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Co3paHo B MHTENNEeKTya/lbHOW n3gaTtesbCckon cncrteme Ridero

AHanun3 onbITOB MO OTKJIOHEeHUIO YacTul. Booopoa - 3TO He NMPOTOH

flnepHas pusvka - BeCbMa HeNnpoCcTon NpeaMeT, U B NepBylo o4yepelb NOTOMY, 4TO
y4YeHble MaCTepCKM COBMELLAOT B HEM, CaMU TOro He Befas, JI0Xb N UCTUHY. ICTnHa -
3TO BCe HabnogaeMble ABNeHUA, NMJKOC YaCTUYHO UX MHTepnpeTauuns. JIoXXb - 3TO
Bbosnblias 4acTb OO BACHEHUN U TOJIKOBAHUN 3TUX ABNEHUN. doepHasa hu3mKa, Kak
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n BCA (p|/|3|/|Ka B LL€JIOM HaCTOJIbKO MNorp4d3Jia B MyapeHbIX, 3afyTaHHbIX TOJIKOBaHNAX,
OanekKunx oT npaBnbl, 4HTO pa36|/|paTbc;| BO BCEM 3TOM CKOIJieHNnn HeBeXXeCTBEeHHbIX
XI/ITpOCI'IJ'IeTeHI/IVI, npeactaBadaeTcd gejioM BeCbMa CJ10>KHbIM. Ho HeobxoauMbIM.

Mpexxae Bcero, 4Tobbl BEPHO pacnyTaTb KJyOOK NpaBabl U HENPABAbI, UMEHYEMbIN
«siAepHan pusmka», cnegyeTt pas3obpaTbCs B TOM, KaK yYeHble NCCNeayoT MacChl
3/1IeMEeHTapPHbIX YaCTULL, U XUMUYECKUX d/1eMeHTOoB. MNoslaraem, MMeHHO 3eCb KpoeTcs
OZINH N3 KOPHEN MHOIMMX HEBEPHbLIX CYXKIAEHMWN, KAaCaoLWMXCA CTPOEHUA XUMNYECKOro
3/1IeMeHTa.

BHa4vasne cnepyet HaNOMHUTL O TOM, YTO Hay4YHble TEPMUHbI «MacCa» N «3IHepPrua»
COOTBETCTBYIOT OKKYJIbTHbIM NOHATUAM «UHb» N «AH», «MaTepua» n «lyx». Macca -
370 NIHb, MaTepus, lNone lNMputaxxeHna. A aHepruga - ato AH, yx, lNone
OTTankmeaHums. OBbIYHO Yy4eHble COOTHOCAT MOHATUE «3IHEePrunsa» Co BCEBO3MOXXHbIMU
TUNAaMWN 3NEKTPOMArHUTHOrO U3ny4yeHus. Tak OHO N eCTb. DIeKTPOMarHUTHbIE
BOJIHbI - 3TO CBOOOAHbIE YaCTULbl, HaCbILLAOWMe N NOKPbIBalOLWME XUMNYECKMe
3N1eMeHTbl. XUMNYecKne 3s1ieMeHTbl MOCTOAHHO 0OMEeHMBAKOTCA 3TUMU CBOBOAHLIMK
doToHamMun, norsowaT U ncnyckaT nx. N cpean ceoboHbix poToHOB npeobnanatoT
YacTuubl 9H. Tak 4YTO HEYOAUBUTESIbHO, YTO y4YeHble Ha3biBalOT UCMNyCKaeMble

1 norsiowtaemMble POTOHbI OAHUM CJIOBOM - «3HEpPruns». Bot oHO - onATb Be4YHoe
npotuBocToAHue CeeTa N TbMbl. [Ja)Ke y4yeHble OWyTWUIn 3TOo, a BeAb OHU TakK
CKenTuUYeCKN HAaCTPOEHbl B OTHOLLUEHUWN PENNTNO3HbBIX KOHLENUUNA.

Y4yeHble roBOpPAT U MULLYT, YTO B XO4e AAePHbIX, XUMUYECKNX, MOJIEKYIAPHbIX
npeBpaLLeHN XMMNUYeCcKne 3sieMeHTbl NCMYCKalT U MOraoLwaT aHepruto. Hy 4To xe,
OHWN COBEPLUEHHO MpaBbl. [1eNCTBUTENILHO, BCE NepecTponku n neptypbauynn
3/1EMEHTOB COMPOBOXAAITCA U3MEHEHMEM COAEPKaHNA B HUX CBOBOAHbLIX (DOTOHOB -
SHEepPruun. Heprus - NpmYnHa pacnaga aobbiX KOHr1oMepaToB 31EMEHTAPHbIX
yacTtuy, 6yab TO Teno, Monekyna, XMMNYeCKUn 3/1eMeHT NN KOMIJIEKCHas YacTuua
(Takas Kak NPOTOH NN HENTPOH, HanpuMep). POTOHbI BKJIIMHNBAKOTCA B LLENn Mexay
HYKJIOHaMW, 1 NCMYCKAaeMon UMK sHeprmen (3mnpom) pa3aBuratoT, paspyLuatoT,
pacwennsaioT. Jliobasa cBA3b - AAepHasn, XMMMYecKas, MexMosieKynsapHasa - umeeTt
rpaBUTaLMNOHHYO OCHOBY. MNMpuynHa nbon ceasm - Cuna MputakeHnsa. Ona Toro,
4TOObI pa3pyLwnTb NOOYI0 CBA3b, HY>XKHO MPUMEHUTb ee aHTunog - Cuny
OTTankmBaHusa - apup, aHepruo. Mexxgy 4actuuamm CyLecTByeT CBA3b, MOTOMY 4YTO
eCTb He[OoCTaTOK 3Hepruun. A ecnun y 4acTuy, noaBUTCA UCTOYHUK SHEPrnn, KOTOPbIN
BOCMOJIHUT 3TOT HEAOCTATOK, CBA3b PA3PYLUMUTCH €CTeCTBEHHbLIM NyTeM.



Kak Bbl MOHMMaeTe, HEBO3MOXXHO MPOCTO B3ATb U MOJIOXKUTb 3/1EMEHTapPHbIE YaCTuULbI,
XMUNYECKUNE 3/IEMEHTbI NN MOJIEKY bl HA BECbI, KaK Mbl 3TO NpoAesibiIBaeM C TeflaMu.
Ho ¢ Tex nop, Kak OTKPbIJIMN MUKPOMUP, YHEHBLIM O4EHb XOTE/I0Cb U3MEPUTb Maccy ero
obbekToB. O, n3obpeTaTencHbIN Yenoseyecknin pasym! N 4T1o e - Bbixod 6bin
HanaeH. B 1897 roay cap 0. I>X. ToMcoH B KageHaunwesckon nabopatopun
Kambpuna)>XCKoro yHMBepCcuTeTa OTKPbIJ 3JIEKTPOH. 1 0AHOBPEMEHHO NMOCTPOWUI
nepBbI MacC-CNEKTPOMETP, CO3AaHHbIN UM ANA N3YYEHUS BANSHUA 3N1EKTPUYECKOro
N MarHUTHOrO MoJsier Ha NOHbI, FEHEPUPYEMbIE B OCTAaTOYHOM ra3e Ha KaTtoge
peHTreHoBCcKon Tpybkn. TOMCOH obpaTna BHUMaHUE, YTO MOHbI ABUXYTCSH

no napabosmyeckum TpaekTopmsaM. T. e. NMesio MecTo OTKJIOHeHMe Cnunamm
MarHUTHOIrO U 3N1eKTPNYeCcKoro rnonen. Hy, KOHeYHO, B Te BPEMEHA YY€eHble

He roBOPWM O TOM, YTO MarHUTHOE NoJie - 3TO FPaBUTALMOHHOE, a /IeKTpU4ecKoe -
aHTUrpaBmTaumoHHoe. OHM 1 cenydac 06 3TOM He rOBOPSAT, 3TO Mbl TaK YTBEP)KAAEM.
paBMTaLMOHHOE Moje CyLecTBOBaJIO OTAeNIbHO, caMo no cebe,

a 3/IeKTPOMArHUTHoe - camo no cebe. NMosaToMy cap ToMcOH yBakun oba
B3aMMOLENCTBMSA, N NPeaCcTaBuU/1 3aBUCUMOCTb TPAEKTOPUN ABUXKEHNA NOHOB

B Ka4eCTBe 3aBUCMMOCTU MeXay Maccon n 3apagom. O, OT/IMYHO, PeLnsIn Y4eHble Tex
BpeMeH. Ternepb MO>XHO BbIHNCANTb MaCCy, 3Has 3apan U CTeneHb OTK/IOHEHUS
ABVOXYLLNXCA 06BbEKTOB MUKpOMMPa. Nl HUKTO ga)ke He goraabiBancsa Torga, 4To
Macca 1 3apsg - 3TO 04HO N TO »Ke. DTO MaJlo KTO MOHUMAET U B HalUX AHW. ITO Mbl
NMPOBO3r/allaeM AaHHYO KOHLENUUIO.

Ho Kak »xe Tak - BOCKJINKHEeTEe Bbl, €C/1IM Macca W1 3apsf - 3TO 04HO U TO XKe, Toraa Kak
MO>XHO C MOMOLLbIO OAHOI0 BbIYUC/INTL Apyroe. A HUKaK, OTBETUM Mbl. 160 3TO
nosiHenwasn epyHaa. N yyeHsle 6yayuiero 3tTo npusHatoT. OQHAKO NOCTaBUB Maccy

B YNC/NIMTENb, @ HE B 3HaMeHaTeNb, c3p ToMac, B LLENIOM, BbISIBUJ1 BEPHYIO
3aKOHOMEepPHOCTb. YeM 6osblue Macca ABuxyLlerocss obbekTa, TemM B 6osibLuen Mepe
OH NPUTArMBAETCSA B MAarHUTHOM MoJie (KOTopoe eCcTb NoJsie NPUTSXKEHUS). 9 BOT
TOJIbKO HE 3Halo, KAaKoe 3HaYeHMe NMeeT Macca B C/ly4yae OTTaJIKMBaHNA NOHOB

N YaCTUL, B 3NEKTPUYECKOM MoJie. dnekTpuyeckoe none - 37o Mone OTTaNKUBAHUS.
BosblUe BCero oTTaNkKnBaTbCs OyayT oTpULATENIbHO 3apsiXKEeHHbIe UOHBbI. oA
oTpuUaTeNbHbIM 3apAAoM c/iedyeT NoHMMaTb Mone OTTankKnBaHUA - aHTMMacCCy.

Y KOHrIoMepaToB YacCcTUL, Pa3/IM4YHOro KavyecTBa MOryT NPosIBASTbLCSA BOBHE, Kak lNons
MpuTa)xeHus, Tak 1 Monsa OTTankmBaHus. Mo3ToMy Yalle BCEro UMeeT MecTo Kak
OTTaJIKUBAHNE INEKTPUYECKUM MOJIEM, TaK U MPUTSAIKEHNE MArHUTHBLIM. o cTeneHn
OTTaJIKUBAHUS B 3NEKTPUYECKOM MoJIe Mbl MOXKEM Y3HaTb BeNM4nHy MNons
OTTaNKMBaHUS (aHTMMACCy) ABMXKYLLLErocss 06bekTa, a N0 CTEMNEHU NPUTSXKEHUSA

B MAarHUTHOM roJie - BennynnHy Mons MputsixxeHnsa (Maccy).



Ins 4yero Mbl BCe 3TO roBopuM? A ons Toro, 4Tobbl caenaTb ABHbIM OAUH O4Y4EHb
npuMeyaTenbHbI GaKT, KOTOPbLIA MOMOXET MOHATb HAaM - KaK C/y4nsiochb, 4To ObiNa
NPUHATA TEOPUS, COracHO KOTOPOM B XMMUYECKNX SJIEMEHTAX MOXKET COAEpPKaTbCs
CTOJIb MaJloe YNCJI0 HYKJIOHOB, HanpuMep, B BOAOPOAE - BCEro oAunH NPOTOH.

HdaBanTe NnpoaHanM3npyeM onbiTbl MO OTKJIOHEHUIO ABMKYLLNXCS YaCTUL, U MOHOB
B KaMepe BunibCcoHa, NOMeWEeHHON B MarHUTHOE noJie. 3TW OnNbITbl NEepPBbIM NPOBOAN
n aHanm3uposan Pesepdopn, B KOHUe 19 Beka.

MpuBegem unTaTy U3 KHUrK «lMyTeBoanTeNb NO HayKe» BEJINKOro 3HaTOoKa
MaTepnaJZibHOIro Hacneand 4yesose4ecTBa Anseka A3nmosa.

«OnbITHBIM NyTeM Pe3epgopa yCTaHOBW, YTO B MarHUTHOM noJsie anbda-4acTuLbl
OTKJIOHSIIOTCS 3HAUYUTENIbHO MeHblle, YeM 6eTa-4yacTulbl. bonee Toro, oHu
OTKJIOHSIZINCb B MPOTUBONMOJIOXKHbIX HAaMpaBJIEHUSAX, @ 3TO 03Ha4aso, 4To asbda-
4acTuubl, B OTINYNE OT OTPULATENBHO 3aPSAXKEHHbIX 3JIEKTPOHOB, HECYT
NONOXKUTENbHbLIN 3apag. Mo BeNnynHe oTKAOHEHUS BbII0 BIYUCIEHO, YTO Macca
anbda-4acTuLbl, MO MeHbLUEN Mepe, B 2 pa3a NpeBbIlLAeT MacCy MOHA BOOOpOaa,
NMEIOLLLEr0 MUHUMAJIbHbBIN NON0XXUTENbHbLIN 3apsd. BenndnHa oTkoHeHUA
3apPSAXKEHHOM YacTuLbl B MarHMTHOM MoJie 3aBUCUT Kak OT ee MacChl, Tak 1 OT 3apsia.
N ecnmn NPpUHATBL, YTO MONIOXKUTENbHbIN 3apan aslbda-4acTuLbl TAKOW XKe, KakK y NoHa
BOOOPOAA, 3TO 3HAYUT, YTO ee MacCa BABOE NPEBLILLAET MAacCy TOro )Xe MOHa;

€C/IN XKe NPeanosioXNTb, YTO 3apad ajbga-4yacTULbl BABOE Bbille, TO €e Macca
JO0J/)KHa B 4 pa3a NpeBbillaTbh MAacCy MOHA BOAOpOAa, U T. A.».

BoT Tak, nyTeM CpaBHEHUA N COMOCTaBNEeHUSA 1 Bblla OTKPbITa (BbisiB/IeHa) Macca
3/IEKTPOHOB, asba-4acTul (KOTopble eCTb 3JIEMEHThI Frennsa) N NOHOB BOAOPOAA.

Boobuie, rocnoga, byabTe BHUMaATESNbHbI, 30€Cb O4eHb JIErKOo 3anyTaTbCA.

Cuna MHepuunn, ABMXKYLWAA YaCTuULbl, NOHbI, 3JIEMEHTbI, MOXXET MEHSATLCA B C/ly4ae
OOHOro 1 Toro e obbekTa. Ho ecnn Mbl uccnegyem 3ToT 06BHLEKT MO €ro OTKJIOHEHUIO
B 9/IEKTPOMArHUTHOM MOJE, Mbl JIEFKO MOXKEM €ro NPUHATbL 3a COBEPLLUEHHO UHOW,

N Hapeyb UHbIM nMeHeM. OlHaKO OH Npu 3ToM ByaeT BCe TEM XKe CaMbiM, MPOCTO
ABVOKYLLIMMCS C MHOM CKOPOCTbI0. Tak MPoMn30LLIIo, K MpuMepy, B Cilyyae
NepeoTKpbITUSA POTOHA B Ka4YeCTBe 3JIeEKTPOHa.



N ewe ogHy untaTy, U3 KHUrn - Jlangcbepr I'. C. nemeHTapHbIn y4ebHUK PU3NKN.
T.3. KonebaHua n BonHbl. ONTuKa. ATOMHaa 1 saepHasa dpu3snka, 1985:

«PaccMoTpumM cnefytowmin onbiT. B oTKadaHHY0 KOPOobKy nepen y3Kon LWesnblo

B CBMHLLOBOM Neperopoake 2 noMeLlleH pagnoakTuUBHbIN npenapaT 1 (Hanpumep,
KPYMunHKa pagus). YCTaHOBMM MO APYryto CTOPOHY Wenn oTorpadunyeckyto
NAacTUHKY 3. lNMocse NposaABAEHNA Mbl YBUAUM Ha HEW YEPHYIO MOJIOCKY - TEHEBOE
n3obpaxkeHue wenn. CBMHLOBaA Neperoponka, cnefoBaTesibHO, 3a4epXnBaeT
paanoaKTUBHbIE JTy4U; N OHU NPOXOAAT B BUAE Y3KOro Ny4ka yepes wesnb. NMomectnm
Tenepb KOPOOKYy Mexay NoatocaMn CUIbHOMO MarHNTa U CHOBa YCTAaHOBUM

B NosioXXeHune 3 poTonnacTuHky. NMposBmB NAACTUHKY, 0OBHapPYy>XM Ha HEn yxe

He O4HY, @ TPW MOJIOCKN, U3 KOTOPbIX CPpeaHAS COOTBETCTBYET NMPSAMOJIMHENHOMY
pacnpocTpaHeHuIo Nyyka U3 npenapaTta Yyepes web.

Takum o6pa3oM, B MarHUTHOM MoJie Ny4YoK PaAN0aKTUBHOIO U3NyYeHUA pa3nennnics
Ha TpW COCTaBASAOLWMNE, N3 KOTOPbIX ABE OTKJIOHAIOTCSA MOJEM B MPOTUBOMOJIOXKHbIE
CTOPOHbI, @ TPETbS HE UCMbITbIBAET OTKJIOHEHUS. [lepBble ABE COCTaBAsAOLWME
npencTaBnsloT coO60M NOTOKN MPOTUBOMOJIOXKHO 3apPSXKEHHbIX YacTul,. MON0XKUTENBHO
3aps>KeHHble YaCTULbl MONYYUIN Ha3BaHWE ?-4acTul, UIN ?-U3NyYeHus.
OTpuLaTENIbHO 3apsi)KEeHHbIe YaCTULbl Ha3bIBAOT ?-4aCcTULAMU U ?-N3JTyHEHNEM.
MarHuTHoe noJsie OTKAOHSAET ?-4acTuLbl HECpaBHEHHO cnabee, 4eM ?-4acTuLbl.
HenTpanbHas KOMNOHEHTA, HE UCMbITbIBAlOLLLAA OTKJIOHEHWUS B MarHMTHOM MnoJie,
nosyynnaa HasBaHUe ?-U3Ny4yeHuns».

HNaBanTte pas3bepeM camMylo MHTEPECHYIO YaCTb OMblTa N0 OTKJIOHEHUIO Ny4Yyen. B Kakyto
CTOPOHY M NOYEMY OTKJIOHSAIOTCA T€ WIN NUHbIE JTy4W.

OTKavyaHHasa Kopobka - 3To Kopobka C 0OTKaYaHHbIM BO34YyXOM. TaM NCKYCCTBEHHO
co3faH BakyyM. OTCYTCTBYIOT XMUYECKNE INIEMEHTHI.

«Kamepa BunabCoOHa - 3TO EMKOCTb CO CTEKJISHHOM KPbILLKOW N MOPLUHEM B HUXKHEN
4acTW, 3aMnoJIHeEHHasa HacCbIWEeHHbIMY NapaMn Bo4bl, cnupTa uwian agupa. MNapsbl
TWaTEeNbHO O4YULLEHbI OT NblIN, 4TOOLI 40 NPoJsieTa YacTUL Y MOJIEKYJT BOAbI HE ObIo
LLEHTPOB KOHAEHCauun. Korga nopLeHb onyckaeTcs, TO 3a c4eT agnabatmyeckoro
paclwmMpeHmns napbl OXJa)K4aTCsa U CTAHOBATCS NepeHacbIWeHHbIMN. 3aps>XeHHas
YacTuua, NpPoxoasa CKBO3b KaMepy, OCTaB/sgeT Ha CBOEM MYTU LLEeNo4YKy NOHOB. NMap
KOHOEHCUPYETCHA Ha MOHaX, Aenas BugnmbiM cneg 4actuubl» (Buknnegus, «Kamepa
BunbcoHa»).



Kak BuauTe, B 060X Cydasx MMeeT MecTo pa3peeHHas aTMmocdepa B NosoCcTu
KOPOBKKN NN Kamepsl. B ciiyvyae KopobKu - 3TO NMOJIHbIN BaKyyM. A B C/ly4ae Kamepbl -
MPOCTO ras, a OH TOXXe pPa3peXXeH. ITO 0YEHb BaXKHO.

B 060ux criy4aax Mbl UMEEM 3JIEKTPOMArHUTHOE MoJie, oOKpy)xatllee
N NPOHN3bIBAtOLLEE MONOCTb, B KOTOPOM Mbl UCCNIEAYEM OTKJIOHEHUNE JyYEn.

INeKTpoMarHMTHoe noJse - 37o 06,71acTb NPOCTPAHCTBA MeXAY ABYMS MOJIKOCaMMU.
MonoXxuTesibHbIM (aHOOO0M) K oTpuLaTesbHbIM (KaTogoM). KaTond - oTpuuaTesibHbIN
MoJsitoC - 3To 061acTb NPOBOAHUKA (MeTanna), B KOTOPOM CywecTByeT n3bbiToK
3/1eKTPOHOB ((hoToHOB). JInbo K 3TOM 06nacTm NoaBeaeH BHELUHUA NCTOYHUK
3/IeKTPUYECKOro Toka. JInbo NpocTo 3Ta YacTb NPOBOAHMKA COCTOUT U3 MeTanna,
KOTOPbIA NO CBOUM MeTaJIZINYeCKUM CBONCTBAM yCTynaeT MeTaslJly aHoAda
(monoXXuTenbHOro nosca).

AHOZ - NOJTIOXKMUTESNbHbIN MOJOC - 3TO YaCTb NMPOBOAHUKA, B KOTOPOM €CTb HEA0CTAaTOK
3/1IeKTPOHOB. JInbo ¢ 3Ton 061aCTU NCKYCCTBEHHO CHUMAIOT 3N1eKTPOHLI. JInbo meTann,
N3 KOTOPOro U3roTOBJIEH aHOM, UMeeT bonbliee MNose MPUTAXKEHUS, HEXXENN KaTo/.

A B pe3ynbTaTe, MeXAY KaToAO0M 1 aHOL4OM BO3HUKAET JIEKTPUYECKUIA TOK.
DNeKTPOHbI ABMXKYTCA OT N30bITKa K HEQOCTATKY, UK OT MeHbLllero MNons
MpuTa)xeHns K bonbluemy.

N B 06onx cnyvasax - n B OTKa4aHHOM Kopobke, n B kaMepe BunbCoHa, 3N1eKTPOHbI
OBVXYTCSH CKBO3b pa3pe)xeHHOoe NPOoCTPaHCTBO OT KaToha K aHo4y. OTO U eCTb
3/IeKTpPpOMarHnTHoe nosie. T. e. Iy4un, pacrnpocTpaHsaowmecs oT paanoakTUBHOIO
NCTOYHMKA, Ha CBOEM NyTU nepecekaloT NOTOK ABVKYLLMNXCA 3J1I€eKTPOHOB.
NcnbiTbiBalOT faBsieHUe C X CTOPOHbI - OTTaJIkuBaHWe UMW, DTO BJINSAHNE
oTpuUaTeNIbHOro NoJitoca - OTTaJIKMBaHME. A TakXe UCMbITbIBAOT NMPUTSAXXEHNEe

CO CTOPOHbI NOJIOXXUTESNIbHOr0 nostca, rae bonee cunoHoe lMone MpUTAXKEHUS, YeM
y Katoga. N nmeHHo 6narofapsa pa3pe)XXxeHHOCTU NpocTpaHcTBa 3To MNone
MPUTAXKEHNA MOXKET OWYLWATbCA ABVMKYLWMNMUCS 0O beKTaMn. Pa3peXXeHHOCTb

B Kamepe BuibCOHa BO3HUKAET, KOrAaa noplueHb ABUXEeTCSA BHU3 (XOTA U He NoJsiHas
pa3peXXeHHOCTb). Ecnum 6bl B Kamepe 6b11 06bI4HbIM BO34YX, TO €ro 3JIeMeHTbl CBOMMMU
Monamun OTTankmBaHUa sKpaHuposaau 6ol Monga MpuUTaKEHNSA 371eMeHTOB aHOoAa.

N npuTsa>xeHne aHofa He oLyLanoch Obl.

DNEeKTPOHbI - ?-7Iy4N - OTKJIOHAKOTCA K aHOA4Y, T. €. K NOJIOXKUTEJIbHOMY MOJIOCY.



NeMeHThbI renns - ?-J'Iy‘-IVI - YYTb OTKJIOHATCA K KaTo4y.

A ?-poTOHbI BeOyT cebs HenTpanbHO.

BHUMaHWe, Mbl cenvac byaem pa3obnayvaTe OAUH U3 FNaBHENLWNX MUEOB
COBPEMEHHOW HayKN - yTBEPXKAEHME, COrIaCHO KOTOPOMY, MOMIOXKUTENbHbIE 3apsabl
NPUTSArNBAOTCA K OTPULATESNbHbLIM, @ OTPULATESbHbIE K NMOJIOXXUTENIbHbIM.

Hunyero nogobHOro He NponcxoanT. Kak Mbl y>Xe roBOpun, 3apss - 3TO TO XXe camoe,
4TO 1 Macca. T. e. KavyecTBo. JInbo Mone MputsaxkeHuns, nnbo Mone OTTanKMBaHUA,
npu4em onpenesieHHoON BesINYNHbI.

MpuTsxeHne ecTb NpuTsaxxeHune. OHo Bo BceneHHonm ogHo. MNone MNputsa>xeHus
nputaruveaeT, lMone OTTankmuBaHnsa oTTasnkmeaeT. I He moxeT lNone OTTanknuBaHus
npuTArnBaTb. He MOryT oTpuuaTesibHble 3apsaabl MPUTArMBaATb MOJIOXKUTENIbHbIE.

O4YeBMAHO, YTO Y OMbITOB C OTKJIOHEHUEM YaCTUL, eCTb MHOE 06BbSACHEHNE, HEXENU TO,
4YTO CyLlecTByeT.

CyunTaeTCs, 4YTO 3/IEKTPOHbI - 3TO HOCUTENN OTPpULATENIbHOro 3apsana, U UMeHHO
MO3TOMY OHN OTKJIOHAKOTCHAH (I'IpVITFII'VIBalOTCFI) K aHOo4Yy - NMOJIOXKUTEJIbHOMY MOJIOCY
MarHUTHOro nongd. A ?-nqu - 3TO NOHbI rennsda, HoCUTen NoJIOXKNTEeJZIbHOro 3apdaa,
BCcnencTteme 4ero OHM n OTKJIOHAKTCA K KaToAy - OTpuuaTeJ/ibHOMY MOJIIOCY.

NcnyckaeMble paAno0aKTUBHBLIMU 3/1IEMEHTAMM, 3NEKTPOHbI (OHU XXe - POTOHbI BEPXHUX
ypoBHen ®unsn4eckoro MnaHa), raMmma-poTOHbI, @ TaK)XXe dJIeEMEHTbI refing ABUXYTCSA
no uHepumm - nx aemxxet Cmna NHepuun. OHa y BCeX Y HUX pa3Has Mno BesindumHe.
Ka)abln fiy4 - 3TO NOTOK 06bekToB. Cpean 06beKTOB NpoUCXoanT
nepepacnpeneneHne agumpa, n3-3a 4ero gake pasHble No Ka4yecTBy 06bEKThI
OBUKYTCS B NOTOKE C OAMHAKOBOW CKOPOCTbI0. YacTuubl ¢ Monamum MputsaxeHus
TOPMO3AT YacTuubl AH, @ YacTuubl € NMonamm OTTanKNBaHUA TONIKAKOT YacTuubl Hb.

Y poToHOB ramma-ypoBHs Monsa MputsxeHnsa 6onble, a Nong OTTankmMBaHMA
MeHbLe. 1 no3ToMy 4TOObl 3TK YaCTULblI MOr X BblJIeTETb U3 COCTaBa
pagNoaKTUBHOIO 3J1IEMeHTa U MoJTy4UTb CKOPOCTb, HeobxoanMyto 414 NpeofosieHNs
pacCTOAHNA, TOIO XXe, 4TO U B C/iy4ae (pOTOHOB BUAMMOroO AMarnasoHa, 3TUM (pOTOHaM
HY>XHO nmeTb 6onbyto Cuny UHepuunn. N oHn ee nmeltoT. Y anekTpoHos Cuna
NHepunn meHblie. Mostomy Cnna MHepuun BMANMbIX POTOHOB Jierye



npeoposesaetcs Cnnon MNputaxeHna aHoga n Cunon [aBneHns 3N1eKTPOHOB,
BblJleTaroWwmx ¢ kKatoaa. O6e 3tn Cunebl - MpuTA>XKeHne aHoOa N AaBIeHNE 3/IeEKTPOHOB
C KaToda OENCTBYIOT Ha ABMXYLLMECS B KaMepe nnm Kkopobke 06bekTbl MUKpOMUMPpA.
KpoMe Toro - euie NpUTsSKeHmne co CTOPOHbI NPOBOAHMKA KaToda. HoO OHO MeHbLue
NPUTSXXEHNS aHoda. 1 KpoMe Toro, BAOJIb 3TOr0 XXe BeKTopa AencrteyeT Cuna
[aBneHnsa OBMXXYLLNXCA C KaTo4a 3J1IeKTPOHOB. B ntore, an1eKTpoHbl C MX MaJion
Cnnon NHepunm nerko OTKJOHAKTCA K aHOAY Mo BJAINAHUEM €ro NpUTaXXeHns

N OaBNI€HUS CO CTOPOHbI 9/1IEKTPOHOB C KaToAa. TO OTKJIOHEHME XOPOLLO 3aMeTHO.

A BOT ramma (poTOHbI C nx 6onbwon Cnnon NHepunn cnabo pearmpytoT Ha nobyto

N3 Tpex aencTeyowmnx Cua - n He OTKJIOHATCA.

YTo KacaeTCHd 3/1eMeHTOB resins, To 3TO KOHIJIoMepaTbl YacTUL,. DTU 3JIEMEHTbI
XapakTepusyTcs 60sbWwnM NpoLeHToM YacTuy, AH. Bca nx nepudepunsa 3anosHeHa
YacTUUaMKn 3TOro Tumna. 3TO O3HAYaAET, YTO NPUTSAXKEHME aHOL4a U KaToha Ha HUX
nencteyeT cnabo. DNeKTPOoHbI, UCMyCKaeMble C KaTo4a, BPe3aloTCA B 3/IEMEHTbI renuns
1 BbIBMBAIOT C UX NMOBEPXHOCTU aKKYMY/IMPOBaHHbIe TaM CBOBOAHbIE (POTOHBI.

B ntore, NMone OTTanKnBaHMs 3JIEMEHTOB FreJiInd CO CTOPOHbI yaapa YMeHbLIaeTCH.
A TaK KaK 3/1eKTPOHbI ABUXYTCA C KaToa, U caM KaTon nmeet lNone MNputsaxeHus,
cniefoBaTesibHO, pacTeT nNpuTsaxeHue renma K katogy. MMEHHO NMO3TOMY
SJIEMEHTbBI TENNA CJEIMKA OTKJIOHAKTCA K KATOLY, T. E. K OTPUUATEJIBHOMY
MOJIKOCY. Hy a npeacTtaB/ieHNE 3/IEMEHTOB resina B Ka4yecTBe NOJIOXKNTESIbHO
3apsXXEeHHbIX - 3TO abCONOTHO HaAyMaHHbIN PaKT. DNEMEHTbI renus
xapakTepusytTcs lNonem OTTaskKMBaHUA - T. €., HAaNPOTUB, OHMN OTpMLATESIbHO
3apsKeHbl.

TaK 4TO, Kak BUWOUTE, ONbITbl MO OTKJIOHEHWUIO JTyHEeWn, NCMYLLEHHbIX PagnoaKTUBHbIM
3/1IEMEHTOM, IEFKO MOXKHO 0B6BACHUTbL C MOMOLLbIO BCE TEX XKE N3BECTHbIX HAaM
3aKoHOB - MputsaxeHna n OTTankmBaHus. Jlioboe BewecTBO 4ENCTBYET Ha gpyrue
c nomoubto Cun MputsaxeHnsa n OTTanKMBaHNA - O4HOBPEMEHHO.

To e caMoe MOXXHO CKa3aTb OTHOCUTEJSIbHO NMPOTOHOB N UX OTK/IOHEHWNA
B 3/1EKTPOMaAarHMTHOM MMoJe.

MpoToHbI 6bIN OTKPLITHI B 1886 rogy HeMeuKnUM hnU3nKom MonbAWTENHOM -

C MOMOLLbIO KaToAHOM TPYybKM C nepdhopnpoBaHHbIM KaTOAOM OH 0O6Hapy>XnJ1 HOBbIN
BUA U3JTy4EeHUS, KOTOPOE NPOHMKaso Yepes OTBEPCTUSA B KaTo4e B HanpasJsieHun,
MPOTMBOMOJIOXKHOM MOTOKY CaMUX KaToAHbIX ny4yen. OH Ha3BasN UX KaHaJIbHbIMU
nydamMu. Tak Kak KaHaJibHble J1y4n pacrnpoCTPaHAINCh HAaBCTPeYy NOTOKY 3JIeKTPOHOB
C KaToAa, KOTopbIM Bbl1 NPUCBOEH OTpULLATENIbHBIN 3apsas, TOMCOH onpenenns nx Kak



nonoXXuTtesnbHoe niny4veHune. No BennynHe nx OTKJIOHEHUSA B MarHUTHOM noJse
YCTaHOBWJIN, YTO CaMble MaJZIeHbKME N3 3TUX YaCTUL, UMEKOT TOT »Xe 3apsad 1 Maccy,
4TO M MOH BOAOPOAA. DTU YaCcTuULbl onpenesinian Kak aHTUNoAbl 3/1IEKTPOHOB,

n Pesepcoppn Ha3Ban nx NpoToHaMu (OT rpey. «nepsble»). 3apaabl NPOTOHa

N 3N1IeKTPOHa onpeaennin Kak paBHble Mo BesIn4nHe, HO NPOTUBOMOJIOXKHbIE MO 3HaKY.
Mprnyem NpPoTOHY NMPUCBOMIN Maccy, B 1836 pa3 npesBbIWalowyo MacCcy 3J1eKTPOHa.

Tak BOT, MPOTOHbI TOXKE OTKJIOHAKTCA K KaToay. [NpOTOH - 3TO TOXKe KOHIrJiloMmepaT
4acTuLU, XOTSA N MeHbLUEero MmacwTaba, HeXxenn XxmMMmmyeckmne anemMmeHTbl renmsa. OHK
TOXKEe HaKanJnBalT Ha CBOEN NMOBEPXHOCTU cBoBoAHbIE YacTuubl. M1 BbibuBaHue 3Tux
4acCTUL, 3NeKTPOHaMU, OBVMKYLLMMUCA C KaTOo4a U CTAaJIKUBAKOWMMNCA C MPOTOHaMH,
BefeT K ycuneHuto lNona MNputa)KeHna NpoToHa CO CTOPOHbI KaToha. IMeHHO no3ToMy
MPOTOHbI OTKJIOHAKTCSH K KaTo4y.

Tak 4TO, Kak BUOnTe, COBEPLUEHHO HEBEPHO NOBOPUTL TOJIbKO O Macce 3JIEKTPOHaA,
NpoToHa, raMMa-oTOHOB 1 Ntoboro aApyroro obbekTa MUKpoMmupa. Cpeam HUX ecTb
KaK MacCOW, TaK N C aHTUMACCON, Kak ¢ lNMonem MputsaxeHus, Tak u c MNMonem
OTTanknuBaHuA.

Kpome TOro, He CTonT oueHnBaTb MaCCy N aHTUMaCCy H4aCTuUuy N 3J1eMEHTOB,

He Y4NTbIBaAd Nnpv 3ToOM BEJINHNHY XaPaKTEPUCTUKUN I1EeKTPOMAlrHUTHOIo noJi4,

a TaK)Xe Ka4eCTBO NCTOYHMKA HYaCTUL N /1IEMEHTOB (T. €. 4TO 3a XUMUNYECKUne
3J1IEMEHTbI X I/ICI'IyCKaPOT). Bce a1 CIDaKTOpr BJZINAKOT Ha CTerneHb OTKJIOHEHNA N UX
obs3aTenbHO Hago YYNTbIBATb.

Ho naBaiTe BepHEMCS K Havany Hallen CTaTbW, K TOMY, C YEro 1 Havyasau.

encTtBuTenbHO I Macca NPOTOHa paBHa Macce MoHa Bogopoaa?

[NencTBNTENbHO N B XUMNUYECKOM 3JIEMEHTE BOAOPOAa BCEro OAUNH MPOTOH?

Mo)keT i1 Takoe ObITb, YTOObl BO BCEX U3BECTHbIX XMMUYECKUX d1IeMeHTaxX Yncyio
MPOTOHOB COOTBETCTBOBAJIO €ro HOMepy B nepuognyeckon Tabanuye? Beab 3TO BCEro
nnwb HOMEP?!!!



Mbl y6exxaeHbl, 4TO y4yeHble 19 Beka, co3aaBaBLUMe KOHLENUMo aTomMa, owmnbannch
B TPAKTOBKE pe3yJ/ibTaTOB CBOMX 3KCNepMMeHTOB. OWwmnbKa yYeHbIX B TOM, 4TO OHMU
He 3Ha/IM UCTUHHOE YNCNI0 PYHOAMEHTaIbHbIX B3aMMOAENCTBMUIA, KOMX BCEro 2 -
NPUTSXKEeHNEe N oTTasiknBaHne. BoiCTpanBai OHM CBOM KOHUENUWK, ncxons

N3 O4HOBPEMEHHOr0 BO34ENCTBUSA 3TUX ABYX Cun, BO3MOXKHO, OHWU Torga 6bl BEpHO
06BACHUAN CYyTb MPOUCXOAALLErO N BbICTPOMIN NPABUSIbHYIO MOAESIb XUMUYECKOT O
3/leMeHTa.

Y4yeHble fanm cBoen Mmoaesin atoMma HaMmMeHoBaHMe - niaHeTapHasa. I npengcrtasmnm
ee KaK nJjioTHoe aapo, HarnoJiHeHHoOEe NPpoToOHaMn U HeI7ITp0HaMI/I (310 ConHue)
C leTaloWwnMin BOKPYIr A40pa 3J1eKTpoHaMn, OJIMUETBOPAKOLLIUMNA MJ1aHETHI.

OnHaKo Mbl NoNlaraem, 4YTo NUCTUHHASA MJAHETAPHOCTb XUMUYECKOr0 3/IEMEHTA
COCTOWUT B €ro COOTBETCTBUM HE COJTHEYHOM CUCTEME, @ UMEHHO MaaHeTe - ntobomy
HebecHoMy Teny. B ueHTpe - NI0THOE AP0, COCTOSILLEE U3 TAXKENbIX /IEMEHTAPHbIX
yacTuL (MX KOHFrIOMepaToB), Tak XXe, Kak B LileHTpe HebeCcHOro Tesla CocpeaoTOYEeHbl
NJIOTHbIE XUMNYECKME 3NEMEHTbI. Mbl N HA3bIBAaE€M 3TO MAOTHOE AP0 MJAHETOMN.

Mo Hel Mbl xoauM. Takasa MUHU-NJIAHETa eCcTb B LieHTpe ioboro XmMMmn4eckoro
3neMeHTa. A BOKpYr Hee - aTMocdepa, cocTosLias n3 6osee nerkmx KoOHrJioMepaToB
YaCTUL, - OHN COOTBETCTBYIOT XMMNYECKUM 3/IEMEHTAM ra3aMm, U3 KOTOPbIX COCTOAT
aTMocdepbl NnaHeT. MoXXHO Cka3aTb, YTO ecTb 6oniee Ta)Kesble MPOTOHbI U eCTb
bonee nerkme. ToyHee roBops, €CTb MHOI0 Pa3HOBUAHOCTEN HYKJIOHOB, U3 KOTOPbIX
COCTOUT TENO XUMNYECKOr0 3/IeMeHTa. Tak XKe KaK €CTb OFPOMHOE YUCI10
PA3HOBUOHOCTEN XMMUYECKUX 3/1IeEMEHTOB. Ha MOBEPXHOCTM KOHIJIOMepaToB YacTuy,
(HYKNIOHOB) HakanMBatTCsA cBOOOAHbIE YAaCTULIbl - POTOHbI - UCMYCKAEMbIE COJTHLIEM
NN OpyruMmn CBETAWMMNCA HeBECHbIMM TeNnaMu, U nNonagalowWwnmMm Ha 3eMto, Uan
noboe gpyroe HebecHoe TenNo.

Jlerkue HyKJIOHbl U aKKYMYJIMPOBaHHbIE (DOTOHbLI SKPAHUPYIOT TAXKENYI0, NJOTHYIO
4aCTb XMMUYECKOr0 3JIEMEHTA, TaK Xe, KaK Jlerkne XxmMmmyeckme asieMeHTbl

N MarHntTocdepa sKPaHNPYIOT MJIOTHYIO N XXUAKYIO YacCTb MJaHeTbl. Y nerkux
HYKJIOHOB, TaK e, KaK N Y NIerkux XMMNYeCKNx 3J71eMeHTOB, O4€Hb MHOIro Yactuw, AH
(c Monamn OTTankmBaHusa). Cpean GOTOHOB Tak)Ke NpeobnagatoT YacTumubl AH. Sdup,
ncnyckaembl 3TUMKU YacTuuamu, HenTpannsyet None MpuTaKeHnsa NJI0OTHOW YacTu -
KaK XMMNYEeCKOro 3JleMeHTa, Tak N niaHeTbl. B pe3ynbTaTe, NposABAEeHNE MPUTAKEHNSA
XNMNYECKOro 3/1IeMeHTa Win NjaHeTbl yMeHbllaeTcs. T. e. yMeHbLUaeTcsa Macca -

HO HEe UCTUHHAA, a NMPOABJIAOLLAACH BOBHE.



K 4yemMy Mbl BCe 3TO roBopuMM? A K TOMY, 4TO Yy /1t060ro KoHrjoMepaTa YacTUL, eCcTb
peasibHas Macca U Ta, YTO NPOsIB/SETCS BOBHE. B cocTaBe XMMUYECKOro 3/1eEMeHTa
MO>XeT BblTb O4E€Hb MHOIO MPOTOHOB. HO ecnin OHU NPUKPLITLI CBepxy Bonee nerkumm
YyacTuuamm, a Takxke cBoboaHbIMU poToHaMKM, nx Macca (Mone MpuUTaxKeHns)

He NPOoSIBNAETCA BOBHE TakK, Kak eciun Obl He BbIJ1I0 3TUX SKPAHMPYIOLLMX YacTuL.

Mo3ToMy Macca 371IeMeHTa Bogopoaa, NposABAAOLWLAACA BOBHE, MOXET ObITb MOYTHU
TaKOW Xe, KaK y NMpoToHa. nn To4YHO Takown »xe. Ho npu 3TOM 3neMeHT Bogopoaa
MPOCTO 3KPaHUPOBAH JIErKMMN YaCcTULLAMN, UCMYCKAOLWMMKU 3pUp - nMmeeT
aTMocoepy. A NPOTOH OENCTBUTESIbHO MMEeeT MeHbLUYI0 Maccy - peasibHyto. Ho Tak
KaK OH He 3KpaHMpOBaH, ero Macca Co CTOPOHbI OulyUlaeTCa Kak Macca Luesnoro
XNMMNYECKOro 3/1IeMeHTa Bogopoaa.

He Hago nyTaTb peasibHYt0 MaccCy C TOM, 4TO, BOCMPUHMMAETCHA CO CTOPOHLI. [1Ba
obbekTa MOryT MMeTb Pa3/INYHYI0 peanbHyto Maccy (Mone MpuTsa>keHunsa). Ho n3-3a
3KpaHWUpPOBaAHUS 0QHOro YacTuuamMun, ucnyckatowmmm agup, oHo byaet
BOCMNPUHNUMATbLCSA CO CTOPOHbI, KakK MMeloLLLee Ty e Maccy, 4TO N ApYyroe,
nencteuTtenbHo bonee nerkoe.

BoT B 4eM BecCb cekpeT. BOoT noyeMy y4yeHble OWNBOYHO NPUHAAN NPOTOH 3a BOA4OPOL.
Ha camom pene B aape BOAOPOAA MHOMO 3TUX MPOTOHOB - TOYHEE, Pa3HbIX TUMOB
HYKJIOHOB. /1 441CNO NPOTOHOB B pPa3/INYHbIX TUMAX XUMNYECKUX ISIEMEHTOB

He COOTBETCTBYET HOMepY 3JIeMeHTa B nepuoamnveckon tabauue.

ApuctoTtenb 1 Nannnen o NnageHnn Tena - aHan3 X MHEHUN 1 cornocTaBsieHne
C Hallen KoHuenuuen

B Bonpoce, NOCBALWEHHOM CKOPOCTW NaAeHns Tes, COBpeMeHHasa HayKa corsacHa

c Nannneem, KOTOPbIN B CBOUX OMNbITax sKoObl Aobuncsa pesynbTaTos,
npoTUBOpPEYaLLUMX yTBEPXAeHUO ApuctoTens, byato 6onee Ta)xenble Tena nagatoT
c 6onbLUEN CKOPOCTLIO, HeXXenun bonee nerkue.

Mbl cornacHbl ¢ MHeHUeM ApucTtoTens, U He pa3aensdemM B3rnangos anunnesa no aTomy
BoMpocy. Mbl monaraeMm, 4To TAKesible Tesia nagarT 6bICTpee nerkux.



HNaBanTe nonpobyem pa3obpaTbCa B 3TOM BOMNpOCeE.

«ApuctoTtenb poannca B 384 r. oo H. 3. B ropoge Ctarunpe, B CeEBEPO-BOCTOYHOMN
obnacTtn Npeunn. Nropon HaxooUACH HeaNeKo OT rpaHnubl C MakeooHmnen, n otew,
ApunctoTtensa Hnkomax 6bi1 NpnaBOpPHLIM BpadoM MakeaoHCKoro uaps AMuHTbI Il. CbiH
AMUHTBI dnnunn, oTey AnekcaHapa MakegoHckoro, 6611 ApyromMm AeTcTBa
ApucTtoTens, BnocnencTteuu, dyay4m uapem, oH npuriaacun ApuctoTens B HaCTaBHUKN
K CBOEMY CbIHYy AnekcaHapy, byayuwemy 3HameHnToMy nonkosoauy» (Kyapssues I1. C.
«KypcC nctopumm usmkmn»).

ApUCTOTENb BHEC OFPOMHBbIN BKJ1ad B PasBUTUE HAaYYHO-(OUTOCODPCKON MbICN.

«B peanbHbIX YC/I0BUAX OBUXKEHNE KOHEYHO U Tesla NafaloT C pa3HOW CKOPOCTbIO.
ApuCTOTe b NoslaraeT, YTo, YeM TaxKenee Teno, TeM bbiIcTpee OHO NagaeT. TONbKO
fanunen onpoBepr 3To MHeHUe ApUCToTeNs, NoATBEPANB OTBEPrHYTOe ApuctoTenem
yTBep)XXAeHue, 4TO B NyCTOTe BCe Tesa nagatoT ognHakoso» (Kygpsasues 1. C. «Kypc
NCTOPUN PUSUKN»).

BoT 6ecepna n3 kHuru . Fanunes, B KOTOPOW FroOBOPMUTCA 0 CBOOOAHOM NageHun Ten.

«CMNnnYmo. ...ApucToTesb AO0KA3bIBAET, YTO CYLLECTBOBaHNE ABUXKEHUS
NPOTMBOPEYUT AOMYLLEHNIO NYCTOThl. EFO oKa3aTenbCcTBO TakoBo. OH
paccMaTpMBaET ABa C/lyyYasi: OAUH - OBMXKEHNE Tes pa3/IN4YHOro Beca B 0O4NHAKOBOM
cpene; APYron - ABMXXEHME OQHOI0 1 TOro >Ke Tefa B pa3/InyHbIX cpefax.
OTHOCMTENIbHO MEePBOro C/ly4as OH YTBEPXXOAET, YTO Tena pa3/IMYHOro Beca
OBVXYTCS B OLHOWM 1 TOW »Ke cpeie C Pa3IMYHbIMU CKOPOCTSIMU, KOTOPbIE OTHOCATCSA
Mexay coboin, Kak Beca Tes, Tak YTo, HanpuMmep, ecav O4HO Teso B AeCsATb pa3
TsXKenee Opyroro, To U ABUXXETCA OHO B AecATb pa3 buicTpee.

CanbBuaTu. ... CUIbHO COMHEBAIOCh, 4TOObI APpUCTOTENb BUAEN Ha OMNbITE
CnpaBensIMBOCTb TOro, YTO ABa KaMHS, N3 KOTOPbIX OONH B AeCATb pa3 Tsaxesee
Apyroro, Havyaslwune O4HOBPEMEHHO NafaTb C BbICOThI, NPeANnoIoKUM, CTa JIOKTEHN,
ABUrasNCb CO CTOJIb Pa3/INYHON CKOPOCTLIO, YTO, B TO BpeMs, Kak bonee Tsaxenblin
noctur 66l 3emnu, bosiee nerkmm npowen Obl BCEro fecsATb JIOKTEN.

N 6e3 onbITOB, MyTEM KPAaTKOro, HO ybeaAnTenbHOro paccy>X4eHNUs Mbl MOXKEM SCHO
MoKasaTb HEMPaBWUJIbLHOCTb yTBepXaAeHus, byato Tena 6onee TAKenble ABNXYTCS
obicTpee, Hexxenn 6onee nerkune...» (I'. Fanunen, «<beceabl 1 MaTeMaTnyeckme



OOKa3aTe/ibCTBa, KaCalownmecs 0ByxX HOBbIX OTpaCJ'IEIZ HayYKWM, OTHOCALLUNXCA
K MeéXaHnkKe h MeCTHOMY OBU>XKEHUIO»).

ApuctoTens 6bin BeNMKUM MOCBALLEHHBIM, U MHOTME TalHbl Mpupoabl 6bIIN eMy
BeAoOMbl. He co BceMu ero BbiBOJaMM, KacaloLWLNMNCS 3aKOHOB MEXaHUKM, Mbl
cornacHbl. OgHaKo Mbl pa3aenisieM ero cy>KAeHune o ToM, 4To bosnee Taxxenble Tena
najgatT b6bicTpee. U, COOTBETCTBEHHO, OTBEPraeM MHeHue Fanunes (Npu ToMm, 4To
Tak>Xe cYMTaeM ero MocCBSALEHHbIM N BENIMKUM YyYeHbIiM). PaKT Han4yusa ctaTyca
MoCBALEHHOr0 HEe 03HA4YaeT, YTO YesIoBeK Bcerga U 060 BCeM BbIHOCUT BepHble
CY)XXOeHus.

ApunctoTenb 6bin COBEPLUEHHO NpaB, Nosiaras, 4To CyTb SABJIEHUIA NPUPOLAbI MOXXHO
NOCTUraTb YMO3PUTENIbHO, HE Npuberas K onbiTaM 1 3KCrnepuMeHTam. OnbIT MOXET
NOCNY>XUTb NPEKPACHbIM NOATBEPXKAEHMEM N KPACOYHOW AeMOHCTpaumen gns
BblABMIAEMbIX TEOPUI N KOHUenunin. Ho xxenaTtesnbHO, 4To6bl Teopus
npelwecTBoBasna NMpakTuUkKe. B MpoTUBHOM Cly4ae, MOXXHO Jlerko ownbuntbca

B OLEHKe pe3yJibTaTOB IKCNEPUMEHTA, WX B OLEHKE ABNEHUS, KaK 3TO YacTo

N CNy4asloCb B UICTOPUN HaYKMW.

Ho BepHeMCs K BONPOCY O CKOPOCTU MaAeHusa Ten.

Fanunen NpoeBoAna OMNbITbl, B KOTOPbLIX OH CKaTbIiBasa Tesa No »kenobam, n namepsn
CKOPOCTb UX CMYyCKa, CPaBHMBAA CKOPOCTb CKaTbIBaHWSA T pa3HON BENNYUHDI.
KOHEeYHO, MOXXHO NMpunbAnN3nNTeNbHO CYNTATh, YTO CKaTbiIBaHME Tesla aHasIornyHo ero
cBoboHOMY NageHuto. 9To, NpaBaa, He COBCEM TaK, MOCKOJIbKY Korga Teno KaTUTcs
no »xenoby, ero NHepUNOHHOE OBNXXEHNE 3Ha4YNTEesIbHO TOPMO3UT BELLECTBO CaMOro
»xenoba, 3abunpasa y Hero aHepruto (3cunp) - ymMeHbLIaeT, TakK Ha3blBAeMbI, UMMYbC.
B To Bpems Kak BO BpeMs cBOOOAHOIo NnageHns Teso ABUXKETCS CKBO3b ra3oobpa3Hoe
Teno (Bo3ayx), KOTOpoe 3Hepruio (3dump) y nagatowero Tena He 3abupaer.

N TopmMO3MTCA NagatoLiee Teno TONbKO NU3-3a CTOJIKHOBEHUSA C MOJIEKYIaMU

n anemMmeHTamm Bolgyxa. OaHako B 1toboM ciyyae, n Npu CKaTbIBAaHUN, N NPU
cBOOOAHOM NageHun, 3TO ABMXXEHNE TeNla BHU3 Moa AeNCTBUEM FpaBuUTaL N,

N ckopocTb cBOBGOAHOIrO MageHNa HaxXoaNTCA B NPAMO NPONOPLNOHAIbHON
3aBUCMMOCTU OT CKOPOCTU CKaTbIBaHUA.

Mbl cHMTaemMm, 4To onbIThl annnesa Henb3A 6paTb 3a OCHOBY, €CJIn Mbl XOTUM
pa3o6paTbcsl B BOMPOCEe CKOPOCTU NageHuns Ttes. XoTH Mbl X, HECOMHEHHO,
yunTbiBaeM. Ha Hall B3rnag, OLLI,yTVIMOI7I Pa3HNLUblI B CKOPOCTU NageHnAa Ten, 4Ybu
pa3Mepbl N MaCCa He NMeT 3Ha4YnTeJIbHbIX OTNYMNM (KaK 3TO N UMENI0 MecTo



B onblTax annnes), He 6yaeT. Pa3Huua NpuUCyTCTBYET, HO OHa CTOJIb Maa, 4To ee
TPYAHO 3admKcnupoBaTb 6€3 NoMoLLKM TOYHbIX MPMOOPOB.

Ecnn B3ATb, K NpuMepy, TEHHUCHbIA MAYUK N CTaJIbHON LWap AMaMeTPOM HECKOJIbKO
MeTpOB (Hy X0Ts 6bl 2 M), N COPOCUTbL NX C BbICOTbI HECKOJIbKO COTEH METPOB
(Hanpumep, C KNJIOMETPOBOM BbICOThLI), y6exxaeHbl, 4TO B MOMEHT yaapa 06 3emnio,
BTOpoW wap bynet nmeTb 60bLUYIO CKOPOCTb NMageHnsa. 9T1o byaeT uMeTb MecTo

N Npu NageHnn B Bakyyme, n B atMmocepe. N gaHHoe yTBep>XOEHNE BbITEKAET

He TOJIbKO U3 NpaKTU4Yecknx HabnwgeHun. Mbl onacaemcs nageHns ceepxy bonee
TSXKesbIX NpegMeToB MMEHHO M3-3a TOro, 4To ux Bonbluas Macca 3acTaBasgeT X Npu
nageHnn passmeaTb 6ONbLUYIO CKOPOCTb. A 4eM Bonblle CKOPOCTb, TeM BonbLue cunia
yaapa. HeT, He To/IbKO NO3TOMY Mbl YTBep)XAaeM, 4To bonee Ta)kesnbie Tena naaatoT
bbicTpee. Hawe cy>xaeHne 0OCHOBaHO Ha aHa/M3e CaMoro MexaHu3ma rpaBmTaunm.

Benb 4TO Takoe rpasutaumna? Tena npuTArMBalOTCA, MOTOMY YTO MOrsaoLwatT 3gup,
KOTOpPbIN NX pasgenseT. Hawa nnaHeTa noraowaeT acup. M BCce Tena MeHbLIen
MacCbl OBUXXYTCS B 3TOM 3(pMPHOM MOTOKe - najatT Ha Hee. 1 npn 3TOM OHK
nponosHKatoT nornowaTb 3¢hup, cospaBas nepen cobon apMpHYIO MY, B KOTOPYHO
rnagatT, YCKOPAS CBOe NnageHue.

Tena CoCTOAT N3 XUMNYECKUX D/IEMEHTOB, @ XMMUYECKNE 3JIEMEHTbI N3 3JIEMEHTapPHbIX
YyacTuy. EcTb YacTuusl, nornowatowme acup (MHL), a ectb - ncnyckatowme (AH).

B XxMunyeckunx asfieMeHTax, N3 KOTOPbIX COCTOAT MJIOTHbIE Tesa, 3Ha4YNTEeNbHO
npeobnagatoT YacTuubl NIHb. B XXUAKNX NpoueHT YacTuy IHb MeHbLue.

B razoobpa3sHbIxX - elle MeHbLle.

JTloboe NnoTHOe Teno (ecnn oHO He HarpeTo A0 TeMrepaTypbl FOPeHns) TAHeT
Ha cebsa n3 okpyxatoLiero aoMpHOro rnoss aup. APup NOCTyNnaeT K HEMY BCeraa,
raoe 6ol OHO HM HaxXoAWMOCh. TaKoOB 3aKOH NpuUpoabl - 3aKOH noseneHns acdupa.

Yem Gonblue NAOTHOE Teso, TeM Hosblue 3¢hprpa OHO MOrJIOWAET N3 OKPYIKAIOLLEro
nonsi. 3TO SIOrNYHO.

Yem 6onblIe N0THOe Teno, Tem bosiblle ero Macca, T. €. cyMMapHoe lNone
MputsaxeHus. 1o MNosie MNpuTAaKEeHNA - 3TO N eCTb NOTOK 3hmpa, NoCTynaroLero
B TeJo.



Yem bonblie cymmapHoe Mone MputsxeHusa Tena, Tem b6bicTpee oHO hopMUpyeT Nnoa
cobon ahmnpHyto AMy, KOorga nagaeT B roJsie NpuUTsSKeHus naaHeTbl. B apupHyo amy
Teno nagaeT, yCcKopsas, TeM CaMbiM, CBOE NajeHune.

Tak 4710, bonee Taxenble Tena, T. €. Tena ¢ bonbLen Maccon, NnagatoT
B rpaBMTauMoHHOM noJsie 3emnun (ga n nboro apyroro HebecHoro Tena) beicTpee,
He)xenun bosnee nerkue.

9T0 1 66110 oNpoBep>XeHne MHeHna Mannneo Nannnes, Kacatoweecss CKOPOCTH
nageHnsa Tes pa3How MaccChl, U NOATBEPXAEHNE MHEHNS ApUcToTens.

9TO OCHOBHOE B HalwleM 06bACHEHUN.

Ha 3ToM M0>XHO 6b1J10 6bl U 0OCTaHOBUTBLCA. OIHAKO €CTb €eLlle HECKO/IbKO MOMEHTOB,
KOTOpble X0TesioCb Obl 06CYANTh, PaccKa3biBas 0 CKOPOCTU NafeHuns.

Bo-nepBbiX, He cnenyeT 3abbiBaTb O TOM, 4TO CYLLECTBYIOT BelWlecTBa, Haxoaswmecs
NP HOPMaJibHbIX YCNOBUAX B Pa3HOM arperaTHoOM coCToAHUN. OHU HECKOJIbKO Mo-
pa3HoMy BeayT cebsa B rpaBuTaymMoHHOM none 3emnum (HebecHoro Tena). MapatoT
TONbKO TBepAble N xunpkue. NazoobpasHble He NafatloT TakK ABCTBEHHO KaK MNJOTHbIE
N XUAKME. XOTS OHU TOXXe MOoryT npubnmxxaTtbcs bavxe K 3emne (Ui Boae), ecnu,
Hanpumep, oxJa)KaakTcs. ITo ocegaHue 6onee xonogHbiX, bonee TAXKesNbIX CNOEB
rasa, u eCTb ero nageHue.

KoHel, 03HaKOMUTENbLHOro pparMeHTa.
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