHia
NOYeMy-JIM00 B CaMOM [IeJie MCUe3/i0 U 3eMJie TPEe/ICTOUT Tie-
YaJlbHAs y4acTh HABCET/1a YAATUTHCS B XOJIOAHBIE U MPAYHBIE ITy-
CTHIHU BCeJIeHHOM. BBl MOXeTe mpeacTaBuTh cede — 371ech Heoo-
Xxoauma (paHTa3usl, — YTO UHKEHEPbI PEIINIIN, TaK CKa3aThb, 3aMe-
HUTb HEBUAMMBIE LIENU NPUTSKEHUSA MaTePUAJIbHBIMU CBA3AMU,
T. €. IIONPOCTY 3aAyMald coelMHUTh 3eminio ¢ COHLEM Kperl-
KMMM CTaJIbHBIMU KaHaTaMu, KOTOPbIE AOJIKHBI YEPKUBATh 3€M-
HOH map Ha KpyroBom mytu B ero Oere Bokpyr Comnua. Yto
MOXET ObITh Kperue CTalu, CIIOCOOHOM BhIIEpKaTh HATSKCHUE
B 100 Kr Ha Kax /bl KBaapaTHbI MuLumeTp? [pencraBbre ce-



0e MOIIHYIO CTAJIbHYIO KOJIOHHY, MOMEpeYyHuKoM B 5 m. Ilmo-
b ee ceyeHus 3akimodaer kpynibiM cuerom 20 000 000 ks.
MM; CJIeIOBaTEIbHO, TaKasi KOJIOHHA pa3pbIBAETCS JIUIIb OT TPy-
3a B 2 000 000 ToHH. BooOpa3ute nanee, 4To KOJOHHA 3Ta MPO-
crupaercs ot 3emun 1o camoro CoJHIa, COeMHSSA 00a CBETH-
Ja. 3HaeTe Jd Bbl, CKOJIKO TAKUX MOTYYHX KOJIOHH MIOTpeOOBa-
JIOCh OBl JIJIs1 yiepkaHusi 3eMii Ha ee opouTe? MUILIMOH MUJI-
oHOB! YTOOB!I HArIsIHEE MTPEICTABUTh Ce0e ITOT JIEC CTATIbHBIX
KOJIOHH, TYCTO YCEeMBAIOIIUX BCe MATEPUKH U OKEaHbI, TPUOABITIO,
4TO MPY PAaBHOMEPHOM pACIIpe/ie/ieHMH UX 10 BCell oOparlieH-
HOU K COJHILy MOJIOBUHE 3€MHOIO Ilapa MPOMEXYTKH MEKIY
COCeTHUMHU KOJIOHHAMU ObLITA Obl JIUIITb HEMHOTUM IIHPE CaMUX
KOJIOHH. BooOpasute cuity, HEOOXOIUMYIO ISl pa3pbiBa STOTO
OTPOMHOTI0 JIECA CTAJIbHBIX KOJIOHH, U BbI TTOJTyYUTE MPE/ICTaBIIEC-
HUE O MOTYIIECTBE HEBUAMMOW CHJIbl B3AUMHOTO MPUTSIKEHUS
3emun u ComnHua. M Bes 3Ta KosoccalipHasi CUila MPOSIBIISIET-
Csl JIUIIb B TOM, UTO, UCKPUBJISIS MYTh JABUKEHUS] 3€MIIU, KaxK-
JIYI0 CEKYH/y 3acTaBjisieT 3eMJII0 YKJIOHATBCS OT KAacaTeJIbHOW
Ha 3 MM; Onarofapsi ToOMy IyTh HaIllel IJIaHeThl U MPeBpallaeT-
csl B 3aMKHYTBIH, a/MnTiyeckuil. He crpanHo i 4ToObl npu-
JBUraTh 3eMJII0 KakAyl0 CEKYHAY Ha 3 MM, BBICOTY 3TOW CTpPO-
KM, — Hy’)KHA Takasl UCIIOJIMHCKAsA cujla! DTO TOJIBKO MOKA3bIBaA-
€T, Kak OrpOMHa Macca 3€MHOTO 11apa, €Cu JaXe CTOIb YyJ0-
BUIIHASI CHJIA MOXET COOOIIUTD €l JIUIIb BeChMa He3HAUMTE b~
Hoe nepemenieHue» [11].

SxoB [lepenbMaH, KOHEYHO k€, HE JAeT MPSIMOM OTBET HA BO-



IIPOC, YTO 3Ta 3a CUJIA, KOTOPasl YAEPKUBAET 3EMIII0 CTAIbHBIMU
KaHaTaMU ¢ HEBOOOPA3UMBbIM MX KOJIMYECTBOM — MUJUTOH MUJI-
JIMOHOB, HO OH JIa€T HaIJIsATHOE ITPEACTABIICHUE SKBUBAJICHTA CHU-
JIBL.

Yro co3faeT Takylo CUIy U Kak POUCXOIUT I'PaBUTALIMOHHOE
B3auMozencTeue? Beckope y3HaeM, a IoKa NEpeBEpHEM CTPaHU-

1y.



1.6. I'paBuTanmus — 3To cBeT

Kmo xooum onem, mom ne cnomoikaemcs,

NOMOMY YUMo 8UOUM C8em Mupa cezo;

a Kmo xo0um Houblo, CHOMbIKAENICS,

NOMoMY YUMo Hem ceema C HUM.
(Eeanzenue om Hoanna. 11: 9)

[TockosbKy IpaBUTAIIMOHHBIE BOJHBI OOHAPYXKUTh HE yAaeT-
Csl, HECMOTPSI Ha TEOPETUYECKHE U BCEBO3MOKHbIE TEXHUUECKHE
YXMILPEHUST HAYKH, a Be3/Iecyllasi rpaBUTALIMs MPecelyeT Hac
MOMCTUHE Ha KaXJIOM IIary, TO HAJMIIO SIBHOE HECOOTBETCTBUE,
MIPOTUBOPEYME WU MTPOCTO HEMOHMMAaHUE TIPoIiecca rpaBUTAIIN-
OHHOT'O B3aMOJEHCTBHSA. B CBSI3M C 3TMM BO3HMKAET HECKOJIBKO
BOIPOCOB.

1. I'paBUTaAIMA — 3TO HEYJIOBUMBIN IIPU3PAK, TOI/IA OHA JOJIXK-
Ha MPOSIBJIATH ceOs Kak MPU3PAK — TO MOSIBIATHCS, TO UCUYE3aTh,
HO HET, OHa MPUCYTCTBYET €KEeUacCHO, €KECEeKYHHO — IMOCTOsIH-
HO!

2. I'paBuTanyisi UMeeT CBOU, CrielU(PUUECKUE 3aKOHbI, HeBe-
JoMble (pU3MKaM, HO peakIMy I'PAaBUTAIIMOHHBIX MPOSBICHUI
BIIOJIHE YJIOBUMBI U JJABHO MCCJIEIOBAHbI, K TOMY %€ 3aKOH BCe-
MHUPHOTO TSTOTEHUSI OTKPBIT MOYTH TPU C MIOJIOBUHOM CTOJIETHS
Hazaj.

3. I'paBuTansl ¥ OTBEYAIOIIME 3a €€ CyIECTBOBAaHUE T'PaBU-
TOHBI POXJCHBI OOjiee TOHKOW MaTepueid, HO TOrJa OHU JIOJIK-



HBI IMETh CBOU crielupuiIecKre mapaMmeTpsl U ObITh COBEPIIICH-
HO HE MOXOXUMH Ha (POTOHBI.

4. I'paBUTAIMSA HAXOAUTCSA MOJL YIIPABICHUEM YK€ OTKPBITHIX
(pu3nyecknx 3aKOHOB, HO HayKa HE MOHUMAET, KaK UX pacIpo-
CTPaHUTh Ha pabOTy MeXaHU3Ma TATOTEHHUSI.

Yetplpe BOMpOCa HA OJHY U Ty XK€ TEMY, KAKOMY OTAAAUM
npeanoyTreHue?

[MepBbiil pemmTenbHO OTOpachiBaeM MO MPUYUHE TOTO, YTO
I'PaBUTALIMOHHAS CUJIA MPUCYTCTBYET MOCTOSIHHO, U 3Ty CUJIY
Briepsbie n3mepwi I'. Kasengumr B pgasnekom 1798 r. Bropoun
U TPETHUil TOXe OTOpachiBaeM IO MPUYMHE MPOTUBOPEUYMBOCTH.
B XXI B. roBopuTh O TOM, YTO T'paBUTAIMs AEUCTBYET MO CBO-
MM 3aKOHaM, HEBEIOMBIM HayKe, HE COBCEM KOPPEKTHO, [I03TOMY
OCTaBMM TOJILKO BOIPOC I0J, HOMEPOM YETHIPE, T. €. IEUCTBUE
I'PaBUTALIMHU OCYILECTBIISAETCA MO U3BECTHBIM 3aKOHAM (PUBUKH,
OCTaeTCsl TOJIbKO MOHATh ITO JIENCTBUE.

Mmuorue ¢pusukn yxe Ha pyoexe XIX—XX cronetuii ckio-
HSUJIUCh K TOMY, UTO BCE 3aKOHBI IIPUPOJIBI OTKPBITHL, ¥ B XX CTO-
JIETUW UM HE NIPUIETCA JIOMATh I'OJIOBBI ¥ OTKPBIBATH YTO-TO HO-
Boe. OcTaBajoch MOYMBAThH Ha JIaBpaxX HAYKH U TOJILKO U3PEAKa
BHOCUTb HE3HAYUTEJIbHBIE MIONPABKYU B (PU3MYECKHE KOHCTAHTHI,
B cBeTe Oosiee TOUHBIX M3MepeHnid. YBbl! [lounBarh Ha JMaBpax
HE MPUXOJUTCS, B TO XK€ BPEMs, f I0J1araio, 4To 3aKOHbI, OTBE-
Yalollye 3a IPaBUTALIMIO, JABHO OTKPBITHI.

Urak, ¢ yero HauneM? Takasi puTopuKa Bcerja MPUBOIUT
K TaHIIaM OT MEYKU. YTO TyT CKaKelllb, JKUBEM Ha CEBEpe.



A meJykou, Teneppb yxe s Beex JIoaer 3emMiIM U BCero kKu-
BOTO HA HEW, B IPSIMOM U MepPEHOCHOM cMbiciie siBisieTcst ComH-
1€, OJIHUM CJIOBOM — 3Be3a! [lmaHeThl yaepkuBaloTCcsl Ha CBOUX
OopOUTAaX C MOMOIIIBI0 O'POMHOM CHJIbI, ¥ 3Ta CUJjIa TpaHChOpMHU-
pyercs u3 sHepruu Connua. Mel rosopum, yro ColtHLIEe — HeHc-
CsIKaeMblil ICTOUHUK SHEPruu. B 3TOM NMOTOKE COTHEYHOM SHEP-
T'UU JIOJIKEH HAXOOUTHCS TJIaBHBI UCTOYHUK TPABUTAIMOHHOTO
usnyyeHus. [locMoTpum Ha Hallle CBETUJIO O 3TUM YIJIOM 3pe-
HUs1, HO CHaYasla yTOYHUM, KaKylo SHEPIHI0 OHO TeHEPUPYET.

ConHIle UCIyCKaeT 3apsKEHHBIE YaCTUILIbI, PaJIMOBOJIHBIL, CBET,
yAbTPa(prOIETOBOE, PEHTTEHOBCKOE U TaMMa-u3yyeHue. PeHT-
T€HOBCKOE M TraMMa-u3TydyeHHe — 3TO HeOOJBIIOW IMPOLEHT
OT OOIIEro KOJIMYECTBA SHEPIUU, U OHO JIO TIOBEPXHOCTH 3eM-
JIM TPAKTUYECKU HEe JOXOAUT, TaK Kak Morjomiaercss arMocde-
poui 3emn. OCHOBHasi SHEpPrusi B CUCTEMY «aTMmocdepa — 3eM-
Jis» MOCTYNAeT B BUJE CHEKTPAJIBHOIO BOJIHOBOIO W3JIyY€HUS
B quana3one ot 0,1 1o 4 mxm. I[1pu stom B tnanazone 0,3 MKM
J0 2 MKM arMocdepa 3eMid MOYTH Mpo3padHa AJisi JAHHOTO
u3ny4yeHus. B naHHbBIN quana3oH yKiaapBaeTcs uHppakpacHoe
U3JTyYeHHE, CBET U YaCThb YJAbTPapUOIETOBOroO n3nyueHus. Mox-
HO YTBEpXKJaTb, YTO OCHOBHBIM MCTOYHUKOM 3Hepruu ConHua
SIBJISIETCSI CBET, CBETOBBIE (POTOHBI, KOTOPbIE TPAHC(POPMUPYIOT-
sl B TEIUIOTY.

JloKa3aHO U MOJCYMTAHO, YTO TUIAHETH yAEPKUBAIOTCS Ha CBO-
uX OpOMTax C MOMOIIBIO OTPOMHOM CHJIBI, €€ MOYeMY-TO Ha3bl-
BAIOT €Ille CaMOi C/1aboM, 0 ee «CmaboCTh», a TOYHEE O €€ CUJIe



OBbLJIO CKa3aHO B MpeablAyIeM pasfene, riae [lepenbman ykazain
Ha €€ CUIIy.

Dta cuiia TpaHcopmupyercs u3 sHeprun CosHua.

Hcxons u3 Toro, Kakywo sHepruiwo rnocrasiser Ham CoiHie,
3aIuIIeM HECKOJIbKO MOCTYJIaTOB:

[Toctynar Nel: Tennora — reHepaTop rpaBUTALMOHHOM SHEP-
TUU.

[ocrynat Ne2: [lepeHOCUMKOM IpaBUTALIMU ABIAOTCA POTO-
HbI (3JIEKTPOMAarHUTHbIE BOJIHBI (OMB)).

[Toctynar Ne3: Bce DMB niepeHOCAT rpaBUTALAIO. DIIEKTPO-
MarHUTHbBIE BOJIHBI — TPABUTAIIIOHHBIE BOJIHBI!

Il ipocTOThl (POPMYJIMPOBKU 3aIUIIIEM: IPABUTALIAS — ITO
cBer!

[Tocrynatsl mucath — He cKkpukaym Tecats! [TocTynars! nucars
JIETKO, OTMETUT Tpo cedst yutartessb. [lonbiTaioch BO3pa3uth —
He JIETKO, JJake COBceM He Jierko. [Ipexae yem Hanucath nocry-
JIaT, HY’)KHO K 9TOMY TOIOWTH, MPUOIU3UTHCS HA TAKOE PaccTo-
SIHUE, KOTOPOE MO3BOJIAET PACCMOTPETh TO SABJIEHUE HEBOOPY-
’KEHHBIM IJIa30M C UCTOJIb30BAHUEM CEPOTO BEIIECTBA, a I J10-
Ka3aTesIbCTBA MOKHO IIPUMEHUTh U UHCTPYMEHTapUI.

Jlanee ¢ MOMOMIBIO JIOTUKU U PACUETOB MOWUIYT MOSCHEHMUS,
Kak s MpUOIM3UIICSA ¥ pacCMOTpes B (POTOHE U IEKTPOMArHuT-
HBIX BOJIHAX TY CaMyI0 I'paBUTALMIO. JIOTMKa MOMX pacCyXAeHUN
npocTa u, HaJeloch, OyeT noHsATHa. He ToponuTech 3akpbiBaTh
KHUT'Y, a, KaK TOBOPUT Hail npe3uaeHT: «[locnymaite», To4-
HEe — MOYUTAMTE.



1.7. 3akoHBbI 0OpPATHBIX KBAJPaTOB

Puc. 1.2. 3axon obpamuwvix keaopamos. HumencueHocms cee-
ma oopamHo NPONOPUYUOHANLHA K8AOPAMY PACCMOSHUSL O UC-
mouHuka ().

Haunem ¢ 0600malo0mumx 3aKOHOB PUPOIBI ¥ UX POAUTENICH.
EcrecTBeHHO, IEpBbIM B 9TOM HEHYMEPOBAHHOM CITUCKE — 3aKOH
BCEMUPHOTO TsAroteHus: HploToHa, ero maremaruueckas ¢hop-
myna (1.1). s Toro 4yToObI TOmOOpaThes K MCTUHE, JJIs Ha-
YaJIbHBIX PACCYXACHUN HaM TIOTpeOyeTCst YacTh STOU (DOPMYJTHI,

a IMEHHO ee 3HaMeHaTeb — 7-. Korma HaunHarotcst 00001eHus,
TO He 3psi TOBOPSIT, UTO HYKHO BCE MTPUBECTH «K OOIEMY 3HaMe-
Hateso». Cuiia TATOTEHUsT 0OpaTHO MPOIOPIUOHAIbHA KBapa-
Ty PaCCTOSIHUSI MEKIY TPABUTUPYIOIIUMHU TEJIAMH.

F=1/47
(1.2)



[Ipoanaym3upyem aHAJIOTMUHBIE 3aKOHBI, U3BECTHBIE (DU3HKE,
B 3HAMEHATEN e KOTOPBIX CTOMT KBaApaT pacctosHus. bynem ymno-
BAaTh HA TO, 4TO B HaYauie X XI B. KJII0YEBBIE 3aKOHBI (DU3UKU JEH-
CTBUTEJILHO OTKPBITHI U U3BECTHBI. [109TOMY HYKHO BHUMATEJIb-
HO MIOCMOTPETh Ha BCE TO 3aKOHHOE XO35IMCTBO 0]l ONPEAESIeH-
HBIM YIJIOM 3PEHHS, a4 IMEHHO — I10[] ITPULIEJIOM I'PaBUTALIMH.

B cBoe Bpems emie Y. Kantom ObL10 3amMeudeHO, 4TO 3aKOHBI
0oOpaTHBIX KBAIPaTOB AJIsI TPABUTAIIMOHHOM M JIEKTPOCTaTHYe-
CKOW CHJI CBSI3aHbI C 3-MEPHOCTBIO MPOCTPAHCTBA.

3akoH 0OpaTHBIX KBAJIPAaTOB — 3aKOH, COIVIACHO KOTOPOMY
HeKasl (pu3nyecKkas BeJIMUMHA B OIpe/e/IeHHON TOUKe 0OpaTHO
MPOIOPLIMOHAJIbHA KBAJpaTy paccTosHUs 10 3TOM TOUku. CyTh
TaKUX 3aKOHOB B TOM, UTO JlaHHasl (pU3MUECKasi BEJIMUMHA pac-
IPOCTPAHSETCA U3 LIEHTPa PAaBHOMEPHO BO BCE CTOPOHBI ITPO-
CTPAHCTBA.

OOpaTHO KBaApPAaTUYHOU 3aBUCUMOCTH TIOAUMHSIOTCS CIIe/y-
1o1me (U3NYECKUe 3aKOHbI:

* 3BYKOBBIE BOJIHBI OT TOYEUHOT'O (IIIaPOBOI'0) UCTOYHUKA 3BY-
KOB

I=N/Axr’

* HanpsikeHHOCTD 271eKTpUYecKoro nois E Ha pacCTOSTHUM 7
OT TOYEYHOro 3apsiaa QO B BakyyMe (3akoH KysoHa)



E=QHMnr’

* HanpskeHHOCTh MarHUTHOTO 1o (3akoH buo—Casapa—
Jlaraca)

H=I /4er2

® OCBGH.ICHHOCTL En TJIOCKOM IOBEPXHOCTH, CO3aaBacMasd TO-
YEYHBIM UCTOYHUKOM CBETaA

E,=Icos an?
* HanpskeHHOCTh IPaBUTALIMOHHOIO 1OJIA (3aKoH HploToHa)

F=GM/*

BoT 0cHOBHOI HAOOP ypaBHEHUI1 BOJIHOBOI'O U3JTyYeHus1, OJI-
YUHSIOLIMXCS 3aKOHY OOpaTHbIX KBapaToB.

I[paBna, ecTb elie OOMH 3aKOH OOpaTHBIX KBAJpPaToB, HEKUI
3aKkoH JIOTKHM, KOTOPBIH TJIACHT: YKCIIO HAYYHBIX paOOTHUKOB N,

HaIMCABIIKX 71 CTaTe!, POINIOPLMOHAIIBHO / /. WuTepecHbii 3a-
KOH, HO €r0 TOYHOCTb COMHHUTEJIbHA, IIOCKOJIbKY B €10 OCHOBY
TNIOJIOKEHBI CTAaTUCTUYECKUE JaHHble. BO3MOXKHO, B TEX CTaThsAX
pedb UIET U O I'PAaBUTALIMHU, HO I'PABUTALIMIO OHU HE PACKPBIBA-
10T, UHayUe 3TO ObUIO ObI N3BECTHO, IO3TOMY CPa3y OCTaBHM €ro
3a paMKaMy 00CYyXKJEHUS.



[TpoBenemM aHaMM3 yKa3aHHBIX 3aKOHOB W TOIMPOOyeM MX
OTO/IECTBUTD C TPABUTAIIMOHHBIM B3aUMOJCVICTBUEM.

3BYKOBBIE BOJTHBI XOPOIITU, HO OHU SIBHO HE MOJXOMASAT, TaK Kak
3BYK pacrpocTpaHsercs TOJIbKO B aTMocdepe (cpele), a OHa, Kak
W3BECTHO, UMEETCs JAJIeKO He Y BCeX HEOECHBIX Tell, He TOBOpSI
YK€ O MEK3BE3HOM ITPOCTPAHCTBE.

3akonbl Kynona u buo—CaBapa—IJlanaca Toxe XOpOoIIu,
HO TaK’Ke He MOAXOMAAT MOJ] TOXIECTBO C TPABUTAIIMIOHHBIM B3a-
UMOJEUCTBUEM. DJIEKTPUUYECKUE U MATHUTHbBIE CUJIbI BO MHOTO
pa3 MpeBOCXOASAT I'PaBUTALIMOHHBIE. Pagnyc AedCTBUS STUX CHT
TaKXke He COMOCTaBUM — SJIEKTPOMATHUTHBIC CUJIBI JEUCTBYIOT
Ha 0Oosiee KOPOTKUX paccTosiHUsIX. OCTaBUM MOKA B MOKOE U 3TU
3aKOHBI.

Ocraetcst uto? Ocraercst — cBeT! UTOOBI HE 3a0bITh, TAK U 3a-
MIUIIIEM: TPaBUTAIUs — 3TO CBET!

Ha kBaHTOBOM ypOBHE CBET y HAac IpeAcTaBisieT (POTOH, a rpa-
BUTAIIUIO — TUIIOTETUYECKUI IPABUTOH.

[IpupaBHsieM KBaHTHI (POTOHA Y ¥ TPABUTOHA .

Y=8
(1.3)

Ha Takoe ckoponajauTenbHOe 3aKII0YEHHUE KTO-TO UHTEIIN-
TEHTHO CKakeT: «HEeKOppeKTHOe OTOXIECTBIEHUE», a KTO-TO
pe3ko: «Uymb!» Ho He Oyaem Tak KaTeropuvHbl U MPOAOTIKIM
IIOCTPOEHUE JIOTUYECKOU LIETIOUKH.



Cget, 6e3yCIIOBHO, XOPOIIl, U O HEM MbI 3HAEM MPAKTHUECKU
Bce. OIBITH CO CBETOM MPOBOIWIKCH €llie B ApeBHOCTH. OnTu-
YyecKkoe U3TydyeHue (CBeT) MpeCTaBsieT COOOM eKTPOMAarHUT-
Hoe u3inydyeHue ¢ amHou BojHb oT 0,01 um go 0,1 mm. Cger
MOJUMHSAETCS 3aKOHAM OINTHUKHU, a ONTHKA, IT0 HAKOIJIEHHBIM Ha-
OJTIONICHUSIM 1 OTIBITY, ellie OoJiee APEBHS s HayKa, YeM MEXaHUKa.

JlaBaiiTe MOCMOTPUM Ha 3TO (PU3MYECKOE SIBJIEHHE ONTHYE-
CKHM TJ1a30M ellle pa3 1 Oosiee BHUMaTEIbHO. UTO MOXET poj-
HUTh CBET C I'PaBUTAIIUEN ]

1. 1/ — o6umii 3Hamenarens? U 510 Bee? Xors, [IPOCMATpU-
Basl TIIyOXe, HAXOOVM eIlle HECKOJIbKO COOTBETCTBUM.
2. CkopocTH pacpOoCTpaHEHU s SJIEKTPOMArHUTHOM CBETOBOM

BOJIHBI ¥ TPABUTALIMOHHOM BOJIHBI paBHbL: ¢=2.998-1 0% /e (cko-
POCTb CBETA B BAKyyMe).

3. CBer u rpaBUTaI|s paCpOCTPAHSIOTCS BOIHOOOPA3HO. A,
KaK U3BECTHO, BOJIHBI SIBJISIOTCS NEpPEeHOCUMKaMU SHepruu. bes
SHEPruy HeT ABWKEHUsI, 0e3 IBUKEHUSI HET SHEPIHH.

4. I'paBUTOHBI UAEHTUYHBI (POTOHAM, X MACCHI CBSI3aHBbI TOJIb-
KO C JBM)KEHHMEM — Macca MOKOs KaK TaKoBasl y IAHHBIX YaCTHULL
OTCYTCTBYET.

S. ®OTOH — KBaHT JIEKTPOMArHUTHOIO TOJs, TPAaBUTOH —
TUMOTETUYECKUI KBAHT TPaBUTAMOHHOrO nosis. KBaHT — 3TO
HeKasi MUHUMAaJIbHasl YaCTUYKa SHEPIUH.

6. ®OTOHBI ¥ TPaBUTOHBI HE N30UPATEITbHBI K BOCIIPUHUMAIO-
UM ux o0bekTaM. OHM He TIOJSIPU30BaHbl U HE 3apsKEeHbI, UM
0e3pa3IMyHO BHYTPEHHEE COCTOSTHHE BEIeCTBA, TeJla WU TIPe/-



MeTa, OHM PABHO3HAYHO B3aMMOJIEHCTBYIOT CO BCEMH.

[lecth COOTBETCTBUM — 3TO yXke HE TO UTO CEPbE3HO, A BIIOJIHE
JOCTATOYHO, YTOOBI OTOXIECTBUTH (DOTOHBI C IpaBUTOHAMM. Vi
HEIOCTATOYHO?

Botr 3tuM m 3aliMemcst B OnvKaiieM IMOCTPAaHUYHOM TIpO-
CTpPaHCTBe. A JIsI TOTO 3aIyIsTHEM ellle TIyoxe, a TOUHee JajTb-
111e, TJe MbI JIOJDKHBI YBUJIETh CBET HE TOJIBKO B KOHIIE TOHHEJIs,
HO ¥ B JasiekoMm Kocmoce. ['paButaius, moxoxe, IeiCTBYeT Ta-
KHM ke 00pa30oM, pa3HHUIIA TOJIBKO B OTHOM: CBET MbI BUJIM BCe-
raa, a rpaBUTaluI0 — HUKoraa!

Bot nanucan nocieHon ¢gppasy 1 yCOMHUJICS B €€ TTPaBUJTb-
HoctH. CaMu (DOTOHBI, KaK MIEPEHOCUYMKH CBETA, Mbl TOJKE HE BU-
M. Kak MOXHO yBUIeTh (DOTOHBI, TPOCKAKMBAOIIME MUMO HAC
CO CKOPOCTBIO Yero? — Toro camoro ceera! Mbl BUIUM peakifio
9TOrO CBETa C OKPYKAIOIIUMU HAC MPeIMETaMU, IIOITOMY HaC HU
Ha CEKYH/y He MOKHU/IaeT OIyIleHHe ero MpucyTcTBusA. CBeT u-
00 oTpakaercsi OT HUX, TOTJIa Mbl BUIUM OJIECTSIIYIO UM 3ep-
KaJIbHYI0 TTOBEPXHOCTD, JIMOO TOMIOMAETCS MU, TOT/Ia BUAUM
orTeHku ceporo. [1o cyTu, Mbl He BUIUM OT/AeJbHbIE (POTOHBI,
a TOJIKO UX MHTETpasIbHOE JICWCTBHE Ha CeTYaTKy riasa. YtoOsl
YBUIETh CcBET, HeoOxonumo neiictBre 200 (hOTOHOB B CEKyH]Ly
[12, c. 46]. Utak, ceqpbMOe COOTBETCTBHE.

7. OnuHoYHBIE (DOTOHBI CBETA U IPABUTOHBI HE BUAMMBI 3pe-
HHem!

Yro KacaeTcsi MICTOYHUKOB CBETa, HAIIPUMED, CKENTUKH Cpa3y
MHE BO3pazAT: « Tl uTO, crenou, u CoHue He Buavb ?» Ha 4o



1 CIIOKOMHO oTBeuy: «f Buxky CosHLE, OHO UCITyCKAaeT CBETOBbBIE
BOJIHBI, 51 TAK)KE OTYETIIMBO BUKY, UYTO OHO MCITYCKAET ¥ I'PaBUTA-
LIMOHHBIE BOJIHBI, 4 BBl UTO, X He BUanTe? Toraa Bbl HEBECOMBI ! »
Tak KT0 U3 Hac npas?
I'paBUTALIMOHHYIO SHEPIUIO MEPEHOCAT BCE BOJIHBI, @ MBI BU-

JUM TOJBKO B y3KOM MpomexyTke 780—380 HM (3-1014 -

410" Tr) 3 Beeit mkanst LIMPOKOI0 Juarna3oHa JIeKTpoMar-
HUTHBIX BOJIH.

[onyyaercs, cBET 3aropakvBaeT HaM I'PaBUTALMOHHYIO Kap-
TUHY.

Iloka HE MO3JHO, MOXHO OTMAaxXHYyTbCSl OT IPaBUTALIAUA W3-
BECTHBIM BbIpakeHUEM: «To, umo He 6uicy, Ons MeHs He cyue-
cmeyem!», HO He OylleM CIelUTb, He Ul TOro 3aTesiH pa30op
I'PaBUTALMOHHBIX IOJIETOB.

31ech ciaelyeT HallOMHUTb, YTO COJTHEYHBIM CBET WJIM CBET
OT OOBIYHOM JIaMIbl HAKaJIUBAHUSI COAEPKUT TOJHBI CHEKTP
JUIVH BOJIH, KOTOPBIM PACHaJaeTcs Ha COCTaBJISIOIIME TIPU IIPO-
XOXKIEHUU €ro uyepe3 CTEKJIsIHHYI0 npusmy. «Kaowcowvii oxom-
HUK Jicenaent 3Hamb...» — MoJly4aeTcs paayra, KOTOpylo B UCKYC-
CTBEHHBIX ycI0BUAX uccnenosal M. Heloton u MHOrME apyrue
(puzukmu.

DeKTpOMarHUTHbIE BOJHBI MPEACTABIISIOT COOOM Mepuoau-
YecKue KOoneOaHWsl JMEKTPUIECKMX W MArHUTHBIX TIONIed, pac-
IIPOCTPaHAIOIIMECA B CpeAe WK BakyyMe. [ pacnpocrpaHe-
HMS TaKUX BOJIH HE TpeOyeTcsl HATMUMS KaKoH-T100 cpefpl.



1.8. DuieKTpOMarHuTHHIE BOJHbI

[Mpomomkum 00 1eKTpOMarHUTHHIX BotHax (OMB), Hauano
ObLIO MOJI0kEHO B pazaene 1.6. «['paButaius — 310 CBET».

CornacHo npuniuny [oiireHca—®PpeHesst KaKabli JIeMEeHT
BOJIHOBOW MOBEPXHOCTH CIIy’KUT UCTOYHUKOM BTOPUYHOI che-
PUYECKOIl BOJIHBL. DTO SIBJIEHUE B U3BECTHOM aHEKJOTE MbITaN-
Cs1 MOCTaBUTH TOJ] COMHEHHME OJJH U3 MPEJICTaBUTENEN CIIaBHOTO
ceBepHOro Haposa. Bor cunut oH Ha Oepery bepuHrosa 3anuBa
¥ KAJaeT B Bogy kupnuuu. OKpysKarolue ero crpammsaioT: « el
3a4eM KU PIUYM U3BoAULIb?» OH B OTBET: «[la Xouy MOHSATH, M0-
4yeMmy KUPIUYH ,,KBaIpaTHbIE, a BOJHBI OT HUX KPYIJIble!»

B naHHOM ciy4ae SKCIEpUMEHTATop MOojydas JAByMEpHbIE
BOJIHBI, HO OHM OKa3aJIuch Toxke KpyrbiMu. Cpeprueckue Boi-
HbI [IOXOKU Ha HUX, TOJIbKO PACHPOCTPAHSIIOTCS OHU 110 BCEM Ha-
NPaBJIeHUsIM B IPOCTPAHCTRE.

Eciu oT ucTOuHMKa pacipoCTpaHAIOTC cghepuueckue 601wl
TO MIHTEHCUBHOCTb SHEPrUH 0OPATHO MPONOPIMOHATbHA KBaJpa-
Ty PaccTOsIHUS OT JaHHOTO UCTOYHMKA.

B o01iem Bujie: 371€KTpOMarHUTHbIE BOJIHBI TPEACTABISIOT CO-
60i1 neprogrUeckre KonedaHus NMEKTPUUECKMX U MarHUTHbIX
THOJIeH, PACIPOCTPaHSIONIHECs Oe3 OTEPh B CPEJIe UM BaKyyMe.

B 1862 r. JIxxeliMc MakcBe1 Ha OCHOBaHUM M3Yy4EHUs IKC-
NepUMeHTaIbHBIX padoT M. ®apajiest O 71eKTPUUYECTBY BbICKA-
3aJ1 TUIOTE3Y O CYLIECTBOBAHUM B MIPUPOJE OCOOBIX BOJIH, CIO-



COOHBIX PACIpPOCTPAHATHCS B BaKyyme. DTH BOJHBI MakcBesul
Ha3BaJI 3JIEKTPOMArHUTHBIMU BOIHaMU. COIIACHO €ro pacyeram,
SOMB [0mKHBI pacpOCTPAHATBCS CO CKOPOCTBIO, PAaBHOM pa-
Hee YCTaHOBJIEHHOM CKOPOCTH pacnpocTpaHeHus ceeta. 13 sto-
ro (akra crieyer, 4To CBET MPEJCTaBIsieT COOOW JIMIIb OUH
3 BugoB DMB.

['vnore3a MakcBesuia O CyleCTBOBAaHUM JIEKTPOMArHUTHBIX
BOJIH yepe3 25 JIeT Hallula SKCIEePUMEHTAIbHOE TOATBEPKICHUE
B paborax I'enpuxa I'epua. B paznnuHbIX MCTOYHHMKAX MPHBO-
autcst ppaza u3ooperarens: « Mol 6cezo-Hagcezo umeem mMauH-
CMBEHHbIE INEKMPOMAZHUMHDBIE B0NHBL, KOMOPblE HE MOJCEM BU-
O0embv 21a30M, HO OHU ecb». «H umo dce danvute ?» — CIPOCUIT
I'epua ogun u3 ero crygeHtoB. Ha 4uro I'epi noxan mieyamu
Y OTBETWI: « A npeononazaro — Huuezo ».

Benen 3a I'epriem akcneprMeHTaTopaMu ObUIA TTOTYUYEHBI
JIEKTPOMAarHUTHBIE BOJIHBI, HAllEAIME NPUMEHEHUE B TEXHU-
ke. M3oOperarenu paaronepenaTankoB 1 npueMHuKoB H. Tec-
na, H. Ilonos u I'. MapkoHu cMOIIH 10Ka3aTh nosie3HocTh DMB.
A 3a Humu u B. PeHtren, BoT 3TOro 4ejoBeka BCe 3HAIOT, TaK
KaK KaX/Jbplid U3 Hac uMeeT (pororpaduio, CIeNaHHYIO B pEHTIe-
HOBCKHX JIy4ax, X-JIyyaX, KaKk MX Ha3bIBaJl caM U300peTarelb.

I'epu B CBOMX 9KCIEpMMEHTaxX BIEpBbIe Monyuns1 DMB ¢ nim-
HOU BOJIHBI 10—100 M. Ero onbIThl OKa3aau, 4ToO MOJyYEHHbIE
BOJIHBI CXOZIHBI CO CBETOBBIMU BOJTHAMM, OTVINYASICh OT HUX JIUILb
Oospilielt 1MHOW. B manbHedIeM ycIIMsMU pa3HBIX YYEHBIX
ObuTH onydeHsl DMB ¢ 6oJiee BHICOKMMH U HU3KMMHU YacTOTa-



Mu. B 1aHHOe Bpemsi, Kak yTBEp:KJal0T HEKOTOpbIE YUEeHbIe-OI1-
TUMUCTBI, HET HUKAKUX (PU3MYECKUX IMPEIEIOB, OrPAaHUUNBAIO-
IIMX YaCTOTY JIeKTPOMArHUTHBIX BOJIH, HYKEH JIMIIIb MOIXO/ -
MY UCTOYHUK KOJICOAHUN.

1 ObI HE coracKICs C TAKUM ONITUMUCTHUYHBIM BBICKa3bIBAHU-
€M — eCTb IIpeJie/ibHasI BeJIMUMHA TeHEPALIMU IeKTPOMArHUTHOM
BOJIHBI, TAK KaK CYILIECTBYET Mpe/iesl pa3MepOB U SHEPTUr UCTOY-
HUKa reHepaiyu. [Ipenen ectb, ero pacuer OyaeT MpeacTaBieH
MO3/JHEE HAa CTPAHMIIAX JAHHOW KHUTH (B IJI. 3).

B mupe, kak oka3biBaeTcs, Bceé KOHEYHO, COOTBETCTBEHHO,
U ecTb rae-To Havyaso. Kyna Oynem ABUrathcsi — B UCTOPUIO WA
B Oynymee? Kyna Ovictpee u sierue novitu? [oiinem, Kak Moi-
HUs1, TEM KypCOM, IJie HAUMEHbIIIEE COITPOTUBIIEHUE. A T/ie OHO
menbIe? Kazanock Obl, IpOIUIOE 32 HAIMMU TUICYAMH, MbI €TO
JTABHO TTPOIILTU, HO UCTUHBI BOBHUKHOBEHUSI )XKM3HU TaK U HE 3Ha-
€M, Kak 1 ee Oynyuwmii koHell. M tam, mo3aau, HEM3BECTHOCTD
U BIEpEAM ThMa, HO SICHO OJHO: COMPOTHUBJIEHHE MEHBILIE TaM,
r71e OOJIbITIe HAKOTUICHO 3HaHMIA. ByemM mpoouBaThest K 3HAHUIO !

3akoHunM ¢ ¢uiocodueit u noiaeM Brepeq — B Oyayiiee,
BIIEPEY OYE€Hb UHTEPECHOE UCCIIEIOBAHME.

DJNIEKTPUYECKME METOIBI MPUTOAHBI IS nonyyeHnss DMB

C 4aCTOTaMH BIUIOTh JI0 10'2 I'u (A= 0,3 mm). B ykazaHHbIl 1ua-
MIA30H M3JIyYEHUs MOMNaJAT UCTOYHUKHU PAJUOBOJIH U YJIbTpa-
KOpPOTKMX BOJTH. Ha 1aHHBIX yacToTax padoTaer pajuoBeliaHue,
TEJIEBUJCHNE, PAJAUOJIOKAIIMS U IPYTYe BUJIbI CBSI3U.

Iist nonyyeHust O9MB ¢ yactotamu Bblilie yJbTPaKOPOTKOBOJI-



HOBOT'O JTMara3oHa 3JeKTpUYecKrue MeTOIbl BO30YKICHUS BUO-
paropa yxe He IPUTOHBI, U 3/1eCh IIPUMEHSIIOTCSI ICTOUHUKH 13-
JIy4YeHUsI Ha aTOMHOM YPOBHE.

WHdppakpacHoe u3TydyeHHe, ero eie Ha3blBalT TeIIOBOE,

12 14
¢ gactotamu 10 "—10"" I'm (A=0,1 mM—770 HM), HaXOaUT-
Cs B Malla30He MEeX/1y YAbTPAKOPOTKOBOIHOBBIM M Y3KOW TIO-
JIOCOHM 4acTOT, XapaKTepHOU I BUUMOI'O, CBETOBOI'O M3JTyye-

uns 101 Ty (A=T770—380 HM). 3a CBETOBbIM U3TyYEHUEM PaC-
II0JIOKEHBI YibTpaduosnerosoe 10 510" T m PEHTTEHOBCKOE

10'%—10" I'1 ¢ pMHAMHA BOJH OT 10"—107 8 m. [Ipenen
YacTOT, KOTOPblE MOTYT T€HEPUPOBATHCS HA aTOMHOM YPOBHE,

Haxomurest B6msu 1070 T, W3nydenue ¢ 6onee BHICOKUMU Ya-
CTOTaMu (raMMa-u3/1y4eHre) BOZHUKAET BHYTPU ATOMHBIX SIEp
Y IIPY B3aUMOJIEVICTBUU YACTUIl OUYE€Hb BHICOKUX SHEPTHil.
DJIeKTPOMArHUTHBIE BOJIHBI, HECMOTPSI HA Pa3/IMYHbIe Ha3Ba-
HUs1, CXO[IHBI 10 CBOEMY XapaKTEpy M pa3MyaloTcs TOJIbKO 4Ya-
cToTOM reHepaiuu. HecMOTpsi Ha CBOIO CXOXKeCTb, CIIOCOO MX
B3aMMO/ICIICTBHUSI C BELIECTBOM DPA3JIMYEH U CBSI3aH C UX HEP-
rueii. K npumepy, Haill 171a3 4yBCTBUTEJIEH K CBETY, TOTAA Kak
KO’kKa MOXET BOCIIPMHUMATD TEILJIOBOE U3JlyuyeHue. PagnoBoHbl
HE MPOXOAT Yepe3 TOHKYI0 MEeTaUIMYEeCKyI0 poJIbry, TOIAa Kak
PEHTTeHOBCKHME ¥ TaMMa-JTy4r CBOOOTHO IIPOHUKAIOT uepes3 Hee.
Jlasiee Mbl pacCCMOTPUM €Ille OAHO OYE€Hb BAaXXKHOE CBOMCTBO
JIEKTPOMArHUTHBIX BOJIH — 3TO IEPEHOC UMU SHEPTUM.



9MB - nepeHOCYHKH IPAaBUTANH

Kazanoce Obl, criycTsi BeK ¢ HEOOJIBILIUM «TAUHCTBO» JIEKTPO-
MarHUTHBIX BOJIH, O KOTOPOM roBopuii ['eplii, pacKpbITO MOJHO-
cThi0. DMB 32 Bce 3Tu rofibl UCCIEAOBAHbBI IO BCEM HaIpaBJie-
HUSM, HO, MI0JIaraio, 4To OT UCCIIeI0BATEIeN OKA3aJICs CKPBITHIM
€l1le OJIMH CYIIIECTBEHHbIN MTPU3HAK, O KOTOPOM MOUAET Peyb J1a-
nee.

['paBUTAlIMIOHHOE [0JI€ ¥ TPABUTALIMOHHBIE BOJIHBI BO3HUKAIOT
Tam, IJe UMEITCS MaTepualibHble Macchl. Bee, 4Tto mmeeTr mac-
Cy, a Macca IpuUCyIna JIoOOMY BUIy MaTepHUH, UCIIBITHIBAET Tpa-
BUTAIIMOHHOE BozJeicTBre. K aToMy n3BecTHOMY (pakTy 51 Obl
J00aBUII ellie OHO OYeHb BAKHOE JOTIOJIHEHNE — MaTepUaIbHbIe
Macchl (Tena) JUisl TPABUTALMOHHOTO B3aUMOJEUCTBUS JOJIKHBI
00J1a/IaTh SHEPTUEH, T. €. UMETh TEMITEPaTy Py BbIIIE aOCOTIOTHO-
o HyJIA.

[MTockonbKy rpaBUTAIIMOHHBIE BOJHBI KaK 0COO0E U3ITyueHue,
KOTOpOE OTBeYasio Obl TOJIBKO 3a TPABUTAIIMOHHOE B3aMMOJIEH-
CTBHUE, JIO CEr0 BpEMEHU He OOHApYKEHBI, a TPaBUTAIUs CYIIle-
CTBYET, TO NIPUPOAA BO3JIOXKMIA (DYHKLIMU TPABUTALIMU HA W3-
BeCTHble (DUBMKE SIBJICHUs, JJI TOTO YTOOBI Mbl HE OCTaJIMCh
HeBecOMbIMU. [TocMOTpHM, UTO € JIJIs1 3TOr0 HeOOXOIUMO.

st cyriecTBOBaHK S TPABUTAIIMOHHBIX BOJIH TPEOyeTCs HaJIM-
yue YeTbipex YcJIoBUil: 1) reHeparopa (u3nyydaressi); 2) nepeHoc-
4YMKa; 3) peTpaHcaAaTopa; 4) NpueMHUKa.

Haunem c koHIIa, T. €. C IPUEMHHUKA. 31ECh, 5 IyMalo, BCE



SICHO Y TIOHSITHO — IPUEMHUKAMU SIBJISIIOTCSI BCE MaTepUaJibHbIe
TeJIa, OHU K€ SIBJISIOTCS U PETPAHCIATOPAMH.

C reHeparopamu TOX€ SICHO: €CJIV IUIAHEThl BPAIAIOTCA BO-
KpYT 3B€3[l, TO FTEHEPAaTOPaMU I'PaBUTALIMOHHOW SHEPIUM SIBJIsI-
I0TCS1 T€ CaMble 3B€3/Ibl.

Ocraercs BBISICHUTD, YTO 3TO 34 I'PABUTALIMOHHBIE BOJIHBI —
MEPEHOCUYUKH TPaBUTAIM ]

Bcem noHATHO, 4TO 1A yAepKaHUsl TPOMAJHbIX IUIaHEeTap-
HBIX Macc Ha opOuTax TpeOyercsi orpoMHasi SHeprusi. Bompoc:
Ha KaK¥e IUJIeYH MPUPOJIa MOIJIA BO3JIOKHUTH TO TSKKOE Opemsi?

Moii OTBET OJTHO3HAYEH: TOJIKO HA IEKTPOMArHUTHOE U3J1y-
YyeHue. DHeprus 3Be3]l paclpocTpaHseTcsl B BUae (POTOHHOTO,
JIEKTPOMATHUTHOTO U3JIyYEHUs, T. €. ITO U3JIyUYEHUE U NIEPEHO-
cut sHepruo. [la, 3o He otkpbiTe AMepuku! Ho torma, eciu
JIOTUYECKU MPOJOKUTH MBICTTb, JIEKTPOMArHUTHOE U3JTyYEeHHE
¥ JJOJDKHO OTBEYATh 3a TpaBUTALIMIO. B pupoe HeT apyroid, 060-
Jiee MOIIIHOW SHEePruu, YTOOBl yAep:KUBATh HA OPOUTAX OTPOM-
HBIE MACChI IJIAHET.

Ecnmu Bce DMB niepeHOCAT TEIIOBYI0 M CBETOBYIO SHEPTHIO,
TO BCE OHU U JIOJKHBI IEPEHOCUTh IPABUTALIMIO !

JloyKHBI, HO He 00sI3aHbI, YTOUYHHUT YuTarteb. Vi obsi3anbi?
[TpoBepum DMB Ha npeameT 3aJ0IKEHHOCTH B 00513aTENIbCTBA.

[Ipu pacnipocTpaHEHUM IEKTPOMArHUTHBIX BOJIH BO3HUKAET
MOTOK JIEKTPOMArHMTHOM 3Hepruv. Eciiv BbIIEIUTh TUIOIIAAKY
S, OpMEHTUPOBAHHYIO NIEPIIEHIUKY/ISIPHO HATIPABJICHUIO PacIipo-
CTPaHEHHUS BOJIHBI, TO 32 HEKOTOPOE (PUKCUPOBAHHOE BpeMs At



yepe3 Hee npoiaeT sHeprusi AW, paBHasi:
AW= (We + Wm) vSAt.

We — anekTpudeckas COCTaBIA0INASA SHEPIUU

Wm — MarHuTHas COCTaBJIAIOIIAsA SHEPTUU

U — CKOPOCTb pacripoctpaHennss DMB

[1710THOCTBIO MOTOKA UM UHTEHCUBHOCTBIO / HA3BIBAIOT JJ1EK-
TPOMAarHUTHYIO HEPrui0, NEPEHOCUMYIO BOJHOW 3a €IUHUILY
BPEMEHHU Yepe3 NMOBEPXHOCTb €IMHUYHON TUIOLIA/IH.

1AW
I= SAE - (We + W )v

[ToToK HEprun B 3JIEKTPOMArHUTHOU BOJTHE MOKHO 33/1aBaTh
C IOMOUIBIO0 BEKTOpa [, HAIIPABJIEHUE KOTOPOTrO COBMAJAET C Ha-
IIPaBJICHUEM PaCIPOCTPAHEHUSI BOJIHBI, & €0 MOAYJIb paBeH EB/
Uilo. DTOT BEKTOP Ha3bIBAIOT BeKTOpOM [loMHTHHTA.

[ToncraBnss cona Beipaxkenus miss We, Wm 1 v, MOXHO MO-
JIyYUTh

€ g2 EB

= —
Hig Kty




[IocKOJIBKY TIEpEHOCUTCA SHEPIUsi, TO JEKTPOMArHUTHOU
BOJIHE JJOJI’KEH ObITh MPUCYIIl MEXaHUUYECKUI UMITyIbC. Mimysbe
3JIEKTPOMArHUTHOIO TOJSI B €JUHUYHOM OOBbEME BBIPAXKAETCS
COOTHOUIEHUEM:

P:E (1.4)

W — oObemMHasi IJIOTHOCTh JIeKTPOMArHUTHOM SHEPTUH,

C — CKOpOCTb pacripoctpaHeHuss DMB B BakyyMme.

Hannure 31eKTpOMAarHUTHOIO MMITYJIbCA TMO3BOJISIET BBECTH
MOHSITUE JIEKTPOMArHUTHOM Macchl. lisi monsi B €AMHUYHOM
o0beme

(1.5)

Nl =

P
m=-=
c

Ortcrona cinenyer
2
W=mc (1.6)

DTO COOTHOIIEHHE MCXKOY Maccou 1 9Heprueﬁ QJICKTpOMar-



HUTHOTO TOJISI CYMTAETCS YHUBEPCATBHBIM 3aKOHOM IPUPOLIBL.
CornacHo crienmanbHou Teopur oTHOcuTeNbHOCTH (CTO), oHO
CMIPaBEIJIMBO JUISI JIIOOBIX TEJN HE3aBUCHMO OT WX MPUPOIbI
Y BHYTPEHHETO cTpoeHus. Takum o0pa3om, SeKTPOMarHUTHOE
nosie 00J1aIaeT BCEMU MPU3HAKAMYU MATEPUAITbHBIX TEJI — SHEPIH-
€M, KOHEYHOM CKOPOCTBIO PACITPOCTPAHEHM A, UMITYJIbCOM U Mac-
COM.

DTO rOBOPUT O TOM, UYTO JIEKTPOMArHUTHOE I0JIE SABJISAETCS
OITHOM 13 (POPM CYIIECTBOBAHMS MaTEPHH.

Cger, TeI0Ta, rpaBUTALIAS — BOT 3TO SHEPreTUYECKOE TPHUO,
MOPOXKIEHHOE OTHUM UCTOYHMKOM U IIEPEHOCUMOE IEKTPOMAr-
HUTHBIMM BOJIHAMH BCErO YaCTOTHOTO JAMAaIa3oHa.

[lepeiigeM K TpaHCAATOpaM rpaBUTALUM.

Yro ABIAETCA PETPAHCIATOPOM AaHHOU SHeprun? OUeBUIHO,
TE€ caMble IUIAHETHI, a M0 CYIECTBY — BCE MATEpUaJIbHBIE TEJa,
BKJIIOYAs 1 YyacTulibl. Kpome TOoro, miiaHeTsl He TONbKO TPaHCIIH-
PYIOT, IEPEU3TYYAIOT SHEPTUIO, HO CAMU SIBJISIIOTCS] TeHepaToOpa-
MU 3TOU SHEPruM, HanpuMep 3emMiisd. BHyTpH IIaHEThI UIET re-
Hepalsi COOCTBEHHOM TeTJIOBOU SHEPIUu, a 3TO TOBOPUT O TOM,
4yTO 3eMIs SBJISETCS TEHEPATOPOM TEIUIOBbIX, IPABUTALIMOHHBIX
BOJTH.

Kaxapli1 mpeagmer, MaTepraIbHOE TEJIO SBISETCS PETPaHCIIs-

2 s (poTOHOB 3TO BHIpaKeHUe cripaBemuBo. [Ipu pacrpocTpaHeH!UH ITOTO 3aK0-
Ha Ha BCce MaTepuasibHbIe Tesla HeOOXOMMO BBOIUTH KO3(hduIMeHT. B qaHHON KHU-
. 2
re 9TOMY TOCBSIIEH OTAENbHBIN pasznen 5.3. «YpaBHeHue E=mc” u Ba 3a0myxie-
Hus» (T, 5).



TOPOM M aKKyMYJISITOPOM TEIUIOBOM, a 3HAUUT U I'PABUTALIMOH-
HOW SHEPruu.

DHeprusi OJHOro KBaHTa (POTOHA JOTKHA PABHATHCS OTHOMY
KBaHTY IPABUTALIMU — OIHOMY I'PaBUTOHY.

ep=¢, (1.7)



1.9. ®0TOH — TPAaHCIOPT rPaBUTANUM

Domon Ha mecme cmamv He MOHCem,
E20 6e3 Osuoicervsi cosecmo 2noicem.

1.9.1. ®oToH

) — Heeo36yxOeHHLIU amoM ¢ IHepauell E;
@ — 8036yxdeHHbIlU amom ¢ 3Hepauel E;

lMozanoweHue

» .
h,
e o W

Puc. 1.3. Buepeus ghomona u 6030ysxncoenue amoma.

Hy npuuem TyT (poTOH M rpaBuTaniys?

C TakuM HErOoyIOIMM BOITPOCOM HAOPOCUTCSI Ha MeHs Ooe-
Bas paTh (PU3MKOB, a MIAL HA SnUrpad, 1 JIMPUKU TOXE.

C okoHYaTeabHBIMHU BBIBOJJAMU HE CIEIINM, HAYMHAEM Ucclie-
JIOBaTh 3Ty YAMBUTEIbHYIO U MHOTOIPAHHYIO YaCTHIly-BOJIHY —
oton.

CeroiHst Mbl IOHMMAaEM, YTO BCE OKPYKAIOIIME HAC U3JTyye-
HUS1 MOXKHO pa3/Ie/IUTh Ha COCTaBISIOIIME X YacTullbl. K nmpume-



Py, BCEM U3BECTHO, YTO CBET B KOHEYHOM UTOre COCTOUT U3 (po-
TOHOB, HBIOTOH MX Ha3bIBaJl KOpITycKyJIamu. POTOHY, Kak KBaH-
TOBOM 4YacTHUIIE, CBOMCTBEHEH KOPIIyCKY/ISIPHO-BOJHOBOM Hya-
JIM3M: B OJHMX CJIydYasix OH BeJeT ceOs Kak MaTepuasibHas ya-
CTULIA, a B IPYTUX — KaK JIeKTPOMArHUTHAsI BOJIHA.

A ecu MBI yIITyOMMCsI B TIO3HAHKSI COBPEMEHHOW KBAHTOBOM
(pusuku, TO OOHApPYKUM, YTO (POTOH MO CBOEH MPUPOIE HE 5IB-
JIsieTcs1, BOOOIIe-TO rOBOPs, HU TEM U HU APYTUM.

®oTOH, C OOHON CTOPOHBI, AEMOHCTPUPYET CBOMCTBA BOJI-
HBI B sIBJICHUSX AUMPaKIUU ¥ UHTepdEepeHiiy B MaciTadax,
CPaBHUMBIX C JUIMHOM BOJIHBI camoro ¢oroHa. Hanpumep, onu-
HOYHbIE (POTOHBI, MPOXOAIIME Yepe3 ABOMHYIO LIEJb, CO3/1AI0T
UHTEP(EPEHIIMOHHYIO KAPTUHY, ONPEAEIseMYI0 YPaBHEHUSIMU
Makcgemia. C gpyroii CTOPOHBI, SKCIIEPUMEHTHI MMOKA3bIBAIOT,
YTO (POTOH — HE KOPOTKUIM UMITYJIbC JIEKTPOMArHUTHOTO U3ITY-
YeHusl, HalpuMep, OH He MOXeT ObIThb pa3JesieH Ha HECKOJIBKO
MYYKOB ONTUYECKUMHU JeTUTeNsIMU J1ydeil. PoToH BepeT cedst
KaK 4YaCTHLA, KOTOpas M3JIy4aeTCsl WIN MONIOMAETCS LEIUKOM
00bEKTaMU, pa3Mepbl KOTOPBIX MHOTO MEHbIIIE €ro JJIMHbI BOJ-
HbI, HAI[PUMEP, ATOMHBIMU SIIpAMH UJTU SJIEKTPOHAMHU.

CBoe Ha3BaHMe (POTOH MOTYYMJI OT TPEUECKOro CJIoBa (PMC,
«phos» (cBer). IlonsTHe OBITIO BBEOEHO XMMUKOM [ mindeprom
JIptoricom B 1926 r. B ero Teopunt (pOTOHBI CUMTATUCH «HECO3/1a-
BaeMbIMU» U «Hepa3pyIlMMbIMu». Teopus JIblonca He nmpuHec-
Jia JIABPOB €€ CO3/ATelNo, TaK KaK HaXOIW1ach B MPOTUBOPEUNU
C 9KCIIEPUMEHTaMU, HO TEPMHUH ¢pomon (PpU3MKaM ITOHPABUIICS



Y BOILEJ B HAYYHYIO JIUTEPATYPY.

Bokpyr 1aHHOW BOJIHBI (4aCTHUIIBI) HA TPOTSKEHUHU X X B. KU-
TeJIM TAKUe CTPACTH, YTO MHE HEBOJILHO MOyMAJIOCh, UTO 32 ITH-
MU CTPACTSMH OBbUT MOTEPSIH OMH W3 BAKHEUINX MPU3HAKOB,
KOTOPBIN JOJKEH OTOXAECTBIISETCS C Hel KaK C MepeHOCUYUKOM
I'PaBUTALIMOHHOTO B3aMMOJIEICTBUSI.

3aberas Boepes, CKaxy, uro eie B 1960 r. aMeprukaHCKUMU
yueHbiMU [TayHmom 1 PeOke OblT BHITIONHEH TOHYAKIIINAN KCTIe-
PMMEHT, B KOTOPOM OBLIIO TTOKA3aHO: «hOmMoH (Keanm 3neKkmpo-
MAZHUMHOTL SHEpeUL) 00na0aem makdice 2pasumayUOHHOL MAac-

COll, Komopasi pasHa UHEePMHOU MAcce m=hv/c*» [13].
1.9.2. ®0oTOH — TPAaHCOPT rPaBUTAIAN

B Hamem cj1ydac, COBCEM HE BaKHO, Y€Iro B CI)OTOHC OoJblIIE —
YaCTUIbl W BOJIHBI, ITTABHOC — OH IICPCHOCUT SHCPIUlo. SHep—
rusa q)OTOHa € 3aBUCUT OT YaCTOThI U3JIIYUCHHUA V.

e=hv (1.8)
rae h=6,626-1 04 Jlic-c — mocrossaHas [1nanka.

Caer npeacTaBisieT coO0i pacnpoCTpaHEeHHE B TPOCTPAHCTBE
(oToHOB, KOTOpPBIE BeAyT ceOsI KaK MOTOK OCOOBIX YACTHII.

dotoH obnagaer maccoi U umiyiabcoM. Hanmuuue y ¢oto-
Ha Macchl /71 BBITEKAeT U3 OOIIel B3aUMOCBSI3H MKy SHEpru-



el u Maccoil, BBeJieHHOU B 1900 r. ppaHIly3cCKUM MaTeMaTuKoM
Amnpu Ilyankape.

e=mc

(1.9)

¢ — CKOPOCTb CBETa B BaKyyMe.
m=e/c
Ha dhorona e=e,=hv, 0TKyaa Macca (pOTOHA paBHa:
2
my=hv/c”. (1.10)

dotoH TmpeAcTaBisgeT COOOM NMEMEHTapHYI0 YacTHILY,
HO He UMEIOIIYI0 Macchl MOKos1 1. Maccy (poToHa cliefryer cum-
TaTb [IOJIEBOM MAcCOU. DTO O3HAYAET, YTO CBET 00JIaJaeT MacCou,
CBSI3aHHOM C 3JIEKTPOMArHUTHBIM TOJIEM CBETOBOM BOJIHBI.

ITomumo sHepruy U Macchl (POTOH 0OJIAIAET UMITYJILCOM D),
[14, 15]. Umnynbe poToHA ObUT OOHAPYKEH IKCIIEPUMEHTAIIBHO
B 1927 r. A. KOMIITOHOM, KOTOPBII 32 3Ty padoTy ObUT YIOCTOCH
Hob6enesckoii mpemun 1o ¢pusmnke. CsA3b 3Heprun (PoTOHA C €ro
UMITYJIbCOM BHITEKaeT U3 0011ei (popMyJIbl TEOPUU OTHOCUTEb-
HOCTH.



—_—

E= r\."pl +m, ¢’

Iis porona mp=0, oTcroga UMITYJIbC PABEH:

Pp=—=—=myC (1.11)

m,, —Macca (poroHa.

®oTOH, MOTOOHO JIIOOO0H IBMKYILEHCS YaCTHIIE WU TeTTy, 00-
JlafiaeT HEpruen, Maccoil U UMITY/IbCOM. BOT 3Tu Tpu BaxkHble
(pusryeckre BeTMUMHBI MOKHO Ha3BaTh KOPIYCKY/ISIPHBIMU Xa-
pakTepucTukaMu (potoHa

ep=hv;  my=hv/c’;  p,=hv/c; (1.12)

[Tono6HO M060I BEIIECTBEHHOW YacTulle, (pOTOH CrocoOeH
NIEPEHOCHUTH SHEPTUI0. TO OYEHb BAKHO HA IAHHOM JTare pac-
CYXKJEHHs, U MOs TONbITKA TPUCBOCHUS (DOTOHY «UYyKHX»,
HE POJICTBEHHBIX €My CBOWCTB IepeHOca CUJI TATOTEHUS JOJKHA
YBEHYATHCS YCIEXOM.

Hanee nBuraeMcs K rpaBATallMU.



1.10. /IBe TpyaHoCTH
HA MYTH K TPaBUTALMH

JleficTBUE rpaBUTALIMU MEXAY ABYMS TEIaMH — 3TO €CTh Iie-
pedpocKa HEPruM OT OJHOTO TeJsa K IPyromy.

®DOTOH MO CBOMM TEXHMYECKUM (IIACHIOPTHBIM) XapaKTepH-
CTHKaM BIIOJIHE MOKET UCTIOJIHATH POJIb IEPEHOCUMKA WM Tepe-
BO3YMKA SHEPruM.

Cnenys noruke v 3Has, 4TO (pOTOH NEPEHOCUT SHEPTHIO, TIOYE-
My ObI HAM He BO3JIOKUTh Ha HEro (byHKLHMIO TPaHCIIOPTa I'PaBU-
taiuu. Het, He Ham — ipupoge! Tem Gosee YTo0 KTO-TO UM UTO-
TO 3Ty TPABUTALIAIO NIEPEHOCUT, a (DOTOH — ITO camasi Paclpo-
CTpaHEHHasl, MHOTOUYHUCJIEHHAsl, MOOWJIbHASL U CKOPOCTHAsl Ya-
cruua Bo BeeneHHOM.

Bor 31eck nepest HaMM BO3HUKAIOT ABE CEPbE3HBIE TPYIHOCTH.

Tpyanocts Nel — oTnaua

[Tpoumtupyio oaHy ¢pa3y K3 aBTOPUTETHOIO HCTOYHHUKA
(C.T'. KaylaltHMKOB), M3IaHHOTO B MPOIIUIOM BEKE U MPeJHA3HAa-
YEHHOTO [1J151 CTYJICHTOB YHUBEPCUTETOB: « Ecau xaxoe-aubo nep-
BOHAUANLHO NOKOUBUIEECS MENO0 UCNYCKAEN 8 ONPe0eNeHHOM HA-
NPABAEHUU INEKMPOMAZHUMHbLE BOAHDL, MO SN0 MeA0 NOAYUaem
umnyavce Gr=-Gy; HanpaeaeHHblil 8 CMOPOHY, NPOMUBONONOIC-

HYIO UBAYUEHUIO, U PABHYIO UMNYALCY, YHECEHHOMY U3AYUEHUEM.



9mo sienerue nodooHo ,,omoaue* pysicbs npu evicmpene » [ 16, c.
617].

[Mono6HbIe (POPMYTUPOBKH MOXKHO BCTPETHTh MPAKTUYECKU
BO BCeX yueOHUKax Mo (pusmke.

Tpyanocts Ne2 — naBJjieHne cBeTa

Bropast TpygHOCTh — 3TO JaBJIEHWE CBETa, IMPEICKa3aHHOE
Keniepom 1 MakcBeiom, a motoM sIKOObI JOKa3aHHOE JKCIe-
pumentanbHo [1. H. Jle6eneBbim B 1900 1. Cpazy ormeuy, 4to
B (pM3MKeE CIOKUIOCH MapagoKcaibHOE siBjieHue — CoHIE, ¢ OfI-
HOW CTOPOHBI, MPUTATUBAET 3€MJIIO, & C IPYTOM — CO3/IAET Ha Hee
nasyieHre! C 3TUM NPOTUBOPEUMEM UTO-TO HYXKHO JIENaTh.

Wrak, nBe TpymHOCTH, J1Ba Oapbepa, CBS3aHHBIE HETOCPE-
CTBEHHO C (POTOHOM, KOTOPbIE MTOKA HE MO3BOJISIIOT €r0 MPU3HAThH
TIOJTHOIIEHHBIM TepoeM, KOTOPbIA MOT Obl CTaTh MEPEHOCUUKOM
IpaBUTALIMY.

[IpucyTcTBHE 3TUX TPYAHOCTEN HE MO3BOJISUIO M HE IMO3BO-
JII€T O CHUX IOP YYEHBIM PaClpOCTPAHUTh BIIUSHHUE JIEKTPO-
MarHMTHBIX BOJIH Ha rpaBuTaiuio. CTepeoThn MbIIIUIEHUS, T1e-
peHeceHHbI aBTomaroM MexaHuky HeiotoHa B Mukpomup. Cre-
PEOTHUIT MBIIIUIEHNS], BHIPAOOTAaHHBIA HENMPABUWILHBIM MTPEICTaB-
JICHMEM MPOUCXOISIIMX MPOLECCOB, CBA3AHHBIX C YaCTUIIAMHU,
HE MMEIONIMX MACChl MOKOSI U JBUKYIIUXCS CO CKOPOCTBIO CBE-
Ta. KBaHTOBOE MOBefieHre (POTOHA HE AOCTYIHO BU3YaJIM3ALIMU
Y KOH(IMKTYET CO 3PABbIM CMBICIIOM.

AHanM3Upysl CTaTbU U OMBIT MPEIIECTBEHHUKOB, 51 MPUIIIEN



K BBIBOIY: JABJICHMSA CBeTa He cymectsyer! [Ie cuibl, co3pa-
BaeMble OJJHUM MCTOYHUKOM, HE MOTYT U He JOJUKHBI OBITh Ha-
IIPABJIEHBI ITPOTUBOIIOIOKHO WM HABCTpedy Apyr apyry. Ilpu-
TOM OJIHA CUJIA, C MIOMOILBbI0 KoTopoi CoJHILE NPUTATMBAacT 3eM-

JII0, MPEBOCXOIUT BTOPYIO (crity AaByieHusi) B 10 13 (mecATtb TpuUII-
JIMOHOB) pa3!

Bakyym B skcniepumenTax JleGeneBa nocturain 10— Mm pT.
CT., IPY TAKOM Pa3peKeHUH HEBO3MOKHO OTCTPOUTHLCS OT Paju-
aIMOHHOTO JIaBJIeHUsI MOJIEKYJI BO3/yXa. B To Bpems TexHuKa Ba-
KyyMHpOBaHUs1 OblIa ellle He COBepIleHHa, mo3tomy y Jlebene-
Ba He ObLJIO BOBMOXHOCTHU TTPOBOJIUTH OITBITHI B YCJIOBUSIX JaXke
CpeaHero, 1Mo coBpeMeHHou kiaccudukanum, Bakyyma. C aHa-
JIM30M OITbITA TIO3HAKOMHUMCSI HEMHOT'O TIO3[IHEE, B OJHOMMEH-
HOM paserie.

Cuutao, 4TO [aBJC€HWE CBETa SBISETCS HE JAOKAa3aHHBIM,
a TOUHee — OHO He CYIIECTBYET. DTO YTBEPKICHUE TOATBEPKAa-
10T 3KkcniepuMeHTHl B. E. KocToImKo ¢ KpyTHUIbHBIM MasiTHUKOM
[17]. LuraTa n3 yka3aHHOro UCTOYHUKA: «C nomousbro nocmpo-
EHHO20 NPUOOPA MOJHCHO YEUOeMb U 0OBSCHUMb NPUPOOY BCEX
KOHKPEMHbIX CUN, 3ACMABNSIOUUX KPYMUNBHBIL MASMHUK U3-
MEHSIMb CB0E NONOJICEHUE, d, BOOPYICUBUIUCH IKCHEPUMEHINANb-
HO NOAYUEHHBIMU OAHHBIMU, Mbl NOAYUUAU BOZMONCHOCHb NOKA-
3amb 00pamubwlil 3ppexm, mo ecmv HA2ASLOHO NPOOEMOHCIPU-
posamo, KAk emMecmo OMmmanKueaHusl C6emom 0C8euaemoli naa-
CIMUHOUKU npoucxooum ee ,apumsidxcerue ceemom™» [17, c. 488
—497].



YroObl pa3oOparhCsi ¢ MEPBOM TPYTHOCTHIO, pa3fieiiuM Ipa-
BUTAIIMOHHOE B3aNMOJICHICTBIE HA JIBE COCTABJISIONINE: TPAaBUTA-
M0 MCTOYHUKA W T'PABUTALIMIO MPUEMHUKA — U OyJeM MX pac-
CMaTpHBaTh OT/EJIbHO, IPUIIEIBLHO, TIeleHanpaBieHHo. 1 31o-
r'0 OTKPOEM HOBYIO I71aBY, TIOIMYTHO MPOIOKUM HEIPOCTOM pa3-
TOBOp O (POTOHE.



3akJao4YeHue

I'maBa «I'paButanusa» gBisgeTca NpeaBapsIOIIed OCHOBHYIO
TEMy 10 I'PaBUTALIMX U TPABUTALIMOHHOM IIOCTOSIHHOW. B taHHOM
IV1aBE BBIIBUHYTHI TPU MOCTYJIATA.

[Mocrynar Nel: Terunora — reHepaTop rpaBUTAMIOHHON SHEpP-
TUU.

[ocrynat Ne2: [lepeHOCUMKOM IpaBUTALIMU ABIAIOTCA POTO-
HbI (JIEKTpOMarHuTHbIE BOJIHBL (OMB)).

[Tocrynar Ne3: Bece DMB nepeHocAT rpaBUTALMIO. DJIEKTPO-
MarHUTHBIE BOJIHBI — TPABUTALIMIOHHBIE BOJIHBI!

YrtoObl peBpaTUTh JaHHbIE MOCTYIATHl B AKCUOMBI, TOTPedo-
BaJIOCh HAIIUCATh KHUTY.

YenoBeyecTBO ¢ CaMOro €ro 3apoXkAECHUA HAXOAUTCA B IOJIE
rpaBUTAIK 3€MJIM, HO JIO CUX TOP HE MOXKET OOHAPYKHTh, UTO
WIA KTO 3TO MOJIe cO3AaeT. ' paBUTOH — rumnoreTuyeckas sje-
MEHTapHas 4acTULA — MPEANoJaraéMblil IEPEHOCYUK PABUTA-
IIMOHHOTO B3aMMOJIEHCTBHS, B KCIEPUMEHTaX He OOHApyKEH.
B TO %€ Bpems TeopeTrndeckue Moaesu (PaKTUYEeCKU OTTOPOAU-
JIMCh OT peasibHOM (PU3MKH 3200pOM U3 MaTeMaTUYeCKUX CHUM-
BOJIOB, 32 KOTOPbIM Y€ He BUJIHO KMUBOU Npupoasl. Harrpumep,
TEOPHIO CTPYH, HAa KOTOPYIO (DM3MKHM BO3JArayiv OOJbIINE Ha-
JeXIbl, HEeBO3MOKHO TIPOBEPUTH, HA CETOIHS, HU B 0003pUMOM
OyayieM, B CHJy TEXHOJOTMYecKUX orpaHmdeHuil. I[Ipaktuku,
B CBOIO oyepenb, Ha npumepe LIGO, npiTaloTcs moMarh e1u-



HUYHBIE TPABUTOHBI, HO COBEPIIIEHHO HE Te, KOTOPBIMU N300MITY-
€T MPUPOAA, 3ACTaBIAS KaXkIOrO0 U3 HAC MPUTATUBATHCS K 3€M-
HOU KOpe.
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I'maBa 2. ®OTOHHO-
kBaHTOBas rpasutanus (PKI)

Domonwvl — nuenwvt epagumayuu!

2.1. I'paBuTaniuoOHHOE
HU3JIydeHHe UCTOYHHKA

2.1.1. I'paBuranust

['paBuTanys — 3T0 B3aMMOOOMEH HMMITY/TLCAMH, KBaHTAMH
SHEPrUM MEXAy YYaCTHUKaMHM B3auMOJEWCTBUs. B KkauecTse
YUYaCTHHMKOB BBICTYIIAIOT BCE BEILECTBA, TEJIA — BCSA MaTepusl.

[lepBUYHBIMU UCTOUHUKAMM TEIUIOTHI, & PABHO U I'PaBUTALIN
BBICTYIAIOT 3B€3/1bl. MBI B pa3roBopax HarpaxJaeM X pa3HbIMU
MIPEBOCXOHBIMU SMUTETAMU: «HEUcUepraemMas SHeprusi 38e3/1»,
UX «HEYracaiollui CBET» U T. M. DHEPrus 3Be3[l, UX TEeIUloTa
Y COOTBETCTBYIOLIAsl TeMIlepaTypa pOXIAT HE TOJBKO TEIUIO
Y CBET, HO M NepeJlaloT 3TOT CBET B UMITYJIbCHO-(POTOHHOM, 3a-
KOJMPOBAHHOM BU/JIE HA OTPOMHBIE paccTosiHUS. B npenpiymieit
r1aBe ObUIO OTMEYEHO, YTO (POTOHBI (IJIEKTPOMArHUTHBIE BOJI-
Hbl — DMB), BBINOMHAIOT ele oAHy (PYHKLHUIO — B CBOEH CyM-
MapHOM, UHTETPAJIbHOM JIESTEIbHOCTH OHU CO3JAI0T CUITY MpHU-



TSOKEHUST MEXK]TY TeJIaMH.

['paButanisi — 310 (POTOHHBIA 0K/, NEKTPOMATHUTHBINA
(KBaHTOBO-(POTOHHBIN) 3(pUP, KOTOPBHIM 3AIIOJHEHBI BCE TEJa,
IUTAaHETHI U 3B€3/1bl. TaKUM ke JIEKTPOMAarHUTHBIM 3(pUpoM 3a-
MOJTHEHO ME3K3BE3/IHOE MMPOCTPAHCTBO, HO 3/1ECh ATOT crieludury-
HBIN 3(PUP OYEHDb PA3PEKEHHBIM, TAaK KaK B HEM OYE€Hb MaJIO Ma-
TEpUHU.

DJIeKTPOMArHUTHBIN 3(pUp (HE MyTaTh C KOCMUYECKUM BaKyy-
MOM) TIOBCIOJTY, OH U SIBJISIETCS] IEPEHOCYUKOM I'PaBUTAIIMOHHOM
SHEPruM, OH U SIBJISIETCS TPABUTALIMOHHBIM TOJIEM.

BpriiieckazaHHoe — 3T0 O0JIblIE, YeM MOCTYJIAT, HO ellle He aK-
croma.

He Bcsikuil cTpesisit u3 pybsl, HO BCAKUN IIKOJbHUK 3HAET,
MOTOMY KakK M3y4as (PU3UKY, YTO MPU BBICTPEJE BOZHUKAET OT-
nada. ITopoxoBble ra3el, paclumpssiCh, TOJKAIOT ITyJII0 B O/IHY CTO-
POHY, a py:xkbe B Apyrywo. [Tockonbky mMacca mysiv BO MHOTO pa3
MEHBIIIE PYKbsl, TO OHA TPUOOpPETAET OOJIBIITYI0 CKOPOCTD U JIETUT
3HAYUTENILHO JIaJIblIe PyKbs. Bce B COOTBETCTBUM C TPETBUM 3a-
KOHOM MexaHuku HpioToHa: «/IBa Tena NerncTByIOT ApyT Ha Apyra
CWJIaMH, KOTOpbIE YMCJIEHHO PaBHbI U HAIpPaBJI€Hbl B IPOTUBO-
TMOJIOKHBIE CTOPOHBI BAOJIb MPSAMOM, COEUHSIONIEN TOUKHU MTPU-
JIOXKEHUSA ITUX CUI». Vi KpaTKo — 3aKOH COXpaHEHMUsI UMITYJIb-
ca coOmoaaercs.

KT0 He cTpensin u3 pyxbsl U HE IPEACTABIISIET, UTO ITO TAKOE,
MIOCMOTpUTE KOPOTKOE 1 3a0aBHOE BUJIEO Ha caiiTe aBTopa’.

3 I'paButanmonnoe usnydyenue wucrounuka / URL: https://gennady-ershov.ru/



[Tpexne yem nepeiTH Ha MUKPOYPOBEHbD, IIPUBEJEM EIlIE T1a-
py NPUMEPOB, CBSI3aHHBIX C BOEHHBIM jiesioM. Haneloch, Bce BU-
JeJY MKW, KOTOPble YYaCTBOBAJIM B OAaTaNMsX B METPOBCKUE
BpeMeHa. B To Bpemsi B OaTalbHbIX CLIEHAX MPOTHB BHEIIHMX
BPAroB IPUMEHSIUCH MTYILIKH, CTPEIABIINE KAPTEYUBIO U S/IPaMHU.
CTBOJM MymIK# OBLT KECTKO CBSI3aH C 1a)eTOM, U B MOMEHT BbI-
cTpena oT/aya oTOpackiBaia Mmymky Hazaja. Ceifuac Takue myIi-
KU CTOAIT B HAILIMX MY3€sIX MOJ] OTKPBHITHIM HEOOM.

Kpemnesckas Llapp-nynika — aHajor Takux IyLIEK, HO OHa
HM pa3y He BBICTpENWIA, el OaHAIbHO He HAILTA MPUMEHEHHMS,
WY OHA OKA3aJ1aCh CJMIIKOM TsKeJIa IPU TPAHCIIOPTUPOBKE U3-
3a OOJIBIIOTO JJaBJIEHUS HA TPYHT.

Bo Bpemst Benmkoii OteuecTBEeHHOI BOMHBI ITYIIKK OBUTH YKe
HECKOJIBKO JIpyTHE.

2.1.2. OTnavya — npujjavya B BOEHHOM jieJjie

gravitaciya/gravitacionnoe-izluchenie-istochnika.html



Puc. 2.1. Lape-nywxa u nywka Bmopoil mupogoii 6oiiHbl
3UC-3, 76-mm.

Wmnynec npuskeHus jadera Wid NPUKIAAa PYXKbs MPU Bbl-
CTpeJie Ha3bIBaeTCs oTAaueil. B apTuiiiepun ero Ha3bIBaIOT OTKa-
ToM. Yem Oosibilie Macca CHapsijia v 3apsifa, TeM OOJIbIle SHEP-
rus otaaun. OTrava TakKe XapaKTepusyeTcsl MOIIHOCTBIO U CH-
J0ii. B BoeHHO# Hayke Bce apaMeTpbl KECTKO PaCCUMTHIBAIOT-
csl, HO MblI He Oy/leM KOHCTPYHMpPOBaTh HOBOE Opy/ave yOWIiCTBa,
M03TOMY MPOAOJIKUM MCKATh OTCYTCTBUE OTAAYH.

B orsectpenbHOM OpyXuM OTIaya SIBJISIETCS BpPEIHBIM SB-
JIEHUEM, U C Hell NOCTOSIHHO BeJjlach OOpbOa: CTaBMIIMCH BCe-
BO3MOJKHbIE JyJIbHBIE TOPMO32, TaCUTENN B BUJIE TIPYKUH, TH[I-
paBJIMUYECKUE CUCTEMBI OTKaTa U Mpoynre KoMIeHcaTtopsl. B co-
BPEMEHHBIX OPYAUSX SHEPIUIO OTIAauM CTApalOTCsl UCTIONb30BaTh
BO OJyiaro, HarmpuMep, AJs1 aBTOMAaTUYECKON Mepe3apsiiku opy-
IUsl.

[Mpoananm3upyeM JMHAMUKY BBICTpESa M3 MyIIKH Oonee fie-
TaJIbHO, a YTOOBI HE CTABUTb 3aTPATHBII SKCIIEPUMEHT, MOHAEM
B KMHOTEaTp M MOCMOTPUM (bWJIbM, MOCBSAIIEHHBIN Benukoil
OteuectBeHHOI BoiHe. Ha skpaHe 3ByulT KOMaHja KOMaHaupa
opyaus: «Orons!» I'poxouer BeicTpen. CHapsAJ OT 1aBJIeHUS O-
POXOBBIX T'a30B MOTyYaeT UMITYJIbC U JIETUT Ha TOJOBbI HENPUSI-
Tess. CTBOM Opyaus 3a CYET OTauu OTOpachIBaeTCs B MPOTUBO-
HOJIO)KHYIO CTOPOHY U, K IPUMEPY, B3BOJUT MPYKUHBI, [TPU TOM
3asIKOPEHHBIN JaeT MpaKTHUeCKHu ocTaeTcst Ha mecte. BoiOpa-



CBIBAETCA TMIIb3a OT CHAPsA/a, CTBOJI HA MTHOBEHUE OCTaHABJIABA-
€TCs Y O[], AEWCTBUEM SHEPIUU ITPYKUH BO3BPALAETCSA B UCXOJI-
Hoe coctosiHue. [Ipu 3TOM Bes mynika rnoj AeMCTBUEM MHEPLIU-
OHHOTO UMITYJIbCa CTBOJIA IEPraeTcsl «BIepe 3a CHAPSIA0M».
OueHuM 3TOT MOPBIB MYUIKU «BHepes 3a cHapsaom». Ilo cy-
TH, 9TO aKKyMYJIMPOBaHHAs HEPIUs OTJA4M, KOHCTPYKIIMOHHO
TpaHC(POPMHUPOBaHHAsA B aHTHOTAAYYy [1].

[Ipu BEICTpETIE, KPOME UMITYJIbCA OTIAYU, IIPUCYTCTBYET IIEP-
BbId UMITYJIbC, C MOMOIIIBI0 KOTOPOTO CHapsiJ COBEPIIAET CBOM
nosiet. (Pagy 3TUX IBYX MMITYJIbCOB M OBLT OPraHM30BaH KyIlb-
TYPHBIM NOXO B KMHOTearp.) IlepBblii MMITyJIbC cuMTaeTCA IMO-
JIOXKUTEJIbHBIM, Y paid HErO U3rOTABIUBAIOTCSA OPYAUs, 4JIs HETO
BBIITYCKAETCs CTPEJIKOBOE opyxue. Ho BOT uTO MHTEpECHO, JaH-
HBIA UMITYJIbC HE UMEET CBOETO XapaKTEPHOro Ha3BaHUs. B Bo-
€HHOM JIeJIe TO]1 JaHHBIM UMITYJIbCOM MOPa3yMeEBAETCs TEPMUH
«BbICTpes». Ho BhIcTpen — 310 oOllee Ha3BaHWE AAHHOTO JeW-
crud. Ilo cytu, UMIyJsbC, KOTOPBIM MOJNYYaeT IyJis WIA CHa-
pAA, — 3TO TOT K€ UMITY/IbC OTAAYM (110 MOIYJIIO OHU PaBHBI),
TOJIBKO HaIpaBJjieH B IPOTUBOIIOJIOKHYIO CTOPOHY (aHTUOT/A4a).
Ho 3111 MITy/IbCHI KaK-TO HYKHO pa3jinyaTrh.

[Ipenaraio, B MpOTUBOBEC OTAAYE, JJI MEXaHUYECKOTO UM-
My/bCa CHApsAa WM IyJd MCIOJIb30BaTb TEPMUH «IIPUAA-
ya» (OT CJIOBa «IPUAABATH» ).

3anuiuem: UMITyJIbC OTaauu (return) Pg paBeH UMITYJIbCY ITPHU-
nauu (pridacha) Pp.



Pr=Pp
@2.1)

YuuteiBasi, 4TO MOJ UMITYILCOM MBI TIOHUMAaeM IPOU3BE/Ie-
HUE MaCChl Ha €70 CKOPOCTh 1V (KOJIMYECTBO JIBUKEHUS ), TO CyM-
Ma JIEHCTBYIOIIUX CUJI B TAHHOH crucTeMe Oy/IeT paBHA HYJIIO:

F:m]V]—m2V2:0
(2.2)

IJie m; —Macca CHapsijia, v; — CKOPOCTb CHapsijia; my — Macca
nadera, v — CKOPOCTb Jagera.

I/IJ'II/I, nepexoada CHOBa Ha MMITYJIbCblI, MOXHO 3aIllCaTb, 4YTO
Ccujia OT HeﬁCTBHH HUMITYJIbCOB IIpUIAYN U OTAAYU paBHA HYJIIO.

F=Pp —Pg=0
(2.3)

A Temeph MBICIEHHO NPEACTaBUM CIEAYIOUIYI0 KapTUHY:
no Bojie bora wiM BBICIIIMX KOCMHYECKMX CHJI TIPU BBICTpEie
13 MYIIKY ucyesna otaava Pr=0, Torga ypaBHeHue (2.3) npuMer
CIIEAYIOIIIA BUL;

F=Pp
(2.4)

Nmnyabc cuibl, 1efiCTBYIONIUI HA MYIIKY B 11€JIOM, pa-



BeH UMIYJIbCy mpuaaun. Eciy BeICTpes Mpou3oiieT MMEHHO
TaKUM BUPTYaJIbHBIM 00pa3oM, TO IyIIIKA PBAaHETCS «BIIEPe]I
3a CHAPSIJI0M», T. €. IyIIIKA IIPUTSHETCS K YJIeTaloleMy CHapsi-
ay. Iockonbky sader mymiku cBsizaH ¢ 3emieid (3asKOpeH), TO
TUIAHeTa MOTYYUT UMITYJIbC TIPUTSKEHUS TIO BEKTOPY yJIeTeBIIe-
ro cHapsna. Takum cBoeoOpa3HbIM CIIOCOOOM MBI CMOJICTTPOBA-
JI TPABUTALIMIO.

[Ipumeuanue. Caedyem pacumgbposame ooun momenm. A
He cman 30ecb PAChUCLIBAMb MAMEMAMUYECKU 6Ce MOHKOCTU
evicmpena u3 YKy, mak KaK 6Cem NOHAMHO, Umo 3mo omoa-
NEHHO-NPUONUNCEHHASE MOOenb delicmeust epasumauuu. Kozoa s
YOpan umMnynsc omoaui, mo nYwKa KaxK Obl 0cmanacs Ha mecnie,
HO 6bllte ObLA0 NOKA3AHO, YO OHA PEAHEMCSL «8neped 3a CHAPSL-
0om», K020a CMeEOoA 8EPHEMCSL 8 UCXOOHOE NON0JICEHUE, M. €. C 3a-
nazoviearuem no epemeru. C yuemom smozo umnyavca aagem
NYWKY, a 3amem U nAaHema 3emas NoAYUam UMnYnbC NPUmsi-
JHCEHUSL 8 HANPABAEHUU NONeMA CHAPSLOA.

A Tenepb MOCMOTPHUM, KaK 3TO MPOUCXOAUT B MUPE (POTOHOB
Y KBAHTOB 3Hepruu. B ominumne or MexaHuku y (hOTOHOB 3aria3-
JIbIBAHUS HET.

2.1.3. B mupe c¢oToHOB
BoeHHas Hayka B TepMUHE «IIpUa4ya» 0co00 He HYyXJIaeTcs,

OH HeOoOXOAWM 17151 OOBSICHEHUsI ¥ TIOHMMAaHUsI IPOLIECCOB, CBSI-
3aHHBIX C rpaBUTaIen. Yto moOaBisieTcs, MpuaaeTcs K JaHHO-



My umnynscy? B ciydae ¢ (pOTOHOM JIOTIOTHUTENIBHO MPUIAET-
¢ UMIYJIbC FPABUTALIMH, T. €. K TpeM (PyHIAMEHTAJIbHBIM CO-
crapsommM (1.12): sHeprum, Macchl ¥ UMITYJIbca — TOOABJISET-
cs UMIYJIbC rpaBuTanivu. [1o cyTu, MMITyIbC OAWH, HO B HAyKe OH
CUMTAETCS] UMITYJIbCOM OT[IA4M, HA CAMOM K€ JIeJIe 3TO UMITYJIbC
JIEUCTBUS «BIEPE]] 32 CHAPSIAOM>.

[MTockonbKy pedb uaeT 00 UICTOYHUKE I'PAaBUTAIIMIOHHOTO U3JTY-
YyeHus1, TO neperiem cpazy K pasroBopy o Conniie. ConHeuHble
(boTOHBI CTAPTYIOT C MOBEPXHOCTH CBETHUJIA O€3 OT/IAuH, C IPH-
oOpeTeHrneM UMIYJIbCOB Mpuaau. ®OTOH, B MPOTHBOBEC Ma-
TepHAJILHOMY MHPY, HE UMeeT MHEePHUHN — e€ro UMILYJIbC
BO3HHKAEeT B MOMEHT OTPbIBA OT HCTOYHHKA 0€3 OTjaaum,
HO ¢ npujavei!

SIBneHue orgauM HaOIIOAAETCS TOJILKO B TeJlaX, KOrja IOf
JIEMICTBUEM BHYTPEHHUX CUJI TEJIO paclalaeTcs Ha 4yacTu, pasJie-
TaIOIUECs B MPOTUBOIIOJIOKHBIE CTOPOHBI, KAK CHAPS U MyIIIKA.
doToH He pacmagaeTcsl Ha YacTH, OH He PAcCTaeTcsi CO CBOUM
PUOOPETEHHBIM UMITYJILCOM JIO CBOETO TOTJIOIEHUS, TTOITOMY
JUIsl Hero Beipakenue (2.4) Oyaer cripaBeiuBo.

[Ipn kaxaom crapryiomniem dorone y CosHia MOsIBISIETCS
HEKOMTICHCUPOBAHHBIA MMITYJIbC CUJIbI, OTTSATUBAIOIIUN U pac-
mmpAImUn ero gorocdepy. IT0 M €CTb CWIA NPUTSIKEHUA
UCTOYHUKA K BOOOpaxkaeMoMy IMpHEeMHHUKY. B maHHOM ciydae
CJIOBO «BOOOpaxkaeMblii» MPUMEHNUMO KO BCEM MOTEHIIUATbHBIM
MPUEMHUKaM, B TOM YHMCJIE U K TIJIaHeTaM, HaXOASAITUMCS B TIpsI-
Moi BugumocTu. [Ipu atom ot kaxaoro porona ConHue momy-



YaeT UMITYJIbC CHUJIbl, HAIPABJIEHHBIN MO BEKTOPY OTJIETEBIIErO
(porona.

A Kak xe ObIThb C 3aKOHOM COXPAaHEHUS KOJIMYECTBA JIBUKE-
HUs1, Cy/Is1 1O BbIpaxeHuIo (2.4), OH sIBHO Hapyiaercs. B taHHOM
Cllydae UMITYJIbC IPUAauu KOMIIEHCUPYETCSl SHEPTUei, OCTyna-
1omer u3 Hep ConHia, moaToMy (pyHIaMEHTAIbHBIM 3aKOH (hU-
3UKU HE HapyIlaeTcsl.

BekTopsl (hoToHOB OynyT B OOJIbIIEH CTereHH HarpaBJIeHbl
M0 HOPMAaJIX K MOBEPXHOCTH Tefa; eciii 310 ColHlie, TO 10 HOP-
MaJIi COJTHEYHOW MOBEPXHOCTU. MBI TOBOPUM, UTO TAaHHOE Te-
JI0 00JIa/IaeT EHTPAIbHOW c(DeprUECKON CUMMETPHEH, T. €. 13-
nyyenue CosHIa pagualibHO U CUMMETPUYHO PaclpOCTpaHseT-
¢4 BO Bce CTOpoHbL. PoTOHHOE M3nyyeHre CoiHIa paBHOBECHO
BO BPEMEHHU, €ro AUCK PAaBHOMEPHO BO BCE CTOPOHBI PACTSTHBA-
10T pOTOHBI (CM. J1anee paszen 2.7. Pacmmpenue Ten).

DeKTPOMAarHUTHOE U3JTy4YeHHUe JII0OO0ro Teja MOCTOSIHHO 00-
MEHUBAETCS C JIEKTPOMArHUTHBIM U3JyYEeHHEM CTEHOK TepMO-
U30JIAIUY (TEJIO TEPMOM3OIMPOBAHO), M OHO OyJIeT paBHOBEC-
HBIM.

Eciu Ten10 He M30JMpoOBaHO OT MUPOBOTO MPOCTPAHCTBA, TO
IUIOTHOCTh €0 JIEKTPOMArHUTHOTO 3(pupa OyaeT yMeHbIIIaTh-
csl B CIydae, ecli OKpyXKalomui 3¢pup OyneT MeHee IIOTHBIHA
(MMeTh MEHBIIIYI0 TeMIeparypy), U HA00OpOT, OyAeT YBEJIUYH-
BaThCsl, ECJTU OKpYKatolumid a¢pup OyzeT minoTHee. B nepBom ciy-
Jae Tesio OyJeT OXJIaKAaThCs, a BO BTOPOM — HarpeBaThCsl.

Ternora noposxaaetr rpaputaimio! Ho He cpa3zy, Hanpsimyio,



a C TIOMOIIIBIO JIEKTPOMArHUTHBIX BOJIH, KOTOPbIE TEHEPUPYIOT-
sl aTOMaMH (OCLMJUIATOPaMU) TOrO WJIA MHOTO TeJla, UMEIOILEro
TeMIepaTypy BbIllle aOCOTIOTHOTO HYJIs!

VIMeHHO Tak MPOUCXOAUT I'PABUTAIIMOHHOE U3TyYeHUE UCTOY-
HuKa. Kaxpiii ()OTOH OTPHIBAET OT UCTOYHUKA IO OTHOMY KBaH-
Ty SHepruu (Maccel) ¥ YHOCHUT €€ K MOTeHIIUaIbHOMY IMPUEMHHU-
Ky. [Ipryem OTphIB KBaHTa MPOMCXOAUT C UMITYJILCOM MPHUAA-
yr. Cymma BCeX UMITYJIbCOB CO3[]a€T MHTETPAIbHYIO CHITY TPH-
TSDKEHUS WM TPABUTAIMIO MCTOYHUKA K MTPUEMHHKY — HAIpH-
Mmep, nputskeHue CoNHIA K IJIAHeTaM U 3Be3/1aM.

Fs=Xpp (2.5)

®OTOHBI — ITYEJIbl FPABUTALIUN !
Kak ocymiecTBisiercs NpuTs:keHue MPUEMHUKA K UICTOYHHKY,
qUTAEM JaJlee.



2.2. Kania u aiicoepr

A mbl makoui xon00Hblii,

Kak aiicoepe 6 oxeane
(JI. Ko3noea)

Kpymenne «Turanuka» ciayuwnocs 15 ampens 1912 r.
CronKHOBEHHME ¢ aiicOeprom Mpor30ILIO MO KacaTeabHOi. B 00-
IIMBKE MPaBOro Oopra 00pa3oBaIoCh MIeCTh MPOOOUH CyMMap-
HOW ITTMHOM OKOJIO 90 M. BBIIO MOBPEXIEHO 5 HOCOBBIX OTCEKOB,
rornosio moutu 1500 yenosek [2].

AvicOepr He XONMOaHBIN, OH Teruibiii! Ecm Obl OH ObUT X0N0-
HBII, C HUIM He CTOJKHYJICS Obl « TuTaHuK». ToNbKO Terible Tena
NPUTATHBAIOTCS MEKIy COOOM, a XOJOAHBIE PABHOMYIIHBI JPYT
K Apyry. AiicOepr ObUT TeILIbIH, a « TuTaHUK» — elne Teruiee. Ko-
HEeuyHO, « TUTaHUK» MoTepres KPYyILeHre 10 IPYTuM MPUYuHaAM,
HO Bce xe. TOoNBKO Terible Tea, ¢ TEMIepaTypoil Bblle adco-
JIOTHOT'O HYJIsl, TEHEPUPYIOT 3JIEKTPOMAarHUTHBIE BOJHBI (OMB),
KOTOpbIE U MIEPEHOCST I'PaBUTALIMIO, MHAYE MTPUTSKEHHE.

2.2.1. OTnaua

Ntak, otgaya! D10 cepbe3Hasi TPYAHOCTb, KOTOpasi CTOUT
Ha IyTH MMO3HAHUS 3aKOHOB MUKPOMUPA U I'PABUTAIHH.

Bce ncrounvku nHgopmarum o JaHHOW TeMe TBepIsAT 00 Ofl-
HOM — ornavya. B mMomeHT orcrpena DMB BO3HHMKaeT orgada



B ATOMHYIO PEIIETKY BElIeCTBa.

Tak 1 310 Ha camoM gene?

Mos Teopusi «POTOHHO-KBAHTOBAsI TPABUTALUSA» CTPOUTCS
COBEPIIEHHO Ha MPOTUBOIOJIOKHOM: BMECTO OT/Ia4M B MUpe 0e3-
MacCCOBBIX 4YacTWIl BO3HMKaeT mpuipada! Omreraonmii (hOTOH
(BOJTHA) TPUXBATHIBAET C COOOM HE TOJIBKO YACTHUILY SHEPTUHU Ma-
TEPUHCKOI'0 BELLIECTBA, HO C MIOMOIIBIO UMITYJIbCA YBJIEKAET JaH-
HOE BeleCcTBO (pOAMTENs) 3a COOOM — «BIEpe/1 3a CHAPSIIOM».

Kak 3T0 yBuIeTh HAlIUMU T71a3aMHU, KOTJIA Y HUX OYEHb y3Kast
NOJIOCKA (IUTPUX) 3pE€HUs B OIPOMHOM IIKAJIE JIEKTPOMArHUT-
HbIX BOJIH? [TonmpoGyem ncnonb30Bath 151 3TOM 1M MOAEIH.

BepHemcs k ToMy, € 4ero Hayauu, — K aicOepry u rnorpooyem
CMOJIEJIMPOBATh 3TOT MPOLIECC € Karuiel Boapl. BoigaBum u3 upe-
Ba aiicOepra cie3y, uHaye — OfIHy Karutio Bofbl. 7KecTKoBaTo BhI-
Pa3uICsi OTHOCUTESIBHO JIEASTHOM TOpbl, IaBUTh MbI €€ He OyJeM.
AiicOepr cam BbIIABUT U HE CKYIYIO Clie3y MoJ IeCTBUEM Terl-
JIOTBI, KOTOpasi OKPYKaeT ero Co BCEX CTOPOH B BUJE ABYX OKea-
HOB: BOJBI M aTMOC(EPBI.

Wrtak, KyTpMUHAIIMS: HA BEpIIMHE JISASHON TIIHIOB, Ha ee
camMOl OCTpPOM KPOMKE MOSBJISIIOTCS MOJIEKYJIbl BOJbl. VIMEHHO
Ha caMoy OCTPOU KPOMKe, TaK KaK 3/1eCh HaUOObIIIasi KOHIIEH-
Tpauus TEIUIOTHI, IO3TOMY 3[E€Ch U HauMHAeT (POPMUPOBATHCS
KaIljIs — 3TO Hallla 3JIeKTPOMAarHUTHasA BojiHA. Mosekysibl civBa-
I0TCSI JIPYT C JPYroM, MOAOOHOE MPUTITMBAETCsl K MOJA0OHOMY,
KaIljIsl pacTeT U yXke CBUCAET MOJ] OCTPbIM KPaeM JIbJUHBI.

Buumanne! ®angapet! B MOMEHT, OIpeenieHHbIN CAJION TI-



JKECTH, KaIllsd OTPBIBAETCA W HAUMHAET JBUKEHUE BHU3 — B POJI-
HYI0 BOOHYIO CTUXHIO («Mama»). [T Karuj JIEQHUK TOXE POJl-
HOU («I1ana») Mpy Temreparype Huxe Hyis 1o mkanie Lenbcus,
a MpH TemIiepaType Bblllle HyJsl OHa YCTPEMJISIETCS B OObATHS
APYroro poautesisi. ITO Kak Karnpu3HbI peOEHOK MPH pa3BeleH-
HBIX POJMTENISAX: KTO OOJIBIIE MPEIJIOKHUT TEIJIOTH M MEHBIIIE XO-
JIofia, K TOMY U B OOBSITBSI.

B MoMeHT oTpbiBa, 3aMeTbTe, Karuls He OphIKAeTCcsl U He OT-
TAJIKUBAET CBOETO «Iamy» (JIeJHUK), a HA0OOPOT, CBOUM BECOM
OTTATUBAET €r0 BHU3 K OKEaHY.

B MoMeHT oTpbiBa Karum 00pa3yeTcsi KOHyCOOOpa3HblIii repe-
1IeeK, KOTOPbIM Pa3phIBAIOT [BE CUJIbl — CHJIA TIOBEPXHOCTHOIO
HaTspkeHust (F) 1 cuita Takectd (Fyg).

F=F (2.6)

[Mocne oTpeiBa Karuii KOHYC Tepeleika BTSATUBASTCs Ha3all
K CBOEH orope, co3/iaBasi Ty cCaMylo OTjiady, a ¢ Mmpujaadeit pas-
Oupaemcs Jajee.

2.2.2. BoasHas kanis

Kaxnas karuis BoJpl — MUHHMATIOpA MUPA.
(ymeepoicoanu npodsunymoie Opesue)



Puc. 2.2. Pooicoenue kanau u ee ompula.

YrtoObl He IJIBITH B I0KHBIE MOPSI Ha TIOUCKH aficOepra, TOUHO
TaKylo0 ke KapTUHYy MOKHO HaOMogaTh B MOMEHT 0Opa3OBaHUS
BOJIHOM Karum 1pu KoHjeHcauu. C oMol CKOPOCTHOM (po-
TOCBhEMKHU CHUMEM ITPOIeCcC KOHEHCAIIMU OOBIYHOMW KATLJTH BOJIBI
Ha BOJIONIPOBOIHON TpyOe, ee OTPhIB M HAYaso ToJieTa K 3eMJie.
BHumartenbHO pacCMOTPUM 3TOT MPOIIECC U TPOAHATTUZUPYEM.

[Tpu HaOope COOTBETCTBYIOIIEN MACChI Karlisi HAUMHAET Y]IU-
HATbCSA. Yem Jasbliie OTHANSETCS €€ LEHTP TSKECTU OT To-
BEPXHOCTH, TEM TOHbBIIIE CTAHOBUTCS TMEpellleeK MEXIY Karuien
Y TEM OCTaTKOM, KOTOPBIH MTPHUBS3aH K TIOBEPXHOCTHU TPYOHI C TO-
MOIIBIO CHJIbI HaTsDkeHWs. HakoHerl, meperieek pa3pbiBaeTcs,
U KaIuisl ycTpemJisieTcsi BHU3. 3apuKCUpyeM 3TOT MOMEHT U OIH-
meM 370 jefictere. Karuis mocreneHHO Habupasa Bec U yBeJIH-
YMBaJach B 00beMe, OTTAruBas Tpyoy Ha ceOsi. B MOMeHT pa3phi-
Ba Ha TPyOy JIEHCTBOBAJIA CHJIa TSDKECTH CAMOM Karulv TUTIOC JI0-
BECOK B YTOHYAIOILIEMCSI MIepelieiike. ITOT TOBECOK Pa3ieInics



Ha JIBE YaCcTH U 9TO MOXKHO TPAKTOBATh TaK, 4YTO TPyOa W Karl-
7151 IproOpeNu 1o MUMITyNIbCy. Ilepereex, JOCTaBIIMIACS Karlie,
BTATMBAETCS, U OHA CTAHOBUTCS MPHU 3TOM KpPYIJIoN (Mpujaya).
OcraBimiicst Ha TpyOe BTOPOM BBITSHYTHIN TIepelieeK MPUTITi-
BaeTcs 00paTHO K TpyOe, U JJaHHOe JICHCTBUE YKe MPOSBIISCTCS
KaK oT/aya.

Tenepp yBeIMYMM CKOPOCTh KOHJEHCAIIMU Kareslb 0 TaKOH
CTeNeHu, 4To mepelieek He OyleT ycreBaTh MPUTITUBATHCS 00-
partHo K TpyOe. Takas kapTiHa OyJeT MOX0Ka Ha TUPIISTHILY U30-
JIATOPOB BBICOKOBOJIBTHOM JIMHUM 3JIEKTponepenad. B naHHOM
clyvae oTavya Kak TakoBasl e3aByupyeTcs, (DaKTUUECKH Hcye-
3aeT, KaIlIi CHIILTIOTCS KaK U3 pora U300mius, a Tpyoa nomaydva-
€T OT KaXJIOW W3 HUX MMITYJIbCHI TIPUAAYH, YBJIEKaIoIme Tpyoy
BHI3. TO ecTh Kaxaast Kariss B MOMEHT OTPbIBa CBOMM MIMITYJTb-
COM OTTSITUBAET TPyOy Ha cedsl.

Bor 310 neiicTBre U SBISETCS TEMU CaMbIMU UMITYJIbCAMHU
rpaBuTanuy uctounuka. Kaxmas kars gepraer TpyOy Ha ceds,
CTpPEMsICh yBJIeUb €€ 32 COOOM.

[epeiinem k porony. Kaxaplil oteraomui (pOTOH, Kak Karl-
JI51 BO/IbL, OTTATUBAET (A€PraeT) 4acTb MEKTPOMArHUTHOTO 3(pu-
pa UCTOYHMKA IO BeKTOpy u3nydeHusi. CymMma TakKuX OTTSIKEK
Y eCTh TPaBHUTAIASI UCTOYHUKA, T. €. UCTOUHUK MPUTITUBACTCS
K OyayIeMy MpreMHHKY B HallpaBJieHnH nosieta (poToHOB. B oT-
JIMYMe OT Karuli, B MOMEHT POsKAeHHs (DOTOHA OH HE OKA3bIBAET
OT/Iauu.

['paBUTaIMOHHOE B3aMMOJEHCTBHE — 3TO B3aMMOOOMEH MM-



MyJbCAMM, KBAaHTAMHU HEPIUU (JIEKTPOMArHUTHBHIMHU BOJIHA-
MH) MEXKAY YYACTHUKAMM TaKOTO B3aUMOJEUCTBUS. B KauecTe
YYAaCTHUKOB BBICTYMAIOT BCE BEILIECTBA, TEJIA, BCSI MaTepusl, IIpU
YCIJIOBUH, €CJI OHU UMEIOT TEMIIEPATYPY Bblilie a0COIIOTHOTO HY-
JIA.

2.2.3. Cocyabka

[Moxanyii, caMbIM HarJISIZIHBIM OIBITOM IO M3BJICUEHUIO UM-
MyJIbCa TPABUTALIMU U3 UICTOYHUKA B 36MHBIX YCIOBUSIX SIBJISIETCS
Jie[isTHasI COCYJIbKA — JIEISTHON CTAJIAKTUT. DTO sIBJIEHUE 3HAKOMO
KaXJI0My, a OCOOEHHO TeM, KOMY OHa Tajaja Ha rojioBy. Tem,
KTO TIOTUOJH OT COCYJIEK, — aMSITh.

B BeceHHuii mepuoj OT HarpeBa COJHEUHBIMHU JIy4aMu KO-
3bIpbKa KPBIIIW Ha Hell moaTanBaeT cHer. Karum cTekaioT BHU3,
a TIpY OTpULIATEIbHON HOYHOW TeMIlepaType 3aMep3aioT U 00-
Pa3yIoT cocysibku. Macca cocyniek OTOXJIECTBIISIETCSI C KOIuJe-
CTBOM YHECEHHOU MaTepuM CHEKHOTO MOKPOBA C KPBIIIU KaXK-
JIOW Karuieu.

JlHeM, MpH MOJIOKUTENbHON TeMIiepaType, CHeT U COCYJIbKU
TAlOT ¥ OKOHYATEJIbHO YHOCSIT CHEXKHYIO U JIE[SIHYI0 MaTepulo
(Maccy-3Hepru) UCTOYHHUKA.

B cinydae ¢ ¢oroHOM OH, Kak Karuisi, OTHIUIBIBAET KBAaHT
SHEPruM «POAUTENS», CO3/AaBasi UMITYJIbC MPUTSKEHUS] UCTOYU-
HUKa K npueMHUKy. Cymma sHeprum (hoToHOB E), — 310 nogooue

SHEPruM COCY/IbKHU, YIaBIIeld Ha 3eMJII0 B BUjie OECUMCICHHBIX



KareJb, WM epeOpOoIeHHas: SHEPIUsl TPABUTALMU. DTO U €CTh
Ta camasi IpUJIada, YTo B MOEM NIEPEBOJE C PYCCKOTO HA PYCCKUN
O3HAYaeT — rpaBUTALIMS] UCTOYHHKA.



2.3. Emeusi, meuyb U rpaBATAIHS

Jleaowcan Emens na neuu — e2o cozpesany KUpnuvu,
neub MsHYAd HA ceOsl, NOMOMY umo — zopsiua!

2.3.1. Otnaua. Ilpugaua

B mmpe oOpazoBaHusi 0e3MacCOBBIX YACTHIl, TAKMX Kak
(oToH, BMeCTO OTIauM MPUCYTCTBYET Mpuaada (AaHTHOTAAYA).
B npenpiyiiem paszesne JaHHYI0 TEXHOJIOTHIO 1 MbITaJICS CMOjie-
JIMPOBATh Ha 3apOKAEHUU KAl BOfbl U ee oTpbiBe. [TocKoIbKy
KaIruisi UMeeT couaHble pazmepsl — BMeraet ot 0,03 1o 0,05 mu
BOJIBI U SIBJISIETCS CJIABHBIM IPEACTaBUTEIEM MAaKPOMKPA, TO OHA
HEaJIeKBaTHO OTPaXkaeT BCE MPOLIECCH, TPOMCXOASIIIE B MUK-
pomupe.

Mo »To¥ mprumMHe A1 YUTaTeNs JaHHAs MOJENb C Karuled,
BO3MOXHO, TIOKa3ajack HeyOeauTenpHoi. OueBnaHO, A1 Moje-
JIMPOBAHUS CTOJIb TOHKUX MTPOLIECCOB, KaKUe UIYT Ha CKOPOCTSIX
CBETa C YaCTHLIAMU, HE MIMEIOIIMMH MacChl TOKOS, MOZIEJb JAOJIK-
Ha OBITH Oosiee MpUOMIKEHHAst K peausam. B atom ciyyae Hu-
Yero He OCTaeTCsl, KaK MPUOETHYTh K BUPTYAIbHBIM MOJEIISIM.

Kazasioch Obl, 4TO TYT HENOHATHOTO, PYXKbe — BBICTPEJI, MyJIs
Ha BBUIET, a oTgaya B 1uievo. [locie BHICTpesa BO3HUKAIOT JBa
OZIMHAKOBBIX 110 MOITHOCTH U MPOTUBOIOIOKHO HAIPABIEHHBIX
WMITYJTbCA OTJIAYM U TPUIauM (AaHTHOTAAYM).



JlaHHBIE MMITYJIbChl BO3HHMKAIOT MOTOMY, YTO BCSIKOMY J€W-
CTBMIO BCEr/ia OTBeYaeT paBHOE eMy poTuBojaeicTere. Pusmka
B JJAHHOM CJTy4ae MaHUIYTUPYeT MaTepUAIbHBIMU TeJIaMU MaK-
pomupa. Bce mpoliiecchl py B3aUMOJIEUCTBUU CBSI3aHbI CO Cpe-
1o (MaTtepueil), UMeIoIled Ty WM UHYI0 Maccy (MHEPTHOCTD).
TOT e BBICTpE1 U3 PyXKbsl WU OPY/IHsl, TJIe TOPOXOBbIE Ia3bl PaB-
HO3HAYHO B3aUMOJIEHCTBYIOT C TyJiel (CHApsIOM) U TIPUKJIATIOM
pyxbs (tadgerom). Eille onvH npumep — IBUKEHUE PeaKTUBHO-
r0 caMoJieTa, KOT/ia BhIJIETAIOIINE U3 COTLJIa TOpsSTYKe Ta3bl paBHO-
3HAYHO B3aUMOJIEUCTBYIOT C aTMOC(EPOU U KOPITYyCOM CamoJIeTa.

CymectByeT 7 oTaya B MUKpomupe? BepHemcs k Haire-
My (POTOHY U MPOCIEAUM €ro 3apOKICHUEe B MOMEHT OTCTpelia
ot (porocepsl ConHia.

Kak 310 mporcxoaurt ¢ peasisHbIM (POTOHOM, MPOCIIEANTD, KO-
HEYHO, HEBO3MOXHO. Toria mpocneanm 3a 3TUM MPAKTUUECKU
MIHOBEHHBIM MPOLECCOM Ha MOJIEIIH.

Bo3pmeM OoJTbIION TrepMETHUHBIA OAJIIOH HAIrogoOne BO3-
JYIIHOTO IHapa i BO3AyXOIUIaBaHUsI 1 OyJieM ero HakaunBaTh
BO3/1yX0M. JIJ151 mpetoTBpaIieHus pa3pbiBa 000JIOUKH MMOCTABUM
MpeIoX paHUTENbHBIN KilanaH. [Toakmoynm KoMipeccop v Hau-
HEM HaKauMBaTh BO3/yX. BusyanabHO HaOmomaeM: map Haayscs
U B KaKOW-TO MOMEHT cpaaThiBaeT KJamnaH, MpeIoTBPATUB Pa3-
pbIB 0O0souky. M3 mapa BbuieTeNa CTpys BO3/AyXa, MOCe Yero
OH HEMHOTO CIIyJICSI U 32 CUET OTJauM OTKJIOHWICS B TPOTUBOIMO-
JIO)KHYIO CTOPOHY OT BO3AYIIIHOU CTPYH.

Jlanee ycio:KHAM TEXHUUYECKYIO 3aa4y. BmecTo onHOM cTpyn



BO3/IyX U3 Iapa OyJieM BBITYCKATh 110 OTHON MOJIEKYJe, s Ye-
ro noTpedyeTcst K300peCcTH HOBBIH KJIANaH-A103aTop, HA30BEM €T0
€IMHUYHBIM WJIM MOJIEKYJISIPHBIM. Tenepp B LEJISIX COXPaHHOCTU
000JIOUKH MPUIETCS TI0 BCEWl MOBEPXHOCTH JIAHHOTO IIapa Io-
CTaBUTh O'POMHOE KOJTMYECTBO TAKUX MOJIEKYJISIPHBIX KJIallaHOB.
CHOBa BKJTIOUMM KOMITPECCOP U MpoaoikuM HaOmonenue. Kak
TOJIBKO B LIape MOIHSJIOCH IaBJIEHUE, KJIallaHbl HAUMHAIOT «ILJIe-
BaTbCs» MOJIEKY/IaMH Bo31yxa. Yem Oosbllie JaBlieHUe, TeM Ya-
111e OHU CpabaTHIBAIOT, 4 UX 3BYKHU HAIIOMUHAIOT OECTIPEPHIBHYIO
MYJIEMETHYIO CTPEITLOY.

AHany3 Hallero SKCepruMeHTa HaYHEM C BOIPOCOB:

1) YHocuTCA MM HET SHEPrysl OAMHOYHBIM BBICTPEIOM ?

2) VcnpIThIBaeT map OTAavyy WM MpUAAYy OT KaXJAO0ro BbI-
CTpesa eIMHUYHOrO KJlanaHa?

3) Uto npon301JeT, ECIIU KJIallaHbl HACTPOUTB Ha OTCTpeN ¢o-
TOHamu?

4) Yto u3aMeHUTCH, €CJIM Iap MTOMECTUTh B BaKyym?

[locne yeTBepTOro Bompoca BCEM CTAJIO MOHATHO, KyJa KJIO-
HUT aBTOP, @ OH CKJIOHSIET YMTATENs Ha CBOIO TOUKY 3peHus. [1o-
BTOPUM OTBETHI B TOM € MOCII€J0BATEIbHOCTH.

1) Ha, mocne kaxa0ro OTKpbITUS KJallaHa SHEPrust YHOCUTCS,
a 3HA4UT, YHOCUTCA U Macca.

2) Illap ucnibITEIBAaET OTAAYY, TAK KaK MOJIEKYJIa UMEET Maccy,
Y 4TOOBI €€ BBITOJIKHYTh, TPeOyeTCsl SHEprusl.

3) IIpu nepexonme Ha OoJjiee MeTKHUE YACTHUIIBI KJIaraHbl Oy-
IyT CTPENIATH EIE Yalle, U X KOJINYECTBO IPUIETCS YBEITUUUTD.



[Tpu nepexone Ha (POTOH OTAYA UCUESHET.

4) Ilocne momeleHus 1mapa B BAKyyM NPUIETCS CHU3UTD JaB-
JIeHVe B IIIape ¥ MOCTaBUTh MEHee MOITHBIA KOMITPECCOp, MHAUE
11ap pa3opBer.

[Tpu nepexoze Ha eMEHTapHbIe YaCTHIIB WM Jake Ha aTo-
MBI [IPY MIX CTapTe TeJIo OyAeT UCTIBITHIBATh OTAA4y, TaK KaK JIO-
Oast MaTeprasIbHas YacTHIIA UMEET MHEPTHYIO Maccy.

Tonpko Ge3MaccoBast yacTHIla MOXET CTApTOBATh Oe3 OT/IauH,
HO C TIpUIaYell — TaKOW YacTUIien siBJisieTcs (DOTOH.

Tenepp pazdepeMcsi B TOHKOCTSIX TEXHOJIOTMH. DHEprus Boc-
TIOJTHSIETCS] TIOCTOSIHHO — YTO KPOETCs 32 JaHHBIMU CJIOBaMU’?
[TpuunHa onHa, 000OIIEHHO: SHEPrysi BOCTIONHAETCS TIOCTOSIH-
HO, Komripeccop Oe3bI3HOCHBIN (3Heprust ConHia 6eCKOHeuHa).
B MOMEHT 0TpbIBa MOJIEKYJIbI HA €€ MECTO PUXOIUT CIIEAYIOIIasl.
HemHoro He Tak: MOJIeKyJia He MOKET OTCTPEJIUThCS, OKa Ha ee
MecTo He OyJeT MpeTeHI0BaTh CIeAyolasl.

Bort 3Ta HenpepbIBHAsI TIOANTUTKA SHEPTUM U3HYTpPH, U3 TIeH-
Tpa co3zaer 6a3y CTpebObl C OTAAYEH U ¢ pUAavde — 3To mep-
BOE YCJIOBUE.

BTopsiM yciioBUeM sIBIISIETCS IPUCYTCTBUE CPEAIbl (MAaTepuH).
[To ycoBuIo KCIIEpUMEHTa, MbI CTPEJIsieM MOJIEKYJIAaMH BO3TyXa
B TOT € CaMblid BO3/1yX.

BceM u3BeCTeH SKCTIEPUMEHT C PE3MHOBBIM IAPUKOM, KOTO-
PbIi MBI HAJTyBa€éM CBOMMH JIETKUMHU, OTIIPABJISISICh HA MTPA3/IHUK.
Korna HatyBaeMbIil IIApUK BBIPHIBAETCS, TO BBUIETAIOIIASI CTPYS
0TOpachIBaeT €ro Ha3aj, U OH, MONyYyasi COMPOTHUBICHUE BO3IY-



Xa, TI0 HEOMMCYeMOU TPAeKTOPHH CIyBaeTCsl U MajaeT Ha IoJ.
A Tenepsb MOCTaBUM €l11e OUH MBICTIEHHBII SKCIIEPUMEHT: TTIOMe-
CTHM 3TOT HaJyThIi MApUK B Aajekuit Kocmoc, B aOCOMIOTHBIN
BaKyyM, a 4TOObI €ro He pa3opBajio, BCTABUM B OOOJIOUKY MO-
JIEKYJISIPHBIN KJIaraH U Oy/eM BBITYCKaTh MOJIEKYJIbI ((POTOHBI)
nomTy4Ho. [IpeacraBum, 4To Kaskaas MOJIEKYJa B IIAPUKE B3au-
MOJIEHICTBYET C APYTMMHU MOJIEKYJIaMU C MIOMOIIIBIO JIEKTpOoMar-
HUTHOW 3Hepruu, Kak ¢otoH ¢ miazmon Connia. Tenepb mo-
JIeKyJ1a BO3/IyXa U3 BSI3KOU Cpefibl IIaprKa YCTPEeMIISIETCS] B Cpe-
Jly C HYJIEBOU BA3KOCTBIO, C HYJIEBBIM contpoTusiieHueM. Ha niep-
BOHAYQJILHOM 3Tare cTapTa Bs3Kas cpejia B Iapuke OyieT mpe-
MSATCTBOBAThH OTJIETY MOJIEKYJIBI, & KOTJ]a MOJIEKYJIa OTPhIBAETCA,
TO Cpejia IapyKa MOIyYUT MEXaHUYeCKoe IBUKeHUe (MMITYJIbC
NPUIAYM «BIIEPE/ 32 CHAPSZOM)», T. €. B HAlIPABJICHUH TI0JIETa
JaHHOU MoniekyJbl. [Tocrie BblieTa OuepeaHoi MOJIEKYIIbl IapUK
MPOJOIKUT UMITYJIbCHO TIepeMeIaThCsl B TOM Ke HalpaBJIeHHH.
Ecnu HaOmoeHns MpoIoyKuTh, TO Mbl OOHAPYKUM, UTO IIAPUK
B a0COJIIOTHOM BaKyyMe TIOJIETUT B HAITPABJICHUH BbIIETAIONINX
MOJIEKYJ, T. €. COBEPIIEHHO B JPYr'yl0 CTOPOHY, [0 CPAaBHEHUIO
C 3eMHBIM, JIOMAIIIHAM KCIIepUMEHTOM. [JaHHBIN OIBIT y HAC ac-
COILIMMPYETCS] C PEAKTUBHBIM JABMKEHUEM PAKEeThl, HO B JAHHOM
Cllydae HeT peaKTUBHOI'O ABMKEHMU S, TAK KaK BbLIETAIOIIAs CTPYS
MOJIEKY/I-(POTOHOB — 3TO HEe OTPaOOTaHHBIE I'a3bl, BbUIETAIOIINE
U3 COIUIA, a IITYYHbIE MOJIEKYJIbl. Ec/iu MpUOTKPHITH TOPIOBUHY
IIAPUKA, TO BbUIETAIOIINE MOIIHOUN CTPYyeil MOJIEKYJIbl CO3AALYT
peakTuBHOE ABMkeHue. To ecTh BhUIETAIOIIE MOJIEKYJIbI Oy/IyT



yAApSITHCS 00 Te JKe MOJIEKYJIbI, KOTOPBIE HE YCTICIOT Pa3lieTeThCs
Y pacIpOCTPAHUTHCS B TPOCTPAHCTBE. UTOOBI UCKITIOUUTD pPeak-
TUBHOE JIBWKEHUE, JIJIs1 9TOTO HY’KHA CKOPOCTh CBETA.

Ecnu cHoBa nepeiiiemM Ha (DOTOHBI, TO K&K bl BbLICTAIOIIMIA
(oToH Oyner oTTArMBaTh ITOT CBOEOOPA3HBIN TUIA3MEHHBIN HIap
Ha ce0s1. DTO TOT CaMblil UMITYJIbC «BIEepe[l 32 CHAPSIOM>», M-
nysbe npuaaund. YTo B mepeBoje Ha sA3bIK (DOTOHOB O3HAYAET —
I'PaBUTAIIMOHHOE MPUTSHKEHNE UCTOUHUKA K TIPUEMHHUKY.

Ecmu poToHbI OTCTpeMBaTh C OJHOW CTOPOHBI, TO AP JBU-
HETCs B Ty € CTOPOHY.

B naHHOM OITBITE MBI MOXEM CYTKaMHU U JJa)Ke TOJaMH HaKauK-
BaTh BO3YIIHBIN IIap, TIOKA HE BBIAAET U3 CTPOST KOMIIPECCOD,
WIA Mbl HE TIOUMEM, UYTO IPOJIOJDKEHHE SKCIIEPUMEHTa HUYero
HOBOTO YyKe OOJIbIlie He TPUHOCUT, KpOME 3aTpar.

2.3.2. Coanue crpeJsier poTOHAME

[IpuBeaeHHas BbIllIe MOJEIb C BO3AYIIHBIM IIIAPOM HE MOKET
BBICTYIUTD MOJHOIIEHHON 3aMEHOM (DOTOHHOMY U3JTyUYEHUIO, TaK
KaK BOKpYTI IIapa MMeeTCsl BO3[yIlIHas cpeja, KoTopas UMeeT
OIpE/IENIEHHOE CONPOTUBJIEHHE 17151 BJIETAIOIIUX B HEE MOJIEKYJT
BO3/1yXa. [[/1s1 MOTHOIIEHHOTO OTBITAa HYKHO YOPaTh 3TO BO3AYII-
HOE ITPOCTPAHCTBO BOKPYT IIapa M CO3[aTh BAKYyM, XOTsI Obl BUP-
TYyaJIbHBbIM.

[louemy s Tak roBopro? Jleno Bce B TOM, UTO (POTOHBI IIPAK-
TUYECKM HE B3aUMOAEUCTBYIOT ¢ arMmocepor 3emun. ClnoBo



«TPAKTUYECKW» O3HAYAET, YTO B3aUMOJEWCTBUE IPOUCXOIUT
TOJIBKO TOrAQA, Korna (hOTOH MPsSIMOM HABOJIKOMW IMOMNAIAET B TY
WJIM UHYIO MOJIEKYJTY Ta3a. YUUThIBasl, YTO B CPABHEHUU C (POTO-
HOM IIPOCTPAHCTBO MEk/Ay MOJIEKYJaMH BO3/1yXa UMEET OIPOM-
HbIe pa3Mepsbl, MX BCTPeUr ObIBAIOT HE TaK 4acTo, MOMydaeTcs —
(poroH nerut, kak B Bakyyme. s pacripocTpaHeHHs SJEKTPO-
MarHWTHOW BOJIHBI He TpeOyeTcsl HaJMYMs Cpejibl, HO U TaKas
cpena, Kak 3eMHasi aTMocgepa, He sIBJIsieTCs] OOIBbIINM MPertsiT-
CTBHUEM ISl €€ MTPOXOKACHUSI.

Ot moaenu nepenaeM K Conniyy. Y ConHila, Kak Mbl TIOHH-
MaeM, CTOJIbKO SHEPruu, YTO OHO, MO HAIIUM XU3HEHHBIM Mep-
KaM, MOXET CBETUTh BEUHO.

ConHile — 3T0 MIa3MeHHbIH 1map. [1na3ma — 310 0coObIi BUj
MaTepuu, KOTOPask MOCTOSIHHO TEHEPUPYETCS B HEpax 3BE3[IbL.
Jl1st TOro 4yTOOBI HE B30PBAThCS, 3BE37I€ HEOOXOAUMO TMOCTOSIH-
HO cOpachiBaTh JIMIIHIOW HEPruio. BoT 31eck B posiu 3amuT-
HBIX KJIAMIAHOB BBICTYMAIOT (DOTOHBI, KAXKIbIN U3 KOTOPBIX YHO-
CHUT I10 OJIHOMY KBaHTYy SHEPIrMM B MUPOBOE TPOCTPAHCTBO. Uem
BBIIIIE TEMIIEpaTypa, TemM OoJibilie TeHepupyeTcs: (POTOHOB, TEM
OHU SHEpruyHee.

Kaxaplit oTOH B MOMEHT OTpBIBa JiepraeT (OTTATUBAET) CBO-
UM UMITYJILCOM JIEKTPOMArHUTHBINA 3(hUp 3Be3/bI Ha ceOsl, To-
clie Jyero Tuia3MeHHast o0onouka CoJTHIIa MojTyyaeT OfiMH KBaHT
rpaBUTALIMU. 3a CUET STOrO CoHevHas ¢orocdepa pacimpsier-
c4, 3amumasa CoiHie oT Kosarnca.

CymMa Bcex KBaHTOB, OTJIETAIONIMX (DOTOHOB, PACTATHUBAIOT



COJIHEYHBII 111ap 110 BCEM BEKTOpPaM, HaIlpaBJIEHUSIM B IPOCTPaH-
CTBE.

Tak pabortaetr Mexanu3Mm rpaButaiuy Ha CoJHie.

®DOoTOHBI HE CO3/1AI0T OTAAYY, OHU CO3JAI0T AaHTUOTAAYY !

[To Takoii e cxeme rpaBuTaIys padboTaet Ha 3emiie, IPyrux
IJIaHETaxX ¥ BO Bcer BeeneHHou.

2.3.3. I'paBuTanusa Ha OHOJOTHYECKOM YPOBHE

Kax el 13 Hac Korma-imoo 3aHUMAJICS SIWISLMEN, N30aB-
JISLICSL OT KaKOrO-JIMOO BOJIOCKA, HATIPHMeEp, Ha OPOBH, KOTOPBIT
HAJI0E/IJIMBO 3aKPBIBAN I71a3. DTOW MPOLEAYPOil OCOOEHHO JII0-
OSIT 3aHUMAThHCS JKEHIIMHBI, TIOCBSIIIAsI JJOCTATOYHO MHOTO Bpe-
MEHH BBITAIBIBAHUIO CBOMX BOJIOCKOB Ha PAa3HBIX yYaCTKax KO-
K. DTa onepauus J0BOJILHO OONE3HEHHAs1, HO UTO HE CeJIaelllb
panu kpacothl. OHa (KpacoTa) JOlmkHa cractd Mup, a Beskas
JKEHINMHA TOJIBKO 00 9TOM U MEUTaerT.

Korga BelgepruBaeTcsi BOJIOCOK, B MO3I IOCTYHAET CHI-
HaJ1, MPeAYNPEK AN O HEIOMYCTUMOCTH IAHHOTO JIEUCTBUS,
B BU/Jie OOJIE3HEHHOTO OIIYIIEHHUS], a Y KOTO-TO MOXKET OBITh C MY-
3bIKAJILHBIM COMPOBOXKIEHUEM, Kak U3 Ooposl Ctapuka XoTTa-
Obrua. [ToaToMy, 4TOOBI YKOPOTHUTB OOJIE3HEHHOE OITYIIIECHHE, BbI
MpojesibiBaeTe 3Ty MPOLEeaypy B UMIIyJbce. Pe3koe nBukeHue
PYKH — 1 BOJIOCKA Kak He ObiBasio. Korja ykoBuIia BOIOCKa Bbl-
CKaKMBAaeT HapyKy, BOKPYT BOJIOCKA IOKPOB KOKU MPUTTOAHUMA-
eTcs. DTO Bbl BBIIEPHY/IN BOJIOCOK IMEHHO C TOM CAMOM MpUAa-



yeid. [Ipu mpoaenanHoON mporeaype, eCTeCTBEeHHO, ObUla 3aTpa-
YeHa BHEIIHsISI SHEPTUsl CO CTOPOHBI — MBIIIIEUHAs] SHEPTUS PY-
ku. [Ipu 3TOM B MO3I OCTYIWIT OOJIE3HEHHBIA CUTHAJT O TOM, YTO
OBUIO TTPOM3BENICHO M3BJIEUCHKE BOJIOCKA C UMITYJIbCOM MPHU/Ia-
uyn. K040k Kok, ObUIO, YCTPeMUIICS 3a JYKOBHIIEH BOJIOCKA,
HO 00IIlee COMPOTHBIICHUE KOXKU (BS3KOCTh CPEJIbl) KJIIOUKY (BbI-
CKOYKE) He TTO3BOJIUJIO 3TO CIE/IaTh.

Bosocok ¢ nmykoBuiiel Ha KoHiie — 310 potoH CosHIa ¢ UM-
MYJILCOM, OTTSIHYJI €T0 TUIa3My Ha ceOs1 ¥ IPUXBATHII e11le HEMHO-
ro Beuiectsa (sHeprum). [IpeacraBbre MHTErpasibHOE (CyMmap-
HO€) IEMCTBHE BOJIOCKOB Ha Balllel Koxe. Eciii Bce BOJIOCKM Hau-
HYT BBICKaKMBaTh M3 KOXHU, TO uTo? KoXka mpocTo B3ApIOUTCS
Y HaYHET OTPbIBATbCS OT TeJa, a ITO YK€ CMEPTEIbHO OMACHO.
Hy, mpemynpesxa ke Bac TOT NEPBbIiA BOJIOCOK 00 OMacHOCTH!

YrtoObl He BO3HUMKAJT IIOK, HYKHO KaXX/Iblii BOJIOCOK BBIJICPIHU-
BaTh HA CKOPOCTH CBETA, 4 CAMH BOJIOCKM PA3MHOXHUTb Ha MHO-
TOYKCJIEHHbIE MUKPO-, HAHO-, MIMKO-, (heéMTO-BOJIOCKH, B KOHEY-
HOM WTOTE, HY BbI IIOHSUIM — HA (DOTOHBI !

Bort Tenepsb Bce npekpacHo, (hOTOHBI B BUjIe MH(PPAKPACHOTO
u3iydenus (KpagoHbl) MAJUTMAPIAMU U TPUJUIMOHAMM BbLJIETa-
10T 13 BaIIIero Tejla COBEPIIEHHO 0e300JIe3HeHHO, HO BCEr/Ia ITPH-
XBaTHIBAIOT SHEPIUIO, TY CAMYIO JIYKOB (-UI1y, -UKY) U YHOCHT €e.
Kyna? B okpyxaroriee mpocTpanctBo u B Kocmoc.

A 3a cyeT KakoW Hepruv BbUIETAIOT 3TU (PEMTO-, aTTO-BO-
socku? EcrecTBEHHO, 3a CUET SHEPTMU TOM CAMOM TETUIOTHI, YTO
HAKOITWIH, JIEKa Ha neyd. A 3auem oHM BbUieTaloT? YtoOsl Bl



He neperpeaucs! Hy uro Tyt ckaxemms — myapa [Ipupoaa!
He no ceoen Bosne nexan Emens Ha nedu, oHa €ro MpuUTAru-
Baja!



2.4. CoHeyHass MOCTOSAHHAS.
Yro cKpbIBaeTcs 3a Hen?

I'pasumayusi — smo oxaaxcoerue!

Connue — 3Be37a. A KoJiv 3Be3/1a, TO €e BCe 3HAI0T, UMEETC s
B BUJY, BCE KOCMUYECKHE OOBEKThI, KOTOPBIE €€ «BUISAT.

Commnrie — 38e31a, ConHIle He TPUHAIIEKUT ceOe, B ero JIydax
rpetorcs apyrue!

BeCcKOpBICTHOCTD, IIEAPOCTh W MOCTOSTHCTBO — BOT KJIIOUM
MIPUTSIKEHUSI K HEMY.

Ho 0cHOBHO# KJTI0Y IPUHAUIEKHUT TEIUIOTE. XOTS HAPAMYIO
TEIJIOTa He TIEPEHOCUTCS] HA OTPOMHbBIE PACCTOSIHUS, TEM HE Me-
Hee 370 Tak. O npeoOpazoBaHusAX (POTOHOB B TEIUIOTY Oyj1eM ro-
BOPUTD B MOCJIEAYIOIINX pa3jiesax.

ConHeuHOe U3Ty4YeHUE OT IIAPOBOW MOBEPXHOCTH HUCXOUT
OTHOCHUTEJIbHO CUMMETPUYHO U MPOMOPIUOHATIBHO BO BCE CTO-
ponbl. IHbiMu cioBamu, CostHIle ochutaeT POTOHBI IPaBUTAIIUN
BCEM 0€3 UCKJIIOUEHN A KOCMHYECKUM OOBEKTAM, HAXOIAILIMMCS
OT HEero B psiMor BUIMMOCTU. OCHOBHOE U3JTyYeHUE UJIET B UH-
(ppakpacHOM, KpaCHOM, CBETOBOM U YJIbTPauOIeTOBOM JIMara-
30HAaX ¥ HE3HAYMTEIHHO — B PAJIMO- M raMMa-rara3oHax.

3emiisi — IUIAHETa, CKPOMHBI KOCMUYECKUH TPYKEHUK
no Haiimy. PabGortaer Tonmpko Ha omHoro xossimHa — ConHile
U Ha CBOIO JIoub — JIyHY, 4TO-TO JlocTaercsi ee cectpe Benepe



u Opaty Mapcy, HO 3T0 KpoxH, Kak TesiedoHHble SMS-no3pas-
JieHus1 ¢ MexXayHapoHbIM KEHCKUM JIHEM M [IHeM 3alluTHHKA
Oreuectna.

3emuisl, Kak U3BECTHO, HE XOJIO[HAs IJIaHETA, T. €. B ITaHHbIN
NEpUO] OHA YK€ HAKayaHa SHEPrUel, U eil TOJIbKO OCTAETCs MOJI-
JepkuBaTh TeryIoBoy OanaHc. CoTHEeYHOe N3TyYeHNe HarpeBaeT
ofIHy nonycepy 3eMHOI MOBEPXHOCTH, oOpartieHHylo K CosH-
iy. JlHeBHOe nofylapue, Kak HanOosiee HarpeToe, nepensayda-
€T SHEPruio OOPaTHO B CTOPOHY UCTOYHHKA, HO B O0JIee IJTMHHO-
BOJTHOBOM CIIEKTPE JIEKTPOMArHUTHBIX BOJTH. Yem Oorblre 3em-
JIS1 IOJTyYaeT COJTHEYHOTO M3ITyYeHHsI, TeM OOJIbIIe BTOPUIHOTO
U3JTy4eHUs, TeM OOJIbllle TOJHUMAETCS, PACHIUPSIETCS] TIOBEPX-
HOCTb JTHEBHOTO TONYIIApUsi, TeM OOJIbIlle CUja MPUTSKEHUSI.
A TIOCKOJIBKY CPEJHECYTOYHOE (MECAYHOE, TOAOBOE) U3ITyYEHUE
CosHIIa CTATUCTUYECKU OIMHAKOBOE, TO M MPUTSIKEHUE 3eMin
Connuem crabuibHoe (opOuTa 3emud OMM3Ka K OKPY:KHOCTH,
skcueHTpucuter — 0,0167).

[TpuTskeHre Mexay TeJaMu, Kak Mbl MPEJICTaBIsieM, OCy-
HIECTBIISIETCSA C MOMOIIBIO HEKOUW CUJIbI, & €€ MOXHO IOJIY4YUTh
TOJIBKO C [TOMOIIIbIO SHEPIUH.

K uemy Bcs 3Ta nmpeamOyna? A Bce K TOMY, YTO TATOTEHHE
VUIA TPABUTALIASA MEXKY TEJIaMU, IUIAHETAMU U 3BE34AMUA MOKET
BO3HMKATh TOJIBKO MPY HAJIMYUY ONPEIEIEHHON SHEPIUU. DHEp-
TSl MOXKET NMOJBOJUTHCS U3BHE, 32 CUET ITOU SHEPIUU I'PaBUTH-
pytoT riaHeTbl COJHEYHOI CUCTEMbl. DHEPrusi MOXKET FeHepU-
pOBaThCs M BHYTPH HEOECHBIX TeJl, TaK MPOUCXOANT TATOTEHUE



ME:XAy BCEMU MpeaMeTaMu Ha 3eMJie (Iapbl B KPYTHIIBHBIX Be-
cax Kasenauina). KommuectBo reHepupyeMon SHEPIrUM 3aBUCUT
OT 0O0beMa TeJla U ero Macchl.

WTtak, TAroTeHME BO3MOXHO TOJIBKO IIPU HAIWYMUA SHEPIUU
Y MacCCBhl.

Yrobs! ynepkuBaTh 3eMimio Ha opoute ConHIA, Hy)KHA CHJIA.
DTy CWIy MBI ONpPENENSAEM O 3aKOHY BCEMUPHOIO TATOTEHMS
Herotona (1.1).

CornacHo pacuetam, 3Ta cuia paBHa F=3,54.1 0% H. I[epe-

BEIeM €€ B K2, IONyYuM F=3,6+1 0*! k.

Kak Buaum, Mbl UMEEM J€JI0 C OTPOMHOM CHJIOH.

A Tenepb MpocTo nopasmbiuisgeM. YToObI CO31aTh TAKYIO CH-
JIy IPUTSIKEHUS, HY’)KHO HAWTH €/ SKBUBAJICHT SHEPTUM, TaK KaK
TOJIBKO SHEPrusi MOXKET CO3[aTh JaHHYIO CHIy TAroteHus. e
WCKaTh SHEPruio, s aymawo, NoHATHO — B ConHie. YacTtuyHo,
KOHEYHO, Moa0packiBacT U 3eMJIsl U3 CBOETO TeIJIOreHepaTopa,
HO OCHOBHBIM MOCTaBUIMKOM siBjisieTcst CONHIE.

C sHeprueit onpeaeuivch, a Ternepb OyJeM 3Ty SHEpPruio co-
Ouparh MO Kpymnuilam, ONTOM U B PO3HHMILY, B UCTOYHHUK T'DaBH-
TalUH.

OCHOBHOW BH]I HEPTUM, KOTOPYIO MOJyYyaeT IUlaHeTa 3eM-
Jd, — 9T0 (POTOHHAsA HEprus (COJHEYHas SHEprus). Yde-
HBIE-9KCMIEPUMEHTATOPbl €€ MOCTOSIHHO M3MEPSIOT, U OHA W3-
BECTHA KaK «COJIHEYHAs MOCTOsIHHAS», KoTOopasi paBHa 1367 Bt/

M. D10 SHEPrusi COJIHEYHOrO U3JIy4YEeHHM s, MPOXOAsaIas 3a eau-



HUIy BpeMEHU Yepe3 €IWHUYHYIO TUIOMIA/IKy, OPUEHTHPOBAH-
HYIO TIEPIIEH/IMKYJISIPHO MMOTOKY, HA PACCTOSIHUU OJIHOUM aCTPOHO-
MUYECKOMN €IMHUIIbI BHE 36MHOU aTMOC(EpHI.

INoacunrano, uro ConHile nmoceuiaeT Ha 3emimo 1,74- 107 Br,
B pacu€re Ha nonyiapue 3emin. Kak Buanm, 3a 1 cekyHay 3em-
JIS TIOJTyYaeT OrPOMHYIO SHEPTHI0, HO Jake ITOW SHepruu Heslo-

CTaTOYHO JJIs1 KOMIIEHCAIu Tou cuiiel (F'=3,6 0% K2), YTOOBI
HE OTOPBAThCs OT CBETUJIA.

Haiee neperemM Ha JIOTUKY PACcCyKACHUM.

3emiisi WMeeT CTaOWIbHbIE SHEPreTUYecKue mapameTphbl
Ha MPOTSKEHUU OI'POMHOIO KOJIMYECTBA JIET, IO MEPKaM pa3yM-
HOro yesioBeuecTBa. CTaOMIBHOCTD IA€T Ty camMmylo KOM(POPTHYIO
Y TIPUTOJIHYIO JIJIS1 YeJIOBEUECTBA TEMIIepaTypy MPOKUBAHMUS.

Bokpyr 3emnu Haxonutcs atmocdepa, B 20-KUI0METPOBOM
cioe Haxoautcsi 90% Bceul atMocdepsl, a 3TO TOXKE OIPOM-
Hast macca. Kpome toro, B atMocepe HaxoquTcsi map u ooma-
ka. MHaue roBops, 3emHast arMocgepa, Kak koiblia CarypHa,
UMEET OIpe/IeIeHHYIO TJIOTHOCTh M MPUHAUICKUT 3eMiie Kak
ee HeoTbemieMasl 4acTb. ATMOcdepa MOJTHONPABHO MOTyYaeT
Ty € 3Hepruto Connua. Banaaure Ha 3akar: CosHIE yKe 3a ro-
PU3OHTOM, a 00JIaKa SIPKO OCBEIIEeHbI. DTO OfIHA U3 COCTABJISIO-
IIMX JIOTIOJTHUTEJIBHOW SHEPTUH [Tl BOCTIONIHEHH S OalaHCca MeX-
Ny Taaionien Ha 3eMITio SHEpruen U CUJION €€ MPUTSIKEHMUSI.

Bce BblllleckazaHHOE — 3TO HEPrusi CBETa, HO €€ MEPEHOCT
HE TOJIbKO CBETOBbBIE BOJIHBI. DHEPIUI0 MEPEHOCT NEKTPOMAr-
HUTHbIE BOJTHBI BO BCEM YACTOTHOM JAMAaria30He — OT PaIMOBOJ-



HOBOI'O M3JIy4€HUsl JO FaMMa-U3TyYeHuUsI.

[Tomumo 3t0ro, or ConHua B atmocepy 3eMiIM TPOHUKAET
MOTOK 3apsSIKEHHBIX YacTUll. B MOMApHBIX palioHaX STH YaCTHUIIBI
VOHU3UPYIOT aTMOC(EPY, UTO MPUBOIUT K MOJISIPHBIM CHUSTHUSIM.
ComnHeuHbIi BeTep, MarHUTHbIe Oypu — 310 Bce Heprusi ComHIIa,
KOTOpasi TpaHCchOPMHpPYETCs B TEIUIOTY, Oe3 Hee HUKYAa, a To-
TOM CHOBA B U3JTyUYECHUE.

Tenepsb crycTuMcs Ha 3eMJTIO Hallly «Ipelnyio». N3nydyeHue
3eMJ MBI HE BUJIUM, HO €CJIM KOCMOHABTHI OpOCAIOT B3IJISII
13 WIIIOMAHATOPa Ha HOYHOE NOJIYIIAPUE, TO OHU BUJAT 3EMITIO
B roiyooBaToM cBete. OCHOBHOE M3TydeHHe 3eMJIH UJIET C OCBe-
nieHHoro CoJsHIIeM MoJylapusi, TPUTOM OOpaTHO B CTOPOHY
CosHLa, YaCTUYHO B KOCMUYECKOE ITPOCTPAHCTBO. DJIEKTpOMar-
HUTHOE M3Iy4YeHHe He C(POKYCHPOBAHO, OHO TIONOOHO CONHEY-
HOMY, HOPMaJIBHO PACHpPOCTPaHsETCS CO Bceu cdepbl 3eMIIN.
B ominune ot coHeYHOro, KOTOpoe UCIyCKaeT CBETOBbIE (POTO-
HBbI, 3eMHbIE (POTOHBI — 3TO B OCHOBHOM HH(D)paKpacHoe H3-
JydeHue, KpacHbie (pOTOHBIL, JJIs1 KPATKOCTH — KPa(POHBIL.
B pasgenax «['paButaiusi npuemMHuKa», «Cujia TpaBUTALIUN»
pazbepemcsi ¢ uznydyenuem 3emuin Oosee AeTaibHO. CKOJIBKO
SHeprum yxomut ooparHo Ha COJHIIE M CKOJBKO C JIHEBHOTO
¥ HOYHOro nonyuapuvd — B Kocmoc? DT 3HaueHus sHEpruu
0 OTIEJIbHOCTH TPY/AHO NOAJAI0TCS TOYHBIM pacyeTraM, HO OHU
YKUCJIEHHO paBHBI HEPruM, MojyyeHHou oT Hamero Ceeruia,
uHave He ObUTO ObI OaslaHca.

3emMis, BCIEACTBUE CBOETO BPALIECHUS BOKPYI OCH, CXkKara



y TOJTIIOCOB U PACTSIHYTA TI0 9KBATOPY U 10 hopme Om3Ka K -
yuricouay BpauieHus. [Ipeanonaraercs, 4ro mjaaHeTa B 9KBaTO-
pUATBHON OOJACTH PACTATMBAETCS TOJBKO 32 CUYET HEHTPOOEK-
HOM cuiibl. B nanpHeiiiem OyayT MpUBeAeHbl pacueThbl, KOTOpbIe
MOKA3bIBAIOT, YTO IIEHTPOOEKHBIE CHJIBI MOTYT PACTSHYTh 3eM-
JIO TI0 9KBaTOpy ToMbKO Ha 50%, a OTKy#a OepyTcsl OCTaBIIIHe-
cs1 50%?

BTopylo MoMOBUMHY SKBAaTOPUAIBLHOTO pacHIMpeHusi OepyT
Ha ceOsl rpaBUTAIIOHHBIE CUJTBL. MBI MPEKPacHO 3HaeM, UTO K-
BaTOpUaJIbHAsl YaCTh HArPEBAETCSl 3HAUMTEIBHO CUJIbHEE TOJISAP-
HBIX 00JIaCTel M, COOTBETCTBEHHO, PACTSATUBACTCS, pacIIUpsIeT-
cs1 6onbie. Ito padoTa 6e3MaccoBOr YacTHUIlbl — (poToHA?, 3eM-
HOro Kpacona!

Ha HOYHOM moONMyImapuu u3ayveHre SKBAaTOPHATbHBIX 00na-
CTeil B KOCMUYECKOe MPOCTPAHCTBO TaKKe OOJNbIIE B CUITY HX
O0JIbIIIeH HArPETOCTH.

Elie oqHO yTouHeHue B Mojib3y TeOprH (POTOHHO-KBAHTOBOM
rpaBUTAallMM COCTOUT B TOM, YTO NEPEHOCUYMKAMM I'PaBUTAIM-
OHHOT'O B3aUMOJICHCTBUS SIBIISIOTCS (hOTOHBI. 3a OAMH 0OOpPOT
BOKpPYr OcH 3emJisl TOJIy4YaeT SHEPruu B KOJMYECTBE PABHOM
1,5-10% JLx/cyTKH.

Boripoc: kyaa sta orpomnast sHeprust ConHiia pacxomyercsi?

OrtBeT: sHeprus npeBpalaeTcs B TeIUIOTy 3eMId, YaCTUYHO
UET HA OTpaxeHue!

Kpowme Toro, 3emiis yke Harpera 1 HakayaHa TOW CaMOM Tel-

4 o o
Ectb ente ogHa cuia, peub 0 Heit noizer B pazgene 2.8. «Cxarue 3emin»



JIOTOM-9HEPruer M MpoJoJIKaeT ee cama reHepupoBaTh, HO OJ1a-
rofaps U3My4YeHUI0 B CBOOOTHOE KOCMHYECKOE IMTPOCTPAHCTBO ee
MOBEPXHOCTh OXJIAXK/1a€TCHl.

Jlioboe Teno uiaM BEleCTBO BCerja CTPEMHUTCS K OXJIaxk/ie-
HUIO, K YMEHBIICHHUIO SHTPOIIUU B OKPYKAIOIIEM ITPOCTPAHCTBE.
Tak ycTpoeH (pu3n4ecknii MEXaHU3M B3aUMOJICHCTBHSA B IIPUPO-
Je.

OO01en3BeCTHO, YTO OXJaXJIeHHEe HUIET uepe3 3JIeKTpomar-
HUTHBIE BOJIHBI (MU3JIyYeHME), U Yepe3 HUX K€ OCYIIECTBISETCS
I'PaBUTAIMOHHOE B3aMojercTBUE. MIcX0ons u3 cka3aHHOTO, MOX-
HO C/IeJIaTh KPaTKoe 3aKTI0UYeHUE: OXJIaK/1eHne TeJ —3TOo Jeil-
CTBHE rpaBUTAIMHA!

[TapamokcasbHO 3BYYUT C TOUKU 3peHUst (PU3MKHU, YTO OXJia-
KIEHUE — ITO JIeHCcTBHE TON camol rpaButanmu! Vnm, Hao60-
POT, C HOMOIIIBIO TPaBUTALIMK MPOUCXOAUT OXJiaxaeHue. [ paBu-
Taius OECIUIaTHO He JeJlaeTCsl, SHeprusl, MoTpaueHHas Ha OXJa-
JKJIeHWe, — 9TO 1 eCTh IIaTa 3a ee padoTy, CBA3AHHYIO C TIPUTS-
JKEHHEM.

Ternepb MOXHO J1aTh OTBET Ha OOOOIIEHHBI BOIPOC: Ky/a
pacxoayercst orpomHasi 3Heprust Connna? O1HO3HAYHO — Ha Ha-
rpeBaHUe U TYT K€ Ha OXJIaXJIeHUE, T. €. B KOHEYHOM UTOre —
Ha rpaBUTalMOHHOE B3aumopnenctsre! Ha Bompoc, nocrasieH-
HBIM B 3ar0JIOBKE CTAaThU, €CTh OTBET: 34 COJIHEUHOM IMOCTOSIH-
HOIl CKpPbIBaeTCs rpaBUTAIUA!

Kak 310 npoucxogur B netansax? YuraeMm npeablayniuii u mno-
CJIEYIOIIMNA MaTepUaJl KHUATH.



2.5. I'paButanus npuemauka. Yacrs 1

Tennoma nopoofa)aem pasumauuio —z2pasumauusi
nopoofC()aem menJaomy.

OT UCTOYHMKA T'PAaBTALMOHHBIX BOJIH IEPEUJIEM K UX IPUEM-
HUKY.

Teso, KOTOpoe MPUHUMAET (TIOIJIOIIAET) U3JTyYEHHUE UCTOYHU-
Ka, SIBJISIETCSI IPUEMHHUKOM IPABUTALIMOHHOIO U3Ty4yeHus1. B ka-
YecTBE IMPUEMHUKOB BBICTYIAIOT BCE TeJsia (BEILECTBA), CyIIe-
CTBYIOIIIME B TMPUPOJIEC, B TOM YHUCIIE KOCMUYECKHE OOBEKTHI —
TiaHeThl U camu 3Be3lbl. C JIpyroit CTOpOHbI, BCsS yKa3aHHast
MaTepusi MOXKET BBICTYIIaTh B POJIM KPACHO(POTOHHOTO UCTOYHU-
Ka T'PaBUTALMOHHOIO U31y4eHus. KpacHO(pOTOHHBIN — OT CJIOB
KpacHblid (pOTOH (KpadoH), T. €. ITO BTOPUYHBIN, TTPOU3BOTHBIN
OT OCHOBHOTI'O (pOTOHA (BOJIHBI) KBAHT SHEPrum. lyaqnusM OmHO-
BPEMEHHOTO MPOSIBJIEHUSI CBOUCTB UICTOYHUKA I'€HEPALIAX U IIPU-
€MHHUKa 3JIeKTPOMarHuTHLIX BOJH (DMB) ecTb KpaeyrojbHbIi
KaMeHb, Ha KOTOPOM [JEpPXKUTCSl I'PABUTALIMOHHOE B3aMMOJEH-
CTBHE (BCEMUPHOE TATOTEHHUE).

Kak 310 mpoucxonut?

CMmopnenupyeM IaHHYIO KapTHHY Ha IIpUMEpPE OAHOTO (POTOHA,
setsero ot ConHia. POTOH, KaK U3BECTHO, KPOME CBETA HECET
Ha Hairy 3emo 1 Terio. Kak MUKpOCKomHbIN (hOTOH MepeHo-
CHUT TEIUIOTY B BaKyyMe€ U KOCMHUYECKOM XOJIO[€ Ha MUJLJIMOHBI



KMJIOMETPOB — 3TO TPYJHO MOAAETCS TOHUMAHUIO.

Omnumry Bkpartue. [1pn monagannu potoHa B Kakoe MO0 3eM-
HOE TEJIO WIXA BEIECTBO, & KOHKPETHO B TOT WJIM WHOW aTOM,
IPOMCXOIUT NEPEBOJ] 3TOr0 aToMa B BO30YKAEHHOE COCTOSIHUE.
ITpeanono:xum, oAMH U3 MEKTPOHOB JIAHHOTO aToMa MOKHUJIAeT
CBOIO OPOMTY U MOMAIAET B JIEKTPOMArHUTHBIE TOJS (JIEKTPO-
MarHuTHBIA 3(Up) AEHCTBUS APYrux aToMoB. [TockomnbKy ObLia
IpoBeieHa padoTa BbIXOJA IEKTPOHA, TO OH MpPUOOpeTaeT 3a-
psan (—e), a aTOM, COOTBETCTBEHHO, CTAHOBUTCS MOJIOKUTEIIb-
HBIM MOHOM.

Bpems Bo30ykaeHUs aTOMa JJTUTCS OKOJIO 108 ¢, IocJie ye-
IO 3JIEKTPOH BO3BpALAETCs Ha3a/l WM MPUCOEAUHSETCS K JIpy-
roMy MOHY U pekoMOuHupyeT ¢ HUM. [locie dyero BeipensieTcs
OJIMH KBAaHT TEIJIOTHI U OTCTPESIMBAETCS] KPACHBIN CITYTHUK (Kpa-
on).

BprlmeckazaHHoe yKa3piBaeT Ha KOHEUHBIH MPoIecc mpeoopa-
30BaHus HEPrun (POTOHA (BOJIHBI) B TEIUIOTY. A cen4ac MOCMOT-
PUM 3TOT IIPOLIECC MO MPULIEJIOM I'PaBUTALIUY.

2.5.1 Coanne — 3emuasa — CoJiHne

be3 sHepruu HeT IBUKEHUS U HeT UMITYJIbCa, a 0e3 IBUKEeHUSI
HeT nepeHoca SHeprun. POTOHBI, KaK U3BECTHO, B CBOEM JIBUKE-
HUY TPUOOPETAIOT MHEPTHYIO Maccy, 00agaioT SHepruen 1 um-
nyiabcoM (1.12). A ecam 310 Tak, TO (POTOHBI MOKHO OTOXJE-
CTBHUTb C MaTepUATbHBIMU YaCTUIIAMHU.



DHeprusi COTHEUHbIX (POTOHOB B OCHOBHOM Macce MPeBOCX0-
JIVT SHEPTUI0 3eMHBIX (DOTOHOB, HO €CTh OJTM3KHE, COBMAIAIONTIE
Mo 4yactoTe ¢ 3eMHbIMU. Kak mpaBuiio, 310 (pOTOHBI KPacHOTO
1 UH(PAKPACHOTO CIIEKTPA, OHU COCTABJISIIOT MEHBIITUI MTPOLIEHT
OT CBETOBbIX, HO OHU MPUCYTCTBYIOT. BOT ¢ HMX M HauHEM pa3-
OUPATENTLCTBO TIO JeJTy «TPaBUTAIHS» .

ConHeuHbI (DOTOH Uepe3 8 MUHYT IOJIETA «BPE3AETCS», HET,
HE BpEe3aeTcsi, OH MOMNajaeT B POAHYIO CTUXUIO — B JIEKTpOMar-
HUTHbIN 3¢pup 3emin. Kak TosbKo (POTOH MOSIBISIETCSl HA Ipa-
HUIIE KaKOro MO0 atomMa, IMPOUCXOAUT MOJHUEHOCHOE B3aUMO-
JIEMCTBYE MAarHUTHOM COCTaBJISIIONIEN Mol (POTOHA C MAarHUTHOU
COCTaBJISIIONIEN 1M0JIs1 aTOMa 3eMJIU. ATOM IBITAETCSI BTSIHYTh I10-
Jie sieTsero poroHa, a (OTOH MBITAETCS MOTSHYTH MOJIE aTOMa
Ha ceOs1. He BHMKAst B TOHKOCTH JAHHOUW OOPBOBI, CIIETyeT OTMe-
TUTh CJIeyIolIee: MOCKOIbKY (DOTOH KPACHBIN, TO IEKTpOMar-
HUTHBIE CUJIbl aTOMA MTPEBAMPYIOT HaJ (POTOHOM M OKOHYATETb-
HO €ro BTATUBAIOT, MOCJIe Yero (hOTOH MOMJIOMIAETC .

Bot 31ech BecbMa Ba)kKHBII MOMEHT: Ha KAKOE€-TO MTHOBEHHE
(hazoBast ckopocTh hOTOHA MPEBBICUT CKOPOCTDH CBETA B BAKYyMe,
HO 3TO HE MPOTUBOPEUUT OCHOBAM O €€ MOCTOSIHCTBE, JIMHEMHAs
CKOPOCTh B BAKYyMe€ OCTAE€TCsI IOCTOSIHHOM, YTO U NOATBEPKAAET
. B. CasenbeB [3, c. 226].

[Tpu coBnajgeHnn 4acToT (hOTOHA M KOJIECOAHUH 3JIEKTPOHOB
B aTroMme, (bOTOH MOoIJIoNIaeTcs B pe3oHaHce. B aToM citydae atom
MOJTy4YaeT KBAHT YHePrum (KBaHT TemJIoThbl). OMbIT MOKa3bl-
BaeT. YTO UMEHHO MOIIOIIeH!e (POTOHOB U BHIHYKJEHHBIE KOJIe-



OaHMs JIEKTPOHOB OCOOCHHO MHTEHCUBHBI HA PE30HAHCHOM Ya-
CTOTE. V=V, 3/IeCh: Vz — YaCTOTA UCTOYHUKA, V, — YaCTOTa TPH-
eMHUKa.

[Mocne nmobenpl HajL (POTOHOM aTOM, TIOMUMO KBaHTa TEILIO-
ThI, TTOJTy4aeT MEXaHWYECKUI UMITYJIbC IBUKEHUS P, HAIIPaB-
JICHHBII HAaBCTpeuy NpuiieTeBinemMy (otoHy. BoT 3T0T HMIysibe
SIBJISIETCS] TEM MEePBBIM 3JIEMEHTAPHBIM HMITYJIbCOM rPaBH-
TAlMOHHOTO MPUTSIXKEHHSI MEK/1y HCTOYHUKOM U MpHeM-
HHUKOM.

Ps=Pr

Ps — UMILYJIbC UICTOYHUKA, P, — UMIIYJIbC IIPUCMHHKA.

B nanHOM ciyuae, Kak BO BCAKOW (PU3MYECKOUl CUCTEME,
TaKXke BBITIOJHAETCS 3aKOH COXPAHEHU S SHEPTUU U UMITYJIbCA.

G




Puc. 2.3. I'pasumayuonnoe e3aumooeiicmaue geuwyecmea ¢ ¢ho-
IMOHOM.

DOTOH OKOHYATEJIBHO MOMIOIAETCS 3eMHbIM aTOMOM, KOTO-
PbIil [OJTyYaeT KBaHT I'PaBUTALMU U KBAHT TEIUIOTHI, IOCIIE YEro
aTOM MCITyCKAeT KPACHBIM CIIYyTHUK (KpadoH).

C naHHBIM CITYTHUKOM MBI BCTPETUMCS YyTh HIKE.

Tenepb cHOBa BEpHEMCS Ha CTAPTOBYIO MO3ULIMIO U MPOCJIe-
UM 3a TIPUJIETOM CBETOBOTO (POTOHA, KOTOPBIA MPEBOCXOAUT
CBOEU SHEPIrueyr 3eMHbIE aTOMBI.

Ha pucyHke yclOBHO MoKa3zaHa KpHUCTaJUIMYecKasi pelieTka
3€MHOI0 BELIECTBA C IEBATHIO ATOMAaMH.

Kak 6b110 yKa3aHo panee, (bOTOH 001a1a€T UMITYJILCOM JIBU-
xkenus (1.12).

pp=hv/c

I'ne h — nocrosiHHas Inaxka,

V — 4acTOTa U3JTyYeHMUH,

¢ — CKOpPOCTh CBETa B BaKyyMe.

®otoH netur no BeKTopy G W MomajaeT B MOJe ACUCTBUS
3emHoro aroma nop Nel. Kak u B npenpigymiem ciyvae, (poToH
Y aTOM B3aMMOJEVCTBYIOT HA TIOJIEBOM YPOBHE, IIOCJIE YEro Kax-
JbI U3 HUX MOJy4yaeT WUMITYJbC MPUTSKEHUsI HABCTpPEUY Ipyr
apyry. Ha manHom otpe3ke myT y (poToHa 3HEprum OomblIe,
Y OH, BO3JICHCTBY Ha aTOM, BO30YK/IaeT ero, BhlAepruBasi OJuH



WJIN HECKOJIBKO JIEKTPOHOB Ha Oojiee BhICOKYI0 opouTty. [Tocie
B3aMMOJEUCTBUA ¢ (DOTOHOM JAHHBIY aTOM IIOJIy4aeT MMITYJIbC
(omycTum, Ba KBaHTA) MPUTSKEHUS 110 BEKTOPY MpUJIETEBIIIE-
ro (bOTOHA, HO TYT k€ TEpSAET OJUH KBAHT IIPU BhIXOAE (POTO-
Ha U3 N0JIS JEWCTBUS JAHHOTO aTOMa. JTO MPOUCXOAUT ITOTOMY,
YTO TENEph yKe yXOAAIUN (POTOH AEPraeT aToM I10 X0y CBOETO
JBKEHUSI.

[Tocne B3aMMoAENCTBUA C MEPBBIM aTOMOM (DOTOH TepsieT
YacTb CBOEW SHEPIMM, Er0 UMITYJIbC YMEHBIIAETCS Ha BEJMYUHY
Ap;, a COOCTBEHHAsI YacTOTa KOJIeOAaHU CHUKAETCS /10 V.

Apj=hv/c—hv/c

[To mepe mpoaBUkKEHUS BIITYOb JIEKTPOMArHUTHOTO 3upa
3eMi CONMHEYHbI (POTOH MOXKET BO3OYIUTH €Ille HECKOJIBKO
aTOMOB, KOTOpbIE MOJTyYaT MO KBaHTY MPUTSOKeHUs. B maHHOM
cllyyae si He paccMaTpuBai0 OTKJIOHeHMe, mpeaomieHre DMB,
CBSIaHHOE C AaHW30TPOMHOCTBIO BENIECTBA, TAK KAaK 3TO HE BIIUSET
Ha KOHEUHBIW pe3yJIbTarT.

A 4TO MPOUCXOAUT C HAIIKUM (POTOHOM, KOTOPBIN, HEB3UPAsI
HA MOM pacCyXkJIeHUs, YK€ HAXOAUTCS Ha TpaHMIle TIOJIs aToMa
nozr Ne5? ITockosbKy aToMbl aOCOMIOTHO WAEHTUYHbIE, a (DOTOH
TOJIKO UyTh MOYOABWJI CBOIO SHEPruio, MpeAcTosIIas BCTpeda
C JaHHBIM aTOMOM MPOUJIET TOYHO IO TAKOMY K€ CLIEHApHIO, Kak
¥ C TIepBbIM aTOMOM. ATOM Ne5 oTOupaet y hoToHa CBOK 4acTh
SHEpPIUy U CHUXKAET €ro 4acToTy 10 V).



Apr=hv/c—hv/c—hv,/c

[Tareiii atom 3a0upaeT 4YacTh SHEPrUM y AaHHOTO (POTOHA
1 OOJIbllIe HUYETO C HUM CIENaTh HE MOXET, TaK Kak y MOcCyea-
HEro elle JOCTaTOYHO CUJI, YTOOBI «[T0OOPOTHCS» ¢ aToMOM Neb.

VY mectoro aroma COBEPLIEHHO CTaHAAPTHBIA MOIXOM, Kak
¥ y TpenbAylnyX, HO (POTOH yKe YaCTUYHO PACTPaTHII CBOIO
SHEPIUIO, TI03TOMY OH IOITIOIIAETCS JAHHBIM aTOMOM BEILECTBA
NPUEMHUKA, KOTOPBII MOTy4YaeT UMITYJIbC Ap3.

Ap3=hv/c—hv/c—hvy/c— hvs/c

h(v—v, —vy; —1v3)

Aps P

B naHHOM city4ae uMITynbC Ap3 aepraeT aToM BelecTBa Ipu-
€MHHMKa 10 BEKTOPY, HAIIPABJIEHHOMY BCTPEYHO NPUJIETEBILIEMY
(porony.

B nesnom, BemecTBO NMPUEMHUKA, B JIAHHOM Clly4yae IUIaHe-
Ta 3emis, MOJIy4yaeT HECKOJIbKO KBAaHTOB rpaBUTaliu. ViMitynbe
NPUTSKEHUS py ucTouyHuKa (CosHIA) paBeH UMITYJIbCY IPUTS-
JKEHU S IPUEMHHUKA P, (CyMME UMITYJIbCOB, ITOJTYYEHHBIX KK IbIM
3€MHBIM aTOMOM).



Ps=Pr=Ap1+Ap2+Ap; (2.8)

DTO U €CTh T€ CaMble HEYJOBUMbIE T'PABUTOHBI, KOTOPHIE Tie-
PEHOCAT UMITYJIbChl TPAaBUTALIMK U CO3JAI0T CUIIY MPUTSKEHUS
ME:XAy UICTOUHUKOM U IIPUEMHUKOM !

ConHile sBISETCA MIMPOKOIOJOCHBIM HUCTOYHUKOM M3JTyYe-
HUsA, OHO TEHEPUPYET MPAKTUUYECKU BCIO IIKany DMB, mosro-
My He BCE (POTOHBI MOIVIOIIAIOTCSA MPUEMHUKOM OIHOMOMEHT-
HO. OCHOBHOU CIIEKTP COJIHEYHOTO M3JIyY€HUsl MPOCTUPAETCS
OT yJbTpagproneToBbix JIMH BOJIH (380—35 HM), cBeToBbIX (770
—380 HM) u koHuyasa uH@pakpacHeiMu BosHamu (0,1 MM—
770 HM). YabpTpadroneToBoe U3ny4eHre YaCTUYHO MOIJIONaeT-
cs1 atMocepoit U 001akaMu (3Ta SHEPrUsi YACTUYHO HOIEPKU-
BaeT Ha Becy arMocdepy U o0Jiaka’), YaCTUYHO CBOOOIHO IMpPO-
XOIUT JI0 MOBEPXHOCTU 3eMJIH.

Atmocdepa u obmaka nepeusnydaot ¢poronsl ConHIa, TeM
caMbIM Kak Obl IEPeXBaTHIBAIOT UMITYJIbChl T'PABUTALIAM, HO, YUH-
ThIBasl, YTO OHU CaMM MPUHAJJIekaT 3eMile, TO ei ke U Nepea-
I0TCS1.

CymMa Bcex KBaHTOB (MMITYJIbCOB) I'PABUTAIMU, MOIJIOIICH-
HBIX BEIIECTBOM ITPUEMHHMKA, OyJIeT PaBHATLCS V2 cuiie rpaBuTa-
MU MEKAYy UICTOYHUKOM U [IPUEMHHUKOM.

5 .
IMonpoGuee unraiite B pasnenax maskl 4: 2.3. «[louemy He magaer armocdepa
Bewim» u 2.4. «[louemy He magaoT obIaka?»



F=12Xp, (2.9)

Bropas nmonoBuHa CHUJIBI IPUTSKEHUS OyZIeT UCXOOUTh OT ca-
MOTO MPHEMHHUKA. DTO OyAyT Te camble KpadOoHbI, KOTOpBIEe Oy-
JeT U3JIydaTh IPUEMHHUK 10 BEKTOpaM, YXOAAIIMM B HalpaBJie-
HUM uctouHuKa. Kaxmpiii kpacoH OyaeT YHOCHTh UMITYJIbC, KO-
TOPBI Jepraet (IPUTATMBAET) JAHHOE TEJIO B HAIIPABJICHUH BEK-
Topa, omieTaoniero kpadgona (npuaada). Ha puc. 2.3 ato kpa-
(poH, omieraromui o Bekropy Gj.

[TonpoOHO O BTOPO¥ MOJOBUHE I'PABUTALIUH, YACTh 2.



2.6. I'paBuTanust npuemMuuka. Yactp 2

Tam soanvl naewgymes 6 agupe,
Jluws Kopnyckyavl 6 ux mupe.

a b

Puc. 2.4. Dnemenmapmwie uzayuamenu (Monekyawl, amomol).

OpOuTanbHble MEKTPOHbI ATOMOB B KPUCTAJUIMYECKOH pe-
IIETKE HAXOIATCS B IEPUOANYECKUX ABHKEeHUsIX. OHM pacnoso-
’KEHBI B BEILIECTBE I0CTATOYHO IUIOTHO, YTO MPEJCTABIAET HEKYIO
3JIEKTPOHHYIO IJIa3My, KOTOpasi CO3JaeT CONPOTUBJIEHHE IIPU Ie-
Hepauuu KpagoHOB. B MOMEHT m3nyyeHus KpaoH U3 BA3KOU



Cpedbl YCTpeMJISIETCS] B CPEly C HYJIEBOW BS3KOCTBIO, TPUXBAThI-
Basi ¢ COOOU KBAaHT SHEPIYH C UMITYIbCOM TTPUIAYH.

[IpencraBum Hairy 3emimo B Buje reouna. ['eonp onpenens-
€TCsl KaK SKBUIIOTEHIIMAIbHAS TIOBEPXHOCTb 36MHOTO OIS TSIKe-
cru. ['eonp Takke MPeaCTaBiIsAOT KaK YPOBEHHYIO [IOBEPXHOCTb,
NpUOIMKEHHO COBIAIAIONIYIO C yPOBHEM Bog MHPOBOTO OKeaHa.
[ToBepxHOCTh Teonia riaajaKas, HO OHa COCTOUT U3 METbYANIIINX
yactull. K npumepy, ecinm ykaxem, 4Tro 3TO MOJIEKYJIbl, TO Mbl
He norpemmm npotus uctuHbl. [lonreepxaenuem tomy — 70%
3€MHOTO I11apa MOKPHITO BOIOW, KOTOpas UMEET MOJIEKY/IIPHOE
CTPOEHHUE.

3a 37eMEHTApHYI0 €QUHMILY (S4YerKy) BO3bMEM MOJIEKYITY
U TMIPEJICTaBUM €€ B BUJE IIaphKa. DJeMEHTapHbIE [IaAPUKU-MO-
JIEKYJIbI IIPYKATHI IPYT K APYTY U PACIIONOKEHBI IO BCel MOBEPX-
HocTy reouia. [TOCKOMBKY TaKMX IIAPUKOB HECMETHOE KOJIMYe-
CTBO, TO BBIJIEJIMM OJIMH, YBEIUYMM MaciTad 10 pa3MepoB pH-
CYHKA 1 HA30BEM €Tr0 — 3JIeMEeHTapHbI (€JUHUYHBIN ) U3Ty4aTellb
(puc. 2.4).

Ha nHeBHOM nosyapuu sJieMeHTapHbIE U3JTyJaTely Mojyva-
I0T COJIHEYHYIO SHEpruio, HarpeBaloTCs U TYT ke M30aBIISIOTCS
OT Hee METO/IOM MepensyueHusi B Buje KpaoHOB (cm. uacmeo
1). Tlpu 3TOM Kaxa0e BEImecTBO (TENO) MOJMydaeT KBAHT Ipa-
BUTAIIUU «BIIEpe]] 3a cHapsaoM». KpadoHsl U3 a1eMeHTapHOro
IIapUKA BbUJIETAIOT CIIOHTAHHO, IO pa3HbIM HalpaBJIEHUSM HOP-
MaJIbHO ero noBepxHocTu®. [IputoM HampaByieHbl OHU B OCHOB-

6 Hopwmasb k nosepxHoctu B Touke M, — 3TO MpsMasi, MpoxXoiAllas 4epe3 JaHHYIO



HOM B aTMocepy, T. €. B 6oJiee pa3pekeHHbIN eKTPOMArHUT-
HBI 3(Up MO CpaBHEHUIO C 3(pupoM Boag MuUpOBOro okeaHa.
B npuHIiune ta ke KapTuHa HaOMI0JaeTCsl U Ha MaTepUKax.
Bo3pmeM ABa NepreHAUKYJIsSpPHBIX HAlpaBJIEHUsI BEKTOPOB
omreTa KpaoHOB — rOpu30HTAIBHOE (OOKOBOE) M BEPTHKAJIb-
HOE, Ha KOTOPBIX C MOMOIIBI0 MApaJUIEIOrPaMMOB TOCTPOUM
PE3YJIBTUPYIOIIKE BEKTOPHI OT/IeTa Kpa)OHOB HA OJHOM ILAPH-
ke (puc. 2.4.a). Takux mapasienorpaMMoB OyJIeT MHOXECTBO,
HO orpannummcs aByms (OA;B;C; u OC,B,A,). 13 nocrpoe-
HUS BUAHO, YTO PE3YJIbTUPYIOIINE BEKTOPH KPad)OHOB — BEKTO-
pbi rpaButaiuu (OB OB,,) npoiinyT yepes eHTp mapuka u Oy-

JyT HalpasJieHbl MoJ yriioM 45° K KacaTeIbHOM IIOCKOCTH Teo-
uja.

CoracHO MOCTPOEHUIO U 2JIEMEHTAPHBIM pacyeTam Mo Teope-
me [Tudaropa, BenmunHa pe3yabTupyiomux Bektopos OB Oy-

JIeT paBHa:
(OB;)?=(0A;)’+ (0Cy)*?

Hcxond u3 ycinoBHSs, UTO M3IYYEHUE EAMHUYHOIO IApUKa
(u3myyaresnisi) KBaHTOBAHO, T. €. IIAPUK MCITYCKAeT MO OJHO-
My KBaHTy M3JIy4Y€HHUs], HAXOAUM YHCJIEHHOE 3HaY€HHE BEKTO-
pa OB;.

TOYKY HEPHEHAUKYJISPHO KacaTeIbHOM INIOCKOCTH.



0B, =12+ 12 = 1,4142

[Tponenaem aHaIOrMYHOE NOCTPOEHUE, HO TENIEPh HA Pe3yIib-
Tupyloumx Bektopax (OBy u OB,) nocTpouM OCHOBHOM, IJ1aB-
HBIIA pe3yabThpylomuil BekTop OD, koTophiil OyzeT HarpaBiieH
10 HOPMAJT! JIEMEHTapHOTO U3JTydaTtesis v OyJAeT POXOAUTD Ye-
pe3 1eHTp reoua 3eMiu (puc. 2.4.b). YncneHHas BeJIMUMHA €ro
Oyner paBHa: OD=2.

Kaxgas monekyna B €JMHULLY BpEMEHH MOKET NPUHATH (I0-
[JIOTUTh) W UCIYCTUTh MO OJHOMY KBaHTy 3Hepruu. I'padu-
YeCcKOe IMOCTPOEHUE M PacyeT IOKa3blBalOT, YTO B HAIlpaBJie-
HWH, TIEPIEHAMKYISIPHOM KacaTeJIbHOM IJIOCKOCTH reouaa, Oy-
JeT UCIYIIEHO B 2 pa3a Oosbllle KBAHTOB SHEPTUH, YeM B Jpy-
rux HarmpabieHusix. [IocKo/IbKYy JaHHasi SHeprusi OTOXKAECTBIISA-
eTcs C UMITYJIbCaMU I'PaBUTALIMY, TO IIPUEMHUK KaXbIM KBaH-
TOM-UMITYJIbCOM OYJET CTPEMUTHCS MPUTSHYTHCS K ICTOUHHUKY.

Kaxgpi Kpa)OH YHOCHUT 3HEprui0 INpUEMHHKA (3eMJIn)
Y CBOMM MEXaHMYECKMM HUMITYJIbCOM MPUIAUM CO3JAeT MPUTSI-
keHue npueMHuka K ucroyHuky (Comnuy). Ilpome ckazars,
KaX/Iblid KpapOH B MOMEHT CTapTa JepraeT CBOMM HUMITYJIbCOM
TUIaHeTy 3a coboit. IHTerpanbHoe aeficTBre Bcex KpadOHOB CO-
3naet Tarorenve 3emuid K CouHIly.

A Tenepb nepeiieM OT MUKPO K Makpo ¥ MOCTPOUM IO00-



HblE MapasuIeorpaMMbl BEKTOPOB HA BCEM MOJYyLIApUU 3eMIIH,
UCTIOJNb3Ysl PE3YIbTUPYIOIINE BEKTOPOB BCEX MEMEHTAPHBIX U3-
aydareneii (puc. 2.5.). B qaHHOM citydae GepeM TOJIBKO JTHEBHOE
nojylapye 1o rpaHuiie TepMuHaTopa (JIMHUS Ha JUCKe TUIaHe-
ThI, OT/EJISIONIAs JHEBHOE MOJTyIapue OT HOYHOro). HouHoe 1o-
JIyIlIapye SHEPIUIO TOIBKO OTAAET, He MOoJTyyvasi ee U3BHE.

HHeBHOe nosyiapue nomnydaet uepruio Connna ( E) u u3ny-
YaeT ee KaX/IpIM JIeMEeHTapHbIM u3TydaTesneM. [1ocKobKy 3e-
MEHTapHbIE APUKU PACTIONOKEHBI IJIOTHO IPYT K APYTY, & SHEP-
rus nocrynaer or CojHIa, TO OCHOBHOE, OTBETHOE M3JIyYeHHe
KaXJI0r0 M3 HUX OyIeT MCXOAUTh UMEHHO C TONyIapusi, 00-
pamienHoro K Conuiy. YacTuHO M3MydeHre NORAeT U BIIIyOb
3€MHOI'0 I11apa, HO BCTPEUYHBIN MOTOK Kpa)OHOB caMOM TIaHe-
Thl KOMIIEHCUPYET TOT OTTOK. Takasi ke KOMIIeHCallusi BOZHUKA-
eT TIpu OOKOBBIX, BCTPEUHBIX HAIIPABJICHUSIX SHEPTUU OT OJJHOTO
HIAPUKA K JPyromy.



0 Tepimua'rop L/

Puc. 2.5. I'pasumauus 3emau. /[HesHoe noayuiapue noayuaem
snepeuro Connya (E) u uzayuaem ee Kaxncovlm 31eMeHMAPHLIM
uznyuamenem, umo cozoaem npumsiicerue 3emau k Connuyy.

W3 pucyHka BUJHO, YTO U3TyYEHUE UET MO Pa3HbIM HaIpaB-
JIEHUSIM — BEKTOpPaM JIEMEHTApHBIX U3Jlyvaresiell, HO pe3y/bTh-
pytommii BekTop rpaButai OB Oyner Bcera HanpaBJieH B CTO-
pony CouHia.

Ha Bonpoc: nouemy B CTOpoHy, a He TouHO Ha ConHie? —
cleyeT OTBETUTh TaK: 3TO CBSI3aHO C CYTOYHBIM BpAlllEeHUEM



3emun. Pe3ynbTupyionuili BEKTOp JIEKTPOMArHUTHOTO U3JTyyde-
HUSl JHEBHOTI'O TOJTyIIAPUs BCEr1a HarpasiieH B cTopoHy ColH-
114, HO C HEKOTOPBIM CMENIEHHEM Ha BOCTOK IO XOAY BpaIlleHUs
3emun. Pa3BepHyThIN OTBET MOKHO MPOYECTh B CTaThe «Bpariie-
Hue 3emmn» [4].

Ha noepxHocTu nonymapus (OIyreonia) HaXOAUTCS 1 eId-
HUYHBIX M3Jyyartesieil (orpoMHoe MHOXecTBO). Torga oOmas
SHEprusi BCeX eIMHUYHBIX M3TydaTesiell OyaeT paBHa:

E=kn-hv (2.10)

hv — 3Heprus KBaHta, k =2 13 ycioBus OCTPOEHUSI.
CyMMapHbIil UMITYJIbC TIpUTsKeHUs 3emuid K CoJHITy, COOT-
BETCTBEHHO, Oy/IeT paBeH:

Y P=2nhv/c (2.11)

hv/c — uMmiyabe POTOHA.

®otoH wim KpadoH — 3TO HEe NTUIA, KOTOpasi, OTPHIBASCH
OT BETKHM JIEPEBA, TOJKAET €€ BHU3, 4 CaMa YCTPEMJISIETCS] BBEPX.
®OTOH M ero MpoU3BOAHBIE YACTULIBI HE MUMEIOT MAcCChl MOKOS,
MO3TOMY IIPY UX IeHepali He BO3HUKAET OTAa4d, KaK B KJlac-
cuYecKou (pu3MKe Mpu B3aMMOJENCTBUM MaKpoTe. [liis poxkie-
HUSI TAKMX 9acCTUI] TpeOyeTCsl JIMIIIb TeHEpaIysl TeTJIOBOM SHep-
T'MU OT BHYTPEHHErO WJIM BHELIHErO UCTOUHUKA.

Kpadon 3emiu, Kak ¥ CONMHEYHBIN (POTOH, OTCTPEIMBAET-
Csl B 30Hy HAaUMEHBIIIEH TUIOTHOCTU JIEKTPOMArHUTHOTO 3upa



JAHHOTO TeJia (IPOCTPaHCTBA) MO BEKTOPY HAUMEHbIIIEH SHEPIUU
(Temniepatypsl). B MOMEHT OTCTpena NMpOUCXOAUT aHTUOTJAYa,
T. €. HOBOSIBJICHHBIN KpaOH JepraeT CBOMM UMITYJIbCOM, B JaH-
HOM ciIy4ae 3eMIII0, 110 BEKTOPY CBOETO I0JIETA «BIEPE] 3a CHA-
PAIOM».

DTO M €CTh JIEMEHTAPHBIN UMITYJIbC IPABUTALIAY IPUEMHHUKA.
[IpreMHUK CTaHOBUTCS F€HEPATOPOM I'PABUTALIMOHHBIX UMITYJIb-
COB.

CyMMa uMIYJbCOB BCEX OTJIETAOIIMX KpadoHOB co3a-
€T HenpepbiBHOE ((POTOHHO-KBAHTOBOE) NPUTSKEHUE 3eMIIU
K ConHIly M cocTaBiisieT BTOPYIO IIOJIOBUHY CHJIbI TPABUTALIMH —
CWJTy TPaBUTALIUYU IIPUEMHUKA.

F=12 ) p,
2.12)

['ne, p, — uMIysbC (KBAHT) MPUEMHUKA.
Torna nosHast, 001ast CUiIa MPUTSKEHU ST MEXK Ty ICTOUHUKOM
Y TIPUEMHUKOM OyJIeT paBHa:

Fy=F,+F,
(2.13)

F s — CWJIa IrpaBUTAllM UICTOYHHKA, F r— CHJIa I'paBUTAlIU ITpU-
€MHUKaA.
Cunbr rpaBUTAallM UICTOYHHUKA U IPUEMHUKA — 9TO UHTCT PaJIb-



Hoe aeiicTBue (hoTOHOB ucTouHuKa (ConHua) u KpadOHOB MpU-
€MHUKOB (TUIAaHEeT). DTH CUJIBI yIEPKMBAIOT IJTAHETHI Ha OpOUTaX
JBUKEHUsI BOKPYT 3BE3/Ibl.

Eme pa3 akueHTupylo BHUMaHUE yMTarejeid: 4ToObl yaep-
KMBaTh IUIAHETAPHYI0 CUCTEMY, HYKHA OIPOMHAsl SHEPIUs.
¥V Comnniia Het 6071ee MOIITHOM SHEPTUH, YeM SHEPTUs 3Ty YeHHU ST
B BuJle (POTOHOB, KOTOpasi 6e3 MoTephb MepeaeTcs Ha OrPOMHbIE
paccrosiHAs. BOT 3Ta (POTOHHAs HEpPrus MHTErpajbHO TPAHC-
(popmupyetcs B cuity nputskeHus!

be3 sneprun Het aBmkenus1! Tonbko Onaromaps 3Be31am BO3-
HUKaeT BEYHOEe ABUKEHUE SHEPTUU B MPUPOJIE.

B 3eMHBIX yci0BUsX 0OMeH KpacoHaMU MIET HENpPEpPBIBHO,
TaK Kak B JIIOOOW MOMEHT BpeMeHH, B JIIOOOK 30HE BellecTBa
(mpeamerTa) Bceraa MMeeTcsl TeMIiepaTypHas pasHOCTh (Pa3HOCTh
TEIUJIOBBIX NMOTEHUMAIOB). [laHHas pa3HocTh mopoxaaer SMB
11l BBIPaBHMBaHUSA TEIUIOBOTO U T'PABUTALIMOHHOIO MOTEHIIMA-
Ja, co3aBas MeXIy Tenamu nputspkenue. Hanbonee Harpersie
TeJa, OXJIaX1asCh, OTJAIOT CBOIO SHEPIUI0 MEHEE HarpeThIM, Bbl-
paBHUBAsl TeMIeparypy ¢ OKpyxaioleil cpenoil. Ha ObrtoBoM
SI3bIKE MOHO CKa3aTb, YTO JIIOOOE TEeJI0 CTPEMUTCS K OXJIaxKIe-
HMIO, a 3HAauuT — K npurskenuio. Ilorepst sHeprum Ha oxJja-
JKJIeHHe — 3TO U eCTh SHePrus, 3aTpayeHHas1 Ha TPaBUTAa-
nuio!

3emuis, oOnajiasi OrpOMHOI SHepruei, HempepsIBHO MOHUTO-
PUT OKpyXkamollee ee MPOCTPAHCTBO, MCIYCKas KOJOCCAJIbHOE
KOJIMYECTBO I'PABUTALIMOHHBIX (TEIUIOBBIX) BOJH, TAKUM CIIOCO-



O0OM yIepKMBaeT BCE MaTepUATTbHOE, UYTO HAXOAUTCS HA HEell U BO-
KPYT Hee, CO37aBasi YCKOPEHHe CBOOOJHOTO TMaJleHUs M TIpu/ia-
Bas TeJlaM COOTBETCTBYIOLIUM BeC.

[Ipupona Bcerna cTpeMUTCs K COCTOSIHUIO HAMMEHBILIEN HEp-
I'Y, HAUMEHbILIEN TPAaBUTAIIMM ¥ HAMMEHbIIIEN SHTPOIIUU.

['paBuTaIUsi — 310 (DOTOHHO-KBAHTOBAS MEPEOPOCKA SHEPTUN
OT UCTOYHMKA K TPUEMHUKY, OT TPUEMHHKA K UCTOUHUKY ! [Tpu-
€MHHUK, B CBOIO OYEPEb, CTAHOBUTCS TEHEPATOPOM SHEPIUH, KO-
TOpYIO OTAaeT (repedpachiBaeT) ee IPyrum TeslaMm.

KpaTtkue BbIBOABI

» Kaxaplii conHeuHblid (POTOH B MOMEHT CTapTa CO3JaeT Me-
XaHUYECKUI UMIYJIbC OT UcTOYHUKA (CONHIA) K TPUEMHHUKY.

* B MmomeHT nomiomenust (pOTOHA aTOM JTI0OOU TUTAHETHI TI0-
JIy4aeT KBaHT MPUTSKEHUSI K UCTOUYHUKY — 3TO MEpBasi COCTaB-
JISA0IIAsA CUJIbl TPABUTALIUN.

* [IpuemHuk (3emJisl) NonydaeT MEXaHUYECKUI UMITYJIbC TO-
CJie TeHepaIyy COOCTBEHHOTO KpadoHa MO HAIPABJIEHUIO BEKTO-
pa oTera — BTopasi CoCTapiAwlas rpaputaiyy. [IpuemMHuk —
T€HEpaTop rPABUTALINH.

* MlHTerpasnbHOe NeiicTBUE UMITYJIbCOB (POTOHOB U KpahOHOB
cosgaer BecemupHoe TAroreHue.

* JleiicTBre rpaBUTAlIUK — 3TO (POTOHHAS TIEpeOpPOCKa SHEp-
T'Y OT OJJHOT'O TeJIa K IPYTOMY, COIMPOBOXK JAIOIIAACA UMITYJIbCA-
MU TPUTSIKEHUS.

* Teriora Be3gecyina, TeroTa MOpOKAaeT IPABATALIMIO !



TTOCKOIBKY M3JIyYEHUE E€IUHUYHOIO IapuKa (W3JTydaTesis)
KBaHTOBAHO, T. €. IIAPUK UCITyCKAET IO OJHOMY KBAHTY H3IIy-
YeHUs, TO TOMUHUPYIOIINIA BEKTOP TPaBUTAIIMY ITPUEMHHUKA OY-
JET HallpaBJIEH 110 HOPMaJIM, NIEPIEHIUKYJISPHO IJIOCKOCTH Ka-
careJIbHOU 3eMJIM.



2.7. PacmiupeHue TeJ

2.7.1. PacuiupeHnue TeJ pu HArpeBaHUMN

B arome Het (hOoTOHOB rpaBUTaAIINH,
HO B KaXJIOM (P3UIECKOM TeJie UX
HECMETHOE KOJINYECTBO!

[Ipu HarpeBaHuu pa3Mepbl Tesl YBEJIWUYMBAIOTCS, IIPU OXJia-
KICHUU — yMeHbIIATCsA. YTo TYT JMINMHMNA pa3 OOBSCHATH,
HE B KAMEHHOM BeKe JKuBeM, Bce rpaMoTHble. C JaHHBIM SIBJIe-
HUEM Mbl CTAJIKUBAEMCSI KaXblil IEHb Ha CBOEH KyXHe. A eciiu
9TO SIBJICHUE TaKOE PACIIPOCTPAHEHHOE, TO M OOBSICHUTB €ro JI0NI-
’K€H KaXK/Ibli IpaXITaHUH, TaK KaK Bce U3yvasiu (pU3UKy B IIKOJIE.

[TpekpacHo!

Ho, oka3biBaeTcs1, He BCE TaK OJHO3HAYHO, ITOHATHO U SICHO
B CyIIECTBYIOLIUX Teopusix. Camoe HesCHOe B TOM, YTO HE BbI-
sIBJIEHA CUJIa, KOTOpasi C JIETKOCThIO YBEIMUMBAET (YMEHBIIIAET)
pasMepsl TeJl Py U3MEHEHUH UX TeMIIepaTyphl.



Puc. 2.6. Hazpemvlii cmanvHoli wap He npoxooum 6 Koavuo,
a X0N00HblIL — CB0O0OHO NPOBANUBAEHICSL.

CornacHo MOJIEKYISIPHO-KUHETUYECKOM TEOPUU, U3MEHEHHE
o0bema Tesl pU U3MEHEHUM TeMIepaTypbl OOBSCHSETCS Cile-
nyomuM oopaszom. [lpu HarpeBaHWU Tena YBEIUYUBACTCS CKO-
POCTh [IBUKEHHMSI €r0 YacTHUYeK (aTOMOB, WOHOB, MOJIEKYI),
CTOJIKHOBEHHE W JICUCTBHE X JPYT HA JIpyra CTAHOBATCS Oojiee
CWIbHBIMU. B pe3ynbTare yBeIMUUBAIOTCS MEKAYMOJIEKY/ISIPHBIE
MPOMEKYTKH. DTO MPOABISAETCS yBEIUUSHHEM 0O0bema Tea.

W cnoBa npekpacHo! Ho Kak MOT'YT CTOJIKHYTBCS aTOMBI, KO-
rJja OHU KECTKO CBSI3aHbl, K IPUMEPY, B KpUCTAILIaxX ?

CornacHo CyIIecTBYIOIIMM TEOPUsIM, PaCIIMPEHUe TeJl Mpo-
UCXOJUT MOTOMY, YTO CTOJIKHOBEHUSI MOJIEKYJI U aTOMOB MEX-



Iy coOoM (aHrapMOHWYECKHUE KOJIeOaHMs1) pa3IBUTAIOT TPaAHMIIbI
HarpeBaemoro Tejia. YeM BblllIe TeMIiepaTrypa Teja, TeM OoJbile
CTOJIKHOBEHUH.

Ho ectb MasieHbKHI BOITPOC: YTO 3aCTABJISIET MOJIEKYJIbI U aTO-
MBI YBEJIMYMUBATh CKOPOCTH iBMkeHUA? Temrieparypa? Terora?
Torna kak oHM 310 AenaiT? OU3MKa OCTaBIISIET STO OOBSICHEHHE
3a CKOOKaMH TEOPUH TETLIOTHI.

B Takoil cutyanuu neitancs pazoopatbes A. U. Borynenko,
KOTOPBIN MPOBEJ OOIIMPHBIN aHAJIU3 TEPMHUECKOrO paciiupe-
HUS TBEPABIX TEJ HA PUMEpE CTeKIa. B cBoeM nccnejoBaHnK OH
OTMEYaET criefyouiee: « B udeanvroli peutemke amomvl 00N4CHbL
3anuMames nocmosiitole mecma». VI nanee, 6oee KaTeropuvHo:
«Mooenv mennoeozo pacuiuperus meepovlx nmea 3a cuem aHeap-
MOHUMECKUX KONeOaHUll amomog seasemcs gpanmasueii pusu-
K08-meopemuKos, a NOnpoCcmy 2080psi, 8bIOYMKOLL, 0mopocusuLel
HAaYyKy HA3a0 Ha 0onzue 200bl 0N NPABUNLHO20 NOHUMAHUSL eN-
108020 pacutuperust mea» [5].

OOmbsicHEHHe aBTOpa CBOAUTCS K clienyomemMy: « Takum 0o-
pasom, npu HAzpesaruu MmeepoblxX Me YEeAUHUBAIONICsL 260MeNt-
puuecKue pasmepbl amomos, U 8 C6s3U C OCAAONEeHUeM XUMU-
UecKUX ces3ell pacnem paccmosiHue Mextcoy UeHmpamu coceo-
HUX amomo8 (UOHO8), YUMo NPUBOOUN K UX MeNna080MYy pacuiupe-
Huro» [Tam xe].

HecmoTpsi Ha oOHaXeHHYIO MpoOieMy, YBakaeMblil aBTOP
TaKke HE CMOT HallTU Ty CUJIY, KOTOpasi pacTsrUBAeT U CKUMa-
eT TBepAble Tena. B nmpuHIMe aBropa MOHATh MOXHO, TaK Kak



B (pMBUMKE HET aJIEKBAaTHOM TEOPUH PACIIMPEHUs TeJl IIPU Harpe-
BaHUM.

Ecnu cnenoBath B pyciie KIacCMUYECKOW (PUBHMKHU, CIEAYeT
IPUHATh, YTO TOJIKAIOLIUECS MOJIEKY/Ibl BHYTPU Tejla yBEJIUYU-
BalOT 00BEM M TEM CaMbIM YBEJIMUUBAIOT €r0 BHYTPEHHEE JaBJie-
Hue. Ho Torga BHemHsst 000JI09Ka, €CJIM Mbl TOBOPUM O TBEp-
JIOM TeJie, ToJ] ISMICTBUEM ITOTO JaBJICHUS JIOJIKHA TPpecHYTh! S
ceiluac yKasblBalo Ha Tesa, HarpeBaeMble UCKYCCTBEHHO U3HYT-
pU, HApUMED, TeUb, NEKTPUUYECKasl JaMIla HaKaJIUBaHUS.

Ecmu 06051049Ky TBEp/IOrO Tejla, BHIIOJIHEHHYIO U3 TBEPIOTO
HE3JIACTUYHOTO MaTepuasia, BHYTPEHHUE CUJIbI TBITAIOTCS pac-
HIMPUTH BOIPEKU €€ BOJIE, TO OHA JI0JKHA MoTpeckaTbes. Ho Ta-
KOTO Ha IMPaKTHKe He HAOJI0IaeTCsl, TOT/a KaK MOHSTh 3TOT Mapa-
Jokc? Hu oiHO Teno, Hy OAMH ITpeIMET MPY HarpeBaHuH (B mpe-
Jeiax JIOMyCTUMBIX Temreparyp) — He Tpeckaercs! Yem oObsic-
HUTb JAHHOE SIBJIeHUE?

2.7.2. PacimuupeHne TeJ 3a cYeT JIEKTPOMArHUTHOIrO
H3JIy4eHUs1

A 00BACHUTH MOKHO TOJBKO OJHHUM: OOOJIOYKA HE VICIIBITHI-
BaeT BHYTpPeHHero jaapjieHus. O0omouka cama, B MEPBYIO WA
BO BTOPYIO ouepe/ib, pacmupsiercsi. C MOMOIIbI0 KaKUX CHJI OHA
MOXET PaCHIMPUTHCS U PACTAHYThCS?

OTBeT: 000JI0UKa PACTATUBACTCS NEKTPOMATHUTHBIM U3ITY-
yeHrueM. MOXHO yTOYHHTH, YTO OHA PacTSATUBAETCS I'PaBUTAIM-



oHHbIMU culamu. (CMex B 3aJie M B aBTOpa IOJIETEIU Mepe3pe-
JIblE TIOMHJIOPHI. )

Yro? 4 uto-TO HE TO CcKazan?

Her, 51 He oroBopwiicsl, BCSIKOE TEJIO PACHIMPSAETCS MMEH-
HO C MOMOIIIBI0 FPaBUTAIIMOHHBIX CWI. YUT0 31O 3a cuibl? [lon
JEMCTBUEM HMCTOYHMKA TEIUIOTHI, HEBAKHO KAKOrO, TEMIepary-
pa Tena MOBBIIIAETCS, B Pe3y/IbTaTe YBEIMYMUBACTCS KOJIMYE-
CTBO Kpag)OHOB (KpacHbIX (POTOHOB) IEKTPOMATHUTHOIO TETl-
noBoro u3nydeHusi. Kpacdonsl Bce 60sbilie packaynMBaloT aTOMBI
B KPUCTAJUIMYECKOW pelleTKe. Bo3HMKaeT Bo3pacTaionmm rpa-
JUEHT (pa3HOCTb TeMIeparyp) MeXIy JaHHBIM TEJIOM U OKpYy-
KaIoLLEeN Cpeioil, COOTBETCTBEHHO, YBEJIMUMBAETCS IEKTPOMAr-
HUTHOE U3JTy4eHHEe JaHHOTO TeJla B OKPYsKalolliee MPOCTPAHCTBO.
Ckazarp KOpoYe, YBEJMUMBAETCS KOJIMYECTBO U3TYYaOIIUX Kpa-
(poHOB, T. €. HarpeToe TeJIO CIEMNUT OXJIAAUThCA. [laHHOE H3ITy-
YeHHEe NTPUHUMAIOT OKPY:KaloL1e MPEIMEThI, KOTOPBIE TOXE Ha-
IPEBAIOTCS U HAYMHAIOT OOJIbIIIE U3Ty4aTh YK€ CBOM KpPACHbIS
oronsl. Mexay Temamu Bceraa uaeT B3auMooOMeH KpadoHa-
MU — B3aUMOOOMEH I'PaBUTAIIMOHHBIM B3aUMO/IEIICTBUEM.

WznyuyeHne B OKpyxkawlyl cpely (IIpOCTPAHCTBO), 3/1€Ch
BCEM U BCSIKOMY MOHSITHO, IPOMCXOJUT Yepe3 BHEILIHUE T'PaHU-
16l JAHHOTO TeJNa, T. €. Yepe3 ero 0O0MOUKY.

Kaxpnas BbuleTaoniasi 37eKTpOMarHuTHasi BosiHA ((poToH,
KkpadoH) nop aercTereM a(pdekrta «rpuaadn» gepraet UMIyJib-
COM TpaBUTALIMU OOOJIOUKY Tesa Ha ceOsl, TEM CaMbIM OTTSATHBA-
€T, pacIIUpPsIET €r0 BHEIIHUE IPAHULIBI (CM. MTPEABIIYIIME pa3/ie-



Jie1). He coBcem TOUHO BeIpa3uJcs, BbUIETAIONMI KpadoH Aepra-
€T UIMITYJIbCOM He 0O0JIOUKY, a JIEKTPOMArHUTHBIN 3(Up, U3 KO-
TOPOTO ¥ COCTOMT JIaHHAs1 00omouka. Yem Oostbliie HarpeBaeTcs
Teso, TeM OoJibllle KpaOHOB BbLIETAET U3 €ro OOOJIOUKH, TEM
OoJIbIlIe PACTATHBAETCS TEJIO M COOTBETCTBEHHO yBEJIMUMBACTCS
€ro 0ObeM.

CyMMa Bcex UMITYJIbCOB OTJIETAIOIIMX KPa)OHOB CO3/1aeT CU-
Jy, pacTSArUBaIoNIyI0 TOBEPXHOCTh TeJNa.

F=)n hv/c.

1 — KOJIMYECTBO KpaOHOB

hv/c —ummnyisc HOTOHA.

OTneraomum KpadoHaMm H3IydeHHus: Oe3pa3IMyHO MPUCYT-
CTBHE WM OTCYTCTBUE OKPYKAIOIINX MpeaMeToB. KpadoHs! BbI-
JIETAIOT HOPMAJIbHO TMOBEPXHOCTU Tesa B HAMpaBIEHUM IIPO-
CTPaHCTBA, TJie NMPUCYTCTBYET PA3HOCTh TEMIIEpATyp, U B OOJIb-
IIIeM KOJIMYEeCTBE, TJIe 3Ta Pa3HOCTh HanOosbInas. Takum oOpa-
30M, MTPOMCXOAUT OBICTPOE BHIPABHUBAHWE TEMIIEPATYPHBIX TIO-
TEHL[MAJIOB HArPETOro Tejia ¢ OKPYKAIOIIUM MUPOM.

2.7.3. Jlamnouka Nnbuya
[loskcniepuMeHTUpYeM € ykKe YIMOMSHYTOW SJIEKTPUYECKON

JIAMITON HakaavBaHUsA. B uaeonornyeckux yaeOHUKaxX MpoIIio-
IO BEKa €€ KPacHMBO BEIMYAIN «JamMrioyka Minbuua». ¥V naH-



HOM JIAMITOYKY HarpeBartelib B BUAE CIIMPAJIN HAXOIUTCS BHYTPU
CTEKJISTHHOM KOJObL. BKpyTHM ee B maTpoH JOCTPhl ¥ BKITIOUNM
B ceTb. BonbdhpamoBast cimpanp 3a cyeT OOJBIIOrO CONPOTHB-
JIEHUS JIEKTPUUYECKOMY TOKY OY€Hb ObICTPO, NOYTH MTHOBEH-

HO, HarpeBaetcs 710 OeJIoro CBeYeHUsI, MOPsIKa 3000° C. Ten-
JIOTa COMPAIH, 32 CYET PAAUAIIMOHHOTO U3Ty4YeHUs1 U YaCTUYHO
KOHBEKTHMBHOTO TIepeMEINBAHUs MHEPTHOTO Ta3a, MepeiaeTcs
BHYTPEHHEW CTEHKE CTEKJISTHHOM KOJIOBI.

Tenepy cMoTpuM BHUMaTeIbHO. Ecnu paciumpenue ten npu
UX HarpeBaHWW MPOUCXOAUT TOJBKO 3a CYET YBEJIMYEHHS Op-
OUT aTOMOB W MOJIEKYJI, TO BHYTPEHHSIsI 000I0UKa KOJIOBI CTEK-
Ja ObICTPO OBl PaCIIMPUIIACh, a BHEIIHSS 00O0NIOYKA TPH STOM
nojyumia Obl CHIIbHOE HampsbkeHue. B IefiCTBUTEIbHOCTH Tak
¥ IIPOMCXO/IUT, MEPBBIE JIAMITBl y 300peTatesiss AUCoHa IPOCTO
B3PBIBAIUCb.

[To mepe COBEpIIEHCTBOBAHUSI TEXHOJIOTUU YAAJIoCh M30a-
BUTBCS OT ITOTO HEMPUATHOTO siieHWs. Jlamrouku mepecra-
7 B3pBIBaThcs. JIaMnouka He B3pbIBAaeTCSl TOJIBKO TIOTOMY, UTO
MEKTPOMArHUTHOE U3JyYeHHE OYeHb OBICTPO MPOXOOUT Yepes
TOHKYIO CTEHKY CTEeKJIa U C TIOMOIIBIO OTJIETANIUX KpadoHOB
pacTSIruBaeT CTEKJISTHHYIO KOJIOY B IIE€JIOM, YBEJIMUUBasi €€ B 00b-
eme.

Creksio BecbMa XPYINKUN MaTepuas, HO MPU PacHIMpPeHuu,
YBEJIMUEHNH Pa3MepOB, KaK BUIUTE, HE TIPEBPAIIaeTCs B OCKOJI-
KH.

Xouy 00paTUTh BHUMaHUE YMTATENIEH ellle Ha OUH (PaKT.



Morekysbl 1 aTOMbI B BEHIECTBAX U T€JIaX HE TOJIKAIOTCS, OHU
BOOOIIE HE CTAJKUBAIOTCS, MHAYE KPUCTALUINIECKUX TeJl He CY-
IIECTBOBAJIO ObI B TIPUPOJIE. ATOMBI B KPUCTAJTAYECKON PelrieT-
K€ KOJIeOJIOTCS OKOJIO CBOETO lLieHTpa paBHOBecus. Harmpumep,
aTOMbl B METAJJIaX PACIOJIOKEHBI HA pacCcTosiHAU OT 1 10 7 A

(Anrcrpem,] A=1 010 M). IIpenrnosnoxum, 4To aMIuInTyaa 3TUX
KOJIEOAHUH JOCTUTHET MakcuMyma | A (4TO HEBO3MOJKHO), TO-
IJIa TeJIO JOMKHO pacimMpuThest Ha 1 A B Tpex m3mepeHmsx.
[MTapagokcaabHbINA BHIBOI: BCE KPUCTAJUIMIECKUE Tela MMENTN Obl
OJVHAKOBOE pacCIIMPEHUE, PABHOE 2 aHICTPEMA.

Ha npaktrke Mbl BUIMM HECPAaBHUMYIO KapTHHY.

[TpoBepum Ha keJle3HOM MpYTKE AJIMHOW [=1M, Harperom

ot 0° mo 100° C.
[Tpy M3MEHEHUH TEMIIEPATYPHI OT fy [0 f IIPOVCXOAUT YBEIH-

yeHue guHbI [ Ha Al.
Al= (tg-t) |
Al=10,2-10° K100 K-1m=1,2 mn
e A4=10,2-10° K1 - KO3(hpUIMEHT JIMHEHHOTO pacIivpe-
HUS.
Mesx 1y MIJUTAMETpaMK U AHTCTPEMaMU ITSITh MOPSIAKOB pas3-

HUIIBL.

[o cymiecTBy, Tena pacIMpsIIOTCS 3a CYET TpexX (PakTopoB:



1. yBesimyeHusi pa3MepoB MOJIEKY U aTOMOB,

2. yBEJIMYEHUS PACCTOSTHUA MEXKIY MOJIEKYJIAaMU M aTOMaMH,

3. pacTsKeHUs UMITYIbCaMU U3y YEHHUS.

Ecnu nopoiiTu Gonee CTporo, T0 MOKHO OCTaBUTh TOJIBKO
MYHKT MOJl HOMEPOM TpH, TaK KakK MepBble JBa SIBJISIOTCS €ro
ITPOU3BOIHBIMH.

[IoaTOMYy MOHATHE O TEIUIOBOM PACIIMPEHUM TBEPABIX TEJ
Kak 00 aHrapMOHMYECKUX KOJIeOaHUsIX aTOMOB HE COOTBETCTBY-
€T JENCTBUTEIBLHOCTH.

Pacimpenue Ten npu HarpeBaHUU POMCXOIUT O[], JEUCTBU-
€M JIByX UMITYJIbCOB — (DOTOHOB UCTOYHMKA U (POTOHOB (Kpado-
HOB) NIPUEMHUKA, KOTOPBIE PACTATMBAIOT JAHHOE TEJIO MO BCEM
HarpapJIeHUsM. 3a CYET YHOCA SHEPruM MPOUCXOIUT yBeIruye-
HHE TIPOMEXYTKOB MEXIy aTOMaMu (MOHAMU) 1 OCTIa0JIeHHE XH-
MUYECKUX CBS3EN.

Ot 1laMNIOYKY NIEpeiieM K 3eMHOMY 1uapy.

2.7.4. Pacmiupenne 3emuan

Kak 0bl710 oTMeueHo, 3eMJ1sl UMeeT NPUILTIOCHYTYIO (hopMmy,
o0pa3HO — B BHJIe sI0JI0Ka WJIM MaHaapyuHa. HaumeHbImil paam-
yC — Ha nomocax, 6357 kM, HanOOJBIINI — Ha KBaTope, 6378 KM
(pasHuna 21 kM). OOBACHAIOT AaHHYIO MPUILTIOCHYTOCTh TEM,
41O 3eMJIsl Ha 9KBATOPE PACTATMBACTCSA 32 CUET LEHTPOOEKHbIX
CWJI IIPY €€ BPAILEHUH BOKPYT CBOEM OCH. DTO IpaB/ia, HO HE BCA.

PacueTbl JaloT npeBbllIEHNE SKBATOPUATIBHOTO pajnyca Hall



noJsipHbIM B 11 KM, a B IEACTBUTENILHOCTH JAHHOE TPEBBIIIIE-
Hue octabiisieT 21 km! PacyeTHblii paanyc He TOTATMBAET 10 pe-
anpHOro pajauyca okono 50%. TeopeTWku OOBSACHSIOT TaKylo
HECTBHIKOBKY $IKOOBI IIJIOXMM COIJIACOBAHMEM C peanbHON (op-
MOI1 36MHOH MOBEPXHOCTU, IOCKOJIbKY HE YUUTHIBAETCS 3aBUCH-
MOCTb TUIOTHOCTH OT pajuyca.

[To Moemy MHEHUI0, YTOOBI PACTSIHYTh SKBATOPUAIILHBIN pa-
auyc eme Ha 50%, TpeOyeTcs ele oJjHa MOIIHAsI CHJIa, & MOXKET
Jla)ke He OfIHA. DTOW JIOMOTHUTEIbHOM CUJION SIBJISIETCS JIEKTPO-
MarHuTHAas CUJIAa U3JTy4YEHUs1 CAMOU 3€MJIN B TPOITMYECKOU 30HE.
Ha skBarope mMakcuMasbHbINI HArpeB MOBEPXHOCTH, 3/IECh MaK-
CUMAaJIHOE pacIIUpEHNe U OTTsKKa ee B ctopoHy ConHua.

[Monpo6HO 00 SKBATOPUATHHOM pacHIMPEHUH 3eMIIM YUTANTe
B CJICAAYIOLIEM pas3zerie.

2.7.5. TpemHbI HA IOBEPXHOCTH

Moe BBICKa3bIBaHHE O TOM, YTO IOBEPXHOCTH ITPU Harpesa-
HUM U PACUIMPEHUM TeJl HE pPACTPECKMBAIOTCS, HE COBCEM KO-
pekTHoe. IloBepxHOCTM NIPEAMETOB CO BPEMEHEM TPECKAIOTCA,
B 3TOM CJIy4ae Mbl TOBOPUM, YTO OHU CTapeloT. A MOYEMY OHU
crapeor? Ilouemy monoTHa XynoXHMKOB nepuosaa Peneccanca
Ja u Oosee MO3AHEro rnepuoja MOKpbIThl TpemmHaMu? [loue-
My MY3€U B 3aKa3HUKax M IIPU IOKA3€ BBICTABOK MOLIEPKU-
BAaIOT B MOMEIIEHUAX OINPEAEIEHHYIO TEMIIEPATypy, BJIAXKHOCTb
u oceemieHUe? O4YeBUIIHO, BCE MOTOMY, YTO MPU MOBBIILIEHUU



TeMITEpaTypbl TPEIIMHBI PACIIIUPSIIOTCS, U KAPTUHBI elrie ObicTpee
CTapeIOT U TEPSIOT BETOBYIO FaMMmy.

A MOXHO JI1 OBICTPO COCTApUTh KapTHUHY, He Mpuoeras
K CIIEUAJIbHBIM METOJJaM, KOTOPBIE UCIIOJIb3YIOT KOTMPOBIIMKY ?
MoxHO, ec/ii KapTHHY MOBECUTh Ha COJIHEYHOU cTOpoHe. B aToM
clly4ae KapThHA [TOKPOETCS HE TOJIbKO TPELIIMHAMU, HO U MOTepsI-
€T 1IBeTa, Mbl TOBOPUM: KapTHUHA BbIIBEIA. YTO 3HAYUT, BbII[BE-
Ja? — oHa notepsiia Kpacku. PagranmonHoe uznydyenue CosHia
pa3pyllaeT MOBEPXHOCTD JJAKOKPACOUHOIO MOKPHITUS. A 4acTh-
Ibl KOJIEPA YHOCHUT YXe COOCTBEHHOE U3JTy4YeHHe HarpeTon Kap-
TuHbL. Jlak siBAseTCs 3alMTON KPAacOK, HO U OH CO BPEMEHEM
TPECKAETCs, a Yepe3 TPELLMHbl YHOCUTCS U Kpacka. HarsaaHeii
NpUMep — BbllIBETaHUE LIBETHOM OfIEXk/Ibl BO BPeMsI HOIIIEHUSI €€
B JIETHUM TIEPHO/,.

Emie onuH npuMep ¢ pacTssKeHUEM U PaCTPECKUBAHUEM I1O-
BepxHocTH 3eMutu. [Tonaraio, 4To MHOTHE ObLTH CBUAETENSIMU Ta-
KOTO SIBJIEHUSI, KOT/Ia B IIEPUOJ1 OOIIIMPHOTO U JJTUTETLHOTO aHTH-
IIUKJIOHA TIOBEPXHOCTD 3eMJU TpecKkaeTcsl. [louBoBeibl Ham 00b-
SICHSIIOT, YTO B pe3yJibTaTe HarpeBa U3 MOYBbI UCMAPUIIACh BJIa-
ra, 1 Kak CJIe/ICTBHe — 3eMJisl oTpeckaiack. Ha camom zene ato
He coBceM Tak. [Ipu myiuTenbHOM BO3AEHCTBUU OOIIMPHOTO aH-
TULMKJIOHA HAJl ONMPEAESIEHHbIM PAalOHOM BOJA U3 MOYBBI JEW-
CTBUTEJILHO yXonuT. Ho ykazaHue Ha TO, 4TO BOJIBI OBLIO TaKoOe
OIPOMHOE KOJIMYECTBO, YTO, KOI/Ia €€ U3BJIEKJIH, B MOUBE OOHA-
PYXKIIUCH TaKKe TIIyOOKUe W IIMPOKKE TPEIIUHBI, — 3TO HE Bep-
HO. Bce 1e710 B TOM, 4TO TpEIMHbl BOHUKAIOT U3-3a MOJHATHS



Y paCHIMpeHus MMOYBbl B aHTHIIMKJIOHE HaJ reouaoM. Boma, ko-
TOpasi HAXOJWJIACH B [OYBE, SIBJISIACH OXJIAUTENEM, a KOTrJja OHa
YaCTMYHO YIIUIA, OXJIAkKAEHUEe MPEKPATHIOCh, U MOYBA TOIHS-
nack cuamu npuTsikeHrst ConHia M MH(paK pacHbIM U3y YeHU-
eM (KkpadoHamu ) caMmoi MOBEPXHOCTU. MOKHO TTpojiesiaTh TaKOH
TUTIOTETUIECKUI FKcTriepuMeHT. Ha MecTo aHTHIMKIIOHA HaBH-
HEM IIMKJIOH, HO Oe3 Jok/iel (cyxoi nukJioH). MHaue, 3aKkpoemM
ot CoJHIIa MATHO 3eMJIM, KOTOpoe ObUIO HArpeTo U rnoHadmoa-
em. Uepe3 HECKOJIbKO JJHEW TPEIUHbI B 3eMJIe COKPATSATCS, U UX
Oyzner menbiie. Yepes Hepiemo ux He Oynetr BooOme. Hamomu-
Halo, TI0 YCJIOBHUIO, ITUKJIOH a0COJTIOTHO O3 BJIary.

Yro npousomnwio? [MousarHo, cHu3miack temmneparypa. C no-
HIKEHUEM TeMIIepaTyphbl 0YBa OXJIAANUIIACh, TEM CAMBIM yMEHb-
HIWJIOCh IEKTPOMArHUTHOE U3JIy4YeHHUe JAHHOTO pailloHa, U To-
BEPXHOCTh CeJia, 3aKPbIB CBOM IIIPAMBI.

BriBoA: monMBast pacTeHus1, Mbl COXpaHsieM UX OT Meperpena,
NOOOYHO, KOHEYHO, PACTBOPsSIEM MHHEpAJbHBIE BEIIeCTBa s
Oonee ObICTpOro pocta. PacteHust morudaioT He OT OTCYTCTBUS
BJIar'W B TOYBE, a OT ee neperpepa. [lonadmonaiite, Kak BbIKU-
BAIOT PACTEHUSI U JAEPEBbsI HA BEPIIMHAX CKAJMCTHIX TOp.

Pacmupenue Ten mpu MOBBINIEHUHA TEMIIEPATYPbl BBHIZBAHO
PACTATUBAOIIAM JIEKTPOMAr HUTHBIM U3JTy4deHueM. Eciu Ob1 310
ObUI0 He Tak, TO camo CoOJHIE CKaJIOCh Obl B IUIOTHBIM IIa-
pPUK 3a Kakue-To 29 MHUHYT. DTOMY MNPENsTCTBYET HE TOJIBKO
BHYTPEHHEe ra3oBoe JIaBjieHHe, HO M PACTATUBAIOIIEe IEKTPO-
MarHuTHOE U3Ty4YeHUe, KOTOPOe B KAXIYI0 CEKYH/y 3aCTaBJIsIeT



Conniie TepaTh 4,5 MJIH T €0 MacChl.

Ascrpuiickuii usuk M. CTedban mokasal, 4To CyMMApHOE
U3Ty4YeHHe Tejla 3aBUCHUT TOJIbKO OT €r0 TeMIIepaTyphl U He 3aBU-
CHT OT MPUPOJIbI CAMOTO BEIIeCTBa, U3 KOTOPOI'O OHO COCTOUT.

BenmuuuHa 310ii pauaiuy npsiMo mporopiroHaIbHA YeTBep-
TOU CTeneH! aOCOIOTHOM TeMITepaTyphl: TO €CTh y/IBOSHHUE al-
COJTIIOTHOH TeMIIEpaTypbl MPUBOAUT K 16-KpaTHOMY pOCTY UBITY-
yeHwus1, 3akoH Ctepana—bosbiMaHa.

R=0cT*

Bor oHa sHeprus, KoTopasi pacldpsieT Teja IpU UX Harpe-
BaHUM: KaxAb (POTOH (KpapOH) OTIUNBIBAET KBAHT SHEPIUN
U CO3[aeT KBAaHT MMITY/IbCa TPaBUTALIMH, OTTATUBAOIIMN 000-
JIOUKY TeJla MO BEKTOpY cBoero rnojera. C MOBBILIEHUEM TEMITE-
paTypsl CHEKTP U3TyYSHHUsI CMEIAEeTCs] B KOPOTKOBOJHOBYIO 00-
JIACTh C MOBBIIIEHUEM SHEPIUM KaXJIOro OTIETAIOIIETO KBAHTA,
COOTBETCTBEHHO, U MOBBIIIEHUEM CUJIbI UMITYJIbCOB IIPUAAYM.

Kpartkue BbIBOAbI

* Teryiota nopoxaaet (poTOHHOE U3Ty4YeHHEe, KOTOPOE YBEJIH-
YMBAET JIMHEWHbIE pa3Mepbl U 00bEM TeJl.

* Pacimpenue Tesr mpoucxXomuT Noj IEMCTBUEM CYMMBbI UM-
MYJIbCOB U3JIy4yeHHs Kpad)OHOB.

* C NOBBIILIEHUEM TEMIIEPATYPbI CIIEKTP U3TyUYEHHs CMelIaeT-
Cs1 B KOPOTKOBOJIHOBYIO O0JIACTb C TIOBBIIIIEHHEM SHEPIUU KK 10-



'O OTJIETAIOIIEr0 KBaHTa, COOTBETCTBEHHO, U ITOBHIIIICHUEM CHJIBI
VIMITYJIbCOB MPUIAYH.

* B arome B roTOBOM BU/JIE HET (DOTOHOB, HO B KaKA0M (pU3U-
YECKOM TeJjle MX OeCUMCIIEHHOE KOJIMYECTRBO.

* 3eMJIsl B 9KBATOPUAIbHOM OOJIACTH PACTSTUBAETCS C TIOMO-
HIBI0 IBYX CHUI: TIEHTPOOEKHOW CHJIOW Y WHTETPAJIbHOW CHIION
U3JTy4YEHUsl.



2.8. Cxxarune 3emim

2.8.1. 3emust: 3JJIMIICOM ] BpalleHUs

3emiisl He CKUMAETCs Ha TOTI0CaXx,
OHa pacUIMpsieTCs] HA SKBATOpe.

3emuisi — He 11ap, oHa uMeeT (popMy LTUIICOMAA BpalllEHUs,
CIUTIOCHYTOTO Y MOJIIOCOB. [17151 OLIeHKH cxaTrs 3eMJI YeioBeye-
CTBY NOTPeOOBAIOCH HEMAJIO YCUJIMIA. A HAYaJIoCh BCE 3TO U3-32
pacxoxaenus xona yacoB. Ppaniy3 JKan Pure B 1672 r. 3ame-
THJI, YTO €0 MAasiTHUKOBBIE YAChl, TOUHO MOKA3BIBAIOIINE BPEMS
B [lapuke, BAPYr cranu orcraBaTh Ha 2,5 MUHYTHI B CYTKH OJIU3
skBaTopa B I. Kaitenne (Ppaniry3ckas [ Buana). BozHukio nmogo-
3peHue, UTo MOYEMY-TO MOJIeryas rpy3, MpUBOASIINANA B IBUXKE-
HUe MexaHu3M yacoB. O0 3Toi uctopuu cTajo n3BecTHo Hploto-
HY, KOTOPBbIi 171 IEPBYIO YMCIICHHYIO OLIEHKY BEJIMYMHBI CKATUS
3eMii ¢ y4eToM IeHTpoOeKHOM cuitbl BparieHus. 1o ero naH-
HBIM, pa3HUIA MEXKY MOJISIPHBIM U 9KBAaTOPUAJIbHBIM PaJyca-
MU JIOJIKHA cocTaBiATh 1/230 gomo oT cpenHero paauyca. Jta
OLIEHKA B T€YEHHUE IOYTH CTOJIETHS OCTABAJIACh JIydllled U Hau-
Oosree 000CHOBAHHOM.



Puc. 2.7. Pacuupenue 3emau na skeamope. 1 —ocw apauienus,
2 —2eou0, 3 — pacuiupenue 3a cuem UeHmMpoOexHCHol cunvl, 4 —
pacuiuperue 3a cuem 31eKMmpoMAZHUMHbBIX CUA USAYUEHUS, 5 —
pacuiuperiue 3emau.

Cxatrie 3eMIH SKCTIEPUMEHTATBHO ObLIIO TIOATBEPKAEHO TIO-
cie 00pabOTKM IAaHHBIX TEOIE3NUECKIX U3MEPEHHH IBYX (hpaH-
1y3ckux skcnenuuui B Ilepy u Jlaranauio B 1730 r.

Uccnenoanuem purypsl 3emiiu 3aHUMAI0Ch MHOTO YYEHBIX :
Knepo, Ilyankape, Jlannac, Jlexangp, Ctoke, Buxepr, lapsus,
MakJiopeH, SIkoOu u jip. BbIJIo co3/1aHO HayYHOE HANIpaBJICHUE —
Teopus (pUryp paBHOBecHsI HEOECHBIX Tell.

BricTpoe yrouHeHue (urypsl 3emiM Hayalochb ¢ MOMEHTa
3aIlyCKa UCKYCCTBEHHBIX CITyTHUKOB 3emiu. Ceiluac BeIUYMHA
CKaTHSl BBIUMCIIEHA IOBOJIbHO TOYHO U B IEUCTBUTEILHOCTH PaB-



Ha 1/298.25.

OTHoIIIeHE Pa3HOCTU OOJIBIIION IKBATOPUAILHON TIOIYOCH
(@) 3eMHOro JMICOMAA W MAJIOW MOJISIPHOM monyocu (b)
K OOJIBIIION MOJTyOCH, T. €. ApoOb: (a-b) /a Ha3bIBaeTCs CKATHEM
3emu. MlHOrma 310 COOTHOLIEHHE HA3bIBAIOT CILTIOCHYTOCTBIO
3emun. §l HE COBCEM COMIACEH C MPU3HAHHBIM U YCTOSBIIMMCS
B HayKe CJIOBOCOYETaHHeM «CKaTuve 3eMI», Ha MOM B3IJIsij, 00-
Jiee aJIeKBaTHBIM ObUIO Obl CIIOBOCOYETAHUE «paCHIUpeHre 3eM-
J». 3eMJIsl He CKMMAETCs Ha MOJTI0CaX, OHA PACIIMPSIETCs HA K-
Barope. 3a CYeT KaKUX CWJI paclIvMpsieTcs: 3emiis, paCCMOTPUM
9TO sIBJIEHUE TIopoOHee.

2.8.2. Pacmupenne 3emun

HploTOH 1711 onpeneneHuss cxkartuss 3eMJM BOCHOJIb30BaJl-
Csl MOJIETIbIO C IByMsI MEPHEHAUKY/ISAPHBIMU COOOIIAIITUMUCS
CKBaXXMHaMH (KOJIOJIIaMM), TPOOYPEHHBIMU Uepe3 HEeHTp 3eM-
JIM: OfJHA — TI0 OCH BpallleHMs, Jpyras — OT 9KBATopa, U 3amol-
HWI ux Bojoi. Ilo soruke, 3a cuer HEHTPOOEKHON CHITBI BOja
B JAHHBIX CKBAXXMHAX JOJIKHA YCTAHOBUTHCS HA Pa3HbIX YPOB-
HSIX — B 9KBATOPHAJILHOM KOJIOJILIE YPOBEHb BOJIBI AOJIKEH OBITH
Boilie. Bo Bpemena HploToHa He OBLIO MPaKTUYECKUX JaHHBIX
U3MEpEHUs, ceryac 3TU JaHHbIE €CTh, HO OHU HE COMIACYIOTCS
C pacyeTHBIMHU.

[IpuBeny oquH U3 TAaKUX PACUYETOB.

Ha teno maccou m Ha MOBEPXHOCTA 3€MJIM JIEUCTBYET LIEH-



TpoOe:xHasA cuia F. v cuia Tsaxectu Fy.
2
F.=mw’R
F=GmM/R’

M — macca 3emin, R — ee paauyc.
[Tpu 3TOM yII0Basi CKOPOCTh Oy/IeT paBHA:

w=27/86400 06/c (24 uac=86400 c)

Haiinem orHoenue F. K F, o A mapoodpa3Hoi 3eMIu:
F/Fe=0’R/(GM) (2.14)

[Mocre moACcTaHOBKM 3HAYCHHUIA Y BBIYMCICHUI TIOTYIHUM:
Fo/Fy=3,45-10".

Ha skBatope J11060e Teso A0JIKHO BeCUTh IpuMepHo Ha 0,3%
MEHbIIIEe, YeM Ha ToJlocax. B AefHCTBUTEIBHOCTH 3TO pas3iinuue
He npessbiaetr 0,55% [6].

MOXHO BOCIHOJIb30BaThCS JAPYTUM CHOCOOOM BBIYMCIICHMS,
€CJIM MPUPABHATh BEC KaX/JIOro 3JeMEHTApHOro oObeMa Belle-
CTBa Ha TIOJIIOCE M HAa SKBATOPE, IIPU CpeHel TUIOTHOCTU 3eMIIn

(5,52-103 Kr/M° ). Haue, 11 paBHOBecHs Ha JIOOOM PacCTosi-



HUH 7 OT IIeHTpa 3eMiin Oy/IeT CIpaBeIJIMBO COOTHOIIIEHHE:

mgpr:mger-ma)2 r
(2.15)

3aBUCHMOCTh YCKOpPEHHUsI CBOOOIHOTO MajieHUsl OT pajuyca
B IMOJISIPHOM M 9KBATOPUAIbHON CKBAKMHAX OIMHAKOBO:

8pT=8eT= Gm/i?
rac m — Macca, 3aKJII0O9YCHHAasA BHYTpH paauyca r.
_ 3
mr=p4nr /3

0 — IUIOTHOCTb BEILECTBA, 3AMOIHAIOIIETO CKBAKUHBI.

Ecimu Bce 3T0 NOACTaBUTH B ypaBHEHME paBHOBecus (2.14),
COKPaTUTh Ha /M U MPOUHTErPUPOBATH 110 BCEMY Paguycy 3eM-
o (JieBylo yacth — o1 () 10 mosisipHOro paamyca R,, mpaBylo —
ot 0 10 KBaTOpUaIBHOIO paguyca R,), TO B pe3yjbraTe Mnoiy-
YUTCS COOTHOILEHME:

Ry=R, (1—30*/ (4m0G)) 1
(2.16)

IloacraBus B ypaBHeHue (2.16) cpeqHION IJIOTHOCTh 3eMJIN

5,52r/em’ 1 9KBaTOpUANIbHBIN paauyc R,=6 378 140 M, nonyuum



R,~6 367 140 M, T. €. IONAPHBINA PafiyC JOIKEH ObITh MEHBIIIE
9KBATOPUAJILHOIO pUMEpPHO Ha 11 KM (B IEUCTBUTETBHOCTH —
Ha 21 KM), a OTHOIIIGHHE:

f= (R—R,) /R,=1/580
(2.17)

BenuuuHa f HazpiBaeTcs cxxkaTreM 3eMJId, B JeWCTBUTEIbHO-
ctu paBHa 1/298,257

Boruvcnenus gaot npaktudyecku SO-IMpoOUEHTHOE paccora-
COBaHME C peaJlbHbIMU M3MepeHUsiMU. Torga Kak 310 0OBsC-
HUTb?

[MockonbKy reou3uky He OOHAPYKIIIM HUKAKOHW JIOTIOTHU-
TEJIbHOW CHJIBI, TO HAXOMAT OOBSICHEHHE B TOM, UTO: « Pacuem
NAOXO CO2NACYEMCSL C PEANbHOU (POPMOLL 3eMHOLL NOBEPXHOCTIU,
NOCKOAbKY Mbl He YUUMbIEAN 3A8UCUMOCTb RAOMHOCHIL OM Pa-
ouyca, a makdice — OMAUUUSL PEANbHO20 PACNPEOeNeHUs. MACC
8 HeOpax 3emau om cghepuuecKu-CUMMempu4uHozo» [6].

CratucTiyecku pacrpeieieHue Macchl B Heipax 3eMJId Majio
U3MEHMTCS], TaK KaK TeuyeHHe KUAKOM Marmel 3a 4,5 muipa Jet
y’ke JaBHO YPaBHOBECUJIO YaIll BECOB, IO3TOMY HYXKHO MCKaTh
JPyTU€ CUJIBI.

2.8.3. Pacmupenne 3eMJiH 3JIeKTPOMArHuTHHIMHU CHJIA-
MH

Ha moti B3r1s1/1, Takoe pacxoXkJIeHUE B pe3yJibTaraXx OObsICHS-



€TCsl He OTCYTCTBUEM yueTa KAKMX-TO CTATUCTUYECKU HE YCTOSIB-
mMxcs (PAKTOPOB, a MPUCYTCTBUEM JONOJTHUTEIBHON CUIIBL.

DTON JAONOTHUTEBHON CUJION SIBJISIETCS] JIEKTPOMAarHUTHasI
cuia! Vx gaxe nge: 1) cuiia paagvalliOHHOTO M3Jy4YEHHs] caMOu
3emuin, 2) MarHUTHas CUJja.

BrimienpuBeieHHbIE pacueThl TOKA3hIBAIOT: YTOOBI PACTSIHYTh
9KBATOPUAJIbHBIN PaJUYC IO PA3HUILIbI C IOJISIPHBIM B 21 KM, 11eH-
TpOOEKHOW CUJIbI SIBHO HE XBaTaer.

Kak u3BecTHO, 3eMJis1 — He XO/I0Has IIJIaHETa, U OHa UMeeT
MOIIIHOE U3Ty4YeHUe B MH(PAKPACHOM JMara30OHE JIEKTpoMar-
HUTHBIX BOJIH. OCOOEHHO CHJIBHOE M3JTy4YeHHE B TPOMUYECKON
30H€. DTO KpacHoe (KpacHO(OTOHHOE) U3TYUYEHHUE, 1 €T0 KPaTKO
Ha3blBal0 KpadoHHBIM K3iyuyeHueM. Ha skBaTope Makcumalib-
HbIA HarpeB MOBEPXHOCTH, 3/1€Ch MAKCUMAJIbHOE PACIIMPEHUE
U oTTsiKKa ee B cropoHy Comuua. [lo Mepe ynasieHus Ha ceBep
WJIY Ha 10T (K nomocam) 3Ta cuiia ocnadeBaet. Ha momocax usiny-
YyeHre MUHUMAJILHO (OTHOCUTENBHO). Eciin Obl Ha rTosmocax Oblia
Takas e TeMIepaTypa, Kak ¥ Ha 9KBaTOpe, TO Mbl HAOTIONAIIH Obl
pacueTHoe cxkarue. Kapkuil nosic 3emin 3aHumMaeT okono 40%
ee noBepxHocTH. [TocMOTpuTe HAa PUCYHOK HUXKE, ITIE OTPAKEHA
TEIJIOBAsl KAPTHMHA HAIIeW TJIaHETHI.



Puc. 2.8. Annual Mean Temperature (Cpeonezodosas memne-
pamypa) [7]

2.8.4. Pacmiupenne 3eMJId MATHUTHLIMU CHJIAMH

W 310 He mocnenHsisl Cuia, KOTOpasi pacTSIruBaeT MOBEPX-
HOCTb 3eMJIH.

PaboTast HaJy MarHUTHBIM TIOJIEM 3eMJTH, 51 HAIleJ ellle OHY
COCTABJISIIONIYI0, KOTOpasi TOXEe BHOCUT CBOIO JIENITY B 9KBATOPU-
aJIbHOE paciiMpeHue 3eMIM 1 YIJIMHEHUE IKBATOPUATIBHOTO pa-
auyca.

Eie oqHO 10nonHeHre B pacliMpeHny 3eMJv, U MOKHO TOA-
BeCTHU OaJlaHC.

MarnutHoe nosnie 3emiid (popMuUpyeTcs: METOIOM MHIYKITUN
OT MPOXOXKJIEHUS MPEPHIBUCTOrO TOKA B BUJE Pa3psiioB MOTHUI
Ha rpaHulIe MeX]ly 3eMHOM KOpoil U ee MaHTuel. Kaxaplii pa3-
psIIl MekTy OOKJIaIKaMU «KOHJEHCATOpa» CJIeAyeT pacCMaTpH-



BaTh KaK MPOBOJIHUK, [0 KOTOPOMY Te€YeT IEKTPUUECKUI TOK.
[TockonbKy pa3psapl UAYT B OTHOM HApaBJ€HUU, TO BOHUKAET
MarHUTHOE B3aUMOJIEICTBUE COCETHUX MPOBOIHUKOB U UX MPU-
TSOKEHUE Mex 1y coboii [8].

Bot 31ech Bo3HUKaeT emie onuH uHTEpecHbI 3dekT. o-
CKOJIbKY NMPOBOJHHMKHM B 36MHOM TOPOUJE MMEIOT MPUTSIKEHNE
ApYT K APYyry, TO BO3HUKAIOT MOMEHTHI CUJI, KOTOpbIE TBITAIOT-
cs1 BCe napaJiyiesibHble MPOBOAHUKY O0BEJUHUTH (CTAHYTSH). [lon
JEeWCTBHUEM THX CHJI MarMa IOCTEeTieHHO CTSTUBAETCS] K MarHUT-
HOMY 3KBaTOpy, K NIABHOMY PYCJly MAaHTMMHOU peku (puc. 2.9).

Ha nanHOM puCyHKe B pa3pe3e yCJIOBHO IMOKa3aHbl MPOBO/I-
HUKHU C TOKOM (4). OObeqMHEHHOE MarHUTHOE TOJe TIHITAeTCs
cONMM3UTH JaHHBIE TTPOBOJHUKHU, CO3/aBasi MEXAy HUMU JaBJie-
HHE Ha BepxHIo MaHTu0. [louemy 310 npoucxonut?



1-Feona, 2-Kopa, 3-Mantws, 4-NMposogHmem
Tokom, 5-Oce epawennn, 6-MaruvTHoe none,
7-Manan oce, 8-Bonsblwan oce

Puc. 2.9. Pacuwupernue 3emau mazHumHbIMU CUAAMU.

Hemuoro teopuu. W3 a1eKTpOTeXHUKU U3BECTHO, YTO JIBU-
JKEHHe TIOCTOSIHHOTO 3JIEKTPUUYECKOTO TOKA MO MapasuieIbHbIM
MPOBOJHUKAM B OJJHOM HAIlpaBJIEHUU CO3[Ia€T MAarHUTHOE TOJIe,
KOTOpOE MPUTATHBAET MPOBOJHUKHN MEXKIYy COOOH, T. €. MEXIy
MPOBOJAHMKAMHU BO3HUKAET cujia nputsibkeHus (puc. 2.10). [en-
CTBYET 3aKOH Amrepa Jyisi MarHUTHOTO B3aUMOAEUCTBUS JBYX
MIPOBOJTHUKOB C TOKOM [; 1 I nyivHOu dl

@‘2“1’2
4r d

dF = dl (2.18)



Puc. 2.10. I[IpoooHuxu c mokom 00se0UHsII0mMcs MazHUMHbIM
nonem, Komopoe nolmaemcsi ux CoNU3Umb.

Jlioboe pacxoxieHue (OTKJIOHEHHE) OT MapauIeIbHOCTU
HECKOJIBKO YMEHbIIIAeT B3aUMHOE MAarHUTHOE CTSTMBAHUE.

B ciyuae ¢ 3emieid 00beIMHSIOTCS yKe He 1Ba MPOBOIHUKA,
a HecueTHoe KonmnuecTBo. Ceituac s He Oyy KacaTbCsi aHOMAJINH,
MOSTOMY B OCHOBHOW Macce MPOBOJAHMKOB JEKTPUUYECKUIA TOK
Te4eT B 3a1aJHOM HallpaBJIEHUH, OTCIO[a 3eMHOM TOPOU MOKHO
paccMarpuBaTh Kak OIWH MOHOJMTHBIN MPOBOAHUK. DTO ABJISA-
ercst 6a30BOM COCTABIISIONIEH BOZHUKHOBEHHST OOIIEro 00be/Iu-
HEHHOT'O MarHUTHOT'O MOJIsi BOKPYT 3eMJIU, PaclpOCTpaHsIoLIe-



rocs Ha JIECATKU KWJIOMETPOB BOKPYT HEe.
Kak Oputo moka3aHo B crathe «MarHutHble mojoca 3eM-
J» [9], MarHUTHBIN U reorpagpuueckrii SKBATOPbI IEPECEKAIOT-

Cs1 1o OCTPBIM yruioMm 13,4°, uTo JaeT HaM IPaBoO YTBEPK AT,
YTO paclIMpeHre OT MAarHUTHBIX CUJI TPUTSIKEHU S KacaeTcsl Bcen
reorpauyecKor 3KBaTOPUAIbHOU 30HBI.

MaruuTHOE CTSATMBaHUE SBJISAETCS €Ie OJHOU CHUIIOHN, KOTO-
pasi, KpoMe IeHTPOOEKHOU CHIIbI U PATUAITMOHHON CHJIBI U3ITY-
YeHU s, CIIOCOOCTBYET PACTSIKEHHIO SKBATOPHATbHOM 30HBI, TTPH-
naBasi 3emiie IOTOTHUTENIbHOE paciivpeHue!

Kak ObUIO OTMEUYEHO BBIIIE, CYIIECTBYET HECOOTBETCTBHE
MEXJy pacyeToM M peajibHbIM ckatuem 3emud. Ilomarawo, yro
no0aBJieHNe paIMallMOHHON CHJTBI M3JTyYeHHS U JIeKTPOMarHuT-
HOM CTATUBAIOIIEH CUJIbl B MAHTHU JIOJKHO YCTAaHOBUTD TTOJTHBIN
OaJiaHC MeX1y pacueTHHIMU JTAHHBIMU U PEaIbHBIMU pa3MepaMu
9KBAaTOPUAJILHOTO U MOJISIPHOTO PayCOB.

11 KM pacTsikeHUsI IPUXOAUTCS Ha HEHTPOOEKHYIO CHITY, UTO
cocrasiseT 52,4%. Ha ocrasiytocs yactb B 10 KM pacTskeHUs
npuxogutcs 47,6%.

VY MeHs noka HeT TOYHbIX JaHHBIX, CKOJIBKO ITPOLIEHTOB MpU-
XOIOUTCSl HA KAXAYI0 U3 JBYX OCTABLIMXCS JEKTPOMAarHUTHBIX
CWJI, HO, TIPEIIONOKUTENBHO, PaJUAIMOHHAS YacTh U3Ty4YeHUsI
OO0JIbILIE M JIOJKHA OCTABIATH OKOJIO 70—80%.

B o0mem Buge MOXHO 3amucaTh ypaBHEHHE OajlaHca pacTsi-
KEHUS paauyca 3eMIIn:



Re=AI’1+AI’2+A}"3 (219)

rie R, — 9KBaTOpUAJIbHBINA paguyc 3eMJIu;

Ar; — ipupaltieHre paguyca ot AeUCTBUS EHTPOOESKHOM CH-
JIbl BpalIeHUS;

Ar) — IpUpalieHue paguyca OT pacTskeHus KpaOHHbIM W3-
ayyerreM 3emuid M ComHIIA;

Ar3— TipupanieHde paauyca OT MarHUTHBIX CHJI, CTSTUBAIO-
IIMX MAHTHUIO K 9KBATOPY.

W3 npuBeeHHBIX JaHHBIX MOXHO 3aKJIIOUUTh, YTO MAaKCH-
MaJIbHbIN TuaMeTp 3emitu (60Jbiast OCh) MPOXOIUT MEK/LY JIBY-
MsI 9KBaTOpaMu: reorpapuyeckium SKBaTOPOM U MarHUTHBIM K-
BaTOpPOM, HO OJrke K riepBomy (puc. 2.9).

Bcsa manTHg 3emun oxBaueHa MEIJIEHHBIMUA BUXPSMUA MOUI-
HBIX TeUeHM. Marma nepemeiaeTcsi He TOJbKO B IOTPAHUYHOM
Clloe, HO BO3HUKAIOT TEUEHWS W B TIIYOMHHBIX CJIOSIX MaHTHU.
3nech MOTYT MPUCYTCTBOBAaTh KOHBEKTHUBHBIE TEUEHHUsI BBEPX
Y BHU3, IIepeceKas TeHepaibHOe BOCTOYHOE HampasiieHue. Jo-
00e TeueHre MarMbl COMPOBOXKAAETCS TPEHUEM B CAaMHX CJIOSIX
MarMbl Wi C TBEPHAOH MOBEPXHOCTbIO KOpBl. TpeHue, B CBOIO
ouepeb, CONMPOBOXKIACTCA BBIICJIEHUEM TEIUIOTH, a TEIUIOTa
BO3HUKAET OT 3aMBIKAHUS BCE TEX K€ NEKTPUUYECKUX 3aps/IOB
[8]. B pe3ysbTare nOHM3AlIMK BEPXHUX CJIOEB MAHTUU B HEM BO3-
HUKAIOT JIEKTpUUECcKue 3apsiibl. liHaue roBopsi, B MaHTUU TIO-
CTOSIHHO TeYeT JEKTPUIECKU TOK, KOTOPhIA BO30OYK/IaeT Mar-
HUTHOE MoJie 3eMJIN.



[TockosibKy BO3HMKAIOT aHOMAJIMM, TO HAIPSKEHHOCTh Mar-
HUTHOTO I0J11 3€MJIM HE MOCTOSIHHA, BOT IIO9TOMY I'€OMarHUT-
HBIE TIOJNIOCA HAXOOATCA B HENpEPbIBHOM ABMkeHMU. Otciona
Y aHOMAJIbHBIE OTKJIOHEHUS CWJIBI TSKECTU g OT CTaHAAPTHOIO
3HAYEHUS.

DKBAaTOPUAJIBHOE PACTSKEHUE 3eMJM (TIOJIIOCHOE CKATHE)
IIPOUCXOJIUT OT JEMCTBUSA TPEX COCTABJIAIIIMX CWII:1) HeHTpo-
OexHOM cuitbl BpaieHus F,; 2) oT pacTsikeHus: KpacHO(pOTOH-
HbIM n3iyyenreM 3emud 1 ConHua Fj; 3) OT 271eKTpOMAarHUTHBIX
cuil F,, CTATUBAIOIIMX MAHTHIO K SKBATOPY.

B ciydae ¢ 3emiieli 35€KTPOMarHUTHBIE CUJIBI (CHITBI U3ITy4e-
HUSA F, 1 MarHUTHBIE CUJIBI F,) TUTIOCYIOTCS C TICHTPOOEKHBIMU
cunamu F. u co3paior o0y cuiy (Fgr), CO3IAI0NIYI0 pacTsKe-
HUe 3eMIIN.

JlaHHBIE CUJIBI, CYAS IO PACUETHBIM JaHHBIM, [IPUMEPHO paB-
HBI.

Fy=Fc+ (F,+F,) (2.20)

3eMJIs HE CKMMAETCS Ha IOJII0CaxX, OHA paclIMpseTcs Ha K-
Barope!



2.9. Kyouk Pyouka u rpaBuTamnus

2.9.1. I'paBuTanus — 3T0 B3aUMOOOMeH KBaHTaMU YHEP-
ruu

PaBHOBecHas cucrema. MOMEHT KOJMYECTBAa ABUKEHUS pa-
BeH HyJ0. Bo3bMeMm /151 mpumMepa KpyTuiibHble Bechl KaBeHau-
mia. [ITapbl B KPyTHIIBHBIX BeCax PacIoNOKeHbl HA PACCTOSTHUN Y4
QYT Kpyra, ONMChIBAEMOTO TJI€4OM KOpOMBICia. MOKHO yTBEp-
KJ1aTh, YTO B JAHHBIA MOMEHT MEX[Y IIapaMH UJET MOCTOSIH-
HbIIA OOMEH KBaHTaMU (MMITYJIbCaMH) TPaBUTAITH, MHAYE — TTPH-
CYTCTBYET B3aUMHOE MPUTSKEHUE. YIIOBUTD 3TO C1a00€ B3aUMO-
JeWCTBYE HU BU3YaJIbHO, HU KaKUMHU MPUOOpaAMHU HEBO3MOKHO
10 MPUYMHE TOTO, YTO MMIMYJBC OJHOrO (POTOHA MMEET OYEHb
Malylo BennurHy. HecMOTpsi Ha OrpoMHOE KOJIMYECTBO IMepe-
OpacbiBaeMbIX (POTOHOB, CTATUCTUYECKM OHU YPABHOBEIIMBAIOT
npyr apyra. I[Momydaercs: cBoeoOpa3HbIil KpyroBOPOT KBAHTOBOM
SHEPruM B MIPUPOJIE.

Curyanio MOXHO CpaBHHTh C OeCHpepbIBHBIM TEUSHUEM
’KUAKOCTU B 3aMKHYTOM KpyroBoM Tpybomnposose. Ecnu 3acra-
BUTh KUAKOCTh T€UYb C MOMOIIBIO MAJIOMOIIHOTO HACOCA, Mbl
HE CMOXEM BU3yaJIbHO OOHAPYXUTh TEUSHHUS], TAK KaK KOJIWJe-
CTBO JKUJIKOCTH B KQXKIOW eAMHHIIE 00beMa OCTAeTCs TIOCTOSTH-
HbIM. YTOOBI OOHAPYKUTh T€UEHUE, HEOOXOAUMO OIYCTUTD Ha ee
MOBEPXHOCTh MOIUIABOK.



B kpyTuibHBIX Becax, YTOObl OOHAPYKUTh MPUTSKeHUE (Tie-
peOpOCKY KBAaHTOB-UMITYJILCOB), HEOOXOAUMO CIBUHYThH INAPBI
Ha OJIM3KOE PacCTOSTHUE JI0 MOSIBJICHUS PeaKIMK 3aKPYyYMBAHUS
nojiBeca KopoMsiciia. B JaHHOM ciiy4yae B poJiv MOTUIaBKa BBICTY-
naeT 3aKpy4YeHHbI Ha HEKOTOPBIN yron noasec. [Ipu atom 06-
M MOMEHT KOJIMYECTBA IBUKEHMS (Macca m Ha CKOPOCTh V)
OCTaeTCsl PaBHBIM HYJIIO.

Ymv=0
E;=E;

rie E; — 910 mocTynuBIIas sHeprus, E, — SHeprus TaHHOTO
TeJia (BellecTBa).

[Mockonbky B Moeil J1abOpaTOpuu HET KPYTWIIBHBIX BECOB
U JIpyrux Oojiee TOUHBIX TPUOOPOB, TO 3aMIEM B JIIOOOW TEXHH-
YecKUH By3 M 3aryIsTHeM B labopartopuio (pusukn. Tam, B iepepsl-
Be MEeX[y JJa0OpaTOPHbIMU 3aHATUSIMU, CUIUT CKYYaloIIUi Jia-
OOpaHT 1 KpyTUT KyOrK PyOuKka, mbItasich cooparh ero 1o 1Be-
TOBBIM TPaHSIM.

W3psiqHO MOMYYMBIIKCH, HO TaK U HE IOCTUTHYB HY)KHOTO pe-
3yJbTara, JJabOpaHT B cepaiax Opocaer KyOUK B ypHY, HO MpO-
MaxuBaeTcs U onajgaet B cocyn JIproapa ¢ JKUAKuM resmem (puc.
2.11).

Jns1 HarIIQHOCTH KYOMK pAcIoNOXMM BO (PPOHTAJIBHON
TUIOCKOCTH, rjie OyJeM BUIETh TOJIBKO OJHY I'DaHb.



D

Al

a b &)

Puc. 2.11. Kyoux Pyouka naxooumcsi: a) 6 cocyoe /lvtoapa, b)
Ha 8030yxe; C) 6 muzie.

1. MoxHo npenyrajiath MoBejieHUe KyOuKa MpH TeMIepary-

pe okpyxamwomei cpeasl — 269° o Henbero. KyOuk coxmer-
cs 1o BceM TpeM ocsiM (puc. 2.11, a). Ero nuHeiHble pa3Mepsbl
PaBHOMEPHO YMEHbIIATCA Ha BeJMuuHy Al. B aToM ciiyyae Moxk-
HO CKa3aTh CJIEAYIOIMMM 00pa3oM: MPUTSKEHUE TpaHel KyOunKa
CO CTOPOHBI JKMIKOTO TeJMs CTAJIO MEHbILe, YeM IMpPUTSIKEHHE
pyu KOMHATHOU Temriepatype. Cuila MpUTSKEHUsI CO CTOPOHBI
cpenpl ocnabna Ha BemunHy AF, 1 KyOUK CKaJiCsi, OH BTSIHYJICS
caMm B ce0sl.

— AF=Fy,—F

roe F He — CWIA IIPUTAKCHUA KUIKOI'O I'cjind, F — cuna Ipu-



TSDKEHUS B KyOMKe TP KOMHATHOW TeMIiepaType.

2. Kanko urpymiky. JIabopaHT OepeT HIUIIIBI, BHITACKMBAET
KyOuK 13 cocyaa [pioapa, OKpyXeHHbIII MOPO3HBIMH TTAPaMHU Ta-
3a. B 910 Bpems1 B 1abopaTopuIo 3aXOIUT JeKaH U, BUJIs, YeM 3a-
HUMaeTCs JJaOOPaHT, BBI3bIBAET €r0 B CBOM KAOMHET, «Ha KOBEP».

Hanee Haym kyOukoM Oynem w3zieBaThesi Mbl. BuauMm, 9To Ky-
OUK «OTBIIIAJICS», IPUHSIT TIPEKHUE Pa3MEPHI.

3. OnycTyM JaHHbIA KYOMK B TUTEJTb C PACIUIABJICHHBIM CBUH-

oM (t maBnenus Pb=327° C) (puc. 2.11, c). KyOuk n3rorosnex
U3 TYTOIJIABKOTO MaTepuaia, a Ha ero rpaHu HaHECeHa HEroplo-
yas Kpacka. CHOBa CpaBHUM €ro C STAJIOHOM U OTMETUM, 4TO
KyOWK pacIUpuIICs, €r0 JIMHEHHbIE pa3Mephl IO OCSM YBEINYH-
JIUCh HAa BelnuuHy Al JIJaHHBIN KCIIEPUMEHT MOKHO OMHCATh
CIIEYIOIIMM 00pa30oM: MPUTSIKEHHE ITpaHell KyOuKa CO CTOPOHBI
pacIUIaBJIeHHOTO CBMHIIA CTAJIO CUJIbHEE, YeM TPUTSIKEHUE MPU
KOMHATHOU Temriepatype. KyOuk pacimpuiicst 3a cuer mpupa-
IIeHUs] TPABUTAIIMOHHOW CUJIBI CO CTOPOHBI CBUHIIA HA BEJTUYU-
Hy AF.

AF=Fp,—F

Fpp, — ciita IpUTSKEHUS B PACIUIABJIEHHOM CBUHLIE.

3. BeiTanmm KyOuK U3 pacIulaBJIeHHOTO CBUHLIA U IAIUM EMY
CHOBa «OT/BIIIATHCS» Ha JAOOPaTOPHOM CTOJIE /711 BOCCTAaHOB-
JIEHU s IIEPBOHAYAJIbHBIX Pa3MEpPOB.

Ho Ha sTOoM myueHus kyOwka He 3akaHumBaiotcs. [Ipose-



JIEM €l1le HECKOJIbKO MHTEPECHBIX OMBITOB C JTAHHOM UIPYIIKOM,
HO JUISI 9TOTO HAM HEeoOXOAMMO aOCTparupoBaThCsl U TeperTr
OT peaJIbHOro 00pasa K BUPTyaTbHOMY. MBICIEHHO MTPECTaBUM
creHkM cocyna Ilploapa U TUrias aMopgHBIMH, Yepe3 KOTOpbIe
OyzieM BCTaBJIATh Halll KyOuK (puc. 2.12).

a b c

Puc. 2. 12. Kyoux Pyouka naxooumcsi: a) HanoAo8ury 6 cocy-
Oe [lvioapa; b) na 6030yxe; c) Hanoao8uny 6 muaie.

5. Yepe3 O0KOBYIO CTEHKY [Iploapa BCTaBUM KYOUK TOJIBKO Ha-
NOJIOBUHY (puc. 2.12, a) v mpociieluM 3a U3MEHEHUEM €ro pas-
MepoB. VI3 pucyHKa HarissgHO BUIHO, YTO JieBasi 4acTh KyOHWKa
CKaJlach, a MpaBasi 4acTb HE U3MeHWIAch. JleBas nonoBrHa Ky-
OuKa, 32 CYET YMEHbIIIEHUS CUJIbI IPUTSKEHUS Ha BEJIMUUHY AF
CO CTOPOHBI AMJKOTO Iesus, MoTy4nsa cMelleHue Bupaso. [1o-
CKOJIbKY 00€ IOJIOBUHBI — TO [JBE€ YACTH LIEJIOTO, a OfIHA MOy YH-
JIa CMEUIEHUE IO ONPEEJICHHOMY BEKTOPY, TO CyMMapHBIN BEK-



TOp MpUTsDKEHMsT OyJIeT HAMpaBJieH B Ty e CTOPOHY, B CTOPOHY
WCTOYHUKA TEIUIOTHI, B IAHHOM CJIy4ae — CMEIlIEHHEe BIPaBO.

6. IloBTOpUM OMBIT, HO TENEeph BCTABUM IOJIOBUHY KyOWKa
B TUTEJIb C PACILIABJIEHHBIM CBUHIIOM (puc. 2.12, c). JleBas no-
JIOBMHA KyOMKa OcTaslach HEM3MEHHOM, a MpaBasi MOJIOBUHA pac-
mmpuiack. Co CTOPOHBI paciiaBa CBUHIIA MPUIIOKUIIACH AOMOJ-
HUTEeJIbHAS CHJIA IPUTSIKeHUsT AF, ¥ TIOJIOBUHY KyOUMKa pacTsIHYy-
7o0. KyOuk B 11eJ10M MOMy4YusI CMeleHre 1Mo Pe3yIbTUPYIOIEMY
BEKTOPY B CTOPOHY THIJISI.

7. J1ns1 OKOHYATEIbHOTO BBIBOJIA MPOZEJIaeM elle /IBa OIbITa,
KOTOpBIE MTPOBEEM Ha KOCMUYECKON CTAHIIMU, C TEJIbI0 UCKJTIO-
YEeHU s 3eMHOTO TATroTeHus. B HeBecoMocTu 1 6e3 TpeHus KyOuK,
MOMEIIEHHBIN HAMIOIOBUHY B cocynl [ploapa, noj 1eiCTBUEM UM-
MYJIbCOB T'PABUTALIMOHHOTO CMEIIeHUs IOKMHET JaHHBIN COCY]I.
KyOuK, momeIieHHbIi HaroJIOBUHY B THTeJIb, HAOOOPOT, TIOJTHO-
CTbIO TIEPEMECTHUTCS B HETO.

W3 BblIIENPUBEICHHBIX BUPTYAJIbHBIX OIBITOB MOXHO Clie-
JIaTh OCHOBOIIOJIATAIOIIMIA BBIBOJI: SHEPIHsl OT BHELIHETO UCTOY-
HUKa yBeJUYMBaeT (YMEHbIIIAeT) SHEPTUI0 OMBITHOTO Tesa (Be-
niectsa). B pe3ysnbrare BO3HMKAET CUJIa TPaBUTALIMOHHOTO CMe-
IIEHUS TI0 BEKTOPY, HAPaBIEHHOMY B CTOPOHY OoJiee SHepro-
HACBHIIIEHHOTO0 UCTOYHMKA. JlaHHasl cujia U eCTh Cujia TIPUTSIKe-
HU, cuiia rpasutanuu. Ha sHeprernueckom yposHe E;> E (puc.

2.12, ¢).

AE=E;-E,



Pasnuna AE Mex 1y NOCTYNUBIIEN SHEPruer U SHepruen ca-
MOTO TeJla — ITO IHEPrusi, KOTopask TPATUTCS HA TITOTEHUE JTaH-
HOT'O TeJla K UICTOYHUKY SHEPIUu.

2.9.2. 9d ekt IlearThbe, ToMcoH 1 TeMnepaTypa

B 1856 r. V. Tomcon (yiopn KesibBUH) BBIABUHYJ TMIIOTE3Y,
YTO TEIUIOTa, aHaJlormyHas Teriore aggekra [lenbrbe, JoMKHA
BBIJEJIATHCSA (IOIVIOMIATHCS) TIPY MPOXOXKAEHUU TOKA IO OHO-
POIHOMY MPOBOAHUKY, BIOJIb KOTOPOI'O UMEETCs TPATUEHT TeM-
nepatypsl [10, c. 268]. D¢pdext IlenpTre 3aKmoUacTCsa B TOM,
YTO MPU MPOTEKAHUU IEKTPUUYECKOrO TOKA YEPE3 PA3HOPOHBIE
cnav (CoeIMHEeHMs) JBYX METAJUIOB B OIHOM CIae MPOUCXOAUT
BbIJIEJICHNE TEIUIOTHI, a B APyroM — norjomienue. [Ipeackaszan-
HbI ToMcoHOM 3(h(peKT BIOCIECTBUY OBLT MOATBEPKICH IKC-
MEPUMEHTAJILHO U TOJTy4YrJI Ha3BaHUE «siBjieHue TOMCOHa», KO-
TOPOE 3aIUCHIBACTCS CIEAYIOUIUM BbIPAKEHUEM:

am st
Q=15

Q — KOJIMYECTBO TETLJIOTHI, BBIIEIISIONICECs B €UHUILY BpeMe-
HU B ITPOBOAHMKE JJTMHOM dl.
I — cuna Toka, dO/dl — rpagueHT TeMrneparypel, T — Koapdu-



IIMEHT, Ha3bIBaeMblil Ko duimeHToM ToMCoHa.

[ocnenyem 3a nopaom KenbBUHOM Tak ke, Kak OH B CBOE Bpe-
Ms TiocsieioBai 3a [lenbThe, U UCTONb3yeM BhIIIENPUBEICHHYIO
(hopmyiy a1 HalUX 11eJ1ei, HO 3HaYeHue ee OyJIeT COBEPILICHHO
UHBIM. [[7151 Yero 3aMeHUM JIMHEWHBINA pa3Mep Tejla Ha ero 00beM:

dF .Ud[gd
e = k] — dt
dv

k — K03(pPULIMEHT TTPONOPLIMOHATBHOCTH.

Cuna tarorenusi dF, AedcTByOlIIasi B €IWHUIY BpEeMEHU
B 9JIEeMEHTE BelecTBa ¢ 00beMoM d V, ponopriyroHaIbHa MHTEH-
CUBHOCTH U3JTy4eHus [ U rpaiueHTy temmeparypsl dO/dV.

['paBuTaIIUSA — 9TO B3aUMOOOMEH KBaHTAMU SHEPTUH.

2.9.3. TenuioBag MalmnHa

[TpuBeseHHbIE BbIILIE MPUMEPbI MOKA3bIBAIOT, YTO MbI (hak-
TUYECKU CO3AJM TETUIOBYIO MaIlIMHY, Pa0OTAIOIIYIO MO HUKITY
Kapno' (puc. 2.13).

B Havasne mporiecca KyOMK MMesl KOMHATHYIO TeMIleparypy,
Touka (A). 3areM Mbl €ro NMpUBEId B KOHTAKT C OXJIAAUTE-
siem (BC), KOTOpbIN M30TepMUAYECKHU (TPY MOCTOSIHHOM TemIepa-

7 Kapro Canu (1796—1832) — ppaHiy3cKkuil (pU3UK 1 MAaTEMATHK.



TYpE) OTHSUI y HET'O HEKOTOPOE KOJIMYECTBO TEIUIOTHL. [Ipu 3T1O0M
00beM KyOuka yMmeHbIIICS. Jaee Mbl BBIHYJIM KYOUK U3 OXJia-
JUTEeJIsl U Harpesu 10 KOMHaTHOU Temmeparypsl (DA). Luki 3a-
KOHYMJICS.

B Havase BToporo 1ukJjia KyOuK MpUBEU B KOHTAKT C Harpe-
BaresieM (EF), KOTOpbIA U30TEPMHUYECKH MEPEAATT €EMY MOPLUIO
TerioTel. KyOuk pacimpuics. 3aKOHUYWIN UK, OXJIaUB KY-
OMK TIpu KOMHaTHOU Temrieparype (DA).
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Puc. 2.13. Kyoux Pybuka u mennaosas Mmauuna.

Ecnu nanHbIN KyOWK 3apaHee COeIMHUTD, HATIPHMED, C TTOPIII-
HeM, TO OH Obl coBepIi padoty. Ho uro 310 3a pabota — Xyxe
BBIIIIBaHUA !

JlJ1s TOro 9YTOOBl BOHMKJIO TATOTEHHE, HAIPABJIEHHOE IO Ka-
KOMY-JIHOO pe3yJIbTUPYIOIIEMY BEKTOPY, HEOOXOOWMO Hapy-
[IMTh TETUIOBOE PaBHOBECHE WJIM OTHOCHUTENILHO 3EMJIA COBEP-



HIUTh PadOTy MO YBEJIMYEHUIO MOTEHIMAILHON SHEepruu (Iof-
HATH TEJIO Ha BBICOTY).



2.10. Kosie6aHusi aTOMOB
B KPUCTAJLUINYECKON peleTKe

2.10.1. Perpetuum mobile (BeuHblil JBUraTe]b) B KpPH-
crajuiax

Kpucrami, cocrosiumii U3 n aroMmoB, sIBISIETCS CUCTEMOU
¢ 3n KoneOaTebHBIMK CTeTieHsIMUA CBOOOBL. OTKPBIB CTpaHM-
1Ty JIIOOOM SHIMKJIONEANH, CITPABOYHHMKA MJIM KHUTH C 3ar0JIOB-
koM «KomebaHus KpucTasindeckon perieTku», Bul Tam Haiigete
CJIOXKHBIE MATEMATUIEeCKHE BBIKJIAJIKH, BCEBO3MOKHbIE TpahuKu
¥ MHOTO BCSIKOTO Marepuajia U Ipo KoJieOaHWsI aTOMOB, U PO
BEYHOE JIBIKeHue, U npo ¢oHoHb. Ho! Bl He Haiinere oTBeT
Ha TJIaBHBIA BOIPOC: OTKYJA 3TH KoyieOaHusi BO3HUKAIT? KTo
WIN 4TO 3TH KojleOaHus reHepupyer? OTKyna 3TO BEUYHOE JBH-
KeHue?

[Ipesxae ueM OTBETUTH Ha MOCTaBJIEHHBIE BOIPOCHI O TIPUYH-
HE KoJieOaHMH aTOMOB B KPUCTA/UIMYECKON pelieTKe, HEMHOTO
0 CaMoM IIpoliecce KoneOaHul.

Konebanust aToMOB, MIOHOB WJTH MOJIEKYJI, BXOJSIIIUX B KPU-
CTaJU1, OKOJIO MOJIOKEHUI PABHOBECHS Y3JIOB KPUCTAJUIMUYECKON
PEMIETKY AaJIbIlie B TEKCTe OyayT 0003HAUaThCsl Kak KojaeOaHUs
aTroMoB. B ¢pu3nke naHHble KosieOaHMsI CBSA3BIBAIOT C TEMIIEpATy-
PO¥ BellleCTBa KPUCTAJIa ¥ B3AUMOBITUSIHUEM COCETHMX aTOMOB
JpyT Ha Jpyra — TeIJIOBbIe, YIIPYTUe U TIp.



[Tpu NMOBBIIIEHUU TEMITEPATyPbl IPOUCXOUT IOBBIITIEHHE Ya-
CTOTBI I aMIUTATY/IBI TUX KoJieOaHui. B ciydae ecnu amrmry-
J1a IOCTUTAeT HEKOTOPOrO KPUTHIECKOTO 3HAYEHUSI, KPUCTAIITHU-
Jeckasl peleTka MOKeT Pa3pylIuThCs, MHa4Ye MPOU30M/IET IJ1aB-
JIEHUE BEIIeCTBa U OHO NEPEHIET B KKIKOe cocTostHue. [1pu mo-
HIDKEHUH TeMITEpaTypbl IO aOCOIOTHOTO HYJISl aMIUTUTY/Ia TTajia-
€T TOXe TPAKTUYECKU JIO HYJIsl, HO He3HAUMTe IbHbIE KOIeOaHusI
MPUCYTCTBYIOT (HyJIeBasi SHEPrusi KoJeOaHu ).

OxazpIBaeTcs, 3aKOHaAMH KBAaHTOBOM MEXaHMKH TTOJTHOE Tpe-
KpaieHue KoneOaHui 3arperieHo! A Mbl ke TIOHHMaeM, 4TO
NpUpOJIa 3aKOHOMOCIYIITHA, BOT MO3TOMY HYJIEBbIe KOJIeOaHUs
B KPUCTAJUIMYECKOM peleTke He npekparnaoTcst! Ha camom ne-
Jie aOCOJIOTHBIN HY/Ib TEMIIEPATyPbl B YCIOBUSX 3€MHOIO TSTO-
TeHUsI He TOCTUXHUM, TIOSTOMY U KOJieOaHUS He TIPEKPaIaioTCsI.

B xpucraiie oqHOBpeMEHHO MOTYT MTPUCYTCTBOBATh BCEBO3-
MOXHbIE HOPMaJIbHbIE KOJIeOaHus1, IpUYeM Kakji0e MpPOTeKaeT
Kak OyaTo Oe3 MPUCYTCTBUS OCTAJIBHBIX. TaM MOT'YyT BO3HHMKATh
¥ 3ByKOBBIE, 1 ONTUYECKIE BOJIHBI, M BOJIHBI CYTIEPIIO3UIINN HOP-
MaJIbHBIX KOJIEOAHWH KpUCTaJLIa.

B Kako¥-To MOMEHT MOTYT BO3HMKaTh TapMOHUYECKHE KOJie-
OaHus1, HO 3TO KaK MCKJIIOYEHHE, B OCHOBHOM 3TO aHMApPMOHM-
Jyeckue koneOanusi. CJIOBO TUIOXO BHITOBapUBaeMoe, HO aToMaM
9TO 0e3pa3JIMYHO, Y HUX CBOU SI3bIK. M 3TOT SI3BIK JI0 CHX IOP
duzukamu He pacimdpoBaH. MoXeT ObITh, AaTOMBI IIOXO CJIbI-
IIaT, IOTOMY, YTOOBI CIeIaTh KAKOE-TO COOOIIEHNE CBOEMY CO-
Cely, MBITAIOTCS MPUOMU3UTHCSA K HEMY M IMPOKPUYATh HA YXO.



A MOXeT, XOTAT MOyyYllle Pa3misiieTh OPYTr Apyra, HO JJisl Hac
BCE aTOMBI Ha OJIHO JIUIIO, KaK aDOPUTEHBI B IKYHIIIX AMa30H-
ku. Tak Wi MHaYe OHU He MPEKPAIAIOT CBOU TEJIOABVIKEHUS HU
JTHEM, HY HOYbIO, perpetuum mobile, 1a 1 ToJbKO!

Konebanuss aToMOB B KpPUCTAJUIMYECKOW peleTke — OIUuH
U3 OCHOBHBIX BUJOB BHYTPEHHUX JIBUKEHUI B TBEPIBIX TENaX.

Vhpyruve BOJHBI paccMaTpuBaloTcsl B (pU3MKe KaK pacrpo-
CTpaHEHUE HEKUX KBa3W4yacTull — POHOHOB.

B npanHOW paboTe A HE Kacalch TEOPHM TETUIOEMKOCTH
KPHCTAJUTMUECKHX TeJl (KBAaHTOBAaHME KOJIeOATeIbHON SHEPIHN),
MPEIJIOKEHHON DUHIIITENHOM Y BIOCIECTBUM YCOBEPILIEHCTBO-
BaHHOU [leOGaeM. [laHHas Teopus onucaHa BO BCEX yUeOHHMKax
1o (pu3MKe TBEPIOTO Tea.

Most 3a1a4a — rmoka3arh SHEPrHI0 KOseOaTeTbHBIX TPOIIECCOB
B KpUCTaJJIaX ¥ MEPEHOCca €€ B BUJIE UMITYJILCOB OT aTOMa K aTo-
My.

[Ipexae yem 3TO chenarh, HEOOXOIUMO BKpaTIie OMNKMCATh
CYIIHOCTb NIEPEHOCA SHEPTUU B COBPEMEHHOM (PU3HKE, IS ITO-
IO MPHUIETCS pa300paThcs ¢ (POHOHAMMU.

2.10.2. PoHOH

YroObl Kak-TO OOBSCHUTH BEUHBIN TaHeI[ aTOMOB, HYXHa
SHEPrusi, KOTOPYIO KTO-TO JIOJIKEH IEPEHOCUTD, HO, HE 3Hasl, YEM
Y KEM SHEPrus IepPEHOCUTCS], yUEHbIE UCXUTPUIUCDH U ITPUIyMa-
JIM HEKYIO BUPTYaJIbHYI0 KBa3MUYACTUILY M Ha3BaJM €€ — (POHOH.
Hapenunu ee sHepruer u UMITYJIbCOM, KBAHTOM YIIPYTHUX KOJIE-



OaHMii, cuuTasi, 4To AJIsl IePEHOCA SHEPIUU ITA YACTUIIA BIIOTTHE
MoskeT rogoiuTu. [locne yero BHyTPEeHHIOI SHEPIUI0 KPUCTaslia
MOHO paccMaTpUBaTh KaKk CYMMAPHYIO SHEPIHIO JBUKYITUXCS
(poHOHOB (KBa3MYacCTuIL).

®oHoH (phone — OT Tped. «3ByK») — KBaHT KOJIeOaHUU Kpu-
crajuinueckou pemetku. Tepmun BBeneH M. Tammom 1o anasto-
ruv ¢ (POTOHOM, KBAHTOM 3JIEKTPOMArHUTHOTO TIOJS.

[Ipumeuanue. Kax euoume, uacmuypvl, He Cyuiecmeyoujue
8 npupooe, HO HeoOX0OuUMbvle 051 OO0BIACHEHUS. NPOUCXOOSUAUX
usuueckux npoueccos, «<Kpymsamcs» 6okpye gpomona. Ilepeoii
uacmuyeni 6AAemcst 2pasumo, U 60m 6Mopasi Keasuuacmuya —
¢goHon.

B «bosnbiioM TOJIKOBOM CJIOBape COBPEMEHHOTO PYCCKOTrO
s3pika» J1. H. YimakoBa untaem: quasi (Jiat.) — sKOOBI, Kak Oy[I-
T0. [lepBasi 4acTh CIOXHBIX CJIOB, UMEIOIINX 3HAUEHUE: MHUMBIIA,
HEHACTOALIMI, & B HEKOTOPbIX M3JAHUSX TPAKTYETCS KaK JIOK-
HBI.

41, B cBOIO OYepep, JIUIIb KOHCTATUPYIO, YTO TAKOM YaCTHIIBI,
KaK (pOHOH C ero KBa3UUMITYJIbCOM, B MPUPOJIE HE CYIIECTBYET,
T. €. (DOHOH — JIO)KHBIM.

[IpuBeny uutary: «PoHOH 80 MHOZUX OMHOULEHUSIX 8eden ce-
05 mak, Kax ecau Obl OH OblA YacmMuULell ¢ SHepzuelt U UMNYAbCOM.
Oonako 6 omauuue om 0ObIYHLIX YACMULY, (31EKMPOHO8, NPOMO-
HO8, POMOHOB U M. N.) POHOH He MOJiCem B03HUKHYMb 8 6aKYY-
Me — 0n51 C80€20 BO3HUKHOBEHUSL U CYULECIBOBAHUSL (POHOH HYHC-
Oaemcsi 8 Hekomopoli cpede. [1o00OHO20 poda uacmuubl HA3bI-



saromcs keaszuuacmuyamu. Takum obpazom, ¢poHon sersemcs
K8a3uuacmuyell.

Hmnyave ¢porona obnadaem c80e0OpA3HbIMU CEOLICMBAMU.
IIpu e3aumodeiicmeuu hoHoHO8 Opyz ¢ OpYzomM UX UMNYALC MO-
JHcem OUCKPEMHbIMU NOPUUAMU NepedasamvCsl KpUcmanauue-
CKOIl peutemke U, C1e008amenvHo, He coxpansemcs. B cesasu
¢ amum (p) 6 cryuae poOHOHO8 HA3BIBAION HEe UMNYALCOM, d K8a-
uumnynvcom» [3, c. 192]..

p=hk=hwlv (2.21)

k — BOJHOBOE 4YHMCJIO, COOTBETCTBYIOIIEE KOJIEOAHHIO YacTO-
THI (),

U — CKOPOCTb YIIPYT'HX BOJIH B KPUCTAJLIE.

Cpasnure opmyiy (2.21) ¢ ummyiascom (orona p, =hv/c
(1.12).

Jlo/keH NPOKOMMEHTHPOBATh BBIIENIPUBEIEHHYIO LIUTATY,
TaK KaK B JIMTEPAType CIUIOUIb U PSIOM TaKUE BBICKA3bIBAHUSA
HOBTOPSIIOTCS.

ITepBoe. B npupoze sHepruio U UMITYJILC IEPEHOCAT JIEKTPO-
MarHMTHbIE BOJIHBI ((DOTOHBI), B TOM YKC/Ie MH(PPAKPACHOTO JUa-
na3oHa — KpaoHbl (KpacHsle (pOTOHBI), KOTOPBIE IPUCYTCTBYIOT
B JIIOOOM TeJie (peuieTke) Mpy KOMHATHOM U Ipyro Temmepary-
pe. Kpaonsl nepepacnpeesnsior TerioByIo SHEPTUIO HE TOJIBKO
BHYTPHU KaKOI0-TO Te€Ja, HO MEXIY BCEMU TeJlaMU, B TOM UMCIIE
NEPEHOCAT €€ B BakyyMe. KpadoHbl oXJ1akaaioT BCAKOE Belle-



CTBO WJIM TeJO, BBIPABHUBAS UX TEMIEPATYPy C OKPYXKAIOIIUM
IIPOCTPAHCTBOM.

Bropoe. mmysbe poHOHA SKOOBI HaJleNieH CBOeOOpa3HBIMU
CBOWCTBAMM M MOXET MepelaBaTbCsl KBAHTAMM KpHUCTaJJINYe-
CKo# perietke. JlomkeH cka3arh, 4To JIOOO0H UMITYJIbC IEKTPO-
MarHMUTHOM BOJIHBI ME€pPENacTCsl KBaHTaMU. Teriora KBaHTYeT-
Cs1, 3TO JOKA3aHO IKCIIEPUMEHTAIbHO aMEPUKAHCKMMU YUYEHBIMU
[11]. dpyroe neno, 4yTo B TOOOM KpHUCTaJUIe €CTh 3aMeJICHHe
CKOpPOCTH TEpeHoca M3-3a CONPOTUBJIEHUS (ILIOTHOCTH) JIEK-
TPOMAarHUTHOIO 3upa.

Tpetbe. UTO KacaeTcs «cmoakHo8eHUust (pOHOHO8 8 KpUCMAn-
fe», B UHTEPHETE €CTh [Ja)K€ PUCYHKHU, MOKa3bIBAIOIINE YIIPY-
Tve CTOJIKHOBEHUs1 (POHOHOB Mex 1y coboil. Ho mo3BonbTe, Kak
MOTYT CTOJIKHYThCS JIEKTPOMArHUTHBIE BOJHBI MEXKIY COOO?
DTO Jaxe He BOIPOC — 3TO HEMOHUMAaHUE (PU3NYECKUX TTPOLIEC-
coB. YTo KacaeTcs ynpyroro CTOJIKHOBEHHUS C aTOMaMU s11IEP, TO
3[1ECh BEPOSITHOCTD MPSIMOTO TMONAAAHMS TAK)KE HEBEJIMKA, €ClIn
Y4YECTb, YTO MEKATOMHBIE IIPOMEKYTKH NIpeBOcxoaAT B 100 ThI-
cAY pa3 pa3Meps! sAaep. Ilonacte B Takyio MUIIEHb — 3TO HYKHO
OBbITh MPEBOCXOAHBIM CHANMEpPOM, a y (POHOHOB HE TO UTO MYIII-
KU, JaKe y/a Her.

WmimynbCchl B KpUCTa/ule He TIepealoTcsi ¢ MOMOIIIBIO rpyoo-
'O WJIM NPSIMOTO CTOJIKHOBEHM S, JI0 9TOr0 JIEJI0 He 10XonuT. Bee
B3aMMOJIEICTBUS MEXJAy aroMaMu M KpapoHamMH MPOUCXOIAT
Ha IOJIEBOM YPOBHE.

Eme ogHa murara M3 yKa3aHHOTO UCTOYHHKA: « DOpManbHO



00a npeocmasreHUst 8eCbMa CXOXHCU — U POMOHbL, U POHOHDL
NOOUUHAIOMCSL OOHOU U Mol dce cmamucmuke. OOHAKO medic-
0y pomonHamu u hOHOHAMU UMEEMCSL CYULECTNBEHHOE PA3AUMUE:
8 Mo 8pemMst Kak (pOMoHbl A8NAAIOMC UCHIUHHBIMU YACTIUUAMU,
gononwvl sersiiomes keazuuacmuyamu » [3, c. 192].

Uro Ha3bIBaeTCs1, MOYYBCTBYWTE Pa3HUILY, & BCS pa3HUIIA B Ha-
3BaHUU — HE MHaye, Kak urpa cjos. [lo 1aHHOMY BBICKa3biBa-
HUIO XOUY €lIlle pa3 MOATBEPANUTH CBOIO MBICIIb, YTO (DOHOHBI — ITO
KpadoHbl, T. €. Te ke (DOTOHBI, HO C MEHBIIIEN SHEPruen, Mo3To-
My HUKaKWX KBa3MUYACTHII, JIETAOIINX B KPUCTAJUIAX, C YIIPYTH-
MU CTOJIKHOBEHMSIMH, HE CYyIIeCTBYeT. B mpupoae ecTb TOIbKO
3JIEKTPOMarHuTHbIE BOJTHB (OMB), 1py KOMHATHOM TemInepary-
pe — 3T0 KpaOHbI, KOTOPBIE U IEPEHOCAT UMITYJIbChI JBUKEHUSI.
Kpadonam He TpeOyetcst ocodast cpefia KpUCTA/UIMIECKOTO WIN
JPYroro CofaepKaHWs, OHU PaCIPOCTPAHSIOTCS B JIIOOOW cpefie,
MaTepuu UK B Bakyyme, Oblia Obl SHEprusl.

2.10.3. Kpadron (kpacHblil )OTOH)

OTBeTHI Ha BOMPOCHI, IOCTABJIEHHBIE B HAYAJIE pa3jelia: aro-
Mbl B KpPUCTaJUIaX PACKaYMBAIOT HE MHUMbIE YaCTHUIIbI (DOHOHBI,
HABEYHO 3aMKHYThle B KPUCTAJIE, a HACTOSIIME — KpadoOHBI,
C HACTOSIIIUMU UMITYJIbCAMH.

KpadoH cBOMM MMITYyIbCOM BO3/IEMCTBYET HA PEILLIETKY aTo-
Ma JIBa/Ibl: B MOMEHT MPUJIETA U B MOMEHT OTJIeTa (CM. Mpe/ibl-
ayuye paszensl). B ciydae noroieHusi KpapoHa aToM MOITy-
YaeT UMITYJIbC CMEIICHHS HABCTPEUY MpUJIeTEBIIEMY KpadOHY.



Ortciona Ta cpedHsst yacToTa KoJieOaHUH aTOMOB OTHOCHUTEJTBHO

CBOET'0 CPEHEro MojokeHus kojaedaHus — okoso 10 B . Has-
Hasi 4aCTOTa COOTBETCTBYET MH(PAKPACHON 00NACTH 3JEKTPO-
MarHUTHOI'O U3J1y4eHus (KPaCHO(POTOHHOE U3JIy4YeHUE) (CM. III.
4 «bpoyHOBCKOE IBUKEHHE» ). OMHUILIEM CUTYAIHIO, TOKA3aHHYIO
Ha pucyHke 2.14.

JIupuueckoe BeryrieHue. Bol periy npoBecTy pOMaHThYe-
CKu# Beuep rnpu cBevax. [loctaBuim cBedy Ha CTOJ U 3aKIU (pu-
TwIb. [lepes 3TuM npy MPUrOTOBJIEHUH yKMHA HA CTOJI IPOCHITA-
JIOCh HECKOJIBKO KPYITMHOK conu. [ToKka He NpUCTyNWIIH K YKUHY,
Ha FOJIOAHBIN KEJyI0K U CBETIIYIO T0JI0BY, MH(pOpMaLMs BOCIIPU-
HUMAETCs JIydIlle ¥ BUIUTCS TIyOXe, TOITOMY 3aIJIsIHEM B KpH-
CTAJUIMYECKYIO PEIIETKY OJHOM U3 KPYIHUHOK COJIH.

Tam Mbl YBUAMM NOXOKYIO KAPTUHY, IPECTABIEHHYIO Ha pU-
CyHKe. ATOMBI (IIIAPUKU CTAJILHOTO IIBETa) B KYOMYECKOH peleT-
K€ COJIM pacIpeesieHbl CAMMETPUYHO 0 yIJlaM JAaHHOM pelleT-
ku. [l Hac ceityac 6e3pa3nmyHo, Kakue 31o aToMbl — Na wtu Cl.
OpanzxeBble NIAPUKU — 3TO (DAHTOMBI CTAJIBHBIX IIAPUKOB B MO-
MEHT, KOI/1a aTOMbl OTKJIOHSIOTCSI OT CBOETO CTallMOHAPHOIO CO-
crosiHusl. KpacHble cTpenku — 3TO BEKTOPBI ABMKEHHUS Kpado-
HOB. CHHUME BEKTOPBI — 3TO UMITYJIbCHI, BHI3BIBAIOLINE CMEILEHU A
aTOMOB OTHOCHUTEJIBHO CBOETO IIEHTpA.



Puc. 2.14. Konrebanue amomos 8 Kpucmanauueckoli peutenmie
NPoOUCXooum 3a cuem Kpagomoa.

Cgeya JOBOJIBHO XOPOIIMI MCTOYHUK W3JIy4YEHHUs], C TEMIIE-

parypoii okono 1600° C; mocMoTpuTe, KaK IUIABUTCH BOKPYT
napagusd. PoToHsl OT MIaMeHH, Kak oT CoiHIa, pasJeraiTcs
10 BCEM HAMpABJCHUSM, U OMH M3 HUX B MOMEHT HaOImoze-
HU Tonaj B Kpucrasul cond. [Ipy B3auMoaencTsuu nosieu ato-
Ma Nel ¢ (pOTOHOM CBeUM JaHHBIM aTOM IOTy4YaeT UMITYJIbC ITPU-
TSKEHUs1 p; HaBCTpedy (POTOHY. ATOM CMENIAaeTcsl BIEBO, 3a-
HUMasl YCJIOBHOE IMOJIO)KeHUe opaHxkeBoro antoma. Ilockosb-
Ky (POTOH cBeuM 00JaJaeT AOCTAaTOYHON SHEpruei, TO OH Bbl-
JepruBaeT U3 atoMa OJIMH WA HECKOJIBKO JIEKTPOHOB Ha 00-
Jiee yaaJeHHble OT siipa opOuTH (Bo30yxaeHue aroma). [locne
npoJeSIaHHON padoThl SHEPrust (POTOHA CHYKAETCS, YMEHBITIAeT-



Cs 4acTOTa, OH KpPacHeeT (He OT CThiJIa), CTAHOBUTCSI KPaCHBIM
CITyTHMKOM WJIM Kpa()OHOM M ITPOIOJIKAET IBUXKEHUE. B MOMEHT
BbIXO/IAa U3 BIMsIHUA Tojst atoma Nel kpadoH cHOBa aepraer
aToM, HO YK€ B HaIIPaBJIEHUU CBOETO JIBUKEHUSI UMITYJIbCOM Py.
Ha nytu naneHeiiiero apuxeHus KpaoHa CBEUM BCTAET aTOM
Ne2. JTaHHBII aTOM MIEHTUYEH [IEPBOMY, [IOITOMY CLIEHAPUH TT0-
BTOpsieTCA. ENMHCTBEHHOE OT/IMYME COCTOMT B TOM, YTO, B CH-
JIy TIOTEpPU YacTu SHepruu (hoToHA CBEUM, BTOPOW aTOM IMOIJIO-
IIAeT ero, Ho B MPOTUBOOOPCTBE MOMyYaeT UMITYIIbC p3. [locie
9TOro neperpersiii atTom Ne2 reHepupyeT CBOW KpacHbId (pOTOH
(kpapoH), KOTOpBIN ycTpemJisieTcs: K atoMy nox NeS, rnpu 3Tom
BTOPOI aTOM TOTyYaeT UMITYJIbC «ITPUAAYN» Py, HATIPABICHHBINA
B TOM € HarpasieHuu. Atom Ne5 morsonjaer kpadoH, Ipu-
CJIAaHHBIN cOOPATOM, U TaKKe MOTy4YaeT BCTPEUHBIN UMITYJIbC P,
KOTOPBIN MPUIAET MY BCTPEUHOE KoseOaHue.

Kpome cBeun m coOparheB, aTOMBI COJM KOJEOJIOT elre
B Ooubined cTeneHu Kpadonsl 3eMau. Ha pucyske 2.14 nmokasax
OJVH U3 HUX, KOTOPBIN JepraeT UMITyJIbCOM pg aTroM Ne9 1o Bek-
TOpy BHU3 (nputsikeHre 3emin). [lociie nomiomenus JaHHbIA
aToOM MCITyCKaeT CBOM Kpa(oH, KOTOPBIM AEPraeT aToM UMITYJIb-
COM p7 B cTopoHy atoma Nel 1, Takxke Mmoyydaromuii BCTpeYHbIN
VIMITYJIBC Pg, 3aCTABJIAIOIINAN €70 CMECTUTBCS Ha HEKOTOPOE pac-
CTOSIHUE.

VuuthiBas, 4ro KpadoHs! IJIaHEThl 3eMilsl IOCTOSIHHO B3a-
MUMOJEUCTBYIOT C JIIOOBIM TEJIOM, YTO CO3[AeT rPAaBUTALIMOHHOE



NPUTSIKEHUe, KosiebaHre aTOMOB HUKOT/IA He Tipekparutcs. Bor
IIPUYMHA TIOAIUTKY SHEPTUEN BEYHOrO ABUraresis. Bokpyr Jo-
00ro Teaa OrpoOMHOE KOJMYECTBO 3TUX KpacdhOHOB, UTO 3aCTaB-
JISIET aTOMBI MOCTOSIHHO BUOPUPOBATh, HAXOMSCh B KPUCTAIIIHU-
YECKOM peleTKe.

Bor Tak pabotaer reHepaTop, KOTOPBIM 3aCTaBJISIET aTOMBI
¥ MOJIEKYJIbI BEYHO KOJIe0AaThCsl OTHOCHUTEIBHO CBOETO IIEHTpa.
[TonoGHoe siBNeHue B (pU3MKe U3BECTHO KaK KoJeOaHue YacTUIl
B BOJHOU cpejie 1o/l Ha3BaHWEM «OpOYHOBCKOE JIBHKEHHUE .

Takum xe 06pa3oM OCYIIECTBIISETCS M IPaBUTAIMOHHOE B3a-
MMOZIEVICTBUE MEXY BCEMH MAaTEpUAIbHBIMM YaCTULIAMU U Te-
namu. KpadoHsl SBAAI0TCA NEPEHOCUNKAMUA MEXAaHUYECKUX UM-
MYJIbCOB MEk/1y aTOMaMU B KPUCTA/UNIMYECKON pelIeTKe.

['paBUTAlIMOHHBIE UMITYJILCHI ICTOYHUKA U IPMEMHHUKA I1epe-
JAI0TCS SiipaM aTOMOB, TIOCJIE Yero OHU MPUOOPETAIOT SHEPI IO
JIBYKEHUsI OTHOCUTENILHO CBOETO IIEHTPa OOUTaHMS.

He Hy)HO n300peTaTh U MJIOIUTh BUPTYaIbHbIE YACTUIIBI TU-
na (pOHOH, I'PaBUTOH, KOI'JJa €CTh PEAJIbHBIE JIEKTPOMATHUTHBIE
BOJIHBI (Kpa(pOHBI), KOTOPBIE ABJIAIOTCA MEPEHOCUMKAMHU Peab-
HOW SHEpPIYU U UMITYJIbCOB.

2.10.4. KpacoTra KpucTaJuIn4ecKoil pemeTKa
du3suka, Korjaa oHa IpejiCTaBjeHa B HarJIsTHOM BU/JIC, MOKET

OBITH caMOU MpUBJIEKaTeIbHON Haykoi. He Bepure?
Ha dororpadum «Aromuym» B besbruun, (pparMeHT Kpucrai-



JIMYECKON PEeILeTKH Kesle3a, BOIUIOLIEHHbI B METaJUIe, YBEIU-
yeHHbIl B 165 pa3! D1o camblii noceriaemblii maMsITHUK Bproc-
ceJisl U OJHO U3 CaMbIX OPUTUHAIBHBIX 3/IaHUI MUpA.

Bricota 3manust «Atomuym» — 102 M. Inamerp kaxaou
U3 J1eBATH cpep-atoMoB — 18 M. 250-TOHHBIE «ILIapBl» COEINHE-
HBI ApyT ¢ Apyrom 20 Tpydamu.

Puc. 2.15. 7Kenesnvie amomwr 6 bproccene. «Amomuym»
6 beaveuu: kak kpucmanauueckas peuemka xcenesa cmana no-
nyaspuee «llucaroujezo marvuuxa» [12].

Nuxenep-apxurekTop AHApe YOTepKelH HAJISIHO MOKa3all
Hapoay KyOW4ecKylo CTPYKTYpy ’Kese3a. 3aHue-MHCTAILISLS



MIOCTPOEHO B TMOCJIEBOSHHBIE TO/Ibl 1 CUMBOJIU3UPYET TO, UTO OY-
Jyliee 4enoBevyecTBa — 3a (PU3MKOU U, MPEXKIE BCEro, 3a AOep-
HOM SHepreTuko. TemMa MUPHOTO aToMa MocJe yKacHbIX OoMOe-
ek XupocumMbl 1 Haracaku aBasia oM Hajiexk 1y, UTo He Bce
TaK y’KacHO W TJIOXO, €CJIM B3IISTHYTh HA MUP, HAXO/SICh BHYTPU
aToma.

KpaTtkue BbIBOABI

* B npupone He cyllecTBYeT MHUMBIX, [JaXe KBa3M4YacTull,
B IIPUPOIE CYLIECTBYIOT pe€albHble MEPEHOCUMKU HUMITYJIbCa
Y SHEPIUU — 3TO KPa(OHBI.

* B3aumozeiicteue kpahOHOB € aTOMaMM CO3Ja€T BEYHOE KO-
nebaHre aTOMOB B KPUCTATTMYECKON pPeIlIeTKe.

* C nmomMouipio U31y4eHus B BUJe KpapOHOB Harperoe (pusn-
YecKOe TeJI0 U30aBJISAETCs OT U3JUIIHEN SHEPIUU.

* B yCclI0BUAX IPaBUTALIMOHHOTIO MPUTSAKEHUA 3€MJIM JOCTUYb
aOCOIOTHOTO, TIOJIHOTO HYJIS HE YAACTCA, BOT MO3TOMY KojeOa-
HUSl aTOMOB B KPUCTAJJIMUECKOM pellleTKe He MpeKpalaTcs
IIpY TeMIlepaType, MaKCUMaJIbHO OJIM3KOH K aOCOJIIOTHOMY HY-
JIo.



2.11. ®oToH, kpad oH,
¢poHOH, TPAaBUTOH — TEPMOH

He  ecaxuii  ¢omon  moxcem — Oodxcumv
00 NPEKNOHHO20 803pacmal.

KBaHT (OT jaT. quantum — «CKOJIbKO») — HeJleluMasi 4acTh
KaKOKW-JIMOO BeIMUMHBI B (pr3MKe; oOIee Ha3BaHUE ONpeesicH-
HBIX Mopuuii suepruu [13].

®dOTOH — KBaHT JIEKTPOMATHUTHOIO MOJIsI — JIEeMEHTapHasi
peaJipHasl 4acTUlIa, NepeHocAIIasl SHEPTUIO (CBET), BIIEPBbIE T10-
JTy4usia HazBaHue B 1926 r., BBeneHa xuMukoMm [ undeprom JIbio-
VICOM.

Kpadon (kpacHbiil (pOTOH) — KBAHT JIEKTPOMArHUTHOTO I10-
JI1 — 2JIEMEHTAapHAs peasibHas YacTUla, ePEeHOCAIAast SHEPTUIO
B KPacHOM U MH(PaKpPaCHOM JHUAINA30HE JIEKTPOMArHUTHBIX
BOJIH, LIEMEHTUPYIOIIAsl Tejla U MPEAMETHI.

®doHOH — 71eMeHTapHAas KBa3M4YacTUlla, KBAHT KosieOaTeIbHO-
IO ABMKEHMS aTOMOB KPUCTaslla, IEMEHTUpYIoLIas TeNa U Mpej-
MeThI, mepeHocsIas 3Hepruto. Tepmun BBeaeH M. Tammom
M0 AaHAJIOTUM C KBAHTOM 3JIEKTPOMArHUTHOTO TOJIs1 (POTOHOM.

['paBUTOH — runoTeTryeckas Ge3maccoBasi JieMEeHTapHasl ya-
CTULIA, IEPEHOCAIAsA KBaHT rpaBUTauuu. [ paBUTOH, MO Cylie-
CTBY, 9TO TOXe KBa3UYaCTHIIA, TPeAHA3HAYEHHAs IS yI0OCTBA
OIMMCaHUsI CIaObIX TPABUTAIMOHHBIX MMoOJield. TepMHUH «rpaBu-



TOH» ObUI npeyIokeH B 1930-X IT., 4acTo mpunuceBaeTcs: pado-
te 1934 r. 1. . bnoxunuesa u ®. M. ['anbnepuna.

[msansa Ha 3TO pazHOOOpasWe YacTUI-KBAHTOB JIEKTpOMAr-
HUTHOTO T0J151, 51 IIPUILIEN K BBIBOAY, YTO BCE YETHIPE YACTHULIBI —
(oton, kpacoH, (pOHOH ¥ TPABUTOH SABJISAIOTCS MPAMBIMU «POJI-
CTBEHHUKaMW». Bce OHM SBJISIOTCS 3JIeMEHTAPHBIMU U Oe3Mac-
COBBIMH, BCE MIEPEHOCHAT 10 KBAHTY SHepruu. Bee ueTbipe yactu-
bl IOPOXKIAIOTCS TEIJIOTOM, HE UMEIOT MACChl IIOKOS1, M BCE T1e-
PEMEeNIAlOTCsl CO CKOPOCTBIO CBETA, a IJIABHOE, UMEIOT JIEKTPO-
MarHUTHbBIE KOPHU.

Hlenaem BbIBOA, 4TO (POTOH, KpaoH, (POHOH U IPABUTOH — ITO
OJIHA U Ta ke yacTula (3JeKTPOMAarHUTHAsl BOJIHA), KOTOpasi B 3a-
BUCHMOCTH OT SHEPIUU OTJIMYAETCS TOJBKO Ha3BaHUEM, ITPUUEM
JIBE TOCJIEIHNE — ITO TUMOTETUYECKUE YACTHIIbI.

[Ipenaraio OObEAMHUTH TH YETHIPE YACTHIIBI MO OJHUM
(prarom u ¢ onHUM HazBaHueM. [1J1s1 3TOrO Ciyyas s NOATOTOBUI
HOBBIW TEPMUH — TEPMOH.

Tepmon (0T rpeu. thermé — «Termo, xap», Oepuotnrag —
«TEIIOTa» ) — 00bEUHSIOIIEe Ha3BaHKE ISl BCErO 3TOr0 pa3HoO-
oOpa3us 4acTuIl.

KBanT snepruu tepmona (¢potoHa):

e; = hv.

2.11.1. DHeprus Bcerja B ABHKeHUN



TeroBasi SHEPrUsi FeHEPUPYETCS TPABUTALIMOHHBIM 00pa3oM
B IUIAHETaX U BO BCeX 3Be3iax. TeruioBasi SHeprus BhIpabaThiBa-
eTCsl XUMUYECKUM ITyTeM TOPEHUS U JIEKTPUUYECKUM CIIOCOOOM
npeoOpa3oBaHM s MOJISIPHBIX AEKTPUUECKUX 3apsaoB. Takum xe
MEKTPUIECKUM CIIOCOOOM BHIpAOATHIBAETCS TEIUIOBASI SHEPTHS
MIPU MEXAHUYECKOM JIBUKEHUU B y3J1aX TPeHUs, npu aedopma-
1IMY ¥ MEXAHUYECKOM Yllape. DHEprus Bceraa B IBUKEHHUH !

PeanbHbIMU IEPEHOCUMKAMU TAHHOM SHEPTUU SBJISAIOTCA TEp-
MOHBI (pOTOHBI, KpadoHbl). BUpTyasibHble 4aCTULIbI — PABUTO-
HbI M (DOHOHBI — HUYETO HE NIEPEHOCST, HA MOM B3IJISA, SBJISIOT-
cs1 N3OBITOYHBIMU.

Bce tena, umeromue oobem (Maccy) v Temmeparypy, sBiisi-
I0TCSI HOCUTEJISIMU SHEpruu. B 3aBrcMMOCTH OT 0ObeMa U KOJIH-
YECTBa 3aKJII0YEHHBIX B TEJIE aTOMOB aKKYMYJIMPYETCSI COOTBET-
CTBYIOIIIEE€ KOJIMYECTBO SHEPrUM, KOTOpask TpaHCHOPMUPYETCH,
HUPKYIUpYyeT (nepedpackiBaeTcs) B Teax, CO3aBasi TeM CaMbIM
HEKYI0 MIAyTUHY, CKPEIUIAIONLYIO0, CBSA3bIBAIOIIYI0 aTOMAPHOE Ce-
MENCTBO BOEIUHO.

[Tpy NOHMKEHWU TeMIIepaTyphbl, €CIIU TeJla COXPAHSIOT 00beM,
B HUX [IPUCYTCTBYET KaKasi-TO MUHMMaJibHas Heprus. Kak Tosb-
KO mepeOpocKa SHEPTUr MPEKPATUTCS, & ITO MOXKET MPOUZOUTH
TOJIBKO TPH a0COJTIOTHOM HYJIE TeMIIepaTyphbl, Tejla HAauHyT pa3-
PYLIATLCS M PaCChINATHCS HA COCTABJIAIONINAE BIUIOTH 10 MOJIEKYJT
¥ aTOMOB. B yclnoBuUsX 3eMHOIi TpaBUTALIMU JOCTUYb aOCOIIOT-
HOT'0, TIOJIHOTO HYJISI HE YAACTCs, BOT MO3TOMY KOJeOaHUsl aTo-
MOB B KPUCTaJUIMYECKOMN PEIIETKE HE MPEKPAIAIOTCS MPU TEM-



neparype, OJM3KoM K aOCOMIOTHOMY Hymo. Bor mouemy Tena,
OXJIaK/ICHHBIE JIO TEMITEPATYPhI, OJIN3KOM K aOCOTIOTHOMY HYJTIO,
HE pa3pylIaloTCsl.

Cuna TATOTEHUs YMEHBIIAETCs MPOMOPIUOHATIBHO CHUKE-
HUIO SHEPruu (TemMreparypsl).

Cuiia TAroTeHus1 BOSHUKAET HE3aBUCUMO OT IIPOUCXOKICHUS
SHEPruM, HEBaKHO, I7le OHA FEHEPUPOBaHA: BHYTPH JJaHHBIX TeJl
7100 Mo/IBeIeHa OT BHEIIIHETO UCTOYHHUKA.

KonuyecTBo reHepupyeMoil (aKKymyJIMpyeMoil) SHepruu 3a-
BUCHUT OT MAccChl TeJIa ¥ €ro TeMIeparyphl.

Haubonee emMkiie reHepaToOpbl U aKKyMYJISITOPBI — 3TO Tena,
umeiorue ¢gopmy mapa. IMEHHO Mo TakoMy MPUHIUITY TPUPO-
Jla SBOJIIOIMOHUPOBAJIA, CO3/aBasi TUIAHETHI U 3BE3/Ibl MAPO00-
Pa3HBIMHU.

BcemupHoe TArotreHme BO3MOKHO TOJIBKO IMPU HATTUYUU SHEP-
T'H, aKKyMYJIMPOBAaHHOW B HEKOEM 0ObeMe C COOTBETCTBYIOIIEH
Maccoi. [lepeHocurKamMu TpaBUTAIM SIBJISIIOTCSI TEPMOHBI ((po-
TOHBI U KpaOHBI).

Teriora MopoXkJaeT rpaBUTALMIO, IPABUTALMS MOPOXKIAET
TEIIoTY !



2.12. lyanu3m, Tpuajm3m (poToHa

Puc. 2.16. Tpuaauzm pomona.

Hemuoro nupuku. Y MeHst pOTOH acColuupyercs ¢ IeTCKOU
cKkaskoit «KomoOok».



41 Komo6oxk, Komo6oxk,
51 mo kopoOy ckpedeH,
ITo cyceky merteH,

Ha cmerane menieH,
Ila B Mace mpsikeH,
Ha oxkorke cTyxeH.

DTa He3aMbIC/IoBaTas MeceHKa KOJ0OKa J0JIKHA TIOCTYKUTh
u Ha Onaro Hayku. [loyemy Tak MHTepeceH KOJOOOK sl 3Be-
peii, BcTpevaoimxcs B JaHHoi ckaske? [lotomy, uro, nepeBoas
Ha sI3bIK (PUBUKH, OH 00J1aaeT nmputshkeHreM. Kakum npuTsike-
HHUEM 00J1ajaeT KOJOOOK — 3TO 3HAIOT AeTu. Bo3Bparasich k ¢o-
TOHY, OH ucriedeH CoNHIeM, a IOTOMY TaK ke, Kak KOJIOOOK, 00-
Jagaet nputsikeHneM. Besikoe HeOecHoe Telo (BOJIK, JIuca) ro-
TOBO €r0 MONIOTUTh Y TOJYYUTh BCE TPU HACIAKACHUS Cpa3y:
B BU/JIE CBETA, TEIUIA U IPABUTALIMOHHOTO MPUTSKEHHUS.

Hyanu3Mm (TepMHMH) Kak TIOHATHE ObUT BBefeH uiocoda-
MU, KOTOPBIM HYXKHO OBUIO KaK-TO COSTUHUTH MATEPUIO U TyX.
BriepBbie 9TUM TEPMUHOM BOCIOJIB30BAJICS HEMELKNM (pritocod
X. Bonbd a5 0o603HauUeHUs IBYX CyOCTaHIIMIA: MaTepraIbHON
Y TyXOBHOH. BriocieAcTBUY TEpMUH «IyaJTu3M» OBLT TIOAXBaUYeH
u apyrumu unocodamu. OgHUM 13 Haubosee TPKUX BbIPA3H-
TeJlel IyaTuCTU4YecKou mo3uruu Obit P. [lekapr, pa3nenvBiimii
ObITHE Ha MBICIIAILYIO CYOCTAHIIMIO (IyX) U MPOTSDKEHHYIO (Ma-
TEPUIO).

VY (U3HKOB «yanu3m» TOXe MPUKUICS, HO MO3JHee, Korjaa



HEMPUMUPUMbIE CIIOPBI O (POTOHE KaK O KOPIYCKYJIE WA BOJIHE
HU K YeMy He ITpuBei. BoT Torna-To oHM N03arMCTBOBAIM JaH-
HBI TepMUH Y (UI0c0(pOB U TOBOIBHO yAa4yHO. Bce cTopoHsbI
OCTaJIUCh JOBOJIbHBI.

KopmyckynsipHO-BOTHOBOW Ayasi3m ObLT BBEJCH MpU pas3pa-
O00TKe KBaHTOBOW MexaHWKH. Kopmyckyna u BomHa B (hOTOHE
npUcyTCTBYIOT Beerga. [Io moBogy KOpICKYJbl M BOJHBI (po-
TOHa cpeyu (PU3UKOB PA3rOpaIUCh HEIIYTOUHBIE HAYyUYHBIE CIIO-
pol. [Ibep ['accennu copmMyrpoBa KOPIYCKYJISIPHYIO TEOPUIO,
koropylo nogaepxai Mcaak Heloron. BonHoBylo Teopuio csera
npemtoxu Podepr ['yk u Xpucruan [oiirexc.

B nauane XIX B. Tomac OHr cBOMMU onbITamu ¢ AU paKIy-
e, Ka3zajaoch Obl, yOSUTENbHO JOKA3all, YTO CBET pacrmpocTpa-
HSIETCS KaK BOJTHA. BBIJIO OTKPBITO, UTO CBET PEICTABIISIET COOOM
NIOTNIEPEYHbIE BOJHBI M XapakTrepusyercs nosspusauuen. TOHry
NPUHAMJIEKUAT TPETIONOKEHNE, YTO PA3IUYHbIM 1IBETAM COOT-
BETCTBYIOT pa3juyHble IIMHBI BOJH. B 1817 r. BoiaHOBYIO TEo-
puio ceeta u3noxui OriocteH @penens. B 1880-x rr. Makcsemn
pa3paboTas TEOpHIO MEKTPOMArHeTu3Ma, Mocie Yero CBeT Obul
UAEHTU(ULIMPOBAH KaK 3JIEKTPOMAarHUTHbIE BOJIHBL. HO B KOH-
e XIX B. BOJIHOBasi TEOpHS TOIIATHYJIACh Onarofapsi OrbITam
Maiikenbcona—Mopiu, B 3KCIIEpUMEHTax He ObLIIo0 0OHapyKe-
HO 3¢upa. BosHa, Kak npearnosnarajiock, Hy)kKJJaeTcs B CYILECTBO-
BaHWHU CPe/ibl, B KOTOPOW OHA MOTJIa Obl pacIIpOCTPAHSIThCS, O1-
HaKO TIIATEJIbHO CILJITAHMPOBAHHBIE SKCIIEPUMEHTHI HE MOJTBEP-
JWIN TPUCYTCTBUE 3TOU cpenbl (3¢pupa). ITO HATOIKHYIO A.



DUHINTENHA K CO3[AHUIO CTIEIUATIbHON TeOPUU OTHOCUTENILHO-
CTH.

[Tpupoaa 3MeKTPOMArHUTHBIX BOJTH OKa3ajiach CJIOXKHee, YeM
IPOCTO pacnpocTpaHeHHe BO3MyIlleHUl B BemlectBe. Ho ere
MOYTH Ha MoJIBeKa paHbiiie, B 1859 r. Ha 3aceganuu IIpycckoit
akagemun Hayk ['ycraB Kupxrod cnenan coodmenue 06 OTKpbI-
THM 3aKOHA TETUIOBOTO M3nydyeHus. TermoBoe nsmydeHue adco-
JIOTHO YEPHOT'O TeJia MPUBEJIO HAYKY K «YJIbTPadHOIETOBON Ka-
Tactpode». Ha pydexe XIX—XX cronernit HemMelkuil (pusrk
Makc [nank 1yist 00bSICHEHHU I TETITIOBOTO U3JTYYEeHUsT BBIBUHYIT
U/Iel0 U3JTyYeHus CBeTa KBaHTaMH (MOPIUSAMM), BIOCIEICTBUN
OHU TOJTYYMJIM Ha3BaHUe «(OTOHbI». Kak BBISICHMIIOCH B Jajib-
HelIeM, TIOIJIOIICHNE SHEPIUU CBETa TaKKe MPOUCXOIUT KBAH-
TaMH.

Kak Buaute, (hoTOHHAS Uallla BECOB CKJIOHSIIACH TO K KOPITYC-
KyJie, TO K BOJIHE.

B koH11ie koH1I0B (pu3ukoB npumupui Jlyu ge bpoiiib, koto-
PbIl IO3aMMCTBOBAJI Y (pUIIOCO(POB XUTPBIM ITPUEM: HU BaILIIM —
HU HaIllUM, OJJHUM CJI0BOM — ayanu3M. [locse yero B pusuke mno-
SIBUWICSI TEPMHUH — «KOPITyCKYJISIPHO-BOJIHOBOH J1yanu3m». Mo-
*eT i1 (DOTOH OBITH OJHOBPEMEHHO M YaCTHIIEH, M BOJTHOW WM
OH BCe-TaK¥ MpOSIBIISIET ceOsl B pa3HbIX 0OCTOSATEbCTBAX JIMOO
Kak BOJIHA, 100 Kak yactuia? [locneanue uccnenoBanus B 9KC-
NepUMEHTaxX CO CBETOM (PM3MKaM YIalIoch OOHAPYKUTh (DOTOH
B JIByX O/IHOBPEMEHHbBIX COCTOSIHUSIX KaK BOJTHBI M KAK YACTHIIBL.
«Mpbl HabAtOOaNU cUNbHBIE HENOKANbHBIE KOPPEASUUU, KOMOPble



noKasvleaion, umo (homor 00NHCeH OOHOBPEMEHHO 8eCMU CeDsi
Kaxk uacmuua u Kaxk eonxa» [14].

1 3aTes STOT Pa3roBOp He YISl TOrO YTOOB! U300TMYUTD JIBY-
JIMKOCTb (POTOHA, @ UTOOBI [TOKA3aTh €ro padOTOCIIOCOOHOCTD, ET0
HOBOE (pr3rueckoe kauecTBo. POTOH, Kak U3BECTHO, KBAHT CBE-
Ta ¥ TIEPEHOCUYMK 3IEKTPOMArHUTHON dHepruu. ['oBopsi ObITO-
BBIM SI3BIKOM, OH M CBETHUT, OH U TpeeT.

4 yemotpen B (hOTOHE ellle OIHO 3amMevaTesIbHOe CBOMCTBO —
9Ta YaCTUIIA SIBJISIETCS ellle U TPAHCTIOPTOM TrpaBuTariuu. PoTtoH
TMOITYTHO, & MOKET, 9TO €r0 OCHOBHASI IEATEIbHOCTb, IEPETACKU-
BaeT SHEPrui0 U UMITYJILC OT OHOTO TeJia K ipyromy. [Ipurom on
He KMYUTCS U He yIapsieT CBOe Maccoi M MMITYJIbCOM Kak JIsSITeN
KJIIOBOM 10 JIepeBY, a HA00OPOT, CBOUM UMITYJIbCOM MPHUTSTH-
BaeT 3TO JIEPEBO, KOTOPOE €ro U noriomaer. To ecTh noce mno-
IJIOIICHUS JIEPEBO («JINCa») MPUOOPETACT eAMHUIHBINA UMITYJIhC
JBIKeHUs1 HaBcTpedy (poToHy. (cM. pazaen «['paButanus npu-
€MHUKA» ).

[MTockonbKy MOSI TEOpHSI TPABUTAIIUM CTPOUTCS Ha 6a3e JeK-
TPOMArHUTHOTO U3YUYeHHUS, a (DOTOH — KBAHT ITOTO U3JTyUeHU s,
TO OH U SIBJISIETCSI IEPEHOCUYMKOM KBAaHTOB I'PABUTAIIHH.

Bor 3nech, na nmpoctaT MeHs1 (PU3MKU 32 BBeAEHUE HOBOTO
TEepPMUHA, — TPUATUA3M.

Tpuanusm (Tpraga) oToHA: CBET, TEIJIOTA U I'paBUTaLKs !

C0BO «TpUaM3M» MOW PeAaKTOp MOIYEPKUBAET KPACHBIM,
OH He 3HaeT Takoro cjioBa. CJIIOBO TPHUAIM3M MOXHO TPAKTOBATh
KaK [MO-PYCCKH, TaK U MO JIaThIHU (3 — tres, tria, tertius). I He no-



0aBJISI0 HUYETO K U3BECTHOMY TEPMUHY «JIyaJId3M», 4 OpraHu-
3y10 CBOIO TPUAIy MO paboToCcrocoOHOCTH (hOTOHA: (POTOH OTHO-
BPEMEHHO HECET CBET, TEIUIOTY U UMITYJIbC IPABUTALIUU.

C apyroy CTOpPOHBI, TEIJIOTA — 3TO T€ k€ EKTPOMArHUT-
HBbIE BOJIHBI, IO9TOMY CHOBA BO3BpaTUM (DOTOH K yaJIU3MYy: CBET
Y TpaBUTAIMS, BOJHA U UMITYJIbC.

DHeprus He TEPIUT NepenaioB, OOBAJIOB U CKAYKOB. DHEPrust
BCEIJla CTPEMUTCS K BbIPABHUBAHMIO, HUBEIMPOBAHUIO, YCPE/-
HEHUIO, CIJIAKUBAHUIO U PACCEMBAHUIO (MCUE3HOBEHUIO). Besikast
(usnyeckas cucteMa CTpEMUTCS K COCTOSTHHIO ¢ Oosiee paBHO-
MEpHBIM pacripesiejieHueM 3Hepruu. Bce 310 nenaer rpaBuTa-
1M1 M SHTpONUA. 3[1eCh 1 HAMEPEHHO CMEIIal HECMEIIMBAEMOE.
['paBuTanus — 310 pusnyueckoe IeNCTBUEe MAaKPOCUCTEMBI, CBSI-
3aHHOE C MEPEeHOCOM SHEpPruH, BhIPABHUBAHUEM TEMIIEPATYphl
U OXJIAKJIEHUEM, a SHTPOIUS — ITO COCTOSIHUE TEPMOAMHAMMU-
YECKOM CHCTEMBI, XapaKTepu3ylollas HalpaBieHue MPOTeKaHUs
CaMOITPOU3BOJIBHBIX MPOIIECCOB, SIBJISIETCSI MEPON UX HEOOpaTH-
MOCTH.

doTOH BO BCcex TUX MpoLieccax MaBHOE JAEHCTBYIOLIEE JIUIIO.

Bort 31ech MOXHO cKa3aThb, HE TOKPUBUB AYIIOH, UTO (DOTOH —
HEYTOMMMBII TPY)KEHUK BO BCEX CMBIC/IaX 3TOro cjosa!l [15]



2.13. Kpyruabnble Becbl Ko3bipeBa

2.13.1. OnbITHI ¢ KPYTHJIbHBIMI BeCaMH

B 70-x rr. actpoduzuk Hukonain Anekcanaposuu Kosbipes
JUTs1 HAOMIOAeHYsI TOHKUX 3(P(EeKTOB CBETa Halllesl CrIoco0 peru-
CTpUpPOBaTh MOJIE CUJI, paclpe/ieieHHbIX BOKPYT (hoKyca Tese-
CKOIIa, C TIOMOIIIBIO CTIEIUAIBHO 1S 9TOU 11eJT CO3/IaHHOTO TTPU-
6opa. Kpytunbhbie Bechl Ko3bipeBa nMesn BHICOKYIO YyBCTBU-
TEJIbHOCTb ¥ PearnpoBaJlv Ha TEeIIOBOM rpaaureHT. Ko3bipes rpo-
JieJlaJl MHOTO OIBITOB C Pa3HOILJIEUMMU KPYTHJIbHBIMU BECAMU.
Ero yuenuk I1. A. 3ubikuH B cBoel cratbe «IIpenunenue Ko3bi-
peBa» MPUBOIUT HECKOJIBKO OMBITOB CO CBETOM, YKa3bIBasi, YTO
K OCBEIIEHHOMY MATHY OT OOBIYHOTO (DOHApPUKA HA IIIKAaJIe MPH-
Oopa cTpesKa MPUTITUBAIACh, 4 OT KYCKa JIbJIa OTTATKUBAJIAC.

Cgoit ombiT Ko3bipeB TpakToBan cBoeoOpasHo: «Kak 0bwsic-
Hsiem npoucxoosimee Kozvipes? ,Ha nosepxrnocmu 6ymazu noo
Oelicmeuem ceema npoxooum Npouecc, NPUBOOUAUIL K UBMEHe-
HUIO cKopocmu xXo0a epemeHu”. B ceoux o6onee nozonux pabomax
OH 2080pum 00 uzmeHeHuu naomuocmu epemeru. Ho ¢ 1972 zo-
Oy OH 2080pUM MOABLKO 00 UBMEHEHUU CKOPOCMU X00a 8PEeMEHU
6 eeujecmee». B ceperiHe cTaTtbyl aBTOp A0OABISET: « Baustue
BPeMEHU, YBbl, He HA2ASIOHO U He ouedUuoHo » [16].



AL

Kkybuk nbaa

Puc. 2.17. Kpymuavnvie gecol Kosvipesa, makem, u320mos-
JNEHHBLIL ABNMOPOM.

Hy, ectecTBEHHO, BpeMs1 — 3TO BCErO JIMIIb TAPAMETP, a He Ka-
KOI-TO (pusnueckuil mpoiiecc. Bpemsi aOCTpakTHO M BBICTyMA-
€T KaK Mepa JJTUTETbHOCT KOHKPETHBIX (DU3MUECKIX 3aKOHUYEH-
HBIX L[IUKJIOB (9KCIIEPUMEHTOB).



Konen 03HaKOMUTEJLHOI'O
¢dparmenra.

Tekct npenocraBieH OO0 «JIutPec».

[IpounTaiiTe STy KHUTY LIEJIMKOM, KYIIUB TOJIHYIO JIETATbHYIO
Bepcuio Ha JIutPec.

Be3ormacHo oriaTuTh KHATY MOKHO OaHKOBCKOH KapToit Visa,
MasterCard, Maestro, co cuyera MOOMJIBHOTO TesiehOHa, C TiIa-
Te)KHOro TepMmuHaia, B cajoHe MTC wmm Cesa3HoOHM, uepe3
PayPal, WebMoney, Aunexc./lensru, QIWI Komenek, 60Hyc-
HBIMU KapTaMu WK APYTUM YI0OHBIM Bam crioco6om.
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